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1.

Luan 4n di xay dung duoc quy trinh san xuét chitin/chitosan tir nguén nguyén liéu
14 vo 10t x4c cia tom thé chan tring thai ra trong qua trinh nudi tdm tham canh. San
pham chitin/chitosan thu duoc dat chat luong thwong mai (ham luong khodng va
protein con lai dudi 1%). Nong d6 hoa chat sir dung trong qua trinh khir khoang va
protein thip (3 — 4%), thoi gian xtr Iy ngin (3 — 6 gid/qua trinh khtr). Hiéu suit thu
hoi chitosan cao (khoang 23%), d6 deacetyl cao (khoang 90%), d6 tan cao (khoang
99%) va khéi luong phan tir dat khoang 500 kDa.

Luan 4n di xay dung duoc quy trinh diéu ché chitosan lactate tir chitosan thu nhan
tir vo 16t xac tom thé chdn trang. San phim chitosan lactate tao ra c6 do tan trong
nude tot (> 99%).

Luan 4n d3 xac dinh duoc diéu kién phu hop khi sir dung chitosan lactate dé thu hdi
sinh khéi vi tao Nannochloropsis sp. Hiéu qua thu sinh khéi vi tdo bang phuong
phap két hop sir dung chitosan lactate (250 ppm) va diéu chinh méi trudng dich vi
tao vé pH 10,0 dat khoang 90% (sau 2 gid ling).

Gido vién huéng din Nghién ctru sinh
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PHAN MO PAU

Thity san 1a mot trong nhitng nganh kinh té mii nhon cta Viét Nam dem lai
ngudn thu ngoai té 16n cho dit nude. Nam 2022, kim ngach xuit khau thuy san dat 11
ty USD, trong do, tom la ddi tuong co gia tri xuét khau cao nhat dat 4,1 - 4,2 ty USD.
Hién nay, mo6 hinh nuéi tdm tham canh duoc trién khai va dem lai hiéu qua kinh té cao
& nhiéu dia phuong trong ca nude. Viée kiém soat tot diéu kién méi trudng ctia mé hinh
nudi nay giup giam nguy co dich bénh cho tom. Tuy nhién, do mat do tdom cao nén mot
lwong 16n chét thai trong qua trinh nudi bao gdm thirc dn thira, phan, chit lo ling, vo 16t
x4c cua tom... c6 kha ning gay 6 nhiém cho mdi trudng nudc, phat sinh dich bénh cho
tom. Trong d6, lugng 16n vo 16t xac clia tom c6 thé thu duge bang cach xi phong mdi
ngay. Tan dung ngudn vo 16t xac ndy 1am nguyén liéu san xuét chitin, chitosan khong
chi gia ting gié tri cho tdm nudi, ma con giam thiéu 6 nhiém méi trudng nudi, nang cao
gia tri cho chudi nudi trong, ché bién va xuat khau tom, gop phan phat trién bén vimng
nganh thiy san.

Mit khac, trong thoi gian gan day nhu cau sir dung cac san pham vi tao lam thirc
an nuoi thiy san dang phat trién manh mé. Vi tao 1a nguén dinh dudng thiét yéu cho céc
nhuyén thé hai manh v, cac loai ca va giap xac & giai doan au trung... Trong do, vi tao
Nannochloropsis sp. dang dugc st dung pho bién 1am thic an cho céac au tring thily san
vi n6 ¢6 kich thuge nho, chira nhiéu hoat chét sinh hoc, ham luong dinh dudng cao. Tuy
nhién, van dé kho khian hién nay can giai quyét d6 tim ra phuong phap thu vi tao
Nannochloropsis sp. hiéu qua véi chi phi thap, giit duoc chat luong san pham sau thu
nhan, phu hop lam thire an thuy séan.

Chitosan 1a polyme sinh hoc dd dugc ung dung trong nhiéu linh vuc nhu nong
nghiép, mdi truong, thuc pham, my pham, y dugc... Tuy nhién, van con han ché khi str
dung do chitosan khong tan trong nudc ma chi tan trong mot sé dung dich acid lodng.
Pé tang d6 tan trong nude, chitosan duge chuyén hoa thanh cac dang nhu oligochitosan,
mudi chitosan, nanochitosan, gan cic nhém chirc wa nudc... Trong do, chitosan lactate
1a san pham mudi hitu co cua chitosan va lactic acid, c6 thé tan tdt trong nudc, khong
doc hai va khong mui. Ngoai ra, chitosan lactate van giit dugc tinh chét tao mang bao

va khi hoa tan trong nudc n6 mang di¢n tich duwong. Do do, khi ting dung chitosan lactate
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dé thu hoi vi tao bién (mang dién tich 4m) co thé dat hiéu qua cao (theo co ché trung hoa
dién), d& dang trién khai, san phim thu duoc an toan.

Tir nhitng 1y do trén, dé tai: “Nghién civu thu nhdn chitosan lactate tir vé 16t xdc
tom thé chan tring (Litopenaeus vannamei) va tng dung thu nhdn vi tio
Nannochloropsis sp.” dugc dé xuét thuc hién.

Muc tiéu nghién ciru:

1. Tan dung ngudn nguyén liéu vo 16t xac ctia tom thé chan tring trong qua trinh nudi
thAm canh dé thu nhén chitin va chitosan c6 d6 tinh sach cao.

2. Xay dung duoc quy trinh diéu ché chitosan lactate c6 do tan t6t trong nudc tir
chitosan thu duoc & trén.

3. Xac dinh duogc diéu kién phu hop khi sir dung chitosan lactate dé thu sinh khdi vi
tdo Nannochloropsis sp.

Noi dung nghién ciru:

Pé dat duoc 3 muc tiéu nghién ctru, luan an tap trung nghién ctru 3 ndi dung:

1. Nghién ctiru quy trinh san xuét chitin, chitosan c6 d tinh sach cao tir vo 10t xac
clia tom thé chan trang.

2. Nghién ctru quy trinh diéu ché chitosan lactate c6 do tan tét tir san pham chitosan
thu nhan duoc & trén.

3. Nghién ctru Gng dung chitosan lactate dé thu nhan sinh khdi vi tdo
Nannochloropsis sp.

Y nghia khoa hoc va thue tién ciia luin 4n:

1. Lan dau tién, nguyén liéu vo 16t xac clia tom trong qué trinh nudi thim canh duoc
danh gia vé kha nang thu hoi, thanh phan hoéa hoc, tinh chat va s dung dé san xuat
chitin, chitosan.

2. Déxuit quy trinh san xudt chitin, chitosan c6 d0 tinh sach cao véi lugng hoa chét
str dung thap, thoi gian xur Iy ngin, khong can qua céng doan khir mau.

3. Pé xuét quy trinh diéu ché mubi chitosan lactate tan tét trong nude (d6 tan >
99%) bang phuong phap ran — long, ¢ thé ap dung & quy md 16n mét cach dé dang.

4. Pé xuat diéu kién thu hoi vi tao bién Nannochloropsis sp. dat hiéu qua cao
(khoang 90% sau 2 gio' dé lang) khi str dung chitosan lactate c6 két hop diéu chinh pH

moi truong.



5. Két qua dé tai mé ra dinh hudng tan dung vo 10t xac tom thé chan tra'ing tao cac
san phdm c6 gia tri gia ting (chitin, chitosan, chitosan lactate), giam anh huéng x4u dén
moi truong trong qua trinh nuoi tom tham canh.

6. Viéc str dung san pham tir qua trinh nudi thuy san (chitosan lactate) dé thu vi tao
va ung dung 1am thirc an thiy san huéng dén nén kinh té tuan hoan va phat trién bén

vitng cho nganh nudi trong thuy san.
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CHUONG 1. TONG QUAN TAI LIEU

1.1. Tinh hinh nudi tdm va 6 nhiém méi trudng do chit thai trong qua trinh nudi

(a) (b) (c)

B Ao nuditham canh B Khac u DBSCL mKhac H Tém thé chan trang  ® Khiac

Hinh 1.1. Tinh hinh nudi thAm canh tém thé chén tring & Pong bing song Ciru
Long nam 2020.

Viét Nam 1a mot trong nhitng nude nudi va xuat khau tom hang dau thé gidi, tap
trung cht yéu & cac ving Pong bang song Ctru Long (PBSCL) bao gdm céc tinh: Long
An, Tién Giang, An Giang, Déng Thép, Vinh Long, Hau Giang, Tra Vinh, Bén Tre, Soc
Trang, Bac Liéu, Ca Mau, Kién Giang va thanh phé Can Tho. Theo Hiép hoi Ché bién va
Xuét khau Thuy san Viét Nam (1995 — 2020) thi PBSCL 1a khu vuc chiém 80% tong san
luong tom thu hoach tir cac ao nudi tham canh va siéu tham canh so véi cd nude (Hinh
1.1b), tap trung chu yéu 0 5 tinh ¢6 dién tich nuoi 16n nhét (Ca Mau, Bac Liéu, Soc Trang,
Bén Tre va Kién Giang), nhung chiém chwa dén 10% dién tich dat danh cho nudi tom
(Hinh 1.1a) [148]. P4y la mé hinh nudi dwoc danh gia cao va khuyén khich cac co sd san
xuat tom nudi dp dung nhd wu diém vuot troi 1a thoi gian nudi ngén, rui ro thap, ning suat
cao va c6 thé giam thiéu 6 nhiém mai trudng nudi, han ché dich bénh [4]. Hién nay, tinh
Bac Liéu dugc Thu tudng Chinh pht chon 1am tha phu cho nganh tom cong nghiép cia
ca nudc [4, 5, 13]. Hinh thirc nuéi tom thuong phdm hiéu qua cao da dugc dua vao “Dé
an tong thé phat trién nganh cong nghiép tom nuéc lg Viét Nam dén nim 20307 v6i muc
tiéu cu thé, téng san luong tom nudi nudc 1o dat trén 1.300.000 tn, trong do tom thé chan
trang dat trén 750.000 tin va tom st dat trén 550.000 tin. Tuwong tmg véi dién tich nudi
t6m nudce 1o gilt on dinh so voi su phat trién cta cac nam gan day (2020 — 2022) khoang
750.000 ha, trong d6 dién tich nudi tom thé chan tring (Litopenaeus vannamei) 13 150.000
ha, chiém chi bang % so véi dién tich nudi tom st (Penaeus monodon) 13 600.000 ha
(Bang 1.1). Dién tich nudi tdm thé dugc dau tu va phat trién theo xu hudng 4p dung cong
nghé cao & nhiéu tinh trong nudc tir nim 2008 [4, 5]. Viéc ap dung k¥ thuit nudi cong
nghé cao vé1 mat do nudi 16n va dat hi¢u qua thu hoach san lugng tom thé chan tréng cao
dén 72% trén tong gié tri xuat khau tdm nam 2020 (Hinh 1.1c) [4, 5].



5

Bang 1.1. Dién tich nudi tom va sin lwong thu hoach thudc Pong bing song Ciru
Long trong giai doan 2020 - 2022

Loai tom nuoi Dién tich (ha) [2] San lwong thu hoach (tdn/nim)
2020 [5] 2021 [15] 2022 [16]
Tom nudi nudce 1o 750.000 900.000 931.000 950.000
Tom thé chan tring 150.000 632.300 666.000 675.000
Tom st 600.000 267.700 265.000 275.000

S6 liéu & Bang 1.1 cho thdy dién tich nudi tom thé chan trang chi bang % dién tich
nudi tom s, nhung san lwong tdm thé chan tring cao khoang 2,5 1an so véi tom su. Nam
2020, tong dién tich nudi trong thity san gan nhu khong thay doi so v6i nim 2019, tuy nhién,
san luong tom nudi nude lo lai ting 1én dat 900.000 tin (trong d6 tom thé chan trang dat
632.300 tan, tom st dat 267.700 tan) [6]. Nam 2021, mic di nganh nuéi trong thity san gip
nhiéu kho khan do dai dich Covid-19 nhung van dam bao duy tri toc do ting truéng. Riéng
dién tich nu6i tom nudc 1g udc dat 737 nghin ha, trong do dién tich nudi tom su la 622 ngin
ha va dién tich nu6i tom thé chan tring 13 115 nghin ha. San lwong tom nudi ndm 2021 dat
931.000 tin (ting 5,5% so vé6i cting ky nam 2020), trong d6 san luong tom su dat 265.000
tAn va tom thé chan tring dat 666.000 tan [15]. Nam 2022, nganh Thuy san phan dau san
luong nudi tr6ng uGe dat 4,95 triéu tin, trong d6 muc tiéu dua ra san luong tom st dat khoang
275.000 tAn va tom thé chan tring khong 675.000 tin [16]. Nam 2022, c4c tinh tiép tuc phat
trién tom thé chan tring tham canh, ban thAm canh cong nghé cao nham kiém so4t moi
trudng ngay cang t6t hon. Nho d6 ma san luong tom thé chan tring woc tinh dén thang
2/2022 dat 25.500 tan (ting 6,3% so v6i cung ky nam trudce), san luong tom st dat 14.200
tin tuong duong cung ky ndm 2021 [17].

Tuy nhién, van dé déng lo ngai hién nay van Ia su 6 nhiém méi trudng trong qua trinh
nudi tdm do cac hop chét hitu co du thira do thirc an, phan va rac thai khac (vo 16t xac cua
t6m, ¢ rac tir moi truong xung quanh. . .) dong lai dudi ao nudi. Cac chét thai nay khong xir
Iy s& hinh thanh mot 16p bun day tao diéu kién méi truong sinh trudng va phat trién vi sinh
vat gay théi nhu Coliforms, Vibrio, E. coli, Pseudomonas, Staphylococcus, Salmonella. ..
Tir d6, ao nudi c6 kha niang & dong 6 nhiém hitu co, cac loai khi doc nhu phédt pho, nito,
amoniac (NH3), nitrit (NO»), Ha, H2S, CHa, Mecaptan... lam giam luong oxy va thiy san co
kha ning bi ngd doc. Ngoai ra con lang dong cac hoa chat, voi va khoang chét Diatomit,
Dolomit, luu huynh va cac chit doc co trong dit phén Fe**, AP*, SO42... [7, 14, 75]. Chinh
vi thé ma ngudi nudi trdng thudng phai st dung hoa chét xir Iy méi truong nude, khang sinh
dé phong tri bénh cho tom. Pén nay, nhiu co s nudi tdm va ho dan da tiép can phuong
phap nudi thAm canh nhung van theo hinh thirc ti phat nén khong dwa vao hé thong ao ling
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dé xir y. Do vay, nhiéu noi da bi 6 nhiém méi truong xung quanh tir nudi trong thity san do
viéc xa tran lan ra cac dong séng dan dén nguy co bung phat dich bénh va giy 6 nhiém ngudn
nudc sinh hoat.

Trudc tinh hinh nay, viéc &p dung k¥ thuat nuéi tham canh va siéu tham canh gitp
cho ngudi nudi c6 thé kiém soat dugc moi trudng ao nudi, cd thé rit xi phdéng dé thai loai
cin bd ¢ day ao thong qua hé thdng xtr Iy nude thai va bao vé moi truong. Hé thdng xi phong
bang van dugc 1ap dit ngdm & giita ao 16t bat nudi tdm thwong pham, c6 cau tric hinh tron
(duwdng kinh khoang 80 — 200 cm d6i véi ao c6 dién tich khoang 800 — 2000 m?, d6 sau long
khoang 50 — 55 cm), lam tir vat liéu composite trang men va dugc ndi voi éng co khoang 90
— 168 cm. Giita hd xi phong c6 ghép ndi véi 1 éng hit nhura PVC c6 bit luéi dau dng dé co
thé dam bao hit duge chat thai ran va bun nhung ngan dugc tom Iot qua. Hoat dong ctia h
xi phong khi mo van, cac chit thai tir ao s& tu dong chay ra hd phan loai (Hinh 1.2a) nho ap
luc nuwéc ma khong can ding bom. Cac 6ng thoat dugc ndi vao 6ng co va lap xuyén qua ao,
dan duong dng thoat dén cac hd phan loai v6i nguyén tic dng hit va thoat nudc day ctia hd
xi phong dit cao hon dng thoét ra. Tir 46 chung ta c6 thé phan loai vo 16t xac cta tom (Hinh
1.2a) va nuéc thai nudi dé dua ra ao lang (Hinh 1.2b) qua hé théng xir Iy méi truong. Van
dé nay da dugc mot sb cong ty quan tim dén viéc thu hoi vo 16t x4c trong qué trinh nudi
tham canh dé 1am nguyén liéu san xuét chitin, chitosan chét lwong cao nhur cong ty c6 phan
thiy san Viét Uc, cong ty c6 phan tdp doan thiy hai san Minh Phi, cong ty c6 phan Viét
Nam Food (VNF)... Piéu nay con gitp cho hé thng xir Iy chét thai trong ao nudi hoan thién
hon, c6 thé phan loai chat thai rin, chat thai hitu co va nude thai nham dua ra bién phap bao

v€ moi truong nudi bén virng, han ché dich bénh gay chét tom.

7 i —————— ]
0 B
o ' .

Hinh 1.2. H¢ thong phan riéng vé 16t xac clia tdm (a) va nuwdc thai nudi dwa vao
ao léng (b).

Qua khao st so b & cac ao nudi tham canh, chat thai rin duwoc phén loai (Hinh 1.2a)
s€ thu duogc thanh phén chinh 14 vo 16t xac cua tom va mot lugng bun phan, tdo chét bam
vao vo 16t x4c nhung khong dang ké. Tuy nhién, thinh thoang xuét hién hién tuong c6 xac
tom chét, thoi diém cao nhét chiém khoang 2 — 3% lugng vo 16t thu duoc, trudng hop nay
can dugc phan loai tom chét dé xur 1y 1am phan bon. Nhu vay, viéc 4p dung md hinh nudbi
thdm canh nham giam thiéu 6 nhidm méi truong nudi, han ché dich bénh [4], ddng thoi c6

thé thu hoi mot lugng 16n vo 10t xac cua tdm trong qué trinh nuoi.
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1.2. Qua trinh 16t xac ciia tdm thé chin tring
1.2.1. Chu ky lot xdc cua tom thé chdn trd’ng
Chu ky 16t x4c cta tom thé chéan tring dién ra twong ty nhu cla tom s, tuy nhién

cac giai doan 10t xac ctia tom thé nhanh hon t6m su dang ké. Pong thoi, thoi gian cia mot
chu ky phu thudc rat nhidu yéu t6 nhu méi truong nude, dinh dudng, didu kién cua ao
nudi... Trong diéu kién & phong thi nghiém (27°C), tong chu ky 16t x4c cta tom thé chan
trang dugc xac dinh khoang 5 ngay (t6m 2g), 11 ngay (tom 15g) va phan biét nhd phuwong
phap phan tich sy thay d6i ctia 16p biéu bi (v6 16t xac) bang kinh hién vi. Trong truong hop
nudi tom & ao nudi tham canh thi toe d6 sinh trudng clia tdm cao hon va tiy vao cac diéu
kién khac [69]. Thong thuong, chu ky 16t xac cua giap xac (Hinh 1.3) duoc chia lam 3 giai
doan chinh: (1) post-molt, (2) inter-molt, (3) premolt va thoi diém rung 16p biéu bi cii. Hau
hét cac nha nghién ciru st dung ma chir cai dé mé ta cac giai doan bién doi cu trac caa 16p
vo giap xac, nhung c6 thé xac dinh 5 giai doan chinh trong mét chu ky 16t xac [69]:

- Post-molt: giai doan 16t x4c (gdm 2 giai doan dau (A) va cubi (B)).

- Inter-molt: gitra cac giai doan 10t xéac (C).

- Pre-molt: giai doan tién 16t x4c (gdm 2 giai doan dau (D1) va cubi (D2)).

a5l
Vo 16t xac

L } Vo méi
ot ] ...-.~

Inter-moult Pre-moult Post-moult

e
2

3=
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-4 :
: 1

R

-4].-
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Hinh 1.3. Chu ky 19t x4c ctia tdm thé chan tring (L. vannamei) [88, 162].

Thoi gian twong ddi clia cac giai doan 16t xac trong chu ky 13 5 — 10% (giai doan A),
9 — 16% (giai doan B), 12 — 20% (giai doan C), 28 — 36% (giai doan D1) va 30 — 38% (giai
doan D2) [69]. Nghién ctru ctia Gao va cong su [88] mo ta rat k§ bo phién ma cta toan bo
qué trinh phat trién cta t6m, co ché hinh thanh phan tir, phat trién va tai tao ctia 16p vo 10t
xac ctia tom (bd xwong ngoai), bao gdbm 9 giai doan phat trién ban dau va 8 giai doan thay
v dé truong thanh. Két qua cho thiy biéu hién tudn tu ctia cac gen duoc hinh thanh, diéu
hoa, tong hop, thoai hoa, hap thu/tai hap thu khoang chit, voi héa va cimg lai. Trong do,
chitin (polyme ciia N-acetyl-B-D-glucosamine) 13 thanh phan chinh ctia bo xuwong ngodi cta
tom, dugc xem la mét vat liéu khung cho 16p vo. Qua trinh 16t xac con phu thudc nhiéu vao
kha ning tong hop chitin ctia bd xwong méi, cho thiy ting biéu hién & mirc cao nhét & cudi
cua giai doan tién 10t xac va 16t xac (pre-molt va post-molt). Nguoc lai, hién tuong hép

thu/tai hap thu khoang chat va qua trinh 1am cimg bd xuong ngoai (khoang hoa) ctia tom,
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dién hinh 1a calci carbonate. Su khoang héa lam cimg 16p vo dé co thé 16t xac duge giai
thich do su hap thu chat khoang tir nude bién hodc tai hap thu tir tom. Sy hap thu/tai hap
thu khoang chat ciia bd xwong ngoai (16p vo cii) xay ra chii yéu ¢ giai doan tién 10t x4c, lam
cho 16p vo bi thoai hoa va day 1a thoi diém chuan bi tich vo. Pong thoi, protein lién két véi
chitin (protein biéu bi) cling da bi voi hoa dé hd trg do cing ciia bd xwong ngoai [88].
1.2.2. Ciu tricc ciia dau vé tom & cdc chu ky 1ot xdc

V6 giap xac dugc xem nhu 1a mot bo xuong ngoai dinh co (hay con goi 1a 16p
biéu bi), day 1a mang boc viing chéc gitip bao vé co thé cho cac loai giap xac. Pé tom
c6 thé sinh truong va phat trién, 16p vo niy phai dugc 16t bo dinh ky trong mét qué trinh
tuan hoan, dugc goi 1a chu ky 16t xac. Qua trinh 16t xac xay ra nhd su chuyén doi sinh

1y ctia tdm qua cac chirc nang trao d6i chat va noi tiét xoay quanh déu cac chu ky [69].

a oA b
3 L&p mé sirng : Lé&p mb sirng
AR BRE DER4 s G A AR B M o 8 A )
PR ’(‘:gkﬁe shla(gly [Lopsacto u’r}fg.', 2 DEY Lép sc td
by o 1? - - m & ! f )’ K‘ ? ; A é f W
o e ) : L1
. . 8 5 i
T th { Lop calci Lop calci
b
~— Lotk 1 S
== { { u| . L&p calci dang bi tai hap thu
o S B AL@E/ SJ& Q ‘1;; M f L&p biu bi a Y L&p md sirng méi
BE S A ST G 5C P : —— : '
VLA k& L f f_ Lép t&bao z 2 4 [ - “L&p s3c td méi va 16p calci méi
Lo\ Nl fefo) (ol lele (o) (o]* T duweive 'I-!'i"..'.'i.:"o o/ [+ [ L&p biéu mé duéi vé

Hinh 1.4. Ciu tric vé giap & giai doan 19t xac (a, Inter-molt) va giai doan tién 15t
xac (b, Pre-molt) [88, 162].

L6p vo ngoai clia dong vat giap xac mudi chan bao gom 16p mo simg, 16p bén
trong va ngoai bi (chira khoang chat va cac hop chat hitu co), 16p mang 16t lién két 16p
té bao dudi vo. Cau triic ciia vo tom duoc lién két chit ché gitra chitin va cac thanh phan
khac gdm nhu protein, calci carbonate, lipid, chat mau, khoang chat, cac hop chét hitu
co khac. Do ciu triic vo tdm cting nhu viy nén giy ngin can sy phat trién cua tom.
Chinh vi vy, viéc 16t xac ctia vo tdom nham tao diéu kién cho tom ting trudng duoc dién
ra theo mot chu ky. Pidu nay doi hoi sy chuyén dong hai chiéu cua calci vao 16p biéu bi
trong qua trinh tai hép thu ¢ cac giai doan tién 16t x4c va sau 10t xac. Khi do, cac 16p
biéu bi mdi dugc hinh thanh nhung khéng calci hoa cho dén khi 16p biéu bi cii bi bong
ra. Lop vo cta tom sau khi 16t xac d3 bi voi hoa & 3 16p bén ngoai, khoang chit ton tai
dudi dang tinh thé calci va calci cacbonat vo dinh hinh va duoc bao quanh bdi chit nén
lipid-protein. Trong 16p vo ngoai va trong biéu bi chira tap hop cac tinh thé calci nam
xen k& véi cac soi chitin-protein dugc hinh thanh cac phién mong [88, 162]. Lop vo cua
giap xac dugc chia nho thanh 4 mién chinh (Hinh 1.4a): 16p mo sing ngoai, 16p sic td
hoa, 16p calci va 16p biéu bi [57].
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L6p mo simg (Epicuticle): Lép mé stng ngoai hay con goi 14 16p vo ngoai gobm
protein va lipid, protein dugc ndi boi cac lién két ngang, khong tim thay chitin nhung
16p nay ddi khi dugc calci hda. Lép mo sing ngoai ¢ vai trd han ché tinh tham cua vo.

Lép séc tb (Exoxuticle, Pigmented layer): Bén duéi 16p mo stmg ngoai 13 16p chitin
duoc calci hda va protein lién két v6i mién phia ngoai cua né, goi 14 16p séc t6 (16p vo giira).

Lép calci (Endocuticle, Calcirous layer): Lop calci hay con goi 16p v trong la
16p chitin khong lién két, bao hoa nhiéu hay it voi cac mudi calcium nam dudi sac to.
N6 tao thanh phan day nhét ciia bo xwong ngoai.

Lé6p biéu bi (Epidermis, Membranous layer): Pay 1a mang chitin khong lién két,
khong calci héa va nam ngay trén céc té bao dudi vo. Lép vo ndy phat trién cac thanh
phan khong on dinh, ¢ tai cac d6t vo mong hon chd khac vi mirc do calci hoa thap va it
c¢6 bang chimg cua su lién két. Nguoc lai, tai hau hét & noi ma bd xuong ngoai ctia tom
vitng chac thi co su calci hoa pho bién va c6 cac lién két nhiéu hon.

Tuy nhién, khi ¢ giai doan tién 10t xac thi ciu trac vo tom co su chuyén héa nham
tang kha nang 16t xac vo cii. O giai doan cudi ciia qua trinh hinh thanh vé méi thi sy 16t
xéc vo cii sé dién ra (Hinh 1.4b), v bao gom 5 16p chinh [57]:

L6p biéu bi: 16p nay 1a thanh phan séng duy nhat cta vo va 1a mé c6 thé dap Gmg
cho viéc tiét cac 16p con lai.

Lép mang (16p khong dugce calci hoa): mot 16p mong (20 — 30 um) c6 protein
khong duoc calci hoa, nam trén 16p biéu bi.

Lé6p calci (16p md stmg trong): 13 16p chinh cta vo (chiém khoang 80% d6 day
ctia v6), thanh phan chu yéu 1a chitin (70% vat chét hitu co nhung ham luong protein rat
it) va thuong duoc khoang hoa (chiém chu yéu calci va mot s6 mubi khéc).

L6p sac t6 (16p mo stng gitra): chira khoang 40 — 45% chitin va phan con lai 1a
protein dugc tao thanh trudc giai doan 10t xac. Sau khi 10t xac, 16p nay dugc khoang hoa
va sdc hoa tao nén mot 16p sdc t6 cho mau sic dic trung cua tom.

Lp md sing ngoai 1a mot 16p mong gém protein bao hoa lipid va khong ¢
chitin. Lop nay dugc hinh thanh boi 10p biéu bi tiét ra cac chat hoat hoa, nd ¢ chirc
ning bao vé bd xwong ngoai madi dang hinh thanh tranh dugc cac chat dich 16t x4c va c6
cling c¢6 kha ning han ché tinh thdm & giai doan sau 16t xac.

Vay, vo 16t xac tir qué trinh phat trién cua tom cé su khac biét dang ké vé dic
diém vat 1y, hoa hoc va sinh hoc so vdi vé tom thu dugc trong qué trinh ché bién tom &

cac nha may (Bang 1.2).
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Bang 1.2. M ti diic diém co ban ciia vé 19t xdc va vé tom thé chén tring tir qua
trinh ché bién

Pic diém V6 10t xéc V6 tém ché bién
[57, 88, 162] [21, 88]
Vit ly Mém va mong Cung va day
Hoa hoc Ham luong khoang cao do qua trinh tich | Chitin lién két chit ch& véi
khoang trong vé trude khi 10t vé va ¢ | protein, khoéang, chira

trang thai vo dinh hinh xen k& cac 16p | astaxanthin, ham  lugng
chitin, protein lién két véi chitin & 16p | protein cao trong 16p biéu bi,
biéu bi ciing bi voi hoa (ké ca & vo dau | dic biét tip trung rat cao
va vO than), chtra it protein and | trong thanh phan cta dau tom
astanxanthin. (thit va ndi tang)

Sinh hoc Chtra enzyme chitinase Chtra enzyme chitinase,
nhanh chong bi 61 théi do
chtra ham lugng protein cao

Qua phén tich tong quan vé tinh hinh va xu hudng phat trién nudi tom tai Viét
Nam (ddc biét tat DPBSCL), dac diém 16t xac cua tom, thanh phﬁn héa hoc co ban va ciu
tric cta vo tom 16t xac, nhan thdy rang vo 16t xac ciia tom 13 ngudn tiém ning co thé
nghién ctru ding 1am nguyén liéu san xuat chitin, chitosan, nham giai quyét van dé thiéu
hut nguyén liéu cho san xudt chitin, chitosan hién nay, déng thdi gop phan giai quyét
van d¢ 6 nhiém moi truong do chét thai ran gay ra trong qua trinh nudi tom cong nghiép
dang phat trién manh tai Viét Nam.

1.3. Chitosan va mudi chitosan
1.3.1. Céu trikc ciia chitosan va mudi chitosan

Chitosan 1a mgt polyme sinh hoc dang dugc quan tdm nghién ctru va irng dung
trong nhiéu linh vuc khac nhau: néng nghiép, thuc pham, khoa hoc su song, y hoc va
m¥ pham. Chitosan 1a mot dan xuét cua chitin dugc phat hién boi Rouget (1859) [165].
Nguyén liéu chinh dé thu nhan chitosan hién nay 1a ngudn phé liéu giap xac (chu yéu
1a phé liéu tom) trong qua trinh ché bién thuy san [21, 109]. Tuy nhién, ngudn phé liéu
tdm ngdy cang canh tranh vi nhu cau vé chitin, chitosan ting trén thé gidi nén viéc tim
ngudn nguyén liéu mai dé bu dip 1a rat quan trong trong giai doan hién nay.

Chitosan hinh thanh sau khi tdich nhém acetyl (-NHCOCH3) khéi mach chitin (qua
trinh deacetyl hod). Chitosan duoc ciu tao tir cac mat xich D-glucosamine lién két voi nhau
boi cac lién két B-(1-4)-glucozid. Chitosan c6 cong thirc héa hoc gan gidng chitin va
cellulose, chi khac chitosan chira nhiéu nhém amin (-NHz) & vi tri carbon s6 2 [21]. Cong

thirc hda hoc cua chitosan dugc trinh bay & Hinh 1.5.
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Hinh 1.5. Céng thirc ciu tao cua chitin, chitosan.
Mudi chitosan (chitosan hoa tan trong nuéc) duge hinh thanh khi cic nhém amin
& vi tri s6 2 cuia chitosan bi proton héa (-NH3 OCOR") trong méi truong acid (v co va

hitu co). Cong thirc hoa hoc ctia mudi chitosan duoc trinh bay ¢ Hinh 1.6.
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Hinh 1.6. Cong thirc cAu tao ciia mudi chitosan (R 1a gbc acid)

1.3.1.1. Co ché tao mudi chitosan

Chitosan (CTS) 1a mot bazo nén dé dang phan tmg véi cac acid tao mudi. Trong
dung dich acid lodng, nhitng chét dién ly cao phan tir (polyelectrolyte) dugc hinh thanh
va co tinh tan phu thudc vao ban chit cua cac anion ¢6 lién quan. Hinh 1.7 thé hién co
ché phan tng giita chitosan va lactic acid tao thanh muébi chitosan lactate bang lién két
tinh di¢n thay vi lién két cong hoa tri ¢ vi tri carbon s6 2 cua chitosan. Tai cac vi tri nay
trong chudi chitosan, cdc nhom amin (-NH2) bi proton hoéa thanh géc mudi (-
NH;*OCOC(OH)CHs) boi acid lactic lién két dé hinh thanh phan tr mang dién tich
dwong (Hinh 1.7) [21, 119]. Nhu vdy, tir chitosan ta c6 thé tao ra nhiéu din xuét chitosan

khac nhau, c6 tinh tan tét trong nuéc va kha ning tan t6t hon chitosan ban dau. Do ciu
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trac hoa hoc cua chitosan c6 su hién dién ctia hai nhom chirc gém nhom hydroxyl (-OH)
va nhom amin (-NHa), tai vi tri nay c6 thé lién két voi cac nhoém chire khéac [140].

Sy hinh thanh cac mubi chitosan khi hoa tan chitosan trong moi trudng acid hodc
hdn hop dung moéi chira acid thong qua hé thng sinh hoc xen k&, nghia 1a cac phan tir
acid dugc chén vao cdu tric phan tir ctia chitosan. Qua trinh hinh thanh mudi dién ra khi
c¢6 su phan tng giita cac gbc amin cua chitosan v6i gbe acid. Do d6, kha ning tan cia
mudi chitosan phy thudc vao d deacetyl cao cua chitosan (chtra nhiéu gc amin) va cdu
trac rdng xOp cua chitosan dé c6 thé tiép xuc phan tng dé dang gitta gbc amin va gbc
acid [30, 140]. Co ché tao mudi co thé giai thich dya trén tinh chat vat Iy va su solvat
hoa: (a) chitosan co ciu trac da cuc (tién dé cho su xen phu), (b) su solvat hoa hodc su
tao phirc chit duoc tao thanh t6t nhat voi cac acid nho c6 khdi lwong phan tir thap va
cac phan tir phing, (c) ty 1¢ thanh phén acid tao phtrc, (d) thé hién su gia ting thé tich &
rang trong qué trinh tao mudi do hién tugng solvat hoa hodc phirc chit duoc hinh thanh,
va (e) c6 thé song song qua trinh tao mudi thi cac chat hoa tan trong chitosan véi mot s6

loai con va ketone c6 khdi lugng phan tir thip dugc tao thanh [30].
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Hinh 1.7. Phin tng tao mudi chitosan lactate.
Tuy nhién, khi chitosan ¢ trang thai ran, tinh linh dong cua cAu trac bi han ché,
ngin can su dao dong thé tich tw do va su khuéch tan trong Gng cua cac phén tir trong
ciu trac cao phan tir [53]. Do vdy, viéc 1am truong nd chitosan trude khi cho tiép xtic

phéan g vai cac goc acid dé tao muoi la can thiét. Viée lam truong nd s€ gitp tang kha
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ning tiép xuc voi hoa chat phan ung va kiém soat dugc qua trinh thity phan khi tiép xuc
véi hoa chét phan Umg. Ngoai ra, d0 tan ctuia mudi chitosan phu thudc vao nhiét dg va
thoi gian phan tmg. O nhiét d6 cao va thoi gian phan tng dai, song hanh véi qua trinh
tao mudi c6 thé dién ra hién tuong cit mach chitosan khién d6 nhét va khéi lugng phan
tir cia mudi chitosan giam manh va d& tan hon so véi chitosan ban dau. O nhiét do
phong, su cat mach van dién ra khi cho chitosan lién két vé6i cac géc acid, do ran cua
mach chitosan thap, lam giam khdi luong phan tir va do nhot, do tan ting. Khi phan tng
& nhiét d6 thap (4°C) thi cdu trac cua chitosan dugc gilt nguyén khoang 90% nén ngin
can duoc su pha hity mach chitosan [140]. Minh va cong su (2017) [129] d4 khang dinh
chitosan c6 hd trg trrong nd s& duoc kiém soat tt két qua phan tich khdi lugng phan tir
chitosan sau khi tién hanh cit mach bang hydrogen peroxide. D6 tan va d6 nhét cua
chitosan con anh hudng bai ban chat cua loai acid. Cervera va cong su (2011) [56]
nghién ctiu diéu ché mudi chitosan béng cach hoa tan vo1 3 loai lactic acid, citric acid
va acetic acid dé tao dung dich chitosan 4%, sau d6 say phun. San pham mudi c6 do
nhét thap 1a 273,6 mPa.s (chitosan acetate) > 249,0 mPa.s (chitosan lactate) > 220,9
mPa.s (chitosan citrate). Trong d6, san pham mubi dugc sdy cing ché d6 nhung d6 am
clia mudi chitosan acetate cao hon hai mudi con lai. Do vay, san pham mubi chitosan c6
d6 tan cao va do nhdt thap hon chitosan ban dau [56, 140].

Tuy thudc diéu kién trwong né (hdn hop dung dich, vat liéu chitosan va cac (mg
dung) khac nhau s& c6 trang thai hydrate hoa khac nhau, nhung néu diéu kién truong nd
c6 kiém soat rat co ¥ nghia vé tinh ning co hoc cta vit liéu, gitip cho su khuéch tan va
phan mg tao phtrc s& tot hon. Trong do, su truong nd chitosan dd dugc cac nha nghién
clru quan tAm danh gia khi ngdm trong hon hop nuéc/ethanol. Qua trinh truong né 1am
thay d6i cdu trac cua chitosan, hdn hop dung méi anh huéng manh mé dén cac dic tinh
co hoc cua nd, 1am giam do cimg chitosan dang ké. O trang thai kho, cac lién két hydro
trong mach chitosan dugc ¢d dinh, khi nuéc khuéch tan vao trong cAu trac chitosan thi
cac lién két hydro gifta cac phan tir nude va cac nhom phén cuc cia chitosan s& canh tranh
v6i cac nhoém phén cuc trude d6 va tinh linh dong ciu tric cua cac chudi chitosan c6 thé
duoc tang cudng. Do d6, cau triic chitosan c6 thé chuyén tir trang thai tinh thé sang trang
thai déo khi xuat hién mot lugng nude vo dinh hinh bén trong ciu tric. Viéc dua mot
luong dung mdi vao cau triic chitosan s& c6 tac dung lam déo, ting cudng tinh linh dong
phu hop cua cac phan doan polyme, lam giam d¢ cing cia ciu tric va thay doi cac dic
tinh dan hoi clia vat liéu. P4 c6 nhiéu nghién ctru qua trinh truong nd clia chitosan nhung
chua c6 két luan thong nhat. Vi day 1a van dé khong don gian do chitosan 14 chét sinh hoc
ban tinh thé duoc ciu tao boi cac chudi rat cing, tham chi c6 thé tao thanh céu tric tinh

thé 16ng trong mot sb diéu kién nhét dinh [53]. Giéng nhu cac polyme khéc trong tyr nhién,
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chitosan c6 xu hudng tu lién Kkét trong dung dich nudc, tham chi khi chitosan c6 do
deacetyl hoa cao. Do vay, chitosan 1a nguyén li¢u dugc htra hen trong viéc san Xuét cc
vién nang nano va vi mo dé phan phéi, luu trit, bao v¢ va giai phong co kiém soat cac hoat
chat sinh hoc c6 khéi luong phén tir cao va khéi lwong phan tir thap [172]. Pay ciing 1a
su htra hen cho viéc dung chitosan hay cac dan xuét cua nod ung dung trong viéc luu trit,
bao quan dich dic vi tao.

Dé kiém soét dugc su truong né cuia chitosan, sir dung hon hop gém nudc va mot loai
dung méi hiru co khéng 4i lyc phan tir voi chitosan (chat dién moi) dé ngdm ¢ nhiét d6 phong
(khoang 20°C); vi du nhu mot sb ruou c6 khdi lwong phan tir thdp nhu n-propanol,
isopropanol, ethanol, methanol, butanol, acetone, methanol, glycerol... cho dén khi dat trang
thai can bang dat gi4 tri hang s6 dién méi phit hop [26, 53, 132]. Trong cac dung méi hitu co
str dung dé két hop thi ethanol (khong gay doc hai) thé hién rat it i Iyc voi chitosan va ethanol
tinh khiét c6 thé 1am chitosan mat nuéc. Hon hop dung mdi chira trén 25% ham lugng nude
¢6 xu hudng chuyén doi trang thai tinh thé rin cua chitosan va anh hudng dén dic tinh nhét
ctia chitosan [53]. Két qua nay ciing twong tyr nghién ctru ctia Shilova va cong sur (2018) [172],
hén hop dung méi gdom khoang 20 — 34% thé tich ethanol. Shilova va cong su (2014) [171]
khing dinh thé tich ethanol 1a 30% trong hdn hop dung méi s& gia ting chiéu dai cua gbc
alkyl dan dén ting cuong lién két ctia natri alkyl sulfat véi chitosan [171, 172]. Biéu nay dugc
giai thich, hdn hop dung méi ethanol/nude anh huong déang ké dén hoat dong hoa 1y cua
chitosan trong dung dich va su twong tac ctia nd voi cac chét hoat dong bé mat. Khi thé tich
nudc trong hon hop dung méi giam, din dén giam ndng d6 lién két téi han cta céc dai phan
tir. Viéc dua ruou vao hdn hop dung méi 1am ting cudng sy lién két cac dai phan tir chitosan.
Diéu nay cho thdy rugu anh hudng dén trang thai cau trac va muc d6 lién két cta cac dai phan
tir polyme, 1am cho cau trac cac dai phan tir chitosan nho gon hon [172]. Qua d6, chung ta ¢6
thé thdy viéc nghién ctru qua trinh 1am truvong nd chitosan bang hdn hop dung moéi
ethanol/nudc (EtOH/H,0) & mét ty 16 phu hop dé gitp sy hinh thanh phtc chitosan va gbc
lactate dat hi¢u qua cao nhét 14 can thiét.
1.3.1.2. Phuwong phdp phan tich cdu triic, ddc tinh ciia chitosan va mudi chitosan

CAu trtic va dic tinh cua chitosan va cac dan xuit chitosan duge danh gié dya trén cac
thong s6 nhu do deacetyl, khéi luong phan tir, do ran va sy khac nhau vé tinh chét bé mit.

Trong tu nhién, chitin dugc xem nhu 14 16p vo cimg cua cac loai gidp xac, c6 do ran
cao va kho tan do ¢6 su lién két chat ché vai protein, calci carbonate va nhiéu hop chét hitu
co khac. C6 3 dang cau trac chitin (a-chitin, B-chitin, y-chitin), chitin tir ngudn vo tom c6
dang a-chitin va c6 do ran phan tir cao nhat, cac mach chitin sip xép song song nhung
nguoc chiéu nhau. Chitosan 13 dan xuét cua chitin, hinh thanh sau khi loai gbc acetyl, vy

chitosan c6 do deacetyl cao va chira nhiéu nhom amin (-NH,). Phén tir luong 13 thong s6
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cau triic quan trong cua chitosan, quyét dinh tinh chat vé d6 két dinh, tao mang, tao gel, kha
nang hap thu chat mau va kha nang khang khuan, khang nim. D¢ danh gia khdi lugng phan
tir ctia chitosan, phwong phép phan tich pho sic ky két hop phan tin anh sang tinh da gbc
(SEC-MALLYS). Phan tir lugng cua chitosan phu thudc vao nguén chitin va diéu kién
deacetyl va d6 nhét cta chitosan phu thudc vao phéan tir lugng. Do ran cia chitosan phu
thudc vao phéan tir lugng (bao gdm cac yéu t6 anh hudng dén khdi lwong phan tir cua
chitosan), dugc x4c dinh bang phuong phap nhiéu xa tia X (XRD), phuong phéap quang pho
hong ngoai bién doi Fourier (FTIR) va phuong phap cong hudng tir hat nhan (NMR). Trong
d6, phd NMR cho phép xéc dinh chi tiét vé& cau triic hoa hoc cia phan tir phan tich. Phd
XRD c6 thé nhan dién cac dinh dic trung biéu dién d6 két tinh va d6 ran. Pho FTIR cho
biét cac thong tin vé cac nhom chire ctia cac phén tir phan tich. Ngoai ra, phuong phap xac
dinh tinh chét bé mit chitosan va dan xuét ctia nd qua kinh hién vi dién tir quét (SEM) cho
thay su khac biét vé hinh dang va céu tric bé mat [21].

Céu triic phan tir ciia cac dan xuat chitosan (mubi chitosan) duoc xac dinh bang cach
str dung tia cuc tim (UV), tia hong ngoai bién d6i Fourier (FTIR), cong hudng tir hat nhan
(NMR), nhiéu xa tia X va k¥ thuat quang phd ludng sic tron (CD). Ban chit cua chitosan
1a trong sudt & ving UV va ving kha kién, nén khé c6 thé xac dinh ciu tric bang cac
phuong phap quang phd, nhung c6 muon té bao sac td tir phan tir bén ngoai (cac nguyén to
nhom acid dong vai trd clia cac phan tir) dé phan tich quang phd, tir d6 suy ra ciu triic xoan
dc cua cac mubi chitosan. Tuy nhié€n, tuy vao loai mubi c6 thé nhan dién cAu trac xodn cua
mudi chitosan bang phuong phap UV, vi du phd hip thu dién tir (UV) ctia mudi chitosan p-
amino benzoic acid va p-nitro benzoic acid & mot dai rong (295 — 340 nm) do sy hién dién
ctia vong thom, trong khi phd UV khéng hoat dong dbi voi mubi chitosan ascorbic acid. Su
hinh thanh cac mudi duoc nhan dién qua cac phd FTIR (cho thdy nhom COOH cua acid
lién két véi nhoém NH, ctia mach chitosan) va NMR (thé hién lién két giita nhém NH trén
mach chitosan va nhém COOH trén acid). Pho XRD xéc dinh d6 két tinh va d6 ran cua
mudi chitosan va tiry thudc vao loai acid gin két v6i chitosan. Phd CD cta mudi chitosan
cho thdy céu trac bac hai dang xodn va cc dai cudng do trong ascorbic acid chitosan, p-
amino benzoic acid va mudi p-nitro benzoic acid twrong tng trong hop chit hitu co DMSO
(Dimethyl sulfoxide). Vay nén, cac mudi polyme c6 kha ning hoa tan cao trong pham vi
pH rong, diéu niy mé ra trién vong méi cho tmg dung y sinh hoc cua chitosan. Cudng do
clia cac dai nay phu thudc vao s6 luong chitosan va do 16n cia acid. Ngoai ra, 46 deacetyl
(DD) cua chitosan ciing anh huong dén dai cudong do, khi DD < 50% c6 su kéo dai OH trd
nén rong hon va chuyén sang tan s6 thap va cac dai sau d6 trd nén hep va di chuyén tro lai
tan s6 cao hon (~3,550 cm™) khi d6 deacetyl ting 1én dén 96%, lac nay cdu tric co trét tu
hon [173].
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1.3.2. Tinh chit ciia chitosan, mudi chitosan va irng dung

Chitosan 13 polyme sinh hoc khong doc hai, c6 ngudn gde tr nhién, ton tai & trang thai
ran (bot, vay), x6p nhe, mau tring nga, c6 khéi luong phan tir 16n va khéng tan trong nude
[21, 72]. Nhiéu nghién ctru da dugc thuc hién viéc chuyén ddi chitosan thanh cac dan xuét
khac nhau nham cai thién cac dic tinh, trong d6 6 tinh tan trong nudc. Trong sb cac dan
xuét nay, chitosan lactate rat duoc quan tdm vi tinh trong hop sinh hoc cao, khang khuén
t6t, doc tinh thip va diéu ché don gian [116]. Do vy, chitosan va mubi chitosan dugc Gng
dung kha rong rai & nhiéu linh vyec.
1.3.2.1. Tinh chdt ciia chitosan va mudi chitosan

a. Kha nang hoa tan cta chitosan va muoi chitosan

Chitosan c6 kha ning tan tot trong cac dung dich acid hiru co (acetic acid, formic
acid, propionic acid, lactic acid, citric acid) va acid vo co (clohydric acid) loang véi cac
ndng do khac nhau, tao cac dich keo mang dién tich duwong. Pay 1a truong hop dic biét
vi hau hét cac polysaccharide tu nhién s& hinh thanh dung dich keo mang dién tich am
trong moi truong acid loang. Hat keo chitosan mang di¢n tich duong s€ thuan 1gi trong
viéc lién két keo tu cac ion mang dién tich Am hay cac polyme mang dién tich Am khac
[21, 160]. Do hoa tan cua chitosan phu thudc vao pKa (6,2 — 6,8), loai acid va nong do
acid (0,25 — 10%) va do deacetyl hoa (chitosan c6 d deacetyl cao thi kha nang hut nude
cua chitosan giam, mirc d hoa tan trong acid loang cang manh) [21].

Tuy nhién, chitosan c6 kha nang hoa tan kém trong méi truong pH trung tinh va
cao hon (pH kiém) ma chi tan tt trong dung dich acid lodng. Chitosan khong thé hoa
tan trong nude do c6 khdi lugng phan tir cao [106, 154]. Pidu ndy 1am han ché cac ung
dung cta n6 & hau hét cac linh vuc, dic biét trong nganh thyuc phém va duoc phém.
Nhiéu nghién ctru chuyén d6i thu mudi amoni bac 4 cua chitosan, tao cic dan xuét
chitosan N-alkyl hoa v&1 monosaccharide va copolyme khi ghép chitosan véi ethylene
glycol dé cai thién kha ning hoa tan trong nudc [92, 108, 203]. Nhung cic san pham
diéu ché nay co thé thay doi mot sb tinh chét cua chitosan do chung hinh thanh nho lién
két cong hoa tri [104]. Ngoai ra, nho trong chudi chitosan c6 su hién dién ctia cdc nhom
amin (-NHz) va hydroxyl (-OH) c6 kha ndng hoat dong phan ing cao. Cac nhém nay
trong mach chitosan c6 thé duoc gan thém cac nhom chirc méi dé cai thién kha ning
hoa tan cua chitosan trong méi truong pH khac nhau [177].

Do d6, viéc tao cac loai dan xuit mudi nham cai thién tinh tan cta chitosan
dang dugc cac nha khoa hoc quan tim nghién ctru. Mudi chitosan hay con goi 1a
chitosan hoa tan trong nuéc, dugc tao ra khi cdc nhom amin trong chudi chitosan bi

proton héa (NH3"OCOR") trong méi truong acid. Cac loai acid hitu co va v6 co lodng
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déu co thé két hop chitosan dé tao mudi nhu formic acid, acetic acid, citric acid,
lactic acid, glutamic acid, ascorbic acid, clohydric acid ... [21, 56]. Tuy nhién, mdt
s6 nghién ctru cho thiy chitosan c6 kha ning hoa tan han ché trong acid dam dic va
gay cat mach. P9 hoa tan cua chitosan phu thudc vao pKa va néng do acid [59, 154].
Hién nay, cic nha khoa hoc quan tdm nghién ctru diéu ché mubi chitosan nham han
ché su cit mach chitosan khi hoa tan trong cac dung dich acid loang, dong thoi lam
tang kha nang ing dung chitosan khi & dang mudi c6 thé hoa tan tryc tiép trong nudc.
Tuy nhién, mudi chitosan van gitt duoc ban chit 1y hoa, hoat tinh sinh hoc cua
chitosan (tinh khang khuén, chéng oxy hoa) [187]. Céac dac tinh hoa hoc, vat 1y va
sinh hoc ctia mubi cé thé bi anh hudng béi cau triic cla céc acid phan tng, diéu kién
diéu ché mudi, mic do khir oxy hoa, khoi lugng phan tir cia chitosan va tinh khong
ddng nhét ctia polyme vé do deacetyl hoa [198].
b. Kha ning hap phu va tao mang cua chitosan va mudi chitosan

Chitosan c6 thé hip phu va tao lién két tot voi cac chat mau, ion kim loai, lipid
va protein. Chitosan c6 do deacetyl cao thi ¢ do hap phy mau tot. Chitosan c6 kha ning
tao mang tdt nhd cac tinh chat co 1y nhu d6 chiu kéo, do ran, do ngém nudc, phan tu
luong, d6 deacetyl hoa va loai dung moi hoa tan chitosan. Chitosan ¢ tng suat kéo va
d6 gidn dai gi6i han cao khi do deacetyl cang cao nhung nguoc lai thi do truong nd thap
[21]. Chitosan lactate duoc tao ra & dang mang phim c6 do bén kéo va do ddm thung lan
lugt 1a 2,00 va 1,45 MPa [114].

c. Kha ning khang khuéan, khdng ndm cua chitosan va mudi chitosan

Chitosan ¢6 kha nang 1am e ché vi khuan va vi ndm. Mirc d6 tc ché dugce vi
sinh vat phu thudc vao loai chitosan (46 deacetyl > 85% va khéi lwong phan tir > 9 kDa),
néng do st dung, loai vi sinh vat, diéu kién ap dung... Mot ) nghién ctru da minh chirng
c6 thé ngin sy phat trién ctia nhiéu vi khuan Staphylococcus aureus, Bacillus cereus,
Escherichia coli, Saccharomyces cerevisiae, Rhodotorula glutensis, Botrytis cinerea,
Rhizopus stolonifera, Aspergillus, Rhodotorula glutensis, Botrytis cinerea, Rhizopus
stolonifera, Aspergillus niger va c6 kha nang khang nim méc sinh doc té aflatoxin nhu
Aspergillus flavus, Aspergillus parasiticus. Hoat tinh khang khuan cta chitosan va cac
dan xuét ctia n6 nho su tich dién duong khi nhém amin (-NHa) bi proton héa thanh (-
NH;") tuong tac voi thanh té bao va lam chét vi khuan [21, 160]. Chitosan lactate c6 kha
ning khang khuan gram dwong (S. aureus va B. cereus) nhay cam hon vi khuan gram

am (P. carotovorum va E. coli) va c6 thé khang ndm A. alternata va M. fructigena [114].
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d. Kha nang chdng oxy héa cua chitosan va mubi chitosan

Chitosan c6 kha ning kim ham céc chét oxy linh dong va ngin can su oxy hoa
lipid trong thuc phém va cac hé sinh hoc nho kha nang loai bd céac géc tu do hodc lién
két v6i cac ion kim loai. Hoat tinh chéng oxy hoa cua chitosan quyét dinh béi cac nhém
chtrc hydroxyl (-OH) va amin (-NHz), do cac tac nhan oxy hoa phan irng vdi cac nguyén
tir hydro hoat dong trong nhom (-OH) va (-NHa) ctia chitosan dé tao thanh mét gbc dai
phan tu 6n dinh hon. Su tuong tac cao cua chitosan voi cac ion kim loai vi c6 cac nhém
amin tu do va hinh thanh phirc gitta chitosan va ion kim loai nhd lién két chelat. Chitosan
c6 khdi lugng phan tr thip c6 hoat tinh chdng oxy héa cao, ¢ tic dung lam giam
cholesterol va ting cuong chdng stress oxy hoa. Viéce loai trir cac gbe hydroxyl bang
chitosan c6 thé trc ché qué trinh peroxy héa lipid cua phosphatidylcholine, linoleat
liposome, linoleic acid [21, 193].
1.3.2.2. Cac linh vuc ung dung

Chitosan va mubi chitosan duoc tmg dung rong rii trong cac nganh y sinh, thuc
pham, ndng nghiép, cong nghé sinh hoc va duge pham nhd c6 tinh chat doc ddo mang ban
chit polycation va 13 polyme ty nhién an toan (c6 tinh twong thich sinh hoc, c¢6 kha ning
phan hily sinh hoc). Chitosan c6 kha nang khang ndm, khang khuan, chdng oxy hoa, tao
mang, tao gel, hap phu mau, 1am trong dung dich... Tuy nhién, chitosan khong hoa tan
duogc trong nude, dung dich kiém, dung méi hitru co va chi tan trong mat s6 acid hitu co va
acid v0 co loang nén tng dung cua nd bi han ché rat nhiéu. Vi vay, viéc cai thi¢n kha ning
hoa tan ctia chitosan dé c6 thé tan ¢ khoang pH rong dang 1a mot trong nhitng van dé duoc
cac nha khoa hoc trong va ngoai nudc quan tam nghién cuou [21, 119, 173, 202].

a. Ung dung trong thuc pham, cong nghé sinh hoc va y duoc

D3 c6 nhiéu nghién ctru va tmg dung chitosan lam vét liéu mang bao thuc pham
(rau, tréai cay, ca, thit...) dé bao quan dya trén nguyén tdc tao rao can khong khi trong
qua trinh hé hip cta rau qua hay su thoat 4m cua thit c4. Ngoai ra, mang bao chitosan
con ¢6 thé duy tri dugc chit lugng cua thyc phdm, ngin ngira sy phét trién va diét vi
sinh vat va kéo dai thoi gian bao quan cua rau qua sau thu hoach [21, 72]. Mubi chitosan
van giit dugc cu trac ban dau cua chitosan va co thé hoa tan trong nude. Mubi chitosan
c6 kha ning tng dung rong rai trong nganh céng nghé thyc pham nho su tién dung (co
thé cai thién tinh chat hoa tan trong nude trung tinh dé tao dich). Nhiéu nghién ciru ciing
minh chimg cho thiy muébi chitosan khong thay d6i tinh chat ciia chitosan, duge sir dung
nhu chit bao quan thuc phém nham han ché vi sinh vat [21, 72, 119]. Britto va Assis
(2012) [47] nghién ctru kha ning twong thich sinh hoc (giam mat nudc, phan (mg hoa
nau va khang khuéan) cua 16p phu chitosan va cac mubi chitosan bac 4 1én cac miéng tao

cat l1at, c6 thé an tryuc tiép sau 7 ngay bao quan. Boi vi chitosan hoa tan trong méi truong
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pH thép sé& bi giam kha ning twong thich sinh hoc giita 16p phil va bé mit thyc pham, c6
thé xay ra phan ng phan huy anh huéng dén mau sic va huong vi thye pham. Cac loai
mudi alkyl chitosan bac 4 nay c6 kha ning tan hoan toan trong nudc va dé dang tao
thanh mang bao pht quanh miéng to nham han ché sy hao hyt khi lwong do mat nude.
Pdng thoi, hiéu qua ngin ngira su bién nau cia tao duge danh gia cao, dwa ra giai phap
tiém nang thay thé sir dung cac chat chéng hoa nau giy nguy hiém cho nguoi st dung.
Két qua nghién ctru ciing cho thay hiéu qua khang nim (Penicilliun expansum, Botrytis
cinerea) cao. Tuy nhién, mang bao ctia mudi chitosan dugc diéu ché cung diéu kién véi
cac dan xuat alkyl chitosan dugc dénh gia c6 d6 dong nhat t6t, phan bd déu trén bé mat
tiép xuc va do nham thép. Nguoc lai, mang bao tur cac mudi alkyl chitosan xuét hién sy
nhap nhé trén bé mit do sy keo tu ctia chudi cao phan tir khong dong déu [47]. Mudi
chitosan con dugc Uing dung lam trong nudc qua nho nguyén 1y keo ty, ai lyc ctua
chitosan véi cac chat huyén phu trong nudc qua dé két thanh bong va ling xubng va
duoc loc sau d6. Hai loai mudi CTS acetate va lactate dugc thir nghi¢m cho théy khong
c¢6 anh huong dang ké nao vé loai mudi, nong do sir dung, thoi gian xir 1y dén cac thong
sO chat luong va chat lugng cam quan ctia nudc qua. Tuy nhién, CTS lactate duoc danh
gia 1a c6 hiéu qua cao hon CTS acetate vé tt ca cac chi tiéu danh gia va thu dugc ning
suat cao nhat (66,14%) trong thoi gian 90 phut [89, 90].

Chitosan va cac dan xuat chitosan ¢ tinh twong thich sinh hoc, tur phan hay sinh
hoc, khong doc, kha nang tao mang, lam lanh vét thuong, khang khuén, khang nam va
ké ca khang virus. Do viy, nhiéu cong trinh nghién ctru va tng dung chitosan va din
xudt trong linh vyc kiém soat qué trinh 1am chat mang van chuyén DNA va giai phong
thude. Chitosan c6 thé lam chi nhén tao, keo gén xuong, thude giam béo, da nhan tao dé
tri bong, chat chong dong mau, kinh sat trong... Chitosan dugc tng dung trong cong
nghé nuoi céy md té bao dong thyc vat, ¢ dinh enzyme, ¢ dinh té bao, bao vé cac hoat
chét sinh hoc (astaxanthin, vitamin, DNA), ché tao cam bién sinh hoc (biosensor) dé do
néng do glucose, cholesterol, DNA... Ngoai ra, chitosan va cac din xuét con duoc ung
dung nhiéu trong linh vuc thu hdi hay phan riéng cac chit c6 hoat tinh sinh hoc nhu
protein, tinh sach protein, enzyme va thu hoi vi tao [21].

Pén nay, chitosan va mudi chitosan da dugc san xuat, phan phdi va Gmg dung trong
hé théng nganh duoc pham. Cac mudi cia chitosan nhu glutamate, aspartate,
hydrochlorate va acetate duoc st dung 1am thudc dic trj dai trang va ting cudng cung cap
peptide trong diéu tri biéu mé rudt [56]. Ngoai ra, chitosan duoc chuyén vé dang mudi
CTS acetate c6 kich thudc nano ciing dugc béo céo rang dung dé lam chat mang truyén
DNA nho su tao phtrc gitra chitosan-DNA, nghién ctru diéu tri ung thu, nhiém virus, bénh

loang xuwong. Chitosan dugc minh chung sir dung lam chat nén cta vaccin va da th
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nghiém trén ngudi cho két qua khong gay doc tinh va phan img phu sau khi tiém [68, 105,
197]. Rossi va cong su (2008) [163] da diéu ché mudi CTS ascorbate c6 dic tinh ting
cuong xam nhap t6t vao ca 10p té bao don va hai bén niém mac.

b. Ung dung trong nong nghiép, nudi trong thity san va xir Iy méi trudng

Trong nong nghiép, chitosan dugc sir dung boc cac hat gidng dé bao quan tranh
nam mdc, déng thoi ting cudong kha niang nay mam cua hat, kich thich ting truong va
giam stress cho cdy. Chitosan duoc tron vao dat voi muc dich ngin ngira sy tan cong
clia nAm trong dét, ting cuong sy hoat dong cua cac vi sinh vat c6 loi trong dat. Dich
chitosan con dugc phun 1én 14 dé chita bénh héo 14 do vi khuan thudc ching Fusarium
gay ra. Trén canh dong, chitosan di duoc Gmg dung dé bao vé cac bénh thdi r& va han
ché sy thoat hoi nude cho cay trong (ca chua, 6t, bi, dua leo, rau cai, laa, ca phé...), thu
dugc ning sut cao. Tuy nhién, voi mdi loai cdy trong va ting giai doan phat trién, can
nghién ctru loai chitosan ing dung phu hop [21].

Hién nay chitin, chitosan van con han ché trong viéc nghién ctru va tmg dung &
linh vuc nudi tréng thiy san. Mot sé nghién ciru da thir bd sung vao thire dn thuy san,
kiém soat bénh tat ctia vat nudi va xir Iy 6 nhiém nude nudi. Ung dung chitin, chitosan bd
sung vao thirc an cho tom va ca dat mot s6 hiéu qua vé kha nang khang lai Vibrio
parahaemolyticus, kich thich sinh truéng, ting hé mién dich va tang ti 18 song. Pong thoi
chitosan ciing 12 chit két dinh dé 1am ting d6 on dinh cta vién thirc an trong moi truong
nudce, két qua cho thay chitosan c6 do deacetyl va nong do sir dung cang cao thi d6 phan
ra cua thirc an cang cham. Piéu nay con hitu ich cho méi trudong nuoi duge cai thién, giam
6 nhiém do thtrc an tan nhanh va léng nhanh [3, 19, 21]. bé thuan tién trong vi¢c ung
dung rong rai chitosan, can nghién ctru cac loai dan xuit cua chitosan c6 thé tan trong
nudc va co dac tinh phu hop vo1 muc dich sir dung, ddc bi¢t quan tam dén do deacetyl,
phan tr luong, do nhét va do tan.

Trén thi truong thwong mai, chitosan (hat, vi hat, vay, mang) chu yéu duoc s
dung dé xtr Iy nude thai nho kha niang hap phu va tao phirc véi cac ion kim loai, cac chat
mau hodc kha nang keo tu, tao bong vai cac hop chét hitu co. Nho cac nhém amin cua
chitosan c6 ai lyc manh véi cac ion kim loai ndng (d@)ng, chi, thuy ngan, cadimi, crom...)
tao phirc va duoc loai di. Tuy nhién can luu ¥ chitosan c6 han ché 1a hoa tan trong méi
truong pH thap, vdy nén chitosan khong hiéu qua khi xir Iy cac nguén nudc thai c6 pH
< 3,5, ¢ thé do cac ion H* canh tranh véi cac ion kim loai. Hién nay, dé ung dung hiéu
qua trong linh vuc nay thi chitosan thudng dugc lién két ngang véi mot sé hop chat khac
hodc dung chitin (chitosan c6 d6 deacetyl thip) dé ting kha ning hap phu kim loai trong
nudc thai. Chitin, chitosan con dugc st dung dé hép phu nhiéu loai thuc nhuém nhor

phan tng trao ddi ion tai pH thich hop. Pé nang cao hiéu qua hip phu chit mau & cac
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nha may dét nhuom thi chitosan str dung can c6 ciu trac xop (giam do ran), ting nhiét
d6 moi truong, diéu chinh pH khodng 6. Ngodi ra, qué trinh hap phu chit mau con phu
thudc vao nhiéu yéu t6 khéc [21].

Trong nudc thai thudc nganh ché bién thuc pham con chira rat nhiéu chit hitu co
khac, dac biét 1a protein. Dya trén co ché tuong tac tinh dién va kep gitr co hoc cia cac
nhém amino trén chitosan vdi cac nhom amino trén cac phan tir protein tao keo protein.
Cong thém nho kha ning hip phu cua chitosan tao cau nbi lién két cac hat keo protein
dé két tia thanh cac hat phan tir 1on va ling xudng. Nhiéu cong trinh nghién ciru st dung
chitosan dé thu hdi protein tir nudc rira surimi, dich thai mau ¢4, nude thai trong qué
trinh ché bién thuy san, ché bién cac san pham tir sita... San phim sau thu, hién nay
dugc tan dung lam thirc an cho gia stc vi chitosan dugc xem la an toan sinh hoc. Bén
canh do, hé théng xur Iy nudce thai sau ché bién thuc phém dam bao hoat dong tét do da
loai di phan 16n ham luong protein, gop phan han ché van dé 6 nhiém méi truong [21].
Mudi chitosan (CTS acetate, CTS lactate) ciing dd duoc diéu ché 1am chat keo tu dé ting
dung xt Iy nude thai trong qua trinh ché bién ca. Két qua cho thay mirc d6 tong chét ran
lo limg (TSS) va chu ciu oxy hoa hoc (COD) ctia nudc thai giam. Trong d6, CTS lactate
dugc danh gid c6 hiéu qua lam chat keo tu tt hon so véi CTS acetate dé 1am giam COD
va TSS, do ion lactate tac dong luc tinh dién cua cac hat & dang huyén phu tao diéu kién
cho qué trinh két bong. Nong do sir dung t6i wu cho qué trinh xtr 1y chit thai tir cong
nghé ché bién ca 1a 29,50 mg CTS lactate/L (pH 6,0) va 28,29 mg CTS acetate/L (pH
7,13) [89, 90]. CTS lactate va CTS acetate cling dugc danh gia cao khi ing dung lam
chat tién xur Iy dong tu cation trong cong nghé xt Iy nudc cip ho gia dinh trudce khi két
hop loc nuéc qua vat lidu gém str. Két qua nghién ciru cho thidy mubi chitosan c6 thé
loai bo va 1am giam mot sb loai vi khuan, virus nhu E. coli, C. perfringens, tong sb
Coliforms va mét s virus thudc nhém thue khuan thé trong nudce [67].

1.3.3. Phwong phdp sdn xudt chitosan va diéu ché muéi chitosan
1.3.3.1. Phwong phdp san xudt chitin, chitosan

Trong 16p vo giap xac (tdm, cua, ghe) cé chira thanh phan chitin 1a cha yéu,
lién két cong hoda tri chat ché vdi cac thanh phﬁn khac gém protein, acid béo,
astaxanthin. Ngoai ra, cac hat khoang chat (chii yéu 1a CaCOs3) duoc phan bd dong
déu trong 16p vo [21].

Hién nay, chitin dugc thu nhan chii yéu tir nguén phé liéu thai ra trong qué trinh
ché bién thuy san. Sau do, chitosan s& duoc san xuat tir chitin qua cong doan deacetyl,
day 1a qua trinh tich nhém acetyl ra khoi phan tir chitin. Dé thu nhan dugc chitin trong
vo giap xac, tién hanh khir cac hop chat phi chitin ¢ trong vé gidp xac gom 3 cong
doan: (1) khir protein, (2) khtr khoang va (3) khir mau. Khir cac hop chat phi chitin co
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trong vo gidp xac c6 thé thyc hién bang mot trong ba phuong phap pho bién gom: (1)
phuong phap hoa hoc, (2) phuong phap sinh hoc va (3) phwong phap két hop hoa hoc
va sinh hoc. Tuy nhién, cac thong s6 k thuat trong qué trinh khir s& khic nhau tiry thudc
vao ngudn nguyén liéu (loai vo giap xac, vo dau hodc vo than), yéu cau chit luong san
pham chitin/chitosan (tinh chét vat 1y, hoa hoc va sinh hoc), diéu kién san xuét (kinh té,
moi trudng, quy mo san xuét). Trong thuc té, quy trinh san xuét chitin/chitosan thuong
mai & quy mo 16n van st dung phuong phap héa hoc do ¢ nhiéu vu diém hon céc
phuong phap khac nhu thoi gian xir 1y nhanh, don gian, dé kiém soat qua trinh. Tuy
nhién, phwong phap héa hoc ciing ¢6 nhugc diém nhu 6 nhiém héa chat ra méi truong
va mau hu hong thiét bi do an mon [21].
a. Phuong phép hoa hoc

Trong sudt qua trinh khir khoang, khir protein va khir mau dé tao chitin dugc st
dung cac loai hoa cht khac nhau dé dap tng muc tiéu cua timg cong doan. (1) Qua trinh
khir khoang thuong dung cac hoa chat xtr Iy nhu HCI, HNO3, H.SOs. Nong d6 acid
thuong st dung tir 0,5 — 2M, nhiét do xu 1y tir nhi¢t do thép dén nhiét do phong trong
khoang thoi gian tir 0,5 dén 48 gid. (2) Qua trinh khir protein ¢ thé dung cac hoa chat
nhu NaOH, Na»COs, NaHCO3, KOH, K>COs, Ca(OH),. Tuy theo tinh chat clia nguyén
lidu va yéu cau chat lugng cua chitin dé chon diéu kién xur 1y phit hgp. Nong d6 cac chat
kiém sir dung trong khoang 1 — 10%, & nhiét do phong hodc nhiét d cao (1én dén 100°C),
xtr 1y trong thoi gian tir vai gio dén vai ngay. (3) Viéc tdy mau cac loai vo giap xac co
thé thuc hién dudi anh sang mit troi hodc xir Iy bang mot s6 hoa chat nhu KMnOs, H202,
NaOCl, NaHSOs3, nhiét dJ va thoi gian xur 1y cling tuy thudc vao loai nguyén liéu va yéu
cau chit luong san pham [21].

San xudt chitosan bang phuong phap hoa hoc thong qua qua trinh khir acetyl khoi
phan tir chitin. Thong thudng, qua trinh deacetyl hoa bang cach ngam chitin trong dung
dich NaOH (40 — 50%) hoac KOH dam dac (55 — 60%) & nhiét do cao (60 — 150°C).
D¢ deacetyl cua chitosan dat khoang 68% khi xtr 1y trong 1 gio, sau d6 qua trinh tach
gbc acetyl dién ra cham va kém theo hién twong cat mach. Chung ta c6 thé sir dung acid
dic dé thuc hién qua trinh deacetyl, tuy nhién qua trinh cit mach ciing dién ra dong thoi.
Do vay, hién nay nguoi ta van sir dung kiém dic dé xu Iy chitin tao chitosan va yéu t6
vé ndng do, nhiét d6 va thoi gian xtr Iy anh huong 16n dén chat luong cua chitosan [21].

b. Phuong phap sinh hoc

Trong phé lidu thai ra tir ché bién thuy san thuong chira ham luong protein,
khoang, lipid va chat mau kha 16n, dic biét 1a chit mau astaxanthin c6 & 16p vo giap
xac. Pay 1a nhiing thanh phan c6 gia tri c6 thé tan thu dugc trong qua trinh san xuat

chitin theo phuong phap sinh hoc. Pong thoi viée ap dung phuong phép sinh hoc trong
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san xuat chitin con giam thai hoa chat ra moi truong gy 6 nhiém va nang cao chit lugng
san pham. Tuy nhién, cong doan khir khoang ciing phai str dung cac loai acid dé tach
khoang. Mot s6 cac acid hiru co nhu lactic acid, acetic acid hodc dung vi khuan 1én men
lactic (11 xil6) d& dugc nghién ciru va ing dung vi hiéu qua tach ciing twong ddi cao va
it gdy tac hai dén moi truong [21].

Dé thay thé cht kiém dung trong cong doan khir protein, nhidu nghién ctru da
sit dung nhiéu loai protease khac nhau (papain, chymotripsin, Alcalase, Protamex,
Flavourzyme) hoic enzyme tir vi sinh vét (Pseudomonas maltophilia) trong san xuat
chitin. Tuy nhién, viéc sir dung phuong phap sinh hoc dé thay thé phwong phap hoa
hoc chua hi¢u qua, ham lugng protein con lai trong chitin kha cao va khé ap dung &
quy mo l6n [21].

Qua trinh deacetyl hoa chitin thanh chitosan bang phuwong phap sinh hoc chu yéu
duoc thyuc hién & quy mé phong thi nghiém bing enzyme chitin deacetylase thu nhan tir
nam Absidia coerulea, Colletotrichum lindemuthianum, Pichia pastoris da dugc nghién
ctru khtr gdc acetyl tir chitin. Két qua cho thay chat luong chitosan thu duoc ¢ phén tir
lugng 16n va d6 nhét cao hon chitosan san xuét bang phuong phap hoa hoc. Qua trinh
1én men can thoi gian nhidu ngdy, dong thoi gia thanh ciia enzyme cao nén kho ap dung
O quy md 16n [21].

c. Phuong phap két hop sinh hoc va héa hoc

Pé han ché nhugc diém cua timg phuong phap, cac nha khoa hoc di nghién
ctru xtr 1y két hop phuwong phép sinh hoc v6i hoa hoc dé san xuat chitin, chitosan.
Diéu nay giup chung ta c6 thé tan thu dugc cac thanh phan co gia tri 1a protein va
astaxanthin trong vo giap xac khi thuc hién phuong phap sinh hoc dau tién. Sau d6
phuong phap hoa hoc c6 thé hd tro tiép tuc khir protein va khoang ¢ ndng do thap,
giam thiéu ham luong hoa chit str dung. Két qua cho thy chit luong chitin thu duoc
tir phuong phép cai tién nay cao hon chi xu 1y phuong phap hoéa hoc. Haim lugng
khoang va protein con lai trong chitin dam bao duéi 1%, dat yéu cau chit lugng chitin
thuong mai. Pay 1a phuong phap xir I phu hop theo hudng phat trién bén viing va
than thién moi1 truong [21].
1.3.3.2. Phwong phdp diéu ché mudi chitosan

Hién nay d3 c6 nhiéu nghién ctru diéu ché mudi chitosan véi trong luong trong
khoang 0,5 — 25g, kich c& khoang 8 — 40 mesh va dugc phan tng véi cac loai acid trong
mai trudng hitu co thich hop, lac hoic khudy trong 1 — 3 gio. Nhiét do phan ung va lam
kho dao dong khoang 12 —35°C. San pham mubi thu dugc sau khi loc va rira bang dung
moi méi dé loai acid du. Cac yéu t6 anh huong dén qua trinh hinh thanh mudi chitosan

phu thudc vao kich thudce hat chitosan (20 — 40 mesh thuong dugc chon), ty 1€ chitosan
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va dung moi phan tmg, ndng do va loai acid (formic acid va pyruvic acid duoc danh gia
1a dat hiéu qua cao va on dinh nhat), nhiét ¢ (6n dinh & 20 — 25°C) va thoi gian phan
mg, nhiét do 1am kho thudng 14 dudi 40°C dé tranh bi bién mau san pham. Ngoai ra,
kha ning tan ciia chitosan trong moi truong acid anh huéng boi mot sé yéu td quan trong
nhu hang s6 phan ly va hang s6 dién méi cta acid va méi truong. Sy phire tap nay do
su ¢6 mit ciia nude va kich thude phan tir cta acid gdy ra. Mot yéu té khac trong hdn
hop khong dong nhét nay 1a hé s6 phan bd ciia cac thanh phan, vi du cacboxylic acid c¢6
khéi luong phan tir thip hon c6 thé phan bé giita chitosan khong phan huy va dung méi
hiru co. Ké ca d6 am cuia chitosan ciing can duoc kiém soét vi trong mot sd truong hop
nhat dinh, viéc bd sung mot luong nhé nudce gitp cho qué trinh phan tmg duoc tt hon.
Luc nay, nuée duoc xem nhu 13 chat mang hodc 12 méi trudng phén ly acid va ting kha
nang phan tng, vi du dién hinh 13 khi chitosan phan g véi propionic acid trong moi
truong acetonitrile can chira 5% nudc [30].

C6 3 phuong phap diéu ché mubi chitosan: (1) san pham tao ra khi chitosan & trang
thai ran phan Ung voi acid trong moi trudng con va siy kho, (2) san pham tao ra khi cho
chitosan & trang thai rin phan ting véi hoi acid va sdy khé, (3) chitosan dugc hoa tan hoan
toan trong moi truong acid tao gel, sau d6 sdy phun/dong kho thanh bot hodc siy kho tao
mang [27, 131]. Bén nay, mot s6 mubi chitosan da duoc diéu ché trong ca hai méi trudng
acid hitu co va vo co nhu clohydric acid, fomic acid, glutamic acid, lactic acid, citric acid,
acetic acid, ascorbic acid. .. dugc tong hop va trinh bay ¢ Bang 1.3.

a. Phan ung chitosan véi acid ¢ trang thi ran — 16ng

Phuong phép tao mudi bang phan mg ran — long c6 uu diém don gian, d& thuc
hién va khong ton chi phi dau tu thiét bi, nhung dén nay vin chua c6 nghién ctru dua ra
quy trinh cy thé nham nang cao chat lugng san pham.

Céc loai mudi chitosan acetate dugc diéu ché bang cach ngam 5g chitosan (CTS)
trong 40ml dung dich ethanol 95% (1/8, v/v), sau d6 bd sung acetic acid theo cac ty 18
(acid/CTS, 1:1, 2:1, 3:1, 4:1, 5:1), khudy ddo 2 gio, sau d6 sdy kho chan khong. Két qua
nghién ciru cho thdy kha ning hoa tan trong nudc cia mudi CTS acetate phu thudc ty 18
s6 mol cua acetic acid dén ham luong glucosamine cua chitosan. Ty 1¢ s6 mol thay dbi
tir 1,0 dén 5,0 cho thy d6 hoa tan ting, tuy nhién d6 hap thy giam. Cac tac gia giai thich
do cudng d6 ion ciia acid du trong mudi c6 thé gy hién tuong nay. Nhu vay, khi cuong
do ion dat dén mot murc do nhét dinh s& thu duge CTS acetate c¢6 d6 hoa tan cao [119].
Ngoai ra, san pham mubi thu dugc 6n dinh sau 3 thiang bao quén, trong khi trong cting
mot diéu kién bao quan thi dung dich chitosan pha trong acid s& khong 6n dinh do nhét
[119, 140].
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Bang 1.3. Phuong phap diéu ché mdt s6 mudi chitosan

Phuong San phim muoi chitosan Tai liéu tham khao
phap
Phén tng CTS acetate [119]
rin — long CTS/ascorbic acid, CTS/p-amino benzoic [173]

aicd, CTS/p-nitro benzoic acid
N, N, N-trimethylchitosan; N-butyIN, N-
dimethylchitosan; N-octyl-N, N-

dimethylchitosan; N-dodecyl-N, N- [47]
dimethylchitosan

Phan tng Mudi chitosan HCI khi lwong phan tir thap [130]

rin — khi

Phan tng CTS valerate, CTS butyrate, CTS acetate, [76]

hoa tan CTS formate

trong dich | CTS adipate; CTS succinate; CTS fumarate [198]
CTS acetate, CTS lactate, CTS citrate [56]
CTS lactate [116]; [37]

M5t s6 san phém khac dugc goi la dan xuit mudi acid-chitosan dugc tao thanh
khi ngdm chitosan trong cac acid hiru co (0,9 g ascorbic acid, 0,9g p-amino benzoic acid
va 0,5g p-nitro benzoic acid) di dugc hoa tan trong hdn hop dung médi gdm 5ml cdn
isopropyl va 1 ml nudc (b6 sung nudc dé ting hing sé dién méi ciia rugu isopropyl).
Khudy hdn hop tir tir & nhiét do phong cho déu, rdi giit & nhiét d6 ¢ 0°C trong mot thoi
gian phan tng nhat dinh khoang 72 — 82 gid. Sau d6 dugc rira bang hdn hop dung méi
con isopropyl/nudc dé loai acid du va thu cac tinh thé mudi acid-chitosan gdm
CTS/ascorbic acid, CTS/p-amino benzoic aicd, CTS/p-nitro benzoic acid. Nghién cuu
nay minh chiing rang cac dan xuit mudi ctia chitosan c¢6 ciu tric xoan dc thir cap va co
thé hoa tan trong mot pham vi pH rong, mé ra trién vong méi cho tmg dung y sinh cta
vat li¢u chitosan [173].

Mot phuong phap khac cta phan tmg ran — 16ng 1a chuyén CTS thanh cac dan xuat
alkyl hoa ctia no, sau d6 méi tao mudi bac 4, tuy nhién nghién ciru nay ciing danh gia img
dung ctia mudi CTS khong dugce alkyl hoa sé tao mang bao boc bao quan thyc pham tot
hon mudi CTS da dugc alkyl héa. Thong qua qué trinh alkyl hoa chitosan bang cach phan
g chitosan véi cac aldehyde thich hop, sau d6 khir bang sodium cyanohydroborate tao
cac dan xuat N-butylchitosan, N-octylchitosan va N-dodecylchitosan. Cac dan xuét alkyl

chitosan duoc tao mang c6 tinh chat déo hon nhung lai kém bén hon chitosan. Nhung khi
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chuyén héa ching thanh mudi thi cac dan xuat c6 thé tan dugc trong nude. Tir d6 chitosan
va cac dan xuat alkyl hoa ciia no tiép tuc cho phan tng tong hop voi dimethylsulfate trong
moi truong kiém dé tao mudi bac 4 twong tmg gdm (1) N, N, N-trimethylchitosan, (2) N-
butyIN, N-dimethylchitosan, (3) N-octyl-N, N-dimethylchitosan, va (4) N-dodecyl-N, N-
dimethylchitosan [47].

b. Phan g chitosan v6i hot acid

Phuong phap phan Gng rin — khi can ding céac thiét bi cong nghé cao va can kiém
soat van hanh thiét bi chit ché cac thong sb ki thuat. Ngoai ra, d6i v6i phurong phép ran
— khi doi hoi chit luong ctia CTS nguyén liéu phai dong déu vé kich thudc nhé min
(khoang 80 mesh size) va c6 khdi luong phan tir thip. Hon nita, chat lugng cia san pham
mudi con phu thudc vao cac loai acid ¢6 kha nang hoa hoi manh. Vi du nhu nghién ctru
ctia Minh va cong su [130] di dung HCI 37% dé phan tng tao mudi chitosan c6 khi
luong phén tir thap, ¢ 4°C trong 3 gid.

c. Hoa tan chitosan trong moi truong acid

Céc san pham mudi diéu ché bang cach hoa tan CTS trong acid va sdy phun dugc
sit dung pho bién hién nay, tuy nhién gia thanh rat cao vi can duoc dau tu thiét bi cong
nghé cao. Hon nita, phuong phép nay c6 han ché trong viéc kiém soét lugng acid du sau
khi phan (mg véi chitosan nén mau cta san pham thuong bi vang hodc phai ding mot
luong dung moi 16n va doc hai trén thiét bi chuyén dung dé rira.

Phuong phap tao mudi bang cach hoa tan hoan toan chitosan trong cac dung dich
acid dé tao ra cac mudi sau khi phan tir chitosan dugc gan gbc acid twong tng nhu CTS
acetate, CTS lactate, CTS citrate... Pau tién, pha dung dich CTS 4% (w/w) bang cach
hoa tan bdt chitosan trong céc loai acid 10% (w/w) khac nhau, véi ty 1€ 1:24 (CTS/acid).
Tién hanh khudy lién tuc dén khi chitosan tan hoan toan trong 24 gid, sau do6 loc va siy
phun [56]. Nghién ctu cua Wojtasz-Pajak (2010) [198] ngdm chitosan trong nudc khur
ion nong va bo sung acid dicarboxylic (adipic acid, succinic acid, fumaric acid) véi ty 18
mol acid/nhém amin 13 1/2, ndng d6 mudi cudi cung 1a 2,5%, khudy trong 240 phut &
nhiét do phong, sau d6 say dong kho, rdi nghién nho kich thuéc. Tuong tu, chitosan lactate
dugc tao thanh khi hoa tan 0,8g chitosan trong 40 ml dung dich lactic acid dugc phan tan
trong mdi trudng nude khir ion véi ty 1& 1/80 (acid/nudc khir ion). Hon hop dugc khudy
qua dém & 70°C va thu dugc dung dich trong mau vang nhat. Sau d6 loc tham tich qua cot
cellulose lién mach (MWCO-14000, kich thuéc 16 50A) d loai bd lactic acid du thira
trong 3 ngay. Dung dich hdn hop sau loc dugc dit trong ta dong -78°C trong 24 gid va
dugc siy dong kho trong 48 gid thu duge bot chitosan lactate mau vang nhat va min [116].
Hoic mot s san phdm mubi & dang mang (CTS valerate, CTS butyrate, CTS acetate, CTS

formate) dugc tao thanh khi cho chitosan hoa tan trong acid voi mét luong can bang dé
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tao dung dich mudi. Mang mudi chitosan thu dugc bang cach phét dung dich mudi
chitosan 1én cac lam kinh hién vi va lam kho chung trong mdi truong khi thong thoéng
hodc trong chan khong & 70°C [76]. Cach nay cling dugc Bhattarai va cong su (2006) [37]
nghién ctru tao mang sau khi hoa tan CTS 2% (w/w) trong lactic acid qua dém, d6 dia
petri 1am kho & 70°C trong 5 gid va sy chan khong & 80 — 90°C trong 5 gid, sau do sir
dung thiét bi Soxhlet dé rira bang chloroform va methanol trong 48 gio.

Nhur vdy, chitosan la mét polyme tw nhién chira nhiéu nhém amin béc I (-NH>)
va ¢6 nhiéu tinh chat wu viét nhw tinh twong thich sinh hoc cao, khong doc hai, kha nang
khdng khudn, khéng ndm. Do dé, chitosan dd dwoc nghién ciru va g dung trong nhiéu
linh vue khdc nhau. Tuy nhién, do ddc tinh it tan trong nuéc nén dd han ché cdc g
dung ciia chitosan, tir d6 cdc mudi ciia chitosan ¢é cdc goc vé co (CI, Br, NOs'...) hodc
cdc goc hiu co (HCOO, CH3;COO ...) da dwoc nghién ciru. Pa s6 cdc mudi ndy diege
tao ra & trang thdi long khi chitosan twong tac véi goc acid trong méi truong nwde. Sau
do, mudi thu dwoc bang cdch két tia va rira bang con. Mudi chitosan HCI ciing c6 thé
thu dwoc khi chitosan dang ran tac dung voi hoi HCL. Mac du, cac san phcfm thu duoc
V6i hiéu sudt khd cao véi phwong phdp ché tao kha dé dang. Tuy nhién, san pham thu
dwoc thuong co do dé‘ng déu chira cao, chi phi dau tw thiét bi cao va van hanh khé.
Ngoai ra, san phcim muodi chitosan thu dwoc lai chira mot luwong nho gé'c acid co hoat
tinh manh (CI, Br, NOs, HCOO ...) ¢6 thé gdy hai dén sirc khoe vdt nudi hay con nguoi.
Cdc mudi an toan khi sir dung (nhw chitosan acetate, chitosan citrate...) nhung lai mii
chua gdy dnh hwéng dén cam quan cia thue pham. Gan déy, mudi chitosan lactate dioc
ddnh la la chat keo tu tot hon so véi chitosan acetate khi vmg dung lam trong nwéc qua
hodc xir 1y chat thdi trong qud trinh ché bién cd. Do vdy, nghién ciru diéu ché mudi
chitosan lactate c6 @6 dong déu cao bang phwrong phdp don gidn dé mé réng vmg dung
la can thiét.

1.4. Vi tao bién
1.4.1. Nguon lgi va vai tré ciia vi tdo bién trong nudi trong thiiy sin

C6 khoang 100.000 loai vi tao khac nhau dugc phat hién, ¢ dai duwong, cac song, ao,
h6 nuéc ngot. Hién nay, cac nha nghién ciru da phan 1ap va nudi cay duoc trén 40 loai vi
tao. Nguén vi tao chira rat nhiéu hoat chat sinh hoc tiém nang c6 loi dbi véi strc khoe con
nguoi. Mot s6 loai vi tao dugc nudi va st dung phé bién 1am thirc dn cho dong vat thuy san.
Sinh khéi vi tio con 1a ngudn dé san xuat nhién lidu sinh hoc bén viing. Vi tao 1a loai sinh
vat don bao c6 chira chit di¢p luc, tao ra oxy (O2) va ¢d dinh carbon dioxide (CO») tir khi
quyén thong qua qua trinh quang hop [135, 166, 183]. Tai Viét Nam, nganh nudi vi tao
(Chlorella sp., Nannochloropsis sp., Thalassiosira sp., Skeletonema sp., Chaetoceros sp.)

dang phat trién rong rai, str dung chung 1am thirc 3n nudi trong thily san.
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1.4.1.1. Nguon loi va déc diém sinh hoc ciia vi tdo Nannochloropsis sp.

O Viét Nam, sinh khéi vi tao Nannochloropsis oculate d3 duoc nghién ciru va nudi
thanh cong bang nhiéu ky thudt khac nhau & trong nha hoidc ngoai troi, gdm ky thuat nudi
trong tai nylon, bé composite hodc bé xi ming va hé thong éng dan trong subt nudc chay lién
tuc [8, 18]. Nannochloropsis sp. 1a loai vi tao c6 diéu kién song rong: méi truong nhiét
d6 tir 0°C dén trén 30°C, d6 pH khoang 8, d6 man tir 15 — 30 ppm, cuong do anh sang
16n hon 12 klux va duoc phan bd rong trén thé gidi, c6 mit & thuy vuc nuwde min, nude
lg va nude ngot [86].

Loai tao Nannochloropsis sp. dugc Droop (1955) [81] mé ta dau tién v6i hinh
thai don gian, thudc 16p tdo luc Chlorophyceae [81]. Giai doan ndm 1975 - 1981, cac
nha khoa hoc d3 nghién ciru sau vé ciu trac té bao cho thay chung c6 hinh dang twong
thich voi 16p Eustigmatophyceae hon 1a 16p Chlorophyceae va duoc xép vao chi
Nannochloropsis [28, 101]. Thoi diém nay, hé théng phan loai ctia tio Nannochloropsis
sp. nhu sau:

Gi161: Chromista
Nganh: Heterokontophyta
Lop: Eustigmatophyceae
B4: Eustigmatales
Ho: Monodopsidaceae
Chi: Nannochloropsis
Loai: Nannochloropsis sp.

Nam 2007, Yu va cong su da xac dinh mot loai Nannochloropsis Z-1 dugc phan
1ap tir mot trang trai nudi tom & Hai Nam, Trung Quéc va xéac dinh day 1a loai Chlorella
(mdt thude ho Luc lap) dua trén thanh phén acid béo, siéu cau trac va trinh tu cia rDNA
18S. Nghién ctru nay két luan loai tao Nannochloropsis Z-1 khong nén phan vao 16p
Eustigmatophyceae va khong dat trong chi Nannochloropsis ma 1a loai Chlorella sp.
Nhung can xem xét lai khi Fawley va cong su (2015) [87] minh chirng mét loai tao gbc
léy mau & Nhat goi 1a marine Chlorella (Chlorella bién) dugc nhan dién la
Nannocloropsis oceanica. Két qua nay tuong ty v6i nghién ctru ctia Maruyama (1986)
[123], marine Chlorella x4c dinh dya trén bang ching vé siéu cdu tric va hoa sinh la
Nannochloropsis oculata, mot thanh vién cia ho Eustigmatophyceae [87, 123, 204].
Vay nén, van dé phan loai loai vi tao bién Nannochloropsis sp. chua duge xac dinh rd
rang va con dang tranh cii do chung c6 kha ning bién d6i & cap do bo gel mic du ching
van duogc xép vao chung Nannochloropsis do c6 trinh tu tDNA 18S giéng hét nhau. Mot

s0 chung loai Nannochloropsis hi¢n c6 trén thi trudng nuoi cay hodc dudi dang bo sung



29

trong cong thirc ché bién cho nudi trong thily san nhu N. oculata (Droop), N. salina, N.
gaditana, N. oceanica, N. granulate va mot loai nude ngot N. limnetica [87].

Dua vao phén tich siéu cau tric va hoa sinh, Nannochloropsis sp. (Hinh 1.8) ¢
ciu tric gdm mot nhan va chira mot thé sic t§ (Chloroplast) hinh trimg hodc hinh chén
dugc bao boc béi hai 16p mang kép. Lép mang ngoai dinh lién v6i mang nhan té bao.
Thé sic t6 (luc lap) trong té bao vi tao Nannochloropsis sp. c6 nhiéu ban sic (lamela),
mdi ban gdm 3 phién sic td (thylakoids) xép song song va khong c6 dai ndi giita cac
phién sic tb. Sic to quang hop & Nannochloropsis sp. chi tim thdy luong chlorophyll-a
dang ké va khong thiy sic to chlorophyll-b va c. Ngoai ra, nd con chira méot luong céac
sic td carotenoid kha cao gdm chi yéu 13 astaxanthin, zeaxanthin va canthaxanthin [118,
122, 123].
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Hinh 1.8. Té bao vi tao Nannochloropsis sp. (vt kinh 100x).

Nannochloropsis sp. ton tai & dang don bao, t& bao hinh ciu dén hoi hinh trimg.
Vi tao nay khong c6 kha ning di dong, duong kinh khoang 2 — 4 pm, trong luong té bao
chi nhoé khoang 6,1 pg/tb. Té bao ctia Nannochloropsis sp. c6 mot thé sic t6 (Chloroplast)
hinh trimg chiém dung lwong kha 16n [101, 118]. Mét loai tao Nannochloropsis Z-1 méi
duoc xac dinh 1a vi tdo Chlorella c6 hinh cau, duong kinh do b%mg 1 — 6 um va duogc bao
boc trong céc 16p vo day khoang 0,04 pm, c6 chira mot sb ti thé nho va khong c6 khong
bao [204].
1.4.1.2. Vai ciia vi tdo Nannochloropsis sp. trong nudi trong thity san

Sinh khéi vi tao chira ddy du cac thanh phan dinh dudng co ban khac nhau (tinh
theo trong lwong kho) tity thudc vao loai, gdm carbohydrate (5 — 30%), protein (10 —
40%), lipid (10 — 30%) va khoang chat. Pay 1a ngudn cung cip dinh dudng tiém ning,
dugc danh gia rat cao nho chira rat nhiéu cac hoat chét sinh hoc gdm chat chdng oxy
hoéa (polyphenol, polysaccharide, tocopherol va cac hop chat phenolic, vitamin C, acid

amin, acid béo...) va céc sic to (carotenoid, chlorophyll, phycobilin...). Cac hoat chat
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nay c6 dic tinh khang khuan, khang virus, khang nam, chdng viém va chong khéi u. Cac
mudi khoang thiét yéu duoc xac dinh & cac loai vi tao gom Ca?*, K*, Na*, Mg?*, Zn*",
Fe*, Cu?*, Ni*..., mot sb loai ton tai kim loai ning nhung khong dang ké. Ngoai ra, vi
tao ciing chira day du ham luong cac acid béo khong no kha cao va cac acid amin cin
thiét cho co thé [28, 50, 166, 183, 194]. Tuy nhién, thanh phan dinh dudng cua bat ky
loi vi tao nao phy thudc vao kich thudc té bao, kha nang tiéu hoa va tong hop céc thanh
phan sinh héa, chu ky sinh trudng va phat trién cta vi tao, moi truong song... [83]. Mic
du co sy khéc biét rat 16n giira cac loai vi tao vé thanh phan dinh dudng, nhung két luan
chung thanh phéan hitu co chii yéu theo thir tu 14 protein, lipid, carbohydrate. Tinh theo
trong luong kho thi ham lugng protein khoang 12 — 35%, lipid khoang 7,2 — 23% va
carbohydrate 1a 4,6 — 23%. Ham lugng acid béo khong bao hoa cao (HUFA), dac biét la
eicosapentaenoic acid (20: 5n-3, EPA), arachidonic acid (20: 4n-6, ARA) va
docosahexaenoic acid (22: 6n-3, DHA), ¢6 tim quan trong 16n trong viéc danh gia thanh
phﬁn dinh dudng ctia mdt loai tao dugc sir dung lam thirc an cho cac sinh vat bién [49,
118]. Riéng d6i v6i loai vi tao Nannochloropsis duge nudi dudi sy chiéu sang lién tuc
thi thanh phan chinh cua sinh khdi dugc xac dinh chira khoang 37,6 % carbohydrate,
28,8% protein, 18,4% lipid va 9% khodng [155]. M0t nghién ctru khac cia [50] thi loai
Nannochloropsis CS-246 thir nghiém nu6i cho hau an thi cac thanh phan chét dinh
dudng c6 khac gom 23% carbohydrate, 17% protein, 26% lipid, 16% khoang. Trong do,
khoang chét chira nhiéu mubi khoang thiét yéu cho co thé ngudi nhu Ca (972 mg), K
(533 mg), Na (659 mg), Mg (316 mg), Zn (103 mg), Fe (136 mg), Mn (3,4 mg), Cu
(35,0 mg), Ni (0,22 mg) va Co (<0,1 mg) tinh trong 100g sinh khéi khd va ham luong
kim loai nang (Cd, Pb) thi khong dang ké [50].

Bén canh d6, nhiéu hoat chat sinh hoc ciing duoc danh gia nhu chlorophylls,
carotenoids, vitamin, acid amin, acid béo... Tao N. oculate chira mot lugng sic to
carotenoid dang ké gom violaxanthin (55-58%), vaucheriaxanthin (25-32%), carotene (3-
10%), neoxanthin (0-1%), keto-carotenoids (4-5%) ... Tao N. gaditana dat mat do t& bao
khoang 10° té bao/mL thi ham luong cac sic td xac dinh dugc 13 chlorophyll-a (350 mg/L),
violaxanthin (50 mg/L), canthaxanthin (5 mg/L), astaxanthin (3 mg/L), trong d6 ham lugng
canthaxanthin va astaxanthin chiém 0,7% tinh trén trong lugng khé. Ham lugng vitamin E
(0-tocopherol) c6 & tao Nannochloropsis sp. duge danh gia 1a cao hon nhiéu 1an so véi cac
loai tdo khac (Euglena gracilis, Dunaliella salina va Tetraselmis suecica). Ham luong
vitamin C va riboflavin tinh trén trong lugng kho trong vi tao dat 1an Iuot 1a 8 (mg/g) va 50
(mg/g) [28, 50, 122, 183]. Nannochloropsis c6 kha nang tich liiy ham lugng acid béo khong
no cao véi nhiéu loai acid béo da ndi d6i khong bio hoa, trong d6 acid béo thuéc nhom

eicosapentaenoic (20:5n-3, EPA) chira khoang 24,5 — 40% so véi tong ham luong céc acid
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béo. Ngoai ra, Nannochloropsis con chira diy da 19 loai acid amin can thiét cho co thé
dong vat [48, 49, 194].
1.4.1.3. Ung dung sinh khoi vi tao trong nudi trong thity sin

Vi téo 1a sinh vat don bao cé cau tric rat don gian gdm cac thanh phan chinh nhu
thanh té bao, khong bao va nhan. Nho ¢6 cau triic don gian nén vi tao c6 kha ning sinh
truong va phét trién nhanh hon cac loai sinh vét ¢6 cau triic da bao. Cac loai vi tao c6 kha
nang quang hop ¢ diéu kién anh sang (tia UV), sir dung carbonic (CO2) va khoang vo co
dé tang sinh truéng. Do vy, vi tdo ¢ thé gop phan 1am giam lwong 16n CO: trong bdi
canh bién d6i khi hau hién nay. Bén canh d6, trong méi truong anh sang (400 — 700 nm)
té bao vi tao co thé tap trung toan bd ning lugng dé tong hop carbohydrate cho thanh té
bao, protein cho nhan va lipid cho khong bao. Vi tdo chtra ham lugng vitamin va khoang
chét cao gém vitamin A, C, B2, Bg, niacin, iodine, potassium, iron, magnesium va calcium.
Vi vay, vi tao c6 thé xem nhu 14 ngudn thirc 3n giau dinh dudng dé hip thu cho cac du
tring nudi thily san va ciing dugc xem 1a ngudn sinh hoc xtr 1y chat hitu co trong nudc
thai [10, 32, 52]. Mot s6 loai tao nudc ngot (Chlorella, Spirulina...) da dugc cong nhan
1a tiém ning chtra ngudn protein cao, nhung hién nay cac nha khoa hoc quan tam dén
cac loai vi tao bién (Nannochloropsis, Tetraselsmis, Isochrysis...) hoic lodi tao di dudng
(Schitzochytrium) chira rat nhiéu hoat chat nhu EPA (eicosapentaenoic acid, C20:5n-3),
DHA (docosapentaenoic acid, C22:6n-3), PUFA (béo polyunsaturated acid), AA
(arachidonic acid, C20:4n-6), ALA (alpha-linolenic acid, 18:3n-3)... [28, 50, 83, 155,
194]. Trong nganh dinh dudng dong vat va nudi trong thily san, vi tao & dang bot nhio
dung dé b6 sung ngudn dinh dudng protein, chu yéu 1am thirc dn cho 4u trang ca, tom,
dong vat hai manh vo... Vi tdo Nannochloropsis va Tetraselmis thudong dugc thu hoach
& dang khdi dong kho hodc dang bot nhio, sir dung lam thire dn nudi trong thity san
[150].

O Viét Nam, nganh nudi trong thiy san phat trién manh va nhu cau sir dung vi tao
bién dé thay thé cac ngudn thirc an cong nghiép cang cao, dic biét sir dung trong san xuét
giong céc loai thity san ¢ gid tri cao nhu c4 bién, dong vat hai manh vo va gidp xac. Cu
thé hon 14 ching dugc st dung lam thirc an tuoi sdng cho céc loai nhuyén thé hai méanh
vo & cac giai doan phat trién, cac giai doan Au tring cta hau hét cac loai tom, cé bién va
luan tring. Dén nay, cong nghé nudi vi tao dang trén da phat trién manh dé dap tmg nhu
cAu sir dung, nhung k¥ thuét thu hoach va luu gitr van con han ché va chua duoc ung dung
thwong mai hiéu qua. Trong d6 lodi vi tao bién Nannochloropsis sp. dugc st dung nhiéu
do c6 kich thude nhé va chira ngudn dinh dudng cao. Tuy nhién, cht yéu hién nay ching
ta van phai dung san pham vi tdo dam dic tir ngudn ngoai nhap hoic dich tao lodng duoc

van chuyén hodc bom tir cac ao trai nuoi vi tdo. T€ bao vi tdo Nannochloropsis sp. chlra
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mot ham lugng EPA rat cao, chira vitamin (ascorbic acid, vitamin Bi2) va ddy du céc loai
acid amin can thiét, dap ing nhu cau phat trién cta dong vat thity san ¢ giai doan au tring.
N6 duoc dung 1am thirc dn sdng cht yéu cho nghé nuéi giéng ca chém va luan tring [8,
18, 48, 183, 194]. Trong do, cac sic to duoc tong hop tir vi tao cd vai tro quan trong ddi
v6i sttc khoe va ning suat nudi trong thity san, dic biét 14 giai doan 4u tring cia ca bién
va gidp xac [143].

1.4.2. Phwong phdp thu hoach sinh khéi vi tio

Viéc thu hoi sinh khdi vi tao va bao quan van con tré ngai nén nganh kinh té vi téao
chwa duoc phat trién manh. Van dé dang ké d6 1a kich thudce hat vi tao rat nho (dudng kinh
3—30 um/té bao) va mat do nudi dat dugc twong ddi lodng (< 0,5 kg/m? sinh khdi kho trong
mot hé théng san xuat thuong mai), trong khi nguyén vat lidu sir dung trong cong nghé thu
hoach vi tao thi qua cao. Ngoai ra, viéc lam dac vi tdo con anh hudng baoi tinh ky nudce cia
té bao vi tao, mat do vi tao, thanh phan va d6 man cua moéi truong dich vi tao [34]. Do do,
hién nay van chua khang dinh phuong phap thu hoach duy nhat nao c¢6 thé phu hop cho tat
ca cac truong hop. Mot giai phap kha thi ma nhimg trai nuéi trong thiy san 16n 13 nuéi vi
tao tai chd khi dap tng diéu kién moi trudng séng va sir dung cac hé théng san xuat hiéu
qué nhét vé chi phi. Kinh phi cho viéc thu héi vi tao hién nay dugc danh gi khoang 20 —
30% vao tong chi phi san xuat sinh khéi vi tao [95, 96, 201]. Tuy nhién, néu khong du diéu
kién nuodi vi tao tai trai nudi thity san thi viéc ly tim vi tao thanh dang sét hodc két hop cac
phuong phap, sau d6 luu gitr lanh va cung cip cho cac trai gidng hau dang dugc ap dung
rong rii & cdc nudc Bic My va céc nudc trén thé gidi [95, 118].

Hién nay, da c6 nhiéu phuong phap thu nhan vi tao nhu ling trong luc (gravity
sedimentation), loc (filtration), ly tam (centrifugation), dong tu/két bong
(coagulation/flocculation), tuyén noi (flotation). Hau hét cac phwong phap thu hoach tao
hién nay déu c6 han ché vé kinh té hodc k¥ thuat gdm chi phi ning lugng cao, doc tinh
clia cac chat hoa hoc sir dung hoic khong kha thi trong viéc mo rong quy mo san xuat
[95, 115, 201].
1.4.3.1. Phuong phap ly tam

Nguyén Iy: St dung luc ly tAm dé tach vi tao dang ran tir hdn hop sinh khdi dang
huyén phu.

Uu va nhiege diém: C6 thé ap dung & quy mo cong nghiép va co thé thu hdi hau
hét cac loai vi tao va nhanh chéng véi sé lugng sinh khéi tao 16n. San pham khong bi
nhiém ban do khong can dua tac nhan nao vao. Tuy nhién, méi trudng dich vi tio & nhiét
d6 cao hodc do luc ly tAm manh c6 thé giy hong cau tric té bao vi tdo, anh hudng dén
chat lugng cuia sinh khoi va gay chét. Ngoai ra, chi phi thiét bi dat tién va tiéu ton nang
lugng 1on [64, 95, 118, 137, 149].
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1.4.3.2. Phuong phdp loc

Nguyén 1y: Dya trén qua trinh phan riéng vi tao dang rin tir hdn hop sinh khdi
dang huyén phu qua 16p vat liéu loc (mang loc).

Uu va nhiege diém: Phuong phap nay don gian va pho bién, it gy v té bao vi tao,
khong ton nhidu kinh phi may méc thiét bi. Tuy nhién, thoi gian thu hoi lau va phu hop dé
thu nhan sinh khdi tio don bao c6 kich thude 16n, hidu suat thu hdi thap va dé bj tat nghén
mang loc. Mot sb nghién ctru str dung mang siéu loc dé tang hiéu suat thu hdi nhung chi phi
mang loc cao va doi hoi tiu tén thém nang luong [36, 44, 95, 145, 164].
1.4.3.3. Phwong phdp ling

Nguyén Iy: Dua trén lyc hip din (trong luc) ctia cac vi tao ran trong dung dich
khién chung bi tach ra khoi chat 16ng va ling xudng sau mot thoi gian nhat dinh.

Uu va nhiege diém: c6 thé duoc ap dung dé dang, don gian vé thiét bj va van hanh
nén chi phi dau tu thap. Tuy nhién, phuong phap khong dugc sir dung rong rai do thoi
gian lang qua lau do toc d6 lang rat cham (0,1 — 2,6 cm/h), hiéu qua thu hoi sinh khéi
thap (khoang 60 — 65%), tap trung chu yéu la cac té bao ldo hoa [64, 95, 125, 176, 189,
192, 195].
1.4.3.4. Phuong phdp tuyén néi

Nguyén Iy: Sir dung céac chat keo tu da héa tri dé tao tia cac vi tao, dong thoi ap
dung bom khi nén & ap sut thip dé tao bong bong trong nudc nham 16i cudn céc tia
keo tu bam dinh va ndi én trén bé mat nude, sau do duoge gat dé thu vi tao.

Uu va nhiege diém: Day 1a phuong phap dugc danh gia 1a hiéu qua hira hen hon
vé chi phi trong cong nghé thu hoach vi tdo hién nay [135, 201]. Tuy nhién, hau hét cac
loai vi tao déu mang dién tich 4m & cac gia tri pH tw nhién, c6 tinh ky nudc bé mat thap
va kich thudc hat bé, cling nhu ¢6 chira thanh phan cac chat hitu co hoa tan ua nuéc
trong moi trudng nén kho thu hoach bang phuong phap tuyén noi [188, 201]. Dé ting
hiéu suét thu sinh khéi vi tao c6 thé sir dung ion duong dé lam thay doi bé mit vi tao,
tang tinh ky nudc ciia cc té bao vi tao. Tuy nhién, phuong phap ndy van co thé ton tai
du luong kim loai ning, anh hudng dén sttc khoe dong vat thuy san nudi. Do viy,
phuong phap tuyén ndi c6 két hop cac hop chat dong tu/keo tu ciing c6 nhidu nhugc
diém nhu chi phi cho thiét bi cao va tap nhiém kim loai ning.
1.4.3.5. Phuong phdp keo tu

Nguyén Iy: Té bao vi tio mang dién tich 4m nén xay ra hién twong ngin can qua
trinh két bong cia cac té bao & trang thai huyén phu. Do do, dién tich bé mat tao c6 thé duge
trung hoa hodc giam bang cach sir dung cc chit keo tu nhu cation da hoa tri va polyme

cation [95]. Dua trén nguyén 1y phd v& luc day tinh dién giita cac té bao vi tao bang cach
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ding cac polyme tich dién duong hodc cac ion mang cuc duong lién két Van der Waals voi
cac té bao vi tao lam chung keo tu lai, ndng va léng xuéng day [51, 149, 158].

Uu va nhiege diém: Phuong phap nay khong phai ton nhiéu tién dau tu thiét bi,
thao tac don gian ma c6 thé thu hoach sinh khéi voi s lugng 16m va c6 thé kéo dai thoi
gian bao quan sau khi lam dac. Hi€u qua nhét 13 chon chét keo tu phairé tién, khong doc
hai va hiéu qua ¢ ndng d6 thap [95, 113, 189, 201]. Tuy nhién, phuong phap nay thudong
duogc két hop voi phuong phap lang hoic loc hodc tuyén ndi dé 1am dic sinh khdi [77,
78, 201]. Cac nghién ciru nay khuyén khich ngudi nudi tao ap dung vi c6 thé luu trix san
luong du thura va trai vu [118].

Chdt keo tu/tro ldng: C6 hai loai chét tro lang gdm chét vo co va hitu co. Céac
chét tro léng vO co 1a cac hop chit c6 chira kim loai nhu NaOH, KOH, PAC
(polyaluminum chloride) hoic cac loai mudi kim loai da héa tri nhu FeCls, (Fea(SO4)3)),
AL(SOs); duge sir dung phd bién dé lang thu hoi vi tao do co thé dat hiéu suét lang cao
(> 80%) ma chi phi lai thap. Hiéu suat cua chat dién phan gy keo tu cta cac ion kim
loai ting khi dién tich ion tang dan. Tuy nhién, sir dung cac hop chat tao lang nay phai
c6 bién phap loai bé cac ion kim loai sau khi lang nhung rat khé xu ly. Méi trudng nudi
ton tai cac du lugng kim loai nang c6 thé gay doc hodc gy mat can bang nong do tham
thau cho cac ddi twong thiy san nudi, gy dot bién va giam tudi tho dong vat thiy san.
Piéu nay anh huong dén kha nang ung dung sinh khéi thu duge [51, 95, 103, 112, 134,
141]. Chen va cong sy (2013) [61] d3 nghién ctru cho thiy khi dung Alx(SOs)s dat 0,3
g/L thi mau méi truong nudi chuyén sang mau trang duc va FeCls dat 0,2 g/L thi nuéc
a0 nudi chuyén mau cam, dong thoi xuat hién 16p can lang day [61]. Chat trg ling hitu
co dugc phan ra hai loai: (1) chit trg lang polyme hitu co polyacrylamide tong hop
(acrylamit, acrylic acid ...) va (2) chat trg ling polyme sinh hoc ty nhién (carrageenans,
alginate, chitosan, tinh bot...). Trong d6, cac polyme sinh hoc duoc khuyén khich str
dung do chung khong gay doc hai cho san pham sinh khéi sau thu hoach va méi truong,
nguoc lai cac polyacrylamide tong hop gay doc hai cho vat nudi khi ton tai trong sinh
khéi vi tao [45, 149]. Nghién ctru ctia Beach va cong su (2012) [35] két luan rang phuong
phap két ta vi tao bang chitosan it tic dong nguy hai dén méi trudng nhét do tiéu thy
ning lugng cao so v&i phuong phap str dung keo tu bang Ferric sulfate hay phuong phap
ly tam (khong dung hoa chét) hay phuong phép loc két hop ding polyethylene [35].

Trong vai thip ky gan ddy, polyme (polyelectrolytes) da duoc dua vao ap dung
nhu mot chit keo tu va duoc danh gia cao trong vi¢c thu hoach vi tdo. Cac
polyelectrolytes nay 1a (1) cationic viz: chitosan, inulin, diallyldimethylammonium
clorua (DADMAC), ethyleneimine, polyme polyethyleneimine (PEI), vinyleamine...,
(2) anionic viz: acrylamido 2-metyl propan sulfonic acid (AAMPSA), alginat, pectin,
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polyacrylamit, polystyren sulfonic acid (PSSA)..., (3) non-ionic viz: poly-glutamic acid
(PGA) va cac chat ampholyte nhu amylopectin chira ca cacboxylat va amin [181, 190].
Low va Toledo (2015) [121] da nghién ctru thu hoach vi tdo Nannochloropsis oculate
bang chét keo tu 0,05% Flocotac Plus (polyacrylamide anion), sau d6 diéu chinh pH
10,2 — 10,4, dé lang sau 15 — 20 phut thu duoc 90% bong sinh khéi. Tuy nhién gan day,
cac polyme cation dugc quan tdm nghién clru mang lai hi¢u qua cao. Phuong phép keo
tu béng polyme cation co thé tiét kiém chi phi, khong ddc hai va hiéu qua hon céc
phuong phap khac. Tuy nhién, mot sé chat keo tu sinh hoc doi héi sir dung véi liéu
luong cao dé keo tu sinh khéi, nén han ché trong viéc img dung chiing trong san xuat
quy mo 16n [41, 95, 107, 196]. Ngoai viéc lam giam hodc trung hoa dién tich bé mit
trén té bao, chét keo tu polyme c6 thé lién két cac hat lai voi nhau bang cac lién két bac
cau. Polyme cation d& duoc chirg minh sir dung trong khoang néng d6 tir 1 — 10 mg/ml
c6 thé tao tiia bong ddi véi cac loai vi tao nude ngot, nhung ddi véi cac loai vi tao bién
& moi trudng nudc bién cd d6 man cao (37 kg/m?) s& gy trc ché qua trinh keo tu khi sir
dung céc polyelectrolytes (< 5 kg/m?®) do cudng do ion qua cao. Khi do, cac polyme
cation ¢6 xu hudng gap chat lai va khong thé lién két véi cac té bao vi tao [38, 95, 149,
180, 181]. Hiéu qua keo tu ciia cac polyelectrolytes phu thudc vao nhiéu yéu to gom
khéi luong phan tir ciia polyme, mat do dién tich trén phan tir, liéu luong str dung, nong
dd sinh khi, cuong do ion va do pH ctia méi trueong dich vi tdo, mire d0 phan tan cia
chung trong dung dich. Két qua nghién ctru cho thay polyelectrolytes c6 khdi lugng
phan tir cao (0,8 — 2 kDa) 1a chit c6 kha ning tao cau ndi lién két tot hon, tuy nhién cang
tang khoi lugng phén tir > 2 kDa s& khong ting hiéu qua keo tu. Mat d6 dién tich cao c6
xu hudng mé rong phan tir polyme, cai thién hiéu suit bic cau cta polyme va ting kha
nang trung hoa dién tich trén bé mit té bao. Mat do té bao cang cao thi d& dang keo tu
do boi kha ning gip g& va tiép xuc giira cac t& bao gan nhau. Su két hop dung canh
khudy & toc d6 thap mang hiéu qua gitup cho cac té bao va chat keo tu tiép xtc va dén
gan nhau, tuy nhién luc cat c6 thé gy pha v cac tiia bong té bao [63, 95]. Poi khi su
thay d6i gia tri pH ctia méi trudng dich vi tao, qua trinh keo tu dat duoc & cac gia tri pH
trén dién rong ma khong can bo sung thém cac chit tao lang nao. Phuwong phap nay co
thé thu khoi bong vi tao 1én dén 95%, tuy nhién c6 thé gay ra tac dung phu khi gié tri
pH qua cao [95, 127]. Blanchemain va Grizeau (1999) [40] d chimg minh cho thiy khi
diéu chinh méi truong dich vi tdo 1é€n dén pH 10,2 va hiéu suét léng dat 80% thi cac té
bao d3 ly giai va giai phong cac chit dinh dudng bén trong té bao. Nhiéu nghién ciru
cho thiy hiéu qua keo tu ting cao khi két hop phuong phép str dung chét keo tu va didu
chinh pH, tao thanh cac bong sinh khéi d& dang tich nudc va giam uu nhuge diém cho

moi phuong phap [95].
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Cht keo ty 12 nhitng hop chét sinh hoc tu nhién duoc wu tién nghién ciru trong
thot gian g?m day va chitosan 1a mot su lya chon an toan dé thay thé cac chat keo tu vo
co va hitru co téng hop. Chitosan la mot chét tao mang sinh hoc tu nhién, mang dién tich
dwong, ¢6 nhiéu dic tinh doc dao nhu c6 kha nang phan hity sinh hoc, twong thich sinh
hoc, kha ning tai tao va chap nhan sinh thai, c6 hoat tinh sinh hoc nhu khang khuan,
chéng oxy hoa, c6 tinh hap thu. Hién nay, chitosan ciing dugc ing dung rong rii trong
viéc xir Iy nudc thai, k§ thuat y sinh va ché bién thyc pham... [60, 93, 183, 191]. Mot
s6 nghién ciru ing dung chitosan dé 1am chat keo tu, liéu luong chitosan sir dung trong
khoang 5 — 200 mg/L tuy theo loai vi tao khac nhau. Phuong phap keo tu bang chitosan
cling duoc danh gia tiéu thy it ning lwong nhat so v6i phuong phap thu sinh khoi bang
ly tam va vi loc [35, 79].

Trong nganh céng nghiép san xuat san pham sinh khéi vi tao, viéc thu hoach sinh
khdi tao 1a mot phuong an hd trg kinh té hiéu qua va c6 ¥ nghia 16n (khong thé thiéu),
tuy nhién thuc té qua trinh khir nuéc trong thu hoach vi tao van 1a khau ton nhiéu ning
lugng. Trong khi d6, phuong phép keo tu di duge str dung rong rai do c6 nhiéu vu diém
nhu ¢6 thé thu hiéu suat cao cho nhiéu loai tao c6 kich thudc khac nhau, it ton chi phi
dau tu thiét bi va nguyén vat liéu. Phuong phap keo tu thuong duoc ap dung két bong
dé tang kich thudc va trong luong sinh khéi tao, sau d6 dé dang két hop cac phuong
phap lang cin, loc va ly tdm nham tang hiéu qua va giam nhuoc diém cia cac phuong
phap [74, 149, 188]. Ngoai ra, su Iyra chon chat keo tu phu hop (polyme sinh hoc) c6 thé
gitip cho té bao vi tao khong bi anh hudng bét 1gi & cac cong doan sau. Mdi loai polyme
hitu co khac nhau s& c6 phan tmg héa hoc lién quan dén sy keo tu sinh khéi tao khac
nhau. V& mit an toan cho san pham vi tao sau thu hoi thi vu tién chon polyme sinh hoc.
Vé mit thuong mai, chat keo tu sinh hoc pht hop duge chon 14 vira ¢6 hiéu qua vé chi
phi va vira dap Gmg hiéu qua thu hoi cia tirng loai vi tdo (kha nang két tia bong va kha
nang phuc hoi vi tao). Trong d6, loai chat keo tu khong giy doc hai cho san pham vi tao
sau thu hoach dugc danh gia 1a hidu qua nhat vé mit chi phi cong nghé thu hoi sinh khoi
bén viing [82, 95, 149, 183].
1.4.3.6. Co ché két bong vi tdo bang polyme sinh hoc

Dén nay, keo tu ty nhién 1a mot giai phap thay thé wu tién cac phuong phap dang
duoc ap dung hi¢n nay, nham han ché sy hu hoéng té bao vi téo, khong 6 nhiém sinh khdi
sau thu hoach va c¢6 thé tai phuc hdi vi tdo con sot trong nudc loai. Pa ¢o6 hai co ché keo
tu tu nhién duoc xac dinh, gém keo tu ty dong (qua trinh keo tu dugc kich hoat bo1 mot
phan tir hodc két tia hinh thanh tu nhién trong moi trudng nudi) va su két tu sinh hoc
(trong d6 mdt phan tir duoc tao ra boi cac té bao cé trong mdi truong nudi). Nhung dbi

véi cd qua trinh keo tu tu dong hay keo tu sinh hoc déu duoc mo ta gém cac co ché: (1)
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nén 16p dién tich kép, (ii) trung hoa dién tich, (iii) bic cau, (iv) co ché va 18i va (v) co
ché quét. Tuy thudc vao loai vi tao va diéu kién nudi cy thi co ché nay hay co ché khéc
dién ra. Do vay, hau hét cic nghién ctru thu hoi sinh khéi vi tao bang phuong phép keo
tu sinh hoc duoc giai thich co ché van 1a gia thuyét [77, 78].
(i) Co ché nén cia Iép kép dién tich
Khi ¢6 su thay d6i pH moéi truong, cac dién tich bé mat vi tao bi thay doi do cac
luc day tinh dién giam thong qua su nén cua 16p dién tich kép. Lop kép dién tich lién
quan dén néng do ion cua dung dich va dién tich bé mat vi téo, gia tri dién thé zeta cla
vi tao phu thudc vao do pH trong pham vi tir 4 dén 10. Do d6, khi dua pH cta dich vé
gan diém khong tich dién s& lam giam lyc day tinh dién va thuc day qua trinh keo tu nho
luc hip din Van Der Waals; dong thoi khi cuong do ion ciia dung dich tang thi gi tri
tuyét doi thé zeta clia vi to cang giam do su nén cua 16p khong lién két. Hé thong hai
16p nay duogc hinh thanh khi mot sb ion tich dién duwong c6 sin trong dung dich bi hap
thu bé mat vi tao c6 dién tich am thong qua tuong tac tinh dién dé tao thanh mét 16p day
dic va mot 10p khuéch tan dugc hinh thanh bai nhimng ion khic van o trong dung dich.
Luu ¥, co ché nay khong phai 1a truong hop tu dong tu hodc qua trinh keo ty sinh hoc,
vi céc thay d6i ddn dén qua trinh keo tu khong xay ra mot cach tu nhién.
(ii) Co ché trung hoa dién tich
Qua trinh trung hoa dién tich dién ra khi cac dién tich 4&m cua vi tdo bi giam do
cac phan tu tich dién duong trong dich hép thu trén bé mit cia ching. Su trung hoa dién
tich nay 1am giam lyc day tinh dién do luc hiit Van Der Waals dan dén su keo ty cua vi
tao. Co ché nay phu thudc vao nong do chit keo tu vi no ty 18 thuan véi dién tich bé mat
can trung hoa dién tich. Do vay, khi n6ng d6 chat keo tu qua cao thi dién tich bé mit cla
té bao vi tao c6 thé trd nén duong, dan dén su tang luc déy tinh dién trong dich va on
dinh huyén phu.
(iii) Co ché bdc cau dién tich
Céc polyme dién tich duong twong tac véi té bao vi tao thong qua twong tac tinh
dién va hap thu tai bé mit ctia ching. Khi nong do polyme thap hay trung binh va chudi
polyme c6 thé kéo dai trong dich ma lyc day té bao dang hoat dong thi cac polyme sau khi
hap thy vao cac té bao nay s& tiép tuc hap thu cac té bao khac tao nén cau ndi giira cac té
bao. Trong trudng hop nay, hiéu qua ctia co ché phy thudc vao nong do, do dai ciia mach,
khdi lwong phan tir, dién tich cia polyme va cudng do ion cia méi truong dich. Di véi vi
tao, co ché bic cAu théng qua truong tac tinh dién, su hip thu polyme 1én bé mit cling co
thé dién ra thong qua lién két hydro hoic lién két ion trong mot diéu kién nhét dinh.
(iv) Co ché keo tu vd

Co ché nay lién quan dén cac polyme ngin tich dién duong hip phu & bé mit cua
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mot té bao tich dién 4m va tao ra sy phan bd dién tich khong déu trén bé mat cia né.
Cac mang duong giira cic ving ctia bé mit polyme khong dugc phit c6 thé twong tac
v6i cac ving tich dién 4m trén bé mit cta vi tao khac va két ndi chung lai v6i nhau. Cac
yéu to anh huong dén qué trinh keo tu va 1a chidu dai cta polyme (chi polyme mach
ngan moi c6 thé tao thanh cac mang trén bé mit cua té bao va dién tich cia ching).
(v) Co ché keo tu quét

Khi khudy tron NaOH lam ting pH (ting cac ion hydroxide (OH") trong dich)
dan dén két tia cac ion Mg?*, Ca2* trong moi truong thanh magnesium hydroxide va
calcium hydroxide. Pay 1a su bay co hoc cta vi tao trong cau trac khong 16 cua chat két
tia vo co dan dén su keo tu cua ching.

Vay, qua trinh keo tu vi tdo béng polyme dugc thé hién & Hinh 1.9, céac té bao co
kich thudc nhé (3 - 25um), tich dién 4m va phén tan déu trong dich tao & dang huyén phu,
lac nay méi trudng dich tao can bang dién tich 4m. Ngoai ra, thanh té bao vi tao ciing
dugc hinh thanh céc dién tich 4m béi vi tao chira cac thanh phan chira nhom chirc gom
cacboxylic (COOH) va amino (-NHz). Do do, khi ¢c6 mat cidc polyme mang dién tich
duong s& gdy mat 6n dinh dién tich & bé mat vi tao khi hap phu polyme va trung hoa dién
tich, tao thanh cac khbi bong bang lién két bac cau [149].

Polyme sinh hoc

Vi tdo Vi tao két bong va ling

Hinh 1.9. Qua trinh két bong vi tio va co ché keo tu polyme

Té bao vi tao tich dién 4m trén bé mit va c6 thé zeta 4m, nén khi gap cac polyme
cation mang dién tich dwong nhu chitosan s& hap phu manh 1én bé mit vi tio, lam suy yéu
cac luc déy tinh dién gifra c4c vi tdo va xay ra hi¢n tugng trung hoa dién tich. Khi do, cac
vi tao két bong vi tao cang 16n, dién thé zeta clia cac té bao vi tao tich dién 4m giam va tién
vé 0 & mot n6ng d6 chitosan nhat dinh. Xu hudng giam dién tich bé mit cta té bao vi tao
cling v&i su gia ting ndng do chitosan thé hién qua trinh trung hoa dién tich va chudi polyme
du dai dé c6 thé két bong 16n (Hinh 1.9). Tuy nhién, néu tiép tyc ting ndng do chitosan qua

muirc can thiét thi xu hudng cho thiy thé zeta cta tao duong va hiéu suét thu hoach vi tao
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khong ting dang ké [77, 78, 201]. Luc ndy, cac té bao co thé trd nén hoan toan mang dién
tich dwong s& 1am 6n dinh lai huyén phu, hoic su kéo dai ciia mach polyme trong dung dich
c6 thé tao ra hiéu tmg steric ngan can qua trinh keo tu [77, 78]. Nghién ctru khac giai thich
co ché keo tu ctia chitosan (100 mg/L) vdi vi tao N.oleoabundans 14 sy biéu dién hap phu
polyme va sau d6 13 su trung hoa dién tich giita chitosan va té bao vi tio. O ndng d6 chitosan
cao hon 100 mg/L thi thé zeta thé hién cho thdy su phuc hdi cta céc chit keo va co tuong
quan vd&i sy giam ty 1€ tdch nudce cua vi tdo. Khi do, bé mat cua cac hat vi tao riéng 1é dugc
bao boc hoan toan bai chitosan nén khong thé tiép tuc két dinh nhiéu hat thong qua lién két
bac cau. Ngoai ra, khi nong do chitosan trong dich qua cao c¢6 thé xay ra hién tugng hép
phu qua mtc, gy ra cac twong tac ddy do vuot qua cac twong tac hap dan [35]. Nong do
chitosan st dung keo tu phuy thudc vao loai vi tdo, mat do vi tao, tdc do va thoi gian khuéy
dao gitip cho chitosan tiép xuc déu trong dich tio. P6i voi loai tao Tetraselmis chui,
Thalassiosira pseudonana, Isochrysis sp., Chaetoceros muellari thi ding chitosan tir nong
do 40 — 150 mg/L, trong khi Chlorella vulgaris va Microcystis sp. trong moi truong nudc
thai ché bién c4 phai ding hon 200 mg/L chitosan dé thu hoach vi tao [95, 159].

Tuy nhién, nghién ctru ciia Sukenik va cong su (1988) [178] luu ¥ rang trong moi
truong bién c6 do min cao s& anh huong dén qua trinh keo tu vi tao. Cac polyelcetrolyte
bi rc ché trong moi trudng nudc bién va hiéu qua & d6 man dudi 5g/L. Vi tao bién
Isochrysis galbana va Chlorella stigmatophora can liéu lugng polyme hitu co st dung dé
tia bong tao cao gap 5 — 10 1an so vdi vi tao nude ngot. Nghién ctru ciia Lam va cong su
(2016) [117] minh chting cho thay viéc sir dung chitosan keo tu loai vi tio nudc ngot co
hiéu qua thu hoach cao hon loai vi tao bién. Loai vi tdo Nannochloropsis ciing nhu cac
loai vi tao bién khac ciing duoc cho 14 ding chitosan it hiéu qua hon céc loai vi tao nudc
ngot. Tuy nhién, chitosan van dugc danh gia cao trong cac nghién ctru thu hoach vi tao
do no 1a polyme sinh hoc tu nhién va an toan khi str dung trong nganh cong nghé thuc
pham [65, 66, 117]. Céc loai vi tao nudc ngot thudng dugc két tia ¢ pH thap, con cac loai
vi tao nudc man duoc két tia & pH kiém. Trong khi, pH cua chitosan hoa tan trong moi
truong acid hiru co tich dién duong khi pH dudi 6 va c¢6 diém ding dién & pKi = 6,5.
Nghia 14, khi m6i truong cta chitosan ¢ pH cao s€ tré thanh dang tiia gel, chitosan khong
tich dién nén khong thé twong téc trung hoa dién tich giita chitosan va bé mat thanh té bao
vi tao [62]. Tuy nhién, chitosan van c6 thé phan tng keo tu & pH cao trong mdi truong
nude bién do chitosan co tinh chit dudi thang mach trong mdi trudng acid va co cudn lai
trong moi trudng kiém giy két tia. Cac tia chitosan tao nhidu mang ludi bay va bao boc
cac t& bao vi tao va hinh thanh khéi bong tao nho lién két bac cau [43].

N6i chung, trén thuc té di c6 rat nhidu phuwong phap dugc nghién ctru img dung

dé thu hoach sinh khéi vi tao trong céng nghiép san xuat dau sinh hoc nhu ling, loc chan
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khong, loc ap luc, loc dong chay chéo, ly tim chong dia, ly tAm gan, tuyén ndi khong
khi phan tan, tuyén noi khong khi hoa tan, dao dong chit long, keo tu vo co, keo tu hitu
co, keo tu tu dong, dong tu dién tao keo tu sinh hoc, keo tu dién phan va dién phan noi.
T4t ca cac phuong nay duoc Hattab va cong su (2015) [100] tong hop va danh gia. Két
qua chi ra riang trong s6 16 phuong phép thi c6 4 phuong phap dat 80/100 diém, dua
trén céc tiéu chi dugc coi la quan trong nhét c6 thé loai nudc dé thu hoach vi tao hiéu
qua & quy md cong nghiép. Trong d6 c¢6 phuong phéap keo tu bang cac chat hiru co duoc
cho 1a phu hop dé ung dung & quy mé 16n vi tinh hiéu qua cao, chi phi van hanh thap,
pht hop nhiéu loai tio, nhanh chéng, yéu cau bao tri toi thiéu va than thién v6i moi
truong. Tuy nhién, viéc két hop cac phuong phap ciing duoc danh gia cao dé nang cao
hiéu qua thu hoi va cai thién kinh té. Viéc sir dung phuong phap keo tu hitu co nhu 1a
mét budc thu hoach ban diu dé 1am dic dich vi tao, sau d6 can co su két hop v6éi phuong
phap ly tdm hodc loc nhu mot bude khir nude thir cdp s& 1am giam thoi gian va chi phi
lién quan dén viéc khir nuéc. Luc nay, cac sinh khoi vi tao da duoc két bong 16n nén chi
phi van hanh cho k¥ thuat ly tdm hay loc s& dugc giam do tiéu hao nang lugng thap.
Hién nay phirong phdp thu hoi sinh khéi vi tao bang cach ly tam dwoc wu tién dp
dung vi kha ndang thu héi cao, phit hop cho céng nghé tién xir Iy dé tach chiét cdc hop
chat bén trong vi tao. Dé thu héi san phdm vi tdo véi yéu cau tranh vé té bao thi phwong
phdp vi loc la phit hop. Tuy nhién cd hai phwong phdp nay déu doi héi thiét bi dat tién
va tiéu ton nhiéu nang lwong. Dé giam chi phi san xudt, phwong phdp keo tu da dwoc
nghién curu rong rai. Tuy nhién, viéc si dung cac chat keo tu hodc chdt tro laJng co tinh
déc hai néu ton tai trong sinh khéi vi tdo cé thé anh hwong xdu dén sirc khée dong vdt
thity san. Véi ddc tinh an toan, chitosan da dwoc nghién civu ting dung thu héi vi tio
nhung hiéu sudt thu héi vi tdo chwa cao nén khd ndng iing dung con han ché. Ngodi ra,
viéc sir dung ciing bdt tién vi chitosan khéng tan trong nuwdc ma phdi hoa tan trong dung
dich acid lodang. Vi vdy, viéc chuyén chitosan sang mét dang muéi hitu co cé thé hoa
tan trong nuwéc c6 méi truong pH réng, ting hiéu qud thu hoach vi tdo, san pham an

toan cho dong vdt thuy san la van dé rat can dwoc nghién cieu hién nay.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru
2.1.1. V6 I¢t xdc ciia tom thé chén tring

Vo 16t xac ciia tom thé chén tring (Litopenaeus vannamei) (Hinh 2.1) dugc thu ¢
cac ao trong hé théng nudi thim canh tai 2 tinh Khanh Hoa (ao nudi thudc trai Thuc nghiém
Chinh M, xa Ninh Phu, huyén Ninh Hoa) va Ca Mau (cac ao nuoi thugc xa Tan Thuan,
huyén Pam Doi) bang phuong phép xi phong day ao trong qua trinh loai nudc thai, rac thai
hang ngay qua luéi loc (Hinh 2.2). Mau vé 16t xac ctia tom sau khi duoc phan loai dé tach
chét ban trong nudc ao nudi (rac, tom chét, thirc an thira va phan), rira sach, dé rao roi uop
lanh bang nuéc da trong thung cach nhiét styrofoam va dua ngay vé phong thi nghiém

Truong Pai hoc Nha Trang st dung cho céac thi nghiém trong nghién ctru nay.
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Hinh 2.2. Hinh anh biéu dién qua trinh thu nhén va xir Iy miu vé 1t xic ciia tom
thé chén tring. (a) vi tri xi phong trong ao nudi, (b) va (c) vi tri thu v6 tom 16t

xac, (d) vé tom 19t xac chwa rira va (e) voé tom 19t xac da rira va phoi kho.
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2.1.2. Vi tdo Nannochloropsis sp.

Chung gbc vi tao Nannochloropsis sp. (Hinh 2.3) dugc cung cap va nudi ting sinh
khdi tai phong thi nghiém ctia Trung tdm Nghién ctru gidng va dich bénh thity san, Trudng
Dai hoc Nha Trang.
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Hinh 2.3. T€ bao vi tio Nannochloropsis sp. (a) va dich vi tao (b).

Phuong phap chuan bi mau: Mau duoc nudi ting sinh khdi tir 10% vi tao gbc
Nannochloropsis sp. trong mdi truong nudce bién (5 — 7 L) da dugc xir Iy qua hé thong
mang loc va thanh tring. Cac binh chita ¢6 nap day kin duoc gan 6ng suc khi, hé thong
van diéu chinh khi va duoc chia déu cho cac binh nudi. Khi duge suc lién tuc va duy tri
nhiét do nude nuodi & 25 + 2°C. Cac binh nuédi dugc chiéu sang lién tuc voi cuong do
trong khoang 1000 — 3000 lux. T4t ca cac vat dung thi nghiém duoc hap khir tring trong
20 phut ¢ 121°C trudc khi st dung.

Chuan bi nudc bién va méi truong dinh dudng: Ngudn nudc bién st dung co do
min trong khoang 25 — 35%o va pH trong khoang 7,8 — 8,3. Méi truong F/2 dugc chuan bi
theo Guillard (1975) [97] rdi cho vao nudc bién da hap khir tring ¢ 121°C trong 15 phit va
dé ngudi [24, 25] theo ty 1&¢ 1ml dinh dudng F/2 trong 1L nudc bién.

Phuong phap 1dy mau: Tién hanh 1dy mau dich vi tao Nannochloropsis sp. tir cac
binh sinh khi vao ngay nudi thir 6 - 7, luc 15 gior mdi ngdy (thoi diém dau cta pha 6n dinh).
2.1.3. Héa chit ding trong nghién ciru

Hoa chat sir dung trong nghién ctru dat tiéu chudn phan tich gdbm HCI, NaOH,
CsHeO3 cua Mecrk KGaA (Germany), C2HgO cua Fisher Scientific (United Kingdom)
san xudt. Tat ca cac loai hoa chat duoc luu trit theo dung yéu cau ctia nha san xuit ghi
trén bao bi.
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2.2. Phuong phap nghién ciru

2.2.1. So do tong qudt cdc nji dung nghién ciru

So db tong quat cac ndi dung nghién ciru trong pham vi luan an duoc trinh bay &

Hinh 2.4.

@o nudi toOm tham canID

v

Panh gia tiém nang thu hoi

1. Panh gia kha ning thu hdi vo 16t xac theo do
tudi ctia tdm thé chan trang

vo 16t xac

v

2. Panh gia thanh phan hoa hoc cia vo 10t xéc va
thr nghiém san xuat chitin theo d¢ tuoi

(V(’) 16t xac cua tf)m)

v

1. Nghién cuu dic¢u kién san xuat chitin

Nghién cttu quy trinh san

1
|

xuét chitin, chitosan

2. Nghién cuu dic¢u kién san xuat chitosan

1. Banh gia kha nang truong nd chitosan anh
huong dén d6 tan va hi€u suat thu hoi cua
chitosan lactate

Nghién ctru quy trinh diéu

o

ché chitosan lactate

2. Nghién ctru diéu kién diéu ché chitosan lactae

Chitosan lactate

Nghién ctu phuong phap thu

1. Panh gid anh hudng cua nong do chitosan
lactate, phuong phép két hop dung chitosan
lactate va diéu chinh pH dén hiéu suét ling theo
thoi gian thu hoach

hoi vi tdo Nannochloropsis sp.

Dich vi tdo c6 dac <|:

2. Pénh gia 4nh huong ctia phuong phap thu
hoach dén hiéu sudt thu hdéi ham luong
chlorophyll-a, carotenoids va kha ndng sinh
truong ctia sinh khéi vi tao Nannochloropsis sp.

( Két luan )

Hinh 2.4. So d6 b6 tri thi nghiém tong quat.

(1) Panh gia tiém ning sir dung vo 16t xac ctia tom thé chan trang dé lam nguyén

liéu san xuat chitin, chitosan

Muc ti€u cua cua ndi dung nghién ctru

nay l1a danh gia duoc tiém nang thu vo 16t

xac cua tom thé chan trang dé lam nguyén li€u san xuat chitin, chitosan. Do vay, nghién

ctru da st dung mau vo tom thu tur cac ao nudi tham canh tai tinh Khanh Hoa dé thuan

tién cho viéc quan sat dac tinh 16t xac cua tom theo do tudi, thu mau phu hop va déng

nhit, danh gia chinh xac thanh phan hoa hoc.
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Nghién ctru thyc hién udc tinh san lugng vo 10t xac cia tom thé chan tréng c6 thé
thu hoi tir qua trinh nu61 tham canh va xac dinh thanh phr:in hoa hoc co ban cua vé 10t xac
dé danh gia tiém nang sir dung vo 16t xac cua tom thé chan tring lam nguyén lidu san
xudt chitin, chitosan. Co s& khoa hoc va thiét ké thi nghiém cho noi dung nghién ctru
nay duoc trinh bay chi tiét & Muyc 2.2.2.

(2) Nghién ctru quy trinh san xuét chitin, chitosan tir vo 16t x4c ctia tom thé chan
tréng.

Muc tiéu ctia ctia ndi dung nghién ctru ndy 1a xac dinh cac thong s thich hop cho
cac budc cia quy trinh san xudt chitin, chitosan tir vo 10t xac ctia tom thé chan tring. Do
vay, nghién ctru da st dung mau vo 16t xac ctia tom thu tir cic ao nudi tham canh tai tinh
Ca Mau (c6 cung phuong phap nudi véi tinh Khanh Hoa, d6 tudi vo 16t xac, phuong
phap thu va xtr 1y, thoi diém thu pht hop duoc chon & Muc 2.2.2 va danh gia thanh phan
hoa hoc cta vo 16t xac) nham dam bao tinh dong nhat ctia mau trong qua trinh nghién
ctru. Ngoai ra, day la mot trong nhitng noi c¢6 thé thu mét luong vo 16t xac 16n va quy
trinh san xuét c6 thé ap dung phi hop cho ddi twong vo 16t xac thu tai cac ao nudi tham
canh thudc khu vuc DPBSCL.

Nghién ctru thuc hién xac dinh anh hudng ctia diéu kién khir khoang, khir protein
va deacetyl dén chat luong cia chitin, chitosan, tir 46 xac dinh cac thong s thich hop
cho céc budc clia quy trinh san xuét chitin, chitosan c6 chat lwong cao nhung giam thiéu
lugng hoa chat sir dung va rit ngin thoi gian xtr Iy. Co sé khoa hoc va thiét ké thi nghiém
cua ndi dung nghién ctru nay dugc trinh bay chi tiét & Muc 2.2.3, Muc 2.2.4. Tir do, dé
Xudt quy trinh san xuat va tién hanh danh gia cac tinh chat 1y hoa cia san pham & Muc
2.2.4.

(3) Nghién ctru xay dung quy trinh diéu ché chitosan lactate tir chitosan thu nhan
tir vo 16t xac cila tom thé chan trang.

Muc tiéu ctia ndi dung nghién ciru ndy 1a xac dinh cac thong sd thich hop cho cac
budc cta quy trinh diéu ché chitosan lactate tir chitosan thu nhén tir vo 16t x4c ctia tdm
thé chén tring.

Nghién ctru thyc hién xac dinh anh hudng cua diéu kién xur Iy lam truong nd
chitosan va diéu kién phan tng gitra chitosan va lactic acid dén d6 tan va hiéu suat thu
hoi chitosan lactate, tir d6 xac dinh cac thong s6 phi hop cho cac budc ctia quy trinh
diéu ché chitosan lactate tir chitosan thu nhan tir vo 16t xac cta tom thé chan tréng. Co
s& khoa hoc va thiét ké thi nghiém cua ndi dung nghién ctru ndy duoc trinh bay chi tiét
0 Muc 2.2.5.

(4) Nghién ciru tmg dung chitosan lactate diéu ché tir vo 16t xac ciia tom thé chan

trang dé thu hoi sinh khéi vi tao Nannochloropsis sp. dam dic.
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Muc tiéu ciia ndi dung nghién ctru ndy 1a xac dinh diéu kién thich hop cho viéc sir
dung chitosan lactate 1am chét trg lang trong thu hi sinh khéi vi tio Nannochloropsis sp.

Nghién ctru thyc hién xac dinh anh hudng cua néng d6 chitosan lactate dén hiéu
sudt lang va hinh thai té bao vi tdo Nannochloropsis sp. Co s& khoa hoc va thiét ké thi
nghiém cta ndi dung nghién ctru nay dugce trinh bay chi tiét & Muc 2.2.6.
2.2.2. Ddnh gid tiém ning si dung vé 1ot xdc ciia tom thé chin tring lam nguyén
liéu sdn xudt chitin, chitosan
2.2.2.1. Uéc tinh san lwong vé 1t xdc ciia tém thé chan trdang c6 thé thu héi tir qud trinh
nuoi tham canh

Muc tiéu: Udc tinh so bd san lwong vo 16t xac cua tom thé chan tre’ing c6 thé thu
hoi tir qua trinh nudi thim canh.

Co so khoa hoc:

Tom la mot loai dong vat giap xac, co thé tom duoc bao boc bdi mot 16p vo cung
bén ngoai. Ciu triic cua vo tom dugc lién két chat ché gilta chitin va cac thanh phan
khac gom nhu protein, calci carbonate, lipid, chat mau, khoang chat, cac hop chét hitu
co khac. Trong qua trinh phat trién, tdm phai 16t x4c thay vo méi dé ting trong luong va
kich thudc co thé. Tom 16t xac theo chu ky khac nhau theo ting giai doan phat trién va
dién ra trong sudt qué trinh séng ctia chung [69, 88]. Do vy, thanh phan héa hoc va san
lugng vo 19t xac ctia tom ciing thay doi theo timg giai doan phat trién.

Dbé udc tinh so bd san luong vé 16t xac cia tom thé chan tréng c6 thé thu hdi tur
qua trinh nuo6i tham canh, nghién ctru da tién hanh khéo sat san luong vo 16t xac cua tom
thé chan trang theo ting giai doan phat trién (do tudi) tai mot ao nudi tham canh ding
1am co s& udc tinh. Thiét ké nghién cru dugc trinh bay ¢ Hinh 2.5.

Céch tién hanh:

V6 16t xac ciia tom thé chan tring duoc xi phong dé thu hoi tai ao nudi tham canh
thudc trai Thyc nghiém Chinh My, huyén Ninh Hoa, tinh Khanh Hoa. Qua trinh xi phong
duoc tién hanh 2 1an/ngay vao budi sang (8 — 9 gid) va budi chiéu (15 — 16 gid). Mau
duoc thu theo cac do tudi tir: 41 — 50 ngay tudi (M1), 51 — 60 ngay tudi (M2), 61 — 70
ngay tudi (M3), 71 — 80 ngay tudi (M4), 81 — 90 ngay tudi (M5) va 16n hon 90 ngay tudi
(M6). Mau duoc rira sach va dé rao, udp lanh bang da chira trong thung x6p va dua ngay
vé phong thi nghiém Truong Pai hoc Nha Trang dé phan tich, d4nh gia ngay trong ngay.

Céc chi ti€u phan tich dugc xac dinh dé uéc tinh san lugng vo 10t xac ctiia tom
thé chan tring c6 thé thu hdi tir a0 nudi tham canh gém: kich ¢& tom (con/kg), san luong
v6 16t x4c thu dugc trung binh mbi ngay, ty 16 vo dau/khédi lwong vo 16t xac, kich thudce

vo dau tom va san lugng thu héi vo 16t xéc cua tom.
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Vo 16t xac tom

Xi phong tai ao nudi & cac do tudi (ngay) nudi khac nhau

v

\4

4

A\ 4

4

\4

Ml
(41-50)

M2
(51-60)

M3
(61-70)

M4
(71-80)

M5
(81-90)

M6
(> 90)

4

A 4

v

A 4

\ 4

Hinh 2.5. So' @6 khio sat kha niing thu hoi v6 19t xac ciia tdm thé chan tring

2.2.2.2. Xac dinh thanh phd‘n hoa hoc co ban cua vo [0t xac tom thé chan trd'ng va thir

v

Xu ly

v

Danh gia cac chi tiéu:

- Kich c& tom (con/kg)

- San lugng vo 10t xéac (kg/ao/ngay)
- Ty 1& v6 dau/san lugng vo 16t xac (%)
- Kich thuéc dau tom (cm)

- Kha ning thu hdi vo 16t xac (kg/kg)

Kha nang thu hoi vo 10t xac
cua tom theo do6 tuoi

trong ao nudi tham canh theo dd tuoi.

nghiém san xuat chitin

Muc ti€u: Xac dinh thanh phén hoa hoc co ban cua voé 10t xac tom thé chan tréng
theo d6 tudi nuodi va thu nghi¢m san xuét chitin tir vo 16t x4c cia tom thé chan tréng theo
quy trinh d3 duoc cong bd ddi v6i nguyén licu 1a vo tdm thai ra tir qua trinh ché bién,

nham danh gia kha ning str dung vo 10t xac ciia tom thé chan tring 1am nguyén liéu

chitin.
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Vo 10t xac tom

Xi phong tai a0 nuéi & cac d6 tudi (ngay) nudi khac nhau

v
¢ v v v v i
MI M2 M3 M4 M5 M6
(41-50) (51-60) (61-70) (71-80) (81-90) (>90)

A 4

Thir nghiém san xuit chitin
1. Khtr khoang béng HCI 4% (1:5, w/v), 30°C, 12 h
2. Khir protein bang NaOH 4% (1:5, w/v), 30°C, 24 h

\ v

Xac dinh thanh phin héa hoc chinh Panh gia cac chi tiéu

1. Ham lugng protein (%) 1. Ham luong khoang con lai (%)
2. Ham lugng khoang (%) 2. Ham luogng protein con lai (%)
3. Ham lugng chitin (%) 3. Hiéu suat thu hoi chitin (%)

v v

V6 16t xac & d6 tudi phu
hop dé san xuat chitin

Hinh 2.6. So' dd khao sat thanh phan héa hoc va thir nghiém san xuit chitin

Co s¢ khoa hoc: Thi nghiém duya trén 2 co s¢ khoa hoc gé)m:

(1) Mai giai doan 16t xac theo do tudi b sy thay dbi cAu triic va thanh phén hoa hoc khac
nhau dya trén déc tinh cta ting loai giap xac [69, 88].

(2) Thanh phan hoa hoc va tinh chit cua nguyén liéu ban dau c6 anh huéng 16n dén
viéc lya chon diéu kién phan Gmg thu nhan chitin [21].

Céch tién hanh thi nghiém:

Vo 16t xac ciia tom trong ao nudi tham canh duoc tién hanh xi phong va xtr 1y
(phan loai va rira sach) theo cac d6 tudi khac nhau tir M1 — M6. Sau d6, tién hanh phan
tich thanh phan hoa hoc co ban va thir nghiém san xuat chitin theo quy trinh ctia Toan
va cong su (2006) [182] nhu sau:
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(1) Khtr khoang bang HC1 4% (1:5, w/v) & 30°C trong 12 gid.
(2) Khtr protein bang NaOH 4% (1:5, w/v) & 30°C trong 24 gio.

Xac dinh céc chi tiéu gdbm ham luong khoang va protein con lai, hiéu sudt thu hoi
chitin dé dua ra két luan lya chon do tudi cta tom thé chan tr'fmg phu hop cé thé thu hoi
vo 16t x4c dung lam nguyén liéu san xuét chitin, chitosan.

2.2.3. Nghién ciru quy trinh sdn xuit chitin tir vé 16t xdc ciia tém thé chin tring
2.2.3.1. Xdc dinh anh huéng ciia diéu kién khir khodng dén hiéu sudt khir khodng va
hiéu sudt thu hoi chitin

Muc tiéu: Xac dinh duge diéu kién khir khoang thich hop dé thu chitin ¢6 do tinh
sach cao (ham lugng khoang con lai <1%) tir vo 10t xac cta tom thé chéan tring, giam
luong hoa chat st dung va rat ngan thoi gian khir khoang.

Co s6 khoa hoc:

Két qua khao sat so b cho thidy ham lugng khoang cua vo 10t x4c tom thé chan
trang kha cao do da bi calci hoa lam cing 16p vo ngoai. Tuy nhién, khoang ton tai dudi
dang tinh thé calci va calci cacbonate vo dinh hinh nam xen k& véi cac soi chitin-protein
[88, 162] nén kha ning khir khoang cho vé tom 10t x4c c¢6 thé s& dé dang hon so véi vo
tom thu nhan tr qué trinh ché bién. Do vay, thiét ké thi nghiém xac dinh diéu kién khu
khoang thich hop dua trén két qua nghién ctru trudc ddy vé thu nhan chitin, chitosan tir
v6 tom ché bién [182]. Mic khac, Kha ning tiép xtic, thAm hit hoa chit trong qua trinh
khir khoang ciia vo tom kho va vo tom udt khac nhau ddng ké nén thi nghiém khir khoang
duoc thiét ké trén ca hai ddi tugng dé so sanh chon diéu kién thich hop.

Céch tién hanh thi nghiém:

+ Mau vo 16t xac kho: Vo 10t xac cta tom thé chan trang c6 do tudi phu hop dé
lam nguyén liéu san xuét chitin (dd dugc chon & nghién ciru Myc 2.2.2) sau khi duoc xi
phong tai ao, phan loai, rira sach va phoi kho dat do am khoang 10%, bao quan trong tai
PE Zipper dé c6 thé dong bé mau nghién ctru.

+ Mau vo 16t xac u6t: Vo 10t xac ctia tom thé chan tring c6 do tudi phi hop sau
khi xi phong tir a0 nuodi tham canh dugc xu 1y dé loai b6 tap chét, rira sach va dé réo
nude (d6 am khoang 70%). Mau dugc dong trong cac tai PE zipper va bao quan lanh
bang nudc da trong thung x6p. Mau duge van chuyén vé phong thi nghiém ctia Truong
Pai hoc Nha Trang d¢ tién hanh nghién ctru.

Tién hanh khir khoang mau vo 16t xac bang HCI véi ty 16 1:5 (w/v, 300 g mau
ué6t) va 1:15 (w/v, 100 g mau kho) thong qua hai budc:
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Vo 10t xac cua tom

Xi phong va xu 1y tai ao
v

v
Mau uét

Mau kho
v
v
Nghién ctru ché d6 khir khoang bang acid HCI
(ndng d6, nhiét do, thoi gian)

Anh hwéng ciia ndng do HCI va
nhiét d§ dén hiéu qua khir BI
khoang
(xtr ly trong 12 gio) B2
1. Nong d6 HCI: 2%, 3%, 4%

Anh hwéng ciia nong @9 HCI va thoi
gian dén hiéu qua khir khoang
(xur Iy ¢ nhiét do xac dinh & B1)
1. Nong d6 HCI: 2%, 3%, 4%
2. Thoi gian: 1h, 2h, 3h, 6h, Sh, 12h

\4

A 4

Rtra trung tinh
v
Chitin tho

v

Panh gia chi tiéu chat leong

1. Ham luong khodng con lai (%)
3. Hiéu suat thu hoi chitin thd (%)

v

(Ché d6 khir khoang phu hop
(ndng d6 HCI, nhiét do, thot gian)

Hinh 2.7. So dd thiét ké thi nghiém xac dinh dnh hwéng cia diéu kién khir
khoang dén ham lwgng khoang con lai va hi¢u suit thu hoi chitin thd tir vé 10t xac
ciia tom thé chan tring.

Budc 1 (B1), c6 dinh thoi gian xir 1y trong 12 gid va khir khoang bang HCI & cac

néng dd khéc nhau (2%, 3% va 4%), nhi¢t do xur Iy khac nhau (30°C, 50°C va 70°C) dé
xac dinh nong d6 va nhiét do khir khoang phti hop.
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Budc 2 (B2), chon nhiét do xu ly phu hop chon ¢ B1 va tiép tuc nghién ctru khur
khoang & cac ndong do HCI khac nhau (2%, 3% va 4%) va thoi gian xir 1y khac nhau (1,
2,3, 6,9 va 12 gid) dé xac dinh ndng d6 va thoi gian khir khoang phu hop.

Mau sau khi khir khoang dugc rura b(:ing nudce sach dén pH trung tinh (6,5 — 7,0),
phoi kho dén d6 am tir 9-10% va bao quan mau trong tai PE zipper. Tién hanh xac dinh cac
chi tiéu: ham luong khoang con lai va hiéu suat thu hoi chitin tho dé 1am co s lya chon ché
do khir khoang (néng do HCI, nhié€t d9, thoi gian) phu hop dbi v&i mau vo 16t xac.
2.2.3.2. Xac dinh anh huong cua diéu kién khir protein dén hiéu sudt khir protein va hiéu
sudt thu héi chitin

Muc tiéu: Xac dinh duoc diéu kién khir protein thich hop dé san xuét dugce chitin
c¢6 do tinh sach cao (ham lugng protein con lai < 1%), str dung hoa chét xir Iy c6 nong
d6 thap va thoi gian xir 1y ngan.

Co so khoa hoc:

Chét lugng cua chitin dugc tao thanh tuy thudc vao nguyén liéu ban dau va diéu
kién xur 1. Chitin tho sau khi khir khoang c6 trang thai mém nén dé dang loai protein
trong cAu trac chitin. Trong dé tai, co s& lya chon khoang nghién ctru phu thudc vao cac
yéu t6 sau:

Trong vo 16t x4c ctia tom, protein dugc lién két chit ché véi chitin nhung chi tap
trung & 16p biéu bi ctia vo 16t xac do bi voi hoa dé hd tro d6 cliing clia bo xuong ngoai
[88] nén ham luong protein trong vo 16t xac thap hon trong v6 tdm thai ra tir qué trinh
ché bién va co thé khir dé dang hon. Do vay, thiét ké thi nghiém x4c dinh diéu kién khur
protein thich hop dua trén két qua nghién ctru trude day vé thu nhén chitin, chitosan tir
v6 tom ché bién. Dé tranh chitin bi cat mach va ton thét trong qué trinh rira, nghién ciru
chon nong d6 NaOH 1a 2%, 3% va 4% va nhiét d6 xir Iy 30°C, 50°C va 70°C [129]. Thoi
gian xtr Iy dugc ¢ dinh theo cac nghién ctu trude 1a 24 gid [9, 182, 185].

Céch tién hanh thi nghiém:

Mau chitin tho sau khi dugc khir khoang theo ché d6 phu hop thu duge & Muc
2.2.3.1.

Tién hanh khir ptotein mAu bang NaOH véi ty 16 1:5 (w/v) théng qua hai buéc:

Budc 1 (B1), ¢6 dinh thoi gian xir 1y trong 24 gio va khir protein bang NaOH &
cac néng dd khac nhau (2%, 3% va 4%), nhiét do xu 1y khac nhau (30°C, 50°C va 70°C)
dé lya chon nhiét do xt Iy phu hop.
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Vo 10t xac cua tom

X1 phong va xu 1y tai ao

v

v v
Mau uét Mau kho
v v

v

Khtr khoang theo ché d6 duoc lya chon & Muc 2.2.3.1

v
Nghién ctru khir protein bing NaOH
(nong do, nhiét do, thoi gian)

An.h hwong Cﬁf‘ nf“)ngv do NaOH ‘.'2“ Anh hwéng ciia nong dd NaOH va
nhiét d dén hi¢u qua khwr protein | Bl thoi gian dén hiéu qua khir protein

(xir ly trong 24 gio) (xir Iy & nhiét d6 xac dinh ¢ B1)
B2

A

1. Nong d6 NaOH: 2%, 3%, 4% 1. Ndng do NaOH: 2%, 3%, 4%
2. Nhigt d¢: 30°C, 50°C, 70°C 2. Thoi gian: 3h, 6h, 9h, 12h, 24h

Rira vé pH trung tinh
v
Chitin
v
Panh gia chi tiéu chit luwgng
1. Ham lugng protein con lai (%)
2. Hiéu suit thu héi chitin (%)

v

Ché d6 khir protein phut hop (ndng
do NaOH, nhiét do, thoi gian)

Hinh 2.8. So' d6 thiét ké thi nghiém xac dinh anh hwéng ciia diéu kién khir protein
dén ham lwong protein con lai va hiéu suit thu hoi cia chitin
Budc 2 (B2), nghién ctru khir khoang & cac ndong d6 NaOH khac nhau (2%, 3%
va 4%) va thoi gian xur 1y khéc nhau (3, 6, 9, 12 va 24 gid) ¢ nhiét 4o xur ly dugc lya
chon & B1 dé xac dinh ndng d6 va thoi gian xir 1y phu hop.
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Mau sau khi khir khoang dugc rira bang nudc sach dén pH trung tinh (6,5 — 7,0)
va phoi kho dat d6 4m 9-10%, bao quan mau trong tui PE zipper. Tién hanh xac dinh
cac chi tiéu: ham lugng protein con lai va hi¢u suat thu hoi chitin dé 1am co sé lya chon
ché d6 khir protein phii hop nham thu dugc chitin dat chat lwong.

2.2.4. Nghién civu sin xudt chitosan va dé xudt quy trinh
2.2.4.1. Xac dinh anh huong cua diéu kién deacetyl dén hiéu sudt thu hoi va tinh chat
cua chitosan

Muc tiéu: Xac dinh duoc didu kién deacetyl thich hop dé thu nhéan chitosan c6 do
deacetyl cao (khoang 90%), do tan tot (> 99%) nham sir dung 1am nguyén liéu diéu ché
mudi chitosan lactate.

Co so khoa hoc:

Chét luong cta chitosan phu thudc vao ngudn chitin tinh sach (ham luong khoang
va protein con lai dudi 1%) va diéu kién deacetyl, co s& lya chon khoang nghién ctru
phu thudc céc yéu t sau:

Nong d6 NaOH sir dung dugc ¢ dinh & 50% (w/v) theo cac nghién ciru trude [146,
182, 185]. Tuy thudc vao mong mudn chat luong cua chitosan chon ché do deacetyl phu
hop do néng do NaOH cao, nhi¢t d6 cao, thoi gian dai thi chitosan thu dugc co khéi luong
phan tir thap, do nhét thap. Néu nong do NaOH thap hon 50% va can thu dugc chitosan c6
d6 deaceyl cao (khoang 90%), do tan tot (> 99%) thi phai ting nhiét d6 va thoi gian xur 1y
dai, nhu vay s& anh hudng dén kha ning thu hdi chitosan va do nhét thap [21].

Xac dinh diéu kién xtr 1y: nhiét d6 deacetyl cao (80°C, 90°C) va thoi gian (12, 24
va 36 gid’) nham xac dinh diéu kién deacetyl phi hop dé thu nhan chitosan c6 do deacetyl
cao (khoang 90%), do tan t6t (> 99%) [20, 146, 185]. Thoi gian deacetyl duoc chon
khong qué dai (anh huéng dén hiéu qua san xut khi trién khai & quy mo 16n) nén qua
trinh deacetyl can duoc xir 1y & nhiét d6 cao hon 80°C nham thu dugc san phém c6 chat
lugng dat yéu cau. Tuy nhién, & nhiét 6 qua cao trén 90°C s& 1am chitosan bi cat mach,
hiéu suét thu hoi chitosan thip va mau sic san pham khong tot. Ngoai ra, d6 deacetyl va
d6 tan cua san pham chitosan con phu thudc vao ngudn nguyén liéu va tinh chat cia
chitin ban dau [21].

Céch tién hanh thi nghiém:

Mau chitin duge san xuat (khir khoang va protein) tir mau v 16t xac ctia tom thé

chan tra‘mg theo ché do phu hop dugc lya chon & Muc 2.2.3 dugc st dung dé san xuét
chitosan. Tiép tuc duoc khir gbc acetyl bang NaOH 50% (w/v), ty 1& chitin/dung dich 1a
1/5[21], xtr Iy & cac nhi¢t do khac nhau (80°C va 90°C) trong céc khoang gid khac nhau
(12, 24 va 36 gio).
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Sau khi rira miu vé pH trung tinh (6,5 — 7,0), phoi kho dat do am 9-10%, bao
quan trong tai PE zipper. Tién hanh phan tich cac chi tiéu Iy héa cua chitosan dé 1am co
s& Iyra chon ché d6 deacetyl bang NaOH 50% phu hop cho san xuét chitosan c6 chat
lwong dap tng yéu cau dit ra.

Vo 10t xac cua tom

Xi phong va xur 1y tai ao
v

Khtr khoang theo ché do duoc lya chon & Muc 2.2.3.1
doi voi mau udt va mau kho

Khtr protein theo ché dd duoc lua chon & Muc 2.2.3.2

v
Nghién ctru anh hwéng cia nhiét d¢ va thoi gian
den hiéu qua deacetyl bang NaOH 50%

- Nhiét do: 80°C, 90°C
- Thoi gian: 12h, 24h, 36h

v

Rira vé pH trung tinh

v

Chitosan

y
Panh gia chi tiéu chat lwong

1. Ham lugng khoédng va protein con lai (%)

2. Hiéu suét thu hoi chitosan (%)

3. D0 nhét

4. D0 tan

5. B§ deacetyl

Ché d¢ deacetyl bang NaOH 50%
phu hop (nhiét d9, thoi gian)

Hinh 2.9. So' d6 thiét ké thi nghiém xac dinh anh hwéng ciia diéu kién deacetyl

dén hi€¢u suat thu hdi va tinh chit co ban ciia chitosan.
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2.2.4.2. Pé xudt quy trinh san xudt chitosan va danh gid tinh chdt Iy héa ciia san pham
Muc tiéu: Dé xuit quy trinh san xut chitin, chitosan quy mé phong thi nghiém
(10 kg/mé) c6 tinh 6n dinh cao.

Céch tién hanh thi nghiém: Tir cac két qua nghién ciru thu duoc, dé xuét quy trinh

san xuat chitin va chitosan tir vo 16t x4c ctia tom thé chan trang. Tién hanh san xuét thir
nghiém 10 kg/mé san xuat chitin, chitosan theo quy trinh d& xuit va danh gia cac chi tiéu
1y hoa (str dung cac ky thuat: SEM, XRD, FTIR, NMR) cua nguyén li¢u vo 10t xac va san
pham chitin, chitosan thu dugc dé danh gi4 tinh 6n dinh cta quy trinh. Dong thoi, so sanh
v6i san pham chitin, chitosan dugc san xuét tr vo tom thai ra trong qua trinh ché bién theo
quy trinh cua Toan va cong su (2006) [182].
2.2.5. Nghién citu diéu ché chitosan lactate va dé xudt quy trinh
2.2.5.1. Xdc dinh anh hwéng cia diéu kién xir 1y lam triwong né chitosan dén do tan va
hiéu sudt thu hoi chitosan lactate
(1) Xéc dinh anh hudng cua ty I¢ ethanol/nudc (EtOH/H20, %, v/v) trong xur 1y 1am

truong no chitosan dén d6 tan va hiéu suit thu hoi chitosan lactate

Muc tiéu: Xac dinh dugc ty 16 EtOH/H20 (%, v/v) phu hop dé lam truong nd
chitosan nhim thu nhén chitosan lactate c6 do tan va hiéu suét thu hdi cao.

Co s& khoa hoc: Qud trinh treong né trong hdn hop dung moi EtOH/H>O s& gitp

chitosan gidn mach, m& rong ciu tric, lam giam do cimg ciia cau trac 1am ting kha ning
tiép xtic v&i cac chat phan img cia phan tir chitosan. Hon hgp EtOH/H>0 ¢ ndng d6 ethanol
thich hop s€ han ché hién tuong cit mach, tao gel trong moi trudong co acid [53, 172].

Céch tién hanh thi nghiém:

Chitosan dugc chuin bi theo quy trinh Hinh 2.10. Sau dé, chitosan duoc nghién
dén kich ¢ hat 35 mesh (0,5 mm).

Tién hanh ngam 5g chitosan trong 50 ml hon hop dung méi ethanol/nude (%,v/v)
vO1 cac néng do phén tram cua EtOH 1a 0, 10, 20, 30, 40, 50, 60, 70, 80, va 90% trong
6 gio & nhiét 46 phong. Sau d6, dung méi dugc loai bo bang cach ly tim & 5.000 rpm,
trong 15 phiit dé xac dinh d6 truong nd cia chitosan.

Chitosan sau khi dugc truong ng dugc phan ung vai lactic acid (1M) véi ty 1€
chitosan/acid 1a 1/10 (w/v), khudy ddo déu trong 1,5 gio & nhiét do phong. Chitosan lactate
duoc rira 2 1an v6i EtOH 85% (khudy déu 10 phiit) va ngam 1 1an EtOH 99,5% trong thoi
gian 30 phut dé loai nuéc voi ty 16 chitosan/EtOH 14 1/10, 1am kho chitosan lactate bang
thiét bi sdy khong khi nong (40°C). Tién hanh danh gia cac chi tiéu vé do tan va hiéu suét
thu hoi chitosan lactate dé tir d6 xac dinh duoc ty 16 EtOH/H>O phui hop.
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Ngam trong dung moi EtOH/H20 (%) & cac ty 1€
khac nhau, trong thoi gian 6 gio' & nhiét d phong

Yy Y v v vy v v vy vy ¥

DC 0 10 || 20 30 40 50 60 || 70 80 90

v vy v v v I

A4

Loai dung moi

Xac dinh d0 truong no (%)
Phan mg tao mudi véi lactic acid

v
Say kho

v

Chitosan lactate
v
Panh gia cac chi tiéu
1. Bg tan (%)
2. Hiéu suét thu hoi (%)

Chon ty 1& EtOH/H,0 phu hop

Hinh 2.10. So' d0 thiét ké thi nghi¢ém xac dinh anh huéng cia ty 1& dung mdi

(EtOH/H:0, %) dén d) trwong né ciia chitosan, d tan va hiéu suit thu hdi chitosan
lactate.

(2) Xac dinh 4nh huéng ciia thoi gian ngam trong hon hop dung moéi EtOH/H,0 dén

dd truong nd cua chitosan, do tan va hi¢u suét thu hoi cta chitosan lactate
Muc tiéu: Xac dinh dugce thoi gian ngdm chitosan trong hon hop dung méi
EtOH/H>0 phu hop dé thu duge chitosan lactate ¢6 do tan va hiéu suét thu hdi tdt nhit.

Co s6 khoa hoc: Do nguyén li¢u chitosan & trang thai ran, wa nuwéc nhung khong

tan trong nudc nén thoi gian tiep xtc cang dai thi lugng nudc tham thau vao cau triac

bén trong cua khoi chitosan cang 16n. Tuy nhién, néu ngdm trong thoi gian qué dai s€
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dan toi giam hiéu qua va kha niang tmg dung cta quy trinh trong san xuat thyc tién. Do
vay, cac thi nghiém duoc thiét ké trong khoang thoi gian truong nd tir 0,25 dén 12 gio.

Ngam trong dung méi EtOH/H20 (%), ty 1€ dugc lwa chon & Muc
2.2.5.1-(1) trong cac thoi gian (gio) khiac nhau, & nhié¢t do phong

v
v v v v vy v v v v ¥
025 || 05 || 1 || 2 | 3 ]| 4| 6] 8/ [10]12
v v v v v . v v v v v

Loai dung moi

v
Xac dinh @0 trrong nd (%)
v
Phan ung tao mudi vai lactic acid
v
Say kho
v
Chitosan lactate
v
Danh gia cac chi tiéu
1. Bg tan (%)
2. Hiéu suat thu hoi (%)

Chon thoi gian truong no
phu hop

Hinh 2.11. So’ d6 thiét ké thi nghiém xac dinh anh hwéng ciia thoi gian ngim hén
hop dung méi EtOH/H;0 (%) dén d trwong né ciia chitosan, dd tan va hiéu suat
thu hoi chitosan lactate.

Céch tién hanh thi nehiém:

Chitosan (5g) dugc ngam trong 50 ml hon hgp dung moi EtOH/H20 (%, v/v) voi
ty 1€ EtOH (%) dugc chon & Muc 2.2.5.1-(1), trong cac khoang thoi gian khac nhau tr
0,25 dén 12 gio. Sau do, loai dung mbi va danh gia do truong no.

Chitosan sau khi trrong né cho phan tmg véi lactic acid 1M (1/10), khudy déo
déu trong 1,5 gid & nhiét do phong. Loc bo dung dich acid du va rira 2 1an véi EtOH
85% (10 phut/lan) va ngam EtOH 99,5% trong thoi gian 30 phut, lam khé chitosan
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lactate & 40°C bang thiét bi siy khong khi néng. Tién hanh xac dinh cac chi tiéu vé do
tan va hiéu sudt thu hdi chitosan lactate dé tir 36 xac dinh duoc thoi gian truong nd
chitosan phu hop.

2.2.5.2. Xdc dinh anh hwong diéu kién phdn iing giita chitosan véi lactic acid dén dé
tan va hiéu sudt thu hoi chitosan lactate
(1) Xac dinh anh huoéng ctia ndng do lactic acid dén do tan va hiéu suat thu hoi
chitosan lactate
Muc tiéu: Xac dinh dugc ndng do lactic acid phu hop dé phan tng véi chitosan

nham thu duge chitosan lactate c6 dd tan va hiéu suét thu hoi cao.

Truong no trong dung moi EtOH/H20 (%) ¢ ty 1€ va thoi gian
duoc lya chon & Muc 2.2.5.1, ¢ nhiét o phong
v

Loai dung moi

v

Phan ng véi lactic acid & cac nong do (M) khac nhau,

trong 1,5 gio, & nhiét do phong

v v v v v v v
0,5 0,6 0,7 0,8 0,9 1,0 1,5
v v v v v v

A
Say kho
v
Chitosan lactate
v
Danh gia cac chi tiéu
1. B9 tan (%)
2. Hiéu suat thu hoi (%)

Chon ndng d¢ lactic acid (M)
phu hop

Hinh 2.12. So’ d0 thiét ké thi nghiém xac dinh anh hwéng ciia ndng dé lactic acid
dén do tan va hiéu suét thu hoi chitosan lactate.
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Co sé khoa hoc:

Kha ning hoa tan trong nude cia mudi chitosan phu thudc vao néng do cua acid
phan tmg dén ham luong glucosamine cia chitosan, do deacetyl (s6 nhém amin trong
chudi) cua chitosan va ndng do acid phan Gng [59, 154, 198]. Luong acid phan tmg thiéu
hodc du déu anh huéng dén d6 hiéu qua phan tng. Do vy, khi cho phan tng chitosan
vo1 lactic acid & néng d6 nhét dinh s& thu duoc san phém mubi ¢6 do hoa tan cao [119].

Céch tién hanh thi nghiém:

Sau khi tién hanh trrong nd 5¢g chitosan (kich thudc 35 mesh) trong dung moi
EtOH/H,0 (%, v/v) voi ty 1& 1/10 (w/v) & ndng do va thoi gian ngam dugc lya chon
0 Muc 2.2.5.1. Loai bé dung moi va cho phan Ung chitosan sau truong véi 50 ml
dung dich lactic acid ¢ cac néng do mol khac nhau: 0,5; 0,6; 0,7; 0,8; 0,9; 1,0 va
1,5M, trong 1,5 gid ¢ nhiét d6 phong. Chitosan lactate dugc rira bang EtOH 85% (10
phut x 2 1an) va ngam EtOH 99,5% trong 30 phut, sdy & 40°C. Tién hanh danh gia
cac chi tiéu vé do tan va hiéu sut thu hoi cua chitosan lactate dé tir d6 lwa chon néng
do lactic acid phu hop.

(2) Xéc dinh anh hudng cua thoi gian phan tng gitra chitosan véi lactic acid dén do
tan va hiéu suit thu hdi chitosan lactate

Muc tiéu: Xac dinh duoc thoi gian phi hop dé phan tng giita chitosan véi lactic
acid thu duoc chitosan lactate ¢6 do tan va hiéu suét thu hoi cao.

Co sé khoa hoc: Thoi gian phan trng gitra chitosan v6i acid hiru co ¢6 anh hudng

dén do tan ciia mudi chitosan [119].

Céch tién hanh thi nghiém:

Chitosan (kich thuéc 35 mesh) sau khi duoc trwong trong hon hgp dung moi
EtOH/H20 (%, v/v) véi ty 18 1/10 (w/v) & ndng d6 va thoi gian ngdm dugc lya chon &
Muc 2.2.5.1. Loai bé dung méi va cho chitosan sau truong nd phan g véi 50 ml dung
dich lactic acid & cac néng do dugc chon & Muc 2.2.5.2-(1), & nhiét d§ phong, trong
khoang thoi gian phan tng tir 0,5 — 3 gio. Chitosan lactate dugc rira bang EtOH 85%
(10 phut x 2 1an) va ngam EtOH 99,5% trong 30 phut, siy & 40°C. Tién hanh x4c dinh
cac chi tiéu vé do tan va hiéu sut thu hoi chitosan lactate dé tir 46 lwa chon thoi gian

phéan trng phu hop.
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Truong n¢ trong dung moi EtOH/H20 (%) & ty 1€ va thoi gian dugce

lya chon & Muc 2.2.5.1, ¢ nhiét d§ phong

v

Loai dung méi1

Phan t&ng véi acid lactic & ndng dé (M) dwec lwa chon & Muc

2.2.5.2-(1), trong cac thoi gian (gio) khac nhau, & nhiét d¢ phong

v
v v v v ! v

0,5 1,0 1,5 2,0 2.5 3,0

v v v v v v
v

Say kho

v

Chitosan lactate

v
Danh gia cac chi tiéu
1. B¢ tan (%) .
2. Hiéu suat thu hoi (%)

Chon thot gian (gi0) phu hop

Hinh 2.13. So’ d thiét ké thi nghiém xac dinh anh hwéng ciia thoi gian phan ting

tao mudi dén dd tan va hiéu suit thu hoi twong ddi ciia chitosan lactate.

2.2.5.3.  Dé xudt quy trinh diéu ché chitosan lactate va phan tich cdc tinh chat Iy
héa ciia san pham
Muc tiéu: Dé xuét duoc quy trinh diéu ché chitosan lactate tir chitosan vo 10t xac
cua tom thé chan tréng c6 d0 tan tbt, hiéu sudt thu hdi cao va tinh chat tuong duong san
pham thuong mai.

Co s& khoa hoc: Tir cac két qua xac dinh diéu kién thich hop dé xir 1y chitosan

trude phan tmg va diéu kién phan ung diéu ché mudi lactate tir chitosan vé 19t xac ctia
tom thé chan tréng duoc xéac dinh qua céc thi nghiém & Muc 2.2.5.1 va 2.2.5.2, dé xuat

quy trinh diéu ché chitosan lactate tir chitosan vo 16t xac ctia tom thé chan trang. Tién
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hanh san xuat thir nghiém 25 g chitosan/mé diéu ché chitosan lactate theo quy trinh dé
xuat, phan tich dic tinh san pham va xac dinh hiéu sut diéu ché dé danh gié tinh 6n dinh
cua quy trinh.

Céch tién hanh thi nghiém:

Chuan bi nguyén liéu nham so sanh cic san pham chitosan lactate duoc diéu ché
theo quy trinh duoc chon gdm: chitosan thu tir vo 10t xac (san pham cua ludn 4n),
chitosan mua ctia cong ty VNF (chon chitosan ¢ tinh chat co ban twong dwong véi san
pham cua luan an).

Thuc hién dang cac bude dd dugce trinh bay & cac Muc trén gébm: Ngam truong
nd chitosan véi ty 1& hon hgp dung moi EtOH/H>O (%) phu hop & nhiét do phong va
loai dung moi sau thoi gian ngdm da chon; Chitosan sau truong dwgc phan ting véi acid
lactic v6i nong d6 va thoi gian phan tng pht hop & nhiét do phong. Tién hanh rira loai
acid du bang cach diung hdn hop dung méi EtOH/H20 (85%) va EtOH 99,5%, siy kho
san pham chitosan lactate & 40°C. Tién hanh phan tich cac chi tiéu Iy hoa (st dung cac
ky thuat: FTIR, NMR, XRD) va so sanh giita cic mau chitosan lactate thu nhan tir vo
16t x4c cua tom thé chan trang (san pham cua dé tai luan 4n), chitosan lactate thu nhin
tir vo tom thai ra tir qua trinh ché bién thuy san (mua tir cong ty VNF) va san pham
chitosan lactate thuong mai mua tir cong ty MarkNature.

2.2.6. Nghién ctru thu nhén vi tdo Nannochloropsis sp. bang chitosan lactate
2.2.6.1. Xdc dinh dnh hwéng ciia nong dé chitosan lactate sir dung thu héi vi tdo dén
hiéu sudt ldng theo thoi gian thu hoach

Muc tiéu: Xéac dinh duoc nong do chitosan lactate thich hop dé tao két bong vi
tdo Nannochloropsis sp.

Co so khoa hoc:

Chitosan la polyme sinh hoc dang dugc xem nhu 1a mdt phu gia sir dung an toan
trong cong nghé thuc pham thire dn nudi thuy san, dic biét 1a ing dung thu hdi vi tdo vi
khong dé lai chat ban sau qué trinh thu hoi [144]. Nhung, hiéu qua thu hoi chitosan con
thip dbi v6i cac loai vi tao nudc bién (chi d& thu dbi véi cac loai vi tao nudc ngot) va
chi phi cao hon cac chat keo tu khac. Tuy nhién, mét sb trudng hop trong tng dung thuc
phém, chitosan van dugc xem xét nghién ctru st dung nho tinh an toan sinh hoc, khang
khuan, chéng oxy hoa, tinh hip phu [21, 43, 60, 65, 93, 115, 183, 191]. Hién nay, cac
phuong phap keo tu bang cac hop chit vo co di duoc dénh gia rang gy 6 nhiém sinh
khéi vi tao, tac dong bat loi khi sir dung 1am thuc pham cho ngudi va dong vat [153].
Hon nita, phuong phap keo tu vi tao bang chitosan 1a phwong phép it tiéu hao chi phi

ning lugng so voi cac phuong phap khac (lang, ly tam, vi loc...), nén dang dugc cac
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nha khoa hoc uu tién nghién ctru nham nang cao chat lugng san pham dich vi tao co dic
va gidm chi phi san Xuét [35, 79, 113, 118, 153]. Chitosan lactate 13 mot dan Xuat cia
chitosan tan duoc trong nude va tinh chat khong bi thay d6i [119]. Chitosan lactate duoc
hinh thanh khi cac nhém amin (-NH») trong mach chitosan dugc proton hoa (-NH3s-
OCO-C(OH)CHj3) bang lactic acid, nho lién két tinh dién & vi tri cacbon s6 2 [119]. Sau
khi hinh thanh mubi chitosan (dang hat hodc vay), hau hét cac phuong phap diéu ché
mudi déu co cong doan rtra acid du trén bé mit hat/vay nén pH cua dung dich mudi
chitosan hoa tan trong nudc thuong cao hon dung dich chitosan dugc hoa tan trong dung
dich acid loang. Chitosan lactate c6 d§ hoa tan trong nudc cao nén sé gitp cho qua trinh
keo tu vi tao dé dang hon nh¢ vao cac tua chitosan nhanh chong bao boc cac hat vi tao
va tao nhiéu mang ludi biy vi tao két bong thong qua lién két bac cau [35, 43], han ché

hién tuong tua gel chitosan cuc bo & moi truong pH cao.

Theo nghién ctru cta Garcia va cong sy (2016) [89] mudi chitosan phu hop cho
viéc keo tu cac hop chat hitu co 1am trong nude ép trai cay, rau qua, rugu vang, tra xanh
va mat hoa. Mudi chitosan dugc xem 1a an toan cho con ngudi nho tinh an toan sinh hoc
va dugc dé xuat sir dung thay thé chitosan hoa tan trong acid hitru co nhd kha ning hoa
tan trong nudc ciia chung. Chitosan lactate mang lai hiéu qua keo tu va chat lugng tong

thé cia san pham thu cao hon so voi s dung chitosan acetate.

Néng do chitosan str dung keo tu vi tdo phu thudc vao loai, mat do vi tdo, moi trudng
nude nudi. ... [95, 159]. Pén nay van chua c6 nghién ciru ndo st dung cic mudi chitosan dé
tmg dung thu héi sinh khéi vi tao co dic, dic biét d6i véi loai vi tao bién. VAay nén nghién
ctru nay da tién hanh khao sat so bo khoang néng dd cua chitosan lactate va xac dinh kha
ning két bong vi tao Nannochloropsis sp. trong khoang nong d6 100 — 500 ppm. Do
chitosan tich dién duong nén hiéu qua két bong vi tao phu thudc vao kha ning trung hoa
dién tich chuyén dién thé zeta ciia cac t& bao vi tao (tich dién am) giam dan vé 0, tai thoi
diém nay bong vi tao duoc tao thanh khéi 16n va lang xudng [35, 201]. Tuy nhién, khi ting
nong do chitosan qua cao s& ngin can qua trinh két bong va hiéu qua thu thap [24, 25].

Céch tién hanh thi nghiém:

Vi tao Nannochloropsis sp. duoc cho vao cdc thuy tinh va bd sung dung dich
mudi chitosan lactate vao dich tao mot cach tir tir v&i céac néng do6 khac nhau: 0 (BC:
d6i ching), 100, 200, 300, 400 va 500 (ppm). Hon hop duoc khudy dudi thiét bi Jartest
SW6 Stuart véi tbe dd 100 rpm trong 15 phit [65, 66]. Sau d6 chuyén vao dng dong 100

ml va quan sat hién tuong két bong va ling vi tao.

Lay mau do mat d6 quang (OD) cua dich vi tao trén may quang phé DR6000 tai

budc song 490 nm dé xac dinh hi¢u suat lang cia vi tdo. Lay mau tai vi tri 2/3 chiéu cao
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ctia miu dugc chia trong 6ng dong 100 ml (Hinh 2.17) theo cac thoi diém khac nhau:
0, 15, 30, 45, 60, 120, 180, 240 va 300 (phut), tr d6 xac dinh néng do chitosan lactate

phu hop.
Vi tdo Nannochloropsis sp.

Thu sinh khdi vi tdo bing cach sir dung chitosan

lactate & cac ndng dd (ppm) khac nhau

v

l \4 v \4 \4 A4

DC 100 200 300 400 500

v

Pé lang trong khoang thoi gian tir 0 — 300 phut, ¢ nhiét d6 phong

v

Panh gia hiéu suit ling (%)

\ 4 v

Chon néng dd chitosan lactate (ppm)
phu hop d€ nghién ctru thu nhén vi tao
két hop voi diéu chinh pH

Hinh 2.14. So' @6 thiét ké thi nghiém xac dinh anh hwéng ciia nong d6 chitosan

lactate dén hiéu suat ling vi tdo theo thoi gian thu hoach.

2.2.6.2. Xdc dinh anh huéng ciia két hop thu vi tdo bang chitosan lactate véi diéu chinh
pH dén hiéu sudt ldng theo thoi gian thu hoach

Muc tiéu: Xac dinh dugc diéu kién thich hop dé két bong vi tao Nannochloropsis
sp. bang phuong phép két hop dung chitosan lactate va diéu chinh pH.

Co so khoa hoc:

Hiéu qua keo tu ctia chitosan lactate phu thudc vao do pH ctia méi truong, do do
pH anh huong dén cac dién tich trén cac nhom amin cia chitosan (Blockx va cong su,
2018). Do vay, hiéu qua két bong vi tao khi sir dung chitosan da dugc quan sat thay
khong dat két qua cao va s& tang 1én dang ké néu c6 két hop véi diéu chinh d6 pH cua

moi truong nudc nudi tang 1én dén 10,0 [65, 66]. Ngoai ra, Grima va cong su (2003)
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[95] va Rashid va cong su (2013) [153] nhan dinh hiéu qué keo tu ting cao khi két hop
phuong phap sir dung chat trg lang va diéu chinh pH, do su thay d6i dién tich bé mat vi
tao c6 anh huodng dén su tuong tac gilta cac hat voi nhau, voi dién tich cua chitosan va
pH méi trudng. Piéu nay gitp cho viéc loai nude thu sinh khdi vi tao dang sét dé dang
hon, tang hiéu qua thu sinh khéi c6 dic.

Nannochloropsis sp. 13 loai vi tao bién can dugc nghién ctru thu nhin bang
cach két hop str dung mudi chitosan lam chat tro ling két hop diéu chinh pH méi
trudng. Do, trong mdi trudng nude bién cd cudng do ion cao giy e ché qua trinh
keo tu, nén khé thu hon 1a loai vi tdo nudc ngot [43, 95, 149]. Ngoai ra, Blockx va
cong su (2018) [43] cho rang su keo tu cia chitosan & pH cao trong méi truong nude
bién 14 do sy két tia ciia chitosan & méi trudng pH > 7,5, nén hiéu suat thu khong
cao nhu phuong phap diéu chinh pH moi trudong. Diéu nay dugc giai thich do mot
phﬁn cac nhoém amin ctia mach chitosan bi khtr, din dén su hinh thanh mang ludi dot
ngdt gdy ra hién twong keo tu theo co ché quét. Nhung, cac tac gia ciing cho ring co
ché quét vi tao va tao bong cua chitosan khong lién quan dén su két tia cua céc tia
hydroxid kim loai (dugc goi 1a keo tu tu dong).

Tién hanh keo tu bﬁng chitosan lactate nén duoc thuc hién trudc khi tiép tuc
diéu chinh pH dé tang hiéu qua thu. Boi vi, chitosan di dugc minh chung cho thay
c6 kha niang giam ty 1¢ tach nudc cua vi tao nho sy bao boc té bao [35]. Vay, viéc
két bong vi tao bang chitosan hay dan xuét ctia nd dé tao mang sinh hoc trudc khi
diéu chinh ¢6 pH nham lam giam kha ning tic dong 1én mang té bao khi pH ctia moi
truong kiém cao, giai phong cac hoat chat co trong vi tao [40, 158] va dé hu hong
khi bi tach ra & dang tu do.

Céch tién hanh thi nghiém:

Vi tao Nannochloropsis sp. dugc cho vao cdc thuy tinh. Chitosan lactate duoc bd
sung voi lugng phu hop duge xac dinh & Muc 2.2.6.1 va khudy déu 10 phat [153]. Sau
d6 hon hop duoc diéu chinh pH vé cac gia tri pH 9,0, pH 9,5, pH 10,0 bang dung dich
NaOH 1M [200], va khudy déu 5 phut. Hn hop dugc khudy dudi thiét bi Jar-test SW6
Stuart voi te d6 100 rpm va tong thoi gian 13 15 phit. Sau d6 chuyén vao dng dong 100
ml va quan sat hién tuong két bong va lang vi to.

Lay mau do d6 quang hoc (OD) cta dich vi tdo trén may quang phd DR600O0 tai
budc song 490 nm dé xac dinh hiéu suat lang ciia vi tao. Ly mau tai vi tri 2/3 chiéu cao
cia miu dugc chta trong 6ng dong 100 ml (Hinh 2.17) theo cac thoi diém khac nhau:
0, 15, 30, 45, 60, 120, 180, 240 va 300 (phut), tir d6 xac dinh néng do chitosan lactate
va gia tri pH phu hop.



64

Sau khi chon duoc phuong phap phu hop dé thu hoach vi tio Nannochloropsis
sp., tién hanh so sanh cac loai mudi chitosan lactate (CTS lactate tur nguén vo 10t xéac,
CTS lactate tir ngudn vo tom ché bién (cong ty VNF) duoc diéu ché cing quy trinh dé
xudt & Muc 2.2.5.3 va CTS lactate thuong mai tir cong ty MarkNature) va danh gia hiéu

qua thu hoach.
@annochloro@

Thu sinh khdi vi tdo bang cach sir dung chitosan lactate (ndng do phui hop
lwa chon & Muc 2.2.6.1) két hop véi diéu chinh pH

pH 9,0 pH 9,5 pH 10,0

\

A
Pé ling trong khoang thoi gian tir 0 — 300 phut, ¢ nhiét d6 phong
v

Panh gia hiéu suit ling (%)

Chon ndng do chitosan lactate (ppm) va
gia tri pH phu hop dé thu nhan vi tdo

Hinh 2.15. So' @6 thiét ké thi nghiém xac dinh anh hwéng ciia phwong phap két
hop sir dung chitosan lactate va diéu chinh pH dén hi¢u suit ling vi tio theo thoi

gian thu hoach.

2.2.6.3. Xdc dinh anh huéng ciia phwong phdp thu sinh khéi vi tao dén hiéu sudt thu hoi
lirong chlorophyll-a, carotenoids va kha ndng sinh truéng ciia sinh khoi sau thu hoach

Muc tiéu: Xac dinh dugc phuwong phap thich hop dé két bong vi tao nham duy tri
t6i da ham lugng chlorophyll-a, carotenoids c6 trong san pham thu hoach va sinh khéi vi
tao sau thu c6 kha ning sinh truong, dap (mg nhu cau st dung trong nganh nudi trong
thuy san.
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Vi tdo Nannochloropsis sp.

Thu sinh khéi vi tao bang phuong phap két hop sir dung chitosan

lactate va diéu chinh pH o diéu kién phu hop duoc xéc dinh & Muc
2.2.6.2*, so sanh tirng phuong phap riéng 1¢ (1) & (2)

v

DBy A s D . *Két hop dung chitosan
Diéu chinh pH St dung chitosan lactate | |1, tate® + didu chinh pH®

y v

\ 4 A4

Pé lang trong khoang thoi gian tir 0 — 300 phut, ¢ nhiét d6 phong

v

Danh gia cac chi tieu

1. Hiéu suat thu hoi chlorophyll-a va carotenoids (%)
2. Soi hinh thai té bao Nannochloropsis sp. trén kinh hién vi
3. Kha nang sinh trudng cta sinh khéi vi tao sau thu hoach

Két luan anh hudng cia cac phuong
phap thu sinh khoi dén chat lugng vi tdo

Hinh 2.16. So @6 thiét ké thi nghiém xac dinh anh hwéng ciia phwong phap thu
sinh khoi vi tdo dén hiéu suit thu hoi chlorophyll-a, carotenoids va kha ning sinh
truéng ciia sinh khoi sau thu hoach.

Co sé khoa hoc:

Té bao vi tao c6 thé bi tac dong va gidi phong céc chat dinh dudng bén trong khi
tmg dung cac phuong phéap keo tu. Hiéu qua thu cang ting thi kha ning anh huong dén
mang té bao cang 16n [40].

Su két hop sir dung canh khudy & tdc d6 thap gitp cac chét keo tu va té bao vi
tao phan tan dong déu, dé dang tiép xuc dén gan nhau hon. Tuy nhién, té bao vi tao ciing
6 thé bi pha v do luc cit clia canh khuéy [63, 95] co thé anh huong dén chét luong
sinh khéi vi tao sau thu hoach.

Céch tién hanh thi nghiém:

Vi tao Nannocloropsis sp. dugce cho vao coc thiy tinh va tién hanh thu hoach
theo 3 phuong thirc: (1) Phuong phap ddi chimg (DC) diéu chinh pH & gia tri duoc chon
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khi ap dung phuong phap két hop (PCpn), (2) Phuong phap dbi chimg (PC) thu hoach
bang cach bd sung chitosan lactate v6i ndng d6 da duge xac dinh khi ap dung phuong
phap két hop (PCcrss) va (3) Phuong phap két hop sir dung chitosan lactate va diéu
chinh pH & gia tri phu hgp dugc chon tai Muc 2.2.6.2. Hon hop dich vi tdo dugc khuéy
déu khi bo sung chitosan lactate va diéu chinh pH duéi thiét bi Jartest SW6 Stuart véi
tdc d6 100 rpm trong 15 phut. Sau d6 chuyén vao éng dong, dé yén cho vi tao két bong
va lang xubng day. Sau do, tién hanh loai nudc va thu mau dich nhéo tai thoi diém dugc
chon tai Muyc 2.2.6.3. Tién hanh phan tich ham luong chlorophyll-a va carotenoids c6
trong mau dich vi tdo trudc khi thu va sau khi thu dé xac dinh hiéu suét thu hdi cac hoat
chat mau nay c6 trong miu sau thu. Quan sat hinh thai té bao sau khi két bong ciia cac
mau sinh khéi thu hoi bang cac phuong phép khac nhau dudi kinh hién vi Olympus
BX41TF. Nudi cdy sinh khéi vi tao tir cac dich ¢6 dic vi tao thu dugc bang cac phuong
phap khac nhau va xac dinh mat do té bao/ml dich vi tao lac 15 gi0 sau 1 ngay nuoi, 6

ngay nudi va quan sat dén 12 ngay nudi.
2.3. Phuong phap phan tich

- Ham luong khoang, 4m dugc xac dinh theo phuong phap AOAC [29].

- Ham luong protein cua vé 10t xac cua tom dugc xac dinh theo phuong phép
Biuret va ham lugng protein cua chitin, chitosan dugc xdc dinh theo phuong phap
Micro-Biuret, sit dung Bovine Serum Albumin (BSA) lam chuan [185]. Ham luong
protein c6 trong vi tdo dugc xdc dinh theo phuong phap Biuret, st dung Bovine
Serum Albumin (BSA) 1am chuan. MAau sinh khdi vi tdo xac dinh theo phuong phap
cua Dorsey va cong su (1978) [80].

- Ham luong chitin ctia vo tom 16t xac dugc xac dinh theo phuong phép ctua Black
va Schwartz (1950) [39].

- Ham lugng carotenoid trong vé tdm nguyén li¢u dugc xac dinh theo phuwong phap
so mau quang pho hap thu DR 6000 (HACH, DR 6000, LPG441.99.00002, 1850447,
Germany) [167].

- Ham lugng lipid trong vo tom va vi tdo dugc xac dinh theo phuong phap cua
Bligh va Dyer (1959) [42].

- Ham luong carbohydrate trong vi tao bang phuong phap phenol-sulphuric acid
[124].

- Ham luong chlorophyll-a va carotenoids trong vi tao dugc xac dinh bang phuong
phéap ctia Sumanta va cdng su (2014) [179].

- Mat d6 té bao dugc xac dinh tai thoi diém dau ctia pha on dinh (Stationary phase)
thong qua viéc dém s6 lugng té bao vi tao bang budng dém hong cau Neubauer improved,
China.
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- Kiém soat 6 man ctia méi trudng nude bién nudi vi tao bang thiét bi di khic xa
ké S-10E.

- Hinh anh soi hinh thai cta chitosan ban dau, chitosan sau truong nd va té bao vi
tao chup trén kinh hién vi Olympus BX41TF, 2K07583, Japan.

- D0 deacetyl (DD) cua chitosan dugc xac dinh theo phuong phap cua [199].

- Khéi lugng phan tir trung binh (Mw) cta chitosan dugc xac dinh thong qua do
nhét ndi bang nhét ké Ubbelohde 513 Io/13 (dudng kinh 0,2 mm) & 25°C, SI Analytics
GmbH, D-55122 Mainz, AVS 470, 00008927, Germany, cong thtrc tinh theo Mark-
Houwink [205].

- Xac dinh do hoa tan cua chitosan va chitosan lactate [130].

- Do truong nd cua chitosan trong dung méi dugce xac dinh theo phuong phap cua
Minh va cong su (2017) [129].

- Do nhét biéu kién duoc xic dinh bang nhét ké Brookfield (AMETEK
BROOKFIELD, DVEELVTIJ0 8748506, USA) ¢ 25°C (Spindle LV2 — Code 63, 30
rpm) sau khi hoa tan chitosan hoan toan trong acid acetic 1% v&i nong do 1g/100mL.
Do nhét biéu kién duoce xac dinh bang nhét ké Brookfield ¢ 25°C (Spindle LV1 — Code
61, 30 rpm) sau khi hoa tan chitosan lactate hoan toan trong nudc cit voi nong do
1g/100mL.

- Hinh anh soi vé 16t xac, chitin, chitosan chup trén kinh hién vi dién tur (SEM), S-
4800, Hitachi.

- Pho hong ngoai bién d6i Fourier (FTIR) cua chitin, chitosan, chitosan lactate
duoc do trén thiét bi Nicolet iS10, Thermo Scientific, dugc do trong pham vi 500 — 4000
cm™ & d6 phén giai 16 cm™ trong vong 32 lan quét.

- Phd nhiéu xa tia X (XRD) ctia vo tom 10t, chitin, chitosan, chitosan lactate duoc
do trén thiét bi PANalytical, X’Pert-PRO-MPD, str dung tia chiéu xa Cu Ko (A=1,54A°)
v6i hiéu dién thé 40kV va cuong do 40mA, goc quét 4° < 20 < 44°, budc quét 0,05°, toe
d6 quét 1°/min, & 25°C. Xéac dinh d6 két tinh twong dbi (Crl) ctia cac mau trén phd XRD
duoc tinh béng cach chia dién tich cta cac dinh tinh thé tai 20° cho téng dién tich hai
dinh cuy thé tai 260 trong khoang 10° va 20° [23].

- Pho cong huong tir hat nhan (‘H-NMR) cua chitosan, chitosan lactate dugc do
trén thiét bi quang phd AV300 MHz, Bruker, Hoa Ky. C4n khoang 20 mg chitosan duoc
thém vao mot 5ng NMR c6 chira 1 ml dung dich D20 (1ml 99,9% D,0 va 2ul DCI) cho

chitosan va sau d6 dugc dun néng & 35°C trong 45 phut dé ting do hoa tan.
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2.4. Phwong phap tinh toan va xir 1y so liéu

2.4.1. Phwong phdp tinh todn
U'6e tinh san lwong vo 16t xdc ciia tom thé chén tring c6 thé thu nhan tir
qua trinh nuoi tham canh:
San luong vo 10t xac clia tom thé chan tring c6 thé thu hoi tir qua trinh nudi tham
canh dugc udc tinh theo cong thirc sau:

G =M @
o

Trong do:

G (kg/kg) 1a san luong vo 10t xac clia tom thé chan trang c6 thé thu hoi tir qua
trinh nuo6i tham canh.

Ms (kg) 1a luong vo 16t xac cia tom thé chan tring c6 thé thu hoi va M, (kg) 1a
luong tom thuong phém thu hoach dugc tir cing mot vu nu6i tham canh.

Hiéu suét thu hdi ciia sin pham:

Xac dinh hiéu suét thu hdi (twong dbi) (RE) theo cong thirc (1.2). Trong d6, M va
R (g) la khéi luong mau ban dau va mau sau khi xt 1y.

RE (%) = R*100

1.2
v (1.2)

X4c dinh hi¢u suit ling ciia sinh khéi vi to:

Hiéu qua thu hoi cua qua trinh keo tu sinh khdi vi tao duoc xac dinh thong qua
chi tiéu hiéu suat lang cua sinh khdi vi tao. Hiéu suit lang (FE: Flocculation efficiency)
duoc xac dinh béng cach do mat d¢ quang hoc (OD) té bao vi tao trudc va sau khi tién
hanh keo tu dung dich trong méi truong nudi. Mat dg quang hoc (OD) dugc do trén may
quang phd UV-VIS ¢ budc song 490 nm (bude song duoc chon sau khi quét mau trén
thiét bi do quang phd DR 6000 (HACH, DR 6000, LPG441.99.00002, 1850447,
Germany) duoc nhan dién cao nhit). Phuong phap 1dy mau: Dich vi tao duoc cho vao
6ng dong 100 mL dé quan sat hi¢n tugng lrfmg cta vi tdo. Tién hanh lfiy mau do mat do
quang hoc (OD) ctia vi téo tai vi tri c6 khoang cach (2/3)h, h 1a chiéu cao cta dich vi tao
ban dau va he 14 chiéu cao cta phan chit rin ling duoc (Hinh 2.17), OD duoc x4ac dinh

tai budc song 490 nm trén may quang phd DR6000.
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Hinh 2.17. Phwong phap xic dinh chiéu cao cft Ling dé 1iy miu [175]

Cong thire tinh hiéu suit ling (1.3) bang phuong phap do mat dé quang hoc [175]:

ODg - ODg

FE (%) = 2245

x 100 (1.3)

Trong do, ODg4: mat d§ quang hoc ctua dung dich tao trudce khi keo ty, ODs: mat
dd quang hoc cua dung dich sau khi keo tu.

Xac dinh hiéu suat thu hoi ciia cac chit mau:

Xé4c dinh hiéu suét thu hdi ham luong cua cac chit mau (chorophyll-a: REch-a,

carotenoid tong s6: REcarotenoid) theo cong thirc (1.4) va (1.5):

Chg*100

0 _ S

RE Ch—a(/o) - Cht (1.4)
__ Cg*100

RE Carotenoids (%) - Cr (1.5)

Trong d6, Chr, Cr(g) 1a lwong chlorophyll-a, carotenoids trong mau vi tio ban
dau; Chs, Cs 1a lugng chlorophyll-a, carotenoids trong mau sinh khéi vi tao sau khi thu
hoach.

Xac dinh kha nang sinh trudng cia vi tio:

Kha niang sinh truong cua sinh khdi vi tdo duoc xac dinh bang cach cay sinh khéi
vi tao da thu duoc vao moi trudng nudi cdy F/2 (da dugc hap thanh trung) trong diéu kién
nudc man 25 — 35%0. Suc khi lién tuc trong qua trinh nuoi, nhiét do duy tri & 25 + 2°C,
cuong do chiéu sang khoang 1000 - 3000 lux, pH méi truong khéng ché trong khoang 7,5
—8.,5. Mat do té bao duoc xac dinh thong qua viée dém s luong té bao béng buéng dém
hong cau Neubauer improved, China.

2.4.2. Xur Iy 56 liéu

S liéu bao cdo 1a gia tri trung binh cta 3 1an thi nghiém ldp lai v6i 3 1an phan
tich, co ¥ nghia thong ké (p < 0,05). S6 liéu duoc xtr Iy thong ké bang phan mém IBM
SPSS Statistics 20 dé so sanh gia tri trung binh cta cic mau nghién ctru. St dung phan
mém Microsoft Excel, Visio Profesional, Origin dé v& cac so do khoi, dd thi, cac phé)
FTIR, XRD.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Thye trang va tiém ning sir dung vo 16t xac ciia tom thé chan trang lam
nguyén liéu san xuit chitin, chitosan
3.1.1. Thuee trang vé 1ot xdc ciia tom thé chan tring tai co sé nudi tém tham canh

Nghién ctru da tién hanh khao sat thuc té tai co s& nudi tom thim canh tai mién Trung
(trai Thuc nghiém NTTS Chinh M¥ - Ninh Hoa, Khanh Hoa) dé 1am co sé danh gia tiém
nang sir dung vo 16t xac ciia tom thé chan tring 1am nguyén liéu san xudt chitin, chitosan.

Trai nudi tom Thuc nghiém Chinh M¥ ap dung k¥ thuat nuoi tham canh voi 3 giai
doan nuoi [12], cac ao nudi dugc 16t bat chuyén dung c6 6 day 0,3 — 0,5 mm. (1) Ao uong
gibng co dién tich khoang 500 m? theo thiét ké hinh tron, mat do tha gidng 1a 200 con/m?,
tom duoc nudi trong 20 ngay dau; (2) Ao nudi sinh trudng (ao trung gian) c6 dién tich 800
m?, thiét ké hinh vudng duoc bo tron goc, tiép tuc nudi 20 ngay; (3) Ao nudi thwong phdm
(Hinh 3.1) duoc thiét ké hinh vudng dugc bo tron goc, co dién tich 1a 1500 m?2, chidu sau 1a
250 cm voi muc nudc dao dong 1a 140 — 160 cm, hé s6 méi bo 14 1,25 dé dam bao dong
chay tot trong ao. Ao thuong pham dugc trang bi 4 gian quat nudc véi toc do quay 1a 60 —
80 vong/phut va hé thong suc khi day véi 40 voi rai déu quanh bo ao, cong suat may nén
khi 13 3 ma lyc. Tém dugc nudi tir 41 ngay dén khi thu hoach (t6m nudi dat trén 90 ngay).
Thoi diém thu hoach tom tranh chu ky 16t xac (khoang sau 7 ngdy) bang cach quan sat tom
gidm an vao ngay trude va sau khi 10t xac, lugng voé 10t xac thu dugc. San luong tdm thuong
phém 4,5 — 6 tan tdbm/ao/vu/nam. Mdi nam thu hoach khoang 5 — 6 vu/nam tuy thudc vao
thoi tiét thuan loi, tdm c6 do tudi khoang 90 — 95 ngay nudi. Nho trai ap dung cong nghé
nuoi lién hoan cac ao theo 3 giai doan nén s6 vu thu hoach 16n. Sau mdi vu ao nudi duoc
tién hanh vé sinh va bao tri bat 16t khoang 10 ngay.

Luong vo 16t xac ciia tom khoang: 14 — 27 kg/ao/ngay (ham luong 4m khoang
70%), twong duong khoang 4 — 8 kg vo 16t xac kho thu duoc mdi ngay/ao.
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Hinh 3.1. Ao nudi thim canh thudc xi Ninh Hoa, Khanh Hoa: (a) ao tém, (b) hd

lay chit thai, (c) vé tdm 19t xac ciia tom thé chén tring

v,

Tuwr thuc trang khao sat tai co so nuoi tom tham canh trén ddy nhdn thcfy, vo ot
xac cua tom dwoc tao ra lién tuc trong qua trinh nuoi tham canh. Khi dién tich nudi tang
nhanh thi lwong vé 1t xdc cia tém sé tang dang ké cé thé gy 6 nhiém nguon nwde nudi

hodc khu viee ao nudi néu khéng dwoc thu gom va xir Iy diing cach. Trong khi dé, vé 16t
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xdc ciia tom lai chira cdc thanh phan ¢é gid tri nhw chitin, khodng chat. Hon nita, vo 16t
xdc ciia tom cé thé thu gom dé dang bang hé thong xi phéng tai cdc ao nudi tham canh.
Vi vay, nghién citu khdo sdt san lwong vé tém 16t xdc theo chu ky sinh trudng, tie d6 dé
xudt thu gom va sir dung lam nguyén liéu cho san xudt cdc san pham gid tri gia ting la
can thiét. Nghién ciru khéng chi nham cung cdp théng tin dé thu gom va qudn 1y lwong
phé thdi trong qud trinh nudi mét cach hiéu qud, han ché si é nhiém méi truong ma con
dinh hudng phdt trién san xudt san pham gid tri gia ting tir nguon phé liéu ¢ cdc ao
nudi tham canh, gép phdn nang cao hiéu quda kinh té va giam lang phi tai nguyén.

3.1.2. Sdin lwong vé Ipt xdc ciia tom thé chén tring theo dj tuéi cé thé thu hoi trong

qud trinh nuéi thadm canh

Hinh 3.2. Anh chup cic miu vé dau tom 19t xac khd theo dd tudi nudi.
Bang 3.1. Sén lwong va dic diém vé tdom 16t xdc ciia tom thé chén tring theo dd
tudi tom thu tai trai Thue nghiém Chinh My, Ninh Phu, Khanh Hoa

MAu| P tudi | Kich ¢& tom | San lwong vé | Ty 1¢ vé dau/khéi |Chiéu dai vo
(ngay) (con/kg) (kg/ao/ngay)” lwgng vé (%) dau (cm)
M1 | 41-50 387 + 494 1,9 +0,5 97,1 +0,3¢ 2,8 +0,2°
M2 | 51-60 247 £ 37° 3,7+0,6 91,1 +0,3¢ 3,5+0,1°
M3 | 61-70 123 £ 16° 5,2+ 0,3¢ 82,7 +0,8° 4,1 +0,3¢
M4 | 71-80 88 + 112 7,2 + 0,94 77,6 £ 1,2 48+0,19
M5 | 81-90 56 + 32 7,5+ 0,34 76,1+ 0,72 55+0,1¢
M6 | >90 41 + 3° 8,3 + 0,24 75,3 +0,7° 6,1+ 0,1f

* Tinh theo hrong chdt khé tuyét doi. Cac gid tri trong bang (theo cdt) c6 ky tw khdc nhau thé hién su
khdc biét co y nghia thong ké (p < 0,05).

Bang 3.1 trinh bay san luong va dic diém ciia vo tom 16t xac cia tom thé chan trang
theo d6 tudi tom thu & cac ao nudi tai trai Thuc nghiém Chinh My tai Ninh Pht, Ninh Hoa,
Khanh Hoa (Hinh 3.1). Két qua cho thy, san lwong vo 16t xac ctia tom thu duoc va chiéu dai
phan vo dau (Hinh 3.2) ty 16 thudn véi d6 tudi. O do tudi ciia tom nho hon 70 ngy, luong vo
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than thu dugc it, c6 thé do cau triic vo mém nén dé dang bi cat nat qua cac truc quay tao khi
trong ao nudi, nén héau hét vo 16t xac cua tom thu duge 13 vo dau. Cac miu vo 10t xac clia tom
& do tudi 60 ngay trd di bat dau xuat hién vo than va vo dudi nhiéu hon nhung khong dang
ké. P9 tudi tém 16n hon 70 ngay, ty 1& vo than va vo dudi chiém khong qua 25% luong vo 16t
xac cua tom thu duoc.

Ngoai ra, két qua trén Bang 3.1 ciing cho thdy trong giai doan tir 41 — 90 ngay
tudi, kich ¢& tom ting dang ké (p < 0,05) sau mdi giai doan 10 ngay tudi, kich c& tom
ting tir 387 + 49 con/kg (M1) dén 56 + 3 con/kg (M5) va san lugng vo 16t xac cta tdm
cling ting twong Gmg tir 1,9 + 0,5 kg/ao/ngay (M1) dén 7.5 + 0,3 kg/ao/ngay (M5). O
giai doan sau 70 ngay tudi, kich ¢& tom va san luong vo 16t xac cua tom khong khac biét
thong ké (p > 0,05). Piéu nay pht hop véi su phat trién ciia tom nhanh & cac giai doan
dau (2 — 9 g/con) voi tan suat 10t vo cua tom cao (7 — 9 ngay/giita 2 1an 16t vo), va tom
s& phat trién cham hon & giai doan trudng thanh (16 — 40 g/con) véi tan suat 16t vo cla
tom cham (12 — 16 ngay/giita 2 1an 16t vo) [12].

Bang 3.2. Tiém ning thu hdi vo 16t xic ciia tom thé chan tring trén dia ban tinh
Khanh Hoa trong giai doan 2021 - 2025

Nhom S6 ngay | San luong San lugng Kha nang Tiém ning
tuoi tom | lay vé/vu | vé 10t xac v6 thu hoi | thu hoi vé 10t | thu san lwgng
nuoi nuoi (kg/ao/ngay) | twong doi xac twong vo 10t xac

(kg/ao/vu) | ddi(kg/kg) | (tan/5 nim)
M1-M6 50 5,6 280,0 0,056 318,08
M2-M6 40 6,38 255,2 0,051 289,68
M3-M6 30 7,07 211,5 0,042 238,56

Két qua (Bang 3.2) vé san luong vo 16t xac ciia tom thé chan trang c6 thé thu hoi
tir qua trinh nudi thim canh & d6 tudi nudi thwong pham (40 ngay tudi tré 1én) dat trung
binh (Ms) 1a khoang 280 (kg/ao/vu). Trong khi san luong tdm thuong pham tai ao khao
sat dat khoang 4.500 — 6.000 kg/ao/vu (trung binh khoang 5.000 kg/ao/vu = Mo) nén
kha ning thu hdi vo 16t xac cua tom 13 0,056. Didu d6 c6 nghia 14 ¢t ¢6 1 tin san luong
tom thuong pham thu hoach thi c6 khoang 56 kg san lugng vo 16t xac kho thu duoc tir
1 vu nudi tdm thé chan tring tham canh d6i véi ao 1a 1500 m? va mat do tha giong 1a
200 con/m2. Nhu vy, san luong vo 16t xac c6 thé thu dugc twong dwong khoang 5% so
véi san lugng tom thuong phém. Tai trai Thyc nghiém Chinh My & Ninh Phii, méi nim
c6 thé thu hoach khoang 5 - 6 vu/nim tiy thudc vao thoi tiét thuan loi trong nam khi ap

dung mo6 hinh nudi tham canh véi 3 giai doan va céc ao nudi lién hoan; trung binh 5 tan
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tom thuong phadm/ao/vuy thi ¢6 thé thu duoc khoang 1,40 — 1,68 tin vo 10t xac kho tuyét
dbi/ao/nam.

Theo ké hoach hanh dong phat trién nganh tom tinh Khanh Hoa giai doan 2021
— 2025, hé théng co so ha tﬁng va cac dich vu k¥ thuat dugc dau tu dé)ng bo theo cong
nghé cao. Muc tiéu dién tich nu6i tom thé chan tra"mg dat 1.365 ha (Cam Ranh 65 ha,
Ninh Hoa 1.000 ha, Cam Lam 50 ha, Van Ninh 250 ha), twong tng san luong tom thu
hoach 1a 5.680 tan (Cam Ranh 300 tAn, Ninh Hoa 3.130 tAn, Cam Lam 250 tan, Van
Ninh 2.000 tén) [22]. Theo do6, véi san lugng tdm thu hoach udc dat 5.680 tdn/5 nam thi
c6 thé thu héi duoc khoang 238 — 318 tan v 16t xac/5 nam (Bang 3.2), chi tinh trén dia
ban tinh Khanh (2021 — 2025).

Két qua thu hdi vo tdm 16t xac ¢ ao nudi thAm canh tai Trai thuc nghiém Chinh
M¥ cho théy tiém nang thu nhan vé 10t xac cua tom la rat 1ém. Vo 16t xac duoc thu mdi
ngay va tang ty 1€ thuan véi san luong tom nuodi thu hoach dugce. Tuy nhién, san lugng vé
160t xac cua tom thu dugc con tuy thude vao ki thuat nuoi, dién tich nuoi, mat do tha giéng
va nang suat nudi. Udc tinh san lugng vo 16t xac cta tom thé chan tring co thé thu hoi tir
qué trinh nudi tham canh & khu vuc Pong bang song Ciru Long dugc trinh bay ¢ Bang
3.3.
Bang 3.3. U'éc tinh san hrong vé 16t xic tom thé chan tring thudc Pong bang song

Ciru Long trong giai doan 2020 - 2022

Nam San lwgng thu Tiém ning thu Tham khao
hoach (tAn/niim) san lwgng vo 16t

xac (tan/nim)

2020 632.300 31.615 Hoi nghé ¢4 Viét Nam (2021)
[6]
2021 666.000 33.300 Téng cuc thiy san (2021) [15]
2022 675.000 33.750 Téng cuc thity san (2022) [16]
Giai doan 2020 - 2022 98.665 tAn/3 nim

Niam 2018, Chinh phi1 Viét Nam da ban hanh ké hoach hanh dong quéc gia phat
trién nganh tom dén nam 2025 va phé duyét Bé an tong thé phat trién nganh cong nghiép
tom nudc lg Viét Nam dén nam 2030, nham mg dung mo hinh nuéi thim canh cong
nghé cao va giai quyét 6 nhiém moi trudng nudi trong thiy san [2, 11, 14]. Pén nay, da
c6 nhiéu cong ty nudi trong thiry san 16n & cac tinh khu vuc DPBSCL di tmg dung thanh
cong mo hinh nay. Pay 1a m6 hinh st dung ludi che, bat trai day, co hé théng suc khi
1am sach ao, co6 thé ap dung k¥ thuat xir Iy chit thai thong qua ao ling va tach loc [16,

17]. Vay nén thu hoi v6 16t xac qua viée xi phong nudc thai, rac thai hang ngdy giup cac
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co sO nudi dé dang tach loai rac thai ran va xu Iy sach dé c6 thé tan thu mot luong 16n
vo 10t xac cua tom.

Tinh dén nam 2020, tong dién tich nudi trong thuy san gan nhu khong thay doi so
v6i ndm 2019, tuy nhién, san lugng tom thé chan tréng dat 632.300 tan, tang 8,5% so voi
cung ky [6]. San luong vo tom 16t xac tuong tmg c6 thé thu hdi ndm 2020 1a 31.615 tan.
San lugng tom thé chan tring tiép tuc ting dén 666.000 tan (ndm 2021) [15] va duoc dit
muc tiéu uwéc dat 675.000 tin (ndm 2022) [16], twong tmg dat san luong vo 16t xac clia tom
thé chan trang thu ty 1a 33.300 tin va 33.750 tan. Theo d6, san luong vo 16t xac cua tom the
chan trang c6 thé thu hdi tir qua trinh nudi tham canh trong giai doan 2020 — 2022 wdc dat
khoang 98.665 tan/3 nam (Bang 3.3). Pay 1a mot luong vo 16t xac rat 16n co thé st dung
1am nguyén liéu dé san xuét chitin, nang cao gia tri cho tdm thé chan tring nudi thay vi chi
str dung 1am phan bén hay chon l4p gy 6 nhiém moi truong [4].

3.1.3. Thanh phin héa hoc ciia v6 10t xac va thir nghiém san xuét chitin
3.1.3.1. Thanh phcin héa hoc co ban cia vé 16t xdc theo do tudi tém

Qua cac két qua trinh bay & Bang 3.1 va 3.2 cho thdy, vo 16t x4c cua tom can
duoc thu hoi va cé thé tan dung dé 1am nguyén liéu san xuat chitin sau khi xi phong
va xtr 1y sach. Tuy nhién, két qua vé thanh phan hoa hoc chinh géom khoang, protein
va chitin ¢ trong vo 16t x4c cila tom co6 su thay doi theo do tudi (Bang 3.4). Ham
luong khoang ctia vo 10t xac ¢6 xu hudng ting dan trong khi ham lugng protein giam
dan tir 46 tudi 16n hon 40 ngay dén dudi 70 ngay. O d6 tudi M1, ké can véi giai doan
tudi ctia tom Post, 16p vo duge tap trung 1am giau protein tao nén céc loai gen ¢ lién
quan dén 16p v6 ngoai, dap Gmg su sinh truéng nhanh chéng va su 16t xac thuong
xuyén cta tom [88]. Piéu nay phu hop véi két qua phan tich cho thay tai d6 tudi M1,
ham lugng protein c6 trong vo 16t xac chiém ty 18 cao (13,1 + 1,4%) so véi cac giai
doan tudi 16n hon. Giai doan M2, ¢6 su khoang hoa & 1op vo bén ngoai cia tom (chu
yéu 14 calci cacbonat) gitip cho bo khung (16p vé bén ngoai) trd nén cing hon, tao
diéu kién cho tom 16t xac dé dang. Tuy nhién, sy hap thu ham luong 16n calci can
thiét dé hinh thanh 16p vo cing 16t xac phan 16n 1a tir méi trudng nudc (95%) hon 1a
luong tich trir trong co thé [88, 94]. Tir do tudi 1on hon 70 ngay trd di (M3 — M6),
ham lugng khoang va protein on dinh va khong co sy khac biét dang ké (p > 0,05)
giita cac giai doan tudi. Trong khi d6, ham lugng chitin tang dang ké (p < 0,05) trong
giai doan tom c6 do tudi tir 41 — 70 ngay va 6n dinh ¢ do tudi tir 60 ngay nudi tré di.
T6ng ham lugng ba thanh phan chinh (khoang, protein, chitin) ctia vo 16t xac tom tir
60 ngay tudi tré 1én dat trén 90%, tuy nhién cia vo 16t xac tom dudi 60 ngay tudi
thap hon 90%. Do d6, can nghién ctru quy trinh san xuat chitin phu hop véi loai

nguyén liéu vo tom nay nham thu hoi chitin dat hiéu qua cao nht.
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Quan sat thdy vo 10t xac cta tom c6 trang thai don va dé v& tang dan theo do
tudi, diéu nay cho thdy lugng khoang c6 anh hudng 16n dén cau triic cia vo tom.
Ham luong khoang thap nhat xac dinh dugc khoang 52,8 = 2,6% (M1) va cao nhat 1a
khoang 60,8 + 1,9% (M3), ham lugng protein thdp hon 14% ddi véi tat ca cac do
tu6i. Thanh phan cta vo 16t xdc chira ham luong khoang va protein trai ngugc voi
loai dau vo tom thai ra tir qué trinh ché bién (ham lugng khoang 1a 21,2 + 1,6% va
ham lugng protein 13 54,4 = 1,8%) [184]. Piéu nay do qué trinh tich khoang trong v
tom nham lam ctng 16p vo, tao diéu kién thuan loi cho qua trinh 16t v6 ciia tom [128,
162]. Tuwong tng hién tugng nay thi ham lugng protein dugce hinh thanh trong 16p vo
16t xac thap va tap trung tich khoang dat dén giai doan voi héa cao, cho phép con
tom lién tuc hap thu calci tir thirc dn va tir ngudn nude. Protein duoc lién két véi
chitin, tich lily chil yéu & 16p biéu bi di bi voi hoa hd tro d6 cing ciia bo xwong ngoai
[73, 88, 120]. Ngoai ra, thanh phan dau tém tir qua trinh ché bién chira mot luong
thit 16n va bao gém ca phan noi tang nén ham luong lipid khéa cao (khoang 11,9%)
va ham luong chitin thap (khoang 9,3%) [184].

Bang 3.4. Thanh phén héa hoc ciia vé tom 16t xac tdm thé chin tring theo dd tudi

¢ ao nuoi tham canh tai Ninh Phu

Méu Do tudi (ngay) Khoang (%)" | Protein (%)° | Chitin (%)
M1 41-50 52,8+ 2,6% 13,1 +1,4° 20,6 £ 0,6°
M2 51-60 57,1 £ 1,6 11,8 +0,5% 21,8+ 1,12
M3 61 -70 60,8 + 1,9¢ 10,4 £ 0,72 23,4 +0,5°
M4 71 - 80 53,4 +0,5% 12,9 +0,6° 23,7+0,2°
M5 81-90 55,1 +£0,8% 12,4 +0,9° 23,5+ 0,6°
M6 > 90 55,9 +2,1® 12,7 +0,6° 23,6 +0,5°

* Tinh theo luong chat kho tuyét doi. Céc gia tri trong bang (theo cot) co ky tu khdc nhau thé hién su
khac biét co y nghia thong ké (p < 0,05).

Tir d6 tudi > 60 ngay trd di, co sy xuat hién vo than 16t xac ciia tom (> 10%) lam
cho ham lugng khoang ctia hdn hop v 16t xac (g0m ca phan dau va than dudi tém) giam
xubng dudi 56%. Két qua phén tich cho thiy, ham luong khoang cua than dudi (42,4 +
2,6%) thip hon ham luong khoang ctia phan dau (58,1 + 1,1%). Tuy nhién, phan vo than
duodi 16t xac cta tom thé chan trang van c¢6 ham luong khoang tich tu cao gap 1,6 lan so
v6i vo than dudi tdm thu hdi tir qua trinh ché bién (26,5 £1,9%) [9]. Nguoc lai, két qua
nghién ctru cia Pham Thi Pan Phuong va Trang SiTrung (2012) [9] phéan tich cac thanh
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phan chinh khac trong vo 16t tir qua trinh ché bién cao hon khi so trong v6 16t xac & ao
nudi. Trong d6, ham lugng protein cao hon khoang 1,9 lan (24,3%), ham lugng lipid
cao hon khoang 4,4 1an (2,2%) [9]. Chi riéng ham luong chitin thu dugc dat khoang
29,4% [9] cao hon so v&1 ham lugng chitin phan tich tur vo 10t xac (Bang 3.4) tuy theo
d6 tudi ciia tom khac nhau. Su khéc biét ¢6 thé do anh hudng boi didu kién xir Iy dé loai
b6 khoang va protein trong nguyén liéu ban dau [21].
3.1.3.2. Thir nghiém san xudt chitin

Tién hanh thtr nghiém san xudt chitin theo phuong phap cua Toan va cong su
(2006) [182]: khir khoang bang HCI 4% (1:5, w/v) ¢ 30°C trong 12 gio va khir protein
bang NaOH 4% (1:5, w/v) & 30°C trong 24 gio & xem xét kha nang thu hoi chitin va
chét luong chitin thu duoc ¢ cac giai doan tudi ctia tdbm nudi.

Bang 3.5. P§ tinh sach ciia chitin thu hdi tir vé 16t xac tom thé chan tring theo dd

tudi
Chitin | P9 tudi (ngay) | Khoing (%)" | Protein (%)° |HSTH chitin (%)’
CT1 41 -50 1,6+ 0,2¢ 1,10 + 0,059 19,5+ 1,32
CT2 51-60 0,8+0,1° 1,66 £0,12° 20,6 +£0,7°
CT3 61 -70 03+0,1° 0,72 = 0,06 23,7+ 1,2
CT4 71 - 80 0,4 +0,2% 0,89+ 0,03°¢ 23,1 +0,9°
CT5 81 - 90 0.4 + 0,20 0,54 +0,10b 2354120
CToeo >90 0,5+0,3% 0,31 £0,10% 23,4 +0,8°

*Tinh theo luvong chat khé tuyét doi. Cac gia tri trong bang (theo cot) co ky tw khdac nhau thé hién su
khdc biét c6 Y nghia thong ké (p < 0,05).

Két qua trinh bay ¢ Bang 3.5 va Hinh 3.3 cho thay, d6 tinh sach chitin (CT) thu duoc
tir vo 16t xac & cac giai doan tudi khac nhau (M1-M6) c6 ham lugng khoang va protein con
lai khac nhau. Ham lugng khoang va protein ciia chitin san xuét tir vo 16t xac cua tom & do
tudi tir 40 ngay dén 60 ngay khong dat yéu cau tinh sach mong mudn (ham lugng khoang va
protein dudi 1%). Pong thoi, hidu suét thu hoi chitin tir cic mau vo 16t xac cua tom & do tudi
tir 40 - 60 ngay thap hon déng ké (p < 0,05) so v6i cac mau vo 16t xac ctia tom tir do tudi 16n
hon 60 ngay. Trong khi d6, & d6 tudi trén 60 ngay nudi, vo tom 19t xac c6 kha nang thu hdi
chitin cao (khoang 23%) va ¢ chét lwong tinh sach cao (ham lwong khoang va protein dudi
1%). So v&i két qua phan tich thanh phan ciia vé 16t xac ban dau trinh bay Bang 3.4, ham
luong khoang va protein ¢ cac giai doan tudi khong c6 su khac biét (p > 0,05) dang ké nhung



77

kha nang thu hdi chitin & d6 tudi M1, M2 thap hon va ham luong khoéng, protein con lai cao
hon. Két qua nay ¢ thé do cau tric vo 16t xac xdp va mém (16p vo bi thoai hoa) nén dé bj tac
dong trong qua trinh xtr 1y (ndng do hoa chat, nhiét do va thoi gian) nén chitin bi cit mach va
nhiéu nghién ctru ciing chi ra rang dau tom (Bang 3.1: M1-M2 chiém 90 — 100% vo dau)
chira miii chuy cing chéc nén kho khir tap chét thu san ph'fim chitin tinh sach [21]. Vay, do
tudi vo 16t xac cta tom phit hop dé chon 1am nguyén liéu san xudt chitin, chitosan 13 60 ngay

nuoi trd 1€n, vai do tudi dudi 60 ngay nudi can duge nghién ctru riéng nham tan dung hi¢u

qua nguon loi vo 16t xac.

Hinh 3.3. Miu nguyén liéu vé tom 16t xac (M1-M6) va san pham chitin (CT1-
CT6) theo dd tudi nudi.

Hinh 3.4. MAu nguyén liéu vé tém 16t x4c (a,b) va san pham chitin (c,d) thu dwoc khi

thu miu vio budi sang (a,c) c6 phoi ning va budi chiéu (b,d) khong phoi ning.

Hinh 3.3 cho thdy mau sic cua chitin phu thudc vao mau sic ciia nguyén liéu
ban diu, mic du khong anh huong dén chét lugng chitin yéu ciu nhung ciing ¢6
anh huong dén cam quan san pham. Do vdy, nghién ctru so sanh giita cdc miu
nguyén liéu thu vao budi sang (a) va budi chiéu (b) di duoc thuc hién va két qua
duoc trinh bay ¢ Hinh 3.4. Két qua cho thdy mau sic cia mau nguyén liéu duge xi

phong vao budi sang, xir 1y rira sach kip phoi nang budi trua va mau chitin (b) c6
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mau sang hon so véi miu nguyén liéu thu vao budi chiéu (b) va chitin (d). Piéu nay
¢ thé do dudi tac dong cua anh ning mit troi lam phan hay astaxanthin (mau sic
cam) trén bé mit cta vo [102]. Tac dong nay duge tng dung vio tdy mau trong qua
trinh san xut chitin dé c¢6 mau sic tring dep [21]. Pbi véi miu nguyén liéu san
xuét chitin tir ngudn vo tom thai ra trong qua trinh ché bién can phai qua céng doan
khtr mau do ham luong protein 16n va co lién két chat ché trong phirc protein-
astaxanthin va chitin. Dé khtr mau tét, ngoai phuong phap phoi ning c6 thé sir dung
mot s6 hoa chét tdy mau thong dung nhu H202, NaOCI...; qua trinh tiy mau duoc
tién hanh trong thoi gian dai (trén 15 gid). Tuy nhién, qua trinh tdy mau dé gay ra
hién twgng cat mach chitin din dén chitosan c6 phan tir lugng thap va d6 nhét thap
[21]. Do vay, nguyén liéu v6 16t xac cua tom thé chan tring & d6 tudi 60 ngay tro
1én thu tir qua trinh nudi tham canh c¢6 ham lugng protein thap (Bang 3.4) hoan toan
phu hop dé san xuét chitin dat chat luong thuong mai (ham lwong khoang va protein
dudi 1%). Vo 16t xac tom can duoc thu gom vao budi sang dé cai thién mau cua
nguyén liéu va mau ciia san pham chitin.
3.2. Nghién ctru diéu Kkién sin xuat chitin tir vé 19t xac tom thé chan tring
3.2.1. Thanh phan héa hoc co ban ciia vé 16t xdc tém thé chdn trang

Pé dam bao d6 dong nhat cua nguyén liéu trong nghién ctru quy trinh san xuét
chitin, chitosan tir v6 16t x4c va ing dung quy trinh san xuat & quy mo cong nghiép hiéu
qua, mau nguyén liéu duoc tién hanh thu nhan véi trit lugng 16n tai cac ao nudi tham
canh ¢ tinh Ca Mau. Mau vo 10t x4c ctia tdm thé chan trang & do tudi tir 60 ngay trd 1én
dugc danh gia thanh phan héa hoa hoc co ban trinh bay ¢ Bang 3.6. Két qua cho thay
cac thanh phén chinh trong vo 16t xac dugc thu nhan tai Ca Mau khong c6 su khac biét
dang ké (p < 0,05) so v6i mau thu nhan tai Khanh Hoa (Bang 3.4) & d6 tudi > 60 ngay
nuoi: khoang (53-61%), protein (10-13%) va chitin (23-24%).

Thanh phan hoa hoc ctia vo tom 16t xac chira ham luong khoang kha cao (khoang
57%) cao hon 1,5 1an (khoang 36%) so véi luong khoang c6 trong vo tom thu tir qua
trinh ché bién thuy san (Bang 3.6). Nguoc lai, ham luong protein c¢é trong vo tom 16t
xac chi xap xi 13%, thap hon khoang 2 1an (khoang 29%) so v&i vo tom thu tir nha may
ché bién. Su khac biét 16n gitta ham lwong khoang va protein ctia vo 16t xac tom thu tir
a0 nudi va vo tom thai ra tir qué trinh ché bién thily san 14 do tinh chat tich khoang & 16p
vO ngoai & cac giai doan phat trién va thoi diém thay vo (Hinh 1.3, 1.4). O giai doan tién
16t xac (pre-molt), su khoang hoa di dién ra (hién twong hap thu/tai hap thu khoang chét)
1am ctng 16p vo gitip cho tom c6 thé d& dang tu 16t 16p vo cii ra ngoai (vo 16t xac) [72,
73, 88, 120, 128, 162]. Pay 1a hién tuong hip thu khoang chét (chu yéu 1a calci cacbonat)

tir nu6e bién hodc tai hap thu tir tom va phan 16n 13 tir méi trudng [88, 94]. Chinh vi
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vay, ham luong khodng chiém ty 18 rat cao (> 50%) so véi tong cac thanh phan cta vo
16t xac. Do vay, viéc khir khoang dé thu hoi chitin tho trude khi khir protein 13 can thiét,
nham tranh sy gdy vun trong qué trinh khudy dao dé khir loai céc tap chét va ting hiéu
qua thu hdi chitin. Ngoai ra, ham luong lipids va carotenoids cé trong vo 16t x4c rat thip
va khong dang ké so voi trong vo tom thai ra tir qua trinh ché bién. Két qua nay phu hop
v6i sy chuyén doi sinh 1y clia tdm qua cac chirc ning trao d6i chat va ndi tiét td xoay
quanh déu cac chu ky ctia qua trinh 16t xac [57, 69]. Giai doan tién 16t xac va 10t xac,
hién twong hap thu/tai hap thu khoang chat dién ra la chil yéu, dong thoi protein lién két
v6i chitin ciing bi voi hoa dé hd tro do cimg ciia bd xuong ngoai (16p vo 16t xac cla
tom) [72, 73, 88, 120, 128, 162]. Hon nita, lipids va carotenoids c6 thé bj phan huy trong
thoi gian ton tai ¢ ao nudi tir khi 16t vo dén khi xi phong.
Bang 3.6. Thanh phan co ban ciia vé 16t xac tom thé chan tring va ciia vé tdm

thai ra tir qua trinh ché bién thiy sin

Thanh phan’ V6 19t xac tir a0 nudi tom | Vo tém thai ra tir qua
trinh ché bién thiy san

Khoang (%) 56,8 +£2,7 35,5+0,5

Protein (%) 12,7+ 1,9 28,8+ 0,8

Chitin (%) 23,5+0,8 18,8+ 0,9

Lipid (%) 0,5+0,2 42+0,4

Carotenoid (mg/kg) - 137 +10,9

*Tinh trén ham heong chat khé tuyét doi; (-) Khong phat hién.

Mic du ham lugng khoang chat ciia vo 16t x4c rat cao nhung chung ¢ dang tinh
thé calci va calci cacbonat vo dinh hinh nam xem k& va bao quanh béi cac soi chitin-
protein [88, 162], nén cau trac xdp. Diéu nay s& gitip cho qua trinh tiép xuc hoa chat
nhanh va qua trinh khir s& dién ra dé dang hon. Nguoc lai, ham lugng protein dugc tich
lity trong 16p vo 10t xac thap nhung c6 sy lién két chit giita protein véi chitin va chil yéu
& 16p biéu bi ctia vo (Hinh 1.4) da bi voi hoa nham hd tro d ctng trude khi qua trinh
16t xac xay ra [73, 88, 120]. Ham luong chitin trong v6 16t xac tdm 23,5% cao hon nhiéu
s0 v6i ham lugng chitin trong vo tom thai ra tir qua trinh ché bién thily san (khoang
19%). Nguoc lai, ham lugng lipid trong vé 19t xac tom rat thép (khoang 0,5%) nén dé
dang dugc loai bo trong cong doan khur protein [21].

3.2.2. Anh hwong ciia diéu kién khir khodng dén hig¢u sudt khir khodng va hiéu sudt
thu hoi chitin

Anh huéng ctia nhiét dd va nong d6 HCI dén hiéu suat thu hoi va ham lugng
khoang con lai trong chitin thd tir vo 19t xac ctia tom thé chan tring & trang thai kho va
udt duoc trinh bay ¢ Hinh 3.5.
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Hinh 3.5. Anh huéng cia nhiét d6 va ndng do HC1 dén hiéu suit thu hdi va ham
lwong khoang con lai trong chitin thd; (a) ddi voi vo 16t xac wét, (b) doi véi vé 19t
xac kho.

Cac ky tw khac nhau trén do thi (mau sdc theo cét néng do (do: HCI 2%, xanh luc: HCI 3%, xanh: HCI

4%), riéng mau den theo nhiét do) thé hién sy khac biét co y nghia thong ké (p < 0,05).

Két qua cho thiy ¢ ciing mot nhiét do, khi ting nong d6 HCI thi ham lwong khoang
con lai va hiéu sut thu hdi chitin tho c6 xu hudng giam dan trén ca hai d6i twong vo 10t x4c
tom w6t (Hinh 3.5a) va vo 16t xac tom kho (Hinh 3.5b). Khi xtt Iy & ndng do HC1 2% & cac
nhiét do (30, 50, 70°C) trong 12 gid, ham lugng khoang con lai trong chitin thé dao dong
tir 8,4% dén 15,3%, qué cao so v6i yéu cau (xap xi 1%). Tuy nhién, khi ting nong do HCI
1&€n 3% va 4% thi ham luong khodng con lai trong chitin thé gidm ro rét (dao dong tir 0,6%
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dén 1,6%), ngay cé khi xir ly & diéu kién nhiét 6 30°C. Tir két qua c6 thé khang dinh, nong
d6 HCl 13 yéu t6 quan trong, quyét dinh dén hiéu qua khir khoang dbi voi vo 16t xac cua
tom thé chan trang.Méu xir Iy & nong do acid HCI thap cho hiéu suét thu hi chitin thd cao
hon so véi mau xir Iy & ndng d6 HCI cao. Két qua mot phan do ham lugng khoang con lai
trong mau chitin tho xir Iy & ndng d6 acid HCI thap cao hon so véi mau chitin tho xtr 1y &
ndng do6 acid HCI cao, diéu nay thé hién do tinh khiét cia chitin rat thap, khoang con lai
trong chitin rat cao. Két qua ciing cho thy, & ciing mot ché do xtr 1y, hiéu suat thu hdi chitin
tho trén mau udt cao hon so véi mau khd, ham lwong khoang con lai thap hon. Piéu nay c6
thé duoc giai thich do mau vo 16t xac kho dé bi v& vun mot phan trong qua trinh khudy dao
dan dén thét thoat trong qua trinh loc thu héi va rira mau. Hiéu qua khir khoang ctia mau
wét cao hon so véi mau kho 13 do qua trinh 1am kho vo 10t xac di 1am thay doi cu tric cta
v0, anh huong dén hiéu qua khuéch tan caa HCI vao bén trong va kha ning tiép xtc voi
calci carbonat dé phan tmg loai bo khoang.

Ham lugng HCI trong dung dich c¢6 anh huéng quyét dinh dén hiéu qua khir
khoang c6 thé giai thich rang thanh phin khodng chil yéu trong vo tom 10t 1a mudi
CaCOs khong tan trong nudc, do do phan ing chinh xay ra trong qua trinh khir khoang
st dung dung dich acid manh HCI 1a:

2HCI + CaCO3 = CaCl> + HO + CO»

Day 1a mot phan tng xdy ra nhanh, hoan toan va dé dang & nhiét d6 phong do
san pham giai phong ra 1a mudi CaCly tan trong nude, chat kém dién ly HoO va chét dé
bay hoi CO,. Theo phan tmg trén, khi st dung s6 mol HCI trong dung dich < 2 1an s6
mol CaCOs thi lugng CaCO; s& khong thé phan tng hoan toan du c6 ting nhiét d6 phan
mg. Nguoc lai, khi sé mol HC1> 2 1an s6 mol CaCOs thi du & nhiét do phong, phan tmg
van xay ra hoan toan. Ngoai ra, khodng trong vo 16t x4c ton tai dudi dang tinh thé calci
va calci carbonat vo dinh hinh nim xen k& véi céc soi chitin-protein [88, 162] nén tao
diéu kién dé dang cho qué trinh khtr khoang. Pong luc cia qua trinh khuéch tan HCI
vao bén trong ciu trac cua vo 16t xac 1a do chénh 1éch ndng do HCI (gradient nong do)
va nhiét do (gradient nhiét dg), tuy nhién do cAu trac cua vo 10t xac xép nén dong luc
chinh 14 do gradient ndng d¢ (nhiét ¢ anh hudng khong dang ké). Tuy nhién, mot lugng
nho khoang (khoang 1%) van con lai trong san phdm du sir dung lwong HCI da dé phan
mg voi CaCO;s c6 thé do phan khoang nay nam sau bén trong thé tich miu ran va lién
két chit ch& véi chitin va protein.

Vi véy, dé dam bao cho ham luwong khoang trong miu chitin thé con lai khoang
1% nham thu duge san phérn chitin tinh sach c6 ham luong khoang dat dudi 1% sau khi
thuc hién cong doan khur protein, déng thoi 6 thé tiét kiém duoc nhiét nang, dau tu thiét
bi nén d chon ché do6 xir Iy bang HCI 4% & 30°C (trong 12 gio) dé thuc hién cac nghién
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ctru tiép theo. Pay ciing 14 xu hudng duoc lira chon khi dua vao quy mé san xuét cong
nghiép (dung HCI lodng ¢ nhiét 6 thudng dé tranh hién twong cit mach polymer cia
chitin, giam thiéu anh huong dén moi truong) [21].
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Hinh 3.6. Anh huéng ciia ndng dé HCI va thoi gian dén hiéu suét thu hdi va ham
lwong khoang con lai trong chitin thd; (a) doi véi vo 16t xac wat, (b) doi véi vo 16t
xac kho.

Cdc ky tw khdc nhau trén do thi (mdu sdc theo cét nong do (d6: HCI 2%, xanh luc: HCI 3%, xanh: HCI

4%), riéng mau den theo nhiét do) thé hién sw khdc biét co y nghia thong ké (p < 0,05).
Hinh 3.6 biéu dién két qua anh huong ctia nong d6 HCI va thoi gian xir ly dén
hiéu suét thu hdi va ham lugng khodng con lai trong chitin th6. Nhin chung, hi¢u suét

thu hdi va ham lugng khoang con lai trong chitin tho thu tir mau vo 16t xac wdt (Hinh
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3.6a) va vo 16t xac kho (Hinh 3.6b) giam dan khi ting ndng do acid HCI va tang thoi
gian xr Iy. Hiéu suat thu hdi va ham lugng khoang con lai trong mau chitin tho xir 1y &
ndéng d6 HC1 2% cao hon so véi mau xir 1y ¢ nong dd HCI 3% va HC1 4% trén ca miu
vo 16t x4c tuoi va kho. Két qua do ham lugng khoang trong vo 16t xac cao (56,8%) nén
& ndong 46 HCI 2% thi khong di lwong HC1 dé phan tmg hét véi calci carbonat (dé khur
1 phan tir CaCO; thi can 2 phan tir HCI). Ham luong khoang con lai trong san pham
chitin tho thu tir mau vo 16t xac & trang thai wot (Hinh 3.6a) thip hon so véi mau tir vo
16t xac khé (Hinh 3.6b) ¢ cing mot diéu kién xt 1y. Diéu nay c6 thé do céu trac ciia mau
v6 16t xac kho d3 bi thay d6i trong qua trinh 1am kho, din dén 1am giam kha ning khuéch
tan ctia HCI vao bén trong, giam kha ning tiép xtc gitta HC1 va calci carbonat nén hiéu
qua khir khoang kém hon.

Pbi vi mau vo 16t xac udt (Hinh 3.6a), ham luong khoang con lai trong chitin thd
khong ¢ su khéac biét ¥ nghia khi tang thoi gian xur Iy tir 1 1én 12 gio & ca ba nong do
HCI. Tuy nhién, ham luong khoang con lai trong mau chitin th thu nhan tir vo 16t xac
kho giam y nghia sau 3 gid xir Iy, sau d6 giam khong dang ké khi ting thoi gian xr Iy 1én
12 gio (Hinh 3.6b). Két qua nay cho thdy, thoi gian xir Iy anh hudng khong dang ké dén
hiéu qua khtr khoang. Nguyén nhan do vo 16t x4c cta tom thé chan trang c6 ciu tric xop
va mong nén HCI1 dé dang khuéch tan vao bén trong dé phan Gng khir calci carbonat.
Twong ty, nghién ctru cta [21] cho thdy, qua trinh khir khoang dién ra nhanh & thoi gian
dau, sau d6 dién ra cham hon. Pé dam bao ham luong khoang con lai trong mau chitin
tinh sach thip hon 1% thi yéu cdu ham luong khoang cua chitin thd (vo tom sau khi khir
khoang) phai xap xi 1%. Nguyén nhan do 16p v6 ctia tom sau khi 16t xac da bi voi hoa &
3 16p bén ngoai, khoang chét ton tai dudi dang tinh thé calci va calci carbonat v6 dinh
hinh va dugc bao quanh béi chét nén lipid-protein [88, 162]. Do vay, khi chitin thd dugc
dua vao khir protein & cong doan tiép theo, su lién két chit ché giira phan tir protein va
chitin dugc phan tach, mo rong cAu tric tao diéu kién cho calci carbonat duoc tach ra lam
cho ham luong khoang con lai trong mau chitin tinh sach s& thap hon 1%.

Tvr két qua danh gia dnh hwéng ciia cdp yéu té (nong dé HCI va nhiét dg, nong do
HCI va thoi gian) dén hiéu sudt thu héi va ham lwong khodng con lai trong chitin thé thu
nhdn tir mau vo 16t xac wot va mau vo 16t xac khé cho thay, nong dé HCI la yéu t6 quan
trong quyét dinh dén hiéu qua khir khodng, nhiét g va thoi gian 1a hai yéu té c¢é anh hudng
khéng ding ké. Pé lam giam chi phi san xudt & quy mé cong nghiép, han ché anh hwong
khéng c6 loi dén chat lwong ciia chitin, dong thoi théa mén diéu kién ham leong khodng
con lai trong chitin thé xdp xi 1% cho phép lwa chon ché dg khir khodng phit hop cho ca
mau vo 1t xdc wdt va khé la: néng do HCI 4%, nhiét do 30°C va thoi gian 3 gio. Khi do

ham luong khodang con lai trong mau chitin thé thu nhdn tir mau vé 16t xdc wét la 1,3 +
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0,2% va khé la 1,3 + 0,1%, hiéu sudt thu hoi chitin thé dat lan heot la 41,6 + 1,5% (1e6t) va
36,3 +2,1% (kho).

3.2.3. Anh hwéng ciia diéu ki¢én khir protein dén hig¢u sudt khir va hi¢u sudt thu hoi

cua chitin
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Hinh 3.7. Anh huéng ciia nong do NaOH va nhiét d9 dén hiéu suit thu hdi va
ham hrong protein con lai trong chitin tinh sach; (a) doi véi vé 19t xac wét, (b) ddi
v6i vo 16t xac kho.

Cac ky tw khac nhau trén do thi (mau sdc theo cot néng do (do: NaOH 2%, xanh luc: NaOH 3%, xanh:

NaOH 4%), riéng mau den theo nhiét do) thé hién sy khdc biét co y nghia thong ké (p < 0,05).
Thu nhén chitin thd bang cach khir khoang nguyén liéu vo 16t xac & ché 4o xir 1y:
HCI 4% & 30°C trong 3 gid, sau d6 tién hanh nghién ctru cic ché do khir protein phit hop
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dé thu duoc chitin tinh sach (ham lugong khoang va protein < 1%). Hinh 3.7 biéu dién két
qua danh gid 4nh hudng cua n6ng do NaOH (2%, 3% va 4%), nhiét do khir (30°C, 50°C va
70°C) dén hiéu suat thu hoi va ham lugng protein con lai trong chitin. Nhin chung, higu sut
thu hoi va ham luong protein con lai trong chitin thu nhan tir mau vo 16t xac u6t (Hinh 3.7a)
va mau vo 10t xac kho (Hinh 3.7b) giam dan khi ting nong d6 NaOH va nhiét do xtr 1y.
Ham luong protein con lai trong mau chitin xir 1y & nong d6 NaOH 2% (mau vo 16t xac kho
va udt) cao hon so vdi cac mau chitin con lai & cac ché d6 nhiét 6 khac nhau. Tuy nhién,
khong c6 su khac biét dang ké (p < 0,05) vé ham luong khoang con lai trong mau chitin xir
Iy & néng dd NaOH 3% va 4%. Khi ting nhiét do xir 1y tir 30°C 1én 50°C thi ham luong
protein con lai trong cic mau chitin giam c6 y nghia, nhung khi ting nhiét do lén 70°C thi
ham luong protein con lai giam khong déng ké.

Két qua (Hinh 3.7) cho thy ca hai yéu t6 nong d6 NaOH va nhiét do xir Iy déu anh
huong 16n dén hiéu qua khir protein tir chitin tho sau khir khoang. Nong d6 NaOH va nhiét
do6 xtr 1y tang s& 1am ting kha ning khuéch tan NaOH vao bén trong ciu tric cua chitin tho,
dong thoi 1am ting van toc phan tmg khir protein. Co ché va téc do clia qua trinh loai bo
protein trong vo tdm bang dung dich NaOH lién quan tryc tiép dén ban chat lién két giira
chitin v protein. Rat nhiéu nghién ctru di chi ra rang c6 sy lién két chat ché giira chitin va
protein trong cac vo giap xac [161]. Theo Brine (1982) [46], Chang va Tsai (1997) [58],
cac lién két giira chitin-protein c6 thé chia thanh 4 nhom chinh gém: (1) lién két loai bazo
Schiff, (2) lién két acetal (O-glycosidic), (3) lién két amide (N-glycosidic va N-
acylglucosaminyl) va (4) cac lién két cong hoa tri manh. Ba loai lién két dau dong gop 68-
91% tuong tac giira chitin va protein. Trong khi, cac lién két cong hoéa tri dong gop 32-9%
va rat kho bi loai bo trong qua trinh khir protein. Mt khac, vé mit khong gian, cc phan
tir/chudi protein c6 thé dugc phan trong nén chitin theo cac vi tri khac nhau (trén bé mit,
trong ving vo dinh hinh, hodc trong ving c6 do rin cao) [46, 99, 142]. Hon nita, thanh phan
clia cac protein co trong vo tom ciling khac nhau tity theo loai va ltra tudi [46]. Do do, trong
qué trinh loai bo protein trong vo tdm dé thu hdi chitin bang NaOH, toc d6 phan tng s& co
sur khac nhau dang ké theo thoi gian phan tng, nhiét 4o phan tng va nong d6 NaOH. Cac
phan tr protein c6 lién két 10ng 1éo v6i chitin va ton tai trén bé mit va tai cac vang vo dinh
hinh gitra cac 16p chitin s€ bi khir trude. Trong khi do, cac protein lién két cong hoa tri chat
ch& véi chitin va nim trong ving c6 do ran cao kho bi khir hon rat nhiéu. Qua trinh thuy
phén protein & cac 16p sau bén trong doi héi nang lugng hoat hoa 16n hon va twong tac nhiéu
hon hay néi céc khac can nhiét do cao hon, thoi gian dai hon, n6ng do NaOH cao hon. Pac
biét, yéu t nhiét do dong vai tro quan trong dén hiéu qua khir protein. Cu thé, khi nhiét d6
tang thi dong ning chuyén dong cta cac phan tir OH- (tich ra tir NaOH) sé ting, dan dén

tuong tac cua cac ion nay voi vlieen két chitin-protein tang, dan dén hiéu qua cat céc lién
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két trén tang 1én. Khi ndng d6 NaOH cao hon va thoi gian phan tng kéo dai thi s6 lwong
cac ion OH- tang va thoi gian di sau hon vao ciu tric chit ché cua chitin-protein & cac 16p
bén trong. Do d6, hiéu qua khir protein ting 1én nhung van chdm hon giai doan dau va &
nong d6 NaOH thap hon. Can luu ¥, voi thoi gian dai va ndng d6 NaOH cao sé& xay ra su
cit mach chitin manh hon va hiéu suit thu hdi s& giam.

Cin ctr theo yéu cau dit ra, ham luong protein con lai trong chitin phai < 1%,
nhiét d6 khtr protein 50°C 1a nhiét d6 phu hop cho ca mau vo 16t xac udt va kho. Mau
chitin xir Iy & ndng d6 NaOH 2% va 50°C khong dap tung yéu cau (ham lugng protein
con lai trong chitin thu nhan tir mau vé 16t xac udt va kho lan luot 1a 1,1% va 1,2%).
Ham luong protein con lai trong mau chitin xur 1y & ndng d6 NaOH 3% va 4% & nhiét
d6 50°C déu thoa man yéu cau chat luong (ham lugng protein < 1%), tuy nhién hiéu suat
thu hoi chitin ciia mau xtr Iy & ndng d6 NaOH 4% thap hon ¥ nghia so v&i mau xir 1y &
noéng d6 NaOH 3% (ddi véi ca mau vo 16t xac kho va udt). Nguyén nhan co thé do ¢
ndéng d6 NaOH cao két hop véi nhiét do cao s& thuc ddy qua trinh thity phan cit mach
chitin, lam ting kha ning hoa tan va that thoat chitin trong qua trinh rira trung tinh nén
lam gidm hi¢u suét thu hdi. Nhu vay, cdn cur vao cac phan tich trén, cho phép lya chon
diéu kién khir protein phtt hop cho chitin tho sau khi khir khoang d6i véi ca mau vo 1ot
xac udt va kho la néng do NaOH 3% va nhiét do 50°C.

Nhiét do khur protein 50°C duogc lua chon dé tién hanh danh gia anh huong cia
noéng 46 NaOH (2%, 3% va 4%) va thoi gian (3, 6, 9, 12 va 24 gio) dén hiéu suat thu
ho6i va ham luong protein con lai trong chitin. Két qua thu duoc cho thay, nong 6 NaOH
va thoi gian xt 1y anh hudng 16n dén hiéu qua khtr protein ddi véi ca chitin tho thu nhan
ttr mau vo 16t xac w6t (Hinh 3.8a) va mau vo 16t xac khd (Hinh 3.8b). Ham lugng protein
con lai trong mau chitin xir Iy & cac nong d6 NaOH khéac nhau (2%, 3% va 4%) giam
sau 6 gio xtr Iy dau tién, tuy nhién khi kéo dai thoi gian xtr 1y 1én 24 gid thi ham luong
protein con lai giam khong dang ké. Do vy, xit 1y trong 6 gio 13 thoi gian phu hop dé
khir protein khoi chitin thd sau khi khir khoang. Mau chitin xir Iy & nong d6 NaOH 2%
trong 6 gid (miu udt va mau kho) déu khong thoa min yéu cau dat ra do ham lugng
protein déu > 1%. Nguyén nhan do ham lugng NaOH khong du dé phan g loai bo
protein khoi chitin tho. P6i véi mau chitin xir Iy & nong d6 NaOH 3% va 4% (mau udt
va mau kho) déu théa man yéu cau vé chat luong (ham lugng protein < 1%), tuy nhién
hiéu sut thu hdi cia mau xur Iy & ndng d6 NaOH 4% thip hon so véi mau xir Iy ¢ ndng
d6 NaOH 3%. Két qua mot phan do ham luong protein con lai trong mau chitin xt Iy &
ndéng d6 NaOH 4% thap hon so véi mau xir Iy & ndng d6 NaOH 3%. Ngoai ra, & ndng
d6 NaOH cao hon s& thuc ddy qué trinh thuy phan cat mach chitin lam thét thoat trong

qué trinh thu hdi. Ham luong protein con lai trong mau chitin thu tir vo 16t xac udt thap
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hon so véi mau vé 16t xac kho. Két qua nay co thé duoc gidi thich do qua trinh 1am kho
vo 10t x4c sau xi phong di lam thay dbi cdu tric, gy can trd qua trinh khuéch tan va
tiép xtic cia NaOH d¢é khir protein.
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Hinh 3.8. Anh huéng ciia ndong do NaOH va thoi gian dén hi¢u suat thu hoi va
ham hrong protein con lai trong chitin tinh sach; (a) d6i véi vé 19t xac wét, (b) ddi
v6i vo 16t xac kho.

Cac ky tw khac nhau trén do thi (mau sdc theo cot néng do (do: NaOH 2%, xanh luc: NaOH 3%, xanh:

NaOH 4%), riéng mau den theo nhiét do) thé hién sw khdc biét co y nghia thong ké (p < 0,05).
Vi yéu cau dit ra 1a ham lugng protein trong mau chitin tinh phai < 1%, dong
thoi 1am giam chi phi hoa chat trong san xuit, lam giam tic dong xu cta hoa chat

dén méi trudng va chat luong cua chitin cho phép lua chon ché do khir protein phu
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hop ddi véi ca chitin tho thu nhan tir vo 16t xac wét va vo 10t xac kho 1a n@)ng do
NaOH 3% va thoi gian 6 giod, khi d6 hiéu suat thu hoi chitin 13 32,4% % cho vo 16t
X4c udt va 26,3% % cho vo 16t xac khé. So vé6i cac nghién ctru ciru khac di cong bd
trén ddi twgng vo tom tir qua trinh ché bién, hiéu suat thu hdi chitin chi dat khoang
17-29% [9, 21, 129]. Hiéu qua thu nhan chitin cao c6 thé do cau trac ctia nguyén lidu
vo 10t xac khac véi ctia vo tom duoc 16t tir qua trinh ché bién, mém va xdp do chét
khoang ton tai dudi dang tinh thé calci va calci carbonat v dinh hinh [88, 162].
Protein trong vo 16t xac van duoc lién két vai cac 10p chitin, tuy nhién tap trung chi
yéu ¢ 16p biéu bi nén ham luong co trong nguyén lidu thap [73, 88, 120]. Pay 1a yéu
t5 quan trong dé chitin c6 thé dugc thu hdi d& dang hon, tiét kiém hoa chét va thoi
gian xtr 1y nhung c6 thé thu duoc san phém c6 chat luong cao, déng thoi hiéu suit
thu cao hon so voi d6i twong vo tom tir nha may ché bién.

Tir nhitng danh gid anh hwong ciia nong d6 NaOH va nhiét @, anh hiong ciia
nong dé NaOH va thoi gian dén hiéu sudt thu hoi va ham lwong protein con lai trong
chitin thu nhdn tir mau vo 16t xdc wot va mau vo 1ot xdc khé cho phép rit ra diéu kién
khir protein phit hop la nong dé NaOH 3%, nhiét @6 50°C va thoi gian 6 gio.

Theo ché do san xuét chitin tir vo tom 16t xac (46 4am khoang 70%) bang HCI
4%, 30°C, 3 gid va NaOH 3%, 50°C, 6 gio (Hinh 3.8b), chung ta c6 thé thu hoi chitin
cao hon 1/3 so véi két qua & Bang 3.6 (32,4 £ 2,2, %). So voi cac nghién ctru ciru
khac d3 cong bd va dugc san xuat tir phu pham cua qua trinh ché bién tom thai ra,
ham luong chitin cta quy trinh nghién ctru nay thu dugc cao hon han, chi thu hoi
trong khoang 17 — 29% [9, 21, 129]. Két qua cho thay ché do xir 1y cia quy trinh
nghién ctu pht hgp dé san xuat ra san pham chitin c6 chét luong cao (ham luong
khoang va protein dat dudi 1%), hiéu suat thu cao (32%), thoi gian rat ngin (khu
khoang 3 gio, khir protein 6 gio), hoa chat st dung nong do thap (HC1 4%, NaOH
3%) va nhiét do thap (30 — 50°C) nén dé kiém soat va ung dung & quy mo cong
nghiép (ty 1€ nguyén li¢u udt/dung dich la 1/5, w/v).

Diéu kién san xut chitin cta nghién ctru trong luan én c6 uu diém vuot troi hon
s0 voi quy trinh cai tién cta Minh va cong sy (2017) [129], xtr 1y qua 3 giai doan: (1)
khir khoang bang HCI 4% (1/5, w/v) & 50°C trong 10 gio, (2) khir protein bang NaOH
3% (1/5, w/v) 6 70°C trong 12 gid va (3) khir mau véi HoO2 0,5% (1/15, w/v) & nhiét o
phong trong 12 gid. Quy trinh nay dugc danh gia cai tién vé thoi gian xtr 1y ngan va
nang cao chat luong san pham chitin (ham lwong khoang va protein < 1%) dugc san
xuat tir dau vo tdm thu nhan tir qua trinh ché bién thiy san. Vay, wu diém ctia quy trinh
san xuat chitin tir vo 19t xac 1a chi can 2 giai doan khir khoang va protein (khong can

qua giai doan khir mau), hi¢u sudt thu hdi chitin cao va dat chat lugng cao. Giai doan
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khtr khoang (1): ham lugng khoang cao nhung van dugc xir Iy bang HC1 4%, nhiét o
thap (30°C), thoi gian rat ngin (3 gio). Giai doan khir protein (2): NaOH 3%, nhiét d6
thap (50°C), thoi gian rat ngan (6 gio).

Vay, quy trinh san xudt chitin tir nguyén liéu vé 16t xdc cia tém thé chan trdng
dwoc thiee hién qua hai bude khir khodng va protein (khéng can thém buéc khir mau)
Véi thoi gian rdt ngan. Ché dg khir khodng bang HCI 4% & nhiét @6 30°C trong 3 gio va
ché dg khir protein bang NaOH 3% ¢ nhiét d¢ 50°C trong 6 gio. San pham chitin thu
diege ¢6 chat lwong cao (ham lrong khodng va protein dudi 1%), dat tiéu chudn chitosan
thwong mai.

3.3. Nghién ciru didu kién sin xuit chitosan va dé xuit quy trinh sin xuit
chitosan tir vé tom 10t xac
3.3.1. Anh hwéng ciia diéu kién deacetyl dén hiéu sudt thu hoi va tinh chit co bin

cua chitosan
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Hinh 3.9. Anh huéng ciia nhiét do va thoi gian xir Iy dén do deacetyl va do nhét
cua chitosan.
Cdc ky t khdc nhau trén do thi (mau sdc theo nhiét @ (d@6: 80°C, tim: 90°C)) thé hién suw khdc biét cé
y nghia thong ké (p < 0,05).

Pé x4c dinh anh huong cua diéu kién san xuét chitosan, lya chon mau chitin thu
nhan tir vo 16t xac udt tir quy trinh dé xuat (Hinh 3.9). Két qua danh gia anh huong cia
nhiét d (80°C va 90°C) va thoi gian (12, 24 va 36 gid) dén hiéu suat thu hdi va tinh chat
Iy hoa co ban cua chitosan duoc thé hién trén Hinh 3.9 va Bang 3.7. Do deacetyl ting
khi tdng nhiét do va thoi gian xu 1y, trong khi d§ nhét cta chitosan giam (Hinh 3.9).
Mau chitosan xir Iy & nhiét dd 90°C trong thoi gian 12 va 24 gio dat DD tir 86% dén
90%. Trong d6, cac mau chitosan xir Iy & 80°C trong 12 va 24 gid c6 do DD dat lan luot
83,5+1,4% va 86,7+0,7%, két qua tuong duong véi mau chitosan duge xur Iy & 90°C
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trong 12 gid (DD 86%) (Hinh 3.9). Két qua cho thiy viéc stt dung NaOH 50% trong
khoang thot gian 12 — 24 gio dat hi€u qua deacetyl cao hon so véi nghién ctru cua Pham
Thi Pan Phuong va Trang Si Trung (2012) [9] véi ché do deacetyl NaOH 60% (nhiét
do 65°C, thot gian 20 gio) dat DD khoang 84%. Sy khac biét vé hiéu qua deacetyl 1a do
cAu trac vo 10t xac cta tom khac so véi ciu tric cia vo tdm thu nhan tir nha may ché
bién. Sy giam d6 nhdt cia chitosan khi ting nhiét do va thoi gian xu 1y 1a do ting qua
trinh ¢4t mach chitosan. Yéu t6 nhiét d6 va thoi gian c¢6 anh huong 16n dén sy cit mach
va lam giam do nhét cua chitosan, vi trong qua trinh deacetyl dén khi chitosan dat dén
DD nhét dinh thi hién tuong cit mach chitosan xay ra 1a chu yéu [98, 136].
Bang 3.7. Anh huéng ciia nhiét d9 va thoi gian deacetyl dén hi¢u suit thu hoi

chiotosan, d¢ tan va ham luwgng khoang, protein con lai

Nhiét Thoi | Hiéu suat thu hoi | Do tan Khoang Protein
do (°C) | gian (gio) | chitosan (%)* (%)* (%)* (%)*
12h 242+2.5 97,008 | 0,5+0,1* | 0,11+0,0°
80°C 24h 23,6 +2,9° 99,0+0,1> | 0,5+0,1* | 0,07+ 0,0%
36h 23,3+ 3,0° 99,0+£0,2> | 0,3+£0,1* | 0,02+ 0,0
12h 242 +2.6° 97,7+0,7° | 03+0,2* | 0,15+0,1
90°C 24h 23,0 £2.4° 99,0+£0,2> | 02+0,1* | 0,10+0,1
36h 22,1 £3,3° 99,1 +0,2° | 0,1+0,00 | 0,09+ 0,0

*Tinh trén ham lwong chdt khé tuyét doi; Cdc gid tri trong bang (theo cot) c6 ky tir khdc nhau thé hién
su khac biét co y nghia thong ké (p < 0,05).

Khi tang nhiét o (tir 80°C 1én 90°C) va tang thoi gian xir 1y tir 12 gio 1€n 24 gio va
36 gid thi hiéu suat thu hdi chitosan, ham lwong khoang va ham lugng protien c6 xu huéng
giam dan, nhung khong c6 khac biét ¥ nghia vé mat thong ké. Tuy nhién, do tan ctia mau
chitosan xir Iy ¢ nhiét d§ 80°C va 90°C tang cd y nghia khi tang thoi gian xtr Iy tir 12 gio 1€n
24 gioy, sau d6 c6 xu huéng khong ddi khi ting thoi gian xir 1y 1én 36 gid (Bang 3.7). Dya vao
muc tiéu thu hdi chitosan dé diéu ché mubi chitosan lactate (hoa tan tét trong nudc) dé co thé
{mg dung trong thu hoach vi tao bién: d¢ deacetyl cao (khoang 90%), do tan cao (trén 99%)
dé chon san pham chitosan dat yéu cau. Dong thoi dé tiét kiém thoi gian xir Iy va do nhét ciia
san pham khong qué thap (khdi lugng phan tir thap) thi ché do xir Iy & 90°C trong 24 gid 14
phu hop, san pham c6 d nhét dat khoang 479 cPs va hiéu suat chitosan dat khoang 23%.
3.3.2. Dé xudt quy trinh sin xudt chitosan va ddnh gid tinh chét héa Iy ciia san phiam

V6 10t xac clia tom thé chan trang nudi tham canh duoc thu hoi bang phuong
phap xi phong vao mdi budi sang, loai bé nudc thai ao nudi. Vo tom 16t xac dugc tién
hanh rira béng nuoc sach (3 lﬁn) dam bao sach phan, thirc an thira, phan loai tom chét

va chat thai ran khac.
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Khir khoang vo tom 16t xac bang HCI 4% & 30°C trong vong 3 gid vai ty 16 13 1:5
(mAu/acid). Luu y khudy déu trong vong 30 phut dau tién dén khi giam bot va chim miu
ngap acid, dé yén dén khi diing gio thi loc va rira mau vé pH trung tinh thu chitin tho.

Tiép tuc, khir protein miu chitin thé bang NaOH 3% & 50°C véi ty 18 1:5
(mau/kiém). Dé yén miu 1 trong vong 6 gid va rira vé trung tinh sau khi loc dé thu chitin
tinh sach.

Chitin tinh sach dugc deacetyl hoa bang NaOH 50% (w/v) & 90°C trong vong 24
gior (ty 18 1:5, w/v). Sau khi loc va rira vé trung tinh, thu duoc san pham chitosan tinh sach.

<V6 10t xac caa t6m>
Khir khoing

HC1 4%, 30°C, 3 gio

Khir protein
NaOH 3%, 50°C, 6 gio

A

Deacetyl
NaOH 50%, 90°C, 24 gio

Hinh 3.10. Quy trinh sin xuat chitin, chitosan tir vé 10t xac ciia tom.

So sanh quy trinh san xudt chitin, chitosan ctia luan 4an (Hinh 3.10) tir nguén vo 16t
xac v6i quy trinh cia Phuong va Trung (2012) [9] tir ngudn vo tdm thé chan tring thu tir
qua trinh ché bién thiy san c6 su khac biét vé cac bude thuc hién, luong hoa chét st dung,
nhiét do va thoi gian xtr ly. Dbi v6i vo tdm 16t tir qua trinh ché bién, ham lwong protein
(24,3%) va khoang (26,5%) cao gap d6i va thap hon mét nita theo thi tur so v6i ham lugng
chira trong vo 16t xac. Do vdy, qua trinh dugc khir protein duoc tién hanh trudc khi khir
khoéang v6i cac thong ) k¥ thuat: NaOH 5% (1:5, w/v), nhiét d6 phong, 24 gid va HCl 4%
(1:5, w/v), nhiét 46 phong, 12 gid. Vay, Hinh 3.10 cho thay luong hoa chét sir dung dé khir
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khoang c6 nong d¢ va nhiét do xir 1y trong duong nhung thoi gian xir 1y rat ngén trong khi
ham luong khoang trong nguyén liéu rat cao. Quy trinh tiét kiém duoc lwong NaOH dé khir
protein dang ké véi thoi gian ngan % thoi gian xir Iy nhung nhiét do khong qua cao (50°C).
Dic biét, dbi voi nguyén lidu vo 16t xac clia tom thi khong can cong doan khir mau trong
qué trinh san xudt chitin.

Mau vo 16t xac w6t (10 kg/meé) duge san xuét theo quy trinh Hinh 3.10, san pham
(Hinh 3.11) duoc phan tich thanh phan va tinh chét co ban & Bang 3.8. Hiéu suat thu hdi
chitin (32%) va chitosan (23%) dat rat cao. Trong d6, cac thanh phan khoang va protein
con lai dam bao < 1%, mau sic ctia mau tring sang, d6 4m cua mau khoang 10%, dap
mg diéu kién cua chitosan thwong mai [21]. Ngoai ra, san pham chitin, chitosan duoc
danh gia cac chi tiéu: ham lugng amino acid con lai, ham luong khoang chat con lai va
kim loai ning, x4c dinh cau tric va cac nhém chirc bang phuong phap SEM, FTIR, 'H-
NMR va XRD.

Bang 3.8. Thanh phan va tinh chit co ban ciia chitin, chitosan dwgc sin xuat tir

v6 tom 19t xac

Thanh phén va tinh chat Chitin Chitosan
Hiéu suét thu hodi (%)” 32,4422 23,0 +2,4
Ham luong khoang con lai (%) 0,6+0,2 0,5+0,2
Ham luong protein con lai (%) 0,5+0,1 0,3+0,1
Do deacetyl (%) - 89,4+ 1,6
Do nhét (cPs)” - 479 £ 72
Do tan (%) - 99,0 £0,2
Khdi lugng phan tor (Mw, kDa) - 512,2+£42,0
Mau sic Tring Trang
Trang thai Kho Kho

*Tinh trén ham heong chat kho tuyét doi; (-) Khong phdn tich

Hinh 3.11. San pham chitin (a), chitosan (b) tir vé tdm 18t x4c.
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Bang 3.9. Thanh phin amino acid con lai trong chitosan

Amino acid (%)* | Két qua | Amino acid (%)* | Két qua
Cystine - Isoleucine -
Aspartic - Leucine -
Methionine - Tyrosine -
Threonine - Phenylalanine -
Serine - Histidine -
Glutamic - Lysine -
Glycine - Arginine -
Alanine - Proline -
Valine - Tryptophane -
*Phwong phadp phdn tich amino acids: EC152/2009 (VF),; LOD: Amino acids 0,01g/100g;
“-” Khong phat hién.
Bang 3.10. Thanh phan khoang con lai va kim loai ning trong chitosan
STT Kim loai Phuong phép phin | Két | Tiéu chuén san
tich qua pham chitosan
(mg/kg) | thwong mai*
1 Arsenic (As) GE297-1CP MS (VF) 0,02 <0,5
2 Mercury (Hg) GE297-1CP MS (VF) 0,01 -
3 Cadmium (Cd) GE297-ICP MS (VF) 0,01 -
4 Lead (Pb) GE297-ICP MS (VF) 0,50 <10
5 Sodium (Na) GE297-ICPMS (VF) | 28,28 -
6 Potassium (K) GE297-ICP MS (VF) | 20,89 -
7 Calcium (Ca) GE297-ICPMS (VF) | 21,57 -
8 Magnesium GE297-ICP MS (VF) 7,20 -
9 Iron (Fe) GE297-ICPMS (VF) | 57,22 -
10 Zinc (Zn) GE297-ICP MS (VF) 5,69 -
Ham luong khoang tong (%) | EC 152/2009 (VF) <0,2 <0,5

“-” Khong quy dinh; *Standard SC/T3403-2004 [206].

Theo két qua phan tich tai Bang 3.8 va Bang 3.9 cho thiy chat luong chitosan rat
tinh sach. Ham lugng protein qua thép dé co thé nhan dién, 18 amino acid duoc phan
tich nhung khong phat hién dugc. Ham lugng khoang con lai < 0,2%, dat yéu cau chat
luong ctia san pham chitosan thuwong mai quy dinh theo tiéu chuan Standard SC/T3403-
2004. Trong d6, thanh ph(:in kim loai nang (As, Hg, Cd, Pd) dugc xac dinh v6i ham
luong (mg/kg) thap hon tiéu chuan quy dinh du lugng cho phép [206]. Vay, san pham
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chitosan duoc san xuit theo quy trinh dé xuit dam bao chat lugng dé tng dung dé thu
hdi vi tdo lam thire an nuéi thay san.

Hinh 3.12 chup anh SEM cila cac mau vo tom 10t xac & cac do phong dai khac
nhau gdm (a) Spm va (b) 1pm, chitin (c) 5pm va chitosan (d) 5pm dugc san xuat tir vo
(b). Hinh anh biéu hién trang thai bé mat cia 16p vo tom 16t xac gém céc 16p chitin-
protein va cac hat khoang vo dinh hinh bam quanh 16p polyme. Diéu nay phu hop véi
nghién ctru ctiia cac nghién curu trude [73, 88, 120, 162]. Sau khi vé tho duge khir khoang
va protein, cac soi chitin 1§ rd ra va khong con théy su hién dién cua cac thanh phr?m
khac. Hinh 3.12¢ cho théy rd cac soi chitin mach dai va Hinh 3.12d biéu hién c6 su cit
mach chitin va c4u trtc chitin hiu nhu bi pha huy tao thanh chitosan. Hinh thai bé mat
chitosan thé hién 3 tré nén vo dinh hinh. Piéu nay cling da dugc cac nha khoa hoc minh
chuing qua trinh deacetyl hoa hinh thanh chitosan tir chitin khi ngdm trong dung dich
kiém dic [21].

Hinh 3.12. Hinh dnh SEM cua vé 10t xac (a,b) & do phéng dai khac nhau, chitin

(¢) va chitosan (d) dwoc tach chiét tir vé 16t xac.

Hinh 3.13 va Hinh 3.14 thé hién cu trac hoa hoc cua chitin, chitosan tir vo tom
16t x4c va so sanh véi chitosan tir vo tom thu tir qua trinh ché bién (duoc tach chiét cung
mot quy trinh Hinh 3.10). Hinh 3.13a biéu dién phd FTIR cta chitin chira mot sb dinh
ndi bat ¢ vi tri 3447 cm™ (O-H), 2991 cm! (C-H), 1640 cm™' (NHz ctia amin I), 1554
cm’! (NHz cta amin II), 1378 cm™ (C-H) va 950 — 1105 cm™! (C-O-C va C-O). Sy hién
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dién cua céc dinh cia nhém chirc phu hop véi nhitng nghién ctu trude day [31, 185].
Hinh 3.13b thé hién phd FTIR cua chitosan chira cac dinh ndi bat ¢ 3433 cm™! (O-H),
2891 cm™ (C-H), 1646 cm™ (NH: cta amin I), 1378 cm-1 (C-H) va 960 — 1150 c¢cm-1
(C-O-C va C-0). Vi tri ctia cac dinh xuat hién & pho FTIR ctia mau chitosan tir vo 16t
xac (Hinh 3.13b) khong khac biét ciia mau chitosan tir vo tom trong qua trinh ché bién
thai ra (Hinh 3.13c). Diéu nay thé hién ciu triic héa hoc ciia cac loai chitosan giéng
nhau, qua trinh deacetyl mau chitin c¢6 thé dién ra nhu nhau [71, 185]. Hinh 3.14 biéu
dién phé "H NMR cua chitosan trong dung dich D20, céc dinh dic trung dugc nhan dién
& 2,08 (NHCOCH3), 3,19 (H-2), 3,66 — 3,92 (H-3 dén H-6) va 4,79 (H-1) ppm. Hinh
dang cta dinh proton H-1 bj anh hudng béi ¢ gan dinh ctia nudc (4,87 ppm).
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Hinh 3.13. Pho FTIR ciia chitin (a), chitosan (b) tich chiét tir vé 16t xac clia tdm

va chitosan (c) tach chiét tir vé tdm ché bién.
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Hinh 3.14. Pho '"H NMR ciia chitosan tach chiét tir vé 19t xac.
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Hinh 3.15a,b,c biéu dién phé XRD thtr tr cua vo 10t xac cda tom, chitin va
chitosan va Hinh 3.15d 1a ph cua chitosan tach chiét tir vo tom thu trong qua trinh ché
bién thuly san. Nhin chung tat ca cac mau duogc phan tich déu xuét hién 2 dinh cu thé
trén phd XRD tai 26 trong khoang 10°— 20°. Diéu nay cho thiy cic mau vo 19t xac va
chitin c6 d6 két tinh cao (68,25% va 67,22% twong tng) so voi mau chitosan (65,72%).

Dbi v6i mau vo 16t xac (Hinh 3.15a) phd nhan dién nhiéu dinh tai 20 trong khoang
30°— 50°, thé hién mot luong 16n CaCO3 nam trong vo 10t xac [168]. Chitin dugc tinh
sach khoang chit va protein cho thiy phd c6 cac dinh sdc nét hon, cuong do dinh cao
hon & 10° so v&i chitosan. Do két tinh cta chitin cao hon chitosan vi cu tric tinh thé bi
giam do qué trinh oxy héa khir. Ngoai ra, ciu truc tinh thé cta hai loai chitosan dugc
tach chiét tir vo tom 16t xac (Hinh 3.15¢) khong khac biét so véi chitosan tir nguon vo

thai ra trong cong nghé ché bién (Hinh 3.15d).
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Hinh 3.15. Pho XRD ciia vé 19t x4c (a), chitin (b), chitosan (c) tach chiét tir vé 19t
xac va chitosan (d) tach chiét tir vo tom ché bién.

3.4. Nghién ciru diéu kién diéu ché chitosan lactate va dé xuit quy trinh
3.4.1. Anh hwéng ciia nong dp ethanol (%, v/v) ciia hon hop dung méi ethanol/nwéc
dén dp trwong né ciia chitosan, dp tan va higu sudt thu hoi chitosan lactate

D0 truong nd, trang thai cua chitosan sau khi truong nd, do tan va hi¢u suit thu
hdi cua chitosan lactate dugc trinh bay ¢ Bang 3.11 va Hinh 3.16. Két qua cho thdy do
truong nd cia chitosan giam khi ting ndng do ethanol trong hdn hop dung moi
ethanol/nudce. Cu thé, khi ndng do ethanol 1a 10% thi d6 truong né ctia chitosan 1a 504%,
trong khi & ndong d6 90% thi do truong nd 1a 402%. Tuy nhién, két qua cho thiy & cac
nong do ethanol tir 10 dén 50% thi chitosan c6 do truong nd khong dong déu va khong
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c6 su khac biét c6 ¥ nghia théng ké (Bang 3.11). Hon nita, cac mudi chitosan lactate thu
dugc tao dang gel va c6 mau vang khi chitosan dugc trrong nd trong dung mdi ¢ nong
d6 ethanol trong khoang 0 — 40% trudc khi tao mudi (Hinh 3.16). Ngoai ra, sau phan
g véi lactic acid, mudi chitosan lactate ciing bi tan nhiéu nén hiéu suat thu hoi rat
thap. Khi ty 18 EtOH trong hdn hop dung méi trong khoang 60 — 90%, chitosan trurong
né déng déu, san phém chitosan lactate thu duogc dé dang, c6 do tan tdt va hiéu suét thu
héi cao. Trong do, ty 1¢ EtOH chiém 70 va 80% lam truong nd chitosan tot nhat va khi
tao mudi thi thu dugc hiéu suat thu hdi cao hon cac hon hop dung moi khac.

Kha ning truéng nd cia chitosan trong méi truong nude co thé duge giai thich
do trong ciu triic phan tir chitosan c6 chira cc nhom chirc wa nuwde gdbm nhom hydroxyl
(-OH), nhém amino (-NH2), nhém carbonyl (C=0) va nhom aryl (C-O-C). Cac nhém
nay c6 kha nang tao thanh cac lién két hydrogen ndi phan tir va luc lién két Van der
Waals gilra cac phan tu chitosan vdi nhau. Cac lyc tuwong tac nay bi tac dong boi moi
truong dung mdi phan tan, do vay sy truong nd cua chitosan phu thudc rat nhiéu vao
dung méi sir dung [160]. Theo nghién ctru ctia Fan va cong sy (2013) [84], céac lién két
nodi phén tir trong ciu tric chitosan bi pha v& khi ngdm trong méi trudng chira OH, dan
dén sy tach roi cac mach phan tir chitosan va gay ra su truong nd. Caridade va cong su
(2009) [53] chirng minh rang d6 treong nd ty 18 thuan voi do phan cuc cia hé dung méi.
Khi ty 1é nudc trong hdn hgp dung méi cang cao thi d6 phan cuc cang 16n, do do do
truong nd cang cao. Cu thé, khi ngdm chitosan trong hdn hop dung méi EtOH/H0 véi
ty 18 EtOH 0 — 75% thi cdu truc chitosan chuyén tir trang thai rin sang trang thai mém
déo. Trong do, ty 18 EtOH 60% thi d6 rin cua chitosan giam nhiéu khoang 80 1an. Ngoai
ra, theo nghién ctru cua Tuckerman va cdng su (2002) [186] trong mach chitosan c6 su
cin bang vé cac nhom wa nude va nhom ky nude, khi ngdm chitosan trong nuée s& thic
day su hinh thanh cac lién két hydrogen giita cac nhom wa nudc ciia phan tir chitosan
v6i cac phan tir nudce, lam cho chitosan bi truong nd.

Do6i voi qua trinh tao mudi chitosan lactate trong cung diéu kién phan tmg, cac
mau dugc truong nd (ty 18 EtOH/H20 60 — 90%) cho hiéu suét thu hoi chitosan lactate
va d6 tan ctia mudi cao hon so véi mau d6i ching (Bang 3.11). Piéu nay c6 thé duoc
gii thich vi qua trinh truong nd s& gitp chitosan mé rong cau tric, gidn mach tao khong
gian dé cac phan tir nudc ton tai bén trong cau tric hat chitosan ban dau, dong thoi lam
giam d6 ctimg cta chitosan. Khi cho chitosan d3 truong né phan tng véi lactic acid, ciu
trac chitosan md rong va c6 chira cac phan tir nude gitp cho qua trinh khuéch tan cua

acid vao trong thé tich hat chitosan d& dang hon [53].
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Bang 3.11. Anh huéng cia ty 18 EtOH (%, v/v) trong dung mdi ethanol/nuéc dén d trwong né ciia chitosan, trang thai, d9 tan va

hi¢u suit thu hoi chitosan lactate

Ty 1€ EtOH/H,0 | Do trwong né (%)* | Trang thai chitosan sau | Trang thai chitosan | D9 tan (%)* HSTH (%)*

(%) khi ngadm lactate

bC - Chitosan ban dau dang hat Hat ro1 83,7+2,12 138,3 + 3,3
0 506,0 + 28,34 Truong ng, khong déu Tao gel - -

10 504,0 + 27,94 Truong ng, khong déu Tao gel - -

20 501,2 + 27,84 Truong ng, khong déu Tao gel - -

30 493,7 + 26,9 Truong ng, khong déu Tao gel - -

40 4744 + 23,3¢d Truong nd, khong déu Tao gel - -

50 466,8 + 14,44 | Truong nd, khong déu Voén cuc 98,2 + 0,9 132,1 £ 1,22
60 4523 + 4,7 Truong ng, dong déu Von cuc 98,3 + 1,4 143,6 + 2,7
70 450,6 + 6,5 Truong nd, dong déu Hat roi 98,1 +0,3° 151,0 £ 1,5¢
80 428.8 + 2,0% Truong ng, déng déu Hat roi 98,0 + 0,8 151,6 + 0,5¢
90 402,3 + 3,4 Truong nd, dong déu Hat roi 96,3+ 0,3 146,3 + 5,0

* Tinh trén ham lwong chat khé tuyét doi. Cdc gid tri trong bang c6 ky tw khdc nhau thi thé hién su khdc biét c6 y nghia thong ké (p < 0,05). Do cdc mau san pham
chitosan lactate tao gel va bi hoa tan trong dung méi sau phdn weng khi chitosan dwoc truong no trong cdc dung moi co ty 1é EtOH/H>O trong khodng 10 — 40 %, nén

khong thé tinh dwgc do tan va hiéu sudt thu hoi.
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Hinh 3.16. Chitosan ngam trwong né trong EtOH/H20 6 cac ty 1€ dung méi khac

nhau (a), chitosan sau trwong né phan ung véi lactic acid 1M trong 6h (b) va

chitosan lactate (c) thu dugec.

Tir két qua va phan tich trén, ty 1é 70% EtOH (v/v) dwoc chon de ngam chitosan
trueée khi cho phan vmg véi acid tao mudi la phit hop nhat do san pham chitosan lactate
thu dwoc co do tan cao (>98%), hiéu qua thu cao (151%) va tiét kiém dwoc lwong
ethanol sir dung so véi két qua twong dirong khi ngdm chitosan trong dung méi c¢é chira
80% EtOH.

3.4.2. Anh hwong ciia thoi gian ngam chitosan dén dé truwong né ciia chitosan, dé tan
va hiéu sudt thu héi chitosan lactate

Bang 3.12 trinh bay do truong nd cua chitosan, do tan va hiéu suat thu hoi
chitosan lactate khi ngam chitosan trong hon hop dung méi EtOH/H20 véi ty 1¢ EtOH
(70%) trong khoang thoi gian tir 0,25 — 12 gio. Két qua nghién ctru cho thiy thoi gian
ngam trong dung moi khong anh huéng 16n dén d6 truong cia chitosan. Cu thé, sau 15
phut ngdm chitosan trong dung mo6i EtOH/H20 (70% EtOH, v/v) thi 6 truong né cia
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chitosan dat 425% va ting khong dang ké trong khoang 445 — 451% (khong khac biét
c6 ¥ nghia théng ké) khi tang thoi gian ngdm trong khoang 0,5 — 12 gid. Tuy nhién, thoi
gian ngdm c6 anh hudng rd dén hiéu qua tao mudi chitosan lactate thé hién qua hiéu sut
thu hoi va do tan cta san pham thu dugc. Sb liéu tir Bang 3.12 cho thiy thoi gian ngdm
chitosan cang 16n thi hiéu suit thu hoi va do tan ciia mudi chitosan lactate cang cao. Vi
du, khi ngdm trong thoi gian 15 phut thi hiéu suit thu hdi va do tan cua chitosan lactate
1an lugt 1a 140% va 90%. Con khi ngdm trong 30 phut thi hiéu suat thu hdi va do tan
tang 1én 143% va 93%. Gia tri hiéu sut thu hdi (151%) va do tan (98,5%) dat cao nhat
khi ngdm chitosan trong 4 gid va sau d6 gan nhu gitta nguyén khi ting thoi gian treong
nd 1én 12 gio. Ngoai ra, cac gia tri nay cao hon nhiéu so véi mau chitosan khong truong
nd trudce khi tao mubi (Bang 3.11) trong cung diéu kién phan tng.
Bang 3.12. Anh hwéng ciia thoi gian ngam chitosan dén d6 truong né ciia
chitosan, d tan va hi¢u suiat thu hdi chitosan lactate

Thoi gian ngam | D§ truwong né (%)* Do tan (%)* HSTH (%)*
(gio)

0,25 4252 +£3,2° 90,7 + 1,82 140,4 + 3,4*

0,5 4456 + 3,3° 93,8 £ 1,7 143,9 + 2,5%

1 446,3 +£2,7° 94,4 + 1,5%¢ 144,6 £ 4,2%

2 447,8 +£2,8° 94,9 + 1,1°<d 146,2 +2,9%

3 4483 +1,5° 95,0 £ 1,104 147,7 + 3,18

4 451,2 +£3,2° 98,5+ 0,34 151,1 £2,2°

6 450,9 + 6,4° 98,1 £ 0,4 151,0 £ 1,62

8 4457 + 3,8° 98,1 + 0,3 148,7 +£2,7%®

10 4454 +£2,2° 97,8 £ 0,8% 148,2 + 4,02

12 4458 +£3,1° 96,1 £ 0,4%4 147,5 +2,8®

* Tinh trén ham lwong chat khé tuyét doi. Cdc gid tri trong bang (theo cét) c6 ky tw khdc nhau thé hién
sw khac biét co y nghia thong ké (p < 0,05).

Nhu vay, thoi gian truong nd ¢6 anh huong dang ké dén hiéu qua tao mudi va do
tan cta san pham chitosan lactate. Diéu nay co thé giai thich do vi tri ton tai cua céac
phan tir nude trong cdu trac hat chitosan khac nhau khi thay ddi thoi gian ngdm. Thuc
té, chitosan ton tai & trang thai ran khi ngdm trong hdn hop dung méi EtOH/H,0 (70%
EtOH). Néu tién hanh ngam trong thoi gian ngin thi hau hét cic phan tir nudc méi chi
hﬁp phu trén bé mit cua cac hat chitosan. Do d6, khi cho phan Ung vai lactic acid thi
mot phan chudi polyme nam trong phan thé tich hat chitosan ¢ thé khong phan tng dan

dén hiéu suét thu hoi va do tan cta san phim thap. Véi thoi gian ngdm du 16n, cac hat
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chitosan treong nd hoan toan, cic phin tir nudc ton tai trong toan bd ciu trac hat nay.
Vi vay, khi tién hanh phan tng tao mudi thi cac phén tir acid c6 thé khuéch tan d& dang
trong thé tich hat chitosan, do d6 san phém thu duoc c6 do déng déu hon, do tan tot hon.
Tuy nhién, thoi gian ngam kéo dai (8 -12 gi0) thi do truong nd cia chitosan bi giam mot
chit va do d6 hiéu suét thu hoi cling nhu d6 tan cua mubi cling giam nhe. Viéc giam do
truong nd cd thé do su thay ddi ty 16 dung moéi EtOH dé& bay hoi khi tién hanh ngadm
trong thoi gian dai. Mit khac, viéc ngdm chitosan trong thoi gian dai din dén ting thoi
gian san xuét. Ngoai ra, Hinh 3.17 cho thiy chitosan trwong né c6 thé tich 16n hon gan
2 1an so v&i chitosan ban dau sau 4 gid ngdm trong dung méi chtra 70% EtOH. Khi quan
st trén kinh hién vi cho thiy ciu trc cua hat chitosan truong nd (Hinh 3.17b) c6 do
sang hon so véi chitosan ban dau (Hinh 3.17a). Cau tric sang hon 1a do cac chitosan

duoc gidn nd khi hdp phu nhiéu phan tir nude hon so véi chitosan ban dau.

Hinh 3.17. Chitosan ban diu va trwong né trong dung méi EtOH/H2O 70% trong
4 gidy, chitosan ban diu (a) va chitosan ngdm dung méi (b) dwéi kinh hién vi
(10x).

Tir két qua thi nghiém va cdc phan tich trén chiing téi lya chon thoi gian truwong
né chitosan la 4 gio cho cdc thi nghiém tiép theo.
3.4.3. Anh hwéng ciia nong dé acid phén irng dén dp hoa tan va hiéu sudt thu héi
chitosan lactate

Chitosan sau khi ngdm 4 gi¢ trong dung moi EtOH/H>O (70% EtOH) dugc cho
phan g véi lactic acid ¢ céac n6ng do khac nhau (0,5; 0,6; 0,7; 0,8; 0,9, 1,0 va 1,5M).
Do tan va hiéu suat thu hdi cia chitosan lactate dugce trinh bay & Bang 3.13. Két qua cho
thdy khi ndng do lactic acid tang thi hi¢u suat thu hoi va do tan ciia chitosan lactate déu
tang. Vi du, khi nong d9 lactic acid st dung 1a 0,5 M thi hiéu suat thu hoi mudi chi dat
114% va do tan ciia san pham rat thap (khoang 56%). Tuy nhién, khi nong do lactic acid
12 0,8 M thi hiéu suét thu hdi va do tan cta chitosan lactate dat trén 141% va trén 92%.

D6 tan va hiéu suat thu hoi chitosan lactate dat cao va gan nhu khong thay doi khi sir
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dung lactic acid & néng d6 1,0 M va 1,5 M. Diéu nay c6 thé giai thich do hau hét cac
nhom amin (-NH,) di phan Gng vé6i gbe acid & ndng do 1,0 M. Hién tuong nay ciing
duogc thiy trong két qua nghién ctru tao mubi chitosan acetate cta Li va cong su (2007)
[119].
Vivay, néng dé lactic acid 1,0 M dwoc chon dé diéu ché mudi chitosan lactate.
Bang 3.13. Anh huwéng ciia ndng d acid phan ting dén dd hoa tan va hi¢u suat

thu hoi chitosan lactate

Nong dé lactic acid (M) P tan (%)* HSTH (%)*
0,5 56,2 +2,6° 114,4 + 6,5°
0,6 72,8 +2,7° 132,0 + 4,4°
0,7 83,2 +2,7° 140,5 + 1,1°
0,8 92,6 + 1,69 141,7 £ 1,2°
0,9 95,4 + 0,84 144,0 + 1,6°
1,0 98,5 + 0,2 151,8 + 1,8¢
1,5 98,8 +0,1¢ 151,5 + 1,9¢

* Tinh trén ham heong chat khé tuyét doi. Cdc gid tri trong bang (theo cot) c6 ky tw khdc nhau thé hién

sw khdc biét ¢é ¥ nghia thong ké (p < 0,05).

3.4.4. Anh hwéng ciia thoi gian phén ieng dén dé hoa tan va hiéu sudt thu héi ciia

chitosan lactate

Bang 3.14. Anh hwéng ciia thoi gian phan tng dén dd hoa tan va hiéu suat thu

hoi chitosan lactate

Thoi gian phan ung (gio) Do tan (%)* HSTH (%)*
0,5 97,7 +0,5° 150,8 £ 0,4*
1,0 98,2 +0,5% 151,1 £2,02
1,5 98,5 +0,2% 151,8 +1,8°
2,0 99,4 +0,3° 151,7+2,8°
2,5 99,5 +0,3° 152,0 £ 1,42
3,0 99,5+ 0,3° 151,8 +£0,22

* Tinh trén ham heong chat khé tuyét doi. Cdc gid tri trong bang (theo cot) c6 ky tw khdc nhau thé hién
su khac biét co y nghia thong ké (p < 0,05).

Béng 3.14 trinh bay anh hudng cua thoi gian phan img gitra chitosan va lactic acid
dén d6 tan va hiéu suat thu hoi ctia chitosan lactate. Két qua khao sat cho thay khi tang thoi
gian phan ng thi d6 tan va hiéu suat thu hdi san pham ting trong khoang 2 gid ddu va gan
nhur khong ddi sau thoi gian nay. Cu thé, véi thoi gian phan tng 13 0,5 gid, 2,0 gio va 3,0
gio thi d6 tan va hidu suat thu hdi ciia chitosan lactate 1an luot 13 97,7 va 150,8%; 99,4 va
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151,7%; 99,5 va 151,9%. Sy anh hudng ciia thoi gian dbi voi hidu qua tao mudi c6 thé giai
thich do phan tng tao mubi & dy 1a phan tmg di thé (rin-16ng). Do d0, cac phan tir acid
can c6 thoi gian du dai dé khuéch tan vao sau bén trong thé tich cua hat chitosan.

Tir két qua thu dwge va nham rit ngdn thoi gian san sudt, ching t6i lia chon thoi
gian phan g la 2 gio: dé tao ra san pham mudi chitosan lactate.
3.4.5. Pé xudt quy trinh diéu ché va tinh chit héa Iy ciia chitosan lactate

Tir cac két qua nghién ciru thu dugc & cac phan trén, chiing toi lwa chon cac thong
s6 phu hop nhit va dé xuét quy trinh tao mudi chitosan lactate tir chitosan trong vo 16t
xéac tom (Hinh 3.18). Cac san phdm duoc phan tich, danh gia cdc tinh chat hoa 1y bao
g6m thanh phan hoa hoc, cau triic hoa hoc va do ran. Pong thoi, san pham ciing dugc
so sanh v&i san pham chitosan lactate dang co trén thi truong va mudi chitosan lactate

duoc lam theo cung quy trinh nhung sir dung chitosan tir ngudn vé tom ctia nha may ché

( Chitosan )
Y

Nghién, sang (35 mesh)

v

Ngam truwong né chitosan trong
70% (EtOH/H,0), ty 1€ 1:10 (w/v),
4 gio, nhi¢t do phong

v

Loai dung méi

Y

Phan ung vo6i lactic acid (1M) tao
muoi chitosan, ty 1€ 1:10 (w/v),
2 git, nhiét do phong

v

Rua acid du

Y

Say kho 40°C, ~12 gio

Chitosan lactate

Hinh 3.18. Quy trinh diéu ché chitosan lactate tir chitosan ciia v6 16t xac tom.

bién thiy san.
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% Tinh chit cac nguyén liéu chitosan

Chitosan tur vo tom 10t xac (ham lugng khoang va protein < 1%, ham luong kim
loai ning nam trong muc cho phép dat tiéu chuan thuong mai Standard SC/T403-2004
[206], d0 deacetyl khoang 90%, d¢ tan khoang 99%, kich thudc 35 mesh) dugc thu nhan
theo quy trinh ctia luan 4an (Hinh 3.10). Chitosan tir vo tom trong nha may ché bién (ham
luong khoang va protein < 1%, ham luong kim loai ning nam trong muc cho phép dat
tiéu chuén thuong mai Standard SC/T403-2004 [206], d0 deacetyl khoang 90%, kich
thude 35 mesh, duoc cung cap boi cong ty Viet Nam Food).

Tinh chét hoa 1y cua céc loai chitosan dugc so sanh va trinh bay ¢ Bang 3.15.
Maic du thu nhan tr hai nguén khac nhau nhung chitosan tir vo 1§ xac va vo tom ché
bién dugc chon nghién ctru ¢6 tinh kha twong dong bao gom kich thudc hat, 46 deacetyl,
d6 nhét, do tinh sach va do am. Tuy nhién, chitosan tir vo tom 16t xac c6 do tan va thé
zeta 16n hon. Su khac biét nay ciing s& anh hudng mot phan dén hiéu qua tao mudi va
tinh chit cua san phém mudi thu duoc. Viée lua chon duoc mot loai chitosan tir vo tdom
ché bién co day du cac tinh chat giéng voi chitosan thu duoc tir vo 16t xac 1a khong thé
vi hai nguén nguyén liéu ban dau khac nhau.

Bang 3.15. Tinh chit co ban ciia chitosan tir cac ngudn khac nhau

Chitosan Nguén tir VLX | Nguén tir VNF
Chi tiéu
Tinh chat | Do deacetyl (%) 90 + 0,3 90 + 0,5
vatly 1 g6 nhét (cPs) 459 + 22 476 + 20
Do tan 1% chitosan hoa tan 99,2 +0,3 95+0,6
trong acetic acid 1%
Dién thé zeta (mV) 84,3+ 1,8 56,5+ 1,2
Kich thudc hat (mesh) 35 35
Maiu sic Tring Trang
Tinh chit | Do 4m (%) 9,6+ 0,5 9.4+0,6
héahoc | 1y 64ng (%)* 0.5+0.2 0.5+03
Protein (%)* 0,3+0,1 0,4+0,2
pH cua dung dich 1% chitosan 3,1+£0,1 3,2+0,1
hoa tan trong acetic acid 1%

*Két qua duge tinh trén trong hrong khé tuyét doi.
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+* Tién hanh diéu ché chitosan lactate

Qua trinh tao mudi chitosan lactate tir chitosan dugc mo ta véan tit trong so dd
Hinh 3.18. Cu thé cac budc tién hanh nhu sau:

Ngam 25,0 g chitosan trong hon hop EtOH/H20 (70% EtOH) véi ty 1¢ 1:10
(chitosan/dung méi, w/v), khudy dao déu trong 4 gid. Sau do, loai bo toan bd dung méi
thu duogc chitosan truong nd.

Cho chitosan trrong né phan tng véi dung dich lactic acid 1,0 M trong dung moi
EtOH voi ty 1& 13 1:10 (chitosan/dung méi, w/v), khudy dao déu trong 2 gid. Sau do, loc
dé loai bo dung dich va phan ran duogc rira 2 1an bang ethanol 85% (10 phit/lan) va ngdm
30 phut trong ethanol 99,5%.

San pham dugc 1am kho bang may siy khong khi nong & 40°C dén khi dat do am
tir 9-10% (khoang 12 gid), luu giit san pham trong bao bi kin va tranh 4nh sang truc tiép.
< Tinh chat san pham chitosan lactate

Bang 3.16. Tinh chit co ban ciia chitosan lactate tir cac nguon khac nhau

Chitosan lactate Ngudn tir Ngudn tir Ngudn tir
Chi tiéu VLX VNF MarkNature
Do nhot (cPs) 105 +£2° 172 + 18°¢ 36,3 +5,2°
Do tan 1% chitosan lactate | 99,4 +0,3° 96,0 + 0,92 99,6 + 0,2°
trong nudc (%)
Dién thé zeta (mV) 99,3 £ 1,6° 91,7+2,92 99,1 +1,9°
HSTH chitosan lactate (%) 151,7+2,8 143,6 + 1,1 -
Trang thai, mau sdc hat Hat ro1, vang Hat roi, Bot min,

nhat vang nhat vang nhat

Mau sic 1% chitosan lactate | Trang, trong Trang, trong Vang nhat,
hoa tan trong nudc trong
Do am (%) 9,5+ 0,6* 9,2+0,7* 8,8+ 0,22
pH cua 1% chitosan lactate hoa 4,7 £0,2° 4,7+0,32 4,7+0,22
tan trong nudc

*Két qua due tinh trén trong lwong khé tuyét doi; (-) Khong phdn tich; Céc gid tri trong bang (theo
hang) cé ky tw khéc nhau thé hién sy khéc biét c6 y nghia thong ké (p < 0,05).

Tinh chat 1y hoa ciia cic mudi chitosan lactate khac nhau dugc trinh bay trong Bang
3.16 va Hinh 3.19. C4c s0 liéu va hinh anh cho thay chitosan lactate thu nhan tir nguén vo
tom 10t c6 cac tinh chat (dd deacetyl, mau sic, d6 am, ham luong khoang va protein, pH
ctia 1% mubi hoa tan trong nuéc) twong duwong véi cac san pham mudi dugc san xuét cling

quy trinh tir ngudn vo tém ché bién va mudi chitosan lactate thwong mai. Tuy nhién, giita



106

cac loai mudi nay c6 mot sO tinh chit khac nhau. Vi dy, d6 tan cua mudi chitosan tir nguén
vo 10t xac va san pham thuong mai (> 99%) cao hon so voi mudi chitosan diéu ché tir vo
tom ché bién (96%). Ngoai ra, hiéu suat thu hdi mudi chitosan lactate diéu ché tir chitosan
c¢6 ngudn goc tir vo 10t xac cao hon mét chit so vai chitosan ¢6 ngudn gdc tir vo tom ché

bién.

Hinh 3.19. San pham chitosan lactate tir vé 19t x4c (a), tir chitosan VNF (b) va

chitosan lactate cia MarkNature (c).

Quan sat hat mudi hinh thanh va sang qua rdy c6 kich thudc 16 ray ban dau (35 mesh)
thi ¢4 hai loai mudi chitosan lactate c6 nguén tir chitosan cta vo 10t xac va chitosan tir cong
ty Viét Nam Food déu khong lot sang. Diéu ndy cho thiy sau khi gdc lactic duoc lién két
v6i gbe amin cua chitosan tao phirc, 1am cho kich thudc phire chitosan-lactate (> 35 mesh)
tang 1én so véi kich thudc chitosan ban dau. Trong khi chitosan lactate thuong mai ctia cong
ty MarkNature c6 kich thudc < 140 mesh (bot min).

Tom lai, cac tinh chat hoa 1y co ban cuia san pham chitosan lactate thu dugc tir
ngudn vo tém 16t ¢6 tinh chat tuong duong véi san pham thuong mai cing loai va wu
viét hon mot chut so vi mudi chitosan lactate san xuat tir nguon vo tom ché bién. Ngoai
ra, dé c6 thém co s so sanh ciu trac héa hoc, do ran va do tinh khiét cua cac san pham
mudi ké trén, chiing toi tién hanh phan tich phd hong ngoai (FTIR), pho cong hudng tir
hat nhan (NMR) va pho nhiéu xa tia X (XRD).

Phé hong ngoai (FTIR) duoc st dung dé xac dinh dao dong cua cac nguyén ti,
nhém chie, lién két trong cAu trac vat liéu khi vat liéu d6 hép thu va phat nang luong
thudc ving anh sang hong ngoai [138]. Dua vao vi tri va cudng do cua cac dinh (peak)
ghi nhan co thé xac dinh sy c6 mait cua cac lién két, nhom chice dic trung. Tur do, xéc
dinh dugoc mot phﬁn cAu tric cta vat liéu d6. Hinh 3.20 thé hién phé FTIR cua chitosan
va chitosan lactate tir vo tom 10t va dugc so sanh voi cac san phém chitosan lactate
thwong mai tir cong ty MarkNature (Hoa Ky) va chitosan lactate diéu ché tir chitosan
ctia Cong ty Vietnam Food (Viét Nam). Két qua phan tich cho thay pho FTIR ciia tat ca
cac miu déu co cac dinh dao dong dic trung tai sé song 3446 cm™! (OH), 2886 cm™ (C-
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H), 1315va 1372 cm™! (-CH») va 962-1151 cm™! (C-O-C va C-0) [147, 169]. Tuy nhién,
sau khi phan tng véi lactic acid dé tao mudi (Hinh 3.20b, 3.20c, 3.20d), cac dinh dic
trung cho nhém amin bac I (-NHy) vi tri 3446 cm! bi gidn rong va gan nhu bién mat
hoan toan do nhom amin bac I bi proton héa thanh (-NH3"). Hon nita, cac dinh dac trung
cho nhém amin (-NH,) trong phd cia chitosan tai 1567 cm™ va 1650 cm™" ciing khong
xuét hién trong phd cua mubi chitosan lactate. Diéu nay chung té twong tic ciia nhom
amin bi proton hoa véi lactic acid tao thanh gbc (-NH3*COO(OH)CHCH3 va tao thanh
mudi chitosan lactate [147, 156, 169]. Khi so sanh phd FTIR ctia mudi chitosan lactate
diéu ché tir vo 16t x4c v6i cac mudi chitosan lactate thuong mai, khong théy su khac biét
dang ké nao vé sb luong, vi tri va cuong do cac dinh. Nhu vay, két qua phan tich FTIR
xac nhan r::ing d4 co sy tao thanh cuia mudi chitosan lactate khi sir dung chitosan tir vo
tom 16t dé diéu ché. Pong thoi san pham mubi thu dugce ciing ¢ cau tric hoa hoc tuong
tir cac san pham thuong mai dugc diéu ché tir vo tom ctia nha may ché bién dang c6 mat

trén thi truong.
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Hinh 3.20. Phé FTIR ciia (a) chitosan va (b) chitosan lactate tir vo tom 19t va (c) vé

tom ché bién cong ty Vietnam Food, (d) chitosan lactate thwong mai tir cong ty
MarkNature.
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Hinh 3.21. Pho XRD ciia (a) chitosan va (b) chitosan lactate tir vo tom 19t va (c)
v6 tom ché bién cong ty Vietnam Food, (d) chitosan lactate thwong mai tir cong ty
MarkNature.

Do ran hay cau trac két tinh/vo dinh hinh cua vat liéu c6 anh huong rat 16n dén
tinh chat va kha nang tng dung cua vat liéu d6 [139]. Cong cu pho bién nhét dé xac dinh
d6 ran cua vat lidu d6 1a phd XRD. Hinh 3.21 trinh bay cac phd XRD cua chitosan va
chitosan lactate tir vo tom 10t, vo tom ché bién va chitosan lactate thuong mai. DPdi véi
chitosan thu nhan tir vo tdm 10t, co sy xuat hién hai dinh dic trung cua chitosan tai goc
quét 20 10,5 va 20,1° trong tng voi cac nhidu xa 020 va 110 [139]. Trong d6, dinh xuét
hién trong khoang 10° dac trung cho tinh chat vo dinh hinh cua chitosan, con dinh tai
khoang goc quét 20° 6 dic trung cho tinh chat két tinh (Hinh 3.21a) [139, 170]. Tuy
nhién, quan sat két qua phan tich XRD & Hinh 2.21b-d c6 thé nhén thiy tit ca cdc mau
chitosan lactate thu dugc trong nghién ctru nay va san pham thuong mai khac nhau dang
ké so voi nhiéu xa tia X ctia mau chitosan (Hinh 3.21a). Cu thé, dinh tai gbc quét 20
10,5° gﬁn nhu bién mat, trong khi dinh ¢ 20,1° dich chuyén sang vi tri goc quét 20 18,1°.
Diéu nay ching to do két tinh cia mudi chitosan lactate cao hon d6 két tinh ciia chitosan.
Két qua nay tuong dong véi cac bao cao trude lién quan dén diéu ché mubi chitosan
khac [111, 130]. Su thay ddi nay duoc giai thich do ¢ su bién dang cua céc lién két
hydro manh giira cadc phan tir chitosan [111, 130]. Pang chu y, c6 su xuét hién cta 2

dinh nho tai goc quét 20 bang 7,9° va 11,6° trong cac phd XRD ciia mau chitosan lactate



109

tir vo tom 10t va san phim thuong mai (Hinh 3.21b va d). Piéu nay c6 thé giai thich do
tuong tac gitta cac nhom lactate trong mau mudi tir vo 16t xac va mudi thuong mai manh
hon so voi miu mudi tir vo tdm ché bién. Két qua nay ciing phu hop véi tinh chat hoa
tan trong nude cia cac mudi duge thé hién ¢ Bang 3.16. Nhu vay, c6 thé khang dinh
tinh chit két tinh hay do rin cua chitosan lactate diéu ché tir ngudn vo tom 16t twong tu
nhu san pham chitosan lactate thuong mai.

Céu tric hoa hoc va do tinh khiét ctia san phém chitosan lactate thu nhan tur nguén
vo tom 16t duoc xac dinh va so sanh véi cac san phém chitosan lactate thwong mai dya
trén két qua phan tich phd "H-NMR trong Hinh 3.22, Hinh 3.23 va Hinh 3.24. Két qua
cho théy phé "H-NMR cutia ca 3 mau déu co sy hién dién cua cac dinh dic trung tai do
dich chuyén hoéa hoc 1a 2,1 ppm (NHCOCH;), 3,2 ppm (H2), 3,6~3,9 ppm (H3~H6,
H2~H6) va 4,4~4,7 ppm (H1). Tuy nhién, cuong dg cac dinh proton H2~H6 va H3~H6
hoi khac nhau giita cac pho, c6 thé do d6 4m khéc nhau ciia mau thé hién ¢ dinh hap thu
nude tai 4,2 ppm. Pang chu y, so v4i pho cua chitosan, trong phd cta cac mudi co sy
xuat hién cua cac dinh tai 1,9 ppm (NHAc) va 4,3 ppm (-CH ciia nhém hydroxylate
lactyl), khang dinh sy tao thanh lién két hoa hoc giita chitosan va acid lactic. Khong co
su xuat hién cac dinh trong khoang 0~1,2 ppm chiing té cac san pham c6 do tinh sach
cao. Nhu vay, két qua phan tich NMR cho thay chitosan lactate diéu ché tir nguon vo
t6m 16t ban dau co cau tric hoa hoc va do tinh khiét twong duong véi san pham chitosan
lactate thuong mai, déng thdi ¢6 su tao thanh mudi chitosan lactate khi cho chitosan

phéan g véi lactic acid.
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Hinh 3.22. Pho '"H-NMR ciia chitosan lactate thwong mai tir cong ty MarkNature.
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Hinh 3.23. Pho '"H-NMR ciia chitosan lactate sir dung chitosan ciia cong ty
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Hinh 3.24. Pho 'H-NMR ciia chitosan lactate dwoc diéu ché tir chitosan thu nhin
tir vo tom 19t.
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3.5. Nghién ctru irng dung thu hdi vi tio Nannochloropsis sp. bang chitosan lactate
3.5.1. Tinh chit va thanh phdn héa hoc co ban ciia vi tdo Nannochloropsis sp.

Vi tao Nannochloropsis sp. dugc nhan gidng tir vi tao gdc luu trit tai Trung tim
nghién ctru Gidng va Dich bénh thuy san, Trudng Dai hoc Nha Trang. Diéu kién nudi
cdy tai phong thi nghiém: nhiét d6 phong duy tri & 25 + 2°C, cac dung cu thiét bj va
nude bién di dugce xir 1y sach va thanh tring (121°C/15 phut), cac binh nudi duge suc
khi va chiéu sang (1000 — 3000 lux) lién tuc, d6 min nuée bién giit trong khoang 25 —
35%pp va pH moi trudng trong khoang 7,5 — 8,5. Dé 6n dinh pH moi truong ctia miu thi
nghiém, tién hanh 1dy miu lac 15 gio mdi lan 14y. Dé 6n dinh luong té bao trong dich
mau thi nghiém thi léy mau tai thoi diém sinh khi vi tdo dat mat o cao nhat (giai doan
dau cia pha can bang). Mau dich vi tao ¢c6 mau xanh lyc dic trung (Hinh 2.3). Tinh chat
va thanh phan co ban ctia mau dich va vi tao dugc trinh bay trong Bang 3.17.

Bang 3.17. Tinh chat va thanh phan dinh dudng ciia vi tio Nannochloropsis sp.

Chi tiéu Két qua

Tinh chét co ban cta dich | Kich thudc vi tao (um) 2-4

vi tao Mat d6 té bao (tb/mL) 37,3x 10°+ 2.6
Dién thé Zeta (mV) -6,1+1,5

Thanh phan dinh dudng* | Protein (%) 26,9+ 1,1
Carbohydrate (%) 323+1,8
Khoang (%) 8,2+0,8
Lipid (%) 16,2+0,7
Carotenoid (png/g) 7368 = 129
Chlorophyll-a (ng/g) 10369 + 174

*Két qua duge tinh trén trong lrong khé tuyét doi.

Kich thudce cua loai vi tdo Nannochloropsis sp. trong nghién clru nay (2 -4 um)
tuong duong vai lodi tao thudc chi Nannochloropsis duge phan lap va nudi ciy & cac
nudc khac, da duoc ung dung phd bién 1am thirc dn nudi trong thity san do ¢6 thanh
phan dinh dudng kha cao, chira mot nguodn sic td quan trong c6 gia tri thwong mai 16n
[86, 118, 174]. MAu dich tao do duoc c6 thé zeta 1a — 6,1 + 1,5 (mV) thé hién té bao vi
tao Nannochloropsis sp. c6 dién tich bé mat am. Dién thé zeta 13 mot thong sb quan
trong khi khdo sat cac yéu to anh huéng va co ché xdy ra qua trinh keo tu thu vi tao.
Ngoai ra, mat do vi tao dat 37,4 x 10° tb/mL thu duoc & pha cin bang 6n dinh, twong
duong véi mat do vi tdo N. oculate dugce st dung trong nghién ctru cua Baharuddin va
cong su (2016) [33] khi dat mat ¢ 22 x 10° tb/mL va hau hét cac nghién ctru khac khi
sinh khéi vi tao dat mat do ¢ pha can bang 16n hon 107 tb/mL [91].
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Sinh khéi vi tao Nannochloropsis sp. dugc loai nuée bang cach ly tam véi tbe do
8000 rpm trong 10 phut ¢ nhi¢t do 4°C. Dich vi tdo dam dac duoc séy 0 45°C trong 24
gid trude khi tién hanh phan tich thanh phan dinh dudng co ban. Két qua phén tich cho
thdy vi tao Nannochloropsis sp. chita ham luong carbohydrates véi ty 18 cao nhat
(khoang 32,3 %), ham luong protein, lipids va khoang chat 1an lugt co gia tri khoang
26,9%, 16,2% va 8,2%. Két qua nay tuwong ty v6i nghién ctru ciia Molino va cong su
(2018) [133] khi phan tich thanh phan héa hoc cua vi tdo Nannochloropsis sp. gdm
32,05% carbohydrate, 26,67% protein, 15,3% lipid va 8,31% khoang chit va co su khac
biét véi ham lugng cac chat dinh dudng 6 trong cac loai vi tao nhu Arthrospira platensis,
Scenedesmus almeriensis, Haematococcus pluvialis (Green Phase), Haematococcus
pluvialis (Red Phase), Chlorellavulgaris, Dunnaliella salina [133]. Tuy nhién, mot
nghién ciru khac cho thay loai vi tao Nannocloropsis sp. chita cac chat dinh dudng gom
khoang (11,32%), carbohydrates (9,62%), lipids (21,78%) va protein (30,29%) [110].
Két qua nghién ctru & Bang 3.17 cho thdy ham carbohydrate cao hon gép 3 1an, trong
khi ham lugng lipids thap hon 1,3 1an so v&i két qua trong nghién ctru cia Kent va cong
su (2015) [110]. Thanh phan dinh dudng cua ting lodi N. gaditana va N. oculate duoc
Matos va cong su (2016) [126] nghién ctru cho thiy khéng co su chénh 1éch 16n vé thanh
phan dinh dudng cta 2 loai vi tao nay gdm khoang (8,5 — 12,3%), protein (41,6 — 42,1%),
lipid (8,1 — 15,6%) va carbohydrate (16,7 — 18,6%), nhung c6 sy khac biét so véi nghién
ctru ctia dé tai nay vé ham luong protein (cao hon gép 1,5 1an) va carbohydrate (thap hon
khoang 1,8 1an). Piéu nay cho thay, loai vi tio séng & moi truong khac nhau c6 ham luong
dinh dudng khéc nhau.

Mot nghién ctru khéc, phén tich thanh phan dinh dudng ctia vi taio Nannochloropsis
oculate sau khi bo sung enzyme lipase nham phén giai lipids thanh cac acid béo tu do.
Két qua cho thay ham lugng carbohydrate (37%) va acid béo tong sb (11%) khong chénh
1éch 16n v6i nghién ctiru nay (32,3% carbohydrate, 16,2% lipid), ham lugng protein chi
dat 19% trong khi ham luong khoang chat (34%) lai cao hon gap 4 1an so véi nghién ctru
nay [55]. Piéu ndy co thé giai thich thanh phan khoang trong sinh khdi qué cao lién quan
dén su hién dién cua cac mubi khoang bam trén bé mit té bao vi tao. Nhiéu nghién cuu
khac ciing x4c dinh ham luong khoang & mot s6 sinh khdi vi tio khong rira trude khi phan
tich co gia tri trong khoang 33 — 41%. Ngoai ra, mot s6 loai vi tio nhu Phaeodactylum
tricornemon ¢6 ham luong chit vo co cao 1a do thanh té bao ctia né duoc bao phu boi
silica. Do vy, trong chi Nannochloropsis ciing c6 thé khac nhau vé ham luong khoang
chét ¢ timg loai, nhu N. gaditana chira khoang 12,3% trong khi N. oculate chtra khoang
8,5% [126].
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Ngoai ra, Nannochloropsis sp. dugc minh ching 13 ngudn giau chét diép luc,
carotenoid (astaxanthin 1 chu yéu) c6 kha ning chéng oxy héa rat cao [110]. Két qua
Bang 3.17 cho thdy ham luong chlorophyll-a (10.369 + 174, ng/g) va carotenoid (7.368
+ 129, ug/g) trong vi tao Nannochloropsis sp. cao dang ké. Nghién ctru cia Kent va cong
su (2015) [110] phan tich ham luong carotenoid (0,7%) trong vi tdo Nannocloropsis sp.
16n hon dang ké so véi hai san pham thuong mai (Spirulina va Chlorella), trong d6 ham
lugng astaxanthin dugc xac dinh chiém ty I¢ cao hon cac chat mau carotenoids khac [110].
Tuy nhién, nghién ctru cta [133] khong phat hién ham luong carotenoid chiét trong dung
moi DMSO va xac dinh bang phuong phép sic ky 16ng cao ap voi 3 chat chuin gém
astaxanthin, beta-carotene va lutein ddi v6i vi tdo Nannochloropsis sp., khac v6i nghién
ctru trén 13 vi tdo duoc chiét bang dung moi metanol.

Nhu vay, vi tao Nannochloropsis sp. trong nghién ctru nay c6 kich thudc nho, bé
mit té bao trong moi trudng nudi mang dién tich 4m, chira ham lugng protein va lipid
kha cao va dic biét chira chat mau c6 kha nang chdng oxy héa (chlorophyll-a va
carotenoids) voi ham luong déng ké. Do d6, chung toi dé xuat sir dung chitosan lactate
c6 thé zeta duong (99,3 + 1,6 eV) lam chét tro ling nham thu vi tao v&i hidu qua cao va
van giit duoc dic tinh dinh dudng cia vi tdo khi duge str dung 1am thic in trong nuoi
trong thuy san [24, 25, 55, 100].

3.5.2. Anh hwéng ciia nong dp chitosan lactate siv dung dén higu suit ling

Hinh 3.25 cho thay hiéu suat lang sinh khdi vi tao phu thudc rat nhiéu dén nong
d6 chitosan lactate (CTSs) st dung va c6 mét gii han nhat dinh, néu tiép tuc ting ndng
d6 thi hiéu suat lang c6 xu hudng giam xudng. Mau ddi chimg (PC) khong c6 tac nhan
keo tu va dé ling mot cach tu nhién khong ¢ sy thay ddi trong 15 phit dau, sau d6 co
thay d6i nhung khong dang ké, hiéu suat ling chi dat khoang 2,8% sau 300 phut lang.
Khi b6 sung CTSs voi ndng do 100 ppm, hién tuong két bong xay ra va ling sau 15 phut
dat hiéu suat ling khoang 6,8% va cao dén gan 35% sau 300 phut ling. Khi ting nong
d6 CTSs 1én 200 ppm thi hiéu suét lang dat khoang 38,8% (¢ 15 phut) va khoang 59,8%
(6 300 phut). Hiéu qua két bong va lang tang cao khi tiép tuc ting nong d6 CTSs sir
dung va kéo dai thoi gian dé lang.

Tai Hinh 3.25a, d0 thi biéu dién cho thdy & ndng d6 cua CTSs 1 300 ppm va 400
ppm c6 két qua khong khac biét théng ké (p > 0,05) va hi¢u sut lang cao nhat, dat
khoang 75 — 77% (15 phut ling) va xap xi 90% (300 phut ling). Hién tuong két ling co
thé quan sat rd hon & Hinh 3.25b khi dé lang vi tao sau 15 phat. Nong do chitosan lactate
sir dung hiéu qua trong nghién ctru nay cao hon so véi nhiéu nghién ctru sir dung chitosan

(30 — 200 ppm) d¢é lang vi tao bién thudc chi Nannochloropsis [174]. Tuy nhién, két qua
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nghién ctru cia Chua va cong su (2019) [65] cho thy str dung chitosan ma khong két
hop diéu chinh pH dé két lang vi tao Nannchloropsis BR2 dat hiéu qua lang rat thap, chi
dat dudi 20%. Tuong ty, nhiéu két qua nghién ctru ing dung chitosan dé thu hoach vi
tao bién Nannochloropsis dugc danh gia cao nhung phai c6 su két hgp magie hydroxid
[85, 91], hodc két hop dung chitosan 1a chat tro ling dé 1am giam chét keo tu chlorua sat
(gay 6 nhiém sinh khdi) mang lai hiéu qua cao dbi véi cac loai vi tao bién [178].
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Hinh 3.25. Anh huéng ciia nf’ing do chitosan lactate (ppm) dén hiéu suit léng theo
thoi gian thu hoach (a), tai thoi diém 15 phat ling (b).
Cdc gid tri trén dé thi c6 ky tw (theo ky hiéu mau) khdc nhau thé hién sw khdc biét cé vy nghia théng ké
(p < 0,05).

Cho dén nay, chua c6 nghién ctru ndo str dung mudi chitosan cé thé hoa tan trong
nude dé ing dung lam chat trg lang thu hoach vi tao. Nhung di ¢6 nhiéu nghién ctru tmg
dung mudi chitosan trong cong nghé keo tu lam trong nudc qua, rugu vang, nudc tra. .. Do
mubi chitosan dugc xem 13 an toan va c6 tinh ning ddc biét rang co thé hoa tan truc tiép

trong nudc (chitosan hoa tan trong acid lodng). Tir co s& d6, mudi chitosan lactate c6 thé six
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dung lam chét keo tu vi tdo, nham cai thién mot sé nhuge diém cia chitosan khi ung dung
thu hoach vi tdo. Hon nira, chitosan lactate dugc chon sir dung trong nghién ctru nay vi no
ciing duogc x4c dinh c6 vu diém hon so vdi chitosan acetate [89, 90]. Uu diém cua chitosan
da duoc cac nha nghién ciru dé cao vé cac tinh ning cua nd va dé xuat day 1a chét keo tu
sinh hoc tiém ning tmg dung trong cong nghé thu hoach vi tao. Do bai, chitosan duge xem
nhu 1a mét phu gia an toan, khéng anh hudng dén strc khoe con ngudi va mudi chitosan 1a
dan xuét cta chitosan dugc xac dinh 13 van gilt dugc tinh chét dic trung cua chitosan [21,
43, 60, 65,93, 117, 119, 183, 191]. Vay, phuong phép sir dung chitosan 1am chét tro ling
s& gitip cho cong nghé thu hoach vi tio giam duoc chi phi niang lwong, liéu luong thap, thoi
gian ngén va hiéu qua cao [35, 79, 113, 118, 152].

Hién nay, van c6 su tranh cii giira viéc giai thich vé co ché keo tu vi tao bién. Hiéu
qua thu hoi sinh khdi bang chitosan (chat tao mang sinh hoc) dwra trén co ché trung hoa dién
tich va tao cau nbi. Tuy nhién, trong mdi truong nude bién hau hét cac dién tich duong ciia
cac phan tir chitosan bi che chan do cuong do ion cao. Do d6, su hp phu giita cac té bao vi
tdo va cac phan tir chitosan bi gidm, co ché keo tu ctia cac chat tao mang sinh hoc con dugc
giai thich do ¢6 su hinh thanh & dang mang ludi va keo tu vi tao theo co ché quét [43, 65,
144]. Vi vay, c6 thé giai thich rang chitosan lactate mang dién tich dwong do chira cac nhom
amino nén c6 xu hudng thu hut cac t& bao vi tao mang dién tich Am bang lién két tinh dién.
Tir d6, trang thai ctia thanh té bao thay doi lam giam luc day giita cac té bao vi tao dén mirc
t6i thiéu (giam dién thé zeta) va tao thanh cac khdi bong. Sau d6, cac khéi bong lai duoc
lién két lai v6i nhau thanh cum bong 16n hon théng qua lién két bac cau, rdi lang xudng
[149, 152, 153]. Tuy nhién, quan st thdy cum bong vi tao clia san pham khong qua 16n va
lang cham sau 15 phut dé yén. Piéu nay c6 thé giai thich do cac dién tich dwong ciia chitosan
bi che chin bai cuong do ion cao trong méi trudng nude bién, dan dén viéc cudn polyme
va ngin can qua trinh keo tu thong qua cau ndi va ¢ xu hudng co cudn lai va bao boc cac
té bao vi tao [43].

Ngoai ra, hiéu qua keo tu con phu thudc vao tinh chét cua chitosan lactate st dung
¢ d6 nhét thap (105 cPs, Bang 3.16) va duoc diéu ché tir chitosan ¢ khéi luwong phan tir
trung binh (khoang 500 kDa, Bang 3.8). Ban chat ctia chitosan lactate c6 mach ngin phu
hop véi co ché keo tu v, cac phan tir chitosan nhé dién tich dwong hap phu & bé mit cua
mdt té bao tich dién 4m va tao ra sy phan bd dién tich khong déu trén bé mat ctia nd. Tir cac
ving duong trén bé mat phan tir chitosan khong duoc phil ¢6 thé tuong tac véi cac ving am
trén bé mat cua té bao vi tao khac va két ndi chung véi nhau [77, 78]. Nhu vay, co ché keo

tu cta chitosan va dan suat ciia né (chitosan lactate) bao gdm qua trinh hap phu va trung
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hoa dién tich [24]. Nho d6 ma té bao vi tao sau thu co thé giit duoc hinh thai nguyén ven
nén chitosan pht hop dé thu hoach té bao vi tao sdng [24, 25].

Khi tiép tuc ting néng do CTSs 1én 500 ppm thi hiéu suét lang lai thip xudng con
lai khoang 67% (15 phut lang) va khoang 80% (300 phut ling) (Hinh 3.25a). Két qua nay
duoc quan sat rd hon & Hinh 3.25b tai thoi diém 15 phiit lang khi so sanh cdc ndng do CTSs
str dung khac nhau. Hiéu suat lang ctia sinh khéi vi tao khi thu bang chitosan lactate & nong
d6 300 va 400 ppm khong co su khac biét théng ké (p > 0,05). Piéu nay da duoc nhiéu
nghién ctru minh ching cho thay, cac khbi bong dugc hinh thanh khi xay ra hién twong
trung hoa dién tich, luc d6 dién thé zeta ciia cac té bao vi tao tich dién 4m giam va tién vé 0
0 mot n6ng dd chitosan nhét dinh [35,201]. Do do, khi tang néng do chitosan qua cao dan
dén qua trinh thu hoach c¢6 kha ning bi giam hiéu qua, nhan dinh nay ciing tuong ty véi
nghién ctru cia Ahmad va cong su (2011) [24] khi tmg dung chitosan dé thu hoach vi tao
Chlorella sp. Tuy nhién, nghién ctru ciia Sirin va cong su (2013) [174] c¢6 két qua thu hoi
sinh khoi vi tao N. gaditana dat hiéu qua cao khi ding 30 ppm va khong giam khi ting nong
do chitosan 1én trén 90 ppm, tham chi ¢ nong d6 200 ppm. Tac gia cho rang nong do
chitosan vuot qua liéu lugng tdi wu s& giit cho dién tich 6n dinh nhung khong 1am chiing
qué tai vi ndng do vi tao N. gaditana ban dau cao hon. Nhu vay, hiéu qua thu hoach sinh
khdi vi tao phy thudc loai, anh huéng quan trong dén hiéu suét lang [174]. Ngoai ra, & nong
d6 nay (500 ppm CTSs) gy ra sy du thira lam cho cac mach chitosan khong gan két duoc
v6i té bao vi tao va gay tu két tia. Khi d6, kha ning ling cua té bao giam do sé luong
nhom amin gia ting (bé mit cua cac hat vi tao riéng 1é duoc bao boc hoan toan bai
chitosan). Cac hat nay s€ khong thé tiép tuc lién két bic cau vai cac hat vi tao khac dé tao
bong 16n hon, tao nén luc day giira cac nhom va gy mat on dinh cac khoi bong két lang
[35, 152]. Beach va cong su (2012) [35] con giai thich thém vé hién twong hap phu qua
mirc cia chitosan gy ra cac twong tac day do vuot qua cac tuong tic hap dan khi nong
do chitosan trong dung dich vi tdo qua cao.

Két qua nghién ctru ciia dé tai phu hop v6i nhiéu nghién ctru trude ddi voi nhiéu
loai vi tao khac nhau va cac vi tao thudc chi Nannochloropsis. Bbi véi cac loai vi tao
nuéce ngot nhu Chlorella sp., Chlorella vulgaris, S. Costatum, hiéu qua ling dat trén
90% khi str dung chitosan trong khoang ndng do rat thap tir 2 — 120 ppm trong thoi gian
rat ngan [24, 151, 152, 157]. Sy khac nhau vé ndng do cua chitosan t6i vu dé sir dung
lam chét keo tu sinh hoc dat hiéu qua cao thi phu thudc vao loai vi tdo, mdi trudng nuoi
sinh khéi nhu ché do dinh dudng, d6 min, mat do té bao, do tudi va do pH [100, 144]
va ké ca dung méi pha chitosan [152]. Do vay, khi tién hanh thu vi tao bién

Nannochloropsis sp., ndong dd chitosan lactate st dung cao hon so véi cac nghién ctru
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st dung chitosan dé thu hdi vi tao nudc ngot. Piéu nay 1a do anh hudng cta cuong do
ion cao trong mdi trudng nude bién, dién tich duong ctia phan tir chitosan bi can tré tiép
xtc va tao cau ndi lién két véi cac té bao vi tao [95].

Két qua duoc biéu dién ¢ Hinh 3.25 cho thiy véi ndng do chitosan lactate 1a 300
ppm, c6 thé thu hoach sinh khdi vi tio Nannochloropsis sp. dat khoang 88,7 + 0,7% sau
5 gio lang. Trong khi, két qua nghién ctru ctia Pérez va cong su (2016) [144] chi dat cao
nhat khoang 27,5 + 3,2% khi str dung chitosan ¢ nong do 500 ppm trong 8,5 gioy d6i véi
vi tao bién Chaetoceros gracilis. Voi ndng d6 thap hon (100 — 400 ppm) thi hiéu sut
thu vi tao nay chi dat tir 22 dén 24% va hiéu suat ting dan khi ting thoi gian lang [144].
Khi so sanh két qua tai 15 phat va 300 phut ling thi hiéu suat ling vi tao ctia nghién ciru
nay cao gap 7,5 1an va gip 4,5 1an theo tht tw, so voi két qua thu vi tao Chaetoceros
gracilis & ndong d6 1a 300 ppm chitosan hodc chitosan lactate. Su khac biét nay 1a do c6
su khac nhau vé dbi twong vi tao bién, cu triic hda hoc va tinh chat ctia polyme sir dung.
Polyme sinh hoc duoc st dung trong nghién ciru 1a chitosan duoc gan thém gbc lactate
khi duoc cho phan tng véi lactic acid, co kha ning tan trong nudc va day 1a wu diém
clia chitosan lactate [119]. Khi so sanh véi chat keo tu hitu co calci lactate sir dung dé
thu sinh khdi vi tdo bién Chaetoceros gracilis ciing chi dat thap hon 5% sau khoang 5
gio le“ing va chitosan cling dugc xac dinh 1a ¢6 hi¢u suit thu cao hon han so véi loai mudi
nay [144]. Ngoai ra, két qua nghién ciru con cho thay hiéu qua thu sinh khoi khong thap
hon khi so sanh v6i hiéu qua thu sinh khéi vi tdo nude ngot Chlorella vulgaris boi cac
dung dich chitosan pha trong moéi trudong acid khac nhau, nhu 5,1 £ 5% (citric acid),
54,5 £ 5,65% (nitric acid), 69,3 + 2,47% (photphoric acid) va 84,5 £ 3,53%
(hydrochloric acid) [151, 152].

Nhu vay, viéc st dung mudi chitosan lactate cling co thé duoc xem 1a dan xuét
phu hop dung dé thu hoach vi téo Nannochloropsis sp., mang lai hi¢u qua thu hoach
cao, ddc biét ddi véi loai vi tao bién.

3.5.3. Anh hwéng ciia két hop siv dung chitosan lactate va diéu chinh pH dén hiéu
sudt ling

Mot s6 nghién ctru cho thiy phwong phap st dung chat keo tu va diéu chinh pH hd
tro tao khoi bong 16m, dé dang loai tach nudc [95]. Hon nira, dién tich bé mat cta vi tao
va phén tir chitosan thay d6i theo do pH moi truong. Pong thoi, hiéu qua keo tu s& phu
thudc vao sy thay ddi dién tich bé mit cua cac hat va anh hudng dén su tuong tac gilra
cac hat phan tr [43, 151, 152].

Trén thuc té, & d6 pH thip, cac phan tir chitosan va té bao vi tao dugc proton hoa

cao, giy ra luc day 1am giam twong tic cac hat, qua trinh keo tu bi suy giam. Nguoc lai &
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pH cao, cac hat vi tao mang dién tich am cao, diéu ndy ciing gy ra luc day va giam hiéu
qua thu hoach [151, 152]. Blockx va cong sur (2018) [43] thi cho ring tio nudi trong moi
trudng nude ngot cd pH < 7,5 thi chitosan can thiét tao proton cac nhom amin dé hoat
hoa, dan dén hién tuong keo tu theo hudng trung hoa dién tich va tao cau ndi. Nhung tao
nudi trong méi truedng nude bién cd pH > 7,5 thi chitosan s& két tia, ddn dén sy hinh thanh
mang ludi dé bay cac té bao vi tdo va ¢ xu hudng cudn lai tao thanh khdi bong 16n (con
goi 13 hién tuong keo tu theo co ché quét). Khi pH moéi truong dich vi tao duge ting gia
tri kiém cao hon moéi trudng cdy va sau khi c6 tic dong cua chitosan, cac té bao s& két
bong. Nghién cttu ctia [174] cho thiy hiéu qua thu loai vi tdo N. gaditana ting 1én déng
ké khi két hop dung chitosan va diéu chinh pH 9,9.

Do vay, nghién ciru nay da tién hanh thir nghiém két hop str dung chitosan lactate
& cac nong do thap (CTSs < 300 ppm) nham tim ra nong do phu hop khi dugc két hop
thay d6i pH, dong thoi c6 thé giam dugc lugng mudi chitosan can dung. Khoang pH dugc
chon dé két hop diéu chinh méi trudng 1a pH 9,0, pH 9,5 va pH 10 va lang & cac thoi diém
khac nhau tir 15 phtt dén 300 phat. Viéc chon pH nay nham ngin kha ning xay ra tac
dung phu khi gia tri pH qua cao va tranh kha ning cac té bao bi pha v& giai phong cac
chat dinh dudng bén trong [95, 127]. Két qua khao sat anh hudng ctia ndng do chitosan

lactate va pH moi truong dén hiéu suat lang duoc trinh bay trong Hinh 3.26 va Hinh 3.27.
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Hinh 3.26. Anh hwéng clia nong dd chitosan lactate va pH mdi trwong dén hiéu
suit ling (a) va hinh anh vi tio Nannochloropsis sp. thu biang CTSs 250 ppm két
hop diéu chinh d9 pH Khac nhau (b), tai thoi diém sau 120 phit ling.

Cic gid tri trén do thi c6 ky tw khdc nhau thé hién sy khac biét ¢o y nghia thong ké (p < 0,05).

Theo két qua khéao sat & Hinh 3.25a, khi chi sir dung chitosan lactate véi nong do
300 ppm thi hiéu qua ling gan nhu dat cuc dai sau 120 phit. Do dé trong phan nay, chi
khao sat CTSs & cac néng dd khéac nhau (< 300 ppm) va diéu chinh pH (9,0; 9,5; 10,0)
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tai thoi diém 120 phut ling. Hinh 3.26 cho thay sy bién dong két qua ling ctia mau két
hop diéu chinh pH 10,0 khac biét hon so véi hai mau thi nghiém con lai va miu ddi
chtng (méi truong ty nhién, pH khoang 8,0). Cu thé, hiéu qua ling vi tao khi két hop
diéu chinh moi trudong pH 9,0 va pH 9,5 ting khi ting nong do CTSs st dung tir 0 dén
200 ppm. Sau dé, hiéu qua ling ting cao tir ndng do CTSs st dung 13 200 1én 250 ppm
(khoang tir (50 — 59%) dén (72 — 86 %)) va dat cao nhat & ndng d6 300 ppm (90 — 91%).
V&i pH 10,0 thi hiéu suit ling ciac miu & ndong d6 CTSs ting dan tir khoang 11,7%
(CTSs 0 ppm) d&én mirc cao nhat khoang 90,2% (CTSs 250 ppm) va khong khac biét
thdng ké (p>0,05) khi ting ndong do CTSs 1én 300 ppm (khoang 89%). Két qua cho thiy,
hiéu qua ling ting cao néu két hop dung chitosan lactate va diéu chinh pH 10,0 so véi
hiéu suét lang khi chi sir dung CTSs 300 ppm tai thoi diém lang 120 phit chi dat khoang
87% (PC). Ngoai ra, két qua con c6 y nghia trong viéc giam lugng chitosan lactate can
dung, tiét kiém duogc chi phi thu hoach vi to.

Hinh 3.27 cho thay hiéu qua keo tu chiu anh hudng ciia cic nong do chitosan va
do pH khac nhau. Trong do, hi¢u sudt léng phu thudc rat 1on dén su thay doi néng do
clia chitosan lactate sir dung. Nong d6 CTSs dung cang cao thi hiéu suat lang vi tao cang
cao, dat cao nhat 1a trén 90% sau 5 gid lang. Tuy nhién, khong c6 su thay doi dang ké
vé hiéu suat lang khi thu hoach & ndng do CTSs 300 ppm va cac do pH diéu chinh khéc
nhau trong khoang pH 9,0 — 10,0. V&i cac nong do CTSs thap hon (< 300 ppm), hiéu
suat lang cang tang 1én khi ting d6 pH két hop. Trong d6, thay rd nhét hiéu qua thu
hoach khi dung CTSs véi nong d6 13 250 ppm, c6 su thay doi 16n vé hiéu suat lang khi
tang d6 pH tir 9,0 (Hinh 3.27a) 1én 9,5 (Hinh 3.27b) va 10,0 (Hinh 3.27¢).

Hinh 3.27¢ cho thiy két qua hiéu suit lang khi két hop str dung CTSs ¢ ndng do 250
ppm hogic 300 ppm va két hop diéu chinh pH 10 thi khong khac biét thong ké & cac thoi
diém lng tir 15 phut dén 300 phut. Diéu nay c6 thé gia thich do méi truong cd du cation dé
hap phu v&i Nannochloropsis sp. mang tich dién 4m [151, 152]. Vi vy, ndng d6 250 ppm
chitosan lactate phti hop dé chon dé tién hanh két ling vi tao khi két hop véi viéc didu chinh
pH méi trudng & gia tri 10,0. Gia tri pH 10,0 duoc két hop diéu chinh d6 kiém cta moéi
trudng vi tao bién sau khi cho chitosan lactate (250 ppm) dat hiéu qua thu cao tuong tu két
qué cta Sirin va cong su (2013) [174], hiéu qua ling dat khoang tir 85,7% (15 phut ling)
dén 91,5% (5 gio lang). Trong khi, hidu suat lang khi thu bang CTSs 300 ppm (pH tu nhién)
dat khoang tir 75,1% (15 phut ling) dén 88,7% (5 gid ling). So véi két qua nghién ciru cua
Blockx va cong su (2018) [43], trong khoang pH 9,0 — 10,0 thi chitosan st dung & nong do
200 ppm (c6 bd sung ion (Mg") = 50 mM) dat hiéu suat ling vi tao Nannochloropsis
oculata trén 90% sau 30 phit dé lang.
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Hinh 3.27. Anh hwéng ciia phwong phap két hop chitosan lactate va diéu chinh
pH (a, pH 9,0), (b, pH 9,5), (c, pH 10,0) dén hiéu suit ling theo thoi gian thu

hoach.

Cdc gid tri trén do thi ¢é ky tw (theo ky hiéu mau) khdc nhau thé hién su khdc biét ¢é ¥ nghia thong ké
(p < 0,05).

Hinh 3.28 cho thiy cac té bao vi tao sau khi tia bong c6 sy két dinh vao nhau nhung
hinh dang tuwong tu so v6i hinh anh té bao trude khi thu hoach. Piéu nay ching t6 khong c6
su v té bao trong qua trinh thu sir dung CTSs va diéu chinh pH. Do d6, vi tao thu dugc c6
thé gitr dugc cac chat dinh dudng va c6 thé phuc hdi sinh trudng.
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Hinh 3.28. Hinh thai té bao vi tao Nannochloropsis sp. dw6i kinh hién vi quang
hoc (vat kinh 100x) trwée khi keo tu (a) va sau khi keo tu bang chitosan lactate
(250 ppm) két hop diéu chinh pH 10,0 (b).

Tién hanh so sanh hiéu qua ling vi to Nannochloropsis sp. khi sir dung cac loai
mudi chitosan lactate (CTSs) khac nhau gdm: CTSs tir ngudn vo 16t xac (ky hiéu 1a N),
CTSs tir ngudn vo tdm ché bién cung cip boi cong ty VNF va duoc diéu ché cung quy
trinh véi mau N (ky hiéu 1a V), va CTSs thuong mai cua cong ty MarkNature (ky hiéu
1a M). Bang 3.18 va Hinh 3.29 trinh bay két qua hiéu suét lang khi sir dung céc loai mudi
CTSs va so sanh hai phuong phap két tua bang CTSs va phuong phap két hop dung
CTSs ¢6 diéu chinh pH 10,0.
Bang 3.18. So sanh hiéu qua thu hdi sinh khdi vi tio Nannochloropsis sp. bang cac
loai chitosan lactate (250 ppm) khac nhau két hop diéu chinh pH 10,0 sau 15 phiit

ling
Phwong phap thu Hiéu suit ling (%)
CTSs tir VLX CTSs tr VNF CTS:s tir
) (V) MarkNature (M)
CTSs 58,8+ 1,9 58,2°+2.4 52,5+ 1,7
CTSs + pH 85,9°+ 0,5 87,5+ 0,5 65,82+ 0,7

Cdc gid tri trong bang (theo hang) cé ky tw khdc nhau thé hién s khdc biét ¢é ¥ nghia thong ké
(p < 0,05).



122

Hinh 3.29. Hinh nh sinh khdi vi tdo Nannochloropsis sp. thu bang cac loai
chitosan lactate khac nhau (a) va c6 két hop diéu chinh pH 10,0 (b), tai thoi diém
sau 15 phiit ling.

Hiéu suit lang vi tdo Nannochloropsis sp. khi dung CTSs tir ngudn chitosan
thuong mai va dugc diéu ché mudi ciing quy trinh véi CTSs tir ngudn vo 16t xac khong
khac biét dang ké (p > 0,05) va hiéu qua cao hon so véi viéc st dung mudi CTSs thuong
mai (MarkNature). Quan sat qua trinh lang ctia cic mau trong 15 phut dau (Hinh 3.29a)
cho thay dng dong N phan 16p rd phan cin, con hai 6ng dong V, M van con bong vi tao
lo litng & phan nude sau tach 16p. Piéu nay chi ra rang loai mubi CTS c6 tinh chat khac
nhau anh hudng dén hiéu suat thu khic nhau. Két qua nay thay rd hon khi két bong vi
tao bang cach két hop dung mubi CTS va diéu chinh pH méi trudng kiém (Hinh 3.29b).
Hiéu qua lang ctia phuong phap két hop cua cac loai mudi CTS khac nhau c6 sy khac
biét ddng ké (p < 0,05) va cao hon han so véi phuong phap khong két hop diéu chinh
pH 10.

3.5.4. Anh hwéng ciia phwong phdp thu nhéin dén hiéu sudt thu héi chlorophyll-a va
carotenoids va khd ning sinh trwéng ciia sinh khoi vi tdo Nannochloropsis sp.

Hién nay, sinh khdi vi tao duoc str dung kha phé bién lam thirc dn cho thuy san.
Tuy nhién, chat lugng san pham sinh khdi vi tao sau thu hoach tity thudc vao phuong
phap thu hoach va bao quan san pham [43, 54, 55, 100]. Do vay, cic nghién ciru gan
day da tap trung vao viéc lua chon phuong phap thu hoach khéng anh huéng 16n dén
thanh phan dinh dudng ciing nhu dé lai cac chit gy hai cho vat nudi va mdi trudng
trong san phﬁm [24, 25, 54, 55]. Mac du vay, hau hét cac nghién ctru tap trung phan tich
thanh phan dinh dudng cao trong vi tdo Nannochloropsis sp. nhu lipids (cac acid béo
khong bio hoa), protein (cac amino acid) [54, 55, 150, 174], rat it nghién ctru dénh gia
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thanh phan chit mau nhu chlorophyll-a va carotenoids. Pay 13 nhitng hop chét c6 kha
ning chdng oxy hoa va rat can thiét cho su phat trién va tao mau cho 4u tring thily san
[110]. V&i muc dich thu hoach sinh khéi vi tdo Nannochloropsis sp. dinh huéng dap
{rmg nhu cau thuc pham cho thuy san nuéi, dic biét cac ddi twong 4u tring thuy san, dé
tai d3 danh gi4 anh hudéng ctiia phuong phap thu dén kha ning thu hdi chat mau c6 trong
té bao vi tao, ddng thoi danh gia kha ning ting sinh khéi khi dugc nuéi lai trong méi
truong dinh dudng F2 va nude bién (diéu kién nudi ciy & phong thi nghiém). Két qua
nghién ctru dugc trinh bay trong Hinh 3.30 va Hinh 3.31.
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Hinh 3.30. Anh hwéng ciia phwong phap thu hoach vi tio dén hiéu suit ling (FE),
hiéu suét thu hoi ciia chat mau (chlorophyll-a va carotenoids) (a) va sinh khéi vi
tao Nannochloropsis sp. (b).

Cic gid tri trén do thi c6 ky tw khdc nhau thé hién sy khac biét co ¥ nghia thong ké (p < 0,05).

Hinh 3.30 ciing cho thiy hiéu qua lang khi sir dung cac phuong phap thu khac nhau
c6 sy khac biét dang ké (p < 0,05), thap nhat 1a phuong phép chi diéu chinh pH méi trudng
dich vi tao dé thu hoach (< 10%) va cao nhat 1a co sy két hop giita viée st dung CTSs va
dicu chinh pH méi truong & gia tri 10,0 (~ 90%). Hinh 3.30a cho thdy ham lugng
chlorophyll-a va carotenoids trong té bao vi tao bj anh hudng 16n béi cac phuong phap
thu mac di khong co su thay d6i mau sic té bao (sac td luc lap) dang ké khi quan sat
bang mit thuong (Hinh 3.30b) hodc bang kinh hién vi (Hinh 3.31).

Vé ham lugng chat mau trong sinh khé vi tao thu dugc, phuong phép didu chinh do
pH cta méi trudng anh hudng rat 16n véi hidu suat thu hodi < 65%. Trong khi, phuong phép
thu bang CTSs hoic két hop sir dung CTSs v6i didu chinh pH ctia méi truong thi khong bi
anh huong 16n dén hiéu suét thu hdi cac chit mau (khoang 88 — 95%). Trong d6, hiéu suat
thu hdi chlorophyll-a va carotenoids khong khac biét dang ké (p > 0,05) giita hai phuong
phap thu theo thir tur 1a 94,1 + 0,8% va 90,2 + 2,3% (CTSs 250 ppm), 94,3 + 1,1% va 88,4
+2,6% (CTSs 250 ppm + pH 10,0). Nhung hiéu qua thu sinh khéi ctia phwong phap két
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hop sir dung CTSs va pH cao hon khoang 1,5 1an so véi phuong phép chi st dung CTSs

cung nong do.

Hinh 3.31. Anh huéng ciia phwong phép thu hoach dén hinh thai ciia sinh khdi vi

tao Nannochloropsis sp.

Két qua nay c6 thé quan sat rd trong qua trinh két tia, lang vi tao va hinh anh chup
hinh théi sinh khoi thu duge trén kinh hién vi huynh quang (Hinh 3.31). Céc t€ bao khi thu
bang phuong phap chi diéu chinh pH méi truong bi phong to va nhat mau, trong khi cac té
bao dugc thu bang CTSs giit duoc hinh thai va mau xanh luc ban dau [1, 35].

Nhu yay, phuong phép thu hoach vi tio Nannochloropsis sp. bang cach két hop sir
dung CTSs va pH 10,0 dat hiéu suit lang cao dang ké trong 15 pht va van c6 thé giit duoc
ham luong chit mau chlorophyll-a va carotenoid cao. Mic dii c6 mot s6 té bao b tac dong
dén thanh té bao gy phong hodc nhat mau nhung khéng dang ké.

Ngoai ra, dé danh gia tic dong ctia CTSs va diéu chinh pH méi trudng khi thu tao
dén chét lugng clia tao, cac mau vi tao sau khi thu hoach duoc thir nghiém nudi ting sinh
khdi trong thoi gian 6 ngay. Két qua trinh bay ¢ Bang 3.19 va Hinh 3.32. Sau mdt ngay
nudi, hai binh mau sinh khdi thu hoach bang cac phuong phép khac nhau c6 hinh thai cac
t& bao roi rac trong moi trudng nude bién twong dwong khi dugc vortex nhe 1 phit va suc
khi lién tuc 1 ngay. Hién tuong nay phu hop véi két qua xac dinh mat do té bao bang
budng dém hong cau Neubauer improved ctia phuong phéap thu cé két hop diéu chinh
pH moéi trudng dat sé lwong (1,08 x 10°) thdp hon so voi phuong phap chi st dung
chitosan lactate (1,29 x 10°) (Bang 3.19).



125

Bang 3.19. Kha niing sinh trwéng caa sinh khdi vi tio Nannochloropsis sp. sau thu
hoach

Phwong phap thu Mat do té bao (tb/ml)
va ngay nudi CTSs + pH 10 CTSs
1 ngay 1,08 x 106+ 0,04 | 1,29 x 10°+ 0,06
6 ngay 40,23 x 10°+£ 1,8 41,63 x 109+ 1,6

Ngay thir nhat Ngay thit 6

Hinh 3.32. Hinh anh kha nang sinh trwéng cua vi tdo sau thu hoach bz“mg cac
phuong phap khiac nhau sau 1 ngay (a) va 6 ngay (b) nuoi.

Khi nuéi dén ngay thir 6 (tai thoi diém dau ctia pha 6n dinh) thi mat do té bao cua
cac binh sinh khdi dat trong khoang (40 — 42) x 10° (Bang 3.19; Hinh 3.32b), khong
khac biét 16n. Tuy nhién, binh sinh khdi thu bang phuong phap két hop thi c6 pha 6n
dinh dén ngay thir 10 va binh sinh khéi dugc thu chi bang chitosan lactate thi ¢ thé kéo
dai dén khoang 12 ngay nudi méi thly mau sic chuyén sang mau vang (pha lui tan cta
vi tao). Anh hudng ctiia pH méi trudng di dugc cac nha khoa hoc khang dinh trude day,
pH méi trudng qua cao hodc qua thap co thé anh hudng dén tde do ting trudng va giy
chét t& bao [1]. Bién do pH méi truong song cua hau hét cac loai vi tao nudi trong khoang
pH 7 — 9 [70]. Két qua nghién ctru nay, chung ta c6 thé quan sat thdy phwong phéap thu
héi vi tdo ddm dic cé anh hudng dén hinh thai té bao vi tao va kha ning sinh trudng cia

té bao vi tao Nannochloropsis sp.



126

KET LUAN VA KIEN NGHI

Két luin

Y

2)

3)

Tir két qua nghién ctru ctia luan 4n cho phép rut ra mot sé két luan chinh nhu sau:
V6 16t xac tom thé chan tring (> 60 ngay nudi) tir qué trinh nudi tham canh c6 thé
st dung dé san xudt chitin, chitosan tinh sach dat chat lugng thuong mai (Standard
SC/T3403-2004) theo quy trinh gdm 3 cong doan chinh: (1) Khir khoang bing
HCI 4% (ty 18 1:5, w/v) & 30°C trong 3 gio, (2) Khir protein bang NaOH 3% (ty
16 1:5, w/v) ¢ 50°C trong 6 gio, deacetyl bang NaOH 50% (ty 18 1:5, w/v) & 90°C
trong 24 gid. Quy trinh c¢6 tinh 6n dinh cao, hiéu suit san xuat chitin dat khoang
32% va san xuat chitosan dat khoang 23%.

Chitosan duoc san xuét tir vo 16t xac ctia tom thé chan tring c6 thé dung dé diéu
ché chitosan lactate tinh sach bang phuong phép phan g ran — 1ong véi dung
dich lactic acid lodng (1M) theo quy trinh gom 2 cong doan chinh: (1) Ngam
trrong né chitosan (35 mesh) trong hon hop dung moéi ethanol/nuée (70%) trong
4 gid & nhiét do phong, (2) Cho chitosan truong nd (& trang thai ran) phan ung
v6i dung dich lactic acid 1M (pha trong ethanol tuyét d6i) trong 2 gid' & nhiét do
phong. Hiéu suat dicu ché dat khoang 152% va san pham chitosan lactate thu duoc
c6 do hoa tan trong nude trén 99%, dd nhot khoang 105 cPs.

Chitosan lactate dugc san xuat tir vo 16t xac ctia tdm thé chan trang c6 thé sir dung
1am chét keo tu dé thu vi tao Nannochloropsis sp. Nong d6 chitosan lactate phu
hop dé thu vi tao 13 250 ppm, mdi truong pH 10,0. Hiéu sudt ling vi tao
Nannochloropsis sp. sau 120 phat & diéu kién nay dat khoang 90%. San pham vi
tao thu dugc khong bi v té bao, co kha ning nudi ting sinh khoi va hiéu suét thu
hdi cac chit c6 hoat tinh sinh hoc trong vi tao cao: chlorophyll-a dat khoang 94%
va carotenoids dat khoang 88 — 90%.

Kién nghi

Qua qua trinh thue hién dé tai luin 4n va dya trén nhitng két qua dat duoc cho

phép dé xuat nhu sau:

Tiép tuc nghién ctru san xuat chitin, chitosan va chitosan lactate tir vo 16t xac ctia
t6m thé chan tring & quy md pilot.

Trién khai thir nghiém @ng dung chitosan lactate dé thu hoach vi tao & ao nuoi
sinh khéi.
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Phu luc 1.1. Xac dinh ham lwong khodng, Am [AOAC, 1990]
Nguyén ly:

- Ham luong am trong mau dugc xac dinh bang phuong phap can trong luong.
Mau duoc sdy ¢ 105°C dén khi trong lwong khong di. Xac dinh sb liéu chénh
léch giira khéi lwong trude va sau sdy dé suy ra ham luong 4m ctia mau.

- Ham luong khoang trong mau dugc xac dinh bang phwong phap nung & 600°C.
Mau sau khi sy duoc nung & 600°C trong 12h. Xéac dinh sb liéu chénh l1éch giira
khéi luong trudce va sau nung dé suy ra ham lugng khoang ctia mau.

Tién hanh:
Xac dinh ham lugng am:

Céan 3 — 5g méu vao cdc sdy, sau d6 say & 105°C dén khi khdi luong coc sdy va
mau gitra 2 1an can khong thay doi. Ham luong am tinh theo cong thirc:
m, —m
W(%) = —— x100

2 — My
Trong do: W: Ham lugng am ciia mau; m;: Khoi lugng coc sdy; mo: Khoi lugng
coc + mau trude khi say; ms: Khoi luong coc + mau sau khi say.
Xéc dinh ham lugng khoang:
Sau khi x4c dinh ham luong dm, c6c mau ti€p tuc dugc nung & 600°C trong 12h,
mau sau nung dugc lam ngudi trong binh hiit am va can dé€ xac dinh khoi lwgng ms. Ham

luong khoang dugc xac dinh theo cong thirc sau:

m, —m
M(%) = %xwo

2 — My
Trong d6, M: ham lwong khoang ctia mau (%), mi: khéi lugng cbe sy (g), mo:

khéi luong coc + miu trude khi sdy (g), ma: khdi lugng cdc + mau sau khi nung (g).

Phu luc 1.2. Xac dinh ham lwgng protein theo phwong phap Biuret va Micro-Biuret
A. Phuong phap Biuret

Nguyén 1y: Trong méi truong kiém, lién két peptide ctia phan tir protein phan ungvéi
thudc thir biuret tao ra phirc chat mau tim hodc xanh tim. Cuong d6 mau ctia dung dich
phan anh s6 lugng lién két peptide. Thong qua dudng chuin protein ta c6 thé xac dinh

duoc ham lugng protein & trong mau.



Hoa chat:
- Bovine Serum Albumin (BSA) chuan, dung dich NaOH 4%.

- Thudc thir Biuret: Hoa tan 1,5 g Copper Sulfate (CuSO4) va 6,0 g sodium
potassium tartrate (KNaCsH4Os. 4H>0) trong 500 mL nudc cat, khudy déu va
cho thém 300 mL NaOH 10%. Dung dich trén dugc khudy tron déu rdi lam day

dén 1000 mL bing nudc cit.

1.2.1. X4c dinh ham lwgng protein trong miu nguyén liéu, chitin, chitosan,

chitosan lactate [Trung va cong su, 2020]

Tién hanh: Ngdm 5 g mau trong dung dich NaOH 4% véi ty 1& 1: 10 (w/v) sau
d6 1 & 95°C trong 6 h. Sau khi 0, phan ba va phan dich 16ng dugc tich riéng bang loc
chan khong, dung nudc ct rira sach phan ba. Thu toan bd phan dich va phan nudc rira
lam day dén 100 mL. Sau khi tron déu, tién hanh 1iy khoang 10 mL dung dich va loc
qua gidy loc Whatman Nol. Dung dich sau loc duoc xac dinh ham luong protein bang
phuong phép Biuret voi chat chudn 1a BSA, pha lodng sao cho néng do protein nam
trong khoang 0,2 — 10 g/L. Ham luong protein trong mau ban dau dugc xac dinh bing
cong thirc:

V'xCx100

Protein(%) = —
(1"0 W) x 1000

Trong do: V: Téng thé tich dich loc (mL). C: Néng do protein trong dich loc
(mg/mL), duoc suy ra tir phuong trinh dudng chuan c6 dang y = 18036x — 103,3 (R2=
0,9998) voi chit chuan BSA va két qua do mat d6 quang cua dich loc & budce song 545
nm. m: Khoi lugng mau ban dau (g); W: Ham am cua mau (g); 1000: hé s6 chuyén doi
tir don vi (mg) sang (g).

1.2.2. X4c dinh ham lwong protein trong miu sinh khoi vi tdo [Dorsey va cong
su, 1978]

Tién hanh: Ngam 1g sinh khéi vi tao trong NaOH 4% vai ti 1& 1:10 (w/v). Hon
hop duoc U trong bé dn nhiét & 95°C trong 6 giod. Sau khi u, loc 14y dich bang may loc
chan khong qua gidy loc thily tinh, dung nudc cat rira sach phan ba. Thu toan bo phan
dich loc dinh mtrc 1én 25 ml. Phan dich chiét sau thu dugc phan tich protein biang phuong

phap biuret do d6 hap phu & budc song 570 nm.

Ham luong protein trong mau ban dau dugc xac dinh bang cong thirc:
VxCx100

Protein(%) = —
(“’0 W) x 1000




Trong do, V: téng thé tich dich loc (mL). C: n6ng dd protein trong dich loc
(mg/mL), duoc suy ra tir phuong trinh dudng chuan c6 dang y = 0,0535x + 0,0015 (R2
=0,9993) voi chit chuan BSA va két quéa do mat d¢ quang cua dich loc & budc song
570nm; m: khéi lwong mau ban du (g); w: ham am ctia mau (g); 1000: hé sé chuyén

d6i tir don vi (mg) sang (g).
B. Phwong phap Micro-Biuret

Nguyén 1y: Trong méi truong kiém, lién két peptide ctia phéan tir protein phan
g véi thude thir biuret tao ra phirc chat mau tim hodc xanh tim. Cuong d6 mau cia

dung dich phan 4nh ham lwgng proein co trong mau.
Hoa chat: Bovine serum albumin (BSA) chuén, dung dich NaOH 3%.

Thudc thir Micro-Biuret: Hoa tan 173g sodium citrate va 100g sodium carbonate
trong nudc am (nhiét do <100°C) dé duoc dung dich A. Hoa tan 17,3g ddng sulphate
trong 100mL nudc dé duoc dung dich B. Tron hai dung dich lai v61 nhau va dinh mirc
dén thé tich1000mL bang nudc cat.

Tién hanh: Tron déu 1g chitin, chitosan véi 10mL dung dich NaOH 3%, sau d6
gia nhiét 1én 80°C trong 12h, 1am ngudi hdn hop dén nhiét d6 phong va tién hanh loc
dé thu dich loc. Dich loc sau dé duoc ly tdm trong 15 phut & tde do 5000 rpm, gan léy
phan dich ndi va pha lodng sao cho néng d protein ndm trong khoang 0,05 — 0.5 g/L.
Lay 4 mL tron déu v6i 200puL thude thir Micro-Biuret va do mat d6 quang & budc song
330nm. Ham lugng protein trong mau ban dau xac dinh bang cong thirc:

VxCx100

(100—W

Protein (%) =
- )x 1000

Trong d6, V: tong thé tich dich loc (mL); C: ndng do protein trong dich loc
(mg/mL), dugc suy ra tir phwong trinh dudng chuan cé dang y = 0,3174x — 0,027 (R?
= 0,9983) véi chat chuan BSA va két qua do mat do quang cua dich loc & budc song
330 nm; m: khdi luong mau ban dau (g); W: ham am ctia mau (g); 1000: hé s6 chuyén

d6i tir don vi tir (mg) sang (g).

Phu luc 1.3. Xac dinh ham lwgng chitin trong vé tom 10t xac [Black va Schwartz,
1950]

Nguyén Iy: Tinh khéi lugng khong ddi ctia chitin c6 trong méu sau khi duoc tach
chiét loai khoang bang axit va loai protein bang kiém.

Tién hanh: Can 5g x4c vo tom cho vao ¢d 250 ml, bd sung 50 ml HCI IN va dun
noéng trong bé 6n nhiét (95°C) trong 1 gid. Sau d6 loc bd qua manh vai lanh, rira cbe

chiét va ba loc bang nudc soi cho dén khi nude rira khong con axit (pH~7). Phan ba trén



vai loc sau khi rira vé trung tinh, dugc Vit 140 va chuyén vao cde khac, bd sung 50 ml
NaOH 5% (w/v) va dun nong trong bé 6n nhiét (95°C) trong 1 gid. Tiép tuc loc va rira

ba bang nudc so61, cudi cung rua 2 1an voi khoang 15ml aceton.

Dua ba sau khi vat rdo vao coc str va tién hanh say ¢ 110°C dén khi khoi lugng
khong do6i. Lam ngudi coc va can dé xac dinh khoi lugng cia chitin thu dugc bang cong

thuc:

m, —m
W(%) = —55—w- X 100
m

100

Trong d6, m: khéi lvgng mau phan tich (g); mi: khdi luong cbe sdy khong ddi
(g); m2: khdi luong cbe + ba miu sau khi tach chiét v6i khdi luong khong ddi (g); w:

ham luong 4m cta mau (g).

Phu luc 1.4. Xac dinh ham carotenoid trong vo tom [Sachindra va cong su, 2006]

Nguyén 1y: Carotenoid trong mau (nghién nho) duoc tach chiét bang hon hop
dung mdi hexan va isopropanol va duoc dinh lugng bang quang phd & budc song 468

nm.

Tién hanh: Can chinh xac 1g mau cho vao dng dong thé héa (hay cdc thuy tinh).
Thém 5mL dung mdi chira hexan va isopropanol voi ty 1& 3:2. Pong thé hoa trong 2
phut, dé yén 30 phut, sau d6 tién hanh loc qua gidy loc Whatman No.1. va tach chiét 3
lan. Dich chiét duoc dung trong binh chiét va b6 sung thém nudc mudi sinh 1y véi ty 1
1:2. Lac nhe binh chiét va dé yén trong 10 phut ¢ nhiét do phong cho tach pha hoan
toan. Tach bo pha dudi, 1ay pha hexan bén trén.Sau do, rira pha hexan bang nudc mudi
sinh 1y. C6 quay chan khong & 40-C dé bay hoi hexan. Hoa tan mau véi ete dau moé va
dinh muc 1én 10mL. Sau do, tién hanh pha lodng mau (néu can) va do do hap thu cta
dung dich & 468 nm(A4ss), dung eter ddu mo lam dung dich so sanh. Ham lugng
carotenoid tinh theo cong thirc cua Saito va Regier (1971):
ug AxDxV
()
g 0,2*m
Trong d6: C: 12 ham luong carotenoid (pg/g mau). A: d6 hap thu cia dung dich
& 468 nm. V: thé tich pha lodng (mL). D: hé s6 pha lodng. m (g): trong lwong mau kho.

0,2: 1a d6 hap thu cta dung dich & budc song 468 nm cua 1 pg/mL astaxanthin chuan.

Phu luc 1.5. Xac dinh ham lwong lipid trong vé 19t xac, sinh khéi vi tio [Bligh va
Dyer, 1959]

Nguyén tic: Thiy phan cac hop chat bang chloroform (CHCl3) & méi trudng cd
cdn (CH30H), giai phong lipid.



Tién hanh chiét lipid tir mAu va tinh sach:

Can 2 — 5g méu, cho vao 6ng 20 ml (éng thiy tinh c6 nip). B6 sung 5 ml
methanol va 2,5 ml chloroform. Hon hop dugc dong hoa ky bang méy vortex trong 2
phut va ngdm 2 gio. Tiép tuc thém 2,5 ml chloroform vao dung dich va vortex k¥, thém

2,5 ml nudc cat va vortex.

Hon hop dugc loc qua binh chan khong véi gidy loc Whatman sé 1, rira gidy loc
béng 2,5 ml chloroform va thu vao dich loc. Dich loc duoc chuyén sang phéu chiét 50
ml, dé yén khoang 5 phat dén khi duoc phan thanh 2 16p. Chiét rat dé thu hoi 16p dudi
va loai bo 16p trén. Dich chiét duoc dinh luong (Vim) béng cach bo sung chloroform
trong binh dinh mic. Sau d6, 1ay 1 ml dich chiét cho vao tube (véi trong lwong khong
d6i) 1am kho bang cach thoi khi nito, sau d6 sdy chan khong & 40°C dén khéi luong
khong d6i. Lipid tong sé duoc tinh theo cong thirc:

Vam (m; —my)

Lipid (%) = ——x 100
Vm <M x (100 W)

Trong d6, my: trong lugng can dng tube va mau sau say (g), mo: trong lugng can

100

ong tube khéi luong khong doi (g), M: trong luong can mau (g); Vam: thé tich dinh mirc
sau xur 1y (ml); Vim: thé tich mau sau xtr Iy 1dy dé say (ml); w: d6 am ctia mau phan tich
(%).

Phu luc 1.6. Xac dinh d¢ deacetyl cua chitosan [Wu va Zivanovic, 2008]

Nguyén ly:

Thity phén chitosan trong méi trudng HsPOs dam dic dé thu duoc cac don phan
N-acetyl glucosamine va D-glucosamine. Xac dinh d6 hp thu quang hoc cua cac goc
N-acetyl glucosamine trong dich thity phan ¢ 203 nm dé tinh ra ham lugng N-acetyl

glucosamine dua vao dudng chuan. Tu két qua xac dinh ham luong N-acetyl

glucosamine dé tinh do deacetyl cua chitosan.

Tién hanh:

Xay dung duong chuan N-acetyl Glucosamine (GlcNAc) trong HsPO4 85% 6 céac
dung dich c¢6 nong do tir 0, 10, 20, 30, 40 va 50 pg/ml. Tién hanh do UV & budc song
203 nm dé xac dinh duong chuan. Dya viao OD chiing ta 1ap duoc dudng chuian GleNAc

dang y = ax + b. Sau khi 1ap dugc duong chuan, ta tinh ham luong GluNAc trong mau

roi tir d6 tinh ra gia tri degree of acetyl (DA) clia mau.

Chuan bi miu xac dinh ham luong N-Acetyl Glucosamine: Hoa tan 100 mg
chitosan trong 20 mL H3PO4(85%) & 60°C trong 40 phut. Hon hgp trén duge pha lodng

v6i nude cat 100 1an va gitt & 60°C trong 2 gio. Sau khi hoa tan hoan toan, mau duoc



1am lanh vé nhiét d6 phong va xac dinh d6 hap phu & budc séng 203 nm trén may do
quang phd DR 6000. Do acetyl (DA) va do deacetyl (DD) duoc tinh dua vao luong
GLcNAc cta dudng chuan y = 0,0334x + 0,0652 (R? = 0,9994) va xac dinh theo cong
thirc:

my

203,21 X 100
DA (%) = —=2

my mp

203,21 161,17

DD (%) = 100 — DA

Trong d6, mi: Khéi luong Acetyl-Glucosamine trong 1 ml dung dich chitosan,
dugc tinh tir duong chuén tai budce sdng 203 nm, m,: khéi lugng cua Glucosamine trong
Iml dung dich chitosan, duoc tinh ma= M — m;; M: Khdi lugng chitosan trong 1 ml
dung dich, dugc tinh M=(M1xM3)/(M1+M2), trong d6: M1 1a khdi luong cia miu
chitosan ran kho tuyét d6i 1ay phan tich, M2 13 khéi luong ctia 20 ml H3PO4 85% va M3
1a khéi lugng cuia 1 ml chitosan dung dich trong H3PO4 dam dac. Cac hé $6 203,21 va
161,17 1a hé s6 chuyén ddi tir don vi mol/mL sang don vi mg/mL va nguoc lai cua N-

acetyl glucosamine va D-glucosamine.

Phu luc 1.7. Xac dinh khoi hrong phan tir trung binh ciia chitosan [Zhang va Neau,
2001]

Nguyén 1y: Khéi luong phan tir chitosan va chitosan hoa tan trong nudc (Mw)
duoc xac dinh bang phuwong phap ndi suy tir 46 nhét ndi cua dung dich chitosan trén
thiét bi nhdt ké mao quan Ubbelohde.

Tién hanh:

- Hoa chat: dung mbi CH;COOH 0,2M/CH3COONa 0,1M.
- Chuan bi mau: Hoa tan 100 mg mau chitosan trong 100 mL dung m6i CH;COOH
0,2M/CH3COONa 0,1M véi ndong d6 dung dich chitosan 1a 1 mg/mL (dung dich

gbc). Sau d6 pha loang dung dich chitosan thanh cac nong d6 nhu bang sau:

Ky hiéu | Nong d6 chitosan (mg/mL)
Co 0
Cl 0,28
C2 0,56
C3 0,84
C4 1,12
C5 1,4




Xéc dinh thoi gian chdy va d¢ nhot ndi cia dung dich dugc xéc dinh béng nhot
ké Ubbelohde 513 To/13 (duong kinh 0,2 mm) ¢ 30 + 5°C. Tur gia tri do dugc cua céac
mau dung dich chitosan, 14p mdi twong quan gitta d6 nhét ndi, thoi gian chay va nong
d6 chitosan va xac dinh phuong trinh trong quan hdi quy y = ax +b. Dya vao phuong
trinh twong quan dé tinh d6 nhét twong ddi (nsp) va suy ra dugc do nhot ndi [n] cua

dung dich chitosan theo cong thtrc:

Nepy = Naung dich — Ndung moi
Naung mei
[n] = Cligno(rl—z,p)
sampe | Symtel | o | s [t | w | we [ iccone
CO0 0 0 30,393 1 0 0
Cl 0,28 |0,00028 | 35,983 | 1,183924 | 0,18392393 | 656,871178
C2 0,56 | 0,00056 | 42,373 | 1,39417 | 0,39416971 | 703,8744824
crsl C3 0,84 0,00084 | 51,277 | 1,687132 | 0,68713191 | 818,0141731
C4 1,12 0,00112 | 62,583 | 2,059125 | 1,05912546 | 945,647729
C5 1,4 0,0014 | 73,763 | 2,426973 | 1,42697332 | 1019,266654
Co 0 0 30,393 1 0 0
Cl 0,28 |0,00028 | 35,125 | 1,155694 | 0,15569375 | 556,0490903
C2 0,56 | 0,00056 | 42,073 | 1,384299 | 0,38429902 | 686,2482433
182 C3 0,84 | 0,00084 | 49,75 | 1,63689 | 0,63689007 | 758,2024683
C4 1,12 0,00112 | 58,583 | 1,927516 | 0,9275162 | 828,1394682
Cs 1,4 0,0014 | 69,6 |2,290001 | 1,29000099 | 921,4292765
Co 0 0 30,393 1 0 0
Cl 0,28 |0,00028 | 35,791 | 1,177607 | 0,17760669 | 634,309592
CTS 3 C2 0,56 0,00056 | 42,373 | 1,39417 | 0,39416971 | 703,8744824
C3 0,84 0,00084 | 50,142 | 1,649788 | 0,64978778 | 773,556881
C4 1,12 |0,00112 | 60,463 | 1,989373 | 0,98937255 | 883,3683508
C5 1,4 0,0014 | 71,773 | 2,361498 | 1,36149771 | 972,4983666




1500 + 1200 +

y = 345201x + 538.77 y =311661x + 488.22

I 2 _ 2 _
= 1000 - R?=0.9812 = R? =0.9859
E / 2 700 -
o E
'S 500 - <
c 2 200 -
O T T 1 : T T 1
0 0.0005  0.001  0.0015 300 9 0.0005  0.001  0.0015
Conc. (g/ml) Conc. (g/ml)
_ 1900 7y - 305668 + 536.76
00 2 _
? 1000 - R2=0.9914
E /
S 500 -
[
O T T 1
0 0.0005  0.001  0.0015
Conc. (g/ml)
Sample n K a Log[n] | Log|K] | a*Log[Mw] | Log[Mw] My My
DD (Dal) | (Kdal)
CTS'1 538,77 90 | 0,0038 | 0,9020 | 2,7314 | (2,4258) | 5,1572 5,7175 521.768 | 521,77
CTS 2 488,22 91 | 0,0044 | 0,8918 | 2,6886 | (2,3586) | 5,0472 5,6596 456.621 | 456,62
CTS 3 536,76 | 87,2 | 0,0024 | 0,9306 | 2,7298 | (2,6179) | 5,3477 5,7468 558.162 | 558,16
Duya vao gia tri d6 nhdt ndi [n] dé tinh Mw theo cong thirc Mark—Houwink:
[n] = Kx My

Trong d6, [n]: P nhét ndi cia chitosan; Mw: Khéi luong phan tir trung binh cta
chitosan; hé s§ K va a duge tinh: K= 1,64 x 103°x DD vaa= —1,02 x 102 x DD +
1,82 (DD la do deacetyl cua chitosan).

Phu luc 1.8. Xdac dinh d¢ hoa tan cia chitosan, chitosan lactate [Minh va cong su,
2019]

Do hoa tan cua chitosan dugc xac dinh theo phuong phap dugc Samar va cong
su, cO diéu chinh. Can chinh xac lg chitosan cho vao 100mL acid acetic 1%, hodc 1g
chitosan lactate hoa tan trong 100mL nudc cat; khudy déu trong 60 phit dé chitosan tan
hoan toan, sau d6 tién hanh loc qua gidy loc Whatman Nol, phan khong tan trén gidy
loc duoc rira nhiéu lan bang nudc cat, dé rao, va siy & 105°C dén khoi luong khong

d6i. Po hoa tan (X) cia chitosan duge xac dinh theo cong thic:




X(%) = 100 — ( x 100)

Trong d6: m: Khéi lwong chitosan kho truyét ddi (g); A: Khoi luong phan khong
tan cing v6i gidy loc sau sdy (g); B: Khéi lugng gidy loc trude khi loc, dd siy dén khoi

Phu luc 1.9. X4c dinh d§ trwong né cia chitosan [Minh va cOng su, 2017]

Chitosan duoc truong né trong dung mai thich hop, khéi lugng mau sau truong

no dugc xéac dinh va tinh toan dé suy ra do truong né trong dung moi.

Tién hanh: C4n 5 gam chitosan va cho ngdm vao dung méi phu hop véi ty 16 1/10

(w/v) trong thoi gian nhit dinh.

Sau qué trinh ngam, hdn hop chitosan va dung méi duoc ly tim vai toc do 5000

rpm/15 phut dé thu hoi va xac dinh khoi lugng phan ran sau ngam, theo cong thuc:

m2x 100

SD(%) = ( )

Trong d6: SD: d6 trwong nd; m1 (trong lwong kho tuyét d6i) va m2 1a khéi luong

chitosan trudce va sau khi ngdm truong nd.

Phu luc 1.10. X4c dinh ham lrong carbohydrate trong sinh khdi vi tdo [Nielsen,
2010]

Nguyén tic: Axit sulfuric phd v& polysaccharides, oligosaccharides va
disaccharides thanh monosaccharide. Cac monosaccharide nay sau d6 phan ing voi
phenol dé tao thanh mot phirc chat c6 mau vang cam. Thong qua dudng chuan

carbohydrate, ta c6 thé xac dinh duoc ham luong carbohydrate.

Xay dung duong chuin: Chuin bi 10 ml dung dich duong glucose c6 nong do

gbc 1a 10 mg/ml bang cach can 100 mg glucose, hoa tan va dinh mirc dén 10 ml bang
nudc cat. Sau d6 pha loang dung dich gdc bang nude cat dé duoc cac dung dich trong
khoang ndng d6 tir 0 — 0,5 mg/ml. Cho phan tng 1 ml dich glucose v&i 3 ml axit H2SO4
dam dic va 0,6 ml phenol 5%, lic k¥ bing vortex va i ¢ nhiét d6 90°C trong 5 phut.
Dung dich duoc dé ngudi va do mat d§ quang hoc ¢ budc song 490 nm.

Tién hanh:

Ngam 1 g sinh khdi vi tao trong 1 ml H2SO4 72% & 30°C trong 1 gid. Sau d6 bd
sung 28 ml nudc cit, lic déu va giit trong 1 gid ¢ 120°C. Mau duoc lam ngudi va loc
qua bo loc hut chan khong, dung nudc cAt rira sach ba trén giéy loc. Thu toan bo phﬁn
dich loc va dinh mirc 1én 50ml va tién hanh do d6 hap thu ¢ budc séng 490 nm. Xac

dinh ham lugng carbohydrate bang cong thuc:



VxCx100
(100—w

- )x 1000

Carbohydrate (%) =

Trong 6, V: tong thé tich dich loc thu dugc (ml); m: khéi lugng miu phan tich
(g); w: ham lugng am cla mau (%); C: ham lugng carbohydrate trong 1 ml dich loc
(mg/ml) suy ra tir dudng chudn duoc xay dung ¢ dang y = 5,978x — 0,073 (R? = 9,9962),
d6 hap thu quang hoc & budc song 490 nm; 1000 13 hé s chuyén ddi tir don vi (mg)
sang (g).

Phu luc 1.11. X4c dinh ham lwgng chlorophyll-a va carotenoids trong sinh khéi vi

tao [Sumanta va cong su, 2014]

Nguyén tic: Chlorophyll-a, b,c va carotenoid 1a cac séc to can thiét cho qua trinh
quang hop va ham luong chtra trong thuc vat tiy thudc vao timg loai. Su bién d6i sac to
1a (diép luc va carotenoid) va méi quan hé ciia n6 c6 thé do cac yéu té bén trong va diéu
kién moi truong. St dung metanol 1a dung moi dé chiét xuét cac sac to tir thuc vat 1a tot
nhat (dic biét 1a vi tao), tuy nhién no rat doc hai nén can than trong qua trinh chiét.
Riéng d6i v4i mau sinh khéi vi tio Nannochlopsis sp. da duoc nhiéu tai liéu minh chimg
cho thiy chira chii yéu ham lugng chlorophyll-a va carotenoids. Chlorophylls c6 d6 hap
thu cuc dai tai hai budc song 652, 665 nm va carotenoid téng s6 co dd hﬁp thu cuc dai
tai budc song 470 nm. PO hap thu & budc song nay biéu thi cho cudng do cua sic td

tuong tng hay ham lugng sac t6 d6 co trong dung dich chiét.
Tién hanh:

Can 0,5g sinh khéi vi tao, bd sung 10 ml dung méi methanol va dong hda miu
trong 5 phat. Sau do, dich chiét duoc thu bang cach thiét bi ly tim lanh (4°C) & téc do
10.000 vong/phiit trong 15 phiit. Gan bo cin dé thu méu dich chiét, do d6 hap thu cia
mau & cac budce song 470, 652, 665 nm bang may do quang phd tir ngoai kha kién
DR6000. Ham lugng chlorophyll-a va carotenoids tong sé c6 trong dich chiét duoc xac

dinh bdi cong thuc:
Ca=16,72A665 — 9,16A652
Cb = 34,09A6s52 — 15,28 Ages
Cx+c = (1000A470 — 1,63Ca — 104,96Cb)/221

Trong do, A: do hép thu quang & cac budc séng 470, 652, 665 nm; Ca: ham lugng
chlorophyll-a c6 trong 1 ml dich chiét (ng/ml); Cb: ham luong chlorophyll-b ¢6 trong 1
ml dich chiét (ug/ml); Cx+c: ham luong carotenoid c6 trong 1ml dich chiét (pug/ml).
Ham luong tong s6 cia cac chat (X) duogc tinh toan trén luong chat khé ctia mau phan

tich, duoc tinh theo cong thirc chung:



CxVxF
X(18/8) = —F00owy
m x (22)

100

Trong do, X (ug/g): ham lugong chlorophyll-a hodc chlorophyl-b hodc carotenoid
dugc x4c dinh twong Gmg cac ham luong (ug/ml) cua Ca, Cb, Cx+c; V: tong thé tich
dich chiét thu duoc; F: hé sd pha loang dich chiét; m: khdi luong mau phan tich; w: ham

lugng am cua mau.

Phu luc 1.12. Xac dinh mét dj té bao vi tdo bing budng dém hdéng ciu Neubauer

improved

Nguyén 1y: St dung budng dém hdng ciu Neubauer dé x4c dinh mat do té bao cac loai
vi tao don bao, c¢6 kich thudc trong khoang 2 — 30 pm va ndng do té bao trong khoang 10* —
107 té bao/ml. Budng dém Neubauer’s Hemacytometer (Hinh PL1) 1a mot tim thily tinh trong,
day, hinh chir nhat, chia lam 3 khoang, khoang giita chia thanh 2 khoang nho c6 ké 6 dém dudi
kinh hién vi, v6i tong 400 6 vudéng nho (16 x 25). Phan gitta 16m c6 d6 sau tinh tir tim kinh day
dén mat budng dém 13 0,1 mm, c6 ké hai khung dém va chia thanh 9 6 vudng 16n (s6 1), mdi 6
¢6 dién tich 1 mm>. O chinh giita khung &ém duogc chia thanh 25 6 vudng trung binh (s6 2), mdi
0 trung binh lai dugc chia thanh 16 6 vudng rat nho (sé 3) c6 dién tich 0,0025 mm? va do sau

budng dém 13 0,1 mm.

Phuong phép lay mau: Dung pipet lay mdi mau 1 ml dung dich vi tao can xac dinh

mat do cho vao 6ng ly tam Eppendorf 1,5 ml va duoc cb dinh bang Neutral Lugol dam dic
(trung tinh) v&i 1 giot/1ml mau va vortex mau that k.

Chuan bi mau dém: Lic déu mau trude khi 1y khoang 30 gidy, pha loing mau can

dém (néu can) sao cho trong mdi 6 ctia budng dém c6 khoang 5 — 10 té bao, ddy tim lamen
1én khoang gitra khu virc c6 6 dém. Dung micropipet hut 10 ul mau dich can dém va nho
vao khe cua buéng dém, theo co ché mao din thi mau s& duogc din lan déu khép o dém.
Dé yén khoang 3 — 5 phut dé té bao vi tao lang xudng, roi dit budng dém 1én kinh hién
vi. Tim budng dém bang vat kinh 10x va dém té bao bang vat kinh 40x, mdi mau tao

dém 3 1an.

Quy tic dém: Tai 6 trung tAm ctia budng dém, chon 5 vi tri 6 trung binh (s 2) ¢6
vién mau do6 (gém 16 6 nho s6 3) va dém theo duong ziczac tir trai sang phai va tir trén
xubng duéi. Tién hanh dém tt ca cac té& bao vi tao trong 16 6 vudng nho. Chon dém cac
té bao nam trén dudng phan cach & trén va bén trai, con cac té bao dinh trén duong bén
phai va & dudi thi khong dém. Dém 2 1an néu két qua dém c6 sy chénh 1éch 16n thi dém
lan tht 3 dé 1ay két qua trung binh. Dém mot hang va ghi sb liéu mot 1an, dém cang
nhiéu 6 thi d6 chinh xac cang cao. Luu y: Loai lan dém néu c6 su chénh léch gifra moi

khu dém qua 10 té bao (can trai déu mau & cac 0). Néu so luong t€ bao trong mot 0 it



thi nén dém toan b cac 6 c6 vien do ¢ 4 gdc va ca 6 trung tdm nham tang do chinh xéc

cua mau dém.
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Hinh PL1. CAu tao budng dém Neubauer improved (China).

Cong thirc tinh mat do té bao (tb/ml) vi tio dugc tinh theo cong thuc:

N=Ax10*

Trong d6, N: mat do té bao dém duogc trong 1ml dich vi tdo; A: ) lugng té bao

vi tao trung binh dém dugc cia cac 6; 10*: hé sé quy doi gid tri thé tich ctia budng dém.




Phu luc 2. PHU LUC SO LIEU

Phu luc 2.1.

Phu luc 2.2

Phu luc 2.3.

Phu luc 2.4.

Phu luc 2.5.

Phu luc 2.6.

Phu luc 2.7.

Phu luc 2.8.

Phu luc 2.9.

Phu luc 2.10.

Phu luc 2.11.

Phu luc 2.12.

Anh huong cua do tudi tom dén kich ¢& tom, san lugng vo 10t xac
thu hoi, ty 1€ vé dau/khoi luong vé thu dugce va chiéu dai vo dau cua

tom.
Anh huong cia do tudi tom dén thanh ph?ln hoa hoc cua vé 10t xac.

Anh huodng cta do tudi tom dén hiéu suit thu hoi, ham luong khoang

va protein con lai cia chitin tir vo 16t xac.

Anh huodng cua néng do HCl, nhi¢t d9, thoi gian khir khodng va trang
thai nguyén liéu kho dén ham luong khoang con lai trong chitin tho

va hiéu suét thu hoi chitin tho.

Anh huong cuia néng do HCI, nhi¢t d9, thoi gian khir khodng va trang
thai nguyén liéu u6t dén ham luong khoang con lai trong chitin tho

va hiéu suét thu hoi chitin tho.

Anh hudng cua néng do NaOH, nhiét dg, thoi gian khir protein va
trang thai nguyén liéu kho dén ham luong protein con lai trong chitin

tinh sach va hiéu suét thu hdi chitin tinh sach.

Anh hudng cua néng do NaOH, nhiét dg, thoi gian khir protein va
trang thai nguyén liéu u6t dén ham lugng protein con lai trong chitin

tinh sach va hiéu suét thu hdi chitin tinh sach.

Anh huong cua diéu kién san xuit chitosan (nhiét dg, thot gian xr
1y) dén do deacetyl, d6 tan, do nhét va hiéu suét thu hoi chitosan,

ham lugng khodng va protein con lai.

Anh hudng ciia ndng do ethanol ciia hdn hop dung méi ethanol/nudc
dén do truong nd cua chitosan, dg tan va hi¢u suét thu hdi chitosan

lactate.

Anh hudng cua thoi gian ngdm chitosan dén do trwong néd cua

chitosan, do tan va hiéu suét thu hdi chitosan lactate.

Anh huéng ctia ndng d6 acid phan tmg dén d6 hoa tan, hiéu suat thu

hoi chitosan lactate.

Anh huéng cia thoi gian phan ing dén do hoa tan, hiéu suat thu hoi

chitosan lactate.



Phu luc 2.13.

Phu luc 2.14.

Phu luc 2.15.

Phu luc 2.16.

Anh hudng ctia ndng d6 chitosan lactate sir dung dén hiéu suét ling

theo thoi gian thu hoach.

Anh huéng ciia phuong phép két hop sir dung chitosan lactate va
diéu chinh pH dén hiéu suét lang theo thoi gian thu hoach.

Anh hudng cua loai muoi chitosan lactate dén hi€u suat lang vi tao.

Anh hudng ctia phuong phap thu vi tao Nannochloropsis sp. dén

hiéu suat ling va hiéu suat thu hdi chlorophyll-a va carotenoids




Phu luc 2.1. Anh huéng ciia o tudi tdom dén kich ¢ tom, san lwgng vo 19t xac thu hdi, ty 18 vé dau/khdi lwgng vo thu
dwgrc va chieu dai vé dau ciia tom.

P tudi Kich ¢& tom San lugng v6 Ty 1& vb dau/khdi lugng vé Chiéu dai vé diu
(ngay) (con/kg) (kg/ao/ngay) (%) (cm)
41-50 387+49 1,9+0,5 97,1+0,3 2,8+0,2
51-60 247 + 37 3,7£0,6 91,1+0,3 3,5+0,1
61-70 123+ 16 52+03 82,7+0,8 4,1+0,3
71-80 8811 72+0,9 77,6 1,2 4,8+0,1
81-90 56+3 7,5+£0,3 76,1 £0,7 55+0,1
>90 41+3 8,3+£0,2 75,3+0,7 6,1 £0,1
Descriptives
Chi tiéu Potudi | N Mean Std. Std. 95% Confidence Minimum | Maximum
(ngay) Deviation Error Interval for Mean
Lower Upper
Kich c& tom 41-50 3 386.67 60.28 34.80 | 236.93 536.40 330.00 450.00
(con/kg) 51-60 3 247.33 45.18 26.09 135.10 | 359.57 200.00 290.00
61-70 3 123.33 20.21 11.67 73.14 173.53 105.00 145.00
71-80 3 88.00 13.11 7.57 55.42 120.58 74.00 100.00
81-90 3 56.00 4.00 2.31 46.06 65.94 52.00 60.00
>90 3 41.00 3.61 2.08 32.04 49.96 38.00 45.00
Total 18 157.06 129.24 30.46 92.79 | 221.32 38.00 450.00
Sén lugng vo 41-50 3 1.89 0.66 0.38 0.26 3.53 1.35 2.62
(kg/ao/ngay) 51-60 3 3.72 0.70 0.40 1.99 5.45 2.97 4.35
61-70 3 5.19 0.33 0.19 4.38 6.00 4.82 543
71-80 3 7.23 1.05 0.61 4.62 9.83 6.04 8.03
81-90 3 7.54 0.52 0.30 6.26 8.82 7.01 8.03
>90 3 8.30 0.38 0.22 7.36 9.24 7.95 8.70
Total 18 5.64 241 0.57 4.45 6.84 1.35 8.70
Ty 1€ vo 41-50 3 97.07 0.40 0.23 96.06 98.07 96.70 97.50
dau/khdi luong | 51 -60 3 91.10 0.36 0.21 90.20 92.00 90.80 91.50
vo (%) 61-70 3 82.70 0.95 0.55 80.33 85.07 81.80 83.70
71-80 3 771.57 1.48 0.86 73.88 81.25 76.30 79.20
81-90 3 76.07 0.87 0.50 73.90 78.24 75.10 76.80
>90 3 75.30 0.92 0.53 73.02 77.58 74.30 76.10
Total 18 83.30 8.44 1.99 79.10 87.50 74.30 97.50
Chiéu dai vo 41-50 3 2.84 0.21 0.12 2.32 3.36 2.61 3.00
déu (cm) 51-60 3 3.53 0.11 0.06 3.26 3.80 3.40 3.61
61-70 3 4.15 0.31 0.18 3.38 491 3.80 4.40
71-80 3 4.79 0.18 0.11 4.34 5.25 4.67 5.00
81-90 3 5.51 0.10 0.05 5.27 5.74 541 5.60
>90 3 6.12 0.07 0.04 5.96 6.28 6.06 6.19
Total 18 4.49 1.17 0.27 3.91 5.07 2.61 6.19
ANOVA
Sum of Squares df Mean Square F Sig.
Kich ¢& tom Between Groups 271,374.94 5 54,274.99 51.82 0.00
(con/kg) Within Groups 12,568.00 12 1,047.33
Total 283,942.94 17
San lugng vo | Between Groups 93.40 5 18.68 44.27 0.00
(kg/ao/ngay) | Within Groups 5.06 12 0.42
Total 98.47 17
Ty 1€ vo Between Groups 1,199.74 5 239.95 287.36 0.00
dau/khdi Within Groups 10.02 12 0.84
lugng vo (%) | Total 1,209.76 17
Chiéu dai vo | Between Groups 22.69 5.00 4.54 138.02 0.00
d4u (cm) Within Groups 0.39 12.00 0.03
Total 23.08 17.00
Post Hoc Tests (Duncan tests)
Kich c& tom (con/kg) Subset for alpha = 0.05
Do tudi (ngay) N 1 2 3 4
>90 3 41.00
81-90 3 56.00
71-80 3 88.00 88.00




61-70 3 123.33
51-60 3 247.33
41-50 3 386.67
Sig. 12 21 1.00 1.00
San lwgng vé (kg/ao/ngay) Subset for alpha = 0.05
Do tudi (ngay) N 1 2 3 4
41-50 3 1.89
51-60 3 3.72
61-70 3 5.19
71-80 3 7.23
81-90 3 7.54
>90 3 8.30
Sig. 1.00 1.00 1.00 .08
Ty 18 vé dau/khdi lwong vé (%) Subset for alpha = 0.05
Do tudi (ngay) N 1 2 3 4 5
>90 3 75.30
81-90 3 76.07 76.07
71-80 3 77.57
61-70 3 82.70
51-60 3 91.10
41-50 3 97.07
Sig. 32 .07 1.00 1.00 1.00
Chiéu dai vé ddu (cm) Subset for alpha = 0.05
Do tudi (ngay) N 1 2 3 4 5 6
41-50 3 2.84
51 -60 3 3.53
61-70 3 4.15
71 - 80 3 4.79
81-90 3 5.51
>90 3 6.12
Sig. 1.00 1.00 1.00 1.00 1.00 1.00
Phu lyc 2.2. Anh hwéng ciia dd tudi tom dén thanh phin héa hoc ciia vé tom 19t xac.
Db tudi (ngay) Khoang (%) Protein (%) Chitin (%)
41-50 52,8 +2,6 13,1+1,4 20,6 0,6
51-60 57,1+1,6 11,8+0,5 21,8+ 1,1
61-70 60,8+ 1,9 10,4+0,7 23,4+0,5
71 -80 534+0,5 12,9+0,6 23,7+0,2
81-90 55,1+0,8 12,4+0,9 23,5+0,6
>90 559+2,1 12,7+0,6 23,6 £0,5
Descriptives
Chi tiéu Potudi | N Mean Std. Std. 95% Confidence Minimum | Maximum
(ngay) Deviation Error Interval for Mean
Lower Upper
Ham luong | 41-50 | 3 52.83 3.19 1.84 4491 60.75 50.70 56.50
khoang (%) | 51-60 | 3 57.14 1.93 1.11 52.35 61.92 55.02 58.79
61-70 3 60.78 2.36 1.36 5491 66.64 58.08 62.47
71-80 | 3 53.35 0.57 0.33 51.94 54.76 52.92 53.99
81-90 | 3 55.12 0.97 0.56 52.72 57.52 54.06 55.95
>90 3 55.87 2.54 1.47 49.55 62.19 54.10 58.78
Total 18 55.85 3.25 0.77 54.23 5747 50.70 62.47
Ham lugng | 41-50 | 3 13.14 1.67 0.96 8.99 17.29 11.40 14.73
protein (%) | 51-60 | 3 11.79 0.57 0.33 10.37 13.20 11.23 12.37
61-70 3 10.42 0.80 0.46 8.42 1241 9.85 11.34
71-80 | 3 12.88 0.68 0.39 11.19 14.57 12.15 13.49
81-90 | 3 12.37 1.05 0.60 9.77 14.96 11.20 13.22
>90 3 12.70 0.71 0.41 10.93 14.47 11.95 13.37
Total 18 12.21 1.25 0.29 11.59 12.84 9.85 14.73
Ham luwong | 41-50 | 3 20.57 0.79 0.46 18.60 22.53 19.69 21.24
chitin (%) | 51-60 | 3 21.81 1.38 0.80 18.38 25.24 20.31 23.03




61-70 3 23.40 0.67 0.38 21.75 25.06 22.67 23.97
71-80 | 3 23.69 0.28 0.16 23.01 24.38 23.42 23.97
81-90 | 3 23.47 0.71 041 21.71 25.22 22.89 24.26
>90 3 23.61 0.60 0.35 22.12 25.09 22.92 23.99
Total 18 22.76 1.38 0.33 22.07 23.44 19.69 24.26
ANOVA
Sum of Squares df Mean Square F Sig.
Ham luong Between Groups 125.35 5 25.07 5.54 0.01
khoang (%) Within Groups 54.34 12 4.53
Total 179.69 17
Ham luong Between Groups 14.87 5 2.97 3.06 0.05
protein (%) Within Groups 11.66 12 0.97
Total 26.53 17
Ham luong Between Groups 24.62 5 4.92 7.56 0.00
chitin (%) Within Groups 7.82 12 0.65
Total 32.44 17
Post Hoc Tests (Duncan tests)
Ham luwgng khoang (%) Subset for alpha = 0.05
D6 tudi (ngay) N 1 2 3
41-50 3 52.83
71-280 3 53.35 53.35
81-90 3 55.12 55.12
>90 3 55.87 55.87
51-60 3 57.14 57.14
61-70 3 60.78
Sig. 0.13 0.07 0.06
Ham lugng protein (%) Subset for alpha = 0.05
Do tudi (ngay) N 1 2
61-70 3 10.42
51-60 3 11.79 11.79
81-90 3 12.37
>90 3 12.70
71-80 3 12.88
41-50 3 13.14
Sig. 0.12 0.15
Ham lwgng chitin (%) Subset for alpha = 0.05
Do tudi (ngay) N 1 2
41-50 3 20.57
51-60 3 21.81
61-70 3 23.40
81-90 3 2347
>90 3 23.61
71-80 3 23.69
Sig. 0.08 0.69

Phu luc 2.3. Anh hwéng ciia d tudi tom dén hiéu suét thu hdi, ham lwong kho4ng va protein con lai ciia chitin tir vo 19t
x4c.

P tudi (ngay) Khoang (%) Protein (%) HSTH (%)

41-50 1,6 £0,2 1,10 £0,05 19,5+1,3

51 -60 0,8+0,1 1,66 0,12 20,6 £0,7

61-70 0,3+0,1 0,72 + 0,06 23,7+1,2

71 - 80 0,4+0,2 0,89 +0,03 23,1+0,9

81-90 0,4+0,2 0,54 +0,10 23,5+1,2

>90 0,5+0,3 0,31+0,10 23,4+0,8

Descriptives
Chititu | Dotudi | N | Mean Std. Std. 95% Confidence Minimum | Maximum
(ngay) Deviation Error Interval for Mean
Lower Upper

Ham luong | 41 -50 3 1.60 0.26 0.15 0.95 2.25 1.35 1.88
khoang (%) | 51-60 3 0.78 0.07 0.04 0.61 0.95 0.72 0.85
61-70 3 0.32 0.11 0.07 0.04 0.61 0.20 0.43
71-80 3 0.42 0.28 0.16 (0.28) 1.13 0.25 0.75




81-90 3 0.43 0.20 0.12 (0.07) 0.92 0.21 0.60
>90 3 0.49 0.31 0.18 (0.29) 1.27 0.24 0.84
Total 18 0.67 0.49 0.11 0.43 0.92 0.20 1.88
Ham luong | 41-50 3 1.14 0.07 0.04 0.98 1.30 1.07 1.19
protein (%) | 51-60 3 1.63 0.10 0.06 1.38 1.89 1.52 1.72
61-70 3 0.72 0.07 0.04 0.54 0.89 0.66 0.80
71-80 3 0.85 0.10 0.06 0.61 1.09 0.74 0.91
81-90 3 0.54 0.13 0.07 0.23 0.86 0.44 0.68
>90 3 0.31 0.12 0.07 0.02 0.60 0.19 0.42
Total 18 0.87 0.45 0.11 0.64 1.09 0.19 1.72
Hiéu suét 41-50 3 19.55 1.64 0.95 15.48 23.61 17.99 21.25
thu héi (%) | 51-60 3 20.59 0.92 0.53 18.32 22.87 19.60 2141
61-70 3 23.70 1.43 0.83 20.14 27.26 22.07 24.78
71-80 3 23.13 1.15 0.66 20.28 25.97 22.04 24.32
81-90 3 23.54 1.48 0.85 19.88 27.21 22.28 25.16
>90 3 23.39 0.99 0.57 20.93 25.86 22.30 24.23
Total 18 22.32 2.00 0.47 21.32 23.31 17.99 25.16
ANOVA
Sum of Squares df Mean Square F Sig.
Ham luong Between Groups 3.43 5 0.69 13.46 0.00
khoang (%) Within Groups 0.61 12 0.05
Total 4.04 17
Ham lugng Between Groups 3.29 5 0.66 66.73 0.00
protein (%) Within Groups 0.12 12 0.01
Total 3.40 17
Hiéu suét thu | Between Groups 47.63 5 9.53 5.68 0.01
hoi (%) Within Groups 20.11 12 1.68
Total 67.74 17
Post Hoc Tests (Duncan tests)
Ham lwgng khoang (%) Subset for alpha = 0.05
Do tudi (ngdy) N 1 2 3
61-70 3 0.32
71-80 3 0.42 0.42
81-90 3 0.43 0.43
>90 3 0.49 0.49
51-60 3 0.78
41-50 3 1.60
Sig. 0.42 0.10 1.00
Ham lwgng protein (%) Subset for alpha = 0.05
Do tudi (ngay) N 2 3 4
>90 3 0.31
81-90 3 0.54
61-70 3 0.72 0.72
71 -80 3 0.85
41-50 3 1.14
51-60 3 1.63
Sig. 1.00 0.06 0.12 1.00 1.00
Hiéu suit thu hdi (%) Subset for alpha = 0.05
Do tudi (ngay) N 1 2
41-50 3 19.55
51 -60 3 20.59
71 -80 3 23.13
>90 3 23.39
81-90 3 23.54
61-70 3 23.70
Sig. 0.34 0.62




Phu luc 2.4. Anh huéng ciia ndng d9 HCL, nhiét d9, thoi gian khir khoing va trang thai nguyén liéu khé dén ham lwong

khosng con lai trong chitin thd va hi¢u suit thu hdi chitin thé.

Ham luong khoang con lai (%)

Hiéu suét thu hdi chitin thd (%)

12 gio | HCI2% HCI 3% HCI 4% HCI 2% HCI 3% HC1 4%
30°C | 16,719 | 2,6+04 12403 499+1,3 | 37,5406 | 30,4+2,0
50°C | 144+21 | 2,1+03 1,1£0,2 48,5422 | 373+03 | 30,3+04
70°C | 123+1,0 | 1,9+02 0,8+0,3 46,6+2,7 | 369+04 | 284+0,6
Ham luong khoang con lai (%) Hiéu sut thu hi chitin thé (%)
30°C HCI 2% HCI 3% HCI 4% HCI 2% HCI 3% HC1 4%
lh 32,0+08 | 6,5+0,3 2,7+0,6 56,7+1,9 | 41,5+1,6 | 39,5+3,2
2h | 273+05 | 62+03 2,1+05 563+1,8 | 389+1,0 | 394+22
3h 223+18 | 45+03 1,3+0,1 55,7+3,8 | 388+0,7 | 363+2,1
6h | 206+07 | 43+04 1,340, 539+1,3 | 383+0,7 | 34,6+29
9h 193+£1,5 | 32+03 1,2+0.3 52,1+0,6 | 37,7+0,8 | 31,1+1,0
12h | 167+1,9 | 2,6+04 12403 499+13 | 375+06 | 304+20

PL2.4A. Anh huéng ciia ndng do HCI, nhiét do dén ham lwong khoang con lai trong chitin thé va hi¢u sudt thu hdi

chitin tho.
Descriptives
Std. Std. 95% Confidence
Chi tiéu 12 HCl1 N Mean Deviation Error Interval for Mean Minimum Maximum
gio (%) Lower Upper
2 3 16.67 225 1.30 11.08 22.25 14.20 18.60
30°C 3 3 2.57 0.49 0.28 1.34 3.79 2.00 2.90
4 3 1.17 031 0.18 0.41 1.93 0.90 1.50
Total | 9 6.80 7.51 2.50 1.02 12.58 0.90 18.60
2 3 14.43 2.56 1.48 8.08 20.79 11.50 16.20
Ham luong | 50°C 3 3 2.17 0.31 0.18 1.41 2.93 1.90 2.50
khodng con 4 3 1.10 0.20 0.12 0.60 1.60 0.90 1.30
lai (%) Total | 9 5.90 6.55 2.18 0.87 10.93 0.90 16.20
2 3 12.33 1.17 0.68 9.42 15.24 11.00 13.20
70°C 3 3 1.87 0.31 0.18 1.11 2.63 1.60 2.20
4 3 0.77 0.35 0.20 (0.11) 1.64 0.40 1.10
Total | 9 4.99 5.56 1.85 0.71 9.27 0.40 13.20
2 3 49.97 1.58 091 6.04 53.90 48.60 51.70
30°C 3 3 37.47 0.80 0.46 35.47 39.46 36.70 38.30
4 3 30.40 2.43 1.40 24.36 36.44 27.60 32.00
Total | 9 39.28 8.71 2.90 32.58 45.97 27.60 51.70
) 2 3 48.53 271 1.56 41.81 55.26 45.50 50.70
Hiéu suat thu | 50°Cc | 3 3 37.27 0.31 0.18 36.51 38.03 37.00 37.60
hoi chitin tho 4 3 30.37 0.46 027 29.22 31.51 30.10 30.90
(%) Total | 9 3872 8.06 2.69 3253 44.92 30.10 50.70
2 3 46.63 3.29 1.90 38.46 54.80 42.90 49.10
70°C 3 3 36.93 0.51 0.30 35.66 38.21 36.50 37.50
4 3 28.37 0.81 0.47 26.36 30.37 27.90 29.30
Total | 9 37.31 8.10 2.70 31.09 43.54 27.90 49.10




ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 441.02 2 220.51 122.73 0.00
30°C Within Groups 10.78 6 1.80
Total 451.80 8
Ham luong Between Groups 329.39 2 164.69 74.00 0.00
khoang con lai 50°C Within Groups 13.35 6 2.23
(o) Total 342.74 8
Between Groups 244.55 2 122.27 230.71 0.00
70°C Within Groups 3.18 6 0.53
Total 247.73 8
Between Groups 589.04 2 294.52 97.45 0.00
30°C Within Groups 18.13 6 3.02
) Total 607.18 8
Hiéu suat thu Between Groups 504.58 2 252.29 99.20 0.00
hoi chitin tho 50°C Within Groups 15.26 6 2.54
(*0) Total 519.84 8
Between Groups 501.15 2 250.57 64.09 0.00
70°C Within Groups 23.46 6 391
Total 524.61 8
Sum of Squares df Mean Square F Sig.
Between Groups 28.18 2 14.09 3.26 0.11
HC12% | Within Groups 25.94 6 4.32
Total 54.12 8
Ham lugng Between Groups 0.74 2 0.37 2.58 0.16
khoang conlai | HCI3% | Within Groups 0.86 6 0.14
(%0) Total 1.60 8
Between Groups 0.28 2 0.14 1.61 0.28
HC14% | Within Groups 0.51 6 0.09
Total 0.79 8
Between Groups 16.78 2 8.39 1.22 0.36
HC12% | Within Groups 41.28 6 6.88
) Total 58.06 8
Hiéu suat thu Between Groups 0.44 2 0.22 0.65 0.55
hdi chitin tho HC13% | Within Groups 2.00 6 0.33
(%0) Total 2.44 8
Between Groups 8.14 2 4.07 1.80 0.24
HC14% | Within Groups 13.57 6 2.26
Total 21.71 8
Post Hoc Tests (Duncan tests)
Ham lwgng khoang con lai (%) Subset for alpha = 0.05
30°C, Nong d HCI (%) N 1 2
HCl 4% 3 1.17
HC13% 3 2.57
HCI1 2% 3 16.67
Sig. 0.46 1.00
Ham lugng khodng con lai (%) Subset for alpha = 0.05
50°C, Nong dd HCI (%) N 1 2
HC14% 3 1.10
HC13% 3 2.17
HCI12% 3 14.43
Sig. 0.67 1.00
Ham lugng khodng con lai (%) Subset for alpha = 0.05
70°C, Nong do HCI (%) N 1 2
HC1 4% 3 0.77
HC1 3% 3 1.87
HCI1 2% 3 12.33
Sig. 0.23 1.00
Ham lugng khoang con lai (%) Subset for alpha = 0.05
HCI 2%, Nhiét d§ khir khoang (°C) N 1
70°C 3 12.33
50°C 3 14.43
30°C 3 16.67
Sig. 0.10

Ham lugng khoang con lai (%)

Subset for alpha = 0.05




HCI 3%, Nhiét dd khir khodng (°C) | N 1
70°C 3 1.87
50°C 3 217
30°C 3 2.57
Sig. 0.14
Ham lugng khoéng con lai (%) Subset for alpha = 0.05
HCI 4%, Nhiét d khir khodng (°C) | N 1
70°C 3 0.77
50°C 3 1.10
30°C 3 1.17
Sig. 0.29
Hiéu suit thu hdi chitin thd (%) Subset for alpha = 0.05
30°C, Nong dd HCI (%) N 1 2 3
HCI 4% 3 30.40
HC13% 3 37.47
HC12% 3 49.97
Sig. 1.00 1.00 1.00
Hiéu suét thu hoi chitin thd (%) Subset for alpha = 0.05
50°C, Nong dd HCI (%) N 1 2 3
HCI1 4% 3 30.37
HC13% 3 37.27
HCI 2% 3 48.53
Sig. 1.00 1.00 1.00
Hiéu suét thu hoi chitin thé (%) Subset for alpha = 0.05
70°C, Nong dd HCI (%) N 1 2 3
HCI1 4% 3 28.37
HCI 3% 3 36.93
HCI 2% 3 46.63
Sig. 1.00 1.00 1.00
Hiéu suét thu hdi chitin tho (%) Subset for alpha = 0.05
HCI 2%, Nhiét dd khir khodng (°C) | N 1
70°C 3 46.63
50°C 3 48.53
30°C 3 49.97
Sig. 0.33
Hiéu suét thu hdi chitin tho (%) Subset for alpha = 0.05
HCl 3%, Nhiét dd khir khodng (°C) | N 1
70°C 3 36.93
50°C 3 37.27
30°C 3 37.47
Sig. 0.53
Hiéu suit thu hdi chitin thd (%) Subset for alpha = 0.05
HCI 4%, Nhiét dd khir khoing (°C) | N 1
70°C 3 28.37
50°C 3 30.37
30°C 3 30.40
Sig. 0.30
PL2.4B. Anh huong ciia ndng dd HCI, thoi gian dén ham lwong khoang con lai trong chitin thé va hiéu suit thu hdi
chitin tho.
Descriptives
Thoi Std. Std. 95% Confidence
Chi tiéu 30°C | gian | N Mean Deviation Error Interval for Mean Minimum | Maximum
(gio) Lower Upper
1 3 32.03 0.98 0.57 29.60 34.47 30.90 32.60
2 3 27.27 0.64 0.37 25.69 28.84 26.90 28.00
HCI 3 3 22.33 2.18 1.26 16.91 27.75 20.40 24.70
2% 6 3 20.57 0.87 0.50 18.40 22.74 19.60 21.30
9 3 19.37 1.80 1.04 14.89 23.84 17.60 21.20
12 3 16.67 2.25 1.30 11.08 22.25 14.20 18.60
Total | 18 23.04 5.47 1.29 20.32 25.76 14.20 32.60
1 3 6.47 0.35 0.20 5.59 7.34 6.10 6.80
2 3 6.23 0.35 0.20 5.36 7.11 5.90 6.60
HCI 3 3 4.47 0.38 0.22 3.53 5.41 4.20 4.90
3% 6 3 4.30 0.52 0.30 3.01 5.59 3.70 4.60
9 3 3.20 0.30 0.17 245 3.95 2.90 3.50




Ham luong 12 3 2.57 0.49 0.28 1.34 3.79 2.00 2.90
khoang con Total | 18 4.54 1.51 0.36 3.79 5.29 2.00 6.80
lai (%) 1 3 2.67 0.78 0.45 0.74 4.60 1.80 3.30
2 3 2.07 0.59 0.34 0.61 3.52 1.40 2.50
HCI 3 3 1.30 0.17 0.10 0.87 1.73 1.20 1.50
4% 6 3 1.37 0.21 0.12 0.85 1.88 1.20 1.60
9 3 1.27 0.31 0.18 0.51 2.03 1.00 1.60
12 3 1.17 0.31 0.18 0.41 1.93 0.90 1.50
Total | 18 1.64 0.68 0.16 1.30 1.98 0.90 3.30
1 3 56.63 2.27 1.31 50.99 62.28 54.20 58.70
2 3 56.37 2.15 1.24 51.01 61.72 54.70 58.80
HCI 3 3 55.67 4.65 2.68 44.12 67.22 50.30 58.50
2% 6 3 53.87 1.62 0.93 49.85 57.88 52.40 55.60
9 3 52.07 0.81 0.47 50.06 54.07 51.60 53.00
12 3 49.97 1.58 0.91 46.04 53.90 48.60 51.70
Total | 18 54.09 3.26 0.77 52.48 55.71 48.60 58.80
1 3 41.57 1.98 1.14 36.66 46.47 39.80 43.70
ez 2 3 38.90 1.22 0.70 35.88 41.92 37.50 39.70
E;f‘;lfl‘t‘fg :ﬁg HCl [ 3 3 38.77 0.83 0.48 36.70 40.84 38.10 39.70
%) 3% 6 3 38.30 0.87 0.50 36.13 40.47 37.70 39.30
9 3 37.67 0.97 0.56 35.25 40.08 36.60 38.50
12 3 3747 0.80 0.46 3547 39.46 36.70 38.30
Total | 18 38.78 1.71 0.40 37.93 39.63 36.60 43.70
1 3 39.50 3.94 2.27 29.72 49.28 35.00 42.30
2 3 39.40 2.69 1.55 32.72 46.08 37.20 42.40
HCl 3 3 36.33 2.60 1.50 29.87 42.80 33.80 39.00
4% 6 3 34.63 3.53 2.04 25.86 43.40 31.40 38.40
9 3 31.07 1.15 0.67 28.20 33.94 3040 32.40
12 3 30.40 243 1.40 24.36 36.44 27.60 32.00
Total | 18 35.22 4.42 1.04 33.02 37.42 27.60 42.40
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 478.42 5 95.68 37.80 0.00
HCI2% | Within Groups 30.38 12 2.53
Total 508.80 17
Ham luong Between Groups 37.00 5 7.40 44.69 0.00
kh°a“§/°°n lai | HCI3% ¥ithin Groups 19| 12 0.17
(%) Total 38.98 17
Between Groups 5.37 5 1.07 5.34 0.01
HCI 4% | Within Groups 2.41 12 0.20
Total 7.78 17
Between Groups 105.85 5 21.17 341 0.04
HCI2% | Within Groups 74.40 12 6.20
) Total 180.25 17
Hiéu suét thu Between Groups 32.92 5 6.58 0.01 0.01
hoi chitin tho HCI3% | Within Groups 16.85 12 1.40
(%) Total 49.77 17
Between Groups 233.57 5 46.71 5.69 0.01
HC14% | Within Groups 98.44 12 8.20
Total 332.01 17
Post Hoc Tests (Duncan tests)
Ham lugng khoang con lai (%) Subset for alpha = 0.05
HCI 2%, Thoi gian khir khodng (gio) N 1 2 3
12 3 16.67
9 3 19.37 19.37
6 3 20.57 20.57
3 3 22.33
2 3 27.27
1 3 32.03
Sig. 0.09 0.27 1.00 1.00
Ham lugng khoang con lai (%) Subset for alpha = 0.05
HCI 3%, Thoi gian khir khoang (gio) N 1 2 3
12 3 2.57
9 3 3.20 3.20




6 3 4.30 4.30
3 3 4.47
2 3 6.23
1 3 6.47
Sig. 0.44 0.05 1.00 0.98
Ham lugng khoéng con lai (%) Subset for alpha = 0.05
HCI1 4%, Thoi gian khir khodng (gio) N 1 2 3 4
12 3 1.17
9 3 1.27
3 3 1.30
6 3 1.37
2 3 2.07 2.07
1 3 2.67
Sig. 0.21 0.59
Higu suit thu hoi chitin tho (%) Subset for alpha = 0.05
HCI 2%, Thoi gian khir khoang (gio) | N 1 2
12 3 49.97
9 3 52.07
6 3 53.87
3 3 55.67
2 3 56.37
1 3 56.63
Sig. 0.06
Hiéu suit thu hdi chitin thé (%) Subset for alpha = 0.05
HCI 3%, Thoi gian khir khong (gid) N 1 2
12 3 37.47
9 3 37.67
6 3 38.30
3 3 38.77 38.77
2 3 38.90 38.90
1 3 41.57
Sig. 0.68 0.11
Hiéu sudt thu hdi chitin thd (%) Subset for alpha = 0.05
HCI 4%, Thoi gian khir khong (gid) N 1 2
12 3 30.40
9 3 31.07
6 3 34.63
3 3 36.33 36.33
2 3 39.40
1 3 39.50
Sig. 0.19 0.36

Phu luc 2.5. Anh huéng ciia ndng dd HCI, nhiét d§, thoi gian khir khoang va trang thai nguyén lidu wét dén ham lugng
khoang con lai trong chitin thé va hiéu suit thu hdi chitin th.

Ham lwong khodng con lai (%) Hiéu suét thu hdi chitin thd (%)
12giv | HCI2% | HCI3% | HCl4% | HCI2% | HCI3% | HCl4%
30°C | 153+0,7 | 1,9+03 | 12+0,1 [ 497+24 | 434407 [ 39.6+12
500C | 113+1,1 | 1,6+02 | 1,1+02 [461+13 | 421+1,7 [ 392+15
70°C | 84+10 | 1,1+02 [ 0,6+02 | 442+35 [ 341+13 | 283+08
Ham lwong khodng con lai (%) Hiéu suét thu hdi chitin thd (%)
30°C | HCI2% | HCI3% | HCl4% | HCI2% | HCI3% | HCl4%
1h [ 224+37]29+10 | 1,6+03 [559+12 | 46,7+1,6 | 453+3.3
2h [ 197+1,8 ] 29+1,0 | 1,603 [51,1+1,5 | 462+13 | 456+1,0
3h 195+14 | 26+06 | 13+02 | 494+23 | 455+05 | 41,6+15
6h | 191+25 ] 25+0,7 | 13+03 | 492+4,0 [ 43,7+0,5 | 41,112
9h [ 182+25 | 21+04 | 12402 | 495+53 | 43,1+0,5 | 39.7+1.2
12h | 153+07 | 1,9+03 | 12+0,1 [ 497+24 | 434407 | 39.6+12




PL2.5A. Anh huéng ciia ndng do HCI, nhiét do dén ham lwong khoang con lai trong chitin thé va hi¢u suit thu hoi

chitin thé.
Descriptives
Std. Std. 95% Confidence
Chi tiéu 12 HCl N Mean Deviation Error Interval for Mean Minimum | Maximum
gio (%) Lower Upper
2 3 15.30 0.85 0.49 13.18 17.42 14.50 16.20
30°C 3 3 1.85 0.37 0.21 0.93 2.78 1.43 2.12
4 3 1.20 0.20 0.12 0.70 1.70 1.00 1.40
Total | 9 6.12 6.91 2.30 0.81 11.43 1.00 16.20
2 3 11.30 1.40 0.81 7.82 14.78 9.70 12.30
Ham luong | 50°C 3 3 1.60 0.20 0.12 1.10 2.10 1.40 1.80
khoang con 4 3 1.07 0.25 0.15 0.44 1.69 0.80 1.30
lai (%) Total | 9 4.66 5.04 1.68 0.78 8.53 0.80 12.30
2 3 8.47 1.17 0.68 5.56 11.38 7.60 9.80
70°C 3 3 1.07 0.31 0.18 0.31 1.83 0.80 1.40
4 3 0.63 0.21 0.12 0.12 1.15 0.40 0.80
Total | 9 3.39 3.86 1.29 0.42 6.36 0.40 9.80
2 3 49.70 2.95 1.70 42.37 57.03 46.70 52.60
30°C 3 3 43.43 0.86 0.50 41.29 45.58 42.50 44.20
4 3 39.60 1.40 0.81 36.12 43.08 38.20 41.00
Total | 9 44.24 1.73 1.58 40.61 47.88 38.20 52.60
) 2 3 46.13 1.55 0.90 42.27 49.99 44.40 47.40
Hi¢usuatthu | s00c | 3 3 42.10 2.13 1.23 36.81 47.39 40.20 44.40
hoi chitin tho 4 3 39.17 1.87 1.08 34.52 43.82 37.80 41.30
(%) Total | 9 4247 3.43 1.14 39.83 45.11 37.80 47.40
2 3 44.17 431 2.49 33.46 54.87 39.30 47.50
70°C 3 3 34.07 1.56 0.90 30.18 37.95 32.40 35.50
4 3 28.30 1.00 0.58 25.82 30.78 27.30 29.30
Total | 9 35.51 7.34 245 29.87 41.15 27.30 47.50
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 380.06 2 190.03 627.43 0.00
30°C Within Groups 1.82 6 0.30
Total 381.88 8
Ham luong Between Groups 199.10 2 99.55 144.74 0.00
khoang con lai 50°C Within Groups 4.13 6 0.69
(%) Total 203.22 8
Between Groups 116.31 2 58.15 115.54 0.00
70°C Within Groups 3.02 6 0.50
Total 119.33 8
Between Groups 155.98 2 77.99 20.50 0.00
30°C Within Groups 22.83 6 3.80
) Total 178.80 8
Hiéu suét thu Between Groups 73.41 2 36.70 10.54 0.00
hoi chitin tho 50°C Within Groups 20.89 6 3.48
(%) Total 94.30 8
Between Groups 387.02 2 193.51 26.37 0.00
70°C Within Groups 44.03 6 7.34
Total 431.05 8
Sum of Squares df Mean Square F Sig.
Between Groups 70.72 2 35.36 26.11 0.00
HC12% | Within Groups 8.13 6 1.35
Total 78.85 8
Ham lugng Between Groups 0.97 2 0.48 5.33 0.05
khodng conlai | HCI3% | Within Groups 0.54 6 0.09
(%) Total 1.51 8
Between Groups 0.53 2 0.26 5.39 0.05
HC14% | Within Groups 0.29 6 0.05
Total 0.82 8
Between Groups 47.21 2 23.60 2.38 0.17
HCI2% | Within Groups 59.39 6 9.90
) Total 106.60 8
Hiu suat thu Between Groups 154.05 2 77.02 29.94 0.00
hoi chitin tho HC13% | Within Groups 15.43 6 2.57
(%) Total 169.48 8




Between Groups 245.96 2 122.98 57.08 0.00
HC14% | Within Groups 12.93 6 2.15
Total 258.89 8
Post Hoc Tests (Duncan tests)
Ham lugng khoéng con lai (%) Subset for alpha = 0.05
30°C, Nong dd HCI (%) N 1 2
HCI 4% 3 1.20
HCl 3% 3 1.85
HCI 2% 3 15.30
Sig. 0.38 1.00
Ham lugng khoang con lai (%) Subset for alpha = 0.05
50°C, Nong dd HCI (%) N 1 2
HCl 4% 3 1.07
HCl 3% 3 1.60
HCI1 2% 3 11.30
Sig. 0.72 1.00
Ham lugng khoang con lai (%) Subset for alpha = 0.05
70°C, Nong dd HCI (%) N 1 2
HCl 4% 3 0.63
HCI 3% 3 1.07
HCI 2% 3 8.47
Sig. 0.75 1.00
Ham lugng khodng con lai (%) Subset for alpha = 0.05
HCI 2%, Nhiét do khir khoang (°C) | N 1 2
70°C 3 8.47
50°C 3 11.30
30°C 3 15.30
Sig. 0.06 1.00
Ham lugng khodng con lai (%) Subset for alpha = 0.05
HCI 3%, Nhiét d9 khir khodng (°C) | N 1 2
70°C 3 1.07
50°C 3 1.60 1.60
30°C 3 1.85
Sig. 0.16 0.59
Ham lugng khodng con lai (%) Subset for alpha = 0.05
HCI 4%, Nhiét d9 khir khodng (°C) | N 1 2
70°C 3 0.63
50°C 3 1.07 1.07
30°C 3 1.20
Sig. 0.12 0.75
Hiéu suit thu hdi chitin thd (%) Subset for alpha = 0.05
30°C, Nong d6 HCI (%) N 1 2
HCI 4% 3 39.60
HCI 3% 3 4343
HCI 2% 3 49.70
Sig. 0.11 1.00
Hiéu suit thu hdi chitin thd (%) Subset for alpha = 0.05
50°C, Nong dd HCI (%) N 1 2
HCI 4% 3 39.17
HCI 3% 3 42.10 42.10
HCI 2% 3 46.13
Sig. 0.21 0.08
Hiéu suit thu hdi chitin thé (%) Subset for alpha = 0.05
70°C, Nong dd HCI (%) N 1 2
HCl1 4% 3 28.30
HCl 3% 3 34.07
HCI 2% 3 44.17
Sig. 0.09 1.00
Hiéu suit thu hdi chitin thé (%) Subset for alpha = 0.05
HCI 2%, Nhiét dj khir khoang (°C) [ N 1 2
70°C 3 44.17
50°C 3 46.13
30°C 3 49.70
Sig. 0.16
Hiéu sudt thu hdi chitin thd (%) Subset for alpha = 0.05




HCI 3%, Nhiét dd khir khoang (°C) | N 1 2
70°C 3 34.07
50°C 3 42.10
30°C 3 43.43
Sig. 1.00 0.59

Hiéu sudt thu hdi chitin tho (%) Subset for alpha = 0.05

HCI 4%, Nhiét dd khir khoing (°C) | N 1 2
70°C 3 28.30
50°C 3 39.17
30°C 3 39.60
Sig. 1.00 0.93

PL2.5B. Anh hudng ciia néng dd HCI, thoi gian dén hiéu suét khir khoing, ham lwgng khoang con lai trong chitin thd
va hiéu suat thu hoi chitin thé.

Descriptives
Thoi Std. Std. 95% Confidence
Chi tiéu 30°C | gian | N Mean Deviation Error Interval for Mean Minimum | Maximum
(gi0) Lower Upper
1 3 22.37 4.57 2.64 11.03 33.71 17.10 25.20
2 3 19.63 2.24 1.29 14.08 25.19 17.20 21.60
HCI 3 3 19.53 1.76 1.02 15.16 2391 17.50 20.60
2% 6 3 19.10 2.98 1.72 11.69 26.51 15.80 21.60
9 3 18.23 3.03 1.75 10.71 25.76 16.10 21.70
Hz‘m? lu(n:ng 12 3 15.30 0.85 0.49 13.18 17.42 14.50 16.20
khoa_mg con Total | 18 19.03 3.20 0.75 17.44 20.62 14.50 25.20
lai (%) 1 3 2.87 1.19 0.69 (0.10) 5.83 1.90 4.20
2 3 2.83 1.29 0.74 (0.36) 6.03 1.90 4.30
HCl 3 3 2.63 0.81 0.47 0.63 4.64 1.90 3.50
3% 6 3 2.47 0.83 0.48 0.40 4.54 1.80 3.40
9 3 2.07 0.47 0.27 0.89 3.24 1.70 2.60
12 3 1.83 0.38 0.22 0.89 2.77 1.40 2.10
Total | 18 245 0.85 0.20 2.03 2.87 1.40 4.30
1 3 1.60 0.40 0.23 0.63 2.64 1.20 2.00
2 3 1.60 0.36 0.21 0.70 2.50 1.20 1.90
HCI 3 3 1.27 0.21 0.12 0.75 1.78 1.10 1.50
4% 6 3 1.37 0.40 0.23 0.36 2.37 1.00 1.80
9 3 1.20 0.20 0.12 0.70 1.70 1.00 1.40
12 3 1.20 0.20 0.12 0.70 1.70 1.00 1.40
Total | 18 1.38 0.32 0.08 1.22 1.54 1.00 2.00
1 3 55.90 1.44 0.83 52.32 59.48 54.30 57.10
2 3 51.17 1.93 1.11 46.37 55.96 49.00 52.70
HCI 3 3 49.40 2.82 1.63 42.39 56.41 46.40 52.00
2% 6 3 49.23 4.88 2.82 37.11 61.35 45.70 54.80
9 3 49.53 6.52 3.76 33.33 65.73 44.50 56.90
12 3 49.70 2.95 1.70 42.37 57.03 46.70 52.60
Total | 18 50.82 4.04 0.95 48.81 52.83 44.50 57.10
1 3 46.67 1.93 1.11 41.87 51.46 44.50 48.20
2 3 46.23 1.57 0.91 42.33 50.13 45.00 48.00
Hicu suit thu H0C1 3 3 45.50 0.62 0.36 43.95 47.05 45.00 46.20
héi chitin tho 3% 6 3 43.67 0.65 0.38 42.05 45.28 43.00 44.30
(%) 9 3 43.13 0.55 0.32 41.77 44.50 42.50 43.50
12 3 43.43 0.86 0.50 41.29 45.58 42.50 44.20
Total | 18 44.77 1.75 0.41 43.90 45.64 42.50 48.20
1 3 45.37 4.01 2.31 3542 55.32 41.80 49.70
2 3 45.57 1.15 0.66 42.71 48.42 44.40 46.70
HCl 3 3 41.60 1.82 1.05 37.08 46.12 40.50 43.70
4% 6 3 41.10 1.40 0.81 37.62 44.58 39.50 42.10
9 3 39.70 1.47 0.85 36.04 43.36 38.10 41.00
12 3 39.60 1.40 0.81 36.12 43.08 38.20 41.00
Total | 18 42.16 3.08 0.73 40.62 43.69 38.10 49.70
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 78.91 5 15.78 1.98 0.15
HC12% | Within Groups 95.49 12 7.96
Total 174.40 17
Between Groups 2.65 5 0.53 0.66 0.66




Ham luong HCI3% | Within Groups 9.58 12 0.80
khoéng con lai Total 12.23 17
(%) Between Groups 0.57 5 0.11 1.18 0.37
HC14% | Within Groups 1.16 12 0.10
Total 1.73 17
Between Groups 100.11 5 20.02 1.35 0.31
HCI2% | Within Groups 177.60 12 14.80
; Total 277.71 17
Hiéu suat thu Between Groups 35.86 5 7.17 5.35 0.01
hoi chitin tho HCI13% | Within Groups 16.09 12 1.34
(%) Total 51.96 17
Between Groups 107.79 5 21.56 4.83 0.01
HCI 4% | Within Groups 53.53 12 4.46
Total 161.32 17
Post Hoc Tests (Duncan tests)
Ham luwgng khoéng con lai (%) Subset for alpha = 0.05
HCI 2%, Thoi gian khir khodng (gio) N 1
12 3 15.30
9 3 18.23
6 3 19.10
3 3 19.53
2 3 19.63
1 3 22.37
Sig.
Ham luong khoang con lai (%) Subset for alpha = 0.05
HCI1 3%, Thoi gian khir khodng (gio) N 1
12 3 1.83
9 3 2.07
6 3 2.47
3 3 2.63
2 3 2.83
1 3 2.87
Sig. 0.72
Ham lugng khoang con lai (%) Subset for alpha = 0.05
HCI1 4%, Thoi gian khir khodng (gio) N 1
12 3 1.20
9 3 1.20
3 3 1.27
6 3 1.37
2 3 1.60
1 3 1.63
Sig. 0.55
Hiéu suét thu hdi chitin thd (%) Subset for alpha = 0.05
HCI 2%, Thoi gian khir khodng (gio) N 1 2
6 3 49.23
3 3 49.40
9 3 49.53
12 3 49.70
2 3 51.17
1 3 55.90
Sig. 0.34
Hiu suét thu hdi chitin thd (%) Subset for alpha = 0.05
HCI 3%, Thoi gian khir khodng (gio) N 1 2
9 3 43.13
12 3 43.43
6 3 43.67 43.67
3 3 45.50 45.50
2 3 46.23 46.23
1 3 46.67
Sig. 0.06 0.07
Hiéu sudt thu hoi chitin thd (%) Subset for alpha = 0.05
HCI 4%, Thoi gian khir khodng (gio) 1 2
12 3 39.60




9 3 39.70
6 3 41.10 41.10
3 3 41.60 41.60
1 3 4537 4537
2 3 45.57
Sig. 0.05 0.17

Phu lyc 2.6. Anh huéng ciia ndng NaOH, nhiét d9, thoi gian khir protein va trang thii nguyén li¢u khé dén ham lwgng

protein con lai trong chitin tinh sach va hi¢u suét thu hi chitin tinh sach.

Ham lwong protein con lai (%) Hiéu suit thu hdi chitin tinh sach (%)

24 gio | NaOH2% | NaOH3% | NaOH4% | NaOH2% | NaOH3% | NaOH 4%
30°C 1,7+0,1 1,1+0,1 0,6 +0,1 304+02 | 25114 | 241+06
50°C 1,2+0,1 0,2 +0,1 0,1+0,0 277+0,6 | 246+03 | 234=+0,1
70°C | 0,8+0,1 0,1+0,0 0,1+0,0 222+0,7 | 208£0,7 | 198£0,7
Ham lwong protein con lai (%) Hié¢u suit thu hdi chitin tinh sach (%)

50°C | NaOH2% | NaOH3% | NaOH4% | NaOH2% | NaOH3% | NaOH 4%
3h 2,8+02 1,2+ 04 0,8+0,1 353+03 | 27,7+x1,1 | 26,6+0,2
6h 2,1+0,1 0,8+0,1 0,5+0,1 321+1,7 | 263+1,1 | 257+06
9h 1,702 0,6 0,1 0,4+0,1 31,719 | 250+03 | 24705
12h 1,5+0,1 0,4+0,1 0,2+0,0 28,0+0,6 | 249+03 | 24105
24h 1,2+0,1 0,2+0,1 0,1+0,0 277+0,6 | 246+03 | 234=+0,1

PL2.6A. Anh hudng ciia ndng d6 NaOH, nhiét do dén ham lwong protein con lai trong chitin tinh sach va hiéu suét thu

hdi chitin tinh sach.

Descriptives
Std. Std. 95% Confidence
Chi tiéu 24 NaOH | N Mean Deviation Error Interval for Mean Minimum | Maximum
gio (%) Lower Upper
2 3 1.73 0.15 0.09 1.35 2.11 1.60 1.90
30°C 3 3 1.07 0.06 0.03 0.92 1.21 1.00 1.10
4 3 0.57 0.15 0.09 0.19 0.95 0.40 0.70
Total | 9 1.12 0.52 0.17 0.72 1.52 0.40 1.90
2 3 1.17 0.06 0.03 1.02 131 1.10 1.20
Ham luong | 50°C 3 3 0.27 0.06 0.03 0.12 0.41 0.20 0.30
protein con 4 3 0.13 0.06 0.03 (0.01) 0.28 0.10 0.20
lai (%) Total | 9 0.52 0.49 0.16 0.15 0.90 0.10 1.20
2 3 0.83 0.06 0.03 0.69 0.98 0.80 0.90
70°C 3 3 0.10 0.00 0.00 0.10 0.10 0.10 0.10
4 3 0.10 0.00 0.00 0.10 0.10 0.10 0.10
Total | 9 0.34 0.37 0.12 0.06 0.63 0.10 0.90
2 3 | 3043 0.21 0.12 29.92 30.95 30.20 30.60
30°C 3 3 | 2513 1.74 1.00 20.81 29.45 23.80 27.10
4 3 | 2413 0.80 0.46 22.14 26.13 23.30 24.90
Total | 9 | 2657 3.09 1.03 24.19 28.94 23.30 30.60
) 2 3 | 2773 0.65 0.38 26.12 29.35 27.10 28.40
Higu suat thu | 500 3 3 | 24.63 0.31 0.18 23.87 25.39 24.30 24.90
hoi chitin tinh 4 3 | 2343 0.15 0.09 23.05 23.81 23.30 23.60
sach (%) Total | 9 | 2527 1.96 0065 23.76 26.77 23.30 28.40
2 3 | 2223 0.91 0.52 19.98 24.49 21.20 22.90
70°C 3 3 | 20.83 0.81 0.47 18.81 22.86 19.90 21.40
4 3 19.77 0.76 0.44 17.89 21.65 18.90 20.30
Total [ 9 [ 2094 1.29 0.43 19.95 21.94 18.90 22.90
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 2.06 2 1.03 61.67 0.00
30°C Within Groups 0.10 6 0.02
Total 2.16 8
Ham luong Between Groups 1.90 2 0.95 284.33 0.00
protein con lai 50°C Within Groups 0.02 6 0.00
(%) Total 1.92 8
Between Groups 1.08 2 0.54 484.00 0.00
70°C Within Groups 0.01 6 0.00
Total 1.08 8
Between Groups 68.78 2 34.39 27.81 0.00




30°C Within Groups 7.42 6 1.24
) Total 76.20 8
Hiéu suét thu Between Groups 29.54 2 14.77 82.06 0.00
hoi chitin tinh 50°C Within Groups 1.08 6 0.18
sach (%) Total 30.92 8
Between Groups 9.18 2 4.59 6.69 0.03
70°C Within Groups 4.12 6 0.69
Total 13.30 8
Sum of Squares df Mean Square F Sig.
Between Groups 1.24 2 0.62 62.11 0.00
NaOH 2% | Within Groups 0.06 6 0.01
Total 1.30 8
Ham luong Between Groups 1.60 2 0.80 360.50 0.00
protein con lai | NaOH 3% | Within Groups 0.01 6 0.00
(%) Total 1.62 8
Between Groups 0.41 2 0.20 22.88 0.00
NaOH 4% | Within Groups 0.05 6 0.01
Total 0.46 8
Between Groups 104.78 2 52.39 121.84 0.00
NaOH 2% | Within Groups 2.58 6 0.43
) Total 107.36 8
Hiéu suat thu Between Groups 33.18 2 16.59 13.17 0.01
hoi chitin tinh | NaOH 3% | Within Groups 7.56 6 1.26
sach (%) Total 40.74 8
Between Groups 33.00 2 16.50 39.92 0.00
NaOH 4% | Within Groups 2.48 6 0.41
Total 35.48 8
Post Hoc Tests (Duncan tests)
Ham lugng protein con lai (%) Subset for alpha = 0.05
30°C, Nong do NaOH (%) N 1 2 3
NaOH 4% 3 0.57
NaOH 3% 3 1.07
NaOH 2% 3 1.73
Sig. 1.00 1.00 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.0
50°C, Nong dd NaOH (%) N 1 2 3
NaOH 4% 3 0.13
NaOH 3% 3 0.27
NaOH 2% 3 1.17
Sig. 1.00 1.00 1.00
Ham luong protein con lai (%) Subset for alpha = 0.0
70°C, Nong dé NaOH (%) N 1 2 3
NaOH 4% 3 0.10
NaOH 3% 3 0.10
NaOH 2% 3 0.83
Sig. 1.00 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.0
NaOH 2%, Nhiét d¢ khir protein (°C) | N 1 2 3
70°C 3 0.83
50°C 3 1.17
30°C 3 1.73
Sig. 1.00 1.00 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.0
NaOH 3%, Nhiét d¢ khir protein (°C) N 1 2 3
70°C 3 0.10
50°C 3 0.27
30°C 3 1.07
Sig. 0.07 1.00 1.00
NaOH 4%, Nhiét d¢ khir protein (°C) Subset for alpha = 0.0
NaOH 4%, Nhiét do N 1 2 3
70°C 3 0.10
50°C 3 0.13
30°C 3 0.57
Sig. 0.90 1.00




Hiéu suit thu hdi chitin tinh sach (%)

Subset for alpha = 0.05

30°C, NaOH (%) N 2
4 3 24.13
3 3 25.13
2 3 30.43
Sig. 0.31 1.00
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
50°C, NaOH (%) N 2 3
4 3 23.43
3 3 24.63
2 3 27.73
Sig. 1.00 1.00 1.00
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
70°C, NaOH (%) N 2
4 3 19.77
3 3 20.83 20.83
2 3 22.23
Sig. 0.17 0.08
Hiéu suét thu hoi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 2%, Nhiét d6 N 2 3
70°C 3 22.23
50°C 3 27.73
30°C 3 30.43
Sig. 1.00 1.00 1.00
Hiéu suét thu hi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 3%, Nhiét do N 2
70°C 3 20.83
50°C 3 24.63
30°C 3 25.13
Sig. 1.00 0.61
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 4%, Nhiét do N 2
70°C 3 19.77
50°C 3 23.43
30°C 3 24.13
Sig. 1.00 0.23
PL 2.6B. Anh huong ciia ndng dp NaOH, thoi gian dén ham lwgng protein con lai trong chitin tinh sach.
Descriptives
Std. Std. 95% Confidence
Chi tiéu 50°C Thoigian | N | Mean | Deviation Error Interval for Mean Minimum | Maximum
(gio) Lower Upper
3 3 2.77 0.21 0.12 2.25 3.28 2.60 3.00
6 3 2.10 0.10 0.06 1.85 2.35 2.00 2.20
NaOH 9 3 1.67 0.23 0.13 1.09 2.24 1.40 1.80
2% 12 3 1.47 0.15 0.09 1.09 1.85 1.30 1.60
24 3 1.17 0.06 0.03 1.02 1.31 1.10 1.20
i Total 15 1.83 0.59 0.15 1.51 2.16 1.10 3.00
Ham luong 3 3 1.20 0.44 0.25 0.12 2.28 0.90 1.70
protein con 6 3 0.73 0.12 0.07 0.45 1.02 0.60 0.80
lai (%) | NaOH 9 3 0.60 0.10 0.06 0.35 0.85 0.50 0.70
3% 12 3 0.43 0.12 0.07 0.15 0.72 0.30 0.50
24 3 0.27 0.06 0.03 0.12 0.41 0.20 0.30
Total 15 0.65 0.38 0.10 0.44 0.85 0.20 1.70
3 3 0.80 0.10 0.06 0.55 1.05 0.70 0.90
6 3 0.47 0.12 0.07 0.18 0.75 0.40 0.60
NaOH 9 3 0.40 0.10 0.06 0.15 0.65 0.30 0.50
4% 12 3 0.23 0.06 0.03 0.09 0.38 0.20 0.30
24 3 0.13 0.06 0.03 (0.01) 0.28 0.10 0.20
Total 15 0.41 0.25 0.06 0.27 0.54 0.10 0.90
3 3 35.43 1.87 1.08 30.78 40.08 33.30 36.80
6 3 32.07 2.03 1.17 27.02 37.11 30.70 34.40
NaOH 9 3 31.73 2.29 1.32 26.03 37.43 29.10 33.30
2% 12 3 28.00 0.80 0.46 26.01 29.99 27.20 28.80
24 3 27.73 0.65 0.38 26.12 29.35 27.10 28.40
Total 15 | 3099 3.28 0.85 29.18 32.81 27.10 36.80
3 3 27.73 1.32 0.76 24.45 31.01 26.30 28.90




Hiéu suat 6 3 26.30 1.30 0.75 23.07 29.53 25.50 27.80
thu hoi NaOH 9 3 25.00 0.44 0.25 23.92 26.08 24.70 25.50
chitin tinh 3% 12 3 24.90 0.36 0.21 24.00 25.80 24.60 25.30
sach (%0) 24 3 | 24.63 0.31 0.18 23.87 25.39 24.30 24.90
Total 15 25.71 1.41 0.37 24.93 26.50 24.30 28.90
3 3 26.60 0.26 0.15 25.94 27.26 26.30 26.80
6 3 25.77 0.71 0.41 24.00 27.53 25.00 26.40
NaOH 9 3 24.70 0.62 0.36 23.15 26.25 24.00 25.20
4% 12 3 24.10 0.62 0.36 22.55 25.65 23.40 24.60
24 3 23.43 0.15 0.09 23.05 23.81 23.30 23.60
Total 15 24.92 1.26 0.32 24.22 25.62 23.30 26.80
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 4.65 4 1.16 43.56 0.00
NaOH 2% | Within Groups 0.27 10 0.03
Total 4.91 14
Ham luong Between Groups 1.52 4 0.38 8.25 0.00
protein con lai | NaOH 3% | Within Groups 0.46 10 0.05
(%) Total 1.98 14
Between Groups 0.79 4 0.20 24.67 0.00
NaOH 4% | Within Groups 0.08 10 0.01
Total 0.87 14
Between Groups 123.00 4 30.75 11.02 0.00
NaOH 2% | Within Groups 2791 10 2.79
’ Total 150.91 14
Hiéu suat thu Between Groups 20.28 4 5.07 6.59 0.01
hoi chitin tinh | NaOH 3% | Within Groups 7.69 10 0.77
sach (%) Total 27.98 14
Between Groups 19.41 4 4.85 17.62 0.00
NaOH 4% | Within Groups 2.75 10 0.28
Total 22.16 14
Post Hoc Tests (Duncan tests)
Ham lugng protein con lai (%) Subset for alpha = 0.05
NaOH 2%, Thoi gian khir protein (gio) N 2 3
24 3 1.17
12 3 1.47
9 3 1.67
6 3 2.10
3 3 2.77
Sig. 1.00 0.16 1.00 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.05
NaOH 3%, Thoi gian khir protein (gio) N 2 3
24 3 0.27
12 3 0.43 0.43
9 3 0.60 0.60
6 3 0.73
3 3 1.20
Sig. 0.10 0.13 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.05
NaOH 4%, Thoi gian khir protein (gio) N 2 3
24 3 0.13
12 3 0.23
9 3 0.40
6 3 0.47
3 3 0.80
Sig. 0.20 0.38 1.00
Hiéu suit thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 2%, Thoi gian (gio) N 1 2 3
24 3 27.73
12 3 28.00
9 3 31.73
6 3 32.07
3 3 35.43




Sig. | 0.85 | 0.81 1.00
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 3%, Thoi gian (gio) N 1 2
24 3 24.63
12 3 24.90
9 3 25.00
6 3 26.30 26.30
3 3 27.73
Sig. 0.06 0.07
Hiéu sudt thu hoi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 4%, Thoi gian (gid) N 1 2 3
24 3 23.43
12 3 24.10 24.10
9 3 24.70
6 3 25.77
3 3 26.60
Sig. 0.15 0.19 0.08

Phu lyc 2.7. Anh huéng ciia ndng d NaOH, nhiét d9, thoi gian khir protein va trang thai nguyén lidéu wét ham lugng

protein con lai trong chitin tinh sach va hi¢u suét thu hi chitin tinh sach.

Ham luwgng protein con lai (%) Hiéu suit thu hdi chitin tinh sach (%)

24 giv | NaOH 2% | NaOH 3% NaOH 4% NaOH 2% | NaOH 3% | NaOH 4%
30°C 1,6 £0,1 1,0+0,1 0,5+0,1 32,6 +1,4 31,1 +£1,5 31,0+1,7
50°C 1,1 £0,1 0,2+0,1 0,1 £0,0 30,8+ 1,5 30,7+ 1,8 27,0+0,7
70°C 0,6 +0,1 0,1 £0,0 0,1 +£0,0 23,8+£0,9 20,6 £0,9 192 +1,0
Ham luwgng protein con lai (%) Hiéu suit thu hdi chitin tinh sach (%)

50°C NaOH 2% | NaOH 3% NaOH 4% NaOH 2% | NaOH 3% | NaOH 4%
3h 2,8+0,2 1,0+0,1 0,7+0,1 39,9+0,7 34,7+3,7 32,6 3,4
6h 1,8+£0,2 0,5+0,1 0,3+0,1 36,4 £0,4 324+£22 274 £1,0
%h 1,4+0,1 0,3+0,1 0,2+0,1 356+£23 323+£2,5 27,3+0,6
12h 1,3+0,1 0,2+0,1 0,2+0,1 33,1 +2,1 31,9+2,5 273+0,7
24 h 1,1+0,1 0,2+0,1 0,1 +0,0 30,8 £ 1,5 30,7+ 1,8 27,0+0,7

PL2.7A. Anh huéng ciia ndng d6 NaOH, nhiét do dén ham luwong protein con lai trong chitin tinh sach va hi¢u suét thu

hdi chitin tinh sach.

Descriptives
Std. Std. 95% Confidence
Chi tiéu 24 NaOH | N Mean Deviation Error Interval for Mean Minimum | Maximum
gio (%) Lower Upper
2 3 1.57 0.15 0.09 1.19 1.95 1.40 1.70
30°C 3 3 1.00 0.10 0.06 0.75 1.5 0.90 1.10
4 3 0.47 0.06 0.03 0.32 0.61 0.40 0.50
Total | 9 1.01 0.49 0.16 0.64 138 0.40 1.70
Ham luong 2 3 1.13 0.12 0.07 0.85 1.42 1.00 1.20
protein con | 500C 3 3 0.20 0.10 0.06 (0.05) 0.45 0.10 0.30
lai (%) 4 3 0.13 0.06 0.03 (0.01) 0.28 0.10 0.20
Total | 9 0.49 0.49 0.16 0.11 0.87 0.10 1.20
2 3 0.57 0.06 0.03 0.42 0.71 0.50 0.60
70°C 3 3 0.13 0.06 0.03 (0.01) 0.28 0.10 0.20
4 3 0.10 0.00 0.00 0.10 0.10 0.10 0.10
Total | 9 0.27 0.23 0.08 0.09 0.44 0.10 0.60
2 3 | 3257 1.72 0.99 28.29 36.84 30.60 33.80
30°C 3 3 | 3130 1.87 1.08 26.66 35.94 29.30 33.00
4 3 | 3097 2.08 1.20 25.80 36.13 28.60 32.50
Total | 9 | 31.61 1.80 0.60 30.23 32.99 28.60 33.80
) 2 3 | 3077 1.86 1.07 26.14 35.39 28.80 32.50
Hiéu suat thu | 500C 3 3 | 3070 2.18 126 25.29 36.11 2820 3220
hoi chitin tinh 4 3 | 2697 0.85 0.49 24.85 29.08 26.10 27.80
sach (%) Total | 9 | 2948 2.40 0.80 27.63 3133 26.10 32.50
2 3 | 23.83 1.10 0.63 2111 26.56 22.60 24.70
70°C 3 3 | 2063 1.10 0.64 17.90 2337 19.50 21.70
4 3 | 1923 1.15 0.67 1636 22.10 17.90 19.90
Total | 9 | 2123 226 0.75 19.50 2297 17.90 2470




ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 1.82 2 0.91 74.27 0.00
30°C Within Groups 0.07 6 0.01
Total 1.89 8
Ham luong Between Groups 1.88 2 0.94 105.50 0.00
protein con lai 50°C Within Groups 0.05 6 0.01
(%) Total 1.93 8
Between Groups 0.41 2 0.20 91.50 0.00
70°C Within Groups 0.01 6 0.00
Total 0.42 8
Between Groups 4.28 2 2.14 0.60 0.58
30°C Within Groups 21.55 6 3.59
) Total 25.83 8
Hiéu suat thu Between Groups 28.38 2 14.19 4.76 0.06
hoi chitin tinh 50°C Within Groups 17.87 6 2.98
sach (%) Total 46.26 8
Between Groups 33.36 2 16.68 13.34 0.01
70°C Within Groups 7.50 6 1.25
Total 40.86 8
Sum of Squares df Mean Square F Sig.
Between Groups 1.51 2 0.75 56.58 0.00
NaOH 2% | Within Groups 0.08 6 0.01
Total 1.59 8
Ham lugng Between Groups 1.40 2 0.70 89.71 0.00
protein con lai | NaOH 3% | Within Groups 0.05 6 0.01
(%) Total 1.44 8
Between Groups 0.25 2 0.12 55.50 0.00
NaOH 4% | Within Groups 0.01 6 0.00
Total 0.26 8
Between Groups 127.58 2 63.79 25.08 0.00
NaOH 2% | Within Groups 15.26 6 2.54
) Total 142.84 8
Hiu suat thu Between Groups 215.48 2 107.74 34.19 0.00
hoi chitin tinh | NaOH 3% | Within Groups 18.91 6 3.15
sach (%) Total 234.38 8
Between Groups 213.48 2 106.74 50.19 0.00
NaOH 4% | Within Groups 12.76 6 2.13
Total 226.24 8
Post Hoc Tests (Duncan tests)
Ham luwgng protein con lai (%) Subset for alpha = 0.05
30°C, Nong dé NaOH (%) N 1 2 3
NaOH 4% 3 0.47
NaOH 3% 3 1.00
NaOH 2% 3 1.57
Sig. 1.00 1.00 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.05
50°C, Nong do NaOH (%) N 1 2
NaOH 4% 3 0.13
NaOH 3% 3 0.20
NaOH 2% 3 1.13
Sig. 0.42 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.05
70°C, Nong dé NaOH (%) N 1 2
NaOH 4% 3 0.10
NaOH 3% 3 0.13
NaOH 2% 3 0.57
Sig. 0.42 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.05
NaOH 2%, Nhiét d¢ khir protein (°C) N 1 2 3
70°C 3 0.57
50°C 3 1.13
30°C 3 1.57
Sig. 1.00 1.00 1.00
Ham luong protein con lai (%) Subset for alpha = 0.05
NaOH 3%, Nhiét dd khir protein (°C) | N 1 | 2 |




70°C 3 0.13
50°C 3 0.20
30°C 3 1.00
Sig. 0.39 1.00
NaOH 4%, Nhiét d¢ khir protein (°C) Subset for alpha = 0.05
NaOH 4%, Nhiét d6 N 1 2
70°C 3 0.10
50°C 3 0.13
30°C 3 0.47
Sig. 0.42 1.00
Hiéu suit thu hdi chitin tinh sach (%) Subset for alpha = 0.05
30°C, NaOH (%) N 1
4 3 30.97
3 3 31.30
2 3 32.57
Sig. 0.36
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
50°C, NaOH (%) N 1 2
4 3 26.97
3 3 30.70
2 3 30.77
Sig. 1.00 0.96
Hiéu suét thu hoi chitin tinh sach (%) Subset for alpha = 0.05
70°C, NaOH (%) N 1 2
4 3 19.23
3 3 20.63
2 3 23.83
Sig. 0.18 1.00
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 2%, Nhiét do N 1 2
70°C 3 23.83
50°C 3 30.77
30°C 3 32.57
Sig. 1.00 0.22
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 3%, Nhiét do N 1 2
70°C 3 20.63
50°C 3 30.70
30°C 3 31.30
Sig. 1.00 0.69
Hiéu suét thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 4%, Nhiét d6 N 1 2 3
70°C 3 19.23
50°C 3 26.97
30°C 3 30.97
Sig. 1.00 1.00 1.00

PL 2.7B. Anh huéng ciia ndng d NaOH, théi gian dén ham luweng protein con lai trong chitin tinh sach va hiéu suit

thu hdi chitin tinh sach.

Descriptives
Std. Std. 95% Confidence
Chi tiéu 50°C Thoigian | N | Mean | Deviation Error Interval for Mean Minimum | Maximum
(gio) Lower Upper
3 3 2.83 0.23 0.13 2.26 341 2.70 3.10
6 3 1.77 0.25 0.15 1.14 2.39 1.50 2.00
NaOH 9 3 1.40 0.10 0.06 1.15 1.65 1.30 1.50
2% 12 3 1.30 0.10 0.06 1.05 1.55 1.20 1.40
24 3 1.13 0.12 0.07 0.85 1.42 1.00 1.20
. Total 15 1.69 0.65 0.17 1.33 2.05 1.00 3.10
Ham .luou?g 3 3 1.03 0.15 0.09 0.65 1.41 0.90 1.20
protein con 6 3 0.05 0.10 0.06 0.25 0.75 0.40 0.60
lai (%) | NaOH 9 3 0.27 0.06 0.03 0.12 0.41 0.20 0.30
3% 12 3 0.20 0.10 0.06 (0.05) 0.45 0.10 0.30
24 3 0.20 0.10 0.06 (0.05) 0.45 0.10 0.30
Total 15 0.44 0.34 0.09 0.25 0.63 0.10 1.20
3 3 0.70 0.17 0.10 0.27 1.13 0.50 0.80




6 3 0.30 0.10 0.06 0.05 0.55 0.20 0.40
NaOH 9 3 0.19 0.08 0.04 (0.00) 0.37 0.10 0.24
4% 12 3 0.16 0.08 0.04 (0.03) 0.34 0.07 0.20
24 3 0.11 0.05 0.03 (0.02) 0.24 0.05 0.15
Total 15 0.29 0.24 0.06 0.16 0.42 0.05 0.80
3 3 39.90 0.92 0.53 37.62 42.18 39.10 40.90
6 3 36.37 0.51 0.30 35.09 37.64 35.80 36.80
NaOH 9 3 35.57 2.76 1.60 28.70 4243 3240 37.50
2% 12 3 33.17 2.57 1.48 26.78 39.55 31.30 36.10
24 3 30.77 1.86 1.07 26.14 35.39 28.80 32.50
Total 15 35.15 3.58 0.93 33.17 37.14 28.80 40.90
o 3 3 34.70 4.50 2.60 23.51 45.89 29.50 37.30
Hi¢u suat 6 3 32.47 2.75 1.59 25.64 39.29 29.40 34.70
ﬂ.“.l h(.)l NaOH 9 3 32.37 3.04 1.76 24.81 39.93 28.90 34.60
chitin tinh | 30, 12 3 | 3193 3.06 1.76 24.34 39.52 28.60 34.60
sach (%) 24 3 | 3070 2.18 1.26 25.29 36.11 28.20 32.20
Total 15 32.43 3.02 0.78 30.76 34.10 28.20 37.30
3 3 32.63 4.14 2.39 22.36 4291 28.10 36.20
6 3 27.37 1.25 0.72 24.26 3047 26.10 28.60
NaOH 9 3 27.33 0.76 0.44 25.44 29.23 26.50 28.00
4% 12 3 27.27 0.80 0.46 25.27 29.26 26.50 28.10
24 3 26.97 0.85 0.49 24.85 29.08 26.10 27.80
Total 15 28.31 2.82 0.73 26.75 29.88 26.10 36.20
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 5.58 4 1.39 46.48 0.00
NaOH 2% | Within Groups 0.30 10 0.03
Total 5.88 14
Ham luong Between Groups 1.50 4 0.38 33.15 0.00
protein con lai | NaOH 3% | Within Groups 0.11 10 0.01
(%) Total 1.62 14
Between Groups 0.69 4 0.17 15.86 0.00
NaOH 4% | Within Groups 0.11 10 0.01
Total 0.80 14
Between Groups 142.09 4 35.52 9.44 0.00
NaOH 2% | Within Groups 37.65 10 3.76
) Total 179.74 14
Hiéu suét thu Between Groups 25.19 4 6.30 0.62 0.66
hoi chitin tinh | NaOH 3% | Within Groups 102.34 10 10.23
sach (%) Total 127.53 14
Between Groups 70.28 4 17.57 4.26 0.03
NaOH 4% | Within Groups 41.23 10 0.03
Total 111.52 14
Post Hoc Tests (Duncan tests)
Ham lugng protein con lai (%) Subset for alpha = 0.05
NaOH 2%, Thoi gian khir protein (gio) N 1 2 3
24 3 1.13
12 3 1.30
9 3 1.40
6 3 1.77
3 3 2.83
Sig. 0.10 1.00 1.00
Ham luong protein con lai (%) Subset for alpha = 0.05
NaOH 3%, Théi gian khir protein (gio) N 1 2 3
24 3 0.20
12 3 0.20
9 3 0.27
6 3 0.50
3 3 1.03
Sig. 0.48 1.00 1.00
Ham lugng protein con lai (%) Subset for alpha = 0.05
NaOH 4%, Théi gian khir protein (gio) N 1 2 3
24 3 0.11




12 3 0.16
9 3 0.19
6 3 0.30
3 3 0.70
Sig. 0.06 1.00
Hiéu suit thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 2%, Thoi gian (gid) N 1 2 3
24 3 30.77
12 3 33.17 33.17
9 3 35.57
6 3 36.37
3 3 39.90
Sig. 0.16 0.08 1.00
Hiéu suét thu hoi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 3%, Thoi gian (gio) N 1
24 3 30.70
12 3 31.93
9 3 32.37
6 3 32.47
3 3 34.70
Sig. 0.19
Hiéu sudt thu hdi chitin tinh sach (%) Subset for alpha = 0.05
NaOH 4%, Thoi gian (gid) N 1
24 3 26.97
12 3 27.27
9 3 27.33
6 3 27.37
3 3 32.63
Sig. 0.83 1.00

PL 2.8. Anh hwéng ciia diéu kién san xuét chitosan (nhiét do va thoi gian xir Iy) dén d deacetyl, d tan, dd nhét, hiéu

suét thu hdi chitosan, ham lwgng khoang va protein con lai.

Nhi¢t dd | Thoigian | D6 deacetyl b6 tan (%) | Do nhot (cP) | HSTH Chitosan | Khoang (%) | Protein (%)
©) (h) () (%)
12 83,5+14 97,0+ 0,8 1,227 + 38 242425 0,5+0,1 0,1+0,0
80 24 86,7 +0,7 99,0 £ 0,1 986 + 24 23,6 +2,9 0,5+0,1 0,1+0,0
36 90,2 +1,7 99,0 +£0,2 639 +£32 233+3,0 0,3+0,1 0,0+0,0
12 86,1 £0,1 97,7+0,7 558 £51 242 +£2.,6 0,3+0,2 0,2+0,1
90 24 89,2+ 1,6 99,0+£0,2 479 £ 72 23,0+24 0,2+0,1 0,1+0,1
36 90,5+1,3 99,1 £0,2 342 + 13 22,1+33 0,1+0,0 0,1+0,0
Descriptives
Thoi N Mean Std. Std. 95% Confidence Minimum | Maximum
80°C gian Deviation Error Interval for Mean

(gio) Lower Upper
Do deacetyl 12 3 83.45 1.77 1.02 79.06 87.85 82.12 85.46
(%) 24 3 86.71 0.90 0.52 84.46 88.95 85.67 87.33
36 3 90.24 2.03 1.17 85.21 95.27 88.65 92.52
Total 9 86.80 3.26 1.09 84.29 89.31 82.12 92.52
Do tan (%) 12 3 97.03 1.02 0.59 94.50 99.57 96.30 98.20
24 3 98.97 0.12 0.07 98.68 99.25 98.90 99.10
36 3 99.03 0.21 0.12 98.52 99.55 98.80 99.20
Total 9 98.34 1.11 0.37 97.49 99.20 96.30 99.20
Do nhot (cP) 12 3 1,227.00 46.12 26.63 1,112.43 1,341.57 1,174.00 1,258.00
24 3 986.00 29.44 17.00 912.85 1,059.15 952.00 1,003.00
36 3 639.33 39.00 22.52 542.44 736.23 600.00 678.00
Total 9 950.78 258.03 86.01 752.44 1,149.12 600.00 1,258.00
Hiéu suit thu 12 3 24.17 3.01 1.74 16.69 31.64 21.30 27.30
hdi chitosan 24 3 23.60 3.48 2.01 14.96 32.24 19.90 26.80
(%) 36 3 23.23 3.62 2.09 14.23 32.23 19.40 26.60
Total 9 23.67 2.96 0.99 21.40 25.94 19.40 27.30
12 3 0.53 0.12 0.07 0.25 0.82 0.40 0.60
24 3 0.53 0.06 0.03 0.39 0.68 0.50 0.60




Ham luong 36 3 0.33 0.12 0.07 0.05 0.62 0.20 0.40
khoang con Total 9 0.47 0.13 0.04 0.36 0.57 0.20 0.60
lai (%) ota
Ham luong 12 3 0.11 0.04 0.02 0.01 0.21 0.06 0.13
protein con 24 3 0.07 0.01 0.00 0.05 0.08 0.06 0.07
lai (%) 36 3 0.02 0.02 0.01 (0.02) 0.06 0.01 0.04
Total 9 0.06 0.04 0.01 0.03 0.10 0.01 0.13
Thoi Std. Std. 95% Confidence
90°C gian N Mean Deviation Error Interval for Mean Minimum | Maximum
(gi0) Lower Upper
Do deacetyl 12 3 86.05 0.07 0.04 85.88 86.22 86.00 86.13
(%) 24 3 89.23 1.91 1.10 84.49 93.96 87.21 91.00
36 3 90.51 1.58 0.91 86.60 94.43 88.81 91.92
Total 9 88.60 2.34 0.78 86.80 90.40 86.00 91.92
b6 tan (%) 12 3 97.73 0.86 0.50 95.59 99.88 96.80 98.50
24 3 99.03 0.25 0.15 98.41 99.66 98.80 99.30
36 3 99.07 0.21 0.12 98.55 99.58 98.90 99.30
Total 9 98.61 0.80 0.27 97.99 99.23 96.80 99.30
Do nhdt (cP) 12 3 558.33 62.79 36.25 402.36 714.31 513.00 630.00
24 3 479.67 88.64 51.17 259.48 699.85 427.00 582.00
36 3 342.33 16.50 9.53 301.34 383.33 324.00 356.00
Total 9 460.11 109.46 36.49 375.97 544.25 324.00 630.00
Hiéu suét thu 12 3 24.23 3.25 1.88 16.16 32.31 20.70 27.10
hdi chitosan 24 3 23.00 2.94 1.70 15.69 30.31 19.60 24.70
(%0) 36 3 22.10 4.01 2.32 12.13 32.07 17.90 25.90
Total 9 23.11 3.11 1.04 20.72 25.51 17.90 27.10
Ham luong 12 3 0.30 0.20 0.12 (0.20) 0.80 0.10 0.50
khoang con 24 3 0.20 0.10 0.06 (0.05) 0.45 0.10 0.30
lai (%) 36 3 0.10 - - 0.10 0.10 0.10 0.10
Total 9 0.20 0.14 0.05 0.09 0.31 0.10 0.50
Ham luong 12 3 0.15 0.10 0.06 (0.09) 0.39 0.04 0.21
protein  con 24 3 0.10 0.06 0.04 (0.05) 0.25 0.03 0.14
lai (%) 36 3 0.09 0.01 0.01 0.07 0.11 0.08 0.10
Total 9 0.11 0.06 0.02 0.06 0.16 0.03 0.21
ANOVA
80°C Sum of Squares df Mean Square F Sig.
Do deacetyl (%) Between Groups 69.13 2 34.564 12.885 0.007
Within Groups 16.09 6 2.682
Total 85.22 8
Between Groups 7.74 2 3.871 10.558 0.011
Do tan (%) Within Groups 2.20 6 0.367
Total 9.94 8
Between Groups 523,610.89 2 261805.444 173.944 0.000
Do nhdt (cP) Within Groups 9,030.67 6 1505.111
Total 532,641.56 8
Hiéu suat thu hoi | Between Groups 1.33 2 0.663 0.058 0.944
chitosan (%) Within Groups 68.53 6 11.422
Total 69.86 8
Ham luong khoang | Between Groups 0.08 2 0.040 4.000 0.079
con lai (%) Within Groups 0.06 6 0.010
Total 0.14 8
Ham luong protein | Between Groups 0.01 2 0.006 8.610 0.017
con lai (%) Within Groups 0.00 6 0.001
Total 0.02 8
90°C Sum of Squares df Mean Square F Sig.
b deacetyl (%) Between Groups 31.62 2 15.81 7.74 0.02
Within Groups 12.25 6 2.04
Total 43.87 8
Between Groups 3.47 2 1.73 6.12 0.04
Do tan (%) Within Groups 1.70 6 0.28
Total 5.17 8
Between Groups 71,704.89 2 35,852.44 8.91 0.02
D nhdt (cP) Within Groups 24,142.00 6 4,023.67




Total 95,846.89 8
Hiéu suat thu hdi | Between Groups 6.88 2 3.44 0.29 0.76
chitosan (%) Within Groups 70.73 6 11.79
Total 77.61 8
Ham luong khoang | Between Groups 0.06 2 0.03 1.80 0.24
con lai (%) Within Groups 0.10 6 0.02
Total 0.16 8
Ham luong protein | Between Groups 0.01 2 0.00 0.72 0.52
con lai (%) Within Groups 0.03 6 0.00
Total 0.03 8
Post Hoc Tests (Duncan tests)
Do deacetyl (%) Subset for alpha = 0.05
Nhiét d6 (°C) Thoi gian (h) N 1 2
12 3 83.45
80°C 24 3 86.71
36 3 90.24
Sig. 0.05 1.00
12 3 86.05
90°C 24 3 89.23
36 3 90.51
Sig. 1.00 0.31
D§ tan (%) Subset for alpha = 0.05
Nhiét do (°C) Thoi gian (h) N 1 2
12 3 97.03
80°C 24 3 98.97
36 3 99.03
Sig. 1.00 0.90
12 3 97.73
90°C 24 3 99.03
36 3 99.07
Sig. 1.00 0.94
Do nhot (cP) Subset for alpha = 0.05
Nhiét d6 (°C) Thoi gian (h) N 1 2 3
36 3 639.33
80°C 24 3 986.00
12 3 1,227.00
Sig. 1.00 1.00 1.00
36 3 342.33
90°C 24 3 479.67
12 3 558.33
Sig. 1.00 0.18
Hiéu suit thu hdi chitosan (%) Subset for alpha = 0.05
Nhiét do (°C) Thoi gian (h) N 1
36 3 23.23
80°C 24 3 23.60
12 3 24.17
Sig. 0.75
36 3 22.10
90°C 24 3 23.00
12 3 24.23
Sig. 0.49
Ham lwgng khoang con lai (% Subset for alpha = 0.05
Nhiét do (°C) Thoi gian (h) N 1
36 3 0.33
80 24 3 0.53
12 3 0.53
Sig. 0.06
36 3 0.10
90 24 3 0.20
12 3 0.30
Sig. 0.12
Ham lugng protein con lai (% Subset for alpha = 0.05
Nhiét d6 (°C) Thoi gian (h) N 1 2
36 3 0.02
80 24 3 0.07 0.07
12 3 0.11




Sig. 0.07 0.10
36 3 0.09
90 24 3 0.10
12 3 0.15
Sig. 0.32

PL 2.9. Anh hudng ciia ndng d ethanol ciia hdn hop dung méi ethanol/nwée dén d trwong né ciia chitosan, dd tan va
hiéu suit thu hdi chitosan lactate.

Descriptives
Néng do Std. Std. 95% Confidence
Chi tiéu | EtOH/H20 N Mean | Deviation Error Interval for Mean Minimum | Maximum
Lower Upper

0 3 | 505.97 34.66 20.01 419.88 592.06 466.00 527.70
10 3 | 504.00 34.12 19.70 419.25 588.75 464.70 526.00
20 3 | 501.17 33.99 19.63 416.72 585.61 462.10 524.00
bo 30 3 | 493.63 32.95 19.02 411.78 575.49 455.60 513.60
truong 40 3 | 47443 28.51 16.46 403.61 545.25 450.10 505.80
(%) 50 3 | 466.73 17.63 10.18 422.95 510.52 452.10 486.30
60 3 | 45233 5.81 3.35 43791 466.76 445.70 456.50
70 3 | 450.60 7.92 4.57 430.93 470.27 441.60 456.50
80 3 | 428.83 2.38 1.37 422.92 434.75 426.70 431.40
90 3 | 402.27 4.11 2.37 392.06 412.48 398.00 406.20
Total 30 | 468.00 39.18 7.15 453.37 482.63 398.00 527.70
bC (Khong | 3 83.67 2.51 1.45 77.42 89.91 81.70 86.50

truong)
50 3 98.17 1.10 0.64 95.43 100.90 97.10 99.30
D¢ tan 60 3 98.33 1.68 0.97 94.16 102.51 96.50 99.80
(%) 70 3 98.13 0.55 0.32 96.77 99.50 97.10 99.10
80 3 97.93 1.04 0.60 95.35 100.52 97.10 99.10
90 3 96.30 0.36 0.21 95.40 97.20 96.00 96.70
Total 18 95.42 5.58 1.32 92.65 98.20 81.70 99.80
bC (Khong | 3 138.30 4.00 2.31 128.35 148.25 134.40 142.40

truong)

Hiéu 50 3 132.07 1.45 0.84 128.47 135.66 140.10 146.60
suat thu 60 3 143.57 3.27 1.89 135.44 151.69 140.10 146.60
hoi (%) 70 3 | 151.00 1.82 1.05 146.47 155.53 148.90 152.20

80 3 151.63 0.55 0.32 150.27 153.00 151.00 152.00
90 3 146.30 6.15 3.55 131.03 161.57 139.20 149.90
Total 18 | 143.81 7.68 1.81 139.99 147.63 130.40 152.20
ANOVA
Chi tiéu Sum of Squares df | Mean Square F Sig.
Between Groups 32821.98 9 3646.89 6.24 0.00
Do treong (%) Within Groups 11697.35 20 584.87
Total 44519.33 29
Between Groups 505.88 5 101.18 51.11 0.00
Do tan (%) Within Groups 23.75 12 1.98
Total 529.63 17
Between Groups 862.28 5 172.46 14.73 0.00
Hiéu suat thu hdi (%) | Within Groups 140.54 12 11.71
Total 1002.82 17
Post Hoc Tests (Duncan tests)
D6 truong (%) Subset for alpha = 0.05
Néng d6 EtOH/H20 (%) N 1 2 3 4
90 3 402.27
80 3 428.83 428.83
70 3 450.60 450.60
60 3 452.33 452.33
50 3 466.73 466.73 466.73
40 3 474.43 474.43
30 3 493.63 493.63
20 3 501.17
10 3 504.00
0 3 505.97




Sig. | 0.19 | 0.09 | 0.06 0.09
D tan (%) Subset for alpha = 0.05
Néng d6 EtOH/H20 (%) N 1 2 3 4
DC (Khoéng truong) 3 83.67
90 3 96.30
80 3 97.93
70 3 98.13
50 3 98.17
60 3 98.33
Sig. 1.00 0.13
Hiéu suit thu hdi (%) Subset for alpha = 0.05
Nong d6 EtOH/H20 (%) N 1 2 3 4
50 3 132.07
DC (Khéng trrong) 3 138.30
60 3 143.57 143.57
90 3 146.30 146.30
70 3 151.00
80 3 151.63
Sig. 1.00 0.08 0.35 0.09

PL 2.10. Anh hwéng ciia thoi gian ngam chitosan dén dd trwong né ciia chitosan, d tan va hiéu suét thu hdi chitosan

lactate.
Descriptives
Thoi gian Std. Std. 95% Confidence
Chitiéu | truong nd N Mean | Deviation Error Interval for Mean Minimum | Maximum
(gi0) Lower Upper
0,25 3 | 42520 3.94 227 415.42 434.98 422.40 429.70
0,5 3 | 445.63 4.10 237 435.45 455.82 440.90 448.00
1 3 | 446.33 3.31 1.91 438.12 454.55 442.90 449.50
Do 2 3 | 447.80 3.47 2.00 439.19 456.41 443.80 449.90
truong 3 3 | 44830 1.85 1.07 443.70 452.90 446.20 449.70
(%) 4 3 | 451.17 3.99 2.30 441.26 461.07 446.90 454.80
6 3 | 45093 7.89 4.56 431.33 470.54 441.90 456.50
8 3 | 445.67 4.60 2.65 434.25 457.08 440.50 449.30
10 3 | 44543 271 1.56 438.70 452.16 442.60 448.00
12 3 | 445.80 3.83 221 436.28 455.32 441.40 448.40
Total 30 | 445.23 7.92 1.45 44227 448.19 422.40 456.50
0,25 3 90.67 2.15 1.24 85.33 96.01 88.30 92.50
0,5 3 93.83 2.06 1.19 88.73 98.94 92.50 96.20
1 3 94.40 1.82 1.05 89.88 98.92 93.30 96.50
2 3 94.90 1.30 0.75 91.67 98.13 94.10 96.40
D¢ tan 3 3 95.03 1.31 0.75 91.79 98.28 93.80 96.40
(%) 4 3 98.53 0.35 0.20 97.66 99.41 98.20 98.90
6 3 98.10 0.46 0.26 96..96 99.24 97.60 98.50
8 3 98.13 0.31 0.18 97.37 98.89 97.80 98.40
10 3 97.80 1.01 0.59 95.28 100.32 96.70 98.70
12 3 96.13 0.47 0.27 94.96 9731 95.60 96.50
Total 30 | 9575 2.64 0.48 94.77 96.74 88.30 98.90
0,25 3 | 140.40 4.23 2.44 129.89 150.91 136.90 145.10
0,5 3 | 143.93 3.00 1.73 136.49 151.37 140.60 146.40
1 3 | 14453 5.14 2.97 131.76 157.30 138.70 148.40
2 3 | 146.20 3.49 2.01 137.54 154.86 142.20 148.60
Hiéu 3 3 | 147.73 3.74 2.16 138.44 157.03 143.50 150.60
suat thu 4 3 15113 2.70 1.56 144.42 157.85 148.50 153.90
hoi (%) 6 3 | 151.00 1.99 115 146.05 | 155.95 148.70 152.20
8 3 | 14873 3.28 1.89 140.58 156.88 146.50 152.50
10 3 | 14823 4.84 2.80 136.21 160.26 143.80 153.40
12 3 | 14753 3.45 1.99 138.96 156.11 143.70 150.40
Total 30 | 146.94 4.43 0.81 145.29 148.60 136.90 153.90
ANOVA
Chi tiéu Sum of Squares df | Mean Square F Sig.
Between Groups 1460.82 9 162.31 9.02 0.00
b6 truong (%) Within Groups 360.06 20 18.00
Total 1820.88 29




Between Groups 167.61 9 18.62 10.81 0.00
Do tan (%) Within Groups 34.46 20 1.72
Total 202.07 29
Between Groups 294.27 9 32.70 2.39 0.05
Hiéu suat thu hdi (%) | Within Groups 273.71 20 13.69
Total 567.97 29
Post Hoc Tests (Duncan tests)
Do truong né (%) Subset for alpha = 0.05
Thoi gian truong nd (giod) N 1 2 3 4
0,25 3 425.20
10 3 445.43
0,5 3 445.63
8 3 445.67
12 3 445.80
1 3 446.33
2 3 447.80
3 3 448.30
6 3 450.93
4 3 451.17
Sig. 1.00 0.81
bo tan (%) Subset for alpha = 0.05
Thoi gian truong nd (giod) N 1 2 3 4
0,25 3 90.67
0,5 3 93.83 93.83
1 3 94.40 94.40 94.40
2 3 94.90 94.90 94.90
3 3 95.03 95.03 95.03
12 3 96.13 96.13 96.13
10 3 97.80 97.80
6 3 98.10 98.10
8 3 98.13 98.13
4 3 98.53
Sig. 0.06 0.52 0.06 0.07
Hiéu suit thu héi (%) Subset for alpha = 0.05
Thoi gian truong nd (giod) N 1 2 3 4
0,25 3 140.40
0,5 3 143.93 143.93
1 3 144.53 144.53
2 3 146.20 146.20
12 3 147.53 147.53
3 3 147.73 147.73
10 3 148.23 148.23
8 3 148.73 148.73
6 3 151.00 151.00
4 3 151.13
Sig. 0.05 0.38
PL 2.11. Anh hwéng ciia ndng dé acid phan éng dén do tan, hidu suit thu hdi chitosan lactate.
Descriptives
Nbng do Std. Std. 95% Confidence
Chitiéu | acid lactic N Mean | Deviation Error Interval for Mean Minimum | Maximum
M) Lower Upper
0,5 3 56.17 3.23 1.87 48.13 64.20 54.20 59.90
0,6 3 72.83 3.30 1.91 64.63 81.04 69.60 76.20
0,7 3 83.23 3.27 1.89 75.11 91.36 79.50 85.60
Do tan 0,8 3 92.63 1.98 1.15 87.71 97.56 90.37 94.07
(%) 0,9 3 | 9540 1.04 0.60 92.82 97.98 94.20 96.00
1,0 3 98.47 0.25 0.15 97.84 99.09 98.20 98.70
1,5 3 98.83 0.12 0.07 98.55 99.12 98.70 98.90
Total 21 85.37 15.23 3.32 78.44 92.30 54.20 98.90
0,5 3 114.37 7.92 4.57 94.71 134.04 108.84 123.44
0,6 3 131.95 5.41 3.12 118.51 145.39 125.72 135.44
0,7 3 140.47 1.42 0.82 136.94 143.99 139.20 142.00
0,8 3 141.70 1.41 0.81 138.20 145.20 140.20 143.00




Hiéu 0,9 3 144.07 2.00 1.16 139.09 149.04 141.80 145.60
sqét thu 1,0 3 151.73 2.25 1.30 146.13 157.33 149.40 153.90
hoi (%) 1,5 3 | 152.10 1.41 0.81 148.60 155.60 150.80 153.60

Total 21 | 139.48 12.81 2.80 133.65 145.32 108.84 153.90
ANOVA
Chi tiéu Sum of Squares df | Mean Square F Sig.
Between Groups 4562.13 6 760.35 143.22 0.00
Do tan (%) Within Groups 74.32 | 14.00 5.31
Total 4636.45 | 20.00
Between Groups 3070.03 6 511.67 33.47 0.00
Hiéu suat thu hdi (%) | Within Groups 214.04 | 14.00 15.29
Total 3284.07 | 20.00
Post Hoc Tests (Duncan tests)
D§ tan (%) Subset for alpha = 0.05
Ndng db acid lactic (M) N 1 2 3 4 5
0,5 3 56.17
0,6 3 72.83
0,7 3 83.23
0,8 3 92.63
0,9 3 95.40 95.40
1,0 3 98.47
1,5 3 98.83
Sig. 1.00 1.00 1.00 0.16 0.10
Hiéu suét thu hdi (%) Subset for alpha = 0.05
Nong do acid lactic (M) N 1 2 3 4
0,5 3 114.37
0,6 3 131.95
0,7 3 140.47
0,8 3 141.70
0,9 3 144.07
1,0 3 151.73
1,5 3 152.10
Sig. 1.00 1.00 0.30 0.91
PL 2.12. Anh hwéng ciia thoi gian phan ing dén dé tan, hiéu suit thu hdi chitosan lactate.
Descriptives
Thoi gian Std. Std. 95% Confidence
Chi tiéu phan ung N Mean | Deviation Error Interval for Mean Minimum | Maximum
(gi0) Lower Upper
0,5 3 97.77 0.64 0.37 96.19 99.34 97.40 98.50
1,0 3 98.27 0.65 0.38 96.65 99.88 97.60 98.90
1,5 3 98.47 0.25 0.15 97.84 99.09 98.20 98.70
Do tan 2,0 3 99.40 0.36 0.21 98.50 100.30 99.10 99.80
(%) 2,5 3 | 99.50 0.36 0.21 98.60 100.40 99.10 99.80
3,0 3 99.50 0.36 0.21 98.60 100.40 99.10 99.80
Total 18 98.82 0.80 0.19 98.42 99.22 97.40 99.80
0,5 3 150.80 0.53 0.31 149.49 152.11 150.40 151.40
1,0 3 151.03 2.44 141 144.97 157.10 148.30 153.00

Hiéu 1,5 3 151.73 2.25 1.30 146.13 157.33 149.40 153.90
sudt thu 2,0 3 151.77 3.51 2.03 143.05 160.49 149.40 155.80
héi (%) 2,5 3 | 152.00 1.77 1.02 147.61 156.39 150.40 153.90

3,0 3 151.87 0.21 0.12 151.35 152.38 151.70 152.10
Total 18 | 151.53 1.84 043 150.62 152.45 148.30 155.80
ANOVA
Chi tiéu Sum of Squares df | Mean Square F Sig.
Between Groups 8.41 5 1.68 7.88 0.00
Do tan (%) Within Groups 2.56 12 0.21
Total 10.97 17
Between Groups 3.63 5 0.73 0.16 0.97
Hiéu suét thu hdi (%) | Within Groups 53.65 12 4.47
Total 57.28 17




Post Hoc Tests (Duncan tests)

D tan (%)

Subset for alpha = 0.05

Thoi gian phan ung (gio) N 1 2
0,5 3 97.77
1,0 3 98.27 98.27
1,5 3 98.47 98.47
2,0 3 99.40
2,5 3 99.50
3,0 3 99.50
Sig. 0.47 0.06
Hiéu suit thu hdi (%) Subset for alpha = 0.05
Thoi gian phan Gng (gi0) N 1 2
0,5 3 150.80
1,0 3 151.03
1,5 3 151.73
2,0 3 151.77
3,0 3 151.87
2,5 3 152.00
Sig. 0.98

Phu luc 2.13. Anh hwéng ciia ndng dd chitosan lactate sit dung dén hiéu suét ling theo thoi gian thu hoach.

Thoi gian (phut) 0 100 ppm 200 ppm 300 ppm 400 ppm 500 ppm
0 0,2+0,1 6,8 £2,1 89+2,1 18,7+0,8 48,8+0,8 19,1 £0,3
15 04+£0,1 14,0+2,9 38,8+£2,6 75,1+3,0 76,9 £ 1,7 67,2+3,8
30 0,7+0,1 21,0+1,1 43,4 +3,0 82,7+1,5 80,4+ 1,6 70,0+1,0
45 1,1 £0,2 25,5+0,9 474+32 85,5+1,2 832+1,9 71,6 +£0,3
60 1,2+0,1 272+1,5 50,9+3,5 86,2 +£0,6 84,7 +£3,6 71,8+0,8
120 1,6 £0,2 30,3£1,7 55,7+ 1,6 87,0£0,2 86,6 +3,9 734+0,3
180 2,0+0,2 31,820 572+1,3 87,9+0,5 884+3,5 76,1 +£0,5
240 2,5+0,2 33,6 +2,1 59,0+14 88,4+0,6 90,2+3,1 78,6 0,6
300 2,8+0,2 347+14 59,8+1,5 88,7+0,7 90,4 +2,8 80,4+04
A. Anh huéng ciia ndng dd chitosan lactate sir dung dén hi¢u suit ling theo thoi gian thu hoach
Descriptives
Nong do Thoi N Mean Std. Std. 95% Confidence Minimum | Maximum
(ppm) gian Deviation Error Interval for Mean
(phut) Lower Upper
0 3 0.16 0.11 0.06 (0.11) 0.42 0.09 0.28
15 3 0.38 0.08 0.05 0.18 0.58 0.31 0.47
30 3 0.66 0.14 0.08 0.32 1.01 0.56 0.82
45 3 1.07 0.18 0.10 0.63 1.52 0.92 1.27
0 60 3 1.24 0.12 0.07 0.95 1.52 1.13 1.36
120 3 1.58 0.22 0.13 1.04 2.12 1.33 1.72
180 3 2.00 0.20 0.11 1.52 2.49 1.78 2.15
240 3 2.48 0.19 0.11 2.00 2.96 2.26 2.62
300 3 2.79 0.18 0.10 2.35 3.23 2.66 2.99
Total 27 1.37 0.89 0.17 1.02 1.73 0.09 2.99
0 3 6.76 2.15 1.24 1.42 12.10 4.40 8.61
15 3 14.05 2.86 1.65 6.96 21.14 10.77 15.98
30 3 21.01 1.06 0.61 18.37 23.64 20.38 22.23
45 3 25.54 0.94 0.54 23.21 27.88 25.00 26.63
100 60 3 27.17 1.50 0.86 23.45 30.89 26.13 28.89
120 3 30.31 1.67 0.96 26.17 34.46 28.75 32.07
180 3 31.77 2.01 1.16 26.77 36.77 29.87 33.88
240 3 33.61 2.10 1.21 28.39 38.82 31.27 35.33
300 3 34.69 1.37 0.79 31.28 38.10 33.15 35.78
Total 27 24.99 9.21 1.77 21.35 28.64 4.40 35.78
0 3 8.92 2.07 1.19 3.78 14.06 6.55 10.35
15 3 38.82 2.58 1.49 3241 45.23 35.96 40.98
30 3 43.45 2.96 1.71 36.11 50.79 40.04 45.32
45 3 47.39 3.16 1.82 39.55 55.23 43.75 49.34
200 60 3 50.87 3.52 2.03 42.13 59.61 47.19 54.20
120 3 55.68 1.57 091 51.79 59.58 54.59 57.48




180 3 57.17 1.25 0.72 54.05 60.28 56.34 58.61
240 3 59.01 1.43 0.83 55.45 62.57 58.05 60.66
300 3 59.85 1.50 0.87 56.12 63.58 58.97 61.58
Total 27 46.80 15.44 2.97 40.69 52.90 6.55 61.58
0 3 18.66 0.83 0.48 16.60 20.72 17.70 19.16
15 3 75.09 3.00 1.73 67.64 82.54 71.63 76.99
30 3 82.68 1.48 0.85 79.01 86.35 81.46 84.32
45 3 85.46 1.16 0.67 82.57 88.36 84.36 86.68
300 60 3 86.20 0.59 0.34 84.74 87.66 85.77 86.87
120 3 87.03 0.25 0.14 86.42 87.65 86.89 87.32
180 3 87.91 0.52 0.30 86.61 89.21 87.50 88.50
240 3 88.45 0.56 0.32 87.06 89.84 87.81 88.86
300 3 88.70 0.68 0.39 87.00 90.39 87.91 89.14
Total 27 77.80 21.72 4.18 69.21 86.39 17.70 89.14
0 3 18.78 0.85 0.49 16.67 20.89 18.16 19.75
15 3 76.94 1.74 1.00 72.62 81.25 75.56 78.89
30 3 80.38 1.62 0.93 76.36 84.40 78.53 81.55
45 3 83.20 1.94 1.12 78.37 88.03 81.15 85.02
400 60 3 84.73 3.56 2.05 75.89 93.57 81.56 88.58
120 3 86.55 3.93 2.27 76.80 96.31 82.27 89.98
180 3 88.36 3.54 2.04 79.57 97.15 84.63 91.67
240 3 90.16 3.09 1.78 82.50 97.83 87.19 93.35
300 3 90.39 2.83 1.64 83.35 97.43 87.70 93.35
Total 27 77.72 21.78 4.19 69.10 86.34 18.16 93.35
0 3 19.15 0.32 0.18 18.36 19.93 18.85 19.48
15 3 67.23 3.75 2.17 57.90 76.55 63.04 70.29
30 3 69.96 1.04 0.60 67.39 72.53 68.93 71.00
45 3 71.61 0.27 0.16 70.93 72.30 71.44 71.93
500 60 3 71.79 0.83 0.48 69.72 73.85 70.83 72.34
120 3 73.37 0.32 0.18 72.58 74.16 73.05 73.69
180 3 76.12 0.53 0.31 74.81 77.43 75.51 76.45
240 3 78.61 0.64 0.37 77.03 80.19 78.07 79.31
300 3 80.45 0.43 0.25 79.38 81.51 80.16 80.94
Total 27 67.59 17.94 345 60.49 74.68 18.85 80.94
ANOVA
Nong db chitosan lactate (ppm) Sum of Squares df Mean Square F Sig.
Between Groups 20.25 8 2.53 96.35 0.00
0 Within Groups 0.47 18 0.03
Total 20.73 26
Between Groups 2,146.80 8 268.35 80.10 0.00
100 Within Groups 60.31 18 3.35
Total 2,207.10 26
Between Groups 6,096.89 8 762.11 136.24 0.00
200 Within Groups 100.69 18 5.59
Total 6,197.58 26
Between Groups 12,233.76 8 1,529.22 937.72 0.00
300 Within Groups 29.35 18 1.63
Total 12,263.11 26
Between Groups 12,201.00 8 1,525.12 201.01 0.00
400 Within Groups 136.57 18 7.59
Total 12,337.57 26
Between Groups 8,337.36 8 1,042.17 551.81 0.00
500 Within Groups 34.00 18 1.89
Total 8,371.35 26
Post Hoc Tests (Duncan tests)
PC (0 ppm) Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6 7
0 3 0.16
15 3 0.38
30 3 0.66
45 3 1.07
60 3 1.24
120 3 1.58
180 3 2.00
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B. Anh hwéng ciia ndng d9 chitosan lactate sir dung dén hi¢u suit Iing sau 15 phit dé yén

Descriptives
Nong do chitosan | N Mean Std. Std. 95% Confidence Minimum | Maximum
lactate (ppm) Deviation Error Interval for Mean
Lower Upper
0 3 0.38 0.08 0.05 0.18 0.58 0.31 0.47
100 3 14.05 2.86 1.65 6.96 21.14 10.77 15.98
200 3 38.82 2.58 1.49 3241 45.23 35.96 40.98
300 3 75.09 3.00 1.73 67.64 82.54 71.63 76.99
400 3 76.94 1.74 1.00 72.62 81.25 75.56 78.89
500 3 67.23 3.75 2.17 57.90 76.55 63.04 70.29
Total 18 45.42 30.96 7.30 30.02 60.81 0.31 78.89
ANOVA
Nong d¢ chitosan lactate (ppm) Sum of Squares df Mean Square F Sig.
Between Groups 16,215.67 5 3,243.13 475.52 0.00
15 phut ling | Within Groups 81.84 12 6.82
Total 16,297.52 17
Post Hoc Tests (Duncan tests)
15 phut Subset for alpha = 0.05
Nbng do chitosan N 1 2 3 4 5
lactate (ppm)
0 3 0.38
100 3 14.05
200 3 38.82
500 3 67.23
300 3 75.09
400 3 76.94
Sig. 1.00 1.00 1.00 1.00 0.40

Phu luc 2.14. Anh huwéng ciia phwong phap két hop sir dung chitosan lactate va diéu chinh pH dén hiéu suit ling theo
thoi gian thu hoach.

CTSs + Piéu Thai gian 0 100 ppm 150 ppm 200 ppm 250 ppm 300 ppm
chinh pH (phut) ppm

pH tu nhién 120 1,6 £0,2 303+1,7 40,0 + 1,1 55,7+ 1,6 69,2 + 1,1 87,0 +0,2
0 2,8+0,7 85+1,6 12,4 +0,7 16,6 1,5 16,5+ 1,1 222+2.1

15 51°+13 144+20 | 249°+25 | 33,6433 | 638°+0,7 | 86,5714

30 6,8+14 223+24 31,5+0,8 38,7+0,9 66,1 0,5 87,7+0,4

45 7.8+1,1 26,1 £22 350+ 1,5 443+1,0 68,5+0,7 | 892+0,5

pH 9,0 60 8,6 +0,9 295+ 1,4 36,8 +2,3 462 +23 70,4 + 0,7 89,6 +0,7
120 10,1 +£2,0 | 33,7+2,0 413 +0,6 50,0 + 1,7 722+13 | 904 +1,0

180 126+1,8 | 357+22 442 + 0,6 523+12 73,6 0,7 | 90,6 +0,9

240 156+04 | 37.6+0,9 46,6 + 1,0 533+0,9 747+0,6 | 90.8+0.8

300 17,9+ 0,3 394+ 0,3 513+1,0 55,7+ 1,1 763+0,6 | 912+0,5

0 3,606 10,4+13 11,8+ 0,9 152 +0.,9 175+0,6 | 23,9+3,1

15 500+0,8 | 203°+63 | 331°+12 | 4629+1,8 | 78,0°+0,5 | 86,7T+2,0

30 62+1,0 278455 37,7+08 50,6 = 1,6 813+1,1 88,7+ 1,1

45 6,8+12 31,6 +5,1 412+038 524425 83,1 +1,1 89.5+1,2

pH 9,5 60 9,5+04 32,8 +4.5 429+0,7 54,9 +2.1 843+0.8 90,0 = 0,8
120 119+1,4 | 355+24 462 + 1,8 59,2 +2.0 86,1+0,8 | 91,1+0,6

180 178402 | 379+24 488 +2.5 61,4405 872+1.8 | 91,7+02

240 19,602 | 422+1,7 52,6 +2.6 64,3+2,0 887+1,4 | 921+04

300 21,0+0,6 | 443+23 555+12 66,9 = 1,8 892+1,7 | 92,6+04

0 5,7 0,3 10,1 +2,6 11,1£24 146+13 173+0,8 | 223+0,1
15 6,7°+0,3 | 203°+47 | 262v+34 | 449°+56 | 8579+0,7 | 8529+42

30 6,9 + 0,9 271424 329+32 546+40 86,7+ 1,1 86,9 +3.4

45 82+16 31,4+0,7 38,0+23 57,6 +4,8 874+1,0 | 87,726

pH 10,0 60 99+15 332+1,8 40,8 2,7 60,7 +3.3 88,2 + 0,6 88,7+ 2.0
120 11,7+ 1,1 37,8+1,8 47,0 £0,5 64,7 + 4,4 89,1+0,4 | 902+1,6

180 19,1+ 1,1 415+1,9 50,8 + 1,1 68,2 + 4,1 90,2+0,6 | 91,1+13

240 209+1,2 438 +27 54,0+27 694 +3.8 91,0+0,5 914+1,3

300 28,9+0,6 | 46,6+29 553433 70,5 £ 4.5 91,5+02 | 923+0.7




A. Anh huong ciia ndng do chitosan lactate sir dung va diéu chinh pH khac nhau dén hiu suit ling sau 120 dé

yén
Descriptives
Diéu chinh Néng N Mean Std. Std. 95% Confidence Minimum | Maximum
pH do Deviation Error Interval for Mean
(ppm) Lower Upper
pH ty nhién 0 3 1.58 0.22 0.13 1.04 2.12 1.33 1.72
100 3 30.31 1.67 0.96 26.17 34.46 28.75 32.07
150 3 40.05 1.30 0.75 36.83 43.27 38.58 41.04
200 3 55.68 1.57 0.91 51.79 59.58 54.59 57.48
250 3 69.20 1.30 0.75 65.97 72.42 67.73 70.20
300 3 87.03 0.25 0.14 86.42 87.65 86.89 87.32
Total 18 47.31 28.39 6.69 33.19 61.42 1.33 87.32
0 3 10.10 2.03 1.17 5.05 15.15 8.59 12.41
100 3 33.70 2.05 1.18 28.62 38.78 31.84 35.89
150 3 41.34 0.64 0.37 39.75 42.93 40.78 42.04
pH 9.0 200 3 50.01 1.74 1.01 45.68 54.35 48.54 51.94
250 3 72.16 1.34 0.77 68.83 75.49 70.93 73.59
300 3 90.39 0.95 0.55 88.03 92.76 89.56 91.43
Total 18 49.62 26.78 6.31 36.30 62.94 8.59 9143
0 3 11.85 1.37 0.79 8.46 15.24 10.29 12.81
100 3 35.53 2.35 1.35 29.70 41.36 32.82 36.99
150 3 46.19 1.82 1.05 41.67 50.72 44.09 4731
200 3 59.21 1.98 1.14 54.28 64.13 56.99 60.81
pH9.5 250 3 86.13 0.83 0.48 84.05 88.20 85.62 87.09
300 3 91.10 0.55 0.32 89.72 92.47 90.48 91.55
Total 18 55.00 28.55 6.73 40.80 69.20 10.29 91.55
0 3 11.68 1.13 0.66 8.86 14.50 10.71 12.93
100 3 37.81 1.76 1.02 33.42 42.19 35.77 38.88
150 3 46.98 0.51 0.30 45.71 48.25 46.39 47.28
200 3 64.66 4.44 2.56 53.64 75.68 59.55 67.54
pH 10.0 250 3 89.13 0.37 0.21 88.21 90.05 88.86 89.55
300 3 90.19 1.57 0.90 86.30 94.08 88.39 91.21
Total 18 | 56.74 28.90 6.81 42.37 71.11 10.71 91.21
ANOVA
Nbng dé chitosan lactate (ppm) Sum of Squares df Mean Square F Sig.
pH tu nhién Between Groups 13679.87 5 2735.97 1882.86 0.00
Within Groups 17.44 12 1.45
Total 13697.31 17
Between Groups 12163.35 5 2432.67 1008.79 0.00
pH 9.0 Within Groups 28.94 12 241
Total 12192.29 17
Between Groups 13823.81 5 2764.76 1061.63 0.00
pH9.5 Within Groups 31.25 12 2.60
Total 13.855.06 17
Between Groups 14144.39 5 2828.88 630.01 0.00
pH 10.0 Within Groups 53.88 12 4.49
Total 14198.27 17
Piéu chinh pH Sum of Squares df Mean Square F Sig.
0.25 g/L CTSs | Between Groups 888.61 3 296.20 27441 0.00
+diéu chinh | Within Groups 8.64 8 1.08
pH Total 897.24 11
Post Hoc Tests (Duncan tests)
pH tw nhién (PC) Subset for alpha = 0.05
Néng do (ppm) N 1 2 3 4 5 6
0 3 1.58
100 3 30.31
150 3 40.05
200 3 55.68
250 3 69.20
300 3 87.03
Sig. 1.00 1.00 1.00 1.00 1.00 1.00




pH 9.0 Subset for alpha = 0.05
Néng d6 (ppm) N 1 2 3 4 5 6
0 3 10.10
100 3 33.70
150 3 41.34
200 3 50.01
250 3 72.16
300 3 90.39
Sig. 1.00 1.00 1.00 1.00 1.00 1.00
pH 9.5 Subset for alpha = 0.05
Nong d¢ (ppm) N 1 2 3 4 5 6
0 3 11.85
100 3 35.53
150 3 46.19
200 3 59.21
250 3 86.13
300 3 91.10
Sig. 1.00 1.00 1.00 1.00 1.00 1.00
pH 10 Subset for alpha = 0.05
Nong do (ppm) N 1 2 3 4 5
0 3 11.68
100 3 37.81
150 3 46.98
200 3 64.66
250 3 89.13
300 3 90.19
Sig. 1.00 1.00 1.00 1.00 0.55
250 ppm CTSs Subset for alpha = 0.05
Dicu chinh pH N 1 2 3 4
bC 3 69.20
9.0 3 72.16
9.5 3 86.13
10.0 3 89.13
Sig. 1.00 1.00 1.00 1.00
B. Anh huéng ciia ndng dd chitosan lactate sir dung va diéu chinh pH 9,0 dén hi¢u suit ling theo thoi gian thu
hoach
Descriptives
Nong do Thoi N Mean Std. Std. 95% Confidence Minimum | Maximum
(ppm) gian Deviation Error Interval for Mean
(phut) Lower Upper
0 3 2.82 0.67 0.39 1.16 4.48 2.16 3.50
15 3 5.12 1.26 0.73 1.99 8.26 4.15 6.55
30 3 6.82 1.37 0.79 3.42 10.23 5.27 7.86
45 3 7.80 1.14 0.66 4.97 10.64 6.73 9.00
0 60 3 8.55 0.89 0.51 6.34 10.77 7.91 9.57
120 3 10.10 2.03 1.17 5.05 15.15 8.59 12.41
180 3 12.55 1.76 1.01 8.19 1691 11.53 14.58
240 3 15.56 0.43 0.25 14.49 16.63 15.25 16.05
300 3 17.86 0.32 0.18 17.06 18.65 17.49 18.08
Total 27 9.69 4.80 0.92 7.79 11.59 2.16 18.08
0 3 8.49 1.58 091 4.55 12.42 7.28 10.28
15 3 14.42 1.99 1.15 9.48 19.37 12.14 15.80
30 3 22.26 2.42 1.40 16.24 28.28 19.71 24.53
45 3 26.14 2.22 1.28 20.63 31.66 23.59 27.61
100 60 3 29.49 1.44 0.83 25.92 33.07 27.86 30.57
120 3 33.70 2.05 1.18 28.62 38.78 31.84 35.89
180 3 35.74 222 1.28 30.24 41.25 33.98 38.23
240 3 37.65 0.87 0.50 35.50 39.80 36.89 38.59
300 3 39.37 0.27 0.15 38.71 40.03 39.22 39.68
Total 27 2747 10.39 2.00 23.36 31.58 7.28 39.68
0 3 12.44 0.71 0.41 10.69 14.19 11.63 12.88
15 3 24.95 2.47 1.42 18.82 31.08 22.23 27.05
30 3 31.54 0.80 0.46 29.55 33.53 30.73 32.33
45 3 34.98 1.48 0.85 31.30 38.65 33.30 36.10
150 60 3 36.81 2.32 1.34 31.04 42.58 34.27 38.83




120 3 41.34 0.64 0.37 39.75 42.93 40.78 42.04
180 3 44.20 0.60 0.35 42.71 45.70 43.51 44.56
240 3 46.58 0.99 0.57 44.12 49.03 45.90 47.71
300 3 51.33 1.01 0.58 48.82 53.84 50.44 5243
Total 27 36.02 11.54 2.22 31.46 40.58 11.63 52.43
0 3 16.64 1.50 0.87 12.92 20.37 15.22 18.21
15 3 33.64 3.30 1.90 2545 41.83 30.29 36.88
30 3 38.71 0.85 0.49 36.61 40.81 37.77 39.41
45 3 44.32 1.03 0.59 41.76 46.88 43.30 45.36
200 60 3 46.22 2.25 1.30 40.62 51.82 43.79 48.24
120 3 50.01 1.74 1.01 45.68 54.35 48.54 51.94
180 3 52.27 1.16 0.67 49.40 55.15 51.32 53.56
240 3 53.32 0.86 0.50 51.19 55.46 52.62 54.28
300 3 55.66 1.06 0.61 53.03 58.29 54.73 56.81
Total 27 43.42 11.92 2.29 38.71 48.14 15.22 56.81
0 3 16.50 1.12 0.65 13.71 19.29 15.34 17.58
15 3 63.82 0.74 043 61.98 65.67 63.39 64.68
30 3 66.07 0.49 0.29 64.85 67.30 65.73 66.64
45 3 68.48 0.71 041 66.72 70.23 67.67 68.98
250 60 3 70.36 0.73 0.42 68.55 72.17 69.76 71.17
120 3 72.16 1.34 0.77 68.83 75.49 70.93 73.59
180 3 73.58 0.69 0.40 71.86 75.30 73.07 74.37
240 3 74.73 0.61 0.35 73.22 76.25 74.03 75.12
300 3 76.31 0.57 0.33 74.89 77.73 75.74 76.88
Total 27 64.67 17.80 343 57.63 71.71 15.34 76.88
0 3 22.18 2.13 1.23 16.89 27.47 20.58 24.60
15 3 86.54 1.44 0.83 82.97 90.11 85.34 88.13
30 3 87.70 0.45 0.26 86.59 88.81 87.38 88.21
45 3 89.21 0.53 0.31 87.88 90.54 88.83 89.82
300 60 3 89.61 0.66 0.38 87.96 91.25 89.03 90.33
120 3 90.39 0.95 0.55 88.03 92.76 89.56 91.43
180 3 90.58 0.91 0.53 88.32 92.84 89.85 91.60
240 3 90.83 0.82 0.47 88.79 92.87 90.24 91.77
300 3 91.16 0.53 0.31 89.84 92.48 90.83 91.77
Total 27 82.02 21.63 4.16 73.47 90.58 20.58 91.77
ANOVA
Nong db chitosan lactate (ppm) Sum of Squares df Mean Square F Sig.
Between Groups 571.92 8 71.49 47.63 0.00
0 Within Groups 27.02 18 1.50
Total 598.93 26
Between Groups 2,748.29 8 343.54 105.72 0.00
100 Within Groups 58.49 18 3.25
Total 2,806.77 26
Between Groups 3,424.52 8 428.07 219.07 0.00
150 Within Groups 35.17 18 1.95
Total 3,459.69 26
Between Groups 3,639.44 8 45493 156.22 0.00
200 Within Groups 5242 18 2.91
Total 3,691.86 26
Between Groups 8,225.67 8 1,028.21 1,527.65 0.00
250 Within Groups 12.12 18 0.67
Total 8,237.78 26
Between Groups 12,140.74 8 1,517.59 1,337.86 0.00
300 Within Groups 20.42 18 1.13
Total 12,161.16 26
Post Hoc Tests (Duncan tests
0 ppm Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6 7
0 3 2.82
15 3 5.12
30 3 6.82 6.82
45 3 7.80
60 3 8.55 8.55
120 3 10.10
180 3 12.55
240 3 15.56
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C. Anh huéng ciia ndng dd chitosan lactate sir dung va didu chinh pH 9,5 dén hiéu suit ling theo thoi gian thu

hoach
Descriptives
Nong d6 Thoi N Mean Std. Std. 95% Confidence Minimum | Maximum
(ppm) gian Deviation Error Interval for Mean
(phut) Lower Upper
0 3 3.26 0.64 0.37 1.67 4.84 2.58 3.85
15 3 4.98 0.82 0.47 2.95 7.01 4.04 5.54
30 3 6.25 0.97 0.56 3.84 8.65 5.16 7.02
45 3 6.84 1.17 0.68 3.93 9.75 5.84 8.13
0 60 3 9.50 0.37 0.21 8.59 10.41 9.20 9.91
120 3 11.85 1.37 0.79 8.46 15.24 10.29 12.81
180 3 17.81 0.19 0.11 17.33 18.29 17.59 17.96
240 3 19.64 0.20 0.12 19.14 20.14 19.42 19.82
300 3 20.99 0.60 0.35 19.48 22.49 20.49 21.66
Total 27 11.23 6.47 1.25 8.67 13.80 2.58 21.66
0 3 10.41 1.34 0.77 7.08 13.75 9.42 11.94
15 3 20.32 6.29 3.63 4.68 35.95 13.50 2591
30 3 27.77 5.50 3.17 14.12 4143 21.46 31.50
45 3 31.61 5.11 2.95 18.91 44.31 25.73 34.97
100 60 3 32.78 4.46 2.57 21.71 43.85 27.67 35.87
120 3 35.53 2.35 1.35 29.70 41.36 32.82 36.99
180 3 37.86 2.38 1.37 31.95 43.78 35.34 40.07
240 3 42.24 1.70 0.98 38.00 46.47 40.28 43.40
300 3 44.28 2.34 1.35 38.47 50.09 41.68 46.21
Total 27 31.42 10.81 2.08 27.15 35.70 9.42 46.21
0 3 11.78 0.90 0.52 9.54 14.02 11.20 12.82
15 3 33.08 1.16 0.67 30.20 35.97 31.84 34.14
30 3 37.73 0.81 0.47 35.71 39.75 37.07 38.64
45 3 41.20 0.78 0.45 39.26 43.15 40.49 42.04
150 60 3 42.85 0.71 0.41 41.09 44.61 42.08 43.47
120 3 46.19 1.82 1.05 41.67 50.72 44.09 47.31
180 3 48.85 248 1.43 42.70 55.00 46.69 51.55
240 3 52.55 2.58 1.49 46.14 58.97 50.93 55.53
300 3 55.46 1.24 0.72 52.37 58.54 54.71 56.89
Total 27 41.08 12.60 242 36.09 46.06 11.20 56.89
0 3 15.24 0.86 0.50 13.10 17.38 14.27 15.92
15 3 46.17 1.83 1.05 41.63 50.71 44.17 47.75
30 3 50.60 1.64 0.94 46.53 54.66 49.13 52.36
45 3 52.43 2.53 1.46 46.14 58.73 50.58 55.32
200 60 3 54.94 2.08 1.20 49.78 60.10 53.40 57.30
120 3 59.21 1.98 1.14 54.28 64.13 56.99 60.81
180 3 61.40 0.46 0.27 60.25 62.54 61.02 61.91
240 3 64.26 1.98 1.14 59.34 69.18 62.73 66.50
300 3 66.95 1.82 1.05 62.44 71.46 65.03 68.64
Total 27 52.35 14.92 2.87 46.45 58.26 14.27 68.64
0 3 17.51 0.64 0.37 15.94 19.09 16.99 18.22
15 3 78.00 0.48 0.28 76.81 79.20 77.61 78.54
30 3 81.27 1.06 0.61 78.64 83.90 80.36 82.43
45 3 83.11 1.11 0.64 80.35 85.86 82.06 84.27
250 60 3 84.27 0.84 0.49 82.18 86.36 83.47 85.15
120 3 86.13 0.83 0.48 84.05 88.20 85.62 87.09
180 3 87.19 1.76 1.02 82.82 91.56 86.07 89.22
240 3 88.74 1.35 0.78 85.39 92.08 87.88 90.29
300 3 89.17 1.74 1.00 84.85 93.48 88.08 91.17
Total 27 77.26 21.83 4.20 68.63 85.90 16.99 91.17
0 3 23.94 3.13 1.81 16.16 31.72 20.58 26.78
15 3 86.67 2.00 1.15 81.70 91.63 85.07 88.91
30 3 88.68 1.06 0.61 86.06 91.30 88.06 89.90
45 3 89.46 1.20 0.69 86.49 92.43 88.28 90.67
300 60 3 90.03 0.76 0.44 88.15 91.91 89.48 90.89
120 3 91.10 0.55 0.32 89.72 92.47 90.48 91.55
180 3 91.73 0.17 0.10 91.32 92.15 91.55 91.88
240 3 92.12 0.40 0.23 91.14 93.11 91.75 92.54
300 3 92.60 0.44 0.25 91.51 93.68 92.23 93.08
Total 27 82.92 21.36 4.11 74.47 91.37 20.58 93.08




ANOVA

Nbng d6 chitosan lactate (ppm) Sum of Squares df Mean Square F Sig.
Between Groups 1,077.93 8 134.74 208.08 0.00
0 Within Groups 11.66 18 0.65
Total 1,089.58 26
Between Groups 2,761.53 8 345.19 22.64 0.00
100 Within Groups 274.39 18 15.24
Total 3,035.92 26
Between Groups 4,084.84 8 510.60 212.79 0.00
150 Within Groups 43.19 18 2.40
Total 4,128.03 26
Between Groups 5,727.18 8 715.90 22332 0.00
200 Within Groups 57.70 18 3.21
Total 5,784.88 26
Between Groups 12,360.90 8 1,545.11 | 1,127.92 0.00
250 Within Groups 24.66 18 1.37
Total 12,385.55 26
Between Groups 11,827.06 8 1,478.38 755.64 0.00
300 Within Groups 35.22 18 1.96
Total 11,862.28 26
Post Hoc Tests (Duncan tests)
Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6 7
0 3 3.26
15 3 4.98
30 3 6.25 6.25
45 3 6.84
60 3 9.50
120 3 11.85
180 3 17.81
240 3 19.64
300 3 20.99
Sig. 1.00 0.07 0.38 1.00 1.00 1.00 0.06
100 ppm Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6
0 3 10.41
15 3 20.32
30 3 27.77
45 3 31.61 31.61
60 3 32.78 32.78
120 3 35.53 35.53
180 3 37.86 37.86 37.86
240 3 42.24 42.24
300 3 44.28
Sig. 1.00 1.00 0.15 0.09 0.06 0.07
150 ppm Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6 7
0 3 11.78
15 3 33.08
30 3 37.73
45 3 41.20
60 3 42.85
120 3 46.19
180 3 48.85
240 3 52.55
300 3 55.46
Sig. 1.00 1.00 1.00 0.21 0.05 1.00 1.00
200 ppm Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6 7
0 3 15.24
15 3 46.17
30 3 50.60
45 3 52.43 52.43
60 3 54.94
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D. Anh huéng ciia ndng d9 chitosan lactate sir dung va diéu chinh pH 10,0 dén hi¢u suét ling theo thoi gian thu

hoach
Descriptives
Nong d6 Thoi N Mean Std. Std. 95% Confidence Minimum | Maximum
(ppm) gian Deviation Error Interval for Mean
(phut) Lower Upper
0 3 5.68 0.27 0.15 5.01 6.34 5.37 5.86
15 3 6.68 0.29 0.17 5.96 7.41 6.49 7.02
30 3 6.95 0.89 0.51 4.74 9.16 5.93 7.58
45 3 8.21 1.61 0.93 423 12.20 6.60 9.81
0 60 3 9.89 1.49 0.86 6.20 13.58 8.84 11.59
120 3 11.68 1.13 0.66 8.86 14.50 10.71 12.93
180 3 19.12 1.08 0.62 16.43 21.80 18.39 20.36
240 3 20.94 1.16 0.67 18.05 23.84 19.62 21.81
300 3 28.90 0.65 0.37 27.30 30.51 28.43 29.64
Total 27 13.12 7.78 1.50 10.04 16.19 5.37 29.64
0 3 10.09 2.57 1.48 3.70 16.47 7.12 11.62
15 3 20.30 4.71 2.72 8.61 31.99 15.54 24.95
30 3 27.10 2.40 1.38 21.15 33.05 25.56 29.86
45 3 31.39 0.72 0.42 29.59 33.19 30.96 32.23
100 60 3 33.21 1.84 1.06 28.64 37.79 31.18 34.77
120 3 37.81 1.76 1.02 33.42 42.19 35.77 38.88
180 3 41.49 1.88 1.09 36.81 46.17 39.33 42.77
240 3 4378 2.74 1.58 36.97 50.58 40.64 45.70
300 3 46.60 2.91 1.68 39.37 53.84 43.26 48.60
Total 27 32.42 11.56 222 27.85 36.99 7.12 48.60
0 3 11.06 2.44 1.41 4.98 17.13 8.24 12.63
15 3 26.21 3.37 1.94 17.85 34.57 22.47 29.00
30 3 32.88 3.18 1.83 24.99 40.78 30.27 36.42
45 3 38.05 2.28 1.32 32.37 43.72 36.33 40.64
150 60 3 40.76 2.69 1.55 34.08 47.45 38.48 43.73
120 3 46.98 0.51 0.30 45.71 48.25 46.39 47.28
180 3 50.76 1.10 0.64 48.02 53.51 49.53 51.66
240 3 53.97 2.71 1.57 47.23 60.71 50.84 55.66
300 3 55.31 3.32 1.92 47.05 63.57 51.50 57.62
Total 27 39.55 14.07 2.71 33.99 45.12 8.24 57.62




0 3 14.60 1.31 0.76 11.34 17.86 13.67 16.10
15 3 44.86 5.60 3.23 30.94 58.77 40.92 51.27
30 3 54.64 3.97 2.29 44.78 64.49 50.19 57.81
45 3 57.65 4.76 2.75 45.84 69.46 52.72 62.21
200 60 3 60.65 3.31 1.91 52.44 68.86 56.84 62.70
120 3 64.66 4.44 2.56 53.64 75.68 59.55 67.54
180 3 68.19 4.14 2.39 57.90 78.48 63.76 71.97
240 3 69.42 3.85 2.22 59.87 78.98 65.07 72.36
300 3 70.52 4.47 2.58 59.41 81.63 65.36 73.34
Total 27 56.13 17.26 3.32 49.30 62.96 13.67 73.34
0 3 17.26 0.80 0.46 15.27 19.26 16.39 17.97
15 3 85.67 0.66 0.38 84.02 87.31 85.27 86.43
30 3 86.67 1.07 0.62 84.01 89.34 85.86 87.89
45 3 87.41 1.01 0.58 84.90 89.92 86.70 88.57
250 60 3 88.18 0.60 0.34 86.70 89.66 87.58 88.77
120 3 89.13 0.37 0.21 88.21 90.05 88.86 89.55
180 3 90.15 0.58 0.34 88.70 91.60 89.48 90.54
240 3 91.02 0.51 0.29 89.77 92.28 90.48 91.48
300 3 91.52 0.21 0.12 91.00 92.03 91.28 91.67
Total 27 80.78 22.97 4.42 71.69 89.87 16.39 91.67
0 3 22.33 0.14 0.08 21.98 22.68 22.17 22.44
15 3 85.25 4.22 2.44 74.76 95.73 80.71 89.06
30 3 86.91 3.40 1.96 78.46 95.36 83.43 90.23
45 3 87.73 2.63 1.52 81.19 94.28 85.30 90.53
300 60 3 88.73 2.04 1.18 83.67 93.79 86.89 90.92
120 3 90.19 1.57 0.90 86.30 94.08 88.39 91.21
180 3 91.06 1.34 0.78 87.72 94.40 89.51 91.89
240 3 91.39 1.30 0.75 88.16 94.61 89.89 92.19
300 3 92.35 0.72 0.42 90.56 94.13 91.57 92.99
Total 27 81.77 21.61 4.16 73.22 90.32 22.17 92.99
ANOVA
Nong db chitosan lactate (ppm) Sum of Squares df Mean Square F Sig.
Between Groups 1,553.38 8 194.17 175.39 0.00
0 Within Groups 19.93 18 1.11
Total 1,573.31 26
Between Groups 3,351.42 8 418.93 61.75 0.00
100 Within Groups 122.12 18 6.78
Total 3,473.55 26
Between Groups 5,026.05 8 628.26 94.62 0.00
150 Within Groups 119.51 18 6.64
Total 5,145.56 26
Between Groups 7,436.17 8 929.52 54.31 0.00
200 Within Groups 308.06 18 17.11
Total 7,744.23 26
Between Groups 13,708.53 8 1,713.57 | 3,517.23 0.00
250 Within Groups 8.77 18 0.49
Total 13,717.30 26
Between Groups 12,051.68 8 1,506.46 288.66 0.00
300 Within Groups 93.94 18 5.22
Total 12,145.62 26
Post Hoc Tests (Duncan tests)
0 ppm Subset for alpha = 0.05
Thoi gian (phut) N 1 2 3 4 5 6 7
0 3 5.68
15 3 6.68 6.68
30 3 6.95 6.95
45 3 8.21 8.21
60 3 9.89 9.89
120 3 11.68
180 3 19.12
240 3 20.94
300 3 28.90
Sig. 0.18 0.11 0.07 0.05 1.00 1.00 1.00
100 ppm Subset for alpha = 0.05
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Phu luc 2.15. Anh hwéng ciia loai mudi chitosan lactate dén hi¢u sut ling vi tao.

Phwong phap thu CTS:s tir vo 10t xac CTS:s tir cong ty VNF CTS:s tir cong ty MarkNature
250 ppm CTSs 58,8+1,9 582+24 52,5+1,7
250 ppm CTSs + pH 10,0 85,9+0,5 87,5+0,5 65,8 +0,7
Descriptives
Phuong Loai CTSs N | Mean Std. Std. 95% Confidence Minimum | Maximum
phép thu Deviation Error Interval for Mean
Lower Upper
NTU 3 58.79 2.35 1.36 52.96 64.63 56.11 60.47
CTSs VNF 3 57.15 2.99 1.73 50.72 65.58 54.93 60.84
MarkNature 3 52.55 2.06 1.19 47.43 57.67 51.34 54.93
Total 9 56.50 3.68 1.23 53.67 59.33 51.34 60.84
NTU 3 85.93 0.59 0.34 84.47 87.39 85.49 86.60
CTSs+pH VNF 3 87.49 0.56 0.32 86.11 88.87 86.93 88.04
MarkNature 3 65.78 0.86 0.50 63.63 67.93 65.23 66.78
Total 9 79.73 10.50 3.50 71.66 87.81 65.23 88.04
ANOVA
Céc loai mudi CTS lactate (250 ppm) Sum of Squares df Mean Square F Sig.
Between Groups 70.79 2 35.39 5.68 0.04
CTSs Within Groups 37.43 6 6.24
Total 108.20 8
Between Groups 879.47 2 439.74 941.28 0.00
CTSs+pH Within Groups 2.80 6 0.47
Total 882.27 8

Post Hoc Tests (Duncan tests)

CTSs Subset for alpha = 0.05
Loai CTS lactate N 1 2
MarkNature 3 52.55
VNF 3 58.15
NTU 3 58.79
Sig. 1.00 0.76
CTSs + pH Subset for alpha = 0.05
Loai CTS lactate N 1 2 3
MarkNature 3 65.78
NTU 3 85.93
VNF 3 87.49
Sig. 1.00 1.00 1.00

Phu luc 2.16. Anh huéng ciia phwong phap thu vi tio Nannochloropsis sp. dén hiéu suat Iing va hiéu suit thu hdi
chlorophyll-a va carotenoids

250 ppm CTSs 250 ppm CTSs
Chi tiéu pH 10,0
+ pH 10,0
Hiéu suit thu hdi Chlorophyll-a (%) 522+52 94,1 +0,8 943 +1,1
Hiéu suit thu hdi Carotenoids (%) 63,4+3,7 90,2 +2,3 88,4 +2,6
Hiéu suét ling (%) 6,7+0,3 58,5+1,7 85,7+0,7
Descriptives
Chi tiéu Phuong N | Mean Std. Std. 95% Confidence Minimum | Maximum
phép thu Deviation Error Interval for Mean
Lower Upper
pH 3 52.13 6.37 3.68 36.31 67.95 45.50 58.20
Chlorophyll-a CTSs 3 94.13 0.95 0.55 91.79 96.48 93.40 95.20
CTSs+pH | 3 94.33 1.43 0.83 90.78 97.88 93.10 95.90
Total 9 80.20 21.31 7.10 63.82 96.58 45.50 95.90
pH 3 63.47 4.51 2.60 52.27 74.66 59.10 68.10
Carotenoids CTSs 3 90.20 2.86 1.65 83.10 97.30 88.50 93.50
CTSstpH | 3 88.43 3.20 1.85 80.48 96.38 86.20 92.10
Total 9 80.70 13.32 4.44 70.46 90.94 59.10 93.50




pH 3 6.68 0.29 0.17 5.96 7.41 6.49 7.02
Hiéu suét CTSs 3 58.47 2.11 1.22 53.23 63.71 56.86 60.86
lang CTSs+pH | 3 85.67 0.66 0.38 84.02 87.31 85.27 86.43
Total 9 50.27 34.77 11.59 23.55 77.00 6.49 86.43
ANOVA
Phuong phap thu Sum of Squares df Mean Square F Sig.
Between Groups 3,544.88 2 1,772.44 122.24 0.00
Chlorophyll-a | Within Groups 87.00 6 14.50
Total 3,631.88 8
Between Groups 1,341.13 2 670.56 51.96 0.00
Carotenoids | Within Groups 77.43 6 12.91
Total 1,418.56 8
Between Groups 9,660.05 2 4,830.02 | 2,914.69 0.00
Hiéu suat lang | Within Groups 9.94 6 1.66
Total 9,669.99 8
Post Hoc Tests (Duncan tests)
Chlorophyll-a Subset for alpha = 0.05
Phuong phap thu N 1 2
pH 3 52.13
CTSs 3 94.13
CTSs+pH 3 94.33
Sig. 1.00 0.95
Carotenoids Subset for alpha = 0.05
Phuong phap thu N 1 2
pH 3 63.47
CTSs 3 88.43
CTSs+pH 3 90.20
Sig. 1.00 0.57
Higu suit ling Subset for alpha = 0.05
Phuong phap thu N 1 2 3
pH 3 6.68
CTSs 3 58.47
CTSs+pH 3 85.67
Sig. 1.00 1.00 1.00




Phu luc 3. KET QUA PHAN TIiCH

Phu luc 3.1.

Phu luc 3.2

Phu luc 3.3

Phu luc 3.4

Phu luc 3.5

Phu luc 3.6

Thanh phan acid amin con lai trong chitosan tinh sach thu tir vo

10t x4c cua tom thé chan trang.

Thanh phﬁn khoéang con lai va kim loai nang trong chitosan tinh

sach thu tir vé 10t xac cua tom thé chan tréng.

Pho FTIR cua chitin, chitosan tach chiét tir vo 16t xac ctia tom va

chitosan tach chiét ttir vo tom ché bién

Pho XRD cuia vo 10t x4c, chitin, chitosan tach chiét tir vo 16t xac

cua tom va chitosan tach chiét tir vo tom ché bién

Pho FTIR cua chitosan lactate tich chiét tir vo 16t xac, chitosan
lactate tach chiét tir tdbm ché bién ciia cong ty VNF va chitosan

lactate thuong mai cua cong ty MarkNature

Pho XRD cua chitosan lactate tach chiét tir vo 16t x4c, chitosan
lactate tach chiét tir tom ché bién ciia cong ty VNF va chitosan

lactate thuong mai cua cong ty MarkNature




Phu luc 3.1. Thanh phin acid amin con lai trong chitosan tinh sach thu tir vé 15t

xac cia tom thé chan trang

: i LAS-NN
UVN2031008

Tru'éng Bai hoc Nha Trang Date of report : 29/10/2020

02 Nguyén Binh Chiéu, Nha Trang Order ref : 0001CL174320
Client Code z CL1743

Tel: - Fax: Issue No. 2 1

Attention: Mr. Nguyén Cong Minh - 0974.099771

SAMPLE INFORMATION

Sample name: Chitosan tir wo tom 16t Date of reception :  28/09/2020
Analysis start 1 29/09/2020
Analysis completion: 29/10/2020

Sample condition: SAMPLE IN PLASTIC BAG

Quantity (gr): 8.00

TEST RESULT(S)

Specification(s) Method Unit Result

Amino adds profile EC 152/2003 (VF) g/100g Mot detected

Amino acid Cystine g/100g Not detected

Amino acid Aspartic acid g/100g Not detected

Amino acid Methionine gf100g Not detecied

Amino acid Threonine g/100g Not detected

Amino acid Serine gf100g Mot detected

Amino acid Glutamic acid a/100g Not detected

Amino acid Glycine af100g Mot detected

Amino acid Alanine gf100g Not detecied

Amino acid Valine g/100g Mot detected

UPSCIENCE VIETHAM Page 1ol 4

Ehut phi Phad, Thi XB Thubn An, Tioh Binh Duitog, t Nam

: +E4 (0] 274 371 4939 | wweeuprscienceabs nom



LAS-NN

| Upscience

WTIENE 07
UVN2031008
Truéng Pai hoc Nha Trang Date of report : 29/10/2020
02 Nguyen Binh Chiu, Nha Trang Order ref : 0001CL174320
Client Code = 1743
Tel: -Fax: Issue No. H 1
Attention: Mr. Nguyén Cong Minh - 0974.099771
SAMPLE INFORMATION
Sample name: Chitosan tir vo tom 16t Date of reception : 28/09/2020
Analysis start :  29/09/2020
Analysis completion: 29/10/2020
Sample condition: SAMPLE IN PLASTIC BAG
Quantity (gr): 8.00
TEST RESULT(S)
Specification(s) Method Unit Result
Amino acid Isoleucine g/100g Not detected
Amino acid Leucine g/100g Mot detecied
Amino acid Tyrosine g/100g Mot detected
Amino acid Phenylalanine g/100g Mot detected
Amino acid Histidine g/100g Not detected
Amino acid Lysine g/100g Not detected
Amino acid Arginine g/100g Mot detected
Amino acid Proline g/100g Mot detected
Amino acid Tryptophane g/100g Mot detected
Ash EC 152/2009 (VF) g/100g <0.2
UPSCIENCE VIETNAM Page Zofd

Ehu phd 18, Phufing An Phd, Thi XB Thun An, Tioh Binh Dugng, Vigt Nam
T: +84 (0) 274 371 4929 |F: +64 (0} 274 371 4929 | wwe. upscieno=-labs. com
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Phu luc 3.2. Thanh phin khodng con lai va kim loai ning trong chitosan tinh sach

thu tir v6 16t xdc ciia tom thé chén tring

: i LAS-NN
UPscience 0
UVN2031008

Tru'éng Bai hoc Nha Trang Date of report : 29/10/2020

02 Nguyén Binh Chiéu, Nha Trang Order ref : 0001CL174320
Client Code z CL1743

Tel: - Fax: Issue No. 2 1

Attention: Mr. Nguyén Cong Minh - 0974.099771

SAMPLE INFORMATION

Sample name: Chitosan tir wo tom 16t Date of reception :  28/09/2020
Analysis start 1 29/09/2020
Analysis completion: 29/10/2020

Sample condition: SAMPLE IN PLASTIC BAG

Quantity (gr): 8.00

TEST RESULT(S)

Specification(s) Method Unit Result

Heawy Metal group GE297 - ICP MS (VF) =+ Done

Arsenic (As) GE257 - ICP MS (VF) ppm (ma/kg) 0.02

Mercury (Hg) GE297 - ICP MS (VF) ppm (mag/ka) 0.010

Cadmium (Cd) GE297 - ICP MS (VF) ppm (ma/kg) 0.010

Lead (Pb) GE297 - ICP MS (VF) ppm (ma/kg) 0.50

Sodium (Na) GE297 - ICP M5 (VF) ppm (mg/kg) 28.28

Potassium (K) GE297 - ICP MS (VF) ppm (ma/ka) 20.89

Calcium (Ca) GE297 - ICP MS (VF) ppm (ma/kg) 21.57

Magnesium (Mg) GE297 - ICP MS (VF) ppm (ma/kg) 7.20

Tron (Fe) GE297 - ICP MS (VF) ppm (ma/kg) 57.22

UPSCIENCE VIETHAM Page 3ol 4

Kb ph 1 Ptad, Thi X5 Thubn An, Tich Bink

: +E4 (0] 274 371 4939 | wweeuprscienceabs nom
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ANALYTICAL REPORT
UVN2031008
Truéng Pai hoc Nha Trang Date of report : 29/10/2020
02 Nguyen Binh Chiu, Nha Trang Order ref : 0001CL174320
Client Code = 1743
Tel: -Fax: Issue No. H 1
Attention: Mr. Nguyén Cong Minh - 0974.099771
SAMPLE INFORMATION
Sample name: Chitosan tir vo tom 16t Date of reception : 28/09/2020
Analysis start :  29/09/2020
Analysis completion: 29/10/2020
Sample condition: SAMPLE IN PLASTIC BAG
Quantity (gr): 8.00
TEST RESULT(S)
Specification(s) Method Unit Result
Zinc (Zn) GE297 - ICP MS (VF) ppm (mag/fkg) 5.69

TECHNICAL COMMENTS

APPROVAL
LOD: Amino acids profile 0.01g/100g. ,

L

A ke
ey
7‘/

Mathilde BOUILLAND
Laboratory Senior

() Subcontracted test (V)2 Wiles saoredited fest ) (F)r Department of fvestock production aomredited test (VF): ilzs & Department of fvestock production
Tost result &5 based exchaively on the sampl recsived

This report shall not be reproduced, sxcapt in fidl, withowt the whitfien aoproval of the Iahoratony

UPSCIENCE YIETNAM Fagedof 4
Khut pihd 18, Phafiing An Pha, Thi X8 Thugn An, Tirh Binh Duting, Vgt am

T: +84 (0) 274 371 4929 |F: +64 (0} 274 371 4929 | wwe. upscieno=-labs. com



Phu luc 3.3. Pho FTIR cia chitin, chitosan tich chiét tir vo 16t xac ciia tom va

chitosan tach chiét tir vo tom ché bién

DATHOC NHA TRANG/ NHA TRANG UNIVERSITY
VTRUNG TAM THI NGHIEM THU'C HANH/ CENTRE FOR EXPERIMENT AND PRACTICES
8n Phong: Toa nha C- 02 Nguyin Dinh Chifu, Nha Trang, Khanh Hda Di¢n thoai:

2 }:gnmsae -
KET QUA PHAN TIiCH
S6: KQ.09.06.2020

Tén Khach hang: Co Pham Thi Pan Phugng - NCS
Dija chi: Khoa Thyre phim - Pai hoe Nha Trang
Ngay givi miu: 09.06.2020

S6 lwgng miu: 03

Tén miu: Khach hang cung cép

Tinh trang méu: Dang bt min

Lugng miu: 50 gam/ méu

Céc két qua do FTIR dinh kém cdc trang sa.
Ghi chit
- Mau do khde hang mang dén Trung 1m thi nghiém thure kand; Tén mdu do iddeh hing cumg cdp
- Két qué phdn tich chi cé gid trf trén méu tini
- Khing dige sao chép timg phan hay todn bj két qud phan tich ndy néu khing dge phép ciia Trung tam
- Théd gian I mdu I 05 ngay ké vr ngay tra két qua. Hét thei gian lew mdu, Trung tam khéng chiu trdch
nhigm vé vige khidu nai két qua thic nghi¢m cua khach hang

Nha Trang, ngay [fJ thing 06 nim 2020

Ciin b{ phiin tich Ciin bj kiém tra Gidm dbe Trung tim

*Juoch— ke o

2]
g X - Trin Ngoc Lé Nguyén Vin Hoa
o 'ﬁo-g l @




ANALYSIS REPORT
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ANALYSIS REPORT
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ANALYSIS REPORT

neseurmsani 1y ps Aloha

Acpeseory Sample Compariment "BASOC1EZD
OMES veemion Version 7.5 Buld: 7, 5, 18 20140810
Bpazingm fla nema Chicap+~ao kel xac 0

Samgla nama Sample descriplion

Hargla kam Imalrument ivpe and | or acosssory

/T

e'aneruriaer omi-1

Transmittance %]
G2 o4 B85 BE O TD T2 T
1 1 1

TIVETIERT G23400 AR

1




Ph

u luc 3.4. Pho XRD ciia vé 19t xac (a), chitin (b), chitosan (c) tich chiét tir vé 16t

xdc cia tom va chitosan (d) tach chiét tir vé tom cheé bieén

a. Phd XRD cua vé 16t xac
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b. Pho XRD cua chitin tir vo 10t xac
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c. Phd XRD cua chitosan tir vo tom 10t xac
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Phu luc 3.5. Pho FTIR ciia chitosan lactate tach chiét tir vé 10t xac, chitosan lactate
tach chiét tir tom ché bién ciia cong ty VNF va chitosan lactate thwong mai cia

cong ty MarkNature

BATHQC NHA TRANG/ NHA TRANG UNIVERSITY

TRUNG TAM THi NGHIEM THYC HANH/ CENTRE FOR EXPERIMENT AND PRACTICES
‘,1%, Van Phong: Toa nha C- 02 Nguyin Dinh Chidu, Nha Trang, Khinh Haa Dién thoai:
Fos—d. :

3 102582461868

IQ; TRUONG <,<;*\,|
Gt /J.,.!) KET QUA PHAN TiCH
‘Q\___/;;}/" S6: KQ09.4.21
“=Feii khdch hing: C6 Pham Thj Dan Phugng - NCS

Pja chi: Khoa Thye phim - Pai hoe Nha Trang

Ngay givi miu: 07.4.2021

S6 lugng miu: 03

Tén miu: Khich hing cung cip

Tinh trang médu: Dang bt min

Lugng miu: 50 gam/ miu

Cdc két qua do FTIR dinh kém cde trang s,

Ghi chii

- Méu do khdich hang mang dén Trung tém thi nghiém thyee hanh; Tén mdu do kidch hang cung cdp

- Ké1 qua phdn sich chi cé gid il trén mau thir,

- Khang duge sao chép timg phdn hay todn bé két qud phdn tich nay néu khdng duge phép ciia Trung rdm

- Thii gian luv mdu Id 05 ngay ké tir ngdy tri két qua, Hét thét gian hew man, Trung tdm khidng chiju trdach
nhiém vé vide khidu nai két qua thir nghiém ciia Mhach hang

Nha Trang, ngay©9 thing 4 nim 2021

Ciin bj phéin tich Ciin b kiém tra Gidm dde Trung tim

Bk “heh o

er{ Na?( Le Trin Ngoc Lé Nguyén Vin Hoa
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ANALYSIS REPORT
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ANALYSIS REPORT
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Phu luc 3.6. Phd XRD ciia chitosan lactate (a) tach chiét tir vé 19t xac, chitosan
lactate (b) tach chiét tir tom ché bién ciia cong ty VNF va chitosan lactate (c) thwong

mai clia cong ty MarkNature

a. Phd XRD cua chitosan lactate tir vo tdm 10t x4c
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b. Pho XRD cuia chitosan lactate tir chitosan ctia cong ty VietNam Food
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c. Pho XRD ciia Chitosan lactate ctia cong ty MarkNature
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