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TOM TAT NHUNG PONG GOP MOI CUA LUAN AN

Pé tai luan &n: “Nghién ciru thu nhan polyphenol, chlorophyll tir rau mé thia (Centella
asiatica (L.) Urb) va tng dung trong dd udng”.

Chuyé nganh: Céng nghé Sau thu hoach, M&sé: 9540104

Nghién cwu sinh: Bang Buu Tung Thién, Khdéa: 2015

Cén b hwéng din khoa hoc:

1. PGS. TS. Ng6 bBang Nghia 2. PGS. TS. Vii Ngoc Boi

Co sé dao tao: Truong Pai hoc Nha Trang

Noi dung: C& két qua méi duoc bd sung vao linh vuc nghié ciru:

1) Ludn dn d&tién hanh dinh danh lo& rau math trong tei Nha Trang bang ky gidi trinh
twr gen cho thay mire dé twong dong DNA 1&a98,44% - 98,76% so vai tr mh tx ving matK va
98,21-100% so vai tr mh tr cua ving ITS cua lod Centella asiatica cotré NCBI.

2) Ludn dn dd danh gid thanh phan héa hoc chii yéu cua rau math® trong tei Nha Trang
theo thoi gian phat trien cho thay thoi gian thu hoach thTh hop dé rau ma thia ¢6 ham lrong
polyphenol, ham lwong chlorophyll vahogt t nh chong oxy h& tong dat mirc cao nhat lathoi
diém 75 ngdy tudi. Tai thoi diém 75 ngdy tuéi, rau md thia cé ham lwong polyphenol: 13,56 mg
acid galic/g chdt khé, ham lwong chlorophyll: 4,73 mg/g chat kh@ hogt t iih chong oxy héa téng
Iaﬁ 06 mg acid ascorbic/g chat kh@ hogt t ih kha sdt: 22,89 mg FeSOa/g chat khpvahoat tmh
bat goc tw do DPPH: 79,48 %. Ngod ra trong rau math i cAchira mét so hop chat cdhoat t mh
sinh hoc nhu triterpenoid, asiaticoside, quercetin, acid rosmarinic.

3) Ludn dn da nghién civu chiét polyphenol, chlorophyll c6 hoat tinh chong oxy hoa tir rau
md thia theo phirong phdap ngam chiét c6 hé tro song siéu am véi dung moi chiét ethanol 95%
va xdc dinh dwoc cdce diéu kién t6i wu cho qud trinh chzet nhiét d chiét la 63°C, thoi gian chiét
la 97 phut, ty ¢ DM/NL la 52 ml/g. O diéu kién tqz wu, dich chiét rau ma thia c6 ham luong
polyphenol, chlorophyll, hoat tinh chong oxy hoa tong, hoat tinh khit sat va hoat tinh bat goc ti
do DPPH tuwong ung la 19,18+0,72 mg acid galic/g chat kho, 7,45+0,16 mg/g chat kho,
13,8140,31 mg acid ascorbic/g chat kho, 37,31%1,32 mg FeSOu/g chat kho va 81,66+3,4%.

4) Ludn dn dd nghién civu sdy phun tao bét rau md thia chira polyphenol, chlorophyll co
hoat tinh chéng oxy héa va xdc dinh dugc cdc diéu kién thich hop cho qud trinh sdy phun: chat
mang la gum arabic, van toc dia phun: 20.000 v/p, néng dé gum arabic: 73 g/l nhiét do sdy
phun: 177°C, dp sudt khi nén: 3,1 kg/cm?. Bot rau md thia sayphun theo cdc théng s6 toz wu co
ham lwong polyphenol, chlorophyll, hoat tinh chong oxy héa tong va hoat tinh khir sat twong
ung la 28,15+1,13 mg acid galic/g, 10,62+0,27 mg/g, 19,47+0,42 mg acid ascorbic/g va
59,5042,08 mg FeSOux/g, do am: 5,25%, kich thudéc hat trung binh: 137,6 nm, nhiét do phan huy
hoan toan cdc phdn tir va hoat tinh lan lwot la 168,35°C, 297,09°C, 426,38°C.

5) Ludn dn d@nghién citu bdo qudan bt rau ma va nhan thdy sau 12 thang bdo quan ¢
nhiét do 30°C vas°C, bot rau ma thia co micc do suy giam ham luong polyphenol, chlorophyll,
hoat tinh chong oxy héa tong, hoat tinh khir sdt twong vng ¢ nhiét do 30°C vas°C 1a(21,3%;
16,1%; 21,6%, 25,1%) va(15,3%; 12,2%; 19,0%; 17,3 %).

6) Ludn dn dd xdc dinh céng thizc phéi trén tao do uong rau mathm: ty 1é bt rau mathi:
4%, dwong saccharose: 4%. Do uéng rau maphai trén theo céng thirc tré& cShoat t h chong
oxy héa téng: 67,23%1,44 mg acid ascorbic/100 ml, hogt t®h khi sat:  195,6342,99 mg
FeS04/100 ml vahogt t fih bat goc tw do DPPH: 64,73+1,47 %.

CAN BQ HUONG DAN NGHIEN CUU SINH
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NEW CONTRIBUTIONS OF THE THESIS

Name of thesis: “Research on obtaining polyphenols, chlorophyll from pennywort
(Centella asiatica (L.) Urb), and application in beverages”.

Major: Post-Harvest technology, Code: 9540104
The student of Ph.D. Dang Buu Tung Thien, Course: 2015
Science instructors:
1. Assoc. Prof. Dr. Ngo Dang Nghia 2. Assoc. Prof. Dr. Vu Ngoc Boi
Training institution: Nha Trang University
Key Findings:
1) The thesis has identified the pennywort by DNA gene analysis. The results show that the

DNA of the pennywort collected in Nha Trang - Khanh Hoa has high similarity (98,44% -
98,76%) with matK gene and (98,21-100%) with ITS gene of Centella asiatica on NCBI.

2) The thesis has evaluated the main chemical composition of pennywort collected in Nha
Trang - Khanh Hoa. Polyphenol content, chlorophyll content, total antioxidant activity,
reduction power activity and DPPH free radical scavenging activity are 13,56 mg gallic acid/g
dry weight, 4,73 mg/g dry weight, 6,06 mg ascorbic acid/g dry weight, 22,89 mg FeSO./g dry
weight and 79,48 %, respectively. In addition, pennywort also contains biologically active
compounds such as triterpenoids, asiaticoside, quercetin, rosmarinic acid.

3) The thesis has extract polyphenols, chlorophyll with antioxidant activity from pennywort
by ultrasonic-assisted extraction method in 95% ethanol and estimated optimal extraction
conditions of temperature 63°C, time 97 min and the solvent to material 52 ml/g ratio. The
extracts of pennywort contained polyphenols, chlorophyll with antioxidant activities of total
antioxidant activity, reduction power activity and DPPH free radical scavenging activity that
were 19,1840,72 mg gallic acid/g dry weight, 7,4540,16 mg/g dry weight, 13,8140,31 mg
ascorbic acid/g dry weight, 37,31+1,32 mg FeSO4/g dry weight and 81,66+3,4%, respectively.

4) The thesis has studied spray drying to create pennywort powder containing polyphenols,
chlorophyll with antioxidant activity. The suitable spray drying parameters were gum arabic as
a carrier material and the spray disc speed of 20.000 rpm. The optimal spray drying conditions
were gum arabic concentration 73 g/l, temperature 177°C, pressure 3,1 kg/cm?. Pennywort
powder contained polyphenol, chlorophyll with total antioxidant activity and reduction power
activity are 28,15+1,13 mg gallic acid/g, 10,6240,27 mg/g, 19,4740,42 mg ascorbic acid/g and
59,5042,08 mg FeSOa4/g, respectively. Pennywort powder represented low moisture content of
5,25%, average particle size of 137,6 nm and had good thermal properties such as temperature
of dehydration absorption, temperature of decomposition of functional groups, temperature of
complete decomposition being 168,35°C, 297,09°C, and 426,38°C, respectively.

5) The thesis has studied the storage of pennywort powder for 12 months at the temperature
of 30°C and 5°C. The results showed that pennywort powder stored at 5°C changed biochemical
compounds more slowly than stored at 30°C. After 12 months of storage at 30°C and 5°C,
reducing polyphenol content, chlorophyll content, total antioxidant activity, reduction power
activity being (21,3%; 16,1%; 21,6%, 25,1%) and (15,3%; 12,2%; 19,0%; 17,3%), respectively.

6) The thesis has determined the formula for mixing to create pennywort juice with
pennywort powder 4% and sucrose 4%. Pennywort juice represented good sensory properties
and total antioxidant activity, reduction power activity, free radical scavenging activity being
67,23%1,44 mg ascorbic acid/100 ml, 195,63%2, 99 mg FeSO4/100 ml, and 64,73+1,47 %.

SCIENCE INSTRUCTORS Ph.D. Student

Assoc. Prof. Dr. Ngo Dang Nghia  Assoc. Prof. Dr. Vu Ngoc Boi  Pang Buu Tung Thien
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MO DPAU

Rau math® (Centella asiatica (L.) Urban) 1a loai rau quen thudc, phd bién trong
doi song, hién nay chiing dugc trong thuong mai ¢ nhitng ving rau chuyén canh ¢ nhiéu
dia phuong nhu Khanh Hoa, Quang Binh, Thura Thién Hué, Quang Nam, Binh Dinh,
Tién Giang, ...

Trong thanh phan cic hop chit sinh hoc cua rau mé c6 nhiéu nhom chét nhu
protein, glucid, vitamin, khoang chat (kali, magie, sat, k&m, ...) va ddc biét giau cac loai
vitamin (A, C, B1, B3) [128, 184]. Mit khéc, trong rau méa con c6 nhiéu hop chat c6 hoat
tinh chéng oxy hoa, hoat tinh khang khuén, hoat tinh khang nam, tri mun nhot, phong
ngira bénh tiéu duong, ting cuong mién dich, bao vé cac ton thuong than kinh, bao vé
da, chdng céc tia buc xa, ting cudng tri nhé... [172]. Rau méatir 1au trong y hoc ¢d truyén
dugc str dung nhu mot loai dugc liéu dung chira bénh. Co6 dugc cac dac diém duoc Iy
trén 1a nho trong rau ma cé cac hop chat c6 hoat tinh sinh hoc nhu polyphenol, flavanoid,
triterpenoid, alkaloid, glycoside, chlorophyll...[128, 184].

Ngay nay con ngudi dang ¢ xu hudng tim va st dung cac hop chat c6 ngudn gdc
tir thuc vat, c6 hoat tinh sinh hoc dé 1am thuc phém tang cuong suc khoe, voi mong
mudn giam thiéu nguy co mic bénh, phong ngira cac bénh méan tinh va bénh hiém nghéo
[184], trong d6 cOC& san pham thyc pham tir rau ma th. Gan day c6 mot sd nghién
ctru vé polyphenol trén rau ma th® nhung chi yéu tap trung nghién ctru mot s6 nhém
chat thudc nhom terpenoid (asiatic acid, asiaticoside, madecassic acid, madecassoside...)
[16, 17, 133]. Tuy vdy, hién chua c6 mot cong trinh cong bd nao cong bd nghién ctru
tach chiét, tao bot va ing dung cac hop chét polyphenol, chlorophyll véi hoat tinh chdng
oxy hoa tir rau m4 thia trong d6 ubng.

Céc tinh mién Trung va Nam B0, do thoi tiét thuong nang ndéng nén ngudi dan
thuong xuyén st dung cac loai nudce ép trai cay trong dé ¢ nudc & rau matheo hmh
thirc xay va ép truyén thong. Hinh thirc mua ban, st dung nuée ép tré cdy varau ma
truyén théng ciia nguoi dan hién cling ndy sinh nhitng van dé nhat dinh vé nguy co
khong dam bao an toan v¢ sinh thuc phém. Mait khac, nudc €p trai cdy va rau ma truyén
thong do khong duoc ché bién dung cach nén khong thé luu giit dé st dung trong nhiéu
ngay dan dén 1am giam kha ning phan phdi va luu thong san pham trén thi truong. Do
vy, viéc nghién ctru thu nhan dich chiét tir c& rau math® vanghién ciru tao bot

polyphenol, chlorophyll c6 hoat tinh chdng oxy héa tir rau mé thia bang k¥ thuat hién
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dai, dap ung yéu cau vé sinh an toan thuc phém, dé bao quan, sur dung dé dinh hudng
dung lam dd udng thay thé cho nudc & rau matruyén théng 1ahoan toan can thiét. Do
vay, to1 thyuc hién luan an: “Nghién ciru thu nhdn polyphenol, chlorophyll tur rau ma thia
(Centella asiatica (L.) Urb) va itng dung trong doé uéng”.

* Muc tié& ciaa luan &n: X& dung dugc quy trnh thu nhan polyphenol,
chlorophyll céhoat t fih chéng oxy héa tir rau méth® (Centella asiatica (L.) Urb) tréng
tai Nha Trang - Khéh Héa vatao duoc bot rau masay phun chia c& hop chat
polyphenol, chlorophyll céhoat t fih chdng oxy héa tir rau math® nham dinh hudng
g dung trong d6 udng thay thé cho c& san pham nudc udng rau matruyén thong.

* Noi dung cuaa luan an:

1) Nghié ciru xdc dinh diéu Kién téi wu cho qud trinh tach chiét polyphenol,
chlorophyll cGhoat tTih chéng oxy héa tir rau math trong tai Nha Trang - Khénh

~

Ha.

2) Nghié ciru xdc dinh diéu kién téi wu cho qud trinh sdy phun tgo bét rau ma
th cheza polyphenol, chlorophyll cdhogt t fih chong oxy héa.

3) Nghié curu bao quan bgt rau mathm chiza polyphenol, chlorophyll cGhoat
tmh chéng oxy héa.

* Y nghia khoa hoc va y nghia thuc tién ciaa luan &n

- 'Y nghia khoa hoc: Luan & da cung cap két qua nghié citu méi vé thanh phan
hé@ hoc cha yéu, ham luong polyphenol, ham lwong chlorophyll vac& hoat t fih chdng
oxy héa cua rau maduoc trong tai Nha Trang - Khé&h Héa. Hon nita, két qua caa luan
& ciing cung cip c& dir liu khoa hoc vé k§ thuat sy phun tao bdt rau machua
polyphenol, chlorophyll céhoat t ih chéng oxy héa sir dung 1am db udng trong linh vuc
thuc pham. Luan & cothé duoc ding 18m ngudn té liéu méi phuc vu cho nghié cau,
giang day vé polyphenol, chlorophyll c&hoat t@ih chdng oxy héa tir rau matha nG
riég vathuc vat nG chung.

- Y nghia thuc tién: Két qua nghié ciu 1 co so dé phd trién va thuong mai
hé san pham d6 udng tir rau ma thia duéi dang bot sdy phun chta polyphenol,
chlorophyll céhoat t fih chdng oxy hé, dam bao vé sinh an toan thuc pham, tién loi
trong sir dung, dé bao quan vaphan phdi thay thé cho nudc é rau mavia hétrong giai

nhiét va tang kha nang thai doc, giup tang cuong sic khoe cua nguoi tié dung.
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CHUONG 1. TONG QUAN
1.1.RAUMATHRA
1.1.1. Giéi thiéu vé rau ma thia

Rau math® (Centella asiatica (L), Urban) l&lo& thyc vat c6 dic diém than bo
lan trén dat, mau xanh luc hay luc 4nh d6, cOré ¢ c& mau, l&hh than mau xanh voi
cubng da& vaphan dinh latrén, két ciu 14 tron nhén véi c& gan dang lugi hhh chan vit,
c& lamoc ra tir cudng da khoang 5-20 cm vacocé& cum hoa don moc & ké 1agom 1
dén 5 hoa nho. Hoa rau macomau tir &h hdng téi do, moc thanh c& tén nho trén nam
gan mit dat. Mdi hoa duoc bao phu mét phan trong hai 1&bac mau xanh. Cac hoa ludng

tmh n&y khanho khoang 3mm cAthay trang hoa, hoa cA5 nhi va2 va nhuy.

Hnh 1.1. Hnh tha c& rau ma[28]

(A) C&y rau méath®, (B) Cum hoa, (C) Hoa, (D) Qua, (E) Qua cét ngang, (F) Hoa d6
Qua cohh mét ludi day dic, day 1a diém phan biét rau méth vai c& lodi trong
chi Hydrocotyle, cGqua véi bé mat tron, soc hay gidng nhu mun com. B ré bao gom
c& than ré, moc thang dung, ching coémau tring kem va duogc che phu bang c& léng
to & 13 [6, 13, 27].

Rau macotén khoa hoc IaCentella asiatica (L.) Urb. (Hoac Hydrocotyle asiatica
(L.) Urb.), ching thugc gidi Plantae, Nganh Magnoliophyta, I6p Magnoliopsida, bo
Apiales, ho Apiaceae, ph& ho Mackinlayoideae, chi Centella, loa Centella asiatica
[187].



O cac dia phuong, rau ma ciing ¢6 nhiéu tén khac nhau nhu: ¢ Viét Nam cOtén
t £h huyét thado hoic lién tién thdo, & Lap laphanok, & Campuchia latrachiek kranh, &

Myanma l&Trachiek-kranh, ¢ Srilanka vaAn Do 1aGotu-kola [5].

Can ct theo dic diém thuc vat hoc, & Viét Nam rau ma duoc tin thiy c& lod
nhu sau [5, 6, 13]:

- Rau math m (Centella asiatica (L.) Urb.);

- Rau maléng (Glechoma hederacea L.);

- Rau malato (Hydrocotyle nepalensis Hook);

- Rau mamé (Hydrocotyle sibthorpioides Lam);

- C& rau malarau mudng (Emilia sonchifolia (Linn));
- C& rau malasen (Hydrocotyle bonariensis).

Rau ma co nguén géc tor Australia, cdc ddo Théai Binh Duong, New Guinea,
Melanesia, Malesia vaChau A. Hién nay rau ma ciing phan bé nhiéu ¢ cac qubc gia
Nam A nhu Malaysia, Trung Quéc, Srilanka, An d9, Viét nam, Lo, Campuchia,

Indonesia... [110, 128].

O Viét Nam, rau mamoc ty nhié khip noi tir ving hai dao, ven bién dén ving
nG & do cao dudi 1800m, th €h hgp moc & nhiing noi am wét nhu thung ling, bo muong,
ruong... Vao mia mua am, rau ma sinh truéng rat manh, nhanh vakhoe, ra hoa qua
nhiéu v cudi muia hé va ¢au mee thu, té sinh ty nhi chii yéu tir hat. Do cOkha ning

dé nhah khoe, cay thuong tao thanh tirng moc dam day dac.

Rau ma thudng duoc trong trong khoang thoi gian tir 30-35 ngdy lacothé thu
hoach lra dau tién nhung nang suat chua cao vi cdy chua bo day, ning suat cao thudng

tir 1an thu hoach thir 2, thir 3 [6].

Trong doi séng, rau macothé duoc sir dung hing ngay nhu mot loai rau an &
dang n4u canh, ludc, an sdng, xay lam nuéc giai kh&, san xuat thanh c& thirc uéng céng
nghiép... [6].

Trong t& y, rau malaloa thao dugc coOt& dung s& tring, giai doc, thanh nhiét,
cotmh bd dudng cao. Rau maconhiéu khoéng chat, nhiéu chat chéng oxy héa né co

thé sir dung dé cai thién tr inhd, tang tudi tho, lam mau luu thong tét ¢ tinh mach vamao



mach, bao vé mat trong caa thé&nh mach va lam ting tinh dan hoi cua mach méu. Dich
chiét rau macot& dung sé tring, 12m cham 18 hé vagiam huyét &. Lugkana Mato
vacong sy da nghién ctru vacho rang sir dung luong nhat dinh dich chiét rau mamai

ngay trong 2 thang, ngudi giacai thién rérét kha nang nhé vatrang tha tinh than [90].

Trong dong y, rau méa duwoc mdta cOvi hoi ding, t ih ngot mé, coté dung thanh
nhiét giai doc, sé trong, chita thd huyét, ta ly, mun nhot, rém siy... Toan bd c&/ rau ma
cOthé sir dung 1am thudc & dang twoi hay phoi kho. Trong trudng hop sir dung ¢ dang
kho, nguoi ta thu hoach ca céy, rira sach va phoi kho, khi str dung dem th& nho sic 1y
nuéc udng [2, 5, 6, 13].

C& nghié ctru ciing cho thay, trong rau maconhiéu hop chat cdhoat t fih sinh
hoc manh nhu hoat t fih bao vé té bdo da, nién mac da dy, té bao than kinh, khé&ng nam,
kh&ng vi khuan vavirus, cohoat t ih chéng oxy héa, hoat t fih khir sit vahoat t fih bt
goc tu do DPPH. Ngodi ra, rau macén cot& dung 1am giam phd trién khéi u, giam

nguy co bénh tiéu duong, giam ung thu gan va ung thu vu... [27, 40]

C& hoat chat trong rau macotée dung 1& mot sb biéu b k £h th €h su sirng héa
vat& dung dén sy phan chia té bao, qua d6 1am nhanh lanh vét thuong ngodi da. Dich
chiét rau macota dung chdng lai su 120 héa da né cothé thue day quatrinh té tao té
bao da lam cho cing day sirc song, bé mat da day din, san chac va dan hoi tét, khéng
xay ra hién tuong gap nép vachay nhb [27, 40, 99]. Asiaticosid vamadecassosid trong
dich chiét rau ma&k £h th €h sy hh thanh Collagen I, madecassosid giUp tiét ra collagen
Il cAt& dung duy trilan da manh khoe, ngan chan chiéu qua hién tuong 18 héa [32,
99, 161] vacohoat t mh bao vé té bdo gan rat tot [188].

Mit kh&, c& nghié ctiu vé t& dung caa rau ma da ghi nhan tinh dau rau maco
t& dung tc ché duoc sy phé trién té bdo g&y bénh ung thu [46]. Kha ning chéng oxy
hoa va khang ung thu ctua rau maciing duogc Frederico Pittella vacong su nghié ctu
cho thay phenolic, flavonoid tir dich chiét rau méacokha ning chdng lai khéi u & thh
& chudt (B16F1) vaté bio ung thu vi & ngudi (MDA MB-231) [53].

Nhiéu nghié ciru khéc ciing cho thay bot rau méavadich chiét cua ching cohoat
tmh chdng oxy hés, hoat t ih khir sit vahoat tmih bt géc tw do DPPH cao. Hoat tfih
chéng oxy héa cua no duoc so sé&h tuong dong véi c& chat chéng oxy hé tong hop
nhu BHT, BHA [183], twong dong véi a-tocopherol [78]. Trong dé thanh phan tong
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phenolic c¢6 d6 twong quan manh véi hoat t mh chéng oxy héa cua dich chiét, vay né co
thé nG rang thanh phan téng phenolic 1até nhan ch fih cho hoat t®ih chéng oxy héa
trong rau ma[38, 78]. C& nghié ciru ciing cho thay, cOsy twong quan manh gita c&
hoat t fih khtr sit, hoat t fih bit goc ty do DPPH véi thanh phan phenolic trong rau ma
[23].

Rau macn cota dung lam giam tac dong oxy héa cua lipid peroxidation (LPO),
protein carbonyl (PCO) [100] vahydrogen peroxide [95] trong té b& no chudt, qua do
cOkha niang chéng oxy hé té bao than kinh, tac 1atham gia bao vé tét c& té bao than
kinh truéc c& t& nhén oxy hé. Ngodi ra, nhd dic tfih dich chiét rau méacokha ning
lam giam hoat dong cua enzyme o-glucosidase vacohoat t fih bit gbc tu do cao, né co
thé mé ra tiém nang ung dung dé 1am thude diéu tri bénh tiéu duong vathube chong oxy

hoéa trong tuong lai [144].

Nhitng thanh phan cho hoat t mh sinh hoc cao nhat da dugc tim thay trong rau ma
th'm 1ac& polyphenol, terpenoid vaflavonoid. Nhitng hoat t mh quan trong n&y ¢ rau
ma thia da dugc st dung nhiéu trong y hoc ¢o truyén va duoc nghién ctu ang dung trong

nhiéu linh vuc ¢ doi sdng hién dai.
1.1.2. Thanh phan héa hoc ciia rau ma thm

Céc nghién ctru cho thy thanh phan hoa hoc ctia rau mé kha da dang, phong pht

va c6 ham luong thay doi tiy theo vi tri dja 1y, mua vu, diéu kién thé nhudng [59].

Protein trong rau ma thudng chiém ham luong rat thap, chi khoang 2% khéi lugng
kh®&[59]. Cac amino acid chu yéu duoc tim thay 13 alanine va serine, bén canh dé ciing
cO i aminobutyrate, aspartate, glutamate, histidine, lysine, threonine, arginine, leucine,
iso-leucine, valine, methionine, tyrosine, phenylalanine, proline, cystine, glycine [27,
40]. Trong rau ma thia thi carbohydrate c6 ham luong twong ddi cao, c6 thé dat dén 55%
khéi lwong kho cta nd, trong d6 chii yéu chta cac thanh phan nhu: glucose,

mesoinositol, centellose, pectin, arabinogalactan [40].

Céc polyphenol trong rau méa dugc tim thdy chu yéu la hai nhém flavonoid va
acid phenolic [157]. Cac hop chét thudc nhom flavonoid di dugc xac dinh nhu: apigenin
va rutin [30], kaempferol, kaempferol-3-0-p-d-glucuronide va Kaempferol 3-p-
coumarate [184], quercetin, quercetin-3-0-p-d-glucuronide, castillicetin, naringin va

luteolin [40]. Cac hop chéat thudc nhém acid phenolic nhu: acid rosmarinic, acid



chlorogenic, acid 3,4-di-o-caffeoyl quinic, acid 1,5-di-o-caffeoyl quinic, acid 3,5-di-o-

caffeoyl quinic, acid 4,5-di-o-caffeoyl quinic, acid isochlorogenic [24, 40, 163].

Céc nghién ciru ciing cho thay rang, cac terpenoid 1a thanh phan quan trong trong
cAy rau ma, dic biét trong d6 c6 nhom triterpenes saponins 1a thanh phan c6 hoat tinh
sinh hoc tdt, xem nhu 13 cdy thude duoc Gmg dung rong rai trong linh vuc y hoc [172].
Céc terpenoid phd bién duwgc tim thdy trong rau ma nhu triterpenes, asiaticoside,
centelloside, madecassoside, brahmoside, brahminoside (saponin glycosides), acid
asiaticentoic, acid centellic, acid centoic, madecassic acid, acid terminolic and acid
betulic [27, 68].

Céc tinh dau cha yéu trong rau mé 1a cac hop chat thudc nhom terpenoid nhur f-
caryophyllene, trans B-farnesene, germacrene (sesquiterpenes), a-pinene, 3-pinene [27,
68]. Ham lugng chat béo trong rau mé thap, chiém khoang 1,5% khéi lugng kho, chiing
bao gdm cac acid béo khong no (acid linoleic, acid linolenic, acid oleic, ... va cac acid

béo no (acid palmitic, acid stearic...) [27, 68].

Trong rau ma thia ciing chira nhiéu loai vitamin, nhung nhiéu nhat 13 vitamin C,
vitamin B2 va vitamin B3 v41 ham lugng tuong trng khoang 50, 0,2 va 0,1 (mg/100 gam
kh® [59]. Bén canh d6 trong rau ma ciing ¢6 nhiéu loai vitamin khac nhu: vitamin PP
(acid nicotinic), tién vitamin A (p-carotene),... [19, 40]. Nguoi ta cling thay c6 nhiéu
khoéng chét trong rau ma thia, trong d6 c6 ham luong kali cao (391 mg/100 gam khd),
canxi (171 mg/100 gam kh® [59] va c6 nhiéu khoang chét khac nhu: phdtpho (P), sit
(Fe), magie (Mg), mangan (Mn), k&m (Zn), natri (Na), déng (Cu) [19, 40]. Trong thanh
phan hoa hoc cuia rau ma ciing ¢6 ca mot s6 hydrocotylin (mét dang alkaloid), vallerine
(chat déng), phytosterols (campesterol, —sitosterol, stigmasterol), resin (8-
acetoxycentellynol, acid cadiyenol, dotriacont-8-en-1-oic, 11-oxoheneicosanyl
cyclohexane) [27, 40].

1.2. GIOI THIEU VE POLYPHENOL VA CHLOROPHYLL
1.2.1. Polyphenol vahoat tinh chdng oxy héa ciia polyphenol

Polyphenol (hay cén goi lapolyhydroxylphenol) 1ac& hop chit cdngudon gbc tu
nhi@ vatdn tai nhiéu trong thuc vat, mdi don vi co ban (monomer) cua ching lamot
hoic nhiéu vong phenol, trong d6 cic vong benzen gan véi mot hozc nhiéu nhan
hydroxyl (-OH) tryc tiép véi nguyé tir cacbon trén vong benzen, cac don vi nédy lié
két voi nhau tao thanh polyphenol.



Toy thude vao s luong vavi tr icta c& nhdm hydroxyl tré véng benzen macé
tmh chat Iyyho&hoc hoic hoat tmh sinh hoc thay doi. Mat khé&, su hién dién cua c&
nhoém hydroxyl trong phenol ciing quyét dinh dén t ®h chit vat Iycaa c& phenol, qua
d6 ciing quyét dinh dén tmh chat vat Iycua c& polyphenol. C& nhém hydroxyl ndy
hhh thaoh lié két hydro véi c& phenol kh& vawvéi nude, do d6 cac phenol cOnhiét do

s6i cao va hoa tan trong nudc tt hon cac hydrocacbon ¢ cung khdi luong phén tir [2].

Theo Singh A. vacong su (2011), polyphenol trong thuc vat cocha yéu 5 nhém

hop chit sau: stilbenes, lignans, flavonoids, acid fllagic vaacid phenolic [157].

Conhiéu nghié ctu vé thanh phan héa hoc trén ddi tugng rau ma, cho dén nay
cHthé thiy c& polyphenol caa ching cha yéu ton tai & hai nhan flavonoid vaacid

phenolic.

* Flavonoid: lamot nhém pho bién cua c& hop chat polyphenol ty nhié, 1a
nhdm hop chat phd bién nhat trong tré& cdy, rau qua va d6 udng congudn gdc tir thuc
vat. Dén nay c6 hon 8.000 hop chit thuoc nhom flavonoid duoc xac dinh, nhiéu hop
chat flavonoid dem lai mau sac hap dan cho hoa, tré cdy vala O thyc vat, c& hop chat

ndy cOkha ning bao vé chdong lai tia cyc t i, mam bénh va cac loai dong vat an 14 [26,

50, 112].
o 2]
T

Hh 1.2. Ciu tric co ban nhém flavonoid

Céc flavonoid duoc quan t&m viching conhiéu loi ich dinh dudng va con duoc
xem lanhdm hoat chat dong trong tri lidu. Cu thé, ching cAkha ning ting cuong stc
khoe, sirc dé khang, ngan ngira bénh tat, ung thu, c6 tinh khang viém, bao vé tinh mach,

lan giam xo vira dong mach [26, 121].

Flavonoid l1&dan xuat benzo-y-pyrone cua phenolic vavéng pyrane, cOcau tric
phd bién 13 khung flavonoid co ban lié két vai c& nhdm hydroxyl (-OH) vamethoxyl
(-O-CH3-). C& nhdm ch fh cua flavonoid ¢ 3 vong: vong thom A duoc lié két hop

nhat véi di vong C, vong thom B ciing dugc lié két vai di véng C nho lién két C-C.



Flavonoid kh& nhau nhd sy sap xép cua c& nhdm bé hydroxyl, methoxyl,
glycosid vanho sy lié két giira c& véng A vaB. Dya trén su kh& biét vé ciu trit cu
thé, flavonoid duoc phan loai thah 6 phan nhdm: flavonol, flavones, flavanone,

flavanol, anthocyanidin vaisoflavone.

Cac nhom hydroxyl dugc tin thay tré ca 3 véng A, B vaC tao diéu kién dé
ching cothé lié két véi carbohydrate. C& flavonoid lié két voi mot hodc nhiéu phén
tr glucose goi laglycoside flavonoid, c& flavonoid khéng lié két véi phén tir glucose

goi laaglycones.

Trong rau math® comét sé hop chét phé bién thuéc nhom flavonoid da duoc
xac dinh 1& kaempferol, kaempferol-3-o0-B-d-glucuronide, kaempferol 3-p-coumarate,
quercetin, quercetin-3-0-p-d-glucuronide, castillicetin, apigenin, rutin, luteolin,
naringin... [27, 139, 184].
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Hh 1.3. Mét s6 hop chat phé bién nhém flavonoid

* Acid phenolic: Gom nhiing hop chit 1&dan xuit cua acid benzoic vaacid
cinnamic. C& dan xuét cua acid benzoic phd bién nhat Iap-hydroxybenzoic, vanillic,
syringic, acid gallic vac& dan xuat acid cinnamic pho bién bao gom p-coumaric,
caffeic, ferulic vaacid sinapic. C& din xuat n&y kh& nhau vé mic do hydroxyl héa va

methoxyl hoéa vong thom [174].

Acid benzoic Acid cinnamic

Hhh 1.4. Hop chat co ban nhém acid phenolic
C& acid phenolic cAhoat th chéng oxy héa cao vacdmit trong hau hét c&
loai ngii coc, rau vaqua. Trong d6 acid caffeic c6 nhiéu nhat trong mot s6 loai tré c&y
dang qua mong [104], trong khi acid coumaric thuong coty Ié thap hon [142] vaacid
ferulic chiém 90% tong lugng acid phenolic trong ngii coc [97].
Nhitng acid phenolic cAthé & dang tu do hoic lié két trong cau tric. Acid
phenolic dang tu do thuong ton tai & 16p vo qua, & phan & hat vaacid phenolic ¢ dang

lién két thlié két voi thanh té bap [138].
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Trong rau math®, mot sb acid phenolic da dwgc tin thdy nhu acid rosmarinic,
acid chlorogenic, acid 3,4-di-o-caffeoylquinic, acid 1,5-di-o-caffeoylquinic, acid 3,5-di-
o-caffeoylquinic, acid 4,5-di-o-caffeoylquinic, acid isochlorogenic... [24, 40, 163].

COOH
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Acid rosmarinic Acid chlorogenic
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OH OH
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OH
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H

HO

Acid 3,5-di-o-caffeoylquinic Acid 4,5-di-o-caffeoylquinic

Hhh 1.5. Mt sé hop chat phd bién nham acid phenolic

Céc polyphenol dugc biét dén lacé hop chat cohoat tmh chéng oxy héa manh,
cOkha ning chuyén hé c& goc tu do, chat oxy héa thénh c& chat trung hés. Hang
ngay co thé ching ta tiép thu rat nhiéu c& gdc tu do vachat oxy hoa, chiing dugc tao ra
tir c& quatrmh chuyén héa té bao hoac tiép nhan tir c& ngudn bén ngoai nhu: 6 nhidm,
khd@ thudc 14 buc xa, thude... C& gdc tu do vachit oxy hoa trong co thé dong vai trd
kéd, cOthé co £h hodc cOhai. Xé& vé mat cohai, khi tiép nhan nhiéu c& goc tu do va

chat oxy hoa thi co thé s& khéng thé chuyén héa hét dan dén sy t €h tu ching. Quétrh
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ndy languyé& nhén quan trong cOthé dan dén sy phd trién c& bénh tat nhu: ung thu,
rbi loan ty mién dich, 130 hoa, duc thay tinh thé, viém khép dang thap, bénh tim mach,
tho& héa thin kinh... [86].

Co thé con ngudi cOMOt sb co ché dé chdng lai sy hién dién c& géc ty do vaca
chét oxy hé biang c&h trung héa, chuyén hé ching nho c& chit chdng oxy héa. C&
chat chdng oxy hoa duoc co thé tong hop né hoic duoc cung cap tir bé& ngod théng

qua thuc pham hoic c& chét bo sung.

Trong c& chdng oxy hé, c& hop chat nhom polyphenol ciing c6 dic t fih ndi
bat d6 1a c6 hoat t ih chéng oxy hé manh. Tiép can van dé co ché chéng oxy hé cua
c& polyphenol dua trén co sé Iythuyét vathue nghiém cho thay ching cothé thuc hién
c& hoat dong nay ddi véi c& goc tu do, cu thé gém cac co ché sau: Chuyén nguyén tir
hydro (HAT: hydrogen atom transfer), chuyén proton két hop electron (PCET: proton
coupled electron transfer), chuyén mot electron sau khi chuyén proton (SET-PT: single
electron transfer followed by proton transfer), chuyén proton méat electron (SPLET:
sequential proton loss electron transfer), sy hmh thanh phtc hgp co ban (RAF: radical
adduct formation) vachuyén nguyé tir hydro mat tuan ty proton (SPLHAT: sequential
proton loss hydrogen atom transfer) [55, 106].

Céc co ché tré@ cothé duge tom luot bang c&eh kyhiéu PhOH lacéng thic chung
cho c& chét chdng oxy hé thudc nhén polyphenol vax® lacéng thic chung cho c&
chat coban chat oxy hé. O mot diéu kién nhat dinh c& chat chong oxy hé thuéc nhém
polyphenol (PhOH) s& chuyén hydro nguyé tir (H®) sang lié két véi goc tu do (X*)
cua c& chét oxy hoa dé tao hop chat (HX) (1) hodc cothé két hop véi goc tu do (X®)
ctia c& chat oxy hoa dé tao thanh phuic hop giita chat chéng oxy hé vagéce ty do [Ph-

OH-X]* (2).

Ph-OH+X®* ——> Ph-O*+XH (1)
Ph-OH+X® ——> [Ph-OH-X]* (2)

Trong c& quétrmh ndy, gbc tu do (X*®) cia c& chat oxy héa sau khi nhan hydro
nguy@ tir (H®) tir c& chat chong oxy hé thuoc nhém polyphenol s& tao thanh gbc
trung héa XH. C& gdc phenoxyl (PhO®) sinh ra cothé tiép tuc nhuong H® dé tao thanh
quinone hoac két hop vai c& goc tu do kh&, vai c& gdc phenoxyl khac dé tao c&c chat
trung héa. C& phtic hop tao thanh [Ph-OH-X]® ciing s& két hop voi nhau hoic c& gbc
khac dé tao c& chét trung héa [54, 87, 101].
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* Ung dung ciia polyphenol

C& hop chat polyphenol Ianhitng nhém chit thi cip chu yéu cua thuc vat, ching
da dang vé cau tr(c vachuc nang. Hau hét c& polyphenol cAngudn gdc tir quatrih
trao ddi chat vachu yéu tir L-phenylalanin thong qua con dudng phenylpropanoid trong
thue vat [41]. Polyphenol trong thuc vat cvai trotao mau sic cho thuc vat, bao vé thuc
vt trude tia cuc tm, chdng lai sy oxy héa, bao vé thuc vt trude su tan céng cua vi sinh
vat g&y hai [75, 149] vaquyét dinh nhiéu dén dac t mh chéng oxy héa, hoat t ih sinh hoc
trong thuc vat [41].

C& hop chat phenol lanhiing chat hoat dong giit vai trdchu dao quyét dinh dén
huong vi, méu sic cua nhiéu san pham thuc pham. O mot mie d6 nhat dinh, chtng tham
gia v& c& quatrmh tao ra c& cau tir thom mdi, tao nén mui thom dic biét cho thuc
pham [71, 103]. Polyphenol thuong cotrong thuc pham va dd udng congudn gbe thuc
vat, dac biét 1atdo, qua mong, tra c& ho cam quyt, man, bdng cai xanh, ca cao, traca
phévanhiéu loai kh& [41]. Tuy c6 nhiéu dic tinh t6t, nhung ciing c6 canh bao vé nhimng
tac hai cua viéc ti€u thu qua nhiéu polyphenol, dac biét 1a cac hop chat duoc phan 1ap

chtr khong dugc tiéu thu c6 trong thyc pham.

C& hop chit polyphenol nG chung cékha ning chéng oxy héa manh va dic biét
cac phenolics dugc coi lachat chong oxy hé manh mé trong c& th inghiém in vitro va
dugc chizng minh l&chat chong oxy hé manh hon vitamin C, vitamin E va carotenoids
[120]. Do cAhoat t mih chéng oxy héa manh nén né gitp co thé ngin ngira stress, ngan
ngira c& bénh ung thu, tim mach, c& bénh vé mat, bénh 12 hé som, cokha ning thic
day hoat dong cua hé vi khuan co £h trong rudt, ngin ngira quatrmh chuyén héa bt
loi, sinh hoi va céac rdi loan kh&c 1am can trg hoat dong cua rudt [2]. Polyphenol coté
dung chéng ung thu théng qua mot loat cac co ché, bao gom loai boé c& té& nhén g&y
ung thu [44], kK h&n sy ph& t i hiéu caa té bao ung thu [117] vachu trih phé trién
té bao, thiic ddy quatrih tu chét cua té bao ung thu (apoptosis) vakin han c& hoat
dong enzyme [44].

C& polyphenol lacé flavonoid cot& dung bao vé ndo bang mot s6 c&h khé
nhau, bao gém ca viéc bao vé c& té bao than kinh dé bi t6n thuong, ting cudng chic
nang té bap than kinh hién cohoic bang c&h k Th th Th té tao té bao than kinh, cokha
ning lam giam thod& hé than kinh lién quan dén tich lily AGEs (Advanced glycation
endproducts) trong qua trinh binh thuong vabat thuong cua 120 héa ndo [137].
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1.2.2. Chlorophyll va hoat tinh chéng oxy héa ciia chlorophyll

Chlorophyll hay chit diép luc I&sic t6 cdmau xanh luc duoc tin thiy trong nhiéu
loai thuc vat, tao vavi khuan lam. Thuat ngit diép luc cdngudn gdc tir tiéng Hy Lap
chloros nghia I "xanh" va phyllon cé nghia 1a "4". Lan dau tién ngudi ta tién hanh phén
lap va dat té cho diép luc boi duge si ngudi Phdp Joseph BienaiméCaventou vanha
h& hoc nguoi Phdp Pierre-Joseph Pelletier nam 1817 [56].

Chat diép luc dugc tao thanh tir cacbon va nito nguyén tir cCng véi mot ion magié
& vi tr rung tam. Chat diép luc duoc tin thay trong hau hét c& phan xanh cua thuc vat,
tac latrong 14 tha vatrong lyc lap dudi dang hon hop ciia mau xanh lyc chlorophyll a
vamau xanh vang chlorophyll b, day 1a cac hop chét quan trong trong quétrih quang
hop cua c&y [127].

Chét diép luc dau tién duge dung dat cho luc lap cua thuc vat bac cao, nhung sau
d6 n6 duoc ma rong cho tat ca sac to quang hop porphyrin [173]. NGthuoe nhém hop
chat dic biét duoc goi latetrapyrroles vindchta bon véng pyrrole lié két véi nhau
bang lié két cong héa tri, ciing twong ty nhu vitamin B12 va Heme phan tir [179]. Ban
dau nguoi ta tin ra 4 loai chlorophyll gom: chlorophyll a, chlorophyll b, chlorophyll ¢
vachlorophyll d [83]. Sau d6 nguoi ta tin thay thém chlorophyll f ¢ tao lam, c&
chlorophyll & vi khuan quang hop nhu: bacteriochlorophyll a, bacteriochlorophyll b,
bacteriochlorophyll c, bacteriochlorophyll d, bacteriochlorophyll e, bacteriochlorophyll
g va chlorophyll tim duoc ¢ hat bi ngd, 14 vang cia cdy non moc noi thiéu anh sang 1a

protochlorophyll vachlorophyll ¢ khuan luu huynh I&chlorobium chlorophyll [160].

Trong thyc vat bac cao n@G chung vatrong rau matha nd riéag, chlorophyll ton

tai chii yéu & 2 dang lachlorophyll A vachlorophyll B, chtng coeéng thuc phéa ta &
hnh 1.6.

Hnh 1.6. Céng thikrc phé&n tir chlorophyll
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Chlorophyll ciing duoc biét dén lachat cdhoat t mh chdng oxy héa tot, kyhiéu
ChL lacéng thtc chung cho chét chdng oxy héa thugc nhém chlorophyll vax e lacéng
thirc chung cho c& chat coban chit oxy hoa. Co ché chéng oxy héa cua chlorophyll

duoc tom luot nhu sau:

O mot diéu kién nhat dinh c& chlorophyll (ChL) s& phan tng vachuyén c& chat
oxy héa (X*) [182] (1).

ChL +X®* —> (ChL-O*")-(X) (1)

C& phuc hop (ChL-O**)-(X") cothé tiép tuc lié két véi c& gbe tu do cua c&
chat oxy héa (X*®), lié két véi c& phén tir chlorophyll khic dé tao né c& hop chat

trung hca.
* Ung dung ciia chlorophyll

Trong tu nhién, chlorophyll duoc tim thay goi ladiép luc té cua thuc vat, colién
quan t&i quatrinh quang hop cua cy, co vai tro dac biét dbi voi thuc vat vaca loai tao,
ching hap thu ning luong &nh sé&ng mat troi vachuyén héa ning luong &nh séng mat
troi, nudc vacarbon dioxide (CO,) thanh ngudn nguyé liéu song ch mih caa ching &

carbohydrate trong c& vagiai phéng kh foxi (O2) vao kh fquyén [160].

Chlorophyll ciing 13 thanh phan dinh dudng trong thuc pham, cothé st dung Véi
vai trolaphuy gia tao mau xanh laty nhié cho san pham thuc pham, thuc pham chic
nang tir chlorophyll nhu nuéc ubng, viér udng diép luc tb... 1&m phu gia mau cho c&
san pham nhu keo, gia vi, nuéc giai kh&... [153, 158].

Chlorophyll duoc san xuét tao né@ c& ché pham my pham cot& dung chng
oxy hé, thudc khir mui co thé, 1am giam hoi miéng, hoi nach, hoi chan, kem dudng da,

mat na lam dep da, xa phong, kem danh rang... [96]

Trong y hoc, c& nghié ctiu cho thay chlorophyll cothé lathanh phan c& loai
thude gitip ting hong cau cho co thé nho cdu tao héa hoc ciia hong cau cé tinh dong nhat
véi chlorophyll [164], gitp thai loc doc té khoi co thé [165], khéng vié@n, chdng oxy
héa, 1am l2nh vét thuong, kich thich hé théng mién dich, thanh loc mau, giai doc co thé,
lamn sach rudt, giai doc caa gan, ... [52] vangtira ung thu nho cOhoat tinh khang ung thu,
c6thé hnh thanh cau tric phic hop trung héa véi chat cothé gay ung thu aflatoxin Bl
[126], 1&m cham 120 héa té bao [160, 180].
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1.3. KY THUAT TACH CHIET VA THU NHAN POLYPHENOL,
CHLOROPYLL

T&h chiét laquatrmh thu nhan c& chat cotrong mot loai nguyé liéu dya vao
t fih tan cua chat tan trong dung mé& vagquétrnh khuéch tén cua chat tan tir nguyé liéu
ra méi trudng dung mé. Pé chiét rat dugc chat tan vai hiéu suat cao, nguoi ta can lya
chon dugc dung mé chiét theo nguyén tic dam bao chat tan héa tan voi ham luong cao
nhung phai cAhoat tmh can thiét. Do vay, tCy thuoc vao loai chat tan, nguoi ta cOthé
lya chon dung mé& coban chit kh& nhau: dung dich dém, nudc cit hay dung mé hiu

co, ... cho quatrmh chiét.
1.3.1. K¥ thuét tZch chiét, thu nhan polyphenol

Pé t&ch chiét polyphenol, hién nay nguoi ta cOthé s dung mot sé ky thuat khéc
nhau:

- Ng&m chiét

Ngam chiét 1aky thuat thuong dung dé t&h chiét c& hoat chat sinh hoc tir thuc
vat, dac biét lac& hop chat phenolic [70]. Nguyén lidu thyc vat sau khi xir 1y/sé ngém
trong c& dung ma@ kh& nhau: nudc, n-hexan, chloroform, benzen, ethanol, methanol,
... [11]. Tuy nhié, hiéu qua chiét bang dung méi duoc quyét dinh boi loai dung mé sir
dung, ban chat cua polyphenol va twong tac, lién két cua polyphenol vai c& thanh phan
thuc vat [116]. Vivay, khi chon dung md chiét phai xem xé vi tr iciia polyphenol trong
c&y, néu c& polyphenol chi yéu ton tai trong gian bao thichi cothé chiét bang ethanol

hoac c& dung m@& hiru co ¢6 d6 phén cuc cao [145].

Viéc t&ch chiét c& hop chat cdhoat thh chdng oxy héa bang c& dung md tir
rau mabang k¥ thuat ngam chiét cho thay dich chiét tir cac dung méi c¢6 do phan cuc
cao s& cho dich chiét c&ham luong polyphenol cohoat t fih chéng oxy hoéa cao, con dbi
vé6i dich chiét bang dung méi co6 d6 phén cyc thap thidich chiét s& cAham luong
polyphenol cAhoat tmh chéng oxy hoéa khong dang ké [25]. Chang han, dich chiét
polyphenol cAhoat t h chéng oxy héa tir I&d& bang dung méi c¢6 d6 phén cuc cao nhu
methanol 75% s& cho dich chiét c6 ham lwong polyphenol cShoat tfih chdng oxy héa
cao nhat so véi c& dung mé kh& [15] hoic thu nhan polyphenol tir l&ng®sé cho hiéu
qua cao khi chiét bang ky thuat ngam dam véi dung méi nudc [3]. Hoic quétrnh chiét

polyphenol cShoat t ih chdng oxy héa tir dau nanh bang acetone 70% (v/v), ty 18 nguyén
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lieu vadung ma lal: 60 (w/v) voi ba chu ky véi 3 gio cho mdi chu ky tr th ly & nhiét
d6 40<C s& cho hiéu suat chiét cao nhat [7]. Két qua nghié ctu t&h chiét polyphenol
tir vo than ciy quao nude (Dolichandrone spathacea) bang ki thuat ngam chiét cho thay
ethanol 90% ladung mé chiét t&h polyphenol tét nhat khi chiét véi ty 16 DM/NL &
15/1, nhiét @6 1a60°C vathoi gian 1&9 gio [14].

- T&h chiét cohd tro séng sié 8n

Str dyng song siéu 4m thudng cOtan sé tir 20 kHz dén 10 MHz trong quatrnh
téch chiét c& hoat chét ciing 1am ting hiéu qua chiét. Ky thuat chiét ndy gilp 1am giam
lwong dung mé& hitu co, it anh hudng dén méi treong va an toan déi vai sic khoe con
ngudi [176]. T& dung cua song siéu 4m 1a lam cang phong té bdo, phava thanh té bao
vasu hydrat héa tir 6 1am tang kha nang tiép x(c cua dung md chiét véi c& phén tir
hoat chat dan tgi cai thién kha ning khuéch tén, chuyén khdi vanhiéu qua chiét téch
[177]. Viéc sit dung séng si@& &m trong chiét rit c& chat duoc cho rang sé cai thién hiéu
suat chiét 1&n t6i 35% trong quétr ih chiét t&h c& hop chat phenolic tir ngudn thuc vat
[175]. Chang han, quéatrih chiét anthocyanin (mét hop chat thuoc nhén pholyphenol
tir nho) bang k§ thuat chiét cohd trg séng sié &m, chiét thay tinh cao ap va chiét trong
dién trudng cho thay ca 3 mau chiét déu cho ham lugng anthocyanin cao gan gap 2 lan
so v&i mau ddi chiing chiét theo ky thuat ng&m dam ¢ 70°C trong 1 gio. Trong d6, mau
chiét cohd tro song siéu am cho ham lugng anthocyanin cao nhat. Két qua nghié ctu
cling cho thay, ca 3 mau chiét trén déu cho dich chiét ¢S hoat t mh chéng oxy héa cao

hon mau ddi ching [42].
- T&h chiét cohd tro vi sing

Ky thuat t&h chiét cohd trg vi song duoc c& nhanghié ctu thuc hién vao
nhitng nim 1980. Quatrmh chiét nay 1am ting nhiét dung m& nho d6 phén t&h c&
phén tir hoat chét tir thuc vat va dung mé& chiét [140]. So voi c& k¥ thuat chiét khé,
k¥ thuat chiét cohd trg vi sdhg cOnhimg vu diém nhu thoi gian chiét ngan, kiém so&
t6t duoc nhiét do, st dung Tdung mé, toc do chiét cao, tiét kiém nang luong, chat luong
san pham tdt vachi ph ithap [60]. Trong k§ thuat chiét cAhd trg vi sng, nhiét sinh ra
c6 d6 ddéng déu khap trong nguyé liéu chiét. Mt khac, khi ting tic dung cua vi sing
vathoi gian chiét thi 1am tang hiéu suat thu hdi lwong polyphenol tu do va ting hoat t ih

chéng oxy héa trong quétrh chiét polyphenol [61, 62].
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K§ thuat t&h chiét cGhd tro vi séhg cAcehi phivan haoh thap, nhanh chéng va
cAthé duoc sir dung trong quy mésan xuat céng nghiép nhung quan trong 1&phai chon

dugc nhiét d6 vathai gian chiét phtihop cho tirng loai nguyén liéu.
- T&h chiét trong dung ma@ c6p luc

T&h chiét trong dung mé& co& luc laquéatrih chiét trong dung mé ¢ nhiét do
cao tir 50 dén 200°C vadp suat tir 3,5 dén 20 MPa. Trong k¥ thuat ndy, mau rin duoc
dong gbi trong tai chiét vast dung dung mé hiru co hodc nudc ¢ &p suat, nhiét do cao
hon diém s& cua dung md& [123]. Hiéu suét chiét bang dung mé& co& luc duoc cai
thién nho 1am ting d6 héa tan cua c& chat va dung md [122]. Ngoai ra, ting ap suat
& nhiét do cao, do khuéch tén cua c& chat vao dung mé cothé tang 1én nho sy phavs

lyc Van der Waals, lié két hydro valyc ludng cuc giita c& phan tir chat tan [162].

Nghié ctu su 6n dinh cua c& polyphenol khi chiét trong diéu kién dung m&
quanhiét, két qua nghié ctu cho thay c& chat phenolic dugc thir nghiém, hau hét déu
6n dinh vacoty 1é thu hoi tré 85% khi chiét bang methanol ¢ 150°C [125]. Mit kh&
khi chiét c& polyphenol l&catechin vaepicatechin tir [&trd hat nho coty 1é thu hoi
khoang 95% ¢ 130°C. Tuy nhié, hoat th cua catechin vaepicatechin tir hat nho t6t
nhét khi chiét trong dung mé& co& luc bang methanol so vai ki thuat ngam chiét va

chiét cohd trg séng si@& an & cung diéu kién [131].
- T&h chiét cao & thiiy tinh

K§ thuat thuy tinh cao ap thuong sir dung chét long dé tao cot &p suat 100<1.000
MPa trong quatrih chiét. Ap luc nay duogc truyén di tic thoi, dong déu vakhéng phu
thudc vao kich thudc, hhh déng caa vat liéu chiét. Nudc lachat long thudng dung dé
truyén &p luc, trong quéatrh xir Iyycohoic khéng cap nhiét. Trude day, ang dung ch mh
cua ky thuat thay tinh cao 4p 1a thanh trung thuc phdm nham ting thoi han luu trit va
tao c& tMh chét dic trung cho thuc pham. Ng&y nay, nhiéu nghié ctu tap trung vao
c& ung dung tién tién cua ki thuat thuy tinh cao ap dbi véi viéc cai thién hiéu qua chiét
c& chat. Jun vacong su da so sanh viéc chiét t&h polyphenol tir latraxanh bang ky
thuat chiét thuy tinh cao ap va ngam chiét, két qua nghié ctu cho thay hiéu suat chiét
polyphenol duoc quyét dinh rat 16n bai mic ting ap suat, cu thé khi & suét ting tir 100
dén 600 MPa thihiéu suat chiét tang tir 15 dén 30% [155]. Co ché ch mih cua chiét bang
k¥ thuat thary tinh cao ap 1a duéi & lyc thuy tinh cao, thanh té bdo bi phévd, dung m&
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s& di vao té bao 1am cho té bdo chat vac& hop chat polyphenol s& giai phéng ra mé
treong dung méi. Chinh co ché tac dong nay lam ting hiéu suat chiét cua ki thuat chiét

thiy tinh cao ap, it tac dong xau dén hoat t fih caa c& chat [155].
- T&h chiét trong dién trwong

T&h chiét trong dién truong 1aky thuat chiét téeh tién tién da duoc nghié cau
rong rai trong linh vuc thuc pham vahoat chat sinh hoc, ddy 1a qua trinh chiét t&ch c&
chat duoc thyc hién trong méi truong dién truong, quatrinh ndy khéng sinh nhiét.
Nghién ctiu sy tac dong cua dién trudong dén quatrih chiét tah anthocyanin trong qua
trinh 1én men ruou nho cho thay hiéu suat thu hdi anthocyanin ting hon 21,5% va 28,6%
khi vo qua nho dugc xir Iybing dién trudng twong (ng 1&5 val0 kV/cm so véi chiét
thong thuong [88]. Ngoa ra, khi st dung dién truong 5 kV/cm thTham lugng
anthocyanin n@ riég vapolyphenol tong cao hon trong qua trinh san Xuat ruou vang
nho do6 [132]. Hon nita, xtr Iybang dién truong thisan pham ruou vang nho s& cho chat
lwong cam quan tot hon, cu thé, cai thién cam vi vamau sic nho sy ting ham luong c&
polyphenol va cic anthocyanin trong rugu [45, 89], hoat t ih chdng oxy héa cao khoang
4 1an so véi khéng ding ki thuat xir Iyvaviéc ting hoat t ih chong oxy héa twong quan
Vi su tang ham lugng polyphenol trong mau dich chiét [42]. Nhu vay, dién truong cO
t& dung ting khuéch tén chat tan nG chung, c& polyphenol nG riéng vao dung mé
trong quatrinh chiét. Do vay, dién truong cOthé dugc coi 1aky thuat trién vong dé 12m
tang hiéu qua quatrmh chiét t&h [155].

- T&h chiét si@i téi han

Trong ky thuat t&h chiét siéu t&i han, can quan tam dén chat luu siéu t6i han,
day la mét dang vat chat ton tai trong diéu kién ap suit va nhiét d6 cao hon diém t6i
han. Trong diéu kién ndy, vat chat c6 trang thai dic biét vira 1ong vira khi, cu thé vira c6
thé khuéch tan nhu chat khi, c6 thé thim qua vat chat nhu chat 1ong. Ngoai ra ¢ diéu
kién nhiét d6 va ap suit gn véi diém t6i han, thay doi nho cua cac théng sé nay dan dén
thay d6i 16n vé mat do cua vat chat [63].

Chét luu siéu toi han dugc dung trong mot sd truong hop dé thay thé cac dung
moi hitu co 14 nude VACO2. Néu so sanh véi nudce thi CO2 ¢6 nhiéu vu diém hon, thuong
duoc st dung vi hoat dong tuong di tot, c6 diém téi han vira phai, cy thé c6 nhiét do

t6i han cua COz 1431,2°C so véi nude 13 101,1°C va 4p sudt t6i han 72,9 atm so véi
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nudc 1a 217,6 atm. Ngoai ra, CO2 dugc xem la an toan va khong can phai loai tru du
lwong sau khi chiét, chi don gian 14 loai bé khi ha 4p suit tai nhiét d6 phong. Tuy nhién,
CO; khong thich hop dé chiét xuat cac hop chat phan cuc cao nhu flavonoid vi d6 phan
cuc cia COz thap. Do viy, cac dung moi khac nhu metanol, ethanol... ¢ ndng d6 thip
c¢6 thé dugc str dung tao dong dung moi dé 1am ting hiéu suat chiét trong chiét siéu toi

han.

Str dung ki thuat chiét CO; sié t6i han, metanol lam déng dung méi dé chiét
polyphenol tir I&6liu cho thay ham lwong polyphenol ting theo nhiét do, & suat va
nong d6 nhung dat cao nhat trong thoi gian 140 phit. K thuat chiét si@ téi han voi
d6ng dung moi methanol 10% thu duge ham lugng phenolic cao hon so véi ki thuat
chiét cohd trg séng si@ am véi dung m& phén cuc thap (n-hexane, diethylether,
ethylacetate), nhung thip hon dang ké so v&i dung méi c6 d6 phén cuc cao (metanol,
ethanol) [82]. Chang han, nghié ciru chiét téch isoflavone tir bot dau nanh bang ky thuat
chiét sié@ téi han bang CO. véi ddng dung m& metanol 10%, chiét soxhlet véi dung
m& ethanol 80% vachiét cohd tro séng si@ an véi dung mé& metanol 70%. Két qua
nghié cau cho thay chiét bang k¥ thuat sié téi han cho ham lugng isoflavones thap
nhat 1&86,28 gam/gam kh®so véi chiét cohd trg séng sié &n 1a311,55 gam/gam kho
vaso vai chiét soxhlet 12212,86 gam/gam khé [148]. Mic doihiéu suat thu hoi
isoflavone thap hon khi str dung K thuat chiét sié ti han, nhung k§ thuat chiét ndy co
tmh chon loc hoat chit cao virat Tc& tap chat khuéch tén véo dich chiét vasé budc
thuc hién cling it hon.

T&h chiét chat long si@ téi han laky thuat chiét duoc nghién ciru dé thay thé
c& k¥ thuat chiét sir dung dung m@ hiru co, dugc st dung rong rii dé chiét c& hoat
chat tir nguyén liéu ran trong tu nhién dic biét lachiét c& thanh phan thuc pham. Uu
diém noi bat cua ki thuat 1asa dung rat Thoic khéng can dung mé hiru co, chat lugng
san pham chiét cao, thoi gian chiét ngan vacot mih chon loc cao khi chiét, tuy nhié ky

thuat nay c6 chi phi dau tu cao [63, 129].

Nhu vy, dé lua chon dwoc ky thugt t&h chiét polyphenol phCihgp véi mét logi
nguyé liéu can leu y dén dac tih cua nguyé li¢u, t ih chat héa Iyvaban chdt cua
logi dung m& chiét. Mat kh&c, trong quétrih chiét t&ch, ngueoi ta cothé sir dung cé&c
bién ph&p ky thudt nhuw sik dung si@ &m, khdy, ... dé hé tro lam tang kha néng chiét rit
polyphenol. Hiéu qud cia quatrih chiét téch cén toy thuge vé chdt lwong nguyén lidu

ciing nhu cac gidi phép ky thugt siz dung @é chiét chon loc polyphenol.
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1.3.2. K¥ thuét tach chiét, thu nhan chlorophyll

Hién conhiéu nghié ctu téh chiét va dinh lwong chlorophyll tir c& lodl thuc
vat kh& nhau bang c& loai dung m& kh& nhau. Cu thé, Hallegraeff, (1978) [109],
Abaychi, J.K. vaRiley, J.P., (1979) [21], Moed va A.P., Murray (1985) [114],
Lichtenthaler, H. K., (1987) [84] di dé nghi duoc c& ki thuat t&ch chiét va dinh luong
chlorophyll trong cac dung mdi khac nhau nhu acetone, ethanol, methanol, dimethyl
formamide (DMF), dimethyl sulfoxde (DMSO), ...

Dimethyl formamide (DMF) lamét dung méi ciing kha hiéu qua dé chiét
chlorophyll so véi dung m& methanol, ethanol vaacetone [69]. T&h chiét bang dung
mé& DMF khéng can phavé té bado thuc vat, sic tb dugc chiét t&h gan nhu hoan toan
sau mot vai budc ngam chiét va dam bao su on dinh cho dén 20 ngay khi duogc luu trit
trong t6i ¢ 5°C [93]. Tuy nhi&, DMF rit doc hai né trong san xuat nguoi ta khuyé
khéng né st dung n6 dé trénh c& ton hai dén stuc khoe va moi truong [69, 73]. Chmh
vithé, ngay nay, nguoi ta thuong sir dung cic dung méi c6 do phén cuc cao nhu
methanol, ethanol, acetone, dimethyl formamide (DMF) dé chiét t&h chlorophyll tir
thuc vat. Viéc st dung dung mé acetone cho hiéu suat khong cao hon so véi metanol
hoic ethanol 95%, nhung c6 thé git duoc dich chiét on dinh, T1am bién di chlorophyll
trong quatrmh chiét t&h vabao quan [69]. Dung m& methanol thhiéu qua chiét cao
nhung cho dich chiét T 6n dinh, dé hhh thanh c& hop chat chuyén héa tir chlorophyll
[69, 98] né khi dCng dung m& ndy phai ¢ co ché bao vé chlorophyll trong dich chiét.
Ethanol nong d6 cao ladung md hiéu qua, cho dich chiét én dinh, Tgé&y chuyén héava
thudng ding trong viéc t&ch chiét c& chlorophyll tir thuc vat [186] vamot sé loé rong
bién [10]. Hon nita ethanol khong doc, cOgiathanh ré vadé ung dung trong thyc pham
hon cac dung moéi acetone hay methanol. Do vay, nguoi ta thuong ¢6 xu hudng sir dung

ethanol dé chiét chlorophyll trong thuong hop st dung trong thuc pham.

Trong quétrih t&h chiét chlorophyll, dung mé& hitu co s& th&m nhap qua mang
té bao va hoa tan lipit ciing nhu lipoprotein cia mang luc lap [4]. Sau d6 1a sy phava té
b2o, quatrih ndy dugc thuc day nhd quétrnh nghién nhé mau hay sir dung séng sié
an, vi sng, ... Nho c& ki thuat ndy ma hiéu qua caa viéc téch chiét chlorophyll bang
dung m@ hiru co ¢ thé duoc cai thién dang ké [69, 93, 151, 156]. Néu quatrih chiét
makhéng cOsu phavé té bdo thichi khoang 25% chlorophyll a dugc chiét t&h [156].
Trong quéatrmh chiét, conhiéu yéu té anh huong dén hiéu qua caa quéatrih chiét t&h
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chlorophyll bang dung méi nhu: diéu kién luu trir mau chiét, dung ma hiru co, thoi gian
chiét vamot sb yéu té kha, ... [69, 73, 151].

Tir c& phén tEh & trén cho thay vé ban chat polyphenol lamgt nhdn hop chat
hitu co cé cuc do vay cOkhd nang tan trong nuwoc hoac dung m@ hitu co nhu ethanol.
Trong khi d6, chlorophyll la mét hop chat hizu co tan tét trong c& dung mé hizu co.
Do vdy, muén chiét téch dong thoi ca polyphenol vachlorophyll céhogt t fih chéng oxy
hé@ tir rau md thia dé tir @6 tao bét polyphenol vachlorophyll cGhoat tfih chong oxy
hé ding 18m thuc pham thidé tal phdi lira chon diroc mét logi dung ma hiu co va mét
phirong phdp t&h chiét th Th hop cho phép thu nhdn duwrge dong thoi ca polyphenol va
chlorophyll cAhogt t fih chang oxy héa véi ham lwong cao tir rau math®. Mdt kh&,
trong quatrmh t&h chiét ciing can quan tam téi c& yéu té dnh huwong dén quatrih
chiét nhw nhiét @ chiét, thoi gian chiét, ty 16 dung mé&/nguyén liéu chiét, ... nham dam
bdo cho hiéu sudt chiét cao.

1.4. KY THUAT SAY PHUN
1.4.1. Gidi thi¢u

Say phun 1aky thuat 1am khdc& giot chat long da dugc 1am phén tén voi k €h
thude rat nho trong dong khong khi néng va thu duoc bot & dang hat min, kh&[181].
Quatrih say phun gom ba giai doan ch mh latao giot nho (atomization), chuyén tir giot
nho thanh hat (droplet-to-particle) vathu hdi hat. Quatrih siy khdgiot long trong
khéng kh indng xay ra qua hai giai doan gom giai doan ban dau lanhiét o cua Iop hoi
nuéc b3 hoatré& bé mat giot 1ong xap xi nhiét do bau w6t cua khéng kh ivatde do siy
khong d6i. Giai doan hai su khuéch tén bé trong hat ra ngod bé mat giam dan vatéc
do say giam dan.

Dé thyc hién ki thuat nay, nguoi ta dich héa nguyé liéu, phun dich nguyé liéu
thanh c& giot cOk Th thudce rat nho (atomization) trong méi trudng nhiét do cao dé téch
am valam khochat tan, chuyén ching vé dang bot trong thiét bi sdy phun. K§ thuat siy
phun tao né dién t€h bé mat 16n dudi dang c& giot chat long rat nho, min théng qua
quatrinh tao giot nho tir dich sy trong budng siy tao ra san pham dang hat bot vahh
cau [51, 169].

K§ thuat sdy phun phtihop cho viéc tao bot san pham tir nguyén liéu dang long
cOc& tmh chét Iyhéa tét vabao ton dugc hoat t Bih sinh hoc caa san pham [111]. Trong

say phun, thoi gian tiép xCc nhiét caa giot dich say rat ngan, khoang 5-100 gi&y, né T
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bi bién d6i vat chat, dam bao dugc chat lugng c& chat dé bi bién d6i nhu cac chat dinh
dudng, mau sic va huong vi [146]. Bot say thu hdi bang k§ thuat sdy phun cGham am
vahoat d6 nudc thap né rat on dinh, ham am vahoat 6 nude phd bién caa bot rau qua
say phun thuong 1&2-5% va0,2-0,6 [77, 154], cOhoat t fih khéng vi sinh vachdng oxy
héa tét, Tbi c& phan tmg d6i mau, thay phén, oxy héa lipid vac& bién d6i do tac dong
cua enzyme [102], bot c6 kich thudc hat nho, dan dén san pham comat do 16n [66]. Do
d6, k¥ thuat sdy phun cothé & dung rong rai dé san xuat bot tré cdy varau qua trong
céng nghiép thuc pham, dugc pham [136].

Bé& canh nhiéu vu diém, k¥ thuit sdy phun ciing c6 mét s6 nhuogc diém latuy cod
thoi gian tiép XUt sdy ngin nhung trong siy phun thuong conhiét o say turong déi cao
1&150-220°C nén cOthé bién doi c& hop chat nhay cam nhiét nhu 1a lycopene, beta-
carotene, anthocyanin, vitamin C, mau sic va huong vi [80]. Hon nita, dich siy gi&u
duong nhu nudc € tré cdy varau qua sé khdsay phun truc tiép videé tao nén do keo,
g&y bén d mh thanh budng siy vasan pham keo dinh khong dat y& cau, trong trudng

hop nay thudng phai bo sung c& chat mang, phu liéu sy [29].

Say phun cothé két hop véi cac diéu kien hd tro khac nhu say phun cohd tro
si@l an, siy phun chan khéng, say phun chén khéng cohd tro si@ &n vasiy phun biang
khéng kh Tkhésé conhiéu wu diém hon so véi sdy phun thong thuong [79, 168].

Pé thu nhan duoc bot rau qua cAchat lugng, dic tih Iyhda tot thithiét bi siy
phun phai dam bao cac dic t mh ki thuat, phai chon k§y thuat vadiéu kién say phun phti
hop.

1.4.2. Céc yéu t6 dznh hwéng dén qua trinh say phun

Chat lwong bot san pham thu nhan dugc bang ki thuat sy phun phu thudc vao
diéu kién quatrih siy bao géom ndng do dich sy, nhiét 6 khong khi dau véo vadau
ra, luu lugng déng cap liéu, luu luong vadp suat khi nén, luu luong kh 1kh@ loai co cau
phun vatée d6 phun [51, 77], ...

* Nhiét 46 khong khi diu vao va dau ra

C& sic td vac& hop chat nhay cam cAthé bi bién d6i khi siy phun ¢ nhiét do
dau vao quécao, cu thé conghié ctiu cho thay lakhi nhiét do siy phun cao 1am giam

chat lugng bot betacyanin say phun tir dich chiét thanh long [170], 1&m giam ham luong
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phenolic vahoat t iih bat gc tuw do DPPH cua bt sdy phun tir nuée € me ring [108],
giam ham lugng anthocyanin vahoat t fih chéng oxy hé cua bot cu cai den [113] khi
nhiét d6 dau vao cua quéatrih say phun quécao.

Dic tfih héa Iycua bot sdy cling chiu anh hudng dang ké boi nhiét do siy. Cu
thé khi tang nhiét 4o say dau vao s& 1am thiic day quatrinh bay hoi nudc nén lam ting
tbc d6 siy, qua d6 nang cao ning suat bot [166], do 4m cua bot siy thap [35] vaanh
huong dén mat do khéi cua bot [33].

Nhiét d¢ tai cyclon, noi cac hat bot dugc téch ra khoi khéng kh #8m valing xuéng
day cua cyclon duoc xac dinh lanhiét do khéng khi dau ra. Nhiét d6 khong khi dau ra
cling 1a thong s6 quan trong trong say phun, quyét dinh dén toc do sdy [92]. Khi ting
nhiét d6 khong khi dau ra s& 1am giam d6 am cua bot va ting nang suat quatrnh siy
[105].

* |_oai chat mang

Say phun truc tiép dich rau qua thuong khothuce hién do san pham sau sy dé bi
keo d mh, lang dong tré thanh budng say, nguyé nh&n do cGe& hop chat cot mh keo
trong dich say. Chat mang lamét trong nhiing phu liéu quan trong nhat trong sy phun
nho kha niang lam giam sy keo nhét cua dich sdy, tao gan két cac co chat trong dich say
|& chat mang. Do d6 kho c6 thé say phun c& dich sy tir tré c&y, rau qua makhéng co
chat mang [136]. Ngodi ra, c& chat mang trong say phun cOthé lam ting ning suét sy,

tang hiéu suat thu hdi, giam d6 keo d mh, giam d6 h't am vabot siy 6n dinh hon.

C& chat mang phé bién dugc sir dung trong sy phun lavé co ban c& polyme
carbohydrate thugc c& nhém: (1) tinh bot vac& dan xuat caa nd(maltodextrin, dextrin
vacyclodextrin...), (2) gum (gum arabic, gum karaya...), (3) cellulose vacé dan xuat
cua no(carboxymethylcellulose, hydroxypropyl methyl cellulose...) [49]. Viéc lua chon
chat mang phu thudc vao dic diém héa lydich say, muc ti@ quatrih siy vatmh an
todn cua chat mang ddi véi thuc pham, voi moi truong. Chat mang phai c6 do héa tan
cao trong dich sdy, cOkha ning tao mang vatao dung dich c6 do nhét thap ngay ca ndng
d6 cao. Pé say phun, chat mang phai cophén tir lugng cao, nhiét do két tinh cao vaco
kha nang bao vé c& hop chat nhay cam dudi tac dong nhiét do, oxy, anh sang va do am

[47].
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Tinh bot vadan xuét caa né co dic t fh sa dung 18m chat mang say phun tét nhu
trong luong phén tir cao, héa tan tét trong nude, dd nhét thap, it bam dinh, dic biét 1&
dic tmh §tao mang rat quan trong d6i véi hiéu qua say khdvabao quan cac dac thh
cua c& hop chét [107]. Trai nguoc véi tinh bot, gum coOkha ning tao mang manh, nhiét
d6 két tinh thap. Tuong tu, cellulose vac& dan xuat cua né co dic diém tao mang, hoat
d6ng bé mat manh, nhung khong tiéu hoa duoc [49]. Trong mot sé nghié ciu, protein
cling duoc str dung ctng vai tinh bot hodc dan xuat caa no, dac biét lawheyprotein, bai

vinOcokha ning tao méng vagiir chit dinh dudng rat tt [65].

C& chét mang thudng duoc sir dung trong sy phun nuéc € tré cdy varau qua
lamaltodextrin vagum arabic do trong lwong phén tir cao, nhiét do két tinh cao, do héa
tan tot va do nhét thap [136]. Polyphenol vac& chat cdhoat t mh chéng oxy héa trong
bot siy phun cao hon khi sir dung gum arabic 1&m chat mang siy c& dich chiét tir rau
qua so véi c& chat mang khac nhu b-cyclodextrin vamaltodextrin [150]. Nguoc lai,
chat mang Iamaltodextrin cho bot san pham git dugc hoat t ih chéng oxy hoa va do

hoa tan cao hon hon gum arabic [113].
* Nong dd chat mang

Qua c& nghié ciu cho thay, khi thay doi ndng d6 chat mang sé& tac dong dén
ham luong c& hoat chat vahoat t fih cua ching trong bot siy. Cu thé, khi ting nong do
chat mang maltodextrin 5-9% sé& Iam giam ham luong phenolic vahoat t h bat géc ty
do [108], khi ting ndng d6 maltodextrin 10-17% sé& lam tang ham luong lycopene trong
bot say phun tir nudc € 6i nhung c6 su giam nhe khi ting nong do maltodextrin tir
khoang 17-20%.

Mt khac, khi ting ndng do maltodextrin s& 1am giam d6 am bot do 1am ting tong
ham luong chat ran trong dich say. Cu thé, do am giam tir 2,6% xudng 1,9% khi ting
ham lugng maltodextrin vao dich say tir 8% dén 16% trong quatrih sy phun nudc é
dau [76] vasu luu gitr mau sic bot betacyanin say phun tir rau dén tim ting khi ting
nong d6 maltodextrin [33].

Tur nhitng nghié ciru tréa cho thy, kho co dé nghi chung cho nong d6 chat mang
can bo sung cho dich sy trong say phun. Chat mang lathanh phan gan két véi c& hoat
chat trong dich chiét nén chiing ciing anh huéng nhiéu dén dic t mh vahoat t ih cua bot
say phun [154]. Do d6, nong d6 chat mang phCihop phu thuéc vap muc tié cia sy
phun, loai dich siy valoai chat mang.
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CHUONG 2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. NGUYEN VAT LIEU

2.1.1. Rau math i: Rau math r (Centella asiatica (L), Urban), thuéc gidi Plantae, bo

Apiales, ho Apiaceae, phan ho Mackinlayoideae vachi Centella.

Hh 2.1. Hhh anh rau masay kho

Rau ma duoc trong ¢ Nha Trang - Khanh Hoa va dugc thu mau sau khi trong
dugc 75 ngdy tudi. Sau khi thu hoach, rau méa duoc xir Iy so bo gom loai bo tap c& chit,
l&vang, &l vathu nhan 14 cudng 1& Sau khi thu nhan vaxir 1y, rau ma duoc riza sach,
ly tam tach nudc va duoc sdy khébang ti sdy trong diéu kién khong khi cudng bic co
birc xa hdng ngoai céng suat 1.250 w/m? & nhiét d6 65°C trong thoi gian 8 gio vadat do
am 8% [1]. Rau mésau say duoc nghién nho thanh bot véi kich thudc 1-2 (mm) bang
mé& nghién mau phéng th ingiém (IKA A1l Basic, Buc), bot dugc tron déu cho dong
nhat vabao gG chén khéng bang bao bIPA cotréng nhém, khéi lwong 200 gam/tdi va
duoc luu trir & nhiét do -18°C dé st dung trong quétrih th inghiém [57].

2.1.2. Chat mang: C& chat mang (chét trg sdy): maltodextrin, dextrin vagum
arabic st dung trong nghié ctu lacé phu gia dugc Bo Y té cho phép sir dung trong
thuc pham, dat ti@ chuan tinh khiét do Ph&p san xuat, duoc Céng ty TNHH Nam Giang
TP. H6 Ch iMinh nhap khau vaphan phdi.
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2.2. PHUONG PHAP BO TRi THi NGHIEM

2.2.1. Bo tri thi nghiém tong quat

C&h tiép can c& noi dung nghié ctru dugc trith bdy 6 hhh 2.2.

Rau math n
(Centella asiatica (L.) Urb)

Dinh danh lo& bang ky thuat gen DNA

Xac dinh tudi thu hoach

Xac dinh mot s chat cohoat thh sinh hoc
Xéc dinh thanh phan sinh héa co ban

Xéc dinh  ham lugng  polyphenol,
chlorophyll vahoat t mh chong oxy hé theo
thoi gian thu hoach

Nghié& cu

u chiét rct

- Xac dinh: c&h thie chiét, dung mé&, nong
d6 dung m@, nhiét do, thoi gian vaty Ié

“| DM/NL

- Ti wu cong doan chiét theo mdhhh Box-
Behnken

Dich

chiét

A

y

Nghié ctru say phun

- Xéc dinh: chat mang, toc do dia phun,
nong do chat mang, & suat kh inén, nhiét
do say

- T6i wu hoa cong doan say phun theo mo
hmh Box-Behnken

Bot rau ma

bénh gia dac tmh bot: d6 tan, kich thudc
bot, chi s6 da phan tan, dac t mh nhiét
Xéc dinh céng thac bot dd ubng rau ma

Nghié& ctu bao quan

Thoi gian bao quan: nhiét do phong va diéu
kién lanh

Hhh 2.2. Se @6 c&h tiép can c& ndi dung nghién cieu
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Mau nguyé liéu rau maduoc si dung dé giai trinh tuw gen DNA nhiam dinh danh,
xéc dinh ding loai rau ma can sir dung cho quatrih nghié ctru. Sau khi dinh danh, tién
hanh Idy mau rau m& phén t £h mot sé thanh phan sinh héa co ban vac& hop chit co
hoat t h sinh hoc co ban: ham lugng polyphenol, chlorophyll vahoat t ih chéng oxy
h@ qua cac giai doan sinh truong. Két qua phan tich 1a co s¢ dé danh gia chat luong,
xac dinh thoi gian thu hoach nham thu duoc rau méath® cdham luong polyphenol,
chlorophyll vahoat t ih chéng oxy hé cao ding 12m nguyé liéu cho quétrnh nghién

cuau.

Dé thu nhan c& polyphenol vachlorophyll céhoat t ih chéng oxy hé, quéatrnh
nghié ciu s& xac dinh c& yéu té anh huong dén quatrih chiét t&h: c&h thic chiét,
dung m@, nhiét do, thoi gian, ty 16 DM/NL, ... Két qua xac dinh 1a co s¢ dé xac dinh
théng s6 bié cho quatrih chiét t&h va 1a co so dé tién hanh téi uvu hoa cong doan chiét
dé thu duoc dich chiét rau ma c6 ham luong polyphenol vachlorophyll véi hoat tfih

chdng oxy héa cao nhat.

Dich chiét rau math thu nhan theo cac diéu kién téi vu duge c6 dic chén khéng
vadich chiét sau c¢o dic duoc sir dung dé nghié ctiru siy phun. Trong quétrmh nghié
ctru say phun s tién hanh xac dinh c& théng s6 anh huong dén quéatrinh say phun: loai
chat mang, téc d dia phun, ham luong chat mang, nhiét o sdy, &p suat khi nén,... Két
qua thu duoc laco so dé nghié cau toi wu hoa cong doan sy phun véi myc tié thu
nhan duoc bot rau math chira polyphenol vachlorophyll véi hoat t ih chong oxy héa

va ham luong cao nhat.

Bot rau mathu nhan sau quétrnh say phun s& duoc nghié cau phdi tron véi mot
s6 thanh phan khac nhu: duong saccharose, ... Két qua nghié ctu 1a co s dé lya chon
duoc ty 1é c& chat phdi tron phtihgp cho san pham bot rau madinh huéng dong trong

d6 udng.

Ngodi ra, con tién hanh nghié cau danh gia su bién d6i ham lwong polyphenol,
chlorophyll vahoat t h chdng oxy héa cua bot rau méath theo thoi gian luu gitr ¢ nhiét
d6 thuong vanhiét do lanh. Két qua danh gia 1a co so dé so bo dé xuat ché do luu giir

bot rau m&phCihop cho str dung lam db uéng.
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2.2.2. B tri thi nghiém xac dinh théng s6 thich hep cac ndi dung nghién ciru
2.2.2.1. Nghién ciru xac dinh thoi gian thu hoach rau ma th i

B4 tr ith inghiém xac dinh thoi gian thu hoach rau ma thia dwgc trinh bdy ¢ hhh

Thu mau & cac dd tudi kh& nhau

2.3.

J J

30 ng&y 45 ngey 60ngdy || 75ngdy || 90ngdy || 105ngay || 120 ngey

\ d VN

Nhiét do: 50°C
Thoi gian: 60 phtt
Ty I¢ DM/NL: 40/1
Ethanol 95%

\
Chiét

Thu nhan dich chiét

Ham Iugng polyphenol,
Phan t£h chlorophyll  va hoat thh
chong oxy héa

Chon db tudi thu hoach rau
math B phtihgp

Hhh 2.3. Bo tr ith inghiém xac dinh dd tudi thu hoach rau mathm

Rau ma thia duoc gieo trong tré ruong chuyé canh t& vé rau macia Céng ty
TNHH Thuong mai Trang Nong va dugc thu nhan vao cac do tudi thu hoach khc nhau:
30, 45, 60, 75, 90, 105 val20 ngdy tudi. Sau khi thu hoach, rau ma dwgc ria sach, sy
khé&bang thiét bi sy bom nhiét sir dung birc xa hong ngoai ¢ nhiét do 65°C trong thoi
gian 8 gio vanghién nho dé sir dung trong suét quatrih nghié ciu. Bot rau math®
duogc chiét trong diéu kién cohd trg séng si@ an bang dung ma ethanol 95% véi ty 18
DM/NL 40/1 trong thoi gian 60 phtt & nhiét do chiét 50°C. Sau khi chiét rit, loc thu
dich chiét vaxac dinh ham lugng polyphenol, chlorophyll vahoat t ih chdng oxy héa.
Két qua xac dinh ham luong polyphenol, chlorophyll vahoat t ih chdng oxy héa cao la

co so dé lya chon d6 tudi thu hoach rau méth ding cho nghié ciu.
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2.2.2.2. Nghién ciru tach chiét polyphenol va chlorophyll c6 hoat tinh chdng oxy

héa tir rau ma thm

tinh chéng oxy hoéa tir rau ma th

Ngam chiét

Rau math® & do tuoi
thu hoach da chon

+ Xac dinh dung méi va phwong phép chiét

Chiét hoi Ivu

Chiét hd tro séng si@ an

ph&p chiét

Chiét bang dung méi va phuwong

kh& nhau

-
i

Nhiét do: 30°C
Thoi gian: 30 phtt

Ty le DM/NL: 30/1 (ml/g)

* X4c dinh cac thong s ciia qua trinh chiét polyphenol va chlorophyll ¢é hoat

Tién hanh bé tr ith inghiém xac dinh dung méi va phuong phép chiét theo so d6
trmh bdy 6 hmh 2.4.

v

v

!

v

v

v

v

n-Hexan

Diethyl ether

Chloroform

Ethyl Acetat

Aceton

Ethanol

Methanol

Nudc cat

!

|

!

V

¥

v

¥

Thu nhan dich chiét

Phan

tTh

Chon dung moi va phuong

ph&p chiét phtihop

Ham lugng

chéng oxy héa

polyphenol,
chlorophyll va hoat tmh

Hh 2.4. B6 tr ith inghiém xac dinh dung méi va phwong ph&p chiét

Rau math® ¢ d6 tudi thu hoach da chon dugc sir dung cho nghié cau xac dinh

dung méi va phuong phap chiét. Tién hanh chiét rit polyphenol, chlorophyll cGhoat

tmh chéng oxy héa tir rau math® bang c& dung mé chiét co6 d6 phéan cuc kh& nhau:

nudc cat, methanol, aceton, ethanol, ethyl acetat, chloroform, diethyl ether van-hexan.

Quéatrmh chiét rat duoc thuc hién theo 3 phuong thirc chiét khé nhau: ngém chiét, chiét

hoi Iuu va chiét cohd tro séng si@ &n voi ty 16 DM/NL 30/1 ml/g trong thoi gian 30
phtt & nhiét do chiét 30°C. Sau khi chiét rit, loc thu dich chiét va xac dinh ham luong
polyphenol, chlorophyll vahoat t ih chéng oxy hé. Két qua xac dinh cao 1a co so dé

lya chon dung méi va phuong thic chiét.
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+ Xac dinh néng d dung mé&

Tir két qua th inghiém & tré, tién hanh bé tr ith inghiém xac dinh nong do dung

m@ chiét theo so d6 trinh bdy & hh 2.5.

Rau math & do tudi

thu hoach da chon

Phuong phap va dung modi

\l, chiét da chon
Chiét bang dung méi da Nhi¢t do: 30°C
chon & ndng d6 kh& nhau Thoi gian: 30 phit
Ty 1a DM/NL: 30/1 (ml/g)
75% 80% 85% 90% 95% 99,9%
v v v Vi v )

Thu nhan dich chiét

Ham lugng polyphenol,
Phan tth chlorophyll va hoat tmh
chong oxy h&a

Chon nong do dung ma chiét
phthop

Hh 2.5. B6 tr ith inghiém xac dinh néng @9 dung ma

Tur so do bd tr ith inghiém o hhh 2.5, tién hanh chiét rit c& chat tir rau math®
theo cac diéu kién da chon ¢ tré& nhung ndng d6 dung mé chiét kh& nhau: 75, 80, 85,
90, 95 v&99,9% véi ty 16 DM/NL 1&30/1 trong thoi gian chiét 30 phit ¢ nhiét ¢ 30°C.
Sau khi chiét rct, loc thu dich chiét, xac dinh ham lugng polyphenol, chlorophyll vahoat
tmh chéng oxy héa. Két qua xac dinh cao 1a co so dé chon ndng d6 dung mé chiét.

+ Xac dinh nhiét do chiét

Tién hanh bé tr ith inghiém xéac dinh nhiét do chiét theo so d6 trih bdy & hh
2.6.

Tir so d6 b tr ith inghiém, tién hanh chiét rt c& chit tir rau méath i theo c&
diéu kién da chon & trén nhung nhiét do chiét kh& nhau: 30, 40, 50, 60, 70 va80°C véi
ty 16 DM/NL 30/1 trong thoi gian chiét 1230 phti. Sau khi chiét rt, loc thu dich chiét
va xac dinh ham lugng polyphenol, chlorophyll vahoat t fih chéng oxy hé. Két qua x&

dinh cao 1a co s dé chon nhiét o chiét phtihop cho quéatrih nghién ciu.
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Rau math® & do tudi
thu hoach da chon

Phuong phap chiét vadung
md@ chiét véi nong do da chon
trong thoi gian: 30 phd, ty 1€
DM/NL.: 30/1 (ml/g)

Chiét & c& nhiét dd kh&
nhau

v v v v v v
30°C 40°C 50°C 60°C 70°C 80°C
|2 ! \ v v V)
Thu nhan dich chiét
\ Ham 1luwong polyphenol,
Ph& tth chlorophyll va hoat thh
chong oxy héa

Chon nhiét do chiét phtihop

Hh 2.6. Bé tr ith inghiém xac dinh nhiét @ chiét
+ Xac dinh thei gian chiét

Tién hanh bé tr ith inghiém xac dinh thoi gian chiét theo so d6 trih bdy ¢ hhh

2.1.
Rau math® do tudi thu
hoach da chon
\l/ Phuong phép chiét, dung ma
Chiét trong c&c thoi gian chi€t voi nong do vanhiét do
kh& nhau da chon, ty 1é DM/NL: 30/1
(ml/g)
30 ph(t 60 pht 90 phtt 120 phtt 150 pha 180 phtt
Thu nhan dich chiét
\ Ham Iugng polyphenol,
Phan t £h chlorophyll
C& hoat t ih chéng oxy héa

Chon thai gian chiét phtihop

Hhh 2.7. B6 tr ith inghiém x& dinh thai gian chiét
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Theo so d6 bé tr ith inghiém ¢ hhh 2.7, tién hanh chiét rit c& chat tir rau ma
th theo c& théng sb da chon trong c& th inghiém trude nhung thoi gian chiét thay
d6i kh& nhau: 30, 60, 90, 120, 150, 180 phtt véi ty 16 DM/NL 30/1. Sau khi chiét rci,
loc thu dich chiét va xac dinh ham lugng polyphenol, chlorophyll vahoat t mh chéng
oxy hé. Két qua xac dinh cao 1a co s¢ dé chon thoi gian chiét phtihop.

+ Xac dinh ty 1¢ DM/NL

Tur két qua th inghiém ¢ tré, tién hanh bé tr ith inghiém xac dinh ty 16 DM/NL
theo so dd trinh bdy & hh 2.8.

Rau math® do tudi thu
hoach da chon

. hiét v&i ndng do, nhiét do va
kh& nhau chict v hg ¢o, Tilet dc
thoi gian chiét da xac dinh

J J

10/1 mi/g 20/1 ml/g 30/1 ml/g 40/1 ml/g 50/1 ml/g 60/1 ml/g 70/1 ml/g

l l

Thu nhan dich chiét

Ham lugng polyphenol,
Phan t£h chlorophyll
C& hoat t mh chéng oxy héa

Chon ty 1é DM/NL phthop

Hhh 2.8. B tr ith inghiém xac dinh ty 1é¢ DM/NL

Theo so d6 bd tr ith inghiém & hhh 2.8, tién hanh chiét rit c& chat tir rau ma
th theo c& théng s6 da chon trong c&c th inghiém trudc nhung ty 18 DM/NL thay doi
khé& nhau: 10/1, 20/1, 30/1, 40/1, 50/1, 60/1 va70/1 (ml/g). Sau khi chiét rt, loc thu
dich chiét va xac dinh ham luong polyphenol, chlorophyll, hoat tinh chdng oxy hoa. Két
qua xéc dinh cao 1a co so dé chon ty 16 DM/NL chiét phu hop.

* Nghién ciru t6i wu chiét polyphenol va chlorophyll ¢6 hoat tinh chong oxy

héa tir rau ma
Thiét ké t6i wu qua trinh chiét polyphenol vachlorophyll cdhoat t fih chdng oxy
héa tir rau mavéi méhmh Box-Behnken. Chon c& yéu t6 tac dong trong quétr mh toi
wu gom: nhiét do chiét [X1, (°C)], thoi gian chiét [Xz, (phtt)] vaty 16 DM/NL [Xs,
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(ml/g)]. C& giatri thuc cua c& bién X1, X2 va X3 duoc xac dinh dya tré c& thT
nghiém khao sat trudc do.

Bang 2.1. C& mire diéu kién th inghiém tdi wu cong doan chiét

i C& yéu t6 anh hwéng
C& mic -
X1 (°C) X2 (pht) Xz (ml/g)
Mc trén 1 1 1
Murc co s& 0 0 0
Muc dudi -1 -1 -1

So @b bd tr ith inghiém ti wu diéu kién chiét polyphenol, chlorophyll cGhoat
t h chéng oxy hoa nhu hinh 2.9.

Rau math'n
Nhiét do Xuly
Thoi gian Chiét
T9 16 DM/NL Ham Iugng polyphenol,
Phan t£h chlorophyli
C& hoat t ih chéng oxy héa
Xac dinh diéu kign
chiét toi uvu

Hhh 2.9. B tr ith inghiém tdi wu chiét polyphenol vachlorophyll cGhoat t fih
chéng oxy héa tir rau ma
C& ham muc tié& cia quatrmh t6i vu 1a ham lugng polyphenol [Y1, (mg acid

galic /g chat kh@], ham lwong chlorophyll [Y2, (mg/g chat kh&] vahoat t h chéng oxy
héa tong [Y3, (mg acid asccorbic/g chat khd)].

Bang 2.2. Ma tran quy hoach thwc nghiém téi wu cong doan chiét

STT | X1 (°C) | X2 (phx) | X3 (ml/g) Y1 Y2 Y3

(mg acid (ma/g (mg acid
galic/g | chat kh@ | ascorbic/g

chét kh® chét kh®
1, 1 1 0 - - -
2. 1 1 0 - - -
3. -1 1 0 - - -
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4 1 1 0 - - -
5 -1 0 -1 - - -
6 1 0 -1 - - -
7 -1 0 1 - - -
8 1 0 1 - - -
9 0 -1 -1 - - -
10. 0 1 -1 - - -
11. 0 -1 1 - - -
12. 0 1 1 - - -
13. 0 0 0 - - -
14, 0 0 0 - - -
15. 0 0 0 - - -
16. 0 0 0 - - -
17. 0 0 0 - - -

Str dung phan mém DesignExpert 12.0 hd trg xtr Iytdi wu, kiém dinh t va dua ra
duoc phuong trinh hoi quy, m&hhh todn hoc vac& biéu do, d6 thi thé hién sy anh
huong vaméi twong quan giita c& yéu to gdm: nhiét do chiét (Xu1), thoi gian chiét (X2)
vaty 16 DM/NL (Xs) d¢én ham lugng polyphenol (Y1), ham lugng chlorophyll (Y2) va
hoat t mh chéng oxy héa tong (VYs).

Sau khi cOkét qua thuc nghiém thitién haoh phén t €h anh huong c& bién doc
lap (Xi) dén ham lugng polyphenol, chlorophyll vahoat t h chdng oxy hé tong bang
viéc thiét lap phuong trh hdi quy bac 2 vé mdi twong quan giita bién phu thuc vabién

doc lap.

Phuong trinh hoi quy cAdang: Y = bo + biX1 + b2Xo + baXs + b11X1? + boXo? +
b33X3? + b12X1 X2 + b13X1 X3 + b23X1X3

Phan mém DesignExpert 12.0 sé tié doan va goi y cac diéu kién tbi uu dé chiét
téch duoc ham lugng polyphenol (Y1), chlorophyll (Y2) vahoat t ih chdng oxy héa tong
(Y3) cao nhat (Yi = [max]). Tién hanh th inghiém dé xac dinh két qua ti uu so voi két
qua tién doan dé tim diéu kién téi wu cho qua trinh chiét polyphenol vachlorophyll ¢

hoat t mh chéng oxy héa tir rau ma

35



2.2.2.3. Nghién ctru siy phun tao bt rau ma chira polyphenol va chlorophyll c6

hoat tinh chdng oxy héa
* Nghién ctru xac dinh thong s6 qua trinh siy phun
+ Xac dinh chat mang

Tién hanh bd tr ith inghiém xéc dinh loai chat mang cho quétrh siy phun theo

so d6 trinh b&y ¢ hhh 2.10.

Dich chiét rau méath®

Phdi tron vai c& chat
mang kh& nhau

v y %
Maltodextrin Dextrin Gum arabic

\4 7
Nong do CM 100 g/l
Ap suat kh inén 2 kg/cm?
Say phun Nhiét do say 140°C
Téc d6 dia phun 20.000 v/p
Luu Iugng nhap ligu 15 ml/p

Thu nhan bot rau ma

Ham luong polyphenol,
chlorophyll

Phén tEh C& hoat tfih chéng oxy héa
bac tnh bot

Chon chat mang phtihop

Hh 2.10. B6 tr ith inghiém xac dinh chat mang

Dich chiét rau méath thu nhan trong quétrih chiét ¢ diéu kién téi vu duoc cO
dic chén khéng & nhiét d6 60°C véi & suit chan khéng 75mBar vanhiét 6 ngung tu
59C dén dat nong do chat khétrong dich sau c6 dic 1a18°Bx.

Theo so do bé tr ith inghiém ¢ hhh 2.10, c& mau dich chiét rau math sau cd
dic dugc phdi tron 3 loai chat mang (maltodextrin, dextrin vagum arabic) véi nong do
12100 g/l, & suét kh inén 2 kg/cm? tai nhiét do say 140°C, téc do dia phun 20.000 v/p
valuu luong nhap liéu 15 ml/p. Mau bot rau méath® thu nhan duoc sau quatrih siy
phun c&ham lugng polyphenol, chlorophyll, hoat t h chéng oxy héa cao va dic tmh

bot tét 1a co so dé chon loai chat mang cho quétrh nghié ctu say phun.
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+ Xac dinh téc do dia phun

Tién hanh b tr fth inghiém xéac dinh téc d6 dia phun cho quétrnh siy phun theo

so d6 trinh b&y ¢ hhh 2.11.

Dich chiét rau math®

Chat mang di xac dinh
: : Nong do CM: 100 g/l
Say phun véi c& toc do Ap suét kh inén 2 kg/cm?
dia phun khac nhau Nhiét d¢ kh ivéo 140°C

Luu lwgng nhap liéu 15 ml/p

10.000 v/p 15.000 v/p 20.000 v/p 25.000 v/p

y

Thu nhan bot rau ma

Ham luong polyphenol,
chlorophyll

Phan tth C& hoat t ©ih chéng oxy héa
bac tnh bot

y
Chon téc do dia phun phi hop

Hh 2.11. B6 tr ith inghiém xac dinh toc d dia phun

Theo so do bé tr ith inghiém ¢ hhh 2.11, c& mau dich chiét rau math sau cd
dic tiép tuc duoc nghié ciru sdy phun voi chat mang phtihop di xac dinh, ndng d6 chat
mang 12100 g/I, & suat kh inén 2 kg/cm?, nhiét 6 say 140°C, toc d6 dia phun 20.000
v/p, luu lwong nhap lidu 15 ml/p vatai c& téc do dia phun khac nhau: 10.000, 15.000,
20.000 v&25.000 (v/p). Mau bot rau méath thu nhan dugc sau quatrnh siy phun co
ham lugng polyphenol, chlorophyll, hoat t ®ih chéng oxy hoa cao va dic tmih bot tt 1&

co s& dé chon téc do dia phun phu hop cho quatrinh say phun.
+ Xac dinh nong dd chat mang
Tién hanh bé tr ith inghiém xac dinh ndng do chat mang cho quétrh siy phun

theo so d6 trih bdy & hh 2.12.
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Dich chiét rau math®

Chat mang vatéc d6 dia phun da

p — xéc dinh
Say phun véi c& nong Ap suét khinén 2 kg/cm?
46 chat mang khat nhau Nhiét do kh ivap 140°C

Luu Iugng nhap liéu 15 ml/p

50 g/l 75 gl 100g/ || 12591 || 15091 || 175/

v v v

Thu nhan bét rau ma

Ham luong polyphenol,
chlorophyll

Phan t€h C& hoat t fih chdng oxy héa
Pic th bot

Chon nong do chat mang phtihop

Hh 2.12. Bo tr fth inghiém xac dinh nong dd chat mang
Theo so do bd tr fth inghiém ¢ hh 2.12, tién hanh say phun thu bot rau math s
theo c& théng sé da chon trong c& th inghiém trude nhung ndng do chat mang bo sung
cho dich chiét kh& nhau: 50, 75, 100, 125, 150 val75 (g/1) véi & suat kh inén 2 kg/cm?
trong nhiét do say 140°C valuu lwong nhap lidu 15 ml/p. Mau bot rau méath® thu nhan
duoc sau quétrmh say phun cdham luong polyphenol, chlorophyll, hoat t ih chdng oxy
hoa cao va dic tmh bot tét 1a co s¢ dé chon nong do chat mang phtihop cho quatrih

say phun.
+ Xac dinh nhiét d6 sy phun

Tién hanh bé tr ith inghiém xéac dinh nhiét do siy phun cho quéatrih siy phun

theo so do trmh bay & hhh 2.13.

Theo so do b tr &th inghiém tré, tién hanh siy phun thu bot rau méth® theo c&

théng sé da chon trong c& th inghiém truéc nhung nhiét do say phun kh& nhau: 120,
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140, 160, 180 va200 (°C) voi & suat kh iné 2 kg/cm?, luu lwong nhap liéu 15 ml/p.
Mau bot rau méath thu nhan duoc sau quatrih say phun coGham luong polyphenol,
chlorophyll, hoat t fih chéng oxy héa cao va dic t ih bot tot 1a co s¢ dé chon nhiét do

say phtihop cho quétrh say phun.

Dich chiét rau math®

Chat mang véi nong do vatdc do

Say phun véi nhiét do dfa phun da xdc dinh
kh& nhau Ap suat kh inén 2 kg/cm?
Luu Iwong nhap ligu 15 ml/p

v v v

120°C 140°C 160°C 180°C 200°C

Thu nhan bot rau ma

Ham luong polyphenol,
chlorophyll

Phan tTh C& hoat tih chéng oxy héa
Pic tih bot

Chon nhiét do say phun phtihop

Hhh 2.13. B6 tr ith inghiém xac dinh nhiét do say phun
+ Xac dinh & suat kh inén

Tién hanh bé tr ith inghiém xac dinh & suat kh inén cho quétrh siy phun theo
so d0 trimh by o hhh 2.14.

Theo so do b tr &h inghiém tré, tién hanh sy phun thu bot rau méath® theo c&
théng sé da chon trong c& th inghiém trudc nhung luu lwgng nhap liéu 15 ml/p vad
suat kh inén cap vao dia phun kh& nhau: 1, 2, 3, 4 va5 (kg/cm?). Mau bot rau math
thu nhan dugc sau quatrih say phun cGham lugng polyphenol, chlorophyll, hoat t h
chéng oxy hoa cao va dic t mh bot tét 1a co s¢ dé chon & suat kh iné phtihop cho qua

trinh sy phun.
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Dich chiét rau méath

Say phun véi & suat kh T

nén kh& nhau

Chat mang véi nong do vatdc do
dia phun, nhiét d6 say da xac
dinh

Luu lwong nhap liéu 15 ml/p

1 kg/cm?

2 kg/lcm?

3 kg/

cm? 4 kg/cm?

5 kg/cm?

4

Thu nhan bot rau ma

Ph&n

tTh

Ham Iugng polyphenol,
chlorophyll

C& hoat tfih chéng oxy héa
bac tnh bot

Chon & suat kh iné phtihop

Hhh 2.14. B6 tr fth inghiém xac dinh &p suat kh inén

* Nghién ctru t6i wu cong doan siy phun tao bt rau ma thm

Thiét ké téi wu qua trinh sdy phun thu nhan bot rau méath® chaa polyphenol,

chlorophyll céhoat t h chéng oxy héa vai méhh Box-Behnken. Chon c& yéu té té

dong cho quétrmh téi vu gdm: ndng do chat mang [X, (g/)], nhiét d6 siy [Xz, (°C)] va

& suat kh inén [Xs, (kg/cm?)].

Bang 2.3. C& mirce diéu kién th inghiém tdi wu cong doan sy phun

Cé& yéu td anh hwéng
C& muc
X1 (g/1) [X2, (°C)] [Xs, (kg/cm?)]
Muc trén 1 1 1
Mtc co sO 0 0 0
Murc dudi -1 -1 -1

So d6 bd tr ith inghiém t6i wu sy phun tao bot rau méath® chiza polyphenol,

chlorophyll c&hoat t ih chdng oxy héa nhu hinh 2.15.
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Ham lugng chat mang

Dich chiét rau m&
thia sau c6 dac

Nhiét do kh iva

Phdi

trén

Ap suit kh inén

Say phun

Xéc dinh diéu kién
say toi uu

Ham luong polyphenol,
chlorophyll

C& hoat t ih chéng oxy héa
bac tmh bot

Hnh 2.15. B6 tr ith inghiém téi wu siy phun

C& ham muc tié trong quéatrih tdi vu 1a ham luong polyphenol [Y1, (mg acid

galic/g)], chlorophyll [Y2, (mg/g)] vahoat tmh chéng oxy héa tong [Ys, (mg acid

asccorbic/g)].

Bang 2.4. Ma tran quy hoach thwc nghiém téi wu cong doan siy phun

Y1 Y3
STT | Xu(g/l) * s 2 (mg acid v (mg acid
(C) (kgfem’) galic/g) (mg/g) ascorbic/g)

1. -1 -1 0 - - -
2. 1 -1 0 - - -
3 -1 1 0 - - -
4 1 1 0 - - -
5 -1 0 -1 - - -
6 1 0 -1 - - -
7 -1 0 1 - - -
8 1 0 1 - - -
9 0 -1 -1 - - -
10. 0 1 -1 - - -
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11. 0 -1 1 - - -
12. 0 1 1 - - -
13. 0 0 0 - - -
14. 0 0 0 - - -
15. 0 0 0 - - -
16. 0 0 0 - - -
17. 0 0 0 - - -

Sir dung phan mém DesignExpert 12.0 dé hd tro xir Iyt6i wu, kiém dinh t va dua
ra cac phuong trinh hdi quy, m&hhh todn hoc vac& biéu dd, dd thi thé hién su anh
huong vaméi tuong quan giita c& yéu to gom: Nong do chat mang (X1), nhiét do say
phun (Xz) vadp suat kh iné (X3) dén ham luong polyphenol (Y1), chlorophyll (Y2) va
hoat t ih chéng oxy héa tong (Y3).

Sau khi cOkét qua thyc nghiém, ph&n t€h anh huéng c& bién doc lap dén ham
luong polyphenol, chlorophyll vahoat t®ih chéng oxy hé tong bang viéc thiét lap
phuong hoi quy bac 2 vé méi twong quan gitra bién phy thuoc vabién doc lap.

Phuong trinh hoi quy cAdang: Yi =bo + biX1 + baXz + bsXz + b1iXa? + bz Xo? +
b3sXa? + b12X1 X2 + b13X1 X3 + b23X1X3

Str dung phan mém DesignExpert 12.0 dé tié doan va goi y diéu kién t6i wu nham
thu duoc bot rau machaa ham Iugng polyphenol (Y1), chlorophyll (Y2) vahoat t mh
chéng oxy héa tong (Ys) cao nhat (Yi = [max]). Tién hanh th inghiém dé tham dinh két
qua téi wu tir gi&tri dy doan dé tim diéu Kién ti uu cho qua trinh sdy phun thu nhan bot
rau méchira polyphenol, chlorophyll cAhoat t ih chéng oxy héa.

2.2.2.4. Xac dinh cong thirc dd uong nuéc rau ma thm

Tién hé&nh bd tr ith inghiém xac dinh céng thiric do udng rau méath® theo so d6

trih bay & hnh 2.16.

Thuc hién quéatrih phdi tron bot rau mé thia dé cAdd udng nudc rau machua

polyphenol, chlorophyll céhoat t ih chdng oxy hé. Bot rau mading cho nghié ciu
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ndy thu nhan tr quatrih say phun & diéu kién téi vu. Mdi don vi thé tich nudce tinh

khiét duoc cho v c& nong do bot rau mathm kh& nhau 1ad, 2, 3, 4, 5 vaé (%) va

duong saccharose 13 2, 4, 6 va 8 (%) dé tao vi ngot. C& mau d6 ubng nudc rau masau

phdi tron dugc danh gia cam quan.

Ham luong bot rau ma
1,2,3,4,5va6 (%)

Phéi tron

Ham luong saccharose:
2,4,6va8 (%)

Danh gia

1

|

Chét lwong cam quan
C& hoat tfih chng oxy héa

Chon céng thtrc nuée udng rau matha

Hhh 2.16. B6 tr ith inghiém xac dinh céng thire d6 udng nwéc rau ma

2.2.2.5. Panh gia bién dong ham lwong polyphenol, chlorophyll va cac hoat tinh

cia bot rau ma thia trong qua trinh bio quéin

Tién hanh bé trithinghiém danh gia bién dong ham luwong polyphenol,

chlorophyll vahoat tfh chéng oxy héa cua bot rau math trong quatrih bao quan

theo so do trimh by ¢ hhh 2.17.

Bot rau mathm

Bao quan nhiét do \l/ \|/ \l/ \l/ \l/
thuong 2 thang 4 thang 6 théng 8 thang 10 théang || 12 théng
Bao quan lanh v ! \l, ¥ !

Ham lugng polyphenol,
chlorophyll

C& hoat tfih chéng oxy héa

banh gidmurc d6 hao giam ham lugng
hoat chat vahoat t fih chng oxy héa

Hh 2.17. Bé tr fth inghiém dénh giabién déng ham lweng polyphenol va

chlorophyll ctia bt rau matrong bao quan
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Theo so d6 bd tr ith inghiém ¢ hhh 2.17, bot rau mathu nhan tir quétrih sy
phun duoc tién hénh thi¥nghiém danh gia sy hao giam ham lwong polyphenol,
chlorophyll céhoat t iih chéng oxy hé trong quatrinh bao quan ¢ diéu kién nhiét do
phang vabao quan lanh. Thoi gian thuc hién tir 012 (thang) véi budc nhay 1&2. Trong
do, bao quan bot rau maas nhiét dd phong dugc luu trir trong ta vi kh 1thau vai nhiét do
30+1°C, 46 4m 70%, &nh séng tring cuong do 50 Lux vabao quan lanh trong tu vi kh T

hau & 5#1°C, do 4m 50%, &nh séng trang cuong do 50 Lux.
2.3. PHUONG PHAP PHAN TiCH
2.3.1. Phuong phap sinh hoc phan tir

Mau rau ma thia (Centella asiatica (L.) Urb) tréng ¢ Nha Trang - Khénh Héa
duoc thu nhan va tién hanh thi nghi¢m dinh danh loai. Cac budc tién hanh dinh danh

loai bang k¥ thuat phan tich gen DNA nhu sau:

- Tach chiét DNA: Mau rau ma dugc thuc hién tach chiét DNA theo quy trinh
CTAB | cOcai bién trong viéc bo sung SDS vao thanh phan dém phén lap. DNA tong
s6 ciia mau 1a duoc tach chiét dia trén quy trinh CTAB co ban ctia Kurt Weising c6 cai
tién [81]. Nghién 100 mg mau 14 trong 500 pl CTAB 2% va PVP 2% o nhiét do phong.
Hon hop mau/CTAB duge u & 65°C trong 60 phut, ly tim hon hop mau/CTAB & 14.000
rpm trong 10 phit. Chuyén dich ndi sang 6ng mdi, bd sung 4l RNAase, i ¢ 37°C trong
thoi gian 5 phit, b6 sung 500 pl hdn hop chloroform: isoamyl alcohol (24:1), lic déu,
ly tAm & téc do 14.000 rpm trong 10 phit. Thu dich ndi chira DNA sang éng méi (khoang
450-500p1), bo sung ethanol tuyét dbi voi ty 18 1:1 so véi thé tich thu duoc va Y thé tich
NaCl 5M so voi thé tich thu dugc. Hon hop duoc U trén dé trong 1 gio, ly tam 13.000
rpm trong 10 phat. Hon hop sau ly tdm dugc loai bé dich ndi va thu tia, bo sung 500 pl
cthanol 70% lanh va dao 6ng, ly tdm 13.000 rpm trong 5 phut ldp lai 2 l4n, loai bo dich
noi, thu tia. Dé kho két tia & nhiét do phong va hoa DNA trong 200 ul nuédc khir tring
hai 1an.

- Nhan ban 02 gene matK va ITS1-5.85-1TS2 bang phan tng PCR véi c& mdi
dac hiéu:

C& phan tng PCR duoc thyc hién nham khuéch dai ving matK, TS véi c& cap

primer tuong Gng.
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+Vuing matkK: matK 2011F: 5'-CGA TCT ATT CAT TCA ATATTT C-3'va
matK 2011R: 5-GTT CTA GCA CAA GAA AGT CG-3'

+ Vung ITS: 18d: 5’-CAC ACC GCC CGT CGC TCC TAC CGA-3’ va 28cc:
5’-ACT CGC CGT TAC TAG GGG AA-3’

Thanh phan co ban cho 1 phan tng PCR 20 : 0,2 mM dNTP mix, enzyme
DreamTaq polymerase 1U, dream taq buffer 10X, 0,4 M primer xu@, 0,4 UM primer
nguoc, nudc cat 2 1an khir trong, 1 4 mau véi nong do DNA tir 100 — 500 ng/id. Chu
ky PCR tién bién t mh 95°C trong 1 phtt; 30 chu ky (bién tinh & 95°C trong 30 gidy; bit
cap (Ta: matK (49<C), ITS (54<C)) trong 30 gidy; 72°C trong 40 gidy); chu ky két thic
72°C trong 10 phtt. Két qua PCR duoc phan tich danh gid trén gel agarose 1,2%, hiéu
dién thé 100V, thoi gian 30-45 phtt, nhuém véi ethidium bromide vachup hh tré
m& chup gel (GelDoc-1t®2315 imager UVP-MY).

- Giai trinh tu gen va dénh gid mic d6 twong dong cia DNA phén tich véi cac
trinh ty cia ving matK va ving ITS cua loai Centella asiatica ¢ san trén NCBI. Két
qua giai trinh tu gen duoc hiéu chinh bang phan mém BioEdit version 7.2.6.1 va danh
gia mirc 46 twong dong ciia DNA phan tich véi cac trinh tu ciia ving matK va ving ITS
ctia loai Centella asiatica co6 san trén NCBI.

2.3.2. Phwong ph&p sinh h&a
2.3.2.1. Xac dinh hoat t h chéng oxy héa tong

Hoat t h chéng oxy héa tong (TAA) dugc xac dinh theo phuong phéap cua Prieto
(1999) [130]. LAy 1001 mau bo sung 900ul nudc cat vathé@n 3 ml dung dich A (H2SO04
0,6 M, sodium phosphate 28 mM vaammonium molybdate 4 mM, méi loai 1 ml). Hon
hop duoc giit 90 phit ¢ 95°C, sau d6 do & budc séhg 695nm véi chat chuan laacid

ascorbic.
2.3.2.2. Xac dinh hoat t fih khir sit

Hoat t fih khu sit (RP) caa dich chiét duoc xac dinh theo phuong phap cua Zhu va
cong su (2002) [134]. Lay 500 dich mau b6 sung 0,5ml dém phosphate pH = 7,2 va
0,2ml K3[Fe(CN)s] 1%. Giit hdn hop 20 phtt ¢ 50°C, sau d6 thém vao 5001 CClsCOOH
10% vabé sung 300pl nudc cat, 80 FeCls 0,1%. Tiép theo do ¢ budc séng 655nm V4i
chét chuan |&FeSOs..
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2.3.2.3. Xac dinh hoat t fih bit géc tw do DPPH

Hoat t @ih bat goc ty do (DPPH) duoc xé4c dinh theo Blois M. S. (1958) [31]. Lay
lan lwot 20014, 4004, 60014, 8001 va1000pd dich chiét v 5 dng nghiém, rdi b sung
3ml DPPH 25mg/l v tirng 6ng nghiém 1&m dung dich miu. O dung dich tring (mau
trang) lam twong tu nhung thay DPPH bang 3ml con tuyét dbi vao tirng 6ng. Mau kiém
sod chuan bi bang c&h 1&m gidng nhu miu tring nhung thay dich chiét bang DPPH.
Giir c& hdn hop trong ti ¢ nhiét d6 phéng, sau 30 phtt tién hanh do & budc sng

550nm. Phan trim bt goc tu do dugc t ih theo céng thirc nhu sau:

(Amau - Amautrang)

AA% =100 — x100

Agiemsoat
Trong do:
AA%: hoat t ih bat gbc ty do cua mau th inghiém, (%);
Amau, Amautrang VAAKiemsoat: gidtri do do hap thu & & budc séng 550nm cua
c& mau th inghiém, mau tring vamau kiém soé.
2.3.2.4. Xac dinh ham lwgng polyphenol

Xac dinh ham luong polyphenol tong duoc thuc hién theo ki thuat caa Folin -
Ciocalteu [22]. Lay 0,3ml dich mau, b6 sung 1ml thuéc thir Folin - Ciocalteau 10%, gitr
5 phut va sau d6 thém vao 2ml Na2CO3 10%.

Hon hop duoc lic déu, giit 90 phit ¢ nhiét dd phéng, trong téi va do do hap thu
quang & buéc séng 750nm. Chat chuan sir dung trong k¥ thuat xac dinh ham lugng

polyphenol 1&acid galic.
2.3.2.5. Xac dinh ham lwgng chlorophyll

Dich chiét chlorophyll trong ethanol 95% sau khi dugc loc va do d6 hap thu quang
& budc séng 664 nm vae48 nm tré& m&y quang phé UV-VIS, miu tring 1adung m&
ethanol 95%. Ham Iugng chlorophyll dugc tinh theo phuong phép cua Lichtenthaler H.
K. (1987) nhu sau [85]:

Chlorophyll A: C(chiLa) = 13,36A664— 5,19A648), (o/ml)
Chlorophyll B: Cchin) = 27,43A648— 8,12 A664, (Jo/ml)

Chlorophyll t6ng: CcnLa+chib) = C(chia) + CchLaschLy), (g/ml)
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Trong d6, Asss VAAsss lan luot 12 d6 hap thu quang cua dich chiét tai cac budc
sang 664 nm vabt48 nm.
2.3.2.6. Xac dinh ham lwong triterpenoid

Ham luong triterpenoid dugc xac dinh theo Nagmoti vacong su (2013) [48]. Lay
2504 dich chiét tron voi vanillin-acetic acid (5% wiv, 0.25 ml) va0,5 ml perchloric
acid. Hon hop duoc 1 nhiét & 60°C trong 10 phut, sau d6 hon hop duoc 18m lanh trong
bé da 15 phat, thé&n 2,5 ml acid acetic vatron déu trong 6 phit. Hon hop dugc do do
hip thu quang ¢ buéc sng 538nm. Chat chuan sir dung trong ky thuat xac dinh ham
lugng triterpenoid 1&acid oleanolic.

2.3.2.7. Xac dinh ham lwgng asiaticoside, quercetin vaacid rosmarinic

Ddi voi mau dich chiét rau ma duoc lic déu valay ch ih x& 1,0 ml dung dich
mau cho v& bh cau. C6 quay dén can, roi héa tan lai véi 1,0 ml methanol. Pha lo&ng

mau 10 lan véi methanol, loc qua mang loc 0,45 pum lay dung dich tién sic ky

Do6i véi mau bot rau mathitién hanh cén ch ih x& 500 mg, thén ch fh x& 5ml
methanol, si@& an 15 phtt & 40°C, ly tam ¢ toc d6 3.500 véng/phtt trong 5 phtt, gan
dich néi phia trén vao binh dinh mac 25ml. Chiét Iap lai lan luot 4 1an voi 5ml dung
md. Gop chung dich chiét, dé nguoi, dinh mtc dén 25ml, loc qua méng loc 0,45 um lay

dung dich tiém sic ky,

Quatrnh phén t Th mau duoc thuc hién tré hé thdng sic kylong hiéu ning cao
HP Hewlett Packard Series 1050, detector DAD, sir dung cot Phenomenex Luna C18(2)
100A, 250 x 4.6 mm, 5pm, c6t Phenomenex Ultracarb ODS(30) 150x4.6mm, 5pm va
c6t Phenomenex Ultracarb ODS(30) 150x4.6mm, 5pm cho viéc phén t £h asiaticoside,

acid rosmarinic vaquercetin.
2.3.3. Phwong phap h& ly
2.3.3.1. Xac dinh hiéu suit thu hdi bot trong siy phun

Hiéu suat thu hoi bot rau ma(Hy) trong quétrmh say phun lati 1¢ phan trim giita
khdi lugng bot thu hdi duoc sau say phun (M) vai tong khéi luong chat khdtrong dich
say truge khi bd sung chat mang (mi) vakhéi lwong chat mang bd sung vao dich siy

(m2), xac dinh theo céng thuec:
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Trong do:
M: Khéi lugng bot thu hdi dugc sau say, (gam)
ma1: Khéi lugng chat khétrong dich siy trude khi bd sung chat mang, (gam)
mg2: Khéi luong chat mang bd sung vao dich siy, (gam).
2.3.3.2. Xac dinh d¢ tan ctia bot rau ma

Po tan cua bot rau mAsiy phun dugc xac dinh theo duge dién Viét Nam [1]. Cu
thé, cho thé tich nuéc (ml) nhat dinh v cbc chira 1 gam bot rau mavaduy trio
2542(°C) trong 30 ph(t, cir c&h 5 phti thilic nhe déu 30 gidy.

Bang 2.5. Ti@& chuan x& dinh d¢ tan cia bot

STT P tan Thé tich nwéc (ml) ding héa tan 1
gam bt
1 | Réttan Dudi 1
2 | Détan Tur 1 d&én 10
3 | Tan Trén 10 dén 30
4 | Hoitan Trén 30 dén 100
5 | Khétan Trén 100 dén 1.000
6 | Ratkhotan Trén 1.000 dén 10.000
7 Khéng tan Tré& 10.000

2.3.3.3. Xac dinh kich thwéc hat trung binh va chi s6 da phan tin

Sy phan bb kich thuéc hat (PSD: Particle size distributions) cta bot rau méa duoc
do bang ky thuat tén xa anh sang dong (DLS: Dynamic Light Scattering) tré thiét bi
Zetasizer Nano ZS, Malvern, Vuong Quéc Anh. Mau duoc chira trong cuvette vaduoc
dit vao budng do cua thiét bi. Chon géc do phu hop vatién hanh do 3 lan, ldy giatri

trung b mh.

Puong k h hat trung bhh (Z) vachi sé da phan tan (Pdi: polydispersity index)
duoc tmh bang két qua do phan bé kich thudc hat.
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2.3.3.4. Xac dinh dac tinh nhiét vi sai

bac tmh nhiét vi sai (DSC: Differential scanning calorimetry) laky thuat phan
t £h t iih chat nhiét phé bién trong phén t £h vat Iychat ran. St dung k§y thuat nay dé x&
dinh déng nhiét téa ra hoc thu vao tir mau dét ndng bang déng nhiét conhiét do qué
véi toe do kh& nhau, tir d6 xac dinh dugc c& t iih chat chuyén pha nhiét cia mau. Qua
trinh phé&n t Th nhiét vi sai trong nghié ctiu duoc tién hanh tré thiét bi phan tich nhiét
quét vi sai bu nang lugng DSC-60, Shimadzu (Nhat).

Tién hanh c&n 4 mg mau bot rau mavanién mau vao dia nhém chuyén dung cua
thiét bi do. Mau so s&h su dung bot nhém ox T (Alz0s) ciing dwoc cén véi khdi luong
vanién mau vao dia nhém tuong tu. Dat miu can do vamau so sanh vao budng nhiét
tuong tng cua thiét bi phén tich nhiét. Quéatrih phan t £h nhiét costr dung khi nito dé
|2m nguoi c& mau vai luu luong 50 ml/phut, bude nhay ting nhiét do trong cung cap
nhiét 1&20°C/phut vakhoang nhiét do phan tEh tir 0+600°C. Két qua phan t£h nhiét
dugc xir Iy bang phan mém TA 60 véi phié ban 3.9A chuyé dung theo hé théng.
2.3.3.5. X4c dinh ham lwong 4m

Xac dinh h&m lwong am cta rau ma thia theo Dugc dién Viét Nam V, tap 2 (phu
luc 9.6; PL203).
2.3.3.6. X4ac dinh ham luong tro toan phan

Xac dinh ham luong tro todn phan cta rau ma thia theo Duoc dién Viét Nam V,
tap 2 (phu luc 9.8; PL204).

2.3.4. Phuwong phap héa hoc

- Xac dinh thuy ngén (Hg) theo QCVN 8-2: 2011/BYT

- X4c dinh Cadmi (Cd) theo QCVN 8-2: 2011/BYT

- Xac dinh ch'i(Pb) theo QCVN 8-2: 2011/BYT

- X4c dinh Arsen (As) theo QCVN 8-2: 2011/BYT
2.3.5. Phuong phap vi sinh vat

- Xac dinh Salmonella theo QCVN 8-3: 2012/BYT

- Xac dinh Escherichia coli theo QCVN 8-3: 2012/BYT
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2.3.6. Phuong phap cam quan

Nudc rau ma duge danh gia cam quan theo phwong phap cho diém méphong
theo TCVN 3215:1979 [18]. Theo d6, hoi déng danh gia cam quan phai ¢S T nhat tir 5
dén 12 nguoi duoc dao tao chuy@ nghiép dé thuc hién viéc cam quan va cho diém san
pham. Tuy nhién, ngudi phu trach danh gia cam quan ciing c6 thé duoc lya chon noi bd

vasd luong tly thudc mie d6 kinh nghiém cua ngudi dugc chon danh gia [8].

Trén co s& ti@ chuan danh gia cam quan di xdy dung sé thiét ké hoi dong danh
giacam quan 30 ngudi gdm c& cén bo vachuyén gia di qua dao tao vé phén t th cam
quan va cho diém san pham nuéc rau mé dé tién hanh danh gia chat luong cam quan san
pham. C& chi ti@& cam quan duoc trih bdy ¢ bang 2.6, st dung hé sé quan trong cho
c& chi tiéu nhu sau: hé sé quan trong cua chi ti@& mau l1al,2, c& hé s quan trong cho

chi ti& mci vavi déu 1a1,0 vahé sé quan trong cho chi tié@ trang th& 120,8.

Bang 2.6. Chi ti& cam quan ctia nwéc rau ma

Piém chuwa c6
Co sé danh gia
trong lwgng

Bot rau ma&hda tan tdt trong nude cho dich rau métrong vakhéng
bi lang can

5 Dich rau m&cdmau xanh luc dam; cdmui thom rau ma dac trung,
cOmui thom nhe ciia gum arabic vacovi hoi dang nhan dic trung

rau mavai vi ngot thanh ha haa cta duong saccharose

Bot rau mahaa tan tdt trong nude cho dich rau métrong vakhéng
bi lang can

4 Dich rau macémau xanh luc nhat; mui thom rau mé dic trung,
c6 mui thom nhe ciia gum arabic vacovi hoi dang nhan dic trung

rau mavai vi ngot thanh ha haa caa duong saccharose

Bo6t rau ma hoa tan trong nuéc, dich rau méhoi duc hoic coling
can T

3 Dich rau mé c6 mau xanh oliu; mui thom rau ma dac trung, co
mui thom nhe cua gum arabic vacothé hién vi hoi dang nhan dic
trung rau ma, hoi T ngot hoac hoi quangot duong saccharose

50



Bot rau makhohoa tan trong nuéc, dich rau ma duc vacoling
can ran

2 Dich rau macémau vang xanh; cothé hién mui thom rau ma, cé
mui thom nhe cua gum arabic vacothé hién vi hoi dang nhan dic
trung rau ma, hoi T ngot hoac hoi quangot duong saccharose

Bot rau ma it hoa tan trong nudc, dich rau ma duc vacoling cin

ran
1 . r P ~ -~ 2 - -~ ~ .
Dich rau macdmau vang, 1thé hién mui vavi dac trung cua rau
ma
Bot rau marat khé hoa tan trong nuéc vacolang nhiéu can ran
0 Dich rau macdmau vang n&l hoac nai nhat, khég comdi rau

ma dic trung, c6 mui khét va vi dang ch&y cua bot

2.4. THIET BI VA HOA CHAT NGHIEN CUU
2.4.1. May va thiét bi nghién ciru

Pé phuc vy céng t& nghié cau, trong quatrmh thuc hién cOsi dung c& m&y
vathiét bi th inghiém trmh bdy theo bang 2.8.

Bang 2.7. Danh muc mé&y vathiét bi nghié ciu

STT Tén may va thiét bi Pic diém ky thuat
. May quang pho tir ngoai —kha | UVD-3200, LABOMED, My, UV-VIS hai
kién UV-VIS chtm tia, 8 cuvet (2 hang)
) BD 53, Binder, Puc, dbi luu khong khi tu
2 | Taam ] .
nhié vasai so #0,1°C
) FD 56, Binder, Pirc, d6i luu khong khi cudng
3 | Tusay .
bure, sai so +£0,1°C
4 | Bé diéu nhiét WNB7, Memmert, Dtc, sai s6 40,1°C

P300H, Elma, Purc, tin sd siéu am 37kHz va
80kHz

5 | Bésiéuam

TXB 6201L, Shimadzu, Nhat Ban, trong

6 | Can k¥ thuat o,
luong can 6200g, sai so 30,19
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L ATX-224, Shimadzu, Nhat Ban, trong lugng
7 |Céaphatth R o
can 210g, sai s6 #,1mg
, ‘ WSC/4D, Hamilton, Anh, céng suét 4l/h, do
8 | Mdy cat nudc hai lan - ,
dan dién nuéc cat < 1.5 mS/cm
9 | Miy xay mau All, IKA, Puc
o o RV 10 digital V, IKA, buc, cum cooler cua
10 | M& cOquay chan khdng i L ,
An B9 cAthé [am lanh tir -10°C d@én 25°C
11 | B0 loc chan khong IKA, DBuc
12 | C&n phén tich am MB27, OHAUS, MY, sai s6 #1mg/0,01%
) RH basic 2, IK, Puc, toc do khudy 100<2.000
13 | Khuay tir gia nhiét N ;
(vang/pht)
; , KBC2L, Kybaco, Viét Nam, cong suat 2
14 | Thiét bi say phun o
lit/gi10, sdy phun dang dia
15 | Tt mat phong thi nghiém SERIES Bio Compact Il, Gram, BPan Mach
) MPR-S163, Panasonic, Nhat Ban, Khoang
16 | Ta bdo quan hoa chat .
nhiét do diéu chinh 2+14°C
Isolab, btrc vaEppendorf, Buc; tir 1j=5000
17 | Bo micropipet
M
18 | May xéc dinh tinh chat nhiét | DSC-60, Shimadzu, Nhat
19 May xac dinh duong kinh hat | Zetasizer Nano ZS, Malvern, Vuong Qudc
va chi s6 phén tan Anh

2.4.2. Héa chit nghién ciru

- Hé chét dinh luong polyphenol, chlorophyll: Acid Galic (Merck - Buc), Folin

& Ciocalteu’s phenol reagent (Merck - Buc), Na2COs (Sigma, M¥).

- Hé chit xé4c dinh c& hoat tmih chéng oxy héa: H2SO4 (Sigma, M¥), sodium

phosphate (Sigma, M¥), ammonium molybdate (Sigma, MY), acid ascorbic (Merck,
buc), NaH:PO4 (Sigma, My), Na;HPO4 (Sigma, My), Kz[Fe(CN)e] (Sigma, M),
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CCIsCOOH (Sigma, My), FeCls (Sigma, My), FeSO4 (Merck - buc), 1,1-diphenyl-2-
picrylhydrazyl (Merck - Buc), methanol (Merck - Buc), Acetone (Merck - buc), ethanol
(Merck - buc), ethyl acetate (Merck - buc), chloroform (Merck - buc), diethyl ether
(Merck - btrc) van-hexane (Merck - buc).

- C& phu liéu kh&: Gidy loc khéng tro (Whatman, Anh), maltodextrin (Roquette,
Ph&p), dextrin (Roquette, Ph&) vagum arabic (Phap).

2.5.XU LY SO LIEU

M3i th Tnghiém duoc Iap lai 3 1an, loai bo giatri bat thuong bang phuong phap
Duncan. Phan tTh thong KEANOVA vahoi quy bang phan mém MiniTab 18, téi uu
hé bang phan mém DesignExpert 12.0.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. PINH DANH VA PHAN TiCH MOQT SO THANH PHAN HOA HQC CHU
YEU CUA RAU MA THIA

3.1.1. Dinh danh rau ma thia

Mau nghié ctu sau thu nhan dugc thuc hién tach chiét DNA theo quy trinh
CTAB I, quy trih cOcai bié trong viéc b sung SDS vao thanh phan dém phan lap
[81]. Tién hanh t&h vanhan ban 02 gene matK valTS1-5.85-1TS2.

- Gene matK sé& dugc nhan ban bang phan wng PCR véi hai moi dac hiéu: matK
2011F: 5'-CGA TCT ATT CAT TCA ATA TTT C-3' vamatK 2011R: 5'-GTT CTA
GCA CAA GAA AGT CG-3.

- Gen ITS1-5.85-1TS2 s& dugc nhan ban bang phan ang PCR véi hai mdi dic
hiéu: 18d: 5>-CAC ACC GCC CGT CGC TCC TAC CGA-3’ va28cc: 5’-ACT CGC
CGT TAC TAG GGG AA-3’.

T4t ca cac san pham caa quétr mh nh&n ban bang phan tng PCR véi moi dic hiéu

c6 duoc tir c& DNA tach chiét tir mau duoc giai trinh ty vacho két qua nhu sau:

Két qua doc trinh ty gene ctia doan matK: TCGATCTATTCMWTTCAATATT
TCCTTTTTTAGAGGACAAAATTTCACATTTAATTTATGTGTTAGAGATACTAA
TACCTTACCCAGTCCATCTGGAAATCTTGGTTCAAATTCTTCGCTACTGGTTA
AAAGATGCTTCTTCTTTGCATTTATTACGACTCCTTCTCTACGAGTATCGTAA
TTGGAATACTTCAAATAAARCCAGTTCTTCTTTTTCAAAAAGATCTCMAAGA
TTCTTCTTCTTCCTATATAATTCTTATCTATGTGAATMCGAATCCATCTTCGTC
TTTTTCCGCAACCAATCTTCTCATTTACGCTCAACATCTTCTAGAACCCTTCT
TGAACGAGTATATTTCTATGGAAAAATAGAACATCWTGGAGAAGTCTTTGM
TAAGGCTTTTCAAGTCAATMTATGGTTATTGAAGGATCCTTTCATGCATTACG
TTAGGTATCAAGGAAAATCAATTCTCACATCAAAAGGGACGCCTCTTTYGAT
GAAAAAATGGGTATATTACTTTGTTAATYTATGGCAATGTCATTTTTACCTGT
GGTCTCAACCGAGAAGGATCTGTATAAACCAATTATCTAATTATTCGCTCGRC
TTTCTGGGCTATCTATCAAGTGCACGGCTAAACCCTTCAATGGTACGCGGTC
AAATGCTAGAAAATTCATTTCTAATTGATAATACTATTAATAAGTTCGATACTC
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TTATTCCAATTATTCCTCTGATTGCATCATTGGCTAAAGCGAAATTTTGTAAC
ATGTTGGGGCATCCTATTAGTAAGGTGGTTYGGGCCGATTTATCAGATTCTG
ATATTATY GACCGATTTGGGCGTATATGCAGAAATCTTTCTCATTATCATAGTG
GATCCTCACAAAAAAAGAGTTKTATCGAAWA

Két qua doc trinh ty gene ctia doan 5.8S rDNA: CCCCCCCCCACCCGTCGA
CCTCGAAAGGGGTCGGGGCGGAGGGGCGGAGAATGGCCTCCCGTGCCTCG
GGGCGCGGTTGGCCCAAACGTCAGCCCGCGGCGACGGACGTCACGACAAG
TGGTGGTTTGACAAAGGCCCTCGCATGTTGTCGTGCGGTGATCCGTCGTCG
GCGTGAGCTCGTGCGACCCTGTTGCCACGCCGTGCTCGGCGCGCGCTCCGA
CCGCGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCATATCAATA
AGCGGAGGAAAAGAAACTTACAAGGATTCCCCTAGTAACGGCGAGCGAAC
CGGGAACAGCCCAGCTGAAATCGGCNNTCGGT.

C& trinh ty sau khi hiéu chinh duoc BLAST tré& NCBI [159] cho két qua twong
ddng c& ving matK valTS giira mau nghié ciru v6i c& trih ty cosin tré NCBI va

duogc thé hién o c& bang 3.1 vabang 3.2 nhu sau:

Bang 3.1. Két qua twong ddng ving matK mau nghién ciu véi trnh tw cOsan

tré NCBI
Mirc twong dong | Masé trnh
R - \ tu twong
MOta tr nh tu twong dong (Sb . R
(%) dong trén
nucleotide)

NCBI

Centella asiatica voucher PS1212MT04 1406 98,60 | GQ434230.1
maturase K (matK) gene, partial cds;

chloroplast

Centella asiatica voucher Trotta950361 1404 98,47 | MH621592.1
maturase K (matK) gene, partial cds;

chloroplast

Centella asiatica voucher PS1212MTO05 1397 98,59 | GQ434231.1
maturase K (matK) gene, partial cds;

chloroplast
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Centella asiatica voucher PS1212MTO01 1373 98,56 | GQ434229.1
maturase K (matK) gene, partial cds;

chloroplast

Centella virgata maturase K (matK) gene, 1310 98,24 | KP110015.1
partial cds; chloroplast

Centella lanata maturase K (matK) gene, partial 1299 97,96 | KP110012.1
cds; chloroplast

Centella asiatica chloroplast gene for maturase 1267 98,45 | LC461754.1
K, partial cds, isolate: CHULA-012

Centella asiatica isolate  shawpc0933K 1266 98,44 | JN407217.2
maturase K (matK) gene, partial cds;

chloroplast

Centella restioides maturase K (matK) gene, 1262 97,78 | KP110013.1
partial cds; chloroplast

Centella asiatica isolate OSBAR 000593 1260 98,30 | MH552079.1
maturase K (matK) gene, partial cds;

chloroplast

Centella asiatica isolate  shawpcl021K 1260 98,44 | JN407219.2
maturase K (matK) gene, partial cds;

chloroplast

Centella asiatica isolate  shawpc0944K 1254 98,43 | JN407218.1
maturase K (matK) gene, partial cds;

chloroplast

Centella asiatica voucher TuTY 1530 maturase 1253 98,43 | MH768044.1
K (matK) gene, partial cds; chloroplast

Centella asiatica voucher US:Suissal58 1245 98,42 | MH748933.1
maturase K (matK) gene, partial cds;

chloroplast
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Bang 3.2. Sw twong dong ving ITS giita miu nghién ciru vacé trinh tw cosin

tré NCBI

Mota trinh tw twong dong

Mikc twong dong

(S6

nucleotide)

(%)

Ma&isé trnh
tu twong
dong trén

NCBI

Centella asiatica bio-material
Chromadex_Lot_00041348-460 5.8S
ribosomal RNA gene, partial sequence; internal
transcribed spacer 2, complete sequence; and
large subunit ribosomal RNA gene, partial

sequence

628

99,42

MK087886.1

Centella asiatica isolate gotu kola 5.8S
ribosomal RNA gene, partial sequence; internal
transcribed spacer 2, complete sequence; and

28S ribosomal RNA gene, partial sequence

595

98,21

KU724202.1

Centella asiatica isolate UAS-SEC146 internal
transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed
and 28S

ribosomal RNA gene, partial sequence

spacer 2, complete sequence;

507

99,64

KR215628.1

Centella asiatica voucher TuTY1530 18S
ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA
gene, and internal transcribed spacer 2,
complete sequence; and 26S ribosomal RNA

gene, partial sequence

503

100

MH768338.1

Centella asiatica gene for 5.8S rRNA, ITS 2
and 28S rRNA, partial and complete sequence,
isolate: CHULA-012

503

100

LC461753.1
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Centella asiatica voucher CMPR8787 small
subunit ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 5.8S ribosomal
RNA gene, and internal transcribed spacer 2,
complete sequence; and large subunit

ribosomal RNA gene, partial sequence

473

99,61

MN883870.1

Centella asiatica isolate SBB-1370 internal
transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed
spacer 2, complete sequence; and 28S

ribosomal RNA gene, partial sequence

470

99,23

KM887373.1

Centella asiatica voucher US:Suissal58 5.8S
ribosomal RNA gene and internal transcribed

spacer 2, partial sequence

446

100

MH766949.1

Centella asiatica voucher HXX18428 internal
transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene and internal transcribed
spacer 2, complete sequence; and 26S

ribosomal RNA gene, partial sequence

416

99,56

MH768337.1

Centella asiatica voucher PS1212MT04

internal transcribed spacer 2, partial sequence

407

99,55

GQ434698.1

Centella asiatica voucher PS1212MTO01

internal transcribed spacer 2, partial sequence

405

99,55

GQ434697.1

Centella asiatica internal transcribed spacer 1,
5.8S ribosomal RNA gene, and internal

transcribed spacer 2, complete sequence

405

98,69

AF272352.1

Centella asiatica isolate SBB-1533 internal
transcribed spacer 1, partial sequence; 5.8S
ribosomal RNA gene, complete sequence; and

internal transcribed spacer 2, partial sequence

390

99,53

KX277730.1
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Tur két qua ph&n tTh trih t DNA cia mdu nghié cizu da thu nhdn cho thdy
Mire dé twong dong cao (98,44% - 98,76%) cua DNA phén tEh véi c& trinh tu cua
veng matK vamiee dé twong dong cao (98,21-100%) cia DNA phén t£h véi c&c trinh
tw ciia veng ITS cua lodi Centella asiatica cOsan tré& NCBI. Nhw vdy, mau rau mathm
thu nhdn tai Nha Trang, Kh&nh HGa dcng cho quatr mh nghién cizu thuge loa rau ma
th' (Centella asiatica (L.) Urban).

3.1.2. Phin tich m§t s6 thanh phén héa hoc chii yéu ciia rau ma thi

Tién hanh lay miu rau méath® tai Nha Trang, Khanh Hoa dé phan t th mot sé
hop chat céhoat tfih sinh hoc (polyphenol, chlorophyll, triterpenoid) vamaét sé thanh

phan sinh hoa co ban cia rau mé Két qua phan tich dugc trih bdy ¢ bang 3.3 va3.4.

Bang 3.3. Ham lwong mét s6 hep chat cohoat t fh sinh hec ciia rau mathu mau
tai Nha Trang - Khé&nh HGa

Thanh phan Pon vi thh Ham lwgng
Polyphenol mg acid galic/g chat khé® 13,56 0,20
Chlorophyll mg/g chat khé 4,73 +0,03
Triterpenoid mg acid oleanolic/g chat kh& 5,90 +0,02

Bang 3.4. Thanh phan sinh héa co ban ciia rau mathu miu tai Nha Trang -

Khanh Héa
Thanh phan Ham hrong (9/100g chat khd
Protein 11,3240,12
Chét béo 3,1540,01
Carbohydrate 28,4240 02
Chét xo 42,8040,12
Khoang 3,6240,09

Tir c& két qua phén tTh trih bdy ¢ c& bang 3.3 vagd.4 cho thay:
* \/é thanh phan mét s6 hep chat cdhoat t fih sinh hoc

Két qua phan t Th mot sb hop chat cohoat tmh sinh hoc cua rau méth thu mau
tai Nha Trang, Kh&nh Héa (bang 3.3) cho thay rau méath® cdham lwong polyphenol 1&
13,5640,20 (mg acid galic/g chat khé, cao hon so véi rau math® thu mau ¢ Sri Lanka
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(4,71 mg acid galic/g chat kh® [57], thap hon so véi rau math® thu mau ¢ Malaysia

(17,41 mg acid galic/g chat kh® [124]. Nguyé& nhan cua sy kh& biét vé ham luong

polyphenol c6thé 1ado diéu kién dia 1y, kh Thau, thd nhudng caa c& ving trdng rau ma
kh& nhau. Két qua phan tich ciing cho thiy ham lugng polyphenol cua rau méath i thu

mau & Nha Trang - Khanh Hoa ciing cao hon ham luong polyphenol cia mot sé lo&i rau

mékh& thu miu tai Khéoh Héa. Cy thé, ham lwong polyphenol cua rau ma thia cao hon

146,61% so ham lugng polyphenol cua lod Hydrocotyle verticillata Thunb. (9,25 mg

acid galic/g chat kh®) va cao hon 222,50% so voéi ham lugng polyphenol cua lod

Hydrocotyle javanica Thunb. (6,09 mg acid galic/g chat khd.

Két qua phén t £h vé ham luong chlorophyll cia rau méath cho thiy ham luong
chlorophyll caa rau méath thu mau tai Nha Trang 1&4,7340,03 (mg/g chat khé), cao
hon so v&i rau math® thu mau & An D6 (2,5 mg/g chat khé [143]. Néu so sé&nh véi mot
s6 lod rau makh& thu mau tai Khanh Hoa thi rau ma thia c6 ham luong chlorophyll
cao hon 115,17% so v6i ham luong chlorophyll cua lod rau maHydrocotyle verticillata
Thunb. (4,11 mg/g chat khd va cao hon 138,01% so v6i ham lugng chlorophyll cua lod
rau maHydrocotyle javanica Thunb. (3,43 mg/g chat khd.

V& ham luong triterpenoid, Theo D6 Tt Loi, triterpenoid 1&hop chat quang héa
quan trong quyét dinh dén chat luong cia c&y rau mast dyung 1&m thudc giai nhiét trong
dan gian. Do vay, tiép tuc quatrih phan tich ham luong triterpenoid ctua rau méath® va
két qua phén t £h cho thdy ham lugng triterpenoid caa rau méath thu mau ¢ Nha Trang
— Kh&h Hén 1a5,9 0,02 (mg acid oleanolic/g chat khé, cao hon ham luong
triterpenoid cotrong larau math thu mau & An Do [72]. Két qua phén tich ciing cho
thay ham luong triterpenoid cua rau math® thu mau ¢ Nha Trang cao hon ham luong
triterpenoid cua mot sb 10d rau makh& thu mau tai Khénh Héa. Chang han, ham luong
triterpenoid cta rau mathia cao hon 131,9% ham lugng triterpenoid cuaa loa rau ma
Hydrocotyle verticillata Thunb. (4,47 mg acid oleanolic /g chat kh® va cao hon
201,57% ham luogng triterpenoid cua loa rau maHydrocotyle javanica Thunb. (2,93 mg

acid oleanolic/g chat khd.

Tir c& phén tTh ¢ trén cho thdy rau math® thu mdu tgi Nha Trang cGham
lirong c& chat cdhogt twh sinh hoc (polyphenol, chlorophyll, triterpenoid) cao hon

ham lirong c& chdt cAhoat tTih sinh hoc cia cé&c l0d rau makh& thu mau tai Khénh
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Heéa va cao hon ham lwong c& chat cohoat t Tih sinh hoc cia c& 10ai rau maceng lod

thu mau tai mét so nwedc chdu Anhw Malaysia, Sri Lanka va An Dg.
* \/& mét s6 thanh phan sinh héa co ban

Két qua phé&n t £h mot sb thanh phan sinh hoa co ban cua rau math® thu mau tai
Nha Trang cho thiy cOsu kh& biét vé mot sé thanh phan sinh hoa co ban cua rau ma
th thu mau tai Nha Trang so véi thah phan sinh héa cua rau math® do Vién dinh
dudng (Bo Y té, 2007) céng bd [19]. Chang han, trong rau méath® trong tai Nha Trang
cOham lugng protein 1&11,3240,12 g/100g chat kh@ ham luong chit béo 143,15+40,01
9/100g chit kh@ ham lugng carbohydrate 1&28,4240,02 g/100g chat kh@ ham lwong
chat xo 14 42,80+0,12 g/100g chat khnévaham lugng khodng tong 1&3,6240,09 g/100g
chat kh®. Ham luong c& thanh phan phan tich dugc & tré cho rau math® lacao hon
so véi cing lod cia Vién dinh dudng da cong bd. Hon nira, s6 lidu phén t €h vé rau ma
th trong & Nha Trang ciing cho thdy ham luong protein thap hon va ham luong chat
béo thi cao hon so v4i rau macuing lod moc ¢ Malaysiana [147]. Su kh& biét nay duoc
giai th Th 1ado su kh& biét vé diéu kién dia Iy, kh thau vathd nhudng cua ving dat rau

mamoc.

Ngoai ra, ciing tién hanh phan t Th mét sb thanh phan sinh héa khée trong rau ma
th bang k¥ thuat LC-HRMS trinh bdy ¢ hh 3.1.

TIC from DIEP_DC CON RAU MA_DEREP NEG.wiff2 (sample 1) - DIEP_DC CON RAU MA_DEREP NEG, Experiment 1, -IDA TOF MS (100 - 2000)
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Hh 3.1. Phé LC-HRMS phé&n t£h dich chiét rau ma

Két qua phan t €h khdi phd phén giai cao LC-HRMS cho thay dich chiét rau m&a
th thu mau tai Nha Trang ciing ton tai nhiéu thanh phan quang hé quan trong kh&

nhu: acid neochlorogenic, acid chlorogenic, asiaticoside, kaempferol, acid madecassic,
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acid asiatic, ... Tuy vay, do thoi gian vakinh ph icGhan né quatr nh nghié ctru chua
thé phén t €h k¥ vé c& thanh phan ndy masé tién hanh thé@n nghié ctru vé c& hop chat
ndy khi co diéu kién.

3.1.3. Xac dinh thoi gian thu hoach rau ma th’e

Tién hanh chiét polyphenol, chlorophyll c&hoat t ®ih chéng oxy hé tir rau ma
th ¢ c& thoi gian thu hoach kh& nhau tir 30+120 (ngdy) bang phuong phap chiét co
hd trg séng si@ &m voi dung ma ethanol 95%, ty 16 DM/NL 40/1, thoi gian chiét 60
phtt vanhiét d6 chiét 50°C. Sau khi chiét, loc chan khéng thu dich chiét va danh gia
ham lugng polyphenol, chlorophyll, hoat t ih chdng oxy héa tong, hoat t mh khir st va
hoat t mh bat goc tu do DPPH. Két qua dugc trih bdy ¢ c& hhh 3.2; 3.3 va3.4.
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Hh 3.2. Anh hwéng thai gian thu hoach dén ham hrong polyphenol va
chlorophyll trong dich chiét rau ma
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Hh 3.3. Anh hwéng thoi gian thu hoach dén hoat t hh chéng oxy héa tong va
hoat t fih khir st cia dich chiét rau ma
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Hh 3.4. Anh hwéng thei gian thu hoach dén hoat t hh bat goc tw do DPPH cia

dich chiét rau ma
Tir c& két qua phdn t Eh trinh bdy ¢ c& hhh 3.2; 3.3 va3.4 cho thay:
* /& ham lwong polyphenol

Két qua phén t€h trih bdy ¢ hhh 3.2 cho thdy do tudi thu hoach cAanh huong
dén ham luong polyphenol thu nhan tir rau ma thia va d6 tu6i thu hoach kh& nhau th
ham luong polyphenol thu nhan tir rau ma thia cling khac nhau. Ham Iugng polyphenol
thu nhan tir rau méath® & c& do tudi 30, 45, 60 var5s ngdy tudi twong ung 186,9740,04,
11,3040,23, 12,1940,29 val4,1620,03 (mg acid galic/g chat khd. Két qua phan t Th
cho thdy ham luong polyphenol thu nhan tir rau méath® ¢ cac do tudi 30, 45 vas0 ngdy
tudi chi bang twong ng 49,22%, 79,80% vas86,09% so v4i ham lugng polyphenol cao
nhat, thu nhan tir rau math® & d6 tudi 75 ngdy tudi. Nhu vay, khi ting do6 tudi thu hoach
tur 30 ng&y 1én t6i 75 ngay thi ham lugng polyphenol thu nhan tir rau ma tang 1én va dat
cao nhat khi do tudi thu hoach 1&75 ngdy tudi, twong tng véi ham lugng polyphenol 1&
14,1640,03 mg acid galic/g chat khé Sau dé, tiép tuc ting d6 tudi thu hoach Ié& tré 75
ngay thi ham luong polyphenol thu nhan tir rau malai giam va do6 tudi thu hoach cang
I6n hon 75 ngay thi ham luong polyphenol thu nhan tir rau mécang giam. Cu thé, ham
luong polyphenol thu nhan tir rau méath ¢ cac do tudi 90, 105 val20 ngady tudi tuong
ung 1&l13,1840,28, 13,834),51 vall, 774,25 (mg acid galic/g chat kh®. Nhu vay, han
lugng polyphenol thu nhan tir rau math® o cac do tudi 90, 105 val20 ngdy tudi chi
bang tuong tng 93,08%, 94,73% va83,12% so véi ham luong polyphenol cao nhat, thu

nhan tir rau math® ¢ do tudi 75 ngdy tudi.
Két qua phan tich phuong sai ANOVA ciing cho thay sy sai kh& vé ham luong
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polyphenol thu nhan tir miu rau math® & cac do tudi thu hoach trong giai doan tir

30120 ngdy tudi lasu sai kh& c6 ¥ nghia thong ké&(p<0,05).

Tir nhitng phén t€h & tré cho thdy ¢ dé tudi thu hoach 75 ngdy tudi thham
lirong polyphenol thu nhdn tir rau md thia dat mirc cao nhat. Do vdy, néu xé theo ham

lirong polyphenol thi @ U6l rau md thia nén dwoc thu hogch 1&75 ngéy tusi.
* V& ham lwong chlorophyll

Két qua phan t £h ham luong chlorophyll thu nhan tir rau métrinh bdy ¢ hhh 3.2
cling cho thay tudi thu hoach c&anh huéng 16n dén ham luong chlorophyll thu nhan tir
rau ma thia va d6 tudi thu hoach khac nhau thi ham lugng chlorophyll thu nhan tir rau
ma thia ciing khac nhau. Trong giai doan 3045 ngdy tudi, khi ting d6 tudi thu hoach
thi ham lugng chlorophyll thu nhan tir rau math® ciing ting theo do tudi. Cu thé, & do
tudi thu hoach 1&30 ngdy tudi, ham lugng chlorophyll chiét tir rau méth 1&3,7140,03
mg/g chat kh@ Khi tang d6 tudi thu hoach 1& 45 ngdy tudi, ham lugng chlorophyll chiét
tir rau math & ting 1én va dat mac cao nhat 1&5,1040,14 mg/g chat kh@ ting 137,7 %
so v&i ham luwong chlorophyll chiét tir rau math® & giai doan 30 ngdy tudi. Sau do tiép
tuc ting do tudi thu hoach rau math® 1é& > 45 ngdy tuoi thi ham luong chlorophyll chiét
tir rau math® lai giam. Cu thé, ham luong chlorophyll thu nhan tir rau matha & cac do
tudi 60, 75, 90, 105 val20 ngdy tudi twong Gng 1a4,9530,11, 4,8140,03, 4,4340,15,
4,6040,09 vad, 260,19 (mg/g chat khé), chi bing twrong tng 97,06%, 94,31%, 86,86%,
90,20%, 83,53% so véi ham lugng chlorophyll cao nhat thu nhan tir rau math® ¢ do
tudi 45 ngdy tuoi.

Két qua phan tich phuong sai ANOVA ciing cho thay sy sai kh& vé ham luong
chlorophyll thu nhan tir rau math® o cac do tudi thu hoach kh& nhau trong giai doan

tir 30+120 ngdy tudi lasy sai kh& ¢ y nghia thong ké(p<0,05).

Tir c& phén tEh 6 trén cho thay ham hwrong chlorophyll cia dich chiét rau ma
thia dat mirc cao nhat & giai doan rau md thia dat 45 ngdy tudi.

* \/é hoat t mh chdng oxy héa tong

Két qua phan t Th hoat t mh chéng oxy héa tong cua dich chiét thu nhan tir rau ma
trinh b&y ¢ hinh 3.3 ciing cho thay tudi thu hoach cAanh huéng Ion dén hoat t fih chdng
oxy hé téng cua dich chiét thu nhan tir rau ma thia va d6 tudi thu hoach kh& nhau th¥
hoat t Tih chdng oxy héa tong thu nhan tir rau ma thia ciing khac nhau. Trong giai doan
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3060 ngay tudi, khi ting d6 tudi thu hoach thihoat t ih chéng oxy héa tong cua dich
chiét thu nhan tir rau mathia ciing ting theo do tudi. Cu thé, hoat tmh chdng oxy héa
téng cua dich chiét thu nhan tir rau math® & cac do tudi 30, 45 va0 ngdy tudi tuong
g 1&3,9240,12, 5,5440,25 va6,0620,22 (mg acid ascorbic/g chat kh®. Nhu vay, khi
tang do tudi thu hoach rau math trong khoang 3060 ngéy tudi thihoat tmh chdng
oxy hé téng cua dich chiét tr rau masé ting va dat cuc dai 6,0620,22 mg acid
ascorbic/g chit kh&khi rau méa dat 60 ngdy tudi. Sau do, khi do tudi thu hoach >60 ngdy
tu6i thihoat t mh chéng oxy héa téng caa dich chiét tir rau masé giam. Chang han, hoat
t ih chdng oxy hé tong cua dich chiét thu nhan tir rau méath® ¢ cac do tudi 75, 90, 105
val20 ngdy tudi trong tng 185,7440,19, 5,3540,10, 5,4240,22 va4,4740,10 (mg acid
ascorbic/g chat kh®. Nhu vay, hoat t ih chdng oxy héa tong caa dich chiét thu nhan tir
rau math o cac do tudi 75, 90, 105 val20 ngdy tudi chi bang twong tng 86,97%,
88,28%, 89,44% var3,76% so voi hoat t ih chéng oxy héa tong caa dich chiét thu nhan
tir rau math® & do tudi 60 ngdy tudi.

Mit khé&, két qua phan tich phuong sai ANOVA ciing cho thay sy sai kh& vé
hoat t ih chdng oxy hé tong cua dich chiét thu nhan tir rau math ¢ cac do tudi thu
hoach khac nhau trong giai doan tir 30120 ngdy tudi lasy sai kh& co y nghia théng ké
(p<0,05).

Tur nhitng phén t€h ¢ tré cho thdy ¢ do tusi thu hoach 60 ngdy tusi thidich
chiét thu nhdn tir rau méath cohoat t fih chéng oxy héa tong dat mic cao nhat,

* \/é hoat t mh khir sat

Két qua phén t €h hoat t mh khi sit cua dich chiét thu nhan tir rau matrnh by &
hinh 3.3 ciing cho thay tudi thu hoach c&anh huong 16n dén hoat t mh khir sat caa dich
chiét thu nhan tir rau ma thia va do tudi thu hoach kh& nhau thihoat tfh khu sit cua
dich chiét rau ma thia cling khac nhau. Trong giai doan 30=75 ngdy tudi, khi ting do
tudi thu hoach thihoat t ih khir st cua dich chiét thu nhan tir rau ma4 thia ciing tang theo
d6 tudi. Cu thé, hoat t ih khur sat caa dich chiét tir rau math® & cac do tudi 30, 45, 60
vars ngay tudi tuong trng 1a13,1640,04, 20,6040,43, 21,5040,52 va22,8910,77 (mg
FeSO./g chat kh®. Nhu vay, khi ting d6 tudi thu hoach rau méth® trong khoang 3075
ngdy tudi thhoat t ih khir sit cua dich chiét rau masé ting va dat cuc dai 22,8940,77
mg FeS0a/g chat khdkhi rau ma dat 75 ngdy tudi vahoat t ih khir sit cua dich chiét rau
mao cac do tudi 30, 45, 60 ngdy tudi bang twong tng 57,49%, 90,00%, 93,93% cua
hoat t ih khir sit cua dich chiét rau mé&o do tudi 75 ngdy tudi. Sau dé, khi do tudi thu
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hoach >75 ngdy tudi thihoat t mh khir sat caa dich chiét tir rau mésé giam. Chang han,
hoat t Tih khir st cta dich chiét thu nhan tir rau math® & cac do tudi 90, 105 val20
ngdy tudi trong tng 1&21,1340,86, 20,4840,89 vals,07+0,45 (mg FeSO./g chat khé.
Nhu vay, hoat t ih khir st cua dich chiét thu nhan tir rau math® & cac do tudi 90, 105
val120 ngdy tuoi chi bang twong tng 92,31%, 89,47% va78,94% so véi hoat t mh khir
st cua dich chiét thu nhan tir rau méath® & do tudi 75 ngay tudi.

Mit kh&, két qua phan tich phuong sai ANOVA ciing cho thiy su sai kh& vé
hoat t h khtr sét caa dich chiét thu nhan tir rau math® & cac do tudi thu hoach kh&
nhau trong giai doan tir 30<120 ngdy tudi lasu sai kh& co y nghia thong ké(p<0,05).

Tir nhitng phén t€h & tré cho thdy ¢ dé tudi thu hoach 75 ngdy tudi thidich
chiét thu nhdn tir rau math® cohoat t mh khir sat dat mizc cao nhat.

* \/& hoat t Tih bat géc tw do DPPH

Két qua phén t£h hoat t ®h bt gc tu do DPPH cua dich chiét thu nhan tir rau
méatrih bdy ¢ hinh 3.4 ciing cho thay tudi thu hoach ciing anh huong Ién dén hoat t ih
bat goc ty do DPPH cua dich chiét thu nhan tir rau m4 thia va d6 tudi thu hoach khéc
nhau thihoat t fih bat gbc tu do DPPH cua dich chiét rau ma thia ciing khac nhau. Trong
giai doan 3060 ngdy tudi, khi ting do tudi thu hoach thihoat t mih bat goc tu do DPPH
cua dich chiét thu nhan tir rau ma4 thia ciing ting theo do tudi. Cu thé, hoat t ih bit gdc
tu do DPPH cua dich chiét tir rau matha o cac do tudi 30, 45 vas0 ngdy tudi tuong tng
1&52,5742,01, 60,051,93 va79,4843,29 (%). Nhu vay, hoat t fih bit gbc tu do DPPH
cua dich chiét tir rau math® & do tudi 60 ngdy tudi 1&cao nhat, hoat t ih bit géc ty do
DPPH cua dich chiét tir rau math® ¢ d6 tudi 30 vads ngdy tudi chi bang twong tng
66,14% va75,55% so véi hoat t h bit goc ty do DPPH cua dich chiét tir rau math® ¢
d6 tudi 60 ngdy tudi. Rau math® ¢ do tudi tré 60 ngdy tudi thihoat t mh bt goc ty do
DPPH cua dich chiét rau malai giam. Chang han, hoat t ®ih bat goc ty do DPPH cua
dich chiét rau math®m ¢ cac do tudi 75, 90, 105 va 120 ngdy tudi tuong Gng la
74,8242,82, 70,8042,85, 58,4641,27 va52,17+42,23 (%). Nhu vay, hoat t fih bét gbc tu
do DPPH cua dich chiét rau math® o cac do tudi 75, 90, 105 val20 ngdy tudi chi bang
tuong wng 94,14%, 89,08%, 73,55% va65,64% so voi hoat tmh bit gbc tw do DPPH

cua dich chiét rau math® ¢ do tudi 60 ngdy tudi.

Tir nhitng phén t€h ¢ tré cho thdy ¢ do tusi thu hogch 60 ngdy tusi thidich

chiét rau math céhoat tfih bt géc tr do DPPH cao nht.
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Tir tdt ca c& két qua phén tEh & trén cho thay dé tudi thu hoach rau mathm co
danh hwéng dén ham lwong polyphenol, ham lirong chlorophyll vahogt t iih sinh hoc cua
dich chiét thu nhdn tir rau math®. Hon nita, két qud nghié cizu ciing cho thdy cOsw
twong quan manh giita ham lwong polyphenol, ham lwong chlorophyll véi hoat tmh
chang oxy héa téng vahoat tfih khir sat cua dich chiét rau math® theo cdc do tudi
nghié ciru. Cu thé, hé so fuwong quan giita ham lwong polyphenol véi hogt tfih chang
oxy h@ téng, gigta ham lwong polyphenol véi hoat t®h khir sat, gida ham leong
chlorophyll véi hoat tfih chéng oxy héa tong vagiiza ham heong chlorophyll véi hoat
tmh khet st fwong 1ing 1&0,757; 0,915; 0,912 va0,863. Piéu ndy coHthé khang dinh
thanh phan polyphenol, chlorophyll trong dich chiét rau md cé tic dong chi yéu dén

hoat t Tih chang oxy héa téng vahoat t iih kher sdt cia dich chiét rau méath .

Hon nira, Két qua phdan tich ciing cho thdy rau mathm ¢ dé tusi 45 ngédy tusi co
ham lwong chlorophyll cao nhdt nhung ham heong polyphenol thichi bang 79,80% ham
lirong polyphenol cua rau math® ¢ dg tusi 75 ngdy tusi. Két qua phdn tich ciing cho
thay dich chiét rau math® ¢ dé tudi 75 ngdy tuéi c6 ham lwong polyphenol cao nhat va
dich chiét rau math® ¢ d tusi 60 ngdy tusi cdham lhwong polyphenol bang 86,09%
ham lirong polyphenol cua dich chiét rau math ¢ do tusi 75 ngdy tudi. Tuy vdy, ¢ giai
doan 75 ngéy tusi, rau mathm van cOham lieong chlorophyll dat trén 94% ham lirong
chlorophyll cia rau math®m ¢ dé tusi 45 ngdy tusi. Trong do uong tir rau ma
chlorophyll Iath&nh phan chu yéu tao méu xanh cho dé uong vapolyphenol 1&hop chat
cOhogt tih sinh hoc nhu tiéu viém, ting thai déc,... Tir c& phén tTh ¢ tré cho thay
dé rau mathm vira ¢é ham hrong polyphenol vachlorophyll cao thiné thu hogch rau
math® ¢ dé tusi 60=75 ngdy tudi vagiai doan 75 ngdy tusi thiirau mathm cdham
lirong polyphenol cAhogt t ih sinh hoc cao nhat. Do vdy, thei gian thu hogch th €h hop
cho rau math i ding lam nguyén liéu thu nhdn polyphenol, chlorophyll cGhoat tmh
sinh hoc 1&75 ng&y.

3.2. NGHIEN CUU CHIET TACH POLYPHENOL VA CHLOROPHYLL TU
RAUMATHRA

3.2.1. Xac dinh thong s6 chiét tach polyphenol va chlorophyll tir rau ma tha
3.2.1.1. Xac dinh dung méi va phwong thirc chiét

Tién hanh chiét polyphenol, chlorophyll c&hoat th chéng oxy héa tir rau méa

th® biang c& dung m@& chiét kh& nhau: Nudc cat, methanol, aceton, ethanol, ethyl
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acetat, chloroform, diethyl ether van-hexan theo 3 phuong phép chiét kh& nhau: ngam
chiét, chiét hoi luu va chiét cohd trg séng siél 8m (o tan sé si@ &n 37kHz vacéng suit
si@ &m 80W), ty 1é DM/NL 30/1, thoi gian chiét 30 phit vanhiét do chiét 30°C. Két
th(c quatrmh chiét mau duoc danh gia ham luong polyphenol, chlorophyll, hoat t fh

chdng oxy héa tong vahoat t ih khir sat. Két qua dugc trih bdy ¢ c& hhh 3.5+3.8.
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Tir c& két qua trinh bdy ¢ c& hhh 3.5=3.8 cho thiy:

* \/& ham lwong polyphenol

Két qua phan t£h trinh bdy & hh 3.5 cho thay dung ma& chiét va phuong phap

chiét cOanh huong lon dén ham lwong polyphenol cua dich chiét rau méth®. Trong c&

phuong phap chiét maquatrinh nghié ctu da sir dung thiphwong phap chiét cohd tro

séng si@ an cho ham luong polyphenol cao hon cac phuong phap chiét kh&. Cu thé,
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khi chiét polyphenol tir rau méth bang dung ma ethanol véi phuong phap chiét cohd
trg si@ &m thidich chiét thu duoc c6 ham luwong polyphenol 1&3,8840,13 (mg acid
galic/g chat khé, cao gap twong ung 1,67 1an val,87 lan so vai ham luong polyphenol
cua dich chiét trong ethanol bang phuong phéap chiét hdi lvu va phuong phap ngam chiét.
Nhu vay, phuong phép chiét cohd trg si@ an luén cho dich chiét cdchtra ham luong
polyphenol cao hon cac phuong phap chiét khac va phwong phap ngam chiét cho dich

chiét trong ethanol c6 ham lugng polyphenol thap nhat.

Két qua phan t€h cén cho thiy trong cung diéu kién chiét thidich chiét trong
ethanol luén c6 ham luwong polyphenol cao hon cac dung mdi chiét kh&. Cu thé, dich
chiét ethanol bang phuong phap chiét cOhd tro song siéu 4m c6 ham luong polyphenol
cao gap tuong ung 1,17, 1,25, 1,40, 2,21, 2,26, 2,90 va2,98 (lan) so véi ham lugng
polyphenol cua dich chiét trong methanol, aceton, ethyl acetat, chloroform, diethyl

ether, nuéc cat van-hexan.

Tir két qua phén tEh ¢ tré cho thdy dich chiét rau math® bang ethanol theo
phwrong chiét cONG tro siéu dm cé ham lwong polyphenol cao hon so véi dich chiét trong
c& dung md kh& vatheo c& ky thudt chiét khdc da sir dung trong lugn &n. Do vdy,
néu xé theo kh & canh ham lrong polyphenol cao thidung mé ethanol va phirong phép
chiét cOhd tro séng si@& &m né duoc lira chon cho quatrhh chiét polyphenol tir rau
math k.

* V& ham lwong chlorophyll

Két qua phan t €h trinh bdy ¢ hhh 3.6 cho thiy ham lugng chlorophyll caa dich
chiét rau math ciing bi anh huong manh boi dung ma@ chiét va phuong phap chiét.
Trong pham vi cac phuong phép chiét da nghié cau thi phwong phap chiét cohd tro
séng si@ an cho ham luong chlorophyll trong dich chiét rau math® cao hon céc
phuong phap chiét cén lai. Chang han, khi chiét chlorophyll tir rau méth bang phuong
ph& chiét cohd trg séng si@ an véi dung md aceton thidich chiét thu duoc cGham
lwong chlorophyll 1&2,0440,04 (mg/g chat khd), cao gap twong tng 1,48 lan val,82 lan
so v&i ham lugng chlorophyll trong dich chiét aceton bang phuong phap chiét hdi luu
va phuong phap ngam chiét. Nhu vay, phuong phap chiét cohd tro séng si@ an cho
dich chiét trong aceton cAehtra ham lwong chlorophyll cao hon cac phwong phap chiét
khac va phuong phap ngam chiét cho dich chiét trong aceton cé ham lugng chlorophyll
thip nhat.
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Két qua phén tEh ciing cho thiy trong cung diéu kién chiét thidich chiét trong
aceton luén c6 ham luong chlorophyll cao hon cac dung moéi chiét kh&. Cu thé, dich
chiét aceton véi phuong phap chiét cOhd tro song siéu am co6 ham lugng chlorophyll
cao gap twong ung 1,33, 1,37, 1,45, 1,66, 1,79, 2,15 va3,00 (lan) so véi ham lwong
chlorophyll cua dich chiét trong ethanol, methanol, diethyl ether, ethyl acetat,
chloroform, n-hexan va nuéc cat. Mit khée, khi st dung dung md ethanol véi phurong
phdp chiét cOhd tro séng si@& an thidich chiét rau math® thu duoc c6 ham luong
chlorophyll cao hon kha nhiéu khi chiét biang c& dung mé& kh& (methanol, diethyl
ether, ethyl acetat, chloroform, n-hexan va nuéc cit) nhung thip hon so véi ham lwong
chlorophyll caa dich chiét rau méth® trong acetone. Két qua nay ciing phu hop véi dic
tmh sinh lycaa chlorophyll 1atan trong acetone tét hon tan trong ethanol va ciing phu
hop vé6i c& nghié cau tré thé gidi khi st dung dung m@& acetone trong chiét t&h
chlorophyll [73, 152]. Nhiéu két qua nghién ctru kh& ciing chang minh cho thay ngod
dung m@& acetone thiethanol ciing rat hiéu qua dé chiét c& chlorophyll [12, 171] dbi

véi nguyé ligu lathyc vat varong tao bién.

Tirkét qua phén t Th 6 tré cho thay khi chiét c& chdt tir rau math® theo phurong
ph&p chiét cOhé tro séng si@l &m si dung dung mé aceton sé cho dich chiét coham
lirong chlorophyll cao hon so véi ham hwong chlorophyll cia dich chiét rau math
bang c& dung ma khéc vatheo c& ki thudt chiét khdc da sir dung trong ludgn &n ndy.
Tuy vdy, doi véi thiee pham thichlorophyll chi yéu gép phdn tao cho dich thuc phdm co
mau xanh, cén hogt t ih sinh hoc cua djich chiét chi yéu 1ado polyphenol. Nauw vy, khi
xét theo ham lrong chlorophyll cao thisi dung dung m& aceton dé chiét c& chat tir
rau math theo phuwong phdp chiét cGhé tro séng si@ &m sé cho dich chiét coham
lirong chlorophyll cao nhat. Tuy vdy, khi chiét c& chdt tir rau math bang ethanol th¥
dich chiét thu lai ¢é ham lwong polyphenol véi hoat sinh hoc cao nhdt nhung ham leong
chlorophyll cia dich chiét ciing khd cao va bang 75,49% ham heong chlorophyll cia
dich chiét rau math® bang acetone. Hon nita, dung méi acetone la dung méi dgc va
giath&uh cao hon ethanol nén nguwoi ta Tkhi sir dung acetone trong linh vuc chiét c&

chdt ding trong linh vuc thuc pham.
* \/é hoat t mh chong oxy héa tong

Két qua phan t£h trinh bdy & hh 3.7 cho thay dung ma& chiét va phuong phap

chiét cling anh huéng 16n dén hoat t ih chong oxy héa tong cua dich chiét rau math .
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Chiét cohd trg séng si@ @n cho dich chiét tir rau math cAhoat t fih chéng oxy héa
t6ng cao hon cac phuong phap chiét kh&. Cu thé, dich chiét rau méth® trong dung mé
ethanol str dung phuong phap chiét cohd tro si@ &m thu nhan dugc cShoat t fih chdng
oxy héa tong 1&2,1240,04 (mg acid ascorbic/g chit khé), cao gap twong tng 1,63 lan va
2,33 1an so véi hoat t mh chéng oxy héa tong cua dich chiét trong ethanol bang phurong
ph& chiét hdi luu va phuong phap ngam chiét. Nhu vay, phuong phap chiét cohd tro
séng si@ an luén cho dich chiét trong ethanol cohoat t mh chdng oxy héa tong cao hon

cac phuong phap chiét khé.

Hon nita, trong cung diéu kién chiét cohd trg sng si@ an thidich chiét trong
ethanol lué cohoat t iih chdng oxy héa tong cao hon so véi dich chiét trong c& dung
m& kh&. Cu thé, dich chiét ethanol bang phuong phap chiét cOhd tro séng sié& &m co
hoat t ih chdng oxy hé tong cao gap twong ung 1,40, 1,50, 1,72, 1,23, 2,59, 2,83 va
3,42 (lan) so vai hoat tTh chdng oxy héa tong cua dich chiét trong aceton, methanol,

ethyl acetat, diethyl ether, nudc cat, n-hexan vachloroform.

Tir két qua phén tTh ¢ tré cho thdy dich chiét rau math® bang ethanol theo
phwong chiét cOhé tro séng si@ &m cOhoat thh chong oxy héa téng cao hon so véi
dich chiét trong c& dung mé@ kh& (aceton, methanol, ethyl acetat, diethyl ether, nuéc
cat, n-hexan vachloroform) vatheo c& ky thudt chiét khéc (kj thudt ng@m chiét vaky
thugt chiét hoi luu). Do vy, khi xé& theo kh & canh @é dich chiét cOhoat t iih chang oxy
héa tong cao thi dung méi ethanol va phwong phdp chiét cGhé tro séng si@ &m nén
duot lira chon la dung méi va phwong phdp chiét c& chdt cohogt t Tih sinh hoc tir rau
math .

* \/é hoat t mh khir sat

Két qua ph&n tTh trih bdy & hhh 3.8 cho thay hoat t fh khir sit cia dich chiét
rau ma thia cling bi anh huong bai dung ma chiét va phuong phép chiét. Phuong phép
chiét cohd tro séng si@ &n cho hoat t mh kht st cua dich chiét rau ma thia cao hon céc
phuong phép chiét kh&. Cu thé, dich chiét rau math® bang phuong phép chiét céhd
trg séng si@& &m vai dung ma ethanol s& cho dich chiét cohoat t ih khir sit 1&7,3840,29
(mg FeSO4/g chat khé), cao gap twong tng 1,27 1an val,95 lan so véi hoat t mh khir sat
cua dich chiét trong ethanol bang phuong phap chiét hoi luu va phuong phap ngam chiét.

Bé& canh d6 ciing cho thay trong cung diéu kién chiét thidich chiét trong ethanol luén
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cOhoat t iih kht sit cao hon dich chiét trong c& dung mé chiét kh&. Cu thé, dich chiét
ethanol theo phuong phap chiét cohd trg séng si@ am luén cho dich chiét cohoat t i
khtr sat cao gap twong ¢ng 1,10, 1,13, 1,18, 1,31, 1,34, 1,49 val,54 (lan) so véi hoat
tfh khtr sit caa dich chiét trong methanol, aceton, chloroform, ethyl acetat, diethyl

ether, n-hexan va nudc cat.

Tur c& két quda phén t €h & tré cho thdy dich chiét rau méath® bang ethanol theo
phirong php chiét cOhd tro séng si@ &m luén cho dich chiét cohoat t h kher sdt cao
hon so véi dich chiét trong c& dung m& khéc vatheo c&c ky thudt chiét khdc da sir
dung trong lugn &. Do vdy, néu xé& theo hogt t fih khi sdt cua dich chiét cao thidung
ma@ ethanol va phiong phdp chiét cONG tro séng siéu dm nén dwoc lya chon 12m dung
ma& chiét va phirong phdp chiét d@é chiét c& hop chat tir rau math® véi hoat t ih khi

sat cao.

Két qua phan tich ANOVA ciing cho thay sy kh& biét giita c& két qua phén t €h
vé ham luong polyphenol, ham luong chlorophyll, hoat t ih chéng oxy héa tong vahoat
tmh khir sat cua c& dich chiét lasu kh& biét co y nghia théng k&véi mirc y nghia
p<0,05. Phan t £h nd&y mét lan nita khang dinh, su kh& biét vé ham lwong polyphenol,
ham luong chlorophyll, hoat t mh chéng oxy héa tong vahoat t ih khi st cua dich chiét
trong ethanol theo phuong phap chiét cOhd tro séng si@ &m so véi c& dung mé chiét
va phuong phap chiét kh& lasu kh& biét co y nghia.

Tur tat ca céc phén tTh ¢ tré cho thdy dé dich chiét tir rau math vira cOham
lirong polyphenol va chlorophyll cao ciing nhuw hogt t Tih sinh hoc cuia dich chiét cao th
ethanol nén duroc lira chon 12m dung mé chiét vachiét cohd tro sng si@i &m nén duroc
lwa chon lam phwrong phdp chiét. C& két qua nghié cizu ndy cia ludn &n ¢d tinh tuwong
dong vé dung ma chiét ciing nhw phwong phdp chiét polyphenol, chlorophyll c&hoat
tmih chéng oxy héa ciia mét so t& gia ¢ Viét Nam vatré thé gidi. Cu thé, ethanol 1a
dung m@& ¢é dé phén cuc cao, duoc ching minh phtihgp dé chiét c& polyphenol co
hogt t ih chong oxy tir thiee vét [9, 14, 118] vaphtihgp dé chiét c& chlorophyll tir c&c
thyec vat tré can [12, 151] ciing nhw c& lo& thyee vdt bién [10, 156]. Hon nira, nhiéu
nghié ciru ciing cho thdy phiwong phdp chiét cOhé tro séng si@ & lahiéu qud trong
viéc t&eh chiét c& polyphenol [42, 176], chlorophyll [67] cAhoat t Tih chéng oxy héa
tir c&c 10&l thuc vdt. Do vdy, lugn &n quyét dinh lira chon ethanol 12m dung mé chiét va
phurong phdp chiét cOhé tro séng si@& am lam phwong phdp chiét polyphenol,
chlorophyll c&hogt t mh sinh hoc tir rau méath® trong tzi Nha Trang - Khénh Héa.
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3.2.1.2. Xac dinh nong d$ dung mdi

Tién hanh th inghiém chiét polyphenol vachlorophyll tir rau méth theo phwong
ph&p chiét cohd trg séng si@ &m sir dung dung ma chiét 1&ethanol & c& ndng d6 khao
s& kh& nhau tir 75-99,5 (%) véi budc nhay nong do ethanol 1&5% trong dung mé co
ty 1¢ DM/NL 30/1 véi thoi gian chiét 30 ph(t vanhiét do chiét 30°C. Sau khi chiét, loc
ht ché khéng thu dich chiét valdy miu phén t £h ham luong polyphenol, chlorophyll,
hoat tfih chdng oxy hé tong vahoat t fih khur sit. Két qua duoc trinh b&y ¢ c& hhh
3.9va3.10.
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Tu c& két qua dugc trith bdy & c& hhh 3.9 va3.10 cho thay:
* \/é ham lwong polyphenol

Két qua phan t £h trih bdy & hhh 3.9 cho thay ndng ethanol sir dung trong nghié
ctru cOanh huéng manh dén ham lugng polyphenol cotrong dich chiét rau méth®. Cu
thé, khi ting nong do ethanol trong khoang 7595 (%) thi ham lwong polyphenol c&
trong dich chiét thu duoc sé ting theo nong d6 ethanol st dung va ham luong polyphenol
cua dich chiét dat cuc dai 1&4,0440,17 mg acid galic/g chat kh&khi nong d6 ethanol st
dung 95%. Néu tiép tuc ting ndng do ethanol cho quéatrih chiét > 95% thi ham luong
polyphenol trong dich chiét giam nhe vai kh&t biét khong cé ¥ nghia théng ké&(p<0,05),
khi ndng d6 ethanol 99,5% thidich chiét rau ma thia thu dwoc c6 ham luong polyphenol
1&3,8840,13 mg acid galic/g chat khé Két qua nghié ctru cia luan an ciing ¢ nét turong
ddng véi mot sé nghié ciu chiét polyphenol tir thuc vat & Viét Nam vatrén thé gidi.

Chang han nghié ctu cia Vii Ngoc Boi vacong su (2015) trong chiét ri
polyphenol, chlorophyll véi hoat t@ih chéng oxy héa tir cdy ming tay [20] vanghién
ctru ciia Pang Xuan Cudng vacong su (2012) khi chiét rdt phlorotannin tir rong mo [4]
déu cho rang néng do ethanol cGanh huong manh dén ham lugng polyphenol ctrong
dich chiét thu nhan duoc vandng d6 ethanol >70% I&phCihop cho quétrih chiét dé thu
nhan ham luong polyphenol trong dich chiét cao nhat [34, 58, 119].

Tir c& phén tTh ¢ tré cho thdy ethanol ¢ nong dé 95% ding chiét polyphenol
tir rau md thia theo phwong phdp chiét cOhé tro- séng si@ &m sé cho dich chiét céham
lirong polyphenol cao nhdt. Do vdy, khi xét theo ham lwong polyphenol cotrong dich

chiét cao thiethanol 95% nén dwroc lua chon dé chiét dich chiét tir rau matha.
* V& ham lwong chlorophyll

Phan t £h trh bdy & hhh 3.9 cho thay khi ting ndng d6 ethanol trong khoang tir
75% dén 85% thham luong chlorophyll cétrong dich chiét thu dwoc ciing ting theo va
dat muc cao nhat 1a1,9440,04 (mg/g chat kh® khi nong do ethanol 1&85%. Néu tiép
tuc ting néng do ethanol 1& 90%, 95% va99,5% thi ham luong chlorophyll cStrong
dich chiét thu duoc 1a1,8740,01 mg/g chat kh@ 1,68+0,03 mg/g chat khdvaal, 540,06
mg/g chat kh@ tuong ung biang 96,39%, 86,60% va 79,38% so voi ham luwong

chlorophyll cétrong dich chiét rau mékhi chiét bang ethanol 85%. Két qua nghié ciu
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cua luan & ciing ¢ nét twong ddng véi mot sé nghid ciru sir dung ethanol vaéi ndng do
kh& nhau dé chiét chlorophyll tir thuc vat hay tir rong. Chang han, LEThi Hong Anh
vacong su (2016) khi nghién ciu chiét téh chlorophyll tir rong nuéc lg Cheatomorpha
sp. thu miu ¢ déng bang séng Curu Long cho rang si dung ethanol 80% dé chiét t&h
chlorophyll tir rong nudc lg Cheatomorpha sp. s& cho hiéu qua chiét cao [10]. Nguyén
Thi V& Anh vacong sy (2014) ciing cho rang ding ethanol 92% dé chiét chlorophyll
tir l&rau ngd sé thu duge ham lugng chlorophyll cao [12]. C& két qua nghiéa ciu trén
cling cho thay ham lugng chlorophyll cotrong dich chiét rau ma thia ciing bi anh hudng
manh bai ndng ethanol vaethanol véi ndng d6 cao l&phthop dé chiét c& chlorophyll

tu thyc vat.

Tir c& phén tEh tré cho thdy ethanol ¢ nong dg 85% th €h hop cho viéc chiét
chlorophyll tir rau md thia theo phwong phdp chiét cOhé tro séng si@ &m. Tuy vdy, khi
sir dung ethanol ¢ nong dé 95% dé chiét c& chat tir rau méath thidich chiés thu dwoc
Sé ¢6 ham lwong polyphenol dat cao nhdt vaham heong chlorophyll thu dwoc van dat

muzc cao, tdi 86,60% so véi ham lwong chlorophyll cue dai khi chiét bang ethanol 95%.
* \/& hoat t h chong oxy héa tong

Tir két qua phan tTh & hh 3.10 ciing cho thiy ndng ethanol sir dung trong qué
trinh chiét cdanh huong manh dén hoat tmh chong oxy héa téng caa dich chiét rau ma
th. Khi ting ndng d6 ethanol trong khoang tir 75% dén 95% thihoat tmh chong oxy
hé téng cua dich chiét rau mathu duoc ciing ting va dat cao nhét 2,2640,08 mg acid
ascorbic/g chat khotai nong do ethanol 95%. Hoat tmh chéng oxy héa tong cua dich
chiét trong ethanol & ndng d6 95% cao gap tuwong (ng 1,58, 1,40, 1,21 val,08 (lan) so
véi hoat t mh chong oxy héa tong cuaa dich chiét ethanol & c& nong do 75%, 80%, 85%
va90%. Khi tiép tuc ting nong do ethanol st dung > 95% thihoat t mh chong oxy héa
téng cua dich chiét lai co xu hudng giam xudng. Hoat t ih chdng oxy héa tong caa dich
chiét trong ethanol ¢ nong d6 95% cao gap 1,07 lan so véi hoat t mh chdng oxy héa tong

cotrong dich chiét ethanol ¢ nong d6 99,5%.

Tir c& phén t Th tré cho thdy dich chiét rau math® theo phuwong phdp chiét ¢

hé tro séng si@ &m sir dung ethanol ¢ nong dg 95% cAhoat th chéng oxy héa téng
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cao nhdt. Do vdy, néu xé theo hogt tmh chong oxy héa téng cua dich chiét cao thi

ethanol ¢ nong dé 95% duroc lira chon dé chiét c&c hop chat tir rau math .
* \/é hoat t h khir sat

Tir két qua phén t€h ¢ hhh 3.10 cho thay khi ting nong d6 ethanol khao sé& tir
75% dén 90% thihoat t h khir sat cua dich chiét rau ma thia thu duoc ciing ting theo
vadat 16n nhat 1&8,3820,34 mg FeSO4/g chat kh&khi nong do ethanol sir dung 1290%.
Khi tiép tuc ting nong do ethanol chiét > 90% thWhoat t mh khtr sat caa dich chiét rau
ma thia thu duoc s& giam xudng. Hoat t iih khtr sit caa dich chiét ethanol & nong d6 90%
cao gap twong tng 1,04 lan val,14 lan so vai hoat t ih khir sit caa dich chiét ethanol &
c& ndng d6 95% vav9,5%. Nhu vay, cothé khang dinh nong ethanol st dung trong qué

trinh chiét cAanh huong Ion dén hoat t fih khir sit caa dich chiét rau méath® thu dugc.

Tir c& phén tEh tré cho thdy dich chiét rau math trong ethanol 90% theo
phirong phdp chiét cOhé tro séng si@ am lué cdhogt t Bih khir sdt cao hon tat ca c&

dich chiét bang ethanol ¢ c& nong dg kh& 90%.

Két qua phan tich ANOVA ciing cho thay sy kh& biét vé két qua ph&n t Th ham
luong polyphenol, ham luong chlorophyll, hoat t ®h chéng oxy héa tong vahoat tfh
khtr st cua c&c dich chiét bang ethanol trong ndng d6 khao sé tir 75% dén 99,5% lasy
kh& biét c6 ¥ nghia thong k&(p<0,05). Phan t €h ndy mat lan nira khang dinh, ndng do
ethanol sir dung trong quétrh chiét trong khoang da khao s& cAanh huong 16n dén
ham lugng polyphenol, ham lugng chlorophyll, hoat t ®h chdng oxy héa téng vahoat

tmh khu sat caa dich chiét rau matha.

Tur tat ca c& phén t€h ¢ trén cho thdy hogt t ih chong oxy héa téng vahoat tmih
khi sat cua dich chiét tir rau méath cao lado ham Lrong polyphenol trong dich chiét
cao vakhi si dung ethanol ¢ nong dé 95% dé chiét c&c chat tir rau math thidich chiét
thu dwoc cOham lirong polyphenol véi hogt t fih chéng oxy héa tong, hogat t Bih kher sdt
dat mizc cao nhat trong khi ham lwong chlorophyll ciing ¢ mirc cao tré 86,60% so vdi
ham heong chlorophyll cuee dai khi chiét bang ethanol 85%. Do vdy, dung mé& ethanol
& nong dg 95% duwoc lwa chon dé chiét polyphenol vachlorophyll cdhogt t fih sinh hoc

tor rau math n.
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3.2.1.3. Xac dinh nhiét dd chiét

Tién hanh th inghiém chiét polyphenol, chlorophyll céhoat t fih chéng oxy héa
tir rau math® véi phuong phap chiét cohd trg séng si@ anm trong dung mé ethanol
95%, thoi gian chiét 30 pht, ty 16 DM/NL 30/1 vanhiét do chiét thay doi tir 30<80 (°C)
véi bude nhay nhiét @6 1&10. Két th(t quatrih chiét mau duoc phén t £h ham luong
polyphenol, chlorophyll, hoat t fih chdng oxy hé tong vahoat t fih khir sit. Két qua
duoc trimh bdy 6 c& hnh 3.11 va3.12,
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tnh khir sat caa dich chiét rau ma

78



Tu c& két qua dugc trith bdy & c& hhh 3.11 vag3.12 cho thay:
* \/é ham lwong polyphenol

Két qua phén tTh ¢ hh 3.11 cho thay nhiét d6 chiét cdanh huéng manh dén
ham luong polyphenol cotrong dich chiét. Cu thé, khi ting nhiét do chiét trong khoang
30°C=+60°C thi ham luong polyphenol caa dich chiét rau math ciing ting theo chiéu
tang nhiét do chiét va dat cuc dai 1&12,1140,28 mg acid galic/g chat kh&khi nhiét do
chiét 1&460°C, cao gap 3,00 lan so voi ham lugng polyphenol cotrong dich chiét rau méa
th chiét & 30°C. Khi tang nhiét do chiét cao hon 60°C thi ham luong polyphenol cua
dich chiét rau math® coxu huéng khong ting trong khoang nhiét d6 chiét 60°C <+70°C
vakhi nhiét do chiét cao hon 70°C thi ham lwgng polyphenol cua dich chiét rau méathh
cOxu thé giam nhe. Cu thé, ¢ nhiét o chiét 70°C vag80°C thi ham lugng polyphenol
trong dich chiét twong ung 1a11,8140,34 mg acid galic/g chat khéval0,9340,12 mg
acid galic/g chat kh@ bang twong tting 97,52% va90,26% so véi ham lugng polyphenol
cua dich chiét rau math® & nhiét d6 60°C. Nhu vay, khi chiét c& chat tir rau mathh
theo phuong thirc chiét cohd tro séng si@ &m sir dung dung md ethanol 95% thidich
chiét s& c6 ham lugng polyphenol cao nhat khi chiét & 60°C. Chew vacong sy (2011)
khi nghié ctru chiét t&ch polyphenol tir co r&u mé (Orthosiphon stamineus) bang dung
moi ethanol 40% ciing cho thdy ham lwong polyphenol tong sé thu nhan tir cé r&u més
(O. stamineus) dat giatri cao nhat 20,03 mg acid galic/g chat khda nhiét do chiét 65°C
- nhiét do chiét nay ciing gan twong duwong véi nhiét do chiét c& chét tir rau math® ma
luan & thuc hién [37]. Frempong vacong su (2021) ciing nghié cau chiét téch
polyphenol tir lod Funtumia elastica bang dung m@ ethanol 76% nhan thay nhiét do
chiét 63,7°C I&phTihop vag nhiét do chiét 63,7°C dich chiét polyphenol tir lo& F. elastica
dat ham luong cao nhat 1482,83 mg acid galic/g chat khé@

Tir c& phén t£h tré cho thdy khi tién hanh chiét ¢ nhiér @6 60°C thidich chiét
tir rau m&ath® thu dwroc ¢é ham lwong polyphenol cao nhat. Do vdy, nhiét dé chiét 60°C
nén duoc lya chon dé chiét rit polyphenol tir rau méath . Mdt khéc, két qua nghié ciru
cua lugn &n con cho thdy khodng nhiér dg th €h hop cho quatrmh chiét polyphenol tir
rau math® 1&40°C+80°C. Do vdy, khodng nhiér dé chiét 40°C=80°C né duwroc lya
chon 12m théng sé bié cho quatrih quy hoach thic nghiém chiét rit polyphenol tar

rau math n.
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* \/& ham lwong chlorophyll

Két qua phan t €h & hh 3.11 cho thay ham lwong chlorophyll chiét rit tir rau m&a
th ciling thay doi theo nhiét d6 chiét. Khi ting nhiét do chiét trong khoang 30°C+60°C
thiham luong chlorophyll cua dich chiét rau ma thia ciing ting theo chiéu ting cta nhiét
d6 chiét vakhi nhiét do chiét 1&60°C thi ham lugng chlorophyll trong dich chiét dat muc
I6n nhat 1&3,2140,11 mg/g chit kh@ bing 1,91 14n so v&i ham lwong chlorophyll trong
dich chiét tai nhiét do chiét 30°C. Khi tiép tuc tang nhiét do chiét > 70°C thi ham luong
chlorophyll cotrong dich chiét c6 xu hudng giam nguoc chiéu véi chiéu ting nhiét o
chiét. Cu thé, khi tiép tuc ting nhiét do chiét trong khoang 60°C<70°C thiham lwong
chlorophyll caa dich chiét thu duoc khong ting va su kh& biét vé ham lugng chlorophyll
cua dich chiét khong c6 y nghia thong k&(p<0,05), chiing to ham lugng chlorophyll cia
dich chiét rau ma thu duoc hau nhu khong thay doi khi ting nhiét do trong khoang
60°C=<70°. Sau d6 néu tiép tuc ting nhiét do chiét 16n hon 70°C thi ham luong
chlorophyll caa dich chiét rau macoxu thé giam nhanh hon va ham luong chlorophyll
cua dich chiét rau ma thu dugc khi chiét ¢ 80°C giam chi con 83,80% ham luong
chlorophyll cuc dai khi chiét & 60°C. Két qua nghién ctu cua luan an c6 tinh twong dong
véi nghi@ ciu cua Weibao Kong vacong sy (2012) khi nghié cau chiét t&h
chlorophyll tir vi tao xanh (Chlorella vulgaris) bang phwong phap ngam chiét cohd tro
séng si@ am vai dung ma chiét ethanol 80%. Két qua nghié cau cua Weibao Kong
vacong su cho thay khoang nhiét do th €h hop cho quatrih chiét chlorophyll tir vi tao
xanh 1&50-70°C va61°C lanhiét do th Th hop nhat cho quatrih chiét chlorophyll tur
vi tao xanh [178].

Tir c& phén th trén ciing cho thay 60°C lanhiér dé th Eh hop va40°C=80°C |&a
khodng nhiét d6 phtihop cho quatrinh chiét dé dam bdo thu dwoc chlorophyll véi ham

lwong cao tir rau math g.
* \/é hoat t ih chéng oxy héa tong

Tir két qua phé&n t Th & hh 3.12 cho thay ciing twong ty nhu anh huéng cia nhiét
d6 chiét dén ham lwong polyphenol trong dich chiét, nhiét do chiét ciing c6 anh hudng
manh dén hoat t h chng oxy héa tong caa dich chiét rau math . Khi ting nhiét do
chiét trong khoang 30°C=60°C thihoat t mh chdng oxy héa tong cua dich chiét thu duoc

cling tang va hoat tmh chdng oxy hé téng cua dich chiét dat mic cao nhat 6,6420,21
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mg acid ascorbic/g chat khdkhi nhiét do chiét 1260°C. Néu tiép tuc tang nhiét do chiét
> 70°C thihoat t h chéng oxy hé tong cua dich chiét giam xubng vatai 80°C thidich
chiét cohoat t iih chdng oxy héa tong 1&4,7940,16 mg acid ascorbic/g chat kh@ bang
72,14% hoat t mh oxy hé tong cao nhat khi chiét ¢ 60°C.

Tir c& phén tTh trén cho thdy khi chiét c& hep chat tir rau math® ¢ nhiér do
60°C thdich chiét thu diroc cOhoat t ih chong oxy héa téng cao nhat vakhodng nhiét
dé phtihgp cho quéatrih chiét c& chat tir rau math dé dich chiét cdhogt t ih chong

oxy héa téng cao 1&40+80°C.
* \/é hoat t h khir sat

Két qua ph&n t€h & hhh 3.12 cho thay hoat t ih khir st caa dich chiét rau ma
th cling chiu tac dong manh bai nhiét do chiét. Hoat t mh kht sit caa dich chiét rau ma
thia thu duoc tang khi ting nhiét 6 chiét trong khoang 30<70°C vatai nhiét d6 chiét
70°C thihoat t h khir sat cua dich chiét dat cao nhat 1&21,0120,75 mg FeSO4/g chat
kh&va cao twong tng gap 2,60, 1,55, 1,20, 1,09 (1an) so véi hoat t ih khtr sit caa dich
chiét thu nhan duoc khi chiét tai c& nhiét do 30°C, 40°C, 50°C va60°C. Khi tang nhiét
d6 chiét 1& 80°C thihoat t mh khir sit cua dich chiét cOxu thé giam nhe vag nhiét do
chiét 80°C thidich chiét rau méth® cohoat t ih khi st 1&18,03+40,52 mg FeSO4/g chat
kh@ bang 85,82% so vai hoat t ih khtr sat caa dich chiét cao nhat khi chiét tai 70°C.

Tir c& phén t £h tré cho thdy 70°C lanhiér do th Eh hop vad0 °C <80°C khodng
nhiét dg phtihgp cho quatrh chiér dé thu dich chiét rau math cohogt tfih khet sat

cao nhat.

Két qua phan tich phuong sai ANOVA cho thay cOsy kh& biét voi muc y nghia
thong k&(p<0,05) ddi véi c& gidtri vé ham lugng polyphenol, ham luong chlorophyll,
hoat t ih chéng oxy héa tong, hoat tmh khi sit caa dich chiét rau math thu nhan ¢
c& nhiét d6 kh& nhau trong quétrmh nghié ctu caa luan &. Két qua ndy mot 1an nira
khang dinh nhiét d6 chiét c6 anh huong dén ham lugng polyphenol, ham lugng
chlorophyll vahoat t ih sinh hoc cua dich chiét rau math .

Tur tdt ca cé& phén th ¢ tré cho thay 60°C lanhiér dg th €h hop cho quéatrmh
chiét polyphenol, chlorophyll véi hogt t®h sinh hoc tir rau mathm va40-<80°C la
khodng nhiét dé phtTihop cho quétrmh chiét polyphenol vachlorophyll cdc& hogt t fih

chang oxy héa tir rau matha.
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3.2.1.4. Xac dinh thoi gian chiét

Tién héoh th inghiém chiét polyphenol, chlorophyll tir rau méath® theo phuong
ph& chiét cohd trg séng si@& &n bang dung mé ethanol 95% tai nhiét do chiét 1&60°C,
ty 16 DM/NL 30/1 vathai gian chiét thay d6i tir 30+180 (phtt) véi budc nhay thoi gian
1&30. Sau khi chiét, loc htt chan khéng thu dich chiét valay mau phan t £h ham luong
polyphenol, chlorophyll, hoat t fih chdng oxy héa tong vahoat t fih khir sit. Két qua th T
nghiém duoc trmh bdy ¢ c& hnh 3.13 vas.14.
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Tir c& két qua th inghiém duoc trinh bdy ¢ hhh 3.13 va3.14 thiy rang:

* \/é ham lwong polyphenol

Tir két qua phan t Th ¢ hh 3.13 cho thay khi chiét c& polyphenol tir rau méth
thithoi gian chiét cGanh huong manh dén ham luong polyphenol cotrong dich chiét.
Cu thé, ham luong polyphenol trong dich chiét rau ma thia tang khi ting thoi gian chiét
trong khoang tir 3090 (phtt) va dat gidtri cao nhat 1&14,1240,21 mg acid galic/g chat
kh&khi thoi gian chiét 1290 phit. Khi ting thoi gian chiét > 90 phut thi ham lugng
polyphenol caa dich chiét giam manh. Sy suy giam ham lwong polyphenol caa dich chiét
khi thoi gian chiét dai hon 90 phut c6 thé Iygiai 1ado polyphenol 1&hop chat Thén nhiét
né khi thoi gian chiét kéo dai cothé 1am chuyén hé, phan hity polyphenol. Ham lugng
polyphenol cia c& dich chiét thu dugc twong tng véi thoi gian chiét 30 phit, 60 phti,
120 pht, 150 pht va180 phtt bing 85,77%, 98,79%, 84,56%, 79,18% vaB7,92% ham
lugng polyphenol cua dich chiét rau math® thu duoc khi chiét trong 90 phtt. Nhu vay,
thoi gian th €h hop cho quatrih chiét polyphenol tir rau méath® maluan & thuc hién
ngan hon thoi gian chiét maFrempong vacong su (2021) di thuc hién khi chiét rit
polyphenol tir lo& Funtumia elastica. Cu thé, theo Frempong vacong sy (2021), thoi
gian chiét th €h hop cho quatrmh chiét rit polyphenol tir lod Funtumia elastica bang
ethanol 60% & nhiét o chiét 35<C 1a240 phtt — twong tng véi théng sé chiét ndy, ham
luong polyphenol thu nhan tir lod Funtumia elastic dat mirc cao nhat 1&67,22 mg acid
galic/g chat kh@ S¢ di thoi gian chiét polyphenol thu nhan lo& Funtumia elastica do
Frempong vacong su nghié ciru kh& nhiéu so véi nghié cau cua luan & lavica té
gia da sir dung phuong thirc ng&m chiét vaguatrih thuc hién nghié cau tré lodl thyc
vit kh&. C& lodl thuc vat kh& nhau s& kh& vé cau trdc médan tai thoi gian chiét c&
chat ra khoi mé ciing khac nhau.

Tir c& phén tTh trén cho thdy dich chiét rau md thia ¢6 ham heong polyphenol
cao nhat khi chiét trong thoi gian 90 phtt. Do vdy, thoi gian chiét 90 phit né diroc
chon dé chiét polyphenol tir rau méath .

* V& ham lwong chlorophyll

Tir két qua ph&n t€h ¢ hhh 3.13 cho thay ham luong chlorophyll cStrong dich
chiét tir rau math ciing chiu tic dong manh boi thoi gian chiét. Cu thé, trong khoang
thoi gian chiét tir 30120 (phut), khi ting thoi gian chiét thiham luong chlorophyll caa
dich chiét rau m4 thia ciing tang va dat cuc dai 186,18+40,07 mg/g chat khékhi thoi gian
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chiét 12120 phtt. Khi tang thoi gian chiét trén 120 phat thi ham luong chlorophyll cua
dich chiét rau math lai giam nhanh. Cu thé, ham luong chlorophyll cua dich chiét rau
méth® khi chiét trong thai gian 30 phit, 60 pht, 90 phtt val50 phtt chi bing tuong
ing 51,94%, 80,42%, 94,66% va73,14% so voi ham lugng chlorophyll caa dich chiét
thu duoc khi chiét trong 120 phtt. Két qua nghié ctu vé thoi gian chiét chlorophyll
trong rau math® caa luan & cao hon so véi nghié ciru chiét chlorophyll tir vi tao xanh
(Chlorella vulgaris) bang phuong phap ngam chiét cGhd trg shg si@ am sir dung
ethanol 80% vachiét & 61°C cua Weibao Kong vacong su. Két qua nghié ctu cua
Weibao Kong vacong su cho thiy thoi gian chiét 79 ph(t 1ath €h hop cho quéatrih
chiét chlorophyll tir vi tao xanh [178]. Sy kh&c biét giita thoi gian chiét chlorophyll tir
vi tao xanh vathai gian chiét chlorophyll tir rau méth i cothé Iygiai 1ado sy kh& nhau
vé cau trdc mécua thuc vat vavi tao. Trong thuc vat cau trdc mdchia nhiéu vi soi
cellulose né trang th& mébén chit hon do vay c& chat trong mdkhokhuéeh tén ra
dung ma& chiét né& quatrih chiét rit c& chét ra khoi méthuc vat khé khian hon nén
thoi gian chiét can dai hon.

Tir c& phén tEh tré cho thdy khi thoi gian chiét 1&120 phit thidich chiét thu
dwroc cOham lwong chlorophyll cao nhdt. Do vdy, khi chiét chlorophyll tir rau math s
thithoi gian chiét 120 phtt 1aphtihop.

* V& hoat t mh chong oxy héa tong

Tur két qua phan t€h & hhh 3.14 cho thay twong tu nhu sy anh hudong cua thoi
gian chiét dén ham lwong polyphenol vachlorophyll cétrong dich chiét thihoat tmh
chéng oxy héa tong cua dich chiét rau ma thia ciing chiu tac dong béi yéu té thoi gian
chiét. Cu thé, khi tang thoi gian chiét tir 30 phat dén 90 phtt thihoat t ih chdng oxy héa
tong cua dich chiét tang va dat cao nhat 1&7,7740,31 mg acid ascorbic/g chat kh&khi
thoi gian chiét 1290 phit. Néu tiép tuc tang thoi gian chiét cao hon 90 phtt thihoat t h
chéng oxy héa tong cua dich chiét cOxu thé giam manh. Két qua ndy cothé lygiai 1a
do c& chat cohoat t mh chong oxy héa tong manh nhu cac polyphenol thudng Thén voi
nhiét trong mét thoi gian d&l Do vay, thoi gian chiét kéo d& ¢ nhiét 6 60°C cothé 1am
mat hoat t ih caa polyphenol dan toi hoat t h chéng oxy hé tong giam manh khi ting
thoi gian chiét tré& 90 phit. Hoat t h chéng oxy héa tong cua dich chiét khi chiét trong
c& thoi gian chiét 30 phtt, 60 phit, 120 phit, 150 phtt val80 phit chi bang 85,46%,
96,01%, 74,90%, 63,96% va39,38% hoat tmh chong oxy hé tong cua dich chiét khi
chiét véi thoi gian 90 phi.
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Tir c& phén tTh tré cho thdy dich chiét rau math véi thoi gian chiét 1290
phtt thihogt t mh chong oxy héa tong cua dich chiét cao nhdt nén thoi gian chiét 90
phtt 1&phtihop cho quatrmh chiét dé thu dich chiét cdhogt tfih chéng oxy héa tong

cao nhat.
* \/& hoat t h khir sit

Két qua ph&n t€h ¢ hh 3.14 cho thay hoat t fih khir sit cua dich chiét rau m&a
th ciing chiu tic dong manh bai yéu t6 thoi gian chiét. Cy thé, khi ting thoi gian chiét
trong khoang tir 30 phut dén 120 phtt thihoat t ®h khtr sit caa dich chiét rau matha
thu dugc tang va dat cao nhat 1&29,1340,59 mg FeSO4/g chat kh&khi thoi gian chiét &
120 phtt. Néu tiép tuc ting thoi gian chiét d¢én 150 phtt val80 phit thihoat t ih khi
sat cua dich chiét c6 xu hudng giam. Hoat t ih khtr sit cua dich chiét thu nhan duoc khi
chiét trong thoi gian 30, 60, 90, 150 va180 (phtt) bang twong wng 66,01%, 78,48%,
86,20%, 95,47% va88,33% so v4i hoat t ih khir sit cao nhit cua dich chiét khi chiét
trong 120 phdt.

Tir c& phén t£h tré cho thdy thoi gian chiét 120 phit thidich chiét rau math
thu dwoc cOhogt tmh khir st cao nhdt va ddy la thoi gian chiét phtihop cho quéatrh

chiét thu dich chiét cdhoat t h kher sat cao.

Phan tich phuong sai ANOVA thidy riang cO sy kh& biét vé ham lugng
polyphenol, ham luong chlorophyll, hoat t ®ih chéng oxy héa tong vahoat t h khir st
cua dich chiét rau math thu nhan & c& thoi gian chiét kh& nhau lasu kh& biét v
nghia théng k&(p<0,05). Két qua n&y mét lan nira khang dinh thoi gian chiét co tac dong
manh dén ham luong polyphenol, ham luong chlorophyll, hoat t ih chdng oxy héa tong

vahoat t mh khtr sit cua dich chiét rau math® thu duoc.

Tur tat ca c& phén tTh ¢ tré cho thdy dich chiét rau mathT trong thoi gian
chiét 90 phtt thidich chiér thu dwoc ngod viéc cOham hrong polyphenol vahogat twih
chang oxy héa téng cao nhdt con thu dwoc ham lwong chlorophyll cao bang 94,66% va
hogt t h khet sdt cao bang 86,20% so Vi gidtri cue dai khi chiét trong 120 phit. Tré
lai, khi chiét c& hop chadt tir rau math trong thei gian 120 phit, dich chiét thu duoc

chi cOham lwong chloropyll vahoat tfih khit sat cao trong khi ham lirong polyphenol
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chi bang 84,56% vahoat tfih chéng oxy héa tong bang 74,90% so véi giatri cue dai
khi chiét trong 90 pht. Trong khi dé, polyphenol la hop chdt cohogt th sinh hoc co
loi cho sirc khde con nguroi cén chlorophyll vai tréch fih 1&chdt tao méu xanh cho do
uong tir rau ma Do vdy, ludn &n quyét dinh chon thei gian chiét la 90 phiit dé vira dam
bao cho dich chiét ¢é ham hwong polyphenol vahogt t ih chéng oxy héa téng cao nhdt
lgi vira dam bao cho dich chiét cOham hirong chloropyll vahoat t fih khir sdt ¢ mac cao.
Mat khé&c, két qua nghié ciru ciing cho thay khodng thoi gian chiét 30150 phtt 1apht
hop dé chiét c& hop chadt polyphenol vachlorophyll cdhogt t ih chong oxy héa tir rau
math &.

3.2.1.5. X4c dinh t§ 18 DM/NL

Tién héanh th inghiém chiét polyphenol, chlorophyll cohoat t ih chéng oxy héa
tir rau mathm bang phuong phap chiét cOhd trg séng si@ am voi dung mé ethanol
95% trong thoi gian chiét 1290 pht, nhiét do chiét 60°C vaty 1é DM/NL thay doi tir
10/1=70/1 (ml/g) véi buéc nhay cua ty 16 DM/NL 1&10. Sau khi chiét, loc hit chén
khéng thu dich chiét vamau duoc phén t €h ham lugng polyphenol, chlorophyll, hoat
t mh chdng oxy héa tong vahoat t mh khir sat. Két qua duoc trinh bdy ¢ c& hh 3.15 va
3.16.
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Hh 3.15. Anh hwéng caa ty 18 DM/NL dén ham lweng polyphenol va
chlorophyll trong dich chiét rau ma
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Hh 3.16. Anh hwéng ciia ty 18 DM/NL dén hoat t ih chéng oxy héa tong vahoat

t mh khir sat ciaa dich chiét rau ma
Tur c& két qua duogc trih bdy ¢ c& hhh 3.15 vas3.16 cho thay:
* \/& ham lwong polyphenol

Tir két qua phén t€h ¢ hhh 3.15 cho thiy ty 16 DM/NL cua quatrih chiét co
anh huong dén ham luong polyphenol trong dich chiét va khi ting ty 16 DM/NL tir
10/1=70/1 (ml/g) thi ham lugng polyphenol cua dich chiét ting dan va khi ting ty 18
DM/NL tir mic 50/1 (ml/g) thi ham lwong polyphenol cua dich chiét ting cham dan.
Khi ty ¢ chiét 1250/1 (ml/g) thi ham luong polyphenol cStrong dich chiét dat muc cao
nhét 1&15,8840,65 mg acid galic/g chat kh@ Két qua phén t €h vé thong kécho thay sy
sai kh& vé ham lugng polyphenol khi chiét theo c& ty 18 DM/NL tir 50/1 +=70/1 (ml/g)
l&su sai khac khong c6 ¥ nghia théng ké&(p<0,05). Két qua nay c6 nghia la khi ting ty
16 DM/NL tré 50/1 (ml/g) thi khong 1am ting tong ham luong polyphenol cua dich
chiét tir rau math . Két qua ndy cothé lygiai, quatrmh chiét laquatrih khuéch tén
cua chat tan tir nguyé liéu ra dung mé& lado su chénh léch vé gadient nong do gitra
nguy@ liéu va dung méi. Khi ham luong chét tan trong dung m& vanguyé liéu tuong
duong nhau thi su chéh léch vé gadient ndng d6 giira nguyé liéu vadung ma khéng
con né quatrnh khuéch tén ding. Do vay, khi ty 16 DM/NL 1&50/1 (ml/g) thinong do
chat tan gitra nguyé liéu va dung méi dat t6i sy cén bang nén khi ting ty 16 DM/NL
tré 50/1 (ml/g) s& khong 1am ting kha ning khuéch tén vahéa tan caa polyphenol tir

rau mé thia nén ham luong polyphenol cua dich chiét khong ting.
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Tir c& phén tTh tré cho thay ty Ié¢ DM/NL 1&50/1 (ml/g) thidich chiét rau ma
th® thu diroc cGham lirong polyphenol cao nén ty 16 DM/NL 50/1 (ml/g) 1aphtihop dé

chiét c& polyphenol tir rau math .
* V& ham lwong chlorophyll

Két qua phén t £h trinh bdy & hhh 3.15 cho thiy ham luong chlorophyll cotrong
dich chiét ciing chiu tac dong manh bai ty 16 DM/NL. Khi ting ty 16 DM/NL trong
khoang tir 10/1 <+70/1 (ml/g) thi ham lwong chlorophyll trong dich chiét ciing ting theo
va khi tang ty 16 DM/NL 1& muc tré 50/1 (ml/g) th'itham luong chlorophyll trong dich
chiét bit dau tang cham dan. Két qua phén th thng ké ciing cho thiy khi ting ty 1é
DM/NL 1& mirc tré 50/1 thisu sai kh& vé ham luong chlorophyll cia c& mau chiét
khoéng c6 y nghia théng k&(p<0,05). Két qua nay c6 nghia 13 khi ting ty 16 DM/NL 1é&

muc tré 50/1 khong lam gia ting tong ham lwong chlorophyll thu nhan tir rau méath .

Tir c& phén tTh tré cho thay doi véi quéatrh chiét chlorophyll tir rau math
thty I¢ DM/NL 1&50/1 (ml/g) ciing la phthop.

* \/& hoat t ih chéng oxy héa téng

Két qua phdn t €h & hhh 3.16 ciing cho thay ty I¢ DM/NL cua quatrnh chiét co
anh hudong dén hoat t mh chéng oxy héa tong cua dich chiét rau math® vakhi tang ty 16
DM/NL trong khoang tir 10/1<70/1 (ml/g) thihoat t ®h chong oxy hé téng cua dich
chiét tang. Khi tang ty 16 DM/NL tré& muc 50/1 (ml/g) thi cang ting ty Ié DM/NL th
hoat t h chéng oxy hcéa tong cua dich chiét cang tang cham. Két qua phén t €h thong
ké ciing cho thay khi ting ty 16 DM/NL I& muc tré 50/1 (ml/g) thisy sai kh&c vé hoat
t mh chong oxy héa tong cua dich chiét khong co ¥ nghia théng ké&(p<0,05). Két qua ndy
c6 nghia la khi tang ty ¢ DM/NL 1& muc tré 50/1 (ml/g) khong lam gia tang hoat t mh

chdng oxy héa tong cua dich chiét.

Tir c& phén tEh tré cho thdy déi véi quatrmh chiét c& hop chat tir rau ma
thia dé dich chiét cohoat tmh chong oxy héa tong cao thity I¢ DM/NL 1&50/1 (ml/g)
ciing la phu hop.

* \/é hoat t h khir sat

Két qua phén t €h & hhh 3.16 ciing cho thay ty I¢ DM/NL cia quétrh chiét co
anh huéng dén hoat tmh khir sat cia dich chiét rau ma thia va khi ting ty 16 DM/NL
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trong khoang tir 10/1<70/1 (ml/g) thihoat t h khir st caa dich chiét tang. Két qua phan
tich ciing cho thay khi ting ty 16 DM/NL I& muc tré 50/1 (ml/g) thi cang ting ty I¢
DM/NL thihoat t mh khir sat cua dich chiét cang tang cham. Két qua phén t €h thong ké
cling cho thay khi ting ty 16 DM/NL & muc tré& 50/1 (ml/g) thisu sai kh& vé hoat
t mh khu sat caa dich chiét khéng co y nghia théng ké&(p<0,05). Két qua nay c6 nghia 1a
khi ting ty 16 DM/NL I& tré& muc 50/1 (ml/g) khéng quyét dinh dén sy gia ting hoat
t mh khr sit caa dich chiét rau math .

Tir c& phén tEh tré cho thdy déi véi quatrmh chiét c& hop chdt tir rau ma
thia dé dich chiét cohogt tmh khi sdt cao thity 16 DM/NL 1&50/1 (ml/g) ciing la phi
hop.

Phan tich phuong sai ANOVA ciing khang dinh ty 18 DM/NL c6 tac dong manh
dén ham luong polyphenol, ham luong chlorophyll, hoat t fih chdng oxy héa tong va
hoat t ih khtr sat cua dich chiét rau ma thia thu duoc visu kh& biét gitta c& mau chiét

lasu kh&c biét mang ¥ nghia thong ké(p<0,05).

Tur tat ca c& phén t £h & tré cho thdy khi chiét c& hop chat tir rau math® bang
ethanol 95% theo phwong phdp chiét cOhé tro séng si@ &m véi ty 1¢ DM/NL 50/1 (ml/g)
thidich chiét thu dwoc c6 ham hwong polyphenol, ham lieong chlorophyll vahogt t fih
sinh hoc cao nhdt. Mdt kh&c, két qua nghié ciu ciing cho thdy khi ting ty 1é DMINL
tré 50/1 (ml/g) thidich chiét thu dwoc c6 ham lwong polyphenol, ham lwong chlorophyll
vahogt t®h sinh hoc tang khéng ding ké nhwng dan téi lam tang thé tTh dung dich
chiét, lam cho qud trinh c6 dac dich chiét khé khan valam tang chi phi ¢6 dac. Ngod
ra, két qua phan t £4 ciing cho thdy khodng ty 16 DM/NL 1&30/1 +70/1 (ml/g) phCihep
cho quatrmh téi wu thic nghiém chiét c&c chdt tir rau math trong tei Nha Trang -
Khéanh HGa.

3.2.2. T6i wu héa cong doan chiét t&h polyphenol va chlorophyll tir rau ma thi

Tir két qua x& dinh diéu kién chiét, luan &n tién hanh t6i uvu hoa cong doan chiét
polyphenol vachlorophyll tir rau math® véi muc tié thu duoc dich chiét rau math®
chaa polyphenol vachlorophyll véi ham lugng vahoat t ih chdng oxy héa cao dé ding
cho quatrih say phun tao bot polyphenol vachlorophyll dinh huéng ding trong d6

udng.
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Mién nghié ciu cua c& yéu to tac dong xac dinh trong quatrih chiét xoay
quanh c& théng s6: Nhiét do (X1: 40<80°C, 51=20), thoi gian (X2: 30150 phtt, 5,=60)
vaty 16 DM/NL (Xs: 30/1<70/1, 83=20). Téi vu hoa dugc bd tr itheo m&hhh bé mat
dap ing Box-Behnken vai c& ham muc tiél: Ham luong polyphenol Y1 (mg acid galic/g
chat khé®, ham lwgng chlorophyll Y2 (mg/g chat khé vahoat t fih chdng oxy hé téng
Y3 (mg acid ascorbic/g chat khé.

Két qua th inghiém t6i wu cong doan chiét polyphenol, chlorophyll cohoat t fih

chbng oxy hé cao duoc trinh b&y & bang 3.5.

Bang 3.5. Két qua tdi wu héa cong doan chiét polyphenol vachlorophyll tir rau

math n
X1 X2 X3 Y1 Y2 Ys
(°C) | (phct) | (M) | (mg acid galic/g | (mg/g chdt | (mg acid ascorbic/g
chat khg kh® chat khg

Thue | Uéc | Thue | Uée Thue Uéc

nghiém | doan | nghiém | doan | nghiém doan

1 0 -1 5,52 7,71 3,16 3,13 2,75 2,90
0 1 -1 8,10 7,82 2,75 2,82 5,01 4,92
0 0 0 19,93 | 19,74 7,78 7,66 14,37 14,45
-1 1 0 521 5,72 2,65 2,63 5,10 5,17
0 0 0 19,90 19,74 7,65 7,66 14,40 14,45
0 0 0 20,02 | 19,74 7,58 7,66 14,34 14,45
0 -1 -1 3,38 3,40 1,73 1,73 2,33 2,25
1 -1 0 6,32 5,81 3,63 3,65 4,24 4,17
-1 0 1 514 4,95 2,43 2,46 3,67 3,52
0 0 0 18,94 | 19,74 7,68 7,66 14,43 14,45
1 1 0 10,14 | 10,23 5,31 5,27 7,61 7,55
-1 -1 0 4,13 4,04 2,48 2,52 4,95 5,01
0 0 0 19,93 19,74 7,59 7,66 14,69 14,45
-1 0 -1 5,01 4,78 1,56 1,52 5,05 5,08
1 0 1 10,06 10,29 4,57 4,62 1,27 7,24
0 1 1 9,16 8,84 3,81 3,81 5,32 5,41
0 1 1 688 | 7,16 | 324 | 317 | 445 4,54
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Tir két nghiém ti wu héa trinh bdy ¢ bang 3.5 cho thay:
* \/é ham lwong polyphenol

Két qua thyc nghiém tbi wu hoa cho thdy ham muc tiéu ham luong polyphenol
(Y1) c6trong dich chiét thu nhan tir rau ma thia dao dong trong khoang 3,38-20,02 (mg
acid galic/g chat khé vagiatri trung bh 1210,44 mg acid galic/g chat kh@ Phuong
trinh hdi quy ham luong polyphenol Y1 ¢6 d6 léch chuan (SD) 140,52, hé sé hoi qui
(R?) 140,997, hé sb hdi qui diéu chinh (Adj-R?) 140,993, diéu d6 cho thdy mdhhh ndy
c6 y nghia (p<0,01). D@t liéu phan tich cling chi ra ham lugng polyphenol trong dich
chiét rau math tuén theo mo&hh bac 2, phu thudc manh v c& yéu té tac dong dén
quatrih chiét voi x& suat p<0,01 vasy tuong quan giita c& bién trong ham muc tié
cOsu kh& biét mang ¥ nghia théng ké&(p < 0,05). Két qua phén t £h cho thiy phuong

trnh héi quy cua ham lwgng polyphenol thu nhan tir rau méth® nhu sau:

Y1=19,74 +1,57X1 + 1,53X2 +1,19X3 + 0,69X1 X2 +1,1X1X3 — 0,69X2X3 —
6,83X12 — 6,46X2% — 6,48X32

* V& ham lwong chlorophyll

Két qua thuc nghiém t6i wu hoéa cling cho thidy ham muc tiéu ham luong
chlorophyll (Y2) ctia dich chiét thu nhan tir rau ma thia dao dong trong khoang 1,56-7,78
(mg/g chat kh® vagiatri trung bh 1&4,45 mg/g chat khé Phuong trinh héi quy ham
luong chlorophyll Y2 c6 d6 léch chuan (SD) 120,08, hé sé hoi qui (R?) 140,998, hé s6
hdi qui diéu chinh (Adj-R?) 120,997, diéu ndy x& nhan rang mé hinh nay ¢ y nghia
(p<0,01). Dir liéu phan tich ciing chi ra ham lwgng chlorophyll trong dich chiét rau ma
th tuén theo m&h|h bac 2, phu thugc vao c& yéu t6 tac dong dén quatrih chiét véi
X& suat p<0,01 vasy tuong quan giita c& bién trong ham muc ti& cOsu kh& biét
mang y nghia thong k&(p < 0,05). Két qua phén t Th cho thiy phuong trinh hdi quy vé

ham lugng chlorophyll thu nhan tir rau math & nhu sau:

Y2=17,66+0,94X;1 + 0,43X2 + 0,61X3 +0,38X1X2 + 0,14X1X3 - 0,11X2X3 —
2,05X12 - 2,09X2? — 2,68X3?

* \/é hoat t ih chéng oxy héa tong

Két qua thuc nghiém t6i wu hoa ciing cho thay h&m muyc tié@ hoat t ih chéng oxy

héa tong (Ys3) caa dich chiét thu nhan tir rau ma thia dao dong trong khoang 2,33-+14,69
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(mg acid ascorbic/g chat kh® vagiatri trung bh 1&7,65 mg acid ascorbic/g chat khé&
Phuong trinh hdi quy hoat t fih chéng oxy hé@ téng Yz c6 d6 léch chuan (SD) 1a0,16,
hé s6 hoi qui (R?) 140,998, hé s6 hdi qui diéu chinh (Adj-R?) 140,997, diéu ndy cho thay
rang mé hinh nay c6 y nghia (p<0,01). Dit liéu phan tich ciing chi ra hoat t fih chéng
oxy hda tong trong dich chiét rau math tuén theo mdhhh bac 2, phu thudc véo c&
yéu tb tac dong dén quatrih chiét vai x& suit p<0,01 vasy twong quan giita c& bién
trong ham muc ti@& cOsu kh& biét mang ¥ nghia théng ké&(p < 0,05). Két qua tdi wu
hoéa ciing cho thidy cOphuong trinh hdi quy vé hoat tfih chéng oxy hé téng cua dich

chiét thu nhan tir rau math® nhu sau:

Y3=14,45 + 0,39X1 + 0,88X> + 0,70X3 +0,81 X1 X2 + 1,48X1X3 - 0,45X2X3 —
4,28X1%2 — 4,69X,2 — 5,48X3?

Phan t Th giétri thong kécho thay mdhh bac 2 1aphTihop va co tac dong manh
|& xu thé bién do6i ciia c& ham muc tiéu dudi tac dong cua c& yéu té anh huong. Hé
s6 y nghia ciia c& moéhhh muyc tiéu déu cOgiatri thong ké (p<0,05) va d6 khong twong
th £h ctia mo6 hinh 1a khéng c6 y nghia (bang 3.6). C& m&hhh muc tié& Yy, Yz vaYs
cOgiatri F bién doi tir 275,37 dén 1.588,59, twong ung voi c& giatri p déu nho hon
0,0001, diéu ndy cho thiy c& mit dap tng theo mdhhh Box-Behnken [&aphtihop.

Bang 3.6. Hé s6 ynghia ciia m&hhh muc tié

Mohhh Ham | Tongbmh | Trung bhh F P
muc ti& | phwong | binh phwong
Bé mat dap ang| Y1 671,86 74,65 275,37 | <0,0001
bac 2
Y2 86,18 9,58 1.466,85 | <0,0001
Y3 353,95 39,33 1.588,59 | <0,0001
Pokhéng phthop | Y1 1,08 0,36 1,77 | 0,2922
cia moGhnh
(Lack off fit) Y2 0,02 0,0065 0,999 0,4792
Y3 0,09 0,0315 1,59 0,3236

Phén tich d6 khéng phtihop cia m&hhh ciing thay rang, tt ca o6 khéng phti
hop ctia mé hinh déu khong cé ¥ nghia thdng ké (p>0,05), diéu nay da thoa man t fih
phthop cia mdhhh. Su tac dong cia c& nhén té dau va X1, X, vaXs dén c& ham

muc ti@ Y1, Y2 vaYs la twong dong, thé hién qua gidtri p nho (p<0,05).
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HWh 3.17. C& mit dap &ng téi wu thuc nghiém

Giai cac phuong trinh hoi quy xac dinh duoc giatri tdi wu cua c& bién (X1, X2
vaXs). Dit liéu duoc tfih todn tré phan mém Design Expert 12 vatfih todn tring lap
c& mit dap ang (hh 3.17) dé tim diém ti wu tién doan (hh 3.18) voi nhiét do Xi
(62,92°C), thoi gian X2 (96,74 pht), ty 1€ DM/NL Xz (51,95/1 ml/g) vac& han muc
tiéu tién doan (hhh 3.18) véi ham luong polyphenol Y1 (19,99 mg acid galic/g chat
kh®, ham lugng chlorophyll Y2 (7,81 mg/g chat khd, hoat t h chdng oxy héa tong Ys
(14,50 mg acid ascorbic/g chat khd).
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Hhh 3.18. Bé mit téi wu trung lip c& mit dap wng
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Tién hanh thuc nghiém I3p lai 3 1an ¢ diéu kién nhiét do Xi (63°C), thoi gian X
(97 phtt) vaty 16 DM/NL Xs (52/1 ml/g) vagiatri c& ham muc tié thuc nghiém véi
ham luong polyphenol Y1 (19,1840,72 mg acid galic/g chat khé, ham luong chlorophyll
Y2 (7,4540,16 mg/g chit khé® vahoat t iih chéng oxy héa tong Y3 (13,8140,31 mg acid
ascorbic/g chat khd.

Tir két qua téi wu hoa thuc nghiém chiét rit c& chat tir rau méath® cho phéd chon
diéu kién chiét tdi wu cho cong doan chiét rit polyphenol, chlorophyll véi hoat tmh
chéng oxy hé tir rau math® bang phuong phép chiét hd tro séng si@ an: st dung
ethanol 95%, nhiét do chiét 63°C, thoi gian chiét 97 pht vaty 16 DM/NL 52/1 ml/g.
Dich chiét & diéu kién tdi wu cohoat t ih khur sat vahoat t ih bit gc tu do DPPH lan
luot dat mure twong tng 1&37,3141,32 mg FeSO4/g chit khdvasl,6643,4%.

Tur Két qud ti wu héa va thyc nghiém kiém chiing ¢ tré cho thdy diéu kién téi
wu dé thu dwoc dich chiét cdham leong polyphenol vahogat t ih chéng oxy héa cao nhat
cung ham lrong chlorophyll ¢ mizc cao tir rau math® thu mau tgi Nha Trang — Khénh
Héa: nhiér do chiét téi wu 63°C, thoi gian chiét téi wu 97 phit vaty 1¢ DM/NL téi wu
52/1 ml/g. Khi chiét rit c& hop chdt tir rau mathm ¢ diéu téi wu trén, dich chiét thu
nhdn tir rau math® coham leong polyphenol 1&19,1840,72 mg acid galic/g chdt kh
ham lrong chlorophyll 1&7,4540,16 mg/g chat kh& hoat t®h chéng oxy héa tong
13,8140,31 mg acid ascorbic/g chat kh@ hogt t fih khat sat 37,31+1,32 mg FeSO4/g chat
khévahogt t fih bat goc tw do DPPH 81,6623,4%.

Ngoai ra, luin 4n ciing phan tich mot sé hop chat céhoat th sinh hoc kh& co
trong dich chiét rau math® & diéu kién t6i wu bang k§y thuat sic ky 10ng hiéu ning cao
HPLC, két qua phan t Th dugc trih bdy ¢ hh 3.19, 3.20 va3.21.

DAD1T A, Sig=205 4 Ref=550,100 (KQ_HPLC1\RAUMAO0D5.D)
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Hhh 3.19. Sic ky @6 HPLC phan t £h asiaticoside trong dich chiét rau ma
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DAD1 C, Sig=254,16 Ref=550,100 (KQ_HPLCT\RAUMAD12 D)
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Hnh 3.20. Sic ky d6 HPLC phan t £h quercetin trong dich chiét rau ma

DADT D, Sig=335,16 Ref=550,100 (KQO_HPLC T\RAUMADT3 D)
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Hhh 3.21. Sic ky @6 HPLC phén t £h acid rosmarinic trong dich chiét rau ma

Két qua phan t€h HPLC cho thay dich chiét rau mathT thu mau tai Nha Trang
- Khénh Hés bang phuong phap chiét cohd trg séng si@ &m sir dung dung ma ethanol
95% ¢ diéu kién tbi vu da thu nhan dugc ngod polyphenol, chlorophyll cén chira mot
s6 hop chét sinh hoc khac nhu 14 asiaticoside véi ham luong 1,76 mg/g chat kh@
quercetin v6i ham luong 0,14 mg/g chat khdvaacid rosmarinic véi ham luong 0,10
mg/g chat khé@ Do muc tié cua luan & chi tap trung vao nghié ciu chiét rit vathu
nhan dich chiét chira polyphenol vachlorophyll véi ham luong vahoat t h cao vado
thoi gian, kinh phicéhan néa luan & khéng thé di sau phén t€h vé c& chat tré. Khi
c6 diéu kién, nghié ctu sinh sé tiép tuc nghié cau vé c& hop chat da phat hién nG
trén.

* Xac dinh sb lan chiét

Tién hanh th inghiém chiét polyphenol, chlorophyll véi hoat t®ih chéng oxy héa
& diéu kién chiét toi wu. Xac dinh ham luong polyphenol, ham lugng chlorophyll vac&
hoat t ih chdng oxy hé cua dich chiét thu duoc qua 2 1an chiét i@ tuc nham thu kiét

c& chat polyphenol, chlorophyll khoi rau math®. Két qua dugc trinh bdy ¢ hnh 3.22.
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Hh 3.22. Anh hwéng sé 1an chiét dén ham lwong polyphenol, chlorophyll va
hoat t ih chéng oxy héa ciia dich chiét rau ma

Két qua phan t €h trih bdy & hThh 3.22 cho thay ¢ diéu kién chiét tdi wu thi ham
lugng polyphenol trong dich chiét rau mé&lan 1 1&18,5640,48 mg acid galic/g chat khd
valan 2 1al,4440,03 mg acid galic/g chat kh@ Dich chiét rau ma&lan 1 c¢6 ham lugng
polyphenol chiém 76,77% vadich chiét rau malan 2 chi chiém 5,96% so véi tong ham
lugng polyphenol cotrong rau méth (24,18 mg acid galic/g chat khé). Tuong tu, theo
két qua phé&n t €h & hhh 3.22 ciing cho thay, ham luong chlorophyll trong dich chiét rau
malan 1 1a7,6140,23 mg/g chat khdvalan 2 1&0,3540,02 mg/g chat kh@ tuong g
chiém chiém 81,30% va&3,74% so véi tong ham luong chlorophyll cotrong rau méath
(9,36 mg/g chat khd.

Luén an ciing xac dinh c& hoat t ih chdng oxy héa cuaa dich chiét rau m&o 2 lan
chiét, két qua duoc thé hién tré& hh 3.22. Cu thé, hoat t ih chéng oxy héa téng cua
dich chiét rau m&lan 1 1&14,04490,21 mg acid ascorbic/g chat khdvalan 2 1&1,5740,05
mg acid ascorbic/g chat kh@ hoat t ih chéng oxy hé téng cua dich chiét rau malan 2
bang 11,18% so voi hoat t mh chéng oxy héa tong cua dich chiét l1an 1. Hon nita, hoat
tmh khir sat cua dich chiét rau malan 1 1&37,1041,62 mg FeSO4/g chat khdvalan 2 1a
3,3620,11 mg FeSO4/g chat kh@ hoat t ih khir st caa dich chiét rau méathu nhan duoc
& lan chiét 2 bang 9,06% so véi hoat tmh khir sit cua dich chiét rau méathu nhan duoc
& lan chiét 1.

Tir c& két qud phén tTh ¢ tré cho thay, ¢ diéu kién chiét toi wu thi ham heong
polyphenol va ham lwong chlorophyll cotrong dich chiét rau mélan 2 khéng dang ké
(polyphenol 1&5,96% vachlorophyll 1&3,74%) so Vi téng ham hwong c& hop chdt

twong vmg cé trong rau md thia. Hon nira, c& hogt t ih chéng oxy héa cua dich chiét
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rau maldn 2 ciing cé ty 1é thap (hogt tmh chéng oxy héa tong 1a11,18% vahoat t fih
khr sct 1209,06%) so vdi c& hoat tinh twong g cua dich chiét rau malan 1. Trong
quatrmh chiét, néu thuc hién chiét 2 ldn dé thu nhdn céc hop chdt sinh hoc cShoat t fih
chang oxy héa thisé ton chi ph inhiéu hon vé nhén céng, dung md ethanol vanhiéu chi
phi khdc trong khi ham lirong c& hep chdt thu nhdn dwoc vacée hoat t ih chong oxy
héa trong lan chiét 2 thi khéng dang ké. Do vdy, dé dam bao twh kinh té, lugn &n quyét
dinh chi chiét c& hop chdt polyphenol, chlorophyll céhogat t ih chong oxy héa tir rau
math® thu nhdn tgi Nha Trang — Khénh Héa trong 1 lan chiét. Hiéu sudt chiét
polyphenol vachlorophyll tir rau math® awwong 1ing véi 1 lan chiét lan ot 1276,77%
vasd1,30%.

3.3. NGHIEN CUU SAY PHUN TAO BQOT RAU MA THI CHUA
POLYPHENOL VA CHLOROPYLL

3.3.1. Xac dinh thong sb say phun tao bot rau ma thm
3.3.1.1. X4c dinh chit mang

Tién haoh thTnghiém say phun thu bot rau math®h chta polyphenol va
chlorophyll véi hoat th chéng oxy héa sir dung 3 loai chat mang kh& nhau gom:
maltodextrin, dextrin vagum arabic c&nong do 1a100 g/l véi & suat kh inén 2 kg/cm?
& nhiét do say 140°C véi toc do dia phun 20.000 v/p valuu luong nhap liéu 15 mi/p.
Quatrmh siy phun st dung dich chiét rau mathu nhan theo c& théng s téi vu da
nghié ciu vaduoc co dic o diéu kién chan khéng ¢ nhiét d6 60°C véi & suat chén
khéng 75mBar vanhiét ngung tu 5°C dén khi dich chiét dat duoc néng d6 chat khd
18°Bx. Sau khi say phun thu bot rau méath®, 1ay mau x& dinh ham luong polyphenol,
ham lugng chlorophyll, c& hoat t ih chdng oxy héa va kich thuéc hat, dic t ih nhiét vi
sai. Két qua duoc trimh bdy ¢ c& hhh 3.23+3.34 vac& bang 3.7-3.9.

20

L Ham luong polyphenol Ham lugng chlorophyll
(mg acid galic/g DW) (mg/g DW)
15 13.72a

—EF ]

10.35a
= 9.21a

10

2.87b 3.46b ol 4.14b

Fa P

MaltoDextrin Dextrin GumArabic
Loai chat mang

Hhh 3.23. Anh hwéng ciia chat mang dén ham hrong polyphenol vachlorophyll
trong bot rau ma
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Hh 3.24. Anh hwéng cia chit mang dén hoat t h chdng oxy hé téng vahoat
t fh khir sit cia bt rau ma

ACACTA
CBNB &AL GuMm

Hh 3.25. Hhh anh bt rau méavéi chat mang gum arabic dwéi k Rih hién vi
quang hoc véi d¢ phong dai 1.000x

Hh 3.26. Hhh anh bt rau mavéi chat mang dextrin dwéi k fih hién vi
quang hoc véi do phong dai 1.000x
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MALTO DEsSu

Hh 3.27. Hhh anh bt rau méavéi chat mang maltodextrin dwéi k mh hién

vi quang heoc véi do phéng dai 1.000x

Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 3185 Peak 1: 3774 496 §8.72
pdl: 0.662 Peak 2: 1125 209 15.67
Intercept: 0.772 Peak 3: 2127 19.5 318.2

Result quality : Refer to quality report

Intensity (Percent)

Size Distribution by Intensity

01 1 10 100 1000 10000
Size (d.nm)

Record 1449: RM-Dextrin 1]

Hhh 3.28. Phé phan bé kich thwéc hat vachi sé da phén tan cia bgt rau mavéi

chat mang dextrin

Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 2785 Peak 1: 840.7 497 1822
pdl: 0.756 Peak 2: 1717 411 34.20
Intercept: 0.736 Peak 3: 25.18 9.2 3.555

Result quality : Refer to quality report

Intensity (Percent)

Size Distribution by Intensity

Size (d.nm)

Record 1444 RM-Maltodextrin g

Hhh 3.29. Phé phan bé kich thwéc hat vachi sé da phan tan ciaa bt rau mavei

chat mang maltodextrin
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Z-Average (d.nm): 157.8

Result quality :

Intensity (Percent)

Intercept: 0.809

Size (d.nm):

% Intensity:

Peak 1: 321.2 84.1
Pdl: 0.517 Peak 2: 45.4 10.7
Peak 3: 4251 5.2
Refer to quality report
Size Distribution by Intensity
1 10 100 1000

Size (d.nm)

[ Record 1445: RM-Acacia|

St Dev (d.n...
2243
9.29
978.2

Hh 3.30. Pho phan bé kich thwéc hat vachi so da phan tan cia bdt rau mavéi

chat mang gum arabic

Thermal Analysis Result

DSC
mW
10.00+
Peak 256.85C
Onset 247.39C
S0 Endset 26223  Peak  288.80C
Heat 4.23J/g Onset 271.77C
| Endset  330.43C
Il Heat 3.45)/1g
Peak 132.94C H
0.00- k. /\
Onset 32.82C = /_/1 -
Endset  157.62C R
Heat -28.04Jig
/ Peak 422.00C
/
“5.00 Peak 180.11C Onset 348.93C
@ Onset 175.97C Endset  443.98C
A i Endset  186.23C Heat 2.19Jig
Y Heat 2.79J/
g
100.00 200.00 300.00 400.00 500.00 600.00
Temp [C]

Hh 3.31. Phé nhiét vi sai ciia bt rau makhaéng coehat mang

Thermal Analysis Result

DsC
mwW
Peak 289.44C "\
Onset 266.35C \
10.00- "
Endset  305.90C
Heat 18.91J/g ok 549.01C
Onset 479.23C
5.00F Endset  573.25C
| Heat 20.80J/g
Peak 239.71C 7
Peak 86.14C  Onset  230.67C > P
0.00[Onset 32.85C Endset  254.20C Peak 415.68C
lEndset - 143.99c  Heat 1.02J/g Onset  334.45C
lHeat -28.434/g Endset  446.38C
/\ Heat 3.43J/g
) A
-5.00¢ / !
-0.00 T00.00 00.00 300.00 400,00 500.00 500.00
Temp [C]

Hhh 3.32. Phé nhiét vi sai ciia bt rau mavéi chat mang dextrin

100



Thermal Analysis Result

DsC

mW
Peak 282.99C
Onset 257.15C
Endset 302.58C

5.00- \ Heat 23.33J/g

i
O'OO_F'ealg €9.60C Peak 128.03C \ /

Peak 417.80C
Onset 334.13C
Endset 456.55C
Heat 6.80J/g

Onsat 96.41C  Onset 116.96C
Endset 117.72C Endset 112.50C
Heat -16.16J/g Heat -6.79J/g |

vyl ,/
//LW/W qu

|

-5.00-

-0.00 700.00 200.00 300.00 400.00 500.00 600.00
Temp [C]

Hhh 3.33. Phé nhiét vi sai ciia bt rau mavéi chat mang maltodextrin

Thermal Analysis Result

DSC
mW
RM-Acacia.tad DSC .
549.33C
1000, Peak 317.48C 439.43C
Onset  288.07C . 579.45C
Endset  326.95C /.“ Hod 71.46.g
Heat 10.01J/g /
Peak 94.05C /\
Onset 35.77C I
Endset  147.84C ‘\/-/‘\\
000~ . Heat -26.90J/g
\ Peak 375.35C
Onset 345.12C
T Endset  400.37C
/” Heat 3.61J/g
-0.00 100.00 200.00 300.00 400.00 500.00 600.00

Temp [C]

Hhh 3.34. Phé nhiét vi sai cia bt rau maveéi chat mang gum arabic

Bang 3.7. P tan va dic t fh caa bt rau mavéi c& loai chat mang

Kiéu bao phi cia

STT Loai bot Do tan Mau sic, trang thai £
chat mang

Hoat chét dugc bao
phu vao giira hat

1 Bot rau mavai
chatmanggum | D& tan
arabic

Mau xanh tuoi sang,
bot min, toi xop

Hoat chét lién két
trong thanh hat

2 Bot rau mavai
chat mang D@ tan
dextrin

Mau xanh hoi dam, bot
tho, toi xop

Hoat chat lién két bé
mat thanh hat

3 Bot rau mavai
chat mang D& tan
maltodextrin

Mau xanh sdm, bot thd,
von nhe
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Bang 3.8. Kich thwéc va d§ da phan tan cia bdt rau mavéi c&e loai chat mang

i Kich thwdéc hat trun . .
STT Loai bt ieh thuoe Wt g | oni 56 da phan tén (Pdi)
o bnh (nm)

1 Bot rau mavoi f:hat 157.8 0,517

mang gum arabic
2 Bot rau ma_vm chat 3185 0,662

mang dextrin
3 Bot rau mavoi chat 278.5 0,756

mang maltodextrin

Bang 3.9. Két qua phan t £h nhiét vi sai ciia bt rau mavéi cc loai chat mang

Nhiét do (°C)
STT | Loai bot Mit nwéc | Pt gdy lién | Phén hiy nhdm | Phan hiy
(Tm) két (Ta) chirc (Th) phan tir (Tp)

1 | Mau ddi chung 132,94 180,11 256,85 va288,80 422

2 | Bot rau mavoi
chat mang gum 94,05 - 317,48 va375,35 549,33
arabic

3 | Bot rau mavei
chat mang 86,14 - 289,44 vaa15,68 549,01
dextrin

4 Bot rau mavai
chat mang 69,60 128,03 282,99 va417,08 -
maltodextrin

Tur c& két qua trinh bdy o hnh 3.23+3.34 vabang 3.7-3.9 cho thay:
* V& ham lwong polyphenol

Két qua phan t £h & hhh 3.23 cho thiy loai chat mang sir dung cGanh huéng dén
ham lugng polyphenol cOtrong bot rau math tao thanh sau say phun. Ham luong
polyphenol trong bot rau mégiam dan theo loai chat mang duoc bd sung trong quétrh
say phun lagum arabic, maltodextrin vadextrin. Cu thé, ham lugng polyphenol trong
bot rau mast dung chat mang gum arabic cao nhét 1&13,7240,31 mg acid galic/g. Bot
rau masut dung chat mang 13 maltodextrin va dextrin ¢6 ham lugng polyphenol 1a
10,3540,39 mg acid galic/g va9,2140,24 mg acid galic/g, twong ung bang 75,44% va

67,13% so v6i ham lugng polyphenol cotrong bot siy st dung chit mang gum arabic.
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Két qua ndy cothé Iygiai lagum arabic cocau tric polyme, phén tir dang ph&n nhénh
déu trong khéng gian, trong phén tir cdchira nhiéu nhén hydroxyl (-OH) vacacboxyl
(-COOH) nén dé lié két véi c& nhdm hoat t Tih trong cau tric cua polyphenol vaco
thé gan két voi polyphenol tét hon maltodextrin va dextrin - day 1a hai chit mang trong
c4u tric chi chira nhém hydroxyl (-OH). Do vay, khi sir dung gum arabic 1am chat mang
thi ham lwong polyphenol cotrong bot rau ma thia cao hon khi sir dung chat mang

maltodextrin vadextrin.

Tir c& phén t£h & tré cho thay trong 3 logi chat mang maludn dn da khdao s&
thigum arabic gip tao bét rau macdham heong polyphenol cao nhat. Do vy, khi xé
theo ham lirong polyphenol cao, ludn &n chon gum arabic 1&am chat mang cho quéatrh

sdy phun tgo bét rau méatha.
* \/& ham lwong chlorophyll

Két qua phan t€h ¢ hhh 3.23 cho thiy ham luong chlorophyll trong bt rau ma
th ciing chiu anh huong boi c& loai chat mang duoc sir dung trong quétr mh say phun.
Cu thé, ham luong chlorophyll trong bot rau math® giam dan theo trih tu c& chat
mang duoc bo sung kh& nhau trong quatrmh siy phun lagum arabic, dextrin va
maltodextrin. Trong dé6 ham lugng chlorophyll trong bot rau mésir dung chat mang gum
arabic cao nhat 1&a4,1440,14 mg/g. Bot rau masi dung chat mang ladextrin va
maltodextrin ¢6 ham lugng chlorophyll 1&3,4640,09 mg/g va2,8740,11 mg/g, twong
ing bang 83,58% va69,32% so va&i ham lugng chlorophyll cotrong bot rau math® sir

dung chat mang gum arabic.

Tir c& phén tTh ¢ tré cho thdy trong 3 logi chdt mang da si dung thigum
arabic lachdt mang gilp tqo bét rau macdham heong chlorophyll cao nhdt. Do vay,
gum arabic nén duwoc lwa chon 12m chdt mang cho quatrih sdy phun thu bét rau ma

chera chlorophyll.
* \/é hoat t ih chéng oxy héa tong

Két qua phén t €h & hhh 3.24 cho thay loai chat mang c&anh manh dén hoat t fih
chbng oxy hé tong cta bot rau m4 thia thu duoc qua quatrih siy phun. Cu thé, hoat
tmh chéng oxy héa tong cia mau bot rau masa dung chat mang gum arabic dat mirc
cao nhat 1&10,6240,38 mg acid ascorbic/g. Bot rau masa dung chat mang la
maltodextrin vadextrin cohoat t ih chdng oxy héa tong 1&8,98+0,07 mg/g vas,07+0,13
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mg/g, tuong ung bang 84,55% va75,99% so vai bot rau mast dung chat mang gum

arabic.

Tir c& phén tEh ¢ tré cho thdy sir dung chdt mang gum arabic sé gilp tao bgt
rau math® sau sdy phun céhoat t fih chéng oxy héa téng cao nhat. Do vdy, gum arabic
l&chdt mang phtihop cho quétrh sdy phun thu bét rau math cochiza cée hop chat

sinh hoc cAhogt t fih chong oxy héa téong cao.
* \/& hoat t h khir sit

Két qua ph&n t h ¢ hh 3.24 cho thay hoat t fih khi sit caa bot rau méth® chiu
anh huong bai c& loai chat mang dugc sir dung trong quétrih sy phun. Cuy thé, hoat
t ih khir sit cia mau rau méath i sir dung chat mang gum arabic cao nhat 1&32,96+1,16
mg FeSO4/g. Bot rau math® sir dung chat mang ladextrin vamaltodextrin cohoat t mh
khtr sit 1&26,3740,28 mg/g val8,2940,22 mg/g, twong (ng bang 80,00% vas5,49% so

véi bot rau mést dung chat mang gum arabic.

Tir c& phén t€h ¢ tré ciing cho thdy gum arabic lachat mang phtihop cho qua
trih sdy phun thu nhgn bét rau méath chiza c&c hop chdt sinh hoc cohoat th khi

sat cao.
* V& dac tnh bot

Két qua phan tTh ¢ c& hhh 3.25+3.27 vabang 3.7 cho thay do tan cua bot rau
méath® khi str dung c& chat mang 13 gum arabic, maltodextrin va dextrin déu dé tan.
Bot rau mastr dung chat mang gum arabic cOmau xanh tuoi sang, bot min, do toi xop
cao vahoat chat dugc bao phu vao giita hat. Bot rau mavai chat mang ladextrin comau
xanh hoi dam, bot tho, toi xép va hoat chat duoc bao phu, lién két trong thanh hat. Bot
rau mavoi chat mang lamaltodextrin thicho méau xanh sim, bot thd, von nhe va hoat
chat lién két trén bé mat hat. Két qua phan tich dac tinh bdt rau méséy phun cho théy
chat mang gum arabic c6 kha nang bao boc va bao vé cac hop chat sinh hoc (polyphenol,

chlorophyll) c6 trong dich rau ma t6t hon cac loai chat mang khac da khao sat.
Két qua ph&n tTh & c& hhh 3.28 +3.30 vabang 3.8 ciing cho thiy bot rau ma
th sir dung chat mang gum arabic c6 kich thudc hat trung bh nho nhat 1&157,8 nm.

Trong khi d6 bot rau méath sir dung chat mang dextrin thi kich thuéc hat trung bhh

I6n nhat 1&381,5nm, gap 2,42 lan so véi k Eh thuéce hat trung bhh caa bot rau masu
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dung chat mang gum arabic vabot rau masay phun sir dung chat mang maltodextrin th¥
kich thudc hat trung bhh 1&278,5nm, gip 1,77 1an so véi k €h thuée hat trung bh cua
bot rau mast dung gum arabic. Mit khac, két qua phan t £h chi s6 da phén tén cho thiy
bot rau math® sir dung chat mang gum arabic cOchi s6 da phan tan thap nhat 1&0,517.
Trong khi d6, bot rau math® str dung chat mang maltodextrin c6 chi s6 da phén tan cao
nhat 1a 0,756 vabot rau math® st dung chat mang dextrin cé chi sé da phan tan 1&
0,662. Nhu vay, st dung gum arabic lam chét mang tao dugc bot rau machha
chlorophyll, polyphenol c6 kich thudc hat trung bhh nhé nhat nhung hat c6 mirc d6
ddng déu thap hon cac loai chit mang khac di sir dung. Ngodi ra, két qua phan tich con
cho thay bot rau ma thia sir dung chit mang gum arabic d& tan nhit so voi bot rau ma

th st dung cac loai chat mang khac nhu dextrin hoic maltodextrin.

Két qua phan tich nhiét vi sai hh 3.31 cho thy bot rau méath® khi khéng ding
chat mang c6 peak thu nhiét Tm ¢ 132,94°C thé hién tai nhiét do ndy cOsu mat nudc hap
thu trong phan tir bot rau m& cOpeak thu nhiét Tq & 180,11°C - két qua ndy thé hién
nhiét do cOsy dut g&y c& lid két cotrong thanh phan caa bot rau mavacopeak toa
nhiét Tn & 256,85°C v&288,80°C thé hién tai nhiét 46 ndy cAsu phan huy c& nhém chire
cha yéu cotrong phén tir bot rau ma Ngodi ra cén comot peak toa nhiét Tp 6 422°C &
nhiét o ph&n hiy hodn todn c& phén tir trong bot rau math® khi khéng sir dung chat

mang.

Bot rau math sir dung chat mang dextrin (hhh 3.32) c6 peak thu nhiét Tm &
86,14°C thé hién tai nhiét do ndy cOsy mat nude hap thu trong phén tir cua bot rau méa
vakhéng ph& hién thay peak thu nhiét T4 dé 1am phahay c& lié két cotrong thanh
phan cua bot rau m& copeak toa nhiét Tn ¢ 289,44°C va415,68°C thé hién tai c& nhiét
d6 n&y cOHsu phan huy c& nhdm chac chu yéu cotrong phén tir bot. Ngodi ra con co
mot peak téa nhiét T, ¢ 549,01°C lanhiét d6 phan huy hoan toan c& phén tir trong bot

rau ma

Két qua phan tich phd nhiét vi sai & hh 3.33 cho thay bot rau méath si dung
chat mang maltodextrin c6 peak thu nhiét Tm & 69,60 °C thé hién tai nhiét do ndy cOsy
mat nudc hap thu trong phén tir, cOpeak thu nhiét T4 ¢ 128,03°C thé hién tai nhiét do
ndy cOsy dut g&y c& lid két cOtrong thanh phan cua bot, cOpeak toa nhiét Tn ¢
282,99°C va417,08°C thé hién tai c& nhiét d6 ndy cOsu phan huy c& nhdm chie cha

yéu cotrong phén tir bot rau mavaloai bot ndy khéng copeak toa nhiét Ty - két qua ndy
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thé hién khong do duoc nhiét ¢6 phan huy hoan todn c& phén tir trong bot rau ma Két
qua ndy ching to khi sy phun sir dung chit mang maltodextrin thi d6 bén nhiét phan
hity bot tang 1én va c6 thé du doan rang nhiét 6 dé ph&n huy hoén ton c& phén tu

trong bot rau mavéi chat mang lamantodextrin |atré& 600°C.

Bot rau math® sir dung chat mang lagum arabic (hhh 3.34) c6 peak thu nhiét
Tm & 94,05°C thé hién tai nhiét d6 ndy cAsu mat nude hap thu trong phéa tir bot rau ma
Déi voi loai bot ndy, khéng tin thdy peak thu nhiét T4 dé 12m phahuy c& lié két co
trong thanh phan caa bot, chiing to khong do duoc nhiét d6 phén huy bot rau ma Két
qua do ciing cho thiy copeak téa nhiét Tn & 317,48°C va375,35°C thé hién tai c& nhiét
d6 ndy cOsu phén huy c& nhdan chie chu yéu cotrong phan tir bot rau ma Ngodi ra
can cOmot peak toa nhiét Tp ¢ 549,33°C lanhiét d6 phé huay hoan toan c& phén tir

trong bot rau ma

Tur két qua phén tich nhiét vi sai c& mdu bét rau mési dung c&e chdat mang khéc
nhau cho thdy c&c logi bét rau masir dung chdt mang khdc nhau déu conhiée dé mat
nuéc hap thy trong phén ti cia bét thdp hon so véi nhiét dé mdt nwdc hdp thu cia bét
rau méakhi khéng siz dung chdt mang, chizng té khi siz dung chdt mang thibét rau ma
thu nhédn dwoc dé kh@ dé tao bot hon. Mat kh&, két qud phan tich ciing cho thdy c&
bét rau m&sdy phun cochdt mang cOnhiér dg gdy dirt g8y c&c lidn két, nhiér do g&y
ph&n hiy c& nhdan chire cotrong thanh phan cia bét cao hon mau bt rau méakhéng
st dung chdt mang, chizng té chat mang gidp cho c& hop chdt sinh hoc diwroc bao vé tot
hon nén ching cé nhiét @6 gay dirt g& c&c lié két cao hon vachdt mang gilp bado vé
c& chadt sinh hoc cang tot thinhiér dé gdy dit g& c& 1ié Két cang cao ciing nhw ham
lirong c& chat nhuw polyphenol va chlorophyll c¢é trong bét cang lon. Ngodi ra, két qud
ph&n tTh cén cho thdy c& chat mang bdo vé c& chat sdy phun cang tot thibdt say
phun cAnhiér dg phan hiy cang cao né khéng phé hién thdy copeak téa nhiét Tp —
ching to khong do duwoc nhiét do phén hiy hoan toan c& phén tur trong bot tizc lanhiét

dé phén hity hoan toan c& phan tir trong bét cao quékhd ndng cé thé do dwroc cria mé&y.

Tir c& phén tTh ¢ tré cing cho thdy gum arabic l&chdt mang cé dac thih tao
bét rau mathm sdy phun c6 ham lwong c& chat (polyphenol, chlorophyll) trong bét
cao hon va nhiét dg gay dit 98y c& lidn két, dac biét lanhiér do phahuiy c&c nhém chiie
cotrong thanh phan cia bét cao hon ciing nhw nhiét dé phén hity hoan toan céc phén

ti trong bot cao hon bot rau math m s dung c& chat mang maltodextrin hogc dextrin.
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Ngodi ra, gum arabic cén gitp tqo bét rau math® cOdg tan tot, kich thuéc trung bhh
hat nhé, bét c6 mau xanh twoi sang, bot ¢é dé min va dg toi xop cao hon so véi bét rau
masi dung chat mang lamaltodextrin hogc dextrin. Do vdy, chdt mang gum arabic

diroc lira chon siz dung cho quétrh say phun tao bét rau math .
3.3.1.2. X4c dinh toc d¢ dia phun

Tién hanh th inghiém say phun thu bot rau méth sir dung chat mang gum arabic
ham lugng 100 g/l v&i & suat kh hén 2 kg/cm? & nhiét do say 140°C véi luu lwgng nhap
licu 15 ml/p vatdc d6 dia phun kh& nhau: 10.000 v/p, 15.000 v/p, 20.000 v/p va
25.000v/p. Sau khi sdy phun thu nhan bét rau méath® valdy miu xac dinh ham lwong
polyphenol, ham luong chlorophyll, c& hoat t ih chdng oxy hoa va kich thudc hat, dic
t mh nhiét vi sai. Két qua th inghiém dugc trinh bdy ¢ c& hhh 3.35-3.38.

20.0 —s— Polyphenol —— Chlorophyl 10.0
© a 80 =
2 150 13.722 14.28 =
= D (oF
&35 o
%“ = 60 2
o0 100 4.14° o 2
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g —_— 40 ©
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EE 5.0 4.29 = g
< X .29¢ .
T 20

125d x
0.0 0.0
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Téc do dia phun (v/p)

Hh 3.35. Anh hwéng ciia toc d9 dia phun dén ham lwong polyphenol va
chlorophyll trong bt rau ma

30.00 —=— Hoat tinh chdng oxy hoa tbng —+— Hoat tinh khr sat 40.0
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Téc d6 dia phun (v/p)

Hhh 3.36. Anh hwéng cia téc dd dia phun dén hoat t ih chéng oxy héa tong va
hoat t fih khir st cia bdt rau ma

107



Size (d.nm): % Intensity: St Dev (d.n...

Z-Average (d.nm): 1335 Peak 1: 354 .4 G1.5 1304
Pdl: 0.851 Peak 2: 1227 225 26.12
Intercept: 0.751 Peak 3: 23.83 16.0 3740

Result quality : Refer to quality report

Size Distribution by Intensity

Intensity (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Record 1457 RM-Acacia 1

Hh 3.37. Phé phan bé kich thwéc hat vachi sé da phan tan cia bét rau makhi
toc do dia phun 15.000 v/p

DSC Thermal Analysis Result
m
Peak IE2IC
10.00f \
RM-01tad DSC Onset 263.59C / .
Endset  336.85C JAR! T e
SN
Heat 81.55mJ /'
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ﬂ/\gi 7 Peak 540.43C
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\h Onset  149.71C 10.91J/g
Peak 137.07c || ! Endset  162.64C
ooolOnset  135.16C | | Heat -131.04mJ
Endset 146.02C -4.37J/g
Heat -470.71mJ
-15.69J/g [Temp Program] ]
Temp Rate Hold Temp Hold Time
[Cmin] [ C ] [ min ]
20.00 600.0 0
-20.00r
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Temp [C]

Hh 3.38. Phé nhiét vi sai cia bdt rau makhi toe @9 dia phun 15.000 v/p
Tur c& két qua trinh bdy & c& hh 3.35+3.38 cho thay:
* V& ham hrong polyphenol

Két qua phé&n t €h & hhh 3.35 cho thiy tdc d6 dia phun cua quétrnh say phun co
anh huong dén ham luong polyphenol trong bot rau méath . Cu thé, khi ting toc do dia
phun tir 10.000<20.000 (v/p) thi ham lwong polyphenol trong bét rau ma ting theo chiéu
tang téc do dia phun va dat giétri 16n nhat 1&13,7240,31 mg acid galic/g khi téc do dia
phun 20.000 v/p vacao gap tuong tng 3,20 val,20 (lan) so voi ham luong polyphenol
cta bot rau ma thu duoc khi siy phun tai téc d6 dia phun 10.000 va15.000 (v/p). Khi
tiép tuc tang toc do dia phun tir 20.000 v/p dén 25.000 v/p thi ham luong polyphenol
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cta bot rau ma thu duoc & hai diéu kién ndy cOkh& biét khong co y nghia thong ké
(p<0,05), diéu d6 c6 nghia 13 ham lugng polyphenol caa bot rau mai chiu tac dong khi
thay d6i toc do dia phun trong khoang 20.000 dén 25.000 (v/p).

Tur két qua c& phén t £h ¢ trén cho thay khi téc dé dia phun 20.000 vip thibét rau
méath® thu nhdn dwoc cOham lirong polyphenol cao nhat né toc dé dia phun 20.000

vip 1aphtihop dé sdy phun thu nhdn bét rau math® ¢é ham lirong polyphenol cao.
* \/& ham lwong chlorophyll

Két qua phan tEh ¢ hh 3.35 cho thiy trong quatrih siy phun, ham luong
chlorophyll trong bot rau méath chiu anh huaong boi toe ¢ dia phun. Diéu nay c¢6 nghia
1a khi thay d6i tbc d6 dia phun ctia quatrih siy phun s& anh huong dén ham luong
chlorophyll cotrong bot rau méath®. Cu thé, khi ting toc do dia phun tir 10.000<20.000
(v/p) thi ham luong chlorophyll trong bot rau mé ting theo chiéu ting toc do dia phun
va dat giétri cuc dai 1&4,14290,14 (mg/g) tai téc d6 dia phun 20.000 v/p vacao gap tuong
tng 3,31 val,41 (lan) so voi ham lugng chlorophyll caa bot rau ma thu duoc khi siy
phun tai téc do dia phun 10.000 va15.000 (v/p). Néu tiép tuc tang toc do dia phun tir
20.000 dén 25.000 (v/p) thi ham lugng chlorophyll cua bt rau ma c6 xu huéng giam
xudng vabang 87,68% so v&i ham luong chlorophyll cua bot rau méthu nhan dugc khi

say phun vai toc do dia phun 25.000 v/p.

Tir c& két qud phan t £h ¢ trén cho thay khi téc dé dia phun 20.000 vip thibét rau
math® cOham heong chlorophyll cao nhdt. Do vdy, xét theo ham lwong chlorophyll

trong bgt rau macao thtoc do dia phun 20.000 v/p 1aphtihep.
* V& hoat t mh chong oxy héa tong

Két qua phén t €h & hhh 3.36 cho thay tdc do dia phun cta quétrmh say phun co
anh hudng dén hoat tmh chdng oxy héa tong cua bot rau math . Cu thé, khi ting toc
d6 dia phun tir 10.000<20.000 (v/p) th¥hoat t®h chong oxy héa tong cua bot rau ma
ting theo chiéu ting téc do dia phun va dat gi&tri Ion nhit 1210,62+40,38 mg acid
ascorbic/g tai toc do dia phun 20.000 (v/p). Néu tiép tuc ting téc d6 dia phun dén 25.000
v/p thhoat t h chéng oxy héa tong cua bot rau méth® co xu huéng giam xudng. Hoat
tmh chéng oxy héa tong cua bot rau méakhi tée do dia phun 20.000 v/p cao gap tuong
g 4,20, 1,44, 1,28 (1an) so véi hoat t mh chdng oxy héa tong caa bot rau mé thu duoc
khi say phun véi toc d6 dia phun 10.000, 15.000, 25.000 (v/p).
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Tir c& két quda phén tTh tré cho thdy quatrih sdy phun Véi toc dé dia phun
20.000 v/p thibst rau math cohogt t fih chong oxy héa téng cao nhat. Do vdy, toc do
dia phun 20.000 v/p 1&phChop dé say phun thu nhdn bét rau méath i chiza c& hop chat
sinh hoc cAhogt t fih chong oxy héa téong cao.

* \/& hoat t h khir sit

Két qua ph&n t €h ¢ hh 3.36 cho thay hoat t fih khi sit cia bot rau méath® chiu
anh huong bai toc do dia phun trong qua trinh sdy phun. Khi ting toc do dia phun tir
10.000~20.000 (v/p) thihoat t mh khir sit caa bot rau ma ting theo chiéu ting toc d6 dia
phun va dat giétri I6n nhat 1&32,96+1,16 mg FeSO4/g tai toc do dia phun 20.000 (v/p).
Hoat t fih khir st cua bot rau mévéi toe do dia phun 20.000 v/p cao gap twong ng 2,71
val,21 (1an) so véi hoat tmh khir sit cua bot rau ma thu dugc khi say phun vai téc do
dia phun 10.000 va15.000 (v/p). Mat kh&, toc do dia phun trong khoang 20.000 dén
25.000 (v/p) khéng anh huang nhiéu dén hoat t h khir sit cia bot rau ma thia thu duoc
trong quétrmh siy phun, diéu nay duoc thé hién qua giétri hoat t ih khir st cua bot rau
méatai tbc do dia phun 20.000 v/p v&25.000 v/p cOkh& biét khong co y nghia thong ké
(p<0,05).

Tur c&c két qua phén tEh tré cho thay khi toc dé dia phun 20.000 v/p thi bt rau
math® cAhoat tTih khit sat cao nhat. Do vdy, khi sdy phun thu nhdn bét rau matha
chita c& hop chdt sinh hoc cAhoat t Bh khir sat cao thitoc dé dia phun 20.000 v/p la
phthop.

* V& dac tnh bot

Tir c& két qua phén t Th cho thay khi van tc dia phun 1&10.000 v/p sé& thu nhan
duoc bot rau méco dic t mh keo d fih, khétan. Bot rau méthu nhan khi siy phun tai cé&
van toc dia phun khac > 15.000 v/p déu c6 dic diém toi xdp, dé tan. O téc do dia phun
15.000 v/p cho thay bot rau méath® cOkich thudc hat trung bhh (Z) 1&133,5 nm vachi
s6 da phan tan cua bot (Pdi) 120,851 (hhh 3.37). So s&h phé phan bd kich thuéc hat
vachi s6 da phan tan cta bot rau méo van téc dia phun 15.000 v/p (hhh 3.37) va&20.000
v/p (hhh 3.30) khi cac diéu kién say phun kh& lagiéng nhau cho thay khi ting toc do
dia phun tir 15.000 v/p dén 20.000 v/p thi kich thudc hat trung bhh cta bot rau mating
tir 133,5 nm dén 157,8 nm vachi s6 da phan tén giam tir 0,851 xubng 0,517. Két qua
ndy cho thiy khi ting téc do dia phun tir 15.000 v/p dén 20.000 v/p vira lam tang kich
thudc hat trung bhh vaciing vira 1&m giam chi s6 da phan tan cia bot rau math .
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Hon nita, dudng dic tmh nhiét vi sai ctia bot rau math thu nhan duogc khi siy
phun véi toc d6 dia phun 1a 15.000 v/p (hhh 3.38) cé peak thu nhiét Tm ¢ 137,07°C —
két qua tré thé hién tai nhiét do ndy cAsy mét nudce hap thu trong phan tir bot rau ma
copeak thu nhiét T4 & 153,06°C thé hién tai nhiét d6 ndy cOsu dut g& c& lié két co
trong thanh phan cua bot vacopeak toa nhiét Tn ¢ 314,21°C va433,27 °C thé hién tai
c& nhiét d6 n&y cOsu pha huy ca nhdan chiac dac trung trong phén tir bot rau ma
Ngodi ra cén comat peak toa nhiét Tp ¢ 540,43°C — két qua ndy thé hién nhiét do phén
huy hoan toan c& phan tir trong bot rau ma

So sénh phd nhiét vi sai cua bot rau maas van toc dia phun 15.000 v/p (hhh 3.38)
va20.000 v/p (hh 3.34) cho thay khi ting téc d6 dia phun tir 15.000 v/p 1& 20.000 v/p
thidac t mh nhiét vi sai cua bot sdy conhiéu thay doi, trong d6 nhiét mat nudc hap thu
trong phan tir bot rau magiam tir 137, 07°C xudng 94,05°C, diéu ndy chung to khi say
phun & van tc dia phun 20.000 v/p thi bot rau mAsé dé tao thanh trong quatrih sy
phun, nhd nhiét mat nude hap thu trong phén tir thap nén bot dé kh dé tao bot hon so
vé6i khi sdy phun & van téc dia phun 15.000 v/p. Tai toc d6 dia phun 15.000 v/p cOxay
ra su dut g&y c& lié két cotrong thanh phan caa bot rau méatai 153,06°C vatai toe do
dia phun 20.000 v/p thi khong xuat hién nhiét do ndy, két qua ndy chang toé khi say phun
Vi tée d6 dia phun 20.000 v/p thibot rau méduoc bao vé c& hop chat sinh hoc vahoat
t fih t6t hon so v6i bot rau méathu nhan khi say phun véi toc do dia phun 15.000 v/p. Do
d6, tbc d6 dia phun 15.000 v/p khéng né chon lam diéu kién say phun vitai diéu kién
ndy quatrmh tao bot kho khan hon do kho tach nudce tir c& phan tir bot, bot rau méthu
nhan dugc kén bén, dé bi tac dong nhiét g&y dut g&y c& lié két cotrong thanh phan
cua bot khi nhiét do quatrih say > 153,06°C. Vé nhiét d6 ph&n hay nhém chic Tn va
nhiét d6 ph&n huy hoan toan T, c& phén tir trong bot & hai didu kién van téc dia phun
tré khéng cOsu khée biét nhiéu.

Két qua nghié ciu cua luan & thay rang khi thay d6i van toc dia phun theo
huéng tang tir 15.000 v/p dén 20.000 v/p trong quétrmh say phun sé& lam tang kich thudc
hat, giam chi s6 da phén tan cua bot vabot rau mécé dic t mh nhiét vi sai ciing thay doi
theo hudng tét hon. Nhitng thay d6i ndy c6 duoc khi thay d6i tbe do dia phun trong qua
trinh sdy phun da g phan tac dong dén ham lwong c& hop chit sinh hoc vac& hoat
t mh chdng oxy héa trong quétrinh nghién cuu.

Tur tdt ca c&c két qua phén t€h ¢ tré cho thdy, khi van téc dia phun 20.000 v/p
sé thu nhgn duoc bot rau math  cGham lwong polyphenol, ham lwong chlorophyll va
c& hogt t Tih chong oxy héa cao. Hon nita, bot rau ma ciing c6 dé tan tot, cé kich thuréc
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hat trung bhh nhé vaconhiét mdt nieéc hap thu trong phén ti bét rau méathdp, conhiét
dé gdy dirt g&y c&c lién két cotrong thanh phan cua bét rau macao, nhiét dé g&y pha
hizy ho2n toan bét rau macao. Vdy né vdn toc dia phun 20.000 v/p dwoc lwa chon dé
say phun thu nhédn bét rau méath chiza c& hop chdt sinh hoc cAcée hogt thih chéng
oxy héa.

3.3.1.3. Xdac dinh nong d9 chat mang

Tién hanh th inghiém say phun thu bot rau math tai & suat kh inén 2 kg/cm? &
nhiét do sy 140°C véi téc do dia phun 1a 20.000 (v/p), lwu luegng nhap liéu 15 ml/p va
chat mang gum arabic véi c& ham luong gum arabic 1&50, 75, 100, 125, 150 val75
(g/L). Sau khi sdy phun thu bot rau méath® valdy mau xac dinh ham luong polyphenol,
ham lugng chlorophyll, c& hoat t fh chong oxy héa va kich thuéc hat, dac t mh nhiét vi
sai. Két qua th inghiém duoc trinh bdy 6 c& hh 3.39+3.42.
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Size (d.nm): % Intensity: St Dev (d.n...

Z-Average (d.nm): 135.7 Peak 1: 312.4 78.6 287.9
Pdl: 0.657 Peak 2: 40.82 14.0 10.32
Intercept: 0.496 Peak 3: 4124 7.4 1063

Result quality : Good

Size Distribution by Intensity
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Hhh 3.41. Phé phén bd kich thwéc hat vachi sé6 da phan tan cia bét rau makhi
nong dd gum arabic 75 g/l

Do Thermal Analysis Result

5.00r

—— RM-02.tad DSC

A
Yol AR
S
0.00 e Peak 427.35C
. L/__\_‘ " peak  30924c Onset  402.52C
Onset 233.88C Endset 442 26C
Peak 166.63C | Endset  335.34C Heat 97.12mJ
3.24J/g
Onsst 161.91C Heat 277.65mJ
Endset  177.79C I 9.26J/g
Heat -254.63mJ
500 -8.49J/g

[Temp Program]
Temp Rate Hold Temp Hold Time

[Cmin] [C ] [ min]
20.00 600.0 0
0.00 100.00 200.00 300.00 300.00 500.00 600.00

Temp [C]
Hhh 3.42. Phé nhiét vi sai ciia bt rau makhi ndng dé gum arabic 75 g/l
Tir c& két qua phén t Th duoc trinh bdy & c& hh 3.39+3.42 cho thay:
* \/é ham hrong polyphenol
Tir két qua phan tTh ¢ hhh 3.39 cho thiay ham lugng polyphenol trong bot rau
mé&chiu anh huang manh bai ndng d6 gum arabic b6 sung vao dich chiét trong quétrmh
say phun. Cuy thé, khi ting ndng d6 gum arabic tir 5075 (g/l) th¥ham lugng polyphenol
trong bot rau ma ting manh theo chiéu tang nong d6 gum arabic va dat giatrj 16n nhat

|&18,65+40,58 mg acid galic/g tai ndng d6 gum arabic 1a75 g/I. Néu tiép tuc ting ndng
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d6 gum arabic cho dich chiét tir 100 d¢én 175 (g/I) thiham luong polyphenol trong bot
rau malié tuc giam xudng theo chiéu ting ctia ndng d6 gum arabic vakhi dich chiét
duoc bd sung gum arabic véi 175 g/l thiham luong polyphenol trong bot rau mathu
dugc 1&5,2740,09 mg acid galic/g, chi bang 28,26% so véi ham lwong polyphenol trong

bot rau makhi say phun véi ndng do gum arabic duoc bd sung 1a75 g/l.

Tir c& phén tEh tré cho thdy khi sdy phun si dung chdt mang gum arabic bé
sung cho djch chiét véi nong dé 1a75 g/l thiibét rau mathu nhdn dioc cOham lirong
polyphenol 1&cao nhdt. Do vdy, nong dé gum arabic 75 g/l vakhodng néng dé gum
arabic fwong 1ng 50100 g/l l&phtihep dé say phun tgo bét rau math chirza c&c hop

chat polyphenol.
* V& ham lwong chlorophyll

Tir két qua phan t€h & hh 3.39 cho thay ndng 6 gum arabic bd sung vao dich
rau matrong quatrih say phun cdanh huang Ion dén ham luong chlorophyll trong bot
rau ma& Cu thé, trong quatrih siy phun khi ting ndng d6 gum arabic trong dich chiét
tur 5075 (g/l) ththam lugng chlorophyll trong bot rau ma tang va dat giatri cuc dai la
6,5340,20 mg/g tai nong do gum arabic 1475 g/l. Néu tiép tuc ting nong d6 gum arabic
trong dich chiét dén 175 g/l thiham luong chlorophyll trong bot rau macdxu huéng
giam xuéng vakhi dich chiét duoc bo sung gum arabic véi nong do 175 g/l thiham
luong chlorophyll trong bot rau méthu nhan dugc 1a1,5140,06 mg/g, chi bang 23,12%
so v&i ham luong chlorophyll trong bot rau méakhi say phun véi nong do gum arabic 1&
75 gll.

Tir c& phén tEh tré cho thdy néng dé gum arabic bé sung v dich chiét rau
matrong say phun véi néng dg 75 g/l thibgt rau macbham lirong chlorophyll cao nhat.
Vdy né nong do gum arabic 75 g/l vakhodng nong dé gum arabic firong #ng 50100
(9/1) 1&aphtihgp dé say phun thu nhdn bét rau math .

* V& hoat t mh chdng oxy héa tong

Két qua ph&n t€h & hhh 3.40 cho thdy ndng d6 gum arabic bd sung vép dich
chiét trong quatrih siy phun céanh hudng dén hoat t fih chdng oxy héa tong caa bot
rau math®. Cuy thé, khi ting ndng do gum arabic tir 50 dén 75 (g/l) thihoat t ih chong
oxy héa tong cua bot rau ma ting va dat giétri 16n nhat 1a14,4540,29 mg acid ascorbic/g

tai ndng d6 gum arabic 1&75 g/l. Néu tiép tuc ting ndng d6 gum arabic dén 175 g/l thi
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hoat t ih chdng oxy héa tong caa bot rau méath giam xudng. Hoat t ih chdng oxy héa

téng cua bot rau makhi nong do gum arabic 1a75 g/l duoc bd sung vao dich chiét cao

gap tuong tng 1,58, 1,36, 1,65, 2,40 va2,64 (lan) so voi hoat t h chdng oxy héa tong

cua bot rau ma thu dwgc khi siy phun véi ndng dé gum arabic 1&50, 100, 125, 150 va
175 (g/L).

Tir c& phén tTh tré cho thdy khi nong dé gum arabic phdi trén v dich chiét
la75 g/l thibgt rau méath i cohogt t ih chéng oxy héa téng cao nhat. Do vdy, nong do
vakhodng nong dé gum arabic th €h hop @é bé sung vao dich chiét trong quéatrih sdy
phun 1&75 g/l va50+100 (g/I) nham thu nhdn bét rau math® chiza c& hop chat sinh
hoc cohogt t fih chang oxy héa tong cao.

* \/é hoat t mh khir sat

Két qua phan t €h & hhh 3.40 cho thay hoat t ih khir sat caa bot rau math® ciing
chiu tac dong manh béi néng d6 gum arabic bd sung vao dich chiét rau matrong quéa
trinh siy phun. Cu thé, khi tang nong do gum arabic tir 50 dén 75 (g/l) thihoat t mh khir
sat cua bot rau méthu nhan duoc tang theo chiéu ting nong d6 gum arabic va dat giatri
I6n nhét 1&37,351,21 mg FeSO4/g tai nong do gum arabic 1&75 g/l. Khi tiép tuc ting
nong do gum arabic bo sung tir 100 g/l dén 175 g/l thihoat t mh khir sat cua bot rau ma
thT lié tuc giam xudng. Hoat t ih khir sit caa bot rau makhi dich chiét duoc bo sung
nong d6 gum arabic 12100 g/l val75 g/l 1&32,96+1,16 val4,0840,27 mg FeSO./g,
tuwong (ng bang 88,25% va37,70% so vai hoat t ih khir sat cia bot rau ma thu dugc khi

say phun véi ndong 6 gum arabic 1&75 g/l.

Tir c& phén tTh tré cho thdy khi nong dé gum arabic phdi trén véo dich chiét
75 g/l thibgt rau méth i cohogt t ih khat sat cao nhdt. Do vdy, chon néng dé vakhodng
nong dé gum arabic frong iing dé bo sung vao dich say 1a75 g/l va50+100 (g/l) nham

thu nhdn bt rau math® codhoat t Bih khez sat cao.
* V& diac tnh bét

Két qua nghié ctu ciing cho thiy khi b sung chat mang gum arabic vao dich
chiét vai nong @6 50 g/l thibdt rau mathu nhan dugc sau say phun co dic t h keo van,
khotan. Tai c& nong do gum arabic kh&e trong khoang khao sé tir 75175 (g/l) thibot

rau mathu nhan duoc déu dé tan. Bot rau mathu nhan duoc véi ndng do chat mang l1a
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75 g/l duoc bo sung trong quatrnh say phun (hhh 3.41) cOkich thuéc hat trung bh
(Z) 1 135,7 nm, d6 da phan tan cua bot (Pdi) 1&0,657. So sénh phd phén bé kich thudc
hat va d6 da phén tan cua bot rau maas nong do chat mang 75 g/l (Wih 3.43) val100 g/l
(hh 3.32) cho thay kich thudc hat trung bTh ting tir 135,7 nm dén 157,8 nm vachi sé
da phan tan (Pdi) giam tir 0,657 dén 0,517 khi ting nong d6 gum arabic tir 75 g/l dén
100 g/l.

Hon nita, duong dac t mh nhiét vi sai caa bot rau math® (hhh 3.42) cho thay co
peak thu nhiét Tm & 166,63°C thé hién tai nhiét 46 ndy cOsy mat nuée hap thu trong
phén tir bot rau mé Khéng copeak thu nhiét T4 — két qua ndy thé hién khéng ph& hién
su dit g&y c& lié két cotrong thanh phan cua bot rau ma CoHpeak toa nhiét Tn &
309,24°C thé hién tai nhiét d6 ndy cAsu phan hay c& nhdan chac dic trung cotrong
phan tir bot rau ma Ngod ra can cdmét peak toa nhiét T, ¢ 427,35°C lanhiét do phén
hay hoan todn c& phén tir cua bot rau ma So s&h phd nhiét vi sai cua bot rau mag
nong do6 gum arabic 75 g/I (hh 3.42) val100 g/l (hhh 3.34) cho thay khi ting nong do
gum arabic tir 75 g/l ¢én 100 g/l thinhiét mat nude hap thu trong phén tir Trm giam tur
166,63°C xudng 94,05 (°C), két qua ndy chung to khi ting ndng d6 gum arabic cho dich
say thibot rau masé dé kh@ dé tao bot trong quéatrinh say phun do conhiét mat nuéc
hip thy trong phén tir thip. Bot rau mao hai giatri ndong do gum arabic néi tré co
duong dac t mh nhiét khéng copeak thu nhiét Ta g&y phahuy c& lién két cotrong thanh
phan cua bot, két qua ndy ching to khi sdy phun véi nong dé gum arabic 75 g/l val100
g/l thibot rau méa déu duoc bao vé c& hop chét sinh hoc né ciing cho hoat t ih tét.
Nhiét ph&n hiy nhém chic Totrong phén tir T cOsu khé& biét ¢ 2 nong d6 gum arabic
vanhiét d6 g& phan hiay hon toan T, c& phan tir trong bot ting tir dén 427,35°C 1én
549,33 — két qua ndy thé hién khi ting ndong d6 chat mang gum arabic trong dich siy thi

bot rau mathu nhan duoc s€ khdbi phahuy nhiét hon.

Tur tat ca c&c két qua phén t Th ¢ trén cho thdy, khi néng d@é gum arabic phai trén
vao dich chiét 1a75 g/l thibgt rau mathw cO ham lwong polyphenol, ham hrong
chlorophyll, hogt t mh chéng oxy héa tong vahoat tmih khit sdt 1acao nhdt. Hon nira,
bt rau mathu nhégn duwroc ciing cOdé tan tot, ¢6 kich thudc hat trung b mh nhg, conhiét

dé 1an phahuy c&e lién két cotrong thanh phan cia bét vanhiér dé phahiy hoan todn
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bét cao. Vay né nong dé vakhodng néng dé gum arabic twong 1ng 75 g/l vas0-100
(g/1) 1aphTihgp @é sdy phun thu nhdn bét rau méath chiza polyphenol, chlorophyll co

hogt t fih chéng oxy héa cao.
3.3.1.4. Xac dinh nhiét do siy phun

Tién hanh th inghiém say phun thu bot rau méath sir dung chat mang gum arabic
nong d6 175 g/l tai & suét kh inén 1&2 kg/cm? vai tde do dia phun 1 20.000 (v/p), luu
lugng nhap liéu 15 ml/p vanhiét @6 say phun bién dong tir 120200 (°C) véi budc nhay
nhiét d6 1&20. Sau khi siy phun thu bot rau méath® validy miu xac dinh ham luong
polyphenol, ham lugng chlorophyll, c& hoat t ih chdng oxy hoa va kich thudc hat, dac

t fih nhiét vi sai. Két qua duoc trinh bdy ¢ c& hnh 3.43-3.46.
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Size (d.nm): % Intensity: St Dev (d.n...

Z-Average (d.nm): 173.9 Peak 1: 392.0 59.2 194.3
Pdl: 0.432 Peak 2: 66.49 275 28.10
Intercept: 0.553 Peak 3: 17.23 76 4.308

Result quality : Refer to quality report

Size Distribution by Intensity

@

(5]

Intensity (Percent)

- N W A

&

o
N
N
=]
o
o
ol
o 1.
=]
=]
o
S
=]
o

Size (d.nm)

\ Record 1459: RM-Acacia 3|

Hh 3.45. Phé phan bé kich thwéc hat vachi sé da phan tan cia bot rau makhi
nhiét @9 say phun 180°C

Dse Thermal Analysis Result
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Hh 3.46. Phé nhiét vi sai cia bdt rau makhi nhiét dp say phun 180°C

Tir c& két qua dugc trih bdy ¢ c& hhh 3.43+3.46 cho thay:

* \/é ham hrong polyphenol

Tur két qua phan t€h & hhh 3.43 cho thay ham lugng polyphenol trong bt rau
méachiu tac dong manh bai nhiét d6 sy phun. Cu thé, khi ting nhiét do say phun tur
120180 (°C) thham lugng polyphenol trong bot rau ma ting va dat giétri 16n nhat 1a
22,5040,26 mg acid galic/g khi nhiét do siy 1&180°C. Néu tiép tuc tang nhiét do siy
phun dén 200°C thiham lugng polyphenol trong bot rau mégiam xuéng manh. Cu thé,
khi sy phun & nhiét d6 200°C thiham lwong polyphenol trong bot rau ma thu dwoc
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giam cén 8,850,36 mg acid galic/g, bang 39,33% so v&i ham lwgng polyphenol cotrong
bot rau makhi say phun & nhiét d6 180°C. Biéu ndy ching to khi nhiét d6 sdy phun ting
dén 200°C s& tac dong lam giam manh ham lugng c& polyphenol cHtrong bot rau méa

thu dwogc sau say phun.

Tir két qua c& phén t £h tré cho thdy khi sdy phun ¢ nhiér dg 180°C thibét rau
math® thu nhdn dwoc cOham lwong polyphenol cao nhat. Vdy né, néu xé& theo ham
lirong polyphenol trong bét rau mécao thinhiés dé 180°C laphtihgp dé sdy phun tao
bot rau math & chiza polyphenol vakhodng nhiét @ 160200 (°C) dwroc chon lam théng
S6 bién dé toi wu héa sdy phun thu bgt rau matha.

* \/& ham lwong chlorophyll

Tur két qua phan t€h ¢ hh 3.43 cho thay nhiét do cua quatrinh say phun ciing
c6 tac dong 16n dén ham luong chlorophyll cotrong bot rau méath®. Khi tién hanh ting
nhiét d6 say phun trong khoang tir 120160 (°C) thham luong chlorophyll trong bot
rau mathu nhan duoc ting va dat giatri 16n nhat 1&7,8640,09 mg/g khi nhiét do say
phun 1&160°C, cao gip 1,80 lan so v&i ham luong chlorophyll trong bot rau mékhi say
phun & nhiét d6 120°C. Néu tiép tuc tang nhiét do say dén 180°C va200°C trong qua
trih sdy phun thibot rau méathu nhan duoc c6 ham luong chlorophyll giam xuéng va
cOgiatri twong tng 7,2140,14 mg/g va4,0440,13 mg/g, tuong ung bang 91,73% va
51,40% so v&i ham lwong chlorophyll trong bot rau ma thu dwgc khi sdy phun tai nhiét
do 160°C.

Tir c& két qua phén t Eh trén cho thdy bét rau macdham hirong chlorophyll cao
nhat khi sdy phun ¢ nhiér @é 160°C. Do vdy nhiér d¢ 160°C laphCihgp dé say phun thu
hoi bét rau méchirza chlorophyll cao.

* V& hoat t mh chong oxy héa tong

Két qua ph&n tTh ¢ hh 3.44 cho thay nhiét d6 caa quatrmh sy phun cdanh
huong dén hoat t mh chong oxy héa tong cua bot rau math®. Trong quétrih say phun,
khi tang nhiét do sy tir 120180 (°C) thihoat t ih chéng oxy héa téng cua bot rau ma
thu nhan duogc ting va tai nhiét do sy 1&180°C s& dat giatri cuc dai 1218,6540,58 mg
acid ascorbic/g. Néu tiép tuc ting nhiét do say cia quétrmh say phun dén 200°C thihoat
t mh chéng oxy héa tong cua bot rau méath giam manh vatai day co gid tri 188,7320,24
mg acid ascorbic/g, bang 46,81% so vé&i hoat th chdng oxy héa tong cua bot rau ma
th thu nhan duoc khi siy phun tai nhiét ¢6 180°C.
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Tir c& két qud phén t£h ¢ tré cho thdy khi sdy phun véi nhiér dé 180°C sé thu
nhdn duwoc bét rau macohogt t iih chong oxy héa téng cao nhdt. Vdy né néu xé& theo
hogt t fih chong oxy héa téng trong bét rau mé&cao thinhiér @ sdy 180°C laphCihop
cho quatrih sdy phun vakhodng nhiét dg sdy 160<200 (°C) duroc chon 18m théng so
bi@ quatrmh toi wu cong doan say phun thu nhdn bét rau math chiza c& hop chat

sinh hoc nghién curu.
* \/& hoat t h khir sit

Két qua phan t €h ¢ hThh 3.44 cho thay hoat t mh khir sit cua bot rau math® thu
nhan duoc chiu tic d6ng manh bai nhiét d6 sdy trong quatrih siy phun. Cu thé, khi
ting nhiét d6 say tir 120180 (°C) thihoat tmh khtr sit cua bot rau méath ting theo
chiéu tang nhiét 4o vacogiatri 16n nhat 1&48,42+1,76 mg FeSO4/g tai 180°C, cao gap
1,69 1an so véi hoat t fih khir sit ciia bot rau math® khi sdy phun & 120°C. Néu tiép tuc
tang nhiét do say dén 200°C thihoat t mh khir sat cua bot rau matha giam xuéng con
24,71#,01 mg FeSO4/g, bang 51,03% so v&i hoat t fih khir sit cua bot rau math® khi
say phun ¢ 180°C.

Tir c&c két qua phan t Th tré cho thdy quéatrihh sdy phun véi nhiér dg sdy 180°C
thibgt rau math® thu nhdn duwoc cohoat t h khiz st cao nhadt. Vdy nén, chon nhiét dé
say vakhodng nhiét dg say phthop tiwong iing 180°C va160+200 (°C) cho quatrmh
sdy phun dé thu nhan bgt rau math cochira cé&c hop chat sinh hoc nghié cizu cohoat

t mh khaz sdt cao.
* V& dac tnh bot

Qua két qua nghié ciru cho thay khi sy phun tai nhiét d6 120°C thibot rau méa
th thu nhan duoc c6 do keo déo nhit dinh va hoi kho tan, cén khi sdy phun tai nhiét
d6 200°C thibot rau math m cddac t mh kh&ceang, bi thay tinh h&, khStan vatai c&a
nhiét d6 say kh& trong nghié ciu thibot rau math® thu nhan duoc c6 do toi xop, dé
tan. Bién d6i diac tmh bot & tré languyé nhan lam bot rau mavsi ham luong
polyphenol, ham lugng chlorophyll vac& hoat tfih chdng oxy héa bi giam rat manh
khi sdy phun & nhiét ¢6 200°C. Qua thuc nghiém thy ring mau bot rau mathu nhan
duogc khi sdy phun & nhiét ¢6 200°C bj thuy tinh héa rat manh, day ciing chinh 1a nhugc
diém cua chat mang gum arabic khi tiép x(t véi nhiét d6 cao. Bot rau mabi thuy tinh
hoa déng nghia véi viéc ching bi bién tmih, c& hop chat sinh hoc cotrong bot bi chuyén
hé g&y giam ham lugng vagiam ca hoat t @ih sinh hoc khi siy phun ¢ nhiét do 200°C.
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Bot rau méathu nhan dugc véi nhiét ¢ say phun 1&180°C (hhh 3.45) cho thiy
cOkich thudc hat trung binh (Z) 1a 173,9 nm, d6 da phan tan cua bot (Pdi) 1&0,432. O
cung cac diéu kién say kh&c, so sénh pho phén bé kich thudc hat va d6 da phan tan cua
bot rau m&ag 140°C (hh 3.41) vals0 °C (hmh 3.45) cho thiy khi ting nhiét d6 siy
phun tir 140°C & 180°C thi kich thudc hat trung bmh cua bot ting tir 135,7 nm dén
173,9 nm va d6 da phén tan (Pdi) caa bot giam tir 0,657 xuéng 0,432.

V& dic t iih nhiét vi sai cua bot rau math® tai nhiét o say 1&180°C (hh 3.46)
cho thiy co6 peak thu nhiét Tm & 164,89°C, tai nhiét do ndy sé dién ra sy mét nudc hap
thu trong phén tir. Khéng copeak thu nhiét Ta — két qua thé hién khéng xay ra su dut
g&y c& lié két cotrong thanh phan cua bot rau ma CH02 peak toa nhiét Tn ¢ 264,940
va309,34°C thé hién tai c& nhiét do ndy cOsu phan huy c& nhan chuc dic trung trong
phén tr bot rau ma Ngod ra cén cOmot peak toa nhiét Tp ¢ 433,03°C — két qua cho
thay tai nhiét d6 ndy s& xay ra sy phan huy hoan todn c& phan tir trong bot rau ma So
sénh phé nhiét vi sai ciia bot rau még 140°C (hhh 3.42) val80°C (hnh 3.46) cho thay
khi ting nhiét d6 say phun tir 140°C 1& 180°C thidic t mh nhiét vi sai cia bot rau mat
thay d6i, cu thé lanhiét mat nudc hap thu Tm trong phén tir, nhiét ph&n hiy c& nhém
chirc Ty vanhiét do phé&n huy hoan toan Ty cua phén ta cotrong bot rau makhéng cOsu
kh& biét nhiéu khi thay d6i nhiét d6 sy phun nhu trén.

Tir c& két qua nghié ciru & tré cho thay khi thay doi nhiét do siy trong qué
trnh sdy phun sé& tac dong nhiéu dén dic tmh cua bot, kich thudc hat, mac d6 dong déu
cua hat vahoat t fih sinh hoc cua bot rau ma Cu thé, khi siy phun & nhiét d6 quécao co
thé 12m bién tmh bot do bot bi thay tinh héa, chuyén hé g&y giam ham lugng c& hop
chat vagiam hoat t fih sinh hoc cta bot rau mé Vivay nhiét do say phun s& anh huong
I6n dén ham lugng polyphenol, ham luong chlorophyll, hoat t®ih chéng oxy héa tong
vahoat t fih khtr sat cia bot rau math® thu nhan duoc sau quéatrih say phun.

Tur tat ca céc két qua phén tTh & tré cho thdy, khi nhiér dg sdy phun 180°C thi
bt rau math® cGham Leong polyphenol, hogt t ih chong oxy héa téng, hogt tmh khi
sat 1acao nhdt va ham lwong chlorophyll thi ciing rdt cao, cao hon 91% so véi ham
lirong chlorophyll cao nhat cotrong bét rau méathu nhdn diroc khi sdy phun tai 160°C.
Hon niva, véi nhiét g say phun 180°C, bét rau md thia ciing c6 dé tan tot, cé kich thieéc

hat nhd; conhiér dg phahiy c& lién két, nhiér dé phén hity c& nhém chaie trong phén
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tir vanhiér do phén huy hoan toén c& phén tir trong bot rau macao. Do vay, nhiét do
180°C laphtihgp dé sdy phun vakhodng nhiét dg 160200 (°C) duoc chon 12m théng
s6 bi@ quatrih toi wu sdy phun thu nhdn bét rau méath chera polyphenol, chlorophyll
cOhogt tmh chéng oxy héa.
3.3.1.5. Xac dinh ap suit khi nén

Tién hanh th inghiém say phun thu bot rau méth sir dung chat mang gum arabic
nong d6 75 g/l & nhiét do say 180°C véi toe do dia phun 20.000 v/p, luu lwong nhap liéu
15 ml/p vadp suit kh inén bién dong tir 15 kg/cm? véi budc nhay &p suét kh inén [1ad.
Sau khi say phun thu bot rau méath validy mau xac dinh ham lugng polyphenol, ham
luong chlorophyll, c& hoat t ih chdng oxy hoa va kich thudc hat, dac tmh nhiét vi sai.
Két qua th inghiém duoc trinh bdy ¢ c& hh 3.47+3.50.
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Hh 3.47. Anh hwéng cia &p suit khi nén dén ham lwong polyphenol va
chlorophyll trong bot rau ma
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Hh 3.48. Anh hwéng ciia & suit khi nén dén hoat t h chéng oxy héa tong va
hoat t fih khir st cia bdt rau ma
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Size (d.nm): % Intensity:
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Hhh 3.49. Phé phén bd kich thwéc hat vachi sé6 da phan tan cia bét rau makhi
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Hhh 3.50. Phé nhiét vi sai ciia bot rau makhi &p suat kh inén 3 kg/cm?

Tir c& két qua dugc trih bdy ¢ c& hhh 3.47-+3.50 cho thay:

* \/é ham hrong polyphenol

Tir két qua phén t ©h ¢ hhh 3.47 cho thdy ham lugng polyphenol cotrong bot rau

masé chiu anh huéng boi & suat kh inén cua quatrih siy phun. Cu thé, khi ting 4p

suat kh iné tir 1<3 (kg/cm?) thham luong polyphenol trong bot rau ma ting va cOgia
tri cuc dai 1&27,4440,15 mg acid galic/g khi & suat kh inén 1&3 kg/cm?, bang 1,77 l1an

so v6i ham lugng polyphenol trong bot rau makhi say véi &p suat kh inén 1al kg/cm?.

Néu tiép tuc tang 4p suit kh inén trong quétrh say phun dén 4 kg/cm? vas kg/cm? thi

ham luong polyphenol trong bot rau magiam xudng vaco giatri twong tng 1a
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25,4340,62 mg acid galic/g va24,8240,65 mg acid galic/g. Tuy nhié c& giatri ham
lwong polyphenol cotrong bot rau méthu nhan duoc khi siy phun tai 4 kg/cm? vas
kg/cm? cOkh& biét khong co ¥ nghia thong ké&(p<0,05), do d6 khi ap suat kh inén tir
4=5 (kg/cm?) s& Tanh huong dén ham luong polyphenol caa bot rau métrong quétrih
say phun.

Tir c& két qua phén t€h & tré cho thay khi tién hanh sdy phun véi suat kh inén
1&3 kg/cm? thibét rau macdham lwong polyphenol cao nhat. Vdy nén chon & sudt kh T
nén 3 kg/cm? vakhodng & sudt kh iné 24 (kg/cm?) trong quétrih say phun 1&phd

hop dé thu nhdn bét rau math® chiza ham heong polyphenol cao.
* \/& ham lwong chlorophyll

Tur két qua ph&n tTh ¢ hh 3.47 cho thy & suat kh inén cia quatrinh say phun
cOanh hudng dén ham luong chlorophyll trong bot rau méathu nhan dugc. Piéu ndy
dugc khang dinh khi ting ap suat kh inén tir 1<3 (kg/cm?) thiham lugng chlorophyll
trong bot rau ma ting va dat gidtri cao nhat 1&9,12490,35 mg/g khi & suét kh inén 1a3
kg/cm?. Khi tién hanh sy phun ¢ & suat kh inén 4 kg/cm? vas kg/cm? thiham luong
chlorophyll trong bdt rau ma thu duoc 1&8,8640,17 mg/g var,1340,24 mg/g, tuong tng
bang 97,15% va78,18% so véi ham lugng chlorophyll trong bot rau makhi say phun ¢
& suat kh inén 1a3 kg/cm? Diéu ndy cho thay, néu ting & suat kh inén tir 3<4 (kg/cm?)
th¥T anh hudng dén ham luong chlorophyll trong bot rau médo c& gidtri vé ham luong
chlorophyll tai c& & suat ndy kh& biét khong co y nghia théng ké&(p<0,05) vanéu tuc
tang ap suat kh inén tir 45 (kg/cm?) thiham luong chlorophyll trong bt rau mésé giam

xuéng.

Tir c& két qud phan tEh ¢ tré cho thdy khi sdy phun véi & sudt kh inén 1a3
kg/cm? thiibgt rau macSham heong chlorophyll cao nhat. Do vdy, xét theo ham lwong
chlorophyll trong bgt rau mécao thi&p sudt kh inén 3 kg/cm? vakhodng &p sudt kh inén

twong 1ng 2-4 (kg/cm?) [&phtihep d@é sdy phun thu nhdn bét rau matha.
* /& hoat t h chéng oxy héa tong

Két qua phan t€h & hhh 3.48 cho thiy & suat kh iné cua quatrih say phun
cling anh hudéng dén hoat t ih chdng oxy héa tong caa bot rau méathe. Cu thé, khi ting
& suat kh inén tir 1<3 (kg/cm?) thhoat t ih chéng oxy héa tong ciia bot rau ma ting va

khi &p suét kh inén 1a3 kg/cm? thhoat t ih chéng oxy héa tong cogidtri I6n nhat 1a
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21,7120,78 mg acid ascorbic/g. Tai & suit kh iné 1&4 kg/cm? va5 kg/cm? thihoat t ih

chbng oxy héa tong cua bot rau malals,82+0,53 mg acid ascorbic/g val3,4540,28 mg

acid ascorbic/g, c& giatri ndy cokh& biét khong co ¥ nghia théng ké(p<0,05), diéu

ndy cho thy khi & suét kh inén tir 4<5 (kg/cm?) T tac dong dén hoat t iih chdng oxy

héa tong cua bot rau méth i, Hoat t ih chdng oxy héa tong cua bot rau méth i thu nhan

dugc khi siy phun véi & suét kh iné 3 kg/cm? cao gap tuong Gng 1,88, 1,16, 1,47 va
1,61 (14n) so véi hoat t ih chdng oxy héa tong cua bot rau ma thu dugc khi say phun véi

& suit khinén 1al, 2, 4 vas (kg/icm?).

Tir c&c két qua phén tEh & tré cho thdy quatrh sdy phun véi & sudt kh inén
|&3 kg/cm? thithu nhén duwoc bét rau méath cdhoat t ih chong oxy héa téng cao nhat.
Do vdy, néu xé theo hogt t fh chéng oxy héa téng trong bét rau macao thisudt kh inén
3 kg/cm? vakhodng & sudat kh inén rirong 1iing 24 (kg/cm?) laphCihop dé sdy phun thu

nhan bgt rau math n.
* \/¢ hoat t mh khir sit

Két qua ph&n t Th ¢ hh 3.48 cho thay hoat t ih khir sat cia bot rau méath® chiu
tac dong boi & suat kh inén trong quatrnh siy phun. Khi tang ap suat kh inén tir 1+4
(kg/cm?) thihoat t Bih khir st cia bot rau mé ting va dat gidtri 16n nhat 1257,07490,35
mg FeSO4/g khi & suat kh inén 1a4 kg/cm?2. Néu tiép tuc ting & suat kh inén cua qua
trinh say phun dén 5 kg/cm? thhoat t ih khir sat cua bot rau méath giam xubng cogia
tri 45,0241,21 mg FeSO4/g, bang 78,89% so vé&i hoat t ih khir sat cua bot rau méakhi
say phun tai & suat kh inén 4 kg/cm?. Hoat t ih khir sit cua bot rau méath® thu nhan
duogc khi siy phun véi & suat kh inén 4 kg/cm? cao gap tuong tng 1,78, 1,18, 1,06 va
1,27 (1an) so véi hoat t mh khir sat ciia bot rau mé thu duoc khi say phun véi & suat kh T
nén lal, 2, 3 vab (kg/cm?).

Tir c&c két qua phan tTh tré cho thdy quéatrih sdy phun véi & sudt kh inén 1a
4 kg/lem? thiibgt rau math thu nhédn dwroc cOhogat tmh khat sdt cao nhat. Viy né &
suat kh inén 4 kg/cm? [&phtihep trong say phun thu hai bét rau machiza c&c hep chat
sinh hoc cAhogt thh khi sdt cao.

* V& dac tnh bét

Qua két qua nghié ciru cho thay bot rau math® thu nhan duoc khi say phun véi

& suit khiné 1 kg/cm? ¢ dic diém am uét, dé vén, khotan vac bot rau méathu
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nhan trong quétrmh siy phun tai c& gidtri & suat kh inén kh& tir 2=5 (kg/cm?) thi déu
c6 dac t mh toi xbp, dé tan. Khi siy phun véi & suat kh inén 3 kg/cm? thibot rau maco
kich thugc hat trung bh (Z) 1&131,5 nm vachi s6 da phan tan caa bot (Pdi) 140,437
(hh 3.49). So sénh phd phé&n bé kich thudc hat va do da phan tan ctua bot rau makhi
say phun vai & suat kh inén 2 kg/cm? (hhh 3.45) va3 kg/cm? (hhh 3.49) cho thay khi
tang &p suat kh inén tir 2 kg/cm? 1& 3 kg/cm? thibot rau mécOkich thudce hat trung bhh

giam tir 173,9 nm xudng 131,5 nm vachi s6 da phan tan thi thay doi khong dang ké.

Tir két qua phan tich dic tmh nhiét vi sai cua bot rau matai & suit khinén 3
kg/cm? (hThh 3.50) cho thiy duong dic tmh nhiét c6 peak thu nhiét Tm & 156,75°C thé
hién cOsy mat nude hap thu trong phén tir tai nhiét do ndy. Khéng copeak thu nhiét Ty
— két qua cho thay khéng thé hién nhiét 46 cOsu dut g&y c& lién két cotrong thanh
phan cua bot trong dai nhiét d6 da do. COpeak toa nhiét Tn ¢ 306,78°C thé hién cOsy
phan huy nham chirc dac trung trong phéa tu tai nhiét do néy. Ngoa ra can comot peak
toa nhiét Tp & 424,62 (°C) thé hién tai nhiét d6 ndy cAsu phén hay hoan todn c& phén

tur trong bot.

So sé&h pho nhiét vi sai cia bot rau még & suat kh inén 2 kg/cm? (hhh 3.46) va
3 kg/cm? (hhh 3.50) cho thay khi ting & suit kh inén tir 2 kg/cm? dén 3 kg/cm? thi
duong dac tmh nhiét vi sai caa bot rau méco thay doi nhung khong khé biét nhiéu. Cu
thé, cac dudng dic tmh nhiét cho thdy nhiét mat nuéc hap thu Tm trong phén tir bot rau
magiam tir 164,89°C xudng 156,75°C, nhiét phan hiy nhém chie Tn giam tir 309,34°C
xudng 306,78°C va nhiét 6 phén huy hoan todn T, c& phan tir bot rau magiam tir
433,03°C dén 424,62°C khi ting & suat kh inén trong quatrih say phun tir 2 kg/cm?
dén 3 kg/cm?.

Qua két qua nghié cau cho thiy, khi ting &p suat kh inén trong quatrh siy
phun s& 1am giam kich thuéc hat, giam c& giatri nhiét d6 quyét dinh dac t iih cua bot
rau ma Nhitng thay doi tré& khéng nhitng tac dong dén t Bih chat vat Iy7cua bot macen
|2m bién d6i ham lugng polyphenol, ham luong chlorophyll vac& hoat t ih chong oxy

héa cua bot rau ma thia thu duoc sau siy phun.

Tur tat ca c&c két qua phén tEh ¢ tré cho thdy, quatrih sdy phun véi & suat
khinén 3 kg/cm? thTbgt rau math® cd ham lLeong polyphenol, ¢d ham lrong

chlorophyll, hogat t ih chéng oxy héa téng cao nhat vahogt t mh khat sat thi cao hon 90%
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S0 Vdi hogt t mh khat sat cao nhdt cia bét rau méathu nhdn dueoc khi say phun tai &p sudt
kh inén 4 kg/cm2. Hon nira, khi sdy phun véi & suat kh iné 3 kg/cm? thibgt rau ma
thia ciing c¢é do tan tot, ¢6 kich thuéc hat trung bh thdp; conhiét g& mdt nuréc hap
thy trong phén ti bét thap, conhiét dg phan hiy céc nhdm chize trong phén tir bot va
nhiét @3 phan hiy hoan toan cé&c phén ti trong bt cao. Diéu ndy chirng té khi sdy phun
véi & sudt kh inén 3 kg/cm? thiibgt rau madé tdch nudéce, dé kh@ dé tao bt vacée hop
chdt sinh hoc dwoc bdo vé tét hon trong quétrmh sdy phun. Vdy né giatr; & suat kh T
nén 3 kg/cm? vakhodng & sudt kh iné 2-4 (kg/cm?) 1aphtihop dé say phun thu nhén

bt rau machiza c&c hep chat sinh hoc cdhogt t fih chong oxy héa.

3.3.2. Toi wu qua trinh cong doan say phun tao bét polyphenol vachlorophyll tir

rau mathm

Tir két qua khao sat cac diéu kién say ciia cong doan say phun tao bot polyphenol,
chlorophyll tir rau m& luan &n tién hanh nghié ciru t6i wu hoa cong doan say phun voi
muc tiél thu nhan duoc bot polyphenol, chlorophyll tir rau méacé ham lugng polyphenol
v6i hoat tmh chéng oxy héa cao nhat va dong thoi cling ¢ ham lugng chlorophyll cao

nham tao mau xanh cho bét thu nhan duoc.

Mién nghi@ ctu coa c& yéu td anh huéng dén ham luong polyphenol,
chlorophyll c&hoat tmh chéng oxy hé trong bot siy phun: nong do gum arabic (Xi:
50100 g/l, §1=25), nhiét d6 say (X2: 160200 oC, 5,=20) vadp suat kh inén (Xs: 24
kg/cm2, 83=1,0). Tbi wu hoa dugc bd tr itheo mdhh mit dap tng Box-Behnken Vi
c& ham muc tiéu: Ham lugng polyphenol Y1 (mg acid galic/g), ham luong chlorophyll

Y2 (mg/g) vahoat t mh chdng oxy héa tong Ys (mg acid ascorbic/g).
Két qua th inghiém ti wu hoéa cong doan sdy phun tao bot chira polyphenol va
chlorophyll véi ham lugng vahoat t mh chdng oxy hé cao dugc trih bdy ¢ bang 3.10.

Bang 3.10. Két qua tdi wu héa cong doan say phun tao bt polyphenol,
chlorophyll tir rau ma

Y1 (mg acid Y3 (mg acid
X1 Xs X3 galic/g) ascorbic/g)
@0 | cC) |(kglem?) | Thyc | Uéc | Thuc | Uéc | Thuc | Uéc
nghiém | doan | nghiém | doan | nghiém | doan
0 -1 14,52 | 14,68 6,81 6,81 7,77 7,79
0 0 0 28,24 | 2849 | 10,62 | 10,61 | 18,13 | 19,42

Y2 (mg/g)
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1 0 1 15,91 15,28 5,91 5,84 11,30 11,50
1 -1 0 15,82 | 16,03 5,61 5,65 7,81 8,19
1 1 0 9,03 9,29 4,23 4,26 9,10 8,50
-1 0 1 18,62 | 18,46 5,03 5,03 13,94 13,91
0 1 -1 15,37 | 14,95 5,43 5,40 12,61 13,18
-1 0 -1 14,19 | 14,82 5,28 5,35 15,10 14,90
0 0 28,10 | 28,49 | 10,56 | 10,61 19,91 19,42
-1 1 0 14,53 | 14,32 3,06 3,02 11,33 10,95
0 28,15 | 28,49 | 10,59 | 10,61 | 20,04 19,42
-1 -1 14,31 13,95 7,18 7,14 14,26 13,85
-1 1 20,02 | 20,44 6,21 6,24 17,12 16,55
0 0 28,88 | 28,49 | 10,68 | 10,61 19,19 19,42
-1 -1 0 14,59 | 14,32 4,63 4,60 14,67 15,27
0 0 29,09 | 28,49 | 10,58 | 10,61 19,84 19,42
1 1 12,34 | 12,70 4,97 5,01 12,80 13,20

Két qua toi wu hoa cong doan say phun tao bot chira polyphenol vachlorophyll
trimh bdy ¢ bang 3.10 cho thay:

* V& ham hrong polyphenol

Két qua thuc nghiém téi uu héa cho thay ham muc tiéu ham luong polyphenol
(Y1) cotrong bot rau ma thia dao dong trong khoang 9,03+29,09 (mg acid galic/g) va
gidtri trung bmh 1&18,92 mg acid galic/g. Phuong trinh hoi quy ham luong polyphenol
Y16 d6 léch chuan (SD) 120,60, hé sé hoi qui (R?) 120,996, hé sé hdi qui diéu chinh
(Adj-R?) 120,992, diéu ndy x& nhan ring mo hinh nay c6 y nghia (p<0,01). Dir liéu
phén tich ciing chi ra ham lugng polyphenol trong bot rau math® tué theo méhnh
bac 2, phu thudc manh v c& yéu tb tac dong dén quatrih siy véi x& suat p<0,01 va
su tuong quan giita c& bién trong ham muc ti@& cOsu kh& biét mang ¥ nghia théng ké

(p <0,05).

Két qua t6i uru hoa ciing cho thay phuong trinh hdi quy ciia ham lwgng polyphenol

nhu sau:

Y1=28,49—-0,83X1— 1,68X> +1,06X3 - 1,68X1X> -0,76X1 X3 — 2,18 XoX3— 7,35X12 —
7,65X2? — 5,33X3?
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* \/& ham lwong chlorophyll

Ham muc tiéu ham lugng chlorophyll (Yz2) cOtrong bot rau mathia dao dong
trong khoang 3,06-10,68 (mg/g) vagiatri trung bhh 126,90 mg/g. Phuong trinh hoi
quy ham luong chlorophyll Y2 ¢6 d6 léch chuan (SD) 120,06, hé sb hoi qui (R?) 180,998,
hé s6 hdi qui diéu chinh (Adj-R?) 120,997, diéu ndy cho thay ring m&hmh n&y coy
nghia (p<0,01). D@ liéu phan tich ciling chi ra ham lugng chlorophyll trong b6t rau ma
th tudn theo m&hh bac 2, phu thudc véo c& yéu té tac dong dén quatrih sy véi
X& suat p<0,01 vasy tuong quan giira c& bién trong ham muc ti& cOsu kh& biét

mang ¥ nghia théng ké&(p < 0,05).

Két qua t6i wu hoa ciing cho thdy phuong trinh hdi quy ctia ham luong chlorophyll

nhu sau:

Y2 =10,61 + 0,57X1 — 0,74X, — 0,32X3 + 0,05X1X2 - 0,16X1 X3 + 0,13X>X3— 3,21X1?
—3,02X2? — 1,64X34?

* \/é hoat t hh chéng oxy héa tong

Két qua thuc nghiém t6i wu hoa ciing cho thay h&m muyc tié hoat t ih chéng oxy
hé tong (Ys) cia bot rau ma thia dao dong trong khoang 7,77-20,04 (mg acid
ascorbic/g) vagiatri trung bh 1&14,41 mg acid ascorbic/g. Phuong trinh hdi quy hoat
tmh chdng oxy héa tong Ys c6 do leéch chuan (SD) 120,81, hé s6 hoi qui (R?) 140,983,
hé sé héi qui diéu chinh (Adj-R?) 1&0,962, diéu ndy x& nhan raing m&hhh n&y cOy
nghia (p<0,01). Dix liéu phan tich ciing chi ra hoat t mh chéng oxy héa tong trong bot
rau math tudn theo méhh bac 2, phu thudc v c& yéu td tac dong dén quéatrmh
say VGi x& suat p<0,01 vasu tuong quan giita c& bién trong ham muc ti& cosy kh&
biét mang y nghia thong ké(p < 0,05).

Két qua t6i wu hoa ciing cho thdy phwong trinh hoi quy hoat t ih chéng oxy héa
t6ng nhu sau:

Y3=19,42 - 2,38X1—1,00X2 + 0,68X3 +1,16X1 X2 + 1,17X1X3 - 0,6 7X2X3—
5,43X1?% — 3,26X2% — 1,96X3?

Phan t £h théng ké&cho thdy m&hh bac 2 laphCihop va c6 tic dong manh Ién
xu thé bién ddi cua c& ham muc ti@& boi tac dong cua c& yéu té anh huong. Hé s6 v

nghia cua c& mO&hTh muc tiéu déu cOgiatri thong ké (p<0,05) va do khong tuong
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th ©h cua mo hinh 1a khong c6 ¥ nghia. Cac mo hinh muc ti@l Y1, Y2 vaYs cogiatri F
bién d6i tir 46,14 dén 3.174, twong tng voi c& gidtri p déu nho hon 0,0001, dong nghia
c& bé mit dap ting theo méhhh Box-Behnken 1&phthop (bang 3.11)

Bang 3. 11. Hé sb y nghia ciia méhhh muc tié

Mo&hThh Ham muc | Tong bmh | Trung bwh |F p

tié phuong binh phuong
B& mit dap tng bac | Y1 731,12 81,24 224,95 <0,0001
2 Y2 110,89 12,32 3.174 <0,0001

Ys 272,49 30,28 46,14 <0,0001
Po khéng phti hop | Y1 1,690 0,562 2,67 0,183
ciia mohmh Ys 0,018 0,006 282 0,171
(Lack off fit)

Ys 2,080 0,692 1,10 0,447

Phan tich d6 khénhg phtihgp caa m&hTh ciing thay ring, tat ca do khéng phti
hop ciia mo hinh déu khong c6 ¥ nghia thong ké (p>0,05), diéu nay di thoa man t h

phthop caa m&hmh. Su tac dong cua c& nhan té dau vao Xi, Xz vaXs dén ham muc

ti@ Y1, Y2 VAaY; la trong ddi twong ddng, thé hién qua giatri p nho (p<0,05).

Factor Coding: Actual HL polyphenol (mg acid gallic/g)
——— — \\
HL polyphenol (mg acid gallic/g) - . \
-
@ Design Points N N
- SR 903 [ 29.09 A L
7 Sy S
= RS S Rt B \
s 0 R BRI N X1 = AL Chit mang L
H Vi I"""‘:’:‘:““““ \\\§ X2 = B: Nhigt 46 say
5 g% S \
E /
8 "'z‘"""“:“ Actual Factor
£ 99,994 CASthinén =3
2
2
=
2
T
T T
70 80 100
X: A: HL Chat mang (g/1)
Y: B: Nhiét d sdy (oC)
. Factor Coding: Actual HL Chlorophyll (mg/g)
= e T HL Chlorophyll (mg/g)
12 r,/‘ \\’ @ Design Points
|
10} 306 [ 1068
| X1 = A: HL Chat mang
® L X2 = B: Nhiét d6 sy
g
x Actual Factor
;i;; C:AS khinén = 3
3
S
S
200 100
B: Nhiét dé sdy (oC) A HLChstmang (g/1)
70 80 %0 00
X: A HL Chat mang (g/1)
Y: B: Nhiét d6 sdy (oC)
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Factor Coding: Actual

HT chéng oxy héa téng (mg acid ascorbis
@ Design Point:

tbic/g)

777 [ 20.04

X1 = At HL Chat mang
X2 = B: Nhiét do say

Actual Factor
C:AS khinén =3

HT chéng oxy héa tdng (mg acid asco

70 80
X: A HL Chét mang (g/1)
Y: B: Nhiét dé say (oC)

Hh 3.51. C& mit dap @ng toi wu thuc nghiém

Giai cac phwong trinh hdi quy xac dinh duoc gidtri tdi wu cua c& bién (X1, X2
vaXs). Dit lidu dugc t Tih todn tré& phan mém Design Expert 12 vat fih todn trng lap
c& miat dap tng (hh 3.52) dé tim diém ti vu tién doan v&i ham luong chat mang Xi
(73,34 g/l), nhiét do siy Xz (177,35°C), & suét khiné Xs (3,07 kg/lcm?) vaca ham
muc tiéu tién doan vdi ham lugng polyphenol Y1 (28,66 mg acid galic/g), ham luong
chlorophyll Y2 (10,57 mg/g), hoat t®h chéng oxy hé tong Ys (19,68 mg acid
ascorbic/g).

Factor Coding: Actual 200 Over|ay Plot

Overlay Plot
HL polyphenol

Pl Low

Pl High
HL Chlorophyll

Pl Low

19 _|

Pl High
HT chéng oxy hoa téng
Pl Low
Pl High
X1= A HLCh4t mang
X2 = B: Nhiét d¢é say

180 _|

Actual Factor

C: AS khi nén = 3.06573 e

160

50 60 70
X: A: HL Ch&t mang (g/)
Y: B: Nhiét do sdy (oC)

Hhh 3.52. Bé mit téi wu trung lip c& mit dap wng
Tién hanh thuc nghiém lap lai 3 1an & diéu kién ham lwong chat mang X (73,0
g/L), nhiét do sy Xz (177,0°C), & suét kh inén Xs (3,1 kg/cm?) vagiatri c& ham muc
ti@ thuc nghiém véi ham lugng polyphenol Y1 (28,15+1,13 mg acid galic/g), ham lugng
chlorophyll Y2 (10,6240,27 mg/g), hoat t®ih chéng oxy hé tong Ys (19,4740,42 mg

acid ascorbic/g).
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Tur két qua t6i wu héa thuc nghiém sdy phun thu nhan bot rau méth® cho phéo
chon diéu kién téi wu trong qué trinh say phun sir dung chit mang gum arabic véi toc
d6 dia phun 20.00 v/p, ndng do gum arabic 73 g/l, nhiét d6 say phun 177°C vadp suat
khinén 3,1 kg/cm?. Bot rau math® tai diéu kién say phun téi wu ciing dugce danh gia
hoat t fih khur sat vahiéu suat thu hoi vai giatri phén t £h thuc nghiém lan lugt cOgia
trj twong @ng 1259,5042,08 mg FeSOu/g vags2,72%.

Tir két qud toi wu héa va thuc nghiém th inghiém kiém chizng & trén cho thdy diéu
kién toi wu dé sdy phun thu nhdn bét rau math® co chita ham heong polyphenol,
chlorophyll vahoat t fih chéng oxy héa téng cao nhdt 1& néng dé gum arabic toi wu 73
g/l, nhiét do say phun téi wu 177°C vadp suat kh iné téi wu 3,1 kg/cm?. Khi say phun &
dieu kién t6i wu thi bt rau mathm thu nhdn dwoc c¢é ham hrong polyphenol 1a
28,15+1,13 mg acid galic/g, ham lwong chlorophyll 1&10,6240,27 mg/g, hogt t hh Chéng
oxy héa tong 1&19,4740,42 mg acid ascorbic/g, hoat t ®ih kher sat 1&59,5042,08 mg
FeSO4/g. Két qua xdc dinh hiéu sudt thu hai bét rau méavathu héi c& chat cohogt t i
sinh hoc trong bét rau math ¢ diéu kién sday phun téi wu cho thay hiéu sudt thu hoi
bét say phun dich chiét rau mathm 1&82,72% vahiéu suat thu héi polyphenol,
chlorophyll cua bét rau sdy phun twong g 1&78,69%, 74,83% so V&i ham lwong
polyphenol, chlorophyll cétrong dich chiét trueéc khi sdy phun.

Ngodi ra, luan 4n ciing phan tich mot s6 hop chat cdhoat t ih sinh hoc kh& co
trong bot sy phun bang ky thuat sic ky long hiéu ning cao HPLC. Két qua phan t€h
duogc trimh b&y 6 hmh 3.53, 3.54 va3.55.

DAD1 A, Sig=205,4 Ref=550,100 (KQ_HPLC1\RAUMAQ04.D)
mAU ] ‘ ‘

<

60 —

40

Asiaticoside

4.383.810 7.835 /\ '

T T T T . T T T T T T T T T T T T T T
0 2 4 6 8 10 min

Hhh 3.53. Sac ky d6 HPLC phan t £h asiaticoside trong bt rau ma
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DAD1 C, Sig=254,16 Ref=550,100 (KQ_HPLC1\RAUMAO11.D)
mAU ]
250
200
1 8.555
150
6.355
] =
100 | b5
1 Q
o -
Q
1 &
507 9.264 11.333
1 10:723 18,513 21430
0 - —r -
— - 1 - 1 T - T T T T T T T I T T T T T
5 7.5 10 12,5 15 175 20 min

Hhh 3.54. Sic ky d6 HPLC phan t £h quercetin trong bét rau ma

DAD1 D, Sig=335,16 Ref=550,100 (KQ_HPLC1\RAUMAO013.D)
mAU

120

1007 8.572
80
] 11.332
60 -
] 6.355

Rosmarinic

40

20
12.342

T T T T T T T T T T T T T T T T T T
6 8 10 12 14 min

Hh 3.55. Sic ky @6 HPLC phan t £h acid rosmarinic trong bdt rau ma

Két qua phan t€h HPLC vé c& chat cotrong bot say phun dich chiét tir rau ma
th st dung chat mang gum arabic, téc do dia phun 20.000 v/p trong diéu kién téi wu
vé nhiét 4o, ndng d6 chat mang gum arabic, & suat kh inén cho thiy ngo& polyphenol,
chlorophyll thibot sy phun cén chira mot s6 hop chat sinh hoc khac nhu: asiaticoside
(2,39 mg/g), quercetin (0,21 mg/g) vaacid rosmarinic (0,22 mg/g). Ham lugng c& hop
chat asiaticoside, quercetin varosmarinic cOtrong bt rau ma sy phun cao gap tuong
ung 1,36, 1,5va 2,2 (lén) so vdi trong dich chiét rau mé&g diéu kién tdi wu. Két qua nay
cang khang dinh, qua trinh siy phun cic hop chat sinh hoc dugc bao vé bdi chit mang
gum arabic. Tuy nhié, do c& chat ké tré& khéng thuoc pham vi caa luan & né luan
& khéng tién hanh thén c& nghié ciu vé c& hop chat ndy trong quétrinh siy phun

tao bot rau ma
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3.3.3. Quy trmh siy phun tao bét rau ma tha chira polyphenol vachlorophyll

3.3.3.1. P& xuit quy trinh say phun tao bt rau ma thm

Tu c& két qua nghié cau dugc ¢ trén, luan & dé xuat quy trinh sy phun tao

bot rau méath® chira polyphenol vachlorophyll cAhoat t fih chéng oxy hoa duoc trinh

bay & hh 3.56.

Rau math n

(Centella asiatica (L.))

Shy kho

T&h chiét

Co dac

Say phun

y

Bot rau ma

Chiét c6hd trg séng sié an
Dung m@ ethanol 95%, nhiét do
63°C, thoi gian 97 phd vaty Ié
DM/NL 1&52/1 ml/g

Co6 dac cha khdng, nhiét do
60°C, & suit cha khéang
75mBar, nhiét ngung tu 5°C

Nong do chat kho dat duoc sau cO
dac la18°Bx

Chat mang lagum arabic 73 g/l
nhiét d6 siy 177°C, & suit khT
né 3,1 kg/cm? vavan téc dia
phun 20.000 v/p

Hh 3.56. Quy trhh siy phun tao bdt rau math

* Nguyén liéu: Rau mathm 6075 ngdy tudi trong & Nha Trang - Khanh Héa

dugc thu hoach valoai bo tap chit, 14 vang, 14 ta. Sau d6 rau ma dwgc 1am sach biang

mé& rira suc khi va lam rdo nuéc nhod méy ly tam loc dé chuan bi cho cong doan siy

kha

ay kh& Rau ma duoc trai ra vi sdy vasay khébang ta say nhiét coObuc xa
* Say khG@ R duoc trai ra vi say vasay khdbang ta say nhiét cObuc xe

hong ngoai trong diéu kién khong khi d6i luvu cudng bic & nhiét do 65°C trong thoi gian

8 gio, rau masau siy duoc kiém tra d6 4m 8%. Sau khi siy kho, rau ma dugc bao g&

chan khéng bang ti PA c6 trang nhom va dugc luu trir trong kho mé&, trénh &h néng.
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* Chiét t&ch: Nguyén lidu rau masé duoc nghién nho bang méy nghién dén k €h
thudec 0,5mm dé st dung cho quatrih chiét. Tién haoh chiét c& polyphenol,
chlorophyll cAhoat t fih chéng oxy hé bang méy chiét si@ am cotan sé6 séng sié& an
37kHz véi dung mé chiét 1aethanol 95%, ty 16 DM/NL 1&52/1 (ml/g) tai nhiét do 63°C
trong thoi gian chiét 197 phit. Quéatrmh chiét duoc thuc hién 1 lan dé thu dich chiét

rau ma

* |_oc: Dich chiét rau mathu nhan sau chiét chira c& polyphenol, chlorophyll
duoc loc t&h baqua 2 budc, trudce tié 1aloc thdbang vai loc dé loai bachiét théva
dich chiét tho thu duoc sau loc thés& qua loc tinh bang m&y loc chén khéng véi k €h

thudc mang loc [&0,1mm.

* Co dac: Thyc hién bang thiét bi c¢6 dic chan khéng véi & suit chan khéng
75mBar, nhiét do co dac 60°C vathoi gian ¢6 dac 1&5 phit. Tong ham luong chat khd

trong dich chiét rau ma thia sau c¢6 dic dat duoc 18°Bx.

* Say phun: Thuc hién quéatrih siy phun dich rau méath® bang mé&y say phun
swong dang dia phun. Trudc khi siy phun, dich rau ma sau ¢ dic dugc bo sung chat
mang lagum arabic voi ham lugng 73 g/l. Quatrmh sdy phun dugc thuc hién véi nhiét

d6 say 177°C, & suat kh inén 3,1 kg/cm? vawvan téc dia phun 20.000 v/p.
3.3.3.2. Panh gia chit lwong bt rau ma

Tir quy trinh dé xuat & tré, tién hanh san xuét bot say phun chta polyphenol va
chlorophyll cAhoat t fih chdng oxy hda, két qua danh gia bot sdy phun duoc trih bdy &
c& hhh 3.57-3.60 vabang 3.12-3.13.

ACACTA
CENR AL GUM

Hh 3.57. Anh chup bt say phun vaanh caa bt rau madwéi k fih hién vi
quang hoc véi d¢ phong dai 1.000x
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BOO-NIHE 10.0KV 9:4mm %150k SE(M) 7; oloz1 | 4@ : g IIHE 10.0kV 9.4mm xm\ok SE(M) 711

Hh 3.58. Anh cia bot rau maduwéi k fih hién vi dién tir qué (SEM)

Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 137.6 Peak 1: 362.6 79.4 348.1
Pdl: 0.627 Peak 2: 26.99 121 7.198
Intercept: 0.505 Peak 3: 4082 8.5 1103
Result quality : Good
Size Distribution by Intensity

T PR

D
g L
g 37
e I
2
B oo
£ |
=

B

0

0.1 1

Size (d.nm)
\ Record 1519: RM-Acacia Opt|

Hh 3.59. Phé phan bd kich thwéc hat vachi sé da phan tan cia bét rau mags
diéu kién say phun téi wu

psc Thermal Analysis Result
m
/ \ I
/ Peak 426.38C
0.00- / Onset  400.91C
Peak 297.09C Endset  441.09C
i Onset 269.62C Heat 145.48my
Endset 305.79C 4.85J/g
Heat 338.92mJ
-5.00- ‘ 11.30J/g
I
Peak 168.35C
Onset 164.85C
to00, Endset  17895G ||
Heat -377.49mJ
-12.58./g
-15.00"
7[).'[}[) 1 [}[;‘.DD 2[)[;*.[)[) SDd.DD 4Dd.DD 5D6.DD SDd.DD
Temp [C]

Hh 3.60. Phé nhiét vi sai cia bdt rau maeé diéu kién siy phun téi wu
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Bang 3.12. Két qua ph&n t £h cam quan, dd 4m vadj tan caa bt rau ma

STT Chi tiéi Két qua Ghi cha

Mau sic xanh twoi sang, c6 do min
va do to1 xop cao

2 Po 4m 5,25%
3 Do tan Dé tan

1 Cam quan

Bang 3.13. Két qua kiém nghiém kim loai ning vavi sinh vat cia bt rau ma

STT | Chiti& kiém Ponvi | Giéihan Két qua Ghi
nghiém tnh cho phé& chd
Chi tié& hda hoc
1 Asen (As) mg/kg 1,0 0,04
2 Cadimi (Cd) mg/kg 1,0 KPH (MDL=0,2)
3 Chi(Pb) mg/kg 2,0 KPH (MDL=0,2)
4 Thuy ngén (Hg) mg/kg 0,1 KPH (MDL=0,2)
Chi tié vi sinh vat
1 Salmonella CFU/gam KPH KPH
2 Escherichia coli | CFU/gam 10? KPH

Két qua danh giacam quan (phuong phap cho diém theo TCVN 3215:1979) cho
thay bot polyphenol vachlorophyll tir rau macoémau sic xanh tuoi sang, c6 d6 min va
d6 toi xp cao, dé tan, c6 do am 1&5,25% (Bang 3.12). Tién hanh soi bot rau mé dudi
kmh hién vi soi ndi véi ¢ phong dai 1.000x cho thiy hoat chat dugc bao phi vao bén
trong bai chat mang gum arabic (hh 3.57). Bot rau ma ciing duoc phan tich bang k¥
thuat soi qua k mh hién vi dién tir qué (SEM) cho thay bot rau macohh dang hat theo
xu hudng cau trc hh cau (hh 3.58). Bot rau mé ciing duoc do phan b kich thudc
hat vachi sé da phan tan (Pdi) cOkét qua kich thudc hat trung bh (Z) cua bot nho
137,6 nm vado da phan tan cua bot (Pdi) 180,627 (hhh 3.59).

Két qua phén t £h tir dac t mh nhiét vi sai cua bot rau méacho thay bot cé peak thu
nhiét Tm & 168,35°C — két qua n&y cho biét cOsy mat nude hap thy trong phén tir bot tai
nhiét d6 ndy. Khéng cOpeak thu nhiét Tq thé hién khéng xay ra su dut g&y c&c lién két
cotrong thanh phan cua bot rau mé Copeak toa nhiét Tn & 297,09°C thé hién cHsu phén
huy nhdam chirc dac trung trong pha tir bot rau matai nhiét 36 n&y. Ngoa ra can coOmot
peak toa nhiét Ty ¢ 426,38°C — day la nhiét d6 xay ra sy ph& huy hoan toan c& phan
tur trong bot (h mh 3.60).
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Két qua kiém nghiém c& c& chi ti& hdéa hoc (Theo quy chuan Viét Nam QCVN
8-2: 2011/BYT) vawvi sinh vat (Theo quy chuan Viét Nam QCVN 8-3: 2012/BYT) cho
thiy bot rau math siy phun dat yé&i cau vé c& chi tié kim loai ning vavi sinh theo
quy dinh hién hénh cua Bo Y té vé gidi han téi da 6 nhidm sinh hoc vahd hoc trong
thuc pham (Bang 3.13).

Tir c& két qua phén tEh ¢ tré cho thdy bét rau math chira polyphenol va
chlorophyll c&hoat tmih chong oxy héa cOcam quan vé méu sdac tét (méu xanh twoi
séng), trang th& bot tot (cé do min vads toi xop cao, dé tan, ¢é dé am 1a5,25%), co
kich thuéc hat trung bh thdp (137,6 nm) vacdc diém nhiét vé dac t iih nhiét vi sai cia
bét tot. Bot rau macodchira hdm heong hop chat sinh hoc cao (ham lwong polyphenol
1&28,15+1,13 mg acid galic/g, chlorophyll 1a10,6240,27 mg/g) vahoat t hh cao (hoat
thh chong oxy hé tong 1&19,4740,42 mg acid ascorbic/g, hoat t®h khi sat 1a
59,50+42,08 mg FeSO4/g). Bé& canh do, trong bét rau macn cochiza c& hop chat sinh
hoc phd bién khdc nhuw asiaticoside (2,39 mg/g), quercetin (0,21 mg/g), rosmarinic acid
(0,22 mg/g) vadat y&i cau vé gisi han téi da é6 nhiém sinh hoc vahdéa hoc trong thuc
pham.

3.3.3.3. Xac dinh cong thirc nwéc rau ma th

Pé xac dinh céng thirc nude rau ma tién hanh véi méi mau th inghiém 1a50ml
thé tich nudc tinh khiét cOc& nong do kh& nhau bot rau méathm 1al, 2, 3, 4, 5, 6 (%)
va duong saccharose 1&2, 4, 6, 8 (%) dé tao vi ngot. C& miu nudc rau mésau phdi tron
duoc danh gia cam quan (TCVN 3215:1979). Két qua duoc trih bdy & hhh 3.61.

D Dbuong (2%) Dbuong (4%) @ Dbuong (6%) = Duong (8%)

18.0 16.88 b

to.08¢ ey 16.00 ¢ 10280 15.44b

T 15.04¢ i
15.0 13.96 b 14.04 a 13.84 e

— 13.60d77" ¢ 13.28a

12.04;‘7‘S 11.96d |- - e . :
12.0 11320 = = b 1L.08d |-
9.80 b B 9.76 ¢ i i S o - [ -
9.04c : c R : ol

9.0 H 8.00d
.7:§4 ¢ 6.92a o

1176 ¢

5.64 a

6.0

Tong diém cam quan

3.0

1% 2% 3% 4% 5% 6%

Ham luong bot rau ma

Hh 3.61. Anh hwéng ndng dd bt rau ma va dwong saccharose dén diém cam
quan
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Tir c& két qua th inghiém trinh by ¢ c& hhh 3.61 cho thdy ham luwong bot rau
ma va ham luong duong saccharose cAanh huong dén tong diém cam quan cia c& mau
nuéc ra ma Cu thé, trong cac ham luong duong di khao sé& thimiu nudc rau maco
ham luong dudng 4% cho téng diém cam quan cao hon so voi €& mau nudc rau maco
ham luong dudng kh&. Cu thé, xé& c& miu nude rau ma c6 ham luong bot rau méa4d%,
khi thém dudng véi ham lwong 4% sé& cho tong diém cam quan cao gap 1,2, 1,06, 1,24
lan so vai tong diém cam quan cia nude rau ma khi thém duong véi ham luong tuong
tmg 13 2, 6 va 8%. Nhu vay, khi mau nudc rau ma c¢6 ham luong bot rau mad%, néu
duoc bd sung thém ham luong dudng 4% s& cho tong diém cam quan cao hon so véi

nudc rau mAacobo sung thém dudng véi cac ham luong khé.

Két qua ph&n tE€h con cho thiy trong cing cac ham luong duong khao sé thi
nudc rau ma c¢6 ham luong bot rau méd% cotong diém cam quan cao hon so voi nudc
rau macobot rau mavéi ham lugng khé. Cy thé, xét nude rau mévoi ham luong dudng
4%, néu thén bot rau mAvai ham luong 4% sé& cho tong diém cam quan cao gap 1,72,
1,49, 1,21, 1,04 val,09 (1an) so véi tong diém cam quan cua nudc rau makhi cobot rau

mavai cac ham luong 1&l, 2, 3, 5 vab (%).

Tur két qua phén tEh ¢ tré cho thdy nude rau ma ¢é ham hrong bét rau mad%
va ham leong dwong 4% sé cho téng diém cam quan la 16,88 diém va dat l0ai khd, dat
diém cao nhdt so Véi tong diém cam quan Cia nwdc rau mags cdc ham hrong bét rau
md va ham leong dwong khéc da sir dung trong lugn &n. Do vdy, néu xé theo kh & canh
tong diém cam quan cao thi mede rau md c¢6 ham heong bét rau ma 4% va ham hrong
duwong 4% dwoc chon lam co sé phoi trén tao céng thirc cho bét rau ma thia dé lam do
uéng va khi dé nuéc rau macohogt tmih chong oxy héa tong 1&67,23+1,44 mg acid
ascorbic/100 ml, hogt t Bih khi st 1&195,63+2,99 mg FeS04/100 ml, hogt t fih bt goc
tw do DPPH 1&64,73+1,47 %.

3.3.4. Panh gia bién dong ham lwong polyphenol va chlorophyll ciia bét rau ma

th'l trong bao quan

Tién hanh th inghiém danh gia su bién dong ham luong polyphenol, chlorophyll

vahoat t ih chéng oxy héa ciia bot rau math® trong quétr mh bao quan. Bot rau masir
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dung cho nghié ctu ndy thu nhan tir quétrmh siy phun sir dung chat mang gum arabic
v6i ham lugng 100 g/l véi tde d6 dia phun 15.000 v/p, luu luegng nhap liéu 15 mi/p, &
suit kh iné 3,0 kg/cm? vanhiét do say phun 160°C.

M&i ti mau chaa 20 g bot rau ma duoc bao géG chén khéng trong tdi PA, c& tdi
mau chtra bot rau méaduoc tién hanh bao quan ¢ nhiét do phéng vabao quan lanh. Bao
quan ¢ nhiét @6 phong duoc thuc hién trong ta vi kh thau ndng vaéi nhiét do 30+1°C, do
am 70%, &nh séng trang cOcuong do 50 Lux vabao quan lanh trong ta vi kh 1hau lanh
& 5+1°C, do am 50%, &nh séng tring véi cudng do 50 Lux. Thoi gian bao quan tir 012
(théng) vact mdi sau 2 thang mot tdi mau sé dugc Iy ngau nhién nguyén tai di kiém
tra ham lugng polyphenol, chlorophyll vahoat t fih chdng oxy hé. Két qua phén tth

duoc trimh bdy 6 c& h'hh 3.62-+3.65.

20.0
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2 180 AN 17,61°
. ~17, 17,46°
5 17,15¢ .
S = o 16,91
Z‘ é 17.200 = 4.\::77777”””’ — 16*57f
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o o ’ ~=
on o 16.0 -
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Hh 3.65. Bién dong hoat t mh khir sit cia bét rau makhi bao quan

Tir c& két qua dugc trih bdy ¢ c& hhh 3.62-+3.65 cho thay:

* V& ham hrong polyphenol

Qua két qua th inghiém & hhh 3.62 cho thdy, sau 12 théng bao quan thiham
lugng polyphenol caa bot rau méa c6 xu hudng giam theo thoi gian & ca 2 ché do bao
quan. Cu thé, khi bao quan & nhiét d6 phong thi ham lugng polyphenol giam dan tir
18,9820,37 xudng con 14,94+0,10 (mg acid galic/g), twong Gng giam 21,3%. Trong khi
bao quan lanh th¥ham lugng polyphenol cua bot rau magiam tir 18,98+0,37 dén
16,08+0,70 (mg acid galic/g), twong irng giam 15,3%. Nhu vay, ham lugng polyphenol
trong bot rau masay phun bao quan & nhiét d6 phéng cOsu hao giam nhiéu hon 6% so
véi bao quan lanh.

Ham luong polyphenol cua bot rau magiam nhiéu nhat ¢ 2 thang dau tié ¢ ca 2
diéu kién bao quan nhiét do phéng vabao quan lanh, sy sut giam lan luot trong Gng &
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hai ché do bao quan 129,4% vaz7,2% (p<0,05). Sau 4, 6, 8, 10 val2 théng bao quan &
nhiét d6 phéng thiham luong polyphenol cua bot rau mégiam dan theo thoi gian qua
c& thang twong tng véi 10,5%, 10,8%, 14,8%, 16,5% va21,3%. Tuong tu, khi bao
quan lanh thi ham lugng polyphenol cta bot rau ma ciing giam dan theo thoi gian twong
ung qua c& thang nhu trén 1&8,0%, 9,7%, 10,9%, 12,7% vals,3%.

Tur két qud nghié cizu tré cho thdy, ham lwong polyphenol cia bét rau mathm
giam dan theo thoi gian bdo qudn trong hai diéu kién thinghiém, trong dé bao qudn
lanh th'’bot rau ma co do hao giam polyphenol T hon so véi bao quan ¢ nhiét do phang
1&6%. Trong cd hai diéu kién bao qudn tré& thiham lwong polyphenol cia bét rau méa
giam nhiéu nhdt tap trung ¢ hai thang dau tié, cu thé trong bao qudn lgnh gidm 7,2%
vabao quan ¢ nhiét do phang giam 9,4%.

* /& ham lwong chlorophyll

Qua két qua th Tnghiém ¢ hhh 3.63 cho thy, sau 12 théng bao quan thiham
lugng chlorophyll ciia bt rau méa c6 xu huéng giam theo thoi gian ¢ ca 2 ché do bao
quan. Cu thé, & diéu kién nhiét do phéng thiham lugng chlorophyll ciia bot rau math &
giam tir 7,26+0,02 dén 6,09+0,23 (mg/g), twong tng giam 16,1% vabao quan lanh th¥
ham luogng chlorophyll cia bt rau math® giam tir 7,26+0,02 dén 6,37490,18 (mg/g),
tuong wng giam 12,2%. Nhu vay, bot rau math g bao quan & nhiét d6 phdng cOsu hao

giam ham lugng chlorophyll nhiéu hon 3,9% so véi bao quan lanh.

Ham lugng chlorophyll giam nhiéu nhat & 2 thang dau tié vathéng 1012 ¢ diéu
kién bao quan nhiét do phéng. Cu thé, ham luong chlorophyll giam & 2 thang dau tié
tir 7,26+0,02 dén 6,9340,19 (mg/g), trong tng giam 4,6% vao thang 1012 giam tir
6,43+0,03 dén 6,0940,23 (mg/g), twong (tng giam 4,7% (p<0,05). Sau 2, 4, 6, 8, 10 va
12 thang, khi bao quan ¢ nhiét d6 phong thi ham Iugng chlorophyll cta bot rau mathn
giam tuong (tng qua c& thang 1a4,6%, 6,3%, 8,0%, 10,7%, 11,4% val6,1%. Khi bao
quan lanh thi ham lugng chlorophyll caa bot rau math & giam twong tng qua c& thang
nhu trén 1a 2,8%, 4,5%, 6,9%, 9,6%, 10,5% val2,2%.

Tur két qua nghié cizu trén cho thdy, ham lwong chlorophyll ciia bét rau math®
giam theo thoi gian bdo qudn trong cd hai diéu kién th inghiém, trong dé bao quan lanh
c6 do hao giam chlorophyll T kon so voi bao quan ¢ nhiét do phang 1a3,9%. Riéag bado
quan ¢ diéu kién nhiér dé phéng thiham lirong chlorophyll ciia bét rau méagiam nhiéu

nhat tdp trung ¢ hai thang dau tié 1a4,6% vathéng 1012 1&4,7%.
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* \/& hoat t ih chéng oxy héa téng

Qua két qua th inghiém & hTh 3.64 cho thiy, sau 12 théng bao quan & nhiét do
phéng thThoat t fih chdng oxy héa tong cua bot rau méath® giam tir 13,68+0,18 dén
10,7340,13 (mg acid ascorbic/g), giam twong ung 21,6% vagd diéu kién bao quan lanh
thihoat t ih chdng oxy héa tong caa bot rau math® giam tur 13,68+0,18 dén 11,0840,09
(mg acid ascorbic/g), giam tuong trng 19,0%. Nhu vay bot rau math B bao quan nhiét
d6 phéng cOsu hao giam hoat t fih chéng oxy hé tong nhiéu hon 2,6% so véi bao quan

lanh.

Khi bao quan bot rau math® ¢ nhiét do phéng thihoat t ih chéng oxy hé tong
giam nhiéu nhat ¢ théng tha 68 vag+10, giam tuwong (ng 6,9% vas,6%. Cén khi bao
quan lanh bot rau math® thihoat t h chong oxy héa tong ciing giam nhiéu nhat ciing
¢ thang thr 68 va8-+10, giam twong tng 6,4% vab,7%. Hon nita, sau 2, 4, 6, 8, 10 va
12 théng trong bao quan & nhiét &6 phéng thihoat t ih chong oxy héa téng caa bot rau
math® giam tuong tng qua c& thang 1&3,6%, 5,2%, 6,9%, 13,8%, 20,3% va2l,6%.
Ciing v&i thoi gian trén, trong diéu kién bao quan lanh thihoat t h chong oxy héa tong
cua bot rau math i giam twong rng qua c& thang 1&2,4%, 4,0%, 4,8%, 11,2%, 17,9%
val9,0%.

Tur két qua nghié cizu tré cho thay hogt tTih chéng oxy héa tong cua bét rau
math® gigm dan theo thai gian bdo qudn trong cd hai diéu kién th inghiém, trong dé
déu giam nhiéu nhat tap trung ¢ théng thiz 68 va8<10. Hon nita, khi bdo quan ¢ nhiét
dé phéng thibgt rau md c6 dg hao giam hoat t ih chong oxy héa téng cao hon so véi
bdo quan lanh 1&2,6%.

* \/é hoat t mh khir sat

Qua két qua th inghiém & hh 3.65 cho thiy, sau 12 théng bao quan & nhiét do
phdng thihoat tmh khir sit caa bot rau magiam tir 40,19+0,62 dén 30,1240,60 (mg
FeSO4/g), tuong ttng giam 25,1% vabao quan lanh thihoat t fih khir sit caa bot rau ma
giam tir 40,19+0,62 dén 33,24=0,64 (mg FeSO4/g), tuong tng giam 17,3%. Nhu viy
bot rau méath bao quan ¢ nhiét do thuong cosy hao giam hoat t fih khir sit nhiéu hon
7,8% s0 vai bao quan lanh.

O nhiét do phéng thhoat t mh khir sit cia bot rau magiam nhiéu nhat ¢ thang

thir 24 val0+12, trong (ng giam 7,7% va6,8%. Bao quan ¢ diéu kién nhiét do lanh
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thihoat t ih khtr sat giam nhiéu nhét ¢ théng tha 24 véi 7,1%. Hon nita, sau 2, 4, 6, 8,

10 val2 thang, trong bao quan ¢ diéu kién nhiét d6 phéng thihoat t mh khir st cua bot

rau math k giam tuong tng qua c& thang 1a4,3%, 12,0%, 13,1%, 15,0%, 18,3% va
25,1%. Ciing qua 12 thang & diéu kién bao quan lanh thihoat t fih khu sat caa bot rau

math® giam tuong tng qua c& thang 1a2,7%; 9,7%; 9,9%; 13,1%; 14,4% val7,3%

(p<0,05).

Tir két qua nghién cizu tré cho thdy hogt t h khar sdt cia bét rau math i giam
theo thoi gian bdo qudn trong cd hai diéu kién th inghiém, trong dé giam nhiéu nhdt ¢
thang thir 2-4 val0-+12 khi bao quadn ¢ nhiét do phang, twong wng giam 7,7% vab,8%
vag thang thir 2-4 khi bao quan lanh vai 7,1%. Hon nira, khi bao quan ¢ nhiét do phang
Sé ¢6 dé hao giam hogt t ih khet sat ciia bét rau mécao hon so véi bao qudn lagnh 1a
7,8%.

Tir c& két qua nghié cizu ¢ tré thdy rang c&c chi ti@ nghié cizu cua bét rau
md thia déu giam theo thoi gian bdo qudn ¢ cd 2 diéu kién khdo s&. Cu thé, ham lwong
polyphenol, ham Lwong chlorophyll, hoat t iih chong oxy héa tong vahoat t h khi sdt
cua bét rau math'm sau 12 théng bdo qudan ¢ nhiét do phang sé giam tuwong 1rng 21,3%,
16,1% , 21,6%, 25,1% vaé diéu kién bio quan lanh gigm fzong éng 15,3%, 12,2%,
19,0%, 17,3%. Tir d6 thdy rang, khi bdo quan & nhiér dé phéng thiham heong
polyphenol, ham lirong chlorophyll, hogt t ®ih chong oxy héa tong vahoat t fih khi sat

sé bi suy giam nhiéu hon twong 1ung 6%, 3,9%, 2,6% va7,8% so vdi bao qudn lanh.

Sir suy giam c&c chi ti@ nghié ciru cia c& mau bét rau méchu yéu lado té
déng cua nhiét dg vaéoh séng ciia méi truong bao quan. Bé& canh dé, mét phan khé&
ciing ddn dén sw suy gidm n&y 1abét rau ma ciing bi oxy héa do lwong T oxy cén lai
trong tdi sau khi hit ch@n khéng. Mdt kh&c, 6 hai diéu kién bao quan nhiér dé phéng va
bao quan lanh, cuwong dg anh sang dwoc duy tri nhw nhau, chi kh& nhau vé nhiét dé va
dé am. Tuy nhi@ c& mdu bt rau maduoc bao goi trong tii PA nén dwoc c&h dm véi
méi trwong, nhiwr vay sy Kh&c biét vé nhiét dé da tac dong vaddn dén su kh& biét vé suy
giam c& chi ti@ nghié ciru cua c& mau bét rau mads hai diéu kién trong quatrmh

bao quan.
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KET LUAN VA KIEN NGHI
1. KET LUAN

Tir két qua nghién ctru trén cho thay luin 4n d3 hoan thanh tit ca cic ndi dung
nghién ctru da dé xudt thé hién qua cac két luan dugc rat ra tir qua trinh nghién ctru ca
ludn an:

1) Ludn dn datién hanh dinh danh lo&i rau math® trong tei Nha Trang bang ky
gidi trmh tw gen cho thay DNA cua rau math comize do tuwong dong 98,44% - 98,76%
S0 Vdi tr mh ty ving matK va98,21-100% so voi tr mh tir cua ving ITS cua lod Centella
asiatica cOsan tré NCBI.

2) Ludn dn da danh gid thanh phan héa hoc chu yéu cua rau math i trong tai Nha
Trang theo thoi gian ph& trién cho thdy thoi gian thu hogch th €h hop dé rau mathm
c6 ham lwong polyphenol, ham hrong chlorophyll vahogt t mh chéng oxy héa téng dat
mutc cao nhat 1athoi diém 75 ngdy tudi. Tai thoi diém 75 ngdy tudi, rau math coham
lirong polyphenol: 13,56 mg acid galic/g chdt khé, ham lwong chlorophyll: 4,73 mg/g
chat kh@ hogt tmh chong oxy héa tong 1&6,06 mg acid ascorbic/g chat kh@ hogt tmih
khi sat: 22,89 mg FeSO./g chdat khdvahogt t fih bat goc tw do DPPH: 79,48 %. Ngodi
ra trong rau mathm cOchiza mét sé hop chdt cdhoat tmh sinh hoc nhuw triterpenoid,
asiaticoside, quercetin, acid rosmarinic.

3) Ludn én da nghién ciru chiét rit polyphenol, chlorophyll c6 hoat tinh chéng oxy
héa tir rau md thia theo phwong phdp ngdm chiét c¢6 hé tro' song siéu dm véi dung méi
chiét ethanol 95% va xdc dinh dwoc cdc diéu kién toi wu cho qua trinh chiét: nhiét do
chiét la 63°C, thoi gian chiét la 97 phiit, ty 16 DM/NL la 52 ml/g. O diéu kién chiét toi
wu, dich chiét rau md thia thu dwoc cé6 ham lirong polyphenol, chlorophyll, hoat tinh
chong oxy héa tong, hoat tinh khir sdt va hoat tinh bdt goc tw do DPPH twong img la
19,18+0,72 mg acid galic/g chat khé, 7,45+0,16 mg/g chat kh@ 13,8140,31 mg acid
ascorbic/g chdt khé, 37,31+1,32 mg FeSOu/g chat khé va 81,66+3,4%.

4) Ludn dn dd nghién ciru sdy phun tao bét rau md thia chita polyphenol,
chlorophyll ¢6 hoat tinh chéng oxy héa va xdc dinh dwoc cdc diéu kién thich hop cho
quatrmh sdy phun: chdat mang la gum arabic, van toc dia phun: 20.000 v/p, néng do
gum arabic: 73 g/l, nhiét d6 sdy phun: 177°C, dp sudt khi nén: 3,1 kg/cm?. Bot rau md

thia sdy phun theo cdc thong sé toi wu cé ham heong polyphenol, chlorophyll, hoat tinh
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chong oxy héa tong va hoat tinh khir sdt twong img la 28,15+1,13 mg acid galic/g,
10,6240,27 mg/g, 19,4740,42 mg acid ascorbic/g va59,5042,08 mg FeSOu4/g, dj dm:
5,25%, kich thudc hat trung binh: 137,6 nm, nhiét do phdn hiuy hoan toan cdc phan tu
va hoat tinh lan lwot 12168,35°C, 297,09°C, 426,38°C.

5) Ludn dn dAnghién ciru bdo quan bét rau md va nhdn thdy sau 12 thang bdo
quan ¢ nhiét dé 30°C vas°C, bot rau md thia cé mire do suy giam ham luong polyphenol,
chlorophyll, hoat tinh chong oxy héa tong, hoat tinh khir sdt twong ing ¢ nhiét dg 30°C
vab°C l1a(21,3%; 16,1%; 21,6%, 25,1%) va(15,3%; 12,2%; 19,0%; 17,3 %).

6) Ludn dn da xdc dinh céng thizc phai trén tao do uong rau math®: ty 16 bét rau
md thia: 4%, dwong saccharose: 4%. Dé uéng rau maphai trgn theo céng thirc tré co
hoat tTh chong oxy héa téng: 67,23+1,44 mg acid ascorbic/100 ml, hogt t Bh kher sat:
195,63+42,99 mg FeSO4/100 ml vahogt t fih bat goc tu do DPPH: 64,73+1,47 %.

2. KIEN NGHI
Tt qué trinh nghién ctru cua luan an, cho phép dé xuit mot sb kién nghi:

- Can tiép tuc nghié ciru va ddnh gid vé mét sé hoat t mih sinh hoc nhuwe: hoat t ih
khéng nam, khéng khudn, khéng virus; hoat tinh tiang cieong mién dich ciing nhuw nghién
CikU San Xudt san pham ¢ quy mdldén dé tmh toén chi ph§sdn xudt 1&m co sé cho viéc

tién téi ph& trién thuwong mai san pham bét rau mésau néy.

- Can tiép tuc nghié ciru va danh gid vé mét so hop chdt cdhogt t fih sinh hoc

kh& cotrong bot rau ma nhuwe: asiaticoside, quercetin, acid rosmarinic.
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