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LOI CAM DOAN

T6i xin cam doan ludn 4n: "Panh gia hoat tinh chdng oxy hoa, khang khuan
va tac dong 1én mot sd vi sinh vat dudng rudt cia bot 14 laa non (Oryza sativa)"
1a cong trinh nghién ciru ctia chinh minh dudi sy huéng dan khoa hoc cta TS.
Nguyén Hitu Thanh va PGS.TS. Nguyén Thi Phuwong Thio. Lu4n 4n st dung
thong tin trich dan tir nhiéu ngudn tham khao khac nhau va céc thong tin trich dan
duoc ghi rd ngudn gbe. Cac két qua nghién ciru cua t6i duoc cong bd chung véi
cac tac gia khac dd dugc su nhét tri cua dong tac gia khi dua vao luan an. Cac sd
licu, két qua dugc trinh bay trong luan an 1a hoan toan trung thuc va chua tung
duoc cong bd trong bat ky mot cong trinh nao khac ngoai cac cong trinh cong bd
cua tac gid. Luan an dugc hoan thanh trong thoi gian téi 1am nghién ctru sinh tai
Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam.

TP. H6 Chi Minh, ngay 17 thing 11 ndm 2025
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LOI CAM ON

Trude hét, toi xin bay to long biét on chan thanh va siu sic dén Thay TS.
Nguyén Hiru Thanh va C6 PGS.TS. Nguyén Thi Phuong Thao di dong hanh, hudng
dan va dinh huéng khoa hoc trong sudt qua trinh thuc hién luan an nay. Thay va Co
khong chi truyén dat kién thurc chuyén mon sau rong, ma con ludn theo sat, dong vién
va tao dong luc dé toi vuot qua nhimg khé khan trong sudt ching duong nghién ciru.

T6i xin tran trong cam on Ban lanh dao cung Phong Quan 1y tong hop cia
Vién Khoa hoc Sy sdng, Vién Han 1am Khoa hoc va Cong nghé Viét Nam da hd tro
nhiét tinh, tao diéu kién thuan loi vé co s& vat chat va méi truong nghién ctru trong
sudt thoi gian thyc hién ludn an.

T6i cling xin gui 101 cdm on chan thanh dén Ban Giam hiéu, 13nh dao cac Khoa
va tap thé giang vién Hoc vién Khoa hoc va Cong nghé di tan tinh giang day va hd
tro toi trong qua trinh hoc tap va nghién ctru tai Hoc vién.

T6i xin cam on dé tai cip S& Khoa hoc va Cong nghé TP. Can Tho “Xac dinh
hoat tinh chéng oxy hoa va khang ndm ciia lia non dé 1am thyc pham chirc ning va
my pham chiam séc da” véi don vi chu tri 13 Trung tam Ung dung Tién bo Khoa hoc
va Cong nghé TP. Can Tho da hd tro mot phan kinh phi cho cac nghién ciru trong
luan an nay.

Nguyén Thi Té Uyén duoc tai tro boi Chuong trinh hoc bong thac si, tién si
trong nude ciia Quy P6i mai sang tao Vingroup (VINIF), ma sé VINIF.2023.TS.145
va VINIF.2024.TS.044. Sy hd tro ndy c6 ¥ nghia rat 16n, gitp toi co thém dicu kién
va dong luc dé theo dudi hanh trinh hoc thuat mot cach nghiém tac va hi¢u qua.

Cudi cung, toi xin guri 101 cam on sau sic dén gia dinh, thiy ¢, ban bé va dong
nghiép — nhitng ngudi da ludn 1a diém tya tinh than viing chic, dong hanh va khich
1¢ t6i trén hanh trinh hoc thuat day thir thach nhung ciing nhiéu y nghia nay.

Xin chan thanh cam on!

TP. H6 Chi Minh, ngay 17 thing 11 ndm 2025
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MO DAU

1. Tinh cip thiét thwc hién dé tai

Cay lta (Oryza sativa) 14 cay luong thuc cha luc tai nhiéu quéc gia chau A
va dong vai tro cung cap luong thuc chinh cho hon mét nira dan sd toan cau [1].
La mot trong nhitng loai cdy trong quan trong nhat, lta chiém dién tich 16n trong
canh tac nong nghiép. Theo bdo cdo cia B Nong nghiép Hoa Ky (USDA), Viét
Nam hién xép thtr 5 trén thé gidi vé san xuat va tiéu thu lta gao, trong d6 ving
DPdng bing séng Ctru Long 1a mdt trong ba khu vuc trong laa trong diém [2].

Trong nhimg nim gan day, cac nghién ciru di tap trung khai thac gia tri
dinh dudng va dugc li€u tir cac bd phan sinh dudng cua cay ngi cOc, dic biét 1a
14 non cua lua mi, lia mach va yén mach. Céc tai li¢u nghién ctru da chirng minh
14 non cua céc loai nay chtra nhiéu hop cht thuc vat c¢6 hoat tinh sinh hoc nhu
chéng oxy héa, khang viém, thai doc, hd trg diéu tri ung thu va khang khuan [3,4].
Bo6t 1a laa mi non (7riticum aestivum) da dugc thuong mai hoéa tir hon 40 nam
trude, tro thanh nguyén liéu pho bién trong nganh thyc pham chirc nang nhd thanh
phan giau chlorophyll, polyphenol, amino acid, vitamin, khoang chat va cac
enzyme hoat tinh [5]. Pang chii , nghién ctru gan day cho rang 14 Ia gao c¢6 thanh
phan dinh dudng va cac hop chat sinh hoc gan gidng véi 14 laa mi [6], goi mo tiém
nang ung dung cua 1a lia nhu mdt nguyén li¢u ban dia co6 gia tri cao, dac bi¢t trong
bdi canh Viét Nam 1a mot trong cac qudc gia san xuat lua gao hang dau khu vuc.

Nhiéu biang chimg khoa hoc d3 ghi nhén rang 14 lda non chira ham lugng
dang ké cac hop chét polyphenol va flavonoid c¢6 hoat tinh sinh hoc nhu chdng
oxy hoa, chéng viém va phong ngira ung thu [7,8]. Bén canh do, cic mé sinh
dudng nhu 14, than va chdi cta cay lua dugc xac dinh 1a noi biéu hién manh mé&
cac gen lién quan dén tong hop cac hop chit sinh hoc bao gdm amino acid,
flavonoid, phenolamide, terpene va vitamin [9]. Nhitng dir liéu nay khing dinh
tiém nang khai thac 14 lta non nhu mat nguén nguyén li¢u sinh hoc md&i phuc vu
cho muc tiéu chiét xuat hop chét chic ning tmg dung trong cac nganh cong nghiép
thie pham, duge phadm va my pham.

Tuy nhién, cho dén nay, s6 luong nghién ctru chuyén sau vé thanh phan hoa
hoc va hoat tinh sinh hoc cua 14 lia non con han ché, dic biét 1a cac nghién ctru
vé hoat tinh khang khuan va lgi khuéin duong rudt chua dugc cong bd rong rai.
Ngoai ra, cac yéu té anh hudng dén chat luong bot 14 1aa non nhu giéng lta, diéu
kién sinh truong, thoi diém thu hoach ciing nhu quy trinh ché bién van chwa duoc

nghién ctu hé thong. Vi vay, luan an dugc thyc hi¢n nham lam rd tiém nang sinh



hoc cua 14 1aa non va xay dyng quy trinh san xuat phu hop dé tao ra san pham c6
gia tri g dung cao.

2. Muc tiéu nghién ciru

Luan 4n nham nghién ctru va phat trién san pham bot cao chiét 14 1aa non
(sau day goi tit 1a bot 14 lta non — BLL) tir gidng Oryza sativa voi cac muc tiéu
nhu sau:

(1) Téi wu hoa diéu kién thu hoach 14 lta chira ham luong cao cac hop chat

sinh hoc.

(2) Xay dung quy trinh thu nhin bot cao chiét 14 lta non c6 hiéu qua sinh

hoc cao.

(3) Panh gia hoat tinh chdng oxy hoa, khang khudn va tac dong 1én hé vi

sinh vat duong rudt cua BLL.

3. N§i dung nghién ctru

1/ Xéc dinh diéu kién toi wu vé gidng laa, thoi gian thu hoach va diéu kién
che sang nham nang cao kha ning tich lily cac hop chit sinh hoc va hoat tinh
chdng oxy hoa cua 14 laa non.

2/ Xay dung quy trinh san xuat BLL thong qua t6i vu héa cac khau ché bién
(bat hoat enzyme, chiét tach, sdy phun va bao quan) dé bao toan ham luong hop
cht va hoat tinh sinh hoc.

3/ Panh gia hoat tinh chéng oxy hoa va khang khuan cta san pham BLL
bing cac thir nghiém in-vitro, ddng thoi khao sat tic dong 1én hé vi sinh vat duong
rudt théng qua phén tich thanh phan, chic ning hé vi sinh vat (giai trinh tu gen
16S rRNA) va cac chi sd sinh 1y trén chudt.

4. Co s¢ khoa hoc va thue tién ciia dé tai

Két qua nghién ctru cta ludn an gop phan bo sung co sé khoa hoc vé tiém
ning sinh hoc cta 14 laa non bao gdm kha ning chdng oxy hoa, khang khuan va
hd tro loi khudn dudng rudt. Trén co so d6, ludn an xdy dung quy trinh san xuét
BLL c6 chat lwong cao, phit hop véi dinh huéng phat trién cac san pham ty nhién
c¢6 nguodn gdc thyc vat. San pham thu duoc 6 tiém niang ung dung trong céc linh
vuc nhu thye pham chirc ning, dugc pham va nong nghiép, dong thoi gdp phan
nang cao gia tri thuong mai tir cay lta — loai ciy trong truyén théng chu lyuc tai
Viét Nam.

5. Nhirng dong gop méi cia luan an

1- Xay dung quy trinh cong nghé thu nhan bot cao chiét 14 lta non c6 hoat

tinh sinh hoc cao, bao gom céc giai doan t6i vu hoa di¢u kién thu hoach va ché



bién nhim bao tén tdi da cac hop chat ¢ loi nhu polyphenol, flavonoid va
chlorophyll.

2- Chtng minh hoat tinh chéng oxy ho4, khang khuan va hd trg diéu hoa
hé vi sinh vat duong rudt ciia BLL théng qua céc thir nghiém trong 6ng nghiém
va trén mo hinh chudt, gép phan khing dinh tiém ning ing dung cia san pham

trong linh vuc thuc pham chirc ning va hd tro sirc khoe duong tidu hoa.



Chuwong 1. TONG QUAN NGHIEN CUU

1.1. Gi6i thiéu vé cay lia
1.1.1. Ngudn gbc, phan loai va phan b

Lua (Oryza sativa L.) 1a loai thuc vat mot 14 mam thudc ho Hoa thao
(Poaceae), chi Oryza. Day 1a loai lta c6 ning suit cao, dugc trong phd bién va
trén di¢n tich rong 16n nhét toan cau, ¢ nguén géc tir khu vuc Nam A va bong A
[10].

Vé mit phan loai, O. sativa dugc chia thanh hai phan loai chinh: O. sativa
ssp. japonica va O. sativa ssp. indica. Trong d6, cac gidng thudc phan loai indica
chu yéu dugc canh tac tai cac vung nhiét doi va can nhiét doi, dac bi¢t 1a tai céac
khu vuc ddng bang ngip nude cia Nam A va Pong Nam A nhu Sri Lanka, mién
Nam va Trung cua Trung Quéc, An D9, Pakistan, Indonesia, Philippines, Dai
Loan va Viét Nam. Nguoc lai, cac giéng thudc phan lodi japonica - gdm temperate
Japonica (pht hop v6i vang 6n déi nhu mién Bic va Pong cua Trung Qudc, Nhat
Ban, Han Quéc) va tropical japonica (truéc day goi 14 javanica, thich g t6t tai
ving cao Pong Nam A va Nam A) - thudng xuét hién ¢ nhitng khu vuc 6n ddi,
ban 6n ddi va vung nai cao, ¢ khi hau mat mé hodc am thap [11].

Su phan bé dia 1y ctia cac phan loai phu nay c6 lién quan mat thiét dén cac
dic diém thich nghi sinh 1y. Cu thé, cac gidng O. sativa ssp. indica thé hién kha
ning chiu nhiét cao, trong khi cac giébng O. sativa ssp. japonica lai c6 kha ning
chiu lanh tét hon so véi cac gidng laa con lai [11]. Nhitng ddc diém nay 1 co s
cho viéc phan bb sinh thai va canh tac thich nghi cia cac giéng laa trong diéu kién
khi hau khac nhau trén thé giéi.

1.1.2. Tinh hinh san xuit, phan bd va da dang giong lia tai Viét Nam

Theo T6 chitc Luong thuc va Nong nghiép Lién Hop Qudc (FAO), Viét
Nam hién 1 quéc gia ding thi ndm thé gii vé san lugng laa, voi tong san luong
dat khoang 43 - 44 triéu tin thoc trong nam 2024 [12]. Dién tich gieo trong lta ca
nam tai Vi¢t Nam duy tri & muc on dinh, khoang 7 tri¢u hecta, twrong duong voi
khoang 3,5 - 3,75 triéu hecta dién tich canh tac (tinh theo mot vu) [13]. Lua la loai
cay trong duogc trong pho bién ¢ khip cac ving mién trén ca nudce. Trong d6, ddng
bang song Hong va song Ciru Long 13 hai noi ¢ dién tich trong lta 1on nhét [2].

Dic biét, ving Dong bang song Ciru Long gitt vai trd then chét trong san
xuat lta gao quéc gia, khong chi v& quy mé ma con vé san lugng. Khu vyuc nay

dong gop hon 50% tong san lugng laa ca nudce, voi san lugng thu hoach uée tinh



dat khoang 24 triéu tin trong nim 2024 [14]. P4y 1a ving trong diém lua gao qudc
gia va ciing 1a khu vuc cung cip phan 16n gao xuat khau ctia Viét Nam.

Hé thong gidng laa duoc trong tai Viét Nam rat da dang vé hinh thai, sinh
Iy va di truyén, phan anh sy phong pha sinh thai ciia mot qubc gia trai dai theo
truc vi tuyén, bao gdm nhiéu ving khi hau va hé sinh thai canh tac khac nhau. Cac
gidng phd bién hién nay bao gdm O. sativa ssp. indica, O. sativa ssp. japonica va
cac gidng lua mua ban dia co ngudn gbe 1au doi [15]. Pic biét, khu vuc Dong
bang séng Ctru Long 13 noi tip trung nhiéu gidng laa co sy da dang di truyén cao,
thich nghi v6i diéu kién sinh thai phirc tap ctia ving déng bang ven bién va chiu
anh huong man, han [16].

So véi cac gidng lua lai hién dai, cic gidng lda muia ban dia thé hién nhiéu
dac tinh vu viét nhu kha nang chiu han, man, sdu bénh va coén trung, cling nhu
hiéu qua hép thu dinh dudng cao hon. Nhitng gidng nay dong vai trd quan trong
trong cong tac chon tao va cai tién gidng laa, dic biét trong bdi canh bién doi khi
héu va nhu cdu nang cao chat luong gao thwong pham [15].

Véi dién tich canh tac 16n va san luong sinh khdi doi dao, cay lta khong
chi dong vai tro 1a ciy lwong thuc chién luoc, ma con 1a ngudn nguyén liéu sinh
hoc tiém nang cho cac nganh cong nghiép khac nhu thuc pham chirc ning, my
phém, duoc li¢u va nang lugng sinh hoc. Trong do, cac phu phém tur cay lta nhu
14, than va vo trdu dang dugc quan tim khai thac theo huéng kinh té tun hoan,
gop phan thiic day phat trién bén virg nong nghiép Viét Nam.

1.1.3. Pic diém sinh 1y va giai doan sinh trwéng mot sé giong hia & Viét Nam

V¢ hinh thai, cdy I0a lai hién dai ¢6 chiéu cao trung binh tir 90 - 120 cm,
trong khi mot sb gidng laa mua ban dia c6 thé dat chiéu cao trén 120 cm [17]. Mdi
14 1ta bao gdm bdn phan chinh: be 14, phién 14, ludi 14 va tai 1a. Be 14 6m sat than,
hinh try, dai khoang 10 - 30 cm, ¢6 mau xanh luc, bé mit c6 thé ¢o 16ng min hoac
nhan, dam nhan vai tro bao vé chdi non va van chuyén dinh dudng. Phién 13 hinh
dai, dai 20 - 50 cm, rdng 1 - 2,5 cm, c6 mép 14 dang rang cua nhé. Ludi 14 1a mang
mong nam giira be va phién 14, dai khoang 1 - 3 mm. Tai 14 1 hai m4u nho, hinh
ludi liém, c6 mau xanh hodc tim. L4 dong vai tro trung tdm trong qua trinh quang
hop, anh hudng truc tiép dén kha ning dé nhanh va ning suit hat. Bong lta nho,
tu thu phén, moc thanh cum dai 30 - 50 cm, ¢6 nhanh cong hodc ru xuéng. Hat lua
1a dang qua thoc, ¢ chiéu dai 5 - 12 mm va d6 day 2 - 3 mm [18].

Vé sinh 1y, gidng indica va japonica thé hién sy khac biét. Gidng japonica

thuong cé chiéu cao thép hon, phién 14 hep, mau nhat, kha nang chiu lanh tdt,



chéng db manh, it nhanh, ty 1¢ nay mam thép va nhay cdm voi1 bénh dao 6n hon
so voi gidng indica. Ngoai ra, gidng japonica thuong cé nhiéu long to hon. Vé
hinh thai hat, indica cho hat dai, it dinh (do ham luong amylopectin thap), trong
khi japonica c6 hat ngin, dinh hon [18].

Theo phan loai ndng hoc, chu ky phat trién cua ciy lta bao gdm ba giai
doan chinh: sinh dudng (vegetative), sinh san (reproductive) va chin (ripening).
Giai doan sinh dudng kéo dai tir khi nay mam dén khi phan héa mam hoa, thudng
dao dong tir 35-75 ngay d6i v6i gidng laa lai va 55-95 ngay ddi voi gibng lua
mua ban dia. Giai doan sinh san (tir hinh thanh dén tr6 hoa) kéo dai khoang 35
ngay. Tong thoi gian tir nay mam dén chin c6 thé kéo dai 3-6 thang, phu thudc
vao yéu to di truyén. Nhin chung, 16a lai ¢6 chu ky sinh truong tir 100—120 ngay,
trong khi cac gidng ban dia c6 thé kéo dai t6i 160—180 ngay. O diéu kién nhiét
doi, lua ¢o chu ky 120 ngay thuong cé 60 ngay sinh dudng, 30 ngay sinh san va
30 ngay chin (Hinh 1.1) [17].

Giai doan sinh trudng cua cdy lta

Sinh dudng Sinh san

min

—I ’ J V ; /y /y

Pé nhinh/

N& hoa/

Ciy ma/ Ma non kéo dai Dong-trd thy phén Hinh thanh hat va chin
Ngin ngay: 35-55 ngay 35 nighy 30 ngdy =100 - 120 ngay
Trung binh: 55-75 ngay =120 - 140 ngay
Dai ngay: 35-55 ngay =140 - 160 ngay

Hinh 1.1. Thoi gian sinh truéng va céc giai doan phat trién cia ciy lia
Nguon Vién nghién ciru lia gao quéc té (IRRI) [17].

Trong diéu kién moi truong thuan loi, giai doan sinh dudng co thé chiém
t61 50% tong chu ky sinh trudng véi sy gia ting manh m& vé s nhanh, dién tich
14, chiéu cao cay, khoi luong kho cua choi va chi sb dién tich 14 (leaf area index).
Cac yéu t6 nhu nhiét d6 va quang chu ky c6 anh hudng dang ké dén toc do phat
trién trong giai doan nay [19].

Tai khu vuc Pdng bang séng Ctru Long, gidng O. sativa ssp. indica 1a chu
dao, bao gdm cac gidng lua cao san nhu IR50404, cac gidng ban dia nhu Tai
Nguyén, Nang Thom, Nép Tim Bac Liéu, Huyét Rong, va cac dong lai tao nhu
OM, ST, KC [16].



Gidng IR50404—duoc phat trién boi IRRI—Ia mot gidng lta cao san phd
bién tai Viét Nam, dic biét tai Pong bang song Ctru Long. Gidng nay c6 thoi gian
sinh truong ngan (85-90 ngay), d& canh tac, thich nghi tot va ning suét cao (6-8
tan/ha), nhung chét lwong gao thap do ty 1¢ bac bung va ham luong amylose cao
[20].

Céc giong lia mua ban dia nhu Nang Thom va Tai Nguyén c6 thoi gian
sinh trudng dai, mui thom dac trung, dugc ua chudng vé mit cam quan. Giéng
Jasmine 85 (Huong Lai), do IRRI lai tao, cling dugc canh tac rong rai tai D@)ng
bang song Ciru Long [21].

Gidng Nép Tim va Huyét Rong 1a cac giéng lta ban dia dic sic, co mau
hat tir d6 dén tim den do ham lugng anthocyanin cao, thudng dugc goi 1a "gao
thao duoc" vi tiém niang chong oxy hoa. Nhitng gidng ndy c6 thoi gian sinh trudng
dai (175-180 ngay), kha ning chdng chiu cao, ning suét trung binh khoang 3,5-
3,7 tAn/ha [22].

L4 lua non cua cac giéng lua ké trén duge xac dinh 1a ngudn nguyén liéu
sinh hoc tiém ning, twong tu nhu phan hat vén da dugc khai thac 1au doi. Theo
mot nghién ctru st dung phén tich hé chat chuyén hoa muc tiéu va khong muyc
tiéu, cac md sinh dudng nhu 14, than va chdi 1 noi thé hién manh cac gen lién
quan dén sinh téng hop cac hop chat sinh hoc nhu amino acid, flavonoid,
phenolamide, terpene va vitamin [9]. M6t s nghién ciru khac bao cao rang 14 lta
non chira cac hop chit c6 hoat tinh chéng oxy héa, chdng béo phi, chdng dai thao
duong, bao vé té bao va wc ché té bao ung thu [8,23-26]. Do d6, 14 laa non 1a
ngudn nguyén liéu sinh hoc ¢6 tiém ning 16n dé phat trién thanh san pham dinh
dudng va ting dung trong cac nganh cong nghiép.
1.2.Thanh phin dinh duéng va cic hop chit sinh hoc trong 14 ltia non
1.2.1. Thanh phan dinh dudng

Thanh phén dinh dudng co ban cua 14 lua non bao g@)m dd Am, tro, chit béo,
chét xo, dam (protein), carbohydrate va ning luong trao doi, 1a cac chi tiéu phan
anh gia tri dinh dudng, chét luong, do on dinh va tinh an toan cua nguyén liéu thuc
pham. Ham lugng cu thé cia cac thanh phan nay dugc trinh bay trong Bang 1.1.

Trong d0, carbohydrate tiéu héa duoc (chi yéu 1a tinh bot va cac duong
don, duong d6i) va chat xo (carbohydrate khong tiéu hoa) 1a hai nhém thanh phan
quan trong, cO vai tro bd trg 1An nhau trong ché do dinh dudng can ddi.
Carbohydrate cung cip ning luong cho qua trinh trao d6i chat, trong khi chét xo

hd trg hé tiéu hoa, duy tri cdn bang hé vi sinh vt duong rudt, diéu hoa chuyén hoa



lipid va glucose, dong thoi gop phan ting cudng sic khoe tong thé [27]. Cac
nghién ctru cho thiy chat xo tir cdy ngii cdc c6 kha ning thiic ddy su phat trién cua
vi sinh vét ¢6 loi (nhu Lactobacillus va Bifidobacterium), ic ché vi sinh vét gay
bénh va cai thién stc khoe duong rudt [27,28]. Nho ham luong chit xo cao, 14 lua
non c6 tiém ning 16n dé phat trién thanh ngudn nguyén liéu loi khuan (prebiotic)
hodc phu gia thuc phim chtrc ning, gop phan gia ting gia tri dinh dudng va kinh
té cho san pham tir ciy lua.

Bang 1.1. Thanh phin dinh duéng ciia 14 hia non (O. sativa) (5 — 25 ngay)

Thanh phan Ham lwgng
(trong100g trong luong tuoi)
Do am (%) 64,72 - 79,11
Pam (g) 3,38-5,99
Chét béo (g) 0,32-1,2
Tro (g) 2,86 -5,78
Carbohydrate (g) 12,22-24,54
Chét xo (g) 11,98 - 16,92
Nang lugng (Kcal) 73,44-124,00

Nguon Tamprasit va cs. (2019) [29].
Ghi chu: Ham luong carbohydrate dwoc tinh theo phuwong phap chénh léch (by
difference) khong bao gom chadt xo; ham lwong chdt xo dwoc xdc dinh riéng biét
theo phuwong phap AOAC 985.29 (2016).

Ngoai ra, cac nghién ctru gin day ciing ghi nhan su hién dién cua cac fatty
acid tu nhién trong 14 IGa non, dac biét 1a ¢ cac giéng gao hat dai, tréng hoac den,
bao gém o-linolenic acid, linoleic acid, palmitic acid va stearic acid - day 1a cac
hop chét gop phan tao nén mui huong dic trung & gidng Jasmine va ciing dugc
tim thdy trong mot sb san pham tra xanh thuong mai [30]. Linoleic acid va o-
linolenic acid duoc chimg minh c6 kha ning e ché vi khuan Staphylococcus
aureus [31].

1.2.2. Cac hop chit sinh hoc thue vat trong la lta
1.2.2.1. Chit di¢p luc (Chlorophyll)

Hau hét 14 cua cac loai ngii cdc déu c6 chira ham lwong chlorophyll cao
[7,32]. Khi so sanh ham lugng chlorophyll trong 14 cta laa gao, lua mi va lua
mach, két qua nghién ctru cho thiy 14 lta gao giéng Jasmine va Sukhothai 2 ¢6
ham luong chlorophyll cao hon so véi 14 lta mi nhung thap hon so véi 1a Iia mach

[7]. Trong y hoc, chlorophyll dugc bao céo 13 hop chat co hoat tinh sinh hoc c6



thé ngin nglra ung thu, giai doc gan, kich thich hé théng mién dich, khang viém
va hd tro phuc hdi nhanh vét thuong [33]. Chlorophyll va chlorophyllin 14 nhiing
thanh phan hitu ich ctia duwoc pham, thyc pham va my pham vi chung so hitu cac
hoat tinh sinh hoc da dang khac nhau. Nghién ctru trén mo hinh chudt tiéu thu san
pham thue vat chira ham lugng cao chlorophyll gitp kiém soét can ning, béo phi
va gilip can bdng hé vi sinh vat duong rudt [34].

1.2.2.2. Cdc hop chit polyphenol

Polyphenol 1a nhém hop chat thit cip phd bién trong thuc vat, dong vai tro
quan trong trong céc hoat tinh sinh hoc va duoc 1y, dic biét 1a kha nang chdng oxy
hoéa, chdng viém, khang khuin va bao vé té bao [35]. Ham luong va thanh phan
polyphenol 12 yéu t& quyét dinh tiém ning sinh hoc cia cay trong, trong d6 14 lta
non dugc ghi nhan chia nhiéu hop chét phenolic va flavonoid [8,29].

So sanh gitra cac gidng laa, 14 cua gidng gao mau c¢6 ham lugng anthocyanin
va polyphenol cao hon déng ké so v6i gidng gao tring [26,36]. O giai doan 8 ngay
tudi, polyphenol trong 14 lta twong duwong hoic thap hon nhe so véi 1a lua mi [6].
Tuy nhién, nghién ctru cia Wangcharoen va Phimphilai (2016) lai cho thay chiét
xudt 14 Ita c¢6 ham luong polyphenol cao hon 2—4 lan so véi 14 lta mi [7].
Khanthapok va cs. (2015) khi khao sat 14 giéng laa Thai Lan (7 gidng gao tring
va 7 gidng gao mau) ciing ghi nhan 14 gao mau c6 ham lugng polyphenol cao hon
14 gao trang va cao hon cé 14 Ita mi [26]. Diéu nay khang dinh thanh phan va ham
luong polyphenol phy thudc chit ché vao yéu té di truyén gidng laa.

Tamprasit va cs. (2019) khi phan tich HPLC-DAD trén 14 lua 5-25 ngay
tudi di xac dinh cac hop chét phenolic nhu protocatechuic acid, vanillic acid va
rutin. Cac hop chét nay dat ham luong cao nhit & giai doan thu hoach sém (57
ngay tudi), dic biét vanillic acid cao nhit & gao den (7,69 mg/g chiét xuat kho) va
rutin cao nhat ¢ gao tring (1,68 mg/g chiét xuit kho). Ham luong phenolic tong
trong gao den cao hon gao trang ¢ giai doan non, trong khi flavonoid lai cao hon
& gao trang [29].

Ngoai anthocyanin, 14 lta con chira nhidu hop chat phenolic khac nhu
catechin, epicatechin, epigallocatechin-3-gallate (EGCG), luteolin, kaempferol,
protocatechuic acid, vanillic acid, caffeic acid, ferulic acid va chlorogenic acid va
rutin [37,38]. Phimphilai va cs. (2021) [39] di ching minh dich chiét 14 lta non
gidng Sukhothai-1 (12-15 ngay tudi) chtra catechin 2,71-3,57 mg/40 mL,
epicatechin 0,98—1,85 mg/40 mL va EGCG 25,47-27,55 mg/40 mL.
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Anthocyanin 13 sic t6 flavonoid quan trong trong 14 laa, dic biét ¢ giéng
gao mau. Hop chat nay co hoat tinh chdng oxy hoéa manh, hd trg chdng viém, bao
v€ tim mach, gidm cholesterol, ha duong huyét, ngan ngua 1ao héa mo6 va bénh
thodi hoa than kinh [40]. Protocatechuic acid — chat chuyén héa cta anthocyanin
— dugc ching minh c6 tac dung chdng oxy hoa, chéng viém, khang ung thu, bao
vé than kinh va khang khuan [41]. Vanillic acid ciing duoc ghi nhan c6 tac dung
chéng oxy héa, chéng viém va ngin ngira thoai hoa than kinh [42]. Rutin, mét
flavonoid phé bién trong 14 laa, co6 tac dung bao v¢ mach mau, chéng ung thu, bdo
vé than kinh va diéu hoa duong huyét [43].

Nhu viy, 14 laa chira mot phd hop chat phenolic da dang, bao gém
anthocyanin, flavonoid, phenolic acid va catechin — cac hop chat dong vai tro then
chét trong hoat tinh chéng oxy hoa va cac hiéu tmg sinh hoc c6 loi. Thanh phan
va ham luong polyphenol phu thudc vao gidng lta, giai doan thu hoach va diéu
kién canh tac, 1 co s khoa hoc cho viéc khai thac 14 laa nhu ngudn nguyén liéu
tiém nang cho thuc pham chic niang va dugc pham.

1.3. Yéu t6 anh hwéng dén cac hop chit sinh hoc trong 14 lua

Thanh phan va ham luong cac hop chat sinh hoc trong cdy thay do6i phu
thudc vao gidng lGa, thoi gian sinh trudng va diéu kién dnh sang.
1.3.1. Gibng lua

Pic diém di truyén ciia giéng lta dong vai tro quyét dinh trong viéc hinh
thanh dic diém hinh théi, sinh 1y, sinh hoa va dic biét 1a kha ning tong hop céc
hop chét sinh hoc trong cdy. Nhiéu nghién ctru da chimg minh sy khac biét dang
ké vé thanh phan va ham luong cac hop chét nay tiy thudc vao ban chét di truyén
cla timg giong.

Roland va cs. (2017) da dua ra su khac biét trong ham lugng va loai hop
chét sinh hoc ¢6 trong 14 lua gitra hai loai O. glaberrima va O. sativa [44]. Du va
cs. (2021) ghi nhén rang gallic acid va caffeic acid chi hién dién & O. sativa spp.
indica, trong khi rutin chi phat hién & O. sativa spp. japonica [45]. Nghién clru
ctiia Nayeem va cs. (2021) trén nim gidng laa khac nhau cho thiy tong ham luong
phenolic, flavonoid va anthocyanin cao hon dang ké & lta gao mau, dac biét la
giéng gao den [46]. Ngoai ra, cac bo phan cua cay nhu hat, than, 14 va ré ciing tich
lity cac hop chat nay khac nhau, trong d6 14 va than & giai doan 30 ngdy tudi chta
ham lugng phenolic cao nhat.

Kumbar va cs. (2021) so sanh hai gidng laa Rashi (chiu han) va Swarna

(nhay cam), nhan thiy Rashi c6 ham luong phenolic va chlorophyll cao hon trong
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ca giai doan sinh trudng sinh dudng va sinh san [47]. Piéu ndy c6 nghia cac giéng
mang tinh chdng chiu tot thudng c6 kha nang tich lity cac hop chat sinh hoc cao
hon, nho hé gen thich nghi hiéu qua hon véi diéu kién bét loi.

Theo Dong va cs. (2014), thanh phan va ham luong flavonoid khong chi
phu thudc vao giéng ma con thay ddi theo tirng bo phan cta cay. Cu thé, gidng
Indica c6 xu hudng tich iy flavonoid cao hon, trong khi gidng Japonica lai giau
flavone acyl hoa vong thom. Tuong tu, cac gidng lta mau c6 kha ning tich liy
cac hop chat chéng oxy hoa manh nhu quercetin, ferulic acid, p-coumaric acid,
ascorbic acid, caffeic acid va genistein [48].

Tamprasit va cs. (2019) khing dinh 14 cta gidng lta den c6 ham lugng
anthocyanin tong cao hon cac gidng lia mau khéc, trong khi giong lua tring lai
chtra nhiéu polyphenol hon. Dt ham lugng chlorophyll giita hai giéng laa tring
va den khong khac biét dang ké, 14 lua trang thudng co6 chlorophyll cao hon & giai
doan dau. Ngoai ra, flavonoid va cac hydroxybenzoic acid thudng tich lily nhiéu
hon & gidng lua den [29].

Khanthapok va cs. (2015) ciing khing dinh ring 14 cta gidng lta gao mau
chtra ham luong polyphenol cao hon so véi cac gidng gao tring, dong thoi co kha
ning chdng oxy héa manh hon. Nhirng bang chimg trén cho thay sy khac biét
trong biéu hién gen diéu khién qua trinh téng hop cac hop chat sinh hoc thuc vat
chinh 13 hé qua cta nén tang di truyén timg gidng laa [26].

1.3.2. Giai doan sinh truwong

Ham lugng va thanh phﬁn cac hop chét sinh hoc trong thuc vat, dac bi¢t la
chlorophyll va polyphenol, c6 sy bién ddi dang ké theo ting giai doan sinh trudng.
Theo Kumbar va cs. (2021), ham luong chlorophyll tong trong 14 la cao hon &
giai doan sinh trudng so voi giai doan sinh san, trong khi ham lugng phenolic gitra
hai giai doan nay khong c6 su chénh 1éch dang ké [47]. Mollaei va cs. (2020) khi
nghién ctru ciy thao moc Zosima absinthifolia ciing ghi nhin sy bién thién thanh
phan va ham lugng cac hop chat sinh hoc theo thoi gian sinh truong [49]. Cu thé,
ham luong cac hop chit phenolic nhu caffeic acid, salicylic acid, cling nhu hoat
tinh chdng oxy hoa va khang khuan & giai doan phat trién sém cao hon so véi giai
doan chin hat. Két qua twong ty ciing duoc ghi nhan trén cdy dau nanh khi téng
hop flavonoid trong 14 chiu anh hudng dang ké boi giai doan phat trién [50]. Nhin
chung, cdy con hodc cic bd phan con non thuong tich lity luong 16n cac hop chat
phenolic dé phuc vu cho nhu cau ting trudng, trong khi ¢ giai doan truéng thanh

hoic 140 hoa, ham luong cac hop chit ndy ¢ xu hudng giam.
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Ddi véi cay lta, Tamprasit va cs. (2019) d3 chang minh ring 14 gidng lua
gao tring thu hoach ¢ giai doan 5-7 ngay tudi chtra ham luong chlorophyll va
polyphenol cao hon so véi giai doan 20-25 ngay tudi [29]. Pong thdi, cac hop
chat hydroxybenzoic (nhu protocatechuic acid va vanillic acid) va flavonoid
(rutin) cling dugc phat hién v&i ham lugng cao hon ¢ giai doan sém. Tuong tu,
Niroula va cs. (2019) ghi nhan rang phan 1a cta cdy con 16 ngdy tudi thudc cac
loai ngii cbc nhu ngd, lia mi va lta mach chtra ham lugng polyphenol tong cao
hon dang ké so v6i phan hat cta ching [51].

Viéc danh gia su thay d6i ham luong hop chat sinh hoc theo ting giai doan
phat trién dong vai tro thiét yéu trong viéc xac dinh thoi diém thu hoach t6i wu
nham thu nhan san pham gidu hoat chat sinh hoc. Pdng thdi, nhitng nghién ctu
nay con cung cap co sd khoa hoc cho viée hiéu rd hon vé cac con dudng chuyén
héa va diéu hoa trao doi chét trong cay, tir d6 dinh hudng cac bién phap nong hoc
nham nang cao hiéu qua sinh trudng va gia tri sir dung cua cay trong. Do dé, viée
xéac dinh thoi diém thu hoach thich hop ddi véi 14 1aa 12 yéu t6 then chot dé dam
bao thu duogc san phém 6 chit luong sinh hoc cao nhat.

1.3.3. Piéu Kkién anh sing

Anh sang 12 mot trong nhiing yéu té méi truong quan trong, anh hudng truc
tiép dén sinh truong, phat trién va kha ning tich lily cac hop chét chuyén hoa thu
cép trong thuc vat. Ba yéu td chinh cua diéu kién anh sang gdm chét lugng 4nh
sang (budc song), cudng d6 chiéu sang va chu ky quang [52]. Pay 1a ngudn ning
lwong chu yéu cung cip cho qua trinh quang hop — co ché chuyén hoa ning lugng
anh sang thanh niang luong hoa hoc trong luc lap [53]. Quang hop bi chi phdi manh
bo1 cuong do buc xa, anh hudng dén hiéu suit quang nang va cac hoat dong sinh
1y khac cua cay.

Dudi diéu kién anh sang yéu, luc lap thudng dich chuyén vé phia 16p té bao
trén dé t6i wu hoa viéc hip thu anh sang. Cay trong trong diéu kién thiéu sang
thudng tich ity luong chlorophyll cao hon so véi cay phat trién trong diéu kién
anh sang manh, giup duy tri hiéu sut quang hop trong méi trudng han ché dnh
sang [54].

Nguoc lai, qué trinh sinh tong hop cac hop chét phenolic va flavonoid lai
phu thuéc manh mé& vao cudng d6 chiéu sang. Cac hop chat nay duoc kich thich
tong hop khi ciy tiép xuc voi anh sang, dic biét 1a anh sang c6 ning luong cao.
Nhiéu nghién ctru di ching minh mdi lién hé tich cuc giita anh sang va ham lugng

phenolic, flavonoid trong md thuc vat [55]. Flavonoid, dac bi¢t 1a cac flavonol va
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catechin, ¢ vai tro bao v¢ thuc vat trudc tdc dong gay hai cua tia UV, do d6 chung
thudng dugc sinh tong hop nhiéu hon trong diéu kién anh sang manh [56]. Gan
day, Wang va cs. (2022) di chtirng minh rang cuong do anh sang cao thic day su
tich Ity flavonoid & cay kiéu mach [57].

Diéu kién che bong hoidc thiéu anh sang c6 anh hudng tiéu cuc dén tong
hop flavonoid. Ye va cs. (2021) khang dinh rang che sang lam giam dang ké ham
luong flavonoid, dac bi¢t 1a cac flavonol glycoside va catechin — nhitng hop chit
chinh quyét dinh chat luong 14 tra (Camellia sinensis) [58]. Tuong ty, Karimi va
cs. (2013) ciing ghi nhin anh hudng cua mirc d6 chiéu sang khac nhau trong nha
kinh 1én cdy Labisia pumila. Két qua cho thiy anh sang manh khong chi lam ting
tich lily phenolic va flavonoid ma con 1am ting hoat tinh chéng oxy héa ¢ ca 14,
than va ré — trong d6 14 1a bo phan tich lity manh nhat [59].

Nhu vay, cudng do anh sang 13 yéu t6 then chdt anh hudng dén su tich lity
cac hop chét sinh hoc trong thyc vat. Trong khi 4nh sang yéu thiic ddy tich Iiy
chlorophyll nham duy tri hiéu suét quang hop, thi 4nh sang manh lai 1a diéu kién
t61 ru dé tang sinh cac chat chuyén hoa thtr cAp nhu flavonoid va phenolic. Tuy
nhién, phan tng tich lity cac hop chat nay con phu thudc vao dic diém sinh 1y va
murc do thich nghi riéng cta timg loai cay, do d6 viée thiét 1ap diéu kién anh sang
pht hop 14 can thiét dé t6i vu hoa hiéu qua sinh hoc cta ciy trong.
1.4.Phwong phap sir dung trong ché bién bot 14 lua
1.4.1. Dung mdi sir dung trong chiét xuat

Chiét xuat bang dung mdi 1a mot trong nhiing k¥ thuat pho bién nhat dé
tach cac hop chat chong oxy hoéa tir thuc vat. Mot dung méi 1y tudng can dép tng
cac tiéu chi nhu: doc tinh thip, dé bay hoi ¢ nhiét d6 thap, kha ning thic day hap
thu sinh hoc cuia dich chiét, hd tro bao quan, dong thoi khong gay bién tinh hay
phan hiy cac thanh phan hoat chét [60]. Do dich chiét sau cing c6 thé con sét lai
mot luong nhd dung moi, viée lua chon dung moéi khong doc hai 1a yéu cau bat
budc, dac bi¢t trong cac nghién ctru danh gia hoat tinh sinh hoc hodc img dung
thuc tién.

Ethanol va nudc 13 hai dung méi dugc st dung rong rai trong chiét xuat cac
hop chat chdng oxy hoa tir thuc vat va thuc phdm c6 ngudn gde thyuc vat. Day 1a
cac dung moi phéan cuc, an toan cho sirc khoe con ngudi, dong thoi cd kha nang
hoa tan tot nhiéu nhom hop chét sinh hoc, dic biét 1a flavonoid va polyphenol —

nhitng chat c6 d6 phan cuc cao [61]. Nghién ciru cta Zeroual va cs. (2022) cho
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thdy, chiét xuat bang ethanol tir cdy huong thao cho ham luong polyphenol va
flavonoid tong cao hon so véi cac dung mdi khac [62].

Khong chi loai dung mdi, ma ndng d6 va ty 1é pha loang dung méi ciing
dong vai trd quan trong trong hiéu qua chiét xuat. Cu thé, chiét xuat bang ethanol
50% tir 14 Katuk cho két qua thu nhén polyphenol va flavonoid cao hon so véi
ethanol 70% va 96% [63]. Tuong tu, nghién ctru ciia Berwal va cs. (2021) trén nu
va la cay Calligonum polygonoides st dung cac dung moi ethanol, methanol va
acetone & ba nong do (50%, 75%, 100%) da ghi nhan ndng d6 50% ctia mdi dung
moi déu cho hiéu qua chiét xuat va hoat tinh chéng oxy hoa cao hon cac ndng do
con lai [64].

Vi vay, viéc lua chon loai dung mai, néng do va diéu kién chiét tach can
dugc thiét ké va tdi wu hoa theo tung loai nguyén li¢u thuc vat nham dam bao su
tuong thich vé 6 phéan cuc va tinh chat héa hoc ciia cac hop chat muc tiéu. Trong
nghién ctru véi 14 laa, lua chon dung méi phu hop khong chi quyét dinh dén hiéu
sudt chiét xuat ma con anh hudng truc tiép dén chat lugng sinh hoc va tiém nang
mg dung cta san pham chiét thu dugc.

1.4.2. Phwong phap bat hoat enzyme

Bit hoat enzyme 1a qua trinh 1am mat hoat tinh hodc pha huy cac enzyme
oxy hoéa co6 trong mo thuc vat, nham kiém soat qua trinh oxy hoa, ¢d dinh mau
xanh tu nhién cua 14 va bao vé cac hop chat hitu co c¢6 hoat tinh sinh hoc [65].
Enzyme polyphenol oxidase (PPO) dong vai tro chinh trong qué trinh oxy hoda cac
hop chét phenolic, 1a nguyén nhan giy hién tuong héa ndu khéng mong mudn
trong thuc phém va nguyén li¢u thyc vat [66]. Do do, viéc uc ché hoat dong cua
PPO 14 can thiét dé ngan ngira su suy giam chat luong cam quan va dinh dudng,
bao gdm mau sic, mui vi, cdu trac va kha niang chap nhan téng thé ciia san pham.

Trong cong nghiép thuc pham, nhiéu phuong phap di dugc ap dung dé bat
hoat enzyme PPO, bao gém chan nhiét, xr Iy vi song va siéu am [67]. Vi du,
nghién ctru trén chiét xuat qua luu (Punica granatum L.) ghi nhan hoat tinh PPO
giam 76% khi chan & 90°C trong 30 gidy, va giam 68% khi chin & 100°C trong
60 gidy [68]. Tuong tw, Magangana va cs. (2022) cho thdy chan vo lyu & 80°C
trong 3 phut lam giam 40—50% hoat tinh PPO [69]. Ngoai tac dung trc ché enzyme,
cac phuong phap ndy con dugc danh gia vé kha ning bao ton chlorophyll va
polyphenol trong nguyén liéu [70]. Viéc ap dung vi song dé xir Iy 14 dira c6 anh
huong dén ham lugng chlorophyll va polyphenol, tiy thudc vao thoi gian va cong

suat vi song [71].
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Tuy nhién, vi¢c xtr 1y nhi¢t doi khi gdy suy gidm ham lugng chlorophyll,
nhu da dugc ghi nhan trong cac nghién ctu trén 14 Cinnamomum porfectum [72]
va Ocimum basilicum [73]. Do d6, nhiéu cong trinh dé xuét sir dung cac phuong
phap két hop dé nang cao hiéu qua bt hoat enzyme ma van bao ton cac hop chat
sinh hoc quan trong. Vi du, Anaya-Esparza va cs. (2017) cho rang sy két hop gitra
siéu 4m va kiém soat nhiét do gitip ting hiéu qua tc ché PPO trong ché bién mat
hoa méng cau xiém [74]. Nghién ciru ctia Xin va cs. (2015) trén 14 ngai ctru ghi
nhan phuong phép siéu am két hop nhiét dat hiéu qua trc ché PPO cao hon (92,7%)
va gitr lai chlorophyll nhiéu hon (96,7%) so v&i phuong phap chan nhiét thong
thuong [75].

Viéc lya chon phuong phap bat hoat enzyme phu thudc vao loai nguyén
liéu, muc ti€u san phém va dac tinh hoé hoc cua hop chit can bao ton. Di voi 14
laa, nghién ctru vé k¥ thuat bat hoat enzyme van con han ché. Do d6, can trién
khai cac nghién ctru nén tang nham thiét 1ap quy trinh ché bién phu hop, téi uu
hiéu qua bao ton chlorophyll va polyphenol, gbp phan ning cao chat lugng sinh
hoc va gié tr1 tng dung cua BLL.

1.4.3. Phwong phap siy phun

Say phun la mot trong nhirng k¥ thuat quan trong va dugc ung dung rong
rdi trong nganh cong nghiép thuc pham va dugc pham, dic biét dé san xuat cac
san pham dang bot [76]. Phuong phap nay st dung nhiét d6 dau vao tir 120°C dén
190°C dé nhanh chong lam kho nguyén liéu dang 16ng thanh dang bot min. Trong
qua trinh sdy phun, cic chat mang dugc bd sung nham bao vé cac hop chat nhay
cam, tang cuong do on dinh va cai thién dic tinh cam quan cua san phém. Trong
sO cac chat mang phd bién, maltodextrin (MD) — mét polysaccharide c6 ngudn
gdc tir tinh bot — duoc str dung nhiéu nhét nho cac vu diém nhu chi phi thap, do
hoa tan cao, do nhot théip o néng do chét rin cao, kha nang tao mang bao tdt va
bao vé hop chat sinh hoc khoi qua trinh oxy hoéa [77].

Viée tdi wu cac thong s6 van hanh nhu nhiét do, ap suat, toc do cép liéu,
lwu lwong khi va ty 16 chit mang dong vai trd quan trong dé ning cao hiéu suét
thu hoi hop chit sinh hoc. Nhiéu nghién ctru dd chimg minh hiéu qua cta sy phun
trong bao ton cac hop chét phenolic va flavonoid ciing nhu kha ning chéng oxy
héa cta san pham. Vi du, bot toi den (Allium sativum L.) siy phun & 225°C cho
ham lugng phenolic va flavonoid tong s cao cuing hoat tinh chdng oxy hda manh
[78]. Buratto va cs. (2019) khi nghién ctru chiét xuat qua Feijoa sellowiana ciing

ghi nhan say phun giap giit lai ham lugng hop chit sinh hoc cao [79]. Junior va



16

cs. (2023) ap dung sdy phun cho chiét xuat vo qua Spondias purpurea va dat hiéu
suat dong goi toi 98,83% véi hat bot min, cé kich thude dong déu, dong thoi thé
hién hoat tinh bat gbc tu do (DPPH, FRAP) vuot troi [80].

Chét mang MD déng vai tro quan trong trong vi¢c bao vé va 6n dinh cac
hop chat sinh hoc trong qua trinh sdy phun. Nghién ciru ctia Iturri va cs. (2021)
trén bot tir qua Eugenia stipitata cho thly MD gitip bao ton ham lugng polyphenol,
flavonoid va kha ning chéng oxy héa trong qué trinh bao quan [81]. Rezende va
cs. (2018) ciing béo cao rang MD cai thién d6 6n dinh cta anthocyanin, carotenoid,
ascorbic acid va cac hop chat phenolic trong bot so ri (Malpighia emarginata)
[82].

Néng dd MD tbi vu c6 thé khac nhau tuy thudc vao loai nguyén li€u. Vi dy,
chiét xuat 12 dau tam cho két qua t6t nhat vai MD 12% [83], trong khi bot toi den
dat chat luong t6i vu v6i MD 8% [78]. Saavedra-Leos va cs. (2021) nghién ciru
t61 uu hoa sy phun nudc ép bong cai xanh véi MD & ndng do 5% két hop nhiét
d6 220°C dat ham luong polyphenol tong va hoat tinh chéng oxy héa cao nhit
[84].

Say phun dugc danh gia 1a mot phuong phap hiéu qua, kinh té va linh hoat
trong cong nghiép thuc pham. Phuong phap nay c6 kha ning chuyén doi nhanh
chong nguyén liéu tir dang long sang dang bot 6n dinh, d& bao quan, dong thoi
bao vé tdt cac hop chit sinh hoc. Do do, séy phun 1a lya chon tiém nang dé san
xudt bot tir 14 1a non, vira tiét kiém chi phi, vira dam bao gii lai ti da gié tri dinh
dudng va hoat tinh sinh hoc ctia nguyén liéu.

1.5.  Visinh vat dwong rudt va anh hwéng ciia sin pham thue vat

Hé vi sinh vét dudng rudt (VSVDR) 12 mot quan x4 vi sinh vét da dang cu
tra trong duong tiéu hoa, dong vai tro thiét yéu trong viée duy tri strc khoe va can
bang sinh 1y cta vat cha [85]. VSVDR binh thudng hd trg bao vé hang rao niém
mac rudt, tham gia chuyén héa dinh dudng, can bang ndi méi ning luong, e ché
su xAm nhap cia mam bénh va diéu hoa dap tng mién dich. Hoat dong trao d6i
chét cia VSVDR c¢6 tac dong sdu rong dén can bang ndi moi va nhiéu bénh 1y &
nguoi [86]. Khoang 10% cac chit chuyén hoa c6 trong mau cua dong vat ¢6 vi c6
ngudn goc tryc tiép tir vi khuan dudng rudt [85]. Thong qua qua trinh 1én men,
VSVDR san xuit cac fatty acid chudi ngan (short chain fatty acid - SCFA) nhu
acetate, propionate va butyrate, mang lai nhiéu loi ich nhu e ché vi khuan gay
bénh, duy tri chirc ning rudt két va hd tro phong ngira béo phi, ung thu dai truc
trang [87].
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Co thé con ngudi chira khoang 38 nghin ty vi khuan, chu yéu tap trung &
rudt, dic biét 1a rudt két [88]. It nhat 395 kiéu hinh vi khuan d3 duoc xac dinh
trong niém mac rudt va phan, trong dé6 hon 90% thudc hai nganh chinh la
Bacteroidetes va Firmicutes. Trén mo hinh chudt, Proteobacteria va
Lactobacillales — cac vi khuan ky khi phan chia nhanh — chiém wu thé & rudt non,
trong khi Bacteroidales va Clostridiales dong vai tro chii dao trong chuyén hoa &
rudt gia [89].

Viéc tiéu thu thuc ph'flm co nguén géc thuc vat da dugc ching minh c6 tac
dong tich cuc dén thanh phﬁn va chic nang cua h¢ VSVDR. bac biét, cac hop
chét sinh hoc nhu polyphenol c6 kha ning diéu chinh céu traic VSVDR [90]. Chiét
xudt thuc vat khong chi lam ting sb lwong vi khuan 6 lgi ma con thuc day san
xuat SCFA va trc ché vi khuan gay bénh trén mé hinh déng vat [91]. Viéc bo sung
chiét xuat thuc vat ciing gop phan cai thién tinh da dang vi sinh, diéu chinh ty 1¢
Firmicutes/Bacteroidetes va hd trg sitc khoe trong cac rdi loan chuyén hoa [92].
Liang va cs. (2023) bao cao rang polysaccharide tir qua Lycium barbarum kich
thich su phat trién cta Lactobacillus va Lactococcus, dong thoi gia ting san xudt
SCFA & chudt [93]. Pérez-Burillo va cs. (2020) bao cdo chiét xuat thuc vat thic
day su phat trién cua cac vi khuan san xuat butyrate nhu Coprococcus va
Butyricimonas, dong thoi e ché Escherichia/Shigella — nhém vi khuan lién quan
dén r6i loan tiéu hoa, déng thoi ting Faecalibacterium, mdt vi khuin san xudt
butyrate c6 1o [87].

Polyphenol thé hién co ché tuong tac hai chiéu véi VSVDR. Mot mit, vi
khuan duong rudt chuyén hoa polyphenol thanh cac chat chuyén hoa c6 hoat tinh
sinh hoc; mat khac, polyphenol diéu chinh thanh phﬁn VSVDR, tc ché vi khuin
gy bénh va kich thich vi khuan c6 lgi [91,94]. Nghién ciru ctia Jia va cs. (2022)
cho thay polyphenol tir gao mau lam ting Prevotella, Megamonas va
Bifidobacterium, déng thoi giam Bacteroides va Escherichia—Shigella [92)].
Polyphenol tir cdm gao den da dugc chiing minh c6 kha nang cai thién béo phi va
rdi loan chuyén hoa bang cach diéu chinh thanh phan VSVDR, dong thoi tac dong
dén chuyén hoa lipid va glucose [95].

Cac chat chuyén hoa thir cip tir qua trinh phan giai cia VSVDR s¢ hitu
hoat tinh chdng oxy hoa va chng viém, gitp giam stress oxy hoa, tc ché cytokine
tién viém, bao vé hang rao niém mac rudt va diéu hoa mién dich [96]. Do do, can
thi¢p dinh dudng dya trén thyc vat dugc xem 1a mot chién lugc tiém nang nham

diéu chinh hé VSVDR va céi thién strc khoe toan dién cta vat chu.
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1.6.CAc thir nghiém danh gia hoat tinh chdng oxy ho4

Hoat tinh chdng oxy hoa ctia cac hop chét sinh hoc thuong dugc danh gia
thong qua cac thir nghiém in-vitro dya trén hai co ché chinh: chuyén electron don
(Single electron transfer — SET) va chuyén nguyén ta hydro (Hydrogen atom
transfer — HAT). Trong d6, cac phép thir thuoc nhém SET do luong kha nang cua
mau thtr trong viée cho electron dé trung hoa cac chit oxy hoa hodc kim loai
chuyén tiép. Co ché nay phan anh truc tiép ning luc khtr cia chat chdng oxy hoa
va c6 mdi twong quan chit ch& voi ham lugng polyphenol, flavonoid va cac hop
chét phenolic [97].

Bén phép thir phd bién thuéc nhém SET bao gom xét nghiém DPPH, ABTS
(hoic TEAC), FRAP va RP, mdi phuong phap str dung mot co chat oxy hoa dic
trung nhung déu dua trén nguyén 1y thay d6i mau sac khi co chat oxy hoa bi khir
boi chat chong oxy hod [98].
1.6.1. Thir nghiém kha ning loai bé goc tw do DPPH

DPPH (2,2-di-phenyl-1-picrylhydrazyl) 1a mot gdc tu do 6n dinh c6 mau
tim dam, véi dinh hép thu cuc dai tai budc séng 517 nm. Khi phan tng voi cac
chét chéng oxy hoéa c6 kha nang hién tang electron hoac proton, géc DPPH- bi
khtr thanh dang khong mau. Mirc do giam do hap thy tai bude song 517 nm phan
anh truc tiép kha ning chdng oxy hoa ciia mau thir. Phép tha DPPH c6 vu diém
don gian, nhanh va dugc sir dung rong rii dé danh gia kha ning trung hoa gbc tu
do cua cac hop chat phenolic [99].
1.6.2. Thir nghiém kha niing chong oxy héa twong dwong Trolox (ABTS)

ABTS (2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)) dugc oxy
héa dé tao thanh géc cation ABTS*e ¢6 mau xanh lam dac trung, véi dinh hép thu
cuc dai tai budc song 734 nm. Khi ¢6 mit cac chat chdng oxy hoa, gdc cation nay
bi khtr, din dén sy giam hoac mét mau cia dung dich. Muc do giam do hép thu
duoc quy ddi thanh gia tri twong dwong Trolox (Trolox Equivalent Antioxidant
Capacity — TEAC), cho phép so sanh tryc tiép hoat tinh chéng oxy héa ciia mau
v6i Trolox, mot dan xuat tan trong nudc cua vitamin E. Phép thir ABTS c6 uu
diém la thuc hién dugc trong cad moi truong ky nudc va ua nude, do d6 dugc xem
1a phuong phap linh hoat va déng tin cdy trong danh gia pho hoat tinh chéng oxy
hoéa cua cac hop chat sinh hoc [99].
1.6.3. Thir nghiém Khir sit FRAP

Phép thu FRAP (Ferric Reducing Antioxidant Power) dugc xay dung dua
trén nguyén 1y kht phuc Fe**~TPTZ (2.,4,6-tripyridyl-s-triazine) thanh Fe*—
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TPTZ, tao ra dung dich c6 mau xanh dam dac trung, dugc do tai budc song 593
nm. Cudng d6 mau xanh ty 1& thuan véi kha ning khir cia mau thir. Khac véi cac
phép thir DPPH va ABTS, FRAP khong danh gia kha nang bat gdc tu do, ma phan
anh truc tiép ning luc hién electron cua hop chat chéng oxy hoa trong viéce khir
ion sat (Fe** — Fe?"), tir 46 cho thiy tiém ning chdng oxy hoa tong thé cuia miu
[98].

1.6.4. Thir nghiém nang lwc khir (Reducing Power — RP)

Phép thr RP (Reducing Power) duoc sir dung dé danh gia kha niang hién
electron ctia cac hop chat chéng oxy hoa, thong qua phan tng khir ion Fe** thanh
Fe** trong moi truong dém phosphate. Ion Fe?* tao thanh s€ phan tng voi
potassium ferricyanide [KsFe(CN)s] dé hinh thanh phirc mau xanh Prussian Blue,
duogc do tai budce song 700 nm. Gia tr1 mat do quang hoc tang ty I¢ thudn véi ndng
luc khir cia mau, qua d6 phan 4nh tiém nang hién electron va kha nang chdng oxy
hoa tong thé ciia cac hop chét sinh hoc duge khao sat. So véi cac phép thir DPPH,
ABTS va FRAP, phuong phap RP cho phép danh gia tryc tiép hoat tinh khir tong
hop cua mau trong diéu kién phan tng nhe, dong thoi ¢ thé Gmg dung linh hoat
cho ca mAu chiét hitu co va nude [98].

Nhin chung, cac phép thit DPPH, ABTS, FRAP va RP déu dua trén co ché
chuyén electron don, gitip danh gia tiém nang chdng oxy hoa tong thé ciia mau
thir. Tuy nhién, két qua giita cac phép thir c6 thé khac nhau do dic diém hoa hoc
ctia goc tu do, moi trudng phan Gmg va do hoa tan cia chat chéng oxy hoa [100].
Do d6, dé co cai nhin toan dién, cac nghién ciru thudng két hop nhiéu phép thir
khac nhau nham danh gia day du co ché va cudng do chong oxy hoa ciia hop chat
sinh hoc.

Viéc Iya chon cac phép thir thuoc nhom chuyén electron don (SET) nhu
DPPH, ABTS/TEAC, FRAP va RP dé danh gia hoat tinh chéng oxy hoa ctia BLL
non 14 hoan toan phu hop, béi thanh phan chinh ctia BLL chira polyphenol,
flavonoid — nhiing hop chit c6 co ché chdng oxy héa chit yéu thong qua hién ting
electron va tao phuc chelating véi ion kim loai chuyén tiép. Cac phép thir SET
khong chi phan anh kha ning trung hoa goc tu do ma con danh gia nang luc khir
tong thé ciia mau, qua d6 cung cap cai nhin toan dién vé tiém niang chdng oxy hoa
ciia BLL. Két hop nhiéu xét nghiém SET gitip xac nhan dong thoi kha ning quét
gbc tu do va kha nang khir kim loai, 1am rd vai trd cua cac hop chat phenolic va
chlorophyll trong BLL, ddng thoi ciing ¢b co so khoa hoc cho tiém ning tng dung

ciia BLL trong thuc phdm chirc ning va san pham bao vé sirc khoe.
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1.7. Vi sinh vat giy bénh sir dung trong danh gia hoat tinh khang khuin va
khing nim
1.7.1. Vi khuan Pseudomonas aeruginosa

Pseudomonas aeruginosa (truc khuan ma xanh) 1a vi khudn Gram am, hiéu
khi, thudc ho Pseudomonadaceae, 16p Gammaproteobacteria. Vi khuan nay noi
bat nho kha nang chuyén hoa linh hoat, cho phép sinh truéng trong nhidu méi
truong ty nhién va nhan tao, ké ca méi trudng thiéu oxy [101].

P. aeruginosa khong sinh bao tir nhung c6 thé giy nhiéu loai nhiém tring
trén ca vat chu khoe manh va suy giam mién dich, dic biét nguy hiém véi bénh
nhan tiéu dudng hodc bénh nhan xo nang [102]. Pay 14 tic nhan chinh cua cac
bénh nhu nhiém tring vét bong, viém phoi, nhiém khuan huyét va nhiém tring
duong tiét niéu [103].

Kha ning thich nghi cao, nhiéu co ché dé khang khang sinh va hé théng
phong vé phuc tap khién P. aeruginosa trd thanh méi de doa 16n trong y hoc hién
dai. Vi khuan nay 1a mot trong nhitng nguyén nhan hang dau gy nhiém tring
bénh vién, chiém khoang 11-13,8% céc ca nhiém tai co sé y té, va 1a tac nhéan
hang dau gy tr vong & bénh nhan xo nang [104].

1.7.2. Vi khuan Staphylococcus aureus

Staphylococcus aureus 13 vi khuan hinh cau Gram duong, khong di dong,
thudc ho Micrococcaceae, ¢6 kha niang sinh trudng trong diéu kién hiéu khi hodc
ky khi tty y [105]. Vi khuan phat trién t6t trong khoang nhiét d6 7-48,5°C (t6i uu
30-37°C) va pH tir 4,2-9.3 (t6i wu 7—7,5), ¢ thé ton tai trong moi trudng chira t6i
10% mubi, cho phép phat trién trén nhiéu loai thyc pham.

S. aureus 1a tac nhan phd bién gy ngd doc thuc pham va nhiém tring &
nguodi. Méc du thuong cu tru & da va niém mac (dac bi¢t vung miii) cua nguoi
khoe manh, vi khuan ndy c6 thé giy bénh néu xAm nhap vao méu hodc cac mo sau
[105]. Cac bénh 1y do S. aureus gy ra rat da dang, bao gdm nhiém khuan huyét,
viém phéi, viém ndi tAm mac, viém mé té bao, viém tiy xuong, viém khép, nhiém
trung tiét niéu va hoi ching sbc nhiém doc [106].

Vi khuan nay dic biét nguy hiém trong méi truong bénh vién, 12 nguyén
nhan hang dau cua nhidém trung lién quan dén dung cu y té va phau thuat. Cac
chung khang thuéc nhuw MRSA (Methicillin-resistant S. aureus) lam cho viéc diéu
tri trd nén phirc tap, trong khi cac co ché lan tranh mién dich gitip vi khuan ton tai
va tai nhiém dé dang [107]. Do @6, S. aureus duoc xem 1a mot trong nhiing tac

nhan gay bénh co hoi nguy hiém nhit & ngudi hién nay.
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1.7.3. Vi khuan Escherichia coli

Escherichia coli 1a vi khuan gram am, thudc ho Enterobacteriaceae, thuong
cu tru trong duong rudt nguoi va dong vat, dac biét 1a ¢ rudt gia. Ngoai ra, vi
khuan con c6 thé hién dién & miéng, co quan sinh duc va méi trudng ngoai [108].
E. coli phat trién tot & 37°C, trong khoang nhiét d6 5-45°C va pH tbi wu tir 7-7,5.

Mac du la thanh phén binh thuong cua hé vi sinh duong rudt, E. coli cling
1a tdc nhan gay ra nhiéu bénh 1y nhu viém rudt, nhiém trung tiét niéu, nhidm trung
huyét, viém mang nio & tré so sinh. Vi khuan nay sé hitu nhiéu yéu t6 doc luc co
kha ning tac dong dén té bao chu thong qua cac co ché nhu @re ché truyén tin hiéu,
1oi loan tiét ion, tong hop protein va pha v& cu trac té bao [109]. Dya vao vj tri
gay bénh, E. coli dugc phan thanh hai nhom chinh: nhém gay bénh duong rudt va
nhom gay bénh ngoai duong rudt. Cac chung gay bénh dudng rudt bao gom: E.
coli xut huyét (EHEC), E. coli gy bénh (EPEC), E. coli sinh doc t6 rudt (ETEC),
E. coli xam nhap (EIEC), E. coli két dinh (EAEC), E. coli bam dinh lan toa
(DAEC) va E. coli xdm 1an bam dinh (AIEC). Trong d6, EHEC khéng chi giy
bénh tiéu hda ma con lién quan dén hdi ching tan huyét ting ure mau (HUS).
Nhiéu ching E. coli 1a mam bénh truyén qua thuc pham, gy ra cac vu dich nguy
hiém tai nhiéu quéc gia, dac bi¢t & cac nudc dang va kém phat trién [110].

Tinh trang khang thudc cua E. coli dang 1a mbi de doa toan cau. Vi khuan
c6 ty 1é khang cao voi cac khang sinh truyén thong nhu ampicillin, dong thoi xuét
hién ngay cang nhiéu ching khang fluoroquinolone va cephalosporin phd rong.
Sy lan truyén gen khang thudc thong qua plasmid gop phéan gia ting nhanh chong
ty 1& da khang thubc & E. coli, tré thanh mdi lo ngai nghiém trong ddi véi strc khoe
cong dong [111].

1.7.4. NAm Candida albicans

Candida albicans 1a nAm men thudc chi Candida, thuong cu tra nhu mot
sinh vat cong sinh trén da va niém mac miéng, duong ti€u hoa, duong sinh duc
ctia nguoi va dong vat [112]. Pay 1a loai nAm co hoi phd bién nhét ¢6 kha ning
chuyén tir trang thai cong sinh sang gay bénh khi hang rao bao vé cta vat chi bi
suy yéu, dic biét trong bdi canh sir dung khang sinh phd rong hodc thude e ché
mién dich [113].

C. albicans 13 nguyén nhan giy ra cac bénh nhiém ndm bé mat nhu viém
da, viém niém mac miéng, viém am dao — va trong cac truong hgp nghiém trong
hon, co thé gay nhiém nim toan than de doa tinh mang, dac bi€t & bénh nhan suy

giam mién dich [114]. Piéu tri nhiém Candida hién gip nhiéu thach thic do sb
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luong thude chéng ndm han ché va doc tinh cao do dic diém nhan chuin ciua nAim

[115]. Bén canh @6, tinh trang khang thudc ngay cang gia ting & cac ching

Candida khién viéc diéu tri cang phic tap hon.

1.8.Céc nghién ctru trong va ngoai nwéc vé hoat tinh sinh hoc ciia 14 lna va
san pham tir 14 lia

1.8.1. Nghién ciru ngoai nudc

Céc nghién ctru qubc té vé 13 lua chi yéu tap trung vao viéc danh gia thanh
phan ho4 hoc va ham luong cac hop chét sinh hoc cta 14 lua & cac giéng lta khac
nhau, dic biét trong giai doan sinh trudng sinh dudng. Chang han, Tamprasit va
cs. (2019) da nghién ctru anh hudng cia do tudi 1a Ita (tir 5 - 25 ngay) dén ham
lwong cac hop chat sinh hoc cho thay sy bién d6i dang ké theo thoi gian thu hoach
[29]. Twong tw, Khanthapok va cs. (2015) da khao sat trén 14 giéng lta O. sativa
bao gém bay giéng gao tring va bay gidng gao mau dao dong tir 1,9 dén 4,3 mg
trong duong gallic acid (GAE)/g dich chiét kho, véi cac gibng gao mau thé hién
ham lugng polyphenol cao nhat [26]. Nghién ciru ctia Sakulnarmrat va cs. (2018)
trén hai gidng lua (gao tring va gao den) ¢ giai doan 10 ngay tudi cling bao cdo
thanh phan va ham lugng polyphenol thay d6i tuy thudc vao gidng lta; Gallic acid
1a hop chat phenolic chinh trong dich chiét 14 lua gao trang, trong khi chlorogenic
acid chiém wu thé trong dich chiét 14 1aa gao den [30]. Phan tich sic ky khi ghép
khéi phd (GC-MS) trén céc fatty acid trong 14 laa ghi nhan su hién dién cua cac
fatty acid twong dong o ca 02 gidng lua, bao gdm palmitic acid, stearic acid,
linoleic acid va a-linolenic acid. Cac dan xuat fatty acid d& bay hoi nay duoc xac
dinh 13 yéu t chinh tao nén mui huong tuoi mat dit trung cua 14 laa [30].

Vé tng dung thyc tién, mot s nghién ciru dd phat trién san phim nudc
udng tir dich chiét 14 lta. Wangcharoen va Phimphilai (2016) di khao sat nudc
udng tir dich chiét 14 laa cua ba gidng (Jasmine, Sukhothai 1 va Sukhothai 2),
trong 200 mL c¢6 ham lugng chlorophyll tong dao dong tir 82 - 958 pg, ham lugng
phenolic tong trong duong 5,60 - 26,14 mg GAE va kha ning chdng oxy hoa qua
cac thu nghiém ABTS va FRAP dat gi tri tuong tng 17,88 - 35,18 mg vitamin C
va 5,66 - 23,70 mg FeSO4 [7]. Nudc udng tir 14 lua cta giéng Jasmine va Sukhothai
2 cho thiy c6 hoat tinh chdng oxy héa vuot troi so v6i giéng Sukhothai 1, laa mi
va laa mach, dong thoi ham lugng polyphenol tong duoc xac dinh c6 mbi tuong
quan chit ch& véi hoat tinh chéng oxy héa [7]. Nhitng két qua nay khang dinh

tiém nang cua nudc €p 1a lta nhu mot loai thirc udng giau chat chong oxy hoa.
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Hoat tinh chdng oxy hoa cua 14 lta ciing 1a cha dé duoc quan tim trong
nhiéu nghién cru. Chomchan va cs. (2016) di bao cio rang dich chiét 14 lta gao
c¢6 hoat tinh chong oxy héa thap hon so véi dich chiét 14 Ita mi trong cac thu
nghiém DPPH, ABTS, FRAP, FCA (khtr ion sat) va HRSA (quét gc hydroxyl)
[6]. Tuy nhién, két qua nay trdi nguoc véi nghién ciru cia Wangcharoen va
Phimphilai (2016), trong d6 dich chiét nudc 14 lta cho hoat tinh chéng oxy héa
(ABTS va FRAP) cao hon so vé6i dich chiét nude 1a 1aa mi va 1a laa mach [7].
Khanthapok va cs. (2015) sir dung 14 gidng lua dé danh gia kha nang chong oxy
hoa thong qua céc thu nghiém DPPH, FRAP, BCB (khtr B-carotene) va TBARS
(phan tmg thiobarbituric acid), két luan rang dich chiét tir 14 Ita mau thé hién hoat
tinh chéng oxy héa vuot trdi so voi dich chiét 14 lta tréng va 14 lta mi [26]. Nhin
chung, cac nghién ctru nay khang dinh 14 laa, dic biét 1a gidng lta mau, s¢ hiru
hoat tinh chéng oxy hod dang ké théng qua cac thir nghiém in-vitro.

Vé kha nang bao vé chéng lai ton thuong oxy hoa va doc tinh té bao,
Phimphilai va cs. (2021) phat hién dich chiét 14 lua tir gidng Sukhothai-1 c6 kha
ning loai bo gbe tu do & gan, Grc ché qua trinh peroxid hoa lipid va thé hién hoat
tinh thai sit FRAP [39]. Dong thoi, bd sung dich chiét 14 lua 1am giam dang ké
ndng d6 TBARS trong té bao ung thu gan ngudi (HepG2) bi ton thuong boi hydro
peroxit va khong gy doc té bao gan, cling nhu khong giy doc tinh cap/man tinh
trén mo hinh dong vat [39]. Khanthapok va cs. (2015) bao céo dich chiét 14 lga
mau chtra ham luong anthocyanin cao, c¢6 kha ning phuc hdi t6n thwong DNA do
ion sit va hydrogen peroxide gy ra [26]. Twong tu, 14 lta gidng Biris (Malaysia)
dugc ghi nhan co6 tdc dung bao vé DNA trudc ton thuong do doxorubicin gay ra
[116]. Ngoai ra, bo sung dich chiét 14 lta cai thién dang ké kha ning séng sot cua
té bao co tim chudt ma khong anh huong dén hiéu qua diéu tri doxorubicin trén té
bao ung thu [116]. Chomchan va cs. (2018) béo cdo rang chiét xuit 14 laa (250-
10.000 pg/mL) bao vé té bao than khoi doc tinh ciia cadmium clorua bang cach
giam murc d6 malondialdehyde va ton thuong DNA [23].

Vé kha niang chong viém va chéng ung thu, chiét xuit 14 laa den dugc ghi
nhan c6 hoat tinh chéng viém thong qua diéu hoa sy biéu hién cac yéu td giy viém
[8,24]. Thepthanee va cs. (2021) d& chirng minh 14 laa den kich thich gay chét theo
chu trinh (apoptosis) thong qua con dudng ty thé va trc ché su phat trién cua té
bao ung thu gan & ngudi [8]. Nghién ciru tiép theo cua Thepthanee va cs. (2022)
phan tach dich chiét ethyl acetate tir 14 lia den thanh nam phan doan, tat ca déu co

hoat tinh wrc ché sy phat trién cta té bao ung thu gan, va va dai truc trang [25].
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Lién quan dén chdng béo phi va tiéu duong, Sakulnarmrat va cs. (2018)
phat hién dich chiét acetone tir 14 Itia giéng Jasmine @rc ché manh mé& enzym a-
amylase va lipase tuyén tuy, cho thay tiém ning trong kiém soat béo phi va tiéu
duong [30].

Tom lai, cac nghién ctiru quéc té tap trung phan tich thanh phan hop chat
sinh hoc trong 14 lta, so sanh ham luong cac hop chat va hoat tinh chdng oxy hoa
cua 14 laa giita cac giébng khac nhau. Cac dic tinh chdng oxy hoa, bao vé DNA,
chdng ung thu, béo phi, tiéu duong cua 14 lta da duoc danh gia thong qua mot sb
phuong phap in-vitro va in-vivo trén té bao va mé hinh dong vat. Tuy nghién, hién
chua c6 nghién ctru nao khao sat san pham BLL, ciing nhu danh gia hiéu qua
khang khuan hodc anh hudng cta ching 1én hé vi sinh duong rudt.

1.8.2. Nghién ciru trong nudéc

Hién nay, cac nghién ctru trong nudc chua ghi nhan cong trinh nao tap trung
vao viéc khai thac tiém ning cta 14 lta non. Tuy nhién mot sé nghién ctru lién
quan da dugc thuc hi¢n nham danh gia ham luong cac hop chét sinh hoc, toi wu
hoa diéu kién ché bién san pham dang bot, ciing nhu khao sat kha nang chéng oxy
hoa va khang khuan tir cac loai thuc vat khac.

Nghién ctru caa D4 Tan Khang va cs. (2018) d3 so sanh ham luong hop
chét sinh hoc va hoat tinh chéng oxy hod cua cac phan doan dich chiét tur gao mam
va gao lit. Két qua ghi nhan ham luong polyphenol tong trong phan doan nudc
ctia gao 1t cao hon gip 4 14n so v6i gao mam [117]. V& hoat tinh chdng oxy hoa,
phan doan ethyl acetate tir gao mam thé hién kha ning @c ché gbc ty do DPPH
cao nhét (trén 50%) trong khi phan doan chloroform trong gao It dat hiéu qua tbi
uu trong thir nghiém ABTS. Ngoai ra, tt ca cac phan doan déu cho kha nang khur
sat (RP) & mirc cao nhét [117]. La Thi Hién va cs. (2017) d4 khdo st cac diéu kién
chiét xuét chat chéng oxy hoa tir 14 ddng (Vernonia amygdalina) bang dung méi
nudce [118]. Két qua cho thiy diéu kién chiét xuat t6i wu 1a 70°C trong 40 phut véi
ty 1& nguyén liéu:dung méi 1:30, dat hiéu suat chiét xuat cao nhat [118].

Nghién ctru ctia V& T Anh va cs. (2017) dd danh gia hoat tinh khang khuan
va chdng oxy hoa cua cao chiét tir than va 14 cay Bo Mam (Pouzolzia zeylanica
L.) stt dung cac dung mdi khac nhau [119]. Tac gia bdo cao rang tat ca cac cao
chiét déu c6 kha ning e ché vi khuan E. coli, P. aeruginosa va S. aureus, v6i
hiéu qua khang khuan vuot trdi hon so véi amoxicillin. Pong thoi, cac cao chiét
than va 14 Bo Mim thé hién kha nang bat gbc tu do DPPH, du hoat tinh khang oxy
hoéa thap hon vitamin C [119].
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Cao Thi Ngoc Anh va Mac Thi Ha Thanh (2019) d nghién ctru anh hudng
ctiia phuong phap siy phun dén chat luong san pham bot tir cAy nhau (Morinda
citrifolia L.) bao gdm kha ning chéng oxy hoa va khang khuan. Két qua chi ra sy
phun ¢ 160°C trong 5 gidy tao ra san pham bot co gia tri dinh dudng, ham luong
vitamin C va polypenol tong sé cao hon so véi cac mirc nhiét d6 140°C va 180°C.
Hoat tinh chdng oxy hoa (thir nghiém DPPH) dat ICso 14 2,9 mg/mL, dong thoi
kha ning khang khuan d6i v6i E. coli (dudng kinh vong e ché 4,5 mm) va
Bacillus subtilis (3,5 mm) cling dat cao nhat ¢ diéu kién nay [120].

V& chiét xuat chlorophyll va polyphenol ing dung trong thuc pham, nghién
ctru cia Lé Thi Hong Anh va cs. (2016) da phat trién quy trinh san xuat bot mau
chlorophyll tir rong nudc lg Cheatomorpha sp. bang cong nghé sy phun. San
phém thu duoc 1a bot mau xanh min, do 4m thép, tan tdt trong nudc voi hiéu suat
thu hoi chlorophyll dat 62,96% [121]. Nghién ctru ciia Trueong Qudc TAt va cs.
(2021) vé san xuét bot rau cang cua (Peperomia pellucida) st dung ethanol 70%
va sy & 70°C di bao toan ham luong hop chit sinh hoc va dat hoat tinh chong
oxy hod cao nhat [122]. Ngoai ra, Nguyén Nhat Minh Phuong va Nguyén Hitu
Nhan (2022) da khao sat cac yéu td anh huong dén qua trinh chiét xuat chlorophyll
va polyphenol tir 14 dira (Pandanus amaryllifolius). Diéu kién t6i vu 1a chiét xuat
biang ethanol 80% & 80°C trong 20 phit véi ty 16 nguyén lidu:dung méi 1:20 (w/v)
dat ham lugng chlorophyll, polyphenol va hoat tinh chéng oxy hoa cao [123]. St
dung chit mang albumin 10% va sdy ¢ 60-65°C ciing duoc xac dinh 14 phu hop
dé on dinh cac hop chat sinh hoc trong san pham cudi.

Toém lai, qua tong quan cac cong trinh trong va ngoai nude co thé nhan thay
rang, phan 16n cac nghién ciru hién nay tip trung vao xac dinh thanh phan hoéa hoc
va danh gia hoat tinh sinh hoc co ban cua céac dich chiét tir 14 lua, dic biét 1a hoat
tinh chéng oxy hda, chong viém va bao vé té bao thong qua cac thir nghiém in-
vitro. Mot s6 nghién ctru mé rong sang mo hinh in-vivo di budc dau chimg minh
tinh an toan khi tiéu thu dich chiét 14 lta, tuy nhién céc cong trinh nay chu yéu sir
dung dich chiét 1ong, chua di vao qua trinh mg dung san xuét san pham dang bot
tur 14 1a non.

Bén canh do, cac nghién ctru hién c6 chua xem xét mdi lién hé gitra thanh
phén hop chét sinh hoc cta 14 lta non véi tac dong 1én hé vi sinh vat duong rudt,
cling nhu chwa c6 cong trinh ndo danh gia dong thoi cac dic tinh chéng oxy hoa,
khang khuan va tic dong sinh 1y trong cing mot nghién ctru tich hgp. Phan 16n

cac nghién ctru trude day chi ding lai ¢ viéc xac dinh hoat tinh chdng oxy hoa in-



26

vitro ma thiéu cac bang chimg in-vivo vé anh hudng cia san pham 14 lta non dén
can bang vi sinh vét dudng rudt va stc khoe tiéu hoa dong vit.

Tai Viét Nam, hi¢n chua c6 nghién ctu hé théng vé san phém BLL hoac
bot cao chiét 14 1aa non. Vi vay, vi¢c xay dung quy trinh thu nhan bdt cao chiét 14
laa non, dong thoi danh gia toan dién hoat tinh chdng oxy hoa, khang khuin va
tdc dong 1én hé vi sinh vat duong rudt 1a huéng nghién ctru méi, c6 y nghia khoa
hoc va gia tri tmg dung thuc tién, gép phdn mé rong tiém ning khai thac cay lta

nhu m§t ngudn nguyén li€u sinh hoc gia tri cao, bén canh vai tro cay luong thyc.
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Chuwong 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. Phwong tién nghién ctru
2.1.1. Pia diém nghién ctru

- Trung tdm Ung dung Tién bd Khoa hoc va Cong nghé Can Tho (Pia chi:
S6 166 Nguyén Vin Cir, P. An Binh, Q. Ninh Kiéu, TP. Can Tho).

- Pai hoc Y Duoc Can Tho (bia chi: S6 179 Nguyén Vin Cir, P. An Khanh,
Q. Ninh Kiéu, TP. Can Tho).
2.1.2. Vit li¢u nghién ciru
2.1.2.1. Giong liia sir dung trong nghién ciru

Tiéu chi lua chon gidng lua bao gom:

- Kha ning khang siu bénh tdt, giup dam bao sinh trudng 6n dinh va giam
tac dong cua dich hai trong diéu kién canh tac ban ty nhién.

- Kha ning thich nghi tot trén nhiéu loai dat, dic biét 1 cac loai dat kho
nhu dat nhiém phén, dit thip, va c6 kha ning chiu ngap tng.

- Tiém nang sinh khéi cao, dic biét 1a sinh khi 14 tuoi, nham t6i uvu hoa
ham luong cac hop chat ty nhién tich lity trong 14 lta non, phuc vu cho cac phan
tich sinh hoa va danh gié hoat tinh sinh hoc.

Duya vio tiéu chi, nghién ciru lva chon 06 giéng lua bao gdm hai gidng
thudc nhom lua mua truyén théng (laa thom va lua c6 mau sic) va mot gidng cao
san hién dai (Bang 2.1).

Bang 2.1. Cac gidng lia sir dung trong nghién ciru

Nhém  Giong hia Lo . ]
X i . Dac diém sinh hoc va canh tac
giong laa — Ky hi¢u

Gidng lta cao san dugc trong phd bién tai Pong bing
Gidng lua IRS50404 song Ctru Long. C6 thoi gian sinh trudng ngan, ning suat
cao san cao, d& canh tac. Tuy nhién, chat lugng gao trung binh

do ham lugng amylose cao va ty 1€ bac bung 16n.

Nang Gidng lta ban dia c6 hwong thom dic trung, gia trj cam
Thom—  quan cao, dugc wa chudng tai thi trudng trong nudc va
Gibng lta NTH xuét khau.
thom Tai

. Gidng ltia mua truyén thong, c6 mui thom ty nhién, dugc
Nguyén —

trong rong rai tai khu vuc DPBSCL.
TNG
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Nhém  Giong laa Lo . ]
Tz . Dac diém sinh hoc va canh tac
giong lua — Ky hi¢u

Huong Lai Con goi la Jasmine 85, 1a giéng Ita thom duoc lai tao va
—HLA cai tién tir IRRIL, ¢c6 gia tri thuong mai cao.

Giong lta ban dia c6 vo trau mau tim, giau anthocyanin,

Nép Tim — A - ) 5 A , - \
., tiém nang su dung trong san pham gao chuc nang va
Giong lta NTI A
) duoc liéu.
cO mau sac , ., . N .
dic biat Huyét Giong lua ban dia c6 hat mau d6 sam, chtra nhi€u hop
S Rong—  chit phenolic va anthocyanin, duoc dinh hudng phat
HRO trién trong linh vuc thuc ph'flm bao vé suc khoe.

Tat ca cac giéng dugc cung cap boi Tap doan Loc Troi (Cong ty C6 phan
Bao v€ Thuc vat An Giang).
2.1.2.2.  Chiing vi sinh vit st dung trong thir nhi¢m khdng khudn

Thtr nghiém hoat tinh khang khuén duoc thuc hién trén ba chung vi khuén
chuan gdém: Pseudomonas aeruginosa ATCC 6432, Staphylococcus aureus
ATCC 6538 va Escherichia coli ATCC 8739. Ngoai ra, ching ndm giy bénh
thuong gip Candida albicans ATCC 10231 ciing dugc sir dung dé danh gia kha
nang khang nam. Cac chung vi sinh vat dugc lya chon 1a nhitng nhom dai dién
tiéu biéu, pho bién va co y nghia 1am sang trong danh gia phd khang khuan va
khang ndm, dong thdi co cau tric té bao da dang va phut hop véi tiéu chuan nghién
ctru khoa hoc. Piéu nay gitip danh gia toan dién tiém ning khang khuan cua BLL
va hd trg dinh huéng tng dung thuc té.

Tat ca cac chung vi sinh vat trén duoc cung cap bai Phong Vi sinh vat,
Trung tdm Ung dung Tién bo Khoa hoc va Cong nghé Can Tho.

Moi truong nudi cay vi khuan 13 Luria—Bertani (LB) broth (Merk, Pirc),
trong khi méi trudng nudi cdy ndm 1a Sabouraud Dextrose (SD) broth (Himedia,
An Do).
2.1.2.3. Dojng vit thi nghiém

Chuot thi nghi¢m thuoc chung BALB/c (Mus musculus), 8 tuan tudi, khoe
manh, khong mang mam bénh. Chudt dugc cung cép bo1 Pon vi nghién ctru dong

vat thuc nghi¢m, Truong Pai hoc Y Duoc Can Tho.
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2.1.2.4. Pt va nwéc si dung trong thi nghiém

Dit tréng duoc thu thap tur 16p dAt mat (0—20 cm) tai khu vuc rudng laa thudc
x3 My Khéanh, huyén Phong Dién, thanh phé Can Tho. Pay 1a loai dat phu sa co
d6 phi dong déu, dia hinh bang phang va kha ning gitt nude tét, phu hop cho su
sinh trudng cua cay laa.

Nudc tudi duge cung cap tir hé théng nude may ciia Trung tim Ung dung
Tién bo Khoa hoc va Cong nghé Can Tho, dam bao sach va an toan trong sudt qué
trinh thi nghiém.

2.1.3. Thiét bi, dung cu va héa chat

Hoa chat bao gdm cac chit chuan, thudc thir va dung moéi str dung trong cac
phan tich: Trolox (Sigma-Aldrich, USA), DPPH (Tokyo Chemical Industry,
Japan), TPTZ (Sigma-Aldrich, Germany), ABTS (Sigma-Aldrich, Germany),
KsFe(CN)s (Xilong, China), gallic acid (Sigma-Aldrich, USA), ethanol va
methanol (Merck, Germany), acetonitrile (Merck, Germany), thudc thir Folin—
Ciocalteu (Merck, Germany), Na.COs, pyrocatechol, polyethylene glycol,
Na:HPO., NaH:POa, H:0:, con tuyét ddi C.HsOH, MgSOa., NaCl, trisodium
citrate Na;CsHs0O7, disodium citrate sesquihydrate Ci2HisNa+O17 (Sigma-Aldrich,
USA), ampicillin (Domesco, Viét Nam), metronidazol (STADA, Viét Nam),
vitamin C (DMS-Firmenich, China), maltodextrin DE (VMC Group, Indonesia).

Moi truong vi sinh: peptone, yeast extract (China), agar (Viét Nam).

Thiét bi: May do pho hap thu UV-VIS (Genesys 150, Thermo Scientific, Hoa
Ky), Hé thong sic ky khi khdi phdé GC-MS/MS (7890B-7000C, Agilent, Hoa Ky),
Hé théng sac ky 1ong hiéu ning cao HPLC (Alliance E2695, Waters, Hoa Ky),
May ly tam lanh (Hermle Z326K, Labnet, Hoa Ky/DPai Loan), Can ky thuat 4 sd
va 2 s6 (Pioneer PX, Ohaus, Hoa Ky/Trung Qudc), May sdy phun (ADL311SA,
Yamato, Nhat Ban), May say dong kho (ScanVac CoolSafe 110-4, Labogene, Pan
Mach), May khudy tir gia nhiét, may vortex (MSH-20D & VX-200, Labnet, Hoa
Ky/Mexico), Pipetman (Proline Plus, MRC, Israel/Trung Qudc), ndi hap tiét trung
(CLG-32L, ALP, Nhat Ban), Tu séy (UNS55, Memmert, Buc), ti lanh 2-8 °C va
tu am sau —20 °C (ULUF 450, Arctiko, Ban Mach), Lo vi song di¢n tur (R-75MT,
Sharp, Nhat Ban/Trung Qudc).



2.2

30

Phwong phap nghién ciru

2.2.1. So d6 thi nghiém chung
Quy trinh thi nghiém dugc tom tit trong so d6 hinh 2.1.

Giong lta | | Thoi gian sinh truéng || Diéu kién che sang
(6 gidng) (1 -6 tuan) (0, 1 va 2 16p ludi)
¢ A 4 ¢
A
Laloa
L

Phuong phap va thoi gian bét hoat enzyme polyphenol oxidase
(Chan 1-5 phut, vi song 1-5 phut, siéu am 5-25 pht)

v

Piéu kién chiét xuat: Ty 18 va nong do ethanol
(0-80%; DM:LL 5:1, 10:1, 15:1)

v

Say phun (110-160°C)

v

Diéu kién va thoi gian bao quan
(27£2°C, 5°C, -18°C; 1-6 thang)

v
Bot 14 lua
P ; -

Hoat tinh chéng Hoat tinh khang khuan | Tac dong Ién h¢ vi sinh

oxy hoa (DPPH, (Khuéch tan trén giéng duong rudt & chudt
ABTS, FRAP, RP) thach va pha loang (Giai trinh ty gen 16S

i dich) rRNA)
Gié tri ICso v v

1. Buong kinh vong trc 1. Trong luwong, chi sd

ché (1Z) huyét hoc, mé hoc

2. Nong d6 trc ché toi 2. Mat s6 vi khuan
thiéu (MIC) lactic acid va hiéu khi

3. Thanh phan va chirc

nang h¢ hé vi sinh vt
duong rudt

Hinh 2.1. So' d6 thi nghiém chung
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2.2.2. B tri thi nghiém

2.2.2.1. Khdo sdt anh hwéng ciia giong liia, diéu ki¢n sinh truéng va thoi diém
thu hoach dén hoat tinh chong oxy héa va ham lwong hop chit trong
ld lvia non

B6 tri thi nghiém. Thi nghiém dugc bd tri theo thé thirc hoan toan ngau
nhién voi ba nhén td: gidng lGa, thoi gian sinh truong, va diéu kién che sang. Mdi
t6 hop thi nghiém duogc lip lai ba lan.

Nhan t6 gibng lta: Gom sau giéng duoc ky hiéu 1a IR504 (IR50404), NTH
(Nang Thom), TNG (Tai Nguyén), HLA (Huong Lai), NTI (Nép Tim) va HRO
(Huyét Rong).

Nhan t6 thoi gian sinh truong: Bao gdm sau giai doan thu hoach twong tmg
voi 1,2, 3,4, 5 va 6 tudn sau gieo.

Nhan té diéu kién anh sang: Khong che sang (ngoai troi hoan toan), cudng
d6 anh sang dao dong tir 49.369 - 123.207 Lux. Che sang bang mot 16p ludi
polyetylen mau den (OOKAS, Durc), gidm 60% cuong do anh sang ty nhién, tuong
mg 16.178 - 48.447 Lux. Che sang bang hai 16p ludi, giam 90% cudng do anh
sang tu nhién, tuong tng 5.738 - 12.151 Lux.

Thi nghiém dugc thuc hién ngoai troi trong khung gio tir 08:00 dén 16:00,
v6i nhiét d6 trung binh ghi nhan tir 24,5°C (t6i thiéu) dén 32,6°C (t6i da).

Ghi cha: Thi nghiém dugc bd tri v6i ba mic cuong do chiéu sang duoc
thiét ké co chu dich khoa hoc nham danh gia phan tmg sinh 1y — sinh hoa cua cay
laa non dudi cac mirc anh sang khac nhau. Anh sang 13 yéu té méi truong then
chét chi phdi qué trinh quang hop va sinh tong hop cac hop chat phenolic,
flavonoid va chlorophyll, tir d6 anh hudng truc tiép dén hoat tinh sinh hoc cua 14
laa non. Mic du diéu kién che sang khong phan anh mé hinh canh tac phd bién,
song day 1a phuong phap nghién ctu sinh 1y thuc vat duoc Gng dung rong rai dé
mo phong céc trang thai sinh thai khac nhau nhu mat do tréng day, che bong tu
nhién hoic ving anh sang yéu.

Tién hanh thi nghiém. Hat gidng dugc rira sach va ngdm trong nudc 4m (40
- 50°C) trong 24 gid, sau d6 1 4m bang vai thua trong 48 gid dé kich thich nay
mam. DPat phu sa bé mit duoc thu tai dia diém thuc nghi¢m, cho vao khay nhua
(kich thudc 65 x 42 x 16 cm, khdi luong 25 kg/khay) va dé 6n dinh 1 ngdy trudc
khi gieo. Hat dugc gieo véi mat @6 200 hat/khay (xap xi 500 hat/m?, khoang cach
giita cac hat 1-2 cm). Cac khay duoc dit trong diéu kién anh sang twong tng va

tudi nudc hai 1an mdi ngay.
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Ché d6 bon phan bao gdm: Pam (urea) bon sau 7 ngay tudi véi lidu lugng
1-2 g pha trong 5 L nudc/m?; Phan NPK bon b sung sau 14 va 28 ngay tudi véi
lidu lwong 0,5-1 g/m>.

Thu mdu va xir Iy mdu. La laa dugc thu hoach dinh ky theo tuan, vao budi
sang, sau d6 dugc nghién ngay dé thu dich chiét. Mot phan mau duoc xtr Iy va bao
quan & —20°C dé phan tich GC-MS. Viéc xur 1y, dinh mac thé tich va bom méiu
vao thiét bi duoc thu’c hién d6ng nhat giita cac nghiém thirc.

L w ".':.i“= "*J
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Hinh 2.2. Laa dwogc trong trong cac khay nhwa diéu kién ngoai troi

Chi tiéu phdn tich. Ham luong chlorophyll tong x4c bang phuong phap do
quang pho; Ham lugng polyphenol tong theo phuong phép Folin-Ciocalteu; Ham
luong chét xo tan; Hoat tinh chdng oxy hoa thong qua thir nghiém DPPH; Phan
tich GC-MS thuc hién trén cac miu dai dién tai mot sd thoi diém sinh trudng dé
xéac dinh thanh phan hop chit sinh hoc dic trung.
2.2.2.2. Khado sat quy trinh cong nghé thu nhin BLL

Thi nghigm 2.1. Anh hudng ctua phuong phap va thoi gian bat hoat enzyme
dén ham luong chlorophyll va polyphenol.

B6 tri thi nghiém 2.1. Thi nghiém dugc thiét ké theo thé thirc hoan toan ngiu
nhién véi ba 1an lip lai. Nhan t6 khao sat 1a phwong phéap va thoi gian bat hoat
enzyme gém: chan & 100 °C, xir Iy vi song (600 W) va xtr 1y siéu 4m. Mdi phuong
phap duoc khao sat tai 5 mure thoi gian khac nhau: chan va vi song (1,2,3,4vas
phat), siéu 4m (5, 10, 15, 20 va 25 phat) [124]. Dbi chtng 12 mau khong xir 1y bat
hoat enzyme.

Tién hanh thi nghiém 2.1. La laa non tir giébng co hoat tinh chéng oxy hoa
cao duoc thu hoach theo diéu kién tdi wu tir thi nghiém 1. Sau xur ly bat hoat
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enzyme theo cac diéu kién néu trén, mau duoc nghién va thu dich chiét dé phan
tich.

Chi tiéu phan tich. Ham lugng chlorophyll, polyphenol va hoat tinh enzyme
polyphenol oxidase trudc va sau xtr 1y dé tinh todn ty 18 ton that va hiéu qua tc
ché enzyme.

Thi nghigm 2.2. Anh hudng cia ty 1& va nong do ethanol dén hiéu qua chiét
xuét hop chat chéng oxy hoa.

B6 tri thi nghiém. Thiét ké hoan toan ngiu nhién, hai nhan té: néng do
ethanol (0%, 20%, 40%, 60%, 80%) va ty 1& dung moi/la lua (5:1, 10:1, 15:1), mdi
nghiém thirc 13p lai ba 1an [63].

Tién hanh thi nghiém. La la non sau khi dugc xir 1y bat hoat enzyme (theo
diéu kién ti vu tir thi nghiém 2.1) duoc nghién min va trich ly bang ethanol theo
cac ty 18 va nong do khao sat. Dich chiét dugc c6 quay & 45 °C dé loai dung méi
va chuan hoa thé tich trudc khi tién hanh cac phan tich hoa hoc.

Chi tiéu phan tich. Ham luong chlorophyll va polyphenol tong.

Thi nghigm 2.3. Anh huéng cta nhiét d6 siy dén chit luong BLL

B6 tri thi nghiém. Thi nghiém hoan toan ngau nhién véi sdu mic nhiét do
sdy phun (110-160°C) va mot nghiém thirc d6i chimg bang sy dong kho (-85°C).
Maltodextrin 10% duogc st dung lam chét mang, moi nghiém thire 1ip lai ba lan
[82].

Tién hanh thi nghiém. Dich 14 lta non sau khi trich ly ethanol (thi nghiém
2.2) dugc bo sung chit mang va dem siy bang may sdy phun voi toe do dong 7-8
mL/phut. Dbi v6i dbi ching, miu dugc sdy dong kho dén khi dat d6 4m 5%.

Chi tiéu phdn tich. Ham luong chlorophyll, polyphenol, flavonoid, xo tan va
kha ning khir gbe ty do (DPPH).

Thi nghiém 2.4. Anh hudng cua diéu kién bao quan dén chat lugng BLL.

BG6 tri thi nghiém. Thiét ké hoan toan ngau nhién véi hai nhan td: nhiét do
bdo quan (nhi€t d0 phong 27 +£2 °C, 5 °C va —18 °C) va thoi gian bao quan (1-6
thang), mdi nghiém thirc lap lai ba lan.

Diéu kién nhiét 46 phong duoc ap dung theo khuyén nghi cta tiéu chuan
TCVN ISO/TS 22002-5:2023 vé kiém so4t méi trudong luu trit trong chudi san
xuét thuc phém nham dam bao tinh én dinh cta cac hop chét ¢6 hoat tinh sinh hoc
trong subt thoi gian luu trir [125]. Nhiét 40 lanh va dong dugc lua chon tham khao
tir cdc nghién ctru trude day trong bao quan bdt thuc vat chira polyphenol va hop
chét nhay nhiét [126].
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Tién hanh thi nghiém. Mau BLL (~5 g) duoc phan phdi vao ong ly tdm 15
mL lam tir nhya polypropylen, nip kin, ¢6 boc gidy nhom nham han ché tiép xtc
vo1 anh sang va do am. MAu sau d6 duoc bao quan & cac diéu kién nhiét d6 da néu
trong thoi gian 6 thang. Nhiét do duoc theo ddi bang thiét bi ghi nhiét 46 tu dong
va diéu chinh vé +2 °C.

Chi tiéu theo doi. Ham lugng chlorophyll, polyphenol, xo tan va hoat tinh
khtr gbc tw do DPPH tai cac thoi diém bao quan.
2.2.2.3. Khdo sdt hoat tinh chong oxy hod, khdng khudn va tic dpng ciia BLL

lén hé vi sinh vat dwong rugt
Thi nghi¢m 3.1. Khao sat hoat tinh chéng oxy hoa ctia BLL thong qua cac thir
nghiém loai bo géc tu do DPPH, ABTS, nang luc khir (Reducing Power — RP) va
kha ning khur sat (Ferric Reducing Antioxidant Power — FRAP).

B6 tri thi nghiém 3.1. Thiét ké theo thé thirc hoan toan ngau nhién véi 10
mirc ndng do BLL (1-10%, w/v), 1ap lai 3 1an cho mdi nghiém thirc.

Tién hanh thi nghiém 3.1. BLL dugc hoa tan trong nude cat dé thu duoc 10
mirc ndng d6 tir 1-10% (w/v). Hon dich dugc khudy k¥, sau d6 loc qua gidy loc
Whatman sé 1 dé loai bo phan khong tan. Tién hanh xic dinh ham luong
chlorophyll tong, polyphenol tong, xo tan va hoat tinh chdng oxy hda qua cac thir
nghiém chéng oxy héa (DPPH, ABTS, FRAP, RP). Hiéu qua chdng oxy hoa dugc
so sanh vo1 vitamin C qua gia tri [Cso.

Chi tiéu phan tich. Gia tri ICso thong qua cac thtr nghiém néu trén.

Thi nghigm 3.2. Khao sat hoat tinh khang khuan va khang ndm cta BLL thong
qua phuong phap khuéch tan trén thach (dudng kinh vong e ché - 1Z) va phuong
phap pha lodng dich (xac dinh nong d6 e ché téi thiéu - MIC).

B6 tri thi nghiém 3.2. Thi nghiém duoc thiét ké theo thé thirc hoan toan ngau
nhién, gdm ba lan 13p lai cho mdi néng d6 cua BLL (500, 1000, 2000, 4000 va
8000 pg/mL), dugc hoa tan trong dung dich DMSO 30% (v/v). Ampicillin (100
ng/mL) va metronidazol (100 pg/mL) lan luot duge st dung lam dbi chimg duong
cho vi khuan va nim. DMSO 30% duoc st dung 1am dbi ching am.

Chung vi sinh vt sit dung gdm P. aeruginosa ATCC 6432, S. aureus ATCC
6538, E. coli ATCC 8739 va C. albicans ATCC 10231. Vi khuan dugc nudi ciy
trén moi truong Luria-Bertani (LB) va nam trén moi truong Sabouraud dextrose
(SD).

Tién hanh thi nghiém 3.3. Cac chung vi khuan va nAim men dugc hoat hoa

bing cach nudi ciy trong mdi truong 16ng va u & 37°C trong 24 gid. Sau khi 1, té
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bao duoc thu hdi va pha lodng trong dung dich NaCl 0,85% vo tring, sau d6 chuan
héa mat d6 duc twong tmg véi chuan McFarland 0,5 (ODeoo = 0,08-0,10), tuong
duong khoang 1,5 x 108 CFU/mL ddi vé6i vi khuan va 1-5 x 105 CFU/mL dbi véi
nam men C. albicans. Hoat tinh khang khuan va khang nim ctua BLL dugc danh
gia bang hai phuong phap: khuéch tan trén thach xac dinh duong kinh vong trc
ché (1Z) va pha loang dich trong méi trudng 1ong nham xac dinh nong d6 tc ché
t6i thiéu (MIC).
Chi tiéu phan tich. Pudng kinh ving e ché (mm), gia tri MIC (ug/mL).

Thi nghi¢m 3.3. Khao sat tac dong cua tiéu thy BLL dén hé vi sinh vat dudng rudt
trén mo hinh chuot.

Muyc tiéu. Panh gia anh hudng cua viéc tiéu thu BLL dén hé vi sinh duong
rudt chudt thong qua 1) Nuéi cdy vi khuan trén méi trudng thach xac dinh tong sd
vi khuan lactic acid (Lactic acid bateria - LAB) va tong s6 vi khuan hiéu khi
(Aerobic bacteria - AeB) trong mau phan; 2) Giai trinh tw gen 16S rDNA cua hé
vi sinh vat trong mau phan; 3) Panh gia tac dong cta tiéu thu BLL 1én chi sé sinh
1y chuot (chi $6 huyét hoc, mo hoc va trong lugng chudt)

B6 tri thi nghiém 3.3. Thi nghiém str dung tong cong 45 con chuét BALB/c
(8 tuan tudi, khoe manh, khong mang mam bénh), duoc chia ngiu nhién thanh ba
nhém xur 1y (n =5 mdi nhém, 13p lai ba 1an). Cac nhém bao gdm: nhom ddi ching
am (PCDC) duoc cho dn khau phan tiéu chuin va udng nudc cit; nhom PC150
duoc cho dn khiu phan tiéu chuin va bo sung BLL voi lidu 150 mg/kg thé
trong/ngay; va nhom PC300 dugc cho dn khau phan tiéu chuin va bd sung BLL
vé6i lidu 300 mg/kg thé trong/ngdy. Lidu lvgng BLL duoc lua chon tham khao tir
nghién ctru cia Phimphilai va cs. (2021) [39]. Thoi gian xtr 1y kéo dai trong 14
ngay lién tuc.

Tién hanh thi nghiém 3.3. Thi nghiém duoc tién hanh tuan thu theo hudng
dan cua Hoi déng dao duc Truong Pai hoc Y Duogc Can Tho (sé
25.002.GV.NT/PCT-HPDD). Trudc khi tién hanh, chudt duoc nudi thich nghi
trong cac 1ong nhua chuyén dung trong thoi gian mot tuan. Piéu kién méi trudng
nudi chudt duoc duy tri 6n dinh véi nhiét do 25 + 1°C, d6 4m twong ddi 55 + 10%,
va chu ky sang—tdi 12:12 gio (anh sang tir 7:00 dén 19:00) (Hinh 2.3). Trong sudt
thoi gian thi nghiém, chudt dugc cung cip day du nudc udng va thirc an hdn hop
dang vién tiéu chuan, khong han ché vé khau phan an theo huéng dan cua céac
nghién cuu trude do [127].
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Hinh 2.3. B6 tri thi nghiém chudt tiéu thu BLL

Sau thoi gian thich nghi mot tuan, chudt trong cac nhom xu 1y duoc cho
udng BLL bing phuong phap bom da day, str dung kim dau ti, voi dung dich da
pha lodng bang nudc cat (Hinh 2.4). Nhém ddi ching duoc cho udng nude cit
theo cach tuong tu. Thoi diém cho udng cb dinh lic 13:00 gio mdi ngay, trong 14
ngay lién tiép. Liéu luong BLL dugc hiéu chinh theo can ning chudt mdi ngay,
tuong ung khoang 3,3-3,5mg BLL/chudt/ngay (PC150) va 6,6-6,8 mg
BLL/chudt/ngay (PC300).
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Hinh 2.4. Chut cho uéng BLL bang kim déu tu
Trong luong co thé ciia chudt duge do tai hai thoi diém (ngay 0 va ngay 14
cta thi nghiém) nham dénh gia muc ting trong (weight gain) ciia ba nhom thi
nghiém.
Pé xac dinh mat s6 vi khuan LAB va AeB, mau phan duoc thu thap riéng

biét theo tirng 16ng nudi, voi ba 1an lip lai cho mdi nhém chudt thi nghiém.

Hinh 2.5. Thu nhian miu phan chujt

Pbi v6i phan tich thanh phan hé vi sinh vat dudng rudt bang k¥ thuat giai
trinh ty gen 16S rRNA, mau phan duoc thu thap theo phuong phéap gop, tic 1a thu
tir tirng c4 thé chudt, sau d6 gop theo nhom (n = 15 chudt/nhém) dé tao thanh mot
mau dai dién cho mdi nhom thi nghiém.

Mau phan duogc thu vao budi sang sau 14 ngay thi nghiém, ngay sau khi bai
tiét, bang cach nhe nhang nang chudt va thu gom tryc tiép phan tuoi vao dng falcon
v6 trung (Hinh 2.5). Cac 6ng chira miu duoc dan nhin diy du va bao quan ngay

& —80 °C cho dén khi tién hanh phan tich. Riéng phan mau dung cho nudi cdy vi
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sinh vét duoc xtr Iy trong vong 1 gio sau khi thu dé dam bao d6 séng va sb luong
vi khuan chinh x4c.Sau thoi gian thi nghiém, chudt dugc gy mé bang diethyl
ether dé 14y mau méu qua phuong phéap choc tim. Mau mau sau d6 dugc bao quan
& —80 °C dé phan tich cac chi $6 huyét hoc. Sau khi léy mau, chudt duoce két thic
bang phuong phap trat d6t sdng cd va thu miu rudt non dé tién hanh phan tich

hinh thai mo hoc.

So do thi nghiém 3.3
Lam quen Can thi¢
Ngiy -7 q 0‘ cp 14
PCDC Khéu phén n tiéu chuén + nudc cét
PC150 Khau phin an || Khéu phan an tiéu chuan + bjt 14 lia
tiéu chuin 150 mg/ke trong lugng co thé/ngay
PC300 Khau phan an tiéu chuan + bdt 14 laa

300 mg/kg trong luong co thé/ngéy

!

Trong lugng
Mau phan
M6 hoc va huyét hoc

Trong lugng

1/ Mt s6 vi khuén lactic acid va vi khuan hiéu khi trén méi truong thach
2/ Thanh phan vé’ cht'rq nang h¢ vi sinh vat duong rudt (16S rRNA)
3/ Chi s0 huyet hoc, mé hoc va trong lugng chudt

Hinh 2.6. So’ d6 thi nghiém 3.3

2.3. Cac phuong phap phéan tich
2.3.1. Ly trich dich 14 lua

Dich chiét 14 lta dugc thu nhin theo phuong phap ctua Tamprasit va cs.
(2019) vé1 mot sb diéu chinh [29]. L4 lua tuoi sau khi thu hoach dugc rira sach,
dé rao & nhiét do phong va cit thanh doan nho (0,2-0,5 cm). Mau duoc can 1 g,
nghién min va chiét bang 10 mL ethanol 80% (v/v). Hon hop chiét duoc loc qua
giéy loc Whatman s6 4. Dich loc sau d6 duoc ¢d quay chan khong ¢ nhiét do dudi
45 °C dé loai bo ethanol va tai dinh muc vé thé tich ban dau béng nude cat. Dich
chiét tho duoc bao quan ¢ -18 °C dé phuc vu cac phan tich tiép theo.
2.3.2. Phan tich ham lwong chlorophyll tong

Ham lugng chlorophyll dugc x4c dinh theo phuong phép cua Rajalakshmi
va Banu (2015) voi mot sé didu chinh [128]. Mot gram 14 1aa tuoi dugc cit nho,
nghién véi 40 mL ethanol 80% (v/v), sau d6 ly tAm & 6.000 vong/phut trong 5
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phut. Phan dich noi (supernatant) chita chlorophyll duoc thu lai, trong khi phan
can duoc tiép tuc trich ly bang ethanol méi. Qua trinh trich ly va ly tim dwoc lap
lai nhiéu 1an cho dén khi phan cin khéng con mau xanh. Céac dich chiét duoc gop
chung, str dung dé do d6 hap thu anh sang bang phd UV-Vis.

Dung dich chiét duoc do d6 hap thu tai hai budc song dic trung 1a 645 nm
(Asss) va 663 nm (Ass:), vGi miu tring 13 ethanol tuyét ddi. Do hap thu tai cac
budc song ndy phan anh ham luong cac sic td chlorophyll ¢ trong mau. Ham
lugng chlorophyll tong s6, chlorophyll a va chlorophyll b dugc tinh toan theo cac
cong thirc sau:

+ Chlorophyll téng (png/mL) = 20,2 X Asss + 8,02 X Asss

+ Chlorophyll a (ug/mL) = 12,7 x Asss — 2,69 X Asas

+ Chlorophyll b (pg/mL) = 22,9 x Aess — 4,68 X Ases
2.3.3. Phan tich ham lwong polyphenol tong

Ham luong polyphenol téng trong dich chiét 1a lta duoc xac dinh theo
phuong phap Folin—Ciocalteu c6 diéu chinh, dwa trén mo ta cia Tamprasit va cs.
(2019) [29]. M6t gram 14 laa tuoi duge cat nho, nghién trong cbi st va chiét bang
10 mL ethanol 80% (v/v). Dich chiét dugc ly tim & 6.000 vong/phit trong 5 phut
va phan dich n6i dugc thu dé phan tich.

Hon hop phan @mg gém 0,5 mL dich chiét, 2,5 mL thudc tht Folin—
Ciocalteu (pha loang 10 lan) va duoc u & nhiét d6 phong trong 5 phut. Sau do,
thém 2 mL dung dich Na2COs 1 M va dinh muc thé tich 1én 10 mL bang nudc cat.
Hdn hop dugc lic déu va u trong diéu kién t6i & nhiét d6 phong trong 90 phat. Do
hép thu quang duoc do tai budc song 750 nm bang may quang phd UV-VIS (Amax
=750 nm). Ham luong polyphenol tong dugc biéu thi dudi dang mg twong duong
gallic acid (GAE)/g 14 tuoi.

Cong thuce tinh: P = (a x k x V)/(1000 x m). Trong do: P: Ham lugng
polyphenol tong (mg GAE/g mau twoi); a: Nong dd polyphenol twong duong
gallic acid cia mau, xac dinh tir dudng chuan (ng/mL); V: thé tich toan bd dich
chiét (mL); m: Khéi luong mau 14 lga twoi (g); k: Hé s6 pha loang (néu co).

Xay dung dwong chudn gallic acid

Dung dich chuén gallic acid 1000 ppm duoc pha bing cach hoa tan 0,1 g
gallic acid vao ethanol va dinh mtrc 1én 100 mL. Sau d6, pha lodng thanh cac nong
do 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 va 100 pg/mL.

Mbi 0,5 mL dung dich gallic acid dugc tron véi 5 mL thube thir Folin—
Ciocalteu 10%, sau 5 phtt thém 4 mL Na.COs 1 M va dinh muc 1én 10 mL. Hon
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hop duoc giit trong diéu kién tdi trong 90 phut, sau d6 do d6 hap thy tai budc song
750 nm. Pudng chuan dugc xay dung tir dit liéu d6 hip thy va ndng d6 gallic acid
dé phuc vu viéc tinh toan polyphenol tong trong mau nghién ctru.

2.3.4. Xac dinh ty 1 ton that chlorophyll va polyphenol

Ty 1& t6n that chlorophyll va polyphenol duoc xac dinh dua trén su thay d6i
ham luong cua cic hop chat nay trude va sau khi xir Iy bat hoat enzyme (chan, vi
song, siéu am). Ham luong chlorophyll va polyphenol dugc xac dinh theo phuong
phép da mo ta tai Muc 2.3.2 va 2.3.3.

Gia tri ton that (%) duogc tinh theo cong thirc: Ty 1é ton that (%) = 100 —
[(Csaw/Ciruse) X 100]. Trong d6: Cuuse: Ham lugng hop chat (chlorophyll hodc
polyphenol) trong mau 14 truéc xtr Iy bt hoat enzyme (ng/mL hoic mg GAE/g);
Csau: Ham lwong hop chét (chlorophyll hodc polyphenol) trong mau 1a sau khi xu
ly bat hoat enzyme (ng/mL hodc mg GAE/g).

Két qua duoc biéu dién dudi dang ty 1é phan tram (%) ton that, phan anh muc
d6 bién d6i hodc hao hut ctia hop chat do tic dong cua ting phuong phap va thoi
gian xu ly.

2.3.5. Phan tich ham lwong flavonoid tong

Ham luong flavonoid tong trong dich chiét 14 lta duoc xac dinh theo phuong
phap cua Sen va cs. (2013) voi mot sb diéu chinh phu hop [129]. Mot mililit dich
chiét dugc cho vao éng eppendorf, sau d6 thém 1.000 uL nude cit va 200 pL dung
dich NaNO: 5%. Hon hop duge dé phan tng trong 5 phit ¢ nhiét &6 phong. Tiép
tuc thém 200 pL dung dich AICL: 10% va u tiép 6 phit. Sau d6, bd sung 2.000 uL
dung dich NaOH 1 M va 600 pL nudc cat dé dat tong thé tich 5 mL. Dung dich
thu duoc duoc tron déu va do do hép thu & budc song 510 nm bing may quang
phd UV-VIS. Ham lugng flavonoid tong duoc tinh toan dua trén duong chuan véi
quercetin trong khoang nong d6 10-100 pg/mL, két qua duoc biéu thi dudi dang
miligam tuong dwong quercetin (QE)/g mau twoi.

Cong thuc tinh: F = (¢ x k x V)/(1000 x m). Trong d6: F: Ham luong
flavonoid tong (mg QE/g mau); c¢: Nong d6 quercetin twong tmg trén dudng chuin
(ug/mL); V: Thé tich dich chiét (mL); m: Khdi luong mau twoi (g); k: Hé s pha
lodng (néu cd).

> Xay dung dwong chudn quercetin:

Dung dich chuin quercetin 1.000 ppm (pg/mL) dugc chuan bi bang cach hoa

tan 0,1 g quercetin vao ethanol va dinh mirc 1én 100 mL. Sau d6, pha loang dé thu

duoc cac nong do tir 0 dén 100 pg/mL. Mdi éng chuan duge xir Iy gidng nhu mau
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thir theo cac budc phan tng da mo ta & trén. Do hép thu dugc do tai 510 nm va
gia tri thu duoc duge sir dung dé xay dung dudng chuan quercetin, tir d6 tinh toan
ham luong flavonoid tong ctia mau nghién ctru.
2.3.6. Phan tich ham luwgng xo tan
Ham luong xo tan trong miu chiét dugc xac dinh dya trén phuong phéap két
tia ethanol lanh vi mot sd hiéu chinh [130]. Dich chiét 14 laa sau khi ly tim loai
bo can tho dugc tron véi ethanol tuyét ddi lanh (96%, ty I¢ 1:4, v/v), sau do u &
4°C trong 24 gid dé két tiia phan xo tan. Két tua thu duoc bang cach ly tim & 8.400
vong/phiit trong 30 phut. Phan két tia dugc thu gom, rira nhe bang ethanol 80%,
10i dem say & 55°C trong tii siy chan khong dén khi khdi lugng khong d6i. Khéi
lwong phan xo tan khé duge can va dung dé tinh ham lugng xo tan theo cong thic:
Ham luong xo tan (mg/g mau twoi) = (mi / mo) X 1000. Trong d6: mi: khoi
luong phan xo tan kho (g); mo: khdi lugng mau tuoi ban dau (g).
2.3.7. Xac dinh hoat tinh enzyme polyphenol oxidase

Hoat tinh ctia enzyme PPO dugc xac dinh bang phuong phap do quang phd
hép thu UV-Vis dya trén phan tmg oxy héa pyrocatechol thanh benzoquinone,
theo phwong phap cia Tram va cs. (2015), v6i mot s6 diéu chinh [131].

Chuan bi dich chiét enzyme: 10 g 13 lta tuoi duoc cat nho va nghién trong
cdi st lanh cung 50 mL dung dich dém phosphate 0,1 M (pH 7,5) ¢ bd sung 1%
(w/v) polyethylene glycol (PEG). Hon hop duoc khudy lién tuc trong 30 phut &
4°C trong t6i nham han ché qua trinh oxy hoa khoéng enzym va hd trg chiét
enzyme. Dich nghién duoc loc qua 16p vai min, sau d6 ly tAm ¢ 3.000 vong/phut
trong 10 phat & 4°C. Phan dich néi thu duoc 1a dich chiét enzyme thd, duoc bao
quan trén da lanh cho dén khi sir dung.

X4éc dinh hoat tinh PPO: Hoat tinh enzyme dugc do dua trén phan img oxy
hoa pyrocatechol (khong mau) thanh benzoquinone (mau vang nau), c6 cuc dai
hép thu tai 420 nm. H¢ phan ung gém 0,1 mL dich chiét enzyme, 0,9 mL dém
phosphate 0,1 M (pH 8,0) va 2,0 mL dung dich pyrocatechol 0,05 M. Phan tng
dugc thyc hién trong cuvet thach ¢ chidu dai quang hoc 1 cm & nhiét d6 phong
(25 + 1°C). Phan ung bat dau khi pyrocatechol dugc thém vao hdn hop va do hap
thu quang hoc (A) dugc theo ddi tai 420 nm bing may quang phd UV-Vis.

Hoat d6 enzyme duogc tinh toan theo dinh luat Lambert—Beer: A =¢ x C x |

Trong do: A: do hfip thu quang hoc do duoc tai 420 nm; €: hé sb hép thu mol
cua benzoquinone tai 420 nm Ia 24.300 M'cm™; C: néng dod benzoquinone tao
thanh (mol/L); 1: chiéu dai cuvet (1 cm).
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Don vi hoat tinh enzyme (IU) dugc tinh la lugng enzyme xtc tac tao ra 1
umol benzoquinone/phut, theo cdng thirc: IU = (C x 0,1 mL)/(3 mL x 107%)

Trong d6: C: ndng dd benzoquinone (mol/L); 0,1 mL: thé tich dich chiét
enzyme sir dung trong phan tng; 3 mL: tong thé tich hdn hop phan tng; 10°°: hé
sO quy dbi tir mol sang pmol.

2.3.8. Phan tich kha ning khir gbc tw do DPPH

Kha nang khu géc tw do DPPH cua dich chiét 14 Ita duoc xac dinh theo
phuong phap cta Thepthanee va cs. (2021) véi mot sé diéu chinh [8]. Cu thé, 1,5
mL dung dich DPPH 0,15 mM pha trong ethanol 95% dugc thém vao 1,5 mL dich
chiét 14 lua & cac nong do khac nhau. Hon hop duoc tron déu va i trong bong tdi
& nhiét d6 phong trong 30 phat. Do hap thu dugc do tai bude song 517 nm bang
may quang phd UV-Vis. Mtrc d6 khir gbc tw do DPPH dugc danh gia dya trén
phan tram tc ché va gia tri ICso.

Phan tram tc ché dugce tinh theo cong thirc: % e ché DPPH' = [(Achimg —
Awmiu)/Aching] X 100. Trong d6: Achimg: d6 hip thu cta dung dich chira DPPH va
ethanol (khong c6 mau); Amzu: d6 hip thu ctia hdn hop chia dich chiét va DPPH.

Gia tri ICso (ndng do dich chiét can thiét dé khir 50% géc DPPH*) duoc xac
dinh bang phuong phap ndi suy tir d thi phan trim tc ché theo ndong do dich chiét.

Xay dung dwong chuan Trolox: Dung dich Trolox chuan 1000 uM dugc pha
lodng dé tao thanh cac néng do: 0, 10, 20, 30, 40, 50 va 60 uM. Mdi ndng do
Trolox (1,5 mL) dugc phan tng véi 1,5 mL dung dich DPPH 0,15 mM. Sau 30
phut @ trong bong ti & nhiét d6 phong, do do hap thu tai 517 nm. Tir d6, xay dung
duong chuan va biéu thi két qua hoat tinh DPPH cua dich chiét theo don vi pmol
Trolox twong duong trén gam nguyén li€u tuoi (umol TE/g).

Chudn bi dung dich DPPH: Dung dich DPPH 0,15 mM dugc pha bang cach
hoa tan 0,0059 g DPPH trong 100 mL ethanol 96%.

Poi chitng Vitamin C: Vitamin C dugc pha ¢ ndong do goc 1.000 pg/mL trong
ethanol va tiép tuc pha lodng dé tao cac ndng do trong khoang 0—100 pg/mL. Céc
dung dich chuan nay st dung dé xay dung dudng chuan riéng cho cac phép do
DPPH, ABTS, FRAP hodc RP.

2.3.9. Phan tich kha ning khir géc tw do ABTS

Kha ning trung hoa gbc tuy do ABTS dugc xac dinh theo phuong phéap cua
Thepthanee va cs. (2022) voi mot s6 diéu chinh [25]. MAu thar gdm 20 pL dich
chiét 14 1a & céc néng do khac nhau dugc tron voi 180 uL dung dich ABTS da



43

chuan héa. Hon hop duogc u trong bong t6i ¢ nhiét dd phong trong 6 phut, sau d6
do d6 hép thu tai budc séng 734 nm bang may quang phd UV-VIS.

Kha ning bat trung hoa gbc ty do ABTS dugc tinh toan: % trung hoa
ABTS+ = [(Achimg — AMiu)/ Aching] X 100 %. Trong d6: Achimg: 0 hip thy cua
mau trang (khong c6 dich chiét); Amau: d6 hap thu ctia mau co dich chiét. Gia tri
ICso (ndng do dich chiét trc ché 50% ABTS) duoc xac dinh thong qua dudng cong
hdi quy phi tuyén gitra ndng do6 mau va % e ché. Ascorbic acid dugc st dung
lam d6i ching chuan dé so sanh hoat tinh chdng oxy hoa.

Chudn bi dung dich ABTSe*: tron 7 mM ABTS voi 2.45 mM potassium
persulfate (K2S20s) theo ty 1& thé tich 1:1. Hon hop dugc dé phan tng trong tdi ¢
25°C trong 12-16 gid, cho phép hinh thanh 6n dinh géc ABTS+*. Sau d6, dung
dich ABTSe<* dugc pha loang bing ethanol hodc nudc cit dén khi c6 do hép thu
tai 734 nm dat 1.00 £ 0.02. Dung dich ABTSe* sau khi chuin hoéa c6 thé 6n dinh
trong toi & 4°C trong vong 48 gid.

2.3.10. Phén tich nang luc khir (RP)

Kha nang khtr (Reducing power - RP) dugc thuc hién theo phuong phap
ctia Sobuj va cs. (2021), v6i mot s6 diéu chinh [132]. Quy trinh tién hanh nhu sau:
500 puL dich chiét & cac néng do khac nhau duoc tron véi 500 uL dung dich dém
phosphate (0,2 M, pH 6,6) va 500 uL dung dich potassium ferricyanide
[KsFe(CN)s] 1% (w/v). Hon hop dugc u trong diéu kién t6i & 50°C trong 20 phit
dé xay ra phan tmg khtr Fe** thanh Fe?*. Sau d6, thém 500 pL dung dich
trichloroacetic acid 10% (w/v) dé ding phan tng, ly tim & 3000 vong/pht trong
10 phat. Tiép theo, 500 uL 16p dich phia trén duoc thu ly, trén véi 500 pL nudc
cat va 100 pL dung dich FeCls 0,1% (w/v). Phan tng gitta Fe?* va FeCls tao thanh
phtrc chat mau xanh lam, c6 kha ning hip thu anh sang & budc séong 700 nm. Do
hép thu (A7) duoc do bang may quang phd UV-VIS, phan anh mic do chuyén
hoa Fe** — Fe?* va do d6 thé hién kha nang khtr sit cuia mau. Hoat tinh khur sét
duoc biéu thi bang gia tri ICso (Reducing Power ICso): 13 nong d6 dich chiét can
thiét dé dat 6 hap thu 0,5 tai 700 nm, xac dinh bang phuong phap ndi suy tuyén
tinh tir duong cong ndng dd — Azo. Vitamin C duoc st dung 1am chét chuan duong
dé so sanh hiéu qua khir gitra cac mau.

2.3.11. Phan tich kha niing khir sit (FRAP)

Kha niang khur sat (Ferric Reducing Antioxidant Power - FRAP) ciia dich
chiét 14 lta duogc xac dinh theo phuong phap ciia Chomchan va cs. (2016), voi mot
sd diéu chinh [6]. Quy trinh thuc hién: Tron 1000 pL dung dich thudc thir FRAP
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v6i 50 uL dich chiét 14 aa, lic déu va t & 37°C trong bong téi trong 30 phut. Sau
d6, do do hap thu ciia hdn hop tai bude song 593 nm bang may quang phd UV-
VIS. Hoat tinh FRAP dugc biéu thi qua gié tri ICso, 1a ndng d6 dich chiét can thiét
dé dat do hép thu 0,5 tai budc song 593 nm. Gia tri nay dugc xac dinh béng noi
suy tuyén tinh tir dudng cong quan hé giira ndng do dich chiét va 6 hip thu quang
hoc.

Chuan bj thudc thit FRAP: Thudc thirt FRAP duoc pha tuoi ngay trude khi
sir dung bang cach tron theo ty 1¢ thé tich 10:1:1 gdm: 300 mM acetate buffer (pH
3.6), 10 mM TPTZ trong 40 mM HCI va 20 mM FeCls. Cac thanh phan duogc
chuan bi nhu sau: Acetate buffer (300 mM, pH 3.6): Hoa tan 24.6 g CH:COONa
trong khoang 800 mL nudc cat, diéu chinh pH bang CH:COOH 99.5% (~30 mL),
dinh mtrc 1é€n 1 L. Bao quan ¢ 4°C. Dung dich HC1 40 mM: Pha 3.38 mL HCIl dam
dic (37%) vao nude cat va dinh mic 1 L. TPTZ 10 mM: Hoa tan 0.0312 g TPTZ
trong 10 mL HCI 40 mM, dun nhe & 50°C néu can thiét. FeCls 20 mM: Hoa tan
0.0324 g FeCls trong 10 mL nudc cat.

2.3.12. Phén tich thanh phan hop chit bing GC-MS/MS

Phén tich thanh phan hoa hoc cua dich chiét 14 lua duoc thuc hién bang
phuong phép sic ky khi ghép khéi phd (GC-MS/MS), véi mét sb diéu chinh dya
theo quy trinh mo ta bai Salleh va Khamis (2021) [133]. Hé thong sic ky khi ghép
khéi phd 7890B-7000C (Agilent, Hoa Ky) duoc str dung két hop véi cot mao quan
Agilent 122-5532G (40 m x 250 um % 0,25 pum), str dung khi helium lam khi mang
véi toc do dong 1,2 mL/phat. Mau (1 pL) dugc tiém vao budng tiém & nhiét do
280°C theo ché d¢ chia dong (split mode) véi ty 1& chia 25:1, luu lugng dong chia
1a 30 mL/phut va luu lugng dong thanh loc (purge flow) duy tri & mirc 3 mL/phtt.
Ap suit hé thdng duogc thiét 1ap & 15 psi, téc d6 di chuyén trung binh cua khi mang
13 34,908 cm/gidy. Chuong trinh nhiét d6 10 cot duoc thiét 1ap nhu sau: bat dau tir
70°C, tang 25°C/phut dén 150°C; tiép tuc ting 10°C/phut dén 200°C; sau d6 ting
15°C/phuat dén 280°C va giir trong 5 phat. Tong thoi gian phén tich 1a 54 phit.
Pho khdi dugc ghi nhan & ché do ion hoa bang dién tir (EI) véi nang luong ion
hoa 70 eV. Cac hop chit dugc dinh danh thong qua viée so sanh phd thu dugc véi
co s& dir liéu phd trong thu vién NIST-MS 05 va Wiley GC-MS 2007.
2.3.13. Phén tich thanh phan hop chat bing HPLC

Pinh luong cac hop chét polyphenol nhom catechin trong BLL duoc thuc
hién theo phuong phap mé ta boi Zielinski va cs. (2015), v6i mot sd diéu chinh
[134]. BLL dugc hoa tan trong methanol 80% theo ty 1¢ thich hop (100 mg/10
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mL), siéu 4m 20 phut va ly tim & 8000 vong/phut trong 10 phat. Dich chiét thu
duogc dugc loc qua mang loc syringe nylon 0,22 pm (Millipore, Brazil) trude khi
phan tich. Mot thé tich 20 uL mau dugc tiém vao hé théng HPLC Alliance E2695
(Waters, Hoa Ky), dugc két ndi véi dau do diode array detector (DAD) PDA 2998
(Waters, Hoa Ky), c6 tich hop bom bac bon va bd léy mau ty dong, tdc do dong:
1,0 mL/phut. Phan tach sdc ky dugc thuc hién trén cdt InertSustain C18 (4,6 mm
x 150 mm, kich thudc hat 5 um; Waters, Hoa Ky) & nhi¢t do cot duy tri & 30°C.
Pha dong bao gém dung mdi A (phosphoric acid 0,1%, v/v) va dung moi B
(methanol), voi chuong trinh gradient nhu sau: 1-10% B (0-2 phut), 10-50% B
(2-30 phut), 50-80% B (30-35 phut), sau d6 tién hanh rira va tai cAn bang cot.
Téc d6 dong duge duy tri & 1,0 mL/phtt. Tong thoi gian phén tich 1a 40 phut.
Budc song phat hién: 280 nm, phu hop dé phat hién cac hop chit nhém catechin.
Ph6 UV duge ghi nhan trong khoang 200-400 nm dé hd tro dinh danh. Viéc nhan
dién cac hop chat duoc thuc hién bang cach so sanh thoi gian luu (Rt) va phd hap
thu UV v&i cac chuan gde: catechin, EGCG va ECG. Pudng chuan dugc xay dung
tir dung dich chuan c6 ndng d6 1-100 pg/mL. Pinh lugng duoc thuc hién bang
phuong phap ngoai chuén, véi dudng hdi quy tuyén tinh va cac chi sb: thoi gian
lwu, gidi han phat hién (LOD), gi6i han dinh lugng (LOQ), hé sb tuong quan (R?)
dugc tinh cho ting hop chat.
2.3.14. Phwong phap khuéch tin trén giéng thach

Phuong phép khuéch tan giéng thach duoc thuc hién theo Syeda va
Riazunnisa (2020) v6i mot s6 diéu chinh [135]. Mdi dia thach dugc chuan bi bang
cach trai déu 100 pL huyén dich vi sinh vét (vi khuan hodc nam) 1én bé mat moi
truong thach thich hop: méi trudng LB ddi voi vi khuan va méi truong Sabouraud
dextrose (SD) ddi v&i ndm. Sau khi dé kho ¢ diéu kién vo tring trong 15 phut, tién
hanh duyc cac giéng thach c6 dudng kinh 6 mm trén bé mit dia. Sau do, nho 50 pL
dich BLL d4 pha lodng & cic ndong do khac nhau (hodc dung dich dbi chtng) vao
ting giéng. Pia duoc 1 ¢ 37°C trong 24 gid. Mdi nghiém thirc duoc thyc hién véi
ba lan lip lai. Hoat tinh khang khuan hodc khang ndm duoc danh gia thong qua su
xudt hién ctia vong trc ché (IZ) xung quanh giéng. Pudng kinh vong trc ché (mm)
dugc xac dinh theo cong thirc: Puong kinh vong e ché (mm) = Pudng kinh toan
b6 vong vo khuan — Puong kinh giéng thach. Viéc do dudng kinh dugc thyc hién
bang thudc do thang chinh xac.
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2.3.15. Phwong phap xac dinh ndng d$ e ché ti thiéu (MIC)

Nong do trc ché tdi thiéu (Minimum inhibitory concentration - MIC) cta
BLL duoc xac dinh bang phuong phap pha lodng dich trong mdi truong long, dua
theo Berkow va cs. (2020) v6i mot s6 diéu chinh [136]. BLL dugc pha lodng trong
DMSO 30% dé tao diy ndng do: 500, 1000, 2000, 4000 va 8000 pg/mL. Huyén
phu vi sinh vat dugce chuan hoa theo chuan McFarland 0,5 (ODeoo = 0,08-0,10),
tuong ing voi mat sé 1-1,5 x 108 CFU/mL ddi véi vi khudn va 1-5 x 105 CFU/mL
d6i voi ndm men. Mdi dng thir chtra tong thé tich 10 mL, bao gom 8 mL moi
truong nudi cay (LB cho vi khuan, SD cho ndm), 1 mL dich huyén phu vi sinh vat
va 1 mL dung dich BLL & cac ndng d6 twong tng. Cac éng ddi chimg duogc bb tri
nhu sau: (a) ng chi chira méi trudng (khong c6 BLL va vi sinh vat); (b) éng chira
moi trudng va vi sinh vat (khéng c6 BLL); (c) éng chira moi truong va BLL
(khong c6 vi sinh vat). Ampicillin (100 pg/mL) va metronidazole (100 pg/mL)
duoc str dung twong tng lam d6i chting dwong cho vi khuan va nim. Tt ca cac
6ng duoc i & 37°C trong 24 gid. Sau thoi gian U, 6 duc cia mau duogc do bz"mg
may quang phé UV-VIS tai budc séng 600 nm ddi véi vi khuan va 530 nm ddi
v6i ndm. Ty 1¢ phan trim tc ché sinh trudng dugc tinh theo cong thirc: % e ché
= [(ODvk+mtr+BLL — ODMur+BLL)/(ODvk+mTr — ODmrr)] % 100. Trong d6, VK = vi
khuan, MTr = méi trudng, BLL = Bot 14 lta. Nong do trc ché t6i thiéu (MIC) duoc
ghi nhan 1a ndng 6 BLL thap nht c6 kha ning tc ché hoan toan su phét trién cua
vi sinh vét, thé hién qua vi¢c khong co sy tang OD so véi doi chimg am. Moi
nghiém thuc dugc 1ap lai ba lan.
2.3.16. Phwong phap xac dinh mat s6 vi khuin LAB va AeB

Mt s vi khuan LAB duoc xac dinh bang cach nudi ciy trén méi trudong
thach MRS ¢6 bd sung CaCOs 1% (w/v), trong khi vi khudn AeB duoc nudi cdy
trén moi truong thach Luria-Bertani (LB). Quy trinh thuc nghiém dugc tham khao
va diéu chinh tir Berendika va cs. (2022) va Pradini va cs. (2024) [137,138].

Chuén bi miu: Khoang 30 mg miu phan chudt duoc can va cho vao 1 mL
dung dich NaCl 0,85% (w/v), sau d6 lic vortex trong 30 gidy dé phan tan déu.
Dich phan thu dugc duoc pha lodng tuan ty bang dung dich NaCl 0,85% dé tao
diy ndng d6 pha lodng tir 10~ dén 107"

Nudi cdy va & mau: Ttr mdi murc pha lodng, 14y 100 uL dich mau trai déu
1én bé mat dia thach: MRS + 1% CaCOs agar cho vi khuan LAB; LB agar cho vi
khuan AeB. Tét ca cac dia dugc u trong diéu kién hiéu khi & 37°C trong 24 gio.

Sau thoi gian 1, cac khuan lac dugc dém bang mat thudng.



47

Cong thire tinh mat do vi sinh vat: A = N/(niVf1 + ... + n;Vfy). Trong do:
A: Mat dd vi khuan (CFU/mL); N: Téng s6 khuan lac dém dugc trén cac dia da
chon; V: Thé tich mau; ni: S6 luong dia & mirc pha lodng thir i; fi: Hé s pha lodng
tuong ung cua dia i.

Biéu dién va xu 1y két qua: Két qua duoc biéu dién dudi dang logarit co sb
10 ctia s6 don vi hinh thanh khuén lac trén méi mL dich nuéi cdy (logio CFU/mL).
Mbi mau duoc thyc hién song song ba dia va lip lai ba lan (n=23).

Luu y: Mbi truong LB 13 méi truong khong chon loc, cho phép phat trién
cac nhom vi khuan hiéu khi, ky khi tiy nghi va ky khi khong bat budc; do do, két
qua AeB phan 4dnh tong mat s vi sinh vat c6 kha nang phat trién trong diéu kién
hiéu khi.

2.3.17. M&i trweong sir dung nudi cdy vi sinh vat

Hai loai méi trudng duoc sir dung trong nghién ctru gdm MRS agar bd sung
CaCOs 1% (w/v) cho vi khuan LAB va LB agar cho tong s6 vi khuan AeB nubi
cdy dugc trong diéu kién hiéu khi [137]. Ngoai ra, mdi trudng LB ciing dugc ding
dé tang sinh khéi cac chung E. coli, P. aeruginosa va S. aureus. Dbi v6i nam C.
albicans st dung moi truong Sabouraud dextrose (SD) dua trén cong thirc cua
Lodovico va cs. (2023) [139].

Thanh phan mai truong MRS + CaCOs (1%) gém: peptone (20 g), yeast
extract (5 g), natri clorua (NaCl, 10 g), dextrose (20 g), sodium acetate (5 g),
ammonium citrate (2 g), disodium phosphate (2 g), Tween 80 (1 g), magnesium
sulphate (0,10 g), manganese sulphate (0,05 g) va calcium carbonate (5 g), 15-20
g agar/L, pha trong 1000 mL nudc cat, pH 7,0 + 0,2. Méi trudong dugc khir tring
bang ndi hip nhiét w6t & 121°C, ap suit 1 atm trong 20 phat. Sau khi d6 dia, moi
truong ¢6 mau tring duc. Sy hinh thanh vong tan CaCOs xung quanh khuén lac
dugc st dung 1am chi thi nhan biét cac chung LAB sinh acid.

Moi trudng Luria-Bertani (LB) gdm: peptone (10 g), yeast extract (5 g) va
NaCl (10 g), 15-20 g agar/L, pha trong 1000 mL nudc cat, véi pH duge diéu chinh
7,5+ 0,2. Sau d6, khir tring hdn hop méi trudng & 121°C, ap suat 1 atm trong 20
phut.

Moi truong SD gdm: dextrose (40 g) va peptone (10 g) trong 1000 mL nudc
cat, pH dugc diéu chinh 5,6-6,0 + 0,2. M6i trudng duoc khir tring & 121°C trong
20 phut, va khi can nuéi ciy trén méi trudng ran, agar duoc bd sung & ndng do
15-20 g/L.
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2.3.18. Xét nghiém huyét hoc

M3Au mau toan phan (1 mL) dugc thu thap bang phwong phéap choc tim (sau
gay mé). Sau khi c¢d dinh chudt ¢ tu thé ngira, kim tiém vo trung dugc dua qua
khoang lién sudn tht tw — nam, hudng vé phia mom tim dé hut mau truc tiép tir
budng tim. Lwong méu thu duoc duge chuyén ngay vao dng nghiém co6 chia chat
chéng dong EDTA va nhe nhang dao tron dé tranh hién tuong déng mau.

MAu mau sau d6 dugc phan tich ngay dé danh gia cac chi s6 huyét hoc, bao
gém sd luong hong cau (RBC), bach cau (WBC), tiéu cau (PLT), néng do
hemoglobin (Hb), hematocrit (HCT), thé tich trung binh hong ciu (MCV), nong
d6 hemoglobin trung binh (MCH), phan bd kich thuéc té bao (RDW) va cac chi
sd huyét hoc lién quan, bang may phan tich huyét hoc tu dong 3 thanh phan
(YRO5123, Kalstein, Phap).

2.3.19. Phén tich hinh thai mo6 hoc ru¢t non

Quy trinh nhuom mo6 dugc thuc hién theo phuong phép ctiia Sun va cs.
(2024) vé1 mot s6 diéu chinh [140]. Mau rudt non dugc rira nhe béng dung dich
dém phosphate (Phosphate buffered saline - PBS) dé loai bo dich thira, sau d6 c6
dinh trong dung dich paraformaldehyde 4% (v/v) ¢ 4 °C trong 24 gio0.

Sau ¢b dinh, miu m6 duoc khir nude qua day ethanol tang dan (70%, 80%,
90%, 95% va tuyét d6i), 1am trong bang xylene va dac vao paraffin. Cac khéi
paraffin dugc cat thanh 14t mong day 5 um bang mdy vi cat quay (Leica RM2125
RTS, burc).

Céc phién mé sau d6 dugc loai bo paraffin bang xylene, ngdm nudc trd lai
qua diy ethanol giam dan va nudc cit, sau d6 nhudém hematoxylin trong 5-10
phut, rira bang nudc, tiép tuc nhudém eosin trong 1-3 phut.

Sau nhudém, phién dugc khir nudc, lam trong bing xylene va gan lamen
bing nhua gan chuyén dung. Quan sat mé hoc duogc thuc hién dudi kinh hién vi
quang hoc (Olympus CX23, Nhat Ban) két hop hé théng camera tich hop dé chup
anh va phan tich hinh thai.

2.3.20. Phuwong phap gidi trinh tu gen 16S rRNA

Thu thdp va bdo qudan mdu: Mau phan chudt (0,3-0,5 g) duoc thu tai cac
thoi diém dinh sin cho vao dng ly tam v tring 2 mL va bao quan ¢ —80 °C cho
dén khi phan tich.

Cac quy trinh phén tich hé gen 16S rRNA duoc thyuc hién boi Cong ty Co

phan Phu Sa Genomics.
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Chiét xudt va dinh lirong DNA: Khoang 200 mg maiu duoc str dung dé chiét
DNA tong sb bang bo kit QIAamp Fast DNA Stool Mini Kit (Qiagen, Hoa Ky)
theo hudng din nha san xuét. Nong d6 va do tinh sach DNA duoc kiém tra bing
Qubit 4.0 fluorometer két hop Qubit dsDNA HS Assay Kit (Thermo Fisher
Scientific, Hoa Ky) [141].

Khuéch dai gen dich va xdy dung thuw vién: Ving V3-V4 ciia gen 16S rRNA
duoc khuéch dai bang PCR véi cap moi phd bién: Moi xudi (Forward) 5°-ACTC
CTACGGGAGGCAGCAG-3’ va moi ngugc (Reverse) 5’-GGACTACHVGGGT
WTCTAAT-3’. Quy trinh chay PCR gdém 2 vong:

- PCR vong 1: 1 chu ky khoi dau 94 °C/3 phat; 14-16 chu ky gom

94 °C/30 gidy, 53 °C/30 gidy, 72 °C/30 gidy; két thuc 72 °C/5 phiit.
- PCR vong 2: 1 chu ky khoi dau 94 °C/3 phat; 10-12 chu ky gom
94 °C/10 gidy, 60 °C/30 gidy, 72 °C/15 gidy; két thuc 72 °C/5 phiit.

San pham PCR (~460-600 bp) dugc kiém tra bang dién di gel agarose
1,5%, tinh sach bang AMPure XP beads (Beckman Coulter, Thuy S7) va rira giai
trong nudc khong chira DNase. DNA thu vién duoc dinh luong béng QuantiFluor-
ST (Promega, Hoa K¥) va kiém tra chat luong bang qPCR str dung KAPA Library
Quantification Kit for Illumina (ndng do yéu cau >0,3 nM) [142].

Giai trinh tw va xw ly dir lieu: Thu vién dat yéu cau duoc gidi trinh ty trén
hé thong Ilumina MiSeq (Illumina, Hoa Ky) v6i ché d6 paired-end 2 x 250 bp
(muc tiéu >100.000 lan doc (reads)/miu). Dit liéu FASTQ dugc xtr Iy bang
QIIME2, pipeline DADA?2 dé loc 16i doc va xdy dung amplicon sequence variants
(ASV). Trinh tu dugc phan loai bang phuong phép classified-consensus-blast v&i
co s& dit lidu SILVA SSURef v138. Céc reads kém chét luong (Q<20, do dai
<100 bp) va adapter duogc loai b bang Cutadapt 2.10 [127].

Phan tich da dang va du dodn chirc nang: Pa dang alpha (ACE, Shannon,
Simpson, Faith’s PD), da dang beta (PCoA dua trén Bray-Curtis) dugc tinh toan
dé danh gia d6 sau trinh ti va phong phu loai. Du doan chirc nang vi sinh vét duoc
thuc hién béng PICRUSt2 v2.5.3, tao hd so chirc nang gém KEGG Pathways
(MetaCyc), KEGG Orthology (KO) va Enzyme Commission (EC) [143].

2.3.21. Phwong phap xir Iy s6 liéu

Dit liéu tho duoc tién xur 1y va tinh toan cac chi sé thong ké mo ta (gia tri
trung binh, @6 1éch chudn) bang Microsoft Excel. Phén tich phuong sai (ANOVA)
duoc thuc hién trén phﬁn mém Statgraphics Centurion 18, két hop kiém dinh hau

nghiém Duncan dé so sdnh sy khac biét gitta cac nghiém thirc vé1 muc y nghia
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p<0,05. Ngoai ra, phan mém XLSTAT duoc sir dung cho cic phan tich da bién,
bao gém phan tich thanh phan chinh (PCA), phan tich phan cum (CA) va phan

tich twong quan Spearman (R) nham danh gia mdi quan hé gitra cac bién.
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Chuwong 3. KET QUA VA THAO LUAN

3.1. Anh huéng thoi gian sinh truéng va diéu kién anh sang dén cac hop chat
va hoat tinh chong oxy hoa trong 14 ltia non
3.1.1. Anh hwéng thoi gian sinh truéng va diéu kién anh sang dén cac hop
chit va hoat tinh chong oxy hoa trong l4 lia non
3.1.1.1. Ham lwong chlorophyll tong
Chlorophyll 12 sic t6 quang hop chinh, dong vai tro thiét yéu trong hap thu
anh sang va chuyén hoa vat chat ¢ thuc vat. Ham lugng chlorophyll trong 14 lua
bién dong theo gidng, mua vu va giai doan sinh truéng [144]. Dua vao hinh 3.1,
ham lugng chlorophyll tong cia sau gidng la ting dan tir tuan 1 dén tudn 5, sau
d6 giam nhe ¢ tuan 6. Cu thé, gia tri chlorophyll tong dao dong tir 1147,59 dén
1391,90 pg/g 1a. Giéng HLA dat dinh & tuan 3 (1332,48 pg/g 13); NTL IR504 va
TNG dat cao nhét ¢ tudn 5; riéng giéng HRO ghi nhan gié tri cao nhat trong toan
b thi nghiém ¢ tuan 4 (1391,90 pg/g 1) nhung ¢6 mirc giam manh nhat ¢ tun 6
(1202,76 pg/g 14). Phén tich thong ké ghi nhan tun 4 va 5 1a giai doan ti wu chira
lwong chlorophyll tong cao nhat (p>0,05 giita hai tudn nay, Bang P1.1.1).
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Hinh 3.1. Ham luwgng chlorophyll tong trong l4 lia theo thoi gian sinh truéng

Xét theo giéng, ham luong chlorophyll tong c6 su khac biét y nghia théng
ké (p<0,05), ngoai trir IR504 va NTI (p>0,05). Nhom giéng IR504, NTI va HLA
c6 ham lugng cao hon so véi HRO, NTH va TNG.
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V& anh hudng cua che sang, diéu kién khong che va che mot 16p 1udi gitip
duy tri chlorophyll tong cao hon dang ké so véi che hai 16p ludi (p<0,05, Bang
3.1). Trong d6, HLA, NTI va IR504 cho gi4 tri cao nhat khi khong che sang. Duéi
mot 16p ludi, chlorophyll tang nhe & HRO, IR504 va NTH, nhung gidm nhe & cac

giéng con lai. TNG c6 ham luong thfip nhét & ca ba diéu kién, dic biét trong diéu

kién che hai 16p ludi.
Bang 3.1. Ham luong chlorophyll tong (ng/g 14) trong 14 lia theo diéu kién
che sang
Giong lua  Khong che siang Mot 16p lwdi Hai 16p lwoi
HLA 1360,58°+108,88 1347,82°4+85,92 1099,46°+58,12

HRO 1288,293+113,73 1295,473+128,11 1069,63°+£123,18
IR504 1312,137¢+£93,32 1320,15%+86,33 1110,52°+78,47

NTH 1267,323+4923 1291,79%+69,03 1057,23%+85,14
NTI 1331,83+105,25 1317,35%+77,19 1099,64°4+91,61
TNG 1258,32%+£80,36 1256,84%+82,38 1017,512+£84,24
CV% 7,02 6,76 8,09

Ghi chu: Cac gid tri trong bang la gia tri trung binh = SD. Cac chit cai khdc nhau
trén dau cét thé hién sw khdc biét c6 y nghia thong ké giita cdc giong lia trong
cung mét diéu kién che sang (p<0,05).

Nhu vay, ham luong chlorophyll tong bi anh hudng manh boi diéu kién anh
sang. Diéu kién thiéu anh sang qua muc (che hai 16p ludi) 1am giam téng hop
chlorophyll, phan anh sy phu thudc cia qua trinh quang hop vao anh sang. Tom
lai, thoi diém thu hoach téi vu 13 tuan 4-5, dic biét ¢ cac gidbng HLA, IR504 va
NTI trong trong diéu kién khong che sang.
3.1.1.2. Ty I¢ chlorophyll a/b

Ty 1& chlorophyll a/b phan 4nh sy can bang gitta hai dang sic t6 quang hop
chinh va thay d6i theo giai doan sinh truong cling nhu dic tinh gidng (Hinh 3.2).
Trong ba tudn dau, ty 1é ndy bién dong tuy theo gidng: IR504 ting rd rét tir 0,45
1én 0,62 trong tuan 1-2, trong khi NTH va NTI duy tri 6n dinh. Giéng HRO dat
ty 1& cao nhit vao tuan 2 (0,71), khac biét c6 y nghia thong ké so véi cac gidng
khac (p<0,05, Bang P1.1.2). Nhin chung, cac giong NTH, HRO va TNG c6 ty 18
chlorophyll a/b cao hon dang ké (p<0,05).
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Hinh 3.2. Ty 1€ chlorophyll a/b trong la lItia theo thoi gian sinh truéng

Ty 18 chlorophyll a/b giira cac diéu kién che sang khac nhau khac biét khong
c6 ¥ nghia thong ké (p>0,05) (Bang 3.2 va P1.1.2). Tuy nhién, trong cac diéu kién
khong che sang va che sang bang mot 16p ludi, ty 1& chlorophyll a/b biéu hién sy
bién thién giira cac gidng lua.

Vé anh hudng cua diéu kién che sang, phan tich cho thiy ty 1é chlorophyll
a/b khong khac biét co ¥ nghia thong ké giita ba diéu kién (p>0,05), nhung c6 sy
bién thién rd rét giita cac giéng trong timg diéu kién cuy thé.

Bang 3.2. T¥ 1¢ chlorophyll a/b trong l4 ltia theo diéu kién che sing

Giong lia  Khong che sang* Mot 16p lu6i* Hai 16p lwoi™
HLA 0,5112+0,09 0,567%°+0,07 0,609+0,05
HRO 0,6629+0,16 0,593°+0,07 0,591+0,03
IR504 0,5762>¢+0,09 0,5693°+0,10 0,581+0,06
NTH 0,588%+0,06 0,5762°+0,05 0,590+0,07
NTI 0,524%+0,05 0,5392+0,05 0,575+0,06
TNG 0,605%4+0,07 0,598°+0,05 0,615+0,08
CV% 14,79 11,34 9,82

Ghi chu: Cac gia tri trong bang la gia tri trung binh £ SD. *: Cdc chir cai khac
nhau trén dau cot thé hién sw khdc biét ¢é y nghia thong ké trong ciing mét diéu
kién che sang (p<0,05). ns: Trong cung mot cot khong co sw khac biét co y nghia
thong ké (p>0,05).
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Trong diéu kién khong che sang, HRO c6 ty 18 chlorophyll a/b cao nhat
(0,66), con HLA thap nhat (0,51), v&i su khac biét co y nghia thong ké (p<0,05).
Tuong tu, & diéu kién che sang mot 16p ludi, gidng HRO va TNG van duy tri ty
1& cao hon so v6i NTI (p<0,05). Tuy nhién, & diéu kién che sang hai 16p luéi, su
khac biét giita cac gibng khong con y nghia thong ké (p>0,05).

Xét theo muc do che sang, ty 1¢ chlorophyll a/b cao nhét trong diéu kién
che sang hai 16p luédi, tiép theo 1a khong che sang, va thap nhat & diéu kién che
sang mot 16p luoi.

Tom lai, ty 1€ chlorophyll a/b chiu anh huong boi giai doan sinh trudng,
diéu kién chiéu sang va gidng laa. Trong moi diéu kién, chlorophyll a c6 xu hudng
thap hon chlorophyll b, phan anh chién lugc thich Gmg cua cay voi cuong do anh
sang khac nhau trong moi truong tréng trot.
3.1.1.3. Ham lwong polyphenol tong

Tuong tu chlorophyll, ham lugng polyphenol tong trong 1a laa bién dong
theo thoi gian sinh trudng va khac biét gitta cac gidng (Hinh 3.3). Nhin chung, gia

tri polyphenol tong c6 xu huéng ting tir tudn 1 dén tuan 5, sau d6 giam nhe vao

tuan 6.
—+—HLA -#-HRO IR504 NTH —~NTI -e-TNG
o O
g
= 5
=
=
7
R
=3
on
E5
e 2
=
=
= 1
E
0 T T T T T T 1
0 1 2 3 4 5 6 7
Thoi gian sinh trudng (thang)

Hinh 3.3. Ham luong polyphenol tong trong 14 lia theo thoi gian sinh truéng

Cu thé, gidng IR504 dat ham lugng cao nhét vao tuan 5 (5,07 mg GAE/g 14),
tiép theo 1a TNG (4,59 mg GAE/g 13) va NTH (4,31 mg GAE/g 13). Nguoc lai,
gidng HLA dat dinh sém hon vao tuan 3, trong khi NTI va HRO ghi nhan mirc
cao nhat vao tudn 6 (twong ung 4,38 va 3,88 mg GAE/g 14). Phan tich thong ké
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cho thay su khéac biét c6 ¥ nghia giira cac thoi diém (p<0,05), trir tudn 4 va tudn 6
(p>0,05). Trong sb cac giéng, IR504 ghi nhan ham lugng polyphenol tong cao
nhat, v6i sy khac biét c6 y nghia gitta cac gidng va cac tuan (p<0,05) (Bang
P.1.1.3).

Ham luong polyphenol tong chiu anh hudng 16n boi diéu kién che sang
(Bang 3.3). Trong diéu kién khong che sang, ham lugng polyphenol cao nhét
(5,21-6,09 mg GAE/g 14). Khi che bang mot 16p ludi, gia tri ndy giam khoang
50% (3,12-3,97 mg GAE/g 13), va giam manh nhét khi che hai 16p ludi (1,78—
2,54 mg GAE/g 14). Phan tich théng ké xac nhan sy khac biét rd rét giira cac diéu
kién (p<0,05), trong d6 khong che sang cho gié tri cao nhat.

O diéu kién khong che sang, giong NTH va NTI dat ham lugng polyphenol
téng cao nhét (6,09 va 6,07 mg GAE/g 14), cao hon c6 ¥ nghia so véi cac gidng
khac (p<0,05). Gibng HRO c6 gia tri thap nhat (5,21 mg GAE/g 14). Trong diéu
kién che sang bang mot 16p va hai 16p ludi, IR504 tiép tuc thé hién uu thé véi ham
luong lan luot 1a 3,97 va 2,54 mg GAE/g 14, cao hon dang ké so vdi cac giéng
khéc (p<0,05).

Bang 3.3. Ham lwong polyphenol tong (mg GAE/g 13) ciia 14 lua theo diéu

kién che sang

Giong lua Khong che sang Mot 16p lwdi Hai 16p lwoi
HLA 5,6520+0,90 3,18%+0,36 1,782+0,42
HRO 5,212+0,58 3,122+0,48 1,892+0,51
IR504 5,692°+0,74 3,97°40,46 2,54°+0,76
NTH 6,09°+0,91 3,373+0,46 2,15%+0,79
NTI 6,07°+0,32 3,57°+0,56 1,94°+0,59
TNG 5,820+0,83 3,57°+0,60 1,91%+0,68
CV% 12,42 14,07 30,54

Ghi chu: Cac gid tri trong bang la gia tri trung binh £ SD. Cac chit cai khdc nhau
trén dau cét thé hién sw khdc biét c6 y nghia thong ké giita cdc giong lia trong
cung mét diéu kién che sang (p<0,05).

Nhin chung, anh sang manh kich thich qua trinh tich Ity polyphenol trong 14
laa, v6i su suy giam rd rét khi che sang. La laa gidng IR504 ndi bat véi ham luong
polyphenol cao nhét, dic biét vao tuan thir nam trong diéu kién khong che sang.
Piéu nay khang dinh vai trd quan trong ctia anh séng trong diéu hoa tong hop cac

hop chét phenolic ¢ cay lua.
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3.1.1.4. Ham lwong xo tan
Ham luong xo tan trong 14 [Ga ting dan tir tuan thi nhat dén tuan thi tu va
6n dinh & cac tuan tiép theo (Hinh 3.4).
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Hinh 3.4. Ham lwgng xo tan trong la lda theo thoi gian sinh truedng
Cu thé, tir mirc khoang 200 mg/g 14 ¢ tuan dau, ham luong ting 1én 550—
700 mg/g 14 vao tuan thi tu, duy tri dén tuan thir sdu. Xu huéng nay tuong d6i
ddng nht giira cac gidng, khong co su khac biét dang ké vé mit thong ké (p>0,05)
(Bang P.1.1.4). Tuy nhién, so voi cac tuan dau, ham luong xo tan & tuan thi tu,
nam va sau cao hon c6 y nghia (p<0,05).

Bang 3.4. Ham lwong xo tan (mg/g 14) trong 14 hia theo diéu kién che sing

Giong lda Khong che sang™?* Mot 16p lwéi">>  Hai I6p luéi™ ¢

HLA 411,13+£157,22 440,83+176,71 430,43+173,64
HRO 453,63+179,26 490,00+195,51 518,82+185,87
IR504 412,19+180,34 433,57+188,08 478,33+197,88
NTH 434,29+161,80 469,32+165,60 514,02+197,91
NTI 395,09+141,37 419,40+169,90 477,99+186,01
TNG 395,23+£163,55 389,04+173,57 423,16£166,66
CV% 39,32 40,63 39,06

Ghi chu: Cac gid tri trong bang la gia tri trung binh = SD. Cac chir cai khdc nhau
trén dau cot thé hién sw khdc biét ¢é ¥ nghia thong ké giita cdc diéu kién che sdng
(p<0,05). ns: Trong ciing mét cot khéng cé s khdc biét cé y nghia thong ké giita
cdc giong lia (p>0,05).
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Theo diéu kién che sang, trai nguoc véi chlorophyll va polyphenol, xo tan
tich liiy nhiéu hon dudi diéu kién che sang manh (Bang 3.4). Cu thé, khong che
sang, gid tri nay dat 395,09—453,63 mg/g 14; che sding mot 16p ludi dat 389,04—
490,00 mg/g 13; che sang hai 16p ludi: 423,16-544,67 mg/g 14 (cao nhat va c6 su
khac biét ¢ ¥ nghia théng ke, p<0,05).

Cac gibng HRO, NTH va NTI phan ¢mg manh véi diéu kién che sang, véi
ham lugng xo tan cao hon 10 rét dudi mot va hai 16p ludi so voi diéu kién khong
che. Mic du giébng TNG dat gia tri cao nhat ¢ diéu kién che sang hai 1ép
(544,67 mg/g 14), su khac biét nay khong c6 ¥ nghia thdng ké khi so voi cac gibng
khéc (p>0,05).

Tom lai, diéu kién che sang bang hai 16p ludi két hop véi giai doan sinh
trudng tu tuan thi tu tré di 1a yéu td thuan lgi nhét cho su tich Ilily xo tan trong 14
lua.
3.1.1.5. Hoat tinh bit goc tw do DPPH

Hoat tinh bat gbc tu do DPPH ciia 1a Itia chiu anh hudng béi thoi gian sinh
truong va diéu kién che sang (Hinh 3.5; Bang 3.5).
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Hinh 3.5. Hoat tinh bat gdc tw do DPPH ciia 14 lia theo thoi gian sinh truéng

Chiét xuét 14 lua thé hién hoat tinh chdng oxy héa ting dan tir tuan dau, dat
dinh ¢ tuan thi nam ddi v&i hau hét giéng, sau d6 giam nhe. Gidng IR504 va HRO
ghi nhdn gia tri cao nhat 1an luot 1a 9,63 va 9,32 umol TE/g 14 (tudn 5). Giéng
HLA dat dinh sém ¢ tuan 4 (8,86 pmol TE/g 14), trong khi NTI dat cao nhat vao
tuan 6 (8,86 umol TE/g 14). Phan tich thong ké x4c nhan hoat tinh DPPH cao nhit
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tai tudn 5, v6i su khac biét co ¥ nghia (p<0,05) (Bang P1.1.5). Trong sd cac gibéng,
IR504 biéu hién hoat tinh cao nhit (p<0,05).

Vé diéu kién anh sang, khong che sang giup tang hoat tinh DPPH dang ké so
v6i che mot va hai 16p ludi (Bang 3.5), véi sy khac biét c6 y nghia théng ké
(p<0,05). Trong diéu kién khong che sang, sy khac biét giita cac giéng khong co
y nghia (p>0,05).

Trong diéu kién che mot 16p, gibng HRO dat gia tri cao nhét (8,63 pmol
TE/g 14), NTI thap nhat (7,97 pmol TE/g 14). O diéu kién che hai 16p, HLA c6 hoat
tinh thap nhét (6,44 pmol TE/g 13), khac biét rd rét vai IR504 (7,90) va HRO (7,76)
(p<0,05).
Bang 3.5. Hoat tinh bit goc tw do DPPH (umol TE/g 14) ciia 14 lia theo diéu
kién che sang

Giong lia  Khong che sang™ Mot 16p lwéi* Hai lop ludi*
HLA 9,17+0,85 8,16%°+0,91 6,44°+0,80
HRO 9,05+0,77 8,63°+0,89 7,76°9+0,73
IR504 9,39+0,82 8,42%+0,76 7,909+0,59
NTH 9,37+0,67 8,17%°+0,51 7,64°4+0,43
NTI 8,92+0,86 7,97*+0,71 7,325¢+0,88
TNG 9,42+0,40 8,15%°+0,61 6,98+0,77
CV% 7,92 8,85 9,66

Ghi chu: Cac gia tri trong bang la gia tri trung binh £ SD. *: Cdc chir cai khac
nhau trén dau cot thé hién sw khdc biét c6 y nghia thong ké gitta cdc giong lia
trong ciing mot diéu kién che sang (p<0,05). ns: Trong cing mét cét khéng cé sw
khdc biét ¢é ¥ nghia thong ké.

Tom lai, anh sang manh 13 yéu t6 thiic day hoat tinh chdng oxy hoa trong
14 Ita, véi gid tri cao nhét ghi nhan ¢ gidng IR504 tai tuan thir 5 dudi diéu kién
khong che sang.
3.1.1.6. Phén tich méi twong quan giiva ham lwong hop chit va hoat tinh chong

oxy hoad cua ld lua non

Nham danh gia mbi lién hé gitta cac chi tiéu sinh hoa, nghién ctru da thuc
hién phén tich twong quan Spearman va phan tich phan cum da bién theo thoi gian
sinh trudng va diéu kién che sang (Bang 3.6, Hinh 3.6).

Dua trén két qua phan tich Spearman, ham lugng chlorophyll tong c6 tuong
quan manh v&i chlorophyll a (R=0,908; p<0,01) va chlorophyll b (R=0,818;
p<0,01). Polyphenol tong twrong quan chit ch& véi hoat tinh bt gbc ty do DPPH
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(R=0,752; p<0,01), dong thoi ciing c6 mdi lién hé vé6i chlorophyll tong (R=0,635;
p<0,01). Hoat tinh DPPH ciing ¢6 lién quan dén ham luong chlorophyll tong
(R=0,720; p<0,01). Nguoc lai, xo tan c6 twong quan yéu vO1 cac chi ti€u con lai,
trong khi ty 1& chlorophyll a/b khong twong quan déng ké vai bat ky bién nao
(p>0,05).

Bang 3.6. H¢ s6 twong quan Spearman (R) giira cac chi tiéu sinh hoa ciia 1a

Iaa
Chl Chl a/b Poly DPPH Xo tan
Chl 1,000
Chl a/b -0,170* 1,000
Poly 0,635* -0,084" 1,000
DPPH 0,720* -0,034" 0,752* 1,000
Xo tan 0,300* 0,083 0,005™ 0,416* 1,000

Ghi chii: *: ¢6 y nghia thong ké (p<0,01), ns: khéng cé y nghia thong ké (p>0,05),
Chl=chlorophyll, Poly=polyphenol.

Phan tich cum (phuong phdp trung binh nhom voi khoang cach binh
phuong Euclidean) xac dinh hai nhém bién c6 méi lién hé gan giii: (1) polyphenol
va DPPH; (2) chlorophyll tong, chlorophyll a va chlorophyll b. Trong khi d6, ham
luong xo tan va ty 1& chlorophyll a/b tach biét rd, phan anh mdi lién hé yéu hoic
khong dang ké véi cac nhém con lai, phtt hop véi phan tich Spearman.

Khoang cach

-

o AP e et 00
4% \e %G C‘Q\O'(O‘) \Y) ?0\\]@“

Hinh 3.6. Phén tich cum giira ham lwong cac chit va hoat tinh chdng oxy

hoa cua la lua
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Tém lai, ham lwong polyphenol va chlorophyll 1a cac yéu t6 ¢6 mdi twong
quan cao v6i hoat tinh chdng oxy hoa cua 14 lta, va bi chi phdi boi giai doan sinh
truong cling nhu cuong d§ anh sang.
3.1.1.7. Pdanh gid dnh hwéng thoi gian sinh truwéng va diéu ki¢n dnh sdng dén

cdc hop chit va hoat tinh chéng oxy hod ciia ld liia non

Két qua nghién ctru cho thay thoi gian sinh truéng va diéu kién che sang
anh huong dang ké dén ham lugng chlorophyll, ty 1& chlorophyll a/b, polyphenol,
X0 tan va hoat tinh bat géc tu do DPPH trong 14 lta non.

Trong sudt qua trinh sinh trudng, cac bién doi chuyén hoa noi tai thiic day
sinh tong hop va tich lity cac hop chit ¢ hoat tinh sinh hoc [145]. T giai doan
nay mam dén khi cay dat truong thanh sinh 1y, hoat dong quang hop dién ra manh
m¢é, kéo theo su gia tang ham lugng chlorophyll, polyphenol, xo tan va hoat tinh
chdng oxy hoa trong 14 [146]. Két qua thu duoc phu hop véi cac bao cao trude do
cua Khanthapok va cs. (2015) va Tamprasit va cs. (2019), trong d6 ham lugng cac
hop chat nay thay di theo giai doan sinh trudng va khac biét gitta cc giéng lta
[26,29]. Sy thay ddi hoat tinh chéng oxy héa dugc ghi nhan ¢ lién quan dén su
hién dién va ndng do cac chit chdng oxy hoa ndi sinh, trong d6 polyphenol 1a
nhom hop chit c6 twong quan thuan manh véi hoat tinh DPPH [147]. Trong nghién
ctru hién tai, mbi twong quan ndy duoc xac nhan véi ¥ nghia thong ké (p<0,05).
Dic biét, gibng IR504 thu hoach vao tuan thir ndm cho ham luong polyphenol va
hoat tinh DPPH cao nht.

Anh sang 13 yéu t6 thiét yéu d6i v6i qua trinh quang hop va tong hop cac
chat chuyén hoa ¢ thyc vat. Nghién ctru trén laa mi cho thay diéu kién anh sang
yéu c6 thé 1am tang ham luong chlorophyll trong 14 [148]. Trong nghién ctru nay,
diéu kién che sang bang mét 16p ludi 1am ting ham luong chlorophyll tong & cac
gidng HRO, IR504 va NTH. Tuy nhién, che sang qua murc (hai 16p ludi) lam giam
dang ké chlorophyll, ¢6 thé do anh hudng bat loi dén hé thong quang hop [149].

Ngoai ra, cudng do anh sang con anh huong dén qua trinh tich lity cac hop
chat chuyén héa thi cdp nhu polyphenol. Song va cs. (2022) ghi nhan su giam
anthocyanin trong gao mau khi bi che sang [150]. Anh sang day du c6 thé kich
thich sinh tong hop polyphenol, dong vai trd bao vé thuc vat trudc tac dong cia
tia UV [151]. Trong nghién ctru ndy, anh sang day du da kich thich tong hop nhiéu
polyphenol trong 14 lua.

Chlorophyll va polyphenol déu duoc ching minh c6 kha ning chéng oxy

hoa cao. Nghién ctru ndy xac nhan moi lién hé chat ché gitra cdc hgp chat nay va
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hoat tinh DPPH, véi su bién dong phu thudc vao thoi gian sinh trudng va diéu
kién chiéu sang. Phén tich twong quan da bién va phén tich cum da 1am rd méi lién
hé mat thiét giita ham lugng chlorophyll, polyphenol va hoat tinh chéng oxy hoa
(p<0,01), phut hop véi cac két qua trudc d6 trén 13 Ita, cam va hat gao ndy mam
[26,152].

Té6m lai, tuan thit ndm trong diéu kién khong che sang duoc xac dinh 1a thoi
diém t6i vu dé thu hoach 14 lda non nham thu nhan ham luong chlorophyll,
polyphenol va hoat tinh chéng oxy hoa cao nhat, dic biét ddi véi gidng IR504.
3.1.2. Anh hwéng thoi gian sinh truéng va diéu kién anh sang dén sinh tong
hop cac hop chit trong 14 lia non
3.1.2.1. Anh hwéng thoi gian sinh trwéng dén sinh tong hop cdc hop chit
trong la lua non

Dé khao sat anh huong cua thoi gian sinh trudng dén sinh téng hop cac hop
chat thuc vat, nghién ciru da phan tich 14 lta cta sdu gidng tai ba thoi diém (tuan
1, 3 va 5) bang phuong phap GC-MS. Két qua duoc trinh bay tai Phu luc 2 (Hinh
P2.11-P2.13; Bang P2.1-P2.6), va dit liéu tong hop phin nhom trong Phu lyc 1
(Bang P1.1.7-P1.1.9). Phan tich tuong img (Correspondence analysis — CA) dugc
thuc hién dé xac dinh mdi lién hé giita giai doan sinh truong va sy biéu hién nhom
hop chét trong 14 1aa (Hinh 3.7-3.12; Bang P1.1.10).

Gidng IR504: L4 ltia & ca ba giai doan tong hop chu yéu diterpenoid, fatty
acid ester, phthalate ester va fatty acid amide. Tuan 5 thé hién su da dang hoa hop
chat cao hon véi sy xuat hién thém fatty acid, fatty alcohol, fatty aldehyde, fatty
nitrile, phenol, triterpenoid va heterocyclic compound. Tuan 1 ghi nhan
monoterpene, con tudn 3 uu thé sesquiterpenoid va steroid.

Giéng TNG: Tit ca cac tuan ghi nhan diterpenoid, fatty acid ester,
meroterpenoid, monoterpenoid va steroid. Tuan 1 cha yéu tong hop fatty acid
ester; tuan 3 uu tién meroterpenoid va steroid; tudn 5 xuét hién nhiéu hop chit dic
trung nhu alkyl alcohol, carbonitrile, cyclic hydrocarbon, fatty nitrile, heterocyclic
compound va triterpenoid.

Giong NTH: Cac hop chit chinh gdm diterpenoid, fatty acid ester,
meroterpenoid va phthalate ester. Fatty acid ester va monoterpene ndi bat ¢ tuan
1; meroterpenoid, steroid va fatty amine ting manh & tudn 3; tudn 5 xuét hién
benzaldehyde, cyclic ether, cyclic hydrocarbon, fatty nitrile va phenol — khong c6
& tudn 1 va 3.
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Giong laa IR504
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F1 (66,32 %)

Hinh 3.7. Bi¢u dd CA vé tong hop nhém chit ciia giong lia IR504 theo thoi

gian sinh truong

Giong lia TNG
1.5 T
Phenol
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15 Fatty nitrile Carbonitri_]_e
-1 -0.5 0 0.5 1 1.5 2
F1 (78,68 %)

Hinh 3.8. Bi¢u do CA vé tong hop nhém chit ciia giong lia TNG theo thoi

gian sinh truwong
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Gibng lia NTH
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Hinh 3.9. Bi¢u do CA vé tong hop nhém chit ciia giong lia NTH theo thoi

gian sinh truong

Giong lia NTI
1.5 T
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Tuan 3 3
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° . 5 Benzaldehyde
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Hinh 3.10. Bié¢u d6 CA vé tong hop nhém chit ciia gidng lia NTI theo thoi

gian sinh truong
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Giong lia HLA
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Hinh 3.11. Biéu d6 CA vé tong hop nhém chit ciia giong lia HLA theo thoi
gian sinh truong

Gibng laa HRO
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Hinh 3.12. Biéu @6 CA vé tong hop nhém chit ciia giéng lia HRO theo thoi
gian sinh truwong
Gidng NTI: Diterpenoid, meroterpenoid, este phthalate va steroid c6 mit

0 ca ba thoi diém. Tuan 1 xuat hi¢n monoterpenoid va phenol; tuan 3 co
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triterpenoid; tuan 5 ghi nhan nhiéu hop chat dic thu nhu benzaldehyde, cyclic
ether, cyclic hydrocarbon va fatty acid ester. Fatty nitrile va heterocyclic
compound xuét hién ¢ tudn 1 va 5; aliphatic hydrocarbon ting ¢ tuin 3.

Giong HLA: Diterpenoid, fatty acid amide, meroterpenoid, monoterpenoid
va steroid xuét hién & ca ba tudn. Tudn 1 vu tién diterpenoid va monoterpenoid,
trong khi tuan 3 ting cuong meroterpenoid va fatty acid amide. Tuan 5 c¢6 mat
nhiéu hop chét dic trung nhu fatty amine, benzaldehyde, carboxylic acid ester,
cyclic hydrocarbon, fatty aldehyde, fatty nitrile, heterocyclic compound, terpene
ketone va triterpenoid.

Gidng HRO: Diterpenoid, phenol, phthalate ester va steroid duogc tong hop
xuyén sudt ba tudn. Tuan 1 dic trung béi monoterpenoid, fatty hydrocarbon,
phenol va organosulfate; tudn 3 va 5 ting cuong dan xuét fatty acid (amide, ester).
Fatty amine, benzaldehyde va fatty nitrile chi xuat hién ¢ tudn 5.

Tom lai, sy tong hop céc hop chat thuc vat trong 14 1aa bién d6i rd rét theo
thoi gian sinh truong. Trong d6, tudn 1 didc trung boi sy xuat hién wu thé cia
monoterpenoid, fatty acid ester va phenol — dai dién cho giai doan khai dau chuyén
hoa; tuan 3 ting cuong tong hop cic hop chat chirc niang nhu meroterpenoid,
steroid, fatty amine va aliphatic hydrocarbon — phéan anh hoat dong sinh hoéa trung
gian; tuan 5 da dang héa manh véi su xuét hién cua nhiéu hop chét chuyén hoa
thir cp nhu benzaldehyde, fatty nitrile, triterpenoid va heterocyclic compound —
dac trung cho giai doan hoan thién sinh 1y.
3.1.2.2. Anh hwéng diéu kign dnh sdng dén sinh tong hop cdc hop chit
trong la lua

Pé 1am rd anh huong cia diéu kién anh sang dén sinh tong hop cac hop
chét thuc vat, nghién ctru da tién hanh phan tich thanh phan hop chit trong 14 cta
sau gidng lta (IR504, NTH, TNG, HRO, NTI, HLA) ¢ giai doan sinh truong tuan
tht 5 dudi hai diéu kién anh sang: (1) khong che sang (KC) va (2) che sang bang
hai 16p lué6i den (C). Phan tich GC-MS dugc thyc hién dé xac dinh cac hop chat
c6 trong mau 1, v6i két qua duoc trinh bay chi tiét trong Phu luc 2 (Hinh P2.13,
P2.14; Bang P2.7-12). Cac hop chat dugc phan loai theo cau tric va chirc ning
hoa hoc (Bang P1.1.12—13), sau d6 tién hanh phan tich da bién gdm: phan tich
tuong ung (CA) va phan cym theo thtr bac (AHC) (Bang P1.1.14).

Phan tich twong wng (CA) (Hinh 3.13) cho thiy su phan tach rd rang giira

hai nhém mau theo di€u kién chiéu sang.
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Cac mau khong che sang (IR504-KC, HLA-KC, HRO-KC, NTH-KC,
TNG-KC, NTI-KC) phan b tip trung & bén phai truc F1, lién két manh véi cac
nhém hop chit da dang nhu diterpenoid, phenol, steroid, meroterpenoid, phthalate
ester, fatty amine, fatty alcohol, fatty nitrile, heterocyclic compound, cyclic
hydrocarbon va carbonitrile.

Trong khi d0, cac mau che sang (C) phan tan vé phia trai truc F1, cho thiy
xu huéng chuyén hoa khac biét, dugc chia thanh hai nhom:

+ Nhom NTH-C, HLA-C, HRO-C: lién két voi cac chat nhu fatty acid,
triterpenoid, fatty aldehyde, va dan xuét phthalate ester.

+ Nhom TNG-C, NTI-C, IR504-C: wu tién cac chat nhu fatty acid amide,
fatty acid ester, aliphatic hydrocarbon, organosiloxane, terpene ketone, va

morphinan alkaloid.

. Sau giong lia trong
dieu kién che sang (C) va khong che sang (KC)
1. T T
> Phthalage ester derivative )
' Meroterpenoid
1 Fatly acid 1 Aliphatic amine
Triterpenoid Phthalate ester
P NTH-C HLA-KC Cyclic ether
0.5 Fatty aldehﬁdLe .C T  IR504-KC  Fatty alcohol
Q HR-O-C NTI-KC , Diterpenoid
", TNG-C TNG-KC  Monoterpenoid
é 0 Fatty acid amide 1 N.TH'KC Alkyl a ¢ O.hOI
o U o NTI-C Benzaldehyde Carbonitrile
= Fatty acid ester IR504-C Fatty nitrile Phenol
-1 Aliphatic hydrocarbon T Carboxylic acid ester
e Heterocyclic compound
L5 Organosiloxane , 1 Cyclic hydrocarbon
o Terpene ketone
) Morphinan ‘alkaloid
-1.5 -1 -0.5 0 0.5 1 1.5
F1 (48,30 %)

Hinh 3.13. Bi¢u @6 CA s hién dién nhoém chit theo giong liia va diéu kién
che sang

Phén tich cum (Dendrogram) va biéu @6 nhiét (Heatmap)

Biéu d0 dendrogram (Hinh 3.14) phan anh mdi quan hé tuong ddng vé
thanh phan hop chat gitta cac miu laa dudi diéu kién co che sang (C) va khong
che sang (KC).

Cac mau khong che sang (KC) c¢6 xu huéng phan cum thanh mot nhanh
riéng biét, bao gdm IR504-KC, NTI-KC, HRO-KC, HLA-KC, TNG-KC va NTH-
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KC. Piéu nay thé hién su dong nhat trong mau khong che sang vé mit sinh tong
hop hop chit. Cac mau co che sang (C), cu thé 13 IR504-C, NTI-C va TNG-C, tao
thanh mot cum riéng, thé hién dic diém chuyén hoa khac biét so voi nhom khong
che sang. Mau NTH-C va HRO-C dung gan ranh gii phan cum, phan anh mirc

d6 tuong ddng trung gian gitta hai diéu kién chiéu sang & nhirng giéng nay.
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Hinh 3.14. Biéu d6 dendogram vé sy khac biét trong biéu hién nhém chat
ciia siu giong lia theo diéu kién che sing
Ghi chii: C = diéu kién che sang 2 16p ledi; KC = diéu kién khong che séng.
Biéu d0 heatmap (Hinh 3.15) thé hién phan bd cuong do biéu hién cua 26
nhom hop chit thuc vat trong 14 lta, so sanh giita cac gidng va hai diéu kién chiéu
sang. Mot s6 xu hudng ndi bat duoc ghi nhan nhu sau: Cac nhom hop chit nhu
fatty acid ester, fatty acid amide, terpene ketone, phthalate ester, triterpenoid va
monoterpenoid c6 xu huéng ting cudng biéu hién trong diéu kién che sang. Day
1a cac hop chét dic trung cho phan tng thich nghi v&i diéu kién thiéu anh sang.
Nguoc lai, meroterpenoid, phenol, heterocyclic compound, steroid va carbonitrile
biéu hién manh hon & nhom khong che sang, diéu nay c6 nghia anh sang day du
thiic day sinh tong hop cac hop chat thir cap c6 hoat tinh sinh hoc cao. Mot s6 hop
chat nhu alkyl alcohol, cyclic ether, organosiloxane va morphinan alkaloid c6 mirc

biéu hién phan tan, khong hinh thanh xu hudng rd rét theo diéu kién chiéu sang,
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cho thiy céc hop chat nay co thé phu thudc manh vao yéu té giéng lta hon 1a diéu
kién moi trudong.

Téng thé, biéu d6 heatmap cung cd két qua dendrogram, xac nhan rang diéu
kién chiéu sang dinh hinh rd rét mé hinh tong hop hop chét thuc vt trong 14 cia
cac gidng lua khao sat.
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Hinh 3.15. Biéu d6 heatmap vé s khac biét trong biéu hién nhém chit cia
sau gidng lia theo diéu Kkién che sang

Ghi chii: C = diéu kién che sang 2 16p hedi; KC = diéu kién khong che sang.
Nhu vdy, 14 lua trong diéu kién khong che sang sinh tong hop manh cac

nhom hop chét nhu diterpenoid, phenol, steroid, meroterpenoid, va phthalate ester,

trong khi ham lugng fatty acid ester lai thép hon. Nguoc lai, dudi diéu kién che

sang, 14 lua ting cudng tong hop fatty acid ester, aliphatic hydrocarbon,

triterpenoid, va alkaloid, cho thay co ché chuyén huéng chuyén héa thich nghi véi

moi truong thiéu anh sang. Nhu vay, diéu kién anh sang 1a yéu td phan hoa rd rét

trong mo hinh tong hop cac hop chat thyuc vat cua 14 lta.
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3.1.2.3. Ddnh gid anh hwéng thoi gian sinh truwéng va diéu kign che phii
dnh sdng dén sinh téng hop cdc hop chit trong ld lia non

Sy tich lily va chuyén hoa cac hop chat thir cép trong ciy trong chiu anh
huong boi didu kién moi trudng va giai doan sinh truong. Trong nghién ctru nay,
viéc phan tich phé GC-MS dugc thuc hién nhim danh gia su bién ddi cua céac hop
chat thuc vat trong 14 laa dudi tic dong két hop cua hai yéu té: (i) thoi gian sinh
truong (tudn 1, 3 va 5) va (ii) diéu kién chiéu sang (khong che phu anh sang va
che phu bang hai 16p ludi). Két qua GC-MS di xac dinh va phan nhém nhiéu hop
chét thudc cadc nhom héa hoc khac nhau nhu: diterpenoid, sterol, fatty acid ester,
phenol, meroterpenoid va heterocyclic compound.

Phén tich thdng ké da bién (PCA, CA va AHC) cho thiy thoi gian sinh
truong va diéu kién chiéu sang 13 hai yéu t6 then chdt quyét dinh dén sy bién thién
vé s luong va thanh phﬁn hop chit thuc vat. Cu thé:

+ Theo thoi gian sinh trudng, cic nhom hop chit bién d6i theo huéng ngay
cang da dang va phirc tap hon ¢ tun 5 so véi tuan 1 va tuan 3, phan anh nhu cau
trao d6i chat gia ting khi cdy budc vao giai doan sinh truong manh mé.

+ Theo diéu kién chiéu sang, sy hién dién va ham luong cac nhoém chét thay
dbi rd rét, didu nay phan Gng thich nghi chuyén hoa cta cay lua véi cudng d6 anh
sang.

Cin cr vao su thay doi thanh phan nhém chat theo thoi thay sinh trudng va
diéu kién che sang cua cac giéng lta, nghién ctru dé xuat hai con dudng bién
dudng/trao doi chit quan trong trong cdy lua giai doan sinh trudng sinh dudng
gom: (1) con dudng chuyén hoa chlorophyll va phytol theo thoi gian sinh trudng
va (2) su khac biét vé chuyén hoa cac chat trong 14 lua theo diéu kién chiéu sang.
“* Con dwong chuyén hod ciia chlorophyll va phytol theo diéu kién sinh truéng

Két qua phan tich GC-MS trén sau giéng laa tai ba thoi diém sinh trudng
(tudn 1, tudn 3 va tudn 5) cho thay phytol 1a mot trong nhitng hop chat c6 ty 18
dién tich peak cao nhat & tit ca cac gidng. Ham luong chlorophyll & cac giai doan
nay c6 tuong quan chit ché véi ham lugng phytol trong két qua GC-MS, do phytol
chinh 14 thanh phan céu trac ¢t 16i ctia chlorophyll. Sy bién d6i ham lugng phytol
theo thoi gian phan 4dnh qua trinh thuy phan va tai s dung cac thanh phan
chlorophyll nham d4p tmg nhu cu phat trién cua ciy lta [153].

Chlorophyll dong vai tro trung tim trong qua trinh quang hop, giup hap thu
anh sang mit troi va chuyén hoa ning luong [154]. Céu trac chlorophyll gdm

nhém porphyrin lién két voi phytol va ion magnesi (Mg?). Ham luong chlorophyll
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thuong duoc dung lam chi sé danh gia nang suét cdy trong, kha ning quang hop,
tinh trang dinh dudng dam va strc khoe cay [155].

Trong giai doan sinh dudng (tudn 1-5), cAy lta ting cuong quang hop dé
phuc vu sinh truéng 14, chdi va ngon. Chlorophyll lién tuc duoc tong hop nhung
ddng thoi ciing bi thity phan khi 14 gia hodc ton thwong. Cac san pham thuy phan
s& duogc tai sir dung tong hop chlorophyll méi hodc tham gia vao con dudng
chuyén hoa thtr cdp [156]. Qua trinh phan hiy chlorophyll vira gitp tai phan bd
nitrogen, vira tranh tich lity san phdm trung gian doc hai. Phytol 1 mot san pham
thity phan cua chlorophyll, ¢6 thé duoc chuyén héa thanh vitamin E (tocopherol)
hoac fatty acid ester [157].

Chlorophyll b
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Mg?*
v 1
Chlorophylla —— » Pheophytin a
A ‘
i *» Pheophorbide a
' |
- ‘
~ Phytol -
Chlorophyllide ‘
Y
- [ < ‘
— - Phytyldiphosphate  Fatty acid ester Y
v ; ./
Chat chuyén héa di¢p luc do
. ¥ (san pham chuyén hoéa diép
Vitamin E luc khong huynh quang)

(Tocopherol)
Hinh 3.16. Pé xuit con dwong thiiy phan chlorphyll va luin chuyén phytol

trong la lua

Dé xuit con dudng thuy phan chlorophyll trong 14 ltia dwa trén két qua GC-
MS cua nghién ctru va tham khao tir nghién cuu trén Arabidopsis [158] (Hinh
3.16). Phytol duoc giai phong tir chlorophyll, sau d6 hoat dong nhu tién chat tong
hop vitamin E va fatty acid ester. Két qua GC-MS da xac nhan sy hién dién cua
tocopherol va cac fatty acid ester trong 14 cta ca sau giong lua.
“* S khdc bigt vé chuyén hod trong ld liia theo diéu ki¢n che phii dnh sing

Duya trén phén tich thanh phan chinh (PCA), 14 cta cac giéng laa tich liy

nhiéu diterpenoid, steroid va phthalate ester nhung giam ham lugng fatty acid ester
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trong diéu kién khong che phu anh sdng. Nguoc lai, dudi diéu kién che phu hai
16p ludi, cdy laa wu tién sinh tong hop fatty acid ester, aliphatic hydrocarbon,
triterpenoid va din xuat phthalate ester. Diéu kién khong che phu gitp ciy lua duy
tri su da dang héa cac nhom hop chat, trong khi diéu kién che phu khién cay tap
trung vao mot sé nhom hop chat dic thu. Nhitng khac biét ndy phan anh vai trd
quan trong cta cac chat chuyén hoa trong co ché thich nghi sinh héa cua cay lua
dudi cac diéu kién anh sang khac nhau. Cuy thé, trong diéu kién khong che phu, 13
lua tang cuong tich liiy phytosterol va diterpenoid nhung giam fatty acid ester;
nguoc lai, diéu kién che phu thuc day sy tich lily fatty acid ester.

Dudi diéu kién anh sang day du, ciy laa thich nghi bang cach ting cuong
tong hop cac hop chit c6 hoat tinh chong oxy héa nhu steroid, diterpenoid va
vitamin E. Sy hién dién cua phytol, dugc gidi phong tir qué trinh thiy phan
chlorophyll duéi tac dong cua cing thiang anh sang [158], 13 bing chimg xac thuc
cho co ché nay. Phytol dong vai tro tién chat trong con dudng tong hop vitamin
E. Ngoai ra, san phim quang phan huy coa vitamin E l1a 4,8,12,16-
tetramethylheptadecan-4-olide [159] ciing dugc phat hién trong két qua GC-MS,
minh hoa 13 rang qué trinh chuyén hoa nay.

Nguoc lai, dudi diéu kién che phu anh sang, cdy la phan Gng bing cach
ting cuong sinh tong hop fatty acid ester, bao gém cac hop chit nhu methyl
hexadecanoate, methyl 9-octadecenoate, methyl 14-methylpentadecanoate, ethyl
oleate, ethyl dodecanoate va ethyl tetradecanoate. Céc fatty acid va dan xut cta
chung khong chi dong vai trd diéu chinh thanh phan lipid mang té bao va duy trix
nang lugng ma con tham gia vao cac con duong bao vé thuc vat, tang cuong kha
nang chdng chiu véi cac cang thang sinh hoc va phi sinh hoc [160]. Méi trudng
thiéu 4nh sang din dén giam hiéu suit quang hop, budc cay diéu chinh thanh phan
lipid mang dé duy tri chirc ning té bao [161]. Pac biét, che phu qua mirc con c6
thé gy ra qua trinh peroxy hoéa lipid, din t6i tén thuong mang sinh hoc [162]. Do
do, su tich lity fatty acid ester trong diéu kién che phu dugc coi 1a tin hiéu phan
mg sinh hoc voi cing thang anh sang yéu. Tuong tu, cac triacylglycerol (nhu
methyl hexadecanoate va methyl octadecenoate) da dugc chirng minh giap cay
tang kha nang chiu bong kéo dai [163].

Sterol, tién chat ctia cac hormone thuc vat, dong vai tro thiét yéu trong sinh
truong va phat trién [164]. Trong diéu kién khong che phi, cac sterol chinh duoc
ghi nhan bao gdm stigmasterol, stigmasterol 22,23-dihydro, androst-5,15-dien-3-

ol acetate va spinasterone. Nguoc lai, trong diéu kién che phu, chi phat hién
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squalene, mot chit trung gian trong con dudng tong hop phytosterol [165]. Piéu
nay cho thdy qua trinh tong hop phytosterol bi gian doan, dan téi su tich liy
squalene. Cac phytosterol nhu stigmasterol, campesterol va B-sitosterol 13 tién
chét cua brassinosteroid, nhom hormone c6 vai trd diéu hoa phan chia, kéo dai va
biét hoa té bao, dong thoi tham gia phan tmg thich nghi véi cing thing moi trudng
[166]. Nhiéu nghién ctru trén cdy tra xanh va dau xanh ciing da chimg minh rang
brassinosteroid duoc ting cudng tong hop dudi diéu kién bong ram, gitp cdy mo
rong dién tich 14, thuc day sinh truong va nang cao kha niang chiu dung anh sang
yéu [167,168].

Che sing

Anh sang day

du
N

\’\ | \\ Cay laa
. !

Chlorophyll — Phytol Phytosterols Gidm hoat dong
l l quang hop
4,8,12,16- l
etramethylheptadecan- Tocopherol, Auxins: Ao e 3
4-olide Vitamine E Brassinosteroids o704 VU toito Wy

Tén thuong mang té bao

Tich tu fatty acid
Hinh 3.17. Pé xuit con dwong chuyén héa ciia cac hop chat thir cip trong 14
lia dwéi didu Kkién che sang va khong che sing

Brassinosteroid con twong tac v&i auxin dé diéu chinh sinh truéng va phan
g voi cac yéu td cing thing [166]. Su twong tac nay thuc day kéo dai cubng 1a
trong diéu kién bong rAm. Pong thoi, trong diéu kién thiéu anh sang, cdy thuong
ting cudng tong hop auxin, din dén kéo dai than, 14 va chdi, dong thoi 1am giam
d6 mo rong cua phién 14 [169,170]. Quan sat thuc nghiém trong nghién ciru nay
cho thay 14 laa trong diéu kién che phu 4nh sang c6 than kéo dai nhung phién 1a
hep hon so véi diéu kién khong che phu. Dir liéu GC-MS ciing xac nhan sy tich
lity squalene ma khong ghi nhan sterol trong diéu kién che phii, goi ¥ rang sterol
c6 thé da chuyén héa thanh brassinosteroid va auxin. M6 ta dé xuat su khac biét
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trong biéu hién nhom chat giita diéu kién che sang va khong che sang duoc trinh
bay trong hinh 3.17.

Tom lai, diéu kién anh sang khac nhau anh huong dang ké dén sinh tong
hop va chuyén hoa cac hop chat thuc vat trong 14 la. Cay lta dudi 4nh sang day
du vu tién tong hop cac hop chét chdng oxy hoa nhu diterpenoid, steroid, vitamin
E va phytosterol nham hd trg sinh truéng va bao vé mang té bao. Nguoc lai, trong
diéu kién che phu anh sang, cdy lia chuyén sang tich lily fatty acid ester va
brassinosteroid dé thich nghi vi giam hiéu sudt quang hop va nguy co ton thuong
mang. Su khac biét nay phan anh rd co ché diéu chinh chuyén hoa linh hoat cia
cdy ltia nham thich Gmg vi moi truong anh sang thay doi.

Tir két qua thi nghiém khao sat cac diéu kién vé giéng lta, thoi gian sinh
truong va diéu kién che sang, tun thir ndm trong diéu kién khong che sang duoc
xac dinh 13 thoi diém thu hoach t6i vu dé thu nhan 14 1da non c¢6 ham lugng
chlorophyll, polyphenol va hoat tinh chdng oxy héa cao nhat, dic biét dbi véi
gidng IR504, 1a giéng c6 hiéu suat tich lily hop chét sinh hoc va hoat tinh chéng
oxy hoa ndi bat nén duoc lya chon lam nguf)n nguyén li¢u chuin cho céc thi
nghiém vé quy trinh ché bién, chiét tach va danh gia tac dong sinh hoc.

3.2.  Khaio sat cac diéu kién tdi wu trong thu nhian BLL

3.2.1. Phwong phap bt hoat enzyme polyphenol oxidase

3.2.1.1. Anh hwéng phwong phdp bit hoat enzyme dén tén thit ham lwong
chlorophyll trong la lia

Ty 1é tn that chlorophyll trong 14 laa phu thudc dang ké vao phuong phap
va thoi gian xir Iy (Hinh 3.18). Trong phuong phap chan nhiét, ty 18 tén that
chlorophyll dao dong tir 5-6% trong 4 phut dau, khong c6 su khac biét c6 ¥ nghia
thng ké gitta cac thoi diém 1, 2, 3 va 4 phat (p>0,05). Tuy nhién, sau 5 phat, ty
1¢ t6n that tang 1én 10%, v&i sy khac biét co y nghia théng ké so véi cac thoi gian
xur 1y dudi 4 phut (p<0,05) (Bang P1.2.1).

Phuong phap vi séng va siéu 4m gay ton that chlorophyll cao hon dang ké
so voi chan nhiét. Xir 1y bang vi song trong 1-3 phat ghi nhan ty 1& ton that tir 7—
12%, tang 1én 18% sau 4—5 phut. Ddi véi siéu am, ty 16 t6n that dao dong tir 15—
20% trong khoang thoi gian 5-25 phit, cao gip 3—4 1an so véi chan nhiét. Phan
tich thong ké khang dinh rang chan nhiét gay ton that chlorophyll thip hon ¢ ¥
nghia so v6i hai phuong phap con lai (p<0,05). Do d6, chan nhiét dugc xem la
phuong phap tdi vu dé bat hoat enzyme PPO trong qua trinh ché bién 14 Ita, dam
bao han ché ton that chlorophyll & murc thip nhét.
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Hinh 3.18. Anh hwéng ciia diéu kién xir 1y (chan, vi séng va siéu 4m) dén ton
that chlorohyll trong 14 lia

Ghi chii: Céc chir c¢di khdc nhau trén dau cot thé hién sw khdc biét ¢6 ¥y nghia

thong ké gitta cdc diéu kién xir 1y (p<0,05).

Té4m lai, chan nhiét & 100°C trong 4 phut l1a diéu kién toi wu dé bat hoat
enzyme PPO trong 1a la, dong thoi han ché ton that chlorophyll & muc thap nhat
so v&i vi song va si€u am.
3.2.1.2. Anh hwéng phwong phdp bit hoat enzyme dén tén thit ham lwong
polyphenol trong la lua

Céac phuong phap chan nhiét, vi song va siéu am déu tac dong dén ham luong
polyphenol tong (Hinh 3.19). Trong chan nhiét, ty 18 ton that polyphenol dao dong
tir 3-5% trong 1-3 phut, ting 1én 8% sau 4 phut va dat 15% sau 5 phut. Di véi
siéu am, ton that polyphenol khong dang ké (2-3%) trong 5—10 phit, nhung ting
1én 17% sau 25 phut. Phuong phép vi song cho két qua ton that thip nhét, chi dudi
4% trong 3 phut dau va khoang 7% sau 45 phut.
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Hinh 3.19. Anh hwéng ciia diéu kién xir 1y (chan, vi song va siéu 4m) dén ton
that polyphenol trong la lia

Ghi chii: Cdc chir cdi khdc nhau trén dau cot biéu thi su khdac biét cé y nghia thé'ng

ké giita cdc diéu kién xir Iy (p<0,05).

Phén tich thong ké thé hién chan nhiét giy t6n that polyphenol cao hon so
v6i vi sdng va siéu am (p<0,05) (Bang P1.2.2). Tuy nhién, ton that polyphenol khi
chan trong 3—4 phut khong khac biét ¢ y nghia thdng ké so voi xtr 1y vi song 5
phut va si€u am 15 phut (p>0,05).
3.2.1.3. Anh hwéng cdc diéu ki¢n xir ly Ién sw e ché enzyme polyphenol
oxidase

Enzyme PPO xuc tac qué trinh oxy héa cac hop chét polyphenol, 1am suy
giam céac thanh phan chéng oxy hoa nhu polyphenol va chlorophyll trong qua trinh
ché bién. Viéc bat hoat enzyme nay 14 can thiét nham han ché ton that cac hop
chat sinh hoc. Két qua cho thiy chan nhiét 1a phwong phap @c ché PPO hiéu qua
nhat (Hinh 3.20).

Chan nhiét trong 1 phut bt hoat khoang 40% PPO, ting 1én trén 80% sau
4-5 phut. Trong khi d6, xir Iy vi séng trong 2—5 phut chi bat hoat 30-42% PPO,
con siéu 4m trong 5-25 phuat dat hiéu suét thap hon, chi 20-35%.
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100

Ty 18 trc ché polyphenol oxidase
(%)

Chan \ Vi séng \ Siéu Am \
Thoi gian xir ly (phut)

Hinh 3.20. Anh hwéng ciia diéu kién xir 1y (chan, vi séng va siéu 4m) dén ty
1€ e ché enzyme polyphenol oxidase trong la lia

Ghi chii: Cdc chir cdi khdc nhau trén dau cot biéu thi su khdc biét cé y nghia thé'ng

ké giita cdc diéu kién xir Iy (p<0,05).

Phan tich théng ké xac nhan chan nhiét cho hiéu qua bat hoat PPO cao hon
r0 rét so v&i vi séng va si€u am (p<0,05) (Bang P1.2.3).
3.2.1.4. Ddnh gid dnh hwéng cdc phwong phdp xir Iy dén chlorophyll,
polyphenol va enzyme polyphenol oxidase

Bit hoat enzyme PPO 1a budc quan trong nham kiém soat qua trinh oxy
hoa cac hop chat phenolic va dam bao chét lugng san pham BLL. Chan nhiét ¢
100°C bét hoat hon 40% PPO sau 1 phut va dat trén 80% sau 4-5 phut nho kha
nang bién tinh ciu triic protein enzyme ¢ nhiét do cao.

Céc nghién ciru trude d6 ciing ghi nhan hiéu qua twong tu: chan 2 phit &
100°C gitap bat hoat trén 90% PPO & cy huong xuan (Toona sinensis) [171], gin
90% & can nude (Oenanthe javanica) trong 1-2 phit [172], va 70-90% ¢ rau diép
xoan (Cichorium intybus) khi chin & 80-90°C trong 2 phut [173]. Do 14 lta ¢
ciu tric phién cimg va dai, thoi gian va nhiét 6 xir Iy can cao hon dé dat hiéu qua
bat hoat PPO. Ngoai ra, chan nhiét con giup thanh trung vi sinh vat, loai bo tap
chét va han ché nguy co suy giam chét luong do hoat tinh enzyme hodc doc tinh
vi sinh [174].

Cac nghién ctru trude day st dung phuong phap vi song va si€u am trén cac
loai thyc vat khac ciing cho hiéu qua cao trong bat hoat enzyme: Phuwong phép vi
song (600W, 1-2 phit) bat hoat khoang 75-80% PPO trén can nude [172], va siéu
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am (20-50 kHz) ciing cho két qua tbt trén 14 ca phé [175]. Cac nghién ciru nay cho
thdy co ché chinh cua sy thay d6i ham luong chlorophyll va polyphenol c6 thé
lién quan dén qué trinh pha v& cau trac té bao 14 va bat hoat enzyme PPO. Su gia
tang hiéu suat chiét tach khi xir I siéu 4m c6 thé do hiéu tng xam thuc (cavitation)
tao vi khe nirt trong mé 14, hd tro giai phong hop chat hoa tan. O diéu kién vi song,
nang lugng nhiét ndi sinh gitp chiét tich nhanh nhung dé gay phéan hity hop chét
nhay nhi¢t ¢ thoi gian xtr 1y dai. Tuy nhién, trong nghién clru nay, vi song va siéu
am cho hiéu qué bat hoat PPO thap hon so v&i chan nhiét.

Mic du chan nhiét gdy ton that chlorophyll va polyphenol cao hon, nhung
kha nang bat hoat PPO vuot trdi gitp han ché ton that trong cac giai doan ché bién
tiép theo. Nghién ctru trén 14 bac ha thé hién chan nhiét trudc sy phun gitip bao
toan chlorophyll, carotenoid va polyphenol nho bat hoat hiéu qua cac enzyme oxy
hoa [176].

Vi véy, chan nhiét & 100°C trong 4 phut dugc xac dinh 13 phuwong phép tdi
wu, dat hiéu suit bat hoat PPO trén 80%, déng thoi bao toan tdi da ham luong
chlorophyll va polyphenol trong 14 1tia non.

3.2.2. Anh hwéng ty 1¢ va nong d6 ethanol dén chiét xuit cac hop chit trong
l1a Ida non
3.2.2.1. Anh hwéng 1y Ié va nong dé ethanol dén chiét xudt chlorophyll

Két qua cho thidy ham luong chlorophyll tong ting dan khi nong do ethanol
tang (Hinh 3.21). Ethanol cho hiéu suat chiét xuat chlorophyll cao hon nudc, dic
biét & ndng d6 60% va 80%, véi su khac biét co ¥ nghia thong ké so véi cac ndng
do khac (p<0,05) (Bang P1.2.4).

Vé ty 18 dung moi:14 1ta non, ty 1& 5:1 ghi nhan ham lugng chlorophyll thap
hon dang ké so v&i 10:1 va 15:1. Mtrc chlorophyll cao nhat (1238,07 ng/g) thu
duoc tai néng do ethanol 60% va&i ty 1€ 5:1. Tuy nhién, ty 1€ 10:1 cho hi€u qua
chiét xut cao hon va 6n dinh hon trong céc diéu kién, v6i ham luong chlorophyll
dao dong tir 1310-1340 pg/g & néng do ethanol 60-80%, khong co khac biét y
nghia thong ké gitra ty 16 10:1 va 15:1 trong ciing diéu kién (p>0,05). Tuy nhién,
ty 16 10:1 cho hiéu qua chiét xuit cao nhit v6i sy khac biét y nghia thong ké
(p<0,05) (Bang P1.2.4).
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Hinh 3.21. Anh hwéng ciia ty 1é (dung mai: 14 lia non) va nong d¢ ethanol
dén qua trinh chiét xuat chlorophyll
Ghi chii: Céc chir cdi khdc nhau trén dau cot thé hién sw khdc biét ¢6 ¥y nghia
thong ké gitta cdc ty 1é ly trich (p<0,05).
3.2.2.2. Anh hwéng 1y Ié va nong dé ethanol dén chiét xudt polyphenol
Nong d6 va ty 1 ethanol déu anh hudng dang ké dén ham lugng polyphenol
chiét xuat duoc tir 14 lta (Hinh 3.22).
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Hinh 3.22. Anh hwéng ciia ty 1é (dung mai: 14 lia non) va nong d¢ ethanol
dén qua trinh chiét xuat polyphenol
Ghi chii: Céc chir c¢di khdc nhau trén dau cét thé hién sw khdc biét ¢6 ¥y nghia

thong ké gitta cdc ty 1é ly trich (p<0,05).
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Ham luong polyphenol tong chiét xuat bang nudc thap hon dang ké so véi
ethanol (p<0,05). O ty 1& 5:1, polyphenol giam nhe khi ndng do ethanol ting tir
20-60%, nhung lai ting & ndng d6 80%. Trong khi do, cac ty 18 10:1 va 15:1 ghi
nhdn xu hudng nguoc lai: polyphenol tang tir 20-60% ethanol va gidm nhe & 80%.
Su khac biét khong ¥ nghia giira cac nong do 40%, 60% va 80% ethanol (p>0,05)
(Bang P1.2.5).

Ty 18 5:1 cho hiéu suét chiét xuit polyphenol thip hon dang ké so voi 10:1
va 15:1. Ham luong polyphenol cao nhét dat duoc & ty 1¢ 10:1 voi1 ethanol 60%,
trong duong véi ty 16 15:1 & cung ndong d6. Tuy nhién, sy khac biét giira hai ty 18
nay khong c6 ¥ nghia théng ké (p>0,05) (Bang P1.2.5). Vi vay, ty 1& 10:1 1a ti uu
vé ca hiéu qua chiét va tiét kiém dung moi.
3.2.2.3. Ddnh gid anh hwéng dung méi ethanol dén chiét xudit chlorophyll
va polyphenol

Ethanol va nudc 1a nhimg dung méi phd bién va an toan, thudng duogc st
dung dé chiét xuat chlorophyll va polyphenol tir ngudn nguyén liéu thuc vat [177].
Ethanol dugc bao cao cho hiéu qua chiét xuat cac hop chit sinh hoc cao hon céc
dung moéi khac nhu hexane, ethyl acetate, butanol va nuéc [7,8]. Két qua nghién
ctru hién tai cho thdy ndng d6 ethanol anh hudng dang ké dén ham luong cac hop
chat sinh hoc (p<0,05), trong d6 ethanol 60-80% 1a tdi wu cho chiét xuat. Cu thé,
chlorophyll dat cao nhat & 80%, con polyphenol & 60%; tuy nhién, sy khac biét
giira hai ndng d6 nay khong c6 y nghia thong ké. Ethanol 60% cho hiéu qua chiét
t6i wu nho kha nang hoa tan tot cac hop chét phenolic c6 phan cuc trung binh. Két
qua nay phu hop vdi xu hudng chung cia cac nghién ctru trén nguyén li¢u 14 xanh
khéc [177].

Ty 1¢ dung moi:1a lua 10:1 dugc xac dinh la tdi wu. Ty 1é 5:1 tao hon hop qua
dic, 1am giam tiép xtc gitta dung méi va nguyén liéu, tir d6 han ché hiéu suit
chiét. Trong khi do6, ty 1€ 15:1 mac du cho hi¢u suét cao, nhung khong khac biét
c6 y nghia so voi 10:1 va lam tang chi phi dung méi. Mgt nghién curu trén 14 Malva
parviflora d& xuat ty 18 20:1 1a téi wu [178]. Vi vay, ty 1 ly trich c¢6 thé phu thudc
vao tung loai nguyén li¢u thuc vat.

Hiéu qua chiét xuét con bj chi phéi b1 d phan cuc cua dung moi va dac tinh
ctia nguyén liéu [179]. Dé t6i wu hoéa qua trinh chiét cac hop chit chdng oxy hoa,
can bo sung khao sat vé nhiét 6 va thoi gian xu 1.
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Két qua nghién ctru di xac dinh ethanol 60% két hop véi ty 1& dung moi:la
laa 10:1 1a diéu kién chiét xuat tdi uvu, dam bao thu duoc ham lugng chlorophyll
va polyphenol cao véi hoat tinh sinh hoc dang ké.

3.2.3. Anh hwéng nhiét do say phun dén chat lwong ciia BLL
3.2.3.1. Anh hwéng nhiét dp sdy phun dén ham lwong chlorophyll,
polyphenol va hoat tinh bit goc tw do (DPPH) ciia BLL

Nhiét do siy phun anh huong dang ké dén ham luong hop chit sinh hoc va
hoat tinh chéng oxy hoa cua BLL. Thi nghi¢m dugc thuc hién ¢ cac muc nhiét
110°C, 120°C, 130°C, 140°C, 150°C va 160°C, trong d6 mau siy dong kho dugc
st dung 1am d6i chimg (Hinh 3.23).
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Hinh 3.23. Bot 14 lia sau sy phun va siy dong khé (ddi chirng)

Ham luong chlorophyll tong, chlorophyll a va chlorophyll b ¢6 xu huéng
giam khi nhiét do ting (Bang 3.7). O cac mirc 120°C va 130°C, ham luong
chlorophyll tong duoc duy tri twong d6i cao, voi su khac biét co ¥ nghia thong ké
(p<0,05) so v&i1 cac muc nhi¢t cao hon (Bang P1.2.6).

Ham luong chlorophyll a bi suy giam dang ké ngay tir 120°C, chi con khoang
77% so voi gia tri ban dau (606,65 pg/g xudng con 471,68 pg/g, p<0,05; Bang
P1.2.7). Trong khi d6, chlorophyll b 6n dinh hon & 120-130°C (p>0,05; Béang
P1.2.8), nhung giam manh ¢ 160°C. MAu say ¢ 110°C bi von cuc, khéng kho hoan
toan nén khong dugc phan tich.
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Bang 3.7. Ham luwgng chlorophyll tong, chlorophyll a, chlorophyll b ciia BLL

theo nhiét do say phun

Phuwong phap Chlorophyll Chlorophyll a Chlorophyll b
sdy tong (ng/g) (ng/g) (ng/g)
Trudc SP 1480,16%12,56 606,65+1,41 874,01°+11,93
SP 110°C - - -
SP 120°C 1309,15£16,14  471,68+27,36 837,94¢+35,26
SP 130°C 1262,68+4,19 427,46+6,61 835,67°+7,20
SP 140°C 1190,54°+7,93  451,50*+12,94 739,45%+591
SP 150°C 1148,77°+10,67 451,06"+7,29 698,10%+3,46
SP 160°C 921,80°+48,66 364,51%+18,26 557,613+30,47
Say PK 1427,874+7,74 565,10%£1,86 863,26°+8,29
CV% 1,40 2,49 2,02

Ghi chu: Cac gid tri trong bang la gia tri trung binh = SD. Cac chir cai khdc nhau
thé hién s khdc biét ¢é y nghia thong ké trong ciing mét cét (p<0,05). (-) San
phdam sau sdy bi vén cuc khéng khé. SP = Sy phun. PK = Déng khé.

Bang 3.8. Ham luwgng polyphenol, flavonoid, xo' tan va hoat tinh DPPH cua
BLL theo nhiét d9 siy phun

Polyphenol  Flavonoid DPPH
Phuong 2 2
X tong (mg tong (mg (nmol  Xo tan (mg/g)
phap say
GAE/g) QE/g) TE/g)
Trudc SP 4,26+£0,02  2,14%0,01  3,05%0,00 381,43%+£89,92
SP 110°C - - - -
SP 120°C 3,349£0,12  1,5240,03  2,22°+0,00  499,32"¢+10,32
SP 130°C 2,47°40,00  1,45%t0,03  1,4290,01 451,05%°+18,48
SP 140°C 2,02°+0,00  1,37°+0,01 1,21¢40,00  442,433+14,24
SP 150°C 1,85°+£0,12  1,29°4+0,05  1,04°+0,02  461,75%°+7,83
SP 160°C 1,55%40,03  0,96%+0,01  0,95%£0,04 461,26%°+18,53
Say BK 3,654+0,15 1,617£0,02  2.28%0,01 551,94°£15,33
CV% 3,32 1,63 1,82 5,92

Ghi chu: Cac gid tri trong bang la gia tri trung binh = SD. Cac chit cai khdc nhau
thé hién s khdc biét ¢é ¥ nghia thong ké trong ciing mét cét (p<0,05). (-) San
pham sau sdy bi von cuc khéng khé. SP = Say phun, PK = Déng khé, GAE =
twong duong gallic acid, TE = twong dwong Trolox.
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V& ham luong polyphenol, flavonoid, hoat tinh bat gbc tw do DPPH va xo
tan (Bang 3.8), siy phun & 120°C cho gia tri polyphenol (3,34 mg GAE/g) va
flavonoid (1,52 mg QE/g) cao nhét trong cic mau siy phun, thip hon miu sy
dong kho nhung c6 sy khac biét co ¥ nghia thong ké so vi cac mirc nhiét cao hon
(p<0,05; Bang P1.2.9 va P1.2.10). Hoat tinh DPPH dat cao nhat & mau siy dong
khé (3,05 pmol TE/g), tiép dén 1a miu sdy & 120°C (2,22 umol TE/g), cho thiy
anh huong tiéu cuc ciia nhiét d6 cao dén kha ning bat gdc tu do (Bang P1.2.11).
Ham luong xo tan dao dong khong dang ké giira cac diéu kién sy (p>0,05; Bang
P1.2.12).

Toém lai, siy phun 120°C 1a diéu kién tbi uu, giup giit ham lugng hop chat
sinh hoc va hoat tinh chdng oxy hoa cao nhat so voi cac mirc nhiét say phun khac,
3.2.3.2. Phdn tich twong quan giita cdc hop chit va hoat tinh DPPH

Pé danh gia mdi lién hé gitra ham luong cac hop chét sinh hoc va hoat tinh
chdng oxy héa, phan tich twong quan Spearman dugc thuc hién trén cac mau BLL
sau sdy.

Bang 3.9. Hé s6 twong quan Spearman (R) giira cic hop chit va hoat tinh
DPPH cua BLL

Chlo Chlo a Chlo b Poly Flav DPPH
Chlo 1,000
Chlo a 0,835% 1,000
Chlo b 0,969* 0,731* 1,000
Poly 0,981* 0,808* 0,957* 1,000
Flav 0,984* 0,953* 0,953* 0,991* 1,000
DPPH 0,979* 0,829* 0,936%* 0,977* 0,979* 1,000
Xo tan 0,253 0,232 0,238™  0,238™  0,213™  0,248™

Ghi chii: (*): M6i twong quan cé ¥ nghia thong ké p<0,01. ns: Moi twong quan
khéng cé y nghia théng ké p>0,05. Chlo=Chlorophyll, Poly=Polyphenol,
Flav=Flavonoid.

Két qua phan tich thdng ké ghi nhan mdi twong quan chit ché giira ham
lugng chlorophyll, polyphenol va hoat tinh bat gbc ty do DPPH, v&i hé sé twong
quan (R) 1an luot 13 0,979 va 0,977 (p<0,01) (Bang 3.9). Twong ty, ham lugng
flavonoid ciing thé hién mdi twong quan cao véi hoat tinh DPPH (R=0,979;
p<0,01). Ham luong chlorophyll a va chlorophyll b ciing ¢6 mdi twong quan voi
hoat tinh DPPH, véi R 1an lugt 13 0,829 va 0,936 (p<0,01). Tuy nhién, khong ghi
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nhan méi twong quan gitta ham lwong xo tan va hoat tinh DPPH hodc cac hop chat
khac (p>0,05) (Bang P1.2.13).

Két qua phan tich cum bang phuong phap trung binh nhém véi khoang cach
Euclidean binh phuong cho thiy polyphenol va DPPH c6 mtc lién két cao nhat,
tiép theo 1a flavonoid (Hinh 3.24; Bang P1.2.14). Chlorophyll tong va chlorophyll
b ciing c6 mbi lién két chat hon so véi chlorophyll a. Xo tan tach biét hoan toan

v6i cac nhoém hop chat sinh hoc khac, pht hop voi phan tich twong quan Spearman.
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Hinh 3.24. Biéu d6 phan tich cum giira céc gia tri ciia BLL

Toém lai, polyphenol va flavonoid c¢6 mdi lién hé chit ché nhét v6i hoat tinh
chéng oxy hoa DPPH, tiép theo 1a chlorophyll tong va chlorophyll b, trong khi
chlorophyll a twong quan thap hon va xo tan khong c6 mbi tuong quan dang ké.
Két qua phan tich cum phul hop véi tuong quan Spearman, khang dinh vai tro chi
dao cua polyphenol va flavonoid trong kha ning khir gbe tu do.
3.2.3.3. Ddnh gid anh hwéng nhiét dp sdy phun dén chit lwong BLL

Két qua nghién ctru cho thy nhiét 6 siy phun ting cao dan dén suy giam
dang ké cac hop chat polyphenol, flavonoid va chlorophyll. Diéu nay dugc 1y giai
boi sy phan huy nhiét hodc phan Gng oxy hoa — lién két giira cac chit sinh hoc va
nhimng thanh phan khac trong diéu kién nhiét 46 cao [180]. Cac két qua nay phu
hop véi nhirng nghién ctru trude d6 nhu trén bot 14 61 [181], bot 14 sa [182], va tra
xanh [183], trong d6 cac hop chit phenolic bi suy giam rd rét khi sdy ¢ nhiét do
trén 140°C. Riéng chlorophyll d& bi chuyén héa thanh pheophytin thong qua phan
g thay thé ion Mg?* bang H*, gdy mat mau va giam hoat tinh sinh hoc [184].
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Trong nghién ctru nady, nhiét d§ 120°C duogc xac dinh la diéu kién tbi uu,
bao toan hiéu qua cac hop chét chlorophyll, polyphenol va flavonoid, dong thoi
duy tri hoat tinh DPPH ¢ murc cao trong BLL. So sanh vdi cac nghién ctru trudc,
nhiét do siy phun tdi uu c6 su khac biét tuy thudc vao loai nguyén lidu. Cu thé,
nghién ctru trén bot 14 sa ¢ nhiét do 130°C 1a phu hop nhat dé bao toan ham luong
polyphenol, flavonoid va hoat tinh chéng oxy hoa [182], trong khi bot 14 tra xanh
dat ham luong polyphenol cao nhit ¢ 140°C [183].

Su suy giam ham luogng chlorophyll, polyphenol va flavonoid trong qua
trinh sdy dugc xem 1a nguyén nhan chinh lam giam hoat tinh DPPH. Nghién ctru
trén cay hwong nhu (Dracocephalum moldavica L.) ciing cho thdy siy phun &
nhiét do tir 150°C trg 1én gy suy giam dang ké hoat tinh DPPH, chua yéu do phan
huy cac hop chit phenolic va ting cudng phan tng oxy hoa [185].

Phén tich cum va twong quan Spearman di khiang dinh méi lién hé chit
giita cac hop chat nay va hoat tinh chéng oxy hoa, phu hop véi cac nghién ciru
trudc d6 [186,187]. Polyphenol va flavonoid 1a nhitng hop chat dong vai tro chinh
trong kha nang khtr gbc tu do ciia BLL. Nhom hop chét nay cé cdu trac giau nhom
hydroxyl (-OH) dé& dang cho va nhan electron, gitp trung hoa cac gbc ty do DPPH
thong qua co ché cho hydrogen hoic chuyén electron. Pidu nay 1y giai mbi twong
quan rat cao giita ham luong cac hop chit nay va hoat tinh bat gbc DPPH. Trong
khi d6, chlorophyll ciing c6 hoat tinh chdng oxy héa nh kha ning tao phuc véi
ion kim loai va khir cdc dang oxy phan tng, nhung vai trd ndy yéu hon so véi
polyphenol va flavonoid.

Nguoc lai, ham luong xo tan c6 xu hudng 6n dinh gitra cac muc nhiét do
va khéng lién quan dén hoat tinh chdng oxy héa, do khéng c6 cau trac hoa hoc
thuan loi cho phan tmg bat gbc tu do, phu hop voi cac nghién ctu trude dy vé
dic tinh sinh hoc cua chat xo. Tuy nhién, nhiéu cong trinh di chi ra rang xo tan
c6 thé tuong tac v6i polyphenol qua lién két hydro hodc cong hoa tri, gitp cai
thién d6 6n dinh va kha ning hap thu cua cac hop chat nay [188].

Trong qua trinh vi bao dich chiét 14 laa, maltodextrin (MD) duoc st dung
lam chat mang. MD 1a mét polyglucosaccharide tro vé mat sinh hoc (khong chira
polyphenol), nén khong anh hudng dén hoat tinh chéng oxy héa cua san pham
[81]. Vi bao bang MD gitp béo vé cac hop chat phenolic khoi phan huy nhiét
trong qua trinh siy va nang cao do bén ctia san pham trong bao quan [189].

Mic du sy dong kho bao toan hop chat sinh hoc t6t hon, nhung chi phi va
ning luong tiéu thy cao [190], khong phu hop cho san xuit quy mé cong nghiép.
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Trong khi d6, say phun & 120°C cho san pham bot c6 chét lugng cao, bao toan
hoat chét sinh hoc va phu hop dé ing dung trong nganh thuc phim chirc ning.

Ngoai ra, dé hoan thién quy trinh cong nghé, cac chi tiéu cong nghé nhu
hiéu suat thu hoi bot, d6 am, d¢ hoa tan va kich thudc hat can dugce khao sat chi
tiét hon trong cic nghién ctru tiép theo, nham nang cao tinh 6n dinh, kha ning hoa
tan va gia tri tng dung thyc tién ctia san pham bot 1a aa non.

Tom lai, sdy phun ¢ 120°C 1a diéu kién t6i vu dé thu nhan BLL, gitp bao
toan tot chlorophyll, polyphenol, flavonoid va duy tri hoat tinh chong oxy hoa,
d6ng thoi tiét kiém chi phi hon so v6i siy dong kho, pht hop cho san xuat quy mo
cong nghiép.

3.2.4. Phan tich chit lwong BLL theo tiéu chuin vé sinh an toan thuc phim

Két qua phan tich chat lugng BLL khong phat hién su hién dién déng ké
ctia ndm mdc va cdc vi sinh vat giy bénh phd bién nhu Escherichia coli, Coliforms
va Bacillus cereus (Bang 3.10).

Bang 3.10. Phén tich chat lwong BLL

n o ] o Gid6i han cho phép”
Chi tiéu phan tich Don vi Bot 1a lua
(46/2007/Qb-BYT)
Téng men, mc CFU/g <10 -
Clostridium CFU/g
perfringens =10 )
Coliforms CFU/g <10 -
E. coli CFU/g <10 -
Bacillus cereus CFU/g <10 -
Téng VSV hiéu khi CFU/g 2,2x 103 -
Asen mg/kg ND 5
Thuy ngan mg/kg ND 0,5
Chi mg/kg ND 10
Kém mg/kg ND -
Cadimi mg/kg ND 0,3
Pong mg/kg ND -
Aflatoxin tong sb ug/kg ND -
Aflatoxin B ng/kg ND -
*(-) Khéng quy dinh.

Poéng thoi, ham lugng kim loai ning gdm chi (Pb), asen (As), thay ngan
(Hg), kém (Zn) va cadimi (Cd) ciing nhu doc t6 aflatoxin déu dudi ngudng phat
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hién. Cac thong sb nay déu nam trong gii han cho phép vé 6 nhiém sinh hoc va
héa hoc theo quy dinh tai Quyét dinh s6 46/2007/QD-BYT ngay 19 thang 12 nim
2007 clia B Y té.
Nhu vay, san phém dat tiéu chuin vé sinh an toan thuc phém va phu hop

dé sir dung 1am nguyén liéu bd sung trong ché bién thyc pham chic ning.
3.2.5. Anh hwéng nhiét d va thoi gian bao quan dén chit lwong BLL
3.2.5.1. Anh hwéng dén ham lwong chlorophyll tong

Ham luong chlorophyll tong trong BLL giam déan trong sudt thoi gian 6 thang
bao quan & cac diéu kién 27 2 °C, 5°C va —18 °C (Hinh 3.25). Sy suy giam nay
c6 ¥ nghia théng ké (p<0,05) tir thang thir nhit dén thang thir sau (Bang P1.2.15).
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Hinh 3.25. Ham lwong chlorophyll tong trong BLL theo théi gian bio quan
Ghi chii: Céc chir cdi khdc nhau trén dau cét thé hién sw khéc biét ¢6 ¥y nghia
thong ké trong ciing mét thoi gian bdo quan (p<0,05).

Trong ba diéu kién nghién ctru, BLL bao quan ¢ nhiét do phong 27 +2 °C
dan dén su suy giam nhanh nhét, dic biét ¢ thang thar sau, ham luong chlorophyll
chi con khoang 200 pg/g. Nguoc lai, bao quan & —18°C duy tri ham luong
chlorophyll cao nhét trong toan b thoi gian, khac biét co y nghia théng ké so véi
cac diéu kién con lai (p<0,05). Bao quan & 5°C ciing gitip duy tri chlorophyll tét
hon so v&i1 27 =2 °C, nhung kém hi¢u qua hon so voi —18°C.
3.2.5.2. Anh hwéng dén ham lwong polyphenol tong

Tuong ty nhu chlorophyll, ham lugng polyphenol téng trong BLL ciing giam
dan qua 6 thang bao quan (Hinh 3.26). Sy giam ndy c6 ¥ nghia théng ké (p<0,05)
& ca ba diéu kién bao quan (Bang P1.2.16).
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Hinh 3.26. Ham lwong polyphenol tong trong BLL theo thoi gian bao quén
Ghi chii: Céc chir c¢di khdc nhau trén dau cot thé hién sw khdc biét ¢6 ¥y nghia
thong ké trong cung mot thoi gian bao quan (p<0,05).

Bédo quan ¢ nhiét d§ thap cho hi¢u qua tot hon trong bao toan polyphenol.
Cu th¢, sau 1 thang, ham lugng polyphenol & —18°C dat 1,92 mg GAE/g, cao hon
dang ké so voi 1,53 mg GAE/g & 5°C va 1,43 mg GAE/g ¢ nhiét d6 phong
2742 °C. Xu hudng nay duoc duy tri cho dén thang thir sau, v6i cac gia tri tai —
18°C van cao hon c6 ¥ nghia théng ké (p<0,05) so v6i cac diéu kién khac.
3.2.5.3. Anh hwéng dén ham lwong xo tan

Ham lugng xo tan dao dong trong khoang 500-545 mg/g va khong ghi nhan

su thay d6i dang ké sau 6 thang bao quan & ca ba diéu kién (Hinh 3.27).
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Hinh 3.27. Ham lugng xo tan trong BLL theo thoi gian bao quan
Ghi chii: Céc chir cdi khdc nhau trén dau cot thé hién sw khdc biét ¢6 ¥y nghia
thong ké trong ciing mét thoi gian bdo quan (p<0,05).
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Mic du co su bién dong nhe theo thoi gian — cao nhét & thang thu nhét va
thi tu (570-605 mg/g) va thip nhét ¢ thang thir ba (422-444 mg/g) — nhung phan
tich thong ké cho thiy sy khac biét nay khong co ¥ nghia (p>0,05) (Bang P1.2.17).
So sanh theo diéu kién bao quan, —18°C ghi nhan ham luong xo tan cao hon nhung
khéng c6 ¥ nghia théng ké (p>0,05).

3.2.54. Anh hwéng dén hoat tinh bt goc tw do DPPH

Hoat tinh chdng oxy hoa ciia BLL, dugc do thong qua kha nang khir goc tu
do DPPH, ciing giam dan theo thoi gian bao quan o tat ca cac diéu kién nhiét do
(Hinh 3.28). Trong 4 thang dau, hoat tinh DPPH giam cham hon & diéu kién 5°C
va —18°C, v6i gi tri 1an lugt dat 2,01 umol TE/g va 2,12 umol TE/g & thang tht
tu. Tuy nhién, tr thang tht ndm tré di, muc suy giam rd rét hon, dac bi€t & nhiét
d6 phong 27 2 °C. Phan tich thong ké xac nhan sy suy giam nay 1a c¢6 y nghia
(p<0,05) (Bang P1.2.18), trong d6 hoat tinh DPPH & diéu kién 5°C va —18°C luén
cao hon dang ké so v&i nhiét do 27 + 2 °C trong sudt thoi gian bao quan (p<0,05).
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Hinh 3.28. Hoat tinh bit géc tw do DPPH ciia BLL theo thoi gian bao quan
Ghi chii: Céc chir c¢di khdc nhau trén dau cot thé hién sw khdc biét ¢6 ¥y nghia
thong ké trong ciing mét thoi gian bdo quan (p<0,05).
3.2.5.5. Ddnh gid anh hwéng nhiét d va thoi gian bdo qudn lén chit lwong
ciia BLL

Chét luong ctia BLL c6 thé bi anh huong dang ké trong qua trinh bao quan
do cac phan tng phan hiy héa hoc va enzyme. Viéc xac dinh diéu kién bao quan
t61 wu 13 can thiét nham duy tri 6n dinh cac hop chét sinh hoc va dap tmg tiéu
chuan thuong mai hoa.
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Chlorophyll 1a hop chit d& phan hay boi nhiét, 4nh sang va enzyme
chlorophyllase. Hai co ché phan hity phd bién gom: (1) phan ung thay thé ion
Mg?* bang H* tao pheophytin, 1am chuyén mau tir xanh luc sang nau 6 liu, va (2)
su thuy phan boi enzyme chlorophyllase, tao chlorophyllide va sau dé tiép tuc
bién d6i thanh pheophorbide duédi tic dong nhiét [184]. Cac bao cdo trén bot
thylakoid cling xac nhan su suy giam chlorophyll do thiy phan enzyme va phan
huy hoa hoc trong sudt qua trinh bao quan [191]. Két qua nghién ctru hién tai phu
hop vdi cac bao cdo trén, khi chlorophyll giam déan theo thoi gian, dic biét 1a ¢
nhiét do cao.

Ham luong polyphenol tong ciing suy giam manh theo thoi gian, ching to
tinh nhay cam cao cua cac hop chat phenolic trong BLL. Trong mét nghién ctru
trén qua Myrica rubra, anthocyanin bi phan huy nhanh hon so véi cac polyphenol
khac [192]. Nguyén nhan chinh 1a do hoat dong ctia enzyme PPO con soét lai, xtc
tac qua trinh oxy hoa cac hop chét phenolic thanh quinon, dan dén d6i mau va suy
giam hoat tinh sinh hoc [193].

Hoat tinh DPPH cta BLL phan anh rd rét xu hudéng suy gidm cung voi
chlorophyll va polyphenol. Nghién ctru trén bdt tra xanh Camellia sinensis véi
hoat tinh DPPH va polyphenol giam manh & cac diéu kién nhiét do cao chi sau hai
thang bao quan [194]. Cac hop chét phenolic dé bi thoai bién khi tiép xuc 1au véi
nhiét d cao, lam giam kha niang chong oxy hoa [194]. Trong khi d6, bao quan
lanh, dac biét & —18°C, giup duy tri ham lugng hoat chit va hoat tinh sinh hoc t6t
hon. Két qua nay twong ddng véi bao céo trén vi tao Arthrospira platensis khi bao
quan déng lanh duy tri tot cac hop chat sinh hoc [186].

Mic du xo tan khong co thay doi dang ké trong sudt qua trinh bao quan,
nhung cac nghién ctru d3 ghi nhan vai trd cia xo tan trong viéc lién két véi
polyphenol thong qua lién két ether, ester hodc hydro, déong gép vao hoat tinh
chdng oxy hoa cua thuc pham [188]. Do d6, viéc bao toan xo tan 1a yéu t6 co gia
tr1 dinh dudng va chirc nang.

Nhiét d6 bao quan thap, dic biét 5°C va -18°C, gitp duy tri tot ham luong
chlorophyll, polyphenol va hoat tinh chéng oxy hoa cuia BLL, dong thoi giam hoat
dong cua cac enzyme chua duoc bat hoat hoan toan. Trong do, -18°C la diéu kién
t6i wu dé bao quan BLL, dam bao chat luong san pham trong thoi gian dai.

Tom lai, qué trinh san xuat BLL duogc dé xuit bao gém: thu hoach 14 lta

gidng IR50404, chan trong 4 phut, chiét bang dung méi ethanol 60% véi ty 18
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DM:LL 10:1, séy phun ¢ 120°C st dung MD 10% va bao quan ¢ 5°C hoac —18°C,
nham t6i wu hoa chit lugng san pham.
3.3. Khaio sat hoat tinh chdng oxy hoa ciia bt 14 lia non
3.3.1. Phan tich HPLC xac dinh nhém chit catechin

Muc tiéu cua phan tich HPLC 1a dé xic dinh thanh phan hop chét
polyphenol dong vai trd trong cac hoat tinh sinh hoc ctia BLL. Dya vao két qua ¢
Hinh 3.32, BLL chtra nhom catechin gdm: Catechin (1,23 mg/L), epigallocatechin
gallate (EGCG) (0,90 mg/L), va epicatechin gallate (ECG) (2,59 mg/L).
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Hinh 3.29. Sic ky do trong két qua phan tich HPLC ciia BLL

Cac hop chét nay thudéc nhéom flavanol, da dugc chirng minh c6 hoat tinh
sinh hoc da dang nhu: chéng oxy hoa, chdng viém, khang khuan, chdng ung thu,
chéng di tmg, chéng déng mau, chng loét va khang virus [195].

Trong d6, EGCG 1a hop chat noi bat nhat do chira nhiéu nhém hydroxyl
trong cau tric, gitip trung hoa cac gdc tu do, tao phirc v4i kim loai va e ché cac
enzyme gay viém nhu cyclooxygenase va lipoxygenase [196]. Ngoai ra, EGCG
con dugce ghi nhan c6 kha ning diéu hoa con dudng tin hiéu NF-kB, tir d6 1am
giam san xuat cac cytokine gy viém [197]. ECG va catechin tuy c6 hoat tinh yéu
hon EGCG, nhung van tham gia vao cac hiéu tng sinh hoc thong qua co ché turong
tu.

Céc catechin khong chi c¢6 tiém niang ung dung trong y hoc, dic biét trong
diéu tri cac bénh 1y nhu tim mach, tiéu dudng va ung thu nho kha ning bao vé té
bao khoi stress oxy héa va ton thuong DNA [198], ma con dugc sir dung trong my
pham véi vai tro chdng 130 hoa, bao vé da khoi tac dong cua tia UV [199]. Su hién
dién cua cac catechin trong BLL 13 co sé quan trong dé giai thich nhiing tic dong
sinh hoc tiém nang cua BLL 1én hé vi sinh vat duong rudt va suc khoe vat chu.
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3.3.2. Khaio sat hoat tinh chong oxy hoa ciia BLL

BLL 6 céc nong do tir 1% dén 10% (w/v) dugc phan tich vé ham lugng cac
chat bao gdm chlorophyll tong, polyphenol tong va xo tan. Két qua dugc trinh bay
trong Bang 3.11.

Ham luong chlorophyll tong ting dan theo ndong do BLL. O nong do 1%,
ham luong chlorophyll tong thap nhét, trong khi & nong do 10%, ham luong dat
cao nhat, ting khoang 1,7 1an so v6i ndng d6 1%. Phén tich thong ké cho thiy co
su khac biét ¥ nghia vé ham luong chlorophyll giita cac ndong do6 BLL (p<0,05).
Tuy nhién, giita cic ndng do tir 2%-5% va 8%-9%, su khac biét khong y nghia vé
mit thong ké (p>0,05) (Bang P1.3.1).

Ham lugng polyphenol tong ciing ting theo nong d6 BLL, v&i gi tri thap
nhat 12 0,86 mg GAE/g & ndong do 1% va cao nhét 1a 1,96 mg GAE/g ¢ nong do
10%. Phéan tich théng ké ghi nhan su khac biét c6 y nghia vé ham luong
polyphenol tong & cac nong do 1%, 2%, 6%, 9% va 10% (p<0,05) (Bang P1.3.2).

Khac voi chlorophyll va polyphenol, ham luong xo tan bién thién khong on
dinh theo nong d6 BLL. Sy bién dong nay khac biét khong co y nghia thong ké
(p>0,05) (Bang P1.3.3).

Bang 3.11. Ham lwgng chlorophyll, polyphenol va xo tan trong BLL

Nong d¢ BLL Chlorophyll  Polyphenol tong*
2 Xo tan ™ (mg/g)
(“o) (W/V) tong™ (ug/g) (mg GAE/g)
1 491,83%+16,15 0,86°+0,04 590,72+73,08
2 556,91°+10,24 1,03°+0,02 599,60+19,30
3 606,47>+13,53 1,11%+0,01 599,754+27,52
4 660,24°4+31,25 1,17¢4+0,05 608,24+7,34
5 702,04%+12,97 1,24%+0,04 596,40+10,46
6 734,12°421,92 1,35+0,07 603,40+13,16
7 792,04'+4,67 1,45%0,10 611,57+26,88
8 805,421%+36,49 1,54%+0,12 600,79+6,49
9 860,998"+31,52 1,808+0,03 625,21+7,88
10 868,47"+£15,94 1,96"+0,03 630,21+3,01
CV% 2,75 3,81 3,25

Ghi chu: Cac gia tri trong bang la gia tri trung binh = SD. (*): Trong cung mot
cot, cac gia tri theo sau boi mot hodac nhitng chit cadi giéng nhau thi khac biét
khéng c6 y nghia thong ké (p>0,05). ns: cdc gid tri trong ciing mot cot khdc biét
khéng c6 ¥ nghia thong ké (p>0,05). GAE = twong dwong gallic acid.
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Hoat tinh chéng oxy hoa ciia BLL dugc danh gia thong qua gia tri ICso
trong cac phép tht DPPH, ABTS, FRAP va RP, véi vitamin C 1am d6i ching
(Hinh 3.30 va Bang 3.12).
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Hinh 3.30. Thir nghiém DPPH, ABTS, FRAP va RP theo nong @6 BLL
Két qua cho thidy BLL c6 kha niang khir gbc tu do nhung hiéu lyc thip hon
dang ké so v6i chat chuan Vitamin C. Trong thir nghiém DPPH, BLL dat gia tri
ICso & ndng d6 45,69 mg/mL (twong duong 4,5% w/v), trong khi Vitamin C chi
can 6,12 pg/mL dé dat hiéu qua twong duong. Tuong ty, voi thir nghiém ABTS,
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ICso cia BLL 13 80,9mg/mL (8,1% w/v), cao hon nhiéu so v4i Vitamin C
(87,72 ng/mL), cho thiy kha ning khir gbc ABTS ctua BLL kém hon.
Bang 3.12. Phwong trinh hoi quy va ICso ciia BLL va vitamin C

Thw

nghiém Miu Phwong trinh hoi quy R? ICso
DPPH Vitamin C y=28,0377x + 0,8419 0,995 6,12 ug/mL
BLL y = 0,5554x + 24,622 0,789 45,69 mg/mL
ABTS Vitamin C y=1,1118x +2,5817 0,993 42,65 ng/mL
BLL y =0,5624x + 4,5034 0,987 80,90 mg/mL
FRAP Vitamin C y =2,0463x +2,7414 0,990 23,09 pug/mL
BLL y=-0,0076x*+ 1,3736x + 9,8487 0,951 36,67 mg/mL
RP Vitamin C y =0,0462x + 0,0187 0,991 3,69 ug/mL

BLL y =-0,004x>+ 1,0713x + 8,8369 0,964 46,49 mg/mL

O phép thir kha niang khtr sit (FRAP), BLL c6 ICso 12 36,67 mg/mL (3,7%
w/v), van cao hon so véi Vitamin C (23,09 pg/mL). Trong phép thir RP, ICso cuia
BLL lén t6i 46,49 mg/mL (4,6% w/v), trong khi Vitamin C chi cin 3,69 pg/mL.
Piéu nay chimg minh BLL c6 kha ning tham gia phan ung khir nhung & muc do
thap hon nhiéu so v6i chat chéng oxy héa manh.

Nhin chung, ham lugng chlorophyll va polyphenol trong BLL ting dan theo
ndng do, trong khi xo tan khong bién dong c6 y nghia thong ké. BLL thé hién kha
ning chéng oxy hoa thong qua cac phép thir DPPH, ABTS, FRAP va RP nhung
hiéu luc thap hon dang ké so vé6i vitamin C. Piéu nay cho thdy BLL c6 tiém ning
chdng oxy hoa, chi yéu nhd cac hop chét chlorophyll va polyphenol, nhung hoat
tinh yéu hon so v6i chat chéng oxy héa chuan.

3.3.3. Phan tich méi twong quan giira thanh phan hoa hoc va hoat tinh chong
oxy hoa cua BLL

Phan tich da bién, bao gdbm twong quan Spearman va phan tich cum, duoc
thuc hién dé danh gia mbi quan hé giita ham luong hop chit va hoat tinh chéng
oxy héa cia BLL (Bang P1.3.4 va P1.3.5). Ké qua phan tich twong quan
Spearman (Bang 3.13) thé hién mdi lién hé rd rét giita ham luong cac hop chét
sinh hoc va hoat tinh chéng oxy hoa ctia BLL. Cu thé, ham luong polyphenol thé
hién twong quan cao va co ¥ nghia théng ké (p<0,01) voi cac chi sé hoat tinh chdng
oxy hoa, bao gdbm DPPH (R = 0,984), ABTS (R = 0,971), FRAP (R = 0,980) va
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RP (R = 0,983). Twong tu, ham luong chlorophyll ciing c6 mdi twong quan chit
ché voi DPPH (R = 0,965), ABTS (R = 0,958), FRAP (R = 0,952) va RP (R =
0,972) (p<0,01), chtng to vai trd quan trong cia sic to nay trong viéc tham gia
vao qua trinh trung hoa gdc tu do va khir oxy hoa.

Bang 3.13. H¢ so twong quan Spearman (R) giira cac thong s ciia bot 14 lia

Chlo Poly Xo tan DPPH ABTS FRAP
Chlo 1,000
Poly 0,967* 1,000
Xo tan 0,393%%* 0,429** 1,000
DPPH 0,965* 0,984* 0,408** 1,000
ABTS 0,958* 0,971* 0,369**  0,984* 1,000
FRAP 0,952* 0,980* 0,396**  0,988* 0,988* 1,000
RP 0,972* 0,983* 0,368**  0,988* 0,992* 0,989*

Ghi chii: (*) Moi twong quan véi ¥ nghia thong ké p<0,01. (¥*) Méi twong quan
¢6 ¥ nghia thong ké p<0,05. Chlo = Chlorophyll; Poly = Polyphenol.

Nguoc lai, ham lugng xo tan chi thé hién modi tuong quan thap véi cac phép
thir chdng oxy hoa, v6i hé sé R dao dong tir 0,36 dén 0,41 (p<0,05), cho thay chit
xo khong dong vai tro chinh trong hoat tinh chdng oxy hoa truc tiép cua BLL. Két
qua ndy goi ¥ rang polyphenol va chlorophyll 13 hai nhém hop chéat gop phan chinh
vao tiém niang chong oxy hoa, trong khi xo tan chi1 yéu hd trg vé mit sinh Iy duong

rudt hon 1a tham gia truc tiép vao phan tng khur gde tu do.

Khoin

Hinh 3.31. Biéu d6 phén tich cum giira cic thong s ciia BLL
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Phan tich cum st dung phuong phéap trung binh nhém véi khoang céch
Euclidean binh phuong cho thay polyphenol nhém cing DPPH, ABTS, RP; trong
khi chlorophyll gan vi FRAP (Hinh 3.31).

3.3.4. Panh gia kha ning chdng oxy hoa ciia BLL

Két qua nghién ctru ghi nhan BLL chira ham luong dang ké chlorophyll va
polyphenol, dic biét 1a nhom catechin —hgp chit then chét dong vai tro quan trong
trong hoat tinh chdng oxy hoa. Catechin va cic dan xuat 1a nhom flavonoid ndi
bat c6 co ché chéng oxy hoa thong qua kha ning cho proton hoic electron dé trung
hoa gbc tu do, dong thoi tao phiic chelating véi ion kim loai chuyén tiép (Fe?*,
Cu?"), tir 6 han ché phan tng Fenton sinh ra gc hydroxyl gdy hai [195]. Ngoai
ra, catechin con c6 kha ning 6n dinh gdc ty do thong qua cong hudng electron
trén vong phenolic, 1am giam hoat tinh oxy héa cua cac gbc tu do.

BLL c6 kha ning quét goc tu do (DPPH, ABTS) va kha nang khir (FRAP,
RP) nhung gia tri ICso cao hon dang ké so voi chat chuan Vitamin C, phan anh
hoat tinh chéng oxy hoa yéu hon. Piéu nay duoc Iy giai boi ham luong polyphenol
trong BLL thap hon so véi cac ngudn giau chat chdng oxy héa khac, mic du van
c¢6 kha ning bao vé té bao khoi ton thuong do stress oxy hoéa. Két qua cho thay
BLL c¢6 thé dong vai tro nhu mot nguén chéng oxy hoa hd trg, dic biét khi két
hop véi cac hop chat ¢ hoat tinh manh hon trong céng thirc thue phadm chirc ning
hodc san pham ting cudng sirc khoe.

So sanh vdi1 cac san phém bot thuc vat khac, hoat tinh chéng oxy hoa cua
BLL thip hon bot 14 lta mi (ICso DPPH = 1,48 mg/g) [200], bot Eugenia stipitata
qua sdy phun (ICse DPPH = 3,6-4,5 mg/mL) [81], bot vo Opuntia ficus (ICso
DPPH = 0,41-1,25 mg/mL) [201] hay bdt vo thanh long (Hylocereus polyrhizus)
(ICso DPPH = 11,44 mg GAE/100 mL) [202].

Phan tich da bién x4c nhan mdi twong quan chit ché gitta ham luong
chlorophyll, polyphenol va hoat tinh chéng oxy hoa ctia BLL, twong déng véi cac
nghién curu trudce day. Vi du, Khanthapok va cs. (2015) ghi nhan twong quan gitra
polyphenol va DPPH (R=0,784; p<0,05) va FRAP (R=0,880; p<0,05) trong dich
chiét 14 lta [26]. Nghién ctru trén 14 lia mach non ciing cho thiy twong quan gitra
phenolic va DPPH (R=0,795; p<0,05) [203], trong khi 14 non ctia ngd (Zea mays
L.), lha mi (Triticum aestivum L.) va lha mach (Hordeum vulgare L.) ghi nhén
trong quan rat manh giita polyphenol tong va DPPH (R=0,968; p<0,05) [51].
Ngoai ra, xo tan trong BLL tuy c6 twong quan yéu nhung ciing gép phan vao hoat

tinh chong oxy héa thong qua lién két hydro hodc ether voi polyphenol.
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Nhu vay, cac hop chit phenolic, dac biét catechin, dong vai tro chinh trong
co ché khir gbc tu do va khur sat cia BLL. Piéu nay goi y rang BLL van la ngudn
chéng oxy héa ty nhién tiém ning, dic biét khi dugc két hop hodc tdi wu ham
lwong phenolic dé nang cao hiéu qua sinh hoc. Nghién ctru nay ciing 1a tién dé vé
ghi nhan hoat tinh chdng oxy héa cia BLL sau siy phun, md ra kha niang (mg
dung trong thuc pham chirc ning va san pham bao vé stc khoe.

3.4. Khaio sit hoat tinh khiang khuin va khiang nim ciia BLL
3.4.1. Khio sit hoat tinh khiang khuin va khiang nim ciia BLL

BLL dugc hoa tan trong DMSO 30%, véi céac néng do 500, 1.000, 2.000,
4.000 va 8.000 pg/mL nham danh gia hoat tinh khang khuan E. coli, P.
aeruginosa, S. aureus va khang nam C. albicans.

Phuong phap khuéch tan trén giéng thach duoc st dung dé do dudng kinh
vong trc ché (1Z) sau 24 gio t. Dong thoi, phuong phap pha lodng lién tiép duoc
ap dung dé xac dinh nong do wc ché tbi thiéu (MIC).

Két qua khuéch tan trén giéng thach (Bang 3.14 va Hinh 3.32) chitng minh
BLL thé hién hoat tinh khang khuén phu thudc néng d6 dbi véi ca vi khuan Gram
duong, Gram am va hoat tinh khang nim yéu.

Doi v6i S. aureus, BLL tao vong ¢ ché tr 5,33 + 0,58 mm tai néng do 500
ng/mL va dat toi da 21,33 £ 0,58 mm & 8.000 pg/mL, cho thay do nhay cam cao
nhat so véi cac chung thtr nghiém (p<0,05) (Bang P1.4.2).

E. coli cting nhay cam tuong d6i, voi duong kinh e ché ting tir 4,80 + 0,16
mm tai 500 pg/mL Ién 20,24 £ 1,22 mm ¢ 8.000 pg/mL (p<0,05) (Bang P1.4.3).

Dbi v6i P. aeruginosa, BLL khong tao vong trc ché ¢ 500 pg/mL, nhung &
cac ndng do tir 1.000-8.000 pg/mL xuét hién vong trc ché tir 3,67 + 0,15 mm dén
19,33 £ 1,03 mm (p<0,05) (Bang P1.4.1).
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Hinh 3.32. Hoat tinh khang khuin va khang nim ciia BLL bang phwong

phap khuéch tan trén giéng thach

Ghi chii: Nong d bét ld lia 500 ug/mL (1), 1000 mg/mL (2), 2000 ug/mL (3),
4000 ug/mlL (4) va 8000 ug/mL (5). BC dm (-): DMSO 30%. PC dwong (+):
Ampicillin (100 ug/mL).

Trong khi do, nam C. albicans chi biéu hién vong 1rc ché nho tir 1,5 + 0,44
mm dén 5,0 £ 0,50 mm & ndéng do 2.000-8.000 pg/mL va khong ghi nhan hoat
tinh & 500 va 1.000 pg/mL (p<0,05) (Bang P1.4.4), ching t6 BLL c6 tac dung
khang ndm yéu. So sanh véi ddi chimg duwong ampicillin (d6i véi vi khuan) va

metronidazole (d6i voi ndm), BLL c6 hiéu luc khang khuan thip hon dang ké.
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Bang 3.14. Puong kinh vong trc ché (mm) ciia BLL ddi v6i vi khuan va nim

Nong do Puong kinh vong e ché (mm)
BLL
P. aeruginosa  S. aureus E. coli C. albicans
(ng/mL)
500 0 5,333+ 0,58  4,80°+0,16 0
1000 3,67°+0,15 12,67°+1,15  8,56°+0,46 0
2000 9,33°+1,03 16,00°£1,00  12,24°+1,22 1,5%+0,44
4000 15,679x1,15  18,679+0,58  16,249+0,46 3,5°+0,50
8000 19,33°+1,03  21,33°+0,58  20,24°+1,22  5,09+0,50
Ampicillin 37,33*1,53  31,672+1,15  25,01%+0,58 -
Metronidazol - - - 7,0¢£0,30
DMSO 0 0 0 0

Ghi chii: Gid tri dwong kinh vong ke ché la gid tri trung binh + SD. Trong ciing
mot cot, cdc gid tri theo sau boi mot hodc nhitng chir cai khac nhau thi khdc biét
c6 ¥ nghia théng ké (p<0,05). Déi ching dm: DMSO 30%. Déi chimg dwong:
Ampicillin (100 ug/mL) @i véi vi khudn va Metronidazole (100 ug/mL) déi véi
nam.

Bang 3.15. Nong dd e ché toi thiéu (MIC) ctia BLL d6i véi vi khuan va nim
MIC (ng/mL)

Vi khuan
La laa Ampicillin Metronidazole
P. aeruginosa 4787,56+191,64 <100
S. aureus 3939,16+£100,52 <100
E. coli 4817,50+313,40 <100
C. albicans > 8.000 <100

Ghi chi: Gid tri MIC la gid tri trung binh + SD. Péi chitng dwong: Ampicillin
(100 ug/mL) doi véi vi khudan va Metronidazole (100 ug/mL) déi véi nam.

Duya trén két qua MIC trinh bay ¢ Bang 3.15, BLL thé hién kha ning khang
khuin & mtc do nhat dinh. Trong cac chung vi sinh vat tht nghiém, S. aureus
nhay cam cao nhét v6i MIC dat 3939,16 + 100,52 pg/mL, cho thdy BLL co tac
dong tic ché nhit dinh d6i véi vi khuan Gram duong. Déi vé6i vi khuan Gram am,
P. aeruginosa va E. coli ¢c6 mic MIC twong ddi twong ddng, 1an luot 13 4787,56
+ 191,64 pg/mL va 4817,50 + 313,40 ug/mL, phan 4nh hoat tinh khang khuan yéu
hon so véi trén S. aureus. Dic biét, d6i voi ndm C. albicans, MIC 16n hon 8.000
ng/mL, ching t6 BLL c6 tac dung khang ndm yéu. So sanh vé6i dbi ching duong
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(Ampicillin va Metronidazole c6 MIC < 100 pg/mL), hoat tinh khang khuéan cua
BLL con théip, do1 hoi néng do cao dé rc ché duoc su phat trién cua vi sinh vat.
3.4.2. Panh gia hoat tinh khang khuin va khang nim ciia BLL

Két qua thir nghiém khuéch tan trén giéng thach cho thay BLL c6 kha ning
{rc ché mot s6 vi khuéan gay bénh, tuy nhién hi¢u qua phu thudc 1o rét vao néng
dd. Theo muc phan loai cua Saman va cs. (2022) va Morales va cs. (2003)
[204,205], trong d6 duong kinh vong e ché ~5 mm duoc xem 13 yéu, 5-10 mm
trung binh, 10-20 mm manh va 20-30 mm rat manh; BLL & ndng do thap (500
1000 pg/mL) gan nhu khong tao vong @rc ché hodc chi tao vong rat nhd <5 mm
dbi v6i P. aeruginosa va E. coli, dugc xép mirc yéu. Khi ting ndng d6 1én 2000
4000 pg/mL, BLL dat mtirc manh ddi véi S. aureus, E. coli va P. aeruginosa (Z1
12—-18 mm), song van khong dang ké ddi voi C. albicans (Z1 <3,5 mm). O ndng
d6 rat cao (8000 pg/mL), BLL dat mirc rat manh véi S. aureus (ZI 21,33 mm) va
E. coli (Z1 20,24 mm), trong khi P. aeruginosa & muc manh (19,33 mm) va C.
albicans chi dat yéu (5 mm), thdp hon so véi dbi chang ampicillin 100 pg/mL
(25,01-27,33 mm) va metronidazole 100 pg/mL (7 mm).

Két qua vong e ché duge cing ¢d boi gia tri ndng d6 wre ché tdi thiéu. MIC
ciia BLL ddi véi vi khuan dao dong 3,9-4,8 mg/mL, trong khi MIC ddi véi nAm
C. albicans > 8 mg/mL. Theo tiéu chuin phan loai MIC ciia Holetz va cs. (2002)
[206], hoat tinh dugc xem 14 t6t khi MIC <100 pg/mL, trung binh tir 100—
500 ug/mL, yéu tir 500-1000 pg/mL va khong dang ké khi > 1000 pg/mL. Nhur
vay, BLL thé hién hoat tinh khang khong dang ké ddi véi ca vi khuan Gram duong
va Gram am, dong thoi hau nhu khong c6 hiéu qua khang nam. So sanh véi d6i
ching Ampicillin/Metronidazole 100 pg/mL — c¢6 kha ning trc ché hoan toan vi
khuan va nidm & néng do thép —cho théy hiéu luc cia BLL yéu hon hang chuc lan,
chi c6 tinh chat kim hdm nhe su phat trién vi sinh vét chtr khéng phai tac nhan
khang khuan manh.

Sy nhay cam cao hon cta S. aureus c6 thé dugc 1y giai boi cau trac té bao
Gram duong don gian hon, chi c6 mot 16p peptidoglycan day, dé bi cac hop chat
phenolic xdm nhap va phéa v&. Trong khi d6, vi khuan Gram am nhu E. coli va P.
aeruginosa s hitu mang ngoai chtra lipopolysaccharide, 1am giam tinh tham cta
cac hop chit khang khudn va do d6 it nhay cam hon [207].

Sy hién dién ctia nhom chét catechin bao gém catechin, epigallocatechin
gallate va epigallocatechin) trong BLL c6 lién quan truc tiép dén hoat tinh trc ché

vi khuan. Cac catechin nay da dugc ching minh cé kha nang tc ché ca vi khuan
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Gram duong va Gram 4m thong qua cac co ché pha v& mang té bao, tc ché hoat
dong enzyme ndi bao va can trd hinh thanh mang sinh hoc [208]. Tuy nhién, muc
do tac dong cua chung bi han ché khi can dat néng dd cao madi phat huy hi¢u qua.
Tuong ty, catechin con c6 tac dung khang ndm bang cach tc ché kha ning bam
dinh va hinh thanh biofilm cua C. albicans [209]. Tuy nhién, hi€u qua nay bi han
ché boi dic diém ciu trac phic tap va kha ning khang thudc vén c6 cia lodi nAm
nay [114], khién C. albicans it nhay cam hon so v&i vi khuan va can dén ndng do
cao hon mai c6 hoat dong trc ché hiéu qua.

Hoat tinh khang khuan va khang nam yéu ctua BLL c6 thé mot phan 1a do
day 13 san pham bot d3 qua say phun. Viéc sy phun ¢ nhiét d6 cao co thé 1am
giam hoat tinh ctia mot s6 hop chat polyphenol nhay nhiét trong 1a ltia, din dén
giam hiéu qua khang khuan [210,211]. Bén canh d0, viéc st dung chit mang
maltodextrin (MD) trong qua trinh phdi tron va sdy phun gitip on dinh hoat chat,
bao toan tinh chat héa hoc va duy tri kha ning bao quan, nhung dong thoi co thé
lam lodng ham luong hop chat hoat tinh, dan dén giam nong d6 tac dong thuc té
[212]. O ndng d6 cao, MD con ¢6 thé 1am chim qué trinh giai phong hoat chit,
lam tang gia tri MIC [213]. Tuy nhién, phuong phap say phun van ching minh
hi¢u qua trong viéc bao toan do 6n dinh ctia BLL, kéo dai thoi gian bao quan va
han ché sy suy giam hoat tinh theo thoi gian.

Ngoai ra, su khac biét giita két qua vong @rc ché va MIC con phan anh tinh
chét khuéch tan han ché cua cic hop chit phenolic va flavonoid qua mdi trudng
thach. Trong phuong phap khuéch tan, cac hop chat nay khé lan truyén rong, nén
vong e ché ¢6 thé nho hon so voi hiéu luc thyc té. Trong khi d6, MIC trong méi
truong 16ng phan anh chinh xac hon ndng do can thiét dé (rc ché hoan toan vi
khuan.

Nhu vay, BLL co tiém nang khang khuan hd tro, dic biét trén S. aureus va
E. coli, nhung khong hiéu qua trén ndm men C. albicans va kém nhay voi P.
aeruginosa. Dé nang cao hiéu luc, can nghién ctru phan 1ap cac phan doan giau
hoat chat, ti vu hoa quy trinh chiét tach, cling nhu diéu chinh ty 1¢ chat mang MD
nham t6i vu qua trinh giai phong hoat chat. Viéc két hop BLL véi cac tic nhan
tang tinh thAm mang té bao c6 thé mo ra kha ning tng dung nhu mot thanh phan

hd trg khang khuan ty nhién trong bao quan thuc phém hodc hd tro diéu tri.
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3.5. Tac dong tiéu thu BLL lén h¢ vi sinh vat dudng rugt ¢ chuot
3.5.1. Khao sat anh huwéng ciia BLL Ién h¢ vi sinh vat dwong rudt

Thi nghiém dugc thiét ké nham danh gia su thay doi vé thanh phan va chirc
ning hé vi sinh vat rudt qua ba hudng tiép can gdbm (1) Su thay doi mat sb vi khuan
lactic acid (LAB) va vi khuan hiéu khi (AeB) bang phuong phap nudi ciy dia
thach; (2) Phan tich hé gen vi sinh vat dudng rudt béng gidi trinh ty metagenomics
ving gen 16S rRNA; (3) Su thay ddi cac chi s6 huyét hoc, hinh thai mé hoc cia
rudt non, va sy thay doi trong luong co thé chudt duoc theo doi dé danh gia tac
dong tong thé cua BLL dén chi s6 sinh 1y va strc khoe vét chu.
3.5.1.1. Chi s6 huyét hoc

Phan tich huyét hoc sau 14 ngay bo sung BLL cho thay cac chi s6 mau cua
chudt BALB/c ¢6 sy thay doi dang ké nhung van nam trong gi6i han sinh 1y binh
thuong (Bang 3.16). S6 lugng hong cau (RBC), bach cau (WBC) va tiéu cau (PLT)
ting dang ké & nhom PC150 va PC300 so véi nhom ddi ching PCDC (p<0,05).
Su gia ting RBC cho thay kha ning hd tro qua trinh van chuyén oxy, trong khi
WBC va PLT ting nhe c6 thé phan anh dép tng mién dich sinh 1y va hd tro chirc
nang dong mau. Két qua nay goi y BLL ¢6 tiém ning diéu hoa nhe qué trinh tao
mau va ting cuong mién dich [214].

Cac phan nhém bach cau (NEU, LYM, MON, EOS, BAS) ciling c6 xu
hudng tang, dic biét & nhom PC300, cho thdy kha nang kich hoat ca dap ing mién
dich bam sinh (qua NEU, MON) va mién dich thich nghi (qua LYM). Mic du ¢6
su thay d6i nhung tat ca cic gia tri déu nam trong gidi han tham chiéu binh thuong
ctia chudt BALB/c, ching t6 khong gay rdi loan mién dich hay viém bat thudng.

Nguoc lai, hemoglobin (HGB), hematocrit (HCT), MCV va MCH giam nhe
& nhom bd sung BLL so v&i d6i ching, nhung van nam trong gidi han sinh 1y. Su
giam nhe nay c6 thé lién quan dén anh hudng cia polyphenol trong BLL dén
chuyén héa sat hodc pha loang huyét tuong, hién twong da duoc ghi nhan trong
mot s6 nghién ciru trude [215].

Nhin chung, két qua nay phu hop véi bao céo ctia Phimphilai va cs. (2021),
trong d6 chiét xuat 14 la 1am ting nhe WBC va PLT ma khong gy tac dong tiéu
cuc 1én stc khoe tong thé [39]. Viéc tat ca cac chi sé déu nam trong gi6i han binh
thuong cho théiy BLL an toan trén hé huyét hoc cua chudt sau 14 ngay st dung,

dong thdi co thé hd tro diéu hoa nhe qua trinh tao mau va mién dich.
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Bang 3.16. Chi s huyét hoc ciia chudt sau khi tiéu thu BLL

Gioi han tham

Chi sb PCDC PC150 PC300 chiby®
RBC (10/uL) 8,78+0,17 10,09+0,51 9,68+0,54 80—10,1
HCT (%) 462+1,11 40,53+0,63 3929+042 36,4 —49,6
HGB (g/dL) 12,03+0,76 13,59+0,36 12,53+£0,93 11,9-155
MCV (fL) 51,43+1,15  50,4+1,81 51,5+0,60 42,3 54,7
MCH (pg) 14,12+0,65 14,29+0,90 14,75+0,33 13,0—17,0
MCHC (g/dL)  30,03+0,67  31,3+0,75 32,67+0,75 284-36,4
RDW-CV (%)  13,67£0,58  15,0£1,00 14,67+0,58 13,2—-17,6
RDW-SD (fL)  26,63+£0,31 28,03+0,35 27,0+£1,00 23,1-33,1
PLT (10%uL) 293,34 +8,95 342,36+ 17,06 303,188,090 80— 1040
WBC (10%/uL) 54+0,10 7.6+1,15 8,04+0,48 23-93
NEU (10%/uL) 0,98+0,01  1,79+£0,08 1,70+0,10  1,5-3,9
LYM (10%/uL) 3,38+ 0,03 4,740,010 4,77+£0,06  54—8.4
MON (10%/uL) 037+0,01  0,47+0,03 0,91+0,01 0-5,8
EOS (10%/uL) 0,13+£0,02  0,19+0,02 0,21+0,07 0-3,6
BAS (103/uL) 0,31+£0,01  0,33+0,01 0,19£0,02 0-0,92

Ghi chii: (*) Khodng bién thién sinh Iy binh thuong (min—-max ~ mean + 2SD),
dva trén dir lieu chuot BALB/c [216]. Cac gia tri trong cung mot hang theo sau
boi chit cdi giong nhau thi khéng cé khéc biét ¥ nghia thong ké (p > 0,05). ns =
sw khdc biét khong cé ¥ nghia théng ké gitta cdc nhém (p>0,05). PCDC = ddi
chirng, PC150 = nhém chudt bé sung BLL liéu 150 mg/kg, PC300 = nhém chudt
b6 sung BLL lieu 300 mg/kg. MCV = thé tich héng cdu trung binh, MCH =
hemoglobin hong cau trung binh, MCHC = néng d¢ hemoglobin hong cdu trung
binh, RDW-CV = Hé s6 bién thién do rong phan bo héng cau, RDW-SD = D¢ 1éch
chudn do réng phén bé hong cau, PLT = s6 lwong tiéu cau, WBC = sé lrong bach
cau, NEU = bach cdu trung tinh, LYM = té bao lympho, MON = bach cdu don
nhéan, EOS = bach cau di toan, BAS = bach cau di kiém.
3.5.1.2.
Mo rudt non duoc nhudm hematoxylin—eosin (H&E) dé quan sat hinh thai

Hinh thdai mé hoc rudt non

16p biéu mo, 6 dai nhung mao va dau hiéu viém hoic ton thwong (Hinh 3.33).
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Két qua cho thiy ca ba nhom chudt (PCDC, PC150, PC300) déu co cdu triic rudt
non nguyén ven, vdi nhung mao déu, khong phat hién xam nhap viém, hoai tir hay
mat biéu mo. Khong c6 sy khac biét dang ké gitta cac nhom vé d6 dai nhung mao
hodc mat do té bao tiét nhay, chimg t6 BLL khong gy tac dong bét loi d¢én hang
rao niém mac rudt. Két qua nay khang dinh tinh an toan cta BLL ddi v6i niém
mac rudt, mot yéu td quan trong khi danh gia cac san pham thuc pham chirc ning

tiém nang.

Hinh 3.33. Hinh thai 16p cit rudt non nhuém hematoxylin va eosin
Ghi chii: Quan sdt & cdc vt kinh 4X, 10X va 40X, PCDC = déi chitng. PCDC =
Poi chitng, PC150 = nhém chudt bé sung BLL lieu 150 mg/kg, PC300 = nhém
chudt bé sung BLL liéu 300 mg/kg.
3.5.1.3. Trong lugng chujt

Trong lugng co thé dugc theo dbi trong sudt thoi gian thi nghiém (14 ngay)
(Hinh 3.34). Nhém PC150 c6 murc ting trong thap hon dang ké so véi PCDC
(trung binh tang 1,5 g so véi 2,0 g; p<0,05), trong khi nhém PC300 cé mirc tang
cao hon dang ké (3.2 g; p<0,05) (Bang P1.5.2).
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Hinh 3.34. Gia tang trong lwgng chugt sau 14 ngay
Ghi chii: Cdc gid tri trong hinh dwoc biéu thi dudi dang trung binh + SD. Cdc chir
cdi in thwong (a, b, ¢) trén dau cét chi ra sw khdc biét dang ké giita cdc nhém
(p<0,05). PCDC = doi chitng, PC150 = bét 1d lia liéu 150 mg/kg, PC300 = bt
ld liia liéu 300 mg/kg.

Nhin chung, tac dong ciia BLL phu thudc vao lidu luong: liéu thap co thé
hd tro kiém soat can ning, trong khi lidu cao ¢ thé thuc day ting can. Hién tuong
nay co thé lién quan dén su thay doi trong qua trinh chuyén hoa ning luong va cdu
trac hé vi sinh vat dudng rudt dugc phén tich siu hon trong cac phan tiép theo.
3.5.1.4. Mt s6 vi khudn LAB va AeB

Sau 14 ngay thi nghiém, mat s6 vi khuan dudng rudt cia chudt dugce phan
tich bang phuong phap nudi cay chon loc trén méi truong MRS agar (cho LAB)
va TSA agar (cho AeB) (Hinh 3.35). Mt s6 vi khuan LAB va AeB dugc biéu dién
& dang logCFU/mL trong biéu dd hinh 3.36 va duoc quy doi vé CFU/mL trong
bang P2.13.

O nhém dbi ching khong tiéu thy BLL, mat s6 AeB ghi nhan ¢ muc 7,33
logCFU/mL, twong duong 2,15x107 CFU/mL, trong khi vi khudn LAB chi dat
6,39 logCFU/mL, twong duong 2,47x10° CFU/mL. Pay duoc xem 12 mirc nén cta
hé vi sinh vat dudng rudt khi khong bo sung BLL.

O nhom PC150, mat sd vi sinh vat tang manh so v&i dbi ching. Cu thé,
AeB dat 8,47 logCFU/mL (2,94x108 CFU/mL), cao hon PCDC 1,14 log don vi,
tuong duong ting gip khoang 13,8 lan, trong khi LAB ting dot bién 1én 8,38
logCFU/mL (2,38x108 CFU/mL), cao hon d6i chtng 1,99 log don vi, twong duong
tang gan 98 lan. Su gia ting ndy c6 ¥ nghia thong ké 13 rét (p<0,05), cho thay liéu
150 mg/kg BLL c6 tac dung tdi wu trong viéc kich thich sy phat trién cia ca vi
khuan hiéu khi va dic biét 1a LAB (Bang P1.5.3-4).
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Hinh 3.35. Phan lap vi khuian LAB va AeB trong phén
Khi tang liéu BLL 18n 300 mg/kg (PC300), mat sé AeB van duoc duy tri &
muc cao 8,38 logCFU/mL (2,38%x108 CFU/mL) va khong c6 su khéc biét dang ké
so v61 PC150 (p>0,05). Tuy nhién, LAB ¢ nhoém PC300 chi dat 7,45 logCFU/mL
(2,84x107 CFU/mL), thip hon PC150 1a 0,93 log don vi, tvong duong giam
khoang 8,5 1an, mic du van cao hon PCDC 1,06 log don vi (~gap 11,5 lan), su
khac biét nay c6 y nghia thong ké (p<0,05) so voi nhém PC150.
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Hinh 3.36. Mt s6 vi khuian LAB va AeB trong phan
Ghi chii: Cdc gid tri trong hinh dwoc biéu thi dudi dang trung binh + SD. Cdc chir

cdi in thwong va in hoa khac nhau trén dau cot chi ra sy khdac biét dang ké vé mat
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s6 LAB (4, B, C) va AeB (a, b, ¢) giita cdc nhém (p<0,05). PCDC = déi chitng,
PC150 = bét ld lia liéu 150 mg/kg, PC300 = bét 1a lia liéu 300 mg/kg.

Nhu vdy, viéc bo sung BLL liéu 150 mg/kg gitp gia tang t6i da LAB dong
thoi cai thién AeB, trong khi liéu 300 mg/kg van c6 tac dung nhung kém hiéu qua
hon d6i véi LAB.
3.5.1.5. Thanh phin va dw dodn chivc ning hé vi sinh vit dwong rugt

Phan tich giai trinh tu gen 16S rRNA dugc thuc hién nham danh gia tac dong
ctia viéc bo sung BLL dén d6 da dang, thanh phﬁn va chuc nang cua h¢ vi sinh vat
dudng rudt.

Da dang alpha va beta

Céc chi s6 dugc phan tich bao gdm: da dang alpha (Ace, Chaol, Shannon,
Simpson, Goods coverage, Faith’s Phylogenetic Diversity — FPD) va da dang beta
(PCoA duya trén khoang cach Bray-Curtis).

Céc chi s6 danh gia da dang alpha, bao gdm Ace, Chaol, Shannon, Simpson
va Goods coverage, gitra ba nhém chuot (PC150, PC300 va PCDC) sau 14 ngay
can thiép bang BLL thé hién sy khac biét vé mirc d6 phong phu va da dang cta hé
vi sinh vat duong rudt (Bang 3.17).

Bang 3. 17. Chi sé da dang alpha va beta

Nhom Ace Chaol  Shannon Simpson Goods coverage
PCDC 544.32 538.50 6.13 0.968 0.999
PC150 487.58 490.45 5.37 0.945 0.999
PC300 559.79 560.14 6.43 0.969 0.999

Ghi chii: PCDC = doi chitng, PC150 = bét ld lia liéu 150 mg/kg, PC300 = bt
ld lia liéu 300 mg/kg.

- Ace va Chaol: Pay 12 hai chi sd phan anh d6 phong phu loai (s6 luong
OTU dy doan). Nhom PC300 c6 gia tri Ace va Chaol cao hon so véi PCDC va
PC150. Viéc bo sung BLL & liéu 300 mg/kg c6 kha ning cai thién su phong phti
vi sinh vat so v6i liéu thdp va nhom ddi chimg.

- Chi s6 Shannon: La chi sb tich hop danh gia dong thoi ca sb lugng loai va
mirc d6 phan bd dong déu. PC300 tiép tuc ghi nhan gia tri cao nhét, tiép theo la
PCDC va PC150, cho thiy cong dong vi sinh vat & PC300 c6 sy da dang va phan
bd can bang hon.

- Chi s6 Simpson: Panh gia mirc d6 chi phdi cua cac loai uu thé. Gia tri
Simpson cua PC300 va PCDC cao hon PC150, tuong tng h¢ vi sinh vat & liéu cao

BLL c6 xu hudng dong déu hon va it bi chi phdi boi mot sé loai troi.
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- Goods coverage: TAt ca cac nhom déu dat gia tri 0,999, xac nhan réng do
sau giai trinh tu da du dé phan anh toan di¢n cAu tric hé vi sinh vat.

Phan tich toa do chinh (PCoA) dya trén khoang cach Bray-Curtis cho thay
lidu luong bd sung BLL ¢6 vai tro quyét dinh trong viéc diéu chinh hé vi khuan
duong rudt. Viéc phan cum rd rang cua PC300 chirng minh hi€u lyc sinh hoc manh
hon cua liéu cao so véi lidu thap (Hinh 3.37).

PC150

PCDC
L

0.05

0.00

-0.05

PC2 (30,7%)

PC300
)

-1 0.0 0.1 0.2

PC1 (48,65%)

Hinh 3.37. Biéu d6 phan tich toa dd chinh (PCoA) vé swr da dang beta
Ghi chii: PCDC = doi chitng, PC150 = bét ld lia liéu 150 mg/kg, PC300 = bt
ld lia liéu 300 mg/kg.

Nhin chung, viéc bd sung BLL liéu cao (PC300) c6 tac dong tich cuc dén
viéc cai thién su phong phu, d@)ng déu va da dang cua hé vi sinh vat duong rudt so
v6i lidu thap (PC150) va nhém d6i chimg (PCDC). Du khong ¢6 kiém dinh thong
ké, xu hudng quan sat nay cho thiy tiém ning ctiia BLL trong viéc diéu hoa vi sinh
vat duong rudt theo huong co loi.

Thanh phin hé vi sinh vt dwong rudt

Nhiing thay ddi trong thanh phan vi sinh vt dudng rudét & mdi nhém chudt
duoc so sanh ¢ cap do nganh, ho va chi (Hinh 3.38-3.40).

O cép nganh, sy phong phu tuong ddi cua Firmicutes trong nhém PC150
giam (48,92%) trong khi ¢ nhém PC300 tang (65,93%) khi so sanh véi PCDC
(56,36%). Firmicutes lién quan dén ting hip thu ning luong tir thic an [217].
Tuong tu, sy phong phu cta Proteobacteria ting dang ké & nhém PC150 (gap 2,8
1an) va giam & nhém PC300 (gap 2,7 1an) khi so sanh voi PCDC. Proteobacteria
thuong lién quan dén viém va mét cAn bang vi sinh vat [218]. Nguoc lai,
Bacteroidota c6 sy phong phua giam & PC150 va PC300, thap hon 1,5 1an so véi
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nhoém d6i chung, twong tng BLL c6 thé e ché mot s6 nhom vi khuan san xuét
SCFA nhu Bacteroides [219]. D6 phong phu twong ddi ctua Actinobacteriota giam
manh & nhém PC300 (3,02%) nhung 6n dinh & nhém PC150 (11,67%) khi so sanh
vol PCDC (11,11%). Nguoc lai, Desulfobacterota tang manh & nhém PC300
(12,61%) nhung giam manh & nhom 150 (0,57%) khi so sanh véi nhom ddi ching
(1,4%), day 1a nganh vi khuan lién quan dén chuyén héa luu huynh.

PC150 PC300 PCDC
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. Actinobacteriota

I Proteobacteria

B Bacteroidota

 Firmicutes
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D§ phong phu

0.25-

0.00-
Hinh 3.38. Sw phong phti thanh phén hé vi sinh vat duwong rudt cip nganh
Ghi chii: PCDC = doi chitng, PC150 = bét 1d lia liéu 150 mg/kg, PC300 = bt
ld lia liéu 300 mg/kg.

O cap do ho, hai lidu bd sung 150 mg/kg va 300 mg/kg co sy khac biét vé
nhom vi khuan chiém vu thé. Cu thé, Lachnospiraceae (Firmicutes) chiém uu thé
& PC300 (29,9%), nhung thap & PC150 (2,65%) so véi PCDC (15,4%), day la
nhom vi khuan san xuat SCFA, dic biét acetic acid, lién quan dén ting can [220].
Nguoc lai, Lactobacillaceae (Firmicutes) chiém uu thé & PC150 (18,2%) nhung
thdp & PC300 (3,1%) so v6i PCDC (7,8%). Lactobacillaceae, dic biét
Lactobacillus, lién quan dén kiém soat can ning [221]. Enterobacteriaceae
(Proteobacteria) ting manh & PC150 (18,22%) nhung thap & PC300 (1,28%) so
vo1 PCDC (0,45%). Desulfovibrionaceae cao & nhém PC300 (12,61%) so voi
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PCDC (1,4%) va PC150 (0,57%). Bacteroidaceae va Muribaculaceae
(Bacteroidota) giam ¢ ca PC150 va PC300 so v&i PCDC, chung to tac dong uc

ché cua BLL 1én nhom nay.
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Hinh 3.39. Sy phong pht vé thanh phan hé vi sinh vt dwdong rudt cip ho
Ghi chii: PCDC = doi ching, PC150 = bét 1d lia liéu 150 mg/kg, PC300 = bt

ld lia liéu 300 mg/kg.

O cap do chi, Lachnospiraceae NK4A136 group: Chiém wu thé & PC300
(15,0%, gip 7 1an PCDC: 2,1%), nhung thip & PC150 (0,3%). Nhom nay san xudt
acetic acid, hd tro ting can [220]. Lactobacillus chiém wu thé & PC150 (16,8%,
gap 5,8 lan PC300: 2,9% va 2,3 1an PCDC: 7,3%), lién quan dén giam hép thu
lipid. Escherichia-Shigella, Staphylococcus tang 6 PC150 (15,31% va 10,11%) so
vol PC300 (1,27% va 0,03%) va PCDC (0,45% va 1,43%). Muribaculaceae,
Streptococcus, Desulfovibrio, Bifidobacterium ting & PC300, 1a nhém vi khuan
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hd trg san xuit SCFA va cai thién stc khoe rudt [222]. Corynebacterium,
Acinetobacter va Enterococcus ting & PC150, lién quan dén kiém soat can ning
[223].
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Hinh 3.40. Sy phong pht vé thanh phan hé vi sinh vit dwdong rudt cip chi
Ghi chii: PCDC = doi ching, PC150 = bét 1d lia liéu 150 mg/kg, PC300 = bt

ld lia liéu 300 mg/kg.
Duw dodan chirc nang sinh hoc cua hé vi sinh vt duwong rudt o chuot
Thay d6i trong thanh phan hé vi sinh vat duong rudt co thé dan dén bién
d6i dang ké trong cc hoat dong trao doi chit va sinh Iy ctia chung. Phan tich du
doan chirc nang vi sinh vat béng cong cu PICRUSt dya trén dir liéu OTUs véi két
qua tong cong cd 369 con dudng thudc MetaCyc, 5992 con dudng KO (KEGG
Orthology) va 1915 enzyme EC (Enzyme Commission) dugc xac dinh.
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Dua vao muc dd biéu hién cao nhit trong 20 con duong/chuc nang
(MetaCyc, KO, EC) trong mdi nhom chudt (PCDC, PC150 va PC300) cho thay
¢6 su giébng nhau va khac nhau khi tiéu thu BLL (Hinh 3.41-3.43).

KEGG EC (Enzyme Commission): Ca ba nhom chugt PCDC, PC150 va
PC300 chia sé nhiéu con dudng enzyme co ban, dong thoi thé hién sy khac biét
1 rét vé mirc do phong phi twong dbi cta cic enzyme lién quan dén qua trinh sao
chép, stra chira DNA, chuyén hoa ning lugng va thich nghi sinh 1y.

Vé diém giéng nhau, cac enzyme lién quan dén sao chép va sira chira DNA
nhu DNA polymerase dinh huong bdi DNA (EC:2.7.7.7), DNA helicase
(EC:3.6.4.12), va RNA polymerase dinh huéng boi DNA dtng dau bang & ca ba
nhom, chimg to su bao ton cao cua chirc ning sao chép va sta chira DNA. Bén
canh d6, histidine kinase, peptidylprolyl isomerase va RNA polymerase ciing xuét
hién phé bién, nhan manh tim quan trong cua co ché diéu hoa tin hiéu va phién
ma gen, ddm bdo kha nang thich nghi ctia vi sinh vat trong h¢ sinh thai duong rudt.
Mot s6 enzyme chuyén hoa niang lugng co ban, dién hinh 1a NADH:ubiquinone
reductase va phosphoglycerate mutase, ciing dugc bao ton, dam bao kha ning san
xudt ATP va trung gian chuyén héa can thiét cho hoat dong song.

Vé diém khéc biét, nhém PC300 ndi bat véi cac enzyme lién quan dén téng
hop protein nhu acetolactate synthase, N-acetylmuramoyl-L-alanine amidase,
carbamoyl-phosphate synthase, dong thoi ting cuong enzyme vé chuyén hoa ning
luong, nhu acetolactate synthase (EC:2.2.1.6), enzyme hoat hoa formate-C-
acetyltransferase (EC:1.97.1.4) va ATPase van chuyén monosaccharide, thé hién
muirc do chuyén hoa nang cao nhim dap Gmg nhu cau sinh trudng va san xut chat
chuyén hoa thr cAp. Trong khi d6, PC150 ndi bat voi enzyme phén giai duong (6-
phospho-p-glucosidase) va van chuyén ion (iron-chelate-transporting ATPase),
cung sy gia ting biéu hién cua acyl-CoA oxidase, triacylglycerol lipase va
phospholipase, ching minh sy tdng cuong phan giai lipid va carbohydrate [224].
Trong khi d6, nhom PCDC thién vé cac enzyme bao ton 6n dinh di truyén nhu
DNA topoisomerase, deoxyribonuclease dac hi¢u vi tri loai I, va DNA-
methyltransferase dac hi¢u adenine, phan dnh hé vi sinh vat ¢ trang thai can béng,
wu tién duy tri cAu trac bd gen va hoat ddng co ban hon 14 thich nghi chuyén hoa

nang cao.
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KEGG EC
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Hinh 3.41. Ho so' dw doan chirc niing trong 20 con dwong enzyme biéu hién
cao nhit (KEGG EC)
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KEGG KO (KEGG Orthology): Su phan b cic gen chic ning trong cong
ddng vi sinh vat dudng rudt ctia ba nhom chudt PCDC, PC150 va PC300 c6 nhiéu
diém tuong ddng nhung van ton tai cac khac biét rd rét lién quan dén chuyén hoa
va diéu hoa sinh hoc.

Vé diém giéng nhau, ca ba nhom déu co sy hién dién phé bién cta hé théng
van chuyén ABC nhu ABC-2.A, ABC-2.P, ABC.CD.A, ABC.CD.P (nam trong
nhém top 5 cia cd ba nhom), phan anh vai tro trung tdm cua cac protein van
chuyén trong viéc cung cip dinh dudng, ion va cac phan tir thiét yéu. Ngoai ra,
cac gen lién quan dén téng hop va sta chita DNA/RNA nhu rpoE (RNA
polymerase sigma-70), rluD (23S rRNA pseudouridine synthase) va transketolase
(tktA, tktB) cling xuat hién ¢ ca ba nhom, cho thy cic qua trinh phién ma va on
dinh bo gen (thudc vé chirc ning co ban) duoc duy tri. Mot s6 enzyme chuyén hoa
nhu sucrose-6-phosphatase (SPP) va cidc gen ma hda enzyme tham gia dudong phan
(pfkA, transketolase) va tong hop fatty acid (fabG) ciing dugc phat hién phd bién
& ca ba nhom, nhan manh sy duy tri cac qua trinh chuyén héa nang lugng va sinh
tong hop chét béo (lipid) co ban.

Vé diém khéc biét, nhom PC300 c6 biéu hién ndi bat cta cac gen lién quan
dén phan chia nhiém sic thé (parA/soj va parB/spo0J chromosome partitioning
protein) va dap irng stress moi truong (sigH/RNA polymerase sporulation-specific
sigma factor; mep/methyl-accepting chemotaxis protein), chuyén hoa ning luong
(pfkA/6-phosphofructokinase 1), diéu nay cé nghia liéu cao BLL c6 thé kich thich
kha ning thich nghi va diéu hoa chu trinh t& bao cua vi sinh vat. Trong khi do,
PC150 ting cuong biéu hién cac gen lién quan dén phan giai duong nhu bglA (6-
phospho-beta-glucosidase) va sucrose-6-phosphatase va gen phan tng cing thing
(cspA/cold shock protein), phan anh sy thuc ddy phan giai dudng nhim cung cp
nang luong. Nguoc lai, PCDC ndi bat & cac gen lién quan dén tai tao va sira chira
DNA (DNA helicase uvrD/pcrA), van chuyén sit va phirc hop sit (ABC.FEV.P,
ABC.FEV.S, ABC.FEV.A), goi ¥ rang cong dong vi sinh vat trong nhém nay chit
yéu duy tri 6n dinh di truyén, trao d6i chit va hoat dong sinh truéng co ban ma

chua c6 su di€u chinh manh mé& vé chuyén hoa.
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Hinh 3.42. H6 so’ dw doan chirc niing trong 20 gen biéu hién cao nhat
(KEGG KO)
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MetaCyc pathways: Su phan b6 da dang cua cac con duong chuyén hoa vit
chit thé hién sy khac bi¢t dac trung Ve mat chirc nang trao ddi chat trong cong
ddng vi sinh vat dudng rudt gitta cac nhom chuot.

Vé diém gidng nhau, ca ba nhém déu duy tri cac con duong chuyén hoa co
ban, ddc bi¢t 1a con duong pentose phosphate (nhdnh khong oxy hoa), dudong phan
(glycolysis I, II, IIT), chu trinh Calvin-Benson-Bassham, cting nhu cac con duong
tong hop nucleotide nhu téng hop de novo adenosine ribonucleotide, siéu con
duong tong hop de novo adenosine nucleotide I & II, va siéu con dudng tai ché
pyrimidine nucleobase. Cac con dudng nay déng vai tro thiét yéu trong viéc cung
cap ning luong, trung gian chuyén hoa va tién chat cho tong hop DNA/RNA, phan
anh tinh bao ton cao cua cic qua trinh trao d6i chat nén tang trong hé vi sinh vat
duodng rudt.

Vé diém khac biét, nhém PC300 gia ting rd rét cac con dudng lién quan
dén tong hop amino acid chudi nhanh, bao gdm tong hop L-isoleucine (I, II, IV),
tong hop L-valine, va siéu con dudng tong hop amino acid chudi nhanh, déng thoi
tang cuong 1én men pyruvate thanh isobutanol, biéu hién chuyén héa nang cao
huéng dén san xuat amino acid, cac chat chuyén hoa thir cap va thu nhan ning
lwong. Diéu nay phu hop véi cac nghién ctru trude day, su gia ting cac con dudng
chuyén hoa amino acid chudi nhanh déng vai trd quan trong trong hd tro ting khoi
lugng co va phuc hoi chuyén hoa [225,226].

Thém vao do, nhom PC150 uu tién cac con duong phan giai carbohydrate
nhu phan giai sucrose III, duong phan glycolysis II, cung cac qua trinh 1én men
lactic acid va ho hap hiéu khi I (cytochrome c), phan anh nhu ciu cung cép ning
luong nhanh va tryuc tiép hon. Nguoc lai, nhém PCDC ndi bat v4i cac con duong
tai tao nucleotide va stra chira DNA nhu téng hop UMP, tong hop L-lysine III, va
cac con duong lién quan dén 6n dinh cAu trac di truyén, cho théy hé vi sinh vat &
trang thai can bang, chu yéu duy tri chitc ning co ban thay vi diéu chinh chuyén
hoa nang cao.

Toém lai, PCDC phan anh hoat dong vi sinh vat nén 6n dinh, nghiéng vé sa0
chép, sira chita va tong hop co ban. PC150 kich hoat cac con duong tiéu hoa
carbohydrate va 1én men, hd trg chuyén hoa ning luong ngan han. Nhém PC300
diéu hoa chuyén hoa toan dién hon, bao gdm ting sinh protein, chuyén héa amino

acid, cai thién nang lugng va kha ning thich nghi.
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Hinh 3.43. Ho so' dw doan chitc niing ciia hé vi khuin dwong rudt trong 20
con duwong biéu hién cao nhit (KEGG MetaCyc)
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3.5.2. Panh gia tac dong tiéu thu BLL trén mo hinh chugt
3.5.2.1. Huyét hoc va mé hoc

B6 sung BLL 6 lidu 150 mg/kg va 300 mg/kg khong giy doc tinh cip, tir
vong hay t6n thuong mé hoc trén chudt. Cac chi s huyét hoc ghi nhéan sy gia ting
RBC, WBC, PLT kém giam nhe hemoglobin va hematocrit, nhung van ndm trong
giéi han sinh 1y binh thuong, khong anh hudng dén strc khoe vat cha [216]. Két
qua nay phu hop v6i nghién ctru ctia Phimphilai va cs. (2021), khi chiét xuét 14
laa khong gay doc tinh & lidu t6i 5 g/kg thé trong [39]. Quan sat mo hoc rudt non
khong phat hién déu hiéu viém, hoai tir hay thay d6i cu triic biéu mo, cho thay
BLL khong gy ton thuong hang rao rudt va dap tng tiéu chuin an toan cia
nguyén liéu thuc pham chirc ning.
3.5.2.2. Mat sé vi khuin LAB va AeB

Sau 14 ngay bo sung BLL, mat s vi khuan LAB ting dang ké & ca hai liéu
PC150 va PC300 so v6i dbi ching, cho thdy BLL c6 dic tinh prebiotic, cung cp
co chét 1én men va tao vi méi truong thuan loi cho loi khuan phat trién [138]. LAB
dong vai tro quan trong trong san sinh SCFA, giam pH dudng rudt, Gc ché vi
khuan gy bénh va ting cudng hang rao biéu mo [137].

Tuy nhién, mic ting LAB ¢ nhom PC150 cao hon PC300, goi y liéu
150 mg/kg 1a ti uu, trong khi lidu cao c6 thé gdy @c ché nhe do nong do
polyphenol va hop chét thir cip cao, von cé dic tinh khang khuan khong chon loc
[227]. Catechin (dic biét EGCG) trong BLL c6 thé trc ché vi khuan gay bénh nhu
E. coli va S. aureus, dong thdi kich thich Lactobacillus va Bifidobacterium
[208,228]. Song & néng dd cao, catechin c6 thé anh huong dén mot sb chung LAB
nhay cam. Ngoai ra, sy 1én men manh mé lam gidm pH rudt qua muc ciling tao
moi truong kém thudn loi cho cac chung nhay cam [229]. Hién tuong “liéu thap
t61 wu — liéu cao kém hiéu qua” twong tu dugc ghi nhan véi chiét xuat ré Imperata
cylindrica L., khi lidu thip (90 mg/kg) tao mat s LAB cao hon liéu cao
(115 mg/kg) [137].

Mt sé vi khudn hiéu khi téng sé (AeB) ciing ting rd rét & ca hai lidu bd
sung, phan anh sy cai thién moi trudng dudng rudt va can bang hé vi sinh thong
qua su gia ting LAB song song. Diéu nay chung to BLL c6 kha ning diéu hoa
quan thé vi sinh vat duong rudt theo hudng c6 loi, thiic diy qué trinh 1én men

carbohydrate, canh tranh véi vi khuan gay hai va hd trg stc khoe duong rudt.
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3.5.2.3. H¢ vi sinh vit dwong rujt

Phén tich giai trinh ty 16S rRNA cho thdy BLL lam thay d6i dédng ké da
dang va cAu tric hé vi sinh vat duong rudt. Nhom PC300 c6 da dang alpha cao
nhat, phan anh hé vi sinh vét phong phti va 6n dinh hon, trong khi PC150 c6 chi
s6 thap hon, cho thiy liéu thip chua du dé diéu chinh cau tric vi sinh vét [230].
Phén tich PCoA vé da dang beta ghi nhan PC300 phén tach 1& voi PC150 va
PCDC, ching to liéu cao tic dong manh dén cong dong vi sinh vat, trong khi
PC150 gan véi PCDC hon, thé hién sy bién ddi nhe.

O céap nganh, PC300 c6 su gia ting phong pht nhém Firmicutes, ty 1
Firmicutes/Bacteroidota cung v&i gidm Proteobacteria, tuong ung tang kha nang
hép thu ning luong, din dén ting trong [217]. Tuwong tu, nghién ctru bd sung chat
xo dau nanh trong 8 tudn da gia ting dang ké d6 phong pht ctua Firmicutes, ty 18
Firmicutes/Bacteroidetes, kich thich chudt ting cudng thu nhan nhiéu ning luong
hon tir ché d6 an va phét trién nhanh hon, din dén ting trong luong co thé dang
ké [219]. Nguoc lai, nhom PC150 ghi nhan sy gia ting cia Proteobacteria va
Actinobacteriota, v6i ty 18 Firmicutes/Bacteroidetes thip hon so vdi PCDC, phan
anh xu hudng kiém soat trong luong. Giéng v6i nghién ciru trude day, bod sung
chiét xuat hat Moringa oleifera trong 12 tuan di 1am giam Bacteroidetes va ting
Proteobacteria, teong tmg c6 biéu hién giam béo phi, cai thién dung nap glucose,
ting tiéu hao ning luong, din dén giam trong luong co thé [218]. Pdi chung
PCDC duy tri hé¢ vi sinh vat on dinh v6i Firmicutes (56,36%), Bacteroidota
(14,7%) va Proteobacteria (10,5%), phan anh trang thai can bang sinh 1y gitta hip
thu nang luong va bdo v€ ni€ém mac rudt. Actinobacteriota & muc tuong duong
PC150 (11,11%), goi ¥ vai trd duy tri chirc niang enzyme va tong hop vitamin.
Mac du Proteobacteria & PCDC khong vuot ngudng bét thuong, sy hi¢n di¢n
tuong ddi van cho thdy nguy co viém nhe tiém an trong trang thai binh thuong.
PCDC la nén so sanh sinh hoc quan trong, gitip xac dinh ro tac dong liéu phu thude
cua BLL.

O cép ho va chi, sy thay doi phu thudc lidu o rét. PC150 wu thé
Lactobacillaceae, Enterobacteriaceae va cac chi Lactobacillus, Enterococcus,
Bifidobacterium — nhiing loi khuén hd trg hang rao niém mac rudt, uc ché vi khuan
gdy bénh va cai thién mién dich [231,232]. Mot $6 chung Lactobacillus nhu L.
reuteri con c6 kha nang diéu hoa chuyén hoa lipid, rc ché tich tu m&, giam hap
thu chat béo va chdng ting trong thong qua bat hoat mudi mat [221]. Liéu nay

turong tmg xu hudng kiém soat trong lugng théng qua didu hoa chuyén héa lipid
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va giam hép thu chit béo. Trong khi d6, PC300 1am phong pha Lachnospiraceae,
Desulfovibrionaceae va céac chi Lachnospiraceae NK4A136, UCG-006, FCS020
group — nhitng vi khuén sinh acetic acid (mot SCFA thuc day ting trong va diéu
hoa chuyén hoa nang luong) [220,225,226]. Cac SCFA nhu acetic acid duoc xem
14 cau ndi sinh hoc gitra h¢ vi sinh vat dudng rudt va mo co xuong, voi vai tro diéu
hoa chuyén héa va tong hop co [233]. Ngoai ra, nhom PC300 con ghi nhin mirc
d6 cao cua Erysipelotrichaceae va Ruminococcaceae — cac nhoém vi khuan da
duoc chimg minh c6 mdi twong quan nghich véi ty 1& chuyén doi thirc an (Feed
conversion rate - FCR) [234], twong tmg lam ting hiéu qua hap thu va chuyén hoa
dinh dudng, goi ¥ vai trd prebiotic cia BLL trong toi vu hiéu suat hip thu ning
luong. Piéu nay c6 y nghia quan trong trong chin nudi, noi tdi vu FCR 1a muc
tiéu then chdt dé ting hiéu qua san xuat. Do do, cic nhom vi khuan trén co tiém
nang dugc phat trién nhu ngudn probiotic (mg vién nhdm ting cudng hiéu suat
tang truong & gia cAm, ca va tom. Nhom PCDC duy tri mirc d6 trung binh ciia cac
nhém vi khuan nay, chimg minh rang BLL 1a yéu t6 chinh dinh hinh lai cu tric
vi sinh vat.

Tém lai, BLL diéu chinh hé vi sinh vat theo hudng phu thudc liéu: lidu thap
(150 mg/kg) wu tién loi khudn kiém soat ting trong va tang cuong mién dich, trong
khi liéu cao (300 mg/kg) thuc day vi khuan sinh SCFA, cai thién hiéu suat chuyén
héa ning lugng va ting hap thu. Nhimg két qua nay cung cap co sé sinh hoc cho
viéc tng dung BLL vao c4dc muc ti€u stc khde hodc dinh dudng khac nhau.
3.5.2.4. Duw dodn chivrc nang hé vi sinh vit dwong ruit

B6 sung BLL lam thay d6i ddng ké hé vi sinh vat duong rudt, kéo theo su
dich chuyén cac con duong chuyén hoa chinh. Duya trén 20 con duong cd mic
biéu hién cao nhit (KO, EC, MetaCyc), ca ba nhoém déu duy tri hoat dong manh &
céc truc chuyén hoa lipid, carbohydrate, protein va nucleic acid (Bang P2.14). Tuy
nhién, mutc d6 biéu hién chirc ning khac biét rd theo lidu (Hinh 3.44).

Nhom PC150 tang cudng cac con duong phan giadi carbohydrate va lipid
nhu phan giai sucrose, dudng phan, 1én men lactic ddng hinh, kéo dai chudi fatty
acid, tong hop phospholipid va hé hap hiéu khi. Cac enzyme chu chdt lién quan
dén oxy hoa chit béo (acyl-CoA oxidase, acyl-CoA dehydrogenase, 3-
hydroxybutyryl-CoA epimerase, triacylglycerol lipase va phospholipase
(carboxylesterase), biéu hién manh, thuc day tiéu hao ning luong va kiém soat
trong luong (Bang P2.15 va 16). Ngoai ra, cac gen lién quan dén phan giai lipid

(glycerol  dehydrogenase, glycerol oxidase, glycerol acyltransferase,
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triacylglycerol lipase, diacylglycerol kinase) biéu hién cao hon so vdi cic nhoém
khac (Bang P2.17), trong khi cac con dudng lién quan dén tong hop chit béo gom
sinh tong hop CDP-diacylglycerol va sinh tong hop phosphatidylglycerol va cac
enzyme lién quan nhu glycerol kinase (phosphotransferase) tham gia vao qua trinh
téng hop triglyceride va glycerophospholipid, ¢ biéu hién giam & nhom chudt
tiéu thu lidu 150 mg/kg (Bang P2.18). Diéu nay phan anh tac dung diéu hoa chuyén
hoéa lipid (thiic ddy qua trinh oxy hoa chét béo, tiéu hao ning luong) ctia BLL lidu
thap.

Chuyén ho# chit béo valipid - 3,16 3,87 3,27

Téng hgp nucleosides va nucleotide

phul g dil (%

Chuyén ho# carbonhydrate va |
nang hromg

hin 1wim phong

Téng hop céc chit chuyén hod thir cip - 0,73 0,67 0,98 3

Con duong chuyeén hoa chinh

Téng hop amino acid 1
(chuyén hoé protein) 0,00 9,80 530

PCDC PC150 PC300
Nhom chudt

Hinh 3.44. Mirc @9 biéu hién cac con duong chuyén hoa chinh (KEGG

Metacyc) cao nhit giira cic nhém chudt

Nhém PC300 uu tién cac con dudng tong hop amino acid, dic biét 1a L-
isoleucine, L-valine va siéu tong hop amino acid chudi nhanh — déng vai tro thiét
yéu trong sinh truéng va chuyén héa cta vat chu [235]. Biéu hién cic con duong
ndy tuong quan thuin véi BMI va ting trong, gin véi su phong phu cua
Lachnospiraceae va Ruminococcus [225,235]. Nghién ctru trudc day trén heo con
cling ghi nhan viéc bo sung chiét xuat thuc vat gitp gia ting mirc do san xuit cac
amino acid tir hé vi sinh, cai thién hiéu suét trong lugng [236]. Két qua nay phu
hop v6i thanh phan hé vi sinh vat ciia nhom PC300, trong d6 cac thanh vién thudc
Lachnospiraceae chiém wu thé va co lién quan dén kha ning tong hop SCFA va
amino acid — yéu t6 thuc ddy tang truong.

O nhom dbi chimg (PCDC), cac con dudng chirc ning co6 muc biéu hién

turong ddi trung gian, voi xu huéng wu tién téng hop nucleic acid va glucose hon
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1a tong hop amino acid hodc phan giai lipid. Piéu nay phan 4nh trang thai can bang
va sinh 1y nén 6n dinh cua cong d@)ng vi sinh vat chua bi can thiép.

bac biét, phan tich KEGG Metacyc phat hién su khac bi¢t trong con dudng
chuyén hoa catechol giita cdc nhom, twong tmg phan anh co ché str dung catechin
trong BLL phu thudc vao hé vi sinh vat. O liéu 150 mg/kg, biéu hién gen lién quan
dén chuyén hoa catechol tir polyphenol (catechin) ting cao (Bang P2.19), tuong
ung véi sy hién dién phong phu cua cac chi Lactobacillus, Acinetobacter va
Bifidobacterium — 13 cac vi khuan duoc biét c6 kha ning 1én men catechin [237].
Trong khi d6, nhém PC300 va PCDC biéu hién cao hon con duong chuyén hoa
catechol tur glucose thong qua con duong 3-dehydroquinate (Bang P2.20), lién
quan dén cac chi Pseudomonas, Escherichia, Enterobacter [238].

Catechol 1a chat chéng oxy hoa manh, c6 vai trd trung gian diéu hoa tin
hiéu insulin va chuyén hoa carbohydrate [237]. St wu tién con dudng phan giai
catechin thanh catechol & PC150 c6 thé gop phan 1am giam hap thu glucose, tang
tiéu hao nang lugng va kiém soat trong lugng — phit hop véi biéu hién manh cua
cac gen thiy phan glucose va lipid. Nguoc lai, con dudng tong hop catechol tir
glucose & PC300 va PCDC phan anh xu huéng chuyén hoa néi sinh tir dinh dudng
co ban.

Vé mit chire nang vi sinh vat, nhom PC300 vuot trdi voi sy phong phu cua
Lachnospiraceae, Ruminococcaceae, Desulfovibrio, Oscillospiraceae va
Roseburia — cac vi khuan sinh fatty acid chudi ngan (SCFA) gitip duy tri hang rao
niém mac, diu hoa mién dich va can béng nd1i moi glucose [239,240].
Lachnospiraceae NK4A136 group c6 kha ning bao vé biéu mo rudt, cai thién
viém va nang cao hiéu suit ting truong [241]. Mot s6 thanh vién Lachnospiraceae
nhu Blautia producta va Clostridium bolteae hd trg khang khuén, loai trur
Enterococci gy bénh [242], song mot s6 chung khac nhw Blautia, Coprococcus,
Dorea va Roseburia dugce ghi nhan cé lién quan v6i béo phi va tiéu duong, cho
thdy vai trd ctia ho nay van con gy tranh cai [243]. Nhom PC300 ciing ghi nhan
murc cao cuia Desulfovibrio vulgaris — mot loai ¢6 kha ning cai thién gan nhiém
md& khong do ruou [244], cung Ruminococcaceae va Roseburia, cac vi khuan sinh
butyrate ¢ vai trd nudi dudng té bao biéu mé rudt, bao vé khoi viém va ung thu
dai trang [245]. Oscillospiraceae 14 chi diu hé vi sinh khoe manh [246], trong khi
Lactococcus tiét peptide khang khuan va acid hitu co, duy tri can bang ndi moi
rudt [247].
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Bot 14 1ha non

4
150 mgkg = T " 300 mg/kg
[ |Firmicute: |
Lactobacillaceae =" & Bacteroidota ¢ Lachnospiraceae
Enterococcus F/B Ruminococcaceae
Bifidobacterium \ TProleobacten’a¢ esulfovibrionaceae
l TActinobacteriom l
\.‘\VL Desulfobacterota )
Satoshing ——==# Chuyén ho4 catechol ~ =™ Siicose
Tang cudmg phén gii Tang cudmg téng hop amino acid
carbonhydrate va chat béo San xuit acetic acid

:

Giam hdp thu ning hwong lTrong lugng chudt Xay dyng/Duy tri khdi lrgng co
Tang tiéu hao nang lugng

Hinh 3.45. M ta sy khac biét trong thanh phan hé vi sinh dwong rudt va
con dwong chuyén héa ¢ chudt dwoce b sung BLL

B6 sung BLL 150 mg/kg lam tang rd rét Lactobacillus, Bifidobacterium va
Enterococcus — cac chung da dugc chting minh cai thién hoi ching rudt kich thich,
viém ruét, di tng, khang khuan va chéng ung thu [248,249]. Bifidobacterium con
tong hop vitamin nhom B gitip hd trg hoat dong tiéu héa [249], trong khi nhiéu
chung LAB tao bacteriocin c6 tac dung diéu hoa mién dich [250]. Bén canh do,
lidu 150 mg/kg ciing ghi nhan su phong phil cao cta Rikenellaceae - lién quan
trang thai chuyén hoa lanh manh [251] va hai nhém vi khuan Streptococcus va
Staphylococcus - gbp phan can bang mién dich [252].

Téng thé, PC150 thé hién c4u tric vi sinh vat diéu hoa mién dich va chuyén
héa ning luong can bang, hd tro kiém soat trong lugng, phut hop sinh 1y nhém
chudt co toe do tang trudng thap. Trong khi d6, PC300 vu tién vi khudn sinh SCFA
thac day hap thu nang lugng va tang trong. M6 hinh tac dong ciia BLL 1én hé vi
sinh vét dudng rudt va cac con dudng chuyén hoa lién quan duoc minh hoa trong
Hinh 3.45.

Tém lai, BLL an toan trén md hinh chuét, khong gy ton thuong huyét hoc
hay mé hoc, déng thoi diéu hoa hé vi sinh vat dudng rudt theo hudng co loi. Lidu
150 mg/kg t6i uu dé tang sinh Lactobacillus, Bifidobacterium va Enterococcus,

hd tro mién dich va kiém soat trong lugng. Nguoc lai, liéu 300 mg/kg lam phong
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phu céc vi khuan sinh SCFA nhu Lachnospiraceae va Ruminococcaceae, thuc day
hép thu ning lugng va tang truong. Phan tich chic ning vi sinh vat cho thay liéu
thdp ting cuong phan giai carbohydrate va lipid, trong khi lidu cao wu tién tong
hop amino acid chudi nhanh. Két qua khang dinh BLL ¢6 tiém nang sinh hoc, ¢
thé tng dung linh hoat cho cac muc tiéu stc khoe hodc ting trudng tiy lidu bd

sung.
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KET LUAN VA KIEN NGHI

KET LUAN

Nghién ctru nay d cung cip bang chimg thuc nghiém rd rang vé gia tri sinh
hoc va tiém ning tng dung ctia bot cao chiét 14 Iaa non (BLL) tir giéng IR50404.
L4 lua thu hoach & tuan thit 5 trong diéu kién khong che sang mang lai ham luong
chlorophyll va polyphenol cao nhat, twrong tng v&i hoat tinh chdng oxy héa manh.
Quy trinh ché bién tbi uu bao gdm chan & 100°C trong 4 phut, chiét bang ethanol
60% voi ty 16 10:1 va siy phun ¢ 120°C gitip bao toan tdi da cac hop chit sinh
hoc. San phém dat d6 6n dinh cao nhat khi bao quan ¢ nhi¢t do 5°C hoac -18°C.

V& mit sinh hoc, BLL thé hién hoat tinh chéng oxy hoéa manh véi gia tri
ICso dao dong tir 36,67 dén 80,9 mg/mL. Pdng thoi, san pham ciing ¢6 kha ning
trc ché su phat trién cua vi khuan (Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus) voi ndng do @c ché tdi thiu (MIC) tir 3939 dén 4787
ng/mL va khang nim Candida albicans & mic MIC >8000 pg/mL.

Phan tich thanh phﬁn hoa hoc cua 14 [ta tudn 5 ¢6 su hién dién da dang cac
hop chit hoat tinh sinh hoc. Dua trén do, nghién ctru dé xuét co ché tai sir dung
phytol tir qua trinh phan huy chlorophyll dé tong hop fatty acid, vitamin E va
chlorophyll méi, ddng thoi mo ta kha nang diéu chinh chuyén héa thich nghi cua
cay lta trong diéu kién che sang.

BLL c6 tac dong dang ké dén cau truc va chirc ning hé vi sinh vat duong
rudt trén mo hinh chudt, tdc dong nay phu thudc vao lidu luong. O liéu 150 mg/kg,
BLL lam tang sy hién dién cua Lactobacillus, Bifidobacterium va Enterococcus,
ddng thoi thuc day biéu hién cic gen lién quan dén phéan giai glucose, lipid va
chuyén hoa catechol tir catechin, gitip kiém soat ting trong va ting tiéu hao ning
lwong. Trong khi d6, liéu 300 mg/kg lam ting dang ké cac nhém Lachnospiraceae,
Ruminococcaceae va Desulfovibrio, ¢6 lién quan dén qua trinh téng hop amino
acid mach nhanh va thac day tich liy khoi luong co. Hiéu qua phu thudc vao lidu
lwong chimg t6 vai tro thiét yéu cua viée lwa chon mirc bo sung phu hop dé dat

duoc hiéu qua dinh dudng va sinh 1y t6i wu.

KIEN NGHI
Trén co s& cac két qua dat dugc, bot cao chiét 14 lta c6 tiém nang ung dung

trong cac linh vuc thuc pham chirc ning, phu gia chin nudi va khai thac tai nguyén
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ndéng nghiép bén ving. Tuy nhién, mot sé khia canh van can dugc hoan thién va
mo rong trong cac nghién ciru tiép theo.

Pbi v4i quy trinh thu nhan bot, can bd sung danh gia hiéu suat thu hoi va
cac chi tiéu cong nghé nhu d6 am, kich thudc hat va 6 hoa tan, nhim hoan thién
quy trinh & quy md tmg dung va bao dam tinh on dinh ctia san pham.

Trong nghién ctru hoat tinh sinh hoc va lgi khuén, can kéo dai thoi gian can
thiép, bod sung phén tich hé vi sinh vét trude xir Iy, va chuyén sang 1ay miu phan
don thay cho mau gop dé phan anh bién thién ca thé chinh xac hon. Pong thoi,
nén két hop phan tich cac chi s6 hoa sinh va chuyén héa ning luong nham danh
gia toan dién tdc dong sinh hod cua BLL.

Két qua budc dau cho thay bo sung BLL & lidu 300 mg/kg gitip cai thién
cAu tric hé vi sinh vat va tang trong ¢ chudt, goi md tiém nang ung dung nhu mot
phu gia prebiotic ty nhién cho gia cAm va gia suc trong chan nudi. Tuy nhién, dé
x4c nhan tinh tng dung thyc tién, can nghién ctru bd sung trén vat nudi thuc té,
ddng thoi danh gia cac chi tiéu chuyén hoa ning luong, hip thu dinh dudng va

hiéu suat tang trudng.
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PHU LUC 1. Két qua phén tich thong ké

1. Két qua phén tich thong ké nghién ciru anh hwéng ciia gidng lha, thoi gian sinh
trudomg va diéu Kién che sang dén ham lwong cac hop chét va hoat tinh chdng oxy hoa
cua la lua.

1.1. Két qua phan tich thong ké nghién ctru anh huéng giéng lua, thoi gian sinh truong va
diéu kién che sang dén ham luong cac hop chat va hoat tinh chéng oxy hoa cua 14 lia

Bang P1.1.1. Phan tich phuong sai va so sanh Duncan anh hudng cua thoi gian sinh trudng
va diéu kién che sang dén ham luong tong chlorophyll trong 14 liia

Analysis of Variance for CHLO - Type III Sums of Squares

Source Sum of Squares _|Df | Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:DKCS 3.75385E6 2 1.87692E6 2375.15 10.0000
B:TGST 1.47764E6 5 295529. 373.98 0.0000
C:GIONG LUA 308513. 5 61702.5 78.08 0.0000
INTERACTIONS

AB 273306. 10 27330.6 34.59 0.0000
AC 26853.1 10 2685.31 3.40 0.0004
BC 379476. 25 15179.1 19.21 0.0000
ABC 243094. 50 4861.88 6.15 0.0000
RESIDUAL 170691. 216 1790.235
TOTAL (CORRECTED) 6.63342E6 323

Multiple Range Tests for CHLO by GIONG LUA
Method: 95.0 percent Duncan

GIONG LUA Count  |LS Mean _|LS Sigma |Homogeneous Groups
TNG 54 1177.56 3.82544 X

NTH 54 1205.44 3.82544 X

HRO 54 1217.79 3.82544 X

IR504 54 1247.6 3.82544 X

NTI 54 1249.61 3.82544 X

HLA 54 1269.29 3.82544 X

Multiple Range Tests for CHLO by TGST
Method: 95.0 percent Duncan

TGST |Count |LS Mean |LS Sigma | Homogeneous Groups

1 54 1108.58 3.82544 X

2 54 1178.52 3.82544 X

3 54 1229.4 3.82544 X

6 54 1253.25 3.82544 X
5 54 1298.76 3.82544 X
4 54 1298.77 3.82544 X

Multiple Range Tests for CHLO by DKCS
Method: 95.0 percent Duncan
DKCS |Count |LS Mean |LS Sigma |Homogeneous Groups

2 108 1075.66 2.70499 X
0 108 1303.08 2.70499 X
1 108 1304.9 2.70499 X

Bang P1.1.2. Phan tich phuong sai va so sanh Duncan anh hudng cua thoi gian sinh trudng
va dicu kién che sang dén ty 1¢ chlorophyll a/b trong 14 lua
Analysis of Variance for TY LE A:B - Type III Sums of Squares

Source Sum of Squares  |Df | Mean Square |F-Ratio |P-Value
MAIN EFFECTS

A:DKCS 0.0227837 2 0.0113918 9.15 0.0002
B:TGST 0.272812 5 0.0545623 43.83 0.0000
C:GIONG LUA 0.184586 5 0.0369171 29.66 0.0000
INTERACTIONS

AB 0.224529 10 0.0224529 18.04 0.0000
AC 0.153161 10 0.0153161 12.30 0.0000
BC 0.401374 25 0.0160549 12.90 0.0000
ABC 0.595654 50 0.0119131 9.57 0.0000
RESIDUAL 0.268895 216 10.00124488
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[TOTAL (CORRECTED)  [2.12379 [323 | | |
Multiple Range Tests for TY LE A:B by GIONG LUA
Method: 95.0 percent Duncan

GIONG LUA Count |LS Mean _|LS Sigma Homogeneous Groups
NTI 54 0.546163 10.0048014 |X

HLA 54 0.562044 10.0048014 X

IR504 54 0.575376  10.0048014 XX

NTH 54 0.58499 0.0048014 X

TNG 54 0.605921 10.0048014 X

HRO 54 0.615339 10.0048014 X

Multiple Range Tests for TY LE A:B by TGST
Method: 95.0 percent Duncan
TGST |Count |LS Mean  |LS Sigma Homogeneous Groups

1 54 0.533335 10.0048014 |X

4 54 0.563687 10.0048014 X

5 54 0.569771 10.0048014 X

6 54 0.595808 10.0048014 X
2 54 0.611406 10.0048014 X
3 54 0.615826 10.0048014 X

Multiple Range Tests for TY LE A:B by DKCS
Method: 95.0 percent Duncan
DKCS |Count |LS Mean _|LS Sigma Homogeneous Groups

1 108 0.573883  10.0033951 [X
0 108 0.577747 10.0033951 [X
2 108 0.593286  {0.0033951 X

Bang P1.1.3. Phan tich phuong sai va so sanh Duncan anh hudng cua thoi gian sinh trudng
va dicu kién che sdng dén ham lugng tong polyphenol trong 14 lua
Analysis of Variance for POLYPHENOL - Type III Sums of Squares

Source Sum of Squares _|Df | Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:DKCS 762.023 2 381.012 9755.1210.0000
B:TGST 40.3755 5 8.07511 206.75 0.0000
C:GIONG LUA 15.7073 5 3.14145 80.43 0.0000
INTERACTIONS

AB 34.5995 10 3.45995 88.59 0.0000
AC 9.41664 10 0.941664 24.11 0.0000
BC 23.6354 25 0.945417 24.21 0.0000
ABC 25.6289 50 0.512579 13.12 0.0000
RESIDUAL 8.43644 216 10.0390576

TOTAL (CORRECTED) 919.823 323

Multiple Range Tests for POLYPHENOL by DKCS
Method: 95.0 percent Duncan

DKCS |Count |LS Mean |LS Sigma _|Homogeneous Groups
2 108 2.03639 0.019017 |X

1 108 3.46363 0.019017 X

0 108 5.75931 0.019017 X

Multiple Range Tests for POLYPHENOL by TGST
Method: 95.0 percent Duncan
TGST |Count |LS Mean |LS Sigma | Homogeneous Groups

1 54 3.06643 0.026894 [X

2 54 3.63158 0.026894 X

4 54 3.79227 0.026894 X

6 54 3.85302 0.026894 X

3 54 3.97368 0.026894 X
5 54 4.2017 0.026894 X

Multiple Range Tests for POLYPHENOL by GIONG LUA
Method: 95.0 percent Duncan
GIONG LUA Count |LS Mean _|LS Sigma | Homogeneous Groups

HRO 54 3.40745 0.026894 |X
HLA 54 3.53873 0.026894 X
NG 54 3.76946 0.026894 X

NTI 54 3.86098 0.026894 X
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NTH 54 3.87468 0.026894 X
IR504 54 4.06736 0.026894 X

Bang P1.1.4. Phan tich phuong sai va so sanh Duncan anh hudng cua thoi gian sinh trudng
va dicu kién che sdng dén ham lugng xo tan trong 14 lua
Analysis of Variance for XO TAN - Type 111 Sums of Squares

Source Sum of Squares _|Df | Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:DKCS 176431. 2 88215.6 110.59 0.0000
B:TGST 8.99689E6 5 1.79938E6 2255.79 10.0000
C:GIONG LUA 263676. 5 52735.2 66.11 0.0000
INTERACTIONS

AB 48519.3 10 4851.93 6.08 0.0000
AC 45965.3 10 4596.53 5.76 0.0000
BC 202771. 25 8110.84 10.17 0.0000
ABC 81245.5 50 1624.91 2.04 0.0003
RESIDUAL 172297. 216 |797.671

TOTAL (CORRECTED) 9.9878E6 323

Multiple Range Tests for XO TAN by DKCS
Method: 95.0 percent Duncan
DKCS |Count |LS Mean |LS Sigma |Homogeneous Groups

0 108 416.926 2.71769 X
1 108 440.362 2.71769 X
2 108 473.794 2.71769 X

Multiple Range Tests for XO TAN by TGST
Method: 95.0 percent Duncan
TGST |Count |LS Mean |LS Sigma | Homogeneous Groups

1 54 196.819 3.84339 X

2 54 261.86 3.84339 X

3 54 412.145 3.84339 X

4 54 576.67 3.84339 X

5 54 593.843 3.84339 X
6 54 620.825 3.84339 X

Multiple Range Tests for XO TAN by GIONG LUA
Method: 95.0 percent Duncan

GIONG LUA Count  |LS Mean _|LS Sigma |Homogeneous Groups
TNG 54 402.479 3.84339 X

HLA 54 427.465 3.84339 X

NTI 54 430.828 3.84339 XX

IR504 54 441.363 3.84339 X

NTH 54 472.544 3.84339 X

HRO 54 487.483 3.84339 X

Bang P1.1.5. Phan tich phuong sai va so sanh Duncan anh hudng cta thoi gian sinh trudng
va dicu kién che sdng dén hoat tinh DPPH trong 14 lua
Analysis of Variance for DPPH - Type I1I Sums of Squares

Source Sum of Squares _|Df | Mean Square | F-Ratio _|P-Value
MAIN EFFECTS

A:DKCS 190.55 2 95.2748 939.65  10.0000
B:TGST 123.827 5 24.7655 244.25 10.0000
C:GIONG LUA 17.0661 5 3.41322 33.66 0.0000
INTERACTIONS

AB 2.24875 10 0.224875 222 0.0179
AC 18.9969 10 1.89969 18.74 0.0000
BC 14.3082 25 0.57233 5.64 0.0000
ABC 16.7267 50 0.334535 3.30 0.0000
RESIDUAL 21.9012 216 10.10139%4

TOTAL (CORRECTED) 405.625 323

Multiple Range Tests for DPPH by GIONG LUA
Method: 95.0 percent Duncan
| GIONG LUA | Count |LS Mean |LS Sigma |Homogeneous Groups
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HLA 54 7.92182 0.0433321 |X
NTI 54 8.06996 0.0433321 X
NG 54 8.1857 0.0433321 X
NTH 54 8.3934 0.0433321 X
HRO 54 8.47717 0.0433321 XX
IR504 54 8.56924 0.0433321 X

Multiple Range Tests for DPPH by TGST
Method: 95.0 percent Duncan

TGST |Count LS Mean |LS Sigma Homogeneous Groups
1 54 7.23598 0.0433321 (X

2 54 7.75571 0.0433321 X

3 54 8.21379 0.0433321 X

6 54 8.57448 0.0433321 X

4 54 8.81377 0.0433321 X

5 54 9.02356 0.0433321 X

Multiple Range Tests for DPPH by DKCS
Method: 95.0 percent Duncan
DKCS |Count [LS Mean |LS Sigma Homogeneous Groups

2 108 7.33931 0.0306404  |X
1 108 8.2518 0.0306404 X
0 108 9.21754 0.0306404 X

Bang P1.1.6. Phan tich cum (cluster analysis) va mdi tuong quan Spearman (Spearman rank
correlation) anh hudng cia thoi gian sinh trudng va dicu kién che sdng
Spearman Rank Correlations

CHLO DPPH POLYPHENOL |TY LE A:B |XO TAN
CHLO 0.7196 0.6346 -0.1697 0.2998
(324) (324) (324) (324)
0.0000 0.0000 0.0023 0.0000
DPPH 0.7196 0.7524 -0.0340 0.4155
(324) (324) (324) (324)
0.0000 0.0000 0.5409 0.0000
POLYPHENOL 0.6346 0.7524 -0.0842 0.0049
(324) (324) (324) (324)
0.0000 0.0000 0.1301 0.9302
TY LE A:B -0.1697 -0.0340 -0.0842 0.0828
(324) (324) (324) (324)
0.0023 0.5409 0.1301 0.1368
XO TAN 0.2998 0.4155 0.0049 0.0828
(324) (324) (324) (324)
0.0000 0.0000 0.9302 0.1368
Icicle Plot

Clustering Method: Group Average; Distance Metric: Squared Euclidean
Number of Clusters
Variable Column 12345

CHLO 1 XXX
XXX
DPPH 2 XXXX
XXXX
POLYPHENOL 3 XXXX
XX
X0 TAN 5 XX
X
TY LE A:B 4 X
Agglomeration Schedule
Combined | Combined Previous Stage | Previous Stage | Next
Stage | Cluster 1 Cluster 2 Distance Cluster 1 Cluster 2 Stage
1 2 3 162.325 0 0 2
2 1 2 218.98 0 1 3
3 1 5 468.882 2 0 4
4 1 4 657.86 3 0 0
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1.2. Két qua phan tich thong ké nghién ctru anh hudng cua thoi gian sinh trudng dén sy
tong hop cac hop chat trong trong la lua (str dung két qua tir GC-MS)
Bang P1.1.7. Bang s6 liéu phan nhom hop chét tir két qua chay GC-MS ciia sau gidng lua &

tudn 1

S6 tt  Phin loai hod hoc/Ban chit IR504 HRO TNG HLA NTH NTI
1 Cyclic hydrocarbon - 3.179 - - - -
2 Diterpenoid 32907 29.056 13.793 48.787 26.169 29.776
3  Fatty acid amide 1.448 - - 1.06 - -
4  Fatty acid ester 6.008 - 22.598 2.925 19.054 -
5  Fatty nitrile - - - - - 0.761
6  Heterocyclic compound - - - - - 1.093
7 Meroterpenoid 1.649 - 0.897 1498 4237 2.767
8  Monoterpenoid 2,652 2634 191 1.906 1.178 0.881
9  Phenol - 2407 7.251  0.679 - 0.945
10 Phthalate ester 55.336 51.100 40.724 32.282 48915 46.244
11 Steroid - 6.354 12.828 10.863 - 17.533
12 Aliphatic hydrocarbon - 2.205 - - 0.447 -
13 Organosulfate - 3.065 - - - -

Bang P1.1.8. Bang sO liéu phan nhom hop chét tir két qua chay GC-MS cua séu gidng lta

O tuan 3
S6 tt  Phén loai hod hoc/Ban chit IR504 HRO TNG HLA NTH NTI

1 Cyclic hydrocarbon 0.728 - - - - -

2 Diterpenoid 6.629 2246 8971 21.533 22.473 25.680
3  Fatty acid amide 1.113  0.394 3.931 1.66 1818 1.722
4  Fatty acid ester 15569 0.162  2.965 - 0.550 -

5  Meroterpenoid - 0.812 884 12.176 6966 5.820
6  Monoterpenoid 0.693 - 31.741 0.585 0.488 -

7  Phenol - 0.205 - - - -

8  Phthalate ester 51.507 92.080 - - 47.731 53.618
9  Sesquiterpenoid 3.072 - - - - -

10 Steroid 20.689 3.572 20.636 19.054 19.972 12.554
11 Triterpenoid - - - - - 0.606
12 Aliphatic hydrocarbon - 0.348  22.583 44.992 - -

13 Organosulfate - 0.181  0.335 - - -

Bang P1.1.9. Bang s6 liéu phan nhom hop chét tir két qua chay GC-MS cua séu gidng lta

O tuan 5

S6 tt  Phin loai hod hoc/Ban chit IR504 HRO TNG HLA NTH NTI
1 Cyclic hydrocarbon 1.809 3.400 2967 5.641 2895 5.168
2 Diterpenoid 24925 44517 34435 44.073 26.851 38.765
3  Fatty acid 2.375 - - - - -
4 Fatty acid amide 0.631 - 0.541 1.147 - 0.877
5  Fatty acid ester 7234  2.194 3426 1.525 6.772 2.927
6  Fatty alcohol 0.922 - - - - -
7  Fatty aldehyde 1.967 - - 0.397 - -
8  Fatty nitrile 1.143  2.164 1509 2.523 1515 1.644
9  Heterocyclic compound 1.498 - 0.923  0.494 - 0.932
10 Meroterpenoid 2.489 - 1.528 2444 1394 2530
11 Monoterpenoid - - 0.595 0411 - -
12 Phenol 0.569 0.854 0.785 0.622  0.538 -
13 Phthalate ester 43.635 39397 46.896 31.815 50.216 38.302
14  Steroid 5491 4100 4.62 3332 3285 5321
15  Triterpenoid 5.309 - 0.665  0.38 - -
16  Aliphatic Amine - 0.878 - 0.669 - -



17  Benzaldehyde - 2.495 - 1.745 0.714 2.031
18  Alkyl alcohol - - 0.519 - - -
19  Carbonitrile - - 0.593 - - -
20 Aliphatic hydrocarbon - - - 1.514  0.558 -
21  Carboxylic acid ester - - - 0.852 - -
22 Terpene ketone - - - 0.418 - -
23 Cyclic ether - - - - 5263  1.502

Bang P1.1.10. Két qua phén tich tuong img (CA) cua sau gidng la ¢ ba thoi gian sinh trudng
1,3 va 5 tuan

IR504 F1 F2 TNG F1 F2
Eigenvalue 0.203 0.103 Eigenvalue 0.636 0.172
Inertia % 66.316 33.684 Inertia % 78.678 21.322
Cumulative % 66.316 100.000 Cumulative % 78.678 100.000
HLA F1 F2 NTH F1 F2
Eigenvalue 0.530 0.080 Eigenvalue 0.179 0.092
Inertia % 86.894 13.106 Inertia % 66.151 33.849
Cumulative % 86.894  100.000 Cumulative % 66.151 100.000
NTI F1 F2 HRO F1 F2
Eigenvalue 0.121 0.033 Eigenvalue 0.246 0.072
Inertia % 78.843 21.157 Inertia % 77.410 22.590
Cumulative % 78.843  100.000 Cumulative % 77.410 100.000

1.3. Két qua phan tich thong ké nghién ctru anh hudng cua diéu kién che sang dén su tong
hop cac hop chét trong trong 14 lta (str dung két qua tir GC-MS)

Béang P1.1.12. Téng hop phén loai cac nhom chat trong 1a lua ctia sau gidng lta trong diéu
kién khong che sang cia sau giéng lua

Piéu ki¢n khong che sing
IR504 HRO NTI HLA TNG NTH

S6 tt  Phan loai hoa hoc/Ban chit

1 Aliphatic Hydrocarbon - - - 1.514 - 0.558
2 Cyclic hydrocarbon 1.809 34 5168 5.641 2967 2.895
3 Diterpenoid 24925 44517 38.765 44.073 34.435 26.851
4  Fatty acid 2.375 - - - - -

5  Fatty acid amide 0.631 - 0.877 1.147 0.541 -

6  Fatty acid ester 7.234 2194 2927 1525 3426 6.772
7  Fatty alcohol 0.922 - - - - -

8  Fatty aldehyde 1.967 - - 0.397 - -

9  Fatty nitrile 1.143  2.164 1.644 2.523 1509 1.515
10 Heterocyclic compound 1.498 - 0.932 0494 0.923 -
11 Meroterpenoid 2.489 - 253 2444 1528 1.39%4
12 Phenol 0.569  0.854 - 0.622  0.785 0.538
13 Phthalate ester 43.635 39.397 38.302 31.815 46.896 50.216
14  Steroid 5.491 4.1 5321 3332 462  3.285
15  Terpene ketone - - - 0.418 - -
16  Triterpenoid 5.309 - - 0.38  0.665 -
17  Aliphatic Amine - 0.878 - 0.669 - -
18  Benzaldehyde - 2495 2.031 1.745 - 0.714
19 Cyclic ether - - 1.502 - - 5.263
20  Carboxylic acid ester - - - 0.852 - -
21 Monoterpenoid - - - 0411  0.595 -
22 Alkyl alcohol - - - - 0.519 -
23 Carbonitrile - - - - 0.593 -
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Béng P1.1.13. Tong hop phén loai cac nhom chit trong 14 lta ctia sau giéng laa trong diéu
kién che sang 2 16p ludi cla sdu giong lta

Pidu ki¢n che sang hai 16p lwéi
IR504 HRO NTI HLA TNG NTH

S6 tt  Phan loai hoa hoc/Ban chit

1 Aliphatic Hydrocarbon 39.867 13.521 19.166 - 29.137 -
2 Fatty acid - - - - - 8.793
3  Fatty acid amide 3.181  2.941 - - 3.514 -
4 Fatty acid ester 24995 15428 75.725 17.224 52.884 25.055
5  Fatty aldehyde - - - - 1.817 4.178
6  Morphinan alkaloid 2.485 - - - - -
7  Organosiloxane 15311 293 - - - -
8  Phthalate ester 2.179 - - - - -
9  Terpene ketone 2.38 - - - 1.946 -
10 Triterpenoid 9.602 7.77 5109 35779 6.628 18.018
11 Phthalate ester derivative - 57.411 - 46.997 - 43.957
12 Benzaldehyde - - - - 4.074 -
Bang P1.1.14. Két qua thong ké PCA cua 6 giéng laa theo diéu kién che sang
IR504 F1 F2 NTH F1 F2
Gia tri riéng Gia tri riéng
(Eigenvalue) 1.110 0.890 (Eigenvalue) 1.200  0.800
Phan trim bién Phan trim bién thién
thién (%) 55.508 44.492 (%) 59.993  40.007
Phan tram tich liiy Phan trim tich liiy (%)  59.993 100.000
(%) 55.508 100.000  Heé s6 tai nhan to
Heé s tai nhan t6 Khong che bong 0.775  0.633
Khong che bong 0.745 0.667 Che boéng -0.775  0.633
Che bong -0.745 0.667 Diém nhan to
Diém nhan to Aliphatic hydrocarbon 0.056  -0.703
Aliphatic Benzaldehyde 0.064  -0.695
Hydrocarbon -2.658 1.932 Cyclic ether 0305 -0.454
Cyclic Cyclic hydrocarbon 0.180  -0.579
hydrocarbon 0.127 -0.617 Diterpenoid 1.449  0.689
Diterpenoid 1.638 0.895 Fatty Acid -0.474  -0.232
Fatty acid 0.164 -0.580 Fatty acid ester -1.042  1.053
Fatty acid amide -0.163 -0.481 Fatty aldehyde -0.211  -0.495
Fatty acid ester -1.190 1.410 Fatty nitrile 0.107  -0.652
Fatty alcohol 0.069 -0.675 Meroterpenoid 0.100  -0.659
Fatty aldehyde 0.137 -0.606 Phenol 0.055 -0.704
Fatty nitrile 0.083 -0.660 Phthalate ester 2.686 1.927
Heterocyclic Phthalate ester
compound 0.106 -0.637 derivative -2.477  1.770
Meroterpenoid 0.171 -0.572 Steroid 0.201  -0.559
Morphinan Triterpenoid -0.999  0.293
alkaloid -0.158 -0.569
Organosiloxane -1.016 0.289
Phenol 0.045 -0.698
Phthalate ester 2.716 2.264
Steroid 0.367 -0.376
Terpene ketone -0.151 -0.576

Triterpenoid -0.287 0.255




TNG F1 F2 HRO F1 F2
Gia tri riéng Gia tri riéng

(Eigenvalue) 1.122  0.878 (Eigenvalue) 1.229  0.771
Phan tram bién thién Phan trim bién thién

(%) 56.092 43.908 (%) 61.452 38.548
Phan tram tich liiy Phan tram tich liiy (%)  61.452  100.000
(%) 56.092 100.000 Hé s6 tai nhan t6

Heé s tai nhan t6 Khong che bong 0.784  0.621
Khong che bong 0.749  0.663 Che boéng -0.784  0.621
Che bong -0.749  0.663 Diém nhan to

Diém nhan to Aliphatic Amine 0.031  -0.650
Aliphatic Aliphatic hydrocarbon -0.657  -0.049
hydrocarbon -1.567  0.946 Benzaldehyde 0.111  -0.570
Alkyl alcohol 0.014 -0.578 Cyclic hydrocarbon 0.156  -0.526
Benzaldehyde -0.232 -0.390 Diterpenoid 2.188 1.507
Carbonitrile 0.019 -0.573 Fatty acid ester -0.640  0.150
Cyclic hydrocarbon 0.151  -0.441 Fatty nitrile 0.094  -0.587
Diterpenoid 1.911 1.319 Fatty acid amide -0.153  -0.553
Fatty acid amide -0.172  -0.389 Organosiloxane -0.152  -0.554
Fatty acid ester -2.641  2.403 Phenol 0.030  -0.651
Fatty aldehyde -0.111  -0.510 Phthalate ester 1.935 1.254
Fatty nitrile 0.070  -0.522 Phthalate ester

Heterocyclic derivative -2.749  2.043
compound 0.037  -0.555 Steroid 0.190  -0.491
Meroterpenoid 0.071  -0.521 Triterpenoid -0.383  -0.323
Monoterpenoid 0.019 -0.573

Phenol 0.029  -0.563

Phthalate ester 2.607  2.015

Steroid 0.244  -0.348

Terpene ketone -0.118  -0.503

Triterpenoid -0.331  -0.216

NTI F1 F2 HLA F1 F2
Gia tri riéng Gia tri riéng

(Eigenvalue) 1.157  0.843 (Eigenvalue) 1.171 0.829
fol/f)m R 1 42169 Phin ram bidn thien (%) 0" ) 47
?)1/1;;11 tram tich lay 831 100,000 Phén trim tich lily (%) 58(.)53 10(()).00
Hé s6 tai nhan t6 Hé s6 tai nhan t6

Khong che bong 0.760  0.649 Khong che bong 0.765  0.644
Che béng -0.760  0.649 Che béng -0.765  0.644
Diém nhan to Diém nhan to

Aliphatic Aliphatic Amine 0.001  -0.568
hydrocarbon -0.810 -0.011 Aliphatic hydrocarbon 0.053  -0.516
Benzaldehyde -0.034  -0.570 Benzaldehyde 0.067 -0.501
Cyclic ether -0.063  -0.598 Carboxylic acid ester 0.012  -0.556
Cyclic hydrocarbon 0.133  -0.403 Cyclic hydrocarbon 0.307 -0.261
Diterpenoid 1.927 1.391 Diterpenoid 2.679  2.111
Fatty acid amide -0.096  -0.632 Fatty acid amide 0.030  -0.538
Fatty acid ester -2.624 2115 Fatty acid ester -0.876  0.415
Fatty nitrile -0.055 -0.591 Fatty aldehyde -0.016 -0.584
Heterocyclic Fatty nitrile 0.115  -0.453
compound -0.093  -0.629 Heterocyclic compound  -0.010  -0.578
Meroterpenoid -0.008  -0.543 Meroterpenoid 0.110  -0.458
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Phthalate ester 1.902 1.366 Monoterpenoid -0.015  -0.584
Steroid 0.141  -0.394 Phenol -0.002  -0.571
Triterpenoid -0.321  -0.501 Phthalate ester 1.923 1.354
Phthalate ester derivative -2.578  1.928
Steroid 0.165 -0.403
Terpene ketone -0.015  -0.583
Triterpenoid -1.949  1.346
Bang P1.1.15. Két qua thong ké CA cuia 06 gidng lua theo didu kién che sang
Chi-square (Observed Eigenvalues and percentages of inertia
value) 2164.515 Fl1 F2
Chi-square (Critical Eigenvalue 0.871 0.479
value) 314.678 Inertia % 48.300  26.567
DF 275 Cumulative % 48.300  74.868
p-value <0.0001
alpha 0.05

Bang P1.1.16. Két qua phén tich cum (AHC) cuia 06 gidng lua theo didu kién che sang

Dissimilarity: Euclidean distance Agglomerative hierarchical clustering
. ) , (AHC) / Number of clusters = 2:
Agglomeration method: Ward's method Inertia decomposition for the optimal

Center: Yes / Reduce: Yes classification:
Absolute  Percent
Within-cluster 9590.567  38.75%
Between-clusters  15160.351 61.25%
Total inertia 24750918 100.00%
Results by cluster: Results by object:

Cluster 1 2 Distance to
Number of Observation Cluster centroid
objects by cluster 6 6
Sum of weights 6 6 IR504-KC 1 12.735
Within-cluster IR504-C 2 37.762
Va'ria.mce 137.541 1780.572 HRO-KC 1 9.870
Minimum HRO-C 2 38.916
distance to
centroid 5.465 29.238 NTI-KC 1 5.465
Average distance NTI-C 2 48.469
to ceptroid 10.142 38.068 HLA-KC 1 13.675
Effiéﬁi‘???, HLA-C 2 40.069
centroid 13.675  48.469 TNG-KC ! 5.769

IR504-KC IR504-C ~ ING-C 2 33.953
HRO-KC  HRO-C NTH-KC 1 13.339
NTI-KC NTI-C NTH-C 2 29.238
HLA-KC HLA-C
TNG-KC TNG-C
NTH-KC NTH-C
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2. Két qua phén tich thng ké anh hwéng ciia cic diéu kién ché bién BLL (phwong
phap bat hoat enzyme, dung méi ly trich, sy phun va thoi gian bdo quén)
Bang P1.2.1. Phan tich phuong sai va so sanh Duncan anh hudng cua cac diéu kién xu 1y

enzyme 1én ton that chlorophyll trong trong 14 lua
ANOVA Table for CHLOROPHYLL by DK XU LY

Béang P1.2.2. Phan tich phuong sai va so sanh Duncan anh huéng cua cac diéu kién xir 1y

enzyme 1én ton that polyphenol trong 14 lua

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 1363.78 14 1974128 313.39 0.0000
Within groups 9.32492 30 [0.310831
Total (Corr.) 1373.1 44
Multiple Range Tests for CHLOROPHYLL by DK XU LY
Method: 95.0 percent Duncan
DKXULY Count | Mean Homogeneous Groups
Chan Ip 3 5.84076  |X
Chan 2p 3 591641 |X
Chan 3p 3 6.02176  |X
Chan 4p 3 6.44324 |X
Vi song 1p 3 7.42152 X
Vi song 2p 3 9.81306 X
Chan 5p 3 10.8321 X
Vi song 3p 3 12.1091
Sieu am 5p 3 14.987 X
Sieuam 10p |3 16.9172 X
Vi song 4p 3 18.7282 X
Sieuam 15p |3 18.8038 X
Vi song 5p 3 18.8815 X
Sieuam20p |3 19.4028 XX
Sieuam25p |3 20.3322 X

ANOVA Table for POLYPHENOL by DK XU LY

Bang P1.2.3. Phén tich phuong sai va so sanh Duncan anh hudng cua cac diéu kién xur 1y

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [800.242 14 |57.1601 366.67 0.0000
Within groups 4.67664 30 [0.155888
Total (Corr.) 804.918 44
Multiple Range Tests for POLYPHENOL by DK XU LY
Method: 95.0 percent Duncan
DKXULY Count | Mean Homogeneous Groups
Sieu am 5p 3 2.2 X
Sieuam 10p |3 3.15676 X
Vi song 1p 3 3.19113 X
Vi song 2p 3 3.35104 X
Chan 1p 3 3.48229 XX
Chan 2p 3 3.75305 XX
Vi song 3p 3 4.14972 X
Chan 3p 3 5.20563 X
Sieuam 15p |3 5.55124 X
Vi song 4p 3 6.39351
Vi song 5p 3 7.55655 X
Chan 4p 3 7.87569 X
Sieuam20p |3 8.79608 X
Chan 5p 3 14.8366 X
Sieuam25p |3 17.1639 X

enzyme lén ty 1€ urc ché enxyme polyphenol oxidase trong trong 14 lta
ANOVA Table for PPO by DK XU LY

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [20615.9 14 1472.57 580.31 0.0000
Within groups 76.1266 30 [2.53755
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[ Total (Corr.) [20692.1 [44 | |
Multiple Range Tests for PPO by DK XU LY
Method: 95.0 percent Duncan

DKXULY Count | Mean Homogeneous Groups
Vi song 1p 3 16.5722  [X

Sieu am 5p 3 22.1259 X

Sieuam 15p |3 26.0516 X

Sieuam 10p |3 26.6081 X

Vi song 2p 3 29.7457 X
Sieuam25p |3 33.4527 X

Vi song 3p 3 34.8478 X
Sieuam20p |3 34.9697 X

Chan Ip 3 39.2019 X

Vi song 4p 3 39.9781 X

Vi song 5p 3 43.3081 X
Chan 2p 3 57.1171 X
Chan 3p 3 75.7217 X
Chan 4p 3 83.9833 X
Chan 5p 3 85.5679 X

Bang P1.2.4. Phan tich phuong sai va so sanh Duncan dnh hudng cua st dung dung moi

ethanol ly trich 1én ham luong tong chlorophyll trong 14 laa
Analysis of Variance for CHLOROPHYLL - Type III Sums of Squares

Source Sum of Squares _ |Df* |Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:NONG DO 109167. 4 27291.7 148.37  10.0000
B:TY LE 34961.0 2 17480.5 95.03 0.0000
INTERACTIONS

AB 10140.8 8 1267.61 6.89 0.0000
RESIDUAL 5518.3 30 ]183.943

TOTAL (CORRECTED) 159787. 44

Multiple Range Tests for CHLOROPHYLL by NONG DO
Method: 95.0 percent Duncan
NONG DO Count |LS Mean _|LS Sigma |Homogeneous Groups

0% 9 1160.06 4.52086 X
20% 9 1234.01 4.52086 X
40% 9 1252.53 4.52086 X
60% 9 1290.46 4.52086 X
80% 9 1296.83 4.52086 X

Multiple Range Tests for CHLOROPHYLL by TY LE
Method: 95.0 percent Duncan

TYLE |Count |LS Mean |LS Sigma |Homogeneous Groups
5:1 15 1208.7 3.50184 X

15:1 15 1256.98 3.50184 X

10:1 15 1274.64 3.50184 X

Bang P1.2.5. Phan tich phuong sai va so sanh Duncan dnh hudng cua st dung dung moi

ethanol ly trich 1én ham lugng polyphenol trong 14 laa
Analysis of Variance for POLYPHENOL - Type III Sums of Squares

Source Sum of Squares _ |Df* |Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:NONG DO 0.683774 4 0.170944 21.97 0.0000
B:TY LE 5.59858 2 2.79929 359.70  10.0000
INTERACTIONS

AB 0.377861 8 0.0472326 6.07 0.0001
RESIDUAL 0.23347 30 10.00778232

TOTAL (CORRECTED) 6.89368 44

Multiple Range Tests for POLYPHENOL by NONG DO

Method: 95.0 percent Duncan

NONG DO Count |LS Mean _|LS Sigma Homogeneous Groups
0% 9 4.21678 0.0294058 |X

20% 9 4.39828 0.0294058 X

40% 9 449411 0.0294058 X
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60% 9 4.52795 0.0294058 X
80% 9 4.55727 0.0294058 X
Multiple Range Tests for POLYPHENOL by TY LE
Method: 95.0 percent Duncan

TYLE |Count [LS Mean |LS Sigma Homogeneous Groups
5:1 15 3.941 0.0227777 _|X

15:1 15 4.6612 0.0227777 X

10:1 15 4.71443 0.0227777 X

Béng P1.2.6. Phan tich phuong sai va so sanh Duncan anh huéng cua nhiét d siy phun lén

ham lugng tong chlorophyll ctia bot 1a laa non
ANOVA Table for CHLOROPHYLL by DIEU KIEN SAY

Source Sum of Squares Df |Mean Square F-Ratio P-Value
Between groups 629266. 6 104878. 241.50 0.0000
Within groups 6079.77 14 |434.27

Total (Corr.) 635345. 20

Multiple Range Tests for CHLOROPHYLL by DIEU KIEN SAY
Method: 95.0 percent Duncan

DIEU KIEN SAY Count Mean Homogeneous Groups
Say 160 3 921.803 X

Say 150 3 1148.77 X

Say 140 3 1190.54 X

Say 130 3 1262.68 X

Say 120 3 1309.15 X

Say dong kho 3 1427.87 X

Truoc khi say 3 1480.16 X

Béang P1.2.7. Phan tich phuong sai va so sanh Duncan anh huéng cua nhiét d siy phun lén
ham lugng chlorophyll a cua bt lia non

ANOVA Table for CHLOROPHYLL A by DIEU KIEN SAY

Source Sum of Squares Df |Mean Square F-Ratio P-Value
Between groups 123085. 6 [20514.2 106.22 0.0000
Within groups 2703.78 14 [193.127

Total (Corr.) 125789. 20

Multiple Range Tests for CHLOROPHYLL A by DIEU KIEN SAY
Method: 95.0 percent Duncan

DIEU KIEN SAY Count Mean Homogeneous Groups
Say 160 3 364.514 X

Say 130 3 427.46 X

Say 150 3 451.06 XX

Say 140 3 451.496 XX

Say 120 3 471.678 X

Say dong kho 3 565.097 X

Truoc khi say 3 606.647 X

Bang P1.2.8. Phan tich phuong sai va so sanh Duncan anh hudng cua nhiét d siy phun lén
ham lugng chlorophyll b ctiia bdt lta non

ANOVA Table for CHLOROPHYLL B by DIEU KIEN SAY

Source Sum of Squares Df |Mean Square F-Ratio P-Value
Between groups 238864. 6 39810.6 112.31 0.0000
Within groups 4962.56 14 |354.468

Total (Corr.) 243826. 20

Multiple Range Tests for CHLOROPHYLL B by DIEU KIEN SAY
Method: 95.0 percent Duncan

DIEU KIEN SAY Count Mean Homogeneous Groups
Say 160 3 557.605 X

Say 150 3 698.1 X

Say 140 3 739.454 X

Say 130 3 835.669 X

Say 120 3 837.937 X

Say dong kho 3 863.263 X

Truoc khi say 3 874.009 X




Béang P1.2.9. Phan tich phuong sai va so sanh Duncan anh huéng cua nhiét d siy phun 1én
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ham lugng tong polyphenol ctia bot laa non
ANOVA Table for POLYPHENOL by DIEU KIEN SAY

Source Sum of Squares Df |Mean Square F-Ratio P-Value
Between groups 18.8772 6 3.1462 427.87 0.0000
Within groups 0.102944 14 |0.00735315

Total (Corr.) 18.9802 20

Multiple Range Tests for POLYPHENOL by DIEU KIEN SAY
Method: 95.0 percent Duncan

DIEU KIEN SAY Count Mean Homogeneous Groups
Say 160 3 1.54597 X

Say 150 3 1.84577 X

Say 140 3 2.01953 X

Say 130 3 2.46979 X

Say 120 3 3.33458 X

Say dong kho 3 3.64894 X

Truoc khi say 3 4.25519 X

Bang P1.2.10. Phan tich phuong sai va so sanh Duncan anh huéng ctia nhiét do sy phun lén

ham lugng téng flavonoid cua bot 14 Iia non

ANOVA Table for FLAVONOID by DK SAY

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [2.30117 6 0.383528 480.06 0.0000
Within groups 0.0111849 14 10.00079892

Total (Corr.) 2.31236 20

Multiple Range Tests for FLAVONOID by DK SAY

Method: 95.0 percent Duncan

DK SAY Count _ [Mean Homogeneous Groups
Say 160 3 0.961945 |X
Say 150 3 1.29482 X
Say 140 3 1.37353 X
Say 130 3 1.45245 X
Say 120 3 1.51806 X
Say dongkho |3 1.60958 X
Truoc khisay |3 2.13884 X
Béang P1.2.11.

hoat tinh DPPH cua b6t 1a lia non
ANOVA Table for DPPH by DIEU KIEN SAY

Phan tich phwong sai va so sanh Duncan anh hudng cta nhiét d6 siy phun 1én

Source Sum of Squares Df |Mean Square F-Ratio P-Value
Between groups 11.2652 6 1.87754 5501.60 0.0000
Within groups 0.00477779 14 10.000341271

Total (Corr.) 11.27 20

Multiple Range Tests for DPPH by DIEU KIEN SAY
Method: 95.0 percent Duncan

DIEU KIEN SAY Count Mean Homogeneous Groups
Say 160 3 0.944984 X

Say 150 3 1.03543 X

Say 140 3 1.20679 X

Say 130 3 1.4165 X

Say 120 3 2.21521 X

Say dong kho 3 2.27471 X

Truoc khi say 3 3.05379 X

Béang P1.2.12. Phan tich phuong sai va so sanh Duncan anh huéng ctia nhiét do sy phun 1én

ham lugng xo tan cta bot lua non
ANOVA Table for XO TAN by DIEU KIEN SAY

Source Sum of Squares Df |Mean Square F-Ratio P-Value
Between groups 49328.8 6 8221.47 6.14 0.0025
Within groups 18750.8 14 [1339.34
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[Total (Corr.) |68079.6 [20 | |
Multiple Range Tests for XO TAN by DIEU KIEN SAY
Method: 95.0 percent Duncan

DIEU KIEN SAY Count Mean Homogeneous Groups
Truoc khi say 3 381.433 X

Say 140 3 442.425 XX

Say 130 3 451.049 XXX

Say 160 3 461.257 XXX

Say 150 3 461.749 XXX

Say 120 3 499.317 XX

Say dong kho 3 551.936 X

Bang P1.2.13. Phan tich da nhan t5 Multiple Variable Analysis va phan tich cum Cluster
Analysis vé moi tuong quan gitra cac gia tri sau che bién bot 14 lta
Spearman Rank Correlations

CHLORO |CHLOROP [CHLORO [POLYPHE |FLAVON |DPPH  [XO TAN
PHYLL |HYLLA [PHYLLB |[NOL OID
CHLOROPHYLL 0.8351 0.9688  |0.9805 0.9844  10.9792  [0.2532
(©3)) (@3)) (@3)) (@3)) (@3)) 2D
0.0002 0.0000 _[0.0000 0.0000 _ 0.0000  [0.2574
CHLOROPHYLL A [0.8351 0.7312 |0.8078 0.8221  [0.8286  |0.2325
(©3)) (@3)) (@3)) (@3)) (@3)) @3))
0.0002 0.0011 _ ]0.0003 0.0002  [0.0002  [0.2985
CHLOROPHYLL B [0.9688  0.7312 0.9571 0.9532  10.9364  [0.2377
2D 2D ©3)) ©3)) ©3)) ©2))
0.0000 _ 0.0011 0.0000 0.0000 _ [0.0000  |0.2878
POLYPHENOL 0.9805  0.8078 0.9571 0.9909  [0.9766  [0.1961
(©3)) (3)) (@3)) (@3)) (@3)) @3))
0.0000 _ ]0.0003 0.0000 0.0000 _ [0.0000  [0.3805
FLAVONOID 0.9844  0.8221 0.9532 09909 0.9792  [0.2130
(©3)) (©3)) (@3)) (@3)) (@3)) (@3))
0.0000 _]0.0002 0.0000 _[0.0000 0.0000  |0.3408
DPPH 0.9792  0.8286 0.9364 09766 0.9792 0.2481
©3)) (©3)) (@3)) (@3)) (@3)) 2D
0.0000 _]0.0002 0.0000 _[0.0000 0.0000  |DPPH _ [XO TAN
XO TAN 0.2532  0.2325 0.2377 _ 0.1961 02130 10.9792  [0.2532
(3)) @3)) @3)) @3)) (@3)) (@3)) (@3))
0.2574  0.2985 0.2878  10.3805 0.3408  [0.0000  [0.2574

Béang P1.2.14. Phan tich cum Cluster Analysis vé moi twong quan gitta cac gia tri sau ché
bién bot 1a lua

Number of complete cases: 21; Clustering Method: Group Average; Distance Metric: Squared Euclidean; Clustering:
variables; Standardized: yes
Cluster Summary

Cluster |Members | Percent
1 6 85.71

2 1 14.29
Membership Table

Variable Cluster
CHLOROPHYLL
CHLOROPHYLL A
CHLOROPHYLL B
POLYPHENOL
FLAVONOID
DPPH

XO TAN

Icicle Plot

o = [ = [— [—= [ —[—

Number of Clusters
Variable Column 234567

CHLOROPHYL 1 XXXX

CHLOROPHYL 3 XXXX
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X
CHLOROPHYL 2 XX
XX
POLYPHENOL 4 XXXXX
XXXXX
DPPH 6 XXXXX
XXX
FLAVONOID 5 XXX
X0 TAN 7
Agglomeration Schedule
Combined | Combined Previous Stage | Previous Stage | Next
Stage | Cluster 1 Cluster 2 Distance Cluster 1 Cluster 2 Stage
1 4 6 0.540269 0 0 3
2 1 3 1.70915 0 0 5
3 4 5 3.42249 1 0 4
4 2 4 4.11688 0 3 5
5 1 2 5.68658 2 4 0

Bang P1.2.15. Phan tich phuong sai va so sanh Duncan nhiét d6 bao quan va thoi gian bao
quan 1én ham lugng tong chlorophyll trong bot 14 1ta non

Analysis of Variance for CHLOROPHYLL - Type III Sums of Squares

Source Sum of Squares _ |Df* [Mean Square | F-Ratio P-Value
MAIN EFFECTS

A:DIEU KIEN 291144. 2 145572. 2394.24 0.0000
B:THANG 6.88286E6 6 1.14714E6 18867.20 10.0000
INTERACTIONS

AB 108472. 12 19039.3 148.67 0.0000
RESIDUAL 2553.64 42 160.801

TOTAL (CORRECTED) 7.28503E6 62

Multiple Range Tests for CHLOROPHYLL by DIEU KIEN
Method: 95.0 percent Duncan

DIEUKIEN _ |Count |LS Mean _|LS Sigma | Homogeneous Groups
T PHONG 21 679.943 1.70155 X

5C 21 745.502 1.70155 X

(-180) 21 845.284 1.70155 X

Multiple Range Tests for CHLOROPHYLL by THANG
Method: 95.0 percent Duncan

THANG Count |LS Mean _|LS Sigma |Homogeneous Groups
Thang 6 9 337.357 2.59917 X

Thang 5 9 432.373 2.59917 X

Thang 4 9 552.327 2.59917 X

Thang 3 9 767.841 2.59917 X

Thang 2 9 841.945 2.59917 X

Thang 1 9 995.301 2.59917 X

Thang 0 9 1371.22 2.59917 X

Bang P1.2.16. Phan tich phuong sai va so sanh Duncan nhi¢t d§ bdo quan va thoi gian bao

quan 1én ham luong tong polyphenol trong bot 14 lta non
Analysis of Variance for POLYPHENOL - Type III Sums of Squares

Source Sum of Squares _ |Df [Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:DIEU KIEN 1.00362 2 0.501812 1160.20  [0.0000
B:THANG 17.1556 6 2.85927 6610.71 10.0000
INTERACTIONS

AB 0.320156 12 10.0266797 61.68 0.0000
RESIDUAL 0.0181659 42 10.000432521

TOTAL (CORRECTED) 18.4976 62

Multiple Range Tests for POLYPHENOL by DIEU KIEN

Method: 95.0 percent Duncan

DIEUKIEN _ |Count |LS Mean _|LS Sigma Homogeneous Groups
T PHONG 21 1.1555 0.00453831 |X

5C 21 1.29242 0.00453831 X
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[(-18 C)

[21 [1.46402

[0.00453831 |

X

Multiple Range Tests for POLYPHENOL by THANG
Method: 95.0 percent Duncan

THANG Count |LS Mean _|LS Sigma Homogeneous Groups
Thang 6 9 0.810212  10.00693238 |X

Thang 5 9 0.914415 10.00693238 X

Thang 4 9 0.994632  10.00693238 X

Thang 3 9 1.10237 0.00693238 X

Thang 2 9 1.24877 0.00693238 X

Thang 1 9 1.6283 0.00693238 X

Thang 0 9 242916 0.00693238 X

Bang P1.2.17. Phan tich phuong sai va so sanh Duncan nhi¢t d§ bdo quan va thoi gian bao

quan 1én ham lugng xo tan trong bot 14 1ta non

Analysis of Variance for XO TAN - Type 111 Sums of Squares

Source Sum of Squares _ |Df* |Mean Square | F-Ratio | P-Value
MAIN EFFECTS

A:DIEU KIEN 921.116 2 460.558 0.51 0.6023
B:THANG 182102. 6 30350.4 33.82 0.0000
INTERACTIONS

AB 20649.9 12 11720.83 1.92 0.0599
RESIDUAL 37695.6 42 1897.514

TOTAL (CORRECTED) 241369. 62

Multiple Range Tests for XO TAN by DIEU KIEN
Method: 95.0 percent Duncan

DIEUKIEN _ |Count |LS Mean _|LS Sigma | Homogeneous Groups
5C 21 523.751 6.53749 X
T PHONG 21 531.347 6.53749 X
(-180) 21 532.295 6.53749 X

Multiple Range Tests for XO TAN by THANG
Method: 95.0 percent Duncan

THANG Count |LS Mean _|LS Sigma |Homogeneous Groups
Thang 3 9 431.981 9.98618 X

Thang 2 9 498.902 9.98618 X

Thang 0 9 501.64 9.98618 XX

Thang 6 9 529.186 9.98618 XX

Thang 5 9 553.559 9.98618 X

Thang 4 9 590.536 9.98618 X

Thang 1 9 598.113 9.98618 X

Bang P1.2.18. Phan tich phuong sai va so sanh Duncan nhi¢t d§ bdo quan va thoi gian bao

quan 1én hoat tinh bt gc tw do DPPH trong bot 1a laa non

Analysis of Variance for DPPH - Type I1I Sums of Squares
Source Sum of Squares  |Df [Mean Square | F-Ratio | P-Value
MAIN EFFECTS
A:DIEU KIEN 1.17787 2 0.588934 1549.65 [0.0000
B:THANG 4.22832 6 0.70472 1854.32  [0.0000
INTERACTIONS
AB 0.355238 12 10.0296032 77.89 0.0000
RESIDUAL 0.0159618 42 10.000380042
TOTAL (CORRECTED) 5.77739 62

Multiple Range Tests for DPPH by DIEU KIEN

Method: 95.0 percent Duncan

DIEUKIEN  |Count |LS Mean |LS Sigma Homogeneous Groups
T PHONG 21 1.83657 0.00425409 |X

5C 21 2.06038 0.00425409 X

(-180) 21 2.16427 0.00425409 X

Multiple Range Tests for DPPH by THANG
Method: 95.0 percent Duncan

THANG Count |LS Mean _|LS Sigma Homogeneous Groups
Thang 6 9 1.61442 0.00649823 (X

Thang 5 9 1.77698 0.00649823 X

Thang 4 9 1.91528 0.00649823 X
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Thang 3 9 2.05005 0.00649823 X
Thang 2 9 2.1176 0.00649823 X
Thang 1 9 2.21735 0.00649823 X
Thang 0 9 245118 0.00649823 X

3. Két qua phan tich thong ké danh gia hoat tinh chong oxy hoa ciia bt I lua
Bang P1.3.1. Phan tich phuong sai va so sanh Duncan cta chlorophyll theo nong d¢ bot

ANOVA Table for CHLOROPHYLL by NONG DO BOT

Bang P1.3.2. Phan tich phuong sai va so sanh Duncan ctia ham luong tong polyphenol theo

néng do bot

ANOVA Table for POLYPHENOL by NONG DO BOT

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [445727. 9 49525.2 45.33 0.0000
Within groups 21848.8 20 [1092.44
Total (Corr.) 467576. 29
Multiple Range Tests for CHLOROPHYLL by NONG DO BOT
Method: 95.0 percent Duncan
NONG DO BOT Count _ [Mean Homogeneous Groups
1% 3 491.825 |X
2% 3 556.907 X
3% 3 606.471 XX
4% 3 660.235 XX
5% 3 702.043 XX
6% 3 734.124 X
7% 3 792.035 X
8% 3 805.421 XX
9% 3 860.987 XX
10% 3 868.467 X

Bang P1.3.3. Phan tich phuong sai va so sanh Duncan ctia ham luong tong polyphenol theo

néng do bot

ANOVA Table for XO TAN by NONG DO BOT

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [3.18361 9 0.353735 98.91 0.0000
Within groups 0.0715283 20 10.00357642
Total (Corr.) 3.25514 29
Multiple Range Tests for POLYPHENOL by NONG DO BOT
Method: 95.0 percent Duncan
NONG DO BOT Count _[Mean Homogeneous Groups
1% 3 0.85808 |X
2% 3 1.02809 X
3% 3 1.114 XX
4% 3 1.16766 XX
5% 3 1.244 XX
6% 3 1.34558 X
7% 3 1.45089 X
8% 3 1.54205 X
9% 3 1.79496 X
10% 3 1.95855 X

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 4281.58 9 475.732 0.26 0.9792
Within groups 36891.9 20 |1844.59
Total (Corr.) 41173.5 29
Multiple Range Tests for XO TAN by NONG DO BOT
Method: 95.0 percent Duncan
NONG DO BOT Count _[Mean Homogeneous Groups
1% 3 590.717 |X
5% 3 596.396 |X
2% 3 599.598 |X
3% 3 599.747 |X
8% 3 600.785 |X
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6%
4%
7%
9%
10%

603.397
608.243
611.569
625.205
630.205
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Béng P1.3.4. Phén tich da nhan t6 Multiple Variable Analysis mbi twong quan giita cac gia
tri theo nong do bot
Spearman Rank Correlations

CHLOROPH [POLYPHE |[ABTS  |[DPPH [FRAP  [RP XO TAN
YLL NOL
CHLOROPHYLL 0.9666  [0.9577 [0.9648 [0.9524 [0.9715 [0.3931
(30) (30) (30) (30) (30) (30)
0.0000 _ [0.0000 [0.0000 [0.0000 [0.0000 [0.0343
POLYPHENOL 0.9666 0.9711 [0.9835 [0.9804 [0.9826 |0.4291
(30) (30) (30) (30) (30) (30)
0.0000 0.0000  [0.0000 [0.0000 [0.0000 [0.0208
ABTS 0.9577 0.9711 0.9840 [0.9875 [0.9915 [0.3691
(30) (30) (30) (30) (30) (30)
0.0000 0.0000 0.0000  [0.0000 [0.0000 [0.0469
DPPH 0.9648 0.9835  [0.9840 0.9884 [0.9875 [0.4082
(30) (30) (30) (30) (30) (30)
0.0000 0.0000 _ |0.0000 0.0000  [0.0000 [0.0279
FRAP 0.9524 0.9804  [0.9875 [0.9884 0.9889  [0.3962
(30) (30) (30) (30) (30) (30)
0.0000 0.0000 _ [0.0000 [0.0000 0.0000  [0.0329
RP 0.9715 0.9826  [0.9915 [0.9875 [0.9889 0.3677
(30) (30) (30) (30) (30) (30)
0.0000 0.0000 _ [0.0000 [0.0000 [0.0000 0.0477
XO TAN 0.3931 0.4291 0.3691 [0.4082 [0.3962 [0.3677
(30) (30) (30) (30) (30) (30)
0.0343 0.0208  [0.0469 [0.0279 [0.0329 [0.0477

Bang P1.3.5. Phén tich cum Cluster Analysis vé mdi trong quan giira cac gia tri theo nong
do bot
Number of complete cases: 30; Clustering Method: Median; Distance Metric: Squared Euclidean; Clustering:

variables; Standardized: yes
Cluster Summary

Cluster Members Percent
1 7 100.00
Icicle Plot
Number of Clusters
Variable Column 1234567
ABTS 1 )0:0:0:0:4
)0:0:0:0:4
DPPH 3 ):0:0:0:0:0'¢
)0:0:0:0:0'4
RP 6 )0:0:0:0:0'4
)0:0:0:4
POLYPHENOL 5 )0:0:0:4
XX
CHLOROPHYL 2 XXX
XXX
FRAP 4 XXX
X
X0 TAN 7 X
Agglomeration Schedule
Combined Combined Previous Stage | Previous Stage Next
Stage Cluster 1 Cluster 2 Distance Cluster 1 Cluster 2 Stage
1 3 6 0.665583 0 0 2
2 1 3 0.619689 0 1 3
3 1 5 1.73932 2 0 5
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4 2 4 1.93112 0 0 5
5 1 2 2.21757 3 4 6
6 1 7 41.2859 5 0 0

4. Két qua phan tich thong ké danh gia hoat tinh khang khuin va khing nim ciia bt
14 lua
Béang P1.4.1. Phéan tich phuong sai va so sanh Duncan cua hoat tinh khang vi khuan P.

aeruginosa

ANOVA Table for DKVKK by NONG DO

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [2699.78 5 539.956 335.14 0.0000
Within groups 19.3333 12 |1.61111

Total (Corr.) 2719.11 17

Multiple Range Tests for DKVKK by NONG DO
Method: 95.0 percent Duncan

NONG DO Count | Mean Homogeneous Groups
LL 500 mg/mL 3 0.0 X

LL 1000 mg/mL 3 3.66667 X

LL 2000 mg/mL 3 9.33333 X

LL 4000 mg/mL 3 15.6667 X

LL 8000 mg/mL 3 19.3333 X

Ampicillin 100 ug/mL |3 37.3333 X

Béng P1.4.2. Phan tich phuong sai va so sanh Duncan ciia hoat tinh khang vi khuan S. aureus
ANOVA Table for DKVKK by NONG DO

Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value
Between groups 1170.94 5 234.189 301.10 0.0000
Within groups 9.33333 12 10.777778

Total (Corr.) 1180.28 17

Multiple Range Tests for DKVKK by NONG DO
Method: 95.0 percent Duncan

NONG DO Count | Mean Homogeneous Groups
LL 500 mg/mL 3 533333 |X

LL 1000 mg/mL 3 12.6667 X

LL 2000 mg/mL 3 16.0 X

LL 4000 mg/mL 3 18.6667 X

LL 8000 mg/mL 3 21.3333 X

Ampicillin 100 ug/mL |3 31.6667 X

Béng P1.4.3. Phan tich phuong sai va so sanh Duncan ctia hoat tinh khang vi khuén E. coli
ANOVA Table for DKVKK by NONG DO

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [466.938 5 93.3877 122.52 0.0000
Within groups 9.14667 12 10.762222

Total (Corr.) 476.085 17

Multiple Range Tests for DKVKK by NONG DO
Method: 95.0 percent Duncan

NONG DO Count | Mean Homogeneous Groups
LL 500 mg/mL 3 4.8 X

LL 1000 mg/mL 3 8.56224 X

LL 2000 mg/mL 3 12.2437 X

LL 4000 mg/mL 3 16.2433 X

LL 8000 mg/mL 3 20.24 X

Ampicillin 100 ug/mL |3 25.0133 X

Béng P1.4.4. Phan tich phuong sai va so sanh Duncan ctia hoat tinh khang nim C. albicans
ANOVA Table for DKVKN by NONGDO

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 121.0 5 24.2 186.15 0.0000
Within groups 1.56 12 10.13

Total (Corr.) 122.56 17

Multiple Range Tests for DKVKN by NONGDO



XxXx1

Method: 95.0 percent Duncan

NONGDO Count | Mean | Homogeneous Groups
LL 500 mg/mL 3 0.0 X

LL 1000 mg/mL |3 0.0 X

LL 2000 mg/mL |3 1.5 X

LL 4000 mg/mL |3 3.5 X

LL 8000 mg/mL |3 5.0 X

Metronidazole 3 7.0 X

5. Két qua phan tich thong ké danh gia tac dong ciia bt 4 laa doi voi hé vi sinh vat
dudng rugt

Bang P1.5.1. Phan tich phuong sai va so sanh Duncan cuia céc chi so6 huyét hoc

ANOVA Table for RED BLOOD CELL by Nhom

Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value
Between groups  [4.73483 3 1.57828 10.42 0.0039
Within groups 1.21173 8 0.151467

Total (Corr.) 5.94657 11

Multiple Range Tests for RED BLOOD CELL by Nhom
Method: 95.0 percent Duncan

Nhom Count | Mean Homogeneous Groups

Day 0 3 8.57 X

PCDC |3 8.78 X

PC300 |3 9.68333 X

PC150 (3 10.0933 X

ANOVA Table for HEMATOCRIT by Nhom

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 82.7228 3 27.5743 56.08 0.0000
Within groups 3.93347 8 0.491683

Total (Corr.) 86.6563 11

Multiple Range Tests for HEMATOCRIT by Nhom
Method: 95.0 percent Duncan

Nhom Count | Mean Homogeneous Groups

PC300 |3 39.2933  |X

PC150 (3 40.5333 |X

Day 0 3 42.7667 X

PCDC |3 46.2033 X

ANOVA Table for HEMOGLOBIN by Nhom

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 6.94789 3 2.31596 5.22 0.0275
Within groups 3.5502 8 0.443775

Total (Corr.) 10.4981 11

Multiple Range Tests for HEMOGLOBIN by Nhom
Method: 95.0 percent Duncan

Nhom Count | Mean Homogeneous Groups

Day 0 3 11.5333  |X

PCDC |3 12.0333  |X

PC300 |3 12.5267  |XX

PC150 (3 13.59 X
ANOVA Table for MCV by Nhom

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 6.15 3 2.05 1.42 0.3079
Within groups 11.5867 8 1.44833

Total (Corr.) 17.7367 11

Multiple Range Tests for MCV by Nhom
Method: 95.0 percent Duncan

Nhom Count | Mean Homogeneous Groups

Day 0 3 49.8 X

PC150 (3 50.4 X

PCDC |3 514333 |X

PC300 |3 51.5 X

ANOVA Table for MCH by Nhom

Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value

Between groups 1.60503 3 0.535008 1.16 0.3836
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Within groups 3.69407 8 0.461758
Total (Corr.) 5.29909 11
Multiple Range Tests for MCH by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day 0 3 13.7333  [X
PCDC |3 141233 |X
PC150 (3 14.2867 [X
PC300 |3 14.7533  [X
ANOVA Table for MCHC by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 18.5292 3 6.17639 11.94 0.0025
Within groups 4.14 8 0.5175
Total (Corr.) 22.6692 11
Multiple Range Tests for MCHC by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day 0 3 294333 [X
PCDC |3 30.0333 |XX
PC150 (3 313 X
PC300 |3 32.6667 X
ANOVA Table for PLT by Nhom
Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value
Between groups  [6003.24 3 2001.08 16.91 0.0008
Within groups 946.826 8 118.353
Total (Corr.) 6950.07 11
Multiple Range Tests for PLT by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day 0 3 283.379  [X
PCDC |3 293.337 [X
PC300 |3 303.18 X
PC150 (3 342.357 X
ANOVA Table for WBC by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [24.6026 3 8.20087 20.54 0.0004
Within groups 3.19427 8 0.399283
Total (Corr.) 27.7969 11
Multiple Range Tests for WBC by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day 0 3 4.65 X
PCDC |3 54 X
PC150 (3 7.6 X
PC300 |3 8.04333 X
ANQOVA Table for NEU by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 1.8387 3 0.6129 142.53 0.0000
Within groups 0.0344 8 0.0043
Total (Corr.) 1.8731 11
Multiple Range Tests for NEU by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean _|Homogeneous Groups
Day 0 3 0.95 X
PCDC |3 0.98 X
PC300 (3 1.7 X
PC150 (3 1.79 X
ANOVA Table for LYM by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 8.97982 3 2.99328 2477.19 0.0000
Within groups 0.00966667 8 0.00120833
Total (Corr.) 8.98949 11

Multiple Range Tests for LYM by Nhom
Method: 95.0 percent Duncan




Xxxiii

Nhom Count | Mean Homogeneous Groups
Day0 |3 2.75 X
PCDC |3 3.37667 X
PC150 (3 4.7 X
PC300 |3 4.77 X
ANOVA Table for MON by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [0.640625 3 0.213542 640.62 0.0000
Within groups 0.00266667 8 0.000333333
Total (Corr.) 0.643292 11
Multiple Range Tests for MON by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day0 |3 0.33 X
PCDC |3 0.37 X
PC150 (3 0.466667 X
PC300 |3 0.91 X
ANOVA Table for EOS by Nhom
Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value
Between groups  [0.0105583 3 0.00351944 248 0.1350
Within groups 0.0113333 8 0.00141667
Total (Corr.) 0.0218917 11
Multiple Range Tests for EOS by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
PCDC |3 0.133333  |X
Day0 |3 0.16 XX
PC150 (3 0.193333  |XX
PC300 |3 0.21 X
ANOVA Table for BAS by Nhom
Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value
Between groups  [0.0327333 3 0.0109111 34.46 0.0001
Within groups 0.00253333 8 0.000316667
Total (Corr.) 0.0352667 11
Multiple Range Tests for BAS by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
PC300 |3 0.193333  |X
Day0 |3 0.273333 X
PCDC |3 0.31 X
PC150 (3 0.33 X
ANQOVA Table for RDW CV by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 7.58333 3 2.52778 3.79 0.0585
Within groups 5.33333 8 0.666667
Total (Corr.) 12.9167 11
Multiple Range Tests for RDW CV by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day0 |3 13.0 X
PCDC |3 13.6667 |XX
PC300 |3 14.6667 X
PC150 |3 15.0 X
ANQOVA Table for RDW SD by Nhom
Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [7.92917 3 2.64306 6.69 0.0143
Within groups 3.16 8 0.395
Total (Corr.) 11.0892 11
Multiple Range Tests for RDW SD by Nhom
Method: 95.0 percent Duncan
Nhom Count | Mean Homogeneous Groups
Day0 |3 25.7667 |[X
PCDC |3 26.6333  |X
PC300 |3 27.0 XX
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[PC150 3

[28.0333 [ X

Bang P1.5.2. Phan tich phuong sai va so sanh Duncan cta trong lugng chudt

ANOVA Table for Weight gain by Nhom

Source Sum of Squares | Df* | Mean Square | F-Ratio P-Value
Between groups  [23.6177 2 11.8088 26.48 0.0000
Within groups 18.7292 42 10.445934

Total (Corr.) 42.3469 44

Multiple Range Tests for Weight gain by Nhom
Method: 95.0 percent Duncan

Nhom Count | Mean Homogeneous Groups
150mg |15 1.50467 [X

DC 15 2.086 X

300mg |15 3.24733 X

Bang P1.5.3 Phan tich phuong sai va so sanh Duncan ctia mat s6 vi khuan lactic acid

ANQOVA Table for LACTIC by Nhom

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups  [5.36125 2 2.68063 127.43 0.0000
Within groups 0.126216 6 0.021036

Total (Corr.) 5.48747 8

Multiple Range Tests for LACTIC by Nhom
Method: 95.0 percent Duncan

NHOM Count | Mean Homogeneous Groups
Doi chung 3 6.39309  |X

Nhom BLL 300mg/kg 3 7.45367 X

Nhom BLL 150mg/kg |3 8.3769 X

Béng P1.5.4. Phan tich phuong sai va so sanh Duncan ctia mat s6 vi khuan hiéu khi
ANOVA Table for HIEU KHI by Nhom

Source Sum of Squares | Df" | Mean Square | F-Ratio P-Value
Between groups 1.59019 2 0.795093 135.61 0.0000
Within groups 0.0351794 6 0.00586323

Total (Corr.) 1.62536 8

Multiple Range Tests for HIEU KHI by Nhom
Method: 95.0 percent Duncan

NHOM Count | Mean Homogeneous Groups
Doi chung 3 7.3331 X

Nhom BLL 300mg/kg (3 8.3769 X

Nhom BLL 150mg/kg 3 8.46771 X
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PHU LUC 2. Hinh anh, s liéu va cac két qua phan tich chi ti¢u 14 lia

2.1. Anh huéng cia giéng laa, thoi gian sinh truéng va diéu kién che sang dén ham
lwgng cac hgp chat va hoat tinh chong oxy hoa cia la laa
2.1.1. Két qua do cuong dd anh sang

78998 Ix

Hinh P2.1. Diéu kién khong che sang

23709 Ix

Hinh P2.2. Diéu kién che sang 1 16p ludi
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Hinh P2.3. Diéu kién che sang 2 16p ludi

2.1.2. Mot s6 hinh anh b tri thi nghiém va phén tich cac chi tiéu vé thoi gian sinh truong
va dicu kién che sdng cua sau giong lua
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Hinh P2.5. Dudng chuan gallic acid Hinh P2.6. Puong chuan gallic acid
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Hinh P2.7. Buong chuén gallic acid
(Tuan 3)
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Hinh P2.8. Pudng chuan gallic acid
(Tuan 4)
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2.1.3. Biéu d6 sic ky cua cac gidng lta theo thoi gian sinh truéng va diéu kién che sang

2.1.3.1. Biéu db sic ky cua cac gidng lta theo thoi gian sinh trudng 1, 3 va 5 tuin
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Hinh P2.11. Sic ky d6 cua sau gidng lua tudn 1
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7000000

6000000

5000000

4000000

3000000

2000000

1000000

0

T
10.00

NTI

TIC: 241121 TTS SCAN G403-HL.D\data.ms
41

30.320
25.914

15.495
L Al

bt

T T T U T T T T
1500 2000 2500 30.00 3500 4000 4500 50.00

47.215
48.724

46.352

lho aso

48.289

41J 905 4,578

Time-->

y T
25.00 30.00

HLA

T T T
10,00 15.00 20.00

T
3500

T y T
4000 45000 5000

Abundance
TIC: 241121 TTS SCAN G203-NT.D\data.ns
41.300
1.2e+07
1e+07.
8000000
48.741
47.210
6000000 |
25.937 49495
4000000
48295
|
2000000 6.3
41.928
15.501 25405 “L
0 , ‘! , ‘Mh { Jh“LA b :
1000 1500 2000 2500 3000 3500 4000 4500 50.00
Time-->
Abundance
TIC: 241121 TTS SCAN G603-HR.D\data.ms
2e+07
1.8e+07 41448
1.6e+07
1.4e+07
1.2e+07
1e+07
8000000
6000000
4000000
2000000 25.‘845
o L8085 1547410 24.102 35.744 39.842.054  A4455(1.467
10‘00 15‘00 ZD‘UO 25‘00 30‘00 SS‘DU AD‘DG 45‘00 50‘00
Time-->
Abundance
TIC: 241121 TTS SCAN G303-TN.D\data.ms
6000000 41430
5500000 30372
5000000
4500000
4000000
48.706
3500000
3000000 47198
25.885 woadagaT2
2500000
2000000 48.284
1500000
1000000 41.905
500000 . 34.487 1 T
T80 et 2 3535750 469450573
o ‘ A Bl L e L, e
1000 1500 2000 2500 3000 3500 4000 4500 5000
Time-->

TNG

Hinh P2.12. Sic ky d6 cta sau giéng lua tuan 3



Abundance

TIC: 200322 SCAN M-1.D\data.ms

x1

41.088
1e+07
9000000
8000000
25.891
7000000
6000000
5000000
4000000
3000000 47.078
2000000 21.776, 35.833 51.279
25.234 3 %% 49205
10000001 g 74 13798 25.005 32.6835,630 RAFENN
mTAs Lﬁ 1942'13__:253’.@5“4 29.86%° [ 3452507 0341
o T e \] 'AJ\ bl T T T T T T
1000 15.00 2000 2500 3000 3500 40.00  45.00  50.00
Time-->
Abundance
TIC: 200322 SCAN M-5.D\data.ms
40.951
7000000
25.811
6000000
5000000
4000000
3000000
21.776
2000000
20.880 47.?56
25.211
48.535
1000000 10.5113.786 A 35.384 4649290
L ' hado, g UL
o b - 4, T T T T T T
10.00 1500 20.00 2500 30.00 3500 40.00 4500 50.00
Time-->
Abundance
TIC: 200322 SCAN M4.D\data.ns
25817
6000000
5000000
/4000000
3000000
21.776
2000000 20.808
47.072
1000000 13.792 4“&“‘/"‘
874n raz :25.205 4:49.301
£10957 15177741 212425377
1000 1500 2000 2500 3000 3500 4000 4500 50.00
Time—->

HLA
Hinh P2.13. Sic ky do ciia sau gidng lua tuin 5

Abundance
TIC: 200322 SCAN M-2.D\ data.ms
8000000 40.991
7000000
6000000
5000000 25.754
4000000
3000000
2000000
21.759 45.529
1000000 13780 | 25.205 29.858 aremy
8.27111.591 19480 L 2426.131 J 4849295
T ‘WMT“\L;‘_\ SR T
1000 1500 2000 2500 3000 3500 40.00 4500 50.00
Time—>
Abundance
TIC: 200322 SCAN M6.D\data.ms
7000000 40951
25.800
6000000
5000000
/4000000
3000000
2000000
21.765 29.875
1000000 13.786 2
8271 225 35.384 Aa
o Ll J ] 4
T e e e
1000 1500 2000 2500 30.00 4000 45.00
Time—->
Abundance
TIC: 200322 SCAN M-3.D\ data.ms
8000000 40.974
7000000
6000000 25.788
5000000
4000000
3000000
2000000
1000000 21.752 48541
3,21051-,13}732 .L 225555 29.840 3335 ¥ iao14 4714£49.290
: 5.255 £4.90 1 .
T e \I 19;1\50. T L T ‘\“M + T lML\"A
1000 1500 2000 2500 30.00 3500 40.00 4500 50.00
Time—>

TNG

2.1.3.2. Biéu d6 sac ky cua cac gidng laa tun 5 theo diéu kién che sang 2 16p luéi



xli

Abundance Abundance
TIC: 060423 TTS SCAN-6.D\data.ms
41.275 TIC: 060423 TTS SCAN-7.D\data.ms
55000001 38.041
1.6e+07
5000000 {
4500000 ] 1.4e+07
4000000 1.2e+07
3500000
1e+07
3000000
8000000
2500000
25.583
2000000 6000000 5 52943.571
1500000 343?90646 49.145.085 4000000
25.638.091
1000000 20.048  25.365 ! LM& |27.853
44064 2000000 20.057,25.392
500000 M 1115.923 21.696 3
J
L0 L L RO VORRUAE I 15 i~ W Ty
10T 1500 " 20000 35706 3006 35706 4006 4506 20'0s 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
Time--> Time-->
Abundance Abundance
TIC: 060423 TTS SCAN-3.D\data.ms
1.1e+07 25.702 TIC: 060423 TTS SCAN4.D\data.ns
1.6e+07 38.036
1e+07
9000000 1.4e+07
8000000 1.2e+07
41.290
7000000
1e+07
6000000
5000000 8000000
20.173 25417
4000000 6000000 o 523
3000000 26.552 4000000
2000000 43.519
22.453 2000000
1000000 25 MJ/M 20;’\0591‘
Dbtk s OAMJ....L‘LD iy L

o

Time-->

Abundance

2e+07

1.8e+07

1.6e+07

1.4e+07

1.2e+07

1e+07

80000001

6000000

4000000

2000000

T T T T T T T T
1000 1500 2000 2500 3000 3500 4000 4500 5000 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

Time—>
Abundance
TIC: 060423 TTS SCAN-1.D\data.ms
38.077 TIC B3 TTS SCANS D\ datas
41.291
7000000
22.479
6000000
9.176
5000000
43.669
4000000
3000000
9.544
29.283 34.201
25.582
2000000 | 43.519
6.119 13.939 40l 25.354
10000006 886 20.049) 25.028.071
25.593 15.918 J
20.069 AL w LMLJL L . ”
s ) [ L ol ettt

T T L DL LSS B e A e o e e o
10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00

Time-->

T t y T T T T T T
10.00  15.00  20.00  25.00 30.00 35.00  40.00  45.00  50.00
Time-->

HLA TNG
Hinh P2.14. Sic ky d6 cta sau giéng laa tuan 5 che sang 2 16p ludi

2.1.4. Bang thanh phan hop chét tir két qua GC-MS
Bang P2.1. Két qua phan tich GC-MS cuia gidng ltia IR504 giai doan tuan 1, 3 va 5

Trong % dién tich peak Phan loai
lwong X X A hoa
phﬁl’l tir Tuan Tuan Tuan hQC/Bﬁn

(amu) 1 3 5 chit

Tén hgp chit thu dwoc

Bicyclo[5.1.0]oct-3-ene

Cyclic

108,094 1,809 hydrocarbon

Bicyclo[10.1.0]tridec-1-ene

Cyclic

178,172 0,728 hydrocarbon



xlii

) Trong % dién tich peak Phén loai
So n £ lwgng N N N hoa

tt Tén h(.)'p chat thu dll’(.)’c phﬁn tir Tuan Tuan Tuan hqc/Bﬁn
(amu) 1 3 5 chat

3 Phytol 296,308 31,898 6,629 24,925 Diterpenoid
3,7,11,15-Tetramethyl-2- ) )

4 hexadecen-1-ol 296,308 1,009 Diterpenoid

5 9,12-Octadecadienoic acid 280.24 0816 Fatty acid
(Z,Z)-

6  6-Octadecenoic acid, (Z)- 282,256 1,107 Fatty acid

7 2-Chloroethyl linoleate 342,233 0,452  Fatty acid

Fatty acid

8 13-Docosenamide, (Z)- 337,334 L113 amide

Fatty acid
? Dodecanoic acid, methyl ester 214,193 1,37 1,243 ester
Fatty acid

10 Methyl tetradecanoate 242,225 0,737 ester

1 7,10-Hexadecadienoic  acid, 266,225 0.642 Fatty acid
methyl ester ester

12 Hexadecanoic acid, methyl 270,256 1,17 5462 0,586 Fatty acid
ester ester
9,12,15-Octadecatrienoic acid, Fatty acid

13 methyl ester, (Z,2,7)- 292,24 3,468 2,11 ester
9,12-Octadecadienoic acid Fatty acid

14 (Z,7)-, methyl ester 2942,56 1,458 1,778 ester

15 9-Octadecenoic acid, methyl 206,272 5,074 Fatty acid
ester ester

16 Octadecanoic acid, methyl 298,287 1,595 Fatty acid
ester ester
9,12-Octadecadienoic acid Fatt acid

17 (Z,2)-, 2-hydroxy-1- 354,277 2,118 o tez
(hydroxymethyl)ethyl ester
9,12,15-Octadecatrien-1-ol, Fatty

18 Z2.2.7)- 264,245 0,922 alcohol

Fatty
19 9-Octadecenal, (Z)- 266,261 1,967 aldehyde
20 Tetradecanenitrile 209,214 1,143 Fatty nitrile
Fatty acid

21 9-Octadecenamide, (Z)- 281,272 1,448 0,631 amide

2 1—Qxasp1ro[4.5]decan—Z—one, 208,146 0,483 Heterocycli
6-isopropenyl-9-methyl- ¢ compound
S-[2-[N,N-

23 D1rnethylam1no]ethyl]rnorphol 261,115 1,015 Heterocycli
ine-N- ¢ compound
carbonylthiocarbohydroximate

Meroterpen

24 Vitamin E 430,381 1,649 2,489 oid
Bicyclo[3.1.1]heptane, 2,6,6-

25 trimethyl-, 138,141 2,652 0,693 le\don"terpen
(1.alpha.,2.beta.,5.alpha.)-

Benzene, 1-methyl-3-[(2-

26 methylpropyl)thiol- 180,097 0,569  Phenol
1,2-Benzenedicarboxylic acid, Phthalate

27 mono(2-ethylhexyl) ester 278,152 1772 ester



xliii

. Trong % dién tich peak Phan loai
So R ; lwgng N N N hoa
tt Tén h(.)'p chat thu du’(.)’c phﬁl’l tir Tuan Tuan Tuan hQC/Bﬁn
(amu) ! 3 chit
Phthalate
28 Bis(2-ethylhexyl) phthalate 390,277 43,163 ester
29 1 Z,'2—Benzenedlcarboxyhc acid, 390.277 53.564 51507 0472 Phthalate
diisooctyl ester ester
Sesquiterpe
30 (-)-Spathulenol 220,183 0,534 noid
Bicyclo[4.3.0]nonane, 7- Sesquiterpe
31  methylene-2,4,4-trimethyl-2- 204,188 0,574 noig P
vinyl-
Cyclohexane, 1-ethenyl-1-
methyl-2,4-bis(1- Sesquiterpe
32 methylethenyl)-, [1S- 204,188 1,964 noid
(1.alpha.,2.beta.,4.beta.)]-
Pregn-4-ene-3,20-dione, .
33 (8.alpha..10.alpha.)- 314,225 1,086 Steroid
Ergosta-5,8,22-trien-3-ol, .
34 (3.beta. 22F)- 396,339 1,755 Steroid
35 Campestero] 400,371 4,017 1,78 Steroid
36 4,22-Stigmastadiene-3-one 410,355 1,19 Steroid
37 Stigmasterol 412,371 5,386 1,397  Steroid
38 Stigmast_4_en_3_one 412,371 1,362 Steroid
39 Stigmasterol, 22,23-dihydro- 414,386 5,201 1,675  Steroid
Cholest-5-en-3-ol, 24- .
40 propylidene-, (3.beta.)- 426,386 0,692 Steroid
Cholest-5-en-24-one, 3- .
41 (acetyloxy)-, (3.beta.)- 442,345 0,639  Steroid
42 Squa]ene 410,391 0,502 Triterpenoid
9,19-Cyclolanostan-3-ol, 24- ) )
43 methylene-, (3.beta.)- 440,402 3,693  Triterpenoid
44 -19-Cyclolanost-24-en-3-ol, 468,397 1,114 Triterpenoid

acetate, (3.beta.)-

Bang P2.2. Két qua phan tich GC-MS cuia giéng ltia HRO giai doan tuan 1, 3 va 5

) Trong % dién tich peak . o

tStO Tén hop chit thu dwge pllllr;’ln %ﬁ» Tuin Tudn Tudn Egj/l];ﬁﬁ)ih éltnoa
(amu) 1 3 5

1 g;ii?ﬁ;}iﬂea 22onybiINA 160,158 0.878 Aliphatic Amine
2 Eicosane 282,329 0,181 ﬁ;iﬁl(l)igrcbon
3 1,4-Eicosadiene 278,297 2,205 0,167 ﬁ;iﬁlgigrcbon
4 421fr_ilc?llllll(l)trrc?r?lgfllll}}lllizzirjdzgl?;d(;f 401,969 2,495 Benzaldehyde
5 Bicyclo[5.1.0]oct-3-ene 108,094 3.4 I?;Ic(l:rl;)ccarbon



xliv

) Trong % dién tich peak
So " ; lwgng N N Phian loai hoa
¢ 1enhop chat thu duge phan tg Tuan  Tuan  Tuan  poopan chit
(amu) 1 3 5
178,172 3,179 Cyclic
Bicyclo[10.1.0]tridec-1-ene ’ ’ hydrocarbon
Phytol 296,308 29,056 2,246 44,517 Diterpenoid
13-Docosenamide, (Z)- 337,334 0,394 Fatty acid amide
0 i;étzﬂ;f'egt"etraiezc?%e)‘}ow acid, 292,24 0,162 2,194 Fatty acid ester
10  Tetradecanenitrile 209,214 2,164  Fatty nitrile
3-Cyclohexene-1-
11 carboxaldehyde, 4-methyl- 124,089 0,331 Monoterpenoid
Bicyclo[3.1.1]heptane, 2,6,6- .
12 trimethyl- 138,141 0,481 Monoterpenoid
Bicyclo[3.1.1]heptane, 2,6,6-
trimethyl-, 138,141 2,634 Monoterpenoid
13 (l.alpha.,2.beta.,5.alpha.)-
Sulfurous acid, 2-ethylhexyl
14 tridecyl ester 376,301 3,065 0,181 Organosulfate
15 1,3-Benzenediol, 5-pentyl- 180,115 0,854  Phenol
Phenol, 2,4-bis(1,1-
16 dimethylethyl)- 206,167 2,407 0,205 Phenol
17 Bis(2-ethylhexyl) phthalate 390,277 51,1 39,397 Phthalate ester
.2-Benzenedicarboxylic acid, - 34 577 92,08 Phthalate ester
18  diisooctyl ester
19 Ergosterol 396,339 0,274 Steroid
20  Campesterol 400,371 0,592 1,263  Steroid
21  Spinasterone 410,355 0,564 Steroid
22 Stigmastero] 412,371 1,286 1,547 Steroid
23 Stigmast-4-en-3-one 412,371 0,288 Steroid
24 Stigmasterol, 22,23-dihydro- 414,386 6,354 0,568 1,29 Steroid

Bang P2.3. Két qua phan tich GC-MS cuia giéng ltia TNG giai doan tuan 1,3 va 5

) Trong % dién tich peak
So A £ lwgng N N N Phin loai hoa
g Lenhop chat thu duge phan i Tuan  Tuan  Tuan o0 pan cnde
(amu) 1 3 5
112,125 22,583 Aliphatic
1 3—Octene, (E)— hydrocarbon
1-Pentanol, 5-
2 (methylenecyclopropyl)- 140,12 0,519 Alkyl alcohol
1,3,6,9b-Tetraazaphenalene-
4-carbonitrile, 7-bromo-2- 364,891 0,593
3 (bromomethyl)- Carbonitrile
Cyclic
4 Bicyclo[5.1.0]oct-3-ene 108,094 1,927 hydrocarbon
Cyclic
Cyclododecane 163,188 1,04 hydrocarbon
Phytol 296,308 11,776 8,658 32,317 Diterpenoid



x1v

. Trong % dién tich peak
So A £ luwgng N N N Phéan loai hoa
¢ 1enhop chat thu duge phan i Tuan  Tuan  Tuan  po0Ban chit
(amu) 1 3 5
3,7,11,15-Tetramethyl-2- 296308 2,017 0313 2,118 Diterpenoid
hexadecen-1-ol
13-Docosenamide, (Z)- 337,334 3,343 0,541  Fatty acid amide
9-Octadecenamide, (Z)_ 281,272 0,588 Fatty acid amide
10 Methyl tetradecanoate 242,225 2,77 Fatty acid ester
Hexadecanoic - acid, methyl =56 556 709 (546 Fatty acid ester
11 ester
Pentadecanoic  acid, 14- .
12 methyl-, methyl ester 270,256 0,738  Fatty acid ester
9,12,15-Octadecatrienoic .
13 acid, methyl ester, (Z.2.7)- 292,24 1,953  Fatty acid ester
9,12-Octadecadienoic  acid, .
14 methyl ester 294,256 0,764 Fatty acid ester
10,13-Octadecadienoic acid, 294256 0735  Fatty acid ester
15  methyl ester
9-Octadecenoic acid, methyl g0 577 9294 (868 Fatty acid ester
16  ester
Octadecanoic acid, methyl )gq 707 3 444 (308 Fatty acid ester
17  ester
9,12,15-Octadecatrienoic )
18 acid, cthyl ester, (ZZ.7)- 306,256 0,389 Fatty acid ester
19  Tetradecanenitrile 209,214 1,509  Fatty nitrile
S-[2-[N,N-
Dimethylamino]ethylJmorpho :
line-N- 261,115 0,923 Heterocy‘éhc
carbonylthiocarbohydroximat cotmpoun
20 e
4,8,12,16-
Tetramethylheptadecan-4- 324,303 0,329 0,554
21 olide Meroterpenoid
22 .gamma.-Tocopherol 416,365 3,837 Meroterpenoid
23 Vitamin E 430,381 0,897 4,674 0,974  Meroterpenoid
Bicyclo[3.1.1]heptane, 2,6,6-
trimethyl-, 138,141 1,91 0,846 0,595 Monoterpenoid
24 (l.alpha.,2.beta.,5.alpha.)-
Bicyclo[3.1.1]heptane, 2,6,6-
trimethyl-, [1S- 138,141 30,895 Monoterpenoid
25 (l.alpha.,2.beta.,5.alpha.)]-
Octasiloxane,
1,1,3,3,5,5,7,7,9,9,11,11,13,1 578,171 0,335
26 3,15,15-hexadecamethyl- Organosiloxane
27  1,3-Benzenediol, 5-pentyl- 180,115 7,251 0,785  Phenol
1,3-Benzenedicarboxylic
28 acid, bis(2-cthylhexyl) ester 390,277 40,724 46,896 Phthalate ester
29  Androst-5,15-dien-30l acetate 314,225 0,648 Steroid
Cholest-4-en-3-one, 14- .
30 methyl- 398,355 0,335 Steroid
31  Campesterol 400,371 1,391  Steroid



xlvi

) Trong % dién tich peak
So n £ luwgng N N N Phéan loai hoa
g 1enhop chat thu duge phan ti Tuan  Tuan  Tuan p,0pan chit
(amu) 1 3 5

5-Cholestene-3-ol, 24- .

32 methyl- 400,371 5,223 Steroid

33 Spinasterone 410,355 0,386 Steroid

34  Stigmasterol 412,371 7,983 1,908  Steroid

35 Stigmasterol, 22,23-dihydro- 414,386 12,828 6,061 1,321  Steroid
2,6,10,14,18,22-
Tetracosahexaene, . )
2,6,10,15,19,23-hexamethyl-, 410371 0,665  Triterpenoid

36  (all-E)-

Bang P2.4. Két qua phan tich GC-MS cuia giéng ltia NTH giai doan tuan 1,3 va 5

. Trong % dién tich peak Phan loai
So R £ ) lwgng N N N hoa
tt Tén hQ’p chat thu duq’c phﬁn tir Tuan Tuan Tuan hqc/Bﬁn
(amu) 1 3 5 chat
Aliphatic
1 Decane, 3,8-dimethyl- 170,203 0,447 hydrocarbon
Aliphatic
2 7-Tetradecyne 194,203 0,558 hydrocarbon
2,4-Dinitrophenyl hydrazone of Benzaldehy
3 4-trichloromethylbenzaldehyde 401,969 0,714 de
Tricyclo[20.8.0.0(7,16)]triaconta
4 ne, 1(22),7(16)-diepoxy- 444,397 3,263 Cyclic ether
Cyclic
5 Bicyclo[5.1.0]oct-3-ene 108,094 2,895 hydrocarbon
6 Phytol 296,308 26,169 22,473 26,851 Diterpenoid
Fatty acid
7 13-Docosenamide, (7)- 337,334 1,818 amide
Fatty acid
8 Methyl tetradecanoate 242,225 0,623 ester
Fatty acid
9 Hexadecanoic acid, methyl ester 270,256 17,003 1,873 ester
9,12-Octadecadienoic acid (Z,Z)- 204256 0,641 0,658 Fatty acid
10, methyl ester ester
9-Octadecenoic acid, methyl 206.272 0.967 2,573 Fatty acid
11  ester ester
10-Octadecenoic acid, methyl 206272 0,55 Fatty acid
12 ester ester
Fatty acid
13 Octadecanoic acid, methyl ester 298,287 0,443 1,045 ester
14  Tetradecanenitrile 209,214 1,515  Fatty nitrile
Meroterpen
15  .gamma.-Tocopherol 416365 2,899 1,463 oid
Meroterpen
16 Vitamin E 430,381 1,338 5,503 1,394 oid
Bicyclo[3.1.1]heptane, 2,6,6-
frimethyl-, 138,141 1,178 0,488 xgn"terpen
17  (1.alpha.,2.beta.,5.alpha.)-



xlvii

. Trong % dién tich peak Phan loai

So n £ ) lwgng N N N hoa

tt Tén hqp chat thu dug’c phﬁn toe Tuan Tuan Tuan hQC/Bﬁn

@mu) ! 3 chiit
18  1,3-Benzenediol, 5-pentyl- 180,115 0,538  Phenol
Phthalate

19  Bis(2-ethylhexyl) phthalate 390,277 48915 47731 50,216 ester
20  Campesterol 400,371 4,549 1,039  Steroid
21  Stigmasterol 412,371 8,664 1,357  Steroid
22 Stigmasterol, 22,23-dihydro- 414,386 6,759 0,889  Steroid

Bang P2.5. Két qua phan tich GC-MS cuia giéng ltia HLA giai doan tuan 1,3 va 5

. Trong % dién tich peak
So A £ lwgng Phén loai hoa
tr  TerROPCRAUAUOC T phinti  Tuini Tubn3 Tudn5  hoc/Bin chit
(amu)
Aliphatic
1 Benzenamine, N-phenyl- 169,089 0,669 Amine
Aliphatic
2 3-Octene, (Z)- 112,125 44,992 hydrocarbon
Aliphatic
3 8-Hexadecyne 222,235 0,709 hydrocarbon
Aliphatic
4 7-Hexadecene, (Z)- 224,25 0,805 hydrocarbon
2,4-Dinitrophenyl
hydrazone of 4-
trichloromethylbenzaldehyd 401,969 1,745
5 e Benzaldehyde
Trichloroacetic acid, Carboxylic
6 tetradecyl ester 358,123 0,852 acid ester
Cyclic
7 Bicyclo[5.1.0]oct-3-ene 108,094 4,617 hydrocarbon
Cyclic
Cyclohexadecane 224,25 1,024 hydrocarbon
Phytol 296,308 48,104 21,533 44,073 Diterpenoid
3,7,11,15-Tetramethyl-2- . .
10 hexadecen-1-ol 296,308 0,683 Diterpenoid
Fatty acid
11 13-Docosenamide, (Z)- 337,334 1,66 0,771 amide
Fatty acid
12 9-Octadecenamide, (Z)- 281,272 1,06 0,376 amide
Hexadecanoic acid, methyl 270.256 1,178 Fatty acid
13 ester ester
9,12,15-Octadecatrienoic Fatty acid
14 acid, methyl ester, (Z,2,7)- 292,24 1747 1,525 ester
cis,cis,cis-7,10,13- Fatty
15  Hexadecatrienal 234,198 0,397 aldehyde
16  Tetradecanenitrile 209,214 2,103 Fatty nitrile
17 Octadecanenitrile 265,277 0,42 Fatty nitrile
S-12-[N.N- Heterocyclic
Dimethylamino]ethyl]morp 261,115 0,494 compound

18

holine-N-



xlviii

. Trong % dién tich peak
So A X lwgng Phén loai hoa
¢  1enhop chat thu duge phin t¢  Tuin1 Tudn3 Tudns hoc/Ban chit
(amu)
carbonylthiocarbohydroxim
ate
4,8,12,16-
Tetramethylheptadecan-4- 324,303 0,454  Meroterpenoi

19  olide d

Meroterpenoi

20  .gamma.-Tocopherol 416,365 4,65 d

Meroterpenoi
21 Vitamin E 430,381 1,498 7,526 d
Meroterpenoi

22  Vitamin E 430,381 1,99 d
Bicyclo[3.1.1]heptane, .
2,6,6-trimethyl-, 138,141 1,906 0585 0411 gdon"terpenm

23 (l.alpha.,2.beta.,5.alpha.)-

Benzene, 1-methyl-3-[(2-

24 methylpropyl)thiol- 180,097 0,679 0,622  Phenol
1,2-Benzenedicarboxylic
acid, mono(2-cthylhexyl) 278,152 043  Phthalate

ester

25  ester

Phthalate

26 Bis(2-ethylhexyl) phthalate 390,277 32,282 31,383 ester

27 Campesterol 400,371 4,676 Steroid
5-Cholestene-3-ol, 24- .

28 methyl- 400,371 0,9 Steroid

29 Stigmasterol 412,371 7,928 1,394 Steroid
Stigmasterol, 22,23- .

30 dihydro- 414,386 10,863 6,45 1,038  Steroid
1-{2-[3-Methyl-3-(5- Terpene
methyl-furan-2-yl)-butyl]- 236,141 0,418 P

' ketone
31  oxiran-2-yl}-ethanone
32 Squalene 410,391 0,38  Triterpenoid

Bang P2.6. Két qua phan tich GC-MS ciia giéng ltia NTI giai doan tuan 1, 3 va 5

) Trong % dién tich peak
So A £ lwgng Phén loai hoa
tr  TenhOPChACRUANOC  bishte  TuAn1 Tun3  Tuins  hoc/Ban chit
(amu)
2,4-Dinitrophenyl hydrazone
of 4- 401,969 2,031  Benzaldehyde
1 trichloromethylbenzaldehyde
8-Oxabicyclo[5.1.0]oct-5-en-
2 2-0l, 1,4,4-trimethyl- 168,115 1,502 Cyclic ether
Cyclic
3 Cyclooctene, 3-ethenyl- 136,125 3,168 hydrocarbon
4 Phytol 296,308 29,776 4,605 38,765 Diterpenoid
3,7,11,15-Tetramethyl-2- . .
5 hexadecen-1-ol 296,308 21,075 Diterpenoid
Fatty acid
6 13-Docosenamide, (Z)- 337,334 1,722 0.877 amide



xlix

) Trong % dién tich peak
So " ; lwgng Phén loai hoa
tt Tén hop chatthudwge ) o Tudn1 Tudn3 Tudn5 hoc/Ban chit
(amu)

9,12,15-Octadecatrienoic )
acid. methyl ester, (Z.2.7)- 292,24 2,927  Fatty acid ester
Tetradecanenitrile 209,214 1,644 Fatty nitrile
Octadecanenitrile 265,277 0,761 Fatty nitrile
S-[2-[N,N-
Dimethylamino]ethylJmorph .
oline-N- 261,115 1,093 0,932 iegrgzighc
carbonylthiocarbohydroximat P

10 e

11 .gamma.-Tocopherol 416,365 2,623 Meroterpenoid

12 Vitamin E 430,381 2,767 3,197 2,53 Meroterpenoid
Bicyclo[3.1.1]heptane, 2,6,6-
trimethyl-, 138,141 0,881 Monoterpenoid

13 (l.alpha.,2.beta.,5.alpha.)-

14 1,3-Benzenediol, 5-pentyl- 180,115 0,945 Phenol

15  Bis(2-ethylhexyl) phthalate 390,277 46,244 53,618 38,302 Phthalate ester

16  Campesterol 400,371 3,407 Steroid
>-Cholestene-3-ol, 2 400371 1,507  Steroid

17  methyl-

18 Stigmastero] 412,371 7,122 5,273 Steroid

o (S)Ilgrnasta—4,22—d1en—3.beta.— 412,371 224 Steroid

20  Stigmasterol, 22,23-dihydro- 414,386 10,411 3,874 1,574 Steroid

21  Squalene 410,391 0,606 Triterpenoid

Bang P2.7. Két qua phan tich GC-MS cua gidng laa IR504 trong diéu kién che sang va

khong che sang
) Trong % dién tich peak
So o £ lwgng R Phin loai hoa
tt Tén hop chat thu dwge phanti  Khong  Che2 0 pay chit
(amu) che 16p
1 3-Octene, (E)- 112,125 39,867 Alkene
Cyclic
2 Bicyclo[5.1.0]oct-3-ene 108,094 1,809 hydrocarbon
3 Phytol 296,308 24,925 Diterpenoid
4 9,12-Octadecadienoic acid (Z,Z)- 280,24 0,816 Fatty acid
5 6-Octadecenoic acid, (Z)- 282,256 1,107 Fatty acid
6 2-Chloroethyl linoleate 342,233 0,452 Fatty acid
Fatty acid
7 9-Octadecenamide, (Z)- 281,272 0,631 3,181 amide
7,10-Hexadecadienoic acid, methyl 266,225 0.642 Fatty acid ester
8 ester
9 Hexadecanoic acid, methyl ester 270,256 0,586 8,534  Fatty acid ester
9,12,15-Octadecatrienoic acid, methyl .
10 ester, (Z,Z,7)- 292,24 2,11 Fatty acid ester



. Trong % dién tich peak
So " A lwgng R Phin loai hoa
tt Tén hop chat thu dwge phin tir ~ Khong  Che2  y,,0.Bay chit
(amu) che 16p

. 2;1 jr—Octadecadlenmc acid, methyl 204256 4854 Fatty acid ester
9,12-Octadecadienoic acid (Z,72)-, 204256 1,778 Fatty acid ester

12 methyl ester

3 (9]::())_ctadecen01c acid, methyl ester, 206.272 11,607 Fatty acid ester
9,12-Octadecadienoic acid (Z,Z)-, 2-
hydroxy-1-(hydroxymethyl)ethyl 354,277 1,471 Fatty acid ester

14 ester
9,12-Octadecadienoic acid (Z,Z)-, 2-
hydroxy-1-(hydroxymethyl)ethyl 354,277 0,647 Fatty acid ester

15  ester

16  9,12,15-Octadecatrien-1-ol, (Z,Z,Z)- 264,245 0,922 Fatty alcohol

17 9-Octadecenal, (2)- 266,261 1,967 Fatty aldehyde

18  Tetradecanenitrile 209,214 1,143 Fatty nitrile
}—Oxasp1ro[4.5]decan—2—one, 6- 208,146 0,483 Heterocyclic

19 isopropenyl-9-methyl- compound
S-{2-[N.N- Heterocyclic
Dimethylamino]ethylJmorpholine-N- 261,115 1,015 com oui d

20 carbonylthiocarbohydroximate P

21  Vitamin E 430,381 2,489 Meroterpenoid
Morphinan, 7,8-didehydro-4,5-
epoxy-17-methyl-3,6- Morphinan
bis[(trimethylsilyl)oxy]-, 429,216 2,485 alkaloid

22 (5.alpha.,6.alpha.)-

23 Cyclononasiloxane, octadecamethyl- 666,169 15,311 Organosiloxane
Benzene, 1-methyl-3-[(2-

24 methylpropyl)thiol- 180,097 0,569 Phenol
1,2-Benzenedicarboxylic acid, butyl 278,152 2179  Phthalate ester

25  2-methylpropyl ester

26  Bis(2-ethylhexyl) phthalate 390,277 43,163 Phthalate ester
1,2-Benzenedicarboxylic acid, 390077 0472 Phthalate ester

27  diisooctyl ester

28  Campesterol 400,371 1,78 Steroid

29  Stigmasterol 412,371 1,397 Steroid

30  Stigmasterol, 22,23-dihydro- 414,386 1,675 Steroid
Cholest-5-en-24-one, 3-(acetyloxy)-, .

31 (3.beta)- 442,345 0,639 Steroid

32 2-Pentadecanone, 6,10,14-trimethyl- 268,277 2,38 Terpene ketone

33 Squalene 410,391 0,502 9,602  Triterpenoid
9,19-Cyclolanostan-3-ol, 24- ) )

34 methylene-, (3.beta.)- 440,402 3,693 Triterpenoid
9,19-Cyclolanost-24-en-3-ol, acetate, . )

35 (3.beta.)- 468,397 1,114 Triterpenoid

Bang P2.8. Két qua phan tich GC-MS ciia giéng ltia NTH trong diéu kién che sang va

khong che sang



li

Trong 0/ AiA o
Sb Tén hop chét thu dwoc lugng 7o dién tich peak Phin logi hgé
tt op : phin tt  Khéng Che2 hoc/Béan chat
(amu) che 16p
Aliphatic
1 7-Tetradecyne 194,203 0,558 hydrocarbon
2,4-Dinitrophenyl hydrazone of 4-
2 trichloromethylbenzaldehyde 401,969 0,714 Benzaldehyde
Tricyclo[20.8.0.0(7,16)]triacontane,
3 1(22),7(16)-diepoxy- 444,397 5,263 Cyclic cther
Cyclic
4 Bicyclo[5.1.0]oct-3-ene 108,094 2,895 hydrocarbon
5 Phytol 296,308 26,851 Diterpenoid
6 n-Hexadecanoic acid 256,24 4,649  Fatty Acid
7 9,12-Octadecadienoic acid (Z,Z)- 280,24 4,144  Fatty Acid
8 Methyl tetradecanoate 242,225 0,623 Fatty acid ester
9  Hexadecanoic acid, methyl ester 270,256 1,873 Fatty acid ester
Pentadecanoic  acid,  14-methyl-, 270.256 5699  Fatty acid ester
10 methyl ester
9,12-Octadecadienoic acid (2.2 594756 658 2,741  Fatty acid ester
11 methyl ester
12 9-Octadecenoic acid, methyl ester 296,272 2,573 Fatty acid ester
13 9-Octadecenoic acid (Z)-, methyl ester 296,272 6,386  Fatty acid ester
14 Octadecanoic acid, methyl ester 298,287 1,045 Fatty acid ester
2-Butenedioic acid (E)-, bis(2- .
15 ethylhexyl) ester 340,261 10,229  Fatty acid ester
16  9,17-Octadecadienal, (Z)- 264,245 4,178  Fatty aldehyde
17  Tetradecanenitrile 209,214 1,515 Fatty nitrile
18  Vitamin E 430,381 1,394 Meroterpenoid
19 1,3-Benzenediol, 5-pentyl- 180,115 0,538 Phenol
20  Bis(2-ethylhexyl) phthalate 390,277 50,216 Phthalate ester
1,2-Cyclohexanedicarboxylic  acid, Phthalate  ester
21  bis(2-ethylhexyl) ester 396,324 43,957 derivative
22 Campesterol 400,371 1,039 Steroid
23 Stigmasterol 412,371 1,357 Steroid
24  Stigmasterol, 22,23-dihydro- 414,386 0,889 Steroid
25  Squalene 410,391 18,018  Triterpenoid

Bang P2.9. Két qua phan tich GC-MS ciia giéng lia TNG trong diéu kién che sang va

khong che sang
. Trong % di¢n tich peak
So " £ lwgng R Phin loai hoa
tt Tén hop chat thu dwge phan tir  Khong  Che2 o B4y cndt
(amu) che 16p
Aliphatic
1 3-Octene, (Z)- 112,125 29,137 hydrocarbon
1-Pentanol, 5-

2 (methylenecyclopropyl)- 140,12 0,519 Alkyl alcohol



lii

] Trong 9 dié¢n tich peak
So " £ lwgng R Phin loai hoa
tt Tén hop chat thu dwge phan tir  Khong  Che2 o B4y cndt
(amu) che 16p
3 Benzaldehyde, 4-propyl- 148,089 4,074 Benzaldehyde
1,3,6,9b-Tetraazaphenalene-4-
carbonitrile, 7-bromo-2- 364,891 0,593
4 (bromomethyl)- Carbonitrile
Cyclic
5 Bicyclo[5.1.0]oct-3-ene 108,094 1,927 hydrocarbon
Cyclic
6 Cyclododecane 168,188 1,04 hydrocarbon
7 Phytol 296,308 32,317 Diterpenoid
i)iz) ,1 11,15-Tetramethyl-2-hexadecen- 296,308 2,118 Diterpenoid
13-Docosenamide, (Z)- 337,334 0,541 Fatty acid amide
10 Decanoic acid, ethyl ester 200,178 1,478  Fatty acid ester
11 Dodecanoic acid, ethyl ester 228,209 8,331  Fatty acid ester
12 Tetradecanoic acid, ethyl ester 256,24 3,554  Fatty acid ester
13 Hexadecanoic acid, methyl ester 270,256 4,885  Fatty acid ester
Pentadecanoic acid, 14-methyl-, 270.256 0,738 Fatty acid ester
14  methyl ester
15 Hexadecanoic acid, ethyl ester 284,272 14,524  Fatty acid ester
9,12,15-Octadecatrienoic acid, )
16 methyl ester, (Z,2,7)- 292,24 1,953 Fatty acid ester
10,13-Octadecadienoic acid, methyl 294256 0.735 Fatty acid ester
17  ester
9,12-Octadecadienoic acid (Z,Z)-, 204256 2882 Fatty acid ester
18  methyl ester
9-Octadecenoic acid (Z)-, methyl 296,272 6235  Fatty acid ester
19  ester
20  Ethyl Oleate 310,287 2,929  Fatty acid ester
21 Octadecanoic acid, ethyl ester 312,303 8,066  Fatty acid ester
22 Octadecanal 268,277 1,817 Fatty aldehyde
23 Tetradecanenitrile 209,214 1,509 Fatty nitrile
Fatty acid
24 9-Octadecenamide, (Z)- 281,272 3,514 amide
S-[2-[N,N- Het T
Dimethylamino]ethylJmorpholine-N- 261,115 0,923 coemerocii:i 1
25  carbonylthiocarbohydroximate pou
4,8,12,16-Tetramethylheptadecan-4-
26 olide 324,303 0,554 Meroterpenoid
27  Vitamin E 430,381 0,974 Meroterpenoid
Bicyclo[3.1.1]heptane, 2,6,6- .
28  trimethyl-, (1.alpha.,2.beta.,5.alpha.)- 138,141 0,595 Monoterpenoid
29  1,3-Benzenediol, 5-pentyl- 180,115 0,785 Phenol
1,3-Benzenedicarboxylic acid, bis(2-
30 cthylhexyl) ester 390,277 46,896 Phthalate ester
31  Campesterol 400,371 1,391 Steroid
32 Stigmasterol 412,371 1,908 Steroid
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) Trong 9 dié¢n tich peak
So " £ lwgng R Phin loai hoa
tt Tén hop chat thu dwge phan tir  Khong  Che2 o B4y cndt
(amu) che 16p
33 Stigmasterol, 22,23-dihydro- 414,386 1,321 Steroid
34  2-Pentadecanone, 6,10,14-trimethyl- 268,277 1,946  Terpene ketone
2,6,10,14,18,22-Tetracosahexaene, . .
35 2.6.10,15.19.23-hexamethyl-, (all-E)- 410301 0,605 Triterpenoid
36 Squalene 410,391 6,628  Triterpenoid

Bang P2.10. Két qua phan tich GC-MS cuia giéng lia HLA trong diéu kién che sang va

khong che sang
) Trong % dién tich peak
So R £ lwgng R Phin loai hoa
tt Tén hop chat thu dwge phan tie ~ Khong  Che2 0 pan cne
(amu) che 16p
Aliphatic
1 Benzenamine, N-phenyl- 169,089 0,669 Amine
Aliphatic
2 8-Hexadecyne 222,235 0,709 hydrocarbon
Aliphatic
3 7-Hexadecene, (Z)- 224,25 0,805 hydrocarbon
2,4-Dinitrophenyl hydrazone of 4-
4 trichloromethylbenzaldehyde 401,969 1,745 Benzaldehyde
Carboxylic
5 Trichloroacetic acid, tetradecyl ester 358,123 0,852 acid ester
Cyclic
6 Bicyclo[5.1.0]oct-3-ene 108,094 4,617 hydrocarbon
Cyclic
Cyclohexadecane 224,25 1,024 hydrocarbon
Phytol 296,308 44,073 Diterpenoid
Fatty acid
9 13-Docosenamide, (Z)- 337,334 0,771 amide
Pentadecanoic  acid, 14-methyl-, 270,256 2383 Fatty acid ester
10 methyl ester
9,12,15-Octadecatrienoic acid, methyl .

1 ester, (Z,2.7)- 292,24 1,525 Fatty acid ester
" (lzl)—_Octadecenow acid, methyl ester, 206.272 2949 Fatty acid ester
2-Butenedioic acid (E)-, bis(2- .

13 cthylhexyl) ester 340,261 11,892  Fatty acid ester
14 cis,cis,cis-7,10,13-Hexadecatrienal 234,198 0,397 Fatty aldehyde

15  Tetradecanenitrile 209,214 2,103 Fatty nitrile

16  Octadecanenitrile 265,277 0,42 Fatty nitrile

Fatty acid

17 9-Octadecenamide, (Z)- 281,272 0,376 amide
S-12-[N.N- Heterocyclic
Dimethylamino]ethylJmorpholine-N- 261,115 0,494 com oui d

18  carbonylthiocarbohydroximate P
4,8,12,16-Tetramethylheptadecan-4-

19  olide 324,303 0,454 Meroterpenoid

20  Vitamin E 430,381 1,99 Meroterpenoid



liv

. Trong % dién tich peak
So R ; lwgng R Phin loai hoa
tt Tén hop chat thu dwge phan tie ~ Khong  Che2 0 pan chi
(amu) che 16p

Bicyclo[3.1.1]heptane, 2,6,6- .

21 trimethyl-, (1.alpha.,2.beta.,5.alpha.)- 138,141 0,411 Monoterpenoid
Benzene, 1-methyl-3-[(2-

22 methylpropyl)thiol- 180,097 0,622 Phenol
1,2-Benzenedicarboxylic acid,

23 mono(2-cthylhexyl) ester 278,152 0,43 Phthalate ester

24 Bis(2-ethylhexyl) phthalate 390,277 31,385 Phthalate ester
1,2-Cyclohexanedicarboxylic  acid, Phthalate ester

25  bis(2-ethylhexyl) ester 396,324 46,997 derivative

26 5-Cholestene-3-ol, 24-methyl- 400,371 0,9 Steroid

27  Stigmasterol 412,371 1,394 Steroid

28  Stigmasterol, 22,23-dihydro- 414,386 1,038 Steroid
1-{2-[3-Methyl-3-(5-methyl-furan-2-

29  yD)-butyl]-oxiran-2-yl}-ethanone 236,141 0,418 Terpene ketone

30  Squalene 410,391 0,38 Triterpenoid
2,6,10,14,18,22-Tetracosahexaene, . )

31 2.6,10,15,19.23-hexamethyl, (all-E)- 10391 33,779 Triterpenoid

Bang P2.11. Két qua phan tich GC-MS cuia giéng lua NTI trong diéu kién che sang va

khong che sang
] Trong 9 dién tich peak
So R X lwgng R Phin loai hoa
tt Tén hop chat thu dwgc phanti Khéng  Che2 0 pan cne
(amu) che 16p
Aliphatic

1 3-Octene, (Z)- 112,125 19,166 hydrocarbon
2,4-Dinitrophenyl hydrazone of 4-

2 trichloromethylbenzaldehyde 401,969 2,031 Benzaldehyde
8-Oxabicyclo[5.1.0]oct-5-en-2-o0l,

3 1,4,4-trimethyl- 168,115 1,502 Cyclic ether

Cyclic

Cyclooctene, 3-ethenyl- 136,125 5,168 hydrocarbon
Phytol 296,308 38,765 Diterpenoid
13-Docosenamide, (Z)- 337,334 0,877 Fatty acid amide
Pentadecanoic acid, 14-methyl-, 270.256 2052 Fatty acid ester

7 methyl ester

8  Hexadecanoic acid, ethyl ester 284,272 1,99  Fatty acid ester
9,12,15-Octadecatrienoic acid, .

9 methyl ester, (Z,Z,7)- 292,24 2,927 Fatty acid ester
9,12-Octadecadienoic acid (Z,Z)-, 294256 114 Fatty acid ester

10 methyl ester

11  8-Octadecenoic acid, methyl ester 296,272 32,11  Fatty acid ester
9-Octadecenoic acid (Z)-, methyl 296,272 1802 Fatty acid ester

12 ester

13 Octadecanoic acid, methyl ester 298,287 5,903 Fatty acid ester

14 Ethyl Oleate 310,287 2 Fatty acid ester

15  Tetradecanenitrile 209,214 1,644 Fatty nitrile



lv

] Trong 9 dién tich peak
So R X lwgng R Phin loai hoa
tt Tén hep chat thu duge phanty Khong  Che2  y, pap cnjt
(amu) che 16p
5-12-[N.N- Heterocyclic
Dimethylamino]ethyl]morpholine- 261,115 0,932 com oui J
16  N-carbonylthiocarbohydroximate P
17 Vitamin E 430,381 2,53 Meroterpenoid
18  Bis(2-ethylhexyl) phthalate 390,277 38,302 Phthalate ester
19 5-Cholestene-3-ol, 24-methyl- 400,371 1,507 Steroid
20  Stigmasta-4,22-dien-3.beta.-ol 412,371 2,24 Steroid
21  Stigmasterol, 22,23-dihydro- 414,386 1,574 Steroid
22 Squalene 410,391 5,109  Triterpenoid

Bang P2.12. Két qua phan tich GC-MS cua giéng laa Huyét Rong trong diéu kién che

sang va khong che sang

: Trong % di¢n tich peak
So R £ lwgng R Phan loai hoa
it Tén hop chat thu dwge phintir ~ Khomg  Che2 4,0 /pan chit
(amu) che 16p

Ethanamine, 2,2'-0xybis[N,N-

1 dimethyl- 160,158 0.878 Aliphatic Amine

Aliphatic

2 1-Hexene, 4-ethyl- 112,125 13,521 hydrocarbon
2,4-Dinitrophenyl hydrazone of

3 4-trichloromethylbenzaldehyde 401,969 2,493 Benzaldehyde

Cyclic

Bicyclo[5.1.0]oct-3-ene 108,094 3.4 hydrocarbon
Phytol 296,308 44,517 Diterpenoid
Hexadecanoic acid, methyl ester 270,256 5,705  Fatty acid ester
Propanedioic acid, 1,3-dithiolan-
2-ylidene-,  bis(1-methylethyl) 290,065 3,611  Fatty acid ester

7 ester
9,12,15-Octadecatrienoic  acid, .
methyl ester, (Z,2.7)- 292,24 2,194 Fatty acid ester
9-Octadecenoic acid, methyl ester 296,272 6,112 Fatty acid ester

10  Tetradecanenitrile 209,214 2,164 Fatty nitrile

11 9-Octadecenamide, (Z)- 281,272 2,941 Fatty acid amide
Cyclononasiloxane,

12 octadecamethyl- 666,169 2,93 Organosiloxane

13 1,3-Benzenediol, 5-pentyl- 180,115 0,854 Phenol

14 Bis(2-ethylhexyl) phthalate 390,277 39,397 Phthalate ester
1,2-Cyclohexanedicarboxylic Phthalate  ester

15  acid, bis(2-ethylhexyl) ester 396,324 ST derivative

16 Campesterol 400,371 1,263 Steroid

17 Stigmasterol 412,371 1,547 Steroid

18  Stigmasterol, 22,23-dihydro- 414,386 1,29 Steroid

19  Squalene 410,391 7,77 Triterpenoid
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2.3. Panh gia tac dong cua bot 1a Iia I1én hé vi sinh vat dwong rugt é chuot
Bang P2.13. Mat s6 vi khuan LAB va AeB theo don vi CFU/mL

Nhém VK lactic (CFU/mL)=SD VK hiéu khi (CFU/mL) = SD
PCDC 2.47x10° + 1.65%10° 2.15%107 + 2.05%10°
PC150 2.38%10% + 1.06x 107 2.94x10% + 9.40x 10°
PC300 2.84x107 +9.49x 105 2.38%10% + 1.06x 107

Bang P2.14. Su gibng nhau va khac nhau vé mirc do biéu hién trong 20 con duong

chuyén hoa (KEGG Metacyc) cao nhat giita nhém d6i chimg va nhom BLL

Mai s Con dwong trao ddi chat Phén loai
Con dwong chung (PCDC, PC150 & PC300)
R , To6ng hop lipid va acid béo
PWY-7663 Tong hop gondoate (ky khi) X .
(Chuyén hoa lipid)
R , To6ng hop lipid va acid béo
PWY-5667 Tong hop CDP-diacylglycerol I X o
(Chuyén hoa lipid)
Tong hop CDP-diacylglycerol ~ Tong hop lipid va acid béo
PWY0-1319 g 1op yiey g NP APIEY
II (Chuyén hoa lipid)
R , Téng hop lipid va acid béo
PWY-5973 Tong hop cis-vaccenate X .
(Chuyén hoa lipid)
Lén men pyruvate thanh
PWY-7111 . P : L
isobutanol (bién do1) Tong hop hop chat thir cap
NONOXIPEN  Con dudng pentose phosphate ~ Chuyén hoa carbohydrate va ning
T-PWY (nhanh khong oxy hoa) lugng
Duong phan I (tir glucose 6- Duong phan/Tan tao glucose moi
GLYCOLYSIS gphan I (ur glu &P o8
phosphate) (Chuyén hoa carbohydrate)
Chu trinh Calvin-Benson- Tong hop dudng (Chuyén hoa
CALVIN-PWY
Bassham carbohydrate)
ANAGLYCOL . ) . Duong phan/Tan tao glucose méi
Duong phan I1I (ttr glucose) .
YSIS-PWY (Chuyén hoéa carbohydrate)
Sié duong tong hop de T6ng hop nucleoside va
PWY.7229 i€u con | g tong Gp g op u \
novo nucleotide adenosine I nucleotide
Tong hop d o adenosine T6ng hop nucleoside va
PWY-7219 & HOPCenov ghob nu Y
ribonucleotide nucleotide
Siéu con dudng tai ché Tong hop nucleoside va
PWY-7208 Lo '
pyrimidine nucleobase nucleotide
Siéu con dudng tong hop de T6ng hop nucleoside va
PWY-6126 ¢ g tong op ghobnu Y

novo nucleotide adenosine 11

nucleotide
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Mai s Con dwong trao ddi chat Phén loai
. ) . Tong hop amino acid (chuyén hoa
PWY-5101 Tong hop L-isoleucine 11 .
protein)
Con dwong biéu hién ting cuwong & PC150
Phan gidi sucrose III (sucrose Phan giai carbohydrate
PWY-621 _ 21
invertase) (Chuyén hoéa carbohydrate)
Duong phan 11 (tr fructose 6- Duong phan/Tan tao glucose moi
PWY-5484 o
phosphate) (Chuyén hoa carbohydrate)
ANAEROFRU o . Chuyén hoa carbohydrate va ning
Lén men lactic dong hinh
CAT-PWY lugng
Ho hap hiéu khi I (cytochrome  Chuyén hoé carbohydrate va ning
PWY-3781
C) luong
PHOSLIPSYN  Siéu con duong tong hop
-PWY phospholipid I (vi khuan) Chuyén ho lipid
FASYN- o
Kéo dai acid béo — bao hoa . o
ELONG-PWY Chuyén ho4 lipid
Con dwong biéu hién ting cuong & PC300
. ) . Tong hop amino acid (chuyén hoa
PWY-5104  Tong hop L-isoleucine IV _
protein)
ILEUSYN- Tong hop L-isoleucine I (tir Tong hop amino acid (chuyén hoa
PWY threonine) protein)
VALSYN- . . T6ng hop amino acid (chuyén hoa
Tong hop L-valine i
PWY protein)
BRANCHED- . .
Siéu con duong tong hop . _ _ . )
CHAIN-AA- ) . x. Tong hop amino acid (chuyén hoa
amino acid chudi nhanh )
SYN-PWY protein)
Con dwong biéu hién ting cuwong & PCDC
. Tong hop nucleoside va
PWY-5686 Tong hop UMP )
nucleotide
T6ng hop 5-aminoimidazole T6ng hop nucleoside va
PWY-6122 e oP” ‘ £70P
ribonucleotide 11 nucleotide
Siéu con dudng tong hop 5- T6ng hop nucleoside va
PWY-6277 oL S , S0P . s op
aminoimidazole ribonucleotide  nucleotide
T6ng hop 5-aminoimidazole T6ng hop nucleoside va
PWY-6121 810P ‘ £70P

ribonucleotide 1

nucleotide

Con duwdng trao ddi chung (PC300 va PCDC)




Ixi

Ma so

Con duwdng trao ddi chat

Phén loai

PWY-7220

T6ng hop de novo adenosine

deoxyribonucleotide 11

T6ng hop nucleoside va

nucleotide

PWY-7222

T6ng hop de novo guanosine

deoxyribonucleotide 11

T6ng hop nucleoside va

nucleotide

Bang P2.15. Ho so dy doan chirc ning lién quan dén qua trinh oxy hoa lipid va phan hay

acid béo
Mi s Ho so di doan chirc ning Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
E1.3.3.6, ACOX1, ACOX3; acyl-
K00232 . 225,33 0 3
CoA oxidase [EC:1.3.3.6]
ACADM, acd; acyl-CoA
K00249 2815,39 286 263
dehydrogenase [EC:1.3.8.7]
ACADL,; long-chain-acyl-CoA
K00255 2038,84 0 10
dehydrogenase [EC:1.3.8.8]
Medium-chain acyl-CoA
EC:1.3.8.7 2815,39 286 263
dehydrogenase
fadJ; 3-hydroxyacyl-CoA
dehydrogenase / enoyl-CoA
KO01782  hydratase / 3-hydroxybutyryl-CoA 6127,47 570,33 119,86
epimerase [EC:1.1.1.354.2.1.17
5.1.2.3]
fadB; 3-hydroxyacyl-CoA
dehydrogenase / enoyl-CoA
hydratase / 3-hydroxybutyryl-CoA
Ko1825 o osel YCIOXYBUIYIELOR 600847 57033 88.86
epimerase / enoyl-CoA isomerase
[EC:1.1.1.354.2.1.175.1.2.3
5.3.3.8]
fadE; acyl-CoA dehydrogenase
K06445 6162,47 570,33 160,86
[EC:1.3.99.-]
DCAA; acyl-CoA dehydrogenase
K06446 537 4475 259
[EC:1.3.99.-]
fadN; 3-hydroxyacyl-CoA
K07516 3120,19 934,5 1038,75
dehydrogenase [EC:1.1.1.35]
aidB; putative acyl-CoA
K09456 5489,97 577,83 134,86

dehydrogenase




Ixii

Mi s Ho so dv doan chirc ning Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
EC:1.1.1.3
15602,13  2466,16 1698,47
5 3-hydroxyacyl-CoA dehydrogenase

Bang P2.16. Ho so dy doan chirc ning lién quan dén su phan hity glycogen va sy phan

huy lipid
M s Ho0 so du doan chirc niing Do phong phu (%)
a so
(KEGG) PC150 PC300 PCDC

DLAT, aceF, pdhC; pyruvate
dehydrogenase E2 component

K00627 , ' ' 16103,94 6678,5 7962,52
(dihydrolipoamide
acetyltransferase) [EC:2.3.1.12]
catB; chloramphenicol O-

K00638 acetyltransferase type B 990,16 69 374
[EC:2.3.1.28]
metX; homoserine O-
acetyltransferase/O-

K00641 _ 4968,6 757,67 4773,91
succinyltransferase [EC:2.3.1.31
2.3.1.46]
aacA; aminoglycoside 6'-N-

K00663 67 0 0
acetyltransferase [EC:2.3.1.82]
nhoA; N-hydroxyarylamine O-

K00675 4563,8 674,33 136,86
acetyltransferase [EC:2.3.1.118]
ytml; uncharacterized N-

K00680 9796,01 8142,75 9724,42
acetyltransferase [EC:2.3.1.-]
Diaminobutyrate

EC:2.3.1.178 259.83 0 10
acetyltransferase
iT; hypothetical gl 1

K04g44 0 YPORICHCATEYCOSY 428163 264262 207588
hydrolase [EC:3.2.1.-]
yvaK; carboxylesterase

K03928 7053,54 4448.5 3584
[EC:3.1.1.1]
K06999;

K06999 11549,12 1143,66 722,86

phospholipase/carboxylesterase
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Bang P2.17. H6 so dy doan chirc nang lién quan dén su phan huy lipid

M s Ho0 so du doan chirc niing Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
gldA; glycerol dehydrogenase
K00005 12524,09 11846,98 12168,57
[EC:1.1.1.6]
GOLPDLC th fel 1
supcipatiiway of Slyeerot - 1657,18 2.4 124,55
AT-PWY  degradation to 1,3-propanediol
glpB; glycerol-3-phosphate
K00112 dehydrogenase subunit B 5039,16 4268.5 3713,65
[EC:1.1.5.3]
glpC; glycerol-3-phosphate
K00113 dehydrogenase subunit C 5061,16 4323,5 3713,65
[EC:1.1.5.3]
Glycerol-3-phosphate
EC:1.1.1.94 21176,49  26193,7  46971,1
dehydrogenase (NAD(P)(+))
EC:1.1.3.21 Glycerol-3-phosphate oxidase 1077,5 46 61

PWY-7003 glycerol degradation to butanol 8894,81 4770,74  3191,93

plsB; glycerol-3-phosphate O-
K00631 6976,47 571,5 149,52
acyltransferase [EC:2.3.1.15]

E2.3.1.20; diacylglycerol O-
K00635 1106,17 0 9
acyltransferase [EC:2.3.1.20]

tagE; poly(glycerol-phosphate)

K00712 alpha-glucosyltransferase 5776,36 246,25 610
[EC:2.4.1.52]
tagD; glycerol-3-phosphate

K00980 cytidylyltransferase 5785,05 4231,25 281875
[EC:2.7.7.39]

Kolode P TOLZ: triacylglycerollipase ) 0 o0 90375 1762.67
[EC:3.1.1.3]

EC:2.3.1.20 Diacylglycerol O-acyltransferase 1524,02 10 11,75

cdh; CDP-diacylglycerol

KO01521 4482,3 570,33 52,86

pyrophosphatase [EC:3.6.1.26]

EC:2.7.1.10
_ , 18919,08 15125,7  18606,55
7 Diacylglycerol kinase (ATP)
Glycerol-3-phosphate
EC:2.7.7.39 5785,05 4231,25  2818,75

cytidylyltransferase
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M s Ho0 so du doan chirc niing Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
Phosphatidylglycerol--
EC:2.7.8.20 membrane-oligosaccharide 15639,83 6382.,48 2269,66
glycerophosphotransferase
EC:3.1.1.3  Triacylglycerol lipase 3243,82 993,75 1762,67
Diacylgl 1 diphosphat
EC:3.13.81 oy BYCCTOl CIPROSPhdte 586497 5715 149,52
phosphatase
CDP-diacylglycerol
EC:3.6.1.26 . 44823 570,33 52,86
diphosphatase
EC:4.2.1.30 Glycerol dehydratase 1039,02 0 66
ugpB; sn-glycerol 3-phosphate
K05813 transport system substrate- 5489,36 2669,14 2486,87
binding protein
ugpA; sn-glycerol 3-phosphate
K05814 transport system permease 5476,36 3613,14 424987
protein
ugpE; sn-glycerol 3-phosphate
KO05815 transport system permease 5476,36 3148,64 3435,87
protein
ugpC; sn-glycerol 3-phosphate
K05816 transport system ATP-binding 47972 1054,83 300,86
protein [EC:3.6.3.20]
dhaB; glycerol dehydratase large
K06120 . 346,34 0 33
subunit [EC:4.2.1.30]
dhbC; glycerol dehydratase
K06121 ‘ ‘ 346,34 0 33
medium subunit [EC:4.2.1.30]
dhbE; glycerol dehydratase small
K06122 . 346,34 0 0
subunit [EC:4.2.1.30]
dagK; diacylglycerol kinase
K07029 9205,86 4513,25 858
(ATP) [EC:2.7.1.107]
trpCF; indole-3-glycerol
phosphate synthase /
K13498 5478,71 984,5 852,27

phosphoribosylanthranilate

isomerase [EC:4.1.1.48 5.3.1.24]




Ixv

Bang P2.18. H6 so du doan chirc ning lién quan dén su tong hop acid béo va lipid

y Ho so dw do4n chirc ning Do phong phu (%)
Ma so

(KEGG) PC150 PC300 PCDC

PWYO0-

, _ , 28125,37  31930,83 53876,32
1319 CDP-diacylglycerol biosynthesis II

PWY4FS- phosphatidylelycerol biosynthesis I
PROSpatiCylglycerol bIosynthests 23408 279921 4285727

7 (plastidic)
PWY4FS- phosphatidylgl 1 bi thesis 11
PROSPRATICY SYCCTOTDIOSYIIIESE T 23408 27992,1  42857.27
8 (non-plastidic)
glpK, GK; glycerol kinase
K00864 1929491  26067,71 37172,73
[EC:2.7.1.30]
dgkA, DGK; diacylglycerol kinase
K00901 9675,22  10443,45 16960,55

(ATP) [EC:2.7.1.107]

pgsA, PGS1; CDP-diacylglycerol---
glycerol-3-phosphate 3-

K00995 ' 18686,76  22959,01 30516,29
phosphatidyltransferase
[EC:2.7.8.5]
mdoB; phosphoglycerol transferase
K01002 4761,8 3742,33 1214,86
[EC:2.7.8.20]
EC:2.3.1. Glycerol-3-phosphate 1-O-
41978,56  46794,2 6548422
15 acyltransferase
EC:2.3.1. [l-acylgl 1-3-phosphate O-
AEYISEETOT o PROSPIAE 2490809 317726  59427.32
51 acyltransferase

plsX; glycerol-3-phosphate
K03621 16846,99  22328,85 31671,85
acyltransferase PIsX [EC:2.3.1.15]

gpsA; glycerol-3-phosphate
K00057 dehydrogenase (NAD(P)+) 21176,49  26193,7 46971,1
[EC:1.1.1.94]

Bang P2.19. H6 so du doan chirc ning lién quan dén qua trinh chuyén hoa catechol tir
polyphenol (catechin va phenolic acid)

M s Ho so' dv doan chirc ning Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
PWY-5415  Phanhuy catechol I (conduong 116541 1037,18 292,25
cat meta)
PWY-5417 P}lé\ll’l hﬁy catechol III (COn dm‘mg 2283,45 0 92, 13
cat ortho)
PWY-5419 Phéan hﬁy catechol thanh 2- 157,26 0 33,65

oxopent-4-enoate I
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M s Ho so dv doan chirc ning Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
PWY-5420 Phél’l hﬁy catechol 11 (COH du’(‘mg 248 74 0 57.95
cat meta) ’ ’
chat thom ’ ’
B-ketoadipate
CATECHOL
-ORTHO- Phan hﬁy CateChOI thanh B- 2105 13 2 96 86
CLEAVAGE ketoadipate ’ ’
-PWY
(thong qua catechol)

EC:1.13.11.1 Catechol ]’2-di()xygenase 1923,61 2 93,75
EC:1.13.11.2  Catechol 2,3-dioxygenase 7609,34 1414,5 131,75
PWY-6185 Phéan hﬁy 4-methylcatechol (Cét 1 856,09 0 20,3

ortho)
K00446 dl’l’lpB, XylE, catechol 2,3- 426,6 2 37,75
dioxygenase [EC:1.13.11.2]
K03381 catA; catechol 1,2-dioxygenase 1923.61 9 93.75
[EC:1.13.11.1] ’ ’
K07104 catE; catechol 2,3-di0xygenase 7182.74 1412.5 94
[EC:1.13.11.2] ’ ’
mhqgR; Bo diéu hoa phién ma ho
K15973 MarR, chat trc ché regulon khang ~ 4962,05 993,56 1763,01
2-MHQ va catechol
K16090 [t thu thé siderophore dang 718516 583,66 183
catecholate ’ '
PROTOCAT
ECHUATE-
ORTHO- Phejtn hﬁ}: protocatechuate II (con 2251,68 32 165,85
dudng cit ortho)
CLEAVAGE
-PWY
EC:1.13.11.3  Protocatechuate 3,4-dioxygenase 1474,22 4 113,5
pcaG; protocatechuate 3,4-
K00448 dioxygenase, tiéu don vi alpha 720,11 2 56,75
[EC:1.13.11.3]
pcaH; protocatqchuate 3,4-
K00449 dioxygenase, tiéu don vi beta 748,11 2 56,75
[EC:1.13.11.3]
entA; 2,3-dihydro-2,3-
K00216 dihydroxybenzoate 4513,8 570,33 55,86

dehydrogenase [EC:1.3.1.28]
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M s Ho so dv doan chirc ning Do phong phu (%)
as0
(KEGG) PC150 PC300 PCDC
EC:LI3.ILL 3 3_gihydroxybenzoate 3,4- 14 0 0
4 dioxygenase
2,3-dihydro-2,3-
EC:1.3.1.28 dihydroxybenzoate 4513,8 570,33 55,86
dehydrogenase
entE, dhbE, vibE, mxcE; 2,3-
K02363 dihydroxybenzoate-AMP ligase 45138 570,33 56,86
[EC:6.3.2.14 2.7.7.58]
cmtC, dhbA; 2,3-dihydroxy-p-
K10621 cumaFe/2,3-dihydroxybenzoate 14 0 0
3,4-dioxygenase [EC:1.13.11.-
1.13.11.14]
K14333 DHBD; 2,3-dihydroxybenzoate 0 0 33
decarboxylase [EC:4.1.1.46]
K09483 quiC; 3-dehydroshikimate 30,17 0 0
dehydratase [EC:4.2.1.118]
EC:4.2.1.118 3-dehydroshikimate dehydratase 30,17 0 0
shiA; B0 van chuyén MFS, ho
K08172 MHS, protein van Chuyén 4449,63 583,66 52,86

shikimate va dehydroshikimate

Bang P2.20. H6 so du doan chirc ning lién quan dén qua trinh chuyén hoa catechol tir

glucose
Mi s Ho so di doan chirc ning Do phong phu (%)
aso
(KEGG) PC150 PC300 PCDC
aroDE, DHQ-SDH; 3-
dehydroquinate dehydratase /
K13832 2 0 17 0
shikimate dehydrogenase
[EC:4.2.1.10 1.1.1.25]
aroD; 3-dehydroquinate
K03785 12086,99  8242,92 4818,7
dehydratase I [EC:4.2.1.10]
aroDE, DHQ-SDH; 3-
dehydroquinate dehydratase /
K13832 2 0 17 0
shikimate dehydrogenase
[EC:4.2.1.10 1.1.1.25]
EC:1.4.1.24 3-dehydroquinate synthase II 150 4178,5 3467,5
aroB; 3-dehydroquinate synthase
K01735 18293,74  22328,2  43338,52
[EC:4.2.3.4]
EC:4.2.1.10 3-dehydroquinate dehydratase 19703,75  25988,2  46578,77
EC:4.2.3.4 3-dehydroquinate synthase 18445,74  22495,45 43348,52
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Lz Ho so dw doan chirc ning Do phong phu (%)
Ma so

(KEGG) PC150 PC300 PCDC

aroQ, qutE; 3-dehydroquinate
K03786 7817,75 18140,28  42000,07
dehydratase II [EC:4.2.1.10]

K11646; 3-dehydroquinate
K11646 150 4178,5 3467,5
synthase 11 [EC:1.4.1.24]

aroKB; shikimate kinase / 3-
K13829 dehydroquinate synthase 67,5 22,25 60,75
[EC:2.7.1.71 4.2.3.4]

chorismate biosynthesis from 3-
PWY-6163 . 20111,41  28469,9 50951,96
dehydroquinate
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PHU LUC 3. Két qua phan tich cac chi sb

1. Két qua phén tich miu dit trong lua

Q’ CONG HOA XA HOI CHU NGHIA VIET NAM
Doe Hp-Ty do-Hanh phie
PHONG TNCS sesraenn
Duimg 3 thang 2 TP.Ciin The

DT: 02923834127

PHIEU KET QUA THU NGHIEM
Sa: 24/29/06/2022

1. Noi géi mau (don vi. cd nhin) : Diing Chi Thign

2. Loai miu : Dt rudng
3. S6 lugng méu L 01

4. Ngay nhin miu : 07/06/22
5. Tinh trang miu :udt

6. Ngay thir nghiém : 0806722
7. Luu midu : kKhong

8. Ly mau thir nghiém tai hién truomg : khong
9. Két qua thir nghiém :

i TEN CHI TIEU PHUONG PHAP KET QUA THU NGHIEM

THU Pon vi Két qui

1 pH - 5.47

2 EC pS/cm 92

3 CHC % 3.04

4 N t(")ng S;';:;ﬁ:{:s's % 0.31

5 P tong % 0.06

6 K téng % 1.06

7 Ca trao g mg/kg 1029.02

8 Mg irao dbi | mg/kg 282.75

Ngay 29 thang 06 nam 2022

Phu trach b{ phin vé co Phong thi nghi n siu

M/ ke DA%M -
b PHONG TH NGHIEH CH

Nguyen Quoe Try im Tin

1. Cae Két qua thie nghi¢m chi ¢ gia trj dai voi mdu gl den 2. Ten mdu.not gin ghi theo yéu cdu bhdeh hang

1. Khang duge teich sao myt plndn phicu kér qua méu khdng co sy d:ing ¥ cua trwomg: phong TNCS

BM 50044

2. Két qua phan tich san phim bt 14 laa
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TESTING REPORT/ BAO CAO KET QUA PHAN TICH

Form code/ M bidu mau: MKL-TT04-BMO03 LBH.07

Address (Da chi)

JOB No. (S8 phidu yéu cdu phan tich)
Information provided by appécant
(Thding tin duoe khéch hang cung cdp)
Sample description (MO t3 mu)

Seal No (84 niém)

Source of sample {Ngudn mdu)
Samgle received on (Ngdy nhdn mau)
Samgle tested on {Ngay phan tich)
Repart date (Ngdy trd két qud)

YC 112415060

TRUNG TAM UNG DUNG TIEN BO KHOA HOC VA CONG NGHE
S6 166 Nguyén Van Cir, Phudmg An Binh, Quan Ninh Kidu, Thanh
phé Can Ther

SLLION THON!

IR504 dang bt

1511212022

M&u 8uot chira trong ti zip
Khéing niém
Khach hang gé mau
18/12/2022
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" e, Is Gesignated by Minissry of Ag and Rurat D 1€ tidu g SV dinh bv B Nang nghibo v Phat i Nong thin
™ Parametnr s Sesigaated by Minstry of industry and Trade! GV u duoc ol dink 66Y B9 Cang Thuemg

W Pararmater is designated by Misatry of Hesth / O v Ao ot dinh bdY 80 Y 76

 Parameler s Gesigrated by Misistry of Natural Resources and Emviroment / OV 1y dapo et dind 63 80 i ngupdn vl M Insong
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TESTING REPORT/ BAO CAO KET QUA PHAN TICH
Form code/ M& bidu mdu. MKL-TT04-BM03 LBH 07

151272022
Test Parameter! Test Mothod/ Unit Lop Result
Chi téu phan tich Phuong phap Hon vi Két qué
o 5 1 s

Dinh krong ndm men, még | 1SO21S2T-T208ISO2IZT- | cryg | 10crul <10
Clostridium perfringens'” IS0 7937.2004 CFU/g 10 CFUIg <10
Dinh lvong E Col® TOW m“gjzzggg‘m 18649- | crug | 10CFUR <10
Binh lrong Bacillus cereus'” 0 ’2&2"9‘“‘ TOW CFUlg | 10CFUlg <10
anr:é ;ﬁngmmhvunluw O 4884-12015 (S0W5 | e | tocrug ——
Asen (As)" AOAC 988,15 mghg | 0010 ND
Thiy ngan (Hg)‘® AOAC 87121 mghkg | 0010 ND
Chi (PB)® AOAC 899,11 mokg | 0016 ND
Kem (Zn)” AQAC 998.11 mgkg | 0200 ND
Cadimi (Cd)" AQAC 988,11 mokg | 0002 ND
Déng (Cul® AOAC 989,11 mokg | 0200 ND

: WKL-HH307 Ref. TOVN
Afatoxin t3ng 36 7506:2007(1S0 16050: 2003) | 9% | 0500 D

MKL-HH307 Ref. TCVN
Afiatoxin 11 7506:2007(1S0 16050:2003) | 9% | 0500 N0
Codel Mi miu. YC112415060/5
IR504 dang bot

Sample name/ Tén méu: 150122022

Test Parameter! Test Method/ Unit LoD Result

Chi tidu phén tich Phuang phiép Bon vi Két qud
Binh kromg Codorms m&,ﬁg’l [ CFURg | 10CFUig <10

Poge’ Treng 212
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019/2017/BNN-KNTP _ASROVBYT-KNTP

-~ - LA \ o0l DI I MOMIEM TWIC PoehM B0 WHAPTWT L4 D THT WEEN THUT PUAM BTY 3 et T e A Y DG
Hac 4 - 422/Q0-CN-TACN. 137/00-QLD
9 ('. ! O e TYGT NGMLN TACK MO NRAPTHT Ml W TV WGAEM TIIDIC. MY ek YT T Opeh MO! TRLIONE RO THANT
VARG XY TW WOMIEM TATE BO selrTYT S Dty TR NEAMIT W THRC Mook BT Bha W7 THU NSATH 010 SIACH
VN20008 73G8-TOC
Sl QUMK TR UMM Pk O 80 WY SAPAM FORDON LABUSATONY UOIN OANG XY A Dok 00 AhgCs

TESTING REPORT/ BAO CAO KET QUA PHAN TiCH
Form code/ M3 bidu mdu: MKL-TT04-BMO3 LBH 07

Applicant/ ref. (Khach hang/ s yéu céu) TRUNG TAM UNG DUNG TIEN BO KHOA HOC VA CONG NGHE

Address (Dja chi) - 56 166 Nguyén Vin Cir, Phuémng An Binh, Quan Ninh Kiéu, Thanh
ph6 Cén Tho

JOB No. (Sdpméu ydu céuph&n rlch) C YC112415060

Information provided by applicant IR504 dang dung dich

{Théng tin dupe khdch hang cung cdp) 14/1212022

Sample description (M6 té miu) M&u dwoc chira trong tii zip

Seal No (S8 niém) ¢ Khong niém

Source of sample (Ngudn mdu) . Khach hang géi miu

Sample received on (Ngay nhdn méu) . 15112/2022

Sample tested on (Ngay phén tich) o 151272022

Report date (Ngdy trd két qud) : 2111212022

Note | Ghi ghy

1. " Testng parameter is sent to subcontractor accredited by MekongLAB / ChY by odf nhd thilu phy val duoe gidm sit bo! MekongLAS

2 " Parameter s accredted ISONEC 17025/ Chi téu duge cdng nhidn ISOAEC 17625

3 ® Parameter is designated by Ministry of Agriculture and Rural Development | GV tiéu duoe chi dink b1 B Ndng nghiép vt Pt irn Néng thén

4. ™ Parameter is designated by Ministry of Industry and Trade/ Chi téu duge of dinh 07 B Céng Thuong

5 " Parameler i designated by Ministry of Health / Chi 8éu duge chi dinh bdi B9 Y Té

6. ™ Parameter is designated by Miniatry of Natural Resources and Enviroment / Chi tidu due ohi dinh bdi 86 Tai nguydn v MY/ fruong

7. ND: Not detected/ Khdng phat hién D: Detected! Pht hign  <1,<3;<10: Not datectedig samplal Khdng phét hidnig miy
LOD: kmit of detection Gidé han phi hgn  LOQ: Limit of Quantitation’ Gix han dink hong

8 This testing result is ony valid on tested sample. It is Ssued under our NHO Terms and Conditions / K&t qud phdn fich chi c6 gid i tnin mdu
thix. Bao céo ndy droe ban hanh theo nhiing didy khodn kinh dosnh cda NHO

9 The above resul shall not be reproduced, partly or fully, unless written approval of NHO s granted! Khdng duoc sao chép két qud ndy, mot
philn hay fodn b9, ndu khdng duge sir ddng § biing viln bdn cde dal dién NHO

Authorized Technical Representative .~ On behalf of NHO
Phy tréch ky thugt
PHAM TH| HONG TRANG : HOANG BA NGH|

233333033333333333 3335333353533 335335333 335333335333 3333 333333333333 333333333 333333333333 333333333 333333333333
NHONHO TECHNOLOGY COMPANY LIMITED

Mo Pl e e 11, Matiorud higivapy 31, Thach That demct. Ha hes city Can Tha ofan 11 K317, Vio Nguyen Gap wiwet, Cal lang Sirtnc, Can Tho cty,
ICM efion | Wan Dt suwer, sivent 1, Tart Bk inchoutral Park, Tan P diutrict, NOM ony. Can Tha oiios 2/ M&MM-‘Q“M,GN&
IACM affion 2 BE 10 sbient 12, Mong My 4 KDC, Sieh Chanh dintrics, HOM cy Thes Mgisyes wftiis OF Thang Svat strees, Tha Ngwy

HotSine: + 04 901 110 609 Wbt o e Eomalk: tov s ribrerem (oem Page/ Tang 112
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TESTING REPORT/ BAO CAO KET QUA PHAN TiCH
Form code/ M3 bidu mdy: MKL-TT04-8M03 LBH 07

YC112415080/3
"~ IR504 dang dung dich
Tén mdu: 44122022
Test Parameter/ Test Method/ Unitv LOD Result/
Chi tiéu phén tich Phuong phép Hon vj Két qué
; o | 15021527-12008 1S0 21527-
Binh lwvgng ndm men, mbc. 'Y 2.2008 CFU/mI | 1 CFU/mI <1
Clostridium perfringens 1SO 7937:2004 CFUMI | 1CFUmI <1
, . TCVN 68482007 (IS0
Dinh lugng Coliforms‘” 4832 2006) CFU/ml | 1CFU/mi <1
. 7624-2:2008 (1SO 1
Dinh luong E Coli®” TCWN ”“gggf)‘ SO 18849- | cevymi | 1 CFUMI <1
Binh lugng Bacillus cereus™ IS0 ?&?g&‘f VYN CFUmI | 1CFUImI <1
Binh lrong vi sinh vat hidu kKhi | TCVN 4884-1:2015 (1SO 4833-
Asen (As)" AOAC 986.15 malL 0.010 ND
Thily ngan (Hg)" AOAC 97121 malL 0.010 ND
Chi (Pb)® AOAC 999.11 maiL 0.016 ND
K&m (Zn)™ AOAC 999.11 malL 0.200 ND
Cadimi (Cd)™ AOAC 99911 maiL 0.002 ND
Déng (Cu)¥ AOAC 999.11 malkg 0.200 ND
MKL-HH307 Ref TCVN
Afiatoxin thng s6 7596:2007(1S0 16050: 2003) | P99 0.500 NO
> MKL-HH307 Ref TCVN
Afiatoxin B1°" 7506.2007(1S0 16050: 2003) | M99 | 0500 s

Pagel Trang 212
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CONG TY CO PHAN CHUNG NHAN VA KIEM NGHIEM FAO

FAQ GERTIFICATION AND TESTING JOINT STOCK COMPANY

-v"'""f"/-,"

TRUNG TAM KIEM NGHIEM FAO/ FAQ TESTING CENTER %\?&

: ;mmx_:qwmunm w-:ﬁ-n = : :Wn ~xq;mmm~&mw ?{”/R“:.;AOSC

& Trnmnn Ta%8 ol e Pe PO ol 0 & o Tims oo o LAY VLAT 10261
‘l::"-l;'b;..‘-:.:‘h\h.”ﬂ.‘ |E‘;J:l;"\..':u~~-ﬂnkmbwh m‘m"
T M O T e T e g v ad 1 o - ~

BAO CAO KET QUA THU NGHIEM
TEST REPORT

S /No.: 230428.02.01
Naghy Date: 03/05/2023

Tén khich hing/ Client’s name: TRUNG TAM UNG DUNG TIEN BO KHOA HOC VA CONG NGHE
Bija chif Address: 166, Nguyén Van Ci, P. An Binh, Q. Ninh Kiéu, TP, Cin Tho

Tén miu/ Name of sample: IR504

Ma t4 miu/ Sample description: Miu dang lng chira trong tii PE, din kin, bao quan lanh

Ngay nhin miu/ Date of sample receipt: 28/04/2023

Ngay bit diu phan tich/ Date of analysis commencement: 28/04/2023

KET QUA THU NGHIEM/ TEST RESULTS
St Chi tidw/ Ponvitinh/ | K& qud/ 10Q Phuong phip/
No Parameter Unit Result Method
1 | Pseudomonas aeruginosa CFU/100 mL <1 - 1SO 16266:2006 (**)
2 | Staphylococcus aureus CFU/mL <1 - | ISO 6888-1:1999/ Amd1:2003 (*)
3 | Candida albicans CFU/mL <l - 150 21527-22008 (*)
Phéng kiém nghiém/ Laboratory o congry e ddc/ Director
3 ; 3 iy Y0
CHUNG Nsin
Nguyén Hong Nhung

Ghi chil Notex;

KPH; <10; <3 <1: Khieg phat hény Not defeciad.

(%) Phuong phip duge clng i theo TCVN ISOTEC TXIZSA0N7/ The methad i acenadiied aecording do 10 1 [EC 17025 2017.

(™) Chi tidu duoc thir nghien dich v bin ngeli! Tergets for extermal service testing
-Kﬂwbnbyd:lo‘agia’tximmhmﬁ.Mdﬁndihﬁmndpdﬁbwdhhhmmdﬁ&mmmmdwmmt
oalid omly om he dest suple, mwmwﬂm&mumumﬁnyﬁﬁmmnwuw«umm
-Thnﬁvt&\Hikhhngdmyiﬂwyhduc\hMWdemmmkmen&mﬂsldhmA
magdmnndnq;nhylﬂnhywhbobhdoh&qﬁﬁﬁmhlémﬁykﬁhﬁmdw&ngiﬂqmbhahh&hd&CﬂnglyCpriu
Chimg nhin vi Kiém nghigm FAQ / Do not copy each sqperate o fuil Juart of the test report uxthout the uwitten approow of the Board of Dissclors of EAO.

Trang/ Pege: 11

BM.7.8.01 Lin sl ddivban hanh Last modified | issued: 0102 NHL/ Effective date: 30/06/2021
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Bia ot 45 g 372 « TP Cin Ty

*CH TRUNG TAM KY THUAT i bt o 32 e Camu\ 1
E 0 LUONG CHAT LUGNG CAN THO 1o wsedumuass- Fun s ey
Iﬂo@ﬂ&%&‘mmswnwm METROLOGY AND QUALITY  Emat calechBaritogov o

—

Websle: catechvn
ISO/IEC 17025 —
™ 2 2 A
ssozmonseey | PHIEU KET QUA THU NGHIEM Nety: 17042023
TEST REPORT ‘T“‘j!:i —=———
I. Tén miu va ky hicy © Dich chidt 14 1da (IRS04)
2. 86 hugmg miu ¢ 01 miu (khodng 250mL)
3. Ngity nhin miu ¢ 11042023
4. Tinh trang miu ¢ Miu dymg trong tugp nhya
5. Ngiy thir nghi¢m i Tir11/04/2023 dén 150412023
6. Noi giri mu / Yéu chu * TRUNG TAM UNG DYNG TIEN BO KH&CN TP.CAN THO
166 Nguydn Vin Ci, P. An Binh, Q. Ninh Kidu, TP. Cin The
7. L miu " Khong 8 c6 O énngiy: ........
8. Liy miu, TN ti hién tnrimg : Khing
9, Két qua thir nghigm
STT Chi titu Dom vj Phwong phip thir Két qui
1 [Him hegmg Etanol tmt % iy HD 15-TP-132 150

Ghi chi: - “cﬂn&nduvcmnhmso;mcmzs

7. GIAMBOC
PHO GIAM POC

1. Céic hik thf mehiden ehi b gid e 0 w08 o gdi déa L Ten ml, noh i duse ghi thew yéu el i Khéch hiog
S ST a1 ngheg ! [N ¥
H " - r r['[y \rh mamedy subwined sanplef 1) only Nume of sample ad cliont ave reparsted ax the lient’s regues!
of vl are valid for the mamely 2
. .; Py ' Idm ohidu At -."-oUunuuH'-'L"".\ O Trung thin K§ thudt Tdy chaed B0l Chil lutag Cla Thit (CATECH)
Vo Nhoug S i, sao i pleia phidu A€ g k ’
? ¢ L ittt 8w weltten approvad of CATECE
Fivin Test Repsoet vhued! mot reprodined vavep i full, witini W A‘.
" Dew JU - (Mg
Lan B O I (200NN



Ixxvi
Phiéu chip thuin cia Hoi dong Y dirc

l.c.ﬁ':

TRUONG PH Y DUQC CAN THO CONG HOA XA HOI CHU NGHIA VIET NAM
HDPDD TRONG NC TREN BVTN Doc lip - Ty do — Hanh phiic

¢ 25.002.GV.NT/PCT-HPDD )
Can Tho, ngay 0 /thdang 04 nam 2025

PHIEU CHAP THUAN
CUA HOI PONG PAO DUC TRONG NGHIEN CU'U TREN PONG VAT
THU'C NGHIEM TRUONG PAI HQC Y DUQC CAN THO

- Can cir Quyét dinh sé 1483/QD-DHYDCT ngay 14 thang 04 nam 2025 cia Hi¢u
tnrong Truémg Dai hoe Y Duge Cén Tho vé viée Ban hanh Quy ché Td chire va hoat dgng
cua Hoi d6ng Dao dirc trong nghién ciru trén ddng vit thi nghi¢m tai truong Pai hoe Y
Duge Cén Tho;

- Céin cir trén hd so phan bién, phiéu tdng hop ciia thu ky hoi dong va o trinh;

Nay Hoi déng dao dirc chp thuin (cho phép) vé céc khia canh dgo dirc trong nghién
ciru déi véi:

- D& tai: Evaluation of the effects of rice leaf extract on the intestinal microbiota in
mice (Research under the doctoral thesis “Evaluation of antioxidant, antibacterial
activities and effects on some intestinal microorganisms of young rice leaf powder
(Oryza sativa)™)

- Chi nhiém @& tai: Nguyen Thi To Uyen

- Ma s dé tai: 25.002.GV.NT

- Don vj chi tri: Dong Thap Medical College

- Dia diém trién khai nghién ctru: 179 D. Nguyén Vin Cir, P, Ninh Kiéu, Cin Tho
Thai gian nghién ciru: 1/8/2024 -22/5/2025

Ngﬁy chip thudn (cho phép): thing 04 nim 2025.

" GS.TS. Nguyén Trung Kién

Truting gl hoc ¥ Dige Cin The (Can Tho University of Medicine and Pharmacy)

S5 179, Guing Nouyn Viin Cir, P. An Khénh, Q. Ninh Ky, TP. Clin Tha.
Dutn thoal: (B4-0292) 3 739 730(Phiing Hieh chimh thing hop).
Fax: (84-0292) 3 740221 ; Emaid: ctump@ctumg.edu.vn



