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ABSTRACT

To understand more about the soaking and germination of pre-germinated brown rice,
firstly, study on changes of enzyme GAD activity and glutamic acid content of two rice
varieties as MBD and IR50404 under different soaking conditions like different pH
values (3+ 6), optimal pH value added with various rice bran extract (3+7%), optimal
PH value added with various acid glutamic (0.2+0.6%) were done. Secondly, the brown
rice after soaked in three optimal soaking conditions from the previous experiments
were incubated at 37°C for 20 to 28 hours to determine the changes of various GAD
activity as well as glutamic acid content during the germination. The results showed
that optimal pH value for soaking in 6 hours of MBD was pH 4 while pH 5 for
IR50404. Maximal GAD activity of MBD was 12.069 Ul/g, glutamic acid content was
1337.950 mg% while for IR50404, maximal GAD activity was 15.475 Ul/g, glutamic
was 1410.150 mg%. When supplemented with 0.6% glutamic acid, GAD activity
increased considerably in both rice varieties, 20.148 Ul/g for IR50404 and 18.811 Ul/g
for MBD. Rice bran extract did not affect to these parameters. During the germination,
afier 28 hours incubation, when supplemented with 0.6% glutamic acid in soaking
stage, the GAD activity increased higher than value of control sample as well as values
of rice bran extract samples in germination stage. Maximal GAD activity was 37.108
Ul/g for IR50404 while 34.527 Ul/g for MBD. The results indicated that just glutamic
acid affected to GAD during germinated brown rice production.

TOM TAT

Dé hiéu ré hon vé qud trinh ngdam va ndy mam ciia gao lirt nguyén phéi, nghién citu ve
sie thay doi hoat tinh enzyme GAD va ham heong acid glutamic ciia 2 giong i a MBD
va IR50404 6 cdc diéu kién dung dich ngam c6 pH 3+ 6; pH t6i thich b6 sung dich cdm
3+7% va pH t6i thich bo sung acid glutamic 0,2+0,6% da dwoc thiee hién. Gao hit sau
khi ngdm & pH t6i wu, pH 161 wu ¢6 bé sung dich cdam 16t nhat va pH t6i wu cé bo sung
acid glutamic thich hop nhat diroc dem 1t & 37 °C, yém khi dé quan sdt sie bién doi ciia
GAD ciing nhw acid glutamic tir 20=-28 gio. Két qua cho thdy, sau 6 gio ngdm, IR50404
6 hoat tinh GAD cao nhat tai pH 5 dat 15,475 Ullg, acid glutamic la 1410,150 mg%,
MBBP ¢6 hoat tinh GAD cao nhdt tai pH 4 dat 12,069 Ul/g, acid glutamic la 1337,950
mg%. Khi bé sung 0,6% acid glutamic, hoat tinh GAD ting ding ké ¢ cd hai giong hia
IR50404 la 20,148 Ul/g va MBP la 18,811 Ul/g. Trong khi do, viéc bé sung dich cim
khong c6 anh hwong nhiéu dén hoat tinh GAD ciing nhw acid glutamic trong gao ¢ cd
hai giong trong sudt qud trinh ngam. Trong giai doan ndy mam, sau 28  gio i, khi ¢6 b6
sung 0.6% acid glutamic thi hoat tinh GAD cao hon nhiéu so véi mau doi chimg va
méu cé bé sung dich cam; déi véi IR50404 Ia 37,108 Ul/g, voi MBD la 34,527 Ul/g.
Nhue vy, chi ¢6 acid glutamic la cé tac déng dén viée ting hoat tinh GAD trong qud
trinh ngdm va ndy mam.

Trich dan: Nguyen Thi Hong Hanh, Triéu Ngoc Han, Lé Nguyén Poan Duy va Nguyén Coéng Ha, 2016. Su
blen d6i cua acid glutamic va hoat tinh glutamate decacboxylase trong qua trinh ngam va nay
mam cta gao 1t nguyén phoi. Tap chi Khoa hoc Trudng Pai hoc Can Tho. S6 chuyén dé: Nong
nghiép (Tap 1): 66-74.
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1 GIOI THIEU

Trong nhimg nam gan day, viéc phat trién cac
loai san phdm tir lua gao c6 gia tri dinh dudng cao
dang 13 van dé& dugc quan tdim ¢ khu vyc Ddng
bang song Ctru Long (PBSCL) nhidm ting cudng
va nang cao gia tri cia cay lua gao cua vung nodi
riéng, gia tri gao Viét Nam noéi chung. Gao 14t chira
rit nhiéu thanh phan dinh dudng cho con nguoi
nhu: chit xo, protein, chét béo, khoang va céc
vitamin (Ohtsubo et al., 2000) dac biét 1a cac hop
chat chirc nang nhu y-aminobutyric acid (GABA),
tocopherol, tocotrienol, y-oryzanol, ferulic acid
(Tian et al., 2004). Gao liat nay mam da dugc chu y
va nghién ctru trong nhitng nam gan ddy. Qua trinh
nay maim gitp cai thién chét luvong gao, lam gao
mém hon sau khi niu (Chungcharoen et al., 2015).
Ham luong céc chét dinh dudng ciing nhu cac hop
chat chirc nang, cac chat chong oxy hoa trong gao
lut nay mam cao hon nhiéu so voi gao chua nay
mam (You et al, 2015). Pic biét ham luong
GABA trong gao mﬁm cao gip 9,43-16,74 lan so
v6i gao lut (Banchuen ef al., 2010). GABA 1a mét
acid amin phi protein bdn carbon, san xuét chu yéu
boi cac phan tng khir carboxyl cua acid glutamic,
dugc xUGc tic bdi cac enzyme decarboxylase
glutamate (GAD) (Khwanchai et al., 2014). N6
hoat dong nhu mot chat din truyén than kinh, mot
chat hoéa hoc thiic ddy sy giao tiép gitta cac day
than kinh, gitp duy tri hoat dong binh thudng cua
ndo bo, giam bét hoat dong cing thing cua cac
neuron than kinh (Dinesh et al., 2009). GABA lam
giam bénh cao huyét ap, ngin chin sy phat trién
clia té bao ung thu, giam ching nhirc dau, mat nga
(Okada et al., 2000; Patil va Khan, 2011).

DPBSCL c6 rat nhiéu gidng laa dugc trong va
xudt khau. Tuy nhién, nghién ctru gan day cho thay
chi mot s6 gidng laa dwoc trong & ddy nhu
IR50404 hay MBD c6 trién vong trong viéc san
xuit gao mam (Trung vd ctv., 2016). Gidng lua
IR50404 1a gidng lua rit phd bién & PBSCL, co
kha ning chiu phén chua tét, nang sudt cao tuy
nhién chit lugng khong tét, gia ban khong cao.
Nghién ctru vé qué trinh nidy mam sinh GABA cua
gidng lua nay cho thay no co kha nang sinh tong
hop GABA cao nhét trong diéu kién yém khi 1-5%
CO: dugc thyc hién (Lé Nguyén Doan Duy va
Nguyén Coéng Ha, 2014). Tuy nhién, co ché viéc
sinh tong hgp GABA thong qua hoat dong cua
enzyme GAD ciing nhu cic yéu t6 khac nhu
glutamic acid, CaCl> dén hoat tinh cia GAD van
chwa dugc nghién ciru. Giéng laa MBD c6 nhiéu
dic tinh t6t nhu hat chic déu, it bi gay khi xay xat,
ti 16 bac bung thip, khi ndu com c6 mui thom,
mém x0p giau dinh dudng nhung ning xuit lua
thip. Pén thoi diém nay, nhiing nghién ciru xung
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quanh kha ning niay mam va hoat tinh GAD la
chwa dugc nghién ctru. Véi mong mudn hiéu rd
hon méi lién hé giita mot sb yéu td co kha ning
anh huong dén hoat tinh enzyme GAD trong qua
trinh ngdm va nay mam nhu pH, acid glutamic,
dich cam, nghién ctru nay da duoc thyc hién.

2 VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1 Nguyén vit li¢u

Hai gidng lta IR50404 va MBD dugc mua ¢
Vién Nghién ctru va Phat trién DbBSCL, Trudng
Pai hoc Can Tho. Chung dugc xat trau nhung van
giit dwoc phoi bang thiét bi tach trau Yanmar ST50
trude khi dugc s dung trong qua trinh ngdm va
nay mam. Mot sb thiét bi dugc su dung trong
nghién ciu nhu miay do mat do quang phd
Spectrophotometer (CECIL, UK), may ly tdm lanh
2323k Hermel, may lic SK600 — Q059083. Hoa
chét chuén nhu glutamic acid, GABA dugc mua tur
Sigma Aldrich, cac hoa chét khac co xudt xir tir
Trung Qudc.

2.2 Qua trinh ngdm va niy mam

Can 100 g gao lut sau khi tach vé rua, loai bo
tap chat. Tién hanh ngdm trong 300 mL dung dich
c6 pH 13 3, 4, 5, 6 dén khi miu dat d6 4m bao hoa
(6 gi0); voi muc dich xac dinh pH ngam thich hop
nhat dé sir dung cho qué trinh ngdm gao lit. Sau
khi xac dinh duoc pH ngdm, dung dich ngém s&
dugc bd sung vao acid glutamic & cac nong do
khéc nhau: 0; 0,2; 0,4; 0,6% (so voi dich ngam) va
ndng d6 dich cam khéac nhau: 0; 3; 5; 7% (so voi
dich ngam) & nhiét d6 phong (30°C+2) dé khao sat.
Dé thuc hién qué trinh u, can 100g gao lut da tach
vo rira qua mot 1an véi nude sach dé loai bo tap
chit, ngdm vao trong dung dich dém pH t6t nhat
cung nhu dich ngam co6 bd sung nong do glutamic
tdi thich va nong do dich cam t5t nhat dé mau dat
d6 4m bao hoa (khoang 6 gid), vét ra dem u dé hat
nay mam trong ti kin véi thoi gian u 1a 20; 24; 28
gio ¢ 37°C trong ta u CO2 SANYO MCO - 5AC.
Mau & cac mbc thoi gian s& duge dem di phan tich
ham lugng acid glutamic va hoat tinh enzyme
GAD dé xac dinh thoi gian u thich hop.

2.3 Xic dinh pH va nhiét dé t6i wu cia
enzyme GAD

Gao ltt (IR50404, MBD) sau khi xay nhuyén
duogc can chinh xac 0,2 g hoa tan trong 20 mL dém
phosphate ¢ cac pH 5; 5,5; 6; 6,5; 7 va tién hanh ly
tam 10.000 vong & 4°C trong 15 phit. Sau do, tién
hanh thuy phan & cac muc nhiét do 30; 35; 40;
45°C. MAu s& dugc dem di phan tich dé xac dinh
hoat tinh enzyme GAD.
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2.4 Xac dinh ham lwong acid glutamic bing sai, kiém dinh LSD, Vex bang phian mém
phwong phap ciia Spies (1957) Statgraphics Centurion 16.1.18. Xac dinh cac thong

Piu tién can 2 o miu ga0 i, nghién min va s0 dong hoc Vmax, Km bang phan mém SAS 9.1.3.

cho vao binh tam giac (50 mL). B6 sung thém 9 3 KET QUA VA THAO LUAN

mL nude cat Vé.() va lﬁc khoang 9Q phut & nhiét d6 3.1 Nhiét dp va pH tdi wu ciia GAD dbi vai
phong. Sau d6 lay mau ra loc va lay 2 mL dich loc 2 gifing lia Ik502104 va Mot Bui Pé

cung v6i 2 mL dung dich ninhyrin 0,2% , hon hgp

dwoc dun néng 5 phit & nhiét do soi. Sau khi dun ~ Theo L& Ngoc Tt (2004), pH va nhict do c6
nong tien hanh lam nguéi nhanh trong nuéc lanh anl} h‘f"ng rat l6n deén h();?‘t tln}} cung nh’u tOCAdQ
va do quang phd & budc song 570 nm. phan tng cua enzyme. Pong thoi, cau tric khong

gian cua enzyme ciing thay dbi theo pH, mdi
enzyme hoat dong manh nhét & mdt khoang pH
nhit dinh, va giam khi pH qua cao hodc qua thip
Can 0,2 g gao lut nay mam di dwoc xay min (Nguyén Thi Hién va ctv., 2009). Chinh vi vay,

2.5 Xic dinh hoat tinh enzyme GAD bing
phwong phap ciia Zhang et al. (2004)

cho vao 6ng ly tdm, bd sung thém 20 mL dém muc dich cda thi nghiém nay la xac dinh dugc pH
phosphate 0,04M (pH=5,5) va dat ong ly tam vao va nhi¢t dg toi uu cua enzyme GAD trong gao It
mot coc nudc da lanh. Tién hanh ly tam mau nguyén li¢u cta hai giong lta IR50404 va MBD.

10.000 vong & 4°C trong 15 phut. Lay phan dich
enzyme (x4c dinh thé tich enzyme sau khi trich) va
bdo quan ¢ 4°C. bé xac dinh hoat tinh enzyme
GAD, ly 0,2 mL dich enzyme sau khi trich ly cho
vao 6ng nghiém, thém vao 0,2 mL dém phosphate
0,04M, 0,2 mL L-glutamic chuén 10mM, 0,2 mL
5°pyridoxal phosphate 0,lmM. Pem 6ng nghiém di
i & 40 °C trong 30 phut. Sau khi U xong tién hanh
lam lanh nhanh béng nudc da va thém vao 0,4 mL
dém borate 0,2M (pH=7), 2 mL phenol 6% va 0,4
mL sodium hypochlorite. Pun néng hon hop nay &
100 °C trong 10 phut va 1am ngudi nhanh bang
nudce da trong 20 phut. Do do hap thu quang phd &
bude song 630 nm.

Két qua ¢ Hinh 1 cho thay khi thay doi pH tir 5
dén 7 dan dén hoat tinh cua GAD ciing thay ddi.
Hoat tinh GAD trén giéng lua IR50404 thay d6i ¢
cac muc pH khéc nhau. Hoat tinh cia enzyme tang
dan tir pH 5 dén 5,5 va giam nhanh tir pH 6 dén 7,
hoat tinh enzyme dat cuc dai & pH 5,5 va co sy
khac biét & muc y nghia 5% so vdi cac gia tri pH
khéc; gidng IR50404 & pH 5,5 ¢6 hoat tinh GAD 1a
1,179 Ul/g. Do @6, pH 5,5 1a pH tdi wu cho hoat
dong cua GAD trong gao IR50404. pH nay phu
hop véi didu kién pH téi wu cia GAD trong gao
mam, pH tbi wu tir 5,5 dén 5,8 (Zhang et al., 2006).
Két qua ciing cho thay, hoat tinh GAD ting khi
tang nhiét do tir 30 oC dén 40 oC va giam xubng
néu tiép tuc ting nhiét d6 1én 45 oC trén gibéng lua

Thi nghiém dwoc thyc hién véi 3 lan lap lai. IR50404. Vi vay, 40 oC la nhiét d6 t6i uu cho hoat
Két qua dugc xtr Iy bang phin mém tng dung MS. dong ciia GAD trong gao.

Excel 2010. Tinh toan thong ké, phan tich phuong

2.6 Phuwong phap thu thip va xir Iy s6 liéu

Hout tinh GAD (Ul'e)
Hoat tieh GAD (Ul'e)
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Hinh 1: pH va nhiét d t6i wu clia enzyme GAD hai giéng hia IR50404 (T) va MBD (P)

Két qua ¢ Hinh 1 (T) cho thdy ddi v6i gibng laa ~ hoat tinh enzyme dat cuc dai ¢ nhi¢t 46 40°C la
MBBD, tai cac gia tri pH thi hoat tinh enzyme trong 1,279 Ul/g. Vi vay, ‘}OOC 1a nhiét do toi u’u.rA’len
gibng lta MBD c6 thay doi dang ké. Khi pH tang ~ chon cho hoat dong clia enzyme GAD trong giong
dan, d&n pH 5,5 hoat tinh enzyme & mirc cao. Bén lqa M.]?D-AQP.a do, nghién cuu xac dinh dugc pH
canh do, nhiét do ting din tir 30°C 1én 40°C thi va nhiét do toi uu cho hoat dong cia enzyme GAD

la pH 5,5 va nhiét @6 40°C.
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3.2 Anh huéng cia pH, acid glutamic va phong dén hoat tinh enzyme GAD
dich cam trong giai doan ngam ¢ nhiét d¢
Biang 1: Thanh phén nguyén liéu ciia gao IR50404 va Mot Bui Do

Nguyén liéu Protein tong Lipid P 4m Acid glutamic  Hoat tinh GAD
gao (%) (%) (%) (mg%) (Ul/g)
IR50404 10,211£0,012 2,730+0,002 10,297+0,009 1024,770+9,200 1,17940,001

Mot Bui Do 8,461+0,010 2,580+0,002 11,610+0,011 998,841+8,150 1,279+0,001

ngam, chuyén doi acid glutamic thanh mét dang
hop chét chirc ning c6 loi cho co thé 1a GABA.
Ngoai ra, theo Komatsusaki et al. (2007), & diéu
kién gao lut hoi acid s€ kich hoat enzyme GAD
hoat dong manh hon. Két qua & Bang 2 cho thiy,
hoat tinh GAD thay d6i khi ngdm trong cac dung
dich pH khac nhau. Ddi véi IR50404 thi hoat tinh
GAD tang cao nhat khi ngdm hat trong dung dich
citrate pH 5 va dat gia tri cao nhat 15,475 Ul/g ting
13,26 1an so v&i gao lut chua ngam (IR50404 1a
1,179U1/g). Con ddi véi gidng MBD, hoat tinh
enzyme dat cao nhét 1a 12,069 Ul/g khi ngam trong
dung dich citrate pH 4, hoat tinh enzyme tang 9,43
lan so voi gao lit ban ddu (MBD 1a 1,279U1/g).
Theo Tsushida and Murai (1987), hoat dong cua
enzyme GAD bi anh huong boi diéu kién cing
thing do trang thai thiéu oxy gay ra. Hoat tinh
enzyme tiang so voi gao lut nguyén liéu do trong
qué trinh ngdm lam thiéu hut oxy, giam pH ngi bao
kich thich hoat dong cua enzyme glutamate

Trong qua trinh ngdm hat, thoi gian ngdm hat
¢6 anh huong dén chat lwong, thanh phan hoa ciing
nhu cac hop chat chirc ning c6 trong hat. Khi ngam
gao lat do am tang rat nhanh do chénh 1éch gitra do
am bén trong va bén ngoai hat do su hép thu nudc
cua phoi hat (Bello et al., 2004), tir 2 dén 6 8io do
4m cua gao bat dau ting cham dan va dat diém bio
hoa sau khoang 6 gio (Lé Nguyén Poan Duy va
Nguyén Cong Ha, 2014). Sau 6 gio o 4m khong
thay d6i déng ké 1a do lac nay cac phan tir tinh bot
htt nudce truong né lam khoang cach giira cac phan
tor nho lai nén hut nudc cham lai. Ngoai ra, trong
qué trinh ngam, mot sb hop chét trong gao s& hoa
tan vao trong nudc nhu cac polysaccharide, protein
va cac hop chit khac. Do d6, thoi gian ngam 6 gio
1a thoi gian hat hat nudc bio hoa tot nhat vi néu
ngam hat cang lau trong nudc s& lam mat nhidu cac
chét dinh dudng tan trong nudc va tao diéu kién
cho su phat trién ctia vi sinh vat.

3.2.1 Anh hwong cua pH dén qua trinh ngam decarboxylase (GAD). Do d6, pH c¢6 tac dung lam
sinh tong hop GAD & nhiét d phong tang hoat tinh enzyme GAD. Két qua nay phu hop
Khi ngdm gao 1it trong nude, do 4m trong hat Vo';i nghién’cfru qcfla Paidaeng et aVI. (20}3)’ cho
tang 1én sé& 1a diéu kién dé hang loat cac phan tmg thay hoat tinh cta enzyme GAD tang lén nhanh
phtec tap xdy ra, mot trong s6 d6 1a su kich hoat cac chong sau qué trinh ngdm. Bén canh do, ngoai pH
enzyme ndi bao c6 trong hat hoat dong. Theo Lé thi giong gao cung anh huéng t61 ham luong acid

glutamic do mdi gidng c6 dic tinh, thanh phén

Nguyén Poan Duy va Nguyén Coéng Ha (2014),
S Y sty 2 ( ) khac nhau nén hoat tinh enzyme thay ddi ciing

viéc ngam gao it c6 anh huong t6i vi€e hinh thanh °

cac hop chat chirc ning ciing nhu GABA trong khac nhau.

gao. Enzyme GAD duogc kich hoat trong qua trinh

Biang 2: Ham lwong acid glutamic va hoat tinh enzyme GAD ciia gidng gao IR50404 va Mgt Bui Do
khi ngam trong cic dung dich pH khic nhau

Gibng IR50404 Gidng Mot Bui Dé
pH Ham lugng acid Hoat tinh enzyme Ham lugng acid Hoat tinh enzyme
glutamic (mg%) GAD (Ul/g) glutamic (mg%) GAD (Ul/g)
3 1357,170% 13,909° 965,100¢ 10,222°
4 1272,910° 12,153¢ 1337,940° 12,0692
5 1410,150* 15,4752 1208,260° 9,579°
6 1071,620°¢ 10,182°¢ 868,618¢ 7,457¢

Ghi chu: cac chir cdi khdac nhau trong cung mét cot biéu thi su khdc biét c6 y nghia cua cac nghiém thirc khao sat ¢ do
tin cay 95%

két qua phan tich ham lwong GABA sinh ra sau
qué trinh ngdm cia hai giéng Ita thi ham lugng
GABA trong gao ctia gidéng IR50404 dat cao nhit &
dung dich d¢ém pH 5; MBD 1a pH 4. Ham lugng
GABA cua giéng IR50404 dat 93,499 mg% tai pH
5, tang so voi nguyén li¢u IR50404 c6 ham lugng

Theo Zhang et al. (2006), enzyme glutamate
decarboxylase 1a enzyme xiic tac chuyén acid
glutamic thanh GABA va CO2 ¢ diéu kién hoi acid,
khi hoat tinh enzyme GAD 16n thi ham lugng
GABA duoc téng hop nhidu va nguoc lai. Dya vao
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GABA 124 42,078 mg%. Ham luong GABA trong
MBD c6 gié tri cao nhat 1a 5 1,417 mg% tai pH 4 so
voi nguyén liéu MBD c6 ham luong GABA la
43,481 mg%. Két qua nay phu hop véi két qua
phan tich hoat dong cua enzyme GAD khi ngdm
gao lut trong dung dich pH 5, & gia tri pH 4 cé
lugng GABA sinh ra ti 1¢ thuén véi hoat dong cta
enzyme GAD tuong tmg véi gidng IR50404,
MBD. Ham luong GABA cao hay thap con phu
thuéc vao nhidu yéu t6 nhu pH dich ngam, thoi
gian ngam, diéu kién nay mam, nong d6 CO>, ndng
d6 enzyme, co chét phan tng.

Bén canh sy thay ddi hoat tinh cua enzyme
GAD thi ham lugng acid glutamic trong gao lut
sau qua trinh ngdm & cac dung dich pH ngam khac
nhau. Két qua théng ké & Bang 2 cho thiy, ham
luong acid glutamic trong gao lit thay ddi so voi
gao 1t ban dau trong qua trinh ngdm gao & cac pH
khac nhau. Khi ngam trong dung dich dém citrate
pH 5, gao lut giong IR50404 sinh ra ham lugng
acid glutamic cao nhat 1a 1410,150 mg/100 g, dbi
v6i gibng MBD dat ham luong acid glutamic cao
nhit 1a 1337,940 mg% tai pH 4. Theo két qua
nghién cuu cua Paidaend et al. (2013), qua trinh
ngam hat s€ lam tang ham luong acid glutamic,
didu nay 1a do trong qua trinh ngdm, mot s loai
enzyme phan giai protein dugc kich hoat tao thanh
cac acid amin ty do trong d6 dac biét la acid
glutamic. Hon nita acid glutamic dugc tong hop tir
glutamate synthetase va glutamate synthase ma cac
enzyme nay dong mot vai tro quan trong trong su
tich tu khi dé tong hop acid glutamic. Theo Bang 2,
ham luong acid glutamic cua hai glong gao co sy
thay d6i dang ké so v6i nguyén liéu. Poi véi gidng
IR50404 1a 1410,150 mg% ting 1,45 lan so véi
nguyén li€u ban dﬁu (ham lugng acid glutamic ban
dau ciia Gidng TR50404 1a 1024,77 mg%). Ddi voi
gidng MBD 14 1337,950 mg% tang 1,37 lan so véi
nguyén liéu ban dau (ham luong acid glutamic cia
MBD nguyén liéu 1a 998,841 mg%). Két qua thi
nghiém phu hgp véi nghién ciru cua Shahin et al.
(2009), quan sat duoc ham luong acid glutamic
tang lén trong qua trinh ngdm so vdi mau gao lut
khong ngam. Két qua cho thay pH cé tac dung
trong viéc lam tang ham luong acid glutamic trong
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mau gao lut. Bé cac hop chét chirc ning trong gao
sinh ra cao nhét thi viéc chon diéu kién nay mam
t6i wu cho nguyén liéu 1a can thiét. Dua trén két
qua phén tich, gao 1it dugc ngam trong dung dich
citrate pH 5 d6i voi gidng IR50404; pH 4 dbi véi
gibng MBD trong 6 gid dé tién hanh thi nghiém
tiép theo.
3.2.2 Xdc dinh nong dé acid glutamic thich

hop b6 sung vdo dich ngdm

Viéc ngdm gao lGt c6 anh huong rat 16n dén
viéc hinh thanh hop chat ciing nhu hé enzyme
trong gao (Lé Nguyén Poan Duy va Nguyén Cong
Ha, 2014); déac biét 1a khi ngdm gao trong moi
truong acid s€ kich thich enzyme GAD hoat dong
manh hon. Enzyme GAD xuc tac chuyén hoa acid
glutamic trong gao sinh ra ham lugng GABA cao
hon khi ngdm trong méi trudng acid so vdi trung
tinh. Acid glutamic 13 co chit cia GAD nén khi
duogc b_é sung vao dich ngam ciing s& gop phan
thiic day hoat dong cua enyme tao GABA nhiéu
hon (Qian et al., 2014). Két qua & Bang 3 cho thiy,
khi b sung acid glutamic véi cac nong do khac
nhau vao dich ngdm thi c¢6 thay ddi hoat tinh
enzyme GAD trong gao ngam so vOi gao ngam
khong bd sung. Hoat tinh enzyme cta ca hai giéng
IR50404 va MBD déu dat cao nhit khi bé sung vao
dich ngam 0,6%; ddi véi gidng IR50404 14 20,148
Ul/g cao hon 1,3 1dn so véi gao ngdm khong bo
sung (15,475 Ul/g), MBD la 18,811 Ul/g cao hon
1,53 lan véi gao ngam khong bd sung (12,069
Ul/g). Theo két qua phan tich, hoat tinh enzyme
cuia gao ngdm khong bd sung thap hon so véi cac
mau gao c6 bd sung acid glutamic vao dich ngam
So sanh v&i két qua phan tich GABA cho théy,
ham lugng GABA cua hai giéng gao ciing dat ham
lugng cao nhét khi bd sung vao dich ngam acid
glutamic v&i nong d6 0,6%. Két qua nay phu hop
v6i két qua phan tich hoat dong GAD khi b6 sung
acid glutamic néng do 0,6% , ham lugng GABA
sinh ra ti 1€ thuan véi hoat ddng cua enzyme. Do
d6, viéc bd sung acid glutamic vao dich ngdm voi
néng do6 nhit dinh c6 anh hudng dén hoat tinh
enzyme GAD.

Bang 3: Anh hwéng ciia acid glutamic trong qua trinh ngdm dén hoat tinh GAD

Acid Giong IR50404 Giong Mot Bui P6
Glutamic Ham lwgng acid Hoat tinh enzyme Ham lwgng acid Hoat tinh enzyme
glutamic (mg%) GAD (Ul/g) glutamic (mg%) GAD (Ul/g)
0 1410,150¢ 15,475¢ 1337,940¢ 12,0694
0,2 1396,610¢ 15,954¢ 1340,140¢ 13,477¢
0,4 1520,350° 17,853° 1447,510° 15,580°
0,6 1659,600° 20,148 1528,360° 18,811°

Ghi chu: cac chir cdi khdac nhau trong cung mét cot biéu thi su khdc biét ¢é y nghia cua cac nghiém thirc khao sat ¢ do

tin cay 95%
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Ngoai viéc c6 anh hudng dén hoat tinh enzyme
GAD, thi viéc bd sung ham luong acid glutamic
vao dich ngam ciing lam thay d6i ham luong acid
glutamic trong gao ngdm. Két qua & Bang 3 cling
cho thiy, ham lugng acid glutamic ¢ hai glong déu
dat cao nhét tai ndng do acid glutamic bd sung vao
dich ngdm 1a 0,6%, ham luong acid glutamic cua
gao tai nong d) nay ciing cao hon so voi céc nong
dd khac cing nhu gao ngdm khong bd sung. D6i
v6i gibng IR50404, ham lugng acid glutamic khi
b6 sung nong do acid glutamic 0,6% vao la
1659,600 mg/100g, cao hon 1,17 lan so vé&i gao
khong bd sung. Tuong tu, giéng MBD ciling dat
ham luong acid glutamic la 1558,360 mg/100g tai
néng dd 0,6% va cao hon 1,14 14n so v&i g£ao ngam
khong bd sung. Ham luong acid glutamic cia gao
tang 1én 1a do khi acid glutamic hoa tan vao dich
ngam s€ dugc gao hép thu vao, bén canh d6 acid
glutamic dugc hinh thanh tu viéc phan giai cac
protein tao thanh cac acid amin ty do cia cac
protease trong qua trinh ngdm ciing nhu dugc tong
hop tr hai enzyme glutamate synthetase va
glutamate synthase (Paidaend e al., 2013). Két qua
phan tich cho théy, viéc bo sung acid glutamic vao
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dich ngdm c6 anh huong dén hoat tinh enzyme
GAD va ham lugng acid glutamic trong gao, tur 6
ta xac dinh dugc 0,6% la nbng d6 thich hop dé bd
sung vao dich ngdm va dé tién hanh thi nghiém u
nay mam tiép theo.

3.2.3 Xac dinh né‘ng dé dich cam t6i wu b6
sung vao dich ngam

Cam gao la phu phim cia ~qua trinh san xudt
gao tring. Trong cdm gao c6 rat nhidu thanh phin
dinh dudng nhu protein, chat béo, chit khoang,
vitamin va dac biét chu yeu 1a y-oryzanol, day la
mot chat c6 tic dung chong oxy hoa rat tot, giam
ham lugng cholesterol trong mau (Miller va Engel,
2006). Chinh vi chira nhiéu thanh phan dinh dudng
va voi gid thanh ré nén da co rat nhiéu nhién ctru
vé gam gao, (trong d6 c6 nghién ciru ciia Takashi
et al, 2009) dwa ra mot phuwong phap san xuat
GABA mot cach don gian bang cach st dung cam
dai mach c6 bd sung glutamate rat hiéu qua. Do do,
muc dich cua thi nghiém nay nhim xéc dinh anh
huong cua viéce bd sung dich cdm vao dich ngam
dén ham lugng GABA trong gao trong qué trinh
ngam.

Biang 4: Anh hwéng ciia dich cim trong qua trinh ngim dén ham lwgng acid glutamic va GAD ciia 2

giong lua

Giong TR50404 Giong Mot Bui Do
Dich cam gao Ham lwgng acid Hoat tinh enzyme Ham lwgng acid Hoat tinh enzyme
glutamic (mg%) GAD (Ul/g) glutamic (mg%) GAD (Ul/g)
0 1410,1502 15,4752 1337,9402 12,069
3 1403,140° 14,4232 1335,030° 12,057°
5 1407,3002 15,4622 1337,600%° 12,070%
7 1416,880* 15,4812 1341,520° 12,1132

Ghi chu: cac chir cdi khdac nhau trong cung mét cot biéu thi su khéc biét ¢é y nghia cua cac nghiém thirc khao sat ¢ do

tin cay 95%

Két qua & Bang 4 cho thiy, khi b6 sung dich
cam véi cac muc néng d6 khac nhau thi hoat tinh
enzyme va ham lugng acid glutamic & ca hai giéng
laa khong c6 su khac biét y nghia véi mau gao
ngam khong bd sung. Gao ngam trong dung dich
ngam pH t6i thich ¢6 bd sung dich cam lam ting
hoat tinh enzyme so véi gao nguyén liéu (IR50404
1a 1,179 Ul/g; MBD 1a 1,279 Ul/g) nhung néu so
v6i gao ngdm trong pH ngam t6i uu khong bd sung
thi khong c6 su khac biét. Bang 4 cho thiy, khi bd
sung dich cam véi néng do 7% thi hoat tinh
enzyme & glong laa IR 50404 1a 15,481 Ul/g (gao
ngam khong bd sung 1a 15,475 Ul/g); dbi véi giong
MBD 1a 12,113 Ul/g (gao khong bd sung cam la
12,069 Ul/g). Tuong ty nhu véi hoat tinh enzyme,
ham luong acid glutamic ctia gao ngam ¢ bod sung
dich cam ciing khong c6 sy khac biét y nghia thong
ké mirc 5% so v6i gao ngam & pH t6i wu khong bod
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sung. Qua Bang 4 c6 thé thiy, ham luong acid
glutamic cta gao ngdm c6 bd sung cam vdi ndng
d6 7% ctia gidng IR50404 1a 1416,880 mg%; MBD
1a 1341,520 mg% khong cao hon so v6i ham lugng
glutamic ctia gao khong b sung lan lugt ciia gidng
IR50404, MBD la: 1410,150 mg%; 1337,940
mg%. Nhu véy, két qua trén cho thay ham lugng
acid glutamic va hoat tinh enzyme trong gao tang
1én chii yéu 1a do anh huong cia pH, con viée bd
sung cam vao dich ngdm khong c6 anh hudng dang
ké.

3.3 Anh huong ciia thoi gian i dén ham
lwgng acid glutamic va enzyme GAD ctia 2
gidng lua

Theo két qua nghién ctru ciia Komatsuzaki ez
al. (2007), ham lugng acid glutamic trong gao da
qua qué trinh ndy mam giam so véi gao lut khong
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nay mam. Trong qua trinh nay mam, su kich hoat mam dugc bd sung acid glutamic ¢6 ham luong
cua cac enzyme ndi bao co trong hat gitip phan giai giam nhanh hon so v6i gao khong duge bd sung va
protein dé tao thanh cac hop chét khac nhau. Acid bd sung cam. Sau 28 gio nay mam thi ham lucmg
glutamic 12 mot amino acid phi protein duogc acid glutamic giam xuong thap nhit & ca hai gibng
enzyme GAD xuc tac khir nhom carboxyl tao thanh laa, dic biét 1a voi gao nay mam dugc bd sung acid
GABA va CO». Su tong hop GABA trong qué trinh glutamic. Ham lugng acid glutamic cua gao bd
ndy mam lam ham luong acid glutamic giam. sung acid glutamic ¢ 28 gid niy mam véi gidng lia
Nghién ctu cia Shahin ef al. (2009), ham luong IR50404 1a 825,308 mg% (so v&i gao khong bd
acid glutamic trong mam gao la tuong d6i cao hon sung 1a 883,715 mg%; gao b6 sung cam la 874,262

so vdi cac phan‘khac trong hat gao. Két qua & Bang mg%), glong MBD 1a 758,223 mg% (so voi gao
5 cho thay ¢ dicu kién 1 1a 37 °C, 0% CO2 thi ham khong bo sung 1a 790,761 mg%; gao bd sung cam

luong acid glutamic trong gao sau khi nay mam 1a 788,596 mg%). Giai doan du cua qué trinh nay
gao giam theo thoi gian. Ham luong acid glutamic mam tir 20 gid dén 28 gio enzyme GAD duoc kich
cua cd hai glong loa sau ndy méam déu dat cao nhét hoat, qua trinh tong hgp GABA tir acid glutamic
tai thoi diém nay mam 1a 20 gid. Theo két qua duoc dién ra manh mé lam ham luong acid
thong ké, thoi gian du tir 20 gio dén 28 gio thi glutamic trong gao mam giam nhanh chéng.

ham lugng axit glutamic giam nhanh. Gao nay
Bang 5: Ham lwong acid glutamic va hoat tinh enzyme GAD sau khi @ yém khi & 37 °C

Thoi Giong IR50404 Giong Mot Bui D6
gian i Ham lwgng acid Hoat tinh enzyme Ham lwgng acid Hoat tinh enzyme
glutamic (mg%) GAD (Ul/g) glutamic (mg%) GAD (Ul/g)

A B C A B C A B C A B C
20 1032,6* 970,8* 1046,7* 26,1° 29,0° 25,9° 947,8* 903,4* 946,1* 23,9° 26,7 23,9°
24 978,6° 872,9° 978,4°> 29,9° 359° 29,0° 8822 815,6° 878,1° 26,6° 329° 26,2°
28 883,7¢ 825,3° 874,3° 34,9* 37,1° 33,9* 790,8° 758,2° 788,6° 32,0° 34,5 31,7°

Ghi chii: A: pH ngdm t6i thich (IR50404 la pH=5, Mgt Bui D6 la pH=4); B: Dich ngam ¢ pH t6i thich c6 bé sung acid
glutamic (0,6%),; C: Dich ngam ¢ pH toi thich co bo sung 7% dich cam

Trong gao nguyén liéu hoat tinh enzyme GAD thoi gian nay mam 1a 28 gid; sau nay mam, hoat
rat thdp vi d6 am trong hat thip, hat dang & trang tinh enzyme ting 26,99 lan so véi nguyén li¢u
thai ngu nén enzyme chua duoc kich hoat. Hoat (nguyén ligu MBD co6 hoat tinh enzyme GAD la
tinh enzyme GAD thay d6i sudt trong qua trinh nay 1,279 Ul/g). Két qua thong ké cho thay, ca giéng
mam vi trong qua trinh nay mam co su hap thu IR50404 va MBD hoat tinh enzyme GAD dat gia

nudc lam d¢ am trong hat ting 1€n, kich hoat tri cao nhat & gao mam c6 b sung acid glutamic va
enzyme GAD hoat dong dé tong hop GABA tir thoi gian nay mam 28 gio. Trong qué trinh nay
acid glutamic (Paidaeng et al., 2014). Theo Kkét qua mam cua hat gao, mét lugng lon khi CO2 duogce tao
& Bang 5, hoat tinh enzyme GAD cua hai gidng lua ra do quéa trinh téng hop GABA s& kém theo su
déu tang nhanh trong qua trinh nay mam va dat cao tiéu thu ion H* thdng qua viéc decarboxyl hoda do
nhét khi cho nay mam & diéu kién ndng d6 CO2 0% hoat dong cua enzyme GAD khir nhém carboxyl
v6i thoi gian ndy mam & ca hai gidng nép 1a 28 cta acid glutamic dé tong hop GABA va sinh ra
gio. Trong khoang thoi gian tir 20 gio dén 28 gio, CO, lugng CO; ting 1én ciing do qua trinh ho hip
hoat tinh enzyme tang 1én manh m& vi day la thoi trong hat lay oxy va nha COz. Theo nghién ctru cia
gian dau clia qua trinh ndy mam enzyme méi dugc Crawford et al. (1994), & diéu kién yém khi, pH
kich hoat va tang hoat tinh nhanh chong. Déi véi ndi bao s€ giam mot khoang tir 0,4 - 0,8 do stress

gidng IR50404, hoat tinh enzyme GAD dat gia tri gdy ra boi sy thiéu hut oxy, diéu nay s& kich thich
cao nhit 37,108 Ul/g khi cho nay mam c6 bd sung qua trinh hoat dong cua enzyme GAD. Duya trén
acid glutamic v6i thoi gian nay mam la 28 gio, cao két qua phan tich ham lwong GABA cing véi su
hon so v6i gao nay mam khong b6 sung (hoat tinh gia tang hoat tinh enzyme GAD thi ham lugng
enzyme 1 34,963 Ul/g) va bd sung cam (hoat tinh GABA duoc tong hop ciing ting theo ti 16 thuén.
enzyme la 33,953 UI{g) cung thoi gian ‘ndy mam; 4 KET LUAN

hoat tinh enzyme ciling ting 31,47 lan so véi :

nguyén lidéu ban ddu (nguyén liéu c6 hoat tinh Nhin chung, 2 gibng MBD va IR50404 déu c6
enzyme GAD la 1,179 Ul/g). MBD hoat tinh xu hudng bi tdc dong bdi acid glutamic va dich
enzyme dat cuc dai 34,527 Ul/g khi cho nay mam cam 1a gidng nhau. Tuy nhién, chi ¢6 acid glutamic
¢ diéu kién 0% COz, c6 bo sung acid glutamic va 1a ¢6 tac dong dén viéc gia tang hat tinh GAD trong
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Miller, A. and K. H. Engel. 2006. Content of gamma
oryzanol and composition of steryl ferulates in
brown rice (Oryza sativa L.) of European origin.
J. Agri. Food Chem, 54: 8127-8133.

Nguyép Thi Hién (chu bién). 2006. Cong nghe san
xuat mi chinh va cdc san phdm lén men co
truyén. Truong Dai Hoc Bach khoa Ha Noi.
NXB Khoa hoc va Ky thuat.

sudt qua trinh ngdm va nay mam cua hai gidng lua.
Két qua cuia nghién ciru ndy da chi ra rang: co thé
thiic ddy qua trinh tong hop GABA thong qua hoat
dong cua enzyme GAD trong san xuit gao mam
khi bd sung 0,6% acid glutamic trong giai doan
ngam. Nguoc lai, dich cam lai khong cé anh hudng
nhiéu dén hoat tinh GAD, vi vay s& kho c6 thé thiic
day su tong hop GABA trong qué trinh san xuat
gao mam GABA.
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