KHOA HOC CONG NGHE

NGHIEN CUU ANH HUONG CUA NGUYEN LIEU GAO,
NAM MEN VA ENZYME DUONG HOA BDEN

HIEU SUAT LEN MEN TRONG QUY TRINH SAN XUAT

CON KHONG GIA NHIET G NONG DO CHAT KHO CAO
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TOM TAT

Nghién ctu tap trung vao viéc lua chon nguyén liéu gao, ndm men va enzyme duomg hoa cho quy
trinh 1én men san xuat cén khong gia nhiét & nong do chat kho cao (310,8 g/L). Nam loai gao
(OM5451, Bui sira, IR64, 404 va Him Chau), ba ché phdm nim men khé (Ethanol Red®, Thermosacc®,
Angel super alcohol) va bon ché phim enzyme dudng héa (Amigase Mega L, Distillase ASP, GA-260,
Spirizyme) duoc Iira chon dé khao sat trong. Gao 404 c¢6 ham luong tinh bot cao nhat (79,04%), gia
thanh thip nhat va 1a loai gao duoc san xuat véi san luong lon. Sau 120 gio lén men néng d6 con dat
duoc chia gao 404 1a 17,15% v/v (hiéu suat 1én men 86,1%) va khong cé su khac biét so véi néng dé con
thu dugc déi voi gao IR64 va OMb5451. Nghién ciru chi ra nguyén liéu gao c6é ham lrong amylose cao
c6 xu huong dat do cdn thap hon so voi gao c¢6 ham luong amylose thap. Ndm men Ethanol Red® cho
kha ning 1én men hiéu qua nhit, khéi lugng ndm men st dung thip nhit 1a 0,92 g/L. O 120 gi¢ lén
men enzyme Amigase Mega L cho do cdn cao nhit 1a 17,23% v/v (twong tmg voi hiéu suat 1én men
86,56%). Cac két qua nghién ciru nay 1a co s& dé hoan thién cac thong s6 cong nghé cho quy trinh san
xudt cén khong gia nhiét & ndng do chat khé cao tir gao.

Tir khéa: Enzyme dirong hoa, gao, ndm men, nong do chat kho cao, sin xuat con khéng gia nhiét.

1. AT VAN BE

Quy trinh san xudt con khong gia nhiét & nong
do chit kho cao hay con goi 1a quy trinh dich hoa,
duong hoa va lén men déng thoi & néng @ chat
khé cao (SLSF-VHG) da va dang duoc cac nha
nghién cttu trong va ngoai nudc tap trung nghién
ctru. Khac véi quy trinh san xudt con truyén thong
la nguyén liéu tinh bot can trai qua qua trinh ho
hoa & nhiét @6 cao nhim tao thuén loi cho qua
trinh duong hoa bédi enyzme sau nay. Trong quy
trinh SLSF-VHG, qua trinh thuy phan tinh bot
duoc thuc hién ¢ nhiét do thuong (30-32°C), nho
hé enzyme thé hé moi cé thé thuy phan tinh bot
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song O trang thai chua bi ho hoéa [1, 2]. Uu diém
ctia quy trinh nay 1a tiét kiém duoc nang luong,
giam chi phi d4u tu cho thiét bi, gidm tén that do
qua trinh niu chin nguyén liéu va ting nang suat
tao con [1].

O Viét Nam, nguén nguyén liéu san xudt con
phd bién 1a gao, ngo va san. Trong do gao dugc sir
dung 1a nguyén liéu chinh dé san xudt ruou truyén
thong va san xuat cén & quy mo cong nghiép. Mot
s6 nghién ctru quy trinh SLSF-VHG dé san xuat
coHn tir nguyeén litu gao & Viét Nam cho két qua
kha quan va cho thdy, tiém ning lon dé ting dung
trong san xuét con thue phdm [2]. Anh hudéng ctia
thanh phan nguyén liéu quyét dinh dén hiéu qua
lén men va 1a yéu t6 quyét dinh dén gia thanh san
xudt con. Tuy nhién, dén nay chua cé nghién ctu
n4o lira chon loai gao phti hop cho quy trinh SLSF-
VHG ¢ Viét Nam.
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Enzyme duong hoa thuy phan tinh bot séng
Stargen 002 duoc cau thanh béi hé hai enzyme (o-
amylase va glucoamylase), enzyme ndy co gia
thanh kha cao. O néng do chit kho cao, dé giam
chi phi trong qua trinh sin xuit con, nghién ctru
nay stt dung thém enzyme dudng hoa dé ho tro
cho enzym Stargen 002 [2].

Bén canh do, viéc nghién ciu lua chon loai
nam men, enzyme duong hoéa phu tro cho quy
trinh SLSF-VHG ciing chua dugc nghién ciu day
du. Do do, nghién ctru nay tap trung danh gia anh
huong va lua chon loai gao phu hop voi quy trinh
SLSF-VHG ciing nhu sang loc, lira chon ché pham
nam men, ché phim enzyme duong héa phu hop
cho quy trinh 1én men khong gia nhiét & nong do
chat khé cao.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu

Nam loai gao OMb5451, Bui Stra, IR64, 404
(IR50404) va Ham Chau c¢6 ngudn goc & cac tinh
mién Tay Nam bo duoc ding trong nghién ctru.
Gao duoc nghién bing may nghién buia qua luoi
kich thuée 0,3 mm va duge phén tich cac chi tiéu
chat luvong do 4m, ham luong tinh bot, protein va
amylose.

Ba ché phim nim men (Saccharomyces
cerevisiae) dugc stt dung trong nghién ctu la ER
(Ethanol Red®, Fermentis, Phap), TD
(Thermosacc® Dry, Lallemand, My) va AS (Angel
super alcohol active dry yeast, Angel, Trung
Quoc). Mat do té bao song clia cac nam men ER,
TD va AS tuong tmg 1a 3,8 x 10*% 2,7 x 10"va 2,9x
10'°té bao/g.

Ché phim enzyme dung cho nghién cttu bao
gdém: enzyme thily phan bot gao song Stargen 002
(Dupont, My) c6 hoat do glucoamylase theo nha
san xuat cung cap la 570 GAU/g. Cac enzyme
duong hoa phu tro cé dac tinh glucoamylase dugc
stt dung dé tang cuong kha nang duong hoa trong
dich 1én men & ndéng do chat kho cao la AML
(Amigase Mega L, DSM, Ha Lan) hoat do 646

GAU/g, DA (Distillase ASP, Dupont, My) hoat do
845 GAU/g, GA-260 (Angel, Trung Quoc) hoat do
516 GAU/g va SC (Spirizyme, Novozymes, Dan
Mach) co hoat do 704 GAU/g. Ché phidm. enzyme
protease la Fermgen 2.5X (Dupont, My) cé hoat
do 2500 SAPU/g.

2.2. Bé tri thi nghiém

221 Khdo sat anh huong cua cdc loai gao
trong quy trinh SLSF-VHG

Quy trinh dich hoéa, duong hoa va lén men
déng & nong do chit khé cao (3300 g/L) dugc
thue hién theo quy trinh cia Chu Ky va cs (2016)
vai mot s diéu chinh nho [2]. Nam loai bot gao
(RF) 1a OMb5451, Bui Stra, IR64, 404 (IR50404) va
Ham Chau dugc hoa tron voi nuédce trong cac binh
lén men 1 L dé dat duoc néng do chat kho 310,8
g/L. pH ctia dich bét duoc diéu chinh vé 4,5 bang
dung dich H,SO, 10% [1]. B6 sung cac ché phdm
enzyme bao gom Stargen 002 (1130 GAU/kg RF),
Amigase Mega L (0,035% w/w), Fermgen 2.5X
(600 SAPU/kg RF), nim men Ethanol Red®
(3,5x107 t&€ bao/mL), urea (16 mM) va KH,PO,
(4,8 mM). Quy trinh SLSF-VHG dugc thuc hién &
nhiét do 30°C trong 120 gio. Nam men duoc hoat
héa voi nuoc & 35°C trong 20 phdat trude khi cip
giong cho dich 1én men. Trong 24 gi¢ dau dich lén
men dugc khudy trén lién tuc voi téc do khuay 50
vong/phtit.

222 Khdo sdt anh huong cua loai ché phim
nam men trong quy trinh SLSF-VHG

Quy trinh duoc thuc hién véi lugng enzyme,
hoa chat, diéu kién lén men twong tu nhu muc
2.2.1. Thi nghiém nay sit dung ba ché phdm niam
men ER, TD va AS dé Iira chon nim men cho quy
trinh SLSF-VHG. Chi tiéu xac dinh 1a dé coén va
hiéu sudt 1én men. Nam men c6 hiéu qua lén men
cao nhat dugc diing cho nghién ctru tiép theo.

223 Khdo sat Ira chon ché pham enzyme
durong hoa phu tre cho quy trinh SLSF - VHG

Loai gao va nam men cho hiéu qua 1én men
cao nhat duoc dung cho thi nghiém nay. Quy trinh
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duoc thuc hién twong tue nhu muc 2.2.2 véi bon loai
enzyme glucoamylase 1la AML, DA, GA-260 va SC.
Mot quy trinh d6i chimg (Control) la quy trinh
khong sir dung enzyme duong hoa phu dé so sanh
danh gia hiéu qua cua cac enzyme khao sat.

2.3. Phuong phap phéan tich

Xac dinh do 4m theo AOAC 930.04 (2000),
protein xac dinh bang phuong phéap Kjeldahl, ham
luong amylose duge xac dinh theo Juliano (1971)
[3].

Ham luong tinh boét, duong téng trong mau
gao dugce xac dinh dua trén nguyeén tac thiy phin
tinh bot thanh duong biang axit HCl 2% [4], xac
dinh ham luong duong bang phuong phap st dung
thudc thie DNS (3,5-dinitro salicylic acid) [5]. Mau
duong khir dugce ly tim & 4.000 x g trong 10 phut,
phan dich trong duoc pha loang dén néng do thich
hop va dugc xac dinh néng do duong bang phuong
phap DNS.

Xac dinh néng do cdn biang phuong phap
chung cit. Do nong do coén bang may do con Snap
51 (Anton Paar GmbH, Ao). Tinh toan hiéu suit
lén men theo Chu Ky va cs (2016) [2].

Chi phi san xuit cén duoc tinh tir téng nguyén
liéu, nAm men, enzyme, chat b sung cho 1 L dich
lén men, quy vé chi phi san xuat 1 L con tuyét dai,
don gia theo gia ban lé trén thi truong.

Hmax durge xac dinh dya trén duong cong sinh
truéng ctia nAm men, ning suat tao con Q, duoc
tinh theo Krajang va cs (2021) [6]; san luong
con/don vi duong glucose ban dau Yy, dugc tinh
theo Chan-u-tit va cs (2013) [7].

Mat do t€ bao ndm men duoc xac dinh bing
phuong phap dém truc tiép bang budng dém
Newbauer cai tién (Pic) voi thude nhuém xanh
methylen [8].

2.4. Xt Iy s6 lieu

Tat ca cac thi nghiém duoc 1ap lai 3 1an, két
qua dugc thé hién bang gia tri trung binh va do
léch chudn. Két qua thuc nghiém duoc phan tich
phuong sai (ANOVA) voi muce khac biét ¢o y nghia
95% (p < 0,05). Phan mém xtt ly thong ké duoc st
dung la Statgraphics Centurion 19 (Statgraphics
Technologies, Inc. Plains, Virginia, My).

3. KET QUA NGHIEN CUU VA THAD LUAN

3.1. Anh hudng chia loai gao trong quy trinh
SLSF-VHG dén hiéu suét lén men

Béng 1. Thanh phin dinh duéng gao nguyén liéu cho san xuit cén

Thanh phan dinh duong (%)
Loai gao

bo am Tinh bot Protein Amylose*
OMb5451 11,80+0,27 77,71+0,58 8.,41+0,25 19,33+0,14
Bui Stra 11,82+0,19 75,21+£0,30 7,16+0,15 22,16+0,50
IR64 11,234+0,25 77.49+0,85 7,52+0,33 18,21+0,11
404 (IR50404) 11,20+0,16 79,04+0,69 6,72+0,14 26,32+0,08
Ham Chau 11,37+0.,46 77,11+0,31 8,84+0,38 32,71+0,25

Ghi chii: * % khoi liong chat kho.

Ca nam loai gao déu c6 mau sic tu nhién,
khéng lan tap chat, ndm moc, méi mot va mui vi la.
Ham lugng tinh bot trong gao 14 chi tiéu quan
trong nhat quyét dinh dén niang suit tao san pham
trong cong nghé san xuat con. Theo két qua phan
tich & bang 1, tit ca nam miu gao déu c6 ham
lugng tinh bot cao (trén 75%). Trong dé gao 404

cho ham lugng tinh bot cao nhat (79,04%), gao Bui
Sita ¢6 ham lwong tinh bét thdp nhat (75,21%)
trong cac mau khao sat. Ham luong protein cac
loai gao dao dong trong khoang gia tri 6,72% dén
8,84%. Ham lugng amylose lién quan dén tinh chat
loai gao, gao cé ham luong amylose théap sé c6 dac
tinh déo, mém khi dugc nau chin, nguoc lai ham
lugng amylose cao sé cho com c6 dac tinh kho,
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cung [9]. Theo Juliano (1979), gao duoc xem la co
ham lugng amylose thap (9 - 20%), ham luong
amylose trung binh (20 - 25%) va ham lugng
amylose cao (25 - 33%) [10]. Hai loai gao déo IR64
va OM5451 thuoc loai ¢6 ham luong amylose thap,
tuong tng la 18,21% va 19,33%. Gao Bui Sita c6 dac
tinh nd, mém voi ham luong amylose trung binh
22,16%. Hai loai gao cé ham lugng amylose cao cé

dic tinh no, xop la 404 va Ham Chau voi ham
lugng amylose tuong (ing 1a 26,32% va 32,71%. Cac
loai gao déu co do 4m trong khoang 11% - 12%.
Nhur viy, céc chi tiéu co ban cia nam loai gao déu
c6 gia tri phu hop dé lam nguyén liéu trong quy
trinh SLSF-VHG. Muc tiéu 1a Iga chon duoc loai
gao cho san luong cdn cao voi chi phi thap nhat.
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Hinh 1. Néng do con tao thanh trong dich lén men theo loai gao trong quy trinh SLSF-VHG
Ghi chi: Cdc ky tira, b, ¢ tai moi moc thoi gian thé hién sur khdc nhau cé y nghia thong ké (p < 0,05).

Két qua néng do con tao ra trong qua trinh lén
men cla ndm mau gao khao sat duogc trinh bay
trong hinh 1. Tai 72 gio, ngoai trir mau gao Ham
Chau c6 néng do con thap nhat 14,98% v/v, cac
mau gao con lai déu c6 néng do con trén 15% v/v.
Sau dé, nong do con clia cAc mau khao st tiép tuc
ting cho dén 120 gitr dd codn clia ndm mau gao dat
gia tri xap xi 17% v/v. Dé xac dinh thoi gian két
thuc 1én men, cac mau duoc theo doi nong do con
dén 144 gi¢r. Theo két qua phan tich ANOVA, néng
do6 con ctia timg mau gao theo théi gian cé su khac
nhau tir 72 - 120 gi¢ voi muc y nghia p < 0,05. Cac
loai gao OM5451, Bui Sira, IR64 va 404 ¢6 thoi gian
két thic 1én men & 120 gio. Riéng gao Ham Chau
két qua phan tich ANOVA cho thdy, thoi gian lén
men kéo dai hon va két thic qua trinh 1én men &
144 gitr (p < 0,05). O' 120 gi¢r 1én men, néng do con
ctia gao IR64 cao nhat (17,20% v/v) nhung khong
khac biét (p > 0,05) so véi gao OM5451(17,17%
v/v) va 404 (17,15% v/v), ca ba loai gao nay co
nong do con cao hon (p < 0,05) so véi hai mau gao
Bui Sita va Ham Chau vé6i néng dg con tuong (ng
1a 16,60 va 16,46% v/v.

Ham luong tinh bot va dic diém cau tao tinh
bot (ham luong amylose) c6 anh hudng lon dén
noéng do con va hiéu suit lén men trong quy trinh
SLSF-VHG. Gao ¢6 ham luong tinh bot cao co xu
huéng tao dé con cao khi két thic qua trinh 1én
men (OMb5451, IR64 va 404). Tuy nhién, gao Ham
Chau cho do con thap va thoi gian 1én men dai hon
mac du co ham luong tinh bot cao hon gao Bui
Sira. Mot s6 nghién ciru da chi ra rang ham lugng
amylose co lién quan dén kha nang tiéu hoa cta
tinh bot, ham luong amylose cao lam kha niang
khang tiéu hoa cua tinh bot cao hon [11, 12]. Diéu
nay giai thich nguyén nhan gao IR64 cho d6 con
cao nhat twong tmg voi luong amylose thap nhat
(18,21%), trong khi gao Ham Chéu cho do con thap
va thoi gian 1én men kéo dai khi c6 ham lugng
amylose cao nhat (32,71%). Panh gia hiéu suit lén
men tai 120 gi¢ cho thay gao IR64 c6 hiéu suat 1én
men cao nhat (88,1%) sau do 12 OM5451, Bui Sira,
404 (twong tmg hiéu sudt 87,7; 87,6; 86,1%) va hiéu
sudt 1én men thap nhat 1a Ham Chau (84,7%).
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Bang 2. Chi phi san xudt cén theo loai gao

Thanh phan Luong dung | Don gia (ddong/kg) | Thanh tién (dong)
Stargen 002 (g) 0,53 188.000 100,4
Fermgen 2.5X (g) 0,12 700.000 87,0
Amygase Mega L (g) 0,11 345.000 38,0
N4m men (g) 0,92 275.000 253,0
Urea (g) 0,98 18.000 17,6
KH,PO, (2) 0,66 45.000 29,7
Téng cong (chi phi enzyme, nim men, chat bé sung) * 525,7
Loai gao OMb5451 Bui Stta IR 64 404 Ham Chau
Luong st dung (g) 352,4 352,5 350,1 350,0 350,7
Pon gia (VND/kg) 12.000 11.000 12.000 9.500 12.000
Thanh tién (VNB)** 4.228 3.877 4.202 3.325 4.208
CP1=*+** (VND) 4.754 4.403 4.727 3.851 4.734
CP2 (VND) 27.683 26.522 27479 22.449 28.754

Ghi chii: CPI: chi phi san xuét 1 L dich Ién men; CP2: chi phi san xudt quy vé san xuat 1 L con tuyét

doi.

Nhu vay, hiéu suat lén men ti 1é nghich voi
ham luong amylose trong quy trinh SLSF-VHG.
Két qua nghién ctru ndy ciing phtit hop voi nghién
ctru ctia Wu va cs (2006), hiéu suat 1én men ngo
nép (7,5% amylose) ting 0,9% so voi ngd thuong
(22,8% amylose), doi voi lua mi nép hiéu suit cao
hon 5% so v6i lia mi thong thuong [13]. Mot so6
nghién cttu khac ciing cho két qua tuong tu khi
danh gia anh hudng ctia ham luong amylose dén
hiéu suat 1én men trén nguyeén liéu tinh bot mi va
gao [14, 15]. Ngoai ra, hoat tinh cta amylase doi
voi gao ham luong amylose thap cao hon gao co
ham Ilugng amylose cao, tinh bét trong gao
amylose thap c6 nhiéu chudi mach ngin hon nén
dé bi thay phan béi amylase thanh cac mach ngan
do d6 tao lwong duong hoa tan nhiéu hon [15].

Chi phi san xuat coén duoc thé hién trong bang
2. Trén co so thanh phan nguyén liéu chia qua
trinh 1én men, xem nhu céic chi phi dién, nuéc va
cac chi phi khac nhu nhau cho cac loai gao. Gao
404 c6 gia thanh thap nhat nén c6 chi phi san xuat

1 L dich lén men thap nhat (3.851 déng). Néu tinh
trén co so luong con tao ra trong 1 L dich 1én men
quy vé chi phi san xuit ra 1 L con tuyét doi thi gao
404 c6 chi phi san xuat thap nhat (22.449 déng) va
chi phi cao nhat 1a gao Ham Chau (28.754 dong).

Gao 404 c6 ham luong tinh bét cao nhat trong
nam loai gao. Khi 4p dung quy trinh SLSF-VHG,
mac du hiéu suat 1én men con thap (86,1%) nhung
do6 con dat duoc tuong duong voi gao IR64 va
OM5451 va cao hon so voi hai loai gao Bui Sita va
Ham Chau. Gao 404 duoc st dung lam nguyén liéu
trong nhiéu linh vuc cong nghiép ché bién (lam
bun, phd, bot gao, bép an cong nghiép...) nén
cang rat phu hop lam nguyén liéu cho san xuit
con & quy mod cong nghiép. Ngoai ra, yéu to vé gia
nguyeén liéu 1a yéu to quyét dinh dén chi phi san
xuat va gia thanh san pham. Theo do gia gao 404
thap hon 500 déng/kg so véi tit ca bon loai gao
con lai, chi phi cho san xuit 1 L con tuyét déi ciing
thap nhat. Gao 404 con c6 tiém ning nang cao do
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con va hiéu sudt 1én men khi i vu cac yéu to
cong nghé cho quy trinh SLSF-VHG.

3.2. Anh huéng ciia ché phdm nim men trong
quy trinh SLSF-VHG

Nam men ER cho kha nang sit dung duong
hiéu qua hon trong 24 gi¢ 1én men so véi ndm men
TD va AS (Hinh 2). Nong do duong téng trong
dich 1én men & 24 gio ctia ER, TD va AS lan luot 1a
195,6; 206,6 va 218,9 g/L. T 48 giv tro di, ER va
TD ¢6 su tiéu thu dudmg téng tuong duong nhau

(p > 0,05), & 120 gio néng d6 duomg téng tuong
trng cta hai ndm men nay 1a 32,9 va 29,8 g/L. AS
cho thay, hiéu qua st dung duong thap hon, nong
do duong téng trong dich lén men luon cao hon so
voi ER va TD va ¢ 120 gio ndng do duong tong con
s6t lai cta AS kha cao véi gia tri 1a 40,0 g/L. Két
qua nay chimg t6 rang, méi truong VHG anh
hudng kha nhiéu dén kha nang hoat dong ctia nAm
men AS.
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Hinh 2. Bién déi dé cén va dudomg téng theo loai nAm men

Néng do con cha ba loai ndm men khao sat
dugc trinh bay trong hinh 2. ER duy tri néng do
con cao nhat tir 72 gio dén khi két thic qua trinh
lén men. TD c¢é dd con thip hon ER & 72 gio
nhung sau dé ting nhanh va tuong duong véi do
con ctia ER & 96 gio va 120 gio. Do con clia AS
luén thap hon hai loai nAm men con lai (p < 0,05).
Ca ba loai ndm men c6 do cén thay ddi khong
dang ké sau 120 gi¢r (dix lieu khong hién thi) cho
thay, qua trinh 1én men déu két thac & 120 gio. Dé
danh gia hiéu qua lén men, cac thong sé duong
khtr (120 gio), nang sudt tao cdén (Q,), san lugng
con/don vi duong glucose (Yyps), hiéu suit léen
men (E) ctia ba loai nAm men da duwoc tinh toan va
so sanh (Bang 3). Theo d6, AS c6 noéng do duong
khir kha cao (5,7 g/L) & thoi diém két thiac lén
men ching t6 nAm men st dung duong chua triét
dé. ER c¢6 nong do duong khir cao hon TD (p >
0,05). Ngoai ra, ER con co6 gia tri Qp, Yp,s va E cao
nhat cho thay, su lén men hiéu qua ctia nAm men
nay. TD c6 cac théng so trung binh Q, Y, vaE
thap hon so véi ER nhung khong c6 su khac biét

c6 v nghia théng ké (p > 0,05) chimg td kha ning
lén men cta hai ndm men nay la tuong duong
nhau. AS c6 cac thong so Qp, Yps va E thip hon so
voi ERvaTD (p < 0,05) cho thdy, hiéu qué 1én men
thap hon ctia nAm men nay trong quy trinh SLSF-
VHG.

Duong cong sinh truéng ctia nim men duoc
thé hién trong hinh 3. Pha lag ciia ndm men ER cé
thoi gian ngin hon so voi TD va AS cho thdy, kha
ning thich nghi vé6i méi truomg SLSF-VHG clia
nidm men nay t6t hon, nAm men AS c6 thoi gian
thich nghi dai nhat. Thoi gian thuc hién pha ting
trudong ctia nim men ER ctng ngin nhat, chi sau
24 git 1én men duong cong sinh trudng cta nim
men nay da dat dén pha én dinh véi nong do té
bao (th) song dat 4,74 x 10° th/mL. Thoi gian dat
dén pha 6n dinh ctia nAm men TD va AS la 36 gio
(dai hon 12 gi¢ so véi ndm men ER) voi nong do té
bao song & pha 6n dinh twong tmg 1a 5,11 x 10° va
4,00 x 10° tb/mL. Nam men TD c¢6 ndng dé té bao
song & pha 6n dinh va pha suy vong cao nhat,
trong khi n4Am men AS c6 néng do té bao & pha 6n
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dinh thdp nhat va thidp nhat trong tat ca cac pha
ctia duong cong sinh truéng so véi hai nim men
con lai. C4 ba loai ndm men déu cho thdy bat dau
vao pha suy vong tir 72 gio, sau dé noéng do té bao
song giam rat nhanh va & 120 gid noéng do té bao
song ctia ndm men ER, TD va AS turong tmg 1a 0,66
x 10% 1,07 x 10° va 0,45 x 10° tb/mL. Nam men TD
co toc do tang trudmg () cao nhat la 0,163 gio
nhung khéng co6 su khac biét (p > 0,05) so voi gia

tri p,,,. ctia ER (0,151 gio™") va AS co gia tri thap
nhét 0,126 gio! (Bang 3). O 120 gio, ca ba nidm
men ER, TD va AS déu co ti ¢ té bao chét dang ké
(87,65; 81,46 va 91,53% tuong trmg) chimg to qua
trinh lén men két thic. Piéu nay cho thay, ham
luwong duomg khir giai doan két thiic 1én men ting
lén do enzyme van tiép tuc hoat dong thiy phan
tinh bot sét trong khi nAm men hét kha nang tiéu
thu co chat.

Bang 3. Thong s qué trinh 1én men (& 120 gi¢) clia ndm men ER, TD va AS

; Puong khir N ..

Nam men @/ Monax (2i07) Qp (gL gio) | Yy (kgkg?) E (%)
ER 2,258+0,213" 0,151+0,011® 1,128+0,004° 0,441+0,002° 86,15+0,33"
TD 1,242+0,099° 0,163+0,01° 1,125+0,009° 0,439+0,004° 85,93+0,7°
AS 5,745+0,272° 0,126+0,003" 1,085+0,011° 0,424+0,004° 82.85+0,88°

Ghi chii: ,,,, = toc do tang truong cuc dai, Q, = nang sudt tao con; Y., = san lupng con/don vi duong
glucose ban diu, E = hiéu sudt Ién men. Gid tri trung binh + dp léch chuin (SD) cia ba thi nghiém Igp

Iai. Ky hi¢u (a, b, ¢) trén méi cot biéu thi sir khdc biét co y nghia voi miic p < 0,05,
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Hinh 3. Pudng cong sinh trudng ctia ndm men ER, TD va AS

Két qua 1én men ciia nim men ER trong
nghién ctru nay tuong tu nhu két qua nghién ctru
truoe do cta Chu Ky va cs (2016) [2]. Voi quy
trinh SLSF-VHG & ndng do bét gao 311,5 g/L, st
dung nam men Ethanol Red cho két qua théi gian
lén men 120 gio, do con dat duoc 17,6% v/v tuong
duong véi hiéu suat 1én men 86,3%. Nam men ER
¢6 do con, Qp, Yp/s va E cao nhat trong ba loai ndm
men khao sat. NAm men TD mac du c6 néng do
nam men cao hon ER nhung d6 cdn, duong sot va

duong khit khi két thic qua trinh 1én men thap
hon; két qua nay c6 thé do kha niang chuyén hoa
duong thanh con hodc kha nang ndm men sir dung
duonmg dé chuyén thanh sinh khéi. NAim men AS
cho thiy hiéu qua thap nhat vé dd con, nang suit,
hiéu suit lén men, ndéng dd ndm men... nim men
nay co hiéu qua hoat dong thap trong quy trinh
SLSF-VGH. Theo Stanley va cs (2010), biéu hién
kiéu gen, qua trinh sinh téng hop cac chat phan
ung voi diéu kién khac nghiét cia méi truong, co

52 NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 4/2023



KHOA HOC CONG NGHE

s0 di truyén va dot bién ctia ndm men cé anh
huéng dén hiéu qua lén men [16]. Do d6, méc di
diéu kién lén men giong nhau vé co chit, enzyme
va nong do ndm men nhung két qua 1én men ctia
ER, TD va AS ciing c6 su khac biét do dac diém
timg loai nAm men thuong mai. NAm men Ethanol
Red (ER) c6 @b con va hiéu suat 1én men cao nhat,
kha nang thich tng véi méi truong SLSF-VHG
nhanh, thoi gian sit dat dén pha can bang cta
dudng cong sinh truéng ndm men ngan, hiéu qua
stt dung duong tot hon hai ndm men TD va AS.
Ngoai ra, ndm men Ethanol Red c6 khéi luong sit
dung trén mét don vi thé tich dich 1én men thap
hon so véi hai nAm men con lai (0,92 g/L so voi
1,28 va 1,20 g/L cua TD va AS). Do d6, nghién ctu
nay lua chon nim men Ethanol Red cho cac
nghién ctmu tiép theo trong quy trinh SLSF-VHG.

3.3. Anh hudng cta loai ché phdm enzyme
duong héa phu trg trong quy trinh SLSF-VHG dén
ham lrong duong tong va hiéu suét 1én men

Enzyme duong hoa chinh trong quy trinh
SLSF-VHG la enzyme Stargen 002 c6 ca hai hoat
tinh alpha-amylase va glucoamylase. Trong qua
trinh 1én men can thém enzyme duong hoa dé ho
tro thily phéan cac dextrin thanh duong khir [2].
Trong thi nghiém nay, bon loai enzyme duong hoa
mang dac tinh glucoamylase la AML, GA-260, SC,
DA duoc so sanh kha nang hd tro qua trinh lén
men bang quy trinh SLSF-VHG véi cung luong
hoat tinh cta enzyme glucoamylase la 226,1
GAU/kg nguyeén liéu kho (tuong duong vai 0,035%
w/w lugng stt dung enzyme AML) [2] va quy trinh
doi chimg Control. Cac chi tiéu xéc dinh 1a dudng
téng, duong khir, 46 con, thoi gian va hiéu suat 1én

men.

300 T, mp— i N
—~ 5 P S e 16 __ * Dudng téng-Control
g‘bzsn g s, o et 14 = ——DPuong tong-AML
g SR . 12 = = Dudng 1ong-GA-260
L2007 ) XN 1o = ~ Buong tong-SC
= e i £ - DPuong tong-DA
%D 150 t = r8 E =~ Ethanol-Control
= 100 R S g _g_ 6 == ——FEthanol-AML
= e =3 4 2P = Ethanol-GA-260
- 50 . B e 5 "2 —+ Ethanol-SC
& 0 6 ~ Ethanol-DA
<= 0 24 48 72 96 120
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Hinh 4. Anh hudémg enzyme duong héa phu tro dén ham luong duong téng va hiéu sudt 1én men

Anh huong ctia enzyme duong héa phu tro
dén bién déi duong tong va nong do con trong
dich 1én men duoc trinh bay trong hinh 4. Tat ca
cac mau thi nghiém déu c6 noéng do dudong tdng
giam nhanh trong 72 gi¢' diu 1én men. O 72 gior
nong dd duong téng cua bon thi nghiém co
enzyme phu tro déu c6 gia tri duoi 100 g/L, trong
khi méiu Control c6 nong do duong téng trén 110
g/L. Nong do duong téng cia mau Control cao
nhat trong hau hét thoi gian 1én men. Bién doi
duong téng ctia GA-260 va DA tuong duong nhau
(p > 0,05). Tuong tu, bién ddi duong téng ctia AML
va SC cang co gia tri twong duong nhau. Tir sau 24

gi¢r 1én men, nong d6 duong téng khi dung AML
va SC thép hon so véi sir dung hai enzyme GA-260
va DA (p < 0,05). Két thic 1én men, néng do duong
tong khi c6 mat cta cac enzyme AML, SC, GA-260,
DA va Control 1an luot 1a 31,2; 34,9; 47,6 va 42,1;
54,6 g/L. Tuong tu nhu bién ddi duong téng, nong
do con tir 72 - 120 gier khi st dung enzyme AML va
SC tuong duwong nhau (p > 0,05) va cao hon (p <
0,05) so véi khi sir dung hai enzyme GA-260 va
DA, mau Control ¢6 néng @6 thip nhat. Ca bén
enzyme cho thay, kha nang két thic 1én men & 120
gi¢r (khi so sanh véi néng dé con & 144 gio, di lieu
khong hién thi). AML va SC 1én men hiéu qua hon
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khi @6 con & 120 gior 14n luot 14 17,23 va 17,16% v/v,
trong khi hai enzyme GA-260 va DA c6 do con &
120 gio thap hon twong ung voi gia tri 16,53 va
16,76% v/v. Mau Control c6 do coén thdp nhat
16,10% v/v va van cho thay kha nang tiép tuc lén
men cham sau 120 gio.

Cac enzyme duong hoa phu trg c¢6 anh huong
dén su bién déi nong do duong khir trong dich 1én
men, két qua duoc trinh bay trong bang 4. Theo xu
huong chung ctia quy trinh SLSF-VHG 14 néng do
duong khir cta tat ca cac thi nghiém déu duy tri &
muc thap (dudi 3,5 g/L). Enzyme AML cho thiy,
c6 nong do dudmg khitr hau nhu cao hon (p < 0,05)
trong suét thoi gian 1én men (ngoai trit & 48 gior 1én
men twong duwong véi ndng do6 dudmg khir cia SC)
so voi cac enzyme con lai, SC ¢6 noéng do duong
khir thiap hon mét chut so voéi AML. DA, GA-260 va
Control c6 néng do duong khir thap (duéi 1 g/L)
trong suét qua trinh lén men. Mic di néng do
duong khitr cia miu Control thdp nhit nhung
khong c¢o sur khac biét (p > 0,05) so voi DA, GA-260
trong hau hét qua trinh lén men. Sau 96 gio lén

men néng do duong khit AML va SC ¢é xu huéng
tang nhe nhung khong quan sat dugc hién tuong
tuong tu & hai enzyme DA, GA-260 va Control.

Theo Devantier va cs (2005), nim men
Ethanol Red st dung duong khtr (cha yéu la
glucose, maltose va maltosetriose) lam co chat cho
qua trinh 1én men, viéc duy tri nong do duong khir
thap bang cach phan cit tir tir caic DP4+ trong diéu
kién néng do chat khé cao giup gidm anh hudng
cua ap suat thidm thiau dén nim men trong quy
trinh SSF [17]. Tuy nhién, c¢6 kha nang hai enzyme
DA va GA-260 xuc tac & nhiét do lén men trong
quy trinh SLSF-VHG thédp (trong khi nhiét do toi
uu theo nha san xuat céng bé 1a 60°C), nén luong
duong khu tao ra khong dap ung kip so voi nhu
ciu clia ndm men nén kha ning lén men thap.
Trong khi hai enzyme AML va SC tao ra va duy tri
lugng duong khir cao hon nén kha nang va hiéu
qua lén men cao hon so véi hai enzyme con lai. Thi
nghiém Control & néng do chat kho cao lam giam
nhanh hoat tinh ctia enzyme duong hoéa chinh nén
kha nang thiy phan bot gao song thip.

Bang 4. Anh hudng enzyme duong héa phu trg dén ham luong duwong khit

Thoi gian 1én men (gid), néng do duong khir (g/L)
Enzyme
24 48 72 96 120

AML 3,3040,33° 3,0240,25° 2,57+0,14" 1,45+0,20" 1,94+0,12°
GA-260 0,700+0,09° 0,88+0,11° 0,82+0,08° 0,87+0,07° 0,89+0,04°
SC 2,74+0,29° 2.62+0,48° 2,1940,33° 1,010,09° 1,3940,15"
DA 0,85+0,08° 0,96+0,05° 0,99+0,03° 0,98+0,02° 0,90+0,05°
Control 0,69+0,08° 0,80+0,08¢ 0,75+0,18¢ 0,59+0,10° 0,75+0,10°¢

Ghi chii: Gid tri trung binh + do léch chudn (SD) cia ba thi nghiém Iap lai. Ky hiéu (3, b, ¢) trén méi

cot biéu thi sur khac biét ¢ y nghia vor muc p < 0,05.

Enzyme duong hoa Amigase® Mega L (AML)
¢6 hiéu qua cao nhit trong viéc nang cao do con va
hiéu suit lén men so vo6i cac enzyme duong hoa
SC, DA va GA-260. O 120 gir 1én men, nong do con
khi ding enzyme AML la 17,23% v/v tuong tmg vdi
hiéu suat léen men 86,56%. Enzyme AML cé su
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giam nhanh néng do duong tong va noéng do
duong luon cao hon so voi ba enzyme duong hoa
con lai trong thi nghiém nay ching to kha nang
thuy phan hiéu qua cac dextrin trong dich lén men
tao co chat cho hoat dong cia nAm men trong quy
trinh SLSF-VHG. Do d6, nghién ctru nay lua chon
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enzyme duong héa AML cho cac nghién cttu tiép
theo trong quy trinh san xuat con khong gia nhiét
& nong do chat kho cao.

4. KET LUAN

Nghién ciru da danh gia anh hudng ctia nam
loai gao dén hiéu qui lén men trong qui trinh
SLSF-VHG. Gao 404 c6 ham lugng tinh bot, chi phi
tot nhat phu hop véi trinh san xuat cén thue pham.
Nghién ctru ciing da lua chon duoc ché phim nam
men Ethanol Red cho hiéu qua lén men cao, chiu
dugc néng do con lon. Két qua khao sat enzyme
dudng hoa phu tro cho thdy, Amigase Mega L co
kha nang hé tro duong hoa hiéu qua trong quy
trinh lén men khong gia nhiét voi hiéu suat lén
men cao nhat dat 86,56%, thoi gian 1én men 120
gi0. Cac két qua nghién ciu nay cho thay, tiém
nang dé tng dung coéng nghé san xuit con khong
gia nhiét & nong do chit kho cao trong san xuit
con tir gao tai Viet Nam.
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EFFECTS OF RICE VARIETIES, YEAST AND GLUCOAMYLASE ENZYMES ON
ETHANOL YIELD DURING NO-COOK PROCESS AT VERY HIGH GRAVITY

Tien Tien Nam, Nguyen Tien Cuong,

Nguyen Chinh Nghia, Pham Tuan Anh, Chu Ky Son
Summary

The study selected rice varieties, yeasts, and glucoamylase enzymes for no-cook fermentation at very-
high-gravity (310.8 g/L) for potable ethanol production. Five types of rice (OM5451, Bui Sua, IR64,
404, Ham Chau), three yeasts (Ethanol Red®, Thermosacc®, Angel super alcohol) and four
glucoamylase enzyme products (Amigase Mega L, Distillase ASP, GA-260, Spirizyme) were studied for
ethanol fermentation by a no-cook process at very high gravity. Rice 404 has the highest starch
content, lowest cost, and large yield. After 120 h of fermentation, the ethanol concentration for 404 rice
was 17.15% v/v (corresponding to 86.1% of the ethanol yield) and there was no significant difference
compared to the ethanol concentration for IR64 and OM5451 rices. Rice with a high amylose content
tends to have lower ethanol concentrations than rice having a low amylose content. Ethanol Red yeast
gave the most effective fermentation, the lowest amount of yeast used is 0.92 g/L. At 120 h of
fermentation, the Amigase Mega L. enzymee exhibited the highest ethanol content of 17.23% v/v,
equivalent to a fermentation efficiency of 86.56%. These results could be considered the basis to
improve the ethanol yield during no-cook process under very high gravity.

Keywords: Glucoamylase, rice, yeast, very-high-gravity, no-cook process.
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