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TOM TAT 

IWuc dich cua nghien cii'u nay la xem xet anh hirimg ciia viec thay ddi moi tru'O'ng oxy hoa khip 
bing each sue cae loai khi khac nhau (H2, He, O2 hay khong sue khi) d in sip tieu thu ccy chit trong qua 
trinh len men gian doan cua nim men bia Saccharomyces cerevisiae BRAS 291. Cac thong s6 du'O'c 
theo doi bao gdm pH, the oxy hoa khu' (Eh), tieu thu cae lo^i dircrng (maltose, maltotriose, glucose va 
fructose). Viee sue khi da thay doi dang ke Eh eua moi tru'O'ng va d in d in anh hirang nhit djnh din 
tieu thu CO' chit eua nim men, dae biet la tieu thu maltose - co* chit ehinh trong qua trinh len men bia. 

Jir khoa: Len men bia, Saccliaromyces cerevisiae, sue khi, tieu thu du-ang, t h i oxy hoa khu'. 

SUMMARY 

The purpose of this study was to investigate the impact of modification of redox environmental 
(Eh) by different gases (H2, He, O2 or gas-free) on sugar consumption by the brewing yeast 
Saccharomyces cerevisiae BRAS291 during batch fermentation. The different parameters followed 
were: pH, Eh, consumption of sugars (maltose, maltotriose, glucose and fructose). Gas atmospheres 
induced strong modification on environmental Eh and sugar consumption by yeast, particularly 
consumption of maltose - the major substrate of brewing fermentation. 

Key words: Brewing fermentation, gases, redox potential, Saccharomyces cerevisiae, sugar 
eonsumption. 

1. DAI VAN DL lUdng nitd dong hda dfldc trong mdi trfldng 

Viee thay dd'i cic thdng so' eua mpt qua (Bohlscheid & cs., 2007). Tudng tfl, mdt md 
trinh len men se d in de'n nhflng thay dd'i ve hinh dong hpc len men rfldu vang md ta 
ehi't lfldng cua san pham n h i n dfldc. Qua tiJdng t ie nhiet dp - nong dp nitd bd' sung 
trinh trao ddi ehi't d ni'm men S. cerevisiae cung da dUde xay dflng de kiem soit td't hdn 
hi anh hfldng khi thay dd'i pH va ndng do chi't lfldng len men (Malherbe & es., 2004). 
acid citric (Nielsen v i Arneborg, 2007) hay Viee them cac trung tam nhan electron eung 
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da anh hfldng de'n eae san pham phu eiia qua 
trinh len men rfldu (Roustan va Sabla3T:oU.es, 
2002). Thay dd'i nong dp dxy hda tan trong 
qui trinh len men rfldu vang l im anh hfldng 
de'n ndng dp sterol d ni'm men S. cerevisiae 
(Fornairon-Bonnefond & cs., 2003). 

So vdi eie thdng sd' mdi trfldng nhfl pH, 
nhiet dp, hoat dp nfldc, v.v., the dxy hda khii 
(Eh) d i dfldc nghien eflu tfl ri't sdm d vi-
khuan (Andreeva v i Rabotnova, 1978). Mdi 
diy, cic nghien eflu ve the dxy hda khii tap 
trung ehu ye'u vao vi khuan Escherichia coli 
(Bagramyan & es. 2000; Riondet & cs., 2000) 
v i vi khuan lactic (Kieronczyk & es. 2006). 

O ni'm men, cd mdt so' nghien eflu md ta 
anh hfldng eiia the dxy hda khii de'n sinh ly 
eua S. cerevisiae (Cachon & cs., 2002), 
Yarrowia lipolytica (Husson & cs., 2006) va 
gan day nhi't la Sporidiobolus ruinenii 
(Feron & cs., 2007). Cac nghien eflu n iy eho 
thi'y. Eh mdi trfldng ed anh hfldng de'n sinh 
ly te bio va do dd d i n de'n thay dd'i qua trinh 
trao dd'i chi't (TDC). Vdi vi tri quan trpng 
eiia S. cerevisiae trong nhieu quy trinh san 
xui't thfle pham khic nhau (rfldu, rfldu vang, 
b inh my, v.v...), viee d inh gii t i c dpng eiia 
Eh mdi trfldng de'n qu i trinh TDC eiia nam 
men nay dfldc d i t ra nhfl mpt vi'n de het sfle 
quan trpng. 

Mdt trong nhflng ky t hu i t phd' bie'n de 
thay dd'i Eh mdi trfldng la sii dung cic t ie 
nhan dxy hda khii b ing cic hdp cha't hda hpc. 
Cic t ic nh in phd' bie'n la dithiothreitol 
(DTT), potassium ferricyanide (FeK (CN)6) 
hay 2,6-dichloroindophenol (DPIP) (Roustan 
and Sablayrolles, 2003; Husson & cs., 2006). 
Tuy nhien, ky t h u i t nay chi phu hdp trong 
phdng thi nghiem, khd i p dung b quy md 
cdng nghiep. Mdt phUdng phip thay dd'i Eh 
mdi trfldng linh boat hdn la sii dung cic t ic 
nhan dxy hda khfl b ing eie loai khi 
(nitrogen, dxy, hydro) (Riondet & es., 2000; 
Ouvry & es., 2002; Alwazeer & es., 2003; 
Feron & cs., 2007). Ky thu i t n iy de dang ip 
dung d quy md cdng nghiep. 

Mpt nghien eflu trflde eua nhdm t ic gia 
da ehi ra cic t i c ddng khie nhau cua viec 
thay dd'i Eh mdi trUdng b ing eie loai khi 
khic nhau de'n tang trfldng v i hinh th i i ciia 
S. cerevisiae (Pham & cs., 2008). Nghien eflu 
nay se t i p trung vao t i c ddng de'n trao dd'i 
ehi't b ni'm men bia t i p trung vio sfl tieu 
thu dfldng trong qu i trinh len men. 

2. VAT LIEU VA PHUONG PHAP 

2.1. Chung nam m e n 

Chiing ni'm men bia Saccharomyces 
cerevisiae BRAS291 (chiing len men chim) 
dfldc eung ei'p tfl bd sflu t i p BRAS ciia Khoa 
Cdng nghe bia va cdng nghiep thfle pham, 
Trfldng Dai hpc Td'ng hdp Luvanh (Louvain), 
Vfldng qud'e Bi. Chiing dfldc bao quan b -S°C 
trong dung dich glycerol 10 %, v.v... 

2.2. Cac loai khi suf dung 

Cac loai khi nen (dxy, hydro va helium) 
dUdc cung cap bdi Air Liquide (France). Dp 
tinh khiet cua cie khi n iy dat khoang 
99,99%. Hydro va dxy dfldc chpn tfldng flng 
la hai t i e nhan khii v i dxy hda. Helium dfldc 
chpn nhd tinh dxy hda khii trung tinh va 
tinh tfldng ddng vdi hydro ve kieh thflde 
phan tii va kha n ing khuyeeh t i n (Air 
Liquide, 2002). 

2.3. Cac dieu kien len men 

S. cerevisiae BRAS291 dUde nh in gid'ng 
trong mdi trUdng YPGM (1% w/v yeast 
extract, 05% w/v peptone, 5% w/v glucose va 
5% w/v maltose) d 28C, khua'y 120 v/p, nudi 
ci'y trong 24h. Ty le ci'y truyen ban d iu eho 
len men la 1 x 10" cells/ml. Mdi trfldng len 
men l i mdi trfldng cd thanh phan hoin toin 
xic dinh va tfldng tU th inh phan dich dfldng 
malt trong san xui't bia (Pham & es., 2008) 
trong dd thanh phan cd chi't caebonhydrate 
bao gdm glueose:10,4 g/1, fructose: 4,6 g/1, 
maltotriose: 3,5 g/1 va maltose: 115,5 g/1 
(dfldng td'ng: 134 g/1). Cae axit amin cung 
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dfldc bd' sung vao mdi trfldng. Len men dfldc 
tien h i n h vdi he thd'ng len men giin doan 
BIOSTAT Q d 28°C, khui'y 120 v/p, len men 
trong 13 ngiy. 

Ba dieu kien sue khi dfldc i p dung hydro 
(H2), hehum (He) va dxy (O2). Cic khi dfldc 
sue lien tue trong suo't qua trinh len men vdi 
Iflu lfldng la 0,03 vvm (Pham & es., 2008). 
Dieu kien kiem chflng la len men khdng sue 
khi. Gia tri pH ciia dieu kien sue O2 dfldc 
dieu hinh nhd he thd'ng dieu chinh pH tfl 
dpng cua he thd'ng BIOSTAT Q vdi dung dich 
NaOH lOM. Muc dieh la de dat dpng th i i pH 
trong sud't qui trinh len men tfldng tfl nhfl 
trong eic dieu kien kiem chflng va sue khi 
khae (pH 4,0 trong ngiy len men thfl 2 v i 
pH 3,8 vio cudi qua trinh len men). 

De do nong dp dxy hda tan, thie't hi do 
dfldc ehuan vdi khdng khi. Dieu kien kiem 
chflng khdi ddng vdi 100% O2 hda tan, ndng 
dp niy giam ve 0% sau 4h len men. Cic dieu 
kien Hj va He khdi dpng vdi 0% O2 hda tan 
va dieu kien O2: 400%, cac gii tri n iy khdng 
ddi trong sud't qu i trinh len men. 

2.4. Ghi nhan so' l ieu 

Cie dien cflc do nhiet dp, pH (405-
DPAS-SC K8S/200, Mettler Toledo SARL, 
Paris, France), Eh (Pt 4805-DPAS-SC 
K8S/200, Mettler Toledo SARL, Paris, 
France) v i dxy hda tan (InPro 
6100/1200/T/N, Mettler-Toledo SARL, Paris, 
France) ciia tflng binh len men trong he 
thd'ng len men nhieU binh BIOSTAT Q (B. 
Braun Biotech International, Melsungen, 
Germany) dfldc ke't nd'i vdi bp ghi n h i n cho 
phep theo ddi ddng thdi va hien thi cac gia 
tri nhiet dp, pH, the dxy hda khii do (Em, 
mV) va nong dp O2 hda tan cua mdi trfldng 
trong sud't qu i trinh len men. Toan bp h^ 
tho'ng dfldc ke't nd'i vdi miy tinh va phan 
mem MFCS win 2.0 (B. Braun Biotech 
International, Melsungen, Germany) cho 
phep ghi lai tfl dpng cic gii tri tren theo thdi 
gian trong sud't qua trinh len men. 

Dua tren gi i tri dien cUc chuan (Eref) d 
nhiet dp len men (Eref = 205 mV), gii tri 
dien eilc do dfldc (Em, so vdi dien cflc 
Ag/AgCl) dfldc chuyen thanh gi i tri Eh (the 
dxy hda khii, so vdi dien cUe hydro. Eh = Em 
-I- Eref). Tfl md'i tfldng quan gifla pH va Eh 
thed phfldng trinh Nernst, Eh se dfldc quy 
t h inh Eh tai pH 7 (Eh^) theo phUdng trinh 
Eh, = Eh -a X (7 - pHx), trong dd a la he so' 
tUdng quan Eh - pH dfldc xic dinh b ing 
thiie nghiem la 41, 52, 59, 42 tfldng flng lan 
Ifldt vdi cic dieu kien kiem chflng, Hj, He va 
O2; pHx la gia tri pH ciia mdi trfldng. 

2.5. Xac dinh nong do cac loai difofng bang 
HPLC 

Cic miu canh trfldng dfldc ly tam d 4^0 -
5000 g trong 10 phut v i dich trong thu dupe 
dung de xac dinh nong dp dUdng trong dich 
len men. Cac loai dfldng cd kha n ing len men 
dfldc (maltose, glucose, fructose, maltotriose) 
dfldc xic dinh bang he thd'ng sic ky long eao 
i p HPLC (Merck, France) vdi cdt s ic ky 
Aminex HPX 87H (Biorad, France). Cdt sic 
khi dUde chay b 65°C vdi dung dich HjSO^ 
0,5 mmol/1 vdi Iflu lifdng 0,6 ml/p. Thie't bi 
phat hien la khuc xa ke Bischoff IR 8110. 

3. KET QUA VA THAO LUAN 

3.1. Anh hifdfng cua viec sue khi de'n thay 
doi pH va Eh trong qua trinh len 
men bd'i Saccharomyces cerevisiae 

Thay dd'i cua pH trong sud't qu i trinh 
len men l i tfldng tii nhau trong cic dieu kien 
khae nhau (Hinh la). Tren thfle te, neu 
khdng dieu chinh pH thi trong dieu kien sue 
O2, pH giam nhanh chdng trong vdng 3 ngiy 
dau tfl 5,2 de'n 3,0. Sfl giam pH nay dan de'n 
ty le ehet cua ni'm men t i ng manh (so' lieu 
khdng bieu dien). Do dd, de dam bao t ing 
trfldng ciia nam men trong dieu kien sue O2, 
pH eiia moi trfldng dfldc dieu chinh de cd 
dien bie'n tfldng tfl nhfl cie dieu kien len 
men khic (xem mue Vat lieu v i phfldng 
phip). 
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Thoi gian len men (ngay) Thoi gian len men (ngay) 

Hinh 1. Bien doi cua pH (a) va Eh, (b) trong qua trinh len men 
cua Saccharomyces cerevisiae BRAS291 trong cac dieu kien sue khi khac nhau: 

hydro ^); heli p); oxy <^); khong sue khi (•) 

Sd'lieu bieu dien trung binh cua 3 thi nghiem lap lai ddc lap. Sai so'khdng dfldc bieu diin tren do 
thi de tranh sU rfldm ra. Sai so'ldn nha't quan sat dflpe vdi pH la 0,1 ddn vi pH va vdi Eh, la 29 mV 

Nhin ehung, pH giam manh trong hai 
ngiy dau cua qu i trinh len men, tfl 5,2 de'n 
khoang 3,8 - 4,0 v i sau dd dn dinh de'n cud'i 
qua trinh len men. Dien bie'n nay phu hdp 
vdi dien bien ciia pH trong nhflng qu i trinh 
len men bia thdng thfldng (Moll, 1991). Sfl 
giam pH dfldc giai thich la do sfl hinh thanh 
CO2 va mdt lfldng ldn eic axit hflu cd trong 
qui trinh len men, sfl tieu thu cic ion 
phosphate trong con dfldng dfldng phin, tieu 
thu cic ion NH.,* va ions K* va sfl giai phdng 
cac ion H+ ra mdi trfldng cflng hang loat cie 
bie'n ddi eiia cic axit amin d in de'n giai 
phdng glutamate and NH4* ra mdi trfldng 
(Kunze, 1996). Nhfl viy, vdi dieu kien kiem 
chflng, viee sue Oj da anh hiidng manh den 
pH ngoai bio trong khi Hj va He khong anh 
hfldng de'n dien bie'n pH ciia S. cerevisiae 
BRAS291. 

Dd'i vdi Eh, Hj (tic nhan khii) and O2 
(tie nh in dxy hda) eho phep tao ra v i gifl Eh 
on dinh trong sud't qua trinh len men: -385 
mV vdi H, va +515 mV vdi Oj (Hinh lb). 
Trong dieu kien kiem chflng, Eh giam manh 
sau ngay dau tien tfl khoang -f 500 mV xud'ng 
khoang -175 mV va sau dd giam tfl tfl eho 
de'n eud'i qui trinh len men (dat xi'p xi -128 
mV). Dien bie'n tfldng tfl dfldc ghi n h i n vdi 

dieu kien He: Eh, giam tfl -f383 mV de'n -195 
mV sau 2 ngiy dau len men va sau dd giam 
tfl tfl v i dat de'n +40 mV vao cud'i qui trinh 
len men. Nhil vay, 3 mfle the dxy hda khii da 
dfldc tao ra (i) mdi trfldng dxy hda manh vdi 
O2: +515 mV; (ii) mdi trfldng khfl manh vdi 
Hj: -385 mV; va (iii) moi trUdng tfl khii nhe 
vdi dieu kien kiem chflng de'n xap xi trung 
tinh vdi He: (-195) - (+40) mV. 

Ke't qua nay tfldng tfl nhflng ke't qua cua 
Roustan v i Sablayrolles (2003) nh in dfldc 
trong qu i trinh len men rfldu vang bdi 
Saccharomyces cerevisiae Kl ICV-INRA 
trong dieu kien bd sung hoic khdng bd sung 
ferricyanide. Eh (+400 mV b dieu kien bd' 
sung ferricyanide v i +70 mV d dieu kien 
kiem chflng) giam lien tue trong pha tang 
trfldng (trong khoang 35 h len men) va sau 
do o'n dinh cl khoang gi i tri (-100) - (-150) 
mV trong dieu kien bd sung ferricyanide va 
khoang (-220) - (-250) mV trong dieu kien 
kiem chflng de'n het qu i trinh len men. Mdi 
day, Husson va cs. (2006) da quan s i t thi'y 
khi nudi ci'y ni'm men Yarrowia lipolytica 
trong dieu kien bd sung ferricyanide hay 
khdng, Eh giam trong vdng 12 h len men, 
sau dd d'n dinh va t i ng nhe vio eud'i qua 
trinh len men. Cd che thay dd'i Eh trong mdi 
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trfldng nudi ci'y vi sinh v i t v in chfla dUde 
l im s ing to. Tuy nhien, sfl giam Eh ed the do 
ni'm men tieu thu dxy hda tan trong mdi 
trfldng, dong thdi td'ng hdp v i giai phdng ra 
mdi trfldng eac hdp chat khfl nhfl sulphite 
(Hoon Park, 2000; Ouvry & es., 2002). Hien 
tfldng Eh d'n dinh trong dieu kien He v i 
khdng sue khi cd the l i ke't qua cua can bang 
eie dang khii va dang dxy trong mdi trfldng. 
Hien tfldng tang nhe ciia Eh vao cud'i qua 
trinh len men cd the do sfl giam trao ddi cha't 
v i ni'm men b i t dau tfl ph in (Jacob, 1970). 

3.2. Anh hifd'ng cua viec sue khi va the 
oxy hoa khui den t ieu thu difdng cua 
Saccharomyces cerevisiae 

Do maltose l i cd chi't caebonhydrate 
chinh trong mdi trfldng len men (chie'm 
82.5% dfldng tdng) nen dien bie'n tieu thu 
dfldng td'ng dfldc quye't dinh bdi maltose. Cae 
ke't qua trinh bay trong phan n iy tap trung 
chii ye'u vio maltose va diidng tdng (Hinh 2). 

Cie dUdng ddn dUde ni'm men tieu thu 
hoin toin sau 3 de'n 4 ngay len men trong 
mpi dieu kien (sd'lieu khdng bieu dien). Trong 
dieu kien Oj (+515 mV), nong dp maltose 
giam nhe trong vdng 5 ngay dau de'n 17% so 
vdi ndng dp ban dau va gifl khdng dd'i de'n het 
qua trinh len men. Trong khi dd, lfldng 
maltose tieu thu trong mdi trUdng H, (-385 
mV) va He (-195) - (+40) mV cao hdn so vdi 
dieu kien kiem chflng (-175) - (-128) mV. Sau 
13 ngiy len men, 86% maltose dfldc tieu thu 
trong mdi trUdng Hj v i He so vdi 72% trong 
dieu kien kiem chflng (Hinh 2a). Dien bie'n 
tfldng tfl ciing dfldc quan s i t tha'y vdi 
matotriose (so' lieu khdng bieu dien). Td'ng 
cong, ni'm men tieu thu 89% dfldng tdng so' 
trong dieu kien Hj (mdi trfldng khii manh) v i 
He (mdi trfldng khii nhe de'n trung tinh) so 
vdi 76% trong dieu kien kiem chflng (mdi 
trfldng khii nhe). O dieu kien O2 (mdi trfldng 
dxy hda manh), chi ed 29% lfldng dfldng td'ng 
so'ban dau diidc tieu thu (Hinh 2b). 

4 6 8 10 12 
Thoi gian len men (ngay) 

14 2 4 6 8 10 12 
Thai gian len men (ngay) 

14 

Hinh 2. Tieu thu maltose (a) va difoTng tong sô  (b) trong qua trinh len men bdi 
Saccharomyces cerevisiae BRAS291 trong cac dieu kien moi trifdfng khac nhau: 

hydro p); heli fO); oxy (^; khong sue khi (î . 

Sd'ligu biiu dien gia tri trung binh va sai so'tfl 3 thi nghiem lap lai dpe lap 

323 



Anh hu'O'ng cua viec thay doi moi tru'O'ng oxy hoa khu' bang sue khi den tieu thu du'O'ng a nam men bia... 

Nhieu nghien eflu ve tieu thu dfldng d 
ni'm men v i t i p trung ehii ye'u vao glucose 
va maltose (Lagunas, 1993; van Dijken v i 
es., 1993; Weusthuis va es., 1994 a,b; 
Brondijk v i es., 2001). O ni'm men, cic 
dfldng ddn nhfl glucose va fructose dUde van 
chuyen vao te bio nhd ehenh lech ndng dp 
dfldng trong v i ngoai te bio. Trong khi dd, 
len men maltose bdi S. cerevisiae ddi hdi 
trflde het enzyme maltose permease van 
chuyen maltose vao te' b io v i tie'p theo l i 
maltase thuy phan maltose t h inh glucose -
dfldng ed kha nang len men dfldc dd'i vdi ni'm 
men. Them vio dd, he thd'ng van chuyen 
maltose l i he thd'ng ke't hdp proton (proton-
symport) can n ing liidng trao ddi cha't de ed 
the van h inh dfldc (Lagunas, 1993). 

Trong nghien eflu ciia chung tdi, so vdi 
dieu kien khdng sue khi - mdi trfldng kh^ 
nhe, mdi trfldng tfl trung tinh de'n khii manh 
tao th inh do sue khi He hay H2 deu tao 
thu in ldi cho tieu thu maltotriose va maltose 
cua ni'm men. Ngflde lai, mdi trfldng dxy hda 
manh tao th inh do sue khi Og da fle che tieu 
thu ehung. Hien tfldng fle ehe nay cd the 
dfldc giai thich bdi sfl fle che cua O2 dd'i vdi 
enzyme maltose permease va/hoac maltase. 
Tuy nhien, gan nhfl chUa cd nghien eflu nio 
de cap de'n anh hudng ciia the dxy hda khfl 
de'n van chuyen v i tieu thu dfldng. Theo mpt 
nghien eflu ve anh hfldng eiia ndng dp dxy 
trong mdi trfldng (Weusthuis & es., 1994b), 
Iflu lfldng O2 dfldi 100 ml/phut khong anh 
hfldng de'n trao dd'i chi't eiia maltose b S. 
cerevisiae CBS8066 nhflng lai fle che len 
men maltose Candida utilis CBS 621. Hien 
tfldng mdi trfldng H2 va He cai thien kha 
ning tieu thu maltose cua ni'm men cdn 
ehfla ed ldi giai d ip . Nd cd the lien quan de'n 
sfl giam kich thflde te bio ni'm men 50% so 
vdi trong dieu kien khdng sue khi (Pham & 
es., 2008). Vi dien tieh trao dd'i gifla mdi 
trfldng ngoai v i trong te bao ting, khi kieh 
thflde te bio giam, trao dd'i chi t ciia te bao ed 
the dfldc cai thien. 

4. KET LUAN 

Nghien eflu da chi ra kha nang thay dd'i 
mdi trfldng oxy hda khfl b ing eich sii dung 
cie loai khi khie nhau nhU cae t ie nhan dxy 
hda khfl d Iflu lfldng ra't nhd (0.03 vvm): (i) 
mdi trfldng dxy hda manh vdi 0, : +515 mV; 
(ii) mdi trfldng khii manh vdi H2: -385 mV; 
v i (iii) mdi trfldng tfl khct nhe de'n xap xi 
trung tinh vdi khdng sue khi va He: (-195) -
(+40) mV. Sfl thay dd'i tieu thu dfldng bdi 
ni'm men S. cerevisiae BRAS291 bi anh 
hfldng nhieu bdi ban chi't khi sii dung hdn la 
bdi the oxy hda khii cua mdi trUdng: so vdi 
dieu kien khong sue khi - mdi trfldng khct 
nhe, td'ng lfldng dfldng tieu thu trong moi 
trfldng tfl trung tinh de'n khfl manh tao 
th inh do sue khi He hay Hj tang 13% vi 
trong mdi trfldng dxy hda manh tao th inh do 
sue khi O2 giam 47%. 
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