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TOM TAT

Muc dich ctia nghién ctru nay la xem xét anh hwéng ciia viéc thay ddi moi trweng 6xy héa khiv
bing cach suc cac loai khi khic nhau (H;, He, O, hay khong suc khi) dén sy tiéu thu co chit trong qua
trinh 1én men gian doan clia n4m men bia Saccharomyces cerevisiae BRAS 291. Cac thong sb dwoc
theo déi bao gébm pH, thé 6xy héa khir (Eh), tiéu thu cac loai dwéng (maltose, maltotriose, glucose va
fructose). Viéc suc khi da thay ddi dang ké Eh ctia méi trwng va din dén anh hwéng nhit dinh dén
tiéu thu co chét ctia nAm men, dic biét 1a tiéu thu maltose - co’ chat chinh trong qua trinh 1én men bia.

Tir khoa: Lén men bia, Saccharomyces cerevisiae, suc khi, tiéu thu dwong, thé éxy hoa khi.

SUMMARY

The purpose of this study was to investigate the impact of modification of redox environmental
(Eh) by different gases (H;, He, O, 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
consumption.

1. DAT VAN DE

Viée thay d8i cac théng s6 cia mdt qua
trinh 1én men sé dan dén nhing thay déi v&
ch&t lugng clia san phdm nhan duge. Qua
trinh trao déi chat d n&m men S. cerevisiae
bi 4nh hudng khi thay d8i pH va néng d6
acid citric (Nielsen va Arneborg, 2007) hay

lugng nitd déng héa duge trong mbi trudng
(Bohlscheid & cs., 2007). Tudng tu, mdt md
hinh déng hoc 1én men rugu vang mé ta
tuong tac nhiét dé - néng &6 nits bé sung
cling da dude xay dung dé kiém soat t6t hon
chdt lugng 1én men (Malherbe & cs., 2004).
Viée thém céc trung tdm nhéan electron ciing
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da anh hudng dén cac san pham phu cta qua
trinh 18n men rugu (Roustan va Sablayrolles,
2002). Thay déi néng dé 6xy hoa tan trong
qué trinh 1én men rugu vang lam anh hudng
dén ndng do sterol 8 nAm men S. cerevisiae
(Fornairon-Bonnefond & cs., 2003).

So véi cac thdng s6 méi trudng nhu pH,
nhiét @6, hoat dd nudc, v.v., th€ dxy hoa khi

(Eh) da dudc nghidn ciu td rat sém & vi

khudn (Andreeva va Rabotnova, 1978). Méi
day, cic nghién ctu vé thé 6xy héa khi tap
trung chi y&u vao vi khudn Escherichia coli
(Bagramyan & cs. 2000; Riondet & cs., 2000)
va vi khuén lactic (Kieronczyk & cs. 2006).

& nam men, c6 mot s& nghién ctu md ta
anh hudng cta thé& éxy héa khi d&n sinh ly
cia S. cerevisice (Cachon & cs., 2002),
Yarrowia lipolytica (Husson & cs., 2006) va
gan day nhat 1a Sporidiobolus ruinenii
(Feron & cs., 2007). Céac nghién ciu nay cho
thay, Eh méi trudng ¢6 anh hudng dén sinh
1y t& bao va do d6 din dén thay d8i qué trinh
trao 461 chat (TDC). Véi vi tri quan trong
cua S. cerevisiae trong nhiéu quy trinh san
xu#t thuc pham khac nhau (rugu, rugu vang,
banh my, v.v...), viéc danh gi4 tac dong cla
Eh mbi trudng dén qua trinh TDC cla ndm
men nay dudc dit ra nhu mot van dé hét stc
quan trong.

Mot trong nhitng k¥ thuat phd bién dé
thay d8i Eh méi trudng 1a st dung cac téc
nhan 6xy héa khi bang cac hgp chat héa hoc.
Cac tac nhan phd bign 1a dithiothreitol
(DTT), potassium ferricyanide (FeK (CN)e)
hay 2,6-dichloroindophenol (DPIP) (Roustan
and Sablayrolles, 2003; Husson & cs., 2006).
Tuy nhién, k¥ thuat nay chi phu hgp trong
phong thi nghiém, kh6 4p dung & quy mod
céng nghiép. M6t phudng phéap thay d6i Eh
mdi trudng linh hoat hon 14 st dung céc tac
nhan 6xy héa khl bing cac loai khi
(nitrogen, 6xy, hydro) (Riondet & cs., 2000;
Ouvry & cs., 2002; Alwazeer & cs., 2003;
Feron & cs,, 2007). Ky thuat nay dé& dang ap
dung 8 quy mé ¢dng nghiép.
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Moét nghién citu trude cha nhém tac gia
da chi ra céc tac dong khac nhau cla viée
thay d6i Eh méi trudng bing cac loai khi
khéc nhau dén téng trudng va hinh thai cia
S. cerevisiae (Pham & cs., 2008). Nghién ciu
ndy sé tap trung vio tac dong dén trao déi
chat 8 ndm men bia tap trung vao sy tiéu
thu dudng trong qué trinh 1én men.

2. VAT LIEU VA PHUONG PHAP
2.1. Ching nim men

Ching ndm men bia Saccharomyces
cerevisice BRAS291 (chung lén men chim)
dudc cung cdp ti bd suu tap BRAS cia Khoa
Cong nghé bia va céng nghiép thuc phim,
Trudng Dai hoc Téng hop Luvanh (Louvain),
Vuong quéc Bi. Chiing duge bdo quan g -8°C
trong dung dich glycerol 10 %, v.v...

2.2, Cac loai khi st dung

Céc loai khi nén (6xy, hydro va helium)
duge cung c&p bdi Air Liquide (France). Do
tinh khiét cta cac khi nay dat khoang
99,99%. Hydro va 0xy dudc chon tuong lng
12 hai tadc nhan khi va 6xy héa. Helium duge
chon nho tinh 6xy héa khd trung tinh va
tinh tuong ddng véi hydro vé kich thudc
phan t& va kha niang khuyéch tan (Air
Liquide, 2002).

2.3. Cac diéu kién 1én men

S. cerevisiae BRAS291 dudc nhéan gidng
trong méi truong YPGM (1% w/v yeast
extract, 05% w/v peptone, 5% w/v glucose va
5% wlv maltose) & 28C, khugy 120 v/p, nudi
cdly trong 24h. Ty 1& cdy truyén ban dau cho
1én men Ja 1 x 10° cells/ml. Mbi trudng lén
men 14 méi trudng c¢6 thanh phan hoan toan
xac dinh va tudng tu thanh phan dich dudng
malt trong san xudt bia (Pham & cs., 2008)
trong d6 thanh phén co chit cacbonhydrate
bao gom glucose:10,4 g/l, fructose: 4,6 gfl,
maltotriose: 3,5 g/l va maltose: 1155 g/l
(dudng tong: 134 g/l). Cac axit amin cling
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duge b8 sung vao méi trudng. Lén men dugc
ti€n hanh véi hé théng lén men gian doan
BIOSTAT Q 6 28°C, khudy 120 v/p, lén men
trong 13 ngay.

Ba diéu kién suc khi dugc ap dung hydro
(H,), helium (He) va 6xy (Q,). Céc khi dugc
suc lién tuc trong sudt qud trinh 1én men véi
Iuu lugng 1a 0,03 vvm (Pham & cs., 2008).
Diéu kién kiém ching 1a 1én men khéng suc
khi. Gia tri pH cua diéu kién suc O, dudc
diéu hinh nho hé théng didu chinh pH tu
dong cha hé théng BIOSTAT Q véi dung dich
NaOH 10M. Muc dich 1a 48 dat déng thai pH
trong sudt qua trinh lén men tudng tu nhu
trong cac diéu kién kiém ching va suc khi
khac (pH 4,0 trong ngay lén men thd 2 va
pH 3,8 vao cudi qué trinh 1én men).

D& do néng db 6xy hoa tan, thiét bi do
duge chudn v6i khéng khi. Didu kién kiém
chiing khdi déng v6i 100% O, hoa tan, ndng
d6 nay giam vé 0% sau 4h 1én men. Cac diéu
kién H, va He khdi déng véi 0% O, hoa tan
va diéu kién O, 400%, céc gia tri nay khong
ddi trong sudt qua trinh lén men.

2.4. Ghi nhan s6 liéu

Cac dién cuc do nhiét do, pH (405-
DPAS-SC K8S/200, Mettler Toledo SARL,

Paris, France), Eh (Pt 4805-DPAS-SC
K8S5/200, Mettler Toledo SARL, Paris,
France) wva 6xy hoa tan (InPro

6100/1200/T/N, Mettler-Toledo SARL, Paris,
France) ctia ting binh 1&n men trong hé
thdng 1én men nhiéu binh BIOSTAT Q (B.
Braun Biotech International,
Germany) dugc két ndi véi bé ghi nhan cho
phép theo ddi dong thdi va hién thi cac gia
tri nhiét d, pH, th& 6xy héa khit do (Em,
mV) va ndng d6 O, hda tan cia méi trudng
trong sudt qua trinh lén men. Toan bo hé
théng duge k&t nél véi may tinh va phéan
mém MFCS win 2.0 (B. Braun Biotech
International, Melsungen, Germany) cho
phép ghi lai tu dong céc gia tri trén theo thai
gian trong sudt qué trinh 1én men,

Melsungen,

Dua trén gi4 tri dién cuc chuén (Eref) &
nhiét d6 1&n men (Eref = 205 mV), gia tri
dién cyc do dugec (Em, so véi dién cuyc
Ag/AgCl) dugde chuyén thanh gia tri Eh (thé
6xy héa khi, so véi dién cuc hydro, Enh = Em
+ Eref). Tu méi tuong quan gitta pH va Eh
theo phuong trinh Nernst, Eh s& duge quy
thanh Eh tai pH 7 (Eh;) theo phuong trinh
Eh, = Eh -a x (7 — pHx), trong dé o 12 hé s6
tuong quan Eh — pH dudc xac dinh bing
thuc nghiém 12 41, 52, 59, 42 tuong Gng lan
lugt véi cac diéu kién kiém ching, H,, He va
0,; pHx la gia tri pH clia mdi trudng.

2.5. Xac dinh néng d6 cac loai dudng bing

HPLC

Céac miu canh trudng duge ly tam § 4°C —
5000 g trong 10 phit va dich trong thu duge
dung dé xac dinh néng d6 dudng trong dich
l1én men. Céc loai dudng c¢6 kha nang 1én men
duge (maltose, glucose, fructose, maltotriose)
dudge xac dinh bing hé théng sic ky 1éng cao
ap HPLC (Merck, France) véi cbt sic ky
Aminex HPX 87H (Biorad, France). Cot sic
khi duge chay & 65°C véi dung dich H,SO,
0,5 mmol/l véi luu lugng 0,6 ml/p. Thiét bj
phat hién 14 khuc xa k& Bischoff IR 8110.

3. KET QUA VA THAO LUAN

3.1. Anh hudng ctia viéc suc khi dén thay
d6i pH va Eh trong qua trinh lén
men bdi Saccharomyces cerevisiae
Thay déi ctia pH trong sudt qua trinh

lén men 1a tuong ty nhau trong cac diéu kién

khac nhau (Hinh 1a). Trén thuc té& néu
khéng diéu chinh pH thi trong diéu kién suc

0,, pH giam nhanh chéng trong vong 3 ngay

dau tu 5,2 dén 3,0. Su giam pH nay din dén

ty 1é chét ca ndm men ting manh (s§ lidu
khong biéu didn). Do d6, dé dam bao ting

trudng ciia ndm men trong diéu kién suc O,

pH ctia mdi trudng duge diéu chinh dé c6

dién bién tudng tu nhu cac diu kién lén
men khic (xem muc Vat liéu va phuong
phép).
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Hinh 1. Bi&én d3i ctia pH (a) va Eh, (b) trong qua trinh 1én men
ctia Saccharomyces cerevisiae BRAS291 trong cic diéu kién suc khi khac nhau:
hydro €); heli ©); 6xy ©); khong suc khi @)
S5 lidu bidu dibn trung binh ctia 3 thi nghiém 14p lai doc lap. Sai s§ khong duge biéu dién trén db
thi dé tranh sy rudm ra. Sai s6 16n nhit quan sat duge véi pH 14 0,1 don vi pH va véi Eh, 12 29 mV

Nhin chung, pH gidm manh trong hai
ngay d4u cua qua trinh 1én men, tir 5,2 dén
khoang 3,8 — 4,0 va sau d6 én dinh dén cudi
qué trinh 1én men. Dién bién nay phit hgp
v6i dién bién cta pH trong nhitng qua trinh
lén men bia thong thudng (Moll, 1991). Su
giam pH dudc giai thich 12 do sy hinh thanh
CO, va mét lugng 16n cac axit hitu co trong
qua trinh lén men, sy tiéu thu cac ion
phosphate trong con dudng dudng phan, tidu
thu cac ion NH," va ions K* va sy giai phéng
cac ion H+ ra méi trudng ciing hang loat céc
bién ddi cla cac axit amin din dén giai
phéng glutamate and NH,” ra méi truong
(Kunze, 1996). Nhu vay, véi didu kién kiém
ching, viée suc O, d4 anh hudng manh dén
pH ngoai bao trong khi H, va He khong dnh
hudng d&n dién bién pH cba S. cerevisiae
BRAS291.

Psi véi Eh, H, (tdc nhan khd) and O,
(tac nhan 6xy héa) cho phép tao ra va git Eh
én dinh trong sudt qua trinh 1én men: —385
mV véi H, va +515 mV véi O, (Hinh 1b).
Trong diéu kién kiém chiing, Eh gidm manh
sau ngay d4u tién tit khodng +500 mV xudng
khoang -175 mV va sau dé gidm tir tit cho
dén cudi qua trinh 1én men (dat x4p xi -128
mV). Dién bién tuong tu dude ghi nhan véi
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diéu kién He: Eh; gidm tlt +383 mV dén -195
mV sau 2 ngay diu lén men va sau dé giam
tit ti va dat d€n +40 mV vao cudi quéa trinh
lén men. Nhu vay, 3 mic thé& éxy héa khit da
duge tao ra (1) mdi truong dxy héa manh véi
O, +515 mV, (il) méi trudng khd manh véi
H,: -385 mV; va (iii) méi trudng tit khit nhe
v6i diu kién kiém chitng dén x&p xi trung
tinh vé1 He: (-195) — (+40) mV.

Két qua nay tudng ty nhitng két qua cla
Roustan va Sablayrolles (2003) nhan duge
trong qua trinh 1én men rugu vang bdi
Saccharomyces ICV-INRA
trong diéu kién b§ sung hosc khéng bd sung
ferricyanide. Eh (+400 mV & diéu kién bd
sung ferricyanide va +70 mV & diéu kién
kiém ching) gidm lién tuc trong pha tdng
trudng (trong khoang 35 h lén men) va sau
d6 6n dinh & khoang gia tri (-100) — (-150)
mV trong diéu kién b sung ferricyanide va
khoang (-220) - (-250) mV trong diéu kién
kiém chitng dén hét qua trinh 1&n men. Méi
day, Husson va cs. (2006) 3 quan sat thay
khi nuéi cAy ndm men Yarrowia lipolytica
trong diéu kién b8 sung ferricyanide hay
khéng, Eh giam trong vong 12 h 1én men,
sau d6 &n dinh va tang nhe vao cudi qua
trinh 1én men. Co ché thay d8i Eh trong mai

cerevisiae Kl
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trudng nuéi cay vi sinh vat vin chua dudc
lam sang t3. Tuy nhién, sy gidm Eh c6 thé do
ndm men tiéu thu 6xy hda tan trong modi
trudng, dong thdi téng hop va giai phéng ra
moéi trudng cic hgp chat khi nhu sulphite
(Hoon Park, 2000; Ouvry & cs., 2002). Hién
tugng Eh én dinh trong diéu kién He va
khong suc khi cé thé 1a k&t qué cla cin bing
cac dang khlt va dang 6xy trong mdi trudng.
Hién tudng tdng nhe ctia Eh vao cubl qua
trinh 16n men c6 thé do su gidm trao ddi chét
va ndm men bit ddu tu phan (Jacob, 1970).

3.2. Anh hudng cha viéc suc khi va thé
6xy hoa khit dén tiéu thu dudng cua
Saccharomyces cerevisiae

Do maltose 1a co chat cacbonhydrate
chinh trong mdi trudng lén men (chiém
82.5% dudng tdng) nén din bién tiéu thu
dudng téng dude quydt dinh bdi maltose. Cac
k&t qua trinh bay trong phin nay tip trung
cht y&u vao maltose va dudng téng (Hinh 2).
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Cac dudng don duge ndm men tiéu thu
hoan todn sau 3 d&n 4 ngay lén men trong
moi diéu kién (s8 liéu khong biéu dién). Trong
diéu kién O, (+515 mV), néng d6 maltose
giam nhe trong vong 5 ngay ddu d&n 17% so
v8i ndng d6 ban ddu va giit khong d6i dén hét
qua trinh 1én men. Trong khi d6, lugng
maltose tiéu thu trong méi truong H, (-385
mV) va He (-195) — (+40) mV cao hdn so véi
didu kién kiém ching (-175) — (-128) mV. Sau
13 ngay lén men, 86% maltose dudc tiéu thu
trong méi trudng H, va He so véi 72% trong
diu kién kiém ching (Hinh 2a). Dién bién
tuong tu cling dugec quan sat thay véi
matotriose (s§ lidu khéng biéu dién). Téng
cdng, ndm men tidu thu 89% dudng tdng s&
trong diéu kién H, (mdi trudng khi manh) va
He (méi trudng khit nhe dén trung tinh) so
v6i 76% trong didu kién kiém ching (méi
trudng khit nhe). O diéu kién O, (méi trudng
6xy héa manh), chi c6 29% lugng dudng téng
s6 ban dau dude tidu thu (Hinh 2b).
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Hinh 2. Tiéu thu maltose (a) va dudng t(';ng s6 (b) trong qua trinh 1én men béi
Saccharomyces cerevisice BRAS291 trong cac diéu kién méi trudng khac nhau:
hydro ); heli ©); 6xy @®; khéng suc khi (.

S8 'ligu biéu dién gia tri trung binh vA sai s§ t 3 thi nghiém 1ap lai doc 1ap
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Nhiéu nghién cdu vé tiéu thu dudng &
nim men va tap trung chl yéu vao glucose
va maltose (Lagunas, 1993; van Dijken va
cs, 1993; Weusthuis va cs, 1994 ab;
Brondijk va cs., 2001). G nfm men, cac
duong don nhu glucose va fructose duge van
chuyén vao t& bao nhd chénh léch néng do
dudng trong va ngoai t&€ bao. Trong khi dé,
lén men maltose bdi S. cerevisiae ddi hoi
trudc hét enzyme maltose permease vin
chuyén maltose vao t& bao va tiép theo l1a
maltase thuy phadn maltose thanh glucose —
dudng c6 kha nang 1én men duge déi véi ndm
men. Thém vao d6, hé théng van chuyén
maltose 1a hé théng két hgp proton (proton-
symport) cAn nang lugng trao d&i chat dé cé
thé van hanh duge (Lagunas, 1993).

Trong nghién clu cha chung tdi, so véi
diéu kién khéng suc khi — méi trudng khu
nhe, mbi trudng ti trung tinh dén khi manh
tao thanh do suc khi He hay H, déu tao
thuan lgi cho tiéu thu maltotriose va maltose
ciia ndm men. Ngugc lai, moi trudng 6xy héa
manh tao thanh do suc khi O, d& {c ché& tiéu
thu ching. Hién tugng Gc ch& nay c6 thé
dugc giai thich bdi sy de ché& chua O, d6i véi
enzyme maltose permease va/hoic maltase.
Tuy nhién, gan nhu chua ¢é nghién ctu nao
dé cap dén anh hudng cha th& 6xy héa khu
d&n van chuyén va tiéu thu dudng. Theo mdt
nghién cGu vé anh hudng ctia ndng d6 oxy
trong moéi truong (Weusthuis & cs., 1994b),
luu lugng O, dudi 100 mlUphit khéng anh
hudng dén trao ddi chat cia maltose & S.
cerevisiae CBS8066 nhung lai Uc ch& lén
men maltose Candida utilis CBS 621. Hién
tugng méi trudng H, va He cai thién kha
niang tiéu thu maltose cia nim men con
chua c6 151 giai dap. N6 ¢6 thé lién quan dén
su gidm kich thuéc t&€ bao ndm men 50% so
véi trong didu kién khéng suc khi (Pham &
¢s., 2008). Vi dién tich trao déi gilia moi
trudng ngoai va trong t& bao ting khi kich
thude t& bao gidm, trao ddi chat clia t& bao ¢
thé dude cai thién.
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4. KET LUAN

Nghién citu da chi ra kha nang thay doi
mdi trudng 6xy héa khi bing cach s dung
cc loai khi khac nhau nhu cac tac nhan 6xy
héa khi & Iuu lugng rat nhé (0.03 vvm): (1)
mdi trudng 6xy héa manh véi Oy +515 mV;
(i) mdi trudng khi manh véi Hy: -385 mV;
va (i) mdi trudng ti khit nhe dén x8p xi
trung tinh véi khdng suc khi va He: (-195) -
(+40) mV. Sy thay déi tiéu thu dudng béi
nim men S. cerevisiee BRAS291 bi 4nh
hudng nhiéu bdi ban chat khi st dung hon la
bdi thé 6xy héa khit cia méi trudng: so véi
didu kién khéng suc khi — méi trudng khu
nhe, tdng lugng dudng tidu thu trong méi
trudng tu trung tinh dén khi manh tao
thanh do suc khi He hay H, tang 13% va
trong méi trudng 6xy héa manh tao thanh do
suc khi O, gidm 47%.
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