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Tém tit

V6 trdi ca cao (trén 40% cellulose) la mét trong nhitng nguon phé pham trong san xudt nong
nghiép va co thé duwoc tin dung trong san xudt ethanol sinh hoc. Muc tiéu ciia nghién curu nham ddanh
gid kha ndng lén men ethanol tir nguon dich thity phdn va xdc dinh cdc diéu kién lén men véi nam men
Saccharomyces cerevisiae. Két qua cho thdy qud trinh lén men bdang ching ndm men Saccharomyces
cerevisiae VVD3 thu dLm’c 5,1 4% (v/v) ethanol va hiéu sudt tiéu thu duong dén 97,66% voi cdc diéu
kién dwoc xdc dinh: mdt sé giong chiing 10° té bao/ml, ham lm)’ng d‘u"ang khwr 8,62% (w/v) va pH 5,5 o
nhiét do 30-32°C trong 7 ngay lén men. Két qua dat dwoc cho thdy tiém nang iing dung trong san xudt
ethanol sinh hoc tir nguén phé pham néng nghiép la vé trdi ca cao.

Tur khoa: cellulose, dich thuy phdn vo ca cao, lén men ethanol, Saccharomyces cerevisiae.

1. Pit van dé

Bioethanol hay nhién li¢u sinh hoc la mét loai
nhién liéu kha mdi ngay cd véi nhiing nudc tién
tién di dau trong cong nghé san xuat nhién lidu sinh
hoc ma tiéu biéu 1a Brazil va Hoa Ky. San xuét
bioethanol doi hoi khit khe vé yéu cau k¥ thuat
cling nhu ngudn nguyén liéu dau vao. O Viét Nam,
dé dam bao duoc gia thanh san xuat 6n dinh va co
tinh canh tranh, cic nha san xuét xang sinh hoc
dang tim kiém va str dung ngudn nguyén liéu dau
vao ré hon va phong phii hon so v&i nguén nguyén
liéu dang dugc str dung hién nay la khoai mi va cac
loai nong san khac chira nhiéu carbohydrate. Str
dung nguyén li¢u giau cellulose 1a mét giai phap
dang duoc hudng dén dé tranh viéc canh tranh véi
ngudn lwong thye cua con ngudi [2].

Bioethanol hién nay c6 thé dugc san xuét tir
ngudn nguyén liéu chira dudng cé thé 1én men
truc tiép nhu mia, cu cai duong, bép. .. hodc tir cac
ngudn nguyén liéu 1a sinh khéi tir thyc vat nhu rom
ra, bd mia, bot gd... Cac ngudn nguyén liéu chia
cellulose s& 1a nhitng ngudn nguyén liéu co thé tai
tao va rat da dang trong san xuat nhién liéu sinh
hoc, hoa chit va polymer [9]. Tuy nhién, viéc dinh
huéng nguyén li¢u la cellulose gap kho khan vé van
d8é kinh té va k¥ thuat. Ngoai cac ngudn nguyén
liéu pho bién hién nay 1a rom ra hay ba mia, vo

) Ctr nhén, Vién Nghién ciru va Phat trién Cong nghé Sinh
hoc, Truong Pai hoc Can Tho.

" Vién Nghién ctru va Phat trién Cong nghé Sinh hoc,
Truong Pai hoc Can Tho.

trai ca cao (chura hon 40% cellulose) cling 1a mot
ngudn nguyén lidu dugce quan tim [8]. Ngoai ra, véi
khuynh huéng phat trién cdy ca cao nhu hién nay
& Viét Nam thi luong vo trai thai ra s& rat 10n, viéc
ung dung trong 1én men vo trai ca cao khong chi
tan dung triét dé hon loai phé pham nay ma con gop
phan giai quyét dé giam luong thai ra méi truong.

V6i nhitng 1y do néu trén, huéng nghién ciru
nay dugc thyc hién véi mong muon san xudt thanh
cong ethanol tir ngudn phé pham vo tréi ca cao.
Muc tiéu cu thé cua nghién ctru la xac dinh cac diéu
kién 1&n men ethanol tir dich thuy phan vo trai ca
cao voi chiing nam men Saccharomyces cerevisiae.

2. Nguyén vit liéu va phuwong phap nghién ciru

2.1. Nguyén vat li¢u

Dich vo tréi ca cao dugc chuén bi bang phuong
phép thity phan véi dung dich acid HCI ndng d6 0,75
M 6 90°C trong thoi gian 8 gid va dich thuy phan
thu dugc c6 chira 8,62% (w/v) dudng khir [7]. Bén
chung niammen S. cerevisiae (YB3K, VVD3, BKb4
va 2.1) duoc luu trir tai Vién Nghién ctru va Phat
trién Cong ngh¢ Sinh hoc, Truong Pai hoc Can Tho.

Héa chét va thudc thir: acid citric 10%, NaOH
2%, HCl, H,SO,, HNO,, dung dich DNS (NaOH
tinh khiét, ac1d d1n1trosallcyllc kali natri tartrate)
va dung dich dichromate (7,5 g K,Cr,O, trong 250
ml H,SO, 5 M). Dung dich DNS va dlchromate
duoc truf trong chai nau, giir kin bang paraffin va
trir & nhiét 6 4-5°C.

2.2. Phwong phap nghién ciru

2.2.1. Anh hwéng cia ching nam men va mdt
s6 giong ching dén qud trinh 1én men
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Muc dich nhim xé4c dinh chung nim men va
mat sd giéng ching thich hop cho qué trinh 1én men
dich thiy phan vo trai ca cao. Thi nghiém duoc bd
tri hoan toan ngau nhién, 3 1an lap lai, v6i 4 ching
ndm men S. cerevisiae (YB3K, VVD3, BKP4, 2.1)
va 4 nong do giong chung ban dau (102 10%, 10°,
107 té bao/ml).

N4am men dugc nudi ting sinh trong moi
truong YPD (1% yeast extract, 2% peptone, 2%
glucose) dén khi mat s6 té bao nAm men dat 108 té
bao/ml. St dung 99 ml dung dich thuy phan vo ca
cao (ham luong duong khtr 8,62% (W/V)) trong binh
tam giac 250 ml dd duoc thanh tring bang NaHSO
(140 mg/1) trong 30 phut. Chung 1 ml dich nam
men di nudi cdy va xac dinh mat sé té bao nim
men bang phuong phap dém truc tiép trén budng
dém héng cau. Qua trinh 1én men duoc thuc hién
trong diéu kién ky khi (day bang waterlock) & 30°C
trong 5 ngay. Két thiic 1én men, xac dinh ham luong
ethanol va lwong duong duoc tiéu thy dé tinh toan
hiéu suat sir dung duong trong qua trinh 1én men.

2.2.2. Anh hudng cia nong dé dwong va pH
dén qud trinh 1én men

Thi nghiém duoc tién hanh dé xac dinh anh
huéng cia ndng do duong va pH ban dau trong
dich 1én men dén qua trinh 1én men ethanol. Thi
nghiém duoc bd tri hoan toan ngau nhién vai 3 1an
lap lai, trong d6 ndng d6 duong dugce bb tri voi 4
muc d6 (5,0; 6,0; 7,0; 8,62% w/v) va 4 miac pH
(4,5;5,0;5,5; 6,0). Cac budc thi nghiém duoc thuc
hién tuong ty nhu trén véi chiing ndm men va mat
s6 d3 duoc xac dinh.

2.2.3. Anh huong ciia nhiét @ va thoi gian
dén qud trinh 1én men

Muc tiéu nham xéc dinh nhiét do va thoi gian
1én men thich hop. Thi nghiém dugc bé tri hoan toan
ngau nhién véi 3 1an 1p lai, nhiét d6 1én men duoc
thuc hién ¢ 25°C, 30-32°C (nhi¢t do mdi truong) va
37°C trong thoi gian 3, 5, 7 va 9 ngay. Cac budc thi
nghiém duoc tién hanh trong tu voi cac théng sb da
duoc xac dinh tir cac thi nghiém trén.

2.2.4. Phurong phdp phdn tich va xir 1y s6 liéu

Ham lugng dudong khir dugce phan tich thong
qua phan trng véi acid dinitrosalicylic (phuong
phéap DNS) [1]. Ham lugng ethanol dugc xac dinh
bang phan tng véi thude thir dichromate [10].

78

Sé liéu duoc xir Iy bang phin mém Microsoft
Excel 2010 (Microsft Corporation, USA). Két qua
phan tich phuong sai va kiém dinh LSD sir dung
phin mém Statgraphics Centurion XV (Manugis-
tics Inc., USA).

3. Két qua va thao luin

3.1. Két qua anh huong ciia chiing nAm men
va mit s6 gidng chiing

Két qua ¢ Bang 1 cho thiy hiéu suit tiéu thu
duong ciia ca 4 loai ndm men déu tang khi mat s
gidng chung tang, nhin chung hiéu suét 1én men
la kha cao, khoang 92,68-95,53%. Khi mat s6 ban
dau 1a 10? té bao/ml, ham lugng ethanol sinh ra tir
4 ching S. cerevisiae déu rat thap (1,51-1,65% v/v)
va khong khac biét c6 ¥ nghia théng ké voi do tin
cdy 95%. Truong hop nay duoc giai thich rang khi
mat sb gidng ching qua thip, nAm men can nhiéu
thoi gian cho phat trién sinh khéi dén mat sb yéu
cau cho qua trinh 1én men ciing nhu s& 1am t6n that
ngudn nguyén lidu cho qua trinh nay nén hiéu qua
1én men kém [3].

Béir}g 1. Anh hu"(")’ng ciia chiing nim men va m{lt’sé
giong chiing dén ham luwgng ethanol va hiéu suat
tiéu thu dwong

Nhan t6 Chi tiéu theo doi
STT Chiing Mat sb Ethanol Hiéu suit
nim men (té bao/ml) & 20°C (%)
(% vIv)
1 YB3K 10 1,551 92,93 ik
2 YB3K 10 2,220 94,02 feh
3 YB3K 100 3,86¢ 94,32 cfe
4 YB3K 107 3,39¢ 94,59 ¢
5 VVD3 10 1,651 94,34 <
6 VVD3 104 2,73 ¢ 94,79 cde
7 VVD3 100 4,70 ¢ 95,29 sbe
8 VVD3 107 4,03 ¢ 95,53 ¢
9 2.1 10 1,511 93,56 "
10 2.1 104 2,49 ¢ 94,55 &
11 2.1 100 427° 94,95 bed
12 2.1 107 393¢ 95,35 ®
13 BKD4 102 1,641 92,68 ¢
14 BKD4 10* 1,92 93,24 i
15 BKD4 100 3,18¢ 93,08 ¢
16 BKD4 107 2,86° 94,55 ¢t

Ghi chii: Trong cling mot cét, cde gid tri co cing chit cdi thé hién
sw khdc biét khong co y nghia thong ké o do tin cdy 95%.

Khi mat so t€ bao nam men tang dén 10* va
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10° té bao/ml, kha nang 1én men tao ethanol cua 4
chung S. cerevisiae c6 sy khac biét ¥ nghia vé mat
thdng ké vai do tin cay 95%. Trong khoang mat s6
nay, kha nang sinh ethanol ctia chung S. cerevisiae
VVD3 la 2,73-4,70% (v/v), cao hon 3 chiing con
lai (1,92-4,27% v/v) & tat ca cac ndong do chung
gidng tuong tng.

Ham lugng ethanol cao nhat dat 4,70% (v/v)
v6i chung S. cerevisiae VVD3 va mat sb 10° té
bao/ml, hiéu sut tiéu thu duong khir dat 95,29%.
Tuy nhién, sy giam néng do ethanol sinh ra khi
& mat s giong chung 1a 107 té bao/ml da duogc
ghi nhan & ca 4 chung nim men. Nguyén nhan 1a
do mot phan duong da dugc sir dung dé gia ting
sinh khéi ¢ giai doan dau thay vi san sinh ethanol,
mic di ¢3 & mat s6 ndAm men cao tuy nhién ching
van str dung mot phan cho qua trinh phat trién va
phan chia té bao.

Tom lai, trong 4 ching S. cerevisiae thu
nghiém véi dich thuy phén ca cao, ching nim
men S. cerevisiae VVD3 véi mat sé gibng chung
14 10° té bao/ml duoc lya chon, ham luong etha-
nol dat 4,70% (v/v) va hiéu suat tiéu thu duong
1a 95,29%.

3.2. Két qua anh huwdng ctia nong do duwong
va pH ban dau

Két qua thong ké cho thiy anh huong ciia ndng
d6 duong va pH ban dau dén ham lugng ethanol
sinh ra c6 khac biét y nghia théng ké véi do tin cay
95% (Bang 2). Nhin chung, khi ham lugng duong
khir ban dau ting thi luong ethanol duoc sinh ra
cling tang theo. Trong qua trinh 1én men ethanol,
glucose dong mot vai tro rat quan trong, 13 loai
duong 1y tuong cung cip ngudn carbon cho qua
trinh sinh truong va phat trién cia ndm men [3].
Gia tri pH trong dich 1én men c¢6 anh huong dén
hoat tinh ctia nAm men do lam thay ddi dién tich
céc chit ciia vo té bao, lam ting hodc giam mirc
d6 thdm thau cac chat dinh dudng va chiéu huéng
1én men. Két qua cho thdy pH cua dich 1én men
giam khi két thiic 1én men trong khoang 4,22-5,68,
tuong d6i véi khoang pH thich hop cho qua trinh
1én men, pH 4,5-5,5 [6]. Su thay ddi pH sau 1én
men 1a do ndm men da sir dung dudng trong moi
truong, dong thoi san sinh ra CO, va mot s6 acid
hiru co [3].

Bang 2. Anh huéng twong tic giira lwong dwong khir
va pH ban dau dén qua trinh 1&n men ethanol

Nhin tb Chi tiéu theo ddi
STT D]l:l?; g pH Ethanol pH Hiéu suit
(% WiV) (% viv) (%)
1 5,0 4,5 Le2m 425! 92,77 ¢
2 5,0 5,0 2,29+t 4,571 93,17
3 5,0 5,5 2,37"h 522f 93,43 fe
4 5,0 6,0 0,76 5,56°¢ 91,58 "
5 6,0 4,5 2,047 422m 93,46 '
6 6,0 5,0 3,02°F 4,571 93,66 '
7 6,0 5,5 3,43¢ 5,26¢ 94,31 o
8 6,0 6,0 1,751 5,60° 93,81 <f
9 7,0 4,5 2,58¢ 425! 94,04 &f
10 7,0 5,0 3,63¢ 4,67 94,25 ot
11 7,0 5,5 4,04 ¢ 5,26°¢ 95,88 ®
12 7,0 6,0 1,89« 5,68 ° 95,01 bed
13 8,62 4,5 2,99F 432k 95,18
14 8,62 5,0 435¢ 4,347 95,57°
15 8,62 5,5 4,720 4,70 96,75 ®
16 8,62 6,0 2,191 5,344 95,13 b

Ghi chu: Xem Bang 1.

Két qua 6 Bang 2 cho thy khi ndng do duong
khtr ban dau thap (5,0-6,0% w/v) va pH 6,0 thi
kha nang sinh truong va phat trién cta nAm men
rat han ché, dan téi viée san sinh it ethanol hon
(chi dat 0,76-1,75% v/v) so v&i cac nghiém thirc
c6 nong d6 duong 7,0% (w/v) va 8,62% (w/v) va
pH trong khoang 4,5-5,5 (2,58-4,72% v/v). Lugng
ethanol sinh ra thap cling dugc ghi nhan d6i véi cac
nghiém thtrc ¢6 pH 4,5; mac du mot vai nghiém
thirc c6 nong do duc‘)rng ban dau 7,0-8,62% (w/v)
nhung do pH giam xuong dudi mirc thich hop cho
nam men phat trién (<4,5) nén hiéu qua 1én men
ethanol van khong cao (2,58-2,99% v/v) va hi¢u
suét tiéu thy duong trong khoang 94,04-95,18%.
Céac nghiém thuc cho lugng ethanol san sinh cao
phai ¢am bao 2 yéu td bao gdbm ndng do duong
ban dau 7,0-8,62% (w/v) va pH 5,0-5,5. Nghiém
thirc voi ndng d6 duong 1a 8,62% (w/v) (dich thuy
phén khong pha loang) va pH 5,5 thu dugc lugng
ethanol cao nhat (4,72% v/v), hiéu suit dat 96,75%
va co khac biét y nghia voi do tin cdy 95% so voi
cac nghiém thirc con lai.

3.3. Két qua anh hwéng cia nhiét do va
thoi gian 1én men

Mot trong nhitng nhén t6 quan trong c¢6 anh
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hudng dén hoat tinh ciia ndm men la nhiét do trong
qué trinh 1én men. Két qua thi nghiém cho thiy
chung S. cerevisiae VVD3 c6 kha nang 1én men
ethanol t&t & nhiét ¢ 30-32°C, lugng ethanol sinh
ra cao hon va c6 khac biét ¥ nghia thong ké véi do
tin cay 95% so véi cac nghiém thuc tuong Gng &
cung nhiét d6 (ham lugng ethanol cao nhét 1an luot
1a 4,40%, 5,14% va 3,71% (v/v) & 25°C, 30-32°C
va 37°C (Bang 3). )
Béang 3. Anh huwéng ciia nhiét d§ va thoi gian dén
qua trinh 1én men
Nhin tb Chi ti¢u theo déi

STT  Nhigtdp Thoigian  C0amo0 pien sudt
©0) (ngay) 2re (%)
(% vIv)
1 25 3 1,77+ 87,36
2 25 5 3,78 94,117
3 25 7 440°¢ 96,42 ¢
4 25 9 431°¢ 97,13 ¢
5 30-32 3 2,05 87,69
6 30-32 5 467" 96,88 ¢
7 30-32 7 5,14 97,66
8 30-32 9 5,04 98,36 *
9 37 3 1,72 82,01 &
10 37 5 2811 90,27
1 37 7 3,71 92,80 ¢
12 37 9 3.63¢ 96,79 ¢

Ghi chu: Xem Badng 1.

O nhiét d6 37°C, kha nang 1én men etha-
nol ¢6 khuynh hudng giam, cho thiy chung S.
cerevisiae VVD3 bi anh huong nhiéu boi nhiét
d6 1én men. Diéu nay duoc giai thich 1a do nhiét
d6 c6 anh huéng dén kha ning hoat dong cua
cac loai enzyme xuc tac qua trinh chuyén hoa va
trao ddi chat trong té bao ndm men [3]. Ngoai
ra, qua trinh 1én men & nhiét d cao ciing tao ra
nhiéu san pham phu 1am t6n that luong ethanol
sinh ra [4]. Nhu vay, nhié¢t d¢ 1én men ¢ 30-32°C
cho thay thich hop hon trong ba murc nhiét do
khao sat va nhiét d6 nay duoc b tri theo diéu
kién nhi¢t d0 moi truong ty nhién nén s€ giam
duoc chi phi trong san xuét thyc tién.

DPé ¢o thé théy dugc muc do anh hudéng cua

thoi gian dén luong ethanol sinh ra mét cach cu thé,
can luu ¥ rang hé 1én men trong thi nghiém nay 1a
hé kin va méi trudng 1én men & dang long; didu
d6 c6 nghia 1a c6 sy ton tai ciia pha sinh truong va
pha san xudt theo thir tu trudc sau twong tmg. Theo
Luong Pirc Pham [3], trong pha sinh truong, luong
dinh dudng bj tiéu hao nhdm phuc vu cho sinh san
va phat trién ting sinh khdi; luc nay, ethanol sinh
ra chwa nhiéu. Trong pha san xuét dién ra sau do,
ngudn carbon dugc chuyén hudng sang phuc vu
qua trinh san sinh ethanol. Cu thé, & nhiét do 30-
32°C, sau 5 ngay 1én men, lugng ethanol thu dugc
14 4,67% (v/v) va dén ngay 1én men thtr 7 thi ham
luong ethanol ting dén 5,14% (v/v) va ddy ciing
1a gia tri cao nhat dat duoc. Sau 9 ngay 1én men,
luong ethanol ¢ chiéu hudng giam, tir 5,14%
xudng 5,04% (v/v) nhung khong co su khéac biét y
nghia vé mit thong ké, mac di duong van tiép tuc
dugc tiéu thy (tir 97,66% 1én 98,36%). Piéu nay
duoc giai thich 1a do trong qua trinh 1én men, khi
ngudn dudng giam, bén canh viée tiép tuc sir dung
dudng c6 sin trong moi trudng 1én men, nAm men
c¢6 kha niang sir dung san pham ethanol ciing nhu
acetate sinh ra nhu mot ngudn carbon trong chu
trinh sinh tong hop glucose cua té bao dong thoi
v6i sy gia ting qué trinh ho hép té bao [5]. Ngoai
ra, thoi gian 1én men 7 ngdy ciing ngin hon nén
s& giam dugc chi phi. Tir két qua tong hop ¢ Bang
3, nghiém thtrc vdi nhi¢t @6 1én men ¢ 30°C trong
thoi gian 7 ngay 1a ph hop nhit so véi cac nghiém
thirc con lai.

4. Két luin

Cac diéu kién thich hop cho qué trinh 1én
men ethanol dich thiy phan vé trai ca cao sir dung
chung nim men Saccharomyce cerevisiae VVD3
duoc xac dinh véi mat s6 gidng chung 14 106 t bao/
ml, luong duong khir 8,62% (w/v) va pH ban dau
5,5 khi 1én men ¢ nhiét d¢ 30-32°C trong 7 ngay.
Nong d¢ ethanol dat 5,14% (v/v) va hiéu suét tiéu
thu duong khir 1a 97,66%. Két qua cho thiy trién
vong c6 thé str dung vo ca cao 1a mot ngudn nguyén
liéu trong san xuét ethanol sinh hoc./.
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ETHANOL PRODUCTION FROM COCOA POD HYDROLYSATE BY
Saccharomyces cerevisiae

Summary

Cocoa pod (with more than 40% cellucose) is one of agro-waste sources in agro-production and
can be used for bioethanol production. The purpose of this study is to investigate the ability of ethanol
production from cocoa pod hydrolysate and identify fermentation conditions by means of Saccharomyces
cerevisiae. The research results show that the Saccharomyces cerevisiae fermentation VVD3 obtained
5.14% (v/v) ethanol and the sugar consumption efficiency was 97.66%, in the identified conditions as
follows: the initial density at 10° cells/ml, 8.62% (w/v) reducing sugar and pH 5.5 at 30-32°C during 7
days of fermentation. This research reveals the potential of bioethanol production by using agro-waste
sources of cocoa pod.

Keywords: cellulose, cocoa pod hydrolysate, ethanol fermentation, Saccharomyces cerevisiae.
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