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_ NGHIEN CUU KHA NANG THUY PHAN VO TRAI CA CAO
BANG ACID UNG DUNG TRONG SAN XUAT ETHANOL SINH HOC

e ThS. Huynh Xuan Phong®, Pham Thi€u Quan‘,
Nguyén Ngoc Thanh), PGS,TS. Ngé Thi Phuong Dung®

Tém tit
Vi thanh phan chita hon 40% la cellulose, vé trdi ca cao la nguén nguyén liéu thich hop cho qud
trinh thity phdn dé thu dugc dung dich cé chita glucose, mot nguoén carbon thich hop cho qud trinh lén
men ethanol. Nghién citu nhdm ddnh gid khd ndng thity phdn loai nguyén lidu nay va budc dau ving
dung trong lén men ethanol sinh hoc. Két qud cho thdy qud trinh thity phdn vé trdi ca cao kho & 90°C
dat hiéu sudt 63,79% sau 8 gio bdng acid HCl 0,75 M va ham luong duong khit dat 7,22% (w/v). Dich
thity phdn dvoc lén men bang chiing ndm men Saccharomyces cerevisiae VLKO6 trong 5 ngay, lugng
ethanol thu dugc 4,31% (v/v). Két qud cho thdy tiém ndng trong viéc sdn xudt ethanol sinh hoc tit mot

nguon phé phdm noéng nghiép la vé trdi ca cao.

Twr khoa: ethanol, lén men ethanol, thuy phdn, vo trdi ca cao.

1. Dit van dé

Vin dé san sinh lugng 16n khi thdi CO, trong
nhitng nim gan day gép phan din dén hiéu ting
nha kinh, cling v6i nhitng lo ngai vé an ninh ning
lugng da lam gia tdng sy quan tam cla thé gidi
dé&n cdc ngudn ning lugng thay th& khong phu
thudc vao dau md. Mot trong nhitng dinh huéng
co ban va lau dai dugc huéng dén la ning lugng
sach tir ethanol sinh hoc. Theo nghién citu cta T
chitc Luong Nong Lién hdp quoc (FAO), Uy ban
Kinh t&€ My La Tinh (CEPAL) va Ngan hang Phat
tri€n Brazil, sdn lugng ethanol toan cAu ting
200% tir 55,7 ty lit 1én 162 ty lit trong giai doan
2007-2015 nhdm dap t'ng nhu ciu tiéu diing nhién
liéu sinh hoc ting cao trén thé€ gii vao nam 2015
[2]. S4n phdm ethanol sinh hoc hién nay chii y&u
dudc san xudt tir dudng va tinh bot, nhung da c6
nhiéu cudc tranh ciii ddng chi y vé tinh lau dai
va vin dé ddm bdo an ninh luong thuc. Do vay,
viéc thay th& nguyén liéu dudng va tinh bot bing
nguyén liéu lignocellulose, trong d6 c6 vo tréi ca
cao, v4i chi phi ré hon va déi dao hon 1a dinh
huéng dugc nhiéu nha khoa hoc quan tim.

Viéc str dung vo tri ca cao lam nguyén liéu
cho qu4 trinh thdy phan c6 rat nhiéu vu dié€m.
Tru6c hét, trong thanh phan clia vo c6 chita phian
16n cac chit hitu cd ¢6 kha ning thity phan thanh
dung dich dudng, bao gdm c6 43,9-45,2% carbo-
hydrate, 35-40% lignocellulose, phan con lai 1a

) Vién Nghién cttu va Phét trién Cong nghé Sinh hoc,
Trudng Pai hoc Cin Tho.
¢ Clrnhan, Vién Nghién cttu va Phat trién Cong nghé Sinh hoc,
Trudng Pai hoc Can Thd.
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cac protein va vitamin [5]. Tuy nhién, viéc st
dung tryc ti€p v trai ca cao lam phan bén hoic
thtc 4n gia stic con gip nhiéu trd ngai do dic tinh
ly héa clia né. Do d6, hau hét lugng vé trai ca cao
khong dugc tan dung. P&n cudi nam 2010, dién
tich trong ca cao & Viét Nam 1a 16.725 ha va dién
tich cho thu hoach khoang 7.300 ha, chi€m 43,6%
tdng dién tich trdng. V§i sidn lugng hang nim
khoAng 1-2 tan/ha, lugng v thai ra la ganh ning
rat I16n ddi v6i moi trudng. Bén canh dé, cay ca
cao cho thu hoach gan nhu quanh nim nén van
dé ngudn cung nguyén liéu kha thuan Igi. Ngudn
vd ca cao dang bi bd phi va c6 thé dugc tin dung
dé thir nghiém lam ngudn nguyén liéu trong 1én
men san xuit ethanol sinh hoc. Tir thyc t&€ trén,
nghién ctfu nay dudgc thuc hién nham dénh gia khi
ning thily phan vo tréi ca cao bang céc dung dich
acid lodng va budc dau &ng dung dich thiiy phan
dé 1én men san xuAt ethanol sinh hoc.

2. Nguyén vit li€éu va phuong phap
nghién ciu

2.1. Nguyén vit liéu

- V4 tréi ca cao: thu tai vuon ca cao xa My
Ai, huyén Phong Pién, thanh phd Cin Tho.

- B6n ching ndim men Saccharomyces
cerevisiae (YMS5C, BVK2, VLKO06 va 2.1) dugc
luu trit tai Vién Nghién cttu va Phit trién Cong
nghé Sinh hoc, Trudng Pai hoc Cin Thd.

- Héa chit va thudc thi: acid citric 10%,
NaOH 2%, HCl, H,SO,, HNO, dung dich DNS
(NaOH tinh khiét, acid dinitrosalicylic, kali natri
tartrate) va dung dich dichromate (7,5 g K,Cr,O,
trong 250 ml H SO, 5 M). Dung dich DNS va
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dichromate dugc trit trong chai niu, giit kin béng
paraffin va trit & nhiét do 4-5°C.

2.2. Phuong phap nghién ciu

2.2.1. Xur Iy nguyén liéu

Vo tréi ca cao dudc rira sach, phai dudi anh
ndng mit trdi trong 1 ngdy, sau d6 dugc citra thanh
cac manh nhd c6 kich thude khoang 1 cm. Siy kho
& nhiét do 70°C trong 3 ngay (dén khi khoi lugng
khong d6i) va dugc xay nhuyén thanh dang bot.

2.2.2. Xdc dinh loai acid va nong d¢ acid
thich hop cho qud trinh thity phdn

Thi nghiém dugc bo tri hoan toan ngau nhién
v6i 3 1an lip lai v6i hai nhén t8 (3 loai acid (HCI,
H,SO, va HNO,) va 6 mic n6ng dd (0,25 M, 0,5
M, 0,75 M, 1 M, 1,25 M va 1,5 M)). Can 15 g bot
nguyén li€u cho vao binh tam giac 250 ml, cho Vao
moi binh tam giac 100 ml dung dich acid & cacndng
do khao sat, day kin va lic déu. U 6 90°C va lic
150 vong/phiit trong 4 gis. Thu nhan dich thiy
phan bang cach loc qua gidy loc Whatman No.4.

2.2.3. Xdc dinh nhiét do va thoi gian thich hop
cho qud trinh thity phdn

Thi nghiém dugc bd tri hoan toan ngiu nhién
v6i 2 nhan t6. Nhan t6 nhiét d6 c6 5 mic dd (70,
80, 90, 100 va 110°C) va nhan t6 thdi gian c6 5
muc do (2,4, 6, 8 va 10 gig). Can 15 g bdt nguyén
liéu cho vao binh tam giac 250 ml, cho vao mdi
binh 100 ml acid v&i nong d6 da dudc chon & thi
nghlem trén, lic déu. U lic 150 Vong/phut G céc
diéu kién nhiét d6 va thdi gian nhu bo tri. Dich
thiy phan dugc loc va trung hoa acid du bang
NaOH 2% dén pH 7,0.

2.2.4. Thit nghiém kha ndng 1én men ethanol
tr dich thity phan vo trdi ca cao

Dich thuy phin dugc chuin bi theo céc
thong so tir hai thi nghiém trén, pH clia dung dich
thiy phan dudc chinh vé pH 5,5 bdi acid citric
10% (w/v) dé st dung cho thit nghiém kha ning
1én men. Tht nghiém dugc thuc hién v6i 4 ching
nam men (YM5C, BVK2, VLKO06 va 2.1) trong
100 ml dich thity phan v6i ndng do gidng chiing
ban dau la 10° t&€ bao/ml. K&t qua dugc ghi nhan
sau 3 va 5 ngay lén men § 30°C.

2.2.5. Phuong phdp phan tich va xit Iy sé'liéu

Ham lugng dudng khir dugc phan tich thdong
qua phdn tng véi acid dinitrosalicylic (phuong
phdp DNS) [6]. Ham lugng ethanol dudc x4c dinh
bing thudc thit dichromate [1]. K&t qua dugc phan

tich phuong sai va ki€m dinh LSD biing phan
mém Statgraphics Centurion XV (Manugistics
Inc., USA).

3. Két qua va thio luan

3.1. Loai acid va nong d9 acid thich hgp
cho qua trinh thuy phan

Thit nghiém khao sat anh hudng ctia 6 miic
ndng do (0,25 M; 0,5M; 0,75 M; 1 M; 1,25 M va
1,5 M) véi 3 loai acid v6 cd (HCl H,SO, va
HNO,) dé&n kha ning thiiy phan vo tri ca cao Ket
qué xac dinh ham lugng duding khit sau 4 gidy thiy
phan § 90°C dugc trinh bay § Hinh 1.
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Dung dich acid

Hinh 1. Ham lugng dudng Khit thu duge sau 4 gio' thity
phan ¢ 90°C
Ghi chii: Cdc trung binh cé ky tu giéng nhau thi khdc biét khong cé y
nghia vé mdt thong ké & dé tin cdy 95%.

Ludng dudng khit thu dugc tir mau thity phan
véi dung mdi 1a nudc (doi ching) 1a 0,06% (w/v),
thap hon 8-73 1an so véi khi thdy phan ¢6 sit dung
acid; diéu nay cho thiy acid c6 4nh hudng 16n dén
qua trinh thdy phan. Ham lugng dudng khir ting
khi ndng dd acid ting nhung lai gidm sau khi ti€p
tuc ting néng do6 acid (Hinh 1). Miac du HCI va
H,SO, déu c6 kha ning phan gidi ot vat liéu c6
chtra cellulose va carbohydrate, nhung HCI cho
kh4 ning phén tng nhanh hon va d& ki€m soat
hon (phan tng bdi HCI khong tao ra nhi€u bot khi
bing H,SO, trong cung diéu kién) [4]. Bén canh
do, H, SO co chiéu huéng sdn sinh ra nhiéu tap
chat hdn so v6i HCI do vay lugng dudng khir tao
thanh khong cao.

Xét vé hiéu suat thiy phan, nhin chung khoi
lugng v4 ca cao bi phan gii ting theo ndng do
acid trong khodng 0,5-1,5 M (Hinh 2). HCI cho
kha ning phan gidi vat chat kho cao hon 2 loai
con lai; HNO, c6 khd nang xam nhap va pha hiy
co chat tot hdn nhu’ng do né ¢6 khuynh huéng
hinh thanh cac doc chit nén lugng dudng khit tao
thanh ludn nhé hon H,SO, ¢6 cing nong do [4].
K&t qua cho thdy ¢ su tuong quan nghich gitra
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dudng khit hinh thanh va khdi lugng kho bi mat
di trong khodng néng do6 1,0-1,5 M & ca 3 loai
acid. Piéu nay cho thay c6 su ton tai ctia mot sd
rao can vat 1y nhu sy san sinh fufural va cac doc
t6 hay kha ning xam nhp vao ciu tric sdi cel-
lulose ctia ca 3 loai acid gidm theo chiéu ting
ndng do trong khoang bd tri [5]. V& mit thong ké,
lugng dudng khtt thu dudc tir dich thily phan béng
HC10,75 M va 1,0 M dat cao nhat (tuong tng véi
4,14% va 4,39% (w/v)) so v6i 17 nghiém thitc con
lai. Do dé, nghiém thdc HCI1 0,75 M dugc chon
lam diéu kién thich hop cho qué trinh thdy phan.

BO
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Hiéu suit thiy phan (%)

HCL Ha80, HNOq
Dung dich acid

Hinh 2. Hi¢u suit thiy phan vat chat kho sau 4 gio ¢ 90°C
Ghi chii: Xem Hinh 1.

3.2. Nhiét do va thai gian thich hgp cho qua
trinh thiy phan.

K&t qua khéo sat Anh huéng ctia 5 miic nhiét
do (70, 80, 90, 100 va 110°C) va 5 miic thdi gian (2,
4,6, 8 va 10 gi®) dén qua trinh thily phan vo tréi ca
cao dudc trinh bay & Bang 1. Ham lugng dudng khir
trung binh thu dudc tir mau thily phan d6i chitng 1a
0,09% (w/v) trong cting diéu kién nhiét do va thdi
gian 1, thip hon 17-91 1an so véi khi thily phan c6
st dung acid. Bén canh d6, theo Hinh 3, ham lugng
duding khir dat cao nhét (7,22% va 7,31% (w/v)) sau
8 git va 10 gid thity phan & 90°C, két qua tir 2 nghiém
thifc nay khac biét c6 ¥ nghia vé mit thong ké ddi
véi cac nghiém thic con lai.
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Ham lwgng dudng khit (% w/iv)
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L 7oec R soe 4 100°C [ 110°C

Hinh 3. Ham lugng glucose thu dugc theo nhiét do va thoi
gian thily phan
Ghi chii: Xem Hinh 1.
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Dua vao két qué thong ké theo tirng nhan (0,
nhin chung ¢6 2 xu huéng chinh, khi thiy phan &
nhiét do 70°C, 80°C va 90°C, lugng dudng khir thu
dugc ting theo thdi gian; khi ¢ nhiét dd 100°C va
110°C thi ¢6 su gidm lugng dudng khi sau mot
khoAng thdi gian nhit dinh. Cu thé, & nhiét do thiy
phan 1a 70°C va 80°C, hiéu suat hinh thanh dudng
khtr khéng cao (tuong tng 1,39-2,60% va 1,48-
3,73% (w/v)) va sau 8 gi¥, lugng dudng khit chi
kho4ng 50% so v&i & nhiét @6 90°C. Piéu nay c6
thé dugc giai thich theo Jeevan va cong su (2011),
nhiét do thap hon 80°C khé lam diit gy lién két o
(1—4)-glycosidic trong sgi cellulose, kha ning
xam nhap cta acid lodng ciing gidm nén chi yé&u
chi c6 thé phan giai hoic hoa tan carbohydrate va
mot phan lipid trong thanh phan cda vé [3].

Bang 1. Tong hgp anh hudng clia nhiét do va thdi gian
dén qua trinh thily phan

Nhn t§ Chi tiéu theo doi
Nghiém - —
e wew T SR T

K0 Gww (@ (%)
1 70 2 139" 1381 791"
2 70 4 182" 9,29 38,07°
3 70 6 2,30 843 4383°
4 70 8 243% 8,34 4441°
5 70 10 2,60 7,74 4840™
6 80 2 148" 13,76 825"
7 80 4 2,54 8,79 4139¢
8 80 6 2,98/ 7,86 47,60"
9 80 8 349! 7,54 49,76
10 80 10 373" 6,97 53,551
11 90 2 346 12,23 1849"
12 90 4 460" 7,75 4834
13 90 6 6,09° 6,78 5481
14 90 8 722° 5,78 6149
15 90 10 731° 533 64,49
16 100 2 429+ 10,70 28,67"
17 100 4 540° 7,15 52,32*
18 100 6 579¢ 6,57 56,17"
19 100 8 561 549 6342°
20 100 10 497°¢ 4,11 72,60°
21 110 2 377" 8,92 40,53
2 110 4 4278 6,20 58,64 ¢
23 110 6 382" 5,56 62,90¢
2% 110 8 3,11 492 67,17¢
25 110 10 25" 32 78,51

Ghi chii: Trong ciing mot cét, cdc chit cdi giong nhau thé hién sy khdc
biét khong cé ¥ nghia thong ké & do tin cay 95%.
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Ham lugng dudng khi thu dugc giam trong
diéu kién & 100°C/8 gid va 110°C/6 gid dudc 1y
gidi 1a do sy bién tinh cdc hgp chat c6 tinh khir
trong dung dich thanh cdc sdn phim phu nhu
fufural, HMF va acid acetic; k€t qua 12 ham Iugng
duong khir gidm & cac thdi gian sau d6. Pudng
khit trong moi trudng acid y&u (trudng hgp nay
la HC1 0,75 M) va nhiét do cao (100°C va 110°C)
din dén hién tugng caramel héa, trong d6 c6 sy
kh(r nuGc tao thanh furfural va dung dich ¢6 mau
nau dac trung [7]. Trong khodng thdi gian 2-10
gid, lugng chit kho bi phan gidi & nhiét do 110°C
cao hon ¢ 100°C va cao hon so v6i 90°C (Béang
1). Nhu vay, nhiét @6 90°C 1a phu hgp cho qua
trinh thiy phan vi vira tao kha nang xam nhap va
phan gidi t6t nguyén liéu, vira han ch€ dugc su
hinh thanh cdc doc chit va cic sin phdm phu. Bén
canh d6, nghiém thitc 90°C/8 giG ¢ thdi gian thiy
phan ngdn hon so v6i nghiém thitc 90°C/10 gis
nén dugc chon cho qua trinh thiy phan va hiéu
sudt thiy phan dat 61,49%.

Tém lai, diéu kién thich hgp cho qué trinh
thily phan vé trai ca cao dugc xac dinh la st dung
dung dich HCI 0,75 M, 1 lac véi tdc do 150 vong/
phut trong 8 gid & nhiét dd 90°C, ham lugng dudng
khtr thu dugc 7,22% (w/v) tit 15 g bot nguyén liéu
vo trdi ca cao (ty 1é rdn/ldng 1,5/10). Céc thanh
phan vat chat rdn va dich thdy phan trudc va sau
thily phan dugc trinh bay & Bang 2 va Hinh 4.

Bang 2. Thanh phan vat chit rin v6 ca cao truée va sau
thiy phan biing HCI 0,75 M sau 8 gi' & nhiét do 90°C

Truéc thiy Sau thity Hié¢u suat

Hgp chat phan phan thily phan
(% wiw) (% wiw)* (%)
Protein tdng 6,27 3,13 50,11
Cellulose tf;ng 40,55 13,55 66,59
Tro 5,43 5,37 1,06
Carbohydrate va lipid 47,75 14,16 70,35
Téng 100 36,21 63,79

Sau khi k&t thic qué trinh thidy phan, hiéu
suat phan gidi chat rdn dat trén 63%. Khi d6, cau
tric sgi cellulose da bi dut gay do tac dung cia
acid nén thdi gian phan gidi cta ching khi dugc
thdi ra ngoai moi trudng gidm. Piéu nay c6 thé
nhan thdy qua Hinh 5, trong d6 tir 15 g v ca cao
khd, sau khi thily phan bing HCI 0,75 M trong 8
gid chi con lai 5,43 g chit rfin mau nau den chitng
t6 cAu tric sgi cellulose da bi ditt gdy va bién tinh.

a) ae— b) =

Hinh 5. V6 ca cao truéc a) va sau thiiy phan b) biing HCI
0,75 M trong 8 gi¢' ¢ nhiét do 90°C

3.3. K&t qua thit nghiém kha niing 1én men
ethanol tir dich thiy phan vo trii ca cao

Thi nghiém dugc ti€n hanh d€ danh gia so
bd khd ning 1&€n men ethanol tir dich thiy phan
thu dugc. K&t qua phan tich ham lugng ethanol
thu dugc va hiéu suit tiéu thu dudng sau qu4 trinh
1én men v6i 4 chiing nAm men Saccharomyces
cerevisiae (YMS5C, BVK2, VLKO06 va 2.1) dugc
thé hién & Hinh 6.
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Hinh 4. Dich thiy phin truéc a) va sau thiy phan
b) biing HCI 0,75 M sau 8 gio' 6 nhi¢t do 90°C

Hinh 6. Lugng ethanol thu dugc va hi¢u suit tiéu thu
duong sau 3 va 5 ngay 1én men
Ghi chii: xem Hinh 1.

K&t qué cho thiy lugng ethanol thu dudc khi
1én men 5 ngdy bing ching ndm men S.
cerevisiae VLKO06 dat cao nhat (4,31% (w/v)) va
hiéu suat tiéu thu dudng khodng 95%. Diu nay
cho thdy tiém ning trong viéc 1én men ethanol
tir dich thdy phan vé tréi ca cao.
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3. Két luan

Diéu kién thich hgp cho qué trinh thdy phan
vo trdi ca cao dugc xdc dinh véi dung dich HCI
0,75 M trong 8 it & 90°C, hiéu suat phan gii dat
63,79% va lugng dudng khit thu duge 7,22% (w/
v). K&t qua thit nghiém kha ning 1én men cho
thdy tri€n vong ng dung ctia ngudn v4 ca cao

trong san xuat ethanol sinh hoc

Loi cam on: Nhém tdc gid xin cdm on sy hd
trg kinh phi tir Trudng Pai hoc Can Tho thong qua
dé tai nghién citu khoa hoc cap co s va mdt phan
hd trg tir dé tai Nghi dinh thu ctia B6 Khoa hoc
va Cong nghé (09/2014/HD-NDPT) va Chuong
trinh CCP (New Core to Core Program)./.
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A STUDY ON THE POSSIBILITY OF HYDROLYSIS OF COCOA POD
FOR ETHANOL FERMENTATION
Summary

With more than 40% cellulose, the pod is a good source for hydrolysis to get glucose fluid,
a source of carbon suitable for fermentation. This study estimates its hydrolysis possiblity and
application for ethanol production. The results show that the hydrolyzation at 90°C got 63.79% of
efficiency after 8 hours by using HCI 0.75 M, and sugar concentration was 7.22% (w/v). Ethanol
concentration of 4.31% (v/v) was achieved when fermenting cocoa pod hydrolysate in 5 days by
Saccharomyces cerevisiae VLKO06. These outputs indicate the highly promising ethanol production
from agricultural wastes like cocoa pods.

Keywords: ethanol, ethanol fermentation, hydrolysis, cocoa pod.
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