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ABSTRACT

Traditionally, vinegar production is performed using parts of too ripe

fruits or by-product of fruit processing. Vinegar could be produced using

sugar and starch, which are substrates for ethanol fermentation then
acetic acid fermentation. Bacterium used for fermentation of vinegar (acetic
acid bacterium) is Acetobacter which transforms ethanol (C.HsOH) into
acetic acid (CH3COOH) by oxidation. In this study, vinegar was produced
using bananas by controlling main factors affecting the acetic acid
production, including alcohol concentration (5 to 9% v/N), sugar
concentration (0 to 75 g/L) and bacteria cell population (10¢ to 10° cells
A. aceti/mL). The Response Surface Methodology was adopted to optimize
the process parameters including alcohol content, sugar content, and A.
aceti population for the vinegar fermentation. The correlation between the
experimental data and the predicted model was quite good (R°=0.97). For
banana vinegar, the maximum acidity was obtained (4%) at 5% of alcohol
level, sugar content of 20.62 g/L and A. aceti cell concentration of 10° cell
per mL for 6 weeks at 37-38°C.

TOM TAT

Theo truyén thong, san xudt gidm nham tan dung mot leong Iom ty 1é trdi cay
o giai doan trai qua chin hodc cdc phan trdi cdy logi ra tir cic co sé ché
blen Gidm c6 thé dwoc san xudt tir nguyén liéu co dwong va tinh bot, la chit
nén cho qud trinh lén men tao ruou vad tiép theo la quda trinh lén men tao
acid acetic. Vi khudn 1én men glam (i khudn acid acetic) la giong
Acetobacter véi déc tinh chuyén doi rwou ethylic (C:HsOH) thanh acid
acetic (CHsCO>H) boi qud trinh oxy hoa. Trong nghién ciru nay, glam duoc
san xudt tie chuéi véi viéc klem soat cdc thong so anh huong chu yéu dén kha
néng tao acid acetic, bao gom nong dé rwou (5+9% v/v), nong do dwong
(0+75 g/L) va mdt sé vi khudn A. Aceti trong khoang 10 dén 10° té bao/mL.
Phiwrong phdp mé hinh bé mat dap iimg deoe chon nham toz uu hoa cdc thong
$6 ciia tién trinh nhw ham lwong ruou, dwong va mdt $6 té bao vi khudn cho
qud trinh lén men giam vang chuéi. Twong quan giita ham heong acid acetic
thwe nghiém va tinh todn theo phirong trinh dwoc tim thay (R*=0,97). Gidm
chudi dat ham lwong acid acetic cao (4%) khi lén men trong thoi gian 6 tudn
o nhiét dé phong (37-38°C) vaoi dich 1én men chia 5% ethanol, ham lwong
dwong 20,62 g/L va mdt s6 vi khuan 10° té bao/mL.
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1 GIOI THIEU

Gidm dugc biét dén trén toan thé giéi nhu 1a
mdt gia vi hay tac nhan bao quan thuce pham Gidm
dugc san xuat tir nguyén lidu c6 ngudn gdc nong
nghi¢p phu hop, c6 chua tinh bdt, duong hodc ca
tinh bot va duong do qua trinh 1én men d6i, tao con
va acid acetic. Giam 1a loai gia vi truyén thdng ¢
tinh acid, duoc san xuét rong rai tir gao, mach nha,
tdo, cac dang ruou vang khac nhau va cac vt licu
ndng nghi¢p (Horiuchi ef al., 1999). Qua trinh lén
men giam co ban 1a qué trinh hai giai doan véi giai
doan déu tién 1a chuyén ddi ky khi cac loai duong
1én men thanh ethanol bang nim men, st dung loai
Saccharomyces, va thir hai la qua trinh oxy hoa
hiéu khi ethanol do vi khuan, thuong loai
Acetobacter (Horiuchi et al., 2000). Vi khuin
giém, con goi la vi khuén acid acetic, 1a thanh vién
clia chi Acetobacter voi dic diém chuyén doi ethyl
alcohol, C,HsOH thanh acid acetic. Theo FDA
(Food and Drug Administration, Hoa Ky), gidm
chura khong it hon 4 gram acid acetic trong 100 ml
& 20°C, c6 thé ap dung bién phap loc, chung cit va
thanh trung ¢ 74°C trude khi dong chai.

Nguyén liéu sir dung 1én men gidm thudng 1a
ruou gao, rugu vang, va cac san phém ¢6 cdn khac.
Hién chi c6 khoang 10% san lugng acid acetic trén
thé gioi duoc san xuit theo phuong phap sinh hoc
(Awad et al., 2012) nhung phuong phép nay Van
dugc xem 1a quan trong vi qui dinh & nhiéu qubc
gia va cia t6 chirc FAO rang glam st dung trong
thyc pham phai c6 ngudn goc sinh hoc (1én men)
(Zahoor et al., 2006).

Viét Nam la nudc c6 san lugng chubi cao véi
gia rat thip & thi truong khi chudi qua chin. Chudi
¢6 thoi gian sir dung ngin va nhanh chong suy
glam v6i ty 18 16n sau thu hoach. Chubi (Musa sp.)
rat gidu vitamin B6, giup chéng nhidm tring va can
thiét cho sy téng hop hemoglobin (co chua sat).
Chudi ciing rat giau kali va 14 ngudn chét xo tot. Vi
vay, 1én men tao giém tir chudi chin s& han ché ton
that sau thu hoach chudi, nang cao hiéu qua kinh té
cho nha vuon. Trong thi nghiém niy, ndim men
Saccharomyces cerevisiae dugc st dung dé chuyén
dbi glucose thanh rugu ethylic. Lén men acetic 1a
budc tiép theo ciia qua trinh 1én men, trong d6 cac
phan tir rugu dugc oxy hoa thanh acid acetic do tac
dong cua vi khuén Acetobacter aceti tao huong vi
dam dic trung. Phuong phap bé mit dap tng duoc
xem la thanh cong va sir dung phd bién d¢é mé hinh
hoa va tdi wu cac qué trinh hoa sinh hoa va cong
nghé sinh hoc lién quan dén hé thong thuc pham.
Dic biét trong nghién ciru san xuat gidm tir vang
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chudi, phwong phap nay ciing dugc sir dung dé tdi
uu hoéa qua trinh 1én men tao acid acetic tir vang
chuoi.

2 PHUONG PHAP NGHIEN CUU

2.1 Nguyén vit li¢u

Nguyén liéu: chudi gia chin (Musa acuminata
Colla cv.) dugc thu nhan tir vuon chudi cia cac
ndng ho tai xa Thién My, Tra On, Vinh Long.

Giong ndm  men: dong  Saccharomyces
cerevisiae phan lap tir nudc thot not (Nguyen Minh
Thuy va ctv., 2011).

Giong vi khudn: Acetobacter aceti ATCC

15973 (ATCC, My).

Méi truong tang sinh vi khudn: méi truong
GYC (Glucose—Yeast extract—Calcium carbonate)
(Benito, 2005).

'Enzyme Pectinex Ultra SPL (Pan Mach)
ché phim enzyme c6 ngudn goc tir ndm moc
Aspergillus  aculeatus bao gom hé enzyme
pectolytic, protease, cellulase va hemicellulase

2.2 Phwong phap nghién ciru

Quy trinh san xudt gidm vang chubi dwoc thuc
hién theo so do:

Chudi chin — Béc vo6 — Chan— Xay —
Loc— Dich qua — Phdi ché — Thanh trung
Lén men rugu — Phdi ché — Lén men gidm —
Loc va thanh tring — San pham.

Chon nguyén liéu chubi c6 do chin dong déu,
tach vo, xit miéng vai kich thude 3-5 cm va xir Iy
trong dung dich acid citric 0,3% (véi ty 1& chubi:
nude 1a 2:1). Nguyén lidu duge chan ¢ nhiét do
70°C trong 5 phut, sau d6 duoc xay nhuyén (tao
thanh dang paste) va diéu chinh pH 4,5. Paste
chubi dugc bd sung 0,05% ché phim enzyme
Pectinex Ultra SPL va tién trinh nay duoc thuc
hién ¢ nhiét d¢ 40°C trong 40 phit. Enzyme véi ty
1¢ 0,1% duoc bd sung va duy tri ¢ nhiét d§ 55°C
trong 15 phut. Loc lay dich qua, diéu chinh dich
1én men 18°Brix va bo sung nim men dé 1én men
rugu bang phuong phap 1én men tinh & nhiét do
phong trong 8 ngay. Ruou sau khi két thic qua
trinh 1én men dugc pha lodng & cic ndng do tir 5
dén 9% (cach nhau 2%) va kiém soat ham luong
duong bd sung theo cac ti 1¢ tur 25 dén 75 g/L (cach
nhau 25 g) cung v6i mau khong bd sung duong.
Mat s6 vi khudn Acetobacter aceti ATCC 15973
duogc ching vao rugu chudi v&i ham lugng thay ddi
tir 10* dén 109 té bao/mL. Qua trinh 1én men gidm
duoc thye hién ¢ nhiét d6 phong.
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Céc chi tiéu chét lugng cua san phﬁm duoc
phan tich bao gdm: ham lugng ethanol (% v/v), do
Brix, va ham lugng acid acetic (%) (Lé Thanh Mai
va ctv., 2009).

Hiéu sut duogc tinh theo cong thire: H(%) =
Luong san pham thyc te/lugng san pham ly thuyét)
x 100.

2.3 Phin tich thong ké

Phan tich thong ké (STATGRAPHIC) dugc sir
dung dé chon mé hinh phu hop cho cac dit liéu thu
thap. M6 hinh (1) dugc dé xuét (gia tri Y) trong
truong hop nay:

Y =bo + buXp + bunXs? + bumXoXm + (1)

Trong d6: b, 14 hé s6; by, ban VA bam 14 cac hé s6
béc 1, bac 2 ctua phwong trinh hdi quy; Xn, Xu... 12
cac gia tri cua bién doc lap. Kiém dinh su tuong
thich cta di¥ liéu theo moé hinh va dir liéu thuc
nghiém duoc thuc hién.

3 KET QUA VA THAO LUAN

3.1 Tién trinh lén men tao giam tir chuoi

Ruou sau lénw men dat néng dd 11 (% v/v) duge
pha loang 5%, bo sung lugng dudng 25 g/L dé thuc
hién qua trinh oxi hda ethanol thanh acid acetic.
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Qué trinh 1én men khoang 6 tuan. Hinh 1 biéu dién
su tich tu acid acetic va thay ddi ham luong
ethanol, saccharose theo thoi gian 1én men. Trong
tudn dau, khi duong dugce bd sung vao méi trudng
1én men, vi khudn st dung hét duong dé sinh
truong va phat trién. Theo Sossou ef al. (2009), su
khoi dau ciia qua trinh hinh thanh acid acetic c6
lién quan dén sy ting truong toi da cia té bao va
da sinh khéi dé bat dau qua trinh chuyén hoa
ethanol thanh acid acetic. Do d6, viéc thay ddi moi
truong ban déu c¢6 anh hudng dén cac vi sinh vat
1én men. Nghién ctru ciia Brock va Madigan (1991)
cho thdy cac vi sinh vat can giai doan dé thich ting
(pha log), tai thoi diém d6 vi sinh vét hoat dong
chua manh nén ham lugng acid sinh ra it. O pha
lag, vi khuan c6 du nang lugng va duoc sir dung dé
tong hop acid acetic. Sy tiéu thy hét ham lugng
ethanol 5% twong tmg véi sy ting dan ham lugng
acid acetic va dat t6i da tir 0,3 dén 3,98% trong
thoi gian 6 tudn. Vi khuin si dung chit nén
ethanol dé chuyén hoa thanh san pham trung gian
acetaldehyde va cubi cing thanh acid acetic. Qué
trinh 1én men két thic & tuan thir 6 vi khi ethanol
da duogc sir dung hét thi vi khuan tiép tuc thuc hién
quéa trinh oxy hoa, sir dung acid dé chuyén hoa
thanh CO, va H,0 1am giam chét luong cia gidm.

30 -
g 25 4
=
o]
o 20
L]
8 15 -
S 10 -
8
O 5
0 4 —& L L L & \
0 1 2 3 4 5 6 7 8

Thoi gian 1én men (tuan)
—— Ham lugng acid (%)
—#— Ham luong rugu con lai (% v/v)
—— Ham lugng duong (g/L)

Hinh 1: Chuyén héa cac thanh ph:“u} (rugu va dwong) thanh acid acetic theo thoi gian 1én men (mét s0
té bao vi khuan 1a 10° té bao/mL)
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3.2 Anh hwéng ciia ham lrgng ethanol

Két qua khao sat anh huong cia ham luong
ethanol dén ham luong acid sinh ra va cac chi tiéu
clia san pham trong qué trinh 1én men gidm & 3
mic d6 5, 7 va 9% dugc thé hién & Bang 1. Theo
Nguyen buc Lugng va ctv. (2004), trong san Xuét
giam c6 thé dung ruou khong céan thanh trung, chi
can bd sung mot it acid dé acid hoa méi truong.
Tuy nhién, dé gitr duoc hwong vi ty nhién cua san
pham gidm ~vang, rugu dugc st dung cho qua trinh
lén men giam ¢ nghién cuu nay khong qua thanh
tring, khong bd sung acid acetic dé acid hoa mdi
truong. Vi vdy, mic du trong qua trinh 1én men 5O
lwong vi khuan acetic tang nhung ¢ giai doan dau
cua qua trinh 1én men so lugng cac vi sinh vt tap
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nhiém ciing tang, ddc biét 1a té bao ndm men co sin
trong rugu nén khi duong dugce bd sung vao moi
truong thi nidm men tiép tuc hoat dong. Dir liéu
phan tich cho thay v6i nong do rwou 7 va 9% thi &
giai doan dau (pha lag) vi khuan A.aceti can thoi
gian dé thich nghi véi moi truong, lwong acid sinh
ra thap, pH moi truong chwa giam manh nén khong
du dé wc ché hoat dong cua ndm men, vi thé nim
men tiép tuc hoat dong lam cho néng d6 ruou tang
1én trc ché hoat dong cuia vi khuan A.aceti. O ham
luong ethanol ban dau 1a 9% thi sau 1én men lugng
ethanol con lai trén 10%. Két qua nghién ciru nay
turong dong vai két qua di cong bd ciia Zahoor et
al. (2006), & ndng d6 ethanol 10% vi khuan A.aceti
khong phat trién va acid sinh ra rat thap.

Bang 1: Anh huéng ciia ham lwong ethanol dén cdc chi tiéu ciia sin phim

Ham lugng ethanol Chi tiéu
(%ov/v) Ham lrong acid (%) Ethanol con lai (% v/v) D9 Brix (%) Hiéu suit (%)
5 2,750° 1,3442 3,008* 59,0432
7 0,809° 7,500° 3,650° 12,246°
9 0,379¢ 10,559¢ 4,658° 4,437¢

Ghi chu: Cac chir cai khac nhau di kem theo trung binh nghiém thirc trong cung mét cot thé hién su khac biét & mirc y

nghia 5%

Ngoai ra, ciing theo Nguyén Purc Luwong va ctv.
(2004), ham luong ethanol thich hgp cho qua trinh
1én men gidm 13 6-15%. Tuy nhién, kha nang OXy
hoa ethanol dé tao thanh acid acetic cua vi khuan
acetic c¢6 su thay doi rat 1on giita cac gidng, loai
(Gullo and Giudici, 2008) va cac diéu kién anh
hudng dén qua trinh 1én men nhu nhiét d9, sy
thoang khi, phuong phap 1én men. Vi vy, véi ham
luong ethanol sit dung khoang 7% thi ham lugng
acid acetic sinh ra cfing khong cao, trung binh
0,8%. Bén canh d6, luong duong bd sung ban diu
vao dich 1én men véi ham lugng ethanol 7 va 9%
da duogc sir dung hét chinh 13 do ndm men st dung
duong dé 1én men rugu.

Nguoc lai v6i ham luong ethanol dé lén men
gidm 13 5% thi luong acid sinh ra rét cao do & ndng
do ruou nay vi khuén thich mg nhanh v&i moi
truong. Nong do ruou thdp kich thich sy sinh
truéng va phat trién cia vi khudn (Nguyén Dirc
Luong va ctv., 2004), acid sinh ra nhiéu, pH giam
manh e ché hoat dong cua ndm men, do d6 & ham
lugng ethanol 5% thich hop cho qua trinh 1én men
gidm vang, ham luong acid sinh ra trung binh
khoang 2,75%. Béy gio ham luong duong cua dich
1én men ciing giam nhanh do vi khuan s dung
dudng dé sinh truong, ting mat sb chuyén hoa
ethanol thanh acid acetic. Cling ¢ ham lugng
ethanol nay, hiéu sudt qua trinh 1én men rat cao
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(trung binh 59,04%) va thé hién sy khac biét y
nghia so voi hiéu suat 1én men cia cac miu co
nong do rugu 7 va 9%, twong Ung la 12,24 va
4,43%.

3.3 Anh hudng ciia mat s6 vi khuin

Trong tién trinh 1én men gidm, vi khuan
Acetobacter tham gia vao qua trinh oxy hoéa sinh
hoc chuyén héa ethanol thanh acid acetic 1a do su
két hop cua 2 enzyme la alcohol dehydrogenase
(ADH) va aldehyde dehydrogenase (ALDH) (Valli
et al., 2006). Khi 1én men gidm, t& bao nAm men bi
tic ché va chét di do sy hinh thanh acetaldehyde la
san phim dau tién cta qua trinh chuyén hoa ruou
thanh acid acetic va acetaldehyde cling anh hudng
dén hoat dong ciia enzyme cua ndm men (Aranda
and Delomo, 2003). Két qua thé hién & bang 2 cho
thdy v6i mat s6 vi khuan 1a 10° va 10 té bao/mL
thi ham lugng acid acetic sinh ra nhiéu va khong
thé hién sy khac biét y nghia. Tuong tw, ham luong
ethanol trong san pham ciing khong thé hién su
khac biét y nghia gitra hai mirc do vi khuan sir
dung. Trong khi d6 v6i mat s6 vi khuén sir dung
cho tién trinh 1én men la 10* & bao/mL thi cho
lugng acid sinh ra it, pH mdi truong chi giam nhe
khong du dé vc ché hoat dong cua ndm men, lam
cho ndm men tiép tuc 1én men ruou tré lai. Va khi
do néng dd rugu cao sé& tc ché ngugc lai hoat dong
ctia vi khuan dan dén luong ruou con lai nhiéu.
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Biang 2: Anh huéng ciia mit s6 vi khuin dén cac chi tiéu ciia sain phim

Chi tiéu

Mait so vi khuan

Hi¢u suat

£ s Ham luwgng acid Ham luwgng ethanol (% Do Brix
(té bao/mL) (%) vIv) (%) (%)
10 0,867* 7,072% 3,858 16,537°
103 1,499° 6,314° 3,783 28,825
10° 1,572° 6,017° 3,675° 30,364°

Ghi chii: nhitng chir cdi khéc nhau di kém theo trung binh nghiém thirc trong ciing mot cét thé hién su khdc biét ¢ mirc ¥

nghia 5%
3.4 Anh hwéng ciia ndng do dudng

Dir liéu phén tich thé hién ¢ bang 3 cho thy
dbi véi mau gidam c6 bo sung duong 25 g/L cho
luong acid sinh ra cao hon va c6 su khac biét so
v6i cac mau khong bd sung dudng va cac mau bd
sung duong ham lugng 50 va 75 g/L.

Theo Gullo and Giudici (2008), cac chi
Acetobacter va Gluconacetobacter oxi hoa ethanol
dé dang hon duong trong khi Gluconobacter spp.
oxy héa duong dé dang hon ethanol, do d6
Acetobacter co thé oxy hoa ethanol thanh acid
acetic ma khong can bd sung duong. Tuy nhién,
duong hién dién trong qua trinh 1én men gidm ciing
¢6 anh huéng dén gia tri cam quan cua san pham.

Bang 3: Anh hudng ciia nong do duwong dén cac chi tiéu cia san phim

Ham lwgng dwong

Chi tiéu

(g/L) Nong d§ acid (%) _Luong ethanol (%v/v) D Brix (%) Hiéu suat (%)
0 1,304 5,439 2,4222 25,081°
25 1,607° 5,474 3,356 30,952¢
50 1,299 6,889° 4,322¢ 24,849°
75 1,041° 8,064¢ 4,989¢ 20,083¢

Ghi chii: nhitng chit cdi khéc nhau di kém theo trung binh nghiém thire trong ciing mét cot thé hién sw khdc biét & mike ¥

nghia 5%

Hiéu sudt qua trinh 1én men ciing chiu anh
huéng cia ham luong dudng bd sung. Véi ham
lugng duong st dung cho qua trinh 1én men la 25
g/L thi hiéu suit 1én men cao nhét (trung binh
30,95%), trong khi cac ham lugng dudng bo sung
khac (50 va 75g/L) hodc khong bd sung duong thi
hiéu sudt qué trinh 1én men thp hon, cac gia tri
trung binh dat duoc tuong ung la 28,5, 24,8 va
20,08%.

3.5 Tuwong tac gilra ham lwgng acid acetic
sinh ra va cac bién doc lap (ham lwong rwou,
ham lwgng dwong va mat so vi khuan)

Theo Kadere et al. (2008) cac chung cua chi
Acetobacter giit vai tro chu yéu trong qua trinh san
xuit gidm. Vai trd quan trong cua vi khuin
Acetobacter 13 kha rd trong chuyén hoa ethanol
thanh acid acetic. Ngoai ra, qua trinh san Xuat gidm
cling can luong dudng cho sy phat trién cua vi
khuan, tham gia vao qué trinh san xudt acid acetic
(Gullo et al., 2005). Do d6, nghién cliru xac dinh
mdi twong quan ciia 3 nhan t6 bao gdm ham lugng
ethanol (5+9% v/v), ham luong duong bd sung
(25+75g/L va mau ddi ching) va mat sd vi khuan
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(10* dén 10° té bao/mL) dén ham luong acid acetic
sinh ra trong qué trinh 1én men giam dugc thuc
hién.

Két qua phén tich cho thdy su tuong thich cua
md hinh héi quy da chiéu (phuong trinh 2) mo ta

mbi quan h¢ gilra acid acetic sinh ra va 9 s6 hang
(3 bién doc lap 1a X, X5, X3).

Ham luong acid acetic (%) = -0,2411 — 2,3923
X; — 0,00108 X, + 4,4328 X5 — 0,1838 X X5 +
0,189 X% — 0,2794 X352 — 0,000224 X,% + 0,00193
XX, (2)

Trong dé: X 1a ham luong ethanol (5+9% v/v),
X5 la ham lugng duong bo sung (25+75 g/L) va X;
14 mat s0 vi khuan (10* dén 10° t€ bao/mL).

Phan tich thé hién & bang ANOVA cho thay
céc gia tri P hau het nho hon 0,05, cho thay tuong
quan ¢ y nghia vé mat théng ké gila cac bién voi
muc 3o tin cdy 95% (dir licu thong ké ANOVA
khong dugc trinh bay & day). Hé sé xac dinh twong
quan R? theo théng ké chi ra réng mo hinh tuong
thich 96,425% blen thién trong gia tri acid acetic
thu nhan. Sai sé chuén cua cac wéc tinh (SEE) cho
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thiy d¢ léch chuan ciia céc s6 du 14 0,2503. Véi gia
tri P lc'm hon 0,05, pho thay khong cé su tuong
quan tiép trong cac so0 du & muc dg tin cdy 95,0%.

Trong viéc xac dinh md hinh c6 thé duoc don
gian hoa, gia tri P thé hién cao nhat trong cac bién
doc lap 1a 0,8965, thuoc vé gia tri X» (ham lugng
duong). Khi gia tri P ctia bién doc 1ap > 0,05, thanh
phan nay khéng c6 ¥ nghia théng ké & mic do tin
cay 95% hoac cao hon. Do d6, co thé xem xét va
loai bo bién X, tir md hinh. Phwong trinh 2 ciing
cho thiy yéu t6 anh huéng quan trong dén qua
trinh tao acid acetic chinh l1a ham lugong ethanol
(X)) sir dung, ké dén 1a mat s6 vi khuan (X3) va sau
cung la lugng duong (X5). Cac tuong tac lién quan
dén cac bién doc 1ap (X2, X224 X324 XiXs, X1X2)
cling thé hién muc d6 anh huong quan trong.
Phuong trinh 2 ¢6 thé dwoc viét lai thanh phuong
trinh 3.

W
|

HL acid acetic du doan (%)
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Ham lugng acid acetic (%) = - 0,2702 — 2,3889
X; + 44328 X3 — 0,1838 X;X; + 0,189 X% —
0,2794 X352 —0,000229 X, +0,00183 X;X, (3)

R?=96,43%, SEE = 0,2458

Phan tich ANOVA cho thdy cac bién doc lap
déu c6 gia tri P nho hon 0,05, gia tri P cao nhit 1a
0,0033 thé hién & bién X2 (mat s vi khuan) (bang
phan tich ANOVA khong dugc trinh bay ¢ day).
Nhu vy du gi4 tri nay cao nhit so véi cc gia tri P
ctia cac bién doc 1ap khac nhung van nhoé hon 0,05,
cho thay mirc d6 y nghia véi do tin cdy 95%.

Gia tri P cua md hinh ciing nho hon 0,05 va hé
s6 xac dinh twong quan cao (R?=96,43%), cang
khing dinh mtrc d6 ¥ nghia va do tin ciy ciia mod
hinh hdi quy da chiéu dugc thiét 1ap. Mirc do twong
thich gilra ham lugng acid acetic thyc nghiém va
tinh toan theo phuong trinh hdi quy 3 duge tim
thdy (Hinh 2) (R? = 0,96).

0 1 2
HL acid acetic thuc nghiém (%)

3 4 5

Hinh 2: Twong quan giira nong d9 acid acetic (%) thue nghi¢m va dy do4n theo phuong trinh (2)
(HL: ham lwgng)

Khi ¢6 dinh ham luong dudng bd sung 1a
25 g/L, twong quan gilra ham lugng acid acetic sinh
ra va ham luong ethanol v6i mat sé vi khuan dugc
trinh bay ¢ phuong trinh 4 va Hinh 3.

Ham luong acid acetic (%) = - 0,4136 — 2,343
X, + 44328 X; — 0,1838 X;X; + 0,189 X,;?
—0,2794 X3? 4)

Trong qua trinh 1én men gidm, khi ting ham
lugng ethanol tir 5 1€n 9% thi lugng acid tao thanh
cang giam do chét nén ethanol cao da trc ché hoat
dong cua vi khuén A.aceti. Dong thoi, thoi gian dé
vi khuan thich nghi méi truong méi 1au hon ¢ ham
lugng ethanol thép, do d6 tao diéu kién cho ndm
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men hoat dong tr¢ lai va e ché hoat dong cua
vi khuan.

Nguoc lai véi ham luong ethanol, khi thuc hién
tién trinh 1én men acetic, viéc bd sung mat s6 vi
khuén ting dan tir 10* dén 109 (t& bao/mL) thi ham
lwong acid acetic tao thanh ciing ting dan va dat
cao nhat & mat s6 vi khudn tir 105 dén 10° (té
bao/mL) (khong thé hién sy khac biét co ¥ nghia).
Diéu nay 1a do khi mat sb vi khuén cang nhiéu thi
kha ning chuyén hoa ethanol thanh acid acetic
cang nhanh, pH méi truong giam nhanh c6 thé tc
ché va ngén can sy hoat dong trd lai ctuia ndm men
(Valli et al., 2005).
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Hinh 3: Mé hinh bé mit dap wng thé hién twong quan giira acid acetic, ham lwong ethanol va mat s6
vi khuan trong qua trinh 1én men giam vang chuoi
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