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Tém tit — Trong nghién citu nay, phuong phdp ~ (CFU/mL) & 19°Brix & 23°C trong 4,4 ngay. Mé
bé mdt ddp iing (RSM) va thiét ké Box-Behnken — hinh RSM cho thdy su twong doi phit hop véi dit
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I. PAT VAN BE

Trong nhiing nim gan day, viéc tiéu thu thanh
long rudt d4 gip nhiéu khé khin do thanh long
chi xuit khdu trdi tuoi sang thi trudng Trung
Qudc. Tuy nhién, thi trudng ndy ciing c¢6 nhiéu
rii ro vé dich bénh va cling thoi gian véi mua vu
& Trung Qubc.

Trudc tinh trang kho khidn khi tiéu thu san
phdm, mot s6 doanh nghiép va t6 chic nong dan
(hgp tac xa) & céac tinh Binh Thudn, Long An,
Tién Giang va Tra Vinh da buéc dau nghién ciiu
va san xuit da dang cdc sin phdm thanh long
tlf ngudn nguyén liéu sin cé nhu nudc ép thanh
long, thanh long siy kho, thanh long siy déo,
rugu vang thanh long, siro thanh long nhim md
rong dau ra cho loai qua nay va da dang héa san
pham ché bién trén thi trudng. Tuy nhién, céc
loai sdn phidm nay van chua dugc phat trién rong
rdi va chua dap dng dugc yéu cau thi trudng, dic
biét 1a c4c sdn pham 1én men tif thanh long rudt
do.

Sparkling 1a mot dang sdn phdm Ién men ti
trdi cdy. San phim nay vira c6 con viia ¢ gas va
dugc gidi tré rit yéu thich. Nghién ciiu sin xuét
san pham nay tir dich trich thanh long rudt do
khong chi gép phan tiéu thu san phim trdi thanh
long rudt dd tuci ma con gép phan thic ddy loai
thiic udng c6 nhiéu hop chit c6 10i cho co thé
cho ngudi tiéu dung Viét Nam.

Phuong phdp nghién cifu thong thudng can bd
tri s& lugng mau nhiéu, doi héi mot lugng 16n
nguyén vat liéu va thdi gian hoan thanh. Van dé
nay dudc khic phuc bing cach si dung phuong
phdp bé mit dap tng. Viéc st dung phuong phap
bé mit ddp ting (Response surface methodology —
RSM) dé€ t6i uu hoéa sé luong mau 1a mot phuong
phép can thiét va hiéu qua trong viéc nghién cifu
[1].

Ngoai viéc ddm bao san xuit dudc san phim
sparkling thanh long rudt dé c6 gia tri cam quan
cao, nghién ctiu nay tap trung vao su thay doi
cac hop chét c6 hoat tinh sinh hoc (betacyanin,
polyphenol) bi dnh hudng bdi cac diéu kién 1én
men. Muc ti€u cia nghién cttu nay 1a danh gia
dugc su dnh hudng cda cic diéu kién 1én men
ddi véi betacyanin va polyphenol, tif d6 xac dinh
cac thong sb thich hgp trong qua trinh 1én men
sparkling thanh long rudt dé nham han ché su
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ton that clia betacyanin va polyphenol trong sn
phim.

II. TONG QUAN NGHIEN CUU

Thanh long rudt do, con dugc goi la thanh long
nt hoang (Hylocereus polyrhizus), thudc dong
H14 c6 xuét xi tit Colombia. Bén ngoai tréi thanh
long ¢6 mau do6 dam tuci sang. Bén trong trai
thanh long c6 mau d6 thim, la mit. Thanh long
rudt dé chifa day dui cac chit dinh dudng vi lugng
can thiét cho co thé bao gém nhiéu loai vitamin
(cac chi sb vitamin C: 6 — 12, protein: 1,08 —
1,30, vitamin A, glucid) [2].

Thanh phan betacyanin trong cdc dich chiét
thuc vat dé bi phan hdy do anh hudng ctia pH,
nhiét do, anh sang va hoat do nudc. Cac thuc
phdm chifa chit betacyanin dan dan bi phai mau
hay mit mau tlly theo diéu kién bdo quan. Viéc
on dinh ham ludng betacyanin trong qud trinh
ché bién thanh long rudt dé 1a muc tiéu da dudc
nhiéu nha nghién ctu trong va ngoai nuéc quan
tam.

Céc yéu tb moi trudng nhu pH, nhiét do 1én
men, mit s6 nAm men, nong d6 chit kho va thoi
gian 1én men cling 4nh hudng rit 16n dén qua
trinh 1én men. Viéc tim ra gia tri tdi wu cla cic
yéu tb tic dong truc tiép dén qua trinh 1én men
dich thanh long sao cho dat gi4 tri téi vu vé cam
quan cling nhu 6n dinh cdc gia tri hoat tinh sinh
hoc cta dich trich thanh long rudt dé 1a mot van
dé rat kh6 khiin trong nghién cifu va san xult cic
san pham lén men tif nudc thanh long rudt do.

Viéc dng dung phuong phép thiét k& bé mit
dap tng véi ma tran Box-Behnken khdng chi lam
giam bét cac cong viéc nghién ciu ma con tim
ra cac gia tri t6i uu d€ bi€u dién mot cach gan
ding mdi tuong quan gitta bién tiéu chi Y va céc
yéu t6 Xi.

Wybraniec et al. [3] cho thﬁy rugu Ién men tu
trdi cay (v6i pH ban dau 1a 4,29 va 23,07°Brix
(bd sung Saccharose)) va 1én men véi 106 té bao
nim men/ml bao gdm hai ching nim men véi ti
1& 50% S. ovifomis, 50% S. vini, 1€n men G nhiét
do 31 — 32°C trong 7 ngay sau d6 1én men 6
nhiét d6 13 — 16°C trong 23 ngay. Két qua cho
thiy san phim 1én men c6 mau sic, mui vi, d
trong t6t va c6 do dong nhit trong sin pham.

Bén canh do, theo Choo et al. [4], trong qua
trinh 1én men tu nhién nudc thanh long rudt do,
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ham lugng betacyanin giam 20% va con giam
tiép trong qud trinh bdo quan. Sau qu4 trinh 1én
men ty nhién trong 8 tuin, dich 1én men trai qua
qua trinh thanh trung & 75°C trong 15 gidy va
dugc gitt lanh & 4°C, bao quan & nhiét do 25°C
trong 8 tuan.

Phan Thi Thanh Qué va cong su [5] da cong
bd anh hudng ctia cic diéu kién ché bién va bao
quan dén su 6n dinh betacyanin trong nuéc ép
thanh long rudt dé. Song song d6, nghién ciu
ctia Vii Thu Trang va cong su [6] vé anh hudng
ctia mot s6 yéu t cong nghé t6i su 6n dinh clia
betacyanin trong nudc qua thanh long rudt doé cé
pH 4 — 5 1a khoang t6i uu cho su 6n dinh mau
cua dich qua. Wong et al. [7] nghién ctu sy anh
hudng tif cic diéu kién quy trinh ché bién khéc
nhau 1én ham lugng betacyanin ciia nuéc thanh
long rudt do trong qud trinh c6 dic. Két qua cho
thdy, viéc bd sung Ascorbic acid (0,25% wi/w)
vao nudc thanh long rudt do da dudc diéu chinh
dén pH 4,0 va dugc thanh trung 65°C cho 30
phit véi téc do khudy 220 vong/phiit. Piéu kién
ché bién nay dudc cho 1a tdi uu dé€ duy tri t6i da
ham lugng betacyanin trong nudc siro thanh long
rudt do.

Théng ké dap ting bé mit ciing dudc ting dung
rit nhiéu trong cdc nghién ctiu vé ndng nghiép.
Truong Phudc Thién Hoang va cong su [8] tim
ra gia tri t6i wu clia cac yéu té tic dong truc tiép
dén qud trinh sinh truéng cda vi khuin. Pay la
tién dé tao ché phim tng dung vao thuc té san
xuét. Thanh phan mdi trudng 1én men dudc tbi uu
hoa bing phuong phip ddp tng bé mit (RSM),
v6i ma trdn Box-Behnken dugc s dung, trong
d6, mat ri dudng, cao nim men va MgSOy 1a ba
yéu td c6 tic dong t6i san xuit sinh khéi (P <
0,05).

Theo Adebo et al. [9], theo thoi gian 1én
men, ham lugng polyphenol giam. Ngoai ra,
theo nghién cdu ctia Hou et al. [10], ham lugng
phenolic tong gidm dang k€ trong qud trinh 1én
men. Vi vdy, nghién ctiu tim ra nhitng diéu kién
phut hop cho qué trinh 1én men sparkling thanh
long rudt do nham han ché dudc su hao hut
cac hop chét c6 hoat tinh sinh hoc (betacyanin,
polyphenol) ctia dich qua thanh long rudt dé
trong qua trinh 1€n men.
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III. PHUONG PHAP NGHIEN CUU

A. Nguyén liéu cho nghién ciu

- Thanh long rudt d6 (Hylocereus polyrhizus)
dugc thu truc tiép tir tinh Tra Vinh. Nguyén liéu
dugc lya chon thu mua theo cac ti€u chi: khong
bi hu hong, sdu bénh, vd qua phai con nguyén
ven, khong triy xuéc, khong bam dap.

- Nim men: Chiing nim men Saccharomyces
cerevisiae RV002 dudc cung cip bdi Cong ty ICF
Viét Nam.

B. Phuong phdp thi nghiém

Quy trinh Ién men dich qua thanh long rut
do

Thanh long rudt dé sau khi dem vé dudc rira
sach, 16t vo, cAp dong trong 24 giv, sau d6 dem
di trich li liy dich qua.

Dich qua thu dugc tir thanh long rudt do dudc
diéu chinh n6ng dd chét kho hoa tan (°Brix) theo
bd tri thi nghiém. Sau d6, hdn hgp dugc thanh
trung v6i NaHSO3 122 mg/L trong 120 phut [11].
Hén hop dudc cho vao binh b sung mat sb nim
men va lén men G cac nhiét do (Bang 2).

TAt cd cdc méu sé dugc theo doi thdi gian
1én men cho dén khi dat dugc dd con 5% vol,
sau d6 dudc phan tich ham lugng polyphenol va
betacyanin.

Thiét ké thi nghiém

Phuong phdp bé mit dap dng (RSM) dugc lua
chon dé udc tinh tic dong cla cdc nhan tb dbi
véi thoi gian 1€n men, ham lugng polyphenol va
betacyanin khi dich quéa thanh long rudt d6 dat
dd con muc tiéu 5% vol. Ba nhan t6 doc 1ap dudc
chon 13 néng dd chit kho hoa tan (X;), mat s6
nim men (X3), nhiét d6 1én men (X3). Thiét ké
Box-behnken dugc st dung cho nghién ctu nay
gdm 17 nghiém thiic v6i 5 diém trung tim (Bang
2).

Cac udc tinh cho thdi gian 1én men, ham lugng
polyphenol, betacyanin va nghién ctu tuan theo
cing mot phuong trinh hdi quy bac hai, dugc
bi€u thi nhu sau:

Yi = Bo + BiXi + BXo + B3X5 + BuXp2 +
BXr: + B3Xp + BXiXo + BiXiXs +
BaXoXs (1)

Trong do:

Y;: Bién tiéu chi (thoi gian 1én men, ham luong
polyphenol, betacyanin)



Lé Thj Thuy Linh, Nguyén Bao Loc, Tran Thi Nhu Ha va cong sy

X;: Nong dd chat kho hoa tan (°Brix)
X5: Mit s6 nim men (log10(CFU/mL))
X3: Nhiét d6 1én men (°C)

Bang 1: C4c nhan t6 va mic do khao sat
trong thi nghiém theo md hinh Box-Behnken

Ki higu Nhén té Ponvi : M“":J do :
Néng dé chit | . .
X | ps hoa tas Brix 1| 17| 2
Mat 56 Logl0 R
% | ém men (CFU/mL) |87
x, | Nmétdo i 20| 25/ 30
1én men

Bang 2: B tri nghiém thic theo thé thiic
Box-Behnken bing phin mém Statgraphics 19

STT| X3 | X: | Xs; | Brix | MSNM h;‘g@t
1 0 0 0 17 6 25
2 1 0 1 12 6 30
3 1 0 1 2 6 30
4 0 0 0 17 6 25
5 1 0 1 2 6 20
6 0 1 1 17 7 20
7 0 0 0 17 6 25
8 0 0 0 17 6 25
9 0 1 1 17 5 30
10 1 1 0 2 7 25
11 0 0 0 17 6 25
12 0 1 1 17 5 20
13 1 1 0 12 5 25
14 1 0 1 12 6 20
15 1 1 0 12 7 25
16 1 1 0 22 5 25
17 0 1 1 17 7 30

Phuong phap 1én men

Nghién citu nay dudc thuc hién véi ching nim
men Saccharomyces cerevisiae RV002 thuong
mai cung cip tr Cong ty TNHH IC Food Viét
Nam. Tru6c khi st dung, nim men dugc trit &
4°C. NAm men dudc ting sinh trong mdi truong
PDA 16ng (moi trudng khoai tdy 16ng) trong 24
gid ¢ 28 — 30°C. Truéc khi bé sung vao dich
1én men, nAm men dudc hoat héa trong 02 gis &
nhiét do phong.

Khi 1én men, st dung binh c6 thé tich 02 lit,
trong d6 chia 1,5 lit dich 1én men. Diéu chinh
pH moi truong vé 4,5 va ndong dd chat kho hoa
tan theo bd tri thi nghiém. Mai trudng dudc thanh
trung bang NaHSO3 122 mg/L [11] trong 02 gid.
Lén men & diéu kién tinh.
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Phuong phap phan tich

- Xéc dinh ham lugng polyphenol tong bing
phuong phiap do mau dung thudc thi Folin-
Ciocalteu [12, 13]. Nguyén tic ctia phucng phap
do mau dung thubc thi Folin-Ciocalteu: Trong
qua trinh phan dng, nhiing nhém hydroxyl cia
phenol phan dng vé6i thudc thi Folin-Ciocalteu
tao ra phiic phosphotungstic-phosphomolybdic
mau xanh va c6 thé phat hién nhd quang phd
hip thu & budc séng 765 nm.

Céch tién hanh: Cho 1 mL dich chiét phan ting
v6i 2,5 mL FC 10%, d€ yén 05 phit va thém 02
mL Na,CO3 2%. Héon hop d€ yén trong bong tdi
45 phit va do do hap thu & budc séng 765 nm.
Dua vao dudng chuidn dé xic dinh ham luong
polyphenol trong mau thi nghiém. Ham lugng
phenolic tdng s6 dugc tinh theo cong thic:

CxV
m

P= x k

Trong dé:

P: Ham luogng phenolic tdng s6 (mg GAE/L)

C: Ham lugng cua acid galic (mg/L) (dugc suy
ra tif phuong trinh dudng chuén)

m: Khéi lugng mau thit dem di dinh luong (g)

V: Thé tich dung dich miu (mL)

K: Hé s pha lodng

- Xéac dinh ham lugng betacyanin theo phuong
phdp vat Ii dua trén do hdp thu 4nh sing [7].
Nguyén tic ctia phuong phap dua trén dinh luat
Lambert-Beer véi do hip thu & 538 nm. Do hip
thu quang ctia mot dung dich d6i v6i mdt chum
sang don sic ti 1& thuan v6i do day truyén quang
va ndng do chét tan trong dung dich.

Cach tién hanh: Mau dugc pha lodng trong
dung dich dém 0,1 M acid citric (30 mL) va
0,2 M natri phosphate (70 mL) (pH 6,5). Tat ca
mau thi nghiém dudc do do hip thu bang may
do quang phd & budc séng 538 nm. Ham lugng
betacyanin tong sb dudc tinh theo cong thic:

B Abs * DF + MW x 1000
€

BC

(mg/L)

Trong do:

BC: ham lugng betacyanin tong sb (mg/L)

Abs: gid tri hip thu tai budc séng 538 nm

DF: hé s6 pha loang

MW: khéi Iugng phan ti ctia betacyanin (550
g/mol)
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€: d6 héip thu phan ti clia betacyanin trong
nudc (60.000 L/mol.cm)

Ti 1€ betacyanin con lai sau khi 1én men va
sau thoi gian bdo quan dudgc tinh toan theo cong
thic [14]:

BC
Ti 1€ betacianin con lai (%) = —Lx
BC,

0

100

- Xéc dinh d6 cdn theo phuong phdp chung
cit, dua trén nguyén 1i bay hoi va ngung tu.

Cach tién hanh: Mau rudu dugc chung ct
bang hé thdng chung cit rudu [15]. Rudu sau khi
chung cit dung nhiét ké do dat 20°C thi ding con
ké do d6 rucu. Gia tri doc dudc trén con ké 1a
do rudu cia mau.

Xt Ii s6 liéu

Két qua dudc xir 1i theo phuong phip phan
tich phuong sai biang phin mém Statgraphics
Centurion XIX.

IV. KET QUA VA THAO LUAN

A. M6 hinh twong quan giita ba nhdn té6 doi
Vvoi thoi gian lén men, ham luong polyphenol va
betacyanin cua dich thanh long rudt do

Nhim xéc dinh tic dong tdng hop clia cic bién
doc lap (Brix, mat s6 nAm men, nhiét d6 1én men)
vé thoi gian 1én men, ham lugng betacyanin va
polyphenol ctia dich qua thanh long rudt dd, két
qua tir thiét k& mod hinh Box-Behnken cho 17
nghiém thiic. Két qua thuc nghiém dugc trinh
bay cu thé & Bang 3 (két qua trung binh cta ba
1an Iip lai thi nghiém).

Két qua Bang 3 cho thiy, thdi gian thip nhit
dé dat dugc do con muc tiéu 5% vol 1a 02 ngay
va cao nhét 12 06 ngay. Ham lugng polyphenol
trong dich 1én men dao dong tit 153 dén 198
mgGAE/L va ham lugng betacyanin dao dong tu
341 dén 368 mg/L.

Céc nghiém thuc dudc thuc hién theo phudng
trinh bac hai, bao gom tic dong tuyén tinh ctia
tiing bién doc 1ap va bién tuong tac. Bang 4 trinh
bay cdc gia tri tham sb ctia md hinh thu dugc tir
phan tich héi quy tuyén tinh.

Két qua cho thiy, & ca ba md hinh (thdi gian
Ién men, ham Iugng polyphenol va betacyanin),
gid tri p clia cdc bién doc 1ap (X, Xp, X3) déu
nhd hon mic y nghia 95%. Diéu nay c6 nghia
cac bién doc lap c6 su tdc dong manh dén céic
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bién tiéu chi. Bang két qua con cho thdy gia tri
Lack of fit ca cA ba mo6 hinh déu 16n hon 0,05.
Két qua lan lugt 1a 0,75, 18,845 va 10,960. Néu
gia tri cia Lack of fit cang 16n thi mdc do phu
hgp cia mo hinh cang cao. Tir d6, nghién ciu c6
thé khang dinh rang mo hinh phu hdp véi dit lidu
thu dudgc.

D6 phi hdp cia mo hinh con dudc bi€u thi
bing hé s6 R,. Néu hé sb R, cang cao thi mod
hinh cang phu hgp. Trong nghién cdu, cic gia
tri Ry dudc ding d€ du dodn thdi gian 1én men,
ham lugng polyphenol va betacyanin. Khi da xac
dinh mdé hinh c6 d6 tin cdy cao, cac du doan
vé thdi gian 1én men, ham luong polyphenol va
betacyanin trong dich qua thanh long rudt dé cé
thé thu dugc thong qua cic phuong trinh hdi quy.

B. Tbi wu héa thoi gian lén men

Két qua & Bang 4 cho thiy céc bién doc 1ap c6
su tdc dong manh mé dén bién tiéu chi (thdi gian
1én men). Tuy nhién, gid tri p clia cdc bién bac
hai (X2, X2, X32) va cac bién tuong tic (X2,
Xi3, Xo3) ¢6 gia tri 16n hon 0,05. Két qua nay
cho thy su tic dong khong c6 anh hudng ddi véi
bién tiéu chi. Ngoai ra, mo6 hinh con c¢6 hé sé R
12 0,91 va gia tri Lack of fit > 0,05. Két qua nay
cho thy cich bd tri phi hgp v6i md hinh va ¢
do tin cdy cao. Phuong trinh hdi quy biéu dién
mbi quan hé gifta thdi gian 1én men va ba bién
phu thudc (ndng dd chit khd, mat s6 nAim men,
nhiét d6) cho mo hinh bac hai bé mit dap ting
Box-behnken dudc trinh bay dudi day:

Y1 = 24,2483 — 0,523333 x X; — 0,691667 *
Xo — 0,721667 * X3 + 0,00166667 * X2 +
0,0333333 *« X; * X + 0,00666667 * X| * X3 —
0,0416667 * X,2 +0,0166667 * X5 * X3 4 0,005 *
X3

Anh hudng ctia d6 Brix, mit s6 nim men, nhiét
dd 1én men dbi v6i thdi gian 1én men c6 thé quan
sat trong Hinh 1(a), 1(b), 1(c). Trong cling diéu
kién d6 Brix va nhiét do 1én men, ham lugng
rudu tao thanh phu thudc chii yéu viao mat sb
nim men st dung. Két qua cho thiy khi mat sb
nim men cang cao, thdi gian 1én men dé dat dudc
do con cang ngan. Mat s nim men la tic nhan
quan trong ctia qud trinh 1én men, mét s thap thi
ngudn carbon dudc st dung nhiéu dé ting sinh
khdi. Vi viy, luong rudu tao thanh thép, thdi gian
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Bang 3: Anh hudng ciia do Brix, MSNM va nhiét do 1én men dén thoi gian 1én men, ham lugng
betacyanin, ham lugng polyphenol cua dich thanh long rudt do

. . MSNM Nhiét do Théi gian Polyphenol Betacyanin
Thir tie Brrix (Logl0 0C) lén men (ngiy) (mgGAE/L) (mg/L)
i (CFU/ml))
Déi chitng 140,00 370,00
1 17 8 25 4,00 196,132 + 0,61 366,04% + 0,15
2 12 & 30 3,008 164,165 = 0,84 357,628 + 0,06
3 22 8 30 2,672+ 0,58 191,08% + 0,80 363,49 + 209
4 17 6 25 4.00¢ 198.66° + 0,58 367,312 £ 0,26
5 22 8 20 3,000 184,005 + 4,51 357,648+ 0,36
6 17 7 20 5,000 153,595 + 1,62 366,408 + 0,22
7 17 6 25 4.00¢ 196,65 + 2,11 366,20% = 047
8 17 & 25 4.00¢ 197.63: + 171 367,042+ 0,33
5 17 5 30 3,004 166,712 + 0,36 360,80% + 3 81
10 22 7 25 3,338+ 0,58 185,70° + 029 365,050 +0,14
11 17 8 25 4,00 196.26% + 0,09 367,000+ 0,48
12 17 5 20 5,672+ 0,58 179,61¢ + 136 359,13+ 0,23
13 12 5 25 5,00 162,781  3.87 362,58% 0,10
14 12 & 20 6,002 152,815+ 147 341,508 + 0,49
15 12 7 25 4,330+ 0,58 154,465 + 0,94 343 688 £ 0,06
16 22 5 25 3.33¢+ 0,58 186,145+ 0,18 366,40% + 021
17 17 7 30 2.67=+ 0,58 180,126 +2 82 360,715+ 1 48
Bang 4: Phan tich anova cua cac md hinh da thic béc hai
Th#i gian 1én men (ngay) Polyphenol (mgGAE/L) Betacyanin (mg/L)
Nauén | PO | Hest |Téngbioh| Giawi| Hess | Téngbinh | Gidwi | Hess o | Giaw
- trdo | twong quan | phuong P frong quan phuong P frong quan phons P
X 1 -0.523 6,000 | 0.000 16,337 4762530 | 0.000 3962 | 835794 | 0.000
X 1 -0,692 1,042 [ 0,082 108,136 171,254 [ 0,000 -0,832 | 506,829 [ 0,000
X 1 -0.722 40,042 | 0000 16,008 385,073 | 0,000 13,135 | 650,833 | 0,000
X 1 0,002 0,022 | 0651 -0.436 1500.000 | 0,000 -0.161 | 205055 | 0,000
XX 1 0,033 0,333 | 0,083 0,354 46,571 | 0,001 0,877 | 230,826 | 0,000
XX 1 0,007 0,333 | 0,083 -0,043 13,577 ] 0,058 -0,103 | 78951[ 0,000
XX 1 -0,042 0,022 | 0651 -13,899 2440340 | 0,000 3230 | 134,168 [ 0,000
NXs 1 0,017 0,083 | 0375 1,972 1166.040 | 0,000 0,817 | 200410 0,000
XXs 1 0,005 0,197 | 0175 0,526 2186.420 | 0,000 -0305 | 734,713 [ 0,000
Khong 3 0,75 | 0,085 18,845 | 0,168 10,960 | 0,049
phi hop
Sa1s0
thudn 38 4,000 134,469 48270
Tong 50 52,824 13535.600 3740.13
(corr.) 0
R? 091 0,989 0,984

dé dat dugc do con muc tiéu dai. Tuy nhién, khi
lugng men giébng nhiéu sé xdy ra su canh tranh
nguon dinh dudng, 4nh huéng dén qué trinh 1én
men [16].

Trong cung diéu kién do Brix va mat s6 nim
men, thdi gian 1én men phu thudc chi yéu vio
nhiét do 1én men. Hinh 1(a) va 1(c) cho thiy
néu nhiét do cang cao thi thdi gian 1én men cang
ngan. Thai gian 1én men & nhiét d6 thap thuong
dai do nhiét do thap anh hudng dén kha ning

1én men ctia nAm men. Tuy nhién, viéc 1én men
& nhiét d6 qua cao sé lam tdn that san pham va
4nh huéng dén mui vi san phdm. Piéu nay phu
hop véi cong bd ciia Luong Piic Phdm [16].

Khi 1én men § cung diéu kién mat sb nim
men va nhiét do, ham ludng rudu ting dang ké.
Thoi gian d€ dat dudc dd con muc tiéu cang ngin
khi dich 1én men c6 ndng dd chit kho ting dan.
Carbohydrate cung cip nhu cau dinh dudng cho
nidm men sinh trudng va trao d6i chit. Pudng
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12 co chit cin thiét cho qud trinh 1én men. Nim
men c6 kha niang 1én men dudng thanh rugu. Do
d6, d6 rugu cao hay thip sé& phu thudc vao ham
Iugng duong dudc st dung trong dich 1én men.

Hinh 1: Biéu do bé mit ddp tng biéu thi tic
dong ctia ndong dd chit kho hoa tan va nhiét do
dén thoi gian 1én men (ngdy) clia san phim &
mat s6 nim men ban dau: (a) 5 log10
(CFU/mL); (b) 6 log10 (CFU/mL); (c) 7 logl0
(CFU/mL)

C. Toi uu héa betacyanin

Két qua phan tich & Bang 4 cho thiy, ngoai su
tac dong clia cdc bién doc 1ap (X, Xo, X3), cic
bién bac hai (X;2, X2, X32) va cdc bién tuong tic
(X12, X13, X23) ciing thé hién su tic dong manh
mé dbi véi bién tiéu chi (ham lugng betacyanin).
Ngoai ra, theo Bang 4, md hinh c¢6 d9 tin cdy cao
khi hé s6 R, 13 0,984. Phuong trinh hdi quy biéu
dién mbi quan hé giita ham lugng betacyanin va
ba bién phu thudc (ndng do chat kho, mat s6 nim
men, nhiét d6) dugc trinh bay cu thé nhu sau:

Y, = 162,086 + 3,9618 « X; — 0,831583 x
X2+ 13,1349% X3 —0,161163 x X2 +0,877167
X1+ Xo —0,1026 * X; * X3 — 3,25908 * Xy +
0,817333 x X5 * X3 — 0,305063 * X5

Qué trinh oxy héa 13 nguyén nhan lam mét
mau betacyanin trong qua thanh long [17]. Ham
lugng betacyanin bi anh huéng bdi ndng do chat
kho, mat s6 nAm men va nhiét d6 trong qua trinh
1én men. Piéu nay dudc thé hién & Hinh 2(a),
2(b), 2(c).

Trong cling diéu kién nong do6 chit khd va mat
s6 nAm men, ham lugng betacyanin thay ddi phu
thudc vao nhiét d6 1én men. Hinh 2(a), 2(b), 2(c)
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cho thiy néu nhiét do cang cao thi ham lugng
betacyanin trong qud trinh 1én men cang hao hut.
Ham lugng betacyanin &n dinh & nhiét do thap
hon. Piéu nay phu hogp véi cong bd clia Priatni S
et al. [18]. Ngoai ra, nghién cttu ciia Nguyén Thi
Huong Giang ciing cho thiy viéc 1én men & 25°C
12 tot nhét d€ giit betalain tdng s6 (betaxathin va
betacyanin). Qua trinh 1én men & nhiét d cao
(30°C) cho thiy rugu bi xuéng mau nghiém trong
[19].

O cung diéu kién mat s6 nim men va nhiét do
1én men, ham ludng betacyanin c6 su thay doi
dang ké khi gia ting nong do chat kho. Két qua
cic nghiém thiic c6 nong dd chit kho cao cho
thiy ham lugng betacyanin hao hut it hon so véi
nghiém thiic c6 nong d6 chit kho thip (Bang 3).

So sénh céc mau c6 ciing nong do chit kho va
nhiét do 1én men cho thiy ham lugng betacyanin
hao hut i 1& thuin v6i mat s6 nAm men. Néu mat
s6 nAm men cang cao thi ham lugng betacyanin
cang giam. Ham lugng betacyanin giam do bi anh
hudng trong qua trinh 1én men.

Hinh 2: Biéu dd bé mit ddp dng biéu thi tic
dong ctia ndng do chit kho hoa tan va nhiét do
dén ham lugng betacyanin (mg/L) clia sin phdm

¢ mat s nAm men ban dau: (a) 5 log10
(CFU/mL); (b) 6 logl0 (CFU/mL); (c) 7 logl0
(CFU/mL)

D. Tbi wu héa polyphenol

Trong sb cac chit chdng oxy héa tu nhién trong
rau qua, polyphenol 13 nhém chét rit dudc quan
tam bdi vi polyphenol thé hién nhiing dic tinh
sinh hoc quy gia, dic biét la kha nang khang
oxy héa, khang u, chdng viém, chong di ting va
kha ning khang khudn [20, 21]. Viéc t6i uu ham
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lugng polyphenol trong san pham la can thiét dé
huéng dén san pham c6 gid tri dinh dudng cao.

Tu két qua phan tich anova (Bing 4), ham
lugng polyphenol bi anh hudng bdi ca ba bién
phu thuoc. Tuy nhién, bién tuong tic giita ndng
dd chit kho va nhiét do 1én men khong cé su
tac dong dbi v6i ham lugng polyphenol (p >
0,05). Mo hinh c6 gia tri R, = 0,989 va gia tri
Lack of fit > 0,05 cho thay cach b tri phu hop
v6i mo hinh va c¢é do tin cdy cao. Phuong trinh
hdi quy biéu dién mdi quan hé giita ham lugng
polyphenol va ba bién phu thudc (ndng do chit
kho, mat s6 nim men, nhiét d6) dugc trinh bay
theo phuong trinh da thific bac hai va hé s6 hoi
quy ctia ham lugng polyphenol nhu sau:

Y3 =—492,26+16,3373xX; + 108,136 % X +
16,0082 X3 — 0,43589 % X2 + 0,394 x X * X5 —
0,0425467 * X1 * X3 — 13,8994 x X» 41,9715 *
Xo + X3 —0,526257 x X5

Bang 3 cho thiy, ham lugng polyphenol dao
dong 152 — 191 mgGAE/L. Ham lugng polyphe-
nol thay ddi sau qud trinh 1én men do su &nh
hudng bdi ndong do chat kho, mat s6 nAm men va
nhiét do 1én men. Trong cing diéu kién 1én men
(ndng dd chit kho, nhiét do), su thay d6i ham
Iugng polyphenol xdy ra do su tic dong manh
mé ctia mat s6 nAim men (p < 0,05). Hinh 3(a),
3(b), 3(c) cho thiy, mat s6 nim men cing ting,
su gia ting ham lugng polyphenol cang nhiéu do
thoi gian 1én men ngan. Tuy nhién, néu mat sd
nim men qué cao (107) thi sy hao hut cia ham
lugng polyphenol ting. Tuong tu nghién ciu cia
Adebo et al. [9], két qua cho thdy, ham lugng
phenolic tdng s6 gidm theo thdi gian 1én men.
Tuy nhién, thdi gian 1én men tang sé lam giam
ham lugng phenolic t&ng s& [10]. Viéc so sanh
v6i cdc nghién ciu trén cho thiy két qua clia
nghién ctiu dang thuc hién 1a phu hgp.

Hinh 3(a), 3(b), 3(c) con cho thiy, néu cic
nghiém thic c¢é cung diéu kién (ndng do chit
kho, mat s6 nAm men) 1én men thi su thay ddi
cuia ham lugng polyphenol s€ bi nhiét do tac dong
chi yéu, nhiét do cao thoi gian 1én men ngin,
ham lugng polyphenol cao hon so v6i nhiét do
thip. Tuy nhién, nhiét do qud cao sé lam anh
huéng dén ham lugng polyphenol trong dich 1én
men thanh long rudt d6. Su gia ting ham lugng
phenolic t6ng sd trong qua trinh 1én men 1a do
céc hoat dong ctia vi sinh vat c6 thé giai phong
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lién két phenolic thanh dang tu do [22, 23].

Hinh 3: Biéu dd bé mit ddp dng biéu thi tic
dong ctia ndong dd chit kho hoa tan va nhiét do
dén thoi gian 1én men (ngdy) cta san phim &
méit s nAm men ban dau: (a) 5 log10
(CFU/mL): (b) 6 log10 (CFU/mL); (c) 7 log10
(CFU/mL)

E. Kiém dinh mé hinh t6i uu hod

Két qua ti wu héa cho théy, tai diéu kién nong
dd chat kho 19°C Brix, mat sb nim men 5,6
log10 (CFU/mL), nhiét do 1én men 23°C cho dich
qua sau 1én men c6 ham lugng polyphenol 196,68
mgGAE/L, betacyanin 366,65 mg/L va thoi gian
dé dat dugc do con muc tiéu 1a 4,4 ngly. Kiém
chting mo hinh thi nghiém két qua cho thiy khac
biét khong c6 y nghia gilta gia tri mo hinh va gia
tri thuc nghiém, két qua dudc trinh bay cu thé &
Bang 5.

V. KETLUAN

Trong qua trinh 1€n men thanh long rudt do,
thoi gian 1én men, ham lugng polyphenol va
betacyanin bi anh hudng bdi ndng dd chét kho,
mat s6 nAm men va nhiét do 1én men. Két qua
thuc nghiém cho thiy, néu diéu kién 1én men c6
ndng do chit khd 17°C Brix, mat sé6 nAm men 6
log10 (CFU/mL), nhiét d6 1€n men 25°C thi sau
04 ngay dat do con muc tiéu, dich qua c6 ham
lugng polyphenol 195,95 mgGAE/L, betacyanin
365,99 mg/L.

Trong khi d6, phuong phdp thiét ké bé mit dap
ung véi ma trdn Box-behnken da xac dinh dugc
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Bang 5: Gia tri téi vu dat dugc tir md hinh so véi thuc nghiém

Brix MSNM Nhiét do Théi gian lén Polyphenol Betacyanin
Logl0 (CFU/mL) (') men (ngav) (mgGAE/L) (mg/L)
Gia tri mé hinh 19 5.6 23 4.4 196.68 366,62
Gia tri thue nghiém 17 6 25 4 19595 365,99

céc diéu kién t6i uu (ndng do chit kho 19°C Brix,
mit s6 nAm men 5,6 log10 (CFU/mL)), nhiét do
Ién men 23°C cho qua trinh 1€n men. Tai céc
diéu kién t6i uu, dich qua thanh long rudt dé sau
khi dat d6 con muc tiéu 5% vol sé c6 ham lugng
polyphenol 196,68 mgGAE/L, betacyanin 366,65
mg/L va thdi gian d€ dat dugc do con muc tiéu
1a 4,4 ngay.
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