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1.1 RKBEHr R

B Fh : Lactobacillus plantarum M616 J& A< ¥ 52
G 25 O TR I R 1T A % W PR AT PR, BRI S509% H il
PR-AFAE-80 CUKAR o

MRS WS RO 1.0 g, BERH 0.5
g, MW ZE¥E 2.0 g,CH,COONa +3H,0 0.5 g, MgSO, -
TH,0 0.058 g, 2L 1.0 o ITBERE M 0.2 g,
ity -80 0.1 mL,K,HPO,-3H,0 0.2 g,MnSO,*H,0
0.025 g, 7&K 100 mL, 75 pH 6.2~6.641,

MRS [E A1 FR 5L . 7E MRS A 55 35 3L (0 L Rl
EhnABE 15 /L, T pH 6.2~6.6,
1.2 UFEH5EE

Forma 88000 LI vK4H X1 B LML : £
] Thermo /A 7l ; DW—FI1.253 ¥ 5818 VR K IR vk 48 - v
B35 22 (N IR FHE B A BR A Al s SW-Cl-1F i T
YEG : TR Mg A i & A PR 7l 5 SPX-150BS- 1T 4: 4k
KR . W i R YT AR AR 2 A PR A 5 FE20
pH i1: MR 43 (B) HRRAF;UV-
1801 ¢AMAT UL I . Jb i IRl o T AL A5 A
RRZS A K RS (8 . ORI T VR e 3 A B A R A
Al
1.3 REHE
1.3.1 Ak H 66 &

B Lb. plantarum M616 FRAT I TR % B 1% 5 R
B (V/V)$HRF 100 mL MRS Wik 440,37 €
RAREFE 12~16 h, TR G L B RS CBUE W8
AW 1% BRI 2] 100 mL MRS 1538 5,37
CHEFRKRL 8 h 2 ODyyy 77 0.5~0.8, HL 100 mL #5
FEH: 4 500 r/min B0 10 min, BB HAETIIE, HL
B KBRS 2 45 F L B 200 g /NZE W9 IR — 2 He ol
(VIW) I AFLIER & B, TR il 5 3L i 1 1]
(5 g /NEMHPIABRBE A ZRA 10° cfu)™ 06 6l 5
S0 T P — o R A BB TR KSR LN, JF
FRARBEMETE 35 7E 37 CIE AN RBE 24 h, R
AN TR) 8 VR 5 R 25 14 Xt TR 58 G 1) 3L TR AT IR v I 3
TTAbH
1.3.2 SLBRE EH A6 m &2

BUAS TR ¥4 VR VR S AL B 451 T I R 1T 1+ 30 C
TEVR 20 min, FERE PR BUR RS FE A 1.000 g, BT
10 mL JC & 7K H 5 e 4 7 22 1T B 58 4 43R IR 1
mL A U T KB B R R 10° £, #R I GB

4789.2—2016 J7 oK 7 BEME TR AT T MRS [& i3s3
T TS VR B, MRS AR RS A 0.1 g/L
2 TR T (2 B AR B ) o

1.3.3 SUBR I = R A8 A e ) &

o2 81 3 2% 1 0 VR R THG A RE TR R
1.000 g FEAL4E A 100 mL MRS MR R (A
0.1 g/L JRLLHE ) H,37 CHE3% 36 h, % 3 h I 5E
— WK IEFR pH 2L LIRS (0 h)pH [H S5 R
(36 h)pH {E/F 2215 8] ApH 18, LA ApH 8 N FE+RPE
P AS TR VA TR A 3 25 1 L IBR TR 1 7™ IR
1.3.4 2HERXE

(1) VRFE AT ] 4 oK 2 50% B BR T #] £E -40
CKFEPHEEE R LEE-18 C, SRIFET-18 C
UKAB R, 43 B T4 1.7.15.30.45.60,90 K 5E
A VR B2 1T P vp LI P A 3 TR ORI R

(2) V5 BTG 2R . 42 BRI ok 4% 1 T 45 4% 1 R T
F, BT - 18 CURFH T o B VR J AR & T 1 3 855
FEAH 30 C T f## % 20 min, 12 K FO; FoAHRE 5 ik
M -18 CUKFH R, 1 d J5 B Ae & TR L, %R
BRI R 18 F1; DL e R — R o 7 =X 40 1)
85| F2 . F3 . F4 . F5 . F6 4, M & H 3L R 7 16 B 40
FERRAE ST o

(3)VR&SHE % , 3i 50% n /K & il & 8L 1w A, &
B Jo 20 ) B T-80.-40.-20 COkAEH %L, HE
HUDRE R -18 Co SR K AU A #5 I 5 B2 1 A
H TR AR AL, 3 RS TR AR T AR S 1 T3 VR 4G
A 18.13.8 mm/h, KEAE S AE-18 CHKAE IR
R, 0 L L R T T PR ORI T R BB

(4) oKt o [ 5 /N 22 A 2L R B /) i iR
A5 S 40% .45% .50% .55% . 60% Y JG B 7K
il & B 1 A, & EESE UG 7E-40 CUKAE R Rst &=
LR E-18 C, R J5 B T -18 CIKFI MK, W 2
FL2L R TR (S TR BN T R RE ) o

()P o 3% 509% Jin Ak & il 2% B8R 18 B , 76 0t
SRR 0.25 ¢/100 g fI4 B H BE(GSH) 4%
R AP M BR (VOE R VR IR P57, KRB 5
E—40 CHKFETHRE = FOWE-18 C, HF-18
CUKFE VR, 100 2 L 2L R T A9 B BORD PR R B T o
1.3.5  vf vl & X I % it

R RIS B -, R Design Expert
8.0.6 BLit = & =K P i Il . 36 B R 45 2
R OMOKEAM GSH B MR E, SNEEET
& B 3 AKFILER 1), LUFLER & = R 15 4r
ApH R B8, A0S B0 R LR B TG 1 B9 A
& UR VR IR AR 1 o
1.3.6  #IESAHT

SRR 3 WP AT B T AT AT Y
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B, JH SPSS 17.0 }% Origin 8.5.1 347 %4 Ak 38
2,

%1 Box-Behnken &% B & 5 K-F

Table 1 Factors and levels of Box—Behnken

experiment
- 7k
-1 0 1
UR&5 2/ (mm-h™) 8 13 18
Tk /% 40 45 50
GSH B &/% 0.25 0.38 0.50

2 HERE N

21 BEFRBERSHH
2.1 KRG A B & PSR M YR

PR B B I BRI B RE ) R4 96 45
Wi HAE-18 CHRIE 90 d JIE1 % g i 2E b, 45 R
wE 1R

207, q
™ . {100
LB 1A R o
e R ~
16 B w 180 @
_ *\\J‘E\ d 4..
o ‘ \: ] >
T 14t \\ 1 60 2
N =
12t \g 140 |
% N\ i
Lot N g
\\i o £120
D R
08| ;“\112 D#
1 L 1 L i i 1 L L
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VR [A]/d

TE [ 4 () AS ) 7 B 2 0R% 22 B @4 (P<0.05), F ),
Bl R I A Ak BB ) P SLER A TS ) 0 Rm
Fig.1 Effects of frozen storage time on the viability

of lactobacillus in frozen sourdough
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AR FLER G 7o X R R RO A R AR e, R
T A 22 H K 5 R 25 T8 B DK A AN W7 A T R A
b, NS ARS SIS R L, AR, &
T35 A 0 0 €T ) 11 I 2 W= OE A T
2.1.2 Az stER @ PSR EE N YR

A VR A VA B I R A o R R M AR R
B BN . AT AR I o B 1 T R g
RIS, W20t 6 YR IR @l B Ak R S ¥ R R T
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Fig.2 Effects of freeze—thaw cycles on the viability

of lactobacillus in frozen sourdough
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Fig.3 Effects of freezing rate on the viability of

lactobacillus in frozen sourdough
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Wi, 4 A AR P 5 TR VR A (R 0 iR
JE PR T o e KK A S G TE-1~-5 C),JB
JH UK AR Y80 T X A I A AR L B FE-80 °C
Z48 R (18 mm/h ) B ¥ R R T AT B, LR BRI T
JI = ERRE S RO T M o 3R RE R R Ok AR A W
A-80 CIABE, i ARk K U4k, TR 1L T 2108 i e 1%
AR B PR ER T, 4 i b A R R T, S EEL
BR B FET 102
2.1.4 mAREBREEAFIBREE G A

LR R R A R AR, 1 AR P A W 3 43 %) 32
BRI EBAERKFKS R R, KD
O m P GRES R B T K 4 4 AT AR TE AR
AN, AR B 1k B 40% .45% .50% . 55% 60%
nAK R A R T AT, DR RN K R N A R R THI
AT 2L BR B T T R e, A5 SR AN E 4 FR

1% T8 1 fin sk B 7E 40%~60% 5 N, FLAR B 1
H BRI = MR EE R BH e LT N R B,
T TR BRI B8 43 A E N 7K & 50% F1 45% i 35 31
KAE, K 432t i s iK1 R FL R R T 1 B B
XA BE AR R A oK A e, R T e R R R R
HO% B K BRI TR LR B A4 i
5 5 oK & AT, LR PR 41 6 TR BBl A 7K 43 4 I 3¢
A AR TR T R A R, LR TR A PN Y K R 2
ZAEB & RS MANN K TR T &L
E NITEIR A0l e

1.90
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185t 70
1.80 o o

- 160 &

=3 —

175 %5
1.70 10
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lss i
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Fig.4 Effects of water addition amount on the

viability of lactobacillus in frozen sourdough
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XSy I B PO . W LIPS
H—COOH B —OH 4555 K M 1 /g /N o3 T4 5
AN FEIRAS FE BRI R IR &0, A 1 58 e UL A
WOLRIBTOR A, BB TIA v UR IR i P 2L IR TR
AR, 25 RN 5 Bios .

555 BUAH A B, BN R AN R BT IR LR (V)
A %4 VR IR T A+ LR B PR TS B R B T
A ER R, A e IK(GSH) 8= TR E
15 1o A0 iR Bt #E i R BUER N Ve {8 R 1 4] % B
JE AL ST, E A T 45 28R 41 10 R i A
BRI AL, R, 765 B GSH Rtk
3, % s AT AL

22, 4120
zaApH
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20+ i “'bﬁ {100
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Fig.5 Effects of antifreeze on the viability of

lactobacillus in frozen sourdough
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HIAMMAMWE WA TRER LLEXR, AR&
PeAb By 25 PR, g o gl T K 560 5 TRV 45 T R
(A) K& (B) .GSH B (C) Jy A A8 &, DLV
Mr PR ™ BRBE J1 8948 HK ApH(ApH=pH sys—pH s.)
SR (B, 1] ] Box—Behnken i3 (BBD )% it =R
F K RSM 3055, i G B A R L2 2,

FF Box-Behnken RIS, X356 5048 JE 17
FELE, 58] ApH X AR £ Y K L3 51 )5
Ry

y =1.88 +0.0484 +0.033B —0.020C +0.01548 —
0.014C-0.2247-0.078B>-0.067C2,

M RSHIFEAT Oy oA (R 3), SRR, st
AIAE 99% B 7 /K T B4 2 3 (P<0.000 1), 2 1 5
ANEFE (P>0.05), FZEA Al T W m &
AR FR R TE P LR R A R . R T Y
MR R B R=0.996 3, 5 BRIP4 FE R A A
P R R?=0.991 5, KW 5 Bk @ RE—3
P58 S REUN 0.73%, T A 2 1 LA

3% 4 AR T R 3 M A I BN vT L 3
ANHEE A RS HER B I/KE ¢ GSH x| ™
BRRE 1 ApH MR TER R B, MK A2 B .C* X
ApH A R TR0 A% 2 3 A B 22 5. IR X ApH IR0
BF ,AC BC AT ApH HIS2 WA B % . ol



W77 R — R IUAT A, 3 A (5 ZR0 v4 PR IR 1 AT+ 7L IR
U {5 1 A5 2800 AR UK R R 45 T 2 > i 7K+ >GSH

56 T I L RFZROARFFRR) % 40 %
4% 2 Box-Behnken X%t 54 % A&,
Table 2 The experimental design and results of Box— 2.2.2 AW @4 AT
Behnken FI F Design-Expert 8.0.5 B4 xF £ 45 847 —
RBFE A B C ApH WZITTENERIG, FrAs By e i i Ta A AT DL il 45
1 8 45 0.25 155 KR Z M WA EERRRESE . &R
2 13 45 038 187 HBIE , R L EAEHBE ; WA, £ AR
3 8 50 038 155 FHRINKE 6 Fin 3 ZHABER AB.BC AC *F
4 13 50 0.25 1.80 FeRRRES) ApH BAT AR
5 18 45 0.5 \67 PRFE Ve VR R 1T A LR A 3 ) I AR R TR
6 3 45 038 189 Sy YRS % 13.60 mm/h, K & 46.11%),
. " 45 038 L& GSH ¥ Im & 0.36%@%%%#?:5%@2%?@%%
. " 40 038 s Apli FME 7 1.89, 25 R B 52 BR ¥ VR R 98 55 A4 1Y
AT B 2 TR 2R R AR A5 (R VR B Ry R 45 3 % 13.00
’ B %0 030 17 mm/h, Bk 45.00%, GSH HAN R 0.35% , 3 F
1 a % 038 167 17 1560 50 445 51 FLAR 17 AR AE 7 ApH W 1.90+
11 13 45 0.38 1.89
12 13 45 038 1.88
13 13 40 0.25 172
14 8 45 0.50 1.54
15 18 45 0.50 1.62 z
16 8 40 038 1.53
17 13 40 0.50 1.67

&3 @Ay 2 5t

Table 3  Anovariance analysis of regression model

A 5 I 75 # [SN=:053 o) F{d PiE BE
R 0.29 9 0.033 207.45 <0.000 1 **
P22 1.100E-003 7 1.571E-004

AU 7.000E-004 3 2.333E-004 233 02155 ENTE

iRz 4.000E-003 4 1.000E-004
B 0.29 16

¥ :R>= 0.996 3,R%= 0.991 5,

A4 WREFAELRFZKG T EMER
Table 4  Significance test and analysis of variance for the terms in the regression model

YR EINEE-E ¢ H ¥Ir FAH PE BEH

A 0.048 1 0.018 114.86 <0.000 1 ok

0.033 1 8.450E-003 53.77 0.000 2 **

C -0.020 1 3.200E-003 20.36 0.002 8 ok
AB 0.015 1 9.000E-004 5.73 0.047 9 *
AC -1.000E-002 1 4.000E-004 2.55 0.154 6
BC 0.000 1 0.000 0.000 1.000 0
A? -0.22 1 0.20 1 267.54 <0.000 1 *ok
B -0.078 1 0.025 160.93 <0.000 1 o
c? -0.067 1 0.019 122.08 <0.000 1 *oK

T RRZRWEE  P<0.01;* FREREH ,001<P<0.05,
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B6 &AM ApH ka2 o @ )
Fig.6 The response surface graph of effect of two

factor interactions on ApH
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Tk & 45% , GSH & 0.35%., fEE&HET, 3
PR 1R 7 R AE 1 ApH AT fRFF R 1.90, & RECH 7.8x%
106 AN/ g, ELA&S B0 10 - 2 T () BB 0 o A S B BF 98 285
SRAT LA A 4% G5 1 1T 12 10 e DR A7 2 438 3 1) i o S8
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Effects of Freezing and Frozen Storage Conditions on the Viability of Lactobacillus

in Frozen Sourdough

CHEN Di, CHENG Qiang, SHAO Changging, LI Jing, WANG Jinshui
(School of Biological Engineering ,Henan University of Technology , Zhengzhou 450001, China)

Abstract : Flour products fermented by traditional sourdough present better flavour,nutritional properties, and
longer shelf life compared to that fermented by leavening agents. However, it is difficult to realize its commercial
production due to the complex composition of traditional sourdough. Frozen technology was applied to preserve
traditional sourdough, and effects of several freezing and frozen storage conditions on the viability of lactobacillus
were investigated in order to maintain fermentative capability of microorganism in frozen sourdough. The results
showed that five frozen storage factors had significant effects on the viability of lactobacillus. There was a linear
relationship between frozen storage time and freeze-thaw cycles and the viability of lactobacillus. The survival rate
and acid-producing capacity of lactobacillus significantly decreased with the prolongation of frozen storage time and
the increase of freeze-thaw cycles. Effects of freezing rate,water addition amount,and GSH addition level on the
viability of lactobacillus showed nonlinear. The optimal freezing and frozen storage conditions for maintaining the
viability of lactobacillus in frozen sourdough were freezing rate 13.00 mm/h, water addition amount 45% ,and GSH
addition level 0.35% ,which was optimized by response surface method. On the selected condition, the acid-producing
capacity and survival rate of lactobacillus were 1.90 and 7.8 x10°, respectively, which indicated lactobacillus having
refermentation capability. The results of this research provide a new research approach for stable preservation of
traditional sourdough and technical supports for the commercial production of sourdough.

Key words: frozen sourdough;freezing and frozen storage conditions;viability of lactobacillus;acid-producing

capacity ; viable counts



