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Effect of Sugar Content and Acidity on Growth of Zygosaccharomyces rouxii

Wang Huxuan Hu Zhongqiu Niu Chen Yuan Yahong Yue Tianli
(College of Food Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: The effect of sugar content and acidity on potential maximum growth rate (u,,, ) and lag phase
duration (A ) of Zygosaccharomyces rouxii at 25°C was investigated. The effect of sugar content and
acidity on the time for spoilage (TFS) was also analyzed under isothermal (25°C ) and non-isothermal
conditions. The values of w,, and A in all sugar content and acidity combinations were obtained through
fitting the growth curves by using Baranyi and Roberts model. The results showed that the determination
coefficients (R*) of all fitting curves were above 0. 95, which indicated that a good fitting was obtained.
The effect of sugar content and acidity on u,,, and A at 25°C and the effect of sugar content and acidity on
the TFS under isothermal (25°C ) and non-isothermal conditions were analyzed by using response surface
(RS) method, and quadratic regression models were obtained. The results showed that R? of each model
was 0.992 1 (u,..), 0.9625 (1), 0.986 6 (TFS, isothermal) and 0.995 8 (TFS, non-isothermal) ,
which effectively revealed the influence of sugar content and acidity on the growth of Z. rouxii. The
influence magnitude of each factor on the growth of Z. rouxii was analyzed by comparing their standard
regression coefficients. The results showed that the main limiting factor that affected Z. rouxii growth was
the acidity whereas sugar content had less impact. The growth of Z. rouxii was largely inhibited at pH
value of 2.3 and it was fully inhibited at pH value of 2. 0. The results provide a research basis for
predicting and controlling the contamination of apple juice concentrate by Z. rouxii in future.
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BRI A WA — A E A MR, T E R
AT R TS 95 95 T 3553 R 75 A8 71 R 3 I 55 98 R 58 M
T B R RES SR AR pH R L mBE I H & A I AR
P R RN SR B R A AR T AR
AR 8 RS W R RE A SR e B IR AR W4
TR 45 B B T R AR R IO R T, 3
MR [ 8 3 A S R e 45 v (B2 70° Brix; pH i 3.5)
oy B TR A W R O IR S RE 68 78 57 R ik e
TP AR L TR T R DR X R R Y
A -5 o 2 R o T A o R AR A R ) A

S e A i T — BN A L B R 4 B R R
G SR Bl 5 4 OB BE 66 ~ 70° Brix ) J 8 1] i
ER SR (FER2.2% ~2.5% LA ;pH
{H 3.0 ~3.5) Sk Am b Gl R Wy g 15 g H E R R BT TR
TIHANRENE 8 4l o 15 FQ 1% A I B 1 3 S Rk 4
T BT IX 2 A PR EE R ) A TR 6 R A
B AR B W T A R TS Qe B R
ARSIz e 1 23 B 5 i 5T 25°C (SER W AR T 1
TR IE ) 2% AR T AN [RIBE R B R B2 2 4 X A U T3 2R
WA T (0 5 TR W R VR A de AR R R e, SR
WA BIRE I o [R] PEAIE AR R 25 °C B AR T (SR
WA IR ) ZRAF T Bk 2 AR X IR A R
B3 T I7 9 BE TS G il 2 T i i A) (TFS) (1952
Wi, LSS DA A A TN 55 4% o) 5 F 3% e B A S SRR
a6 1t s g SR I —E A T 5T Al

1 #REFE

1.1 ##
.11 FEH]

BRI AR 20 g, WEREE K 10 g, H
(BB M S BB, st 1:1) 454 810 ¢
(66°Brix) 842 ¢ (68°Brix) } 874 ¢ (70°Brix) , />
ARG AN ZE K E 1 L, W R 5
EBEE IR AR pH H IR Y 2R, BAR LR 1,

YPD ([ BE 85 [ M A 25 0 ) [ A 85 % R« 2 1 R
20 g, FEEER KY 10 g, 7 4 b5 20 g, Biifg 20 g, 781K
1L,

50% YPD [& {4 K5 F¢ 5 . 5 Ak 20 ¢, BERER By
10 g, #j %4k 500 g, Bl 20 g, b 5 728 18 /K 75l I #b
ImZEmAKE 1L,

30% ] %5 B - A AR 300 g, Z81RK 1 L
1.1.2  EZSRAUG

JA2003 #H T K, 55 s PHS — 3C # pH 3T,
FifE LH — T32 75 508 B2 A

R1 BCHEHTEREABSERAAGTHI L. KA
Tab.1 .. and A values of Z. rouxii in

all combinations at 25°C

S

b pH Homax

4
J¥%5  /°Brix i /(lg CFU-(mL-d) ~") M
1 66 2.0 0 >50
2 66 2.3 0. 164 +0. 009" 13. 866 2. 090"
3 66 2.5 0.265 +0.020° 4.764 £0.926"
4 66 3.5 0.875 0. 034" 1.022 £0. 248"
5 68 2.0 0 >50
6 68 2.3 0.091 0. 009" 15.370 +2.182¢
7 68 2.5 0.193 +0.031 7.364 £1.192¢
8 68 3.5 0. 629 +0.031* 1.380 £0. 237"
9 70 2.0 0 >50
10 70 2.3 0.052 £0. 016" 21.193 +1.458°
11 70 2.5 0.122 +0.010" 13.676 £1. 415"
12 70 3.0 0.224 +0. 026" 4.340 £0.781"
13 70 3.5 0.361 +0.018" 4.120 1. 383"

TE A AEENE 3 W AR U = A iEZ LR, AR D
BV HRRLE KR LF (p<0.05), FFH.
1.1.3  SZES b

R VT SE SR AR 65 A BERE BB LB
1.2 XBFHE
L2.1 G &

NS 06 T R AR AT PR — BR PR VR, SRR TR
A 100 mL YPD 55 £ W ) 250 mL =i, 27°C %
PFF 120 v/min 35 JREG SR 24 ho $EMAET, 4 T 6 A
T 240 0 3 S ) 20 e 38 b i, 8 b T UFE A 50% YPD
WA IR S (W 15 B 97 2 ) i L 38 L R B 2R B A
27C AR, 120 v/min FRIE IR 2 do Wi FRES WG
JH AL BRI RO o 80 50, AR A T s SRR b
VLT PRV 9 5 10° CFU/mL, Fi 5 BEIER 10 L
PP AP E] 10 mL 25 W3R P, (AR 45 P S 15 SR
VR B A S 107 CFU/mL, 5 45 B 32 25°C %4
THFE IR 50 do B 2 d BURE BEAT B B R A R
JE o
1.2.2 St iiit

Bt T 13 AN HT TR S R X R A
BERR AR RIS (32 1) o o T R4 T I B A0
F 66 ~ 70°Brix Z [a], [A it B & B 70 .68 | 66° Brix
3K ol T3 R e 4 it W R, pH (E — BN T
3.5, HILHC3.5.2.5.2.3 % 2.04 4AKF, #ifr4
LKL 3 x4 =12 5.l T 70°Brix E3 R
A5 B R N % 4 T i T pH{H 3.0
X IR B B 09 AR R W . i A AR 1 BT IR
I3 AAE . KA Al G B IR 25°C &1 P B i R
50d, 432 d RUBEEATRE R MR I E . BAHE
LHREEE 3 K



£ 10 3]

ERRL 4. WS IR N & P4 A BB A KR 52 281

1.2.3 b p vk B2 0 i

FHR TR G 1 30% i 25 W5 7K U T 8% B 1% 5% W
HEAT S 10 A5 16 B2 RS, P IBOIE 24 B0 B2 1Y M RE TR
0. 1 mL 73 53 45 T 50% YPD ~F-#g 2 YPD ~F-#i I,
I8 T 27CH 95 3 ~ 5 d, R 5 X I BCE AT 48
o BB EERE AR 3 ROFATINAE o
1.2.4  fHil AR RSAET TFS i &

Beifil 1.2.2 95 i £5 416 B R W, B E 43
HTER (25C) SRS N HE R 50 d, &
TS5 2 25 4 4 W0 AE M iz 3 78 b R BE e o, B
Sk R 118 22 26 30°C &3 4 h, FHE 8 d;18C Jz
20°C 4552 12 h, T 2 d;20°C J% 25°C & 1552 12 h,
T 6d;25C K% 30C &5 12h, TH 20 d; % 40}
(B 7€ 25°C N #5597 . AL I & e 45 W I & G 2 & 8%
BAEAAGH RPN ARER, B RH#FTMWE,
MR IR BEAE B B A B R IR S B
BRI 4, 5 57 I (B] A 2 TES, ] iy X 55 73 W
F14) PR B TR M R R AT D
1.2.5 dmabrg

(1) — LB RY Y 37

iz | DMFit # {4 ) Baranyi — Roberts 5 % i}
25C AN & A W I B (L lg CFU/mL) K B
TR (R - d) BEATHLG, 4k 1 T35 s 45 41 1 Ak
K Bl LR BV A e KA KR SR AT
AR R AL Xl

N =Noexp( = A, ) [ =1 +exp(Auw,,.) +exp(p,,t) ]
X —— RN Z] L h
N——1 I} Z) W A= W %, CFU/mL
No—— 146 I 20 1) S A W18, CFU/mLL
Mo~V TE e KAE K R 1g CFU/(mL-d)
A R, d

(2) ZGBERY 1 1 37

12 fH Experiment Design 8. 0 % {4 4 %) 0 g 10 5
2B 25 °C S50 TR W BE R R FE 0 IR A B
Jo X BYFE  EE ST (8] H Dy AR e A o [ R R
Ll 58 4T 7 2% TR 3R %) 8 [ 422 4 T B A K S e 1) R/
[F] Fsf 3 A 1 0k 25 °C S A8 Ui 25 F T W B2 B IR FE %t TF'S
A 10NN

2 HREHH

2.1 EHAKNAES

S HIR S0% YPD AR B YPD P-4 1 51 1y
RO R W 2 5. R W Baranyi - Roberts
AR5 4L 25°C SRR TR 19 2 K i 2% 3 15 90
B HEST— G B R KR B AL G
S B A0 A 2 R B TE 0,95 L I A T

B, F 1 iR Baranyi — Roberts #5831 55 45 2] 1)
BB w2 Ao ATLLE 1, 7E 25°C 540 A
[ 2H & Z 0] & RS B p,, M A A REZS(p <
0.05) . BT 5, Fifi & Al E B8R B2 9 385 I, T AR
Pl 3BT UL/ A 20T 0 0T, U D R PR % R A B BR
& Qe A BB AR K B M . 7E pH
R 2.0 &, B 4l & b 52 56 76 vk 2 1 58 4
] AERE TR (50 d) RGN AR R K
2.2 WERBEMNIERER W, K A BT
30 o ) N TR 53 AT W R B TR R R 5 3 TR B
Jo A B FE A5 3] AR A 8 20 0 R
Mo = —12.058 74 +0. 165 04a +6. 027 34b -
0. 085 825ab +6.241 47 x 10 "a’ +0. 040 7845’
A =2 144.258 62 - 60. 505 66a — 85. 542 065 —
0.984 09ab +0. 477 44a” +24. 250 56b°
KX« | °Brix b———pH {H
22 2 TR S e B TR 43 AT 25°C S5 F T OB EE 5 R
JEERT 6 [R5 W B, B2 A TR 52 ) 45 [ U 55 700 1
T EE R 45 R BRX 2 DMLY 22 70 Bl
#(p<0.000 1), KPR EZE (p=0.2870,p =
0.1130) ,BR T p, MR o [ R 7 225000 R B 3%
Hh(p=0.9719) ,2 AR HA &R 5 22 53 #r 1
WEFE (p <0.01), thiE RZE 5N 0.992 1 &
0.962 5, F WX 2 RN AT DU 4 Hb 38 7 B B 5 1R
JEXT 6 R A EBE M A EE
222 [A B A T [l O A 7R v A PR 3R ) A A (] 0
FB DA LA 45 TR 3R %) 6 T4 5 e B8 AR K52 i 1
Ko ATRLE 1w, BB b X TR BR ., 1Y 5 1)
B K (bR A 280k 0. 218 73) ,a .ab K b” Xf F bk
o PR M B8/ N (s M 01 U R 5000031 24 — 0084 368
-0.080607 F10.01285) , a” WX}, WA W, i
ZEOMIATE . A BRI b K b* X BAR A IR K
(hEAENA 22505050k — 8. 381 256 J% 6.530928) ,a .a’
K oab XTEEAR AR5 0 /N Chy o B3 3R 88053 0 8
3.042 848 .1.387 882 % —0.870 112) , X 2 4~ fEi 7y
rPOBE BE X TR G W B K RS i N TR B, AT
B2 T & [R5 I Bk 8 55 47 Hh 3 1 = B PR 56
12k 2 ASBERY iy o )37 1 ], FT LR i R pH
{EL A BEARR , B B pa,,, BT/ CIEAH DG ), A BT 1S K
(RO o M EE A 35 e 51 RS TR B ., T B (B7UAH
) LA B CIERR &) (EE BEXT ., 2 A 152 MR W
JE/NTIRIE
2.3 WEERBEX TFS
3 IER 25°C M AR R AT B IR G Bk
TEFA A g TES Gl Wy TH 8 L I, & IRIES
PR TR W — B T 10° CFU/mL B 8% 35 90 & A W
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Tab.2 Results of ANOVA analysis and regression coefficient of the model revealing influence of sugar content and

acidity on 1,

and A of Z. rouxii at 25 °C

A P33 R F{H P 1 [EVEES R HEVEEY '
fg A 2.45 1205.67 <0.000 1
a 0.38 943. 91 <0.000 1 0. 165 04 -0.084 368
b 1.96 4812.18 <0.000 1 6.027 34 0.21873
ab 0.23 576. 39 <0.000 1 -0.085 825 -0. 080 607
a’ 5.122 x1077 1.258 x10 73 0.9719 6.24147 x107° 1.564 x10~*
o B b 3.094 x 10 73 7. 60 0. 009 4 0. 040 784 0.012 85
B -12.058 74 0.220 68
2K A3 3.495 x 10 ~* 1.31 0.2870
aliiR 2% 9.944 x10 73
Mt 2.47
R? 0.992 1
(e 1310.32 128.19 <0.000 1
a 235.34 115. 11 <0.000 1 - 60. 505 66 3.042 848
b 864. 08 422. 66 <0.000 1 - 85.542 06 -8.381256
ab 21.21 10.37 0.0035 -0.984 09 -0.870 112
a® 22.71 11.11 0.002 7 0.477 44 1. 387 882
ABUR b2 236. 15 115.51 <0.000 1 24.250 56 6.530928
A 2 144.258 62 0.78122
A 14.74 2.13 0.1130
4l %% 36.37
Mt 1361.42
R’ 0.962 5

Bl 1 25C 5 T 5IRIE

Fig. 1 Response surface figures of the model revealing influence of sugar content and acidity on u,,,,

WIEWOE S . " LU W TR IR 25°C 8UE A2 IR AR A
T ARG R IR TFS A 8% 2557 (p <0.05),
SVRTT B R R R A 3, B SR TFS B
W pH {E 2. 3 B a] UK i 400 o) 65 B % 45 I8 B
AR, pH (2. 0 B AT RLSE il AR Ko pH fE
2.5 AT LA AP R e 46 i J2 BB BE (70°Brix) £ 57
W TEFS fE4H il 25°C 8L il 45 7F T Al A7 i S0 d.

55 [RPREBE A5 AT pH A 3.5 (3R e 4 it ILIR )
Btk TFS (fE R (18.670 £1.155) d A8 i (16.333 =
0.577) d)*ﬁth T PEAR B R IR S o X /] — 25

H I M AR AT KR 3R TFS {H 47 t#L,,n
LU AR 2 T R SR TFS /N FE 44 T K %
W TFS(p <0.05) , 15 B 48 m%iﬁ(ﬂﬁg)ﬁﬁﬂat%

X6 PR B TR g, B AR TGS TR Y o o T T

and A of Z. rouxii at 25°C

RS BRI AR
e 4 g By TE 3 A AR (25°C) KRR SRR
W B 5 R FE X TFS 5w T 4545 Y Y 5 22 43 B 4 1
GRBRX 2 ADMBEAB EHTREE (p <
0.0001) , W AR E (p=0.2524 p=0.1751),
HeE R BB 0.986 6 Fi1 0. 995 8, 5l 4% [R &
Tz itk 3% (p <0.01) , KB X 2 AR A LA
BT b R IR (25°C) e AR R A5 R OB 5 R
X TFS W52 o e 2845 8 B 28 X
d, =7764.202 50 —224.954 07a - 156. 036 75b —
2.987 89ab + 1. 754 80a” +55. 618 82b°
d, =8 451. 816 45 —248. 645 17a - 87.725 77b -

4.297 35ab +1.959 63a” +59. 412 835°
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Tab.3 TFS values of Z. rouxii in all combinations under

isothermal (25°C) and non-isothermal conditions

A d,——1AE TFS,d  d,—75iH TFS,d
22 4 [RIEF A T ] A AR TR 4% TR 2R b v [l A R

o TR W IR AR A ET b K b7t TFS 1y

S B K (bR E LI R 50 5 - 14,191 74

die HE el 2 ik 14. 468 67 J% — 18. 844 65 .16.496 8) ,a J% a’ %} TFS
TH /°Brix A TFS/d TFS/d . B
X p” 0 50 % HATRZ 0 AR5 w0 B /N b B b (bl Il IH R 2K
2 66 2 3 43.333 + 1. 155" 38. 000 + 1. 000" Ak 6.516 14 5. 11397 k¢ 7.138 04 4.984 3) ,ab
3 66 2.5 24.667 £1.155'  20.000 1. 000" WP XE TES (1) 52 w8/ (bR e [\ 03 & 5o 0l R
4 66 3.5 6.000 +0.001° 3.333 £0.577° -2.60154 % -3.61139), X 2 48 H b g B %ot
oo 20 >0 SO R AW TRS (R0 3 T R I U R S A
: :Z iz 30. 67O>152. 309° 22: jz i(l) ;j R e R R 9 2 BRI
8 68 3.5 6.000 +0.001° 3.667 +0.577° 2 Oy 2 A BCRLAG W R L R LD R
9 70 2.0 >50 >50 (25°C) sl & A8 25 1 T R pH {E FEIG, TFS 3
070 23 >50 >50 B (FUE) , 2 pH (/N T 2.5 B, B/ B Uk /s
o2 >0 >3 PHL {FL 4 K B3 00 45 95900 TS 4 E 0 9 5
12 70 3.0 21.330 £2.309° 18.333 1. 155° A TFS K (IEHIE) ARG TFS 9 8 0 I 2 /) T
13 70 3.5 18.670 +1. 155" 16.333 £0. 577"
x4 ER2SC)REBEHTHRERBEMNEREZESES TFS XMAMBRENAFESMRERARHER
Tab.4 Results of ANOVA analysis and regression coefficient of the model revealing influence of sugar content
and acidity on TFS of Z. rouxiiat under isothermal (25°C) and non-isothermal conditions
(8] P B3 -5 A FAg P EVEEY 4 RGADYEEY i
7Y 3 188. 63 295.98 <0.000 1
a 288.27 133.79 <0.000 1 —224.954 07 6.516 14
b 1090. 53 506. 13 <0.000 1 - 156.036 75 -14.191 74
ab 29. 88 13.87 0.0020 -2.987 89 -2.601 54
a® 143. 85 66.76 <0.000 1 1.754 8 5.113 97
fE 3 (25°C) b? 287.20 133.29 <0.000 1 55.618 82 14. 468 67
A 7764.202 5 3.968 98
e 41 5 2.99 1.43 0.2524
aliin 2% 29.33
Mt 1361.42
R? 0.986 6
e 4 490. 04 1083.37 <0.000 1
a 736. 48 888. 50 <0.000 1 -248.645 17 7.138 04
b 3136.22 3783.59 <0.000 1 -87.72577 - 18. 844 65
ab 120. 42 145.28 <0.000 1 -4.29735 -3.61139
a® 186. 50 225.00 <0.000 1 1.959 63 4.9843
e b* 796. 32 960. 69 <0.000 1 59.412 83 16. 496 8
s 8451.816 45 2.290 65
25 ) 55 2.92 1.95 0.1751
sl 2% 12. 00
Bt 4504.96
R? 0.9958
3 i 810 g/L $2 =% 874 o/ L I A X & IR G EERE R AR K

SCHRL10 14 i 700 /L ] 26 Bl ot e vk 32 0t 45
He A B RERE NS A K 9 doc v IR VR, X9 AR SO
LERA B ASSCIRTE A R 7 R 7 4 W T ok A

FEPRA B, Rl 2E 58 DART 6 T 6 (R4 15 T B 1
BRI ST R B AL BB U8 7 =1 15 900 g/ 114 ) 76 Ml B4
B AT HLAE ] 900 g/ L A 2 W BRI rh 15 57 1) 40
YRR FIR e, JC o 1 = ik 960 o/ L, K& [R5



284 & A Bl B ¥ i

2015 4

P2 e R AR I A T B 5 R R X PR 5 T B TS 52 ) A5 ¢ i ) 7 ]

Fig.2 Response surface figures of the model revealing influence of sugar content and acidity on TFS of Z. rouxii

under isothermal (25°C ) and non-isothermal conditions

(a) fHE(25C)

TRk HA B ) v W 15 O RE 7, X Mo B RE g AT RE 2
HIT 2 0 BT T BOE RS R 2R AR SR A
91T A R ER A R A S S v R 1B B
T A i 5 5 I BB T O R B A

W W7 T A 2 245 SR S 7S R E 2 52 W) 8 [R5 T
B AR PR 2R R0 2 pH (/N T 2.5 1,
B RIEG B w,, KRN, A K TFS KR SE K
T4 JSE X ER e A B A RS AR A/ e 1K —
45 R 5 AN SRARGE H — B B AR W R R
45 R A B AR KT BRI R 2 IR, )
DA T 00 500 o S SR 4 v v ) v P R AN RE SE 4 A
i £ QA e B 10 A K, SCRIR [ 8 ] A9 T 58 445 2R ik
SET X o e B B AR Y [ I T 2 R AR SR vk 4
T pH AE (/N T 2.5) B RE AT 25000 il 45 PR 15 e B 114
AR R B

R 25C A& T 1 TFS RF AR A& T TFS,

(b) A&

X AT BE R py A I FR BT R L AR R T AR KRR
IR A T /K28 R B SO SR W 10 e 38 i/ s
a2 kG R B R AR K

4 HWRIE

9T T I 25°C 4500 Bl I R 3 o 5 I 4
A B BE TR TE B KR K 3 KGR A I s e, DA R 1E
i B 75 T 2% A M I T B X P A T S W T
i B (6] TFS [ 5 M0, 25 5% 3¢ W IR B 2 5% i) 45 [ 22
AR K R R pH {H 2. 3 B AT LRI
Ml A R AR K, pH (2. 0 B AT DL 5E 44
A o Tl AR 7 2R T AR X A AT S R e 4 1Y
pH {H % 2. 0, {H/S 7] BEFE AR pH H £ 2.5 v LA
fdi A3 Bk 45 v (70° Brix ) 76 6 I 25 °C 5048 i 47 1
AR T 50 d, KGR T (pH fH 3.5 B
PRI 16 ~ 18 d) .
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