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Effects of Protein-glutaminase and Starter Cultures on the Quality of
Walnut-based Yogurt

YIN Xinya, LI Mengyao, LI Hehe, ZHU Ling’, ZHANG Hui", WANG Li

(School of Food Science and Technology, Jiangnan Univercity, Wuxi 214122, China)

Abstract: Walnut kernels, selected as the raw material, underwent hydrolysis with protein-glutaminase (PG) following
pulping. This process laid the foundation for producing set-type walnut yogurt, involving steps such as blending,
homogenization, sterilization, and fermentation. The study investigated the impact of protein-glutaminase and five distinct
starter cultures labeled I~V on the quality of walnut yogurt. This was evaluated by examining the yogurt's fermentation
characteristics, physicochemical indicators, and microstructure. Furthermore, walnut yogurt developed under these optimal
conditions was compared to traditional milk yogurt to assess its quality and characteristics. The findings revealed a
significant improvement in the fermentation characteristics and textural parameters of yogurt fermented by walnut milk
following enzymatic hydrolysis compared to non-enzymatic walnut milk. The optimal conditions were identified as 0.2%
enzyme concentration and a 40-minute reaction time, with the pH, acidity, hardness, and consistency of walnut yogurt being
4.3, 55°T, 85.30 g, and 583.96 g-s, respectively. Walnut yogurt developed using starter culture I exhibited the highest
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acidity level, maintaining minimal fluctuation over a 21-day storage period. In contrast, yogurts prepared with alternative

starter cultures demonstrated varying degrees of stratification and sedimentation. The yogurt fermented with culture I

showed superior viscoelastic properties, presenting a denser gel network. Conversely, yogurts fermented with cultures IV

and V displayed reduced apparent viscosity, lower values of G' (storage modulus), and G" (loss modulus), along with a

looser gel structure. Additionally, walnut yogurt produced with starter culture I maintained bacterial counts exceeding

10° CFU/mL throughout the storage duration. Despite walnut yogurt requiring further refinement in aspects such as

consistency, water-holding capacity, and whey release rate compared to milk yogurt, the overall impact of PG was positive,

enhancing the gelation quality of walnut yogurt. The yogurt prepared with starter culture 1 (Lactobacillus bulgaricus and

Streptococcus thermophilus) was notably improved, receiving favorable overall assessments.

Key words: walnut yogurt; protein glutaminase; fermentation properties; textural properties; rheological properties;

microstructure
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0.2% K EEH T, 14F 42 °C F &% B% 8 h, IFf3 MR U51E
4 °C MR 12 he
1.2.2 PG Mg s& b oot
1.2.2.1 PGEAIMEATHLE KR INEN 0.1%,
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Table 1 Sensory rating standard of set-type walnut yogurt
bR (41) it SHE(5)
H IR I, B — 16~20
(SR s g NS IR 11~15
Bi,(20
B B, iR — 6-10
RE 0~5
PRI, O S 16~20
. A R i 11~15
P (20
HR20) iR 6~10
TCIRB AR 0~5
TR s B TR J W IR R IR, TEANMIPRATIR 16~20
eak (20) TRE R B IR, ARk 11~15
A = Bk S A BT O IERRRIR, IS 24K 6~10
[ e RIS 0~5
AR, B, JOAY)2E . TCULTE, RIMANHILE  31~40
BRI ANIN, WA 432, RIMEMATIH AT 21~30
SHEURAS (40)  ARUE, FHLENIESS , R R, R R
ARG S s Ay 11-20
AEGE, B, 4320 ., R 0-10
B ZHFLIE ~

1.3 HEEAIE

1& BY origin X AFVEE], 2k FH SPSS 22(IBM, 3
YT RN 224014, P<0.05 R A w2
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BRI B ek . XA 0.2% PG EFALERAZ R X2 PG RN MR T R MR 0
F 3 5 LR B BEHE TR Table 2  Effects of the addition of PG on the textural
characteristics of walnut yogurt
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651 AN £ 03% 0.1%  69.05£0.50° 51133+1.52° —1024£025" —20.78£0.33"
6.0 F 0.2%  85.30+030° 583.96+0.94° —19.53£0.15  —25.68+0.23°
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5.0 \
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Fig.1 Effects of the addition of PG on the pH of walnut yogurt S e 40 min
duri . 6.5 ¢ N —4— 65 min
uring fermentation ;l
6.0
60 1 -
= 0.1% T L
- 0.2% . B >3
0T 4 03% . : 50l
40 t o i ‘ S
= 30| e ol . . | ‘
g 0l 0 2 4 6 8
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o = K3 PG BE/EHIR RIXZBERR Y pH #5200
0 O 2 4 6 8 Fig.3 Effects of treatment time of PG on the pH of walnut
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K2 PG BEASINE X AL IR W3R 2 1) 52 ) 0T o 1smin
Fig.2 Effects of the addition of PG on the acidity of walnut * 40 min s
. . 50 —a+ 65min 4
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40 7
I PG BE RS i A PERS Ll /
WIASIF, B MRS | RRE | RPN 4 o
Tr AT, T A TAT LS W R 05 PRy i 55 . s S
BN ARWIFEL IR, AN PG BRI RZAEFL or 1
TEW R KB S22 30 A BE e, B 0 — ; : : :
A AESR . RAIA PG ML A e & 18 Bl 4 PG A F ) A A R 3 FEE 1 5

JRLHE [ BUAZ R RS o FR AR 2 AT, AP AR RS Fig.4 Effects of treatment time of PG on the acidity of walnut
JEAIZ R BN MK R 0.2%>0.3%>0.1%, P4 it yogurt during fermentation
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fiff# 60 min PYAZBRIR Y A REPE B 22 . S5 B AT
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52 i 2 e L1 ST 52 B O o = I 7 e 511 £
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B DA S e 1z e e, 2EmifiA ks s
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Table 3 Effects of the treatment time of PG on the textural
characteristics of walnut yogurt

HEfEaSE (min) - BERE(g)  FAE(gs)  WERM(g) FhEHEE(gs)
15 75.86£0.16" 503.59+1.50° —15.48+0.24" —23.54+0.35
40 85.30£0.30° 583.96£0.94* —19.53+0.15° —25.68+0.23°
65 42.71£0.54° 256.79+0.21° —13.47+0.39° —13.80£0.66"
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i) pH < 4.5, BRIE = 30°TUY . FEAZMEFL A IEAb AR RS
S R EER) 1T~V 647 & B2, LSRRI W )RS
s A PRy . R lEIIR] pH AR L ERZR ULIE 5.
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Table 4 Effects of starter culture on the textural characteristics

of walnut yogurt
KR WHEE(g) PR (g-s) WERME(g)  Bitkfe%(gs)
I 89.85+0.51°  567.44+£0.44° —18.63+0.11°  —23.68+0.23¢
I 87.14£0.07° 563.86£0.40° —17.99+0.12*  —17.40+0.36"™
m 85.38+0.34° 55426£1.90° —17.45+0.28"  —20.54+0.35°
v 82.59+0.20° 525.18£0.21° —15.1240.04°  —16.370.10°
\Y 79.34+0.22  547.41£0.23¢ —15.89+0.18"  —15.03+0.21°
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Table 5 Bacterial counts of walnut yogurt fermented with
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Table 6 Sensory rating of walnut yogurt prepared with 5 starter

different starter cultures (CFU/mL) cultures
R 0d 7d 14d 21d FEfh it (43) A NG ARG HEBUREU)
I 5.0x10% 2.8x10% 1.7x10% 1.2x10% I 15.67+0.58"  18.00£1.00°  14.67+1.15°  28.33+1.53°
1 6.5x10% 3.0x10% 2.1x10% 1.5x10% I 13.33£1.53%  15.33£0.58™®  11.00£1.73*  23.33£2.08"
m 3.0x10% 6.8x10% 3.5x10% 4.7x10% | 12.67+0.58°  13.00£3.46°  9.67+1.15 22.67+1.53°
v 3.2x10% 1.5x10% 8.0x10% 4.8x10* I\ 15.00£0.00®  14.67+0.58™  10.33+0.58" 19.67+2.08°
\ 9.5x10% 8.5x10™ 7.2x10% 5.2x10% \ 12.40£1.40°  12.00£1.73°  9.33+4.16 16.67+2.31°
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Fig.11

Real images of walnut yogurts fermented by five starter cultures
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Fig.12  Gel characteristics of of walnut yogurt and cow yogurt
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