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Abstract: String cheeses wereprepared using a single-screw extruder, and principal component analysis (PCA) was usedto investigate the
influence of the stretching temperature ontheir physicochemical properties. The results showed that both cheese curd and string cheese stretched
at 70 ‘C had a high expressible serum content; strong mobility in bound, occluded, and free waters; a high proportion of occluded and free
water components; high L" and a" values;a low proportion of bound water component; and low hardness, gumminess, chewiness, and resilience.
Compared with the cheeses prepared at other stretching temperatures, string cheese prepared a a stretching temperature of 90 'C had a lower
expressible serum content; weaker mobility in bound, occluded, and free waters; lower proportions of occluded and free water components;
lower L and a"values; higher proportion of bound water component; and higher hardness, gumminess, chewiness, and resilience. The elasticity,
b", and ¢ values of string cheese were not significantly influenced by the stretching temperature (p > 0.05). The comprehensive assessment
model of the stretching temperature and physicochemical properties of string cheese was established based on the PCA. The principa
component score indicated that good p hysicochemical praoperties of stringcheese could be obtained at 80 “C with ascrew speed of 45 r/min.
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Table 1 Analysis of cheese composition
M K% FEMI%  EaRl% &»%  pH
FC 53.81+1.46% 22.30+1.04% 26.4540.28% 2.8440.04°5.0840.03°
BT7043.2641.90°20.7520.38%25,0240.79% 2.49+40.11°5.1620.02°
BT8044.3022.03° 19.2540.48° 25.41+0.05% 2.4840.13°5.2040.03°
BT9045.30+1.57° 19.10+40.28" 25.7240.32% 2.73+40,06°5.3020.0%

E: ARAAR B FEH KR 257 2% (P<005), 4R

HARNE FHEERTENEFREE (P>005).
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Table 2 Expressible serum content of string cheese produced at

different stretching temperatures
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Table 3 Proton transverse relaxation time values of string

cheeses prepared at different stretching temperatures

T 5B 18] F £/ms

Samples

Toa To Tos
FC 0.7740.06° 19.67+1.62°  114.98+0°
BT70  1.1640.0° 16.4042.28° 133.05+185%
BT80  1.0840.02 14.17+0"  109.98+48.64%
BT90  0.2440.01°  9.32H)° 62.9444.95°

E: ARHRR BT EE ARAR 2R 2% (P<005), 4R
AR B FHEEETHAEFAREE (P>005),
< 4 TERRREFHERLST 2 T BRIk 28 53 tEFTEE 5l
Table 4 Relative proportions of thewater component in string

cheeses produced at different stretching temperatures

489 P51 1%

Samples

M21 M22 M23
FC 11.0343.10° ' 72.09+1.72%  16.88+1.63"
BT70 " 10.63+2.63" 174.1543.13% 15.214330°
BT80 14.03+2.05°  68.59+1.44° 17.384061%
BT90  23.4547.35° 62.7545.62° 13.74+181%

E: AR NEFEH AT AR £/ 2% (P<005), 4R
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PEFI BT70 REMEZERAEE (P>0.05); PHIEHE: A
[, BT90 MHIE:>BT80 MHME > FC MH g >BT70
WM, BTOO MHIEHY: . BT8O0 MHMEE BT70 MHME M
ZREE (P<<0.05), FC MM BT8O NH MM A
BT70 PHMEMEZRALEE (P>0.05); [H&E M5,

BT90 [A &£ >BT80 [1| & >FC [HI & >BT70 [ &
P, BT90 [FI& M. BT80 [HI&E ML BT70 RIE %
B3 (P<0.05), FCHIEMYS BT70 & 4% FA R

% (P>0.05); UWHEIRBNMLUGE, F2TREN
RS . A hPE MHIEME R AT 2 T8k, Hpr
LR XA 22 TR BE S K. X T RS BT TR I
JR R BT B SOUL 544 Ve, 1T TS RO )
NN T2 HkE, 70 C KRR EERT 2742 % 1)
B T 2545 ISR /1N, 90 °C FrIhr sl P} 222 1
T P 26 1 PP 4% S R S K
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Table 5 TPAanalysis of string cheeses produced at different stretching temperatures

Samples A Elg Rk R JE Rk e vELf} b B M
FC 553.7448.3°  0.9440.08 0.7540.02° 417.2442.7°°  390.5441.4%° 0.3340.02%
BT70  367.9+19.6% 0.8940.02 0.6940.02° 255.2418.7°  2259+13.2°  0.2840.02°

BT80  863.0421.9° 0.9340.0 0.7740.04®
BT90  1657.24700° 0.9340.03 0.7840.03?

603.44124.3° 561.2+121.8° 0.38+0.04%
1288.4+1063 ~ 1197.6+125¢ | 0.4240.012

E: RARR D BFEE AFMARZF 2% (P<005), #AME B FEEETAREZFRAEE (P>0.05).
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Fig.1L" values of string cheese produced at different stretching
temperatures
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M 4 FTLUE S DM C #VIEME, FCC
>BT70 C>BT80 C>BT90 C, {H FC. BT70. BT80
A BT90 PUAMHEA: Z AN B2 (P>0.06), HiHIHL
AR B2 0T A ot ) TR S A B2
26 E R4

I 13N HL R )T B AT, 48 =4
Sy BIRFIERR 577 20Tk, N3k 6 fs. ik 6 7]
L B BRI ZTTERE M Y 86.112%
A 7.608%, 2L Rt utilikR ks 983.719%, &
THl S T I B AR AR B A B B

® 6 AN EMAFHERNT ETTIRE

Table 6 Eigenvalues and variance-contribution rates of the

three principal components

Y , wEFH  RitAE
HIEAR
PC /% T E %
1 11.195 86.112 86.112
2 0.989 7.608 93.719
3 0.816 6.281 100.000

7N 13N AR R 5 34 UM ARR R
Hak. W7 ATBLAL, 88— T a2 5 MG
ErE. Tas Taos Tozn M22. M23. HE. AERIE
R, 5 ML W, IREWE. T, RIS E A
R, H—F R T 86.1%F AT 2. B E
By FESAHABE R, L a2 IR, 5Ta.
M23 B, SR I R, S5 aT AR
g MK R BAE WA AR
Y=0.873X1+0.710X2+0.877X3+0.873X4-0.905X5+0.910
Xe+0.538X7-0.909Xs-0.901X9-0.899X10-0.848X11+0.894
X12+0.869X130 MR G PRI R A AXHE T LA
H S AR S AT 22 FREAAR AR AR PR ELOR

WA %28 2UAT DURORPP A i B 5 27 22 T B b Fis
PREIR AR o

TT7T ERTOMHPTESERSEXREE
Table 7 Table for the correlation coefficient between the

variables and principle components in principal component

analysis
. F#
=
PC1 PC2 PC3
THILFEE 0921 0.328 0.212
T2 0.820 -0.537.  -0.197
Tor 0.938 0191 0.289
T2 0.967 -0.190 .-0.166
M21 -0.994 0.100 -0.036
M22 0.987 0.037 -0.160
M23 0.628 -0.478 0.614
2 8 -0.994 0.051 0.093
AR Ak -0/990 0.111 0.086
2 % -0.989 0.111 0.099
2R3 -0.908 -0.168 0.383
L” 0.944 0.329 0.022
a 0.915 0.343 0.212
20
1.5F
1.0 - FC
_ 201 >
= 05F o -1
< ot
-~ 0.0
E:' 051
-1.0F -1
L3 80°C T
2.0 . .
-6 -4 -2 0 2 4 6
PC1:R6.11%

E5 FRINMREHRE— E_EHAITS

Fig.5 First and second principal component scores of string
cheeses prepared at different stretching temperatures
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