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ABSTRACT: Objective To establish a scientific and systematic methodology for evaluating the characteristic quality
attributes of frozen fried dough sticks. Methods The 12 commercially available mainstream brands of frozen fried
dough sticks were selected as the research subjects. The measurements of quality indicators including textural
properties, chromaticity, flavor compounds and nutritional composition were conducted. The fuzzy binary comparison
decision-making method was performed to identify key sensory evaluation indicators across 5 dimensions: visual,
olfactory, auditory, gustatory and tactile perceptions. Key indicators were further screened and comprehensively
evaluated through correlation analysis, principal component analysis and cluster analysis. Results The total of 20

indicators that could be categorized into 6 principal components with a cumulative variance contribution rate of
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91.217% were selected. The cluster analysis, taste, internal structure, brightness (L"), red green ratio index (a"), sodium

chloride content, moisture content and fat content were identified as the core evaluation indicators for the quality of

frozen fried dough sticks. Conclusion The quality evaluation system developed in this study enables an objective and

quantitative assessment of the overall quality of frozen fried dough sticks. It not only provides guidance for consumer

decision-making but also offers a precise scientific basis for optimizing formulations and advancing the industrial

production of healthier, low-oil, and low-salt frozen fried dough sticks.

KEY WORDS: frozen fried dough sticks; principal component analysis; cluster analysis; quality evaluation
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Table 1 Overview table of sensory evaluation of fried
dough sticks
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Table 2 Textural characteristics of fried dough sticks

W g ik L I8 Il 52k
A fij:gzi 0.77£0.01°  250.81+73.84°  0.2040.01°
B g?g*f 0.89+0.03*  208.00+65.35°°  0.28+0.00°
¢ %i}f}%@f 0.86+0.01  381.78+£57.29®  0.28+0.03°
D SO 083:0.04%  35104579.90° 0294003
B O R 0861001 38276:1778%  030:001°
FoooA0NE 0900003 26027625145 0334002
G PO 082:001°  1746681358% 0294002
H 6;;;&%3 0.87+0.01®  427.99425.32*  030:0.01%
P OO 080:002% 26111422100 0.1140.01°
bR 0825005 14298:236°  02940.02°
Ko 0805002 23443533707 0294005
Lo 20N 087:001% 2473341989 0294002

e [l —F AN R/ING R RbE S R 77 3 25 57, P<0.05,
%3, 10 [,



%16 1) oM A BRI AL A PO T AR 239

£3 HEBEHW 2.3 HEXIRR S T
Tabl 1 lysis of fri h stick — RSN
— able 3 Color analysis of fried dough sticks %%ﬁﬁ*ﬁ%ﬁﬂﬂ@ 1 F)]"/T\‘, PC1 mﬁk%ijﬂ 62.7%, PC2
T L a b’ IS [T
- - Tl 18.5%, RIFTHEY 81.2%, 4 hMSEOE . HkA
A 68.41+£0.92%¢ 5.75+0.98%“ 23.91+1.82°%¢ Fb e ey Bl e
~ = A 425 2 2 X 0 B e |
B 68.56+2.14%° 49621 265 262143 .44 JEJ_UH%?%X )Lj‘jj’(tlj(lgl 1), XTHZX ﬁﬁﬁ%‘%ﬁj, /\qjﬁ}k%
C 65.70£0.22%0 43320507  27.11£1.82% JRATHER B R, 456 GC-MS E—P gk
D 68.94+1.36% 5.91+0.52% 25.6142.33% Wit GC-MS ik Y SI=80 B KUKy I, R FH 0 i AX
E 64.71£1.80% 8.36+1.56" 32.05+1.85" IH— AL 3 R A B A Bt Z5 RN 4 Pios, AN
a def cde 5 —] 3
F 7101217 531209 23.22+0.56 St LT 0 1 JXLR A e % RS, Lo (B,)-2,4- %8
ab ef de - - . N N
6 %2082 4T 214705 TS 2-W PR PR AR 4 Bt 8 48K 2 KR Bt
H 65.2642.14% 9.58+2.28 32.75+0.31° o RS -
— HAFTE, 2-10k MR P st g P 7 A R 22 5o 1 T
I 48.67+5.13° 14.27+0.59° 19.31+8.66° SR ETE: C HO(EE)-2.4-5% —KSREHIN 4 EERLE
J 70.87+3.89° 6.80+1.51 21.59+2.91% el e (£, [)23] i H LR
e s e % D 4-%% T
K 71.43£4.79° 3.4241.22° 14.934.14° 31.10+2.23, MIRRIUR M, J5 Sl 4 (B.6)-2.4-5 I
L 64.30+1.15° 8.92+1.94° 33.74+1.58° P15 2-MR R WA T it A b O 1
—— A
-o—B B
o C
D
]]:; 0.5+ » iRk Beok
—— G I%{:}JXLH%I
——H § RS
K o
o1 g =k
-0.5+ w R
ok vk R 0.4 -0.2 0 0.2 0.4 0.6
PC1 (62.7%)
Bl 1 AT S 75 B A R (A F 1449 I (B)
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Table 4 Relative content of key flavor components in fried dough sticks (%)
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Table 5 Results of fuzzy binary comparison scoring for sensory evaluation indicators
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JaREs FKIATEH 1 2 5 6 3 1 101 0.561
@ NN 7 2 6 2 1 114 0.633
JaREs R ZE 14 2 2 2 5 5 2 123 0.683
fikes SUS 2 3 6 4 2 1 94 0.522
fikes SR 7 8 8 1 1 139 0.772
LRz AR 1 2 2 8 4 1 69 0.383
[ERES i i 2 3 2 6 3 2 101 0.561
fakes A 2 4 8 3 1 105 0.583
fakes b 2 5 3 3 118 0.656
@i LI 1 2 9 1 3 2 99 0.550
@i JE Wi 7 3 7 2 6 101 0.561
WEL I 14 R i & = 3 1 7 5 2 76 0.422
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Table 6 Priority selection ratio matrix
VAR
I U1 Uz U3 U4 U5 Us U7 US U9 UIO Ull UIZ
LD
U, 1.000 0.561 0.633 0.683 0.522 0.750 0.383 0.561 0.583 0.656 0.550 0.561
U, 0.439 1.000 0.717 0.617 0.511 0.789 0.356 0.456 0.506 0.672 0.522 0.372
Us 0.367 0.283 1.000 0.400 0.256 0.522 0.206 0.383 0.311 0.433 0.317 0.239
U, 0.317 0.383 0.600 1.000 0.450 0.744 0.272 0.461 0.567 0.633 0.606 0.506
Us 0.478 0.489 0.744 0.550 1.000 0.800 0.444 0.522 0.644 0.711 0.656 0.639
Us 0.250 0.211 0.478 0.256 0.200 1.000 0.156 0.311 0.206 0.206 0.189 0.178
Uy 0.617 0.611 0.772 0.728 0.556 0.844 1.000 0.661 0.783 0.789 0.806 0.783
Us 0.439 0.544 0.617 0.539 0.478 0.689 0.339 1.000 0.556 0.517 0.589 0.533
U, 0.417 0.494 0.656 0.433 0.356 0.794 0.217 0.444 1.000 0.483 0.544 0.567
Uo 0.344 0.328 0.567 0.367 0.289 0.794 0.211 0.483 0.517 1.000 0.361 0.261
Un 0.450 0.478 0.683 0.394 0.344 0.811 0.194 0.411 0.456 0.639 1.000 0.422
Un 0.439 0.628 0.761 0.494 0.361 0.822 0.217 0.467 0.433 0.739 0.578 1.000
F71 AKXSIERHEHESR
Table 7 Ranking of various indicators of fried dough sticks
WiH U, U, Us U, Us Us U, Us Uy U Un Un
A 0.522 0.489 0.522 0.506 0.522 1.000 0.556 0.483 0.483 0.506 0.811 0.578
Herr 2 3 10 6 4 12 1 5 7 9 11 8
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Table 8 Statistical scores of fried dough sticks quality evaluation

£zt sbi THAAHE ViR
Wik 141 16.02 20
@ 121 13.75 15
ey 21 115 13.07 15
S 119 13.52 15
it 5 98 11.14 10
FifE 86 9.77 5
TR 97 11.02 10
R L 103 11.70 10
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Table 9 Table of sensory evaluation scoring

i PRk GMHEIY
FRIGR, FHIMIERFIR, Jo5T0TR 11~15
SRS 43) AR, FEATC S50k 6~10
TR, AR 1~5
R W 11~15
IS 4 W6 6~10
i kR K 1~5
SN SEXSFR, WKL 4T 11~15
FHETEHS5 43) HMRUESHEFEXIRR, WM R 6~10
NSRRIk 22 1~5
KLz midn e, fLEE 8~10
PIFRZEH (10 43) LD HRANAREE), SiflBE S 4~7
PRI, FLEER, 4kl RSTaEm 13
JRA I 14~20
Q20 43) R R B T R 7~13
A S 0~6
I 7 3 8~10
B (10 43) BN 4~7
&IPS 1~3
WELWBS 3 1T, R 4~5
B 41) B 2-3
A 0~1
FR A, WS TT I 8~10
AE(10 23) F R, mEh AR TG 4~7
TR M2, WA 0 1~3

* 10 REENERES
Table 10 Scores of sensory evaluation indicators

5 Eiztan

i RS (ERES KR R L ik i ik itk i Jevis

A 10.60+2.16 10.67+3.27° 11.53+1.64° 7.60+1.40¢ 7.07+1.58" 11.13+3.81° 3.13+1.06° 7.67+1.29° 71.00+6.28°
B 12.07+2.34° 12.40+1.72° 12.00+1.96° 8.00+1.13%¢ 8.00+1.00° 15.67+2.38° 4.13£0.64° 8.13£1.13° 81.40+6.38°
C  12.07+1.58° 11.6042.56° 12.47+1.30° 7.73+1.49% 7.87+1.06" 15.1342.61° 3.73+0.80% 6.80£1.93*  79.13+6.76"
D 12.07+1.49° 11.9342.49° 12.60+1.45° 8.67+1.05° 8.13+1.64% 15.53+3.09% 4.27+0.59° 7.33+1.95° 82.00+7.20°
E 11.2742.09° 12.40+1.18 11.47+1.60° 7.07+1.16¢% 7.53+1.64" 14.1342.33 3.80+0.77° 7.60£1.59°  75.60+7.61%
F 12.13+1.25% 12.40+1.55° 12.80+1.52° 8.40+0.63% 7.87+1.25° 14.8742.53 4.27+0.59° 7.93+1.44% 81.13+5.89°
G 12.40+1.30° 11.47+1.88° 12.73+1.49* 7.87+0.830¢ 8.20+1.47% 15.7342.55° 4.00+0.85° 8.13+1.46 80.87+5.73°
H  11.93+1.53° 11.67+1.40° 11.2742.94 7.13+1.92¢% 7.80+1.26" 15.07+43.84% 4.20+1.74° 8.13£0.99*  78.53+5.93%
I 11.93+1.03° 10.53+4.16° 11.2042.65° 6.87+1.46% 7.20£1.97* 15.13+3.62° 3.87+1.06® 7.67£1.50°  78.73+6.68"
J 11.67+1.45° 12.07+2.02° 11.7342.19° 7.47+0.99b% 7.93+1.10° 14.93+2.22° 3.93+0.70° 8.33£0.90°  78.07+6.52%
K 11.53£1.13° 10.60+3.54° 11.00£3.27° 6.47£1.81° 7.33+1.72° 14.80+2.98° 3.73+1.03% 7.80£1.66°  77.33+5.84%

L 12.00£1.46° 12.40£1.72° 12.27+1.75° 7.13£1.64°% 7.20+1.74° 14.80+3.38° 3.73+0.88% 7.67+1.59° 78.60+6.79"
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X 1.00.

X, 1-0.881.00
X5 10.060.25 1.00

X, {0.18 -0.09-0.18 1.00

X510.28 -0.42 0.070.05 | 1.00
X5 1-0.39 0.38 -0.46-0.17-0.18 1.00
X7 1-0.78 0.59 -0.01-0.27-0.01/0.18 | 1.00

X510.31-0.28 0.20 0.27 -0.03-0.34-0.27 1.00
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_H

X0 10.80 ~0.620.30 0.21/0.12 -0.48-0.64 0.67 0.11  1.00 .. .. . .
Xi1 10.280.18 ~0.40-0.35-0.14 0.51  0.09 ~0.70-0.43-0.68 1.00 ... ...
X1, 0.43 -0.490.16 0.21/0.38 -0.64 0.06 0.53 0.54 0.65 ~0.75 1.00 . . .
Xi3 10.06-0.02 0.03 0.16 0.180.21 -0.03 0.45 -0.04 0.29 -0.43 0.22  1.00 ......

X1410.34-0.13 0.63 0.33/0.26 -0.33-0.50 0.54 0.10 0.68 -0.550.31 0.36 1.00 --..
X5 10.35-0.430.16 0.210.54 -0.20-0.34 0.14 -0.09 0.43 -0.15 0.32/0.59  0.53 | 1.00
X160.39 -0.40 0.09 0.330.70 ~0.01-0.30-0.00-0.00 0.31 -0.03 0.22 0.35 0.46 0.83 1.00
X1710.45 -0.44 0.03 0.20 0.49 0.18 ~0.31 0.26 ~0.01 0.56 —0.42 0.39 0.65
X5 [0.070.01 -0.03 0.30 0.12/0.20 0.01 0.54 -0.020.31 -0.62 0.31 0.91

X1510.10/0.03 0.10 0.44 0.12/0.26 ~0.110.54 0.14 0.45 -0.56 0.29 0.78 0.52/0.38 0.44 0.74 0.82 1.00

X3 [0.23/0.05-0.16 0.09 ~0.48 0.54 ~0.60 0.06 -0.56 0.18 |0.16 -0.54 0.06 0.14 -0.19-0.10 0.18 |0.12/0.29 1.00
X% 5 XN X X X% X X X X X, X Xy XK X X Xy Xy Xy
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Fig.3 Correlation analysis of quality indicators of fried dough sticks
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Table 11 Eigenvalues, variance contribution rate and cumulative contribution rate of the main components of fried dough sticks

Y MRS ( YR 5
Hir ETRE  BEOSETREN  JrETRE% BB TRE %
1 6.879 34.394 34.394 6.879 34.394 34.394
2 3.331 16.655 51.050 3.331 16.655 51.050
3 3.087 15.433 66.483 3.087 15.433 66.483
4 2.349 11.743 78.226 2.349 11.743 78.226
5 1.543 7.713 85.939 1.543 7.713 85.939
6 1.056 5.278 91.217 1.056 5.278 91.217
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F=0.049X,+0.026X,-0.068X;-0.043X,-0.048X5+0.154.X;
+0.076X7+0.139X5+0.032X5+0.053.X;4-0.128 X, +0.063X;,+0.
234X,5-0.017X,4-0.019X;5-0.053X,c+0.160X,,+0.266.X, o+
0.216X,9+0.075X5 2

Fy=0.279X,—0.271.X,—0.072X3-0.115X,-0.034X5-0.079.Xs—
0.194X7+0.107X3—0.066Xy+0.215X,0~0.050X;,+0.105X,—

0.067.X,3-0.024X,4-0.037.X,5-0.068.X,5+0.056.X,7-0.048.X,
0.065X,0+0.102X5, 3)

F;=0.018X,-0.071.X,-0.040X+0.020.X,+0.094X5-0.189.X;
+0.200X7+0.074.Xg+0.202Xy+0.005.X;6-0. 150X, +0.27 1.X;
0.019X,5-0.106.X,4-0.034.X,5-0.057.X5-0.045.X,,+0.02 1.X 5
0.047.X,6-0.299.X, (4)

F=0.001X,-0.042X,+0.039X3+0.027.X,+0.297.X5+0.027.X;
+0.003X7—0.189X5—0.023X9—0.078.X,5+0.139X;,-0.035.X,,+
0.047X,5+0.075X,,40.28 1., 5+0.338X,5+0.13 1.X;7—0.050.X ¢+
0.002.X,9-0.135X5 )

Fs=0.055X,+0.222.X,+0.497X5-0.066X4—0.06 LX5-0.107.X
~0.117X7+0.012X5+0.139X4+0.088.X,0-0.036X;,-0.137X,»—
0.052X,3+0.359.X,,40.065.X,5+0.06 1.X,6-0.049.X,,-0.109.X, g+
0.022X,9+0.102.X50 (6)

Fe=0.093X,40.13 1.X,-0.143X:+0.797.X,-0.048X5-0.223 X,
~0.083.X7+0.049.X5—0.193X9—0.116X,0-0.079.X,,-0.010X;,—
0.087.X,5+0.124.X,,4+0.040X,5+0.090X,4—0.228X,,+0.050.X o~
0.083X2 (7

P Xi~Xo0 R 204G BTHE AR, Fi~Fs 45 £ R+
1343

DL F AT T 25 DTHRARE R, 256 4% £ IR
FARr L A @) IR [ S M R A% S TR B 1549 Fo

F=0.344F,+0.167F,+0.154F3+0.117F,+0.077Fs+
0.053F (3)

®12 REERERSHEEE

Table 12 Principal component load matrix after rotation

F S
£zt
1 2 3 4 5 6

L -0.023 0.953 —0.028 0.223 0.007 0.041
a 0.029 —0.868 —0.143 —0.339 0.280 0.029
b —0.007 -0.062 0.231 0.049 0.945 -0.152
Atk ih 0.233 0.090 -0.009 0.112 -0.038 0.933
(E,E)-2,4-3% —Jls 0.028 0.103 0.322 0.813 -0.059 -0.055
2- W g F 2 0.293 -0.436 —0.665 0.005 —0.369 -0.275
{0d; 3 0.018 -0.782 0.509 -0.124 -0.207 -0.231
b 0.582 0.440 0.268 -0.253 0.251 0.200
NFLIE P 0.093 -0.231 0.738 -0.059 0.395 —0.248
[l 52 0.379 0.818 0.149 0.068 0.361 0.051
Rl & -0.598 -0.323 -0.528 0.138 -0.336 -0.211
Koy 0.315 0.432 0.805 0.135 0.032 0.075
RS 0.879 —0.066 —0.035 0.282 0.015 —0.001
(EEREE 0.357 0.311 -0.038 0.285 0.747 0.250
RIATEN 0.266 0.229 0.018 0.811 0.165 0.108
R L 0.170 0.160 —0.060 0.916 0.114 0.140
T R 0.684 0.332 -0.074 0.551 0.015 -0.122
R 0.957 -0.031 0.037 0.064 -0.043 0.111
FEM 0.906 0.020 -0.083 0.177 0.166 0.177
i) X 0.222 0.252 ~0.866 -0.300 0.075 0.003
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Table 13 Matrix of principal component score coefficients

F 5
Eizgan
1 2 3 4 5 6
L -0.049 0.279 -0.018 -0.001 -0.055 -0.093
d 0.026 -0.271 -0.071 —0.042 0.222 0.131
b -0.068 -0.072 -0.040 0.039 0.497 ~0.143
ERiAL —0.043 -0.115 0.020 0.027 ~0.066 0.797
(E,E)-2,4-3% Jism —0.048 -0.034 0.094 0.297 -0.061 -0.048
2- 1k g F e 0.154 -0.079 -0.189 0.027 -0.107 -0.223
THIKE 5 i 0.076 —0.194 0.200 0.003 -0.117 -0.083
K 5 sk 0.139 0.107 0.074 -0.189 0.012 0.049
R 0.032 -0.066 0.202 -0.023 0.139 -0.193
NFLIE
eI 0.053 0.215 0.005 —0.078 0.088 -0.116
[l 5 44
THKE S5 g -0.128 -0.050 -0.150 0.139 -0.036 -0.079
Hlib(I=p &ix 0.063 0.105 0.271 -0.035 —0.137 —0.010
R 0.234 -0.067 -0.019 0.047 -0.052 -0.087
EREE -0.017 -0.024 -0.106 0.075 0.359 0.124
R -0.019 -0.037 -0.034 0.281 0.065 0.040
P ER 5L -0.053 —0.068 -0.057 0.338 0.061 0.090
TR R 0.160 0.056 —0.045 0.131 —0.049 -0.228
AUN 0.266 —0.048 0.021 -0.050 -0.109 0.000
Rtk 0.216 ~0.065 ~0.047 0.002 0.022 0.050
TR 0.075 0.102 -0.299 -0.135 0.102 -0.083

GRS 2Rt G g i SN fr%f 12 Bl 252545 HE# 2 —, HF 2 0.518, AHEfE SRS F -1.029, — 4%
BA A THEY, FOBOR, HEZER . il K 14 W4T D Hed 5 RCETER A AR

R14 ERNBIEEEHA

Table 14 Principal component scores and comprehensive rankings

i L Sl F HE4
F, F, Fs Fy Fs Fs

A —2.882 0.047 —0.492 0.697 -0.267 -0.577 -1.029 12
B 0.622 0.404 —0.892 0.306 0.299 0.381 0.223 4
C 0.124 0.000 2.016 1.065 -0.393 -1.606 0.362
D 0.482 —0.304 1.064 1.497 —0.168 1.452 0.518 1
E —0.441 -0.011 0.827 -1.058 1.315 0.648 -0.014 8
F 0.547 0.580 -0.410 0.532 0.245 0.626 0.336 3
G 0.701 0.538 —-1.156 0.677 —0.676 -0.717 0.142 6
H 0.915 —-0.200 0.006 —-1.089 1.141 —-1.807 0.147 5
I 0.218 —2.838 —0.462 —0.349 -1.039 0.244 —0.578 11
J 0.100 0.584 -1.321 0.010 -0.208 -0.160 —-0.095 10
K 0.023 1.290 0.793 -1.679 —1.848 0.663 0.042 7
L —0.411 —0.091 0.028 —0.609 1.597 0.853 —0.055 9
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Fig.4 Cluster analysis of quality indicators of fried dough sticks
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