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Optimization of Small Crispy Meat Paste Formulation by Response
Surface-Principal Component Analysis

ZHANG Lu', XIONG Shuangliz’* , LI Anlin?>, XIONG Dequan3, TANG Dan’

(1.School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China;
2.Sichuan Tourism College Academic Affairs Office, Chengdu 610100, China;
3.Chengdu Wuhou Experimental Middle School, Chengdu 610100, China)

Abstract: In order to reduce the fat content of small crispy chicken, this experiment was conducted by adding Kudzuvine
root powder to the basic formulation of small crispy chicken batter, and the quality of small crispy pork after deep-frying
was tested by single factor experiments with sensory score, water content, oil content and color difference as indicators. The
batter formulation was optimized by combining response surface-principal component analysis. The results showed that,
based on the total weight of the paste, when the amount of wheat flour added was 20%, the amount of kudzu flour added
was 4%, the amount of baking powder added was 0.6%, and the amount of water added was 59%, the sensory score was 88,
the moisture content of meat core was 62.24%, the oil content was 4.38%, the overall moisture content was 50.16%, the oil
content was 14.22%, and the moisture content increased by 80.62% compared with that without adding Kudzuvine root
powder, and the oil content decreased by 61.46%, with a normalized composite score of 1.60, which was basically
consistent with the predicted values. This batter formulation was a guideline for the development of highly nutritious, low-
fat fried batter products.

Key words: formulation; Kudzuvine root; oil content; small crispy meat; principal component analysis
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Fig.1 Production process of mall crispy meat
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Table 2 Sensory scoring standards and rules for crispy meat

Ei=2an PENbRAE 1853 (43)
A1 S A T Tk A 0~5
MR PR 6~10
% yi
B SRR 11~15
IR RIS T 16~20

R, AL, BRGNS 0~5
FIMBIRE, AR, TG 6~11

IREIB) s 4RO, RS 1218
FRIHAE, TCA UL, T4 19~25

B AR AR 5 0~7

J—. PR B AR 8~15
RGO O A B 16-23
AR MR I E RS 24~30

A P I A A S TR & 0~5

54 ﬁEJEiﬁWMHé@E%!NT@TTE@ 6~11
T R 3 il e SR S T 12~18

TG RE 3 o e R Z U = 19~25

By 100

1.2.52 F/KEBMMZE B/ INER P 09 R FHEE AR 55
S TT TR AR Z )5, HER PRI 2.5 gORs i 2
0.0001 g), AT 3 YWPATINE , HOPH91E
1.2.5.3 SHERAME B/ INGR P PO R A 5
B AR Z G 3647 3 UOPATINRE , BOP4E.
X(%) = 7 o 100
m

o X AR S A R T 9 5 12 (g/100 g)s m, N
FEFIMRFNAE T 09 & 1 (g) 5 my S T BRI IR 0T
(g);m AFEMTE(g) .
1.2.5.4 A20ME B/ BRI Pt FAhE 5 2 T
e, SHANFRIATIR AL IEZ ST, 43 BIHE/INBR PR 3% 1T
e HtsH B2 0.05 cm AN R B B2 BEAT = il
REAE LB, SRS SRR LT, a". b7, BCF-
BHE.

1.3 #iEAIE

BRLH FEBGIIHL 3 YA, Ba 45 R 2 LI
{HEbRHEIRZE R . >R Microsoft Excel 2016 24 E
B4, Origin 2023 A4 &, SPSS 17.0 XM HEA T
FE ST 53 T B 4 353 AT (P<0.05) , Design-Expert.
V8.0.6.1 XTE A T 7 TS I -5 53T .
2 RS9
2.1 BEEREIWER
2.1.1 /NEEBES IS NERIRL S TSI NZE Ry
AR X/ INER AR B NS AR S iR ag S i an ] 2
B MIE 2A HaT LIE S, /N RS I Xt/ INGR A
R ST AR IS 1 35 (P>0.05), ZEGS IR 25%
F, BRI o I 2B AT, FEMIAL IR S, BE
/NSRS IR RGN, PRGSO B /K 3R i 2 v TR
M3 7K (P<0.05), FE/NZZ By s indehy 30% bk 5]
TR, M PR Sk N2 Ay v B AT 14 2 P 0 BT R
MOZEE, I i HBE IS O MR RE, AT AT AR i 1R A 14
7K 77, [RIa REAE B il VR U 2/ N2 A s Ak
T 20% B, PRIES Y 3 10 238 i TR, DRI Sy THDRET o A
FEWIRAR, SRR T SR RFLIA, AMEC
{HWZ I 20, 2 S A /NSRS I i, 28
A0 TR T RO o3, SR B DR i i
B/ INAZ A5 S N A B T 3G D, R R Bt 1, Al
SRAREDE A e BEHG TR, AR T i Ag2E
ARIES R H Y N S AR 35% AEATHT, TV
TR, SO R R RAOGHT, Shse A sk, Tk

15 20 25 30 35
INZZ RO (%)
B s T FACR () - = - F0R (A

65 r 120
—e— TR (EAE) - .- aa{ﬁﬁ'i (k)
60 |
i‘ y b 415
g 55 c \ ,lab g
350 - 10 %
= =
Q45 4o
{5
40
35 L ; . . . 0
10 15 20 25 30 35 40
AN (%)
B2 AN IINEXT/ NIRPRUBE TS . Sk
B

Fig.2 Effects of wheat flour addition on sensory evaluation,
moisture content, and oil content of crispy meat
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Table 3 Effect of wheat flour addition on color difference of small crispy meat

INZERTES I (%) L' (AR) L'(AE) a CEAR) a' (PE) b CEIR) b ()
15 55.52+5.89" 64.93+4.52° 11.67+1.42° 9.41£1.63* 22.11+1.46° 22.64+2.72°
20 57.03+1.84° 72.40+3.74° 13.53+0.43° 8.55%1.38° 25.8241.12° 21.83£1.63%
25 63.04+2.42° 71.20+£3.33% 8.15%1.40° 8.40%1.70° 24.5242.28" 21.91£2.36®
30 62.82+3.21° 70.82+1.51° 7.58£0.75¢ 8.34+0.45° 23.21£1.23" 22.11£1.11°
32 60.71+£1.35% 71.98+3.06™ 8.93%1.13" 8.750.05° 23.03+2.20% 23.37+1.13°
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Fig.3 Effects of kudzu powder addition on sensory evaluation, moisture content, and oil content of crispy meat
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Table 4 Effect of wheat flour addition on color difference of small crispy meat

AR I (%) L'CER) L' (RIS a CER) a' () b AR b ()
4 53.31+0.55° 73.57+1.18"® 13.63£0.69™ 6.87+0.56™ 16.40+0.85° 19.78+1.16°
8 50.62+0.81% 73.90+1.63%® 14.60+1.89% 6.82+£0.11% 19.25+1.74® 18.32+1.16™
12 49.14+1.00° 76.14£1.19° 15.75+1.01° 6.73+£0.38% 20.69+1.87° 17.9120.65°
16 50.97+2.53® 75.56+1.52° 12.87+0.96° 7.38+0.75° 19.78+1.61® 18.65+1.03®
20 54.02+2.80° 75.15+2.86° 12.58+0.32° 7.47+0.58° 14.75+2.60° 19.41+1.42°
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Table 5 Effect of baking powder addition on color difference of small crispy meat

WITH BN E (%) L (H4k) L () a' (k) a () b () b (P)
0.2 61.16+5.94® 75.2241.32° 10.74+2.21° 7.24+0.33° 23.82+5.16™ 19.23+0.60°
0.4 67.00+4.94° 70.70+5.41% 9.47+1.63° 9.14£1.29% 25.16+4.31° 21.85+3.10®
0.6 64.12+3.07* 70.57+1.61% 11.75+0.90° 7.46+0.70° 26.15+1.34° 20.41+1.78%
0.8 65.45+3.56 72.73+1.17% 10.18+1.61% 7.25+1.13° 21.19+2.31° 18.25+1.43°
1.0 65.56+6.96" 67.39+4.45° 10.81+2.12° 10.67+1.54° 23.41+3.97% 24.05+2.50°

40 45 50 55 60
TRATIRINEER: (%)

& s
Fig.5

B 75 —— ﬁ/k%(mzb) --- ﬁ‘{m%(lﬂ&\) 0

[ B (MK - o - AR (IR ]
07 a a a a 125
[ . a 1

65F +-- % __________ -
% 2 120 5
S 60 s
551 15 ¥
% =
<T‘E 50 F 10 <T‘E[

45t

40 1°

35 0

40 45 50 55 60
IKIFER IR (%)

IKITASIEEXE/INER AR P 2Y | S KSR B R B 5

Effects of water addition on sensoryevaluation, moisture content, and oil content of crispy meat



- 138 - £ Tl B4

2024 4 2 A

FXT /IR PRERE AN S KR I Sy SR S an El 5 T
7, B SA FR] UG Y, IK ARG A 40% o) i 25
(T HALH (P<0.05), ZE/K GBI 50% B, BVE
PR . MRl 5B Jaf IR H, /INERIA B S KR 2
ISR S S IR RaEs, 2R RS K5
N0 AN, ORI T [, SRR R R, 1A
USR5 LA™ B, DAL, /N PR AR AR O 7K AR ™
ZINTR PRI 25 YR 238 5 RS R N S B i A #A (50% B
BLFR A, PR 8 AT 50% B, THPRRGHE, £
TERT, S3Ga e, BHIERTRETMAgEEA, 2K o8
HBAT 50% B, TAPRARG RS s P 27, SO Rtk
2, RECEMEIE . AT, KSR RE
i AITE R 50%~60%

IR NNt/ INGR R 4. 22 1A 50 UL 6, B 7K
SRASHNEL TN, ZINIR P EEAR Y LHE AR SR 30 D v
N IR, a (B R B A B N KL, b(E R ISR

INBFIRARE, TR B SR TR R I 7K 3-SR )/ N PRI 2 THT 1Y)
KRGy, PRI RIS B B BRI, B /K ST35
TR IN, ZNBR A A — SR P R B AR, R
T KU AN R] S BLT SR, w5 i (E RN
XFF/INERIA RS &, LY E 2B/ MNYELEE, o" . b™HE
S INEEF, FEIE R e BT 3L, FEE K
SR EEREGOR, PRI SRR, PR SRR, B
Efk, 3 LEREL, . pYESIN. LRETmis, K
HIRAEG ISR 50%~60% .

2.2 Mo EIRIELER ST

2.2.1 MR ST R AR ARYE DL R R ER S
IR, DI/NEMESINE (A) . EARMESINE(B) | #{u
FIBEA IR (C) . /K4 (D) R EZE, LUBE P
GF . TR (RS L ARG L Bl (RS |
Bl 2R AR VE AR N AE, R Box-Benhnken 146
it HOg TSP RZE Sk 7 Bios,

6 IKIPURIEEXT/NER A (22 B R

Table 6 Effect of water addition on color difference of small crispy meat

AKATHIM (%) L' (k) L' () a' (k) a () b (EfK) b ()
40 63.90+3.71° 70.99+3.74% 9.55+1.69" 7.93+0.54% 22.88+2.25° 18.83+0.55®
45 55.65+3.55 72.95+2.50° 13.68+1.06" 7.67+0.42% 22.45+1.80° 19.88+1.03"
50 54.89:+0.75 73.04+1.87* 14.58+1.52° 8.41+1.89 21.47£1.61% 19.51+1.64°
55 57.37+2.55 72.08+1.21° 11.32+0.23" 8.42+0.83" 20.96+2.47" 19.40+1.37°
60 52.33+3.83" 70.15+0.52% 11.4040.52 8.49+0.31° 17.3742.38° 19.32+0.92°
7 W A T R A
Table 7 Design and results of response surface test
BA=ELA Ao~ 327 e A~ %7 C Ayt 3% —H Aoy 3% -
ST MBI REENE i ke ST TARORE) GO i) i
1 -1 -1 0 0 84.75 65.38 48.39 4.43 13.61
2 0 -1 0 -1 80.00 64.12 49.44 4.16 11.84
3 0 0 -1 1 80.4 66.65 47.55 4.83 14.02
4 -1 0 -1 0 78.8 62.82 45.04 4.20 13.87
5 0 1 0 -1 76.00 61.98 4521 6.20 16.29
6 -1 0 0 1 73.75 54.62 46.54 7.23 13.47
7 -1 0 0 -1 80.20 63.81 48.22 6.21 13.77
8 1 -1 0 0 80.75 64.12 48.61 5.28 12.97
9 0 0 1 -1 75.43 56.45 43.18 6.81 14.6
10 1 1 0 0 73.50 55.35 42.98 7.46 13.61
11 0 0 0 0 74.60 58.47 45.92 434 13.35
12 0 -1 1 0 76.75 60.85 48.94 6.43 12.22
13 1 0 0 1 77.00 63.26 52.82 291 12.8
14 -1 1 0 0 74.00 59.19 48.81 3.59 13.68
15 0 0 0 0 74.53 58.47 45.19 4.05 13.39
16 0 -1 -1 0 75.00 59.79 48.81 4.46 13.65
17 0 1 0 1 75.00 58.07 48.85 4.92 13.16
18 0 0 0 0 74.64 58.34 45.94 4.39 13.23
19 0 0 -1 -1 83.8 63.23 50.50 5.57 14.15
20 0 0 0 0 74.53 58.03 45.89 4.03 13.37
21 0 0 0 0 74.60 58.62 4524 4.19 13.14
22 1 0 1 0 72.29 60.47 44.55 3.81 14.82
23 0 1 1 0 71.67 55.71 44.84 6.83 14.42
24 0 -1 0 1 83.00 63.39 47.83 4.09 14.44
25 1 0 -1 0 73.71 58.30 50.87 2.81 14.61
26 0 0 1 1 73.33 63.75 49.42 4.75 12.84
27 0 1 -1 0 76.20 63.36 49.93 2.85 15.61
28 1 0 0 -1 75.75 62.03 47.45 5.40 15.31
29 -1 0 1 0 73.60 60.85 4724 5.01 15.59
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222 FERTANT KR 7T RN AEERE RS, FK
(AL L BRRCEAAR) | ErimsR (PR L SR
PO VE R E RN B S 3647 325530, HAFRNE(E S
B TIERR AN 8 IR, H—. . = Fr BT
MK 88.837%>85%, ULHHHZIAT =~ s feis 4
T S R A i B

F# 8  FHUMHIEAS Rt ik
Table 8 Principal component eigenvalues and cumulative
contribution rate

R T R A
ﬁmkr IrETRE R PR R
" (%) (%) " (%) (%)
1 2304 46.077 46.077 2.304 46.077 46.077
2 1.122  22.446 68.523 1.122 22.446 68.523
3 1.016 20314 88.837 1.016 20.314 88.837
4 0.398 7.950 96.787
5 0.161 3.213 100.000

H TR ZE AR BOR, WTHER A, B3 7 H9EL
Pa IS AAL B FEIEA TR ELL, FEAIH R 9 sy
FEFE AR 2 — | 35 88 = S o, AR
(DI ZEE PR (F), iGN (2) A REbLE &
VI (2), H— . WO SRE TS MOLa kL
Bk 10,

RO NI
Table 9 Matrix of composition
B %
izt — — E———
F—ERS B ERSY =R
ISk R 0.897 0.323 0.020
AR IKF 0.793 —0.380 0.027
EEV 0.772 0.489 —0.265
AuyesliEd -0.149 0.567 0.792
YR S -0.503 0.560 -0.564

Sy T LM P A T 4 RO 2 IR, SR
TLEARS BN BRI — B 5B . HRAE
FEPRAE TS LGB RE, HEL SRR ] 2
53 L RILRELL A S0 HFRIFT 22 SOk A A 5
Lo RIE ZR, U — A A R PR B R A, =
ARSI FIERIIAIH F, L Fy. By AL Ay Ay A,
Ag S BRRBE TS | Ak (B | Pk 3 (i
1) . ErimER (AR | Sriles R (AR AL .

F, =0.509A, +0.591A, +0.522A;, - 0.098A, —0.331A,
F, =0.462A, +0.305A, — 0.359A, + 0.535A, + 0.529A;
F; = -0.263A,+0.020A,+0.027A;+0.756A,—0.560A,
X (3
ARYE F=2 Ao M I g5 2R, DL e fb 25 61545
Z M NAR, BeiT N=29 A Box-Behnken FJIRE(FR 7
FIER 10), BE/NZREs s | BAUB BRI E: | W4T
A BN R 7K S-S I PO A4 BRl 21 i 38 BAE P RN A
(B o

2.2.3 WM 2450487 FlIH Design-Expert 8.0.6.1
BRAEX AL G VP57 430, Tr 2= 5 Bral R an

F10  ERH ML ST

Table 10 Principal component scores and standardized scores

SEE Fl F2 F3  SE1E4SF  HitkEa1Enz
1 1.05 124 077 0.92 0.94
2 -261 124 056 -222 0.00
3 240 058 —4.80 0.58 0.84
4 -266 1.02 196 -0.60 0.49
5 -0.94 -023 0.3 -0.46 0.53
6 0.63 1.25 1.89 0.95 0.95
7 209 -0.89 —0.54 0.66 0.86
8 -028 -1.15 -043 -0.47 0.52
9 -1.10  -0.28 —0.08 -0.58 0.49
10 067 1.15 1.44 0.86 0.92
11 -031 -032  0.59 -0.10 0.63
12 -093 -0.17 021 -0.42 0.54
13 185  0.80 —0.04 1.02 0.97
14 -1.02  -043 -0.07 -0.58 0.49
15 -0.99 -0.08 0.13 -0.45 0.53
16 -155 -1.02 -0.78 -1.10 0.34
17 -261 -0.10 131 -0.96 0.38
18 122 034 -1.08 0.42 0.79
19 -025 -237 -134 -0.92 0.39
20 0.80  0.03  0.80 0.54 0.83
21 055 -1.88 -1.95 -0.56 0.50
22 -0.43 -043 023 -0.34 0.56
23 -1.03 -1.07 -047 -0.81 0.42
24 1.05 124 077 0.92 0.94
25 158 124 056 1.12 1.00
26 -240 058 094 -0.78 0.43
27 -266 102 196 -0.60 0.49
28 -094 -023 0.13 -0.46 0.53
29 0.63 1.25 1.89 0.95 0.95
1L HESW
Table 11  Analysis of variance
Ty 222K T HmE B P PH  BEM
el 17.35 14 124 1045 <0.0001  **
ANERTINGE 0.0271 1 0.0271 0.2284  0.6401
B-FRBANINE  0.0027 1 0.0027 0.0228 0.8822
C-IELFTIA A 0.0003 1 0.0003 0.0025 0.9606
D-KAMERINE  3.11 1 3.1 2624 0.0002 ok
AB 2.00 1 200 16.89 0.0011 o
AC 227 1 227  19.10  0.0006 o
AD 0.3540 1 03540 299  0.1060
BC 0.1980 1 0.1980 1.67 02172
BD 3.31 1 331 2794  0.0001 o
CD 0.4225 1 0.4225 3.56  0.0800
A? 2.66 1 266 2244 0.0003 o
B? 1.48 1 148 1252 0.0033 o
c? 0.4081 1 0.4081 3.44  0.0847
D? 0.0580 1 0.0580 0.4894  0.4956
37 1.66 14 0.1186
AU 0.6703 10 0.0670 0.2709 0.9573
a2z 0.9896 4 0.2474
S 19.01 28
R 0.9127
R oy 0.8254

T IR B (P<0.05), " FIR R B (P<0.01) .
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22 11, IR R a JAARY: Z=—0.03-0.0475A—
0.015B—0.005C+0.509D+0.706AB—0.752AC+
0.298AD—0.223BC—0.910BD—0.325CD+0.640A>—
0.478B°-0.251C*-0.095D?, Hi % 11 A J1, B AL p<
0.01, KA IHAIAING T35, 4P P=0.1255>0.05, 2%
FOIOAS .25, SR AT RS AR AR
FEFBR'=0.9127, BOEIRFE FREL R, 4=0.8254, KW
AR SEEME- S T ELEAT R4 ARG, HAA 5
T S, T DA DRI C L B SR 2R 5 PO
t FAE R DAFE Y, X DRI T LE RIS 2555 V03 1 52
/N D>A>B>C,
2.2.4 BouEECEs: AR N AR L S AT, e Y
AR A &S /Ny B 20% . =AUk
WAL 4%, WIT R SN 0.6% . ZK7r B hinia o
59% B, BB M 88, IS E KRN 62.24%, il
TN 4.38%, AR T/KFN 50.16%, EriliFEl 14.22%,
HRFRIEALLE S PN 1.60, 5 TFMAE 1.66 FA—
i, U B a2 FH e N T2 DG AR /)N Bk PRI E T THE
CIE
3 Hig

ARSCLI/ Ny B . BESHO BRIN &L . MO TS
S MK S g A8 B, DUBCE TR . PLERE K
S R SN £ S N St [ SN A S A =g S|
LRI 2R S G AN N T - 32 3485 S BT 2 /N AR PRDR
BHRAENC FE A /N R B IEE 20% . B ROk E5 Jin&E
4% . WITHIE IR 0.6% . KIFEINTE N 59%, 7EIL
ZAF T HRIE R IR PR BT iR A, PSSR 25
IR FRFNE AR REIR B AL ], L8 hasin 17258
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