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Comparison of effects of different vinegar quenching methods on quality of
vinegar Trionycis Carapax based on physical property characterization-intrinsic
index combined with chemical pattern recognition
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Abstract: Objective To compare the effects of soaking quenching and sprinkling quenching on the quality of Biejia (Trionycis
Carapax) processed with vinegar, providing a basis for the “vinegar quenching” operation method in the preparation process of soft-
shelled turtle shells processed with vinegar by sand-frying and vinegar quenching. Methods Utilize a texture analyzer and a
colorimeter to respectively assess the crispness and color values of the Trionycis Carapax processed with vinegar-steeped. The
leachables were determined according to the method of the 2020 edition of Chinese Pharmacopoeia. Employ HPLC to construct a
fingerprint profile for the Trionycis Carapax processed with vinegar-steeped. Through the application of analysis of variance
(ANOVA), paired #-test, hierarchical clustering heatmap analysis, and principal component analysis (PCA), comprehensively evaluate
the effects of two quenching methods on the quality of the Trionycis Carapax processed with vinegar-steeped. Results One-way
ANOVA showed that there were no significant differences in the crispness, color value, and extractable matter of the two types of

Trionycis Carapax processed with vinegar (P > 0.05); an HPLC fingerprint profile was established for the soft-shelled turtle shells,
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identifying 12 out of 15 common peaks; the results of the paired sample #-test indicated no significant differences in the common

components between the two (P > 0.05); cluster heat map analysis indicated that the two were interwoven and could not be

distinguished; PCA results showed that the three-dimensional scatter plots of the principal component scores of the two were integrated

and could not be separated; further proving that the intrinsic quality of Trionycis Carapax processed with vinegar obtained by the two

quenching methods is consistent. Conclusion The quality of Trionycis Carapax processed with vinegar produced by immersion

quenching and spray quenching is essentially consistent, and both methods can be applied to the sand-heating and vinegar-quenching

technique. This expands the connotation of quenching operations and provides an experimental basis for supplementing and perfecting

the quenching process in the national standard for sand-heating and vinegar-quenching methods.

Key words: vinegar Trionycis Carapax; vinegar quenching; texture analyzer; color difference meter; amino acids; extracts; fingerprints
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Table 1 Source information of Trionycis Carapax
5 U i k5
S1  ZHEFH F1078-2323| S6 L3kl T F1078-2337
S2  ZHufEdt F1078-2331( S7 WAL F1078-2320
S3  ZHUEIM F1078-2332| S8 LI F1078-2321
S4 UL F1078-2330( S9 WAL F1078-2325
S5 dbETIL F1078-2319| S10 YL75F5iE F1078-2333
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Fig.1 Characteristics of Trionycis Carapax processed with soaking and sprinkling vinegar
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Fig. 2 Cut Trionycis Carapax into three sections
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*2 BERERESHEZHRER n=3)
Table 2 Experimental results of single variate preferred parameters (n = 3)
fil R J1/gf WEPEME/N  RSD/% | MHREEE/(mms™)  MEREEE/N  RSD/% | E#%E/%  WaE{E/N  RSD/%
5.0 40.56 41.27 0.5 31.58 17.09 5.0 11.90 22.17
10.0 38.62 4143 1.0 23.74 33.62 10.0 34.33 24.98
15.0 41.76 57.28 1.5 26.52 46.73 15.0 41.51 28.42
20.0 40.97 29.67 2.0 43.82 10.31 20.0 61.51 11.60
25.0 66.66 26.02 2.5 61.53 59.97 25.0 61.53 59.97
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Table 3 Brittleness determination of Trionycis Carapax

processed with vinegar by two quenching methods (X % s,

n=10)
- e EEAE/N
1RV WY

S1 55.18+£10.72 68.81+11.01
S2 4427+12.62 43.51+10.54
S3 38.791+10.37 4576 £5.97
S4 49.344+9.27 54.22+5.44
S5 36.021+7.07 58.58 £18.05
S6 81.29+£22.22 81.33£17.47
S7 73.34£16.64 76.451+16.10
S8 50.39£20.06 40.11£11.02
S9 59.114+13.68 45.661+10.72
S10 50.20+7.96 56.38+5.83
Xts 52.79%13.58 57.08 £13.57
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x4 BHERGEENESER (Xxs,n=3)

Table 4 Determination results of chromaticity value of Trionycis Carapax processed with vinegar (X + s, n=3)

. * it Wi B
L a b* L a* b
S1 58.20£0.23 12.56+0.13 22.5540.13 58.66+0.15 11.984+0.04 21.19+£0.12 1.60+0.18
S2 56.67+0.13 11.89£0.06 20.89+0.07 57.97+0.14 12.2440.03 22.46+0.04 2.08%0.16
S3 54.821+0.06 11.9140.02 21.02+0.12 55.16+0.05 12.25+0.02 21.65+0.06 0.80£+0.20
S4 57.311+0.26 11.8440.15 21.42+0.16 58.90+0.05 11.56£+0.05 21.661+0.02 1.64+0.24
S5 64.291+0.24 11.2140.09 23.48+0.06 61.76+0.17 11.71£0.05 23.79+0.01 2.60+0.10
S6 64.25+0.15 10.01+0.04 22.48+0.17 60.28 +0.04 10.56+0.02 22.39+0.11 4.02%0.13
S7 66.941+0.12 9.49£0.07 22.42+0.03 66.15+0.03 9.27£0.02 21.53£0.03 1.21£0.09
S8 66.521+0.10 8.93+£0.07 21.33+£0.14 67.291+0.34 8.79+0.06 21.07%0.16 0.88£0.36
S9 63.341+0.30 9.45+0.12 21.58+0.16 66.751+0.02 9.42+0.04 22.36+0.03 3.50+0.26
S10 65.55+0.25 9.73£0.11 21.95+0.12 63.78+0.11 9.84+0.04 20.64+0.15 2.214+0.30
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B, IR VEFTAS S R I BEIA R BN 7.91%~
10.85%, PIMEN 9.15%; Ik Fir 1o s FH () s
BHEYIN 7.96%~10.02%, PHMEN 9.13%. LA
R EMN, —HEREREREEER (P<
0.05).

254 JKEMHERBYINE  KEHR B0 E SR
(HREZGE) 2020 ARRPUERIEN 2201 KR H
VIR AT E . MBS R IE 5. HER
Hl, RV TS T K R RN 11.62%~
12.60%, FMEN 11.83%; ki ATfS B B () K i 1
BHEYIN 10.87%~12.80%, ¥IMEAN 11.83%. LH
BRI 2o R R, —HFLEFEER (P<
0.05).
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x5 BERKSREHYNESER (Xts,n=3)

Table 5 Determination results of moisture and extract of Trionycis Carapax processed with vinegar (X £ s, n=3)

. K7 1% R /% IKIEIER /%
A g RN A RN L

S1 3.4810.00 3.0410.04 8.3310.01 7.9610.01 11.16+0.15 11.16£0.03
S2 3.74£0.04 3.32+0.01 8.70£0.02 8.31+0.10 11.5940.03 10.87%0.14
S3 3.1010.03 3.3740.01 7.911+0.06 8.71+0.13 11.61£0.18 12.2940.10
S4 3.5040.01 3.01+0.02 8.91+0.12 9.081+0.09 11.36+0.24 12.014+0.05
S5 3.261+0.05 2.931+0.04 9.75+0.14 8.91+0.24 12.6040.10 11.62+0.30
S6 3.5810.04 3.33+0.06 8.9610.17 9.87£0.25 12.08£0.05 12.80£0.10
S7 3.4610.03 3.18+0.07 9.86+0.04 10.02£0.26 12.19+0.21 10.95+0.26
S8 3.8410.06 3.28+0.03 10.85+0.14 9.87£0.29 12.15£0.15 12.18+0.14
S9 3.731+0.02 3.5610.06 8.514+0.04 9.461+0.15 12.1440.05 12.124+0.07
S10 3.8410.03 3.2940.01 9.65+0.02 9.1940.10 11.96+0.14 12.274+0.19
Xts 3.554+0.23 3.23+0.18" 9.154+0.83 9.134+0.66 11.83+0.42 11.83+0.61

HREALE: "P<0.05.

P < 0.05 vs immersion quenching group.

et G AE R A LARKE-0.1 mol/L BEEREN/K
R HESER VR T pH HZ 6.5) (7 1 93) MIRATE
BB A, LORE-K (401D BRSO
BAH Bs %38 6 H A E EAT 6 BE e s AT 30 °C
R K 254 nml®-100, BB PR A4 il 2 BRI 5
AMETF 4000,
=6 BERHR
Table 6 Gradient elution

t/min A% B/% t/min A% B/%

0~9 100~97 0~3 32~38 82~70 18~30

9~22 97 3 38~45 70~66 30~34
22~23 97~83 3~17 45~47 66~0 34~100
23~32 83~82 17~18 | 47~50 O 100
2.6.2 A RIS S IUEEEE 0.1 g, REEK

€, BTHIEKBEEF, A 9 mol/L FhERVEH 10
mL, #3E, 150 C/KME3h A, #5, 1L, &
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SRR VAR AR, I E AL 2 25 mL B, I 0.1 mol/L
BRIEMEZE, 75, ENE R IE.

2.6.3 XTHESIABRMIE & IRAER . RERE.
HA&R. WER. HER. BER. 925K, 77
AR &R FRER. CRIR. BRI
EE, FEEFRE, 0.1 mol/L hERVAHI R & 15
W AERXT IR AT

2.6.4 fTAEACACEE  HU B ORGSR S O RE
Wi 5mL, 2HE 25 mL 2T, &500.1 mol/L
PITC ] Z BV 2.5 mL A1 1 mol/L = Z & 2K

W 2.5 mL, #&5), ZERWE 1hE, 50%OKE
FERE 220, $82). B 10 mL, JNIEE%E 10 mL,
PRFE, WE 10min, BUFZHW, 38T, LR,
R AS A7 A A5 ok HE VAT 5 AR A VA R

3 SR B U AT A A BT B VT A
WA 5 pl, FENBAH GRS, e, BPfR.
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BRI E) . AHXT I TEAR (1) RSD, 45 B4 <2%, £Hi%
SR 5 B R
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THERENE, 2HI7E 04 2. 4. 6. 8. 12h i#FE, 92
SREREE DIHAR (4 506 NSHIE, 1513 15
AN LA U (AR G BRI TR) L AR X D TR B ) RSD), - 45
R<2%, KWZITiERe R
2.6.7 EEMHRE HUE—EEEFNOR (SD ER,
FEEME, % “2.6.27 TN L PATHIS 6 ik
MR, 1% “2.6.47 TUR NIERTHEMNSS, 1% “2.6.17
TS R e, o EiEE. DIHER (4
S NS IRIE, AR 15 A W AR R B A
(] AEXTUETAIAN RSD, 45545 <2%, RIF1Z7ikE
SYERLT
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2.6.8 484U I L FUAR AL EE VRN A A%
“2.6.2”7 “2.6.4” T J7iEFTH A& 10 HLR R 10 Hik
THREE T e AR AT AR AURE VTR, 1%592.6.3742.6.47
TR J7 i B g0t B AT AE AR, 78 “2.6.17 T
RE A T HEREI e, RIS, KR R
A e — e e N “ R 2 e SO AR VT
Wr &% (2012 [O”, LA S6 SHEM ik B S R IK
W, KHZ SR IEJE 34T Mark WEUCHEE, A2 R
MRVERE % HPLC S0, ~PB0E A s iExT
MBI, BibrE 15 ANLAKE, 4RI 3. 4.
xR A (B S) Eex), FRIAE 12

4

14

12 ; 910 1213715
A __,._,____.__ﬂ AULR_
e AJL;% A S10
anAL 2 A 0\. A : S9
P uu_ﬂhﬁJU_»_ ] S7
Y, SN S e 1186
o« nla R 1S5
Y T ! S4

Lk ) | A __.d._f\.j_. 1S3

L Ada -~ A . S A L.JLS_ZJ

I L_A;M‘JEJ s,

0 10 20 30 40 50
t/min

1-RAE B % cAHER: AR S-TNEM: 9B

e 10-40 1lﬁim§0’§x 122580 13- KPER 14-(04%

(8 15—*@%?&. K4, 5.

1-aspartic acid; 2-glutamic acid; 4-glycine; 7-proline; 8-alanine; 9-

tyrosine; 10-valine; 11-isoleucine; 12-leucine; 13-phenylalanine; 14-

tryptophan; 15-lysine; same as figures 4, 5.

3 REBER HPLC E2MEE R EXTREE (R)

Fig. 3 HPLC superposition and control pattern (R) of
soaking quenching Trionycis Carapax processed with

vinegar

t/min
4 HEBSER HPLC EMEERANREE (R)
Fig. 4 HPLC superposition and control pattern (R) of

sprinkling quenching Zrionycis Carapax processed with

vinegar

|15

2 11 1
10 | 13.

S

10 20 30 40 50
t/min

5 RAXHRMIARAN HPLC
Fig. 5 HPLC diagram of mixed reference solution

ﬁ)‘zéz\ SRR 1 BIERAER. 2 SIERER. 45

EHEIR. 7 51& Hﬁ%@ﬁz 8 SIENEIR. 9 FIEMR
AR, 10 SIEEGERIE. 11 SIEREER. 12 Sk
SRR 13 SERFER. 14 SIEAER. 155
W . ARV VRN 25 SR MR 7. 10 RSN
VRBE S FRE L 5 & B R S AR AL 345 >0.990,
FEACLEE A s 150 AN () 29 T 15 T s FE R T R
HEGE o
2.6.9 V5 RAERE %S ' HPLC FrAExt B B LA
Eb A I8 4 L IR BT A 8 2 F R o PR 15 A
SER A 6. SLHfiE 15 NMEA W, RGBT
S, IR IR VAR BB AR P A R R A 5 B )
R

R RGEEECETNER

Table 7 Fingerprint similarity evaluation results

s ‘ ‘ifﬁwg : 3 ‘ ‘fraw; :

IRV W =% W
S1 0.998 0.998 S6 0.995 0.996
S2 0.997 0.998 S7 0.996 0.996
S3 0.998 0.999 S8 0.998 0.997
S4 0.998 0.999 S9 0.996 0.999
S5 0.999 0.999 S10  0.998 0.999

2.7 WERNIRAN S

KH] SPSS 26.0 FAFFEAT RO FEA ¢ K850 - A%,
434387 (principal component analysis, PCA). K
Origin 2022 #3347 SR 3 Hr
271 TXTFEA k5 A PTARI 20 IO HRE
m 15 ANEE I e AR S dE, $ N SPSS
26.0 BAFHATION FEAR ¢ K050, S5 W 8, Frfa it
AR P A 2351 T 0.05, RNk AT
FRBEES F Y 15 AN Ealkig ) 2= R E TS T2 L
(P<<0.05), BI1Z 2 FhiAeynt B 1o i FH 1) Joid 25
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4 AR —H
272 REMESHT KSR 20 AL HRE S

2 3 5 67 8 )10 12 1415 (1) 15 A ok i 1) W T AR 2 , 5\ Origin 2022

el ;M oA AT RS AT o o R B 1 R

R i i [,_ o %V\(t/m;f - 3‘1"0 = 1{’ T = Euclidean P B57ERHTUHE, ACHL G 1RSI IE

25 7 . %ﬂm, SR I R R — 5
REARAEVIEA X 73Tk

4 2.7.3 PCA FIF] SPSS26.0 Htxf 10 HLIZE . ik

6 B (b). W (T) BT HPLC 454En M E: ?—‘?Eﬁ%@ﬁ%’é\&@]%i‘ﬁﬁ PCA, xﬁ%ﬁm%‘m%ﬁﬁﬁ

et HEMARTLR LR MPRHER . BB 2 TR,

Fig. 6 Image comparison of HPLC characteristic control 0 LRI E . DURFIEI>1 Jubsite, 13

chromatogram of soaking quenching (top) and sprinkling BIFT 5 ANERG B RARTT ZTTERZEN 87.585%, W]

quenching (bottom) Trionycis Carapax processed with vinegar AREHFEN 87.585% G R, SR WL 9. 26 1 F s
8 R, WEIRERLFIER I  IGER

Table 8 Paired #-test results of common peaks in soaking and sprinkling quenching Trionycis Carapax processed with vinegar

By ZE1H . ik 248 . ik Z 48 .
e I L I R LT R
7~ N TR 7N AN VR 22 7N M TR 72
T P T P T P
SERME SEI{E A
1 —11.25 8.11 -1.39 0.20 6 47.64 54.14 0.88 0.40 11 —11.87 7.39 —-1.61 0.14
2 7.82 26.80 0.29 0.78 7 32.84 55.62 0.59 0.57 12 -10.69 9.58 -1.12 0.29
3 —4.28 16.18 -0.26 0.80 8 —-83.39 107.69 —0.77 0.46 13 —2.84 543 —-0.52 0.61
4 -37.63 74.55 —-0.50 0.63 9 —0.38 329 -0.12 091 14 =5.71 5.78 -0.99 0.35
5 -1.34 6.73 -0.20 0.85 10 8.06 10.71 0.75 047 15 —7.44 8.65 —-0.86 0.41
’_L‘ II
W S6 422
- Wi S5
A S3
[ | B S2 236
WS4
W S6 0.50
W S9
E i S8
R S8 -1.36
Wi S10
1R S10
i s7 3.2
WRVE ST
12 S9
L] [ | B 85
] [ ik s1
WRVE S3
Wi S2
E RV sS4
B ST

1 6 2 3 4 131411 12 515 9 10 8 7
Hfug

7 10 HERE. HEEEE R B XRE DT
Fig. 7 Cluster heat map analysis of ten batches of soaking and sprinkling quenching Zrionycis Carapax processed with vinegar
5B EER A T W58~m\w,%2£ﬁ MEEEERA T A 1. 6, 35 FRAMEER
R R T il T%\B\M,%3I FERA T M7,u%ﬂ%mom%ummm
O HE S EEOR A T O 11, 12, 554 B BRI 1 20 3 EBITETTREN 71.248%, %
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RO RE. INERER PCA FHEEMS ETHE
Table 9 PCA eigenvalues and variance contribution rate of

dip quenching and drenching quenched acetat shells

F1l BE KEREREIRSES
Table 11 Score of the main components of soaking and

sprinkling quenching 7rionycis Carapax processed with

S RHEE T ETREY% BB ETRE Y% vinegar

1 7.043 46.950 46.950 . BB E R IR R R 195
2 2.167 14.445 61.395 H¥1 WFr2 WF3 FF1 W¥F2 KF3
3 1.478 9.853 71.248 S1  -0.651 —-0.139 0.415 -1.258 —0.728 —0.365
4 1.422 9.482 80.731 S2 -0.745 2977 -0.893 -1.359 —0.005 0.482
5 1.028 6.855 87.585 S3  -1.769 -0.156 —0.555 0.652 1.798 —0.385

®10 RF. WEBEREISEFEHER
Table 10 Factor load matrix of principal components of
soaking and sprinkling quenching Trionycis Carapax

processed with vinegar

S
ER 1 ER 2 B3 EHRS 4 ENSS

=
S
Jo

1 0.081 0.013 0.227 0.857 0.152
2 0.318 0.526 0.315 0.368 0.112
3 0.225 0.940 0.087 0.074  —0.014
4 0.460 0.791 0.354 0.099 0.033
5 0.867  —0.069 0.372 0.092  —0.058
6 —0.004 0.388  —0.088 0.753  —0.423
7 0.049 0.194  —-0.057  —0.030 0.955
8 0.593 0.399  -0.144 —-0.260  —0.460
9 0.769 0.218 0.377 0.063 0.162
10 0.853 0.325  —0.143 0.162 0.076
11 0.133 0.382 0.815 0.106  —0.008
12 0.383 0.272 0.820 0.212  —0.005
13 0.551 0.731 0.362 0.000  —0.030
14 -0.208 0.782 0.310 0.182 0.242

15 0.768 0.126 0.539

AR AT LR 7 H T AR R R 28 K 4 2 T A AR B SE
R R, FE% H R RS BT CARRSE N 3
A TR BAT 0T ERROI S0 WA 110 HRHE 32 AR
I = 4ERUR L, SR ILE 8, AR AN
IR s AR T RS AN RERE X 0 T, U
2 TR 7 ¥ 0ot T s HE P o R e —
3 it

e D AR H KR BRIE 259 3 K IR AL
SRR, JERR R . RO ARL RN D R
2 NTZESHAE, R4 ERGE, HE
B, HE—BERMEZH), FErT 5| 25 NHF, SE5RZG.
WRERRA A, —HEHES. W (HER
ROT) B A iR AR, BRI,
FHR” I (B E RLRIR, (B A B RS ) F &
CrPEZG L) 2020 4ERR “MafEM” e RE

-0.063  —0.115

S4 —-0.811 0425 0.723 -1.228 0.039 1.715
S5 0327 —0.069 -0.521 1.029 0.965 1.157
S6 0.507 —0.680 2.615 1.924 0.571 0.318
S7  —-0.044 -1.230 -0.500 0.167 -1.108 —0.472
S8 1.509 —0.429 0.135 0.592 -0.021 -0.486
S9 0.539 —-0312 -1.592 0.615 -0.276 0.161
S10  0.646 —0.742 —-0.968 0.010 —0.881 —0.986

le®
i
_{,

8 10 #IRE. HERERIRDENZHHAE
Fig. 8 Three-dimensional scatter plot of the principal
component score of ten batches of soaking and sprinkling

quenching Trionycis Carapax processed with vinegar

CTBETERT, JREERL, EHINEERR R AR, —
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PAUR ). — UK RS 2 o e, B
WAL, HTEREIER, B RmRS—T
YRS RN FR, ERERE S, SR
— W R CRIGEEHRE =ik 70 CEAD,
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FRRIGET S RS AR LU R 22 7 A R, 8RR
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(1), R TS B R B R bR . 4R
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— 0Tl F N TEFR AR A TR . IR R
EiRIE E OC R B, 5258 E B A RS 10), AR (Hp
[ 24 L) 2020 4 RON S FR 250 T s 2R, e 4%
TR BTN HE G IRKA AR Z A
G, AFFREI T AR A, SRR R R,
2 PR R M 2 (P<<0.05). B EE RS A
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