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Comprehensively evaluation of quality of sika deer antler decoction pieces from
different origins by determination of multi-component content combined with
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Abstract: Objective A method was established to comprehensively evaluate the quality of sika deer antler decoction pieces from
different origins, so as to provide a basis for the improvement of the quality standards of sika deer antler decoction pieces and the
screening of high-quality sika deer antler decoction pieces. Methods Thirty batches of sika deer antler velvet were collected, and the
amino acid content of sika deer antler decoction pieces from different origins was analyzed by pre-column (PITC) derivatization
method, and the amino acid content of sika deer antler decoction pieces from different origins was analyzed by chemometric methods
such as principal component analysis and orthogonal partial least squares discriminant analysis. Then, the results of extract content,
total nitrogen content and amino acid content were combined with the AHP-entropy weight method to establish a comprehensive quality
evaluation method for sika deer antler decoction pieces. Results A method for the determination of amino acid content of sika deer

antler decoction pieces (HPLC method) was established, and the results of methodological investigation met the requirements of the
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Chinese Pharmacopoeia. The results of PCA analysis showed that the amino acid content of sika deer antler decoction pieces from

different origins was significantly different. The results of OPLS-DA analysis showed that glycine, hydroxyproline and proline were

differential quality markers that caused the quality difference of sika deer antler decoction pieces. Through the analysis of AHP-entropy

weight method, the comprehensive score of sika deer antler decoction pieces from the three producing areas was 7.410 in Dunhua City,

3.974 in Xifeng County, Liaoning Province, and 3.595 in Shuangyang District, Jilin Province. Conclusion The established method

is convenient to operate and the results are accurate; The determination of multi-index content combined with AHP-entropy weight

method is comprehensive and objective, which can be used to evaluate the comprehensive quality of sika deer antler decoction pieces

from different origins, and provide a reference for subsequent quantitative quality control research on sika deer antler velvet.

Key words: Cervus nippon Temminck; Cervi Cornu Pantotrichum; principal component analysis; orthogonal partial least squares

discriminant analysis; AHP-entropy weight method; quality evaluation; glycine; hydroxyproline; proline
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Table 1 Source information of 30 batches of plum deer

antler

'S P w5 I

S1 Ui S16 AR
S2 TTE S17 AR
S3 Ui S18 AR
S4 U i S19 AR
S5 U ITES S20 AR
S6 LT S21 KA
S7 U e S22 ELSS S
S8 U e S23 ELSS S
S9 Ui S24 HHEE
S10 TrE S25 HHRKE
S11 FHMREAL S26 HHRKE
S12 B S27 HHRKE
S13 Rk S28 HRKHE
S14 L S29 HRKHE
S15 L S30 HRKHE

2 FEEHER
2.1 BIEEEIRAHE

AU A UCRERE B2 R brons (R E 25 8) 2020 4F
FR 2V g8 ) R M 7 vE AT S E UL, 1531
HARMG T2 28T BUBHR, Ko, KB
HAREHE S, G, DA seE ik, B8 D/
FLEEAI AN, AW, =I5 FEH 5~7h,
FrREBIE RN, B, 28] 2 min, VIRGH I
JoF, BHAE, 55 CHA TR 60min, BITSF, 2
SR 2 o T SRR S5 A M REARARE T 8 3 24 1 |
BRI i e R8RS ok BoA i)
BI5)BUFE
22 FEEESENE
221 i ik Merck Purospher® Star
LP RP-18 endcapped (250 mmX4.6 mm, 5pm); LA
0.1 mol/L EEIREH (FESERIA pH 2 6.5) (A) -ZJiF
(B), FBRELEM (0~10min, 95%A; 10~24 min:
95%~92% A; 24~35min, 92%~85% A; 35~40
min, 85%~80% A; 40~50 min, 80%~75% A; 50~

65 min, 75%~70% A); KA 254 nm; AL
35 C; ABUAE | mL/min; HEFFE 2 pl. iR
HH 1.
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Fig. 1 HPLC figure of blank sample (A), mixed control

product (B) and plastron antler decoction piece sample (C)

222 XSRS &Y BORMEAR . HE
R JHZEMR. @R, B s, F%mR
E, BT 10 mL &iEH, H 0.1 mol/L Fi#hlfg %
B, HISE | mL FRMEERE 1.2427mg. HE
FiZ 2.844 2 mg. JHZR 2.000 6 mg. FER 1.008 9
mg. AR 0.814 5 mg KRS TEENS . K523 E
TRANHE S 300 pL, BT 5 mL &I, Kk
AN 1 mol/L = ZJ%& ZJE WA 0.1 mol/L PITC
CIEHHAS 0.5mL, RAE, FENE 1h, 10 50%
CIEEZIE, #4. B 1 mL, IAIECK 1 mL,
PHE, WE 10 min, T EHEW, 4 0.22 pm flfL
DERE e, EUAEUEW, RIASIRA 0 IR s R
2.2.3 AR IE S OREE R
65 HIf, MERBUMA 0.1 g, BRIERKAEF,
TIN 6 mol/L #HEZE 7 ml, BT 150 CHAEFIK
fi# 3h, A, BEFRKI, KSRGS, YR
FENZERILA, JKBZET, FRENN 0.1 mol/L #hFRA
fifg, ¥F2% 10 mL 2, b0 0.1 mol/L FHR X
B, #8257, RIS
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224 BMEXRRFEE ShEER “2227 HUK
TR AR B AW T 0.1 mol/L £ FRFR B AN Ak
FEXT BRI, A R, 10 S S FR AR I R U T
FURE, DAEREIEMACAIALR (YD, XI5
IR ARASR (XD 2hlbriedhd, BT R
H, AR BIHER: Y=3910X—0.3521,
r=0.9999, Z&MNEHIN 4.66~74.56 pg/mL; HZR:
Y=6289.1 X—1.664 6,r=0.999 7, Z V5 N 10.67~
170.65 pg/mL; JHZEL: Y=4 549.8 X—0.464 6, r=
0.9994, &MVl 7.50~120.04 pg/mL; & FR:
Y=4 002.5 X+2.477 1, r=0.999 5, ZV:i5HE N
3.78~60.54 ng/mL; FHEEE: Y=5869 X—1.364 6,
r=0.999 8, ZAEVEHEIDY 3.05~48.87 pg/mL.
225 MEERAE HBERIEREXAFHR
(S12) 0.1 g, % “2.2.3” TR 7kl & 48
W, BN 6 IR, RRREERE 2 uL, idSRUETHRR,
HTEERER. HER. HER. =2K. &R
TR RSD 43514 0.37% 0.93%. 0.34%-
0.53%- 1.18%.

22,6 HEEMHRAE HEEHRBUEERAHA (S12)
0.1g, % “2.2.3”7 W RNTIEPATHIS 6 Mtk i
WA, dsRUEIA, THES R ERR . B
B MR, waR. BERIFHE RSD. 4552
HER. HAR. WEAR. 2R BERAED
1 RSD 435N 0.71%+ 0.59%. 0.64%. 0.42%-
0.58%

227 FEtilie HBEHRBUEER MK (S12)
0.1g, % “2.2.3”7 WU iEdl &SR, 209
F 0. 2. 4. 8. 12, 24h HEREHT, 03 S RS>
MU, FEER. HER. BER. 2R,
i 2 BRI T AR ) RSD 23 31124 0.63%+2.36%+0.78%-
1.96%. 3.31%.

2.2.8 RIS A HEAREUEH IR B R
(S12) 0.05g, 3t 6 4, B IIANE &
SEMERHESS, % “2.2.37 TN 7EHl &4tk
AV, HERE, 0sRIETAR, THEES R S Fh
QAR G, HEmMEERERE. 5 FEEER S
(I 2 INEE RIS A 95.63%~100.56%, RSD N
0.74%~2.65%, WFFEIE, RFARTTENE 25 R
(PIHERR S R4, e 45 T 4E

22.9 30 Mg E R P ERER I G =N E
R 30 B EFE b fEal VA, RV IERE 43
B, HHE S FhE R e, SR IE 2.
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Table 2 Determination of amino acid content in 30 batches

of porcine antler slices

G5 REERY% HERY% WER% ZER%  BER%
Sl 3.41 6.91 450 3.73 4.05
$2 3.36 6.79 443 3.65 3.87
S3 3.01 6.86 4.66 3.46 3.28
S4 2.97 6.66 458 3.38 3.46
S5 3.78 6.43 4.61 257 2.49
S6 3.59 6.04 497 2.76 345
7 3.26 6.13 476 32 3.66
S8 3.36 6.18 4.44 3.12 3.18
$9 3.65 6.21 4.16 3.44 3.68
S10 3.85 6.56 4.19 3.51 3.49
Sil 4.63 8.62 471 442 345
s12 452 8.53 4.89 4.16 421
S13 448 8.87 5.50 3.27 435
Si4 4.89 8.68 5.11 3.18 430
S5 4.90 8.96 5.49 3.38 458
S16 4.98 8.32 5.46 3.37 483
S17 4.24 8.51 5.95 3.89 3.92
S8 411 8.67 5.84 3.46 4.86
S19 438 8.60 5.01 3.37 3.17
$20 4.66 8.78 4.64 3.84 343
$21 2.88 7.26 4.04 3.65 2.75
$22 3.94 7.19 411 3.24 2.65
$23 211 7.39 420 3.27 2.52
S24 3.17 7.48 426 331 2.55
$25 2.57 7.89 3.87 3.13 211
$26 2.79 7.92 3.94 3.15 333
827 222 7.41 3.71 3.34 3.12
$28 247 7.36 3.32 2.78 3.10
$29 2.55 7.66 3.49 3.77 2.05
$30 276 7.43 3.78 3.01 3.59

23 WEHHEFSH

231 ERHT (principal components analysis,
PCA) PCA EXZNABMATAM AR, 1534
BRI EEARRN . BN R 2 H]
AT ORI, et — S HAG BBV TRl sy, H
JRE LR B 4638 B (145 B R ST Hfs R P 4101,
DB PCA V543 AR AN [R] 77 1 5 fofy B ik
ITEHREERHAT T o8, PaRegEEEIaxT g i Z i
31 MEIEIEEAT PCA 3 Mok o B AN 6] 77 i -
RIS ZE 5%, AT CA PCA VETE AT Z 38 st &V
T2 RN . 383 OriginPro 2018C #A4:x LA
b5 MR AR S B AR PCA B (K 2),
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Fig. 2 PCA score of amino acid content in 30 batches of

plum deer antler slices
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BA RGWmT SRy, KT 0.9 BUEAFES
75, H R* Q* EREERIFA KT 0.3, fEIZER 1,
M ZH R2v=0.973. R?y=0.912. 0*=0.892, 55
T 0.5, REFPTE LA R E v FE . Tl Re
55 o X4 2 ) OPLS-DA #5284 BEA L 41 & #e A 3s 200
W, G55 R IR 0.057 (<0.3), Q> #H{EH N
—0.394 (<0), KPR BIAILE R 5 Rid B2
PE (F 4. WiELEEEMKZE (variable
importance projection, VIP) & (& 5) A1, VIP {H
KT 1A 1,2 50, SR ED Y REZE R
KAfgetH L b 2 AEoralg. 540, 3 SUER) VIP
fE55 0.989, £l 1, XHHEAEREH A i E ] 5e
EER NI R
24 HipERRoS 22NE

A AR 1) Fr B M LAZEA 1 8 FE R IR
B, 2% (WAREPAWABHEIIE) (2023 4

3 30 HHIBIEREIR A RER S E OPLS-DA 1557E
Fig. 3 OPLS-DA score of amino acid content in 30 batches

of porcine antler slices
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Fig.5 VIP value diagram of amino acid content of 30

batches of plum deer antler slices
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Zi) 2020 P, X T iE Y RO BURR AR TR A
AN B A B AR AR B JO A 1 1) R TR 2
B EGEEEH RN REER. 50, K
T 5082 1 o o Mg A8 B R R H A DA R R
FEMATIE, HONJESINBURTE, 2EAVEAIR
F R &

241 KPR HYIER R E 25 8) 2020
FERR CPUER 3@ 2201 KPR BP0 L0 T (1)
PIRIEN5E -

242 FEETERHYIER RIE CLARAE 2K
FREIEETE (2023 E1RDY, LL 70% LR, 1%
HE R EZ ) 2020 AR (PYER @l 2201 =2 H
Y e V20T [ TR E

243 BEARSTEIERD & (hEZ ) 2020 4
R CUY3RD 3@ 0731 8 5 & &I e v Hh K 38—V
ALCE RS M REEO T S & S =T .

B 30 S FER O 3T IR M AR A S R,
MsE a5 R NE 3. GRER, 30 HUAFF=
R KRR Aot & 3 BUAE 19.49%~28.31%, BT
IR R B 9.47%~13.81%, MEFRE
SrENE 5 RN 7.16%~10.41%.

2.5 AHP-JECETEM IR RE

25.1 AHP VEHiE SR E AHP B ZIR
ik, R—MEdMEEMESS . REWAEK
PRI 3BT 7R KR R AN [R] 7= AR RE R
FebRIE A B2 R, 5L 3 DN IR ZEE PPN,
I BARE TR EM TR, iRAEFR bR ZEXT 30 4t
MR R EEAT VY . EIRES I 1 N2
T CHFR,  BIAS [F]7= B A6 B BRI
. 52 FoNRIRE, I SHREERERA RES
KM F, TREMTE 32, B 30 #EAH~
AT RE AR F R . HARDIRINR .

(1) P EEAIWTRERE: AR IE R E R R & 48
PRI S AR, B FRAR R & B E L
HP LR, S 237 Tk, SE SRR
Ve BRI HIMAE O TR OB E bR . T
B2 B EANES P o ER &N EFRYR, HM
R5 R e A B R B S BE B A 20 A
DL AR, MEER T EL N 50%LL B, HoH
QARG ERE, WERSEHEEIS, HIMEHR
T8, Pl R R AR e R, A
Z5HAMEARMER, fREEQEREESYC
A U EE T R I BRSO B R AT B 2021,

#3 TE~HEERAERHYMESRIEBNELS
Table3 Determination of extract and total nitrogen content

of antler decoction pieces from different origins

s KBEMHEREW Y% BEREERE Y% BEY%
S1 23.55 10.15 8.93
S2 21.43 12.63 8.61
s3 22.86 11.32 8.49
sS4 24.11 9.47 7.16
S5 20.44 10.20 8.54
S6 22.79 12.89 7.89
s7 23.25 12.28 8.79
S8 20.69 10.64 8.54
S9 23.74 11.43 6.35
S10 23.15 13.43 9.18
S11 26.40 12.05 8.91
S12 25.78 14.21 8.13
S13 23.28 13.53 9.47
S14 24.52 11.22 10.41
S15 27.10 11.46 9.70
S16 28.19 13.51 9.71
S17 27.98 11.29 9.06
S18 25.79 10.11 8.69
S19 2831 12.42 9.22
S20 26.57 13.81 9.77
S21 24.11 10.13 821
S22 20.44 12.47 8.04
S23 25.69 11.11 8.39
S24 2127 9.75 7.86
825 20.02 10.11 8.38
S26 24.53 12.65 8.17
27 25.67 11.71 8.42
S28 19.49 10.48 7.22
S29 24.79 11.54 7.47
S30 20.57 12.68 8.83

B S BI FR HAR E N BRI 2
BRUbZAb, REE LS A NRASRE B B L 7R
R, HhBERM T E RS 'R, 4Lk,
b R R AR AL TR & AN 2k
B B RIS BN R I TR IR
MH 2R FEHZER 1 EZ R KT oAl 3 Rt
2, AR 1 B R TR RN ST IR &
IREHHE LAY B> IR I > H 2L =F2 I
TIR> AR > W EIR =AML R AHP
WHIBIHERE 1~9 bR, XFE—ZRA n MR
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M R HEATIT 20, AR 4. RIEAF (D

Gy G ey

dy  dpz e by ‘

EFIBFERE A, ATHERNE S, H agTRHE e A= () yn = (D
R IR 1 LE B e
F 4 AHP HEFIEAEFFRIFR A
Table 4 Criterion for constructing judgment matrix by AHP
HFE e lLHE f =HIE
FORPR R Z AL, [FSFEZE 1
FORPR R Z AL, FHMESE 3
FoRPR R Z AL, R ETE 5
FORPR R Z AL, REIESE 7
FKoRMIR R ZAAELL, o B2 9
VR AE AT A B 1 e T A 2. 4. 6. 8
{5155 HHAR e GRER fMEEWLHN a, WHEEK SRR e BEMELHN ay=1/ay
5 IEFRERXTELB AN FI MR S R B
Table 5 Judgment priority matrix of index pair comparison
T FRFR y - - ?i/{ P— . p—
WA KRB RS HER  BRWER WER O RER OBER
SR 1 2 2 6 6 7 8 8
KR H ) 12 1 1 5 5 6 7 7
IR ) 12 1 1 5 5 6 7 7
B 1/6 1/5 1/5 1 1 2 4 4
FRIHAR 1/6 1/5 1/5 1 1 2 4 4
IR 1/7 1/6 1/6 2 2 1 2 2
SRR 1/8 1/7 1/7 1/4 1/4 172 1 1
TR 1/8 1/7 1/7 1/4 1/4 12 1 1

) TR EWAE R (W) 15 55 HIWrHE
A BT I 7D, %A () 1HHEAS 2
WIERLE R (W), apw BRE j =1, 2, ...,
n) MEVREENE n (n=1, 2, ..., ) MEksH
FIHRE R, REBAL ) HEE— Wy,
23] 9 NMEFR W, BRELEA. BEAMER B, K
BIHRHY). HERR . RIMERR . BaER. K.
FEFRIAE 518 0316 0.217. 0.217. 0.070-
0.070. 0.060. 0.026. 0.026.

Wj’=(ajaj2ajn) " (2)
n

WS=wy/ Z Wy (3
j=1

(3) —EMEAES: WA — SRR, B
FeiRIE A () THERRFHER e FIRIEL
X (5 THH—FH$EF (consistency index, CD),
53] C1 4 0.047, —EPELLE] (consistency ratio,
CR) (CR=CIRL RI yH HEZ$EFR) 4 0.032<0.1,

RUNZHEREAT & — BUERL

n n
o=l D (D a1 4
=1 j=1

CI=(Amax—n)/(n—1) (5

252 JEBUEME STV BE LS & —
TELREH RS R R TR AE B2 B, RiE&
T b WL IAEL Fr B A5 B 1) /N R 2 PR A LR
7 R4, BRI,

(1) RIS T AEEIE AR A m A,
n NN FERR, JRAAEIRHEFE R=(X)mxn, VLM
AR HAMR. WER. =2K. B, sk
REWIEE. KEHEREDSEL DA SR 8 Me
FRATEN FaR, LR GEAR AR (R

(2D W IR AR B e A R 2 B AR A2 (6D
W FAEEARFERE R Fe AL MR HE (P, Py RRA{E
57 NER T | MR
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m
Pij:Yij/Z Yii (6)
i=1
(3) AKX (1) RERIFHEER (ED.
m
Ej:—kZPijlnPij, k=1/lnm (D)
i=1
(4) BN (8) HE BARIRALE R AL (W)
n
wp=(-E) D (1—E) ®
=1
I, M. B, KR
Y. RIRER. HER. WER. 2%, BamR

(IR B 2205 5N 0.068.0.146.0.145.0.141.0.169+
0.118+ 0.092. 0.121.

%6

253 LGV AHP WAME TR SFEE I EWZ
of,  MRALE I B T P23 B A< 5 P din 5 i &= S
B P, R ERE S B ELGEHE, KA
AHP 3 F MR ERE (W), 1z FHRBLES WAL
HARE (W), R EBCE RGOz AL R E 2
G518, HRTIIAXIHEREGHE (W), fik6
HERATA, SRS ESUE R BN G R

n
Wim O3+ W0 D (5 1P) ©
-1
B 7, AL 3 A4 30 HEHEERERE U i 7
WA, 30 HEHHIERERED SR AP A SRR 7, ook
MR GBI N 7425, 3L FRIHP R
FRAN 3956, FHKAFR G359,
ST PR MR R P AT RS

LREtUE

Table 6 Synthetic weight

PEITRRE  BEIATEIRINY) AEERNY SR RWER O HER  OWER O RER BER
Wy 0.146 0.144 0.068 0.141 0.169 0.118 0.092 0.121
wp 0.217 0.217 0.316 0.070 0.070 0.060 0.030 0.030
W, 0.182 0.181 0.192 0.105 0.119 0.089 0.059 0.074

R I0MEERERAEETNER

Table 7 Comprehensive score of 30 batches of plum deer
antler slices
s Lo FP5 RN
S1 0.444 S16 0.861
S2 0.464 S17 0.730
S3 0413 S18 0.632
S4 0.295 S19 0.729
S5 0.283 S20 0.800
S6 0.424 S21 0.363
S7 0.457 S22 0.392
S8 0.309 S23 0.406
S9 0.325 S24 0.285
S10 0.543 S25 0.262
S11 0.702 S26 0.486
S12 0.745 S27 0.436
S13 0.739 S28 0.181
S14 0.710 S29 0.367
S15 0.777 S30 0.413
3 g

31 HMEEERARIBNESFHNRILIE

R E R A MB KA ST RAER TR
JERMEI A7 (BB —7)) (https://www.chp.org. cn/),
AW TR FAERT PITC ATAE 2 BRI E V. 12771

ETRER S mmERR AR (PITC) KM, AA
AN IR AR B ot R I R R AT AR ) (PTC-2 2
TR). BlJG PTC-ZIEMR L A VA i 43 25 i
EAMEMZEE 254 nm PEAKAGI, 76— IR E
JEEEIA (1~1250 pmol) FHimi NAE 5 5 JE BRI FE %,
IEEG. PRk, MR RE E RO (i AR R 20 B 2 T
s B KR AT AL AL B . BTHASEER 38
i A FIBURE R (0.05. 0.14 0.15. 0.2g). Kk
BRI (5. 7. 10mL). FEHSE] (1. 20 3.5
h) LR JESEATAEMR B E (0.1, 0.3, 0.5mL),
LEEHEE G RIL, KH 0.1 g B R HHATER KR,
IO 7mL KRR, KA 3h, FEAEATAALI R &
0.3 mL B, 2 JE R U T AR e ey HL i I AR E .
32 NGRS

TS O B R 2R E T ARG R —
O3 BERFR AR VPN ME A2 T R AR B T &, T2
21 A B T R 24 O s ) ) A AR 2 R 1
HAEBEER . ALEKHES T HPLC XL E
YRR 5 FhEERR I S BTG, TR E
AT HEA RIFREDNE. SEARRFEHE 30 i
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TEREBR R HEAT IR PCA 43 A4S KW, PCA TFH
X DX AR JEE B et B — i I FR F R
OPLS-DA 74 Rior, HRER . F2IMH 2R A2

PR (1) 5 FE A 12 AN ()= MM AR B R ol & 22 S/ 1)

FEERTEIR.
fe g i 2555 ) 7 E BRI S, RIAR 1R

MNP EIR I . B R BREE, BEERIRA

B EL SR, EPMEG IR SR Tk R A

JIAREE 252 5 0] vh 2 LA A 55 45 00) S i 22 9 P B Al

MRS EE T, MO RR AR . 120E

o AR TR B RS, R IIAN[R] 7 3 [

— 24 R Ar AR RE B B AR UMEIR 2 R AN,

IRAETE I SRR KA W L B S 55, H& R

ERME Y. SR EERE BN AHP-HL

VR KT A R B 0 )25 S b . AHP-RSELE

S5GURRN I LA AN 25 TR bR 12 O0UE B, $2

BRI A B B S AR . R S R

FAERETE. REVMEENLASESAEE, X

F AHP-JBGE 73 59 v S5 AH B A AR, FRA4IX 2 Fh

TEARIMBEEITERE VA, &R RIRER

BEBERE, VIS 3 AN A R B AR i

TR - AHP-JEALEAS B 5 Fha IR L&

BUES OPLS-DA 73 #r 15 EI 2 ZE R 53 VIP {E

HATXEG, RIS PR R & 20 T X 20 AN [F) 7= 1

HEAE S F DO I B R AR — 3, WA HE

R PRI A Z R W] RS2 3 AN g 18 1)

ZE A EN . 25 b, BT S AHP-RBGERE

RACHI T AN [R] 72 Hi (0 MR RE B A B AT B E VA, A

FL B I AN B AR AR 2
FBAR ALY FRAREAEF B R
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