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of free amino acid
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Abstract: Objective A method was developed to establish a UHPLC characteristic spectrum and determine the free amino acid
content of Ejiao (Colla Corii Asini). The quality of different batches of Colla Corii Asini was assessed by combining fingerprint

spectrum similarity evaluation and chemometrics. Methods UHPLC was launched on a Waters BEH Cis (100 mm x 2.1 mm, 1.7 pm)
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column by gradient elution with a mobile phase of 0.1% formic acid water (A) and acetonitrile (B) at a flow rate of 0.3 mL/min,
detection wavelength of 254 nm, column temperature of 40 “C, and an injection volume of 2 pL. The characteristic spectrum of 14
batches of Colla Corii Asini was established, common peak was identified and a similarity evaluation was carried out. Based on the
determination results of the common peak area in the characteristic spectra, the quality of 14 batches of Colla Corii Asini was evaluated
by combining chemometrics methods. The levels of glycine (Gly), L-proline (Pro), L-alanine (Ala), L-methionine (Met), L-valine (Val),
L-leucine (Leu), and L-phenylalanine (Phe) were quantified. Results The results of the fingerprint similarity evaluation showed that
the similarity of 14 batches of Colla Corii Asini samples was > 0.927, indicating a good similarity and stable quality. A total of nine
common peaks were calibrated and seven common peaks were identified, namely Gly, Pro, Ala, Met, Val, Leu and Phe. The
chemometrics analysis classified 14 batches of Asini Corii Colla into three categories, identifying the differential markers that caused
differences between different batches as Met, Leu and Gly. The mass concentrations of the seven components, Gly, Pro, Ala, Met, Val,
Leu and Phe, range from 319.8—1227.27 pg/g, 100.85—352.44 pg/g, 113.92—531.06 pg/g, 50.57—182.8 ng/g, 47.5—116.53 pg/g,
48.64—182.37 pg/g, 45.65—124.69 ng/g. Conclusion The method established in this study is fast, accurate and reliable, which can

provide an experimental reference for further research on improving the quality standards of Colla Corii Asini.
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Fig.1 UHPLC fingerprint (A) and referential fingerprint (B) of 14 batches of Colla Corii Asini
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Table 1 Relative retention time of common peaks in fingerprints of 14 batches of Colla Corii Asini
. AEX O B 5 [8]

é =}

i 1 2 3 4 (S) 5 6 7 8 9
S1 0.433 0.643 0.954 1.000 1.757 1.786 1.971 1.991 2.031
S2 0.432 0.642 0.953 1.000 1.756 1.785 1.970 1.991 2.031
S3 0.432 0.642 0.953 1.000 1.758 1.787 1.972 1.993 2.032
S4 0.439 0.644 0.952 1.000 1.784 1.815 2.003 2.024 2.066
S5 0.433 0.643 0.953 1.000 1.758 1.787 1.972 1.992 2.032
S6 0.432 0.641 0.953 1.000 1.712 1.755 1.969 1.989 2.029
S7 0.433 0.643 0.953 1.000 1.756 1.785 1.970 1.991 2.031
S8 0.433 0.643 0.953 1.000 1.758 1.788 1.973 1.994 2.033
S9 0.432 0.641 0.953 1.000 1.756 1.785 1.969 1.990 2.030
S10 0.438 0.650 0.953 1.000 1.780 1.811 1.999 2.023 2.063
S11 0.434 0.645 0.954 1.000 1.765 1.795 1.980 2.001 2.041
S12 0.433 0.642 0.953 1.000 1.761 1.791 1.976 1.997 2.037
S13 0.433 0.643 0.953 1.000 1.754 1.783 1.968 1.988 2.028
S14 0.433 0.643 0.954 1.000 1.760 1.789 1.975 1.995 2.035

FHIME 0.434 0.643 0.953 1.000 1.758 1.789 1.976 1.997 2.037

RSD% 0.53 0.35 0.05 0.00 0.92 0.77 0.56 0.59 0.59

#2 4RI EE LB IEETIEERR
Table 2 Relative peak areas of common peaks in fingerprints of 14 batches of Colla Corii Asini

e HL I T

G 1 2 3 4 (S) 5 6 7 8 9
S1 3.158 2.791 0.617 1.000 0.142 0.183 0.198 0.084 0.096
S2 5.831 3.217 0.539 1.000 0.135 0.222 0.200 0.117 0.120
S3 5.682 3.908 0.684 1.000 0.263 0.352 0.321 0.179 0.223
S4 1.994 3.629 0.594 1.000 0.156 0.220 0.207 0.105 0.084
S5 4.465 3.423 0.521 1.000 0.150 0.209 0.201 0.117 0.110
S6 3.436 3.268 0.514 1.000 0.095 0.193 0.194 0.079 0.097
S7 4.029 2.970 0.452 1.000 0.105 0.163 0.181 0.088 0.100
S8 5.119 3.391 0.577 1.000 0.157 0.178 0.267 0.116 0.135
S9 4.275 3.298 0.568 1.000 0.221 0.185 0.257 0.117 0.125
S10 10.708 3.674 0.648 1.000 0.315 0.328 0.478 0.191 0.249
S11 4213 3.176 0.523 1.000 0.226 0.179 0.291 0.130 0.139
S12 3.539 3.694 0.533 1.000 0.072 0.174 0.158 0.091 0.118
S13 5.920 4257 0.598 1.000 0.177 0.253 0.180 0.109 0.125
S14 4.865 3.220 0.529 1.000 0.156 0.169 0.260 0.129 0.130

P51 4.802 3.423 0.564 1.000 0.169 0.215 0.242 0.118 0.132
RSD/% 42.22 11.17 10.77 0.000 39.40 27.25 34.10 27.71 35.62
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Table 3 Similarity evaluation results of 14 batches of Colla Corii Asini

G2 AALE
Sl 2 3 S4 S5 S6 ST S8 S9 SI0 SI1  SI2 SI3 Si4 R
S 1.000 0975 0992 0992 0984 0998 0992 0997 0998 0984 0989 0994 0990 0994 0.997
S2 0975 1.000 0992 0993 0927 0982 0994 0966 098 0999 0932 0980 0996 0993 0.987
S3 0992 0992 1.000 0999 0964 0997 0999 0989 0997 0997 0967 0997 0999 0999  0.998
S4 0992 0993 0999 1.000 0960 0996 0999 0987 0998 0997 0966 0993 0999 0999  0.998
S5 0984 0927 0964 0960 1.000 0980 0961 0992 0974 0945 0995 0981 0956 0964 0975
S6 0998 0982 0997 0996 0980 1.000 0997 0996 0999 0990 0982 0997 0995 0.997 1.000
S7 0992 0994 0999 0999 0961 0997 1.000 0987 0998 0998 0964 0994 1.000 1.000 0.998
S8 0997 0966 0989 0987 0992 0996 0987 1.000 0993 0978 0990 0997 0984 0989  0.995
SO 0998 098 0997 0998 0974 0999 0998 0993 1.000 0992 0979 0995 0996 0.998 0.999
SI0 0984 0999 0997 0997 0945 0990 0998 0978 0992 1.000 0947 0989 0999 0997 0.993
SIT 0989 0932 0967 0966 0995 0982 0964 0990 0979 0947 1.000 0978 0959 0967 0978
SI2 0994 0980 0997 0993 0981 0997 0994 0997 0995 0989 0978 1.000 0993 0995 0.998
SI3 0990 0996 0999 0999 0956 0995 1.000 0984 0996 0999 0959 0993 1.000 0999 0.997
SI4 0994 0993 0999 0999 0964 0997 1.000 0989 0998 0997 0967 0995 0999 1.000 0.999
R 0997 0987 0998 0998 0975 1.000 0998 0995 0999 0993 0978 0998 0997 0999 1.000
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Fig.7 VIP plot of OPLS-DA for Colla Corii Asini

x4 ZMHFE

Table 4 Linear equations

gy LTI LVEVEH/(ngmL™)  R?

Gly Y=34.7 X—78.555 12.003 5~300.086 5 1.000 0
Pro Y=19.967 X—21.538 7.9954~199.8855 1.000 0
Ala  Y=24.677 X+7.0428 7.989 4~199.734 5 0.999 6
Met Y=16.252 X—0.5121 4.006 4~100.161 0 0.999 9
Val Y=20.575 X—5.3678 3.201 1~80.0270 0.9999
Leu Y=19.907 X+27.701 2.008 8~50.2200 1.0000
Phe Y=15.531 X—14.261 3.201 4~80.036 0  1.000 0

REW, Gly %5 7 Fsisr 2 o8 R R .

272 FEHEWL OB W B IR TR A
W, 1% “2.47 U a4, B8 6 Ik,
WIS B T AR RSD 18, Gly. Pro. Ala.
Met. Val. Leu Al Phe f¥) RSD {f4r %4 0.16%-
0.17%- 0.17%- 0.24%. 0.13%-. 0.18%. 0.13%, %
BHAZASCHS (PR 2 FE R A o

273 HEEMRE RS S3 RERI 6 17, R

€227 TURTES A ISR s, 4% “2.4”7
TN R 5%, 3R M. 1HE Gly. Pro. Alas
Met. Val. Leu F1 Phe 7 45 [1)F- 35 i & 53 44053 5l
4 580.62 177.21. 199.62. 78.58. 89.39. 69.19 Fll
80.69 pg/g, FHIE 7 Py & $0 RSD {5
AN 1.55%- 0.99%- 1.37%- 0.76%- 2.98%- 1.04%.
2.72%

2.7.4 FAEMERE  CEFEM S3 % “2.27 BURNTTE
H R BHR RS, %R €247 TR ARk, T
0. 2. 4. 8. 12, 24hHEHE, THE &IPSR IE
[/ RSD 18, Gly. Pro. Ala. Met. Val. Leu #!l
Phe ] RSD 152> 5114 1.23%- 1.77%+ 0.76%- 0.97%-
0.77%- 2.36%- 2.85%, T FIERT 240 I
et R, BeAH T & &E.

275 IOFEEICERREE KR S3OREEFREL 6 17
) 0.2 g, MINFRERERIN IR IR, R
F “2.27 TUR 7 Al s, 1% “2.47 UK
AT I, THEAS 2% B R IRE (BT
i EH RSD, Gly. Pro. Ala. Met. Val. Leu #ll
Phe ¥ 0 FIIZ 4r 5N 103.51% - 96.65% -
95.99%. 105.78%- 101.57%-. 99.56%. 102.92%;
RSD 1H43 5114 0.78%+0.24% 1.98%- 1.63%- 1.63%-
0.87%- 2.1%, R UH1Z 772 0] F -0 5 i e v Gly 2%
7 B IS

2.7.6 FEMEENE KRB 14 AR XK
(S1~S14) MR AL 020g, % “2.27 Wik
HFIRAEIR TR, ) “2.47 TR kAT,
AU T B A ARE 285k 1T 5 Gly. Pro. Ala.
Met. Val. Leu fl Phe I &=, W& 5.

x5 TR RMEKRF 7 HEEEERNSE

Table 5 Contents of seven free amino acids in Asini Corii Collafrom various manufacturers

B ¥/ (g g™

i Gly Pro Ala Met Val Leu Phe
S1 822.25 317.61 403.67 87.84 90.99 89.34 68.76
S2 810.58 238.97 344.92 71.62 94.52 75.93 72.72
S3 560.88 173.47 193.66 78.52 84.51 67.70 76.22
S4 765.92 221.15 288.07 68.88 78.47 64.08 45.65
S5 593.17 160.37 234.60 54.14 61.18 48.64 48.25
S6 831.98 230.81 348.55 50.78 82.94 74.10 61.05
S7 776.96 208.89 357.80 57.83 72.18 70.54 63.96
S8 929.46 230.59 299.45 81.09 93.30 56.90 66.67
S9 740.63 221.84 298.10 71.70 66.04 88.95 71.33
S10 718.10 217.83 296.92 100.76 68.10 85.14 66.09
S11 319.80 100.85 113.92 55.70 47.50 58.44 52.71
S12 1078.83 311.39 461.82 109.96 96.00 139.21 102.39
S13 1220.88 352.44 531.06 182.80 116.53 182.37 124.69
S14 122727 311.56 458.71 50.57 98.10 80.24 92.97
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CHH[E 25 810 2020 FROCTBT IR h 2 R IR & &
W 5E 7 1R e KR JE RS, 5 AR 7L
M P FER AL &8 LB EEA AE, W)
AHF T WX SIAE CZHE-0.1% BRI . L HE-
0.1%H VAT WK (190~400nm). FFEE (1.
2. 5ul) Flthif k[ Waters BEH Cig (100 mm X 2.1
mm, 1.7 pm) ¥, ACQUITY UPLC HSS T3 (100
mmX2.1 mm, 1.8 pm) FEJEAT T HEL, R G
L RO R R et o SRR L VA [ N 7 LB 3 2
E B FE LG A5, 45 R RORIBIAE N 2 -0.1% R
W, WAKN 254 nm, #HFEEN 2 uL, ISR
Waters BEH Cis (100 mm X 2.1 mm, 1.7 um) i)
B s B p i (5 B 2, i N AE
TR B PR, BRI 40 28 DL g T
TR BIARER EE AT, TR 8 i Ak iF . X
TEEA ARG, WA RN R, &
AAF CREZGHY, (HRREE RGN 755
WE, UEBHJTVERIAT, o] TR B IT DL A
RIS EIE
32 iSRRG AER

A FEARINER DS B S AT 7K, T
A BN E T S BRI A, e [
B, TR IR MR, R S AU AT ATAE A
WhEE, T HATAR BT SY, A RN IR A
e, ARWFFURH I SRR AT AR, R
F AP VR E T, AR BT AE R T A AR
E . MhAh, AT HAE SRS BT, K
DULE B P b, (R B I ) 58 05 (30 43 350 55 AR
W, e R BURK N IR BRI, WTEE
FH ] fise B 5 B 1 o 22 W A o0 BT B, DRk 8
CEEUTR” RBRIX LTRSS, F BB
CIEFIK, R R B TR DL
33 YHEEEES R EZIERSENE

FHIEEIRE R T 2807 R E S A, v]
MR AR 7R A 24 B o BRFAE I« B S T IR,
HENT R 25 B R E B T A U 3 24 1 1 T A
file HT 2R IR A, BE 2 B & &
M5E SO 25 R E R A AT B . HiroikiE
KT BeT JR Er N e A e S B T K 2 K g
RER, WA HEAERIN F HPLC SR i 2 Pl
fR TR SUEINE, R JE S AT B AEY)-HPLC 72:%)

BT PR AR IR Ve S R S FR it 2 5 o 4= gt i S 4T % P
HPLC 5 /Bl i IR /K AR S5 ) 17 P 32k
BRI &, AT AL 23 AT HCA, BT AR i)
JREWNRME T LS H ., Boh, HRpiaRg
SR R AR EEa T (R R s T A IR K e 13 o
AW, TR IR Xie FROER
F 9- 03 S0 R HE IR AT AE Ak v, SR P v WO Je o AR
AR VEME, WE TR P IR R . H AT
AT fie Hh Ui 19 S R R N S IARIE B D, R 2 IE
KRG R TR, 5% T1Z 7 THI R =4 I i 5 0t
—35 3T AWFFEKH UHPLC 577 14 HEB iR
RRIEEIE, bre T 9 AN, Jlid 5 i AT
toxt, $8INT 7 AN, 525009 Gly. Pro. Alas
Met. Val. Leu fl Phe, 7 M4k e HIAER
ek, RFIEEER, TRERMNZ 7T AR
JRIFE BB AT, 4 i Bl e R A A 1 #7856
FRMETH MBS H . 55 L, AP UHPLC I
SE 14 REBTRL A 7 Flii g R AR L B 1 & &
LI TTVEIRGE, WER RIS, Al ok B AR TR i
(1 53 b HE AT FUAR AL S0 AR A
34 SEEITSR

PR BT e R AAE PRI O AN A e T AR i 45
454 HCA. PCA 1 OPLS-DA 3 Fifl 2 iR 51
Bt Gt b, SRR 5 A 2 AR A,
N B VAR B AL T N A TR S B . HCAL PCA
1 OPLS-DA HI&5 FRAFT A M 3 2%, H
Ol 2R RS R R K B RO — 25, U
BRI fis o R 1) & BT R 57 A — i K R
BeAh, B e A R A7 B 1 S R
AL TR A G, LA R R Hh SR 1) & ik mT
REfFE— €Mt %% . @it OPLS-DA ffik%) 5
(Met). 2 (Gly) F17 (Leu) g n] fe2 SR M
Z AP A ZE R BRI, 1K 3 MRl N
DX 43 AN [RIHE 0 BT Ji o 2 (0T P Fi b, 7 BT R ol VP
fili 75 L SOCTE BT R R . TR S B RIS
RWER S AR R ERF RTINS & T 26 %
VISR R BRI ERSRIERI AN KA = T2 m]
Re s iom i AR S . Rk, I &t
TR IR A FE 22 X AR~ H BT R S e 25 5%, BEE A
{RAUE R 2 O B ) — M e e MR It 25 5%, 1
L JE IR NBIE T, TSR B 22 R R AR I LA G
UE, DME S Gr B s ) . 25 b, AWFFE
ik UHPLC il e i v ()i e S R e, & et
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