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Abstract: Objective To analyze variations in HPLC fingerprint profiles, characteristic constituents, and energy-related components
during the preparation of Ejiao (4sini Corii Colla, ACC) decoction pieces, intermediates, and formulated granules. To investigate the
transfer patterns of their critical quality attributes. And to establish a multidimensional quality control methodology tailored to the
characteristics of ACC formulated granules. Methods HPLC fingerprint chromatograms for ACC decoction pieces, intermediates,
and formulated granules were established using an indophenol post-column derivatisation-amino acid analyser method. Common peaks
were assigned using reference substances. The quality variations across ten batches of ACC samples were analyzed by combining the
fingerprint data with chemometric techniques. Furthermore, a method for the simultaneous quantification of six characteristic amino
acids (aspartic acid, glutamate, glycine, alanine, arginine, proline) was developed. Conventional methods were employed to determine
energy components, including protein and fat content. The production processes of ACC formulated granules were evaluated multi-
dimensionally to construct a dynamic quality monitoring framework. Results Fingerprint chromatograms were established for ten

batches of ACC, encompassing its decoction pieces, intermediates, and formulated granules. A total of 21 common peaks were
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identified, and the similarity among all batches were > 0.990. The average transfer rate of the primary characteristic amino acids was
75.74%—92.09% from the decoction pieces to the intermediates, and 76.63%—94.84% from the intermediates to the formulated

granules. The average transfer rate of energy components was 96.75% from the decoction pieces to the intermediates, and the average

transfer rate of energy components was 43.26% from the intermediates to the formulated granules. Conclusion The indophenol post-

column derivatization-amino acid analyse method was used to construct HPLC fingerprints, determine multiple characteristic

components, and measure energy components simultaneously, realizing a multidimensional evaluation of Ejiao decoction

pieces-intermediates-finished products. A dynamic quality control method for the whole production process of Ejiao formula granules

was established, providing a reference for its further research and development. Key words: Asini Corii Colla; decoction pieces;

formula granules; value transfer; indophenol post-column derivatisation-amino acid analyser method; energy components; fingerprint;

aspartic acid; glutamate; glycine; alanine; arginine; proline; protein; fat
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Table 1 Information on ten batches of ACC slices
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Fig. 1 Fingerprint spectra of ten batches of ACC slices (Y1—Y10), intermediates (Z1—Z10), and formula granules (K1—
K10) alongside their reference fingerprints (YR, ZR, KR)
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1-aspartic acid; 2-threonine; 3-serine; 4-glutamic acid; 5-glycine; 6-alanine; 7-cysteine; 8-isoleucine; 9-leucine; 10-tyrosine; 11-phenylalanine; 14-lysine;

15-arginine; 17-hydroxyproline; 21-proline; same as figure 6.
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Fig.3 HCA in processed ACC, its intermediates, and formula granules
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Fig. 5 OPLS-DA of amino acids in ACC slices, intermediates, and formula granules

LAJJ« e _r_,«_,:JL M.,_M\J‘k._
5

14 e 21
KJ_L
c

e

0 20 40 60 80 100 120
t/min
&6 PIRZFEIFHESR (A SBRANES B). MZBXTE

(C) MERMEE HPLC &
Fig. 6 HPLC diagrams for specificity validation of ACC
intermediate sample (A), mixed reference standard (B), and
blank control (C)
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IR AN Z BRI TH AL RSD 435114 2.55%+ 2.08%-
1.86%- 1.67%- 2.99%- 1.92%, & F3 B iz ]
PR S A A VRAE 24 h WARE

23.8 EEMRAE LB AR (21D 4
PRIT V2% 6 A B i A S VR AR IR 2 2R
HEBR. HER. WERR. BRI E
B RSD 435 2.65% 2.86% 2.94%. 2.55%-
2.71%- 2.82%, &5 B ELIZ IR AA BIFEE .
2.3.9  JNFEREISCRIREE  IENARLER. B4
. HER. WA, R bR & =R
HHIEARRES (ZD), 36 iy, K% E, BRERE
T, e BRFE S & A B S N R L
1DV IS TabR s, #I8 “2.2.17 IR ikl %
MR IR, IR “2.3.37 TRtk &R 4) BIERE,
BT O EIE, THE 6 Fhfaba ks InFe B2
NI RSD fH, ZRRAAR . BAK. HEiR. W
R K2 R AN 2R 1)1 S5 R [ 4 ) N
97.44%- 85.23%- 81.60%- 82.81%- 92.98%- 94.55%,
RSD 73514 2.00%- 2.74%- 1.59%. 2.97%- 2.39%-
2.84%, 25 RRIAIZ T VAR B B, AR R =

23.10 FRFRATERNE . FERER S EEAH )
Br BL10 SRR Ak ey BORIRE &, 4%
HR“2.2.17 0T 7 24 il i, JF% e “2.3.3”7
TR g R eI e, AT R AR O S R,
SERFR 2, HH SR AR RS KR -Hh Al A - e 7 9
PRI 22

FH 2 T, 10 HER R A Hh o UL 113 i
BN 186.80 mg/g, ¥IME (1+£30%) N 130.76~
242.85mg/g, SMIRIFTEARME: TR I35
BN 76.95 mg/g, ¥IME (1+£30%) N 53.86~
100.03 mg/g, &HLRAKFFEARtE; MR 11732 i
BN 88.04 mg/g, ¥IME (1+30%) N 61.63~
114.45 mg/g, SHREBTT G brift: BRI 350
BN 70.23 mg/g, ¥IME (1£30%) N 49.16~
91.30 mg/g, SHMRIFTEbriE: RN TI)R
EOECN 36.38 mg/g, BIMH (1£30%) N 2546~
47.29 mg/g, ERCIRHFFEARAE; G ZR I35 i =
SYHUN 48.92 mg/g, YA (1+£30%) A 34.24~63.60
mg/g, EHERERTF G At

*2 MERA. PEE. EAFRASENESR

Table 2 Assay results for ACC slices, intermediates, and formula granules

H& R /(mgg!)

NAR/(mg-g™")

i 2 H/(mgg )

BEM/(mgg™)

REAR/(mgg!)

W ik

ficJs
kL

Yo il ik

ficJs
kL

YR i

Ly}
kL

Yo Al i

Ly}
kL

YR Al i

Ay
kL

YR i

K& R /(mgg")

fic7s
kL

i
/%

164.02
195.38
187.01
213.64
188.93
165.36
190.17
178.70
162.96
221.87
186.80
70% X 130.76
130% X 242.85

171.68
151.05
159.07
171.13
152.17
145.32
164.77
151.05
169.00
170.48
160.57
112.40
208.74

O 0 3 N L B W N —

(=]

|

69.77
58.66
47.81
70.52
66.44
64.38
55.39
71.27
73.24
91.00
67.45
47.21

69.17
86.58
79.91
90.64
77.62
63.51
79.16
70.64
63.89
88.36
76.95
53.86

87.68 100.03

67.64
61.45
64.15
68.54
60.04
67.36
69.09
60.16
67.41
66.81
65.27
45.69
84.85

28.43
24.01
19.82
28.10
26.40
25.65
2352
32.21
29.82
37.10
2751
19.25

76.15
91.10
80.55
97.03
80.96
75.86
90.20
84.71
81.93
121.91
88.04
61.63

87.52
80.37
87.07
92.31
82.30
69.70
89.70
82.75
94.61
95.65
86.20
60.34

35.76 114.45 112.06

37.16 58.42
26.80 75.89
21.47 74.65
37.07 82.89
34.55 67.65
34.00 57.99
25.30 69.82
34.33 65.71
38.91 61.61
48.33 87.68
33.79 70.23
23.65 49.16
43.93 91.30

65.92
63.26
75.13
73.25
61.05
65.99
68.56
61.66
70.28
68.82
67.39
47.17
87.61

27.07 30.72
22.57 40.13
23.01 38.36
32.03 44.03
29.62 35.44
28.43 29.74
24.13 33.83
29.76 32.64
33.89 30.71
40.14 48.15
29.07 36.38
20.35 25.46
37.78 47.29

37.88
34.60
40.11
40.96
35.11
35.85
36.57
34.85
39.19
37.70
37.28
26.10
48.47

16.90 39.27
10.65 52.62
9.18 49.13
16.61 59.11
15.73 46.41
14.51 38.29
9.66 52.07
13.29 43.22
16.93 40.57
20.16 68.51
14.36 48.92
10.05 34.24
18.67 63.60

48.52
45.59
52.53
55.57
45.73
47.56
50.79
45.92
51.24
53.25
49.67
34.71
64.57

20.72
11.84
10.30
20.48
18.52
17.55
11.16
1591
20.72
26.69
17.39
12.17
22.61

88.30
88.60
85.90
86.00
89.00
86.70
87.60
90.57
88.57
87.80
87.90
61.53
114.28

10 R fise o [ H 22 B8 1Y) 1 3 o &2 40 20
160.57 mg/g, ¥JMEH (1£30%) A 112.40~208.74
mg/g, SHUREFT G hRE: TNZRBRIN -5 5T & 7 4
N 65.27 mg/g, BME(1£30%)4 45.69~84.84 mg/g,
E ARG bRt s T 2R RT3 o1 273 30H 86.20
mg/g, ¥ME (1£30%) 7 60.34~112.06 mg/g, %

HERFFFEARE; BRI ESHCN 67.39
mg/g, ¥ME (1£30%) N 47.17~87.61 mg/g, &4t
BT B b REAARM TR E 8N 37.28
mg/g, ¥ME (1£30%) N 26.10~48.47 mg/g, #Hik
RERRE S bRt s KEZ IR 1P 33 T & 70 O 49.67
mg/g, ¥ME (1£30%) N 34.77~64.57 mg/g, 4t
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ST A FREE . 10 LRI A (R4 B 2P IR
87.90% (61.53%~114.28%).

BT fig i 3 A ] Ak o SR R R N
67.46% ~91.85%, WM EHEEN 62.88%~
91.96%, FHZEMR TSN 68.89%~92.85%, 14
FR (K675 %9 68.91%~99.64%, KA IR I HE 5%
N 68.74%~96.70%, FERIRINEF A 68.24%~
96.23%; B Ji5 Hh 1144 1B 7 $ORE H 2R R % N
67.02% ~98.79%, NZ &M EN 68.90%~
97.64%, MR EN 54.99%~98.63%, BEA
FR 675 %09 68.30%~96.07%, KA IR I H T3
N 51.04%~96.32%, FEZIRINFEREZN 43.73%~
99.20%, HIARMITHE 70%~ 130%HIFEHE , A& H B
B BRI R . R HER. &
AR REAER. WMEARNEEED T k.
Bic 75 SO AT 58 AR AR B 1R L R AT
2.4 PARRTKR - iE kB /5 Bk BE = A 4 B9 R IE
bIKE S
240 WETE A AlEERES Y1~Y3.Z1~Z3,
K1~K3, £ GB/Z21922—2008 (£ 55 F7 o s
AARIEY WELGEE, MEPMEERERSEA
JF - BT 53 2 1 GB5009.5—2016 (£ % 4 H 5
PR S R AR I E ) LR E RIEN e B A
&, 2 GB5009.6—2016 (& & g fodE ) &
PCA I AR G 25
2.4.2  BTRRR R - AR -C J7 SO AS [R] B B (1) e
By BEE T R 3 AR, BT ER R RE EE R b
AR 2 BUN 80.20%~84.50%, i 17 5 B4 %1
A 2.60%~4.00%, SEEFEN 15.49~15.90kl/g; Fi
Jiz v [E) A4 g B AR AR B TR R B 84.30%~

®3 MRRA. iEs. EEATMKEERSREE
Table 3 Energy components and content of ACC slices,

intermediates, and formula granules

P i EH/% N7 /% ERER/(kIg )
Y1 81.50 4.00 15.90
Y2 80.20 2.90 15.49
Y3 84.50 2.60 15.60
Z1 84.30 4.10 17.28
72 85.40 3.70 16.92
Z3 90.50 3.20 16.89
K1 35.10 2.20 6.70
K2 34.20 1.00 6.60
K3 37.40 1.60 6.37

90.50%, ARMi &4 HCN 3.20%~4.10%, HEREREN
16.89~17.28 kJ/g; Bl Jisz i 77 HUkiL i B4 b v 2 11
FRESHN 34.20%~37.40%, R R BN
1.00%~2.20%, & REEHN 6.37~6.70 kl/g.

Bl JRe (a4 R e B AR AR AR LU T, B A BT
R AN 94.01%, NEWIFIIHEREZEA 104.63%, &
REE-F RS 09 96.75%, Wi WA R R Fy 3] v ) 4k
AREREAN . TR Be RO AR E g IS .

Bif Fi e 7 ROk AR LU R (44, B PR RS
N 46.09%, HEN-FIEEEENy 48.90%, HREE-T
B RN 43.27%, IXUEHE R R B AR RS R I%
I, R T O 7 WKL 2 L AR R T . AE
ML VIRMREE I Z AT BT — RV R
— 7, EARKAEEEERTERE, H500
REAFTE PR SR HE R A SRRl ) B, B S5 s
SERRVHFE: A, MR R R SR E
T HBUEAERIG, RS & N, R

e R IEIK.
3 e

FES AR IR T b, d R R Lt
# L2 RE, HE— Sk
i =W kA Bl AT A e s sk 25 AR
FFRERIE . A7 T2 R Bt SR YR AR &35 5 R
PEOTY, A4S R S HE T RO 4 B 26 o A2 G
NWAE. AT AIRSEE . 2R ERES
B ARAE L YEPRN T ik, RS 10 HERTAROR
v B S 7 UKL R SUE I, iEIA 21 A3
U, HidE—25 454 OPLS-DAUS 2 Iy i ik H H &
MR AR 6 NREEFM . XL AU
IR 22 5 DTk S, IR AL LI DR %
OGN, DRI, AT PR A Bl G 5 RORE o
— SR S E I T - r AL RS R Y OB R
PE, AT SEBILR AR A A 73 3h A AL A RS HE
5 R AL A TR e TR ONR
TR 2 P 7 BUREL ) 2 — S AR E PR SR L TR EE TS
%, WONHASISE T 25 R GRS T
A S ISR 5 T i, RHETTEh Y 2R AR
JREE P KT B R A

£ LR LYV A2 b, AR U5
RET “RBAEMLE” X— P4 RN REIES
o BAEALIEAE Iy b 24 5 R ] (A0 HA T 2328,
H ARG LI — B RS A b 25 hr AL 5 B K
J R SR BRI T AR O] J5 P 5 IR 4 1) % 1o A
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o JEURHRAT IR (R o R AR . T2 AR R R 1
AL K L= i R = w2 oo, (&
&I % AR ME LAV AL 2 50 Rl . AR L E AR
IR T R R B M RO B I e B A
IR, SRR, FTEESLI R S RE AR SR B
(>0.990), R TZEA RISl — ok
KRG LR oy IR 78 30 FE AR i AE 35 £30%
JEHEI, HERREESE 90%~ 110%[X 1], /R
HligE R RE R st MES M, EAES
Bif JRS T 75 ROk S R B B R PRI, o DU
PR (U B B o I S5 R mT e &% 3 U5 T -
— 2 JFURMR A ek B [ R = R s
R EHORIERR . YA TR CE T 2R
S E A R 2224 =R R SRR AN B PR L 45 44
X EER RBONRUR, TIRerE T2 R b ok Ay e
Bfe, TN B ik sl . S dR TR (A] i
otk R B AEAR B I — 1, TERRSRER 54,
RSN FRMAA IRy — P, 3R R 2
DR IR BRI D Lk i) i = 22 57, FRER R
R EBUBA TN L2238, DRI R RS
KRR Loy TE G R 4R

Ak, BT IEEHEAR . BISERS 9
i, XY R AR EE MR E SR, RO
RS, HARRRII R E S A FEE. B
RV TRH, KB ERML BEHT. 2k
ZUE I G 9% VR 1 55 7 T R 45 35 AN ] BIER 1) 24 3L
YEFR, BlandE A 2R R sz O I 258, HAE
A I 75 THI A S 25 2 3 3¢ L KEL 200 i 84 5 A R i
HIRES; EHLEE L, NEREEE AR
BRI CInH R IR IERD, Bt k. FiE
LHLARMEE A . AR R B2
rh R AR B RS 2k 96.75%, T T 2% K4 T4
JREERR B e, Wit — D NRE R AR T
T2 MR 5L R . AR AR E 158 T
o] Jios T 77 SR A 7= A ok R R AR 3 i T M
AP, AR 24 0 A IR A A
PEHE T RGN AT 5 VR RN S AR

DREHERT PR IR OB PR AR s AR, ARHF AR
UK = AT G AT AR - R R R A BT A R S8
- Bif FR T R Y A T AR R A A . IR 5T 2L
BRI ) E A 2 A SO R i S 2 R R,
RN ZERR . H 2R T2 RS Rr IR 2 B R AN
E 2580 WGk AR G G bR, IMIESE S

HAML GRS R G RCE DI % . SR,

BRI RO R — D 2 A R R 2 d 2. Bk

ER 2GS RAR R AL, HoAth 2 R Rt B A SRy

RIZGBEEYE, QRS R R S e R 5 1291 5 (i k475 1

AP Ty, 23RN R R R _E B 4 B B 2

RERMI I =5 o
T, ABHFUEAE R AT AR S R B F

FEHEE B2 ME AR, BERTT TR RBUZS %

JEE,  JCHAE TR R AR A S R R O R A

M WL s e T 2 R A A Rl a3 IR Bh A A, 7

PR R AR L . AR ERE TS T, A

BFAEG I, ARG TR et S

S R EELE, B C T UL AR 7 S BREA T FR J5T

BAEHIR M TR SRR S
BB, AT B AN IR Bl A 5 -

T, WERESY (il B&RS KA R

FIFELLER A . RIEIRE 0y T, (H s = (g 4

(K132 o7 AR A L Z A PP AR . PR,

AT NS A R PN B ST s At T

BRTTE A MBS, WHHESh SR 251

BAAE FrrEAL I e B A AR

FlBAR AR FRARAELEA N ZFR

SE 3
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