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Abstract: Objective To optimize the stir-frying process for Baishao (Paeoniae Radix Alba, PRA) and determine the optimal process
parameters, thereby providing a scientific basis for the standardized production of its processed decoction pieces. Methods HPLC
was employed to determine the contents of gallic acid, catechin, albiflorin, paeoniflorin, 1,2,3,4,6-pentagalloylglucose (PGG), and
benzoylpaeoniflorin in stir-fried PRA. A normalized comprehensive evaluation value (OD value), derived from the contents of these
six components and water-soluble extractives, was established as the overall evaluation index. Based on preliminary single-factor

investigations of administration dosage, stir-frying temperature, and stir-frying time, the optimization experiment was conducted using
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the CRITIC weighting method in combination with Box-Behnken design-response surface methodology (BBD-RSM). Subsequently,
an artificial neural network was constructed using the deep learning toolbox in MATLAB R2020b to validate the optimal parameters
obtained from the BBD-RSM and to analyze the relationships between the dosage of administration, stir-frying temperature, stir-frying
time and OD value. Results The optimal processing parameters obtained from the BBD-RSM combined with artificial neural network
optimization experiment were determined to be a administration dosage of 46 g/L, a stir-frying temperature of 143 °C, and a stir-frying
time of 8.4 min. The predicted comprehensive score under these conditions was 0.612 2. Triplicate verification experiments conducted
at these optimal parameters yielded average mass fractions of gallic acid, catechin, albiflorin, paeoniflorin, PGG, and benzoylpaeoniflorin
of 1.78, 0.56, 6.70, 26.95, 4.02, and 0.51 mg/g, respectively, with an average content of water-soluble extractives of 31.62%. The
comprehensive OD scores were 0.640 9, 0.628 4, and 0.596 2, giving an average value of 0.621 8 and a relative standard deviation
(RSD) of 3.71% (< 5%), which was close to the predicted value. These results demonstrate that the established stir-frying process of
PRA is stable and feasible. Conclusion The optimized stir-frying process for PRA is stable and feasible. This study provides a valuable
reference for the quality control of stir-fried PRA.

Key words: stir-fried Paeoniae Radix Alba; process optimization; CRITIC method; composite normalized value; Box-Benhnken
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AT 2

1-gallic acid; 2-catechin; 3-albiflorin; 4-paconiflorin; 5-PGG; 6-
benzoylpaeoniflorin.

1 ZEBET A REXRE& B). WENHRS (O
&) HPLC
Fig.1 HPLC of blank solvent (A), mixed reference
substances (B) and stir-fried PRA sample (C)

224 ZMKRRFEL MWEWDEEFR. JLEER.
AjPNEET . ATZ5E . PGG. 7K FIEA 2454 X 5,
BEB, o niked a8, % “2237 DMt
WA, N EIERA NS &b iy BT
i, UG T AN ALFR (YD), IR AR AR BR (XD,
NGB TR LR AAANERTE . AT
PGG. WA H braE g, #4741 RIA,

R ENATTRE 7 BT IR Y=18 670.009 9 X+
31975.0471, r=0.9995, ZME7EH 8.3333~100.0000
ng/mL; JLAE Y=20 419.524 0 X+935.482 0, r=
1.000 0, ZEVEVEH] 0.262 3~9.444 4 pg/mL; AjZ5 P
BEH Y=7 937.070 0 X+2 254.490 2, r=0.999 8,

LRVEEE 2.438 3~87.777 8 pg/mL; AjHiF Y=
12572.629 0. X+26 894.718 0, r=0.999 4, Zkit7ulH]
20.803~561.666 7 ug/mL; PGG Y=20519.438 8 X+
20 188.408 6, Z&M:VEH 2.700 6~145.833 3 pg/mL;
AT ZHEF Y=20 311.778 6 X+2 203.174 9, %
PESEE 0.324 1~11.666 7 pg/mL.
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TR VARG B, B, %R 92237 TN
WA TINE, B 301 RS TR
WREE A IIER, ZMELEE N 10 0 1 B8 B2 R 5 Bk
FEAERER. SGRER, RETRR. ILERR. ~jd
WBRE . A2 PGG R FBEAT 24 1 sl PR 73
N 52.64 74.04 177.1, 102.5. 74.9. 35.7 ng/mL,

SE PR N 182,64 254.4. 655.7. 403.9. 313.4.

175.1 ng/mL.
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XA, EERERE 6 X, THEIEMAAN RSD fH. & &
TR JLRER. AANERE . AJH4H . PGG. K H
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B R
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6+ 8. 12, 24h W% HR “2.2.3” TN il & Et i,
Mg T AR RSD fH. B FIR. ILRER MHN
Bt A5258 . PGG. A H AT 25 H I AR H RSD
H 54 0.64% 0.93%- 0.81%- 0.70%- 2.56%-
0.71%, A5 AR R VEIRAE 24 h WA ENE REF.
228 HEEMIRAE HEFRIUE— B AT A
FEfh 6 0, B4 025 g, %R “2.2.27 TR ik
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H OD iR, HFEEHRZAGERIE KR, OD HET
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Table 1 Investigation of administrationdosages

W2/

FiE B/ (mg-g ™)

Vauk/lk

(gL BETFIR ILAE LR OER) PGG 2R BEA 251 % OD fi
20 3.94 0.04 4.90 10.22 0.89 0.20 31.78 0.3551
30 3.87 0.11 6.01 15.04 2.63 0.32 31.26 0.491 0
40 3.38 0.20 6.27 19.04 3.40 0.36 32.30 0.555 3
50 2.77 0.32 6.10 22.82 6.03 0.43 34.09 0.662 3
60 1.97 0.49 6.21 24.77 4.44 0.48 31.36 0.520 8

Eb N 50 /L, 43 HI7E 120, 140, 160. 180. 200 C
T 10 min, ISR LERES . RIR “2.27
TR N e BAbn iy & &, %I “2.37 TRy
FEIMSE OD E, 455 0ER 2, OD {74 0.489 2.
0.639 7. 0.566 7. 0.589 3. 0.395 6. 4KbHIEE N
140 Chf, H OD &K, (HEEAE I F =, OD
B2 TR, FIRH 140 CHRIHREE NG
% BBD-RSM &[] FH 0 55 .

2.4.3 IBHINE AN IR 2SI AL
Z N 50g/L, 7E 140 C R0 H 6. 8. 104 12,
14 min, fHRBHII B SEREN  $HR “2.27 TUR 7k
TE SRR &, 208 “2.37 TR 73215 OD
i, R WEE 3, ODE4414 0.510 1. 0.589 0.

0.578 1. 0.5285. 0.4228. 40w (6] 8 min K,
. OD fHE K, (HEEEDHIN AR, OD HE
TR, ik, KA 8 min K H I EI1E A 5 4t
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Table 2 Investigation of stir-frying temperatures

i) L/ B #U(mgg™) R oD f&
C BETIR JLE R AT NEEE A PGG O RHIATAT %
120 1.64 0.56 6.27 24.92 3.59 0.51 31.23 0.489 2
140 2.48 0.36 6.90 24.01 6.29 0.44 3247 0.639 7
160 3.45 0.20 6.39 18.93 3.01 0.36 3248 0.566 7
180 3.81 0.09 5.76 15.15 2.47 0.31 34.96 0.589 3
200 3.96 0.03 4.95 7.35 0.71 0.15 3391 0.395 6
T3 IHIEEE SR
Table 3 Investigation of stir-frying time
bl [B]/ JiUE > #/(mgrg ™) R oD
min BETR  JURR ANAARRH  NAH PGG AT H %
6 1.61 0.52 6.61 24.69 3.27 0.50 32.10 0.5101
8 2.38 0.39 6.62 2342 5.56 0.44 32.04 0.5890
10 3.36 0.20 6.16 18.88 3.38 0.36 33.23 0.578 1
12 3.49 0.13 5.96 19.89 5.96 0.35 30.44 0.528 5
14 4.31 0.03 5.64 13.87 1.53 0.27 30.10 0.422 8

BBD-RSM 5[0y fii o
2.5 CRITIC XEBRBCERITE

FIF CRITIC WAL, DB TR JLAR. A
ZINEETE . AT . PGG. 2K ERATZ5H K s

x4 BEITEXRBER

Table 4 Correlation coefficient matrix of each indicator

RIS BT bR, AR LA A R bR A S
B, BT BRI AR E R AT, A0
FEPSI] ARG R BOERE WA 4, S TR FR AR 4k
TR E REINE 5.

fobs AR RHL
BETR JLRR AT e AjYyE PGG 7 A 251 2
BETR 1.000 0
RS 5 -0.992 0 1.000 0
AJE N B —0.681 2 0.718 8 1.000 0
AJUHE -0.8739 0.899 3 0.884 9 1.000 0
PGG —0.556 6 0.560 9 0.736 1 0.801 2 1.000 0
AR BEAT 2 -0.906 3 0.9354 0.866 2 0.986 7 0.7117 1.000 0
=Y 0.078 9 -0.117 3 -0.100 3 —0.164 7 -0.054 0 -0.163 5 1.000 0
%5 CRITIC J&#LE f4E CRITIC BLEIRALEARRIMLZEA TS OD
Table 5 CRITIC weighting method H=Y nernX0.301 5+ Y 1z2X0.127 3+ sapms X
=D S Rj Wi 0.092 6+ Y 25 X 0.100 9+ Yp X 0.113 9+ Y sermmsasze X
EETR 0.3292 9.9311 0.3015 0.096 6+ 24 X 0.167 2, #7534 1.000 0.
JLHE 0.3454 3.9950 0.1273 2.6 BBD-RSM iRIigitE &AM TE
AU R 0.280 9 3.5755 0.092 6 2.6.1 BBD-RSM R0 11 MR 5 K 2 5256 4
A 03155 3.466 6 0.1009 R RIS BEATERE AR AR (X)) 50g/L.
PGG 032438 3.800 6 0.1139 oW (X2) 140 C. KBS E] (X3) 8 min iz
EREATGTE 02935 35698 0.0966 BB . A — B T % B 22 A 28 AR P IR
[Eqisk 0.278 1 6.5209 0.1672 WENMNRETESE, Dt 3 S AR LKFE (07K
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), WitT 3 W& 3 KPR BBD-RSM k. H

IR R 5K &L 6.

2.6.2 BBD-RSM #4554 BBD-RSM iR

I0aE B WK 6. K Design Expert 13 #0445 £ dz 3t
%6

ITRBIRAN, #ALLZ5A5PE5r OD A (V) X 3 MHEE
(Xi+ Xov X3 1 2 IR [RGB 24
SRR, 2 W RAB A EE (P<0.01).
e, RAZHEBEAHZ 0K ERA RN Y=

kb 3% T 2448 BBD-RSM B ZKEiZIHT RiRIEER

Table 6 BBD-RSM design of factor levels and experimental results for processing conditions of stir-fried PRA

DrRs) Xl Xo/°C  X3/min — PRI S (mgg ) ELy OD &
(gL™ HEFR JLRER ~NAARYE ~NEE PGG KHMEATZH %
1 40 (-1) 120(=1) 8(0) 1.62 0.53 6.66 2645  3.90 0.52 30.89 0.5384
2 60 (+1) 120 8 1.37 0.50 5.65 25.57 3.42 0.53 3148 04248
3 40 160 (+1) 8 2.85 0.30 6.34 2354  2.65 0.43 32.14  0.5667
4 60 160 8 1.81 0.47 6.01 2593  3.77 0.50 31.77 05321
5 40 140 (0) 6 (-1) 1.43 0.53 6.53 26.19  3.20 0.50 2991 0.4046
6 60 140 6 1.34 0.43 5.98 2577 3.19 0.50 2033  0.2850
7 40 140 10 (+1) 2.62 0.29 6.22 2299 3.54 0.42 3152 0.504 1
8 60 140 10 1.78 0.46 6.47 2461 493 0.48 3020 04753
9 50 (0) 120 1.31 0.46 5.87 26.69 2.18 0.49 3024 0.298 4
10 50 160 1.48 0.48 6.04 26.05 3.89 0.51 29.83  0.3834
11 50 120 10 1.69 0.52 6.46 27.07 3.95 0.57 20.15 0.4769
12 50 160 10 3.24 0.18 5.91 20.58 5.34 0.41 2961 04598
13 50 140 8 1.40 0.56 6.76 27.17  4.09 0.51 31.61 05724
14 50 140 8 1.79 0.58 6.95 27.05 4.13 0.52 31.58 0.6163
15 50 140 8 1.74 0.57 6.68 26.13 3091 0.52 3142  0.5960
16 50 140 8 1.74 0.56 6.69 26.04 3.64 0.52 3146 0.5845
17 50 140 8 1.61 0.50 6.78 27.78 4.74 0.51 3145 06104
—4.681 970+0.007 285 X;+0.034 005 X>+0.645 721 Rz7 2REMRAAEERGESN
X5+0.000 099 X1.X>+0.001 135 X1.X3—0.000 638 Table 7 Analysis of variance for quadratic polynomial model
X2X3—0.000 339 X;2—0.000 116 X>>—0.036 193 X32. SH P mdiE ¥r FE PIH @M
2 LA TR N 0.988 1, IESCEERISHR S H | 0.168 5 9 0.0187 64.44 0.0001 P<<0.001
%;@%Uigﬁﬁiﬁg}ﬁ{m%}#o ﬁ%ﬁﬁ‘ﬁ (% D) Xi 0.0110 1 0.0110 37.850.0005 P<<0.001
£, EIAGFEEZMKE P<001, HPEE X X2 0.0052 1 0.0052 17.82 0.0039 P<<0.01
B, X BRI B2 U, ead 0 OO L 0mT T 001 rsomn
2%%}%%1@%%{&%@]%%@%‘@ (P<<0.0D, /}E XlXj 0:002 1 1 0:002 1 7:09 0:032 3
B X PHERED KIL 2 R X2 Wi 2l EK 4y, 00026 1 00026 897 0.020 1
P (P<<0.05). 3 RIEXT OD [EM Tk EHT A Xs X2 0.0048 1 00048 16.65 0.0047
CBHIRED >X RZEE) >X, (OHIRED. A xp2 00091 1 0.0091 3137 0.0008
FARIE AR B EGAE (P<<0.01), HZ&PLIH P> X2 0.0882 1 0.0882 303.74 0.000 1
0.05 HFSL HUMIMA 59 ME G RE R AF, Skl M% 00020 7 00003
BUREG, FEAM R R B AT T 255 9%?%%2—‘% 0.0007 3 0.0002 0.74 0.581 6 NE¥E
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