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Abstract: Objective To optimize the steaming process of Kouziqi (Zhuzishen, Panacis Majoris Rhizoma, PMR) and study the
changes in its main components before and after steaming. Methods The contents of nine saponins, including ginsenoside Ro,
pseudoginsenoside RTi, chikusetsusaponin IV, chikusetsusaponin IVa, zingibroside Ri, pseudoginsenoside RPi, calenduloside E,
oleanolic acid B-D-glucopyranosyl ester, and ginsenoside RK1, were used as evaluation indicators. The G1-entropy weight method was
employed to calculate the weight coefficients and comprehensive scores of each evaluation indicator. Further, the Box-Behnken design-
response surface method (BBD-RSM) was used to investigate the effects of steaming time, steaming temperature, and drying
temperature on the steaming process of PMR, thereby optimizing and selecting the best steaming process. According to the optimal
steaming process, PMR were steamed, and the multi-index content was measured. Principal component analysis (PCA) and orthogonal
partial least squares-discriminant analysis (OPLS-DA) were employed for evaluation to identify characteristic components before and
after steaming. Additionally, simulated processing was conducted to elucidate the transformation rules of saponins during the steaming
process. Results The optimal steaming process of PMR was determined to be a steaming temperature of 125 ‘C, a steaming time of
2.5 h, and a drying temperature of 80 C. Both PCA and OPLS-DA could classify the raw and steamed PMR into two categories.
Through variable importance in projection (VIP), four characteristic components after steaming were screened out: calenduloside E,
ginsenoside RKi, oleanolic acid B-D-glucopyranosyl ester and zingibroside Ri. Based on the simulated processing results, the
transformation patterns of oleanane-type ginsenosides were inferred, saponins with high polarity are transformed into saponins with
low polarity through de-glycosylation under hot-water treatment. Conclusion The optimal processing technique for the steaming of
PMR has been identified, elucidating the main chemical composition transformation patterns before and after steaming. This provides
data support for subsequent pharmacological studies on the effects before and after steaming.

Key words: Kouziqi (Panacis Majoris Rhizoma); steaming technology; saponins; Box-Behnken design-response surface method;
changes in composition; ginsenoside Ro; pseudoginsenoside RT1; chikusetsusaponin 1V; chikusetsusaponin [Va; zingibroside Ri;
pseudoginsenoside RP1; calenduloside E; oleanolic acid B-D-glucopyranosyl ester; ginsenoside RKi; Gl-entropy weight method;

principal component analysis; orthogonal partial least squares-discriminant analysis
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Waters Acquity H-CLASS UPLC YA (434,
2 [E Waters A ); Heraeus Fresco 21 % i A 145 5
OAHL, ZEHE Thermo A F; XSR205DU/A Y754
24T R P ME204E BT 50 22 — Wi K, 1
FEED-FER 2 LA PRAF]; Option R7 utra AN
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230B 2 HL P TR A, R T R RS A TR &
F]; KQ-800DE BU¥5t i il deds, Bl s
IR IR A T TX-188 BIFHE UL S 2875 K 2%,
TS ERTRMARAR .
1.2 BRI

X EAT T2 2 IV (chikusetsusaponin IV,
CIV, #t'5 HA305950198, Jii&7%01=98.0%). 17T
S 24 IVa (chikusetsusaponin IVa, CIVa, fit*5
HC027157198, &/ #=98.0%). AZEH Ro
(ginsenoside Ro, Ro, #t'5 HG027158198, [l
$=98.0%), W HFEWGRICAEMEHARAR; Xt
LA S 21 RP; (pseudoginsenoside RP;, RPj,
IS WP24010411, JRE/7T%0=95.0%) ZIR="L
BAF Ry (zingibroside Ry, ZR;, b5 Wkq22091910,
JRE$=98.0%). 431t E (calenduloside E,
CE, #it'5 WP24010512, JiE/3%0=98.0%). BA
Z B4 RT, (pseudoginsenoside RT;, RT;, #t5
WP23080203, i /3%1=98.0%). ASEH RK,
(ginsenoside RK;, RK;, ftt*5 WP24010512, Jii &4y
=98.0%) FHURLER B-D- b W A bE IS
(oleanolic acid B-D-glucopyranosyl ester, OBG, it 5
WP24010805, Jii &3 40=98.0%), Wy [ U 1|45 4k 7
WEMRIEERAT . I, tikal, 7EE R8T
WAERAF; BEER, Hral, KETRFERER
FIEMRAT; LB, sy, EZERERRA
FRA R AR SR = H il
1.3 #m

12 #tFn7-ORE i B = 5 BRI 1, 4
R KRR REI O e, A TuREA
ZEHEMEL TS P. japonicus C. A. Mey. var. major

F1 IWTFEHHTHER

Table 1 Information of PMR medicinal material origins
5 T - E 5

S1 WIFFAIT1E 24030901 s7  VUNIIREE 24031001
S2 WIHRME 23061002 S8 MHJIIKEE 25060305
S3  WIFFRME 24030003 | s9  WHIIIKEE 25060307
S4 mEFEME 23061201 | S10 BRIEKHE 24073001
S5 ZEEmME 25060302 s11 BRPIA A E 25060308
S6 ZEmEME 25060303 s12 BRPIA A E 25060309

(Burk.) C. Y. Wu et K. M. Feng HT#HE 2.
2 FAEE%
2.1 ZEHIINTFERSIZ

EHT B BONANEE AN, W53 7K A 24564
RGN, AR 1 he B iE 5 BT
AFHRAENZR BN AR, RS EIH TR, B
EEIES
22 BENE
2.2.1  FHEEIAINE S RS B FRE RoRT1
CIV. CIVa. ZR;. RP;. CE. OBG. RK; XfH& ji&
&, A 10 mL 60% Z B 159 2 J5i & B 5 5 N
1.820. 1.872. 0.770. 1.618. 0.550. 0.303. 1.840.
0.104. 0.083 mg/mL ¥4 X HE T il o 1, 54
BB, 15 RVIEE R RS
222 SR H S BUDT-ER AR GElS
i) 29 1.0 g, MEMoE, BT HEHETZI, N 60%
LW 50mL, FREFE, HEAHEE (D13 360 W, i
2 40kHz) 40 min, 04, FREFE, H 60%0E
BRI, R FRE, 13000 r/min FO (G
242 10em) 10 min, B TE TR AP 5 VA W
223 A A4 Waters Cortecs UPLC T3
(100 mmX2.1 mm, 1.6 pm); BTN 0.1%75
FRK- 0, BEEEWEMG: 0~7 min, 30%~32%Zff;
7~10 min, 32%~35%.MiE; 10~12 min, 35%~
43%Z. 5 12~14 min, 43%ZE; 14~16 min,
43%~47%Zfif s 16~21 min, 47%~54% . 21~
22 min, 54%Z.fiE; 22~23 min, 54%~56%Z ;s
23~24min, 56%ZM5; 24~30min, 56%~70%Z
s AR 0.3 mL/min; A K 203 nm; A:E
30 C; HEFEE 1 L.
224 LJEMEFEE S HCT FER TRA I
RN ZESIET G S1 A a2 “2.2.37 T
NI AT R T, SR WE 1 R, 45
TR, A S TR ) i 0 5 VR A R 1 DR B



« 5422 - PED 2025488 B56% B 158  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 15

A

PBP 50 s B

\ C

.I‘k R S | N _ —_— D

0 5 10 15 20 25 30
t/min

1-Ro; 2-RT;; 3-CIV; 4-CIVa; 5-ZR;; 6-RP; 7-CE; 8-OBG; 9-
RK;; K4 .
1-Ro; 2-RTy; 3-CIV; 4-CIVa; 5-ZR;; 6-RP;; 7-CE; 8-OBG; 9-RKj;
same as Fig. 4.

1 ZAET A BAMBRER B) REHINFE
(C) FEMFE (D) HikmiR&R UPLC
Fig.1 UPLC chromatograms of blank solvent (A), mixed
reference substances solution (B), and steamed PMR (C),

raw PMR test sample solution (D)

BF (] — 2, HLAE 2 0 R ] Hoeh A B AR H 30
kg, RPZTERA RGMLEE.

225 MERARFE  HL “2.2.17 WU S
W, TG “2.2.37 TUN A SR ERE b, DA XS
T IR P R AR AR (XD, DA AME AL AR
(V), #ATEMERE, HEREIETTRES 78 Ro Y=
998.12 X—11 345.0, R?=0.9998, ZtjuME 91.0~
1 820.0 pg/mL; RT; Y=987.55 X—23 976.0, R*=
0.999 9, ZEMVER] 93.6~1 872.0 pg/mL; CIV Y=
1249.20 X—12794.0, R2=0.9999, £k %:ulH 38.5~
770.0 pg/mL; CIVa Y=2274.20 X—49 645.0, R*=
0.999 9, £&1VEE 80.9~1 618.0 pg/mL; ZR; Y=
144320 X—10277.0, R*=0.9999, £k {:JuH 27.5~
550.0 pg/mL; RP; Y=2 909.50 X—12 126.0, R*=
0.999 9, £k E Hl 15.2~303.0 ug/mL; CE Y=683.60
X—16483.0, R?=0.9999, Z&MEyul 92.0~1840.0
pg/mL; OPG Y=1258.40X—1692.9, R2=0.9999,
2R MEVER] 5.2~104.0 ug/mL; RK; Y=1 602.60 X—
1634.8, R?=0.9999, Z&PEyull 4.2~83.0 pg/mL;
S5 R LW 9 Moy 73 mIAE LA Tu B N B R4
MLPER R D RILMERELL (S/ND 4 3 AT 10 B ()
Jog B R FE T B A A BRI PR S IR, 45 R
Ro. RT;. CIV. CIVa. ZR;. RP;. CE. OBG. RK;
ARSI R 43731 1.53 0.94. 0.96+ 0.40. 0.55. 0.38.
2.30 0.52. 0.42 pg/mL, E&E=R%HIH 3.06. 4.68.
3.85. 2.02. 2.20. 0.76. 4.60. 2.08. 1.66 pg/mL.
2.2.6 FEEREFEE BRI TR (T SD,
IR “2.2.37 TUR 6, JELLERE 6 Ik, 25K
Ro. RTi. CIV. CIVa. ZR;. RP;. CE. OBG. RK;

U THI AR ) RSD 439318 0.38%40.30%+1.31%-0.29%.
2.40%. 1.81%-. 0.81%. 2.28%. 2.11%, Z5RF£H
A NG B P R

227 REMEES BUE—AAAER (EH] SD,
R 92237 TRk &AE, THIEE 0. 2. 4. 8.
12. 24. 48h 73 HIEERE, 455 Ro. RT;. CIV. CIVa.
ZR;. RP;. CE. OBG. RK; WA K] RSD 435K
0.75%-0.50%- 0.77%- 0.56%+2.01%- 1.91%+ 0.89%-
2.20%- 2.76%, £ SRR BEIRIARAE 48 h NARGE
228 HEEMHES IE-AM (S SD, 1%
M 2227 BUF L AT R 6 il s, 4%
MR 2237 DU R AR 264, SRR 6 IR, 4558 Ro.
RT;. CIV. CIVa. ZR;. RP;. CE. OBG. RK; Jii &
3B RSD 235108 0.72%- 0.27%-+ 0.29%- 0.32%-
0.44%- 0.36%- 0.34%. 2.40. 2.80%, 45FKHi%
X ZFH AN R

229 NFERESEFELE RS EFREL 6 4 Ol EN sy
SRR GEH S AL 0.5g, B THIEM
W FRZ) 1D IR B R LA DN Sk AT
F 8 “2.2.27 TR J7 121 4 sl s o, 518 “2.2.3”7
TN R &R 0T, 1FEAS Ro. RTy. CIV,
CIVa. ZR;. RP;. CE. OBG. RK; f"F-2JInFE Bk
RPN 96.58% 101.31%. 99.44%. 102.76%-
102.06%- 98.95%- 99.16%- 101.63%- 95.79%, RSD
I3 BN 0.65%10.44% 1.54% 1.08%- 1.86% 0.22%-
0.39%- 0.86%- 0.56%, AT IERIHERZE REf.
23 BEZRILEYEERFTZE

2.3.1 UM RARPRIESE R EEAHIN ], 28
HREE . MR BEAE g R R AT IR R 4,
1#%#% Ro. RTi~ CIV. CIVa. ZR;. RP;. CE. OBG.
RK; X 9 Pkl e & &5 ZR. RPy. CE.
OBG. RK;IX 5 Pl H I B ()G
BERINEEE) N Rk IR 2 T2
2.3.2 ZEMINTRIEEE HUS1 FEM, £9200g, K
44y, B 50 g, EEIETEIE E A 1Th, 28R
JEN 120 °C, FRHRFERFEE N 80 C, £ HiRFAF
T, PG A 1 h, SN 1 h A 14K
L kPR 1. 20 30 4h4 DIKCPHET R RS2,
SRR 2. SRIEE R EOR, 9 PR R E R
1~4h WHE LG NERES, SE8nr et
R & A M () 3G i gee B, ZRE
P REIE R 1~3 h ZE I [R/E R e 22 ) 1.2
RAHIE 5
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®2 TREZEHAIEEZERER (X+s,n=3)

Table 2 Investigation results of different steaming time (X £ S, n = 3)

ZE Jri i 5 Hu(mg-g™!)
/h Ro RT CIv CIVa ZR; RP CE 0BG RKi  BEMEMPEE OMETLE
1 740%0.65 43.97£0.68 30.00+1.03 15.58+1.15 0.80+0.14 1.83+0.05 6.81£0.41 0.68+0.04 0.52+0.11 1062046 107.56+3.45
2 26.01£0.46 33.8210.81 28.90+1.26 19.20+0.78 2.57+0.04 2.26+0.07 9.30£0.30 1.14+0.20 0.78+0.02  16.02£0.55 123.93+3.36
3 17.16£0.98 28.1941.04 16.41+0.39 17.00+0.97 4.040.15 2.024+0.09 13.78+0.59 1.08+0.14 0.88+0.01  21.78+0.97  100.52+4.26
4 19.91£0.06 29.03£0.64 11.57£0.25 13.60+0.07 3.10+0.10 2.97+0.18 16342039 1.09+0.04 1.28+0.03 24.76+0.14  98.86£0.96

233 ZAGIEEHEL OS] FEM, £200g, K
4 4, B0y 50g, SIS EIE E S 1h, Z& ] TE [
EN3h, TREEER TN 80 C, 1E LR&MAFT,
ERAEHIEE A 115 Cilg, [N s CH 1 4K
S, ERE 1150 1200 1250 130 C 4 NKFEAT
R8s, RNE 3. LR RER, BEWMN
MRS EM I METRE T FR'IFLAEE T
B, 18 125 C¥A RN, PGS HER
JE 120~130 CHENJE 2288 T2 EIHE 5

234 TIRREHELE BUSI A, £1200g, 7R
44y, B4y 50.g, BN EE E N 1h, Z& 55 AL
SEA 120 °C, &M A [EE N 2h, 1 LIBEKHT,
EFETERE R 60 Cilg, &g 10 'CH 1 41K
S, R 60, 70, 80, 90 T 4 MK FHETELA K
SEEG, ERIER 40 LIEEREOR, 16 80 CTRIR
FER 9 MR R 8 E BN 2 H A EY
5, B, EFETEEEE 70~90 CHEN G S22
T EEL

®3 TEZEHBEERSER (Xts,n=3)

Table 3 Investigation results of different steaming temperatures (X + s, n = 3)
i & 5 Hu(mg g )

Fc Ro RT) CIv CIVa R RPi CE OpG RKi

BEEMPEE OMEFLE

115 20.0710.09 32.87£0.07 18.27£0.16 15.71£0.04 2.554+0.01 2.924+0.02 18.34+0.09 1.07+0.08 1.12+0.03  25.98%0.15  112.87£0.39
120 17.8810.40 27.38£0.77 14.29£0.41 15.58£0.06 3.1620.07 2.95+0.01 16.25+0.17 1.39+0.26 1.22+0.09 24941045 100.05+1.18
125 23.84%0.07 34.83+0.05 13.48£0.19 19.98£0.08 13.17£0.24 3.41£0.11 35.47£0.07 1.75£0.01 1.72£0.01  5549+0.17  147.61£0.30
130 19.0520.09 35.51+0.36 13.72£0.09 15.25£0.04 7.64£0.06 4.11£0.16 30.750.18 1.560.02 1.37£0.04 4541035 128.92+0.73

T4 TRETHREEEZRLER (Xts,n=3)

Table 4 Investigation results of different drying temperatures (X £s, n=3)

TR S & 3 HU(mg-g ")

/T Ro RT CIV CIVa ZR; RP, CE OpG RKi  BEEMAEH OMETLE
60 13.69%0.07 2636%0.14 9.35+0.41 15.12£0.08 2.89%0.01 2.59+0.03 13.86%0.18 1.10+0.06 0.87+0.17 2129£037  85.78%1.03
70 24.20%1.41 30.41+0.37 20.48+0.53 16471041 4.71+0.08 3.28+0.07 20.24£0.41 1.68£0.07 1.27£0.06 31.16+0.66 122.71+2.22
80  24.84+0.21 34.64+0.32 20.95+0.09 21.48+1.07 5.58+0.21 439+0.11 23.61£0.45 2.07£0.09 1.46£0.07 37.09+0.77 138.97+2.17
90 20.14£0.10 27.47+0.43 1575+ 1.65 20.45+0.30 2.56%0.09 3.55+0.08 21.08£0.57 1.82£0.08 1.49£0.05 30.49+0.73  114.29+2.06

24 ET G1-13BE454 BBD-RSM AL nFHZ&
HTZ
2.4.1 Gl EHHEAEWAE (W) Pl RosRTi. CIV,

IR 3 RS AHZEH/N T Ros CIV (r3) F1 RT,
(ro) fEZEMI G2 TR, DRIt — % B EAR FEAH S Hix
&, BJ RK;=RP;>0BG>ZR;=CE>Ro=CIVa>

CIVa. ZR;. RP;. CE. OPG. RK,; & & N TE
W, IRIE SRR E IR, B SLEIT, RK,
(r) 1 RPy (r) NFARET, XNHHASE
1, “HEEREAS HRK: 0BG () AT Ak
BAF, EEFEEIRZ; ZR, (r9) A CE (rs) {E4
A, EFEZERI RGN, DR = E AR A S
/NF OBG; Ro (r6) Al CIVa (r7) N (Hr[E 24 )
2020 RO SE 1 B 5 i b ELAE 281 5 2 R R

CIV=RT, ¥ 5 FIRAE MK IR A A & AT
WAE, r2~ro FIME S R0 5148 1.04 1.1, 1.6+ 1.0,
1.3, 1.05 1.3, 1.0, A (D tHERE, HE w;
349 0.18. 0.18. 0.164 0.10. 0.10. 0.08. 0.08.
0.06. 0.06.
W=+ ZHH‘)’I
k=2 i=k

Wi\ =rwk, k=m,m—1, ==+, 2 D)
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x5 WNETFNIRE IR E KR
Table 5 Rational assignment basis for weight evaluation

scale

o

Tk X

1.0 Febrxe— HxlrI B B

1.1 b1 B/ T RV 2 BEANRY P R 22 ]

1.2 FE brxce—1 B EE 2

1.3 b1 Houh TR B 5 W) B E B 1]

1.4 Fa b1 BB i B 3

1.5 b1 B/ T 9 B 22 R 2 R 2 )]

1.6 FEbrxe—1 Eloxom 21 B8 3

1.7 b1 B/ T3 2 o 22 5 W 2 ]

1.8 FEbrxe—1 Bt v 25 2
242 BBOETFEIRARE  RBOEE — R
B F8 b AR A5 S B 1 RN SR A a2 F A A R
f)J5%. L RK + RP;. OBG. ZR;. CE. Ro. CIVa.
CIV # RT, K& & AR, HAR (2) ~ (6)
FAHEALE, BUE W, 705009 0.09. 0164 0.09. 0.12.
0.12. 0.11. 0.07. 0.18. 0.07.

Y(/:(X'(/—Xmin)/(Xmax_Xmin) (2)
Z;=Y;+0.001 3
n
Pi=2Z;/ Z Zij 4)
i=1
n
Ey=—1/lnnX Y PyXInP; (5)

i=1

m
Wi=(1—E) Y (1—E) (6)
=1

243 ZRENEMITE %A (D iHE &SRR
Gl VB EMBEUENEASNE (W), RK.
RP;. OBG. ZR;. CE. Ro. CIVa. CIV I RT; f{j#l
FHPHIN 0.14. 026+ 0.13. 0.11. 0.11. 0.07. 0.05.
0.10. 0.04.
WiZWij/i WiW; D
j=1
244 ZEVFARITHE AKX ) IHES T EX%
PR IZEE VT (V).
Y= i 100Wj/Ymax (8)
j=1
2.4.5 BBD-RSM SZEgiit A45H  MREEREF R
e, MEECERFIEE (). ZHINE ) fT
BRIRFE (X3 3 ANMRFEERNBEZE, LL Rov R
CIV. CIVa. ZR;. RP;. CE. OBG Al RK; & &K%
HiF AN R, KA 3 K& 3 /KPR BBD-RSM
WAt 7, W& R F 40 7B T2,
RIG T LA R IR 6.
2.4.6 BAYESMELIGEIE KA Design-Expert
13 BAEXRTER 6 Hr i sicia gl Rt AT 2 o ik EA, L
X1 X M 3R AR N B AR &, LAVE4) e AH,
R [EH T FE LR P4 =80.870+4.920 X, +

# 6 BBD-RSM IR 548
Table 6 Experimental design and results of BBD-RSM

F2  X/C Xh X/C P/ B g g ) Q?é
RKi RPi OBG ZR, CE Ro CIva CIV  RTi ¥4

1 120(-1) 1(-1) 80() 053 1.8 055 071 609 573 1297 2667 3952 31.63
2 130+ 1 80 0.88 2.05 1.03 473 13.02 2424 1549 2329 2391 4333
3 120 3(+1) 80 155 450 173 697 27.03 1782 1632 1451 2659 5838
4 130 3 80 190 7.3 217 641 3754 947 1200  6.13 2342  66.46
5 120 2000  70(-1) 102 278 106 297 1122 1458 1246 1770 28.88  40.42
6 130 2 70 1.65 344 187 616 2315 2049 1789 821 1935 53.05
7 120 2 90 (+1) 1.13 287 1.10 434 1445 1972 1492 1885 28.10 4533
8 130 2 90 171 335 173 1343 3539 1378 992 304 977 5225
9 125000 1 70 1.11 288 1.10 148 1459 658 1473 1661 2715 39.18
10 125 3 70 144 3.63 1.85 1980 4248 2412 1254 379 1195 61.05
11 125 1 90 1.02 291 123 600 1978 2542 1810 1496 25.13  48.09
12 125 3 90 148 536 2.11 9.49 3580 21.86 1875 10.19 2770  66.07
13 125 2 80 223 728 255 1131 5258  13.01 1568 613 2236 7823
14 125 2 80 223 7.60 257 1243 5463 1392 1691 617 2284 81.07
15 125 2 80 239 770 2.62  11.69 5773 1410 1597 620 23.84 8267
16 125 2 80 225 7.69 257 1224 5661 1324 1682 646 2270 81.67
17 125 2 80 237 737 269 1181 5323 1322 1590 622 2381 80.71
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11.220 Xo+2.260 X3 —0.905 XX — 1.430 Xi.X; —
0.972 5 XoX3—18.380 X12—12.540 X22—14.730 X32.
AR R T s R LR 7, WT L, BEALE) P
5<<0.000 1, ULHALA MBI RA Guitem 3 R
LI P 19 0.252 8>>0.05, Bl Jeqbl WA 35 1tk 2
s Tt B S0 B 52 30 2R S0 R 2R IR s A AN
AT R BRI e TR SR 7L MR REL R2=
0.9923, RAHFEMEFEERLF, LI REDN, T
M R2=0.911 2 5% R?=0.982 4 F=A—5, W
AR LT AL T2 BER RH
(CV) =3.79%, Tt BHAH 5T (10 v] {5 BEFIHERA FE &
IR BN SR A VP SRR R B IMEIRN Xo>
Xi>Xs XiXow XX Al XoX5 3 T PAE KT 0.05,
FH 3 ANRIZ Z 8] A P 22 EAE R AN

Yk 524 F Design-Expert 13 043K 15 a3 171 B
SER L 2. ARAEEELA B 78 ] T 207
HEAE 125.6 C Z& N ] 2.4 h, 846 E 80.5 C,
TMEEE VPN 83.70, 454 SEbrib ik 2415 1E
RZEHIILEE 125 C. ZEHIRE] 2.5 hy TR
80 C, FAHHZAAMFITSLIRIE, 4R WK 8,
S 45 B AR AR TR0 1 R
2.5 AEHLRINFERIZS
251 AFEHLRINF LA E T ENE W
“1.37 BUNKRZ (S1~S12), MRk H R
il T 2347 281 920, ARIZE 5 (Z1~Z12). A
PN, ZEKAM, EHEHELRE, 258
e, WK 3. IR “2.227 R R ER &R
ERVATR, FRIEIR “2.2.37 TR RS S A ERE AT,

#=7 EARBRFESER
Table 7 Variance analysis results of regression model
HERE PFHA BHE B FiH Pl HEXRE CPFHAM BHHE B FiE Pl

AL 4594.09 9 51045 100.51 <<0.0001 | X2 1422.03 1 1422.03 280.00 <<0.000 1
Xi 193.36 1 19336 38.07  0.0005 | X2 662.38 1 66238 13042 <<0.000 1
X 1 006.43 1 100643 198.17 <0.0001 | X2 913.57 1 913.57 179.88 <<0.000 1
X3 40.68 1 40.68 8.01  0.0254| 35.55 7 5.08

XXz 3.28 1 3.28 0.65 04483 | I 24.64 3 821  3.01  0.1575
XX 8.15 1 8.15 1.60 02457 | ®xE 10.92 4 2.73

XoX3 3.78 1 3.78 074 04167 | &A1 4 629.65

R 0:0‘¢.$9 N » — /711;111‘;:;;‘”0‘¢ S G557 “Oiﬂ".‘v.\-‘g SRR
= TRPRRIRN WY s N Y i
& LR RILRRRERIN ///Ill/":"o%’o SO G RIS
1% o 000.0.00;&. L A 99.9% 999004 S
= ‘ LSORKSKEXKS 000 0% % 0.9 9.99:9:8
30+ 0‘."“’
00s =
3
1120
LRV LRV LRV
3 90
= ©
= 2 < 80
= >
1 - 70
120 125 130 120 125 130 1 2 3
X\/C X/C Xo/h
B2 &EZAERHEE

Fig.2 Response surface plots of various factors
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Table 8 Results of verification experiments

. i/ (mgg™) oh
75 .
RK; RP; OBG ZRi CE Ro CIVa CIV RTi ¥4

1 228 8.26 2.97 13.25 54.54 11.38 14.78 5.70 18.90 84.13
2 242737 3.03 13.51 62.15 10.83 13.16 5.11 20.75 83.33
3 2387.853.03 11.8557.44 12.36 14.31 4.96 18.18 83.25

UPLC WK 4, AFEKIITF- LA E S E
TR 9. H4E R RIA FHLK MFT-EIE 2
J& ZRi~ RP1. CE. OBG Fl RK1 X 5 Fipl 73 (1) 5 &
Y RFEFEE TR, Row RT1. CIV. CIVa K%
BB, 282G )5 M K B o A AR
AN E=NEd

2.5.2 WEIFEEST

PL 24 HEFESD (S1~S12.

B3 MFEER S1~S12) 5&% (Z1~7212) B
Fig. 3 Raw products (S1—S12) and steamed products (Z1—Z12) of PMR

Z1~712) ) 9 MEEsa S BN E, H
SIMCA 14.1 # 3 47 F B 73 70 #t Cprincipal
component analysis, PCA), Z5HILE 5, A fhfzE
it AT AR B2 B4 X 0 TR

B H] SIMCA 14.1 HAFxh Bl 47 IR A2 M
5% /N 3R v - H ) 73 B Corthogonal partial least
squares-discriminant analysis, OPLS-DA), %% %
# R?2x=0.540, R?y=0.863, 0*=0.763, KT 0.5,
RPBARRGE, TMERLF, ATH T4 5281
o, SR IE 6, A mAZE R 2 A

PLAR 2 5 & B M (variable importance
projection, VIP)H > 1 AbrdE#EAT ik 2 7 (L 54,
SR 7. 200 KBk S5 BRI 1
P&, MM A R IF. CE. RK;+ OBG. ZR; ]

VIP {H5 580 1.306 0. 1.2746+ 1.2587 #11.156 5,
X 4 AN ZE SEAE W) R 1 AR RN 78 i 22 S ) R
g5, AR RZE IR AR T A8 AR 520 FH R PPAG 2 1) b
5T &

253 FEAEE] R 2SI AR B
BB AT RE T @SSRS KA — RS
JEREAL . KRS SO, AR K ) S B A A
AN, RHNFBI AT AR i A B T
B FLZR ML 5 B o ek, R Ja B 25
I TR ALK 0,

43 B Ro+ RT AT CIV XTI ook &, BT
BN, NI B 7K1 B BEAR AU S, i
ANHEFE, 125 CHE#I 2.5h, SRJG7E 80 C FZ&T
WAL, N 60%CEEE S, BIFS &R M, it
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Fig. 4 UPLC of PMR before and after steaming

C-3 b2 1 9Bl hAr R R B 25 ( Ara) #5321 CIVa,
CIVa 7£ C-3 it 2% 1 4> F Glu 4% CE, 7£ C-28 4bJiit
%1 S TREIERER (Glu A) 193] OBG, Ak
DL 8 2T UR A m A 7T S SRR R3], RK
Al e A2 2 AF Rby 7E C-20 Abfi2s 2 40 1 Glu AT 1
o FKAER, BATRE A NS BT Rd 78 C-20 &b/ 2%
1 43F Glu 1 1 50 FKAE R

3 it

FErHT. Ro fEZEMHII G2 E MK ZR . Ro i<
FEAE C-28 AbMi 25 1 73S (Glu), RIFEHENT
2, HERNCZRy, A LE 8.

RT; 7& il J5 4E % RP; CIVa. CE 1 OBG. RT
BRI TELE C-28 A2 1 70 F Glu £/ RPy, 1
AFRATE C-3 AbJii 2 1 7 FAKE (XyD A% CIVa,
{2 RPy 6L ELEL CIVa B, wlREE T Hgde
fEmim FARRE, MR, Btk RT ERER)
MR E G AR RP, FEAL R LA 8.

CIV fE 75l 5 4E i CIVa. CE A1 OBG. CIV 7E

ASEIG R G1-W5802:454 BBD-RSM KA 7L
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Table 9 Contents of PMR from different origins before and after steaming

Ro/(mg-g!) RTi/(mg-g™") CIV/(mg-g") CIVa/(mg-g™') ZRi/(mg-g™") RP1/(mg-g’!) CE/(mgg!) OBG/(mg-g!) RKi/(mg-g™")

X
e Al &M AERD ZEMI RN R ARah ZRE) ZEGD ZEEI Rah ZRMI ZEWD R ZEWD R ZEah ZRH
S1 4026 12.36 26.44 18.18 21.33 4.96 23.83 1431 - 118 - 785 - 5744 - 303 - 238
S2  41.6635.88 2.47 2481 4.08 - 1477 3306 - 1742 - 581 - 7247 - 285 - 311
S3  59.2829.78 471 537 792 - 1634 872 - 1041 - 094 - 1333 - 069 - 3.07
S4  79.5843.97 3.03 — 929 4.09 2226 14.18 0.82 1812 — - - 2541 - 140 - 170
S5 48.0615.12 280 - 264 — 1339 531 - 1892 - 077 — 3490 - 1.18 - 492
S6 69262259 574 - 1381 - 1579 7.62 0.78 3399 - 171 - 5974 - 1.94 - 435
S7 4457 10.09 42.71 1546 - — 13,63 482 0.54 1624 0.50 11.63 - 5060 - 427 - 1.78
S8 75.672396 945 - 262 — 2221 853 - 2970 - 115 -— 4858 - 1.61 - 146
S9  37.1622.02 456 - 864 — 1084 747 - 3095 - 075 — 5088 - 1.83 - 648
S10  7.04 9.1532.45 22.80 27.82 16.66 886 974 — 324 — 298 — 1563 - .27 - 195
S11 104.62 43.00 - - - - 3244 1222 - 5783 - 066 — 7748 - 246 - 1.73
S12 52.5928.67 648 — 2031 — 16.12 823 296 4921 - 056 4.17 7129 086 244 - 3.73
“=7 ARKH
“—” means not detected.
N )
3 o B e ~
/// ) N . . \\\ |
L/ .
o ‘ Z1~712 - S1~S12 \
B | |
-\\\\ ° A /// .
-3 \"\.\ - :
-6 —4 -2 0 2 4 6 —0.5
t[1] , ;
s 12 #nF-LImBIRTE PCA 185 S ¥ gg2z 35 £z
Fig.5 PCA score chart of twelve batches of PMR before var ID

and after steaming
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Fig. 6 OPLS-DA score chart of twelve batches of PMR

before and after steaming
D ERIPAITRiIR R L C RS Y SO S e ]
AHER AN 1 7B 280 T2 A st A
S B BT 1 7B A Z& I ORI RN, e A )
TR 1h, 7R R AGFERS b, Beit 1 o0 T 2%

E7 KiEts VIP &

Fig. 7 VIP values of each indicator

[\ 2 )3 PS5 R T R 1) 3 BRI 3% 3 7K S P i S92 [
SEHG, AR R ) 45 AT IR SE S, ik
RAEMIZESI T Z, BIZEHIRE 125 °C . Z& I 2.5
h. TR E 80 Co

AR SEBS IR AN F R 0Lk AT 28 1 SE 5,
G RN E AR, - PIRE T
ARE T EAATHE, Seiest BORBUASFE =1 301
CAEZH GG AHE R R 2B, B Ro. RTI.
CIV Hl CIVa fEZ& i 5 & A A FIFEEE B R %, ZR1
RP;. CE. OBG Al RK; & &AHNFEEMN EF-.
OPLS-DA 7t £ 2L R X 73, FFARHE VIP
fH>1 ik th 4 DZHIRREYE SRR 7r, B CE.
RK;. OBG ! ZR;,
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TR B HRZESIE LA E

Fig. 8 Steaming transformation rules of oleanane-type saponins
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