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Process optimization of stir-frying with yellow wine for Morindae Officinalis
Radix based on orthogonal test-entropy weight TOPSIS method and comparison
of efficacy before and after processing

LIU Meng-yun, QIN Yi-ran, LIU Qiu-yi, DING Ping

School of Pharmaceutical Sciences, Guangzhou University of Chinese Medicine, Guangzhou 510006, China

Abstract: Objective To optimize the processing technology of stir-frying with yellow wine for Bajitian (Morindae Officinalis Radix,
MOR) and compare the effects of MOR on the reproductive oxidative stress of male mice with spermatogenesis induced by
cyclophosphamide before and after processing. Methods Using the orthogonal test L1s(4%), variance and entropy weight Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS) methods were used to screen technological parameters of processing
with the content of sucrose, 1-kestose, nystose, 1F-fructofuranosylnystose as evaluation index. And of the efficacy of MOR before and
after processing on reproductive oxidative stress of male mice with spermatogenesis induced by cyclophosphamide was compared.
Results The best processing parameters were 100 g decoction pieces and 20 mL yellow wine for moistening for 2 h, stir-frying
temperature was 60 C, stir-frying time was 7 min, drying at 50 ‘C for 1 h. The results of pharmacodynamic experiments showed that
MOR oligosaccharides after stir-frying with yellow wine had significantly better effects than the raw MOR oligosaccharides on the
reproductive oxidative stress of model mice (P < 0.05). Conclusion In this experiment, the entropy weight TOPSIS method was first
used to optimize the process parameters of stir-frying with yellow wine for MOR, which was simple, accurate and feasible. And the
results of pharmacodynamic experiments could provide a scientific basis for the rationality of processed MOR.
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B R | T DA it e e - B S ol I 22T A
€, HARMES T ZESHE L EM2, 1T RERL
AILLEZATES, AMEIEN RGeS HIE ., 5
S EERIFT; T HIEX SN, A
RO oy TR . Y SCERIRIE, S EAR, B
RPN S S EWARAE, Hi, AEEE
RH R 5 A A 31, i B R R A
BN ? WK G BRER S SRS, S
R mECR IR BIRH BIVER? B A A R W
FARIE . ARSI R IEAS I &, DARERE .
1-FE S =W Mt . TF- SRR i b 4 Fh
B RS B S OV FR bR, S5 & AR 1 BEAR
i HE ¥ 7% (technique for order of preference by
similarity to ideal solution, TOPSIS) i+ ik
R T S, HOHAN 5T fa X P i fir
A RS RS R ) B A T AL R e, O B
R AR HEFIR AR .
1 #8
1.1 ZA@m5iEH

ERR R 2 VR T R A P B ey R A Ll R M
TEAE, 28] A ER 2R H T AT D 4 e o
FRERCOR B Y L ECR M. officinalis How HT-)5:
PR o X6 HEL A IEERE (L5 S02S6G 1)+ 1-E S =Wk (it

58 AWG0714). M ITHE (35 v Z17A9H59088 )
1F-SR g 1 S i B (3159 S09A8D41431) 341
T BRI AR A TR AR, & 5 508 98%
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fraf, REREWFRFARAR: 1l fit5Hh
20190815, ANV AEN AR TAE AR KAL
BFK. ALK, AFRENGERAF; Fag
Bl BTRLT3GR CRd AIRAR; 5 st
fi% , 7 & Baxter Oncology GmbH 24 &, it 5 9F312A;
4K E, 65 S12201001210, HriTEEZ A IR
AEBEEHIZ) s A H KIS A (glutathione
peroxidase, GSH-Px) & (4154 20191209).
A EERF A (LS h 20191218) . it AL Al
(catalase, CAT) RA & (v WAL (Ht5A
20191214) 0T r s A TAERE 7T — IR
PETC RS2, EHI R E MBI R AR 547
H, MBS SAMARAR, FEi, 44,
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1.2 Izh)

SPF 2 KM I/, AR (20£2) go T~
PN 245 K2R SR sh ) oty , VFATIE S : SYXK (B
2018-0085 . T BN SLUIBAE ] I Hp 2= 24 K 2545 5%
SRS Y E FAE I RE, 55 3R R
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FIRERHENL, 25000 r/min, IRI& T AR AHIAG PR A
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BN MLARAHME BT A, BRI 3 A= P e 7 H ey
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2 HESHR
21 BHEXEXRIZ

W 100 g AEEOR 250, e S EES, 1
T ], B S HI 228 B — e ], HY



* 6210 »

FEH 2021107 $52% B 208 Chinese Traditional and Herbal Drugs 2021 October Vol. 52 No. 20

W, B EUCRHIE R, B, HEE
FORHLRE, i 50 B, &M

22 4 B 2 ENE

221 WRESERE o BORERE . 1R =
B SR V-SRI IR L i bR G, R
EIRE, TN 60% GBI, RIAFIR A X R
AR, B2 EIREE S I N FERE 1.220 mg/mL.
1-JE 5 = H 0.610 mg/mL. i #i¥% 1.508 mg/mL. 1F-
SRR R A B HTRE 1.599 mg/mL

2.2.2 MKV HI A B EOR A KA IR
ATRER BT R ERORFE L 0.5 g, AT 3 4, KE
ERRERE, BT 100 mL EIEMERIT T, K
A 50mL50% LR, FRERE, §E 30minj5, H
AR HEEL 20 min, FH 50% AN R IR R 2, $F
A, #E 10min, 1T 0.22 pm THFLIER, HUSER,
HIFE

223 k& f@i% AN Waters XBridge™
Amide £ (250 mmX4.6 mm, 3.5 um); VishtiN
0.2% = L& CIEVER (A) -0.2% = 2K VB (B),
BEEEVEMFERS: 0~10 min, 75%~70% A; 10~20
min, 70% A; 20~45 min, 70%~60% A; 45~60
min, 60% A; 60~63 min, 60%~75% A; 63~75
min, 75%A; AR E 0.8 mL/min; #EFEE 20 pl;
HROCH R 2% (ELSD) EREIREE 75 T &
AP 2.0 Lming AR 35 C. JREXHE. AE
ik R 2 AP B R R 24 44 (1) HPLC-ELSD B LK 1.

1

A
4
2 3
4
B N
1 3
2
1
C 4
3
2
0 14 28 £ s6 70
t/min

T-RERE 2-1-RE SR =0 3-Mf0rbl  4-1P- RIS i Sk
1-sucrose 2-1-kestose 3-nystose 4-1F-fructofuranosylnystose
1 RAXRE (A £BHX%AHM B) MBEESXAM
(C) #J HPLC-ELSD
Fig. 1 HPLC-ELSD of mixed reference substances (A),
MOR samples of raw (B) and stir-frying with yellow wine (C)

224 ZMRRFE kW UR S X S
it 4 0.51 1.05 2.01 3.0, 4.0. 5.0mL, 1N 50%2
BEE 2R 2 5 mL, FCl i — RVNANFE BT B FE ot iR
AR, EER 22,17 TR E, DL
XTI AT AR (4D B E R EUE (YD) X% R
R (ug) MXHEUE (X0 BHTLERIE, 2254
B A3 R TBE 7 R A SR B M Bl 53 S
Y=1.4634X+22044, r=0.9996, 2.44~24.40 pg;
1-BER =M Y=1.460 7 X+2.153 7, r=0.999 7,
1.22~1220 pg; MHiHE Y=1.514 0 X+1.972 4, r=
0.999 5, 3.02~30.16 ug; 1F-FEWRgHEIEM rkE v=
1.530 0 X+ 1.746 1, r=0.999 5, 3.20~31.98 pg.
225 RIPRFERER B “2.2.27 TR EEA X
MR B, I 60% CME AWM S HEREIE , A
BRI 3 F5 e & v NAE (Rt 3 0 1)
FREEEH, R RAHE 10 f50 35 (ism BAE (5
BELESAN 10 0 1) FIRRFEETFE . 45 R FRAR Al
PR, EEmPR A HONEERE 0.022. 0.050 pg, 1-HEH =
B% 0.028. 0.062 pug, MifHikE 0.024. 0.053 pg, 1F-3
R BE LT 0% 0.043 0.096 pg.

22,6 AEEFEAIS ORI AR TR K
W, 4% “2.2.17 BUR GRS F ARSI 6 I, WIS
FERE . 1-RES=0E. MHIORE . 1P~ SR POk MR b s i H7 4
(R TRIAR RSD 430514 3.13%+2.37%11.91%. 1.94%,
RIS L R IF

227 fREtERES RS IREAR R A
W, fEHIZ5E 04 2,54 5. 7.5, 10, 12.5. 24. 48.
72 h S HIFEAE 20 uL, 4% “2.2.17 TR ik 2 R RE
AYHT, DUASRERE . 1SR =0 TR RE . 1F- SRk
B TR B U T AR RSD 205N 2.43%. 1.77%-
2.03%- 2.98%, FRHMLETIEAE 72 h NEGE .
228 HEMRE FHEERIE AR R
MA 6 4y, Ty 0.5g, % “2.2.37 BT J7ikdl &,
4% “2.2.17 WUN G S5 H, 1S RERE
LR =W T Ur0E . VP SRk e i 0 o =
1) RSD 73 BN 2.67% 2.22%. 2.34%. 2.20%,
R &L EE R

2.2.9 fOFEEWCRES RS ERREL I E FR bR
TEAFE TR K 9 7, & 025 g 4
BRSO SL R (P REME . 1R S =0 T ks
VF- SRR 0 Lt b, 19— IR FEPAT 3 1y, 4%
“2227 BURTjEM4, I “2.2.37 DU (i %
BEREHT, DUASRERE. 1-RER =0E. W HpE. (PR
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IR MR 3 S5 i S5 F) 357 IR [T AR 50 33104 101.00%
(RSD 4 2.01%)- 101.69% (RSD 4y 1.92%)+99.79%
(RSD 4 2.36%)+ 101.29% (RSD 4 1.78%).
23 EXREAEERBHRXTZ

BT TARBE P AMMBBRIE) CRAMD 14,
1% Lio(4%) IEST A IR ARAEAT BT 7T BRI 5 O o
ETZSH. EHRFEHE (A, (R (B).
ISHIRSE (O KHIIFIR] (D) HETIE (B) N
BHREER, FABIFEAE 4 DK GR 1D, DR,

1R SR =0 M OTRE . 1F- SRR b R i b 3 4 Fol
SEWE S EOATRRR, R EGE R E 5 B AL
I, BAEIPRSE SR TEDS), RIS &
5 21.01%- 1-FER = HE A& 22.17%. il Hofl & &
5 27.70%- 1 F-SR B AR AR EE M ks & & 5 29.13%.

FHEbR S B EAEA IS RS E185r, a5
I TR R o IEAS RIS L R R WK 1, = T
HERWEER 2. I ESTERTUEH (R2),
& A M D X SEERSs B WM (P<0.05),

x1 EXRERITERKERER (n=3)
Table 1 Design and results of orthogonal test (n = 3)

BES

iR H/(mg-g™")

i A/mL  B/h C/C D/min  E/min  FE¥E  1-FERZWE WO 1F- RN R b AR
SI  5(1) 05(1) 60(1) 5(1) 30(1) 34.62 22.57 50.20 83.49 50.50
S2 5(1) 1.0(2) 80(2) 7(2) 40(2) 36.69 21.93 41.39 66.02 43.26
S3 5(1) 20(3) 1003) 9(3) 50(3) 17.24 8.23 11.93 17.77 13.93
S4  5(1) 40(4) 1204) 11(4) 60(4) 21.50 11.04 16.01 23.78 18.32
S5 10(2) 05(1) 80(2) 9(3) 60(4) 37.04 19.36 33.49 50.80 36.15
S6  10(2) 1.0(2) 60(1) 11(4) 50(3) 4535 25.65 50.99 80.85 52.89
S710(2) 20(3) 120(4) 5(1) 40(2) 3834 19.50 37.18 5871 39.78
S8 10(2) 40(4) 1003) 7(2) 30(1) 26.99 12.05 18.29 27.20 21.33
SO 203 05(1) 1003) 5(1) 40(2) 42.77 21.60 39.40 58.15 41.63
SI0 203) 1.0(2) 1204) 9(3) 30(1) 27.96 12.03 17.79 26.02 21.05
SI1 2013) 20(3) 60(1) 7(2) 60(4) 62.56 27.64 64.75 103.24 67.28
SI2 2013) 40(4) 80(2) 5(1) 50(3) 47.70 30.09 60.77 95.14 61.23
SI3 40(4) 05(1) 1204) 7(2) 50(3) 3731 2131 48.59 79.39 49.15
SI4 40(4) 1.0(2) 1003) 5(1) 60(4) 3549 19.91 4321 69.70 44.14
SIS 40(4) 2.0(3) 80(2) 11(4) 30(1) 4116 22.03 39.73 61.53 42.46
SI6 40(4) 40(4) 60(1) 9(3) 40(2) 4248 2591 56.00 88.86 56.06
Ki 3150 4436 5668 4891 33.84
K» 3754 4036 4578 4526 45.18
Ky 4780 4086 3026  31.80 4430
K« 4795 3924 3208 3883 4147
R 1645 512 2643 17.12 1135
®2 FESWER RIE C s as AT IR TR (P<0.0D),
Table 2 Analysis of variance 2 Bl E WSz sE BEs AN g 2, mE R 74
FEXRE BEYHIM HmE HE  FHE SEHE (F D, SEREHBI A/ NEFE N C>D>A>E>B,
A 786.315 3 262.105 13379 P<0.05 FWHIEHE (FHFE A WHEE (KHFEC) FP
B 58.773 19.591  1.000 HIE[E] (R DY 0T ELER R A 4 Foh S Rl oA 4
C 1 854.569 3 618190 31.555 P<<0.01 Kegm, HAbslEE (BFER O XK.
D 679.893 3 226631 11.568 P<0.05 TR A 1SR ET BRS8N S11 5
E 319.151 3 106384 5.430 AsBsCiDoEs A fE, Hmaps. - —=hE. i
P 58.770 3 B VF-SR I el it 56 i B0 1) 5 1 0 ol v T LA A &

Fo.05(3,3)=9.280  Fo01(3,3)=29.500

) 4 FHEERER) S R ZERRY], BERAMEA
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5 TR O B o BV H I o T P v
B RRIAE S, KA FHERAGE P52 oy i AR BN 93
THERALEY) Chn pE R A
2.4 JE TOPSIS =BT HLERFMB L DM

K H Excel 2010 84 12:47 1AL TOPSIS A2
THE . BRESH SCIRIRIEDS), ARS8 L H)IR
1 (6X17) PeSRAERE . IH— AL RSREHRE . B
FRE, SHAEEERA 16 Hbir kR IE A2 T4

B TOPSIS B34, HATLREVEMHET, Wik 3
Woadi R n, BEREERE T Z N S 5
AsBsCiD:Es 24, B 100 g B BRI 20 mL ()
O, [oliiE 2h, KMHEEREEN 60 °C, Kb 7 min J5
BT 50 CHEEH 1h, 5 ZEMEER

K FH SPSS 22.0 B A ELRR R A2 16 S EL g
RIEZHIAT RARR M, SR WE 2 s, B
HRER AT A 2 K, A R R 25 M AL TOPSIS

&3 HBEHXF 16 HAEBHKIE AR TOPSIS HEE ST
Table 3 Analysis of entropy weight TOPSIS model for raw and 16 orthogonal groups of MOR

EIke] Tl &/mL EJEEAIN R/ C SO 1) B6F 8] /min JE -5 (8] /min Dit Di Ci
S11 20 2.0 60 7 60 0.028  0.555  0.952
S12 20 4.0 80 5 50 0.100 0498  0.833
S16 40 4.0 60 9 40 0.152 0436 0.742
S0(%) - - - - - 0.167 0427 0.718
S6 10 1.0 60 11 50 0.162 0410 0.716
S1 5 0.5 60 5 30 0222 0372 0.626
S13 40 0.5 120 7 50 0224 0357 0.614
S15 40 2.0 80 11 30 0260 0309  0.543
S2 5 1.0 80 7 40 0263 0309  0.540
S14 40 1.0 100 5 60 0.266 0308  0.537
S9 20 0.5 100 11 40 0265 0305  0.535
S7 10 2.0 120 5 40 0294 0274 0483
S5 10 0.5 80 9 60 0325 0245  0.430
S10 20 1.0 120 9 30 0.483  0.091  0.159
S8 10 4.0 100 7 30 0.481  0.090 0.157
S4 5 4.0 120 11 60 0516  0.052  0.092
S3 5 2.0 100 9 50 0.567  0.000  0.000

D RERBHAEA T PN 8RS IEBAR RO B, D ARAFHEREA th & PR 5

WhIE R

|

5 AEARERIER R, CARER DS D LARA AR AR R AR AR I

iy

D;" represents the distance between each evaluation index and positive ideal solution in each batch of samples, D;” represents the distance between each

evaluation index and negative ideal solution in each batch of samples, C; represents D;" and D;” and Euclidean closeness of each index to the optimal solution

e
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IIES
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]

S13
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S15
S14

S11
S12 %
S e — , , ,

2 HEEXM 16 HEEBRERANRESHER
Fig. 2 Cluster analysis results of raw and 16 orthogonal
groups of MOR

1

B ZEA VR AT 3 FIIERCH TN 125, HAhdH %
KNI, %55 R 5 TOPSIS #EA fr 45 I A
— B, RIAA IR ZI T ()AL TOPSIS B R |
AIEE, ATHTEEORI R T2 Rk,
2.5 MBI T2

FRAEIFAL TOPSIS 5 7Y 1 i 14 HH B pI0 () EEL ik
KA T 2258, B 100 g 4= B8 KA 20 mL f
O, [OliE 2h, MHEEREN 60 °C, Kb 7 min J5
BT 50 CHEARME 1 ho MEZERREL 3 A EEKE
M, W TEAMES 3R, LRERE 4, #F
B TR =W TR, -SRI I T S 1)
SEE R B0 N 62.59 mg/g (RSD A 0.42%)-
27.65 mg/g (RSD 4 1.83%). 64.78 mg/g (RSD N
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F4 WIERELER n=3)
Table 4 Results of verification (n = 3)
JRE S B/ (mg-g™)
BERE LN WETRE IP-SURRMRRE S b
S0(4E) 40.97 23.45 55.79 92.54

Ff it

S11-1 62.40 28.14 64.12 102.97
S11-2 62.89 27.13 65.05 102.99
S11-3  62.48 27.69 65.18 103.92

0.89%)+ 103.29 mg/g (RSD A 0.53%), FRIAAM 5T
kRS T ERE. miT. FN, S54EEKT
B WS R RE . TR 1P SRR
WL R 1) A e 35 BT, RN K R
BRI ERERR S &=,
2.6 XTINBEEEARER B KERERSAVIEM NREAS
X BB E R ST EE A SR

Az LR R SEHE AT T s R SRR ) ) 25 07 R 2
HE AR VR R A TSI D7 ek ) £ L0, 2 ) Sk m] n 7,
I R _E s N4 52 B3R SE R I %4 0.6~1.2 mg/kg,
Fi HE NS (A 2 T AR A B 1) S5 R0 & LU 1
AU SEIG 1 LB R SRR 2555 . BUHEPE KM /N R
(202> g3t 42 2, BN NELT 7 4 IEHH (%
TEREAFIEA, BHHHA (BT 75 mgkg 7
TRl Pk i (1) 26 R Eh K VAMD . FEMEZS (4B E, VE)
H (FST 75 mgkg HBEEERZFI 0.5 mg/mL (1)
VE), AEEKERFEK. &7 &E (RMOs» RMO2)
H, WESKERIE. mFE (WMOsop» WMO20)
H (R 25 T 75 mg/kg MBERE A SRR AW, =
RFFIES> B8 200, 50 mg/kg). SRJE 5286 /04 s
MR 4 K 8:00 B ip MBEME, B 9:00 B ig
75 1R, HHIRE, EEMEFIELRipl IR, &
sk /N AR T B S HFERI A RL . K, TFRIRES RN

FXHRRE (55£5) %, EWEE (22£2) C, 12h
IR, AR 1 REEL, A3 H.

2.6.1  HEPE KM /N ERMR R 280 B 7ESRI0 A
ATAEE 12h, FREFE, CBEMREE, i REREUIL .
WA 1T 4 CELHLH 3000 r/min Z5.Cr 10 min
T AR FR 8T, 285 DR g, B 2 00 2 b
52, HBA ARG, IR TR, K
H, WE2HTHTSH T, RSz —2RAH
FH 10% FF S [E) sE 0R,  F T4 ZUR B0 4T
2.6.2  LEERIN S A T SRR B AEME KM /) BRURS
TSR e U P S2 T80T 2 mL AR B
oK, BIRE, 7837 CH AT E 10min /24,
TR, SREWEL AR, 1000 r/min
G IR B0 1 min, $ill &4 FIREM . THL 200 pL
FETIREL N 800 uL (A H /K E T 6 FLARH
(PR 5 £5) 0 WRER 20 pL Rl e s IBER LT E0BR, 45
MERTHEOR B 6220 8 B & L4000,
THERT S8 BT EmEE SRR 4R
xS R, SIEWAME, AN TSR,
R ARG ARG T i 2 B3 K (P<0.01); 5
BRI AR EL, VP B R SRR A R A R S b T
BMREAHENGE, MTAEMKER, HYAR
it ZER (P<0.01), VRAWR G EiR “imE
BIBH” A P50, 5 R AT -5 5 A L gk R o oK
I3 FRESAL A WK = A AT i AR W A 1) S
B Ko

2.6.3 LRI S A fE SRR I KM /)N B 52 R
SRR HUZ 10% IR I HEPE /N RS2 AL,
2 CIEMKS AR, /N B ALY
WHLHE 4t . g 0E 3 For, IEEHD
B2 b Ak i 2 RIS R %, OB ) & g4

®5 ERAIEERXEEXN BRI B ESE REESLNMEIEN (X£s,n=06)

Table5 Effects of MOR oligosaccharides of raw and stir-frying with yellow wine on reproductive oxidative stress in male mice

with spermatogenesis induced by cyclophosphamide (X £ s, n =6)

40 KT EBUC<10SmL) R AAER%

K TW5TE2/%  GSH-Px/(umol'mL™") CAT/(U-mL™') MDA/(nmol'mL™)

1EW 2.90+0.13 85.48+5.71 8.831+2.30 646.98+96.98 8.50+1.50 3.08+1.18
TR 1.35+0.13% 32.92+7.67%  65.28+10.60"  522.79463.77* 3.3240.58" 7.29+3.08"
VE 3.341+0.60" 57.16+12.98" 46.48+2.16" 626.93+91.63" 7.57+2.68" 5.39+2.01°
RMOso 0.78+0.12 35.56+13.12 60.01+0.32 534.22+115.64 8.28+1.89" 6.691+1.78
RMO200 1.45%0.15 40.26+12.78 62.8413.76 572.85184.54 9.07+£1.93" 6.9712.75
WMOso 4.024+0.13"& 69.15+22.86"% 37.97+245"%  726.17+101.92"%  7.27+0.95" 6.651+1.02
WMO200 3.98+1.05"& 62.53+14.45"% 36.67+2.93"%  568.69+126.79 8.76+1.94™ 6.5612.26

HIEHMALE: P<0.05 #P<0.01; SEMHALE: *P<0.05 “P<0.01; 5 RMOs Ml RMO, HHE: €P<0.05
#P<0.05 *P<0.01 vs normal group; P <0.05 P <0.01 vs model group; ¥P < 0.05 vs RMOso and RMOxo groups
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A-normal group B-model group C-positive drug (VE) group D-low dose (RMOsg) group of raw MOR  E-high dose (RMO»q) group of raw MOR
F-low dose (WMOs) group of stir-frying with yellow wine MOR  G-high dose (WMO,0) group of stir-frying with yellow wine MOR

B3 i KM NREZERREYI A EHME (HE 28, X200)

Fig.3 Pathological section of testis in male mice (HE staining, x 200)
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