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HZE, AL, BAEY . ZR&aE TN, EXRBARAIIR T, §8 AJNEARRBUY RAEL
KN 0. 10 g, TARIREE 45 °C, FEMEATME 2 h, BHAEL 1 : 50, AN, SV, ZWMEHE208 3.495 5,
4.341 8, 35.898 7 mg/g; ZF4i EEHEIA AL N INEGR 0.30 g, FEffR4 50 °C, EEMEATEI2 h, BRI 1 : 40,
3 M E AR 3. 514 8 4.351 3 36.331 2 me/g; AUREESEIAY SRS NG 0. 45 ¢, AFIEE S5 °C,
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from Dendrobium nobile

AO Jiao',  BAO Jia-ke’*,  XIA Yu-ji’
(1. Guiyang College of Traditional Chinese Medicine, Guiyang 550002, China; 2. Guizhou Provincial Food and Drug Evaluation and Inspection Center,
Guiyang 550004, China; 3. Sichuan Provincial Institute for Food and Drug Conirol, Chengdu 611731, China)

ABSTRACT: AIM To optimize the combined enzymatic extraction for alkaloids and polysaccharides from Dendrobi-
um nobile Lindl. . METHODS With enzyme consumption, enzymolysis temperature, enzymolysis time and solid-
liquid ratio as influencing factors, contents of dendrobine, total alkaloids and polysaccharides as evaluation indices,
orthogonal test was applied to optimizing the combined enzymatic extraction. RESULTS The optimal conditions for
papain extraction were determined to be 0. 10 g for enzyme consumption, 45 °C for enzymolysis temperature, 2 h for
enzymolysis time, and 1 @ 50 for solid-liquid ratio, the contents of dendrobine, total alkaloids and polysaccharides
were 3.495 5, 4.341 8 and 35. 898 7 mg/g, respectively. The optimal conditions for cellulase extraction were deter-
mined to be 0. 30 g for enzyme consumption, 50 “C for enzymolysis temperature, 2 h for enzymolysis time, and 1 :

40 for solid-liquid ratio, the contents of three constituents were 3. 514 8, 4.351 3 and 36. 331 2 mg/g, respectively.

The optimal conditions for pectinase extraction were determined to be 0. 45 g for enzyme consumption, 55 C for
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enzymolysis temperature, 2. 5 h for enzymolysis time, and 1 : 40 for solid-liquid ratio, the contents of three constit-

uents were 3.524 4 4.452 8 and 26. 324 2 mg/¢g, respectively. CONCLUSION

This stable and reliable meth-

od can be used for the rapid combined enzymatic extraction for alkaloids and polysaccharides from D. nobile.

KEY WORDS: Dendrobium nobile Lindl. ; alkaloids; polysaccharides; combined enzymatic extraction; orthogo-

nal test

HAI, 48U4 6 Dendrobium nobile Lindl.  FE
FIFF R h O LB ] SR, IR TSR . A
BOGHL . AR IS b S A%, 8
FHTVRTT 006 1048 B A% PR . 2 S e T he
(1R 11 =RV &% 19K i L7 I s X | =3 0
R, ZHE. TS, BARRMEE. SR,
PigEl . o ic e s i AR Y L AR R 2 b
AR EEIR YR, O 2 RGER
AEBEEM, Hoor s R A a2,
MR A A R T T

A RHRIE RN, A E YR 285 SO i
REFEFNES o B IET 2 T o 254k 2 h
SRR, G, B, . 5. A
. BRI WL AHLIRSEY, (HHRTA LA
A1 B ST AN A R 41 48 2% T v H 2 0 R A7 4R
B R B e, T LR LK 7 2 A S
PR EHRIUNHRIE . P, AR SC SRl i A
B B YIS 2GR T2, LIk
PR R IRIBCR | R RIS a] | AR FH 25 B IR
(1 H .
1 NE5REH
L1 A% LC20AD AIE 0B AH AR (HAR
HYAF]) 5 7228 RO BT (R EAERH A
ABRAT]) 5 XS205 R HL 40 H7 RF- (AR -FE 71
LA BR AT ) 3 PHS-25 B mi%k s PH 3 (B
TR B 22 AR B AT BR A F] ) 3 SHA-C RIZK i H
IR dr (BT 2845 A W 5250 20 M A il 3 )
LD-5 BRI Bl (IR B IES ) o
1.2 X325 A (111876-201503) . D-JC/K %
ZjBE (110833-201506) X At 5 353 py v [ 4 5 24
Ko et . S EUH I B SN AR K TR B
B, SRR 0% R = BHE Y 4 BUA i
Dendrobium nobile Lindl. T2, KRJNEH
(7% 77 =6 000 U/mg, 20150226 ) . 4F 4k 2 fi
(W% /1 =15 000 U/g, 20160408) | SREEHE (B
71=50.0 U/g, 20150504) 5 [ 2545 A1k~ i)
ARAFREE, ZZopl (HSl. 0 BIFRBUTBRR |
FrIE IR = B i, /K A BC B 0. 1 mol/L %

W, BK—E B HERA, MW pHAE 4.0 ~
6.0, HI15), HEE N @ al (32 E K il A
Al PR AN FPEIR . BK. SRR N
sypral (REETRFE AR R AR .
2 HFERE4ER
2.1 RBRIE FRRCHRAMHARLE R, MA—E
WO PR B, TR A% b e R AR — 2 TR
(110 t/min) , BUH, &F 90 C/AKF KNG 10 min' ',
250 20 min, RIS, SR 10 mL KPR 2
W, K10 min, &IF B, HE /K JE pH
£12~13, A BWERERN LR OERAEI 2
K, BILCROERZ, T, WERMR, BBeR
£ 10 mL S, fER A, A P i
W; KZEERE 2 250 mL B, K BZIE, %
5o FEE R IELIEW 10 mL, JNJo/K OB 60 mL £%
A, BaI R G EGE, By (4 000 t/min) 20 min,
e (M ER gL ), 40 mL 80% Z BRI,
Bl R IR, DIEMBOKEM, FBE 25 mL
BT, FRRAEIKEZIE, $B5, RIS Zpt
A
2.2 sAEME
2.2.1 AfHE RA HPLC ¥, @ik4f4: Welch
Xtimate C g At (4.6 mm x200 mm, 5 wm); i
A B BE-0. 002% — Z fE (47 = 53); il I K
210 nm; R 35 C; AHEE 1.0 mL/min; ke
=10 pLo
2,22 BB R R EGL R AL, B
0.2 mLAER A O & Be A B 2 25 mL, $%
A7, HU10 mL R e -, ARImA
pH 4.9 ZZ i 5 mL, 0.04% JR &4 A R 2 mL,
JZIHRFE 3 min J5HE 30 min, FJ2% AP LR
Tt TR A AL g, HUS mL SR8, MAF
0.01 mol/L NaOH fJJo/K 1.0 mL, #£5], B
AW 10 mL, [RIEEAE, EAZE XTI 75006
JEEETE BT 621 nm K AR I OB, RS
A,
2.2.3 ZHE CRHIZRB-BRIRYL . RS % 2 U
i 1 mL, KEEINA 1 mL 5% JEBEaw (I R
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H), FEAIREEMA S mL iR, #251, TibKia
HOm#A 20 min, B, FrKEHARHE S min, DIAH
P (KD hEsE, RERE, B XTI,
7 487 nm PRI EWIERE, TR SA
2.3 EZGKE AR AT A N LG 5 2R T
pH B G Y 52 me B B A PR R ] 8, 7R
HpH ERIZAET, EEEMEE R (A) . MBS AR
(B) . FEgfgmf) (C) ., B (D) fERsgmi
R, A, SRV, 28 S A 8 P iE
i, SRAESGRI S A 48 A Pk A g
TZ,
2.3.1 ARJNEHE HRAKFREL, LB BT
HHERWAR 2, Jr2EaPrilse 3, ke, &K
FA B S A BRSO D >B > C >
A, BAEYHEARIKKAD>B>A>C, 20
AKX A D>B>C>A, HEED CRHKEL) X
SHPRBACR A B, B R BRI
A2B1C2D3’ Eﬂﬁﬂﬁﬁ% 0.10 g, ﬁﬁﬁé‘é/ﬂ%g 45 OC, ﬁ‘iﬁ
fffE 2 b, BREEE 1 50,

x1 ANEEHERKE

Tab.1 Factors and levels for papain

K A AER/g B EERIRZ/C CEERETh D ORI

1 0. 05 45 1.5 1:30
2 0.10 50 2.0 1:40
3 0.15 55 2.5 1:50

x2 AREABARZITEER

Tab. 2 Design and results of tests for papain

AT (mgeg )

e ‘

ey oAb ¢ TR S SN
1 1 1 1 1 3.2088 4.0449 34.123 1
2 1 2 2 2 3.408 8 4.2720 35.237 8
3 1 3 3 3 3.4072 4.1894 34.1142
4 2 1 2 3 3.4955 4.341 8 35.898 7
5 2 2 3 1 3.2121 4.064 3 33.587 2
6 2 3 | 2 3.3702 4.230 4 35.004 3
7 3 1 3 2 3.4599 4.1925 35.1232
8 3 2 1 3 3.366 3 4.2163 35.457 8
9 3 3 2 1 3.190 7 3.952 8 33.588 2

1 3342 3.388  3.315  3.204
¥iE2 3.359  3.329  3.365  3.413
WE3 3339 3.323 3.360 3.423
2 0.020 0.065 0.050 0.219
W1 4169 4.193  4.164  4.021
W2 4212 4184 4189  4.232
WE3 4121 4124 4149 4.249
2 0.091  0.069 0.040 0.228
1 34.492 35048 34.862 33.766
Y2 34.830 34.761 34.908 35.122
YIE3 34.723 34.236  34.275 35.157
2 0.338  0.812  0.633  1.391

832

®3 KREBBEAENH

Tab.3 Analysis of variance for papain

L) KIE BT M HRE O FLI P i
ik B 0. 008 2 8.000 >0.05
C 0. 005 2 5.000 <0.05
D 0. 092 2 92.000 <0.05

R (A) 0. 001 2 — —
Je¥at/ A 0.013 2 6.500 <0.05
B 0. 008 2 4.000 <0.05
D 0. 097 2 48.500 <0.05

P (C) 0. 002 2 — _
L B 1.019 2 5.693  <0.05
C 0.748 2 4.179  <0.05
D 3.773 2 21.078 <0.05

{22 (A) 0.180 2 — —

HE: Foos (2,2) =19.00, Foo (2, 2) =99.00
2.3.2 SY4EREE WHEKFELE4, RBBITS
GERIF S, HESNTWIE 6, UL, £HE
XA MR B S AR AR D > B > A > C,
BAYESARKIK I D>B>C>A, ZHEHE
kK D>C>B>A, BIHED CERELL) X =3
PEUCHCR YA B, R B
A B,C,D,, RUfmBEE 0.30 g, BEMFIESE SO °C, i
fifi ] 2 h, BREL 1 : 40,
F4 ABEHERKE

Tab.4 Factors and levels for cellulase
K- A JnfiE/g B FH#IRE/C C /b D RN H

1 0.30 45 1.5 1:30
2 0.35 50 2.0 1:40
3 0.40 55 2.5 1:50

x5 AEFRHBARZITEER
Tab.5 Design and results of tests for cellulase

SAE/ (mgg™")

o

EE A G G T S
1 1 1 1 1 3.3584 4.2119 33.212 4
2 | 2 2 2 3.5148 4.3513 36.3312
3 1 3 3 3 3.2089 4.042 4 35.008 6
4 2 1 2 3 3.2739 4.117 4 34.889 6
5 2 2 3 1 3.3816 4.2443 33.518 7
6 2 3 1 2 3.3805 4.2342 36.089 6
7 3 1 3 2 3.4532 4.3097 36.087 5
8 3 2 1 3 3.2815 4.0959 34.8832
9 3 3 2 1 3.2807 4.148 4 33.523 3

WED 3361 3.362  3.340 3.343
W2 3.345  3.393  3.359  3.450
B3 3341 3.293  3.348  3.255
2 0.020 0.100 0.019 0.195
W1 4202 4213 4181  4.202
WE2 4199 4231 4.206  4.298
B3 4185 4142 4199  4.085
2 0.017  0.08 0.025 0.213
Y1 34.851 34.730 34.728 33.418
YE2 34.833 34.911 34.915 36.169
B3 34.831 34.874 34.872 34.927
M2z 0.020 0.181  0.187  2.751
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R6 TERBAESN
Tab. 6 Analysis of variance for cellulase

Eiak) KR IR AME F I P

Fay ity A 0. 001 2 1. 000 —
B 0.016 2 16. 000 —
D 0. 057 2 57.000  <0.05
®#E (C) 0. 001 2 — -
BAEYI B 0.013 2 13. 000 —
C 0. 001 2 1. 000 —
D 0. 068 2 68.000  <0.05
R (A) 0. 001 2 — —
L B 0. 055 2 55.000  <0.05
C 0. 057 2 57.000  <0.05
D 11.390 2 11390.000 <0.01
R (A) 0. 001 2 — —

e Foos (2, 2) =19.00, Fyo (2, 2) =99.00

2.3.3 BB FZOKTRET, RBii G

WHS, JEAHIIAY, AT, &
W, REVIBR A A RO BB D > B >
A>C, ARSI N A BCD,; £ 4 A ik
WHD>B>C>A, BRI AB,CD,, #
TAE I M 2 HE, AR AL SRR, 3
RAETERE KR, BRI ik

®7T REKEBEZRKE

Tab.7 Factors and levels for pectinase
K A JnEE/g B EEREL/C C EERITE/h D ORI L

1 0. 45 45 2.5 1:30
2 0. 50 50 3.0 1:40
3 0.55 55 3.5 1:50

*8 REBIRAKIZITEHER
Tab. 8 Design and results of tests for pectinase
AR/ (mgg ")

o

EEA B G T T S
1 1 | 1 1 3.2885 4.059 6 22.659 0
2 1 2 2 2 3.5005 4.3247 25.548 5
3 1 3 3 3 3.4116 4.2129 25.157 3
4 2 1 2 3 3.2541 4.108 4 24.357 1
5 2 2 3 1 3.2714 4.1057 22.326 4
6 2 3 1 2 3.5179 4.3521 26.258 0
7 3 1 3 2 3.3454 4.179 1 22.467 3
8 3 2 | 3 3.3078 4.1593 26.2959
9 3 3 2 1 3.3286 4.1299 24.154 7

W1 3.400  3.296  3.371  3.29
B2 3.348  3.360 3.361  3.455
3 3327 3.419 3.343  3.34
ez 0.073  0.123  0.028  0.159
WET 4199 4116 4190  4.098
B2 4189 4197 4188  4.285
B3 4156 4.232 4166 4.160
W 0.043 0.116 0.024 0.187
YE1 24.455 23.161 25.071 23.047
B2 24.314 24.724  24.687 24.758
3 24.306 25.190 23.317 25.270
Wz 0.149  2.029 1.754 2.223

x9 RKEBAEST

Tab.9 Analysis of variance for pectinase

LA KR BRI AmE FIE PfH

Pty A 0. 008 2 8. 000 —
B 0.023 2 23.000  <0.05
D 0.043 2 43.000  <0.05

"% (C) 0. 001 2 — —

B A 0. 003 2 3.000 —
B 0. 021 2 21.000  <0.05
D 0. 054 2 54.000  <0.05

®#E (C) 0. 001 2 — —
2 B 6.775 2 161.310  <0.01
C 5.100 2 121.429  <0.01
8.134 2 193.667  <0.01

P2 (A) 0. 042 2 — -

T Foos (2, 2) =19.00, Fyo (2, 2) =99.00

Fig JEURL e il 4 BUAE W e 1) e L 25 A7F A B C, D,
PEATHRIR, SR A b AR W A R Y2 6
H (A,B,C\D,) FEATHOH; 42 BRI 2 i 2
AR A B,C, D, #1THI, SiEKhZE
WES A = hem A 8 41 (AB,C,Dy) #EATILER,
B4 3 My, WA AR, B4, ZEA
o, BCFBE, 4R 0K 10, mERATA, AW
ZREAETE A B,C,D, XM N ¥E T A,B,C,D,;
7E A B,C\D, 1T, ZH&AEET AB,C/D;,
{85 AW TGS 25 5 LB AR AR, T ELAE e & A
IR R . BAHE, SRACEEE I R LA
%A1B3C1D2, Eﬂﬁu% 0.45 1Y) @@%/ﬁlg 55 C ,
Figfg s ] 2.5 h, BHELE 1: 40,

F10 REFRINEHLEER

Tab. 10 Comparison of pectinase extraction conditions

HHE/ (mg-g™")

1 N

- 11 HE Y L
A;B;C, D, 3.524 4 4.452 8 26.324 2
A;B,C, D, 3.2252 4.143 7 28.837 6

2.4 BiEREE WE 1 M 11,

= A s BV = 20

T 45 40
;én 41 36 o
- n#
4 E]
m 33 8%
& 29 24~
% 2.5 20
¥\ d=T. THRME Pid
E1 EXRREHRE
Fig. 1 Histogram for orthogonal tests
3 itig

PRI A2 — R S - R A A
M- FTA IR B 2 th il (pH 224 5.0) XA H
833
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Tab. 11 Results of verification tests

i [SES SA A/ (mg-g™")
It/ g pH {H PREGRE/C RIS E)/h BHR L A1 fRH S EZi
AN il 0.10 5.5 45 1:50 3.4955 4.341 8 35.898 7
21 Yk Z il 0.30 5.0 50 1:40 3.514 8 4.3513 36.331 2
TR Tl 0.45 4.5 55 1:40 3.524 4 4.452 8 26.324 2

B SPHERWE ., RIKMEIEFT B 5, L BAEAR pH
(RN 2 i, o < B0 A 8O 1Y
FEPCRICIIE 225 . TR . A RTR A5 48
R RSB A K R D) i, ORI AT
BRIR-FRTR BN 2% ik

ZEA R RN F IR S e R g R A, 5
ARINE AN, LP4ER MR L, SRR B B i
ZHER A R R AR, R — 5 i ] e AR
il R BRI, 6 W IR A 55
— 7, REHEE RS, oA Z, i
HEg 5 2 TKZ, Xad&a—aWHHE-,
TE B O AR A AT REPE — BT

WS b 22 g BRI 07 36, W5 Xt
2Pt AT AR ISR I, ARG T 2RI, (R
AT B WA /N, LR I SR e A
WA B P IMAAPLER (ZE@ Pk, LM
L) FEWUR, A fRHokig i AR R, Bk — 2P K
KB, A GIKTEACE WU A BCE DB, A
Bl AR R A R B, U P A A
W A EE AR, AT A — U T R
e, AR B AR 2, A AT R
AR 2 P A RORTARER BC OK

YR G B RHEYIBRET , TR AR AR
£, WOTREE A R AEKA, AREIRIESE a2 AE
W, T HASE SR AT, B R A T RE L
R ELEA B, ZOr BRI, 7R AR IR
] (4 TR) A i v 1 o0 5 A R, (A EE— AP
IV
S 3Lk

(1] F #k, mRAE, X M &8 a B (H)

834

[9]

[11]

[12]

[13]

[14]

[15]

[J]. W AR, 2004, 33(2): 73-76.

TREAE. SN T2 B BRI R [J]. i
F AR, 2015, 34(4): 9-12.

Mo dh, Aatl. SRCaRVEY SRl BRE
ZiTAE, 2016, 32(5): 728-730.

SRR R B A O MM R 2 /N B O A L
WFFEID]. T MR EE 2 kak, 2011,

ke, PVETE, BE B, % S8LA RN R 2y
PVERMEE e R[], BN 22, 2014, 31(7):
895-899.

PRIGEMs, Baon, FOWUR. kR A S 48U ML 2 By
ML [, o B 2 RE 2 Be 2% 2, 2006, 28 (4):
524-529.

Wi, TN, B, 5 ARAKES AR
AR A& Z N R [T]. RT3 5k,
2014, 29(3): 288-291.

X7, PhAERE, BEIERE, 4. AESRUOH G BUA BLEE
W R R B B ARG [T ). AR 22l (B2
FR), 2010, 48(3): 511-515.

WHE, BHEW, B B, % RS URA B b
MEEYR S RAHT]. 2 EEEEZ, 2014, 25(6):
1359-1361.

TR B TR GBI ],
Zuik | 2015, 34(8): 614-617.

SRIERL, INVERE, K, % FAERBIRBRSEARIE
WL, PIEZER, 2015, 32(2): 50-53.
i, BR4FRE, REATfE, 5. MLAEE ZRREARR T2
e BB F e ZHraife [ J]. &R E¥, 2016, 37
(8): 45-50.

BER. ZHRIREL RIS ].
2, 2005, 19(4): 53-56.

il g, BEOAR, Bl PRAbiE 8t Oy ik R s 4 B
[M]. dbst: fb Tk HARFE, 2016 64-70.

ik R, SEA, WESC, gk AaRTh AR RS A
fRlBg B 7 2 R AR BT [ )], fb2EAFgE 5 A, 2011,
23(3): 356-359.

AR

WAL TE Tl 2= B %



