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Extraction of polysaccharides and peptides from Dendrobium officinale by
Bacillus fermentation method and analysis of their antioxidant activity
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ABSTRACT: Objective To study an effective method for extracting polysaccharides and peptides from Dendrobium
officinale, and analyze their basic properties and in vitro antioxidant activity. Method Taking Dendrobium officinale as
the research object, the Bacillus fermentation method was used to extract Dendrobium officinale. The polysaccharide and
peptide content of Dendrobium officinale extract were determined using anthrone sulfuric acid method and biuret
method, respectively. The traditional hot water extraction method and ultrasonic assisted extraction method were used as
controls, the antioxidant activity of Bacillus fermentation extract through indicators such as free radical scavenging
ability, chelating metal ion ability, inhibition of linoleic acid autooxidation ability were evaluated. Results The process

parameters of Bacillus fermentation extraction method were feed ratio 4% (g/mL), fermentation pH 6, fermentation
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temperature 33.5°C, fermentation time 46 h. At this time, the polysaccharide extraction rate was 37.21%, the peptide content

was as high as 4.43 mg/kg, and the molecular weight was mainly distributed below 2000 Da, accounting for 84.95%. The

extract had strong scavenging ability against hydroxyl radicals (-OH), 1,1-diphenyl-2-trinitrophenylhydrazine, (DPPH)

radicals, and 2,2’-diazo-bis-3-ethylbenzothiazoline-6-sulfonic aci (ABTS) cation radicals, with Fe*'chelating ability of

67%, linoleic acid inhibition rate of 53%. Conclusion The extract of Dendrobium officinale extracted by Bacillus

fermentation method has high content of polysaccharides and peptides, and good antioxidant properties, providing

theoretical guidance and experimental data reference for the development and utilization of Dendrobium officinale in the

fields of food.
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Table 1 Level table of orthogonal factors in hot water
extraction of Dendrobium officinale

K ACRRAEL)(g/mL) - BUREE)SC  CEHRIUH Y/h
1 1:20 70 6
2 1:15 80 12
3 1:10 90 18
4 1:5 100 24

2 MUHRKREHERZIRLE
Table 2 Orthogonal experiment results of optimizing hot
water extraction conditions

%5 A(g/mL) B/°C C/h Z W%
1 1 1 1 22.34
2 1 2 2 25.78
3 1 3 3 27.28
4 1 4 4 26.62
5 2 1 2 30.12
6 2 2 1 25.66
7 2 3 4 25.18
8 2 4 3 23.74
9 3 1 3 34.56
10 3 2 4 31.18
11 3 3 1 30.44
12 3 4 2 27.08
13 4 1 4 21.19
14 4 2 3 21.72
15 4 3 2 22.08
16 4 4 1 19.95

K, 102.02 108.21 98.39
K, 104.70 104.34 105.06
Ks 123.26 104.98 107.30
Ky 84.94 97.39 104.17
ki 34.01 36.07 32.80 ’Zg}f
ks 34.90 34.78 35.02
ks 41.09 34.99 35.77
ke 28.31 32.46 34.72
R 38.32 6.95 5.78
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FH ¢ 3 AT, SRR BB N 75 0 Al Bh 4R 2 vk iz
A2 IR R BRI BAR . 13X AT BEE: B R UK SR B
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Wi, SE0R R A R ) 22 IR A B TR oV e ke TR P U
BRI T RE RN AR A B IR | AR R, WH A%
FA) 7 et MRk R A AR 2 L, DT 75 22 AN B A R0 A
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AT BE i R AR R W AR A I RE 0 I 2 R I, X TR
ELRT LTI s B SR 4 Bz ik 1) 41 R B TR TS B 9 3% PR ) ok
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HFBO AN, &R R AENS P A FLRR A PR, Wk
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#3 TREHRMAEMZINEE. DH M APCL
Table 3 Peptide content, DH and APCL of different
extraction methods

REUTE ZH0E E/(mg/kg) DH/% APCL
POKIRIGE 0.79+0.036 1.42+0.044  2.87+0.015
R DR 1.24+0.020 2.79+0.017  2.67£0.026

PEIE
KRG 4.43+0.035 16.37+0.040  6.08+0.021

POKIEBE Y DH £AIK, FTREE i TS R
FEIEEM pH, S EEREGL AR P 2 ARG 58 2K R, B
BRI DH B, U I 1 BE Ak i A
YA, A2 A 4 M PN ) 22 KR 5 W RRCRIAR B R IR
Uk DH e, UERHR B R i o rE A 2, REn
R 22 KA B A

POKSRICGE I APCL %, BEHTZ T AR RE5E 2R
ZIKEE, o K 0 2 R EE AR 2 AR T R AR e
NGy A, B AR BIRIGA R APCL 8K, Rl
AR R — ST K I Z IREE, (115 APCL A% Kl
W APCL fer, UhHA R B R e (e F — S 45 J 2 ik
WA, 13 APCL 8K, #F—FRM T A B PRk
B m, AR TR e A .
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&L 2 Ak 4 AT, B LIZNT 2000 Da /N
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Fig.2 Molecular weight distribution of polypeptide by
fermentation extraction methods

x4 TR TFENZREE
Table 4 Content of peptides with different molecular weights

4y FH/Da ZIRE /%
>5000 2.77+0.020
5000~2000 12.28+0.030
2000~1000 17.32+0.020
1000~500 25.83+0.017
500~300 24.69+0.026
300~200 10.78+0.020
<200 6.33+0.010
J31(<2000) 84.95

2.7 MEMNMHEEESR
271 Oy, -OH, DPPH B WA A ABTS 0 5T & W &L &
]

14 3 FhRIOT L ARAR Ak K A RGBT TR AL
RERIE, DL VC A FEMEXTRE, JEXT O, -OH. DPPH H
FFEFN ABTS BHE T A B BE RIS BRVE R . T VC #4351
0.5, 1.0, 1.5, 2.0 mg/mL HI/KIER, BHUKECTE9).
AR R IUEE] R 30 min), &R ROEK B G R IGR, i
T AR ) o 2 e E e i, R R AL R o

I 3 AT, PRI, 2% A J 2T 4 F
A IR B R A AR VC IREERY 50%, 1A ik
BAT—E Wbt e etre, wrs Ak B i E T, E—
Fp AT (0 RARPUSAAL R, 1T RE Y 2= ZEAL G 2 2 1 Jik i e
J&, A VEReNS T 10 At SN RE, B LA R B
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Fig.3 Antioxidant properties of hot water extraction
method and VC
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5Bk ABTS FHEF A 3 AHLH S50 F 454 . A W .
Oy SRR AT, R B Re A v B PR AE 1 SR AT
R AP S 21 MR IER, RSt | BRI . &
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IR HAHER, WmifE ABTS FHESF H h2EH ) o - 52Im
i, HEMAE ABTS BHESF A BB IE bR 8875 i 4l B R
SRR PR A Rl E O, FECH BRI Z A Y ER A
SR, B 2 00 Mk 2 B B s R, DA R R B
ABTS FHEF H 3R RE

7@k B VC

QAN
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Fig.4 Antioxidant properties of ultrasonic assisted
extraction method and VC

&S AT, 48 2R AT R R I ER BUS , 2.0 mg/mL 42
IO -OH . DPPH B 25 BRAE 1 RIREE R =, /Bl e
2154 32.90% . 35.07%, HJER AT B8 2R AT B AR 3

PECLBER P 2B T R, T S h A
Ae1. gy Fid BB 2L S R E S P,
TEAWIA N, 2Bl AEL 2 O 4 0 1 T RE T 28 2 i T L RHLAG,
ZWE > T BOR ORI OR, e —E TR b2y
SR L B B P A T L 53 AT RS, ke
Ha R R RBOE P Z IR LS S, A TR AT
ACAE T, AT G A8 Bz 9K 32 30 B4 ) by 450 00 A 0 S BR35 6)
UK 175 3

N Kk #VC

LS LSS LS LS SSSSSS LSS

Il A idldisezza
(LSS LSS LS LSS LSS LSS5

5101520 051.015

05101520 0 0 051.01520
o, “OH DPPH F fiE ABTSFHES T [ i 2t
JF i BE /(mg/mL)
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Fig.5 Antioxidant properties of Bacillus fermentation method
Bacillus and VC

272 RBURLALE 8RB AT

X % WP BT 2R A 7 3% 22 1 = R gy B A alif, K
YA S TR  BA 43 2 B B RS B (40K 10 kDa &3
WHAE 5 kDa BIEIRTR), BI AT I4E B AR 2 F= A B
BEBWME LW, DI, KRR FRIARE
BE, 43 B2 T4, 0 R TR o4 BOv 4 R A B3
THBREETT

FH 3% 5 AT, ORI 43F4 v Bov-OH fil DPPH A Hi 5
FA) ¥ o3 SR A X ¢ v, 9 BT 30 8 22 RS V] 3 BR i 1 K
o ARPLEIE IR Z B S BR R EES, HTEN
3000~5000 Da #1 3000 Da DA T 1 2 B AE S T A b bR b
PRI R IERRSR, B BORMPTAIIEE, XTTEER
B hax 2 2 ik B B S5 M R e e I M SL R R, A
FIF5 B thEAH AR RIS EA]; misTF5h 5000 Da L
LW Z ARPUA AL TE AR BT, X AT AR PR X e AR Y 2
MRS M 2 E P IR R RN 2, S T BT A th
Z IR A EAEH
273 REGRHEAE)E BT RN E

Fe B by S — Pt g Jo S Ak 7 A i iy g i 5, &2
BEMSTE Fenton L H ™ HY BSR4 -OH, X Fifb & HIRERS DL
BOFIFREE h I A ) K A 7 R AR VE L, DT Yo 240 B
BLE K BEIR o nT 38 i PR B BOROG Fe® I EE A g T R/,
UEBH ILHT E A 13 55 .
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x5 TESTFERBM 0, -OH. DPPH BHEF ABTS PE T B &K B MR AE I BIE
Table 5 Scavenging ability data of different molecular weight fragments on O,™,-OH, DPPH: and ABTS"

i H 10 kDa LJ | 5000~10000 Da 3000~5000 Da 3000 Da LAF

O, THFRHE/% 28.13+0.026 29.79+0.010 35.49+0.010 39.49+0.026

-OH 1 BR3/% 38.44+0.020 31.46+0.017 43.21£0.017 51.22+0.026

DPPH H M FEEFR%/% 36.73£0.010 30.57+0.010 45.52+0.026 55.27+0.030
ABTS FHE T A B EE R E% 25.66+0.020 27.26+0.020 37.86£0.035 41.20+0.020

i 6 FIRL, REHRBUENE G RE I ROR, 1K 67%,
BB T RBHRBGE AR T R Z IR, TP
LR IMEE FRILY F R A AIERSH, W
N KEE 71 Hh KR AR B 2 A PR R I B B R ), Bk
2 R F) A Sl M0 28 235 F DA R v PR A R B P, (R O o
S EIRETES . 1A, SRBGRHAAAER /N Tk, AT
B 2 WU Z PR AT ARRL A 25 11 54, 3 3 < BT 8 4
SEE T, WERRRGR S RET, A

80 -

Fe* B A RET1/%
IS oy
S <

[\
S

PokfEiak B ERBERIGE  RRHRROL
BB A RO
B 6 AFRBOr A FRBGRT Fe® 241

Fig.6 Chelating ability of extracts from different extraction
methods to Fe?*
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FE 7 BT, AN RSO 2 S BORO6 W 2 3 A AL
WAAMEIER, B 745, RESRBUEAINEI%E 53%.
UL A A — AR, EiTS aRER
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Fig.7 Inhibition effects of extracts from different extraction
methods on linoleic acid peroxidation

AR . R B P BOR BT AL By fesit, W RESE T
HE &2k, gk M s SRR AR 5 B K P R 31
PR BB L, BT TR B A A i R R A
F5 KR 0, B BRI A sk, K
PSR BOR P R /o3 IRANSR S5 A7 IR IR R B RE AL, tam] LA
e i R L A RS ) SN i B YA W FA A SR
LRI, WD g B AL S

3 &

3 FPERIOT AR B A RHR IO, fE2 PSR |,
POKPEIF A 33.51%, 75 4 BRI 38.31%, 2f4f
FFE R TR EGE R 37.21%; TEZMRSG &, RBEHREGLER
B2 i h 4.43 mg/kg, 25T & FES3 T 1E 2000 Da
VIR, 5 84.95%, MARBGEIRE T AP A fbtEre. [
i, ARFESFa 0 2 YU A A RE IR S R R T /N
1 22 RO P AU AL R REHR T HAT 2

AL PE LS S R, R I A B AR RS 7R SR U
HppE A R O, AT A R A A P BN AR R N, AT
YN L RE B 75 D) W AR AR 22 (W T M 2 W B, AR T
Bk ABTS FHE ¥ H HIEMEE S o K EEARBGE I AT 2545 5
ZIWEFRYE, A8 TH#TH%-OH . DPPH A H 31 ABTS
PHES 7 H i A0 BRBE J1 o I Fe BE G R L WMk H 4
AR ) G R R AT B IO X 2 B B B RO,
Horh B BB BOE A SR S b, 5050k 67%F1 53%, X1
HH % R H O S U 0 M sy, PT LA sR SR IO P Ak
PERE

ZAFIE AT AR A R R PR RE R T —
MBI . H P B Hl AR AR &, RN h B
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