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ZHANG He-Nan!

Abstract: [Background] Polysaccharide is one of the main substances in Hericium erinaceus and is
commonly used in the treatment of neurasthenia, tumors, and digestive diseases like gastritis and ulcers. At
present, studies on polysaccharides from H. erinaceus mainly focus on the structural analysis, but few on
the effects of different substrates on the physicochemical properties of polysaccharides from the fruit
bodies. [Objective] The physicochemical properties and in vitro immune activity of polysaccharides from
fruit bodies of H. erinaceus cultivated on different substrates were studied to select the better cultivation
formula of H. erinaceus with high yield and good quality. [Methods] Different fruiting bodies of H.
erinaceus were obtained by industrial cultivation with seven different formulations of substrates. The yield
of fruit bodies and the content of crude polysaccharides were analyzed and determined. The physicochemical
characteristics such as molecular weight distribution and monosaccharide composition of the polysaccharides
of H. erinaceus fruiting bodies obtained from seven different substrate cultures were analyzed, and the
differences in NO release from RAW264.7 macrophage cell strains were compared. [Results] All indicators
showed that the formula 2 (sawdust 30%, corncob 40%, cottonseed shell 15%, corn flour 2%, wheat bran
6%, rice bran 5%, gypsum 1%, lime 1%) and formula 7 (corn cob 39%, cottonseed shells 10%, wheat bran
10%, rice bran 30%, soybean bran 5%, beet residue 4%, calcium carbonate 2%) can be considered as
excellent, efficient and high quality cultivation compared with other formulations of culture substrates.
[Conclusion] The selected culture formulas are suitable for the cultivation fruiting body of the deep
processed raw materials for H. erinaceus.

Keywords: Hericium erinaceus, Matrix formula, Polysaccharides properties, Immunological activity
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WK B (Hericium  erinaceus) = & 14 B EL 1
B FLRIE RGO INAE, DI Sk,
PR XTRREE | REE A AN Ak
R, BERIFNE. BOIEAE. WEAh. DU . REIURE
WeRtee dr, Bl SA LBk, kST
PR, Sk A 2 Wt R R A B AR, TR
I AT R IR . AR AR /e R, e, A
KW 2R AR &, TEBE 25O/ T HATT
W T

T B A Ak I BCR RD, R, T
TEANREWE 2 H s KT ok . Ak, G

LN TR HAR I K, AR BT et fr RO (AR
ARHIEUCH R IEY, FE ST . BT
SR AR H ETAG Sk T R ) 322 SRR R U
ek BN T b5 RO A S A B sliiikre 3, 4E
Feh A R A B B TER, Ry i T B g
BRSPS R AR R R, i EA
SOV Tk AR B AU O R LB b, 4%
BRI G 5 22 2k LGS A L o AR
T7%79% M5k 11%-23%, SR1M, AS[EIERE: A%
XA Sk B 2R ) i FRAR YR ORD S R 1 T R )
ST AN fE DA .
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ABIFERH 7 AN [7] FR  2 Joroxot A k ek
P2 T AR, 73 AN TR R S R O A K B 15 4

MR 20 AR B 52,
FOBCAS TR AR 5 B B B W A . RAW264.7 B
i NO HYTEME2E 5, 3 HOXE 26 iU s,
M Sk T A T Y e e B T R R B 4 R B e
S/
1 MRS B3
11w
111 HidER

ek 0605 Hi bl BR B & Y
it
112 EFZERFIFNER

BB BRIfE B (D-Gal . D-Glc, D-Ara, L-Fuc,
L-Rha, D-Man, D-Xyl D-Fru, D-GIuA fil D-GalA),
Sigma-Aldrich /A w]; DMEM i%?%ﬁ RPMI 1640
REFRHE . R4, Gibco AF]; HEE. MEXR,
Amersco A r]; RAW264.7 255@*%(/]\5&@%%5@
¥k), ATCC (American type culture collection); HAth
A 7

/5] 5 1CS2500 B {434 , Dionex 2 &) ; Flash smart
JLEMTY, ThermoFisher /A7
1.2 Hi
121 #itEA

k1 pos, R 7 A, WA B
I IR B A W R R R R A A PR A R S
Xt IREC T 5 (KIS 78%, EkKZ 20%, f17EH 1%,
TIBERRES 1%); e HAiER: FoE s 2
By 1; V%L FRHAC b K AR AR RHAC EEASAE (F B
1%, AF 1% RBIHAIEC S 3 (FKE 78%, #k
JZ 20%, FIRE 1%, 15 1%). Bl 4 (FAF5¢ 43%,
ZAKJE 45%, kK7 10%, FIBE 1%, A8 1%)FIEd
J7 6 (KT 88%, #kfZ 10%, FIBE 1%, £178 1%);
DIKARE . KGR, B iR s e 1,
HRAEAS [ i AL L BT R i 2 (R 30%, £k
O 40%, FEFFFE 15%, KM 2%, #KEZ 6%, Kbk
5%, A8 1%, A K 1%)FIBLH 7 (K 39%, A
FF5T 10%, #kHz 10%, KM 30%, KEJZ 5%, &
S A%, BRERES 2%). i ELAURR A AL
M3k TR PR 22 1B K TR R e, T LS AR R IR

AL, Bio-Tek A H]; misiAHRSE, Waters AU . RO 7 SCIR M S I BRI G R o
F1 BIEFREBIFEREAHN
Table 1 The substrate formula of Hericium erinaceus fruiting bodies
WK TRE R L BC 7 ZH AL
Recipe No. Substrate formula CIN
1 AKRJE 9%, LKtk 34%, #RAFTE 21%, L KK 8%, #KEZ 26%, FIBE 1%, 18 1% 19.24

Sawdust 9%, corncob 34%, cottonseed shell 21%, corn flour 8% , bran 26%, sugar 1%, gypsum 1%
2 AJE 30%, EKiES40%, HiFFe 15%, TRk 2%, EkEZ 6%, KA 5%, AF 1%, AK 1% 27.68
Sawdust 30%, corncob 40%, cottonseed shell 15%, corn flour 2% , bran 6%, rice bran 5%, gypsum 1%

3 KIS 78%, FkEZ 20%, FIbE 1%, 177 1%
Corncob 78%, bran 20%, sugar 1%, gypsum 1%
4 FFFoE 43%, Z4KRJE 45%, %Kiz 10%, FIBE 1%,

Cotton seed hulls 43%, miscellaneous sawdust 45%, bran 10%, sugar 1%, gypsum 1%

5 KJE 78%, BBz 20%, 18K 1%, iHHEERAS 1%

Sawdust 78%, bran 20%, gypsum powder 1%, calcium superphosphate 1%

6 HEFFIC 88%, #KEZ 10%, FIME 1%, AH 1%

Cotton seed shell 88%, wheat bran 10%, sugar 1%, gypsum 1%

7 Tk 39%, HRFEE 10%, EKEZ 10%, KA 30%,

29.63
a8 1% 23.65
29.93

20.19

KEFE 5%, i 4%, BRIRES 2% 19.77

Corn cob 39%, cotton seed shell 10%, bran 10%, rice bran 30%, soybean husk 5%, sugar beet residue 4%,

calcium carbonate 2%
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122 FHiEEH

Fo A% IR 2 R4S 15 cmx30 cmx0.045 cm;
WP HEAA: 25 cm; MR EKE: 68% A AT ;
pH 6.1-7.2; 448 . 600 g; A RIG=H). 24
AT ERIRF), FKE(LRAE), Mk se(lAR
HHEY), KBECEMETT BiEfys), 2R (LR KRER),
FARALIRRFE), KREE (AR,

123 HiEFRZE

Fiz HE S 35 e 7 v A ) B RS v R B 4% b
JFOoRE, TER PR RS, mH S K RTE
60%-66%. FIFHEENLARRELE, ARIGRHP T 2T
W, & Wi, 1x10° Pa mEKE 2 h, BHIE
25 °C e Ja N T 4R, FE58 4 G RG52 by h ks
F5, PRSI S 23-25 °C, RN K 70% 74
AU KW R ICT AR A S 2%, g
bk, HHEEIREE A 16 °C A2AT, AHNHEEETE 90%
LI E, CO¥eBEEHI7E 1 500 mg/L LI, Fifski
TN 2 A TR, B E 5 i 100 R E AT
13 ZEEEHINE
131 #FNRIH &

Z PRSI A TR IE NY/T1676-2008
AT Bk A 7 ASASIRIEC Jy J ok B (A Sk T 75K
TRRE SRR L 20 mm FLAZGH, 43 BIFREL 0.5 g jik
A 50 mL HEEB.LAE . 5 mL Bk,
ZEMR NN 20 mL JooK ZFE . fi e PR AR5 1
FEAR G5, BT 600 W A FL B b i i 75
FEH 30 min, USSR Z S, F 13 000 r/min Z.0»
10 min, F2 FiEW. ANEYAH 10 mL 80% 2 B
WEPE, FELL 13 000 r/min 2.0 10 min 7 B,
AT Y A B04, A 50 mL Ea4lizk, FIH
TR IR G TR, 100 °C $#2HL 2 h, &H
Fggi, T 13 000 r/min B0 10 min, B ERFEN
IKAEZSH) 100 mL, IEE RN A Z2 0500 E 1
132 EBElE

FIH 0.1 mo/mL 4 BEAs 1A B 53 i HL O
0.2. 0.4, 0.6, 0.8, 1.0mL T 6 M4, fnz&Eig
KANFER 1 mL, R mL @R Tk, bk

WE BN 0.5 mL 5% AEYAR, FEIIA 2.5 mL
98% MMk AR, i IR IR G % RS, Rl
BT 100 °C /KA 20 min, AHIREEG , 4 HlER
AXAE 490 nm TUNEOGEE DARG AR R R B
REARER . WG M RAR BRI bR e 2R . 45 EhrifE
RIS e
o m, x100

m, x0.2
H, my R AR R T2 A5 A 0 R P
i, B FI(mE) ;s my AR BT, B ()
o NEWES R, BN R A 5E(9/100 g).
1.4 ZEHSTFESHUE
1.41 #mAYH LR

B ER 2 mL, F 12 000 r/min &0
25 min JEHU I, 2F 0.22 pm A K ARGALIE L g S
¥E4T HPSEC-MALLS-RI 7347,
1.4.2 REhBECH &4

T shAl A% 0.05 mol/L f) NaH,PO,4 1 0.15 mol/L
1 NaNO3 ¥ (pH 7.0, 0.02% % 41)™,
143 BIESHTEHE

K H] Waters €2695 = %0 AH 22 GE C LABE AL (13
F: TSK PWXL6000 F1 TSK PWXL4000 #: 5k, 2414
IRZETEHRES . DAWNS OGN F /3 HT 228843
TR0, - ASTRA 6.1 Fda /i -5 a4k
Pt RN, T e 0.5 mL/min,
AR EAE 35 °C; IOGKIN #R G IR I Kk
FH 623.8 nm. ZHELER I H TG 450 i (dn/dc)
Fic I8 0.146 mL/g 71455, 4 2% Shodex standard p-82
IR
1.5 BAIBEB ST
151 #@maE

H R Z B0 R R TR IS FRE 2 mg LA
KR, HIA 2 mol/L = ZMR(TFA) 3 mL, 7E
110 °C TKf# 4 ho K fifis FHAMAR T, FEIIA 3 mL
HEERT, A 34k, HEREREZHIR.
FHABAEKIERESRZ 100 mL 400, HESUHE
3% (HPAEC) I 7 /K fiff 7 40 v (%) FROBH2H

x107*
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152 @ik&H
CarboPacTMPA20 B & + =& #ft #£ (3 mmx

150 mm), A1 30 °C, #FFEE 25 pL, s
#i7k . 0.25 mol/L f) NaOH F1 1 mol/L 1) NaAc,
1.6 RSMNRIH B BELE AR AYE IR I8

3R Z W00 WO KB T (5T 3.0 kD)
48 h Ji, WIETHSRIEES ] PBS VA il i
5 g/L IFEM, 12 000xg &5.0> 30 min, #f FIFKIK
PR 0.5, 2.0, 5.0 g/L £5FH(1E L He N 50,
200 F1 500 mg/L). 2 BESCHR[10] )7 7405 B w52 ifd
RAW264.7 ) NO j" i,
17 HitFESHh

K Origin 2017 353 K 22 1€, Fi] SPSS 22.0 #k
125 i Bonferroni 3 0EF 748340 AL B

2 HR54H
21 AEERERFEKFER RS

AN T e 366 I ok B+ ) S AR R T R TE
KRS, ai BB HES (A 1, % 2). AFE
B IS B A 2R S R LR 2, AR
FREGA, DU BN A T B TR KT
JRFTP TR BE T, AR AR A i I 1 A
NYSERRIEEL T . R R IRYE, B = AR
RSBy R 4 RE ST, B R e i

fibr. SPSS PN R Jy 220 R W], Ay
FIY FAEH 16.927, AHNIMERAESE 0.00, /&
FKF 0.05, FEBEAFEIEL X H a6 7= g w2
SR BCT 2 RS IR RE T, A
. 5% 140 g, AW RCE N 56%, LT 3IRZ,
i itk 118 g, AR N 47.2%; Bl 1F
SRR 113 g, AEWIERRTR 47.2%, X HASRC
T R AE Y AR 25 O 18 3 (P>0.05) . it 7
4 I, TR L, gk ah 108 g, 4
YIF%ah 43.2%; iy 6 FIEC T 7 R HAR
NS, Mg 96 g A1 98 g, AWK
435k 38.4%F1 39.2%. FicJy 5 FRIEHE, Pk
Fra i, h 89 g, AW ACEEAL, H 35.6%,
5WHr 2 254 8 2 (P<0.01),
22 fHEZWEE=E

RIS AV b AR YE NY/T1676-2008 X A [H]
e 7 o B Sk B TSR 2 S i T T I . AR
2 AJLIE W, BlJr 2 MIECHT 7 MERE R, 47
k%] 7.06%1 7.78%, 1Ml 3 FIZ K RHRAK,
1 3.07%. SPSS FIAIZR Jy 2250 Arai Rg& W], i)
JrFIN F &N 653.142, /NTBEKFE 0.05, FHitt
ANTRVEC 5 % F - SRR 20 & A B RS2 5 i
75 2 FIEC 5 7 5 HoAh S 5 % oA (3% 22 5+ (P<0.05)

1 AEETIRKE T RS

Figure 1 Morphological characteristics of Hericium erinaceus fruiting bodies at different substate formula

e A L B: Bir2; C: Bik3; D: fidh4; E: lidkh5; F: By 6; G: Bk 7.
Note: A: Formula 1; B: Formula 2; C: Formula 3; D: Formula 4; E: Formula 5; F: Formula 6; G: Formula 7.
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R2 FERZHEKMK

Table 2 Important horticultural traits

W E TR T TR B PR B S5 2 g R ERE &S
Recipe No. Shape Bacterial spiny differentiation Meat quality Yield (g) Biological efficiency (%)
1 SN T B o 2% 113+11.16a 45.2
Large and round Moderate spines Tight
2 (I SNUET B3 o L 14049.31b 56.0
Large and round Moderate spines Tight
3 T SNGE BRI B 96+10.59¢c 38.4
Large and round Moderate spines Tight
& (I SNUET EpLT E 98+13.78d 39.2
Large and round Short bacterial Tight
5 TR R % Eapillc B 89+11.12¢ 35.6
Round Short bacteria Tight relatively
6 TE AR 5] Eil K A 118+12.82f 47.2
Round Long bacteria Tight relatively
7 VNG Bl s 108:9.01g 43.2
Round Long bacteria Tight relatively

BB DL 30 MEEASE-HH+SD 2R 52 5 b AH IO B3 1E25 5 (P>0.05),b 5 c.d e .f Fl g ZAMOBAEA A B 3E 125 5 (P<0.05).
Note: Values shown the samples (n=30); a had no significantly different compared with b (P>0.05), b had significantly different compared

with ¢, d, e, fand g (P<0.05).

— b ke LA O =] R

Polysaccharide content of crude (g/100 g)

1} 4
1 2 3 4 5 6 7
Substrate formula

B2 BEAEFEAEZSRESE
Figure 2 Polysaccharide content of crude extract from
Hericium erinaceus fruit bodies

23 ZEMSFENTH

fdiF] HPSEC-MALLS-RI 434 7 Rl [
TSR TSR 2 AL 15 T, FFRIA Astra
B BT A TR (3R 3)o 7RISR 7 B Bk
B B Sk B P SR 2 R I A i S o A A M
U, HEAS B ZFHE . 7 FiORRE

B 7 3k TR SR 20 HPSEC 34T 3 il
(&1 3), I 1 BT 143 TR 7E 1.0x10°-9.0x10° 2 ],
g 2 (ES AR 1.0x10°-7.0x10° Z A, & 3
TS FRTE 1.0x10%-9.0x10* i), KWk
TS e T T T RAE TR IE
fii o 2% 3 ATHL, By 3k i TR HHTE Peak 1
hE R TR, N 8.779x10°, T i el i s
K F 23.7%; AT 2 Mk T SE R ZHHAE Peak 2
H T (5 B 25 ik 69.9% , TEHAM Tk h 2.877%10°;
BiJr 7 7€ Peak 3 /Ny Z Ml Br o Lo il i e 35
50.4%, T34 T H 8.949x10%, %4k REM, M
S R SR 22040 1 A 40 A TR AR 5 35 T A AR [
AR KES, FFh RN ik, s
AR E TR, S Ko F 2R 2 s KE
5RO H BT I, AR Sk 2 oy
W SNEID N EFER NS SENN A E Al
R, BB T IR LT G e A Sy T 4
IR W 5 T A B 22 W A AR P A T —E

B
-7 u[ﬂ o

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARG AN AL ORI Bk 18 - SR 2 M B AL L ORI A M 7

109

®3 ARBEAERBIETFEASENSTFESHEE

Table 3 Molecular weight distribution of different substate formula polysaccharides from Hericium erinaceus fruit bodies

HEAET B EER AL B . AR BRI, AR5

. Peakl Peak?2 Peak3
Recipe
No. Mw Mn o Mw M, A (0 Muw My .
(Da, x109) (Da, x107) Mw/Mn Ratio O6) 3, ".108) (Da, x105) MwMn RaUOC6) 1. 1% (Da, x10%) Mw/Mn Ratio (%)
1 155 135 114 930 1.26 077 164 51.90 3.62 318 114 3930
2 5.50 501 110 11.90 2.88 165 175  69.90 1.63 150  1.08 1820
3 8.78 566 155 23.70 176 123 143 5170 6.63 620  1.07 24.60
4 2.07 144 144 1070 1.17 070 168  43.60 3.25 281 116 46.20
5 3.58 310 115 950 6.24 544 115 56,00 4.95 331 150 3450
6 2.53 206 123 7.10 2.34 131 170 4810 8.00 712 112 44.90
7 2.15 159 135 590 2.02 144 140  43.70 8.95 777 115 5040
54105 — -Tormula | 2.4 i*fgéﬂﬁj\ﬁj\tﬁ'
N —— Formula 2 ] e X 25y
L. - Formula 3 Peak 3 I N EE WL i fO N RN A 2
5L —--Formula 4 § . . P . "
410 7" Formutad ™~ 55 (5 it (HPAEC R 775 B AL A I P /i
110 T Fgm:i:g’ IR 4. R 4 WAL, Bk eik e+
= v ) Peak 2 N S e | = TN N N
= SR EUNE . mAERE . HERRERCS SR, IR
1
22107 AR SR A SR . AR
. Peak '\ FEFTR R T 2, R 7 RS RI
x T : ~, N y
4 TR Z R PR R R I 2, S A E
0k -
40

34 36 38
Elution time (min)

28 30 32

B3 AFRIERKERLE S BRGHEEL

Figure 3 HPLC chromatograms of different matrix
formula polysaccharides from Hericium erinaceus fruit
bodies

R4 FREAEFIEKETRAZ MER BHEERRERE

JRR S 45 B W Ak 1R 2 W AEAS MR A e —
ZE5e, B AT e S R R S VR A 2 b s
ik, DR HRARAT R T A Sk R 2 2 o i s 4 {3t
1Hhs o

Table 4 Mole ratio of monosaccharide of different substate formula polysaccharides from Hericium erinaceus fruit bodies

e )5 9 EaRL L (ERA(RL HER A Sk Gikai (ENi bl
Recipe No. Fucose Arabinose Glucosamine Galactose Glucose Mannose Fructose
1 0.8334 B 0.347 4 3.309 4 3.3215 1.000 0 0.4337
2 55841 B 0.4451 2.634 6 6.5770 1.000 0 B
3 7.6703 B B 4.964 1 10.568 2 1.000 0 2.3230
4 3.1640 B B 6.0155 4.697 3 1.000 0 B
5 11.157 6 - 0.586 6 3.7530 4.2919 1.0000 -
6 13.850 7 B 0.400 6 3.709 2 4.335 6 1.000 0 B
7 15.918 3 1.6757 0.910 7 2.694 8 6.9158 1.000 0 2.1539

W - RKIE].
Note: —: Not detected.
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25 ANEEFRIIERE K EME S R E
Bl RAW264.7 F=4 NO BYF=2

RAW264.7 ELWEA i Abelson BRI LI
B S/ INBUT AR IR IS WA/ BRI K B B
2 A5 3 B 20 I AR T 224 R A AR S A B A
WEHURIRE ST, JeeEY: . SR s R
YMERE. FRIE 4 AT, 7 RIORIRIES H B9 Sk B g
PR ZZ R W20 = A2 NO TS ME A e R 25 5,
HH Ay 4 IRy 7 BB 0k B TSR G
AR, LARTC Ty A v 3 T P SR s 2 e
Jit NO [ iE PEB AT Ve BE AR, B — 7 13
15 EVEAIAE . Bl 7 #eBE SR Sk E oL
PR MR o F R T RN AL 53 7 BRI R 43
oy HATFXT AT (16 P s BT 4 AREEAS 201k
TSR Z L ZUR Y He R, e hirh kgl
W o5 TR A B R B TR, B 4 )
TSR 22 WE R B 0 0T 0 M S X — S5 R AR AT
BEAT —E HOAR D

25 L B 50 pg/mlL ok
- V7 200 pg/ml. {
Z 1 500 pgiml. |
20} oy o
< " " £
—_— 'uﬁ’

3 &

vy

= ’ E9%7

R %../? 3

ES '.%/ Y

2 X

- ] S

210} sy

A xw

£ g % £ HA o

: 'FlLilL

7 B S B R
K4 % (% k4 k47
PBS 1 2 3 4 5 6 7 LDS

Substrate formula

4 TREEREFIRREFRAEZHEX RAW264.7 E
Wk 4 BELAE AL NO B S0

Figure 4 Effect of different substate formula
polysaccharides from Hericium erinaceus fruit bodies on
NO production by RAW264.7 macrophages

IF: PBS: BEERERZE M LPS: ANHNE M. *. SXFIEMI 2
SRR v ST RRLUM L 25 e e

Note: PBS: Phosphate buffer (negative control); LPS:
Lipopolysaccharide (positive control). *: Significant difference at

P<0.05 compared with the negative control; **: Extremely
significant difference at P<0.01 compared with the negative control.

3 WiE%i

w4 Mk, VFEBEL TR R AEYTEE LS P
PR, WEARSS . MR BEN
B, SR B Ak A ks,
FEXLETE T, Sk TR 20 R R T
Wiz —, HA 2P . R
PrEREE . R . pisEest BErA e
R Z WA A TP e 23R s alifh
GhAe . 2GR A PR R T, RN [RIC
XoF A Sk TR S A 1 52 A BIF 5 S BIR LA 2
PER =BT, A SEEE Tk TR SR Z BRI
BRI T S G P 7 A R S o AR ISR s . AR
TR, ARy AR (K o SRk 2 0
PRI I S G A BRI 22 5. iR, i
T5 2 RISk TR R S AR R L
W2 FR R E K, w2 S R A X
B, A B TS AR R R T s BT 1. 3
A7 EYERCR BRI 2, (HEEARIRFRI
KA, BoO7 713800 F SRk 20 e, HIE M
AN, SR RAT o A Sk B S A A de AR i
U7 o B AR ITAN R B IR 3/ N Sk B 5K
TR B & B, DR KO R R IR
S, NS PR TR, TEZLiE . M e,
AR, FEAIRTER, YRR, HE
R IARUR T 2 SRR, X S A S ZS IR AH
_ﬁ[[lfﬂo

ABFGENT 7 FIAS [ TR S 1k 1R - Sk &
W ZEFRFEEAT T 2007, R BN [RIC Ty AR (e A
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