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Changes of Nutrient Components during Solid—State Fermentation by
Poria cocos Using Wheat as Substrate
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Abstract: Poria cocos was cultured on the solid medium using wheat as the sole substrate. The
kinetic changes of extracellular enzyme activities and nutrient components were analyzed. The
results showed that the amylase activity reached its maximum (494.2 U/mL) on the 20th day of the
fermentation, which was maintained till the fermentation end. The highest xylanase activity of 1
073.2 U/mL appeared on the 20th day, and hereafter a slight decrease was observed. For the cellulase
activity ,there was an increase with cultivation time,and the maximum activity was up to 1 280.5
U/mL after 40 days cultivation. In comparison with the unfermented wheat,total sugar of
fermented-wheat showed significant decrease,whereas the contents of reducing sugar,
polysaccharide and triterpenoid were increased obviously. Hence, enzymatic catalysis of Poria cocos
by solid-state fermentation could efficiently improve the nutrient value of wheat.
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WHSEE: 2017-03-13
EETHE: WA AR E K &G TR H (2014N2101) 5 48 845 [ 5 & KA 54 75 H (KNJ153000) ,
EE B R (1992—) Lo, W+, By FESc e Ui, E 2 E A & 5 R 58 . E-mail :644719198@qq.com
EAEEE WO HE(1962—) B R L BE S AE SO0, RN R RN JF RS LR B m gy
E-mail :2692609765@qq.com
SIRARST : ZRH, MOME, 42 SORR , 5. IR (1 28 SR e /N 32 B 0 0 4 A8 AR A AT [0, 43 55 AR W R 2 42, 2019, 38 (12) : 103-109.

AR5t £ 71k 2019 5% 38 % 12 1) HIER



RESEARCH ARTICLE

LI Jiahuan,et al: Changes of Nutrient Components during Solid —

State Fermentation by Poria cocos Using Wheat
as Substrate

% (Poria cocos (Schw. )Wolf){E b —Fh 2 ] B
LIRS SN RS 7/RTR X7/ ) R ORISR
R ET DY ER G SR 2R AR Ry
SERRFTAESE  ARES HA HUMR P AA Al 1S R S T
RESE Z R A WIS PO, BB B, AT AR % 1 A
AR R T F SR 3 m] DL o LT 22 R A T RS
B A A, BRI R )

AW EA F 5 0E IR T, ek G E
TP RE W7 B TC R 55, ATk 25 G A W) A K BT i 1Y
BRI SRR R BERE T, B SR R L A
WAEZ kB Ia , FUE IR MU R BN F s o SCIRTRY
WHFERB, & A S Kk I J5 /Y UL 5 58 SRHE Y,
TR Iy R 5 W i AR Ty B AR T, 3
BRISIH B 7T A i, e VR &L 2 R B AW & K
W AE AL AT [ 25 R W e, R =l 2 M SE BT
SAAGTE R B B AT TR T, W B B SRR ) W
5o SCHRPIGS 3R B R R BOK REOK R IFAF Y, K B
PRI W) 22 5 e )i, JL BT AL RE ) W) i 1 i

TEMAYRIERTS , SR8 SR AUk A T 7%
A, [R] B I o = A g A 7, — R 4R T
TAYIBEIE . HAEC A B e 0L LIRS T
Ry T PO A W AT R R ARIE , B R A W ST R K
TR TP TG S AT O I AR A I ST o AT
G R IO T DR AR 1) AR 25 T8 X /N A2 kAT K W, 9126 o1
M 1 I 3 R v AR 25 T O B T A o ) 72 A, IR
W TS5 7 W E IR O A Z A S AL A
H O AR W 10 IRV ORE S5 Tl BE A 7 il 1 T K 4
AR,

1

1.1 ER5iKH

/NZE W) AR AR T T 3 5 AR TR R H A ARk
KA TR g 2 4240k, %50 W B Sigma i
F w5 HoAd R Bk 43 B 2R
1.2 {(#E5E&

Agilent1100 /=5 20 AH (1AL, £ Agilent /4
A7 s BST10S BUH  KF, 38 2 Bk 2: A0 25 (b
50) A MRS A LDZX-50KBS %I 37 2E 757K
KRy, b A R AR R 3 s DHG-9203 Al g
TR, LR 7 28 &) 77 b s LRH=250 704 48 i 15
FRAR, T WL R AR ) i1 ; UVI100 B2 4043 560
FETE, b SRS R A AR AT B /7 A 5 5804R 7Y 5

B URE DL, 72 E Eppendorf 28 w77 i ; PB10 #I pH
T TR E SR 2 R AR ™
1.3 LA *
1.3.1 3#5A& PDA & EARRE A : £ 0 (X))
200 g %4 20 g K I HR3 o R IUR 3 g B
B LS g IR A 1.5 g MEAE R B 0.1 g Bl 20 g,
Pk EZEE 1000 mL,pH [ 4%,115 CK 30 min,,

INFE ARSI A s KRN h R i 5 s /N
WKL, FHZE 1R K i 2~3 IR, K BRIK 4> 22 Bk 5
T, INZEGR K NI R BN EE , F 40 CKIE 2 h, ¥
INERF L, SRR L 1512 I A ZEIR K B BN
WA O, RN E RRERTT, DLk 68 IR
Ko B BIFHY/NEERL ST T RS, B 110 g,
JES, B RS 1T 5 121 “CKE 120 min,
132 B 5K KRS A9/ 2 18 AR
FRIBHE R, UG AP R ZE T R 5 mL/hg
(B Pl /N2 Ak R, BT 26 CHE IR 5 754
HRE IR RERN S BERE S d B L RRE B B SRR AR S
J5E T 60 CH T HEHLA T4 48 h, KT S
KW/ 2 B2 LR L 3 60 H i, T T
P A PR T AR A AR IS S8 55 o DU 52 3, R
PR /NZE G i bR A BG 1E R X B i S5 1
TE 3 YT,
133 #BURH & FRENEZBOE BRI 2
J&  FREC 10 g FasR RS 5 85 2 100 mL = Mk
H, A 50 mL W zE K, T 150 r/min, 25 C1H i Ik
R IR B FE 90 min, £20Ahid )5 ,8 000 r/min &
O 15 min, BUE R BE IO, FHF RH DG TG
i A pH R AE
14 JEHE
141 BiE A el & 7 sk T8N IS 1 5 1E 3
R [10] 7 Jr i B A7 Bl R, SR FH U Fr — L AL 2 6 (0
%o X 60 °C, pH 6.0 5,1 min {1 pg Af
VPR VE B T B AL 1 ANEE R U

AR TR BTG 10 5 J5 2 AE SR A O i kAT
MR, R A 3,5- 3 KR (DNS) 2 . a2 X 50
C.pH=5.2 %M F ,1 min A= 1 g D—AH Ar 7 il
WO 1 ANEEE T AU

R F L 2T 24 3R i 1 00 2 vk A SCRRM ik B
HEATECR SR 3,5- Al K R (DNS) 25 o 5 X
50 C.pH 4.6 M4 F ,1 min A= 3% 1 pg % b
(GLU) fir it B it o4 1 AN 36 g s U™

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.12 2019



142 HREFEE D ETRmar i

1) pH{EM A« F pH ST RF S5 kL i 5 B0 ok
AT IAE o

2) FEFRINAE T ARG SR F HPLC 060 7 /)N
2 PR R o A0 BORLEG R 0.4 mL, A 0.2 mL
R O e PR s BIRA 1 min, 8 000 r/min 5.0
10 min, FiFK4Z 0.22 wm UERE U8 . (%40 B AT
SB-Aq CI18 #; ¥izhHH:0.025 mol/L WifR — 40 Fl
PO T LA AR AR (BRI pH2.0) 5 S MG I K«
220 nm; PEFE R 2 L P sl AH I - i 0.6 mL/min;
HEf 30 °Co PLREER A5 dh BT VR (mg/mL) g X il 5
WA TR R AR (Y i) 22 T Am v 2R . A5 iy 11 2
[l )7 Fi ok Y=3 039.1X+5.096,R?=0.997 7,

3) SR E : 225 SCER O 0 /N2 2
P14 A JOT Sk 43550, >R P 46 250 WA VRO A T s o il R 1
D, 40 6 7 W o 12t (X 4lh) 5 OD (Y %ilt) 25
PR 2R o T AR b o 1 R 1 e [l 09 A

Y= 14.971X - 0.001 85,R>=0.999 8,

4) I JEORE T A3 E00 R - S % SO g ik
78 7N A2 24 v (1340 SO T 4t 43, R B DNS 35 04T
T JFOREIN 2 o A 25 RV TR AT B o il R D
R 405 7 25 0 5 = (X ) 55 OD B (Y ) 22 il b o ity
2o FTAHARIE IR 2R B 2k IRl R R

Y =1.6057X - 0.014 72,R*> = 0.999 3,

5) ZWENE : 275 SRV 7 AR BUINE By
Z 0, 2 T 2 3 DU L S, K 25 SR AR A A
PR E M 2t B 2 hE i o

6) b =1 5T B 4 B A < 22 ORI O iR
ANZE R =, SR A R — K TR D A
=l R R DL RE SR BRAE AR AT bR o i 2
M 5E AR RE SRR 5 & (X %) 5 OD {EL (Y %h) 241
B v 10 4R, T A5 A o pT 4 0 2 Tl 0 5 7 Dy

Y=1.019 2X-0.066 22,R’=0.999 4

T) KEE ZWEERIE . B 10 g #REE R E =M
i, A 50 mL B RLZE K ,60 C/KE 2 h, &R F
A2 SR 2,8 000 v/min B0 15 min, B {5 2 mL
FHCFH 60 CHET, /5 1 mL X KE
W1 mL 2R T (5T 5351 99.5% ) i 47 2 HL 2
s A I R RS TS 0 A - O R A R
sty P = R T o K
15 #HiELIE

S I K s FH SPSS 20.0 B kAT g it 2E 40 A

A EXCEL 431722 .

2=l

21 ZRERBNEZIENELEREURBR

B 1 R IR AN TR s IR I 8] R AR % B AE /N &
Bigrdk BRI R B O, TR RS HZ R A0,
L2 BN LA R R B 5 6 d R AT .
HIFFMRIME R, M EgditsmHEae,
FEFF ZE R Z B B, 15 97 2 30 d 5 22 % A 7
Y Ze R R

30d

1 REHBIEHERKBR
Fig. 1 Growth of the P. cocos
22 BREESREBIRPHEAELER
PR R B Ao T T 2T 2 2K A RO T R T
s S AR I 2 s .

1400

mi0d
m20d
1200 | 305
m40d
1000 |
—
E
S 800 f
=
g 600
400} r_
200 | I
0 )

JR W IELT e T TN TERITHE

{52

B2 REESKEBSEIERB OARBEBNIENEEN
Fig. 2 Activity variation of cellulose,xylanase and
amylase produced by P. cocos during the process

of solid—state fermentation
INEFETUR A RE R TER PR R B
S5 X Lo Wy ST RT LATE AR S A T, 20 ik i B
PABEEr FI TR B9 AR Tl o J 3 20 A e A P AR G
Bt 15 77 19 22 Ak, LB AR % 1T 1 A 19 D0 SRS /N 22

B SR A B SR B BRI S L
VE Ky /N v R RN B, TR B
53%~10% . TEARZS T A BE/NE W B, € B g 1)

A& 5 4otk £ 240 2019 £ 38 5 12 19 EIEH



RESEARCH ARTICLE

LI Jiahuan,et al: Changes of Nutrient Components during Solid —

State Fermentation by Poria cocos Using Wheat
as Substrate

WH N2 ERKEE EEEN ., HE 2 /T, ME
R TR R[] AR 38 0, € A9 T 055 0 S W 3 5, 7E 20 d i
T J15 KAl 247.1 UL, B 5 JE AR5 46 240 U/mL
itn FR e B R ek AR T 22 LB K s o AT
il B 1R A /N 22 v ) T R O o A3 R — LR OTE B
it A Ay AR5 TR 43 Wb 1) — B 75 5 Bl , TR 1K R FE S
FERT AR E B ARAS .

U RIZFEIRPI EBER I Z—, K5
2y T Y 35%~409%" , AR5 A BRI /N EE
IRFL B E R U, R B B R R T A e R
MIRE ST, PRI 2 T 41 4 3R e AR S T RE B 1E /N A2
B AR R —. WE 2 TRE L B
TG A5 SR 10 d 24 100 U/mL,  FfAR 25 3 & W
[ E G, 2R 4E R BS ) AR 10 d 500 U/mL 1y
PSR T, K557 30 d B 2F4E R EEG 35 1150 U/mL,
Ji BTG BT A 22,40 d B HE U5 1250 U/mL
ity o BRHIARES T AT AR G ) 5 A /N 22 R 3L o ) &F
A2, DAL R 22 A KA s

INFZ AT A 22 (IR VE K ) 1Y BT & 0 RT3k
6% LA L, 1 e 3 B 43k BT R AR AR R, R ALIA TS
PAHAC AR W B 5y 22—, DR DR 3 I g 4t 1) )
FHRCRN, AR B 43 Wb 1 R SR I T o3 fie /N 22 v
AR SR o F I 2 WL, R SR B S J77E 10~20 d B
oFE R, 54 UmL #2£7F %= 1 080 UmL, 2 J5 kit
B AR ) A A R SROME il ) 8 W R AIG, 7E 40
d B RIE 774 920 U/ml,

23 REBEFUBAECEERSENTL

Hi 18] 3 AT, /INZE T i AR B 6 O3 B e Ak
80% LA | (HEARZS T A BE NG, /NA2 v 1Y) S W o it 4
BB AR . RE IR AT 10 d SR AR o B 4 g 1
10~20 d B[R], SO Bl s #6 , 20 d Bk R Y
MW T B 57.2% , Bl OB T oA S R0 2%
WA A T A B, BRI S A S R R
SRWH Tl S VE A T 1 78 Ak B S I W Y BORE DG
(r {43 % }-0.961 ,—-0.925 F1-0.958), 44 & Wit
R Wl AR A TR, SR 10 dL i TARE R
T 22 il 05 1 555, REE IR B R T S BIR EORE R AR
BORER . KB 10~20 d W], RZSTE AR iE
R A R R TE R I R T AT 4 R g SRR
BE 05 72 Z B B s 1 R ie &7+ (P<0.01) . 78
3FEERAE T N TR R TE R (LT 4E R SOR R BEBL
REETHFE , S BT 0 50T B 2 mpe, 268 20 K

PR R R BT R T 43.6%

100

ﬁzo /\
oA .ﬂ

0 5 10 15 20 25 30 35 40 45
Bt Al /d

B3 REESABIEBZER.EEB.SHERESBTH
Fig. 3 Changes of total sugar.reducing sugar and
polysaccharidecontents during the solid —state

fermentation of P. cocos

PREE TR AE K I /N2 1Rt R v, AN R 4 AR T
Jo rp B TE Y 2T 4 2R A, T A A D AR
AOPE R, R B i o 3 B J5 P AT AR, P DL e
JEWE 0T i 43 B A2 Ak AT DAAE — 5 B EE B L
XF i KA E A ORI T80 R R I /N 22 1) it
0T 1 3 HAR 0.389% , i 1 3ek A8 vh /N 22 348 5 Jo
TR BRI, K 35 d I I SR T
I3 BRI 27.40% , R K /INAZ /Y T0 A% o A AH O
PRI A B, SR Y 728 A6 5 27 4E 2R Bl K SO0 il
VE il 1Y) AR AR B B IE AH C 1 (r (B 2 R
0.986.0.734 F1 0.804) ., & % 0~35 d (6], K EEr=4
Y I 5O 5T O BOAN W T, AT RE R T R
IR R A B VE R I AT LR R RS 2
RZAE TR Bk oK Ak & W Ak R 3 S5O LAt T 22
AR, MAE 35 d Z 05, i JERE BT i 43 20 T
K, P 7n IR 25 T 1T 22 X JE N AT 4E R SF oK AL & W)
) 3R PRI

PRZS R W /N2 22 0 1Y) o i 43 BOTE B 97 0~20 d
WKIE BT, B 8.72% 17+ & 26.83% ., Z Wi & 41
BAER 32 20 d J5 P06 T RE, % 40 d B R RN
14.96% ., W REEH Ry A BERT, TEAHOCHE 2 1 /E
T /N B R R B KA T R A R BB L D
M ARZ W SR B AL el , 2R R T
K, HBTEPEOB T . Bl RS TR AT
B AR AR AL RS R 22 W E AR R T
THR KR N R TP i Z R e . 2RI L
H5 VERy il 2 AR A — R 1 TEAH SC (r=-0.468) .

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.12 2019



24 %EBEFYpHEREBRITLER

Hi P 4 WTHL, RSP R /N2 1Y) pH(E Bl 35 77
R (R 3 i 2N B S I T g, R RERTIN,
PRZ TR AR AT EOW o T AR B R, 7E
PN GER I IR AE B 7= A TR R R R
2 ARZE RS A PR, pH 3% TR, 76 15 d &£45 pH
ERE 2 3.70 £ ot T f, #EARRER It
B AR Y e B AR iR, AR T Ume
o T Bt 2 5% 7% R R) 04 S 4K R R A B T R
m, (AZERE IR 25 d N BRI & oy BB A K, T
WO AERRTE 1.2 g/kg oAy, MikE SR 25 d LUE, ™
Py v 8 R R I e A3 RSO R AR

7.00 4.00
6.00 T 3.50
500 300 B

1))
3.00 {150 8
200 ¢ —m—pH {100 §
100 % —A— KR 0.50 Ei

0 0

0 5 10 15 20 25 30 35 40 45
KEFRital/d
B4 HEFBESEABIEZEpHERERRES LA
Fig. 4 Changes of pH and oxalic acid during the process

of solid—state fermentation of P. cocos

25 REFU=ERESHHNENL

G S ) R B — o S L AR A TE A
KA R v A g — TR R A ) . HAT ST
G2 AT T (8] i 5 0 A T Ak, — A AR B Y
ThHREMEY I, SR 0 i H R IR E A Toik 2
NS =il AR o R, i T N A R
BRI 1A W AR (08 FR 45 4 [ i ] o il o & =
TERY B S RETE & o & S R, R I f v
Sk = SRR =i IR A A R , BE A R SR
TF) ) A S = g KV P R I O 0 W 4
m, TEREFRE 25 d Wk EI o (E, 9k 1.6 gke
5 0.13 gfkg, {H Fifi 5 B 57 0[] ) 2K 22 SE 1<, 79 4 1Y
JoER: RO AT AR o BP9 M AR A R 22 4K
SRS WA IR T2 S, U R BOof
ARl AT R R /N A R e /N2
B gR A T AR % T R AT A I, OB 22 09 AR KRR
MO TT T /INFE HR B =l R A R, R, T L
PABRZS I8 S /N 22 D JEORE O K8 8 = 2R W) Il i

REYEE Al o

I8 (g/kg)

—a— B
—m— KRR

Wit

=04t

20 25 30 35 40 45
BT /d

0 5 10 15

5 REESABEE=ZMHRESIBTK
Fig. 5 Changes oftriterpenes contents during the process

of the solid—state fermentation of P. cocos

2.6 itig

RZ AR g — PR AR T, 7 A K A AP e] LAy
WA 22 ol it R DR 18 7 ) T gk g T R T Y
INGF TR . WIS TA 22 AR A S R R ) O B I 1 T
P, AT LB Y TR 22 19 A R T B0 S N B
H WAL AR AR SO AR TR R T /N 2 W e v Y
it 135 o3 AT 245 R W, £F 4k G 7 BG4S 7 I () A
AWr T ,40 d B3k 1 280.5 U/ml, 3% 55 SCHE-PHEWF
FEARZ T K e R 18 B 37 ik v 21 4 22 i 119 22 1 o
ANTR], FEISE R AT BE I FT SR 114 2 I 4k AN [] 5 SRR
X A5 g [ 285 D T Ak R v A SO TR 4 22 1 B Y
WFE G A5 45 R/ — 30, AR W R /N A2 1Y
AR, ORRMEEGEE J)7E 20 d BHR R KRME, b ]
073.2 U/mL, 5 WA T B, al RE D DR R 1 )5
N R SRR o B BT W, S ECHC B ) 32 M
G € by Tl 5 3 TR R 20 d I ik f i H, 290 494.2
U/mL, B 5 BEA PR ARG E , 33X — &5 R 55 SCHRP e -
S5EKER GRS B eS8 T
A WRFL S A RETERY , TER BT REAT Dy — iR
P AE , TEDE B B AR A5 8 I, FURRHS PR A2 A

MECREAE MM

PR T I A R B G AR P, I W R B
Bl I SRR | 22 L = S W) Jo S o R 0 MO A R
AL, HORG RN AL IRZS R /N &
1 S A 0 RO R B I T 53% 5 i RN TR
HOBEE LT, AR 0.389% Tt =
27.40%; ZHEE Kl 8.72% T & 14.96% , &

AR5t 71k 2019 5% 38 % 12 1) A




RESEARCH ARTICLE

LI Jiahuan,et al: Changes of Nutrient Components during Solid —

State Fermentation by Poria cocos Using Wheat
as Substrate

T 3 A v ey T 826.83% 5 S = 55 K VA T = Y
i oy BB W i, (RS IR AR 25 R ik B i
i, 439 Bk 1.6 g/kg 5 0.13 g/kg,

T o 0 AR 25 T K I /N 22 ak B R IR 2 T T T R
AN EE 5t b8 SR L 2R AL 0 BT, AT LA AR 25 T
TE TR 3 A b 38 o 2 2 R R SRR A T
it 25 ik 2R 10 A [ 4 P DR R o310 o e A, ol /)

2% A WEFREH o T A R e N e
JEORHAS IR, SR /INZE A By 1y i) 2 A8 BE AT ) )
TN TS AN T R HORS B 22 0 1 1A A0 R AR L A 1
TR . 28 LRIk, alps [ 25 R e R 5 1L G4
Y T4G, FRBA®SERMENSY M, B
REfERE A AN, SR T T HE SR,
e AT

S 30k

[1]CHANG H H,YEH C H,SHEU F. A novel immunomodulatory protein from Poria cocos induces Toll-like receptor 4-dependent
activation within mouse peritoneal macrophages[J]. Journal of Agricultural and Food Chemistry,2009,57(14).6129-6139.

[2 ] AKIHIS A T,NAKAMURA Y, TOKUDA H,et al. Triterpene acids from Poria cocos and their anti-tumor-promoting effects[J].
Journal of Natural Products,2007,70(6) :948-953.

[ 31 GAO Xueling, YANG Suyun, YAN Yunmei,et al. Optimical liquid fermentation conditions of total triterpenoids from Poria cocos
mycelium by response surface methodology[J]. Journal of Food Science and Biotechnology,2012,31(10):1112-1119. (in
Chinese)

[4]JIAXJ,MA L S,LI P,et al. Prospects of Poria cocos ,polysaccharides:Isolation process, structural features andbioactivities[J].
Trends in Food Science and Technology,2016,54:52-62.

[5]CUELLA M J,GINER R M,RECIO M C,et al. Two fungal lanostane derivatives as phospholipase A2 inhibitors[J]. Journal of
Natural Products, 1996,59(10):977-979.

[6 1 HUANG Congliang, ZHENG Jiali, LI Fenglin,et al. Effect of pachymaran to the antioxidant capacity and bax,Bcl-2 protein
expression of renal tissue in mice with type II diabetes[J]. Journal of Food Science and Biotechnology,2016,35(1):82-88.(in
Chinese)

[7]ZAMOR A F,FIELDS M L. Nutritive quality of fermented cowpeas (vigna sinensis)and chickpeas (cicer arietinum ) [J]. Journal
of Food Science, 1979,44(1) :234-236.

[8 ] ZHANG Xinchao,GUO Ligiong,PENG Zhini,et al. Analysis of antioxidant components of Grifola frondosa solid fermented
substrates[J]. Mycosystema,2011,30(2):331-337.(in Chinese)

[9]LIANG C H,SYU J L,MAU J L. Antioxidant properties of solid-state fermented adlay and rice by Phellinus linteus[J]. Food
Chemistry,2009,116(4) :841-845.

[10] PENG Zhini,GUO Liqiong,ZHANG Xinchao,et al. Compositions and antioxidant activities of soybean substrate during
solid-state fermentation by Cordyceps militaris[J]. Mycosystema,2011,30(2):338-342.(in Chinese)

[11] HAN D K,HUBBELL J A. Synthesis of polymer network scaffolds from L-Lactideandpoly (ethyleneglycol) and their interaction
with cells[J]. Macromolecules, 1997,30:6077-6083.

[12] CAO Chunlei, CUI Baokai, QIN Wenmin. Activity changes of several extracellular enzymes in liquid culture of Phellinus mori[J].
Mycosystema,2011,30(2):275-280.(in Chinese)

[13] ZUO Qi, YANG Haifeng, XING Zengtao,et al. Determination of total sugar in fruit bodies of five edible mushroom species[J].
Acta Edulis Fungi,2008,15(4).:57-61.(in Chinese)

[14] WANG Lulu, CAI Guolin,ZHU Dewei, et al. Effect of ball milling pretreatment and solid state fermentation on the feed quality of
corn straw[J]. Journal of Food Science and Biotechnology,2014,33(11):1148-1153.(in Chinese)

[15] MILLER G L. Use of dinitrosalicylic acid reagent for determination of reducing sugar[J]. Analytical Chemistry,1959,31:
426-428.

(16] BRATTHE . B 28 HOAR 25 1 285 4 18 7 9y vhobL = bl B FE R LW 8OR 2 B 52 [D]. B 2% [ 7 22 K%, 2014,

[17] LIANG Jia,SUN Mengyi,ZHANG Teng, et al. Optimization of extracting triterpene from Phellinus igniarius by response surface
methodology[J]. Chinese Agricultural Science Bulletin,2011,27(10)235-238.(in Chinese)

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.12 2019



(18] A ZE . I £L AN S5 il P 8 oK R/ 22 B 3R I B E[D]. dbae . op B Al K2, 2014,

[19] ZHANG Zhishi, LIN Hui, WANG Lifen, et al. Relationship between physical and chemical indicators and maturity of Hypsizygus
marmoreous[J]. Edible Fungi of China,2012,30(2):154-156.(in Chinese)

[20] CHE Shuang, LI Qing,HUO Yanshuang,et al. RP-HPLC simultaneous determination of five triterpenoid acids in different parts
of Poria cocos by UV wavelengths switch[J]. Acta Pharmaceutica Sinica,2010(4) :494-497.(in Chinese)

[21] LI Yi, WAN Deguang,ZHONG Shihong, et al. Study of quality standards of natural Poria cocos and liquid fermented Poria cocos
[J]. Journal of Chengdu Medical College,2009,4(4):251-254.(in Chinese)

[22] WU Xuejun,AN Qi,DAI Yucheng. Physiological and biochemical characteristics of the Pleurotus ostreatus CCEF89 [J].
Mycosystema,2015,34(4):621-631.(in Chinese)

(23] B . 1% (Wolfiporia cocos ) IS 51 B I A 25 SRS 1 5 1 P J53 ek ) A SC PR BIF S [D]. oD 7 R K2, 2015.

[24] WU Ping,SHI Jun,LI Zhengpeng,et al. Solid-phase fermentation condition and enzymatic characteristics of xylanase from
Pleurotus eyngii[J]. Journal of Nuclear Agricultural Sciences,2010,24(3) :542-547.(in Chinese)

[25] LIN Hui, LAI Shufang, ZHENG Zhushuang, et al. Interaction rules of enzyme system between Hypoxylon sp. and Tremella
Sfuciformis[J]. Edible Fungi of China, 2015, 34(4):57-61.(in Chinese)

75 S & N =R -

BR 2R 1T Ml — Fh G- EEREE(E A ARLRMAI ML & EFF R E

2019 4E 11 H 7 H , 4 BR 2 & il 22 43 Ry (EFSA) T 8L, B I 2= D3 258K, I 5 4l sk 2 Jon 590 = i (FEEDAP) B
Fe/hN gt PHYTAFEED? 20,000 GR/L (64 2 il (6—phytase ) ) £ 2 X 1 /)N 3 5 85 G Ao 45 o 5 19 2 x4k A7 bk e 3%
=g/

I T A A R — Tl O—AEL PR Ak 7R , G 64 1R Al phy — I R B2 407 9 M R 15 £ (Komagataella phaffii) & ik
oA o Gl PRAl  FEEDAP /N A5 2518 A A, AT A5 NG00 AN 22 45 18 21 2 PR B8 407 o 22 4x ) L, 78 250 Uk Gk 9 152 1
KT X AR A

[ R ] £ b ARk . IR T A — Bl O A R i A O SR RE S 5 B 22 e PR AN 2t [EB/OL]. (2019-11-11).
http://news.foodmate.net/2019/11/539961 .html

MEBEBITHSRMPFTERNSTABNESSE
2019 4F 11 ] 8 | 4B B Jr A 8, BRI 2= 51 3 kA (EU)?2019/1870 5 4% 4] , 1537 5+ & (Erucic acid) Fl &
FRIR (Hydrocyanic Acid) 7R 70 £ fi H AOFOR & ik o BB TTINT -
(EC)1881/2006 55 LB (F 1155 8 o vp, 25 H 8.1 F1Z% H 8.3 23 Bl 4 Ky LAT %5

B il
8.1 JFMR, (IR 45 & TENR T H 1 T R
8.1.1  Tivdgy I B 4 di 0 9 A £ B2 AL 0l A B, 53 T S AR i AN B 9 B A 20.0
8.1.2  SFiiuh, JF A (1) s el 50.0
8.1.3  FFARFE (JHMEM) 35.0
8.3 AR, EWIGA ST AR
8.3.1 T b th 45 40 di 2T B ORI RO A A% R A1 20.0

W ()& A YRl d5 i B 18 F 24 A= 7= 0 2% 00 27 AR T o
(5 BRI & & OfE . BRER B IT 35 4 £ 5b Hh JF IR Al &0 R 1Y % =5 & & [EB/OL].  (2019-11-8). http:/news.
foodmate.net/2019/11/539963.html

AR5tk A7k 2019 5% 38 % 12 1 HIER




