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GAE/g T3, SBEO N 14.06%, LA THHAE 3 R IR R rh R B B 38 m TAEAE 3R C P fbag )l .
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Study on the Schizophyllum commune composite wheat flour steamed bread
and its starch digestibility
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ABSTRACT: Objective To explore the physical and chemical properties of Schizophyllum commune, and explore
the physical properties and starch digestibility of the compound steamed bread. Methods The basic nutritional
components, flavor components and antioxidant activity of water extract of Schizophyllum commune were
determined. Based on its nutritional value, taste substances analysis and antioxidant analysis of water samples, the
Schizophyllum commune composite wheat flour steamed bread was developed, and the physical and in vitro digestion

characteristics of starch from the composite steamed bread were further studied. Results The dry basis content of
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crude protein, total soluble sugar, crude fat, crude ash and protein amino acids in the Schizophyllum commune were
14.75%, 14.06%, 0.80%, 3.46% and 9.24%, respectively. The Schizophyllum commune was rich in essential mineral
elements such as K, Ca and Zn. The content of succinic acid was 359.01 pg/g, the total content of free amino acids
was 29.67 mg/g, and the total content of nucleotide was 11.14 mg/g. These components played an important role in
the formation of Schizophyllum commune umami taste. The total phenolic content of water extract was 11.04 mg
GAE/g dry weight, and the total sugar content was 14.06%. The water extract showed significant antioxidant activity
in vitro, and the antioxidant capacity of the 3 kinds of antioxidant systems was significantly higher than that of
vitamin C. The hardness and chewiness of steamed bread increased with the increase of Schizophyllum commune
powder, and the glucose release decreased with the increase of powder. Steamed bread products with 3% and 5% of
Schizophyllum commune powder had better sensory characteristics. Conclusion Schizophyllum commune is a healthy
food with high protein and low fat. The addition of Schizophyllum commune powder will change the texture
characteristics of steamed bread, it can significantly inhibit starch digestion or control the release of glucose into
digestive fluid. This study provides a theoretical basis for the development of the main grain products of
Schizophyllum commune.

KEY WORDS: Schizophyllum commune; nutritional evaluation; taste components; antioxidant activity; texture

characteristics; starch digestion

il

0 3

BB S AR5 1 38 5 0 A ) D) R 1 )
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MR . R AERM AR LT TR, W —Fh L
B BRI . AFE R, P2 & A 2R R
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KAMAE: Z% GB 5009.3—2016 £ 5k Hk 43 H
FE) BN EETER, SRUsEEIE; HEANE: S
% GB 5009.5—2016 £ A FBTHIGE ) 25—l
e R MRS EIE: 2% GB 5009.6—2016 (&t
RIS ) IR R K, 9 RE: 5%
GB 5009 Z41, R FIRHE T - SO IR TR MO RS AE .
132 & & ZU BN & B8 R

HERIFRIC 100 mg R & T 58 57 38 35 K A 45 b,
A 6 mL 6 mol/L HCI, {4, 7 H%H, T 110°C FKf# 22 he
K45 H G 10 mol/L NaOH Al 1 mol/L NaOH ¥ 5 7K ff
WE pH 2.2, EHZE S0mL, &0, B EFWGT 0.22 um iE
B8, DEM AT E IR AL AT . B RO FHH U 1k,
A GE BB R R LR B (total amino acid, TAA),
W B FEFR (essential amino acid, EAA), AR & IR
(non-essential amino acid, NEAA) ., ff Ik 2 JL 2 (flavor amino
acid, FAA) . FIEZ FEMR (sweet amino acid, SWAA) ., T4
JLFR (bitter amino acid, BIAA)FIFY 7 % 44 3L FR (aromatic
amino acid, AAA)RE &, FFMARHE AR DA 20 4U/B A E AR
A% 20 21 (World Health Organization/Food and Agriculture
Organization of the United Nations, WHO/FAO)& 1] 1 #f A8
B VT AR T IR (1973 A DR PEH 11 2 B
E AT ESME.
133 @R dEARS N E

(DA LR & 5t iR e

HkEdh 0.2 ¢ T 10 mL M 5GBS O AR, LA 4 mL Z8580K,
€ 30 s, B 3 min, 95°C/K{T 5 min, 45 10000 r/min

0 15 min, BCEERGL 0.22 pm AR EHLET,

()7 AR AR B A B I

Uk L 0.5 ¢ F 50 mL B0, fiIlA 10 mL Z&4#K,
TE 30 s, #B7 3 min, 95°C/K¥E 5 min, ¥ #1J5 10000 r/min
B0 15 min, BRI 0.22 um KRS EHLE,

1.3.4 @A KRR o 4] &-Fo ) T

(V7K EEH i %

HERRFREL 1 g FEGHT 50 mL .0, H5EHA 30 mL
FEIK, TRTE 30 s, SRJTIEB S P A BN EL 5 min, 5000 r/min
B0 20 min, WHE RIEWR, VITEPIERIMA 15 mL ZE58K,
R FARRBCEE, SIFRKEOEN EEROEAE
50 mL, 15 EKIEBER, &H.

Q7K AR B v s B A P ) 2

i Folin-Ciocalteu Hfa32:0 & AK $EHRMIEE W P 22 13 Y
Tk, SERFEA N mg WE TR Y #/g TH:(mg GAE/g DW).
o P - R 1 DN 2 K AR BB VS T v 2

BRI X DPPH-1% B BE 1 (il 2

B R AN [ v BE A6 B A /K AR U 0.4 mL F 5 mL
B s L&Y, A 2 mL 0.1 mmol/L DPPH- F LA, R
5], BIRAME R RGN 0.5 h, 7EHE 517 nm FllE ot
fl, iICH A4 wao [RIEE, BORHREMARFR ZE 18 KA AL SR R
23 IR BRI E WG, 30K A wwo VC AR BHMERT IR . F
2Nk BE (half maximal inhibitory concentration, 1Cs))%%
IRBRIUE R E B SERTE TR, 1Cs FRTEHR 50%H [ ik
At A o 19 B 7 AR 2R T A v B (pg/mL) o 3 BRA (D15
DPPH H 2GR

TH B/ %=(1-A4 #a/4 w1)*100% 1)

(4)yKIZBUXT ABTS W B fE 1 2

# 5 mL i ABTS (7 mmol/L)#1 88 pL (140 mmol/L)f
W RERETR AT AL ABTS 44, =T N BB Y 12 ho
W i, i JC K SRR BZ A 4 T, TR S 14 it 2 WA
PR 734 nm FAIOGIE R 0.70+0.02(ZEHEE) ., HERAT
HU 0.5 mL 6 B LA [R] ok B2 BE A FE SV S 4 mL
ABTS £ WIR S, T 30°C/K N 6 min J5, TEHK
734 nm TN EWIAE A wno MM TME 0.5 mL K
+4 mL ABTS™ TAEMR WA 4 wwo LA VC AE R BHMEXT
M8, ICso FTRIFBRAR N 50% AL b S 7 AR 2R 5 vk &
(ng/mL), FMRA ()44 ABTS %,

(S)KIEBY Fe¥ iR J5fE 1 B

FH Fe* b JEfig ) (ferric ion reducing antioxidant
power, FRAP)ZLINE KIEY IR IRRE ) o BUFR B A Rl ik
JEBR EE B RE ALV 150 uL F 10 mL 2.0, A 4.5 mL
A TPTZ 5 5 S RIAL Y FRAP TERERES, T
37°C/AKIB N 10 min JE7EH A 593 nm FIEMIEE,
ST AR ZE A, VC N BIPEXTIR . R RCA Rk
JFE (concentration for 50% of maximal effect, ECso) 2K /mib R
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fig 71355 0.5 mmol/L BRER AR AE 593 nm HIWEGAERT i)
T RN AR 22 BT VA (ug/mL)
1.3.5 &A@ E4e ) Z0EkegmtkE

INEBSASEMERERERN 100 g, ASEMHERIN
BRTNEED 1%, 3%. 5%. 7%, TR S BFREN
1%, FE/KATF G ZREARA B, Wi AR SRS
WP ZUR, TG T, FIRARE | h FHREHER, &
TS5 TEAH R 500 N AR & I 20 min, 137K 54578 30 min 75
S HEL,
1.3.6 4%k ey BN

BEPHN/ N H 10 7321l E I ZR Rl2A , R
PPt . RMDCHEE . #uvk, 4815, F . E 0k
LAV 6 AIH X 1S T8 KA B E TR, PR AR
ZHFK 1,

#*1 BAEHIELREITEMITEIE

Table 1 Sensory evaluation and scoring standard of
Schizophyllum commune steamed bread

WiH i PEAARIE
MSWE sk 2IRE 6, BiEsmss],
@ 104 G 9~10 43

B A R85, R GEE 6~8 43
B KR, JCIGEE 2~5 4.
TG, FARTEEE 8~10 43
KRG E M, TR 9% 6~8 41,
FMHLRE, A S, 2R 1~5 4
YR G R IRV, A5 13~15 43,
BT, A —E i 10~12 43,
SlpE2E, 2% 1~9 4,
SELANE BI5), BgEAR 13~15 4%,
SALETaB, AT 10~12 43
ARSI, 5HHAE 1~9 7.
18R B T-E 2~3 em 4, AEMEIFEI
SZHMES, HREGE D 9~10 45,
FrRRIEBR 6~8 47,
WA HAFRCEEIR . BRE)1~5 47
HEE, Angsh, DHEAEIE AR o

KADLHE 105

L 15 4

LR LERY 15 4%

R 10 73

16~20 43
3& Pk 20 4 IR S — i, BRI, WEARORS o
10~15 4%,

PRI S84, ANFIT R 1~9 4%
18 3 BAIRSE LT 16~20 43;
183k BRIRGEHAT: 10~15 43
Tk BRI 22 1~9 43

LEATEMN 20 4y

1.3.7 4%k RAM4FH G M E
Z M BRIy IR o, ZiF e sk

B 30 min J5, BIBEBUIEAK 2 cm EREK A, H
TA-XTplus ik, 7€ TPA =0T P/36R 4k A1E .
WRRSHCH: DIFTEE 2.0 movs, WAPEE 1.0 mm/s, )5
HHE 2.0 mm/s, R4 50%, itk 11 5.0 g, PRFATIE] 5.0 5.
1.3.8 A&k il etk agmle

FEF S0 == AT 5T A ST U S e 05 A RS AL
BRI 18 Sk T A A T O BBk 0.5 ¢ F 50 mL &
LW, A 5 mL 88 TR TR KR TN 3k
FERUHPR, IMAGERBERSERR 5 mL AT B, 7 37°C.
100 r/min K{EIRY 1 h, 15805 05 EH Y A E.0E P
B 05 2 AL 1 FH 7 AT NaHCO; 735 pH & 6.8 JFHILA 7 mL
ANT/NGHE, VAEIMA B BB o- T8 BHA R 18 mL
(370 U/mL)# 40 pL MifLEFHAW (10000 U/mL), RS, 7E
37°C. 100 r/min /K¥AHRY, BLO. 20, 40, 60, 90, 120,
150,180 min MY/NF5 A AL 0.5 mL 51 T &G4 & = 1
MWE . FHARBEC 11 0.5 mL /N INA 6 mL JEK
ZEESEAT K, 5000 r/min B0 5 min J5H & R0EA TR AT
WS BRI E . AR SCER171 5 AR Q) HE S W TED T
A A r R T AR P ) 2 T R () o

25 W R T 2 (g )= 2 1 4 25 % 4% i (mg/mL) < T8
AR A (mL) 2
14 HIELE

FITA S 20 3 Y JE BOT- 3418 o B gt ab #ER
FH SPSS Statistics 22 3, 25 B E /KR P<0.05, KB
#2157 Fi Origin 2022 %44

2 HER55H

21 BESREREXEFRTOW

IS RIEA B SR a2 2 Fi7R . A 6 SCHkRGE,
BT P S KRR 70%~95%"8, %% 2 Al B
HRKDERN 69.69%LIHEETT), HAN &R BT
HAb P N TARRE IR . Ko S g, &80T
Wz, HATHEEE R ISP IR FORK S SRR
TR 14.75%F0 14.06%(LLFEIL), K& 8N 3.46%.
HIBE W & BEAR, (VA7 0.80%. BT W1 FUCR &
3 iR, FENENASHEP ALY FOTE P K S
5, M 13560.00 mg/kg T, Mn SR AK, 7 2.85 mgke T
HOBR L, AISEEI S AR R e, I
ML B 20 s IRAR T . N,

#2 BEEEFEFHNSE

Table 2 Proximate composition content of Schizophyllum commune

IR 1% (IR T KIEY)EEY/ (mg GAE/g  MEH/ %L KEMEE %L MBI /%A T MK %L T
i) TH) THEit) TEI) Eil) Eil)
EET 69.69+0.17 11.04+0.18 14.75+0.85 14.06+0.13 0.80+0.06 3.46+0.03
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Table 3 Mineral content required by human body in
Schizophyllum commune (mg/kg dry weight)

7 i R i
K 13560.00+32.50 Zn 107.0011.38
Na 77.80+2.34 Fe 39.10+2.53
Ca 194.00£6.98 Mn 2.85+0.01
Mg 39.1044.67 Cu 3.200.01

22 BEEERRERARSHT

FI SR P P S SRR A R & e Hr 3R 4 iR . 1
S PR E AR B RN 9.24 g/100 ¢ T, K&
HEEM S A RME A Glu, Asp. Arg. lle. Lys. Ala,
Val, Ser. Gly. Thr, Leu, His, Phe, Tyr. Cys. Met,
RE R BN N e BN R AR, AT
BRI ff SE MR TE I A, 3 th AT REJE A S B fER g Hh A s R 19T
H 2 A A 75 2 258 (Met . Val, Lys, Ile. Phe. Leu,
Tho)#) &8 3.18 /100 g, AELTFZE LML (Asp. Glu. Ser,
Gly. Ala, Cys. Tyr, His. Arg)fJ&HN 5.96 g/100 g,
WHO/FAO #& it iy 3R S S it b i ds & & 1 v
) EAA/TAA i 40%7: 47, EAA/NEAA 7E 60%0F, Hpk A
ISR B B SR E = . IS THIW EAA/TAA
34.42%, EAA/NEAA 7 53.36%, HA7 55 B8 T2 A 18,
AIVE R H R A DA R 2577 o 1 SRR R 3% .

®4 BLHEASEREMRSE@100g TE)
Table 4 Amino acid composition and content of Schizophyllum
commune (g/100 g dry weight)

HEER i LR ot
KA (Asp) 0.92+0.02  FEE MR (Tyr) 0.26+0.01
BB R (Glu) 1.9740.05  HZM(His)  0.35+0.03
24 5 B2 (Ser) 0.46£0.01  HER(Arg)  0.81£0.01
48 (Gly) 0.460.01 TAA 9.24+0.37
N2 (Ala) 0.62+0.02 EAA 3.18+0.16
R i 24 1% (Met) 0.08+0.01 NEAA 5.96£0.19
45 R (Val) 0.56+0.04 FAA 2.89+0.07
AR (Lys) 0.67+0.02 SWAA 2.00+0.06
S AR (1le) 0.67+0.04 BIAA 3.21+0.22
KN 2 (Phe) 0.33+0.02 AAA 0.70:0.05
S H R (Leu) 0.42+0.03 EAA/TAA 34.42%
JR 22 (Thr) 0.45+0.02  EAA/NEAA 53.36%
2 (Cys) 0.11+0.03 FAA/TAA 31.28%

23 BHEREESH

IS A PRI E 25 3. 5 R . — 3R ) 9
PR LR, SEIEELE 1.36~359.01 ng/g Z /A, Hr, 3830
R aEim, A 359.01 pg/g, HOREZETRAER, o

2 243.89 pg/g Hl 243.36 pglg. A BFFE A BE AR X £
PR AU R % T B2 AP, FUSITA ZEPURESE OB v i
HUER, K IUITHIBRFIRERR 2 i S LR 1Y 63.8%. MY
TR PRI S [ S R e s b SR R A HLRR (G & i, R PR
A PR - ZE SR AR SRR R 2

#5 BEETANBRHEHFENSE
Table 5 Linear equations and content of organic acid in
Schizophyllum commune

P iy ? TE/(uge TE)
ZTIR Y=32237X-5552.1 0.9988 243.89+3.88
LPUIAIMER  ¥=249.26X+290164  0.9982 191.54+86.43
TR 7=6214.2X+2502.5  0.9996 38.88+2.75
IR Y=37647X-7409.3 0.9990 359.01£2.99
FriEg Y=220556X-21639  0.9979 243.36+2.80
& iR Y=1456777X+19103  0.9986 1.77+0.08
kg Y=1485752X+21639  0.9994 1.36+0.08
53 Y=812632X-57857  0.9993 10.04+0.94
FEHLR Y=169807X-7428.1  0.9993 11.89+0.71

2.4 FEKMIEBRED S ENH

S8 TR B b B a2k 6 s . —3k
K g 35 Fop K EYI R, EEALRE IR . IR AR
R AL Y0 S5 0 At IR R 8 S I X XU 11
T R HAT AR, i s SRR B 29.67 mg/g,
H G ERENESER, M 4.12 mg/g, BB EEE
IRz —, Xk B —E Tk Ve . TR
BN 1114 mg/g, o & it s R IR EERATIR, A
3.86 mg/g, it/ IR EIERZITER, 4 0.27 mg/g. HETF
ZEROI o Fhr FHEEMAZ IR & LA TINE, o4 kM
X 9 FhE TR IR & 5 0 FITE 4.36~79.85 mg/g Z[H].
2.5 BEREKERRRECITEN

XS K BB B R B AL S R R T, &
PRSP R &5o (11.04£0.18) mg GAE/g T8, KiE
PSRN 14.06% 6

HH, ASHKEDHERIMTALTEN: S A S
Prrbi 2 B S 2R 5 S IR ARG, B O R . A
P EHOER, AT E T LB A28 T Al
50%3E BB ANHI R (ACso/ECso) IR BE, WK 7 s, AlLIK
B, DB At HyERR ABTS Al DPPH- i ICs {H
3524 0.218 pg/mL F11.219 pg/mL, [RS8 B0 H Ao ik
JREE S, HLECsofB K 0.372 pg/mL, DIEBERitEHEAL, H
R ABTS™-# DPPH-HY ICs H43514 5.445 pg/mL il
30.944 pg/mL, ECso {4 9.480 pg/mL. LI ZMyak L8 Mt
LA, AISRUKEDIERRI T AR RSN A TS T,
JeHE LI Z W iR, R BEPT AL I T — 2 1R
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Table 6 Content of hydrophilic taste components of Schizophyllum commune (mg/g dry weight)

Ji Ry 1.01+0.13 Y A Y T 1.69+0.03 HAER 0.45+0.06

it e 0.0420.01 KAt g 0.9420.07 PR BT 1.27+0.05

PCH IS 0.05+0.00 A 2.31+0.03 (R ) 0.23+0.00

i 5 0 A 1.22+0.18 2H R 0.45+0.01 LA 3.26+0.43

JiR IS A 2.39+0.10 IAR 0.17+0.01 B R 2.32+0.16

PR E A 1.26+0.16 WA 2.25+0.06 AR 0.72+0.02

B AL 0.33+0.03 RNER 0.030.00 B 0.04:£0.00

IS BT 0.39+0.01 AR 3.970.07 i 22 0.03+0.00

IS AL T R 0.27+0.01 AR 2.78+0.23 REHR 1.74+0.12

RS R 0.88+0.02 2R 1.52+0.03 EVAE 1.10+0.14

5 RIS AT IR 2.17+0.03 ERN A 0.14+0.01 B 5.58+0.50

JR IS A T i 2.27+0.03 HHEmR 4.1240.26 BV B R R 29.67+1.72

PR BE AT R 3.86+0.19 TR 0.93%0.05 EH R 11.14£0.32

FETIBFSE, BIANINIRF- S5 BESE G 6 Flvod I 1 22 1 SR 2.6 ASEELEEIEN

XEZPPH“?%[%?J‘EjJ tt;/c fik. ﬁjﬁi}%ﬂ(%’%%ﬁ D\P?Ii?% e 8 1 A A B ST B S
R AE )l FRAP 3 RE 1 i B A Ak ik R P i Z bt ik R 7] V0 B 11 5 0 S 1B S A A 7 B 2 e 2 5

S Ve LR 2SR, HAE ABTS - HriafLik &= it
FALTEMER FE R T VC. AR M THS R P RIKEEL
WYL S5 2, BURALTEPERLIF Y. f i, wTRUHEN, 2
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(P<0.05), EEIFMHZ R T G5, REDGHE . Btk 4
L B B EL GRS 7 M6k, 4535
R, BEAE S RS IR (5 R, A IO b i 1 70 1A A
WA ETHE T RERE S, AT R RN BEE A2
USRS s, 08 Sk rh AT IRy 8 kIR 5
Z YL WK TV S R A A AR AR P o B
TIUACHE i ¥y v] RE- 23 B DR TS A5 1 ThT AT 454, 7 v A A A
I 2 of T P T 737 % e BRI, AT 552 0] D 3 T 8 o 6 19 T 4
GEHE, T RUAE S BN BT R R . DTN Y SRR S

®7 BEEKEDEFRERFIIENEME (ng/mL)
Table 7 Antioxidant activity of water extracts from Schizophyllum
commune in different systems (ng/mL)

Feab/BEE  ABTS'if5BkAE )1 DPPH-iifkkAE 1 FRAP ibJfE

ki (ICs) (ICs0) HI(ECs) KA, WIS 3% 5% 1112 18k /0 o s Az
KEEZH  0.218+0.004° 1.219+0.030°  0.372+0.013° WA B 22 5 400 82.1 431 80.2 4, Tid I H
KIEZHE  5.445+0.060° 30.944:0.506'  9.480+0.326" T% 0 B E RS AR AE, M 70.7 4%, HES AL EH

vC 1.942+0.019° 1.776£0.003°  0.799+0.002°

TE: FSEHR G A RN TR HAT 352 5

%, HIt, AZSEMBRINE 3% 5%HHSH
B T

(CRL R

(P<0.05), Fd,

#*8 HEREEAEXELRERRNTZM
Table 8 Effects of Schizophyllum commune on sensory quality of steamed bread

— LR FIEWE B LG "R & LAV By
(10 43) (10 43) (15 4%) (15 4%) (10 43) (20 43) (20 43) (100 43)
0 7.9+0.7% 8.5+0.9° 11.0£1.1° 11.6+1.1° 6.2£0.9° 15.0+1.9° 15.0+0.7 752427
1 8.2+1.2% 9.1£1.0° 11.0£1.9° 12.5+2.0° 6.5+0.8° 15.4+1.7° 16.9+1.4° 79.6%5.5°
3 8.7+0.8" 9.1+0.5" 11.942.4° 12.8+1.9° 7.120.8° 15.942.1° 16.6+1.1° 82.146.1°
5 7.5+1.4° 7.2+0.7° 12.6+2.8° 12.1£2.0° 8.3+1.3° 16.142.9° 16.4+2.6" 80.2+11.3"
7 5.9+1.3° 5.8+1.0° 11.342.4° 10.9+2.0° 8.1+1.2° 14.443.1° 14.342.6° 70.7+9.1°
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Fig.1 Effects of addition of Schizophyllum commune on texture of
steamed bread
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Fig.2 Effects of addition of Schizophyllum commune on starch
digestibility of steamed bread
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