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Abstract: The process of extracting seleno-protein from the selenium enriched Lyophyllum decastes mycelia cultured in a
20 L fermentor was optimized, and the effects of selenium enrichment on both types and contents of amino acids in
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Lyophyllum decastes mycelia were analyzed. Single factor tests and Box-Benhnken central combined response surface test
were used to optimize process of extracting seleno-protein from Lyophyllum decastes mycelia. The content of protein was
determined by 3,3'-diaminobenzidine spectrophotometry. The types and contents of amino acids in mycelia protein before
and after selenium enrichment were compared by means of amino acid analyzer. The results showed that the optimal
conditions of extracting seleno-protein from mycelia of Lyophyllum decastes were extraction temperature of 64 °C,
extraction time of 60 min, liquid-solid ratio of 200:1 g/mL, and extraction times of 2. The protein extraction rate was
75.13%, and the content of selenium in mycelia was 63.87 pg/g. The amino acid composition were analyzed by means
amino acid score (AAS) and chemical score (CS), and the nutritional value of the protein in the selenium-enriched
Lyophyllum decastes mycelia was evaluated. The varieties of amino acids in the selenium-enriched Lyophyllum decastes
mycelia were abundant and the content of essential amino acids for human body was 17.20 g/100 g, 19.75% higher than that
in the non-selenium-ecriched Lyophyllum decastes mycelia. The ratio of EAA/NEAA was 0.51, close to the recommended
value proposed by WHO, and the values of both AAS and CS were close to the those in the model protein. In summary, the
protein extraction rate could be improved by optimizing the extraction process, and there was selenium in the protein from
selenium-enriched mycelia, which promoted the increase of amino acid content. The nutritional value of protein in
selenium-enriched mycelia was higher than that in non-selenium-riched mycelia, and selenium-enrichec mycelia had
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potential edible and application value.

Key words: Lyophyllum decaste; protein extraction technology; amino acid composition; amino acid evaluation
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FE 3000 r/min %3 F 2.0 15 min, SR VEY FIEWK
FAEH T, PR E DS ER FTLTE, Bl R L TTE N
AR ZEEK I E pH7.0 135 . AEELZS R T



g

o A

g

%458 % o

A SRR 22 A R B BRI L A S SRR AT <171 -

JRALH RS AR .
1.2.2 FRHETTEEHRESMNE  FeREsemk [13] 7k
RE B BT AS R A, ARSI B S i fmr i B A< p 24
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CxV,xV,

FE R R (%) = — o Y1 Vo
HARIUE (%) szmxloooxmo

o, C: PAFRIE IR A AGRE 5 (1 W CAE T X N,
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2R ER R .
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Table 1 Factors and levels of response surface methodology
) i AR K
R % i
-1 0 1
PRI (°C) A 50 60 70
PR ] (min) B 50 60 70
WORHE (mL/g) C 150:1 200:1 250:1
PR D 1 2 3
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1 L, fdiFHRT FHZIB KRR REZE 1 pg/mL AR e
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W1 mL, FAAREREE R 1:1 AOHk HC TR E pH2~
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7.5, A 10 mL HZEHRY 2 min #5532, 37/K)Z,
F 2R 2 L (LT 420 nm A9 GIE . LA &
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1.2.6.2 FESAOALEE R Sl g UERMFREL 0.05 g
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Fig.1 Determination of protein isoelectic point
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Fig.2 Effect of extraction temperature on protein extraction
rate in selenium-rich mycelia
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Fig.3 Effect of reaction time on protein extraction rate in
selenium-rich mycelia
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TR SRRl s 2 R i, 25 T 2t g h
T T B RAREAR AR 7 A 7 TN 1975 1, B 2 TRORH L
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Fig.4 Effect of liquid to material ratio on protein extraction
rate in selenium-rich mycelia
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Fig.5 Effect of reaction times on protein extraction rate in
selenium-rich mycelia
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#2845 Box-Behnken (9 H.002H G151 R EE, 156
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Table 2 Design and results of response surface analysis

SN
S A B C D Y, EEREE (%)
PRIBORE SR ok $RIaREL
1 1 -1 0 0 66.99
2 0 -1 0 -1 19.41
3 0 -1 -1 0 46.12
4 0 1 0 1 54.80
5 0 0 0 0 78.58
6 -1 0 0 1 51.84
7 0 0 -1 1 65.32
8 -1 0 1 0 54.37
9 1 0 -1 0 59.01
10 0 -1 0 1 52.52
11 -1 0 -1 0 39.47
12 0 0 0 0 77.44
13 0 0 0 0 71.84
14 0 0 0 0 70.44
15 0 1 1 0 57.22
16 1 1 0 0 62.23
17 0 1 -1 0 49.82
18 1 0 0 1 67.37
19 ! -1 0 0 49.33
20 -1 1 0 0 50.02
21 1 0 1 0 51.64
22 0 0 1 1 52.58
23 0 0 0 0 72.85
24 0 0 -1 -1 30.24
25 0 1 0 -1 34.85
26 0 -1 1 0 62.76
27 0 0 1 -1 41.13
28 -1 0 0 -1 22.74
29 1 0 0 -1 44.80

3 WA A T 22 Al R
Table 3 ANOVA results of factors and model in the response
surface experiment

KU POrA mE ¥ FE Pl WEM

AL 6002.31 14 42874 1342 <0.0001 ok
A 591.79 1 591.79  18.53  0.0007 o
B 11.62 1 11.62 036  0.5560
C 73.61 1 73.61 230 0.1512
D 1906.63 1 1906.63  59.70  <0.0001 o
AB 7.43 1 7.43 023  0.6371
AC 123.99 1 123.99  3.88 0.068
AD 10.66 1 10.66 033 05726
BC 21.34 1 21.34 0.67 04273
BD 43.30 1 4330 136 02638
CcD 139.59 1 139.59 437  0.0553
A? 534.74 1 53474 1674  0.0011 o
B? 756.18 1 756.18  23.68  0.0002 ok
c 694.29 1 69429  21.74  0.0004 ok
D? 2430.15 1 2430.15  76.09 <0.0001 o
G2 447.13 14 31.94
RPI 39593 10 39.59 3.09  0.1439
gliRzE  51.21 4 12.8

B2 6449.44 28

T *RIRP<0.05IK 522 57 i E /KT *+RR P<0.0135 3125 4l B 27K

PS8 250 R BIH )7 FR: Y,=74.23+7.02A+0.98B+
2.48C+12.61D—1.36AB—5.57AC—1.63AD—2.31BC—
3.29BD—5.91CD—9.08A%—~10.80B>~10.35C>~19.36D>,
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Fig.6 Response surface of the interaction of various factors on the protein extraction rate of selenium-rich
Lyophyllum decastes mycelia
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Table 4 Analysis of AA content of protein in mycelia of
Lyophyllum decastes before and after selenium enrichment

B » Kt ﬁﬁ%ﬁféﬁi W ﬁﬁlﬁ%fﬂds e
IR BARPEIER B ETh R R (%)
HHE(g/100 g) (/100 g)
Asp 5.03 5.39 7.16
Thr" 241 2.75 13.76
Ser 1.84 2.36 28.58
Glu 6.53 7.82 19.78
Pro 4.55 4.05 -11.04
Gly 2.77 3.07 10.78
Ala 3.11 5.00 60.98
Cys 0.00 0.00 0.00
Val’ 3.22 3.49 8.62
Met 0.92 0.97 4.96
Ile* 0.00 0.00 0.00
Leu’ 3.95 5.21 31.79
Tyr 1.00 1.59 58.16
Phe” 2.60 2.69 3.68
Lys’ 1.26 2.09 65.62
His 0.97 133 36.89
Arg 2.38 3.38 42.05
ﬁﬁ%ﬁg 4253 51.18 20.33
: ﬁ%ﬁ%%gﬁ 14.36 17.20 19.75
#M‘ﬁ%%@?ﬁﬁ 28.17 33.98
EAA/NEAA 0.51 0.51

T+ A RS
EAA/TAA {8 M 33.61, EAA/NEAA 118~ 0.51,
5 FAO/WHO #2 H 0 BAR 3R FH B bR RS 7RI, for
PSR < A 22 B T s 2R TR, DR
BRI 22 AR SR S Y B W SR, ELA
REAR P Efar i SR <P 2244 A3 2 BE IR 1) 5 1, 31X
FIVE G UEAA TR | ANAZ R 2P B 224 7R 11 it Hh a0 3
TR S A IRF T S5 R —3

FH 2 4 A, B A far i 2 AR <P TR 22 AR b T 2
FERR IS BN 33.61%, FIAS B Al 19 Bl 24 A A i 24
IR A2 . AR 5 A, LFTEIERS Thr. Leu,
Phe+Tyr 5 B 20308 14 2508 Lk FAO/WHO 121
B BRAR ZE AR UEAY 11, Lys Al Met+Cys Y 5T 543058
AR, CS #kIZZEUT 100 43, FRIIEE S S5 E A
AR ; AAS R 100 43, RS WHO/FAO

HS EANRTIE R <P B 22 A R R A T SRR A

Table 5 Analysis of AA content of protein in mycelia of Lyophyllum decastes before and after selenium enrichment

SRR Y R S350 (%) cs AAS
TR IEFR RIS - - FAO/WHOZ %14 (%)
G2l S WY oA N B W 2R BN ZIRE N RE R IR E D SR 2R E
Thr 6.00 5.75 4.0 86.61 83.07 150.05 143.75
Leu 9.84 10.90 7.0 111.80 123.86 140.54 155.72
Val 8.0 7.30 5.0 110.93 100.99 160.40 146.00
Lys 3.14 437 55 49.03 68.31 51.95 7235
Tle 0.00 0.00 4.0 0 0 0 0
Phe+Tyr 8.97 8.95 6.0 60.38 60.30 149.43 149.17
Met+Cys 229 2.03 35 41.66 36.90 65.46 58.00
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