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Optimization of “agricultural residue” formula for Auricularia
auricula mycelium growth by mixture design

QUAN Quan', LIU Jia?, JING Ruiyong', LI Ximei', WU Nan"', TIAN Fenghua "
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2 College of Applied Science and Technology, Heilongjiang Bayi Agricultural University, Daqing 163319,
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3 Department of Plant Pathology, College of Agriculture, Guizhou University, Guiyang 550025, Guizhou, China

Abstract: [Background] The contradiction between edible fungi and forest is increasingly
prominent, and the agricultural residues are rich in resources, which can be used as the main
substrate for the cultivation of edible fungi. [Objective] To screen out the agricultural residue
formula suitable for the growth of Auricularia auricula mycelia by using common agricultural
residues. [Methods] Six substrates, including soybean straw, rape straw, corn straw, peanut
straw, wheat straw, and sawdust, were used as raw materials in this study, and the formula was
designed using the simplex-lattice method. The effects of different substrate interactions on the
mycelial growth rate, mycelial growth index, laccase activity, polyphenol oxidase activity, and
cellulase activity of A. auricula were analyzed. [Results] Among the substrates of agricultural
residues, soybean straw was the most suitable for the growth of A. auricula mycelia, followed
by rape straw. The combination of the three main ingredients optimized the substrate ratio
which was most suitable for the growth of A. auricula mycelia. [Conclusion] This study has
finally optimized an agricultural residue formula suitable for the growth of A. auricula mycelia
(49.4% sawdust, 16.4% rape straw, 12.2% soybean straw, 20% wheat bran, 1% sugar, and 1%
CaSO0,). This study provides a theoretical basis for the cultivation of A. auricula with grass
instead of wood.

Keywords: agricultural residues; Auricularia auricula; simplex-lattice method; substrate ratio
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Table 1 Design of substrates formula
iy R TR L
Formulation Main material matrix ratio (%)

X X, X3
1 100 0 0
2 0 100 0
3 0 0 100
4 50 50 0
5 50 0 50
6 0 50 50
7 333 333 333
8 16.7 16.7 66.7
9 16.7 66.7 16.7
10 66.7 16.7 16.7

Xi: ZeRJE; Xo: MWMIEFEF; X: KOFEF
Xi: Sawdust; X,: Oilseed rape straw; X3: Soybean straw.
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Analysis on the difference of growth rate of mycelium of Auricularia heimuer with initial

screening formula. Different lowercase letters indicate significant differences.
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Table 2 Growth scoring results of each formula

B Jy HKH Auricularia auricula

Formulation W% Bifa Colony color %% Thickness Y351 & Uniformity KI5 Growth score
1 {4 White B Thinly sparse B:¥49%) Uniform 3

2 {4 White B % Dense ¥45) Evenly 4

3 {4 White B % Dense ¥45) Evenly 4

4 {4 White B Thinly sparse B:¥9%) Uniform 3

5 H {4 White i Thinly sparse B ¥5) Uniform 3

6 H {4 White B % Dense ¥45) Evenly 4

7 H {4 White B % Dense ¥45) Evenly 4

8 {4 White B % Dense ¥45) Evenly 4

9 {4 White B % Dense ¥45) Evenly 4

10 {4 White 5k % Dense 5] Evenly 4

F3 HLAKEXRZXZLIEIEFEEFESHT

Table 3 ANOVA for fitted quadratic polynomial model of mycelium growth rate

75 S 5 s H ¥y F P
Source Sum of squares df Mean square

B Model 13.17 8 1.65 61.00 <0.000 1
LRPEIR AR 11.22 2 5.61 207.80 <0.000 1
Linear mixed model

Xi X, 0.59 1 0.59 21.88 0.000 1
Xi X3 0.44 1 0.44 16.14 0.000 6
X0 X3 0.01 1 0.01 0.23 0.6354
XX Xs 0.01 1 0.01 0.32 0.579 6
X, %25 0.39 1 0.39 14.47 0.001 0
X %o X32 0.55 1 0.55 20.35 0.000 2
5% 2% Residual 0.57 21 0.03

SR Lack of fit 0.12 1 0.12 5.48 0.029 7
4li{R 2% Pure error 0.45 20 0.02

JFI Cor total 13.74 29

W ERKHEAR, 55 EIH TR, XX
(K=2.17). X X5 (K=1.86). X;X;*X; (K=37.00)1
KAEKTF 0, F£WX 3 Fsg BAEH AT DL G % 2
AR, XX Xs® (K=—43.95)/ K fE/)
T 0, RUIXFEHAENA UL ERRE 2 4
ST N e DN Sl AR we i GIE]
AR, W T 22 AR KR A TR R B

AT T O R WA A, o Ba WX o 22 2E I
BRI BT, i 2 AT, 3 R Rk sTmk
R RS, TR R ERGFE AR
PR BT 22 25 1< T R S L 5 T B e A S v
AT, BT R A AR A A R ] B LR
0 ARSI S0 LA B (L 405 B2 Ay, W] AR
U AU B 2228 KRN R Z [ IR
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Figure 2 Contour map of mycelial growth rate (A)
and linear correlation (B) between measured and
predicted values.
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146.67.X, X, X, —172.11X, X, X,”, R =0.8886,
H % 4 TS0, FRE X2X0Xs X0 X7 X5 X X0 K52
A2 HAE FH R 2 2 K7 (P<0.01), AT DLR 25
Wi T 22 R K AE B S5 AT RE AT AL, X2X0Xs
(K=324.78)F1 X X,*X5 (K=146.67)32 H.AFE vl LA

R4 HLERKBHXSHMRAEBEFTESH
Table 4 ANOVA for fitted quadratic polynomial
model of mycelial growth index

AR SR S BHE B F =]
Source Sum of df Mean
squares square

5 A Model 117.56 8 14.70 41.91 <0.000 1
LMER AW 36.56 2 18.28 52.13 <0.000 1
Linear mixed
model
X, Xo 0.48 1 0.48 136 0.2570
X Xs 0.00 1 0.00 0.01 09115
XoXs 0.21 1 021 0.60 0.4468
XXX 30.11 1 30.11 85.88 <0.000 1
X X2 X5 6.14 1 6.14 17.50 0.000 4
X X X532 8.42 1 8.42 24.02 <0.000 1
5% 7% Residual  7.36 21 0.35
I L3 1.18 1 1.18 3.80 0.0653
Lack of fit
afi R 2= 6.19 20 0.31
Pure error
BUH Cor total  124.93 29

FTREE AR, XXX (K=—172.11)

scﬁﬁfﬁﬁﬂbjﬁ%ﬁ“f&@%ék?éﬁo 3 FhE
VNN S S Py NI SR @ Sy NS R i< L
SEREFE 5 AR SN AE AN A 0L B Ay, W]
DIAR LT b 40L& B 22 A= K 48 B0 Tk Z Al i 56 &R
(& 3),
233 REGEEE
A T It 3% [0 05 A
Y =9.00X, +18.02.X, +55.32.X, +1068.65.X, X, +
636.51.X, X, +961.13.X, X, +27 247.98 X X, X, —
5088.64.X,.X,°X, —13280.51.X, X, X, R =0.9815,
B2 S ATAL, ER XX XoXs Xi2XoXs 1Y
SEHAE AR .25 7K (P<0.01), Al DL 2552 0
R o B B B AT AL, XX, (K=1 068.65) .
XoXs (K=961.13)F1 X, %X, X5 (K=27 247.98)iX 3 Fil
LHAFF AT DL P S BRI P . 3 R R
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Figure 3 Contour map of mycelial growth index (A) and linear correlation (B) between measured and

predicted values.

F5 FMEEZXZDENEEE G EDHT

Table 5 ANOVA for fitted quadratic polynomial model of laccase activity

5 SR A A ¥y F P
Source Sum of squares df Mean square

% Model 773 090.17 8 96 636.27 7.78 <0.000 1
MRS Linear mixed model 18 858.30 2 9429.15 0.76 0.480 3
XX, 143 216.05 1 143 216.05 11.54 0.002 7
XiXs 50 808.38 1 50 808.38 4.09 0.056 0
XoXs 115 854.23 1 115 854.23 9.33 0.006 0
X 2XoXs 211 934.62 1 211 934.62 17.07 0.000 5
X1 X2 Xs 7386.94 1 7 386.94 0.60 0.449 1
X XoX52 50215.35 1 50215.35 4.05 0.057 3
5%2% Residual 260 697.71 21 12414.18

AR Lack of fit 252 200.88 1 252200.88 593.64 <0.000 1
4l 9% Pure error 8 496.83 20 424.84

S Cor total 1033 787.88 29

VAR T T P DT R e R GRS, RO ISR
FEAF AN A 5 T Tl Tt 11 5 00 i 0 o] {2 40
G BERT, AT DAAR ST AP0 R Tl e TS RN R
] ) 5 2R (K 4) 0
234 ZEAFLEGEEE

22 Ty S A K T 0 [0 U 7 R

Y =150.92.X, +567.68.X, +450.37.X, +
908.57.X, X, —583.85X, X, —750.37X, X, +
72378.71.X’ X, X, —49057.07X,X,’ X, —
7219.54X,X,X.’, R =0.9315,

H12E 6 AT, R XXX T X Xo™Xs 158
AR R B K E(P<0.01), A DL i R £
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Figure 4 Contour map of laccase activity (A) and linear correlation (B) between measured and predicted

values.

Fo6 ZEAFELEBERE XS MEARBETESNT

Table 6 ANOVA for fitted quadratic polynomial model of polyphenol oxidase activity

5 R -5 A A ¥y F P
Source Sum of squares df Mean square

Fi % Model 2099 084.62 8 262 385.58 7.72 <0.000 1
MR A Linear mixed model 62 171.26 2 31 085.63 0.91 0.416 1
X1 Xs 103 522.95 1 103 522.95 3.05 0.095 6
XiXs 42 748.95 1 42 748.95 1.26 0.274 8
XoXs 70 616.25 1 70 616.25 2.08 0.164 3
X2 X X5 1 495 391.00 1 1 495 391.00 43.99 <0.000 1
X1 X2X5 686 537.04 1 686 537.04 20.20 0.000 2
X XoX5? 14 819.65 1 14 819.65 0.44 0.516 3
5% 2% Residual 713 884.53 21 33 994.50

H4DI0 Lack of fit 632 785.27 1 632 785.27 156.05 <0.000 1
4li{% % Pure error 81 099.26 20 4054.96

JEFI Cor total 2812969.14 29

My S AR M . R R R, S EAERN 235 AHEREBESE

XX Xs (K=72 378.71) 0 & 3 42 i 2 B AL 2T 4 2% WIS [T U e

TEVE, SCEAE XXX (K=-49 057.07) 0] 3%
WAk 2 B AL G o 3 Fh RN 2 B S AL
R TR o e ISR AT , JLUOR R EREFT
FIZAE 5 22 Py 4 T T 1% P9 S 300 0 R o 00 1L
WA B, T LIRS A& 2 1 A AL B IS
A3 B R Z A SC R (8] 5).

Y =279.11X, +99.20.X, +83.43.X, —
443.75X, X, —319.20.X, X, -99.45X, X, —
3583.21.X° X, X, +6098.81.X,X," X, +
2426.62X,X,X,°, R =0.8717,

e 7 i, R XX, XX, Xi2XoXs
X0 X X 19 58 A JH A (2 25 7K F (P<0.01),
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Figure 5 Contour map of polyphenol oxidase activity (A) and linear correlation (B) between measured and

predicted values.

R7T AUEZBEEZRSNEVEARETESNT

Table 7 ANOVA for fitted quadratic polynomial model of cellulase activity

75 S 5 Rl H HEE ¥ir F P
Source Sum of squares df Mean square

FEH Model 97 759.26 8 12 219.91 34.16 <0.000 1
2k PETR 4457 Linear mixed model 52 834.44 2 26 417.22 73.84 <0.000 1
X1 Xo 24 693.94 1 24 693.94 69.03 <0.000 1
X1 X3 12 777.46 1 12 777.46 35.72 <0.000 1
XoXs 1 240.29 1 1 240.29 3.47 0.076 7
X2 XoXs 3 665.04 1 3 665.04 10.24 0.004 3
X1 X2 Xs 10 610.86 1 10 610.86 29.66 <0.000 1
X1 XoXs? 1 674.26 1 1 674.26 4.68 0.042 2
5%2% Residual 7512.75 21 357.75

S Lack of fit 1507.81 1 1507.81 5.02 0.036 5
4li1% 2% Pure error 6 004.94 20 300.25

JEAN Cor total 105 272.02 29
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Figure 6 Contour map of cellulase activity (A) and linear correlation (B) between measured and predicted

values.

2.5 IIERIE

Vo T P AN B T EE T R T — WPl
SR, BT 3AER, ME R LA KRR,
PR 22 K AR R, RS . 22 I AR L0 TS AT
21 Yk X Wl G (3% 8). H13R 8 mIAI, HU AL Ty i
PR 22 A R TR 22 A K R RO Bl T Y
TFXF REC Jr, 3R BH A0 A AT DA B
TR H R 221557
3 wtwEE#

TNt s A & FH B EC O Ak —F
Ik, DM felE A B H R R 2 K
JRECE . AR VR 2 A R Ry
AR WA Ty, an SR TR R

*8 WIELWHERDIA
Table 8 Analysis of validation experiment results

BT A LA O A T Gl A R A Il 2R e
s AT PYR R AR i A & A
FARH AR M A CARE )y A5 %R AR R
51 i 5 ik A A XA 5 B R R I
J7 s R A PR FRARHE T Ak il
EIRPAEREG AT R . NI, AR5
5 A RSO h i SR A A% i ks & R
AHE 22 AR AR T, BA—ER
HSEERL . ABIFEAURED], 15 5 ol R4
Yk, REFMHRESRARERZER, HiK
JEMZRREAT o ZeARE | SRS AR BRS AT =
E AR R (ST TIRTE 34 0] RZ4258 Uk SN
22 R HE R RIS . 2 By S AL I I A
LR YL RGNS , Hoh 32 BAE T XXX T R 4

[ WA KA A RKIRE
Formulation Mycelium growth Mycelial growth

% e I 1

Laccase activity

Z B A A S

Polyphenol oxidase

£T 4 R I
Cellulase activity (U)

rate (mm/d) index activity (U)
T By 4.300+0.058 17.200+0.231 137.733+5.094 65.120+6.961 177.693+9.974
Predictive formula
CK 4.230+0.133 16.933+0.533  35.836+1.810 589.640+20.534 434.059+14.166
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1o D 22 A AR R L R TS RN 2 19 S AL B I
] i EREARLF 4E R MRS ; S HAEF XXX
Al ER S LA RKEE | WA RKRIsBRL
AE R RGNS , W] W PR 2 W A AL RS s A
FAER X XoXs® AT 5 2 B AR TR 22 4 K o R A
22K ARE . AT AL, A (R EE C LE XA [
BEFTG P52 M AN ], 3k g 2 St 2 U O 7 4 SR
AL . HEDR R LR RC EL B C/N ASTR],  Fir AT
AR IR A 22 5 . AR AR
22 ORI 22 A KA E 2 AR L, R H]
R 22 AR R S T 22 AR AR B R &R

T A EIB AR Z R BN A, B fIAS [H]
B BRSO AR 2B AR IS B 1 AR
I ZARA 38 A R AR HR 22 R K AR TR )
Beh: 24KE 49.4%, MHEEFEFT 16.4%, KO
 12.2%, 22 %k 20.0%, BERE 1.0%, CaSO4 1.0%.,
3 o 3 UF S 6 2 B A C J mT DL AR R Ty i
TTHAARE R 2235 5%, ARG LE R0l L4 5 R
AR BRI PR AL AR .
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