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Nutrient content in the pig manure biogas residue and sugarcane bagasse.
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Table 1.

Heavy metal content (mg L)

Element present (%)

Magnesium

Phosphoric  Potassium  Calcium

Organic

C:N

EC
value

pH

value

Cr Pb

Ni

7.4

Zn Cd
313.0 0.6

matter Nitrogen oxide oxide oxide oxide Cu

ratio
24.0

Material

1.5
2.3

6.1

2.1 2.8 0.3 3.1 1.1 81.0
0.3

87.0

1.8
2.4

ND

Pig manure-biogas residue

38
0.3

3.0

0.3

37.5

14.0

0.9 0.2 0.3 0.7
ND ND

78.0

50.3

8.3

Bagasse

1.5
0.6

ND ND ND 87.0 03

ND

ND

ND*

Rice bran

0.8

712 02 14

2.6

ND ND ND ND ND ND ND 1

ND

ND

Wheat middlings
“ND: not done.
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2. SERATHSEERCTT -

Table 2. The compositions of treatments that used in the experiments.

Composition of treatment (%)

Treatment Sawdust ~ Rice bran  Biogas residue Bagasse Wheat middlings
Replace rice bran with biogas residue
Treatment 1 (control) 70 30 0 0 0
Treatment 2 70 20 10 0 0
Treatment 3 70 10 20 0 0
Treatment 4 70 0 30 0 0
Replace rice bran with bagasse
Treatment 1 (control) 70 30 0 0 0
Treatment 2 70 20 0 10 0
Treatment 3 70 10 0 20 0
Treatment 4 70 0 0 30 0
Replace rice bran with biogas residue and bagasse
Treatment 1 (control) 70 30 0 0 0
Treatment 2 70 10 15 5 0
Treatment 3 70 10 10 10 0
Treatment 4 70 10 5 15 0
Plastic bag assay
Treatment 1 (control) 60 30 0 0 10
Treatment 2 60 10 15 5 10
Treatment 3 60 10 10 10 10
70% ARJE +30% KHE: BoJ72:70% KJg +  FEREEKEHER 60-65% » 77 EREER%

20% 71“;]‘7?‘ + 10% /D/E EBE:?’ 70% 7K)Z. +
10% K HE + 20% 37 5 Bid 774 1 70% KJE +
30% A o FEARUOR IR REAREEC T B
FE5 1 (CEHEE4H) @ 70% ARJE + 30% SKHE  fic 5
2:70% RJIE +20% KM + 10% 4 [t 3
70% KRB + 10% K8 + 20% fEsE : fi 5 4 ¢
M%¢E+M%WEOM%@F%WW*W

CRANBE TR BT 1 (BHER4E) 1 70%
7kfj~+30967kﬂ%, EHg2:70% AKJE + 10%
SKHE + 15% 787 + 5% 5 B 3 70% K
B + 10% KHE + 10% 783 + 10% BEE 5 By
41 70% RIE + 10% K8 + 5% 738 + 15% JF
Ao FERE S B 0 RGN 24CR B
TR HEEE% 10 d SLEREE A/ o AReBniET 2
HHE -

B AERER R

DLEZEELE 85« 15 R & #E A ERRI%
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-
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REARAE ~ AR EAIACKEER
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a@ﬁé@%mﬂoﬁﬁ%xﬂﬁ?kﬁﬁ

SrRlRsEL T 1 CEEEAR) @ RIE 60% + K 30%
+ B 10% 5 BC5 2 0 RJE 60% + K 10% +
FOTE 10% + 387 15% + BEE 5 % it /53 1 K
[ 60% + SFHE 10% + B5E 10% + 3238 10% +
FEE 10% o sRERPTEH 2 & ARERZ=Z R -
LTI R R - B EKEFHEZE 60-65%
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HESKAEXS - FRE TRE 2000 %
ANEZfgs > FFZ R AU AR ERFE R - IR orET
B (%) = Okfbigifimetif ik sy EE - HiRE
B)/REEER < 100 - HEA ST BTSSR
B4 2-3 mg ZEERS > BN EET > IIAH
7 I 0 BL R B 910 0 R DA 1 2 4R & 2 A R i
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% [0 % RS AR s 0 BRI T > LMY 688 HH O B
(mL) - EB1/0 8K 4 B R 2 B R B B
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3) FE95% EHEEM T - A FE RV EHE 4
HAERARKBEER - EEHEREEEREE
ANIEERKEE (B 1) fERE AR
Barh o BCJ7 4 DURE A 2 B EUAOR B & & e
4EME G % S (diameter) 82/) > {H 10% [ &
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mm > {F 95% (SFEE ] TEC 7 3 B AR 77
TEREER ABLTT2 3 4 Z[HmEE SR -
FEOGELIRL T 3 Z E% iR (A2 42.8 mm) >
HRAC T 2 (41.6 mm) ~ it /7 4 (40.8 mm) » ¥
HR4HAN Ry 36.6 mm > {F 95% (SHEIE fH MO 5 3
B IR P RS =R il 72342
M =R IS4 EC T 3 2% A (7]
# 49.2 mm) > HXEE T 4 (48.2 mm) ~ fi2 5 2
(46.6 mm) > HHE4H AN £ 45.2 mm > £ 95% =
FEER T )7 3 B IR R e = 5 -
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3. DUREHORBEHERE s A R 2P E -
Table 3. Effects of replacement of rice bran with various percentages of biogas residue on the colony diameter of
mushrooms.

The colony diameter of mushrooms (mm)*

Pleurotus Pleurotus Hypsizygus Hypsizygus
Treatment eryngii sajor-caju marmoreus tessellatus
Treatment 1 - control’ 51.6 ¢ 75.6b 41.6d 434c
Treatment 2 - 20% rice bran + 10% biogas residue 532¢ 84.6a 478 ¢ 51.6b
Treatment 3 - 10% rice bran + 20% biogas residue 56.2 be 82.8a 52.8b 572 a
Treatment 4 - 30% biogas residue 62.2a 88.6a 57.0a 59.0a

“ Bagasse was inoculated at 24°C.

¥ Treatment 1: 70% sawdust + 30% rice bran; Treatment 2: 70% sawdust + 20% rice bran + 10% biogas residue; Treatment 3: 70%
sawdust + 10% rice bran + 20% biogas residue; and Treatment 4: 70% sawdust + 30% biogas residue.

* The colony sizes by the same letter in the same column are not significantly different (P < 0.05) by the least significant difference
(LSD) test.

Pleurotus eryngii  Pleurotus sajor-caju Hypsizygus marmoreus Hypsizygus tessellatus
(PE-1) (PS-1) (HM-1) (HT-1)

1. DUAEENACKEE RS AR 28 - SR BEEHEC 0T T BLJ7 1 CEHRAE) 0 70% AKRJE + 30% SKi
BE 77 2 70% ARJE + 20% Kl + 10% S © B /5 3 ¢ 70% AJE + 10% KA + 20% S35 © fo 5 4 ¢ 70% AKJE +
30% JHE © BEE(E 24 C N 16 d - EElEMRE S A A4S ov. PE-1 ~ FHE4E ov. PS-1 ~ 2% ov. HM-1 5
4k cv. HT-1 »

Fig. 1. Effects of replacement of rice bran with various percentages of biogas residue on the colony size of mush-
rooms. Colonies were inoculated at 24°C for 16 d. Treatment 1: 70% sawdust with 30% rice bran; Treatment 2: 70%
sawdust with 20% rice bran and 10% biogas residue; Treatment 3: 70% sawdust with 10% rice bran and 20% biogas
residue; and Treatment 4: 70% sawdust with 30% biogas residue. With the increasing rate of biogas residue, the my-
celium is getting thinner. The varieties of Pleurotus eryngii cv. PE-1, Pleurotus sajor-caju cv. PS-1, Hypsizygus mar-
moreus cv. HM-1 and Hypsizygus tessellatus cv. HT-1 were tested in this experiment.
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4. DEEHOREHERE S AR ZPE -
Table 4. Effects of replacement of rice bran with various percentages of bagasse on the colony diameter of mush-
rooms.

The colony diameter of mushrooms (mm)*

Pleurotus Pleurotus Hypsizygus Hypsizygus
Treatment eryngii sajor-caju marmoreus tessellatus
Treatment 1 - control’ 62.4 a" 82.2a 55.0a 55.8 ab
Treatment 2 - 20% rice bran + 10% bagasse 628 a 87.2a 572a 56.8 ab
Treatment 3 - 10% rice bran + 20% bagasse 61.0a 90.0 a 540a 57.6a
Treatment 4 - 30% bagasse 46.8b 77.4b 44.0b 46.0b

“ Bagasse was inoculated at 24°C.

¥ Treatment 1: 70% sawdust + 30% rice bran; Treatment 2: 70% sawdust + 20% rice bran + 10% bagasse; Treatment 3: 70% sawdust
+ 10% rice bran + 20% bagasse; and Treatment 4: 70% sawdust + 30% bagasse.

* The colony sizes by the same letter in the same column are not significantly different (P < 0.05) by the least significant difference
(LSD) test.

x5 DURABEAROREE HEEEE A R 2 -
Table 5. Effects of replacement of rice bran with various percentages of biogas residue and bagasse on the colony
diameter of mushrooms.

The colony diameter of mushrooms (mm)*

Pleurotus Pleurotus Hypsizygus Hypsizygus
Treatment eryngii sajor-caju marmoreus tessellatus
Treatment 1 - control” 41.6 b* 70.4 b 36.6b 452b
Treatment 2 - 15% biogas residue + 5% bagasse 45.2 ab 80.4 a 41.6 ab 46.6a
Treatment 3 - 10% biogas residue + 10% bagasse 474a 76.8 a 42.8a 492 a
Treatment 4 - 5% biogas residue + 15% bagasse 44.0 ab 76.6 a 40.8 ab 482 a

” Bagasse was inoculated at 24°C for 10 d.

* Treatment 1: 70% sawdust + 30% rice bran; Treatment 2: 70% sawdust + 10% rice bran + 15% biogas residue + 5% bagasse;
Treatment 3: 70% sawdust + 10% rice bran + 10% biogas residue + 10% bagasse; and Treatment 4: 70% sawdust + 10% rice bran
+ 5% biogas residue + 15% bagasse.

* The colony sizes by the same letter in the same column are not significantly different (P < 0.05) by the least significant difference
(LSD) test.

AEEERODHEREEMERRESE  Thc HERMHNRERER 45 dERETER -

e 8 L7285 B 5 LA B 5 B

EEZZE  KWMRKEERTKE 2T LS
KRZEBTF 45 R ATRIZE R B ] 1T Hos
g > HPECTT 2 3 RS AE 14 d RETT
PRI > BHIRAH R a5 1R 15 d BT PRI
AEBTZFUERD BT 1 19470 g

R IR AR DT B RV LA O R S o 45
SERZPE  AWgtdaEtA 3 ERI T 0 &
R2ACTHEBEPHE 21 di% > BRCTHZF
HE R A B BB T 1 5.96 em ~ FigTT 2

7.83 cm~ it 753 1 11.06 cm » 3 EAE 95% (518
BRI FBRAEEER  MEE32dZE
FH R R REC S 1 2 10.6 em ~ 7 2 ¢
157 ecm g 53163 cm » HAEC 5 2~ [iC
T3 &Et BEAECTT 1 AAEEER  HWEZ
MIQHEEER (R6) - mxft » BLJ7 3 NHEE
% 37 dEESER - BL7 2 R 40 d EFH

+531 g L /52:21131 g+546 g~ it K
3:220.20 g +2.66 g (& 2) > 1F 95% {5 &
EBEIT 3HEETHEAEEEZL  E—F
KT8 o SRR AT BT 1 A R 5
31.6% ~ B & %5 5 42.2% ~ C 4% 4t 5 26.2% ;
FiJ7 20 AgRsE 5 37.2% - B 445 43.3% ~
C4gt 5 19.5% i3 A4hEE s 26.0% -
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6. LURABFTEN ORI BT s N e HiER - 22 -
Table 6. Effects of replacement of rice bran with various percentages of biogas residue and bagasse on the distance
of mycelium runner of Pleurotus eryngii.

The distance of mycelium runner (cm)”*

Treatment 21d 28d 32d 35d
Treatment 1 - control” 6.0 c" 8.8 ¢ 10.6b 1l.1c
Treatment 2 - 15% biogas residue + 5% bagasse 79b 11.7b 157 a 16.8b
Treatment 3 - 10% biogas residue + 10% bagasse I1.1a 14.8a 163 a 17.8 a

” Bagasse was inoculated at 24°C.

¥’ Treatment 1: 60% sawdust + 30% rice bran + 10% wheat middlings; Treatment 2: 60% sawdust + 10% rice bran + 10% wheat
middlings + 15% biogas residue + 5% bagasse; Treatment 3: 60% sawdust + 10% rice bran + 10% wheat middlings + 10% biogas
residue + 10% bagasse.

* The colony sizes by the same letter in the same column are not significantly different (P < 0.05) by the least significant difference
(LSD) test.

250 O Treatment 1 - CK
B Treatment 2 - 15% biogas residue + 5% bagasse
m Treatment 3 - 10% biogas residue + 10% bagasse 2%
£~ 200 F *
j@)]
@©
O
(2]
~ 150
ke
Q
>
(0] -
g, 100
S
e
< 50 -
0

Treatment
2. DUHABRERFORIERE Sl e 2% - JECTAT i) 1 RE 60% + Kifif 30% + 7
8 10% 5 B2 2 ° R 60% + K 10% + #5388 10% + 737 15% + 58 5% 5 ft 5 3 ¢ RJE 60% + 88 10% +
HIEH 10% + A 10% + & 10% - MH[E 2 5EFIRLL (P <0.05) 1 LSD st L@ ABIZEER -
Fig. 2. Effects of replacement of rice bran with various percentages of biogas residue and bagasse on the average
yield of Pleurotus eryngii. Treatment 1: 60% sawdust with 30% rice bran and 10% wheat middlings; Treatment 2:
60% sawdust with 10% rice bran, 10% wheat middlings, 15% biogas residue and 5% bagasse; and Treatment 3: 60%

sawdust with 10% rice bran, 10% wheat middlings, 10% biogas residue and 10% bagasse. : the average yields by the
same star column are not significantly different (P < 0.05) by the least significant difference (LSD) test.
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Fig. 3. Effects of replacement of rice bran with various percentages of biogas residue and bagasse on the yield-
scale difference of Pleurotus eryngii. The yield-scale is based on mushroom size: (A) over 15 cm; (B) between 815

cm; and (C) below 8 cm. Treatment 1: 60% sawdust with 30% rice bran and 10% wheat middlings; Treatment 2: 60%
sawdust with 10% rice bran, 10% wheat middling, 15% biogas residue and 5% bagasse; and Treatment 3: 60% saw-

dust with 10% rice bran, 10% wheat middlings, 10% biogas residue and 10% bagasse.
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15d: B)ECT7 2> 14d5 (O fCy7 3 > 14d 5 (D) bLik 3 FEEC 7 EIEEAS TR > FHAAEIA /3 RIAECTT 1 5] 3 « £
FAF > B 1 KB 60% + S8 30% + #3558 10% 5 Fie 75 2 @ KT 60% + >KHE 10% + #5308 10% + ;3578 15% +
T 5% 1 it T 3 1 RSB 60% + S 10% + 3 TE 10% + 3838 10% + 3 10% o

Fig. 4. Effects of replacement of rice bran with various percentages of biogas residue and bagasse on the yield of
Pleuotus eryngii. Different days after the stimulation of fruiting: (A) Treatment 1 (check), 15 d; (B) Treatment 2, after
14 d; (C) Treatment 3, after 14 d; and (D) comparison of mushroom shape of P. eryngii among three treatments, from
left to right were Treatment 1 to Treatment 3. Treatment 1: 60% sawdust with 30% rice bran and 10% wheat mid-
dlings; Treatment 2: 60% sawdust with 10% rice bran, 10% wheat middlings, 15% biogas residue and 5% bagasse;
and Treatment 3: 60% sawdust with 10% rice bran, 10% wheat middlings, 10% biogas residue and 10% bagasse.

7. DUHEBREENMORR G s T ER i ESE a8 oo -
Table 7. Effects of replacement of rice bran with various percentages of biogas residue and bagasse on the content
of major nutrients and heavy metals in Pleurotus eryngii.

Element present

Percent (w/w) Heavy metal (mg L)
Treatment Protein Lipid  Water Ash Pb Cd Cu Zn
Treatment 1 - check” 2.6 0.4 86.6 0.6 ND’ 0.2 5.59 453
Treatment 2 - 15% biogas residue + 5% bagasse 2.1 0.2 87.6 0.5 ND 0.1 3.14 48.7
Treatment 3 - 10% biogas residue + 10% bagasse 2.0 0.3 87.9 0.5 ND 0.1 2.67 33.9

“ Treatment 1: 60% sawdust + 30% rice bran + 10% wheat middlings; Treatment 2: 60 % sawdust + 10% rice bran + 10% wheat
middlings + 15% biogas residue + 5% bagasse; and Treatment 3: 60% sawdust + 10% rice bran + 10% wheat middlings + 10%
biogas residue + 10% bagasse.

’ND: not detected.
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Table 8. Amino acid composition of Pleurotus eryngii fruit bodies harvested from growth media replacement of
rice brain with various percentages of biogas residue and bagasse.

20% Rice bran replaced with

Treatment 1 -

Treatment 2 -

Treatment 3 -

Amino acid (ug g") control” 15% biogas residue + 5% bagasse 10% biogas residue + 10% bagasse
Aspartic acid 1,868.10 1,332.80 1,269.40
Glutamic acid 2,865.00 1,970.10 1,818.40
Serine 1,142.30 867.07 790.27
Histidine” 502.94 382.98 376.65
Glycine 1,160.60 815.42 782.02
Threonine” 1,101.80 805.55 756.13
Arginine 1,909.60 1,700.70 1,426.10
Alanine 1,936.60 1,588.10 1,469.90
Tyrosine 625.99 440.53 415.46
Cysteine 1,875.80 1,625.00 1,510.40
Valine” 1,215.30 865.04 820.10
Methionine” 30.36 ND* ND
Phenylalanine” 994.65 707.36 658.96
Isoleucine” 927.83 644.68 614.56
Leucine” 1,569.90 1,094.00 1,051.70
Lysine” 1,406.70 893.03 853.04
Proline 1,006.50 714.25 664.54

“ Essential amino acids.
Y ND: not detected.
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Effects of Biogas Residue and Bagasse on
Mushroom Production

Chi-Yung Huang', Bee-Yu Wei’, Hsiang-Cheng Hung’, and Yun-Sheng Lu""

Abstract

Huang, C. Y., B. Y. Wei, H. C. Hung, and Y. S. Lu. 2020. Effects of biogas residue and
bagasse on mushroom production. J. Taiwan Agric. Res. 69(3):193-206.

Energy shortage and over reliance on fossil fuels are important issues in Taiwan and the explo-
ration of renewable energy is one way to solve the problem. Biogas energy is one type of the renew-
able energy, but the deployment of its uses is limited by the production of biogas residue. To solve
this problem, biogas residue produced from fermentation of pig manure was mixed with bagasse in
different ratios and put into mushroom sawdust bag with other ingredients for mushroom productions
experiments in this study. The results showed that with part of rice bran replaced by the mixture of
biogas residue and bagasse, the mycelium growth rate was increased in Pleurotus eryngii, Pleurotus
sajor-caju, Hypsizygus marmoreus and Hypsizygus tessellatus in the sawdust plate assay. With rice
bran replaced with different amounts of the mitxure of biogas residue and bagasse in cultivation of P,
eryngii, results showed that both the mycelium growth rate and yield of P. eryngii were increased. In
the analyses of the heavy metal contents in the fruiting body of P. eryngii, no Pb was detected. How-
ever, Cd, Cu and Zn were detected in the fruiting body in lower concentrations. As a result, this study
indicates that clean biogas residue and bagasse are potential materials used for mushroom production
and biogas residue is considered an useful resource rather than no-use waste.

Key words: Biogas residue, Bagasse, Pleurotus eryngii, Circular agriculture.
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