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Abstract [Aim] To investigate the effects of mixed materials; Pleurotus ostreatus spent mushroom substrate, cow dung,
and cotton straw, on the hatching, growth and development of Protaetia brevitarsis larvae, and also to determine the
appropriate agricultural wastes and compound feed ratios for the optimal growth and development of 1st-instar larvae, thereby
providing a basis for both the efficient, large-scale breeding of this species, and the efficient utilization of solid agricultural
waste. [Methods] Treatments (M1-M4) were four different combinations of mushroom substrate, cow dung, and cotton
straw, with the traditional cow dung-cotton straw combination (CK1) and pure Pleurotus ostreatus spent mushroom substrate
(CK2) serving as the controls. The hatching rate, larval body length, body weight, survival rate, growth rate, feed utilization
rate, feed conversion ratio, and internal juvenile hormone content of larvae in each treatment group were systematically

measured and analyzed. [Results] Although there was no significant difference in hatching rate between the control and

*PE BT H Supported project: Br#RLEE /R AR X B WL I I T B dUA W Ak i) A EH B3 DR & 0 o0 s BRAF 5
(2022B02046 )”

*#2f —VE¥ First author, E-mail: 1982611003@qq.com

=457 JA/E# Corresponding author, E-mail: mdyxnd@163.com

WekS H ) Received: 2026-01-12; 3% H ] Accepted: 2026-03-22



41

FEFAIGE: R AL S ) e HOT FURMIE iR

treatment groups, the M1 treatment (32% cow dung, 20% Pleurotus ostreatus spent mushroom substrate, 48% cotton straw)
was superior to the other treatments in all other parameters measured. The larval body weight, obtained biomass, growth rate,
and feed utilization rate of M1 (131%, 152%, 152%, and 67%, respectively) was significantly higher than that of both CK1 and
CK2 (427%, 508%, 507%, and 623%, respectively) (P < 0.05). Treatment M4 (80% Pleurotus ostreatus spent mushroom
substrate, 8% cow dung, 12% cotton straw) was the best in terms of promoting larval body length. Body length was 22.86%
greater in this treatment group than in CK1, and 85.01% greater than in CK2 (P < 0.05). In addition, the juvenile hormone
content of the M2 treatment group (24% cow dung, 40% Pleurotus ostreatus spent mushroom substrate, 36% cotton straw) was
significantly higher (108.94% and 70.76%, respectively) than that of the CK1 and CK2 groups (P < 0.05). This was helpful for
maintaining the stability of larval instars and also prolonged the transformation and treatment cycle of agricultural waste.
[Conclusion] A combination of 32% cow dung, 20% Pleurotus ostreatus spent mushroom substrate, and 48% cotton straw

can both promote the growth and development of P. brevitarsis larvae, and the transformation and utilization of cow dung and
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cotton straw waste.

Key words Protaetia brevitarsis; oyster mushroom spent substrate; compound feed; larval growth and development
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Table 1 Feed ratio for 1st instar larvae
of Protaetia brevitarsis

e (o TREEIE (%) e (o
b3 38 (%) Pleurotus ostreatus fﬁ%ﬂ’:%ﬁ‘( %)

Treatment CO\E;/:)i)ung spent mushroom COtt(();) ;traw
substrate (%)
CK1 40.0 0.0 60.0
CK2 0.0 100.0 0.0
MI 32.0 20.0 480
M2 24.0 40.0 36.0
M3 14.0 60.0 24.0
M4 8.0 80.0 12.0

CK1 N2 MAEFEF (4:6); CK2 NaliF78 Hb
(100% ); M1 B 32%2F26+20% T 45 B ME+48% M AE 5
T3 M2 2l 24%435+40% F- 285 WAR+3 6% R AL TS AT 5 M3
H 14%LE34+60%F- 4 HBE24% A IEFE RT3 M4 S 8%
FE+80% -1k BRI+ 12% R AEFEFT . T IR T 3R [

CK1 represents cow manure-cotton straw (4 : 6); CK2

represents pure P. ostreatus spent substrate(100%); M1
represents 32% cow manure+20% P. ostreatus spent
substrate+48% cotton straw; M2 represents 24% cow
manuret+40% P. ostreatusn spent substrate+36% cotton
straw; M3 represents 14% cow manure+60% P. ostreatus
spent substrate+24% cotton straw; M4 represents 8% cow

manure+80% P. ostreatus spent substrate+12% cotton straw.

The same below.
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Table 2 Mobile phase gradient
A% (0.1%H R

TR o BY%
(min) (mL/min) 280z )
Time  Flow rate A% ((()11 /o Formic B%
(min)  (mL/min) acid aqueous (Acetonitrile)
solution)
0.00 0.2 90.0 10.0
1.00 0.2 40.0 60.0
1.50 0.2 10.0 90.0
3.00 0.2 10.0 90.0
3.50 0.2 90.0 10.0
5.00 0.2 90.0 10.0
QA ARK
= C—-C)xVxN
it astiter, w2V ()
m
X

w—ikkerh HERY) & i, 500 ng/kg;

C—iIAMEM E Wt Bin W Wk B2, HAfi
pg/Ls

Co—25 AR IR BARYI MR B, B png/L;

V—E R, B4 mL;

N—H BT AL

m—iRFE PR R, B0 g

1.3 HESH

RIHE R T IBM SPSS Statistics 27 #F7
One-way ANOVA J7 225087, XIS R AL FIa] () 25
S 4T Tukey ZH W #r, JFMH GraphPad
Prism 10 #1741 -0l Bl o Fdli b FRE5 R L3
HHREIRFIR, P<0.05 RmEFBE.

2 #RESWH

21 AREMEAMNBERESRBMFELRR
4 RTFEEH R

N Gl oW = B A= D) R S ALY [
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74615 X IR A (CK2 ), AbH4] M4
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AL M1, M2, M4 Z [H] G i 2 22 5% ( P>0.05 ).
T X)) U5 2R 7 T 4% % FR 4 S5 A0 PR G B % 22
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Table 3 Effects of different proportion of feed
formulas on the hatching rate of eggs and survival
rate of larvae of Protaetia brevitarsis

b3 LR (%) FHER (%)
Treatment Hatching rate (%)  Survival rate (%)
CK1 81.67+0.03 ab 91.30+0.08 a
CK2 86.67+0.03 a 90.41+0.09 a
M1 80.00+0.05 ab 89.21+0.05 a
M2 81.67+0.06 ab 89.93+0.03 a
M3 75.00+0.05 b 89.58+0.10 a
M4 85.00+0.05 a 95.93+0.04 a

FPBAE bR DR, RSB S A [R/NE Fh)
FoREMER (P<0.05, Tukey il ). £,
Data in the table are presented as mean+SE, and followed
by the different letters within the same column indicate
significant difference (P<0.05, Tukey's test). The same
below.

22 FARkHIAMEANEERERHBREK
H % 0

ASTR] He Al BE 7R %k R AR 4 a4 dUR
KABE AN SR 4 iR o A4 3 BRI 3756
3 K, AbFZH M2, M3, M4 4 FERAK R
FIT R4 CK1. CK2 (P<0.05), {H&403
4 (M1-M4) [HRFIE B E2ZS (P>0.05),
5506 KRBT, [ULFEZE M1, M4 B4l dUikK i
B TXTIEZH CK2 (P<0.05); MR CK1 5F1f
LhER R TC i 225 (P>0.05), HXFHE4] CK2
xR CK1, AbFEZH M2, M3 B KT
FER (P>0.05), 54 9 Kit, 4kt
PEE 6 AR, (0225 W8 M g . xR
ZH CK2 my 4l AR I I T B2 CK1 a3l
LhER (P<0.05), XFHBZ CK1 54540 BRA[a]4]
ToREZER (P>0.05); AL, LFHA M4 194)
HAK B #Em TRHIEA CK1. CK2 (P<0.05),
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Table 4 Effects of different proportion diets on body length (mm) of Protaetia brevitarsis larvae
Qb3 TR R K%L (d) Feeding time (d)
Treatment 3 6 9 12 15
CK1 9.41£0.71 b 10.76+2.77 ab 11.86+1.30 ab 13.53+2.87 b 15.57+0.82 b
CK2 8.79+0.58 b 9.31£0.66 b 9.56+0.45 ¢ 9.7240.33 ¢ 10.34+0.31 ¢
Ml 9.65+0.63 ab 12.21£1.09 a 14.58+1.53 a 15.17+1.24 ab 17.59+2.08 ab
M2 10.78+0.61 a 11.89+0.49 ab 13.90+1.91 ab 15.8140.75 ab 17.15+1.04 ab
M3 9.88+0.70 a 11.59+1.11 ab 12.68+0.52 ab 14.3140.95 ab 15.55£1.98 b
M4 10.70+0.70 a 12.50+£0.36 a 14.23+0.92 a 16.66+1.44 a 19.13£1.09 a
HARR AR TR #F2ESR (P>0.05), WIREH  HILT M4 41 CK2 41,
12 %, dHlazE5at—D i, AP M4 B4l WFEE 6 KEF, #5414k 52 I 5
R EERTXAA CK1, CK2 (P<0.05), H  fb. 2341 M4 4ok i 285 T 4L CK1
XHRZ CKI M4 RIARK B3 @ XA CK2 CK2 JebBiigh M1, M2 (P<0.05); %FHRZH CK2

(P<0.05), ALY TR EZES (P>0.05),
85015 KB, ACFRZH M4 B4 BRI R e
W, BEE T4 CK1. CK2 KACFRZH M3

( P<0.05), AT M1, M2, M3 [A] ARK R
RO W E 2R (P>0.05),

23 AEkGIAMREANAERERS RE
B, KBEMERERKENYIT

ASTA] A9 T T e Xk R AR 4 f 4 iR B
PISZIANER 5 PR . W3R 3 R, XHR4E CK1
H5AbHH M1, M3 (4l iR Y B A
20 M4 K BR4] CK2 ( P<0.05); TMiXtI#4] CK1
SALERA M1, M2, M3 Z 8] A4l AR E G 3
Z5% (P>0.05), £WiZFE CK1, M1, M2,
M3 ZHARDRE X &y MR 8 A2 PR R T I I IX

SAbBRA M1, M2, M3 4diiAE LR FH %R
(P>0.05); AbFHEA M2, M3 4 Rk B & T
AEFRZH M1 ( P<0.05); [AIEY, XFHRZH CK2 K45
Ab B2 4l A PR R A B R T X 4l CKL
( P<0.05), UiPREE IR RIZEK: , M4 411k
R E IR B, H CK2 41 KA A BRAL)
SRR BT CK1 4.

T3R5 9 KINk, AbFHZH M1 4R IR B &5
T H M B A Ak B2 K X B4l CKI1 . CK2
( P<0.05); XTHR4 CKI1 5 CK2 ZIH i & 2%
5 (P>0.05), AbFEZH M2 5 M4 Z[a]JRJC %
225 (P>0.05), ZBE: M1 d11De} i 3 E AR
B, M2 5 M4 4. CK1 5 CK2 4
TSRO o #a T—3

RS FEEHIEFAMNBEREAYREE (mg) KT

Table 5 Effects of formulated feeds with different proportion on the body weight (mg) of Protaetia brevitarsis larvae

b3 TiFERAEL (d) Feeding time (d)
Treatment 3 6 9 12 15
CKl1 13.33£1.62 a 22.70+0.90 d 34.40+2.40d 84.60+4.80 d 98.30+0.30 ¢
CK2 8.00+0.69 ¢ 26.07+5.67 cb 28.60+3.80 d 38.30+1.90 ¢ 43.2042.40 f
Ml 13.47+0.83 a 30.60+7.80 ¢ 104.20+8.40 a 110.50+0.10 b 227.474£5.15 a
M2 9.40+0.92 ab 40.90+£3.70 b 76.00+0.80 b 159.40+5.20 a 190.17+6.46 b
M3 14.73£1.22 a 30.00+4.80 ab 63.87+1.40 ¢ 87.60+1.80 d 134.30+2.90 d
M4 10.27£0.42 b 53.20+0.40 a 76.10+£0.90 b 101.90+4.10 ¢ 149.2049.60 ¢
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TSRS 12 R, #5056 H) 4l d R i A7 e
WEXER (P<0.05), BRI LA M2 4
HAFEREST MY, MIAEEST M4 4,
M4 218 E 5T M3 45X R4 CK1, H M3 4
EXTIRAE CK1 4 UK ER i 35 = T X IR CK2,
25 LH 1 AR R B A A B 25 5

TSRS 15 R, 504 4 UK E {5 74
WEZER (P<0.05), IEAREH & EAKK A
M1 ZH>M2 ZH>M4 ZH>M3 ZH>XF IR 2 CK1>%} 1]
2 CK2, HLAHSS LM 8] i 4l PR E 24 A7 7E I
255, RUIASIE] LGB 5 PR 1 A6 4 fugh
A S 15 M o ) 5 SR DI HE R B RS, ELAH R 25
SERFS D

RIS g HURTH B 8 R AR KR T
AR 6 Fin, TEACFEES 15 REF, XPAN[FE 45
H AL LAY E R 2R T E , 45
RERMIRA CK1. CK2 KA M1, M2,
M3, M4 g By EY =550 (84.97+4.93)

(35.20+1.83) (214.00+5.01 ) ( 180.77+6.77 )
(119.57+4.11) 5 (138.9349.20 ) mg, H,
ARERZH M1 gAY e R e, HREE T
X HRAH K HoA A AR BRAL ( P<0.05); XTHR4] CK2
G YRR, BT R AR L
S 00 A1 4l RO f fh R 2R HEY O MI>
M2>M4>M3>CK1>CK2, #t—+E4it i,
AHAR 20 I 0] 4y HOF- S AR W e B A A B 2
(P<0.05). f£ A RIEE L iU KR IE S5
b, g RAMAA R RN 225 B KT, 5

x6 AELLHIEAAXOEXERYRRE
EYER ERKERRFM
Table 6 The effects of dietary formulations with
different proportion on the acquired biomass and
growth rate of larvae of Protaetia brevitarsis

sl PG EYE (mg) AKFE (mgd)

Treatment Biomass gain (mg)  Growth rate (mg/d)
CKl1 84.97+4.93 ¢ 5.66+0.33 ¢
CK2 35.20+1.83 f 2.35+¢0.12 f
M1 214.00+5.01 a 14.27+0.33 a
M2 180.77+6.77 b 12.05+0.45 b
M3 119.57+4.11d 7.97+0.27 d
M4 138.93+£9.20 ¢ 9.26+0.61 ¢

ARG AW R 25 5 0 K S B — B

24 AEAKGIERGEARNEERES R RER
FAERMEELL MW

H 2 AL gl BURRHR TR 1 FoR . 4
MrBdE Bon, AR M1 &) Huba el fi) R F 8
AN 33.96%+1.02%, 3% m T H A HELH K
STHRZH CK1. CK2 (P<0.05), XfHEZH CK2 1k
1R 4.7%+0.46% o iE—2 70 B 3R, X IR4H CK1
AP M3, M4 Z[ETEEEZES (P>0.05),
R 3 20 40 A PR R 300 i 2K T AL 34 M2

( P<0.05 ),

—~ 40 a
E’\i T
&
;\:§ 30 _}L
~ =
b c
ﬁ_g 20 F ¢ =
= >
B 10}
S d
Q
£ [ ]
0 CKl CK2 M1 M2 M3 M4
K3 Treatment
B1 FARRFIEAERNBEEER
4 HERF AR

Fig.1 Effects of formulated feeds with different
proportion on the feed utilization rate
of Protaetia brevitarsis larvae

P BB R bR R, B R OR NG TR
MR (P<0.05, Tukey Kol ), TFEIE.,

Data are shown as mean+SE. Different lowercase letters
above bars indicate significant difference at P<0.05 level
by Tukey test. The same below.

PR A4 gl HURLER g SR E] 2 Fis, X
M4 CK2 Mg HokRtE b BB =, A 19.25+
1.68, WEmTXTRA CK1 KA M1-M4
( P<0.05); ALFHZ M1 R E LR, A
1.45+0.08, Z R Hras REH, XFIR4 CK1
54 M2-M4 R E R E R E 2R (P>
0.05); AbBRL M1 5 M2 AYRLE Fb AR T HH W
FE5 (P>0.05), MkbFIH M1 Kokl E H B
& FXF M2 CK1., CK2 MAGFEZH M3 . M4
( P<0.05 ),
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Fig. 2 Effects of formulated feeds with different ratio
on the feed-to-gain ratio of Protaetia brevitarsis larvae

25 AELLFEGFAMNBERESRL RERN
FRGYHEH R

FEN [] Lb 0 5l MR 1 A AR 4 fa &)y HUIAR
WIRENIER S WA i E 3 Al A4
o 40 B R G IR & i 2 B 0 A ) 22
Fo ALBMAMEIRS R XA CK1 K
(2.46+0.11 ) pg/kg, AbFEZH M1 N (2.86+0.09)
ng/kg, ALHEEAL M2 4 (5.14+£0.08 ) pg/kg, AbFHE
¢ M3 F (2.36+£0.17) pg/kg, A4 M4 H

N (=)}
T 1

R ESE (pgke)

Juvenile hormon econtent (ug/kg)

0 1 1 1 1 1 1
CKl1 CK2 M1 M2 M3 M4
K38 Treatment
B3 ARLGEAEMNEERER
HRENRLYDHENZM
Fig.3 Effects of formulated feeds with different

ratio on the juvenile hormone content in
larvae of Protaetia brevitarsis

(4.22+0.15) pg/kg, XHEZH CK2 24 (3.01+0.05 )

ng/kg. HLASZEIRRH, AbHIA] M2 MOPRAITL = &
HEESTHAKA (P<0.05), Z4H &
HEZH CK1 Ay 2.1 £, BT BE A CK2 $27F 70.76%;
YFIRZH CK1 S5AbFEZH M3 RSN E SRR
FER (P>0.05), 4bF4H M1 5% CK2 )
SEBIXBEFEES (P>0.05); WA, 4b¥H M4
PRI & 2 35 = P A CK1, CK2 J
AbFZH M1, M3 ( P<0.05 ).

3 GipSitie

BN AL I e S TV ke 9 R |
SEREERES , (UEAE A 1 IS BAIAE | 7S
A R ARDRVR R & A T B B ARk, (FASTR]
BFR AL I A —3, o, M1 bBRAEA
&R AEYE . AR AR R SRR E L
SEFEbR FRIRAE; M4 PR | fEIE R
FMAK 7 T B3 M2 A BRI R 4
i o Ui BT 2 BB (R AL 4 gl iU VE R
PR RN il A = N e X (5 E R R N
HEREFEHR

BRI RN, HELS R IRE It
ALY . EERMEEZRMLAVESY, &~
[ BT S A 2 I s L i | AR A AR
Yi2E R (e, 2015; M4, 2019, 2020 ),
AT AE A ZE- AR AEFE AR R v 5 | AT BT
WHEBBERC ., 2550t Uii, Pai stk
A L TN T, MRS 5438 . MAE
T AT B [R) 4E FH e 4 AR K B8 L 55 01 AR
R, 52 R REESEE HA HLUE 59 7 IR LA
JEFFHIRFFEAR L, AR & R BRI A 1 2
AR R RRR, JFRNEEIR L. £k,
B VIR AN, F R T R AR 4 e iR
TR I 25 o

MWK EERINE, M4 PRI R
TG RE R, BRI R L2 TG 1) T L B g
T B AIF N AT o SRR, Vs e A
WF5E A AR B AR 5 SRR 45 0 1, I8P fig
5 U B AT G, T A — 2 &
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T, SF4E R oo R & i, BRI A
WHE ( EHEREE, 2008; HEMEEAE, 2024 ), X
FEESRNS, RS EYRIE, tREmE
A IAEE, PIHGE S . PR PE gL B 4
YRR FRE SR 2 ARG RITOK,, MIERSFT
REAS TR LA Ak B 2R A 2s [0) , T RORR T b 3
4 PSRy, —F RS AT Re ) i T e
FR % 4 e ) R K S, AR 5 T A
A2

MAREE G | A=W i R B R )L R 25 2R
F, M1 AFRZESRIEAL, R — P2 s A AL
P CK2 $25 IXURBH Y- 2 TRBE 358 A 4 Ry 44 26-
FRAERSFEIE I P A 52 e 2H 4, i AN BC Bl 1
A 1 B SRR BEHE i, HELE
SGRTEANFERNEVIERY LR AT
FEEARORAFE I 25 57, 18 B AR Fl B A
T2 —J5ok (e, 2019, 2020 ). AHFFE
SRS —3, JFiE— 2R, M1 B RELE
BIR NS LA A 2 (AR B T A A . 2
PEAUEEFRE A HLIR A AR K R EE , M AERS FF4E
R TTFLBRZE ), T2k AR DU b 55 ] ) 57 439
A S TR — P S 1, R A R 4l A
A BRI RE R A

AT R [ 8 bR 1 S A BRI AR A
M4 AR FRALFARK I, M1 AR T 5
A BRI, M2 TR BE S B e
TR & i VLA BOILox (1 2 e 4 fe
4 AR AR TR] o AR R i — 25 285 45 Wit B 38
| THALHEEE M B A Y SR AR T RIS 4
Br, BRRIC AR HLE]

ZE b, T R R AL S 1 IR HUR 3R
SE B e i v A, (AR R IR s Al
KR T EFRANTT, MR RS H B K
P BERE Ko S B AR S R A G . 7EAGR
BAPET, M1 (32%435 . 20% P25 Bk . 48%
FRAEREFE ) T4 A S B ALl o Je 2ot
o7 1 — A 0 2 AN ) B ) 7 A BRI B AR AR
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