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Producing Tenebrio Molitor L. Feed by Multi-strains Fermentation of Corn Straw
XIONG Xiaoli, XIONG Yuwu
School of Environment and Resources, Chongging Technology and Business University, Chongging 400067, China

Abstract: When feeding Tenebrio molitor, the cost of feed accounts for about 80% of the total feeding cost. In order to
effectively reduce the cost of large-scale feeding Tenebrio molitor, it is planned to use the corn straw (CS) after
fermentation as the conventional feed for Tenebrio molitor. The effects of corn straw fermented by different bacterial
combinations on the growth of Tenebrio molitor were studied. Firstly, fermented corn straw was used to breed Tenebrio
molitor, and then the straw treatment conditions that were most conducive to the growth of Tenebrio molitor were screened
out with the growth rate of Tenebrio molitor as the index. The final results showed that the utilization rate of corn straw feed
fermented with a combination of Trichoderma viride (TV), Aspergillus niger (AN), Sporotrichum thermophile (ST),
Bacillus subtilis (BS), Aspergillus oryzae (AO) and Candida utilis (CU) was significantly increased (p<0.05). The feed
had a good growth effect after feeding Tenebrio molitor. The growth rate was also higher than that of Tenebrio molitor fed
with pure wheat bran, and the mortality was the same as that of Tenebrio molitor fed with pure wheat bran. Therefore, the
corn straw fermented by this method can be used as a partial or complete substitute for the feed of Tenebrio molitor, which
provides a substantial basis for the production of a new feed of Tenebrio molitor in the future so as to effectively reduce the
related breeding costs of Tenebrio molitor.
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Tablel Combination of bacteria

L5 B AW FI5 BAR A i BAP AN
A% 14 x %11 ST-BS %21 AN-ST-BS

%2 TV-TR %12 TV-TR-AN #2212 TV-TR-AN-ST
%34 TV-AN %134 TV-TR-ST %23 TV-TR-AN-BS
%4 TV-ST % 14 40 TV-TR-BS %24 48 TV-TR-ST-BS
%5 TV-BS %154 TV-AN-ST %254 TV-AN-ST-BS
%64 TR-AN %164 TV-AN-BS %2644 TR-AN-ST-BS
%74 TR-ST %174 TV-ST-BS %27 TV-TR-AN-ST-BS
% 84 TR-BS %18 TR-AN-ST B1-B27 A% 1-27 4A+CU
Houm AN-ST %194 TR-AN-BS C1-C27 A % 1-27 48+A0
%104 AN-BS %204 TR-ST-BS D1-D27 A % 1-27 4A+CU+AO
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Fig.1 Effect of CS by multiple bacteria fermentation (6 d)
on the growth of TM
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Table 2 Variance analysis of fermentation effect (a=0.05,6 d)

il i

s pb2a A 1
Ay-Ag Ay-Ay Ap-Ay A-B A-C A-D B-C B-D C-D
F A& 0. 66 2.27 0.36 3.01 30.78 116. 80 10. 11 70. 95 36. 82
PAa 0.43 0.16 0.70 0.09 9.9e-7 6.7e-15 0.002 2. 8e-11 1.5e-7
B EH * * * * skokok ko Hokok sokok ko

Ex REFRRBE, s h EFHEE, e £ FUMEFE
2.5.2 kI 9 d ROk

MIE 2 AT B 4R C 205350 R4 15 41,9 4110
AR AR XN A AR D AR ERKRA 22
Him TR A A BEHTFRARA N CU F1 AO K B B KT
FRIRBCRAT 8 AR [FIBAIN CU A0 & W) £ oK
FEFE, AT 0 8 b A 0 0 R A A

Xt EWE9 d T SR HEF T 7 220 0T (£ 3) , 4%
Wi vk B N 5 BT 4L ] 53 B A e UG 52 5 3% 2 R4y
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PRIVE I S, 5 0 W 4 SR — 2L,

HKAE(AX,, %)

T T
CK 2 7 12 17 22 27

S
CK XA ; A:1-27 41; B:B1-B27 41; C.C1-C27 41;D:D1-D27 i
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Fig. 2 Effect of CS by multiple bacteria fermentation (9 d)
on the growth of TM

T3 ABUENAEST(@=0.05,94d)

Table 3 Variance analysis of fermentation effect (a=0.05,9 d)

a A ;|
!
Ay-Ay Ay-Ay Ay-Ay A-B A-C A-D B-C B-D C-D
F 14 0.14 0.96 3.47 0. 64 5.66 32.09 0.29 44.99 63. 06
P& 0.71 0.34 0.08 0.42 0.02 6. 5e-7 0.59 1. 4e-8 1. 6e-10
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Fig.3 Effect of CS by multiple bacteria fermentation (12 d)
on the growth of TM
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Table 4 Variance analysis of fermentation effect (a@=0.05,12 d)

won WA
b ot
Ayp-Ay Ay-Ay Ap Ay A-B A-C A-D B-C B-D C-D
FA8 3.77 87.9 2.75 16. 06 0. 150 26. 08 6.64 9.71 17.89
PAL 0.07 3. 8e-7 0.10 1.9e-4 0. 700 4.7e-6 0.013 0.03 9. 5e-5
B EH * ook * sk * sk sk skkk sk
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M 4 T R E Y, AT 12 d i L&
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2.6 LAESSIE

A 1 X S0 UEAT O AL B E , R Bk BB A D25
HREFFARHA AR K 2k 35, 072, 21%, 5 T80 A I
AR CK, 2liZ2 85 ) B AR K 3R (33.26+£1.93%) , B
HAYFET 2R A bt O I T KA FE AR R 15 2 A i —
ANEZEIR, LR AT RN (<0.3%) , /M F
CK 41(0.39+0.021%) , L4 v A KR A =y D25 4119
HH LT R B AT 0. 06+0. 002% , Y7 1F % 46 T2 %0
FELN , DL AR SEBG I T & B R 421 . D7 .D19
D25 ) E K S FF i 2R AX, 23510 46. 09+ 1.89% |
50.15+2. 12% .61.94+2. 41% , i1 L H MG K BEE
KFEFFRER 240 i I 247 S Z P R, X e T2 W™
A AN [R) B Tl o 2 4 2= 1) B Al B2 31 1 DR IR . AE TR
— REEAAE T R A AL A & B TR RS FF A ML £F
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BRI T 24 25 T 2R LA 45 P A A X 1 S TR, S 0 oK
FEAF RO R R AR G 25 5%, TN D25 HLET 4E R fie R o, H
FRPRHR Rt i i, iR 3 44. 77+1.99%, 8 D25 7%
TR T KA FEARDRE A BB 0 R, A A T 300
K,

X PR B A D T RIS 1) B KA FF 8 3 9 o &5
S & E SR I E R YA T o AR
FA T 74) e I o, B ) & e 4R i ) 17, 5%, HLRR
Wi A= 0. 9%, WL 5. K BEALBRAY e R EAE &
UOAR TOKFE AT RIS P ANA B R, IR & WA A
P2 I ) K FF AR A5 58 i b 4, (] B 08 e ml i Ak 1Y
LA BB — e R AT, #2180k duxd
HEAG B B R R R
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Table 5 Contents of main components before and after CS

fermentation by mixed strains %
Ra HE G BHE LR s
B BT 8.1 12.6 4.1
KBV 9.4 17.5 5.0

3 JRRTEEIFSE

BT LRI AR, 0 T XS0 5 28 R g x)
By AR KA FIE D7 D19 D25 =N S2 56 4 & o
R YLY2 Y3 HATIOGRES  WEAE 3 AU IR A AL A
R T B ORFE FT 28K I 2 5 AT A7 A2 AR TR) 1) i 34, a2k i
TEBRXT HA B AR A R ) S B A IR RSB
3.1 RSk
3011 REFSWN Ik

(1) KW, FRECZMTER EARTEFR 100 kg, B0
4.13 kg(NH,),S0, W C/N, fifi & BEH 4] C/N 4k
FEAE 25 24, AR5 WORH oL B R 0 BRRS  F PR K 1 : 1
B ELBRR A, SRR A 1176 ¢, TR LE AL
KFEFFHES  FRJEINA 260 ke E WL, 15 L a0 25
IKFIR R 75%  AEE WA P AT R 9%, WK 4, 16
FFR TR AR, F0 5485 X0 57 28 000 3 A A 8 K A A K %
HEAAHRER 05 He O B SRR IR AN £EBE 30 min
H ahic sk — IR, B A REAS o, IR, K eI %
fi% 25 C AT, BHME—IK

B4 FERBFEEBHARE
Fig. 4 Scale-up experiment of corn straw fermentation
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A SRR AL B IR, SCHR ARG B Y
22,
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3.1.2 Vv JiiE
(1) EEE R, &l E o s AR
ASCAEIN PR A R A TR B AR A, LA K e Ak
(2) HUFEHR, FEM H 00 AH S HE bR 0 46 A 4 2 1
R FETR AR Ak R R A 2 TR 204 i
F(1)—3L(4)
3.2 gik55r
3.2.1 REEE
P S o P 8 e sy 2 ) 8L S T g e A 52 56
TREAREIR R, ARSI 72, 3 A 5L 4L (iR
FEAR A AR AR —E
NI B 0 28 M B | G R AR SR E] S 71 b,
Y1.Y2 e V3 MER A B B AR R AE 20 h A2 4 ik #
e E, IEF Y1 B S E N 53.7 C . V2 I iRE R
49.2 °C V3 e iR M 51.4 C s mim A F TR/ K
FARAEFF P A4
70 -
65 —Y1

—2
60 — 3

55

£ 50 -

=
E 45

40 L
35
30 [
25 b
20

(; 56 IOIO 15IO 2(;0 2§0 3(I)O
t/h
Y1.D7 S84 ; Y2.D19 SEER2H ; Y3025 SEEeH
BS5 MAXEWERETLER

Fig. 5 The temperature behavior of scale-up experiments

TE 71 h PR =ASHEARERIEA T BIME S , =8 R A
AT IR BB AR, SAFEETHl, R A B e
LR Y1 IR 8 28 AR T A P S50 4, YT Y2 Y3 1Y
REREEMIN 52.1 °C 61 °C 63.6 °C, ZJRIREITh
BT TR (ER I P AR 24 e TR IR TR IR EE TR AY
AR J5E PR 8 5 10 DA S AR = i R AR R T
AR RE IR Z AR, TR Al AR, Y2 I Y3
R 60 h AL AR BE#RAE 50 “CLLE
3.2.2 bilkHiEks

(1) EARFEFHEYE S o0t KT FRLET 4
FRARAEOLILER 6, AR 6 ML 4R & Rl A
M, YT Y2 Y30 E K B AT B i 300 50 O 46. 09%
50.15% .61.94% , Horh Y3 MR iR m . WX LLFE
th, Z TR G T B K AT REAS 3 88 i 1Y 2T dE 3R %
iR AR 3 LT E B A S OK R AT 1O 4T 4R Rl
L BE AR R R P R T X RN B ) A T SR A« th
TE R PE M 2 — R B £F 4 R AL/, M

Z BRI Z L7 A 22 1 AN TR 9 00 M 4T 4 R O AR
P L A B AT R P A AR 0 o i 7 A BORESS A
H T RBRAEIERT 21 U ik S BL A0 7 [ — A 1
FAET AR RN AL 5 09 KRR AT e i A7 e — E /Y
225t IR RE 45 T Ah AL i A Y 27 4 R e R LA
L2 A% T AR ARG A [, X A S B0 TR AT (19 % fi
FREEM 225 . FTLA, X KAREFAER B if 5, KA
PR AR R PP A, A B K B IR A RO A B R
H13% 6 nIA ), b 24 A e B SE 3 i = ) AT A7 AE —
TE LTS A S8 rh R Y 3 LS A 4ER
R AR AR T B BAR A 25

KESCH R, Y3 IR SCR e, TR Y3 B
T W ey, A — E AR S, BR T IR K I il
REHE TNl A= W o e 20 22 A, 33 A 06 D il B2 ] LA Ay
K WA AT B A B BV AT

AR A ) T o 21 45 o ik R RS AT O BE R UL TR
B NERE Y3 HA N E,

K6 FABFHEATESE

Table 6 Content of the crude cellulose in CS %
ey e RUAT e
Y1 29.53 15.92 46. 09
Y2 29.53 14.72 50. 15
Y3 29.53 11.24 61.94

E. Y1 DT EEL; Y2 h D19 F4E; Y3 A D25 FIsE,

3.2.3  AKAirhs

(1) Wi, 18] 6 JEAN ] ab 234 X 2 oy i 2k
PrESEARIGEENE . 1A 6 TTHI, CK AR R T
JITA SR AL (R Py R A i, I HL CK 4L/
PIRESEAABEIE R S T Y3 LR, V3 A R
L 3 AT R KR, 5 AL A S Y 2R
FA—30, 15 FORAE AT PR 4E 5 B3 M 46 2R — 2
U0 TR 00 TR P Al T R R T A AR B 7, 75 31 A9 B
SRR AT A A R 2

20

15

10

R %

5L

0

Y l Yl2 Yé CIK
Qb3
Y1.D7 SE504; Y2.D19 52564 ¥3.D25 SER 4 CK Xf R4l
Eo6 AELEAIHENREYSIEENII
Fig. 6 Effects of different treatments on biomass
increment rate of TM
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