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Effect of Tenebrio molitor Larvae Fermented with Saccharomyces cerevisiae
M1 (KACC 93023) on Non-alcoholic Fatty Liver-induced Rats
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In this study, Tenebrio molitor (brown mealworm) larvae powder was fermented with Saccharomyces cer-
evisine M1 (KACC 93023). The fermented and non-fermented powders were subsequently administered
to rats with induced non-alcoholic fatty liver disease to compare the degree of improvement. The rats
exhibited abnormal lipid metabolism due to orotic acid, and the group that were fed the fermented
larvae powder showed similar weight to normal rats. AST, ALT, ALP, and LDH activities, all known
indicators of liver health, and various other lipid-related indicators appeared positive, suggesting
improvement. The lipid peroxide and glutathione content in the liver tissue and serum were similar
to or better than those of the normal group. Finally, morphological observations of liver tissue using
H&E and oil red O stainings revealed that the fermented powder group showed markedly reduced
fat along with normal hepatocyte shape and arrangement. To summarize, it was confirmed that diet-
ary brown mealworm larvae improve non-alcoholic fatty liver function, and, when fermented with
yeast, most indicators showed positive improvements to almost normal levels. As such, the fermented
powder can be considered to improve non-alcoholic fatty liver, suggesting that it may be used as a

material for various products in the future.
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Table 1. Diet composition used in the experiment (%)
Ineredi N Orotic acid”
ngredients I =) T

Casein 20.0 20.0 20.0 20.0
Corn starch 15.0 14.0 9.0 9.0
Sucrose 445 445 445 445
Cellulose 5.0 5.0 5.0 5.0
Corn oil 10.0 10.0 10.0 10.0
Mineral mixture” 40 40 40 40
Vitamin mixture” 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
L-methionine 0.3 0.3 0.3 0.3
Orotic acid - 1.0 1.0 1.0
T - - 5.0 -

FT - - - 5.0
Total (%) 100 100 100 100

DAIN 93 M-MX mineral mix. MP biomedicals, Illkirch, France
JAIN 93 VM vitamin mix, MP biomedicals, Illkirch, France
3)Fatty liver induced by orotic acid : Diet for C, T, FT

YN : Normal

C: Control

OT . Tenebrio molitor larvae, Non-fermented

T : Tenebrio molitor larvae fermented by Saccharomyces cer-
evisine KACC 93023 for 3 days
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Table 2. Changes in body weight and dietary consumption

H&EE 3etd 2o 4 & AZ & 3~4 um FAE AU
1€ hematoxylin and eosin®. 2 @434t Oil red O %

= I & OCT compound¥& ©| &3t
Blocko. 2 A|Z+elal, o] 5 6~7 ym FAZ AT S Oil red
O gAE AXNHY. ST ARELS HFYE &ol= 27y
(Pannoramic MID, 3D Histech Ltd., Budapest, Hungary)=
#FEA

13022 E do]7 AT one-way ANOVA el 2
EF 23 (mean + SE)E EASHIL, 24 AFT
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Duncan’s multiple range testi ERA A

A0| MFE 2 S s

Orotic acidll 9J3 v ¢ZE&A AWzto] e 3 o
Saccharomyces cerevisise M1 (KACC 93023) 2.2 % & 3 241 7
A 5 B2 1089 AFAANN F 1 AnFH A5
€ Table 291 AEjstAtt. FAL (NT)oll Hls) tf =2 (C)el
A Agol woll gA $7HEE AT = AT 3, Fr &
HzTEt AT S7Ho] #asaL, FTTdA s A4T R
08 e AS S7HES Uehdidt. 9 235 S8 dde
BT, orotic acid7} AW A A Akl R AR FFe v A
FAG AFZ77 JEhgod, 23 ES FAT A oS

e A7t Qe AoE AARET 4o 8 #E AFHFL
2t +HE Z AolE YeA Fotoh
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rl

15
+ VLDLY &4 & A 33} 1'°|] triglyceride
7b 24, Aztol frEdtle ATFAHE AR BEYS

Initial body weight  Final body weight

Body weight gain

Food intake Water consumption

(8) () (8) (g/day) (ml/ day)
N 202.43+5.50° 236.00+9.43" 32.86+9.26" 23.03+5.22° 19.7145.46"
C 217.50+11.55° 258.75+12.06° 41.25+4.80° 24.91+6.86" 19.54+11.55°
T 216.00+7.10° 253.17+8.93 37.17+4.36™ 27.08+6.96" 19.61+7.10°
FT 204.83+7.83° 229.17+13.11° 24.33+6.19° 25.0043.16" 19.50+1.91%

Value are mean *S.E., n=6.

Values with different letters are significantly different at p<0.05.

Abbreviations are the same as in Table 1.



Table 3. Each tissues absolute weight measurement
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Liver Heart Kidney Spleen Testis Pararenal fat pad Epididymal fat pad
N 843+0.77  1.03+0.07*  2.06+0.08 0.53+0.10° 2.78+0.36" 2.33+0.66" 3.07+0.66"
C 11.11+1.83°  1.09+230°  2.30+0.62° 0.62+0.04°  2.84+0.11° 3.08+0.71° 3.54+0.85"
T 10.18+0.64 1124014  220+0.08"°  0.64+0.07° 2.99+0.22° 2524025 2.83+0.63"
FT  934+1.02°%  1.02+011°  2.08+0.19° 0.53+0.07° 2.85+0.15% 2.04+0.66" 2.69+0.67°

Value are mean £ S.E., n=6.

Values with different letters are significantly different at p<0.05.

Abbreviations are the same as in Table 1.
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Fig. 1. Effect of T. molitor larvae and fermented T. molitor larvae on the activities of ALT (A), ALP (B), AST (C) and LDH (D).
Values are mean + S.E.,, n=6. Values with different letters are significantly different at p<0.05. Abbreviations are the same

as in Table 1.
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Fig. 3. Effect of T. molitor larvae and fermented T. molitor larvae on the TBARS concentrations in the liver (A) and serum (B).
Values are mean = S.E., n=6. Values with different letters are significantly different at p<0.05. Abbreviations are the same
as in Table 1.
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Table 4. Effect of T. molitor larvae and fermented T. molitor lar-
vae on the nonheme iron and zinc contents of liver

N C T FT
Fe  177+020° 129+0.28™ 1.12+0.16°  1.64+0.09"
Zn 028003 027+0.01°  0.29+0.01°  0.28+0.03"

Value are mean £ S.E., n=6.
Values with different letters are significantly different at p<0.05.
Abbreviations are the same as in Table 1.
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2 A%E Ze e oA gl Aol x5

Fig. 5. Effect of T. molitor larvae and fermented T. molitor larvae
on the hepatic histopathologic changes (magnification x
10). Hepatocyte staining was carried out with the hema-
toxylin and eosin staining method. Abbreviation are the
same as in Table 1.

Fig. 6. Effect of T. molitor larvae and fermented T. molitor larvae
on the histological image of adipocytes (magnification
x20). Abbreviation are the same as in Table 1.
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