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Effects of fermented blueberry liquid in high—fat diet—induced obese C57BL/6J mice*
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ABSTRACT

Purpose: The objective of the present study was to determine whether fermentation can increase the protective effects of
blueberry liquid in a high—fat diet—induced obese mice model, Methods: Male C57BL/6J mice were fed a high—fat diet (HD,
60% fat, w/w,), HD supplemented with 10 mi/kg BW/day of blueberry liquid (BHD, blueberry high—fat diet), or HD supplemented
with 10 ml/kg BW/day of fermented blueberry liquid (FBHD, fermented blueberry high—fat diet) for 10 weeks, Results: There
were significant decreases in the body, epididymal adipose tissue, and liver weights of blueberry—fed groups compared to
HD, whereas there were no significant differences in food intake among the groups, Furthermore, blueberry liquid groups,
especially fermented blueberry liquid, significantly attenuated the contents of hepatic triglycerides and total cholesterol
induced by HD. Serum LDL—cholesterol was significantly lower in the BHD and FBHD—fed groups, whereas FBHD significantly
increased the serum HDL-—cholesterol level compared to the control, Concentrations of aspartate transaminase, alanine
transaminase, and leptins in serum were also reduced by blueberry liquid supplementation, The mRNA expression of hepatic
acetyl CoA carboxylase was significantly reduced in both the BHD and FBHD groups compared to HD, Furthermore, FBHD
altered the mRNA expression level of hepatic lipolysis genes, Conclusion: In conclusion, these results suggest that blueberry,
especially fermented blueberry liquid, may improve obesity—related abnormalities,
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(Central Lab. Animal Inc, Seoul, Korea)ol| A G-¢J5}o] A}
Alo] (Research Diets, New Brunswick, NJ,
USA)E 15 EOP Toiste] g ol A-3AX 5,
(randomized block design)of] 93} 7ule]® & 3719 #o
2 e 105 59 ARSItk AEAI0] 4RI Table
13} Zrom, uxAoltfzgt (HD)2 A4 0] (60%
fat diet)+ 252 (10 mlkg BW/day), Z2uj2jaz
(BHD) TAHFAlo] (60% fat diet)+ E=u]e]o (10
mlkg BW/day), |22 (FBHD).S 7A|u-4]o]
(60% fat diet) + EFH| 2T aH (10 m/kg BW/day)2 2}

Table 1. Composition of experimental diet

High-fat diet Normal diet
100 g kcal/100 g 100 g kcal/100 g
Casein 25.91 103.64 18.96 75.83
Cystine 0.39 1.55 0.28 1.14
Corn starch 0.41 1.65 29.86 119.43
Maltodextrin 16.15 64.61 3.32 13.27
Sucrose 8.89 35.56 33.17 132.70
Cellulose 6.46 0.00 4.74 0.00
Soybean oail 3.23 29.08 2.37 21.33
Lard 31.68 285.12 1.90 17.06
Mineral 1.29 0.00 0.95 0.00
Dicalcium phosphate 1.68 0.00 1.23 0.00
Calcium carbonate 0.71 0.00 0.52 0.00
Potassium citrate 2.13 0.00 1.56 0.00
Vitamin mix 1.29 5.17 0.95 3.79
Choline bitartrate 0.26 0.00 0.19 0.00
Dye 0.01 0.00 0.00 0.00
Total 100.50  526.38 100.00  384.53

BHD, hight-fat diet plus 10 mi/kg BW/day of non-fermented bluebeny
liquid by oral administration; FBHD, hight-fat diet plus 10 mi/kg
BW/day of fermented blueberry liquid by oral administration

7} AR R gttt AdEES] AT ARSIt
Fe 15 & WX 245k =} 4lo] (Table 1) 2+
FEA AFSER slgon, 2o]d8 (food efficiency

ratio, FER)2 2] FER (%)=
food intake) x 100282 AME3}9Ich ARSAlS] S 22 ~
24T, BEL 50~60%2 9Aatgomn Woke 12A]7F =

7] (07:00~ 19:00)2 Zdalo] Telajsic. & Age A
Sofohn AEEE 29lsle] 5o Qo] Axlshart
(CBNU 2016-108).
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WEs 2% A9, ol zdE 5 ol
371019 4=~ Al ELISA kit (Quantikine & immu-
noassay kit, R&D System, Minneapolis, MN, USA)& ©]-&
A A3k @3 U alanine aminotransferase (ALT)
@} aspartate aminotransferase (AST)2] 42 AJHE &= kit
(Asan Phamaceutical Co., Seoul, Korea)S o|-&3l =45}

et

Table 2. Primer sequences for quantitative real-time PCR

Gene name  Primers Sequence (5'-3')
PPARY Forward ~ GTGCCAGTTTCGATCCGTAGA
Reverse  GGCCAGCA TCGIGTAGATGA
C/EBPa Forward ~ GTGTGCACGTICTATGCTAAACCA
Reverse  GCCGITAGIGAAG AGTCTCAGTIT
FAS Forward ~ AGGGGTCGACCIGGICCICA
Reverse  GCCATGCCCAGAGGGTIGGTT
ACC Forward ~ CCAACATGAGGACTATAACTICCT
Reverse  TACATACGIGCCGICAGGCIICAC
SREBP-1c Forward ~ GATCAAAGAGGAGCCAGIGC
Reverse  TAGATGGTIGGCIGCIGAGTG
PPARo Forward ~ CCTGAACATCGAGIGTCGAATAT
Reverse  GGICTICTICTGAATCTIGCAGCT
ACOX Forward ~ CCCAACTGTGACTICCATT
Reverse  GGCATGTAACCCGTAGCACT
CPTla Forward ~ AAAGATCAATCGGACCCTAGACA
Reverse  CAGCGAGTIAGCGCATAGICA
ATGL Forward ~ AACACCAGCATCCAGTICAA
Reverse  GGTTCA GTAGGCCATICCIC
HSL Forward ~ ACCGAGACAGGCCICAGIGTIG
Reverse  GAATCGGCCACCGGTAAAGAG
B-actin Forward  AGCCTICCTICTIGGGTATGG
Reverse  CACTIGCGGTGCACGATGGAG

2H RITHAL B2 QEA LH S

Total mRNA FE&2 trizol reagent-& AME3|| =31,
c¢DNA reverse transcription kit (Applied Biosystems, Foster
City, CA, USA)S ©|83}] cDNAZ FHAs1olTh 214
e ZF FARFS] primeret SYBR Green Master mix
(TOYOBO Co., LTD. Osaka, Japan)E ©]-&3}al, 7500
Real-Time PCR system (Applied Biosystems, Foster City,
CA, USAYS 53] Z4a}3ith. 2 A7olA o83k PCR
primer+= Table 29} Zt}.

EAXzE

A5 A= SPSS 23 EA|Z 2713 (IBM inc., Amonk,
NY, USA)2 AME5lo] Hat (mean) = EFHA} (standard
deviation, SD)2 YeML, ZF o 7+ BAA 94
AL ANOVARHE slsic). 2 25 Alolo] Sefat 4
o7} Q& A$, p<0.05 &4 Duncan‘s multiple
range testS AA|Ste] FHESIATH

Z 1

RIAX
2T 0=
| & Afolel] folHom zjo|7} glgle
o, JFS A HHAo] 2t (HD)o| Hls] B-5ul|2] o+
(BHD)} E-2H|2|era i (FBHD)o| 2+t 10%, 11%=
o o® Zastglch. 181 Alo|E& (FER)S HD

T 0

Table 4. Tissue weights and liver lipid levels of C57BL/6J mice fed
a high-fat diet for 10 weeks

1 Epididymal Liver

fat (g) weight () 16? (mg/g) 1CY (mg/g)
HD 2.36 +0.28° 1.04 +0.075° 11.96 + 1.03° 8.87 = 0.69°
BHD  2.01 +0.34° 0.95+0.058° 10.19 = 0.86° 7.34 + 0.5°
FBHD  2.00 = 0.29° 0.89 = 0.085° 9.83 = 1.86° 6.18 + 1.28°

Group

ACC, acetyl-CoA carboxlyase; ACOX, acyl-coA oxidase; ATGL, adipose
friglyceride lipase; C/EBPa, CCAAT-enhancer-binding protein-alpha;
CPT-1a, carnitine palmitoyitransferase-1-alpha; FAS, fafty acid
synthase; HSL, homone sensitive lipase; PPAR-y, peroxisome proliferator-
activator receptor-gamma; PPAR-a, peroxisome proliferator-activator
receptor-alpha; SREBP-1c, sterol regulatory element-binding fransc-
ription factor 1c

1) HD, hight-fat diet control containing 60 kcal% fat; BHD, hight-fat
diet plus 10 mi/kg BW/day of non-fermented bluebeny liquid by oral
administration; FBHD, hight-fat diet plus 10 mi/kg BW/day of
fermented blueberry liquid by oral administration  2) Triglyceride
3) Total cholesterol 4) Values with different superscripts are
significantly different by ANOVA with Duncan’s multiple range test
(o < 0.05).

Table 3. Body weight and food intake of C57BL/6J mice fed a high-fat diet for 10 weeks

Group"”  Initial body weight () Final body weight (g) Body weight gain (g/day) Food intake (g/day) Food efficiency ratio (%]4'
HD 19.37 = 0.45 37.92 + 2,299 0.27 + 0.034° 2.33 + 0.06? 11.39 + 1.32°
BHD 19.39 + 0.61 34.69 + 3.85° 0.22 + 0.062%® 2.31 +0.07 9.48 + 2.77%
FBHD 18.81 = 0.6 33.34 + 2,05° 0.21 * 0.027° 2.31 +0.11 8.98 = 1.08°

1) HD, hight-fat diet control containing 60 kcal% fat; BHD, hight-fat diet plus 10 mi/kg BW/day of non-fermented blueberry liquid by oral

administration; FBHD, hight-fat diet plus 10 mi/kg BW/day of fermented blueberry liquid by oral administration
3) Values with different superscripts are significantly different by ANOVA with Duncan’s multiple range fest (p < 0.05).

per group

2) Mean = SD of 7 mice

4) Food efficiency ratio (%) = [Total weight gain / Total food infake] x 100
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0 = o 4 = o 9 o X o
BHD FBHD HD BHD FBHD BHD FBHD HD BHD FBHD
®) 12 © 0T _ 124
b 1 T 60 - E 10 -
g T 1|4 " m ! 3
2 8 g T 2 B
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Fig. 1. Serum chemistry of C57BL/6J mice fed a high-fat diet for 10 weeks (q) lipid content, (b) aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), (c) leptin and adiponectin levels. Data are expressed as mean = SD of 7 mice per group. Values with
different superscripts are significantly different by ANOVA with Duncan’s multiple range test (p < 0.05). HD, hight-fat diet; BHD, hight-fat diet
plus 10 mi/kg BW/day of non-fermented blueberry liquid; FBHD, hight-fat diet plus 10 mikg BW/day of fermented blueberry liquid
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Fig. 2. Hepatic gene expressions in C57BL/6J mice fed a high-fat diet for 10 weeks (q) lipogenic gene expression, (b) lipolysis-associated
gene expression. Data are expressed as mean = SD of 7 mice per group. Values with different superscripts are significantly different by
ANOVA with Duncan’s multiple range test (p < 0.05). HD, hight-fat diet; BHD, hight-fat diet plus 10 mi/kg BW/day of non-fermented blueberny
liquid; FBHD, hight-fat diet plus 10 mi/kg BW/day of fermented blueberry liquid. PPARy, peroxisome proliferator-activator receptor-gamma;
C/EBPu, CCAAT-enhancer- binding protein-alpha; SREBP-1c, Sterol regulatory element-binding franscription factor 1c; FAS, fafty acid synthase;
ACC, acetyl-CoA carboxlyase; ATGL, adipose triglyceride lipase; HSL, hormone sensitive lipase; CPT1a, carnitine palmitoylfransferase-1-
alpha; ACOX, acyl-CoA oxidase; PPARa peroxisome proliferator-activator receptor-alpha
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