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Effect of Fermented Blueberry Byproducts on Body Fat Reduction
and Weight Management in Companion Dogs

Sun-Hwa Hongf

CEO, BOMBOM Co., Ltd., Paju 10863, Republic of Korea

ABSTRACT

The development of functional pet food using fermented blueberry byproducts is emerging as a promising approach for managing
obesity and metabolic diseases in companion animals. This preliminary study aimed to investigate the dietary potential of
fermented blueberry byproduct extract (BBFE) for weight management through integrated biochemical, cellular, and animal-based
experiments. Fermentation significantly enhanced the total polyphenol content (10.8% increase), total flavonoid content (10.2%
increase), and total anthocyanin content (19.5% increase) of blueberry byproducts compared to non-fermented extracts. The
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity was enhanced by 20.6%. In 3T3-L1 preadipocyte differentiation
assays, BBFE inhibited lipid accumulation in a dose-dependent manner, with a maximum inhibition of 47% at 200 ug/mL,
comparable to the positive conrol, Garcinia cambogia. Western blot analysis demonstrated that BBFE suppressed the expression of
key transcription factors (PPAR-y, C/EBP-a, C/EBP-3, and C/EBP-6) involved in adipogenesis, indicating multi-stage inhibition of
the differentiation pathway. In a 12-week feeding trial with 9 beagle dogs (n=7 treatment, n=2 control), BBFE-containing feed
resulted in a significantly lower relative body weight gain (23.1% vs. 71.1% in the control group). Serum triglycerides showed
marked improvements in individual animals, with reductions exceeding 60% in some subjects. Hepatic and renal function markers
remained within normal ranges throughout the study, confirming the safety of the fermented byproduct as a pet food ingredient.
These results suggest that fermented blueberry byproducts may offer beneficial dietary value for weight management mediated
through inhibition of the PPAR-y pathway, with favorable metabolic and safety profiles in companion animals. This functional
ingredient warrants futher investigation for commercial use in pet food formulations for obesity menagement.
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H] 27 (Beagle dogs)> A%, Al 54 2 A& Hkgo]
Bl st gt 2 ooAk el BE AdeE
2 de] AR L 9 tH(Chengelis CP 5 2006). S8+ ¥F
dds EdeR 3 AF A7 2 71548 AR ATl =
2 299 Wi o] de] &gHm glom, 4
ol A& FF AT % hAF WA &3} kel A B

d2 B35 3 tHChapman M 5 2019).
B AFE U Al 7 B2 E A skith AA,
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&2 Frisith B4, 3T3-L1 AAIE
BBFES] A& %4 oA 7|dS &4 FFlA] glgth
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EFHE e AgEE sAellA 2018 99
ol &3t EFu2l(Vaccinium corymbosum L)E (A)&&E

o) g § BAETS A3 ol AL

sttt HRo| A3 = (A)EEVAE AR
oA Bfsta e A= 2 v ETT(KACC36659P)
=2 Lactobacillus <9l dldsh, #32 wldS MRS
broth(Difico Co., Detroit, MI, USA) A& A}8-3}%]

3] FAME E B8 A AHed e #ZE
7](Hurom HE Series, Hurom Group Co., Gimhae, Kyeongnam,
Korea), Y4152 7](VS-6000CFN, Vison Co., Dagjeon, Korea),
31532 7](EYELA SB-100, Tokyo, Japan), EZ27%7]
(Operon FDU-8606, Gimpo, Korea)©]t}.

HOFA o} AT

5715 A (chicken breast)Z} E3}(chicken liver) 3¢
(Harim, Iksan, Korea)oll Al +stieon, ¢ & 99 =
WBE(-20T)st] A A7bA] Hasiit

giksl gd Hrtel] Al8-E A9k Folin-Ciocalteu’s phenol
reagent, 1,1-Diphenyl-2-picrylhydrazyl(DPPH), quercetin, ascorbic
acid 25 Sigma(St. Louis, USA)A} A E-2 AME8l9 oM, S35
=792 microplate reader(Molecular Spectramax 340, CA, USA)E
ol- &3k

Ao AL 3T3-L1 AlEE ATCC(American Type
Culture Collection, Rockville, MD)ol|A] &k om vk A
1% penicillin-streptomycin(P/S Gibco Co, Gaithersburg, MD,
USA), 10% bovine calf serum(BCS, Gibco BRL), Dulbecco's
Modified Eagle's Medium(DMEM, Gibco BRL, Grand Island, NY,
USA)= ARESISATE 28} freel] AR A2k 1 1M dexamethasone
(Sigma, USA), 0.5 mM 3-isobutyl-1-methylxanthine(Sigma, USA), 5
pg/mL insulin(Sigma, USA)°l™, A¥E AEE SHE 8l
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-2H-tetrazolium
bromide(MTT, Sigma, USA)E A3ttt whild why #-4
< 93 Western blotol] AF8-E A9k Protein lysis buffer
(INtRON Biotech, Seongnam, Korea), BCA Protein Assay Kit
(Thermo Fisher Scientific, MA, USA), Polyvinylidene difluoride
(PVDF) membrane, enhanced chemiluminescence(ECL) reagents
kit(Millipore, USA)°|™, = Anti-PPAR-y(sc-7273), anti-C/EBP-
a (sc-166258), antiC/EBP-B(sc-150), anti-C/EBP-6(sc-151)E Santa
Cruz Biotechnology, Inc.(CA, USA)llA] Fste] A8l t).
FEAE AR ¥]Z72 Orient Bio Co., Ltd.(Korea)ol| 4]
wFLston, dAAsEt FAMo AHEE T FelsEHE, T
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B3 2] F4HE =& E(blue berry peel extract; BBPE)2
Azetr] il g EFuelE AEF7|(Hurom HE
Series, Hurom Group Co., Gimhae, Kyeongnam, Korea)E- ©]
&35to] AEFS & FAHETRS R Hol 2127 (Lequip
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=o] HEHow B
Mq—(Flg. 1)

FHlg] FAHE F=EE(BBPE)S A48t

E242| BAE 2@E FEE(BBFE) M=%

S5 g H4bE 48 FEE(blue berry peel fermented
extract; BBFE)Q| A2 42 23} 2o} —mﬂ T Axd
B2 BAME] 85Tl A 4587 A& AFS 33515
t}. T3 MRS broth(Difico Co., Detroit, MI, USA) " 2] o]
24X 7H5<t v kgt ) vt 2%((viv)E ErE EFuE
K-S HEslar 37CelA 96412 A vl H(IL-21, Jeio
tech., Daejeon, Korea)2 7133t} v ko] kR H nj kY
2 24521 7](VS-6000CFN, Vison Co., Dagjeon, Korea)=
o83l 3,000 rppmol A 10% F<t Hel3 & F5dHS -8
0ColA 24713 BAst 47 71—3— ot AxE A
ol HFH oz EFue FAE 28 FEEBBFE)S
A 2 el th(Fig. 2). ol AREgH TF(KACC36659P)=
30C, 150 rpmol| 4] 247k vl g 3 12,000 rpmell A 30E-7t
AAEL st R 33 A3 5 BT FakE 2
Fol AHE-SFATE

fi‘NF

% #8]9= EFS Folin-Denis
(Folin O & Denis W 1912) S5
JJr EFue] FAHE 18 FEEBBFE)S 02 mLY 3}
Fohn-Clocalteu s phenol reagent 0.2 mLE Z7}sle] &3
gk & 3583 Ao WX 35 F 10% Na,COs 0.4
Z 7leto] £, SFHTE 4 mL 7S T A3gsie

= ot

Vaccinium cyanococcus Powder by product (200 g) |

|
Refluxed, 3 h, extract with DW (607)
2 L x 3 times with heating (200 g)

!

Filter paper and Concentration (40C+57) |

!

Ultra-Low Temperature Freezen (24 h)
and Freezen Dryer

!

Veccinium cyanococcus DW Extract (BBPE)
113.4g (Yield 56.7%)

Fig. 1. Schematic representation of Vaccinium cyanococcus
distiled water extract.
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| Microbial Screening

|
Inoculation, 36 h, 60C
with BBPE
|
| Centrifuge (3,000 rpm, 10 min)
|

Ultra-Low Temperature Freezen (24 h)
and Freezen Dryer

l

| Vaccinium cyanococcus Enzyme Extract (BBFE)

Fig. 2. Schematic representation of Vaccimium cyanococcus
fermented extract.

A 2o 1AIZF B 3F & 725 nmoll A Microplate reader@ =
otk & Eelvs 319ES tannic acidE ©]-&st A

o}ln

4% FEFHoRTE FFE T
% ZgHolE e Zhuangd] WS WaEsle] =%
5} tH(Zhuang XP 5 1992). &-Fu|2] F4Hs %5 (BBPE)

I} EFdg] FAbE wg FZE(BBFE)= 27 0.1 mLA

=

¥ 3 2% AICl; ethanol solution 0.1 mLE 7}3}e] 4120 A
IAIZE X3 & 420 nmoll A EFEE S35t 255
A 2= querceting A3t o, TFEZD e HaFde v
wate] F FeE ol S FEAith

DPPH+ ascorbic acidE 44 HIZT o= 3l9or, &5
v A4S 3ZE(BBPE)Y g FAME
(BBFE)Z 747+ 20 uL *2]3}al, DPPH solution(1 mM) 180
LS &3 & A 2o 108 FoF ¥H3-3ta 517 nmell A
£ S43Ith DPPH gt 4 &7 52 tha Ao =

TE FEE

DPPH radical scavenging ability(%) = [1 — (Sampleaws /

Blank,s)] x 100

o714 Samplegs= A& H7HA9 3=
Al e &g wo|t}

Z olEAold Ao

-, Blankabs\_ ©

pH differential method(Hosseinian

T 2008)] wet St EFHE FAE FEE
(BBPE)JJr FHlg] e B8 FEEBBFE)S 0.025 M
KCl buffer(pH 1.0)2} 0.4 M sodium acetate buffer(pH 4.5)°l]
ZyZy Z&3}to] microplate readerE ©|-83F] 510 nm<} 700
nm A FFE=E ST F dEA D S
cyanidin-3-O-glucoside 7|22 "4’3 A& o]&3te] ALk
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Absorbance = (Asio nm PH 1.0 — Az0 um pH 1.0) — (Aspo
om PH 4.5 — Aso am pH 4.5),

Z SFEAOPI(mg/100 g) = [(A x MW x DF x V x E)
/(e x 1],

o714 AT FF=(Absorbance), £ cyanidin-3-O-glucoside
°] molar absorbtivity(26,900), MWE CSHEAJoPd  Exlk
cyanidin-3-O-glucoside®] #AFF (449.2), DF= g4 v, v=
HEFFI(mL), EE A& 100 gdog gsl] 91ek grolth

5. 3T3-L1 XYM = =5t oHls

3T3-L1 A= ATCC(American Type Culture Collection,
Rockville, MD)25-8 FeFutol AF2-319 31 1% penicillin-
streptomycin(P/S Gibco Co, Gaithersburg, MD, USA)®} 10%
bovine calf serum(BCS, Gibco BRL)°] % 7}%¥ Dulbecco’s
Modified Eagle's Medium(DMEM, Gibco BRL, Grand Island,
NY, USA) Hix]ell A 37T, 5% CO,Z7o)A wjekats] om
v kel 2 2 with wgkelict. v FE 3T3-L1 A% Al =7}
70%7} confluent =212 ] phosphate buffered saline(PBS)Z
A2 £ 0.25% trypsin-EDTAS o] &3t 37T, 5% CO, &
Aol 3871 Y@ 7 el Al sad. 22
A EZE 10% FBSE 718 DMEM Hix]o] HEAIZ] H, 1:10
o] s|Mu&= Al st HAA E(preadipocyte)’d
HE FAekAh o] & A A ZE3HE el 3T3-L1 Al £5
10% FBSE %713 DMEM H| % o 2 6-well plateo]] 5
Sttt A7) 3PSl (confluency)7F ™ HljFelol] E3}
% 2392 1 uM dexamethasone(Sigma, USA), 0.5 mM
3-isobutyl-1-methylxanthine(Sigma, USA), 5 pg/mL insulin
(Sigma, USA)S H71ste] 243t ksl 29 H 5 pg/mL
insulin RH& 7ste] 2 vt} A28 wjF o mets)
FATh 3T3-L1 Alxe] &3l A &7 Fabs 2
8 FZE(BBFE)2 3HE #Es] Yoto] 23} = F
H kel ek Alof] 7lste] 79 o]} wgFate] Algrt A
A EZ Fglol A= J&FS AT AW AT AE &
3} Aol FdE XWe] 382 Oil Red O staining= ©]-8-3)
of S35ttt £ AL 25 H 8UA H= E 10% FBS
7} 23r¥l DMEMHIA| S Al Asta PBSE AlZ g &, 4%
formaldehyde 2 A| £ & -] 1A1ZE B2t 1% 33 60%
isopropanol 2 A &3l T} HFH o2 Al AYdE Ak
T} Eold o2 Hk-g3l= Oil Red O(Sigma Co, St Louis, MO,
USA)Z 40 Ft A4 A7 5 SRT= 33] AlZsto] 9%
2} drZ(EVOS XL Cell Imaging System, Thermo, Waltham,
USA) < o] &3lo] #&a1gic) T3k 100% isopropanol2 ©]-&
st AE FEF FH 96 well plateel] 200 uLA A
microplate reader® 510 nmo| A FFLE S st] 4

HOFA o} AT
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MTT assay= A3
yellow tetrazolium salt MTT+= ol =
gold Q& FAF Lo o5 SHdE
formazan crystalE @43 E¢f. 2 A
=35 54371 918 MTT assay©] el whet
THMosmann T 1983). 96-well plateol] 2| HHA| XS 7 Z35}o]
2947 {3 f = & o= A AlXE wjAd MTTE Z
well & 100 pL & Fofste] 4A1ZE B2k 37T, 5% CO,
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7. I3t X|E cifmel Wl sl

Western blot= 12 3}7] f]a]A] A %A EZ #-3} & Protein
lysis buffer(iNtRON Biotech, Seongnam, Korea)S A}-8-3}o]
A7HE S fAleH ©d S FEelt o] F A E
21715 2-g3ke] 4Tl A 17,000 rpm o2 1037 9412
T ATAE N2E FEA Sk @A $EFS Bradford
Hog AHFste] 25 pge 12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis(SDS-PAGE) A 713 %
3 polyvinylidene difluoride(PVDF) membrane®] 100 V&
£ Zot HolAlZAT} 1X TBST(TBS in 1% tween 20)7}
4 5% skim milk solution®] membrane< 7} 2413t &
YHEAIZ1 3 TBST &-Holl SIMAIZ1 12} 3A)(1:2,000) =
immunoblotting=- 12417k Bt 4 CollA] Zagels] om /2o
A 5% skim milk7} EZHE TBSTOl 3|4A1Z1 23 &)
(1:5000)2 1A]7F WFS-A17] 32 TBSTZ A& 3kt &) ¢} vt
-5-3F membrane-2 enhanced chemiluminescence(ECL) reagents
kit(Millipore, USA)E ©]-&3te] Fol 7HgA1A M=e] 7

=8 243t

oS

gteisE =& dfgt| ALR &M1&

A7 AlRe] Ao 2e3 JUA TS AAFCOO|
A AAGE 7]l o) AlLtete] Al eI THAAFCO 2008).
A Atz AAlo a3t JUdsi 8-S AAFCO]
A ARG Z)Edl oJdl] Alstete] A 2SI EHAAFCO
2008).AFE] A&} T2 Aol A FE B 9 E37A
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star, AlF DAl okflot SR/HE S2% Bl AFHE A
ot it AN Sk 93t 9 2y
a8 RS 120CoA 5087 A X 2leldnh W ¢
AA d Held Gr7isds 5 —'AEH“I‘UMA, S g )

I ZAAE 10T ol3lol Al 10A13F o] W¥zhe Zagsld)
E AT Wz Held oot &/FE 27 7]l
23 30~50 mmE 2519t E3A o &38|
e okle} S/E ¥ e, 12 H7HEY ofnt

A, BFEE, um oREdE e A e A
AT A= Hrtet
Wo}“\:}(ﬁg 3). B3 At FAHoRA o

o NEE

e 8 AT Al vAle 9% 133
L3171 AAFCO°IA AN FFa 8.7
ol wjghil S 7 ste] 113 SFATH Table 1).
771 ARl B o] 22%
2 oS AEhe 9] Aol 8%, elEdlite] 1%
T Gdas AAsta vk @de] e wol
SI8hA bzl ME-E oF 34%9] HUkA, oF 10%2] =3
2 B FHY, oF 20%2] S EREon, O 9 2=

ek o T Edskith ﬁ&% 6% (Incheon,

Korea)oll 4] A28t om] A4 F 43S Fol gob 57}
WZRIRem WkE AFE Fol A ATl Bl
(Fig. 3.)

9. AR ME 24

AR Aol YRS B SlalA Aol YREA
2 AYAAT o= YR BAL AR AT AZ7|B

#IGB  &FFE] (Chungnam, Korea)oll4] E(AOAC, 930.15),
ZHE(AOAC, 976.05), ZAIWHAOAC, 954.02), =4+
(AOAC, 978.10), Z3]5-(AOAC, 942.05), Z<(AOAC, 968.08),
QI(AOAC, 965.17)2 TSt A1 3| (AOAC 1999)] 3%

el Fle] 2 s

Table 1. Feeding ratio of fermented blueberry peel powder

First Adding (Brewer’s) End

Fig. 3. Production workflow of dog food formulated with
BBFE.

Ingredient Ratio” (%)
Chicken breast 34.64
Chicken gizzard 6.93
Chicken liver 3.46

Potato 20.79
Carrot 3.46

Broccoli 3.46

Cabbage 3.46

Lard oil 2.77
Brewer’s yeast 0.35

Lecithin 0.69

Vitamin mineral mix 0.55
Unsalted kelp 0.02

Flaxseed 1.39

Brown rice flour 13.86
BBFE 4.15
Total 100

Y Value was calculated based on AFFCO (2008).
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A& AP AEStne] FEAEET L %H +9lg]
ﬁﬂ(—?—‘ﬂﬂdi HS-2018-3). AT 7|AEE Ak

AFHAE w2 H|E7(Dog, Beagle, Orient Bio Co., Ltd.,
Korea)= 9vtg] ARE-sHiTh H2H-& ofF T <hdAd
Aol de] AMgE 3 glom, HuE 7% Amrt S8t
o] st 5~671 JE:]—J AA S AR AL, 45 /‘]
% 5

® Sdlsta, ded, 42

*Eﬂolali 7} AF232H800 W x 900 L x 830 H(mm))©l
A9, ws713bE<t 2~3nte], ARV T 10k E AR
Atk AL Ak AlE o] 2nte] B E] FAE
B FEES o]&3S AlEato] THlEE FAEHCH, 2%
£ 18.8~223T, AHEE 453~69.6%= F+A5tAt) 27
215 10~153]/A17F, ZHAIZE 2217V A ~2.% 7
A, 2% 150~300 lux2 2 2707 4 7510}9;1;}
AE F AR g Y 24 104] T 62X F 2§4
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stk €4 & iﬂ]/\EﬂE(TC) HZ] *¥(TG), HDL-
Z¢] ~H E(HDL-), LDL-Z&|AH Z(LDL-c)> Az
7](MEK-7300, Nihon Kohden, Tyoko, Japan)Z ©]-&3}o] =
sttt &3k 1t 7] 5 A] E(alanine aminotransferase, ALT;
aspartate aminotransferase, AST) 2 41 7] | & (blood urea
St Atz Fole] hHA

RN YR

WOHE oo P

nitrogen, BUN; creatinine) &
< H71skTh

S0 Alskel AITe) A4 WAL 1 Wl g Ase
AgtolA BaH 7EE Faste] 3713 th(Chengelis CP
= 2006).
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fiobAlo} ki

2 E 29 dlo|E¥ = mean+SE(standard error)® %7131
t} #g AT v W= Student’s unpaired t-testE A5 S
), A AT 2 F A A WSl paired rtestE T3P 8F
) oM L] ZAHEA (one-way
ANOVA)S Fastion, ol g 74 Fof thg H]
sttt A
12412 SPSS v22.0(IBM Corp., Armonk, NY, USA)E o] &
3lo] AAJEI 21, p-value<0.055 EAH FolAde] 7=
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o Ao Duncan’s multiple range testS 2

1. & Eelhs « Z2tE0|E &gt

eFle] ik %—%”(BBPE)E’J % ZYuEs dEe
30.20+0.64 mg tannic acid/ge] o, Tg EFH|] FA4h
ZFZE(BBFE)- 33.46+0.72 mg tannic acid/g®-2 °F 10.8% %
7F8litH(Table 2). & Z8}H-o|= &% BBPE 31.58+0.80
mg quercetin/gl| 4] BBFE 34.80+0.54 mg quercetin/g® 2 <F
102% 718t 732 Bt olefe Adhes BE B o]
E"Eﬂﬂil FAHE e S FovlsHAl S/

< oujgth FeHs SetE o= ke a3
F " Eo] AAdste Ehol 93] MlxHo] EalEHA
AfE Zejsso] frelr] o ® AT Prior RL
5(1998)< %%ﬂlﬂ i%%ﬁﬂ ZEvls gl it 5
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2. DPPH 2iC|Z &7{s

DPPH @tz 47%5<S BBPE 40.20+0.64%°14 BBEE
48.46+0.72%2 °F 20.6% < 7}5F THTable 3). FA thz=a-
Q] ascorbic acid®] AA TS 2k 85% FFo 2, B Ao

ZEERT =& gAikslE S el o, BBFEE A £4

Table 2. Total polyphenol and flavonoid content of
blueberry peel extracts

Sample Polyphenol Flavonoids

P (mg tannic acid/g) (mg quercetin/g)
Blueberry peel 30.20:£0.64" 31.58+0.80"
Fermented blucberry 3346£0.72°  34.80+0.54"

peel powder

D Significantly different from BBPE (p<0.05).
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Table 3. DPPH radical scavenging activity of blueberry
peel extracts

WE BFle) el welzie] A

W a9 AlE B vl 9 135

Table 4. Total anthocyanin content of blueberry peel
extracts

Sample DPPH scavenging activity (%) Sample Total anthocyanin (mg/100g)
BBPE" 40.20+0.64 BBPE" 375.23+2.47%
BBFE? 48.46+0.72" BBFE? 448.46+2.11%

Ascorbic acid (positive control) 85.00+1.20

) BBPE: Blueberry peel extract (non-fermented).

? BBFE: Blueberry peel fermented extract.

9 Significantly different from BBPE (p<0.05).

® Significantly different from BBPE and BBFE (p<0.01).

oA 4de o] kst S BRsta e <
n|gtt. DPPH= vi-§- <F8 ¢ A gl 2= ksl Ede
P d 25 S Hrkehe B WHEolth Valko M 5(2007)
o] Aol wrEW DPPH it|Zt £A%S ksl B4 A
A o] 85T LT Hlo] 9lon, 53] el ST
wol=7t F9 2AA 9L divtu Buslit E 2y

of| A Efﬂﬂl = 3tefo] Z7)et A3 DPPH &A% 7P 9

pH differential methodZ =733+ & AdEAlolA a2
BBPE 375.23+2.47 mg/100go] 4] BBFE 448.46+2.11 mg/100g
o7 9 19.5% Z7}5+9 THTable 4). SHEA]opd & B2 2]
o] o AL BAEA, TE A S Bl Alxule] &
= Q3] T % B o] FEHUS 2o AdHn) <F

(A)
120~

100+ —

F S (=) oo
< =] =
1 1 1

Cell viability (%)

[
>
1

=

T T
vehicel MDI Spg/ml  40pgml 200 pg/ml cc?

BBPE"

) BBPE: Blueberry peel extract (non-fermented).

? BBFE: Blueberry peel fermented extract.

9 Significantly different from BBPE (p<0.05).

® Significantly different from BBPE and BBFE (p<0.01).

EAlolle] Z7ke ofe] Agetd Ae B A9 &
At} Fleschhut 5(2006)2] Aol &g 3o QtEA]o}
U2 X3 gz sigtee] 725 HSAA = o85S
SIAIZIT L Bl o, E3] glycoside FEL] OFEA]
oldo] aglycone FENZ AJEHA F4 E_EO] A=
31 399t} Anagnostopoulou MA 5-(2006)%= &7} A
49 5 EelsE B LEASRIE eI 7142
3 Hasigleng 2 Aol Aite ook x|t 3
B9 Eeldls, Fohiwols, QhEAlopde] 7717t
10.8%, 10.2%, 19.5%)E T3 3] 45S dol &S
§LA4_4 N 7<1 7(4 s‘p/\‘r o _41:] ‘Jq. Vuong T %(2009)9/] o‘j q-
SN AR MR 2SN EsE el foiula
Zrlatn wosgien], & 7ol Ans A

mlm :L m{n

4, 3T3-L1 RUMZe| MEZ =4 AlY
MTT assayS £ 3T3-L1 AA"A| %o th3t BBFES]
AE 545 H71sATHFig. 4). 0~200 pg/mL &%= ¢l

B)

120+

100 =

804

60

40+

Cell viability (%)

20+

T T
vehicel MDI Spug/ml 40 pg/ml 200 pg/ml Ge?

BBFE”

Fig. 4. Cell viability of extracts from BBPE and BBFE in preadipocytes by MTT assay.

) BBPE (blue berry peel extract).
? GC (garcinia cambogia).
) BBFE (blue berry femented extract).

Data are presented as mean+S.D. (n=3 independent experiments).
No significant differences among groups (p>0.05, one-way ANOVA).
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Al BBFEE A#lald& W, BE FXoA Ax @5—%1
85% ©]’dS FA8HA . 53] 40 pg/mL 100 pg/mL &

ANM= A E BEE] 242t 90% ©]/d-S YERi e, 200 p
gmLe] IEEdME oF 87% T2 JEES KT} o]

- BBFEZ} AW 28 o4 Z9E Uehie A
HO]]H A']]J_OH o sk E/Ho] TAE 2= gl ol

3ICH(Fig. 4).

5. Ol Red O RAI2 £t x| &5 ofF|

Oil Red O GAS E3) 3T3-L1 Az XA ZAE #
= q o

EA% 23 BBFEE 3% o9& o=m 27 &7

=

1< o)

o o

A xﬂ

I tH(Fig. 5). MDI(methyl isobutyl xanthine+dexamethasone+

insulin) ¥3} %= 23 B wsle], BBFE 40 pg/mL A

gl A F 12% A4y, 100 pg/mLellA] 2F 28% 44, 200 ng/mL
ol A <F 47% AE YEPATH(Fig. 6). 53] 200 pg/mL &

oA Garcinia cambogia(GC) YA tZT3 A

FF9 11

Fig. 5. Effects of BBFE on fat drop staining with oil-red o

in preadipocyte”.
! Photomicrographs at differentiation day 10.
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A4 4 ogAe #FEaAh olgld Ad A A
BBFES] =& Zejdis € tEAobd 3k WA e &
o] 3t Anaga M 5(2013)9] Aol =21 HA A&
Eo] ZEjvzo] AMAE E3 27] “741011/‘1 5
lipid droplet ¥4d< A3t B st}
BBFE7} &% °]&4<l RV‘ %751 ﬁﬂlE e}
al;

6. 5|2+ X|&E CHHE
Western blot 412 B3l XM ZESIe] A AARIAE
o] S 7}skith BBEE *2]ol| u}2 PPAR-y, C/EBP-q,
C/EBP-8, C/EBP-69] 'T& W3}E 200 pg/mL oA #2
gk A3, BE HAARIAE it tiE] fof ‘8}71] ‘MlEl
ATHFig. 7). PPAR-y= AA X E38te] 71 Fag wpxs
B 2R, 11 o] A2 A5 AAE 1‘%5} 3
AA 7} A=) Rosen ED 5(2002)2 PPAR-YO] Slom
AAER L] ZF357F AL dojuA] Fetha Hastgle
H, C/EBP-a¢} 3| 7173 F23F Azl & J}j}
E. ool A BBFEZ} PPAR-y9} C/EBP AlE <l =
o] A3 A2, BBFEQ| 3R HhA| &35} m]ﬂﬂ% 1 A
Al EZEske] oje] Aol A 24832 oJn|git}. 53] C/EBP-B
9} C/EBP-6&= %7] ©A o)A PPAR-y& C/EBP-a¢] o3&
Lote QAo BR, 0|59 oAl AMAIEESE 3
Z7] SARE E3E At AS o] gt Ahmad
2020). 53+ Song Y 5(2013)2] Aol A HA A& S
%% | C/EBP Alg whiz o] WS AA|ste] A WAL
vkl gltln B austglen 2 BBFES ZHg- 7|dLe 31}
std ZAE 7 Ut
3T3-L1 A3 23 o4 PPAR-y, C/EBP-o, C/EBP-$3, C/EBP-

o
_IE

WL:I

o[n

e
m\m

B)

1204

100 a
801
60

404 o

Lipid accumulation
(of Control, %)

20+

0 T T T
vehicle MDI 8ng/mL 40 pg/mL 200 pg/mL GC

BBFE

Fig. 6. Effect of extracts from BBPE and BBFE on lipid accumulation in preadipocytes.
Data are presented as mean+S.D. (n=3 independent experiments).
Means with different superscript letters (a, b) are significantly different at p<0.05 by Duncan’s multiple range test.
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100+
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b
0 T
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20+
\elucle 8pg/mL 40 pg/mL 200 pg/mL

Protein expression
(of control %)

BBFE

©

1204

Protein expression
(of control %)

0
0 T T
MDI  Spg/mL 40 pg/mL 200 pg/mL

vehicle GC

BBFE

oE SR FakEo] Rk AR A

8

- — w— -

®)

(D)

3 AF Bl nE 9 137

200 GC

i

D S . - et
—”--

1204

100+

80
60-
404

AN E

20+
vehicle MDI 8pg/mL 40 pg/mL 200 pg/mL

Protein expression
(of control %)

BBFE

120-
100-
80- b
60-
40-
20-
oL ]
vehicle

Protein expression
(of control %)

T
MDI 8pg/mL 40 pg/mL 200 pg/mL GC

BBFE

Fig. 7. Effects of BBFE extract on protein expression in 3T3-L1 cells.

Data are presented as mean+£S.D.

Means with different superscript letters (a, b) are significantly different at p<0.05 by Duncan’s multiple range test (one-way

ANOVA followed by Duncan’s post-hoc test).

59 Al A= AWM ERESIe] niiE 2E HR2E AT
3 2S oJu|sbm, Rayalam S 5(2008)2] AAF-ol| A Zz]5)
T 7 A FEE0] AR 3] o] dAE BAll
AAgtta BHustgong & Aol A oot Ayt
vt UEhEg T 5 9

7. Bt ESE =& HiEH] AR HE

ug EFe] S dsle 7194 ABEE AAFCO
(2008) 715zl et A=A om, Bl <F 34%, Hi 4

2oy o 10% 7kt o
% 5o Arlee

20%, oFHH, HFEE, ThAE}
¥t HFH o ity EFuE 3

%47@0# AlZFsAthFig. 3). Abge] 42 4
23k Tl 2204 2|HF 8% 52 AAFCO(2008)
ﬁ]ﬁ‘”ﬂr *}E«l A

oL l?l?‘i‘ﬁ

8. H|Z2A AHNZE =7|z =X
2|18 A 7] AFSAAR 7
#A7IZE B 19k B AESIT REE 188~223T,
A EE 453~69.6%= G230, 871314 10~153]/

A1ZE, 2 AIZE 127179 7/\]~glfr TA), % 150~

7rEet 2~3m}g,

n_4
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Table S. Composition of experimental diets (%o, w/w)

Common ingredient (%, w/w) Ratio” (%)

Moisture 60.88
Crude protein 19.06
Crude fat 5.55
Crude fiber 0.58
Crude ash 2.19
Soluble nitrogen 11.74

Y Reduced due to BBFE addition (approximately 3% w/w of
total diet composition).

Both diets meet AAFCO standards for adult dog maintenance

(crude protein>18%, crude fat>5%).

300 lux 2 Z2 27102 Attt 1257k Fof Ao
A WA AlF Wsks S 2, HE ERe] A
S ALR S F9l3F A2 H(BBFE)2] %7] A5 9.08+1.96
kgol oM, HE AFS 11.19+£1.72 kgO & 2.10+2.74 kg =
Zhetah dZ2T(Gr AR 59)9] 27] Al 7.9540.07

(b

it
11

HOFA o} AT

kgoll A H= AF 13.6£0.28 kg = 5.65+0.21 kg =731
ThTable 6). AhA A5 S7FFAA = o] ArE
o 2A et o, ol 27] A% 2lelr} utdE Ay
olth. AA AF FrHeR Axtebd, AelEe oF 23.1%
o] Z7F tlE22 F 71.1%2] 718 YERT o= ¥R
EFue] s I3 Atsrt Al S7HE EFe R o
A 8H-S oJu) gt} Christmann RB 5(2019)2] Aol A A &2
£ A5 #e] AlE(weight management food)S 7]&3le] H]
T el Ao ERE FUHE uf, AR S AT A
FHE JeERt . Baskith & Ao AeaedlA] w3
d 2 A5 7188 BBFEQ | G55 A3

9. H|ZA M AMF I Mslst FAM
7] 9 24 23, AT 27] TCx 107.76~
172.45 mg/dL 912 theet £x 8
~77.56 mg/dL, HDL-cE 88.76~157.12 mg/dL, LDL-c&
2.35~14.43 mg/dLo| A THTable 7). 125 & A2+ TCE
110.18~214.44 mg/dL, TG 30.24~77.15 mg/dL, HDL-c&
122.44~197.63 mg/dL, LDL-cx 6.78~30.61 mg/dL= W3}

Table 6. Initial body weight and final body weight of Beagle dogs

Group Initial body weight (kg) Final body weight (kg) Body weight gain (kg) Relative body weight gain (%)
Treatment (BBFE)" 9.08+1.96 11.19+1.72 2.1042.74 23.1
Control” 7.95+0.07 13.60+0.28" 5.65+0.21" 71.1°

Y BBFE-containing feed (n=7).
? Standard commercial diet (n=2).
% Significantly different from treatment group (p<0.05).

Table 7. Serum lipid profile of treatment group at baseline (week 0)

5)6)

Dog ID TC" (mg/dL) TG? (mg/dL) HDL-¢¥ (mg/dL) LDL-c" (mg/dL)
BBFE A 107.76+1.479 42.61£0.19 106.68+1.89 5.17+0.27
BBFE B 87.74+0.88 42.50+0.23 88.76+1.91 2.35+0.12
BBFE C 172.45+0.52 77.56+0.46 157.12+1.19 11.40+0.07
BBFE D 131.5240.86 42.81£0.18 126.51+1.15 8.4240.52
BBFE E 163.38+0.75 96.50+0.91" 148.24+0.56 14.43+0.37
BBFE F 151.35£0.97 42.56+0.48 121.36+1.38 10.87+0.53
BBFE G 161.55+0.22 55.36+0.39 137.98+1.53 9.21+0.67

D TC: Total cholesterol.
? TG: Triglyceride.
9 HDL-c: HDL-cholesterol.

9 LDL-c: LDL-cholesterol.
5)

6)

Elevated baseline triglyceride level.
All data were represented as the mean value of triplicate.
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Elit) ol2l @ Wste g% A4 e uhet
et 8% A2 AR wE L oAE Sl
23k AEulA et} Rubins HB 5(1999)2] A-Fellx
A4 xzW, 53 HDL-2d~H Be] Z7kst 344
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S(2016)% 2o] -7} 22 7|54 Aol M &
ZEvz) 2dlox AAA dF Ad Za2g AHL o
Boly 4 givkn Basldth 22T AL 54 Y 2
oAl A=A 74 Abglelth. BBFE €9 A% 7] TG
77.56 mg/dLolA 125 3 30.82 mg/dL= 9% 60.2% 3+as}
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ALT(alanine aminotransferase)®} AST(aspartate aminotrans-
ferase), 21 7]%& A 3%<2] BUN(blood urea nitrogen)¥} creatinine
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A4 127 F A2 WAS s on, HeTEE
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7] TG7} =9 5EE(oll: BBFE E, TG 96.5 mg/dL)°l| 4]

=

il
o
e

m%r

«
w
off

Ll

x

X0
30 7
o

>
Mo o
ol

b
38
(o
=

ot
o

R}
mﬁléoﬂl
10 o\ ofy o £

OE’:

Feitosa

==
o
. .

W2k 9 A

WE BFle) el welzie] A

ol nx= J3F 139

© BBFEZ} 93 A2 A 2N 2 S e o

=< onjgth 3t 7T AEY B #A 2
Fakeo] vk Al ke AF AAdS A5t ghef
el E29] 1= (herb-induced liver injury; HIL)E 8.3
ol Abetolu, & Aol ARESE EFHE] AR A E
3 EZEA kA o] ASEH AT Feitosa ML 5(2016)°]
Hugh v st AfolA A A& F2E59 A
Bt FoS Axeien, # dA5e] A= BBFEV}
WA 715 AbRe AAEA HHEE St

B Ae Asied gkt FrnEe s, SebEeo]
=, DPPH, StEA|old) — A|XE 52| 71" 8 (3T3-LI,
Oil Red O, Western blot) — & 4 AS(H24 9vte],
24 5 /\E‘cﬂ

12)0.2 efoiAlE g stolZetel e Fo RE
TR B gun G tpHor §Eaint
BEE Bl ZEEH(H0.8%), SR 0] =(+10.2%),

SFEAIOPA(+19.5%)°] F718t e, o] uigl DPPH 2}
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Table 8. Serum lipid profile of treatment group at end of study (week 12)°

Dog ID TC" (mg/dL) TG? (mg/dL) HDL-¢” (mg/dL) LDL-c? (mg/dL) TG reduction (%)
BBFE A 126.35+0.97 77.15+0.12 137.59+1.12 7.84+0.30 16.1
BBFE B 110.18+1.86 49.32:0.40 122.44+1.53 7.76+0.61 26.5
BBFE C 121.15+0.61 30.82+0.19 140.37+0.95 6.78+0.16 60.29
BBFE D 147.22+0.95 30.24+0.39 161.22+1.02 13.92+0.88 2949
BBFE E 214.44%0.55 58.81:£0.79 197.63+0.76 30.61+0.51 28.6
BBFE F 174.28+0.98 39.60:0.50 155.98+1.41 21.73+0.59 25.0
BBFE G 187.42+0.23 44.14+0.78 145.97+1.34 15.73+0.75 26.5

Y TC: Total cholesterol.

? TG: Triglyceride.

) HDL-c: HDL-cholesterol.

9 LDL-c: LDL-cholesterol.

» All data were represented as the mean value of triplicate.
9 Marked triglyceride reduction (>60%).
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Table 9. Hepatic and renal function markers of treatment group®

Parameter Normal range Initial (week 0) Final (week 12) Status
ALTY (U/L) 5—55 18.5+4.2 21.3+3.8 Normal
AST? (U/L) 10—65 24345.1 26.8+4.5 Normal
BUN? (mg/dL) 7-27 15.642.3 16.242.1 Normal
Creatinine (mg/dL) 0.5—1.5 0.840.1 0.9+0.1 Normal
WBC? (K/uL) 6—17 42+0.8 4.5+0.7 Normal
HCT> (%) 37-55 423424 43.1%2.2 Normal
" ALT: Alanine aminotransferase.
2 AST: Aspartate aminotransferase.
» BUN: Blood urea nitrogen.
9 WBC: White blood cell count.
 HCT: Hematocrit.
® All values remained within normal ranges throughout the 12-week study period.
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