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Anti-obesity and Anti—hyperlipidemic Activities of Fermented Coffee with Monascus
ruber Mycelium by Solid-State Culture of Green Coffee Beans
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ABSTRACT We investigated the anti-obesity and anti-hyperlipidemic effects of extracts of two roasted coffee beans
(Vietnam robusta and Ethiopia mocha sidamo G2) and fermented coffee beans with Monascus rubber mycelium (MR)
by solid-state culture. C57B/L6 mice were divided into seven groups: normal diet (ND) group, high fat diet (HFD)
group, and HFD groups with hot water extracts from Vietnam robusta coffee beans (HFD-VR), MR-fermented Vietnam
robusta coffee beans (HFD-VR-MR), MR-fermented Vietnam robusta coffee beans with 10% brown rice (HFD-VR-
MR-BR10), Ethiopia mocha sidamo G2 coffee beans (HFD-ES), and MR-fermented Ethiopia mocha sidamo G2 coffee
beans (HFD-ES-MR). After 6 weeks, body weight gain and food efficiency ratio were higher in the HFD group,
but significantly reduced in the coffee extracts-fed groups. The HFD-ES-MR group showed greater body weight reduc-
tion than the HFD-ES group. The serum triglyceride, total cholesterol, and LDL-cholesterol levels as well as the athero-
genic index and cardiac risk factor all tended to decrease in groups fed Vietnam robusta coffee extracts compared
to the HFD group. These results suggest that Vietnam robusta and Ethiopia mocha sidamo G2 may be used to make
functional coffee beverages with anti-obesity and anti-hyperlipidemic activities.
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detdet A8, e A8, i 24 5 dE 7le
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ol AFe¥ =3 AN (Monascus rubben)=
d THEH N FHRFHALAE (Gyeonggi-
do, Korea)Z4-E EFd9ton, #AMA= potato dex-
trose agar(Difco Laboratories, Detroit, MI, USA) & 2nj]
Ao Al 25°CE ¢F 7~10¥9 3t vlFs $ potato dextrose
broth(Difco)”} &% Erlenmeyer flaskol] %3} shak-
ing incubator(Jeio tech, Daejeon, Korea)oll A ] %5}
th A AT LA HEE SH A E PDBHIA o A
33 A= A wge FaoR A ARSI

I FAMNAH-THYS FHO|MFo M=

2 g AH8H Ade= WEY 2R 2~EN(Vietnam ro-
busta: VR, AMC Co., Ltd., Gyeonggi, Koera)%} ol €] 2.1
o} 7} At}E G2(Ethiopia mocha sidamo: ES, GSC in-
ternational Co., Ltd., Seoul, Korea) F+ #F o2 AT
(green coffee bean) AEH|Z F9&to] A8 & AF-E38FS T}
A AFE= 242 100 (8% 13~14%)S A Fd}e] 2
g9 &2 2A17F B¢k 30°ClA] HAste] 24 AsA

7 F 272 AAG thg 121°CAA 12087 1ghE
it WaE AN AT Fud T2 FAA B 10
mLE HEs3 25°ColA BT 109 EeF A 5o

£ 50°Cell A 48412 A x38o]
ﬂﬁ*g'ri E e e a=
IHds 57O ¥ gFES2 M=
AT L Fo7 oA -TAEE AT BT coffee
roaster(Genecafe, Gyeonggi-do, Korea)ollAd ZujHd
(235~240°C, 12~13%7 22¥) 3to] Zhzte] uAgda
AEF AT (roasted coffee)Z ZA 3 & coffee grinder
(Bazzatra, Gyeonggi—do, Korea)Z o]&3lo] ¥ A7 2
wAEIAT AFAT e dFEFEES ol F 2009 E& 7}
7
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Research Diet Inc.(New brunswick, NJ, USA)oll A +
3t AS AFESI T A g (Table 2)2 A4 Aol& &3t
A2 A ol-(ND groups) A} 2le] AFHT(HFD groups),
A Aol ek wEY 2R A A5 FEE(HFD-VR), 1L

A 2 o] 9} %%ﬁgg Ags HEY 2R e d55F5
E-(HFD-VR-MR), 1LA|H} 2]o]e} T o2 T g3l HE
W ZH2E] 10% Eeldv] & 71 5% E(HFD-
VR-MR-BR10), A" 2]o|9} o] @ d|o} BI} AT

Table 1. Compositions of the experimental diets" (g/kg diet)

Experimental groupsz)

Ingredient ND HFD
Casein 200 200
L-Cystine 3 3
Corn starch 402.2 214.7
Maltodextrin 10 70 100
Sucrose 172.8 172.8
Cellulose 50 50
Soybean oil 25 25
Lard 20 177.5
Mineral mix S10026 10 10
Dicalcium phosphate 13 13
Calcium carbonate 5.5 5.5
Potassium citrate 16.5 16.5
Vitamin mix V10001 10 10
Choline bitartrate 2 2

"The diet was prepared to be isocaloric, 473 kcal/100 g, in ex-
perimental groups except normal diet (385 kcal/100 g) (Formu-
lated by EA Ulman, Ph.D., Research Diets, Inc.).

YND, normal diet; HFD, hlgh fat diet.
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Table 2. Description for experimental groups

Groups Description
ND Normal diet
HF High fat diet
HFD-VR High fat diet+oral administration of hot water extracts from Vietnam robusta coffee beans
HFD-VR-MR High fat diettoral administration of hot water extracts from Monascus rubber-fermented Vietnam robusta

coffee beans
HFD-VR-MR-BR10

High fat diettoral administration of hot water extracts from Monascus rubber-fermented Vietnam robusta
coffee beans with 10% brown rice

HFD-ES High fat diet+oral administration of hot water extracts from Ethiopia Mocha sidamo G2 coffee beans
HFD-ES-MR High fat diet+oral administration of hot water extracts from Monascus rubber-fermented Ethiopia mocha
sidamo G2 coffee beans

G2 €45FE=(MFD-ES), 1AW o]} Tt o = Wa LHEX|Y = Elo] 2
& el ovlol B NUE G2 A5FEEE TR 7} 2979 Aol A8 Ao TAS 248
T(HFD-ES-MR)9] 72 & vpral 7b o4 10724 65 9lal F31859] AW (epididymal fat)S 4 &3ke] phos-
s *}#O}Oﬂ‘jr "}O > }9' ol skl & HA Pl A phate buffered saline 2. & A &}aL x4 o] Fo}gl ]
A Aelg 7l B AAT e TS SRt 4 P19 FS 53
i 3

2 73?1%04 AL, AT AREA SRR el
RE YAl A1 F 0 w45
ex

A7 AR sEY AFS T 28 A5 oH, 1)
o A A AR S 2H 3] AR S V=59
AlS & & (food efficiency ratio, FER)& & AlS A # &
gk AF F7MF] vE WEER 51’?}0}01 Al4ks} A T

wE e A S o] &5t AHF R A Hirigly-
ceride, TG), TC(total cholesterol), HDL(high density
lipoprotein) Zd 2 €&, LDL(low density lipoprotein) &
d2HES YA EA 7] (Hitachi 7170, Instrument
Hitachi Ltd., Tokyo, Japan)@ #-21&}ith. A&7 A3k
o] A= WA o] &&= 5 WA shA = (atherogenic in-
dex, AD= {F Zdl2HE- (DL Fa =& - 544
/B)tel olate] AlLtsrlar, AE 9@ A (cardiac risk
factor, CRF)¥ (F Z# 2HE/HDL Z 2HE)d 93}
T3 TH18).

st A7) A 2 AU FAE =Sk Bl
3, FA 5744 § FE3n A kel A image analysis sys—
tem(IPKR-1003, Saramsoft Co., Ltd., Anyang, Korea)<
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Fig. 1. Change in body weight gain of mice fed experimental
diets for 6 weeks. P<0.05 or P<0.01 compared with the ND
group by Dunnett's t-test. The experimental groups are the same
as in Table 2.

THEoR IARFY AFAY dFFEES B RS
wol M FEE AT Astads = F A

47 Aol B A Holg Fold HolA dF79 %
T LALE AFAY dFFEES 65 St Fo%
T Aol HH, ATs7rd 2 Holads vudg A=
Table 33 2t} 65 o ATT7HFS A Aol
(HFD)o] 9.97+0.82 go.& 7} & A& 718 Hlom,

AEE FoIg woAE HFD-VR < HFD-VR-MR<<
HFD-VR-MR-RB10+< HFD-ES-MR+*< HFD-ESw9]
TME ATl S dlELvlol BIF AR G2%3}
Hlaste] W Eg RHAESE IAY o] Fo Foes]
S o ATFEEe] o vkt Ao tE ANFEE
I vlaLste] Wl EY 2R-2EE A FAtst dEt 3atst
&go] W3] wrhar ov] 4 A Jem(19), & AT 4
oA W EY ZESEES T A Ao] F oA

Table 3. Effect of hot-water extracts from various coffee beans
on food intake and food efficiency ratio in mice fed experi-
mental diets for 6 weeks

Food intake = Body weight FER”

1

Groups” (gweek)  gain (g) (%)
ND 27.41£1.677  5.5240.66"  6.40+1.38"
HFD 20.10+0.37 9.97+0.82  14.73x1.54
HFD-VR 17.5320.59"  6.00£0.62"  9.83+0.64
HFD-VR-MR  17.59+0.80°  6.25£0.50"  10.69+0.63"
HFD-VR-MR-  20.76+1.63 6.41£0.517  9.16£0.90"

BRI10
HFD-ES 17.99+0.38"  7.34+0.63°  12.11£1.09
HFD-ES-MR  18.97+0.56 6.74+0.43"  10.69+0.61"

"See the legend of Table 2.

JFER (food efficiency ratio): {body weight change (g)/ food
intake (g)} X 100.

*)The results are means+SE for 10 mice in each group.
P<0.05, "P<0.01, " P<0.001 compared with the HFD by Dun-

nett's t-test.

Hasta @S 4FATY dFFEES T3 HFD-VR
T, FEg R uANFE HEY 2R AE] d5-FEE
Fo]3 HFD-VR-MRT 2 10% woldn S H7lete] T
FOo R UAREI HET ZHE2EY EFFEES Fo
¢k HFD-VR-MR-RB10w 9l A= 2] A<l zto] & Kol
eroko} o el vo} I} ATR G2 &9 A§ AW
o] 3 o] Tg o HFEA] e dFAY 55
EES A3 S Wr oo uALEd AFA
o] AFFEES T3S vl AFTT7H] o9
2 7FA38l Y Shin 5(20)2 AT S+t dAAE
uALE o] BE AFATNE AZSPE W nALaT
AFAT A Fatsl 2 W gAdo] Ak PFAT o v
FoH oz Frtsiglon, 7huQl ghegol] JS T4 o
HA] chlorogenic acidE 4o /ARG AT 2
B Haste] Fargro] 98 Avle] MESA Ask(bio-
transformation) 7}sA S A AR Cha 5(14)& &=
o g dt TR o] Uuk FAHE TR T X 2 o]

o] A &g 9 FAast B FUHE dehde s
T o R [1g XA} 5 st avte] Foatl o
& ®arskoith & A AR oEl 2 d o} It Atk G2F
o] B4 Fagor HaE ol Az 9779 FE=0]
IA Y Ao] HoA AFFTrES @A AsAl7IE Fe
2 Yeht o] FF9 A T3 Tart dats %
gt ofyzt |k S =
o7 ddE

2 o] # %H(Table 3)2 1AM 2lo]o] A 4] o]wo]
Hste] faeglan, axy Aol AFAY dFEFEas
T8 5 % HFD-VR+, HFD-VR-MR+*, HFD-ES+*
o Aol e nAY Ao] txtel nlEke] feojHow
Stobxldl, oli= LAY Aol= Qlste] o qA - LT} szob
Aol whet oA & st
ot Aeola g oA

3
ol YFAT EFFEES Fogt £ T HFD-ESv&
A9l Um=A FHFD-VR, HFD-VR-MR, HFD-VR-
MR-BR10, HFD-ES-MR)¢] o] & &o] A" A o]
Hlgle] frold oz 7Aasigin). b TS Aoe) vt
|2 Bl QT o} B} AT G2%9] AY- THoZ

W7
TARE  F A HolE  Fol ANFERS Folat
A& W 219 HolEgol AN FasHe AL FAL 5
AT, HEY ZR2EE A 1A HolE & Ho
FAE WE AT ANFERY Folvt A9 Holasel
o Q) 2ol g molA| Rkort, Woldv|(10%)E A7}
AINYFE BEE T F5ES Folatde Mo Ao
Holmgol foH 0 Pty
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Table 4. Effect of hot-water extracts from various coffee beans
on liver and adipose tissue weight in mice fed experimental diets
for 6 weeks

Epididymal adipose

Groupsl) Liver (g)

tissue (g)

ND 4.64+0.07""" 1.52+0.10""
HFD 3.61+0.07 4.18+0.23

HFD-VR 3.90+0.07" 2.36+0.32""
HFD-VR-MR 3.83+0.05" 2.80+0.29"
HFD-VR-MR-BR10  3.69+0.10 2.90+£0.16
HFD-ES 3.50+0.05 3.0240.23"
HFD-ES-MR 3.41£0.06" 2.77+0.27"

USee the legend of Table 2.

IThe results are means+SE for 10 mice in each group.
"P<0.05, "P<0.01, ""P<0.001 compared with the HFD by Dun-
nett's t-test.
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Fig. 2. Histological change of (A)
liver tissue and (B) fat tissue
around testicle in mice fed ex-
perimental diets for 6 weeks. The
experimental groups are the same
as in Table 2.
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(A) 8 dFo T AN SAAAY 2 FezHE FEFs =AM
7] T A3} Table 5% 20k, A3 Ul FHAE 1AW Holof
E o o8| 74 & T e A Ao|uhe AFH e HEDT
8 5 (80.23 mg/dL)oll W8] AVFEES FoIg Al 7ix A
E o, 3 [HFD-VR(58.27 mg/dL), HFD-VR-MR(51.48 mg/
§ 3 o b > b ; dL), HFD-VR-MR-BR10(58.98 mg/dL), HFD-ES(59.11
2 o, mg/dL), HFD—ES—MR(59 54 mg/dL)] ®5F F4 AW FX
1] m 7h oA o s Fasgith AH ] & Fel~HE I w19
0 ‘ ‘ ‘ ‘ ‘ ‘ H =g s depillon ANFEES Fod Be A48
ND HFD  HFD-VR HF_?/-';\/IR _c;ggﬁj HFD-ES HF_DE-SMR = 9/] %Eﬂ > Eﬂ% —}F%O] kU X] Hg— /ﬂvo = ‘—;'-cq :} iLoﬂ u] sH
(B) 600 T Faste] AdFEEd i dH o] FulzeHE M
5 500 2 Adllsg &0 5= YAtk LDL Fel=eEe T2 $29g
5 Helo] o] FHASIE o)A AgAske] Yglo] H
Rl = ARE 8% FEo Bobd S 1 9@l AXE u
s 00 ] W, HDL 2SS o Fo] Fuss Yoy A
Eg 200 | A ZHASEHES At FoR oAl g
s v F2 FU2HER dEA AtHD). # A=
5 100 % LDL ZEl2=H2e FxE A4 2ol Fold ND(3.67
o ‘ ‘ ‘ ‘ ‘ ‘ mg/dL)wol ]3] HFD(10.62 mg/dL)o] fol& oz &
ND HFD HFD-VR HF»I\D/—Q/IR C;Dggﬁ) HFD-ES HF_DE-SMR %/]\. [e) ]%]ﬂ_ )V\»——D:] o] 94__15_ EH}_‘;Q' P_E HDL _’;g_gﬂv}_\_};ﬂ%gq

= AA AolE Fo3l o A= 111.11 mg/dL, 24|
1o]& FoJ3t ol A= 87.11 mg/dLE FoF o= ot
5 Yeldlth. HFD-ES#o| A& HFDol H]&jA LDL

Fig. 3. Change of epididymal fat size (A) and relative adipocyte
size (B) in mice fed experimental diets for 6 weeks. The same
superscript letter are not significantly different at P<0.05 by
Tukey's test. The experimental groups are the same as in Table

U rlo o off rlo
> Pﬂ

E}L_l

2. _,_gﬂ/\];ﬂé Zﬂ ]_§_ ]_ 2 HDL _-Tigﬂ/\gﬂi /\1—*8_11 = H z’:
Ao HEY ZR2EFS FAS A 714 AE7 25

T3S A Fad el 7|7t @438 FolEe & LDL Fe&EE =47} Yolxv HDL Zd 2 HE 4% 7}
#H7} AZ = JAH(Fig. 3). A Aol Hl3l] LA 2 o] frolA o g Frkshe a4 B3 + AUt Oétﬂ"ﬁlfli
Fo Al Fig. 2B)lXA7 Firgk AA|Ee] hyper- HEY 2RAERES T8 59 AT Et ikt 2 g
trophy7} #HZE R o™ DA o] Fof & AAFEE] iy *é-‘jroi &) chlorogenic acid?} A 5o 9l
Fol= B3 WA FEe A7)E ooz AN E=E tha delA ¢lemw, o] chlorogenic acids Ad5E 2
AaEs vERT AFAFANA Fe2EES AR oE Aegtte AT
A7} Bol BuErh22-24), whehA H AY Avt= 2

E KSR SHAE K|+ 2 AKX F2EF FFo] e F5l vl EA drstal e et
gutz o 7 H|we 53] uAFZy Iy AEHZZ0 AJH-91 chlorogenic acidol] 7]91&char ek o2 of o
FHtE ] Aolof o5t 5 FAAAWY FH v Eo| Tt o7} ool HaNAS T AEd FHEHE T A
3t ddo] YEld e ®BarEo] rk(21). & AF A AgEs 7HAe BUFdF 5 23 dlAMbE(secondary

Table 5. Effect of hot-water extracts from various coffee beans on lipid levels of plasma in mice fed experimental diets for 6
weeks

Groups” Triglyceride Total cholesterol LDL cholesterol HDL cholesterol
ND 453242507 117.76+2.15™" 3.67£0.11" 111.11+1.15™
HFD 80.23+4.83 197.73+5.73 10.62+0.54 87.11%1.59
HFD-VR 58.27+2.53" 179.08+5.42" 7.4440.85" 96.85+2.54™"
HFD-VR-MR 51.48+3.05™ 182.50+3.93" 7.45+0.48"" 96.60+1.45""
HFD-VR-MR-BR10 58.98+2.01" 179.84+5.44" 7.93+0.66" 95.50+1.89™
HFD-ES 59.11+2.60" 178.85+5.21" 9.99+1.05 90.61+2.47
HFD-ES-MR 59.54+3.83" 175.44+8.57" 10.23+0.75 88.72+1.93

1)See the legend of Table 2
IThe results are means+SE for 10 mice in each group
"P<0.05, "P<0.01, ""P<0.001 compared with the HFD by Dunnett's t-test



799l BgteyA] Bl A s & 347

Table 6. Effect of hot-water extracts from various coffee beans
on atherogenic index (AI) and cardiac risk factor (CRF) of plas-
ma in mice fed experimental diets for 6 weeks

Groups]) NG CRFY
ND 0.0620.02°" 1.06+0.02°
HFD 1.29+0.93° 2.29+0.10°
HFD-VR 0.86+0.08" 1.86+0.08°
HFD-VR-MR 0.8940.04° 1.89+0.04°
HFD-VR-MR-BR10 0.90:£0.09" 1.90+0.09°
HFD-ES 0.98+0.07" 1.98+0.07™
HFD-ES-MR 0.99+0.11% 1.99£0.11%

)See the legend of Table 2.
Al (atherogenic index)=(total cholesterol—HDL cholesterol)/
HDL cholesterol.
3)CRF (cardiac risk factor)=total cholesterol/ HDL cholesterol.
The results are meanstSE for 10 mice in each group.
*“Values with different superscripts in the same column are sig-
nificantly different (P<0.05) between groups by Tukey's test.

metabolism)e] Ak A 7]¢18 =% ¢)S Aolgtal AR
HH25,26).

Euﬂﬁi}-x] g]. /J@A-H*d;q_r:i I ]‘jo]' &]O]—r}o] Xé%
A]o]—TLOﬂ H]o]-oq ‘rr«]ﬂoi }.r.o],‘—[ ]u é}oi‘ﬂé}‘ﬁl%
‘:ﬂ|47§§]- ‘g% /;]g;} .AGJ/HO] _/j_ﬂ] /\]—_%\_% zi =2 E}“}T}\LE]’
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(Table 6). elE] T o} B7} AThE G2F & Foigt A¥
o A= HFD®} Hlalste] e 45 1t
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A= T s o} “%J*H?ixl—rﬂ HFD ®.c} §-9
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Ay Ay ANFEEY G2 QlEte AW A=
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