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Abstract

In order to find out whether the functionality of germinated green coffee beans can be improved, fermentation stud-
ies were conducted using Bifidobacterium animalis (B. animalis), Bifidobacterium bifidum (B. bifidum), and Bifido-
bacterium breve (B. breve), all of which are beneficial to the human body. Fermentation was performed at 37°C for
4 days using de Man, Rogosa & Sharpe (MRS) medium with the addition of sucrose and yeast extract. There was
no change in the caffeine content in the germinated coffee beans after fermentation. The fermentation process
increased the chlorogenic acid content of the germinated coffee beans regardless of the Bifidobacterium strain. In
the case of dark roasting (230°C, 30 min), the caffeine content decreased by 30% (w/w), but the chlorogenic acid
content decreased by more than 95%. The fermentation process by B. animalis and B. breve inhibited the decrease
in antioxidant activity during dark roasting. Taken together, it was found that germinated coffee beans fermented
with Bifidobacterium species still had excellent functional properties.
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W37t dojuh=t] 7Hul o] Sk A% F7FsEA|RE o}
717kl wet S22k GABA 59| $Eol 1.7)7kA]
F7kste] 7150l FFE T 4 A AtHKim et al,
2018). AT TEe] 124l HA 2 AT ALk oA
ADH ot FH HdAge] He g A A Urh(Lee et al,
2015). ARl FATEAAG A= ZAAAIHFo] 10,000 —
1,000,000 cfwmLA =7} %o A& S(Evangelista et
al., 2015; Elhalis et al., 2020) Z}% A3 +&33°](Silva
et al., 2008), B2 7} Folsi o] Ao 73 EFZo]
SolAAY vk o Atk 2A N F@ov ERE o]
&3 A FTF A& A EE L O H(Kwak et
al,, 2018) ol &gt Ay ofzEnie] F31& 9% VA E
o] Mt 9l kg |E% Q753 JTH(Lee et al., 2015).
Folrlol A& AMEFILFO|(Paradoxurus  hermaphro-
ditus)7t A 28tal 1o o]Eo] A dujE HFHg
Aol &3t B HEE AX wiES Ay FOoE Ve
A7t 27kR &) HA doh dEAQ] Aol Foto g
47 Kopi Luwak®]tH(Marcone, 2004). 713 Fuf7} =
WE S3ste &< AT HFFFES &3lE o] o] &y
I AR S AX FRE wEEA He b o]
o 7k v Ee] FE-S WA = Aolth arFele] A
o= Gluconobacter P E°] 7% o] (Watanabe et al.,
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2020), Lactobacillus} V|3 = BFe| 2] (Bifidobacterium) 5
o] AAgx 74zt A% YAl A A S8tk (Muzaifa et
al,, 2019). Z2ju} o] ARgFaIGfole] HAaAE o] &3
27199 A s=EEAL AR AHHILE
1 tH(Lachenmeier & Schwarz, 2021). 3+A, HA 3] F 2
arabinogalactan®] H|Z| =¥E| 2] %S AEH 02 AYSA|7|
= Zulo] Qg2 o] th= BAl% Sl th(Hori et al,
2007).
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o2 atof QAN {93 ZEulo] Q¥ 2Ql H|F uHH|
< (Bifidobacterium spp.)& W&l FE53 wa AIE
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A8 A Bifidobacterium animalis (B. animalis)
DY-64 KCCM 10583, Bifidobacterium bifidum (B. bifidum)
KCCM 12096 Bifidobacterium breve (B. breve) BV-B
KCCM 430182 4] 3t=m| A EHEAEH(KFCC, Seoul,
Korea)oll ] 438kt HPLC 57 HlEE % ol EYE
2o J. T. Baker (Phillipsburg, NJ, USA)olX T+ &t}
Eg]o|gol¥l(Hayashi Pure Chemical Industries, Ltd.,
Osaka, Japan) % $A}7] ZE(0.45 um, Whatman, Clifton,
NJ, USA)E T¥&N3, HPLC 57 oes 2 2o
Merck (Darmstadt, Germany)3A}e] A|ZFolUtt S22
Z%E, 7H1Q1 9 Carrez Al 92 Sigma-Aldrich (St. Louis,
MO, USAYIIA FJFct 2 & BE Ak 7[EHoz
HPLCE = AoF 553 AHE-8IoIH

7| M52l ot

ol2}v| 7K Coffea arabica) F<2 7 A 3tE 22 2(Club
Green Coffee Co., Bolaven, Laos)ol|4] +YstH o, 42t
Ado 2 7 (parchmentyS A A 5 wrolo] AME-3H T
o] F& Kim et al. (2018)2] ol we} 1% ztold it
UYEF &H4E o] &3] 2i7F A5 T 80% FoisE]
270 30°CoM FFpel 1447 AAF FFs Hal
Az LA 1097 WolE st 153t a7 23]
DTS A8kt

H|I| =B[22l HHRF

e E 9k 2ElE H|F X8 E32 de Man, Rogosa
& Sharpe (MRS) w1 2](0.05% A1 2EIQ1 ofn] =2t &)
of WSttt HREE TS uf ol TR AT FA=E
2 o3 dad 29 SHo7 TFIT A FA 5%
o] | F3= Bifidobacterium 2~E}E] v]AES HE AT

e

A |

o] W AJZEIQL ofrliedt 0.05%, AE 82 ARFE
5 1%Y Ak gas ¥714 87194 37°C, 4
A7+ AAEATE o] S 60°ColA 18AZHE S F
-20°Cel| B33

71| 32| 2~

B22EL Z2~E(Soo i-coffee N-905CR, icoffee, Seoul,
Korea)& ©ol-&stsiom, Zxd A¥ AF 50gs ¥
230°CollA 3047 E3o =M gk Z2H(dark roasting)
% 7F&t @AIR] French S+°] A tth o]AL +
52 4] 7](kalita KH-3, coffee mill, Yokohama, Japan)Z
=3 stk

> om

FHHQlnt S22 &ake| £Y

701z S22 %ke] L Kim et al. (2018)9] W
Hol| w2} carrez FATIEE AR & LiChrospher 100
RP-18 Z# 3} diode array detection (DAD)E 42-$+ HPLC
(LC-20AD, Shimadzu, Kyoto, Japan)E ©]-&3}o] A 23}
o AA 2224 dFe Al T/ T8 ol EA 3
FEE o2 4HE3IATHKim et al, 2018).

A&+ 2,2-diphenyl-2-pycryl
hydrazyl (DPPH) 2}t]Z #4](Sharma and Bhat, 2009)3}
ABTSe+ 24(Sanchez-Gonzalez et al., 200522 =74 3}
S THKim et al., 2018).

SAEA

Windows& SPSS (M A 23.0, SPSS Inc., Chicago, IL,
USAYE AH&ste] BA] E418 sttt dolE e B+
+SDE FHHAT. 95%2] FelFEolA Duncan®] oz
He) HA o] Holy B+ 7o Zolg AAst=t ARHEH
AT

T

AEE] O|M4Z2| HiQF

a8 2ele v AEQ Bifidobacterium spp. 3% (B.
animalis, B. bifidum, B. breve)g A]Z=H|lo] H7IE MRS
iAo wjFsiAtt ZE v E] & A3 A] THFig.
1) 2 SX% B. animalis7t 7V w274 A58} B.
breve$t B. bifidum®] 1 F& ©|A T} 37°Col| A Hlget 4
I B. animalis®] 735 Y 14o|H AA7]d =&
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Fig. 1. Changes in viable cells and total cells of Bifidobacterium spp. In MRS broth. Line: viable cell, Bar: absorbance at 660 nm. A:

B. animalis, B: B. bifidum, C: B. breve.
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Fig. 2. Changes in pH of green coffee bean broth during fermentation by different bifidobateria. A: B. animalis, B: B. bifidum, C:

B. breve. Closed square:
components as a control.
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SRS S SISl YT
43k B et A% 19 Fol FAL o8 dep A
gl EAY HE F AL UL B

1% contents of additional components (sucrose and yeast extracts); Closed circle: without any additional

2). 28 B. animalis®}t B. bifidume Ta 3
pH ZHa7F X8 == Aol ATt
animalis®] 739 &a 54 3 pH 4.5 °ls7t FReH B
bifidum>} B. breve= E 59 $7MA % pH 4.5 ©] O}E
W 7R gttt o] EFE] 289 1% A% 1% &

BEFEEZES TS e Y 19 7Y pH7F diF
. &3] pH 4.5 ©]3}tel| o|& W= B. animalis7}

Fre

al_goug] /\].1:}; B
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Elach 3%_] TRo™, B bifidume & 59, B. breve= W
& 40ISie. Webd st B2l Roprlal 4%
g

o ofgt A 717HE 24 o] ©EE = Sl
Fig. 32 &3 oA Ax dAE 77 3% ARz 0]
o} Fig. 3(A)y= Aol AA HAARE o35 2T (silver
skin)ol]l E&#el 73] YFe] moli 30°C =4 10
d B WolE WAl A¥] AF(Fig. 3B)E FLE# F
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Fig. 3. Fermented germinated green coffee bean. A: Green coffee bean without parchment, B: Germinated green coffee bean, C:

Germinated green coffee bean fermented by B. animalis.
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a4 UTH(Yisak et al., 2018; Gichimu et al., 2014). ©]
FHH| 91-& dholol] o]l oF 22%7} F71E = ZEHE
AHEEE HEE 9t oA S 121°C, 1587 9 A
g5t AT AFFo Hlel vate] °F 35%7F S7tat
e UE o= B bifidum TE A
2% W Ashr sk wEbA BlE = e
Ol f‘& ol 7l o] E AL 719 1S w3 A AL

F S AATE S & ek
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AT = 3} (Sualeh et al., 2020), A Zo] Ad A&
AF(230°C, 128)31 3% 2318 1.4%°1d 71=9le] st

o] 1.7%=Z Z718ths R s Qo) BAld A8k 228
3l Ao AL FhE|el ko] oF 1.0%E AT
B AtHde Souza et al., 2020). Fig. 4= LaHHS A
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U #AHE ksl o] HEg Ao F3 S =t}
(Carciochi et al., 2016). 22742k A¥F2] 7P T2

st ZEElsA FAkstAlolth BE 2.9-5.42%(wiw, db)7t
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Fig. 4. Changes in amounts of caffeine, cholorogenic acid, and
activities of ABTs and DPPH during roasted germinated coffee
bean fermentaed by Bifidoacterium spp. Amount unit is % (w/
w), and activity unit is pumole Vit CE/g-db. B: green coffee bean,
GB: germinated coffee bean, AGB: autoclaved GB, RAGB: roasted
AGB. RFAGB: roasted FAGB, FAGB-ani: fermented AGB by B.
animalis, FAGB-bif: fermented AGB by B. bifidum, FAGB-bre:
fermented AGB by B. breve. The lowercase or uppercase letters
written on the graph bar are statistically significant (p<0.05) when
the letters are different.
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