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Abstract /n vitro luwak coffee was produced using enzyme-microbial complexes.
The coffee quality of non-fermented coffee beans (NFC) and fermented coffee
beans (FC) was compared. The total free amino acid content was higher in FC than
in NFC. The levels of glutamic acid and y-amino-n-butyric acid in NFC were higher
than those in FC; however, the contents of essential amino acids, such as lysine,
leucine, and valine, in FC were higher than in NFC. During fermentation, the
sucrose content decreased, whereas the fructose and glucose contents increased
(p€0.001). The chromaticity of the coffee extract showed higher lightness (L),
redness (a), and yellowness (b) values in FC than those in NFC. The caffeine content
was significantly lower in FC (696.94+£0.04 pg/ml) compared to that in NFC
(1,130.22+1.55 pug/mL) (p<0.001). Conversely, the polyphenol and chlorogenic acid
contents were significantly higher in NFC than in FC (p<0.001). Electronic nose
analysis indicated considerable
components in NFC and FC. Sensory scores were significantly higher for FC than
those for NFC. Therefore, the fermentation of coffee beans using enzyme-microbial
complexes altered the chemical components, which promoted the Maillard
reaction during the coffee bean roasting process. These results suggest the
possibility of producing in vitro luwak coffee with better flavor and lower caffeine
content.

differences between the volatile aromatic
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1. AME
e &5 W25 A%, 73 ot 5ol 29HE 0] ThEolAle dRA VT FREA,

A AA AFFEo] €4 uiAlal 9t Business Wire2] 22¥ updl glXEC] w29 AH|
A} 2F A9 FE7F 2019900 HEF 1,421 EEioflA] 202040 1,485 282 A%t
oF 4% o]4o] /gA sttt SHtH(The Business Research Company, 2020). @th4A A+
Aol ‘ALY 571A] EAE #Ske} A HiAo] mEw oA Al Am| A It
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= 2018490 g8} 63 83 YollA 2023E0l= 8.6%
A A AR AAstithPark 5, 2019). olAH
S BT oflgt A AAH o A AR A g5t
o HA} v & FOor AT ACE AH A F
< 9F 609 7HA7F HarElov, @A AlACIA= Coftea
arabica L.(o}eFR7De} Coffea canephora L.(ZFAEL
9 Coftea liberica(F¥217HY Al 7HA] £&0] Aui=]of
FAHo g de] &8E1 Qitklee 5, 2013). 115 AY
o] ERAR £ AL &5t g7t Al B Ad
EATY ERELOE ARBo] HII glom, 7l oF
1.7-4.0%S 8511 Yoty d#A JhMussatto =,
2011).

A= ATUE 9] Ak (green coffee bean)2. 2
T= =0tk Ay Fuie TS AFsHL, Aok HE
+ 59 guiets tE2A 53 AASL, I A%= 7t
5 U AR AZNYS AH FEFOE AREH, gt
FEHOR A JES FEoto] 85t Itk (Park,
2017). G¥HAQl A BF= 9-13%2] 83} 37-60%2] &
TOHE, 11-13%9] T, 4%9] F7143} JLgEd 52
2 7350l glomn, ool A dE2E2 chlorogenic
acid, caffeine 5°] AtHClarke, 1987). 4329 5-
10%E Foks BEY WHFE2 sucrose, glucose,
fructose 501, o5 AY BT £ 4 ofn|icAbs
2AY F0A g5t 8heZ A2 ZItHKnopp &, 2000).

Maillard §H3-2 4% 59 B2} of|le 3ekEo] A+t
4= Agsto] Wst= 2M3} Bhgo s, AU 2AF
Iy F Aol wislel gfn| o] Wdof WAL JFS n|A A
1 42 244 = 528 3ot AF F9Y ofr|k 3t
FEI RO 7HEE 7]+ Maillard ¥H-8-9] AFEEZA
o|=9] &afiol o A/ Fn Aol SHErHBaikdt
Ko, 1996).

3= HEA Wsleles AnRe] 7|ako] wet HE o
ARt B SR AU 3o, ol 7|EY Avs
= Ax oy 404 xpEstE Anjso] Al&sto
SAIE Sl et 7Y A¥ 5 F2 AFkopi
luwak)= AFILGCS] W 23173 53 HiEH v
£ 3= AYE 7hEcto] AFCE T ZA0E, AFRFIY
o]9] 4d} IS A AT &5t H25to] AR 1L,
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E79 gt} o2 Aoy A UeHKim, 2012). AFFLL
FolE WAlsto] Jats= e AnY AT APakgZ oF
300-500 kg $%9] 4FO2 1 3aioz g vy 7}
AL FJATE JtiMaeil, 2016; Marcone, 2004). ©]A
g £ Aurt WHE {5g "t ARFIgelE A
AESHe BT SATET, ol ARFLYo] Sl =1he
= WAL Sl= AFolth

weba] & Aol Ae ARFLgele 49} 7| &
o= AT FgnA FHo| FE= A Agtsto],
vitro & 2704 Maillard ¥+8-9] A+E4Y FaFH
FrElotu]|ieAte] F7ket 7HH| Q1o ¥SHE =513t oo
479 EAY RS Fof T F74e 7Rl Y
BAE FRISH, in vitro 2 AT AR 78S AE

sh4 st

_(?_15

o

S

2. Mz % diH

2.1. M=z

B A8]of| Ak8% #|1] A5(green beans, Robusta)= 2021
3 e} el (GUATEMALA ‘Huehuetenango’) A
oA XAE ZRAEH Coffea canephora L.) E50|
o A Y59 4 E4 245 AsiA Aot Ak}
g2 28 9 AXRE AR 2AF ojH9] YFE AME
5191, caffeine, polyphenol, chlorogenic acid, A%,
AXE B4 9 Isgrte df 9 Ax & 2ARS HF

g Bafslo] 250 A2S g,

2.2. 43 Al9f

B0 A8 A9 trichloroacetic acid, 2 N Folin
& Ciocalteu’s phenol reagent, gallic acid EEE,
formic acid 5& Sigma-Aldrich Co.(St. Louis, MO,
USA)OA Y5} 9ct. Acetic acide Duksan Pure
Chemicals Co.(Incheon, Korea)2 2R ¥, caffeine &
FE3} chlorogenic acid EFE2 Tokyo Chemical
Industry Co.(Tokyo, Japan)°llAl, sodium carbonate
Junsei Chemical Co.(Tokyo, Japan)ollA Z+ZF 45t
AEoRQT) Alg HAE 9 HPLC 40 AR&StH ethanol,

acetonitrile2 Samchun(Seoul, Korea)2ZX¥, water
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& Duksan Pure Chemicals Co.(Incheon, Korea)olJAl,
methyl alcohol2 Daejungchem(Siheung, Korea)¥
HPLC 559 Al9k& AREsIleH, 57 Changshin
lab2] AA=Z54A|ZA2] CT-101(Seoul, Korea)ollA A

z3fo] AT,

2.3 &4 % 0/4=5 Z5H9 HZX

AL BT in vitro YEE flolo] AMGH Bhde= 253
oplgtolA|(1,300 U/g) B3t &4x(Shin Nihon Chemical
Co., Ltd., Japan)?} oFdelobA|(340 U/g) AAAIE(Bision
Co., Ltd., Seongnam)°|}tt. WAEL Saccharomyces
cerevisiae® AZ AR (Lappemand Inc., Lithuania), &
EutA YA ERENE(Lactobacillus plantarum), SEBF
AHA WA =B HA(Lactobacillus acidophilus), TEF
Ax FE|A(Lactococcus lactis), BERHIHA FH|E
(ZLactobacillus reuter), A2EFEIAA HEIHA
(Streptococcus thermophilus), SERMIHA T A
(Lactobacillus rhamnosus), TEVHIZHA T}El71A0]
(Lactobacillus paracaser), 8|3 28| El& 54 (Bifido-
bacterium longum), FERHIHA FHA0)(Lactobacillus
casei ), HERMIAA E71RIFEALactobacillus bulgaricus),
et A HAH Y (Lactobacillus fermentum), BT %
w28 w9 (Bifidobacterium bifidum), B]= ZrEH|

< B Y (Bifidobacterium breve), FEBIEIT A 74|
2|(Zactobacillus gasseri), TEHFEH A AHEutE] A
SEHH A AL
(Lactobacillus helveticus), B|H 8t g ofyZdagA
(Bifidobacterium animalis ssp. lactis) €9 17% &%
SAHHMediogen Co., Ltd., Jecheon)2 24, ZF 3o}
detobA] @ opdelolA] @ AxEH 9 17 SFANRES 28
165 79 HlgRE E9tote] a4 9 nE EJAIE AlXs)
of A8 o= Lee(2016)9) fuwake] AW S5 FA
ot 249] Juwak AIMS(Animal Intestine Mimic System)
AdS FE, 2 Ao AMSE 84 B nE EAE

A|zsto] offiel go] WAE UG

(ZLactobacillus salivarius),

24 HZ=9 n vitro Z& F&
JF

Hhgl 2% Ao], wHt 7]50] 715351 20 L 27]9) #AH

https://www.ekosfop.or.kr

AE, oA Axer 54 9 ujdE EFA, FAFE 25
0.7 1 7439 HIEE £ £ 37CoA 3A7F 52t R
ATt old ¥g Y% (fermented coffee bean, FC)2+
HZr e Y% (non-fermented coffee bean, NFC)9] =4
E4E vl E451aAL 2t BRE 5Ye 2] B

‘8]-05{ Zﬂ_}— I;Ll HH)‘(:]_ /\]ﬂ A]'%ﬂ'ﬁﬂ’~

2.5, Ba AF9 AX

UE & oAAS AAsI AlHE FCi= NFCeF 37 Az
7|(forced convection oven 252 L, JSOF-250, JSR,
Gongju, Korea)ollA] =& &5Fo| 10%(w/w) °la}7t =
& 55CoA Axs

26 &8 L ==

NFC®} FCE F-2(200T oh)e= of|8H coffee roaster
(coffee roaster, MK-400A, Miko, China)°l £}
oF 1187t vt & w24 yztsto] gt gfo] 2 Udd
T = R A T NS A A7 2A0E HiH
H 9% AR 7 20 g& 2ot 2=HIY(coffee grinder,
600N, Yang-Chia Machine Works Co., Ltd., Taipei,
Taiwan)sto] ofzz]of] gl EAL £(90T) 200 mLE 7}
Stof oF 287 FE510 A2 RS YHFOE slo] 24

ACERT D

2.7 Me 5%

NEC&} FC F&59] ML E glstr] s £83=A
(UV-1800 240V, Shimadzu Co., Kyoto, Japan)%}
Color Measurement(COL-UVPC Color Measurement
Software, Shimadzu Co., Kyoto, Japan) softwareZ ©]
§3t9] 400-700 nmollA =S SAsH. ol Lgk
(lightness), agk(redness), b¥t(yellowness) ¥ AMXHAE
WE 53] WHE SAsto] YER|H.

2.8 2200 B3 24

EAYSHA] o2 NFCOF FC 229 felotv|at o
2 A& 0.1 gol 0.02 N HCI 1 mLE A7}35t0] 24 h 83
AZ1AL, o] 84 1 mLE Fdl 5% EZEZoNEA
(trichloroacetic acid)}2 5% @1 wHkS Z345}9ict. o]
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£ T4 10,000 rpm, 10& &9 YAEE(LaboGene
1248, Gyrozen, Daejeon, Korea)stil A< Fd|
0.2 pm membrane filter2 o7t 8N [ ofu| At
=7 72 ARSIt ob)ieAl B47(L-8900, Hitachi,
Tokyo, Japan)®] #4224 HAH2 4.6 mmx60 mm
ID ion-exchange column resin #2622SCPF(Hitachi,
Tokyo, Japan), 28 2%+ 50T, reactor 2%+ 135C
2 Sk, F9 &F2 20 pLE sho] RA5HAH

29 235t 12 24

A1 G50 FEjg B4 ZAF Aol NFCe FC 25
< high-performance liquid chromatography(HPLC,
Waters 2487, Waters Co., Milford, MA, USA)E ©]-&d
of A2 (RD) Zd%ﬂ(detector)i ARESHEE 7 A&
o 7 25 mL &2 50% ok &4 7ot EAE
SRIgH & 85T OllA 2581t 7Festo] BRE F=oto] WY
Hzxo & &l FAV E ¢ A=F & EWE
7}ttt 1 & o]& 45 um membrane filter® ojz}o}k

=4 AmZ AREoth. FHS amino (NH))
column(3.9%x300 mm, 10 xm, Waters Co.)& A&}
30CoA AEsHTE o]F5AF 21(80% acetonitrile)=
=84 87 (isocratic elution)S st¥P o, o|nf 8% &
T+ 1.0 mL/min, Y &2 10 pL9] 2702 FAs}t
At

ﬂ

2 o —{olv J

2.10. 7Hm2l gtgf 24

NFC®} FC #&&9] 71991 &3F2 HPLC(Nexera XR,
Shimadzu Co.)& ©ol-&stlom, A9 Ay F&E55
0.45 pm membrane filter2 oj¥olo] B4 A|5E ARE
Sttt
(4.6x250 mm, 5 p¢m, Agilent Co., Santa Clara, CA,
USAE AFE519o, 2= 40T, AZ 2 280 nm
At ole SHi(EEkE c A E =201 79 58
] 83 (isocratic elution)ﬁ} om, £& £T:= 1.0

o= =
mL/min, FY &% 10 xLE sto] BAs9IT,

AYL Agilent Eclipse Plus C18 column

2.11. Z2H=s 5t2F =X

oo =T o

NFC&} FC F&=°| g4 Zg9&

i)
i
|\
o
ol
ol
N,
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ate] sl4gk AY 0.1 mLet 7% Na,COs 2 mLE E3ot
o] 3827F ®X] & 1 N Folin €94 0.1 mLE t¢s}o] Ho]
AE A2of|A 3027 ¥REAIF . B &, E3EEA
(UV-1800 240V)E Ar&3sto] 750 nmolA S35 &4
sttt EEEHL2 ZAkgallic acid)g 15.652-1,000 x
g/mL ‘ﬂHoﬂ/ﬂ 3|Asto] ARgStGlon, RETA A &
Az FZYHE IS mg ZAF GEk(gallic acid
equlvalent, GAE)/mLZ HA|5}9tt

212 S22AM 5% 24

NFC®} FC &£E9] Z2 244t 3k HPLC(Shimadzu
Nexera XR, Shimadzu Co.)E ©]-&5}5i0oH, Z+zko] A
1] %52 0.45 ¢m membrane filter2 o¥}sto] =4
ANaZ ARt F¥2 C18 A™H(4.6x 250 mm, 5
um, Agilent Co., Santa Clara, CA, USA)S AR&3l30
o, 2T 40C, photodiode array detector(PDA)
Shimadzu SPD-M20AE °©|-&sto] A&t o542
A: methanolZ, B: 1% formic acid in watersS ARE5FS
tt. 0-20 min(2-32%, A), 20-30 min (32-40%, A),
30-40 min(40-95%, A), 40-45 min(95%, A)O& EA A
7ol we} o] 5749l 24L& WAHSHHA ol /4 1.0
mL/min, A& FUF 20 pLE 2ASH

213 FXITE 0/25 5/UME IJE 24

NEC®} FC 589 F7IE 42 AAZE ol85ial
o IR B8 8] Al& 2 mLE headspace vial
(22.5x75 mm, PTFE/silicon septum, aluminum cap)®]|
231 40TofA 500 rpmC& 587t wHISHHA] headspace
£ ZHsIIth ASAERAF S AM8sk] 5,000 xLo] S
AES F3t & HAAF(Heracles, Alpha MOS, Toulouse,
France)® FYst91, % 719 A#-(2 mx0.18 mm DB5/
DBWAX) ¥ = 719] FID(flame ionization detectors)® &
Aottt @ 2=+ 80ToIA 123 FAIE AL, 250T
7] 29 3CE ASAA 2127 FAEHACH,
9] G (flow rate)2 1 mL/min®]%it}. Kovats index(KI)
library 719F9] AroChembase(Alpha MOS)E ©]-&5}o]
o ¥29] HE& F0IaL, 53] HHE A9E AR
(principal component analysis, PCA) £-4]of AR&-51 Lt

Ea 7]./\
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2.14. 2587}

NFC® FC FE&ol Hg IsH7H= 98 A-H(O-
point hedonic scale)Z ©]-&slo] ALE &4 uiA=
(3KMF a9 1088049 ZF 5%)& HF2E AAsH
o}, AW 173t of2uHaroma)e= YFE AU Ho] &
& P71 =2 F71°] digt B7% A (acidity)= 4l
et AR ASEE B7} @9(sweetness) Tt
et A =E Brlekoinh. v (body):> Ut 7HS3] &
AA = E73 vjiegol| et B7F, W A(balance)=
AAAQ] g, A9 BlEZE 5ol +9 &9 l=7kE B
F0(aftertaste)i= ATE THA Fof| YA A&EE F
njof] thgt H7t, AREEQl 7|3k (overall)= AT Q] A4
Q1 gFr(flavor)oll thet =249l 7o) gt B7He vret
Woltt 919 7714 el tigt 713 E dotkEr] Y
od H=(1: theks] Aot 2: "W Ao, 30 Ao, 4
A, 5 FAT QAT g 60 ZF Y, 70 £, 8
£}, 9 ties| Sth= Bristal, 247 o) gt
BHE FA Asiitt. & dsHA = Agdista
29 43]9] A7-5<I(IRB No.: 40525-202210-HR-
02)& "1l bAsHA ZB=| et

rlr

[©]
U

o oF i &
P Ho oo o =

oZ

o

2.15. B2/

AY Aol FA EA-2 SPSS(Statistical Package for
Social Sciences, SPSS Inc., Chicago, IL, USA) software
package E2THE AL, S = Aol gk
M SYRE restS g0} A2 719 §OAE 7
SoFA2m(p0.05), BE FlojHe Hd+EFUARE H

3. Znp 3 I
3.1. Bz ME 2[00/ L BfEF HEf

In vitro & A9 A5 913 WTANNFCO)< Ha
(FC) 128 77} Bafelol 38%2) %2 ofolieite] gl
B3 AT Table 17} 2h. SoeloluleAt #4 23,
NFCol|A+= glutamic acid, phospho ethanol amine, 7-
aminobutyric acid, aspartic acid, alanine, serine,

proline, phenylalanine, valine, arginine, threonine

https://www.ekosfop.or.kr

£07 2 TS HYOoH, FCIAE glutamic acid,
lysine, luecine, phospho ethanol amine, arginine,
alanine, aspartic acid, phenylalanine £°2& &2 3
F= Hrh ol oldof| A=Y Park(2012)9] A+
BI04 AFIAE y-aminobutyric acid, alanine,
aspartic acid, glutamic acid, ammonia, serine,
phenylalanine, glycine, valine, threonine £02 &2
T Btk Haro AR A3k Hlth An] BFe
a4 Y uE EHAE ANESto] A s AR A3 4
S5 30359 FElotH| At § 1252 A4Sk, 18F9
op|le Ak F7HeE A0 2 SRIEGIHh. & A= EF
EoS ARl 859 T4 opw|Ato] tis Hwet A,
8%9] Wrou| At B NFCO] ]3] FColA Z71st AL
gRlstatt. ea Egled, ofo]aRAl 1.54] o4, H]
ddeid 9 S|AEd2 24 o4, T4l 34 o4, Al
HEl U2 747} 48) ol S7tsto], HaE 53 Eotv]
Aol 371 a7t AAfsiths AS gelstqint. of2gt
g0 Maillard §H-&-9] AG-521Q1 opw|Ate] F71et A
O = n|fo| Hol A7 X A] f-gofr|icito] Maillard
HhE-o] A=A 2-gste] #u] 9] Fulet gte] F7to] o
15 & Aol BHEHGo, 2017). ©1f Maillard ¥H-g-©]

%) G50} ofli SgHEo] AFEAZ 28]
ol£9] 25} ¥h-g-0 2(Kim, 2001), 9579 24

-

ol

>
o ok

2 ol
o2
)

g 5 Mol Wk} o] W WAt FFS vl
Au o] F4E 2= 583 IHolth. Lee(2016)Y
Ao mEH A FEAY FEE F24o U S
FARE 2702 YR E AP A FE2EY FEoh|e
AbShFe] B A, 29 A ST fARE 0=
g E A3t An] FEE0)4 valine, leucine, aspartic

acid, glutamic acid, lysine §°] AA & F&EHT
2 FAE RIPHL 51Tt o] 22 At & A
A 2rg A|&2Q1 FCollA valine, leucine, lysine 59 T4
ofu| Ak} gspartic acid, glutamic acid S°] HE &

NFCHT &7 et Aziel e SAshe.

3.2 2zl ofE 2c/5 g5 Haf
An)o] 74 AL FoIA H B e AAeke B
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Table 1. Free amino acid contents of non—fermented coffee beans (NFC) and fermented coffee beans (FC)

Free amino acid

Contents (mg/mL)

NFC FC
Phosphoserine ND" ND
Taurine 0.64:+0.03” 0.39+0.01
Phosphoethanol amine 35.71+0.04 19.3810.25
Urea ND ND
Aspartic acid 24.71£0.41 13.89+0.07
Threonine 3.3420.06 5.24+0.05
Serine 16.470.29 11.200.09
Glutamic acid 54.70£1.10 41.830.11
Sarcosine 0.990.10 ND
a-Amino adipic acid 0.86+0.01 1.10£0.02
Glycine 4.0610.07 5.18+0.06
Alanine 20.71+0.33 16.0440.12
Citrulline ND ND
a—Amino-n-butyric acid ND 1.62+0.09
Valine 6.37£0.12 9.97+0.55
Cystine 2.780.00 2.49+1.94
Methionine 1.090.00 4.69+1.81
Cystathionine 1.13£0.03 1.0411.26
Isoleucine 4.12+0.07 7.04£1.59
Leucine 5.67+0.07 19.95+1.48
Tyrosine 5.15+0.05 9.59+2.22
Phenylalanine 6.550.10 13.59+1.98
B-Alanine 1.630.02 3.13:0.48
B-Amino isobutyric acid ND 6.83%1.50
7-Amino—-n-butyric acid 29.10+0.51 8.23+0.81
Ethanol amine 2.920.46 3.7520.45
Ammonia 2.6440.27 4.260.17
Hydroxylysine ND ND
Ornithine 0.3440.02 2.48+0.05
Lysine 5.15+0.50 24.64£0.12
1-Methylhistidine ND ND
Histidine 1.4620.11 3.5310.02
3-Methylhistidine 1.160.03 ND
Anserine ND ND
Carnosine ND ND
292 https://doi.org/10.11002/kjfp.2023.30.2.287
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(continued)

Free amino acid

Contents (mg/mL)

NFC FC
Arginine 5.90£0.10 16.14£0.07
Hydroxy proline ND ND
Proline 9.68+0.35 6.94+0.07
Total free amino acids 254.01+4.89 264.15+16.80

"Not detected.
IData are expressed as the meantSD (n=2).

o= 992 UEtdl= o2 $79 fE3o] s o]
wom, 11 FHe} FFE ATt 2t @] Frof o F
o] FFE YEPACKGIl 5, 2011; Tlly®} Viani 2005; Yu,
2012). NFCet FC A &S 77t 24fsto] 979 {29 o
T2 A% Aak= Table 29 2ok NFCOA vz HES
A9 fructose®} glucose= HRE 59f FC Al=2oAE= 7+
7} 0.34 g/100 g, 0.99 g/100 gO.& Z7}5t9irt. ol &
BE &9 NFC Al&o] &F=l°] AH sucrose?} glucose
9} fructoseZ EaH Ao R FZ2EM, o] Maillard ¥t
&9 AF=EHE AREE o] AH9 gm|et gto] F7to] 7]
St Ao =g watEth Kim(2020)9] A7t wE2d H7 =
SRAA ol A Auet ofhE|7E D=9 sucrose, glucose,
fructose?] &2 22 0.30+0.01 mg/g, 9.16+0.01
mg/g, 4.11+£0.01 mg/go| o™, HELQ ZHAE ¥
T sucrosed HFE 0.77+0.01 mg/g, glucoset
fructose= HEHA FUtH= A 2L B9 =FAEH
A Y= ofgtu]7L An Yo Hlsf o]FF<l sucrose

SHFS =11 glucosed fructose?t 2 @79 gk

g/100 g Ak =T Aok gEA 3loH, ol ZAF
o)A o|FFe} dR= EolEtiNishizawa?} Guillain,
2011).

3.3 EEo mE ME Haf

NFCS} FC Az 589 MEE Z7435to] Table 3|
YERRQITE NFC AT 599 132 18.28+1.430]1,
FC A1 &9 13h2 29.70+0.222 YRt} Hunter
o] MAANA LgtS Wx(lightness)® 0O(black)™ 100
(white)2] #& Uetfet], £ 232 Hof Bradso] i
7 AR 92 A oE SRIHY F 95 FEH agk
NFC 21.64+2.44, FC 32.51+0.152 Z}o]& Yol 1,
b#S NEC 8.06+1.70, FC 20.12+0.37& FC7} NEFC
F2d0| v Mt FAET} o 228 & S U
t}. ol& Bra W (FC)oflA Maillard ¥Hg AFEZo] tf
F AYE BN FEA ] wet ZdELo] 24 1%
A & 4 Aok shH, AFHAEQl MxKoverall color
difference)® UEY= AEZRS NFCE: 29.58, FC(E&
AF)= 48.419) Fo= EAEo] AR Zto] ARt{oR &
AAE eIt geta o2 Mapx|4=gho] 0.5 m|gto]|

Table 2. Free sugar contents of non—fermented coffee beans (NFC) and fermented coffee beans (FC)

Free sugar Contents (g/100 g)

NFC FC t(p)
Fructose 0.00£0.03" 0.34+0.02 -18.520(0.000)™
Glucose 0.00£0.01 0.99:0.01 -55.183(0.000)™
Sucrose 3.29+0.06 0.82+0.04 59.327(0.000)™

"Data are expressed as the meanSD (n=3).
“'p€0.001.
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Table 3. Color values of non—fermented roasted coffee beans (NFC) and fermented roasted coffee beans (FC)
Sample Color parameters
L value a value b value AE
NFC extract 18.28+1.43" 21.6442.44 8.06£1.70 29.68+1.27
FC extract 29.700.22 32.51+0.15 20.120.37 48.41+0.33
t(p) -19.311(0.000) -10.903(0.000) -16.943(0.000)™ -35.211(0.000)
wLData are expressed as the meantSD (n=5).
p<0.001.
A9l A 2o]7} Qli= AolL, 0.5-1.501H Z4gH A Jol5 NFC&} FCOl E2j¥s 32 247 2.31 mg GAE/mL,
Ut 1.5 ool HW AL & Q= M AolE UEt  2.03 mg GAE/mLE S4 =3It} 3k NFC® FCY| 22
Y& Zolzta shkBrainard, 2003) ZA FFE 47 531.81 pg/ml, 264.46 pg/mLE E
251} S2 249 TS FCETH NFCOA1 9] gtego]
20 IIE F/2, SEC/HE ¥ SESAM 2E Haf o B2 2 0= RIFSIH ol ¥R oA Eulent
7%34011 dEA e 7HIY SRR, EFEE 3 SRk JEo] YR 74As ZAoF wrkE A A
TE 22 WUBHZIEL AA] Hol A chst e 8 2olo] Sus WS ST 27, Akl Amd A
UrE}LHE}(Lee , 2017). NFC®} FCO] A5 &9 9 ofito] Z+z} 2.28 mg CAE/mL9} 2.22 mg CAE/mLE,
7}!11101 =V 4 SRRALY 9 ST A 2 A Aol RARE AYE HYAL, gl Qujopit 9l 2t
Table 49} 2ot NFC®F FCO 7HQl %2 47 Egeik2 242 2.02 mg CAE/mL, 1.59 mg CAE/mLE
1,130.22+1.55 pg/mL, 696.94+0.04 pg/mLE Q1= E AT AfR Y2 s IS H5ATHCho 5,
Aom, ol in vitro WA B74E& FH °F 38%] caffeine  2015). AFo] FRE s FqF AnFo FHRAET
o] Zagt Aow FIF. Kang(2023)9] Aol wh= ofyz}, Hid B Fol Lot oY spohitg F, 53
W Bacillus subtilis®} Lactobacillus plantarunr& *}3 amino-carbonyl ¥-3-9] X7} Eg|H& SIHEY 24
sto] ARl et RS 2AE0H A¥ 29 2 2 ghego] IA IS vATGL g vk Qlek(Vignoli
g9 £5 500 mLE 7Iote] AR A|RY caffeined = 2011). E22AA Z8s 3HEC] dXo =2 AT
A% Aol A 690 pg/mLE SIS ol & A o °F 500-800 pg/mL HE EFE o] 9lor, At
At v ARt S Hor], Ao AR AR R 13 oA &%) 9l Ao® EFA Slth o= Y
(¥ 2% 20 g + 74 200 mL)E AR 2 AY d o] okE Fo] digIAIES 4 Ho] S
1A 7HeQ1e] o] o ol Hade sl ARk Abdo] P5H71= sk tHKang 5, 2011). &
Table 4. Caffeine, polyphenol and chlorogenic acid contents of non—fermented roasted coffee beans (NFC) and fermented roasted
coffee beans (FC)
Sample Contents
Caffeine (ug/mL) Polyphenol (mg GAE?/mL) Chlorogenic acid (ug/mL)
NFC extract 1,130.22¢1.55" 2.3120.01 531.81127.32
FC extract 696.94+0.04 2.03+0.07 264.4612.47
t(p) 471.787(0.000) 19.736(0.000) 16.874(0.000)
Data are expressed as the meantSD (n=3)
GAE, gallic acid equivalent
https://doi.org/10.11002/kjfp.2023.30.2.287

2)
"5¢0.001.
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o SRS EAY T4 F sHH o 47 Eof= o
of2] F79 phenol 3= 52 A/35H, o]t phenol
SltEE A9 gt} ol FF= 771 vl Ay FE=
B7lok= © QdolA S8% AR dEA UthKimt
Park, 2006). ¥HtHog Az ZHAE 50 S22
AR FFL 4.42-6.47%, AZE Y5 S22 T=F
L 3.44-5.61%%, 2EAEF Y57} ofgH|7) QFEL &
22AKLY] o] w2 AoF HiHQItHFeldman &,
1969; Hughes®} Thorpe, 1987; Trugo2} Macrae, 1984).
A8 7ol t2w Ane) B S F 1Y Bl
6}5 A SEEAMNCE SjiElon, SRR
Ano] Bkt Zuo] e i fhEA Ul
12 K% AtHAndueza 5, 2007). T3} Song(2018)
ol 2H RTD SEEF A 9| HAL BA0A ¢
to] 73t AlmoflA Ed]HEnt SR =4 o] 7t
A Uebethal 2o

ml“ ;

b

O

o :(o

O

o o 1o mg o mk
)
s r&

th"

3.5, fAEE
AR E olgst] A FE=9 LY IS
MXT-5 ¥ MXT-17019] non-polarity®} mid-polarity

0/25F 85 Xl 59 5/8ME DjEl

o] B4Jog BA3E Ay}, 4 oF 60 {9 I I3 E
0] AZF Tt 1% non-polarity©] 2J8f 18.58%, 24.98
Z 4 25.83%904 Hm”‘é F71dE0l FYHeE =4

o

e 151 A4 Vgl el A S
o] AAE o] T {2l Zol7}F Rl ATt

KI libraryS o|-83to] Axp7Q] 7+ Aoj|x] Eojxoz
=2 I FrIAES E43 23 2-methylbutanal,
2-chloro-2-methyl-butane, methylethyl formate %
2-methyl-1, 3—cyclopentadiene 9] kY 3FlslEo] A
1 2559 A7 o7 F83 U ERIst
(Fig. 1).

NFC®} FCof| W2 A% Au9| 9 3F JRE0] JF=
Hk= o2 golx]o], 48 B4 (principal components
analysis, PDA)S 53] &8 oflo] w2 71 FEE9
F A7 HES H]ﬂ-o}‘ﬂ‘:} E3 9 47HA] SRS
discrimination power”} 0.999% & E4-S Bof Wi
glo] & iy L= Qdﬁ}
index@fo] 9602 FAEEA Ato|A Alm 7He] Zfol&
SRSt PCI(A1F48) PC2(A2FE8)9] A+

g
o discrimination
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Fig. 1. Analysis of the electronic nose data for the volatile fragrance components of non—-fermented roasted coffee beans (NFC)

and fermented roasted coffee beans (FC).
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&2 717+ 99.485%2F 0.425%Z F 99.91%2] &=L M4
< Uepgle. AAZE ol 83t FARRA 23k AR 7&
9] 2 M2 ZHTSLE Ak L 7|80 #
ARl whtE]al, Ag)7t Holdag AR 7H9] ApEAdo]
%—%Eh S Agit}. o] Hig o R FAEEA ] wEolA =
2 489 PC1E 7|&#22 FCE & NFCE AW
A:oﬂ EEXE9ic} o]Zo] PC19] &2 HR89 A, &
< IARAY Hg A¥F ddS Holw, it
(control)?] NFCE 7|HO 2 YZoAHE 92Z0F FC
o] wjglo] gQlEglom, FCx= NFCe & miEo] F3io]
SRS dRlstleh(Fig. 2).
At og AR HAI EAo| AMEEHE ZYES
MXT-58} MXT-1701 5 27FA] & Zr¥olrt. o] TA[7h
of #AstEE FQ9 Aﬂ“zl ook7l*é+ 2 %ﬂé}ﬂt
E_

(o)

St A3t= 2-methylbutanalS X3SH acetaldehyde
propanal, methylpropanal, 3-methylbutanal, 2,3-
butanedione, 2,3-pentanedion?] 7719 sIg-EE0] wj
A AnTt AeALE 228 2kl A Bt
(Mayer &, 1999). ®3t, Hwang 5(2014)° 9JslH 2-
methylbutanol®] AJ&H|= % 717k} & A[7to] $7F

Aoz, AN Fy PINE 2 A
RS A= Aow Ut

Hf—o// [[}lE _’/-‘—I'/ nxl W_Q;f

NFCQ} FCOl F5&Z ol&std] 4 - 35 I A=
o= B H7He Xy HTable 5) TEE7e B

OPEOM FCYl 7|S=7} NFCO| 7|3l &2 A&
dom, acidity FEHANAE F Y95 7|5%7} H
ﬁii Uelyth o] $ aromas 95E 180193
9] fragrance®t FEP= WO F7lo] it HE
—‘;:’— YeR =2 &g, NFC7F 5.60+0.97, FC7h
7.10+0.88% FCY 7|27} B &2 22 I 4= AU
E} Fragrancet 55 ZAYSHA BHEFHE BRVEA
7F A20A 714 HHE v 17 242 EolUiA A4
Hok(Yu, 2012). Aroma, acid1ty body®ll Higt 3%+

<= 9H|Sh= balance?] 7| 2k+= F Y79 949l o
£ Ho|A& U OL} FCE NFCHL; 52 7|88 HY
o} Aftertaste= ATE AL & ofS Jof] Hot =
5 AdE0] S71E HHHA AR o A} {7
Ato] o o5kS. byl HEEY(Lee 5, 2013; Yu,
2012), ©] 94| FC7} NFCET =2 7|55 5 YERSIT
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Fig. 2. Principal component analysis of the electronic nose data for the flavor patterns of non—fermented roasted coffee beans (NFC)

and fermented roasted coffee beans (FC).

296

https://doi.org/10.11002/kjfp.2023.30.2.287



Korean J Food Preserv, 30(2) (2023)

Table 5. Comparison of sensory scores between non-fermented roasted coffee beans (NFC) and fermented roasted coffee beans (FC)

Sample Sensory parameters
Aroma Acidity Sweetness Body Balance Aftertaste Overall
NFC extract 5.60£0.97" 6.001.63 4.70+0.48 5.700.48 6.30£1.25 5.00£1.63 5.30£0.95
FC extract 7.10£0.88 6.100.88 7.00£0.82 7.400.97 6.60+1.26 7.30£0.95 7.30+0.48
t(p) -3.638(0.002)"  -0.171(0.866) -7.667(0.000)"  -4.977(0.0000  -0.533(0.600) -3.851(0.001)"  -5.941(0.000)"

"Data are expressed as the meantSD (n=3).
“p¢0.01, "p<0.001.

upRjato 2 AutAQl 7|5 % (overal)oAlE FC A&7}
NEC A2Et} =2 7|38 Bt} uahd das E9)
AzxE YFFO= TR 3482 7{1]2] %2 AF(NFOR
O 2AE 3 AN FEEA 2 72EE AUs 2R
ZRIE 31
OVJQ ATofx] et} 4o} 7|ol A Ax] drfof gh-
gtk o 7hERl 59 SkEEo] ARARE W
P Zolst 7MY B e R, & AFoA= £ 4%t
4 183t 84 9 vdE EFAE AREole] HE At
QT EAES v O 2N jn vitro RANA F&L A
o} FARRE Ao A& 7S ERIskSirh ojofjA A+
< Algk 22 At 2 AofA Az
A F4 EAS FAZOE v|u BN ToZHN &
A-0E B A AE 7Hs A SRl ool

St in vitro %

a9 s EGAE AREoto] QIHIER B £
A1 E A %5} non-fermented coffee beans(NFC)Z}
fermented coffee beans(FC)2] A1 &4 H| Wl

F-REjotu] Al T2 NFC7F 254.014£4.89 mg/mL, FC
7} 264.15+16.80 mg/mLZ FCY| 3] tha w2 A0
2 ZUH
n-butyric acid §°] &2}, FCE lysine, leucine,
ot 4te) Jhefo] =Skt An| R R
AL sucrosed] #A4a2} fructose & glucosed] 9941
F7HE 7R Av 2559 M= NFCO| H|sH FC Al
24 =2 B2t AME(e) H FHEb)E i 7}
HQl &2 NFC 1,130.22+1.55 pg/mL, FC 696.94 %
0.04 pg/mLE=A TH & °F 38%2] 7HHQlo] AAE T

olff NFCE glutamic acid, y-amino-

valine 5 &
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Ed9s 9 S22 2 NFColA 2+ 2.3140.01
mg GAE/mL®} 531.81+27.32 pg/mL, FColA Zzt
2.03+0.07 mg GAE/mL®} 264.46+2.47 pg/mLE &
of weh g2ut T ZE9] o]
& 5= At AR B4 NFCeF FCO] 34 T4
9] Zpol7} FSigto] <l

folxo8 4ag

Mr o bol‘

%13, methylethyl formate,

2-methyl-1, 3-cyclopentadiene, 2-chloro-2-methyl-
butane, 2-methylbutanal 59 324 sighEo] Wtg &
B2 =g AAEHAS. s B7lA= NFC z"“l‘iﬂr
FC #&E&9 aroma, body, aftertaste, overallo|A &=
s BHEZ EoiAth(p<0.001). o9 73JJr"ﬂ’ﬂ
= EQAIE AR

In

3 o = % Aol e EE $E ALE
o] H3lE YoA Au YT 2AYH A = Mallla d
29 =3 g

S% ZATFORHN, 7k S74E T 9 Fago] A
AuER 29 AvY Az FsHS AL
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