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Abstract

Sensory evaluation, in vitro antioxidant activities and main compounds of coffee water-extract, coffee liqueur (CL)
and coffee-ground liqueur (CGL) were investigated to consider their industrialization. Sensory evaluation showed
that all groups of CGL without 25% CGL (3 month) were relatively higher than CL groups. Total phenolic compounds
and in vitro antioxidant activities such as 1,1-diphenyl-2picryl-hydrazyl (DPPH) radical scavenging activity and
ferric reducing/antioxidant power (FRAP) were also performed. The group of 35% CGL had higher total phenolic
compounds than others, and the result of DPPH radical scavenging activity was similar to that of total phenolic
compounds. In addition, 35% CGL is comparable to the FRAP of coffee water extract (CE). Qualitative and quantitative
analysis using high-performance liquid chromatography (HPLC) were performed, and chlorogenic acid as a
ployphenolic compound and caffeine as a nonpolyphenolic compound were detected in all samples. Moreover, the
HPLC analysis showed that CGLs contain a larger amounts of chlorogenic acid (difference of 0.3~10.5%) and
also greater amounts of caffeine (difference of 10.0~18.2%) more then CE. Consequently, these results suggest
that coffee-ground as coffee by-products could be used as commercially available food substances because of its
physiological molecules remained.
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stress) Fo = FrEote] Al AFEo] FHQI o1 A]
(ATP)E A ste MEZE=Lols EGAIA AEe] 75
oo M ZAPEE op7| g Th34). dWA o2 AH A A
¥ = ROSE= Ao FA13}= superoxide dismutase
(SOD), catalase, glutathione-peroxide(GSH-px), B]E}Y! E &
A EF2A U] gatst B ol ofste] EET3).
wehr] A gHaksl g9E 7h7 218 2k o] et e
aAe] JPEE ARTPEA] A1FE AbglelAe] 8Tt o
o= ol& A= &8 Fart UTo).

T AP BER AT Aol FA43] STl
w2} A9 (Coffea arabica)®ll Nt AT-= o] S71= =
FAelt}. a7 2~3%ke] AT FH = IR AdRle] 17k
PAabsl gkl 22 oe] FHARN Jge FE o=
Hywlo] glom Zggate} 7| Ed8 59 FAlAQl 27}
= B8 ¥ FEA g8l YA E TAAA d=3lo]
o #71E0 o] o A i Ak fd s A
A7le AerE HuEHATKE-8). Fgt =i
(ployphenol)e] == 271 4k(chlorogenic acid), 7}¥] At
(caffeic acid)®} B]Z2]#| =7 (nonpolyphenol)] 7}H#]<1
(caffeine), E 2] 112 2 (trigonelline), Y Z& +Hnicotinic acid),
5 hydroxymethyl furfuraldehyde 52} 22 &4kslE o]
EA7F EaEo] 9lth9). SR2ZANGE ATl tEAQ
ksl 222 ARk o g 719 100 g Qtoll 2~5 g9] S22
Zhke] EAeh Al BES tIde® 3 Aella At
sted2 ER110)3t 2 7HeQl S =Rl o] AE

X5t Aoz gl A1 dFd AR TE S
THI71E w8 e Sl =Rl A" AeE 1A
71 Aoz 4yA Utk AAFC R F H 229

| @A &RlEe A AAl LnFe 2012 71E
4,200 272 2008 tiH] 6.9% S7tst oM, ik
HAAF v o] Foluhs Ao g FRIE A JITh(12). ©]
3t AvA o] FAFC R Qg 7l FAHEQl #v)ulke]
glof] th&k A7} ob7] = ATh(13-15). A 9]H2 A (5
)9 AN 7= FAEE, 1 kg AN GFZE
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oA ATuke] BE4Q0 Mg A &Ht A7 B8
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Fo Al JAEFo] F8 A 22 7= AHE
Mla - wHe] 99 145 22 ek 1) 3 high
performance liquid chromatography, HPLC)E &-8-3lo] #
sukel 414 78 Selan

M2 3 g
A=
H AFoA AREE An] dF EE-E Bapola] Al
AAte Bebd AFE 2(Santos, Brazil) NY.2 My-Type 17/18
SHEZ full city2 Wl 22E)3}al, medium fine grind
A712 #4517 A F(Restbean, Namyangju, Korea)<
20151 590 Tdste] A7 ARSItk RN L E
#)=A] 2K(Folin & Ciocalteau’s phenol reagent), 1,1-diphenyl-
2-picrylhydrazyl(DPPH), & = 271 4k(chlorogenic acid), 7}
¥ 9 (caffeine)= Sigma-Aldrich Chemical Co.(St. Louis,
MO, USA) A|&E-S 743tk 1 9 AMeE gl 2 Aok
RF du ol TES AHESA
7=

S H N =A
s
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At A3 YT FLE00 g9S & 2 Lol 954 30%
5 23t 7] 3 (coffee extract, CE)S €%, ©]= No.
2 ©J3}X|(Whatman plc, Kent, UK)Z oJ3}3}of 30T A
48A|7F Bt Axste] Az A9 Azttt Az
A3 ¥H400 g)= 7+t 25% <} 35% B %= (Kooksoondang,
Brewery Co., Ltd., Seoul, Korea)oll 2 L& &3] #3]4}t
%1 & F(coffee ground liqueur, CGL)2} A3 3 & (coffee
liqueur, CL)E A|Z=38taL 71 9)(F &5k I 1, 2, 3703t
4T cold roomo| A SAZTE SAAIZ AEFE T539)
o BAAZE 3 T 20T EHIA L, o] & SR/l 314
sto] U3 TE1 mgmL) 2 A Z5ke] Ad o] AL
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= CL9} CGLe] A, 8F ¢2ute] Jw= &= |7 2|3 AAA

A7l wel Moo daks & 5 7] Wil 48 ¥
< dA g AL AT AF AEe diel
FNE A e AejolA F 1274 AZ 25% CL(1, 2, 370
), 25% CGL(1, 2, 37§9), 35% CL(1, 2, 371¥) ¥ 35%
CGL(1, 2, 370€)°ll thall #537HE AAlstith ahte]
AMES H71eE Fol= RiEA] 52 Yt 97 § v

A= =
BES WIRES Sddnan.
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e Z YA Q@ ZHE (Folin-Ciocalteu’s) W 2
SHATH18). Z42te] A& &9 1 mLel 334} 7
9 mLo} ZHA SZE HEAI 1 mLe H7lste] Ao
5487 9 Al T, 7% NapCOs8-9 10 mLS E3¢ v
32t THTE 25 m7HA] G &3tk o] &3 S9S He
oA 2417 B WHEAIZ &, E3d A (Libra S32PC,
Biochrom Ltd., Cambridge, UK)E ©]|-83}°] 760 nmol| A
FHEE S, S FHEs dEite s 2dd
S ol gt & dE dFE AAtstdh
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DPPH Z}t|Z &7 %S DPPHe| thet HAlgels
(electron donating ability) ©- 2 A1 Z<] ot =S =4
3193t} 80% methanol & 23471 0.1 mM DPPH £ &
517 nmollA FF= Fkol 1.000£0.020°] Y2 %== 80%
methanol = 3] A7 AHE-SFSITE 0.15~5 mg/mL 5=
FZ% 0.1 mLell $3% #< 95 DPPH £ 29 mLE

g F L) B Tg AedA 3083 BA @
Q =
o

F BRBEAE 0| 831 517 o] FRES 454
oH(19).

FRAP(ferric reducing antioxidant power) assay©l] A}-8-%
Al2F2 0.3 M sodium acetate buffer(pH 3.6)$} 40 mM HCIZ
23 A17] 10 mM 2,4,6-tripyridyl-S- triazine(TPTZ) solution,
18] 20 mM FeCls solutions AF&-3itt w)g] A =¥
sodium acetate buffer, TPTZ solution 2 FeCls solutionS-
Z¥7Y 10:1:1 (viviv)e] Bl &2 E3Fste] 37TClA] 10~15%%t
HJ QA7 FRAP reagents TH|SITE A1 E8- 50 uLo}
FRAP reagent 1.5 mL= E33to] A4 307t W3] g
T 593 nmollA FFEE 75 TH?20).

1Sz =0lETJeE(HPLC) & S8 MeIadE3 &4

CL®} CGLe| A& E4de 43171 ¢ls) HPLC
(Ultra mate 3000 series, Dionex, CA, USA) C;s column
(250%4.6 mm, 5.0 pm, ProtoSIL, BISCHOFF Chromatography,
Leonberg, Germany)S AH&-3lt) ©] 522 0.1% formic

T2 ZAA-FE8E A A23H A4E (2016)

acidS 73 STFFA)S 100% MEHS(B)e] A0S
0~100%(0~42 min), 100~0%(42~45 min) &2 Z 45%-7F
Al AZLS 045 im EA| T 237 (syringe filter) S
o] &3] oFate] 20 UL FYUSIA oM, o] T &S
1.0 mL/min2. 2 3tod UV AEG3 2 942 diode array
detector(DAD)Z 719|913} S 2272 2h2f 2729} 325
nmol A AZE3 T

ME 1

SAH Az

BE A¥E 33] 9HE AAJEH] meantSDE YERHL S
o, ZF gkl tigh %2 SAS software(version 9.1, SAS
institute, Cary, NC, USA)E ©]-8-5t¢] #4HE-4] (analysis of
variance, ANOVA)S 2 A3} 21, Duncan®] T Y4
%) *H(Duncan’s multiple range test) .2 Zt A Z7ke] {2 2}
(p value)E 5% Tl HF stk

20 ¥ o8

2
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It
Z 227 9] ZH|Rpof| ofsf AT|e] A g ute] H i,
A, AAAQ 7225 78 AFAHA-: v gy
: Bgolty; 74 mj§- FohE ol-&sto] ek A=
Table. 13} 2t} AAZQ 7|Z%+ 25% CGLRH L)}
70802 He7b 7P =%ka 35% CGL(NY), 25%
CGL(7NE)7} 7+ 69 o2 F WA 2 =9kth vk 35%
CLANE)7} 467, 35% CLRNY)7t 48 o2 A7} 7}
7 yropth olgjet A2y =R CGL7} CLET} 7|3 %=7}
FH oz 58S 4 4 AU, ©]= CL7F CGLY|
H|3] & st} gho] Auld o2 Flsithe AoA 7|9H
Aoz Bt #E7t At Aol Al 9] 37k4] AE
(25% CGL 27194, 35% CGL 171¥, 25% CGL 17/19), 5+<]
2714 BZ(35% CL 170€, 35% CL 27/ €)S dutx o=
S&3le AYGFER)Y Vst F ds g% ¥4
gist A4 aela s A ARe BT HPLO) ¥
g AAEHA T

I
e, o

B
2

Table. 1 Sensory evaluation of coffee liqueur (CL) and coffee ground liqueur (CGL)

W 5% CL 25%CGL  35%CL 3% CGL  25% CL  25% CGL 3% CL 3% CGL  25% CL  25% CGL 3% CL  35% CGL

division (1 month) (1 month) (1 month) (I month) (2 month) (2 month) (2 month) (2 month) (3 month) (3 month) (3 month) (3 month)
Color 91™ 91° 83 83 87" 91° 86° 84! 94 86° 86° 88°
Perfume 102° 7 97 73" 109° 75 102° 69 110" 748 101° 75
Bitter Taste by 113" 132° 1188 123 12 138" 121" 118 1188 129° 123
Texture o4 76' 55 75° 66" 6" 56 57 75" 71 62 o4
Whole Preference ~ 67° 69 46 69° 56" 70 48 56" 65" 6 57 o4

"25%, 35%, Concentration of alcohol; month, leaching period.

"Data were statistically considered at p<0.05, and different letters in the same row “Jin table represent statistical difference.
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Z ©Hz g2 24

CGLe| gitsl g, Ale] &4 54 84 243 vl -
BX3817] 98l CE, CL, CGLE 2 Axslo] AxES
Ax 1 F&S 73 43, CEE < 24%, CGLE <F 7~8%,
CLE 9 23~24%% Z}7} JrElyit),

Z g} 1 = o] =(flavonoid) 7, ¥ &=*Hphenolic acid)fF 2
2 &4 o ~E 270 (phytoestrogen) 5= X35l HEFe
2120 22 IAMEER A &84 A5 de] EEH o
nom bS] &4 9 ghesl Fof 147 715434l A
718t} HiEsRe A W stel =54A71E 271 ol 7
o, o]Eo] Wkgale] A YAE T A Abshx] 2
< Uehdth desRe 99l 9 7 AdlExte) 435
= A4S 7K 2 slon, B d A S8 1Ak
24 A&ty HuEolgith2l). #ei ot &8d A
Al 127 sample & AFE 5713 37HA] A ZE: 25%
CGL 2704, 35% CGL 171¥, 25% CGL 171¥; 3+9] 2714
AMZ:35% CL 1709, 35% CL 270¥) &5 AZRES
o] &3t F HE IdFS ¥4I A= Fig 13 Erh
AZL BA A3 35% CGL(171Y)7} 169.5 mg GAE/g
of dried extract®. 2 7} H& % ¥ 3-8 Yehjdch
35% CL(1719), 25% CGL(171¥9)7} 166.5 mg GAE/g of
dried extract, 163.3 mg GAE/g of dried extract>. 2 CE<]
% dE el 156.8 mg GAF/g of dried extract2Th 2T 2]
o7 &2 3lekS Btk Kim 5222 2248 Frd uE
CE?| % #53}3E 332 94.98~199.13 mg GAE/gC. 2
Hustgion, o]g3t CEY F H=3tdsE a2 gz
2AGGY} 2E kel ) Aol dttn Hustsith
olgfgt A+ AnE nT u, & A9 T CE uH]
CGLe| F ¥= | Add 54 7H FAHEd
Av|uke] Add &8 7teAdE B3

200

Total phenolic contents (mg GAE/g)

25%CGL 35%CL 35%CL
(1month) { Tmonthj {2month)

CE 25%CGL

(2month) {1month)

Concentration (1,000 ug/mL)

Fig. 1. Total phenolic contents (mg GAE/[g of dried extract) of
coffee extract (CE), coffee liqueur (CL) and coffee- ground liqueur
(CGL).

Results were shown as mean+SD (n=3). Data were statistically considered at p<0.05,
and different letters “in graph represent statistical difference.
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CE®} CL, CGLY| &4itst &S Hrtshr] Hall A2
U] Z(free radical) 2755 % 7}et= DPPH &tz &A%
2 3988 =4317] 93 FRAPS =433 th. DPPHE
Hl A ok et g zs /e 42 UE Ay
Agste] HF g B4 S w3 Qo] IEeS 7ixl
E47 9hgehA grjdo] AAF Y e HEAES de
£S5 7 YH23). ©| & ©]8-3 DPPHY & A gitst
q
o
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A W ol AA el itz 93t w3lE

AA et ZHgo ARk ol g¥ 1 9JtH24). CE, #5H

7}23RE A9 CLS} CGL 5% ©|-g-38lo] DPPH )z
q

2AGE 243 A3 Fg 249 2t} Choi 5 (25)°]
©]shH CE®| DPPH 2tt|Z 2A 2/ 559% = K513
om 2 A7 CEY 2 24(59.6%) 7 frAtel3
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Fig. 2. DPPH radical scavenging activity (A) and ferric reducing/
antioxidant power (FRAP) (B) of coffee extract (CE), coffee liqueur
(CL) and coffee-ground liqueur (CGL).

Results are shown as mean+SD (n=3). Data were statistically considered at p<0.05,
and different letters ““in graph represent statistical difference
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Fig. 3. Chlorogenic acid analysis using HPLC of 35% coffee-ground
liqueur (CGL, 1 month) (A), S-caffeylquinic acid (B) measured at
325 nm.

3-CQA, 3-Caffeoylquinic acid.; S-CQA, 5-Caffeoylquinic acid, 4-CQA, 4-Caffeoylquinic
acid.

2 Jehliglen 35% CL(171Y)7} 1,000 pg/mLol A 75.5%
2 71 =2 DPPH &z &2AZEA S YRl 25%
CGLOM¥)<} 35% CGL(NL)7F 22 72.2%, 67.9%<)
gz 2AGY S Btk o= A iHE S22
A 7H 4k T FelulEo] ZHR datkst Addl] o))
DPPH gt]Z &~ @/do] Yehd Aoz FAeETh22).

£33 A|23@ A4E (2016)

22 colored ferrous tripyridyl triazine complex©l]

2]3)| ferric ion®]| ferrous® HASE AR &= I & FA8to
2R AZ Yo & grElE S =35t hHo g pH 3.6
olate] 7oA YA <3l ferric npyndyltnzame
(Fe’*-TPTZ) -3 4|7} ferrous ripyridyltriazine(Fe”*-TPTZ)
o2 = Yl 7| xste] e FAksiAl 7} 2k
E:I—a 7].7(]_,_ M\:]. xloﬂ}q zl—o]- pore tﬂ—tﬂo 1;].(27) CL
¢} CGLS] FRAP &4 Z}+= Fig. 2B 2l #4247
35% CGL(171¥) 1,000 pg/mLolA 1.7932] &3% o]
whgka 35% CLRNE)S $3% b2 1.7432.2 CE9 &
BT FQl 18519 AR fARGE A BYoR AvE

ko
[}
5 253 Fol= o8] S5 U} YL A

il

UE Aoz Ak, o2l IeHrE & ksl AE
A3E vigto g & o E Ao E 35% CGL(171€)¢]
W7 2 gkst o] diiEeR =2 Ao YE
om 4T &4 2L Aot} itst %W o & 9=
n2 A= ge Aoz Adadc)

MK ZoETeiT(HPLC) & S5 4elZA4EE 24

A0 F8 Qg B4z Hud(7) F22A4S
Hlw3at7] $13] CES} 7|2 =7 =9kd 25% CGLRN ),
35% CGL(17H¥Y), 25% CGLUMNY)H 715=7) St
35% CL(1709), 35% CL27/I €)= HPLCE °©]&-3to] &4
3 thFig 3). w4 23 BE A ZoA 3719 FZE2A%%
v 37} byt 2238 minol| A AEE d3e FFEE
F 2270 4H5-caffeylquinic acid, 5- CQA)-/] | A7t
(retention time, RT)Z} UV-VIS spectrum= H| 2 3}5] = u
A= Ao A ATh(Fig 3A). E=3F YA 2719
3 3E 5-CQAS] UV-VIS spectrum} Lx|te Ao R B
o} Fzz2ke] o] A A (isomen)d = & 4= 3T} Fujioka
9} Shibamoto(27)°] <3FA 18.60 minol| 4] A& 1 3+=
3-CQA(3-caffeylquinic acid)® = 31 22.38 minoll A 7
=9 ¥3E 5CQA, 2270 minolA AEE FIE=
4-CQA (4-caffeylquinic acid)2 FTE Tl AvloM F2=
AAHE- 5-CQA > 4-CQA > 3-CQA <=2 & ZA18hH, 5-CQA

Table 2. Three caffeoylquinic acids concentrations in coffee extract (CE), coffee ground liqueur (CGL), and coffee liqueur (CL)

(unit: pgfmg of dried extract)

samples” 25% CGL 25% CGL 35% CGL 35% CL 35% CL

standards” CE (1 month) (2 month) (1 month) (1 month) (2 month)
3-CQA 95404 102:04® 104£0.8" 108:09° 930" 9.6:0.5
5-CQA 10.7+02° 110£0.7° 113+0.7" 12716 11.4404™ 114402
4-CQA 14.8+0.7° 14.8+0.8™ 133£0.9° 15.116" 16.8£0.2° 16.1:0.6”

Total 34.940.4° 359+1.8" 35.0£1.1° 385:11° 37540.7" 37.1£13"

25%, 35%, Concentration of alcohol; Month, soaking period.

3CQA 3-Caffeoylquinic acid; 5-CQA, S-Caffeoylquinic acid; 4-CQA, 4-Caffeoylquinic acid.

Results are shown as meantSD (n=3). Data were statistically considered at p<0.05, and different letters

“Jin table represent statistical difference.
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e F22A%Y FH gz F FEEA FoA
36~42%a A8 Ao g delA ATh27,28). Aol &
S8 AZoAe] FR A R A3l Table 29}
2t} CE9| 2214t g2 349 pg/mg of dried extract=
CGL, CLO| g FAA o= {222l gt Aol &
Ho|A & et} 35% CGL(171€Y)°] 38.5 ug/mg of dried
extract O 2 folH o2 w2 FREAN FFS Holu
Z}7} 35% CL(1719), 35% CLR7/N¥)°] 37.5 ugmg of dried
extract, 37.1 ug/mg of dried extract® 2 eI} 22704
2 25% AERT 35% HAE 2N §E5E go] B2
Ao AoEn L3 CGLY CLe| S22 g
CEXt} 247} 03~10.5%, 6.6~7.4% T A Yebdtt ol&

UV WS 3
> TmAr WVLZ7Z i
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3-18073
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Fig. 4. Caffeine analysis using HPLC of 35% coffee-ground liqueur
(CGL, 1 month) (A), caffeine standard (B) measured at 272 nm.

Avle] FR2ZL] 7 FEEY 43S A
24 gEEe ZoR AddEn SRS dEA]

=4 IFEZE AY 4 Hquinic acid)F} 71 4 (caffelc
acid)o] o|~H ATH e 2 EA]3c) 3742 oA A
CQA (caffeoylquinicacid), Di CQA(dicaffeoyl quinic acid) 2
FQA(feruoyl quinic acid)E X&3stx 9lom, & S22
Zhe 3749 o] dA 9] e YERATHR9). ©] ‘L%L} 2
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Table 3. Caffeine contents in coffee extract (CE), coffee ground liqueur (CGL), and coffee liqueur (CL)

(unit: pg/mg of dried extract)

samples’ CE 25% CGL 25% CGL 35% CGL 35% CL 35% CL
standards (1 month) (2 month) (1 month) (1 month) (2 month)
Caffeine 35,6357 393+1.1° 39.2+0.7" 42.1:02" 38.9+0.3" 372415

25%, 35%, Concentration of alcohol; Month, soaking period.

PResults are shown as meantSD (n=3). Data were statistically considered at p<0.05, and different letters

“9in table represent statistical difference.
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