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Quality Characteristics and Antioxidant Activity of Sikhe prepared using
Hot Water Extracts of Roasted Coffee Ground Residue

La-Young Park*
Department of Food Science and Technology, Catholic University of Daegu

Abstract This study was performed to evaluate the quality characteristics and antioxidant activity of sikhe prepared using
various concentrations of hot water extracts roasted coffee ground residue (CR-sikhe; 0.2, 0.4, 0.6, 0.8, and 1.0%). The
pH increased with increasing CR concentration. The reducing sugar content after 5 h saccharification was the highest when
0.8% CR extract was used. Total polyphenol and flavonoid contents increased in a concentration-dependent manner
reaching maximum levels when 1.0% CR-extract was used. The antioxidant activities of CR-extracts were higher than that
of the control and increased dose-dependently. The CR-0.6 showed the best taste (4.28), color (4.56), flavor (4.08), and
overall acceptability (4.28). After 10 day of storage at 4°C, the total cell count in CR-sikhe was approximately 1-2 log

cycle, which was less than that in the control.
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e 719 zZaliRpol= oA 719
Fd st FEAxlz A2 F
(Nuaire, NU6518G, Minnesota, USA)|A] W& ARE3FATH
AvEds ES 1:109] H&R S & o]
&3] 121°CoAM 158 S FEt] ARt & TSl HF
AR T 4% FEES 34 ste] ARSI 2 A2
HWolu](GunYang RPC, Gyeonggi-do, Korea)$} ©|vrlE =4t
£ 7}F(E-mart Co., Seoul, Korea), EHCJ Inc., Incheon,
Koreay®: T mhEolM 5)3ke] Abg-asic.

gatsl &4 =4S 9 sodium nitrite, Folin-Ciocalteu
reagent, aluminium chloride, rutinhydrate, o-o-diphenyl-B-picrylhy-
drazyl, sulfanilic acid, naphthylamine, 3-(2-pyridyl)-5,6-diphenyl-
1,2,4-triazine-4'4"-disulfonic acid 5] 19k Sigma-Aldrich (St.
Louis, MO, USA)2| A|EFS AM-315
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2lgel] AR8-3F RS Hwang#h Chung(24)°] "ol Fated
Azt &, & 250gS 53] MBI AE ol&ste] E7|E
AAT F 250mLe] &5 7hstal 7]k W< (Cuckoo, CRP-
FAO621MR, Yangsan, Korea)o- 2 FFH-S X9t} A71& 71%
250 g& 40°Ce] & 2,500 mLoll Ea wH7]e|A] 3A17F F<F 500
rpmol Al W § A= ZAFste] A7IE FEAF VIS 9
< Bt FEAE 4C FAZAA oF 12417 Bt $F
o] WAt PAE Thepks| AL B2 dede FHste 239
Fsle) o] &3tATH2S). A EF FEES ol&dl HTE
=7} 02, 04, 06, 0.8, 1.0% (CR-0.2, CR-04, CR-0.6, CR-0.8,
CR-1.0y} H=5 AH 3|43t gdo Ar|E 7155 "kt &
3719 Ao R Vg FH A=At B 4ed 1,600 mL
o T 200 g E3Bl] 60°C] 2% (Jeio-Tech Co., Ltd.,
SWB-20, Daejeon, Korea)ol|Al SAIZF 5<F G8bA|71HA w] AlZH
NEE AFstgct 22 Aae Be B 57 B¢ FEsE
T Fdsle] 3485 EISAA AFS AAIEATH?26).

It

el

HY Mz 53

218Z 2tz 10mLS AZ 3 3 pH meter (410-A, Orion Co.,
Boston, MA, USA)E ©]&3}] pHE 43193, 2=+ pH 8.3
o] & wj7}A] AH]E 0.1 N NaOH AH]Z lactic acid= H:H3}
AH27).

stalet &8

S dinitrosalicylic acid (DNS)H(28)°l 2l&l =4 &}
24 1 mLE test tubed] ¥ DNS reagent 1 mLE
e BoA 158 Bt FRAIAT A200A F73]
Z54 3mLE 2ol X3 £ sdemmolr EREE =2AsY
o}t olw] B BHE glucose (Sigma-AldrichyS EFEAZ ALEF|
of A7o s A REFAOZRE ksl

S 38 whE Zslolnh BEAS Y=86.7, x=0.3151, y=0.3213
o= it

Total polyphenol &2 =X

Singleton 5(29)¢] Wl wgl Al 1mLoll 02N Folin-Cio-

Na,CO, (75g/L) 1.0mLE 718k & kAol 1A]7F FeF Wk
< 765X FEEE S8 T EYdE T2 gallic
acid (Sigma-Aldrichyg ¥FEZZ 3 T334

Atk

Total flavonoid &% =4

Saleh®} Hameed(30)9] "ol wet 2k A8 0.1mLol 5%
sodium nitrite 0.15mLE 7}t & 25°CollA 67+ WAt o
10% aluminium chloride 0.3 mLE 7}sle] 25°CollA] 587 |3}
Akt IN NaOH 1 mLE 7Fste] &3 % 510 nmollAd &%
T2 248192 rutinhydrate (Sigma-Aldrich)e] 7 2o )&}
o s =Sk
DPPH radical 2715 &H

Blois(31)%] W'H& H¥ste AlE 04mLe| 04mM DPPH(a-
a-diphenyl-B-picrylhydrazyl) ok 8 0.8 mLE 73l & &
Falal AF2ollA 1087 WA &, 525 nmollA FEEE S5
om, A4k DPPH radical scavenging activity (%)=100—[(O.D.
of sample/O.D. of control)x100]°ll 2|&te] A8 AM=3I3Th

Ot A7is B

Kato 5(32)2] el wet A8 1mLel 1 mM NaNO, &
ImLE 7}8t2L 01N HCIE 7kste] & #95 10mLE Sl
o] &AL 37°CollM 1A REGAIR] & 1mLE Fdte] 2% 43¢
£ 4mL9} 30% AN O 7 838 Griess reagent (1% sul-
fanilic acid:1% naphthylamine=1:1) 04mLE 7}3 & 4204
15%7F WEx)sle] 520 nmollA] 22 2A4s10.0m AR nitrite
scavenging activity (%)=100—((O.D. of sample/O.D. of control)
x100)°l €]t} 2H=5k3

Ferrous ion chelating £2} =8

Yen 5(33)8] WHol wat AlE 1mL, 80% ethanol 0.8 mL,
2mM FeCl,-4H,0 (iron(Il) chloride tetrahydrate) -84 0.1 mL, 5
mM ferrozine  (3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-4',4'-disulfonic
acid) €9 0.1 mLE H7FsH thy E3ete] A2oA 1087 v
A & se2nmollA FHEE 2 oH, AR, ferrous
ion chelating effect (%)=100—((O.D. of sample/O.D. of control)
x100)°l &J3te] Ar=3Hct.

TS

AAsAT 3 71 AlE 7§ wEA] SRR QK A

2 AEE HUlel=ES i) A I8 289 Bl(taste), A
Z(color), 37|(flavor), 213l Wree] ] (appearance of rice gran-
ule), A&l 7]Z % (overall preference)oll thall 537 HEHo=Z
H7RsIAaL, 7 713 B2 HAEwrt 2255 AFE =4

FATH3E3).

& 712t & Ed5o HHst

At ¢ FEEZ AZS A A7) e s
o] Has Has] 98l 23 g58 A @EEd 1L 1Y
100g] HIEZ E3DHel 10% 8-S ¥ F 90°CAlA 1027F
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]g\j)\E

7¥gste] WZAZl F 4°CollA 2087 AAdslaA mAETE X
AFISITHG4). =, AR 10l Bt SHT 0mLE H7hste]
homogenizer (Nissei, Nihonseiki Kaisha Ltd., Tokyo, Japan)=
10,000 pmoll A mFAEE A8 1mLe FHEoRE FHeto 0.1%
peptoneT% A4 34} plate count agar (Difco Laboratories
Detroit, MI, USA)°l HZEsked 37°CollA] 24A17F viokat & et
+= colony 5 AS3At
SAHXE|
FAA 2492 SPSS system (Statistical Package for Social
Sciences, SPSS Inc., Chicago, IL, USA) software package (ver-

sion 12.0)8 ©]&, p<0.05 2 =Z Duncan’s multiple range test

o olale] e} 77t BAAT Pold) 2GS WAz
LEEAAR YA
233 oa

ul_q

ﬂﬂ‘i‘ %i?%%%@li CRZ ®718}25) 7 28] 33t

5 eklge] WskE ZARE A= Table 191
H—— CR A7} v &o] Z71E84+E
M}D} ﬂl «1 o‘?‘ 8l 1A A 6.39914 6.560.2
oHo g ZFrtstl o}, 33 1A17F o]F e 6.60-6.622, B3t
Al Al & F8igh Wshs el A ¢Stttk CR 7R
33} A7+ st wel pHE AA38] Skl 38k sAIzE
A CR A7H-2 pHE 6.55-6.642] WS Yehllo] 2T (pH
6.62)¢F 214 ztol= YERA] &9dth A== 0.06-0.08%2] H
el HELS I}, CR F7) HIE 2 g3} A7k uE

F3igh Wl A et

33 A A5 LG 1441-1491 mg/mLE X7 o
«1 atole 91"12»}, 7t AR {Fo3Q1 Zeols YEREA
23} AIZHA = CR 7 ¥l&0] H255 S99
94 Lak_o_ &_olﬁ’ =Y ANBoA = G Al7to] 7&4@__/;
7FetgAet. @8k sAZelAE CR-0.87 CR-1.09] $d-2 74
48.66, 4724 mg/mLE YERNo] thxT-(45.10 mg/mL)oﬂ H|
Ao R EUTHP<0.05). TS A wE AT FFe
Z7te Asle A8l & Fo AEAo] amylased] L= B
oHQo] AAE Go] AFAo T 8259)7] wjio|t}, Min(19y&

B71FEA o H&S Dt A 2ol FdT T

F2 Gsh A7k AR wEr S, ) FEE T
01 Z7VETE S o] =Qithal Rarste] 2 A3 2
e} fAES

Mol Hg)

Table 2= CR 7} 25]¢] d3} A F AMLe] HsE et
W Astolt), g3t A tiR27e] L 32 46.640]9037, CR A7} H]
£o] T7HETE L 32 v Hla foHoe= vgen, &
3] CR-1.02 39242 71 it} ti&=+9} CR-02, CR-04 ¥
CR-0.62 93} Azke] ZAFddel w2t L g2 37k 43S
RS, CR-0.82F CR-1.0 ZH7t 23} 4r]7}, 3} 32177k
e F7reoy 1 o|$RH= FEg HelsE YepA 22
. A2 Yl a 354 b 73 CR A7) EHZ—?P_E}
=9kom, CR A7} Hl&o] 37HEFE =tk CR-1.02 ti=
off Hlall a Fh2 3ul, b F-2 48 o1 =A YEldTH °l 714
FEE Y Aot Aee Mo JES uFr] WEd Ao
2 Alsdn) 7] AAEFE RE A2 a w3 b #

Table 1. Changes in pH, titratable acidity and reducing sugar contents of sikhe containing various concentration of CR" during

saccharification for 5 h at 60°C

Saccharification time (h)

Group?
0 1 2 3 4 5
Control 639+0.02°%  6.56£0.04*®  6.60£0.02°F  6.6240.03%  6.65:0.01%  6.62+£0.01°
CR-0.2 6.43£0.02% 6574001  6.58+0.01°B°  6.63£0.02%  6.58£0.01%°  6.62+0.13%
CR-0.4 6.44+£0.025¢  6.55+0.02°P0  6.58+0.024B%  6.59£0.01%  6.58+0.01P*  6.6440.08°*
pH CR-0.6 6.47£0.00%* 6512000  6.56£0.00%  6.60£0.01™  6.55£0.02%  6.55£0.00%
CR-0.8 6.46£0.035D  6.5240.03°%  6.5940.00%  6.55£0.01°°  6.54+40.01%  6.55+0.04"°
CR-1.0 6.48£0.02  6.55+0.02°P%  6.58+0.00°%  6.54£0.00"°  6.53+0.00"°  6.56£0.01°
Control 0.06£0.014%  0.05£0.01%  0.06£0.001  0.06£0.00"*  0.06£0.00*®  0.06=0.00"
CR-0.2 0.07+0.00%  0.06£0.00%  0.06£0.001"*  0.06£0.00°*  0.06£0.00**  0.06:=0.00*
Titratable acidity CR-0.4 0.07+0.00%  0.06£0.00%  0.06£0.000  0.06£0.00"  0.06£0.03*  0.06:=0.00*
(%) CR-0.6 0.07+0.00%¢  0.07£0.00%  0.06£0.002°®  0.06+£0.00°  0.07£0.01*¢  0.07+0.00
CR-0.8 0.07+0.00%  0.07£0.00%  0.06£0.001"*  0.07+0.00%  0.07£0.00*  0.08+£0.00
CR-1.0 0.07+0.00%  0.07£0.00%  0.06£0.002**  0.07+0.00%  0.07£0.00*  0.07£0.00*
Control 14.86£1.84% 21494040  31.81£236™  33.64£1.74%  41.68+121M  45.10+1.38
. CR-0.2 144140490 22612079 32.64£2.69%  34.44£054%  41.64+1.56M  45.78+0.63°%
Reducing sugar CR-0.4 14.85£2.85"  22.01+0.96"°  32.23+£0.70%  34.35:1.61°°  41.97+0.78*  45.46+0.70*
(Cn‘;‘;flfg CR-0.6 143440.60%  22.18:1.06™ 3346113  3556£1.64°  4226+221%  45.66+0.90"%
CR-0.8 149141230 2226+032%°  34.04£038%  35.03+043°  43.7320.61%  48.66:0.38
CR-1.0 14.8761.09%  24324031%  33.8241.58%  34.8342.01%  4345:0.56M 47241825

UCR: Roasted coffee ground residue hot water extract.

IControl, sikhe prepared without CR; CR-0.2, sikhe prepared with 0.2% CR; CR-0.4, sikhe prepared with 0.4% CR; CR-0.6, sikhe prepared with
0.6% CR; CR-0.8, sikhe prepared with 0.8% CR; CR-1.0, sikhe prepared with 1.0% CR.

9-d\Mean within each row with no common superscripts are significantly different (p<0.05). “PMean within each column with no common
superscripts are significantly different (p<0.05). All values are MeantSD (n=3).
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Table 2. Changes in color difference of sikhe containing various concentration of CR during saccharification for 5 h at 60°C

Saccharification time (h)

Group
0 1 2 3 4 5
Control 46.64+£0.57"  46.68+2.225 51.62+2.97™ 52.53+0.95™  55.95+2.04% 55.34+1.99>
CR-0.2 44.41£0.625  49.82+£0.46  49.58£1.16°™  49.77£0.61%  50.14+0.53"*  51.04+0.58
Lightenss CR-0.4 43.09+1.625 44.58+£1.3450  4525£1.56"5%  46.64+1.93"  49.70£0.71" 52.76+1.23
(L value) CR-0.6 42.92+1.67% 448242305 46.66+£0.79°°  48.19+0.50*%  47.76+2.17°*  50.36+2.70°¢°
CR-0.8 42.23+1.56™ 4429+0.645  46.33£1.05%°  47.89+0.69*° 47.17x1.76"¢ 47.45+1.26"%
CR-1.0 39.2441.45% 40.38+2.12" 42.46+1.66™ 46.62+£0.53%  46.92+2.99°  46.53+1.22"°
Control 1.060.024 1.60+0.02° 1.610.12° 1.76£0.05° 2.18+0.014¢ 2.25+0.044
CR-0.2 1.18+0.025 1.75+0.03% 1.79+0.04% 2.22+0.02%¢ 2.51+0.04%¢ 2.43+0.02%
Redness CR-0.4 1.1540.024%° 1.83£0.03% 2.03+0.06% 2.38+0.01% 2.53+0.02% 2.59+0.04
(a value) CR-0.6 1.95+0.08% 2.16+0.08% 2.54+0.01° 2.40+0.12° 2.71£0.20% 2.99+0.17™
CR-0.8 2.30+0.06™ 2.71+0.03"" 3.05+0.08" 3.36+0.06 3.15+0.18™ 4.05+0.05™
CR-1.0 3.26+0.09% 3.91+0.11% 4.15+0.12% 4.43+0.10™ 4.72+0.12% 4.99+0.07"
Control 4.5340.08™ 6.41£0.07"° 5.06+0.35% 4.3140.99* 6.37+0.33"° 6.81+0.34"°
CR-0.2 8.47+0.075 9.47+0.04" 8.40+0.095 9.52+0.06"° 9.76+0.13% 10.53+0.06%
Yellowness CR-0.4 9.76+0.03% 11.12+0.25 11.88+0.13% 10.99+0.14° 11.53+0.17¢ 11.85+0.17%
(b value) CR-0.6 14.78+0.43 13.85+0.32P® 15.20+£0.41% 16.21£0.15> 16.21£0.23% 16.99+0.10™
CR-0.8 15.65+0.52% 18.70+0.14% 17.00+0.18 17.62+0.09% 18.47£0.05%  18.12+0.08™
CR-1.0 17.52+0.65™ 17.82+1.007 17.84+1.33% 18.59+0.52" 18.66+0.53" 21.02+0.01%

*All abbreviations are the same as Table 1.
D-d\Mean within each row with no common superscripts are significantly different (p<0.05). “®Mean within each column with no common
superscripts are significantly different (p<0.05). All values are MeantSD (n=3).

Table 3 Total polyphenol contents and flavonoid contents of sikhe containing various concentration of CR after saccharification after
5h at 60°C

Group Control CR-0.2 CR-0.4 CR-0.6 CR-0.8 CR-1.0
Total polyphenol contents (ug/mL) ~ 94.67+3.94*V 96.41+3.96™ 100.66+1.11*  101.8043.73™ 104.87+1.87° 106.49+3.11°
Total flavonoid contents (j1g/mL) 6.02+0.27° 9.1940.20° 10.59+0.24° 16.67+0.20° 19.29+0.33° 19.90:0.08"

*All abbreviations are the same as Table 1.
D=dMean within each row with no common superscripts are significantly different (p<0.05).

& ZI715I9 T Leet Lee(RS)e= 3t v]ES 7S AFe] & A%, ferrous ion chelating A4S ,8_ ZARE A3 Table 49 UEH
s} AlZke] S L 7 a w2 b 3 ST B W2lth. DPPH 2] 2A%S CR A7} H]go] Z7lerez o
SIS, Min(19y2 7] FE258 7K 28e 93y ]‘ X“%‘E] oHo =z FrretATh OPéJﬂ%j 27%5% CR 71 v|&3} vlg
T= LA aft % b gkol SRskAraL Bassle] 2 dde] 4 stod folHos Frtetlon, CR-1.02 tiZ&7ol vs) OVW
Fe} fA }f‘a A% YERSIT o ATl oF 388 o1 S7FSIAAL, DPPH 2z &A%
ok 3uj o] Z7skTh CR 79| ferrous ion chelating %}/‘é
& EtHEs ¥ & E2EL0lE §E T ooz HlE] foF o2 #9om, CR 37} H&o] S
CRe| #7} vl&S gelste] SAIZE <t EsiAzl Ady & 75w Kim(35) 79t I F559] ferrous ion chelat-
ZYAE g £ ZetHeo|= S-S Table 30 YERNSITH ing %‘4 243 A3}, 4mg/mLolA oF 27%2] &Ao] vrekyt

gz & FgHEe §92 94.67 uygmLg YERASIAL, CR- ot slen, AnPAHEQl A% ferrous ion chelating &
0.2, CR-04, CR-0.6, CR-0.8 & CR-1.0 Ztz}2] & Zejv= g ’do] ZEgT R RASISTh 90°CAlA A7 B4 FET A
9641, 100.66, 101.80, 104.87 X 10649 ygmL= CR F7} uko] DPPHEIHZE 471%50] 4-10 mg/mLe] F=olA <F 92%2]
Hgo] S71ErE & ZEjdlse ol Tkt & E2kn gz 275 S FABIATAL B3 Song 5(13)¢] EL% H]

yo|l= FFgw CR H7HL7t gzl e fgxozm =9ro 3RS wl, B AFe] CR-1.02] DPPH ]z AAFLE thi
), CR #7} vlgo] 371845 =9t} 53], CR-1.0& Hj&+ A et ole FEZ7 wE I wsl 2 7M A5
of 3] F ZEtHiol= 2 ¢F 3u] o =9ith o] CR T mE sl s AR A ol ksl S 4R
of THE F FEMEd F FPExo|=t 4404] qEoZ o 7} 2AE ) wEe Aoz kEn B A% Ax (R 9
FE A7 W2l Aoz Als . T FEEAE Fitsl o] FEdt A E AXsES W=

aksl G4 LERfo], CRS HAlglo] obd HAZALEIA 2

Bhitsh gy FEE BP9 Aoz Bew, B A Ade B
CRe| 2/} &2 gelsiel ST B2 HAAY N F F CRE GYW HFT RN 978 2R @
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Table 4. Antioxidant activity of sikhe containing various concentration of CR after saccharification for S h at 60°C

Group Control CR-0.2 CR-04 CR-0.6 CR-0.8 CR-1.0
DPPH radical scavening activity (%)  28.11+3.03*) 39.84+1.23° 45.64+2.86° 76.00+1.43¢ 81.83£1.49° 86.45+1.07°
Nitrite scavenging activity (%) 12.08+0.17* 18.56+1.08" 21.16+0.46° 38.5242.58° 41.62+3.89° 46.91+£5.27°
Ferrous ion chelating effect (%) 10.07+0.62° 16.97+0.80° 20.87+0.53° 26.82+0.65¢ 28.99+2.28¢ 34.63+£3.30°
*All abbreviations are the same as Table 1.
D=dMean within each row with no common superscripts are significantly different (p<0.05).
Table S. Sensory evaporation of sikhe containing various concentration of CR after saccharification for 5 h at 60°C
Group Control CR-0.2 CR-04 CR-0.6 CR-0.8 CR-1.0
Taste 3.32+0.99™" 3.76+0.97* 4.00+0.87° 4.28+0.68° 3.40£1.00™ 3.20+0.96*
Color 3.32+0.90* 3.64+0.86™ 4.00+0.76" 4.56+0.65¢ 3.84+0.80° 3.60+£0.96™
Flavor 3.08+0.95" 3.44+1.16* 4.08+0.70° 4.08+0.64° 4.00+0.82° 3.4440.92*
Appearance of rice granule 3.12+0.83* 3.00+0.76* 3.08+0.40* 3.04+1.02° 3.12+0.93* 2.92+0.91*
Overall acceptability 3.32+0.63" 3.52+1.05% 3.96+0.54" 4.28+0.98° 3.56+0.92® 3.04+1.10°
*All abbreviations are the same as Table 1.
D=dmean within each row with no common superscripts are significantly different (p<0.05).
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Fig. 1. Changes in viable microbial counts of sikhe containing
various concentration of CR during storage at 4°C for 20 days.
*All abbreviations are the same as Table 1.
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