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Effect of gamma irradiation on the color values and physiological
properties of spent coffee ground extraction
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Abstract The spent coffee grounds (SCG) are considered valuable by-products because they contain various bioactive
compounds. The SCG extraction (SCGE) was irradiated at doses ranging between 30 and 50 kGy. The deep dark-brown
color of SCGE was changed to a bright yellow color by gamma irradiation. The content of the bioactive compounds of
gamma-irradiated SCGE was analyzed by high-performance liquid chromatography. Interestingly, the content of quinic acid
was increased by gamma irradiation, whereas other compounds were decreased. Although the contents of bioactive
compounds were changed by gamma irradiation, the biological activities (radical scavenging activity and whitening effects)
of SCGE were unaffected. Our findings suggest that gamma irradiation can effectively improve the color values of SCGE
without the loss of biological activities. Consequently, gamma irradiation can be a useful tool for improving the utilization

of SCGE in the cosmetic industry.

Keywords: gamma irradiation, spent coffee grounds, color values, physiological properties, high-performance liquid

chromatography

M B

Ade AAA 7 dE] S8EE S8E, A AAFeR
ok AR LFE AE L gleH, AvdTEE 7o FAEe
2x Fa% AAE 2B UK. AR AFE FEEL
e #7129 #A3)vkspent coffee ground, SCG)ol AJA|Z L
AZF MRHE o]4to® e WAt HiEo] FAdule] i
717F ZAAL Wg SRlA FAI7E 3 AvkR,3). ATutel=
O3, desds, 9 5o vt fr1sgEe] SHrE ol
Ak Buse] AdukS A5 #71shs 2 A1 SH
Mz FAZF H3 UTh4). Wk H2 Aedks A28t 9
& AT7F TS Aokl A ekl FAE AL UTHS,6). T
AES olg3dte HIAIZ ANy 55 o]
Utk B E Q0™ (7), 78t ey
WA & P (8), 719k a3

o o

2, o

e
e
flo

F2 89
297 >

*Corresponding author: Eui-Baek Byun, Adavnced Radiation Tech-
nology Institute, Korea Atomic Energy Research Institute, Jeongeup,
Jeonbuk 56212, Korea

Tel: +82-63-570-3245

Fax: +82-63-570-3771

E-mail: ebbyun80@kaer.re.kr

Received May 29, 2017; revised July 11,2017,

accepted July 11,2017

544

Yepdohar B EATH9). 53], Addbel] Est= wE 3
o] AMYF VAP S W FFHF TEe] vt By
A1(10), AT ERE 71548 AAEH B2 FIPIRE AUH, o]
g8-31H Adl H7|2 A3 7] ZAES sk )
& e Foz I SR, oFe Z2AE He A

o] B4 wjEd, B AS duske 3gEF A 5

AgolA A FEE0] AdFdHo7 o]gE 7 o
to] wam(11), 719k AH F8EE F7717] S8
# 7HA 7H71EEe] FEFH o & Fo g drtHL
AP ZARE 2139 99 2 BEEUd FEAGE glo] B¥e
WA BAES glole 7P 829 JleE dEA e
179, e Fde] 3t o] AES RS A 2
FeRAMNE A de] E8E Tk(12).
AP &S 2AF Al ZHFSA oA 7
< ANAAFZ13), AL BB K 7]odths AT
B E A Tk14,15). 53]

rE oo
et i

= 9

o
ol
i

lo & N

2
jints

o
o

A
X

[oig

09}

oot

[e5

A

1
oL

o
0,
N
\1 >4
=~ o,
2 o~

102 ml ox R ¢ H ox

A= ol WAk 2APES A
FE | sl AEE vty Y AAdsien, 2
AlgAdoll= A S VXA EUthe AFAITF B
HWA(16-18), 3PgE 2H SollA WA A& o849

7t g5y g gud Aem AdHn
s

oA 2 Agelds AV FEEC WK 2AVES

4 EE SRS ol87Fe e HESIH



A B3 5] S 2] Al £t 545
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Z3&t] 20gS ATE F 400mLY 70% OEHEE 2447+ 4
2o wrbsle] FEE L, o] F 23] WHEE & 7 EF0](Filter
paper No. 2, Whatman, Kent, UK)E AFE-3Fo] 749t o3shitt.
oA FEES 7] 2T e AR Ak
AFa W AY 109 Ci¢l Cobalt-60 7HkA AL Al A (point
source  AECL, IR-79, MDS Nordion International Co. Ltd.,
Ottawa, ON, Canadays ©]-83}] A-2ox A|7Fd 10kGye] A
FEZ 712} 0, 5, 10, 20, 30, 50kGy2] & FFAFS JdL= 3}
Atk AT e gEd WA A (alanine  dosimeter,
Bruker Instruments, Rheinstetten, Germany)S AM8-319t}. 7 &
52 AYEHT Fol AP Basiih

ME =X

2l 2t mE A FEE9 Ax ¥sE 2AE] 9
st 10 mg/mLe] b 2AME AY FE5E SmLe quartz
cell (CM A-98, 10 mm)°ll %713 2N=}A (color difference meter
CM-3500-d, Minolta Co., Ltd., Osaka, Japan)S ©]-&3}°] Illumi-
nant D65 10°39& AMS3SIATH A5 &4 A 71AE 225354
XEugto g2 ¥F3sk 3 ARESIN ™, Hunter color L* (W=,
lightness), a* (FA%, redness), b* (3=, yellownessye =73}
Atk SA¥ F2 Spectra Magic Software (Minolta Cyber
Chrom Inc., Osaka, Japan)E ©]-&3}o] 7|=3I3th

DPPH ZlC|Z(radical) 25 &4

bl 2] wE A FEE9 A vsE 546t
7] 93ked a,o-diphenyl-picrylhydrazyl (DPPH, Sigma-Aldrich, St.
Louis, MO, USA) ZF-]Z(radical) 271%-S Blois(19)2] 4SS o
5 gste] EA8IGIT vEkedl £3% 02 mMe| DPPH £
100 uLoll 0, 5, 10, 20, 30, 50kGy2] A¥Y F2ES A E &
Ao A 3087 RESAIZ] & B34 =A SpectraMax M3 mul-
tidetect microplate reader (Molecular device, Orleans drive sunny-
vale, CA, USAYE °]&3to] &ttt

A -A
Scavenging activity (%):[1 ~ Psample "la““‘)} x 100
(Ablind - Ablank2)

714 A Sample? DPPH Whg 89¢] FF=E ofv]

3, Apaa Sample®] @5 FF=E YeRlI, A, = DPPH
o] EFFEE UEhin, A, FAEES UERIT

ABTS ZiC|g &7s &3

Zabd 2AME AR FE59 2,2-Azino-bis-(3-ethylbenzothi-
azoline-6-sulfonic acid) (ABTS, Sigma-Aldrich) radical 47]% &
Re 520 WS ol 83lM ZA3IAt 74mMe] ABTSSH 2.6
mM] H3LFEEFF(potassium  persulfate, Sigma-AldrichyS WH3-

A7) 24A17k E<E gk WAele] ABTS HUize BN 7,
760mmelA o] gele] FHEI} 070] HEE FRFE HYs

o
o

Atk FME ABTS £4& ImLel A& 50uLE A
SpectraMax M3 multidetect microplate readerE ©]-&3le] =74

AT,

>

ol

A
Scavenging activity (%)=[1 - M} x 100
Ablind
714 A, Sample?} ABTS whg- 8919 F3=E 9|
3, Ayge ABTS 8919 @534 % S vehdot

EIO|ZAH|0]A M| EA(tyrosinase inhibition assay)
apd 2AKE AR FE5E9] Elo]ZAYlo]A oAIEA S Bt
o]ZAJdle] 29} 1 71-<Q] L-dihydroxyphenylalanine (L-DOPA)7}
Hkgsle] A El= T 3k3E (dopachrome)yS B O 2 A TFsl=
oz =A3th21). Mushroom tyrosinase (100 unit/mL,
Sigma-Aldrich) 02mL3} 7] L-DOPA (Sigma-Aldrich) 0.4 mL,
0.1 M QIAF¥ENEF 2589 (potassium phosphate buffer, pH 6.8)
02 mLe] Egtelo] AR 79t 558 02mL H7Fst
o 37°ColA 3027 RHAIZ ¥, FBE 475 nmolX A
t}. Efo]2Ao]2 AAITE the] St ofate] AlLtE AT

B16F10 S24Z(melanoma) M|ZH{Q¥

B16F10 S21% AlX= 10% AEjoFE A (fetal bovine serum)z}
100 TU/mLe] Y4 A(penicillin) 2 100 pg/mLe] sterptomycin®]
3H3-%l Dulbecco’s modified Eagle’s medium (DMEM) 848 o]
43l 37°C, 5% CO, 272 wjdr|olA whkslsieh

B16F10 SME M=ZE=M HI}

Ao AR AdEE FE=0] v fe ] BIGF10 54
T AIE 540 Rl 9T YolRdth BI6FI0 SA4F Al
+ American Type Culture Collection (ATCC, Manassas, VA,
USA)IA Fdste] A&kt BIGFI0 S41F HEE 1x10°
cells/welly] 96 well plate (SPL, Pocheon, Korea)oll 180 L% +
F3HL 0 kGy & 7rpd ZAbE Avjdr 22530, S0kGy)S &
EHE(7.81, 15.6, 3125 uL) A3t 37°C, 5% CO, =79 |
7oA 72417 iRt T, 0.5 mg/mL FE2] 3-(4,5-dimethylth-
iazol-2yl1)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Sigma-Ald-
rich) AlFo® MEXE FMAZT 2 F Add xepd 24
(formazan crystal)S Tho|W|® A ZA}o] =(dimethyl sulfoxide,
SAMCHUN, Pyeongtaek, Korea)ol %< 4= 540 nmollA =4
a3

datd MY s "It

BI6F10 SX%5 MZE 6 well plate (SPL)°l 5x10* cells/mLZ
3L, 4X7E T 0kGy R T AR AR FEE30,
50 kGyys A2lstar, 1417F $ol 50 uMe] 3-isobutyl-1-methylxan-
thine (IBMX)E *glste] Wahd S EXAFT 72417 6l
& F AEE Tt AAAE2 A (phosphate buffer saline,
pH 6.8)& A3t AT F, 10% DMSOE =T IN
NaOHZ 200 uL® 713k & 80°CollA 147 Wkg-ale] ¢hd3] &
o] FF% 405 nmol X AR
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1o
0x
I
rE

>
A
=



546 =2 Z 358 %] A 49 WA 5 E (2017)

formance liquid chromatography (HPLC) 1260 system (Agilent
Technologies, Inc., Santa Clara, CA, USA)E ©]&3}e] #2431
o ek AR A FE2EE 0.2 pm AHA| TE (Advantec,
Dublin, CA, USA)Z 33+ & HPLC #4o] AMg-stdch 24
L Kinetex C18 4.6x250 mm (Phenomenex, Torrance, CA, USA)
£ o] &3l AP EE 25°CE FAEIE o5 R ARS
gk 8lE 25 mM IAEERE €589, pH 2.4 (A)9} acetonitrile
By ARSI SlE gradient elution system©. 2 3%(0%-B),
10%(20%-B), 15%(30%-B), 20%(40%-B), 25%(90%-B), 30+
(90%-B), 31-40%(0%-B)Z ZZ3IAth #452 0.7 mL/min, A&
FUFE 10uL, HE7]= diode array detector (DAD)S AHE-3}
o] A2Kquinic acid)S 210 nm caffeine} rutine 265 nm, 1]
FHo A (caffeic acid) 2 F=ZZ24K(chlorogenic acid)S 320 nmell
A Z4 3Tt

SHXZ|

o]’Fe] Adox dojx ZHI= GraphPad Prism version 5
(GraphPad Prism Software, San Diego, CA, USA)E °]&3lo
Y B (one way ANOVA test) o2 EA1311 oM, A|57H)
2142 Dunnett’s TFsH] 2 (multiple comparison test)Z *p<0.05,
*¥p<0.001 oA Bl 2Lskd Tt

Aok ZALE I £EB0| MTHM &
Ava} FZ 8o ok 24} T A% WEE 249 Aok
BEE Uehle Lk

0 kGy

30kGy 50 kGy

Fig. 1. Decolorizing effects of gamma irradiation on spent coffee

ground extraction (SCGE). SCGE was irradiated at doses ranging
from 30 to 50 kGy.

Table 1. Hunter color values of gamma-irradiated SCGE!

o] 7 A zApde] FU1skl weEt SUkeklaL, AN
@) U0 Al 2API o] SR whet {9
Aoz st B3 AE e Artsie] MaE Slgh At
0 kGyoll ®3] 30 kGyS} 50 kGy= ZAFSH 7Av|dl &59] AE
ol FrelHer 7N, AAE #1E & AT Lee &
o 93 centipedegrass &0 7l ZALE ALl FQ
A RS AAS AeE WAt BaEck(le). whef
A, AaEt 58] Aert v A B8 e A 2
npA ZAbel efsl Avle] A A GO JEFS VA= T
(tannin) A|E 2] JEE0] FAHIS Aow AdteH, I =
Atell ozl 'id Rk opEt thE AR Ee] FEkel= st 9l
A golr7] $18te] HPLC 418 AA83ith

iy,

A

HOK AR 7Ot £ES9| MEEM

7Aupd 2AME A 22 ES HPLCE #2438 43, 22
Aokst Fp Ak gmbd AR kgl wE Zastae
), 715 (caffeine)} FE- (rutiny> 30 kGy9} 50 kGy] AT
oA gkdd] HallE RS FelshAch W, AL 30 kGySt
50 kGy®] ZAPAFNA ST RS D28l th(Table 2). S22
Axe 799 hEAQ B AJRo= o3 gd HEL A
o] AFE He BHdA AGE AHATIE T8 9Rle] ¥
th22,23). weEbA, e AP ] o] ulel S22
o] At A FEE] A mdel Ate] i
st T3, Av o] Flele] AFH 7 Agd F3 wRy
i 59 A8 dod  qite AFEAdsE HAEWEA
(24,25), AV =31 5o SFNA TS AAT dEe] B
o] ¥ Ath26). ol s vk ZAME Ba FHEd AR
AAEHE A= gopel gEo Ay FE2E 734
< MAATIE EHeA FHAQ Aty gk gepbd =
Atol]l 23l S7tek AEQ Take] A vy, JAL g3t Ho
d B2 IR 0o (27,28), T 2AF F EejE FE
FHabe dtalso] Hojd HEaldtER duiA rh29,30).
webA], b 2ARR 1S AFE FE2E & st A
u FEE0 Agjdduisie] d3E nXeA Bk

#HOR ZAME! Fmfdl 2ic|Z A7is Y ElO|2AIH|0jA 4F|
N

DPPH o]zt 2AE43 ABTS o]z AL 2 F4A)
o] ggitsl TEE Tl ol 7 dE] ARgEE ol
(31). 2 ZALR IS ATEr FEE HEHst ditsks
of Y2 vA=A v A3 30, 50 kGyE AR 7|t
FZEEM 0 kGy A¥Y FE2E3} ¥ w DPPH oz
271%¢] ¥Wah Il m(Fig. 2A), ©]¢F HIS=EA ABTS 2t
Z 27T BS b A 3 HsbF JeRA] 3ichFig. 2B).
ele|ZAlo| 2 dahd Aol 7 Fadt 9FS ke
FaE AA YolA Blo]ZA1S L-DOPARE AHEHAZ & ]S th

Ir 5L

Irradiation dose (kGy) L* (lightness) a* (redness) b* (yellowness) AE
0 85.19+0.064" 2.1940.005* 36.92+0.005* 0.00+0.000°
30 91.08+0.020° -0.63+0.005" 20.92+0.020" 17.27+0.006"
50 91.19+0.049° -0.57+0.011° 19.84+0.011° 18.31+0.011°

YValues represent means of triplicateststandard deviation. Value with different letters (a-c) within the same column differ significantly

(»<0.05). AE was calculated by equation; AE= I\,ALZ + Aa2 + Ab2
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Table 2. Polyphenols and caffeine contents of gamma-irradiated SCGE'

Sample Contents (nug/mL)
Irradiation dose (kGy) Chlorogenic acid Caffeine Quinic acid Rutin Caffeic acid
0 161.37+0.020* 358.86+0.039* 281.66+0.953° 7.351+0.719* 0.829+0.002*
30 70.57+0.000° - 323.24+0.000° - 0.165+0.000°
50 31.06+0.007° - 323.97+0.703* - 0.050+0.008°
YValues represent means of triplicateststandard deviation.
Value with different letters (a-c) within the same column differ significantly (p<0.05).
A :";: 1001 el B Z 100 ok
-z =
27 o 55 w
fwm — T B
o 60 e ; 60
= ps
og 40F g c 40
5 g
% 20F g 20
SCGE (10 pg!mL]c 0kGy 30kGy 50 kGy AA SCGE (500 pg -'rnL;‘: 0kGy 30kGy 50 kGy AA
c g 1004 *
Z _ 80 T
= = —_
g g“ 60
é ﬁ 40-
E 20
0
SCGE (6.25 mg/mL) 0 kGy 30 kGy 50 kGy KA

Fig. 2. Anti-oxidant and whitening effect of gamma-irradiated SCGE. DPPH (A) and ABTS (B) radical scavenging activities of gamma-
irradiated SCGE, and tyrosinase inhibition activity (C) of gamma-irradiated SCGE. AA is an ascorbic acid (10 pg/mL). KA is a kojic acid
(40 pg/mL). Statistical analysis was performed by Dunnett’s multiple comparison test within *»<0.05 and ***p<0.001 compared to 0 kGy

SCGE-treated group. All data represent the mean+SEM (n=3).

Al DOPA F3=(quinone)>-2 4FatA]7 Waphds AJAIZITH32).
Efe]ZAYlo]2e] 842 Bz AATH e s Y
Y Aol Jom33), # AFdre Zvkd AR Qs
Aur FE2EC] | SATHSL Elo]|2Ao]2 oRT &

Aol ek mAEA ZARIIT 30, 50 kGyR AuhAl 21
At F2%] glol 2ol ABHL ST A3} 0 kGy
At 2587 vaPe v {1120 2ol7t GlrkFig. 20)
bl 2AL F FAsks % ol Aol A B o] uEA}
29 MSE FEOR 448 & AUD ol FRRAN,

g 5l Fheate] ghgo] A RlSole ek, AAte] ghgol

BI6F10 S4F AlX YoMz 37t AeA gRlst7] o),
B16F10 S21F A2 AEE v|X|= 3l Aate] F7Febad

MTT A|%S 0] &3 AX AEE =4S A2 AL FgolA
nEZcglole] B4 49 MTT tetrazoliume] WH-3]l MTT
formazans A1, ©]Z DMSOES o]&s] HItMo g )43}
A7)E dElE o] 83T(34). ¥ ATolA BI6F10 SA% A2
0 kGy 2 7 21 AT FE2530, 50 kGy)S sEEH=E

(7.8, 15.6, 313 ugmL)E A 2J319-& vl Y= AZ AEE9
sl paled dol Azl 313 pgmLe] FEA BE ZAM
Fo] Avul FZEAA AE5FS JeERHATE wkEbA, BI6F10
SAE Azl vk AR A FEEC FEE 156 ng/
mL ©]8t= A ste] A@EFATt 3-isobutyl-1-methylxanthine
(IBMX)2 ME oA cyclic AMP (cAMP)E AF=3to] Hald
PEE sk 4= dEA Ak3s5). IBMXel o5 &4dst
H cAMP7} Elo]ZAU|0]AE B4 A7) AL, microphthalmia-associ-
ated transciption factor (MITF) THzle] WS F7IAA Elo|=
Aol fRIAke] HARE FXghs o2 Ui Ark36). &
7oA BI6F10 3AE A|Zol IBMXE | @]ste] depdsg)
< FANZ F, 0kGy 2 Ak 2AFE(30, 50kGy) 99t
ZES AFste] depd AP vAE I #FEA
CoBE AP EA] ek izl Hls)] IBMX A 2lzelA et
Aol oA o2 (p<0.01) F7HE A& wol WakeAA 2
FEE AL RIS, FHANETE AR At A 2
A dapd Shgko] §-o]3 0 & (p<0.01) ThE A AFEA
Ee e AR S4E UERA B0 78, 15.6 g/
mLe] 7pd AR Ad 2558 XEe A3, 156 pg/mL
9] F&9 0kGy 2 7 2AEH30, 50 kGy) F9Et F&2&
o] A7t freld oz Hepd s Al S Rlsich
(p<0.05). webr] b ZAbel] o8 ATyl FEEC] s}
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A 120

100 =3 *
80}

60

Cell viability (%)

*

0
SCGE CON 7.81 15.6 31.25

15.6 31.25 7.81

15.6 31.25 (ug/mL)

0 kGy

30 KGy

50 KGy

B 250

2001

IBMX (50 puM)

1501

Melanin contents (%)

SCGE CON -

Alelonm

156 7.81 1556 (ugimL)

0 kGy

30 kGy 50 kGy

Fig. 3. Effect of gamma-irradiated SCGE on cell viability and melanin synthesis in B16F10 melanoma cells. The cell viability was
measured by MTT assay (A). The data represent the mean+SEM (n=3). Statistical analysis was performed by Dunnett’s multiple comparison test
within “p<0.05 compared to control group. All the irradiated SCGE inhibited melanin synthesis in IBMX-stimulated B16F10 cells (B). PC is a
quinic acid (10 pg/mL). The data represent the meantSEM (n=3). Statistical analysis was performed by Dunnett’s multiple comparison test

within *p<0.05 and **p<0.01 compared to only IBMX-treated group.
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