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Abstract After treating spent coffee grounds with alkali,
extracts were prepared by using Viscozyme and Alcalase,
respectively. Treatment of spent coffee grounds with alkali and
enzymes increased the content of phenolic compounds in the
extracts, thus possessing the good scavenging activities on free
and cation radicals. In particular, the extract obtained by
continuous treatment with alkali and Alcalase on spent coffee
grounds had the best content of phenolic compounds and
antioxidant activity, and inhibited the growth of Streptococcus
mutans in proportion to the concentration. In conclusion, the
Alcalase-enzymatic hydrolysate of alkali-treated spent coffee
grounds showed excellent antioxidant and anticariogenic effects.
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= A AARIA 7P wel ARlEE 7184 SReltH1] Y
& AnZe F=2 oleluINCoffea arabica L)%} ZF-2-E}
(Coffea canephora L)) EF0] AMEEI, BE 34 (roasting)S
AXEA A9 Efre] A, st &S 7HIA "Ev2]. #A9e] A
gy Ao 2ze 7 ZEE Zie FHEle] tiEAe]a,
chlorogenic acid, ferulic acid % caffeic acid 52 T3t =
=7 SRS ok ekl dth34]. 7Y FEEe] AR
A B dks}, s ¢ e aH5-8] ¥Rt ol 3
T B FEFT THMAIE UERol Ade 1Al =gl
He SRR 7Rl o
ARE 7] fEiME He S AX g Sl =A
- BE FESof gtk AAFCE AT AT FF] °F 30%
7F oAl ARR FEHO F8HH, UHAE A9 AAZ(F
3]8}, spent coffee grounds)@ Ho} #7|EZ WHZITH wjhA
3 HEI A A8 SHAA AFEre] Ayt o
gk opkgt A7t ol FoIX A lH1,10]. 7Y ©EsAlE A
ks Fstsle] Ag= AMSlAL UTH1] 3 ATuRs 7]
T 289 AXE Y3 ¥985E AZLsAU12], 95 o
e e vlolerde] ALk Y8R o] 83he WRHE Hily
ATH13). Aol F2 &4 ARl dole] &8=rt
o= EAaRE 53l B8 ARAE IEFOE TS
slalo] olgke WEo] FEsle ATE o]FoAX L UrH14].
53] 7Avdlole Hojd AgdS Ueilie wls sietEol
o3| ok oyl wiitel] Adet FEEE st A4S
7HIEH15].
mebs] B AFoxs AvEter Ry #HiEA stEd 3
Aelgd =49 355 Foistelr] 98 fla a4 el
g
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713 u}e olg}u] 7} 2] Brazil santos fc cerrado 7] 3(GSC
International, Yongin, Republic of Korea) #2g o] == gAh
™4](Classe]l0USB, Rancilio, Villastanza di Parabiago, Italy)2-
B2 FEL e e dFAxT6N4 80°CE X7 Az
A7l & A5 2 A3 T Folin-Ciocalteu A] F, sodium
carbonate, gallic acid, 2,2-diphenyl-1-picryl-hydrazyl (DPPH),
2,2'-azinobis-(3-ethyl-benzothiazoline)-sulfonic acid (ABTS)=
Sigma Aldrich (St. Louis, MO, USA)S] A|&Fo]%lT}. Alcalase
2} Viscozyme Novozyme (Bagsvaerd, Denmark)2] #|&S
AME8I9YY. Strptococcus mutans KCTC 3065 a5+ =AY
FaATd AAEAIAE(KCTC, Daejeon, Republic of Korea)
oA Y2 ZS Brain heart infusion (BHI) agar W=
(Difco, Detroit, MI, USA)oll wjFale] AM&31iTh

Aslse) okl A2 R 5 2
Asel RAele A% AN B 5e% 958 SR

AXAZL F 100 °ColM 1MZF B9 FE3TE 2] A2
2 50 A 97 569 NaOHE 90 g0 7ol ¥

S F 100°CoIA 1417 B9 FE3TE 291E] +Viscozyme
Age 7k AElde] pHE 5.00% 23 5 Ady &
= di¥] 2% (w/w) ViscozymeS 7}8FaL 50 °CollA 120 rpm
02 AIZF WSAIF . G +Alcalase AT TR AE
o pHE 8.00% ZQ3 £ A FF tiH] 2% (w/w)
AlcalaseZ 7113 50 °ColA 120 rpmO2 2417 WA AT,
HFHoR FAYSE, kel Mk, E7H]+Viscozyme R &
7He] +Alcalase A2+ pHE 22t 7.002 243 & AME
2](3,000x g, 10%&)3t] FFdE A3 045 mm A|HUA] JHZ
ofate] A AR

EFeNlE #§F
7A9er F2EEY HEA IFE FHE gallic acids EF
A2 3}o] Folin-Denis WWHo 2 ERISIGT16]. 2+ A&
Folin-Ciocalteu 8918 €3l 57 20lx] WH-gAZl & 6
sodium carbonate &4 % At Ad2elA 1Az v

T 725 nmolA 4=

#d R Jole Pz 2ABY 53
A} FHEE9| ABTS Foleatt]zt 248 Re B¢ W

[17]_3 DPPH #a2]Z & 4‘ *g—% Bloise] ¥ [18]2
= gosge. Jolestn AABY e ) FY=E

1.500+£0.022 HA3k 75mM ABTS ﬂ—,%

2o 908 WHS-AIZl T 414 nmollA SF=e] WHIE =43
Aok FEuZ *745“4 gls Sl
Zb A 7ol Wi Ao 308 w31

o] WskE SAsiv

Streptococcus mutans®] 93 FF &3 4
A FEE0] FAE, @7t AT, €71E]+Viscozyme
2 dI}E] +Alcalase 2]+ A E= BHI brothE ©]&3ste] zkz+

JPE 7|FO0Z 520 mg/mLE 34E T 020 mm AlFA] 2
B2 ofgsie] A3t 7k s4g A 85 24-well plateclA]
S. mutans W ¥ (1x10° CFU/mL) 2! BHI brothe} A &%
SHaL 36 °CollxA 21A17F FA] st o 660 nmol|A1e] &3
T2 w9 ASE S & FEEY T 2 FE
=5 HAUVIBHA] %2 BHI brotholl S. mutansES WSS o) 243
Hlwate] ARl H&2 R

A Ad

dlo]El= Excel 2010 (Microsoft Co., Redmond, WA, USA)
zg s o|gale] Hi +3 %'—HX}E YHERHSIAL, t-testE:

3 thxwrate] FAIA Fo8S Ik

23 32 213

7oers 4= B F80] 0.73£0.06%= %
Sotou} ke AHBWe R 3.63+0.12% (p <0.01)Z 4.974)
Z7V3l9TH(Table 1). L7F]+Viscozyme e F80)
&7kl At 2 2ozt ;e d7ke]+Alcalase A2l
olM= 480] 3.83£0.06% (p<0.0)Z TS OB Tth(Table 1).
Aguks E AR Egs] s 78] dAteME AT
s MR Aske Aol 4 Al M| T3] = F
&o] 317 F7Fke Aoz vehl[14], NaOH ﬂﬂ“&_i_l_
F= T80 A FFE 2 Aret AR AAE Bt

Az SeEe $ES vnd A3, Avue 95 259
Aol e 0.93+0.06 mg/mLe| 2, 47k HEToMe
2.24+0.11 mg/mL (p <0.01)Z YER} NaOH AZ|To 2% 3=
A B3] & FEEHS & 4 AATHTable 1). EF)E]+Viscozyme
ﬂﬂ%ﬂﬁ” =4 35HEo] 2.7240.22 mg/mL (p <0.01)21 W
H, ¥7l]+Alcalase A2 3.21+0.24 mg/mL (p <0.0)ZE o+
Elv} NaOH #g]el] o]& Alcalase &2 Wkgo] #Hl&A 33tE
o] FE& A RS ¢ F AUAK(Table 1). 7159 4
FoAME E7]E8S AL F WA E7UFS Alcalase®
s o FlsA sEEe] 2.44) '2“7}'°]’)~1\—L—[19] e
AlcalaseZ #2132 W= =4 siHEo] 1.8 S7iskiTh
[20]. B3+ XS Bacillus polymyxa 22 @hld Ea|lgih=
A Pg W= s sigHEe] 28 7 STt °EH‘L[21]
ol AR AE Rt Ak og Az 34E A
g 2AE AIAA HeA sEe]l & FEH22,23],

= =103 0
FES9L

Table 1 Yields and phenolic contents of spent coffee grounds extracts

Phenolic content?

Group Yield (%)

(mg GAE/mL)
No treatment 0.73+0.06 0.93+0.06
Alkali 3.63+0.12** 2.24+0.11%*
Alkali+ Viscozyme 3.67+0.12%* 2.7240.22%*
Alkali+Alcalase 3.83+£0.06** 3.21£0.24%*

DPhenolic contents were expressed as gallic acid equivalents (GAE)

Data represented means and SD of triplicate measurements

Data were statistically different from the value of no treatment group
(**p <0.01)
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Fig. 1 ABTS cation radical scavenging activities of spent coffee grounds
extracts. Each extract was divided into no treatment (<), alkali treatment
(), alkali+Viscozyme treatment (O), and alkali+Alcalase treatment ([])
groups, respectively. Their scavenging activities against ABTS cation
radicals according to the concentration of spent coffee grounds was
observed. Data were means and SD of triplicate measurements
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Fig. 2 DPPH free radical scavenging activities of spent coffee grounds
extracts. Each extract was divided into no treatment (<), alkali treatment
(), alkali+Viscozyme treatment (O), and alkali+Alcalase treatment ([])
groups, respectively. Their scavenging activities against DPPH free
radicals according to the concentration of spent coffee grounds was
observed. Data were means and SD of triplicate measurements

A Sefol A dalde] S8 29 AEA AES fE
Poz AFANA FZ 58] ST IEHA ATH24].
A, €7 A, €7l +Viscozyme E 27+
Alcalase #]2]7-9] ABTS ol zto] et &7 &AL
Figure 1o VERAITE. X0l FYst 7Audt dgtd 7|Eo=
0.5 mg/mL FENA FAHE S 9.95+042%2] Yol zdS
2% Wil ATk At 47.44+0.02%, L7 +Viscozyme
HE e 54.00+6.39%, L71E]+Alcalase A2~ 68.93+4.23%
o] ABTS ¥ol2git)ze AA3h. Folegit)zd 2AEA
o 7} FEE0] /KA e EdHE Il vEsiith A
ko] dole] HeRte R w ol AAEA o] 4.98] F
71w, d7te]+Alcalase ME]olXe 7.18) S8
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Fig. 3 Growth inhibitory activity of spent coffee grounds extracts against
Streptococcus mutans. Each extract was divided into no treatment, alkali
treatment, alkali+Viscozyme treatment, and alkali+Alcalase treatment
groups, respectively. The growth inhibition effect against S. mutans

according to their concentration (LI1; 5 mg/mL, M; 10 mg/mL) was
observed. The growth inhibition effect of each extract was expressed as a
relative ratio to the growth rate of the control group. Data were means
and SD of triplicate measurements. Data were statistically different from
the value of no treatment group (**p <0.01)

Zgut 7|F0 2 1.0mgmL oA 7z &5 fejgtd
27%S B, BAETES 19.75£1.08%¢] v dvle] A
£ 48.1120.00%, L7} +Viscozyme AZ|T=2 50.91+0.70%,
A7+ +Alcalase A2 59.06£1.98%% UERITHFig. 2). 2
FE2E fEEZ A 94 ZYElE gl vEEs
o} Axdte] dolE] HEte 2w fElEltjd Aviso] 2.44)
Z7HloH, 47t +Alcalase X2 ZolMe 3.08] Z7FEIATh
ATERS NaOHel| ©]o] Alcalase2 #2|s}H Anu} FEE9)
”liﬂ SI3HE dko] IA FUFIAAL, ol weh Yoleatt]

2 ez A 2 ditsl EAo] aA IES
d F ASLE AE FEEEC] HEA AES Bl g
?% ksl o] mrhe 719 Ba25.26]9 o], ¥ A
TN HEyg sigHEe] o] 7MY =2 d7lE] +Alcalase
AgltelA] atsl o] sk ZoE yedt ol &4
I E7EFS Alcalase® *E|3E W= Zgulse] FET0] A
A oAUHA ksl o] FUket R} e P BT
ATH19,20].

FAg], Ik A, Y71l +Viscozyme 2 L7}l +Alcalase
et Axel FE2EE0] FX A S mutans®] XS0l
nAE e FEES WA @3 e dixad va
31 th(Fig. 3). Zt =5 10mgmLe] =& H713 & §
mutans T2 WYt A AS A=E U2 vl
A, FAYTANNE 54.61£2.11%, 2] AgFlMs 74.70
+0.0.68% (p<0.01), L7}2]+Viscozyme A Z|FollAE 506+
0.1.12% (p<0.0DE F= ol Ao FE2ES H7IsA
X ool Hlsl S mutans T2 o] F715\AT 18]
U 27k +Alcalase Aol E —39.2942.23% (p <0.01)E
e A ﬂl I35 HAFRTE g7k +Alcalase A+ T2

Aol7 FEES 520mg/mL FEoE AP W+ A
A Aew FEES s=d vEsid. ole 2283 79
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o] I4FEE0] S mutans®] AL AsfE[27], ZEHE
FES FHT =28 A FEES F=o HlHEA
mutans®] A5o] A== A28} FLE HFolrt &
TFoME ATuks dZeot Alcalase® A]sh & FE4d
= ol FUV8AL, S mutans ] S0 A JAE=

o R o b

35 ek dEA ssrEe] 7 9 sxdd wet
olgt =X AL Heltke HI9IE Tk, o]Egh

Aehs Avpe] F2 2A@EE, 58 SR wet dEd
sigtEel FEFl Zol7t Sl sek Aol Aol e
gt 2 At @bl 7198 ZeR Ak ¥
=4 :c} % %Jﬁ} S vEd B ohiE) 3T 9
= Ao duA ATH3031]. ol @ s 8

e %‘4011& A ﬂﬁxﬂiﬁ A WA Al oI &t
Al Bigke s A lr32].

ofdel AtellM WA= AAIQl AE d7e] 9}
Alcalase® & Az|shd =4 3= o] A4 ST
3L, Holdk kst A AT S oAl BAE HoFS
ok meb] @7kl A 719t Alcalase BaialE &
Abgl AF ARt ozt FA]9] ol fslE HHoR o
T 8 AlE 287Fs730] AE Ao Al ¥ A
Hut g2RHE F Hold I aHE K= Ay SE
glale] BRlshe F& A7t B Aol

o &L

o

P

Aduke d7kE] A2k & Viscozymed} AlcalaseZ & A4-3
st FEES Aok AFEE WhEe B4R AHENS
W F2Eel S5y SR feel 27, ol wel o
ol fElEitiZd gk 3 &4 S48 e
t}. 53] 7uule] 479l AlcalaseE W3 X282 v )
=4 sRHE @ ks o] TP A UEN Y, sE
o vl#EIste] Streptococcus mutans T2 AHE JAEAT A
BHo2 k] A2 AEe] Alcalse EARNES 55
kel H R a3 R
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