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Abstract

Silverskin coffee is a by-product of roasting raw coffee beans. Silverskin coffee is
characterized by a thin yellowish gold membrane, which is a part of Spermoderm
surrounding the coffee beans. Through proximate analysis, the study of chemical
components of Silverskin coffee showed that it contains over 62.40% fiber,
15.78%carbohydrate,14.48%fat, 3.36% moisture, 2.70% minerals and 1.28% protein.
Moreover, it contains total phenolics (antioxidant) at different temperatures ranged

from 76.86-108.86 micrograms.

In this study, the effect of chemical components was initially analyzed and idea
of product was created with focus group discussion. The sample was health-conscious
people. Main factors affecting the product purchase were. cleanliness, appearance,
nutritional value such as low fat, low calories, high fiber, etc. As these results, three
prototype products were created: Raisin banana pound cake, chocolate banana
castella cake (two kinds of fiber supplemental cake) and Silverskin coffee Tea, a type

of beverage.

When' the sensory evaluation of prototype products was conducted, it was
found that the consumers preferred all three types of products with overall preference’
score 0of6.4-6.8 (slight to-moderate preference). This was attributable to the lack of
studying the formula modification by adding other raw materials because there is a fact
that Silverskin coffee influenced the texture of the dessert, reéulting in increased
dryness. Thus, the formula modification is important to meet the proper proportion of

ingredients. Besides, hydrocolloids may be added for moisturizing the product.
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4.1 vanguniaiiaTasfeiildlunisAnuvizedavinlasesy

4.1.1 JaqgunsaliaiesdiafildlunisAinuesdusznaunisaas Silverskin coffee

® Proximate analysis
1. AU (Moisture)

- inSestandun 4 Mumni

- Aluminium can

- goulwih (Hot Air Oven) fianunuenmgdle
- Togannafu (desiceaton)

- Ay (Tong)

2. 191 (Ash)

- nSestaniBun @ fumni

- hensades (@rudble)
-l e usugamgld (muffle furnace)
- Hot plate

- {idv (Tong)

3. lugiy (Crude Fat)

- inSesdianden 4 dumn

- inSeafimondifn (Soxhlet apparatus) wiendiuida thimble) waztnnedlusiy
- goulwih( Hot air oven) fimunugamals

- Iﬂ@mmm%u ( Desiccator)

- #ifu( Tong)

- Boiling chip



4.

1Usfiu (Crude Protein)

\3oetaazidon 4 fummls

Kjeldahl flask

\A3asgasuanndesndululngiay

U1502110 50 wa.

Erlenmeyer flask ¥u1% 250-450 ya.

boiling chip

loa1ms (Crudefiber)

\ASostiaziBen 4 fums

\3esinnezlerms (fiber extraction apparatus)

mevdanuln (sinter glass crucible)uwinveiiinsesUszua 40-90 luasaw
Wl (muffle furnace)

gaulwih (Hot Air Oven)
AU ( Tone)

Antioxidants (total phenolics) lagd3 Folin-Ciocalteu reagent

Spectrophotometer wazAIn (Cuvette)
PINFUIN VIR 50 ml
IINUTNINTVUIN 100 ml

Jnnasuuin 250 ml

NaRANAADY

Yauurm 1 mi, 5mi, 10 mt

lulasTiun
foudnans
Fangunsaliafasdofldlunmaimundnsos
eyl

e ONAGHEDI S

LASBITUB I TWUULLIA

YOUAN
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4.2 gsiadinazdunauildlumsAnenniasavinlasesnu

4.2.1 a1sadldlunisAnuiasdusenauaad Silverskin coffee

® Proximate analysis

ii:

2.

lusiu (Crude Fat)

&

VNadeudinesn
1Us6iu (Crude Protein)

IS I

13ARaR 40-60 BF AT
nsndanIniuny
NIAVBIN 2%
d1savateuInsgIunsalalasnaasin 0.1 ¥ 0.01 N
asazanaludeonlonsanlyd 32%
ML33(Catalyst) (03a8990.1:8 989 CUSOL/K,504)
dsazaduiames  0.1% Methyl green
0.1% Methyl red

le@1ms (Crudefiber)
dsazarensagayin (H,50,) Wudu 0.255 N.
asazaelafoulensenled 0.313 N.

z3lau

n-Octanal(Anti foam)
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® Antioxidants (total phenolics) lag35 Folin-Ciocalteu reagent
- Gallic acid
- Folin-Ciocalteau
- Sodium carbonates (10%)
- Ethanol (95%)
422 dunsuildlunisvindnsiasinaass

- NAeviou

- lala

- dhananse

- thenaleds

- utsrunts

- udaen

- wisdanoun (Fausununaziden)
- walalA

- s

- UNTURIY

- UUARTARS

- Silverskin coffee unazLden

ni ] ¥ o a % I3
AINN3 AIUNAUT LT LUNISYNNARN A aDS
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un?l 5 35015 ndun1sive

5.1 ANWINTSUIUNISHAN

5.1.1  JumaunIsABUaANILN

Suernnsthinunanefuges S 50 Alansu madlufiinwdanul mndunseda
Anududnn iy Tagldia3es grain moisture tester FuesiFudmuiuiivioinisasey
Tutaa 10-13% FeagUdeswdanuividrgindesdudaniu Tnsguundildlumsmiuga
nMuNazegil 170-180 asrniwaldualdnanlunisda 30-40 willneUssaas wasdannnnsumnd

voswannunlagnsiludes Fanisuandesudanusiaredluszeznaiussawiivizo 1eq

o .
= o Y

) Y < v & P ° o ! <
nsAnL WeAuuannuauldidanuniddimadudiaiiale 9ntulaesiusaniunann
3IMNIgiaNILudaniiassutemNSeuta s b L g anuniEuiiad e =l4iian

LY

Uszanal 4 uf udrddegiudanulfaslunsyurussyiudnniu

5.2 N53AsIZIvnaLad

52.1 Proximate Analysislasfinisimsiesinanuia, 1, oy, Wsiuuasloamns

522 Antioxidants (total  phenolics) 1ng3% Folin-Ciocalteu  reagent faseazidanlu
AANTIN A

5.3 @319uulAnuannuel
Tngle?8 Focus group discussion

fiEui139mvi Focus group discussionduiu 8au e munnauiving Ae nguaumuny

dmtnuagnguauIngunm
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5.4 VINANNUNAULUU

5.4.1 Raisin Banana Pound Cake

duNay
lala Gamglann) 2 Wes drananse (1) 30 NSy
laln tannglauna) 2 o dhananse (2) 40 n3u
ULTUNIU 25 fadans 1A 30 Haaans
UUANTATA 2 gouliy  wiludn 120 nsu
uidaueun 1505y Silverskin coffee unazLden 6 nsu
Na8YoY 150 ASu B9 Vs FoU
ANINABULIY 50 AU

/M

1. guineuiigumgil 180 esrauiad

2. Unseanwlvasluium

3. HaNLLdu Y, YiRsasuuaald sy

4. wavudsan, wlsdaseud, Silverskin coffee UnazidgauazH AT M

by vamaLmImalﬂ’fﬁﬁgﬂmxn%a?ﬂ‘zimnﬁuﬁﬂmamﬁa(l)G’hammﬁaqwuéiy’waml,l,ﬁaﬁnﬁ

6. .”L%’ﬁ’gagmsﬂ%’aﬁlﬁdumﬁuugmmwsw(z)ﬁwmmL?’wauiuﬁuuaxﬁﬁmﬁaqma
mﬂﬁy’mﬁmhuwama”awa:uumLLaxuuﬁummﬁm%'aml’?awamiaiﬁﬁu

7. dhdunauithin sl inaudhiuderis whiresudiuiuaslwiusou

8. winueusinivdldaswantudiunanluder ey mué’wqﬂmmauLLﬁaVim%wi”i
WagllaLEIuTIvAD TngldwigensnaadiunauansuudunwalidfuGe T
Tivsomaunn)

9. wdnwanaslufniindeniliFeu tudumouvuiu 35 uni soauULANanA(nadaule
Tnonslélsuansumaniuén mnlifirwdnAndusuansinaniuds) meinuupsinsg

duaiiv uneiineananfiinniuazasnnseauwlusan

mw1‘7i4 Raisin Banana Pound Cake
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5.4.2 Chocolate banana castella cake

dunay
Tl Ganngldam)  3ves  thenanse 80 NSy
laln Gamgluune) 3 vag wdevuuta 90 N5
UNTUNIY 40 nSu nalnla 25 N3y
vids 40 NSy b1 Y DU
UUANTAIN 2 oulfis  Silverskin coffee UAazLdYA 4.5 N34l
Na8voY 150 A5y dranalodedinsunnus

35911

1. guineuiigunail 180 asiwaidea

2. Ynsgawlvadufion

3. wamusdum, hisuasutEal Ay

4. wauududn, walald, Silverskin coffee unaziBaauavnaylifidiu

5. vihwausilnglihigunsneildrnfuimansiefeanuifgaudcenudinls

6. livhfgunznivfliuasuazdiunauvesndionenuatazuduminioul iiennuisa

atuunaunluauiaitoudiud anntumaslusuy o uswa R doaudiunaus iy

ho) ]

7. dumanwliinienlinaudifudrunanludone udaimennuisuiuyszanu s-
a ) =1 < & v a v Y
10 3unit aulaiiudonds mnuuldwssnsnnautlfiveuruassaivid iy
8. widunanasluiiindgmibiizeu dndumievu 30 wil sosudngnfmaaeule
lagnislilivasunaniudn mnlifiewidninduinuansinaniuds) Mainuunzunss

Thduatin wnednesnainfiuiuazasnnseaslyaan

m‘wﬁS Chocolate banana castella cake
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5.4.3 Silverskin coffeeTea
dUNEY

Silverskin coffee aunvaunazidsn 10 nu

1. rSilverskin coffee pufl 120 psmwaiToa 2 Hluauduheonangouldlognaudy
(desiccator) fisll¥iu

2. Silverskin coffee Mfuudnnuaazden fuwiasdugmmsuuunss

3. UsFRSilverskin coffee auusiiuaasdeaausutm 10 ndu aslumeadevioniussgm

4. UandneeudenIogeuing,

5.5  N0aaINRIUINAAN UIIRULUU

' '
v (3 o v &

lasn1sidenadnfne Chocolate banana castella cake 1lundnsngifiagiuiauiie
Jundadasiduivudeddduuvasumunisussifiununimmelssaméada  Hedonic scale
uay JAR laglifvinnnsvedeuday 30 au Tuntsvsdeundndasidunuudoyadlianms
Usziliugmn s szamanda Hedonic scale wag JARgthunldlun1sUsudssgnsuagiamn

gnsHan

mwﬁé Silverskin coffeeTea
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6.1 WANISIATITININATNLAINNITIATIZH
6.1.1 Proximate analysis

3.36%

2.70%

B Moisture
| Ash
1.28%
m Crude Fat
8 Crude Protein

g Crude fiber

 Carbohydrates

NINAT Proximate analysis

6.1.2  Usuuasiuayyadase total phenolicsignmgiisneg

120

R |
[ {
d((g !
& 100 |
ke |
' f
S 80
& |
5
©
5 60
o |
33

2

© ~:
‘® a0
= {
2

@ i
= 5
e
c |
© 1
= |
[y i
qg 0 (-

30 40 50 60 80 90 95

guui(asAvaLies)

A8 USinaiansiueyyadasy total phenolics igamniisingg

v
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6.2 YayanuITessnlssnoumaail

6.1 Proximate analysis

§1519712 Coffee Silverskin nutritional composition (g per 100 g).

Component Coffee Silverskin Coffee Silverskin Coffee Silverskin
from Arabica from Canephora
Proteins 18.6+0.6 18.6+0.3 17.9-19.0
Fats 2.2+0.1 2.2+0.5 2.50-2.92
Carbohydrates 62.1+1.6 65.1+ TR 47.0-80.5
Reducing sugars 0.2£0.01 NA" N.D.”
Moisture 7.320.4 g 02 N.A.
Minerals (Ashes) _ T 0P 7.0+0:2 N.A.
Total dietary fiber 62.4+0.6 62.4+0.5 53.4-69.2
Insoluble dietary SO\RZ O 0317l 48.5-64.2
fiber
Soluble dietary 8.8+0.4 8.8+0.6 4993
fiber
References A B C

From Borrelli et al. (2004) and Napolitano et al. (2006) (A), Pourfarzad et al. (2013) (B), Napolitano et

al. (2007) (C);" Not analyzed.b Not detected.

NAITNA 2 udneABsAYsENaUNINATvesSilverskincoffee 3nUITar197 9%

[

wuSilverskincoffee AR1vagnusIziiatassusenounIAlilnalAsasy Tneaasusenay

dlngazusznaumeloammswaraslulawsmdussdusenaunan



Aa

6.2  UsuuaIauayyadase total phenolicsiigaumaiisngg

u

1514713 Total phenolicsof CS water extraction

Extraction temperature

Total phenolics Total phenolic

20

(°0) (¢/100 g) (mg/g ofCS)
25 3.6+0.3 6+0
80 3.5+0.1 7+0
180 8.5+£0.5 22+1
210 12.4+0.9 36+3
240 13.0+0.6 35+2
270 12.3+0.9 28+1

From Narita and Inouye (2012).

91015199 3 nudidiuaansinueyyadase total phenolicsigumndeney 2z

'

Ysnnuiigeduillegungilunisanng iy @

(7 '

phenolics lfunfianagi 240 sermigadud

6.3 a7UMIAIUUIANUAANG AN

A1519914 agunsasiauwInuAnNandulaeglais Focus group discussion

131131989 wugun i fiauITaaniatotal

Snuauzndnium NG
YRAVDINANN T sunilslondn, Ui, Uawmasian, tules, Ty, Lﬁﬂwalﬁ,ﬁﬂﬁ‘”,
(VUw) undegonnen
LN AR IR 1 Il as ety sadeilen
(AS03f)

/sl SuUsemulayiud

gy walifan, luifledu, Fealnuan, nde, M
91gNIAUTAY) 3 Y4, 2 919nd (FmTuruw)
ANIAMELAYUINT wuties, lusfum, wraasdim, liwedqe
31A1 40-60 mm/%u

Jadelunsidende AINALDN, BNWULHTNRVDINARN N

NARA N
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6.4 NANISNAADINAUINANNUNAULUY

6.4.1 WAMNMEN Raisin Banana Pound Cake

M151995 HansUTERiuAuNMNNUsEAmALTE Hedonic scale Wag JAR dandnsiouai Raisin

Banana Pound Cake

Jadeanunn AZIUUAIIUYOU %Naf
a 7.4+0.8 93.30
nAy Silverskin coffee 6:2+1.7 56.67
naunde 5.9+1.6 56.67
Lﬁaﬁmﬁamm@ ST, 36.67
AT 5.6x1.5 23.33
auluifaifieatu 6.4+1.2 73.33
AIUNITU 6.5+1.5 66.67
ANUYIUTIY 6.4+1.2

NNA132975 Fadunanisuszdlluamninnisusramduia Hedonic scale waz JAR

AONARA Y Raisin Banana Pound Cake wunndu Silverskin coffee, ndunane, vladula

LYY i

ANy uagilledulanudguvu deliidunausuresiuilan Inedadenmnmnildiums

= =2

gouduiign laun & Adandesidunnunadgeds 93.3% ludiuvesladenmandlasums

U

o eoaa

gaususiian laun e uyntuvemdndme Alandesidunnunafiiies 23.3% wazazuuu
ANUTBURALLNEY 5.6 1T deludadenuniniiianuiestesiuiloduiavoinan fueid
msigUsuUsneulududuusn Geondvdunauiiduresuay W dndan, undn wseld

aslelasneanssd lunsifiuauguiusnndnsioei
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6.4.2 HaRAM Chocolate banana castella cake

M1319716 Nan1sUsELUAMWNNUTEAmMANTa Hedonic scale waz JAR dondnsinuai

Chocolate banana castella cake

Ui AZLUUAIUTBY %nen
a 7.4+0.9 83.33
ndu TnlA 6.3+1.1 16.66
naunde 6.0+1.6 53.33
L‘f‘zaé’mﬁammgm 6.8+1.1 76.67
ALY 6.6=1.1 73.33
mufuideiery 6.9+1.0 83.33
AHNAIU 6.3+1.4 63.33
AMULNYRLLALA 6.3+1.7 73.33
AINVBUTIY 6.8+1.2

(%
=1

N6 wundadeaunwdrulngnldlunisuseiiuvauninnedseamdndad
< A ) [P A A ) Y Aoy & A v v o = 9
Juigensuresfuilaa Sidloaesdadsaunmeiniundeliidunsonivveduilnafe Jady
AunmvaInaulalinaznaundiy dslunisusudssansenadinisldansiinusandulunis

Uiuusadadeamnind

9
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6.4.3 HanNISilverskin coffee Tea

M54 7 nansusziiununmsUssavdniaHedonic scale way JARRBNARADITSilverskin

coffee Tea

Uadnmunn AZLUUAIUTEY %Waf
a 7.70.9 96.67
ndu Silverskincoffee 6.9+1.4 63.33
nausa 5.9+1.6 53.33
anufuddeiety 7.0+1.1 90
AU 55+1.8 56.67
ANYOUTI 6.7£0.8

L

Vw7 wodadeamnmyndadeiildlunsdssdiunmninmslssamdudad

Ingdulnguanduivenivvesiuslon fifewaiadenunmlusuniusauagsauivintud

| '
v o = U =<

ellazuuumureuladenanagi 5.9 uay 5.5 aud1du Feo1aldarsatingssumni wu wgn

v lumsusuugaindusaues savnfvilelindndasisiai Juiiensuundsdy

ANNITATUIUNIAIUUANANATUAIUYBULAETINVDINANT T 3 ¥0e Togladsns

ALY RCBD nuduandusiisaiuydadinnuvoulassinainaisussiiununinmse

Uszamduialaelifuslnadauiu 30 au duldfinouumnssiuvesanuseuludeain

6.5 %’i}"liﬂjﬁdﬁﬂ’liﬂﬂaaﬂ

NKANITNARBINITUTSilverskin  coffee %ﬂLﬁuby—product nelulsssrumnun

WuSilverskin coffee TauvRlunisguin viliflethSilverskin coffee uniudiuysznauly

=

nmsnaumandua g uruutuasyi liide dudavesuuuse Seidas1ialunislduas

'
LY a A !

Aadin1sUSUUSLISilverskin coffee ﬁiﬂﬁmmxamwﬁaamﬁnmq vauugelunIsifiy

anuguAuLArIy MsldanslalasreaassduiousuuSunanihliifiunny
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unil 7 agunanisdnen

7.1 asunanldainnisAneveaes

MNNanITIRaBIlarNsAnwINUITeaiieaiuSilverskin coffee wuaSilverskin coffee
flesrdsznaumaniifiaunsadindsegnduagduvanduemsuaziniosiy e fivyan
Iwnby-product Uld F3a1nnisasrsuuamudandnsueilaeldds Focus eroup discussion

wuh Juslaadulnglluliagtudanuaulafiszguaguam lviguilaaludegtudauldly

[V 7
v s

Tun15188NMIUBIMIT VUL BALAS 0IAUIRNLINTY TIRaIAUSENaUN AT veISilverskin

coffee fidnwauziaufe leamiy wazUSunaaIseueyyadass total  phenolics 3411

v '
£ <

asnUsenaumumanduwdudnlsenaulunisasidaduyve 3 9in Faduvuy 2 daldun
Raisin banana pound cake, Chocolate banana castella cake wazia3ashy 1 ¥da LawA

Silverskin coffee Tea

7.2 ayuadldninmsufiRauaniadnm

7.21  Uymuazglassa

(%

guassalunisufiRavaniadnwiluasedfionisuusianlunisvitauianiu

@

Usenaunsuazn1svnauide Genesmeve unszAudinaduuagnnngt Iausmed §inns

Y 9

£ '
U = <

lssnufleygiansnauanihnsifeliinurenaimnssanens sniadalimauusifisatums

Vi
¥

Maddelunseiidnee
7.2.2  Uslevuiilasu

Usgleylilasuainnisufifavaniadnuiluassdvilildnuiuussaunisailums

viesmiuninauegalndda IdSeuinisnelulssnueundn Saduusslevdegamn

o
v v

Tumsthuszaunmsaifildninnisufifauluasedlvldfunmsieuasdunmeniant Snves

IGeuBuilymuasldifawarudnludiuresnsiauisy
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7.2.3  daidusius

nnmsfuanuaniadnnluasiinuinmassaunuvemisaonusznaunisdsly

AR - 4

arln llinstudamthaldsudndnwildogsdmiay ansanuatlun1suseaIuaIusuUImg

amtunsiny Juhlidndnwideenuidnilufilslugaussneunis waenmsanduassi

IS v A

winIAnaenanulsznaunslilinuvanuateuargaunfenvesanuU s neumsly

AU e WA watag NMsEnulsznaumsinundeuniniiieds noudtqy

£y

detinAnwluufoReuase
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gns funyws. (2558). lenasuszneunisaswivuaions (usiuwazladuluomis).
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gns Wunyws. (2558). AfleUfUANTIVUATRIMNS. AnEgRaInnIsinens. daa1dumalulad
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AMANUIN

AMARNUIN N

N153LATILINN9LAS]

Proximate Analysis

ANUYU (Moisture)

1. 11 aluminium can auil 120 ssmwaded 2 Hilumdanheenangeuldlagaanuiu
(desiccator) Al dunaztitaaulduiminuduey 4 suius

2. PUIMUNAIBY 9D TMITAUALA0.50 51

3. ihldeuvlugdeuiigamall 130 esrnwaidoa 2 taluslaei@an aluminium can

4. Weasualadiunyinlindulu desicator Aawiiaidaiivin
L 4. o4 & 137wﬁnmmn§uﬁu(w—wl)—ﬁmﬁnmmmﬁq(W—Wz)
ANUILUB I UAR N = I = x100

tmidnanaduiu(W—wy )
v
- 101 (Ash)
1. wmenssidesiiuiuasazeainlumiund 600 ssmwadauiy 1 lusudyiilidy

2
3.
4

o

lulagaanaifudsimiinanidend sumie) uiindminfuuey
Fasaeeiivnudn 0.15 nfaldlumenseidos

LHAIBE19U Hot plate (hluganaiu) aunuandu

Uit 600 asrwailed 3 - 4 Flusunsyieiegnarauiidv o ding

Aumenszidesnnmnyibndululagrausundiaiminvesihensy

RILNGGNVE

AU IULEIUR901MIT INEUNTS

e umihveshensussiuihwing mdaum —dmineesdaonseides
Wodidudh = s TRy,
untnvesnensuilssnuthuingreswililumsinsei—ihminvesdhensades
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lasiy (Crude Fat)
sudnunesluiunsentu Boiling chip figamg 130esrwaidoa 19 ustuinuiin

Y

=l

ALUUDU (4 ALKL)

Hashaeefloulanuduugs 0.4 nfu Tufintudnfiuiueuredenszatunsedldly
7AuLda (extraction thimble )

mesvhazatelladeudimessiuiu 140-180 Jadanslalutnineslatudefiudadild
iedruarinineslusuintuniasadnlatuimsatalosumulusunsuvenaias
deasunanidnnesluiulusuiiguugfl 105 esnwaisaflesymetlnduude s
panll

vihldululagranudutahmiindnnesdmuamiefidulviuluiesn

Anlasigulviuludoge aanaunis

Sl 5 ainaasinineslutiundsana —1huindhesis
Wodidululy = ——— RS I ~<4=— X100
unminvasininesluiunauain —windresis

1Usflu (Crude Protein)

® N5y

1. dededne 1 A3uRNNISe 7-10 n3uBunsndaisnidid 1525 AadansTd boiling
chip 2-3 gnldlunasndoslusau

2. dweengeslUsiivivastukan douhlvszneuiiiuindesseslusiiu Jndivs
anufeukaranuiignaiuriaiiiusaiidnlansanouas liaaing

3. segamnililunisden 380 asmisadsatmndediaianesnnlussninams
do Iangamgilunisgesanii2so w15 it deuasdsulufigamgiiilieen)

4. yhmsdes auldasazarsdiniedidola

5. Unaind n¥ousnuaniinaontessodiatuin seliaisazarefildiuiasnou

Wilusaitfuganau

® A15NAU

1. thmaendesfegwmaiiiuyandulusiy

2. Funsavesnifudu 29 Yiuna 60 Telunieguruynenduiirmesviades a1y
1 vien gldesazarefivuyiae Mewanvunadduyandudeuvenatafinidesin
rouiiuasadlunsavein iedndunfawenlindefindusenunly

3. Waiedeuiaimmindusarlafonlsnsenlasasunasndos arsazaralunasn

dovaziudsududen
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v
=

4. Waleuavasianlunisndu narildlunisnduIued fuusuialulasiauly

Y

50819

® mslaasm

s A o

L. dnagUruyiivssgensazareiinduaioud@eiidder uhnmslaasmiunsalele
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The present research aimed to add value to coffee silverskin by looking for new innovative applications.
Formulation of novel beverages based on coffee silverskin for body fat reduction and body weight control
was proposed. Conditions for beverage preparation were optimised. Data on chemical composition and
sensorial quality of the new drink were acquired. Health benefits were evaluated in vitro and in vivo
employing as animal model Caenorhabditis elegans. An antioxidant beverage containing physiological
active concentrations of caffeine and chlorogenic acid for prevention body fat accumulation and possess-
ing acceptable sensorial properties was obtained. Qur findings support that the use of coffee silverskin for
obtaining bioactive extract is an innovative way for revalorisation of coffee by-product.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

There has been is a rapid and greatly increased demand for the
revalorization of coffee by-products such as coffee silverskin (bean
testa, epidermis). Because of its chemical composition, it may be an
ideal natural source of a range of compounds wnth putatlve health
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Obe51ty Is increasing worldwide, and among the pathologies
associated with this 21th century epidemic, cardiovascular diseases,
cancers, metabolic syndrome and diabetes stand out. Consequently,
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a search for novel foods, drugs or supplements to prevent and treat
obesity is a priority worldwide. Several epidemiological investiga-
tions associate coffee consumption with weight control. The anti-
obesity effect of coffee may be attributed to caffeine (Martin, Clark
Laboy & Dav1dson 2010) and chlorogenic acids (CGAs) (Che

26H0; MiTrase et ab

i) present in coffee silverskin.

The aim of the plesent study was to add value to coffee
silverskin following an innovative strategy. Its potential as an
ingredient in a novel drink for reducing body fat accumulation
was evaluated.

2. Materials and methods
2.1. Reagents

Bradford reagent was provided by Bio-Rad Laboratories S.A:
glucose kit was from Spinreact (Gerona, Spain); fibre kit from
Megazyme International Ireland Ltd. Sulphuric acid 93-98% and
ethanol 96% from Panreac S.A. (Spain). Bovine serum albumin
(BSA), glucose, caffeine, CGA (3-CGA Reference C-3878), phenol
5% (p/v), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid
(ABTS)), potassium persulphate, Folin-Ciocalteu reagent and Nile
Red (9-diethylamino-5H-benzo[o]phenoxazin-5-one) were from
Sigma-Aldrich (St. Louis, MO, USA). Water was purified using
Milli-Q system. All other chemicals and reagents were of analytical
grade.
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2.2. Apparatus

A microplate spectrophotometer BioTek powerWaveTM XS
(BioTek Instruments, United States), capillary electrophoresis
apparatus Agilent G16000A (Agilent, Madrid, Spain) and FP-6200
system (JASCO Analytical Instruments, Easton, MD, USA) were used
for analysis.

2.3. Samples

Raw material: Coffee silverskin from Arabic (Coffea Arabica) and
Robusta (Coffea canephora) were provided by Fortaleza S.A. (Spain).
Powdered coffee silverskin extracts, Arabic and Robusta, were
produced as described in the patent WO 2013/004873. Tablets of
a commercial supplement based on decaffeinated green coffee
extract and containing CGA (5-caffeoyl quinic acid) as the main
bioactive compound were used for comparative analysis.

Beverages: Bags containing samples were prepared using
10-20 pm filter paper and infused in boiling water for different
times. Brewing conditions were optimised by studying influence
of: (i) raw material (raw coffee silverskin and coffee silverskin ex-
tract; (ii) extraction time (5 and 10 min); (iii) concentration of raw
material (2.5, 5 y 10 mg/ml) and (iv) coffee variety (Arabic and Ro-
busta). The colour due to melanoidins from the Arabica and Robus-
ta varieties was determined following the procedure described in
Section 2.4. Further characterisation of the chemical and nutri-
tional composition of Arabic and Robusta brews was established
by employing those methods described in Sections *.%-2.% ¢, In
vivo assays and sensory analysis were carried out as described in
Sections 2.12 and 2.1 respectively.

2.4. Melanoidins

The content of melanoidins in the brews was estimated by mea-
suring the absorbance at 420 nm. The analysns was performed
according to Adaimns Fogliano, & Pe Kimpe! 2065, All mea-
surements were performed in tup[lcale

2.5. Caffeine and CGA

The procedure was performed according to : e

/1. The separation was carrled out in a caplllary
electrophoreSls system with an ultraviolet-visible detection. The
capillaries used were made with silica and had an internal diame-
ter of 50 pm and a length of 48.5 cm. Separation was performed at
25 °C, a constant voltage of 20 kV, and injection of 50 mbar for 5 s.
Detection was performed at wavelengths of 200 nm, 280 nm and
420 nm, and the absorption spectrum recorded in the range 190
and 600 nm. Calibration curves of caffeine (0.25-5.15 mmol/L)
and CGA (0.15-2.5 mmol/L) were constructed. The analysis was
performed in triplicate. Results were expressed as ug caffeine or
CGA/ml.

2.6. Free glucose

Glucose content was determined by using an enzymatic kit as
per the manufacturer’s instructions (Glucose-TR in vitro diagnostic,
SPINREACT, S.A.). All measurements were performed in triplicate
and the results were expressed as ug glucose/ml.

2.7. Total carbohydrates

Total carbohydrates were determlned using the phenol-sulphu-
ric method as described by # i . Samples (100 pl)
were mixed with 300 pl concentlated sulphuuc acid (93-98%) and
90 ul 5% phenol(w/v) in a glass flask. The mixtures were incubated

at 90 °C for 5 min. Samples were cooled to room temperature and
absorbance was measured at 490 nm. A calibration curve was con-
structed using glucose (0.1-0.4 mg/ml). Reagent blank and sample
blank were also prepared and analysed in each set of samples. All
measurements were performed in triplicate and the results were
expressed as g glucose/ml.

2.8. Water soluble proteins

Bio-Rad Protein Assay, catalogue number 500-006, based on the
method of Bradford in micro-method format was used to deter-
mine protein concentration. Reagents were preparing according
to manufacturer’s instructions (Bio-Rad Laboratories, SIG
093094). Briefly, a solution of Bradford reagent (1:4 reagent:mil-
li-Q water) was prepared and filtered using Whatman 4 filter
papers. 10 pl of the sample and 200 ul of the Bradford solution
were placed in a multi-well microplate. The samples were incu-
bated for 5min at room temperature, and the absorbance was
measured at 595 nm. Sample blank and reagent blank were also
analysed. A calibration curve was constructed using BSA (0.05-
0.5 mg/ml). All measurements were performed in triplicate. Re-
sults were expressed as g BSA/ml.

2.9. Total phenolic compounds

Folin-Ciocalteu adapted to a micromethod format was the test
selected for analy51s of total phenollc compounds in the samples
(Coniing, Ba fMasseniim, &amelll i), The reaction was
initiated by mixing 10 pl of sample w1th 150 1l of Folin—Ciocalteu
solution. After incubation at room temperature for 3 min, 50 yl of
sodium bicarbonate solution were added. The kinetics of the reac-
tion at 37 °C was followed for 120 min by measuring the absor-
bance at 735 nm once every minute. Sample blank and reagent
blank were also analysed in each set of samples. The CGA calibra-
tion curve was used for quantification (0.1-0.8 mg/ml). Results
were expressed as pmol CGA eq./ml. All measurements were per-
formed in triplicate,

2.10. Total antioxidant capacity

ABTS deco[ourlsatlon assay was perfmmed accordmg to Giki,
dagal, Yoshistage { N . An ABTS" stock solution
was plepaled by addmg 140 mmoI/L potassium persulfate
(44 1l) to a 7 mmol/L ABTS" aqueous solution (2.5 ml), and the
mixture was then allowed to stand for 16 h at room temperature.
The working solution of the radical ABTS"" was prepared by dilut-
ing the stock solution 1:75 (v/v) in 5 mmol/L sodium phosphate
buffer pH 7.4 to obtain an absorbance value of 0.7 £0.02 at
734 nm. Samples (30 ul) were added to 270 pul working solution
ABTS" in a microplate. The absorbance was measured at
734nm for 10 min at 30°C with measurements every 2 min.
After 5min, the reaction was complete. CGA calibration
(0.15-2 mmol/L) was used to calculate overall antioxidant
capacity. Results were expressed as pmol CGA eq./ml. All
measurements were performed in triplicate.

2.11. Dietary fibre

Insoluble (IDF), soluble (SDF) and total (TDF) dietary fibre
content was determined using the Total Dietary Fibre Assay Kit
(Megazyme International Ireland, Ireland) as per the manufac-
turer’s instructions, and based on the enzymatic-gravimetric
method. Results are expressed as percent (%).
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2.12. Body fat reduction in Caenorhabditis elegans: In vivo assays

C. elegans wild type strain N, (Bristol), was obtained from the
Caenorhabditis Genetics Centre (CGC) at the University of Minne-
sota (USA) and maintained at 20 °C on nematode growth medium.
Escherichia coli OP50 strain was used as the standard nematode
diet and was also provided by the CGC. Compounds were added
on the agar surface: CGA (0.01, 0.1, 1 and 10 umol/L); caffeine
(0.025, 0.25, 2.5 and 25 pmol/L). Arabic and Robusta coffee silver-
skin extracts (25, 50 and 100 ng/ml) were used for a comparative
analysis and, in parallel, another comparative study was performed
with a commercial supplement and Robusta coffee silverskin
extract (65, 130 and 260 pg/ml). Coffee silverskin extract from
Robusta variety was selected for comparison with the commercial
supplement because of the levels of chlorogenic acids in the
samples. Nematodes were fed under different conditions relatives
to type and concentration of the samples until the young adult
stage Total lipid content was determined following
2+ by measuring the fluorescence at 480 nm X excitation
and 571 nm . emission. Red Nile was used as a dye to monitor lipid
storage in live worms. A total of 120 worms for each test were ana-
lysed. Experiments were carried out in duplicate.

2.13. Sensory analysis

Sensory analysis was performed using two different tests: a
9-verbal scale test where hedonic attributes were evaluated and
an Acceptance Level Test. Sensory evaluation was carried out in
one session involving in total 20 untrained panellists allocated to
one of two groups. Colour, odour, taste and general acceptance of
the selected beverage, A (Arabic coffee silverskin extract
10 mg/ml), B (Robusta coffee silverskin extract 10 mg/ml),C (Arabic
coffee silverskin extract 2.5 mg/ml)and D (Robusta coffee silverskin
extract 2.5 mg/ml) were tested. Results of the verbal scale test were
converted into a 9-point scale scoring 1 (lowest)-9 (highest). For
each attribute, the average of the panellists’ scores was calculated.
Beverages were considered acceptable if their mean value for overall
quality scores was equal or above 5 (neither like nor dislike).

2.14. Statistical analysis

Data were expressed as mean * standard deviation (SD). T-test
(independent samples, 2 groups) and Analysis of Variance (more
than 2 groups), one-way and two-way ANOVA, were applied to
determine differences between means. Differences were consid-
ered to be significant at p <0.05, highly significant p <0.01 and
very highly significant p < 0.001. Relationships between the differ-
ent parameters analysed were evaluated by computing Pearson
linear correlation coefficients at the p < 0.05 confidence level.

3. Results and discussion
3.1. Selection of raw material for brewing

3.1.1. Melanoidins

Colour due to coffee melanoidins was estimated by measuring
the absorbance values at 420 nm. Values corresponding to silver-
skin extracts ) were significantly higher (p < 0.05) than those
corresponding to raw silverskin. Melanoidins are the final product
of the Maillard reaction formed during the coffee bean roasting
process. The complex and variable structure of coffee melanoidins
is basically formed by polysaccharides, proteins and chlorogenic
acids. Coffee melanoidin fractions are diverse and they possess
different physicochemical properties. It is known that a fraction
of coffee melanoidins present anionic character whereas other

0.8 -

4.7 4

0.6 -

—

10

Absorbamce 420 nm

Y

RCS ACS RCSE ACSE

Fig. 1. Release of melanoidins in beverages elaborated with Robusta coffee
silverskin (RCS), Arabic coffee silverskin (ACS), Robusta coffee silverskin extract
(RCSE)and Arabic coffee silverskin extract (ACSE) (2.5 mg/ml) using 5and 10 min of
extraction. Bars represent the mean values (1= 3), and the error bars the standard
deviation. Different letters indicate significant differences between the means of the
samples (p < 0.05).

fractions do not present it or present it to a very small extent. In
addition, there are coffee melanmdm ﬁactlons plesentmg hydro-
phobic character (¥4 2)!
Results shown in ¥iz. i+ were as expected SllVElSkln extract is en-
riched in coffee melanoidins soluble in hot water. In agreement,
higher concentrations of melanoidins should be present in samples
prepared with extracts compared to those based on raw silverskin.
A significant association was observed between the concentration
of melanoidins and extraction time (p < 0.05). Results indicate that
treatment in boiling water for 10 min was adequate to achieve
high solubility of most of coffee melanoidins present either in ex-
tracts and raw silverskin.

Silverskin melanoidins may provide taste, aroma and colour to
the beverage. From the bioactivity point of view, melanoidins in
coffee have many beneficial properties to offer such as antioxidant,
antimicrobial, anticariogenic, antl mﬂammatory antihypertensive
and antiglycative (“ioreiva ¢1 al 2012). Other studies have shown
that weight gain in rats fed on a dlet rich in Malllard reaction prod-
ucts is lower than a matched control group (S« & etal, 20102)
Therefore, the presence of these compounds in the new beverage
may be assessed positively, as they can contribute to the product’s
sensorial acceptability and its biofunctional properties. Silverskin
extracts may give rise to a product with more intense sensorial ef-
fects and greater biological activity than those made from silver-
skin because they contain higher melanoidins concentrations
than those with only raw silverskin.

3.1.2. CGA and caffeine content

As expected, the amount of silverskin extract had a signiﬁcant
effect (p <0.05) on caffeine and CGA content of brews (Fig. 2A
and B). The lowest concentrations of bioactive compounds were
detected in the Arabic coffee silverskin extract samples, with a con-
centration of 2.5 mg/ml. In comparison, the highest values were
found in brews prepared with Robusta coffee silverskin extract,
with 10 mg/ml. These results suggest that Robusta coffee silverskin
extract is a better source of CGA and caffeine than Arabic coffee sil-
verskin extract,

Currently available data ‘on the chemical composition of
coffee silverskin is scarce. Caffeine values between 0.83 and
1.37 g/100 g of silverskin ( i7) and CGA in the
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Fig. 2. CGA (A) and caffeine (B) concentrations, expressed as mg CGA/ml brew and
1g caffeine/ml brew, in beverages prepared with Robusta coffee silverskin extract
(RCSE) and Arabic coffee silverskin extract (ACSE) at three different concentrations,
2.5, 5 and 10 mg/ml, using 10 min of extraction. Bars represent the mean values
(n=3),and the error bars the standard deviation. Different letters denote significant
differences between the means (p < 0.05) within a set of samples.

i ) to 3 g/100 g (v :
2) have been reported. The values found in the sam-
ples analysed in this study show that the extraction protocol pat-
ented by our research group has allowed us to obtain extracts
enriched in bioactive compounds, which may allow us to obtain
beverages with physiologically active concentrations of those com-
pounds (WO 2013/004873). Extracts were obtained containing
751.20 mg/100 g and 3.02 g/100 g of CGA and caffeine respectively
in Arabic coffee silverskin extract and 1053.80 mg CGA/100 g and
7.70 g caffeine/100 g in Robusta coffee silverskin extract. The effect
of caffeine and CGA on the metabolism have previously been de-
scribed for both compounds independently and in combination
with other compounds as well as for coffee alone (Giag

ESRT:

region of 1.10 mg/100 g (!

3.2. Nutritional characterisation of the new beverage

3.2.1. Nutrients

table 1 shows data on nutrients for brews prepared from
Robusta and Arabic coffee silverskin extracts at 2.5 mg/ml and
10 min extraction. No glucose was detected in these beverages.
Conversely, in beverages made from Arabic coffee silverskin
extract 10 mg/ml, free glucose values were 12.83 +6.01 mg/ml
and this compound was not detected in the beverage made with
Robusta coffee silverskin extract (data not shown). Total carbohy-
drate levels in the samples differed significantly (p < 0.05) with the
highest levels of these compounds found in the beverages made
from Arabic coffee silverskin extract. Additionally, statistically
different results were collected (p < 0.05) for extractable protein
content, with the highest concentration of this nutrient found in
the Robusta sample.

The results for reducing sugars, which are shown in
respond to those described by Sovreili 1 2t 72004 and

Table 1

Values of total carbohydrates, glucose and proteins, in Robusta coffee silverskin
extract (RCSE) and Arabic coffee silverskin extract (ACSE) brews, 2.5 mg/ml and
10 min of extraction.

Measurement Variety
RCSE ACSE
Glucose (g glucose/ml) n.d. n.d.
Total carbohydrates (11g glucose/ml) 136.88 £6.28* 33573 £33.37°

Water soluble protein (pg BSA/ml) 134.29 +3.95° 2487+ 1.22°

Each value represents the mean (n= 3)+standard deviation. Different letters
denote significant differences (p < 0.05) between samples of the same row.
A Non-detected.

el ¢ - These authors described null or low concentrations of
reducing sugars in coffee silverskin. However, the total carbohy-
drate and protein levels found in their research were higher than
those we detected. Earlier studies suggest that coffee silverskin is
a product rich in polysaccharides, mainly arabinogalactans and
galactomannans (Horisii e a1 20 whtano et al, 2007),
The highest values encountered for total carbohydrates and pro-
teins in our brews were 13.42 and 5.37 g/100 g, respectively. The
differences may be due to the extraction process used. Complex
water-insoluble proteins and carbohydrates may have remained
integrated in the vegetable matrix that is insoluble in the extrac-
tion treatment considered and, thus, disposed of as part of the solid
waste resulting from the extraction process.

According to the results shown in T:%i¢ ¢, the beverages ob-
tained may be included in the diet of patients with carbohydrate
and energy metabolism problems, as in the case of patients with
obesity and diabetes because its free glucose content, The new bey-
erage may be expected to present low glycaemic levels as in the
case of the beverage coffee, which is considered to have a low or
null glycaemic index (i: & )

3.2.2. Dietary fibre

Coffee silverskin extract as raw material for preparation of the
new beverage showed quantities of TDF ranging from 23% to 19%
(w/w) for Arabic and Robusta coffee silverskin extract, respectively
(data not shown). In both cases, soluble fibre content was greater
than insoluble fibre content, with a SDF/IDF ratio of 2.3 for Arabic
coffee silverskin extract and 1.8 for Robusta coffee silverskin ex-
tract, respectively.

According to the literature, SDF content (~9%) is comparable to
that of oat bran, which is considered as a rich source of this dietary
compound (Horpetti oo i34). Studies on dietary fibre composi-
tion of coffee by-products by iy and naid (127 suggest
that coffee silverskin is the coffee by-product containing the high-
est quantities of TDF (80%).

Data on TDF in coffee by-products are similar to those described
for cereals and vegetables (¥ig 1, B fo, Estévez, Chiff: &
Aserjo, 2005). The values found by our research group are lower
than those found by other authors employing direct analysis of cof-
fee silverskin. The results indicate that despite such differences,
which may be accountable to the extraction process, among other
factors, the extract obtained and employed as a raw material for
manufacturing the new beverage is a source rich in dietary fibre
and especially SDF. These results strengthen the hypotheses that
the new beverage could feature a low glycaemic index and be
appropriate for the prevention and/or treatment of conditions re-
lated to energy andjor carbohydrates metabolism and effective
body weight control.

Dietary fibre from coffee isthought to be composed chiefly by cel-
lulose, hemicellulose, pectic substances and lignin“(Borrelli et al.,

J4), comprising the monosaccharides glucose (cellulose) and
xylose, galactose, mannose, arabinose (hemicellulose) (#dissaiie

§
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des, M : ). Antioxidant properties are
assocmted to coffee sxlverskm fibre, attributed to the presence of
CGA adhering to the dietary fibre matrix formed by a complex
carbohydrate structure. Consequently 1t has been classnfed as anti-
ox1dam dietary fibre (i b ON £ {ay 130

7).

SDF and IDF present different physiological functions. Studies
have shown that SDF is capable of reducing the absorption of
macronutrients and slows down gastric emptying, which reduces
the postprandial glucose response, total cholesterol levels and
low-density lipoproteins (LDL) (i 7). Moreover,
increasing soluble and insoluble fibre intake significantly reduces
the risk of gaining weight and fat in women, independent of sev-
eral potential confounders, including physical activity, dietary fat
intake, and others. The influence of fibre seems to occur primarily
through reducing energy intake over time (7 % Thomasy

9).

On the basis of the results of our research and those described
by other authors it can be considered that the beverages made
from Robusta and Arabic coffee silverskin extracts are both poten-
tially of interest in body weight control and prevention of obesity
and diabetes. Recommendations with regard to dietary fibre con-
sumption vary depending on the regulatory body issuing them.
Thus, for example, the World Health Organization (WHO) recom-
mends a daily intake of 27-40 ¢ of TDF; the U.S. Food and Drug
Administration (FDA) proposes 25 g of fibre per day for each
2000 kcal/day in the case of adults, while the American Dietetic
Association (ADA) recommends between 20 and 30 g/day of fibre,
of which 3-10 g should be SDF (15-30% soluble fibre). The con-
sumption of one cup (200 ml) of coffee silverskin extract beverage
with a concentration of 10 mg/ml can provide approximately
0.40 g of TDF and 0.25 g of SDF. Moderate consumption of this bev-
erage, consisting of 3 cups a day, which is comparable to the rec-
ommendation for coffee, can provide 10% of the daily average
amount of SDF recommended by the ADA. It is important to under-
score that not all foods are rich in this type of fibre, which has spe-
cial physiological properties that may be beneficial in controlling
body weight. This rate of consumption would be equivalent to
drinking approximately 300 mg of caffeine and 55 mg of CGA a
day. The caffeine intake from drinking the beverage prepared as
described would be equivalent to the amount present in instant
coffee. There are not safety limits established for exposure to caf-
feine. However, earlier studies suggest that consuming 400 mg/
day does not cause adverse effects on adults, and the accepted rec-
ommended maximum for caffelne consumptlon in adults is about
3 mg/kg of body welght (ht 3

f -2). As a consequence the bevelage pre-
paled as descubed could have positive physiological effects with
potentially no adverse effects on consumers’ health. More research
is needed to test this hypothesis.

3.3. Biofunctional characterisation of the new beverage

3.3.1. Total antioxidant capacity in vitro

As shown in Fig. 3, while all the beverages had antioxidant
capacity, levels were significantly greater (p < 0.05) in beverages
made with Robusta coffee silverskin extract than Arabic. The same
trend was observed applying both of the methods. The correlation
test on the data obtained using both methods showed a correlation
coefficient close to 1 (p <0.05). The results aglee with those de—
scribed by © ¢ 71and del { ¢ { )
who found, in general a higher propomon of extlactable annoxn-
dants in aqueous solution for the samples of Robusta silverskin,
in comparison with Arabica samples. Moreover, the beverages
made from Robusta and Arabic coffee silverskin extracts, both

3.5

g
=}

e
e

I
o

i ABTS
FOUIN

umoles eq. CGA/ml brew
-
w

RCSE ACSE

Fig. 3. Data obtained by ABTS'* and Folin-Ciocalteu methods. The beverages made
with Robusta coffee silverskin extract (RCSE) and Arabic coffee silverskin extract
(ACSE) were prepared at a concentration of 2.5 mg/ml, and 10 min of extraction.
Results are expressed as (imoles eq. CGA/m] brew. Bars represent the mean values
(n=3) whereas the error bars show the standard deviation of the mean of
measurements in triplicate. Different letters denote significant differences be tween
the means (p < 0.05).

presented total antioxidant capacities similar to those described
for coffee beverage and coffee silverskin ( { 4).

The differences found in the total antioxidant capacity values in
the Arabica and Robusta beverages (= ) correspond with those
detected by analysing their components, melanoidins and CGA
(Figs. : and -A). Earlier studies suggest that these compounds con-
tribute to the anuomdant propemes ofcoffee 91Ivelsl<m { !

3

Ty Tt i owr Y i ) The
beverages made ﬁom Lhese extlacts contamed CGA at 0.09 and
0.06 umol/ml at a concentration of 2.5 mg/ml Robusta and Arabica,
respectively (i:. 2A). These values are lower than those found by
the Folin and ABTS decolourisation methods (¥iz. ). We conclude
that although the Folin method was used to detelmme free pheno-
lic compounds, other components in the beverage may have re-
acted with the reagent interfering in the final measurement. The
preparation of samples for this assay did not involve any prior
extraction of phenolic compounds. Moreover, previous studies
indicate a lack of selectivity in the method and suggest compounds
where CGA may be present, such as melanOIdlns may also be
detenmmed usmg thls method ( { ! i

Thelefore the Fohn reactlon
seems to be prov1dmCr mfm matlon on the concentration of CGA,
free and linked to complex structures (melanoidins and antioxi-
dant fibre) present in the beverages. These data are supported by
those obtained by the ABTS radical cation decolourisation method.
In view of the results available, it can be stated that about 3-4% of
the total antioxidant capacity of the beverages may be due to free
CGA. The low concentrations of free CGA in the sample are due to
the fact that the extract is made from a by-product of coffee bean
roasting. This procedure has a dramatic effect on the content of
those compounds naturally present in the beans, such as CGAs,
and gives rise to the formation of neoantioxidants derlvmg from
the Malllard leactlon punc1pally melanmdms (B

)i There is ploof however of the mcorporatlon of CGA struc-
tmes caffelc and qu1mc aCId in the dietary fibre and melanmdms

In summaw [he Lesults mdlcate that total ant10x1dant capacnty
of the beverage is an indirect indicator of the concentration of com-
pounds with different bioactivity such as CGA, melanoidins and
dietary fibre. A number of studies associate CGA and coffee mela-
noidins with reduction of body welght lndlspensable in the pre-
vention and tleatment of obeSIty( toal t

{HA oNebe kot sl aDDI 2L ThEIEfOle measuung thls plopelty
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Fig. 4. Percentages of fluorescence obtained in C. elegans wild type strain (N2) at young adult stage. (A) Dose-response assay with CGA (0.01-10 umol/L) and caffeine (0.025—
25 umol/fL). (B) Comparison between Arabic (ACSE) and Robusta coffee silverskin extract (RCSE) brews at 25, 50 and 100 ug/ml respectively. (C) Nematodes were fed with a
commercial dietetic supplement (CDS) or Robusta coffee silverskin extract (RCSE) brews at three different concentrations (65, 130 and 260 pg/ml). Pure compounds, CGA
(0.1 pg/ml) and caffeine (0.1 pg/ml) were also included as positive controls in the experiments. (a) Significant p-value < 0.05; (b) significant p-value < 0.01; (c) significant p-
value < 0.001.

may be an appropriate index for tracing the stability of foods, their 3.3.2. Effect of the new beverage on body fat content in vivo
composition, and forecasting their potential effect on body weight The results obtained by quantification of fluorescence in each
control. population of nematodes (wild type N2 C. elegans) for pure CGA
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Fig. 5. Spider-web diagram which shows the mean scores (n=20) of 1-9 scale, for
each of the attributes and beverages.

compounds (0.01-10 pmol/L) and caffeine (0.025-25 wmol/L)
showed a very clear significant dose-response effect on reducing
accumulation of body fat, with the reduction increasing as we in-
creased the concentration of the compound (i i£-“A). The highest
values for reducing the percentage of body fat obtained were 30%
and 29%, for CGA (10 umol/L) and caffeine (25 umol/L) respec-
tively. The results also suggest that CGA has a greater fat reducing
effect than caffeine in the animal model studied,

A highly significant decrease in fluorescence was observed with
the brews containing Arabica and Robusta silverskin extracts
(p <0.001) (¥ig. <B). All three concentration levels analysed (25,
50 and 100 pg/ml) gave rise to body fat reducing phenotypes. This
may highlight the dose-response effect of both extracts, and lower
levels of fluorescence, an indicator of fat accumulation, were ob-
served as the extract dose increased in the cultivar medium. The
most effective dose was found to be 100 pg/ml, corresponding to
the beverage of 10 mg/ml (body fat reduction of 21% and 24% for
Arabic and Robusta coffee silverskin extract, respectively). The bev-
erages made from Arabic and Robusta coffee silverskin extracts in
this study are equivalent to concentrations in C. elegans growth
medium of 0.81-3.22 pmol/L and 1.63-6.5 umol/L of CGA and
3.35-15.6 umol/L and 9.42-39.7 umol/L of caffeine, respectively,
which are within the range of bioactivity observed for pure com-
pounds (¥iz. 4A and B). Therefore, it can be considered that they
contain physiologically active doses of these compounds and
may have an effect in the prevention of obesity.

The results seem to indicate that the CGA and caffeine com-
pounds simultaneously present in the beverages might exert a syn-
ergic and/or additive effect on fat reduction. However, individual
pure compounds and those naturally present in the food matrix
lead to different fat reduction values. Such differences may be ex-
plained by the food matrix effect. Complex molecules such as die-
tary fibre, proteins and melanoidins in the composition of the
beverages could affect the bioavailability of CGA and caffeine,
respectively. More research is necessary to confirm this hypothesis.
Additionally, a functional effect was observed (¥iz. 4B) slightly
greater with the beverages made from Robusta coffee silverskin ex-
tract than in those made from Arabic. This may be a consequence
of the higher concentration levels of CGA and caffeine present in
the Robusta coffee silverskin extract ("i¢. ZA and B).

The comparison between the commercial supplement made
from Robusta decaffeinated green coffee extract and the beverage
made from Robusta coffee silverskin extract is shown in Rigr, 4Q)
It was observed that body fat reduction increased as we raised
the concentration of the product. Furthermore, similar results were

observed for body fat reduction from both Robusta coffee silverskin
extract beverages and the commercial dietary supplement.

Concentration levels of 0.28 umol/L of pure CGA compound
(3-CGA), equivalent to 0.1 ug/ml, have similar effects to those reg-
istered for concentration assays on the supplement (Fi: iC). The
results suggest that this commercial product is less effective than
the pure compound. The minimum CGA concentration, supple-
mented in the diet with the addition of commercial green coffee
extract, was twice as high as the concentration of pure CGA
(3-CGA) required for the same effect. As highlighted previously,
caffeine is not present in the supplement and, from the results, it
was shown that CGA bioavailability can be affected by other com-
pounds in the extract, and CGA, 3-CGA and 5-CGA isomers may
have different degrees of bioactivity. The possibility that other
compounds in the supplement may also be interfering with the
bioactivity can be ruled out.

Therefore, it can be stated that the new beverage made from
roasted coffee silverskin extract, under the assay conditionsin this
study, showed biofunctional qualities comparable to the commer-
cial dietary supplement in terms of body fat reduction. It isa nat-
ural alternative to dietary supplements for the prevention of excess
weight and obesity.

Several other research studies have been found that illustrate
the usefulness of the C. elegans model for gathering pre-clinical
data on alimentary products similar to the new beverage proposed
herein_(figssmi~ Bolertd 8 Chiistapher, 2010 Surco-laos et al,

).

3.4. Sensorial analysis of the new beverage

As shown in ©2. %, all assayed attributes were given a grade
equal to or higher than five. As regards colour, beverage B (Robusta
coffee silverskin extract 10 mg/ml) received the highest points,
with an average of 7, followed by beverage D (Robusta coffee
silverskin extract 2.5 mg/ml). Beverages B and D were the most pal-
atable in terms of taste with the Robusta beverages scoring more
higher. Beverages A (Arabic coffee silverskin extract 10 mg/ml)
and B were the most attractive in terms of smell, which seems to
be related to beverage concentration. Beverages with a concentra-
tion of 10 mg/ml scored the highest. These results matched expec-
tations, since the concentration of aromatic compounds determines
the beverage’s aroma. As expected beverages B and D, made from
Robusta coffee silverskin extract, scored the highest points overall
amongst the samples tested with a grade. This does not mean, how-
ever, that beverages made from Arabic coffee silverskin extract
were found distasteful by the panel.

Moreover, regarding the Acceptance Test, it was found that 10%
of the testing panel were prepared to consume the beverages as
served, 85% would drink them but add another ingredient (sugar,
milk, citrus, ice, etc.) and 5% declared they would not drink them.
Therefore, we can conclude the acceptance level was satisfactory as
95% of the panel were favourable towards the beverages before
being told about the benefits of consumption. Beverage B, made
from Robusta coffee silverskin extract 10 mg/ml, which achieved
the highest acceptance score in all parameters measured, also

showed the highest levels of bioactivity in vitro and in vivo (Figs. 4
upd 5).

The influence of the variables (i) gender, (ii) habitual consump-
tion of caffeinated beverages, and (iii) presence or absence of other
added ingredients (sweetener, lemon or milk) on the product’s
appeal was negligible (p > 0.05).

According to the literature on the subject, Arabic coffee is
characterised by better quality beans producing fine, aromatic
coffee. Robusta coffee, on the other hand, produces a less aromatic
coffee, rougher and stronger in flavour I & Pérgz )
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on the influence of sensorial attributes in espresso coffee, observed
that samples containing a high percentage of Robusta coffee in the
blend were characterised by acid notes, bitter taste and astringent
properties. Despite this, the sensorial analysis carried out in this
study indicates a higher degree of acceptance for the beverages
made from Robusta rather than from Arabica silverskin extract.

4. Conclusion

An antioxidant beverage with right nutritional composition,
sensorial quality and potential for preventing fat accumulation
and excess weight may be formulated by employing coffee silver-
skin extract. The characteristically chemical and nutritional com-
position of the extract supports its potential for other health
promoting applications.
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Coffee silverskin (CS) is a thin tegument of the outer layer of green coffee beans and a major by-product of
the roasting process to produce roasted coffee beans. CS extracts obtained by the treatment of CS with
subcritical water at 25-270 °C were investigated for their antioxidant activity using hydrophilic oxygen
radical absorption capacity (H-ORAC) and DPPH radical scavenging capacity assays. The antioxidant
activity increased with increasing the extraction temperature and the highest activity was observed with
the extracts obtained at 270 °C. The H-ORAC and DPPH values of the extracts were 2629 + 193 and
379+ 36 pmol TE/g of CS extract, respectively. High correlation (R=0.999) was observed between H-
ORAC and DPPH values for the CS extracts. High correlation of the antioxidant activity was also observed
with protein and phenolic contents in the extracts. The CS extracts could be useful as a good source of

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Coffee is one of the most consumed popular beverages through-
out the world. Coffee silverskin (CS) is a thin tegument of the outer
layer of green coffee beans and a major by-product of the roasting
process to produce roasted coffee beans. Most CS is disposed of as
industrial waste because the effective utilising of CS has not yet
been developed. Therefore CS can be regarded as biomass which
is expected to be utilised. Many investigators have reported the
physiological functions of green and roasted coffee beans, such as
a-amylase inhibition (Narita & Inouye, 2009, 2011), tyrosinase
inhibition (Iwai, Kishimoto, Kakino, Mochida, & Fujita, 2004), and
antioxidant activity (Richelle, Tavazzi, & Offord, 2001), etc. On
the other hand, the physiological functions of CS reported until
now are antioxidant activity (Borrelli, Esposito, Napolitano, Ritieni,
& Fogliano, 2004), previotic property (Borrelli et al., 2004), and
hyaluronidase inhibition (Furusawa, Narita, Iwai, Fukunaga, & Nak-
agiri, 2011), but the number of the reports is much less than that
for coffee bean.

The water maintained in the liquid state by pressurising in the
temperature ranging between 100 and 374 °C is called subcritical
water. The specific inductive capacity or dielectric constant of
water remarkably decreased with increasing temperature (Miller
& Hawthorne, 1998). The specific inductive capacity of subcritical

* Corresponding author. Tel.: +81 75 753 6266: fax: +81 75 753 6265.
E-mail address: inouye@kais.kyoto-u.ac.jp (K. Inouye).

0308-8146/$ - see front matter @ 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/jfoodchem.2012.05.078

water in the temperature range of between 200 and 300 °C is com-
parable as polar organic solvents such as methanol and acetone.
Moreover, subcritical water has the characteristic which functions
as acid or alkali catalyst, because the ionic product of the subcrit-
ical water is higher than water under normal temperature and
pressure. From these features, research using subcritical water is
advanced especially for treatment of food waste, such as grape
seeds, okara (Wakita et al., 2004), wheat bran (Kataoka, Wiboonsir-
ikul, Kimura, & Adachi, 2008), defatted rice bran (Wiboonsirikul
et al., 2007a). It is expected to be environment-friendly to extract
active ingredients, such as proteins and carbohydrates, from food
waste using subcritical water without using organic solvents and
other catalysts. Furthermore, it is excellent in safety not to use
the substances harmful to human at the extraction process.

It is well known that the oxidative stress must be a factor to
cause various diseases, such as cancer (Lambert & Yang, 2003), car-
diovascular disease (Diaz, Frei, Vita, & Keaney, 1997), type 2 diabe-
tes (Takayanagi, Inoguchi, & Ohnaka, 2011), Alzheimer's disease
(Christen, 2000), and Parkinson’s disease (Lang & Lozano, 1998).
Antioxidants exhibit important effects for human health by reduc-
ing oxidative stress, and also are used to prevent food from discol-
ouring and changing flavour. Therefore, antioxidants have recently
attracted attention against oxidative stress. Antioxidants are di-
vided roughly into natural and synthesized products. Consumers
generally prefer natural antioxidants to synthetic ones because of
higher safety of the former than the latter. It is well known that
polyphenols such as chlorogenic acids richly contained in coffee
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(Iwai et al., 2004), and catechins contained in tea (Gardner, McP-
hail, & Duthie, 1998), and ascorbic acid (Gil, Tomas-Barberan,
Hess-Pierce, & Kader, 2000) have strong antioxidant activity.

Recently, it has been reported that antioxidants are contained in
the by-product of some food such as defatted rice bran (Wiboonsir-
ikul et al., 2007a) and black rice bran (Wiboonsirikul, Hata, Tsuno,
Kimura, & Adachi, 2007b). The higher the radical scavenging activ-
ity of defatted rice bran extracts, the higher the temperature for
extraction ranging from 50 to 250°C (Wiboonsirikul et al,
2007a). CS extracts that is obtained by the treatments with meth-
anol and water have antioxidant activity (Borrelli et al., 2004).
However, the research on the effect of the extraction temperature
on the antioxidant activity of CS extracts has not yet been reported.
It is expected that the antioxidant activity of CS extracts would be
improved by subcritical water treatments.

The purpose of the present study is to evaluate the antioxidant
activity of CS extracts obtained by the treatment with water at var-
ious temperatures and to investigate the correlation between the
antioxidant capacities and the amount of antioxidant components
such as protein and total phenolic compounds in the extracts.

2. Materials and methods
2.1. Materials and reagents

Coffee silverskin (CS) produced by roasting coffee beans (Coffeea
arabica cv. Brazil, C. arabica cv. Colombia, C. canephora var. robusta
cv. Vietnum, and C. canephora var. robusta cv. Indonesia) was ob-
tained from UCC Ueshima Coffee Co., Kobe, Japan. CS easily peels
off roasted coffee beans in the roasting process of green coffee
beans. The function to separate CS and roasted coffee beans is at-
tached to most industrial coffee roasting machines. CS separated
from roasted coffee beans in the iron pot of the roasting machine
is collected by aspiration of air to another container. Trolox (lot
648471) was purchased from Calbiochem (San Diego, CA, USA).
Fluorescein sodium salt (lot 079K0141V) was from Sigma (St.
Louis, MO, USA). 2,2'-Azobis(2-amidinopropane) dihydrochloride
(AAPH, lot STN0525) was from Wako Pure Chemical (Osaka, Japan).
1,1-Diphenyl-2-picrylhydrazyl (DPPH, lot M9R6579), gallic acid
(lot MIR9781), phenol reagent solution (Folin-Ciocalteu’s reagent
solution, lot L2286), chlorogenic acid hemihydrate (5-CQA, lot
MB8NB8455), caffeine, anhydrous (lot M7T9075), 5-(hydroxy-
methyl)-2-furfural (5-HMF, lot MOM3597). Bovine serum albumin
(BSA, lot M6P3104) and all other chemicals were of reagent grade
and were from Nacalai Tesque (Kyoto, Japan).

2.2. Preparation of CS extracts by the treatments with water, 0.1 M
HCl, and 0.1 M NaCl at 25 and 80 °C

One gram of CS was added to 50 ml of distiled water, 0.1 M HCl
or 0.1 M NaCl, and was constantly stirred with a magnetic stirrer at
25 or 80 °C for 1 h. The mixture was filtered firstly through Kiriy-
ama No. 3 filter paper (Tokyo, Japan), and the filtrate was filtered
secondly through Kiriyama No. 5C filter paper. The filtrate was con-
centrated with a rotary evaporator. The concentrated sample was
freeze-dried and stored at —20 °C.

2.3. Subcritical water treatment of CS

One gram of CS and 50 ml of distiled water were put in a reac-
tion vessel of SUS-316 stainless steel (Taiatsu Techno Co., Osaka,
Japan). The vessel was set in a portable reactor model TPR-1
(TVS-N2 specification) (Taiatsu Techno Co.) and heated to a pre-
scribed temperature (180, 210, 240, and 270°C) and held for
10 min at each temperature. The inner pressures of the vessel at

180, 210, 240, and 270 °C were 1.0, 1.9, 3.2, and 5.3 MPa, respec-
tively. It takes 17, 22, 31, and 42 min to reach the temperatures
of 180, 210, 240, and 270 °C, respectively, from 25°C. Then the
mixture in the vessel was filtered firstly through Kiriyama No. 3 fil-
ter paper, and the filtrate was filtered secondly through Kiriyama
No. 5C filter paper. The filtrate was concentrated with a rotary
evaporator. The concentrated sample was freeze-dried and stored
at —20°C.

2.4. HPLC analysis of caffeine, 5-CQA, and 5-HMF

HPLC analysis of caffeine, 5-CQA, and 5-HMF in CS extracts was
performed according to the procedures previously reported (Narita
& Inouye, 2011) with some modifications. The CS extract solution
(10 mg/ml) was applied to reversed-phase column chromatogra-
phy in a preparative HPLC 7400 system (GL Science, Tokyo, Japan)
on an Inertsil ODS-3 [4.6 mm (inner diameter or ID) x 15.0cm)|
column (GL Science) at the column temperature of 35 °C. The mo-
bile phase was composed of solvents A (50 mM acetic acid in H,O)
and B (50 mM acetic acid in acetonitrile), and the gradient pro-
gramme was as follows: 0-30.0 min, 0-20% (v/v) of B; 30.0-
45.0min, 20-35% (v/v) of B; 45.0-50.0 min, 35-80% (v/v) of B;
50.0-50.1 min, 80-5% (v/v) of B; and 50.1-60 min, 0% (v/v) of B.
The injection volume of the CS extract solution was 10 ul and the
flow-rate was 1.0 ml/min. Caffeine, 5-CQA, and 5-HMF were de-
tected by respective absorption at 270, 325, and 284 nm with a
photodiode array. Caffeine, 5-CQA, and 5-HMF in the CS extract
were identified by comparing the retention times and the UV spec-
tra of the standard materials. The detection limits of all quantita-
tive analyses were 10 ug/ml.

2.5. Determination of total sugar contents

The total sugar contents of CS extracts were determined by the
phenol-sulphuric method (Dubois, Gilles, Hamilton, Rebers, &
Smith, 1956). The CS extract solution was prepared to the concen-
tration of 1.0 mg/ml using distiled water. Zero-point-five millilitre
of 5% (w/w) phenol was added to 0.5 ml of the CS extract solution
of 1.0 mg/ml, followed by adding quickly 2.0 ml of H,SO.4, and the
mixture was mixed well. The mixture was left for 40 min at 25 °C
in a water bath. The absorbance at 490 nm was measured using a
spectrophotometer. The total sugar contents of the CS extracts
were determined using standard curves obtained with D-glucose.

2.6. Determination of reducing sugar contents

The reducing sugar contents of CS extracts were determined by
the 3,5-dinitrosalicylic acid (DNS) method (Borel, Hostettler, &
Deuel, 1952). The DNS reagent solution consisting of 10g DNS,
0.5 g sodium sulphate, 2 g phenol, and 10 g sodium hydroxide in
1000 ml distiled water was prepared. The CS extract solutions of
1.0 mg/ml were prepared using distiled water. One millilitre of
the extract solution and 3 ml of the DNS reagent solution were
mixed and heated in boiling water for 5 min. The mixture was
cooled to room temperature, followed by the addition of 21 ml of
distiled water. The absorbance at 550 nm was measured with a
spectrophotometer. The reducing sugar contents of the CS extracts
were calculated using standard curves obtained with D-glucose.

2.7. Determination of protein

The protein content of CS extracts was determined by the
Lowry-Folin method (Lowry, Rosebrough, Farr, & Randall, 1951).
The Lowry’s solution was prepared by mixing 50 ml of 5% (w/v)
NayCOs3 aqueous solution, 0.5 ml of 2% (w/v) sodium potassium
tartrate aqueous solution, and 0.5 ml of 1% (w/v) CuSO, aqueous
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solution. Zero-point-two ml of the CS extract solution and 0.2 ml of
2 M NaOH were mixed and stood for 20 min at 25 °C. Then, the
mixture was added to 2.0 ml of the Lowry’s solution and stood
for 20 min at 25 °C. Next, the Folin-reagent was added to the mix-
ture and left for 20 min at 25 °C. The absorbance at 750 nm was
measured using a spectrophotometer. The protein contents of the
CS extracts were determined using standard curves obtained with
BSA.

2.8. Determination of total phenolic contents

The total phenolic contents of CS extracts were determined
using a previously reported procedure with the Folin-Ciocalteu’s
reagent (Singleton & Rossi, 1965). Zero-point-two ml of 1.0 mg/
ml CS extract was added to 1.8 ml of distiled water followed by
1.0 ml of the Folin-Ciocalteu’s reagent. The mixture was left for
3 min at 25 °C. Then, 5.0 ml of 0.4 M sodium carbonate was added
to the mixture. The mixture was incubated at 25°C for 1 h. The
absorbance at 765 nm (A;65) was measured using a spectropho-
tometer and the phenolic contents in CS extracts were evaluated
by a standard curve obtained with gallic acid.

2.9. Measurement of DPPH radical scavenging activity

The DPPH radical scavenging activity of CS extracts was assayed
by the previously reported method (Aoshima & Ayabe, 2007) with
some modifications. Zero-point-two ml of various concentrations
of CS extract solution prepared using 50% (v/v) ethanol aqueous
solution were mixed with 0.3 ml of 0.2 mM DPPH in ethanol and
0.5 ml of 0.5 M acetic acid buffer at pH 5.5. The mixture was sha-
ken vigorously and placed in the dark for 30 min at 25 °C. The de-
crease in the absorbance at 517 nm (As,5) of DPPH was measured
using a spectrophotometer. The DPPH radical scavenging activity
was calculated by Eq. (1).

DPPH radical scavenging activity(%)
=[1—(As = Ap)/(Ao — Ap)] x 100 (n

where A; is Asy7 of the mixture in the presence of the sample and
DPPH, A, is Asy7 of the mixture in the absence of the sample and
DPPH (blank), and Ag is As;7 of the mixture in the absence of the
sample and in the presence of DPPH. The DPPH values of the each
sample are expressed as the amount (umol) of trolox equivalents
(TE) per gram of the CS extract.

2.10. Measurement of hydrophilic oxygen radical absorbance capacity
(H-ORAC)

The H-ORAC assay was carried out according to the previously
reported method (Prior et al., 2003) with some modifications. Fluo-
rescein and AAPH solutions were prepared to the concentrations of
94.4 nM and 31.7 mM, respectively, using 75 mM potassium phos-
phate buffer (pH 7.4, buffer A). Twenty microlitre of various con-
centrations of the CS extract solutions and 200 ul of 94.4 nM
{luorescein solution were placed in a well of a 96-well microplate
and mixed well. The initial fluorescence (fy min) of each well was
measured at the excitation and emission wavelengths of 492 and
530nm, respectively. An MTP-800Lab micro-titre-plate reader
(Corona Electric Co., Ibaraki, Japan) with 492 excitation and 530
emission cut-off filters was used for fluorescence measuring. The
mixture was pre-incubated at 37 °C for 10 min, and the reaction
was initiated by adding 75 pl of 31.7 mM AAPH solution. The fluo-
rescence depletion was monitored every 2 min for 90 min (from f,
min L0 foo min) at the excitation and emission wavelengths of 492
and 530 nm, respectively. The area under the fluorescence decay
curve (AUC) was calculated according to the following Eq. (2).

AUC = (05 ><mein +f10min "'fl/lmin A +f83min +0.5
XfQUIYIiVI)/fOan x 2 (2)

The net AUC was calculated as follows:
net AUC = AUC — AUCblunks (3)

where AUCpank is the AUC value obtained with buffer A instead of
the CS extract solution. The secondary regression equation between
the concentration of trolox standard solutions and the AUC was cal-
culated. The H-ORAC values of the CS extract solutions were calcu-
lated according to Eq. (4), and were expressed as umol of TE per
gram of the CS extract.

H — ORAC(ptmolTE/gofCSextract)
= a x (net AUC)? + b x netAUC + ¢ )

where q, b, and ¢ were constants of secondary regression of Eq. (4).

3. Results and discussion

3.1. Yields of CS extracts obtained by the treatments of CS with water,
0.1 M HCI, and 0.1 M NaOH at various temperatures

The CS extracts were obtained by the treatments with water,
0.1 M HCl, and 0.1 M NaOH at various temperatures; the yields of
the CS extracts from 1g CS were shown Table 1. The yield of the
CS extract obtained by the treatment with water increased with
increasing the extraction temperatures from 25 to 210 °C, although
it decreased with increasing the temperature exceeding 210 °C.
The highest yield of the CS extracts by the treatment with water
was obtained at the extraction temperature of 210 °C; the yield
was 29% (w/w), being 1.8 times as high as that (16%, w/w) obtained
at 25 °C (Table 1). It was reported previously that the yields of the
CS extracts by the treatment with water at 25 and 121 °C were 14%
and 20%, respectively (Furusawa et al., 2011). The yield at 121 °C
was estimated to be 21% by extrapolating the data in Table 1,
and this value is in reasonable agreement with that of Furusawa
et al. The yield was considerably different by changing the extract-
ing solvent from water to 0.1 M HCl and 0.1 M NaOH, although the
extraction temperatures with those solvents were allowed only at
25 and 80 °C (Table 1). The apparent highest yield (44%) was given
by the treatment with 0.1 M NaOH at 80 °C among the conditions
examined. This apparent highest yield reflects the dry weight of CS
extracts obtained by freeze-drying the resulting mixture from the
incubation of 1g CS and 50 ml of 0.1 M NaOH at 80°C for 1h.
Therefore, it is thought that about 20% of the apparent yield was
re-solidified NaOH or sodium salt resulting from the treatment of
1 g CS with 50 ml of 0.1 M NaOH at 80 °C for 1 h.

Table 1
Yield of CS extracts.”

Extraction Yield (%, w/w)
Solvent Temperature (°C)

Water 25 161
Water 80 191
Water 180 25:+1
Water 210 29+1
Water 240 2721
Water 270 23 %1
0.1 M HC 25 21 %2
0.1 M HC] 80 28+2
0.1 M NaOH 25 37 %1
0.1 M NaOH 80 44 +1

* Each value is the mean of triplicate analysis + standard deviation.
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3.2. HPLC of caffeine, 5-CQA, and 5-HMF of CS extracts

It is reported that hexose and pentose are decomposed to
mainly 5-HMF and furfural in the process by subcritical water
treatment (Khajavi, Kimura, Oomori, Matsuno, & Adachi, 2005;
Usuki, Kimura, & Adachi, 2008). We analysed caffeine and 5-CQA,
which are the main polyphenols in coffee beans and 5-HMF in
the CS extracts by reversed-phase HPLC (Fig. 1).

The peak of caffeine was observed at the elution time of
13.8 min. The amounts of caffeine extracted from 1 g CS by the
treatment with water were in the range of 4.1-4.4 mg, and did
not depend on the extraction temperature from 180 to 270 °C (Ta-
ble 2). It was reported that the percentage yield of caffeine ex-
tracted by subcritical water extraction from tea waste increased
depending on the increase in the extraction temperature from
100 to 175°C. The highest value was obtained at 175 °C was
0.77% (w/w) (Shalmashi, Abedi, Golmohammad, & Eikani, 2010).
This difference might be due to the fact that most of the caffeine
is contained in CS could be extracted even at 25 °C, although caf-
feine in tea waste is located in an area where it can be extracted
due to the degradation of cell walls and other cell components (Ta-
ble 2). Another point is the extraction time with subcritical water
In the present study, we applied 10 min for extraction to cs,
whereas 120 min was applied to tea waste. It was suggested that
caffeine in CS extracts is not decomposed by subcritical water at
180-270°C from this experimental result. The amounts (4.1-

[Acetonitrile]

Elution time (min)

Fig. 1. HPLC chromatograms of the CS extracts obtained by the treatments of CS
with water, 0.1 M HCl, and 0.1 M NaOH at 25 and 210 “C. The extraction solvents/
temperatures: 0.1 M HCI/25°C (a), 0.1 M NaOH/25 °C (b)., water/25 “C (¢), and
water/210 °C (d). The wavelength for detection: 270 nm. Peaks (retention times): 1,
5-HMF (5.4 min); 2, caffeine (13.8 min); and 3, 5-CQA (16.5 min).

4.2 mg) of caffeine extracted from 1 g CS by the treatment with
0.1 M HCl at 25 and 80°C were the same. The amounts (1.7-
1.8 mg) of caffeine extracted from 1g CS by the treatment with
0.1 M NaOH at 25 and 80 °C were almost the same, and were lower
than those of the CS extracts obtained by treatment with water and
0.1 M HCL. The cause seems to be that the solubility of caffeine is
lowered in 0.1 M NaOH at high pH (pH is around 13) because it
is a basic material (Table 2).

5-CQA was detected in the CS extracts obtained by the treat-
ments with water at 25, 80, and 180 °C (Table 2), although it was
not detected in the CS extracts obtained by the treatments with
water at 210, 240, and 270 °C (Table 2). These results suggest that
5-CQA in CS treated by subcritical water above 210 °C was decom-
posed. It is known that a progressive destruction and transforma-
tion of chlorogenic acid with 8-10% is lost for every 1% loss of
dry matter during roasting of coffee beans (Clifford, 1999).

No difference was observed in the amounts (1.1 mg) of 5-CQA
extracted [rom 1 g CS with 0.1 M HCl at 25 °C and 80 °C were the
same. However, 5-CQA was not detected in the CS extracts ob-
tained with 0.1 M NaOH at 25 “C and 80 °C. It was reported that
caffeic acid and chlorogenic acid are stable in phosphate or acetate
buffer in acid pH (3-6) (Friedman & Jurgens, 2000). However, they
are unstable in borate buffer (pH 7-11) with an increase in pH, and
their structural changes are time-dependent and nonreversible
(Friedman & Jurgens, 2000). The cause that 5-CQA was not de-
tected in CS extracts obtained with 0.1 M NaOH (pH is around
13) at 25 and 80 °C might be based on the stability of 5-CQA at
alkaline pH.

The amount of 5-HMF extracted from 1 g CS increased with
increasing the extraction temperature from 25 to 210 °C and
reached the maximum (2.0 mg), while it steeply decreased at a
temperature of over 210 °C (Table 2). 5-HMF is considered to be
a main degradation product formed by dehydration of hexoses
through hydrothermolysis (Khajavi et al., 2005; Usuki et al,
2008) and its concentration in general is almost zero. In the pres-
ent study, CS was produced as a by-product of the roasting process
of coffee beans over 200 °C. 5-HMF detected in the CS extract ob-
tained by the treatment of CS with water at 25 °C could have de-
rived from the roasting of coffee beans. The amounts of 5-HMF
extracted from 1 g CS obtained with 0.1 M HCl at 25 and 80 °C were
almost the same (0.4-0.5 mg), but 5-HMF was not detected in the
extract obtained by the treatment with 0.1 M NaOH at 25 and 80 °C
(Table 2).

3.3. Total sugar and reducing sugar contents of CS extracts

Table 3 shows the total sugar and reducing sugar contentsin 1 g
CS extracts obtained by the treatments under various conditions,

Table 2

Caffeine, 5-CQA, and 5-HMF contents of 1 g CS or CS extracts.?
Extraction Caffeine 5-CQA 5-HMF
Solvent Temperature (°C) (mg/g of CS extract) (mg/g of CS) (mg/g of CS extract) (mg/fg of CS) (mg/g of CS extract) (mg/g of CS)
Water 25 26.4+0.1 4.1+0.1 6.4+0.3 1.0x0.0 1.1+0.1 0:2:%0.0
Water 80 23.1+0.3 4.4+02 9.0+04 1.7 0.1 1.1+£0.2 0.2+0.0
Water 180 16.2+0.2 4.1+0.1 6.1+0.2 1.5+0.1 46+0.3 1.2+0.1
Water 210 14.4+0.1 4.2+0.1 N.D.° N. D. 6.9+0.3 2.0+£0.1
Water 240 15.8+0.1 42+02 N.D. N. D. 3.8+0.1 1.0+0.0
Water 270 17.9+0.1 4.1+£0.2 N.D. N. D. 1.8+0.3 04 +0.1
0.1 M HCl 25 19.0+0.2 4.1+0.3 53 £02 1.1 £0.0 1.8+0.2 0.4+0.0
0.1 M HCl 80 15.3+0.2 42+03 3.8+0.1 1.1 £0.1 1.7+0.2 0.5+0.1
0.1 M NaOH 25 5.0+£0.2 1.8+0.1 NLD: N. D. N. D. N. D.
0.1 M NaOH 80 39+0.3 1.7+0.1 N.D. N. D. N. D! N.D.

* Each value is the mean of triplicate analysis + standard deviation
 Not detected.
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Table 3

Total sugar, reducing sugar, protein and total phenolic contents of 1 g CS or CS extracts.®

Extraction Total sugar Reducing sugar Protein Total phenolic
Solvent Temperature {mg/g of CS (mg/g of (mg/g of CS (mg/g of {mg/g of CS (mg/g of (mgfg of CS (mg/g of
(°Q) extract) CS) extract) CS) extract) CS) extract) Cs)
Water 25 366 + 21 57+2 156+ 4 25+1 212+18 332 36+3 60
Water 80 405 +30 77+9 155+9 28 +2 236+12 45+3 35+1 7 £0
Water 180 477 £29 121+9 206+ 6 52+2 378+ 20 95+5 85+5 221
Water 210 2285 67 +3 137+ 3 401 535+ 14 157 +4 124+9 36 +3
Water 240 86+1 23+1 82+ 10 21 %3 582+10 155+7 130£6 35+2
Water 270 71+6 16+1 70+ 4 151 544 + 11 125+4 123+9 281
0.1 M HCl 25 304+13 657 122+ 1 26+2 189+7 40+4 23 #1 5+1
0.1 M HCI 80 345+10 95 +4 115%5 32+1 183+13 50+7 24 £1 7 £0
0.1M 25 168 + 14 62+7 55+ 18 20+8 205+15 76 +8 15:4:2 51
NaOH
0.1M 80 185 +28 80+ 12 49+12 215 221417 97 +8 19+2 8 +1
NaOH

¢ Each value is the mean of triplicate analysis + standard deviation

The values of the total sugar and reducing sugar contents (mg/g CS
extract) were converted to their amounts (mg/g CS) contained in
1g CS (Table 3). When 1 g CS is treated by water at 25-270°C,
the amounts of total sugar and reducing sugar in 1 g CS increased
with increasing the extraction temperature from 25 °C to reach the
maximum for both at 180°C to the amounts of 121 +9 mg and
52 + 2 mg, respectively (Table 3). However, the amounts for both
decreased at a temperature of over 180 °C and turned to around
15 mg at 270 °C. The total sugar contents of the CS extracts ob-
tained by the treatment with water increased with increasing the
temperature up to 180 °C and drastically decreased at an extrac-
tion temperature over 180 °C. It was reported that the carbohy-
drate contents from the defatted rice bran extract obtained by
the treatment with water increased with increasing the extraction
temperature up to 200 °C, and decreased at a temperature of over
200 °C (Wiboonsirikul et al., 2007a). This profile of the dependence
of the carbohydrate contents on the extraction temperature is sim-
ilar to that shown in Table 3. The decrease in the carbohydrate con-
tents at temperatures over 200 °C was considered to be due to the
hydrolysis of poly- or oligosaccharides and the degradation of
monosaccharides generated by the high ionic product of water at
high temperature under subcritical conditions (Wiboonsirikul
et al.,, 2007a). The decrease in the total sugar contents of the CS ex-
tracts at a temperature of over 180 °C would also be ascribed to the
same cause. The total sugar and reducing sugar contents of the CS
extracts obtained at 240 and 270 °C were almost the same, sug-
gesting that most of the saccharides produced from the CS extracts
obtained at 240 and 270 °C could be a mixture of monosaccharides.
At the extraction temperature of 25 and 80 °C, the efficiency of the
extraction solvent for the amounts of the total sugar extracted was
in the order of 0.1 M HCl > 0.1 M NaOH > water, while that of the
reducing sugar was in the order of 0.1 M HCIl> water > 0.1 M
NaOH.

3.4. Protein and total phenolic contents of CS extracts

Table 3 shows the protein and total phenolic contents of 1 g CS
extracts obtained by the treatments under various conditions. The
values of the protein and total phenolic contents were converted to
their amounts (mg/g CS) contained in 1 g CS (Table 3). The protein
content in the CS extract obtained by the treatment with water in-
creased with increasing the extraction temperature from 25 to
240°C and the maximum values were observed at 240 °C, being
582 + 10 mg per g of CS extract (Table 3). The protein content ex-
tracted from 1 g CS increased with increasing the temperature,
although the maximum was observed at 210 °C being 157 + 4 mg
per g CS (Table 3). The amount of protein that was extracted from

1 gCSat 210 °C was about five times as high as that extracted with
water at 25 °C (33 + 2 mg). This high extraction degree obtained
under the subcritical water condition might due to the enhanced
hydrolysis of proteins, solubilisation of insoluble proteins, and deg-
radation of cell walls. It is reported that the solubility of the rice
bran protein increased due to the hydrolysis of proteins and the
cell walls by subcritical water treatment (Wiboonsirikul et al,
2007a). At an extraction temperature of 25 and 80 °C, the efficacy
of the solvent for the protein extraction from 1g CS was in the or-
der of 0.1 M NaOH>0.1 M HCl> water (Table 3). The largest
amount of protein that was extracted from 1 g CS in these condi-
tions was 97 + 8 mg, and was obtained by extraction with 0.1M
NaOH at 80 °C. However, the amount of protein that was extracted
from 1 g CS with subecritical water at 210 °C was about 1.5 times as
high as that extracted with NaOH at 80 °C (Table 3).

The total phenolic content in the CS extract obtained by treat-
ment with water increased with increasing the extraction temper-
ature from 25 to 240 °C, the maximum value was observed at
240°C and was 130 £ 6 mg per g of the CS extract (Table 3). The
largest amount of total phenolic components (36 + 3 mg) extracted
from 1 g CS was also observed with water at 210 °C (Table 3). It
was six times as high as that extracted from 1g CS with water at
25 °C(6 + 0 mg). This might also be due to the hydrolysis or degra-
dation of polyphenolic compounds, such as lignin and lignan into
smaller and soluble compounds. At an extraction temperature of
25 °C and 80 °C, the efficacy of the solvent in the extraction of total
phenolic compounds was not much different in these treatments
(Table 3). The amount of total phenolic components was 5-8 mg/
g of CS (Table 3). The amount of total phenolic components that
was extracted from 1g CS with subcritical water at 210 °C was
about five times as high as that extracted with these solvents at
25 and 80 °C (Table 3).

3.5. DPPH radical scavenging activity and H-ORAC of CS extracts

Fig. 2A and Table 4 show the results of the DPPH radical scav-
enging activity assay on the CS extracts obtained by the treatments
with water, 0.1 M HCl, and 0.1 M NaOH at various temperatures.
The values of the CS extracts obtained with water increased
remarkably in a sigmoid fashion with increasing the extraction
temperature from 25 to 270 °C (Fig. 2A). The maximum value that
was obtained with the CS extract obtained by the treatment with
water at 270 °C was 379 £ 36 pmol TE per g of CS extract (Table
4). The DPPH values of the extracts obtained with water, 0.1 M
HCl or 0.1 M NaOH at 25 and 80 °C were very similar, and were
in the range of 61-75 umol TE per g of CS extract (Table 4). The
DPPH values of CS extraction by treatment with subcritical water
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Fig. 2. H-ORAC and DPPH values of the CS extracts. Panel A: H-ORAC (open
symbols) and DPPH (solid symbols) values of the CS extracts obtained by the
treatments of CS with water (circles), 0.1 M Hcl (triangles), and 0.1 M NaOH
(squares) at various temperatures. Each point represents the mean and standard
deviation of triplicate experiments. Panel B: Relationship between the H-ORAC and
DPPH values of the CS extracts obtained by the treatments of CS with water in the
temperature range of 25-270 C.

Table 4
DPPH radical scavenging activity and H-ORAC of CS extracts.?
Extraction H-ORAC DPPH
Solvent Temperature (umol TE/g of CS (umol TE/g of €S
(-Q) extract) extract)
Water 25 354+44 74+13
Water 80 384+58 75+18
Water 180 1223+ 65 184+28
Water 210 2321 +169 323+39
Water 240 2611+150 371£33
Water 270 2629+ 193 379+36
0.1 M HCl 25 289+34 67+9
0.1 M HCl 80 284 +37 71+11
0.1 M 25 275+22 61+5
NaOH
0.1 M 80 27320 63+6
NaOH

¢ Each value is the mean of triplicate analysis + standard deviation

at 270 °C were about five times as high as the values from the
extraction by treatment with water, 0.1 M HCl or 0.1 M NaOH at
25 and 80 °C (Table 4).

The H-ORAC values of the CS extracts obtained by the treat-
ments with water, 0.1 M HCl, and 0.1 M NaOH at the various tem-
peratures were also examined (Fig. 2A & Table 4). The values of the

CS extracts obtained with water increased with increasing the tem-
perature from 25 to 270 °C also in a sigmoid fashion (Fig. 2A). The
maximum value was given at 270 °C and was 2629 + 193 rumol TE
per g of CS extract (Table 4). The values of the extracts obtained
with water, 0.1 M HCl, and 0.1 M NaOH at 25 C and 80 °C were
very similar, and were range of 273-384 umol TE per g of CS ex-
tract (Table 4). The H-ORAC values of CS extraction from the treat-
ment with subcritical water at 270 °C were about seven times as
high as the values from the extraction by treatment with water,
0.1 M HCl or 0.1 M NaOH at 25 and 80 °C (Table 4).

It is reported that the CS extracts obtained by the treatments
with distiled water and methanol have antioxidant activities as
measured with two methods, using N,N-dimethyl-p-phenylenedi-
amine (DMPD) for the water extracts and 2,2'-azinobis(3-ethyl-
benzothiazoline-6-sulphonic  acid (ABTS) for the methanol
extracts (Borrelli et al., 2004). It has not been studied whether
the antioxidant activity of the CS extracted with water changes
depending on the extraction temperature (Borrelli et al., 2004).
There are many methods reported for measuring antioxidative
activity, These methods are mainly classified into two types. One
is the assay based on hydrogen atom transfer (HAT) whichincludes
the H-ORAC assay and the other is that based on electron transfer
(ET), which includes DPPH, ABTS, superoxide dismutase, and ferric
reducing antioxidant potential assays (Dudonne, Vitrac, Coutiere,
Woillez, & Merillon, 2009). In the present study, we evaluated
the antioxidant activities of the CS extracts using the DPPH assay
and the H-ORAC assay. The H-ORAC and DPPH values of CS extracts
obtained after the treatment with water at 25-270 °C, and both
values increased remarkably with increasing the extraction tem-
peratures (Fig. 2A and Table 4). The highest values (2629 +193
and 379 +36 umol TEfg of CS extract) of H-ORAC and DPPH,
respectively, were observed at 270 °C, respectively (Fig. 2A). There
is very good correlation between the DPPH and the H-ORAC values
(R=0.999) (Fig. 2B). The good correlation of the antioxidant activ-
ities measured by the H-ORAC and DPPH methods was reported
also with sorghum (Awika, Rooney, Wu, Prior, & Cisneros-Zevallos,
2003). Generally, the phenolic compounds contribute highly to the
antioxidant activity of food. In particular, the total phenolic con-
tents of the CS extracts have high correlation with their H-ORAC
and DPPH values, with correlation coefficients (R) of 0.987 and
0.982, respectively (Fig. 3). It is worthy to note that there is also
high correlation between the protein contents and their H-ORAC

3000

DPPH value (umol TE/g of CS extract)

H-ORAC value (imol TE/g of CS extract)

0 200 400 600
Protein or total phenolic content
(mg/g of CS extract)

Fig. 3. Relationship between the H-ORAC or DPPH values and protein or total
phenolic contents of the CS extracts. The symbols, open circles, solid circles, open
triangles, and solid triangles represent the H-ORAC values versus total phenolic
contents, DPPH values versus total phenolic contents, H-ORAC values versus total
protein contents, and DPPH values versus protein contents of the CS extracts,
respectively.
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and DPPH values, with the R values of 0.994 and 0.990, respectively
(Fig. 3). Peptides produced by the decomposition of soybean pro-
tein and wheat gluten were reported to exhibit strong DPPH radical
scavenging activity and antioxidant activity against linoleic acid
oxidation in emulsion systems (Park, Morimae, Matsumura,
Nakamura, & Sato, 2008). Peptides produced by hydrolysing the
protein in CS by subcritical water treatment are considered to
show such a high antioxidant capacity. The CS extracts obtained
by the treatment with water at 210-270 °C did not contain 5-
CQA, which is thought to be the main antioxidant component of
coffee beans, although the extracts showed high antioxidant activ-
ity (Table 2 & Fig. 2A). This antioxidant activity must be due to pro-
teins and peptides. However, it is necessary to identify the
component in the CS extract that contributed to the antioxidant
capacity by further studies. Finally, this study shows that CS con-
tains fairly strong antioxidant activity and proposes that the sub-
critical water treatment is an effective method for extraction of
antioxidant components from CS.

4. Conclusions

The antioxidant activity of CS extracts obtained by the treat-
ment of CS with water and subcritical water increased with
increasing the extraction temperature from 25 to 270°C in a sig-
moid fashion. The maximum H-ORAC and DPPH values of the ex-
tracts were obtained at 270°C and were 2629+193 and
379 £36 umol TE per g of CS extract, respectively. On the other
hand, the antioxidant activity evaluated by measuring the H-ORAC
and DPPH radical scavenging activity of the CS extracts obtained by
the treatment with water, 0.1 M HCl, and 0.1 M NaOH at 25 and
80 °C were very similar. The antioxidant activity of the CS extracts
obtained by the treatment of CS with subcritical water was stron-
ger than that extracted by treatment with water, 0.1 M HCl, and
0.1 M NaOH at 25 and 80 °C.

The phenolic contents of the CS extracts obtained by treatment
with water and subcritical water at 25-270 °C have a high correla-
tion with their H-ORAC and DPPH values, with correlation coeffi-
cients (R) of 0.987 and 0.982, respectively. It is worthy to note
that there is also high correlation between the protein contents
and their H-ORAC and DPPH values, with R values of 0.994 and
0.990, respectively. Peptides produced by hydrolysing the protein
in CS by subcritical water treatment are considered to show such
a high antioxidant capacity.

The CS extracts could be useful as a good source of antioxidative
materials. Furthermore, the treatment using subcritical water was
more efficient for the production of antioxidative materials from
CS. Besides, it was shown that the subcritical water treatment is
effective for the extraction of total sugar, reducing sugar, protein,
phenolic components, and 5-HMF from CS by adjusting the treat-
ment temperature.
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saving time and energy.

Coffeesilverskinisamajorroasting by-product that could be valued as a source of antioxid ant compounds.
The effect of the major variables (solvent polarity, temperature and extraction time) affecting the extrac-
tion yields of bioactive compounds and antioxidant activity of silverskin extracts was evaluated. The
extracts composition varied significantly with the extraction conditions used. A factorial experimental
design showed that the use of a hydroalcoholic solvent (50%:50%) at 40 °Cfor 60 minis a sustainable option
to maximize the extraction yield of bioactive compounds and the antioxidant capacity of extracts. Using
this set of conditions it was possible to obtain extracts containing total phenolics (302.5 + 7.1 mg GAE/JL),
tannins (0.43 + 0.06 mg TAE/L), and flavonoids (83.0 + 1.4 mg ECE/L), exhibiting DPPH* scavenging activity
(326.0 +5.7 mg TE/L) and ferric reducing antioxidant power (1791.9 4 126.3 mg SFE/L). These conditions
allowed, in comparison with other “more effective” for some individual parameters, a cost reduction,

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, sustainability has become an essential aspect
to be observed in any human activity. For example, sustainable
food manufacturing and processing (which reduces raw materials
waste and minimizes refuse) is already a mandatory component
of the business model. Furthermore, it can represent a challenge
and an opportunity to innovate, looking for better commodities and
productiontechnologies, improving the overall environmental per-
formance of products throughout their life-cycle, and, in this way,
to gain the confidence of the increasingly informed consumers.

In the specific case of coffee producers, several procedures have
already been adopted to obtain a more sustainable product namely:
organic farming practices, preserving native forests and biodiver-
sity, bird safe and shade grown coffee, and fair-trade coffee, With
this, producers aimed to obtain a certification that will provide
them preferential market access and sell at a differential price.

* Corresponding author at: REQUIMTE/Instituto Superior de Engenharia do Porto,
Instituto Politécnico do Porto, Rua Dr. Anténio Bernardino de Almeida, 431, 4200-
072 Porto, Portugal. Tel.: +351 22 834 05 37.
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Nevertheless, the coffee industry (the second largest commodity
in the world after oil industry) still generates large amounts of
resndues representing serious environmental problems ( :
1) and, because of that, waste management is also an
|ncreasmcly important issue. Studies show that coffee husks, a
residue from coffee processing, are potential raw materials for
bioethanol production (¢ ). Other alternative is
biodiesel productionusing oil extracted from defective coffee beans
instead ofroastlnc for consumptlon of beverage with depreciated
quality (Cliveis &), Other potential examples of by-
products valorlzatlon in the coffee industry are the use of defective
coffee beans press cake (resultant from biodiesel production) or
coffee husks to be used as adsorbents for the removal of dyes from
aqueous media ({3iv 2). The production of low-cost
adsorbents from coffee husks for the treatment ofwastewater con-
taining heavy metals has been under study as well (Oiveira ¢t a
30).

The aforementioned recycling alternatives are only interest-
ing for coffee producing countries while in importing countries,
where roast of green processed beans is performed, the wastes are
mainly associated with roasting and consumption: coffee silver-
skin and spent grounds, respectively. The last example consists in
the remains of ground roasted coffee after beverage preparation.
Recently, a lot of attention is being given to their recycling, namely,
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as a possible fertilizer after composting, a versatile barrier in reduc-

ing pesticide leaching through soil, a source of oil for blodlesel or

blomass for bunker fuel substltutlon (Adi and Noo Wit Fenolt
¢ ).

Coffee snlverskm is an |ntegument that covers the raw coffee
bean. This light pellicle constitutes a by-product of coffee roasting
since it is detached during this procedure. Since usually it is not
used to prepare coffee beverages, silverskin is separated from the
beans by air flow and used, afterwards, as firelighters or dispatched
for landfills.

The preparation of dietary supplements/nutraceuticals, food
ingredients, and some pharmaceutical products is increasingly
made from the extractlon of bioactive compounds from natural
products ({3 wnaper, 2010), We believe that coffee silver-
skin might be an 1mportant source of several bioactive compounds.
In fact, the scarce literature about this matrlx suggests that lt
contains dietary fiber (i ) | i
312) and antioxidants (#ori i, 20 il aid
2012), two recovnlzed factors in the preventlon of chromc dlS-
eases (i i2). In the work presented herein,
we almed to optlmize a sustamable method to obtain silverskin
extracts with the highest possible amount of antioxidants. The
effect of the main variables affecting the extraction yields and
antioxidantactivity of extracts were studied, namely, solvent polar-
ity, temperature and time of extraction. Water and ethanol were
selected because of their low toxicity. In order to modulate the
solvent polarity, different ratio mixtures (25:75, 50:50 and 75:25)
were used. An experimental design for analyzing the effects of
time and temperature of extraction was performed for each solvent
mixture. Extracts were compared regarding their total pheno-
lics, flavonoids and tannins contents. Moreover, their antioxidant
capacity was assessed by two complementary procedures, namely,
the ferric reducing antioxidant power (FRAP) method and the
1,1-diphenyl-2-picrylhydrazyl radical (DPPH*) scavenging capacity
assay.

With this, we aim to contribute to coffee silverskin valorization
and recycling, taking advantage of its potential health properties
since its extracts could be henceforth applied in products such as
antioxidant food supplements or cosmetic products.

2. Materials and methods
2.1. Reagents and standards

Gallic acid, tannic acid, epicatechin, trolox, sodium acetate,
Folin-Ciocalteu’s phenol reagent, DPPH* (2, 2-diphenyl-1-
picrylhydrazyl), sodium nitrite, ferric chloride, aluminum chloride,
TPTZ (2,4,6-tripyridyl-s-triazine) solution, and ferrous sulfate
heptahydrate were all obtained from Sigma-Aldrich (St. Louis,
USA). Sodium carbonate anhydrous, sodium hydroxide and abso-
lute ethanol were purchased from Merck (Darmstadt, Germany).
Ultrapure water was treated in a Milli-Q water purification system
(Millipore, Bedford, MA, USA) and used to prepare all aqueous
solutions.

2.2. Samples and sample preparation

Silverskin sample were gently provided by a national coffee
roaster industry (Bicafé - Torrefacdo e Comércio de Café, Lda.,
Portugal). Sample was representative of the major by-product of
this industry and resulted from the roast of a commercial cof-
fee blend constituted by ~40% of arabica and ~60% of robusta
coffee beans (Coffea arabica and Coffea canephora var. robusta,
respectively). After reception, samples were ground (Grindomix

100% 75% water 50% water 25% water 10C%
water 25% ethanol 50% etharol 75% ethanol ethanol
i
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Fig. 1. Scheme of the silverskin extracts preparation. *Each extract was preparedin
triplicate and each replicate was analyzed in triplicate.

GM 200, Retsch, Haan, Germany), homogenized and usedto prepare
extracts.

2.3. Extracts preparation

In order to study the optimal extraction conditions, different
procedures were tested by varying solvent polarity, temperature,
and time of extraction. <. ! outlines the different conditions used
to prepare extracts.

Briefly, 1 g of ground sample and 50 mL of solvent/solvent mix-
ture (100% water, 75% water/25% ethanol, 50% water/50% ethanol,
25% water/75% ethanol or 100% ethanol) were brought into contact
at different temperatures (25, 30, 40, 50, and 60 °C), for periods of
30, 60, 90, and 180 min. Extractions were performed on a heating
plate with constant stirring (600 rpm) and each set of conditions
(solvent, time and temperature) was performed in triplicate. The
final extracts were filtered and stored at —25 °C prior analysis.

2.4. Total phenolics content

Total phenolics contents of diluted extracts (1:10) were deter-
mined according to . Briefly, 500 L of each
extract were mixed with 2.5mL of the Folin-Ciocalteu reagent
(1:10)and 2 mL of a sodium carbonate solution (7.5%m/v). The mix-
ture was first incubated at 45 °C, during 15 min, followed by 30 min
incubation at room temperature before absorbance readings at
765 nm were performed. Total phenolics content was calculated
from a calibration curve prepared with gallic acid (10-100mg|/L;
r=0.9997) and expressed as mg of gallic acid equivalents (GAE)/L
of extract.

2.5. Total flavonoids content

Total flavonoids contents were determined accordingto Zarioso
@t al, (20711 with slight modifications. Aliquots of 1mL of extract
were mixed with 4 mL of distilled water and 300 lLof 25% sodium
nitrite. After 5min at room temperature, 300 j.L of 10% AICl5 were
added, and 1 min after 2 mL sodium hydroxide (1M) and 2.4 mL
of ultrapure water. The absorbance was recorded at’510nm. Total
flavonoids content was calculated through a calibration curve of
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epicatechin (50-450 mg/L; r=0.9998) and expressed as mg of epi-
catechin equivalents (ECE)/L of extract.

2.6. Total tannins content

Total tannins contents were determined according to

4 a ;, with slight modifications. Briefly, 500 L of extract
(dlluted at 1 10 when necessary) were mixed with 2.5 mL of the
Folin-Ciocalteu reagent (1:10). After 3 min, 2 mL of sodium carbon-
ate (7.5% m/v) were added. The mixture was kept in the dark for 2 h.
Absorbance readings were carried out at 725 nm. Tannins content
was calculated from a calibration curve of tannic acid (0-0.2 mg/L;
r=0.9999) and expressed as mg of tannic acid equivalents (TAE)/L
of extract.

2.7. Antioxidant activity

2.7.1. DPPH* scavenging activity

The radical scavenging ability ofextracts was analyzed accord-
ing to the method described by a1+ - 4 with some
modifications. Briefly, 14 pL of diluted extract (1 10) were mixed
with 186 L of a freshly prepared DPPH* solution (9.3 x 10~> mol/L
in ethanol). The decrease of the DPPH* was measured in equal time
intervals of 10min by monitoring the decrease of absorption at
525 min, in order to observe the kinetics reaction. The reaction end-
pointwas attained in 40 min. A calibration curve was prepared with
trolox (25-175 mg/L, r=0.9995) and DPPH* scavenging activity was
expressed as mg of trolox equivalents (TE)/L of extract.

2.7.2. Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed according to |
{1996} with slight modifications. Briefly, 90 L of dlluted extract
(] 10) were mixed with 270 L of distilled water and 2.7 mL of
the FRAP solution (containing 0.3 M acetate buffer, 10 mM TPTZ
solution, and 20mM of ferric chloride). After homogenization,
the mixture was kept for 30 min at 37°C protected from light.
Absorbance was measured at 595nm. A calibration curve was
prepared with ferrous sulfate (50-450 mg/L, r=0.9998) and ferric
reducing antioxidant power was expressed as mg of ferrous sulfate
equivalents (FSE)/L of extract.

2.7.3. Statistical analysis

A factorial experimental design (5 x 5 x 4) was used to evalu-
ate the influence of the variables solvent, temperature and time of
extraction on the dependent variables: phenolics, flavonoids, tan-
nins, DPPH* and FRAP. The dependent variables were measured
thrice for each set of extraction operating conditions (solvent, tem-
perature, time). The set of vectors (solvent, temperature, time) were
grouped into homogeneous groups through a hierarchical Cluster
analysis by the method of least distance (Nearest Neighbor) using
the squared Euclidean distance as the measure of dissimilarity. The
Clusters were compared using a MANOVA analysis after validat-
ing the assumptions of multivariate normality and homogeneity
of variance-covariance. Whenever the MANOVA analysis detected
statistically significant effects, an ANOVA, for each of the depend-
ent variables, was performed followed by Tukey’s HSD post hoc
test. The Multiple Linear Regression procedure was used to obtain
a model that would allow predicting the value of each dependent
variable as a function of operating conditions of extraction (water
concentration in the solvent, temperature, contact time). Pearson
correlation tests were used to ascertain the existence of linear
relationships between the contents of bioactive compounds and
antioxidant activity. It was considered a 0.05 significance level for
alltests. All statistical analyzes were performed with SPSS statistics
(v21, IBM SPSS, Chicago, IL).

3. Results and discussion

The extraction yields of bioactive compounds from natural
matnces depends highly on several factors (i X 1Y
& ta ). Some important vanables such as
type ofsolvent solvent to-solid ratio, time, temperature, or pres-
sure can be managed in order to optimize compounds extraction.
Nevertheless, the role of each of these variables in the masstransfer
kinetics of the process is not always obvious (i P
The compounds of interest and the chemical composmon of the
matrix will then define the best conditions to achieve a maximum
yield of extraction.

In this work, as previously described, pure solvents (water (w) or
ethanol (e)) or hydroalcoholic mixtures (25%w:75%e, 50%w :50%e,
75%w:25%e) were tested, together with different timesand temper-
atures in an experimental factorial design set up. Total phenolics,
flavonoids, and tannins contents, as well as antioxidant activity
(using both DPPH* inhibition and FRAP assays) of the obtamed
extracts were evaluated. Results are depicted in ¥igs
respectively.

As can be observed in "i.. 7, the set of conditions used highly
influenced the extracts composition. Some of the resulting extracts
are considerably richer in phenolic compounds (>310 mg GAE/L).
That is the case of those obtained using a hydroalcoholic mixture
(50%w:50%e), at 50°C or 60°C, during 90 min. On the other hand,
25%w:75%e[60°C/90 min was the set of conditions that allowed
a significantly higher extraction of flavonoids (144 mg ECE/L). The
highest tannins concentration (0.43 mg TAE/L) was obtained using
50%w:50%e[40°C/60 min and 50%w:50%e/60 “C/180 min. Although
tannins ingestion has been related with anti-nutritional effects
(since they form complexes with proteins, starch, and digestive
enzymes causing a reductionin the nutritional value offoods), their
antioxidant, anti-mutagenic and antimicrobial properties are also
well documented, depending on the amount and type of tannins
present in the food (¢ 24). In any case, the maxi-
mum total tannins content found in our extracts (~0.40 mg TAE/L)
is very low when compared with other matrices (e.g. 41-64 mg/L
for green/black tea (i et al, 25312)).

The worst extracting solvent for total phenolics was pure
ethanol, followed by 100% water. Both options were also bad
choices to extract flavonoids, as expected, due to the interme-
diate polarity of these compounds (i %), Curiously, for
tannins, when extraction was carried out at ambient temperature
(25°C), ethanol was the best extracting solvent (being 25%w:75%e
the worst). Even so, never achieved the extraction yield obtained
with 50w:50e/40°C/60 min or 50w:50e/60°C/180 min. For the
remaining temperatures/times of extraction, pure ethanol, fol-
lowed by 100% water, were the worst solvents.

The best yields obtained for total phenollcs in ths study were
~3-fold higher than those reported by #arits :
for silverskin extracts using subcritical water (240 C, 32MPa)
130mg GAE/g of extract. This was most likely due to the different
solid-solvent ratios as well as the different extraction conditions
used. Although Marits and fnouve (2012 also started from 1 g of
coffeesilverskinin 50 mL ofsolvem(]OO/ water), they freeze-dried
the resultant extract and prepared a new 1.0 mg/mL extract for
total phenolics analysis. Therefore, our extracts were more con-
centrated. However, when comparlmr phenolics amounts per g
of coffee silverskin, xrita ane & {3127 achieved superior
yields using subcritical condmons (35 mg GAE/g of coffee silverskin
against 16 mg GAE/g in our study, for our best set of conditions).
Nevertheless, the use of subcritical water needs special equipment
that is not always available in laboratories or small industries.
That is why, in this work, we optimized the antioxidants extrac-
tion using different solvents, times and temperatures of extraction
at normal conditions of pressure. When comparing 100% water
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Fig.2. Effectof solvent, time, and temperature in the extraction yield of total pheno-
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A 50% water, O 25% water, X ethanol.

extracts prepared in this work with those of i v and
{2412 obtained at 25 and 80°C, during 1h at normal conditions
of pressure (6-7 mg GAE/g of coffee silverskin), we found that the
extraction yield could be considerably improved by using a tem-
perature of 50°C for 30 min (~12 mg GAE/g of coffee silverskin).
Nevertheless, ¥iz. ” clearly shows that, for the conditions tested
in this study, after pure ethanol, 100% water is the worst solvent
to extract silverskin bioactive compounds, with the 50w:50e and
25w:75e hydroalcoholic mixtures giving the best results, a fact that
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is certainly linked with the polarity of the analyzed compounds

As depmecl in i« %, and in accordance with the variations
observed for bioactive compounds contents, the extraction con-
ditions also affected significantly the antioxidant capacity of the
extracts. Two assays were performed in order to evaluate differ-
ent and complementary mechanisms of antioxidant action: ferric
reducing antioxidant power (FRAP) and DPPH* scavenging ability.
In the FRAP assay, the reduction of ferric 2,4,6-tripyridyl-s-triazine
(TPTZ) to a colored product is spectrophotometrically measured.
This reaction detects compounds with redox potentials of <0.7V
(the redox potential of Fe**-TPTZ), being a reasonable screen for
the ability to maintain redox status in cells or tissues. The FRAP
mechanism is totally electron transfer, therefore this method can-
not detect compounds that act by radical quenching (H transfer).
On the other hand, in the DPPH* scavenging assay, the radical may
be neutralized either by direct reduction via electron transfers or
by radical quenching via H atom transfer. This method is based on
the measurement of the reducing ability of antioxidants toward
DPPH* which can be evaluated by measuring the decrease of its
absorbance (Pricr e

The extract W|th the hlvhest DPPH* scavenging ability
(416 £4.2mg ET/L) was obtained using the following conditions:
25%w:75%e{30°C/60 min, In a general way, the best results for
DPPH* inhibition were achieved with this hydroalcoholic mix-
ture, as was also previously observed for flavonoids contents,
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although no correlation was found between results of both param-
eters (r=0.048). In what concerns to the FRAP assay, values
exceeding 1700 mg SFE/L were found in the extracts obtained
with 50%w:50%e/40°C/60 min and 50%w:50%e/50~C/90 min. These
conditions were also among the best options to extract total
phenolics and tannins. On the other hand, pure ethanol lead to
inferior values in the FRAP assay. A similar behavior was observed
for tannins: when extraction was carried out at ambient tem-
perature (25°C), 25%w:75%e was the worst extracting solvent
while for the remaining temperatures/times of extraction, pure
ethanol provided the lowest results. Nevertheless, considering all
the results together, FRAP levels were more correlated with total
phenolics (r=0.688) and tannins (r=0.686) than with flavonoids
(r=0.376).

In what concerns to the temperature of extraction, its increase
for a given solvent/contact time improved the extraction yield of
total phenolics and flavonoids, and increased the reducing power
of the extract. In the case of tannins, this tendency was reversed
at temperatures above 50°C. The DPPH* scavenging activity was
the only parameter that decreased with higher temperatures of
extraction. As no correlation was observed between the results
of the DPPH* assay and the contents of the analyzed compounds
(r=-0.053, 0.048, and —0.083, for total phenolics, flavonoids, and
tannins, respectively), other compounds present in coffee silverskin
should be responsible for the antiradical activity of the extracts,
namely melanoidins. Indeed, these compounds (whichare Maillard
products generated during the coffee roast) have their antioxidant
properties well characterized and have been identified not only
in coffee beveraves ( bra, 2007), but also in cof-
fee silverskin (Boryeli / ‘a() Such lack of correlation was
also previously observed for coffee beveracres prepared from beans
roasted at different degrees (4 iv i, ZE810), where a decrease
in phenolic contents (due to thermal degradation) was not tracked
by DPPH* assay values that were maintained or even increased,
bemcr suggested theinvolvement of melanoidins in this occurrence.

1312} also found that, at normal conditions of
pressure the increase of temperature did not improve the results
in the DPPH assay. In fact, they found similar values when aque-
ous extracts were prepared at 25°C and 80°C (74-75 umol TE/g
of extract), obtaining an improvement of the extraction yield only
at subcrltlcal conditions. Regarding other matrlces some authors
(s it M W {,2071)alsoreported that
the extractlnvtemperature had a necatlve effecton DPPH* scaveng-
ingactivity. ¢ et a s described that although the recovery
of phenolic Lompounds increased linearly with extraction temper-
ature, the antioxidant capacities of extracts from Centella asiatica
decreased when the extraction temperature was higher than 45°C.
Probably, the compounds extracted at higher temperatures have
lower anti-radical capacity as compared to those extracted at lower
temperatures.

The effect of contact time appeared to depend on temperature. It
was generally noticed that, at room temperature and above 50°C,
the extraction time did not influence the levels of the bioactive
compounds nor the antioxidant activity of the extracts, while for
intermediate temperatures (30, 40 and 50°C), an increase in the
contact time tendentially improved the performance in all param-
eters (except for the reducing power, whose value did not seem to
be affected by this operating variable). At higher extraction tem-
peratures, the contact time had a negative impact on the DPPH*
scavenging ability of the extracts. It has been reported that an
extended extractlon tlme could lead to a hwher oxygen exposure
(Nagzt 1 Chirinos et al, 2007). In this case, it is
possible that some degree of oxidation on anti-radical compounds
from silverskin may occur.

These trends are confirmed statistically by the results ofa mul-
tivariate regression analysis (Tabie 1).

The regression models are all significant (p<0.001) despite
explaining always less than 40% of the total variance. P-values also
indicate that the operating variable “time of extraction” isnota sig-
nificant predictor in the case of the dependent variables: phenolics,
DPPH* inhibition and FRAP. The sign of the regression coefficients
indicates that the reducing power of the extract increases with con-
tact time and water concentration in the solvent mixture. On the
other hand, flavonoids and the DPPH* inhibition increases slightly
with decreasing concentration of water in the extracting solvent
mixture. Notice, however that pure ethanol was, in general, the
worst extracting solvent for all the groups of compounds analyzed.
Increasing the temperature of the extraction has a beneficial effect
on the extract yield of phenolics (1.54 mg GAE/L/=C), flavonoids
(0.72 mg GAE/L/*C) and FRAP (4.70 mg GAE/L/>C), but reduces the
extract DPPH* radical scavenging capacity in 1.22 mg GAE/L/<C). A
Clusteranalysis, consideringas variables all the extract parameters,
showed that the extraction operating conditions can be allocated
into 8 groups according to the dendrogram presented in iz, 4. As
canbe seen, most of the operating conditions vectors (solvent, tern-
perature, contact time), where the extracting solvent was waterare
included in Cluster 1. In contrast, the Clusters 5, 6, and 8, which
are situated on the opposite side of the dendrogram, comprise
vectors of operating conditions wherein the solvent is ethanol or
mostly ethanol. Therefore, it may be concluded that the variable
solvent is determining in the yields of the several extract param-
eters, something that the graphical representation of the raw data
presented in i *and the multivariable regression analy-
sis already indicated. Clusters 2, 3 and 4 are composed of vectors
of intermediate operating conditions (75%w/25%e or 50%w/50%e,
40°C<temperature <60°C, 30< contact time<90). Finally, Cluster
7 includes only one set of operating conditions (ethanol, 25°C,
180 min.). These Clusters (2, 3, 4, and 7) are close in the dendro-
gram, suggesting that to obtain a similar overall performance with
ethanol to that obtained with 50%w/50%e, it is required a consider-
able increase of the extraction time. Through a MANOVA analysis
using the extract concentration of phenolics, flavonoids, tannins,
and the two measures of antioxidant activity as dependent vari-
ables, it was concluded that these Clusters of operating conditions
are statistically different (Pillai’s trace =1.103, p<0.001, Observed
power=1) (Tabic 2),

It was noted that FRAP values varied more between Clusters,
ranging from 305.9 (Cluster 5) to 1791.90 mg SFE/L (Cluster 4). The
yield in phenolics also varied considerably from Cluster to Cluster.
On the other hand, the flavonoids yield is the parameter for which
differences among Clusters are less noticeable. Taking into account
the yield in each of the dependent variables, the Clusters may be
arranged as follows:

Phenolics:

Cluster 2~ Cluster 4> Cluster 3>Cluster 6> Cluster 1 Cluster
5> Cluster 8 > Cluster 7

Flavonoid:

Cluster 2 > Cluster 7> Cluster 1~ Cluster 6~ Cluster 3 =Cluster 4~
Cluster 8 > Cluster 5

Tannins:

Cluster 4> Cluster 2> Cluster 3>Cluster 1>Cluster 6 Cluster
7> Cluster 8 =Cluster 5

DPPH* scavenging activity:

Cluster 4~ Cluster 6 Cluster 8> Cluster 5~ Cluster 1> Cluster
2> Cluster 7> Cluster 3

FRAP:

Cluster 4> Cluster 2> Cluster 1> Cluster 7~ Cluster 3 Cluster
6> Cluster 8 >» Cluster 5

The ' operating - conditions ' corresponding to  Cluster 4
(50%w:50%e[40°C/60min) stand out in the extraction yield of
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Multivariable regression statistics.

355

Variable Total phenolics (mg GAE/L) Flavonoids (mg ECE/L} Tannins {mg TAE/L)
(R?=0.269) (R?=0.298) (R?=0.320)
Jel 95% 1C » A 95%z iIC p B 95% IC p
<0.001 <0.001 <0.001
Constant 106.93 76.28t0 13758  <0.001 46.60 to 64.06 <0.001 - -0.052 to 0.042 0834
Temperature/ C 1.54 0.94t02.14 <0.001 0.55t0 0.89 <0.001 0.004 0.003 to 0.005 <0.001
Time/min 0.12 ~0.02 t0 0.26 0.081 0.02t00.10 0.003 0.000 0.000 to 0.000 0024
% Water 0.73 0.51t00.95 <0.001 ~-0.13t0 -0.01 0.029 0.001 0.001 t0 0.001  <0.001
Variable DPPH (mg TE/[L) FRAP (mg SFE/L)
(R?=0.116) (R?=0.333)
b 95% IC p A 95% IC p
<0.001 <0.001
Constant 347.16 308.9 to385.4 <0.001 475.04 290.59 t0 659.48 <0.001
Temperature/°C -1.22 -1.97 to -0.47 0.002 4.70 1.07 t0 8.32 0011
Time/min -0.04 -0.21t0 0.13 0.632 0.58 ~-0.25 to 1.40 0.169
% Water -0.54 -0.81to ~0.26 <0.001 6.29 498 t07.60 <0.001

Independent variables: % water in extraction solvent, temperat
of bioactive compounds (total phenolics, flavonoids and tanni
R? is the coefficient of determination; B represents the reg
different from zero. 95% IC stands for 95% confidence interval for the
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Table 2

Mean values (+ standard deviation} of the levels of bicactive compounds and antioxidant activity for the several Clusters of extraction conditions.
Cluster Phenolics (mg GAE/L) Flavonoids {mg E Tannins {mg TAE/L} DPPH (mg TE/L} FRAP (mg SFE/L)
1 232.4 + 50.6%° 0.23 + 0.08bcd 268.1 + 75.4%° 1161.2 + 239.1°¢
2 305.8 + 18.1° L 1677.6 + 236.0%0
3 250.6 + 12.8% 1006.2 + 35.4¢¢
4 3025 % 7.12 1791.9 + 126.3°2
5 137.5 + 46.8%¢ 0.07 + 0.01¢ 305.9 + 78.7¢
6 : 0.20 + 0.03b<d 324.5 + 36.17 609.7 £ 242.59¢
7 0.11 4 0.02¢¢ 173.5 + 16.3% 1013.3 + 75.7¢4
8 0.08 + 0.01¢ 299.0 + 49.2¢ 556.2 + 133.3d¢

In each column, values having at least one same superscript are not significantly different from each other {(p<0.05).

tannins and antioxidant activity. With regard to pheno-
lic yield, are only surpassed by the conditions of Cluster
2 (75%w:25%e/50°C/90 min; 50%w:50%e/60 “C/90 min;
50%w:50%e/50°C/90 min). It is only in terms of flavonoids
yield that the operating conditions corresponding to Cluster 4
are not among the best. The operating conditions that comprise
the Cluster 2 are, after those of 4, the ones that provide better
yields. In fact, they exceed the Cluster 4 conditions regarding the
yield of flavonoids and phenolics. On the other hand, as previously
mentioned, the set of operating conditions that are included in the
Clusters 5 and 8 (mainly pure ethanol as solvent) were those that
produce, in general, the worst yields. These differences should be
mainly associated, as already discussed, with the polarity of the
analyzed compounds.

4. Conclusion

Industrial waste production is a problem that affects the society
in general. With regard to the coffee industry, several valorization
procedures for different by-products are described in literature,
nevertheless, the process sustainability is not always taken into
consideration, and the options are often not viable from an ener-
getic, economical or environmental point of view.

The present study aimed to select the optimal conditions for
extracting antioxidant compounds from colfee silverskin, a main
by-product of coffee torrefaction industry. The best set of con-
ditions was variable according to the parameter analyzed (total
phenolics, tannins, flavonoids or antioxidant capacity).

The highest phenolic content was obtained using a hydroal-
coholic mixture (50%w:50%e), at 50°C, during 90 min. On the
other hand, 25%w:75%e/60°C/90 min was the set of conditions that
allowed a significantly higher extraction of flavonoids. The highest
tannins concentration was attained with 50%w:50%e/40° C/60 min.
The extract with the highest DPPH* scavenging ability was
obtained using the following conditions: 25%w:75%e/30° C/60 min.
Regarding the FRAP values, the highest ones were achieved using
50%w:50%e/40°C/60 min.

Nevertheless, in a sustainable perspective, it is possible to attain
a compromise between the extraction conditions and the rich-
ness of the extract in antioxidants. Using a hydroalcoholic solvent
(50%w:50%e), at 40°C during 60 min, it is possible to obtain an
extractrich in phenolic compounds, containing an average concen-
trationof 302.5 7.1 mg GAE/L total phenolics, 83.0 = 1.4 mg ECE/L
flavonoids and 0.43 +:0.06 mg TAE/L tannins, and exhibiting high
antioxidant capacity, saving simultaneously time and energy, com-
pared with other conditions analyzed. Two other aspects of the
extraction process studied that deserve to be highlighted are the
fact that the recovery of the solvents used is relatively straightfor-
ward, which represents a plus in terms of sustainability, and that
it is not necessary to separate silverskin batches according to the
variety of coffee bean, since the composition of the extracts is not
significantly affected by the composition of the samples (data not
shown). This can make the extraction process more expedite.
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1. Introduction
1.1. Coffee

Coffee is one of the most frequently consumed drinks in the world.

s _ : _ Approximately 7 million tons of green coffee beans were produced

E Abbreviations: CS, Coffee silverskin; CGAs, Chlorogenic acids; 5-CQA, 5-Caffeoylquinic globally in 2010 (FOOd and Agricultural Ot’ganization). With the in-
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; ; exporting countries, annual coffee production has increased. Coffee is
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Fig. 1. Typical section of a coffee cherry.

latitude, known as “the coffee belt”. More than 60 countries produce
green coffee beans (Lashermes, Andrade, & Etienne, 2008; Vieira,
2008). Brazil is the global leader in production of green coffee beans,
followed by Vietnam, Indonesia, Colombia, and India (Bacon, 2005:
United States Department of Agriculture).

Coffee plants belong to the botanical family Rubiaceae, which
includes approximately 80 species. Two major coffee species are culti-
vated for drinking. Coffea arabica, known as arabica coffee, accounts
for approximately 75% of global coffee production and C. canephora,
known as robusta coffee, accounts for approximately 24% of global
coffee production (Bertrand, Ramirez, Topart, & Anthony, 2002; Casal,
Oliveira, Alves, & Ferreira, 2000; van Boxiel, Berthouly, Carascs,
Dufour, & Eskes, 1995). Coffee beans are roasted using dry heat at tem-
peratures between 200 °C and 300 °C with constant agitation to ensure
even heating. During roasting, the color of green coffee beans shifts
to yellow, then to a suntan-like light brown, and later to a dark, oily
brown color. Some of the natural sugars in the beans are transformecd
into CO; gas, and others are caramelized into the complex flavor es-
sences that contribute to good taste and color. Chlorogenic acid lactones
produced from chlorogenic acids (CGAs) by roasting green coffee beans
has contributed to the bitter taste of brewed coffee (Faral, de Paulis,
Moreira, Trugo, & Martin, 2006; Farah, de Paulis, Trugo, & Martin,
2005). In recent years, in addition to studies of taste and flavor,
attention has been focused on the biological activities of coffee ingredi-
ent. In particular, it has been reported that CGAs have various bioactiv-
ities, such as antioxidant activity (Iwai, Kishimoto, Kakino, Mochida, &
Fujita, 2004), c-amylase inhibition (Narita & Inouye, 2009, 2011), lipase
inhibition (Narita, Iwai, Fukunaga, & Nakagiri, 2012), antihyperglycemic
effects (Iwai et al., 2012), and other activities.

1.2. Coffee silverskin

Fig. 1 shows the structure of the fruit (coffee cherry) of the coffee
tree (Saenger, Hartge, Werther, Ogada, & Siagi, 2001). The coffee cherry
is oval and approximately 10 mm in size. Green coffee beans exist in-
ward in the coffee cherry and are covered by a thin seed skin known
as coffee silverskin (CS), an endocarp called the parchment, a pectic ad-
hesive layer, pulp, and epicarp (outer skin) in the order (Saenger et al.,
2001). Green coffee beans are generally produced via two processes, pu-
rification and thresh process (Bytof, Knopp, Schieberle, Teutsch, &
Selmar, 2005; Bytof et al,, 2007; Casal et al., 2004; Knopp, Bytof, &
Selmar, 2006). For the purification process, two methods generally

are used. One is the “washed” or “wet” method and the other is
“unwashed”, “natural” or “dry” method. In general, more CS is obtained
from green coffee beans purified by the dry method than from those
purified by the wet method. The outer skin, pulp, pectic adhesive
layer, and parchment are completely removed from the green coffee
beans in these two processes. However, a portion of CS remains with
the green coffee beans after their treatment. The green coffee beans
with attached CS are exported to consuming countries from producing
countries, and the beans are roasted by suppliers in the consuming
countries. Thus, CS is the only by-product produced in the roasting pro-
cess, and large amounts of CS are produced by large-scale coffee roasters
in consuming countries.

Many research groups are focusing on the utilization of coffee wastes
that are by-products of the coffee brewing process as source of sugars,
minerals and fibers; as alternative renewable energy sources { bio-diesel
oil and bio-ethanol); and as electrode materials (Al-Hamamre, Foerster,
Hartmann, Kroger, & Kaltschmitt, 2012; Kondamudi, Mohapatra, &
Misra, 2008; Mussatto, Carneiro, Silva, Roberto, & Teixeira, 2011;
Rufford, Hulicova-jurcakova, Zhu, & Lu, 2008). Studies on the utilization
of coffee waste have advanced worldwide (Esquivel & Jimenez, 2012;
Murthy & Naidu, 2012; Mussatto, Machado, Martins, & Teixeira, 201 1)
but methods for the effective utilization of CS have not been developed.
Thus, most €S is disposed of as industrial waste. CS is the only
by-product of the coffee bean roasting process, and CS can only be
collected in large amounts from roasting factories. Therefore, CS is a
resource that may be easy to reuse, and it can be regarded as biormass
that is expected to be utilized in the future.

2. Chemical composition of CS
2.1. Dietary fiber in CS

CS ingredients and the amounts thus far reported are summarized
into Table 1. Dietary fiber is important for nutrition and health and is
used as a therapeutic material for physiological problems such as diabe-
tes and hyperlipidemia (Saura-Calixto, Garcia-Alonso, Goni, & Bravo,
2000). 1t is thought that dietary fiber will help in preventing cardiovas-
cular disorders by arteriosclerosis or the serious complications of diabe-
tes, because this controls the absorption of cholesterol and fat into the
body by adsorbing them. CS has a high dietary fiber (50-60%), which in-
cludes 15% soluble dietary fiber and 85% insoluble dietary fiber (Borrelli,
Esposito, Napolitano, Ritieni, & Fogliano, 2004; Napolitane, Fogliano,
Tafuri, & Ritieni, 2007; Napelitano et al., 2006; Pourfarzad, Mahdavian-
Mehr, & Sedaghat, 2013). Napolitano et al. {2007) investigated CS die-
tary fiber obtained from four types of C. arabica samples from
Ethiopia, Santos, India, and Costa Rica, and three types of C. canephora
samples from Ivory Coast, Vietnam, and Cameroon. They reported that
there were no significant differences in the dietary fiber and soluble di-
etary fiber contents between all samples tested. The dietary fiber con-
tent of CS is higher than that of dietary plant foods such as apple
(28.43%), Broccoli (28.94%), cabbage (22.41%), carrot (28.4%), wheat
bran (41.97%), oat bran (28.60%), and potato (2.85%) (Anderson &
Bridges, 1988; Chen, Rubenthaler, Leung, & Baranowski, 1988
Southgate, 1978). It has been reported that insoluble dietary fiber
shortens intestinal transit, thereby allowing less time for carbohydrates
to be absorbed (Montonen, Knekt, Jarvinen, Aromaa, & Reunanen,
2003). Insoluble dietary fiber is considered effective for prevention
and remedial treatment of diabetes by controlling the carbohydrate ab-
sorption time (Hayashi et al., 2010; van de Laar et al., 2005). Therefore,
CS consumption may be effective for the prevention and treatment of
diabetes. However, this is the possibility suggested from the results ob-
tained from an in vitro experiment, and in vivo experiment is necessary
in order to confirm the presence or absence of the effects. Before that, it
is necessary to confirm that there is no toxicity from intake of CS for
humans. Recently, Lang et al. reported that 2-O-f3-p-glucopyranosyl-
carboxyatractyligenin, which is a kind of aminoglycoside and inhibits
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ATP-production in isolated mitochondria by blockage of adenine nucle-
otide translocase, was found in raw coffee bean (Lang et al., 2013).

In general, plant dietary fiber consists of hemicelluloses, cellulose,
lignin, oligosaccharides, polysaccharides, pectins, gums, and waxes
(Harris & Smith, 2006; Lecumberti et al, 2007; Rodriguez, Jimenez,
Bolanos, Guillen, & Heredia, 2006). It is reported that 34.6-80.5% of car-
bohydrates are included in CS (Borrelli et al., 2004; Napelitano et al.,
2006, 2007; Pourfarzad et al, 2013). CS contains approximately 30%
lignin, and the polysaccharides in CS are 17.8% glucan, 4.7% xylan, 2%
arabinan, 3.8% galactan, and 2.6% mannan (Mussatio, Machado,
Carneiro, & Teixeira, 2012). Itis suggested that CS has little monosaccha-
ride contents because the contents of reducing sugars was low { Borrelli
et al, 2004; Napolitano et al., 2006).

2.2. Protein, fat, and ash in CS

CS contains protein, fat, and ash, at 16.2-19.0%, 1.56-3.28%, and 7%,
respectively (Borrelli et al, 2004; Napolitano et al., 2006, 2007:
Pourfarzad et al,, 2013). The total mineral contents of green coffee
beans are approximately 4% (w/w dry matter) (Clarke & Walker,
1974; Grembecka, Malinowska, & Szefer, 2007). It is reported that min-
eral contents of roasted coffee beans are 4-5% (Franca, Oliveira,
Mendonca, & Silva, 2005; Oliveira, Franca, Mendonca, & Barros-Junior,
2006; Tawiik & EI Bader, 2005). The main component of mineral in
green coffee beans is potassium, and its contents are approximately
40% of the amounts of total mineral (Clarke & Walker, 1974). The com-
positions of minerals CS have not been clarified so far. de Assuncao et al.
{2012 reported that the contents of calcium are higher than potassium
in coffee husk. CS has approximately 0.81-1.37% caffeine (Napolitano
et al,, 2007). Coffee beans contain 1-3% (w/w dry matter) caffeine
(Alonse-Salces, Serra, Reniero, & Heberger, 2009; Belay, 2011; Ky
et al, 2001). Thus, the caffeine contents of CS are lower than that of cof-
fee beans. Napolitano et al. (2007) investigated seven types of CS from
dilferent growing areas and species that differ in their protein, fat, car-
bohydrate, reducing sugar, caffeine, total dietary fiber, insoluble dietary
fiber, and soluble dietary fiber contents. They showed that there were
no significant correlations between geographic variety and growth con-
ditions in which CS was produced and the chemical composition of CS.

2.3. Summary of chapter 2

This brief overview describes the CS constituents, and in particular,
those that may promote health. There is a possibility that it can be
used as a source of dietary fiber and minerals as CS has high contents
of these. CS is the major by-product of the roasting process, and easily
peels off from roasted coffee beans in the roasting process of green cof-
fee beans. Therefore, it is considered that the amounts of CS ingredients
vary with the degree of roasting, because the ingredient contents of
roasted coffee beans varies with the degree of roasting (Farah et al.,
2005; Somporn, Kamtuo, Theerakulpisut, & Sirlamornpun, 201 1). We
expect to learn more in the future about CS constituents, such as flavor,
pigments, and organic acids, and the variety of CS ingredient that differ
according to the degree of roasting and the species of green coffee
beans.

In the case of using CS to liquid processed products such as bever-
ages and detergents, CS water extracts are more convenient than ¢S of
solid matter. For example, CS has high amounts of dietary fiber of
about 50-60 g/100 g (Table 1). However, when the amounts of soluble
and insoluble fractions of the dietary fiber in CS are compared, the for-
mer is about 1/10 of the latter (Tabie 1). Then, we summarized CS
water extracts in next subject.

3. CS water extracts
3.1. Yields of soluble solid from CS

It has been reported that yields of soluble solid obtained from €S by
water extraction change with the extraction temperature (Furusawa,
Narita, fwai, Fukunaga, & Nakagiri, 2011; Narita & Inouye, 2012). The
yields with extraction at 25 °C and 80 °C were 16% (w/w dry matter)
and 19% (w/w dry matter), respectively (Furusawa el al, 2011; Narita
& Inouye, 2012). Furusawa et al. (2011) reported that the amounts of
total sugars in CS water extracts were 29.5% (w/w dry matter) and
that the extracts contained acidic polysaccharides. It has been suggested
that these polysaccharides are pectic substances because they have a
high uronic acid content (Furusawa et al., 2011).

Water maintained in the liquid state with pressure at temperatures
ranging between 100 °C and 374 °C is called subcritical water. The

Table 1

Coffee silverskin nutritional composition (g per 100 g).
Component s

- from Arabica from Canephora from Arabica -

Proteins 18.6 + 0.6 17.9-19.0 18.4-19.0 162
Fats 22401 2.50-2.92 1.56-3.28 N.A
Carbohydrates 621+ 16 47.0-80.5 34.6-52.0 N.A
Reducing sugars 0.2 £ 0.01 N.D.* N.D. N.A
Moisture 73+04 N.A. N A. 47
Minerals (Ashes} 70402 N. A N.A. N.A.
Caffeine N.A 0.81-1.37 0.83-1.16 N.A
Ochratoxin A <4 ppb N. A N.A N.A.
Total dietary fiber 624406 53.4-69.2 56.4-65.9 N.A
Insoluble dietary fiber 537402 48.5-64.2 50.1-60.7 N.A
Soluble dietary fiber 8.8+ 04 49-93 50-6.3 N.A.
Glucan N. A N.A. N.A. 178
Xylan N.A. N.A. N. A. 47
Arabinan N.A. N.A. N.A. 20
Galactan N.A. N.A. N.A. 33
Mannan N. A N.A N A N.A. 26
Lignin N.A. N A N.A. N. A. 302
Acetyl groups N.A. N.A N.A. N. A 30
Extractives N.A. N. A N. A N. A. 150
References A B c C D

From Borrelli et al. {2004} and Napolitano et al. {2008} (A), Poutfarzad et . {2013 (B),

¢ Not analyzed.
5 Not detected.

fitano et al {2007} (C), and Mussatto et al {20123 (D).
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Table 2
Yields of soluble solid from CS of solid and each component and antioxidant activity of CS water extraction.’
Extraction temperature Yields of soluble solid Proteins Carbohydrates Caffeine Total phenolics H-ORAC DPPH
Q) (g/100 g) {g/100 g} {g/100 g} {g/100 g) (g/100 g} {pmol TE/g of CS extracts} {pmol TE/g of CS extracts)
25 161 + 36.6 + 2.1 264+ 00 36+03 354 1 44 74 +13
80 1941 236+ 12 40. E 23+ 00 354 0.1 384 + 58 75+ 18
180 378 +20 477 £ 29 1.6+ 00 85+ 05 1223 46 184 + 28
210 535+ 14 228450 14400 124408 2321 & + 39
240 582 4+ 1.0 86+ 1.0 1.6 +00 13.0 4+ 0.6 2611 +
270 544+ 1.1 71406 1.3 £ 0.0 123+ 09 2629 +

@ From Narita and inouye {2012},

specific inductive capacity or dielectric constant of water decreases re-
markably with increasing temperature (Miller & Hawthorne, 1998).
Moreover, subcritical water functions as an acid or alkali catalyst be-
cause the ionic product of subcritical water is higher than water under
normal temperature and pressure conditions. Recently, subcritical
water has been used extensively for research on extracting ingredients
from food waste such as okara (Wakita et al., 2004), wheat bran
(Kataoka, Wiboonsirikul, Kimura, & Adachi, 2008), and defatted rice
bran (Wiboonsirikul et al,, 2007). The yields of CS extracts from water
treatment increased with extraction temperature from 25 °C to 210 °C
and decreased in a temperature-dependent manner in the temperature
range of 210-270°C (Table 2). The highest yields (29%, w/w dry matter)
of CS extracts by water treatment were obtained at an extraction tem-
perature of 210 °C and were 1.8-fold higher than that obtained at
25 °C (Narita & Inouye, 2012). We summarized in Table 2 about the
chemical composition such as proteins, carbohydrates, caffeine, and
total phenolics of the CS water extracts. Table 2 shows that their chem-
ical composition of CS water extracts changes by difference of extraction
temperature.

3.2. Yields of proteins, carbohydrates, caffeine, and total phenolics from CS

We converted the yields of proteins, carbohydrates, caffeine, and
total phenolics obtained from CS of solid by water extraction using the
amounts of each component of CS water extracts and the yields of solu-
ble solids (Tabie 3). The amounts of protein extracted from CS by the
water treatment at 25-80 °C are about 20% of the protein contents in
the CS of solid from values in Tables 1 and 3. It is roughly estimated
that the proteins nearly 80% was insoluble from this result. The amounts
of protein of approximately 80% in CS of solid were extracted by suberit-
ical water treatment at 240 °C. These results indicate that part of the in-
soluble proteins in CS of solid was hydrolyzed and solubilized. The
soluble proteins produced by subcritical water treatment from CS may
be used as nutrients or food additives in food, drinks and supplements
for human. However, composition of the proteins extracted from €S
by subcritical water treatment has not been reported until now. As
undermentioned, it has been reported that CS water extracts have anti-
oxidant activities (Narita & Inouye, 2012). It is reported that proteins

Table 3
Yields of each component obtained from CS of solid by water extraction.*

Extraction temperature  Proteins Carbohydrates  Caffeine  Total phenolics
(°C) (g/100g)  (g/100g) (g/100g) (g/100g)
25 33402 57402 04+00 06:+00
80 45403 7.7+09 04+00 07+00
180 95450 121+09 04+00 22401
210 157 +04 67403 04400 36+03
240 155407 23401 04-+00 35402
270 125+ 04 1.6+ 0.1 04-+0.0 28+0.1

? From Narita and inouye (2012),

produced by subcritical water treatment from deoiled rice bran, which
is anagro-industrial residue of the rice milling process, showed high an-
tioxidant activity and were proven to be useful for application as a cul-
ture medium for yeast growth (Sereewatthanawut et al., 2008). Itis
reported that the peptides produced by the decomposition of soybean
protein and wheat gluten have high antioxidant activity (Park,
Morimae, Matsumura, Nakamura, & Sato, 2008). Proteins or peptides
produced by subcritical water treatment {rom CS might have antioxi-
dant activity. The yields of caffeine from CS were almost constant at
0.4% (w/w dry malter) at extraction temperatures in the range of
25-270 °C (Narita & Inouye, 2012). Total phenolic contents of the CS ex-
tracts obtained by water treatment increased with increasing extraction
temperature from 25 °C to 240 °C (Narita & Inouye, 201 2). Subcritical
water treatment was effective for the extraction of phenolic compo-
nents (Narita & inouye, 2012). 5-Calfeoylquinic acid (5-CQA) was ex-
tracted at 0.1-0.2% {w/w dry matter) {rom CS in the temperature
range of 25-180 °C, but It was not extracted in the temperature range
of 210-270 °C (Narita & lnouye, 2012). It was considered that 5-CQA
in CS was not detected with heat treatment because it was reported
that 5-CQA decreased with increasing temperature (de Maria, Trugo,
de Mariz e Miranda, & Salvador, 1998) and under alkaline conditions
(Narita & Inouye, 2013). Bresciani et al. reported that (S extract,
which is prepared using acidified water (1% aqueous formic acid) at
70 °Cfor 1 b, are included 3-CQA, 4-CQA, 5-CQA, 4-feruloylquinic acid
(4-FQA), 5-FQA, 3-coumaroylquinic acid (3-CoA), and 5-CoA (Bresciani,
Calani, Bruni, Brighenti, & Del Rio, 2014). The content of 3-CQA, 4-CQA,
5-CQA, total of 4-FQA and 5-FQA, 3-CoA, and 5-CoA are 147.8 mg/100 g,
84.9 mg/100 g, 198.9 mg/100 g, 121.6 mg/100 g, 2.4 mg/100 g, and
5.7 mg/100 g, respectively (Bresciani et al, 2014).

The amounts of 5-(hydroxymethyl)-2-furfural (5-HMF) extract-
ed from CS were increased with subcritical water treatment ( Narita &
Inouye, 2012). 5-HME is considered a main degradation product
formed by dehydration of hexoses through hydrothermolysis
(Khajavi, Kimura, Qomori, Matsuno, & Adachi, 2005; Usuki, Kimura, &
Adachi, 2008).

3.3. Summary of chapter 3

This brief overview of CS extracts sheds light on the extraction of
active ingredients from CS. In particular, it is considered that
subcritical water treatment is effective for the extraction of active
ingredients such as proteins and phenolic components. The extrac-
tion of active ingredients from CS using subcritical water without
organic solvents and other catalysts is expected to be environment
friendly. We expect more investigational advances in the future on
the composition of CS and effective methods for extraction of active
ingredients from CS.

About utilization of CS, two usages are suggested. One isthe use as
bioactive substance, and another is solid-state fermentation using CS.
We summarized it in a following subject about the study on these
usages.
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4. Bioactivity of CS
4.1. Antioxidant effect of CS

Antioxidants exert important effects for human health by reducing
oxidative stress because the stress is a factor in the development of var-
ious diseases such as cancer (Lambert & Yang, 2003), cardiovascular dis-
ease (Diaz, Frei, Vita, & Keaney, 1997), type 2 diabetes (Takayanagi,
Inoguchi, & Ohnaka, 2011), Alzheimer's disease (Christen, 2000), and
Parkinson's disease (Lang & Lozano. 1998). Borrelli et al. {2004} report-
ed that CS methanol extracts have an antioxidant activity evaluated
with ABTS [(2,2'-azobis(3-ethylbenzothiazoline-6-sulfonic acid)) radi-
cal scavenging ability similar to that of wheat bran, which is known to
have very high antioxidant activity (Andlauer & Furst, 1998). It was re-
ported that CS extracts obtained by water treatment at several temper-
atures also have antioxidant activity (Narita & lnouye, 2012). The
antioxidant activity of CS water extracts were evaluated using H-ORAC
assay and DPPH assay (Narita & Inouye, 2012). The H-ORAC and DPPH
values of CS extracts obtained after water treatment at 25-270 °C in-
creased remarkably with increasing extraction temperatures (Table 2).
The highest H-ORAC and DPPH values of CS extracts were observed at
270 °C, and were 379 pmol TE/g of CS extract and 2629 pmol TE/g of
CS extract, respectively (Table 2). In regard to the factors H-ORAC values
of CS extracts has increased remarkably with increasing extraction tem-
peratures, Narita and Inouye {2012} have mentioned two possibilities.
One is the possibility of the phenolic components that the CS water ex-
tracts may contribute, another is the possibility that peptides produced
by hydrolysing the proteins in CS by subcritical water treatment in the
temperature range of 180-270 °C have a high antioxidant activity
(Narita & Inouye, 2012). Itis reported that the peptides produced by
the decomposition of soybean protein and wheat gluten have high anti-
oxidant activity (Park et al,, 2008). H-ORAC values of fruits such as blue-
berry, plum, raspberry, apple, and orange, and vegetables such as carrot,
green pepper, and spinach are in the range of 5-70 umol TE/g (Wu et al,,
2004). Even the H-ORAC value (354 umol TE/g of CS extracts) of CS ex-
tracts by treatment water at 25 °C showed that it was higher than that of
the above mentioned fruits and vegetables. However, this is the possi-
bility suggested from the results obtained from an in vitro experiment,
and in vivo experiment is necessary in order to confirm the presence
or absence of the effects. A study to confirm an antioxidant effect of CS
will be necessary in vivo experiment in future. Furthermore, identifica-
tion of ingredients contributing to the antioxidant effect of CS is neces-
sary in in vitro experiments.

4.2. Prebiotic effect and inhibitory activity on hyaluronidase by CS

It has been reported that CS has prebiotic properties and supports
the growth of bifidobacteria (Borrelli et al., 2004). However, CS has
also found proliferative activity of coliforms weaker than the increase
effect of bifidobacteria (Borrelli et al,, 2004). The evaluation of these ef-
fects for the microbes is the result obtained after fermentation of 24 h. It
seems that a detailed study on growth time and species of bacteria is
more necessary. Hyaluronidase inhibitors appear to be effective in sup-
pressing allergies and inflammations (Kakegawa, Matsumoto, & Satoh,
1992). Furusawa et al. {2011) reported that the inhibitory effects of CS
extracts against hyalurodidase are similar to those of disodium
cromoglycate, which is a potent antiallergen.

4.3. Summary of chapter 4

As noted above, antioxidant, prebiotic substance, and hyaluronidase
inhibitor are consicdered as a utilization method of the CS as a bioactive
substance. In particular, there is a possibility that CS could be used as a
good source of antioxidants. However, there are very few reports
about the bioactivity of CS. Moreover, the contributions of CS

ingredients to the physiological functions of CS have not been reported,
and it appears that further future research is required.

5. Solid-state fermentation using CS

Solid-state fermentation is one of the effective methods for produc-
ing or extracting useful ingredients from food and agricultural waste
products (Gombert, Pinto, Castithio, & Freive, 1999; Rodriguez Couto &
Sanroman, 2005, 2006). Food waste used as biomass is easy to corrupt
because microbe growth tends to increase in it. Therefore, food waste
can change to materials with various functions by suitable fermentation
processing for promoting propagation of microbes. Murthy, Naidu, and
Srinivas {2009} reported that a-amylase production by Neurospora
crassa CFR 308 with CS as a substrate is possible under solid-state fer-
mentation conditions. Fructooligosaccharides (FOS) are produced com-
mercially via enzymatic synthesis from sucrose by pB-fructofuranosidase
(EC3.2.1.26) or fructosyltransferase (EC.2.4.1.9) from fungi such as
Aspergillus, Aureobasidum, and Penicillium (Balasubramaniem, Nagarajan,
& Paramasamy, 2001; Chien, Lee, & Lin, 2001; Mussatto & Teixeira,
2010). Mussatto and Teixeira (2010} reported that high production of
fructooligosaccharides by A. japonicus under solid-state fermentation
was obtained when CS was used as a nutrient source. Machado,
Rodriguez-Jasso, Teixeira, and Mussatto {2012) reported that seven
fungal strains, including A. ustus PSS, A. niger AA20, A. niger GH1, A. niger
PSH, Mucor Sp. 3P, N. crassa ATCC10337, and Penicillium purpurogenum
GH2 could grow on CS under solid-state conditions. Moreover,
P. purpurogenum GH2, N. crassa ATCC10337, and Mucor Sp. 3P were
able to release phenolic compounds from CS (Machade et al,, 2012). CS
is transformed into value-added products by fermentation under solicl-
state conditions using various fungi.

SSFis very useful as effective use of industrial waste and excels inen-
vironmental, economic, and safety aspect, because it requires only min-
imum quantity of water. Therefore, a seemingly effective utilization
method of CS is to use it as a substrate of SSF. FOS is producible
by A. japonicus under SSF when CS was used as a nutrient source
(Mussatto & Teixeira, 2010), and has been shown to beneficially modu-
late the composition of intestinal bacterial flora and notably to increase
bifidebacteria and lactobacilli in vivo (Orrhage, Sjostedt, & Nord, 2000).
As mentioned above, it has been reported that CS has prebiotic proper-
ties and supports the growth of bifidobacteria (Borrelli et al, 2004).
However, the active ingredients in CS are not clear for both production
of FOS by SSF with CS and A. japonicus and for prebiotic effects of CS.
Identification of these active ingredients of CS is necessary in the future.

6. Conclusion

Coffee is one of the most frequently consumed drinks in the world.
CS'is the only by-product produced in the coffee bean roasting process,
and large amounts of CS are produced by roasters in consuming coun-
tries. Therefore, establishment of effective use of CS is important. Two
suggestions are shown for a direction of the utilization of CS. One is
the use of CS as a bioactive substance or the source thereof. It is reported
that CS has hyaluronidase inhibition, prebiotic properties, and antioxi-
dant activity. Another is the use of CS as a substrate of SSF. It is necessary
to identify the active substance in CS against the above-mentioned ef-
fects, bioactive activity in particular, in the future. Feasibility will be
high if these effects are proved by subsequent experiments such as a
large-scale experiment for industrialization and a clinical trial in the fu-
ture, because there are economic benefits in order that these uses help
decrease the cost of disposal of CS.

In order to achieve high utilization of CS as biormass resources, active
substances are collected gradually, and the construction of the system-
atized development system that can finally use it for feed, fertilizer, mi-
crobial fermentation materials for biorefinery, and recovery of the
energy by combustion is important. In the future, further study on the



NAMANUIN

sUtgsuiulssnunufiRen

65



sUae SR Tmna

66



ST E
el
T
n,!‘.",}

RIRREL AT ERGIN

67





