WP F tphipe (rancidity) S > i W d R &L FREZF R E
A B R EAMAEE TSR T (L

1985) < jd "5 % T“éﬁ’%i"f‘ ZEF FmZRES L F]F dop d
& (freeradical )~ & H a3+ ~ K ~ # % §5 542
Flt B F F oty TS e SRR EA R
E P RAA G AESZ T EMNG RN 8 B P
pc (Fennema > 1985) < 1T kA= gy gt > pod Kt li§ & i
e G B A FIR % M ’*Eméﬁé' 5P ket PRl R
(atherosclerosis ) }E'p EEELE S FPLR RPN pd A N AR
g At o A ﬁl‘frﬁi«‘ﬁfﬁéﬁ:&ﬁlﬁéﬂcﬁg (Bergendi et al > 1999) -

R frué‘z R B R 7 Sedg IV E Kprdle g 8 By VR
H ¢

px » 2 ¥ butylated hydroxyanisole (BHA ) ~ butylated hydroxytoluene
(BHT) & A 1 & = fug I Brck g2 > prF @ S5 297~ T4
B H T o5l R 1993 ; Branen » ‘19 RWHEFLER
T B ARGl el p oy LR Ry PAla-2 T R(a

-tocopherol, vitamin F ) » TGl B LA R ST 0 DA R g iR

i S e s R VS S S ’1 fei ¥ F @ 25 s i (prooxidation )

FFE o Ra-25 0 A FQCE IS E R L % 2

MR AP VR F SR et A S o M bR YR L e
J

:Lb?/)é‘/'/gfL l%f_]_; 7;(\— ( 1 199 il L EE—; Niaj\%a'/b#m

AETEHWIBARY B A RARR T ELRS
SEOCBIEBLARI AL T RS E L RRE G

A TR dF A (019955 3 0 1997) 0 sk A AT T E B

2 dvl R 4 —emrt S B ERE LA AL Mg B2 B

2t 38



N *ﬁ; N n/vccé&,%pi #’ug? L :NA\QP;‘E
- & @;I;Jey‘f}_ﬂl

Jess

— N ‘3/7\?‘3::-7 FE?

vreJh 3 5 X L (Rubiaceae ) wv2J§y (Coffea) % % & 4 o U
BAE P 3T Fh 2 FRDFEPEFAT - Bk
ARG B o o SRS b AR R E (v
2004 ) -

et e e o LR R B vt 4 2
fa: Lt + 8 (Coffea arabica) ~ 2. %% 273548 ( Coffea robusta ) ~
3 v I fa (Coffea liberica) o P + fa 5 P w o = 7 (P & o
e mfi o AR ET0% 0 H AR s SR E RS o n BE AUEE
Floe B o 97l 5% RS T e o gV TP F] S &R
A0 AR FM RS -

vree b (coffee fruit) £.d *F g ~ % p ~ PN %A -8R fofF (o
2ep ) fTHES (Bl- ) o A BT R R P eI s ik edns B
TG AU R e gtk s L Remrets F LR R 0 MR e

-

v

eher B W 4o 1 A0 P R ekt dde 1 AR A R A S 8258401 (dry
process) $Rs 41 (wetprocess) @ fd (Bl= ) > ggstder (X4
\%J;ge,z)fq BRAPFABBIE ORABEEEFHD S
BT Rt XA mp pEo R AL IRRE I ERE S
R RIS K 5 R SGHEEE N SRR (RS de 1 Bl AL
AP PEI AP ORF AN EAT AN R AL SR A
e o PRk e 1 BB - H R R TRER D - B
2B (R et s ) R RE o
et o (coffee pulp) (Rl= ) A teeta L@ 2 5
(by-product ) 2. — » = X ik B 3feeeb 5419678 £ (Montero» 1992 ) -
5 & Flewe g R b+ B B fFig 2 RB 54 (Bayneetal > 1976) 0 @

¥



—_—\\
G

SR A etk B S A e (- )AL 4p i

VYR hd P ;’ﬁém:i;jj:%c;ﬁua 3a3e % (Rolzetal> 1980) ;
Calzada® * (1986) = % & fRfrewed p iR &40 (T 5 AW * 126
ELFAKR-oTER S EF2 g 7 LR R A A
T S S A R gV R Fia R 3
R ;ﬁﬂmﬁ*?i’ﬂﬂi TR E
eF

4 3T s & @ 4% caffeine ~ tannin »

L

A
A

kahweol ~ cafestol & > H ¢ 13 f3teertyd o kahweol ¥2 cafestol = f&
= A BT Y I A gi% dva % ¢ M5 ER (cholesterol)) fr= i+
fig (triglyceride) 77 £ (Heckersetal > 1994) e 7r 5 = 3 T dp 1o
peA s B3 e RO -9 (CYP2C11-CYP3A2 )cytochromes P450
& B E M~ 3 4 2% Glutathion S-transferase e & > &
2 ﬁ? B d & (Hubereral 2002 ; Cavinetal > 2002 ) o vheez% g
AL AP AT S ¢ B & 5 eerft (caffeic acid ) ~ VR
 fiz (chlorogenic acid) Ff-sgit &4 » p&pAl it &5 7~ EF L 7

F3 1 a5 2 (Astheretal » 2005) -

T (M= bean
SPER A (outer sking

2R (pulp:
iREE BT Hsilver

sking

PIFRAZ (parchment}
FEEF T (center cut)
ETRF

Fl- ~ shertd cffis (8 ¢ 0 2004)

Fig 1. Structure of coffee fruit.



Coffee cherries

y

Washing

Dryprocess Wei process

v v
v

Drying De-pulping
v Y
Cleaning Coffee pulp
v v
De-hulling [ | Mucilage - Fermentation
+ Washing +
Selection waer | |¥]  Washing
v v
Packing Hulls gl pe huiling
Y v i

Quality coffee Drying
Coffee husk +
Packing
v
Quality coffee

Bl- ~whert% 2 1 E 41 SR AR
Fig 2. Industrial processing of coffee cherries.

(Pandey et al » 2000 )
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Bl = ~ ehre i p

Fig 3. Coffea arabica pulps.

Fo- e p Bk o AN (9, 55F)

Table 1. Composition of coffee pulp and husk (%5 dry weight basis )

Components Coffee pulp' Coffee pulp” Coffee husk’
Carbohydrates 50 44 57.8
Proteins 10 12 9.2

Fibres 18 21 —

Fat 2.5 — 2
Cafteine 1.3 1.25 1.3
Tannins 1.8-8.56 — 4.5
Polyphenols — 1 —

Pectins — — 12.4

" Elias et al (1979), * Porres et al (1993), * Pandey (1998)



TR
(=) pd ABFEF ajasg
A d A& (freeradicals) dpz 7 - B SBA XTI A
bz 3 24 3 (Halliwell, 1994 ) ¥ 2 H A S ¥ 7 F 978
A B~ F s F 2 Fis ¥ ez pd AL (Simic, 1988) 0 U & 5 B
s EFITs F A F RO IBET I 0 p P SR i
AEIFE NG T REAFALRITTAFE T D Kol @gF Ko
=1t % &~ 3 (reactive oxygen species ; ROS) Hidp F ez %

s

-

v

E=tl

] (GO shz § 4% c RENEHF IR FIAPM &
4 RPN NBREAEY A4 9dgF pod A (superoxylradical 5 O, ¢ )~
3? i & (hydroperoxide ; H,O,)~ @ ¥ p ¢ z (hydroxyl radical ;

C) 2 kA EAR SR E SR T 42 BN F A
(singlet oxygen ; 'O;) e 4eBlw #im > & ¥ N BEER 0 B BE RS
FV R BT F X fra PI R EA A L F ke F- B AT
FiEde- BR3P 42F KRS R BLFIod 5 0 RA)
~iEF tE SRR BIL IR DA (%jé»%fr;ii:g > 1992) o
BEOEWLE REdn 3 F 0B F A+ (Nikio 1992) 0 3% 5 512§
G d ek o oo



'0, Singlet state oxygen

0, Triplet state oxygen

HO, » €<==> |0, - Superoxide anion radical

Hydrogen peroxide

Oo-
*‘OH | <> Hydroxyl radical

=
&
1m
!
>
CDI

H,O €«<—> OH Water

We ~FAF2 5t BR2 G (B 5 1992)

Fig 4. Oxygen and reactive oxygen species



+ _ R Y Sy
7= S B SRR

Table 2. Reactive oxygen species

Radicals nonradicals

Hydroxyl *OH Peroxynitrite ONOO
Alkoxyl L(R)Os  Hypoxhlorite -0Cl
Hydroperoxyl HOOQO- Hydroperoxide L(R)OOH
Peroxyl L(R)OO-* Singlet oxygen 'AO,
Nitric oxide *NO Hydrogen peroxide H,0,
Superoxide O, -

( Abuja and Albertini, 2001 )



(=) pd AEFEEF DRk

AN REFRF ORR - BT LSRR N S
G oo A KR dETk ﬁ##‘éﬂ $+%%%ﬂ§%w%%%¢
AP A2 R omieie Ty MR ATAA A D A5 A
m&i&’—&i%%@ﬁﬁ@&ﬁ?:—ﬁ%%&%W%f%ﬁﬁ
veAApd KAk = o

ARR D RA YT AR e s B LA LR
(biosynthesis ) > v #F p o A ARP € F1F & md AR ES >
AREAA T AN blde— F 5 pd A (+NO)> 2 d L-Arginine &
- § it § & 255 (NOsynthase) i % T o7 g 4 » H 2 (e &4 34 &
gL BER L e S L AR H G AT e % 2 B S ATRR
# (Metabolism) » izat o AA2Eeh s % §F 4 A B o @ F Lixwg
Fed enfis o o i denile 258 > B BAaRehiFad A (e
FA4RF pd A0, 233 pd i HO- ) (Machlin and Bendich >
1987 ; Halliwell and Gutteridge » 1994) % = #f & ¢F k4= B #7514 »
%é?;f? REFAA  FLEEF  REAGFRE &8 2 EEp

e % et it 4 (4o benzo[a] pyrene #¢ benzanthracene ) > & ¥+ 4 §4
Ad BT oFwigitEY R4S #F&%ﬁ ELAE S Py
ek A Bfep 4 d ARB A A e T (Maxwell 0 1992)

WERFFALNpd AEREFDNAEG ~ 0 Fif 3 2 ok
FriEAd2z A3 dfmeit « R 1 7= (Shigenaga
1989 ; Rikans and Hornbrook » 1997 ; Moskovitz et al » 2002 ) -

FHP P AL ERI R AR P T R b R
e RAINBE NG L 4R IR TR R gﬁ;ﬁ;; R
EEAFE DT R HAEREE AR R S REEE (L2)
( Gutteridge » 1993 ; McCord > 2000 ; Moskovitz et al > 2002 ) -

a

AE

9



2= ~pd AREFEMF 208 KRk
Table 3. The major sources of free radicals and reactive oxygens

Intrinsic Source Extrinsic Source
Electron transport chain of mitochondria Re-dox substrate
Electron transport chain of microsomal paraquat
Oxidase Medication oxidation
Xanthine oxidase Smoking
Indoleamine dioxygenase Ion irradiation
Trytophane dioxygenase Sun light
Galactose oxidase Food processing
Lipoxygenase
Monoamine oxidase

Phagoytic cells
Neutrophiles
Monocytes
Eosinophiles
Endothelial cell

Auto oxidation-reduction

Fe2+

( Morrissey and O’Brien, 1998 )

10



B s pd A R AR

Table 4. The sources of free radicals and involved disease of free radicals

Human disease Source

fo s Bk ~ B &S g R LR IL SURE W AN S
Y

CY R IS L R ERIL F LW

A SRR B EEREBGE ST IEB AL S

)‘\

BN

AR s e R ¥

‘?“
W

/\:\
S

¥

LR ﬁ]“ FRERIZA Lo ~ v

§ s
B s p R A
gu?)ﬁi J\ fb’\p%‘ﬁkj—] ﬁ _U’-:fg:‘

Pz
¥ 3

4

fp bR S35 p o A

AT KBS LB p 0 A

( Gutteridge » 1993 ; McCord > 2000 )
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ERN FR A T
TE KR E g LT PR E ARG R E
LEZFEL GA R A FA 8 BT R
(mmmw)%giﬁﬁﬁéE%ﬁ%?’%%%éi%ﬁ
b LR R R M A E F EALRER G 0 X AREF N gRIC
AR FaA L > HA s 72 LR E (Kubow o
1990 ; Niki et al > 1991 )0 pt ¢k » #q B3 § (4 B A2 22 4 4 5
B frd I G M o NEN LR gL
NN RS R el Ml ( 4c# % & v ) ( Glass and
Witztum » 2001) > 23 1% 5 P ¥ a8 52 2 2 232
( Ferrari and Torres » 2003 ) o

(=) aFhF e
a&@ 7 0 g feop § 14 iv* (autoxidation) & & ¥
RE B R FRRCe Bg P F IR B d A ger g A
= REaEY B2 7 % A& (a-methylene -CH=CH-CH,-CH=CH-)
PR AFIRAL - B A A S F RS p d A -
BiITHEE LB F RATIIARa 0 b P AT g %ﬁﬁﬁi\} s 07
PN IR B R R

L ;ﬁ bR g ®F a3 Er A EF - d A (peroxy
radical) » £ S g F B )= 2 X Teh- B3 LA > g

‘%

=

ERRUTE TR i (lipid hydroperoxide ) » £ B 4 #q p ¥ i T % E_
AR AL B 3 H AR iy L engd g FIEE B - BA F 1Y H| &

fEizh BREBI L FIEL 245 FF W H LA
;g\.ﬁé‘\ﬁﬁ:ﬁfﬁ&n%gﬁﬁ’;éq’ ‘A\riﬁmjﬁi EI’E‘;]E];TL
Tr T L 2 Bh (BT ):
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1.42 4~ & J& #F (initiation of autoxidation)

4 H %5k § (singlet oxygen > '0)~BEREH - k&
Ay tEaY TA2 i d AROHERT R F T
pd AROOHEF N EH FalFAcdr o st pd Agik
FHAF teni A efeg iR & 5 23 oy Ak
shl = Y B2 7 % A (a-methylene) %% - B FF 5 o
A FEEF g TR Ao S REEF M e
FULREFDATHB B 52 Tps b FRAEL]
g .

2.:¢ 4% & J& ¥ (propagation of autoxidation)

Pl BE BRI R FILR D Rt &
AL L Fmpd Lo Tad Aty r ol 2§ F
B2~ @F -pd AROO ) FF it pd ALIszcHFHB
P foigipic o EBRA RS A A Rehig g d RAE R a
i ¥ i~ 4 (lipid hydroperoxides) » p* # 2% 7 ¥7:& {7 & 7] & %
T Ao iR 2N S pd Ak o Bl &7 p
d RenAj= > T ARRY 25 F R F g TiEF
( Gorkum and Bouwman > 2005)° ¥ i* ¥ 48 € £ 5iF %
i 2% % ¥ (induction period) » £25 X 7 B % i » ¥ 4 4 F ¥
P E BB B R A AfE

3.% 3b & & ¥ (termination of autoxidation)

LREH A R R RS Ad Rz AT L A A T
Ao G BF LR A E R RSP €A R
B~k Edaald L ASEMA IS TARE S
L B R & (dimer) ~ = R F (trimer) & & 4 (polymer)
FRAFSIF oRANEATEEF B F L AR
BE A g MR & F (Gorkum and Bouwman © 2005) °
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21~ aRfed P 2 g BRI & n 2 BB

Table 5. Disorders associated with lipid oxidation (LO) in food and biological system

Disease or disorder

Oxidative mechanisms

Atherosclerosis

Cataract

Diabetes

Diarrhea and respiratory
inflammations

Aging
Hemolysis and anemia
Partial losses of essential

vitamins and nutrients

Necrosis and/or apoptosis
Mutagenicity, genetic
damage and cancer

Induced by intracytoplasmic macrophage accumulation of cholesterol oxides from
oxidized foods and biological sources

Diet rich in fat and deficient in antioxidants ( tocopherol and ascorbic acid )
Oxidation of carbohydrates and lipids from a diet rich of these nutrients

Peroxides irritate gastrointestinal mucosae. There is occupational risk of lung
disease in food services

Ingestion of a diet rich in fat and deficient in antioxidants , since childhood, can
increase cellular aging

Diet rich in PUFAs predisposes erythrocytes to cell membrane disruption,
resulting in hemolysis and, as a consequence, in anemia

ROS and products of LO induce loss of lipossoluble vitamins ( A, carotenoids and
E) , of vitamin C and of essential fatty acids. Peroxides and LO end products
block intestinal absorption of many nutrients ( tiamin, pantotenate, riboflavin,
ascorbate, vitamin B,, vitamin A, tocopherols lysine and sulfured peptides )

Cell death is provoked by peroxides, malonaldehyde and 4-hydroxynonenal
Peroxides, malonaldehyde and 4-hydroxynonenal and other aldehydes are

clastogenic agents that damage genetic material, increasing cancer risk

( Ferrari and Torres » 2003)
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Initiation

activation
RH - » R +H-
Propagation
—> R+ 0O » ROO -
ROO - + RH » ROOH+R -
|
Chain branching
reaction ,
ROOH ——— > RO+ +0OH
RO - + ROOH — ROO - +ROH
RO « + RH » ROH +R-
RH + <« OH » H,O + R -
Termination

R - + X - e RX
RO« +X- - ROX
ROO « +X - — > ROOX
RH : unsaturated fatty acid - ROOX : lipid peroxide

B~ A F 4 F & (Nawar > 1985)
Fig 5. Autoxidation chain reaction of lipid.
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INDUCTION PEROXIDE PEROXIDE POLYMERIZATIO DEGRATION

PERIOD FORMATION DECOMPOSITION
OXYGEN
ABSORBED
YGEN IN OIL
REVERSION PEROXIDES

_ | Viscosiy

RBl= ~idrgp 3 itk BIF &
Fig 6. The stages of lipid autoxidation. ( Perkins > 1967 )

Bl= A § 0 F R B
Fig 7. Initial hydroperoxide formation in the autoxidation of the fatty
acid chain. ( Gorkum and Bouwman > 2005)
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T _ 0—R
l Hydroperoxide formation

OH
/ o}
Q

X O—R

/ roperm&\

decomposmon
Ry \\ H|\>_///‘\\=/‘\H2

adical 8

/ Ftecombln |on Ry
B-Scission, Radical D am

Degradallon addition ﬁw—\/
/ A N

Ra

z \ o Oxidation
mﬁz R1
R1\7_/\=/\H2
o]
R, oOH s
D .

Cross-linking  Degradation

H
o R / /
(8]
H—OA]) Network formation

g],\ \B;]»F(r;‘ ,L,\ﬁ,‘aé‘*ﬂ,

Fig 8. Terminal products by lipid oxidation.
( Gorkum and Bouwman > 2005)



(Z) st sAp

PR F CiEARY frAAZ pd AL VAR B R
frREEIPFeAF e B2 28 50 TREZ T pF -8
BELEHFELFZEFRFL IR EEF 3 SHEI 2 F AR 2

4

S

LERA A 2 WEE RS EY A I PSR A S
gﬁ*%“‘”ﬁﬁﬁﬁiﬁﬁopiﬁ%ﬁﬂ’%%ﬂ;gﬁ%ﬁ
Wy M SRR o FERIEERA XA (Yagio

1987) »

W4 PR > 5 A% pfoiyvsEe (polyunsaturated fatty acid
PUFA) 21 & % fi.*'v:“jlfi’i'?%ﬁ']‘ PR S don IR MR R 4 PoeD
##q J7 (phospholipids ) # » % PUFA } ehff 3 dirg a 22 p d 4 o
AT RHF RAL T EF T o FHABHEELEF M
PEo ¢ R 2 PR ERMH B R HE Ji’l‘%‘fisb;;i FiE 24
ARRE S LR BRA T TRREE Y MRS Fs%a o gLtk s FRE
i IR A ’ﬁi—% (prostaglandins ) 3~ 3 R F % 4o X L frRF
F(NAfeT & 19815 p L X > 19855 Niki et al» 1991 ; Blair> 2001 ) ©

TR Aot 2 RPN p R R R dedlp ) KR g T
F v keng I bldoimie N gdg 3 8L 1 fiF (superoxide dismutase
SOD) ~ # % #*xiE ¥ i* f# (glutathione peroxidase » GSH-Px) # ﬁié-%
3=E 4 ,ﬁ“/fgdﬁ,g, Mozt g e e A & K p At B E
FHF L bde2 2 E- 2 2 CoHE BT EE v
g ey e g F s (R4 ) (3% 1986)°
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‘OH

+2

RO
y

§

LOOH ———» LOH

a-2 TEEA &

L.
R A

LOO-
S ERE RN
0,

3

FIFn pap d
g} s %F)ﬁfg—f’?{:
A= b F R (% iv4))

@Y F

¥y ALTRA D AR

47 FLE I FS

ERIRL A T 24

RS ACTE S W L7 )
A F o 2 e T
HAE BT P i

T
>

§1=00

B4 ~2 87 5 22,32 Fug 4] (24 %1986) -
Fig 9. Formation of lipid peroxides and mechanisms of antioxidation

in vivo.
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LT

éﬁ£*§ﬁ§DNAy}é?~”

ﬁ%ﬁ@ﬁﬁ@’%£$§$§
4

Pyl ut g R T (ox1dlzable

substrate ) 7 %‘r"rv;f]g_\ 541§ A (Aruoma > 1999) ° J fi#tdy eh
FURATe# G5 B2 5P AT o der [ 3o %‘fﬁma
DNA % -

(=) #eg - A eniv® 4]

ey CRIERGIE PELY AR ART A LT AR

Lpd & “,/Tf A (free radical scavenger )

PETRLE RS S AR AR R ARG A
g R+ o RE-BRFAERRE- BT fopd Kivr @ p b
m%’lﬁz%f?j 7 RET F RSN AN Tk %)?z,f%ﬁ( resonating
structure ) o Bl & 7 p ] - G H b p F g d A2 1T B4

g &7 g d f,&‘)%“,fé‘f'l«"l A FEZ2 A g Ay A
butylated hydroxyanisole ( BHA ) ~ butylated hydroxytoluene (BHT)
By LoeAa sz g YA % 2t gk (Branen 1975)

PR AR F LT RpE AL B AL .
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Ri

ROOH

PR/

H [ ]
R R
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W

v

ROOH ‘
0]
0] 0] 0]
|« 3
) «—> «—>
H OH OH OH

Ri

Free radical scavenger

OH

DR O T R R
Fig 10. Mechanism of antioxidation for free radical scavenger.

(Sherwin > 1978)
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2.8 %5 i § 2.7} & A (singlet oxygen quencher )

ZH ¢ enE AR NIRE ”I;mz%@:_ * 8L § (triplet oxygen » O,)
AT ed AT EY ¥ 7 - kiR & (photosensitizer ) 4

3 Ao

BEF -nKFEI PR EE l“’«’fﬂ B¢ wsofzsk it Ak A& (ground state )
# 3w i (excited state ) » 7§ o K w AR PF > AT g §
BRI R R en kS TR T (0, s U F R 2
fea & ¢ 7 e forgippg b m%@i—}; A2 ailEg it o

PEERLE MRS R - BT R R R (Bcarotene>
oV BTk R %I”Tﬁ%scmﬁié‘édx%_%f T AL ¥ MRAR AR =
B ¥ A %ﬁt“ R e o AR K R DT At (Kellogg and
Fridovich » 1975 ; Bando et al » 2004 ) -

‘EP

3. 4% & £ &) (metal chelator)

h E L S S AR
MO Y RH —> M" +H" +R-
Fe** +ROOH —*  Fe¢’* +RO -+ +0OH
Fe’* +ROOH — > Fe*” +ROO - +H"
ERHREEMAL T L M R B 2 &R Aodr 2
WS R LR PPy T F Y F R bl4oR ¥ pé (citric acid )~ EDTA
2 Rapfa® (polyphosphate) % o

4.4p 3% & (synergist)

WEBALE A ERE CFFE R RV RRC 43 F RS2
pRalp d & A ER R AR AR i s o 8
Poenfp koA Uk s i (ascorbicacid) i & o Bldoduikoa pET R
R d - BEFFao-d T R E et TR Lt oo
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PSR R AR ok B 0 PEE o BB
bl4e— & 575 A (flavonoids) £ F i “,%@; g e 4 oeh o on

FALEBES 2 BRMERF L #5 (Bors 1999) 0 gt et 5 Bt
By 250 R H 0§ 2 Z B RHE P T i A LT i
Feg & ks F L &Y (-4 ih7) % (Burton > 1989)

(=) WP HF R b

e d s g w b fF - B4
FIPE AT ERE Y fag PEZ I NS - PR £
superoxide dismutase (SOD ) - glutathione peroxidase ~ glutathione
reductase ~ catalase ~ glutathione S-transferase % ¥ % > B+ - % 7 ‘w
TRRAET ] LR BB T RA S RE R T A

R A

1.4z % s it = (superoxide dismutase, SOD )

Superoxide dismutase (EC 1.15.1.1)#-4 % L3+ % L iFF L 3
(HyO2) % ¥ & F > M s § B3 e g = 0l £ (Beyer >
1994) > # F B3\ 4cT

-0y +-0, +2H" - H,0,+ O,

SOD¥ % = = #z (1) Cu-Zn SOD’ (2) Mn SOD" (3) Fe SOD-Cu-Zn
SOD & 5 &2 74 $o 2 fwve B ~ 3 Ba Bl ~ fm %2 7 3 R s ehp o
5 & (Fridovich» 1995 ); Mn SOD— 45} 5 A3 E 424 $ 2. ,ﬂ;:f_ﬂf]!\%g mos
Fe SODR| L & 5 &> R i 2 o icfe s EHM Y o

2857 PR 3 1+ p¥(glutathione peroxidase » GSH-Px)

Glutathione peroxidase— 4k % 5 A3t & & ~ "FU% ~ ﬁ‘ff_’iﬁ'\%g 3 'm
) B¢ 5 3 &gm (selenium) 1% % cofactor (Jacob > 1994) < H iF
¥ 4 E_ % B R A& 0 glutathione(GSH) ¥ i+ 2 % v i
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glutathione(GSSG) * i ‘fﬁé{ it & o ¥ 3 glutathione reductase!
NADPHZ B R 4+ kikh » #Bi*GSSGE 4 = GSH» H F B\ 4r 7

H,0, + 2GSH _SSH-PX " GSSG + 2H,0

GSSG + 2NADpH SSH-reductasg s~ apr > NADP

3./ p= (catalase)

N~

Catalase  ** Fe’" —hemeproteins > + % 7 f*tperoxisomesp > i:
B F I (HO)®i 5k () &5 43 (0y) An
e podop A kw4 S hmie B > Hocatalase 7 £ 4 KR4 R
dehiE§ & o P R RIFGSHPx R FfiE R E o R m e
1k § 14 i % eh A 4 (Meyer and Isaksen, 1995) © # F 5840 ¢

Catalase

H202 + H202 - Oz + Hzo

4.Ubiquinol ( coenzyme Q)

Ubiquinol & A A ps & #Tie (7§ 1 pARL T F B2 W H 0 &
£

@ifhe § F T T P E SR Mok B gy 2 A

SRS SR VR SE EE S REE N R T
ERNE-D )

CoQH,+Lipid-O, + ——» CoQH * +Lipid-O,H

3y
bad

Z‘ 3

F v fE2 CoQH « ¥t T 5 @ifad? ki8R % CoQH,e
Alfe o ¥ - 2 & ubiquinol ¥ A SRARPN L FTE4E 2T

B3 &tz R R A (Murray » 1996) »
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Heme - Fe**-NO

ONOO -SNO NADP" 1/2 NADPH
Heme-Fez+ -SH \/
« NO -

L-Arg
Oy - . <__/—
L-Cit
/\ NADP*
1/2 H,0,+ 1/2 O, GSH
'/ +2GSH <

gDPH

H,O+GSSG

H,O+0,

SOD = superoxide dismutase
CAT = catalase

GPx = glutathione peroxidase
GR = glutathione reductase
NOS = nitric oxide synthase

Bl - ~miep g CEE R 2 I k5
Fig 11. Cellular antioxidative enzymatic defense system.
(Mruka et al » 2002)
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TERFIFTERT X RESF Y 257 F A7 B A by
%ﬁ%%%’éﬁ£ﬁ~§&~ﬁ%ﬁ~é¢ﬁ\ﬁ%ﬁ%~ﬁi~
% ¢ f%fa’ﬁg”ﬁ iy bR e e - gk ikdRg b d it ESF T LG

: 4 % % (tocopherols) ~ 3k = s (L-ascorbic acid ) ~ #f &
ili (ﬂavonmds) ~ ® %% 74 $ (chlorophyll derivatives) ~ %8+ % &
% (carotenoids) % fi=#g it & # (phenolic compounds) % (Larson -

1988 ; Papas > 1999) -

.52 4 % E (£ ¥ fi% » tocopherol)

AT - apltadz o Apwid ﬁx)% 2
Al « tocopherol ¥ 4w 4] (o~ By 8) # ¥ o] bp
RB ¢ & B % (Kamal-Eldin and Appelqvist » 1996 ) - 4 #
TEHALF TR A ERE EREBRRAY TSRS L,
T i ¥ 1 & peroxyl and alkoxyl radicals » # £ ) = X I 55 #
AR TRAL o A e ) AR RE L
% eniE § 1 F Js(Burton > 1994 ; Fang et al., 2002) = 1§ 1 8
FlAeT

tocopherol + lipid-O,*— tocopherols+ lipid-O,H

Flot 0 AT BV AlEEE A A EAL S TES P
dAehd &> TPt b R o ai B b i
FP MR R IO i 2 Hw%e ) DNA fokd g
% (Topinka et al > 1989 ) -
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#5008 X RIE VR DK R

Table 6. Natural source of antioxidants

Antioxidants Some food source and activity

Carotenoids Parsley, carrots, winter squash, sweet potatoes,
yams, cantaloupe, apricots, spinach, kale,
turnip greens, citrus fruit. Antioxidants and cell
differentiation agents (cancer cell
non-differentiated)

Catechins Green tea, berries. Antioxidants, linked to
lower rates of gastro-intestinal cancer;
mechanism not understood.

Flavonoids Most fruits and vegetables, including
parsley, carrots, citrus fruits, broccoli,
cabbage, cucumbers, squash, yams,
tomatoes, eggplant, peppers, soy products,
berries. Block receptor sites for certain
hormones that promote cancers. Phenolic
compounds possessing antioxidant actions.

Lycopene Tomatoes. Red grapefruit.

Monoterpenes Parsley, carrots, broccoli, cabbage, cucumbers,
squash, yams, tomatoes, eggplant, peppers,
mint, basil, citrus fruit. Some antioxidant
properties; inhibit cholesterol production in
tumors; aid protective enzyme activity.

Phenolic acids Parsley, carrots, broccoli, cabbage,
tomatoes, eggplant, peppers, citrus fruits,
whole grains, berries. Some antioxidant
properties; inhibit formation of nitrosamine,
a carcinogen, and affect enzyme activity.

Spice and plant extracts Antioxidant activities gave been
demonstrated in extracts from rosemary,
oregano, clove, pepper, ginger, olive, birch
bark, nutmeg, red onions, garlic, oats, Chia
seeds, etc.

Various tropical fruits = Papaya, mango, passion fruit and equsi seeds
may contain antioxidant nutrients and are
therefore recommended.

Vitamin C Fruits and vegetables.

Vitamin E Sunflower, seed oils, almonds, hazelnuts,
eggs, margarine, cheese, butter, dairy
products, wholegrain breakfast cereal,
wholemeal bread, dark green vegetables.

( Aruoma » 1994 )
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2.4 % C (#u3k & & > ascorbic acid)

P B 5 - RBESE 0 3 RPN RGBS o
R moe MR o 4T B ANE C20C3 14 5
= & (hydroxyl group) " H & 4 3+ kfE7 pd L &AL
ML X% 4 ik w i (semidehydroascorbic acid ) ( Beyer »
1994)- Bl = 272 A PRF e B pd KPFE e F
Gomseh o TR kA NADPH B R £ 2 % 2 i
B e R & (Jacob and Burri » 1996 ) o ¢k 5 Bk i g
FERATEHBYRIMAY CRE(RZ ) FY A p T
gt AR Ry T SR i Y R P F O e
% (Aruoma, 1994 > Beyer > 1994) o & F Fiik o s AR PN o jﬂ"’:
PR RER ARSI GRERY FREERERES
FLdk L B A M A2 R F L EY kA ERFEME AT Aed F
pd L4 & (Halliwell et al » 1995) -

3.4%5+ & § # (carotenoids)

Carotenoids % 3 % £ X e stz K483 % 4 (B
w ) VR EE R F F B E tpd Aok pd A
H 5o blde B-7 B § F (B-carotene) Fl £ G £ B F
(conjugated dienes) 4 » ¥ 2§ 1t p d A 1F* )3 T
SR i)%“‘%;%%# o kP4l FiEE tF Ry 2 (Aruoma o
1998 ) o Carotenoids 7 p d Ey)%"“,’f oA ARE SHEA T A
Bt & de 4L R 2 P-ionone Bk P B P o AN 0§ &
AR S P A f&iﬁ-“/]% iv # i #23% ( Anguelova and
Warthsen > 2000 ) > b4riciz % (lycopene) z 7 11 # % = B
g AP RSN S R R T E R Y A E ¥ H

e 4
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HO AscH, Ho AscH HO Asc?

o} 5 5 o.__.0
_O - -

HO OH

DRSS ¥y TIEE Sy !
Fig 12. Various forms of ascorbic acid and its reaction with radicals (R¢)

( Valko et al » 2006 )

LOO - a-tocopherol Ascorbic acid -

LOOH a-tocopherol - Ascorbic acid

Bl = ~BRAZ T B
Fig 13. Mechanism of antioxidation for reducing agent.

(Hudson > 1990)
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S N NG L N N N N

B-carotene

Lycopene

OH

R W P
Lutein

OH

S S S S S S S NS

Zeaxanthin

S N N N N

Canthaxanthin

DR R S SR RN
Fig 14. Structures of some of the dietary carotenoids.

( Cantrell et al > 2003 )
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445 % "< (glutathione > GSH)

GSH #_d # =/ (glutamatic acid ) ~ & %k 3% ( cysteine )

ﬁﬁmﬁ(%mm)igﬁmg&%£$,%ﬁ%ﬁiz%
T HREZGF AN REFERA Fwied > L miz ) 7 E A
B2 A F ity wmigfig o ik? - BEEZ AL
(Sen > 1997 ; Wu et al » 2003 ; Barry and John > 1999 ) #

Fog 4 £ % GSH 0 cysteine & F % A &P
(nucleophilic) ipj4asr & & (sulthydryl group ) > #% & 7 +
LM A3+ AR R F L1535 2 GSeF &E GSeA) =
GSSG-:i&- # £ %’ﬁ d NADPH-dependent glutathione reductase
B R L GSH:» & pd A s F b &% MiERT Hm
i & (Maarten > 1999) o

5.% p=#8 (polyphenols )

polyphenols % 48 47 ¢ B 57 feha A > #8442 8800048 > H fi5 3
W P A F B L EABMP i P LR PR
(phenolic acids) ~ #7% A (flavonoids) % ¥ % (tannins) % > 12T
PABLREHC LA S

5-1.%g % fr (flavonoids )

5% fk Ed = B Tk %4 ehdiphenyl propane (Ce-Cs-Co) 3] 3% 1
> (B> ) B 5 pssgi £ 4 (polyphenolic compounds) -
fa o Ry en E#?’.f‘:ifj%\‘«t‘ A EF R AR PR
£ 2 EF A~ 55 @ (flavones) ~ & fF A% (ﬂavonols) ~ F kR
(flavanones ) ~ # *=fi# (flavanols) ~ £ & At (isoflavones) ~ & *= ik fi%
(flavanonols ) ~ 7~ 5 % At F (anthocyanidins) % % fit (chalcones) E+

'\J‘ﬁﬁ(%\': )o
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8 NI, CH, 0
N | /
C-CH-CH,-CH,-C—H NH-CH-C—H NH-CH,-C
/ u n \
HO O O OH

y-Glutamate Cysteme Glycme

DEGINY S-S )
Fig 15. Structure of Glutathione ( Maarten ef al > 1999 )

Bl A 2 A SRR
Fig 16. Structures of flavonoid. ( Cook and Samman > 1996 )
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= ~ MR R iy 4
Table 7. The antioxidative activities of flavonoid

i |

FLF

Pt 4 s & C 3 2,3 double bond » 4-oxofu, i i2 F
3-OH -

*BH-OHA%% » A% CS5 % C7175-OH> i3
v raksg o

*#‘ai it }4 : lutein > apigenin > chrysin

(0]
+ A i (flavonols )

%44 & CF 2,3 double bond-4-oxofiu ® § 3-OHe
*Bi%\,f OHL; AR C5%2 C71735-OH 23
L AR S o

X Fw¥ i |+ I quercetin > myricetin > morin > kaempferol

0]
( ﬂavanones )

|
aﬁ

* L ¥ i 1 © taxifolin > naringenin > hesperitin >
hesperidin > naringin
o OH chficp 2 B~ =% 5 B -

k H Fx i 4] > flavonols # flavanones °

2 ¥ A (isoflavones)

% genistin > daidzein 2. -
*&"m% iy M'Z}c. ’ 1,_:\ ;J'}‘?)r«f" 14 LLL‘&‘F' "'L"f#‘-ﬁk 2 o
* orthodihydroxyl /g # °

(0]

2 0
o
Ko

t (flavanols)

ki lgHed 3t C Ik 5 & {reh heterocyclic % > & AB
EEFRZTLF 22T 0 3 PHEREAPRF-OH &
flavones % flavonols $ £ o

* 13 i* |4 ! catechin-gallate > catechin

% 7t (chalcones)

% butein > phloretin » phloridzin /2. -

XY Fehd AT AN E F fF g
lichalcone A -

* & 3 g |2 > dihydrochalcone >chalcone

0}

/ +

/OH

AR

(anthocyanidins )

* Antioxidant : cyanidin > cyanidine-3-f-D-glucoside

* Cyanidin 2 flavylium cation #7753\ 33 A PFFg i 4
fiz (pH2>pH4A>pH7) > B B4 By M2 o

* Cyanidin=dephindin > malvidin > pelargonidin

o
o
Y,

)
F ik i

( flavanonols )

* fug v g i flavanones > fv OH erdicp % B~ X i ¥
R
* taxifolin » fustin /4 2

( Cook and Samman, 1996 )
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G ERE P € B PpENE) S FepE PR (glycosides) e
A3 F o SR~k F FORRIET A A R E (aglycones) fr
f& 4% » @ flavonoid glycosides 4wy it }21¢ flavonoid aglycone %
B Bapgitivt §RFTREIMDF HE AL HEE

(Rice-Evans et al » 1996 ; Scalbert and Williamson > 2000 ) °

Ry CEE ARG Al () B A A
T 5 TR oA RN R S EEOEE L Re(2) F
B#x' 3-4i% 73 =g (ortho-dihydroxy ) |

%S (Cu® ~Fe’') § & v » Widrdlsn F &
CE RS2 c3) FrChRrld2-38 5 48 4=
B A RIEE BRI FELYE - (4) %”I’E_A~CI%\»
P2 S g Al Ch ARG @A RIEAEAS
PEE R FFRD AREE RS s -

sy l,a_“ F_L

5-2.f= f& (phenolic acids )

frpeie B BH A RT AL F? A (benzoic acid) & f H
(cinnamic acid) @ <% » & ¥ 2 fgAh T2 B Lm0y Y (W
Lo EEARI PR PR RHEGAL P 4034-2 5
P 1 pk (caffeic acid) & 7 fadng 1tk 509 ¥ Bom dised4ng 0 4 (Milic
et al > 1998) F % = BEA TN FRAMEAH L o Hing v
€ 3 4o o pbth o BT 3 BT 3F 5 e B 4eferulic acid ~ caffeic acid % ¥ 2
Frd] M R P 39 (LDL)% it eic 4 (Borsetal » 1990 ) -
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COOH

2,-COCH =
Hﬁiiirﬁxf i
OH
p -coumaric acid caffeic acid
CO0OH
% COOH
HO OH
O CH, OH
ferulic acid protocatechuic acid
OH HiCO e
i e
‘ OH H,C O
hydrobenzoin sinapine

Bl = ~ FPREP BRI SR
Fig 17. The structures of the derivatives of benzoic acid and cinnamic

acid. (Pokorny - 1987)

35



5-3.8 % (¥ % > tannins)

TanninQ £33 &3t S e a &2 B dpfl? > - v 4 3
hydrolyzable % condensed tannins ( proanthocyanidins » & =4 % ) -
{8 4~ # ¢htannin 45>t hydrolyzable tannins » H 4 3+ £ %500-3000
dalton > & &+ & ™*+500 daltonzs B *+3000 dalton®_# E # i¢ ehtannin

(Bate and Swain > 1962) - H #F v |+ 3> ¥ & + 2 hydroxyl group °
¥ 'J}ai",‘f pd Pk iEF  (Yokozawaeral > 2000) > ® % 5 &2
WA BT Fe® ~Fe' K& #ra5R aFe’ -Tamnindf £ H 7 b 2t &
§ pod zheng T (George et al 0 1999 ; Lodovici et al., 2001) « 2 ¥
i deT

Fe’"-Tannin+ » OH —— Fe -Tannin+ H,0

gLk BT BT tannins 22 H R f2 4 4oL e (tannic acid) ~ L @
+ p& (gallicacid) % ¥27°pk (ellagicacid) & (B ~) HHEF L 7

ik R % a5 M (Huang ef al > 1985 ; Horn and Vargas » 2003) o
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(0]
o © OH
¥
O
HO a |
O O— OH
HO
0 0 OH
&‘d 0
H
HO
OH H oH
oH

(A)

CO.H

HG OH
OH

(B) ’ (C)

R+t~ ~Hp2 PRSHR (A) - (B) H#i-p(C) R+
Fig 18. Chemical structures of tannins: (A) tannic acid, (B) ellagic acid,
(C) gallic acid.
(Fedeli » 2004 )
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- ‘Z;H;ZBE'%,

g eng - A B A EE £ el T A ASH2 - > eiTHE
RF ST T EF MrAL A d Afrd EF P EAHS
AAFEEF 2P E o R i %‘ﬁvﬁs% e % (Kubow -
1990 ; Glass and Witztum > 2001 ) ; g ¢t > Z 4 P5 & H-enF i pepeor
SRR R —"E’“%/rlh’\mq'%7"’r{ﬁ§uﬂ?@$ b
Ak i gr S

sty LA oA szr\__i‘&/"]‘ﬁim?? i
| (Fennema > 1985)c fed #~ 4 1 & =& FiF L # 4 BHA ¥ BHT #
feg 2 ® P T T 2 R (IARC > 1986a ; TARC > 1986b ;
Schildermann et al > 1995) > % % fRfeg it & — a-2 ¥ §F F1§ A 4
ok PR Fig 27 /e BHA 2 BHT $ %% p A% P &4
L% 27 R R Rpny VR = G ?—“z PRy g gk~ o

weestp Pow S A Y MR G g MEenit § e o fEeeeil
(caffeic acid )~ /& * fi& ( chlorogenic ac1d)—%ﬁﬁi§ #g 1 & ¥ (Daglia et al »
2000 ; Richelle ez al > 2001 ) o 4t #b > et & B 5 fofrend 5 > £ H 4

4

252 (roasting) RPN o A4 FHRE f@ﬁﬁ%éﬁ RSN
P EERE B R o ReneEe AR [ B 4Fd Y X AAFRA F
(% »2003)-

SEENIEER DY ¥ FORTLE AR SRRy - T2
RS GETER USRS R REREAR O FH LG SRR
FUOB2ZPFE AT e BT B2 M A L F R
Lo ptob s AP iBebret & 2 iHARY géi T EBRAY o FHF ‘gt"i‘%{
-4‘: %Ijé‘rr{ﬂéﬁl‘f#-ég f%: LEIJ:_;» _FT_ ?IJ‘}" 'ri o
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R
\\\

SR

R B2tk & i ez (Coffea arabica) 2-35°% % F > 2005
£330 AN 2RI T UGS Lo d § 2 kR AP A AT
oo EMERE (57 BRI R ) BAL 7 20 mesh
CESTETE

S-S

1.2 TP p Sigma = & (St. Louis, MO, USA) » &2 &

a-Tocopherol @ & 959%

Butyl hydroxyl anisole (BHA) : % & 909

Peroxidase from horseradish : 113 units/mg solid

2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) :
R 98%

2.0 TR RS #F 1 k5 € 4L (Osaka, Japan ) » R %
Iron(1I ) chloride tetrahydrate (FeCl, « 4H,0) : ¥ & 95%
Potassium phosphate, monobasic (KH,PO,) @ % & 99%

3.2 T A CIL == 2 (Andover, MA, USA)

Methanol-D4 (CD;0D) : % & 99.89%
Chloroform-d (CDCl;) : & & 99.89%
4.2 pt p Riedel-de Haén = @ ( Seelze, Germany )

Dimethyl sulfoxide (DMSO) : % & 99.5%
Hydrogen peroxide (H,0,) : % & 30%

5. 7% ptp Tedia = & (Ohio, USA)
Ethyl acetate (EtOAc) : HPLC % > % & 99.9%
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n-Hexane : HPLC % » & 95%

6.H

~N

7=~

(%]

~N

Linoleic acid : F£p Wako 2> @ (Osaka, Japan ) & * = 15 2v §
R A4 £ o & 2mL g7y A Y Bt 20C A R ER Y o R
e B EATEAL W -

Ammonium thiocyanate (NH,;SCN) @ ZF &% > % & 9990 > pp R

L i ;5% € 42 (Tokyo, Japan )
Sodium hydroxide (NaOH) © :# % % » & 9595 > pLp 81 i+ &
= (HsinChu, Taiwan )
6-hydroxy-2,5,7,8-tetramethyl-2-2carboxylic acid (Trolox) : &%
B R 97% pp Aldrich i 8 2 & (Milwaukee, WI, USA)
Methanol (MeOH) : HPLC %> % & 99.9% > - p Baker = @ (New
Jersey, USA)
Acetic acid : % & 999 - ptp 1 - & o 2 (HsinChu, Taiwan )

5 M
1.Silica gel 60 £F75( 70-230 mesh » g, B Merck = #)

2.0DS ##75 : Cosmosil 140C;3-OPN( P & Nacaliai Tesque = # )

TLC 4+ : Silica gel 60F-254 (4& & Merck = # )

REW A

Lo 35 R R S
i# * p & Tokyo Rikkakikai 2 # sn EYELA N-1 #7] -

’%J#ﬁ\g
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¢ * p A& Tokyo Rikkakikai 2 # ¢n EYELA FD-5N #7] o
3% ¢ — Bke ok kiR

¢ * p A Hitachi = @ ¢ U-2001 Spectrophotometer °

4.% = tR4EF roa i Ap & 17 R
i * p & Hitachi 2 # L-7100 3] ¢% 4p & 47 & ~ L-7450A 3]
sk - fRAE L S K 47 B 2 D-7000 3] & 478048 TR AL
BB

PP
S.ikip k1T — FH R
i¢ * p 4 Hitachi 2 ? 5 M-8000 %] LC/3DQMS 3 ik ©

0.} B £ = £ 3 R
i * VXR-300/51 2|45 £ & & 2% % ( '"H-NMR 2 300MHz
PC-NMR 1 75MHz ) # ] o

SN FEE E
Ly i 1 4& Rl
(1)Pa % & 8§ i 4 2_ ¢ =( Ferric thiocyanate method )

AR EEY He (1967)%2 F (1991)% 2 =2 (BL4 ) #4%
By H >~ a—2 ¥ f3(o—Tocopherol) 2 7 A sz AL 7 § ¥ (Butyl
hydroxyl anisole » BHA) 4 %] fe ® = JE & 5 Img/mL 2. 7 fig;3 % > & B~
0.2mL 4c » & F E#j¥gE 2 50mL = 46795557 - HRER E 4 B
£ 7 i5(0.2mL)» = £ 48755 0 L A B[4~ 013902 I Frid ik
(Linoleic acid) ¥ f%/% % 10mL %2 1/30M pH 7.0 2 B[k 3 7% %
10mL > #6333 kT8 5 25mLo #= £ 425532410 % » 40C
BEREE RPN B IR 24 PERPERNE RS R R E S AT

B F PR AT 02mL 3§ 9.4mL75% " fRokiE
ez R E ¢ 0 R b 0 F IV I AR FAIR R (2.45%107 g FeCly / 10 mL
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3.5% HCI) 0.2mL > #r & f&4%%3 7% (3g NH4,SCN / 7mL dist. H,0)
02mL - RF R 2R E23 > F 3 » 418 > £ &PIAE 500nm ™
Z2_v kg o
By PRELF LI CPFASTYHT I 3}*«@
Fo Ftd Bk Eehs Vi E Y P fER 0 TV a0y V4R o H
F RV 4eT™
ROOH+Fe**— RO + +OH +Fe’"

Fe’" +6 NH,SCN — Fe(SCN), +6 NH*"

Fe(SCN)s’~ : red pigment complex at Apax 500 nm

2Q)# iy it 5t # (Trolox equivalent antioxidant capacity, TEAC)

* 7 %% %+ Miller (1993)% Arnao (1996)% 2_ = ;2 - #-
peroxidase ~ 2,2 -azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) & H,0,8 £353 » & &% k 3Lk R &~ %] 5 peroxidase (4.4
unit/mL)~ ABTS (100uM) %2 H,0, (50uM)> >+ 30°C F #F -k F & 1 /| BF>
HS L ESIETPABTS pd AF A o BF BT

S peroxidase

H,O, + ABT » 2H,0 + ABTS "

Ser 025mL 7 kRS F B 10 A 481508 734 nm 2 vk B
FRELMS AR RIFEE D PR IkA Trolox % ABTS ' f 4 &
i W B AR 0 H B Trolox 2 kR (uM) -
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H (e X B4 ) 5% $+ (BHA - o-tocopherol) Fodle (" pg)

0.2 ml (1 mg/ml) 0.2 ml (1 mg/ml) 0.2 ml

v

4 10 ml & Br b iR/ 7 f573 5% (0.13 1 10 0 v/v)

v
4¢ 10 ml 1/30M (pH 7.0)#5 it & 7% it

v
v S ok R 3 25 ml

v
B~ 40CHEIE

v

F IR 24 ) PRRIE fL L ABR

Pt i3 % 0.2ml

4e ~ 75%% % 9.4 ml

der G YT 4Bz LA R 0.2ml

FR=Z 24 0 plH 500 nm 2 ¥k (@

B4 4~ Fid phdkiE 2 R RURARR
Fig 19. Analytic procedure for the ferric thiocyanate method.
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RN S I o BN S SNAS. - SRR
E’LJH\?:,%]% ;}m% IL‘ 1%\'/40\ 4 ln\"z /n %E'&L"m 4 o

(1)/\?';%;?' Bhbta'fp'g\

Bz vt B ol k(232 27)A 0 10 22 2 T iR E AR S
PR BRI ERE R L EREY S T inZ LT g
aiR iR EAF P2 R T i FP P S R R R S ot
40°C ™ k&g 0 @ (S AR F BRABIE RBIZ REF PP LR i o

()% BikeAn g Bk A5

B 2 12 Silica gel 60 (70-230 mesh » 48 & Merck = #) v 3 3t 5 33
FAL? (5.0x70cm) > F Hewriio p o B fa X B LE T F L EE
oo ikt * ezl e AT fg(v/iv)= 100:0~80:20~60:40 -
50:50~40:60-~20:80~0:100 %2 2 pa2 fig - ¥ E&(v/v)=50:50 -
0:100 2R &AFITE LI|AH > = 300mL g & - 55> I 0% b s
— 7 BBk ki iR 4270 nm 2wk (E o T T B AL T E
FRA oI * g BRABERRIE B A 2 dRF Mo

(B)e fae FE¥ Bt ®mA L ~ I~ VIZ VIZ @k & 47

e o e M E b B AR PR A T I VI VLG #
& % 47 (Thin layer chromatogram, TLC)*" ¥fi5 » F]| % A [ ~ 1% & 4
VI ~ V]It,\'/\#gu/ s r.:c/a\ Jr' XNV HPLCA\’H .

(Ao e fai Pt b e s T+ 28 BiRdn g k19

Bebret % p oo f&a ol B Edng P H2Z %s I +T5RRE
B v Ep 2 F 4(2.0x 45cm)iE Tk Ap F AR 4T 0 B R

EERAEA ISR I CEC A (VV)=100:0~95:5~90: 10 2.7%

Ao g E 10mL 5 e B EH o TR s — T R ke kiR
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Rl 2 2 270nm 2 3k B 0 TH T BATRIEFRA o @ & * M
FRMZRRAE R, 2LRF .

(5)¢ e fia ¥ P-4 " & % A VI+VIZ ODS ;& 4p # 4L 47

Mowbertd poo LT g H PP B 4RF T2 % 4 VI VILER R K
%55 > B » 23 Cosmosill40C18-OPN(P # Nacalai Tesque 2 #)ODS
B 2 L33 F (2.0 40cm)iE (TR Ap B LA 1T Hiv RoR iE 2 2 A A
PAE 3 g3 k(v/v)=0:100~10:90~20: 80~ 30 : 70 2 i3 A& -
A 10mL S o B R -7 A ke kR kR
HA270nm 2 Bk {E > YA EFLIFREFRA o @ S i R

ABIEHER R R A 2P (V.

(6)® »<ife 4p A 17

et EgF P HA(L D2 BA(I )3 FA(VI
+VI)-2 2 % A (VI+VI)-3 §1% % »cigdn 47387 445 » 200 A 457
B AR R ATE o iR R RAE R Y N AR ok Ap
Bt o EAF A BIE 1Y A A o B R TRAP K AT A 2 W A RN
(0 BIFBIRIEL - FORAPKATIE it deT

a. HA(I+IT)2~%A(I+1)3

(a) A 47 2 % *ei 4p A 47

-

# 4o : Develosil Silica 60-5

(4.6x 250 mm > p * Nomura = #)
W+ 3% ¢ n-Hexane : EtOAc (v/v) =90 : 10
e i 0 1.0 mL/min

R B 280 nm
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(b)Y & 4] % »oie 4 & 5

# 4o : Develosil Silica 60-5

(20x 250 mm > P » Nomura = #)
7 $% %  n-Hexane : EtOAc (v/v)=90 : 10
ot i 0 5.0 mL/min

W R ¢ 280 nm

b. % A (VI+VI)-2 ~ % A (VI+VI)-3

()4 45 3] & »ie 4p & 19

# 1L : Develosil ODS-HG-5
(4.6x250 mm > B ~ Nomura = #)
F % P MeOH : H)O (v/v)=25:75
e i 1 0.8 mL/min
W 1270 nm
(D)L & 41 % »iedp K 47
# 1 : Develosil ODS-HG-5
(20x 250 mm > P » Nomura = #)
FH#F% Pt MeOH : H)O (v/v)=25:75
e i 1 5.0 mL/min

W B L 270 nm
Bkt pogf it A 2 i T

()'H-2 PC-+2& £ 3 ('H-2 PC-NMR) k3 :p) 2

#e%h 1L 2 54 8] 3 CDCly & CD;0D ¢ » 12 VXR-300/51
AP & 4R k¥ &% ('H-NMR 2 300MHz > “C-NMR 14 75MHz )
BlA EEH H-2 BC-NMR 3% o X337 1 0 &7 4 & =8
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( chemical shift ) » ¥ 12 TMS( tetramethylsilane ) >v § +“ #i 5 & gL >
s % o7 H &% (singlet) » d % 7+ fF&4% (doublet) 5 t % 71 = &
(triplet) » q % 7= = %% (quartet ) > b % 77 & %4 (broad ) > m %
7 % & &% (multiplet ) o

Q)i 40 & 45 — B h H Rl

AR 2p R AR FaE 1Y of F 542 3 ( Sonic Spray
Ionization Mass Spectrometer > SSI-MS ) o & * m%‘r TR P A
Hitachi = # ¢ M-8000 3] LC/3DQMS F 3# ik -

K 45 0F 1

(@) ~ 473l B »ieAn k7 [F A (1 + )2~ %~ (1 +1)3]

# 41 ! Develosil Silica 60-5
(4.6x 250 mm » P + Nomura 2 7)
i3 5% ¢ p-Hexane : EtOAc¢ (v/v) =90 : 10

o 3% 0 1.0 mL/min

P B 1 280 nm

(b) = #4741 B »xik AP A 17 [ &4 (VI+VID)-2 ~ % & (VI+ VI)-3]

# $ : Develosil ODS-UG-5

(2.0x250 mm > p #» Nomura it & = &)
3 T MeOH : H,O (viv) =25:75
% i# © 0.2 mL/min

idpl B 270 nm

W
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Coffee pulps
Ground; extracted with MeOH; filtered,
concentrated

residue MeOH crude extract

| Extracted with n-Hexane ; filtered
I I

n-Hexane extract residue

| Extracted with EtOAc ; filtered
| |

EtOACc extract MeOH extract

v v

Antioxidative test (ferric thiocyanate method)

v

EtOAc extract
iSeparated by silica gel column chromatography

n-hexane 100 80 60 50 40 20 0 EtOAc 50 0

EtOAc 0O 20 40 50 60 &0 100 MeOH 50 100
fraction | I m IV VvV VI VI

Antioxidative test (ferric thiocyanate method)

v
I ~IIT~VI~VI

| Thin layer chromatograph

I I

I +1 VI+ VI
Separated by silica gel column Separated by ODS column
chromatography chromatography
"n-hexane 100 95 90 H,0 100 90 80 70

EtOAcC 0 5 10 MeOH 0 10 20 30
fraction 1 23 4 fraction 1 2 3
| |

Antioxidative test (ferric thiocyanate method)

(1 +10)-2 (VI+V}I)-2\(VI+IVII)-3
HPLC analysis ¢ ¢
1 2,3 4

Blo L b i pf pif P X AT 2 RA2R] o

Figure 20. Scheme on separation and isolation of antioxidantive components from coffee pulps.
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ﬁﬁyﬁ@ﬁ”5Lia”£b&°%9%+%’pmﬂ PP A
LN BAFYL 2889 24 BARERY CERE TR
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- ) dRF L HBIEE e i Ay FBdh 2 Fif 2B iE > 81T BHA
g Mo PP f fr B R AR B LA AT A A

28 R dp g kA

st h poo i e fig ¥ B4 F 402 Silica gel 60 B A LIy F hrie
EH- AP REEA o RS RA LTS O e (V)
= 100:0~80:20~60:40~50:50~40:60-~20:80~0:100 %
Lo fig t T E(v/iv)=50:500: 100 2 8 &3k 0 bR U E FY
300mL 2B Er> Y ukodm—v Lk b kFRFH > LA E
270 nm £ 5p R fT v s B~ 270 nm 2 Rk BT B AL TR 2 BT B
BACES A ) ERAGRGHAE BV HAAS (24 )0 &
‘é$ﬁ§2&@6WH9P&QHE&ﬁM@ZﬁWﬂ#@WMﬁ(%:4
Z ) B%k T RA I VIZ Vs i % 3% > a—Tocopherol »
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R LR RCE Rl S )
Table 8. Yields of the solvent extracts of coffee pulps

Extract Weight(g)" Yield(9%0)
n-Hexane extract 47.6 2.38
EtOAC extract 225.2 11.26
MeOH extract 303.4 15.16
Total 576.2 28.80

“sample weight : 2.0kg

1.4

—e— control

12 - —®—BHA

—&— « -Tocopherol

| = MeOH extract
—%— EtOAC extract
—®— n-hexane extract

Incubation time (Day)

Flo - et A B RIS R L pF
Fig 21. Antioxidative activity of the solvent extracts from flowers of
coffee pulps.
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300 -

250 A

200 A

150 ~

Absorbance at 270 nm

100 A

50 -

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88
Tube No.

Flo o vt o o o ESb 8 B E L 7
Fig 22. Silica gel liquid column chromatogram of elution fractions from ethyl acetate extract of coffee pulps.
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B4 et Mo M E B R B E AT S PR A LA S
Table 9. Yields of elution fractions separated from ethyl acetate extract of
coffee pulps by silica gel liquid column chromatography

Fraction Weight(g)* Yield(%)
I 0.2 0.35
I 0.3 0.52
I 3.6 6.26
v 43 7.48
A\ 7.7 13.39
VI 26.4 4591
VI 2.8 4.87
Total 453 78.78

*weight of ethyl acetate extract : 57.5 g

3 - —&—control

28 b —8—3HA

26 b —&— ¢ -tocopherol
24 L ——1

2k —¥—1

2k ——1

18 F ——n

Absorbance at 500 nm

Incubation time (Day)

Blo L= seber i f o B MEBPEFRRPERAITE L TRTE
A2 FE VM
Fig 23. Antioxidative activity of elution fractions from ethyl acetate
extract of coffee pulps by silica gel liquid column chromatography
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LR P E RS EA T I~ VIZ VIZ &k & 47

#fb%ﬁ vz FA T ~I ~VIZ VIA S 2 TLC 5 B B & 3
[BRARS K

13-3~322BBREFEHELS (B Lw ) %
B s

ﬁRf
BEleBERL,TE RAI

BREMEM X RA T A F (2 =

Berd T b & VI A L

Y=
fé%j’,’;’f A e E R R A VIR VIS 3 R
B EF G EAFH F RS H AL E R A T+ IE VIHVLE
TR AR A AT A ML B LR BT L > e R Y
7 e

it g A

4. tfre MmEPRFPRERES T D28 Bin g k47
BeFe s T+ E > EF % (silica-60) 2% 4p F fie 7 & 47 >

Hob i AR L e o ey (vv)=100:0~95:5+90:

0> *Hsgm =5 10mL 2 & =z f » #Hgcfir

kvxock k3 kI k£ 270 nm 2 vk & & Ag (T )

e ERA (R L7 ) AslkfGafd  2RAESF (44) %A

95 3809 c F A R EE VM (Bl L2 ) HP
A(T+I)2 2 FA(CL+1)-3 87 155 0-4 7 fenfif

Moo FHEBRL S R ARG P a2z e
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Plate : Silica gel 60 F-254
Developing solvents : EtOAc : n-Hexane=20 : 80
Detector - UV 254 nm

0 0.5 10 Rf

Plate : Silica gel 60 F-254
Developing solvents : EtOAc : n-Hexane=80 : 20
Detector - UV 254 nm

0 0.5 1.0 Rf

Blo e seberihep 2 RO BBk H A [ ~ 11~ VIZ VIZ & K
& 17 B
Fig 24. Thin layer chromatogram for elution fraction I ~ II ~ VI and VI
from ethyl acetate extract of coffee pulps.
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(I+1)-2

14

12

10 +

(I+1O)-4

Absorbance at 270 nm
o)) o
| |

(I+1I0)-3

2 A (I+1I)-

N g
N e e e A

O 4 Y B M Dttt Dt it i
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101 106 111 116 121 126 131 136
Tubes

Bl -7 o 2 RO R Bt T [+ D28 R4 14 7R
Fig 25. Silica gel liquid column chromatogram for fraction I + II from ethyl acetate extract of coffee pulps.
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FLoavhr ikt PRELSIFTIEF RRPE AT RA L ASF
Table 10. Yields of elution fractions separated for the fraction I + II

from coffee pulps by silica gel liquid column chromatography

Fraction Weight(g)* Yield(%)
(1+10)-1 0.05 10.0
(1+11)2 0.07 14.0
(1+11)-3 0.02 4.0
(1+11)-4 0.05 10.0
Total 0.19 38.0

*weight of the fraction T +1I : 0.5 ¢

Absorbance at 500 nm

257

051

——conirol
—8—BHA
Toc
[+1-1
—X¥—1+12
—0—1+133
—+—1+14

Incubation time (Day)

Bl= Lt v b PREAS T ISP BRAPELEITEE PR

2 fig v

Fig 26. Antioxidative activity of elution fractions 1 + II from acetate

extract of coffee pulps by silica gel liquid column chromatography.
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5. L faT iR B % A VI+VIZ ODS % 4p ¢ ok 47

BT A VI+VIE » 2 F Cosmosil140C18-OPN ODS %5 2 ¢
it g7 B R R R A LT B A 3 R(viv)=
0:100~10:90+20:80~30:702 ;3% »*#HxrE 10mL 3 <
BH o ¥k b — v Rk kb kiR HE A 270 nm 2 vk sk
B PRI RITR ET AR ZBEAS (B L= ) A RASE
SlefFE  TRIEAF (- ) RAFHL 2836% ° 2 81 a
ez Pl g (Bl A~ ) 2P R A(VIFVD-2 2 % A
(VI+VI)-3 BgoF 15530 o-24 7 fengnd Mo i B gt o | A B e
R TN SAR:
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400
(VI+VID)-1
350
300
250

200

150 (VI+VID)-2

Absorbance at 280 nm

100

50 4

66 60l | | 1 | | |V|Ve] OO OO
VY VvV v v

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69
Tubes

Blo = s emrt p o fhe g B4 b & % A VI VIZ ODS iz 48 # 1k 17 B
Fig 27. ODS liquid column chromatogram for fraction VI + VI from ethyl acetate extract of coffee pulps.
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b eweh 2 BT fr X PP R B R 4 VIFVILG ODS J 48§ 4ok
FTEFPHRRFZAS
Table 11. Yields of elution fractions VI+VI separated from ethyl acetate
extracts of coffee pulps by ODS liquid column chromatography

Extract Weight(g)" Yield(9%0)
(VI+VI)-1 6.3 21.58
(VI+VI)-2 1.3 4.45
(VI+VI)-3 0.68 2.33

Total 8.28 28.36

*weight of the fraction VI+VI :29.2 g

—&— control
—il— BHA
Toc
VI -+ VII-1
5 —¥— VI -+ VII-2
—@— VI + VI-3

2.5

Absarbance at S00m

Incubation time(Day)

Bl= o~ seer i PR R A VIHVILG ODS i 4p B 4k 4715 & P & %
2 fif 4
Fig 28. Antioxidative activity of elution fractions VI+VI from acetate
extract of coffee pulps by ODS liquid column chromatography.
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6. % rxifAp K 47
(1) %A (I +1)-24(1 +10)-3 2 % »xik4p & 47
BAMENRAT R FRFH FLS(T+T)-22 FA(1+
M)-3>EEF4pF =~ ik & 5 280 nm > F]pt £ B~ £ 280 nm
TEHRA(I )22 FA(I+I)-32&RIREEF #FA(]
—|—I[)2£ T (I +I)-3 4 Bliksgicts > Mg T e phe i
f2 > ¥ %5 0.45um 2. i8R B R e
WA(I+I)22 FA (1 +1)3 450 A473 5 22k 4p
%ﬁ@ﬁﬁ%%m»a@d*ﬁﬂa%:a&a%:%:m
(viv)» & Bl f i le ik 2 2 gLk 3] % sk 4p A 47 BB 17 4
o T EFE BRI F TR RIS R A
HERZBHCET (R4 ) B BFRIE RS
BELIAAT > g TSP L2 8

(2) %A (VI+VI)-2 fo% & (VI+VI)-3 2 B >k 40 & 47

B LR R o AR T sk riz%m#.s W% o (VI+VI)-2 2 % &
(VI+VID-3: @Al B x 3fgb £ 5 270 nm » FptiE Bt £
270 nm % % % A (VI+VI)-2 % ‘ép/va\(VI+V]I)—3 24 Rk R o L M-
&»WHND2A&¢WHND3& |RSgEce > Mg £ T FRR
f2 0 35 0.45um 2 B R B iR o

Fe & (VIFVI)-2 2 % & (VI4VI)-3 4 %0204 73] 8 2% 48

R R4S F A n ARy 29 L F 3T k=25:175

(Viv) > & Bl f rdp e i & 2 % 31 F iR dp & A1 Rig (7 4
ﬁ’jﬁﬁﬁ%%ﬁﬁiﬁ?ﬁ@wkiﬁﬁ%@,%ﬁgg
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(A) 7 1

2.0 ,
! Column :Develosil Silica 60-5(4.6x 250 mm)
1 | | Eluent  : n-Hexann : EtOAc (v/v)=90 : 10
1.5 = !1 i Flow rate : 1.0 mL/min
5 g I | Detector : 280 nm
2 .|
@ 7 ]i
g Mor ] oo
E i ii ‘ ‘
; £ o
] ] |
Rbg | || |
_ iRl
5 I /| [
= e Sl T
0.0 — T Y T e =
\ & T ET T FERRTT T ]
0 2 4 6 8 10 12 14
Retention Time {(min}
(B) .
ot :_ | Column :Develosil Silica 60-5(20x 250 mm)
g | Eluent * n-Hexann : EtOAc (v/v)=90 : 10
0.5 ] ‘ Flow rate : 5.0 mL/min
s 3 | Detector : 280 nm
g 0.4 - ‘
8 3 '-
g o3 i
Fs 4 1
2 ]
2 0.2 . ‘
| |l |
01 W“
3 1 Lol :
0.0 Eh ] ) ’jn\.ﬁ...,_ o\ Uﬁ\‘n S AT IS B e e e Sy e
:‘l'l"I‘;'I‘l"I"I'I'!'I'-']‘ rI‘II';''I‘]"I'I'I'-'I'I'|'[‘ ’|'1'|'1I"rl"']'l'l'!'l'i'l'l[‘1'|"I'I"['l'i'=T1T'-|—'_i
0 5 10 15 20 25 30 35 a0 45 50 55 60

Retention Time (min)

o 4 et oo e i F B R A (1 + 12 2 3 2z dp
EAr@ (A)~473 B)EA 2
Fig 29. HPLC chromatograms of fraction (I + II)-2 separated from
ethyl acetate extract of coffee pulps. (A) analytical HPLC
chromatogram (B) preparative HPLC chromatogram.
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(A)

Absorbance (AU)

(B)

Absorbance (AU)

Fig 30.

0.32 = 2 Column : Develosil ODS-HG-5 (4.6x 250 mm)
; Eluent  : MeOH : H,0 (v/v)=25:75
RN “ Flow rate : 0.8 mL/min
B I‘ Detector : 270 nm
0.08 — ('
0.06 }I\
E i
0.04 — Ji
E ! \x ) 3
0.02 i )"“\..\'\i‘ A i
i / : \ kw = o
Vo P S et e s ey
e e e i BRI R e 1 T}
0 5 10 15 20 25 30
Retention Time {(min)
2 :
d05 Column :Develosil ODS-HG-5 (20 x 250 mm)
E | Eluent : MeOH : HyO (v/v)=25: 75
E \ Flow rate : 5.0 mL/min
B0y o Detector : 270 nm
0.03 —_
0.02
é wooh 3
0.01 — /\\JJ\\
ggg =it o e o s e
S T L e A 2P e 0 A A B A R A R B T B U A A R A
0 5 10 15 20 25 30 35 40 45 50 55 60

Retention Time (min)

4

st f o R fig B B4 E A (VI VID-2 2 8 oci 4p
FE (A2 13 B)E 4 A

HPLC chromatograms of fraction (VI-+ VI)-2 separated from

ethyl acetate extract of coffee pulps. (A) analytical HPLC

chromatogram (B) preparative HPLC chromatogram.
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(A)

Absorbance (AU)
o

0.00

(B)

Absorbance (AU)

DEETE

.02 4

E Column : Develosil ODS-HG-5 (4.6x 250 mm)

Eluent : MeOH : H,O (v/v)=25:75 i
Flow rate : 0.8 mL/min I
Detector : 270 nm [

| FETE I

Retention Time (min)

Column : Develosil ODS-HG-5 (4.6x 250 mm)
Eluent *MeOH : H)O (v/v)=25:175

Flow rate : 0.8 mL/min
4
\

Detector : 270 nm
AN ! |
R T 2

5w

i | it
s

LA

vl b

S0k 0 0 A A MR LA R M ML
0 5 10 i5 20 25 30 35 40 45 50 55 60

Retention Time (min)

vertik b L R g B B4R 4 4 (VI VI)-3 22 B 27 4P
Eirml (A)~1473 B)R#A 3

Fig 31. HPLC chromatograms of fraction (VI + VII)-3 separated from

ethyl acetate extract of coffee pulps. (A) analytical HPLC
chromatogram (B) preparative HPLC chromatogram.
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S eheE R AT B RET

L1 1 2 B

BB LA RS MR UV ek (B2 2 - ) A7 A max
(CHCl;)274.0 nm % * 4 *2_ phenyl group B band =z % - 'H-NMR
kF (B=+=2) 28699 (3H,m) % ¥% H-3"~HA42 H-52
F A 5 04.14 (d,J=69 Hz)~2.58 (d,J=6.9 Hz) 4~ %] 5 H-3 ~ H-2
S8 ST I A T b 5122143 F 28 B F S gL Jaiple s
- BA AL £ d EILMS 3B (Bl=-+e ) rs 450
3 393 [M+H]" > 4aipl % i 4 1 % Galloyl stearate

)
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Component 1 : Galloyl stearate

1
0—C—CH,—CH,—(CH,),, —CH
1 22 3?2 () 18 3

UV-Visible A max nm (MeOH ) : 274.0

Formula @ C,4H400O4

LC-MS : 393 [M+H]"

'H-NMR (CDCl; » 300MHz) : &
6.99 (3H, m, H-3’, H-4’, H-5)
4.14 (2H,t,J=6.9Hz, H-3)
2.28 (2H,t,J=6.9Hz, H-2)
1.22~1.43 (28H, m, J=H-4~17)
0.88 (3H,t,J=6.9Hz, H-18)
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L 000

274.0

ABS /

0, OOG 1 T 7 7 . 1
m 200 24{ 280 320 364 40

Bl= o vl p ST L 2 ek kT LR CEER] -
Fig 32. UV-visible spectrum for the isolated component 1 from coffee
pulps.
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sfrq 300.066 dm nnn
tn H1 dmm c
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DISPLAY
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o
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Fig 33. '"H-NMR spectrum for the isolated component 1 from coffee pulps.
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Fig 34. MS spectrum for the isolated component 1 from coffee pulps.
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2.5 1 4 2 2 AR
B F 25 ¢ pky > UV X3 Amax (MeOH) (B =

+ 1 )& or ¢ flavonyl B4 266.5nm i A FSojcd 0 323.5,344.5

(sh) & BRewfed » 53 © fov ph i 4022 apiin 2% 4547

(Harborne et al > 1975) - EI-MS F# ® (m/z) (B= -+ > ) ¥
7o S A 433 [MHH] > iR A F 585 CyHpOyp 0 77 i
# (aglycone) apigenin 4t + — i = ¢ % o 'H-NMR %3 (B =
+-)6692 (2H,d,J=8.7Hz) > 67.58 (2H,d,J=8.7 Hz) 4 4|
% 1,4 = B~ B &} phenyl H-3°, H-5" ¥ phenyl H-2°, H-6" = & %}
FE 3 30 6.25(1H,d,J=2.1 Hz)> 6 6.78(1H,d, J=2.1 Hz)
HuEl A ATRY 1,2,3,5 2 Bk rphenyl H-6, H-8 &>t meta = %
ZEL AR S NI S )I?% (Harborne » 1993 ; Harborne and Mabry >
1982) 2 % it = & 2 L apigetrin( apigenin-7-O-B-D- glucoside )
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Component 2 : Apigetrin ( Apigenin-7-O-B-D-glucoside )

UV A max (MeOH) nm : 266.5, 323.5, 344.5 (sh)
Formula : C,;H,00O10
LC-MS : 433 [M+H]"
'H-NMR (CD;OD > 300MHz) : &
7.58 (2H,d,J=8.7Hz, H-2’ > H-6")
6.92 (2H,d,J=8.7Hz, H-3’ » H-5")
6.87 (1H,d, J=2.1Hz, H-8 )
6.30 (1H,s,J=H-3)
6.25 (1H,d, J=2.1Hz, H-6 )
5.15(1H, d, J=7.2Hz, B-form glucosyl H-1")
3.40~3.69 (5H, m, glucosyl 5 protons )
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Fig 35. UV-visible spectrum for the isolated component 2 from coffee
pulps.
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Fig 36. MS spectrum for the isolated component 2 from coffee pulps.
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il noownt ox
in n
dp »
hs nn
DISPLAY
sp -601.3
wp 4800 .8
vE 399
sC
W 250 =
hzmm 19.20 oo T
is 500.00 na s
rfl 1591.6 ton -
rfp a30.2 =
th By
ins 100.000
mm  cd h /
~ =1
Z2xg ( ZES |28
v e - . = o
— e P T | P I e
. o4 o o e
1Ll e | 8
- EX- ;
2 el |
-l
L~
\‘ |
]
T - e T T — T — T — T T T r
13 12 11 i0 9 & 5 4 3 2 1 -0 =1 P pm
T P — sy [a—
3.52 4.41 3.74 6.69 6.67 23.72 0.59
4.58.41 2.40 8.84 i5.2 13.28

Bz L= e i p B0 2 2 HP R R R
Fig 37. '"H-NMR spectrum for the isolated component 2 from coffee pulps.
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3.1 3 L BT
B3 s Rihd Bk UV kit (B2 + )

B or Amax (MeOH) 270.0 ~ 322.5nm 3 5f§ fit A %2 B Ik ex T o
EL-MS Fo# @ (R= -4 ) 8m A+ 4+l 5 448 [M] Rlsgs
fr4x b - BHEpE L J 'HNMR k3% (Ble + ) g3 §7.85 (1H,
s) & & 3] isoflavone H-2 87+ A3 » 8 727~737 % 743 Z ¥% 1>
2:4=*mABX 3 2% £ H-5-H-6 2 H-8 v+ L 5 ¥ ¢
8740 5 ¥ - ¥ H-2"~H-6’ <+ L3 5 §5.04 5 glucosyl & &
BF b 7-O-1 H-1 603 st o SF b oaf 2 g2 e o gt 4

(Harborne » 1993 : Harborne and Mabry » 1982) » 4B it 4+ 5 3 ¢
%1 5 Baptigenin-7-O-B-D-glucoside -
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Component 3 : Baptignin-7-O-B-D- glucoside

L-qglc..
I g o

UV A max (MeOH) nm : 270.0 ~ 322.5 (sh)
Formula : C,H,,01;
LC-MS : 448 [M]"
'H-NMR (CD;OD » 300MHz) : &
7.85 (1H, s, H-2)
7.43 (1H,d,J=1.8 Hz » H-8)
7.40 (2H, s, H-2’ » H-6")
7.37 (1H,d,d,J=1.8 » 8.4Hz » H-3)
727 (1H,d,J=8.4 Hz » H-5)
5.04 (1H,d,J=2.4 Hz > glucosyl H-1)
3.30~3.96 (5H, m, glucosyl 5 protons )
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Fig 38. UV-visible spectrum for the isolated component 3 from coffee

pulps.
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Fig 39. MS spectrum for the isolated component 3 from coffee pulps.
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6-1

exps stdih
SAMPLE DEC. & VT
date Jun 20 2006 dfrq 300.086
solvent CD20OD  dn HL
file exp dpwi 30
ACQUISITION dof a
sfrg 200.067 dm man
tn H1 dmm
at 3.413 dmf 200
np 32768 dseg
sw 4800 .8 dres 1.0
b 2600 homo
bsg a PROCESSING
tpwr 55 0.10
aw 6.2 wtfile
d1 0 proc ft
tof 723.5 fn 65536
nt 32 math hil
ct 32
alock no owerr
gain not used wexp
AGS whbs
il noownt
in n
dp y
hs nn
DISPLAY
sp 1272 .4
wR 1231.5
Vs 1017
sC
[ 250
hzmm 4.9
is 580z2.11
rfi 1591.6
rfp 990.2
ih S
ins 100.000
nm cde ph
oy
o]
<
~
=)
g L
~
h
S T T T T u T
8.0 7.5

Ble L ~ewrid g 5 3 2 'H-Pies 2 3R X3 B
Fig 40. "H-NMR spectrum for the isolated component 3 from coffee pulps.
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4.3 0 o B4 2 BHAET
B EA LSk BIMS X3 (Ble - ) rih 3
3ot 515 [M-H] e UV sk k2 (Ble + - ) Amax (MeOH) %
240.0,293.0 nm % 7 caffeic acid ##cx Jc¥ - £ 4 'H-NMR £z ([§
L2 ) MEH AR e caffeoyl H+ 0 §7.61(1H,d, J=15.9
Hz)¥ §6.40(1H,d,J=159Hz)% §7.59(1H,d, J=15.9 Hz) ¥ §6.30
(1H,d,J=159 Hz) » % % H-2’# H-3’% H-2"2 H-3"3 58 & > ¢
B cis i enE 3 5 57.06~696 %2 678 5 = ¥k 1,241 L
3] ABX F+ &3 > 48] 5 caffeoyl %+ H-5" (H-57)~ H-9” (H-9”)
% H-8 (H-87) ¢+ A3 5 5552541 » % 5 & quinoyl %}
H-5 2 H-3 e+ A3 ¥ ¢ faded 2348391 (1H, dd, J=9.8,3.4
Hz)»§228(1H,dd, /~13.8,3.0 Hz) %2 §2.12(3H, m) B 4 %] % H-4
H-60x 2 H-2 > H-6eq 2 5 1+ 3t o S5 b rid 2 00 S4B gk > 3
P F 4 g EE 5 3,5-Dicaffeoyl quinic acid e
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Component 4 : 3,5-Dicaffeoyl quinic acid

UV A max (MeOH) nm : 240.0, 293.0, 323.0
Formula : C,5H,4015
LC-MS : 515 [M-H]"
'H-NMR (CD;OD > 300MHz) : &
7.61 (1H,d,J=159 Hz » H-3*)
7.59 (1H,d,J=15.9 Hz » H-3”)
7.06 (2H, m, H-5> » H-5")
6.96 (2H, m, H-9> » H-9”)
6.78 (2H,d,J=8.2 Hz > H-8’ » H-8”)
6.40 (1H,d,J=159 Hz > H-2")
6.31 (1H,d,J=159 Hz > H-2”)
5.52 (1H, m, H-5)
5.41 (1H, brd, J=3.0 Hz > H-3)
3.91 (1H,dd,J=9.8,3.4 Hz » H-4)
2.28 (1H,dd, J=13.8,3.0 Hz » H-6,,)
2.12 (3H, m, H-2, H-6,,)
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Fig 41. MS spectrum for the isolated component 4 from coffee pulps.
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Fig 42. UV-visible spectrum for the isolated component 4 from coffee
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coffees exiract ¥-1

=
exp2 stdlh =
SAMPLE DEC. & WT b
date Jun 16 2006 dfrg 300.066
solvent CD200  an H1
file xp  dpwr 30
ACOUISITION of
sfrg 300.067 dm nnn
tn Hl dmm
at 3.413 dmf zoo
s 32768 dseq
sw 45300.8 dres 1.0
fin 2600 amo = S m
bs & PROCESSING S e
tpwr S5 b o.10 it i)
5.2 wWifile L v
di1 @ proc it J 1
tof 723.5 fmn 65536 |
nt 16 math L 3
et 16
alock n werer
gaim not used wWexp
AGS wirs e
i n  wnt =
in n o,
dp ¥ o =
hE nn LS
DISPLAY ~{
=P =50 /]
wp aB00.8 |
wE 13 |
sc o
T 250
bz 1520 1
is 500.00
1 1581.6 =X
rfp aso 2 =
th z oL
ins 100000
g L
o
=
=
= iy
= Jm=g
o =To=T
="
o ch. 1
— g I e e - — s - : -
13 iz 11 i0 4 3 1 -0 =1 ppm
- —"
45.52
16 .68

\%

Bl =~ ehe o 542 H-PR S 4R £ B
Fig 43. "H-NMR spectrum for the isolated component 4 from coffee pulps.
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5. a-2 W2 g AT

-~ AT NS 7 BT ot TR (Suo
1992) > Bt AR S 7T a-2 T PR H A AT o b kAR AL
7% A BT 0 MRS R A (] +1)-3 %1% HPLC &7~ 47 > &

—

BB -4 TEHVCHEEERIFA(IFO)3FR T a-247
i (Bl Lw ) (FFHRFS512min) B EFL f1*% LC-MS (Fle + 1)
FERF HBA(I )3 awEz a-2 7 o Flita¥ra-4 7 g7 5 e

=5 S o s £ P 2 R LMV S
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(A)

Column :Develosil Silica 60-5(4.6x 250 mm)

- S m.m Eluent  : EtOAc : n-Hexane (v/v)=10 : 90
2.5 - | Flow rate : 1.0 mL/min
= Detector : 280 nm
= 2.0 *
2
z
g 1.0
2 E
2
o 2 4 6 8 10 12 14
Retention Time {minj
( B ) 5.12 min Column :Develosil Silica 60-5(4.6x 250 mm)
6.20 Eluent : EtOAc : n-Hexane (v/v)=10 : 90
] : Flow rate : 1.0 mL/min
i Detector : 280 nm
0.15 -
3 :
.% 0.10 . ‘! /
o 3 (
i 1 | ’\ | |
0.05 — i }! H
* j
L
0.00 — e L SN~ N S
T T [ i i ; [
0 2 4 6 8 10 12 14

Retention Time {(min)

Ble te ~(ARES (a-270%) 2B)*wrS p ¢ fie g 58407
#FHA(TI+H)3 23540k 15 B
Fig 44. HPLC chromatograms of (A) standard (a-tocopherol) and (B) the
sub-fraction ( I + II)-3 separated from ethyl acetate extract of
coffee pulps.

86



50000

45000

40000

35000

30000

25000

Intensity

20000

15000

10000

5000

[}
I
(a0 ]

200

250

300

[M]
430
4431
349 371 ,432 455
350 400 450

Mass (m/z)

Ble L7 ~ o p o fo M B b 3 B A(L 4+ )31 2 Fa il -
Fig 45. MS spectrum of the sub-fraction ( I + II )-3-1 separated from ethyl acetate extract of coffee pulps.
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ERNE AR AR oI L &

&d HPLC A3~ sitis 1 %%’E’ NN DARLREE L% i
L 4= 4~ W & galloyl sterate (1)~ Apigetrin ( Apigenin-7-O-p-D-gluc
opyranoside ) (2) ~ Baptignin-7-O-glucoside (3) ~ Ferulic acid ¥ Caff
eic acid R &% (4)> £ 12 TEAC ;£ & H =% - 5 4 - TEAC (Tro
lox equivalent antioxidant capacity ) i4FcF i 4 2_p| 7 > ;% £_2 pero
xidase/ ABTS/ H,0, % 5.3 % ABTS 22 ABTS "p d # -yt 5 - 2t
FRIZESISFFT T34 nm T F Sk > e &S 0 BE
B md AR R ﬁ AR > o7 AhdnE (Y 4 4%4F (Re ef al 2 1999) & 12
Trolox #dkd o &> 3+ B 4% 5-if- 4 ABTS "p d Hehi 4 gp g5 0
MM £ Trolox 7% ABTS " d 2 it 4 » * 5 55 TEAC & -

Bz -2 5 88 p g 4 2 AR B0l g2 TR IES
&P e e TEAC B4 & 47 Fof it 4 g% 4 &k & 25 ng/ml
o T T2 A enpF R Bt a2 TR (913 M) £ ¢
B AL FF i 4 R 1700 pM B B S BB 2 3 155.0
UM -

d S EFR - BERG O P A TR RS G RGPS
Lic4 > F15 ABTS Z ki3 dpd Ao fpEar @ vl Bitf ff
28 4t KA ABTS pd AL 3 REhikgnd Bt 4%
3,5-Dicaffeoyl quinic acid > 124547 L 4p > ene22 @ 7 3 5 4§
Caffeoyl quinic acids * &7t 1 ig> o-24 7 fgehip o f}g}%% e 4 F e
LDL % i &5 4 (Clifford » 1985 ; Azumaetal > 1999 ; Hung et al >
2006) c T T M B BT A LG REF i o o BB
283/ W L -BEALEMERIM > TFFALIpN 0 RIS
it i3t B %k (Cook and Samman » 1996 ) » o JL ¥ &r o b 4 F 2
TR RO CRIEOR - B

NSRRI L Y TN CE S E L N

ft&$ o d @;%Jeg;:;; S ArE F 3 Feafng (bard oo e o
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fae ¥ Pdaing PP BB PP EERI EFFELE

&M & qpkid (synergism) fug it (T % #73R o
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Bz - = ~J1% TEAC ;2 & pleveide p A g enih 4 2o dng
4
Fig 46. The antioxidative activity of the pure components isolated from
coffee pulps by Trolox equivalent antioxidant capacity (TEAC)
method.
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FIEE SO R R e D =y
R RS2 3.1

- TERE A

g &R vA(flavor)— Aidp A G K frE wgpE o v oIz AT R ) Ak
F Aok vh 5 R (taste) & F FEITF P TR E AL SRR S A
# (aroma) i o 4T3 4 T Hlpees £ A G972 4 R 5 8 (sense of
touch)P| 3 v vl-pFr v ¥4t & e B iEOR E (Ble L= )it g
L0 H - REEEHL e BT T SRR EFE 2 3
#e e A (Thomson > 1986) » | vk = 4 (flavor component) € 35 # ¥4
B4 R £ g Gl ML & E A ST AT
AT S FRET  FadE o BT A0 RKE G BRED AR
REEE P E e B A Z RSN AR Y ko A B R
» ¥Ri% AR (Schreieretal » 1985) -

FLAVOUR
R . .‘__ —
. general oral sensory impression |
l ' |
TASTE SEMNSE of TOUCH
gustatoric impression tactile impression

F 3
AROMA )

general odour impression

Bz L= s hvk~B 4 ~cA¥2PF2 2 E2T MG o
Fig 47. Definitions and interactions between flavour, aroma, taste and
sense of touch. ( Stephan et al>2000 )
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PR M A A FBhTF S 0 i AT
L3 & fg® e 33
}?ﬁ‘f‘i’a%ﬁ‘%ﬁ féﬁﬁﬁﬁﬁiﬂ BPEeRHEF I LG AR AR R
FRALHFL N AMET EAKRS E s S E - FEF S
L g PR T BT & e & a5 0 (Pesek 1985 ) e Pruthi (1990 )
TN HET R RS BA NP AR P )
CNERE S AP T EERFIASIRE A AR R

%Y

7 AR TR BT A 2 % ApE (Cuo 1989) ¢
3.5 B 2

1992 # Reverchon # 3% 1111 R Z& § A2 Rk 3 B0 87 2
5B A A ’E%@WQ#H$%§%%§%§ﬁ%’

m % % * (aromatic) * & 3=} ° Biserle ¥ (1972) Rldp i3

CCRE = "fa‘ﬁi’? e ﬁgﬁﬁﬂz— e N e
k k4> B (flavor substance ) ¥ 4 = = #f :

(1) = XA R4 5 (nature ﬂavoring substance ) > ¥ E 1M {p 3L jE
JER R A g%k o B o et AR o fE A
Hid EPhEd BT R EE2EEREER DB
MEHF AL S EBPEARL RS ERED AR 'J'HF@T
BE T TR

(2) = RF T MRk ra$ F (natural-identical flavoring substance) » %
Flr P ESZEARF AT AGgHCD s A Rt LS
BUSPRARPFT SR TE RIS PR AR &
7% >H 5 bl4cd T4 (vanillin) -

(3) * i 4w+ F (artificial flavoring substance ) d 7 # i & & & 2
Ak B 0 2 3 A RY > REG R 2 bl KA Y
#* (ethyl-vanillin) (IOFI » 1976 ) °
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G5 A F I FAeT (F 0 1986)
(1) S A4Fse o Memet i b 0 B3 ¢ doend § & 4 ¢ 4238 700 f&
(2) A4 »ARRKHM =
$ 43 107~107 ppb ¥ °

(3) a2 BERZEARIEL ©

(4) tftr i 2 *2ERAPE AR -

(5) # I =& B 5 vk % (odor potencies) £ 7 4
(6) & é%*gﬁﬁgﬂﬁﬁlﬁk’“ﬂﬁi

/ﬂ\ E

& r#cppm I 100 ppm 2z fF > 7%

-n\i\,

.g
(7) 857 55 B4 Fidwa\—%" RIS 1 @\é‘ﬁﬁf?‘f@fﬁ °
B2 mETALT AR

S VTE S A TR R T A
PHEFAF2EEF - i AERFLEFER R A F F
Fens 39 7 73 # 29k + B (atomic group) > F-2 5 % 4 B
(osmophore group)4r# - = #75 > 2 G FF vkAS 5 B2 i &4 f i
4o
1.75 %A B4 i & 4~ (aliphatic acids)
M+ g2 P ¥ ik (formic acid) ~ fiy ik (acetic acid) ~ [ &
o525 A 2L ErRET '[ﬁ?l - ¢4 vk (rancidy odor)
I SR Sk R PR RIS AP L I SR I I A
it 7 ke g bt .B*w%ﬂm%%éﬁﬂc&ﬁiﬁﬂﬁpﬁ#
LR PR o

2.p% %f (alcohols)

(propionic acid)

M+ E iR sp L 3 o8 & (spirit-like) 2 4 F > @ EF A S
bo f vRBIES D & F vA o AP (hepty alcohol)d & 4 & - ¥ [ (octyl
alcohol) # I fi% (nonyl alcohol)F & fici=4 F ° ¥ *t 2 3 B4R 4f o
HFeRs PR H F oo 4o B-2 4 AR(B-hexenol)F 3 2] § & & o ¥ 7t
P g F e R G a2 fREf 0 4ot 4 g (linalool) o @ %
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- MR F R o

3.fk éﬁ(ketones)
255 AT U A e T S AR

h F o A E O PR {XE > 4o F ¢ fik (benzophenone) &
£ 4 F =4 o B sp(diketones)» F AFehF R o Ao fii

(diacetyl) & 5 AT# b ¢ #H4 § 0 ¥ ¢ a> B-% B §7 k(o> B-ionone)

AR5 kEZ2 aRdg gl

4.7 %8 (esters)

Bodd BRI E A KRG KR RAE S - e T A
R F E R4 > €7 MH A F o ¢ fi B N fy(isoamyl acetate) ~ ¢
fi« fia (amyl acetate) 2 7 & N fig (amyl butyrate) & 3 #g 024 Ef rhk o ¥ ¢
d FEAA) N FasE 0 F AR TA B dolrfi ¥ g (methyl salicylate) 3 %
FRED AR F AL A

Ve
7% HBEHA? > EFTFA4F 0 F? Y fq(methyl benzoate) ] £
2
o
5.

¥ A4 ¥ fg(methyl anthranilate)is 7>t

}ﬁ$

Rk
i % (aldeyhdes)

- B Y AR B Y F AT AR E £ o A foat
s (fatty aldehyde)® > R8T % 4 § B2 TS 3 AERE > g At
FHA5eD Cp Cp~Cu o R4 4 'fﬁ'f"tﬁ”’?té o 7} ¢ frfE g
(unsaturated aldehyde) fefe =45 7d chg § i &4 ¢ AL & > 4R ¥50F
(citral) ~ 4 ¥ fig(citronellal) 3 1248 ¥4 F ©
6.% *% it & F (aromatic compounds)

R L AR GRS AR P AS S PR
T & vk d o 4o F 7 ff (benzaldehyde) ~ 7 2 F ¥ [fF (methyl
benzaldehyde)$" 3 % =4 § ° 43 & fE(cinnamic aldeyde) & P 2 A
BYLREF L
7.7 % (terpenes)

- L H 2 & folf it & Fde(citronellol) 2 B 7 & o 1 & B (e
Mg s\ ehinerol o & 3N geraniol) F E & A F I EF 0 F 0 - B REE
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M kR o
8.% #rit & F (sulfur compounds)

SR EFAF L ERAERAF BB bl FEE
R FFAS A AL A A G £ P (allyl sulfide) - A+ i 4 (allyl
mustard oil) F7 3 & F F F R = &~ 5 AL F Y[ fig (allyl
isothiocyanate) °
9.% % i* & # (nitrogen componunds)

PR AP B G EG M '?;11 4 & 5 '%#f(amines) ° 4v? "%(methyl
amines) ~ = 7 "&(dimethyl amines)¥ > 327% 39 H R pcis 2 Lvk > H
IFAem REEIEY WFH R L2 Y R B R N
4T A AR o

10. fg(lactones)

- PP T PPy O i AR ARG g Y R
B m dl s o bldo? y-lactones H_d y-hydroxy S Aifs it % W -KpF A
AT TP fig o © AskEiEET MRS X T EMAfE o F y-lactones
AN Y LT AT
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Lo vAagg A AR

Table 12. The major osmophoric groups

FHRPFE # A A E
7z 3 (hydroxyl group) -OH
A% 7& (aldehyde group) -CHO
## 7k (carbonyl group) -CO

i 2K (ether group) -ROR’
fin A (ester group) -COOR
#3 7k (carboxyl group) -COOH
M fig(lactone) -Rg(l)
¥ 7 (phenyl group) -CeHs
A Ak (nitro group) -NO,
17 A & 2K (nitrite group) -ONO-
"= 2k (amide group) -CONH,
2 5= % i (isothiocyanate group) -NCS
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CHEFEE ALK MR FE
WSR2 Fo2 2 ehER LG & Feangiia 20027 3
Pt % S 2 (F 0 19865 34 > 19915 k> 1997)

1.2 4 3 P~ * (direct extraction)
(1)i% /;% % P~ (liquid-liquid extraction )

BALE A R B AR BPEIE LA dRDVR SRR 4P 45
FAA T3 -2 2R BMEFLBREE SRR R F
Ak o HABA R FIRCESY B EmT 0 LKA RE LI T
FE R P BAF ~ FELY RS RS RS SR

¢ B AIR gD g e E FlRCERL 0 5d 3 ETehja TR
o AT S §EBERD RPN 0 EI R 2DEETE (Rl -
;w°ﬁﬁ%%ﬁ%%éaﬁﬁfuf€@ﬂ§%%?§ﬂ%%ﬁ§
PEOo R EHBARDRARS L 0 D E G A S o PEL LR B
M B bl g HT R R R 5 - b A g
(Q)F/i% 3B~ — & ;N 5 P~z (solid-liquid > Soxhlet extraction )

%ﬁ&ﬁ§ﬁ»@?&ﬁm»%%%J%z@%g&ﬁ@»@ﬂ
FlF mdp T84k 50 2 ek B 3R E (S ¢ i 23R Y » 5§
WAEER M- TEAHMTLEFZ2EE KRBT cEe L

S RS S L LRE T

2.k 7 & A 46+ (steam distillation )

RBEZFULAREN > RIEFOP T H o L EL AT
Food W EAgRe 75 3R MR RE S rﬁtgﬁ B R TR
B 30 e > K 4oRlT L A7m7 o piE i d VO RAT R
ES G VDL - E Rl L B SR S S R
BB AR T 0 A2 2R hAR A o
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3.0k & F - Z A% ) 5 P~j% (. simultaneous steam distillation solvent
extraction » Likens-Nickerson extraction )

z

o4

pliz 3t 1964 £ d Likens # Nickerson = A B4 o {5 k5 3% 5

2 g1 ;2 (Marrse and Belz, 1981) > H 2 5 & # i«; i@%m/%’ﬂ e
AdE N D F PR EREFEE o %4«@ e P it 7 Al 2 AR
ilﬁ’ﬂ*ﬁﬁﬁﬁﬁﬁﬁiﬁ$ eI ERE Sei i I N
PRE R o L FNRNE PR TR A
AR A o R IrBlT L

5] e
h] 3 B~

A

o

k)

2
F
Bl

-k%»*;

’ 2 ;/v\rf‘" u]
eI By ¥

4. 307 MR f i #i22 (head-space adsorption )
®wm”ka%ﬁfﬁ%?$ RSN R RPRE R S S
FHOZEAIFAAEIFTRY  LFHREE 0 BZRPDKE S
Ao 2Rl AL R BEF AL LEFFRABESTEE -
1978~1980 # A 3 A7 2 & 2 (Charalambous, 1987)% % 4r Bl 7 +
oI R F R BT o Bldcd F N F o BIEEE A A4
P RSB P o L AR R A BRI A e A g ko

P2

):f-:

3 fi&| 3 Parapah Q (ethylvinylbenzene-divinylbenzen copolymer)%
Tenax GC (2,6-diphenyl-p-phenylene oxide) o p“ f& = ;2 ik BE L ¥ & 3
NERFEFELS LB ETOP T 2 F keSS Vs &
70 R BLL SRRy £ X0 F s E 5 "Y(Heath, 1981) o

542527 o8 37 B~;2  (supercritical fluid extraction » SFE)

BRI E ] * 55 TR Bh(critical point)2_ {5 0 f 8 A FUR 4 3
ﬁﬁﬁﬂ’ﬁ%%ﬂ&&ﬂ%ﬁ§“’ﬁwﬂ%wiﬁ*—w’%
% A2 TN B A& (supercritical fluid region)(B T -+ =) (F > 1992) - 42 &
Bk E P& B RO ﬁfﬁ v U NMALER B3 PEATA 4T
A F R T Ao ML fEa 4 > H igELhe™ (Lang and Wai -
2001 ) :

1.7 il engbk 2 g ddfictt » S PoF g o
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3F R GRS ZER 5B RPER

4.7 DR A j\;,,\%g;,\%,,,gﬁd 1,p%fr

SEAIMETERARI FFNHEALIL G -

6.Fc i * 0TV H B oy IR EF R
A HER A MKEAT -
TRLEN G EIIRIEBREFH LS o

O« BEEPP - §F LRFTL BRI RIS DAL BT

0.7 5 A48 X UK > @A B* 11 ¥ -

B fAAsTRA Y o F PRGETREY IR T &
0~100°C A 2 # 1Fi8 R ¥ - F ¢ hfph B4 @i A
(Coenen and Kriegel > 1984 ) 4c } &% % > v end § » - & Y Bl i
RS2 5B Hiph B R 5 31.3C > e B4 5 729bar > %
BB LRI Lo T o gl PRI AT D] 7 A e 2 R P
R AHERBAHER > Ft 3 ﬂ%*—;%é?l]",f—i o kRIS RE PP U F AR
R 47 & (gas chromatography > GC) 2 # #p % 47 - & # & (gas
chromatography-mass spectrometer > GC-MS) 4~ 3 #2458 |+ = & > fe
& Xz ¢k & = sk (infrared absorption ° IR) ~ % ¢b 4% ¥ 3k (ultraviolet
absorption » UV) % % & + J=(nuclear magnetic resonance * NMR) % & 33

b AT E A U EEE o
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Fig 48. Diagram of liquid-liquid extraction equipment.
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Fig 49. Diagram of Soxhlet extraction equipment.
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Fig 50. Diagram of steam distillation equipment.
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Fig 51. Diagram of Likens-Nickerson extraction equipment.
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Fig 52. Diagram of headspace adsorption equipment.
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Fig 53. Various phases diagram of supercritical carbon dioxide.
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1 : carbon dioxide supply tank > 2 : syringe pump > 3 : check valve > 4 :
check valve for controlling compressed carbon dioxide’ 5 & 6 : extraction
vessel > 7& 8 : restrictor > 9& 10 : vent > 11 : jacket of extraction vessel »

12 : controller of extraction apparatus

FlI+te ~RRATHEEE -
Fig 54. Diagram of supercritical fluid extraction equipment.
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R
- RERMEZ AFRE
157 R
*F B2 fR & b ez ((Coffea arabica ) 2-35% % ¢ 0 2005 & 3
PAMZ BT RGP L o d 2R U 7 A BT TR
o B (¢ RIS RE ) EsL 7 i 20 mesh &
ESFLE >
2. 1 Bl
2-1 ZBevheet b p B M BB @ F 2% H|
TR L GR & 0 MR 40 E. Merck 2 @ (Darmstadt) » 1 * @
wR S AR o
Diethyl ether, n-pentane, dichloromethane
2-2 Fug IV pARRIATR * 2 R
Linoleic acid : Fp Wako = # (Osaka, Japan) e & #* # & v §
B A4 £ oA K 2mL g A5Eg e pF R t-20C A R Y
FHR B EATEGE -
Ammonium thiocyanate NH,;SCN) : iEZ % > g 9995 » pLp M
L it F k54 € 4 (Tokyo, Japan )
Sodium hydroxide (NaOH) : 33 & & » % B 959 - BLp B iv & o
> ( HsinChu, Taiwan )
Acetic acid © & 999¢ > pp F1 it B 2 & (HsinChu, Taiwan )
Iron(1I) chloride tetrahydrate (FeCl, « 4H,0) : ##ZE % > ¥ & 95
% > PP RS 1 FHR5 €44 (Osaka, Japan )
Potassium phosphate, monobasic (KH,PO,) : 3F & % » * & 9995 »
PEA FRH 1 F k5% € AL (Osaka, Japan )
a-Tocopherol: & & 959 %% % >t A Sigma = # ( St. Louis, MO,
USA)
Butyl hydroxyl anisole (BHA) : % & 909¢ » 3# % % > FLp Sigma
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# (St. Louis, MO, USA )

3.0 %
3-1 % 48 k& +7 & (Gas chromatograph » GC)
i# * 2 & Hewlett-Packard = # %% 2. HP-5890A Series IT # 7] -
3-2 # 40 & 17 7% & (Gas chromatograph-mass spectrometer > GC-MS )
i# * % & Hewlett-Packard = # %12 2. HP-5972A MSD % 5890A
Series I # 4] GC -

LAT 3 {2 3754 2 47 A2
CACP:’% PS ’l”\*ﬁ‘ v 7{?_'&{_"]%] T _L j'r

2ALE P54
(1) k 7 # 7Z=4F-7%# 35 P~;2 (Likens-Nickerson extraction )

FEB~etee b b5 % 100 g~k 1000 ml 2 p 457% 100 pl (cyclohexyl
acetate ) *x » Likens-Nickerson % % 2. Fl&'E3g® » R x5 ¥ £k
B 50mla® (A% e @=1:1Vv/v) ZAEZE2 | FF 3
F I P o
Q)Az§2 R = % - B 5 B~;2 (Supercritical carbon dioxide extraction )

FEBeer i s R 4 g0 o 2 AZTRI - F 1A 3 P4 (ISCO Model
SFX 2-10)» ™% e = % i* &% (20mL > 0.3mL/min) % ;i8> X B~ B
5 60°C> X PB4 5 5000 psiv X B~r e B Bk R 8847 4502 (solvent
trap) > @ * 3 A EF O0mL 2. & AR/ F TlR=211 iFHNEFL

PRI D O I E - S -

3ATH L P 2 k5
S I = S e R e A S LR A R U &
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e FHF R 0 40T TR WA < O ImL > SF L F R
52 03 ml 2488 B EB o

QALF N Z PG 2 ST 2 FT
Rt R EFEEZREIPATIEE Lotk p P LR B
oo u gAYk (GC) 2 F A T-T# & (GC-MS) &7 4
FrEET -
4-1.5 49 % 47
FAPRAT R A TR
Column : CP-Wax 52CB (60 m x 0.25 mm i.d. > 0.25 um film thickness
WCOT : j= g Chrompack = & )
Carrier gas flow : H, (1.2 mL/min )
Detector : flame ionization detector » FID
Injector temp : 250°C
Detector temp : 250°C
Temp. program : 40°C > 5°C/min » 220°C ( 60min )

FARE AT T R A AR

Column : CP-Wax 52CB (60 m x 0.25 mm i.d. > 0.25 um film thickness
WCOT > j7 f§ Chrompack = # )

Carrier gas flow : He (1.0 mL/min)

Injector temp : 250°C

Initail temp : 250°C

Temp. program : 40°C > 5°C/min » 220°C ( 60min )

Electron energy : 70 eV

Electron impact voltage : 1353 V

GC-MS interface : 260°C

MS Library : Wiley and NIST/NBS Spectrum Library
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Coffee pulps

l

Ground and sieved (200mesh)

l

Extraction of essential oil

|
| | !

Likens-Nickerson extraction Supercritical carbon dioxide extraction
Concentration Concentration

| |
1 1

Analysis and identification =~ Determination of antioxidative
by GC and GC-MS activity by ferric thiocyanate
method

CESTENRITS S EVH O 3 B JES STR LY S S -3
M ER 2 VB AR g (Y2 AT
A2 ] -

Fig 55. Flow sheet of experimental for the study on chemical
compositions antioxidative activities for volatile extracts from
coffee pulps by Likens-Nickerson extraction and supercritical
carbon dioxide extraction.
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A = &8 4L by 2 1 )
d = B > ,ﬁ“g?.';’i‘a‘aj"‘z/m\j

— ke DA A A 2 R

ver b B R GUREF AA-ABIEEEZ RIER - F PR R B
EBE 0 A A u ﬁuma%7ﬂ%?ﬁ’““mCT%ﬁ4W
Faf ImL; @ G SE 0 F §RIEESE 03mL e £ 5d § Ap k19
F AR K A7 BB > 5%+ Wiley Spectrum Library 2 Bl3# » &= !

3R N48 I &40 B Y AgdE 19 80 fR4E 12 #6> pyrazines 5§ 5 4

FEAE 4 46 > ARAF 4 6 > Bhofg 2 f62 w4vd 4 (furans) 2 46 (& -+ = -
L)

Flament (1989) 4 d1 g vjemrz 4 § 1t & 4 & $EA0 47 ~ FER 47
Fasp ~ fo#f ~ vxemaf ~ vLe2 37 (pyrroles) ~ pyrazines #f % v eg 3
(pyridines) £ <« BB L &5 o KAFHES Fio etk b &
KEF ZH-BAZP2100C K B2 48 it &4 ¢ > "f pyrroles
% pyridines A iR 1 0 Hapd B A SR Y enrE 2 § F A4 o i
BRI AL Flewed po ¢ 2§ I B4 2 T 7 F 0 B AP - e
BRYER (210~230C ) FBEARM ERYF LA RZ 2 A

o

s

SR EF EE-AFTRERER D F PRE R R

E }\g,«g FAE-ARMEPETEZ MW GC 2 GC-MS 4 470 &
FETM BB ey (BRI L= ) e s 19/ fFig 124
pyrazines & 5 48+ FEAT 44 b AF 4 f6 0 BT 2463 ctR 248 &
P 12k % 41 (ethyl hexadecanoate ) % ik 2.2990 % &% > H =t &4 5] &
% 46 (ethyl linoleate) 4 it 1.039 ~ % 40 (methyl hexadecanoate )
£ 1k 0.989 ~ 4 48(ethyl linolenate ) ¥ it 0.939% % & *% 30( furfural )
1k 0.9296 0 14 {éq‘gﬁ —F 1 E}‘\E;B’wé “rif 2 4 e 58 GC 2 GC-MS
AT S ERN AT L (BT L= ) Bled e dapa i 1146

e
0y
N
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FRap 1 /8~ FEop L4582 frag 1 48 2 ¢ r b a% 30 (frufrual) ¥ ik 3.63
% 5 B8 > H =t & w5 % 42 (ethyl-9-hexadecenoate ) £ it 2.9095 ~
A% 41 (ethyl hexadecanoate ) ) it 1.989% ~ i % 48 (ethyl linolenate )
ik 1.949% 2 % 45 (methyl linoleate ) ¥ ik 1.489% -
ARG AN EERF 3G 0 AFRERET 0 UREF A4
AR E B E Bovke R B T E AL M A A 2 fe E B L 0.024

0.00% > @ MAZTRR = F PR EBEATELPE M A S 2 X B KL
(Bﬁﬂm%’%ﬁﬁﬁﬂ %Wﬁ+%¢mL@$@%/%dE%
TG e BB o 5 (1994) 2 dp o TR - F RS

%%ﬂﬁﬂﬁ§?43mc’ﬂ“ +%fﬁﬁaﬂ AR C A
SO MEOTRE G B ARE R PR R AT RIS ML
FIEFECEFEF DR P FARE D § L RE R L
WE - RE R T R RRARSED R AgTRA - §F PRE R
2 E B o

Z o~ e p B M A A (M2 FE

R = R RO o A el BRI I il
EBRZERER - F PRSI TSEZEFE R s § R U
2 R P B g MR T e MR R R S
BHA> ¢ e fa 5B p >0 5B Sa-d T > 2 =EBH >
KEF FH-BHEFFSRER - § PRERF>HRE (RIS
/\)o

dONEE S AR S Me T RS A AP RO IR |
ERIP2ZEIBP L IR RET Y ERF CHIEmA e T
TEMSL X RBERPEN A FR v g H 52 g
(REERUE LSRR I R R a et
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Table 13. The chemical composition of volatile extracts from pulps of
coffee pulps by Likens-Nickerson extraction

Peak No. Compound Retention | Peak area

time (%)

1 Ethanol 6.62 0.08
2 Ethyl propionate 7.07 0.05
3 Ethyl isobutyrate 7.19 0.05
4 Propyl acetate 7.32 0.03
5 Diacetyl 7.42 0.15
6 Isobutyl acetate 8.09 0.05
7 2-Methyl-3-buten-2-ol 8.63 0.09
8 Isobutyl alcohol 9.87 0.17
9 Isoamyl acetate 10.73 0.16
10 Butanol 11.38 0.09
11 1-Penten-3-ol 11.70 0.07
12 2-Heptanone 12.34 0.08
13 Isoamyl alcohol 12.85 0.21
14 E-2-Hexenal 13.57 0.06
15 2-Pentyl furan 13.78 0.06
16 Hexyl acetate 14.76 0.07
17 Acetoin 15.48 0.10
18 2-Methyl-2-buten-1-o0l 16.09 0.09
19 Ethyl lactate 16.78 0.12
20 Hexanol 16.95 0.06
21 2,3-Dimethyl pyrazine 17.08 0.06
22 2-Nonanone 18.02 0.04
23 Z-2-Hexen-1-ol 18.45 0.04
24 Trimethyl pyrazine 18.71 0.06
25 Ethyl octanoate 19.11 0.08
26 E-2-Octenal 19.27 0.04
27 Linalool oxide 19.45 0.11
28 Acetic acid 19.77 0.06
29 3-Ethyl-2,5-dimethyl pyrazine 20.14 0.09
30 Furfural 20.20 0.92
31 Tetramethyl pyrazine 20.42 0.12
32 2,4-Heptadienal 21.10 0.11
33 2-Acetyl furan 21.33 0.03
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34 2-Isobutyl-3-methoxy pyrazine | 21.57 0.03
36 Linalool 21.90 0.42
37 Burytic acid 24.00 0.26
38 Phenethyl acetate 28.73 0.32
39 Damascenone 28.84 0.40
40 Methyl hexadecanoate 36.35 0.98
41 Ethyl hexadecanoate 37.12 2.29
42 Ethyl-9-hexadecenoate 37.72 0.72
43 Ethyl stearate 41.98 0.31
44 Ethyl oleate 42.54 0.30
45 Methyl linoleate 43.76 0.42
46 Ethyl linoleate 44.22 1.03
47 Methyl linolenate 45.32 0.37
48 Ethyl linolenate 46.78 0.93
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Table 14. The chemical composition of volatile extracts from pulps of
coffee pulps by supercritical carbon dioxide extraction

Peak No. Compound Retention | Peak area

time (%)
19 Ethyl lactate 17.48 0.80
30 Furfural 20.76 3.63
36 Linalool 22.32 0.50
38 Phenethyl acetate 28.17 0.23
39 Damascenone 28.69 0.35
40 Methyl hexadecanoate 34.16 1.34
41 Ethyl hexadecanoate 34.87 1.98
42 Ethyl-9-hexadecenoate 36.34 2.90
43 Ethyl stearate 38.68 0.84
44 Ethyl oleate 39.33 1.17
45 Methyl linoleate 40.13 1.48
46 Ethyl linoleate 40.87 0.75
47 Methyl linolenate 41.76 0.69
48 Ethyl linolenate 44.42 1.94
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Fig 56. GC-MS spectrum of volatile extracts from Coffee pulps by Likens-Nickerson extraction.
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Fig 57. Capillary gas chromatogram of volatile extracts from Coffee pulps by supercritical carbon dioxide extraction.
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