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Abstract

Iceberge lettuce (Lactuca sativa L. var. capitata), belonging to the Asteraceae family,
is an important cool-season crop for export in Taiwan. Iceberg lettuce is harvested at the
bottom of stem and the cut surface turns from white to reddish-brown after storage.
Browning of cut surface causes the quality loss and market value loss of head lettuce
during postharvest. Wound-induced phenolic compounds in wound lettuce stem tissue are
oxidized to O-quinones by polyphenol oxidase (PPO) and lead to the formation of
browning pigment at the cut surface. Researches indicated that acetic acid or sulfhydryl
compounds treatment can prevent the browning of cut surface, but sulfhydryl compounds
treatment could cause the yellowish appearance of cut surface. In this study, the changes
in phenolic compounds content that most contributed to the browning of cut surface after
wounding were investigated. Furthermore, the effect of different chemical treatment on
alleviating cut surface browning, and the changes in phenolic content of stem disk after
wounding were studied in relation to browning. When stem disk of iceberg lettuce were
stored at 5°C after wounding, browning appeared first in vascular bundle of stem disk,
and then the cut surface turned red-brown. At the same time, the change in a* value of
stem disk was related to the total phenolic content and the caffeic acid derivatives content.
Chlorogenic acid, chicoric acid and isochlorogenic acid were the main phenolic
compounds that accumulated in the control stem disk after wounding, and were good
substrate for iceberg lettuce polyphenoloxidase (PPO) in vitro. After oxidized by PPO,
chicoric acid quinone could cause the deeper browning color than chlorogenic acid
quinone. During in vitro oxidizing process, chlorogenic acid and chicoric acid were
oxidized independently by PPO. However, flavonoids which are not good substrate for
iceberg lettuce PPO could enhance the browning because flavonoids could be non-
enzymatically oxidized by caffeic acid derivatives quinones when caffeic acid derivatives
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exist. In the stem disk, chlorogenic acid were synthesized within 2 days after wounding,
and then chicoric acid and isochlorogenic were synthesized 2 days after wounding. The
content of the three caffeic acid derivatives were peak at 4 days after wounding. Four
days after wounding, the content of chlorogenic acid declined, whereas the content of
chicoric acid and isochlorgenic acid remained. The appearance of 3% acetic acid
treated-stem disk maintained white after 8 days of storage, and the total phenolic content
and the caffeic acid derivatives content remain low content after wounding. 3% acetic
acid treatment could inhibit the phenolic synthesis which was induced by wounding;
therefore, it was effective on inhibiting browning. After the stem disks were treated with
sulfhydryl compounds, including N-acetyl-L-cysteine (NAC) and L-cysteine
hydrochloride (CySH) at concentration of 2% and 3%, the color of wound stem disk
turned orange or yellow during 8 days of storage. In 2% NAC treatment, when a* value
of the stem disk increased at 4 days after wounding, the stem disk appeared browning on
cut surface, and the stem disk turned orange at 8 days after wounding. In 3% NAC, 2%
CySH and 3% CySH treatment, which showed better inhibition of the browning, a* value
of the stem disk remained low during 8 days of storage, and finally the color of the stem
disk turned yellow. The NAC and CySH treatments had different effect on delaying the
increase in chlorogenic acid, chicoric acid and isochlorogenic acid content. The CySH
treatment could delay the increase in chicoric acid content till 8 days after wounding,
while the NAC treatment was less effective. 2% CySH treatment was more effective on
delaying the increase in chlorogenic acid than 2% NAC treatment. On the delaying the
increase in isochlorogenic acid content, the CySH treatments and the NAC treatments had
the same effect. Therefore, the main difference of the effect on delaying browning
between CySH and NAC treatment was the ability of delaying the increase in chlorogenic
acid and chicoric acid content. 3% CySH treatment delayed the increase in flavonoid
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content to 6 days after wounding; In other sulfhydryl compounds treatment and control,
the flavonoid content increased at 4 days after wounding. At 8 days after wounding, the
flavonoids content in the disk treated with 3% CySH and 3% NAC was 5 times more than
that in control; and the flavonoids content in the disk treated with 2% CySH was 9.5 times
more than that in control, while the disk treated with 2% NAC treatment was 3 times
more than in control. The result of sulfhydryl compounds treatments suggest that it
delayed the browning of stem disk by delaying the increase in caffeic acid derivatives
content ; however, the treated-disk had higher flavonoid content which affected the

browning of stem disk, and finally had yellowish appearance.
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%3 ® £ (Lactucasativa L. var. capitata, iceberg lettuce) s fa 2 % ~ % 2 % »
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% £ (Lactucasatival.) & # 4+ (Asteraceae) R E/h- # A X A > &
% (Lactuca) H 3143 lac & Td4r2 mirch 5 7+ » @ sativa Bl £ £ M2 3
(Stearn, 1966) - & E & 5 £ fhesrd i P 3w > HA AT H E (L. serriola) &

dp Rt P s LIE ® 0 AL REc% 4 i34 & (Decoteau, 2007) -

Nuez £ Prohens(2008) sx& % B2 £ # 3lfk ~ <] ~ F¥ ~ Bkt

2OEIRARE 0 B-H 0 L g

1. ¢ #3%3kF £ (crisphead) - & # 5 Lactuca sativa var. capitata > * L iceberg =
head lettuce % v A4~ H E Fibr+ 3 E L » F ¥ A543 10~12 3+ ~E @ 2 0k
(cup-shaped) *4p= £4p > *PE & RATE S ?«f? ko FTEERP 0A
ﬁ@%ﬁﬂiﬁ%?°ﬁi£ﬁﬁélmm@’w@*‘?m”?£&49$
BoA5FpRIBETANESR BFENH L Bk

2. ¥ £31% E (butterhead) : ~ £ cabbage lettuce - &2 ¢ A 3|2k FEApin > v H
SIPFHE AN FC P R ER o M E AR RESR N ENEF P L
RERENZ2EZTEF R o

3. R®E& & E (romaine) : ¥ ¢ % Lactuca sativa var. longifolia > * # cos lettuce -

HEFAEPRE Y Ll B PEREHES Tt TR

4. E£* F £ (leaf or leaf bunching lettuce) : ¥ % % Lactuca sativa var. crispa - # #%
BABET S Ee 2 pEd ~ESE S FIE Bab 4 £ (open-growth)

T ESEd E VO HIRF 0 R o
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5. WctE 5 (stemlettuce) : # ¢ 5 Lactuca sativa var. angustana Hort. g var.
asparagina Bailey » = #i celtuce = asparagus lettuce « #&.7=5 &~ i {5 » &84
Eon B HLEEMELEIE > s 23 L 4T &% o

6. +7 ® £ (latin lettuce) : = % grass¢ lettuce - 2 % & FE4pi» ¥ L5 E 2 %

F AR LA REY v B R BEHRTEING FLIRF & T 2 bibb-

type butterhead #p 2 °

() e BBRFTELAR v

S 2001 E R AOR EE Y FE LA T8 KA A Y o T
WA hERE BT REE D LR Wi 2 REIRNE T AT SR Fo 4o
PAAThE BRI ERTELEv R oY FREGRFTEL L ERE
TR A FRCGEF 0 T ERRP R TS P A R T B
et (0 >2006) 0 Vb MR B ERRA LI EEHEG 0 T MR
Fh* ZEE AP BRBPEZFA &0 51 52002 & B 4ed (752
EELAR ¢ d HWHL AL AHIT PRI S N R EEs
ERERPN G Rz by (e 5 2006) ©

2002 # o BEHRFERL AL G NG -FI F oD 2R ARL A8

@A R2 - X 2014 BRIk FEN T £ 11296 290 A BN 5 28 AT S
Mo d vz p Al AR - RTEAH S HpRE e TR Y B Ny

BRE L ~proms s om) (Frcfatd A ¢ LER TR AR) -

RELEZGALRE

b

At LA RFERAER L FENREITRPT ST Y R9L& FlF 2
- (llkeretal., 1977 ; Mateosetal., 1993) - & F e v B jcpF ¢ d 1 Z3MAa > T 1
JRE S

RN £ N Lt Bt
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St - TPLRFLE G LF A2 ok > PR uE I E 6 gk

EERPF S LML £8P 4o

%

&

(=) AR %
A1t (browning) = FlA & A 2 7 4hd o Fid H b AR % 0 kK TR
WA B FFpEE 22V A L 2L E A4 (non-enzymatic browning) 1 % %%
Al 4% i (enzymatic browning) & #E o 2LEE % AlAR L & 7 & & (maillard
reaction) ~ #i ¥k » f& ¥ v & J& (oxidation of ascorbic acid) ~ & ¥t F &

(caramelization) % H % % i* & (Mayer and Harel, 1979) » % 41 &

agY ER2 AT
Fls, mpzitt A2 FASsSsF sy FEFHLHLL FF 2 - (Vamos-
Vigyazé, 1981)

(=) BRIA®EE R

iz % Al & i thd 3 fmre (g % (compartmentation) X I B3 AT E R o F)

}735%

‘ﬁ"’t

SRR BRI 0 B F PR T 0 3 e ek e (vacuole) P efs

B4 T E R A % 21T 1 {7 g (quinone) 4 REEH TR U ALEE A E
P N H R Y R A A2 2 E (melanins) R A 0 Fla i 2 FlA SR
* (Toivonen and Brummell, 2008 ; Yoruk and Marshall, 2003) -

Flad sobelp 343 R FROT R RF]G XL A R ARG - ]G
EPRGITTER LA KAN I ERREEAEZ 2BV LB L ITRER
Polmie MR R ER o FIA S A RTREARY FIA RERBL 2R G F
B EF R A el s 22 2 (rambutan) (2 {47 » 2012 5 Landrigan et al., 1996) -
EERDFET Y §EART IR A 2 0 FFRERY i x FUFL P4 I8 R

ARBAA P FRE a Bprd R FILRRERBERZABCF L ol P2 RT
g Ex AR g4 2 enl 4P p 4R (Pantastico et al., 1976 ; &% >

2009 ; ) -
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SR BRI 2 2 2HeA & F ks (brownstain) s s k=@ 25 (pinkrib) »
# 44 (ribdiscoloration) £ &hsaop (russetspotting) » 4 W d 7 I TR B & ) & F]S
oo thoop i & A MkR e A ¥ AL (Morrisetal., 1974) » bz Bl 5§ ik
B F A EASL (Stewart, 1978) > B i@ B E TR S R A B R ~ PFERET

hFIR Aok 2 IR R e e IR R 26 4 2 AT v ]
SRR BRI R B T T B F) 2 T B R g5
FaAlbi o F LB ok E Aot dfk F EH R EMP LG - R s
oo SB  Ep BRoLa TEALIPHORCRE A pHEPEL E
M2 BFEOR S EITR- BEFEFS] ¢ IRA gt g A& R F

SRERAGREENEIPES T TLAEE A 2 AT (Ke and Saltveit,

Burton (2003) #-% 5 % f“ &0 4 hpk 3 4 5 = < 84 1 {rF f¥ (Oxygenases)
§ i fp= (oxidases) -~ g3 it f*= (peroxidases) - Oxidaserz 3 » &+ i® 5 7 4#&»]3:—’5 )

rAtz

¥ B &P B F (reactive oxygen intermediate) » F]ut £ 5 ¥ it a4
Peroxidase i ¥ f* & * 3 T +4&def » WEAFP A2F G pd AR R A
(heme-group) -~ £ fI* L Z2 3 F AP B3 P55 RR4 AT - 5 VpF
(oxidases) ¥ i % i fis (peroxidases) - & %ﬁ“v} FRAET RS VAR Pt
¥toxygenasern v F Rt B - o F (L {5
Oxygenasef| &A% ¥ &~ =+ » #— B % R+ &5 A F 30 F BRI higipd » ¥
CHF RP RS - AT RS Tt E ¢ 50 Ftoxygenasedn s s §
it p= (polyphenol oxidase, PPO, EC. 1.14.18.1) ~ /% ¥ i fi= (laccase) ~ %3 ¥ fi=
(lipoxygenase, EC. 1.13.11.12) 2 % & % i* f= (peroxidases, EC. 1.11.1.7) » @ £ F &
St ip M i3 2 & 5 5 @ % i fF (polyphenol oxidase) ¥7 i & i fis
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I

(peroxidases) (Toma’s-Barbera™n and Espi'n, 2001) °

¥ i+ p= (peroxidases, POD, EC. 1.11.1.7) % &4tz R (77 PR « A FA
el E CRERES AR T 24 X DEF 1 RR U s PPOAR 4
BF o fo - AT o PPOF A4 Fal 4 >POD o 2 PPO2POD ¥
T PFE G B oocsk (Synergistic effect) > 4 PPOF i foigiffz® € A4 B3 4 >
f oSt BRI T S PODTE I W Y& 0§ ESaEd 5 ¥ ¢hPODS ¥ 4% PPO
fT# o1 4 2 Laad IR (semiquinone intermediate) *FiEF & (TH T F BT
% (Murata et al., 2002 ; Richard-Forget and Gauillard ,1997) rzig i3 it g% o F]yt
EFA SN AR R QARG SPeE (bR 207 E‘E#“,%i@? (RN =
Gkt 2 F o

5@ % v fs (EC. 1.14.18.1) - #¥ #- 5 fe4g§ i 2 fR4E (0-quinone) z f%
F 0 A& At ap R R (thylakoid) - » H = sgdp? 75 4rde (FL A
(cofactor) = fi% % chid 1230 = (active site) » Bt & id FPHEFF 557 - ¥
CEEAER T AT AR T FRETHRBEE C ARG VRAELS S HD
F ok ()#-H ps sz i 5 gas (hydroxylation of monophenols to O-diphenols) (2) #-g
fim% i 5 pRsg (oxidation of monophenols to O-quinone) o 23 it & g it i 5 4p fic
FrFRREMOAL B R F TV F RRIAL G BES oS F (Toivonenand
Brummell, 2008) -

FRAE % 25 % &alT 3 &~ 3 (electrophilic molecules) » % £2p ¥ & H is 4
Bl drg AR 005 3d FRABHA T RESBFAIRLSF 2 40 1

v

R AFA S 2 d b2 3 & F]F (Maiand Glomb, 2013 ; Bittner, 2006) -

Al RpREL
BT EERARE B AT 0 AP & S PN HEE —

PRk & A A f2p5 (phenylalanine ammonia lyase, PAL, EC 4.3.1.24; Formerly EC
19
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43.15) HE ¢ FlEd @8y s @ <c % (Dixon and Paiva, 1995)
Ke £ Salveit (1989) 45 11 g3k § B # A£G 5 fapag g B84 5 I° 1
FARLIR G HRIR G g A2 RIG T Al RELE A E PAL F LI
Bk R L ER A cPAL MR PR AEEEEA G B R4 R0 2 A
2R A% 3 P PAL EH4%3  (Ke and Saltveit, 1989) -
(-) MG apGER
A B LRV E A LR R T AP (R R R R

-1

\

Aok@Fo T RMAPFPRF LIS G ROFAGHIBEF BRI G ERY
AADEF ot v At G RELE RELEET § oo i ez 2K
o 31 R IR ik g (defense response) & sifr I E B (Systemic
defenseresponse) & F A H ¥ F 2 o AIF L HFIFLGAAMAFI LR R Gl
BRRITE-HFEFEREFLEF LD GT A GA R TR e
2 AL EE - By Eafssg » -9 fedrd| F]F  (proteinase inhibitor) -k fEp%

% (hydrolyticenzyme) ~ 4 =48 3= f# &% (phytoalexin) *k¥r#lic4 # » & (Lednet
al., 2001 ; O'Donnell et al., 1996) -

AT LT sl L I A= A S {Tﬁﬁz (jasmonate) ~ T A& ¥ 7‘{ f&  (methyl
jasmonate) ~ % %+Pk k %Z (oligopepetide systemin) ~ -k f& (salicylic acid) » ¥

v 3t pe (abscisic aid) ~ 2 % (ethylene) ~ % #%& (oligosaccharide) ~ ¥ - &
(hydrogenperoxide) **7 e =P ¥ iz £ 5 > T 2 A FAFEFF i &5 2
I B % (cross talk) - i@ 514 7 2 K & (Leon et al.,, 2001 ; O'Donnell et al.,
1996) -

Ke 2 Salveit (1989) 42l B E @ “X 415 1 - € A4 A5 T 5@ PAL &
fb A q PAL R BRI B £ G 5002 5 omeh™ dhig e ok gk
$25cm ® PAL B X PRBATA GIEREH Svm g0 > T2 LB RAEART R
PAL /#{+4%% (Campos-Vargas and Saltveit, 2002 ; Kang and Saltveit, 2003 ; Ke and
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Saltveit, 1989) « 364 fi o2 £ (6 § 2 F X Lo LI FHEHL S @ § EHA

Gtz G EpEEiEb i D HZENAIGR 24 PR g wRIA
Favz2 4 2§ (Keand Saltveit, 1989) - ‘& 1-MCP (1-methylcyclopropene) 2 %
ENAGLEA S ERHETA AR RE > B R EAIG A A2 TS

}

T2t a & eng)| g i 5L (Saltveit, 2004) o

Bl R EAgd e i iy g 42 (phospholipid-signaling pathway)
A2 Al E o Birg B ie (phospholipid-signaling pathway) 3 164~ & # 411 2
Ho% §7pk (jasmonateacid) 2z /T > $AAIG O FERFEERAR ImM T R4
f& (jasmonate) & 7 £ ‘a’f{“ i (methyl jasmonate) + & ;* 3% # PAL =+ 2
(Campos-Vargas and Saltveit, 2002) ; @ ,‘f‘g d Z#%| 1-phenyl-3-pyrazolidinone (1P3P) ~
diethyldithio-carbamic acid (DIECA) ~ & = f% (1-butanol) = -k4§ & (salicylic acid)
Frdlpig gz P A4 21 VUi PALEMZfsgz £7 FllG A ¢
Ao g BERE Y PPEF R R B R e L R R F B, AT
Fphe ? RF IR A R A AR Bl IT Y A B R AT 5L

(Saltveit, 2005) -

(=) FELI G PAL e

¥[5ept 4 A% 365 (phenylalanine ammonia lyase, PAL, EC 4.3.1.5) 3 f&.4~ 41

!

* ¥ [ vept (phenylalaning) 2 = phenylpropanoid shps % » 5 {54 4 & = = & gt
[ERE Wl  F o e

PAL fit ¥ 3 "t 2 #3223 4 2 1 (deamination) » & # =& & ;% p H & (trans-
cinnamicacid) » @ & ;% ¢ BT £ ARES S H 8 g [ 4ot s (phenolic
acid) ~ ~ F % (lignin) ~ 7% ¢ (flavonoids) ~ 7=5 # (anthocyanins) 45 Lo g
(condensed tannins) % % -

PAL ZF 3 HEERF DL L MEREZ - AF T UERET EF 6L
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AT4 &% PAL FEut 4 S AP i R BB bt R P X IR AN &
Y A g2 24 2% (coumarins) £ % & Ak (isoflavones) I+ # > H i i 5t 4e @ 4

BooR AR R 2 R AR AT R RN T 4 g A
1R ehps dg 4 7 (Dixon and Paiva, 1995) o 18 47 8l 18 35 8t pF > PAL enZ 377 % 5
LR EARM P R T 4ot ¢ 4 (ethylene) ~ ¥ 37 AL (jasmonate) ~ ®
AF { f& (methyl jasmonate) ~ -k 5 i& (salicylic acid) % % (Lafuente et al., 2003 ;
Chen et al., 2006) -
S RT-PCR 447 & ® 9 24 ¥ 5414 % %0 PAL & 7] (LsPALL)

CrET™ > BEELRA G 12 ) FEd < > P8R0 ErgiTadidle

a2 mE e A R o PAL B RERSTAIG 8 24 ) pFE P& < (Campos et al,
2004) - Baor B ETAIG 1S 0 A1 B 5L € A PAL A F) (LsPALL) £ €374 &

= PAL » ¢ PAL /B2 2 o

E)PFREFFLELRE
A

B R P T A Z 8 L fe 4 (phenolics) ~ R &7 (terpenoids) % 7 %
(nitrogen-containing compounds) > =t & P hfe b p T2 B R FE 2 R EFT
BHARAZE ARET IS ML PR L B3R d a7 07
P s rr];*‘;a’?ﬁ“\‘whf,],{kh’ AP EG B EREY ﬂrﬁr;,,}ﬁ\z;‘ﬁ*,,%ﬂr L B d H
3Lk iT (shikimate pathway) 2 % B2 $ — % 3 *=fi (phenylalanine) &/ % >
47 % % 3t (primary carbon metabolism) #t & 4 g4 & 4 -4-mi e (erythrose-4-
phosphate) r4 % gips s fis 3 it i (phosphoenolpyruvate) 5d ¥ ¥ ki £18 - 7 &
¥ 5B 4 % pt (aromatic amino acid) 7% [ =& (phenylalanine) £t %
fi& (tyrosine) o

¥ =pk (phenylalanine) 5 ¥ p '=<pk 5 7 A f2p* (phenylalanine ammonia

lyase, PAL, EC 4.3.1.24; Formerly EC 4.3.1.5) it %4 z & (amino group) & 2 =
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F VR depe (trans-Cinnamic acid) » ¢ 5 e 4~ B oA 4 = ehfs 5 0 Fleb F 5 iR
F A fRpT (PAL) AR 5 14 2 A ig bl 4 Tk R o F NP HRE K B R
it 4-7g iv fi= (cinnamic acid 4-hydroxylase, C4H) »* ¥ %% * &+ — B4k (hydroxyl
group) #& % 5 % 2 p& (p-coumaricacid)> 4 & % (p-coumaricacid) ¥ #§ /5 d F 3

i j (phenylpropanoid pathways) # = 4 % % (lignin) # 4% ~  ehwetfif 12 2 ehvet
ik 7k 4T 4 4 (caffeoyl derivatives) » 4 : % J fié (chlorogenicacid) ; 4 = & #f s A (p-
poumaric acid-CoA) 5 & B fr & = f# (chalcone synthase) T ¥ # = % B fp
(chalcone) =% # 472 % #F+ fr (flavonoids) - = % (anthocyanins) - Het®

(condensed tannins) =z & 5545 (Taiz and Zeiger, 2006) -

FERASA G S EAT A 52 BER()F AT EHDE 2

HQmF s (QF  Ad bt R AR

(=) 5P MRS MG

5 p= % 1+ p= (polyphenol oxidase, PPO) = Bl A &P i &2 A4 F g
2. %% 0 LPPOEM~ [ & AF 24k 28 ¥ & 4 M 1+ (Cantos et al., 2001 ;
Hisaminato et al., 2001) -

Ke Saltveit (1989) #; 1 ¥ E P PPOEIT 4 241G HE » ¥ EX “hAl

%

SN2 AL 1S N PPPOY F i ehiE 0 X SPALE L1006 2 fEr Peig
FlL G 16 2 2 frag y LU APPOF it o

PPOL & A f5k ik % &>t imre ) o & W] 5 5424 (soluble form) &>t #F & 4%
%+ (thylakoid membrane-bound) » * & & 14 gt & fak fi 5 2 PPOat &) &}

- X RIGEECT TR S R NG IR R S PR > T PPO Bk i &

<%
&
=2
A

£l o481 2 & 5 4p B 42 (Cantos et al., 2001) - ,E'_.?%‘« R %3 57.5%-72%:PPO
23



PR B (latent form) T A0 T A I 18 0 e TR fR R R Mg ppL e TS T
AR B PPO > TR B A7 oo 35 CT 7 3.7~6.3% 7 i FIPPO& < o
P RPPPOLE & A K4 A1 (55 X £ATE XPPO > Ft & p] § 14 PPOE 14 4o
2.3 & R TSI BRK AL PPOARE L 0 T ig F B Y )1 (S PPORE I € RERT
PR e o e AR AR AR R HPPOE T LT 4R M 12 (Mayer, 1986 ; Cantos et
al., 2001) - Hisaminato % (2001) ~ 45 1§ ¥ =5 A]H 18 = 2 > PORB 8 v ik
PAER Pl EAPM M BT PPOE T AR A1 28 01 & F] % (Cantos et al.,
2001 ; Hisaminato et al., 2001) -

B2 AAPPORB M T 2L BE B A G S 2R eni &8 Fl &> 53 A 4R e &
FlF o F v T U PPOE i Pl Bk B 4 gk o
(=) A1 15 PALE B 2148 1L B t4

FERT RS £7 Lot &k amibi o TG SRR A G g R

=

it I g & FIAIG T A 2 R UL HPALGEME Y o 2 a i BSP e
TH 4 G IR F CPRE V1 A 2 BeE bt R % (Keand Saltveit, 1989) -
Bl ISPALE M~ ERE B F AT ER DA GARZ IFREIRPE
A e PALE R ch AR f2 R & 5 4P M 12 (Hisaminato et al., 2001 ; Lopez-
Gélvez et al.,, 1996) - H B P U7 X [ (T HA|GARR RS > B> < | d
2.5x12 cmig ] 1 1x0.5¢cm > PAL® AL CEI0CT™ A H#H 525823 » T 4
GARRARE > PIHPALS A E A AR 5 A1 15 A5CT P PALB Y Z T
FP B BI0CT R - AP TTED A FER T D A4 RN T R T R A
P o) o B w10C TR R R R FPALE R R e B A 5 CT LR 7

(Lopez-Galvez et al., 1996) -

2-Aminoindan-2-phosphonic acid (AIP) % $PALE 7 % — M erfes A dr44]
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Cs % 4577 hydroxycinnamic acid - 42 fe % (ferulic acid) ~ % + & (sinapic acid)
veefiy (caffeicacid) v a7 i ¥ 2§ B ELAn 14 & BB H (glycoside) A5 03 o
A5 = hydroxycinnamic acid derivatives > 4v @ ¥ % B2 A& (quinicacid) fig it 25 = chk R
fé (chlorogenicacid) ~¢2iF 7 a4 (tartaricacid) fip i A= 1+ % BEAL (caftaric acid)
& Epe (chicoricacid) » ¥ #he g2 Fo HWlmre R L > N F SINA gL

fa (free acid) 7) 3% 3% tsw®e (Clifford, 2000) -

a5
o
F_k

Bl 62 & chd R o hvne i o RARBIRTEEP R AR

ek

P REZHRM LT EAPERAIG A S e il T Pt o $H R sl A2 e

g
kg
N

it BET A BB EERN T AL S A F fepEsE (quercetin glycoside)
2k % % AepEtd (luteolin glycoside) » 52 7 0.3 pglg FW > £1if 15 5 £ ¢ B °

(DuPont et al., 2000 ; Mai et al., 2013) -

(1) & % Bphpq it 2 eee22fih imd

% k& (5-O-caffeoylquinic acid, chlorogenic acid) *t37 2 {54 p % 4 = » 4ot
v (Solanum lycopersicum, tomato) ~“& % (Nicotiana tabacum, tobbaco) ~ # % (Malus
domestica, apple) ~ & =4 (Pyruscommunis, pear) ~ #=r= (Coffea arabica, coffee) &=
P # &) (Cynarascolymus L., artichoke) ¥ % o S R & 2 H i) chE& S BITF & 4P
F > & £ p &_d hydroxycinnamoyl-CoA quinate hydroxycinnamoyl transferase (HQT)
I #* caffeoyl-CoA £ quinic acid # = % k& (Hisaminato et al.,2001 ; Ricarda et
al.,2004 ; Steck, 1968 ; Tomas-Barberanetal.,1997) - 25 Ep & hfcE 3 H & b 4
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£ 4+ (® 1) > 4= neochlorogenic acid (3-O-caffeoylquinic acid) ~ kryptochlorogenic
acid (4-O-caffeoylquinic acid) (Clifford, 2000) - = i caffeoyl-CoA £7 % % i fig it 2 v
rEps T4 4~ (di-esters of caffeic acid))# # = £ % & & (3,5-dicaffeoylquinic acid,

isochlorogenic acid) (Tomés-Barberén et al.,1997) -

(2 iR iy (2 el T4

# E e (dicaffeoyltartaric acid, chicoric acid) » = iF)# A& (tartaric acid) & i
caffeoyl-CoA fin it ehwsetfils ji7 2 4+ » 2 4 & 2 g j5 d — 1B caffeoyl-CoA &2 /7|7 Fé fig
it & 4 o caffeoyltartaric acid » £ &+ - i caffeoyl-CoA 4 = £ (B 1) -
ERe RS R SRS RMAFSE > 3 &5 F9rF chilit B IS o
(3) wwrpt T4 $ 22 PPO LA

Fif s PPO L & % chfA 7 > e PPO 7 Assfend — ¢ FI8 2 fa 8
PlAe 3 R R RMAY e F i preeetpt (caffeicacid)~ s i & (chlorogenic
acid) ~ s2 # p= (catechol) -~ s2% % (d-catechin) #f-i+7 I (Yoruk and Marshll,
2003) o d Km i+ o] % 2|84 A ool 0 B3R EE PN S PPO $5 R ik o wet
e fc A O EBRE O E R EY RALHERCET > Vn/Kn B SR

Feh B 5 WEFEOE Rz B e Vil K B 87 A 5505 B

SR :HEMNESE M PPO § i hpssg (Altunkaya and Gokmen, 2008) -

(z) Al ovmpimd T E R
PREBEORFENA GRS XML B LA R FEP

BpB =X BEFE - BIRYE - butter leaf ¥ 2 < caffeoyltataric acid

¥ f4 (3,5-dicaffeoyltataric acid, chicoric acid) ~ % & f& (chlorogenic acid) ~ £ % J it

(3,5-dicaffeoylquinic acid, isochlorogenic acid) = £] % & = = &k & £ 4 & i s

RN B RE BRI AT B BB MRS 38 B FEMA S 31 (Tom
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as-Barberan et al., 1997) -

FEA RN R G UL S Py T p o nicd £r F

A
TR

&

NN
3\

e

‘Tollo rosso’ ¢ o R-EIREEA L Z BIMA 0 SB[ G P HEE GG

oy

i3 BCT R 14 2 > ¥

Pl
ia
—HE
B
Ny
K
=
pom
g;
T S
KRS
f
—HE
Blig
B *ﬂ‘u W
) i :
®
=
Ny

B4 iAo 184 25 R % Rpk (isochlorogenic acid) » * H 7§ &

oy
|
¥

A om BRINEEAE R R (Ferreresetal., 1997) o

o4 o
O-C
flavones chaﬂeoyltartanc acid
“~—1.
isoflavones <«---- flavanones m /
D& |
oy
' XN
chalcones . GooK coom
?-DH
Catfeoyltartaric acid HO-G
p-coumaroyl-CoA Coou
flavonols

Tartaric acid
‘% CoA-SH

@*"%WWWW

- Phenylalanine Cinnamate p-Coumarate Ferulate
. N
o‘ - - D%
-0 [ -
X =
COOH COOH
Ho" wd OH Ho- o o
HO HO
p-Coumaroylquinic acid . Feruloylquinic acid
HO )"

3
c.
cooH HO H " o
oH o
o HO % cooH HO- COOH
Y0 H N 7o oH HO OoH

HO H = H HO HO

o Ocooﬂ H 3-Caffeoylquinic acid 4-Caffeoylquinic acid 5-Calffeoylquinic acid

(Ch&orogenlc acid)

: 7\
Quinic acid
Q)OH

c COOH
W - - HO 7 No
HW Hz@/\/ o :BO/\/
He Hi Ho
(Isochlorogenic acid)

3,4-Dicaffeoylquinic acid 4,5-Dicaffeoylquinic acid 3,5-Dicaffeoylquinic acid

(modified from Loaiza-Velarde et al. , 1997)

B 1 i ird SR b L B SR

Fig. 1. Biosynthesis pathway of caffeic acid derivative and flavonoids
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-
1

Ex
3

..p‘
=
[P
e
&.\_
z%ii

COT LT DA Bl - o i

o
ol

PEY AR S T sperr A b (helflife) H 1 R G E LY Bo g g

Tl R F L S BRI L BRI gL 2 R AR o

(-) A RPFHAD
# ¥ pTEC (control atmosphere storage) £ & F M RTR N fL 0 A BRT R R

BN F RS AL DR b R 2 B0D K A e o ¥ JE e S B

=5

FEF M o ok FERSES - F LARUER KR FA SR & ShE
F (Kader, 2002) « # & 1* & FH# A L f HALEREFIAE S FE 59

fe T fr & e AP f WML pf: §F £ ¢ % (modified atmosphere
packaging, MAP) - 1 & % & K i¢ K 0¥ § k& dFF > 0.2-0.5kPa 7 5 sxipdl
B EE®L > L2 €447 2Lk vk (Martinez-Sanchez et al., 2011) -
(=) #Fai

AL L FA ST SR EERF R R RIE VA LRE - ERE AR
S E S NBIRAET AR RIER T AR SRR AILE § £4T4 2
#Foik e F-9  (heat shock protein)> @ £ {5 § B JLis ¢ BA 2 S K 39 o
% £G4 FE 6 PAL MRNA & 2 AR 32 & F By &5 R Edh it dotk

(Saltveit, 2000 ; Campos-Vargas et al.,2005) -

(2) #Hh 2
¥ bbb EHEET S S 4T A F 7k - PPO4REIMZ 54T A S o
Fub v R EH L T E T 0 EF LS % o dng VR g/ A R T

RSP g bprg b A4 pRIER xﬁ@"\“‘%ﬁgs‘éﬁ-’%ﬁb/ﬁ\‘ - T P o ]
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VA 2AE R BRRE T €48 PPO § IV T ERABCF A S 4 Flgtdg it H|
g ek § FIF A SEEEIF CRER oA e o ¥ Landig 18 3
FU3k o fi& (ascorbic acid) ~ B Fuik o f& (isoascorbic acid) ~ £ i3 a feéph (sodium
erythorbate)#? § #7241 &4 @ FARE 1 kT B F SRR oS B drl

PPO = &t (Kuijpers, 2012; Martinez and Whitaker, 1995) - %] PPO if & i it &7 pH

B e 57y s M p pH EF & PPO B E i1 %‘Jﬁthéﬂhﬁﬁ%%%@

acid) - @ REFETE G AL B hr i 0 T PPO BT o N gk 3T mE (TR o
Flag it e e AR AR P AP AR MR S B e SRRl

v s TR F SadFd g g & (Martinez and Whitaker, 1995) -

7 #rd & (sulfhydryl group, -SH) 2 i+ & 4= 5 L ®kspk (cysteine, Cys) ~ $5 7
4 ?% (glutathione) ~ X # 5z pa WAL @ (L-cysteine hydrochloride, CysH) % ¢ fig L %
tiefié (N-acetyl-L-cysteine, NAC) » H 2t E 4% i e 4| ¥ ac 7 = f&
(1) #r& A gpRdg(O-quinone) * 2 = & ¢ &% F ¢ # F  (Pierpoint, 1966 ;
Richard et al.,1991 ; Richard et al.,1992) » ¢ pR#F & /% B & H R L o
4ot % R PPO F iY 24 X efRsE e L-cysteine F Bis v 4 S 2-
cysteinyl-chlorogenic acid (Cabezas-Serrano et al., 2013) -
(2) AL S gmigk fihd 4 LG drd] PPO B8
L-cysteine #r#] PPO =442 & F])k & @ £ (Valero et al., 1991 ; Ding
et al.,, 1998) - A 4 p 59 PPO » 12 1 mM L-cysteine ¥ Fr] 87% s 1+
(Ding et al., 1998) « ¥ ¢t » BARATF fzchd % 44 7 22 PPO # & 30
= iT% PPO i 3)#r4]4 (competitive inhibition) » I $r4] PPO i%
oo @R EsEE A AR 1= fR#E (Altunkaya and Gokmen, 2008) -

() ~&L ERR4 v prigR R w #as (Martinez and Whitaker, 1995) -
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M

FARE AT AP AINE B2 SR P T WLPRERE A2 T A
TR EPRR2HEE M AAPREHE B LR L T AR 0 s T
Mo Zag Al Eputgihit ok ¢ FIFIA AL s kR RV gma
A& put gk dck s ¢ ¥ pH % (Cabezas-Serrano et al., 2013 ; Molnar-
Perl and Friedman, 1990) -

SRFER TS P ?Tiﬁ']i

FREFZAYVRERLIE7YEAEDEE HEFREHRTREFFIFAY

e

Wt o Ao g s AR S e JT;;;T; W4 grﬁ@g@}ﬁ:@@&ﬂ FA s AR EGR T DIt 2
HREELE R Er ey g L R 1R Sl imd SRR 1
AL APREFFRES > FLFEERPBHFTed imyat e - o
Tomas-Barberan % (1997) r2 ® fggrim st 5] 211 (viw) 32 F S PF 7 # e
B B BT FR iAo iRt 40CT kg o 1 1 ml 50% (viv) ®
fEw s 0 5045 umipiiEim s &7 HPLC 4 47 » HPLC A 4705 % 5 ¥ f2 5 #84p
-%i”HB;‘,”’JHc 5%% i iTH-R A AR 326 nm T R RE o B SR E
4 o3 & caffeoyl-CoA £ % A & (quinic acid) fip i+ A5 = e 3-caffeoylquinic acid
(neochlorogenic acid) ~ 4-caffeoylquinic acid (kryptochlorogenic acid) ~ 5-caffeoylquinic
acid (chlorogenic acid) - 3,4-dicaffeoylquinic acid -~ 3,5-dicaffeoylquinic acid
(isochlorogenic acid) ~ 4,5-dicaffeoylquinic acid » 12 2 caffeoyl-CoA & /7% & fig i 4
% ehicaffeoyltartaric acid ~ dicaffeoyltartaric acid» e # 2 & = i» % caffeoyltartaric acid~
% J & (chlorogenic acid) ~ £ & iz (isochlorogenicacid) ~ % £ @& (chicoric acid) »
BB EY ANECTIFR RS %R RS 15 uge gt FW K47 48 & ~
PR EO54pge gt FW R4 38R - FEMRZEH 5 10puge gt FW 3
41 3% » @ caffeoyltartaric acid 7z & A3 4. 7 30% o

Hisaminato % (2001) & €9 M w230 » RF 10 A 418k 0 ik
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& RRESE RARE b o e M B LR RES 1T B (s ™ Sep-
pak C18 % 474 it » & % 0.45 pm jh i ih ¥ ¥4 i 7 HPLC 4 & « HPLC &
friEE s 5 4 7RG AR AR A 5%y ph ik (7 A A A 0 Y& 320 An T ek
£ ko 73 1% =5 caffeoyltartaricacid ~ % & & (chlorogenicacid) ~ £ % &
e (isochlorogenicacid) ~ § £ (chicoricacid) » (5% f pate & & Mk 8 {80k R 4%
Fro FEY P AREIES 03 2 B9 5 10uge gtFW» 3+ AT T pFEZ X (54,
s B4 2 s A2 58595 3Bugegt FW:» 2884 5 351 o

BEA G ELRAL RSV RIS AL GR T 2R AT
MF TR RA T BEREEHRAME TR EY HAIGIE AR A S afe s

P AT 0 ¢ B R BB RE S FER -
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FZ2F M

- HRTHE FRARE
(-) H# ko

SRR E S TS R ET AN A7 5T (S FH)E S
LR

2. Aluminum Chloride: Sigma -
3. Chlorogenic acid (& /& &) : Aldrich -
4.  Chicoric acid () £ &) : Aldrich -
5. N-acetyl-L-cysteine : Merck -
6. L-cysteine hydrochloride : Merck -
7. Formic acid ( f&): Sigma-Aldrich -
8. Gallicacid (ix & + &) : Sigma °
9. Methanol: HPLC grade % ACS & # &, Macron -
10. Rutin hydrates: Sigma -
11. Sodium dihydrogen phosphate dodecahydrate:
(2) #%RZF:
§ £ &k ' 1K > Dr LANGE > LMG-160 -

.7 2 0 £ & > Chef's Choice » Electric food slicer 610 -
w3 x Tzl Mettler Toledo » AB104-S/FACT -

1

2

3

4, » kLR p &~ > SHIMADZU > UV-1800 -

5. &~k kBt it - p &~ > SHIMADZU » UVProbe Version 2.42 -
6

.-20°C i 41 : # ® > Kenmore Model-31205 -
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\I

.-80°C /48 ¢ p » » Sanyo

8. &j Aoty i p A~ HITACHI » CR21GTH -

9. B rxa ik fu k47 % &t ¢ Intelligent HPLC system LC-800 series » Jasco °
BE isnmde 52 BN

a. ¥ (pump) : p & > Jasco = > Model PU-980 -

b. % 17 ¥ = (column) : Dikama Inspire™ C18 (5um, 12nm > 150 x 4.6

nm) o

c. #1Lfz8 % (columnoven): 5 = f—?%ﬂ;}i*ﬁ A .

d. p &P % (autosampler) : 4¢ B SPF = & » Model S-5200 -
e. % ehkplE ik p & > Jasco = @ > 875-UV -
f et S 245 127 > EC2000 -

10. "% * i (#$4p) ¢ # B > PALL > FP-Vericel 2 Nylaflo (pore size :
0.45um > diameter : 47mm) -

11. %5 * g ($ &) ¢ # B > PALL » PTFE membrane (pore size : 0.45um >
diameter : 13mm) -

12, R E & ks
a. "kinidd & JiF:p & > Tokyo Rikakikai = # » Eyela aspirator A-3S
b. R -kizwFH: SF RHEREF T2 > Vapor-mix Model KC-12

FELEFPEFHE% #% > 28 xp Tomds-Barberan %
(1997) - :E* RINAF RfE G T ML PR L2 BT o LA R E
Bl TRFFp FEBT 1T B AINE R 0.5 SR AR N 3
A ER 05 Az MR EFEE k3 I kRS FU oS Mgy

114%\‘* g%’J(Av\ °

=

i G R s ulEEn A I R A Rk R R AR ERY 0 A LR
(acetic acid, AcA) ~ N-z fg-L-2 #:3eps (N-acetyl cysteine, NAC) ~ X %k bichl 4 fis

(L-cysteine hydrochloride, CysH) > ixie T A 4mis Brdir B T3 £ o A ARB R o ¥
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SEREIL A PR N EF D EINA R A ¢ B pRFONECT - e
BE IS KT R AR URARLE > BACARER * > JZHP T A G
(D4l ze2 43 ke 7 24
(Z)ﬁjﬁ fa(AcA) ke 2> 3%(VIV)ig ik ® I 248
(3) N-z pg-L-L mewepe (NAC)e: %72 2+3% (WIV)Z 2% (WIV)i3 i P T A48
ALk epe e ® (CysH) e &~ w)iz 2 303% (WIV)E 2% (WIV)i2 ik ¥ T » 48
BRI 502468 BT PR I I pFFISC oA E

/

Bk Bt 20k H 0 BREFSFERE Ao

ERNER Sy TSk Sy ¥
PR BCT R R EAAILE K 0.2 42683 - TS LK

,‘,.L%HL a* ~ b*l’ﬁ%}\»; o

\

(color pen) Bl = 4 &7 & ¢ AR
AR IR ELAN
(=) RBHFF>

5% 2 4% Campos-Vargas fr Saltveit (2002) 2 f=g 55~ j2 » n e s &
B0 BRI L2 5B (W) e B3R R ELE Y P mBON N SR F
FEIPE  Sop B s0migie §p o £4er 6ml 7 3355 R 4e 0 5 10
AEBATE B F P15 > 1115000 g s 25 A4 BebiFie d 15ml A F o 7

Y B bd o Bo0-20C T FR R A -

RSk 2 4 Loaiza-Velarde % (1997) ~ Campos-Vargas {v Saltveit (2002) 2

BRI PR N AP AR 0 Pl EF R LE 320nm TR R B o BB R Y
TR EMAFE - B ARk RRIE TR K 320nm Tk i o B
Atk K 320nm T e ok B d B REEIERERE Y MY 5 2 £ 0 %% 2 equivalent

chlorogenic acid pg/g FW # 7
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(2) MHPLC A¥rikpgz £ R0
1 PR e
—?: 1i”’5,\40C J\/é.‘ 7/:?_%wa\ ’2)5\‘@/% '1};150/:7\'_%319,'/ 05m|9ﬁffﬁ‘",/» ’

& 0.45 um g "B g (8 T4k &8 7 HPLC & 47 o

2. HPLC A 4515
3% = 2 12 s p Tomas-Barberan % (1997)2. 4 d= 2 » & 418 & fadF > 40

T i Iml/min T8 F 4R A 8 o RS2 A 474" & b Pl R BRI L
320 nm Tk o PIIFRE AW ME REE § EREE SRS ST ER - H
¥ %% & w2 pg chlorogenic acid/ g fresh weight 14 %2 pg chicoric acid/ g fresh
weight 277 3 BERE DA 55 NS RREEEY S o

(1) #d4p: #Bdap AGZ3HF Kz F 5%VIv)? fk

#EAp B 5 7 gz S%(VIV)? i
(2) ~H-R:90% FHdip A 18 A4ap EH B 1 T2%A L 51404
UEFR RS D 65% A RF 2 040 £ T 43%A -

() Himz ERIT

3% > 2 %% Pekal ¥ Pyrzynska (2014) » 2~ 0.5 ml % 2~% 22 1 ml 2% (w/v)
Aluminum Chloride methanol solution ;& £ 353 > k4 % F B 10 4 45158 11 A sk sk
Bt H > 430 nm 2o vk sk & o 12 rutin hydrates ] (TR 8 AR o B B % L g

/g fresh weight % =+ -

ICFESFI I pEREAFRG Y CEREES
(-) RELEp $po§ ¢
1. fprdk*

P60 Qg A G ER AL L T 8 e B 200 T A ek

’ﬁ‘r*»

E3 N

er 180 ml ki ik - AR BRIDE - AdE o NERG A ELGH FE
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ok R R ALY 4 100mI AR R HRLRR D S0 S K g Bk
ERVACHI PR T Y § A0S RIS § S0 o BkE 2

i
EREAREEN AT LIRS ERR 2R T DA @A o pEET-20

P~ 0.2059 (3 A4 & & 3T R > 4e ~ 40 ml0.05 M Phosphate buffer (pH 6.8) >
kg 420 A48 SRR BT ERE Y F @ greisdpe 10 A48 (4C o
~10,000 Xg) » #ros #717 F FiR T L ARk B o BNk F o
(=) $RAE - FER ¥4 HEPPOF L FARL XAk HA

MEELER PPO A 20 pg/ml enik RELE T E AL 0 A KR R esr
£ 200-600 nm ¥ en sk ks o & TR D A 48R T - Tl Fej ko

MEEBEEPPOREZ R P2 R ERTOMREEESAREARER > UA X
kB 3hiesk £ 270-450 nm R e sk Gk 2# > At E 1S 01590~ 180 ~ 300 ~ 600 ~
900 ~ 1200 ~ 1800 #} % 45 v fx k¥ o
() FHRFFSEPPOF L abitggd B2 RIE

WEE L Amla ki (cuvette) 4e» Iml FEE PPOREZ e 2 ml 7
FERMFIEELF RIPpRESHCER F L F 40 24884k LI -
T N F R R EE T e sk L0k Image) & 7R RER S A 4T 0 B i

9 2ZFRCGB#E » £ @& DZF L a0 *BEL T o
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Frd SHRFELEYMAGUBRHL S SRt BI NG

BHFEW FHERFEd AENMA T RTREESR > L - Kt r g
- BRI T EAL B PRG T REFFEVNRETEITEZ K5
EELEAG L mE N PALBIE FILIG A ED 22> Flad &2
PR FEPPOF A2 2RI EREA NI T > TR bR SR o A
B LG BSEREEL T PR SCT R T A R A4 2 Rl TR
ME AL RN DY Rk R E SR A5 (PPO) §
PR R R HR AR B0 WSS TASES PPOF s

gigaihit e R 2 B

-~ HPLC B+ 2 A 831 5 P pBEFH T
FELE7 Y LG EE3 83 RieT AR IFRDT 5°C T o H 5 st g
BHEC- A THREE AL DR e T AR ARR S (F2) o 2k

MR R TR 2 R E (W 19)

~aj

A A PER A Fr X (5 R AR T A REALT R a0 B B R
Az BRES S e 2382 B A ERaE- 25 E o Flie- oy
HPLC A 47415 6 % F L & B N A & 47 F e T HasE -

HPLC & 473#5% = /2 %+ Tomas-Barberan % (1997)> ¢ * Cig & 47 ¢ 41> 2%
AE AR PR AR R R 0 R AP T R 4 5% B2 kAR 4 5%
TR AR BIR AR R A Y o RGBS - X WD IRE AR R
(B 2) > TFRTpF R sem it dop) o 2w X il s 2 R0 P 8 > BT 2748
AR AR H RN A G S TR e FI BRI RO G e

% 2 3

2.4

b

o RiefT HPLC a4 247 R el SRTRie 2 2 2 B 17RIY 7 1 &
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_3'@;%%u’ﬁ*}*lgr%/%?%@#ﬂffﬁg”]‘%-Lg’ %‘T})—?ﬁ’x fﬂ E’ﬁ’x %’f’?w-—ﬁ?ﬂi’ﬁ*
A ul s 1089 ~ 4y 2216 A48 (R 3) BRI TRrEii e X2 k478 (R
3) PR BUNHERARL L > VAREAFRNSOT S BALLS YIS REE Y

B M %= B &MEd 2 [ﬁ’%#i P S B % Rpe (Tomés-Barberén et al.,1997) -

A AT L 10%° AR 40 A4S B R 2 T 58%° FRAp 0 T AR L b LA
AaE12% 0 2o HREPTRS S N X E R ITRI(BI4A) FF = B BE
SRR AR N TS B AR L S RBRE T ER & Tomas-
Barberdn & (1997) &% 4piu > A s F TR R > L F o 3 i&iE L B3k 0 ahjp
SR GiAEIT o F e g T (B 4B)HR 1S 0 % 2 BRUELE G
PHRRR SEBF TN RPEITAIT LB ERBEE SRR R S

o

ek

AR R T ER B SRR G B0 5 RRUKE Uit (B 4)

s B ¥Rk 4 & 4P 34-dicaffeoylquinicacid & B i X srie o 24 & 3L

-

LR 54 3 AL > T A b E el o > TR T ARt B g o d K A
88 1.2%:c i & 2t 2 1% 2 M HPET Y B R R L& 4 48 0.5%(F 4)
R BRES T ERT L anusie A 2 ATl 0 & 5% REUED
R RAT LA 0 B RSURLIE e T Z RGO S REFA 0 A1 HPLC
AR e S ARk E S 10% 7 fF 0 X000 ER BlE A 4 1%2 i F b 2 18 &
o B E 2 405%2 3 F A 14 041080 LRRIFESE L4 1% @ F A 22

DB E BT Y R B 5 57% -

FRAGBRELESPRPLERRFT
SRS E R AR S 4 iE o HPLC poeniF R 4 5 10.89

SkE 2216 A4 ¥ REY e X A1TE (F3) ¢ NRFEPBERRE 0 T
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PACRE R RS BRI DTS REE G ER A 2 T R R
RIS ZBAELBSRM- 21 {T- WAL RARE T ERZ 7 T HBED
Eo S FPR s R R BRERE FERIRES > 2 L1 (W) e d A E
AR Rk k(R 2) 0 HRES R X AR B ) 0 T ]
AR EPRSOE e XA EY PR R RRo R4 iE KT E (R 6)
Bor A3 10.85 » 4822 2213 A4 I I M S AR R S BRI B 6 0 ¢ K-
G iR uELe Bk R R BRI MR () D SR RA D Ik
BRETEESERZ FESERRL 2 froa 2 v NAC &2 CySH 24| Aam 15 >

ARL(R2) STE AR 4] TR R o FIE AL R AR

R

B";‘ﬁﬁifﬁ%%@r‘%ﬁf oo O SRR Eirek (BT 2R 8) &1 o midkiriv
MEnm A BB LERBAFER A F 2 BRG] YRR RRES 2
SR EEPRY PR E AR S AT FIR I AT B E L Gk
Y8 RBEI PERASLE NI EERRELG D b EWL (2)
REESESRGLIG 1 F P07 fRez-KApik 4 5% 7 @i FH A A 4
X RFTERALCI SR § B - 2% Rt (Bauretal, 2004 ;
Tomés-Barberan et al., 1997) ; & 2 § ? “z(acetonitrile)? -k 4p 75 4e 5% ik 5% LA
A 18 Sg“‘ggfk FB% 0 4 B3 dpinenig % (Maiand Glomb, 2013 ; Hisaminato
etal.,2001)- ¥ ¢t % R ph/A ¢ =+ € 3 -° £ caftaric acid (Baur etal., 2004 ; Hisaminato
etal.,2001) st neochlorogenic acid ! 3 (Toméas-Barberanetal., 1997) - P ‘e % B%
A7 E (B 4) &7 L R R vt’vﬂifﬁ FE A RS %ﬁlrf%ﬂl‘
ﬁwﬁwpy@m*aEm»%ﬂ@@ﬁﬁ%éﬁﬂ&&@&»ﬁﬁﬁﬁgw%a
BRI BERA P SH HPLC A4r#r B R % Rz % 6 801 % R ik

T Ry (Bauretal, 2004 ; Tomas-Barberan et al., 1997) -

ZAFER BT ORI TR LM
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4

B

Xk
5
<k
\
A
=
[y

R EELEY 2 RARRG AT A B2 g % o ARTE SR
2R ATEDC I o ARE ELE Y PG A PRl & e frd
PoruL SRR T ERMNE B RG- é}f%ifﬁ Dt fe 72 b G AL S e g 1

Frg Cod T T ERP R GRL 5 R et S S PR

FUBUABMENBRET I e FP RS RH VR ETE SR e
FLBRREFTEREFES DHFHEEY PRI BEBRDLE R F LG
BRELDY SRpr R rf 7 el B g R s S HAES M 7 2041

N IR kS ol s A G R s SR

oo

]

() 2R FIFEFESIRY Py AR MG

A TS P AR ERS T AR ROk E = 3200m 24 0 d B RE
(chlorogenic acid) £ § £ g« (chicoric acid) 1 % & yz k2 (B 11) o1 o & &
YR & A B 5 325nm 2 326 nm v Foeefl s B oAp L ensofT R o § - TR
REEFEREFSSIE Y iy Ppeg O ER LR > kg
B ot E 320 TawR ki € iR K (B 12 2R 13) 0 K SRS B
FARF L APREES 0 A RN E 320NmM T F BB T o P - EsdEn g
54 & enpRaTAR 7 0 Stk K 400NM 2% T R kg R 2 (] 12 2 /) 13)
HTEREELE YR Rehipf P Y R SERBE Y ERY o

PRERDEREE H ERIEFESSEREPPOF {3,573 Fahi 2R 1
A (BO9wE10) - FEPPOT 5 N AMS §FERIEEST ¥ 3 A44d h
SRR BRI BB B TS F L CIE-LAB Y 3 ki o d LEAAR
ROBP AR AFEEDYER T ER TR ApeFatiE s f ERAA B EI
TER e icd SOXELER LB ES > LB F

SRES T EREESZRERARS 0 BIE PPO F st AR ARP B 0 2

B BL EETEM o A a¥Ee bR £ 2 (R10) AARRIERT §ERE
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3 it fb%‘“fi&ﬁtf},ﬁ'ﬁ’;%‘ v d 1‘“1—% /%‘n ﬁ‘q—i PPO § EL d e Ll‘ﬁ"i (Fﬁ

1) FERT i EREESZRET VB LEMNFERT % REIEE

Fipik o D avid by TR KA T % REEESG IR BT 5 PPO § 1t
B FERE AT ER € FE R -

77 30ug/ml i Rpie 30 ug/ml § EREEE R &S PPOF {8 Hakit
2R b*E - A3 60 ug/ml % R pie 60 pg/ml § ERes B F it {82 5 (B 9 2 H
10) - ¥ EROU S REEE 2R £ 4% 5 PPO§ L iE4 (Bl 14) &1 > 2§ L
B u g AR o R T S F LB ARY R R E L T R
AL T o Au e TA AR 320nm TR Gk B RE M > 0 E FREEA A (S
Wbk 410nm Tk E F A o R SRR PPO F MiEARY o TS fE R T ok

'ﬁ’*ﬁ%%ﬁ%ﬁﬁwiﬂﬁ%%ﬁuﬁ’ﬁﬁﬁﬁiék%ﬂﬁﬁﬂﬂil

% 1
&

\-H

PR R EERARM -

(=) 2B d FAFEMREFEFE ST T CEREBO LM G

(8B 4o 4o > o dreetph T

\3\@

a"gk)E/";"— : P\ Z \Z"L'F—,_ﬁ/x,{rr-l— ;}—,, A ,a_,«ﬁ
=

LA AT R AR A AR BRI B R SR 2 F

TENERAM IR LA R R FEN T OET AL R L B

% fepERE (quercetinglycoside) 2 & 4% 3% pepE 4 (luteolin glycoside) » ]t 12 3¢
B % FepERE (quercetin glycoside) eh=4 H&i7iEt- M b F 2% -

20pg/ml =4 HE B EPPOS B RAE L AR R BRI P A

(B9 7 @) 10) 5 H g k3 3 ANEPF T 22 % (R 16)

-

a2k B 410 nm F ek sk
B ANERR A e (R17) B SRR = 4 LR F E PPO & i
e R o

77 20 pg/ml &% R fe s 20 pg/ml =4 HeoiR B R0 &30k 0 L PPOF i1
TR Aok o HARTV RSN 33 B REASDEER R (B9 H
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BRRSL EE a*EApl o A DYERI L A BT SR EARER RN S E T
FE2gPPOF it{s > v iR4bhit 1o DYEP BEH 4 > RIBRAEEFS o R 4 5 2
20 pg/ml % R g2 20 pg/ml =4 H oW SR &30k 5 PPO § 1 iE42(H) 16)37

Fo0BR 54 20 pgml R AR R E 503 A8 (] 18) > B R fo kR ik

B
=

Blooad 24 HL LS R E 3BT nm T g (B AT) kg o R EBRDTS
BAxHpg 3 SREAEESZR AR ERZRY A FELTIF o
FEUREI By CEAS R ORI ERET o ol TS P 24
HEFF AR RA2 2R PPOF =4 H R EBZRPTAHRF L > X232
NohELb*E L PR L iEARY Bor kg E R (B9 E 10)-

etk 20 pg/ml FRET 0 R EF E A FARAER T 40 pg/ml o B2 R % o
BLLESK o 02 a* B b*E .t 2 e RS brwent 2 (B 10) - § Epe
EEFLBEER LR RS LG AR i (R 9 B 10 F 16~ F 17) > 2ty
MEBRY  RIZAHFHRARAD 40 pg/ml B DXEF IR 2R oo k1R
7 20 ug/ml el jim 4 £ 2 20 pg/ml =4 HeRfop ik BRBEFHERA
I 40 pg/ml fs R feip iR b AR 0 €3 X BARR DYES A N ERYE

FRHLERESREBZRTRIFIAFRA AR EERE AR S

é\» g R

-

TR AGRRE  SPPOF AT o MR S HREB R RE S
BHER > L& ER DYER o AR IFR € FUARPN PG it g
A B FMpe B RERARY @Akt gtk iRl - ol AT SRR
BIRAERE -

Amaki ¥ (2011) 45> D F F L KRR O Y S PPO § 1t aiEfRdY 030
ek % X P& RpipRag (chlorogenicacid quinone) 1 2bpE 2 0% i > @ B R
PepRig- 2 3 L A ETRBRYE R F BRI MBI LT E
PPO % %% chfl 7 » e avenet g 2 o o PR P > vl 7 10 F V1S5 A
HRAT 0 B R AT MRS 0 A g it o
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E ﬁ']f‘;’s‘; aﬁ-«—aE—’l—l g—“‘:’_k’ ﬁg’lfl‘ ﬁ‘; p&ﬁ?‘ﬁgé‘%lln

FELERMP S I kikd it #2007 S4B RTE 5°C T A% 0 4w

e

PRRE 052 468 X ekt gt (F2) £ d L5

(s

4‘

ERE Rl

BLEES B o S BT % CIE-LAB ¢ $42 W A4 70 2N XYZ

BhZ e AA R A A DS L L2 BEERRNRP ARSI 4 .

-\

B AELfERA GRS DR e ad (DY EL f ERABe ES o D

(s

1

Rlthedd o BRELEY PEAGEACERY 4 3 chdp Fprifh ¢ &
ERicihd (B 2) FlAR EREARRT Ud a¥Eahg it FiAM R A E
BEAIG TR BC TR D A AR A AL NIRRT > TP B F TR K
Ri4em iEbrd B d R EBS (B2 igotpmaed Rafid
B3t X PeE e B2 X BB - L DYEMNE - R AR T F
AEA(R18)csrb b pmd BRARAT o AFRIE > P d BE AR 4pdbt ok
P At DY E Y EERTRD R e A oA H Y FE A Rt e X P

e mARE P E -

T FRIAARNT Y SR R AR AR R R R e 2 2
IFAA 0 R RAF- 2 ZE 957 119 nug/gFWe

TomasBarberan ¥ % (1997) 45 141 5§ 4 E [ #* 5°C & pvig

*§1¥
\ 0
S

¥ [k & 2 f2p= (phenylalanine ammonia lyase, PAL) & 12 € *t £ 15 12 /] pF R

et A F LG A8 pRERIRE C m B AE 2 BRI EY 24 ) T 48 )

7 W \ E R N N

g P2 A48 L T2 FRABREIE Y LRI R B m A B b A

— el
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fz
Wi
2l
=
P
i<
S

FHHA L L AF AP T P T AIG 8 PAL BERE > &0 R L &

Rl ieeng s P H %R (chlorogenic acid) z & (B 20) * 417 (&
ot A 235w A 03 BE0 BB 0957 132ug/eFW %% 0% th

E26pug/gFWo F 2377 B o BF W F e A5 ER LT E 0 E A 3

I

-GS
1 60pg/gFW> Had 4oz 2e & o

# EpL (chicoricacid) z £ (B 20) PIE A5G % = X BB 4ePd 4> 30 %
RS FEENEG PR - TP ERFELIF AR S AFELE Y
R ER G E s 107ug/g FW o fpf s 0 X § B9 2= - R %Rm
(isochlorogenic acid) z £ (B 20) + P8z 2R FREFERPMN - 5
AFEFLE PR ORE R ZE S 11.6ug/gFWo 4pf % 0% 2 £ 9 4em B o

S BEenrE A 2 R 2R (B 20) SAIG R H S I s

X TIBA N R

l\“‘

o 3

34
s
Iy
M
fen
s
1=}
M
=3

oF

&~
[}
=
1
Ix
IS
=|
H

X o

W AT R 0 & E 4 hydroxycinnamoyl-CoA quinate hydroxycinnamoyl
transferase (HQT) 41 * caffeoyl-CoA £ quinic acid 2 = % k f& (Hisaminato et
al.,2001 ; Ricardaetal.,2004 ; Steck, 1968 ; Tomas-Barberanetal.,1997) » £ J|* %
et 2B SR A § ERA pl-EA]* caffeoyl-CoA ¢ tartaric acid £ 2 =
caffeoyltartaricacid » £ 4% + — Benrt {34 X FER FIL RS REEHFERA
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STR LY Y 54t Rk (Tomas-Barberan etal. 1997) « o whetfig 7 4 4 27 575 A
PEA e (B 1) &7 4 & pfa(p-coumarate) 3 2 = verfil T2 J+ U 2 K iR
(flavonoids) en e 7 4% 4 o

Tomés-Barberan #4p 11 £1% 2 § £ 2 &3 5CT™ ¢ £ 41* caffeoyl-CoA #
quinic acid 2 =% hpk - 2 2 B3 A1 16 24 R4 2 > a BB RBRE F ER
SEPIESAIG S A8 A NI B A AT AR 0 AR R T LG
A AP AR FEREBSRMS BRI AL S T BB 2 s
ARREREARR TR ELLAGE AL P BRE FTEE-KPFEREA ¢4
SR ERERLS R -

fERENAGFe A SRR R E € (B 30) 2 SR p o dk
&2 caffeoyl-CoA s 484 4 Ir > 5 counaryl-CoA » F] b 4 o eber2ifil 74 o 22 57 F
ik € ) 4548 fe w484 > ¥ counaryl-CoA # it 2 3F 4 ik 5§ & SR G Bk
BT RELIEEA G ERALL Arnf i fiTa o B2 L,%HB 4 & (Bauretal.,

2004 ; Ferrereset al. , 1997 ; Tomés-Barberan et al., 1997) -

‘¥

HPLC & g% g% gt (e R i e BB 7 > B F EL B> B0l 164

fir3 ifeiEfT

AN

EAR ARSI SRE - ERE RS RE - UEREE
EF R BT SRhARETEREESLZ FREE PPO§F Ly 7 » &
PEFREEIPHEORICIRE > A FERT O B S AL GHER X ER
feo B RBEEFEREESSFEPPOF L7 ¢ 3 ApB 5 kg S aihit
RRELBHERARM o MRS B EE PPO § (s 4 (e 21 ok 7
AP RGP et TA P C A2 RET S AR CREI M E
b B g AR o

RIGRFELE G R a*E s me A g A Tt A i A RAR

BB RCBRE AL R0 12 HPLC BIE chipehetpi il 5 B h% i
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|l
‘fr

Brreneta ;R AT BB SRAETBEAG L TB LR B FER

%
tbs

SREZEPAIAG f’z‘v:%,"lféf%ﬂﬁéi“ﬁﬁ’i'fﬁ’b%?

AR SREZENFe A IERLRT o ERELE S AEM I A - e
zE

FI A G AR g AR DA R TS REST VAL PR A %S
AL FrARRE] BRAREFERS CALOREREES e A AR I
FEMRBRSREY FA2 OREREFR A S T RHIMER T Ao
el fr A dr e L5 - XE R FLCER BROT RN T OAARERAT L 2P R 2 5

By it e PpPirs P aghit £ -
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$I % FAASUNML AR TR0 2 NG

TOPER o Al B S ERY 0 5 1.5%3% 3%2 iy 7% R RJIE D A4S

W ECTFuEH/mt I E s TV AF NS FE 10 X B LG mE A

(sulfhydryl group, -SH) & =k 3% (cysteine) = 4 4~ % 3| B g2 & % &g 7 > 12 2% CySH

[~

!

Ee I ABET USRS > L gAY F % hjL o 11 3% NAC i2ie T A 4T

FEl

BEIS A~ miaddd & & %> @ 200 NAC 2RI FI# 3% A~ X R IRF %4 ¢

& (G2 0 2014) - B om 5L e vipg (cysteine) 47 4 o B R IR 15 ut AR L ok R E
FEFAEFERED FARTET R RS o
FIFURELE P AR A b Fovmstflirdi oo FHRRAMKF E

=
Yo
@
pen)
B
iy
N
¥
I
Y
7—.)_

BEPPOF Menfh o2 HE v P AR

£ %},?ﬁ;‘i it is3d G\'ﬁ%'Lmﬁ_&“’&l’?}%’ﬁXOd Bll_i/g'/\r’ﬁljl/ i Jr‘v:{

.\‘

= Er

‘“T‘Y

BB X RA AR B X

”

>

A

s Bt ST ERE R SRR T A

-\

TR ISR E R R R PR R T G - TR R el A F o B

CBERAREHAGEELET Y P Y BRSSP

fEpk e ik R 1L5%T AJLT A TT R AT RN SCT AL f 4 ¥
H10 % 0 Hargah it 4] 5 7 g PAL BB LG A 2 2 (62 > 2014) - @ A
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Fig. 2. The appearance of stem disk treated with different browning inhibitor changed

during 8 days storage at 5°C.
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Fig. 3. HPLC chromatogram of extracts of the wounded lettuce stem disk storaged for 4
days at 5°C. (A : the extracts of the wounded lettuce stem disk ; B : chlorogenic acid

standard and chicoric acid standard)

column: Dikama Inspire™ C18 (5 um, 12 nm » 150 x 4.6 nm)

mobile phase A: water added with 5% formic acid (v/v)

mobile phase B: methanol added with 5% formic acid (v/v)

flow rate: 1 ml/min

gradient: 90% A > 72% A (at 18min) = 65% A (at 32min) - 43% A (at 54min)
volume of injection: 50 pl

temperature: 40°C

detector: UV detector at 320 nm
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3-Caffeoylquinic acid (neochlorogenic acid)
Caffeoyltartaric acid*

4-Caffeoylquinic acid (kryptochlorogenic acid)
5-Caffeoylquinic acid (chlorogenic acid)
p-Coumaroylquinic acid

Feruloylquinic acid

Dicaffeoyltartaric acid®

3,4-Dicaffeoylquinic acid

3,5-Dicaffeoylquinic acid (isochlorogenic acid)
4,5-Dicaffeoylquinic acid

e e O G R

“Tentatively identificd by comparison with previously reported chro-
matograms of lettuce extracts and by their UV spectrarecorded with diode
array detector. The structures were numbered following the IUPAC rules
(Clifford, 1986).
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PP AGREEY #¥RCA Y AR B SR L B
# (modified from Tomas-Barberan et al., 1997)

Fig. 4. The comparison between the HPLC chromatogram of the extracts of the wounded
lettuce stem disk storaged for 8 days at 5°C and the previously reported chromatogram of
the extracts of the wounded midrib. (A : the extracts of the wounded lettuce stem disk ;
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B : the previously reported chromatogram of wounded lettuce midrib extracts, modified
from Tomés-Barberan et al., 1997 ; C : the corresponded compounds of previously
reported chromatogram of wounded lettuce midrib, modified from Tomas-Barberan et al.,

1997)
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Fig. 5. HPLC chromatogram of the extracts of the wounded lettuce stem disk storaged

for 8 days at 5°C with different separation gradient. (A : with gradient 1.2% min ; B :

with gradient 1% min? followed by 0.5 % min between signal of chicoric acid and

isochlorogenic acid.)
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Fig. 6. HPLC chromatogram of the standard addition to the extracts of the 4-days-

wounded control stem disk sample. (A: standards of 40 pg/ml chlorogenic acid and 20

ug/ml chicoric acid ; B: the extracts of 4-days-wounded control stem disk ; C: the mixture

after 1:1(v/v) standard addition)
column: Dikama Inspire™ C18 (5 pm, 12 nm » 150 x 4.6 nm)

mobile phase A: water added with 5% formic acid (v/v)

mobile phase B: methanol added with 5% formic acid (v/v)

flow rate: 1 ml/min

gradient: 90% A - 72% A (at 18min) - 65% A (at 32min) - 43% A (at 54min)
volume of injection: 50 pl

temperature: 40°C detector: UV detector at 320 nm
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Fig. 7. HPLC chromatogram of the standard addition to the extracts of 8-days-3%CySH
treated stem disk. (A: standards of40 pg/ml chlorogenic acid and 20 pg/ml chicoric acid ;

B: the extracts of 8-days-3%CySH treated stem disk ; C: the mixture after 1:1(v/v)

standard addition)

column: Dikama Inspire™ C18 (5 pm, 12 nm » 150 x 4.6 nm)

mobile phase A: water added with 5% formic acid (v/v)

mobile phase B: methanol added with 5% formic acid (v/v)

flow rate: 1 ml/min

gradient: 90% A > 72% A (at 18min) - 65% A (at 32min) = 43% A (at 54min)
volume of injection: 50 pl

temperature: 40°C detector: UV detector at 320 nm
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Fig. 8. HPLC chromatogram of the standard addition to the extracts of 8-days-3%NAC
treated stem disk. (A: standards of40 pg/ml chlorogenic acid and 20 pg/ml chicoric acid ;

B: the extracts of 8-days-3%NAC treated stem disk ; C: the mixture after 1:1(v/v) standard

addition)

column: Dikama Inspire™ C18 (5 pm, 12 nm » 150 x 4.6 nm)

mobile phase A: water added with 5% formic acid (v/v)

mobile phase B: methanol added with 5% formic acid (v/v)

flow rate: 1 ml/min

gradient: 90% A > 72% A (at 18min) - 65% A (at 32min) = 43% A (at 54min)
volume of injection: 50 pl

temperature: 40°C detector: UV detector at 320 nm
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Table 1. Standard curve of standard chlorogenic acid and chicoric acid in HPLC.

Retention Wk R R Regression equation
i
time (min) (ug/ml) (R?
Chlorogenic acid Y = 75.174X - 82.434
(5-O- 10.89 0-80
Caffeoylquinic R==0.9991
acid)
Chicoric acid Y = 107.43X + 151.12
(Dicaffeoyltartaric 22.16 0-80
acid) R2= 0.9987

* 2. %;%A%;‘?J: heiTiE 2 T B RA
Table 2. Quantification error of standard addition

Chlorogenic acid Chicoric acid
CK 5.0% 7.2%
CySH 3.5% 2.8%
NAC 6.4% 11.0%

column: Dikama Inspire™ C18 (5 um, 12 nm » 150 x 4.6 nm)

mobile phase A: water added with 5% formic acid (v/v)

mobile phase B: methanol added with 5% formic acid (v/v)

flow rate: 1 ml/min

gradient: 90% A > 72% A (at 18min) - 65% A (at 32min) - 43% A (at 54min)
volume of injection: 50 pl

temperature: 40°C

detector: UV detector at 320 nm
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Fig. 9. Browning progress of chlorogenic acid, chicoric acid standard solution incubated

with polyphenol oxidase for 0,3,10,25,55 min.

(A) Polyphenoloxidase(PPO) in phosphate buffer » PH 6.8

(B) 60 pg/ml Chlorogenic acid and PPO

(C) 60 pg/ml Chicoric acid and PPO

(D) 20 pg/ml Chlorogenic acid and PPO

(E) 20 pg/ml Chicoric acid and PPO

(F) 20 pg/ml Chlorogenic acid ~ 20 pg/ml Rutin hydrate and PPO
(G) 20 pg/ml Chicoric acid ~ 20 pg/ml Rutin hydrate and PPO

(H) 30 pg/ml Chlorogenic acid ~ 30 pg/ml Chicoric acid and PPO
(D) 20 pg/ml Rutin hydrate

(J) 20 pg/ml Rutin hydrate and PPO
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Compounds CHL CHI CHL CHI CHL RU RU RU RU RU
Conc. (ng/ml) 60 60 20 20 30 20 20 20 40 40
+ + + + +

CHI CHL CHI  CHL CHI

30 20 20 20 20

L 70 67 73 7 66 77 73 72 70 69
a* -1 0 5 4 1 8 5 2 4 2
b* 28 35 16 18 34 2 25 27 31 38

chlorogenic acid (CHL) / chicoric acid (CHI) / rutin hydrates (RU)

Bl 10. 2 FERZ SR - JEREZAHRESSCSRTEEY Ipg it

Rty 2 40 42 (A) BRE (B) HRE&SZRE MBI E -

Fig. 10. Different concentration of chlorogenic acid, chicoric acid and rutin hydrate

standard solution incubated with polyphenol oxidase from lettuce leaf tissue for 40

minutes (A) appearance of PPO oxidized standard solution (B) L a* b* value of PPO

oxidized standard solution.
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Fig. 11. Absorption spectra of standard solution between wavelength 200-600 nm. (a:

Chicoric acid, 20 pug/ml ; b: Chlorogenic acid, 20 pg/ml ; c: Caffeic acid, 10 ug/ml)

68



1.402

1.000

Abs

nnnnn

0.500

0.063 M= —
200.00 300.00 400.00 500.00 500.00
nm.

B 12, % R peth 2 5 (20 pg/ml) 5% £ 2 & PPO (30 Uiml) ¥ ii@fe= 1R ~4b
Gk Tk RN 0 (L )5 k£ 370-450 nm Bk & o

Fig. 12. Absorption spectra of chlorogenic acid (20 pg/ml) incubated with polyphenol
oxidase (30 U/ml) at every five mintues incubation times, (right) the zoom in the spectra

between wavelength 370-450 nm.
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Fig 13. Absorption spectra of chicoric acid (20 ug/ml) incubated with polyphenol oxidase

(30 U/ml) at every five mintues incubation times (right) the zoom in the spectra between

wavelength 370-450 nm.
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Fig. 14. Absorption spectra of standard solution incubated with polyphenol oxidase
recorded at 0~15-~90~180~300~ 600 ~900 ~ 1200 ~ 1800 seconds after oxidation between
wavelength 370-450 nm. (A: 20 pg/ml chlorogenic acid ; B: 20 pg/ml chicoric acid ; C:
mixture of 30 pg/ml chlorogenic acid and 30 pg/ml chicoric acid standard solution)
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Fig. 15. Monitoring absorbance at (A) 320 and (B) 410 nmrecorded at 0 ~ 15 ~ 90 ~ 180 ~
300 seconds after standard solution incubated with polyphenol oxidase.

(CHL20: 20 pg/ml chlorogenic acid ; CHI60: 60 pg/ml chicoric acid ; CHL30+CHI30:

mixture of 30 pg/ml chlorogenic acid and 30 pg/ml chicoric acid)
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Fig. 17. Monitoring absorbance at (A) 320, (B) 410 nm, (C) 357nm recorded at O ~ 15 ~
90 ~ 180 ~ 300 seconds after standard solution incubated with polyphenol oxidase.
(RU20: 20 pg/ml rutin hydrate ; CHL20: 20 pug/ml chlorogenic acid ; RU20+CHL20:
mixture of 20 pg/ml rutin hydrate and 20 pg/ml chlorogenic acid)
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Fig. 18. The change in a* and b* value of control stem disk during 8 days storage at 5°C.
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Fig. 20. Change in chlorogenic acid content, chicoric acid content, isochlorogenic acid”
content and caffeic acid derivatives content of wounded lettuce stem disk during 8 days
storage at 5°C. (isochlorogenic acid” was identified by reference, and was quantified by

the standard curve of chlorogenic acid)
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at 5°C.
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Fig. 22. Effect of 3% acetic acid on total phenolics content of wounded lettuce stem disk

during 8 days storage at 5°C.
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Fig. 23. Change in chlorogenic acid content, chicoric acid content, isochlorogenic acid*
content and caffeic acid derivatives content of 3% acetic acid treated lettuce stem disk

during 8 days storage at 5°C. (isochlorogenic acid” was identified by reference, and was

quantified by the standard curve of chlorogenic acid)
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during 8 days storage at 5°C.
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Fig. 26. Change in chlorogenic acid content, chicoric acid content, isochlorogenic acid*
content and caffeic acid derivatives content of 2% & 3% NAC treated lettuce stem disk

during 8 days storage at 5°C. (isochlorogenic acid” was identified by reference, and was

quantified by the standard curve of chlorogenic acid)
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during 8 days storage at 5°C.
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Fig. 29. Change in chlorogenic acid content, chicoric acid content, isochlorogenic acid”
content and caffeic acid derivatives content of 2% & 3% CySH treated lettuce stem disk

during 8 days storage at 5°C. (isochlorogenic acid” was identified by reference, and was

quantified by the standard curve of chlorogenic acid)
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during 8 days storage at 5°C.
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Table 3. The effect of different cysteine derivatives treatment on chlorogenic acid ~

chicoric acid ~ isochlrogenic acid ~ flavonoids content of wounded stem disk.

DAY
1 2 3 4 5 6 7 8
CHL LHHTETTT0 i rrilirrlri
CHI XX X X X XXX XXXXXXXXXX
ck ICHL AR A A A A A AR AR R RN
TFLA ® 6 6 6 6 6 6 6 6
CHL NNy,
30,  CHI
CySH  1C1L VAV VAN
TFLA ® & 8 6 6
CHL 1111 rrrrry
3% CHI X X X X X
NAC
ICHL VAV VAN
TFLA ® 6 6 6 6 6 6 6 6
CHL LITHITLETP i il irrry
2%  CHI
CySH
ICHL APV RR ULV VN
TFLA ®© 6 6 6 &8 6 6 6 ©
CHL LITHEDLPTT il rrrry
s,  CHI XX XX XXX XXXXXXXXXXX
NAC  [cHL ALV LAV VN
TFLA ® 6 6 6 6 6 6 6 6

chlorogenic acid (CHL) / chicoric acid (CHI) / isochlorogenic acid (ICHL) / total flavonoids (TFLA)
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