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/£ #(36-45°C+8°C) &2 4 1%@1*1_

"’frié‘fi PR IS "R 2 AR > A R RS
PlF #3245 - FERZELTEITR
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CME-~cIDH 2 PEPC i % /& 405 Lt < 2 AB% o CSAE 2 75k § » 7 4t 3 4o
R¥EFe2 4 £ % ; MDH - mACO ~cIDH ~ cME %2 PEPC % a1k § » ¥ it 1
RIFE@AE S AV A RIFBERLSE 5 2 0 & 22 Rl cIDH EEF 7~
MR B f%mg}g&, R e itz £ CcME B % 2 4p K > 22 PEPC
BUE fARM R 7 £R® mMACO 2 cME #1-% f 4pH > 2 PEPC Btk &
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Bl A& &% a2 (heat treatment)dy & Bl A &RT s 1% B B (5 36°C~50°C) e 1 &
Pl SRR RS SRR, T A A ST A R E G T % P a2 AT o 58 (Lurie,
1998) o # 2 ¢ R B edT R ARFE 5 £k 2 (hot water dipping treatment; HWT) » # 4% *
g R F L R AGEE BT E 50-70°C 0 - A kv R 46-47°CHE 4%

1) F P # g@ﬁgﬂgﬁ_l;r;nﬂﬂl °
2) A vom L %‘fg}ﬁg <E'1:;ET§;:;JF);’1§ %IT:‘—"FIz o




F20 2450 8 agm N (F > 2004)oﬂ$ A i U Ry o S R 16
2008) -

BAE - e AR R A HE T BA PSRl > TR 5 %7 (Paull
and Chen, 2000) - #7 % S # 2 (5 7 € ¢ g2 & "% 1< (Klein and Lurie, 1992) o # i d® *% i< i #
%7 07 jF 2k 7 £ (Weerahewa and Adikaram, 2005) » @ "% i< 5 8L fE SRR & L 2
¥k e i A (F, 2004) o

WIFFaL B ALY (A 4 ~ Lt & = 2 acetyl-CoA =1t 3f(Katz et al., 2007) -
Rk i S @ g citrate synthase(CS) it oxaloacetate(OAA) % acetyl-CoA Jk¥ga 2 - @
& mitochondrion-aconitase(mMACO) £ # = £ & #§ p& & - £ 5 mitochondrion-isocitrate
dehydrogenase(mIDH) #Lit # = 2-oxoglutarate(2-OG) » * 2 %3 & & Bk 5 tlwre B ¢
P % cytosolic-ACO(CACO) £ cytosolic-IDH(CIDH) i * 38> @ 5 F zhpaz 4 & = 9p %
(Sadka et al., 2000; Katz et al., 2007) - ]t > R ¥fpacns & X 3| CS B AR > " 2R %
] ACO % IDH si®* “i3d iy o — B3GR & = Pl 4Ep % = phosphoenolpyruvate
carboxylase(PEPC) » # 4 & 5 a3 %2 Jr ¢ » ¥ igit phosphoenolpyruvate(PEP) 2 i & 2
OAA 1k Ji » OAA |+ 5 malate dehydrogenase(MDH) it & # g% i » » ¥ ST ATZ
£ * (gluconeogenesis) @ B & = #E4F (Beruter, 2004) - ¥ *F A WA > FEERT SR FR
7% 5 fumarase Bt @ A2 4 > @ 5 MDH it ;xggf,;u OAA: fe H 77 it OAA A& 2 Jf
* pe(Katz et al., 2007) < #7 % B B ¥ flmre B e ¢ 5 d ME & MDH it @ i 38f(Katz
et al., 2007) -

FFRAAATIHIY RFPLRTF)Z2Z —on 3 RO IVERAR DR Ko &
FTWERABMBEZIRESTRAZER TS #é$\9m39ﬁ%#%%§££ﬁ
DR LRSI BRI LN B R AL O FH U TR HETRA
23 RMAEREF LAY AR B HER R w2 Qﬁﬂ%ﬁf?%*$
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BRI L % R B 5] 36°C39°C42°C 3 45°CHs = B~ diH Be i) (53 3 8 (2542°0)
FHIEG LA MR AT RFARILT LGS L 8CEHFIAZ R H I D 3IE(2542°0)7



s H o CKL 53 HEQ542°C) T &k 21 = 2. & F > CK2 5 &8 F 2 r 8°Cit & 14
T REHNITRREQHPO)ERT X257 c T RJL 6 FF - S FIHEA L RFER
AR ATREY EF BAREANY LB HEERESET Y RS2 f%mf *p
g 120omis R E AE LR 0 BEH20°CT oo iR ATPER 2R T 2 R
PR S E1EA > X3 EH -
NN Ea

BFF - EM2 A3 BRI T RN LB HEEREUFFARLET ¥ Bk
ko B E-5g e »Hok20mls MIBF AR L 2 240 B2 40°CiE ks 30 A4 £
4. (10,000 xg) 10 ~ 45 o B~ K ik 1.5 ml #212 0.45 pm 38 Jg "(Millex-HV, Millipore)xfi
R B 4B pit Rk 4 & 47 & (high performance liquid chromatography, HPLC)[ %I : Hitachi
pump L-2130 ~ # /B % : Hitachi UV detector L-2400 ~ column : Waters KC-811]4 472 » 4
FTIE® 5 1 F 4B A 60°C - # #54p 0.1% phosphoric acid » =i 1 mlmin™ » ¥ ¢ Rl
£ 210nm > R E 20l U A R o o
T o~ 5O A HHPEE £ (CS ~ MDH ~ ACO ~ IDH ~ ME ~ PEPC) /% 1.2 4 45

1 fEk EP

f¥% 2 5 P~2 % Chen 2 Paull (2000)2. = ;2 i3 it o #-4 k 2 B $] % pé S RRYPE
RREF P OBk ke kiR & B BER =13 ot BB % k& 50 4r ~ 15 ml 4 #¥% [100 mM
3-(N-morpholino) propanesulfonic acid (MOPS > 1+ 5 M NaOH # # % pH7.5) »1 mM
ethylenediaminetetraacetic acid (EDTA) 2.5 mM DL-Dithiothreitol (DTT)0.05% Triton X-100
(v/iv) » 1 mM phenylmethylsul fonylfluoride (PMSF) > 20 uM trans-epoxysuccinyl-L-
leucylamido-(4-guanidino) butane (E-64) » 10 mg/ml polyvinyl polypyrrolidone (PVPP)] 1z :2 57
PSR E 204 4o (13,000 xg) 30 Ak H b R AT AR FERR S TR
8 72 MDH CSEfte ¥ *hpv R A% 5P 5ml- i * 2 Bikipik 4§ (Amicon
Ultra 30,000 MWCO, Millipore) s it %% - 14 % /% [100 MM MOPS (pH 7.5) » 2.5 mM DTT]
TR R AR R 500 2 b oo 41 (3500 xQ)ikHE KR 2 15mb ¥ Rl kR F i E
PEPC ~ ACO ~ ME ~ IDH i % o 224 549 % 0 4°CT o ¥ B % 2 4p bl 2 50 p Sigma
% USB = 7

2. 3¢ Fa R

% e Bradford(1976)2. * ;2 2 & > B~ 4 ml £ &:##[0.01% (w/v) brilliant blue G-250,

4.7% (v/v) ethanol, 8.5% phosphoric acid]4r » 0.1 ml ¥ ;342 5Bk > F i 2 » 4808 »

12 4 % % R 3+ (Thermo Spectronic, HeAlOSa)ip] ik & 595 nm 2. OD &3 o & 5 £ & i
#-v (bovine serum albumin, BSA) 0-125 ug 2. OD & o

3. R AR

(1) CS (citrate synthase)



~ P2 > % %% Morgunov and Srere(1998)i2 i 2. 1 ml ¥ j&i% ;%[100 mM Tris-HCI
(pH 7.5), 0.5 mM OAA, 0.2 mM Actyl-CoA, 0.2 mM DTNB, 50 pl 7 ;3 %% 5 B~%] > = &
Py RBRREEIY 0 F RIS AR 420nm 2 2 OD iE -

(2) MDH(malate dehydrogenase)

~ P2 > ;% %% Morgunov and Srere(1998)i2 i 2. 1 ml ¥ j& % ;%[100 mM Tris-HCI
(pH 7.5), 0.2 mM NADH, 0.5 mM OAA, 50 ul ¥ ;3 {4fix % 5B%] > R 2353 (4P| 2 iE 5
#)0 F B304t > & 340nm 2 7 "% OD i# -

(3) ACO(aconitase)

RP|F_?E 4% Jenner £ 4 (2001)i8 &+ 2. o

CACO(cytosolic-aconitase)i?| =_: 1 ml ¥ &% ;% [80 mM HEPES-NaOH (pH 7.5), 0.05%
Triton X-100, 0.5 mM NADP, 0.2 U NADP™-isocitrate deyhydrogenase, 8 mM aconitate, 5 mM
MnCly, 50 pl ¥ 3 f2pt A kR Por] R E393 BRIRHEB 104 > F ol ~ 41 - &
340nm z_+ = OD ig -

mMACO(mitochondrion-aconitase):®] =_: 1 ml ¥ J&;4 ;% [80 mM HEPES-NaOH (pH 7.5),
0.05% Triton X-100, 0.5 mM NAD", 0.2 U NADP"-isocitrate deyhydrogenase, 8 mM aconitate,
S5mMMMNCly, S0 pl 7 i3 112 F R PeiR] R £33 BRITEB 10§ > F 1A~ 4&1
A& 340nm 2z + = OD ig -

(4) IDH (isocitrate dehydrogenase)

*ple> % 44 Gallardo & + (1995)1 & 2.

cIDH(cytosolic-IDH):e] %_: 1 ml £ figi% ;% [100 mM Tris-HCI (pH 7.5), 5 mM MgCl,, 2
mM isocitrate, 0.5 mM NADP, 50 pl ¥ j3 145 % k35 5 Poie) - R £393 SRl 22 10 4)
FRlAs&s > & 340nmz + 2 OD g -

mIDH(mitochondrion-IDH):#| %_: 1 ml ¥ &4 ;%[100 mM Tris-HCI (pH 7.5), 5 mM
MgCl,, 2 mM isocitrate, 0.5 mM NAD", 50 ul 7 i3 {4 f% % ik j%{'ﬁ_i?ﬁ’»;',”é] R L 205 18P Tk R
104> F 1~ 480s > & 340nmz2 + =2 OD i# o

(5) ME(malic enzyme)

*pl %> % %4 Knee and Finger (1992)1 & 2_

cME(cytosolic-malic enzyme)ip|z_: 1 ml ¥ &% %[100 mM MOPS (pH 7.0), 10 mM
malate, 0.5 MM NADP, 5 MM MnCly, 50 pl ¥ /3 4% % k35 Boik] » iR £3593 (SR T B
104) > F Jis1 #4855 > & 340nm 2 + = OD i# »

mME(mitochondrion-malic enzyme)i#] Z_: 1 ml * &% ;% [100 mM MOPS (pH 7.0), 10
mM malate, 0.5 mM NAD', 5 mM MnClI2, 50 ul ¥ 73 1% % k55 PoR] » R £353 (SRl
#3104 0 F sl A 4is > A& 340nm 2 + = OD i@ -

(6) PEPC (phosphoenolpyruvate carboxylase)



B E P E %% Merlo & 4 (1993)#2 &+ 2_ o 1 ml & J& % ;% [100 mM Tris-HCI (pH 8.0), 5
mM MgCl,, 50 mM NaHCO3, 3 U malate dehydrogenase, 0.2 mM NADH, 2 mM PEP, 100 pl
TR RGERR] R EH BRI B 104 0 F L A4 0 A& 340 N2 T
5 OD g -

(7) Ei#EE

%P Morgunov and Srere(1998) » 12 DTNB *+ A4y ™ 2. molar absorption coefficients &
13,600 M™* cm™ > NAD(P)*+ Ay ™ 2 molar absorption coefficients % 6,300 M™ cm™ 3% & 2_ -
ERRIC

* 3% 2 By 1 Microsoft Excel #5572 & @] iv38 5 % 2 4p B 1 47 - 12 SAS(Statistic
Analysis System) £ % @it #8 i€ 7 ANOVA £ 47 > 1 & -] B ¥ £ B /% (Least Significant
Difference method, LSD) # % & +* #iu s 7 » &g ¥ -k % (significance level) 3 5% o

[T
cRITE'BHERFERF L LR FWRIEN L 40d 1o ASEF 2w

2REER T B 5 0.63%: ok i pEa 14 (CKL) G ™ *% 0.12% > 504 i 14 (CK2) 4 ™ " 0.14% -
ERFALR RSP RILE(36-45C) R 7L 7 £ & ad2w (blank) Jﬂ-&?—*‘ AR g FiK2
ABF @ 2 15 R G R 4B°CHEOC ATEA F R CKL % CK2 § # H AUL ¥ @47 ¥ £
Boe3 B2 ARS c AGEF w2 mEpKIE 5 0.19% L#iﬁ?ﬁ%%&(GKl)%’—‘f
P A 017% 0 G4 RS (CK)R E A E LB ;BB AIL (5 (36-45C) s s £
blank * Z & F L £ > 7 2 L EAFFHPF U CKL e CK2Z Z 22 B ¥ - AR
E AR 2 B R L 0.82% G4 15 (CK)BE E ™ % » 7 ' 0.09%; 8 i# AJP 1% (36-45°C)
BB blank X B FLR > AL BEGLAFTECKLE CK2aF AR > 2F %K
2 A% o
e k17 %*u'%?ﬂ%"”’? BB AR R L RS2 G AR ST A g
4r# 2% 4 3. CSpE2 ﬁ%#’m?v%(CKl)E%mH“’ F4 3 377 mmol mint gt Fw o &
£ d2 F,(CKZ)ﬁw% » % 2.34 mmol min™ g* Fw > :zz»%é%g—g‘\iﬂ L e

£

FOEEI2 R o SR B R A BT %(36—45‘@)% » HCSPEE Rl F 22 a5 #Y
11 36°C2 42°CRF S22 CSPsZ A A FHoblank 3 st BB 73 dgins s > i
”L 1l 36C/.\L/§)%@Iw’:k B E ﬂ ’Sim./g)f@w (A %(36 45C+8C)-\ CS ﬁj"? /T.E"H-l;% CK2

I#ﬁﬁ%‘ P4 ‘s,um%/* TS F AR LA RN *“.3;42C+8C1%@Pl_~§‘_%5? CK1
FURIT SRR F AL o MDH ¥ S PRE(CKL) M ST + 4 1 324
mmol min™ g* Fw » @ 5484 FAJL 2. CK2 #i% » % 2.81 mmol min® g* Fw » fe {54 + =
TERFLR ARG AR o KR PRI A A RTR(36-45C)% > # MDH %



et P H 2R P FERDblank B R R G SIS R o SR FRILEL R
(36-45°C+8°C)1 MDH p% % &1+ ‘$ 42°C+8C g2 #t » ia%ﬁff@ CK2 % » ¥ #HF & CK1
PERFLE OV REEREG A5CHC Rl ¥ CK2 3 » ¥ 152 CK1 & %E%"iﬂ o

MACO %% 75143 blank ~ CKL1 2 CK2 2 FF & A % £ B » iz CK2 § % 2 F75 5 »

R B F LR SRR LA A RTR(36-45°C)F 0 # iF 122 blank FE'FJ: E2RF 71?1. ’
fe 3% 39-45°C F A 2 A5 5 LA F TR o SR B AST 1 4 K (36-45°C+8C) ~
¥ % =e CK2 2 CKl 24 &«E%g;ﬂ e &.«;;;g_;g@@g; ;fﬁ.ﬁ@% 2 FEA5 5 Hod e
36 CHBC I &2 CK1 #ieiT » |5 42CH8C Rl f &1 CK2 fdieif ; W iF L1t 5 27 i
Fim o CACO BE% S 12 v S o pri (CKL 2 CK2)a 5% 1K o R 8 AJT @ & PR
(36-45C) 4 » % 39T AL & - H i o7 F e blank 5 645 AR A0
e soka F g blank 5 Mo IR B R 18 4 R (36-45CH8TC) L E G X 45C+8C/JE iﬁ%ﬁ
FHRCK2 3 > B2 CK2 T a2l F L B WA BRI RECR25aF2 L8 -

MIDH f% % #1422 1) w LSRR m B F AR o cIDH ¥ F S ML RE RO F R (CKL) P &
¥ b4 453um01m1n gl Fwo @ SR B AJE(36-45°C) s H sk & g E b A (“,f 39°C A
B2t EHRI G g2 A8 > H ¥ 5 39C2 42C;m;§/@3_1—'g;;’ﬂ2§«§§’fgm¢

Az :L%*n o MR F BT (54 R (36-45°CH+8C) 2 it B AP F R CK2 L % 0 F & CKL &
Fif > HP W A2TC+8C AL Z F B Fi CKL 5 M b jEm M@t g @nim i
36-45°C+8°C AL 2 it % 1t & Mok CKL 5 M o mME fi% % i& 4230 % (8 prag (CKL) P ¢ %
Mo FEARCK) T aFH B W E RS B F L o IR B T A BT

(36-45C)% » Hprimiier blank & @A F2 £ B > mH AL " M2 AR R R
PG OB MR 2 N o R B AT (84 R (36-45°CH8C) it R E Y CK2 K akg ¥ A
Bt EM S G SR o CME ¥4 A blank ~CKL 2 CK2 2 P X @ g ¥ £ 8
et 7S CKL 2 CK2 &«g%mﬁ - BRI A ARTR(36-45C) K R R G 2
2 A5 0 ek F R blank 5B 5 vt AR E S 360CE 39C I blank 2 F L L 0 @
42°C 2 45°C B B ¥ 1 blank SO o SR B BIE (5 4 5 (36-45°C+8°C) 2 i & E 1
42CH8C 2 #h oM FR CK2 58 5 Wi E CK2ZS AR F L8 > 4 L B 248

% o PEPC A% B 1 ¥ B pr K (CKL) R ¥ 1+ = » 2000 F(CK2)18 ¢ &#*ﬁmxm o e
ER BRI iS(36-45C)H BRI A B 2R F W EMET (R ABE o KR E RIS L
(36-45°C+8°C)2 i F i th'p 42CH8C AL » 304 CK2 X B F L £ > 7 42'CH8C A TE—’_
BFHRCK2 2% > & mJ2(36-45°C+8°C)2 in 2o R CK2 3 2 AB%: ; v /a1t 5 4
X s LA

'SR 1T B BHET %?;51;5@ LA R R AP R A R AR
Bz ARM Mok 4977 o AEE S G 0 REFRL S £ CME(r=0.8585)(P<0.01) & & & it
1R IR £ (=0 5525)(P<0 1)% PEPC(r=-0.5575)(P=0.1)% &8 % f 4p M ; #7 %
fs 3 B PEPC(r=0.5560)(P=0.1)% %8 ¥ & 4p B > 22 mACO(r=-0.5438)(P<0.1) ~ mME(r



=-0.7104)(P<0.05) 2 cME(r=-0.5953)(P=0.1)% 38 % f #p B o t1t 24> 6 - REFFE 2
#1 CME(r=0.8153)(P<0.01) & % % i 4p b > £ PEPC(r=-0.5558)(P<0.1) % &5 % £ 49 B ;
% 7 £ cIDH(r=0.6081)(P<0.05)2 PEPC(r=0.6774)(P<0.05) & & % i 4p & >
MACO(r=-0.5463)(P<0.1) % % % / #p M o
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Table 1. The acid contents in "TN17' pineapple fruit flesh after hot water dipping treatment and
cold storage.

Treatment CAY(%) MA(%) TA(%)
Blank 0.63+0.07 a* 0.19+0.02 bed 0.82+0.09 ab
CK1 0.51+£0.00 c 0.36+£0.00 a 0.87£0.00 a
CK2 0.49+0.06 ¢ 0.21+0.02 bc 0.71+£0.06 ¢
36°C 0.64+0.05a 0.20+0.02 bed 0.84+0.06 a
39°C 0.58+0.06 abc 0.18+0.02 bed 0.76+0.07 abc
42°C 0.62+0.06 ab 0.19+0.02 bed 0.81+0.07 abc
45°C 0.62+0.09 abc 0.18+0.02d 0.80+0.10 abc

36°C+8C 0.56+0.10 abc 0.22+0.05b 0.77+0.13 abc

39°C+8C 0.58+0.12 abc 0.19+0.02 bed 0.77+0.13 abc
42°C+8C 0.54+0.06 bc 0.19+0.04 bed 0.73+0.07 bc
45°C+8C 0.60+0.10 ab 0.18+0.03 cd 0.78+0.12 abc

Z Blank: No treatment and storage. CK1: No hot water treatment and stored at room temperature

for 3 weeks. CK2:No hot water treatment, fruits were stored at 8°C for 2 weeks followed by at

room temperature for 1 week. 36-45°C :After treated with hot water, no storage. 36-45°C +8°C:
After treated with hot water, fruits were stored at 8°C for 2 weeks, followed by at room

temperature for 1 week.
Y CA: Citric acid, MA: Malic acid, TA: Total acid.

¥ Meant Standard error. Mean separation within columns by Least Significant Difference (LSD)

test, P=0.05.
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Table 2. Changes in activities of organic acid metabolizing enzymes in "'TN17' pineapple fruit after hot water dipping treatment and cold

storage.
, Activity(mmol min™ g™ Fw) Activity(umol min™ g™ Fw)
Treatment
CS MDH mACO cACO mIDH cIDH mME cME PEPC
4%3.
Blank 1.60+0.08 b’ 2.24+0.33 f 16.8+ 7.4 abc 19.5t2.8a a 9.1+21 e 54.0+6.5a 119.8£10.6 c 10.9+1.8de
8.9+2.
CK1 3.77£1.42 ab 3.24+0.16 bcde 15.8+3.7 ¢ 10.1x1.1e a453+23 a 37.0+£74b 99.1+128c 20.7t1l.1a
9.6£3.
CK2 2.34+150ab2.81+0.31e 19.4+ 3.2 abc 11.5+£0.4 de a21.7+43 d 49.3x7.2a 101.5+13.4c 11.8+1.0 bcde
o 8.7t1.
36C 3.98+191a 3.77+0.38a 16.3+ 4.1 bc 12.6+3.2 bcde 4 a23.7£5.1 cd459+40a 1448+11.3a 10.2+2.0e
. 8.6£2.
39C 3.01+1.41ab2.83+0.35¢ 25.8+3.0 a 16.0+2.4 abc 0 al4.6+1.2 de49.8439a 126.8+4.9 ab 9.0+1l4e
o 10.7£3.
42C  391+1.93a 3.70+0.45ab  23.9+10.9 abc 12.2+1.1 cde 4 a20.1+ 6.6 d 46.2+6.0a 132.1+ 8.4 ab 12.7+5.4 bcde
g 10.5£2.
45C  2.69+1.45ab3.02+0.25de  25.4+ 4.6 ab 11.9+0.8 de a21.8+4.2 d 48.3t42a 126.5+ 4.2 ab11.1+0.8 cde
o 10O 10.4+2.
36 C+8C 2.89+0.58 ab 3.63+0.38 abc  15.6+ 7.2 ¢ 12.9+3.1 bcde ) a44.8+£ 0.6 a 54.1+6.6a 125.4+13.9 ab 16.3+6.4 abc

39°C+8°C 2.71+1.42 ab 3.60+0.10 abc

42°C+8C 3.96+1.29a 3.18+0.29 cde

23.2+ 5.0 abc 14.6+1.5 bcd 9

19.5+ 1.5 abc 11.8+2.7 de

9.8+1.

a409+ 7.2 a 47.2+t4.7a 128.5+18.7 ab 16.8+2.1 ab

11.5+4.a31.5+ 5.5 bc 45.3+2.5ab 111.8£20.0 ¢ 19.3t29a



o o 11.8+1.
45C+8C 4.14+0.18a 3.46+0.05abc 24.6+ 2.6 abc 16.2+3.4 ab 6 a37.2+10.7 ab 50.0+1.2a 130.6+ 3.6 ab 15.7+3.4 abcd

? Blank: No treatment and storage. CK1: No hot water treatment and stored at room temperature for 3 weeks. CK2:No hot water
treatment, fruits were stored at 8°C for 2 weeks followed by at room temperature for 1 week. 36-45°C :After treated with hot water, no
storage. 36-45°C +8°C : After treated with hot water, fruits were stored at 8°C for 2 weeks, followed by at room temperature for 1 week.

¥ Meant Standard error. Mean separation within columns by Least Significant Difference (LSD) test, P=0.05.
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Table 3. Changes in specific activities of organic acid metabolizing enzymes in "TN17' pineapple fruit after hot water dipping treatment

and cold storage.

Treatment’

Specific activity
(mmol min™ mg™ protein)

Specific activity(umol min™ mg™ protein)

CS MDH

mACO cACO

mIDH cIDH mME

cME PEPC

Blank
CK1
CK2
36°C
39°C
42°C
45°C
36°C+8°C
39°C+8°C
42°C+8°C
45°C+8°C

1.02+0.16 b’ 1.42+0.12 d

2.18+0.92 ab 1.86+0.13 bc
1.47+0.98 ab 1.73+0.23 cd
2.63+t1.25a 2.49+0.37 a

1.97+0.94 ab 1.85+0.19 bc
2.10+£0.99 ab 2.01+0.10 bc
1.68+1.03 ab 1.85+0.12 bc
1.58+0.38 ab 1.97+0.14 bc
1.49+0.85 ab 1.94+0.18 bc
2.26+0.72 ab 1.82+0.16 bc
2.48+0.31a 2.07£0.20 b

27.9+12.5abc 32.2+5.1a
21.9+ 4.6 bc 14.0+1.0d
26.1+ 4.8 abc 15.4+0.3 cd

23.6+ 6.0 bc 18.3+4.2 bcd 12.6+2.1 a 34.4+ 7.6 de

36953 a 22.8+£2.7b

30.8+14.4 abc 15.6+1.8 cd
324+ 8.0 ab 15.2+2.3 cd
19.2+8.0 ¢ 16.2+3.4cd
27.6+£ 5.1 abc 17.4+1.5 cd
26.0+ 2.7 abc 15.7+3.7 cd
30.2+ 3.5 abc 19.9+3.4 bc

89.1+59 a
51.0£85d
66.0+ 8.4 bc
66.7+ 6.3 bc
12.3+2.9a220.8+ 2.1 fg 709+4.1 Db
13.8+5.0 2 25.5+ 7.9 efg 58.6+ 5.7 cd

155+5.7a15.0£ 2.7 ¢
12.5+4.4262.7£ 29 a
13.0+4.3229.3+ 6.6 ef

18.2+4.1 cd
28.7+2.5a

198.9+25.4 a
136.9+15.2d
136.7£21.8d 15.9+0.8 cd
209.8£9.3 a 14.8+3.0cd
180.9+ 7.3 ab 12.8+1.7d

168.1+ 9.8 bc 16.0+6.1cd

13.2+1.3a27.4+ 3.3 ef 61.8+11.3 bcd 161.2+19.7 bed 14.1+0.6 cd

12.9+2.9a56.3+ 2.9 ab 68.1+ 9.1 bc
11.742.1 a49.2+10.5bc 56.4+ 4.2 cd

157.6+17.1 bed 20.3+£7.0 be
153.7+21.5 bed 20.2+2.7 be

15.2+6.2a41.7+£ 6.0 cd 60.3+ 5.0 bcd 148.1+21.9cd 25.8+4.5ab
14.5+1.9 a2 46.0+14.9 bcd 61.5+ 2.2 bed 160.7+12.8 bed 19.1+3.4 cd

* Blank: No treatment and storage. CK1: No hot water treatment and stored at room temperature for 3 weeks. CK2:No hot water
treatment, fruits were stored at 8°C for 2 weeks followed by at room temperature for 1 week. 36-45°C :After treated with hot water, no
storage. 36-45°C +8°C : After treated with hot water, fruits were stored at 8°C for 2 weeks, followed by at room temperature for 1 week.

¥ Meant Standard error. Mean separation within columns by Least Significant Difference (LSD) test, P=0.05.
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Table 4. Correlations between organic acid contents and organic acid metabolizing enzyme
activities and specific activities in 'TN17' pineapple fruit after hot water dipping
treatment and cold storage.

Acitvities Specific activities

CA MA TA CA MA TA
CA - -
MA -0.5525* - -0.5525* -
TA 0.4402 0.5052 - 0.4402 0.5052 -
CS 0.0004 0.1859 0.2006 0.0781 0.1315 0.2225
MDH 0.1208 0.0601 0.1898 0.2902 -0.0358 0.2619
mACO | 0.2749 -0.5438* -0.3012 0.3751 -0.5463* -0.2002
cACO 0.4927 -0.4750 -0.0016 0.4503 -0.3174 0.1244
mIDH 0.0404 -0.3800 -0.3676 0.2059 -0.2977 -0.1075
cIDH -0.4496 0.5029 0.0763 -0.4886 0.6081** 0.1492
mME 0.3504 -0.7104**  -0.4025 0.3758 -0.4121 -0.0548
cME 0.8585***  -0.5953* 0.2475 0.8153***  -0.4046 0.4083
PEPC -0.5575* 0.5660* 0.0325 -0.5558* 0.6774** 0.1544

Z CA: Citric acid, MA: Malic acid, TA: Total acid, CS: Citrate synthase, MDH: Malate
dehydrogenase, mMACO: Mitochondria-aconitase, CcACO: Soluble-aconitase, mIDH:
Mitochondria-isocitrate dehydrogenase, cIDH: Soluble-isocitrate dehydrogenase, mMME:
Mitochondria-malic enzyme, cME: Soluble-malic enzyme, PEPC: Phosphoenolpyruvate
carboxylase.

* ** **xx: Coefficient significant at P<0.1, 0.05, 0.01, respectively.

i

& # % F (Paull and Chen, 2000; § - 2004) % # % % & (Klein and Lurie, 1992) 5 # g2
307 BRARTE M RAF Y FIREF ILiE(36-45C)2 s R 17TV HEF ARy
Pe RSy R REF2RM(F D) SEFRIEELFRZRIFRZ L7 RAL 1%&3“7;:1
2 A% > ¥ »r%,;';* TGS T R RTR B ETRER D 42 SRR B RIT S € A
BRI URFBEE OV AR BRI B R CS s (£ 2% 4 3)>
BETRFRO L - FERIELR I L FRAGILY FEFRZ S Mo d
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B 0 7 OAA 5 MDH #it i g% ph s £ 5 cME it 2 2 pyruvate » @ pyruvate
TR RAIFR AR R > AT (EN A B s S oy Feand &3
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Effect of Hot Water Dipping Treatment and Cold Storage on
Organic Acid Metabolism in "Tainung-17' Pineapple Fruit

Ming-Chi Liu”  Ching-Cheng Chen?

Key words: pineapple; hot water dipping treatment; cold storage; organic acid metabolism

Summary

Citric acid contents in 'Tainung-17' pineapple fruit decreased after room temperature
storage or cold storage. After hot water dipping treatment and cold storage (36-45°C+8°C),
citric acid contents increased. Malic acid contents increased after room temperature storage, but
there were no significant changes after hot water dipping treatments. After hot water dipping
treatment, citric acid contents was not significantly different from the blank, but was higher than
non-treated fruits after cold storage. After hot water dipping treatments, CS, MDH, cIDH and
cME activities increased, but cACO and mME decreased. After cold storage, CS, MDH, mACO,
cME, cIDH and PEPC activities in heat treated fruits increased. Higher CS activity favored
citric acid synthesis and higher activities of MDH, mACO, cIDH, cME and PEPC favored malic
acid synthesis, which could be used in the TCA cycle or other biosynthesis pathways. An
increase in cIDH activity might increase amino acid biosynthesis. Citric acid contents was
positively correlated with cME activity and negatively correlated with PEPC activity. Malic acid
contents was negatively correlated with mACO and cME activities and positively correlated
with PEPC activity. The results suggested that organic acid contents in pineapple fruit decreased
after hot water dipping treatment maybe due to an increase in respiration rate or be used for
stress responsive protein biosynthesis.
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