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Physio-chemical studies on the seed-browning in mature
green peppers stored at low-temperature (Part 2)

Changes in enzymatic activity with the seed-browning effect.
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Abstract

(1) Relatively active polyphenol oxidase influence was seen at 0°C, and the optimal pH level for
the enzyme from the seeds of a small type sweet pepper Zairaisisi is 6.5.
(2) The starting stage of the brown coloration with low-temperature injuries showed a strong

activity of polyphenol oxidase, and the activity drops to 0 as the entire seed became brownish.

(3) The browning effect with enzyme solution of polyphenol extracts suggested that the brown

coloration continues in vitro even if polyphenol oxidase activity is nil.

(4) Although cytochrome oxidase activity dropped when an abnormality occurrs in electron

pathways of respiration at the starting stage of the browning with low temperature injuries, there

was no marked influence of it on the total respiration, indicating the fact that polyphenol oxidase

can take place of terminal oxidase in the compensatory respiration process.
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Fig. 1 Method determining polyphenol oxidase
activity by oxygen-consumption recorder.
phosphate buffer (pH6.0) 1.8ml
enzyme soln 0.2ml
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Fig. 2 Polyphenol oxidase activity of pepper
seeds at various pH levels. (30°C)
phosphate buffer: 1.8ml, enzyme soln.: 0.2ml,
substrate(5 X 10™2M catechol): 0.1ml
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Fig. 3 Polyphenol oxidase activity of pepper
seeds at various temperatures.

phosphate buffer (pH 6.5): 1.8ml
enzyme soln.: 0.2ml
substrate (5§x1072M catechol): 0.1ml
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Fig. 4 O, Consumptions when either substrate
or enzyme levels were varied.

A. phosphate buffer : 1.8ml, enzyme soln. : 0.2ml
substrate (5X1072M catechol) : 0.1ml

B. phosphate buffer : 1,7ml, enzyme soln. : 0.2ml
substrate (5x1072M catechol) : 0.2ml

C. phosphate buffer : 1.6ml, enzyme soln. :
substrate (5x10°2M catechol) : 0.1ml

0.4ml
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Table. 114 ¥¥E ube} 3o] o-diphenol of &FH HR
o] YebudE s1$d 4 = chlorogenic acid ol 743 88
& HRito]l Yt 9Qew m-diphenol, p-diphenol
o+ FeEigol glesl pyrogallol o= fpRitel HT
1}e}} 2 resorcin, hydroquinone, gallic acid, quinic

acid %ol = FREio] Ao
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Table. 1 Difference in O, consumptions by
polyphenol oxidase in pepper seeds when
various substrates were used.(30°C, pH 6.5)

O; consumption

substrate concentration (x10-2uA : 45sec.)
chlorogenic acid 5%107*M 0.113
catechin 5%x107*M 0.038
catechol 5x1072M 0.126
caffeic acid 5%107M 0.025
dopa 5%10M 0.019
pyrogallol 5%1072M 0.023
(negative]

resorcin, hydroquinone, gallic acid, shikimic acid,
quinic acid, p-cresol, phenol, tyrosine.

¥t® monophenols o] ¥ 3%} polyphenol oxidase 9 4%
RS @ ER e positive ]z negative
9 Ao & Aoz FHFA Y& w0 Z2ET
polyphenol oxidase ¥ £ lag period & Folx #¢
Rito] velrtA gighel.
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Fig. 5 Changes in polyphenol oxidase activity

of pepper seeds at low-temp. storage.
phosphate buffer (pH 6.5) : 1.8ml
enzyme soln. : 0.2ml
substrate (5x102M catechol) : 0.1ml
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EBEEEe EFoA polyphenol #E-& s
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o] 1°CEelE 1 A #el BBl = EaR 4
Higol & as ETFahd ot Bl 0o ol2A &
@tk 4 Bkl @WFE LEWvlS o] 2EMHOE
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Fig. 6 Changes in degree of in vitro browning
for polyphenol extracts with the seed
enzyme solution at low-temp. storage. (the
samples all obtained from the same fruit and
same day)

4. Peroxidase E{:pgEC! B4k

ol HES L& %Mol A peroxidase kel
1@Ag o= Heitefuss %, Felaman %1429 #i471 3
2 = peroxidase & H;0,9 FFETNA
pyrogallol, catechin %] phenol %H& Eftd=tE 2
o] g A A7) W (EiEFFRE =& BT peroxidase .
TS BMEE AEste BHE vt Fig. 74 EE
A A 4HE A= E@ A 2L BEEE A
Y3 917 polyphenol oxidase FEMEE 02 4 H#S

catechol,
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Fig. 7 Changes in the seed peroxidase activity
at low-temp. storage.

5. Polyphenol oxidase &} IR
polyphenol oxidase o} Bp#% 3o BAGRE HEfaA &
A FRERRY BETEGERST Bbyy SRR it
#< YISt uncoupler g DNP & #WF{05el &
8] O MEd n = HET 2UE v 2 BRE
Table. 264 M vt9} zto] 20°CESA dutE vt
v ZmpEst 1°CEd A+ vehvta o ¥
288 MEBES Jebta gl oAl WHEWY
banana, Minamikawa &9 2] z}abo] 3§ KEEES
—HE e AR EREE osld MR ETEE
FRell BHEol A2 A g AF ¥ 5+ Y.
Table 2 Effect of DNP in administration on O,
uptake in pepper seed slice at low-temp.

storage. (%)%
days after l 0 1 4 7
1°C 105 96 85 44
20°C 106 106 105

*percent of control (without DNP administration)
value.

£ R EFEERZA dtez: 9HA4 U
L cytochrome %9] terminal oxidase ¢l cytochrome
oxidase 9] {EBIrEe] W& EMiES BLE AET
EET Table. 3014 B& vhe} Zo] HBE 1.564
g2 BTy 2HEMNSZ BB dARA &
pepEsl WolA = glch. Mondy £©2f =Twlo] =&t
KHo A5 {EBol AT polyphenol HEL Binzt=
cytochrome oxidase 8] EHEE ETIUG HEl
A=

BFha o) EBATR
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Table 3 Changes in cytochrome oxidase activity
of the seeds at low-temp. storage.
(O, uptake ul/enzyme sol. ml/hr)

degree of browning) 0 1.5 4 5
low temp. 56.7 29.2 6.1 6.0
room temp. 51.3 41.6

¥ EBIFRE oS el R MLE HEdd B
StE u} Table. 404 B& uls} o] HBPF 1.2 BE
AAE §07 AR ERS RelA gRed XEM
o2 WYslw YA sA spREe] ET2 A4

Table 4 Changes in the seed respiration at

low-temp. storage. (pl/e/h)

- )
(degr‘izy;f"‘lfﬁffwning)l 000) 1(1.2) 4(4.5) 7(5)
0, 280.2 258.6 71.4 —
1°C CO, 273.6 229.4 49.2 —
RO 0.98 0.89 0.69 —
0, 230.6 172.6 147.0
20°C CO, 204.6  156.4 126.0
RQ 0.88 0.90 0.86

W 1.5 o A cytochrome oxidase o] IEHEE
7t £BER ETsdE dE £75 2 pREe] ¥B%
MEDASL EEBEE 9t mitochondra o ETFH
#ERol BEFol AAA cytochrome oxidase®] o] {K£
Totg-& = ATP %582 Ssld o] & st R
BF7F B steldtz #EwEHE. o REFRR
terminal oxidase & v} 24 polyphenol oxidase 7} &
g z] 9le}. 1617 gEpgs  Fig, 50)4 ¥ wpel 7o)
B 1.2 £EJ 4] polyphenol oxidase o] {EIERES}
¢ 27] W Fe] o9 cytochrome %] &Fifkel =z}
polyphenol oxidase 7} terminal oxidase & 29 Zloj&}
ggE . de A olAE 9% B St FHK®
7} R Jhd Wt frEEhel #Fol chlorogenic
acid & Hmatd s =9 O RKE ¢ CO; BHHES
WEhe Warburg BEEFTE 4 A WESIRA. 2 #8
i Fig. 8oj4 n¥& wto} o] HHEMNA = BREK
o] chlorogenic acid & ¥pne] st —K ST
#BIME BolAut ol EHEME ALdx CO: H

Bo & #Eglel EWEME Adszz ode
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2 k0= @2 Add H HRAAE 2L BRE
@WaeEstz 3leh. @™ cytochrome oxidase o {E{#EE
74 ytolal M 1.5 2R stageol A chlorogenic
acid & Fmstd O mikEst CO gl o ol
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Fig. 8 The additive effect of chlorogenic acid

¥ concentration of chlorogenic acid :
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xidase &= K9 A9 2o EHEE AV AR
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Bl & #Epol 47A kool MBRRA =1
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oxidases} fUIEPERE RSl terminal oxidase® 2:¢lciE

g #HES 7 At
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