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Summary

The browning derived from chilling injury was observed in seeds of sweet pepper stored at a
low temperature. The phenol oxidizing system considered to be closely related to this browning
reaction was investigated.

Polyphenoloxidase (EC 1. 10. 3. 1) was partially purified from the fresh seeds by a combination
of ammonium sulfate fractionation, DEAE-cellulofine column chromatography and Sephadex G
-100 gel filtration. The enzyme oxidized o-diphenols such as chlorogenic acid and (—) -epicate-
chin, but not monophenol, m-and p-diphenols. Optimum pH of the enzyme was about 3. 5~4. The
enzyme activity was inhibited by potassium cyanide and sodium fluoride. Two polyphenols were
detected from the seed extract as natural substrate of the enzymatic browning by paper chromato-
graphy. One of them was chlorogenic acid and the other its analog. The content of chlorogenic
acid and the enzyme activity in the seeds were determined by the specrophotometric method based
on difference spectra. The chlorogenic acid content decreased at a similar speed during preserva-
tion at 2°C and 15°C. The activity of chlorogenic acid oxidase dropped during the lower tempera-
ture storage, but a little change in the activity was noted during the higher temperature storage.
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Table 1  Purification of Polyphenoloxidase from Sweet Pepper Seed
Total Protein  Total Activity Specific Activity Purification Yield
Procedure (mg) (unit) (unit/mg protein) (fold) (%)
Crude Extract 3474 383306 110.3 1 100
(NH,),S0, Saturation 1931 340480 176.3 1.6 89
DEAE-Cellulofine 1340 247699 184.8 1.7 65
Sephadex G-100 35 56259 1607 .4 14.6 15
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Fig. 2 Browning of Various Polyphenols by the
Partially Purified Enzyme (pH 4).
—o— chlorogenic acid; —o— (—) -epicate-
chin; —o— caffeic acid; —a— catechol,
dopamine; —a— p-coumaric acid, hydro-
quinone, resorcinol.

Relative Activity (%)

pH
Fig. 3 Relationship between pH and the
Enzyme Activity.

The reactions were carried out for 5 min
at 30°C in pH 2~9 (pH 2~8: Mcllvaine
buffer was used but pH 2 solution was
adjusted with HPOs;, and pH 9: Na,CO,
-NaHCO; buffer was used). Poly-
phenoloxidase activity was determined by
the spectrophotometric method as de-
scribed in the experimental section.

—&— chlorogenic acid oxidase; —o— cate-

chol oxidase.
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Fig. 4 Effect of pH on the Stability of the

Enzyme.

The enzyme solutions were kept under
various pH for 24 hr at 4°'C. After the
treatment, remaining ChlO activity was
measured at pH 4.
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Effect of Temperature on the Activ-
ity of the Enzyme.

The reaction mixture was composed
of 0.5 ml of 5x10~* M chlorogenic
acid, 4 ml of Mcllvaine buffer (pH 4)
and 0.5 ml of PPO solution. After
incubation for 5 min at 30°C, the reac-
tion was terminated by adding 5 ml of
49% HPO,.

i 1 ! !

Temperature (C)

Thermal Stability of the Enzyme.

The enzyme solutions were heated at
various temperatures for 5 and 30 min.
After the treatment, remaining ChlO
activity was measured at 30°C.

—O— 5 min; ~@— 30 min.
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Table 2 Effect of Various Compounds on the

Enzyme Activity

Compounds* Relative Activity (%)
None 100
EDTA 97
Na-DIECA 106
KCN 7
NaF 18
NaCl 88
NiCl, 70
MnCl, 71
CoCl, 75
ZnS0O, 103
CuSO, 104

* Final concentration, 107*M; Na-DIECA, sodium

diethyldithiocarbamate;

EDTA,

ethylene-

diaminetetraacetic acid. PPO activity was deter-
mined by the same method as shown in Fig. 3

Table 3 Two-Dimensional Paper Chromatography of Extract of Sweet Pepper Seed

R Value Colour Reaction
Spot AW  BAW Phenol
UV  UV+NH, FeCl,+K;Fe(CN); DPNA Enzyme
(2:98) (4:1:2) Reagent .
S.1 0.55 0.76 Blue Green Blue Brown Blue Brown
S.2 0.55 0.59 Blue Blue Blue Brown Blue Brown
S.3 0.73 0.50 — R — Orange — R
S4 0.75 0.44 — — _— Brown Blue —
S5 0.72 0.31 —_— — e Orange —— —
Chl i
OTOSEMIC 955  0.76  Blue Green Blue Brown  Blue  Brown
Acid
Abbreviation: B, Butanol; A, Acetic acid; W, Water.
DPNA, Diazotized p-nitroaniline. UV, Fluoresence under UV-light.
Phenol reagent, Folin-ciocalteu’s phenol reagent.
Enzyme, Polyphenoloxidase treatment.
3 E-—-vrEFLY Chl BEFDEY
(1) =2 u=x /774 — EC—vrBFOIY /) —LHHBIZOWT, 2RTa—




B NG - BEE - I BRI B Y S e CRETOBRNBEC LT 21

N=a=w 757 4 —%fF0, 205

BRIG, RIESCO>WCHEHEL:, 20

8, Table 3 1R L7 k310, V7 ik o8

NT=bu7=Y vEECEYED 5 EoO

AR b (S1~S5) st ah, 2o

SIBLUS2HPPOEGRBETH 2

BEE S~ 2> 7 bH Y v AR

BT H - 72, wa/ TN — ) —
-

DEEFHIETH 252U » —HFEI 13 f
b)ﬁ'il%&?‘@f%jf:. i?LS.l:J’oJ:U \/
OO

(A) (A)

Absorbance

oo

S2REBIEIRT THEHVEE SR
L, S1D8# 7 v =7 EKTF ¢ig

BRELL, E-vrBRIZL DA o W:ve Length (nm)

Ry b bBELR, kB, S1k

ChlRO REER—HL, -~ A _

BF DML - Chl VW b & ] — T Fig. 7 tr;&(l;;o;ftslf)lnaigegt‘;i (4) and Difference Spec-
W7oy PUBHUKZEZ 3,81 & Chl

DARy b EFFEEICER T,

2) SI1BLUS2DAY PV RIZ, R—rX—r = MDA EDS]1BLUS2EHSE
VIDED, ZhENT0% TS / — L CHIHE, BEBHEL 2. 2 OEEBEOBIN S X U5 2~
7PV EHEL, #RE Fig. TR L, S1B LU S2OWINA Y b A IZEEMNT 2165 % 7
L, 290~295 nm ¥ & U'315~325 nm fHTIC # N ZNBINDO € — 7 s 57>, Ly L, WED
FEARZ VBT, 0MEESL SR, Tixbb, SI1DOFNIZ260 nm (1LY v —
7%, 375 nm ATE IR IRIAWIED € — 27 28, %723258 X 10295 nm TR REBRADE —7
BIUBBASNI, ZDXIREARY M LVOEE Chl KO #1313 — BLTwi,
Lich3-T, HIRO2EHE, RIESOBBEL b HbeELT, S12ChThs 3 LHEL
Jo. FRRGRERIZIMLSYB O Twd, ZHAIHLT, S20EARZ FLIZHE W TIE260 nm
fHEICEVIED ¥ — 7 B & U365 nm (FHTICHBIA WIED ¥ — 7 28& & tz, £72, 320 nm B & O
200~295 mm TR RERBDODE— 7 BIUENED SN, 20 LD W2, S.2 ORINE L UE
ARZ MORHB LUV ZOREBRESCA QNS Enk DEELT 22 L, 5, S.213 Chl
DEIFEEFETHA S eE2 o5, Livl, E—<rBFOBEELR AT F L EB LU0
b 0-Y7 =/ —NMERBHE S a7, BLED T £ 5, Chl B L U0#0REESE —~
CEFOEERICOTBEEETH > s n 3,

—0.4}

JE

4 EEBEFBPCHEIZ ChEES LU ChoERDTE

(1) FrE szt #HER(1) (8 HI0H~9 A10H) O —= > id 2 ClFskiita 4 ~5
HEgw, BRI (9 A27TH~10827H) OFhid 7~ 8 HBICETOBENFKE L., 148
EE T, BBOOREOKRICE Yy T 4 v IBH SN IBE o108, HEOEE
EREBBOIORHNE v T 4 > 7 2B L Tniz, —7, IFCHBOBARRRES, 128
BICHAKDOEHIC L BREOERL LbDORENH S NN, BRFOEERLREDOE Yy 5 4
YIEITIZEAERD SN0,

(2) PPBLUASABEHOEL HEBDOE—<>02°C (BEK) B L U15°C GHERX)



22 EERFEREHAER HF63% (198D

Table 4 Changes in the Contents of Chlorogenic Acid, Total Polyphenol and Ascorbic
Acid during Storage of Sweet Pepper (Experiment I)

Day
E;ﬁﬁﬁ\\\ 0 1 3 10 30

Seed

2°C  Chlorogenic Acid (mg%) 223.2 160.3 111.7 81.0 0
Total Polyphenol (mg%) 489.4 421.6 396.6 369.6 220.7
Ascorbic Acid (mg%) 16.1 — — —_ 8.9

15°C Chlorogenic acid (mg%) — 200.4 269.4 105.8 82.0
Total Polyphenol (mg%) — 537.2 631.5 430.3 440.3
Ascorbic Acid (mg%) — 14.3 — — 8.2

Peel

2°C  Ascorbic Acid (mg%) 78.2 63.5 88.3 76.0 78.1
Total polyphenol (mg%) 238.7 204.0 268.8 250.1 203.8

15°C Ascorbic Acid (mg%) — 81.7 63.0 70.0 87.0
Total Polyphenol (mg%) —— 256.1 241.8 226.8 203.9
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Fig. 9 Change in Chlorogenic Acid Oxidase Activity during

KEDESEL, bow R Storage of Sweet Pepper Fruit (Experiment I1).
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