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Abstract

The physiological and chemical investigations to explain the after-ripening processes in hot

green pepper fruit were carried out by treating the fruit with ethephon either alone or with

phenylalanine. The studied metabolic changes in fruit during after-ripening period was carbon

dioxide and oxygen concentration in interior of the pepper fruit, total carotencid, S-carotene, total

sugar, and free reducing sugar in pepper fruit. These metabolic_changes were explained inrelation.

to the color enhancement judged by the color score to explain the after-ripening processes.

Ethephon treatment at 500 ppm significantly accelerated color enhancement as compared to the-

control and further ethephon treatment increased the number by 20 per cent which was not possible:

in control during same after-ripening period.

The oxygen concentration in interior of the pepper fruit during after-ripening period was.

increased in control when the color score (color enhancement) increased rapidly. However, with.

ethephon treatment, the oxygen concentration was decreased when the color score increased.

Although total and free reducing sugar content were decreased during the after-ripening period,

total carotenoid and B-carotene content was increased by 50 and 200 per cent, respectively, over

control. Also the capsaicin contents was increased by 20 per cent by ethephon treatment over

control. Although phenylalanine treatment did not affect the capsaicin content, capsaicin content

tended to be increased by phenylalanine treatment when treated with ethephon.
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Introduction

Hot pepper is one of the most important vegetable

in Korea for various food preparation, particularly for
winter preparation. To evaluate the quality of the

hot pepper fruit, various results have been reported
by Lee, et al. on the physio-chmical and on the the
major components changes during maturation 4% and
after-ripening period ©711,

Harvestig time of red hot pepper fruit in Korea
overlaps with the seeding time of chinese cabbage
and raddish. Further, due to the unexpected early
frost dangers, farmers are forced to pick the fruit
while they are still green. Therefore farmers should
dry the unripe pepper fruit to obtain a red-ripe fruit.
During this drying period, many fruits become rot
and considerably large number remain green which
is not suitable for sale and processes.

Ethephon [(2-chloroethyl) phosphonic acid] has
been widely used in various horticultural crops (12722
and particulariy in pepper, ethephon treatment can
accelerate color enhancement during maturation 25,

These studies were initiated to observe the after-
ripening effects of the green pepper fruit by etheph-

on, and phenylalanine as a precursor of capsaicin.
Materials and Methaods

Uniform green pepper fruits after 30-35 days from
flowering were harvested from Poonggag-Myun, Chu-
ngdo-Kun in 1974. Five hundred fruits in each tre-

tment were soaked in ethephon, phenylalanine, or et-

Table 1. Concentration of ethephon and phenyla-
lanine in various treatments.?
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Concentration (ppm)
Ethephon(Eth) | Phenylalarine (Phe)
Control 0 0
Phe 0 200
Eth 500 0
Eth+-Phe 500 200

z: Tricon at (.1 per cent were used in all treatme-
nts as a wetting agent.
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hephon and phenylalanine solution (Table 1) for two
minutes and then dried under the shade. Color chan-
ges were observed and scored at room temperature
(20-25°C).

1. Color score determination: Changes in color
according to the red-ripe degree was scored by the
following 0-5 point scale and expreseed as a percent-
age (0:Completely green, 1:10 per cent red-ripe, 2:30r
per cent red-ripe, 3:60 per cent red-ripe, 4:80 per
cent red-ripe, and 5: Completely red-ripe).

2. Total carotenoid determinaton: Pigements in
the pericarp were extracted to the methods by Curk
%6~20  and total carotenoid content was determined
by measuring the optical density at 475 my as capsant-
hin (E}Z‘m=l,790) after petroleum ether elution to.
the methods by Davies!®®,

3. B-Carotene determination: Sample prepared for
total carotenoid was spotted in plate coated with Ca
(OH),: silica gel G (6:1). Separation was by develo-
ping with petroleum ether: benzene (98:2) and then
eluted with hexane according to the methods by Gro-
ss, et al.'® and by Bolliger®. The concentration of
B-carotene was calculated by measuring the optical
density at 451mp (Ela=2,650).

4. CO, and O, determination in interior of the:
pepper fruit:
interior of the pepper fruit was analyzed by Scholin-

The concentration of O; and CO; in

der micro gas analyzer after collecting gas from the
saturated salt solution containing finely cutted pepper
fruit.

5. Total and free reducing sugar determination:
Somogyi methods were used for free redncing sugar,
and total sugar after hydrolysis with HCI.

6. Capsaicin Determination: To the methods by
Kosuge®', capsaicin was extracted with Soxhlet
extraction apparatus by ether extraction. Ether parti-
tioned fraction was diluted with CCl( and washed
with CHs COOH. This was again partitioned with Na-
OH containing NaCl and then capsaicin was measured.

by measuring optical density at 295 mgp.

Results and discussions

1. Changes in color enhancement: Ethephon has

been widely used as a germination promotor and also.
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Fig. 1. Changes in Color Score in Each Treatment
during After-Ripening Period.

as a growth retardant. Recently, ethephon is being
used as a color enhancement promotor in apple, ban-
ana, and tomato.

In pepper fruit, color enhancement by ethephon
application was successful when sprayed before harv-
est4:25:3_ However, no reports have been released on
the effect of ethephon treatment on the color changes
to the fruits after harvest.

After the 14 days of after-ripening period, control
and phenylalanine treated pepper showed 75 per cent
of red-ripe fruit, and ethephon with phenylalanine
treated peppers showed 95 per cent of red-ripe fruit.
Since there was no phenylalanine effects on color ch-
anges, it is believed that ethephon is only effective
compound for the enhancement in green pepper fruit
(Figure 1).

In control, daily maximum increment of color enh-

ancement, peak occurred 10 days after the treatment
and ethephon treatment accelerated peak by 4 days as

compared to the control. Hahn, et al.®® reported
the highest color enhancement effects when ethephon
at 1,000ppm concentration was sprayed to fruit before
‘harvest during maturation. Our results indicated 500
ppm concentration treatment during after-ripening pe-
riod after harvest gave similar responses reported by
Hahn, ez al.?.

2. Changes in Total Carotenoid: Total carotenoid
<content expressed as contents of capsanthin in peric-
arp at the 14th day of the after-ripening period are
shown in Table 2.
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Table 2. Total Carotenoid Content at the 14th
Day of After-Ripening Period in Each
Treatment (mg%-d.w.).

Treatments

Fresh - ;
| Control | Phe | Eth [Eth+Phe
7.54 { 48.20 { 43.35 ] 78.50 ( 73.50

Total carorenoid contents showed similar pattern
discussed in the changes of color enhancement; ethe-
phon treatment alone or in combination with phenyl-
alanine showed higher content than control and phen-
ylalanine treatment. Color enhancement effect express-
ed by the total carotenoid contents by ethephon and
phenylalanine treatment could also be attributed by
the ethephon effect, not the phenylalanine effect (Ta-
ble 2J.

3. Changes in g-Carotene: f-Carotene, which co-
mprise more than 90 per cent of hydrocarbone comp-
ounds in the carotenoid compounds'® is important in
nutrition since it is a provitamin A. p-Carotene conte-
nt was highest with ethephon treatment which show-

ed similar trends observed in the total carotenoid

(Table 3).
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Table 3. 5-Carotene Content at the 14th Day of
After-Ripening Period in Each Treatm-
ent (mg%-d.w.).

!

Treatments
Fresh - ‘
Control | Phe | Eth | Eth+Phe
035 | 28 | 315 | 488 | 4

4. Changes of CO, and O, Concentration in In-
terior of the Pepper Fruit: It is well known that
-ethylene gas treatment accelerates after-ripening pro-
<esses in apple and banana. Nowdays, ethylene, a by-
product of oil refining, or ethephon, which releases
ethylene, treatment are used commercially in lemon
and orange for after-ripening®®:?). However, eth-
yléne treatment does not play any role in ripening
processes if concentration of CO, and O, is very high
in the atmosphere®® and in lemon and orange, less
than 1 per cent carbon dioxide concentration is requ-
ired for after-ripening by cthylene treatment.

Changes of CO, and O, concentration in interior of
the pepper fruit released with the color enhancement
(color score) are shown in Figure 2. In control, CO,
<oncentration reached to a maximum of 6.5 per cent
at 5th day of after-ripening period and decreased th-
ereafter. On the contrary, O, concentration rised rap-
idly at 5th day and so does the color score.

Although the gaseous composition between the env-
jronment surrounding the fruit and inside the interior
of pepper fruit may be different, color enhancement
may be rapid when the carbon dioxide concentration
inside the interior of the pepper fruit reached to 2 to
3 per cent. The observed color score and the measu-
ted CO, and O; concentration relationships in control
were similar in the phenylalanine treated fruit.

However, ethephon treatment either alone or with
phenylalanine did not infuluence the CO, concentration
level during the whole after-ripening period. On the
contrary, oxygen concentration increased at the beg-
inning of the after-ripening period and then decreased
at which time the color score increased. Thereafter,
O, concentration increased with the decreased color
score. Therefore it is concluded that color enhancem-
ent is closely related with the gaseous composition

inside the interior of the pepper fruit.
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5. Changes in the Total Sugar and Free Reduc-
ing Sugar: At the 14th day of after-ripening period
total sugar and free reducing sugar contents were
investigated. Total sugar content fell from 28 per
cent per dry weight to 16.35 per cent in control and
to 12.62, 8.58, and 7.84g% by phenylalanine, ethe-
phon, and ethephon with phenylalanine treatment,

respectively (Table 4).

Table 4. Total Sugar(TS) and Free Reducing Sug-
ar(RS) Content at the 14th Day of Aft-
er-Ripening in Each Treatment(g%-d.w.).

Treatments
Fresh
Control l Phe ’ Eth iEth—{-Phe
TS 28.00 | 16.35 | 12.62 | 858 | 7.84
RS 17.10 10.77 7.18 6.18 } 6.99

6. Changes in Capsaicin: Capsaicin, one of the
major component in hot pepper fruit was indentified
by Thresh® in 1876. Later, it has been considered
by Leete and Louden® and Bennett and Kirby®®
that phenylalanine is a precursor for the vanillylamine
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Fig. 3. Proposed Pathway of Capsaicin
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moiety, which in turn forms capsaicin with ten carb-
enic acid moiety (Figure 3).

Byotou®® reported that ethephon can activate
phenylalanine ammonia lyase, which is a key enzyme
for vanillylamine moicty fermation from phenylalani
ne. Therefore it will be interesting to study the effect
of the ethephon and phenyjalanine treatment on the

capsaicin formation.

Table 5. Capsaicin content at the 14th day of

after-ripening in each treatment (mg%-

d.w.).
- Treatments
Fresh |~ oo
Control‘ Phe | Eth | Eth+Phe
88.2a0 | 96.5° | 8.3 | 11522 | 120.8¢

z: Means with different letter are significantly differ-

ent at 1 per cent level by Duncan’s Multiple Range
test.

The capsaicin contents in the control increased fr-
om 88.2mg at the beginning of the experiment to
96.5 mg at the 14th day of after-ripening. At this
time capsaicin contents treated with phynylalanine,
which is a substrate for capsaicin, treatment increa-
sed to 98.5 mg, which is not significantly different
from that by control. However, ethephon treatment
increased the contents to 115.3 mg, significantly hig-
her than the control and the phenylalanine treatment.
Further ethephon and phenylalanine treatment at the
same time increased the capsaicin contents to 120.8
mg, which is significantly different from the control
and the ethephon treatment (Table 5).
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