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Abstract. Nine pepper cultivars (Capsicum annuum L.) representing five pepper typeswere
studied to determine water-loss rates, flaccidity, color, and disease development when
stored at 8,14, or 20C for 14 days. Water-loss rate was markedly higher at 14C than at 8C,
and was somewhat lower at 20C than at 14C. There were significant differencesin water-
loss rates between pepper cultivar with ‘NuMex R Naky’, ‘NuMex Conquistador’, and
‘New Mexico 6-4 (New Mexican-type peppers) having the highest water-loss rates.
Flaccidity followed a pattern similar to water loss at each storage temperature, suggesting
a direct relationship. Color development was cultivar- and package-dependent, and
ratings increased with temperature. Placing pepper fruit in perforated polyethylene
packages reduced water-loss rates 20 times or more, so that water loss no longer limited
postharvest storage. Packaging also eliminated flaccidity and reduced color development
across cultivars at 14 and 20C. Packaged fruit, however, developed diseases that limited

postharvest longevity.

Demand for fresh pungent peppers has
greatly increased as southwestern foods have
become the most popular ethnic food in the
United States (DeWitt, personal communica
tion). However, fresh New Mexican-type pep-
pers, amajor ingredient in southwestern foods,
have a shelf-life of only afew days. Extending
postharvest longevity to meet the demand for
fresh peppers requires an understanding of
storage characteristics and factors affecting
storage.

Peppers rapidly lose water after harvest,
limiting longevity (Anandaswamy et a., 1959;
Ryan and Lipton, 1972; Showalter, 1973;
Watada et a., 1987). New Mexican-type pep-
pers become flaccid in 3 to 5 days at 20C (7%
to 10% weight loss) and lose water twice as
fast as bell or jalapefio types (Lownds and
Bosland, 1988).

To our knowledge, no work examines the
effects of postharvest storage temperature and
packaging on New Mexican-type peppers.
Using a polyethylene shrink wrap to produce
a water-saturated atmosphere and decrease
transpirational water loss has been an effective
method of increasing postharvest life of some
tree fruit (Ben-Yehoshua, 1985). Polyethyl-
ene packages a so produce a modified gaseous
atmosphere around the fruit, which can further
increase storage longevity (Cameron et al.,
1989; Forney et al., 1989). Seal-packaged fruit
stored at 20C lost less weight and were more
turgid than nonsealed fruit at the optimal stor-
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age temperature and 85% relative humidity
(RH) (Ben-Yehoshua et a., 1982). Severa
postharvest storage techniques should be ap-
plicable to New Mexican-type peppers, but
their use and optimization requires an under-
standing of postharvest changes influencing
longevity of these peppers. Therefore, studies
were initiated to characterize postharvest wa-
ter loss and storage quality of pungent pepper
types, as well as bell peppers, in relation to
storage temperature and packaging.

Materials and M ethods

Fresh, green, mature bell (‘Keystone' and
‘Mexibell’); New Mexican ('NuMexRNaky’,
‘NuMex Conquistador’, and ‘New Mexico 6-
4"); yellow wax (‘Santa Fe Grande' and
‘Cascabella); jaapefio( TAM Jalapefio’); and
serrano (' TAM Hidalgo' ) peppers were har-
vested from plants grown under standard cul-
tural practices (Bodand et a., 1991) at the
Leyendecker Plant Science Research Center
(Las Cruces, N.M.). Fresh, mature fruit with-
out visible defects were hand-picked, placed
in plastic bags, and taken to the laboratory.

Fruit were washed with distilled water, air-
dried, and randomized for each treatment.
Each replication consisted of two bell-type
and New Mexican-type fruit, five yellow wax-
type fruit, and seven jalapefio- and serrano-
type fruit (similar total fruit weight). The fruit
were stored either nonpackaged or packaged
(low-density polyethylene, 17.5 x 20 x 0.0044
cm) at 8, 14, or 20C for 14 days. Each package
contained eight 26-gauge needle holeg(» 1 mm
in diameter), adequate to maintain a 20% O,
amosphere (A. Cameron, Michigan State
Univ., persona communication). Ambient RH
was 75% at each temperature, resulting in
vapor pressure deficits of 0.21, 0.32, and 0.47
kPa at 8, 14, and 20C, respectively. Each
treatment was replicated three times.

Fruit were weighed before storage and
again every 24 h for 14 days. Percent weight
loss and rate of weight loss were calculated.
Flaccidity (firmness decrease), color develop-
ment, and disease were rated daily. Flaccidity
was determined by subjectively measuring
surface depression to applied finger pressure
and assigning this a quantitative score, rang-
ing from 0 to 9:0 = hard, 1 = isolated softness,
<10% of fruit; 3 = isolated soft areas, < 25% of
fruit 5=50% of fruit soft 7 = 75% of fruit soft;
and 9 = completely soft (Risse and Miller,
1986). Packaged fruit were not removed from
the package, and care was taken to avoid
damaging the fruit. Color development was
subjectively scored on a scale of O to 9.0 =
100% green; 1 = dlight coloration; 3 = 25%
red; 5 =50% red; 7 = 7570 red; and 9 = 100%
red. Disease rating was scored on a scale of 0
t0 9:0 = none; 1 = dlight on stern, 3 = moderate
on stem; 5 = severe on stem plus calyx; 7 =
dlight on fruit; and 9 = severe on fruit. Even
numbers represented intermediate responses.

Water-loss data were subjected to stepwise
linear regression analysis using Statistical
Analysis System (SAS Institute, 1982). Flac-
cidity, color, and disease ratings were ana
lyzed as a split plot, assigning cultivars to
main plots and packaging to subplots for each
temperature. Treatments were compared us-
ing Fisher's LsD test.

Results and Discussion

Water-loss rates of nonpackaged fruit var-
ied from 1.4% to 13.9% per day per kpa
depending on storage temperature and cultivar
(Table 1). Cultivar differences were apparent

Table 1. Effect of storage temperature and packaging on weight loss (percent weight loss/day per kiloPascal)
for nine pepper cultivars stored for 14 days at 8, 14, or 20C.

Nonpackaged Packaged
Storage temp (°C)
Type Cultivar 8 14 20 8 14 20
Bell Keystone 1.47 79 6.6 0.1 0.2 02
Mexibell 14 7.7 6.1 0.1 0.3 0.2
New Mexican NuMex R Naky 22 13.9 10.9 0.1 04 0.3
NuMex Conquistador 2.3 13.0 109 0.1 04 03
New Mexico 6-4 22 13.0 10.9 0.1 04 0.3
Yellow wax Santa Fe Grande 39 13.0 9.6 0.1 0.4 0.3
Cascabella 3.7 12.3° 87 02 0.9 0.8
Jalapefio TAM Jalapefio 2.0 6.7 4.3 0.1 0.4 04
Serrano TAM Hidalgo 2.6 8.2 66 02 0.9 0.7

“Different values within columns differ significantly at P £ 0.0L.
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Table 4. Effect of storage temperature on disease rating for packaged fruit of nine pepper cultivars following

14 days of storage at 8, 14, or 20C.

Packaged
Storage temp (°C)
Type Cultivar 8 14 20
Bell Keystone 0.8 0.2 0.7
Mexibell 0.2 2.5 2.3
New Mexican NuMex R Naky 0.0 0.9 3.0
NuMex Conquistador 1.0 1.0 2.2
New Mexico 6-4 0.0 12 2.2
Yellow wax Santa Fe Grande 0.8 27 3.6
Cascabella 1.5 37 40
Jalapefio TAM Jalapefio 0.8 13 1.8
Serrano TAM Hidalgo 0.2 32 3.4
LSDyg .05 0.6 0.9 1.0

‘Disease rating: 0= none; 1 = dight on stem; 3 = moderate on stem; 5 = severe on stem plus calyx; 7 = dlight

on fruit 9 = severe on fruit.

Understanding the effects of storage tem-
perature and packaging on postharvest water
loss and storage quality of pungent pepper
cultivars should provide a basis for optimizing
postharvest storage techniques. Water loss is
the overriding factor influencing postharvest
longevity, and it can directly affect severa
other factors. Special consideration should be
given to the marked changes that occur when
nonpackaged peppers are stored at >8C. Elimi-
nating water loss through packaging holds
great potential for pungent pepper storage even
at temperatures >8C. Further study will be
required to optimize packaging conditions,
especialy relative to disease control.
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at each storage temperature. The highest wa
ter-loss rates were 2- to 2.5-fold greater than
the lowest rates for each storage temperature,
with bell types having the lowest water-loss
rates (Table 1). Packaging fruit reduced the
water-loss rate 20 times or more at each stor-
age temperature. For packaged fruit there were
significant differences in water-loss rates
among cultivars within a storage temperature,
but water-loss rates were so low that they
would be minimally important in practical
applications. Water-loss rates were markedly
higher at 14C than at 8C for al cultivars,
nonpackaged or packaged, while water-loss
rates were the same or somewhat lower at 20C
than at 14C (Table 1).

Postharvest water loss was the primary
factor limiting postharvest longevity for all
pepper cultivars. Other factors became limit-
ing only under conditions of low water-loss
rates (storage at 8C or packaged). Therefore,
efforts to increase postharvest longevity must
begin with limiting water |oss.

Fruit water lossis the result of fruit respi-
ration and diffusion through the fruit cuticle.
While not measured directly, fruit respiration
probably played a minor role in water loss
because peppers are nonclimacteric (Lu et a.,
1990; Sdltveit, 1977).

Water loss by diffusion is controlled by the
water potential gradient from inside to outside
the fruit and by the resistances to diffusion.
The water potential gradient would be a func-
tion of storage temperature and RI-I, while
diffusional resistances would be associated
with the fruit cuticle. Differencesin water loss
among cultivars at each storage temperature or
when packaged (Table 1) would suggest dif-
ferences in cuticular permeability. These dif-
ferences were primarily between pepper types
(Table 1) and may have been related to fruit
maturity or genetic differences such as cuticle
thickness; presence of pores and/or cracks;
and epicuticular wax quantity, distribution, or
chemistry. Alternatively, the differences may
be due to differences in fruit surface area :
volume ratios (Ben-Y ehoshua, 1987; Sastry et
al., 1978; Willset al., 19814, 1981 b). Separat-
ing these possibilities and determining spe-
cific differences and their role in water loss
will require further detailed study.

Flaccidity ratings, following 14 days of
nonpackaged storage, ranged from 1.0 to 2.0 at
8C, from 6.7 t0 9.0 at 14C, and from 6.5t0 9.0
at 20C (Table 2). Significant differences in
flaccidity among cultivars were noted at each
storage temperature. Flaccidity ratings in-
creased 4.5- to 9-fold for fruit stored at 14C
relative to those at 8C, while the rating was
similar for fruit at 14 and 20C (Table 2). Fruit
stored in packages did not become flaccid at
any temperature, even following 25 days of
storage (data not presented). Flaccidity devel-
opment appears to be directly associated with
water |oss.

Fruit color development following 14 days
of storage depended on cultivar, storage tem-
perature, and packaging. A significant cultivar
X package interaction occurred at 8 and 20C
(Table 3). Differences were significant among
nonpackaged cultivars at each storage tem-
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Table 2. Effect of storage temperature on flaccidity rating for nonpackaged fruit of nine pepper cultivars

following, storage faor. 14 days at 8, 14, or 20C.

Storage temp (°C)

Type Cultivar 8 14 20
Bell Keystone 1.1 73 7.7
Mexibell 1.0 7.5 8.2

New Mexican NuMex R Naky 1.0 9.0 9.0
* NuMex Conquistador 1.3 8.7 9.0

New Mexico 6-4 1.0 9.0 9.0

Yellow wax Santa Fe Grande 2.0 8.8 9.0
Cascabella 1.8 8.5 9.0

Jalapeiio TAM Jalapefio 1.4 6.7 6.5
Serrano TAM Hidalgo 1.7 9.0 8.7
LSDy 05 0.6 0.6 04

‘Firmness rating based on a0 to 9 scale where 0 = firm and 9 = soft.

Table 3. Effect of storage temperature and packaging on color rating for nine pepper cultivars following 14

days of storage at 8, 14, or 20C.

Storage temp (°C) --
8 14 20
Type Cultivar NP P> NP P NP P
Bell Keystone 1.3 1.6 63 23 7.3 39
Mexibell 3.0 2.0 7.8 52 8.3 9.0
New Mexican NuMex R Naky 37 2.0 9.0 7.7 9.0 6.5
NuMex Conquistador 2.2 2.0 6.8 2.3 9.0 2.7
New Mexico 6-4 25 22 9.0 5.8 9.0 4.5
Yellow wax  Santa Fe Grande 2.8 1.8 8.8 30 9.0 42
Cascabella 2.3 2.1 8.5 32 9.0 52
Jalapefio TAM Jalapeiio 2.0 1.7 47 1.8 53 2.1
Serrano TAM Hidalgo 27 23 6.0 22 9.0 4.2
LSDg g5 0.7 24 14
Significance
Cultivar 0.058 0.001 0.001
Package 0.001 0.001 0.001
Cultivar x package 0.015 0.239 0.001

‘Nonpackaged (NP) or packaged (P).

’Color rating based on 0 = 100% green and 9 = 100% red.

perature. For packaged fruit, cultivar differ-
ences were apparent only at 14 and 20C (Table
3). Thefruit color rating for nonpackaged fruit
increased 2.4- to 3.7-fold for fruit stored at
14C rather than at 8C and was almost the same
at 14 and 20C. For packaged fruit, the rating at
14C was about twice that at 8C, and it was 1.4
times as high at 20C as at 14C (Table 3).
Packaging fruit decreased color development
for al cultivars at 14 or 20C. At 8C, however,
packaging generally decreased color only
dlightly and increased fruit color relative to
nonpackaged fruit for severa cultivars.

The higher color rating at 14 or 20C rela-
tive to 8C (Table 3) paralleled differences in
water-loss rates (Table 1) and suggests a direct
relationship between these variables, as pro-
posed by Ben-Y ehoshua et d. (1983). Packag-
ing fruit slowed color development (Table 3)
for most cultivars, as in other studies (Ben-
Y ehoshua et al., 1983). Since our packages
contained eight 1-mm needle holes, presum-
ably adequate to maintain internal package
atmosphere equal to ambient gas concentra-
tions (A. Cameron, Michigan State Univ.,
personal communication), the packaging ef-
fect on color development was probably not
related to changes in the CO,, O,, and ethylene
atmospheres around the fruit. In addition, al-
though some hot peppers exhibit a climac-
teric-type pattern of ethylene production (Gross
et al., 1986) and respond to exogenous ethyl-
ene with a climacteric-like rise in respiration
(Lu et a., 1990), the amount of ethylene pro-

duction islow and under our conditions would
not be expected to accumulate or to induce
changes in fruit respiration. The slow color
development may instead be related to de-
creased water stress. At 8C, where water stress
was lowest, packaging had the smallest effect
on color development. The significant cultivar
differences suggest differential cultivar sensi-
tivity to water stress, stress-induced responses,
or both. Separation of these differences will
require further study and should be considered
in selecting peppers for their storage potential.

Postharvest diseases developed on pack-
aged fruit at all storage temperatures (Table 4),
while disease development on nonpackaged
fruit was minimal (data not presented). There
were cultivar differences in disease rating at
each storage temperature. Fruit stored at 14C
relative to 8C and at 20C relative to 14C
showed approximately equal differences in
disease rating, 1.5-fold.

Disease became the primary factor limit-
ing postharvest longevity for packaged fruit.
This has been observed for bell pepper (Miller
et a., 1984), New Mexican-type peppers
(Maiero and Waddell, 1991), and other com-
modities (Monselise, 1981; Risse and Miller,
1986), and may result from the water-satu-
rated atmosphere inside the package. Methods
to regulate RI-J within packages are being
investigated currently (Shirazi and Cameron,
1992). Again, cultivar differences maybeim-
portant to consider in selecting peppers for
postharvest storage.
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