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ABSTRACT Several intermittent 13 +1°C warming (IW)
treatments were applied to Baladi lime fruits during 1998 and 1999
seasons. The treatments were as follows : (1) stored at constant
temperature 13+ 1°C, (2) stored at 7+ 1 °C for 4 days (d) + 3d at 13+
1°C, (3 storedat7+1 Cfor 5d +2d at 13+ 1°C, and (4) stored at
71 C for6d+1dat13+1°C.AllIW treatments decreased fresh
weight losses (FWL) percent , fruit decay (FD) percent and total
acidity, the most clear reductions were . associated with W
treatment (6d at 7+1°C +1d at 13+1°C) in the two tested seasons.
Meanwhile, IW treatments increased respiration rate , TSS , peel
and pulp firmness , the highest values were due to the treatment No.
4 in the two seasons. Fruit juice (%), juice volume obtained from one
kg fruits , pH values afnd ascorbic acid content were increased with
all IW treatments in the second season only. Moreover, during the
following shelf life at 20°C and 60 - 70 % RH , all IW treatments
increased the FWL, peel and pulp firmness , TSS and juice volume
obtained from one kg fruits compared with fruit stored at constant
temperature (13+1°C) in both seasons, but fruit juice ( %) and
arcorbic acid content were increased with all IW treatments in the
second season only. An increase in total acidity and pH value was
detected during shelf life after all IW treatments. -

INTRODUCTION
‘Baladi lime is one of the
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lime marketing pericd and, hence ,
to obtain higher prices. The usually

most important citrus cultivars.
Egyptian consumers prefere it
rather than lemon due to its high
acidity and small fruit size. There
is a constant demand for Baladi
lime fruits throughout the year in
Egypt and Arab countries. As such
lime growers tried to use some ag-
ricultural treatments to prolong the

used fostening treatment proved to
be harm full for trees. Prolonged
refrigeration at 12-13°C may lead
to hgih fresh weight lossess, peel
shriveling and a high incidence of
decay resulting in unmarketable
fruit. Conversely, long -term stor-
age at lower temperatures favours
chilling injury (CI) development .
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Investigation . with various

horticultural crops have shown pe--

riodic interruption of cold storage
by fruit exposure to short periods
of warming to prevent or reduce
CI development and maintain fruit
quality for longer period (Wang,
1993). The greatest difficulty in
creating optimum conditions with
intermittent warming (IW) during
storage lies in the need to operate
. with temperature duration and IW
frequency that may greatly change
according to cultivar. The tech-
nigue of lemon storage at 2°C with
warming at 13°C has been adopted
as a commercial method in Israel
(Cohen , 1988).

Storage of lemon at 13, 8
and 2°C (IW) was used to prevent
CI at the lowest temperature {Co-
hen et al. , 1990). Also, the best
storage of Murcatt mandarin fruit
was at 6°C for six days + 14°C
for one day ; longer or shorter
temperature cycle caused greater
CI (Arras and Usai 1991). In addi-
tion, Thompson Navel orange
fruits indicated significantly lower
CI and respiratory rates when
stored under temperature cycles,
rather than under constant temper-
ature, Rot , ethanol, acidity and the
penetrometirc index of Thompson
Navel orange fruits were highly
significantly  intercorrelated as
were (I, TSS , pH and ascorbic
acid contents of the juice (Arras
and Usai, 1992).

Weight loss in Fortune tan-
garin fruits was significantly
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higher under the cyclical regime
compared with constant low tem-
perature (Arras and Usai, 1993 ;
Mulas and Ibba, 1994). Reduction
in Primofiory lemon fruits decay
was the best with two cycles of 2
weeks at 2°C and 2 weeks at 13°C;
the ascorbic acid increased, but
soluble solid concentration, pH
angd titratable acidity were not

changed (Artes et al., 1993). .

IW delayed the onset of CI
of Olinda orange fruits by 10
weeks when stored with cycles of
3 weeks at 3°C followed by 2
weeks at 15°C compared with
continuous storage.at 3°C ( chilling
temperature). TSS. and . titrable
acidity were not s1gmﬁcantly af-
fected by temperature storage con-
dition. Respiration rates of fruit
under IW treatments were almost
the same over: the. whole storage
period, while decreased in fruit
stored at constant temperature
(Schirra and Cohen, 1999).

in Egypt, lime fruits, gener-
ally, reach their highest prices in
April (the time of Eastermonday)
and then lower price in August to
Decembeér (time of recropping) .

This experiment aimed to
store Baladi lime fruits from De-
cember to April . Fruit quality in-
cluding fresh weight losses, fruit
decay, pulp and peel firmness, peel
carotenoids content, fruit juice
percentage, total and activated
acidity of juice, juice TSS and
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~ respiration. rate were evaluated

during 7 months of storage.

MATERIALS AND METHODS _

This study has been carried
out during the 1998 and 1999 sea-
sons on Baladi lime fruits. The
fruits were harvested at late De-
cember from a private orchard at
Abou-Kabeer district, Sharkia
Governorate, Egypt. The trees
were 20-year-old, grown in silty -

loam soil at five meters apart and
were irrigated with Nile water us-
ing the traditional basin irrigation

system. The trees received the
standard horticultural care during
thc two seasons.

Harvesting took place early
in the morning in December, using
a small clipper and packed in plas-
tic boxes. Fruits were directly tak-
en to Post-Harvest Laboratory in
Horticulture Department, Faculty
of Agriculture, Zagazig University.

All fruits were washed with
water and soap and then rinsed
with water to remove the residue
of soap . All fruits then dipped in
1000 ppm Thiobendazole (TBZ)
for 15 minutes.

Defect - free fruits were se-

lected and divided into four groups
comprised 630 fruits, bagged in
perforated (0.5% of the area) poly-
ethelene bags, each bag contained
30 fruits. The four main fruit
groups csrresponded the following
four treatments :
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1.Stored under constant tempera-
- ture (1321°C) .

- ZStored under 7 * 1°C for four

- days, than under 13 * 1°C for
three days.

3.Stored under 7 + 1°C for five
days and under 13 %£1°C for two
days .

4.Stored under 7 + 1°C for six days
and under 13 * 1°C for one day.

After- each month of cold
storage , samples from each treat-
ment were randomly taken (three
bags =90 fruits) to evaluate the ef-
fects of cold storage period .

Beginning with the fourth
month, of cold storage fruit charac-
ters were investigated after 7 days
under conditions of 20°C and 60-
70% relative humidity (RH) in an
incubator (the same as supermar-
ket conditions) for detecting the
effect of shelf life.

Evaluation of cold storage
period and shelf life effects on Ba-
ladi lime fruits were carried out
through the following parameters :

1.Fresh weight losses (FWL) %:
The fruits were weighed before
cold storage , after each month
of cold storage and after one
week of the shelf life; the fresh
weight losses (%) at each period
were calculated.

2. Fruit decay (%) : Decay inci-
dence was assessed as total rots
caused by Penicillium italicum
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Wehmer, P. digitatum Sacc.,
Botrytis cinerea Pers, Exfr. or
as miscelianeous rots of umden-
tified fungi and calculated as:

. Weight of decayed

pat of fruit
x 100

Total fruit weight

3.Respiration rate : five fruits from
each replicate were randomly
taken and placed in 0.9 L glass
jars  (respiratory chambers)
mounted in groups of four, three
out of four were used for the
respiratory rate determination
while the fourth one was used

as the air blank. The air stream

from each jar, was passed
through two gas dispersion
tubes connected in series (dou-
ble trap) containing 0.1N bari-
um hydroxide and 0.2% barium
chloride solution. CO, output
was recorded by titration and
© respiration rate was calculated

as mg COy kg'lh‘l. Respiration
rates of fruits were determined
under 20°C .

4. Percentage of juice : juice was
extracted from randomly taken
lime fruits per replicate . Juice
content was expressed as per-
cent of fruit weight (w/w).

5.Volume of juice obtained from
one kg fruits . juice content was
expressed as volume of juice
extracted from one kg fruits.

6. Juice total acidity : acidity was

determined by titrating an ali-
quot of juice against O.1N
NaOH and the result were ex-
pressed as (9m) citric acid per
100 mi juice according to
A.0.A.C. (1960).

T.Juice active acidity (pH) : it was
determined using a digital pH
meter ( style Hanna 8514).

8.Juice total soluble solids content
(TSS) : was determined 0.92
using a hand refractometer.

9.Ascorbic acid (Vitamin C) con-
tent : was determined by titra-
tion against 2,5 dichlorophenol
- indophenol, using 2% oxalic
acid solution as substrate . As-
corbic acid was calculated as
milhgrams per 100 ml of juice
(Lucoss , 1944),

10.Peel and pulp firmness : Peel of
fruit was removed , the firraness
was determined for each of the
peel and the puip separately us-
ing pushpull dynamometer
McCormick (Model FT' 327)
with plunger tip 5/16. The rind
oil rupture pressure (RORP),
i.e. the amount of pressure re-
quired to cause rupture of the
oil cells on the surface of a rind
was determined. Reedings were
taken from four different loca-
tions, on each of five fruits per
replicate. Their average was ex-
pressed as (Lb).

I1. Rind total carotenoids : was
numerically expressed through
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determination of carotenoids
pigments in the peel according
to Wettestein (1957).

Statistical analysis :The com-

plete randomized block design

with 3 replicates and with factorial
arrangement was followed through
the whole work (Snedecor and Co-
chran, 1980). The means represent-
ing the effect of tested treatments
were compared by Duncan’s multi-
ple range test at P< 0.05.

RESULTS AND DISCUSSION

1. Fresh Weight Loss (FWL)
1.1 During cold storage

As shown in Table 1 FWL in
both seasons was lowermost after
one month of cold storage, while it
gradually increased with increas-
ing storage period. It is also clear
that IW treatment for six d. in 7°C
and one d. in 13°C revealed the
lowest FWL % in comparison
with other treatments . This was
true in the two seasons during four
months of cold storage. However ,
the differences between treatments
were significant in the second sea-
son only. No significant difference

was detected between the two-

treatments (zero d. at 7°C and six
d. at 13°C) and.(five d. at 7 °C and
two d. at 13°C) in the first season.
However, in the fifth month, the
only significant decrease in FWL
was noticed with the treatment
(six d. at 7°C and one d. at 13°C) ;
this was true in both seasons.

,
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‘ The interaction between cold
storage period and storage temper-
ature was sighificant in the two
seasons. The highest losses came
from all treatments after four
months of cold storage , while the
least values were recorded by all
tested treatments after one or two
months specially with (six d. at
7°C and one d. at 13°C).

1.2 After one week of shelf life

Data in Table | indicated in
significant differences between all
treatments after shelf life in- the
second season. However, a signifi-
cant increase in FWL after shelf
life can be observed after five
months of cold storage in the first

_season only.

The reduction in FWL during
cold storage with the treatment
(six d. at 7°C and one d. at 13°C)
may be due to the long exposure to
low temperature (7°C) . Analogical
results were obtained by Arras and
Usai (1991, 1993) and Mulas and
Ibba (1994) on Murcott mandarins
and Fortune tangarins.

2. Fruit Decay (%) (FD)
2.1 During cold storage

From Table 1, it is clear that
FD (%) was increased with pro-
longing the cold storage period, the
same trend was shown above for
weight loss . The FD was 15.69%
after four months and reached
68.64% after seven months in the
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first season . The same trend was
detected in the second season.

Fruits stored at 13°C for sev-
-en months consistantly showed
the highest decay (%) in both sea-
~sons. While the two treatments
(five d. at 7°C and two at d.13°C)
-~ and (six d. at 7°C and one at d.
13°C) greatly depressed decay
percent . It could be suggested that
increasing period of 7°Cled to de-
crease FD percentage in both sea-
SOns .
~ The interaction was signifi-
cant in the two tested seasons. The
highést value came from (seven d.
“at 13°C) after seven months . The
lowest values came from all IW
treatments during the first four
months as well as from the two
treatments (five d. at 7°C and two
d at 13°C) and (six d. at 7°C and
‘one d. at 13°C) after five months in
both seasons.

2.2 After one week of shelf life

An increase in FD (%) was
observed after shelf life with the
treatment of constant 13°C after
5 months of cold storage in the
first season only compared with
the all IW treatments .

These results are in good line
with those obtained by Arras and
. Usai (1992) and Shirra and Cohen
(1999).

3. Pulp and Peel Firmness

. 3.1 During cold storage

As shown in Table 2, pulp
and peel firmness were decreased
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gradually as cold storage period in- .
creased. However, the rate of this
reduction was more pronounced in
pulp than in peel. Pulp firmness
decreased from 4.36 and 4.0} Lb.
after one month to 3.79 and
3.39Lb. ‘after four months of cold
storage:in the first and second sea-
sons, respectively. Meanwhile,
peel firmness decreased from 7.35
and 7.76 Lb. after one month to
6.97 and 7.20Lb. after four months
of cold storage in the first and sec-
ond seasons, respectively.

The effect of IW on pulp and
peel firmness was clear. All IW
treatments - significantly increased
pulp and peel firmness during the
early four months of cold storage
compated with the treatment of
constant 13°C. The two treatments
( five d at 7°C and two d at 13°C)
and (6d at 7°C and 1 d. at 13°C)
significantly increased pulp firm-
ness in both  seasons compared
with the treatment of (seven day at

13°C).

The interaction (treat. X peri-
od) was significant in the two sea-

. sons. The highest values of pulp

and peel firmness were obtained
from a)l treatments after one and
two months of cold storage, but
the lowest one came from treat-
ment without IW after four months
of cold storage in both scasons.

3.2 After one week of shelf life

"The IW treatment of (six d at
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7°C + one d. at 13°C) gave the
highest values of pulp and peel
firmness in the two tested seasons
after one week shelf life following
four and five months of cold stor-
age , but such increments were in-
significant in all cases.

These result are in line with
those obtained by El-Zeftawi e al.
(1989) who reported that Valencia
orange fruits subjected to IW treat-
ment (13 weeks at 15°C + 15
weeks at 3°C) produced softer
fruits than IW treatment (15
weeks at 5°C + three week at
15°C). The latter treatments gave
fruits as firm as those subjected to
treatments (5°C for nine weeks +
- 15°C for nine weeks) or (5°C for
18 weeks). The increase in pulp
and peel firmness after TW treat-
ment may be due to the exposure
to the lower temperature for longer
time during cold storage which
delays the ripening process and
ethylene production and conse-
quently increase firmness.

4, Fruit Juice Percent
4.1 During cold storage

It is clear from Table 4 that
fruit juice percentages were in-
creased with increasing cold stor-
age period in the two tested sea-
son.This came true after -three and
four months of cold storage com-
pared with one and two months of
storage.

All TW storage treatments
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increased fruit juice peércentage
significantly in the second season .
The IW treatments (7°C for six d +
13°C for one d) increased signifi-
cantly the fruit juice % during the
two seasons. The differences be-
tween all treatments were insignifi-
cant after 5 months of cold storage.

The interaction (treat x peri-
od) was significant in the two sea-
sons. The highest values came

" from all treatments during the ear-

ly two months of cold storage.

" While the lowest values came from

the treatment (constant 13°C) after
three and four months of cold stor-
age in both seasons. '

4.2 After one week of shelf life
after cold storage period

The data also indicate’ signif-
icant increment in fruit juice (%)
after shelf life following four
months of cold storage under IW
treatment (7°C for six d + 13°C for
one d); this was true in both sea-

* sons. On the other hand, no signifi-

cant differences could be detected
between all TW treatments after
shelf life following five months of
cold storage.

The qbtained results are in
line with those obtained by Cohen
et al. (1990) who reported that
worming lemons during storage at
low temperature increased juice
content. :

The increment in fruit juice
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% with the IW treatments may be
due to the low fresh weight loss
‘which related to high water content
of fruit that in turn led to higher
fruit juice percentage.

SJuice Volume From one kg
Fruits (JV)
5.1 During cold storage

Table 4 shows clear
decrease in }V with the advance in
cold storage period during the two
- tested seasons. This might be due
" to the increment in fresh weight
losses during cold storage period.

All IW treatments increased

significantly JV compared with -

treatment stored in constant 13°C,
but in the second season only,
However, IW treatment (7°C for
six d + 13°C for one d) increased
JV significantly in both season.

The interaction (treatment x
period) was significant in the two
tested seasons . The highest values
came from all treatments during
the early two months of cold stor-
age, while the lowest values came
from constant temperature treat-
ment after three and four months

of cold storage.

5.2 After one week shelf life

No significant differences
could be treated after the shelf life
following five months of cold stor-
age between IW treatments during
the two tested seasons. However, a
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significant increment in JV  was
observed with the IW treatment
(7°C for six d + 13°C for one d) af-
ter shelf life following 4 months
of cold storage in both seasons.

This increment in JV with
the IW treatment may be due to the
effect of long term storage in low
temperature on fruit water content .

6.Juice Total Soluble Solids Con-
tent (TSS)
6.1, During cold storage

Table 5 shows significant in-
crease in TSS with the advance in
cold storage periods during the two
tested seasons.

The tested treatments obvi-
ously affected TSS % in the two
seasons. The two treatments (7°C
for five d and 13°C for two.d) and
(7°C for six d and 13°C for one d)
significantly increased TSS % dur-
ing the four months compared to
other treatments in the first season
only. Meanwhile, the treatments
(7°C for four d and 13°C for three
d) and (7°C for five d and 13°C for
two d) significantly increased TSS
% in the second seasons only .

The interaction (PxT) was
significant in the two seasons. The
uppermost values came from the
treatment (7°C for six d and 13°C
for one d) after four months of
cold storage. The lower most val-
ues were obtained by all treat-
ments after one month of cold
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storage and with the constant 13°C
all after one, two and three months,

6.2 After one week of shelf life

The data showed no clean effect
of IW on the TSS% after shelf life
in the two seasons; no actual trend
can be detected.

7Juice Ascorbic Acid (V.C)
Content
7.1 During cold storage

Data in Table 5 showed sig-
nificant reduction in juice VC con-
tent with the advance in cold stor-
age period during the five months
in both seasons.

The three IW treatments in-
dicated significant increases in the
second season compared with the
constant 13°C. Meanwhile, reduc-
tions in juice VC content were
shown in the first season with all
the IW treatments compared with
the constant 13°C.

The interaction (period x
treatment) was significant in the
two tested seasons. The uppermost
values came from all treatments
during the early two months of
cold storage. The lowermost val-

ues were obtained in the third and

fourth months of cold storage with
all treatments. -

7.2 After one week shelf life

The data revealed that juice
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VC content was increased after
shalf life by all IW treatments after
five weeks of cold storagc

The obtained resu]ts are in
line with those reported by Arras
and Usai {1992} and Artes et al.
(1993).

8. Juice Total Acndlty and Acti-
vated Acidity (pH) =
8.1 During cold storage

Data in Table 6 revealed a
significant decrease in juice total
acidity and a significant increase in
pH values with the advances in
cold storage periods .

As for the IW treatments ,
the results showed a significant de-
crease in juice total acidity com-
pared with the constant tempera-
ture in the first season. On the
other hand, a significant increase
in juice acidity was observed with
the two IW treatments (7°C for
four d + 13°C for three d, 7°C for
five d + 13°C for two d) in the
second season . The IW treatment
(7°C for six d + 13 °C fér one d)
indicated a significant decrease in
both seasons.

Regarding the juice activated
acidity , a significant increment in
pH value was observed with the
two IW treatments ; i.e. 7°C for
five d + 13 °C for two d and 7°C
for six d +13°C for one d com-
pared with the two other treat-
ments in the first season. However,
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Table 1. Effect Of ll’lte!‘nlitten{ Wal'ﬂlillg [I'Catmenlb U1 15CH1) W\.«léul. LUDIWOD \ /U S Gais assese
decay (%) in Baladi lime fruits during cold storage period and shelf life (1998 and

1999 seasons).

Treatments *Fresh weight Joss (%) **Pruit decay (%)
regim within : : ;
¢a%lh week in Cold storage period { months) Shelf life ]for Cold storage period ( months) Shetf :f;lf(m one
days (d) one wee
1 2 3 4 Teat 5 4 S+ | 3 3 a4 5 6 7  Trem 4 S5+ 6+ T+
‘]]“:iC }3Ci av. w 1w av. w lw 1w 1w
. First season (1998)
h g f ab B A 3 d b a A 582 * - -
Od- 7d 401 613 727 1131 718 - 645 - 0 0 0 3149 5892 69.63 7666 3381
h g d a A A A B h f d b B c 0o - -
4d 3d 413 598 821 1145 17.44 1458 650 648 O 0 O 1134 2242 59.61 6848 2312
h g de b B A A B h fg d € C 0o o0 - -
5é 2d 405 587 782 1094 7.17 1453 667 966 O 0 O 1012 1977 S8.08 6529 2189
h g e ¢ C B A A g d ¢ c 0 0 - -
6d 1d 406 582 768 1025 695 1348 678 980 0 -0 O 981 1833 56.84 6413 2130
D C B A D C B A
Pericdav. 406 595 774 10.99 1569 2986 61.04 68.64
Second season (1999)
i f d a A A ¢ c a a A
Od 7d 403 659 782 1202 7.63 - 7.29 - 0 0 0 4416 6271 7232 7546 3637 0 - - -
. i d b B A A A h f C b B
4d 3d 350 613 8.08 1124 724 140 730 1028 O 0 O 1816 3178 60.79 6583 2522 60 0 - -
k h d b C A A A h f ¢ b
5d 2d 290 5.01 788 11.00 670 1387 1739 1044 0 0 0 1795 3004 5865 6480 24.49 0 o - -
k i e c D B A A .o g d b C
1d 273 401 693 957 581 1180 751 1051 0 O O 1487 2851 5549 6362 23.18 60 o0 - -
. D C B A D C B A
Periodav. 330 543 7.8 1096 2373 3826 6181 61.42

*The treatment was terminated after the decay of 50% of fruits
** The treatments were continued for 7 months to follow up fruit decay over 50%



Table 2. Effect of intermittent warming treatments on pulp and peel firmness in Baladi lime fruits during
cold storage period and shelf life (1998 and 1999 seasons).

" Treatments * Pulp firmness {(Lb) ) - * Peel firmness (Lb)
regim within - - : ; - Shelf life fi
eagh week In Cold storage period { months) Sgif hvf:et;zn Cold storage period ( months) oflc ;eeekor
days (d) )
1 2 3 4 Treat 5 44+ 5+ 1 2 3 4 - Treat 5 4+ 5+
+ C LA .
;.’% ?6 av. Iw 1w , av. 1w W
) First.season (1998) _
Od 7d a cde fgh i C B - ab be dg g B A -
435 407 393 3.73 4.02 - 3.55 C 731 7.16 706 69! 711 - 6.72 A
4d 3d a, bed efg ij BC B AB 343 ab be efs fg AB A A 666
434 415 396 3.77 405 358 3.62 B 733 7.18 705 694 712 681 679 A
5d 2d a be ef hij AB AB A 349 a ad cf efg AB A A 674
436 418 4.00 3.82 409 364 3.67 A 737 723 112 701 7.18 688 686 - . A
6d 1d a b  aef i A A A 354 a abc cde efg A A A 6.77
430 420 403 386 412 369 3.7 7.40 727 713 7.03 720 690 690
Period av. A B C D A B C D
436 4.15 398 379 735 721 709 697
Second season (1999)
Od 7d ab d ef | B C b ef h B B
395 3.73 353 333 3.63 - 321 - 7.63 7.30 7.15 694 7.24 - 6.74 -
4d 3d a cd e g A A BC A a be de f A A A B

401 3.81 360 337 369 322 325 314 177 760 743 725 751 112 709 695
5d 2d a cod e g A A AB A b

a
403 383 361 341 372 326 329 .318 782
6d 1d a be ¢ fg A A A A “a .

405 385362 344 374 329 332 321 783 763 748 732 756 121 7.17 706
Period av, A B C D A B C D

401 3.80 359 3.39 ' 776 7.54 736 120

7.6% 746 729 7354 717 7.4 1.01

*The treatment was terminated after the decay of 50% of fruits

200z (€)oN 62 10}1 “say o8y [ 3120307
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Table 3. Effect of intermittent warming treatments on fruit respiration rate and peel carotenoids content
in Baladi lime fruit during cold storage period and shelf life (1998 and 1999 seasons).

Treatmgtr;lt? * Respiration rate mg COy/kg/ hours * Peel carotenoids content
regim within - -
each week in Cold storage period ( months) Cold storage period ( months) sg;g ‘lsie;lt;or
days (d} .
12 3 4 Trea 5 4 9 3 4 Treat 5 4+ 5+
F{%‘ i?ét av. . av. 1w 1w
First season (1998)
i E k j i h D fg cof abe a A A
- H Od 7d 1458 1673 17.83 1896 17.03 - 0.58 0.62 067 071 0.64 - 074 -
| 1 i p a b C B g efg b abc B A A B
‘ 3 4d 3d 18.19 20.89 23.15 2488 21.78 2520 056 060 063 0.67 061 071 069 074
‘ s i p d ab B B fg dg ae ab AB A A AB
‘ = 5d 2d 18,34 21.12 2338 2533 22.04 2593 057 061 065 068 063 072 070 0.75
. L — ' g e c a A A efg b a a A A A A
vul 6d 1d 20.13 2233 2407 25.77 2308 2683 060 063 066 069 0.64 073 072 077
— . D C B A . D C B A
(<51 Period av. 17,81 2027 22.11 23.74 0.58 061 0.65 0.69
Second season (1999)
j i f a D " j ghi bed a A A
' Od 7d 1507 17.14 1699 2232 18.63 - 0.50 0.58 0.67 0.75 062 - 0.79 -
( i gh e ¢ C c if fi of abc A A A A
40 . 3d 17.66 19.20 21.51 23.33 2042 2401 053 059 064 070 061 075 073 0.77
i |‘ h f d b B A ig eh cbe a A A A A
! 5d 2d 18.86 20.30 22.19 24.18 21.34 2499 0.54 060 065 0.7t 0.63 077 074 079
| ‘ g e c a A A hij dg be a A A A A
‘ 6d - 1d 1935 21.02 23.05 25.54 2224 2663 0.55 061 066 0.73 0.64 078 0.76 0.80
or— D C B A D C B A
—_2 Period av. 17.69 19.42 21.68 23.84 ,0.53 060 065 0.72

i *The treatment was terminated after the decay of 50% of fruits



Table 4. Effect of intermittent warming treatments on fruit juice (%) and juice volume obtained from
one kilogram fruits in Baladi lime fruits during cold storage periods and shelf life (1998 and

1999 seasons).

Treatments * Fruit juice (%) ) . * Juice volume {cm3) obtained from lkg fruit
regim within : ; Shelf life f
each week in Cold storage period { months) Sher}f life fl?r Cold storage period ( months) e ;;ekor one
days ( d) ‘ one wee
7 13t 2 3 4 T;S_a‘ 5 ;‘; 15\’; ! 2 3 4 Treat 5  4+IW  S5+IW
1 o C 1 ‘C ayv. :
First season (1998) s
abe ad de e AB B ab be fig ] B - B
Qd 7d  49.69 4930 48.65 48,36 49.00 - 48.16 - 487.8 4840 4775 4745 4810 A 4727 -
ad ae de e B A B A bed cf £j i} B 4721 B A

13
4 3d 4944 49.16 48.70 48.36 4892 48.11 48.14 4790 4854 4827 4780 4747 4802 A 4727 470
ab ad cde de AB A AB A ab be fi rig B 4749 AB A
5d 2d 4972 40.31 48.83 48.57 49.11 48.39 4838 48.10 4883 4841 4792 476.7 6821 A 4749 4712
A

a abc ae be A A A A a abc ag eg A 476.1 A
6d id 4995 49.60 49.11 4889 49.39 4851 48.69 4827 490.6 487.0 4822 4800 4849 4780 4739
A A B B a B C D
Period av. 49.70 49.34 48.82 4855 488.0 4845 479.2 476.5

Second season (1999)

ab ab c c B - B - ad  def h i C D
od 78 50.19 49.74 48.18 47.70 4895 A 4748 A 4919 4874 4718 4670 4795 - 464.8 -
a ab ab c A 48.27 A 48.05 abe be ef g B B C A
4d 3d 50.31 50.01 49.57 48.90 49.70 A 4857 A 493.0 490.1 485.6 479.0 4869 4725 4766 4703
a5 a ab ab A 48.61 A 4842 ab abc of f A AB B A
5d 2d 052 5031 49.85 49.39 50.02 A 4501 A 4952 4931 4886 4839 4902 476.0 480.0 4742

: a a ab ab A 4901 . A 48.80 a ab be ef A A A A

6d 1d 5070 50.53 50.03 49.59 50.02 49.41 497.0 4953 4903 4859 4921 479.0 4833 4759
. A A B B : A B C D

Periodav.  50.43 50.15 49.41 48.90 : 4943 4915 4841 4790

*The treatment was terminated after the decay of 50% of fruits

200T (€)'ON 6T " 194 “saY "21.8y [ S1z08v7
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Table 5. Effect of intermittent warming treatments on total soluble solids (TSS) and ascorbic acid (VC)
content in juice of Baladi lime fruit during cold storage period and shelf life (1998 and 1999

seasons).
Treatments™® Total soluble solids (TSS) . Ascorbic acid (VC)
regim within p - : .
each week In Cold storage period ( months) Shelf life for Cold storage period  months) Shelf \I:,E;]ior one
days (d) one week
1 2 3 4 Treat 5 4+ S5+ Treat 5
7+ 13 - M 1 2 3 4 ;‘Sa _ 4+1W  S+1W
. First season (1998) .
= od 7d h gh e o C A a bed efg ghi A A
A 900 923 950 9.83 939 - 966 - 5981 5771 55.48 5354 5663 - 5278 -
ot 4 3 n eh dg o C B B A abe de fi i B B B C
2 900 950 966 983 950 1007 900 9.83 5899 5657 5405 52.14 5544 5033 5138 49.70
|
! 3 5¢ 2 h o ab abc B AB A A ad def fgh hi B AB AB B
& 9.00 983 10.17 1033 9.83 10.60 966 983 58.04 5609 5439 5293 5536 5112 5218 50.42
£ 64 1d fgh bc ab a A A A ab cde  ef ghi AB A A A
‘ ) 933 1000 1050 10.67 10.13 10.83 930 1000 59.14 5700 5525 53.67 5626 5187 5291 57.17
wh , C B A A A B C D
! = Periodav. 908 964 995 10.17 59.00 5684 5479 53.07
Second season (1999) :
: hi fgh dg  cde B AB dg fgh hi i B C
Od 74 916 936 950 976 945 - 973 - 5638 5458 5387 5243 5431 - 5213 -
| . fgh- dg «od a A A A A ak d ef H A B B C
44 3d 933 950 976 1067 981 1073 1013 1067 59.14 35699 5497 5382 5623 5203 53.43 51.57
‘ f§ be b A B AB AB ab ed d hi A A AB B
i s 2d 6 970 993 1010 977 1017 3010 1017 5934 5719 5617 5436 5674 5247 5391 5203
! . ghi ¢h ed B B B B a bed  def fi A. A A A
s 6d  1d 900 926 940 963 932 1000 963 1000 59.52 57.34 56.44 5454 5696 5264 54.09 52.22
Ny D C B A A B C D

Period_ av. 921 945 965 10.04 C o 58.39 56.53 55.36 53.76

*The treatment was terminated after the decay of 50% of fruits



Table 6. Effect of intermittent warming treatments on total acidity as citric acid and activated acidity
(pH) in juice of Baladi lime fruits during cold storage period and shelf life (1998 and 1999

Seasons). .
" Treatments Total acidity as citric acid Activated acidity (pH)
days in cold Shelf life f i Shelf life fi
storage Cold storage period ( months) ‘:‘e w:cl? r Cold storage period ( months) one \l.,gel? '
temperature T
1 2 3 4 reat S 4+ 5+ 1 ) 3 4 Treat 5 4+ 4
7‘% }‘3(-3l av. 1w ) tw av. W W
Fixst season (1998) T
a b def ij A B : d ¢ a a A A

Od - 7d 8.97 869 811 7.15 823 - 7.05 - 235 264 279 280 264 - 2385 -

: e efg h j c € C C d ¢ ab ° a AB A AB A

4d 3d 848 801 747 690 772 642 6776 632 232 262 277 280 263 280 281 280
cde g h hi C B B B d ¢ ab ab B A B A
5d 24 827 787 149 124 771 703 708 690 . 233 263 275 276 261 280 277  2.80

cdcffggBAAA d ¢ b ab B A AB A
64 1d 834 820 798 781 808 745 766 716 233 261 272 275 260 280 279 280
. A B C D C B A A
Periodav. gs57 818 776 7.27 233 262 276 278
Second season(199_9)

c ef f f C B f - de ¢ b C B -
Od d 767 131 723 719 135 - 109 - 266 273 292 305 284 - 3.05 -
a b cod def A A A A de d ¢ a A A A A
844 793 757 737 182 7290 725 722 275 278 291 313 289 318 316 323
b cd cde f B B B B ef de c a BC A A A
5d 2d 805 756 750 723 758 687 113 6.78 270 275 289 310 286 319 312 324
. cd de g g D C C C. de d € a AB A A A
6d 1d 7.56 7.47 700 686 722 655 674 6.43 274 247 287 3.0 287 318 3312 325
. A B C D D C B A
Pt:rlod av. 793 756 732 1.16 : : . 271 295 290 3.09

&
-+

.
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*The treatment was terminated after the dééay of 50% of fruits
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. significant increments in pH values
can be detected with all the three
" [W treatments in the second sea-
son. - :

The interaction between pe-
riod and treatments was signifi-
cant in the two seasons for the total
and activated acidity and took the
same trend as main factors.

8.2 After one week shelf life

~ The juice total and activated
acidity failed to reveal any actual
trend with all tested treatments .

In this regard Artes e al
(1993) who treating Primofiori
lemons in cold storage with inter-
mittent warming reported that pH
and titratable acidity did . not
change relative to values at har-
~ vest, Similar results were also
found by Schira and Cohen,
(1999).

Conclusively, the obtained
results give basis to recommend
IW storage of Balady lime , ie.
bee pries fruits under 7t£1°C for six
days each week and under 13 *
1°C for the following one day.
This treatment significantly re-
duced FWL after 4 weeks of stor-
age to reach 10.25 & 9.57 % or-
ganisms 1131 & 12.02% for
constant 13 * 1°C in the two sea-
sons, respectively . The same IW
treatment depressed FD to 9.87%
against 31.49 & 44.16%, respec-
tively. However the same IW

ElLHefnawi, SM. 5 *

treatment increase of respiration.

rate, juice percentage and juice

volume in the two seasons com-
pared with the constant 13f£ 1°C .
In addition , such IW treatment
also significantly increased TSS
% and total acidity, but in the fruit
season only.,
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