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Abstract:
This study was conducted during three successive seasons 2012, 2013 and

2014 to study the effect of intermittent warming (IW) on the storability and qual-
ity of Balady mandarin fruits during the storage period. The storage treatments
are (constant, 8°C and 2°C and 2°C with intermittent warming 8°C for 8 or 16
hours every week or biweekly). Samples of each treatments were randomly taken

monthly.

Results indicated that all IW treatments decreased fruit weight loss and fruit
decay percentage. The most clear reduction was associated with storage at 8°C or
2°C, where the less value was related with IW treatment (2°C for 2 week fol-
lowed regularly by 8°C for 8 hours). Also, such treatment improved fruit quality
during the storage period compared to control (8°C).

The fruit weight loss %, fruit decay %, total soluble solids %, sugar con-
tents % and TSS/acid ratio were significantly increased with advanced cold stor-
age period. On the other hand, prolonging storage induced a gradually decrease

of fruit juice percentage, acidity % and V.C. content.
It could be concluded that intermittent warming (2°C for 2 weeks plus 8°C

for 8 h) seemed to be the proper and ideal treatment to prolong cold storage of

Balady mandarin fruits without great reduction in fruit quality.
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Introduction

Citrus is one of the most impor-
tant crops in the world. It ranks the
third position between fruit crops and
only preceded with grapes and ap-
ples. In Egypt, it is the most impor-
tant fruit crop. Balady mandarin one
of the most important citrus species
that Egyptian consumers prefer be-
cause of its easily peeling than other
citrus species. No doubt that process
of handling and storage for local or
export market is an important and of
vital interest as well as fruit produc-
tion and its quality, post-harvest dis-
eases destroy 10-30% of the total
yield of crop. In developing coun-
tries, the post-harvest diseases de-
stroy more than 30% of the crop yield
(Kader, 2002). Cooling citrus fruits at
optimal temperature during storage
may be effective to decrease blue
mold, but exposure to suboptimal low
chilling temperatures may cause
chilling injury, which my favor the
decay causing organisms. Thus long-
term low temperature storage of cit-
rus fruits is limited by their sensi-
tively to chilling (Kader 2002, Arpaia
& Kader, 2009 and Abdurrab et al.,
2012). ,

Storage of chilling sensitive
tropical and subtropical fruits at chill-
ing temperatures causes several phy-
siological and biochemical changes
leading to disorders. External symp-
toms are manifested as pitting, dis-
colouration, water soaking, break-
down and off-flavour. Chilling injury
appeared to be directly related to
length of exposure to chilling and in-
versely related to  temperature
(Ladaniya and Sonkar, 1996). In or-
der to minimize such post harvest
disorders i.e. diseases and chilling
injury, many investigators in the post-
harvest field of fresh production are
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trying to improve fruit post-harvest
shelf-life and to protect them from
decay.

Intermediate warming at chill-
ing temperature can prevent or reduce
chilling injury development and
maintain fruit quality for longer pe-
riod (Wang, 1993).

Intermittent warming increases
fruit resistance to low temperatures,
enabling fruit to be stored at tempera-
tures below the ones normally rec-
ommended and maintains fruit qual-
ity for longer periods (Kluge et al.,
2003). Storage life of Nagpur' man-
darin can be extended up to 75 days
at 35°C with intermittent warming
(Ladaniya, 2011). All intermittent
warming (IW) decreased fresh weight
losses, fruit decay and chilling injury
than control. The best one was asso-
ciated with IW treatment (6d at 2°C +
6 h at 8°C). However, IW treatments
increased panel test, ascorbic acid,
juice volume and juice percentage
compared to (control) it constant
temperature 8°C (Mohamed-Fatma
El-Zahraa, 2011).

Therefore, this study aimed to
recognize the benefit of using inter-
mittent warming on storability of Ba-
lady mandarin fruits.

Materials and Mehods:

This study was conducted dur-
ing the three successive seasons
2012, 2013 and 2014 on Balady man-
darin (Citrus reticulata L.) fruits. The
fruit were obtained from the Experi-
mental Orchard of the Faculty of Ag-
riculture, Assiut University.

The trees were forty two years
old grafted on sour orange rootstocks,
planted in clay soil at 5xS5 meters
apart. The trees were nearly similar in
vigor and productivity and receiving
regular horticultural practices.
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Fruits were harvested in first
week of January, hand packed and
carefully brought, soon after picking
to post-harvest laboratory in Agricul-
ture Research Station in Assiut. The
fruits were free from obvious defects
or mechanical damage. All fruits
were washed with regular tap water
and soap and then rinsed with water
to remove the residue of soap, then
air dried. Fruits were divided into six
groups then used for intermittent
warming treatments. Each treatment
was divided into three replicates, 10
uniform fruits were chosen at random
for each replicate at all seasons and
packed in perforated polyethylene
bags.

The experiment comprised six
treatments as followed:

1- Storage under constant temperature
of 8°C (as a control), throughout the
storage period.

2- Storage under constant temperature
of 2°C, throughout the storage pe-
riod.

3- Storage under 2°C for 1 week fol-
lowed regularly by 8°C for 8 hours,
throughout the storage period.

4- Storage under 2°C for 1 week fol-
lowed regularly by 8°C for 16 hours,
throughout the storage period.

5- Storage under 2°C ‘for 2 week fol-
lowed regularly by 8°C for 8 hours,
throughout the storage period.

6- Storage under 2°C for 2 week fol-
lowed regularly by 8°C for 16 hours,
throughout the storage period.

Fruits of each treatment were eva-
luated at a month interval throughout the
storage period (4 months) to study the
effect of different experimental treat-
ments on physical and chemical proper-
ties as well as storability:.

Physical characteristics:

1- Weight loss as a percentage from the
initial weight.

2- Decay %, the number of decayed
fruits was calculated as percentage

from the total number of each sam-
ple.

3- Peel percentage, peel percentage was
calculated as a percentage from the
fruit weight.

4- Juice percentage, juice content was
expressed as percent of fruit weight
(W/W).

Chemical juice:

1- The total soluble solids (TSS) was

determined a hand refracometer.

2- Titratable acidity (TA) expressed as
percentage of citric acid, against
0.1 N sodium hydroxide according
to the A.O.A.C. (1985)

3- TSS/TA ratio

4- L-ascorbic acid (V.C.) was deter-
mined by titration against 2,6-
dichlorophenol indophenol blue
dye, according to the A.0.A.C.
(1985).

5- Sugars content %, total and reducing
sugars percentage were determined
according to method of Lane and
Eynone outlined in the A.O.A.C.
(1985).

This experiment was conducted in
complete randomized block design with
three replicate and with factorial ar-
rangement was followed throughout the
whole work. All recorded data were ta-
bulated and statistically analysed accord-
ing to Snedecor and Cochran (1990) us-
ing new L.S.D. at the level of 0.05 in
comparison between various treatment
means.

Results

1- The percentage of fruit weight loss

and decay fruits: '

Data presented in Table (1)
showed the effect of intermittent warm-
ing temperature on the percentage of
weight loss and decay of Balady manda-
rin fruits during the cold storage in 2012,
2013 and 2014 seasons. It was obvious
that results tock similar trend during the
three studied seasons.

Data in previously table clear that
fruit weight loss, as well as, decayed
fruits were markedly increased with ad-
vanced of cold storage period. These
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traits were slightly increased and gradu-
ally from the beginning of cold storage
till the 4™ month. After one month of
cold storage in all intermittent warming
treatments the fruits were without any
decay during the three studied seasons.

In response of intermittent warm-
ing (IW), it was apparent that all treat-
ments significantly reduced the fruit
weight loss percentage and undesirable
fruit percentage during cold storage for
four months compared with control (T},
8°C). Using IW (2 weeks at 2°C, 8 h at
8°C, Ts) had the best results, which gave
the least percentage of fruit weight loss
(4.62, 4.33 & 4.87%) and decayed fruits
(10.67, 10.67 & 10.67%), against (6.45,
6.00 & 6.39%) and (25.33, 24.67 &
26.67%) during the three studied sea-
sons, respectively. The decrement per-
centage of weight loss percentage due to
Ts compared to control (T;) attained
(28.37, 27.83 & 23.79%) and decayed
fruits attained (57.88, 56.75 & 60.00%)
during the three studied seasons, respec-
tively.

According to interaction effects,
data in Table (1) indicated that all com-
binations after two month induced a sig-
nificant decrease in fruit weight loss
compared storage under 2°C (T;). On
other hand, the decayed fruits signifi-
cantly decreased after two month due to
all combinations compared to control

(Ty).

Moreover, using IW (T5) recorded
the lowest fruit weight loss (8.9, 8.38 &
9.85%) compared to the highest one
(15.35, 14.63 & 15.58%) due to T3 (2°C,
constant) after fourth month of cold stor-
age. Also, IW (Ts) recorded the least
decayed fruits (26.67, 26.67 & 26.67%),
against the highest value (53.33, 53.33 &
56.67%) due to T; (8°C constant) after
fourth month of cold storage.

These finding declared the impor-
tance of using intermittent warming to
extend the cooling storage duration of
Balady mandarin fruits.

2- The percentage of peel and juice
contents:
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The date introduced in Table (2)
disclosed that the peel percentage
slightly increased and gradually from
beginning of cold storage till the 4™
month. The lowest fruit peel percentage
recorded at the beginning of cold stor-
age, but the highest ones regstrated after
four month of cold storage. Contrarly,
fruit juice percentage significantly de-
creased by extending cooling storage
duration. The highest values recorded at
beginning of cold storage, whereas, the
least ones was recorded at the end of
cold storage course.

All IW treatments tended to induce
reduce the fruit peel percentage, as well
as, increased the fruit juice percentage
compared to control. The least signifi-
cant fruit peel percentage (29.70, 30.01
& 29.84%) and the highest significant
fruit juice percentage (35.06, 34.27 &
34.25%) were found due to use Ts (2 W
at 2°C + 8 h at 8°C) during the three stu-
died seasons, respectively. On other
hand, the highest fruit peel percentage
(31.15, 31.45 & 31.06) and lowest fruit
juice percentage (33.62, 33.10 &
32.73%) were recorded on fruits stored
under 8°C (control) during the three stu-
died seasons, respectively. No signifi-
cant differences between IW (Ts) and
other intermittent treatments. Also, no
significant differences peel percentage or
juice percentage of fruits that stored un-
der any intermittent treatments, except
(Ts) compared to fruit stored under con-
trol (8°C constant).

The interaction between treatments
and cold storage period was non signifi-
cant during the three studied seasons.

3- Fruit chemical properties:

The data concerning the effect of
various cold storage treatments on chem-
ical constituents of- Balady mandarin
juice during 2012, 2013 and 2014 sea-
sons are presented in Tables (3, 4 and 5).
It was obvious from the data that results
took similar trend during the three stud-
ied seasons.

In general view, data indicated that
chemical juice quality in terms, total so-
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luble solids, sugars contents and
TSS/acid ratio significantly increased
during storage duration up to 4™ month.
On other hand, prolonging cooling stor-
age for four month induce a gradually
decrease of titratable acidity and ascor-
bic acid (V.C).

According of treatment effects, it
is clear from the previously data that all
intermittent warming failed to show any
significant effects on chemical juice

properties compared to store the fruits
under 2°C or 8°C constant for full time
of storage period. Moreover, using in-
termittent warming (2 W at 2°C + 8°C
for 8 h, Ts) to store the fruits induce un-
significant increase in total soluble sol-
ids, sugars contents and TSS/acid ratio
compared to other storage treatments.
Also, such treatment unsignificantly de-
creased the titratable acidity and (V.C)
content compared to other treatments.

Table (1): Effect of Intermittent warming treatments on fresh weight loss %

and decay % of Balady mandarin fruits during cold storage in
2012, 2013 and 2014 seasons.

Fresh weight loss % | Decay %
Storage period (month)
T| P [ P, | P, | P | Py, [ M| P | P | P, | P | Py | M
Season2012

0.00 | 3.58 | 6.15 { 10.83 | 11.68 | 6.45

0.00 | 10.00 | 20.00 | 43.33 | 53.33 | 25.33

0.00 { 3.11 | 6.90 | 12.33 | 1535} 7.54

0.00 | 6.67 |16.67| 30.00 | 46.67 |20.00

0.00 ) 2.86 | 530 | 7.13 | 9.85 | 5.03

0.00 | 0.00 |16.67 | 30.00 | 33.33 | 16.00

0.00 | 295 | 5.62 | 7.40 |10.18} 5.23

0.00 | 0.00 |13.33] 23.33 | 33.33 | 14.00

0.00 { 0.00 |10.00| 16.67 | 26.67 | 10.67

0.00 { 295 | 535 | 7.20 | 10.40{ 5.18

0.00 ;1 0.00 |10.00| 23.33 | 30.00 |12.67

1
2
3
4
5 10.00 260|480 6.78 | 8.90 | 4.62
6
M

0.00 | 3.01 { 5.69 | 8.61 [11.06

0.00 { 2.78 |14.45] 27.78 | 37.22

Season2013
110.001}3301)5.76 |10.11]10.83|6.00{ 0.00| 10.00 |20.00 | 40.00 | 53.33 |{24.67
21000284648 |11.76114.63] 7.14 | 0.00 | 6.67 |20.00| 36.67 | 46.67 |22.00
31000261 |493 | 668|924 469000 0.00 | 6.67 | 26.67 | 36.67 | 14.00
4100027315251 690|952 |488 | 000 000 §10.00]| 23.33 | 40.00 | 14.67
510002451451 630 | 838 | 433 10.00{ 0.00 | 6.67 | 20.00 | 26.67 | 10.67
610002761530 678 | 9.30 [ 4.83]0.00 | 0.00 | 6.67 | 23.33 | 36.67 | 13.33
M| 000|278 {5371 8.09 |10.32 0.00 | 2,78 |11.67| 28.33 | 40.00
Season2014
1]0.00]3.28|6.56]1031[11.78} 6.39 | 0.00 | 10.00 |23.33 | 43.33 | 56.67 |26.67
2 1000290 7.12|13.63}15.58] 7.8510.00 | 6.67 |13.33} 36.67 | 50.00 |21.33
310.00(260]5.56]| 824 |10.151531 0001 0.00 |10.00| 26,67 | 33.33 !|14.00
4100012781588 | 7.81 {10.50] 5.40 | 0.00 | 0.00 |13.33! 20.00 | 33.33 | 13.33
51000)240 490 7.18 | 9851487 | 0.00} 0.00 | 6.67 | 20.00 | 26.67 | 10.67
6 000|290 | 553 760 {1032|52710.00! 000 |10.00] 20.00 | 33.33 |12.67

M| 0.00|2.81}592|9.13 |11.36

0.00 | 2.78 |12.78] 27.78 | 38.89

12
25
.50

3-2 C° for 1w 8 C°for 8h
4- 2 C° for 1w 8 C°for 16h

New L.S.D. 0.05 Season 2012 2013 2014
Treatment (T) 0.69 070 1
Period (P) 0.77 078 1
Interaction 1.53 1.56 2
(TxP)
Storage treatments (T): 1-8C°
2-2¢C°
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Season 2012 - 2013 2014
2.80 3.99 2.00
3.14 4.45 2.24
6.27 891 448

5-2 C° for 2w 8 C°for 8h
6- 2 C° for 2w 8 C°for 16h
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Table (2): Effect of Intermittent warming treatments on peel % and juice

weight % of Balady mandarin fruits during cold storage in 2012,

2013 and 2014 seasons.

peel % f Juice weight %
Storage period (month)

T| Py P, P; P, P, M Py P, P, P, P, M
Season 2012
28.84130.19131.80|32.10{32.83]31.15{37.70 | 35.81 |34.10| 30.47 | 30.00 |33.62
28.84129.90{30.6131.22131.9630.51{37.70| 36.20 {34.00| 31.81 | 31.40 |34.22
28.84129.43130.1330.68|31.67}30.15(37.70| 34.50 |33.60| 32.90 | 32.50 |34.24
28.84129.60{30.28130.76{31.51{30.20{37.70} 36.40 }34.00{ 32.20 | 31.18 |34.30
28.84129.20/29.6129.95|30.8829.70{37.70 | 36.10 {34.90| 33.80 | 32.80 |35.06
28.84129.73130.40 | 30.81 {31.40{30.24{37.70| 35.80 |34.00| 32.10 | 31.80 [34.28}
28.84129.68(30.47130.92{31.71 37.70| 35.80 |34.10] 32.22 | 31.61
Season 2013
29.22130.36(32.18{32.29|33.18(31.45|36.80| 34.60 |33.60} 31.18 | 29.30 |33.10
29.22129.92130.56/31.30{32.20|30.64 |36.80| 35.50 {32.80| 30.33 | 29.45 |[32.98
29.22129.58 | 30.2 {30.98 {32.00(30.40{36.80| 35.30 {33.60| 32.40 | 30.70 |33.76
29.22129.70{30.38{30.81 {31.85/30.39{36.80| 34.70 {33.30| 30.80 | 30.18 |33.16
29.22129.48(29.8930.35/31.10{30.01 | 36.80| 35.40 |34.35| 32.95 | 31.85 |34.27

29.22(29.80|30.45,30.87131.80{30.43{36.80| 3490 {33.85| 31.28 | 30.20 {33.41
29.22(29.81]30.61(31.10}32.02 36.80| 35.07 [33.58] 31.49 | 30.28
Season 2014
29.18130.22{31.13{31.60{33.19{31.06|35.65| 34.30 {33.28| 30.60 | 29.80 |32.73
29.18129.80130.33{30.78{32.10{30.44{35.65] 34.50 ]33.48] 31.60 | 30.40 |33.13
29.18129.31129.70130.53131,93130.13{35.65{ 35.18 {34.10} 32.80 | 31,70 {33.89
29.18129.65130.2530.62131.71(30.2835.65} 35.20 [33.40| 31.80 | 30.95 | 33.4

29.18129.43129.80|29.88 {30.90|29.8435.65| 3530 |34.60| 33.10 | 32.60 |34.25

29.1829.71130.35|30.65 {31.70|30.32 | 35.65| 35.00 |33.45| 32.20 | 31.75 [33.61
M [29.18{29.69{30.26 | 30.68 | 31.92 35.65] 34.91 [33.72] 32.02 | 31.20

New L.S.D. 0.05 Season 2012 2013 2014 | Season 2012 2013 2014
Treatment (T) - 1.24 1.22 1.06 1.13 1.08 1.36
Period (P) 1.38 1.36 1.18 1.25 1.20 1.51
Interaction (TxP) N.S N.S N.S N.S N.S N.S
Storage treatments (T): 1-8 C° 3-2C°for lw8 C°for8h  5-2 C° for 2w 8 C°for 8h
2-2C° 4-2 C° for 1w 8 C°for 16h  6-2 C° for 2w 8 C°for 16h

Blojulslw|w]|—

Bio|w|r|w]|w]~
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Table (3): Effect of Intermittent warming treatments on total soluble solids
percentage (TSS) % and titratable acidity % (TA) (as grams of ci-
tric acid/100 ml juice) of Balady mandarin fruits during cold stor-
age in 2012, 2013 and 2014 seasons.

TSS % | TA %
Storage period (month)

T| Py P, P, | P, M| P P, P, | P, M
Season 2012
1{1020{10.53{11.30|11.60{12.40{11.21{ 1.25 | 1.21 | 0.96 | 0.83 0.78 | 1.01
2 110.20{10.40|11.20411.70}12.10{11.12{ 1.25 | 124 { 096 | 0.84 0.80 | 1.02
311020(10.50{11.30{11.50}11.93}11.09; 1.25 } 1.12 | 0.88 | 0.81 0.75 | 0.96
4 110.20110.60111.80{11.90|12.30{11.36| 1.25 | 1.08 | 091 | 0.82 077 | 0.97
5110.20}10.62|11.88{12.00{12.50|11.44| 1.25| 1.05 | 098 | 0.85 0.79 | 0.98
6 ;10.20/10.43{11.50{11.88/12.00{11.20} 125 | 1.12 | 096 | 0.84 | 0.79 | 0.99

M |10.20110.51]11.50|11.76 | 12.21 125 1.14 | 094 | 0.83 0.78

Season 2013
1 111.00}11.50}12.15{12.4013.10{12.03| 1.32 | 1.15 | 1.03 | 093 0.84 | 1.05
2 111.00{11.53112.00{12.80}13.00/12.07| 1.32 | 1.18 | 1.10 | 0.96 0.89 | 1.09
3 111.00{11.27{12.00{12.47|13.00{11.95} 1.32 | 1.05 | 1.02 | 0.88 0.85 | 1.02
4 111.00|10.85{12.10112.30}12.80|11.81| 1.32 | 1.03 | 1.00 | 0.88 0.85 | 1.02
5 {11.00711.60]12.31}12.83{13.25,12.20| 1.32 | 1.10 | 1.03 | 090 083 | 1.04
6 |11.00{11.30(11.95{12.4011293}11.92| 132} 1.05 | 091 | 0.83 0.81 | 098
M {11.00{11.34{12.09]12.53113.01 132 | 1.09 | 1.02 ] 090 | 0.85
Season 2014

1 111.33111.60|11.85{12.20{12.68/11.93] 1.28 | 1.20 | 1.02 | 0.90 | 0.83 | 1.05
2 |11.33111.70{11.70112.6012.83{12.03} 1.28 | 1.18 | 1.03 | 090 | 0.85 | 1.05
3 {11.33111.38)12.00{12.20]12.80j11.94| 1.28 | 1.09 | 1.00 | 0.88 0.81 | 1.01
4 111.33{11.50(11.80|12.00112.30}11.79| 1.28 } 1.03 | 0.96 | 0.86 0.78 | 0.98
5 {11.33111.83111.85]12.80|12.98|12.16{ 1.28 | 1.00 [ 093 | 0.82 | 0.76 | 0.96
6 111.33{11.55/11.83|12.13112.38|11.84| 1.28 | 1.00 | 0.98 | 0.88 0.82 | 0.99
M |11.33}11.59/11.84]12.3212.66 128 | 1.08 1099 087 | 0.81

New L.S.D. 0.05 Season 2012 2013 2014 Season 2012 2013 2014
Treatment (T) N.S N.S N.S N.S N.S N.S
Period (P) 1.33 082 057 0.09 0.09 0.13

Interaction (TxP) N.S N.S N.S N.S N.S N.S

Storage treatments (T) : 1-8 C° 3-2 C° for 1w 8 C°for 8h 5-2 C° for 2w 8 C°for 8h

e
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Table (4): Effect of Intermittent warming treatments on TSS/TA ratio and
vitamin C content (mg Ascorbic acid/100 ml juice) of Balady man-
darin fruits during cold storage in 2012, 2013 and 2014 seasons.

TSS/TA ratio

vitamin C content

Storage period (month)

T| Py

P,

P

Ps

Py

M

Py

P,

P,

Ps

Py

Season 2012

8.16

8.70

11.77

13.98

15.90

11.70

43.3

36.38

34.60

33.34

32.31

35.99

8.16

8.39

11.67

13.93

15.13

11.45

43.3

37.10

35.82

33.65

32.80

36.53

8.16

9.38

12.84

14.20

15.91

12.10

43.3

38.00

36.50

34.10

33.12

37.00

8.16

9.82

12.97

14.51

15.97

12.29

433

37.24

36.10

33.80

32.85

36.66

8.16

10.11

12.12

14.12

15.82

12.07

433

38.80

37.36

34,90

33.93

37.66

8.16

9.31

11.98

14.14

15.19

11.76

43.3

37.15

36.42

34.18

33.10

36.83

Blojv]|slwln]|—

8.16

9.28

12.22

14.15

15.65

43.3

37.45

36.13

33.99

33.02

Season 2013

8.33

10.00

11.80

13.33

15.60

11.81

40.00

34.60

32.73

31.58

30.37

33.86

8.33

9.77

10.91

13.33

14.61

11.39

40.00

35.25

34.00

31.90

31.18

34.47

8.33

10.73

11.76

14.17

15.29

12.06

40.00

35.86

34.51

32.35

31.40

34.82

8.33

10.53

12.10

13.98

15.06

12.00

40.00

3531

34.20

32.11

31.13

34.55

8.33

10.54

11.95

14.26

15.96

12.21

40.00

36.75

35.30

32.90

31.83

35.36

8.33

10.76

13.13

14.94

15.96

12.63

40.00

35.50

34.60

3236

3141

34.77

Blolu|s]w|v|~

8.33

10.39

11.94

14.00

15.41

40.00

35.55

34.22

322

31.22

Season 2014

8.85

9.67

11.62

13.56

15.28

11.79

41.70

34.85

33.38

3241

31.10

34.69

8.85

9.92

11.36

14.00

15.09

11.84

41.70

35.51

3441

32.70

31.80

35.22

8.85

10.44

12.00

13.86

15.80

12.19

41.70

36.11

35.20

33.22

32.00

35.65

8.85

11.17

12.29

13.95

15.77

12.41

41.70

35.38

34.78

32.93

31.81

3532

8.85

11.83

12.74

15.61

17.08

13.22

41.70

37.80

36.10

33.75

32.40

36.35

A [N WIN|—

8.85

11.55

12.07

13.78

15.10

12.27

41.70

35.83

35.00

33.14

32.00

35.53

M| 8.85

10.76

12.01

14,13

15.69

41.70

35.91

34.81

33.03

31.85

New L.S.D. 0.05

Treatment (T)
Period (P)

Interaction (TxP)
Storage treatments (T) :

Season 2012 2013
N.S
1.40
N.S
1-8C°
2-2C°

N.S
1.77

N.S
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N.S
4.00

N.S

4-2 Ce for 1w 8 Ce°for 16h

2014 | Season 2012
N.S
2.02

N.S
3-2 C° for 1w 8 C°for 8h

2013
N.S
398

N.S

2014
N.S
2.92

N.S

5-2 C° for 2w 8 C°for 8h
6- 2.C° for 2w 8 C°for 16h
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Table (5): Effect of intermittent warming treatments .on total sugar and re-
ducing sugar of Balady mandarin fruits during cold storage in
2012, 2013 and 2014 seasons.

total sugar W Reducing sugar
Storage period (month)
T| Py P, P, P; P, M | Py P, P; P, M
Season 2012
11725 (763|821 | 848 | 885|808 |296| 3.15 {340 3.55 | 3.68 |3.35
21725(752 813|851 860800296 3.11 |337 | 3.58 | 395 | 3.39
317251760} 823|843 )872|805]|296 | 3.18 | 343 | 3.46 | 398 | 340
417251768 | 846 | 853 88081429 | 321 351 | 350 | 3.75 | 3.39
517251762851 853{913}821 (29 | 3.15 {356 3.58 | 4.02 ) 345
6 725750842 850|886 811|296 | 3.18 [3.50 ¢ 3.53 | 3.82 | 3.40
M| 725|759 | 833|850 8.83 296 | 3.16 | 346 | 3.53 | 3.87
Season 2013
11792832 884|903 953873335 353 |375}| 387 | 410 |3.72
21792836 876| 928|941 | 875{335| 359 |3.71] 396 { 4.08 | 3.74
31792830 880925948 | 875|335 348 |3.75}| 393 | 4.08 | 3.72
41792828 )885910)936|8.70)335) 345 | 380 3.88 | 4.03 | 3.70
5(792 836886 (930953879335 361 |3.78} 398 | 4.08 |3.76
6 |792831|875|9.18 941|871 {335 351 373 3.86 | 4.06 {3.70
M| 792 {832 881 {9.19 | 945 335 | 3.53 {3.75{ 391 | 4.07
Season 2014
11810832853 )880920 859318} 329 |338 ) 3.53 | 3.70 | 3.42
2 1810} 841 | 848 | 902 | 928 | 866 | 3.18 | 3.34 | 336 | 3.60 | 3.73 | 3.44
3 1810)822 8588841922859 3.18 ! 325 |341 1 3.55 | 3.70 {342
4 1810|826 | 855 ) 886|898 |855|3.18| 328 | 340 | 3.53 | 3.61 | 340
5810843 | 863905931 870|318} 333 |343| 3.61 | 3.74 | 3.46
6 (81083185389 {903 857|318 330 [336] 355 | 3.60 |3.40
M| 810 833|855} 892917 3.18 | 330 | 339 356 | 3.68
New L.S.D. 0.05  Season 2012 2013 2014 | Season 2012 2013 2014
Treatment (T) N.S N.S NS N.S N.S N.S
Period (P) 0.86 0.94 0.89 0.38 0.41 0.36
Interaction (TxP) N.S N.S N.S N.S N.S N.S

Storage treatments (T): 1-8C° 3.2 C° for 1w 8 C°for 8h 5-2 C° for 2w 8 C°for 8h
2-2C° 4-2 C° for 1w 8 C°for 16h 6- 2 C° for 2w 8 C°for 16h
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The interaction between treat-
ments and cold storage period was
insignificant for all studied chemical
properties in three studied seasons.
Moreover, the highest values of total
soluble solids, sugar contents,
TSS/acid ratio and V.C. contents
were recorded on fruits stored under
(Ts) at end of storage period com-
pared with other interaction treat-
ments.

According to previous results, it
could be concluded that intermittent
warming (IW) especially storage un-
der 2°C for 2 weeks followed regu-
larly by 8°C for 8 hours (Ts) seemed
to be the proper and ideal treatment to
prolong cold storage of mandarin
fruits without great reduction in fruit
quality.

4- Storability of Balady mandarin
fruits:

Data presented in Figure (1)
show the effect of certain intermittent
warming on storability of Balady
mandarin fruits as average of three
studied seasons. According to weight
loss increased in a gradual manner
from the beginning or storage till the
end of it. It was generally higher at
low chilling temperature (2°). The
percentage of weight loss of fruits
stored at 2°C was 15.19% after four
months of storage, which decreased
to 11.43 and 9.04% for fruits stored at
8°C (as control) and at 2°C with in-
termittent warming with regularly
8°C for 8 hours every two weeks, re-
spectively. The corresponding weight
loss after three months of storage at-
tained (12.57, 10.97 and 6.75%), re-

increasing storage is common in
fruits. The increased rate of weight
loss in fruits exposed to low tempera-
ture may be due to their higher mois-
ture content due low temperature sto-
rage and hence having the potential to
loss more water but also due to chill-
ing related damage to the rind of such
fruits (Lindhout et al., 2004).

Also, data in Figure (1) indi-
cated that decayed fruits percentage
consistently enhanced with increased
the storage period. Decay percentage
was lower for fruits stored under in-
termittent warming compared to
fruits stored either at 2°C or 8°C.
The decay percentage attained (54.45,
47.78 & 26.67% av. the three studied
seasons) due to store fruits at 8°C,
2°C and intermittent warming, re-
spectively. The corresponding decay
percentage after three months of stor-
age attained (42.22, 3445 and
18.89%), respectively. Decreasing
the decayed fruits under intermittent
warming due to its role in prevent or
reduce chilling injury development
and maintain fruit quality for longer
period (Wang, 1993). So, according
to weight loss and decay percentage
which effect on peel shrink and ap-
pearance of fruits. It could be con-
cluded that the Balady mandarin
fruits could be stored for three
months under 2°C or 8°C and more

-~ four months under intermittent warm-

spectively. Increased weight loss with -
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ing. Extending storage period more
than three months for storage at 2°C
and 8°C produced fruits unsuitable
for consumer acceptance either fresh
fruits or as juice stage.
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Fig (1): Effect of storage period and treatments on fresh weight loss and decay %

changes.

Discussion

Handling and storage is an im-
portant and of vital interest to fruit
production and its quality. Cooling
citrus fruits at optimal temperature
during storage is effected to patho-
logical breakdown, but exposure to
low chilling temperatures cause chill-
ing injury, which may favor the decay
causing organisms. Thus long-term
low temperature storage of citrus
fruits is limited since their sensitively
to chilling (Arpaia & Kader, 2009
and Abdurrab, 2012).

Fresh weight loss and decayed
fruit percentage were increased by
extending cooling storage duration.
Increased weight loss with increasing
storage is common in fruits, but the
increased rate of weight loss in fruits
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exposed to low temperature may be
due to their higher moisture content
due low temperature storage and
hence having the potential to lose
more water but also due to chilling
related damage to the rind of such
fruits (Lindhout ef al., 2004).

Intermittent warming (IW) at
chilling temperature can prevent or
reduce chilling injury development
and maintain fruit quality for longer
period (Wang, 1993 and Kluge et al.,
2003).

The reduction of weight loss
and decay due to store under intermit-
tent warming may be to its role in
prevent or reduce chilling injury.
These results are in accordance with
those obtained by Martinez et al.
(1994); Schirra and Mulas (1995);
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Ladaniya et al. (2005); Mohamed-
Fatma El-Zahraa (2011) and Abdur-
rab (2012). They revealed that use
intermittent warming with low tem-
perature decrease the weight loss and
decayed fruit and maintains fruit
quality for longer periods.

Juice content, titratable acidity
and ascorbic acid (V.C.) content were
significantly declined with extended
storage duration. The rate of de-
creases in these traits were low due to
use intermittent warming (IW).
Ascorbic acid content is an important
constituent of different fruits and the
retention of it has a major importance
during post-harvest handling of citrus
fruits. Ascorbic acid losses to be as-
sociated with chilling injury symptom
development (Ladaniya, 2011).

Chilling temperature causes
stress and accumulation of toxic me-
tabolites resulting in injury but IW
results in depletion of such metabo-
lites before the occurrence of degen-
erative change (Wang, 1993).

On other hand, totals soluble
solids (TSS, TSS/acid ratio) and sug-
ar contents were increased gradually
as prolong the storage period. TSS
and sugar contents were high in fruits
stored under IW treatrhents. This in-
crease could be due to solubilization
of compounds other than car-
bohdyates or to some extent concen-
tration effects. Whereas, the incre-
ment of reducing sugar could be due
to the increase of activity of invertase
enzyme. In addition, the improve in
the TSS/acid ratio since the slight in-
crease in TSS and higher decrease in
acidity with the progress of storage

period, or stored at intermittent

warming {Ladaniya, 2011).

The above mentioned findings
are in accordance with those obtained
by Artes et al. (1993), Schirra and
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Mulas (1995), El-Hefnawi (2002),
Ladaniya et al. (2005), Mahajan et al.
(2006), Ladaniya (2011), Mohamed-
Fatma El-Zahraa (2011) and Abdur-
rab (2012). They concluded that all
fruit quality unsignificantly improve
when stored under intermittent warm-
ing. On the other hand, TSS and sug-
ar contents significantly increased
with advanced cold storage period,
whereas, total acidity and V.C. con-
tent were gradually and significantly
decreased.

Conclusion:

According to the previous re-
sults, it could be concluded that stor-
age of the Balady mandarin fruits un-
der 2°C with intermittent warming
with regularly 8°C for 8 hours every
two weeks would keep the fruits and
maintain their quality for longest pe-
riod.
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