J. Agric. Sci. Mansoura Univ., 27(9): 6147 - 6170, 2002
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ABSTRACT

Avoiding fungicide use on lime fruits, an experiment was performed in 1998
and 1999, to investigate the influence of hot water dip, (50 °C, 5 min), stage of
ripeness ( colour - break and uniform yeliow ) and chilling storage temperature { 5 or
10 °C  and 85 - 90 % RH) on the storability of Banzahir limes. Fruits at both stages
either treated with hot water or control, stored at 5°C, remained only 8 weeks of
storage, whereas those stored at 10°C lasted 12 weeks. With the progress of storage
pericd, rind colour developed, percentages of weight loss and unmarketable fruits
significantly increased, TSS almost remained constant in the first season and slightly
increased at the end of storage period in the second, while V.C and citric acid
contents significantly decreased.

Hot water lreatment, generally, had no significant effect on storage period or
fruit quality {rind cofour, weight loss, unmarketable fruits, TSS, V.C and acidity).
Yellow fruits had significantly lower weight ioss and citric acid percentages, and higher
V.C content, compared with colour-break ones. Storing fruits at 10°C resulted to
extend storage period and hastened cofour change. Furthermore, weight loss and
unmarketable fruits percentages were lower, while citric acid {except of fruits at yellow
stage in the second season) and V.C contenis were higher than those stored at 5°C,
TSS percentages didnt significantly influence by hot water treatment, stage of
ripeness or storage temperature, except for colour-break heated fruits stored at 10°C
in the second season.

It could be concluded that long storability with good quaiity was found in
colour-break fruits stored at 10°C.

Keywords: Banzahir lime. ripeness stage, chilling injury, storage temperature,
storability and postharvest.

INTRODUCTION

The total citrus area in Egypt reached 342,674 feddans produced
2.401,054 tons of fruits in 2000. From this planted area, 36,383 feddans were
planted with lime trees produced 274,484 tons of fresh fruits (according to
statistics of Ministry of Agriculture, 2001). Because most of the Banzahir lime
yield appears tn August and September, the Banzahir lime growers don't get
the most out of their orchards because the price during that period drops
sharply, while during the rest of the year the price is extremely high.
Spreading the crops of the Banzahir lime over a longer period is highly
desirable {rom ke grower as well as the consumer.

Coid storage of limes is best practiced using a relative high
temperature (10-13°C}, but that is not sufficient to suppress diseases or keep
feuits intact in good conditions, so fruits should be exposed to anti-decay
treatments. Pesticide residues constitute a problem for public health (Wagner
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amd Molserg, 1988). Hot water dip treatment as a safe method, proved its
usefulness in reducing decay and the sensitivity of citrus fruit to chilling injury
(Rodov et al.,, 1985). Chilling injury drasticaly limits the storage and marketing
of limes, {Pantastico ef al,, 1968).

Therefore the objective of this study was to determine the effect of
high femperature through ho!l waler dip treatment on Banzahir limes at fwo
ripeness stages during storage at 5 and 10°C. Thereby, supplying the local
market with acceptable eatable fruits with suifable price for both producers
and consumers for long time after the critical period of late September.

MATERIALS AND METHODS

This investigation was carried out in two successive seasons, during
1998 and 1998. on Banzahir limes (Citrus aurantifolia). Fruits from 22 years
old trees, budded on scur orange roolstocks, and grown in a private orchard
in Delengat, Behira Governorate were used. On the first weeks of January for
both seasons, fruits were picked at two ripeness stages (colour-break and
uniform yellow}. 750 uniform, free of bruises fruits, of each siage were picked.
For each stage, thity fruits were used as an initial sample for physical
parameters and chemical anajysis every season. Half of the rest fruits of
each stage (360 ones) were dipped for 5 minutes, in hot water (50°C) and the
second half were dipped in tap water (control) for the same period. Fruits
were air dried, divided into small groups, 30 fruits each (10 fruits for each
replicate), and packed in mesh bags, i.e. there were 24 bags for each stage.
All bags (48 ones) were put in 12 plastic open boxes (60 x 40 x 18 ¢cm). Each
box contained 4 bags which represented 4 different treatments (colour-break
heated, colour-oreak controf fruits, yellow heated, yeliow control ones). Six
boxes were stored at 5°C with relative humidity of 85-60%. The other 6
remained boxes were stored at 10°C with the same percentage of humidity.

There were B treatments as follows:

Colour-break fruits dipped for 5 min in hot water (56°C), stored at 5°C.
Colour-break fruits dipped for 5 min in tap water (control) stored at 5°C.
Yellow fruits dipped for § min in hot water (50°C), stored at 5°C.

Yellow fruits dipped for § min in tap water {control), stored at 5°C.
Colour-break fruits dipped for 5 min in hot water (50°C), stored at 10°C.
Colour-break fruits dipped for 5 min in tap water (control), stored at 10°C.
Yeflow fruits dipped for § min in hot water [50°C), stored at 10°C.

Yellow fruits dipped for 5 min in tap water (control), stored at 10°C.

Fruits of each treatment were evaluated at a 14 days-interval
throughout the storage pericd. A sample of 30 fruits (10 fruits for each
replicate) was taken for each treatment, to study some physical and chemical
characteristics as follows:

MNP B Wl =

1. Physical characteristics:
a. Rind colour
Fruit rind colour was matched with the citrus colour chart of Harding el al.

{1840). (Fig. 1).
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., .

Fig.t Colour chart used for determining the rind colour of citrus
[ruits, similar to that used by Harding et al.(1940).
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b. Weight loss

Fruits were weighed at 14 day-interavals in each sample during
storage and the loss in fruit weight was recorded and calculated as a
percentage from the initial weight.
¢. Unmarketabte fruits.

The number of unmarketable fruits due to chilling injury and decay
was calculated as percentage from the total number of each sample.

2. Chemical characteristics
a. Totat soluble solids (TSS})

Total soluble solids in the juice were determined by a hand
refractometer.
b.Ascorbic acid (V.C})

It was calculated as mg/100ml juice according to A.Q.A.C. (1985).
¢, Titratable acidity

Titratable acidity of the fruit juice was expressed as percentage of
citric acid according to A.O.A.C. {1985)

Statistical analysis:

Data were statistically analyzed according to Snedecor and Cochran
(1971). As the colour-break and uniform yellow fruits were included in the
same experiment, one error was Calculated for the whole experiment. As the
error variance is independent from treatment means, LSD values were
calculated from this pooled error.

RESULTS AND DISCUSSION

Storage period

Data recorded in Tables (5,6) indicated that fruits at both ripeness
stages either treated with hot water or control, stored at 5°C remained only 8
weeks of storage with unmarketable fruits ranged from 70 to 90% in first
season and 60 to 80% in the second, compared with 0.00% in both seasons
for ones stored at 10°C, after B weeks of storage. Whereas, those stored at
10°C lasted 12 weeks with unmarketable fruits 20-30% in both seasons. it
could be concluded that, storage temperature is the most effective factor of
storage Banzahir limes at both stages of ripeness. Hardenburg ef al. (1986)
recommended a lemperature of § to 10°C and BS to 80% relative humidity
for storage lime fruits. Optimum storage temperature is important for
minimizing fruit injury and decay (Kawada and Kitagawa, 1994).

1. Physical characteristics
a. Rind colcur

According to the colour chart (Fig. [), the data illustrated in Tabies (1
and 2) showed that fruits of each ripeness stage had the same initial coiour
(letter E} for colour-break and (letter H} for uniform yellow, in both years of
study. As the storage period advanced, there was a considerable colour
developmeni of fruit at both ripeness slages.
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In general, hot water treatment did not affect fruits rind colour at both
stages of ripeness, stored either at5 or 10°C. These results weren't in line
with those found by Williams et al. (1994) on Valencia oranges. They noliced
that fruits received a hot waler immersion treatment showed enhanced colour
development. On the other side, El-Shiekh (1996) reported that hot water
immersion of Marsh grapefruits resuited in lower colour intensity after 90 days
of storage.

The rate of progress in colour, generally, was higher in the fruits at
both stages, stored at 10°C compared with those stored at §°C. These
findings were in accordance with those obtained by Nam and Kweon (1889)
on Satsuma mandarins and Predebon and Edwards (1992} on Eureka and
Lisbon lemons.

b. Weight loss

The data existed in Tables (3 and 4) indicated that, the percentages
of weight loss, as an average for all applied treatments, were increased
gradually, in both experimental seasons, as the storage period advanced.
The differences among all storage period were sigrificant. These results were
confirmed by those found by Fioravanco et al. (1995) on Tahiti imes; Schirra
et al. (1997} on Tarocco oranges and El-Mughrabi (1998) on Baiady oranges.

Weight loss was influenced by stage of ripeness. Yellow fruits either
treated with hot water or control, stored at 5 or 10°C had significantly lower
percentages of weight loss than those of colour-break ones, as an average
for 8 or 12 weeks of storage, except in the second season, as the differences
between weight loss percentages of yellow and colour-break treated fruits
stored at 10°C, were not significant, as an average for 12 weeks of storage.

Hot water treatment had no effect on the fruits weight loss
percentages at both stages of ripeness, either stored at § or 10°C, with one
exception, as colour-break treated fruits stored at 5°C had significantly lower
percentages of weight loss than those of control ones, as an average for 8
weeks of storage. These findings were in harmony with those obtained by
Gonzalez-Aguilar et al. (1997) on Fortune mandarins. However, the resulls
were not in line with those found by Mclauchlan et al, (1997) on Eureka
lemons. They noticed that, the rate of fruit weight loss was lower in heat
treated fruits (47-53C° for 1-3 min) than controls,

Weight loss percentages of fruits stored at 10°C were significantly
lower than these stored at 5°C, in both seasons, as an average for 8 weeks
of storage. These findings were in agreement with those obtained by
Manolopoutou-Lambrinou and Papadopoulou (1895) on Encore mandarins.
They reported that at cptimum storage temperature the rate of weight ioss
was minimal.

The least significant weight loss percentages were found in yellow
fruits stored at 10°C (7.06-7.29 and 6.96-7.59 in 1998 and 1899, respectively)
and the highest ones in colour-break fruits stored at 5°C (18.08-19.48 and
18.45-20.35, respectively). as an average for 8 weeks of storage. Concerning
the last pericd of starzge, =il the former fruits had the least percentages of
weicht loss {(992-11.06 and 9.62-10.84, respectively) as an average for 12
weeks,
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c. Unmarketable fruits

Data nominated in Tables (5 and €) disclosed that the percentages of
unmarketable fruits, as an average for al! treatments, were significantly
increased, in both seasons, as the storage period advanced. Hot water
treatment had no obvious effect on reducing the percentages of
unmarketable fruits at both stages of ripeness either stored at § or 10°C,
except in the second season, as yellow treated fruits stored at 5°C and colour
break anes stored at 10°C had significantly lower percentages of
unmarketable fruits than those of control ones, as an average for 8 and 12
weeks, respectively. These findings confirmed by those found by McLauchlan
et al. (1997). They noticed that heat treatment (47-53°C for t-3 min) had no
significant effect on the incidence of disease at all duralions of storage
Eureka lemons. However, the results were not in line with those obtained by
Rodov et al. {1995) and Schirra and Mulas {1995b) on lemgns,

The effectiveness of ripeness stage on the percentages of
unmarketable fruits, was noticed when yellow fruits were stored at 5°C, they
had significant lower percentages of unmarketable fruits than those of colour-
break ones, as an average for 8 weeks in both seasons, except in the first
one, for treated veliow fruits. Similarly, Obenland et al {1996} found that
green lemons were injured more severely than yellow ones. On the other
side, at 10°C yellow control fruits had significant higher perceniages of
unmarketable fruits than colour - break ones in the first season, as an
average for 12 weeks. These findings were i harmony with those found by
Naim el al. {1995} on Clementines and Lafuente et al. (1997} on Fortune
mandarins.

The percentages of unmarketable fruits were greatly influenced by
storage {emperature. Fruits at both siages treated with hot water or control,
stored at 10°C had 0.00 and 0.00-2.00% unmarketable ones in 1998 and
1999, respectively, as an average of 8 weeks of storage, while those stored
at 5°C had 36.00-41.33% and 25.33-39.33% respectively. As an average of
12 weeks of storage, the former fruits had only 4.29-7 14% and 2.86-7.14%,
respectively. The highest percentage of unmarketable fruits of those stored at
5°C could be attributed to fruit chilling injury, as the limes were susceptible to
cold storage breakdown, membranos stain, albede browning and pitting. The
pits may ccalesce and ferm leathery, brown, sunken areas on the rind,
thereafter, the lissues weakened as they are unable to carry on normaf
metabalic processes and consequently various physiological and biochemical
alterations occur in chilling-sensitive tissues in response to chilling stress.
These were in accordance with those found by Pantastico ef al. (1968) on
limes. The Refrigeration Research Foundalion (1983) reported that Tahiti
imes can be stored satisfactory at 9-10°C for §-8 weeks.

2. Chemical characteristics
a. Total scluble solids (TSS)
The data presented in Tables (7 and 8) indicated that the

percentages of TSS, as an average of all treatments, almost remained
constant duning the storage pericd, in the first season.

6156



J. Agric. Sci. Mansoura Univ., 27(9), September, 2002

“|INBf 500 3B Jussaylp jueayubis Jou Bae s1aaf awes sy Aq pomolioy sebrsaay

190'8 £89°€ 80,7 10D
89L'S 09LC 206t SO0
uonaelalyy _uOtwn_ mmmuouw Slusudlead | as
T eviL (AR LS a6Tv 96ZY ) -1 - - - obesany]
® 0052 00°0E 000g 000z | 000z - - N R Tt
q05ZL 000z 0001 0001 gooL | - - - _ oL
8022 £v9Z 9891 g
6LE'S 1861 ¥220 100
| uoIDEI pouad obeinys sjusimesl] SO0 Qs
q
“ P 000 P 000 pPO0Q p 000 200°9¢ BECLY |AELiC | €ELE abessny|
2000 | BESZ LY 000 000 000 000 | 000Z 00'G6 0006_ | 0008 8
5000 | 4052€ 000 000 0070 00°0 0002 2999 | /99 | /09¢ ol
9000 | 200G 000 000 000 000 0008 G0'OE 000e | 000E [ o
5000 PGZ9 000 000 000 000 00°0% 0002 gooL_Jo0CL_| %
5000 3000 000 000 000 000 000 000 000 LY 0
3.04 2:01 T
SlUBLWEA] lodjuod 3em oy [D.01 10NUOD] DGl Jajem JaS e85 D.5100U0]) | O,6 1IEM aBeIoN
p 15€} 3U) LR moak WEDIG 1oH Wesq oD 191EM YOy Heau 1OH ¥eaun ! SO
o m-mm_man. wmmhw)( \._._._._0____.:3 LDy -in0jos Pl e _50__0_» wrapun 30:&% Loy -InGa7 Rlivivy] '
| Sjusaillleal) 1 L

‘g66 L U1 aBEI01S plaa Buuap sinyy au MJezuRg sjgeiatewnn Jo abejuadtiad s UC SHUBWIESI} SNOLIBA JO 30553 1§ &aE L

6157



El-Helaly, Amira A. E. and M. E. Sobieh

"19AR] S0°0 12 JUAISHIP JUENIUBIS JoU B4k SI8Y)a| dutes ayl AQ pomoi(0) sobriaay

Sy Ol IR 68CE 10D ﬂ
Lvb i Z85°¢ 6Z£'C SO0
uoIDRIB)U; pouad sbeioig siuaunesas |
A L qe1/6 [ oq62F |EBpl2 1oggz | - - - -
EQ52Z D0CZ | 000z | 000E | 0002 ] -1 - -
90004 000} | 000l [00DZ | 000 - - - - 0%
9z8'g BOB'T 9t Q0
rL1s'9 L8907 geze 500
uonseIay| pouad abelolg saLnesl | J'81
PO0OZ P0O00 [PO0O [PQGOGC | 9002t OgEGe | BELEBE |
l\ 2000 BGL8E 000 00¢ | 00¢ oo o008 0009 o008
opgZ | A%tz 600 00'0 000 000 oo v 4995 2969
| 3000 30521 000 000 000 | OO | 0DDE oool 00 0€
_ 2000 pP&Z'9 000 000 goo | ooo0 oL | 000 | 000Z
i 8000 00D 00’0 000 no'o 000 | 000 | 000 ooo | ol
.01 D04 204 001 25 e 2:5 Do
sjuawies)] ¢ |onuad e JoH |0UOTy | 1AEM 10K s F1]e ] la1em Joy L1111 1sle} IAJEA 10H abEn1
158 ayy Jo sbesany | abelany mopak MOY1BA HEDI] weaig LTS moyak yeaq | yEQIG w S¥3TAA
wuopun T HINTa] -InoeD | -inojod wosun wepun -Jnoen 4 ~nojo] | '

sjuaunes,) | Li
6661 Ul abesojs pIo2 m:_._:_u S} sy Jiyezueg s|qelaxsewun jo sbejuasiad uc syuaWeEd} SNOUEA JO JJ8lS {a} aiqe)

6158



J. Agric. Sci. Mansoura Univ., 27(9), September, 2002

uesyiubis o 15N

‘1ard] §0°p e Jusdoyip juedurufils jou are siale) swes ay; Aq pamojro) sabesaay

SN SN SN 100 ]
SO0
UoN2EIBIU| pouad abelojg sjuawieal] as
] [ s06 | o6 | 626 | zi& | - - - - obesanyl
| 806 00’6 088 €56 po'6 - - - - __ ¢}
£} 006 006 | tEB 0Z'6 ] - | - ot i3
SN t2e0 SN DO
vz 0 o0
uoljoRIS| poiad abeloig siudwEsl | as
~ 1 0% 116 EC6 €16 i1 | i06 606 | zeg |  @ebeisav
AN eLES 008 006 006 ir'6 006 i¥'6 00'0L £5°6 8
z6 8 988 006 498 | 008 Q0e 008 tL'B iZ8 L I 9
L £Z'6 BECH 00’6 ve | iP6 060’6 006 £EB 006 £E96 | ¢
L6 €246 006 4] FA A4S 006 £e'6 00’4 L gL s 4
LB EQDLE 0cE 0z6 | 078 0z6 | 026 026 | gge | oZe 4 1
sLBLES abetany _Nﬂwh.o ._mmaio“o: Ean.u_._eo_(u @.wa;o#—oz TG D09 _Enwwwo _Hmmﬂﬂox
¥ 1SS By LLLTTETS LLIIELS wealq Yeaiq [esu0 1EM 10y wealq yEAIq afelols
jo abelaay unopun | wuopun -1nolog -nojeD) MO|[@A LUOJIUN | MD||2A LD | -nojod Jnolen U SYIIAA _,
L SIET TR ] _

"866L ul sberoys

pioa Buunp synyy awi| Jiyezueg jo {SS1) SPIlos 21gqn|os |v1o] afejuasiad UO SjuUsLEON} SNICURA JO 109y3 :}) 2qe;

6159



Ei-Helaly, Amira A. E. and M. E. Sobieh

uedjubBis JON (SN

"|eAs| SO0 I8 wasagip Juesubls 10U aIe S4ala) awes oyl Ag pamojjol sabelany

rH Zre0 SN 00€0 100
Z090 90Z'0 s0°0

uonoeIs| pouad sfelolg SjusLneas) o5

— ~_ D116 q¢C8 _ 2006 [®s¥6 _“ - - nl - - I*,/ abeiany

Sr'6 298 00’6 9B A4 - - - - ch

_ 0c6 | 0z6 | 006 [ &€s 96 | - S I T Y
B YoL O v¥Z 0 080 10D
6¥5'0 v8L0 g/2'0 SO0

Lofoelau) pouad atelo)g sjuauean] as

PIGI06 | GE L6 |P0B8 |BOF6 [9QECLB |o0e w6 [POAYOE | PO 006 abeIdAy|

iZ6 (egLs 006 026 006 | 186 £E'6 296 .98 £E'6 ﬁ

806 JPE'8 006 Q0'0l 0o0'g [ %5 X6 006 €68 {98 9

ZL'6 q2 90’6 036 0G'6 006 e D06 006 008 00’6 N 4

80'6 G2 406 006 Q06 006 £E'B 006 07’6 oD'8 008 [4

I LE'6 qLL'B [ :] £EB 00’6 008 EEB [y V0] ou'e 0

D01 Dl 20t D0k D6 | DB Da§ 065
sluawean |Onuoa Jamem oy 1oNueD | 191eM 10K lonuoo 19EM 104 l0/u0g | SMEM I0H obeiols
¥ 1SE) ay) jo sbeiony| abelaay YIRS mapad yealq ¥Balq L IELS mo|ak Neauy weaiq Gl SHIAMA

E._D.*_CD WIoLIUEy .._SD_DU -INQ[ED wthafiun uliopun -In0)jooy -Ino0 B

SlGeleal] — ]

"666} ujabeioys
pjo2 Buunp spnyy awl| Jyezuegd Jo spljos ajqnjos [ejo) abejuaniad syl uo Ssuaweal) snoueA jo 13843 g} aqel

6160



J. Agric. Sci. Mansoura Univ., 27(9), September, 2002

The same trend was found in the second one, as an average for
fruits stored at 10°C, while they increased at the end of the first storage
period (8 weeks), as an average for all treatments. These findings were in
harmony with those obtained by Subedi (1998) on mandarin oranges at 5
maturity stages. He reported that total soluble solids content of fruits
remained unchanged during storage.

TSS percentages were not significantly influenced by hot water
treatment, stage of ripeness or storage temperature, except in the second
season, as colour-break heated fruits stored at 10°C had sigificant highest
percentages of TSS compared with those of control ones (as an average for
8 or 12 weeks), those stored at 5°C {as an average for 8 weeks) and yellow
ones stored at 10°C (as an average for 12 weeks).

The insignificant effect of hot water treatment on TSS percentages,
was previously reported by many investigators such as Schirra and Mulas
{1993) and Schirra et al. (1998) on grapefruits; Schirra and Mulas (1995a)
and Schirra et al. (1997) on Tarocco oranges and Borthakur and Ranjit
(1998) on Baramasi lemons. Regarding ripeness stage, the results were not
in fine with those obtained by Abd El-Baki and Hassan {1963). They found
that TSS of Banzahir lime yellow fruit was more than that of yellow green.
Concerning storage temperature, the results were confirmed by those found
by Kanlayanarat etal. (1988). They found that TSS of (Citrus hassaku) fruits
was not affected by temperature (2-20°C) after 30 days in storage.

b. Ascorbic acid (V.C)

The data introduced in Tables (9 and 10) declared that there was a
significant reduction of V.C content during storage, as an average for alt used
treatments, in both years of study. These results were confirmed by those
obtained by Sharafat et ai (1990) on Blood red oranges and El-Zayat ef af.
(1998) on lemons, limes and sweet lemons. Isshak et al. (1976) reported that
the general trend of ascorbic acid in lemon fruits was slightly decreased
during storage at different colour stages and temperatures.

Hot water treatment had no significant effect on V.C content, as an
average for B or 12 weeks of storage, in both seasons, except in the second
one as V.C contents of yellow heated fruits stored at 10°C were significantly
higher than those of the control ones, as an average for 8 weeks. These
findings were not in {ine with those obtained by Kawada and Kitagawa (1986)
as they noticed that warming citrus fruits reduced the V C content. On the
other side, Artes ef al. (1993} mentioned that V.C. values of Primofori lemons
increased after warming treatment during storage.

It was clearly noticed that V.C contents of fruits stored at 10°C were
significant higher than those of ones stored at 5°C, as an average for 8 or 12
weeks of storage in both experimental seasons. These results were not in
harmony with those found by El-Zorkani {(1968). He reported that no
significant differences between the two storage temperatures (5 and 17°C),
were observed in respect to their influence on V.C of Eureka lemons, stored
for 60 days.
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However, lzumi et a2} [1980) noticed that V.C content of Hayashi
mandarins remained constant at 5°C but decreased gradually at 15°C, during
storage for 2 months.

In bath years of sludy, V.C values of yellow fruits were significantly
higher than those of colour-break ones, as an average for 8 or 12 weeks, wilh
one exception in the first season, as the differences were so slight to be
significant between yellow heated fruits stored at 10°C and colour - break
ones, as an average for 8 weeks. These findings partly agreed with those
found by Abdiand Mojdeh (1994). They noticed that V.C content of Satsuma
mandarins was higher at the orange-yeliow and orange stages than that at
yellow green and yellow stages.

C. Titratable acidity:

The data obtained from Tables (11 and 12) declared that the
percentage of citric acid, as an average for all applied treatments, were
significantly decreased as the storage period advanced. The reduction in
citrus acidity was mainly due to a decrease in citric acid, malic acid content
being little affected. Both citric and malic acid contents were reduced by cold
storage, (Kawada and Kitagawa, 1986). The results were confirmed by those
cbtained by El-Gazzawy (1973) on limes, El-Nawam (1991) on oranges;
Cohen et al {1991) and Subedi (1998} on mandarin oranges. They all
recorded a decrease in fruit acidity as the storage period advanced.

The data also revealed that, in both seasons, hot water treatment
had no significant effect on citric acid content, except for colour-break fruits
stored at 10°C, as citrnie acid percentages in heated fruits were significantly
higher than thoge in control ones, as an average for 8 or 12 weeks in first
season and for 8 weeks in the second one. Similary, Schirra and Mulas
{1983} on Orblanco grapefruit; Schirra et al {1995) on Cvale Kumquat;
Schirra et al. (1997) on Tarocco orange and Borthakur and Ranjit (1998} on
Baramasi 'emen fruits. They all stated that acidity was not sigificantly affected
by hot dip lreatment. However, the results were not in line with those found
by El-Shiekh {1996) on Marsh grapefruit. He noticed that water irmmersion of
fruits at 48°C for 2 or 3h resulted in lower titratable acidity.

Citric acid percentages at 10°C were significantly higher than those
at 5°C, for fruits al both stages in first season and colour break ones in the
second, as an average for 8 weeks of storage. These findings were In
agreement with those oblained by Murata and Yamawaki (1992) on several
varigties of citrus fruits. However, the results were not in harmony with those
obtained by Kanlayanarat et a! (1988). They found that titratable acidity of
{Citrus hassaku) fruits was not affected by temperature (2-20°C) until after 30
days in storage. Citric acid content was greatly affected by rnipeness stage.
Colour-break fruits had significantly higher percentages of citric acid than
yellow ones, in both seasons, as an average for 8 or 12 weeks of storase.
The results agreed with those obtained by Naim ef a/. {1995} on Cadoux and
Nour clementines. Likewise, Abdi and Mojdeh (1994) on Satsuma,
Clementine mandarin and Thomson navel sweet orange, noticed that the
highest acidity was found at the yellow-green stage and the lowest at the
orange stage
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CONCLUSIONS

Storage temperature is the most effective factor of storage Banzahir
limes, as fruits stored at 10°C remained 12 weeks while those stored at 5°C
lasted only 8 weeks. Long storability with gooc quality was found in colour-
break ones stored at 10°C.

inspite of high temperature through hot water dip treatment (56°C, §
min) was recommended for reducing decay and sensitivity of several varieties
of citrus fruits to chilling injury such as March and Red blush grapefruits,
Fortune mandarins and Eureka lemons, it is clearly noticed that itis not
sufficiently suitable for Banzahir lime fruits. Therefore the authors confirm on
the importance of trying another high temperatures and durations of water
dips.
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