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EFFECT OF HARVESTING STAGE AND STORAGE
TEMPERATURES ON THE STORABILITY OF BANZAHIR

LIME FRUITS
El- Helaly, Amira A. E.
-Hort. Res. Station, Sabahia, Alex, Hor. Res. Ins., A.R.C. Giza, Egypt.

ABSTRACT

Limes (cv. Banzahir) at two harvesting stages (light green and yellowish
green) were harvested, in 1997 and 1998 seasons, and stored at three storage
temperatures 7, 13°C or RT (18-21°C and 78-85% RR). Effects of harvesting stage
and storage temperature on extending storage period and fruit quality were studied
Banzahir fruits at both stages stored at RT, 7 and 13°C remained 4,8 and 12 weeks,
respectively.

The highrest significant percentages of unmarketable fruits were found in
fruits at both stages slored at RT, while the lowest ones in those stored at 13°C.
Generally, the difference was not significant between unmarketable fruits percentages
of limes at both stages stored at the same temperature. During the first period of
storage (4 weeks), rind colour of fruits at both stages stored at 7°C was similar to
those stored at 13°C, while storage at RT hasted colour development. The differences
between storage at 7 and 13°C were noticed after 8 weeks of storage, storing at 7°C
retarded the progress of colour change. Weighi loss percentages in yellowish green
fruits were significantly lower than those in light green ones, at all storage
lemperatures. The least significant percentages of weight loss were found in fruit
stored al 13°C. As the storage period advanced, TSS percentages increased,
whereas V.C content decreased. Citric acid percentages did not change significantly
during the first period of storage (4 weeks), but thereafter decreased. V.C content was
affected by storage temperature, generally, the highast values were found in fruits
stored at 13°C. Harvesting stage clearly influenced acidity, light green fruits had
higher percentages of citric acid than yeflowish green ones.

Keywords: Storability, room temperature, Banzahir iime and harvesting stage.

INTRODUCTION

Egypt is alarge producer of citrus fruits. In 2000 , the production was
nearly 2,401,054 tons (According to statistics of Ministry of Agricutture 2001).
Storage of perishable citrus fruits is very essential to adjust consumption
supply and (o make these commadities available all over the years. Banzahir
iime is one of these fruits which could be stored during its abundance or peak
supplies to spread the crep along period to heip balance supply, demand and
to maintain a reasonable stable price for producers as well as for marketing
agencies and consumers.

As being semi-tropical fruits, almost all citrus were susceptible to low
temperature injiry. Lemons and limes 2re especially susceptible to cold
storage breaxdown, {Hulme, 1971). Pantastico ef al. (1968) reported that lime
fruits are subjected to pitting at temperatures of 7.5°C and below. However,
Bleinroth et al. {1976) reported thal Tahiti imes stored well for up to 2 months
at 6°C but atover 7°C they lost their green colour within 4 weeks. Whereas,
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Hardenburg et al. (1986) rectmmended, for storage lime fruits, termperature
is 9 to 10°C. Anyway, definite the optimum temperature for storing lime fruits
is very important for minimum decay and maximum quaiity. Storage below
that temperature subjects the fruits to physiological disorders, such as
bronzing pitting of the peel and the pits may coalesce and form [eathry,
brown, sunkenh areas on the rind, while storage above, causes other
physiological disorders as well as increasing percent of decay.

The present study was done lo investigate the effect of storage temperatures
and harvesting stage on the storability of Banzahir lime fruits.

MATERIALS AND METHODS

Banzzhir limes were harvested in 1997 and 1998 seasons, from a
private orchard in Hosh lssa region, Behira Governorate. The soil was
classified as a clay soil. The lrees were twenty years old, budded on sour
orange rootstocks spaced at 5x5 meters a part, and received the cultural
practices commonly adopted in that area. Fruits were picked with care at two
harvesting stages, light green and yellowish green.

In January, each stage was represented by 570 fruits were taken at
random from the trees and were about the same size and free from obvious
defects. Thirty fruits of each stage ware used as an initiat sample for physical
and chemical analysis. The remaining fruits of each stage were washed in tap
water and air dried by the aid of an electric fan. Each stage was divided into
small groups, 30 fruits each (10 fruits for each replicate), and packed in mesh
bags, i.e. there were 18 bags for each stage. All bags for both stages were
put in 18 plastic boxes (60 x 40 x 18 cm). Each box contained two bags
represented the two harvesting stages (light green and yellowish green).
Boxas were divided inlo three lots, the first six boxes were stored at room
temperature {18-21°C and 78-85% RH), the second stored at 7°C and the
third stored at 13°C with refative humidity 85-90%.

Treatrments were six as follows:
. Light green fruits stored at RT.
. Yellowish green fruits stored at RT.

. Light green fruits stored at 7°C.

. Yellowish green fruits stored at 7°C.
. Light green fruits stored at 13°C.

. Yellowish green fruits stored at 13°C.

N W N -

Fruits of each treatment were evaluated at 14 days-interval,
A sample of 30 fruits (10 fruits {or each replicate} was taken for each

treatment to study th2 effect of the diffarant experimental treatments on:

1. Rind ¢olour
Fruit rind culour was matcine-i with the citrus calour chart of Harding

el al. (1940), (Fig. 13

€ 4
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Fig.1 Colour char used for determining the rind colour of citrus
fruits, similar to tha1 used by Harding e al.(1940).
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2. Weight loss

Fruits were weighed at 14 day- intervals in each sample during
storage period and loss in fruit weight was recorded and calculated as a
percentage from the initial weight.
3. Unmarketable fruits

The number of unmarketable fruils due to chilling injury, decay and

chrinkage calculated as percentage from the total number of each sample.

4. Total soluble solids

Total soluble solids in the juice were determined by a hand
refractometer.
5. Ascorbije acid {V.C)

Calculated as mg/100 ml juice according to A.O.A.C. {1985).

B. Titratable acidity
Titratable acidity of the juice was expressed as percentage of citric

acid according to A.C.A.C (1985).

Statistical analysis:

Data were siatistically analyzed according to Snedecor and Cochran
(1971). As the light green and yellowish green fruits were included in the
same experiment, one error was caiculated for the whole experiment. As the
error variance is independent from treatment means, 1SD values were
calculated from this pooled error.

RESULTS AND DISCUSSION

Storage period

The data presented in Tables (5 and 6) clearly pointed out that fruits
at both harvesting stages stored at RT remained only 4 weeks of storage,
while those stored at 7°C lasted 10 weeks, fruits stored at 13°C could be kept
for 12 weeks, This may be explained by storage at high temperature causes
an increase of fungal infection, respiration rate and ethylene production, while
storage at low temperature subjects the fruits to physiological disorders such
as pitting and breakdown of the peel (Rygg and Harvey, 1959). Kawada and
Kitagawa {1994) reported that storage temperature is important for
minimizing fruit injury and decay of citrus.

1. Rind colour
From the data demonstrated in Tables {1 and 2)and Fig |, it was
noticed that fruils at each harvesting stage had the same initial colour, (Letter

E) for light green and {Letter G) for yellowish green .The colour developed as
the storage period advanced in both experimental seasons. These findings
agreed with those oltained by Bleinroth et al. (1978) on limes and lemons
and Predebon and Edwards {1952) on Eureka and Lisbon lemons.
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Table (1): Effects of various treatments on rind colour of Banzahir lime
fruits during storage in 1987.

r Treatments
! Weeks in | Light |Yellowish| Light [ Yellowish | Light | Yellowish
l storage green green green | green green green i
RT RY 7°C_ | 7€ 13°C 13°C
0 E G E | G E G
2 G i EF ' GH F G
[ _4 J J F_ | _Hd F H-l |
. _ 6 - | - F i | GH I |
8 - F-G | 1 H T |
i 10 - P H o g
T2 - R S S X
Table (2): Effects of various treatments on rind colour of Banzahir lime
fruits during storage in 1998.
f . Treatinen's |
i Weeks in Light | Yellowish | Light Yellowish Light Yellowish |
{ storage green green green qreen green green |
l RT RT 7°C 7°C 13°C 13°C
| 0 E G [ G E G
! 2 H i E-F G | E-F G
T4 J J F -l F H-1
6 - - F [ G !
! 8 - FG__ ! ] G-H i )
L 10 - - J - H | 1-J
i 12 - H - H [ N

Mfter first period of storage (4 weeks), nnd colour of fruits at both
harvesting stages, stored at 7°C. was simiiar to that of those slored at 12°C.
while storage at RT resulted to haste colour development. The differences
between storage at 7 and 13°C were noticed after 8 weeks of storage, storing
at 7°C retarded the progress of cotour change of light green fruits, in both
seas;ns. Slorage at RT enhanced the development of fruit colour, was
previousiy noticed hy Heika! and Others (1965} on Egyptian lemons and
Schiffmann-Nadei (1975) on lemons. Nam and Kweon (1989) reported that
high temperature hastened colour change of salsurna mandarin.

2. Weight toss

The data presented in Tables (3 and 4) and Figs( 2 and 3) indicated
that the percentages of weight loss, in both years of study, significantly
increasad as the stcrage period advanced. Similarly, Rana and Kartar (1992)
reported that percentage weignt Inss of sweet orange fruits increased with
increasing storage time.

It was clearly noticed that, in both seasons, weight loss percentages
in yellowish green fruits were significantly lower than those in light green anes
at all storage temperatures. The significant highest weight loss percentages
were found in fruits stored at RT (17.32-18.69% and 14.18-20.13% in 1997
and 1993, respectively), as an average for 4 weeks.
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After 8 weeks of storage, the lower average percentages of weight
loss were in fruils stored at 13°C (8.50-10.27% and 7.54-10.55%,
respectively) compared with those in fruits stored at 7°C (1141-15.36% and
13.23-18.53%, respectively). These findings were in agreement with those
obtained by Bhullar {1983). He found that, when Kagzi lime fruits were stored

at RT the physiological weight loss was 16.1%. Storage temperature directly

influenced the weight loss percentages, (isshak el al., 1976). They reported
that weight loss percentages of Eureka lemons were 12.36 and 15.88% after
3 months of storage at 10.0 and 15.6°C, respectively. Likewise, Hino et al.
(1990) mentioned that weight loss of lyo (Citrus iyo) fruits was greater at
20°C than at 5 or 10°C. Rate of weight loss was minimal of Encore mandarins
stored at optimum temperature, (Manclopouiou- Lambrinou and
Papadopouiou, 19895).

3. Unmarketable fruits

The data nominated in Tables {5 and 6) and Figs ( 4 and 5) declared
that there was a gradual increase in the percentages of unmarketable fruits
with the progress of storage period. This could be due to 1- Fruit chilling
injury (for those stored at 7 or 10°C), 2- Fruit sarinkage as a resuits of
moisture loss, 3- Fungal attack of the fruits such as green and blue molds
and Alternaria rot and 4-Fruit senescence and consequently rapid
delerioration of the fruits. These findings agreed with those obtained by
Hulme (1971) on limes and lemons and Bertolini et al. (1991) on Femmineilo
comune lemons.

The differences were not significant between unmarketable fruits
percentages of limes at both stages stored at the same temperature, except
those stored at 13°C in both seasons and at 7°C in first one, as an average
for 8 weeks, where unmarketable fruits percentages in yeliowish green fruits
were significantly higher than those in light green ones. However, these
findings were not in line with those obtained by Lafuente etal (1897)on -
Fortune mandarins.

The least significant percentages of unmarketable fruits were found
i fruits at both stages stored at 13°C {0.00%) compared with those stored at
RT (46.67-50.00%) as an average for 4 weeks, in both seasons. The same
trend was found afier 8 weeks of storage, as the average unmarketable fruils
percentages in [ruits stored at 13°C were 2.004.00% and 2.00-6.0% as
compared with 32.00-34.00% and 34.00-36.00% in 1997 and 1998,
respectively in those stored at 7°C. These findings were in harmony with
those found by Kawada and Kitagawa (1994) on Sudachi fruits. They
reported that storage temperature is important for minimizing fruit injury and
decay. Besides, Manolopsoulou-Lambrinou and Papadopoulou (1995) on
Encore mandaiins, noticed that under optimum conditions, rot development

and physiological disorders were minimal.

4, Total soiuble solids {TSS)
The data in Tables (7 and 8} and Figs (6 and 7) indicated that TSS
percentages significantly increased as the storage period advanced, as an

average for il treatments, in both years of study.
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These findings were confirmed by those found by Echeverria and
Ismail (1990) on fruils of Citrus imettioides cv. Palestine: Rana and Kartar
(1992) and Atftia (1995) on oranges They all reported that TSS increased
during storage.

Regarding harvesting stage. the data showed that, in the first srason,
the differences were not significan! between averages TSS percenitzic cf
fruits at both stages stored at the same storage temperature, except at 7°C
TSS percentages of yellowish green fruits were significantly higher than thosa
of Iignt green ones, as an average for 8 weeks. In the second seascn, the
averages TSS perceniages were significantly higher in yellowish green fruits
than in light green ones slored at the same slorage temperature Likwise,
Abd-El-Baki and Hassan (1963) indicated that percentages of TSS in veilow
Banzahir fruits were higher compared with those in yeliow green ones. The
data also showed that storage temperature had no significant effect on
average TSS percentages of fruits at both harvesting stages in both years of
study, except in the first one, yellowish green fruits stored at 7°C had
significant higher TSS percentage than those stored at 13°C as an average
for 8 weeks of storage The results were in agreement with those obtained by
Kanlayanarat et al. (1988) on Citrus hassake. They mentioned that storage
temperature (2-20°C) didn't affect levels of total soluble solids.

Furthermore, Nam and Kweon (1989) an satsuma mandarn noticed
that levels of soluble solids were not influenced by migh temperalure (20%).
The results were not in line with those found by Hino ef al (1990) who
noticed that juice sugar content of lyo (Citrus iyo) fruils increased with
increasing temperature. However, the increase in Brix value during storage in
some citrus fruits cultivars is not always directly related to changes in fruit
simple sugar content, (Echeverria and Ismail, 1990).

5. Ascorbic acid (V.C)

The data presented in Tables {9 and 10} and Figs ( 8 and 9} declared
that, as an average for ali used treatments, the vaiues of V C sigrificantly
decreased as the storage period advanced, in both expenmental seasons
The fall in V. C values at the last period of storage could be explained as the
ascorbic acid may be easily oxidized in the oresence of O, s¢ when celiular
disorganization occurs, as a result of senescence cr rot, the enzymes which
may be responsible for the oxidative destruction of the V.C {ascrobic acid
cxidase, phenolase, cytochrome oxidase and peroxidase) da their oxidative
activities (Hulme, 1870). The reduction of V.C. content during storage was
confirmed by Heikal and Others (1985} on Egyptian lemons B8ilisli ef af
{1970} reported that eoxidation of V.C in the lemon {ruits of 3 cys increased
with stcrage temperature (10-13°C).

The fruits al both harvesting stages stored at 13°C had significantly
highes! average values of V.C compared with those stored at 7°C or RT, in
both seasons, except in first one, light green fruits stored at 13°C gave almost
similar V.C. values as those stored at 7°C and lower values than those stered
at RT, as an average for the first period of storage (4weeks).
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Also in the second season, the differences were so slight to be
significant between V.C. values of yellowish green fruits stored at 13°C and
those stored at 7°C, as an average for 8 weeks. The results were agreed with
those found by Eaks (1961). He found that lemons stored at 12.8°C for 3
months lost little ascorbic acid but, at 24°C significant loss occurred.
However, Brune and Others (1968} found that during storage for 46 days at
21°C, vitamin C cof Baia orange fruits increased slightly, but at 7.5°C there
was a sfight reduction.

Concerning, harvesting stage, V.C. percentages of fruits stored at
RT, were significantly higher at light green stage than at yellowish green one,
in both seasons, as an average for 4 weeks. Whereas, the average vaiues of
V.C in those stored at 7 or 13°C were higher in yellowish green [ruits than in
light green ones, in the first season. The differences were significant in all
cases, except lhose stored at 7°C, as an average for 8 weeks. (n the second
season, the results were somewhal different. The insignificant effect of
harvesting stage on V.C content was found in fruits stored at 7°C {as an
average for 4 or 8 weeks) and at 13°C (as an average for 4 weeks).
Whereas, yeflowish green fruits had significantly lower values of V.C
compared with light green ones stored at 13°C, as an average for 8 or 12
weeks of storage. These findings were in harmony with Khalifah and
Kuykendall (1965). They reported that the time of harvest of Valencia
oranges, seems (o influence the effect of storage temperature on the loss of
V.C. Brune and Others (1988 noticed that in 3 out of 4 trees of Eugenia
uniflora the ripe fruit contained considerable less V.C than the green fruit, but
in the 4 th, with the highest values throughout, the ripe fruit contained much
the highest percentage.

6. Titratable acidity

The data obtained from Tables (11 and 12) and Figs (10 and 11)
showed that in both seasons, citric acid percentage, as an average for all
applied treatments didn't significantly change during the first period of storage
{4 weeks) thereafter, the percentages of citric acid decreased with the
progress of storage period, as an average of the 4 remained treaiments. The
constancy of acidity during the first period of storage was previousiy reported
by Zhang ef al (1994) on Natsudaidai fruits. They found that titratable acidity
showed no marked change occurred before 79 days of storage. The
decreasing in citric acid values at the end of storage was also pointed out by
Singh et Af. (1988) on Kinnow mandarins.

In general, storade temperature had no significant effect on average
percenmages of ciric acid in fruits at both harvesting stages, except, as an
average of 4 weeks yellowish green fruits stored at RT had significantly
higher citric acid percentages than those stored at 7 or 13°C in the first
season. Desides, citric acid percentages of light green ones were significantly
higher at RT than at 7°C, in the second season. These findings agreed with
those found by Narm and Kweon (1989) on satsuma mandarins, but not in line
with those noticed by Murata and Yamawaki {1992},
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Concerning harvesting stage, the data clearly showed that average
percentages of citric acid in light green fruits, stored ai all atorage
temperatures (7, 13°C or RT) were significantly higher than those of yellowish
green ones, except those stored at 7°C in the second season, as the
differences were not significant, as an average for 8 weeks. These findings
were in accordance with those obtained by Naim et af. {1993). They noticed
that acids were less in Cadoux and Nour clementine fruits harvested at ripe
stage.

CONCLUSION

Banzahir lime fruis either at light green or at yellowish green stage.
stored at RT.7 or 13°C remained 4, 8 and 12weeks of storage, respectively
The highest significant percentages of unmarketatle fruits were in ones at
both harvesting stages stored at RT The slage of harvesting had insignificarit
effect on the percentages of unmarketable fruits, on the contrary it
significantly influenced weight loss and acidity. Storage temperature affecied
rind colour, weight loss and V C content.
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