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EFFECT OF STORAGE CONDITIONS ON THE
QUALITY OF ONION BULBS
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ABSTRACT

Onion is one of the important commercial vegetable crops grown on a
large scale in many countries. As the onion bulbs are to be stored for
long period for use during off-season, a considerable loss occurs by way
of deteriorating, sprouting, and moisture evaporation during storage. This
study was conducted to investigate the effect of storage conditions on the
quality parameters of onion bulbs, in objective to keep quality, reduce
losses, prolong shelf life and keep the price stable and ensure uniform
providing of the onion bulbs during the year. Three different storage
conditions were used namely, forced ventilated, natural ventilated and
traditional storage systems. The considered parameters of the onion bulbs
those to be studied are moisture loss, deterioration, sprouting and
marketable percentage. The environmental factors such as temperature
and relative humidity were recorded during storage. The results indicated
that, the average temperature in center of onion pile during the storage
period ranged between 16.73 to 28.61 °C for the forced ventilated, where
it was ranged between 18.18 to 31.03 °C for the natural ventilated, while
in traditional storage system ranged between 19.52 to 32.93 °C. The bulbs
stored under natural ventilated system showed the lowest moisture loss
2.8Y %, and the lowest percentage of deterioration 6.55%, while lowest
percentage of sprouting was recorded for the forced ventilated and natural
ventilated systems 1.47 and 1.52%, respectively. The forced ventilated
and natural ventilated storage systems recorded maximum marketable
percentage (85.31 and 83.55% respectively), compared to traditional
storage system (81.51%). According to above results, natural ventilated
with perforated pipes can be recommended for local community, which
assure simplicity and easy to apply.
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INTRODUCTION
nion (Allium cepa l.) is the bulb of the Alliaceae plant. Edible
Alliums are important vegetables in terms of volume grown and
world trade. In this respect, onion ranks a third after tomato and
potato (Brewster, 1994).

In Egypt, the area under dry onion crop was 30323 feddan and the
annual production  was 410219 tones, the average yield was 13.528
t/fed during 2010-2011 (FAO STAT, 2011). Onion is a perishable crop; it
cannot be stored safely in normal conditions for a long time. Presently,
about 40 % of the onion production is estimated to be lost during the
post-harvest operations including handling and storage. Under all
storage conditions, onion bulbs continuously loose water and dry
matter, but more serious losses arise from storage rots, sprouting
and rooting (Anonymous, 1994 and Pandey, 1989).

Deterioration of onion bulbs in storage is largely influenced by biological
and environmental factors. Onion bulbs are living tissues which
continuously undergo several metabolic processes, and, therefore,
quantity and quality losses between harvest and consumption due to these
processes may adversely affect bulb features (Kader, 1992).

Main factors which lead to deterioration of onion bulbs during storage
are pre and post-harvest conditions and biological factors like respiration,
resumption of growth and pathogen attacks. In Sudan, mud or straw
cottage was used for storing onions. Straw cottage was constructed in
such a way that, they were ventilated by the prevailing wind passing
through them. After five months of storage by this method, 30% loss due
to desiccation. The higher temperature of 30 and 35°C caused less
sprouting but higher rotting and loss in weight was observed compared to
lower temperature (20-25°C) (Musa, et al., 1994). Ramin (1999)
observed in cv. Grano and Dorcheh, sprouting was inhibited at high
storage temperature (25-30°C) as a result of significant reduction in the
relative growth rate of sprout within the bulbs and onions become nearly
dormant and maintained marketability for a period of three months. The
moisture in food has a direct influence on its weight, and weight of
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material is related to its value in dollars. If the weight of fruit or
vegetable in a packing house decreases by 5% due to moisture lost to the
air, the owner has lost 5% of his product, which is 5% of gross income
(Wilhelm et al., 2004).

Moisture and temperature are two important factors affecting rate of
reaction in foods. Some of those reactions tend to degrade foods during
storage. It is thus of major importance to know the temperature
dependence of the rate of some reactions in order to predict product shelf
life (Slade and Levine, 1991).

Onions can be stored at high temperatures of over 25°C at a range of
relative humidity (75-85%) which is necessary for minimizing water loss.
However, weight loss, desiccation of bulbs and rots occurred at high
temperatures, making the system uneconomic for long periods of storage
that is required for successful onion marketing (Thompson et al., 1972).

In tropical climates, high-temperature storage of onions can be achieved
under both ambient and heated storage conditions. Under these
conditions, ventilation must be carefully applied inside the store to
achieve the required temperature and humidity levels (Opara, 2003).

Ranpise et al. (2001) used the conventional onion storage structure called
chawl which has no aeration at bottom, with resulting into lot of bruising
and decay, and also reported onion stored in modified improved storage
structure with bottom and central ventilation, reduced the storage losses
from 99.2 to 70.0 per cent during five months storage.

Tripathi and Lawande (2003) reported that the total losses in low cost
bottom ventilated structure are much lower (35.17%) than recommended
bottom ventilated structure (44.96%), the sprouting and black mould
infection was also lower in low cost storage structure, vary from location
to location, and also with the type of farmers.

Straw cottage was constructed in such a way that, they were ventilated by
the prevailing wind passing through them. The percentage of marketable
bulbs were 50 to 60 After five months of storage by this method
(Maini and Chakrabarti, 2000).
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Due to inadequate cold storage facilities to hold the produce for long
periods, prices plunge at harvest time and large quantities are spoiled
before they could be disposed off. Consumers are also unable to develop
a habit of consuming more onions because onion stocks disappear from
the market within a few months of harvest and by the end of the season
onion prices jump very high. The main aims of this work is to study the
effect of storage conditions on the quality of onion bulbs, so as to reduce
losses, prolong shelf life and keep the price stable and ensure uniform
providing of the onion bulbs during the year. Three different storage
systems were used namely, forced ventilated, natural ventilated and
traditional storage systems. Onion quality assessment was determined by
studying weight loss, deterioration, sprouting and marketable
percentages.

EXPERIMENTAL PROCEDURES

Onion bulbs c. v. of Giza 20 was produced at Waddy Elnatron Farm,
Agricultural Experimental Station of the Faculty of Agriculture, Cairo
University, according to the recommendations of standard agricultural
practices during the winter seasons of 2012/2013. The crop was
harvested on June 2013 when about 75-80% of the plants fall down
and became matured. After harvest, bulbs were kept under a shade
for 7 days in field and for other 7 days in shaded shelter for curing.
Then, for storage studies, 600 kg bulbs were delivered to the Agricultural
Engineering Department, Faculty of Agriculture Cairo University to store
under different bins. The average moisture content of onion bulbs after
harvest was 84+ 1.31%.

Storage bins

The storage bins were designed to use local materials and to be simple to
construct. It is an ordinary farm level storage bin made of wooden pole
frame, woven wheat straw in wall, concrete floor covered with 10cm
straw above the floor and roof was covered with plywood to protect
against rain and direct sunlight. The unit size is approximately 2 m long,
1.5m wide and 3.0 m height as shown in figures 1 and 2.
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Figure 1: Diagram showing the ventilated system (A), chamber (B), onion pile and locations

of sensors at forced ventilated system
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Figure 2 Diagrams showing the natural ventilated system (C), traditional system (D), onion

pile and locations of sensors
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Storage systems descriptions:-

1- Forced ventilated system (with forced bottom ventilation), consists of low
cost storage structure the top portion of structure was covered with conical
shaped roof (thatched roof structures) with plywood; woven wheat straw in
wall and the floor of the structures were covered with 10cm onions straw as a
bed. There was one door opened outside when required. The unit size, length,
width and height were 2 m x 1.5x 2.5m, respectively. This system consist of a
blower (Milano centrifugal fan, model No. 130FLJ1, power 0.085kW, flow
216m%h), was used to provide the ventilation air (delivering based on
recommended fan sizes of 0.047 m® s t* Electricity Council (1981)) measured
by thermo-anemometer (model 407123 mode in Taiwan) located on the air
supply pipe (50 mm diameter manifold) which distributes the air inside the
onion pile through perforated laterals located at different depths 15, 25, and
40cm. The holes (1 cm in diameter) were uniformity distributed on the laterals
surface, 4 holes every 10 cm alternatively placed on the four sides of the pipe
figure 1.

2- Natural ventilated storage system, in this system the same frame,
dimensions, pipes and depths as mentioned at forced ventilation were used, to
distribute air naturally inside the onion pile through perforated holes so as to
achieve a relatively stable temperature and RH within onion pile figure 2.

3- Traditional storage system, this is a common used system of onion storage,
to simulate this system the same frame and dimensions as mentioned before
was used, without bottom ventilation and the onion was piled traditionally
inside it figure 3.

Each storage system was filled with 600 kg cured bulbs (200 kg/treatment)
which were stored directly on the floor of the storage structures. Each
treatment was divided into three replications; the bulbs were stored for 8
months.

Meteorological data

During the period of experimentation, the daily temperature and relative
humidity were recorded 4 times at 6:00 a. m., 12:00 noon, 6:00 p. m., and
12:00 a. m. at various locations in onion pile, storage structures and the
ambient temperature by Data logger (Labjack U3-HV, ).
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Measurements:

1- Moisture loss percentage

The moisture loss in weight percentage was calculated using the formula given
below:

Wo _Wn

ML(%) { }xlOO

0

(1)
Where, W, = Initial weight, kg

W= Weight after n days, kg
2- Deterioration percentage
The deteriorating percentage on stipulated months after storage was
determined by observing onion bulb showing symptoms of rotting, sprouting,
and diseases were separated and weighed. The deteriorating percentage
monthly was calculated by using the formula:

weight of the deteriorated bulbs

deterioration percentage = x100 2)

initial weight of bulbs

3- Sprouting percentage

For determination the sprouting percentage on stipulated days after storage, the
bulbs showing a sprout were separated from the experimental lots and weighed
on an electronic balance. The sprouting percentage which indicated the weight
of bulb sprouted was calculated by using the formula:

, weight of the sprouting bulbs
Sprouting percentage = 100 3
P sP g initial weight of bulbs ( )

4- Marketable bulbs (%)

At the end of storage period (8months), the rotted, defected and shrinkage
bulbs were separated and the weight of healthy bulbs was recorded. The
recovery of marketable bulbs was calculated by using the following formula:-

Weight of the healthy bulbz obtained
Initial weight of bulbs stored

RESULTS AND DISCUSSION
Onion quality parameters such as moisture loss, sprouting and deterioration
percentage were determined for the onion stored under different storage
conditions (forced ventilated, natural ventilated and traditional storage
systems) .

Marketable bulbs (%) =

x100  (4)
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1- Storage conditions:

a. Temperature:-
Temperature and relative humidity were the most important environmental
factors that affect the onion bulbs during storage. Figure (3) shows the average
temperature of the different onion storage systems compared with the ambient
temperature during the storage period from July to February. It could be seen
that the average temperature changed from 31.35 to 17.45 °C for the forced
ventilated storage system, while, it changed from 33.07 to 18.96 °C for the
natural ventilated storage system. On the other, the traditional storage system
temperature changed from 34.97 to 18.68 °C compared to 30.4 to 10.1 °C for
the ambient temperature.
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Figure 3: Temperature variation at the center of onion pile during the storage periods
under forced ventilated (S1), natural ventilated (S2), traditional storage
system (S3) and ambient condition (T amp.).

b. Relative humidity:-

Figure (4) shows the average relative humidity inside the different onion
storage systems under study compared to the ambient relative humidity. The
figure shows that, relative humidity decreased from 70.89 to 64.25% for the
forced ventilated storage system, where it was changed from 75.1 to 65.55%
for the natural ventilated storage system. While, in traditional storage system
relative humidity changed from 77.14 to 67.05% compared to 68 to 57% for
the ambient temperature.
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Figure 4: Relative humidity variations at the center of onion pile during the storage
periods under forced ventilated (S1), natural ventilated (S2), traditional
storage system (S3) and ambient condition (RHamn).

2- Onion quality:
2-1 Onion moisture loss:
Moisture loss is usually known to occur due to dehydration, transpiration,
respiration, rotting, sprouting, etc. and it is generally caused due to prevailing
high temperature and low humidity in the environment. It has been observed
that although high humidity effectively reduced weight loss, it favoured fungal
development, especially at higher temperature (Shippers, 1968).

Data in Figure 5 revealed the effect of different storage systems (forced
ventilated, natural ventilated and traditional storage system) on the moisture
loss of onion bulbs during seven months of storage periods. The mean
percentages of accumulation moisture losses were 12.01, 12.2 and 14.65% for
the onion stored under forced ventilated, natural ventilated and traditional
storage system, respectively. The results also revealed that, the moisture losses
of onion bulbs after the first month of storage were 2.190, 2.450 and 2.713%
for the same previous order, respectively. While the moisture loss percentage
at the last month of storage periods were 2.653, 3.247 and 3.513% for the
onion stored under natural ventilated, forced ventilated and traditional storage
systems, respectively.

Misr J. Ag. Eng., July 2014 - 927 -



PROCESS ENGINEERING

Forced ventilated and natural ventilated system, recorded the lowest moisture
loss percentage which was probably due to less transpiration and respiration
due to low temperature and high relative humidity as presented in Figures 3, 4,
and as a result of reaching equilibrium in relative humidity between the air and
onion pile. In comparison with the results of Jamali, et al. (2012) who found
that, overall physiological weight loss after 60 days of storage was 7.74% in
Nassarpuri cv., 8.86% in Phulkara cv. and Indian bulbs gave maximum loss in
weight 10.89%.
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Figure 5: Accumulative moisture losses percentage of onion stored under forced ventilated,

natural ventilated and traditional storage systems.

Also the moisture loss increased with the advancement of storage period. This
result agrees with that found by Gubb and Mac-Tavish, (2002) who reported
that, the weight loss of bulbs ranged from 2 to 5% of fresh weight/ month
during the first month of storage depend on the cultivar. The general trend,
however, high rate of physiological weight loss within the first month, possibly
due to transpiration through the dermal system, and the neck and stem regions,
before completely sealing to reduce rate of moisture loss at storage. These
results have been elucidated by Kader (1992) and Brewster (1994).
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The moisture loss during the first four months of storage was due to the
prevailing of high temperature according to the metrological data measured
during this periods as shown in Figures 3 and 4, and the positive correlation
between temperature and moisture loss percentage r’= 0.93, while the highest
moisture loss during the remain months of storage as a result of deterioration
and sprouting as appeared in Figures 6 and 7. The results are supported by
Maw, et al., (2005) who found that weight loss varied from an average of 4%
for cold storage, to 6% for controlled atmosphere storage, and 54% for the low
humidity and warm air storage as based upon the original weight of onions
placed in storage.

Regression analysis was carried out to find a relationship between the moisture
losses (ML) as a function of storage period (t, 1-8 months) under different
storage systems. The most appropriate forms were as follows:

ML = 0.7521 (t) - 1.9146 (R*>=0.770) for forced ventilated system (1)

ML = 0.8011 (t) - 2.0883 (R?>=0.732) for natural ventilated system (2)
ML = 0.9314 (t) - 2.3862 (R2=10.754) for traditional system €))

2-2 Onion deterioration:

The main factors which cause onion deterioration during storage are pre and
postharvest conditions and biological factors like respiration, resumption
of growth and pathogen attacks.

Figure 6 shows the deterioration percentage of onion bulbs stored under the
three types of storage systems (forced ventilated, natural ventilated and
traditional storage systems). Initially, there was there was no deterioration up
to the third month of storage. The mean percentages of deterioration were
0.813, 1.934 and 2.802% for the onion stored under forced ventilated, natural
ventilated and traditional storage system, respectively. The results also
revealed that, the deterioration percentages at the last month of storage periods
were 3.87, 7.73 and 10.04% for the same previous order, respectively. Also,
there were a positive correlation between temperature and deterioration r?=
0.987.
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Figure 6 Deterioration percentages of onion bulbs stored under forced ventilated, natural

ventilated and traditional storage systems.

The highest deterioration percentage in traditional storage system may due to
high temperature and relative humidity compared to the other systems as
shown in Figures 3 and 4. These results in line with the results of Bangiwar
and Shirsat, (2000), and Chavan et al. (1997), who found that , due to the
buildup of respiratory heat and humidity within the onion pile creating
favourable conditions for the proliferation of the spoilage pathogens.

With respect to the percent of deterioration during all the stages of storage
period, the lowest deterioration and black mould was observed in natural
ventilated storage and forced ventilated, this may be due to proper ventilation
as well as minimum fluctuation in storage temperature. In compare with the
results of Maw, et al., (2005) that, with shrinkage by volume, under low
humidity, warm air storage a corresponding total loss of weight was noted,
being approximately 29, 36 and 40% for successive treatments of onions
having a 10, 15 and 20% contamination, respectively. These results also
confirm with finding of Aoyagi et al., (1997) who described that, decay of
bulbs is increased with increase in temperature and storage period.

Regression analysis was carried out to find a relationship between the
deterioration of onion bulbs (D) as a function of storage period (t, 1-8 months)
under different storage systems. The most appropriate forms were as follows:
D= 23775(t) - 3.5812 (R*=0.913) for forced ventilated system (4)

D= 1.9548 (t) - 2.2471 (R2=0.977) for natural ventilated system (5)
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D= 2.4649 (t) - 1.7936 (R2=0.973) for traditional system (6)

2-3 Onion sprouting:

A glance of the results presented in Figure 7 revealed that there was no
sprouting up to the fifth month of storage, in all the tested treatments (forced
ventilated, natural ventilated and traditional storage systems). These results
might be due to the onion dormancy and higher temperature at these periods of
storage. The results of metrological data revealed that mean ambient
temperature of stored onion bulbs remained between 34.97 to 29.05 C during
this period. These results are supported by Jamali, (2012) who find that, high
temperature of 35°C + 2°C and relative humidity in onion bulbs store was
mostly below 75%, therefore sprouting, rotting and fungus attack could not
develop in stored onion bulbs under these conditions. The mean sprouting
percent of the bulbs were 0.34, 0.48 and 0.63% for the forced ventilated,
natural ventilated and traditional storage systems. The highest sprouting
percentage was recorded at last month of storage 2.39, 3.39 and 3.88%, for the
same previous order, respectively.
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Figure 7 Sprouting percentages of onion bulbs stored under forced ventilated, natural
ventilated and traditional storage systems.

The highest percentage of sprouting in traditional storage system (3.88%) may
be due to poor ventilation which could result in the build-up or humidity
pockets within the onion pile and help to promote sprouting and also sustain
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the continued more vigorous growth of these sprouts. This result is in line with
the findings of Bongiwar and Shirsat (2000). Also might be due to low
ambient temperature during this period and reduction of the accumulation of
humidity within onion pile, this confirm with finding of Va’zquez-Barrios, et
al., (2006) who found that, there was more sprouting in onions stored at 10 and
15 °C than at low (0 “C) or high (40 °C) temperatures., in addition to higher
deterioration of bulbs during this periods as mentioned in Figure 6.

The lowest sprouting percentages were recorded in forced ventilation, these
results were attributed to the low relative humidity reduced sprouting and also
better air movement amongst bulbs pile under these methods of storage which
probably reduced the sprout percentage and prolongs the dormancy period.
This confirms the mention of Thompson et al., (1972) that the onion bulbs are
naturally dormant at maturity and the length of this dormant period varies with
the cultivar and conditions under which the bulbs were grown and stored.
Salunkhe and Desai (1984) described sprouting as a normal physiological
change in stored bulbs that develops reproductive shoots.

Regression analysis was carried out to find a relationship between the
sprouting percentages (S) as a function of storage period (t, 1-8 months) under
different storage systems. The most appropriate forms were as follows:

S= 0.7521 (t) - 1.9146 (R2=0.770) for forced ventilated  (7)
S= 0.8011 (t) - 2.0883 (R2=0.732) for natural ventilated (8)
S= 0.9314 (t) - 2.3862 (R2=0.754) for traditional system (9)

2.4. The marketable onion bulbs:-

Data in Table 1 shows marketable percentage of onion bulbs during storage for
seven months under three different storage systems (forced ventilated, natural
ventilated and traditional systems), and the mean of marketable bulbs recorded
85.31, 83.55 and 81.51% for the onion stored under forced ventilated, natural
ventilated and traditional systems, respectively. While the marketable
percentage decreased by increasing of storage periods and it reached the lowest
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percentage (72.35, 70.36 and 66.07%, respectively) by the end of storage for
the same previous order of systems, respectively.

Table 1: The marketable onion bulbs:-

Storage systems Marketable onion % Means
Storage periods
Jul. Aug. | Sept. | Oct. Nov. | Dec. | Jan.

Forced ventilated 100.0 | 94.99 | 89.98 | 84.96 | 79.94 | 7497 | 72.35 | 85.31

Natural ventilated 100.0 | 94.66 | 88.64 | 81.30 | 77.28 | 72.63 | 70.36 | 83.55

Traditional storage | 100.0 | 92.66 | 87.63 | 79.29 | 73.96 | 70.99 | 66.07 | 81.51

Means 100.0 | 94.10 | 88.75 | 81.85 | 77.06 | 72.86 | 69.59
LSD at 0.05 For treatment = 1.478
For storage periods =1.812
For interaction =1.046
CONCLUSION

The quality of onion as affected by different storage conditions was studied
and the obtained results could be concluded as follows:

1- The average temperature inside the different onion storage systems
compared with the ambient temperature during the storage period ranged
between 31.35 to 17.45 °C for the forced ventilated storage system, where it
was ranged between 33.07 to 18.96 °C for the natural ventilated storage
system. While, in traditional storage system temperature ranged between 34.97
to 18.68 °C, compared to 30.4 to 10.1 °C for the ambient temperature

2- The average relative humidity ranged between 70.89 to 64.25% for the
forced ventilated system, where it was ranged between 75.1 to 65.55% for the
natural ventilated system. While, in traditional system temperature ranged
between 77.14 to 67.05 % compared to 68 to 57% for the ambient RH.

3- The lowest moisture loss was recorded in natural ventilated system 2.83%,
while the lowest accumulation moisture losses percentages 12.01 and 12.2%
were recorded at forced ventilated and natural ventilated systems, respectively.
4- The bulbs stored under natural ventilated system showed lowest percentage
of deterioration 6.55%.

5- While lowest percentage of sprouting 1.47 and 1.52% was recorded at
forced ventilated and natural ventilated systems, respectively.

6- The lowest mean percentage of marketable bulbs 81.51% was recorded at
traditional storage system.
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According to above results, natural ventilation with perforated pipes can
be recommended for local community.
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