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Abstract

The main aim of this work was to study the effect of curing methods on the onion losses during storage.  Onions were cured using four methods as follows: (a) field curing for 11 days (traditional), (b) solar drying for three days, (c) artificial curing (emergency curing) at 45-50 oC for 10 hours and (d) no curing.  Onion losses at the end of curing process were determined for each method.  The cured onions were stored at (a) room temperature (25-27 oC and 45-75% RH) and (b) low temperature (4-6 oC and 65-80% RH).  The losses of onion were determined at intervals during the storage period.  The results indicated that the highest losses (4 %) were recorded when the onion cured at the open field for 11 days, followed by solar drying treatment (2.95 %) and the lowest losses were 2% for the artificial curing treatment at the end of curing process. During storage, there were no significant differences in moisture losses for all treatments of curing under both storage conditions.  The total losses recorded during storage period for the onion at room conditions were higher than those of cold storage conditions for all curing treatments. The highest total losses were recorded for no curing treatment, followed by solar curing treatment under room conditions storage, while the lowest losses were recorded for the field curing treatment.  There was no onion sprouting until the end of experiment when onion was stored at room conditions, while by the second month, onion started to sprout under cold storage conditions and increased by the end of experiment.  The highest sprouting percentage was recorded for the field curing treatment (19.17%).
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Introduction
The onion (Allium cepa) is usually cured after harvesting to allow the injured and bruised surfaces to be healed, also to form the periderm during the healing process.  Under the currently used system for onion curing in Egypt, the onion is windrowed in the open field for about 1-2 weeks under the ambient conditions.  During this process, onion bulbs are exposed to the direct solar radiation, which causes sun scald.  In addition to the losses due to moisture evaporation and the attack of pests.

Curing is an essential step in preservation of onions.  Curing seals the interior of the onion from the intrusion of diseases during postharvest storage and shipping.  Curing involves drying the outer skin, cauterizing incisions that may exist through the outer ring, sealing the neck or roots from the intrusion of disease organisms (Maw et al., 1997). The aims of curing may be to kill any fungal mycelia which develop on the bulb, in particular those of the rot neck fungus, Botrytis allii.  This can be done by heating the onions to 36-38 oC for at least five days (Harrows et al., 1969).  Curing in the field is the least expensive of all methods and allows nutrients to return from the tops to the bulb, thus enhancing quality.  Yet suitable climatical conditions for this to occur in the field can not be guaranteed (Smittle and Williamson, 1978). 

Heat treatment of onion has been studied for drying bulbs in order to reduce the moisture content of the outer dry scale and also to curtail the spread of fungal pathogens during long-term storage. Drying in a current of air at 30 oC over a period of 4-8 days has been recommended (Anon, 1989).  Pre-storage conditioning of the bulb using forced air has been explored (Lepori et al., 1970; Bondareva, 1974; Buffington and Gustshaw, 1976; Marinov et al., 1979).  Heat treatment could be also beneficial in reducing microbial spoilage.  Buchanan (1969) and Peters et al. (1978) reported that curing onions by hot air could reduce the spread of Botrytis allii.  D’yachinco (1979) reported that rot causing organisms may be destroyed by treatment for 24h at 45 oC or for 20h at 48 oC.

It has been established that heat treatment at 50oC for 3h resulted in the death of 18, 50 and 100% of dry, wet and germinated spores, respectively, of the principle pathogen Aspregillus niger (Thamizharasi and Narasimham, 1993).     


Outside air may be used for onion curing or the air may be artificially heated to 24-29.5oC if outside air was too cool or humid.  For this added curing period about 25000cm3/sec of air per m3 of onions is usually adequate.  During this forced ventilation, the bulbs should lose 3-5% of their pre-storage weight, the neck should become dry and the outer scales brittle. Over-curing will cause excessive loss of outer scales and excessive humidity or temperature during curing may cause staining the outer scales.  Condensation on the onion should be avoided (Ryall and Lipton, 1979).  


The main aim of this work was to study the effect of curing methods on the onion losses during storage.  The specific objectives were: (a) to determine the losses of onion after the curing process, (b) to record temperatures and RH of the air as well as the onion bulbs during the curing process, and (c) to determine the onion losses and onion sprouting. 

Experimental procedures 

This study was carried out at the Department of Agricultural Engineering, Moshtohor Agriculture College, Zagazig University, Benha Branch during the period of May-September, 2000. Onions were cured using four different methods (artificial curing, solar curing, field curing and no curing treatment).  Curing bin was constructed from steel and covered with a black color plastic sheet.  The bin was divided into 4 shelves.  Temperatures and RH of the air as well as the onion bulbs were recorded during the curing process.  Onion bulbs were cured artificially by forcing a heated air through a bin, which has four shelves and covered with plastic sheet for 10 hours.  Onion bulbs were cured by using the same bin but it was covered with a black sheet (opened from the top) and exposed to the direct sun radiation for three days (solar drying).  Onions were left on the opened field for 11 days as it is usually practiced by the Egyptian farmers (field curing).  Weight loss was also recorded for each treatment. The cured onions were stored at (a) room temperature (25-27 oC and 45-75% RH) and (b) low temperature (4-6 oC and 65-80% RH).  The losses of onion were determined after curing and at intervals during the storage period.

A local cultivar (Giza 20) grown in Qalioubia Governorate, Egypt was used.  This cultivar is characterized by its marked pungency, high dry matter content, firm and tight outer scales, and closed neck which enable it a longer storage period.  Ten samples of onion bulbs were taken randomly to measure the average polar and equatorial diameters, neck diameter, neck length, the average weight and the initial moisture content of bulbs before storing.  These were 4.9±0.08 cm, 4.69±0.74 cm, 1.1±0.3cm, 1.5±0.45cm, 106±36.6 g and 86.5±2.4 % (w.b.), respectively. 

The Curing Bin


The curing bin, in which the onion bulbs were placed during the curing process, was constructed from steel covered with plastic.  The length, width and height of the bin (Figure 1) were 0.5, 0.5, and 1.0 m, respectively.   The bin frame was made from 4cm x 4cm steel angles. The bin was divided into 4 shelves.  
Heated Air forcing System


The heated air forced system consisted of a blower, heated air source and main duct.  A blower of maximum pressure 35m and maximum vacuum is 8m, working on 220v, 50Hz, max. discharge is 1.4 m3/h and 2850 rpm (International, Model OB-60)  was used to provide the heated air.  It was operated using a 0.5 hp, electric motor. 

Measurements
1. Dry-Bulb Temperature

A digital scanning thermocouple (ISO VENDOR CERTIFIED 9001- Cat. No. 92800- New York, USA) was used to measure the temperature at various locations in the onion curing bin as well as the ambient temperature.  A control board was constructed to record the temperature readings using a number of switches equals to the number of thermocouple sensors.  Thirteen thermocouple sensors (Type T, Cat. No. E-08500-74, Hanwell, London, UK) were located at various positions of the curing bin and one thermocouple sensor was used to measure the ambient air temperature.

2. Relative Humidity


Thermohydrometer (Sigma II Model NSIIQ - Type No. 7210.00 - SK SATO-KEIRYOKI MFG. CO., LTM - Tokyo - JAPAN) was used to record the relative humidity in the curing bin as well as the ambient relative humidity of the air surrounding the bin.


3. Moisture Content  


Samples were taken weekly to determine the moisture loss. Onion samples were weighed before and after drying.  Onion samples were dried using drying oven at 105 oC until a constant weight was obtained according to AOAC (1996). 

4. Onion Deterioration

The stored onions were inspected monthly to determine the percent of deterioration. The spoiled onions were weighed and the accumulative percentage of deterioration was determined (from the original weight of the onion).  

Results and Discussion

1.  Curing:


1.1. Artificial Curing:

Figure 2 shows the recorded temperatures of ambient air and onion bulbs, relative humidity, and onion weight losses at different bin shelves for the artificial curing process.  It indicated that the temperature (ranged from 45-50 oC) decreased from the bottom towards to the top of the curing bin and the reverse was happened for the relative humidity values (ranged from 25-45%).  The highest weight losses were recorded for the onion at the first shelf (3.0%) followed by the second, third and fourth shelf (2.4, 1.5 and 0.64 % respectively).  This was due to the higher temperature and lower relative humidity, which was the main characteristics of the air incoming to the curing bin; moreover, the air velocity was higher at the entrance than those at the other shelves.      


1.2. Solar Curing:

Figure 3 shows the effect of temperature and relative humidity on the weight losses of the onion during the solar curing process.  The results indicated that the weight losses increased for the onion on the top of the bin because they were exposed directly to the sun beside the black sheet was acting as a solar collector.  It indicated also that the temperature decreases from the bottom of the bin to the top of it and the reverse was happened for the relative humidity values.  The weight loss percent from the onion increased as we go upward in the onion bin, this was due to the solar radiation affects the first layers facing the sun more the followed layers. 

1.3. Field Curing 

Onions were left on the open field for 10 days as it is usually practiced by the Egyptian farmers.  Figure 4 shows the effect of temperature and relative humidity on the weight losses of the onion during the curing process.  Onion weight losses increased with the time of curing.  The results indicated that the average onion surface temperature during the daytime ranged from 20-50 oC and the average ambient temperature ranged from 20-35 oC.  The ambient relative humidity ranged from 30-90% during the day and night times.  

At the end of curing process, the average onion weight losses for the different curing treatments were shown in Figure 5.  It shows that the highest losses (4%) were recorded for the onion which was cured at the open field for 11 days followed by the solar cured onion (2.95%) and the lowest percentage (2%) was recorded when the onion bulbs were cured artificially for 10 hours.  The results indicated that the losses of the onion that received a field curing were as twice as of the artificial curing treatment, this maybe due to the curing period of field curing was longer than those of the other curing methods, also there was high fluctuation of the ambient conditions around the field cured onions.

2. Onion losses during storage


2.1. Moisture losses


Figure 6 shows the accumulative moisture losses during storage period at room conditions as influenced by methods of curing.  By the first 4 weeks, the highest losses (2.95 %) were recorded for the onion, which cured using solar radiation while the lowest losses (2.1 %) were recorded for the onion, which cured artificially.  By the end of storage period, the highest moisture losses (8.37 %) were recorded for the onion which cured at the field while the lowest losses (6.41%) were recorded for the onion which did not receive any curing. 


Figure 7 shows the accumulative moisture losses during storage period at cold storage conditions as influenced by methods of curing.  After the first 4 weeks, the highest losses (1.94 %) were recorded for the onion, which did not receive any kind of curing while the lowest losses (1.3 %) were recorded for the onion which cured at the field because the transpiration coefficient of the cured onion is substantially less than those of the uncured commodities (Van der Berg and Lentz, 1971).  By the end of storage period, the highest losses (8.55 %) were recorded for the onion, which cured at the field while the lowest 

losses (6.24 %) were recorded for the onion, which cured using the solar radiation.  Generally, the moisture losses ranged from 6.4-8.6% for all curing treatments under both room and cold storage conditions, these results agreed with those obtained by Boyette et al. (1992). 

2.2. Total Onion Losses: 

Figures 8 and 9 show the total accumulative onion losses under both room and cold storage conditions for the onion curing treatments.  At room conditions, the lowest losses (13.3%) were recorded when the onion received field curing while the highest losses (19.15%) were recorded when the onion was cured using solar radiation for three days.  At cold storage, the lowest losses (8.90%) were recorded when the onion received field curing while the highest losses (12.95%) were recorded when the onion did not receive any kind of curing.  It indicated also that there were no significant differences in the total losses between the onion, which received artificial, field or solar curing.  

Generally, the total losses recorded at all curing treatments when the onion stored at room conditions were higher than those stored at cold storage conditions.  It was higher by 6.6 % for the artificial curing treatment, 8.85% for the solar curing, 4.4% for the field curing and 3.9% for the no-curing treatment. 

2.3. Onion sprouting at cold storage

No sprouted onion bulbs were observed for the onion, which stored at room conditions during the entire storage period.  But at cold storage the onion started to sprout after the second month of storage for the all curing treatments as shown in Figure 10.  It indicated that the onion which cured at the field recorded the highest percent of sprouted bulbs (19.17%), followed by the onion which cured by solar radiation (9.59%), followed by the onion which did not receive any curing (7.92%) and the lowest percentage (7.3%) was recorded for the onion which cured artificially.

Conclusions

1. The artificial curing was a fast and safe method for onion curing before storage but still is an added expense to the onion production.  The moisture losses were higher for the onion at the shelves which facing the heated air stream.  Artificial curing temperature ranged from 45-50 oC and the relative humidity values ranged from 25-45 %.

2. Solar curing is less expensive as compared with the artificial curing which allows the solar radiation to dry onion faster than the field curing in addition to the onion is protected from the direct solar radiation.  The moisture losses were higher for the onion at the shelves which facing the sun radiation. 

3. The field curing is the least expensive of all curing methods but it recorded the highest percentage of losses during the curing process, storage as well as the highest sprouting %.

4. During storage, there were no significant differences in moisture losses for all treatments of curing under both storage conditions.  The total losses recorded during storage period for the onion at room conditions were higher than those of cold storage conditions for all curing treatments.

5. The highest total losses were recorded for the solar curing treatment, followed by no curing treatment under room conditions storage, while the lowest losses were recorded for the field curing treatment.

6.  The highest total losses were recorded for no curing treatment, followed by solar curing treatment under room conditions storage, while the lowest losses were recorded for the field curing treatment.

7. There was no onion sprouting until the end of experiment when onion was stored at room conditions, while by the second month, onion started to sprout under cold storage conditions and increased by the end of experiment.

8. The highest sprouting percentage was recorded for the field curing treatment (19.17%).
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الملخص العـــــربى
تأثير طريقة العلاج التجفيفى على فواقد البصل أثناء التخزين
عادل بهنساوى
مدرس الهندسة الزراعية – قسم الميكنة الزراعية – كلية الزراعة بمشتهر

جامعة الزقازيق – فرع بنها

ملخص البحث
يعتبر البصل من المحاصيل الهامة فى مصر ليس فقط من الناحية التصديرية ولكن على مستوى الإستهلاك المحلى.  يهدف هذا البحث إلى دراسة تأثير طرق العلاج التجفيفى للبصل (Curing) على فواقد البصل اثناء عملية العلاج وايضا اثناء التخزين.  وقد تم تجفيف البصل بعد الحصاد بأربعة طرق مختلفة ، وهذه الطرق هى:
(1) علاج تجفيفى بالهواء الساخن على درجة حرارة من 45-50 درجة مئوية ورطوبة نسبية من 25-45% لمدة 10 ساعات.

(2)  علاج تجفيفى باستخدام اشعة الشمس باستخدام نفس غرفة التجفيف السابقة وتغطيتها ببلاستيك اسود اللون لمدة 3 أيام.

(3)  العلاج التجفيفى الحقلى المتبع من قبل المزارع المصرى لمدة 11 يوم تحت الظروف الجوية

(4)  معاملة بدون تجفيف

هذه المعاملات اخذت وتم تخزينها من بداية شهر يونيه الى آخر شهر سبتمبر 2000 بطريقتين هما :

(1) تخزين تحت ظروف الغرفة العادية.
(2)  تخزين مبرد على درجة من 4-6 درجة مئوية ورطوبة نسبية من 65-80%.

وقد تم دراسة حرارة البصل مع معاملات العلاج التجفيفى المختلفة , فواقد البصل فى نهاية العلاج التجفيفى ، فواقد الرطوبة اثناء فترة التخزين ، الفواقد الكلية من البصل وكذلك نسبة التزريع. 

و كانت أهم النتائج المتحصل عليها كالتالى:

1– العلاج التجفيفى الصناعى للبصل يعتبر من الطرق السريعة والآمنة لتجفيف البصل قبل تخزينه.  تبين ان الفقد فى الرطوبة اعلى فى الارفف المواجهه لتيار الهواء الساخن.

2- العلاج التجفيفى بواسط اشعة الشمس اقل تكلفة من العلاج التجفيفى الصناعى الا انها اسرع فى عملية التجفيف من التجفيف الحقلى. تبين ان الفقد فى الرطوبة اعلى فى الارفف المواجهه لاشعة الشمس ثم يليها الارفف السفلى.

3- العلاج التجفيفى الحقلى ارخص الانواع ولكنه يأخذ وقتا طويلا وبالتالى سجل نسبة فقد اعلى بالمقارنة بالطرق الاخرى علاوه على عدم ضمان الظروف الجوية.

4- أثناء التخزين ، وجد انه لا توجد فروق جوهرية فى فقد الرطوبة بين طرق التخزين المختلفة لكل المعاملات الخاصة بالعلاج التجفيفى.

5- الفواقد الكلية للبصل المخزن تحت ظروف الغرفة العادية كانت اعلى منه فى حالة التخزين المبرد لكل المعاملات الخاصة بالعلاج التجفيفى.

6- اعلى نسبة فواقد كلية حققت لمعاملة التجفيف الشمسى تحت ظروف الغرفة العادية يليها معاملة بدون تجفيف وكانت اقلهم معاملة التجفيف الحقلى.

7 -  - اعلى نسبة فواقد كلية حققت لمعاملة بدون تجفيف تحت ظروف التخزين المبرد يليها معاملة التجفيف الشمسى وكانت اقلهم معاملة التجفيف الحقلى.

8- لم يلاحظ اى تزريع فى البصل تحت ظروف الغرفة العادية لكل المعاملات الخاصة بالعلاج التجفيفى.  بينما بدء التزريع تحت ظروف التخزين المبرد بعد الشهر الثانى من بداية التخزين حتى نهاية فترة التخزين حيث حققت معاملة التجفيف الحقلى اعلى نسبة تزريع (19.17%) بالمقارنة بباقى المعاملات. 

 9-معاملة التجفيف الصناعى اخذت المرتبة الثانية بعد التجفيف الحقلى فيما يتعلق بالفواقد الكلية اثناء التخزين. الا ان التجفيفى الصناعى تفوق فى قلة نسبة التزريع.
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Figure 1.  Diagram showing the curing bin and the heated air blower.
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