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Summary
A comparative study of fully ventilated onion bulb storage structure, netted bag structure, mud

coated structure and heap storage structure was conducted in Bahir Dar Institute of Technology,
Ethiopia to determine their performances in extending the shelf life of onions. Collected fresh
Bombay red variety onions were field cured at Bahir Dar institute of technology for 8 days by sun
curing method. Cured onions were stored in specified storage structures for 90 days. The
experiment was conducted in single factor (storage structure) with four levels and three
replications. The data on physicochemical parameters (Sprouting percentage, rotting percentage,
mould incidence, moisture content, colour change, ascorbic acid content, dry matter, firmness and
percentage of marketable bulbs) were collected for 90 with 10 days interval including the first day.
Hourly temperature, relative humidity and air velocity of ambient and storage environment were
recorded continuously. Data were analyzed by using the SAS 9.2 version, the Analysis of Variance
was conducted and mean comparison was done.

Sprouting % of 97.47, 1.03, 1.19 and 1.33 was observed in heap storage, fully ventilated, netted
bag and mud coated Storage structure, respectively by 90" day of storage. Similarly, Rotting % of
75.53, 1.81, 2.30 and 3.08 recorded in heap, fully ventilated, netted bag and mud coated storage
structures, respectively on the 90" day of storage. Mould incidence % of 78.71, 2.73,

3.02 and 3.47 observed in onions stored in heap storage, fully ventilated, netted bag and mud
coated storage structures, respectively on 90 days of storage. Marketable bulb % of 1.8, 73.41,
65.36 and 61.55 was observed for onions bulbs stored in heap, fully ventilated, netted bags and
mud coated storage types, respectively after 90 day of storage. By the 90 days of storage, ascorbic
acid content of 2.58, 5.71, 5.20 and 5.11 mg/100g was observed in onions stored in heap storage,
fully ventilated, netted bag and mud coated storage types, respectively. Less percentage of
sprouting, rotting, fungal incidence and higher percentage of marketable bulbs was recorded for
onion stored in fully ventilated storage structure, it can be concluded that, the best method for the
storage of onion in Bahir Dar area is fully ventilated storage structure and the next choice is netted

bags.

Keywords: - Air Velocity, Bag Storage, Fully Ventilated Storage Method, Mould Incidence and
Mud Coated Structure.
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Introduction

1.1. Background

Onion is one of the major commercial vegetable crops grown in most parts of Ethiopia. It is a part
of daily diet in almost all households throughout the year. The mature bulbs are used as condiment
for the preparation of traditional dishes either in fresh form or dried and mixed with other spices
that are shelved for extended use (Agblor & Waterer, 2017). Onion is the most important source
of incomes for smallholder farmers, women and young people including all actors engaged in the

production to consumption chain (Devendrappa, 2015).

Onion is largely produced in the developed nations and has dominated in the international markets
due to its higher quality production (Opara, 2013). China is the top producer (1063620 tones) of
the world followed by India and USA (FAOSTAT, 2018). In Africa, Egypt is the leading onion
producing country with annual production of 22.08 million tons for domestic and international
markets and ranked as the fourth in world (Kulkarni, et al., 2018). Countries like Turkey, Iran,
Afghanistan, Brazil and South Korea are also largely producing and selling the onion in

international markets (Daymond, 2016).

Onion is a high-value bulb crop that is produced by smallholder farmers and commercial growers
for both local and export markets in Ethiopia. It ranked second in production of all vegetable crops
production next to tomato, the cultivation of onion has been concentrated in the central rift valley

of the country particularly in the upper Awash and Lake Zeway areas (Bossie, 2009).

Onion is currently becoming a popular crop due to recent introduction of higher yield varieties,
the ease of propagation method both by seed and bulb method, and the presence of high demand
in domestic and export markets (Asfaw and Eshetu, 2015). Nigus and Mulugeta, (2010) also
reported that the area under onion production is increasing continuously due to the merit of
production and ease of marketing purposes. This crop can be cultivated twice in a year both under
irrigation and rain feed conditions in different parts of the country (Belay, et al., 2015). However,
the production and productivity of the crop are far below (10.02t/ha) the world average (19.7 t/ha)
despite to its year-round production scenarios (FAO 2017). This low yield indicated

1



huge gap in production and productivity at the country because of the absence of improved
cultivars, application of inappropriate agronomic practices and limited attention/awareness on the
benefits of intensive production. Gebreselassie, (2013) pointed out that as recently a little progress
in production has been observed after a governments reforms in agricultural sector in plan to
scaling up the best practices by bringing up of the productivity of most average farmers, expansion
of irrigation and production of high-value crops in suitable areas including of onion for smallholder

farmers. Therefore, the trends of onion production status are at fluctuating of increasing rate.

According to BOFED (2011), the estimated total land size of the Amhara region is 152.6 thousand
square kms. Divided in to 11 zones: - Vegetable producing districts located in the north western
part of the region include, Bahir Dar Zuria, Achefer, Mecha, Adet, LiboKemkem, Fogera, Dera,
Gondar Zuria, and Chiliga. Among all districts, Fogera is one of high onion producing districts,
located in south Gondar zone. According to IPMS (2005) it has an area of 117,405 hectares divided
administratively in to 30 Kebeles (25 rural and 5 urban).

Although onion is considered as a semi perishable crop yet it is a delicate product to extended shelf
life due to its high-moisture content. Depending on cultivar type and pre-harvest as well as post-
harvest treatments, onion bulbs can be stored at low temperature (0-5°C) or high temperature (25-
30°C) and by maintaining the relative humidity in the range of 55%-70% (Chope, 2006, Elgadir
et al., 2015). The overall storage losses under these storage conditions are low and generally
increase with the increase of storage period. Bulb sprouting and rooting are reported as the main
reasons for storage loss (Milenkovic, et al., 2016). (Biswas, et al., 2010) reported that 46% to 56%

bulb storage losses are occur under different kinds of storage structures.

The major factors for post-harvest loss and quality deterioration of onion during marketing were
due to problems related to mishandling in packaging, transportation, storage and display for sale
and improper storage methods. The onions in Ethiopia are mainly produced by smallholder farms
and most of the farmers sell their products in nearby market and a few sell both on farms and in
nearby market such marketing conditions are unsatisfactory and discouraging (Seid, et al., 2013).

The reason for unsatisfactory marketing conditions leads to the higher supply of the produce at



harvesting time, middle men exploitation. Similarly, researchers reported lack of market to absorb
the huge amount of the product, large number of middlemen in the marketing system, absence
(weakness) of marketing institutions safeguarding to the farmers' interest and rights over their
marketable produces, lack of coordination among producers to increase their bargaining power,
and imperfect pricing system of traders as major problems to onion producers in this region (Faris,
2016).

1.2. Statement of the problem:

The onion production during the dry season is surplus in Ethiopia. During this bulk production
period, onion growers either sell their produce for less price in fear of high storage loss or store for
a few days using traditional methods under ambient environment. In both cases, brokers have more
control of onion price in favor of them than growers. From our primary observation we identified
that the surrounding area of Bahir Dar in Ethiopia onion crop is harvesting and dumping in the
field without the curing process due to the lack of facilities and the financial problems. The uncured
onions are not getting the much appreciation and post-harvest life also very limited. More-over,
farmers are looking to sell their onions immediately after harvest due to the fear of losses; at this
juncture onion prices are very low because of the glut of the product in the market.

Due to the very low price of the product and not acceptability of onions sometimes the farmers
totally lose the produce; selling of the onions with poor quality, they are getting very poor price
due to these factors many farmers are turning from the cultivation of the onions to other crops.
This directly leads to the importing of the onions from the surrounding countries like Sudan,
Somalia which is practicing currently. This practice is observed mainly due to no proper storage
facilities available. This onion produces not have the facilities like, improved onion bulb storage
facilities such as cold storage and they are beyond the reach of small holder farmers in terms of
technology and cost. Significant onion bulb quality can be retained until market is secured using
mud structures that can be locally built under natural ventilation (Nabi, et al., 2013). There is scanty
information with regards to performance of naturally ventilated structures for onion bulbs in this

region. Researchers reported high rate of physiological weight loss in the first four weeks



under naturally ventilated stored bulbs. Such results vary with the type of cultivar and physical
property of the environment under study. More over there is also knowledge gap in Ethiopia that
is no storage methods and research did in onion producing area. This study was therefore,
undertaken with the view to determine the storage performance of naturally ventilated cost-
effective structure for onion bulbs preservation in Bahir Dar, Amhara region of Ethiopia.

1.3. Objectives:

1.3.1. General objective:
v' To study storage performance evaluation of low-cost storage methods for onions in

Bahir Bar, Ethiopia

1.3.2. Specific objectives:
v To determine effect of fully ventilated structures, netted bags, mud coated and heap

storage methods on the physico-chemical quality of onions

v To evaluate the effect of storage methods on environmental factors like Temperature,
Relative Humidity and Air Velocity.

v To select the best and low-cost method for the onion preservation in the Bahir Dar and

Dera distinct (Gumara), Amhara region.

1.4. Significance of the study

By determining the suitable cost-effective storage structure which has not required any electricity
and much sophisticated technology, farmers can store product at the peak harvesting season.
Farmers can sell their product when there is a demand in the market and they would receive good
price for the onion. Also, a good quality of product will be available in the market for the
consumers which substitute the imports. The extension agents and other action agencies will be
equipped with a guideline of the present study, which in turn, would be helpful to them to evolve
a new strategy for introducing necessary changes in their action plans. This study may help to take
suitable measures to increase the adoption of the recommended practices by removing specific

constraints faced by the onion growers.



1.5. Scope of the study

The study was undertaken with a view of studying the storage practices followed by onion growers
from different places around Bahir Dar Area (Dera woreda, at Gumara).So, the scope of this thesis
research addressed low-cost storage structure in terms of handling, quality losses, postharvest
losses and storage practices in the onion grower of the region. The conclusion that was emerge out
from this study will be useful for onion growing farmers and policy makers of the various

agricultural development programs designed to uplift the farmers, income.



2. Review of Literature

2.1. Composition of Onion

2.1.1. Nutrients

Most onion cultivars are reported with about 89% water, 9% carbohydrates (including 4% sugar)
and also it has a moderate amount of protein, fat, fiber and a good amount of calcium, phosphorus,
and potassium and vitamin B and small amounts of vitamin C (Rahman, Mizanur & Khan, 2007).
Onions are low in calories (50kcal/100g) yet add abundant flavor to a wide variety of foods. Apart
from bulbs stalk is edible, contains a good amount of carotene and iron. Onion has both glucose
(reducing sugar) and sucrose (non-reducing sugar). Recent studies suggest that onion in the diet
may play a part in preventing heart disease (Calinoiu, Vodnar & Precup, 2016). Onion compared
with other fresh vegetables is relatively high in food energy and rich in calcium and riboflavin.
Onion contains a significant number of flavonoids called quercetin. Although quercitin is available
in tea and apple, earlier researches proved that absorption of quercitin from onion is twice that
from tea and more than three times that from apples (Sahay & Singh, 2016).

2.1.2. Phyto-chemicals in onions
Considerable differences exist between onion varieties in phytochemical content, particularly for

polyphenols, with shallots having the highest level, six times the amount found in Vidalia onions.
Yellow onions have the highest total flavonoid content, an amount 11 times higher than in white
onions. Red onions have considerable content of anthocyanin pigments, with at least 25 different
compounds identified representing 10% of total flavonoid content. Onion polyphenols are under
basic research to determine their possible biological properties in humans (Slimestad, et al., 2007).
Some people suffer from allergic reactions after handling onions (Cantisani, et al., 2014).
Symptoms can include contact dermatitis, intense itching, rhinocon junctivitis, blurred vision,
bronchial asthma, sweating, and anaphylaxis. Allergic reactions may not occur when eating cooked
onions, possibly due to the denaturing of the proteins from cooking (Arochena, et al

.,2012).



2.2. Effect of storage temperature on composition of onion

Many factors influence the storage quality and extent of storage losses of onion bulb. Factors
include; varietal difference, temperature, RH, grading and bulb size, pre-harvest treatments,
postharvest treatments, modification of storage structure, time of harvesting, effect of cultural
practices, pathogen (Sohany, Sarker & Mahomud, 2019).

Efficient storage of onion is important for extending the availability of onion to customers
throughout the year without compromising the quality. Onion storage offers two advantages; first,
it removes the bulbs from adverse climatic conditions, thus avoiding the chances of damage.
Second, it provides the best conditions to regulate physiology and metabolic activity and predict
the future usage patterns. Onions domestic storage is usually performed during long periods at
room temperature or in a cold temperature. Post-harvest sprouting is a major physiological factor
limiting their storage period (Sharma, et al., 2014). A change in quality of stored onions is due to
high catabolism of substrates, primarily carbohydrates, and other phytochemicals (Rutherford &
Whittle 2001; Mogren, et al. 2007). Storage conditions play an important role in the physiology of
onions, which ultimately affects the physicochemical and phytochemical properties of onion. The
physiology of stored onion bulbs is greatly influenced by temperature and depending on cultivars,
10 °C to 25 °C temperature was found to be optimal for sprouting (Suzuki & Cutcliffe, 2010). For
the last 50 years, researchers have been continuously investigating the optimal temperature for
storing onions with minimum weight loss from all causes. Large growers, retailers, and food
companies follow different practices of pre and postharvest treatment to protect onion quality
during storage. It includes storage at low temperatures, application of mitosis inhibitors, ethylene
atmosphere etc. (Gubb & MacTavish 2002; Brewster 2008).

2.3. Moisture content

The moisture content of food samples and other agricultural products plays an important role in
maintaining the desirable quality of the product. Changes in moisture content of agricultural
material occur during their harvesting, processing and marketing. The change in moisture content
during successive post-harvest stages is dependent upon the initial moisture content of product and

atmospheric conditions (Abhayawick, et al., 2002).



2.4. Total soluble solids (TSS)

Total soluble solid is defined as the total of all the solids that dissolve in water, including sugars,
salts, protein and organic acids. Thus, TSS is not a direct measure of sugar content and is unrelated
to the perceived sweetness of some onion cultivars (Crowther, et al., 2005).

The total soluble solids are primarily sugars like sucrose, fructose and glucose. Tartaric acid and
minerals in the onion juice also contribute to the soluble solids. Total soluble solids were
reported for the Bangalore Rose onion variety as 16.64 % after harvest (Landraces, et al., 2017).
(Lee, et al., 2016) recorded the total soluble solids of onion and observed that it increased from
10.6 to 11.9 % during six months of storage period. It was concluded that, higher content of total
soluble solids of onion (TSS) was associated with better keeping quality (Devendrappa, 2015).
Total soluble solids (TSS) increase was observed for the stored onion by Sarode (2000).

2.5. Colour

Colour is considered to play a significant role in determining the quality of food materials since it
has a great influence on visual appearance, processing, and acceptability. It is often an important
criterion for consumers to decide on purchasing the foodstuff (Argyropoulos, et al., 2011).
Wright et al., (2001) observed that the increasing harvest maturity increased the skin colour of
onions, and decreased markedly the mean number of intact outer skins. Timing of onion lifting to
optimize the bulb quality appears to be a trade-off between skin retention and colour.

The colour was assessed based on lightness (L*), chroma (C) and hue angle (H°) by Downes et
al., (2010) for the ‘Red Baron’ onion bulbs cured at different temperatures (20, 24 and 28 °C). The
maximum value was observed on lightness (L*), chroma (C) and hue angle (H®) as 34.56,

17.79 and 26.19 cured at different temperatures 20°C, 24°C and 28°C respectively for the cold
stored onion bulbs. Argyropoulos et al. (2011) reported the color of the fresh onion bulb scales
was purple red in colour which turned into the pale red colour after three months storage. Thus,

there was a reduction of 4.27 % of red colour from the fresh to three months stored onion bulb.

2.6. Pyruvic acid (Pungency)

Pungency in onions is derived from a number of volatile Sulphur compounds. These compounds

are produced when the onion cell is mechanically disrupted, bringing the enzyme allinase into



contact with the flavour precursors, S-alk (en) yl-L-cysteine sulphoxides. In addition to producing
volatile sulphur compounds, the enzymatic breakdown of the S-alk (en) yl-L-cysteine sulphoxides
also produces stoichiometric amounts of ammonia and pyruvic acid. The amount of pyruvic acid
generated enzymatically upon onion homogenization is thus a good measure of the action of
allinase on the flavour precursors and has been shown to be correlated with perceived onion
pungency. Enzymatically produced pyruvic acid is the commonly accepted measure of onion
pungency. Pyruvic acid produced by allinase is a good indicator of the flavor precursor content
and has been widely used to determine the pungency of onions (Anthon and Barrett, 2003).

Observed the pyruvic acid for the Bangalore rose onion, Nasik red onion and Bellary Red onion
as 11.7, 9.6 and 9.8 umol/g respectively after harvest. The onion bulbs with high pyruvic acid
content had a better storage quality. Anthon and Barrett (2003) reported the total pyruvic acid
concentration of white, red, yellow, sweet vidalia and sweet melody onion as determined by
Schwimmer and Weston (2015) procedure as 6.98, 5.91, 12.34, 4.47 and 4.30 umol/g respectively.
The pyruvic acid content of onion was recorded as high value of 6 umol/g which indicated that it

was very pungent and low value of 4 umol/g was regarded as mild (Yoo et al., 2011).

2.7. Curing of Onion

Curing is a surface drying process carried out to remove excess moisture from the outer skins,
roots and neck tissue of harvested onion bulbs. It improves the keeping quality of onion bulbs and
reduces the chance of infection by disease-causing organisms in storage. Curing can be achieved
in the field or by artificially with forced hot air (Eissa, 2014).

Curing removes excess moisture from the outer layers of the bulb prior to storage. The cured skin
provides a surface barrier to water loss and microbial infection, thereby preserving the main edible
tissue in a fresh state. Curing also reduces shrinkage during subsequent handling, reduces the
occurrence of sprouting, and allows the crop to ripen before fresh consumption or long-term
storage. Curing reduces bulb weight and since they are sold mostly on a weight basis, achieving
the desired level of dehydration is critical. Weight losses of 35% are normal under natural curing

is conditions and up to 10% with artificial curing (Dabhi, et al., 2011) this difference happen



because artificial one is more controllable than natural. External heat transfer and external mass
transfer are the transport phenomena which occur during curing in onions.

Curing completes when the neck of the onion is tight and the outer scales are dry and rustle when
handled.

2.7.1. Typical curing houses for roots and tubers
Food and Agricultural organization (1995) reported the curing houses for the roots and tubers.

The curing process involves the application of high temperature and relative humidity to the roots
and tubers for long periods with a heater and two fans (Fig 2-1). In the curing house, 30 - 32 °C
temperature and 85-90 % RH was maintained throughout the curing period of (4-7days).

Heates

O-32°C: 85 -9L5940 RH

Figure 2- 1 Typical curing houses for roots and tubers

fFans
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Source ( Biswas, et al., 2010)
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2.7.2. Curing with hot air

Kitinoja and Kader (2003) reported as the most uniform distribution of heat obtained when heat
was introduced near the floor level of a curing structure. They suggested that, heaters placed on
the floor near the onion bins, or heat can be ducted in from outside the curing room. The required
high relative humidity is obtained by wetting the floor or by using an evaporative cooler in the

room without introducing outside air (Fig 2- 2).

In the proposed structure of Kitinoja and Kader (2003), heaters and fans were provided near to the
ceiling in the curing room. Fans were used to redistribute the heat down into the room of onion

bulbs. Bulk bins stacked with a spacing of 10 to 15 cm between rows for adequate air circulation.

Bs'F, 78%

BZF, 85%
). i |

Figure 2- 2 Curing with hot air (Heater at Top)
Source (Thompson, et al., 2015)

2.7.3. Field curing of onions
Bhattarai and Subedi (1998) studied the effect of curing methods on storage behavior of onion.

The seven days curing before storage was recorded as minimum loss in weight (31.9%) than

without curing (43.9%) after 120 days of storage.
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2.7.4. Windrow curing of onions

As per the FAO Corporate Document Repository (2013), curing of onions is most conveniently
performed in the field by the ‘'windrowing' method. Windrowing of onions is performed by
carefully pulling or lifting the onions during harvest and simply leaves them in the field to dry with
the leaves of one row covering the bulbs of the next row in order to promote thorough drying of
the tops while protecting the bulbs from undue sunburn (FAQO, 2017).

The bulbs should be turned regularly to ensure even curing and should always be turned after a
rain shower to make sure they are not touching wet soil continuously. If rain persists, then the

onions must be dried and cured on special racks as shown in Fig.2-3
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Figure 2- 3 Drying and Curing racks for onions

Source (Thompson et al., 2015)

2.8. Onion Storage Methods

The objectives of storage technology are to maintain the bulbs for as long as possible in sound
condition with longer shelf life and allow them to transport and market after removal from the
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store with minimum losses (Dabhi et al., 2011). Onion bulb is perishable in nature due to high
moisture content. Major storage postharvest loss of onion bulb was physico-chemical attributes
and bulb sprouting and rooting. Among all, bulb sprouting and rooting postharvest loss of onion
bulbs accounts 46 to 56% under different storage condition of different storage structure. Major
external factors for onion bulb postharvest loss are temperature, relative humidity, harvesting
condition, light, pretreatments and maturity of the bulb while the internal factors are physiological
and metabolic activities of onion bulbs (Biswas, et al., 2010). In Ethiopia onion bulbs are stored
using different non ventilated storage structures or simply heaping the onion bulbs directly on the
floor at room temperature (Endalew et al., 2015). During storage period sprouting is a critical
physiological factor which restricts the storability of onion bulb. Storage temperature plays critical
role from the rest of storage conditions in influencing the quality attributes of onion which actually

the exact conducive temperature depend on onion variety (Agblor & Waterer, 2017).

Absence of warehouses for storage and use of human residence or working room as store were
also factors for deterioration of products. On the other hand, researchers described that absence of
farm storage facility and proper packing station results in the perishable produce being marketed
immediately after harvesting without primary processing and adequate packaging. Majority of
trader’s store injured and unhealthy produce together with normal ones and finally come across

huge losses (Maya, 2017).

Proper storage of onion bulbs is necessary for both consumption and seed production. Onions
should not be stored unless adequately cured either in the field or by artificial means. It is necessary
to dry the neck tissue and outer scales of the onion in curing; otherwise the bulbs will rot during
storage. Sprouting in onion is controlled by temperature, and rotting is influenced by relative
humidity (Calinoiu et al., 2016).

The storage environment during the period of storage plays an important role in the storage life
and losses during the storage. In India, the major crop is harvested in summer and stored for four
to six months in ambient condition of high temperature and high humidity due to monsoon rains.

During this period, the bulbs sprout very easily besides rotting due to the infection fungal and

13



bacterial diseases. Various simple methods of storage of onions have been designed through ages

and modified according to the local material available for their construction (Ahmed, 2017).

Majority of the losses in onions were reported due to climatic factors (temperature, humidity) and
stock management practices which include choice of storage system, type, volume and quality of
product to store, storage space available, aeration conditions, stock maintenance, storage duration,
and timely sales (Sohany et al., 2019).

2.9. Onion Storage Structure

Availability of proper storage structures plays a crucial role in the post-harvest handling of onions.
Structures are contributed to prolonged storage of onion bulbs. Several locally developed onion
storage structures are available, but most of them have a serious shortcoming i.e. lack of proper
aeration (Hong & Kim, 2018).

Storage structures varied from simple shelters that protected the bulbs from rain and sun to well
insulated houses with heaters to prevent freezing to cold storage rooms that provide constant low
temperature. In India, onion bulbs are being stored in some outdoor enclosures made out of shrubs
and red gram stalks thatched roof (Yalcin & Kavuncuoglu, 2014).

Dabhi et al., (2011) reviewed the following storage methods, split bamboo storage structure,
Improved Panipat type low cost onion storage structure, pole methods, low cost storage structure

and forced air ventilated storage structure for onion storage.

2.9.1. Split bamboo storage structure
In India, different storage methods are practiced by the farmers. Among those, split bamboo

storage structure with central opening was found better and the extent of losses by way of spoilage,
sprouting was low during storage (Liguori, et al., 2017). About 100 to 800 kg onion bulb could be
stored in structure made from bamboo split. The structure was placed on raised wooden or steel
platforms with provision of good aeration. Two concentric bamboo structures were made with
different diameter. Central hollow space on a platform was found to provide good aeration and
minimum losses like spoilage, sprouting and peeling (Fig 2-4). Onions are stored in annular space

of bamboo structures.
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Figure 2- 4 Split Bamboo storage structure

Source (Dabhi et al., 2011)

2.9.2. Forced air ventilated storage structure
Dabhi et al., (2011) studied the perforated concentric structures used in natural ventilated or forced

air ventilated structure by using blower at the bottom. Forced air ventilated system utilized in
traditional single tier storage structure using blower and pipe. With hole in perforated concentric
structures. The physiological weight losses reduced reported from 10 to 5 % in about 3 months

storage using forced air ventilation
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Figure 2- 5 Forced air ventilated storage structure

Source (Dabhi, et al., 2011)
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2.9.3. Improved Panipat type low cost onion storage structure
National Horticultural Research and Development Foundation (NHRDF) (2008) developed an

improved low-cost structure for storing onion in India. The structure was made of bamboo and
thatched roof was made of bamboos, which were covered on top with jute cloth. The materials
used for structure like bamboo jute were easily available in local market. The required size for
storing 4 tons of onion was 6.1, 1.2, 1.5 and 1.98 meter of length, width, side height and center
height. Ground clearance was maintained at 30 cm. The loss during storage was 15% stored onion

in the structure.

Figure 2- 6 Improved Panipat type low cost onion storage structure

Source (NHRDF, 2006).

2.9.4. Pole method

Cured bulbs a tied into bunches with leaves. Bunches a tied around the pole as shown in Figure 2-
7. Bunches an arranged in such a way that bulbs acquired maximum aeration. During storage
period, inspection was conducted in easy way hence, this method of storage helps to discarded
rotten bulbs so as to prevent further spreading of disease to other bulbs (Dabhi et al., 2011).
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Figure 2- 7 Pole method in onion Storage

Source (Kukanoor-L, Sciences & Dharwad, 2005, .)

2.9.5. Low cost storage structure
Kukanoor (2005) reviewed that the low-cost storage structure made of wooden pole frame, split

bamboo walls, split bamboo floor (45 cm above the ground) and the roof was covered with dried
typha grass. In this structure, both side and bottom ventilation were provided. The size of the
structure constructed was 3.6 x1.5x 1.5 and 2.1 m of length, width, side height and central height,
respectively. The storage capacity of the structure was 3 tones. The physiological loss in weight,

rotting and sprouting was reported as 12.4, 14.0 and 3.1 percent, respectively.
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Figure 2- 8 Low cost storage structure

Source (Kukanoor L., 2005)

2.10. Low Temperature Storage

At temperature of about 25°C most cultivars do not sprout but the high levels of desiccation and
rotting which can occurs, therefore it would be uneconomic to store them at these temperatures for
long periods. Onion can be stored at 0°C and 70-80 % RH for 8-9 months. At higher temperatures
the storage life progressively reported to decrease (Ramangkura, 2002).

Storage studies of onion bulbs were conducted in low temperature structure by Mondal and
Pramanik (2012). Onion bulbs stored in the low temperature structure (<15°C and 50 -70 %) had
a prolonged storage life and reduced storage losses.
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2.11. Storage Loss of Onion

Postharvest losses (PHL) refer to the losses that occur along the food supply chain, from the farm
gate through till it gets on the table of the final consumer. Losses are encountered along the chain
in the handling, storage, and transportation and processing, thereby resulting in a reduction in the
quantity, quality and market value of agricultural commodities. Within developing countries’
context and in Ethiopia particularly, concerns about reduction of quantitative losses (i.e., weight,
volume or total wastage of agricultural produce) are of higher priority than qualitative losses such
as loss in edibility, nutritional quality, caloric value and consumer acceptability of the produce. To
increase food availability, it is therefore not enough to increase the productivity in agriculture there
is also a need to lower the losses. Handling and processing are high importance in order to ensure
food-safety reduce losses (Susanna & Amanda, 2014).

The major concern in onion growing is the huge losses (sprouting, rotting and physiological loss
in weight) of bulbs encountered during its post-harvest stage. Lack of adequate storage facilities
and high price fluctuations are recognized as the most important constraints to onion and onion
losses are in the range of 60—70 % of initial bulb weight after three months of storage (Kassali,
2008). The bulbs are usually stored until the harvest of next season crop or for longer period due

to seasonal glut in market.

2.11.1. Physiological weight loss
The physiological weight loss was 19.29 to 20.87 for ambient stored onions and 4.97 to 6.14 % for

cold stored onions with Hessian cloth bags and Nylon net bags respectively as reported by Biswas,
et al., (2015). The physiological weight loss was much higher in ambient stored onions as
compared to cold stored onions with maleic hydrazide (MH-40) and gamma irradiation (60 Gy
from cobalt — 60 sources) treated onion (Tripathi and Lawande, 2007).

Kukanoor (2005) recorded the physiological weight loss as 12.13% for pre-treated (carbendazim
@1000 ppm +MH @ 2500 ppm) onion bulb on 90" days of storage. The total storage losses
reduced to 39.23% in ventilated bamboo structures compared to conventional storage structure (53
%) after five months of storage of onion bulbs (Subbaram et al., 2010).
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2.11.2. Sprouting

The sprouting of onion bulbs in low cost bottom ventilated structure was observed by Tripathi and
Lawande (2007). The sprouting and black mould infection was also lower in low cost storage
structure. Higher temperatures promoted sprouting and increased the respiration, leading to heat
production and loss in % dry matter content (Hayma, 2003).

Adamicki (2005) studied the sprouting of onion bulbs during shelf-life at 18-20°C. The lowest
level of sprouting (4.2 %) in ‘Sochaczewska’ onion variety was recorded after 5 months of storage

in air ventilated storage method.

2.11.3. Rotting

Mehta and Kaul (1994) observed that the rotting of onion bulbs in jute bags stored at room
temperature for three months. The room temperature and relative humidity was reported as 15-
38°C and 25-75 % respectively. The rotting recorded maximum at room temperature. The rotting
was recorded around 50.8 % for the ‘Rumba’ onion bulbs stored for 252 days of storage at
atmosphere storage conditions (Adamicki, 2005). Rotting was observed by Tripathi and Lawande
(2007) for the onion bulbs stored in post-cold storage with sprout suppressant and packaging
materials at ambient conditions. Rotting was higher at ambient storage than cold storage even after
four months of post-storage at room temperature (Debnath & Hemavathy, 2016). The percentage
of rotting was 4.44% and 16.04% in cold stored onions during four months of post-cold storage
and ambient stored onions, respectively. Higher rotting was recorded in netlon bags as compared
to hessian cloth bags under ambient storage conditions. There was no rotting of bulbs in cold stored
onions after four months of storage (Debnath & Hemavathy, 2016).
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3. Materials and Methods:

3.1. Experiment Location

The experiment on onion storage was conducted at food processing laboratory and Laboratory
analysis of raw materials and products were conducted at the laboratory of postharvest Food and
Chemical Engineering, Institute of Technology, Bahir Dar University, Bahir Dar. Mean maximum
temperature of 34.9°C and maximum relative humidity of 67.9% at medium height of the elevation.
Mean minimum temperature of 25.30°C and minimum relative humidity of the atmosphere of

34.60 % at medium height of the elevation.

3.2. Sample collection

Onions of well known (Bombay red) variety from farms of Dera Woreda (Gumara (Fogera South
Gonder Zone Wereda) 54km from Bahir Dar City) were used in this study. Six hundred kilo gram

of freshly harvested onions was collected for this study (Figure 3.1).

AMHARA ZONES
é SOUTH GONDER ZONE WEREDAS
w E

STUDY AREAS

Legend

Amhara Zones [l North Wollo
Zones Oromia Zone

B v I south Gonder

Legend

B ahiroar [ South Wollo South Gonder Zone Farta
I east Gojam [ Wag Hemira Woredas B rogera
I North Gonder West Gojam Debre Tabor I Kemekem
B Norh Shewa I ocre B Loy Gayint
230 115 0 230 KM - Ebenat Simada
| — —_——— B esite B Tach Gayint

Figure 3- 1 Study Area South Gonder at Fogera (Gumara)
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3.3. Sample Preparation

The collected onions were cured in Bahir Dar Institute of technology (BiT) in sun drying method.
Loss of 10% in weight and neck closing was finished after 8 days of curing; the onions were sorted
to remove all the impurities. Then the onions were stored in the storage structures. Equal amount
of onion bulbs were stored in all types of storage structures. Different quality parameters were

analyzed at 10 days interval and were continued for 90 days of storage duration.

3.4. Experimental Design

The experiments were designed with a view to determine the effect of storage methods of onion
on various factors like moisture content, dry matter, total loss in weight, rotting, sprouting, color,
total soluble solids and ascorbic acid content. The experiment was carried out with single factor
(storage methods), with four levels namely fully ventilated, traditional, netted bags and heap
storage were carried in three replications (the treatments were laid out in complete randomized
design (CRD)) with total runs of 12.

3.5. Description of the storage structures:

3.5.1. Mud coated storage structures
The foundation of the structure was constructed on raised platform of 1m above the ground level.

The wall material was made from 2m x 1.25m x 1.25m with wood (eucalyptus) and the roof was
covered with 35 cm thick corrugated iron coated with the mud as farmers practice as shown in

figure 3-2 Mud was coated from inside here in BiT by daily worker of thickness 2.5cm.
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Figure 3- 2 Mud coated storage structures used in this experiment

3.5.2. Fully ventilated storage structures:
A typical low-cost storage structure was made up from locally available wooden materials

(eucalyptus). The major load bearing components of frame like plinth, vertical support, roof
support, side wall support and floor supports were constructed from 1 m x 1m wooden block. The
side wall and floor of the structure made of the wooden strips and wire mesh. The structure
constructed above 1m from the ground. The onion storage structure was fabricated to provide top
and bottom ventilation to control humidity and temperature as shown in figure 3-3.
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Figure 3- 3 Fully ventilated storage structures used in this experiment
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3.5.3. Perforated / netted bags

Netted bags were plastic bags of 50kg capacity. The bags were filled and placed on the ventilated
wooden (eucalyptus) base on the 1 m height and covered with wire mesh and covered with
corrugated iron sheet (figure 3-4).

3
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Figure 3- 4 Perforated / netted bags used in this experiment

3.5.4. Heap Storage
The onions are stored in heaps under ambient conditions.

Figure 3- 5 Heap storage used in this experiment
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3.6. Data collection

The following data were collected from all the storage structure in 10 days intervals including the
first day.

3.7. Measurement of environmental conditions:

3.7.1. Temperature and relative humidity in storage structure
Temperature and RH in the storage structures were measured by using data logger (make:

EQUINOX and model: EQ-171) during the storage. The instrument has temperature measuring
range of - 40°C to 70°C with an accuracy of 0.1°C and humidity range of 0 to 100% with 0.1%
accuracy. The relative humidity and temperature inside the onion storage structures were measured
every day throughout the storage duration, the data logger were put in storage structures in the

middle of onions.

3.7.2. Air velocity
The velocity of the atmospheric air entering into storage structures was measured with Thermo-

anemometer (Model PMA-90 CFM/CMM).

3.8. Physico and Bio-Chemical Characteristics

The analyses of physical and chemical characteristics of the onion bulbs were important in judging
the quality parameters of the fresh and after storage sample were collected in this experimental

setup.

A. Physiological Characteristics

3.8.1. Sprouting percentage
For determining the sprouting percentage on stipulated days after storage, bulbs (500 gram of

sample was taken) showing a sprouted was separated from the storage structure and weighed on
an electronic balance. The sprouting percentage, which indicated the weight of the bulbs sprouted
on days after storage was calculated by using the formula given below equation 1 (Kukanoor-L et
al., 2005.).
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3.8.2. Rotting percentage
The weight of the rotted bulbs at each interval of the storage period was recorded and calculated
by using the formula given in equation 2 (Kukanoor, 2005).

3.8.3. Percentage of marketable bulbs
At each storage period, the rotted and sprouted bulbs were separated and the weight of healthy

bulbs was recorded. The recovery of marketable bulbs was calculated by using the following
formula given in equation 3 (Thompson et al., 2015).

3.8.4. Texture (Firmness) of Onion Bulb

Bulb texture was measured using a texture analyzer (Instron Universal Testing Machine (Instron
Model-4301, UK) fitted with a needle probe 5mm diameter with load cell 100 Newton’s (N) and
cross speed of 50 mm/minute. Randomly selected bulb samples from each storage structure were

used for analysis of texture (Tripathi, 2016).

Individual onion bulb was set upon a heavy duty platform. The P/75 (75 mm diameter aluminum
platen) probe was brought in contact with the onion and a compression force was applied. Three
replications were done at different positions at top, middle and bottom. The maximum force
required for penetrating of the onion bulb to a depth of 5 mm was selected from the force-

deformation curve and recorded.

B. Biological Characteristic

3.8.5. Mould incidence
Observation method was used and it was calculated as given in equation 4 (Chope, 2006).
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C. Chemical Characteristics

3.8.6. Moisture content

Onions were peeled manually by removing the skin and the first layer, and sliced using a kitchen
scale knife. The slices of around, 1 mm thick, was placed on perforated trays made of stainless
steel, and dried in a ventilated hot air oven ( Drying Oven, DHG 9140 Made in China) at 55 °C till
a constant weight was obtained (Abhayawick et al., 2002). The observations were recorded and
weighed on an electronic balance to a precision of 0.01g and also replicated three times. The

moisture content was calculated using the following equation 5 (AOAC, 1990).

Where,

Mwb- Moisture content, percent wet basis
W1- Initial weight of the sample, (g)

W?2- Final weight of the sample, (g)

3.8.7. Dry matter %
The dry matter content of the onion bulbs was determined by drying (dryer, KBW 720 Model

Number 15- 15046, Made in Germany) chopped samples of 30g according to (AOAC, 1990).
Bulbs were randomly selected from each treatment and cut into small pieces with the help of
stainless steel knife. A known weight of the sample was dried in hot air oven at 60°C temperature
till a constant weight was obtained. The per cent dry matter was calculated by the equation 6.

3.8.8. pH
Juice of the onions was extracted from the onion sample, using a kitchen blender (seven star

Germany with model number: BL-888A) and filtered through a muslin cloth. The pH of the juice
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was measured by using Control Dynamic pH meter (Model:APX 175) after calibarization with
the acidic, basic and neutral standard buffers (Suzuki & Cutcliffe, 2010).

3.8.9. Total soluble solids
The total soluble solids present in the onion were determined by using pocket refractometer

(ATAGO PAL-1, Minato-ku, Tokyo, Japan) with a range of 0-53 °Brix. Known quantity of onion
bulbs were crushed by using kitchen blender and juice was filtered using muslin cloth. The juice
was placed in the sampling area of the refractometer. The value was showed in the digital display

and noted the value in degree brix (Patil, 2011).

3.8.10. Titratable acidity

Juice of the onions was extracted from the onion sample, using a kitchen blender (seven star
Germany with model number: BL-888A) and filtered through a muslin cloth. Five ml of the juice
sample was taken and added in 250ml conical flask. Then 10ml of water was added to make the
color light and few drops of the phenapthaline indicator were added. To determine the total
titratable acidity of the pulp, 0.1N NaOH were used for the titration (Calvieri, 2014).

The following equation 7 was used to determine the total Titratable acidity of the onion.

Where:

ml of juice: - The volume of juice/ vegetable bulb used for titration in ml

Titer: - The volume of NaOH in ml used to develop the pink color

Acid factor: The multiplication factor to calculate the percentage of the acid, in case of onion the

acid factor is because the dominant acid in onion is pyruvic acid.

3.8.11. Colour

The Hunter lab’s Colour flex meter (Place of Origin: Japan, Brand Name: Minolta, Certification:
CE, 1S09001, ROHS, FCC, TUV, SCM, Model Number: CR410) was used for the measurement
of colour of the onion bulbs. It works on the principle of collecting and measuring the energy from
the samples reflected across the entire visible spectrum .The Hunter lab’scolour flex spectro

colorimeter is a versatile, compact colour measuring instrument consisting of measurement
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(sample) port, opaque cover and display unit (Kukanoor, 2005). Colour of the sample was
measured based on the above principle by measuring “L”, “a”, and “b” values. The onion samples
were placed in the colour flex meter and L, a, b values were measured.

Colour parameters were expressed as L* describing lightness (L*= 0 for black, L* = 100 for white),
a* describing intensity in green-red (a* < 0 for green, a* > 0 for red), b* describing intensity in
blue — yellow (b* < 0 for blue, b* > 0 for yellow) ( Kaver, 2014).

3.8.12. Vitamin C (Ascorbic acid) (mg/100 g bulb)

Samples of onion bulbs was analyzed for the ascorbic acid content using spectrophotometric
method, (Model V-730 UV-Visible Spectrophotometer made in Germany) was used (Rahman et
al., 2007).

Chemical and Reagents used

5% Meta phosphoric acid-10% acetic acid15g of solid Meta phosphoric acid (E. Merck) were
dissolved in a mixture of 40 ml of glacial acetic acid (BDH) and 450 ml of distilled water in a 500
ml volumetric flask. The solution was filtered and collected, 10% Thiourea solution and 2, 4-
Dinitrophenylhydrazinesolution, 85% Sulphur acid were used (Rahman, et al., 2007).

Standard vitamin C (ascorbic acid) solution

Stock standard solution containing 0.5 mg/ml of ascorbic acid was prepared in water by dissolving
0.05 g of L-Ascorbic acid standard in 100 ml of water and stored in a glass stopper bottle. Solutions
of variable concentrations were prepared by diluting the stock solution with distilled water
(Rahman, et al., 2007).

Sample preparation

10 g of blended sample was homogenized with 50 ml of 5% Meta phosphoric acid and 10% acetic
acid solution. Then the mixture was quantitatively transferred into a 100 ml volumetric flask and
was shaken gently until a homogeneous dispersion was obtained. Then it was diluted up to the
mark by the 5% Meta phosphoric acid and 10% acetic acid solution.

Then the solution was filtered and the clear filtrate was collected for the determination of vitamin
C in that sample. Bromine water was added to the filtered sample solution to oxidize the ascorbic
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acid to dehydroascorbic acid. Then a few drops of thiourea were added to remove the excess
bromine and to get a clear solution.

Standard solutions of ascorbic acid (5 ppm, 10 ppm, 15 ppm, 20 ppm and 25 ppm) were prepared
from 500-ppm stock solution of ascorbic acid by proper dilution. Then 1 ml of 2, 4- DNPH solution
was added thoroughly with all standards and also with the oxidized ascorbic acid. For the
completion of the reaction, all the standards, samples and blank solution were kept at 37°C
temperature for 3 hours in a thermostatic water bath.

After incubation all the samples were cooled in an ice bath and treated with 5 ml of 85% H2SO4swith
constant stirring. As a result, a colored solution was obtained and the absorbance was taken at 521
nm (Rahman et al., 2007).

3.9. Data Analysis

One-way Analysis of variance (ANOVA) was carried out to investigate the effect of storage
methods on physico-chemical qualities of onions using the statistical analysis system (SAS
Institute and Carry, NC and Minitab software) version 9.2. The homogeneity of variance was
checked using Bartlett test and mean separation was done using Fisher's least significant difference
(LSD) method for multiple comparisons of means among the storage methods and considered

significant at P< 0.05.
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4. Results and Discussion
This chapter deals with the results obtained from various experiments conducted to determine the

physico-chemical properties of bulbs in different storage structures.

4.1. Temperature and relative humidity of the storage structures

Fig 4-1 and Fig. 4-2 showed the average temperature and relative humidity of atmosphere during
storage, respectively. The minimum and maximum average temperatures were observed as 25.30
and 34.60°C, respectively. The maximum temperature was appeared at 50" day of storage because
daily average temperature was the highest at that day of storage. The minimum and maximum

average relative humidity of the atmosphere were observed as 34.60 to 64.70%, respectively.
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The temperatures records in all storage methods follow a similar pattern with the prevailing
ambient condition. Temperature records of heap storage were higher than all other three methods
up to 40 days after storage, and lower from 50 days of storage days and higher at 90 days which
showed significant (P<0.05) variations throughout the storage period. The daily mean temperature
of in heap storage method in most occasions remained constant.

The temperature values in all storages were nearly in the optimum temperature range (22-30°C)
for bulb onion storage (Endalew et al., 2015). According to above Figure 4-1 the ambient and
storage daily mean temperature record has decreased below 22°C, which is lower than the optimum
temperature for bulb onion storage.
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Figure 4- 2 Daily mean relative humidity of ambient and storage duration throughout the storage
period
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The ambient relative humidity value in the area was different until 90 days after storage. During
this storage period, the daily mean relative humidity values for ambient environment and storage
structures were recorded below 70%. At 30" day of storage the evening relative humidity were
low, that made the average RH value lowest of all storage period. The relative humidity during
this period in all storage structures were 34-63%, which was in line with the recommended
optimum value (35%-70%) for bulb onion bulb storage (Endalew, et al., 2014).

4.2. Air Velocity in (m/sec)

For all storage methods the air velocities differ as shown figure 4-3; for mud coated storage method
the air velocity range in between 0.4- 0.6m/s; for fully ventilated air velocity range in between
0.45-1.6m/s. For netted bag storage method air velocity range in between 0.18-0.8m/s and for heap
storage it was ranged between 0.36-1.2m/s. The results indicated that in mud coated method there
was lowest air movement (0.4-0.6m/s) through the storage time because there was mud coat on its
wall and in fully ventilation method all sides were fully open for air ventilation this is the reason
for higher air movement (0.45-1.6m/s) in it.

At last day of storage there was wind blowing, that is why in fully ventilated structure the highest
air movement occurs. If there is free movement of air in all sides it is best for onion storage for
long time (Mahmud & Monjil, 2015).
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4.3. Sprouting of stored onion bulbs

Sprouting in stored bulbs is a result of physiological change in which storage can highly affect its
rate. Data in table 4-1 showed that sprouting has not been observed until 30 days of storage in fully
ventilated storage method. The first visible sprout was observed on the 40" day of storage in fully
ventilated storage method and this presumably shows that it is the physiological rest period of the
onion storage under test at the recorded temperature, relative humidity and air velocity value. The
percentage of sprouting in heap storage was higher than in all other three methods.

At first day of storage there was non-significant difference in all storage methods, at 10" and 20"
day of storage also there was non-significant difference in fully ventilated, netted bag and mud
coated but significant difference in heap storage with other three methods. From day 30- 90 there
was significant difference among all storage methods at p<0.05.Among the different methods of
storage, onion bulbs stored in netted bag and fully ventilated storage recorded significantly lowest
sprouting percentage at 90 days of storage. However, the lowest sprouting % in fully ventilated
storage structure was attributed to the low relative humidity and increased ventilation rates resulted
in the reduced sprouting and better air circulation between individual bulbs. In these methods of
storage which probably reduced the sprouting loss (Bongiwar and Shirsat, 2000), while higher
sprouting was observed in bulb stored on heap by the end of storage period. This may be due to
poor ventilation in the floor structure could result in the buildup of humidity pockets within the
onion pile which help to promote sprouting and also sustain the continued more vigorous growth

of these sprouts. This is in line with the findings of Bongiwar and Shirsat (2000) in onion.

4.4. Rotting Percentage

From below table 4-2 there was no significant influence in day one and also non-significant
difference in 10" and 20" day except for heap storage which is significantly different from all
types of storage, however there was significant effect for all storage types for day 30-90" days of
storage. In general, the rotting was higher in the heap storage onion sample than onions stored in
other storage methods. This may be due to the reason that the climatic fluctuation of storage area,
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expose of onion bulb to moist air was disturbed those metabolic activities. Hence, heap storage
onion bulb allowed growing the invaded pathogens which leads to higher percentage of rotting.
Among heap storage and other type of storage method, the rotting was observed to be minimum

in fully ventilated sample and the results are in conformity with the findings of (Mota et al., 2019).

4.5. Mould incidence of stored onion

Table 4-3 revealed that the percent loss of bulbs due to black mould (Aspergillus niger) increased
with advancement in storage period. Black mould rot was not observed in all the treatments up to
20 days of storage duration except in heap storage. Among the cured onion, significantly minimum
percent of black mould was recorded in fully ventilated storage structure at 30, 40, 50, 60, 70, 80
and 90 days was 0.04, 1.38, 1.68, 2.01, 2.49, 2.61and 2.73 %

respectively.

Effect of storage methods on black mould % of onion during storage showed no significant
difference until 40 days of storage except heap storage, all methods showed non-significant
difference until 10 days of storage, but significant effect on black mould was noticed at 50, 60, 70,
80 and 90 days of storage. Among all storage structures, the loss of bulbs due to black mould was
much higher in onion stored as heap and minimum in fully ventilated storage.

The interaction effects between storage methods and duration on black mould percent were found
to be non-significant at all the stages of storage similar result to Liguori et al., (2017).
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Table 4- 1 Effect of storage methods after storage on Percentage of onion bulb sprouting

Storage Storage Duration (Days

Types 1 10 20 30 40 50 60 70 80 90

H 0.0+0.0% 0.8+0.1* 3.6+0.3" 4.8+0.2%  6.3+0.24 22.9£0.7%  33.2+1.9% 456+0.3*  83.6+1.5% 97.5+1.24
FV 0.0+0.0% 0.0+0.08  0.0+0.08 0.0+0.0°  0.4+0.1€ 0.6+0.1¢ 0.7£0.1°  0.8+0.1B 0.9£0.4¢  1.3+0.7¢
NB 0.0+0.04 0.0+0.08  0.0+0.08 0.1+0.1B¢  0.5+0.48¢ 0.6+0.28¢  0.7+0.98 0.9+0.28 1.1+0.38 1.2+0.2¢
M 0.0+0.0* 0.0+0.08  0.0+0.0° 0.6+0.28 0.6+0.88 0.7+0.28 0.7+0.28 0.9+0.28 1.1+0.18 1.3+0.38
P-Value NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

CV (%) 6.06 7.97 3.61 2.55 2.75 2.65 2.23 7.95 8.51

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H=Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated

Table 4- 2 Effect of storage methods after storage on Percentage of onion bulb rotting

Storage Storage Duration (Days’

Types 1 10 20 30 40 50 60 70 80 90

H 0.0+0.04 5.4+0.1" 125+0.5% 34.7+0.3" 47.4+0.3" 48.5+0.9 53.4+0.4*  62.1+0.3* 67.5+0.8% 75.5+1.1°
FV 0.0+0.04 0.0+0.08  0.0£0.08 0.2+0.4°  0.6+0.4¢ 0.8+0.5¢  1.1+0.5€ 1.4+0.2¢ 1.7+0.3¢ 1.8+0.2¢
NB 0.0+0.04 0.0£0.08 0.0+0.08  0.9+0.9®  1.5+0.4® 1.7#0.58¢  1.8+0.58¢ 2.1+0.58¢  2.2+0.58¢  2.3+0.45C
M 0.0+0.04 0.0£0.08 0.0+0.08 0.9+0.6®  1.8+0.4% 2.2+0.3¢ 2.1+0.38 2.4+0.48 2.8+0.18 3.2+0.28
P-Value NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

CcVv 7.26 8.85 4.37 4.39 5.18 3.22 0.73 0.98 1.37
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The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H=Heap Storage, FVV=Fully Ventilated NB=Netted Bag and M=Mud Coated

Table 4- 3 Influence of mould on storage methods after storage of onion bulbs

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 0.0+0.04  0.0+0.0" 4.5+0.5% 12.9+0.2* 48.8+0.3" 53.2+0.1"  55.5+0.4* 61.2+0.6* 63.8+0.6" 78.7£0.44
FV 0.0+0.0  0.0£0.0* 0.0+0.0®8 0.2+0.1% 1.4+0.38 1.740.2¢ 2.1+0.2¢ 2.5+0.4¢ 2.6+0.3¢ 2.7+0.4¢
NB 0.0+0.04  0.0+0.04  0.0+0.08 0.1+0.1B 1.5+0.38 1.9+0.88C 2.2+0.18 2.6+0.1B¢ 2.8+0.38 3.1+0.298
M 0.0+0.0  0.0£0.04 0.0+0.0®8 0.1+0.4® 1.8+0.38 2.2+0.28 2.4+0.28 2.7+0.3% 2.8+0.28 3.5+0.1B¢
P-Value NS NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

CV (%) 7.22 6.43 1.90 1.12 1.54 2.07 1.96 1.52

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H=Heap Storage, FVV=Fully Ventilated NB=Netted Bag and M=Mud Coated

39



4.6. Percentage of Marketable Bulbs

The amounts of the onion bulbs marketable varied between the storage structures (Table 4-4).
Among the studied 4 methods: - The heap storage reported lowest marketable % bulbs (4.3%) by
80 days of storage. However, all the bulbs spoiled (became unmarketable) in heap storage structure
by 90th day of storage. Onions stored in fully ventilated storage methods was observed highest
marketable bulbs percentage (73.4 %) by the 90 days of storage. This means free air ventilation
extend the shelf life of onion. Whereas, onions stored in the netted bags and mud coated storage
structure was observed as 65.36 and 61.55% of marketable bulbs, respectively. However, the
onions stored in the fully ventilated structure reported more than 90% of the marketed bulbs by the
60 days of the storage. In contrast, onions stored in heap storage reported only 15.1% of the
marketable bulbs.

Up to 40 days of the storage there was no significant difference (p<0.05) among the fully
ventilated, netted bags and mud coated methods on % of marketable bulbs. After the 40 days of
the storage, the fully ventilated method and other two (mud coated and netted bags) methods were
reported non-significant. Among the all, the fully ventilated method is retained the more number
of the marketable bulbs in studied period.

This trend in the marketable bulbs% in the fully ventilated structure is may be due to the good
ventilation which provided the best temperature (23-33.2°C), air velocity (1.59m/s), and relative
humidity (49%) in comparison to others. Also, in the ventilated structures, sprouting (1.03%),
rotting (1.8%) and mould incidence (2.73%) was reported less by the 90 days of storage periods
compare to the other methods.

The trends in this study are similar with that of other researchers, who reported 76% marketable
bulbs by three month storage duration (Tripathi & Lawande, 2016). Finally, the fully ventilated
structure is considered as the best for storage of onion.

Availability of maximum quantity of healthy and sound bulbs at the end of storage period is of
paramount importance for better demand for the crop and good income returns. The results are in

conformity with the findings of Yalcin & Kavuncuoglu, (2014).

40



4.7. Texture or Firmness

The firmness was no significant difference till 10 days of storage but significantly (p<0.05)
influenced by different storage methods during 20- 90 days of storage. Among the storage
methods, the maximum hardness of the bulbs was recorded in fully ventilated bulbs followed by
netted bags bulbs. This increase in hardness of bulbs was due to surface drying of onions leading
to rigidity and firmness of the bulbs. The fleshy soft skin becomes dry and hard after curing
resulting in shrinkage caused by particle slip into more compact arrangement upon drying (Nabi
et al., 2013). These findings are in accordance with Satish and Ranganna (2002) in onion.
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Table 4- 4 Effect of Storage methods after storage on Percentage of onion bulb Marketable

Storage Storage Duration (Days)
Types 1 10 20 30 40 50 60 70 80 90
H 100+0.04 92.3+0.3® 67.9+1.1B 38.1+0.78 29.2+0.58 22.7+0.5° 15.1+0.6° 12.240.4° 4.3+0.6° 1.8+1.0¢
FV 100+£0.04 100£0.04 99.8+0.1* 99.5+0.1* 97.4+0.6" 94.9+0.5% 92.8+0.5* 83.9+6.2% 75.8+2.7% 73.4+6.9"
NB 100+£0.04 100+£0.04 99.1+0.1* 89.5+0.2" 97.0+0.8% 93.4+0.7® 89.1+0.3® 79.3+2.98 67.946.38 65.4+4.78
M 100+0.04 100£0.04 99.6+0.1* 89.2+0.1* 96.9+1.4" 92.9+0.28 89.4+0.8® 78.845.58 68.3+6.18  61.6+5.58
P-Value NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
CV (%) 0.16 0.60 0.44 1.13 0.68 0.82 6.60 7.18 9.52
Table 4- 5 Effect of Texture (Firmness) of onion throughout the storage period at different storage methods
Storage Storage Duration (Days)
Types 1 10 20 30 40 50 60 70 80 90
H 14.6+0.7A  14.2+2.1~ 147+1.17 14.8+1.04 12.9+1.1®8 13.7+2.1® 10.3+1.1¢ 135+1.4¢ 13.2+0.58 12.5+1.5C
FV 14.2+1.74  14.4+0.3" 14.6+0.6" 14.9+25 14.9+27A 153+85 16.1+84" 16.2+0.8% 16.5+1.5% 16.9+1.5*
NB 14.1+0.3~  14.2+2.2" 145+0.2" 14.6£05* 14.7+7.94 14.7+1.8* 157+#3.1® 158+0.6% 159+1.74 159+1.5*
M 14.9+1.3~A  14.9+1.27 12.9+54% 12.2+0.8% 12.9+1.2% 12.2+24° 149+52® 14.6+54% 135+15% 13.2+1.08
P-Value NS NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
CV (%) 134 0.98 1.17 2.33 2.78 4.87 6.53 4.44 5.32 4.56

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H= Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated
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4.8. Dry Matter, %

Dry matter content is the primary characteristic of onion bulb quality, determining, in part, the end
use (e.g. as salad, cooking or dehydrated onions), storage (Gouda & Nidoni, 2014). Onions with
high dry matter content tend to be much firmer and store for longer periods before shoot growth
and disease incidence deplete the number of marketable bulbs (Mahmud & Monjil, 2015).

The different storage conditions had non-significant (p<0.05) influence on dry matter content of
the onion bulbs at most of the stages of observations. Among the different storage conditions,
maximum percent dry matter was recorded in fully ventilated and netted bag storage structure and
was on par with storing onions in mud coated storage structure (table 4-6). The maximum dry
matter content during storage could be reason due to the decreased moisture content of the bulbs
and increased in proportion of other constituents in turn resulting in more dry matter. The onion
bulbs stored in floor as heap storage structure recorded lower dry matter content. This may be due
to more moisture retention and also utilization of carbohydrates for sprout growth (Debnath &
Hemavathy, 2016)

4.9. Moisture Content

Non-Significant difference (p<0.05) was observed between different storage methods at all stages
of observations except for heap sample which was significantly different from 30 days after storage
till 90 days of storage. Minimum moisture content % was observed when the bulbs stored in fully
ventilated structure followed by bulbs stored in netted bags structure for 90 days of storage. This
may be due to better air movement between the onion piles which has helped in reducing the
moisture content of the bulbs. However, maximum moisture content was observed in bulbs stored

at heap might have accelerated the sprouting and more rot (Gouda & Nidoni, 2014)
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Table 4- 6 Result of Dry matter in Percent of onion bulbs in different storage structures throughout the storage period

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 11.8+0.14  11.840.1° 11.8+0.27 12.1+0.28 12.4+0.1* 12.5+0.3* 12.6+0.18 12.3+0.28 12.6+0.18 12.8+0.28
FV 12.2+0.24  12.5+0.4"8 12.6+0.44 12.8+0.14 12.8+0.3* 12.9+0.14 12.9+0.24 12.9+0.24 13.5+0.14 14.2+0.5%
NB 11.5+0.7 11.9+0.58¢ 11.9+0.94 12.7+0.6"8 12.8+0.2 12.9+0.47 13.3+0.44 13.6+0.3 13.9+0.24 14.2+0.6"
M 11.6+1.24  12.9+0.278 12.9+0.54 12.9+0.3* 13.2+0.74 13.3+0.74 13.4+0.4~ 13.5+0.44 13.6+0.24 13.9+0.8*
P-Value NS 0.05 NS 0.05 NS NS 0.05 0.05 0.05 0.05

CV (%) 6.08 2.64 4.76 2.66 3.12 3.41 2.47 2.33 1.33 3.97

Table 4- 7 Effect of Moisture Content of onion bulbs in different storage structures throughout the storage period

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 87.5+0.2% 86.8+0.1* 86.7+0.1* 86.6+0.1* 86.6+0.2 86.4+0.1* 86.5+0.3* 87.2+0.6" 87.3+0.5* 87.3+0.6"
FV 87.2+0.4% 86.8+0.2 86.3+0.3* 86.1+0.58 86.1+0.58 86.0+0.48 85.9+0.48 85.6+0.18 85.5+0.18 84.1+0.48
NB 87.6+0.2% 86.6+0.2 86.6+0.3* 86.5+0.18 86.3+0.48 86.1+0.18 85.9+0.48 85.6+0.38 85.5+0.28 84.1+0.38
M 87.0+0.3* 86.7+0.3* 86.6+0.3* 86.5+0.38 86.2+0.38 86.0+0.38 85.8+0.38 85.8+0.38 85.4+0.38 84.6+0.38
P-Value NS NS NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05

CV (%) 0.32 0.24 0.27 0.34 0.24 0.37 0.40 0.45 0.33 0.53

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H= Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated
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4.10. pH

The pH of aqueous extracts from bulbs of onions was same as until 40" day of storage for all
storage methods that was non-significant at p< 0.05 and for rest of storage period the three; mud
coated, netted bag and fully ventilated storage methods also non-significant at 50™", 60", 70™, 80"
and 90" day of storage but heap storage was significantly different with other three methods for
day 50, 70, 80 and 90 days of storage. However, decline in pH (5.4) of bulbs was observed at the
end of storage period these trends agree with the study conducted by (lanni & Marinozzi, 2015).

4.11. Total soluble solid (Degree Brix)

The data pertaining to mean total soluble solids of bulbs was recorded after curing as influenced
by different storage methods and are presented in table 4-9 It revealed that the non-significant
differences with regards to total soluble solids due to various methods in the range of 10.53 to
13.29° brix except for heap storage which shows significant difference from day 30 to 90 with
other three methods.

Total soluble solids of first day onion and 90" days of stored onions bulb were 10.53, 11.09, 11.63,
11.21 and 10.08, 13.29, 13.15 and 12.85 ° brix in heap storage structure, fully ventilated, netted
bag and mud coated storage respectively. These trends agree with the study conducted by
Kukanoor (2005) for the initial and four months stored onion bulbs whose total soluble solids were
11.70 and 13.30 ° brix respectively.

There was a gradual increase of TSS content during storage in all the storage methods except for
heap storage method. The increase in TSS was mainly due to the conversion of polysaccharides
into soluble form of sugars.

The TSS was significantly influenced by different storage conditions throughout the storage
period. Among the various storage conditions tested, the maximum TSS was recorded in fully
ventilated storage structure, which was on par with onion stored. The higher percent TSS may be
due to more loss of moisture and increased in dry matter content of the bulb which leads to increase
in TSS content. These results are in close conformity with findings of (Bahnasawy & El-Haddad ,
2015) in onion storage. However, minimum total soluble solids were found in bulbs stored in heap

(10.08°rix). This may be due to lower temperature and high relative humidity
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which might have reduced rate of respiration of bulbs in turn would have regulate the biochemical
changes leading to lower total soluble solids. Similar results were also observed by Berno, et al.,
(2014).

It was also concluded that, higher content of total soluble solids of onion (TSS) was associated
with better keeping quality (Devendrappa, 2015). Total soluble solids (TSS) increase was observed
for the stored onion by Sarode (2000).

4.12. Titratable Acidity

Titratable Acidity of aqueous extracts from onion bulbs of different storage shows significantly
different for last days (70-90 days of storage)for all storage and first day of storage which shows
non-significant difference at p<0.05 for all storage methods; but at days (10-60) shows non-
significant for all three storage methods except heap storage one it is significantly different
thereafter, the acidity in all the three storage method’s onion bulbs increased (more acidic) with
the storage time. However, there was a decrease in acidity in heap storage and increase in onions
with increased during 50 days of storage time. The above result confirm with (Eissa, 2014) with

increase in storage time onion bulbs become more acid (have high amount of pungency).
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Table 4- 8 pH of stored onion in different storage methods throughout the storage period

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 6.1+0.14 5.9+0.14 5.8+0.14 5.8+0.1% 5.6+0.3* 5.6+0.1% 5.8+0.2 6.1+0.1% 6.3+0.14 6.4+0.1
FV 6.1+0.24 5.9+0.24 5.9+0.14 5.8+0.1% 5.6+0.1% 5.6+0.68 5.5+0.24 5.5+0.1°8 5.4+0.1° 5.2+0.1°
NB 6.1+0.14 5.7+0.4% 5.6+0.14 5.5+0.24 5.5+0.14 5.5+0.1° 5.5+0.14 5.4+0.2AB 5.3+0.4® 5.1+0.1°
M 6.1a+0.14 5.7+0.5% 5.6+0.1* 5.5+0.3* 5.3+0.1* 5.5+0.18 5.5+0.3* 5.3+0.68 5.2+0.38 5.1+0.68
P-Value NS NS NS NS NS 0.05 NS 0.05 0.05 0.05
CV (%) 239 5.41 1.58 3.23 3.17 243 2.79 6.20 4.04 5.13

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H=Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated

Table 4- 9 Total soluble solid (Degree Brix) of onion at different type of storage methods

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 10.5+0.4%  11.4+0.1% 12.3+0.1A 11.4+0.1® 11.3+0.1® 11.3+0.1® 11.2+0.1® 11.1+0.1®B  10.3+0.18  10.1+0.4®
FV 11.1+0.5  12.3+0.14 12.3+0.5% 12.4+0.2* 12.6+£0.74 12.8+0.4*% 12.9+0.24 12.9+#0.3* 12.1+0.3* 13.3+0.4*
NB 11.6+0.6A  11.7+0.6" 11.940.64 12.1+1.1* 12.240.3* 12.4+0.2* 12.5+0.2* 12.6+0.3* 12.9+0.3* 13.1+0.17
M 11.2+0.6"A 11.5+0.1" 11.7#0.4* 11.7+0.3* 11.8+0.4" 12.1+0.4" 12.6%0.4" 12.8+0.4* 12.8+0.4* 12.8+0.6"
P-Value NS NS NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05
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CV (%) 435

2.49

3.46

4.79

3.89

2.69

241

2.77

2.89

3.82

The values are Mean * Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H= Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated

Table 4- 10 Titratable Acidity of onion bulbs in its storage duration

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 1.9+0.14 1.6+0.1% 1.5+0.18 1.4+0.1° 1.2+0.18 1.7+0.24 1.8+0.14 1.9+0.14 2.1+0.14 2.3+0.14
FV 1.8+0.14 1.8+0.2* 1.7+0.34 1.6+0.14 1.6+0.24 1.5+0.1 1.5+0.1 1.5+0.178 1.4+0.1® 1.4+0.1®
NB 1.9+0.14 1.9+0.2 1.7+0.14 1.6+0.24 1.6+0.5 1.5+0.4 1.5+0.3% 1.4+0.38 1.3+0.2¢ 1.240.1°¢
M 1.8+0.14  1.8+0.2" 1.7+£0.17° 1.7+0.17° 1.5+0.1* 1.4+0.18 1.4+0.18 1.4+0.18 1.4+0.18 1.3+0.18¢
P-Value NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05

CV (%) 11.05 12.20 6.58 9.67 13.16 15.27 11.95 10.15 7.24 5.86

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H= Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated
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4.13. Colour

According to the below table 4-11 the colour is not significantly different on each storage day; this
may be attributed to the curing process, which contributed for the colour development due to
pigmentation, i.e., the change of purple red which turned into the pale red colour. These results are

in conformity with the findings of (Devendrappa, 2015).

4.14. Vitamin C (Ascorbic Acid)

The ascorbic acid content of the bulbs was non- significantly influenced from first day to 50" day
of storage and significantly (p<0.05) influenced by different storage methods during storage period
(table 4-12) at last storage days (60-90 days of storage). However, the gradual decrease of ascorbic
acid in all the storage methods with advancement of storage period may be due to oxidative
destruction of ascorbic acid in the presence of molecular oxygen by ascorbic acid oxidase enzymes
(Daymond, 2016)

It is evident from the results that storing onion bulbs in fully ventilated and in netted bags structure
recorded maximum retention of ascorbic acid compared to mud coated and heap storage, while
least retention of ascorbic acid content was observed in bulbs stored in heap sample. The lowest
retention of ascorbic acid may be due to the buildup of respiratory nature of onion after harvest in
the center of structure (lanni & Marinozzi, 2015).

A decreasing trend in the ascorbic acid content of the bulbs with increase in storage period (7.84-
2.58 mg/100g) was observed in all the treatments (table 4-12). Among the treatments examined,
significantly maximum retention of ascorbic acid was recorded in fully ventilated followed by
netted bags structure. However, there was gradual decrease in ascorbic acid content in all the
treatments with increase of storage period. This may be due to oxidative destruction of ascorbic

acid in the presence of molecular oxygen by ascorbic acid oxidase enzymes (Liguori et al., 2017).
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Table 4- 11 Colour (a* value) of onion as affected by storage mehthods

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 12.5+0.84 23.7x0.7A 16.6+2.44 14.7+1.87 16.4+2.7~ 17.8+2.7° 15.7+0.7 18.2+1.2A 16.4+0.6" 17.9+1.9

FvV 13.5+0.84 22.5+0.9* 15.8+2.24 13.6+1.4A 16.2+1.24 13.6x£1.24 18.2+1.1A 15.4+2.6 17.3+2.54 14.9+2.24

NB 14.9£3.5~ 22.9+4.8~ 16.9+2.8~ 14.5+4 54 18+2.54 17.2+2.52 17.6£2.44 16.0£0.3~ 16.1+£2.6" 14.5+1.2

M 13.5+0.84 22.5+0.9* 15.8+2.24 13.6+1.44 16.2+1.24 13.6x£1.24 18.1+1.1A 15.4+2.6 17.3+2.54 14.9+2.24

P-Value NS NS NS NS NS NS NS NS NS NS

CV (%) 15.01 16.14 13.33 18.04 11.81 13.64 10.22 11.48 14.78 13.99
Table 4- 12 Influence of different storage structures on ascorbic acid content (mg/100 g) of onion at its storage

Storage Storage Duration (Days)

Types 1 10 20 30 40 50 60 70 80 90

H 7.8+£0.1A 7.7+£0.1A 7.6+£0.24 6.6+£1.24 6.4+0.8% 6.4+1.24 5.6+1.3¢ 4.4+0.9¢ 3.5+1.48 2.6+1.3¢

FV 7.8+£0.1~ 7.7£0.1A 7.7£0.24 7.1+£0.44 6.8+0.34 6.5+0.54 6.9+0.54 6.1+0.6" 5.9+0.3 5.7+0.2

NB 7.8£0.24 7.6£0.3 7.5+£0.34 7.2+0.47 6.8+0.24 6.6+£0.3 6.4+0.48 5.8+0.3B 5.6+£0.2 5.2+0.1B

M 7.8£0.24 7.6+£0.3 7.5+0.3A 6.8+0.24 6.7+0.3 6.5+0.24 6.3+0.58 5.7+0.78 5.7£0.7A 5.1+0.48

P-Value NS NS NS NS NS NS 0.05 0.05 0.05 0.05

CV (%) 1.66 2.29 2.66 9.67 6.72 9.95 12.15 11.61 14.33 13.34

The values are Mean + Standard Deviation of the three replications, Means with the same letters within a column are not significantly different at p<0.05 using
LSD, NS= Non-Significant, H= Heap Storage, FV=Fully Ventilated NB=Netted Bag and M=Mud Coated
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5. Conclusions and Recommendations

Conclusions

Based on this study, overall loss of cured onion bulb in heap storage is higher than all the four
methods. This is due to lower relative humidity records than optimum for bulb onion storage. This
indicates that Bombay Red onion can be stored using fully ventilated storage structures at Bahir
Dar area up to three months with a tolerable loss until market is secured but it may differ for other
parts of Ethiopia. The structure can be built from locally available materials and skill with a
reasonable cost.

This also study investigate that the main parameters like sprouting %, rotting%, mould incidence,
moisture content and ascorbic acid of cured onion for heap storage, mud coated, netted bags and
fully ventilated storage structures. From all storage methods fully ventilated was the best method
quality, more sound bulbs for market (most marketable), more ascorbic acid retention as well and
the netted bags structure was better methods than heap storage and mud coated structures.
However, heap storage method does not work for long time storage of onion around Bahir Dar
area because of relative environmental conditions.

The maximum temperatures and minimum relative humidity recorded at this set condition were
32.55, 32.67,32.73 and 33.1°C and 35.23, 34.99, 34.35 and 33.94 percent for heap, fully ventilated,
netted bags and mud coated structure of storage respectively. The colour of the fresh onion bulb
scales was in purple red which turned into the pale red colour after 90" day of storage without
significant difference. The minimum TSS and maximum firmness were observed as 16.04, 15.86,
17.12 and 17.99 °Brix respectively and 23.38, 24.15, 21.35 and 19.56 N respectively at fully
ventilated storage structure compared to all the other structures after 90 days of storage in the
storage. The maximum ascorbic acid content 5.71 mg/100g was observed at fully ventilated

storage structure after 90" day of storage.
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From the experimental results summarized as the following specific conclusions are drawn

» Time taken for curing of fresh onion bulb from initial moisture content to final moisture

content was 8 days at 25-28.9°C curing temperature. The moisture content was reduced by

1-2 percent (wb) from fresh to cured onion bulbs. The skin of the onion bulb’s moisture

content was reduced to an amount of 10 percent from the initial moisture content after

curing.

» Sprouting was not observed in the room temperature storage at first 30 days of storage.

» The quality parameters viz., moisture content and ascorbic acid content decreased for all

methods except for heap storage whose moisture content was increasing.

» Minimum sprouting, rotting, mould incidence and TSS and maximum colour value,

ascorbic acid, firmness and marketable sound bulb was obtained at fully ventilated onion

storage structure sample after 90 days of room temperature storage.

» Therefore, it is concluded from the study that the fully ventilated structure ventilated from

all sides on raised platform provided best results during 90 days of storage period with

minimum losses as compared to those of netted bags, mud coated and heap storage

methods.
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Recommendations

X/
°

The storage of onions in well ventilated structure prolongs the storage duration.
To reduce losses during storage: - fully ventilation storage with proper temperature,
relative humidity and air velocity shall control sprouting, rotting and mould
incidence and prolong the time of onion storage.

Transferring such a fully ventilated method for onion storage around Bahir Dar may
save farmer’s money and energy for future use.

Material for building fully ventilated structure is easily available and cost effective.
The study suggest that the growers should adopt fully ventilated structure method

ventilated from all sides on raised platform to store onion bulbs to minimize losses.

Future line of work

R/

When storing huge amount of onions in fully ventilated structure using the forced
air ventilation is good for air moment in all side as well.

Changing the variety of onion may extend shelf life.

Giving training for Ethiopian farmer to use best storage method and irrigation
system may avail onion throughout the year without importing.

Changing seasons for production of onion save and sound for storage when
storing at rain season result onion become in most sprouting percentage.

Adopting different methods of storage structures also preserve onions.
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Technology Transfer
From the result | got the best preferable storage method for Bahir Dar with its environmental

conditions from my results (total weight loss, rotting %, sprouting % and mould incidence) are the
lowest and marketable bulb percent and ascorbic acid retention are highest in fully ventilated
storage method than other storage methods; so that with my advisors (Dr. Neela Satheesh
(Associate Professor) and Dr. Solomon Workneh (Associate Professor)) we transfer the

technology to Community in order to use for their onion preservation in the future.

In most places in Ethiopia, onion is among the main income generating vegetables for farmers and
is an eminent ingredient of whatever food Ethiopians use to eat. However, Ethiopian farmers are
found to have no appropriate mechanisms to preserve it for a long time. As a result, once it is
harvested, it must be on the market for sale as immediately as possible. The problem here is, its
price may often be considerably lowered by the time the onion is harvested due to the glut created.
Trying to wait for the time the market rises up again will result in an enormous loss of the harvest

as it can easily be spoiled.

To tackle this problem, with my advisors (Dr. Neela Satheesh (Associate Professor) and Dr.
Solomon Workneh (Associate Professor)) of the post-harvest food program in the Faculty of Food
and Chemical Engineering at the institute on the means of preserving this harvest and built a

prototype well ventilated onion storage in Dera distinct of South Gondar at Jigina kebele.

As a result, using the insights gained from this research and the prototype storage already built as
part of this project, a one day training was given to 72 farmers and 4 Agricultural Development
Agents in Dera distinct at Jigina Kebele on the cost- effective means of preserving onion, with a

plan to scale it up to other areas by these farmers and agents.
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Figure 4- 1 ving training for about 72 farmers (for both male and female farmers) t Gumaa
to practice fully ventilated storage methods for their onion.
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Figure 4- 2

e

Fully ventilated structure contracted at Gumara field
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Appendix
Appendix Table 1: ANOVA table of Temperature of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.2537 0.0846 0.47 0.713
Error 8 1.4469 0.1809

Corrected Total 11 1.7006

R-Square Coeff Var (CV) Root MSE dayl Mean

0.1492 1.4496 0.4253 29.338

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.2537 0.0846 0.47 0.713
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 0.2537 0.0846 0.47 0.713
Appendix Table 2 : ANOVA table of Temperature of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 2.0882 0.6961 1.59 0.2658
Error 8 3.4961 0.437

Corrected Total 11 5.5843

R-Square Coeff Var (CV) | Root MSE day90 Mean

0.3739 2.1801 0.6611 30.323
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Source DF Type I SS Mean Square F Value Pr>F
ST 3 2.0882 0.6961 1.59 0.2658
Source DF Type Il SS Mean Square F Value Pr>F
ST 3 2.0882 0.6961 1.59 0.2658
Appendix Table 3 : ANOVA table of Relative Humidity of air on onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 113.5786 37.85952 1.8 0.2248
Error 8 168.1461 21.01827

Corrected Total 11 281.7247

R-Square Coeff Var Root MSE dayl Mean

0.403154 8.587612 4.584568 53.38583

Source DF Type I SS Mean Square F Value Pr>F
ST 3 113.5786 37.85952 1.8 0.2248
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 113.5786 37.85952 1.8 0.2248
Appendix Table 4 : ANOVA table of Relative Humidity of air on onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 658.3524 219.4508 4.44 0.0407
Error 8 395.2055 49.40068
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Corrected Total 11 1053.558

R-Square Coeff Var Root MSE day90 Mean

0.624885 14.2039 7.028562 49.48333

Source DF Type I SS Mean Square F Value Pr>F
ST 3 658.3524 219.4508 4.44 0.0407
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 658.3524 219.4508 4.44 0.0407
Appendix Table 5 : ANOVA table of air velocity of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.876425 0.292142 22.47 0.0003
Error 8 0.104 0.013

Corrected Total 11 0.980425

R-Square Coeff Var Root MSE dayl Mean

0.893924 18.61511 0.114018 0.6125

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.876425 0.292142 22.47 0.0003
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 0.876425 0.292142 22.47 0.0003
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Appendix Table 6 : ANOVA table of air velocity of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 1.867292 0.622431 4.43 0.0411
Error 8 1.1252 0.14065

Corrected Total 11 2.992492

R-Square Coeff Var Root MSE day90 Mean

0.623992 37.53461 0.375033 0.999167

Source DF Type I SS Mean Square F Value Pr>F
ST 3 1.867292 0.622431 4.43 0.0411
Source DF Type I SS Mean Square F Value Pr>F
ST 3 1.867292 0.622431 4.43 0.0411
Appendix Table 7 : ANOVA table of Physiological weight loss of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0 0

Error 8 0 0

Corrected Total 11 0

R-Square Coeff Var (CV) | Root MSE dayl Mean

0 0 0

Source DF Type I SS Mean Square F Value Pr>F
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ST 3 0 0

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0 0

Appendix Table 8 : ANOVA table of Physiological weight loss of onion for day 10

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 105.17 35.056 1007.1 <.0001
Error 8 0.2785 0.0348

Corrected Total 11 105.45

R-Square Coeff Var (CV) | Root MSE day10 Mean

0.9974 9.2898 0.1866 2.0083

Source DF Type I SS Mean Square F Value Pr>F
ST 3 105.17 35.056 1007.1 <.0001
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 105.17 35.056 1007.1 <.0001
Appendix Table 9 : ANOVA table of Physiological weight loss of onion for day 20

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 1036 345.34 1359.9 <.0001
Error 8 2.0316 0.254
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Corrected Total 11 1038.1

R-Square Coeff Var (CV) Root MSE day20 Mean

0.998 8.5316 0.5039 5.9067

Source DF Type I SS Mean Square F Value Pr>F

ST 3 1036 345.34 1359.9 <.0001
Source DF Type 111 SS Mean Square F Value Pr>F

ST 3 1036 345.34 1359.9 <.0001
Appendix Table 10 : ANOVA table of Physiological weight loss of onion for day 30

Source DF Sum of Squares Mean Square F Value Pr>F

Model 3 1187.5 395.82 2619.2 <.0001
Error 8 1.209 0.1511

Corrected Total 11 1188.7

R-Square Coeff Var (CV) | Root MSE day30 Mean

0.999 5.4876 0.3887 7.0842

Source DF Type I SS Mean Square F Value Pr>F

ST 3 1187.5 395.82 2619.2 <.0001
Source DF Type 111 SS Mean Square F Value Pr>F

ST 3 1187.5 395.82 2619.2 <.0001
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Appendix Table 11 : ANOVA table of Physiological weight loss of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 16541 5513.8 2988.4 <.0001
Error 8 14.761 1.8451

Corrected Total 11 16556

R-Square Coeff Var (CV) Root MSE day90 Mean

0.9991 3.9762 1.3583 34.162

Source DF Type I SS Mean Square F Value Pr>F
ST 3 16541 5513.8 2988.4 <.0001
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 16541 5513.8 2988.4 <.0001
Appendix Table 12 : ANOVA table of mould incidence of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0 0

Error 8 0 0

Corrected Total 11 0
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R-Square Coeff Var Root MSE dayl Mean

0 0 0

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0 0

Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 0 0

Appendix Table 13 : ANOVA table of mould incidence of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 12870.1 4290.032 38608.4 <.0001
Error 8 0.88893 0.11112

Corrected Total 11 12870.99

R-Square Coeff Var Root MSE day90 Mean

0.999931 1.516453 0.333342 21.98167

Source DF Type I SS Mean Square F Value Pr>F
ST 3 12870.1 4290.032 38608.4 <.0001
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 12870.1 4290.032 38608.4 <.0001

Appendix Table 14 : ANOVA table of marketable bulbs of onion for day 1
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Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0 0

Error 8 0 0

Corrected Total 11 0

R-Square Coeff Var Root MSE dayl Mean

0 0 0 100

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0 0

Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 0 0

Appendix Table 15 : ANOVA table of marketable bulbs of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 11064.69 3688.231 148.18 <.0001
Error 8 199.125 24.89062

Corrected Total 11 11263.82

R-Square Coeff Var Root MSE day90 Mean

0.982322 9.516397 4.989051 52.42583

Source DF Type I SS Mean Square F Value Pr>F
ST 3 11064.69 3688.231 148.18 <.0001

70




Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 11064.69 3688.231 148.18 <.0001
Appendix Table 16 : ANOVA table of moisture content of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.622758 0.207586 2.59 0.1256
Error 8 0.641867 0.080233

Corrected Total 11 1.264625

R-Square Coeff Var Root MSE dayl Mean

0.492445 0.324248 0.283255 87.3575

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.622758 0.207586 2.59 0.1256
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 0.622758 0.207586 2.59 0.1256
Appendix Table 17 : ANOVA table of moisture content of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 13.61623 4538742 22.53 0.0003
Error 8 1.6118 0.201475
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Corrected Total 11 15.22803

R-Square Coeff Var Root MSE day90 Mean

0.894156 0.525305 0.44886 85.4475

Source DF Type I SS Mean Square F Value Pr>F

ST 3 13.61623 4538742 22.53 0.0003
Source DF Type 111 SS Mean Square F Value Pr>F

ST 3 13.61623 4538742 22.53 0.0003
Appendix Table 18 : ANOVA table of dry matter of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.678025 0.226008 0.44 0.7314
Error 8 4.118867 0.514858

Corrected Total 11 4.796892

R-Square Coeff Var Root MSE dayl Mean

0.141347 6.088986 0.717536 11.78417

Source DF Type I SS Mean Square F Value Pr>F

ST 3 0.678025 0.226008 0.44 0.7314
Source DF Type 111 SS Mean Square F Value Pr>F

ST 3 0.678025 0.226008 0.44 0.7314
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Appendix Table 19 : ANOVA table of dry matter of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F

Model 3 3.614158 1.204719 4.05 0.0505
Error 8 2.381533 0.297692

Corrected Total 11 5.995692

R-Square Coeff Var Root MSE day90 Mean

0.602793 3.969285 0.545611 13.74583

Source DF Type I SS Mean Square F Value Pr>F

ST 3 3.614158 1.204719 4.05 0.0505
Source DF Type 1l SS Mean Square F Value Pr>F

ST 3 3.614158 1.204719 4.05 0.0505
Appendix Table 20 : ANOVA table of pH of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.419933 0.139978 6.97 0.0127
Error 8 0.160667 0.020083

Corrected Total 11 0.5806

R-Square Coeff Var Root MSE dayl Mean

0.723275 2.397896 0.141716 591

Source DF Type I SS Mean Square F Value Pr>F

ST 3 0.419933 0.139978 6.97 0.0127
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Source DF Type Il SS Mean Square F Value Pr>F
ST 3 0.419933 0.139978 6.97 0.0127
Appendix Table 21 : ANOVA table of pH of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.640225 0.213408 2.34 0.1498
Error 8 0.7302 0.091275

Corrected Total 11 1.370425

R-Square Coeff Var Root MSE day90 Mean

0.467173 5.131508 0.302118 5.8875

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.640225 0.213408 2.34 0.1498
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 0.640225 0.213408 2.34 0.1498
Appendix Table 22 : ANOVA table of total soluble solids of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 4.050758 1.350253 5.39 0.0253
Error 8 2.003267 0.250408

Corrected Total 11 6.054025

R-Square Coeff Var Root MSE dayl Mean
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0.669102 4.354215 0.500408 11.4925

Source DF Type I SS Mean Square F Value Pr>F
ST 3 4.050758 1.350253 5.39 0.0253
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 4.050758 1.350253 5.39 0.0253
Appendix Table 23 : ANOVA table of total soluble solids of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 3.781433 1.260478 8.42 0.0074
Error 8 1.198267 0.149783

Corrected Total 11 4.9797

R-Square Coeff Var Root MSE day90 Mean

0.75937 3.81487 0.387019 10.145

Source DF Type I SS Mean Square F Value Pr>F
ST 3 3.781433 1.260478 8.42 0.0074
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 3.781433 1.260478 8.42 0.0074
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Appendix Table 24 : ANOVA table of titratable acid of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.982825 0.327608 5.77 0.0212
Error 8 0.453867 0.056733

Corrected Total 11 1.436692

R-Square Coeff Var Root MSE dayl Mean

0.684089 11.05706 0.238188 2.154167

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.982825 0.327608 5.77 0.0212
Source DF Type 11 SS Mean Square F Value Pr>F
ST 3 0.982825 0.327608 5.77 0.0212
Appendix Table 25 : ANOVA table of titratable acid of onion for day 90

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.149 0.049667 7.4 0.0107
Error 8 0.053667 0.006708

Corrected Total 11 0.202667

R-Square Coeff Var Root MSE day90 Mean
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0.735197 5.864278 0.081904 1.396667

Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.149 0.049667 7.4 0.0107
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 0.149 0.049667 7.4 0.0107
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Appendix Table 26 : ANOVA table of Colour Analysis for L* for onion bulb through storage period

L* colour

Storage Type | 1 10 20 30 40 50 60 70 80 90

Heap Storage | 23.75+2.625€ | 46.74+0.24* | 49.26+1.28" | 26.44+3.05% | 56.22+2.75* | 51.33+2.44" | 37.47+2.68" | 38.32+1.058 | 42.47+3.78" | 55.42+7.97A
Fully 32.95+9.398 | 46.72+5.174 | 46.22+4.22”8 | 39.09+11.33" | 52.58+3.65" | 44.44+1.56° | 40.99+10.07* | 36.12+5.71® | 43.07+5.64" | 42.32+7.458
Ventilated

Netted Bag 18.43+2.33C | 46.84+1.24" | 47.17+2.39B | 21.86+1.52% | 48.63+6.93" | 41.77+1.55% | 41.62+4.48" | 45.46+1.04" | 42.11+3.11" | 42.11+6.838
Mud Coated 45.3246.34" | 49.45+1.41" | 41.83+4.448 | 48.52+4.60" | 47.35+5.64" | 43.06+5.578 | 39.17+2.73* | 36.07+2.14% | 43.27+1.57* | 41.14+0.918
Appendix Table 27 : ANOVA table of Colour Analysis for a* for onion bulb through storage period

a* colour Storage Duration (Days)

Storage Type |1 10 20 30 40 50 60 70 80 90

Heap Storage | 13.53+0.81* | 22.47+0.85* | 15.76+2.21* | 13.58+1.40° 16.21+1.19* | 13.64+1.22” | 18.13+1.06" | 15.41+2.56" | 17.31+2.47~ | 14.87+2.18*
Fully 12.53+0.77* | 13.68+0.73% | 16.61+2.41" | 14.74+1.83A° | 16.38+2.68" | 17.78+2.68" | 15.69+0.73* | 18.21+1.16” | 16.36+0.57A | 17.87+1.93*
Ventilated

Netted Bag 8.51+0.76° 15.52+1.73% | 16.74+1.03 | 10.38+0.86° 16.07+0.88" | 17.18+2.35" | 15.30+2.13" | 16.27+2.52" | 16.41+3.28" | 17.38+3.25"
Mud Coated 14.87+3.46" | 12.89+4.78% | 16.95+2.77* | 18.45+4.534 18.00+2.47A | 17.21+2.44" | 17.56+2.33* | 16.0+0.324" | 16.11+2.59" | 14.51+1.18*
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Appendix Table 28 : ANOVA table of Colour Analysis for b* for onion bulb through storage period

b* color Storage Duration (Days)

Storage Type |1 10 20 30 40 50 60 70 80 90

Heap Storage | 2.62+0.178 12.63+0.56" | 8.61+0.56* 2.46+0.328 11.66+1.02 | 5.92+0.43* | 4.31+0.66° 8.77+0.717% | 6.82+0.92* | 14.53+3.88*
Fully 4.01+2.23"8 | 8.87+1.62* | 6.63+0.86"% | 4.76+2.49"% | 7.12+0.91% | 2.66+0.59* | 6.78+3.3748 | 6.21+1.24"8 | 7.75+3.20"* | 7.56+3.05°
Ventilated

Netted Bag 4.00+2.11AB | 9.65+1.26" | 5.51+1.06"® | 4.51+2.25"8 458+1.47% | 4.31+8.23% | 10.09+1.29% | 9.99+4.15" | 3.99+4.61C | 5.05+1.448
Mud Coated 7.44+3524 13.15+5.13 | 4.50+3.498 7.23+1.974 5.074+2.91B | 0.94+2.03* | 7.57+2.37*% | 1.9746.10® | 5.77+6.95% | 6.68+4.64°
Appendix Table 29 : ANOVA table of Colour Analysis for Hue Angle for onion bulb through storage period

Hue angle

(H°) colour Storage Duration (Days)

Storage Type |1 10 20 30 40 50 60 70 80 90

Heap Storage | 0.19+0.02°8 0.51+0.03% | 0.5+0.08* 0.18+0.01° 0.62+0.02* | 0.41+0.03* | 0.23+0.02° 0.52+0.09* | 0.37+0.03* | 0.73+0.15*
Fully 0.29+0.148 0.56+0.05% | 0.38+0.07" 0.31+0.11% 0.41+0.06% | 0.14+0.04® | 0.40+0.188 0.33+£0.04% | 0.43+0.16* | 0.43+0.278
Ventilated

Netted Bag 0.43+0.22* 0.55+0.11% | 0.31+0.04® 0.39+0.144 0.27+0.07¢ | 0.18+0.38% | 0.58+0.06* 0.53+0.13* | 0.23+0.23 | 0.28+0.05¢
Mud Coated 0.47+0.274 0.71+0.25* | 0.27+0.23°€ 0.37+0.08* 0.27+£0.16° | 0.07+£0.13° | 0.41+0.158 0.16+0.34° | 0.37+£0.40* | 0.41+0.268
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Appendix Table 30: ANOVA table of Ascorbic acid content of onion for day 1

Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 0.0139 0.0046 0.27 0.8426
Error 8 0.1349 0.0169
Corrected Total 11 0.1488
R-Square Coeff Var (CV) Root MSE dayl Mean
0.0932 1.665 0.1299 7.8
Source DF Type I SS Mean Square F Value Pr>F
ST 3 0.0139 0.0046 0.27 0.8426
Source DF Type 111 SS Mean Square F Value Pr>F
ST 3 0.0139 0.0046 0.27 0.8426
Appendix Table31: ANOVA table of Ascorbic acid content of onion for day 90
Source DF Sum of Squares Mean Square F Value Pr>F
Model 3 1.2454 0.4151 0.9 0.4828
Error 8 3.694 0.4618
Corrected Total 11 4.9394
R-Square Coeff Var (CV) Root MSE day90 Mean
0.2521 13.346 0.6795 5.0917
Source DF Type | SS Mean Square F Value Pr>F
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ST 3 1.2454 0.4151 0.9 0.4828
Source DF Type Il SS Mean Square F Value Pr>F
ST 3 1.2454 0.4151 0.9 0.4828

Appendix Table 32: Parameters for penetration load/strength test

Particulars Parameters

Mode Measure Force in Compression
Option Return to start

Pre-Test Speed 10.0 mm/s

Test Speed 2.0 mm/s

Post-Test Speed 10.0 mm/s

Distance 5 mm (Half of the sample diameter)
Trigger Type Auto
Data Acquisition Rate 200 pps
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Probe
i. 4 mm diameter stainless steel cylinder probe (P/4) -Penetration load

ii. 75 mm diameter aluminum platen probe (P/75) - crushing load

Load cell 5 kg

Plat form Heavy duty platform (HDP/90)
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Working Pictures

Figure 5- 1 Collecting Samples from Gumara fields
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Figure 5- 2 Curing Sorting and distributing samples to its storage
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PMAS0
CFM/CMM

Thermo-Anemometer

Figure 5- 4 Anemometer (PMA-9)
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Figure 5- 5 Laboratory Texture analyzer
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Figure 5- 6 Total soluble solid analysis by using refractometer PAL-1 (ATAGO) with a range of
0-53 °Brix
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Figure 5- 7 Titratable acidity analysis by using titration methods
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Figure 5- 8 Colour measurement by using Hunter lab“scolour flex spectro colorimeter
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Figure 5- 9 Measuring ascorbic acid content using spectrophotometric method
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Figure 5- 6 Standard graph for vitamin C analysis used for determination of Vitamin C in stored
onions
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