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Abstract 
Large quantities of oranges produced in Nigeria are wasted during storage. 
Sweet oranges due to their perishable nature deteriorate fast. Causes of spoilage 
are rather physiological or pathological factors. There is need for research 
breakthrough to minimize or reduce the post harvest losses encountered by 
orange farmers in Nigeria. Thymus vulgaris (Thyme), Allium sativum (Garlic), 
Cympobogon citratus (lemon grass) and Eugenia aromatica (Clove) aqueous 
extracts were prepared and used to treat oranges before storage in evaporative 
coolers. Harvested matured green oranges were dipped inside 5, 10, and 15% 
aqueous extracts each and air dried. The treated sweet oranges were stored 
inside Tin in Pot cooler A and Pot in Pot cooler B evaporative coolers. 
Percentage of ripening of sweet oranges was 40% and 45% for each cooler, 
while control was 100% at the end of the week. The treated oranges stored for 
between 35 to 52 days. Sensory evaluation, marketability, and acceptability were 
rated good at the end at the end of the study. 

 

INTRODUCTION 

The growth and production of crops in Nigeria is 
seasonal. Therefore food crops are abundant at the 
time of harvest but scarce a few months later. Post 
harvest losses are defined as many changes in the 
quality of the product after harvest that decreases its 
value (Fallik and Porat, 2009). The losses may range 
from slight defect to total loss of the produce. 
Postharvest losses are as high as 30% to 50% for 
fruits and vegetable (Taiwo, 2007). Citrus sinensis 
(sweet oranges) contain a lot of vitamin C, A, other 
essential vitamins and minerals (Olatona, 2010). 
Considering the heavy economic losses caused by 
various physiological and microbiological disorders, 
it is imperative to devise proper control methods or 
measures (2009). Proper harvesting, handling and 
temperature from farm to market can be effective tool 
in ensuring that the produce remain in good condition 
throughout the storage period (Siddiqui, 2015). Many 
authors such as Hall (1975); Babarinsa and Nwangwa 
(2000), reported the effectiveness of evaporative 
coolers (E .C.) for storage of fruits. Adekalu (2014) 
also reported its effectiveness on storage of pre-
treated matured sweet oranges. The zero energy 
coolers  entire structure were placed in a cool place 
where there is movement for evaporation of water as 
the river bed sand evaporates the tin or pots cools the 
tin or clay  pot and the stored oranges are cooled 

(Ahmad et al., 2013). Early men of medicine such as 
Hippocrates Plinus and Aristole encouraged a number 
of therapeutic uses for botanicals (Taylor, 1965). In 
several African countries today, many people take 
decoction of Azadiracta indica (neem leaves) for 
malaria fever treatment (Sofowora, 2006). Most 
potent insecticides are of plant origin, such as 
nicotine, roteine and pyrethrin (Mejule, et al., 1992). 
Successful control of spoilage microorganism 
requires the indigenous antimicrobial herbs/spices 
that have been historically used as flavour 
enhancement, as well as preservatives. Garlic (Allium 
sativum), Thyme (Thymus vulgaris), Lemon grass 
(Cymbopogon citratus) and clove (Eugenia 
aromatica) were reported to be proven antimicrobials 
and antioxidants (Siddiqui et al., 2015; Ortega-
Ramirez et al., 2014;  Pundir, 2010; Adekalu, 2014; 
Adekalu et al., 2009; Chevalier, 1996). The aim of 
the present study was to investigate the effect of 
herbs/spices extract on the storage of sweet oranges 
in evaporative coolers. 

MATERIALS AND METHODS 

Herbs and spices were purchased from the local 
market include Thymus vulgaris (Thyme), Eugenia 
aromatica (Clove), Allium sativum (Garlic), 
Cymbopogon citratus (Lemon grass). Three different 
concentrations (5%, 10%, and 15%) of boiled water 
extracts of the powdered sample of each spice were 
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made. The mature green fruit of sweet oranges 
(Breaker stage) were dipped inside the prepared 
warm extract for each of the spice then rolled in for 
five minutes. The treated fruits were then placed 
inside the evaporative coolers A and B.. Three 
replicates of each treatment were laid out. The treated 
oranges were then aired and placed in 

a) Tin in Pot evaporative cooler A 

b)  Pot in Pot evaporative cooler B and ambient serve 
as control  

Physical Analyses 

Percentage of ripening of pre treated sweet 
oranges 

Day to full ripening of fruits was determined by 
observation of the fruits on a daily basis under 
different storage conditions throughout the period of 
storage. The first day of storage till the period of full 
ripening was monitored. (Morten et al., 2006)  

Disease incidence evaluation 

This was determined by finding out the number of 
infected oranges: (Morten et. al., 2006). Degree of 
disease incidence: free from disease 0-24%, slightly 
infected 25-49%, averagely infected 50-74%, and 
heavily infected 75-100%.    

Fruit quality determination  

This was determined by visual observation of the 
fruits for freedom from symptoms of diseases, 
infection decay rate or ripening of fruits, freshness 
and acceptability on a 1-6 scale: (Morten et. al. 2006) 

Freshness/Acceptability value: very poor= 1, poor=2, 
fair=3, good=4, very good =5, excellent=6.          
   

Marketability or Acceptability of treated stored 
sweet oranges 

Marketability/ Acceptability was assessed by 

checking the various physical characteristics of the 

fruits and rated as shown below; (Morten et. al., 

2006). 

Marketability/Acceptability value: very poor=1, 
poor=2, fair=3, Good=4, very good=5.      

 

Weight loss determination  

The fruits were weighed at the intervals of 7 days 
throughout the storage period. The % moisture loss 
(ml) was determined using this formula: (Ladapo 
2000) 

ML =  Initial weight – final weight  x 100  

                               Initial weight 

Analysis of Data 

The experimental design used was a complete 
randomised design (CRD) with split- block 
arrangement replicated three times, harvesting 
methods, pre-storage treatments, and storage 
methods. Descriptive analysis such as frequency, 
percentages, mean, Standard deviation, standard error 
of the mean. While inferential statistics used were 
complete randomised design (CRD) and Analysis of 
variance (ANOVA) were done using SAS statistical 
package.  

Design and Construction of Evaporative cooling 
system  

Tin in Pot Evaporative Cooler A  

 

‘Tin in Pot ’Designed and Constructed for the storage 
of treated oranges cooler A  

Pot-in-Pot Evaporative Cooler 
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 RESULTS & DISCUSSION 

Oranges cannot be artificially ripened and must be 
matured when harvested because they are non-
climateric (Alfred et al., 2010).  Table 1 showed that 
all the pre-storage treatment with thyme, clove, 
garlic, and lemon grass did not affect the ripeness of 
the stored oranges. Several chemical changes occur 
during the processing and storage of fruits. These 
changes may occur due to physiological, pathological 
or environmental factors. 

Storage with cooler A was better than cooler B and 
the control (Ambient). Thyme and clove aqueous 
extracts treated oranges stored for 52 days while 
lemon grass and garlic aqueous extracts treated 
oranges stored for 35 days. Lemon grass and garlic 
extracts treated oranges were 40% ripened on the 35th 
day and in cooler B 80% and control 100% ripeness. 

Table 1: Percentage of Ripening of sweet oranges 
stored in evaporative cooler A & B using Herb as 
treatment 

 
Table 2: Temperature Ranges and Relative humidity 
values obtained during the Trials 

 

Refrence thermo hydrogen graph 

 

 

Oranges stored better in cooler A than cooler B, this 

result is in accordance with Babarinsa and Nwangwa 

(1988, 2002).  Robertson and Creech (1984) reported 

that temperature influences ethylene production, 

oxidation and carbon dioxide production in stored 

fruits (Table 2). 

Table 2 shows that portable cooler A was slightly 

cooler than portable cooler B. In cooler A, 

temperature ranges between 22°C and 26°C while 

cooler B, 25-27°C relative humidity in percentage for 

the ambient or control was obtained using thermo-

hydrograph. For week 160-70% relative humidity for 

the environment for week 2, 50-100% and week 5, 

55-80% 

Relative humidity is the other important factor of 
deterioration in fruits and vegetables. The rate of 
water loss from these commodities depends on the 
relative humidity of the ambient. Internal temperature 
in cooler A is about 2-3o C lower than that of cooler 
B. The temperature of the ambient between 29– 33oC 
monitored by thermo hydrograph is 4o – 7oC higher 
than that of the cooler A and B Paudal et al., (2002). 
Citrus fruits lose water at low relative humidity after 
harvest and hence are prone to stem and rind 
breakdown. This is a physiological injury that can 
pre-dispose fruits to decay (stem and rind breakdown 
of Citrus fruit), (Edhani, 1993). 

Table 3: Marketability/Acceptability of Stored Sweet 

Oranges from Different Herb Treatments 

 
Scale of Marketability/acceptability: Very poor 1, 

Poor 2, Fair 3, Good 4, Very Good 5 
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Table 4: Organoleptic tests for Different Herb 
Treated Stored Sweet Oranges   

Scale value for Test:   Tasteless  1,   Poor 2,   Fair  3,   
Good  4,  Very Good 5 

 

Rapid handling of fruits at high relative humidity and 
application of a protective wax coating to retard 
desiccation are the best means of reducing fruit water 
loss.  High relative humidity during handling storage 
and transits helps to maintain fruits turgidity and 
freshness and enhance susceptibility to green moulds.  
During marketing, huge losses were incurred which 
may be attributed to activities of microorganisms 
most especially fungi and to careless handling 
practices. This explains why oranges with blemishes 
are common in the market stores (Akano et al., 1981).  

The marketability value of the oranges and shelf life 
of thyme and clove was higher than that of lemon 
grass and garlic extract while the control were poor. 
Methods of regulating deterioration are only 
supplements to low temperature storage (Pantasitico, 
1975). The evaporative cooling system is developed 
to serve as cool, storage chamber without 
incorporating mechanical components association 
with conventional refrigerators. Microbial or 
chemical contaminants are also of concern in food 
deterioration (Rahman, 2007). Chemicals from 
preservatives or packaging materials may also be a 
source of food contamination.  

The use of herbs treated sweet oranges that stored for 
between 35 -52 days would help to reduce the use of 
pesticides whose residue causes cancer and 
neurological problems (such as Parkinson’s disease) 
and impair the immune system due to prolonged 
exposure to pesticides.   These herbs are also 
available in the inter land.  Apart from pesticide 
residue in fungicides and waxes they are not 
available, expensive and most of the farmers lack 
education on applications (Caglar, 2011; Table 3). 

Several chemical changes occur during the processing 

and storage of foods. These changes may cause food 

to deteriorate by reducing its sensory and nutritional 

quality. Many enzymatic reactions change the quality 

of foods.  In addition to temperature, other 

environmental factors such as oxygen, water, and pH 

induce deleterious changes in foods that are catalysed 

by enzymes (Singh, 1994).  

The result of the sensory evaluation of oranges Herb 

treated and stored showed that the organoleptic test 

did not have any effect on the taste. The result 

obtained showed that the thyme, clove lemon grass 

and garlic extracts were scored higher than control.  

Quality of fruits and vegetable deteriorate 

progressively after harvest within short time owing to 

a series of physical, physiological and pathological 

agents the produce was exposed to before reaching a 

consumer or processed (Siddiqui et al., 2011). 

Weight losses of the pre-treated oranges were below 

five per cent unlike control that is over seven per 

cent. This results show herbs/spice extracts treated 

Oranges stored in evaporative coolers were saleable 

(Salunke and Desai,1994).   (Figures 1and 2) 

Figure 1:  Average weight loss of herb treated sweet 

oranges stored in cooler A and ambient 
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 Figure 2:    Average weight loss of herb treated sweet 

oranges stored in cooler B and ambient. 

Nigerian farmers do not have any flow charts for 
handling and storage of sweet oranges as revealed in 
the exploratory survey (Adekalu, 2014).  

 

If the pre-storage treatments (thyme, eugenia, garlic 
and lemongrass extracts) are probably utilize they 
will serve as preservatives. 

The flow charts for the pre-storage treatments and 
storage as recommended is shown below. 

 

                   Orange trees (mature breaker stage) 

  

                          Harvesting (Hand picking) 

  

                                     Sorting 

  

              Pre-storage treatment (Aqueous extracts of 
herbs-garlic, thyme, clove, lemon grass) 

  

                       Air dry using plastic crates 

  

                            Storage in portable ECS 

  

                         Monitoring and shelf life 

 

Lemon grass extract oranges ranked good at the end 
of 35 days storage while Eugenia and thyme extracts 
treated oranges ranked good at the end of 52 days. 

CONCLUSION 

These findings and breakthrough will in no small 
measure lead to reduction of post –harvest losses of 
Citrus sinensis (Osberk). The use of simple zero 
energy cost methods such as evaporative coolers for 
small marketers or growers of C. sinensis is vital in 
fruits preservation and availability. If not post-harvest 
losses of fresh horticultural crops will continue to 
have negative economic and environmental impact. 

Recent regional economic growth and changes in 
dietary patterns have made both the production and 
consumption of fruits and vegetables increasing 
important. The fruits and vegetables sector have a 
vital role in farm income enhancement, poverty 
alleviation, food security and sustainable agriculture 
especially in under and developing countries. 
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