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Abstract 

Post-harvest loss is the most challenging obstacle, which decreases the amount and quality of tomato fruits intended for 

consumption in Ethiopia. A study was aimed to see the impact of Sodium hypochlorite (NaOCl) and Aloe Gel (AG) on some 

chemical qualities of tomato fruits at ambient condition. The shanty PM tomato fruits harvested at turning stage were used as 

experimental material. The treatment was arranged as a factorial experiment using a completely randomized design with three 

replications, and data were analyzed using SAS statistical software. The treatments comprised of four rates of NaOCl (0 ppm, 

100 ppm, 200 ppm, and 300 ppm) and five levels of AG (0%, 25%, 50%, 75%, and 100%). The result of the study indicated that 

the treatments have significantly (p≤0.01) maintained the titratable acidity (TA) and ascorbic acid. Fruit samples treated with 

200-ppm NaOCl +100% AG displayed the highest value of fruit titratable acidity (0.34%), minimum value of fruit TSS to TA 

ratio (as low as 15.0) at the end of storage period. Ascorbic acid content was significantly maintained at higher level (14.63) by 

use of 300 NaOCl + 75 AG. While the total soluble solid (TSS) was significantly affected by the interaction of the treatments 

only at the 12th and 20th day, the interaction of the treatments did not show any significant effect on the pH of the fruits during 

the storage period. Based on cost and benefit analysis of the treatments from the present experiment, the combination of NaOCl 

and AG treatment, i.e. 200 ppm NaOCl + 100% AG could be suggested for maintaining the quality attributes like TA and TSS to 

TA of the stored fruits. Beside this, 300 NaOCl + 75% AG treatment could be used in keeping ascorbic acid at normal level. 

However, to reach at conclusive recommendation further experiments that consider different tomato varieties, maturity stages 

and postharvest treatments are recommended. 
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1. Introduction 

Tomato (Solanum lycopersicum L.) is highly marketed and 

the second most significant crop after potato, with an annual 

yield of approximately 163 million tons [1]. Tomato is an 

excellent source of proteins, essential amino acids, fiber, 

vitamins, minerals, and mono-unsaturated fatty acids. In ad-

dition, tomatoes are also high in secondary metabolites (ly-

copene, carotenoids, phenols, chlorophyll, phenols, flavo-

noids, and organic acids), which have been linked to protect 

humans from chronic degenerative diseases like cancer, car-

diovascular disease, and neurological disorders [2, 3]. How-

ever, most of these important nutrients like vitamins, sugars, 

and organic acids in tomato fruits are lost quickly unless they 

are preserved with pre-storage treatments immediately after 

harvest. 

Tomato is cultivated as a crop with a high yield and a 

comparatively short growing season in Ethiopia. The total 

area used for tomato production grew from 5,235.42 hectares 

in 2018 to 6,433.73 hectares in 2021, and the yield increased 

to 41,948.27 tonnes in 2021, with an average national yield of 

6.52 tonnes ha-1 year, according to CSA report [4, 5]. How-

ever, the production of this valuable crop is limited by post-

harvest harvest quality and quantity loss in the country. Sig-

nificant postharvest quality losses of tomatoes, ranging from 

2.5 to 45.3%, have been reported in a number of studies car-

ried out throughout Ethiopia [6-9]. As the major causes of 

these losses, improper harvesting time and method; poor 

post-harvest handling and pre-storage treatment as well as 

damage by microorganisms and insect pests are reported by 

researchers [10, 11]. 

Therefore, exploring an alternative solution for reducing 

post-harvest loss of the chemical attributes of such valuable 

crop is very important in this regard. Sodium hypochlorite and 

aloe gel are among the possible pre-storage treatments by 

which the loss can be minimized [12, 13]. Ease of application, 

effective removal of pesticides and foreign substances, flexi-

bility of application, broad bactericidal activity, and low cost 

are some of the benefits of treatment with sodium hypo-

chlorite [14]. However, the quantity of freely accessible 

chlorine in the water that encounters the organism cells de-

termines the suppressive or killing action of chlorine solution 

[15]. Optimizing its concentration for particular crop is 

therefore crucial in such condition. 

Aloe gel is the mucilaginous gel obtained from the 

squeezing of the clear jelly-like substance of the parenchyma 

tissue of aloe plant leaves and is renowned for its antibacterial 

and antioxidant properties, which also contribute to the 

preservation of fruits. The antioxidant and antimicrobial 

properties of the plant is due to the presence of bioactive 

compounds such as aloin, aloetic acid, aloe- emodin, an-

thranol, isobarbaloin, barbaloin, ester of cinnamic acid, and 

emodin. These compounds can make it a best edible coating 

for effectively maintaining the shelf life and quality of stored 

fruit crops [16-18]. So far, several research activities have 

been conducted to see the effect of AG and NaOCl on chem-

ical attributes of tomato fruits [19-21]. However, the concept 

that focuses on investigating the effect of the combined AG 

and NaOCl has not given consideration by researchers. 

Therefore, the aim of the current research was to investigate 

the combined impact of sodium hypochlorite and aloe gel 

treatments on some chemical attributes of tomato fruits stored 

under ambient condition. 

2. Materials and Methods 

2.1. Description of Study Area 

The tomato was grown at the Tony Farm research site of 

Haramaya University located in Dire Dawa administration in 

2021. The laboratory experiment was then conducted at Ha-

ramaya University, Horticulture laboratory from October 16 

to November 14, 2021. The area receives an average annual 

rainfall of 760 mm [22]. The average minimum and maximum 

temperatures of the storage room were 17.53°C and 24.85°C 

with air relative humidity of 74.04%. 

2.2. Experimental Material 

A fruit of tomato variety shanty PM was used as experi-

mental material. Shanty is a commercial hybrid variety with a 

semi-determinate growth pattern, high yielding, powdery 

mildew resistance characteristics [23]. It was introduced to 

Ethiopia by Hazera genetics LTD (Greenline PLC) in 2009 

and became a widely grown tomato variety in eastern Ethio-

pia. 

2.3. Treatments and Experimental Design 

The experiment consisted of four concentration levels of 

NaOCl (0 ppm 100 ppm, 200 ppm, and 300 ppm) and five AG 

levels (0%, 25%, 50%, 75%, and 100%). The experiment was 

arranged as a 4 x 5 factorial with 20 treatment combinations 

using a completely randomized design with three replications. 

The durations for NaOCl dipping and AG coating of the fruits 

were five (5) minutes [24] and two (2) minutes [25] respec-

tively. 

2.4. Experimental Procedures 

2.4.1. Production of Tomato Fruits 

Tomato seedlings were purchased from Roshanara Roses 

commercial vegetable nursery located in Debrezeit. The to-

mato seedlings were transplanted at 100 cm between rows and 

30 cm between plants on 600 m2 of well-prepared land (15 x 

40 m) as per the recommendation of [26]. There were 40 rows 

in total, with 50 plants on each row. A total of 2000 seedlings 
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were planted. NPS (19% N, 38% P2O5, and 7% S) and Urea 

(46%N) were applied to the field at rates of 200 kg ha-1 and 

150 kg ha-1, respectively, during the transplanting [27]. The 

experimental area received a combined dose of NPS and half 

of Urea during planting, with the remaining Urea applied at 

early flowering stage. During the growing season, other ag-

ronomic activities, including irrigation, weeding, cultivation 

as well as disease and pest management were applied uni-

formly to the entire experimental area as per the requirement 

of the plants. 

2.4.2. Preparation of Postharvest Treatments 

Healthy aloe (Aloe pubescence) plant leaves were collected 

from the Haramaya area. The aloe gel was then prepared by 

following the procedure described by [25]. The tapering point 

of the leaf top and the short sharp spines located along the leaf 

margins were removed and then the knife was introduced into 

the mucilage layer below the green rind to separate the gel. 

The extracted gel was then filtered and pasteurized at 70 oC 

for 45 minutes and stored in clean, sterilized glass bottles in a 

refrigerator at an average temperature of 6 oC. The obtained 

liquid was 100% gel and was considered fresh aloe gel. Then 

the 25%, 50%, and 75% gel concentrations were obtained by 

diluting 25, 50, and 75 milliliters of the pure (100%) AG in 75, 

50, and 25 milliliters of sterile distilled water, respectively. 

Sodium hypochlorite (NaOCl) solution or chlorine bleach 

(5%) was purchased and each concentration was prepared 

based on the percent active ingredient of the NaOCl as de-

scribed by [28]. Accordingly, each of 20ml, 40ml and 60ml of 

5% NaOCl was diluted in 10 liters of distilled water to prepare 

a solution with a 100 ppm, 200 ppm and 300 ppm concentra-

tion of chlorine, respectively. The pH of the chlorine solution 

was between 6.5 and 7. 

2.4.3. Fruit Sample Preparation 

Tomato fruits at turning maturity stage were harvested from 

middle rows, all directions and in the middle of the tomato 

vines. The fruits were immediately transported to the horti-

culture laboratory of Haramaya University. The fruits were 

then sorted and precooled to reduce field heat, soil particles 

and microbial population. 21 fruits of the prepared samples 

encompassing 1260 fruits were used for each post-harvest 

treatment per replication. Tomato fruits selected for chemical 

analysis were stored in the open space of the horticulture 

laboratory on a table at an ambient average temperature and 

relative humidity. A digital psychrometer (Model: ALNOR® 

8612 SN03057107, Germany) were used for measuring air 

temperature and relative humidity of the storage laboratory 

room throughout the storage period. 

2.5. Data Collection 

Twenty-one (21) tomato fruit samples subjected to different 

levels of NaOCl and AG treatments in each experimental plot 

were used in the experiment. The data were collected every 

four-day intervals starting on the first day (day zero) of stor-

age. At each interval, two fruits were taken and crushed to 

determine its chemical qualities like pH, total soluble solids, 

titratable acidity, total soluble solids to acid ratio and ascorbic 

acid content. 

2.6. Chemical Analysis 

2.6.1. pH 

The pH of the crushed fruits was measured following the 

procedures described by [29] using a digital pH meter (mod-

el-ME 962P). Accordingly, the pH meter was first calibrated 

using a buffer solution of pH 4.0, 7.0, and 9.2 at room tem-

perature. The sample was then taken in a 50 ml beaker, stirred, 

an electrode of a pH meter was put in it, and a direct reading 

from the pH meter was taken when the reading stabilized. The 

electrode of pH meter was washed with distilled water and 

rinsed with tissue paper between each sample tests. 

2.6.2. Total Soluble Solids (°Brix) 

Total soluble solids were determined by using the methods 

described by [30]. The digital hand refractometer (Mod-

el-ATAGO® PR-32α) with a range of 0 to 32 °Brix, and a 

resolution of 0.2 °Brix was used. The refractometer was 

standardized against distilled water (0 percent TSS). Two 

drops of clear juice were placed on the prism of a refractom-

eter at room temperature. The readings were then recorded 

as °Brix. Between samples, the prism of the refractometer was 

rinsed with distilled water and dried before use. 

2.6.3. Titratable Acidity (%) 

It was estimated by the acid-alkaline titration method as 

described in [31]. About 10 g of homogenized fruit pulp was 

taken into a 100 ml beaker and the volume was made up to the 

mark with 50ml distilled water. It was thoroughly mixed and 

then filtered with muslin cloth. 10 ml of filtered sample was 

titrated against 0.1 N NaOH (Sodium hydroxide) using three 

drops of 1% phenolphthalein solution as an indicator. The 

observed titre value was used to calculate the acidity using the 

formula indicated below, and the results were expressed as the 

percentage of citric acid as it is the most abundant acids and 

the largest contributor to the total titratable acidity in tomatoes 

[32]. 

TA(%) =
 Titre×0.1N NaOH×0.064 ×V. made with distilled water

Weight of sample (g) × V. of an aliquot taken
 x 100  

2.6.4. Total Soluble Solids to Acid Ratio (TSS to TA) 

Total soluble solid to acid ratio was calculated by dividing 

the value of total soluble solid (°Brix) by the value of the 

percentage of titratable acidity as described by [33]. 

𝑆𝑢𝑔𝑎𝑟 𝑡𝑜 𝐴𝑐𝑖𝑑 𝑟𝑎𝑡𝑖𝑜 =
°B𝑟𝑖𝑥 𝑜𝑓 𝑡𝑜𝑚𝑎𝑡𝑜 𝑗𝑢𝑖𝑐𝑒

𝑇𝑜𝑡𝑎𝑙 𝑎𝑐𝑖𝑑 𝑜𝑓 𝑡𝑜𝑚𝑎𝑡𝑜 𝑗𝑢𝑖𝑐𝑒
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2.6.5. Ascorbic Acid (AA) 

The dye solution was standardized prior to ascorbic acid 

determination. For standardization of dye solution, 5 ml of 

standard ascorbic acid solution was taken in a conical flask 

and 5 ml of 3% metaphosphoric acid solution was added. 

They were thoroughly mixed and titrated against indophenol 

dye solution to get the pink color end point and its persistence 

for 15 seconds, and the burette readings were taken. The dye 

factor was then calculated  𝑎𝑠, 𝑑𝑦𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 = 0.5/

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑏𝑢𝑟𝑒𝑡𝑡𝑒 𝑟𝑒𝑎𝑑𝑖𝑛𝑔. 

The 2, 6-dichlorophenolindophenol standard [34] method 

no. 967.21 was used to determine the ascorbic acid content 

(mg 100g-1) of tomato. A 10 g of tomato juice extract was 

diluted to 50 ml with 3% metaphosphoric acid in a 100 ml 

beaker. The aliquot was filtered with muslin cloth, and 10ml 

of clear juice was titrated with the standard dye to a pink 

end-point (persisting for 15 seconds). The ascorbic acid con-

tent was then calculated using the following formula from the 

titration value, dye factor, dilution, volume of aliquot taken 

for titration, and sample weight. 

𝐴𝐴 =
𝑇𝑖𝑡𝑟𝑒×𝐷𝑦𝑒𝑓𝑎𝑐𝑡𝑜𝑟 ×𝑉.𝑚𝑎𝑑𝑒𝑢𝑝

𝐴𝑙𝑖𝑞𝑢𝑜𝑡 𝑡𝑎𝑘𝑒𝑛 𝑓𝑜𝑟 𝑡𝑖𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑥 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 100  

2.7. Data Analysis 

The collected data were subjected to analysis of variance 

(ANOVA) using SAS statistical software [35] in accordance 

with [36]. The significant differences among the treatments 

were computed using the Duncan Multiple Range Test 

(DMRT). 

3. Results and Discussion 

3.1. The pH 

The interaction of NaOCl and AG did not show a signifi-

cant effect on the pH of tomato fruits during storage period. 

However, aloe gel coating had a highly significant (P < 0.001) 

effect on the same parameter throughout the storage duration 

and the chlorinated water treatment showed its significant 

effect on the 16th (P < 0.001), 20th (P ≤ 0.05), 24th (P < 0.01), 

and 28th (P < 0.01) days after storage. The tomato fruits ex-

posed to pure aloe gel (100%), which is statistically similar 

with 75% treatment, had a lowest pH (3.66 to 4.30) compared 

to 75%, 50%, 25%, and 0% during the storage period. This 

result is consistent with the report of [20], who stated that the 

pH range of the coated tomato fruit was from 3.13 to 4.56 

during storage experiments at ambient temperature. Com-

pared with control fruit samples, the slower trend of pH in-

crement, which is statistically similar to 200 ppm NaOCl 

treatment, was observed in tomato fruits disinfected with 300 

ppm NaOCl between 16th to 28th days of after storage. [37] 

also tested 200 g/mL sodium hypochlorite for strawberry 

sanitization and confirmed that treatments did not change pH 

values compared with fresh samples. 

Table 1. Effect of Sodium hypochlorite (NaOCl) dipping and Aloe gel (AG) coating on pH of tomato fruits during storage. 

Treatments 

 

Storage duration (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

0 0 3.76a 3.93a 4.20a 4.36a 4.50a 4.65a 4.65a 

100 0 3.76a 3.93a 4.18ab 4.33a 4.49a 4.63a 4.64a 

200 0 3.75a 3.92a 4.15abc 4.31ab 4.47ab 4.60ab 4.62ab 

300 0 3.75a 3.90a 4.12abcd 4.30ab 4.43ab 4.58ab 4.59abc 

0 25 3.75a 3.85abc 3.98bcde 4.25bc 4.39abc 4.57ab 4.54bcd 

100 25 3.73a 3.87a 3.98abcde 4.21cd 4.36bc 4.53abc 4.54bcd 

200 25 3.72a 3.85abc 3.95cdef 4.16d 4.35bc 4.48bcd 4.50cde 

300 25 3.73a 3.86abc 3.93defg 4.15d 4.30cd 4.41cde 4.45defg 

0 50 3.72a 3.83abc 3.89efgh 4.14de 4.28cd 4.42cde 4.47def 

100 50 3.70ab 3.77abcd 3.88efghi 4.08ef 4.21de 4.35def 4.42efgh 

200 50 3.67abc 3.73bcd 3.85efghi 4.02fgh 4.15ef 4.30efg 4.40fgh 

300 50 3.68abc 3.73bcd 3.81efghi 4.03fg 4.14ef 4.27fgh 4.41efgh 

0 75 3.66abc 3.71cd 3.78efghi 4.01fgh 4.08f 4.22fghi 4.38fghi 
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Treatments 

 

Storage duration (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

100 75 3.66abc 3.70cd 3.75fghi 3.99ghi 4.06fg 4.20ghi 4.38fghi 

200 75 3.65abc 3.71cd 3.74fghi 4.00gh 4.02fghi 4.16hijk 4.34hij 

300 75 3.66abc 3.71cd 3.75fghi 4.01fgh 4.03fgh 4.18ghij 4.35hij 

0 100 3.66abc 3.70cd 3.71ghi 3.95hi 3.95ghij 4.12ijk 4.30ijk 

100 100 3.64abc 3.69cd 3.69hi 3.93ij 3.92hij 4.09ijk 4.36ghij 

200 100 3.58bc 3.64d 3.66i 3.87jk 3.89j 4.03k 4.27jk 

300 100 3.56c 3.61d 3.72fghi 3.84k 3.92ij 4.05jk 4.24k 

CV% 

 

1.8 2.4 3.1 0.9 1.7 1.7 1.2 

Means with the same letter (s) in a column are not significantly different at a 5% level of significance according to DMRT. 

The untreated fruits on the other hand showed a highly in-

creasing trend of pH between the 4th and 28th days after stor-

age (Table 1). Such an excessive increase in fruit pH is unde-

sirable, because it negatively affects the sensory quality of the 

fruits and upsets their sugar-to-acid ratio [38]. 

Aloe gel coating retards excessive moisture loss by covering 

natural openings of the skin of the fruits; thus, it decelerates the 

pH increment. The work of [21], who used 100% aloe vera gel 

and 2% calcium chloride to treat tomato fruits and reported the 

significance of the treatment in maintaining pH at a normal level. 

Coating mango fruits with 75% aloe gel has also been suggested 

to regulate the excessive increase in mango fruit pH [39]. The 

present study also revealed that the application of 100% AG 

significantly maintained the pH of tomato fruits under storage. 

3.2. Total Soluble Solids (TSS) 

The interaction of NaOCl dipping and AG coating did not 

show a significant effect on the total soluble solid content of 

the stored tomato fruits except on the 12th and 20th days after 

storage. But, the main effects of NaOCl and AG were highly 

significant (P < 0.001) starting from the 8th and 4th day, re-

spectively. The total soluble solids of all fruit samples were 

continuously increasing regardless of treatments applied until 

the 16th day. However, the rate of TSS increment at the 

commencement of the storage period was relatively faster in 

untreated fruits, which also resulted in a higher TSS value for 

these samples. Thus, the maximum TSS value of 4.72 to 5.74 
oBrix was recorded from control fruits between 4th and 16th 

days (Table 2). Coating tomato fruits with pure aloe gel 

(100%) kept the increment of total soluble solids of the tomato 

fruits at a lower level compared to its lower concentrations up 

to the 20th day after storage. This could be due to the slower 

decrease in acidity in the coated fruits, resulting in a slower 

ripening process [40]. 

Table 2. Effect of Sodium hypochlorite (NaOCl) dipping and Aloe gel (AG) coating on TSS (oBrix) of tomato fruits during storage. 

Treatments Storage duration (days) 

 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

0 0 4.72a 4.97a 5.51a 5.74a 5.66cd 5.26j 4.92j 

100 0 4.71a 4.95a 5.49ab 5.73ab 5.64cdef 5.27j 4.94ij 

200 0 4.71a 4.93ab 5.48ab 5.71abc 5.62efg 5.33i 4.95ij 

300 0 4.69ab 4.92ab 5.46bc 5.71abc 5.61fgh 5.35hi 4.97hi 

0 25 4.67abc 4.89bc 5.43c 5.70bcd 5.58hij 5.38ghi 4.97hi 

100 25 4.66abc 4.85cd 5.38d 5.69cd 5.55jk 5.40fgh 4.98ghi 

200 25 4.64abcd 4.85cd 5.36d 5.67de 5.54kl 5.40fgh 4.99gh 

300 25 4.62bcde 4.84cd 5.14e 5.65e 5.70a 5.42efg 4.99gh 
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Treatments Storage duration (days) 

 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

0 50 4.60cdef 4.81de 5.12ef 5.61f 5.69ab 5.42efg 5.00fgh 

100 50 4.59cdef 4.78def 5.09fg 5.59fg 5.67bc 5.43cdefg 5.01efg 

200 50 4.59cdef 4.78efg 5.08fg 5.57g 5.65cde 5.43cdefg 5.02efg 

300 50 4.59cdef 4.77efg 5.06gh 5.56gh 5.65cde 5.45cdef 5.03def 

0 75 4.56defg 4.75fgh 5.03hi 5.52hi 5.63cdef 5.46cde 5.03def 

100 75 4.54efg 4.73ghi 5.02hi 5.52hi 5.63cdef 5.47cde 5.04de 

200 75 4.54efg 4.70hij 4.99ij 5.49ij 5.59ghi 5.48cd 5.04cde 

300 75 4.53fg 4.69ij 4.97jk 5.46jk 5.58ij 5.49bc 5.05cde 

0 100 4.52fg 4.67jk 4.95jkl 5.44k 5.56jk 5.49bc 5.07bcd 

100 100 4.52fg 4.65jkl 4.94kl 5.43kl 5.55jk 5.53ab 5.08bc 

200 100 4.50g 4.62kl 4.91lm 5.40lm 5.53kl 5.55a 5.10b 

300 100 4.48g 4.61l 4.89m 5.38m 5.51l 5.58a 5.15a 

CV (%) 

 

1.00 0.60 0.50 0.40 0.30 0.50 0.40 

Means with the same letter (s) in a column are not significantly different at a 5% level of significance according to DMRT. 

The current finding supports the work of [41] who reported 

that the TSS concentration slightly increased initially and then 

decreased in the case of tomatoes coated with 100% aloe vera 

gel. The rapid decline of TSS in fruits that received control 

treatment on the other hand is therefore, due to the absence of 

coating material, which slows down the ripening and respira-

tion processes of stored fruits by regulating oxygen availa-

bility and macromolecular degradation. Hence, the high TSS 

value might be due to the degradation of polysaccharides to 

simple sugars (the conversion of starch to sugar) during rip-

ening [42]. It is clear from the present study that using the 100% 

AG treatment alone had significantly regulated TSS of the 

stored fruits at optimum level. 

3.3. Titratable Acidity (TA) 

An interaction of NaOCl dipping and AG coating exerted a 

significant interaction effect on the total titratable acidity (%) of 

tomato fruits during storage, except for 8th and 12th days. The 

total titratable acidity was decreased in all fruit that received 

each treatment, but, the rate of reduction was relatively more 

pronounced in fruits subjected to control treatment. The max-

imum fruit acidity from 0.65% to 0.33% was observed in fruits 

treated with 300 ppm NaOCl +100% AG, followed by statis-

tically similar result from 200 ppm NaOCl +100% AG across 

the storage period. Similar to this finding, [43] indicated 0.67% 

TA of tomato fruits harvested at the turning stage. Contrariwise, 

the control and lower concentrations of sole chlorine treatment 

had the lowest value of less than 0.40% during the 28 days after 

storage (Table 3). The fall in titratable acidity has been sug-

gested to be due to the metabolic activity of tomato fruits dur-

ing ripening because stored organic acids (i.e., citric acid) are 

converted into sugars to supply intermediates to the tricarbox-

ylic acid cycle during increases in respiration [44, 45]. A re-

duction in acidity was therefore expected in terms of the rate of 

increase in the respiration of fruit cells. 

Table 3. Effect of Sodium hypochlorite (NaOCl) dipping and Aloe gel (AG) coating on TA (%) of tomato fruits during storage. 

Treatments Storage duration (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

0 0 0.35a 0.31a 0.25a 0.21a 0.19a 0.17a 0.13a 

100 0 0.38bc 0.35b 0.30b 0.28b 0.19a 0.18ab 0.17b 

200 0 0.38bc 0.36bc 0.32bc 0.29b 0.24b 0.20bc 0.18b 
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Treatments Storage duration (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

300 0 0.39bcd 0.38bcd 0.33c 0.30bc 0.25b 0.22c 0.19bc 

0 25 0.41d 0.40d 0.32bc 0.30bc 0.28c 0.19ab 0.17b 

100 25 0.40cd 0.39cd 0.34cd 0.32cd 0.30cd 0.26d 0.21c 

200 25 0.45e 0.42de 0.36de 0.34de 0.32d 0.27de 0.19bc 

300 25 0.45e 0.41de 0.38e 0.37fg 0.34e 0.28def 0.20bc 

0 50 0.46e 0.44ef 0.41f 0.36ef 0.36ef 0.27de 0.20bc 

100 50 0.50f 0.46fg 0.43f 0.37fg 0.36ef 0.29efg 0.26d 

200 50 0.52fg 0.48gh 0.46g 0.39gh 0.38fg 0.30fgh 0.27de 

300 50 0.51f 0.49ghi 0.47g 0.41hi 0.39g 0.31gh 0.29defg 

0 75 0.54gh 0.51hij 0.46g 0.43ij 0.40gh 0.28def 0.28def 

100 75 0.55hi 0.52ijk 0.48g 0.45j 0.42h 0.30fgh 0.30efgh 

200 75 0.56hi 0.55jkl 0.51h 0.48k 0.45i 0.31ghi 0.30efgh 

300 75 0.56hi 0.54jkl 0.53hi 0.51k 0.47ij 0.32hi 0.31fghi 

0 100 0.57ij 0.55kl 0.53hi 0.50kl 0.48j 0.33hi 0.32ghi 

100 100 0.59j 0.57lm 0.55i 0.52l 0.51k 0.32hi 0.31fghi 

200 100 0.62jk 0.60mm 0.58j 0.56m 0.54l 0.34i 0.34i 

300 100 0.65l 0.62n 0.60j 0.57m 0.57m 0.46j 0.33hi 

CV% 

 

2.9 4.7 3.2 3.5 3.8 5.6 6.9 

Means with the same letter (s) in a column are not significantly different at a 5% level of significance according to DMRT. 

At the end, the statistically highest and similar TA values of 

0.34% and 0.33% were recorded from fruits treated with 200 ppm 

NaOCl + 100% AG and 300 ppm NaOCl +100% AG, respec-

tively. The reason for delayed TA reduction in treated fruit sam-

ples could be due to the potential of aloe gel coating and chlorina-

tion in controlling the rate of respiration and preserving organic 

acid. The finding of [44], who reported the effectiveness of aloe 

vera gel coating to maintain the titratable acidity of tomato fruits, 

also supports this result. Tomato fruits dipped in chlorinated water 

have also been reported to have higher TA as compared to hot 

water dipped fruits [46]. From the present study findings, a com-

bination of 200 ppm NaOCl with 100% AG concentrations, 

showed a statistically higher and economically beneficial effect in 

preserving the TA of stored fruits at a desirable level. 

3.4. Total Soluble Solids to Acid Ratio (TSS to 

TA) 

The TSS to TA ratio of the stored tomato fruits was signif-

icantly affected by interaction of NaOCL dipping and AG 

coating. A general increment in the TSS to TA ratio was ob-

served in all treatments. However, fruits that received NaOCl 

and AG treatments revealed slower trends. The study results 

indicated that the control fruit exhibited a highest TSS to TA 

ratio (13.69 to 38.42) during storage period (Table 4). A 

combination of 300 ppm with 100% AG and 200 ppm NaOCl 

with 100% AG resulted in statistically similar and lower TSS 

to TA ratio at the end of storage duration. 

Table 4. Effect of Sodium hypochlorite (NaOCl) dipping and Aloe gel (AG) coating on TSS to TA of tomato fruits during storage. 

Treatments Storage duration (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

0 0 13.49a 16.03a 22.35a 27.90a 30.34a 31.61a 38.42a 
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Treatments Storage duration (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

100 0 12.56b 14.28b 18.13b 20.50b 29.75a 29.35b 29.14b 

200 0 12.40b 13.70b 17.32c 19.71bc 23.46b 26.25c 28.16b 

300 0 12.14b 12.97c 16.55cd 19.24c 22.20b 24.70c 26.73bc 

0 25 11.43c 12.23de 16.99c 18.79cd 20.00c 28.84b 28.78b 

100 25 11.55c 12.45cd 15.83d 17.79d 18.53d 20.78d 23.42c 

200 25 10.31d 11.55ef 14.92e 16.69e 17.51de 20.27d 26.88bc 

300 25 10.28d 11.83de 13.52f 15.29fg 16.76ef 19.60def 25.50bc 

0 50 10.00d 10.94fg 12.53g 15.59f 15.85fg 20.53d 25.53bc 

100 50 9.19e 10.43gh 11.84g 15.12fg 15.77fg 18.74defg 19.30d 

200 50 8.84ef 9.97hi 11.05h 14.28gh 15.03gh 18.12efgh 18.60de 

300 50 9.01e 9.74hij 10.79h 13.56hi 14.64ghi 17.59fgh 17.37de 

0 75 8.45fg 9.32ijk 10.94h 12.84ij 14.09hi 19.74de 18.17de 

100 75 8.26g 9.08jkl 10.47hi 12.31jk 13.42ij 18.03efgh 16.81de 

200 75 8.09gh 8.56lm 9.79ij 11.44kl 12.43jk 17.49fgh 16.82de 

300 75 8.11gh 8.72klm 9.38j 10.71lm 11.87kl 17.16gh 16.30de 

0 100 7.94gh 8.53lm 9.35j 10.88l 11.59klm 16.82gh 15.88de 

100 100 7.67hi 8.16mn 8.99jk 10.44lmn 10.89lmn 17.50fgh 16.40de 

200 100 7.26ij 7.71n 8.47kl 9.64mn 10.24mn 16.34h 15.00e 

300 100 6.89j 7.44n 8.15l 9.47n 9.66n 12.16i 15.61de 

CV% 

 

3.2 4.0 3.7 4.3 4.8 5.6 9.4 

Means with the same letter (s) in a column are not significantly different at a 5% level of significance according to DMRT. 

In the present study, the coating attributes of AG, which 

regulated the increment of TSS and TA decline, also main-

tained the relationship between TSS and TA. Similarly, a 

positive effect of a 75% aloe debrana gel and cactus mucilage 

coating on TSS to TA ratio was reported on mango fruits [19]. 

Moreover, [47] indicated that significantly lower TSS to TA 

ratio in strawberries sanitized with alternative treatments 

including NaOCl. It is also clear from present finding that 

treating tomato fruit with a combination of 300 ppm NaOCl 

and 100% AG or 200 ppm and 100% AG showed an appre-

ciated result in keeping the TSS to TA ratio of tomato fruits at 

an optimum level. 

3.5. Ascorbic Acid (AA) 

Aloe gel coating during storage had a significant (P < 0.001) 

impact on the ascorbic acid content of tomato fruit. However, 

beginning on the twentieth day of storage, this nutrient was 

significantly affected by both NaOCl (P < 0.001) and its 

combination with AG (P < 0.01). The constant rise of ascorbic 

acid in all tomato fruit samples was seen up to day 12 (Table 

5). This increase in ascorbic acid could be attributed to cell 

wall degradation during the ripening process, which provides 

substrates for ascorbic acid synthesis [48]. Fruits treated with 

control, NaOCl alone, and 25% AG showed a rapid increase 

in ascorbic acid during storage, followed by a gradual decline 

commencing from 16th day. Starting from the 20th day, an 

overall decrement in the ascorbic acid content of fruit samples 

was observed irrespective of treatment variation. However, 

the treatment with a combination of higher levels of NaOCl 

and AG resulted in a significantly higher mean ascorbic acid 

content. The result is similar to the finding of [49], who stated 

the continuous increase in ascorbic acid content of tomato 

fruits during the maturity stage followed by a slight fall during 

the light red stage. 

The higher value of ascorbic acid observed in control fruits 

during earlier intervals of the storage period might be due to 

uncontrolled ripening and respiration rate. On the other hand, 

the increased ascorbic acid content of coated tomatoes near 

the end of the storage period could be because of the coating 
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that served as a protective layer against the auto oxidation of 

fruit by controlling the permeability of O2 and CO2 deep in-

side the fruit. Between the 16th and 28th days, the statistically 

highest ascorbic acid values, ranging from 14.94 to 15.10 

mg/100 g-1, which was statistically similar with the results 

recorded from the rest of the higher treatment concentrations 

as well as sole 100% AG, were obtained from a combination 

of 300 ppm NaOCl and 100% AG. 

Table 5. Effect of Sodium hypochlorite (NaOCl) dipping and Aloe gel (AG) coating on Ascorbic Acid (mg 100 g-1) of tomato fruits during 

storage. 

Treatments Storage durations (days) 

NaOCl (ppm) AG (%) 4 8 12 16 20 24 28 

0 0 12.52a 12.58ab 13.78a 13.32g 12.92f 11.39d 9.89e 

100 0 12.45a 12.62a 14.00a 13.60fg 13.00f 11.55d 10.00e 

200 0 11.75b 12.41ab 13.70ab 13.50fg 13.10f 11.44d 10.14e 

300 0 11.71b 11.78bc 13.64ab 13.45g 13.11f 11.42d 10.12e 

0 25 11.26bcd 11.80bc 13.68ab 13.60fg 13.14f 11.46d 10.30e 

100 25 11.54bc 11.75bc 13.63ab 13.70defg 13.16f 11.56d 10.32e 

200 25 10.77def 11.38cd 13.58ab 13.74defg 13.18f 11.48d 10.33e 

300 25 11.08cd 11.30cd 13.60ab 13.69efg 13.89e 11.59d 10.39e 

0 50 10.93de 11.06cdef 13.55ab 13.95cdefg 13.91e 13.40c 11.42cd 

200 50 10.25fg 11.00cdef 13.51ab 13.95cdefg 14.27d 13.52c 11.94cd 

300 50 10.23fg 10.96cdefg 13.47ab 14.35abcd 14.67c 14.60b 12.15cd 

0 75 9.83gh 10.58defgh 12.45c 14.15bcdef 14.67c 14.62b 12.21cd 

100 75 9.80gh 10.40efgh 13.38ab 14.30abcde 14.69c 14.68ab 12.50c 

200 75 9.75gh 10.32fgh 13.15b 14.42abc 14.72c 14.71ab 13.60b 

300 75 9.73gh 10.20fgh 12.59c 14.47abc 14.81bc 14.75ab 14.63a 

0 100 9.73gh 9.76h 12.36c 14.50abc 14.86bc 14.80ab 14.70a 

100 100 9.57h 10.11h 12.26c 14.78ab 15.03ab 14.98ab 14.85a 

200 100 9.55h 9.85h 12.21c 14.94a 15.19a 15.15ab 15.05a 

300 100 9.50h 10.10gh 12.10c 14.94a 15.25a 15.20a 15.10a 

CV% 

 

2.89 4.12 2.41 2.43 1.1 3.85 

Means with the same letter (s) in a column are not significantly different at 5% level of significance according to DMRT. 

In line with current finding, the significance of aloe vera gel 

coating in retaining the ascorbic acid content of stored tomato 

fruits has been reported by scholars [50, 51]. The work of [52] 

has also revealed that 80% aloe vera gel concentrations re-

duced ascorbic acid oxidation and maintained its content in 

guava fruits. Besides this, [53] stated that tomato fruits dis-

infected with 200 ppm NaOCl and packed in a low-density 

polyethylene bag had a maximum ascorbic acid content of 

10.04 mg/100 g compared to untreated fruits. Furthermore, 

evaluation of sodium hypochlorite solution for sanitizing 

strawberries was reported to be better in maintaining ascorbic 

acid content at a higher level compared to those only washed 

with water [37]. It is, therefore, possible to conclude from this 

study that the use of a combination of 300 ppm NaOCl and 75% 

AG for tomato postharvest treatment can economically reduce 

its ascorbic acid loss. 

3.6. Economic Benefits 

Cost and returns analysis was used to determine the prof-

itability of treatment levels in relation to each other and con-

trol treatments [54]. Expected changes in cost and returns 

were calculated for each treatment combination. Therefore, 

based on the market price of 1 Kg tomato fruits existed during 
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research activity and using marketable tomato fruits data 

recorded at 28th days of storage and other relevant information 

gathered by the researchers. The summary of the result is 

presented in the table 6. 

Table 6. Cost and return analysis of different levels of Sodium hypochlorite and aloe gel treatment combinations. 

Treatments Com-

bination 

Total returns 

(ETB) 

Total costs 

(ETB) 

Additional income 

(ETB) 

Marketable tomato fruits (%) data at 28th 

days after storage 

0+0 5 0.5 4.5 4.67a 

100+0 8 1.03 6.97 6.50b 

200+0 10 2.05 7.95 6.83b 

300+0 12 3.08 8.92 13.09c 

0+25 37 31.25 5.75 13.32c 

100+25 38 32.28 5.72 13.33c 

200+25 40 33.3 6.7 14.45c 

300+25 40 34.33 5.67 28.32d 

0+50 67 62.5 4.5 30.29e 

100+50 70 63.53 6.47 31.95f 

200+50 75 64.55 10.45 35.07g 

300+50 100 65.58 34.42 45.49h 

0+75 130 93.75 36.25 45.67h 

100+75 150 94.78 55.22 47.74i 

200+75 150 95.8 54.2 48.89i 

300+75 189 96.83 92.17 50.79j 

0+100 227 125 102 53.27k 

100+100 250 126.03 123.97 53.39k 

200+100 300 127.05 172.95 55.35l 

300+100 300 128.08 171.92 55.68l 

G. Mean - - - 32.70 

LSD - - - 1.47 

CV - - - 2.71 

Means with the same letter (s) in a column are not significantly different at 5% level of significance according to DMRT. 

The results of the analysis showed that 200 NaOCl + 100 

AG treatment combination resulted in increased returns. The 

highest total returns which is at par with that of 300 NaOCl + 

100 AG was recorded for 200 NaOCl + 100 AG. However, 

the highest additional income was obtained from 200 NaOCl 

+ 100 AG treatment. Therefore, 200 NaOCl + 100 AG 

should be applied as post-harvest treatment for tomato dur-

ing storage since it resulted in statistically higher percentage 

of marketable tomato fruits, which in turn caused the highest 

additional income which is about 172.5 ETB for the treat-

ment. 

4. Summary and Conclusion 

The interaction of NaOCl and AG did not show a con-

tinuous significant effect on most of the chemical attributes 

of tomato fruits during storage. The pH of the fruit sample 

was not significantly influenced by the interaction of AG and 

NaOCl throughout the storage period. The significant in-

teraction effect of NaOCl and AG on TSS contents of tomato 

fruits was not observed except on the 12th and 20th days. Fruit 

samples treated with a blend of 200 ppm NaOCl with 100% 
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AG displayed the maximum value of fruit TA of about 

0.34%, at the end of storage period. The TSS to TA ratio was 

significantly affected by the interaction of both treatments. 

The lowest TSS to TA ratio (15 ratio) of tomato fruits at 28 th 

day of storage period was recorded from the samples treated 

with 200 ppm NaOCl + 100% AG. In addition, Ascorbic acid 

content was economically preserved at significantly higher 

level (as high as 14.63 mg100g-1) in fruit samples treated 

with 300 ppm NaOCl + 75% AG. Depending on the present 

finding and economic analysis of the treatments, a combi-

nation of sodium hypochlorite and aloe pubescence gel at 

concentration level of 200 ppm and 100% could be used as 

pre-storage treatments for maintaining the chemical quality 

attributes of tomato fruits such as titratable acidity and ti-

tratable acidity to total soluble solid ratio. On the other hand, 

the use of 300 ppm NaOCl + 75% AG was observed to be 

beneficial in preserving ascorbic acid content of the stored 

tomato fruits at optimum level. However, to give a conclu-

sive recommendation, it is imperative to conduct further 

experiments with consideration of different tomato varieties, 

harvesting stages, chlorine forms, coating materials, and 

dipping durations. 
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