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ABSTRACT 
Guava is rapidly perish with higher weight loss, fungal decay which limits its 

marketability. So, this experiment was carried out to study the efficacy of postharvest coating 
henna leaves extract at (2% and 4%) and sodium alginate at (2% and 4%) on the quality 
attributes during cold storage and shelf life of "Maamoura" guava fruit. The fruits were stored 
at 7±1˚C and 90±5% R.H. for 21 days followed by shelf life period at room temperature 
under conditions (25±2˚C and 65±5% R.H. Fruit quality was evaluated at harvest, during cold 
storage and evaluate number of days that fruits suitable for market at shelf life. Results 
showed that, all of postharvest treatments of 4% alginate or 4% henna leaves extract had 
positively affected postharvest quality properties including decreased weight loss, decay 
percentage, keeping visual appearance, fruit firmness, total soluble solids, titratable acidity, 
vitamin C and total soluble sugars during cold storage compared to the control (untreated 
fruits), the coverage treatments also increased the number of days for the fruits to be 
marketable. The study suggests that coating treatments can be used for keeping quality for 
longer time in markets of guava fruits.  
Keywords: "Maamoura" guava fruits- Sodium alginate- Henna leaves extract- Cold storage- Fruit 

quality 

INTRODUCTION 
Guava (Psidium guajava, L.) is a major 

fruit crop in tropical and subtropical regions; 
they are rich in sugars and nutrients and a 
great source of vitamin C.  As a climacteric 
fruit, guavas have a short shelf life and are 
extremely perishable. Because of their low 
pH, fruits are susceptible to fungal 
degradation (Singh and Sharma, 2007). It is 
a climacteric fruit that shows ethylene and 
respiratory peaks as it ripens (Bashir and 
Abu-Goukh, 2003). Guava is a strong source 
of pectin and is the fruit with the highest 
concentration of vitamin C. In both domestic 
and foreign markets, guava fruits are highly 
sought after for both fresh and processed 
uses (Bhooriya et al., 2018). 

One of the serious problems facing of 
guava world trade is short postharvest life. 
Led to a significant loss of guava production 
during harvest, handling and transportation 
to the far markets (Jha et al., 2015). Fruit 
cannot be kept for longer than three days at 
room temperature (Kanwal et al., 2016). 
Because of their sharp ripening nature, 
delicate skin, high respiration, and strong 
ethylene production, fruits quickly 
deteriorate and lose more weight owing to 
fungal decay, which restricts their 

marketability. So, controlling the ripening of 
guava fruit is therefore essential to 
improving its marketability and storability 
(Mitra et al., 2012). Cold storage-maintained 
quality of fruit due to reducing ripening, 
transpiration, respiration rate, ethylene 
production, disease incidence, enzymatic 
reactions subsequently extend fruit shelf life 
(Bron et al., 2005).  

Consumer preferences indicate that the 
most desirable postharvest practices are 
those that are safe, natural, chemical-free, 
and biodegradable. For that it can be 
considered as an alternative preservative 
coating for vegetables and fruits (Kubheka et 
al., 2020). Moreover, the demand for 
production safety food increases with 
increasing importance of food security 
concern, people awareness and organic 
farming (Basra and Lovatt, 2016). Many 
storage techniques have been developed to 
extend the practical selling distances and 
holding periods for fresh horticultural 
products after harvest. Alginate is a 
hydrophilic biopolymer with coating 
properties that can be utilized for thickening, 
suspension creation, gel formation, and 
emulsion stabilization due to its unique 
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colloidal properties (Acevedo et al., 2012). 
Sodium alginate is a natural polysaccharide 
that is extracted from brown seaweed called 
Macrocystis pyrifera of the family 
Phaeophyceae and comprises the two uronic 
acids, _-D-manuronic and _-L-guluronic. 
Sodium alginate consists of block polymers 
of sodium poly-L-guluronate, sodium poly-
D-mannuronate, and alternate sequences of 
both sugars (Parreidt et al., 2018). It has 
been effective on maintaining postharvest 
quality in peach (Maftoonazad et al., 2008) 
and sweet cherries (Díaz-Mula et al., 2012), 
strawberry fruits. 

Henna leaves (Lawsonia inermis) is 
contain flavonoids (acacetine, acacetin-7-O-
glucoside, luteolin, luteolin-7-O-g apigenin-
7-O-β-D-glucopyranoside, apigenin-40-O-β-
D-glucopyranoside, luteolin-30-O-βD  
glucopyranoside, apiin, cosmosiin,  
isoscutellarin, lawsochrysin, lawsochrysinin, 
lawsonaringenin, 30,40-dimethoxyflavone, 

7-hydroxyflavone, 3,30,40,7-
tetrahydroxyflavanone and rhoifolin) and 
also contain Mucilage (Gallo et al., 2014). 
Possesses strong antioxidant, antifungal, and 
antibacterial properties (Mohammed et al., 
2007). Additionally, Abd El-Migeed et al. 
(2021) investigated the effects of henna 
extract on the quality and storability of 
"Maamoura" guava fruit. The findings 
showed that the henna extract prolonged the 
storage period to three weeks while 
significantly lowering the percentage of 
weight loss and decay content when 
compared to the control, which was only 
kept in cold storage for two weeks. The 
present study aimed to investigate the 
efficacy of henna leaves extract and sodium 
alginate on the quality attributes during cold 
storage and evaluate number days that fruits 
suitable for market at shelf life of 
"Maamoura" guava fruit. 

MATERIALS AND METHODS 
Plant material:  

20-year-old guava trees were used as 
the plant material for this study are 
grown in a private orchard in Kafr El-
Dawar, El-Beheira Governorate, Egypt. 
Guava trees were planted 5 by 5 meters 
apart in a loamy clay soil with flood 
irrigation. Guava trees devoted for this 
work were healthy and standard 
agricultural practices recommended by the 
Ministry of Agriculture and Land 
Reclamation.   
Harvested guava fruits: 

"Maamoura" guava fruits were 
gathered when reached the maturity stage 
(yellowish green) in the second week of 
August according to Mercado-Silva et al. 
(1998). Fruits were transported to the 
horticulture laboratory without signs of 
mechanical damage and deterioration were 
selected and standardized in fruits showing 
homogeneous size, color and form, then 
randomly distributed into 5 treatments. 
The current study was conducted in the 
Sabahiya Horticulture Research Station 
laboratory in Alexandria, Egypt, during the 
2023 and 2024 seasons. 
Fruit preparation: 

Guava fruits are washing with a 
0.01% sodium hypochlorite water solution 

to clean their surfaces, the sound fruits at 
the same development stage were allowed 
to air dry at room temperature until any 
remaining moisture was entirely gone. 
Preparation of Sodium alginate:  

Alginate (alginic acid sodium salt 
from brown algae) was made at two 
concentrations (2% and 4% w/v) dissolved 
in hot water (45°C) while being 
continuously shaken until the solution 
turned clear. The alginate was acquired 
from Sigma, Madrid, Spain. After cooling 
to 20°C, glycerol at 20% v/v was added as 
plasticizer, (Zapata et al., 2008).  
Preparation of Henna leaves extract: 

Henna leaves extract was prepared by 
soaking 100 g of air-dried henna leaves in 
one liter of distilled water for 24 hrs., (Abd 
El-Migeed et al., 2021). Then diluted after 
filtered with distilled water to prepare 2% 
and 4% concentrations by dissolving 2ml 
and 4 ml of filtered solution plus 3ml 
glycerol in 100ml distilled water in a 
beaker, respectively, and treatments were 
performed by dipping the fruits for five 
minutes in five liter of aqueous solutions 
containing Tween-80 at a concentration of 
0.05% (v/v) to improve wettability and 
adherence to guavas surface.  
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Finally, treatments were performed by 
dipping the fruits twice in fresh coating 
solution for 1 min to assure the uniformity 
of the coating of the whole surface and 
control treatment preparing by adding 3ml 
glycerol in 100ml distilled water. 
Storage guava fruits: 

The fruits in each treatment and 
control were then placed in cardboard 
boxes measuring 45 x 35 x 10 cm and 
wrapped in foam plates topped with 0.04 
mm thick perforated polyethylene sheets. 
For 21 days, each box contains 2 Kg fruits, 
all experience boxes were kept at 7±1˚C 
and 90±5% R.H.  Following harvest, the 
fruit's physical and chemical 
characteristics were evaluated every seven 
days throughout the cold storage phase. 
Experimental design: 
Forty five box guava fruits were 
selected in a completely randomized 
design and divided into 5 groups. Each 
group was replicated three times and 
each replicate was repeated 3 times 
(5x3x3).The experiment was repeated 
twice (2023 and 2024 seasons). 
Post-harvest treatments:  
1- Control (water only). 
2- Henna leaves extract 2%. 
3- Henna leaves extract 4%. 
4- Sodium Alginate 2%. 
5- Sodium Alginate 4%. 
Assessments performed:  
Fruit physical characteristics:  
Weight loss percentage: Was calculated 
by the following formula: [(fruit weight 
before storage - fruit weight after each 
period of cold storage) / fruit weight 
before storage] × 100.  
Decay percentage: The number of 
decayed fruits resulting from fungal or 
microorganism-induced infections was 
counted every seven days of cold storage. 
The decay percentage was then calculated 
as a percentage of the initial number of 
fruits stored using the following formula: 
(number of decayed fruits at specified 
storage period/initial number of stored 
fruit) × 100. 
Visual appearance: Score was measured 
by a rating system, fruit scored: very good 
= 9, good = 7, acceptable = 5, 
unacceptable = 3 and poor = 1. 

Firmness (lb/inch
2
): A hand-held fruit 

firmness tester (FT-327, Italy) with an 8 
mm cylindrical stainless steel plunger tip 
was used to evaluate the firmness of three 
guava fruits per replicate at two equatorial 
sites in order to calculate the penetration 
force (Watkins and Harman, 1981).   
Fruit chemical characteristics: 
Fruit ascorbic acid analysis (mg/100 ml 
of the juice): Was estimated according to 
A.O.A.C. (2005). Samples of fruit juice 
were used, oxalic acid solution was added 
to each sample and titrated with 2,6-
dichlorophenol-indophenol dye solution 
and expressed as a milligram of ascorbic 
acid and was calculated as mg/100 ml of 
the juice.  
Total soluble solids percentage: Using a 
hand refractometer with a 0-32 scale 
(ATAGO N-1E, Japan), the TSS content 
of the fruit was measured and expressed in 
Brix° after making the temperature 
rectification at 20°C according to 
A.O.A.C. (2005).  
Fruit titrable acidity (TA) percentage: 
Was assayed based on the method of 
adopting the procedure described by 
A.O.A.C. (2005). Aliquot of fruit juice 
was taken and titrated against 0.1 N NaOH 
in the presence of phenolphthalein as an 
indicator to the end point and expressed as 
a percentage of citric acid.  
Total sugars percentage: Was determined 
by using the methods of Smith et al. 
(1956) and the concentration were 
calculated as gm glucose per 100 gm. fresh 
weight. 
Marketable period (in days):   
After 21 days of cold storage at 7±1˚C a 
guava fruit sample from each replicate was 
taken out and placed at ambient conditions 
(25±2˚C and 65±5% R.H.). The number of 
days the fruits are in good condition and 
suitable for market is recorded. 
Statistical analysis: 

Data of study were subjected to the 
analysis of variance test (ANOVA) as 
complete randomized design (CRD). 
Where the first factor was for five 
treatments mentioned before, the second 
factor was for storage period. The least 
significant differences (LSD) at the 5% 
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level of probability were calculated using a 
computer program Costat according to 

Snedecor and Cochran (1980).  

RESULTS AND DISCUSSION 
Weight loss percentage: 

The results in Table (1), demonstrated 

the effectiveness of sodium alginate and 

henna leaves extract on the weight loss 

percentage of fruit weight loss percentages 

increased with increasing storage periods, in 

the two seasons of study. The loss of fruit 

weight during cold storage is caused by 

water exchange between the internal and 

external atmosphere, the transpiration rate 

being accelerated by cellular breakdown 

(Woods, 1990). The increases in 

physiological loss of weight of guavas 

during cold storage are attributing to the 

increase in transpiration rate, ethylene 

production and cellular breakdown of fruits 

(Razzaq et al., 2014). Moreover, 

Biodegradable films with appropriate 

oxygen transmission rate play an important 

role in the development of modified 

atmosphere and quality maintenance of fresh 

fruits during storage. Water vapor 

permeability of packaging materials is 

essential to limit weight losses of product 

during storage (Chiabrando and Giacalone, 

2017). Moreover, henna leaves extract and 

sodium alginate treatments at all 

concentrations significantly decreased fruit 

weight loss percentage during cold storage 

periods as compared to the control. Sodium 

alginate at 4% was more effective on 

decreasing fruit weight loss, and the 

differences as compared with other 

treatments were big enough to be significant 

in both seasons of study. The interaction 

effect between the tested storage periods and 

post-harvest treatments with henna leaves 

extract and sodium alginate, it is obvious 

that all post-harvest treatments had the 

lowest weight loss percentage at 21 days of 

storage in both seasons. In previous studies, 

extending guava fruit quality and storability 

via natural edible coating under cold storage 

conditions (8+/- 1°C) by Abd El-Migeed et 

al. (2021) and they reported that henna leaf 

extract extended storage period till three 

weeks with a significant reduction in weight 

loss percent compared to the control which 

stored for only two weeks under cold storage 

conditions. The promising effect of henna 

leaf extract in delaying fruit weight loss 

percent comes from antioxidant activity 

(Mohammed et al., 2007 and Dalal et al., 

2019). Furthermore, Othman et al. (2017) 

reported that, weight loss of guava samples 

coated with alginate and stored at cooling 

temperature was lower than that occurred in 

samples kept at room temperature.  

Table(1). Efficacy of henna leaves extract and sodium alginate on weight loss percentage 

of "Maamoura" guava fruits during cold storage at (7±1°C and 90±5% R.H.) in 2023 

and 2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 0.00 6.25 8.11 15.92 7.67 

Henna Leaves Extract 2% 0.00 3.80 7.11 12.39 5.82 

Henna Leaves Extract 4% 0.00 3.44 5.01 11.64 5.02 

Sodium Alginate 2% 0.00 3.30 6.29 10.65 5.06 

Sodium Alginate 4% 0.00 3.07 4.50 9.23 4.20 

Means 0.00 3.97 6.20 11.97  

LSD at 0.05 (T): 0.06     (D): 0.05     (T×D): 0.12 

 Season 2024 

Control 0.00 5.56 7.83 15.33 7.18 

Henna Leaves Extract 2% 0.00 4.93 6.42 13.26 6.15 

Henna Leaves Extract 4% 0.00 3.85 5.65 11.98 5.37 

Sodium Alginate 2% 0.01 3.93 5.92 12.60 5.61 

Sodium Alginate 4% 0.00 3.44 5.11 10.77 4.83 

Means 0.00 4.34 6.18 12.79  

LSD at 0.05 (T): 0.10     (D): 0.09     (T×D): 0.19 
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Decay percentage: 

Results in Table (2) revealed that the 

variations in fruit deterioration across all 

tested storage periods were statistically 

significant when compared to the start date 

in the two study seasons. 

In addition, henna leaves extract and 

sodium alginate treatments significantly 

decreased fruit decay percentages during 

cold storage periods as compared to the 

control. Furthermore, sodium alginate at 

4% was more effective on decreasing fruit 

decay percentages during cold storage 

periods, and the differences were big 

enough to be significant, as compared with 

other treatments. The promising effect of 

henna leaf extract in delaying decay 

percent come from the antimicrobial and 

antifungal effects beside antioxidant 

activity (Mohammed et al., 2007 and Dalal 

et al., 2019). Moreover, all post-harvest 

treatments maintained on the lowest decay 

for "Maamoura" guava fruit in this respect 

with regard to the effect of the interaction 

during the different periods of storage in 

two successive seasons of study. In 

previous studies, extending guava fruit 

quality and storability via natural edible 

coating under cold storage conditions (8+/- 

1°C) by Abd El-Migeed et al. (2021), they 

reported that henna leaf extract extending 

the storage period to three weeks with a 

significant reduction in decay percentage 

compared to the control which stored for 

only two weeks under cold storage 

conditions. Furthermore, Othman et al. 

(2017) reported that, coating of guava with 

alginate prolonged the guava stored at 

cooled temperature for 20 days as 

compared with control samples. 

Table (2). Efficacy of henna leaves extract and sodium alginate on decay percentage of 

"Maamoura" guava fruits during cold storage at (7±1°C and 90±5% R.H.) in 2023 and 

2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 0.00 0.00 6.00 17.56 5.89 

Henna Leaves Extract 2% 0.00 0.00 3.54 11.98 3.88 

Henna Leaves Extract 4% 0.00 0.00 2.80 8.56 2.84 

Sodium Alginate 2% 0.00 0.00 2.93 7.83 2.69 

Sodium Alginate 4% 0.00 0.00 1.90 6.46 2.09 

Means 0.00 0.00 3.43 10.48  

LSD at 0.05 (T): 0.19     (D): 0.17     (T×D): 0.37 

 Season 2024 

Control 0.00 0.00 5.00 16.90 5.47 

Henna Leaves Extract 2% 0.00 0.00 2.97 8.06 2.76 

Henna Leaves Extract 4% 0.00 0.00 2.41 6.49 2.22 

Sodium Alginate 2% 0.00 0.00 2.55 5.89 2.11 

Sodium Alginate 4% 0.00 0.00 1.75 5.34 1.77 

Means 0.00 0.00 2.94 8.54  

LSD at 0.05 (T): 0.05     (D): 0.04     (T×D): 0.11 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

Firmness: 

Table (3) cleared that, the effects of 

sodium alginate and henna leaves extract on 

the firmness of "Maamoura" guava fruits 

during cold storage at 7±1°C and 90±5% 

R.H. in the 2023 and 2024 seasons. In two 

seasons, it is evident that firmness declined 

as storage times increased. In previous 

research, Yaman and Bayoindirli (2002) 

suggested that delayed breakdown of 

insoluble protopectin to the more soluble 

pectic acid and pectin may be used to 

highlight the retention of firmness that 

transpired during storage. Fruit ripening 

increases the activities of pectin esterase and 

polygalacturonase, which results in the 

depolymerization or shortening of the pectin 

compounds' chain length. According to 
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Othman et al. (2017), fruit firmness is 

crucial for overall product approval because 

it is considered one of the basic of quality 

that a consumer evaluates. Guava's short 

postharvest life and vulnerability to fungal 

infection are mostly caused by its quick loss 

of firmness during senescence. One of the 

primary factors affecting fruit quality and 

post-harvest shelf life is loss of firmness 

(Barth et al., 1993). 

Sodium alginate and henna leaves 

extract treatments improved the firmness 

compared to control fruits.  Additionally, 

compared to other treatments, sodium 

alginate at 4% was more successful in 

enhancing fruit firmness of two seasons.  It 

is clear that all tested treatments had the 

highest fruit degradation during 21 days 

storage in both seasons, indicating an 

interaction effect between the investigated 

storage periods and post-harvest treatments 

with sodium alginate and henna leaves 

extract. These results are in agreement with 

those obtained by Othman et al. (2017) 

reported that, coating protected fruit and 

reduce loss of firmness of guava fruits. 

When compared to samples stored at room 

temperature, the firmness of guava samples 

coated with alginate and kept at a cooling 

temperature was higher. The loss of firmness 

during climacteric fruit ripening is directly 

related to the disintegration of cell wall 

components and the modification of pectin 

fractions, mostly as a result of an increase in 

pectin solubilization (Lohani et al., 2004). 

These changes result from increased activity 

of cell wall hydrolases, which have been 

closely associated with ethylene (Brummel 

and Harpster, 2001). According to Rastegar 

et al. (2019), mango fruits' hardness 

considerably declined over the course of 

storage. The treated fruits were noticeably 

firmer than the control over the first two 

weeks of storage.  The fruits treated with 3% 

alginate had the highest firmness over the 

final two weeks of storage. Researchers 

argue that the fresh pineapple (Azarakhsh et 

al., 2014) and plum (Valero et al., 2013) 

kept their firmness after applying the 

alginate‐based edible coating. The higher 

firmness of the coated fruits was maybe due 

to the presence of coating and transferring 

structural rigidity to the fruit's surface (Duan 

et al., 2011). Edible coatings act as an extra 

layer which coats the stomata and guard 

cells and formation of a film on the top of 

the skin acting as an additional barrier that 

reduced respiration and transpiration and 

ultimately resulted in reduced moisture loss 

and gaseous exchange from the fruits 

(Diaz‐Mula et al., 2012). 

Table (3). Efficacy of henna leaves extract and sodium alginate on firmness (lb/inch
2
) of 

"Maamoura" guava fruits during cold storage at (7±1°C and 90±5% R.H.) in 2023 and 

2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 58.11 18.47 8.88 3.30 22.19 

Henna Leaves Extract 2% 58.11 47.67 28.27 23.61 39.41 

Henna Leaves Extract 4% 58.11 49.56 31.57 25.64 41.22 

Sodium Alginate 2% 58.11 50.29 32.32 26.33 41.76 

Sodium Alginate 4% 58.11 53.88 35.33 27.02 43.58 

Means 58.11 43.98 27.27 21.18  

LSD at 0.05 (T): 1.12     (D): 1.00     (T×D): 2.21 

 Season 2024 

Control 65.02 21.42 10.63 4.04 25.27 

Henna Leaves Extract 2% 65.02 54.44 33.32 25.85 44.66 

Henna Leaves Extract 4% 65.02 57.75 35.83 29.38 46.99 

Sodium Alginate 2% 65.02 60.94 36.77 30.18 48.23 

Sodium Alginate 4% 65.02 63.15 40.50 35.17 50.96 

Means 65.02 51.54 31.41 24.93  

LSD at 0.05 (T): 0.85     (D): 0.76     (T×D): 1.68 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 
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Visual appearance: 

Data in Table (4) showed that the 

visual look of the "Maamoura" guava 

fruits declined over time as they were 

stored at 7±1˚C and 90±5% R.H. These 

findings also showed that after the 

conclusion of the cold storage period, the 

lowest visual appearance scores for the 

first and second seasons, respectively, 

were 7.47 and 5.93. These results are in 

harmony with those obtained by Abd El-

Gawad (2019) who worked on 

"Maamoura" guava fruits and reported 

that, gradual and significant decreases in 

fruit visual appearance values were 

observed with the advancement of cold 

storage period at 7±1˚C in both seasons, as 

compared to untreated fruits (control).  

The results indicated that postharvest 

treatments of sodium alginate and henna 

leaves extract of "Maamoura" guava fruits 

resulted in considerably higher visual 

appearance score values. Henna leaves 

extract at 4% was more successful in 

delaying the decline in fruit appearance of 

the two seasons. Evaluating the interaction 

effect between storage periods and the 

tested treatments, data indicated that the 

interactions of the 21 days cold storage 

period, registered the highest values of 

fruit visual appearance with henna leaves 

extract followed by sodium alginate in 

both seasons of study.  

According to earlier research, the 

strong flavors associated with natural 

antimicrobial agents may alter the inherent 

flavors of foods when they are 

incorporated into edible coatings (Rojas-

Graü et al., 2007). According to several 

authors, samples that earn ratings of five or 

higher can be deemed acceptable (Sipahi et 

al., 2013), also, customers disapproved of 

the samples if their scores were less than 

five. Additionally, the impact of applying 

alginate coatings on the Andean 

blueberries' sensory qualities was 

documented. Scores greater than five were 

obtained by all samples, indicating good 

consumer acceptability. 

Table (4). Efficacy of henna leaves extract and sodium alginate on visual appearance of 

"Maamoura" guava fruits during cold storage at (7±1°C and 90±5% R.H.) in 2023 and 

2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 9.00 7.67 6.33 4.33 6.83 

Henna Leaves Extract 2% 9.00 9.00 7.67 7.00 8.16 

Henna Leaves Extract 4% 9.00 9.00 8.33 7.67 8.50 

Sodium Alginate 2% 9.00 8.33 7.00 6.33 7.67 

Sodium Alginate 4% 9.00 9.00 7.67 7.00 8.17 

Means 9.00 8.60 7.40 7.47  

LSD at 0.05 (T): 0.82     (D): 0.74     (T×D): 0.63 

 Season 2024 

Control 9.00 9.00 5.67 3.67 6.83 

Henna Leaves Extract 2% 9.00 9.00 7.00 6.33 7.83 

Henna Leaves Extract 4% 9.00 9.00 7.67 7.00 8.17 

Sodium Alginate 2% 9.00 7.67 6.33 5.67 7.17 

Sodium Alginate 4% 9.00 8.33 6.33 7.00 7.67 

Means 9.00 8.60 6.60 5.93  

LSD at 0.05 (T): 0.83     (D): 0.74     (T×D): 1.63 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

Total soluble solids percentage: 

Data in Table (5) indicated that, a 

gradual and significant increase in fruit 

TSS values was observed with the 

advancement of the cold storage period at 

7±1˚C in both seasons. These results 

indicated that, the maximum TSS values 

(10.92 and 11.21) in the first and second 



Horticulture Research Journal, 3 ( 3 ),  13 :27  , June 2025, ISSN 2974/4474 
 

 
 

(20) 

seasons, respectively, were recorded at the 

end of the cold storage period in the first 

and second seasons, respectively. 

Excessive increase in TSS observed in 

control fruits indicates quality 

deterioration, which may be attributed to 

the utilization of organic acid in the 

pyruvate decarboxylation reaction 

occurring during the ripening process of 

fruits or due to breakdown of complex 

polymer into simple sugars by hydrolytic 

enzymes, which might be further 

metabolized during respiration, and level 

decreased during subsequent storage.  

The untreated fruits (control) had the 

highest total soluble solids value in two 

study seasons, where, the best treatments 

gave the lowest increment of total soluble 

solids were sodium alginate at 4% and 

henna leaves extract at 4%. According to 

(Wills et al., 1980) the increase in TSS 

content during storage might result from 

hydrolysis of starch into sugars. After 

starch hydrolysis was finished, the sugar 

level did not rise any more, and as the 

sugars were broken down during 

respiration, the TSS content decreased. 

Similar results were found by other studies 

that used coatings to extend the shelf life 

of some fruits (Duan et al., 2011 and Silva 

et al., 2011). Additionally, Rastegar et al. 

(2019) studied that as storage times 

increased, the TSS of all samples increased 

gradually. On the other hand, the alginate-

coated samples showed a delay in 

increasing of TSS as delayed the ripening 

process, controlled moisture loss, and 

blocked gaseous exchange; it decreased 

respiration rate and metabolic activity, 

resulting in less accumulated TSS in the 

coated mango fruit (Vieira and others, 

2016). 

Table (5). Efficacy of henna leaves extract and sodium alginate on total soluble solids 

percentage of "Maamoura" guava fruits during cold storage at (7±1°C and 90±5% 

R.H.) in 2023 and 2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 23 Means 

Season 2023 

Control 7.68 10.70 12.10 11.51 10.50 

Henna Leaves Extract 2% 7.68 10.40 11.82 11.28 10.29 

Henna Leaves Extract 4% 7.68 8.78 11.08 10.93 9.61 

Sodium Alginate 2% 7.68 9.87 10.89 10.87 9.82 

Sodium Alginate 4% 7.68 8.63 10.95 10.77 9.51 

Means 7.68 9.67 11.37 11.07  

LSD at 0.05 (T): 0.14     (D): 0.13     (T×D): 0.28 

 Season 2024 

Control 8.48 10.10 11.81 11.49 10.47 

Henna Leaves Extract 2% 8.48 9.87 11.60 11.36 10.32 

Henna Leaves Extract 4% 8.48 9.61 11.45 11.27 10.20 

Sodium Alginate 2% 8.48 9.72 11.53 11.32 10.26 

Sodium Alginate 4% 8.48 9.47 11.33 11.12 10.10 

Means 8.48 9.75 11.54 11.31  

LSD at 0.05 (T): 0.07     (D): 0.06     (T×D): 0.14 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

Titratable acidity percentage: 

Results presented in Table (6) showed 

the efficacy of henna leaves extract and 

sodium alginate on titratable acidity 

percentage of "Maamoura" guava fruits 

during cold storage at (7±1°C and 90±5% 

R.H.) in 2023 and 2024 seasons. Data 

showed that, the titratable acidity 

percentage decreased gradually and 

significantly with the progress of cold 

storage in both seasons. The loss of 

organic acids caused with metabolic 

processes. These results agreed by Alana 

et al. (2015), who observed that acidity 

gradually rose with storage duration for all 

guava fruit postures. Guava fruits had 

primary organic acid, citric acid, is crucial 

for preserving fruit quality, and a sharp 
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decline in acidity speeds up fruit 

senescence (Jain et al., 2003). The steady 

decline in guava content in TA over 

storage may be due to the respiration 

process's utilization of organic acids and 

the enzymes' conversion of acids into salts 

and sugars. In addition, a decrease in total 

acidity is typical during postharvest 

storage has been attributed to the use of 

organic acids (such as citric acid) as 

substrates for the respiratory metabolism 

(Gol et al., 2013). 
According to interaction data, 

treatment of 4% henna leaves extract had 

the lowest titratable acidity among 

treatments and storage times. Higher 

retention of acidity in coated fruits is due 

to its ability to lower the respiration rates 

and delays the metabolic activities thereby, 

preventing the loss of organic acids during 

the storage (Munoz et al., 2008). A 

decrease in total acidity is typical during 

postharvest storage and has been attributed 

to the use of organic acids as substrates for 

the respiratory metabolism. Alginate 

coating delays the utilization of organic 

acids (Yaman and Bayoindirli, 2002). 

Table (6). Efficacy of henna leaves extract and sodium alginate on titratable acidity 

percentage of "Maamoura" guava fruits during cold storage at (7±1°C and 90±5% 

R.H.) in 2023 and 2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 1.19 0.96 0.78 0.65 0.89 

Henna Leaves Extract 2% 1.19 0.79 0.57 0.52 0.77 

Henna Leaves Extract 4% 1.19 0.74 0.53 0.48 0.73 

Sodium Alginate 2% 1.19 0.83 0.64 0.58 0.81 

Sodium Alginate 4% 1.19 0.80 0.59 0.53 0.78 

Means 1.19 0.82 0.62 0.55  

LSD at 0.05 (T): 0.01     (D): 0.01     (T×D): 0.03 

 Season 2024 

Control 1.10 0.89 0.70 0.61 0.83 

Henna Leaves Extract 2% 1.10 0.75 0.53 0.49 0.72 

Henna Leaves Extract 4% 1.10 0.66 0.48 0.43 0.67 

Sodium Alginate 2% 1.10 0.79 0.58 0.54 0.75 

Sodium Alginate 4% 1.10 0.72 0.53 0.48 0.71 

Means 1.10 0.76 0.57 0.51  

LSD at 0.05 (T): 0.01     (D): 0.01     (T×D): 0.02 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

Vitamin C (mg/100 ml of the juice): 

Data shown in Table (7) for both 

experimental seasons indicated that fruit 

vitamin C content significantly decreased 

as the storage period extended till the end 

of the storage period 21 days. The rapid 

conversion of L-ascorbic acid to 

dehydroascorbic acid in the presence of 

oxidizing enzymes such as ascorbic acid 

oxidase and ascorbate peroxidase may be 

the cause of the guavas' decreased ascorbic 

acid content throughout the cold storage 

period (Davey et al., 2000). In the two 

seasons of study, results also showed that 

all postharvest treatments caused a 

significantly increase in fruit vitamin C 

content compared with the control. In 

addition, in both seasons, henna leaves 

extract at 4% was more effective on 

increasing fruit vitamin C content than 

those other treatments. Concerning the 

effect of the interaction between the tested 

postharvest treatments and storage period, 

the highest values for vitamin C were 

founded with henna leaves extract at 4% 

compared to all other treatments in the first 

and second seasons. 
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Othman et al. (2017) reported that, 

coating protected fruit and reduced the loss 

of ascorbic acid content of guava fruits. 

The decrease in ascorbic acid during 

storage may be due to conversion of 

ascorbic acid to dehydroascorbic acid due 

to the action of ascorbic acid oxidase 

(Mapson, 1970 and Singh et al., 2005). 

Moreover, Rastegar et al. (2019) worked 

on mango fruit and they reported that, a 

significant decline in the levels of ascorbic 

acid was detected throughout the storage 

period, fruits treated with the alginate 

coating showed significantly more 

ascorbic content than the control. So that, 

the highest ascorbic acid content was 

observed in 3% alginate‐coated fruits. The 

higher level of the ascorbic acid in 4% 

alginate‐coated fruits might be due to the 

influence of the alginate on reducing 

respiration as well as oxidation in the 

fruits. The reduction in the ascorbic acid of 

the fruit during storage might be due to the 

rapid conversion of l‐ascorbic acid into 

dehydroascorbic acid because of the action 

of ascorbic acid oxidase (Choudhary et al., 

2016). Researchers believe that ascorbic 

acid removes the superoxide and hydroxyl 

radicals; it also regenerates a‐tocopherol 

(Davey et al., 2000). The edible coating 

reduces the activity of the enzyme by 

decreasing the permeability of the oxygen 

and thus prevents ascorbic acid oxidation 

(Wang and Gao, 2013). When applied as a 

coating to fruits like mandarin (Chen et al., 

2016) and carambola (Gol et al., 2015), 

Alginate has been reported to play an 

important role in maintaining ascorbic 

acid. 

Table (7). Efficacy of henna leaves extract and sodium alginate on vitamin C (mg/100 ml 

of the juice) of "Maamoura" guava fruits during cold storage at (7±1°C and 90±5% 

R.H.) in 2023 and 2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 109.24 83.72 68.42 43.78 76.29 

Henna Leaves Extract 2% 109.24 98.53 87.22 68.55 90.88 

Henna Leaves Extract 4% 109.24 104.38 96.32 74.34 96.07 

Sodium Alginate 2% 109.24 94.37 80.74 64.08 87.11 

Sodium Alginate 4% 109.24 99.90 94.02 70.60 93.44 

Means 109.24 96.18 85.34 64.27  

LSD at 0.05 (T): 1.06     (D): 0.95     (T×D): 2.09 

 Season 2024 

Control 111.68 85.00 71.74 45.35 78.44 

Henna Leaves Extract 2% 111.68 102.02 90.48 71.02 93.80 

Henna Leaves Extract 4% 111.68 105.81 97.64 77.44 98.14 

Sodium Alginate 2% 111.68 97.27 88.04 68.28 91.32 

Sodium Alginate 4% 111.68 99.94 94.78 74.38 95.20 

Means 111.68 98.01 88.54 67.29  

LSD at 0.05 (T): 0.99     (D): 0.89     (T×D): 1.96 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

Total sugars percentage: 

Table (8) showed that as the storage 

period increased, the amount of total 

sugars significantly increased. An increase 

in sugars during storage may have caused 

starch to be converted to simple sugar 

(Samra et al., 2019). Improvement in sugar 

percent may be because of converting 

some cell wall material like hemicelluloses 

to reducing content under long storing 

conditions (Stahi and Camp, 1971). These 

findings closely resemble those of Parihar 

and Kumar (2007), who discovered that 
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guava's total sugar content increased as its 

storage time increased. 

Furthermore, the current data show 

that, in comparison to untreated fruits, had 

the highest means of total sugars at the end 

of the storage period in both seasons, the 

lowest values of total sugars were recorded 

for guava fruits treated with postharvest 

treatments of sodium alginate at 4%, henna 

leaves extract at 4%, and sodium alginate 

at 2%. Maintaining storability of Brahee 

Date Palm fruits with postharvest edible 

coating by using alginate salts (Samra et 

al., 2019). The interaction between 

treatments and storage period was 

significant, where, "Maamoura" guava 

fruits treated with henna leaves extract and 

sodium alginate were recorded that, as 

having lowest values of total sugars as 

compared with untreated fruits along the 

storage period.  

Table (8). Efficacy of henna leaves extract and sodium alginate on total sugars 

percentage of "Maamoura" guava fruits during cold storage at (7±1°C and 90±5% 

R.H.) in 2023 and 2024 seasons. 

Treatments 

Storage Periods (Days) 

0 7 14 21 Means 

Season 2023 

Control 5.54 8.11 9.22 10.14 8.25 

Henna Leaves Extract 2% 5.54 7.93 8.87 9.73 8.02 

Henna Leaves Extract 4% 5.54 7.67 8.27 9.41 7.72 

Sodium Alginate 2% 5.54 7.72 8.72 9.54 7.88 

Sodium Alginate 4% 5.54 7.35 8.16 9.02 7.52 

Means 5.54 7.75 8.65 9.57  

LSD at 0.05 (T): 0.09     (D): 0.08     (T×D): 0.19 

 Season 2024 

Control 5.76 7.72 8.69 10.02 8.05 

Henna Leaves Extract 2% 5.76 7.67 8.58 9.60 7.90 

Henna Leaves Extract 4% 5.76 7.52 7.99 9.18 7.61 

Sodium Alginate 2% 5.76 7.53 8.09 9.46 7.71 

Sodium Alginate 4% 5.76 7.34 7.84 8.90 7.46 

Means 5.76 7.56 8.24 9.43  

LSD at 0.05 (T): 0.15     (D): 0.13     (T×D): 0.30 

T: Treatments     D: Storage Periods (Days)    T×D: Interaction 

Marketing life (number days): 

When compared to untreated fruits 

(control), the data in Table (9) showed that 

all postharvest applications of 

"Maamoura" guavas extended the shelf life 

duration at ambient settings (25±2˚C and 

65±5% R.H.).  Following fruits treated 

with henna leaf extract at 2% (7.48 and 

6.99 days) incorporated with sodium 

alginate at 2% (7.29 and 6.71 days) in the 

first and second seasons, respectively, 

these findings showed that guavas treated 

with henna leaf extract at 4% (8.15 and 

7.55 days) incorporated with sodium 

alginate at 4% (7.76 and 7.13 days) in 

2023 and 2024 seasons achieved the 

longest days of shelf life period.  

 

Conversely, untreated fruits (control) had 

the shortest shelf life periods in 2023 and 

2024 seasons, at 2.47 and 1.93 days, 

respectively. In agreement with these 

results are those obtained by Díaz-Mula et 

al. (2012), they reported that, alginate 

treatment is an effective tool to delay the 

postharvest ripening process of sweet 

cherry. Overall, the results show that 

coated cherries could be kept for up to 16 

days at 2°C plus an additional 2 days at 

20°C with maximum antioxidant activity 

and quality, the maximum storability 

duration of control fruits could be 

determined to be 8 days at 2°C plus 2 days 

at 20°C. 
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Table (9). Efficacy of henna leaves extract and sodium alginate on shelf life of period 

(Days) of "Maamoura" guava fruits at ambient conditions (25±2°C and 65±5% R.H.) in 

2023 and 2024 seasons. 
Treatments Season 2023 Season 2024 

Control 2.47 1.93 

Henna Leaves Extract 2% 7.48 6.99 

Henna Leaves Extract 4% 8.15 7.55 

Sodium Alginate 2% 7.29 6.71 

Sodium Alginate 4% 7.76 7.13 

LSD at 0.05 0.35 0.15 
 

CONCLUSION 
According to the study's findings, 

sodium alginate at 4% and henna leaves 

extract at 4% postharvest treatments 

significantly decreased weight loss, decay 

percentages, and preserved the quality of 

"Maamoura" guava fruits throughout their 

shelf life and cold storage duration. 

Additionally, to improve the storability of 

"Maamoura" guava fruits and maintain 

their quality characteristics throughout 

cold storage conditions and shelf life, 

postharvest applications of sodium 

alginate at 4% and henna leaf extract at 4% 

may be suggested, also, these treatments 

are safe and can be applied for local and 

export markets guava fruits. 
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 العربىالملخص 

فاعلية مستخلص أوراق الحناء والألجينات على خصائص الجودة أثناء التخزين المبرد والقدرة 

 "المعمورة"التسويقية لثمار الجوافة 
 المنوفيهيام مصطفى فهمي  ،زينب أحمد زكى أحمد ،الجواد محمود جمعه عبد

 مصر ،الجيزة -الزراعية  البحوث مركز ،البساتين بحوث معهد ،قسم بحوث تداول الفاكهة

لذا، أجُريت هذه . ، مما يحد من تسويقهاوتالف بالفطرياتلوزن، كبير في ابسرعة، مصحوبةً بفقدان  فاكهة تفسد الجوافة

، وألجينات الصوديوم (٪٤ و ٪۲)مستخلص أوراق الحناء بتركيزين  معاملات ما بعد الحصاد من التجربة لدراسة فعالية

مدة تقييم والبارد على صفات الجودة أثناء التخزين  (ثمار غير معاملة)مقارنة بالكنترول  ،(٪٤ و ٪۲)بتركيزين 

ورطوبة درجة مئوية  ۱±٧مار عند درجة حرارة البارد للثتخزين التم ". المعمورة"جوافة اللثمار للتسويق  الصلاحية 

ورطوبة درجة مئوية  ۲±٥۲)ة تحت ظروف درجة حرارة الغرف علىصلاحية اليومًا تليها فترة  ۱۲لمدة  ٪٥±۰۹نسبية 

تم تقييم جودة الثمار عند الحصاد وأثناء التخزين البارد وتقييم عدد الأيام التي تكون فيها الثمار مناسبة . ٪٥±٥٦ نسبية

أو  ٪٤الصوديوم لجينات أما بعد الحصاد بمستخلص  املاتأظهرت النتائج أن جميع مع. للتسويق عند فترة الصلاحية

نخفاض فقدان الوزن إكان لها تأثير إيجابي على خصائص جودة ما بعد الحصاد بما في ذلك  ٪٤ص أوراق الحناء مستخل

 (ج)المظهر المرئي وصلابة الثمار والمواد الصلبة الذائبة الكلية والحموضة وفيتامين ة على ظوالمحاف الفونسبة الت

ً ( الثمار الغير معاملة) بالكنترولوالسكريات الذائبة الكلية أثناء التخزين البارد مقارنة  معاملات التغطية زادت من  أيضا

للحفاظ على الجودة  معاملات التغطية بعد الحصادستخدام إتشير الدراسة إلى أنه يمكن . عدد أيام صلاحية الثمار للتسويق

 .بحالة جيدة قفي الأسوا وزيادة فترة البقاء 
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