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ABSTRACT 
Edible coatings play a critical role in reducing postharvest losses during storage and supply chain of horticultural 
commodities. The present study evaluated the efficacy of different concentrations of moringa leaf extract (MLE) 
combined with carboxymethyl cellulose (CMC) edible coating in preserving the quality and extending the shelf 
life of ‘GEM’ avocados. Fruit were harvested at different stages of maturity as evaluated by dry matter content. 
Different concentrations of moringa (8% and 16%) extracted with either chilled ethanol (100%) or nonchilled 
ethanol (50%) and functionalised with CMC (5%) were used to treat the fruit. Treated fruit were then stored 
at 5.5 ºC and 90% RH for 28 days plus an additional seven days at 23 ºC. The changes in physicochemical 
and biochemical fruit attributes were evaluated at weekly intervals. The application of moringa and CMC-based 
edible coatings maintained the quality of ‘GEM’ avocados by preserving phenolics, flavonoids, and antioxidant 
activity. The treatments significantly (P < 0.001) reduced the loss of mass and firmness. Furthermore, treated 
fruit were found to have delayed colour change and reductions in sugar concentrations, particularly manno-
heptulose, compared to the control treatment. Therefore, edible coatings prepared by combining CMC and MLE 
could be the best alternative for substituting the currently used health-compromising synthetic chemicals. 

Keywords: Postharvest losses; fruit quality; edible coatings; shelf life; nutritional compounds 

THE EFFECT OF COMPOSITE EDIBLE 
COATING: CARBOXYMETHYL 

CELLULOSE AND MORINGA LEAF 
EXTRACT ON THE POSTHARVEST 

QUALITY OF ‘GEM’ AVOCADO FRUIT 
TREATED AT DIFFERENT HARVEST 

MATURITY STAGES

INTRODUCTION
Avocado (Persea americana Mill.) is one of the most 
economically essential fruits from the Lauraceae 
plant family. This fruit is mainly produced in tropical 
and subtropical regions (Eça et al., 2014). The con-
sumption of avocado is steadily increasing because of 
the health-related benefits it has, giving it status as a 
“super fruit” (Sivakumar et al., 2021). Its mesocarp 
tissue consists of bioactive phytochemicals, such as 
sterols, vitamin E, and carotenoids, that provide an-

tioxidants and radical scavenging activities (Bill et al., 
2014). A recent report by Sivakumar et al. (2021) 
highlighted that the world avocado market would 
reach a market value of about US$21.56 billion by 
2026. However, the rate of postharvest losses re-
mains a serious threat to this target.  

Most avocados produced in countries such as 
Spain, Chile, Israel, and South Africa are exported to 
distant overseas markets, mainly Europe (Kassim et 
al., 2013). Usually, it takes about 21 or more days to 
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transport fruit from South Africa to the target mar-
ket. Generally, fruit maturity at harvest significantly 
influences its postharvest storage life and quality, 
impacting decisions around marketing, handling, 
and transport (Kader, 1997). Therefore, the deci-
sion to harvest must accommodate time to transport 
and make marketing flexible (Magwaza and Tesfay, 
2015). Most commercial operations use dry matter 
content, moisture content, or mesocarp oil content 
to determine the maturity of avocados at harvest 
(Magwaza and Tesfay, 2015; Rivera et al., 2017). 
Amongst these maturity indices, dry matter is prefer-
able due to its cost-efficacy and least amount of time 
required, making this technique convenient (Blakey 
et al., 2012). 

Due to its climacteric nature, avocados produce 
more ethylene and continue to ripen during storage. 
This compromises the shelf life and makes it diffi-
cult to market this fruit, especially in international 
markets with a long transporting period. The avoca-
do industry is highly dependent on various synthetic 
edible films and coatings after harvest and before 
storage to maintain the quality and extend the shelf 
life of this fruit (Liu et al., 2020). Most authors have 
highlighted the need to develop eco-friendly treat-
ments to replace synthetic fungicides. This is due to 
health-related concerns caused by the application of 
chemical-based treatments. Besides their environ-
mental unfriendliness and high residues left in the 
fruit’s edible portion, most pathogens have also de-
veloped resistance against some of these fungicides 
(Sivakumar and Bautista-Baños, 2014; Romanazzi et 
al., 2018; Sivakumar et al., 2021). 

Polysaccharide coating materials have gained pop-
ularity for their application in fresh produce because 
of their characteristics, such as exceptionally high sta-
bility and solubility (Panahirad et al., 2021). Coatings 
from polysaccharides are the most convenient ones 
due to their easy accessibility, non-toxicity, and cost 
effectiveness (Singh et al., 2019). Amongst cellulose 
derivatives, hydropropyl cellulose (HPC), methylcel-
lulose (MC), hydropropylmethyl cellulose (HPMC), 
and carboxymethyl cellulose (CMC) have been ex-
tensively used for coating most fruit and vegetables 
(Maftoonazad and Ramaswamy, 2005; Malmiri et al., 
2011). However, CMC is the most commonly used 
commercial derivative, with greater production and 
applications in the food sector (Dhall, 2016). This is 
due to its easily accessibility because of its reasona-
ble price and its nontoxicity as a polysaccharide, thus 
making it safe for human consumption. 

Moringa oleifera Lam has recently drawn more 
research attention for its use in postharvest quality 
preservation. This is due to the exceptional perfor-
mance of edible coatings containing moringa extract 
in suppressing fruit postharvest diseases, thereby 
preserving the fruit quality and extending its shelf 
life (Tesfay and Magwaza, 2017; Tesfay et al., 2017). 
Most developed countries have opted to use fresh 
organic products in food preservatives, which ne-
cessitates continued research aiming to develop or 
improve organic postharvest treatments. This study 
therefore evaluated the effect of moringa leaf extract 

and carboxymethyl cellulose edible coating on the 
quality and shelf life of ‘GEM’ avocados. 

MATERIALS AND METHODS 

1.	 Preparation of moringa leaf extracts  
Fresh moringa leaf powder was obtained from the 
Agricultural Research Council (ARC), located in Pre-
toria, South Africa. Moringa extracts were prepared 
following a modified method previously described by 
Addo et al. (2022), using chilled 100% ethanol (ETH 
1), which was firstly refrigerated at -20 ºC overnight 
before use, and non-chilled 50% ethanol (ETH 2). 
Different moringa extracts were prepared, specifi-
cally 8% (g/v) and 16% (g/v). 

2.	 Preparation of coating solution 
To prepare the coating solution, 50 g of CMC powder 
was dissolved in 1 L of the prepared moringa solution 
to obtain 5% CMC. 

 
3.	 Application of treatments and storage 
The ‘GEM’ avocados used in this study were sup-
plied by Westfalia Fruit (Pty) Ltd commercial farm 
located in Howick, South Africa. The fruit were har-
vested at different maturity stages, as determined 
by dry matter content (DM) (25, 27, and 30% DM for 
fruit harvested – maturity stages M1, M2, and M3 re-
spectively). From each maturity stage, a total of 250 
fresh avocado fruit, free from mechanical damage 
and diseases, were assigned to five treatments: Con-
trol (T1), 5% CMC + 8% MLE/ETH 1 (T2), 5% CMC 
+ 16% MLE/ETH 1 (T3), 5% CMC + 8% MLE/ETH 
2 (T4), and 5% CMC + 16% MLE/ETH 2 (T5). Each 
treatment was assigned 50 fruit and replicated five 
times, with each replicate having 10 fruit. Just before 
cold storage, five fruit were sampled to assess the 
fruit status at harvest and as a reference. Before the 
application of treatments, all fruit were first washed 
with distilled water to avoid any potential contami-
nation. The fruit were dipped into their assigned 
treatment for one minute, whereas the control was 
only washed with distilled water and no treatment 
was applied. Following treatments, fruit were allowed 
to dry at room temperature, placed in labelled open 
boxes, and kept at 5.5 ºC and 90% relative humidity 
(RH) for 28 days. After 28 days of cold storage, the 
fruit were transferred to room temperature (23 ºC) 
at the laboratory shelf life benches for seven days. 
The changes in fruit quality were observed at weekly 
intervals throughout the 35-day storage period. 
 
4.	 Evaluation of postharvest fruit quality 
 
4.1 Fruit firmness 
Fruit firmness was measured using a whole-fruit 
compression analysis described by Jeong and Huber 
(2004). 

4.2 Fruit mass loss percentage  
The fruit mass was measured using a digital weighing 
scale (RADWAG Wagi Electronic Inc., Poland) and de-
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termined as a percentage of mass loss using Eq. 3.1:  

% Mass loss (ML) =                ×100          (1) 

Where ML = mass loss (%), 
IM = initial mass of fruit (g), 
and FM = final mass of fruit (g). 

 
4.3 Fruit colour 
Avocado fruit colour was determined on five fruit per 
treatment using a CR 400 Chromameter (Minolta 
Co. Ltd., Osaka, Japan). The values for L*, a*, and 
b* were recorded. The value for Hue angle (H*) was 
also recorded. 

 
4.4 Total Phenolic Content (TPC) 
The determination of phenolic compounds was per-
formed following a slightly modified FolinCiocalteau 
method previously described by Milbury et al. (2006).  

 
4.5 Total Flavonoid Content (TFC) 
The total flavonoid (TF) concentration was deter-
mined following the method previously described by 
Obeng et al. (2020), with slight modifications. 
 
4.6  2,2’ Diphenyl-1-picrylhydrazyl (DPPH) 
Antioxidant Assay 
The DPPH assay was used to estimate avocado mes-
ocarp tissue’s free radical scavenging ability following 
the modified method previously described by Fan et 
al. (2022). The DPPH scavenging capability was cal-
culated using Eq. 2:  

Inhibition (%) =                ×100                (2) 

Where Ac = absorbance of control; 
At = absorbance of the extract. 

 
4.7 Determination of C7 sugars 
(Mannoheptulose and Perseitol) 
Determination and quantification of soluble sugars 
were based on the slightly modified method previ-
ously described by Tesfay and Magwaza (2017). 

Statistical analysis  
The collected data were subjected to analysis of 
variance (ANOVA) using GenStat statistical software 
(GenStat 20th Edition, VSN International Ltd, UK). 
The mean separation was performed using Duncan’s 
Multiple Range Test (DMRT) at 5% significance level. 

 
RESULTS AND DISCUSSION  
 
Fruit firmness 
Fruit firmness is one of the key quality attributes 
influencing consumer purchase decisions and de-
termining the shelf life and market value of most 
fresh fruits. The firmness of fruit is mainly affected 
by different factors such as harvest maturity, rela-
tive humidity, and storage temperature. This study 
showed a significant change in fruit firmness for both 
the treated and untreated avocado fruit during the 
28 days of cold storage (5 ºC) and 7 days of shelf 

life at room temperature (23 ºC) (Table 1). As ex-
pected, a significant firmness loss was observed after 
28 days of storage when the fruit were transferred 
to 23 ºC. Generally, firmness loss occurs due to wa-
ter loss, mainly regulated by temperature (Paniagua 
et al., 2013). The results demonstrated a significant 
effect of the interaction between harvest time and 
treatments (p < 0.05) on fruit firmness loss during 
the storage period. As usual, all fruit showed firm-
ness loss during the storage period regardless of the 
harvest time and treatments; however, the loss was 
severe in untreated fruit (Table 1). At the end of the 
storage period, the untreated fruit recorded lower 
firmness than all the treated fruit which were 6.59, 
7.91, and 6.81 N for maturity stages M1, M2, and 
M3, respectively. According to the ripening standards 
described by Jeong and Huber (2004) for avocado 
fruit, based on the whole fruit compression analy-
sis, the untreated fruit were overripe (<10 N) and no 
longer suitable for markets. Briefly, these standards 
classify fruit as ripe and ready for consumption when 
the whole fruit compression attains values ranging 
between 10 and 20 N. The firmness declines to below 
10 N on overripe fruit (Jeong and Huber, 2004). Al-
though no sensory evaluations were conducted, the 
results from this study are aligned with these clas-
sifications based on the observations and statistical 
analysis.  

Different concentrations of MLE in combination 
with CMC, delayed firmness loss depending on the 
harvest time; however, the chilled treatments were 
more effective than non-chilled. Given that all the 
untreated fruit had compression values of less than 
10 N at the end of the storage period, this indicated 
that the MLE and CMC composite coating could delay 
fruit ripening, thereby delaying the rate of fruit sof-
tening. Based on these results, the different concen-
trations (8% and 16%) of chilled MLE and CMC used 
in this study potentially delayed changes that take 
place in different components, such as cell wall struc-
ture weakening, hydrolysis of cellulose and hemicel-
lulose, loss of membrane integrity, and depolymeri-
zation of pectin and starch, thereby delaying firm-
ness loss (Yaman and Bayoιndιrlι, 2002). Combining 
8% chilled MLE and CMC delayed firmness loss on 
fruit harvested at maturity stages 1 and 3, whereas 
increasing the concentration to 16% resulted in re-
duced firmness loss on fruit harvested at maturity 
stage 2. The efficacy of these treatments could be 
due to the presence of CMC. 

The carboxylic group in CMC’s chemical structure 
results in hydrogen atoms bonding inside the coating 
matrix and between the coating and the fruit peel, re-
sulting in preserved firmness (Panahirad et al., 2019). 
This positive effect may also be attributed to reduced 
enzyme activity, including pectin-methylesterase, 
which contributed to delayed fruit ripening. Pectin 
methylesterase is a major enzyme that depolymer-
izes pectin substances (Payasi et al., 2009). This also 
implies that the coatings could serve as a gas bar-
rier, as the enzymatic activities are reduced by low 
oxygen and high carbon dioxide concentrations, which 
ultimately help maintain fruit firmness (Payasi et al., 

IM - FM
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2009). Similarly, Kubheka et al. (2019) reported a re-
duced firmness loss in ‘Maluma Hass’ avocado treated 
with 1% CMC and moringa leaf extract. 

Fruit mass loss (%) 
Mass loss is mainly caused by the water lost during 
metabolic processes such as transpiration and respi-
ration, and its rate depends on the storage environ-
ment (Abebe et al., 2017). This loss of water takes 
place through stomatal openings and skin cracks. 
The storage temperature and relative humidity im-
pact the fruit mass loss due to the effect caused by 
the differences in vapour pressure between the fruit 
and the atmosphere (Wróblewska-Krepsztul et al., 
2018). This was evident when the fruit from all the 
treatments showed the highest mass loss during the 
last week, from days 28 to 35, when the fruit were 
transferred to ambient conditions (23 ºC), compared 
to cold storage (Fig. 1). The interaction between 
coatings, storage period, and harvest time signifi-
cantly affected the fruit mass (P < 0.05). All fruit 
suffered a weight loss throughout the storage time; 
however, the untreated fruit suffered the most, es-
pecially after cold storage, at ambient temperature. 
All the evaluated edible coating treatments resulted 
in a lower mass loss percentage than the control for 
all harvests. The CMC and MLE treatments preserved 
the fresh mass of treated fruit throughout the evalu-
ated 28 days of cold storage at 5 ºC and 7 days of 
shelf life at 23 ºC. However, 16% chilled MLE was 
more effective than all other treatments. This can be 
attributed to the hydrophilic nature of these treat-
ments. It can be argued that the treatments inhib-
ited the transfer of water between the fruit and the 
atmosphere by forming a semipermeable layer that 
acted as a barrier between the fruit and the envi-
ronment, covering the fruit surface and protecting it 
from mechanical injury and thereby reducing desic-
cation (Khorram et al., 2017). These results agree 
with those of Tesfay et al. (2017) who reported a 

reduced mass loss in avocado fruit treated with CMC 
combined with moringa leaf or seed extract. Similar 
results were also reported by Kubheka et al. (2019) 
where the CMC (1%) incorporated with moringa re-
duced the avocado mass loss throughout the 21 days 
of cold storage and 7 days of shelf life. Another study 
conducted by Zhang et al. (2019) reported that Os-
munda japonica-CMC coatings significantly reduced 
the water loss in tomato fruit compared to untreated 
fruit. The fruit mass loss, caused by water loss, may 
also result in changes in the whole fruit texture and 
flavour (Ballesteros et al., 2022), and eventually the 
fruit starts to decay as the loss gets severe, which 
was evident in this study. 

 	
Fruit colour 
Fruit colour is the best indicator for the ripening stage 
in avocados, particularly the ‘GEM’ cultivar. This culti-
var is characterised by a ripening process that is ac-
companied by the colour change from green to pur-
ple or black. This study showed a decrease in yellow-
ness (b*), lightness (L*), and hue angle (h⁰) values 
(Fig. 3, Fig. 4, and Fig. 5). In contrast, the greenness 
(a*) values increased during storage, as the fruit rip-
ens regardless of the treatments and harvest time 
(Fig. 2). There was negligible colour change during 
the cold storage period, with significant changes ob-
served between days 28 and 35. These observations 
agree with Mwelase et al. (2022) who also reported 
the influence of temperature on avocado fruit col-
our. Similarly, the higher temperature accelerated 
the avocado colour change compared to cold stor-
age. There was a significant effect (p < 0.001) of 
treatments and storage time on the decrease in h⁰ 
and L* values. Inversely, no statistical difference  
(p > 0.05) existed for the increase in a* and decrease 
in b* values. This observed increase in a* value from 
negative to positive indicates colour reduction from 
greener to red with fruit ripening, which was clearly 
expected in this study. This could indicate that the 

Figure 1: Mass loss of ‘GEM’ avocado fruit harvested at different maturity stages (M1, M2, and M3) as influenced by CMC 
and different MLE concentrations during 28 days of cold storage and seven days of shelf life. *The vertical bars represent 
standard error (SE) at n = 5; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC + 16% 
chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE. 
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composite edible coating of MLE and CMC potentially 
delays the transition of chloroplasts into chromo-
plasts that contain yellow and red pigments, thereby 
inhibiting colour change and enzymatic browning 
(Sharma et al., 2019). 

The correlation between the a*, b*, L*, and h⁰ 
values in this study is in line with Handayani et al. 
(2018) who reported an inverse relationship between 
the a* and b* values on avocados treated with cas-
sava peel edible coating. There was a highly signifi-
cant effect (p < 0.001) of treatments and storage 
time on L* and h*; however, a sharp decline was 
observed between days 28 and 35 at room tempera-
ture. This delayed colour change observed in coated 

fruit could be linked to the effect of coatings in modi-
fying the fruit’s atmosphere. Edible coatings slow the 
respiration rate and ethylene accumulation (the rip-
ening hormone) (Ali et al., 2011). The results for the 
L* values and visual judgments also indicated that 
the temperature, especially in cold storage, was suit-
able for storing avocado without causing chilling in-
jury, which causes the darkening of fruit pulp (Careli-
Gondim et al., 2020).

 
Total phenolics 
Phenolics are produced in fruit tissues as second-
ary metabolites that activate antioxidants against 
oxidative stress (Peretto et al., 2017). These phyto-

Figure 2: The effect of CMC and MLE composite coating on the exocarp colour (a*) of ‘GEM’ avocado fruit harvested at 
maturity stages M1, M2, and M3 during 28 days of cold storage and seven days shelf life. *The vertical bars represent 
standard error (SE) at n = 5; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC + 16% 
chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE.

Figure 3: The effect of CMC and MLE composite coating on the exocarp colour (b*) of ‘GEM’ avocado fruit harvested 
at maturity stages M1, M2, and M3 during 28 days of cold storage and seven days shelf life storage. *The vertical bars 
represent standard error (SE) at n = 5; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC 
+ 16% chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE.



SOUTH AFRICAN AVOCADO GROWERS' ASSOCIATION YEARBOOK 48, 2025114

chemicals have a crucial role in the sensory and nu-
tritional properties of the produce. The storage time, 
conditions, and stress severity affect the secondary 
metabolites in fruit. While storage period and har-
vest time showed a significant effect (p < 0.001), no 
statistically significant difference (p > 0.05) existed 
between treatments on the total phenolic compounds 
produced. The changes in total phenolics followed 
the same trend for all harvest times (Fig. 6). Early 
harvested fruit showed a decline in phenolic content 
for the first seven days of cold storage; after that, 
slight changes occurred depending on treatments. 

The decline in phenolics could be caused by the 
stress induced by the cold storage. These observed 
changes in phenolics may also result from applying 
edible coatings: edible coatings have previously been 
reported to influence the production of phenolic com-
pounds by modifying its metabolism, resulting in abi-
otic stress (Dávila-Aviña et al., 2014). There were no 
remarkable differences in the fruit’s phenolic content 
throughout the storage period between the treat-
ments, especially in mid- and late harvested fruits. 
This indicates that, besides the potential of the CMC 
and MLE coatings to extend shelf life, they can also 

Figure 4: The effect of CMC and MLE composite coating on the exocarp colour (L*) of ‘GEM’ avocado fruit harvested at 
maturity stages M1, M2, and M3 during 28 days of cold storage and seven days of shelf life. *The vertical bars represent 
standard error (SE) at n = 5; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC + 16% 
chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE.

Figure 5: The effect of CMC and MLE composite coating on the exocarp colour (h⁰) of ‘GEM’ avocado fruit harvested at 
maturity stages M1, M2, and M3 during 28 days of cold storage and seven days of shelf life. *The vertical bars represent 
standard error (SE) at n = 5; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC + 16% 
chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE. 
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maintain fruit phenolic concentration. This corrobo-
rates with Maringgal et al. (2020), who demonstrat-
ed that edible coatings help preserve phytonutrients 
in fruit. Moreover, these results validate those that 
edible coatings modify the internal atmosphere by 
serving as selective barriers to O2 and CO2, reduc-
ing respiration rate and delaying phenolic changes 
(Awad et al., 2017). The findings from this study are 
consistent with those presented by Chiabrando and 
Giacalone (2015) where the decrease in phenolic 
content and antioxidant capacity in blueberries was 
delayed by applying polysaccharide (chitosan) coat-
ings. However, it is important to mention that CMC, 
in combination with 16% non-chilled MLE, resulted 
in a slightly increased phenolic content than all the 
other treatments at the end of the storage period, 
particularly in fruit at maturity stages 1 and 3. At the 
same time, the combination of CMC and 8% chilled 
MLE produced a slight increase in phenolics in fruit 
at maturity stage 2. This indicates that the coatings 
were able to delay fruit senescence which results in 
disrupted cell structure, thereby leading to reduced 
phenolics (Riaz et al., 2021). Consequently, the ob-
served differences may have resulted from a higher 
respiration rate in untreated fruit associated with the 
breakdown of total phenols (Nair et al., 2018).

 
Total Flavonoids content 
Flavonoids are secondary metabolites that resemble 
variable phenolic structures and are involved in col-
ouring of many fruits, vegetables, and flowers. These 
phytochemicals also have health benefits such as an-
ti-cancer, anti-inflammatory, and antioxidant proper-

ties (Zahedi et al., 2019). In the present study, total 
flavonoids were significantly (p < 0.001) affected by 
the storage period and harvest time (Fig. 7). How-
ever, the coating treatments did not affect flavonoid 
concentrations (p > 0.05). Cordenunsi et al. (2005) 
reported that storage conditions influence the con-
centration of flavonoids. The total flavonoid concen-
tration was similar for all treatments and harvesting 
times; however, the untreated fruit harvested at ma-
turity stage 1 showed an increased flavonoid con-
tent after 35 days of storage. This was in contrast to 
the fruit treated with CMC combined with 16% non-
chilled MLE which resulted in fruit with lower flavo-
noid content than all other treatments, regardless of 
harvest time. These results are comparable to those 
presented by Panahirad et al. (2019) wherein plums 
treated with 0.5% CMC-based edible coating resulted 
in higher flavonoid content. In contrast, those treat-
ed with concentrations above 0.5% (1% and 1.5% 
CMC-based edible coating) had less flavonoid content 
than the untreated fruit. Langa (2018) also reported 
a rapid increase of flavonoids in untreated papaya 
fruit compared to those treated with CMC + moringa 
leaf or seed extract. Although the results presented 
in this study are inconsistent, a progressive decline 
in total flavonoids during the 28 days of cold stor-
age was, however, observed. This was followed by 
a slight increase during the seven days of shelf life, 
especially in fruit harvested at maturity stages 1 and 
2. Similarly, Ballesteros et al. (2022) reported an in-
crease in flavonoid content in goldenberries stored at 
20 ºC and 65% relative humidity for 12 days, irre-
spective of CMC-based coatings; this was, however, 

Figure 6: The effect of CMC and Moringa-based edible coatings on the changes in phenolic content of ‘GEM’ avocado fruit 
harvested at maturity stages M1, M2, and M3 during 28 days of cold storage and seven days of shelf life. *The vertical 
bars represent standard error (SE) at n = 3; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; 
T3, CMC + 16% chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE.

Figure 7: The effect of CMC and Moringa-based edible coatings on the changes in flavonoid content of ‘GEM’ avocado 
fruit harvested at maturity stages M1, M2, and M3 during 28 days of cold storage and seven days of shelf life. *The 
vertical bars represent standard error (SE) at n = 3; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled 
MLE; T3, CMC + 16% chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE. 
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inverse for fruit stored for 28 days at 4 ºC and 95% 
RH. These results show that storage conditions influ-
ence flavonoids. In addition, cold storage tends to 
decrease flavonoid content, while high temperatures 
increase flavonoid content.  

2,2’ Diphenyl-1-picrylhydrazyl (DPPH) 
Antioxidant Assay 
Antioxidant activity is a very important parameter 
that determines health-related benefits and is usual-
ly determined using different methods, including the 
DPPH radical scavenging assay. This technique is one 
of the most popular methods to measure antioxidant 
activity due to its accuracy and convenience. The 

fruit’s antioxidant properties are greatly influenced 
by the presence of various secondary metabolites, 
including flavonoids and phenolics (Maringgal et al., 
2020). This study showed a significant effect of the 
storage period (p < 0.001) on antioxidant activity of 
avocados. Figure 8 shows an increasing trend in the 
DPPH radical scavenging activity over time during the 
cold storage period and a decrease at ambient tem-
perature, regardless of harvest time. Although there 
was no significant difference between treatments  
(p > 0.05), the reduction in antioxidants was more 
pronounced in uncoated fruit than in MLE and CMC-
coated avocados, which may indicate a positive effect 
of these composite coatings. The high decline in anti-

Figure 8: The effect of CMC and Moringa-based edible coatings on antioxidant activity of ‘GEM’ avocado fruit harvested 
at maturity stages M1, M2, and M3 during 28 days of cold storage and seven days of shelf life. *The vertical bars repre-
sent standard error (SE) at n = 3; H; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC 
+ 16% chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE. 

Figure 9: The effect of CMC and MLE-based edible coatings on mannoheptulose of ‘GEM’ avocado harvested at different 
maturities: maturity M1, M2, M3 during 28 days of cold storage and seven days of shelf life. *The vertical bars represent 
standard error (SE) at n = 3; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC + 16% 
chilled MLE; T4, CMC + 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE. 
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oxidant activity in untreated fruit could be attributed 
to the fast rate of ripening which is associated with 
fruit senescence and decay (Wang and Gao, 2013). 
The trend displayed by the antioxidant activity in this 
study contradicts the results by Kumar et al. (2021) 
on bell peppers treated with a chitosan-pullulan com-
posite coating and stored for 18 days at 4 ºC. These 
authors reported a decreasing trend in antioxidant 
activity. However, the present study aligns with Fer-
nando et al. (2014) who reported an increase in an-
tioxidant activities as bananas ripen and decline with 
senescence. Another study by Thakur et al. (2018) 
revealed the same trend: the free radical scavenging 
activity in uncoated plums declined with ripening. Za-
hedi et al. (2019) also reported that chitosan coated 
‘Langra’ mango fruit had higher antioxidant activities 
than controls after 24 days, at 15 ± 2 °C and 85-90% 
RH storage conditions. The authors further stated that 
this may result from edible coatings forming a protec-
tive barrier on the fruit surface, which reduces the de-
cline in antioxidant activity, nutrient loss, and water 
evaporation. This could show the potential of the MLE 
and CMC used in this study in retaining the scaveng-
ing activity of antioxidants in avocado fruit at 5 ºC and  
23 ºC. Usually, the bioactive compounds in a fruit 
have an impact on its antioxidant activity (Maftoon-
azad and Ramaswamy, 2005). This was supported by 
the results of this study, where the trend between 
phenolics and flavonoids showed an inverse relation-
ship with antioxidant capacity, which could be associ-
ated with changes in these compounds (Awad et al., 
2017).   

  

C7 Sugars (mannoheptulose and perseitol) 
Sugar content in avocado fruit is a critical quality in-
dicator (Le et al., 2021). When compared to other 
fruits, avocado consists of unique sugars, such as 
perseitol, d-mannoheptulose (reducing sugar), and 
the seven-carbon sugar alcohol. Avocados produce 
d-mannoheptulose and perseitol in higher concentra-
tions than other sugars, such as hexoses (Tesfay and 
Magwaza, 2017). Generally, the ripening of this fruit 
is associated with increased glucose and fructose and 
decreased concentrations of d-mannoheptulose and 
perseitol. It is still best to evaluate how long fruit can 
be stored and still have optimal sugar concentrations 
without losing its quality. Figures 9 and 10 show the 
changes in sugar content, mainly mannoheptulose 
and perseitol respectively, of CMC-moringa coated 
avocado fruit at 7-day intervals during storage. The 
initial sugar concentrations before treatment were 
determined to be 19.67, 34.04, and 47.34 mg/g 
DW for mannoheptulose and 15.37, 21.77, and 17.2 
mg/g DW for perseitol and for fruit at maturity stages 
M1, M2, and M3, respectively. The results showed a 
significant effect (p > 0.001) of storage period on the 
concentrations of mannoheptulose and perseitol. The 
concentrations for these two sugars progressively 
decline throughout the storage period. In the present 
study, untreated fruit had less mannoheptulose con-
centrations of 4.85, 4.28, and 5.54 mg/g DW for fruit 
at maturity stages M1, M2, and M3, respectively, than 
fruit coated with different concentrations of moringa 
and 5% CMC. This indicates a 75.3, 87.4, and 88.3% 
reduction from the initial concentrations for the fruit 

Figure 10: The effect of CMC and MLE-based edible coatings on perseitol of ‘GEM’ avocado harvested at maturity M1, 
M2, and M3 during 28 days of cold storage and seven days of shelf life. *The vertical bars represent standard error (SE) 
at n = 3; T, treatment; S, storage period; T1, control; T2, CMC + 8% chilled MLE; T3, CMC + 16% chilled MLE; T4, CMC 
+ 8% non-chilled MLE; T5, CMC + 16% non-chilled MLE. 
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at the three maturity stages, respectively. Similar to 
mannoheptulose, the greatest reduction in persei-
tol concentrations was observed in untreated fruit 
at maturity stages 1 and 2. The reductions in these 
C7 sugars is due to their larger contribution to total 
carbohydrate concentration than the 6-carbon (C6) 
sugars (sucrose, starch, and hexose), with persei-
tol being dominant (Liu et al., 2002). This reduction 
validates the assertion by Wolstenholme (2012) that 
the concentration of C7 sugars depends on the ripen-
ing stage of the avocado, and its reduction can go 
above 80% and, in some cultivars, can be depleted. 
In addition, it was previously reported that ripening 
and its associated physiological processes such as in-
creased ethylene production and respiration do not 
occur until the C7 sugars drop to below a threshold 
of 20 mg/g DW (Liu et al., 2002). This could indicate 
that the C7 sugars are metabolised during ripening 
or are the main contributors that control the ripening 
process (Landahl et al., 2009; Blakey et al., 2012). 
The trend observed in this study is similar to that 
reported by Shezi et al. (2020) for ‘GEM’ avocado 
fruit harvested inside and outside the canopy during 
storage. Moreover, these results are comparable to 
those reported by Tesfay and Magwaza (2017) who 
observed a decrease in soluble sugars in ‘Fuerte’ and 
‘GEM’ avocados treated with CMC and chitosan-based 
on moringa extracts. Similarly, Kubheka et al. (2019) 
reported a higher d-mannoheptulose in ‘Maluma 
Hass’ avocado fruit treated with 1% CMC and MLE. 
Although there was no significant difference among 
treatments based on their performance in the reten-
tion of sugars, 8% non-chilled MLE was consistent 
in the fruit at harvested stages. Overall, based on 
these findings, it was clear that treating fruit with 
CMC (5%) and moringa leaf extract is beneficial in 
minimising the reduction in C7 sugars.

  
CONCLUSION  
Based on the results of the current study, it can be 
concluded that CMC and MLE were effective in pre-
serving the postharvest quality of ‘GEM’ avocado fruit 
during a storage period of 35 days. Different morin-
ga-based treatments successfully inhibited firmness 
and mass loss, consequently extending fruit shelf 
life. The coated fruit also had a reduction in solu-
ble sugars, especially mannoheptulose. This is the 
best indication that CMC and moringa-based edible 
coatings can be the best alternative for substitut-
ing risky chemicals and costly avocado preservative 
techniques to extend the shelf life of this fruit. This 
research has also shown the ability of the coatings 
used to extend the shelf life of avocados without com-
promising the nutritional quality or the compounds 
of interest of this fruit. This is an effective, environ-
mentally friendly, and affordable technique that can 
be useful in commercial consignments. The observed 
fluctuation in the concentrations of most biochemi-
cal parameters could be due to the fact that the fruit 
were not distinguished based on position within the 
tree canopy. Previous research has reported the ef-
fect of canopy position on fruit ripening patterns and 
biochemical quality. Therefore, this must be consid-

ered for further investigation. 
 
Acknowledgement 
This research was supported through the Postharvest 
Innovation Fund (PHI-5) by the South African Avo-
cado Growers’ Association (SAAGA) and the Depart-
ment of Science, Technology, and Innovation (DSTI).  

REFERENCES  
ABEBE, Z., TOLA, Y.B. & MOHAMMED, A. 2017. Ef-

fects of edible coating materials and stages of ma-
turity at harvest on storage life and quality of to-
mato (Lycopersicon Esculentum Mill.) fruits. Afri-
can Journal of Agricultural Research, 12: 550-565.  

ADDO, P.W., SAGILI, S.U.K.R., BILODEAU, S.E., 
GLADU-GALLANT, F-A., MACKENZIE, D.A., BATES, 
J., MCRAE, G., MACPHERSON, S., PARIS, M. & 
RAGHAVAN, V. 2022. Cold Ethanol Extraction of 
Cannabinoids and Terpenes from Cannabis Using 
Response Surface Methodology: Optimization and 
Comparative Study. Molecules, 27: 8780. 

ALI, A., MUHAMMAD, M.T.M., SIJAM, K. & SIDDIQUI, 
Y. 2011. Effect of chitosan coatings on the phys-
icochemical characteristics of Eksotika II papaya 
(Carica papaya L.) fruit during cold storage. Food 
Chemistry, 124: 620-626. 

AWAD, M.A., AL-QURASHI, A.D., MOHAMED, S.A. & 
EL-SHISHTAWY, R.M. 2017. Quality and biochemi-
cal changes of ‘Hindi-Besennara’ mangoes dur-
ing shelf life as affected by chitosan, gallic acid 
and chitosan gallate. Journal of Food Science and 
Technology, 54: 4139-4148. 

BALLESTEROS, L.F., TEIXEIRA, J.A. & CERQUEIRA, 
M.A. 2022. Active carboxymethyl cellulose-based 
edible coatings for the extension of fresh golden-
berries shelf-life. Horticulturae, 8: 936. 

BILL, M., SIVAKUMAR, D., THOMPSON, A.K. & KOR-
STEN, L. 2014. Avocado fruit quality management 
during the postharvest supply chain. Food Reviews 
International, 30: 169202.  

BLAKEY, R., TESFAY, S., BERTLING, I. & BOWER, J. 
2012. Changes in sugars, total protein, and oil in 
‘Hass’ avocado (Persea americana Mill.) fruit dur-
ing ripening. The Journal of Horticultural Science 
and Biotechnology, 87: 381-387. 

CARELI-GONDIM, Í., MESQUITA, T.C., VILAS BOAS, 
E.V.D.B., CALIARI, M. & SOARES JÚNIOR, M.S. 
2020. The effect of active coating and refrigerated 
storage on the quality of avocado cultivar, Quintal. 
Journal of Food Science and Technology, 57: 143-
151. 

CHIABRANDO, V. & GIACALONE, G. 2015. Anthocya-
nins, phenolics and antioxidant capacity after fresh 
storage of blueberry treated with edible coatings. 
International Journal of Food Sciences and Nutri-
tion, 66: 248-253. 

CORDENUNSI, B.R., GENOVESE, M.I., DO NASCI-
MENTO, J.R.O., HASSIMOTTO, N.M.A., DOS SAN-
TOS, R.J. & LAJOLO, F.M. 2005. Effects of temper-
ature on the chemical composition and antioxidant 
activity of three strawberry cultivars. Food Chem-
istry, 91: 113-121. 

DÁVILA-AVIÑA, J.E., VILLA-RODRÍGUEZ, J.A., VIL-



SOUTH AFRICAN AVOCADO GROWERS' ASSOCIATION YEARBOOK 48, 2025 119

LEGAS-OCHOA, M.A., TORTOLEDO-ORTIZ, O., 
OLIVAS, G.I., AYALA-ZAVALA, J.F. & GONZÁLEZ-
AGUILAR, G.A. 2014. Effect of edible coatings on 
bioactive compounds and antioxidant capacity of 
tomatoes at different maturity stages. Journal of 
Food Science and Technology, 51: 2706-2712.  

DHALL, R.K. 2016. Application of Edible Films and 
Coatings on Fruits and Vegetables. In: Edible Films 
and Coatings, CRC Press, pp. 381-408. 

EÇA, K.S., SARTORI, T. & MENEGALLI, F.C. 2014. 
Films and edible coatings containing antioxidants-
a review. Brazilian Journal of Food Technology, 
17: 98-112. 

FAN, S., QI, Y., SHI, L., GIOVANI, M., ZAKI, N.A.A., 
GUO, S. & SULERIA, H.A.R. 2022. Screening of 
phenolic compounds in rejected avocado and de-
termination of their antioxidant potential. Process-
es, 10: 1747. 

FERNANDO, H., SRILAONG, V., PONGPRASERT, N., 
BOONYARITTHONGCHAI, P. & JITAREERAT, P. 2014. 
Changes in antioxidant properties and chemi-
cal composition during ripening in banana variety 
'Hom Thong' (AAA group) and 'Khai' (AA group). 
International Food Research Journal, 21: 749. 

HANDAYANI, M., KARLINA, S., SUGIARTI, Y. & 
CAKRAWATI, D. 2018. Application of edible coating 
from cassava peel-bay leaf on avocado. In: Jour-
nal of Physics: Conference Series, IOP Publishing, 
Vol. 1013, pp. 012168. 

JEONG, J. & HUBER, D.J. 2004. Suppression of avo-
cado (Persea americana Mill.) fruit softening and 
changes in cell wall matrix polysaccharides and 
enzyme activities: differential responses to 1-MCP 
and delayed ethylene application. Journal of the 
American Society for Horticultural Science, 129: 
752-759. 

KADER, A.A. 1997. Fruit maturity, ripening, and qual-
ity relationships. In: International Symposium Ef-
fect of Pre- & Postharvest factors in Fruit Storage 
485, pp. 203-208. 

KASSIM, A., WORKNEH, T. & BEZUIDENHOUT, C. 
2013. A review on postharvest handling of avoca-
do fruit. African Journal of Agricultural Research, 
8: 2385-2402. 

KHORRAM, F., RAMEZANIAN, A. & HOSSEINI, S.M.H. 
2017. Effect of different edible coatings on post-
harvest quality of ‘Kinnow’ mandarin. Journal of 
Food Measurement and Characterization, 11: 
1827-1833. 

KUBHEKA, S.F., TESFAY, S., MDITSHWA, A. & MAG-
WAZA, L. 2019. Efficacy of carboxymethyl cellu-
lose and gum arabic edible coatings in combination 
with moringa leaf extract in improving postharvest 
quality of 'Maluma' avocado fruit. In: II Interna-
tional Symposium on Moringa 1306, pp. 293-300.  

KUMAR, N., OJHA, A., UPADHYAY, A., SINGH, R. & 
KUMAR, S. 2021. Effect of active chitosanpullulan 
composite edible coating enrich with pomegranate 
peel extract on the storage quality of green bell 
pepper. LWT - Food Science and Technology, 138: 
110435. 

LANDAHL, S., MEYER, M.D. & TERRY, L.A. 2009. Spa-
tial and temporal analysis of textural and biochem-

ical changes of imported avocado cv. Hass dur-
ing fruit ripening. Journal of Agricultural and Food 
Chemistry, 57: 7039-7047. 

LANGA, S. 2018. Effects of edible coatings and mor-
inga extracts on postharvest quality of papaya 
fruits (Doctoral Dissertation). 

LE, K.H., NGUYEN, M.D.B., DAI TRAN, L., THI, H.P.N., 
VAN TRAN, C., VAN TRAN, K., THI, H.P.N., THI, 
N.D., YOON, Y.S. & NGUYEN, D.D. 2021. A novel 
antimicrobial ZnO nanoparticles-added polysac-
charide edible coating for the preservation of post-
harvest avocado under ambient conditions. Pro-
gress in Organic Coatings, 158: 106339. 

LIU, W., ZHANG, M. & BHANDARI, B. 2020. Nano-
technology - A shelf life extension strategy for 
fruits and vegetables. Critical Reviews in Food Sci-
ence and Nutrition, 60: 17061721. 

LIU, X., SIEVERT, J., ARPAIA, M.L. & MADORE, M.A. 
2002. Postulated physiological roles of the seven-
carbon sugars, mannoheptulose, and perseitol in 
avocado. Journal of the American Society for Hor-
ticultural Science, 127: 108-114. 

MAFTOONAZAD, N. & RAMASWAMY, H. 2005. Post-
harvest shelf-life extension of avocados using me-
thyl cellulose-based coating. LWT - Food science 
and technology, 38: 617-624. 

MAGWAZA, L.S. & TESFAY, S.Z. 2015. A review of 
destructive and non-destructive methods for de-
termining avocado fruit maturity. Food and Bio-
process Technology, 8: 19952011. 

MALMIRI, J.H., OSMAN, A., TAN, C. & RAHMAN, A.R. 
2011. Evaluation of effectiveness of three cellu-
lose derivative-based edible coatings on changes 
of physico-chemical characteristics of 'Berangan' 
banana (Musa sapientum cv. Berangan) during 
storage at ambient conditions. International Food 
Research Journal, 18: 1381. 

MARINGGAL, B., HASHIM, N., TAWAKKAL, I.S.M.A. & 
MOHAMED, M.T.M. 2020. Recent advance in ed-
ible coating and its effect on fresh/fresh-cut fruits 
quality. Trends in Food Science and Technology, 
96: 253-267. 

MILBURY, P.E., CHEN, C.-Y., DOLNIKOWSKI, G.G. & 
BLUMBERG, J.B. 2006. Determination of flavonoids 
and phenolics and their distribution in almonds. 
Journal of Agricultural and Food Chemistry, 54: 
5027-5033. 

MWELASE, S., MDITSHWA, A., MAGWAZA, L.S. & 
TESFAY, S.Z. 2022. Maturity Indexing and Post-
harvest Performance of Newly Developed ‘Lamb 
Hass’ Avocado Fruit. International Journal of Fruit 
Science, 22: 453-470. 

NAIR, M.S., SAXENA, A. & KAUR, C. 2018. Effect of 
chitosan and alginate based coatings enriched with 
pomegranate peel extract to extend the posthar-
vest quality of guava (Psidium guajava L.). Food 
Chemistry, 240: 245-252. 

OBENG, E., KPODO, F., TETTEY, C., ESSUMAN, E. & 
ADZINYO, O. 2020. Antioxidant, total phenols and 
proximate constituents of four tropical leafy veg-
etables. Scientific African, 7: e00227. 

PANAHIRAD, S., DADPOUR, M., PEIGHAMBARDOUST, 
S.H., SOLTANZADEH, M., GULLÓN, B., ALIREZALU, 



SOUTH AFRICAN AVOCADO GROWERS' ASSOCIATION YEARBOOK 48, 2025120

K. & LORENZO, J.M. 2021. Applications of carbox-
ymethyl cellulose and pectinbased active edible 
coatings in preservation of fruits and vegetables: 
A review. Trends in Food Science and Technology, 
110: 663-673. 

PANAHIRAD, S., NAGHSHIBAND-HASSANI, R., GHAN-
BARZADEH, B., ZAARE-NAHANDI, F. & MAHNA, N. 
2019. Shelf life quality of plum fruits (Prunus do-
mestica L.) improves with carboxymethylcellulose-
based edible coating. HortScience, 54: 505-510. 

PANIAGUA, A., EAST, A., HINDMARSH, J. & HEYES, J. 
2013. Moisture loss is the major cause of firmness 
change during postharvest storage of blueberry. 
Postharvest Biology and Technology, 79: 13-19. 

PAYASI, A., MISHRA, N.N., CHAVES, A.L.S. & SINGH, 
R. 2009. Biochemistry of fruit softening: an over-
view. Physiology and Molecular Biology of Plants, 
15: 103-113. 

PERETTO, G., DU, W.-X., AVENA-BUSTILLOS, R.J., DE 
J. BERRIOS, J., SAMBO, P. & MCHUGH, T.H. 2017. 
Electrostatic and conventional spraying of algi-
nate-based edible coating with natural antimicro-
bials for preserving fresh strawberry quality. Food 
and Bioprocess Technology, 10: 165-174. 

RIAZ, A., AADIL, R.M., AMOUSSA, A.M.O., BASHARI, 
M., ABID, M. & HASHIM, M.M. 2021. Application 
of chitosan-based apple peel polyphenols edible 
coating on the preservation of strawberry (Fra-
garia ananassa cv Hongyan) fruit. Journal of Food 
Processing and Preservation, 45: e15018. 

RIVERA, S.A., FERREYRA, R., ROBLEDO, P., SELLES, 
G., ARPAIA, M.L., SAAVEDRA, J. & DEFILIPPI, B.G. 
2017. Identification of preharvest factors deter-
mining postharvest ripening behaviors in ‘Hass’ 
avocado under long term storage. Scientia Horti-
culturae, 216: 29-37. 

ROMANAZZI, G., FELIZIANI, E. & SIVAKUMAR, D. 
2018. Chitosan, a biopolymer with triple action on 
postharvest decay of fruit and vegetables: Elic-
iting, antimicrobial and filmforming properties. 
Frontiers in Microbiology, 9: 2745. 

SHARMA, L., SAINI, C.S., SHARMA, H.K. & SANDHU, 
K.S. 2019. Biocomposite edible coatings based 
on cross linked-sesame protein and mango puree 
for the shelf life stability of fresh-cut mango fruit. 
Journal of Food Process Engineering, 42: e12938. 

SHEZI, S., MAGWAZA, L.S., TESFAY, S.Z. & MDIT-
SHWA, A. 2020. Simple and multiple linear regres-
sion models for predicting maturity of ‘Mendez# 1’ 
and ‘Hass’ avocado fruit harvested from inside and 
outside tree canopy positions. International Jour-
nal of Fruit Science, 20: S1969-S1983. 

SINGH, P., MAGALHÃES, S., ALVES, L., ANTUNES, F., 
MIGUEL, M., LINDMAN, B. & MEDRONHO, B. 2019. 
Cellulose-based edible films for probiotic entrap-
ment. Food Hydrocolloids, 88: 68-74. 

SIVAKUMAR, D. & BAUTISTA-BAÑOS, S. 2014. A re-
view on the use of essential oils for postharvest 
decay control and maintenance of fruit quality dur-

ing storage. Crop Protection, 64: 27-37. 
SIVAKUMAR, D., TUNA GUNES, N. & ROMANAZZI, 

G. 2021. A comprehensive review on the impact 
of edible coatings, essential oils, and their nano 
formulations on postharvest decay anthracnose of 
avocados, mangoes, and papayas. Frontiers in Mi-
crobiology, 12: 711092. 

TESFAY, S.Z. & MAGWAZA, L.S. 2017. Evaluating 
the efficacy of moringa leaf extract, chitosan and 
carboxymethyl cellulose as edible coatings for en-
hancing quality and extending postharvest life of 
avocado (Persea americana Mill.) fruit. Food Pack-
aging and Shelf Life, 11: 40-48. 

TESFAY, S.Z., MAGWAZA, L.S., MBILI, N. & MDIT-
SHWA, A. 2017. Carboxyl methylcellulose (CMC) 
containing moringa plant extracts as new posthar-
vest organic edible coating for Avocado (Persea 
americana Mill.) fruit. Scientia Horticulturae, 226: 
201-207. 

THAKUR, R., PRISTIJONO, P., GOLDING, J., STATHO-
POULOS, C.E., SCARLETT, C., BOWYER, M., SINGH, 
S. & VUONG, Q. 2018. Development and applica-
tion of rice starch based edible coating to improve 
the postharvest storage potential and quality of 
plum fruit (Prunus salicina). Scientia Horticultu-
rae, 237: 59-66. 

WANG, S.Y. & GAO, H. 2013. Effect of chitosan-based 
edible coating on antioxidants, antioxidant enzyme 
system, and postharvest fruit quality of strawber-
ries (Fragaria x aranassa Duch.). LWT - Food Sci-
ence and Technology, 52: 71-79. 

WOLSTENHOLME, B. 2012. Developments in the 
world avocado industry, and their relevance to the 
South African and African industries. In: II All Af-
rica Horticulture Congress 1007, pp. 865-871. 

WRÓBLEWSKA-KREPSZTUL, J., RYDZKOWSKI, T., 
BOROWSKI, G., SZCZYPIŃSKI, M., KLEPKA, T. & 
THAKUR, V.K. 2018. Recent progress in biodegrad-
able polymers and nanocomposite-based packag-
ing materials for sustainable environment. Inter-
national Journal of Polymer Analysis and Charac-
terization, 23: 383-395. 

YAMAN, Ö. & BAYOΙNDΙRLΙ, L. 2002. Effects of an 
edible coating and cold storage on shelf life and 
quality of cherries. LWT - Food Science and Tech-
nology, 35: 146-150. 

ZAHEDI, S.M., HOSSEINI, M.S., KARIMI, M. & EBRA-
HIMZADEH, A. 2019. Effects of postharvest poly-
amine application and edible coating on maintain-
ing quality of mango (Mangifera indica L.) cv. Lan-
gra during cold storage. Food Science and Nutri-
tion, 7: 433-441. 

ZHANG, X., ZHANG, X., LIU, X., DU, M. & TIAN, Y. 
2019. Effect of polysaccharide derived from Os-
munda japonica Thunb-incorporated carboxym-
ethyl cellulose coatings on preservation of toma-
toes. Journal of Food Processing and Preservation, 
43: e14239.


