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	ABSTRACT	
This	experiment	was	conducted	in	the	experimental	area	of	BAU	Sabour,	Bhagalpur,	Bihar,	in	the	year	2021-22	to	see	the	effect	of	
calcium	chloride	(1.5%	and	3.0%)	and	chitosan	(0.5%	and	1.0%)	alone	and	their	combinations	on	the	yield	and	bioactive	compounds	
of	mango	(Mangifera	indica	L.)	cv.	Mallika.	These	chemicals	were	sprayed	on	the	15th	and	30th	days	before	harvesting.	These	
chemicals	were	choosen	to	enhance	the	quality	and	shelf-life	of	mango	for	longer	duration	availability	to	consumers.	The	results	of	
the	study	clearly	showed	that	fruit	morphology,	such	as	fruit	length,	breadth,	volume,	and	weight	(155	mm,	95	mm,	532	ml,	561.53	g),	
were	recorded	at	maximum	with	T :	CaCl 	3%	+	chitosan	1%.	It	was	also	found	that	this	treatment	had	the	highest	yield	(28.33	8 2

fruits/plant).	Minimum	peel	percent	(14.30)	was	observed	in	T :	CaCl 	21.5%	+	chitosan	1%,	whereas	minimum	stone	percent	(8.99)	6 2

and	maximum	pulp	percent	(76.86)	were	in	T :	CaCl 	3%	+	chitosan	1%.	Highest	TSS,	TSS:	acid	ratio,	total	sugar,	reducing	sugar,	and	8 2
oascorbic	acid	(13.46	 Brix,	21.36,	3.79%,	1.78%,	and	60.86	mg/100g	pulp,	respectively)	were	also	in	T ,	while	phenol,	anthocyanin,	8

and	antioxidant	content	(49.36	mg	GAE/g	pulp,	0.82	mg/100g	peel,	and	1.28	µmol	Trolox	equivalent/g	pulp)	were	in	T :	CaCl 	3%	+	7 2

chitosan	0.5%.
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INTRODUCTION
Mango (Mangifera	 indica L.) is consistently considered the 
choicest tropical fruit in the world. It is the national fruit of India 
and known as the king of the fruits. India is the largest producer 
of mango in the world. India contributes about 64 percent of 
mangoes around the globe. The total production of mango in 
India is estimated to be 19 million metric tons in 2021 [1]. 
Mango is known for its vibrant colour, delicious taste, exotic 
�lavour, highly rich nutritional properties, and enticing aroma. 
Among the different cultivars recommended for cultivation 
under the agro-climatic conditions of Bihar, Mallika is an 
important and popular cultivar that is widely grown due to its 
high yield and excellent quality. Mallika trees are semi-vigorous 
to vigorous and regular bearers in nature. The fruit is large, 
ovate-oblong, and pulp is golden yellow and �ibreless. The 
colour of the peel is apricot yellow, and the seed is thin.
Foliar application is an essential tool for the sustainable and 
productive management of fruit crops. Foliar spray is a way to 
reduce the use of chemical fertilizers and their environmental 
hazards [21]. Besides, by foliar feeding, nutrients can be 
delivered directly and quickly to the plants, if needed. Some of 
the plant organs, like fruits, need nutrients such as calcium more 
than whole plants when the roots are still unable to absorb 
nutrients due to low soil temperature [10]. In this sense, pre-
harvest application of calcium may delay senescence in fruits 
with no detrimental effect on consumer acceptance. Calcium is a 
key plant nutrient that has a signi�icant role in cell functions,

which reduces softening and senescence of fruits [2], and it is 
also considered the most important mineral element 
determining fruit quality [9]. Exogenously applied calcium 
stabilizes the plant cell wall and protects it from cell wall-
degrading enzymes [35], resulting in improved quality of 
various fruit crops, including mango. Romero et al. [26] found 
that the application of calcium as a pre-harvest spray increased 
the fruit quality of mango.
As far as chitosan is concerned, chitosan is a high molecular 
weight cationic polysaccharide derived from chitin [37] that 
happens to be nontoxic, biocompatible, bio functional, and 
biodegradable [28]. Pre-harvest spraying with chitosan is highly 
feasible and has a bene�icial effect on fruit quality attributes 
[25]. Previous studies showed that using chitosan pre-
harvesting was very effective in enhancing growth, yield, and 
fruit quality parameters in different fruit crop species. [8,13,22]. 
Thus, the present study aims to assess the impact of 
exogenously applied calcium chloride and chitosan on yield, 
fruit morphology, and different bioactive ingredients such as 
TSS, titratable acidity, ascorbic acid, total and reducing sugars, 
phenols, antioxidants, etc. on mango cv. Mallika.

MATERIALSAND	METHODS
The present investigation was conducted in the Horticulture 
Garden of Bihar Agricultural College, Sabour, Bhagalpur, which 

o ois situated at a longitude of 87 2' 42” East and latitude of 25  15' 
40” North at an altitude of 46 meters above mean sea. All the 
plants were selected for uniform growth and size, which were 
planted in 2.5 x 3 m spacing. The age of the mango plant is 12 
years, which were maintained under a uniform cultural 
schedule during investigation. The pre-harvest foliar spray was 
given as a chemical and was sprayed on 15 and 30 days before 
the harvest date in 2020-21. The experiment was conducted in a 
randomized block design with three replications with nine
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 treatments. The treatments were comprised of T�- CaCl� �.�%, 
T� - CaCl� �%, T� - chitosan �.�%, T� - chitosan �%, T� - CaCl� �.� % 
+ chitosan �.�%, T� - CaCl� �.�% + chitosan �%, T� - CaCl� �% + 
chitosan �.�%, T� - CaCl� �% + chitosan �% and T� - control 
(water spray).
Observations were recorded on yield (number of fruits per 
plant), physical parameters (fruit length, breadth, weight, peel 
%, stone %, and pulp %), and biochemical parameters (TSS, 
titratable acidity, TSS:acid ratio, reducing sugar, total sugar, 
ascorbic acid, antioxidant activity, phenolic content, and 
anthocyanin content). Three fruits / treatments / replications 
were taken for quality analysis. Yield (number of fruits per 
plant) was recorded from individual trees, and the total number 
of marketable fruits per tree per replication under each 
treatment was counted manually. Physical parameters (fruit 
length and breadth) were recorded with the help of a vernier 
caliper, which was expressed in cm, while fruit weight was 
recorded with the help of a pan balance, which was expressed in 
g, and peel, stone, and pulp (%) were expressed by this formula:

Weight of peel Percentage of peel = ------------------------100
                                                          Weight of fruit

Weight of stone Percentage of stone = ---------------------100
                                                                 Weight of fruit

     
 Weight of pulp Percentage of pulp = -------------------100

               Weight of fruit
Biochemical parameters such as TSS were recorded by an Erma 
hand refractometer. Titratable acidity was determined 
according to [12]. Reducing sugar and total sugar were 
determined by the [16] method. The ascorbic acid content in the 
fruit was estimated by [14]. Antioxidant activity was performed 
according to the method of [1]. Phenolic content was 
determined by the method of [34]. Anthocyanin content was 
determined by the method suggested by [23]. The mean and 
standard deviation were computed, and one-way analysis of 
variance (ANOVA) was used to assess tabulated data, and 
statistical differences between means were estimated using 
Duncan's Multiple Range Test (DMRT).

RESULTS	AND	DISCUSSION
The data recorded that the highest yield (28.33 number of fruits 
per tree) was found in T - CaCl  3% + chitosan 1%. The 8 2

signi�icant increase in fruit yield might be an accumulative effect 
of an increase in several fruits due to a reduction in fruit drop 
and higher fruit weight by the direct and indirect effect of foliar 
spray of calcium. In addition, it might be due to the promotion of 
starch formation followed by the rapid transportation of 
carbohydrates in calcium-treated plants. These results are in 
agreement with the earlier �inding of [30, 31] in mango. The 
effectiveness of chitosan on yield and its components might be 
because chitosan has a simulative effect on physiological 
processes and improves the transportation of nitrogen in the 
functional leaves, which improves vegetative growth and 
development [7, 11]. Physical parameters such as fruit length, 
breadth, and weight (15.5 cm, 9.5 cm, and 561.53 g) were 
recorded and enhanced when sprayed with T - CaCl  3% + 8 2

chitosan 1% (Table 1). This might be due to the application of 
calcium, which attributed to more Ca in fruits and increased the 
fruit size in length and breadth by increasing the cell density in 
the cortex area of fruit, as reported by [29], while appreciable 
improvement in fruit weight by calcium chloride application is 

due to more growth of fruits by accelerated rates of cell 
enlargement and cell division and larger intercellular space. It 
might also affect in in�luence the formation and changes of 
carbohydrates and carbohydrate enzymes due to enhanced 
absorption of water and mobilization of sugar in expanded cells 
and increased volume of intercellular space in the pulp as 
reported by [��]. The bene�icial effect of chitosan may be 
interpreted as its role in achieving a good balance between 
vegetative growth and fruitingthrough nutrient availability, 
which is re�lected in its turn on increasing the accumulation of 
total carbohydrate content in fruit [��, �]. The recorded data 
presented in (Table �) revealed that physical parameters such as 
peel percent, stone percent, and pulp percent were minimum in 
T  - CaCl  �.�% + chitosan �% while minimum stone percent (�.��) � �

and maximum pulp percent (��.��) were in T�: CaCl� �% + 
Chitosan �% while minimum stone per cent (�.��) and maximum 
pulp per cent (��.��) was in T�- CaCl� �% + Chitosan �%. The 
increase in fruit pulp is due to more accumulation of 
photosynthates in the matured fruits by the bene�icial effect of 
calcium. The increase in fruit pulp is due to more accumulation 
of photosynthates in the matured fruits by the bene�icial effect 
of calcium. These �indings were collaborated with [�, �, ��].

The scrutiny of data regarding biochemical parameters such as 
maximum TSS, minimum acidity, and highest TSS:acid ratio 

o(13.46 Brix, 0.604%, and 21.36, respectively) was in treatment 
T : CaCl  3% + chitosan 1% (Table 3). The increase in TSS due to 8 2

the application of calcium is due to the function of the number of 
enzymes that might have stimulated the physiological processes 
in terms of hydrolysed starch and polysaccharides. Metabolic 
activity during the change of available starch and organic acid 
into soluble sugars and enhanced solubilisation of insoluble 
starch and protein present in the cell wall and middle lamella, 
thus TSS might have been increased. [33] on mango found 
similar results concerning TSS. Decrease in acidity might be due 
to the involvement of growth substances at the metabolic level 
in regulating vital physiological and biochemical processes 
seems to have decreased total acidity in fruits. [20] on 
strawberry and [18] on table grape found similar results.

The recorded data (Table 4) revealed that biochemical 
parameters such as ascorbic acid, total sugar, and reducing 
sugar (60.86 mg/100g pulp, 3.79%, and 1.78%, respectively) 
were found to be maximum with T : CaCl  3% + chitosan 1%. The 8 2

increase in ascorbic acid content might be due to continued 
synthesis of glucose-6-phosphate through the growth and 
development of fruits, which is thought to be a precursor of 
vitamin C [3] in mango, found similar results. Higher ascorbic 
acid content in CaCl -treated fruits could be related to inhibiting 2

the action of calcium on the activity of ascorbic acid oxidase that 
uses ascorbate as a substrate [32]. The perceptible increase in 
sugar content in fruits by foliar spray of calcium, chitosan, and 
their combinations might be due to rapid translocation of more 
sugar in fruits due to rapid transformation of starch into sugar in 
the presence of an enzyme by application of calcium. In addition, 
chitosan may enhance growth and development by some 
signalling pathway-related to auxin biosynthesis via a 
tryptophan-independent pathway. This �inding is in conformity 
with [19] on mango fruits concerning total sugar.
Phenol, anthocyanin, and antioxidant content (49.36 mg 
GAE/gm pulp, 0.82 mg/100g peel, and 1.28 mol Trolox 
equivalent/g pulp, respectively) were found highest in T : CaCl  7 2

3% + chitosan 0.5% (Table 5). 
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The increase in antioxidant activity was associated with a lower 
content of dehydroascorbic acid. This �inding corroborates the 
report of [��] on strawberry. Calcium-treated fruits have been 
found to enhance the colour formation of mango fruit peels by 
affecting phenylalanine ammonia-lyase and tyrosine ammonia-
lyase activities, thus justifying partly the higher anthocyanin 
content of fruit peels deriving from the plant treated with 
calcium. [��] reported that calcium increases the amount of total 
phenol in apple fruit. They suggested that since calcium 
increases polysaccharide content in fruit cell walls and the 
permeability of membranes, therefore cell wall strength and cell 
membrane can be maintained, which leads to preventing the 
oxidation of phenolic compounds. Thus, phenolic content may 
be increased.

CONCLUSION
Findings of present study revealed that the application of CaCl  2

3% + chitosan 1% was most effective for yield-related 
characters like total number of fruits per plant, fruit weight, fruit 
volume, fruit length, breadth, and pulp per-cent. CaCl  3% + 2

chitosan 1% were found effective for improving fruit quality 
characteristics like increased TSS, ascorbic acid, total sugar and 
reducing sugar while decreased in titratable acidity. It was also 
reported that CaCl  3% + chitosan 0.5% were effective for 2

increasing anthocyanin content in peel, antioxidant and phenol.

FUTURE	SCOPE	OF	THE	EXPERIMENT
The study provides a solid foundation for future research and 
development. 

By using these two formulations, they could be used to enhance 
the yield potential and quality parameters of mango. These two 
concentrations work as a  promising alternative as 
environmentally friendly compounds.  Several other 
concentrations and new formulations within focusing organic 
nature of fruit may be tested for further experimental research.
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Table	3.	Effect	of	pre-harvest	spray	of	calcium	chloride	and	chitosanon	bioactive	compounds	of	mango	cv.	Mallika
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REFERENCES

Anonymous (2021). Statista .com  

Apak R, Güçlü K, O� zyürek M and Karademir SE. (2004). Novel 
Total Antioxidant Capacity Index for Dietary Polyphenols and 
Vitamins C and E, Using Their Cupric Ion Reducing Capability 
in the Presence of Neocuproine:   CUPRAC Method  Journal	of		
Agriculture	Food	Chemistry	26:7970–7981

ndBarker AV, Pilbeam DJ. (2015). Handbook	of	Plant	Nutrition. 2  
Taylor & Francis Group, Boca Raton, Florida, 773p.

Bhatt A, Mishra NK, Mishra DK and Singh CP. (2012). Foliar 
application of potassium, calcium, zinc and boron enhanced 
yield, quality and shelf life of mango. Horticultural	 Flora	
Research	Spectrum	4: 300–305.

Bhusan LP and Panda C. (2015). Effect of pre-harvest chemical 
treatments and mulching on quality of mango, Mangifera	
indica	L. cv. Amrapali. International	Journal	of	Farm	Sciences	4: 
132-138.

Bhusan LP, Panda C and Dash AK. (2015). Effect of pre-harvest 
chemical treatments and mulching on marketability of mango 
(Mangifera	 indica	 L.) cv. Amrapali. Journal	 Crop	 and	 weed	
11:216-219.

Champa WA, Gill MI, Mahajan BV, Arora NK. (2015). Pre 
harvest salicylic acid treatments to improve quality and post-
harvest life of table grapes (Vitis	vinifera	L.) cv. Flame Seedless. 
Journal	of	Food	Science	and	Technology	52: 3607- 3616.

Chibu H, Shibayama H. (2003). Effects of chitosan application 
on the growth of several crops Chitin	and	chitosan	in	life	science	
235-239.

Chien PJ, Chou CC. (2006). Antifungal activity of chitosan and 
its application to control post-harvest quality and fungal 
rotting of Tankan citrus fruit (Citrus	tankan	Hayata)	Journal	of	
the	Science	of	Food	and	Agriculture	86:1964-1969.

1.

2.

3.

4.

5.

6.

7.

8.

9.



	©	2025	AATCC	Review.	All Rights Reserved. 49.

Nishant	et	al.,	/	AATCC	Review	(2025)

El - Badawy, HEM. (2012). Effect of chitosan and calcium 
chloride spraying on fruits quality of Florida Prince Peach 
under cold storage. Research	 Journal	 of	 Agriculture	 and	
Biological	Sciences	8:272-281.

Fernandes AM, Gazola B, Nunes JGDS, Garcia EL, Leonel M. 
(2017). Yield and nutritional requirements of cassava in 
response to potassium fertilizer in the second cycle. Journal	of	
Plant	Nutrition 40:2785–2796.

Gornik K, Grzesik M and Duda BR. (2008). The effect of 
chitosan in rooting of grape vine cuttings and on subsequent 
plant growth under drought and temperature stress. Journal	of	
Fruit	Ornamental	plant	Research16:333- 343.

Jiang YM, Li YB. (2001). Effects of chitosan coating on post-
harvest life and quality of longan fruit. Food	Chemistry	73: 139-
143.

Jones E, Hughes RE. (1983). Foliar ascorbic acid in some 
angiosperms. phytochemistry	22:2493-2499.

Karemera NJU, Habimana S. (2014). Effect of pre-harvest 
Calcium Chloride on Post-Harvest Behaviour of Mango Fruits 
(Mangifera	 Indica	 L.) cv. Alphonso. Universal	 Journal	 of	
Agricultural	Research 2: 119-125.

Lane JH, Eynone L. (1923). Determination of reducing sugars 
by means of Fehling solution with methylene blue indicator as 
an internal indicator. Journal	of	Indian	Chemical	Society 42:32. 

Li N, Wang X, Lu BL. (1999). Study of the effect of apple liquid 
fertilizers on the growth and fruit development of Starkrimson 
apple variety. China	Fruits 4: 20- 21

Meng and W. et al. (2008). Physiological responses and quality 
attributes of table grape fruit to chitosan pre harvest spray and 
postharvest coating during storage. Food	Chemistry	106:501-
508.

Mishra AB, Mishra NK, Singh CP. (2012). Foliar application of 
potassium, calcium, zinc and boron enhanced yield, quality 
and shelf life of mango. Hort	Flora	Research	spectrum14:300-
305.

Naradisorn M, Klieber A, Sedgeley M, Scott E, Able AJ. (2006). 
Effect of pre-harvest calcium application on grey mould 
development and post-harvest quality in strawberries. Acta	
horticulturae 708:147-150.

Niu J, Liu C, Huang M, Liu K, Yan D. (2021). Effects of foliar 
fertilization: a review of current status and future 
perspectives. Journal	 of	 Soil	 Science	 and	 Plant	 Nutrition	
21:104–118

No HK, Meyers SP, Prinyawiwatkul W, Z Xu. (2007). 
Applications of chitosan for improvement of quality and shelf 
life of foods: a review. Journal	of	Food	Science	72: 87-100.

Rangana S. (2010). Handbook of Analysis and quality control 
for fruit and vegetable products, Tata	Mc	Grow-Hill	Ltd.	New 
Delhi.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ranjbar S, Rahemi M, Ramezanian A. (2018). Comparison of 
nano calcium and calcium chloride spray on postharvest 
quality and cell wall enzymes activity in apple cv. red delicious. 
Scientia	Horticulturae	240:57–64.

Reddy MVB, Belkacemi K, Corcuff R, Castaigne F, Arul J. (2000). 
Effect of pre-harvest chitosan sprays on post- harvest infection 
by Botrytis cinerea and quality of strawberry fruit. Postharvest	
Biology	and	Technology 20:39-51

Romero NR, Saucedo C, Garcia P, Alcazar J, Hernandez VM and 
Sanudo R. (2006). Foliar application of calcium: Physiology 
and fruit quality of Haden mango. Terra 24: 521-527.

Ruby Rani and Brahmachari VS. (2001). Effect of foliar 
application of calcium, zinc and boron on tracking and 
physiochemical composition of litchi. The	 Orissa	 Journal	 of	
Horticulture	29: 50-54.

Shigemasa Y, Saito K, Sashiwa H, Saimoto H. (1994). Enzymatic 
degradation of chitins and partially deacetylated chitins. 
International	Journal	of	Biological	Macromolecules 16: 43 -49.

, Singh AK and Rajput CBS. (1991). Effect of GA3 BA and calcium 
on �lowering, fruiting and fruit quality of mango (Mangifera	
indica	L.) cv. Langra. Punjab	Horticultural	Journal	31: 45-52.

Singh AK, Singh CP and Chauhan P. (2012). Effect of pre-
harvest chemical treatments and mulching on quality and 
marketability of Dashehari mango. Indian	 Journal	 of	
Horticulture 69:462-466.

Singh G and Maurya AN. (2004). Effect of micronutrients on 
bearing of mango cv. Mallika  Progressive	Horticulture 4: 47-50

Singh S, Singh AK, Joshi HK. (2005). Prolonging storability of 
Indian gooseberry (Emblica	 of�icinalis) under semi-arid 
ecosystem of Gujarat. Indian	 Journal	 of	 Agricultural	 Science 
75:647–650.

Singh S, Yadav GS, Singh J and Hoda M. (2001). High density 
planting system in 'Amrapali' mango (Mangifera	 indica L.). 
Indian	Journal	of	Agricultural	Science 71: 381-3.

Singleton VL, Orthofer R, Raventos, RML. (1999). Analysis of 
total phenols and other oxidation substrates and antioxidants 
by means of folin-ciocalteu reagent. Methods	of	Enzymology 
299: 152-178.

White PJ, Broadley MR. (2003). Calcium in plants. Annals	of	
Botany 92:487-511.

Zavala JFA, Wang SY, Wang CY, Anguilar GAG. (2004). Effect of 
storage temperature on antioxidant capacity and aroma 
compounds in strawberry fruit. Lebensm-wissu-	 Technology 
37:687-695.

Zhong QP, Xia WS. (2007). Effect of 1-methyl cyclopropene 
and/or chitosan coating treatments on storage life and quality 
maintenance of Indian jujube fruit. Journal	of	Food	Science	and	
Technology 40: 404-411.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

