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Abstract 
This study aimed to evaluate postharvest quality of Tommy Atkins mangoes treated with starch cassava and 
chitosan based coatings. Mango fruits were collected at physiological maturity. After cleaning, weighing and 
identification, fruits were submitted to the respective treatments and stored for 35 days in the Laboratório de 
Tecnologia de Alimentos, with weekly evaluations under refrigeration 13±1 ºC and 90±5% RH. The experiment 
was conducted in a completely randomized design, in factorial scheme with four treatments: control, cassava 
starch (CS), chitosan (CH), and cassava starch/chitosan (CS/CH) at a concentration of 2%, and six storage 
periods (0, 7, 14, 21, 28 and 35 days) with four replications. Fruits were evaluated in: appearance, weight loss, 
external color: luminosity and ΔE, pulp firmness, titratable acidity, soluble solids content, starch, total soluble 
sugars, reducing sugars and sucrose. Data were submitted to analysis of variance using SISVAR software and 
compared by Scott-Knott test at 5% of probability. It was observed a reduction in appearance, pulp firmness, 
titratable acidity, starch and reducing sugars and increase in weight loss, luminosity, ΔE, soluble solids, total 
soluble sugars and non-reducing sugars during storage. CS/CH coated fruits reported higher notes of appearance, 
lower weight loss and maintained color. Quality of physicochemical attributes: soluble solids, starch, total 
soluble sugars, reducing sugars and non-reducing sugars were strongly retarded. 
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1. Introduction 
Mango (Mangifera indica L.) is one of the most important tropical fruits, appreciated for its taste, aroma, and its 
typical and attractive colors. World production of mango in 2014 reached over 45 millions of tons, with India as 
the largest producer holding 40% out of the total. Other important producers of mango worldwide are China 
(10%), Thailand (8%), Indonesia (5%), Mexico (4%), Pakistan (4%), and Brazil (3%) (FAO, 2017). Brazil 
exports 9% of what it is produced, with Europe being its biggest importer (Gallo, 2015; FAO, 2017). 

Tommy Atkins is the main commercial cultivar exported from Brazil, which has good productivity and capacity 
to adapt itself to different growing environments, tolerance to diseases, and good postharvest conservation 
(Andrade et al., 2017). As a climacteric fruit, it quickly ripens in adverse climatic conditions. Decrease in 
respiratory rate is the main technique used to extend shelf life of fruits and vegetables (Siddiqui, 2017). Currently, 
refrigeration under 10 to 13 ºC and 85% of RH guarantee mangoes’ quality for two to three weeks, depending on 
maturation stage (Neves, 2009) or refrigeration associated to carnauba wax and plastic packages, which maintain 
quality for 28 to 35 days, being both used to increase postharvest quality in mangoes fruits intended to exportation. 

The use of edible coatings on postharvest conservation of fruits has been announced as an emerging technology 
with great potential, mainly for use in tropical fruits (Fani et al., 2017; Siddiq et al., 2017). Edible coatings used 
in postharvest are biodegradable, derived from renewable sources and avoid environmental pollution (Salgado et 
al., 2015; Kerch, 2015). Studies have been developed aiming tests with edible coatings to increase the use and 
extend shelf life of fresh products (Dhital et al., 2017; Allegra et al., 2017; Murmu & Mishra, 2017). 

Edible coatings do not want to replace conventional materials or even eliminate the use of cold environments, 
but it presents a functional and supporting performance, since both are capable of reducing fruit weight loss 
during storage or decrease oxygen absorption and retard respiration, retarding maturation and any alteration in 
firmness, color, weight, and chemical compounds (Cazón et al., 2017; Yousuf et al., 2018). 
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Many biopolymers have been assessed on coating formulations. Cassava starch and chitosan have been studied 
as a primary material on these edible coatings preparation (Castro et al., 2017; Silva et al., 2017; Nair et al., 2018) 
because they form a resistant and transparent film with good aspect and intense brightness, turning fruits and 
vegetables more commercially attractive (Garcia et al., 2016). 

The use of composite coatings extends quality attributes and increase postharvest shelf life of Tommy Atkins and 
Palmer mangoes (Azerêdo et al., 2016; Cissé et al., 2015; Medeiros et al., 2012). The combined use of these 
coatings promoted a uniform and homogenous coat, improving appearance and conservation of fruits quality 
(Castañeda, 2013). 

Due to the importance of mangoes in agribusiness and its perishable nature, the objective of this study is to 
evaluate postharvest of Tommy Atkins mangoes using cassava starch and chitosan-based coatings. 

2. Material and Methods 
The present study was carried out in the Laboratório de Tecnologia de Alimentos at Universidade Federal Rural 
do Semi-Árido (UFERSA). Materials used in edible coatings formulation were: cassava starch, chitosan, and 
bidistilled white glycerin. Tommy Atkins mango fruits were collected at physiological maturity at Fazenda 
Finobrasa Agroindustrial S/A, located in Ipanguaçu-RN, in the region known as Vale do Açu, semiarid region, 
classified as “BSwh” according to Köppen-Geiger classification system, dry and hot, with average rainfall rate of 
585.5 mm, average annual temperature of 28.1 ºC, and relative humidity of 70%. 

In the Laboratório de Tecnologia de Alimentos, fruits were selected and washed in 100-ppm chlorine water and 
dried at room temperature. Fruits were marked and separated according to the experimental design chosen. The 
experiment was conducted under a complete randomized factorial design, in factorial scheme, with four 
treatments: control group (uncoated), and coatings with cassava starch (CS), chitosan (CH), and cassava 
starch/chitosan (CS/CH), all at a concentration of 2%, and six storage periods (0, 7, 14, 21, 28, and 35 days) 
under refrigeration of 13±1 ºC and 90±5% of RH, with four replicates per each experimental unit. 

Coatings of cassava starch (CS) and chitosan (CH) were prepared with 2.0 g of polymer, 0.2 g of plasticizer 
(glycerol), in 97.8 g of distilled water (for CS) and 97.8 g of acetic acid (1%) pH 3.0 (for CH). Cassava starch 
solution was stirred and heated to 70 ºC for 15 minutes using a heater-stirrer. While solution of chitosan was 
homogenized using a stirrer for 45 minutes until complete homogenization. After preparation of each solution 
separately, mixture of CS/CH was prepared. 

Fruits were individually immersed for one minute in the respective coating solutions of each treatment and dried 
out in room temperature for one hour, followed by storage under refrigeration at 13±1ºC and 90±5% RH. 

The following physicochemical analysis were made for each period of storage: appearance, weight loss, external 
color: luminosity and total color difference (ΔE), pulp firmness, titratable acidity, soluble solids content, starch, 
total soluble sugars, reducing sugars, and sucrose. 

External appearance (EA): Fruits were evaluated by using a subjective and visual scale, according to defects 
severity on fruit surface (depressions, wilt, fungal injuries, and spots). Scale from 1 to 9: 9-extremely good (free 
from injuries, spots or rot); 8-very good (free from spots and small slight decrease in turgidity); 7-good (few 
spots and 5% of decrease in turgidity); 6-regular (few spots (5%) and crinkles (5%)); 5-acceptable (10% of 
spots-limit of acceptance); 4-bad (25% of spots, injuries, crinkles and softening); 3-very bad (50% of spots 
and/or crinkles); 2-extremely bad (75% of damage, injuries or crinkles and softening); 1-awful (more than 75% 
of damage, unacceptable). Fruits with score lower than 4 were considered inappropriate for commercialization 
(Lima et al., 2012).  

Weight loss (WL): Determined by the difference between initial weight and weight at each period of storage, 
expressed in percentage (%). 

External color (EC): Measured by reflectometry, using a colorimeter CR-10 (Konica Minolta®, Japan), 
calibrated in white porcelain surface under light conditions. Readings were expressed in L, a* and b* module, 
which, according to CIE (Commission Internacionale de L’Eclaraige), define color: L corresponds to luminosity 
(brightness, clarity and reflectance; 0 = dark/opaque and 100 = white) (Minolta Corp, Ltd., Japan). Readings 
were made in four different equidistant points, in greenish areas, and it was considered the average of readings. 
From coordinates it was possible to determine the total color difference with the following equation: ΔE = 

ΔL 2	+	 Δa 2	+	(Δb)², where ∆E represents the difference between each color coordinate from samples at time 
zero and stored samples.  



jas.ccsenet.

Pulp firmn
McCormic
fruit. Resu

Titratable 
distilled w
Results we

Soluble so
PR-100 Pa
Results we

Starch con
1.0 g of fr
chloride a
homogeniz
running w
deionized 
iodide/ioda
0.0017 mo
solutions w
was expres

Total, redu
with resul
reducing s

Data were
compared 

3. Results
3.1 Extern

A reductio
control gro

 

Figure 1. 

 

At day 21 
coated wit
what is cau

org 

ness (PF): Pu
ck penetromete
ults were expre

acidity (TA): 
water and titrat
ere expressed i

olids (SS): Who
alette (AttagoC
ere expressed i

ntent: Determi
ruit’s pulp in 5
adjusted pH o
zation, capped

water until reac
water (contro

ate potassium 
ol/L potassium
was measured 
ssed in %. 

ucing and non
lts expressed 
sugars, with res

e submitted to
by Scott-Knot

 and Discussi
nal Appearance

on on the exte
oup, which wit

Appearance s
pe

of storage, fru
th cassava starc
used by the ch

ulp firmness m
er (FT 327 mo
essed in Newto

Measured by 
ted with NaOH
in citric acid p

ole fruits were
Co. Ltd, Japan)
in percentage (

ined according
50 mL-volume
of 3.0 with s
d flasks were h
ch room temp
ol) to comple
solution (10 m

m iodate) was a
at 700 nm in i

n-reducing sug
in percentage
sults expressed

o variance ana
tt test at 5% of

on 
e 

ernal appearan
th seven days o

score scale (9-1
eriod of stored 

uits coated wit
ch. We may ob

haracteristic of 

Journal of A

measure was 
odel analogic), 
on (N). 

titration of a 
H 0,02 mol/L u
ercentage, acc

e processed in 
), of automatic
(%) (AOAC, 2

g to Figueira (
tric flask. 15 m
solution of 0
heated in boil

perature and 1
ete 50 mL we
mL of 10% po
dded and filled
intervals of 10

gars: Measure
e. Sucrose wa
d in percentage

alysis using th
f probability.

nce was obser
of storage beg

1) of Tommy A
(13 ºC and 90

th chitosan and
bserve that coa
f chitosan coati

Agricultural Sci

403 

made based o
in equatorial r

sample of 10
until pH reach

cording to IAL

a processor an
c temperature c
2005). 

(2009) modifie
mL of calcium
.033 mol/L a
ing water bath
0 mL of 0.03

ere added. Ex
otassium iodid
d with deioniz

0 to 20 minutes

ed, respectivel
as determined 
e. 

he SISVAR 5.

rved in coated
gan to decrease

Atkins mangoe
0% RH). Moss

d CS/CH show
atings with chi
ings to let fruit

ience

on penetration
regions of the 

0 g of juice, d
hed 8.1 (pH m
L (2008) metho

nd measured w
correction and 

ed methodolog
m chloride/acet
acetic acid) w
h for 15 minu
33 mol/L aceti
xcept in the c

de in 90 mL of
zed water. Afte
s after addition

ly, by Antrona
by the differ

.6 software (F

d fruits from 
e scores of exte

es stored with 
oró-RN, UFER

wed superior sc
itosan results in
ts brighter.  

V

n resistance, u
fruit, with two

duplicated, add
measured with a
odology. 

with a digital re
reading range

gy. Samples co
tic acid solutio
was added in 
utes. Then, flas
ic acid solutio
control (no sa
f deionized wa
er homogeniza
n of iodide/iod

a and Somogy
rence between

Ferreira, 2011)

day 21, differ
ernal appearan

 

different coati
RSA, 2017 

cores than fruit
n scores highe

Vol. 10, No. 11;

using an 8 mm
o measurement

ded with 40 m
a digital pHm

efractometer m
e from 0 to 32 º

onstituted of 0
on (40% of cal

each flask. A
sks were cool
on (in sample)
ample), 10 m
ater and 100 m
ation, absorban
date. Starch co

y-Nelson meth
n total sugars

). Treatments 

ring from frui
nce (Figure 1).

ings in function

ts from contro
er than the mix

2018 

m-tip 
ts per 

mL of 
eter). 

model 
ºBrix. 

0.2 to 
cium 
After 
ed in 
) and 

mL of 
mL of 
nce of 
ntent 

hods, 
s and 

were 

its of 

n of 

l and 
xtures, 



jas.ccsenet.

Coated fru
cassava st
compared 

At day 35
(appearanc
more prom
coated on
starch/chit

Similar res
indicated t
for externa

3.2 Weight

There was
fruits coat
fruits coate

 

Figure 

 

Even with
day 21, da

Notwithsta
coating wa
compared 

Transpirat
Edible coa
retarding w

Hydrophil
water vapo
interaction
hydrophob
weight los

Campo et 
(2%) and c

org 

uits maintained
tarch coating d
to others coati

 of storage, ev
ce scores great
mising on main
nly with cassa
tosan ensures m

sults were obse
the use of chit
al appearance t

t Loss 

s increase in w
ted with chitos
ed with cassav

2. Weight loss

h reported resu
ay 28 and 35 th

anding, coatin
as more efficie
to control, 35%

ion process de
atings act as 
weight loss. 

icity of both p
or loss (Assis 
ns of hydrogen
bic groups, de
ss of fruits and 

al. (2011) obse
chitosan (1%) 

d superior sco
demonstrated 
ings, which pr

ven with decre
ter than 5.0). W
ntaining exter

ava starch. Ac
more brightnes

erved by Mede
tosan, pectin, c
through storag

weight loss du
san and CS/CH
va starch and c

s (%) of Tomm
stored at 13

ults for fruits c
his treatment d

gs containing 
ent in halting w
% compared to

epends on wate
a barrier to th

polymers separ
& Brito, 2014

n bonds linkag
creasing its in
vegetables (C

erved lower w
when compare

Journal of A

ores of externa
better results 
esented unifor

ease in appear
We verified tha
rnal appearanc
ccording to C
ss to apples thr

eiros et al. (20
carboxymethyl
ge period comp

uring the perio
H had similar 
ontrol. 

my Atkins mang
3 ºC and 90% R

coated with ca
decreased weig

chitosan were
weight loss co
o fruits coated 

er vapor gradie
he fruit’s surf

rately turns th
4). The effect 
ges between c
nteractions wit
Cazón et al., 20

weight loss in st
ed to same coa

Agricultural Sci

404 

al appearance 
than fruits fro

rmity on maint

rance scores of
at the storage o

ce for longer p
Castañeda (201
roughout stora

12), and Amar
l cellulose and
pared to uncoa

od of storage r
weight loss be

goes stored wi
RH. Mossoró-R

ssava starch sh
ght loss of fruit

e more effectiv
ompared to oth

with cassava s

ent between th
face, reducing

hem into a poo
of mixed coa
assava starch 
th water molec
017). 

trawberries du
atings separate

ience

than fruits fro
om control gro
taining externa

f all fruits, on
of fruits coate

periods when c
13) the use o
age. 

riz et al. (2010
d dextrin based
ated fruits. 

regardless of 
etween each o

th different co
RN, UFERSA

howing simila
ts. 

ve in stopping
her treatments.
starch, and 15%

he atmosphere 
the loss of w

or barrier due t
ating, cassava 
and chitosan, 
cules and low

uring storage w
ely. 

V

om control at 
oup, but had l
al appearance. 

nly coated fruit
d with chitosa
compared to u

of coatings wi

0) in Tommy A
d coatings obta

treatments (Fi
other, and lowe

 
oatings in funct

A, 2017 

ar weight loss 

g weight loss. 
 It halted 38%
% compared to

and fruit tissu
water, sealing 

to a low effici
starch and chi
which reduce

wering water va

with the mixtur

Vol. 10, No. 11;

day 28. How
lower scores w

ts were marke
an and CS/CH 
uncoated and f
ith 2% of cas

Atkins mangos,
ained higher sc

igure 2). At d
er weight loss

tion of period 

to control gro

At day 14, CS
% of loss at 35 
o chitosan. 

ue (Siddiqui, 2
small injuries

iency in restra
itosan, is relat
e the availabili
apor rate, redu

re of cassava s

2018 

wever, 
when 

etable 
were 
fruits 
ssava 

 who 
cores 

ay 7, 
than 

of 

up at 

S/CH 
days 

016). 
s and 

ining 
ed to 
ity of 
ucing 

tarch 



jas.ccsenet.

Throughou
of storage 
starch (5.3

The use of
arabic gum
et al., 201
arabic gum
2015). 

3.3 Color-

There was
from contr
than fruits 
14 to the e
progressiv
starch-coa

 

Figure 3

 

According
because fr
yellowish 
preservatio
of a protec
ripening. 

org 

ut storage, ther
the greatest w

39%), and the l

f composite ed
m and chitosan
3), and in dif

m and lactoper

-Lightness-ΔE 

s a significant 
rol and fruits c
 coated with c
end of storage

ve or nearly n
ated fruits, whi

3. Lightness an
pe

g to Nunes et a
ruits skin color
color. Fruits c

on of chloroph
ctive layer that

re was an incr
weight loss wa
lowest loss wa

dible coatings 
n-based coating
fferent cultivar
roxidase (Med

interaction bet
coated with ca
hitosan (50.85

e, coatings of c
o change in l
ch had a contin

nd ΔE (%) of T
eriod of stored 

al. (2007), ligh
r is dark green
coated with ch
hyll and reduct
t promotes a m

Journal of A

rease in weigh
as reported in 

as seen in fruits

guarantee a lo
gs (Maqbool e
rs of mangos 
deiros et al., 2

tween treatmen
assava starch s
5) and with CS
chitosan and C
ightness, diffe
nuous increase

Tommy Atkin
at 13 ºC and 9

htness value fo
n when harvest
hitosan and C
tion of the caro
modified atmo

Agricultural Sci

405 

ht loss of mang
fruits from th

s coated with C

ower loss of w
et al., 2011), in
coated with c

2012; Azerêdo

nt and periods
howed lightne

S/CH (49.38), w
CS/CH retarde
erently from w
e in lightness u

s mango skins
90% RH. Moss

for Tommy Atk
ted, with ripen

CS/CH maintai
otenoids synth
sphere, decrea

ience

go fruits regard
he control grou
CS/CH (3.65%

weight in fruits
n grapes coated
hitosan combi
 et al., 2016; 

s of storage fac
ess values of 5
which did not 
ed ripening of 
what was seen
until the end of

s stored with di
soró-RN, UFE

kins mangos i
ning fruits turn
ined initial val
hesis process, w
asing respiratio

V

dless of coatin
up (5.85%) fo

%). 

s such as in ba
d with chitosan
ined with pect
Khaliq et al., 

ctors for lightn
57.53 and 56.3

differ from ea
f fruits. This m
n in uncoated 
f storage. 

 
ifferent coating
RSA, 2017 

increases durin
ning lighter du
lues of lightne
which is cause
on rate of fruit

Vol. 10, No. 11;

ng used. At the
ollowed by cas

ananas coated 
n and glucose 
tin, cassava st
2016; Cissé e

ness and ΔE. F
8 at day 14, h

ach other. From
may be caused 

fruits and cas

gs in function 

ng storage at 2
ue to evolution
ess, what indi
ed by the form
ts, and so retar

2018 

e end 
ssava 

with 
(Gao 

tarch, 
et al., 

Fruits 
igher 

m day 
by a 

ssava 

of 

20 ºC 
n of a 
cates 

mation 
rding 



jas.ccsenet.

The color 
total color 
and carote
CS/CH (0
observed i

Treatment
coated wi
apparently
(6.29), cas

Similar res
high conce
al. (2011),
throughou

The relativ
levels of C
evolution 
(Wills & G

3.4 Firmne

Mango fru
It is noted 
fruits coate

 

Figure 4. P

 

At day 14
treatments
showed hi
storage per

Lima et al
control gro
demonstra
at 23 ºC. 
compared 

Figure 4 s
26.13, and
related to f

org 

is a very impo
r difference (ΔE
ene formation 
.38) inferior to
in fruits coated

s differ within
ith CS/CH. C
y unchanged (
ssava starch (3

sults were also
entrations of c
, using an arab

ut the storage p

ve delay in rip
CO2 (> 1%) and
in banana and

Golding, 2016)

ess  

uits presented 
a significant d

ed with chitosa

Pulp firmness 

4 of storage, 
s, which did no
igher firmness
riod at day 28 

. (2012) verifi
oup were supe

ated by Souza 
These author

to uncoated fr

shows the redu
d 22.41 N, whi
firmness is trig

ortant indicato
E) is widely us
(Siddiqui, 20

o the other tre
d with cassava 

n each other fr
Comparing ini
(1.8), with a s
6.48), and unc

o reported by A
chitosan due to
bic gum/chitos

period. 

ening and frui
d a decrease o
d in papaya be
). 

firmness value
difference at d
an (119.54 N),

(Newton) of T
of stored at 1

treatments co
ot differ from 

s values than t
and 35. 

ed at 12 days o
erior in firmne
et al. (2011) in
rs reported po
ruits. 

uction of 122.
ich did not stat
ggered by ethy

Journal of A

or of ripening a
sed to determi
17). It was ob

eatments, howe
starch (3.98).

rom day 14 to
itial color, thr
significant del
coated (38.23).

Ali et al. (2011
o the low respi
san coatings in

it senescence, r
f oxygen level
ecause of the 

es varying with
ay 7, with frui
, cassava starch

Tommy Atkins
13 ºC and 90%

oated with chi
each other. A

the other treatm

of storage of T
ess than fruits 
n Tommy Atk
ositive effect 

.88 N of pulp 
tistically differ
ylene, being di

Agricultural Sci

406 

and identifies i
ne the ripening

bserved ΔE va
ever, fruits un

o the end of st
roughout stora
lay of color c
. 

1), a delay in c
ration rate and
n banana, had

resulting in a r
ls in fruits tissu
lower respirat

h the type of c
its from contro
h (105.64 N), 

s mangoes stor
% RH. Mossoró

itosan showed
At day 21, fruit

ments, with no

Tommy Atkins
coated with c

kins mangoes c
on maintainin

firmness rega
r from each ot
irectly related 

ience

its quality and
g process due 
alues in fruits 
coated had ΔE

torage. The low
age period, f

changing, whe

color developm
d reduction of 
d the best resu

reduction in co
ues due to the 
tion rate and r

coating used a
ol reporting pu
and cassava st

red with differe
ó-RN, UFERSA

d values of fi
ts from contro
o statistical di

s mangos at 10
cassava starch.
coated with 1.5
ng values of 

ardless of the 
ther at the end 
to the presenc

V

d acceptability 
to the degrada
coated with c

E of 2.08, a va

west values of
fruits coated w
en compared t

ment of papaya
ethylene prod

ults for the del

olor change, is
coatings. It re

reduction in e

and the storage
ulp firmness (8
tarch/chitosan 

 
ent coatings in
A, 2017 

irmness super
ol and coated w
ifference betw

0 ºC and 88% R
 Positive resu
5% chitosan st
firmness in f

treatment use
of storage. In 

ce of water wit

Vol. 10, No. 11;

of consumers
ation of chloro
chitosan (1.13)
alue lower tha

f ΔE were in f
with CS/CH 
to chitosan co

a fruits coated
duction. Maqbo

ay in color ch

s associated to
tards the skin 
thylene produ

e period (Figur
82.84 N) lower
(102.03 N). 

n function of pe

rior than the 
with cassava s
een treatments

RH that fruits 
ults of coating 
tored for nine 
fruits coated w

ed, to 14.68, 1
mangoes, the 

thin cells, i.e.,

2018 

. The 
phyll 
) and 
n the 

fruits 
were 
ating 

with 
ool et 
hange 

high 
color 

uction 

re 4). 
r than 

eriod 

other 
tarch 
s and 

from 
were 
days 

when 

6.96, 
gene 
with 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 11; 2018 

407 

cell turgor, which decreases with storage time (Siddiq et al., 2017). The decrease in firmness is also associated to 
the transformation of insoluble pectic fractions to soluble forms during ripening (Siddiqui, 2017). 

3.5 Titratable Acidity 

The use of coatings influenced titratable acidity of fruits during storage (Table 1). At day 14, the type of coating 
did not change acidity of fruits. However, at day 21 and 28 fruits coated with cassava starch and control reported 
values statistically superior to the other treatments, which changed in day 35, when fruit acidity did not differ 
within treatments. 

 

Table 1. Titratable acidity (% acid citric) of Tommy Atkins mangoes stored with different coatings in function of 
period of stored at 13 ºC and 90% RH. Mossoró-RN, UFERSA, 2017 

Storage period 
Coatings

Control CS CH CS/CH 
0 0.745 aC 0.745 aB 0.745 aB 0.745 aB 
7 0.650 aC 0.783 aB 0.650 aC 0.748 aB 
14 1.170 aA 1.103 aA 1.205 aA 1.173 aA 
21 1.175 aA 1.028 bA 0.735 cB 0.700 cB 
28 0.850 aB 0.830 aB 0,553 bC 0.623 bC 
35 0.465 aD 0.500 aC 0.613 aC 0.545 aC 

Note. * Averages followed by same lowercase letter within lines and same uppercase letter within column did not 
differ from each other by Scott-Knott test (p < 0.05).  

 

Decrease in titratable acidity of fruits coated with chitosan and its mixture with cassava starch from day 21 and 
fruits coated with cassava starch at day 28 is probably related to the used of acids as carbon skeleton in the 
respiratory process. The level of acids in plants may decrease with maturation, due the transformation of acids in 
substrate for phenolic compounds synthesis, lipids, and vegetal aromas (Siddiqui, 2017). 

On the other side, an increase in acidity was observed at day 14 in mango fruits regardless of its coating, with 
reduction of acidity after that period of storage. Fruits did not differ in titratable acidity values within coatings at 
day 35 of storage. Silva et al. (2017) showed similar results and reported that the increase in acidity of fruits may 
be assigned to galacturonic acid, from pectin degradation. 

Gol and Rao (2014), studying coatings, reported that mangoes reach a lower level of titratable acidity (0.2%) at 
18 days of postharvest storage. The decline in titratable acidity during storage was assigned to the use of acids as 
substrates for respiration, as well as its conversion to sugar via gluconeogenesis (Eskin et al., 2013). 

3.6 Soluble Solids 

There was effect of type of coating and storage period on the soluble solids content of fruits (Figure 5). 
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