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ABSTRACT

This study evaluated some physiological and biochemical changes that accompanied the growth
stages of custard apple cultivated in Lang Son, Vietnam. Regarding the pigment content of the peel, the
research results showed that the content of chlorophyll a, b, and total reached the highest value at week 13,
then decreased rapidly when the fruit entered the ripening stage. Meanwhile, carotenoid content in the
peel increased gradually from week 3 until complete ripening at week 16, from 0.014 to 0.063 mg-g*
fresh peel. Protein, lipid, and tannin content in the fruit flesh decreased gradually from week 3 to maturity.
The vitamin C and reducing sugar content tended to reduce in week 3 to 7, then increased again until the
fruit ripened. While the starch content varied quite complicatedly, it decreased from week 3 to 7, in-
creased again from week 9 to 13, then decreased sharply as the fruit entered the ripening stage (down
from 10.011% at week 13 to 1.795% at week 16). Regarding enzyme activity, a-amylase and peroxidase
activity increased during the fruit development stages, corresponding to week 3 to 15 in this study. At
week 16, the peroxidase activity continued to increase, while the a-amylase activity began to decrease.
Unlike these two enzymes, catalase activity gradually increased from fruit formation to the 11th-week
fruit stage, reaching 11.542 uM H;0, g'*-min, and then decreased rapidly to 3.167 uM H,0,-g*-min™*
in the 16th-week fruit stage.
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INTRODUCTION

Annona squamosa L., commonly known as
sugar or custard apple (Cheng et al. 2018), is
a member of the Annonaceae family. The custard
apple is native to the Americas. Currently, the plant
is cultivated in tropical and subtropical regions
around the world (Kabele Ngiefu et al. 1977; Yang
etal. 2009). In Vietnam, the custard apple is widely
grown in the north and the south of the country,
concentrating in some provinces such as Lang Son,
Quang Ninh, and Tay Ninh. The custard apple has
a high economic value, contributing to poverty
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reduction and to recultivation and reforestation in
some northern mountain provinces. Custard apple
fruit has a high nutritional value and contains rich
bioactive ingredients, including sugar, protein, vit-
amins, crude fiber, iron (Fe), calcium (Ca), phos-
phorus (P), and other mineral elements (Das et al.
2016; Pimpalpalle et al. 2018). In addition, all parts
of A.squamosa tree (seeds, leaves, roots) are
widely used as ethnic medicine against various ail-
ments and diseases, especially cancer and parasit-
ism, similar to other species within the genus
(Gajalakshmi et al. 2011; Yadav et al. 2011; Liu et
al. 2015; Ma et al. 2017; Souza et al. 2018).
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Maturity is the stage at which the fruit has reached
its maximum growth and development. Most of the
fruit reaches the highest edible quality in the fully
ripe stage (Gundewadi et al. 2018). Fruits picked
prematurely might lack flavor and may not ripen
properly, while those picked too late might be fi-
brous or overripe (Kitinoja & Kader 2002). These
features are related to the physiological, biochemi-
cal, and physical changes that occur during the fruit
ripening. In many fruits, the breakdown of starch
to glucose, fructose, or sucrose is a characteristic
ripening event (Souleyre et al. 2004; Gundewadi et
al. 2018). A series of enzymes (including a-amylase,
B-amylase, or a-glucosidase) are involved in the
degradation of starch and the formation of its by-
products with the release of energy (Seymour et al.
2012). Variation in vitamin C content is another ex-
ample of biochemical changes during the fruit rip-
ening. Observations show a gradual rise in ascor-
bic acid content with fruit growth, and the levels
decline with the advancement of maturity and on-
set of fruit ripening and harvest handling. However,
in certain crops, as pome, stone, and berry fruits,
the ascorbic acid content was found to be low at
the time of harvest (Wills et al. 2007). In addition,
a change in fruit color, usually a loss of green color,
is the most noticeable physical change in most
fruits as they enter the ripening stage. The loss of
green color during maturation and ripening is
mainly due to the degradation of chlorophyll mol-
ecules, which is mediated by chlorophyllase en-
zyme, pH changes, oxidative stress, and synthesis
of secondary metabolites, such as carotenoids, an-
thocyanins, and other pigments that mask the ex-
pression of chlorophyll pigment (Wills et al. 1998).

During ripening, variation in fruit color, shape,
and size are common indicators to determine har-
vest time in many fruit species (Gundewadi et al.
2018). Custard apples are characterized by high
respiration and ethylene production, so they are
highly susceptible to spoilage, soften very rapidly
during ripening. Using chemical treatments or
different temperatures to prolong storage time
has been shown in some studies (Cheng et al. 2018).

Besides preservation measures, the harvesting time
also affects the quality and shelf life of the fruit
(Pimpalpalle et al. 2018). In Vietnam, harvesting
of the custard apples is often based on the experi-
ence of gardeners; popularly, the fruits are har-
vested when the crevices of the fruit are yellow-
white and large. Meanwhile, many studies have
shown that the physiological and biochemical
properties of most fruits change drastically when
they enter the ripening stage. Therefore, the analy-
sis of physiological and biochemical changes ac-
cording to the fruit development stages helps de-
termine the appropriate time to harvest custard ap-
ples. This result is important in ensuring the qual-
ity of the fruit during storage and use.

MATERIALS AND METHODS

Research materials

Custard apple fruits (‘Na Dai’ cultivar) were col-
lected from the four-year-old orchard in Dong Tan
commune, Huu Lung district, Lang Son province,
Vietnam. Experiments in this research were ana-
lyzed at the Physiological Plant and Application
Laboratory, Faculty of Biology, Hanoi National
University of Education, Vietnam.

Sample collection method

Thirty healthy trees were selected from a total of
200 trees in a custard apple garden. Custard apple
fruits were harvested in nine stages, beginning
from week 3 to 16. Samples were collected accord-
ing to the mixed sampling method. After collecting,
samples were put into plastic bags with small ven-
tilation holes, labeled, and transported to the labor-
atory for analysis.

The number of samples collected and used for
the analysis of physiological and biochemical indi-
cators in one stage was 30.

Analysis methods of physiological indicators
Pigment content in the peel

Determination of pigment content in the peel by
the spectral method was made as per Ma et al.
(2013). Took the green part of the fresh fruit peel
with a sharp knife and accurately weighed 2 g into
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a porcelain mortar, crushed it and then added 80%
acetone and centrifuged to collect the solution, and
measured the solution on the spectrophotometer at
the corresponding wavelengths. Chlorophyll con-
tent was calculated by the formula: C, (mg-L*) =
9.784 x Egez — 0.990 x Egas; Cp (mg L) = 21.426
X Egaq —4.650 % Egg2; C(a+b) (mg'L'l) =5.134 % Egg2
+ 20.436 x Ees. Carotenoids content was calcu-
lated by the formula: Ccar (mg-L) = 4.695 X Ea405
—0.268 x Cesp). Then the pigment content per 1 g
of fresh fruit peel was calculated by the formula:

_ CxV
T Px1000 '

where Ege2, Egaq, and Easo5 are the results of meas-
uring chlorophyll color at wavelengths of 662 nm,
644 nm, and 440.5 nm; C,, Cp, and Ca+v) are re-
spectively chlorophyll contents a, b, and total;
A (mg-g?) is the content of chlorophyll in 1 g of
fresh fruit peel; C is the chlorophyll content of the
pigment extract (mg-L?); V is the volume of pig-
ment extract (10 mL); and P is the sample mass (g).
Vitamin C content

Vitamin C content was determined by the iodine
titration method (Arya et al. 2000), in which 5 g of
fresh fruit flesh was triturated with 5 mL of 5%
HCI in a ceramic bowl. It was ground and put in a
volumetric flask where distilled water was added
to the 50 mL mark and well stirred. Then, 20 mL
of the solution was put in a 100 mL conical flask
and titrated by I, solution with starch as a color in-
dicator until a blue color appeared, thereby deter-
mining the vitamin C content. The result was cal-
culated based on the formula:

__ VxV1x0.00088 X100

X )
V2xg

where X is the content of vitamin C in the mate-
rials (%); V is the volume of diluted sample solu-
tion (mL); V1 is the volume of 0.01 N I, solution
(mL); V2 is the volume of analyzed solution
(mL); g is the weight of the sample (g); 0.00088
is the weight (g) of vitamin C, which was equiva-
lent to 1 mL of 0.01 N I2; and 100 is the conver-
sion factor to percent.

Content of reducing sugar and starch

Reducing sugar content and starch content was de-
termined by the Bertrand method that was described
by Mui (2001). Reducing sugar content was calcu-
lated using the following formula:

X_alexlOO .
T Vxbx1000 ’

where X is the reducing sugar content (%); a is the
weight (mg) of glucose obtained when examining
the table for volume KMnO4 1/30 N (mL) used for
titration of the laboratory sample minus the volume
KMnQO,4 1/30 N (mL) titration in the control sam-
ple; V is the volume of the diluted sample solution
(mL); V1 is the volume of the analyzed sample so-
lution (mL); b is the weight of the test sample (g);
100 is the conversion factor to percent; and 1000 is
the coefficient converts grams to milligrams.

The starch content was calculated by the for-
mula:

_axVix100x0.9 |,

Y V2xb !

where Y is the content of starch (%); a is the
amount of reducing sugar; V1 is the volume of an-
alyzed sample solution (mL); V2 is the volume of
diluted sample solution (mL); b is the weight of the
analyzed sample (g); 100 is the conversion factor
to percent; and 0.9 is the coefficient of converting
glucose into starch.

Tannin content

Determination of tannin content was by the Le-
venthal method (Chau et al. 1998), in which 2 g of
crushed dried fruit pulp was added to a heat-re-
sistant conical flask, and tannin was extracted by
adding 100 ml of distilled water to the flask. It was
boiled for 40 minutes in a water bath, then filtered
to collect the solution. Extraction was continued
until the filtrate was no longer reactive with tan-
nins. The extract was then cooled and quantified
through titration with KMnO.. The tannin content
was calculated by the formula:

__ (@=-b)xVxkx100 |,

X 1
V1
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where X is the tannin content (%) in dried weight;
a is the volume of KMnO4 0.1 N used for titration
in the flask (mL); b is the volume of KMnO4 0.1 N
used for titration in the control vessel (mL); V is
the total volume of extract (mL); V1 is the volume
of the analyzed extract (mL); b is the weight of the
analyzed sample (g); and k is the tannin coefficient
and is 0.00582 (every 1 mL KMnO, 0.1 N is equiv-
alent to 0.00582 g tannin).

Total organic acid content

Determination of total organic acid content by ti-
tration method is described by Ermakov et al.
(1972). The total organic acid content in fresh fruit
flesh was calculated by the formula:

axV1x100

X = “Vaxp ;
where X is the amount of total organic acid present
in the extract (mg-100 g* fresh fruit); P is the
amount of analytical sample (g); V1 is the total
volume of extract (mL); V2 is the volume to be ti-
trated (mL); and a is the amount of 0.1 N NaOH
titration (mL).
Protein content
Protein content was estimated by the micro-
Kjeldahl method (Mui 2001)

__ VxVax0.142 X 5.595 X 100 |

A 1
Vexg

where A is the protein content (%); Va is the vol-
ume of H,SO4 0.01 N used to titrate BOy; V is the
total volume of enzyme extract (mL); V¢ is the vol-
ume of NHs; in analytical extract (mL); g is the
weight of the crushed sample (g); 0.142 mg N is
equivalent to 1 ml H,SO4 0.01 N; 5.595 is the con-
version factor to indicate the result of protein; and
100 is the conversion factor to percent.

Lipid content

Lipid content was determined by the Soxhlet
method (Mui 2001). The fruit flesh was crushed,
dried to constant weight, then the sample was put
in a paper bag and placed in the extraction cylinder.
The lipid content was calculated by the formula:

_ Gm-Gc

X

x 100 ;

where X is the lipid content (%); Gm is the mass
of the dry sample pack before extraction (g); Gc is
the mass of lipid-extracted dry sample pack (g);
and G is the mass of the initial sample taken for
analysis (Q).

a-amylase activity

The enzyme activity was determined using a spec-
trophotometer at 656 nm wavelength (Mui 2001).
a-amylase enzyme activity was calculated by the
formula:

__ 6.889xc—0.089388 |

A W ;

and ¢ was calculated by the formula:

0D1 x OD2
c=——

0oD1 x01;

where A is a-amylase enzyme activity (Ul-gt-h?);
C is the amount of starch hydrolyzed (g); OD1 is
the optical density at the control vessel; OD2 is the
optical density at the experimental flask; 0.1 is the
amount of starch analyzed; W is the amount of an-
alytical enzyme composition (g); and 6.889 and
0.089388 are the coefficients of the equation for
the activity obtained by the mathematical pro-
cessing method.
Catalase activity
The activity was estimated by the A.N. Bac and
A.l. Oparin method (Mui 2001). Catalase enzyme
activity was calculated by the formula:

_ (V1-V2)x1.7xVx

X = x 0.1 ;
Vcx30x0.034%xa

where X (uM H20,-g*-min) is the catalase activ-
ity calculated by the number of micromol H,O re-
solved in 1 minute under the action of catalase en-
zyme in 1 g sample at 30 °C; V1 is the volume of
KMnO, 0.1 N used to titrate H2O- in the control
vessel (mL); V2 is the volume of KMnO4 0.1 N
used to titrate H,O- in the experimental flask (mL);
Vx is the total volume of enzyme extract (mL); V¢
is the volume of analytical extract (mL); a is the
weight of the crushed sample (g); 1.7 is the con-
version coefficient from the titrant KMnO4 0.1 N
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to mg H.O; resolved; 30 is the duration of enzyme
action (min); and 0.034 is the conversion factor of
milligrams to micromoles.

Peroxidase activity

Peroxidase activity was determined using the
A.N. Boiarkin method on a spectrophotometer
(Mui 2001): Peroxidase enzyme activity was cal-
culated by the formula:

__Exaxb |
T pxdxt '’

where A (Ul'g?-s) is the peroxidase activity in
1 g of sample; E is the selected optical density;
a is the total volume of extract (mL); b is the de-
gree of extract dilution; p is the weight of the
plant sample (g); d is the cup thickness (cm); and
tis the time (s).

Statistical analysis

All experiments were conducted three times inde-
pendently. The results are expressed as mean val-
ues and standard deviation (SD). The results were
subjected to an analysis of variance. Data were
compared according to Tukey’s test using IR-
RISTAT software (version 5.0) for Windows com-
puters (IRRI 2005).

RESULTS AND DISCUSSION

Change in the pigment content of the custard
apple peel

During maturation, unlike other fruits, such as
mango, persimmon, and tomato, although there is no
noticeable discoloration in the custard apple, slight
changes in color on the peel are also a sign of ripening.

Results in Table 1 show that the content of chlo-
rophyll a, b, and total in fruit peel increase from week
3 to 13. After that, chlorophyll content decreased
gradually from week 14 to 16. The chlorophyll con-
tent reached the highest value at week 13, specifically,
the content of chlorophyll a was 0.046 mg-g™ fresh
peel, chlorophyll b was 0.095 mg-g*, and total
chlorophyll was 0.141 mg-g* fresh peel.

The carotenoid content of the peel increased
from fruit formation to maturity. Specifically, in
the fruit development stage from week 3 to 13, the
content of carotenoid increased slowly from 0.014
to 0.027 mg-g* fresh peel, doubling after week 10
of development. Meanwhile, with only 2 weeks of
growth, from week 13 to 15, carotenoid content in
the peel increased nearly 2.5 times, reaching
a value of 0.065 mg-g*. When the fruit was ripe, at
week 16, this content tended to decrease slightly to
a value of 0.063 mg-g.

Table 1. Content of chlorophylls in custard apple peel at different stages of fruit development

Time of fruit Chlorophyll a Chlorophyll b Chlorophyll (a+b) Carotenoid content
growth (mg-g* fresh peel) (mg-g* fresh peel) (mg-g* fresh peel) (mg-g* fresh peel)
week 3 0.0117+ 0.001 0.0259 £ 0.002 0.036" + 0.001 0.014®+0.002
week 5 0.020° + 0.002 0.0377+0.001 0.0579+ 0.001 0.016% + 0.002
week 7 0.0279+ 0.002 0.064%+ 0.002 0.091¢+ 0.002 0.016% + 0.001
week 9 0.036°+ 0.003 0.076°+ 0.001 0.112°+0.005 0.017¢+0.001

week 11 0.041°+ 0.001 0.086° + 0.002 0.127°+ 0.003 0.019¢+ 0.002
week 13 0.0462+ 0.001 0.0952+ 0.002 0.1412+ 0.001 0.027°+0.003
week 14 0.040° + 0.001 0.061%+ 0.003 0.101%+ 0.003 0.051° + 0.004
week 15 0.025%+ 0.001 0.051¢ + 0.002 0.077f+ 0.002 0.065%+ 0.002
week 16 0.021¢ + 0.002 0.020" + 0.002 0.0419+0.002 0.0632+ 0.004

Numbers represent mean values of three independent replicates + SD. In the same data column, values with similar letters

represent nonsignificant differences, values with different letters represent significant differences (p < 0.05) by Tukey’s test



80

T.T. Le et al.

This change in pigment content is consistent
with the change of color observed on the pods dur-
ing the fruit growth. The newly formed fruit is pale
green, then turns dark green (Gundewadi et al.
2018). When the fruit is nearly ripe, the green color
gradually fades, turning white to yellow (Pal &
Sampath Kumar 1995). This result is consistent
with some studies that chlorophyll decomposition
is related to the maturity of fruit (Du et al. 2014).
Changes in the content of reducing sugars,
starch, and tannins
For most fruits, the reducing sugar content in-
creases as the fruit enters the ripening stage (Paull
et al. 1983). Some previous reports on mango or
persimmon showed that the reducing sugars con-
tent tends to increase from the early stage to the
maturity stage of the fruit (Trong et al. 20203, b).
In the present study on the custard apple, we did not
observe a similar pattern of change. The data in Ta-
ble 2 show that the content of reducing sugars in
custard apple decreased gradually from week 3 to 7
by about 50%. The content of these sugars re-
mained constant in the fruits until week 9, then in-
creased sharply from week 14 to a peak at week 16,
when it was 8.3 times higher than at week 3 (Table 2).

This increase is higher than that announced in to-
matoes (2 times) and mangoes (3.5 times) (Trong
et al. 2019, 2020b).

Similar to the results of reducing sugar con-
tent analysis, the starch content in the custard apple
decreased gradually from week 3 to 7, then in-
creased and reached the maximum value at week
13, before decreasing gradually due to ripening
fruit. The starch content of fruit at week 16 was
1.795%, only equal to 17.9% of the starch content
at the week 13. The starch content decreased rap-
idly when the fruit was ripe following the increase
in reducing sugar content of the custard apple as
analyzed above.

The tannins in custard apple fruit had a relatively
high content, reaching 11.410% at week 3. The
high content of tannin in the early period made the
fruit acrid and hard. The tannin content gradually
decreased with the fruit development and dropped
sharply until week 13. This decline is due to the
breakdown of the hydrolytic tannins into pyrogal-
lol and CO,, which causes the fruit to ripen (Del
Bubba et al. 2009). In the stage of fruit maturity,
tannin content had dropped to only 0.582% at week
16; this result made the custard apple soft, not sour.

Table 2. Content of reducing sugars, starch, and tannins in the custard apple at different stages of fruit

development

Time of fruit Reducing sugar content Starch content Tannin content
growth (% of fresh fruit weight) (% of fresh fruit weight) (% of dried fruit weight)
week 3 1.633%+0.087 2.4447 +0.042 11.4002+ 0.641
week 5 1.1817+ 0.082 2.111+ 0.020 10.9612 + 0.928
week 7 0.8309+ 0.042 1.143"+ 0.029 8.730° + 0.420
week 9 1.175" + 0.050 3.249¢ + 0.030 5.820°+0.210

week 11 1.783¢ £ 0.104 6.003°+0.104 4.244% £ 0.121
week 13 2.0729+ 0.023 10.0112+£0.511 2.037¢ £ 0.151
week 14 5.136° + 0.047 8.692° + 0.403 1.407"+ 0.253
week 15 10.972° + 0.308 4.8199+ 0.687 0.7289 + 0.042
week 16 13.5772 £ 0.331 1.7959 + 0.062 0.5829 £+ 0.035

Note: see Table 1
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Changes in the content of proteins, lipids, total
organic acids and vitamin C

The results in Table 3 show that the contents of pro-
teins, lipids, and total organic acids tend to decrease
gradually depending on the development stage of cus-
tard apple. The vitamin C content fluctuates more
complicatedly. It decreased from week 3 to 7, and then
increased again from week 9 to 15, while at week 16
it began to decrease. The protein content of the fruit
was highest at week 3, reaching 11.175%; this content
was almost halved to 6.15% when the fruit ripened at
week 16. Likewise, the lipid content also decreased
from 11.45% (week 3) to 4.588% (week 16). As the
fruit enters the ripening stage, vigorous action of pro-
teases and lipases can lead to rapid hydrolysis of pro-
teins and lipids in the flesh. The proteins content of the
fruit decreased during growth and development be-
cause the proteins in fruit mainly act as enzymes and
not reserves (Wills et al. 1998).

In persimmons and mangoes, the total organic
acids contents usually increased gradually and
reached the maximum value when the fruit entered
the ripening stage (Trong et al. 2020a, b). Unlike
these fruits, the total organic acids content was
highest during the early stage of custard apple fruit
development. Total organic acids content obtained
at this stage (week 3) was 97.917 mg-100 g fresh
fruit. During subsequent fruit development, the to-
tal organic acids content decreased gradually, and

decreased most strongly at the ripening stage. In
comparison with week 3, at week 16, the organic
acid content decreased more than four times, and
was 22.860 mg-100 g* fresh fruit. This content
sharp drop may be related to the participation of or-
ganic acids in energy respiration. On the other hand,
energy continues to be needed for the biosynthesis
of fruit-specific ripening substances, such as en-
zymes for hydrolysis, esters to create an aroma, and
synthesis of sugars to create sweetness of fruits, re-
sulting in a decrease in total acids content (Prasanna
et al. 2007).

Vitamin C is an important nutritional indicator
to evaluate the quality of many fruits. The amount
of vitamin C in the custard apple varied guite com-
plicatedly according to the development of the fruit.
The analytical results showed that the vitamin C
content in the flesh was relatively high when the
fruit was newly formed, reaching 32.467 mg-100 g*
fresh fruit, then gradually decreasing to
18.667 mg-100 g fresh fruit at week 7. From week
7 to week 15, vitamin C content increased again.
The highest vitamin C content was measured at
week 15, reaching 36.2 mg-100 g* fresh fruit. Af-
ter that, vitamin C content decreased slightly to
35.5 mg-100 g fresh fruit when the fruit was fully
ripe at the week 16. Vitamin C decreased due to its
participation in the biosynthesis of ethylene, oxa-
late, and tartrate in the fruit (Singh et al. 2011).

Table 3. Content of proteins, lipids, total organic acids and vitamin C in the custard apple at different stages

of fruit development

o-1l‘—ifTuei ¢ Proteins content Lipids content Total organic acids content Vitamin C content
growth (% of dried fruit weight) (% of dried fruit weight)  (mg-100 g fresh fruit) (mg-100 g* fresh fruit)
week 3 11.175%+1.281 11.450% + 1.304 97.9178+£1.102 32.467°+2.897
week 5 9.812°+ 1.002 9.583° + 1.287 78.333° £ 2.205 22.125% + 1,654
week 7 8.718°+0.987 8.718 + 1.334 59.167°¢ + 3.835 18.667¢F + 1.376
week 9 8.618°+0.930 8.127°+ 1.311 53.750% + 2.722 20.680°¢ +2.684
week 11 8.268% + 0.810 7.789% + 0.959 49.583% + 4.463 24.2679+2.230
week 13 7.9259 + 0.821 7.5129+ 0.870 43.750% + 3.715 26.133% + 2.467
week 14 7.8689 + 0.645 6.896% + 0.852 36.250¢ +4.722 27.267% + 3.450
week 15 7.181% + 0.694 6.320°+ 0.572 29.6677 + 3.833 36.200% + 3.336
week 16 6.150° + 0.536 4,588+ 0.169 22.860% 2.735 35.500%+ 3.489

Note: see Table 1
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Changes in the activity of a-amylase, catalase,
and peroxidase

Table 4 shows that the a-amylase activity of custard
apple is lowest at week 3 and highest at week 15.
Amylase enzyme activity increased slowly from
week 3 to week 11, while this activity increased
sharply between week 11 and 13, more than four
times after week 2, from 2.460 to 9.958 Ul'gt-h™,
Then, amylase activity continued to increase and
peaked at week 15 (12.208 Ul-g*-h). After that, it
tended to decrease slightly to 11.167 Ul-g>h? at
week 16. The a-amylase activity change during the
fruit development is consistent with the change in the
sugar and starch content of the fruit when the fruit
was ripe (Jain et al. 2001). This result was similar to
the result of a-amylase activity analysis in some other
fruits such as persimmons, tomatoes, and mangoes
(Trong et al. 2019, 2020a, b).

In the early stages of fruit development, the
activity of catalase was relatively high (2.083 uM
H.0,-gt-min? at week 3). This value increased
significantly from the fruiting stage of week 3 to
11 and then gradually decreased. The highest cata-
lase activity — 11.542 uM H:O0,'g'min? was
measured at week 11. The variability of the activity
of antioxidant enzymes during ripening depends on
the fruit species. For example, an increase in cata-
lase activity was found in tomatoes during ripening
(Andrews et al. 2004), while a decrease in oranges

(Huang et al. 2007) and mangoes (Singh & Dwivedi
2008). In guavas, the activities of antioxidant en-
zymes, including catalase, reached maxima at the
stage of color change and decreased at later stages
(Mondal et al. 2009). This variability in the behav-
ior of antioxidant enzymes can be attributed to dif-
ferences in the activity of isoenzymes (Resende et
al. 2012).

Both catalases and peroxidases play a role in
the destruction of H,O; but they use different mech-
anisms that are competitive. When the concentra-
tion of H2O- in the cell is high, the catalase is highly
active. Conversely, when the H,O, concentration is
low and the reducing agent is present, the peroxi-
dase is highly active (Mui 2001). Accordingly, un-
like the change in the activity of the catalase, the ac-
tivity of the peroxidase increased continuously dur-
ing the fruit growth and development. From week 3
to week 11, peroxidase activity increased slowly
(from 0.097 Ul-gts to 0.226 Ul-gt-s1); this was
a period when the high concentration of H,O; in the
cell was lowered mainly by catalase activity. From
week 11 to soft ripening (week 16), the peroxidase
activity, reaching 0.858 Ul-g?-s*!, was about four
times higher compared to the data obtained at week
11. This result may be related to a rapid tannin deg-
radation, synthesis of several aromatic ring com-
pounds and ethylene during the fruit ripening, which
are catalyzed by peroxidase (Pandey et al. 2017).

Table 4. The activity of enzymes a-amylase, catalase, and peroxidase in the custard apple at different mat-

uration stages

Time a-amylase activity Catalase activity Peroxidase activity
of fruit growth (Ul-gt-h? (uM H20; gt min’?) (Ul-gtst
week 3 0.0329+ 0.001 2.0839 + 0.440 0.0979 + 0.003
week 5 0.0557 + 0.004 2.917%9+ (0.830 0.1257+ 0.012
week 7 0.076" + 0.006 6.792% £+ 0.923 0.167¢+0.017
week 9 0.093¢+ 0.007 10.833% £ 1.167 0.193¢ £ 0.009
week 11 2.460%+0.017 11.542% £ 1.261 0.2269 + 0.006
week 13 9.958° + (0.232 9.958 ¢+ 1.032 0.403% + 0.003
week 14 11.917% + 0.83 8.917¢+ 0.830 0.505° + 0.022
week 15 12.208% +0.950 5.208° + 0.650 0.796° + 0.013
week 16 11.167°+£0.88 3.167F+ 0.88 0.8582+ 0.026

Note: see Table 1
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CONCLUSIONS

This study on the physiological and biochemi-
cal changes during developing of custard apple fruits
has shown that the chlorophylls content in the peel
increased gradually until week 13, then it decreased
gradually and reached the lowest value in the fully
ripe custard apple (week 16).

The carotenoids content increased steadily until
the fruit ripened, especially rapidly from week 13 to
15. Carbohydrate metabolism was reflected in a de-
crease in the content of reducing sugars and starch
from fruit formation to week 7. Thereafter, reducing
sugars content increased sharply and was stored in
ripe fruit, while the starch content peaked at week 13,
and then dropped sharply, corresponding to a sharp
increase in amylase activity.

The total acid content of custard apple was the
highest value at week 3, reaching 97.917 mg-100 g,
then it decreased continuously and reached the low-
est value (22.860 mg-100 g*) in the fruit ripening
stage (week 16). The vitamin C content decreased
from the stage of young fruit to week 7, then gradu-
ally increased and peaked at week 15.

The contents of proteins, lipids, and tannins of
the dried fruit flesh decreased gradually from the
young until the ripe fruit. Catalase activity in fruits
increased to reach the maximum value at week 11
(11.542 pM Hy0,-g*-min™), then decreased gradu-
ally with the ripening. Peroxidase activity increased
continuously throughout fruit development and was
the lowest at week 3 (0.097 UI-g-s%) and the highest
at week 16 (0.858 UI-g-s ™).

Based on these results, custard apples should be
harvested at week 15 before they are fully ripe to fa-
cilitate storage and ensure high postharvest quality.
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