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research shows that BA was significantly effective in extending the
storage life of custard apples through affecting some quality parameters
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Théng tin bai bao Tém tit

Nghién ctru nay nham danh gia hiéu qua xt Iy ciia benzyl adenine

Ngay nhan bai: 15/6/2024
Ngay hoan thién: 26/7/2024
Ngay chdp nhén: 25/8/2024

(BA) trén qua na (Annona squamosa L.) (dugc thu hai tai Lang
Son) sau thu hoach nhim kéo dai tudi tho bao quan. Thi nghiém
dugc xir Iy v6i BA ¢ cac ndng do khac nhau 50 ppm, 100 ppm va
150 ppm. Nghién ctru ban diu cho thdy BA c6 hiéu qua dang ké

trong kéo dai tubi tho bao quan ciia qua na thong qua tac dong toi

mot sd thong s6 chat lugng cua qua na sau thu hoach, cu thé giam

T khoa
Quad na, Annona squamosa
L., benzyl adenine (BA), tudi

tho bdo qudn dbi chung.

1. Introduction

In recent years, custard apple (4nnona
squamosa L.) has become one of the fruits with
high economic value. The development of custard
apple cultivation areas is considered a solution
to shift the crop structure of many mountainous
provinces in the North Vietnam aiming to improve
land use efficiency, promoting the potential and
advantages of the region, and turning custard
apple into a specialty and branded product on the

market (Jain et al., 2019).

This study aimed to investigate the preservation
effect of BA in extending the shelf life of Annona
squamosa L. custard apples after harvest. This
antioxidant will then continue to be studied

in detail in terms of concentration to optimize

hao hut khdi lwong, 1am cham thoi gian chin sinh 1y, giam ty 1& hu
hong, duy tri d6 cing qua. Mau duoc xtr Iy 6 BA 150 ppm cho hi¢u
qua tét hon gitp kéo thdi han bao quan ciia na 1én 6,5 ngay so mau

the storage time of custard apple to effectively
commercialize it in many distant markets.

2. Literature Review (Lich sw nghién ctru)

The custard apple has many nutritional values.
The edible flesh or pulp has a soft, creamy texture
and a sweet taste. Each 100g edible part of custard
apple contains protein (1.6 g), fat (0.5- 0.6 g),
carbohydrates (23.5 g), crude fiber (0.9-6.6 g ),
calcium (17.6 g), phosphorus (47 mg), iron (1.5
g), thiamine (0.075 - 0.119 mg), riboflavin (0.086
- 0.175 mg), ascorbic acid (15.0 - 44. 4 mg) and
nicotinic acid (0.5 mg) (Jain et al., 2019).

Preserving custard apple is facing many
difficulties. The average post-harvest loss rate
of custard apple is very high, ranging from 25-
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30% (Sahu et al., 2016). Na is a climateric and
perishable respiratory fruit with a very short
storage time (Wills et al., 2001). Cool storage is
not an effective method for custard apples. If the
fruit stays on the tree for a long time, the skin will
split and open, allowing the fruit to spoil. Na is a
very perishable fruit, so it is difficult to transport it
to distant markets. Commercialization of custard
apples is the biggest obstacle for growers due to
the perishable nature of this fruit. On average, the
post-harvest shelf life of this fruit is only 3 to 4
days at ambient temperature. This obstacle causes
high prices and high damage rates that have not
been overcome. Developing technology to help
prolong the post-harvest preservation period of

custard apples is required (Patidar et al., 2021).

In many studies benzyl adenine (BA) is used as
an antioxidant capable of preventing the oxidation
of molecules by removing reactive oxygen species
before they can damage cells (Halliwell et al.,
1989). Some reports have shown that the use of
BA is effective in reducing weight loss, spoilage
and increasing the storage time of many fruits
such as mango to 20 days (Ahmed et al., 1998) in
papaya up to 11.33 days (Reddy et al., 2007) or in
guava up to 7 days (Jayachandran, et al., 2007).

3. Methods

Materials: Curtard apple sample was taken
from farm in Chi Lang, Lang Son. Selected fruits
were harvested after 85 days of fruiting begin,

then transported to the laboratory on the same day.
Experimental layout methods

After being harvested, custard apple fruits will
be selected that are uniform in size, hardness,
free from pests, diseases, and signs of crushing
or mechanical injury. The fruit is washed under
running water to remove dirt and then left to dry
in the shade.

The custard apple will be surface disinfected
with 0.1% bavistin solution for 2 minutes. The
samples will then be dipped into 50 ppm (T1), 100
ppm (T2) and 150 ppm (T3) benzyl adenine (BA)
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and the control sample (T0). Each experiment was

repeated 3 times.

After processing, the fruit sample will be dried
and the fruit stored at a cool temperature of 15 +
20C. Parameters of physiological loss in weight
(PLW), ripening (%), storage life, spoilage,
firmness and total soluble solids (TSS °Brix) were
measured every 2 days.

Determination of physiological maturity (days
taken to ripening)

Ripeness is determined by the increase in white-
yellow color between the trachea, the trachea is
light green, soft and has a characteristic odor. Count
the number of ripe fruits on each sampling day and
calculate the ripeness rate. The number of days
required for ripening is determined by the stage
when more than 50% of the stored fruit is ripe. Fruit
spoilage is determined based on visual observations
such as fungal infection and subsequent rotting,
overripeness and subsequent cracking, browning
and discoloration (Ranganna., S, 1986).

Determination of physiological maturity (days
taken to ripening)

Ripeness is determined by the increase in white-
yellow color between the trachea, the trachea is
light green, soft and has a characteristic odor. Count
the number of ripe fruits on each sampling day and
calculate the ripeness rate. The number of days
required for ripening is determined by the stage
when more than 50% of the stored fruit is ripe. Fruit
spoilage is determined based on visual observations
such as fungal infection and subsequent rotting,
overripeness and subsequent cracking, browning
and discoloration (Ranganna., S, 1986).

Determination of storage life:

The time when more than 50% of the fruits
in the preserved sample are damaged (no longer
suitable for consumption) is considered the end of
the storage period and this quantity is expressed in
units of days (Ramesh, et al., 2014).

Analysis method

The data presented are the average results
of 3 repetitions, analyzed by T-test students and
Grappad 7.0.
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4. Results and discussions

4.1 Physiological weight loss — PWL (%)

PWL (%)

LN

Figure 1. Effect of BA on PLW (%) of curtard apple during storage

Figure 1 shows that the loss of custard apple
weight (%) after harvest increased during storage
time, however this loss was greatest in the control
on 12 days and the difference was significant at
a=0.05 with the treament with BA. It seems that
BA treaments have an impact on reducing the
weight loss of post-harvest custard apple during
storage. The strong biological activity of BA
helped to slow down biochemical changes, leading
to a delay in ripening and dehydration of the fruit
during storage (Sahu et al., 2016 & Reddy et al.,

2007). This result also corresponds to previous

studies where BA treatment reduced post-harvest
losses for curry leaves (Geethalakshmi, et al.,
2023) and papaya (Ramesh, et al., 2014).

The weight loss of custard apple was the least
at 4.52% when treated with BA 150 ppm recorded
on day 12, and was significantly different with
other treaments of BA 100 ppm and 50 ppm which
were 5.41 % and 6.58% respectively. This result is
also similar to previous research for treament BA
150 ppm on better effectiveness in delay ripening
(Patidar et al., 2021).

4.2 Days taken for ripening and storage life in days

5+

Day
2 -o- Control
-= 50 ppm
by =+ 100 ppm
-+ 150 ppm

,//;

Day

N -
w

Figure 2. Effect of BA on post-harvest ripening and storage life (days) of curtard apple
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The lowest post-harvest ripening time of
custard apple in the control is 6.3 days, and the
difference is significant at the significance level
a=0,05 with treaments with BA. BA has also been
reported to delay ripening in papaya (Reddy et
al., 20070, guava (Jayachandran, et al., 2007) and
grapes (Padmavathi et al., 2003). Na treated with
BA 150 ppm slowed down the ripening of custard
apple to 11.2 days. This result also corresponds to
previous research when this concentration helped
slow down ripening for papaya (Ramesh, et al.,
2014).

The lowest storage life of custard apple in the
control was 8.7 days, showing that antioxidants
have the effect on prolonging the storage life of
custard apple. The highest efficiency was also

recorded 14.5 and 15.2 days for 2 treaments with

4.3 Total soluable solids (TSS - °Bx)

BA 100 ppm and BA 150 ppm respectively (Figure
2). According to Ravikiran Reddy2 (Reddy et al.,
2007) the strong antioxidant activity of BA may
have helped slow down the ripening process of the
fruit through reducing the intensity of respiration
and ethylene, and at the same time acting as a
protective agent to prevent the aging process
of fruit. This result is also on par with previous
studies where BA extended the storage time for
custard apples when combined with chitosan and
CaCl, (Patidar et al., 2021); curry leaves for 5 days
; for mango (Geethalakshmi, et al., 2023) for 20
days respectively (Ahmed et al., 1998); for papaya
up to 11.33 days (Reddy et al., 2007) grapes and
bananas are also effective in extending shelf life
when preserved with BA (Padmavathi et al., 2003
& Bhagwan A, 1994).

TSS (°Bx)

26+

24+

20+
18+

16 T T

Control
50 ppm
100 ppm
150 ppm

Ftee

Figure 3. Effect of BA treatment on TSS of post-harvest curtard apple

TSS (°Bx) of custard apple increases
significantly during storage. TSS started to
increase rapidly on days 6 and 8, reached a
maximum on day 10 and then gradually decreased
on the 12th day of storage. This can be explained
because custard apple is a climateric fruit so the
respiratory intensity after reaching the maximum

will gradually decrease. This result is also similar
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to Cheng’s study on postharvest ripening of

custard apple (Cheng et al., 2018).

TSS (°Bx) increased rapidly and reached the
maximum at 25.7 °Bx in the control on the 10" day
of storage, and recored significantly different with
all the treaments on the day 12, It was explained
by the rapid ripening process in the control

without BA (Sahu et al., 2016)., meanwhile the
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high biological activity of BA was able to slow down the ripening process for the treatments. These

results for TSS are correspond with previous studies as a delay in ripening in mango [6] and papaya
leading to lower TSS (Ramesh, et al., 2014 & Reddy et al., 2007).

4.4 Firmness (kg cm™)
Firmness (kg cm™) 4-
-o- Control
R -= 50 ppm
=+ 100 ppm
=+ 150 ppm
2-
1 .
0
0

Figure 4. Effect of BA treatment on firmness of post-harvest curtard apple

Firmness is one of the physical parameter
during storage, determining the quality of the
fruit and affecting its commercial consumption.
The hardness of custard apple decreased in all
samples and decreased sharply from days 8 and
10 of storage. The control recorded a very strong
decrease, especially in the last 3 days of storage
and reached a hardness of 0 kgcm-2 on day 10,
showing significant differences for all treatment
with BA. This implied that BA has an effective

4.5 Spoilage

effect in slowing down ripening, thereby helping
to maintain post-harvest firmness of custard

apples.

The hardness of custard apple treated at 50 ppm
BA has a significant difference at the significance
level a=0.05 with treatments of 100 ppm and
150 ppm. This result is also on par with previous
research on papaya treated with 150 ppm BA for
higher firmness after 12 days of storage (Ramesh,
etal., 2014).

Spoilage (%)
100+

80+

Control
50 ppm
100 ppm
150 ppm

Ftde

Figure 5. Effect of BA treatment on spoilage of post-harvest curtard apple
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The
decreased significantly in all treatments before

spoilage rate of custard apples

the day 10™, but this rate increased sharply on
the day 12 The spoilage rate in the control
was 100% on the day 14" and significantlt
different at the significance level a=0.05.

On the 16th day, the spoilage rate of custard
apple had a significant difference at the
significance level 0=0.05 between samples
T1 to T2 and T3. T1 reached a spoilage
rate of 100% on the day 18" This may be
because BA has strong antioxidant activity
when treated with custard apples, helping to
eliminate free radicals, helping to slow down
the deterioration process of custard apples.
This result is also similar to previous studies
where BA treatment helped slow down
damage on guava (Jayachandran, et al., 2007)
and papaya Reddy et al., 2007) . On the 18th
day, spoilage in T2 and T3 recored was not
significantly different, so the two treatments
100 ppm and 150 ppm induced similar effect
on curtard apple in term of spoilage.

5. Conclusion

From the research, it can be concluded that
application of BA on postharvest custard apples
significantly improved the shelf life of the fruit by
6.5 days compared to untreated fruits. BA acts as
an antioxidant and helps scavenge free radicals
that can effectively reduce ethylene production
and thus slow down the ripening process, reducing
mass loss and maintaining firmness of fruit.
Research also shows that, those treaments with
BA 100 ppm and 150 ppm helped the custard
apples to preserve longer and deteriorate spoilage
(after 18 days). Therefore, this research is highly
recommend to expand by combining BA with
some other substances and changing temperature
conditions to optimize the storage time of post-

harvest custard apples, helping them to be
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transported to further market thereby enhancing

the commercial value of the product.

REFERENCES

Charul Jain, Champawat PS, Mudgal VD, Madhu
B and Jain SK. (2019). Post-harvest processing
of custard apple (Annona squamosa L.): A
review, International Journal of Chemical

Studies, 7(2019) 1632.

R.K. Sahu, A.K. Agrawal and Geetesh Sinha.
(2016). Extension of Shelf Life of Custard
Apple (Annona squamosa L.) through Post
Harvest Treatments, Madras Agric. J., 103
(2016) 62.

Wills, R.B.H.,, M.A. Warton, D.M.D.N. Mussa
and L.P. Chew (2001). Ripening of climacteric
fruits initiated at lowethylene levels. Austral. J.
Expt. Agr., 41(2001) 89.

Megha Patidar, Jyoti Kanwarl, O. P. Singh and
G. P. S. Rathore. (2021). Study on the Effect
of Post Harvest Treatments on Shelf Life
of Custard Apple (Annona squamosa L.)
Variety Arka Sahan during Storage, Int.J.Curr.
Microbiol. App.Sci 10 (2021) 3159.

Halliwell, B. and J.M.C. Gutreridge. (1989). Free
Radicals in Biology and Medicine 20d edition,
Clarendon Press, Oxford, UK, 1989.

Ahmed, M.N., Studies on the Effect of Postharvest
Application of Polyamines and Antioxidants on
Shelf Life of Mango ‘Baneshan’, M.Sc. Thesis,
Acharya N.G. Ranga Agr. Univ., Hyderabad,
India, 1998.

Ravikiran Reddy, Y. (2007). Effect of Gamma
Irradiation and Antioxidants on Postharvest
Shelf Life of Papaya (Caricapapaya) ‘Red
Lady’, M.Sc. Thesis, Acharya N.G. Ranga Agr.
Univ., Hyderabad, India, 2007.

Jayachandran, K.S., D. Srihari and Y.N. Reddy.
(2007). Postharvest application of selected



Pham Thi Vinh/Vol 10. No 4_August 2024| p.170-177

antioxidants to improve the shelf life of guava
fruit. Acta Hort., 735 (2007) 627.

Padmalatha, V.(1993). Studies on Postharvest
Storage Life of Grapes (Vitis vinifera L.).
M.Sc. Thesis, Acharya N. G.Ranga Agr. Univ.,
Hyderabad, India, 1993.

Ranganna, S.(1986). Hand Book of Analysis
and Quality Control for Fruits and Vegetable
Products. Tata McGraw Hill Pub. Company
Limited, New Delhi, India, 1986.

Geethalakshmi, I .,Punitha, A., Sumathi,T.,
Adeline Vinila,J.E., Vadivel,N. (2023). Impact
of Growth Regulators on Shelf-Life Extension
in Curry Leaf (Murraya koenigii Spreng).
International Journal of novel research and
development — [JNRD, 8 (2023) 632.

D. Ramesh, B. Prasanna Kumar, M. Rajasekhar
and D.R. Salomi Suneetha.(2014). Effect of

chemicals and growth regulators on post-

harvest shelf-life and quality in papaya (Carica
papaya L.) cv. Red Lady, J. Hortl. Sci. 9 (2014)
66.

Padmavathi, C. and Y.N. Reddy.(2003). Role of
AOX inhibitors, promoters, polyamines and
antioxidants on the biochemical parameters of
grape ‘Thompson Seedless’ during senescence.
Austral. Postharvest Hort. Conf., Brisbane,
Australia, (2003) 156.

Bhagwan, A.(1994). Studies on Postharvest
Handling and Storage of Banana ‘Robusta’.
M.Sc. Thesis, Acharya N.G.Ranga Agr. Univ.,
Hyderabad, India, 1994.

Zhihua Cheng, Wei Zhou, Xiao Gong, Xiaoyi Wei,
Jihua Li, Zheng Peng.(2018). Physicochemical
Changes of Custard Apple at Different

Storage Temperatures, Materials Science and

Engineering 392, IOP Publishing, 2018.

1177



