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ABSTRACT

This study was carried out on Taro (Colocasia esculenta L.) which were harvested in the suitable
maturity stage of marketing on 8 and 5 of January in the 2019 and 2020 seasons, respectively, from El-
Qanater Vegetable Research Farm, Qalyubia Governorate then delivered to the laboratory of Vegetable
Handling Department, Horticulture Research Institute, Agriculture Research Centre, Egypt, during two
successful winter seasons to study the effects of some postharvest treatments such as cysteine at 1%, citric acid at
1%, ascorbic acid at1%, salicylic acid at 1% in combination with calcium lactate at 1% for 5 min and calcium
lactate alone at 1% for 5 min compared with distilled water for 5 min as a control treatment on maintaining
quality and storability of fresh- cut taro during storage at 4° C and 95% relative humidity (RH.) for 12 days.
Results revealed that all postharvest treatments significantly maintained the quality attributes of fresh cut taro
compared with untreated control during cold storage. Fresh cut taro dipped in salicylic acid at 1% in combination
with calcium lactate at 1% for 5 min and calcium lactate alone at 1% for 5 min were the most effective
treatments for reducing loss of both weight and texture, maintaining general appearance and inhibition of
discoloration in the cut surface. Moreover, these treatments had lower level of microbial load and reducing
polyphenol oxidase (PPO) activity as compared with other treatments.
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INTRODUCTION

The rising popularity of minimally-processed fruit
has been credited to consumer’s demand for the convenience
of fresh-cut products and the health features associated with
fresh produce. Fruits and vegetables are showing a quick
change in quality due to aging, biochemical changes, rise in
respiration rate and the proliferation of microorganisms that
occur during processing and distribution (Martin-Belloso et
al., 2007).

Taro is a typical root vegetable tuber tropical and
subtropical crop belongs to Araceae family, it is similar lotus
roots and burdocks (Lee et al., 2007). Taro is a starch-rich
corm, taro has 70-80/100 g starch and is rich in gums
(mucilage) (up to 9.1%). Taro also contains 0.6-0.8/100 g
fiber, 2-6/10a protein, vitamins, phosphorus and calcium,
zinc, copper and manganese. Although, fresh cut fruit are
easier and consumers preferred it but the respiration rates
increase, biochemical reactions, microbiological spoilage
and quality decay.

Peeling and cutting taro corms accelerates respiration
rate more than in intact taro corms. Therefore, the quality of
fresh cut taro decreased rapidly due to exposure of inner
fresh to environment, thus they have much shorter shelf life
3 days at 4°C (Chang and Kim 2015). In particular,
browning of surfaces exposure by peeling and chopped can
be a problem (Aly et al., 2017). In order to prevent the loss
of quality and the browning of fresh cut taro, it is necessary
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to use some antioxidant agents, such as cysteine (Garcia-
Molina et al., 2005), citric acid (Javan et al., 2015), ascorbic
acid (Jang et al., 2011), salicylic acid, (Asgharia and
Aghdam, 2010) and calcium lactate (Gad El-Rab 2019) as
postharvest treatment in conjunction with low temperature to
extend shelf life of fresh cut taro.

Cysteine is investigated as an anti-browning agent
and an effective inhibitor of enzymatic browning. also, its
activity was attributed to various mechanisms such as its
nucleophile reactivity towards quinones to give colorless
adduct (Garcia-Molina et al., 2005), its inhibitory effect
towards poly phenol oxidase and / or its ability to reduce o-
quinones to their poly phenol precursors (Altunkaya and
Gokmen, 2008).

Citric acid has inhibitory effect on poly phenol
oxidaze (PPO) as a potential anti-browning agent in slightly
processed vegetable. It is widely used as a food active and an
antimicrobial factor by virtue of their low pH in food
industry dipping in Citric acid before storage can preserve
bioactive component and antioxidant characteristics of fresh
cut food during storage. Citric acid is able to tardiness PPO
enzyme action by decrease the pH of fruit tissue and co-
enzyme. Significantly, higher retention of phenolic
compounds is due to of the anti- browning and anti-
senescence properties of citric acid (Javan et al., 2015).

Ascorbic acid is effective in lowering browning. It is
generally renowned as secure, cheap and consumer friendly.
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Ascorbic acid able to minimize O-quinones, produced by
PPO-catalyzed oxidation of poly phenols, back to dihydroxy
poly phenols and has been widely applied as an anti-
browning agent for processing of fruits and vegetables.
However, the effect of ascorbic acid is passing, it is
completely oxidized once it is added and O-quinones could
accumulate, leading to browning pigment forming. Ascorbic
acid could be effective in decrease the respiration rate and
ethylene production in fresh cut fruit (Jang et al., 2011).

Salicylic acid, as a safe and natural phenolic
compound, exhibits a high possibility for controlling post-
harvest losses of vegetable and fruit crops (Asgharia and
Aghdam, 2010). According to the reports of Cao et al.
(2013), salicylic acid inhibited disease in fruit infected with
Alternaria alternata. Salicylic acid increases defense
enzymes of Phenylalanine ammonia lyase (PAL),
Peroxidase (POD) and glucanase (GLU) activities in fruit
during storage. Also, salicylic acid treatment declined
Choline catalase (CAT) activity and increased Superoxide
dismutase (SOD) activity and ascorbate (AA) content in
fruit. Salicylic acid increases hydrogen peroxide (H20,)
accumulation in fruit via binding to CAT, and accumulation
of H2O, contributes to signal transduction pathway leading
to systemic acquired resistance (SAR) activation. Also,
salicylic acid could increase H,O, accumulation via
increasing SOD activity, which is responsible for formation
of H,O, from O; generated during infection.

Calcium lactate has the advantage that it avoids the
bitterness or off- flavors associated with other salts. Calcium
lactate has been reported to have potent anti-bacterial
properties owing to its ability to uncouple microbial
transport processes (Luna-Guzman and Barrett, 2000).

Therefore, this study was conducted to examine the
effect of some antioxidant agents on quality attributes and
storability of fresh cut taro during cold storage.

MATERIALS AND METHODS

Taro corms (Colocasia esculenta L. Schott Balady
cultivar) were harvested in the suitable maturity stage of
marketing (full ripening) on 8" and 5" of January in the
2019 and 2020 seasons, respectively, from El- Qanater
Vegetable Research Farm, Qalyubia Governorate then
delivered to the laboratory of Vegetable Handling
Department, Horticulture Research Institute, Agriculture
Research Centre, Giza Governorate, Egypt. The corms were
kept to curing at 20° C and 85% relative humidity (RH). for
five days, corms were selected with uniformity of size ( 750-
1000g/ corm) and free of visual damage or defects. Taro
corms were washed initially with water and then air dried.
All sharp knives, cutting boards and other equipment which
come into contact with the corms were sanitized by
immersion in 1000mg/L sodium hypo chloride solution for
30min before cutting. The skin corms were removed and
corms were cut longitudinally into two halves then each half
cut into pieces that approximately 2-2.2 cm thickness, the
samples of fresh cut taro were randomly divided into 6
groups and then treated with the following treatments:
1.Dipping in solution of cysteine at 1% and calcium lactate

at 1% for 5 min.
2.Dipping in solution of citric acid at 1% and calcium lactate
at 1% for 5 min.

3.Dipping in solution of ascorbic acid at1% and calcium

lactate at 1% for 5 min.

4.Dipping in solution of salicylic acid 1% and calcium

lactate at 1% for 5 min.

5.Dipping in solution of calcium lactate alone at 1% for 5

min.

6.Dipping in distilled water for 5 min as an untreated

control.

Al treatments of fresh cut taro were air dried, placed
on polystyrene trays and then wrapped with sealed poly-
propylene 30 Mm thicknesses film and each had 250g of
fresh cut taro represented as one replicate. Fifteen replicates
for each treatment were prepared and stored at 4°C and 95%
relative humidity for 12 days. Measurements were examined
immediately after treatment and every 3 days interval for the
following parameters:

1- Weight loss (%): It was calculated according to the
equation:

Initial weight of pieces- Weight of pieces at

sampling date
Initial weight of pieces

2- General appearance: was evaluated using a scale from
(9-1) were 9= excellent, 7= good, 5=fair, 3= poor and
1=unsalable. Samples rating (5) or below were
considered as non-marketable.

3- Discoloration: Discoloration was evaluated as a scale of
1 to 5 where 1= none, 2= slight, 3= moderate, 4= severe
and 5= extra severe as described by Cantwell et al.
(2009).

4- Decay score: Decay was measured on a scale of 1=
none, 2= slight, 3= moderate, 4= severe and 5= extreme
(Risse and Miller, 1986).

5- Color: Color was measured on two sides of each piece
by wusing Tistimulus Hunter colorimeter Minolta,
Ramsey, N.J. (Model Dp 9000 which measured L*, b*
and a* value) (McGuire, 1992).

6- Texture: Texture of fresh cut taro was recorded by TA-
1000 texture analyzer instrument using a penetrating
cylinder of 1 mm diameter, to a constant distance (3 and
5 mm) inside the pulp of pieces, and by a constant speed
2 mm per sec., and the peak of resistance was recorded
in glcm?.

7- Polyphenol Oxidase Activity (PPO):  Polyphenol
Oxidase activity (PPO, E.C. 1.14.18.1) in taro pieces
extract during the storage period was determined
according to Pizzocaro et al. (1993).

8- Total microbial count (TMC): The population of total
microbial count (TMC) was determined by the method
of Marshall (1992).

Statistical Analysis :

The experiment was factorial with 2 factors (cold
storage period and antioxidant treatments) in complete
randomized design (CRD) with 3 replicates according to the
methods described by Sendecor and Cochran (1980).
Comparison between means was evaluated by Tukey's
multiple range test.at 5% level of significance.

RESULTS AND DISCUSSION

Weight Loss Percentage

Data in Table 1 indicated that there were significant
increases in weight loss with extending cold storage period
in the two tested seasons. Similar results were obtained by

Weight loss % = x100
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Aly et al. (2017) on fresh cut taro. Results can be attributed
to the loss of water which is relatively easy to evaporate,
respiration and other senescence related metabolic processes
during storage. These were in agreement with those obtained
by Vasey (2006).

Concerning the effect of antioxidant treatments, data
revealed that all treatments retained their weight during
storage as compared with control. Moreover, fresh cut taro
treated with salicylic acid plus calcium lactate was the most
effective treatment for reducing the weight loss percentage
during cold storage in the two tested seasons. Meanwhile,
the highest value of weight loss percentage was recorded
with the untreated control. These results were in agreement
with Attia (2014) for calcium lactate; Gad EI-Rab (2019) for
citric acid or salicylic acid; Saleh et al. (2013) for cysteine or
ascorbic acid or citric acid and Kasim et al. (2015) for

ascorbic acid. This may be due to that these agents might
reduce respiration rate of the product and inhibited the
physiological processes, which in turn reduced weight loss
% during storage, these were in agreement with those
obtained by (Luna-Guzman and Barrett 2000). Weight loss
is mainly regulated by respiration, transpiration and
metabolic activities in fruits. Salicylic acid has been reported
to close stomata which results in suppressed respiration rate
and minimized weight loss of fruits (Zheng and Zhang,
2004).

Concerning the interaction between antioxidant and
storage periods, data indicated that fresh cut taro treated with
salicylic acid plus calcium lactate was the most obvious
treatment in reducing the loss of weight percentage during
all storage periods. However, the highest weight loss value
was recorded by the untreated control in both seasons.

Table 1. Effect of some antioxidant agents on weight loss (%6) of fresh cut taro during cold storage at 4° C in 2019 and

2020 seasons.
Storage period (days)

Treatments 2019

3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 0.13 ef 0.21 ef 1.32b-d 2.00ab 091B
Citric acid 1%+ Calcium lactate 1% for 5 min 0.11 ef 0.15ef 129cd 185a-c 0.85BC
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.08 0.13 ef 1.12d 127cd 0.65BC
Salicylic acid 1%-+ Calcium lactate 1% for 5 min 0.03f 0.10f 0.44 ef 0.78 de 034D
Calcium lactate 1% for 5 min 0.25 ef 0.32ef 0.67 d-f 128cd 0.63C
Control 0.28 ef 0.34 ef 1.80a-c 246a 122A
Mean 0.15C 021C 111B 160A

2020

Treatments 3 6 9 7 Niean
Cysteine 1%+Calcium lactate 1% for 5 min 0.55e-g 0.83c-g 150 b-e 2.00ab 121B
Citric acid 1%+ Calcium lactate 1% for 5 min 0.50e-g 0.76 c-g 1.31b-f 194 ab 113B
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.37fg 0.68 d-g 1.24 b-f 1.78a-C 1.02B
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.04¢g 0159 0.46¢cg 0.97 b-g 041C
Calcium lactate 1% for 5 min 0.321fg 0.56 e-g 1.02 b-g 166 a-d 0.89B
Control 1.33b-f 1.66a-d 2.00ab 270a 192A
Mean 0.52C 0.78C 125B 187A

Values with the same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

General Appearance (GA)

Data in Table 2 show that general appearance (score)
of fresh cut taro was decreased with the prolongation of
storage period. The decreases in general appearance during

storage might be due to shriveling, color change and decay.
Similar results were reported by (Chang and Kim, 2015) on
fresh cut taro.

Table 2. Effect of some antioxidant agents on general appearance (score) of fresh cut taro during cold storage at 4° C

in 2019 and 2020 seasons.

Storage period (days)

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 9.00a 9.00a 7.67 a-c 7.00 a-d 6.33 b-e 780A
Citric acid 1%+ Calcium lactate 1% for 5 min 9.00a 9.00a 6.33 b-e 4.33e-g 2.33¢h 6.20B
Ascorbic acid 1%-+Calcium lactate 1% for 5 min 9.00a 9.00a 7.67a-c 5.67c-e 2.33¢h 6.73B
Salicylic acid 1%+ Calcium lactate 1% for 5 min 9.00a 9.00a 8.33ab 7.67 a-C 7.00 a-d 820A
Calcium lactate1%for5 min 9.00a 9.00a 7.67a-c 7.00a-d 5.00 d-f 753A
Control 9.00a 7.67ac 5.00 d-f 3.00f-h 167h 527C
Mean 9.00A 8.78 A 711B 5.78C 411D

2020

Treatments 0 3 6 9 i Mean
Cysteine 1%+Calcium lactate 1% for 5 min 9.00a 9.00a 9.00a 6.33b-e 5.00 d-f 7.67 AB
Citric acid 1%+ Calcium lactate 1% for 5 min 9.00a 9.00a 6.33b-e 5.00 d-f 4.33ef 6.73C
Ascorbic acid 1%-+Calcium lactate 1% for 5 min 9.00a 9.00a 7.00 a-d 5.67 c-f 4.33ef 7.00BC
Salicylic acid 1%-+Calcium lactate 1% for 5 min 9.00a 9.00a 9.00a 7.67a-c 7.00 a-d 833A
Calcium lactate1%for5 min 9.00a 9.00a 8.33ab 7.67 a-c 6.33b-e 8.07A
Control 9.00a 8.33ab 5.67 c-f 3.67fg 1679 567D
Mean 9.00A 8.89A 756 B 6.00C 4.78 D

Values with the same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

It was noticed that all treatments were better than the
untreated control, however, fresh cut taro dipped in solution
of salicylic acid, cysteine together with calcium lactate and
calcium lactate alone were the most effective treatments for

maintaining general appearance during storage with
insignificant differences between each other, in both seasons
and these treatments gave the highest score of appearance.
Fresh cut taro treated with citric acid or ascorbic acid +
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calcium lactate were less effective treatments in maintaining
general appearance. Meanwhile the untreated (control)
recorded the lowest score in this concern.These results were
true in, the two seasons and agree with those reported by
Gad EI-Rab (2019) for citric acid or salicylic acid or calcium
lactate; Saleh et al. (2013) for cysteine and Kasim et al.
(2015) for ascorbic acid. Maintaining of visual quality by
using cysteine or salicylic acid together with calcium lactate
or calcium lactate alone may be due to the effect of these
treatments on the reduction of respiratory activity,
degradation by enzymes, microbial rot of fruit and gave
lower color change. This may be due to that calcium lactate
reduced incidence of physiological disorders, decay and
delayed senescence of fresh cut (Lamikanra and Watson,
2007). Meanwhile, salicylic acid in combination with
calcium lactate rated good appearance after 12 days in the
two tested seasons.

Concerning the interaction between antioxidant
treatments and storage periods on general appearance, data
recorded that fresh cut taro dipped in salicylic acid in

combination with calcium lactate gave the best appearance;
as it did not exhibit any changes in their appearance till 6
days at 4°C and gave good appearance at the end of storage
period (12 days) in both seasons. Meanwhile, cysteine in
combination with calcium lactate rated good appearance
after 9 days of storage in the first season only. However,
calcium lactate gave good appearance after 9 days of
storage, in the both season. On the other hand, the untreated
control had the poorest appearance in the same period of
storage.
Discoloration

Data in Table 3 indicated that there were increments
in discoloration for the cut surface of taro as the storage
period prolonged. The change in color development is
primarily related to the oxidation of phenolic compounds to
0-quinines a reaction, catalyzed by poly phenol oxidase
(PPO). Quinines then polymerize to dark brown, black or
red polymers. These results were true in both seasons and
were in an agreement with those reported by Chang and Kim
(2015) on fresh cut taro.

Table 3. Effect of some antioxidant agents on discoloration (score) of fresh cut taro during cold storage at 4° C in

2019 and 2020 seasons.
Storage period (days)

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 1.00h 1.00h 2.00e-h 2.33d-g 4.67 ab 220B
Citric acid 1%+ Calcium lactate 1% for 5 min 1.00h 1.00h 1.67fh 2.67 c-f 3.33cd 193B
Ascorbic acid1% +Calcium lactate 1% for 5 min 1.00h 1.00h 2.00e-h 3.00c-e 3.67 bc 2.13B
Salicylic acid 1%+ Calcium lactate 1% for 5 min 1.00h 1.00h 1.00h 1.00h 133gh 107C
Calcium lactate 1% for 5 min 1.00h 1.00h 1.00h 1.67fh 2.00e-h 133C
Control 1.00h 2.00e-h 3.33cd 4.67ab 500a 320A
Mean 1.00D 117D 183C 2.56 B 3.33A
Treatments 2020

0 3 6 9 12 Mean
Cysteine 1%+Calcium lactate 1% for 5 min 100f 100f 2.00 d-f 2.33ce 4.33ab 213B
Citric acid 1%+ Calcium lactate 1% for 5 min 1.00f 1.00f 1.33ef 2.67cd 3.33hc 187B
Ascorbic acid1% +Calcium lactate 1% for 5 min 1.00f 1.00f 1.67 d-f 3.33hc 4.33ab 227B
Salicylic acid 1%+ Calcium lactate 1% for 5 min 100f 100f 100f 1.00f 1.33 ef 107C
Calcium lactate 1% for 5 min 1.00f 1.00f 1.00f 1.33 ef 2.00 d-f 127C
Control 100f 1.67 d-f 3.33hc 4.33ab 5.00a 3.07A
Mean 1.00D 111D 172C 250 B 3.39A

Values with the same letter(s) are not significantly different at P<0.05 level; using Tukey's multiple range test.

Regarding the effect of some antioxidant agents, data
revealed that all the used treatments, significantly, reduced
the incidence of discoloration compared to the untreated
control. However, fresh cut taro dipped in salicylic acid plus
calcium lactate or calcium lactate alone were the most
effective treatments in preventing the discoloration in the cut
surface of species which gave the lower score of
discoloration with insignificant differences between each
other, followed by other treatments with insignificant
differences among them. On the contrary, the untreated
control recorded the highest discoloration score during cold
storage. These results were true in the two seasons and were
in an agreement with Gad EI-Rab (2019) for calcium lactate
or salicylic acid; Saleh et al. (2013) for cysteine or citric acid
and Kasim et al. (2015) for ascorbic acid.

The reduction in discoloration in the cut surface of
fresh cut taro by using calcium lactate may be due to
reducing polyphenol oxidase activity and preserving the total
phenolic content and reducing the color change of the cut
surface (Gad El-Rab, 2019). Citric acid has been reported
extensively for its inhibitory effect on PPO, so it is
recommended as a potential anti-browning agent in

minimally processed fruits and vegetables. It lowers the pH
and chelates the copper at the active site of the PPO. Its
inhibitory effect could be related to the phenolase Cu-
chelating power. Especially at pH values below 4, the looser
binding of copper at the active enzyme site causes the PPO
activity to decrease further, permitting the citric acid to
remove the copper, these were in agreement with those
obtained by Ibrahim et al. (2004). Successful browning
inhibiting by reducing agents, ascorbic acid is attributed to
the reduction of quinones back to diphenols or the reduction
of Cu 2* to mononuclear copper(Cu*) at the PPO active site
(Suttirak and Manurakchinakoran, 2010).

Regarding the interaction between antioxidant
agent's treatments and storage periods on the discoloration,
data revealed that fresh cut taro treated with salicylic acid in
combination with calcium lactate did not show any changes
in their color till the end of storage (12 days). However,
calcium lactate treatment gave slight score. Meanwhile,
ascorbic acid or cysteine in plus calcium lactate gave severe
score after the same period in both seasons. It was noticed
that the untreated control resulted in extra severe
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discoloration with the highest score, in the two tested
Seasons.
Decay Percentage

Data in Table 4 indicated that there were increases in
decay percentage with the prolongation of storage period,
these results were true in the two seasons and were in an
agreement with those reported by Luna-Guzman and Barrett
(2000) and Attia (2014).

Concerning the effect of antioxidant treatments, data
revealed that all postharvest treatments were much better in
reducing decay and thus longer storage periods were gained
compared to the untreated control. Fresh cut taro dipped in
citric acid, ascorbic acid or salicylic acid in combination
with calcium lactate or calcium lactate alone were the most
effective treatment in minimized decay incidence during
storage with insignificant difference between each other in
the two seasons. These results were true, in the second

season. However, untreated control obtained the highest
decay incidence during storage. These results were in an
agreement with those reported by Cao et al. (2013) for
salicylic acid; Rico et al. (2007) for citric acid.

Citric acid has been described as strong antimicrobial
agents against psychrophilic and mesophilic microorganisms
in fresh-cut fruits and vegetables. citric acid and ascorbic
acid were used to reduce microbial populations on salad
vegetables (Rico et al., 2007).

Concerning the interaction among antioxidant
treatments and storage periods, results revealed that, for the
untreated control, the decay fruits started to be shown after 6
days of storage, in the two seasons. However, no decay was
observed in fruits treated with citric acid, ascorbic acid or
salicylic acid in combination with calcium lactate during all
storage periods, in the first season.

Table 4. Effect of some antioxidant agents on decay percentage of fresh cut taro during cold storage at 4° C in 2019

and 2020 seasons.

Storage period (days)

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 0.00d 0.00d 0.00d 0.00d 5.47 bc 1.09B
Citric acid 1%+ Calcium lactate 1% for 5 min 0.00d 0.00d 0.00d 0.00d 0.00d 0.00C
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.00d 0.00d 0.00d 0.00d 0.00d 0.00C
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.00d 0.00d 0.00d 0.00d 0.00d 0.00C
Calcium lactate1% for5 min 0.00d 0.00d 0.00d 0.00d 1.22d 0.25BC
Control 0.00d 0.00d 420¢c 793b 11.28a 468 A
Mean 0.00C 0.00C 0.70BC 132B 3.00A

2020

Treatments 0 3 6 9 12 Mean
Cysteine 1%+Calcium lactate 1% for 5 min 0.00e 0.00e 0.00e 0.00e 7.20 bc 144B
Citric acid 1%+ Calcium lactate 1% for 5 min 0.00e 0.00e 0.00e 0.00e 3.33¢c-e 0.67BC
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.00e 0.00e 0.00e 0.00e 2.88de 0.58BC
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.00e 0.00e 0.00e 0.00e 0.00e 0.00C
Calcium lactate1% for5 min 0.00e 0.00e 0.00e 0.00e 417cd 0.83BC
Control 0.00e 0.00e 6.50 b-d 9,00b 1464a 6.02 A
Mean 0.00C 0.00C 1.08 BC 150 B 537 A

Values with the same letter(s) are not significantly different at P<0.05 level; using Tukey's multiple range test.

Color

Data in Tables 5 and 6 show the effect of antioxidant
treatments on color of fresh cut taro during cold storage. The
color of fresh cut taro was analyzed recording L and a
values. The L value, a general representation of surface
reflectivity is used to express the luminosity of the sample
surface. a value indicate chromaticity on green (-) to red (+)
axis. Color is a critical quality attribute of fresh-cut fruits and
vegetables since cutting often leads to enzymatic browning.
Color changes due to wound-induced response caused by
peeling and slicing are also expected, these were in
agreement with those obtained by Siomos et al. (2010).
Table 5 show that there was decrease in L value for all
treatments and untreated control continuously with
extending the storage period, indicating that the browning
process of cut surface developed and reached darker with
storage, darkening of fruits and vegetables associated with
decreased L values may be linked to dehydration. These
results were true in the two seasons and were in an
agreement with Chang and Kim (2015) on fresh cut taro.

Concerning the effect of antioxidant agents
treatments, the best results were observed for fresh cut taro
dipped in salicylic acid in combination with calcium lactate,
followed by calcium lactate alone that gave the highest L

value (indicated lighter color) with no significant different
between them in the second season. Meanwhile fresh cut
taro treated with distilled water (control) had darker color
(low L wvalue). The initial bright color had largely
disappeared after the same period. These results were true in
the two seasons and were in an agreement with those
reported by Mohamed et al. (2015) for cysteine and ascorbic
acid.

Concerning the interaction among antioxidant agents
treatments and storage periods, results revealed that the
highest L value was observed for fresh cut taro dipped in
salicylic acid in combination with calcium lactate after 12
days of storage (end of storage period), in the two season,
while lowest value of L was observed in samples treated
with untreated control at the same period of storage, in the
two season.

Data in Table 6 show that a value of fresh cut taro
increased with the prolongation of storage period and this
value increased most rapidly for the untreated taro compared
to the other samples (indicated color change and browning).
These results are in an agreement with Aly et al., (2017) on
fresh cut taro and may be due to Polyphenol oxidase (PPO)
which is a key enzyme responsible for browning in fruits
and vegetables by catalyzing the oxidation of phenolic
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compounds, resulting in the formation of melanins (Budu
and Joyce, 2003). Our data indicate that treatment with
calcium lactate and salicylic acid in combination with

calcium lactate contributed to a slower accumulation of red
pigmentation on taro surface and delayed browning in two
seasons.

Table 5. Effect of some antioxidant agents on L* value of fresh cut taro during cold storage at 4° C in 2019 and 2020

seasons.
Storage period (days)
Treatments 2019
0 3 6 9 12 Mean

Cysteine 1%-+Calcium lactate 1% for 5 min 87.32a 84.33 a-f 8242 a-h 81.87 a-i 77.95 e-i 82.78B
Citric acid 1%+Calcium lactate 1% for 5 min 87.32a 83.01a-g 79.23 c-i 79.22 c-i 78.63 d-i 80.79B
Ascorbic acid1% +Calcium lactate 1% for 5 min 87.32a 83.78 a-g 82.06 a-i 80.36 b-i 78.21 d-i 82.35B
Salicylic acid 1%-+Calcium lactate 1% for 5 min 87.32a 85.95 ab 85.55a-C 84.81a-d 84.50 a-e 85.63 A
Calcium lactate 1% for 5 min 87.32a 84.74 a-d 83.34a-g 81.32 a-i 77.30 g-i 82.80B
Control 87.32a 79.48 b-i 78.00 f-i 75571 68.62 ] 71.74C
Mean 87.32A 8355B 81L.72BC 79.95C 7753D

Treatments 2020

0 3 6 9 12 Mean

Cysteine 1%-+Calcium lactate 1% for 5 min 72.87a 7192a 7111ab 68.87 a-d 68.09 a-e 7057 A
Citric acid 1%+ Calcium lactate 1% for 5 min 72.87a 70.34 ac 69.46 a-d 68.93 a-d 68.39 a-e 70.00 A
Ascorbic acid1%+Calcium lactate1% for 5 min 72.87a 70.39a-C 66.20 a-e 62.07 d-f 60.50 ef 66.43 B
Salicylic acid1%+ Calcium lactate 1% for 5 min 72.87a 72.67a 7243a 70.78 a-e 69.06 a-d 7156 A
Calcium lactate1%for5min 72.87a 7219a 710lac 69.10 a-d 63.61 b-f 69.76 A
Control 72.87a 65.06 a-e 62.86 c-f 60.67 ef 56.33 f 63.56 C
Mean 7287A 7144 AB 68.84 BC 66.74C 64.33 D

Values with the same letter(s) are not significantly different at P<0.05 level; using Tukey's multiple range test.
Table 6. Effect of some antioxidant agents on a value of fresh cut taro during cold storage at 4° C in 2019 and 2020

seasons.
Storage period

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 050¢g 3.35b-g 4.20b-g 458 b-f 542 a-f 361B
Citric acid 1%+ Calcium lactate 1% for 5 min 050¢g 2.65c-g 4.08 b-g 5.51 a-f 5.75 a-e 3.70B
Ascorbic acid1% +Calcium lactate 1% for 5 min 050¢g 2.68 c-g 4.42 b-f 479 a-e 6.35a-C 3.95B
Salicylic acid 1%-+Calcium lactate 1% for 5 min 0509 1.83fg 217eg 2.85¢-g 3.60 b-g 219C
Calcium lactate 1% for 5 min 0509 244d-g 3.36 b-g 4.45b-f 5.86 a-e 3.32BC
Control 050¢g 4.33b-g 6.06 a-d 6.86 ab 8.53a 526 A
Mean 0.50 D 288C 405B 5.01 AB 592A

2020

Treatments 0 3 6 9 2 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 2.20e-h 255e-h 3.04d-h 3.83eg 481 b-f 329B
Citric acid 1%+ Calcium lactate 1% for 5 min 2.20e-h 2.74fh 3.90c-g 4,99 b-e 6.90 ab 3.95B
Ascorbic acid1% +Calcium lactate 1% for 5 min 2.20e-h 245e-h 3.83¢cg 458 b-c 6.21a-c 3.86B
Salicylic acid 1%+ Calcium lactate 1% for 5 min 220e-h 2.01gh 2.56 e-h 2.66 f-h 4.23b-g 234C
Calcium lactate1%for 5 min 2.20e-h 255e-h 3.04d-h 2.20e-h 349c-h 233C
Control 2.20e-h 499 b-e 5.74 a-d 6.87 ab 7.87a 5.93A
Mean 220D 228D 340C 427B 558 A

Values with the same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

Texture

Data in Table 7 indicated that texture decreased
continuously with extending the storage period during the
two seasons. Similar results were obtained by Chang and
Kim (2015) on fresh cut taro. In general, the Texture of
vegetables depends on primarily turgidity and the weight
loss. In other words, softening is partly due to turgor loss,
starch degradation, and chemical modifications in the cell
wall (Ramana et al., 2011).

Regarding the effect of some antioxidant treatments,
data revealed that salicylic acid and ascorbic acid in
combination with calcium lactate or calcium lactate alone
treatments gave the highest mean values of fruit texture as
compared with the other treatments and untreated control
with no significant different between them in the first season,
followed by cysteine and citric acid in combination with
calcium lactate with no significant different between them in
the two seasons. The lowest mean values of texture was

obtained from the untreated control. These results were true
in the two seasons and agree with Ouzounidou et al. (2012)
for ascorbic acid; Saleh et al. (2013) for cysteine or ascorbic
acid or citric acid and Attia (2014) for calcium lactate.

The effect of calcium lactate could be due to that the
calcium maintains the cell wall structure in fresh cut by
interacting with pectin in the cell wall to form calcium
pectate which assists molecular bonding between
constituents of cell wall. Calcium also, increases cell wall
turgor pressure and stabilizers the cell membrane (Luna-
Guzman and Barrett, 2000).

The interaction among antioxidant treatments and
storage periods on texture seemed to be not significant, in
both seasons. However, fresh cut taro treated with salicylic
acid in combination with calcium lactate was the most
obvious in maintaining the fruit texture during storage in the
two seasons, whereas; the lowest values of fruit texture were
obtained from the untreated control.
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Table 7. Effect of some antioxidant agents on texture (g/cm?) of fresh cut taro during cold storage at 4° C in 2019 and

2020 seasons.
Storage period (days)

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 8.27a 7.27 a-d 6.74 c-e 6.53 c-f 6.13d-g 7.00B
Citric acid 1%+ Calcium lactate 1% for 5 min 8.27a 7.22 a-d 6.88 b-e 6.58 c-e 6.14d-g 7.02B
Ascorbic acid 1%-+Calcium lactate 1% for 5 min 8.27a 7.40a-d 7.16 a-e 6.98 b-e 6.44 c-f 7.25 AB
Salicylic acid 1%+ Calcium lactate 1% for 5 min 8.27a 8.03ab 750 a-c 7.22 a-d 7.08 a-e 7.62A
Calcium lactate1%for5 min 8.27a 7.67 a-c 7.22 a-d 7.04a-e 6.75c-e 7.39 AB
Control 8.27a 5.93e-g 5.27fh 5.00 gh 448h 579C
Mean 8.27 A 725B 6.80C 6.55C 6.20D
Treatment 2020

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 8.28a 6.78 a-e 6.16 b-f 5.45d-h 5.13e-h 6.36 C
Citric acid 1%+ Calcium lactate 1% for 5 min 8.28a 7.08 a-d 6.22 b-f 5.58 ¢c-g 5.28 e-h 6.49C
Ascorbic acid 1%-+Calcium lactate 1% for 5 min 8.28a 7.30a-c 6.42 b-f 5.83c-g 5.78 c-g 6.72BC
Salicylic acid 1%+ Calcium lactate 1% for 5 min 8.28a 7.75ab 7.18ad 6.80 a-e 6.62 a-f 733A
Calcium lactate1%for5 min 8.28a 7.65ab 6.78 a-e 6.42 b-f 6.28 b-f 7.08 AB
Control 8.28a 5.55c¢-g 498 f-h 4.28 gh 3.72h 536D
Mean 8.28 A 702B 6.29C 5.73D 547D

Values with the same letter(s) are not significantly different at P<0.05 level; using Tukey's multiple range test.

Polyphenol Oxidase Activity (PPO)

Data in Table 8 indicated that PPO activity was
increased with the prolongation of storage period, in the two
tested seasons. The increase of PPO activity after cutting is
mainly due to activation process from latent to fully active
form. Tissue wounding involves the decompart metallization

of cellular components with the subsequent release of
proteases involving a cascade of reactions leading to the
activation of latent PPO. That PPO enzyme activity increase
when fruit is cut and that the activity of phenols was closely
associated with the development of browning, these results
are in an agreement with reported by Attia ( 2014).

Table 8. Effect of some antioxidant agents on polyphenol oxidase activity (Unit/g F.W) of fresh cut taro during cold

storage at 4° C in 2019 and 2020 seasons.

Storage period (days)

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 0.020 h 0.054 d-g 0.057 c-g 0.073b-e 0.097 b 0.060 B
Citric acid 1%+ Calcium lactate 1% for 5 min 0.020h 0.051e-h 0.053 e-g 0.068 b-f 0.088 bc 0.056 BC
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.020 h 0.045 e-h 0.048 e-h 0.065 c-g 0085b-d  0.053B-D
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.020 h 0.041f-h 0.046 e-h 0.059c-g 0.069 b-f 0.047 CD
Calcium lactate 1% for 5 min 0.020h 0.034 gh 0.040 f-h 0.054 d-g 0.066 b-g 0.043D
Control 0.020h 0.060 c-g 0.069 b-f 0.150a 0.179a 0.096 A
Mean 0.020D 0.047C 0.052C 0.078B 0.097 A

2020

Treatments 0 3 6 9 o Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 0.041h 0.079 c-g 0.084 c-f 0.088 b-f 0.102 bc 0.079B
Citric acid 1%+ Calcium lactate 1% for 5 min 0.041h 0.077 c-g 0.078 c-g 0.084 c-f 0.097 bd 0.076 BC
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.041h 0.064 e-h 0.069 d-h 0.075¢c-g 0.092 b-e 0.068 CD
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.041h 0.061 f-h 0.065 e-h 0071d-g 0.078 c-g 0.063 D
Calcium lactate1% for5 min 0.041h 0.053 gh 0.062 f-h 0.067 e-h 0.075¢c-g 0.060 D
Control 0.041h 0.116 b 0.162a 0.165a 0.190a 0135A
Mean 0.041D 0.075C 0.087B 0.092B 0.106 A

Values with the same letters are not significantly different at P<0.05 level; Tukey's multiple range test.

Concerning the effect of antioxidant agent
treatments, data revealed that fresh-cut taro dipped in
calcium lactate and salicylic acid or ascorbic acid in
combination with calcium lactate were the most effective
treatments in reducing PPO activity with no significant
differences among them, in both seasons. The highest mean
values of PPO activity were obtained from untreated control,
in the two seasons. These results are in an agreement with
those obtained by Attia (2014) for calcium lactate and Gad
El-Rab (2019) for salicylic acid and calcium lactate.

The main function of calcium lactate is strengthened
the cell wall and stabilized the cell membrane (Luna-
Guzman and Barrett, 2000), thus keeps PPO, which is
membrane bound enzyme, away from its phenolic substrates
present mainly in vacuoles leading to preserving phenolic

content and inhibiting browning process (Huanga et al.,
2012).

Regarding the interaction between antioxidant agents
and storage periods, data revealed that all treatments reduced
PPO activity with no significant differences among them
compared with the untreated control after 12 days of storage,
in the two seasons.

Total Microbial Count (TMC)

Data in Table 9 indicated that microbial growth in
fresh-cut taro, was significantly, increased with the
prolongation of storage period particularly, in the untreated
control. These results were achieved, in both seasons.
Similar results were reported by Aly et al. (2017) on fresh
cut taro.
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Table 9. Effect of some antioxidant agents on total microbial count (-x10° CFU/g) of fresh cut taro during cold storage

at 4°C in 2019 and 2020 seasons.

Storage period (days)

Treatments 2019

0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 0.00i 0.08i 0.12i 0.16i 0.23 g-i 012D
Citric acid 1%+ Calcium lactate 1% for 5 min 0.00i 0.13i 0.19 hi 0.66 ef 1.18ab 043C
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.00i 0.20 hi 0.40e-i 0.60 e-h 110ad 0.46 BC
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.00i 0.06i 0.12i 0.17i 0.20 hi 011D
Calcium lactate 1% for 5 min 0.00i 0.33f-i 0.60 e-h 0.64 f-g 0.73cf  046BC
Control 0.00i 0.33f-i 041e-i 113a-c 150a 0.68 A
Mean 0.00E 022D 0.36C 059B 0.82A

2020

Treatments 0 3 6 9 12 Mean
Cysteine 1%-+Calcium lactate 1% for 5 min 0.00j 0.06 ij 0.11ij 0.20 g-j 0.30 e+ 014D
Citric acid 1%+ Calcium lactate 1% for 5 min 0.00j 0.03j 0.09ij 0.56 d-g 1.09b 035C
Ascorbic acid1% +Calcium lactate 1% for 5 min 0.00j 0.27 f-j 0.59 d-f 0.72bd 1.00 bc 0.52B
Salicylic acid 1%+ Calcium lactate 1% for 5 min 0.00j 0.05j 0.11ij 0.13ij 0.16 h+j 0.09 D
Calcium lactate 1% for 5 min 0.00j 0.32 e+ 0.58 d-f 0.62 d-f 0.67ce 044BC
Control 0.00j 043 d-i 0.51d-h 153a 190a 0.88 A
Mean 0.00E 019 D 033 C 063 B 0.86 A

Values with the same letter(s) are not significantly different at P< (.05 level; using Tukey's multiple range test.

Concerning the effect of some antioxidant agents'
treatments, data revealed that there were significant
differences in microorganism growth between all treatments
and untreated control. Fresh-cut taro dipped in solution of
salicylic acid or cysteine in combination with calcium lactate
treatments had the lowest count in all types of
microorganisms with no significant different between them
in the two seasons, followed by citric acid or ascorbic acid in
combination with calcium lactate and calcium lactate with
no significant differences between them in the first season.
Untreated control recorded the highest levels of microbial
load. These results were achieved, in both seasons and were
in an agreement with those obtained by Gad El-Rab (2019)
for salicylic acid or calcium lactate; Attia (2014) for calcium
lactate and Yassin (2016) for cysteine.

Concerning the interaction among antioxidant agents
treatments and storage periods, data showed that after 12
days of storage fresh-cut taro dipped in salicylic acid or
cysteine in combination with calcium lactate were the most
effective treatments in reducing the level of microbial load
with no significant differences between them compared with
the other treatments, whereas; the untreated control had the
highest value of microbial count. These results were
achieved, in both seasons.

CONCLUSION

From the previous results, it could be concluded that
fresh-cut taro dipped in salicylic acid at 1% in combination
with calcium lactate 1% was the most effective treatment in
reducing weight loss percentage, color change of cut surface,
total microbial count and PPO activity and maintained
quality and gave fresh-cut taro with good appearance after
12 days of storage at 4°C.
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