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Abstract

Litchi fruit is a drupe or stone fruit. It is conical, heart-shaped or spherical
with a thick leathery, indehiscent pericarp at maturity. Litchi is known for its
pleasant flavour and juicy aril with attractive red colour pericarp. It is an ex-
cellent source of vitamins and minerals. Litchi fruits are generally eaten fresh
because of their very short storage life and it ripens quickly, short production
period and shelf life. Such fruit may be converted into value-added products
such as juice, jelly, squash, canned litchi, nuts, and frozen litchi. The most
common process to preserve litchi is canning. The aim of this study was to
evaluate the quality and storage of canned litchi affected by syrup solution
with different citric acid concentrations. The experiment was conducted at
the laboratory of Postharvest Technology Department, ACARE, Yezin Agri-
cultural University by using a randomized complete block design with four
replications. The treatments were the litchi flesh and syrup which consisted of
sucrose, distilled water without citric acid is treated as control and others are
treated with citric acid (0.2% and 0.4%) filled in a glass jar stored at room
temperature. Data on total soluble solid, pulp firmness, pulp colour (a*), total
titratable acidity, pH, total sugar, reducing sugar, non-reducing sugar, ascor-
bic acid, total phenolics content and microbial analysis were collected and
analysed. The canned litchi slightly increased in pulp colour with a slightly
decrease in pH value. The more the citric acid% in canned litchi is, the more
the pulp colour changed with the decrease in pH value along the storage pe-
riods is. There were no significant changes in total soluble solid and pulp
firmness of canned litchi till the end of the storage. There was decreased in
total sugar, non-reducing sugar and total titratable acidity. However, there
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were increased in reducing sugar, ascorbic acid and total phenolics content.
There was no occurrence of total viable count, yeasts and moulds in canned
litchi throughout the storage periods.
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1. Introduction

Litchi (also called Lychee or Leechee) belongs to the family Sapindaceae. Litchi
(Litchi chinensis Sonn.) is originated near southern China and northern Viet-
nam [1]. The fruit is grown commercially in many countries, including China,
India, Thailand, Pakistan, Madagascar, Mauritius, Australia, South Africa and
Israel which account for most of the fruit production [2]. After China, India and
Vietnam rank as the second and third-largest producers, in 2017 [3].

Litchi fruit is a non-climacteric subtropical fruit with high commercial value
for sweet-acidic taste, juicy, pleasant floral aroma which is surrounded by a red-
dish prickly leather-like skin and contains a shiny brown, usually large seed.
Litchi pulp contains proteins, lipids, carbohydrates, vitamins (mainly Vitamin C,
Vitamin B-complex) and phytonutrient flavonoids and minerals like manganese,
magnesium, copper, iron, folate to name a few but amounts vary with the litchi
variant [4] [5].

In general, litchi fruits are commonly eaten as fresh, and also can be con-
sumed as other products like dried litchi, canned litchi, litchi honey, frozen litchi
juice, nuts, squash, cordial, syrups, soft drink, wine, jam, jelly and concentrates
[6] [7] [8] [9]. However, with a limited shelf life and its short production period,
processed products such as canned litchi are mostly preserved.

Pink discolouration and texture are two important quality indices for canned
litchi with the occurrence of the former always occurring simultaneously with
degradation of texture [10]. Pink discolouration occurs in many canned fruit
and vegetable products [11]. This phenomenon is not only of sensory impor-
tance but also leads to nutritional losses. Discolouration in canned litchi can be
prevented with a 20 °Brix syrup containing 0.1% - 0.15% citric acid when boiled
in water for less than 10 min [12]. Citric acid is an organic acid and it can be
used as a food additive [13] to improve the acidity and flavour of foods, thereby
improving the quality of preservation and preventing food spoilage [14]. Citric
acid can also efficiently improve postharvest fruit quality, which has been proven
in studies on apple and litchi [15] [16]. The use of citric acid in fresh-cut water
chestnut can maintain its food quality and extend its shelf life [17]. Citric acid

treatment can slow down the decrease in the soluble sugars and titratable acidity
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and is beneficial to maintain the fruit quality of Chinese jujube fruits during
storage [18].

In order to maintain colour, texture and quality of canned litchi, the effect of
citric acid content would be investigated in this study. Moreover, there was no
preservation of fresh litchi by canning in Myanmar. Currently, canned litchis are
mostly used imported products from China and Thailand. Thus, the objective of
the study was to investigate the quality and storage of canned litchi affected by

syrup solution with different citric acid concentrations.

2. Materials and Methods

2.1. Experimental Site and Duration

The experiment was conducted at the laboratory of the Department of Post-
harvest Technology, Advanced Center for Agricultural Research and Education
(ACARE), Yezin Agricultural University, Naypyitaw, Myanmar from June to
December, 2019.

2.2. Procurement of Experimental Material

Physiologically matured (135 - 140 days after flowering) litchi fruits were har-
vested from Naungmon village in Lashio Township at northern Shan State,
Myanmar. After shipment, the fruits which were without any defects and uni-
form in shape, colour and size were selected. The fruits were precooled by air-dried
prior to canning processing. The litchi fruits were canned according to the com-

mercial process of the Royal Agriculture Company Ltd. (Chiangmai, Thailand).

2.3. Procedure for Canning

The fruits were peeled, destoned, and destined pulp (aril). After removing the
seed, 120 g of litchi flesh were filled in sterilized glass jar and 175 g of syrup
which consisted of 300 g sucrose, 700 g of distilled water were also prepared. Ci-
tric acid (0.0, 0.2% and 0.4%) were added according to the treatments, respec-
tively. The filled cans were exhausted in steam for 6 minutes at 100°C, then
sealed, and sterilized in boiling water for 18 minutes and cooled down to 45°C.
All canned litchis were stored at room temperature prior to analysis. The data

were evaluated at 15, 30, 60 and 90 days after storage.

2.4. Quality Determination
2.4.1. Measurement of Total Soluble Solid, Pulp Firmness, Pulp Colour
(a*), Total Titratable Acidity and pH

Total soluble solid of canned litchi was determined by squeezing the juice and
measured by using RUDOLPH J47 automatic refractometer and the values were
expressed in terms of degree Brix (°Brix). The pulp firmness of canned litchi
was measured by using a digital Firmness Texture (TA.XT plus Texture Analys-
er) whereby each of five canned litchi pulps as a replicate was placed on a sample

platform at a constant probe speed of 2 mm-sec” on two sides of the fruit.
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Firmness was measured based on millimeters of fruit deformation using 5 mm
diameter cylinder probe which penetrates the pulp by 5 mm. The mean value of
each pulp of canned litchi puncture resistance was expressed as Newton (N) of
force. The pulp colour changes a* (red to green) of canned litchi was evaluated
with a colorimeter (NR-20XE). The coordinate a* defines the deviation from the
achromatic point corresponding to lightness, to red when it is positive and to
green if negative. Two readings were taken using five canned litchi pulps from
each treatment. Total titratable acidity of canned litchi was determined by the
acid-base titration method [19]. The aliquot of 10 ml of canned litchi aril was
taken and diluted with distilled water and then titrated against 0.1N NaOH (so-
dium hydroxide) using 2 - 3 drops of phenolphthalein as an indicator so that the
pink colour endpoint can be achieved. The titrated value was noted and total ti-
tratable acidity was calculated as citric acid equivalent according to the equation
and expressed as a percentage. The pH value of canned litchi aril juice was

measured by using an EC-40 pH meter.

2.4.2. Measurement of Total Sugar

Total sugar content in canned litchi was determined by Lane and Eynon method
reported by [19]. The sample extract filtrate of 25 ml was taken to which 2 ml of
concentrated hydrochloric acid (HCI) was added and kept for hydrolyzation
about 3 days at room temperature. The solution was neutralized with 1 N NaOH
solution using phenolphthalein as indicator and HCI was added into the solution
till the colourless, finally the volume was made up to 100 ml. This extract solu-
tion was then titrated against Fehling’s A and B solution as was done previously
in case of reducing sugar. The endpoint was also indicated by the brick red co-
lour precipitates. Titre value was used to calculate the percentage of total sugar

using the formulae.

2.4.3. Measurement of Reducing Sugar

Reducing sugar content in canned litchi was estimated by Land and Eynon me-
thod as described by [19]. The sample extract filtrate was taken in burette and ti-
trated against 4 ml of boiling mixed Fehling’s solution (2 ml Fehling’s solution A
+ 2 ml Fehling’s solution B) by using 2 - 3 drops of methylene blue as an indica-
tor. The endpoint was indicated by the appearance of brick red colour precipi-
tates. The formula was used for determining and the results expressed as per-

centage of reducing sugar in fruits.

2.4.4. Measurement of Non-Reducing Sugar
Non-reducing sugar content in canned litchi was calculated by subtracting re-

ducing sugar from the total sugar content and expressed as percentage.

2.4.5. Measurement of Ascorbic Acid
Ascorbic acid content of canned litchi was determined according to the method
described by [19]. The canned litchi aril juice of 10 g was taken and made up to a

volume 100 ml with 3% metaphosphoric acid (HPO,) solution. The suspension
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was filtered by using Whatman No.1 filter paper. The 2, 6-dichlorophenol indo-
phenol dye solution was standardized by titrating against standard ascorbic acid
solution and the dye factor was calculated before actual titration. The sample
juice of 5 ml was taken from the filtrate and titrated against standardized dye
solution through a burette till the pink colour was appeared as end point. Ascor-
bic acid content was calculated the formula and the results were expressed as

mg/100g of pulp.

2.4.6. Measurement of Total Phenolics Content

The total phenolics content of canned litchi aril was determined using the Folin-
Ciocalteu reagent as described by [20]. A sample of 0.5 ml aliquot of extract was
mixed with 2.5 ml of Folin-Ciocalteu reagent (diluted tenfold) and allowed to
react for 3 minutes at room temperature. Then, 2.5 ml of sodium carbonate so-
lution (7.5%) and distilled water were added for a total of 8 ml. The reaction
mixture was stored in the dark for 20 minutes at 25°C. The absorbance was
measured at 760 nm using a UV-2600 spectrophotometer (Shimadzu Inc., Kyo-
to, Japan). The calibration curve was plotted by preparing different concentra-
tion of 100, 200, 300, 400, 500 and 600 ug/ml Gallic acid solution, as performed
for construction the calibration curve. The total phenolic content was deter-
mined by using the formula and the results were expressed in milligram equiva-
lents of gallic acid (GAE) per 100 g of fresh sample (wb).

2.4.7. Assay for Microbial Analysis

Microbial examination was determined according to the [21]. The samples were
taken and serial dilution was aseptically diluted up to 1077 with sterile distilled
water. The agar plates were prepared by pour plate method. Total viable count
was determined with Plate Count Agar and the plates were incubated at 35°C for
48 h. Total yeasts and molds count were enumerated with Sabouraud Dextrose
Agar. The plates were then incubated at 25°C for 5 days for yeast and mold. Mi-
crobial counts were expressed as base 10 logarithms of colony forming units per

millilitre (log cfu/ml).

2.5. Statistical Analysis

The collected data were statistically analyzed for analysis of variance (ANOVA)
using Statistix version 8 software. The overall significance differences among the
treatments were quantified by Least Significant Difference (LSD) test at 1% level
(p <0.01) and 5% level (p < 0.05) of significance.

3. Results and Discussion
3.1. Total Soluble Solid

Total soluble solid (TSS) of canned litchi was no significant difference among
the treatments during the storage periods (Table 1). This indicates that no sig-
nificant changes of canned litchi in soluble solid content were observed along

the storage periods which cannot happen fermentation process from the product
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and can maintain the quality of canned litchi. At an initial day of storage, the
soluble solid content of fresh litchi (16.24 °Brix) was lower than all canned litchi
processed in syrup. The value of soluble solid content 25.06 °“Brix and 24.48
°Brix was recorded in untreated canned litchi at 15 and 90 days after storage.
The value of soluble solid content 24.31 °Brix and 24.89 "Brix was recorded in
0.2% citric acid-treated in canned litchi, whereas 24.61 °Brix and 23.97 °Brix was
recorded in 0.4% citric acid-treated in canned litchi at 15 and 90 days after sto-
rage. These values of soluble solid content result are considerably similar with
[22] reported that all the pressurised fresh litchi (16.3 = 1.79 °Brix), litchi in sy-
rup (22.6 °Brix), pressurised syrup litchi (22.8 *+ 0.47 °Brix) and canned litchi
(23.9 "Brix) had higher soluble solid contents than the fresh litchi (11.2 *Brix).

3.2. Pulp Firmness

Pulp firmness of canned litchi was no significant difference between treatments
during the storage periods (Figure 1). On an initial day of storage, the texture of
fresh litchi significantly decreased when the fresh litchi after preserved by canning.

Table 1. Total soluble solid of canned litchi as affected by syrup solution with different
citric acid concentrations.

Total soluble solid (°Brix)

Treatment days after storage
0 15 30 60 90
Control 16.24 25.06a 25.13a 25.72a 24.48a
0.2% citric acid 16.24 24.31a 24.65a 25.18ab 24.89a
0.4% citric acid 16.24 24.61a 25.59a 24.90b 23.97a
LSDy 05 - 1.25 1.20 0.73 2.04
Pr>F - ns ns ns ns
CV (%) - 2.93 2.75 1.67 4.82

ns = non-significant; Means in the same column followed by the same letters are not significantly different
at p < 0.05.

——o—Control ——0.2% citricacid —#&—0.4% citric acid

3.5
3.0
2.5
2.0
1.5
1.0
0.5

0.0 1 1 1 J
0 15 30 60 90

days after storage

Pulp firmness (N)

Figure 1. Effects of syrup solution with different citric acid concentrations on pulp firm-
ness of canned litchi.
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This may be due to the pulp litchi treated with high temperature when
processing. The pulp firmness value of fresh litchi was 2.88 N at initial day and
the untreated canned litchi was 0.93 N at 15 days and 0.57 N at 90 days after
storage. The pulp firmness value for 0.2% citric acid-treated in canned litchi was
0.71 N at 15 days and 0.55 N at 90 days after storage and then 0.4% citric ac-
id-treated in canned litchi was 0.73 N at 15 days and 0.49 N at 90 days after sto-
rage. These results are different with [10] measured that the texture values of
scoring system in canned litchi with different two cultivars of litchi and sugars
content. This may be due to the different measuring method of texture and dif-

ferent cultivar in canned litchi.

3.3. Pulp Colour

The a* (red to green) value of canned litchi was no significant difference among
the treatments at 15, 30 and 60 days after storage while there was highly signifi-
cant difference at 90 days after storage (Figure 2). The untreated canned litchi
was considerably the lowest a* value, but it was higher a* value at 15 days after
storage than the other treatments and decreased at 30 days after storage and then
increased gradually till the end of the storage. The canned litchi treated with
0.2% citric acid was lower a* value than that of 0.4% citric acid. This means that
increasing citric acid (0.4%) added in canned litchi, caused more increasing in a*
value. The lower a* value indicated that none or the lesser amount of citric acid
may be effective means of minimizing the pink discoloration with the lower in a*
value. This result was agreed with [10] reported that the greater the amount of
citric acid, the larger the a* value in canned litchi was observed. The a* value of
canned litchi has a positive relation with the pink discolouration as described by
[23]. [10] also described that the a* value evaluation represented the degree of

pink discolouration.

3.4. Total Titratable Acidity

Total titratable acidity (TTA) of canned litchi was highly significant difference
among the treatments throughout the storage periods (Table 2). The value of

——e—Control —f—0.2% citricacid =—#&—0.4% citric acid

10 - s
8 -
ns
$ 6 | ns "
t_ﬂ ‘Av
> p— Y
* 4 - B
©
2 -
O 1 1 1 J
0 15 30 60 90

days after storage

Figure 2. Effects of syrup solution with different citric acid concentrations on pulp colour
(a*) of canned litchi.
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acidity content of fresh litchi was 0.46% at initial day and significantly decreased
till 60 days after storage and then retained TTA percent at 90 days after storage.
The acidity content of canned litchi treated with 0.4% citric acid was significant-
ly the highest value (0.30%) followed by canned litchi treated with 0.2% citric
acid (0.25%) along the storage periods. During the storage periods, the lowest
value (0.20%) in TTA was observed in the untreated canned litchi. The reason
may be the increase in the amount of citric acid (0.4%) can result in more acidity
content of canned litchi. According to [24] stated that increase in acidity during

storage could be possibly associated with the fermentation process of litchi juice.

3.5.pH

The pH value of canned litchi was a highly significant difference among the
treatments along the storage periods. The canned litchi processed in syrup con-
taining 0.2% and 0.4% citric acid had lower pH values than the untreated canned
litchi (without containing citric acid) (Figure 3). Unexpectedly, the untreated
canned litchi maintained the pH value. However, canned litchi treated with 0.4%

Table 2. Total titratable acidity of canned litchi as affected by syrup solution with differ-
ent citric acid concentrations.

Total titratable acidity (%)

Treatment days after storage

0 15 30 60 920
Control 0.46 0.25b 0.21c 0.20c 0.20c
0.2% citric acid 0.46 0.28b 0.25b 0.25b 0.25b
0.4% citric acid 0.46 0.35a 0.35a 0.30a 0.30a
LSDys - 0.04 0.04 0.03 0.02

Pr>F 3 - - - -
CV (%) - 8.63 7.73 6.57 5.62

** = significant level at 1%; Means in the same column followed by the same letters are not significantly
different at p < 0.05.

—o—Control —=—0.2% citricacid =—#&=0.4% citric acid

K%

4.3
4.2

40
39
38
3.7

3.6 1 1 1 J
0 15 30 60 90

days after storage

Figure 3. Effects of syrup solution with different citric acid concentrations on pH of
canned litchi.
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citric acid had lower pH value than those of 0.2% citric acid till the end of the
storage. This indicates that increase in amount of citric acid may cause more de-
crease in pH value. The pH value (4.22) of the initial day was higher than other
days in canned litchi syrup. The highest pH value for the untreated canned litchi
was 4.15 at 15 days and 4.13 at 90 days after storage, whilst the lowest pH value
for 0.4% citric acid-treated in canned litchi was 3.93 at 15 days and 3.84 at 90
days after storage. The pH value for 0.2% citric acid-treated in canned litchi was
4.13 at 15 days and 4.04 at 90 days after storage. This result was agreed with [22]
found that all litchi processed in syrup of pressurised fresh litchi (4.60 + 0.13),
litchi in syrup (4.22), pressurised syrup litchi (4.25 + 0.10) and canned litchi
(4.12) had lower pH values than the fresh litchi (4.72). According to the report
by [10], the pH value of the Kwai-Wei litchi was 4.7 which was the lowest and
the Sakan litchi had 5.5 pH value, the highest value. The pH value of canned lit-
chi (cv. Hau-yeh) was ranged between 4.35 - 3.86 and canned litchi (cv.
No-mitzu) was ranged between 4.33 - 3.90 pH value. The pH values of canned
litchi (cv. Hau-yeh and cv. No-mitzu) with 0.2% citric acid added in syrup had
higher pH value than 0.4% and 0.6% citric acid added in canned litchi at 26°C +
1°C for one year [10].

3.6. Total Sugar

Total sugar of all canned litchi was no significant difference among the treat-
ments during the storage periods (Table 3). The value of total sugar gradually
decreased periodically along the storage days. On an initial day of storage, the
value of the total sugar content of fresh litchi was 18.22%. Total sugar of canned
litchi treated with 0.2% citric acid was the highest value (14.51%) and the lowest
value (13.77%) was observed in 0.4% citric acid-treated in canned litchi. In this
result, total sugar content of all canned litchi decreased gradually till the end of
the storage. According to [25] proposed that the increase in total sugars could be

result of hydrolysis of polysaccharides like pectin, cellulose and starch into simple

Table 3. Total sugar of canned litchi as affected by syrup solution with different citric ac-
id concentrations.

Total sugar (%)

Treatment days after storage
0 15 30 60 90
Control 18.22 17.97a 17.65a 16.82a 14.25a
0.2% citric acid 18.22 17.81a 17.06a 16.09a 14.51a
0.4% citric acid 18.22 17.44a 17.13a 15.92a 13.77a
LSDg 45 - 0.94 0.97 1.93 2.18
Pr>F - ns ns ns ns
CV (%) - 3.05 3.23 6.86 8.90

ns = non-significant; Means in the same column followed by the same letters are not significantly different
at p <0.05.
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sugars in most fruit juice.

3.7. Reducing Sugar

Reducing sugar of canned litchi was no significant difference among the
treatments at 15, 30 and 60 days after storage. However, there was highly sig-
nificant difference between treatments at 90 days after storage (Table 4). On
initial day of storage, the value of reducing sugar content of fresh litchi was
7.10%. Among the treatment, canned litchi treated with 0.2% citric acid was
observed the highest value (7.88%) reducing sugar content followed by (7.28%)
canned litchi treated with 0.4% citric acid. The lowest value (6.40%) reducing
sugar content was observed in the untreated canned litchi at 90 days after sto-
rage. In this result, the value of reducing sugar content of 0.2% and 0.4% citric
acid-treated in canned litchi increased during the storage periods. According
to [25] described an increase in reducing sugar during storage may be due to
the gradual conversion of non-reducing sugar and acids into reducing sugars

in cashew apple juice.

3.8. Non-Reducing Sugar

Non-reducing sugar of all canned litchi was no significant difference between
treatments during the storage periods (Table 5). At an initial day of storage, the
value of non-reducing sugar content of fresh litchi was 11.12%. The value of
non-reducing sugar content 9.65% and 7.85% was recorded in untreated canned
litchi at 15 and 90 days after storage. The value of non-reducing sugar content
9.00% and 6.62% was recorded in 0.2% citric acid-treated canned litchi, whereas
9.86% and 6.49% were recorded in 0.4% citric acid-treated in canned litchi at 15
and 90 days after storage. The untreated canned litchi was considerably the
highest non-reducing sugar content. Moreover, 0.2% and 0.4% citric acid-treated
in canned litchi were observed similar trends in non-reducing sugar content till

the end of the storage.

Table 4. Reducing sugar of canned litchi as affected by syrup solution with different citric
acid concentrations

Reducing sugar (%)
Treatment days after storage
0 15 30 60 90
Control 7.10 8.33 8.46 7.40 6.40b
0.2% citric acid 7.10 8.81 8.41 8.79 7.88a
0.4% citric acid 7.10 7.58 8.74 8.14 7.28a
LSDys - 1.70 0.94 1.78 0.83
Pr>F - ns ns ns bl
CV (%) - 11.88 6.36 12.70 6.71

ns = non-significant, ** = significant level at 1%; Means in the same column followed by the same letters are
not significantly different at p < 0.05.
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3.9. Ascorbic Acid

Ascorbic acid (vitamin C) of canned litchi was no significant difference among
the treatments at 15, 30 and 60 days after storage. There was a highly significant
difference at 90 days after storage (Table 6). The value of vitamin C content of
fresh litchi was 32.00 mg/100g on initial day. The value of vitamin C content
20.72 mg/100g was observed in canned litchi treated by citric acid 0.2% and 0.4%
at 90 days after storage. The untreated canned litchi at 90 days after storage was
the lowest ascorbic acid content (13.44 mg/100g) and it was due to untreated ci-
tric acid. On initial day of storage, the vitamin C content of fresh litchi consi-
derably decreased after preservation of fresh litchi by canning. This is due to vi-
tamin C is heat sensitive and decreased in vitamin C content during the
processing period by high temperature and thus storage time affects vitamin C
content as reported by [26]. Ascorbic acid content of canned litchi was no major

changes up to 60 days after storage. However, 0.2% and 0.4% citric acid-treated

Table 5. Non-reducing sugar of canned litchi as affected by syrup solution with different
citric acid concentrations.

Non-reducing sugar (%)

Treatment days after storage

0 15 30 60 90
Control 11.12 9.65 9.19 9.42 7.85
0.2% citric acid 11.12 9.00 8.65 7.30 6.62
0.4% citric acid 11.12 9.86 8.39 7.78 6.49
LSDy 5 - 1.84 1.35 3.43 2.53

Pr>F - ns ns ns ns
CV (%) - 11.18 8.92 24.29 2091

ns = non-significant; Means in the same column followed by the same letters are not significantly different
at p < 0.05.

Table 6. Ascorbic acid of canned litchi as affected by syrup solution with different citric
acid concentrations.

Vitamin C content (mg/100g)

Treatment days after storage

0 15 30 60 90
Control 32.00 12.04a 13.44a 10.92a 13.44b
0.2% citric acid 32.00 12.32a 14.28a 11.48a 20.72a
0.4% citric acid 32.00 14.00a 12.60a 12.04a 20.72a

LSDy 05 - 4.59 3.14 2.10 4.02

Pr>F - ns ns ns bl
CV (%) - 20.72 13.5 10.60 12.69

ns = non-significant, ** = significant level at 1%; Means in the same column followed by the same letters are
not significantly different at p < 0.05.
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in canned litchi were highly increased in ascorbic acid at 90 days after storage.
According to [24] mentioned an if decrease in the ascorbic acid content of litchi
fruit juice during the passage of storage duration might be due to the interaction
effect of light, metallic ions and prevailing high temperature which had resulted
in oxidation of ascorbic acid to dehydroascorbic acid. In this study, an increase
in ascorbic acid was found in canned litchi during storage that had not resulted

from ascorbic acid oxidation.

3.10. Total Phenolics Content

The total phenolics content of canned litchi aril increased during the storage pe-
riods. There was no significant difference at 15 days after storage. However,
there was a highly significant difference at 30, 60 and 90 days after storage
(Figure 4). At an initial day of storage, the total phenolics content of fresh litchi
increased after the preservation of fresh litchi by canning. The untreated canned
litchi was no major changes along the storage periods and it was observed the
lowest value of total phenolics content. 0.2% citric acid-treated in canned litchi
exhibited more total phenolics content than that of 0.4% citric acid-treated
canned litchi. At an initial day of storage, the value of total phenolics content of
fresh litchi was 11.89 mg GAE/100g. The lowest value of total phenolics content
for the untreated canned litchi was 18.49 mg GAE/ 100g at 15 days and 19.55 mg
GAE/100g at 90 days after storage, whilst the highest value was 19.15 mg
GAE/100g at 15 days and 23.02 mg GAE/100g at 90 days after storage of total
phenolics content was observed in canned litchi treated by 0.2% citric acid. Ac-
cording to [27] described that the total phenolics content of homogenized for
canned longan (47.69 * 8.46 mg GAE/100g), canned litchi (51.80 % 17.63 mg
GAE/100g) and canned rambutan (27.53 + 6.46 mg GAE/100g).

3.11. Microbial Analysis

Total viable count, yeasts and molds were totally absent in all canned litchi

processed in syrup during the advancement of the storage periods. The reason

——o—Control ——0.2% citricacid —#&—0.4% citric acid
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©
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Figure 4. Effects of syrup solution with different citric acid concentrations on total phe-
nolics content of canned litchi.
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may be caused by canned litchi processed by high temperature with tight her-
metically sealed containers leading to inhibit microbial contamination. Moreo-
ver, the canned litchi was processed by the thermal pasteurization in boiling wa-
ter for 18 minutes, which was affected on the inactivation of microorganisms.
This result is different from [21] evaluated microbial analysis in canned products
from purchased markets. The total viable count (TVC) was detected up to the
level of 1.43 - 2.40 log cfu/g and a load of total yeasts and molds count (TYM)
was counted to the level of 1.0 - 1.85 log cfu/g in finished products of canned
orange, grapefruit, peach, pineapple, cocktail and cherry. The highest number of
TVC and TYM was detected in a canned cocktail. However, coliforms, Clostri-
dium spp., Staphylococcus aureus and Escherichia coli were totally absent in all
canned fruits. [28] stated that the microbial contamination can occur at any step
from production to consumption but the microbial growth during storage de-
pends on the quality of packaging, storage temperature and preservatives added.
[29] suggested that the desirable fungal count in all products should be in the
order of 10’ - 10° (cfu/ml).

4. Conclusions

Organic acid like citric acid has been tested for the preservation of canned litchi
due to the good additive, safety and preventing food spoilage. This study has
shown that the untreated canned litchi in a* (red to green) value was more effec-
tive in minimising pink discolouration than 0.2% citric acid-treated in canned
litchi. There were no changes in all canned litchi on pulp firmness and total so-
luble solid during the storage periods. Moreover, there was no significant dif-
ference between treatments on total sugar and non-reducing sugar in canned
litchi along the storage periods. The untreated canned litchi can be maintained
the pH value, whilst canned litchi treated with 0.2% citric acid exhibited more
total phenolics content, pH value and reducing sugar content than those of 0.4%
citric acid-treated canned litchi. However, 0.4% citric acid-treated in canned lit-
chi was observed the highest total titratable acidity. Similar trends were seen in
ascorbic acid from 0.2% and 0.4% citric acid-treated in canned litchi. The ex-
pected total viable count, yeasts and molds were not found in all canned litchi
during the advancement of the storage periods.

These findings indicated that the untreated and 0.2% citric acid-treated
canned litchi can well retain fresh quality, safety and preservation of canned lit-
chi products stored at room temperature for about three months. Canned litchi
treated with 0.2% of citric acid should be used to preserve litchi fruits on a
commercial scale due to the highest in reducing sugar and total phenolics con-

tent with good pulp quality.
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