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ABSTRACT

In this article, effect of modified atmosphere pagikg (MAP) and different postharvest
treatments on quality of litchL{tchi chinensis Sonn.) fruit was investigated. Quality indexes of
litchi during cold storage at 4 + °C were measured in terms of decay, total solublielsso
titratable acidity, color, anthocyanin content ancdidence of microbiological infection. These
indexes were determined at harvest and 7, 14, 1gn2l 35 days after storage. The results
suggested that after 35 days of storage, the pprimawning and fruit quality deterioration can
be improved compared to the control by dippingtfiuihot water at 47C in 7 min., followed
by oxalic acid solution (pH = 3 in 6 min.) and fitygpacked in MAP bag (LDPE, thickness of
30 um incorporated 3 - 5 % silica additive) andeddaat 4 + £C and relative humidity of 90 %.

Keywords: litchi, modified atmosphere packaging, postharuestment, storage, fruit quality.

1. INTRODUCTION

Litchi (Litchi chinensis Sonn.) is a tropical to subtropical fruit, highdgimired for its
characteristic appealing bright red color, delisidaste, and attractive aroma, were grown in
Luc Ngan district, Bac Giang province of Viethamowever, the litchi fruits are consumed
mainly in the domestic market, exported partially -(10 %) to the close markets such as
Southeast Asian countries, Australia, etc.[1]. é&@d browning, desiccation and postharvest
decay have been identified as major problems whieltly reduce its market value around the
globe.

Previous studies have shown that the pericarp brgnof the litchi fruit is related to the
oxidation of phenolic compounds by peroxidase (PCGIDd polyphenol oxidase (PPO),
membrane lipid peroxidation, degradation of antlamirys, and redox imbalance resulting from
overproduction of reactive oxygen species (ROS)dewleased antioxidant capacity. Therefore,
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the inhibition of these physiological processesl@¢de important for controlling the pericarp
browning and extending the shelf life of harvedttgihi fruit. The litchi industry commercially
uses sulphur dioxide (SPfumigation to overcome these problems. Howeve€r, famigation
leaves undesirable residues, alters the fruit tasig results in health hazards for consumers and
pack house workers [2].

Many studies have shown that pericarp color wasita@ied well by dipping in dilute acid
solution (at low pH). Either treatment with acidugmn such as oxalic acid, chlohydric acid,
citric acid, ascorbic acid... or combining acidd arhitosan was significantly inhibited PPO
enzyme activity and maintained anthocyanin in @egcat high level. Among them, treatment
with oxalic acid solution controlled pericarp bramg the best due to increasing uniformity of
the cell membrane and inhibiting activity of PPQyane during storage. Moreover, oxalic acid
is a natural antioxidant and a metabolic produat ik distributed among different organs of
plants, play an important role in the natural artdigial preservation of oxidized materials [3-
5].

In addition, the approaches which inhibit the gtowdf microorganisms have been
investigated. Using synthesis antifungal incorpetatooling is a highly effective method.
However, if the treatment method, dosage and isolaturation etc. were not controlled strictly,
it could be harmful to humans and the environmEliot. water treatment (by spraying, dipping
or brushing...) not only slow the growth of pathegédut also inhibit the possibility of infection
of fruits. This method can be alternative to sulptiioxide fumigation method, applied easily at
commercial scale, not affect human health. Combingd acid treatment obtained more safe
and higher quality litchi fruits [6].

Modified atmosphere packaging (MAP) is the besthmeétfor litchi fruit preservatiorand
storage. The successful use of MAP is based olsgheific permeation properties of polymer
films to O, and CQ to generate atmospheres that are suitable fopdktharvest life of many
horticultural commaodities. This technology alsovpdes three advantages: (1) it helps to reduce
browning, (2) to control postharvest diseases &8jdt (naintains a high humid environment for
litchi fruit inside the sealed plastic film [5].

In previous studies, the effect of various MAP miate on postharvest quality retention of
litchi has been investigated. The results showed tiere are insignificant difference in the
quality litchi between storing in MAP bags produd®dthe Institute of Chemistry and CE44
bags from Korea after 4 weeks storage. The weigbs bf fruits packed in these film was
4.37 % and 4.24 %, respectively. While the incigeat decay of fruits packed in PE (with the
same thickness) is 100 % after 4 weeks storagé fig.objective of this study was to investigate
various postharvest treatment methods combined peittkaging in MAP to reduce incidence of
microbiological infection, extend shelf-life and im@in, improve sensory quality and the
commercial value of litchi fruit.

2. MATERIALSAND METHODS
2.1. Materials

- Litchi (Litchi chinensis Sonn.) fruits which were harvested in Quy Son come) Luc
Ngan district, Bac Giang province, reached haruesurity 2 (80 - 85 days after full bloom). In
the study, chlohydric acid, citric acid, oxalic dcistandard sodium hydroxide solution,
phenolphthalein (China). Modified atmosphere pati@gMAP) bags, the commercial product
with GreenMAP trademark, was manufactured in latitof Chemistry, Vietham Academy of
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Science and Technology from polyethylene incorgerdt- 5 % silica additive. The thickness of
the bags was 30 um (size 25 cm x 30 cm).

2.2. Posthar vest treatment

Litchi fruits were harvested, subjected to preliarin hydro-cooling (°C) by keeping in
insulated container containing ice and transpaiddboratory within 4 - 6 h. Fruits of uniform
size with the length of stalk 2 - 3 mm, free offypltal damage, injury caused by insects and
fungal infection were selected. The experiment daswere listed as follows:

(CT1) - Control, fruits were untreated

(CT2) - Fruits were dipped in hot water at°€7for 7 minutes

(CT3) - After treating with hot water, fruits wedgped in hydrochloric acid solution
(CT4) - After treating with hot water, fruits wed@ped in citric acid solution

(CT5) - After treating with hot water, fruits wetdégped in oxalic acid solution

For applying hot water treatment, the fruits weigpdd in hot water kept at 4T for 7
min., air dried (18 — 20C). For applying hot water treatment and differaotds, hot water
treated fruits were dipped in pH 3 acid solutionis@ min., air dried (18 — 28C). The air dried
fruits were distributed into groups of 2 kg andrith@laced inside the MAP bags, kept for
observations under cold storage conditions (4 *€)L Each experiment had three replicates.
Fruits from each replication were taken for detemenchanges of terms of decay, total soluble
solids, titratable acidity, color, anthocyanin anitand incidence of microbiological infection
after 7, 14, 21, 28, 35 days of storage and theeswt was the average value.

2.3. Methods
2.3.1. Decay

Decay was defined as the ratio of decayed fruitghteifruits were caused of fungi,
pericarp browning, physical damage) and initiaitfweight.

2.3.2. Total soluble solids content

Total soluble solids content is determined accardinTCVN 7771:2007 standard using a
digital refractometer (PR-101 Atago, Japan).

2.3.3. Titratable acidity content

Total acidity content is determined according toVNC 5483-91 standard using the
automated voltage titration device Titrino 702SMetkdhm (Switzerland).

2.3.4. Color

Color of the whole litchi fruit was measured by ael@Tec 5974-01 Colorimeter (Mexico)
and the results were expressed as L, a, b (Huatee) The “L” scale ranges from no reflection,
i.e., black (L = 0) to perfect diffuse reflectidre., white (L = 100). The “a” scale ranges from
negative values for green (-60) to positive valtggsred (+60), and the “b” scale ranges from
negative values for blue (-60) to positive valuasyfellow (+60).

AE color index indicates the level difference in fhexicarp color of stored fruits and the

pericarp color of initial fruitsAE = VAL + Aa’ + b
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2.3.5. Anthocyanin content

Anthocyanin content was determined by differenpiel method (AOAC Official Method
2005.02).

2.3.6. Incidence of microbiological infection

Incidence of microbiological infection index waseassed by using the scale (Table I). The
method outlined by Khan et al. [8] was used to mheitee this index.

Table 1. Scales used for incidence of microbiological @tifen index.

Scale Incidence of microbiological infection

1 no fruit infected

0 - 5 % infected fruits

5 -10 % infected fruits

10 - 25 % infected fruits

25 - 50% of infected fruits

o (0|~ W N

50 % of infected fruits

3. RESULTSAND DISCUSSION

3.1. Decay
Table 2. Effect of treatments on the decay (%).
Weeks
Samples ! 2 3 4 >
CT1 3.21+£0.17 5.14+0.81 8.75+0.25 12.61+£1.12 17.52 +1.24
CT2 2.91+1.08 3.76 £ 0.55 4.62£0.31 6.32+0.98 9.73+1.34
CT3 4.75+0.72 5.62 £0.47 6.48 +0.19 8.21+1.0p 11.66 +0.98
CT4 0.00 0.00 4.05 £0.52 6.28 + 0.37| 8.32+2.31
CT5 0.00 0.00 3.63£0.36 5.62 +0.22 7.45+1.34

Decay is an important indicator to determine if fhreservation methods is successful.
Results are presented in Table 2.

The results showed that the pretreatment metholdsebstorage significantly reduces the
rate of deterioration compared with using only niedi atmosphere packing (MAP). However,
there is a difference about the effectiveness dfi @aethod for pretreatment process.

Actual observations showed that the hot waternmneat is able to limit the development of
pathogenic mold, fungi and microorganisms on pepicdout it didn't limit the pericarp
browning. Process should be a certain percentafreiblamaged by pericarp browning. Litchi
fruits being treated with hydrochloric acid solutiare nice red. However, because the litchi is
fruit wood pericarp, easily subjected to strongladeading to softening of shells and there are
many cracks which lost market value since the firseks of storage. Meanwhile, the structure
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of pericarp of litchi fruits which were pre-treatedgth a solution of citric acid and oxalic acid
did not change. In addition, they still showed ggquaiformance, i.e. valuable hardness and
relatively good sense.

3.2. Total soluble solids

Total soluble solids (TSS) is one of the imporiadicators to determine the quality during
storage of litchi. The change of TSS in the presom process is shown in Figure 1.

Total solible solids ("Brix)
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Figure 1. Effect of the treatment methods on the total delgblids content.

The total soluble solids content trends to decrelaseng storage, due to these substances
are still taking part in the process of metaboltenmaintain the life of the fruit. However, the
TSS content went down insignificantly and there nitathe difference between the samples
treated with different agents. After 3 weeks sterabe rate of change of TSS content in most of
the samples tends to be significantly increasetkr/Af weeks of storage, the TSS content in CT5
least reduced (approximately 94 % compared th@&linilue) and decreased the most in CT1
(about 79 % from the initial state).

3.3. Titratable acid

The goal of preservation is to reduce to a minintbenloss of organic acid content in the
litchi to maintain the sensory value of the friesults of studying the total acid content in the
preservation process is shown in Figure 2.
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Figure 2. Effect of the treatment methods on the changérafdble acid content.
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In the process of preserving, the total acid cdntemds to decrease, which proved partly
flesh had been transformed. However, after the #rgveeks of storage, the difference of the
total acid content in the samples is negligiblee Tdtal acid content in the fruit treated with acid
solution remain around 88 % - 90 % from the initialue after 5 weeks of storage. This result is
consistent with the report by Khan et al. [8] stadythe preserving litchi on the cool condition.

3.4. Color

For litchi, the color is the first criteriuraf evaluation affecting the purchase decisions of
consumers. In the process of preserving]itbki fruit pericarp tended to be browning thahdis
to their commercial viability to be a serious deeli The results of the effects of treatment
methods to change the color of the pericarp isgotesl in Table 3.

Table 3. Effect of treatment methods on the color changeeoicarp AE).

Weeks 0 1 2 3 4 5
Samples
CT1 0 281+£0.1g 5.31+0.090 8.25+0.27 1190370, 16.18 +0.54
CT2 0 271+£0.24 542015 790+x0.51 10.3830415.34+0.31
CT3 0 238+0.11 456+0.20 6.89+0.23 9.02#40.p 13.27+0.16
CT4 0 1.95+0.14 3.89+0.36 572+0.34 8.1340811.16+0.41
CT5 0 1.01+£0.21 201+£0.1B 3.84+0.07 5.67 50.1 9.33+0.32

During the storage period, the pericarp browningreased with increasing period of
storage because PPO enzyme decaying the anthosytimis forming brown-color by-products.
The higher value okE, the higher the color change.

The results showed that th& index tends to increase in all the samples irptheervation
process. After 5 weeks of storage, thE indexes of the samples which were treated with
organic acid solution were lowest. This result povthe effect of the treatment process with
acid in the maintenance of pericarp color due éodttivity of the PPO enzyme was inhibited at
low pH levels, so the color change of the litchiitfroccurs more slowly. In addition, the red
color of the samples treated with hydrochloric asidution remain good, but because of the
influence of microorganisms, the brightness ofiqaep was not maintained such as the fruits
which were dipped with citric and oxalic acid sabat

3.5. Anthocyanin content
The pericarp browning phenomenon of litchi occuraimy due to the oxidation of
anthocyanin compounds forming brown products unidereffect of the PPO enzyme; é&nd

H,O, which is produced when vitamin C is decomposede HEmalytical results of the
anthocyanin content in pericarp during storagé@s in Figure 3.
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Figure 3. The effect of treatment methods on the anthocyewittent.

It can be seen that the anthocyanin content dezsediging the storage period, especially
CT1, CT2 and CT4. The reduction of the anthocyanintent in CT3 and CT5 is not significant
and this value is maintained at a high level &tereeks of preservation. Oxalic acid is oxidized
easily by HO,, this process competes with the oxidation reaatfoenthocyanin. So it helps the
red color of pericarp remain for more long timerthiae fruits treated with citric acid solution.

3.6. Incidence of microbiological infection

The diseases caused by microorganisms is a majeec# reduced the storage period and
commercial value of litchi. The results of studyinige growth of diseases caused by
microorganisms during storage are shown in Table 4.

Table 4. The effect of the treatment methods in the devabat of diseases caused by microorganisms.

Weeks
0 1 2 3 4 5
Samples
CT1 1.0 2.0 25 3.0 35 4.0
CT2 1.0 1.0 1.0 2.0 2.0 25
CT3 1.0 2.0 3.0 35 4.0 4.5
CT4 1.0 1.0 1.0 15 2.0 2.0
CT5 1.0 1.0 1.0 1.0 2.0 2.0

The results showed that after 2 weeks of stordgedisease indicators in CT2, CT4 and
CT5 are similar when harvested fruit. After 5 weeksstorage, the disease indicators in CT4
and CT5 increased up only 2 points (corresponding 6 % of the pericarp is infected). The
sample treated with hydrochloric acid solution (EMhdve signs of cracking, so microorganisms
can penetrate easily, causing increased the amdurfected fruits.

4. CONCLUSIONS

The results showed that treatment of litchi by\water at 47C for 7 min., then dipped in a
oxalic acid solution (pH = 3 for 6 min.), finallyapked in MAP bags with the thickness of,30
(incorporated 3-5 % silica additives) and stored at1°C, 90 % humidity can extend the storage
time to 35 days (5 weeks) at the decay incidenc&0<%, the quality of fruit change
insignificantly compared initial state, color peip is of stability and low disease index.
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This result is the basis for preserving posthariiesti on a large scale, helping to extend

shelf life, maintaining fruit quality, suitable ftine storage and transport over long distances.
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