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Abstract

Litchi (Litchi chinensis Sonn. cv Heiye) fruit were stored in air, modified atmosphere packaging (MAP) and controlled atmos-
pheres (CA) at 3 °C to determine the effects of different O, and CO, atmospheres on physiology, quality and decay during the stor-
age periods. The results indicated that CA conditions were more effective in reducing total phenol content, delaying anthocyanidin
decomposition, preventing pericarp browning, and decreasing fruit decay in comparison with MAP treatment. Polyphenol oxidase
(PPO), peroxidase (POD), anthocyanin and total phenols were involved in cellular browning. High O, treatment significantly limited
ethanol production of litchi flesh in the early period of storage. The fruit stored in CA conditions for 42 days maintained good qual-

ity without any off-flavour.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Litchi (Litchi chinensis Sonn.), native to southern
China, is adapted to the warm subtropics, cropping best
in regions with brief cool dry frost-free winters and long
hot summers with high rainfall and humidity (Menzel &
Simpson, 1987). The fruit easily loses its commercial va-
lue after harvest due to pericarp browning, quality dete-
rioration and decay (Ray, 1998). Browning of litchi
pericarp is still considered to be a major problem affect-
ing its market value. During the past two decades, a con-
siderable amount of research work has been carried out
on litchi fruit, including analyzing the role of pigments,
hormones and some other closely related factors respon-
sible for postharvest browning of litchi fruit (Underhill
& Critchley, 1994; Zhang & Quantick, 1997), selecting
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suitable storage temperature and postharvest chemical
treatments to prevent browning, control decay and ex-
tend storage life (Paull & Chen, 1987; Ray, 1998; Zaub-
erman et al., 1991).

Browning of litchi pericarp was thought to be due to
degradation of anthocyanidin by polyphenol oxidase
(PPO) and peroxidase (POD) (Chen & Wang, 1989;
Nip, 1988) and was primarily the result of PPO activity
degrading the anthocyanins and producing brown-col-
oured by-products (Huang, Hart, Lee, & Wicker,
1990). Since PPO can not oxidize monophenols on o-
diphenols (Mayer & Harel, 1978), the POD was also
suggested to play an important role in the browning of
litchi pericarp (Gong & Tian, 2002). In general, sulfur
dioxide treatments have been widely used to control
saprophytic surface fungi and prevent peel browning
of litchi fruit (Huang et al., 1990; Underhill, Critchley,
& Simons, 1992).

Modified atmosphere packaging (MAP) has been
considered to be beneficial to maintain high humidity,
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essential for prevention of water loss and browning of
litchi pericarp (Kader, 1994; Pesis et al., 2002). Control-
led atmospheres (CA), with low-O, and high-CO», have
been successfully used to reduce decay, maintain quality
and extend storage life in many fruits (Beaudry, 1999).
In recent years, high O, treatment was considered to
be effective in inhibiting enzymic discoloration, prevent-
ing anaerobic fermentation reactions, and limiting aero-
bic and anaerobic microbial growth (Day, 1996). In the
previous study, we found that CA conditions could
effectively extend storage life of longan fruit; particu-
larly, CA with 70% O, concentration significantly
inhibited peel browning (Tian, Xu, Jiang, & Gong,
2002). However, there are no published data on the
effects of CA with high-O, or low-O, and high-CO,
atmospheres on physiology, metabolism and quality of
litchi fruit.

Y (Browning level) x number of fruit at the browning level

analyzer. The concentrations of O, and CO» in the MAP
bags were measured by an atmosphere analyzer (CYES-
I1, Shanghai, China) each 14 days during the experimental
periods. The fruit were stored in CA conditions and MAP
at 3 °C with approximately 95% relative humidity (RH),
and in air as the control. There were 150 kg fruit in each
CA cabinet, 50 kg of fruit in MAP and 30 kg of fruit in
air, respectively, with three replications. According to
the treatments, about 5 kg of fruits were used for each
analysis after the specified intervals of 14 days.

2.2. Measurements of browning and decay
Peel browning severity was determined as: 1 =no
browning; 2 = less than 1/4 browning; 3 = less than 1/4-

1/2 browning; 4 = more than 1/2 browning. The brown-
ing index was calculated by the following formula:

x 100%.

Browing Index =

The objective of this study was to investigate the ef-
fects of different storage conditions, such as MAP, CA
with high-O, or low-O, and high-CO, atmospheres, on
physiological properties, quality attributes and storabil-
ity of litchi fruit, and to evaluate the relationship be-
tween pericarp browning and activities of PPO and
POD, as well as contents of total phenol and anthocyan-
idin in pericarp of litchi fruit.

2. Materials and methods
2.1. Fruit and storage conditions

Litchi fruit were harvested from a commercial orch-
ard in Maoming, Guangdong province, China. The fruit
were precooled immediately at 5 °C after harvest, sorted
without wounded fruit, put in the foam-boxes with ice
and sealed, then transported to Beijing by air (about
3-5 h). The storage conditions included the following:
MAP, 0.03 mm thick polyethylene film bag (25 x 35
mm for 1 kg fruit, 15-19% O, + 2-4% CO,); CA-I, 5%
0, + 5% CO,; CA-II, fruit were stored in the high oxy-
gen concentration atmosphere (70% O, + 0% CO,) for
the first week, then kept in 5% O, + 5% CO,, and at
room temperature in air as the control.

CA cabinets (105 x 55 x 100 cm?), with CO, and ethyl-
ene absorbers, were linked with an atmosphere analyzer
(FC-701, Italy). Initial O, and CO5 levels in the cabinets
were established by a flow-through system, mixing N,
(100%) and O, (99.5%), or N, and CO, via pressure regu-
lators, then automatically controlled and regulated by the

Total number of fruit in the treatment

In each treatment, 30 fruits with three replications
were assessed for every 14 days to determine browning
severity and decay rate.

2.3. Determination of ethanol and soluble solids contents

Ethanol content in litchi flesh was determined by
headspace gas chromatography, as described by Tian,
Folchi, Pratella, and Bertolini (1996). A 0.5 ml sample
of the head space gas was removed by syringe and in-
jected into the gas chromatograph equipped with a
flame ionization detector (FID) and glass column (2
mm X 4 m). The experimental conditions were: 85 °C
oven temperature, 130 °C injector temperature, 250 °C
detector temperature. The components were identified
individually by comparing retention times against stand-
ards, concentrations being determined by a regression
equation calculated on four samples of standard
concentrations.

Soluble solids content (SSC) in flesh was determined
using an Abbe refractometer (10481 S/N, USA). There
were three replicates for each analysis per treatment.

2.4. Determination of PPO and POD activities

Fruit skins (5 g) from 10 fruit were ground with 40 ml
of 0.2 M sodium phosphate buffer (pH 6.4) and homog-
enised using a Kinematica tissue grinder (Crl-6010,
Kriens-LU, Switzerland) at 4 °C. After filtration of the
homogenate through one layer of cheesecloth, the fil-
trate was centrifuged at 12,000g for 30 min. PPO and
POD activities were measured at 25 °C and determined
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by monitoring the rate of dopachrome formation
at 398 and 460 nm, respectively, using an UV-160
spectrophotometer (Shimadzu, Japan) according to the
methodology described by Galeazzi, Sgarbieri, and
Costantinides (1981), and Tian et al. (2002). Protein
content was determined according to Bradford (1976)
using the Bio-Rad protein assay kit with bovine serum
albumin (Sigma) as standard. One unit of enzymatic
activities was defined as an increase in one absorbance
unit per minute at 25 °C. There were three replicates
for each analysis per treatment.

2.5. Assays of contents of total phenol and anthocyanins

Contents of anthocyanins were measured with a spec-
trophotometer (UV-160 Shimadzu, Japan) by the method
of Proctor (1974). A 2 g portion of litchi peel was cut
from 10 fruits, homogenized in 50 ml of 0.1% HCI in
methanol at low speed for 2 min, and extracted for 20
h at room temperature. Absorption of the extracts was
measured at 530, 620 and 650 nm. The anthocyanin
absorbance of the extracts was determined by means
of the formula: OD = (A530—A620)—0.1 (A650_A620)
(Lee & Wicker, 1991). One unit of anthocyanin content
was expressed as a change of 0.1 OD (unit x 10%/g fw).

Contents of total phenol in the pericarp of litchi fruit
were determined according to the method described by
Pirie and Mullins (1976). Litchi peels (4 g) were ex-
tracted with 1% HCl-methanol (40 ml), then homoge-
nized and filtered. Absorption of the extracts was
measured at 492 nm for total phenol, and calculated
from a standard curve made with gallic acid.

2.6. Statistical analysis

All storage treatments were done with three replica-
tions, and the experiment was carried out over two
years. Results were processed by analysis of variance
as a one-factor general linear model procedure (ANO-
VA). The treatment means were separated using the
least significant difference method. Differences at
P =0.05 were considered to be significant.

3. Results
3.1. Changes of browning and decay

The results indicated that the fruit kept in MAP
showed a more rapid browning than those in CA condi-
tions (P =0.05). There was no significant difference in
preventing peel colour from browning between CA-I
and CA-II (Fig. 1(a) and (b)).

Fruit decay rates gradually increased with storage
time (Fig. 1(c)). The fruit stored in MAP had a more
rapid increase in disease incidence compared to CA
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Fig. 1. Effects of different storage conditions on browning rate (a);
index (b); decay (c) of litchi fruit. Data are of the means of three
replicates for each treatment. In the same time the different letter
represented significant difference according to LSD test (P = 0.05).

treatments (P = 0.05). The pathogens causing litchi fruit
decay in storage were mainly Peronophythora litchi and
Geotrichum candidum.

3.2. Changes of ethanol contents and SSC

CA-I, with 5% O, + 5% CO,, significantly stimulated
ethanol content of litchi flesh as compared to MAP and
CA-II (P = 0.05). In addition, litchi fruits stored in CA-
II conditions, where the fruits were kept in 70% O, con-
centration for one week at first, showed a significantly
lower ethanol production than CA-I directly stored in
CA, with 5% O, + 5% CO; in 14 days of storage (Fig.
2(a)).

CA conditions were more beneficial for maintaining
SSC than were MAP, although SSC decreased gradually
with storage time (Fig. 2(b)). But there was no signifi-
cant difference in SSC of the fruit stored in CA-I and
CA-II at the end of storage (P = 0.05).

3.3. Changes in activities of PPO and POD

PPO activity of litchi pericarp proved to be high be-
fore browning of the peel occurred, then decreased rap-
idly (Fig. 3(a)). POD activity in litchi peel increased at
first, then gradually decreased with the same tendency
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Fig. 2. Changes in ethanol (a) and soluble solids contents (b) of litchi
fruit stored in air, MAP, CA-I and CA-II at 3 °C. Data are of the
means of three replicates for each treatment. In the same time the

different letter represented significant difference according to LSD test
(P =0.05).
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Fig. 3. Changes in activities of PPO (a); POD (b) in the pericarp of
litchi fruit stored in air, MAP, CA-I and CA-II at 3 °C. Data are the
means of three replicates for each treatment. Bars represented standard
deviations of the means.

under all conditions at 3 °C (Fig. 3(b)). There were no
significant differences among the different treatments.

3.4. Changes in contents of total phenol and anthocyanidin

Total phenol content of the fruits stored under CA
conditions decreased to 42.0-43.8 pg/g after 14 days
(Fig. 4(a)). There was no difference in phenol contents
of the fruit kept under CA conditions during storage
periods. Meanwhile, anthocyanidin contents in litchi
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Fig. 4. Changes in contents of total phenol (a); anthocyanidin (b) in
the pericarp of litchi fruit stored in air, MAP, CA-I and CA-II at 3 °C.
Data are the means of three replicates for each treatment. Bars
represented standard deviations of the means.

peel decreased gradually with storage time, and also
showed the same tendency in all treatments. But antho-
cyanidin contents in peel of the fruits stored under CA
conditions decreased more slowly than in those with
MAP treatment (Fig. 4(b)).

4. Discussion

Pericarp browning of litchi could affect its storability
and market value. Colour deterioration in litchi pericarp
was due to browning reactions, and active PPO and POD
were reported as being present in the fruit (Kader, 1994).
Robards, Prenzler, Tucker, Swatsitang, and Glover
(1999) considered that the main oxidative phenomenon
of this type was enzymatic browning which involves an
initial enzymatic oxidation of phenolic compounds, lo-
cated predominantly in the vacuole, by PPO located in
cytoplasm, to form slightly coloured quinines. The result
of the experiment indicated that PPO might not be a un-
ique factor involved in pericarp browning of litchi fruit
because there was no obvious increase in PPO activity
of fruit under different storage conditions (Fig. 3(a)).
Other factors such as decay, desiccation and low temper-
ature injury, also stimulated browning (Ray, 1998;
Underhill et al., 1992). The fact, that POD activity in litchi
pericarp was low at harvest and significantly increased
when the peel browned (Fig. 3(b)) indicated POD played
a role in enzymatic browning of litchi fruit, and further
supported our previous result that POD can rapidly oxi-
dize 4-methylcatechol in the presence of H,O,, and form
brown polymeric pigments (Gong & Tian, 2002).

Regarding the browning mechanism, there are two
different biochemical processes that contribute to
browning, one involves the action of enzymes; the other
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involves changes of the red pigment molecules. Lee and
Wicker (1991) found that PPO could not oxidize antho-
cyanins, whereas the oxidative product of 4-methylcate-
chol, caused by PPO, resulted in an accelerated
degradation of anthocyanins. Meanwhile, anthocyanase
contributed to pericarp browning of litchi fruit by mak-
ing the major phenolic constituents (anthocyanina)
accessible to PPO or POD (Zhang, Pang, & Ji, 2001).
Stress caused by water loss leads to changes in the red
pigment molecules, and is easier to manipulate than
the other biochemical processes. Desiccation also
prompts the breakdown of vacuole and leakage of anth-
ocyanin and destroys the compartmentalization of
browning-related enzymes and their substrates (Under-
hill & Critchley, 1994). These observations suggested
that heat-induced browning might result from non-selec-
tive or non-enzymic degradation of a range of com-
pounds, including anthocyanins. The existence of other
anthocyanin-related compounds present in the pericarp
may also be involved in colour losses (Lee & Wicker,
1991). Degradation of anthocyanin pigments by conden-
sation with quinones, formed from endogenous pheno-
lics due to the action of PPO, has been reported as a
possible mechanism of colour loss of strawberry fruit
(Wesche-Ebeling & Montgomery, 1990). Litchi fruit,
during senescence, may lose the compartmentalization
of enzymes and this finally leads to enzymatic browning.
Pericarp browning of litchi fruit can be affected by bio-
tic and abiotic factors, which occur a series of physiolog-
ical and biochemical changes in fruit, such as senescence,
enzymatic browning and degradation of anthocyanin
pigments. The results of this experiment indicate that
CA conditions were more effective in preventing pericarp
browning and decreasing fruit decay than other treat-
ments. Beneficial effects included delaying senescence,
limiting PPO and POD activities, reducing total phenol
content and maintaining high anthocyanidin levels.
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