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Abstract: Litchi (Litchi chinensis Sonn.) is a subtropical fruit of high commercial value in international trade. However,
litchi fruit after harvest can rapidly lose their bright red skin color and turn brown with increasing storage time at ambient
temperature. Postharvest browning of litchi fruit is mainly attributed to the degradation of anthocyanins and the oxidation
of phenolics. In this study, the contents of lipofuscin-like substance in relation to the levels of anthocyanins and (–)epicatechin, and browning index of litchi fruit during storage were investigated. In a storage period from 72 to 144 h, the
relative content of lipofuscin-like substance increased by 51.1% while the contents of (–)-epicatechin and anthocyanins
decreased by 41.2 and 98.1%, respectively, and the obvious accumulation of lipofuscin-like substance of pericarp tissue of
litchi fruit was related to the reduced contents of anthocyanins and (–)-epicatechin. Furthermore, the increase in the content of lipofuscin-like substance was significantly related to the increased browning index. It is suggested that lipofuscinlike substance could be one of the final products from the browning reaction of litchi fruit during storage.
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1. INTRODUCTION
Lipofuscin-like substance is the final product of the autooxidation of molecular components such as lipid hydroperoxides, malondialdehyde and protein of cells [1, 2], and are
shown to accumulate or increase with increasing age in various plant tissues and to be positively correlated with lipid
peroxidation processes [3]. Biological membranes are labile
to lipid peroxidation because of their high content of phospholipids and polyunsaturated fatty acids. Positive correlations between tissue senescence and lipid oxidation have
been reported in yellowing banana, pear, avocado, litchi and
potato and leaf [4-7].
Litchi (Litchi chinensis Sonn.) is a subtropical fruit with
high commercial value due to attractive red color and delicious taste [8]. The fruit is highly perishable after harvest
due to rapid skin browning which is mainly attributed to the
degradation of anthocyanins and oxidation of (–)-epicatechin
[9-11]. Enhanced oxidation and peroxidation of harvested
litchi fruit during storage could result in the accumulation of
lipofuscin-like substance. Lin, Li, Zhang, Lin, Li, Liu &
Chen reported the changes in the contents of pigments and
phenolics of litchi fruit during storage and then found that a
brown polymeric compound appeared when fruit browned
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[12]. Furthermore, Jiang, Duan, Joyce, Zhang & Li (2004)
supposed a mechanism to account for enzymatic browning of
litchi fruit pericarp, which is involved in the formation of the
brown polymeric pigments [9]. As a yellow brown polymeric pigment, it is suggested that lipofuscin-like substance
may be one of the final products from the enzyme-catalyzed
browning reaction of harvested litchi fruit but it requires
further investigation.
The objective of this study was to investigate the relationship between lipofuscin-like substance and pericarp
browning of litchi fruit during storage, and then examine the
possible involvement of anthocyanins and (–)-epicatechin
into the accumulation of lipofuscin-like substance. This
study can help better understand the pericarp browning of
harvested litchi fruit during storage.
2. MATERIAL AND METHODS
2.1. Fruit Treatment and Storage Condition
Litchi (Litchi chinensis Sonn. cv. ‘Huaizhi’) fruit at the
commercially mature stage were obtained from a commercial
orchard in Guangzhou. Fruit were selected for uniformity of
shape, color and size, while any blemished or diseased fruit
were discarded. The selected fruit were dipped for 3 min in
0.1% Sportak (a fungicide) solution, air-dried for 2 h, packed
in 0.03 mm thick polyethylene bags (20 fruit per bag with 15
bags), and then stored at 25 °C. Fruit (20 fruit per bag with 3
bags) were taken initially and sampled at a 36-h interval.
Fruit pericarp tissues were collected and then frozen for the
following analyses.
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2.2. Fruit Quality Evaluation
Fruit browning was assessed according to the method of
Zheng and Tian [13] by measuring the extent of the total
browned area of the inner pericarp of 60 individual fruit,
using the following visual appearance scale: 0 = no browning (excellent quality); 1 = < 1/8 browning; 2 = 1/8  1/4
browning; 3 = 1/4  1/2 browning and 4 = > 1/2 browning
(poor quality). The browning index (%) was calculated as the
following formula  (browning rating  percentage of fruit
within each class)  100 / 4.
2.3. Determinations of ()-Epicatechin and Anthocyanins
Frozen pericarp tissues (1 g) were extracted overnight in
4 mL 1.5 M HCl in methanol at 25 °C by the method of
Zhang, Pang, Duan, Ji & Jiang [10]. The extract was filtered
through Ø 0.45 μm filters (PVD membrane, Shanghai ANPEL Scientific Instruments Co. Ltd, Shanghai, China). A 20L aliquot was injected directly into the HPLC system (Shimadzu, Kyoto, Japan). HPLC analysis was performed on a
LC-20 AT system (Shimadzu, Kyoto, Japan) using a Shimpack UP-ODS C18 column (4.6  250 mm, Shimadzu,
Kyoto, Japan) at 30 °C. A linear gradient was used from 5 to
100% acetonitrile in 2% acetic acid for 30 min and then 100
to 5% acetonitrile in 2% acetic acid for 10 min, with a flow
rate of 1 mL/min. (–)-Epicatechin and anthocyanins were
monitored at 280 and 520 nm, respectively. (–)-Epicatechin
standard was obtained from Sigma Corporation. Anthocynin
content was calculated as cyanidin-3-glucoside by the
method of Wrolstad, Culbertson, Cornwell & Mattick [14].
The contents of (–)-epicatechin and anthocyanins were expressed on fresh weight (FW) basis.
2.4. Extraction and Determination of Lipofuscin-Like
Substance
According to the method of Yang, Su, Prasad, Yang,
Cheng, Chen, Yang & Jiang [15], frozen pericarp tissues (1
g) were extracted with 5 mL of ch1oroform:methanol:0.2 M
phosphate buffer (pH 5.3) (2:2:1, v/v/v) containing 2% (w/v)
butylated hydroxytolune (BHT). The resulting homogenate
was treated for 10 min using ultrasonic cleaner (SB5200DTD, Xinzhi Biotech Co., Ningbo, China, 40 kHz) at
45 °C, then mixed with 2 mL of 5 M CaCl2, and finally
centrifuged for 10 min at 1640 g to hasten phase separation.
An aliquot of the chloroform phase was passed through a
Sep-Pak silica cartridge (Waters Associates, Milford, MA)
washed previously with 3 mL chloroform containing 0.7%
(v/v) ethanol. Lipofuscin-like substance was eluted with
methanol from the column into a tube containing 0.17
mg/mL BHT. The elute was collected at 3 mL/tube. The
fluorescence intensity of the elute was determined immediately using a Varian spectrofluorometer (Model SF 330,
Saint-Jean-Sur-Richelieu, Quebec, Canada) at 360 nm and
425 nm used as excitation and emission wavelengths, respectively. The relative content of lipofuscin-like substance was
expressed as the fluorescent value on fresh weight basis.
2.5. Date Handling
Data were expressed as means ± standard deviations of
three replications and then analysed by SPSS (Version 10.0,
Spss inc, Chicago, USA). One-way analysis of variance
(ANOVA) and Tukey multiple comparisons were carried out
to test any significant differences between the means. The
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significant differences between the means within the confidence interval of 95% were analyzed by t-test.
3. RESULTS AND DISCUSSION
The emission spectra of lipofuscin-like substance obtained from pericarp tissue of litchi fruit during storage were
presented in Fig. (1). A sharp increase in the fluorescence
intensity at 425 nm of emission maxima and 360 nm of excitation maxima) was observed, which indicated that the content of lipofuscin-like substance increased as there was a
little change (about 1%) in the moisture of the pericarp was
obtained in this storage period (data not shown). Furthermore, the accumulation of lipofuscin-like substance present
in pericarp tissue of litchi fruit during storage was associated
markedly with increasing browning index (Table 1). It was
reported that fruit ripening or senescence was also related to
the accumulation of lipofuscin-like substance in pear [4],
banana [4, 15] and litchi [5].
144 h
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Fig. (1). Fluorescent emission spectrum of lipofuscin-like substance
excited at 360 nm present in pericarp tissue of litchi fruit at various
storage time.

Hendry, Houghton & Brown [16] proposed the presence
of lipofuscin-like substance in living tissue and speculated
that lipofuscin-like substance in senescent plant tissue may
involve in the breakdown products of chlorophyll originating
from methane bridge carbon attached to two halves of pyrroles of macrocyclic ring. Düggelin, Bortlik, Gut, Matile &
Thomas [7] observed the different accumulation of lipofuscin-like substance in leaves of Festuca pratensis cv. Rossa, a
yellowing genotype, and cv. Bf 993, a non-yellowing genotype. Adachi, Nakabayashi, Azuma, Kurata, Takahashi &
Shimokawa [17] proved the formation of lipofuscin-like substance in vitro by the catabolism of chlorophyll a in radish
cotyledons.
The contents of (–)-epicatechin and anthocyanins of litchi
fruit increased during the first 72 h and then decreased (Figs.
2 and 3). Similar results were reported by Zhang, Grigor &
Quantick [18], which could be attributed to the continuous
biosyntheses of anthocyanin and (–)-epicatechin of litchi
fruit at the early storage stage. In addition, Zhang, Pang,
Yang, Ji & Jiang [19] reported that a major anthocyanin of
litchi fruit cv. ‘Huaizhi’ represented 94.3% of total anthocyanins, which accounted for one major peak of litchi anthocyanins in this study.
The most widely accepted proposal is that lipofuscin-like
substance could be one of the final products of lipid peroxidation [2]. The reaction of aldehydes from the peroxidized
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Changes in Contents of Anthocyanin, ()-Epicachin and Lipofuscin-Like Substance, and Browning Index of Litchi Fruit
at Various Storage Time

Storage of
Time (h)

Anthocyanin Content (mg/g
FW)

()-Epicachin Content (mg/g FW)

Relative Fluorescent Intensity of
Lipofuscin-Like Substance

Browning Index (%)

0

0.13c

0.37±0.01c

39.32±2.88d

0

36

0.14±0.01b

0.38±0.03c

44.44±3.51d

0.3

72

0.20±0.01a

0.55±0.04a

113.31±6.72c

12.5

108

0.13±0.01c

0.50±0.03b

134.11±10.64b

35.33

144

0.10±0.01d

0.39c

171.22±10.12a

51.59

Different letters within the same column indicated significant differences at 5% level.

72 h
108 h
36 h
144 h

0h

Fig. (2). HPLC analysis of ()-epicatechin present in pericarp tissue of litchi fruit at various storage time.

72 h
36 h
108 h
0h
144 h

Fig. (3). HPLC analysis of anthocyanins present in pericarp tissue of litchi fruit at various storage time.

lipids and proteins could form lipofuscin-like substance exhibiting the fluorescent character of Schiff base structure [47]. In this study, browning index of litchi fruit after 72 h of
storage increased rapidly (Table 1), which associated with
the obvious accumulation of lipofuscin-like substance. As
loss of compartmentalization of (–)-epicatechin and anthocyanins with polyphenol oxidase (PPO) or peroxidase (POD)
initiates the enzyme-catalyzed oxidation in the presence of
oxygen, the oxidative products can further react with proteins or lipids and then form the brown-colored by-products
[20]. Moreover, the formation of browning color of tea ex-

hibited a similar reaction of quinines with proteins and lipids
[21, 22]. Thus, it is suggested that lipofuscin-like substance
could be the final brown polymeric pigment from browning
reaction of litchi fruit during storage.
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