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A BSTRA CT 

Changes in cyanidin-3-glucoside, cyanidin-3-rutinoside, malvidin-3-acetyl- 
glucoside, total anthocyanins, percent polymeric color and browning indexes 
in stored lychee (Litchi chinensis Sonn.) fruits were determined. Total 
anthocyanin content declined from 1.77 to 0.73mg/g fresh weight, and 
individual anthocyanins also decreased throughout the 48-day storage period. 
Decline in anthocyanins was accompanied by an increase in browning. 
Polymeric pigments also gradually increased from 20"9 to 53%. 

I N T R O D U C T I O N  

The bright, red color of lychee fruit (Litchi chinensis Sonn.) is due to the 
anthocyanin pigments present in the skin of  the fruit. Cyanidin-3-glucoside 
(cy-3-gl), cyanidin-3-rutinoside (cy-3-rt) and malvidin-3-acetylglucoside 
(mv-3-ac-gl) were identified as the major monomeric anthocyanin pigments 
in lychee fruit (Lee & Wicker, 1990). Besides monomeric pigments, 
polymeric pigments also contribute to the visual appearance of  lychee. 
However, the lychee pigments, like all other anthocyanins, are relatively 
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unstable and lose their bright attractive color during storage (Campbell, 
1959). Desiccation, the accompanying loss of red color, and development of 
browning are the major problems (Campbell, 1959; Akamine, 1960). 
Browning of lychee fruit is due, most probably, to an oxidative 
polyphenoloxidase system (Joslyn & Ponting, 1951; Akamine, 1960; Shu et 
al., 1990). Many treatments of the fruit to inhibit post-harvest browning 
have been attempted, and refrigerated storage in polyethylene bags was 
suggested for extension of shelf-life (Campbell, 1959; Akamine, 1960). 
Recently, Nip (1988) summarized the work done on the preservation of 
lychee fruit in conjunction with other pertinent factors affecting overall 
stability. Although this color defect is one of the main factors in shelf-life 
reduction during storage oflychee fruit, there has been no research aimed at 
evaluating these pigment changes. Since we observed significant decreases in 
Hunter L, a, b color parameters and saturation index values by non- 
destructive reflectance measurements from stored lychee fruit (Shu et al., 
1990), quantitative changes in anthocyanin were also expected. The purpose 
of this study was to determine the changes in anthocyanin pigments of 
lychee fruit during refrigerated storage (4°C) conditions. 

MATERIALS AND METHODS 

Source and treatment of fruit 

Brewster variety lychee fruits were donated by J. R. Brooks and Sons, 
Homestead, Florida. The ripe fruit was harvested, packed in polyethylene 
bags, stored in 2.3 kg lots, transported to the Citrus Research and Education 
Center, Lake Alfred, Florida in June 1988, and stored at 4°C in a dark room. 
Three sets of ten fruits (c. 28 g) were taken randomly from the storage locker 
for analysis each time. 

Preparation of lychee anthocyanin 

An ethanolic solution of lychee skin extract was prepared by homogenizing 
the skin of lychee fruit with 50ml of acidified ethanol (1"5N HCI: 95% 
ethanol; 15:85, v/v), refrigerating overnight, filtering through Whatman 
No. 41 paper, and diluting to 250ml with acidified ethanol. 

Preparation of standard anthocyanins 

Natural source of standard anthocyanins (cy-3-gl and cy-3-rt) was prepared 
from individually quick-frozen blackberries (Big Valley Marketing Co., 



Anthocyanin pigments of lyehee fruit 265 

Fremont, CA) through repetitive (twice) column chromatography on a 
Sephadex (Pharmacia LKB, Piscataway, NJ) LH-20 column (1.0cm x 
60 cm) eluting with 10% formic acid at a flow rate of 24 ml/h (Lee & Wicker, 
1990). The isolated anthocyanins were pooled and individually freeze-dried, 
dissolved with 10ml of 0-1% formic acid/methanol and absorbance was 
measured at 528nm or 541nm by using a spectrophotometer. The 
concentration of each standard was calculated by using published molar 
absorptivity (e), 29 600 for cy-3-gl (Blundstone & Crean, 1966), and 28 800 
for cy-3-rt (Wrolstad, 1976). 

HPLC analyses 

Quantitative measurements of anthocyanins in lychee skin extract were 
done by the HPLC procedure of Lee & Wicker (1990). The conditions were 
as follows: a PLRP-S column (4.6mm x 250mm) and guard column from 
Polymer Lab. (Amherst, MA); gradient elution with 3.5% phosphoric 
acid/water (A) and acetonitrile (B); flow rate 0"8 ml/min; detection at 520 nm; 
and injection volume, 20/A. The initial solvent system was 6% B for 5 min. 
After 5 min, the concentration was changed linearly to 20% B within 
45 min. This condition was held for 10 min, followed by a change to 100% B 
within 1 min, held at 100% B for 10 min, then returned to the initial 
condition. The amounts of anthocyanins were calculated from the 
integration of the HPLC peak areas using standard anthocyanins of cy-3-gl 
and cy-3-rt and reported as mg/g fresh weight. Mv-3-ac-gl contents were 
estimated by comparision of peak areas to that of cy-3-gl. 

Total anthocyanin, browning index and percent polymeric color 

Total anthocyanin concentration was determined using a molar absorbtiv- 
ity of cy-3-rt (Wrolstad, 1976) and reported as mg of cy-3-rt per g fresh 
weight. Percent polymeric color and browning index were determined from 
spectral measurements as described by Wrolstad et al. (1982). Lychee sample 
was diluted (2g/25ml) with 0"IM sodium acetate solution (pH 3.5) and 
filtered through 1-2/~m Acro disc filter (Gelman Science Inc., Ann Arbor, 
MI) before measurements. All spectral determinations were made on a 
Shimadzu UV-160 UV/Visible spectrophotometer. 

RESULTS AND DISCUSSION 

Lychee fruit has a bright, red color and contains a high level of 
anthocyanins. The level of total anthocyanin was 1"68 mg/g fresh weight on 
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the second day after harvest and gradually increased to 1-79 mg/g after 8 
days of storage, representing a 6.5 % increase (Fig. 1). After 15 days, the total 
anthocyanin concentration had increased to 2-06 mg/g (a 22.6% increase) 
and then decreased gradually thereafter. Similar observations in increase of 
total anthocyanin content were reported from stored red raspberries during 
cold storage (Sjulin & Robbins, 1987; Robbins et al., 1989). The increase in 
total anthocyanin content was probably due to the enhanced anthocyanin 
biosynthesis during refrigerated storage. However, the decreases in 
monomeric anthocyanins and increase in percent polymeric color values 
seemed to be related to the formation of more intensely colored, condensed, 
polymer type pigments. Also, continual increases in percentage of polymeric 
peak in HPLC chromatogram appeared to support this speculation. A 
marked decline of total anthocyanin content was observed after 42 days of 
storage, and more than 42 % of total anthocyanin pigments were lost after 
48 days of storage. 

The concentrations of all three major anthocyanins, cy-3-gl, cy-3-rt and 
mv-3-ac-gl, decreased during storage. Cy-3-rt was the major pigment, 
comprising about 68.4% of the total anthocyanin content. This pigment 
concentration was approximately 1.2 mg/g fresh weight on the second day 
after harvest and decreased to 0.9 mg/g after 15 days of storage (Fig. 1). After 
48 days, the cy-3-rt content decreased to 0.27 mg/g, a loss of more than 77%. 

The second principal anthocyanin pigment, mv-3-ac-gl, representing 
about 10.2% of the total anthocyanins in lychee fruit, was present at 
0.18 mg/g and decreased to 0"16 mg/g (an 11.1% decrease) at 29 days of 
storage (Fig. 1). The initial concentration of cy-3-gl was 0.12mg/g and 
decreased to 0-08mg/g (a 33.3% decrease) after 29 days of storage. By 
29 days, the loss of cy-3-gl during storage was much higher on a percentage 
basis (33.3 %) compared with that lost from cy-3-rt (22-3 % or mv-3-ac-gl 
(11-1%). Even though it is not possible to make a direct comparision as there 
is no nonacylated malvidin glucoside, mv-3-ac-gl seems to be more stable 
when compared to cyanidin glycosides between 2 and 36 days of storage. 
The stability of anthocyanins depends upon a large number of factors, but 
the methoxyl substitutions in the molecule appeared to be more stable than 
the hydroxyl substitution in the molecule, such as cyanidin glycoside 
(Hrazdina et al., 1970). Also, the stability of acylated anthocyanins seems to 
increase on exposure to light compared to nonacylated anthocyanins (Van 
Buren et al., 1968). But after 36 days of storage, the percent degradation 
appeared more pronounced, especially for mv-3-ac-gl. 

Converse to gradual decreases in total and individual anthocyanins, the 
polymeric pigments increased from 20.9% to 35.7% after 29 days of storage 
and comprised over 50% of the lychee pigments at 48 days of storage 
(Fig. 2). Towards the end of storage, polymeric pigments were the 
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Fig. 2. Changes in browning index (A) and percent polymeric pigment (B) during storage. 
Regressions are significant at P =  0.01 (**) or nonsignificant (NS). Each datum represent 

mean values for three replicate measurements. 

predominant pigments in the lychee fruit, suggesting that during storage, the 
lychee anthocyanins initially responsible for lychee color are displaced, 
progressively and irreversibly, by more stable polymeric pigments. 

Browning of lychee fruits also progressed during post-harvest storage. 
Most fruits containing anthocyanins are subject to rapid pigment 
degradation through enzymic and nonenzymic reactions, but post-harvest 
browning of lychee fruit seems to be mostly associated with enhanced 
activities of peroxidase and polyphenoloxidase (Shu et al., 1990). 
Anthocyanins of the cyanidin type are poor phenolase substrates, but they 
are readily decolorized by this enzyme in the presence of a better substrate, 
such as catechol (Peng & Markakis, 1963). Browning index fluctuated 
considerably and as pigment degradation proceeded, the rate of browning 
appeared to slow down (Fig. 2). 

Visual observation revealed mold spots on the skin of lychee fruits after 
29 days of storage which progressed throughout the remainder of the 
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storage period. It has been shown that fungal growth is another problem 
associated with the browning reaction in lychee fruit (Nip, 1988). 
Quantitative analyses revealed that a large decrease in concentrations of the 
three anthocyanins was found after 39-day storage. This dramatic decrease 
may, in large part, be due to anthocyanin degradation by molds. Enzymes 
derived from molds are believed to play an important role in anthocyanin 
pigment degradation, polymerization and browning reactions (Huang, 
1955; Pilando et al., 1985). Considering the significant effects of  molds on 
pigments, chemical control for fruit rot should be applied to maintain the 
bright color of lychee fruit even with storage at the recommended 
conditions. 
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