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Abstract 
In the research it was examined the changes in total phenolic contents and seven 
major phenolic compounds (gallic acids, +(−) catechin, catechol, Chlorogenic acid, 
o-coumaric acid, rutin and quercetin) of two litchi cultivars (Purbi and Bedana) 
shoot tips and fruits (for zygotic embryos) collected in different months, in order to 
determine their effects on the explants browning during establishment stage of shoot 
tip culture. The concentrations of phenolic compounds varied depending on the cul-
tivars and the months. Phenolic compounds showed various correlation coefficients 
with the explants browning. Total phenolic content and some individual phenolic 
compounds including +(−) catechin, catechol, gallic acid, chlorogenic acid and rutin 
quantified in this study showed significant positive correlations with the explants 
browning, while o-coumaric acid and quercetin did not exhibit any significant one. 
According to our results, explants browning are affected by the phenolic compounds 
at different ranges. In both litchi cultivars, shoot tips and fruits (for zygotic embryos) 
collected in March exhibited the lowest explants browning during the establishment 
stage as compared to those collected in the other months. So it may be possible to 
increase the success of shoot tip and zygotic embryo culture with the selection of the 
most suitable terms of explants collection. Browning of explants could be controlled 
by the use of antioxidants both in semi-solid and liquid culture. 
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1. Introduction 

Litchi (Litchi chinensis Sonn.) is a delicious nut fruit and belongs to soapberry family 
Sapindaceae which are tree species. Both shoot tip and zygotic embryos are mainly used 
in in-vitro cultures for regeneration and mass scale production of litchi contains a high 
amount polyphenolics which are used as defense mechanism in plants, upon oxidation 
by enzyme polyphenol oxydase turns browning of the explants and so explants cells are 
unable to grow in in-vitro conditions. So it is essential to study the composition of po-
lyphenols which cause browning and control of it for the in-vitro culture of explants. 
During the establishment stage of in-vitro culture, oxidative browning of explants is 
one of the main drawbacks. Browning is mainly due to the presence of phenolics, re-
leased from the cut surfaces of the explants (Hu & Wang, 1983; Lux-Endrich et al., 
2000). It may be a natural defense mechanism in plants against invasion by pathogens 
through the wound. Releasing phenolics from cut surface to the culture medium show 
the phytotoxic effect. The oxidized products not only may contribute to failure of the 
explants development, but also may lead to the death of explants (Bhat & Chandel, 
1991; Hu & Wang, 1983). Like other woody species, litchi tissues also exhibit high levels 
of polyphenols and tannins (Harding & Roubelakis-Angelakis, 1994) and lipid peroxi-
dation products (Benson & Roubelakis-Angelakis, 1992). Major thrust of litchi research 
has been on prevention of physiological browning and retention of bright red colora-
tion of litchi fruits in several countries (Sarin et al., 2008). During zygotic embryo exci-
sion, culture secretes polyphenolics which cause browning of explants after oxidation 
(Kantharajah et al., 1992). Litchi pericarp browning is a major factor to limit storage 
and transportation of post harvest litchi fruit. Variations in browning substrates such as  
(-) epicatechin in pericarp tissue of litchi fruit development is due to changes in the ac-
tivities of Polyphenoloxidase, Peroxidase and Phenylalanine ammonialyse (Sun et al., 
2009). In litchi cultured explants secretes phenolic substances into the medium, which 
cause browning due to oxidation of phenols and formation of quinines; the toxins 
which effect the growth of cultured explants and browning were controlled by the use 
of antioxidants viz. activated charcoal, citric or ascorbic acid (Chanana & Gill, 2008). In 
litchi (Litchi chinensis Sonn.) cv. Seedless, the problems of microbial contamination, 
phenol exudation and explants browning were controlled to a great extent by using 
mercuric chloride or sodium hypochlorite (Chandra & Padari, 1999). Seedling explants 
of Nephelium lappaceum L. can be initiated into culture but they produce large quanti-
ties of phenolics and do not grow well. Thus, for in-vitro conservation and genetic im-
provement of N. lappaceum, it is important to establish an efficient tissue culture pro-
tocol for complete plantlet formation and activated charcoal is used for the adsorption 
of phytotoxic exudates such as phenolics (Chew et al., 2008). In other tropical tree spe-
cies also have the same phenolic problems like Mango tissues which have also high 
phenolic exudation owing to activation of oxidative enzyme system during the excision 
of plants, explants browning, deep seated contamination, medium discoloration and 
slow in-vitro growth response have made it an ordeal for workers working on this crop 
(Krishna, 2008). In guava also phenolic problem can be controlled by the fortification 
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of 500 mg citric acid, an oxidant to the MS (Murashige & Skoog, 1962) media and ini-
tial incubation of cultures in complete dark for 24 hrs showed substantial reduction in 
phenolic browning of media and higher survival of explants (Mishra et al., 2007). In 
Annona species, too, have been seen the phenolic problem, browning, necrosis and 
death of explants during in-vitro culture (Rasar et al., 1995). One of the major problems 
in the micropropagation of lychee is the secretion of polyphenols into the medium by 
the tissues. Thus polyphenols undergo oxidation to produce substances that kill the 
tissues (Kantharajah et al., 1992).  

Some factors including type of explants, light exposure, age and vigour of the donor 
plants, source of explants, genotype, and size of explants affect the controlling of ex-
plants browning (Roussos & Pontikis, 2001b; Tangolar et al., 1999; Thomas & Ravindra, 
1997; Yu & Meredith, 1986). The time in a year for explants collection is also another 
important factor that influences to make the explants brown. Different antioxidants i.e. 
ascorbic acid, citric acid in isolation and in combination form, activated charcoal and 
L-cystein-HCl prevent browning of tissues and death of cells. Litchi produces a large 
amount of polyphenolics (Das et al., 1999a, b; Puchooa, 2004) as defense mechanism to 
save the tissue from entry of foreign particles. While incising these polyphenolics by the 
oxidation of polyphenoloxidase enzyme, polyphenol turns into brown compound (me-
lanin pigment) which necroses the cell and later on the cell dies and further the growth 
of another cell is prevented both in liquid and semi-solid medium under in-vitro condi-
tions. Due to browning, cells are unable to proliferate in the medium and regenerate 
into plant. So it is very essential to control the browning which impairs the growth of 
cells either in tissues or cell suspension cultures. It has been reported that Activated 
Charcoal when it is added to MS medium, it adsorbs polyphenolics compounds and 
browning can be controlled in litchi as has been seen in grape (Das et al., 2002). Even in 
oak polyvinylpyrrolidone, ascorbic acid, cysteine and citric acid can prevent the 
browning (Toth et al., 1993). If ascorbic acid (antioxidant) is added to the medium, it 
checks the browning of the explants and stimulates the shoot growth (Kotsias & Rous-
sos, 2001). AgNO3 also can check the browning process in many plant species (Das et 
al., 2002; Kotsias & Roussos, 2001). L-cysteine which is also an antioxidant controls the 
browning of Soybean (Olhoft & Somers, 2001).  

The aim of the present work was to investigate the fluctuation and distribution of 
some phenolic compounds in two different litchi cultivars (Purbi and Bedana) shoot 
tips and fruits (for zygotic embryos) collected at different months in order to determine 
their possible effects on the explants browning in the establishment stage of shoot tips 
and zygotic embryos cultures and control of browning.  

2. Material and Methods 
2.1. Preparation of Plant Materials 

1 - 2 cm long shoot tips and fruits (for zygotic embryos) were collected of both cultivars 
(Purbi and Bedana) of litchi growing at Horticulture Division, Bihar Agricultural Col-
lege, Sabour, Bhagalpur, Bihar, INDIA. Both shoot tips and fruits (for zygotic embryos) 
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were taken with a 15 days interval from March to June because both initiated in the 
same time and in this duration phenolic concentrations are low and browning of ex-
plants during excision could be controlled under in-vitro condition. These immature 
fruits and shoot tips were washed in running tap water for the removal of dust particles. 
Followed by these immature litchi fruits and shoot tips were dipped in to tap water 
mixed with 2 - 4 drops of Tween 20 and swirled so that foam were formed and re-
mained there for 6 - 7 minutes after that these fruits and shoot tips were taken out, 
washed in running tap water and again dipped them in 1% bavistin for removal of fun-
gal surface contamination. Followed by these immature Litchi fruits and shoot tips were 
dipped for 10 min in sodium hypochlorite (1% activated chlorine) containing a few 
drops of Tween 20, rinsed three times in sterile-distilled water and again dipped in 
0.1% HgCl2 for 5 - 7 minutes under sterile condition and remained there for 5 - 6 mi-
nutes. Followed by HgCl2 was decanted, rinsed thrice in autoclaved glass distilled water 
and then surface sterilized fruits wall were removed with the scalpel blade and both zy-
gotic embryos and shoot tips were taken out in sterile condition. Now both explants 
(zygotic embryos and shoot tips) were ready for experiments. 

Formulation of media used in the experiments 
Different media which are used in these experiments have been formulated in (Table 1). 
Shoot tip and zygotic embryo culture 
50 shoot tips were excised under aseptic conditions and inoculated on medium MS1 

(see Table 1). Followed by inoculation, the cultures were incubated at 25˚C ± 2˚C un-
der cool-white fluorescent illumination with 16 h day-length. After three weeks, the per-
centages of browning of explants were determined. The dead explants because of the 
browning were discarded, while surviving explants were sub-cultured to the fresh media. 

Determination of total phenolic content 
For total phenolic extraction, shoot tips and zygotic embryos were homogenized with 

50% ethanol in water and left for 2 h in the dark. After filtration the concentration of  
 
Table 1. Formulation of different media used in these experiments with period of culture. 

Serial 
Number 

Name of Media Media composition and culture condition 
Period of Culture 

(weeks) 

1 
MS1 for semi-solid 

culture 

MS basal medium (Murashige & Skoog, 1962) supplemented with 2.5 mgl−1 BA (6-benzyladenine), 
0.5 mgl−1 GA3, 30 gl−1 sucrose solidified with 7 gl−1 agar and pH was adjusted to 5.7 - 5.8 and 
autoclaved it and dispensed 20 ml in sterilized condition in each sterilized 90 mm petri dish. 

3 

2 
MS2 for semi-solid 

culture 

MS salts, B5 vitamins, iron source, myo-inositol 0.1 gl−1, sucrose 30 gl−1, 2,4-D 2.5 mgl−1, were mixed 
and made the volume 1 litre and adjust the pH 5.6 - 5.8 and add Agar 8 gl−1 mixed and autoclaved it 
and dispensed 20 ml in each sterilized 90 mm petridish. 

16 

3 
MS3 for suspension 

culture 

MS salts, B5 vitamins, iron source, myo-inocitol 0.1 gl−1, 2,4-D 2.5 mgl−1, STS 29.4 μM and adjust the 
pH 5.6 - 5.8 and autoclaved it and dispensed 50 ml in each Erlenmeyer Conical flasks. In each flask 
friable callus was put, mixed and placed on 120 rpm agitated orbital shaker incubated at 25˚C ± 2˚C 
and sub-cultured in every 2 weeks. 

8 

4 
MS4 for liquid 

culture 

MS major and minor salts, vitamins, iron source, myo-inositol 0.1 gl−1, BAP (6-benzylaminopurine) 
20 mgl−1, sucrose 30 gl−1 were mixed and made the volume 1 liter and adjust the pH 5.6 - 5.8 and 
autoclaved it and dispensed 20 ml in each culture tube having filter bridge. 

16 
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total phenolics in the shoot tips and zygotic embryos were determined by the Folin- 
Ciocalteu colorimetric method (Singleton & Rossi, 1965). Estimations were carried out 
in triplicate and calculated from a calibration curve obtained with gallic acid. Total 
phenolic contents were expressed as gallic acid equivalents (mg GAE/g). 

HPLC separation of phenolic compounds 
Phenolic compounds were extracted from shoot tips and zygotic embryos as de-

scribed by KarKacier (1998). Briefly, 2.5 grams of shoot tips were mixed with 5 ml of 
HPLC-water, presence of ascorbic acid to prevent the oxidation. The mixture was ho-
mogenized by using ultratorax at 24,000 rpm and centrifuged at 6000 rpm for 30 min at 
ambient temperature. Then, 2.5 ml of mixture was diluted with 2.5 ml of HPLC water. 
After centrifuging at 6000 rpm, the final mixture was filtered through 0.45 μm mem-
brane filters before 20 μl injections. High Pressure Liquid Chromatography (HPLC) 
analysis of phenolics was performed by HPLC on a Varian Model 9010 equipped with a 
UV-visible (Varian 9010 Model) detector and an auto sampler (Marathon). Gradient 
elution was performed with 5% formic acid (Merk, eluent A) and methanol (Merk, 
eluent B), and gradient programme followed as 0 - 8 min 70% A - 30% B, 8 - 8.5 min 
65% A - 35% B, 8.5 - 20 min 60% A - 40% B, 20 - 30 min 54% A - 46 B, 30 - 30.5 min 
40% A - 60% B, 30.5 - 34.5 min 15% A - 85% B and 34.5 - 35 min 70% A - 30% B. The 
UV detection was performed at 280 nm. The elution was conducted at room tempera-
ture using a Supelco C18 column (15 × 4.6 I.D.), and at a flow rate of 1 ml/min. 

Initial identity assignment of phenolic was based on comparison retention data ob-
tained with UV detector for standard compounds and sample compounds. Quantiza-
tion was achieved by using peak areas from external calibration with standard [gallic 
acid, catechol, quercetin, rutin, o-coumeric acid (sigma), chlorogenic acid and +(−) ca-
techin (FluKa)] solutions. All determinations were done three times by using three dif-
ferent samples and data are expressed μg/g fresh weight. 

2.2. Control of Browning 

MS2 medium for callus (friable) development in semi-solid culture 
Shoot tips and zygotic embryos were inoculated on MS2 media (see Table 1) sepa-

rately in petridish, placed them in dark condition, incubated at 25˚C ± 2˚C for 4 
months and were sub-cultured in every 2 weeks interval. 

MS3 medium for suspension culture 
MS3 medium (see Table 1) supplemented with different concentration of ascorbic 

acid i.e. 1, 2, 3, 5, 10 mgl−1 were mixed and made the volume 1 litre, adjust the pH 5.6 - 
5.8, dispensed into 50 ml in each 250 ml volume Erlenmeyer conical flask and autoc-
laved. In each flask friable callus was put, mixed and placed on 120 rpm agitated orbital 
shaker incubated at 25˚C ± 2˚C for 8 weeks and were sub-cultured in every 2 weeks.  

MS4 medium for liquid culture 
Immature or matured litchi seeds (for zygotic embryos) were cultured in culture 

tubes having MS4 medium (see Table 1) of 20 ml in each culture tubes with filter 
bridge and placed them in standard cultural condition (light intensity 60 μE m−2∙s−1, pe-
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riod 16 h l/8h d and incubated at 25˚C ± 2˚C) for 16 weeks and were sub-cultured in 
every 2 weeks interval. 

3. Use of Different Chemicals for Control of Browning  
in Semi-Solid Culture 

3.1. Effect of Activated Charcoal 

Different concentrations of Activated charcoal (1 gl−1, 2 gl−1, 2.5 gl−1, 3 gl−1, 4.5 gl−1 and 
5 gl−1) were prepared and this Activated charcoal were separately added before autoc-
laving of MS2, after that autoclaved MS2 medium were poured in sterilized Petri plates 
and left it for polymerization. After solidification of medium in each Petri plates 6 
shoot tips and zygotic embryos were inoculated separately in each separate petriplates 
and petri plates were sealed with parafilm, kept them in culture room in dark condition 
at 25˚C ± 2˚C temperature up to four months, sub-cultured in every 2 weeks interval 
and observe their effects. 

3.2. Effect of L-Cysteine HCl 

Different concentrations (25 mM, 50 mM, 75 mM, 100 mM, 125 mM and 150 mM) of 
L-cysteine HCl were prepared separately and were sterilized through micro filter unit. 
Followed by shoot tips and zygotic embryos were presoaked in this solution for 45 mi-
nutes, inoculated on MS2 medium. L-cysteine HCl is used only in presoaking of zygotic 
embryos to minimize browning during excision but it is not supplemented in the me-
dium.  

3.3. Effect of Ascorbic Acid 

1) At low concentration  
Different concentrations (0.025 gl−1, 0.050 gl−1, 0.075 gl−1, 100 gl−1 and 150 gl−1) of 

Ascorbic acid were prepared, sterilized as above and were mixed separately into autoc-
laved cooled MS2 medium. After that shoot tips and zygotic embryos were inoculated 
separately in plates and were kept in culture room in dark condition. 

2) At high concentration 
All conditions and media were same as mentioned above but only Ascorbic acid was 

prepared of (1 gl−1, 2 gl−1, 2.5 gl−1, 3 gl−1, 5 gl−1 and 10 gl−1) different concentrations. 
3) Presoaked zygotic embryo in ascorbic acid 
Shoot tips and Zygotic embryos were presoaked in 3 gl−1 Ascorbic acid solution for 2 

hour and were inoculated on MS2 media with BAP 200 mgl−1 and different (1 gl−1, 2 
gl−1, 2.5 gl−1, 3 gl−1, 5 gl−1 and 10 gl−1) concentrations of ascorbic acid. Followed by all 
plates were kept into culture room in dark condition incubated at 25˚C ± 2˚C. 

3.4. Effect of Ascorbic Acid with Activated Charcoal 

Different concentrations (0.025 gl−1, 0.050 gl−1, 0.075 gl−1, 0.100 gl−1 and 0.150 gl−1) of 
Ascorbic acid were prepared, sterilized through filter unit and were mixed separately 
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into autoclaved cooled MS2 with 2.5 gl−1 Activated Charcoal medium. Followed by the 
inoculation of shoot tips and zygotic embryos, all plates were kept in culture room in 
dark condition incubated at 25˚C ± 2˚C. 

3.5. Effect of Citric Acid 

1) Without presoaked shoot tips and zygotic embryos in ascorbic acid  
Different concentrations (1 gl−1, 2 mgl−1, 3 gl−1, 4 gl−1 and 5 gl−1) of Citric acid were 

prepared, sterilized through filter unit and were mixed separately into autoclaved 
cooled MS2 medium and after the inoculation of shoot tips and zygotic embryos all 
plates were kept in culture room in dark condition at 25˚C ± 2˚C.  

2) Presoaked zygotic embryo in ascorbic acid 
Shoot tips and Zygotic embryos were presoaked in 3 gl−1 Ascorbic acid solution for 2 

hour and they were inoculated on MS2 media with different concentrations (1 gl−1, 2 
gl−1, 3 gl−1, 4 gl−1 and 5 gl−1) of Citric acid and all plates were kept in culture room in 
dark condition and incubated at 25˚C ± 2˚C. 

3.6. Effect of AgNO3 

Different concentrations (25 mM, 50 mM, 75 mM, 100 mM, 125 mM and 150 mM) of 
AgNO3 were prepared separately and were sterilized through micro filter unit. After 
that both shoot tips and zygotic embryos were presoaked in this solution for 45 minutes 
and then were inoculated on MS2 medium supplemented with different concentration 
of AgNO3 and kept on dark condition incubated at 25˚C ± 2˚C. 

3.7. Effect of Ascorbic Acid Along with Citric Acid 

Different concentrations of Ascorbic acid (0.200 gl−1, 0.500 gl−1, 1 gl−1, 1.5 gl−1 and 2 
gl−1) and the same concentration of Citric were prepared, mixed together separately and 
made the citric and ascorbic acid solution (combined). Both the explants (shoot tips 
and zygotic embryos) were presoaked in 0.225 gl−1 citric with ascorbic acid solution and 
were inoculated on MS2 medium supplemented with different concentration of ascor-
bic acid and citric acids combined and kept on dark condition incubated at 25˚C ± 2˚C. 

Three replicas were made for all experiments.  

3.8. Use of Filter Bridge with Ascorbic Acid for Control of Browning  
in Liquid Culture 

To see the effect of filter bridge with ascorbic acid on control of browning, germinabil-
ity and multiple shoot induction from zygotic embryos in liquid culture, immature or 
mature seeds were inoculated on MS4 medium supplemented with BAP 20 mgl−1, as-
corbic acid 5 mgl−1 with or without filter bridge and placed them in standard cultural 
conditions for 4 - 6 weeks. Since zygotic embryos immature or matured during excision 
from seeds secretes comparatively a large amount of phenolics so that instead of zygotic 
embryos, immature or matured seeds were cultured on filter bridge in liquid medium 
which secretes comparatively less amount of phenolics.  
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3.9. Statistical Analysis 

Data for explants browning were subjected to angular transformation for normalizing 
the frequency distribution, prior to statistical analysis. In each experiment 6 explants 
for control of browning were taken in each petridish and three petridishes for each 
treatment and 100% of control of browning of explants’ response was observed in com-
bined effect of ascorbic and citric acids. The percentage response of calli production 
from explants was different in different antioxidants concentrations i.e. from 1 to 80 in 
semi-solid culture of six explants cultured and maximum 3 × 106 number of cells/ml in 
suspension culture. The statistical significance on phenolic composition of explants 
(shoot tips and zygotic embryos) was calculated by one-way ANOVA followed by Tu-
key’s multiple comparison tests. All data analyses were performed using the Graph Pad 
software (Graph Pad in Stat. Software Inc., San Diego, CA 92130, USA). 

4. Results and Discussion 
4.1. Changes in the Browning Percentage of Litchi Explants 

Some of the explants cultured in vitro remained viable and grew during the establish-
ment stage of the in vitro culture, while some of them turned dark brown. A major 
browning phenomenon was observed after about 12 - 14 days of inoculation. The data 
recorded after three weeks for the explants browning and the statistical separation of 
the means are given in Table 2(a) & Table 2(b). The percentages of explants’ browning 
changed significantly according to cultivars and the months of the explants collection 
(p ≤ 0.05). In both cultivars, the lowest percentages of explants browning were detected 
in the shoot tips and zygotic embryos collected in March and explants browning gradu-
ally increased during the season, with high values in Bedana. Both zygotic embryos (as 
immature litchi fruits) and shoot tips were collected after four weeks of anthesis (i.e. 
opening of flower, pollination and fertilization of egg and polar nuclei with male ga-
metes accomplished in ovule inside ovary) in the same month i.e. March (Reproductive 
stage), because both inflorescences, which later developed zygotic embryos after anthe-
sis inside immature fruit, and shoot tips, sprouted in same time during spring season. 
Both were used as explants in vitro culture for callus development and somatic em-
bryogenesis from zygotic embryos and multiple shoot induction and plant regeneration 
from shoot tips for mass scale propagation. It has been observed that in both explants 
the concentration of phenolics is comparatively low in March and consequently 
browning which is caused by the oxidation of phenolics by Polyphenoloxidase and 
formed melanin pigment (brown in color), necrosis and death of explants was under 
control during in vitro culture. Both explants responded well in callus proliferation 
from zygotic embryos and multiple shoot induction from shoot tips during march but 
as months forward i.e. from April to June browning was comparatively higher due to 
increase in phenolic compounds concentration, in June it is out of control, explants 
showed heavy browning, necrosis and death of explants and consequently no or a few 
callus developed during in-vitro culture.  
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Table 2. (a) Changes in the shoot tip explants browning and the phenolic compounds at different months of shoot tips explants collec-
tion; (b) Changes in the zygotic embryos explants browning and the phenolic compounds at different months of zygotic embryos explants 
collection. 

(a) 

Cultivars Months 
Shoot tip  
explants  

browning (%) 

Total  
phenolics 

(mg/g) 

Gallic acid 
(μg/g) 

+(−) catechin 
(μg/g) 

Catechol 
(μg/g) 

Chlorogenic 
Acid (μg/g) 

Rutin 
(μg/g) 

O-coumeric 
Acid (μg/g) 

Quercetin 
(μg/g) 

Purbi 

March 
April 
May 
June 

52.80 ± 0.19 
65.50 ± 0.133 
73.00 ± 0.15 
81.30 ± 0.36 

10.82 ± 0.20 
12.94 ± 0.17 
16.54 ± 0.29 
19.49 ± 0.18 

93.58 ± 0.18 
208.69 ± 0.12 
216.20 ± 0.21 
277.46 ± 0.31 

59.02 ± 0.19 
143.85 ± 0.13 
243.90 ± 0.22 
261.23 ± 0.19 

58.04 ± 0.21 
142.85 ± 0.13 
177.90 ± 0.24 
175.79 ± 0.34 

28.49 ± 0.22 
31.14 ± 0.12 
37.79 ± 0.23 
45.00 ± 0.33 

3.50 ± 0.18 
3.60 ± 0.12 
4.21 ± 0.20 
7.87 ± 0.30 

1.50 ± 0.18 
2.15 ± 0.13 
1.42 ± 0.20 
1.48 ± 0.33 

1.15 ± 0.18 
2.14 ± 0.13 
1.12 ± 0.24 
1.14 ± 0.30 

Bedana 

March 
April 
May 
June 

27.14 ± 0.11 
43.00 ± 0.16 
53.30 ± 0.09 
70.30 ± 0.19 

5.11 ± 0.18 
8.94 ± 0.08 

11.30 ± 0.49 
14.40 ± 0.23 

74.09 ± 0.10 
175.87 ± 0.15 
192.74 ± 0.10 
252.43 ± 0.18 

38.64 ± 0.17 
70.68 ± 0.09 

142.80 ± 0.48 
232.24 ± 0.24 

33.48 ± 0.12 
102.65 ± 0.15 
113.61 ± 0.10 
155.00 ± 0.17 

9.80 ± 0.18 
13.63 ± 0.07 
13.42 ± 0.39 
15.50 ± 0.24 

3.40 ± 0.12 
4.02 ± 0.15 
5.21 ± 0.07 
9.28 ± 0.18 

1.06 ± 0.19 
1.42 ± 0.06 
1.34 ± 0.38 
1.43 ± 0.22 

0.54 ± 0.12 
1.10 ± 0.17 
1.01 ± 0.10 
1.21 ± 0.18 

(b) 

Cultivars Months 
Zygotic embryo 

explants 
browning (%) 

Total 
phenolics 

(mg/g) 

Gallic acid 
(μg/g) 

+(−) catechin 
(μg/g) 

Catechol 
(μg/g) 

Chlorogenic 
Acid (μg/g) 

Rutin 
(μg/g) 

O-coumeric 
Acid 

(μg/g) 

Quercetin 
(μg/g) 

Purbi 

March 
April 
May 
June 

51.80 ± 0.18 
62.50 ± 0.13 
71.00 ± 0.24 
80.30 ± 0.35 

9.80 ± 0.20 
12.92 ± 0.16 
15.53 ± 0.28 
18.48 ± 0.18 

91.50 ± 0.17 
206.62 ± 0.20 
215.20 ± 0.18 
276.42 ± 0.30 

58.00 ± 0.20 
142.86 ± 0.15 
245.80 ± 0.29 
260.22 ± 0.19 

58.03 ± 0.18 
141.84 ± 0.13 
176.90 ± 0.17 
174.78 ± 0.30 

27.48 ± 0.20 
30.13 ± 0.16 
36.78 ± 0.28 
44.01 ± 0.20 

2.51 ± 0.17 
2.61 ± 0.15 
3.11 ± 0.25 
6.86 ± 0.19 

1.40 ± 0.20 
2.14 ± 0.13 
1.40 ± 0.25 
1.46 ± 0.20 

1.14 ± 0.18 
2.13 ± 0.11 
1.10 ± 0.20 
1.13 ± 0.18 

Bedana 

March 
April 
May 
June 

26.12 ± 0.10 
42.00 ± 0.16 
52.30 ± 0.08 
69.30 ± 0.18 

4.10 ± 0.17 
7.93 ± 0.09 
10.32 ± 0.50 
13.42 ± 0.22 

73.07 ± 0.11 
174.86 ± 0.13 
190.72 ± 0.09 
252.42 ± 0.19 

37.62 ± 0.16 
69.66 ± 0.08 

141.80 ± 0.48 
230.23 ± 0.20 

32.47 ± 0.12 
100.64 ± 0.15 
111.61 ± 0.10 
154.00 ± 0.18 

8.80 ± 0.11 
12.62 ± 0.14 
12.40 ± 0.11 
14.51 ± 0.16 

2.42 ± 0.10 
3.00 ± 0.11 
4.20 ± 0.10 
8.27 ± 0.17 

1.04 ± 0.12 
1.40 ± 0.13 
1.33 ± 0.11 
1.42 ± 0.16 

0.52 ± 0.10 
1.12 ± 0.11 
1.04 ± 0.12 
1.22 ± 0.11 

Mean value of three individual experiments showing significant *, more significant ** and most significant *** respectively in both Table 2(a) & Table 2(b), 
±Standard Error. Purbi ***P < 0.001, ** P < 0.01, *P < 0.05, Bedana ***P < 0.001, **P < 0.01, *P < 0.05. 

4.2. Changes in the Total Phenolic Content of Litchi Explants 

Total phenolic contents of shoot tips and zygotic embryos in the various months are 
presented in Table 2(a) & Table 2(b). Genotype and months of explants collection had 
significant effects on the total phenolic contents in shoot tips and zygotic embryos (p ≤ 
0.05). 

Total phenolic content in the Purbi shoot tips and zygotic embryos exhibited a low 
initial value in March, and then increased gradually, reaching a maximum level in June. 
Although Purbi showed a similar pattern for total phenolic content with Bedana, this 
litchi cultivar exhibited higher total phenolic contents than Bedana in all months. 

4.3. Changes in the Browning Control in Semi-Solid Culture 

No response of explants in the browning control was observed in different concentra-
tions of activated charcoal (1, 1.5, 2.0, 2.5, 3.0 and 3.5 gl−1), pre-soaking of explants with 
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or without activated charcoal in L-cysteine HCl (25, 30, 75, 100, 125 and 150 mM), low 
concentration of ascorbic acid (0.025, 0.050, 0.075, 0.100, 0.150 gl−1) and AgNO3 (25, 
50, 75, 100 and 125 mM). 

4.4. Effect of Ascorbic Acid 

1) At high concentration  
During soaking of explants(shoot tips/zygotic embryos) with high concentration of 

ascorbic acid all were fresh after inoculating them on MS2 medium supplemented with 
ascorbic acid, all explants were fresh and better result was observed at 3 gl−1 and within 
6 - 7 weeks callus formation was started (see Table 3) (Figure 1, Figure 2 & Figure 4).  

 
Table 3. Effect of different concentrations of ascorbic acid on both explants (shoot tips and zy-
gotic embryos) cultured on MS2 medium. 

Serial number Concentration No. of explants per plate 

No. of explants responds 

Control 
(medium without  

ascorbic acid) 

Experiment 
(medium with  
ascorbic acid) 

1 1 gl−1 6 No No 

2 2 gl−1 6 No 1 

3 2.5 gl−1 6 No 3 

4 3 gl−1 6 No 4 

5 5 gl−1 6 No 2 

6 10 gl−1 6 No No 

 

 
(a)                          (b) 

Figure 1. Effect of ascorbic acid on zygotic embryos in semi-solid culture. (a) Zygotic embryos 
without ascorbic acid in medium so that they turned brown due to over-secretion of polyphenil-
ics; (b) Zygotic embryos with ascorbic acid (3 gl−1, high concentration) in the medium were fresh 
due to no secretion of polyphenolics. 



D. K. Das, A. Rahman 
 

83 

 
(a)                          (b) 

Figure 2. Effect of ascorbic acid on shoot tips in semi-solid culture. (a) Shoot tips without ascor-
bic acid in medium so that they turned brown due to over-secretion of polyphenolics; (b) Shoot 
tips with ascorbic acid (3 gl−1, high concentration) in the medium were fresh due to secretion of 
polyphenolics. 

 
2) Ascorbic acid with activated charcoal 
Explants were showing fresh next two weeks after the culturing on MS2 medium 

supplemented with both ascorbic acid and charcoal, but after two weeks it turned into 
pale and gradually browning was appeared. Best result was observed at 2.5 gl−1 and 3.5 
gl−1 and formation of callus taken place (see Table 4). 

4.5. Effect of Citric Acid 

After culturing of explants (shoot tips/zygotic embryos) on MS2 medium supplemented 
with different concentration of citric acid, all were fresh but after three weeks in turned 
into pale, but presoaking of explants on citric acid and again culture on MS2 medium 
with same condition all were fresh and formation of somatic embryos were taken place 
(see Table 5). 

4.6. Effect of Ascorbic Acid with Citric Acid 

All explants (shoot tips/zygotic embryos) when cultured on MS2 medium supple-
mented with combined different concentrations of ascorbic acid and citric acid, were 
fresh and formation of somatic embryos started and best result was observed at 1 gl−1 - 
1.5 gl−1 concentration of ascorbic with citric acid (see Table 6). 

4.7. Effect of Filter Bridge with Ascorbic Acid on Control of  
Browning in Liquid Culture 

It was observed that following 4 - 6 weeks immature or matured seeds (for zygotic em-
bryos) cultured on MS4 medium (liquid) on filter bridge they induces about 6 - 9 mul-
tiple shoots on cotyledonary node in presence of less concentration of ascorbic acid 5  
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Table 4. Effect of ascorbic acid with activated charcoal on both explants (shoot tips/zygotic em-
bryos) supplemented in MS2 medium and both explants were cultured separately in separate pe-
tridish and each petridish has six explants.  

Serial  
Number 

Concentration 
No. of  

explants  
per plate 

No. of explants responds % of calli formation 

Control-1 
(medium without 
ascorbic acid and 

activated charcoal) 

Experiment-1 
(medium with 
ascorbic acid 

activated charcoal) 

Control-2 
(same as 1) 

Experiment-2 
(same as 1) 

1 0.025 gl−1 6 No No No 0 

2 0.050 gl−1 6 No 1 No 16 

3 0.075 gl−1 6 No 2 No 33.3 

4 0.100 gl−1 6 No 1 No 16 

5 0.150 gl−1 6 No No No No 

 
Table 5. Effect of citric acid on both explants (shoot tips/zygotic embryos) browning cultured on 
MS2 medium supplemented with different concentrations of citric acid and both explants were 
cultured separately in separate petridish and each petridish has six explants.  

Serial  
Number 

concentration 
No. of  

explants 

% of explants 
responds without soaking 

% of explants 
responds after soaking 

Control 
(without soaking 
and addition in 

the medium) 

Experiment 
(with soaking 

and addition in 
the medium) 

Control 
(medium without 

citric acid) 

Experiment 
(medium with 

citric acid) 

1 1 gl−1 6 No No No 16 

2 2 gl−1 6 No No No 40 

3 3 gl−1 6 No 33.3 No 60 

4 4 gl−1 6 No 25 No 45 

5 5 gl−1 6 No 10 No 30 

 
Table 6. Combined effect of ascorbic and citric acids on both explants (shoot tips and zygotic 
embryos) browning cultured on MS2 medium supplemented with different concentrations of as-
corbic and citric acids and both explants were cultured separately in separate petridish and each 
petridish has six explants.  

Serial  
Number 

Concentration 
of both ascorbic  
and citric acids 

No. of 
explants 

No. of explants responds % of calli formation 

Control-1 
(without ascorbic 
and citric acids in 

the medium) 

Experiment-1 
(with ascorbic and citric 

acid in the medium) 

Control-2 
(same as 1) 

Experiment-2 
(same as 1) 

1 0.200 gl−1 6 No 1.5 No 16 

2 0.500 gl−1 6 No 2.0 No 33.3 

3 1.00 gl−1 6 No 3.0 No 50 

4 1.500 gl−1 6 No 4.0 No 80 

5 2.00 gl−1 6 No 3.5 No 45 



D. K. Das, A. Rahman 
 

85 

mgl−1 browning was controlled may be due to settling down of phenolics on filter 
bridge and also in liquid medium. Those seeds which were cultured in the medium 
without filter bridge shoot buds were not induced on cotyledonary node. It was also 
observed that following 4 - 6 weeks Filter Bridge were turned brown may be due to 
binding of phenolics on filter bridge (Das et al., 1999a, b) (Figure 3). 

4.8. Changes in the Browning Control in Cell Suspension Culture 

Cells grown in suspension culture both from shoot tips and zygotic embryos separately 
in MS 3 liquid medium were fresh at 2 mgl−1 concentration of ascorbic acid. The cells 
were observed growing very fast and cells were fresh. The secretion of phenolics in the 
medium was also controlled but both in lower and higher concentration of ascorbic ac-
id a small number of cells were grown and degree of control of browning was less effec-
tive. In control where ascorbic acid was not added in the medium both cells and me-
dium were turned brown (see Table 7) (Figure 4). 

 

   
(a)                         (b)                        (c) 

Figure 3. Effect of Filter Bridge with ascorbic acid on control of browning. (a) Seeds cultured in 
liquid medium without Filter Bridge, no shoot buds were induced; (b) & (c) Seeds were cultured 
in liquid medium with filter bridge, a large number of shoot buds were produced may be due to 
binding of polyphenolics to filter bridge and control of browning. 

 
Table 7. Effect of different concentrations of ascorbic acid on cells obtained from zygotic em-
bryos in suspension culture in MS3 liquid medium. 

Serial  
Number 

Concentration of 
ascorbic  

acid (mgl−1) 

No. of cells/ml in suspension culture 

Control 
(without ascorbic acid in the medium) 

Experiment 
(with ascorbic acid in the medium) 

1 0 No 1 × 103 

2 1 No 1 × 106 

3 2 No 3 × 106 

4 3 No 1 × 103 

5 5 No 1 × 102 

6 10 No 1 × 101 
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(a)                                  (b) 

Figure 4. Effect of ascorbic acid in cell suspension culture. (a) Cell suspension culture without 
ascorbic acid so that cells were brown, necroses and dead; (b) Cell suspension culture with ascor-
bic acid (2 mgl−1) so that cells were fresh and fast dividing. 

 
Role of antioxidants on browning control 
Activated charcoal has large number of pore & active binding sites for polyphenols 

and for other compounds in most of the cases it was observed that it was able to control 
browning as well as inhibitory compounds but in the case of litchi activated charcoal 
alone was not found able to control the browning and it could be due to binding with 
some nutrients also. 

Ascorbic acid is a potent antioxidant it has been frequently used for browning con-
trol (Toth et al., 1993), it reduced the polyphenoloxidase activity in the case of litchi can 
check the browning when explants presoaked into ascorbic acid solution just after the 
excision of zygotic embryo and culture it at high concentration on ascorbic acid with or 
without activated charcoal because embryo secretes large amount of phenolic com-
pounds just after incision of explants.  

The combination of ascorbic with citric acid acts as a powerful antioxidant it may in-
hibit the polyphenoloxidase activity and also serve as a vitamin so that it is able to 
check the browning and initiate proliferation of cells and somatic embryo arises from 
explants. 

It was observed that when explants of Pistachio species was 15 min. soaked in L- 
cysteine HCl at 100 mM before the culturing it eliminates the browning (Gannoun et 
al., 1995, Tabiyeh et al., 2006) as well as increases the shoot bud formation but when 
this treatment applied for Litchi initially all explants were fresh but after the one week 
browning appeared gradually. 

AgNO3 is an ethylene inhibitor and inducer for adventitious shoot bud formation 
(Rouston et al., 2008) as well as control the browning of Pistachio. But in case of Litchi 
it was observed that it is not effective to check the browning. 

Finally it was observed that both excision and incision of zygotic embryos and shoot 
tips under axenic condition and use of ascorbic acid 2.5 gl−1 with activated charcoal 2 
gl−1, ascorbic acid 3 gl−1 after pre soaking in 3 gl−1 ascorbic acid solution and a combina-
tion of ascorbic acid 1.5 gl−1 and citric acid 1.5 gl−1 pre soaking in 3 gl−1 ascorbic acid 
solution and frequent sub-culturing in semi-solid culture can eliminate the browning 
and reduced the polyphenoloxidase activity of Litchi. But in contrary, suspension cul-
ture browning could be controlled at very low concentration of ascorbic acid than the 
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semi-solid culture could be due to cells are in direct contact of medium having ascorbic 
acid (antioxidants) and absorbs from whole cells surface but if concentration will in-
crease up to 10 mgl−1 then browning couldn’t be controlled by ascorbic acid could be 
due to attainment of inhibitory action of ascorbic acid in suspension culture. 

4.9. Changes in the Phenolic Compounds of Litchi Shoot Tips and  
Zygotic Embryos Explants 

The amounts and variations of phenolic compounds in the shoot tips and zygotic em-
bryos collected in the different months are presented in Table 2(a) & Table 2(b). The 
genotype as well as the month of explants collection seemed to the major factors in-
fluencing the relative concentration of the various phenolic compounds in the shoot 
tips and zygotic embryos. In both cultivars, the various phenolic compounds quantified 
in this study showed significantly differences in shoot tips and zygotic embryos col-
lected in different months (p ≤ 0.05). 

Gallic acid and +(−) catechin were the most abundant phenolic compounds in the 
shoot tips and zygotic embryos in both cultivars, with higher concentration in Purbi. In 
both cultivars, the lowest concentrations for gallic acid were found in the shoot tips and 
zygotic embryos collected in March. But gallic acid concentration increased at different 
rates up to June. Concentrations of +(−) catechin in Purbi shoot tips and zygotic em-
bryos significantly increased from March to May but there was no any significant dif-
ference for +(−) catechin between May to June. In Bedana +(−) catechin also showed a 
gradual increase during the season and the highest value was detected in the shoot tips 
and zygotic embryos collected in June. The amounts of the second most abundant 
phenolic compounds in shoot tips and zygotic embryos were catechol and chlorogenic 
acid. In Purbi, catechol concentration was relatively low in the shoot tips and zygotic 
embryos collected in March. But it subsequently exhibited a strong increase in the ex-
plants collected in April. After that this increase, but more slightly, continued up to 
June. Bedana also exhibited almost similar pattern with Purbi for +(−) catechin. Con-
centrations of chlorogenic acid in the shoot tips and zygotic embryos were higher in 
Purbi than Bedana, in all months. While concentration of chlorogenic acid in Purbi did 
not significantly vary in the shoot tips and zygotic embryos collected in March, April 
and June, it showed a significantly increase in June. Although a lower chlorogenic acid 
concentration in Bedana was found in the shoot tips and zygotic embryos collected in 
June compared the shoot tips and zygotic embryos collected in the previous months, 
the values did not differ significantly. The amounts of rutin in Purbi remained almost 
stable from March to May, but it showed a strong increase in the shoot tips and zygotic 
embryos collected in June. On the other hand in Bedana concentration of rutin gradu-
ally increased during summer and reached to maximum value in June. Concentration 
of o-coumaric acid in shoot tips and zygotic embryos of Bedana gradually increased 
during summer as it showed a sharp decrease from March to June in Purbi. The highest 
concentration of quercetin in Purbi was found in the shoot tips and zygotic embryos 
collected in April, and there was no any significant difference among the other month. 
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Quercetin content of Bedana had a different pattern to that of Purbi. Although it dif-
fered slightly from March to June, these differences were not significant. 

4.10. Correlation of the Phenolic Compounds with  
the Browning Percentage of Litchi Explants 

Correlation coefficients between the explants browning and the phenolic compounds 
were given in Table 8. The most remarkable positive correlation was found between 
explants browning and the total phenolic content. Gallic acid, +(−) catechin, catechol 
and chlorogenic acid in the explants exhibited a significantly strong positive correlation 
with the explants browning. But explants browning showed relatively weak positive re-
lationship with rutin. Neither the concentration of o-coumeric acid, nor that of querce-
tin showed a significant relationship with the explants browning. 

Browning and subsequent death of explants is a common problem in cultures of 
woody plants and has generally been attributed to the oxidation of phenolic com-
pounds in explants tissues (Hu & Wang, 1983). Browning is of considerable impor-
tance, because it invariably leads to the death of the explants. 

In this study, it was determined that the browning percentages of explants varied 
significantly depending on the cultivars. Shoot tips and zygotic embryos of Purbi exhi-
bited higher explants browning than those of Bedana when their percentages were 
compared in the same months. It has been observed that the explants browning is 
highly genotype dependent, as previously reported by Tangolar et al. (1999), Thomas & 
Ravindra (1997) and Yu & Meredith (1986). 

Time of explants collection is in general a critical factor in explants browning (Dalal 
et al., 1993; Dhar & Upreti, 1999; Tangolar et al., 1999; Thomas & Ravindra, 1997). In 
both cultivars, the lowest explants browning percentages were found in the shoot tips 
and zygotic embryos collected in March> Shoot tips and zygotic embryos collected in 
the other months showed more browning, turned brown sooner and showed no growth 
response similar reported by Baydar, 2006 in grapevine. But Fanizza et al. (1984) in 
grapevine, Roussos & Pontikis (2001a, b) in olive found that season of explants collec-
tion did not influence the explants browning.  

 
Table 8. Correlation coefficients between phenolic compounds and explants browning. 

Endogenous compounds Explant browning 

Total phenolic content 

Gallic acid 

+(−) catechin 

Catechol 

Chlorogenic acid 

Rutin 

o-coumaric acid 

Quercetin 

0.9835*** 

0.8648*** 

0.9196*** 

0.9148*** 

0.7740*** 

0.6054* 

ns 

ns 

*P ≤ 0.05, ***P ≤ 0.0001, ns: not significant, n = 84.  
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Time of explants collection influences not only the percentage of explants browning 
but also the contents of total phenolics (Dalal et al., 1993). In this study, it was shown a 
variation of explants browning and total phenols in relation to months of explants col-
lection. The lowest browning percentages were achieved from the explants taken in 
March, with the highest browning percentages from those collected in June. Higher 
phenolic levels were associated with higher explants browning but lower survival. It was 
previously reported that season could an important role in the successful establishment 
of explants in in-vitro culture (Dhar & Upreti, 1999) and explants survival was inversely 
related to phenolic content of explants (Block & Lankes, 1995; Dalal et al., 1992; Ziv & 
Halevy, 1983). Similarly, higher phenolic content and explants browning were observed 
with Purbi shoot tips and zygotic embryos while Bedana shoot tips and zygotic embryos 
showed phenolic contents and better survival. 

Time of explants collection is one of the major factors influencing the relative con-
centration of the various phenolic compounds (Roussos & Pontikis, 2001a). In this 
study, phenolic compounds quantified by HPLC presented significant differences de-
pending on the cultivars and the months. While some of the phenolic compounds in-
cluding gallic acid, +(−) catechin, catechol and chlorogenic acid showed highly positive 
correlations with explants browning, rutin exhibited more slightly correlation with the 
browning. On the other hand, there were not found any correlation between browning 
and some phenolics such as o-coumeric acid and quercetin. Different quinones pro-
duced by different phenolic compounds contribute to a different degree to the forma-
tion of the brown color (Richard-Forget et al., 1992). In Olive explants, Roussos and 
Pontikis, 2001a found significantly positive correlations between some phenolic com-
pounds (luteolin-7-glucoside, quercetin and luteolin) and the browning while they did 
not found any correlation between browning and some phenolics including rutin, 
chlorogenic acid and oleuropein. 

The concentrations of the different phenolic compounds change during the growing 
season, presenting the great effect of environmental conditions on the total phenol 
content of a tissue and especially on individual phenolic compounds (Lux-Endrich et 
al., 2000). It is well known that the environmental properties, especially temperature 
and sunlight have important contribution in the formation of the phenolic compounds 
in plant tissues (Tangolar et al., 1999; Yu & Meredith, 1986).  

There are a lot of studies conducted on determine the effects of some factors such as 
genotype, explants origin, season, vigour of litchi and sunlight, on the total phenolic 
content and explants survival in different plants (Dalal et al., 1993; Fanizza et al., 1984; 
Roussos & Pontikis, 2001a, b; Tangolar et al., 1999; Thomas & Ravindra, 1997; Yu & 
Meredith, 1986). But according to our knowledge, variabilities in the individual phe-
nolic compounds of shoot tips and zygotic embryos and their effects on the success of 
shoot tip and zygotic embryos culture were not previously examined in litchi. We have 
found that in shoot tips and zygotic embryos of litchi there are important relationships 
between phenolic compounds and explants browning in the initial stage of cultures. 
And not only the variation of phenolic compounds but also the percentage of explants 
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browning are related strongly to months of explants collection. So by the careful selec-
tion of months browning may be alleviated and thus it is possible to increase the suc-
cess of shoot tips and zygotic embryos cultures of litchi.  

5. Conclusion 

It is concluded that during excision, explants secrete a lot of polyphenolics which in 
contact of oxygen turn into brown due to the action of polyphenol oxidase and conse-
quently browning and death of tissue which stops the in-vitro works in litchi. This 
problem has been solved by the use of antioxidants in combined form (Ascorbic acid + 
Citric acid 250 mg/l) and consequently controlled the browning and became possible to 
do in-vitro work on litchi for genetic manipulation. 
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