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Effect of antioxidants on oil palm leaf in vitro
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INTRODUCTION

0Oil palm (Elaeis guineensis Jacq.), an alloga-
mous species belonging to coccoid group of palms,
is an important source of edible oil, contributing
about 16.5% of total world production of oil and
fats. Large number of seedlings are required for
expansion of area under oil palm cultivation, and
large-scale propagation through tissue culture of-
fers an alternative method for producing high-
quality planting material. Efforts are on for sev-
eral years to regenerate oil palm in vitro and sev-
eral methods are available for its propagation
through somatic embryogenesis (Jones, 8; Corley
¢t al., 3; Nwankwo and Krikorian, 14; Raju et al,
15; Karun and Sajini, 9). However, much remains
to be understood about the metabolic changes
occurring in the tissue in response to media con-
stituents. In the present experiment attempts were
;made to study the effect of different antioxidants,
viz. activated charcoal, polyvinyl pyrollidone (PVP)
and diethyl dithiocarbamic acid (DIECA); incu-
bation time and media state (liquid vs solid) on
metabolic changes occurring in the explant.

[MATERIALS AND METHODS

© Young leaves from in vitro plantlets, newly
‘emerged leaves from 2-year-old net-house seed-
ling and fully expanded leaf from field-grown adult
oil palm were cut into approximately 1 cm long
tpieces and surface sterilized for 5 min. with 0.1%
* (wiv) mercuric chloride followed by several washes
“with sterile distilled water. The explant was cul-

tured on liquid and solid half strength MS me-
dium supplemented with activated charcoal (1 g/
litre), PVP (100, 200 or 300 mg/litre) or DIECA
(1 or 2 g/litre).Half strength MS medium without
any antioxidant was used as the control medium.
The media contained sucrose (30 g/litre) as the
sole carbon source and the pH was adjusted to 5.8
prior to autoclaving. The tubes were incubated in
dark at 27+2°C with 70-80% relative humidity.
Then 1 g leaf per treatment was sampled at 24,
48, 72, 120 and 168 hr, ground in 5 ml of hot
alcohol in pestle and mortar and centrifuged at
15,000 g for 10 min. The supernatant was used
for colorimetric estimation of total phenol (Bray
and Thorpe, 2) expressed as chlorogenic acid,
orthodihydroxy phenol (OD phenol) (Mahadevan,
11) expressed as catechol, total sugar (Mahadevan
and Sridhar, 12) with glucose as standard, and
free amino acids (Moore and Stein, 13) with gly-
cine as standard. The residue was oven dried,
treated with trichloroacetic acid (TCA) and ether
: ethanol (3:1) and used for protein estimation
(Lowry et al., 10) using crystalline bovine serum
albumen as standard. Simultaneously 1 g leaf per
treatment was oven dried and used for tannin
estimation (Sadasivam and Manickam, 16). Liq-
uid medium was used for estimation of leaching
of phenol and OD phenol.

RESULTS AND DISCUSSION

The antioxidants did not significantly affect
the endogenous levels of inhibitory metabolites,
viz. phenol and OD phenol in the explant. How-
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ever, OD phenol content was higher in DIECA-
supplemented medium (Table 1). Similarly, PVP
and DIECA reduced the phenol content more than
AC and the control. These two metabolites espe-
cially phenols are believed to be responsible for
browning and subsequent necrosis of the explant
-during tissue culture of perennial crops, and an-
tioxidants such as activated charcoal (Areza et
al., 1) and PVP (Siugeira and Inoue, 18;
Sarathchandra et al., 17) are widely used to over-
come this problem. Activated charcoal is shown

to adsorb inhibitory phenolic metabolites affecting
morphogenesis (Fridborg ef al, 7), enhancing
somatic embryogenesis and regeneration (Ziv and
Godasi, 21), and in vitro rooting (Dumas and
Monteuuis, 6). Similarly, PVP is also known to
improve the response of the explant in repeated
subcultures (Dalsaso and Guevara, 4; Dass et al,
5) and in vitro rooting (Standardi and Romani,
19), probably by altering the phenolic -and other
inhibitory compounds, whereas DIECA when
added in root induction media had adverse effect

Table 1. Effect of antioxidants on metabolite content of oilpalm leaf tissue in vitro.

Content (mg/g FW) .
Antioxidant Phenol OD Total Free Protein Tannins
phenol sugars amino acid

Activated charcoal (1 glitre) 23.49 35.82 23.74 283 3.05 4.26

PVP (100 mg/litre) 19.99 37.62 21.59 2.44 2.98 4.67

PVP (200 mg/litre) 21.57 37.11 28.82 2.66 3.14 4.60

PVP (300 mg/litre) 20.42 34.08 26.29 3.44 3.26 4.95
DIECA (1 g/litre) 20.96 40.46 29.48 1.73 2.66 4.58
DIECA (2 g/litre) 20.05 47.35 25.23 1.71 272 3.87 !
Control 24.51 37.15 32.41 4.01 2.76 4.61

C.D. at 5% NS NS NS NS NS NS

Table 2. Effect of incubation time on metabolite content of oilpalm leaf tissue in vitro.

Content (mg/g FW)

I_ncubation Phenol oD Total Free Protein Tannins
time (hr) phenol sugars amino acid

24 25.45 44.94 28.79 2.06 242 5.38

48 21.70 42.89 23.07 2.77 2.01 4.93

72 _ 19.98 30.25 25.4Q 3.64 238 3.91

120 20.45 28.06 31.26 2.94 4.19 4.01 4
168 20.27 46.42 25.44 2.03 3.68 4.30 1
CD. af 5% NS 9.389*** NS NS 0.757¢*+ 0.712**

**Significant at 1%, ***significant at 0.1%



Antioxidant Effect on Oil Palm Leaf in-vitro 151

Table 3. Effect of media, tissue type and interaction on metabolite content of oil palm leaf tissue in vitro.

Content (mg/g FW)

Treatments Phenol oD Total Free Protein Tannins
phenol sugar amino acid

Type of medium

Solid 22.51 36.73 19.14 3.63 2.78 4.58

Liquid 20.63 40.29 34.45 1.75 3.10 4.43

CD. at 5% "NS§ NS 4.885%**%  12.706** NS NS

Type of tissue

In vitro 22.15 36.32 25.05 1.94 298 NE

Net house 20.67 39.19 41.69 531 2.01 3.38

Adult 21.89 40.03 13.64 0.82 3.80 5.62

CD. at 5% NS NS 5.983 4.303%** 0.586%** 0.45%%*

Interactions

Tissue x time

S.Em. 3.015 5.803 4.774 1.174 0.467 0.357

CD. at 5% 0.45** 16.26 13.38 NS 1.31%%* 1.0]1%**

Antioxidant x tissue '

SEm. 3.56 6.866 5.648 1.39 0.553 0.423

-C.D. at 5% NS NS 15.83 NS NS 1.19

Antioxidant x time

' SEm 4.61 8.864 7.292 1.794 0.714 0.668

t C.D. at 5% NS NS NS NS NS NS

#*Significant at 1%, ***significant at 0.1%; NE = not estimated

on rooting in apple (Standardi and Romani, 19).

Results from this experiment suggest that com-
. pounds other than phenols may also be involved
‘ in browning of tissue during initial stages of the
| culture. Other metabolities, viz. total sugar, amino
| acids and proteins, are also not affected by type
g and concentration of antioxidant (Table I).

L OD phenol, protein and tannin contents were
[ significantly different with incubation time,
whereas sugars and amino acids remained unaf-
fected by the time interval (Table 2). OD phenol

and 'tannin content decreased gradually up to 120
hr and then increased at 168 hr. Protein showed
an increase at 120 hr after remaining constant up
to 72 hr. Protein is an important metabolite and
change in its content reflects change in metabo-
lism. These results indicate that response of tissue
to the media constituents may start at about 120
hr after inoculation resulting in metabolic changes.

Only total sugar and free amino acid contents
differed significantly between solid and liquid
media (Table 3). Total sugar was higher in the
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explant inoculated in liquid meidum, whereas free
amino acid content of the explant was more in
solid medium. Since tissue was inoculated in high
sucrose containing medium, liquid medium may
facilitate faster absorption of sugar, resulting in
higher content in liquid medium. As the avail-
ability of sugar and other nutrients is more in
liquid medium, tissue seems to be metabolically
more active, as indicated by low amino acid and
higher protein content in this medium.

Tissue type had significant effect on total
sugar, amino acid, protein and tannins (Table 3).
However, phenol and OD phenol levels were not
affected by the tissue type. Total sugar content in
adult tissue was minimum, indicating that endog-
enous sugars are being utilized by the tissue dur-

ing initial phase, resulting in reduction in its con-
tent, because adults have much higher levels of
endogenous sugars, both reducing as well as non-
reducing, compared with in vitro plantlets
(Subronto et al.,, 20). Absorption of sugar from
the medium by net house and in vitro tissues for
their utilisation may be responsible for the high
content of total sugars in these tissues. Amino
acid levels were maximum in net house and mini-
mum in adult tissue, whereas the reverse was true
for protein content. This may be due to high
metabolic activity in field-grown adult tissue.
Tannin, a secondary metabolite, was significantly
higher in adult tissue. Interaction between tissue
and incubation time was significant for all the
metabolites except free amino acids (Table 3).

Table 4. Effect of antioxidants and tissue type on leaching of inhibitory metabolites from oil palm leaf tissue in vitro.

Leaching (mg/g FW)

Treatments

Phenol OD phenol
Antioxidants
Activated charcoal (1 g/litre) 5.53 832
PVP (100 mg/litre) 8.18 6.98
PVP (200 mg/litre) 10.25 6.30
PVP (300 mg/litre) 1.57 5.96
DIECA (1 g/litre) 8.25 5.83
DIECA (2 g/litre) 9.47 6.82
Control 8.44 6.52
S.Em. 1.348 0.857
C.D. at 5% NS NS
Type of tissue
In vitro 10.55 9.0
Net house 5.88 7.21
Adult 8.29 3.80
S.Em. 0.883 0.561
C.D. at 5% 2.48* 1.579*

*Significant at 0.1%
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Fig. 1. Effect of incubation time on leaching of inhibitory metabolites from oil palm leaf in vitro.

Similarly, interaction of tissue and antioxidants
had significant effect on total sugar and tannin
content.

Although leaching of phenol and OD phenol
into the liquid medium was not significantly in-
fluenced by the type and concentration of antioxi-
dants, it was minimum in the medium supple-
mented with activated charcoal (Table 4). It may
be due to better adsorption capability of activated
charcoal (Fridborg er al, 7) than of PVP and
DIECA. Leaching was significantly different be-
tween tissue type (Table 4) and incubation time
(Fig. 1). Maximum leaching of phenol and OD
phenol was observed from in vitro and net house
tissues respectively. Significant change in leach-
ing of phenol and OD phenol was observed at 120
hr, once again indicating that response of tissue
starts at that time.

SUMMARY

Biochemical changes in oil palm-leaf explant

of three different stages, viz. in vitro, net house
and adult at different periods and in different
antioxidants were studied in vitro. Antioxidants
didnot significantly influence the level of metabo-
lites in the explant as well as their leaching in the
medium. The content of phenols and OD phenols
starts increasing 120 hr after inoculation. Total
sugars were higher in the tissues cultured in lig-
uid medium, whereas amino acid was high in solid
medium. Antivated charcoal adsorbed phenolic
leachates better in the liquid medium.
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