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ABSTRACT
Hard bunch is an abnormal phenomenon occurred on fruits of oil  palm. This abnormality exists 
in several oil palm plantations in Indonesia and typically, hard bunch occurs in areas which are 
frequently dry. Up to this point, the hard bunch biochemical properties are not well understood 
and therefore, many researchers are trying to elucidate this abnormality. The objective of this 
study was to characterise the biochemical properties related to the abnormal oil palm fruits. The 
fruits samples which were collected  from the oil palm plantation in Lampung were subjected to 
the  physical  and biochemical properties analysis  of the  bunches. Analyses performed on the 
bunch were carotenoids, tocopherol, phenolic acids, lignin and oil extraction ratio. The experi-
mental results indicated that fresh fruit bunch, spikelet weight, total carotene, 4-hydroxybenzoic 
acid, chlorogenic acid, ferulic acid and lignin of fruit abscission zone observed from normal and 
hard bunches were significanly different. On the other hand, the other parameters were not signif-
icantly different.  However, lignin accumulation in the abscission zone which affects the loosenes 
of fruits from the bunch, indicated high level in the hard bunch abnormality (76.41%)  compared 
to that of  normal oil palm (70.61%).
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INTRODUCTION

Indonesia has the largest oil palm plantation in the 
world with the total area of 9.1 million hectares in 
2013 (www.ditjenbun.pertanian.go.id).  Recently, 
the expansion of oil palm plantation has moved into 

marginal lands which are typically less suitable for 
oil palm cultivation. For optimum growth, oil palm 
requires evenly distributed rainfall of 2000 mm yr-1 
(Corley and Tinker, 2003). The rapid expansion 
of oil palm plantations in Indonesia has reached 
some areas where the dry season is much longer 
than other areas. Drought period in these dry areas 
usually occurs for three to four months with monthly 
rainfall ranging from 0 - 100 mm. The occurrence 
of abnormalities to oil palm fruits becomes one of 
the major problems for oil palm cultivation in such 
areas.

The abnormalities in the oil palm plantation 
in areas which are frequently dry include the non-
shed ripe fruits in the field and fruits which remain 
attached to the bunch after the fruit separation stage 
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at the mill.  This phenomenon is called ‘hard bunch’,  
which only occurs in regions which have lengthy  
dry period in a year. Hard bunch is caused by 
water shortage because of inadequate distribution 
of rainfall and climatic factors which accelerate 
the loss of water from the soil and air. Hard bunch 
phenomenon has a significant correlation with 
rainfall for six to nine months before the bunch 
harvested (Roberdi, 2014).  

The presence of loose fruits (shed fruits) is one 
of the harvesting criteria being used to define fruit 
ripening in oil palms. If loose fruits are not observed 
on the ground at the palm base, fruits ripening 
cannot be detected from hard bunches, therefore, 
ripening fruit bunches will not be harvested. As a 
consequence the hard bunch phenomena can result 
in decreasing  productivity in the oil palm plantation. 
The hard bunch incidence in the oil palm plantations 
is quite high ranging from 13.35% - 21.36% between 
2007 – 2012 (RC Lampung, pers. comm.).

Neo et al. (2008) reported that palm oil contains 
many antioxidants such as carotenoid, tocopherol, 
and phenolic compounds which may contribute 
to human health. These compounds are known to 
be involved in plant defense mechanisms against 
drought stress. The fruits from hard bunches are 
different  from  normal fruits in terms of the colour 
and mesocarp structure, and these may be due to 
the differences of biochemical compound profile 
of the fruits.  Therefore,  analysis of  the essential 
biochemical compounds is required for the two 
types of fruits.

Several researchers have analysed biochemical 
components in extract of normal oil palm fruits. 
There are eight phenolic acids types in  palm 
oil extract discovered by Neo et al. (2008), high 
concentration of tocols in palm oil was detected by 
Ng et al. (2004) and high concentration of α and β 
carotene was reported by Ping and Gwendoline 
(2006) on ripe oil palm fruit extract.  On the other 
hand, similar biochemical component analysis on 
fruits from hard bunches has not been performed 
and to our knowledge no such report have been 
published. 

Besides previous report on biochemical 
properties of normal bunch, biochemical properties 
in the fruit mesocarp from both hard bunch and 
normal bunch are equally important in order to 
elucidate fruits abnormality in oil palm cultivated 
in dry areas. The mesocarp of fruits from a hard 
bunch was observed to be enriched with high 
fibre composition which is supposedly a long 
chain polysaccharide such as lignin and pectin.  
These compounds are the cell wall components 
and predominantly accumulated in the secondary 
cell wall. The lignin biosynthesis can be induced 
in response to different biotic and abiotic stresses 
(Cano-Delgado et al., 2003). Drought stress also can 
activate the genes involved in lignin biosynthesis 

(Bok-Rye et al., 2007; Yoshimura et al., 2008). 
Other biochemical characters were analysed to 
observe further differences between hard and 
normal bunches. The objective of this study was to 
characterise the biochemical components related to 
hard bunch in oil palm fruits.

	
MATERIALS AND METHODS

Plant Materials and Sampling Procedure

The hard and normal bunches were collected 
from adjacent 20 years old tenera (D×P) palms in 
Lampung Plantation, 20 bunches each and brought 
to the laboratory for analysis. The analysis was 
carried out on physical and chemical properties of 
the oil palm fruits, such as carotenoid and tocopherol 
content, phenolic compound, and lignin content.

Bunch Analysis

The method of bunch analysis was performed 
according to the plantation standard operating 
procedure. The ripe bunches were harvested, 
labelled and brought to the laboratory for further 
analysis. The fresh fruit bunch (FFB) was weighed, 
the spikelets were chopped and counted.  Oil 
contents to bunch was derived from 3.5 kg of 
fruit samples which were taken from 25 spikelets 
(8:9:8 ratio) at three different zones of the bunch 
(up, middle and down) respectively.  From these 
zones, 10 spikelets (3:4:3 ratio) from each zone were 
selected randomly. Three fruits from each spikelet 
(30 fruits) which represented each zone of spikelet 
were weighed and the mesocarp was separated 
from the nuts. Wet mesocarp and nut were weighed 
and dried for 12 hr at 80°C to measure the dry 
weight of  mesocarp and nuts. In addition, others 
parameters, such as   total normal fruits and infertile 
fruits were also observed. The oil was extracted with 
hexane methods (MPOB, 2005).

Carotenoid and Tocopherol Analysis
	
The carotenes and tocols were extracted 

following the procedure described by Ping and 
Gwendoline (2006) with minor modification. 
Total carotenoid content was determined by 
the spectrophotometric method. One hundred 
milligrams of oil was weighed, dissolved in 3 ml 
hexane and vortexed. The solution was measured 
at wavelength 446 nm (MPOB, 2005). The total 
carotenoids content was expressed based on 
β-carotene equivalent (β-carotene; mg/100 g fresh 
mass).

The carotenoid profiles were obtained based on 
Acquity column UPLC BEH C18 1.7 µm (2.1 × 50 
mm) (Waters) using PDA detector. As mobile phase, a 
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mixture of acetonitrile: methanol (20:80 v/v) with 0.4 
ml min-1 eluent was used. The column was properly 
maintained at ambient laboratory temperature and 
sample was measured at wavelength of 450 nm 
(Ping and Gwendoline, 2006). The reliability of this 
method was justified by using standard curve of 100 
- 500 ppm of  β-carotene.

Tocopherol concentration was determined with 
similar procedure and detector. This compound was 
measured at wavelength 292 nm and as standard 
curve was 0 - 500 ppm of α-tocopherol.

Phenolic Compound

Extraction and quantification of phenolic 
compounds were performed based on methods 
described by Fuchs et al. (2010) with minor 
modification. The ripe fruit mesocarp was separated 
from the nuts and ground to fine powder. One gram 
of sample was  dissolved with 50 ml of 2 M HCl: 
methanol (1:1). The sample was ultrasonicated 
for 60 min at 60°C, and filtered. The mixture was 
evaporated, and dry filtrate was dissolved with 50 
ml aquades. The sample was further extracted for 
three times with 20 ml of diethyl ether. Organic layer 
was separated and evaporated. The dry residue was 
dissolved in 2 ml of methanol.

Analysis of Total Phenolics with Folin-ciocalteu 
Assay

Total phenolic compounds were analysed 
based on the method described by Fuchs et al. 
(2010). Mixture consisting of  40 μl of extract, 2 ml 
of H2O, 100 μl of Folin-Ciocalteu Reagen (2N), was 
incubated for 3 min. Two hundreds microlitres of 
Na2CO3 (35 g in 100 ml H2O), and 2660 μl of H2O 
were added to the mixture and  the absorbance 
spectra was measured  after 1 hr at 725 nm against 
the blank which  contained 40 μl H2O. Caffeic acid, 
10 – 1000 ppm, was used as standard for calibration 
curve. The results were expressed in μg CAE g-1 of 
sample.

Analysis of Phenolics Acids

The phenolics acids were measured on Acquity 
column UPLC BEH C18 1.7 µm (2.1 × 50 mm) 
(Waters) using PDA detector. Samples were filtered 
with Millipore. As mobile phase 2% of acetic acid: 
methanol (90:10 v/v) with 1 ml litre-1 eluent was 
used. The column was maintained at ambient 
laboratory temperature and wavelength of 280 nm 
(Neo et al., 2008). To justify the reliability of this 
method, we used 2 mg of gallic acid, syringic acid, 
caffeic acid, chlorogenic acid, p-coumaric acid, 
4-hydroxybenzoic acid, ferulic acid dissolved in 2 ml 
aquades as a standard. One mililitre of the standard 
(standard:water 1:9 v/v) was injected to the UPLC. 

Extraction and Determination of Lignin

Three zones of oil palm fruit [abscission zone 
(AZ), mesocarp below the AZ and the pedicle 
above the AZ] were used for determination of lignin 
content. The samples were treated with ethanol-
benzene to eliminate the extractive compounds. 
Hexane:ethanol (1:1 v/v) was added to 5 g of samples 
and agitated for 24 hr at room temperature. The 
extract was filtered and washed with 96% ethanol to 
remove excess hexane. The samples were extracted 
using 95% ethanol for 4 hr. The samples were 
then filtered and washed with water. The washed 
samples were placed in Erlenmeyer flask containing 
50 ml boiled water and subjected to heat treatment 
at 100°C for 1 hr in boiling water bath. After boiling, 
the samples were filtered and thoroughly washed 
with boiled water. The collected samples were dried 
at room conditions.	

The method of Dence and Lin (1992) was used 
with some modifications for lignin determinations. 
Approximately 5 ml of 72% sulphuric acid (H2SO4) 
was carefully added into 500 mg (A) of free 
extractive samples, followed by incubation for 3 
hr at room temperature with gentle shaking to mix 
the reaction solution every 30 min. The samples 
were diluted with water until the concentration 
of sulphuric acid reached 3%. The samples were 
heated in an autoclave for 30 min at 121°C, filtered, 
dried in an oven and weighed (B). The lignin content 
was determined by the ratio of final dry weight and 
initial weight of sample (B/A).

Statistical Analysis

All the data were analysed with paired t-test 
statistical analysis using Microsoft Excel 2007.

RESULTS AND DISCUSSION

Bunch Growth and Development

The weight of harvested bunches during 
observations ranged from 15 to 55 kg, and the 
number of spikelets were around 100 - 300 spikelets 
per bunch. The FFB and spikelet weight between the 
normal and hard bunch were significantly different, 
while other parameters were not significant (Table 
1). This data indicated that there were no metabolic 
disturbances occurring during the bunch growth 
and development suggesting that the fruits 
developed normally. This result is supported by 
the high fruit set (85.77%) and oil extraction ratio 
(OER) (21.08%) observed in hard bunches, which 
are not significantly different from those in normal 
bunches. 

FFB production is one of the most important 
aspects in oil palm plantation. Although hard 



180

Journal of Oil Palm Research 28 (2) (JUNE 2016)

bunches have high FFB, this can be meaningless if 
high number of the hard bunches are not detected by 
the harvesters. If the ripe bunches are not harvested 
in the correct rotation time (7 - 10 day rotation), the 
bunch would be over-riped by the next rotation. 
Based on field observation, some of the hard bunches 
were not harvested. This can decrease the oil yield, 
reduce the crude palm oil (CPO) quality [with high 
free fatty acid (FFA)] and eventually affect the CPO 
price (Tan et al., 2009). 

The oil palm mesocarp contains a high lipase 
activity. The lipase activity leads to the acidification 
of mesocarp which releases FFA (Ebongue et al., 
2006). The lipase activity can be inactivated by heat 
treatment. The acidity can be reduced by harvesting 
the fruits before they become over-ripe. The high 
FFA content is known to be unhealthy for human 
consumption (Ebongue et al., 2008) and should be 
removed.   

Oil extraction obtained from normal bunches 
(22.73%) and hard bunches (21.08%) was not 
significantly different. These results were also not 
much different from the OER average produced 
in Lampung which ranged from 22% - 24%.  Oil 
biosynthesis starts at 12 to 13 weeks after pollination. 
In this stage, lipid starts to accumulate in endosperm 
and little oil accumulates in mesocarp (Oo et al., 
1985). On the other hand, lipid accumulation in 
mesocarp starts in 16 to 17 weeks after pollination 
and this is indicated by the increase in fruit size and 
mesocarp fresh weight (Oo et al., 1985; Tranbarger et 
al., 2011).

Biochemical Component

Total carotene, chlorogenic acids, ferrulic acids, 
and lignin of fruit abscission zone of hard bunch 
fruits were significantly different from the fruits 
of normal bunches (Table 2). In plants, carotenoids 
are essential components for the production of 
carotenoid-derived phytohormones ABA and 
strigolactone (Cazzonelli, 2011). 

Ramakhrisna and Ravishankar (2011) reported 
that accumulation of these compound often occurs 

when the plant experiences stress as a function of 
the plant adaptation to the environment. Neo et 
al. (2008) reported that palm oil contains many 
antioxidants that work well for human health such 
as carotenoid, tocopherol, and phenolic compound. 
These compounds are involved in plant defense 
mechanisms against drought stress.

Phenolic compounds, phenolic acids and 
their derivatives and polyphenols have important 
role in detoxification of free radicals (Ksouri et al., 
2007). This compounds also play an important 
role in the life cycle of plant including growth, 
reproduction and defence to abiotic and biotic 
stresses. Polyphenolic compounds are also used as 
substrates by the enzyme peroxidase against H2O2 
(Yildiz-Aktas et al., 2009). 

Furthermore, one of transcripts which was 
differentially expressed in hard bunches analysis 
was peroxidase (Roberdi et al., 2015). One of the 
peroxidase functions in plant is known to be involved 
in lignifications process in tobacco (Marjamaa et al., 
2008). Detoxification in plants occurs via two ways, 
namely enzymatic and non-enzymatic. A common 
response is by increasing the synthesis of phenolic 
compounds (Parida et al., 2004). 

One of the phenolics accumulated during 
drought is lignin. Lignin serves as a plant defense 
system against stress. Lignin allows the cell wall to 
be impermeable to water, allowing the transport of 
organic material in xylem tissue. However, although 
lignin has a good function for plants, but a high 
lignin content can cause problems in industrial use.

The high lignin content in abscission zone of 
the fruits in hard bunches was thought to cause 
the hard bunch phenomena. Abscission is the 
process of cell division so that the plant can form 
some organs, such as leaves, flowers and fruits. 
Abscission occurs at a location called abscission 
zone. The occurrence of abscission process 
involves the coordination of many biochemical 
processes. 

Henderson and Osborne (1994) stated that oil 
palm fruit abscission occurs in two stages, the first 
stage is the  separation of cells from fruit pedicle 

TABLE 1. CHARACTERISTIC OF NORMAL AND HARD BUNCHES 

Characters	    Normal bunches	 Hard bunches	 T-test

Fresh fruit bunch (kg)	 18.46 ± 1.83	 24.32 ± 1.45	 *
Number of spikelet	 164.00 ±21.04	 176.61 ± 10.47	 ns
Number of normal fruits	 379.71 ±50.10	 378.07 ± 44.33	 ns
Spikelet weight (kg)	 3.72 ± 0.07	 4.01 ± 0.10	 *
Fruit weight (%)	 7.27 ± 0.62	 7.72 ± 0.60	 ns
Fruit set (%)	 87.35 ± 2.26	 85.77± 3.39	 ns
Oil/bunch (%)	 22.73 ± 1.55	 21.08 ± 1.87	 ns

Note: ns = not significant. *Significant with α 0.05.
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                                    TABLE 2. BIOCHEMICAL CHARACTERS IN NORMAL AND  HARD BUNCHES 

Biochemical characters	 Units	 Normal bunches	 Hard bunches	 T-test
	
β-carotene	 mg g-1	 11.99 ± 2.80	 13.14 ± 1.60	 ns
Tocopherol	 µg g-1	 118.57 ± 26.13	 111.20 ± 13.13	 ns
Total carotene	 µg g-1	 111.50 ± 17.90	 206.90 ± 33.80	 *
Total phenolic	 µg g-1	 525.40 ± 57.00 	 503.10 ± 37.00	 ns
Phenolic acid profiles 4-hydroxybenzoic acid	 µg g-1	 120.00 ± 9.00	 95.90 ± 6.00	 *	
Caffeic acid	 µg g-1	 25.00 ± 0.42	 20.00 ± 0.09	 ns
Chlorogenic acid	 µg g-1	 55.70 ± 0.57	 34.40 ± 0.45	 *	
Ferrulic acid	 µg g-1	 35.00 ± 0.27	 42.90 ± 0.24	 *	
Gallic acid	 µg g-1	 331.30 ± 42.00	 301.20 ± 24.00	 ns	
p-coumaric acid	 µg g-1	 10.00 ± 0.01	 8.20 ± 0.01	 ns	
Syringic acid	 µg g-1	 5.00 ± 0.02	 4.10 ± 0.01	 ns	
Lignin
	 Lignin of fruit AZ	 %	 70.61 ± 0.97	 76.41 ± 1.65	 *
	 Lignin of mesocarp	 %	 72.29 ± 0.98	 73.89 ± 0.51	 ns
	 Lignin of pedicle	 %	 59.42 ± 3.70	 66.86 ± 2.53	 ns	

Note: ns - not significant at α 0.05. *Significant at α 0.05.

and  it is initiated by ethylene or a precursor, and 
the second stage is the separation of cells in the 
area tepals which depends on the release of the 
first phase. The release process at the second stage 
is determined by the age and maturity of the fruit. 
Tranbarger et al. (2011) reported that cell separation 
occurs at two successive zones, namely, primary 
abscission zone then abscission zone boundaries. 
There is a report claiming that ethylene only induces 
separation on the main abscission zone, meanwhile 
the detailed mechanisms on how signaling induces 
separation in the abscission zone boundaries are 
still unknown. The existence of high lignin in the 
abscission zone allegedly prevent fruits separation 
in hard bunches and therefore, the fruits remains 
attached in bunches after fruit separating process in 
the oil palm mill.

Abscission zone has several layers of cells. 
During abscission, degradation of cell wall is 
confined to the layer of cells which are not lignified. 
The ripe oil palm fruit was found to have a lower 
lignin content in the abscission zone (Henderson et 
al., 2001). These results are in agreement  with the 
findings of Teh et al. (2014) which found that the 
activity of enzymes Caffeic acid 3-O-methyltransferase 
(COMT) and Caffeoyl CoA 3-O-methyltransferase 

(CCOMT) played a role in the biosynthesis of 
lignin, and the activity of these enzymes gradually 
decreased in oil palm fruits 12 to 22 weeks after 
anthesis.

Radial and longitudinal cross-section of fruits 
from normal and hard bunches seem to be different 
(Figures 1a, 1b and 1c). In normal fruit, abscission 
zone was clearly visible at the base of the fruit. 
Whereas in hard bunch fruit, abscission zone was 
unclear and with many fibres extending from the 
mesocarp to the fruit stalk. Visually, fibre thickness 
in normal fruits was thinner or finer than the fibres 
in hard bunch fruits (Figures 1d and 1e).  

The presence of fibres and high lignin content in 
the abscission zone of fruits in the hard bunches is 
the main cause that hinders detachment of this fruit 
from their fruit bunches. Low lignin content will 
facilitate shedding of ripe fruits after parenchyma 
cells separate from each other. Lignifications cause 
cell to resist enzymatic degradation which causes 
the organs to remain attached to the plant (Rajani 
and Sundaresan, 2001). Deposition of lignin acts   
as a physical barrier for the protective layer of the 
organ which is still attached to the fruit stalk (Agusti 
et al., 2008). Lignin serves not only as a reinforcement 
of the plant but also as a mechanical means against   

Figure 1. Radial and longitudinal cross-section: (a) normal fruit, with clear abscission zone (→), (b) hard bunch fruit with unclear abscision zone,         
(c) hard bunch fruits which remain attached to pedicle, (d) fibre of normal fruit, (e) fibre of hard bunch fruit.
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pathogen attack and environmental stress (Moura et 
al., 2010). 

Lignin can be formed due to drought stress 
in plants. It has been reported that the stress from 
drought can increase the expression of genes 
which are involved in the lignin biosynthesis such 
as cinnamoyl-CoA reductase 1 and cinnamoyl-CoA 
reductase 2 (Yoshimura et al., 2008). Drought stress 
can also increase the activity of enzymes guaiacol 
peroxidase, coniferyl alcohol peroxidase and 
peroxidase syringaldazine (Bok-Rye et al., 2007). We 
found transcript of peroxidase by using differential 
analysis (Roberdi, 2014).

CONCLUSION

The physical and biochemical characters showed 
that the significant difference between hard 
bunches and normal bunches were at the FFB, 
spikelet weight, total carotene, 4-hydroxybenzoic 
acid, chlorogenic acid, ferulic acid and abscission 
zone of lignin.  Carotenois and phenolic acids are 
essential compound for plants to adapt with the 
environmental stresses.

 On the other hand,  spikelet number, number 
of normal fruits, fruit weight, fruit set, OER, 
β-carotene, tocopherol, total phenolic, caffeic acid, 
gallic acid, p-coumaric acid, syringic acid, mesocarp 
lignin, pedicle lignin, were not significantly different 
between the two types of bunches. 
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