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Main factors that determine the amounts of soluble sugar and starch in old oil palm 
trunk 
 

Palm oil occupies 40% of global vegetable oil production, with 85% of all palm oil 
production confined to a restricted area that is primarily within Indonesia and Malaysia. Oil 
palm stem contributes a large proportion of the waste, but its sap contains approximately 11% 
soluble sugar. Non-structural carbohydrates (NSC), including soluble sugars and starch in the 
stem, can be used as a substrate in bioreactors and so on. Although soluble sugar content in 
the sap of felled trunk was identified to be dependent on the amount of starch (JIRCAS 
Research Highlights 2017, C07), the mechanisms through which NSC accumulate in the stem 
have not yet been well documented. Oil palm cultivation is limited in the surrounding area of 
the equator, hence it has been considered that water stress due to high temperature and 
drought affects productivity of fruit bunches, which leads to the seasonality of production. 
Here, we investigated how environmental conditions influence NSC in stem and fruits as 
intermediate and final storages. These findings should contribute to the stable production of 
palm oil as well as the utilization of NSC from the stem in downstream applications. 

The volume of fruit bunch increased from around October, reaching maximum around 
May the following year, then matured fruit bunches dropped. Increments in soluble sugar 
levels were observed but increments in starch levels were not obvious during periods when 
there were less fruit bunches (Fig. 1). Convergent cross mapping (CCM), an analytical 
method in empirical dynamic modeling to identify causal relationship between time-series 
showing non-linear dynamic, showed a causal relationship between soluble sugar in stem and 
volume of fruit bunch. Furthermore, CCM showed that the 60-day cumulative temperature 
taken backward from the observation dates (CT) was causally and strongly related to soluble 
sugar and starch in stem with about a half-year time lag, but not to volume of fruit bunch. 
Similarly, 60-day cumulative rainfall taken backward from the observation dates (CR) was 
causally related to soluble sugar and starch in stem with no time lag (Fig. 2). 

The above results suggest that the main factors that determine soluble sugar and starch in 
the stem are temperature and subsequently rainfall fluctuations. The period from October to 
December, when lower temperatures and higher cumulative rainfall are observed in the 
northern part of Malay peninsula where the study was conducted, was identified as the period 
with maximum stem NSC stocks. This finding can contribute to planning the timing of tree 
felling operations to maximize soluble sugar and starch in old oil palm stem for downstream 
usage in biorefineries. When the finding is applied to other regions, it is necessary to identify 
environmental factors indicating strong causality and its time lags. 
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Fig 1. The volume of fruit bunch summed from all development stages, shown by photos 

on the right side, and 60 days cumulative rainfall (A), the amounts of soluble sugar and 

starch in oil palm stem and 60 days cumulative temperature during the observation 

period (B) 

 

 
Fig. 2. Significant causal relationship from cumulative temperature and rainfall to 

soluble sugar, starch in oil palm stem, and volume of fruit bunch evaluated by empirical 

dynamic modelling 
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※ Widths of arrows show intensity of causal relationship obtained from CCM




