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Series Foreword — Techniques
in Plantation Science

Verdant Bioscience, Singapore (VBS) is a company established in October
2013 with a vision to develop high-yielding, high-quality planting material
in oil palm and rubber through the application of sound practices based
on scientific innovation in plant breeding. The approach is to fuse trad-
itional breeding strategies with the latest methods in biotechnology. These
techniques are integrated with expertise and the application of sustainable
aspects of agronomy and crop protection, alongside information and im-
aging technology which not only find relevance in direct aspects of plan-
tation practice but also in selection within the breeding programme. When
high-yielding planting material is allied with efficient plantation practices, it
leads to what may be termed ‘intensive sustainable’ production. At the same
time, the quality of new products is refined to give more specialized uses
alongside more commodity-based oil production, thus meeting the market
demands of the modern world community, but with a minimal harmful
footprint. An essential ingredient in all this is having sound and practical
protocols and techniques to allow the realization of the strategies that are
envisaged.

To achieve its aims, VBS acquired an Indonesian company called PT
Timbang Deli Indonesia, with an estate of over 970 hectares of land at
Timbang Deli, Deli Serdang, North Sumatra, Indonesia, and the group
works under the name of “Verdant’. A central part of this estate, which will
be used for important plant nurseries and field trials, is the development of
the Verdant Plantation Science Centre (VPSC), to which the operational staff
moved in October 2016. A seed production and marketing facility is now es-
tablished at VPSC for commercial seed sales and the processing of seed from
breeding programmes. The centre comprises specialized laboratories in cell
biology, genomics, tissue culture, pollen, soil DNA, plant and soil nutrition,
bunch and oil, agronomy and crop protection. Field facilities include exten-
sive nurseries, seed gardens and trials (trial sites are also located at various
locations across Indonesia). It is the aim of the company to use its existing
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and rapidly developing intellectual property (IP) to develop superior culti-
vars that not only have outstanding yield but are also resistant to both biotic
and abiotic stresses, while at the same time meeting new market demands.
Verdant not only develops and supplies superior planting materials but also
supports its customers and growers with a package of services and advice in
fertilizer recommendations and crop protection. This is all part of a central
mission to promote green, eco-friendly agriculture.

Brian P. Forster and Peter D.S. Caligari
Lead Scientist and Science Strategy Executive Director
Verdant Bioscience
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Preface

As noted in the foreword to this series, a central objective in Verdant’s
mission is to develop better, more productive and more sustainable cultivars
of oil palm, rubber and other plantation crops, through plant breeding. The
higher yielding the planting material, the less land that is needed to achieve
a specific level of production in terms of oil per hectare. Essential to this
objective is the ability to measure yield in breeding lines and to compare this
with standard yields of current varieties. Commercial estates are also keenly
interested to know how productive their plantations are, and how efficient
their oil mills are in extracting oil from oil palm bunches. Thus, physical
bunch and oil analysis is of interest and increasingly bunch and oil analysis
laboratories are being established at oil palm mills to measure yield and
particularly oil extraction rates. Physical bunch and oil analyses are central
to Verdant’s breeding programmes in selecting and developing high yielding
cultivars. Protocols developed for physical bunch and oil analyses form the
basis for this manual. Our target audiences are growers, millers, students
and researchers in agriculture, plant breeders and end users interested in the
practicalities of measuring yield in oil palm for commercial production and
breeding.

Brian P. Forster and Peter D.S. Caligari
Lead Scientist and Science Strategy Executive Director
Verdant Bioscience
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Introduction

Abstract

A brief history of bunch analysis of the oil palm crop is provided. This
includes bunch components (stalk, spikelets, fruits, mesocarp, nuts, shell and
kernels) and oil yield analysis. These parameters are used by oil palm breeders
to analyse the oil yield potentials (e.g. quantity and quality comparison of
bunches, between bunches within an oil palm, between oil palms or between
different progenies). Obtaining high fresh fruit bunch (FFB) production in
oil palm plantations per hectare area per year, and high oil extraction rates
from the bunch, are the main goals of growers to produce maximal oil yield.
Oil extraction rates determined in the laboratory are useful in this respect,
in monitoring and verifying extraction rates in oil mills.

1.1 Oil Palm Production Facts and Figures

Oil palm has the Latin name Elaeis guineensis Jacq; the genus name is
derived from the Greek elaion, meaning ‘oil’, and the species name indicates
its origin in West Africa. The crop was discovered by travellers to Africa in
the 15th century, but the first plantings in Indonesia, which led to its rise
as the world’s pre-eminent oil crop, did not occur until the late 19th cen-
tury. Large scale plantations were established in the early 20th century in
both Africa and South East Asia as interest in the crop developed. The first
plantations were composed of Dura palms which have thick-shelled fruits
(Fig. 1.1). In the 1920s the first crosses were made in deliberate attempts to
improve the crop through plant breeding, and in the 1950s-60s the more
productive Tenera types (a result of crossing Dura with Pisifera) took over
as the favoured commercial material both in Africa and South East Asia.
Tenera genotypes are thin-shelled and have thick oil-bearing fruit flesh
(mesocarp) with a 30% greater oil yield compared to Duras. Oil is also
obtained from the kernel.
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Fig. 1.1. Fruit types of oil palm: A) Dura, thick-shelled; B) Tenera, thin-shelled
with a fibre ring around the shell and a thick mesocarp (fruit flesh); C) Pisifera,
no shell but with traces of a fibre ring around the kernel. In addition to the
orange fruit flesh, the kernel (white) is a valuable source of high quality oil.

A comprehensive review of the oil palm crop is given by Corley and
Tinker (2015). Oil palm is grown in the humid tropics between 20° lati-
tudes north and south of the equator and covers over 8.5 million hectares
worldwide. The crop is highly profitable and grown both on large scale
plantations and by smallholders (Sayer et al., 2012). It should be noted that
of all the oil producing crops exploited at present, oil palm is by far the most
efficient on an oil volume per hectare basis.

1.2 Palm Oil Fruit Morphology and Oil Composition

The oil palm fruit consists of an outer pericarp, an outer skin (exocarp),
an oily flesh (mesocarp) and a shell (endocarp). The pericarp organs are
maternal and derived from the carpel of the mother palm. The kernel is
composed mainly of endosperm that supports the growth of the enclosed
embryo. The endosperm and embryo are products of fertilization. Crude
palm oil (CPO) is extracted from the outer mesocarp and crude palm kernel
oil (CPKO) is extracted from the endosperm.

The mesocarp of oil palm fruits is made up of the three major com-
ponents: oil, water and fibre. Oil palm fruits provide both CPO and palm
kernel oil (PKO), extracted from the fruit flesh (mesocarp) and kernel (endo-
sperm), respectively (Fig 1.2). Oil palm is by far the highest oil yielding crop,
averaging 3—4 tonnes of mesocarp oil per hectare per year in the major palm
oil producing countries (Wahid et al., 2005). Fatty acids in CPO consist of
palmitic acid (44 %), oleic acid (39%), linoleic acid (11 %), stearic acid (5%)
and other fatty acids (Siew, 2002), and CPO is a major source of pro-vitamin
A and vitamin E (Barcelos et al., 2015). Vitamin E content in CPO ranges
between 600 ppm and 1,000 ppm (Choo et al., 1995). Carotene and sterols
are minor components of CPO (Tenera) and the average carotene content
in Deli Dura is about 500 ppm (Corley and Tinker, 2015). The Malaysian
standard for carotene content in CPO is 474-689 ppm (Malaysian Standard
MS 814,2007). PKO is a high quality oil containing lauric acid (up to 50%),
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Exocarp

Mesocarp

Endocarp

Endosperm

Fig. 1.2. Palm oil fruit morphology (Tenera, thin-shelled).

myristic acid (17%), palmitic acid (8%), oleic acid (13%) and other essen-
tial fatty acids (Siew, 2001).

The shell thickness characteristic (see Fig. 1.1) of Dura is thick-shelled:
the shell is 2-8 mm thick, occasionally less, 35-65% mesocarp/fruit, no
fibre ring surrounding the nut in cross-section; Tenera fruits are thin-shelled:
shell 0.5-4 mm, 55-96% mesocarp/fruit and a fibre ring is present; Pisifera
are shell-less and usually female sterile (Corley and Tinker, 20135).

Recent comparative studies of the characteristics of FFB yield of palm
oil and palm kernel oil of Dura, Pisifera and Tenera genotypes in North
Sumatra, Indonesia (Basyuni et al., 2017) show:

e Oil percentages of mesocarp: 56% in Tenera, 49% in Dura and 61% in
Pisifera fruits.

e CPO percentages: 24% in Tenera, 23% in Dura and 26% in Pisifera
fruits.

1.3 Palm Oil Production

Harvesting should allow the collection of all ripe bunches in a planta-
tion without damaging the fruit (or the palm) to obtain optimal oil con-
tent and oil quality. Methods of harvesting are usually written down in
standard operating procedures (SOPs). The SOPs of harvesting should
cover the specific interval time between rounds of harvesting a block of
palm trees in a plantation as well as observation notes. The maximum
time interval is about 10 days, which should prevent any bunch becoming
over-ripe. A study comparing harvesting intervals from 10 to 15 days
was carried out by Mohanaraj and Donough (2016) and showed 10 days
to be the best harvest interval. Harvesting observations should be made
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on developing fruit bunches — e.g. fruit colour changes (black to red for
nigrescens genotypes; green to orange for virescens genotypes), number of
loose fruits (detached fruits on the ground) before and after harvesting,
fruit ripeness, etc.

Fruit colour helps the harvester to identify the maturity stage of fruit
bunches (either nigrescens or virescens type — see Fig. 1.3). Over-ripe fruit
will have bright orange and yellow colours in nigrescens and virescens types
respectively. Ripe fruits will have a yellow/orange or red/orange colour;
under-ripe fruits will have a reddish black colour or green colour; and
unripe fruits will have a mostly black or green colour in nigrescens and
virescens fruit respectively. The number of loose fruits (fruits found on the

Fig. 1.3. Unripe and ripe fruits A) Unripe nigrescens; B) Ripe nigrescens;
C) Unripe virescens; D) Ripe virescens.
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ground) before harvesting is normally 1-5 or 5-10 fruits, depending on the
estate SOPs (this corresponds to the ripeness and quality of the fruit bunch).
Under-ripe and unripe bunches will diminish the oil quality due to higher
free fatty acids and lower oil yield. Also, over-ripe fruit bunches will lose
oil during field handling and transportation to the mill. In some cases, the
harvesting SOPs also count the number of loose fruits after harvesting (less
than five loose fruit/kg bunch weight), minimum weight of bunch (min-
imum weight is normally 3 kg) and stalk length (less than 2 ¢cm). Ripe fruits
have optimum oil extraction rates and good quality. Woittiez et al. (2016)
list the following characteristics for ripe fruits:

Yellow/orange/red colour for nigrescens types.
Yellow/orange coloured fruits for virescens types.
Good bunch appearance (no pests or diseases).
High fertility (bunch is full of fruits).

Fruits are soft and oil drips out when fruit is cut.

Ripe fruit bunches are harvested continually and sent to local mills for
oil extraction and high scale production of CPO and CPKO (Fig. 1.4). The
main CPO producing countries are Indonesia and Malaysia, which supply
55% and 30% of the total global production, respectively. These two coun-
tries produce 63.82 million tonnes (MnT) per year; Indonesia provides 54
and Malaysia 36% of total CPO exports worldwide, equivalent to 46.74
MnT. The largest importers are India (20%), followed by Europe (16 %) and
China (11%), with a total import equal to 46.71 MnT (Oil World, 2017).

Most palm oil is used in the food industry and is a major source of lipids (Wahid
et al., 2005). Palm oil is used mainly for edible purposes, whereas palm kernel
oil has wide applications in the oleochemical industry (Sambanthamurthi
et al.,2000). The downstream oleochemical industry produces a wide range
of food and care products, and uses palm oil in the production of frying oils,
margarines, shortenings, filling fats, detergents, soaps, surfactants, emulsi-
fiers, biodiesels, pharmaceutical products, etc.

1.4 Methods in Bunch and Oil Yield Analyses

Bunch and yield analyses are used to determine the physical properties and
yield of oil in oil palm fruit bunches after harvesting. Yield components
assessed in these analyses are: bunch sample weight; fruit type (Dura, Tenera
and Pisifera, see Fig. 1.1); stalk weight; total number of spikelets in the
bunch; percentage of fertile fruits in the bunch (F/B); number of partheno-
carpic fruits in the bunch; number of undeveloped fruits in the bunch; fruit
weight (FWT); percentage of mesocarp in the fruits (M/F); mean nut weight
(MNW); percentage of kernel in the fruit (K/F); percentage of shell in the
fruit (S/F); percentage of kernel in the bunch (K/B); moisture content (%) of
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Fig. 1.4. Harvesting: A) Cutting ripe bunch from the palm; B) Bunch collection;
C) Bunch transport; D) Bunch arrival at mill (with kind permission from the
Bukit Maradja Estate and Bukit Maradja mill of PT. Tolan Tiga Indonesia).

the mesocarp (fruit flesh); percentage of oil in wet mesocarp samples (O/WM);
percentage of oil in dried mesocarp samples (O/DM); and percentage of
mesocarp oil in the bunch (O/B).

The fresh fruit bunch should be transported to the bunch analysis la-
boratory as soon as possible after harvesting to prevent any changes in its
physical components and quality, i.e. moisture loss and altered free fatty
acid content. To minimize these changes, it is recommended that the freshly
harvested fruit bunch is placed into a gunny sack or other bag that will help
reduce moisture losses and fruit damage during transport to the bunch ana-
lysis laboratory.

Once the harvested bunches are received in the laboratory, they are
fermented overnight using ethepon solution (an ethylene producer that
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promotes fruit ripening). Ethepon treatment can be done either by injection
into the stalk, or by spraying the solution all over the bunch surface. After
overnight incubation at room temperature (25-30°C) in the dark, bunches
are weighed and then chopped in order to separate the spikelets from the
stalk. The stalk is weighed to calculate the percentage of stalk to the bunch.
A fruit bunch typically contains about 100 spikelets, and the spikelets
should be counted to obtain the spikelet number per bunch. Then a specific
amount of spikelets are taken as a sample (details are given in Chapter 4).

There are two methods of spikelet sampling. The first is to take a
random sample of a certain weight or number; the second takes into ac-
count uneven fruit set in different parts of a bunch and the variation in
bunch components in different regions of the bunch (Rao et al., 1983). In
the first method, all spikelets are separated and thoroughly mixed in a mix-
ing box, which is then tipped over into two empty boxes standing side by
side in such a way that each box contains a similar sample size of at least
5 kg of spikelets (see Chapter 3). Both spikelet box samples are weighed.
One (approximately 5 kg) is retained for analysis and the other sample is
discarded. (Blaak et al., 1963). This method has been modified by Rao et al.
(1983) as follows:

“The spikelets are thoroughly mixed on the table with a shovel. A sample of
spikelets is then taken by pulling the moveable surround forward so that the
spikelets fall off the front of the table into a collecting box. The collecting box
is designed in such a way that a strip of spikelets from front to back along one
side of the table is collected, the rest are discarded”.

In a second method (Ooi and Tam, 1975), three regions are distin-
guished for each bunch: apical, middle and basal. Each of these regions is
subdivided into the part which is adpressed to the trunk and the part that
is adpressed to the frond, thus giving six specific sample regions per bunch.

Spikelet samples are weighed before proceeding to the peeling step.
The fruits are separated into fertile fruits, parthenocarpic (sterile) fruits and
under-developed fruits after the peeling step (removal of the fruits from the
spikelets).

The fertile fruits are weighed to calculate the percentage of fertile fruits
in the bunch (F/B), while the parthenocarpic fruits and under-developed
fruits are counted. Bruised and chopped fruits are removed from the fertile
fruit samples and then taken to the random mixing box. Blaak et al. (1963)
recommended a sample size of 500 g, but other laboratories commonly use
250 g, which is represented by 25-30 fruits. In this manual we use a 30-fruit
sample, which is weighed to calculate the mean fruit weight.

The individual fruits of the sample are scraped with a knife to separate
the fresh mesocarp flesh from the nut. The fresh mesocarp is weighed to
calculate the percentage of mesocarp in the fruits (M/F), while the nuts are
weighed and counted to calculate the mean nut weight (MNW). The per-
centage of kernel in the fruit (K/F), percentage of shell in the fruit (S/F) and
percentage of kernel in the bunch (K/B) are calculated after the nuts are
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oven dried (105°C for at least seven hours). After heat treatment the nuts
are cracked and the nut shell and kernel are weighed.

The percentage moisture content of the mesocarp is determined by
drying the fresh mesocarp in an oven (at 105°C for 24 hours) followed by
weighing the dry mesocarp. For oil extraction purposes, the dried mesocarp
should be ground and sieved (2 mm mesh size). The mesocarp is dried again
for 30 minutes at 105°C and about 8 g is placed in envelopes made from
Whatman filter paper.

The envelopes may be stored in a desiccator or used directly for oil
extraction. Envelopes are stacked inside a soxhlet extractor chamber and
the oil extracted using n-hexane as the solvent in a reflux system for
24 hours, or until the solvent becomes clear. The percentage of oil in the
dry mesocarp sample (O/DM), the percentage of oil in the wet (fresh)
mesocarp (O/WM) and the percentage of mesocarp oil in the bunch
(O/B) are calculated from the weights of the mesocarp before and after
extraction.

Computation formulae for bunch components are after Junaidah et al.
(2011).

Fresh fruit
bunch (FFB)

A
Stalk Spikelets

A 4 A 4 A 4
Fertile fruits Parthenocarpic Under-developed
(F/B) fruits fruits
4 A 4 4
Kernel Nut shell Mesocarp
(K/F) (S/F) (M/F)
y y y
. Qil )
Moisture (O/DM) Fibre

Fig. 1.5. Steps in oil yield analysis starting from a fresh fruit bunch.
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1.5 Laboratory Set-up and Work Flow

Bunch and oil activities are conducted in the laboratory and consist of two
main parts: bunch laboratory to analyse basic bunch characteristics (bunch,
stalk, spikelets, fruits, nuts and kernel); and oil laboratory to determine
oil content in the dry mesocarp sample. A basic design of a bunch and oil
laboratory is given below, showing the flow of samples (Fig. 1.6) and waste
(Fig. 1.7) to and from the various work stations.

PEELING [SCRAPING|

TRAY
TABLE

SAMPLING NUT
CRACKING|
DRYING ROOM
CHOPPING
d
|
BUNCH RECEPTION
& STORAGE
TOOLS & WASHING GRINDING ROOM
EQUIPMENT ROOM
ROOM
STORE ROOM
DRYING ., rrACTION ROOM
L

v

WEIGHING m

RECORDING AND
ANALYSIS ROOM

Fig. 1.6. Flow of materials and samples through the laboratory.
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PEELING [SCRAPING
~ TRAY
e TABLE
FRUIT
SAMPLING NUT
CRACKING
DRYING ROOM

CHOPPING ’
BUNCH RECEPTION

& STORAGE

TOOLS & WASHING GRINDING ROOM
EQUIPMENT ROOM
ROOM
v
WASTE (STALK,
SPIKELETS, CALYXS,
FRUITS, DRY MESOCARP)
STORE ROOM

DRYING .y rrACTION ROOM
WASTE (FIBRE, —
FILTER PAPER

&OlL)

WEIGHING G
RECORDING AND
ANALYSIS ROOM

Fig. 1.7. Flow of waste through the laboratory.

Harvested bunches from the field are delivered to the bunch reception sec-
tion, followed by the bunch characterization section: bunch weighing, bunch
chopping (to separate the spikelets from the stalk), stalk weighing, spikelet
sampling, spikelet weighing, fruit peeling and fruit weighing; fruit analysis
section: fruit sampling, fruit scraping, fresh mesocarp weighing, mesocarp
drying and dry mesocarp weighing; nut analysis section: nut counting, nut
drying, nut cracking, kernel weighing and kernel counting; oil analysis sec-
tion: mesocarp grinding, ground mesocarp sieving, drying, ground mesocarp
weighing, oil extraction and fibre weighing; and recording section.
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Record e Calculations and report

» Mesocarp grinding, ground mesocarp sieving,
Oil analysis drying, ground mesocarp weighing, oil extraction
and fibre weighing

* Nut counting, nut drying, nut cracking,
kernel weighing and kernel counting
* Fruit sampling, fruit scraping,
fresh mesocarp weighing,
mesocarp drying and dry
mesocarp weighing
* Bunch weighing, bunch chopping,
stalk weighing, spikelet sampling,
spikelet weighing, fruit peeling
and fruit weighing
* Bunch delivered to the
laboratory from the field

Fig. 1.8. Bunch and oil laboratory procedures.

Blaak et al. (1963) divided the analysis laboratory into six sections:
a base section for the reception of bunches; a section for fruit form de-
termination, weighing the bunches, separation of spikelets from the stalk
and spikelet sampling of the bunch; a section for sampling fruit from the
spikelets, weighing empty spikelets and weighing the fruit; a section for sam-
pling fruit, scraping fruit, weighing, drying and cracking nuts, and weighing
kernels; oil analysis section; and a record section (as summarized in Fig. 1.8).
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Health and Safety Considerations

Abstract

Bunch and oil analysis involves activities in the field and the laboratory. All
field and laboratory operations should adhere to standard health and safety
protocols. These may vary according to local requirements and standards.
Some equipment will also come with instructions on proper use, which may
involve training, including health and safety issues. Failure to abide by these
can result in accidents and personal injury (serious and minor); neglect of
health and safety issues may also incur penalties such as fines or cessation of
field and laboratory activities. Guidelines in health and safety issues relating
to bunch sampling in oil palm are given below.

2.1 Health and Safety in the Field

Bunch sampling is carried out in the field and a major health and safety
issue is the height of palm trees being sampled. The clothing and equipment
needed for harvesting the oil palm bunch includes:

Boots to protect from rough terrain, spines and ground animals.
Sensible clothing, including hats to protect from sunlight.

Cloth gloves and helmet.

Sharp chisel or sickle.

Other general considerations are:

1. Training in the use of equipment and tools: workers should be fully
trained in the use of a chisel and/or sickle used during harvesting bunches in
the field.

2. Standard operating procedures, e.g. harvesting SOPs.

3. Awareness of sharp spines of oil palms.
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4. Awareness of dangerous/harmful insects and animals.
5. Dangers of working alone.
6. Emergency procedures, first-aid box.

2.2 Health and Safety in the Laboratory

General guidelines for working at the bench are given by Barker (2005).
Yield analysis of oil palm bunches requires various laboratory procedures,
especially in the chopping of bunch stalks with an axe, scraping the meso-
carp from the nut and oil extraction from dry mesocarp samples using a
hazardous solvent (hexane). Basic laboratory safety applies.

1. Put on a laboratory coat before entering the laboratory and remove it
when leaving the laboratory. This provides protection for yourself and the
samples you are working with. It also protects people outside the laboratory
from contamination by laboratory materials.

2. Use specific personal protective equipment (PPE) during the handling of
chemicals in the laboratory, e.g. mask, eye protection and gloves.

3. Be aware of emergency procedures: fire-fighting, emergency signals, emer-
gency exits, emergency phone numbers, location of fire extinguishers, emer-
gency meeting points, first-aid box/first-aiders and local medical facilities.
4. Be aware of hazards relating to the chemicals used in the laboratory and
their safety data sheet (SDS): chemical identification; hazard(s) identifica-
tion; composition/information on ingredients; first-aid measures; fire-fighting
measures; accidental release measures; handling and storage; exposure con-
trols/personal protection; physical and chemical properties; stability and
reactivity; toxicological information; ecological information; disposal
considerations; transport information; regulatory information; and other
relevant information.

5. Workers should be fully trained in the use of sharp tools, e.g. use of elec-
trical drill to drill the bunches; use of an axe to chop the bunches to separate
the stalks and spikelets; and use of a knife to scrape the mesocarp from the nut.
6. Be careful when working with glass, especially when handling the glass-
ware, e.g. glass beaker, boiling flask and soxhlet, etc.

7. Take care when injecting ethephon into bunch stalk. Refer to the SDS
during the handling of this chemical (Bayer CropScience, 2009).

8. Be aware of the solvent air exposure during solvent extraction. Solvent
extraction should be carried out in a specialized room with ventilation and
an air extraction system above the soxhlets. Be careful when using flam-
mable solvent in case of fire. Do not expose the solvent in the air near a heat
source or electrical plug.

9. Be especially careful when handling n-hexane during oil extraction. Refer
to SDS. Hexane is a dangerous chemical (Merck Millipore, 2016).
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Hazard statements of n-hexane:

H225 Highly flammable liquid and vapour.

H304 May be fatal if swallowed and/or enters airways.

H315 Causes skin irritation.

H336 May cause drowsiness or dizziness.

H361 Suspected of damaging fertility. Suspected of damaging the
unborn child.

H373 May cause damage to organs (nervous system) through pro-
longed or repeated exposure if inhaled.

H411 Toxic to aquatic life with long-lasting effects.

Precautionary statements of n-hexane:

Prevention

P210 Keep away from heat, hot surfaces, sparks, open flames and
other ignition sources. No smoking.

P240 Ground/bond container and receiving equipment.

P273 Avoid release into the environment.

Response

P301 + P330 + P331 IF SWALLOWED: rinse mouth. Do NOT in-
duce vomiting.

P302 + P352 IF ON SKIN: wash with plenty of soap and water.
P314 Get medical advice/attention if you feel unwell.

Storage

P403 + P233 Store in a well-ventilated place. Keep container tightly
closed.

10. Be aware of SOPs that have been developed for your laboratory, or
which should be developed, e.g. solvent/waste storage and disposal which
include the storage condition, storage container, storage room or stored sep-
arately, maximum storage volume, etc.

References
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Bayer CropScience (2009) Ethrel® Liquid Plant Growth Regulator Safety Data Sheet
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EN. Revision 31.10.2016, Version 4.4, pp. 1-18.



%

- \'

-
>




FOR REFERENCE PURPOSES ONLY

Bunch Sampling

Abstract

Bunch sampling is the harvesting of fresh fruit bunches (FFBs) from oil palm
trees. This is done according to standard operating procedures (SOPs), with
specific timed intervals between each round of harvesting. During bunch
sampling, observations are conducted on the status of the bunches, e.g. fruit
colour, number of loose fruits before and after harvesting on the ground, etc.
These will correspond to the recoverable oil yield and quality — e.g. free fatty
acid content. Good practices are essential to maximize and standardize data
capture for oil yield and quality.

3.1 Steps in Bunch Sampling

Step 1

Identify a ripe bunch from a selected individual palm based on leaf sampling
unit (LSU) — a standard sampling area often used by an agronomist or a trial

description. The bunch is ripe when the fruit colour is reddish (in nigrescens
fruit type) or orange (in virescens type) (Fig. 3.1).

21
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Fig. 3.1. Step 1: Find ripe fruit bunches of: A) Nigrescens type (red);
B) Virescens type (orange).

Step 2

Count the loose fruit on the ground (shed from the ripe bunch) and record
the number of loose fruits before harvesting the ripe bunch. There should be
at least one loose fruit, but no more than five, on the ground (though this
can vary according to estate practices). Record the number of loose fruits
(Fig. 3.2).

Fig. 3.2. Step 2: Loose fruit
(one) on the ground shed from
the ripe bunch. Count the loose
fruit.
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Step 3

Cut the bunch from the palm using a chisel. This is a specialized skill for
which training is required. Cut the frond underlying the bunch as close as
possible to the frond base, then cut the bunch stalk to allow the bunch to fall
to the ground (Fig. 3.3).

Fig. 3.3. Step 3: Cutting the bunch
from the palm using a chisel.

Step 4

Count the number of loose fruits (on the ground) after harvesting. Estimate the
bunch weight. The number of loose fruits after harvesting should be less than
five loose fruit’kg bunch weight. If above this, the bunch sample should be dis-
carded and another bunch sampled. Record the number of loose fruits (Fig. 3.4).
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Fig. 3.4. Step 4: Counting the
number of loose fruits after
harvesting.

Step 5

Prepare the label which will show the trial number, LSU number, field
number and row/palm number. This identifies the sample (Fig. 3.5).

Estate

Field Number
Trial Number
LSU Number

Row/Palm Number : Fig. 3.5. Step 5: Label to
identify sample.

Step 6

Place the harvested bunch along with its loose fruits into a gunny sack,
along with the label inside the gunny sack, and tie with plastic rope. Collect
all the bunch samples and transport to the bunch laboratory (Fig. 3.6).
A three-wheeled motorcycle or estate dump truck are commonly used.
Make sure that no loose fruits are lost during transportation.
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Fig. 3.6. Step 6: Place the
bunch and loose fruits into a
gunny sack and transport to
the laboratory.

3.2 Tools and Equipment

Boots — used to protect feet from sharp spines.

Chisel — used to harvest the bunch from oil palm tree.

Gunny sack — used to collect the harvested bunch and fruits.

Plastic rope — used to tie the gunny sack with the bunch sample inside.
Label — used to label the bunch sample.

Ballpoint pen — used to write label information for the bunch sample.
Three-wheeled motorcycle/estate truck — used for transporting the
bunch samples from the field to the laboratory.

Recording form — used for recording the number of loose fruits before
harvesting and number of loose fruits after harvesting.
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(E)
Estate
Field Number
Trial Number
LSU Number
Row/Palm Number
(H)
XXkVerdant Physical Bunch Analysis Record
SesciEnat VBI/QR/BAD/24.01.18/013
Expt/LSUNo. : Date : Recorder :
Z .. | No.IF | No.IF . Fruit
Analysis ol Patmpee | R Bunch Wt Stalk Wi | Spikelet | Fercile Pharteno | Infercile Fruit Wt
"“w.P“‘*""“"TypemH‘:t;u:g o M‘mmmnmmm\u
Retention peniod : Duration of recordme Expt + 1 year. ‘Racaived / Chacked by: Verified (i the Seld - pot oblipatory) by Data Enter
Vierifikasi (dilpangn jika diperhukam) oleh: u.‘:!
Breeding Clerk Cendnctor’ Offices

Fig. 3.7. Bunch sampling tools: A) Boots; B) Chisel; C) Gunny sack; D) Plastic
rope; E) Label; F) Ballpoint pen; G) Three-wheel motorcycle; H) Physical bunch
analysis record.
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The steps in bunch sampling are summarized in Fig. 3.8.

Identify a ripe
bunch
Count the
loose fruits
Cut off the
bunch
A4 v
Fresh fruit Loose fruits
bunch after
harvesting
Labelled Counted
\ y
A 4
Placed into
gunny sack

y

Transported to
laboratory

Fig. 3.8. Steps in ripe fruit bunch sampling.
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Bunch Physical Analysis

Abstract

Fresh fruit bunches harvested from the field should be transferred to
the physical analysis laboratory as soon as possible to determine: bunch
sample weight; the fruit type (Dura, Tenera and Pisifera); stalk weight; total
number of spikelets in the bunch; percentage of fertile fruits in the bunch
(F/B); number of parthenocarpic fruits in the bunch; number of under-
developed fruits in the bunch; fruit set (FS); fruit weight (FWT); percentage
of mesocarp in the fruits (M/F); and percentage of mesocarp in the fruit
check (M/FC). Spikelets are separated from the stalk (after an overnight
fermentation process with ethephon solution) by chopping with an axe.
A random sample of spikelets (according to bunch weight) is taken, from
which fruits are removed. The separated fruits are classified as either fertile,
parthenocarpic or under-developed. A random sample of 30 fertile fruits
without any bruising or damage is then taken for nut and oil analysis.
But first the fruits should be scraped to clean off the mesocarp from the
nut. The data required for calculating various parameters are recorded:
fruit type; bunch weight; stalk weight; spikelet number; spikelet sample
weight; fruit sample weight; 30 fruit sample weight; wet (fresh) mesocarp
weight; and number of nuts.

4.1 Steps in Bunch Physical Analysis

Step 1

Drill a hole in the bunch stalk using an electric drill (diameter 10 mm and
length 15 cm) for injection of 1% ethephon solution (inject 1 ml solution

into each 1 kg bunch) or spray a solution around the bunch. The bunch is
placed in a gunny sack and fermented overnight (Fig. 4.1).

29
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Fig. 4.1. Step 1: Drilling a hole
in bunch stalk for ethephon
injection.

Step 2

Take the field label and record data on a form. Then take three fruits from
the bunch sample, cut the fruits in half with a knife and observe the fruit
type (shell thickness: Dura — thick-shelled, Tenera — thin-shelled or Pisifera —
no shell, see Figs 1.1 and 4.2). Record the observations.

Fig. 4.2. Step 2: Observation
of fruit type in cut fruits (Dura,
thick-shelled, in this example).
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Step 3

Weigh the bunch using a digital platform balance to determine bunch
weight. Record the bunch weight (Fig. 4.3).

Fig. 4.3. Step 3: Weighing the
bunch.

Step 4

Chop the bunch with an axe to separate spikelets from the stalk (note,
this is a specialized task for which training is required). Chopping is con-
ducted on a chopping table. Protective clothing, gloves and goggles must
be worn (Fig. 4.4).
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Fig. 4.4. Step 4: Chopping
the bunch with an axe on a
chopping table to separate
and remove all the spikelets.

Step 5

Weigh the stalk using a digital platform balance. Record the stalk weight
(Fig. 4.5).

Fig. 4.5. Step 5: Weighing the
stalk after removal of all the
spikelets.
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Step 6

Count the number of spikelets using a hand tally counter. The tally counter
should be checked before use each day. If found inaccurate, discard and
replace. Weigh the spikelets (Fig. 4.6).

Fig. 4.6. Step 6: Counting the
spikelets.

Step 7
Take a specific amount (weight) of spikelets as determined by the bunch

weight (Table 4.1). The spikelets are randomized by placing them on the
chopping table and tipping them into four boxes (Fig. 4.7).

Table 4.1. Spikelet sample size as determined by bunch weight.

Percentage Number of
No. Bunch weight (kg) sampled boxes needed
1 <7.5 kg 100% 4
2 7.6-11.5 kg 75% 3
3 11.6-16.5 kg 50% 2
4 16.6-23.0 kg 37.5% 1.5
5 >23.0 kg 25% 1

Note: to get 1.5 boxes of samples, first take two boxes randomly from the ori-
ginal spikelet sample (50% sampling size). Then place the contents of the two
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boxes on the chopping table and drop them into four boxes. After that, take
three of the four boxes (37.5% sampling size) with one box being discarded.

Fig. 4.7. Step 7: Random
sampling the spikelets by
dropping into boxes.

Step 8

Weigh the spikelet sample using a digital platform balance. Record the
weight of the spikelets (Fig. 4.8).

Fig. 4.8. Step 8: Weighing the
spikelets.
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Step 9

Detach the fruits from the spikelets by hand-peeling or by using a knife.
Then count the number of fertile, parthenocarpic and under-developed
fruits. Parthenocarpic and under-developed fruit are removed from the
fruit sample. Record the number of fertile fruits, parthenocarpic fruits and
undeveloped fruits (Fig. 4.9).

Fig. 4.9. Step 9: A) Detaching the fruits from the spikelets; B) Fertile fruit;
C) Parthenocarpic fruit (cut open to reveal the lack of a kernel); D) Under-
developed fruit.
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Step 10

Weigh the fruit sample using a digital platform balance. Record the fruit weight
(Fig. 4.10).

Fig. 4.10. Step 10: Weighing the
fruit sample.

Step 11

Take a sample of 30 fruits from a randomization box (Fig. 4.11). Refer to
the next chapter of this manual (Chapter 3).

Fig. 4.11. Step 11: Take a sample
of 30 fruits.
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Step 12

Weigh the 30-fruit sample using an analytical balance. Before weighing the
fruits, make sure the total fruit number is 30. Record the fruit weight (Fig.4.12).

Fig. 4.12. Step 12: Weighing the
30-fruit sample.

Step 13

Separate the mesocarp from the nut using a knife and produce a bulked wet
(fresh) mesocarp sample. The scraped mesocarp and nuts are placed into
separate aluminium trays for oven drying (Fig. 4.13).

Fig. 4.13. Step 13: Scraping the
fruits with a knife to remove the
mesocarp from the nut (note,
this is a skilled task for which
training is needed).
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Step 14

Weigh the tray with the scraped wet mesocarp sample using an analytical
balance. For further steps in oil analysis see Chapter 7. Record the wet
mesocarp weight (Fig. 4.14).

Fig. 4.14. Step 14: Weighing the
= = scraped wet mesocarp sample.

Step 15

Count the number of nuts (the total number of nuts should be 30).
For further steps in nut analysis see Chapter 6. Record the number of
nuts (Fig. 4.15).
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Fig. 4.15. Step 15: Counting the
nuts.

4.2 Tools and Equipment

Electrical drill — used to drill a channel (2,800 rpm, @10mm and 12cm)
into the bunch stalk for ethephon injection.

Syringe, 10 ml — used to inject ethephon solution into the stalk.

Gunny sack — used for storing the bunch during the fermentation
step.

Axe — used to chop the bunch into spikelets.

Chopping table — used as a base for bunch chopping.

Randomization box — used to randomize fruit samples.

Digital platform balance, accuracy 0.01 kg, max 60 kg — used for
weighing the bunch, stalk and spikelets.

Tally counter — used to count spikelets, fruits and nuts.

Analytical balance, accuracy 0.01 g, max 3,200 g — used for weighing
fruits and nuts.

Cloth gloves — used for handling the bunch during the chopping
process.

Knife — used to scrape mesocarp from the nut.

Aluminium tray — used for storing fruit and nut samples.

Goggles — used for eye protection during bunch chopping.

Protective clothing — used to protect the body from shrapnel during the
chopping process.

Recording form — used to record data on fruit type, bunch weight, stalk
weight, spikelet number, spikelet sample weight, fertile fruit number,



FOR REFERENCE PURPOSES ONLY

40 Chapter 4

fertile fruit weight, parthenocarpic fruit number, under-developed fruit
number, spikelet sample weight, fruit weight, 30-fruit sample weight,
wet fresh mesocarp weight and number of nuts.

e Plastic container, 15 L — used for weighing accessories and samples.

Q)
A\kVerdant Qil Analysis Record.

g VEL/OA/BRO/24.0L.18/014
Expt./LSU No. : Diate : Recorder :

. o Tay+ | Tay- Kernel Bag+Dry| Bag=
No. ““:z“’ Plt/Raw | Paim No. ;"" Wt oM N‘;‘:" Tray No. T"é‘]"" Fr. Meso | Dry Meso| & | “wr n&m Meso Wt | Fibee Wt

— = o | e | @ ® | ®
Ressasion pariod : Disation of recsoding Expt. + | year Rsceived / Checked by Em@ﬁm-;ﬂw&b:‘t %ﬁm
Breding Ok ookt Ofics

Fig. 4.16. Bunch physical analysis tools and equipment: A) Electrical drill;

B) Syringe; C) Gunny sack; D) Axe; E) Chopping table; F) Randomization box;
G) Digital platform; H) Tally counter; 1) Analytical balance; J) Cloth gloves;

K) Knife; L) Fruit tray; M) Nut tray; N) Goggles; O) Protective clothing; P) Plastic
container; Q) Oil analysis record. Please also see physical bunch analysis
record (Fig. 3.7H).
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4.3 Materials

Ethephon (2-Chloroethylphosphonic acid) — used to induce fermentation of
the bunch. Ethephon is a chemical that functions as a synthetic plant growth
regulator.

Fig. 4.17. Bunch physical analysis
material: ethephon, used to ferment the
bunch which helps in loosening and
detaching spikelets and fruits.

Formulae

1.

Percentage of fertile fruits in the bunch (F/B)
Percentage of fertile fruits in the bunch (F/B) = ((((bunch weight — stalk
weight) + fruit spikelet weight) x fruit weight) + bunch weight) x 100

. Fruit set (FS)

Fruit set (FS) = (fertile fruits + (fertile fruits + parthenocarpic fruits +
under-developed fruits)) x 100

. Fruit weight (FWT)

Fruit weight (FWT) = 30 fruit sample weight + 30

. Percentage of mesocarp in the fruits (M/F)

Percentage of mesocarp in the fruits (M/F) = ((30 fruit sample weight —
nut weight) + 30 fruit sample weight) x 100

. Percentage of mesocarp in the fruit check (M/FC)

Percentage of mesocarp in the fruit check (M/FC) = ((tray and fresh meso-
carp weight — tray weight) + (30 fruit sample weight — nut weight)) x 100
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See Junaidah et al. (2011) for similar formulae.
The steps in physical bunch analysis are summarized in the schematic
below.

Fresh fruit
bunch (FFB)
[

Ethephon
injection (10 ml)
|
Overnight
incubation

T
;
Weigh Fruit .

A

determination Tenera
Pisifera
Chop
v |
Stalk Spikelet sample Remaining
(4-5 kg) spikelets
piscard
Detached
fruits
v
| | |
Fertile fruits Parthenocarpic Under-developed
fruits fruits
I |
Damaged 30 fruit
fruits sample

Fig. 4.18. Steps in bunch physical analysis.
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Fruit Sampling

Abstract

Both nut analysis and oil analysis require proper sampling. Fertile fruits
without any damage (bruising or chopped) are sampled using a randomiza-
tion box. The randomization box divides the fruit sample into two portions
(into two container boxes). Thirty fruits are taken randomly from each box
and placed onto two separate trays. The weight deviation between these two
replicated trays should be less than 5%.

5.1 Steps in Fruit Sampling
Step 1

Place all the fruit samples on top of the randomization box and remove all
damaged (bruised and chopped) fruits (Fig. 5.1).

Fig. 5.1. Step 1: Fruit samples
placed into randomization box.

45
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Step 2

Open the floor of the randomization box to allow fruits to fall down ran-
domly into two collection boxes (Fig. 5.2).

Fig. 5.2. Step 2: Open the

floor of randomization box to
allow fruit to fall into collecting
boxes.

Step 3

Take 30 random fruits from each of the two boxes and place into two
separate trays (Fig. 5.3).
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Fig. 5.3. Step 3: Take 30 fruit
randomly from each box.

Step 4

Count/check the number of fruits taken using a tally counter (the fruit
number should be 30 per tray) (Fig. 5.4).

Fig. 5.4. Step 4: 30 counted
fruits per tray.
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Step 5

Weigh the 30-fruit sample in each tray using an analytical balance. Record
the fruit sample weight. Note: the weight difference between the two trays
should be less than 5%. If the difference is higher than 5%, repeat from
Step 3 (Fig. 5.5).

Fig. 5.5. Step 5: Weighing 30-fruit
sample.

5.2 Tools and Equipment

Randomization box — used for sampling fruits randomly.

Tally counter — used to count fruits and nuts.

Analytical balance, accuracy 0.01 g, max 3,200 g — used to weigh fruits.
Aluminium tray — used to store fruits.

Recording form — used for recording the fruit number and 30-fruit
sample weight.
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(E)

X\MVerdant il Analysis Record.
i VBI/QR/BRD/24.01.18/014
Expt/LSU Ne. : Date: Recorder :
2 Tray+ | Tray~ Kemel Bag + Dry| Bag-
Analysis Fruit | Fruit Sample Nut Wi Tray Wi No. BagWt
. No. R No. Type | Wt [No. Nuz. Tray No. Fr. Meso | Dry Meso wr Meso Wt | Fibre Wr

Breeding Cledk Condhucter! Officer

Retention period : Duration of recording Expt. + 1 year. Received / Checked by. Verified (ia the Seld - not obligatory) by Data Enter
Vecikai (Slapangen ks diperhkas) ol D

Fig. 5.6. Fruit sampling tools and equipment: A) Randomization boxes; B) Tally

counter; C) Analytical balance; D) Aluminium tray; E) Recording form.
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The steps in fruit sampling are summarized in the schematic below.

Fruit
sample

Place fruit into
randomization box

Open the
floor
Fruit in box 1 Fruit in box 2
Take 30 fruit Take 30 fruit
samples samples
N v
Re-count
Weigh
A4

Calculate the
difference

Fig. 5.7. Steps in providing a random sample of 30 fruits.
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Nut Analysis

Abstract

Nut analysis provides data on: percentage of shell in the fruit (S/F); shell to
kernel (S/K); percentage of kernel in the fruit (K/F); kernel weight (KW); nut
weight (NW); kernel to nut (K/N); and percentage of kernel in the bunch
(K/B). Nuts should be oven dried at 60-105°C for seven to nine hours, fol-
lowed by cracking the nut shell to release the kernel.

6.1 Steps in Nut Analysis
Step 1
Place the sample of 30 fresh nuts (see Step 15, Chapter 4) onto an alu-

minium tray and weigh the nuts using an analytical balance. Record the nut
sample weight (Fig. 6.1).
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Fig. 6.1. Step 1: Weighing the
nuts.

Step 2

Dry in an oven at 60-105°C for seven to nine hours (Fig. 6.2).

Fig. 6.2. Step 2: Drying the nuts
in an oven.

Step 3

Remove the nuts from the oven and let them cool at room temperature.
Crack the nut shell open with a hammer to release the kernel (note: this is a
skill that requires training) (Fig. 6.3).
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Fig. 6.3. Step 3: Cracking open
the nut shell.

Step 4

Count the number of kernels. Record the kernel number (Fig. 6.4).

Fig. 6.4. Step 4: Counting the
kernels.

Step 5

Weigh the kernels using an analytical balance. Record the kernel sample
weight (Fig. 6.5).
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Fig. 6.5. Step 5: Weighing the
kernels.

6.2 Tools and Equipment

e Oven, temperature up to 105°C, fan and circulation — used to dry nuts.
e Analytical balance, accuracy 0.01 g, max 3,200 g — used for weighing

nuts.
®  Aluminium tray — used for storing nuts.
e  Hammer — used for cracking open the nut shell.

e Recording form — used for recording nut weights, kernel weight, kernel

number and kernel weight.

Formulae

1. Percentage of shell in the fruit (S/F)

Percentage of shell in the fruit (S/F) = ((nut weight — kernel weight) + 30

fruit sample weight) x 100
2. Shell to kernel (S/K)

Shell to kernel (S/K) = (nut weight — kernel weight) + kernel weight
3. Percentage of kernel in the fruit (K/F)

Percentage of kernel in the fruit (K/F) = (kernel weight + 30 fruit sample

weight) x 100
4. Kernel to nut (K/N)
Kernel to nut (K/N) = number of kernel + number of nut
5. Percentage of kernel in the bunch (K/B)
Percentage of kernel in the bunch (K/B) = (K/F x F/B) + 100

See Junaidah et al. (2011) for similar formulae.
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(A)

(E)
A\ Verdant Oil Analysis Record
CIENCE VBI/QR/BRD/24.01.18/014
Expt/LSU No. : Date:
R F Tray+ | Tay+ Bag+Dry| Bag=
No. A:LV"' PlotRow No. ;";; F&“s"(’;)k No. Nut. N\(s;ih Tray No. Ih(;;\'t Fr. Meso | Dry Meso Meso Wr | Fibre Wt
4 &) &) (=) (&)
Retension period : Dura +1year : ¥ gmtmum-;m)m Data Enter
‘Breeding Cleck ‘Conductor/ Officer

Fig. 6.6. Nut sampling tools and equipment: A) Oven; B) Analytical balance;
C) Aluminium tray; D) Hammer; E) Recording form.
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The steps in nut analysis are summarized in the schematic below.

30
wet nuts
Weigh
Dry
Crack open
Kernels Nut shells
v
Count Discard
A 4

Weigh

Fig. 6.7. Schematic of steps in nut analysis.

Reference

Junaidah, ]., Kushairi, A., Jones, B., Kho, L.E., Isa, Z.A. and Rusmin, J. (2011)
Innovation for oil extraction method using NMR in bunch analysis. International
Seminar on Breeding for Sustainability in Oil Palm, 18 November, ISOPB &
MPOB, Kuala Lumpur, Malaysia, pp. 1-18.
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Oil Analysis

Abstract

Oil analysis of the mesocarp is determined by extracting the oil from dried
mesocarp samples. Before the extraction step is conducted, the wet (fresh)
mesocarp sample needs to be dried. Conventional drying of wet mesocarp
is done in an oven. Oil is removed by refluxing with n-hexane in a soxhlet
apparatus. Once oil extraction is completed, oil yield can be calculated by
the difference of mesocarp weight before and after extraction. Oil analysis
will obtain the percentage of dry mesocarp to fruit (DM/F); dry mesocarp
to wet mesocarp (DM/WM); percentage of oil in dry mesocarp (O/DM);
percentage of oil in wet mesocarp (O/WM); and percentage of mesocarp oil
in the bunch (O/B).

7.1 Steps in Oil Analysis
Step 1

Dry wet (fresh) mesocarp (see Step 14, Chapter 4) in an oven for 24 hours
at 60-105°C (Fig. 7.1).
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Fig. 7.1. Step 1: Drying the fresh
mesocarp in an oven.

Step 2

Take the tray from the oven using insulated gloves and let it cool at room
temperature. Weigh the tray plus the dry mesocarp using an analytical bal-
ance. Make sure the sample weight is constant during weighing. Record the
tray plus the dry mesocarp weight (Fig. 7.2).

Fig. 7.2. Step 2: Weighing the
dry mesocarp.
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Step 3

Take approximately 30 g of dry mesocarp and grind in a blender (Fig. 7.3).

Fig. 7.3. Step 3: Grinding the
dry mesocarp in a blender.

Step 4

Take out the ground mesocarp from the blender and put it into a round alu-
minium sieve dish (Fig. 7.4).

Fig. 7.4. Step 4: Place the
ground dry mesocarp into a
round aluminium sieve dish.
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Step 5

Sieve the ground mesocarp using a sieve with aperture size approximately 2 mm
(Fig. 7.5).

Fig. 7.5. Step 5: Sieve the
ground dry mesocarp.

Step 6

Place sieved mesocarp into a glass beaker and dry in an oven for 30 minutes
at 60-105°C (Fig. 7.6).

Fig. 7.6. Step 6: A) Store the ground dry mesocarp in a glass beaker; B) Dry the
ground dry mesocarp in an oven.
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Step 7

Make an envelope from Whatman filter paper approximately 8 x 6 cm.
Then weigh the envelope. Record the envelope weight (Fig. 7.7).

Fig. 7.7. Step 7: Envelopes made
from stapled Whatman filter paper.

Step 8

Take approximately 8 g of ground mesocarp sample and place inside an
envelope, staple to close and weigh the envelope plus the mesocarp sample.
Write a label on the envelope using a graphite pencil. The analysis number
should be written on the envelope for sample identification. Record the
envelope plus mesocarp sample weight (Fig. 7.8).

Fig. 7.8. Step 8: Weigh the envelope
containing the mesocarp sample.
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Step 9

Keep the enveloped mesocarp samples in a desiccator prior to the oil extrac-
tion step (Fig. 7.9).

Fig. 7.9. Step 9: Keep

the enveloped mesocarp
samples in desiccator prior
to oil extraction if not used
immediately.

Step 10

Arrange bags containing mesocarp samples into the soxhlet extractor
system and then attach the heating mantle, boiling flask, soxhlet and con-
denser. One soxhlet can be filled with approximately 90 envelopes. Extract
with n-hexane for 24 hours or until the solvent becomes clear. Extraction
should be carried out under an exhaust system. Note: n-hexane is a haz-
ardous chemical and care should be taken, following safety, health and
environment guidance (see also Chapter 2 on storage, use and disposal of
hazardous chemicals) (Fig. 7.10).
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Fig. 7.10. Step 10: Extraction of
enveloped dry mesocarp samples
using a soxhlet extraction system.

Step 11

After extraction is complete, remove all envelopes from the soxhlet sytem and
allow them to dry at room temperature for approximately 30 minutes (Fig. 7.11).

Fig. 7.11. Step 11: Dry the oil-
extracted mesocarp samples.
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Step 12

Weigh the envelope containing the mesocarp sample after extraction. Make
sure the sample weight is constant during weighing. Record the envelope
and mesocarp weight after drying (Fig. 7.12).

Fig. 7.12. Step 12: Weigh the
envelope containing the
mesocarp sample after
extraction.

7.2 Tools and Equipment

Oven, temperature up to 105°C, with a circulation fan — used for drying
mesocarp samples.

Analytical balance, accuracy 0.01 g, max 3,200 g — used to weigh the
dry mesocarp.

Analytical balance, accuracy 0.0001 g, max 220 g — used for weighing
the dry mesocarp, before and after extraction.

Aluminium tray — used for storing the mesocarp samples.

Blender machine — used for grinding the dry mesocarp.

Sieve, aperture size approximately 2 mm — used for sieving the ground
mesocarp.

Round aluminium dish — used for storing the ground mesocarp.

Glass beaker 100 ml — used to store the ground mesocarp.

Whatman filter paper — used to make envelopes for the ground meso-
carp samples for extraction purposes.

Ruler — used for measuring the Whatman envelope size.

Staple, No. 10 — used for stapling the Whatman filter paper envelope.
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Fig. 7.13. Oil analysis tools and equipment: A) Oven; B) Analytical balance

3,200 g; C) Analytical balance 220 g; D) Aluminium tray; E) Blender; F) Sieve;

G) Round aluminium dish; H) Glass beaker; ) Whatman filter paper; J) Ruler; K) Staple;
L) Graphite pencil; M) Scissors; N) Spatula; O) Desiccator; P) Boiling flask; Q) Soxhlet
extractor; R) Soxhlet extractor lid; S) Soxhlet extractor clamp: T) Condenser; U) Stand

and clamp; V) Heating mantle; W) Recording form.
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Graphite pencil — used for labelling the Whatman envelope.

Scissors — used for cutting the Whatman filter paper.

Spatula — used to transfer the mesocarp sample into the Whatman envelope.

Desiccator — used for storing the samples in Whatman envelopes prior

to oil extraction.

e Soxhlet extractor system (includes round-bottom flask capacity 5 L,
soxhlet extractor capacity 2 L, soxhlet extractor lid, soxhlet extractor
clamp, stand and clamp, heating mantle and water cooling circulation
system) — used to extract oil from dry mesocarp samples.

e Recording form — used to record the dry mesocarp sample weight, enve-

lope weight, envelope + mesocarp sample weight before extraction and

bag plus mesocarp sample weight after extraction.

7.3 Materials

Silica gel blue granules — used for absorbing moisture in the desiccator; n-hexane,
technical grade — used to extract oil from the dry mesocarp (Fig. 7.14).

Fig. 7.14. Fruit sampling materials: A) Silica gel; B) n-hexane.
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Formulae

1.

Percentage of dry mesocarp to fruit (DM/F)
Percentage of dry mesocarp to fruit (DM/F) = ((tray and dry mesocarp
weight — tray weight) + 30 fruit sample weight) x 100

. Dry mesocarp to wet mesocarp (DM/WM)

Drymesocarptowetmesocarp (DM/WM)=(trayand drymesocarpweight—
tray weight) + (tray and fresh mesocarp weight — tray weight)

. Percentage of oil in dry mesocarp (O/DM)

Percentage of oil in dry mesocarp (O/DM) = ((envelope and dry mesocarp
weight — Envelope and fibre weight) + (envelope and dry mesocarp weight —
envelope weight)) x 100

. Percentage of oil in wet mesocarp (O/WM)

Percentageofoilinwetmesocarp (O/WM)=((trayanddry mesocarpweight—
tray weight) + (30 fruit sample weight — nut weight)) x O/DM x 100

. Percentage of mesocarp oil in the bunch (O/B)

Percentage of mesocarp oil in the bunch (O/B) = (F/B x M/F x O/WM) +
10000

See Junaidah et al. (2011) for similar formulae.
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The steps in oil analysis are summarized in the schematic below.

Fresh scraped
mesocarp

Pass through Debris not passed
sleve through sieve

Dry

Place in
envelope
I
Store in
desiccator

Weigh 8 g

i

Place in
soxhlet

Extract oil

v |

Oil and Envelope and
solvent fibre

Fig. 7.15. 'Schemaﬁic of
steps in oil analysis.

i
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Reference

Junaidah, J., Kushairi, A., Jones, B., Kho, L.E., Isa, Z.A. and Rusmin, J. (2011)
Innovation for oil extraction method using NMR in bunch analysis. International
Seminar on Breeding for Sustainability in Oil Palm, 18 November, ISOPB &
MPOB, Kuala Lumpur, Malaysia, pp. 1-18.
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Recording, Calculations
and Data Checks

Abstract

The records of analyses in the previous chapters are calculated by defined
formulae to obtain data on: bunch components; percentage of fertile fruits
in the bunch (F/B); fruit set (FS); fruit weight (FWT); percentage of meso-
carp in the fruits (M/F); percentage of mesocarp in the fruit check (M/FC);
percentage of shell in the fruit (S/F); shell to kernel (S/K); percentage of
kernel in the fruit (K/F); kernel to nut (K/N); percentage of kernel in the
bunch (K/B); percentage of dry mesocarp to fruit (DM/F); dry mesocarp to
wet mesocarp (DM/WM); percentage of oil in dry mesocarp (O/DM); per-
centage of oil in wet mesocarp (O/WM); and percentage of mesocarp oil in
the bunch (O/B).

8.1 Recording

Data recorded in physical analysis, an example.

Table 8.1. Raw data of physical analysis.

No. Parameters (unit) Unit Value Abbv.

1 Number - 2 -

2 Analysis number - 75 -

3 Plot/row - 21 -

4 Palm number - 6 -

5 Fruit type - T -

6 Number LF before harvest pcs 1 A

7 Number LF after harvest pcs 9 B

8 Bunch weight kg 21.01 C

9 Stalk weight kg 2.14 D

10 Number of spikelets pcs 227 E
Continued

75
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Table 8.1. Continued.

No. Parameters (unit) Unit Value Abbv.
11 Fertile fruit pcs 926 F
12 Parthenocarpic pcs 0 G
13 Infertile fruit pcs 368 H
14 Fruit spikelet weight kg 7.20 I
15 Fruit weight kg 5.35 J
Data recorded on oil analysis.

Table 8.2. Raw oil analysis data.

No. Parameters (unit) Unit Value Abbv.
1 30-fruit sample weight g 200.2 K
2 Number of nuts pcs 30 L
3 Nut weight g 49.8 M
4 Tray number - 8 N
5 Tray weight g 145.9 O
6 Tray and fresh mesocarp weight g 288.7 P
7 Tray and dry mesocarp weight g 249.9 Q
8 Number of kernels pcs 43 R
9 Kernel weight g 19.6 S
10 Envelope weight g 0.4396 T
11 Envelope and dry mesocarp weight g 8.5976 ]
12 Envelope and fibre weight g 2.3831 \%

8.2 Calculations

Calculation of bunch components is shown below, using a worked example.

1.

Percentage of fertile fruits in the bunch (F/B)
Percentage of fertile fruits in the bunch (F/B) = ((((bunch weight — stalk
weight) + fruit spikelet weight) x fruit weight) + bunch weight) x 100

F/B = (((C-D)=I)x]J) = C) x 100

F/B = ((((21.01 - 2.14) = 7.20) x 5.35) + 21.01) x 100

F/B = 66.74%

. Fruit set (FS)

Fruit set (FS) = (fertile fruits + (fertile fruits + parthenocarpic fruits +

under-developed fruits)) x 100
FS=(F+(F+G+H)x100

FS =(926 + (926 + 0 + 368) x 100
FS=71.56%
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10.

. Fruit weight (FWT)

Fruit weight (FWT) = 30 fruit sample weight + 30
FWT =K + 30
FWT =200.2 + 30

. Percentage of mesocarp in the fruit (M/F)

Percentage of mesocarp in the fruit (M/F) = ((30 fruit sample weight —
nut weight) + 30 fruit sample weight) x 100

MJ/F = (K- M) = K) x 100

M/F = ((200.2 — 49.8) + 200.2) x 100

M/F =75.12%

. Percentage of mesocarp in the fruit check (M/FC)

Percentage of mesocarp in the fruit check (M/FC) = ((tray and fresh
mesocarp weight — tray weight) + (30 fruit sample weight — nut weight))
x 100

M/FC = (P-0) + (K-M)) x 100

MJ/FC = ((288.7 — 145.9) + (200.2 — 49.8)) x 100

M/FC = 94.95%

. Percentage of shell in the fruit (S/F)

Percentage of shell in the fruit (S/F) = ((nut weight — kernel weight) + 30
fruit sample weight) x 100

S/F=((M-=S) +K)x 100

S/F = ((49.8 = 19.6) + 200.2) x 100

S/F=15.08%

. Shell to kernel (S/K)

Shell to kernel (S/K) = (nut weight — kernel weight) + kernel weight
SIK=(M-=S)+S

S/K = (49.8 -19.6) + 19.6

S/K = 1.54

. Percentage of kernel in the fruit (K/F)

Percentage of kernel in the fruit (K/F) = (kernel weight + 30 fruit sample
weight) x 100

K/F = (S + K) x 100

K/F = (19.6 +200.2) x 100

K/F =9.79%

. Kernel to nut (K/N)

Kernel to nut (K/N) = number of kernel + number of nut
K/N=R=+L

K/N =43+ 30

K/N =1.43

Percentage of kernel in the bunch (K/B)

Percentage of kernel in the bunch (K/B) = (K/F x F/B) + 100
K/B = (K/F x F/B) + 100

K/B = (9.79% x 66.74%) + 100

K/B =6.53%
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11.

12.

13.

14.

15.

Percentage of dry mesocarp to fruit (DM/F)

Percentage of dry mesocarp to fruit (DM/F) = ((tray and dry mesocarp
weight — tray weight) + 30 fruit sample weight) x 100

DM/F = (Q-0) + K) x 100

DM/F = ((249.9 — 145.9) + 200.2) x 100

DM/F =51.95%

Dry mesocarp to wet mesocarp (DM/WM)

Dry mesocarp to wet mesocarp (DM/WM) = (tray and dry mesocarp
weight — tray weight) (tray and fresh mesocarp weight — tray weight)
DM/WM = (Q-0) + (P-0)

DM/WM = (249.9 - 145 9) + (288.7 - 145.9)

DM/WM = 0.728

Percentage of oil in dry mesocarp (O/DM)

Percentage of oil in dry mesocarp (O/DM) = ((envelope and dry meso-
carp weight — envelope and fibre weight) + (envelope and dry mesocarp
weight — envelope weight)) x 100

O/DM = (U-V) + (U-T)) x 100

O/DM = ((8.5976 — 2.3831) + (8.5976 — 0.4396) x 100

O/DM = 76.18%

Percentage of oil in wet mesocarp (O/WM)

Percentage of oil in wet mesocarp (O/WM) = ((tray and dry mesocarp
weight — tray weight) + (30 fruit sample weight — nut weight)) x O/DM
x 100

O/WM = ((Q-0) + (K-M)) x O/DM x 100

O/WM = ((249.9 - 145 9) +(200.2 — 49.8) x 76.18% x 100

O/WM = 52.68%

Percentage of mesocarp oil in the bunch (O/B)

Percentage of mesocarp oil in the bunch (O/B) = (F/B x M/F x O/WM)
+ 10,000

O/B = (F/B x M/F x O/WM) = 10000

O/B = 66.74% x 75.12% x 52.68% + 10,000

O/B =26.41%

The report of bunch components.

Table 8.3. Report of bunch components.

No.  Bunch component Abbv. (unit) Value
1 Percentage of fertile fruits in the bunch (F/B) F/B (%) 66.74%
2 Fruit set (FS) FS (%) 71.56%
3 Fruit weight (FWT) FWT 6.67

4 Percentage of mesocarp in the fruits (M/F) M/F (%) 75.12%
5 Percentage of mesocarp in the fruit check (M/FC) ~ M/FC (%) 94.95%
6 Percentage of shell in the fruit (S/F) S/F (%) 15.08%
7 Shell to kernel (S/K) S/K (%) 1.54

8 Percentage of kernel in the fruit (K/F) K/F (%) 9.79%
9 Kernel to nut (K/N) K/N 1.43

Continued
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Table 8.3. Continued.

No.  Bunch component Abbv. (unit) Value

10 Percentage of kernel in the bunch (K/B) K/B (%) 6.53%

11 Percentage of dry mesocarp to fruit (DM/F) DM/F (%) 51.95%

12 Dry mesocarp to wet mesocarp (DM/WM) DM/WM 0.728

13 Percentage of oil in dry mesocarp (O/DM) O/DM (%) 76.18%

14 Percentage of oil in wet mesocarp (O/WM) O/WM (%) 52.68%

15 Percentage of mesocarp oil in the bunch (O/B)  O/B (%) 26.41%

8.3 Tools and Equipment

Calculator — used for calculating bunch components.

Fig. 8.1. Fruit sampling tools —
calculator.

8.4 Data Checks and Quality Control

Data checking and quality control of data are needed to screen for anom-
alies/outliers or out-of-range data that is apparent during processing.

There is much information in books and journals about formulae for
bunch and oil analysis (e.g. Junaidah et al., 2011; Corley and Tinker, 2015).
Here we provide a simple standard value for data checking.
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Table 8.4. Data checks for Dura and Tenera samples. Samples with data values outside
these guide figures should be scrutinized very carefully and potentially eliminated.

Dura Tenera
No. Parameters More than Less than More than  Less than
1 F/B 85% 50% 85% 50%
2 FW 33g 45g 25 g 45g
3 M/F 74% 43% 94% 64%
4 M/FC 100 93 100 93
5 DM/F 60% 23% 80% 35%
6 DM/WM 0.785 0.4 0.785 0.4
7 O/DM 95% 60% 96.80% 56.00%
8 S/F 46% 19% 24.30% 2.00%

The criteria limits are imposed to make sure that the quality of data used are
good and to preclude distortion of results from the use of anomalous data.

For data checking, during data entering and processing a formula is pre-
pared using the criteria above to reveal outlier data and show the reason for
the data being anomalous. The outlier may be because of mis-entry of data,
or human/equipment error during analysis, or it may be that data are true
values but outside the normal range.

A simple way to check the data is to create a graph to see the inner and
outer limits of the results.

The samples which lie outside the data range need to be re-checked (Fig. 8.2).
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Example graphs for Tenera samples.
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Fig. 8.2. Bunch components for Tenera samples.
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Example graphs for Dura samples.
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Fig. 8.3. Bunch components for Dura samples.

Produce quality control chart

Quality control charts are useful for monitoring the stability of bunch ana-
lysis processes and fluctuations in results (in a statistical context) over time.
There are three types of line in the quality control graph:

Mean
Inner control limit
Outer control limit

Mean of the sample data
twice of standard deviation for upper and lower limit
three times of standard deviation for upper and

lower limit
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Fig. 8.4. Control chart of oil extraction rate (OER).
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bunch weight 31, 33
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stages and methods 7-10, 10, 13

calculations
data and quality control checks 79-82,
80, 83
formulae 41, 56, 71
worked examples from data 76-78
chemical hazards 18-19, 66
chopping (bunches) 31, 32
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crude palm oil (CPO) 4, 5,7

data checking 79-80, 80, 81, 82
desiccator, for sample storage 66, 66, 70
dry mesocarp percentage in fruit (DM/F) 71,78
drying

ground dry mesocarp 64, 64

nut samples 53, 54, 54

soxhlet envelopes after extraction 67, 67

wet mesocarp samples 61, 62
Dura oil palm type

bunch component data, normal

range 80, 82
fruit characteristics 3, 4, 30
oil composition and yield 4, 5

equipment see tools and equipment
ethephon 8-9, 41, 41
injection into bunch stalk 29, 30, 39
extraction (of oil from mesocarp) 10,
66-67, 67

fatty acids
composition of CPO and PKO 4-5
free, content related to quality 7, 8
fermentation (after harvesting)
8-9,29, 41
fertile fruits 35, 35
percentage in bunch (F/B)
calculation 41, 76
filter paper envelopes 65, 65-68
formulae (for calculations) 41, 56, 71
fruit sampling
checking number of fruits 47, 47
fruit quality and sample size 9, 45
random selection process 36, 45-47,
47,50
tools and equipment 48, 49
weight difference, replicate samples
45, 48
fruit set (FS) determination 35, 41, 76
fruit type (shell thickness) 4, 5, 30, 30
fruit weight
mean individual weight (FWT) 9,
41,77
total, 30-fruit samples 37, 37, 48, 48
whole sample from bunch, fertile
fruits 36, 36

grinding, dry mesocarp 63, 63
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harvesting procedures 5-7, 8, 17-18, 23, 23
health and safety

field 17-18

laboratory 18-19
n-hexane 18-19, 66, 70, 70

kernels
kernel to nut (K/N) calculation 56, 77
percentage in bunch (K/B) 56,77
percentage in fruit (K/F) 56,77
release from nut by cracking 54, 55
samples, number and weight 55,55, 56

labels 24, 24, 30
laboratory operations
health and safety 18-19
set-up and work flow 11, 11-13, 12
steps in bunch/oil analysis 8-10, 10, 13
leaf sampling unit (LSU) 21, 24
loose fruits, number of
after harvesting 23, 24
before harvesting 6-7, 22, 22

mesocarp
dry sample preparation and
weights 61-66, 62, 65
dry to wet (DM/WM) calculation 71, 78
moisture content 7-8, 10
percentage in fruit check (M/FC) 41, 77
percentage in fruits (M/F),
calculation 41, 77
wet sample preparation and weight 37,
37-38, 38
see also oil analysis
moisture content 7-8, 10

nut analysis
data records and calculations 53, 56,
76,77
number in samples 38, 39
process steps 9-10, 53-55, 58
separation from fruit 37, 37
tools and equipment 56, 57
nut sample weight (30 nuts) 53

oil analysis
example of raw data and
calculations 76, 78, 79
process stages 10, 61-68, 72

tools, equipment and materials 68, 69,
70, 70
oil palm (Elaeis guineensis)
crop production 3-4, 7
fruit morphology 4, 5
oil percentage in bunch (O/B) 71, 78
oil percentage in dry mesocarp (O/DM)
71,78
oil percentage in wet mesocarp (O/WM)
71, 78
oil yield
calculations, from oil analysis 61,
71,78
of Dura, Pisifera and Tenera types
3,5
extraction rate (OER) quality
control chart 83
outliers (data) 79-80, 81, 82

palm kernel oil (PKO) 4-5, 7
parthenocarpic fruits 35, 35
physical analysis of bunches

data, records and calculations 29, 41,

75-76,76-77

process steps 29-38, 42

tools and equipment 39-40, 40
Pisifera oil palm type 3,4, 5
protective clothing/equipment 17, 18, 31,

39, 40

quality control charts 82, 83

randomization box 45, 45-46, 46, 47
recording forms
nut and oil analysis 56, 57, 70, 76
physical bunch analysis 26, 39-40,
75-76
ripeness characteristics 6, 6-7, 21, 22

safety data sheets (SDS) 18
sampling
bunch selection and harvesting
21-24,27
sample size related to bunch
weight 33
spikelets, alternative methods 9,
33-34, 34
see also fruit sampling
shell percentage in fruit (S/F) 56, 77
shell thickness see fruit type
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shell to kernel (S/K) calculation 56, 77
sieving, dry mesocarp 63, 63-64, 64
soxhlet extraction system 10, 66-67,
67,69, 70
spikelets
number, counting 33, 33
peeling fruits from 335, 35
removal from stalk (chopping)
31,32
sampling methods 9, 33-34, 34
weight of sample 34, 34
stalk weight 32
standard operating procedures (SOPs) 5, 7,
17,19, 21

Tenera oil palm type

bunch component data, normal

range 80, 81

fruit characteristics 3, 4, 5

oil composition and yield 4, 5
tools and equipment

bunch sampling 25, 26

fruit sampling 48, 49

nut analysis 56, 57

oil analysis 68, 69, 70

physical analysis of bunches
39-40, 40
transport of bunch samples 8, 8, 24, 25

under-developed fruits 35, 35

vitamin content 4

waste, storage and disposal 12
weighing
fruit samples 36, 36, 37,37, 48
mesocarp after extraction 68, 68
nut/kernel samples 53, 54, 55, 56
pre-extraction mesocarp samples 62,
62, 65,65
spikelet sample 34, 34
stalk, after spikelet removal 32, 32
whole bunch 31, 31
wet mesocarp weight (WM) 38

yield components 7-8
example of report, from data 78-79
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This is a hands-on, practical guide to describe physical bunch and oil analysis
of oil palm. Bunch and oil analysis laboratories are set up at oil mills to assess
production, yield potential of plantations and oil extraction rates relative to
targets. The higher the oil yields produced by the planting material, the less land
that is needed to achieve a specific level of production, hence helping in the
sustainability of the crop.

Practical, illustrated steps are given in determining bunch and oil characteristics
of oil palm. Promoting green, eco-friendly agriculture, this book covers:

* An introduction to bunch and oil analysis

* Health and safety considerations

*  Bunch sampling

» Physical bunch analysis of stalks, spikelets, fruits and nuts
*  Fruit sampling

* Nut analysis and measurements of components

* Qil analysis, oil extraction and measurement

» Calculation of bunch components and reporting.

This is an invaluable manual for oil palm mill managers, oil palm plantation
managers, palm oil producers, oil palm breeders, agronomists, oil chemists,
oil palm seed producing companies and research institutes across the world
(especially tropical zones). It is useful for those starting a career in oil palm
production, as a reference guide for managers and for training purposes.
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