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faces stiff competition from lower cost palm oil and
genetically modified (GM) soybean oil producers
(e.g. Indonesia, Brazil, Argentina).

The industry is also being blamed for destroying
forests, endangering sensitive ecosystems and rare
species, displacing indigenous people and exploiting
labour.

EFFORTS IN ADDRESSING THESE ISSUES

Genetic improvement approach

Dwarf Variety. The main reason behind the low
stagnating national yields is the existence of tall old
palms which still constitute a significant portion (ca.
20%) of the existing national plantings. Tall palms are
difficulttoharvestresulting inloweryield. Replanting
with younger palms has also been slow (ca. 3%) due
to high initial development cost cum revenue lost
during the immature period. High yielding oil palm
varieties planted also tended to grow tall fast. Dwarf
varieties are the obvious solution. Breeders who
discovered the Dumpy dwarf mutant in the 1950s
foresaw its advantage in facilitating harvesting and
prolonging the crop’s economic life [3]. However,
in the quest for high early yields that resulted in fast
growing varieties, this was largely forgotten. AAR
{Advanced Agriecological Research), however,
pursued the idea of a dwarf high vielding variety,
by incorporating the Dumpy dwarf trait into the
tall high oil yielding AVROS variety by backcross
breeding (Table 1; Figs. 1,2). This Dy. AVROS semi-

dwarf variety has been represented in about 15-20%
of the anmual plantings since the early 1980s. The
benefit of the slower growing habit would translate
to about RM20 billion with the extended four years
of harvesting or crop life [4,5].

While dwarf palm varieties improve recoverable
vield, yield still needs to be improved further
because of faster yield improvement in competing
oil crops e.g. GM soybean, and lower cost palm oil
producers ¢.g. Indonesia.

High Yield Potential Variety. To improve the genetic
vield potential of a crop, the ideotype breeding
approach is needed [6]. Taking the cue from such
success in cereal crops e.g “miracle rice’ [7], an oil
palm ideotype is one with a short thin trunk, short
leaves to capture more light, is tolerant of higher
density planting and consequently of high biomass
production, and produces many smaller bunches
with high oil content [8,9]. Such high Harvest Index
(HI) palms put more of the energy captured into
yield than to vegetative growth. The combination of
high biomass production and high HI traits results
in higher yield potential. The Dy.AVROS genotype
is still deficient in a number of desirable ideotype
traits in having a thicker trunk, heavier canopy,
bigger but fewer bunches with moderately high
o0il content. The Ybi. AVROS genotype possesses
many of these desirable traits except for its height.
By crossing the Dy.AVROS with the Ybi. AVROS
and selecting from the transgressive segregants, the

Table 1. Comparisons between Dumpy. AVROS (Dy. AVR) and AVROS (AVR) DxP
hybrids in oil yield and palm height growth.

Trait Hybrid AAR Trial 1l AAR Trial2 UPTral Pamol Trial

Oil Yield AVR 6.8 6.0 8.1 5.7
(t/ha/year) Dy. AVR 6.2 6.4 7.9 4.8
LSD . 0.6 1.0 0.7 0.6

Palm Height AVR 189 190 217 290
(cm) Dy.AVR 145 167 197 210
LSD . 18 20 - 30

Height Increment  AVR 62 46 - 74
(em/vear) Dy.AVR 49 40 - 58
LSD 12 5 - 7

AAR Trials — oil yields averaged over first 71/2 years of harvesting, height at year
4, height increment from year 3-4 (AART1) and year 3-5 (AART?2).

UP Trial - oil yields averaged over first 4 years of harvesting [5].

Pamol Trial — oil yields averaged over first 5 years of harvesting [5].
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p* exp(dika)=1. 3)

Equation (3) can only be satisfied for a finite number
of wave numbers & _corresponding to definite eigen-
energies £ . In order to solve equation (3), let us
define the following dimensionless quantities:

;,:/2_"”9222 (42)
7
(E
T = |—.
"

Bound states can only be found in the domain 0 <

1 < 1. Substituting equations (4a) and (4b) into (3)
and performing a little algebra, one obtains

and

(4b)

expldi(yr + &)] = 1 = exp(Zzin), (5)

where # is a positive integer and cos 26=1-212,
Thus, we obtain the transcendental equation for the
eigen-energies as

2yr+cos(1-22) = nm.  (6)

From equation (6), it is possible to easily determine
the maximum number of bound-states supported by
the finite rectangular well, n . Settingr=1, we
obtain

n_={1+Qym)), (7

where l_xJ is the floor function, yielding the greatest
integer larger than x. From equation (7), it is clear

that the finite rectangular well can support at least
one bound state, Furthermore, the #" bound state can
be found in the interval (n—1) L <T,< nl,
2y 2y
where 1<n<n_ .Numerical solutions for T,
may be found by recasting equation (6) into the form
sin(2yr + 28y=0. An improved estimate T ff“’ can be

obtained from the previous estimate T using the
well-known Newton-Raphson formula,

(N2 {6
L05 _ 0 _ JI=(") tan[Zyz'" + 29]
n n *

2[pyf1-@0) +1]

(8

A good initial estimate may be found by making
. . - n .
the approximation cos™ (1—2t%) = g’t (1+2t)in

equation (6). The resulting quadratic equation yields
an initial estimate

bnmr 1
2O _
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In the limit Y — oo, equation (9) results in the
correct eigen-energy formula for the infinite
rectangular potential well, E =n*m*A*/(8ma?).

Since the Newton-Raphson formula converges
quadratically, few iterations of equation (8) are
required. The eigen-energies £ can then be obtained
from equation (4b).

RESULTS AND DISCUSSION

As a representative case, we consider an electron

Table 1. The iteration of r_for the four bound states, n =1, 2, 3, and 4. The iterations follow equation
(8) with the initial estimate (i = 0) calculated using equation (9). The eigen-energies are displayed in
the final row.

i\n 1 2 3 4
0 0.24148563756521 0.46611506848388 0.67699149933686 0.87636879892252
1 0.23310721584308  0.46417254349585 0.68993974718389 0.90268333032608
2 0.23314142256222  0.46417281839328 (.68977721170279 0.90099835459829
3 0.23314142253784  0.46417281839328 0.68977720861356 0.90099678444133
4 0.23314142253784  0.46417281839328 0.68977720861336 0.90099678443963
3 0.23314142253784  0.46417281839328 0.68977720861356 0.90099678443963

(E:E\",) 0.271774614514828  1.077282026675784  2.378962987613569  4.058976027852800




bound within a rectangular well of depth V=10
eV and with a width 2a = 1.0 nm. We use #%¥/me =
7.619x102 eV.om?. In this case, y=5.728237519465
and the number of bound states is n__ =4. Table 1
shows ¢ for each iteration, i, of equation (8) using
the initial estimate of equation (9). The final row
presents the eigen-energies, in eV, calculated using
equation (4b).

From Table 1, we see that equation (9) gives a
very good initial estimate being correct to within
3.5% for the bound states considered. In general,
convergence is most rapid for the more tightly
bound states, Typically, two iterations are sufficient

for the » = 1 and » = 2 states. The weakly bound
states generally require more iterations. In any case,
just 4 iterations are sufficient for the state n = 4.

CONCLUSION

We have developed a transcendental formula by
which it is possible to know, in advance, the number
of bound states supported by a finite rectangular
potential well. This formula can be used to derive
a good approximation for the bound state eigen-
energies. This approximation can also be used in a
rapidly-convergent Newton-Raphson formula.
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Abstract Palm kernel cake (PKC) is a by-product from the extraction of palm oil. It is suitable for feeding
beef and dairy animals. Current research emphasizes on the use of PKC for poulry feed. An attempt was
made fo increase the nutritional composition of PKC by fermentation with Aspergiffus niger using solid
substrate fermentation (SSF) technique. Analyses were conducted to determine the nutritional composition
and amino acid profiling of fermented PKC (fPKC) compared to untreated PKC, soy-bean meal (SBM),
polypeptide PKC for food (pPKC) and feed grade [pPKC(f)]. Fermented PKC was produced by SSF at
laboratory scale using a tray system. The crude protein of A. niger fPKC (24.7 %) increased significantly
compared to the value of untreated PKC (17.5 %). The fPKC contained 15.7 % of total amino acid, accounted
for 63.4 % of the crude protein. Neutral detergent fibre (NDF), acid detergent fibre (ADF), hemicellulose and
cellulose levels in fPKC were significantly decreased from 79.0 % to 50.3 %, 46.8 % to 35.8 %, 32.2 % to
14.5 % and 34.4 % to 21.5 %, respectively. The total ash content was significantly higher in fPKC (5.8 %)
compared to the value in untreated PKC (4.1 %). Ail minerals and trace elements analyzed in the fPKC were
significantly higher compared to the level in untreated PKC, except for copper and phosphorus. Results
from the study showed that SSF technique could be used to increase the nuiritional composition of PKC.
Amongst the pPKC, pPKC(f} and SBM, the protein value of fPKC was significantly lower. The total amino
acid in pPKC (f) accounted for 88.7 % of crude protein compared to the level in pPKC, which accounted for
81.4 % of crude protein. Both fPKC and pPKC (f) could be considered as potential alternative energy and
protein sources for monogastric animals,

Keywords fermented palm kernel cake — polypeptide palm kernel cake — nutritional value —
amino acid profile

INTRODUCTION significantly. Through biological processes such as

fermentation, it is possible to improve digestibility,

Palm kernel cake (PKC) (by-product of palm oil
milling) is abundantly produced throughout the
year in Malaysia and this guarantees their supply
and availability as a major ingredient for livestock
feeding. The PKC comprises mainly of cell wall
which consists largely of polysaccharides such as
mannan which is responsible for the low digestibility
of PKC by monogastric animals [1]. Mechanical and
chemical processes could increase the digestibility
of feedstuffs without altering its nutrient content

protein efficiency ratio and amino acid availability
of the PKC. During fermentation, improvements in
vitamin content and destruction of anti-nutritional
factors could also be achieved due to the presence
of related enzymes with the substrate [2].

Solid substrate fermentation (SSF) is defined
as any fermentation process performed on a non-
soluble material that acts both as physical support and
source of nutrients in absence of free flowing liquid
[3]. Research on the selection of suitable substrate
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for SSF has mainly been centred on agro-industrial
residues due to their potential advantages for
filamentous fungi, which are capable of penetrating
into the hardest part of these solid substrates,
aided by the presence of turgor pressure at the tip
of the mycelium [4]. Apart from this, fungal growth
under solid state conditions has also been found to
be more suitable for low technology applications,
and there is hardly any waste disposal at the end
because the whole product may be used directly in
animal feeds [5]. In addition, costs are much lower
due to the efficient utilization and value-addition of
wastes [0].

The process of utilizing enzymes from microbes
in the biotechnological fermentation of PKC has
been studied extensively by Malaysian Agriculture
Research and Development Institute (MARDI)
[7]. It was found that the fibre component could
be degraded resulting in higher energy value and
better improvement on animal performance. Based
on a report by Daud et al. [7], the metabolisable
energy (ME) of 4. niger fermented PKC increased
from 6.2 MJ/kg to 9.0 MI/kg. The on-going R&D
effort in MARDI is an up-scaling production of
improved PKC, increasing the metabolisable energy
to 9.5 MJ/kg and an inclusion of 50 % in the poultry
diet.

The objectives of the present study were
to determine the amino acid profiles, chemical
properties and nutritional value of 4. niger fermented
PKC compared to untreated PKC, soy-bean meal
(SBM), polypeptide PKC for food (pPKC) and feed
grade [pPK.C(f}].

MATERIAL AND METHODS

Solid substrate fermentation (SSF) of PKC

In this study, raw material “expeller pressed palm
kernel cake” was bought from FELDA Factory in
Serting. While, established fermentation technique
by PKC group in MARDI for the production of
improved PKC using SSF technique was employed
in this study [8]. The sterile PKC substrate (1.3
kg in tray system) with 50 % moisture content
was inoculated with 0.5 % of Aspergillus niger
(FTCC 5003) spore suspension (x 107 spore/ml).
The culture was incubated at 30 °C for 66 hours. The
fPK.C was then dried in an oven for 48 hours at 60
°C. Samples from different batches of fermentation

were then ground, mixed and sieved to get smaller
particles (1 or less than 1 mm) and homogenized.

Polypeptide PKC

Polypeptide PKC is a crude protein of PKC. It is
obtained by an enzyme extraction. Two types of
pPKC were received from Wuhan Tallyho Institute
of Polypeptide, Wuhan, China. The higher grade of
pPKC is used for human consumption (food grade),
while the lower grade is for animal feed [pPK.C(f)].
Protein qualities of these two materials were
compared with SBM.

Soy-bean meal

Soy-bean meal (45 % crude protein) was bought
from QL Feed Mill in Port Klang. In this study,
SBM was used as a standard of protein source in
animal feed.

Proximate and mineral analyses

Proximate analyses (crude protein, moisture content,
ash and crude fat) of samples were determined
according to standard methods described by the
Association of Official Analytical Chemists [9]. All
nitrogen was determined using the micro-Kjeldaht
procedure [9]. The protein content was calculated by
multiplying the total nitrogen content by aconversion
factor of 6.25. Dry matter is the difference between
the original weight of the sample and the weights
of its water. While, nitrogen—free extract is the
difference between the original weight of the sample
and the sum of the weights of ifs water, ether extract,
crude protein, crude fiber and ash. Fibre analyses
were carried out according to the method described
by Van Soest [10]. Neutral detergent fibre (NDIF)
represents total fibre in plant cefl walls and consists
of lignin, cellulose and hemicelluiose, while acid
detergent fibre (ADF) represents the less digestible
components which consist of lignin and cellulose.
The concentration of hemicellulose was calculated
as the difference between NDF and ADF, while that
of cellulose as the difference between ADF and acid
detergent lignin (ADL).

Mineral concentrations were determined
using a flame method of atomic absorption
spectrophotometer GBC HG %04 AA (GBC
Scientific Equipment Pty Ltd, Australia) except for
the phosphorus that was determined using adsorption
method with UV-VIS spectrophotometer (TU-1800




SPC, China). Gross energy of fPKC and untreated
PKC were determined by bomb calorimeter (IKA
Calorimeter system, C 4000).

The free amino acids were estimated by HPLC
(Waters Inc.), subjected to pre-column derivatization
and determined using AccQ Taq method as described
by the manufacturer (Waters Inc.). Samples were
hydrolysed with hydrochloric acid, in the absence
of air, to break the peptide bonds of a protein. This
procedure gives good results for the acid-stable
amino acids, i.e. all those commonly occurring in
food proteins except cystine, cysteine, methionine,
and ftryptophan, which are labile under acid
hydrolysis conditions and require separate method
of analysis.

The amino acid analyzer detected 15 amino
acids, as during acid hydrolysis asparagine was
converted into aspartic acid and glutamine into
glutamic acid. The amino acids cystine, cysteine
and methionine are therefore first oxidized with
performic acid, under controlled conditions, to
convert into their residues of cysteic acid and
methionine sulphone. These acid-stable residues are
then freed from the protein by hydrolysis with 6 N
HCI [11,12]. While for tryptophan, it was released
using an alkaline hydrolysis [13].

Statistical analyses

All statistical computations were performed with
the ANOVA procedure followed by Duncan New
Multiple Range Test (DMRT) of the Statistical
Analysis Systems Software [14].

RESULTS AND DISCUSSION

Proximate and chemical analyses

Data on proximate analyses which were calculated
on dry matter basis are shown in Table 1. The data
indicated that the crude protein of fPKC (24.7
%) is significantly higher compared to the value
in untreated PKC (17.5 %). The increase in the
protein content of the fPKC could be attributed to
the reduction of biomass after fermentation, which
results from the utilization of the carbon content by
the fungi. According to Mathot et al. [15], about
20.0 % of the initial substrate (DM) was lost during
fermentation, especially starch and hemicellulose
which were the main sources of carbon for the
fungus. Apart from this, the increase in the amount
of the microbial biomass in the form of single-cell
proteins may possibly account for the increase in
the protein content of the 4. riger products [16].
Results in Table 1 also showed that pPKC(f) and
pPKC contained high crude protein with 42.4 % and
45.9 %, respectively. However, these values were
significantly lower compared to the value of crude
protein in SBM (49.8 %) as a main protein source
in poultry feed.

The total ash content was significantly higher
in fPKC (5.8 %) compared to the value in untreated
PKC (4.1 %) (Table 1). The difference in the
total ash content might be due to the differences
in the mineral concentration of the samples. The
significantly decrease of carbohydrate (NFE) in
fPKC compared to untreated PKC (Table 2) could

Table 1. Proximate analyses of various types of PKC and SBM (dry matter basis).

Component PKC fPKC pPKC (D) pPKC SBM

Crude protein (%) 17.5 £0.3" 2472027 424x0.6° 45902 498 +0.5°
Ash (%) 4.1x0.0° 5800 16.1+0.1b 17.5+0.1° 7.1 20.0°
Crude fat (%) 107 £ 0.17 41040 0.1 £0.0¢ 0.2 £0.0¢ 2.0+0.1¢
Moisture content (%) 52x0.0° 8.3+0.1° 6.2 £0.1¢ 9201 10.1x0.0°
Dry matter (%) 948+ 0.0° 91.2+00° 938+0.1* 908+0.19 89.9x00°

Data are presented in the mean values + sd (n = 3). Values with different letters within same row
are significantly different (p <0.05). PKC = palm kernel cake; fPKC = fermented palm kernel cake;
pPKC (£} = polypeptide PKC (feed grade); pPKC = polypeptide PKC (food grade); SBM = soy bean

meal
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be attributed to the possible transformation of some
of the carbohydrate, which the organism possibly
uses as its carbon source to some other metabolites,
such as protein or fat [17]. However, the crude fat
content in untreated PKC decreased significantly (p
<0.05) from 10.7 % to 4.1 % in the fPKC (Table 1).
The result tallies with the decrease of gross energy
in the same material compared to the values in
the untreated PKC {Table 2). Results also showed
that ash content in both pPKC (f} and pPKC were
significantly higher compared to the value in SBM.
On the other hand, the crude fat and moisture content
of these two materials were significantly lower
compared to values in the SBM. These results gave
an advantage for pPK.C(f) and pPKC as they have a
longer shelf life.

Results on fibre analyses (Table 2} also showed
an improvement in nutritive value of fPKC compared
to untreated PKC except for the acid detergent
lignin (ADL) value. NDF and ADF levels in fPKC
were significantly decreased from 79.0 % to 50.3 %
and 46.8 % to 35.8 %, respectively. The significant
reduction in hemicellulose from 32.2 % to 14.5 %
and cellulose (34.4 % to 21.5 %) might be attributed
to fibre degradation by fungal enzymes. On the other
hand, the increase in the ADL content of the {PKC
could be attributed to the reduction of biomass after
fermentation. These findings were similar to those
reported by other researchers [2,5,15] regarding

Table 2. Fiber, NFE and gross energy of PKC and
fPKC (dry matter basis).

Chemical composition PKC fPKC

Crude fiber (%) 168077 145x03°
NDF (%) 79003  503=x02°
ADF (%) 46.802° 358x0.1*
ADL (%) 12403 143+1.1°
NFE (%) 45909 42206
Hemicellulose (%) 322+03 145x0.3"
Cellulose (%) 344+03 215=x1.1°
Gross energy (kcal/kg) 4884 £ 270 4759 + 39°

Data are presented in the mean values + sd (n = 3). Values
with different letters within same row are significantly
different (p <0.05). PKC = palm kernel cake; fPKC
= fermented palm kernel cake; NFE = nitrogen free
extract; NDF = neutral detergent fiber; ADF = acid
detergent fiber; ADL = acid detergent lignin

utilizing A. riger in improving nutritional value
of barley, cassava and PKC, respectively. SSF has
also been reported to improve the nutritive value of
food legumes and cereals by decreasing the levels
of antinutrients [18,19] and increasing protein
digestibility [20,21].

Minerals and trace elements

All minerals and trace elements analyzed in the
fPKC were significantly higher compared to the
level in untreated PKC, except for copper and
phosphorus which were just slightly higher in the
fPK.C (Table 3).

Table 3. Mineral and trace elements in PKC and fPKC
(dry matter basis).

Element PKC fPKC

Ferum {ppm) 626.2 + 48.4° 840.0 £ 19.27
Zinc (ppm) 46,1+ 1.9° 084+ 2.8°
Copper (ppm) 23.0x 040 239+ 04
Manganese (ppm)  289.8 £48.6° 4158+ 3.2°
Calcium (%) 0.3+ 0.0° 0.5+ 0.1°
Magnesium (%) 02+ 0.0° 0.3+ 0.0°
Phosphorus (%) 0.6+ 0.0° 0.8+ 0.1°

Data are presented in the mean values + sd {(n = 3).
Values with different letters within same row are
significantly different (p <0.05). PKC = palm kernel
cake; fPKC = fermented palm kernel cake

Amine acid profiling

Results in Table 4 showed the amino acid profiles
of various types of PKC and SBM. Compared with
untreated PKC, the amino acid profile of fPKC was
better. However, the increase of total amino acid
analyzed from 14.9 % to 15.7 % were insignificant
(z >0.05). The total amino acid content in fPKC
accounted for only 63.4 % of crude protein, lower
than the value in untreated PKC (84.9 %). The
difference between total amino acid and crude
protein could account for the presence of non-
protein nitrogen (NPN) like nucleic acid and chitin
(in the fungal mycelia} [15]. Although the total
essential amino acid (EAA) in fPKC was slightly
higher than in untreated PK.C, the improvement in
EAA indicated their higher nutritional values. The
difference in total amino acid and other chemical




Table 4. Amino acid profiles of various types of PKC (dry matter basis).

Amino acid (%) Sample

PKC fPKC pPKC (f) pPKC SBM
Essential
Arginine 2060114 152 £0.03¢ 4.32 £ 0.04* 4.50 = 0.04° 359 +0.12°
Threonine 0.52 £ 0.02¢ 0.72 £0.02¢ 1.48 £0.01" 1.38+0.01° 1.97 £ 0.09°
Valine 0.89 = 0.01¢ 1.04 x 0.01¢ 2,49 % 0.02° 2.37 £0.05° 2.31+£0.02¢
Lysine 0.49 £ 0.03¢ 0.64 = 0.00° 0.78 £ 0.000 0.84 +0.02° 2.83 £ 0.06°
Isoleusine 0.63 + 0.04¢ 0.78 £ 0.01° 1.67 = 0.01* 1.71 =0.04% 2.31 £0.03
Leusine 1.07 £ 0.03¢ 1.23 £ 0.01¢ 2.96 = 0.02b 2.91 £0.08 3.66 +0.032
Phenylalanine .68 + 0.02¢ 0.7 £ 0.01¢ 2.00 £ 0.02° 2.02 £0.06" 2.50 £ 0.08
Tryptophan 0.11 0004  0.13£0.01° 0.24 £ 0.00° 0.01 = 0.00¢ 0.52+0.01°
Histidine 027 £0.00¢  0.34 £ 0.01° 0.68 + 0.00" 0.33 £0.01° 1.26 +0.032
Methionine 0.26 + 0.02° 0.22 +0.01¢ 0.73 £ 0.00" 0.8 £0.01* 0.74 £ 0.01°
Total EAA (%) 6.98 £ 0.24° 742 £0.09° 17.34 £ 0.03* 16.90 = 0.22" 2149 +0.21°
Non-essential
Aspartic acid 1.38 £ 0.05¢ 1.62 % 0.02° 338+ 0.01° 3.52 £ 0.06° 434 +0.12°
Serine 0.71 £ 0.00¢ 0.78 £ 0.02¢ 2.00+0.02° 1.81 = 0.06° 245 +0.05°
Glutamic acid 3.44 = 0.05° 278 £0.04¢ 8.24 = 0.06° 8.74 £0.10° 8.60 £0.23°
Glycine 0.74 £ 0.014 0.95 £ 0.02° 1.98 £ 0.03° 2.02+0.07 2.14+0.02°
Alanine 0.59 + 0.20° 0.82 + 0.00° 1.68 = (.022 1.92 +0.11° 1.80 £ 0.05°
Proline 0.53 £ 0.01¢ 0.64 +0.01° 1.70 = 0.02* 1.66 +0,04° 2.38 £0.04"
Tyrosine 0.29 = 0.03¢ 0.46 £ 0.01¢ 1.05 4 0.040 0.65 = 0.01° 1.65 +0.06
Cystine 0.20 £ 0.01¢ 0.19 £ 0.01¢ 0.23 + 0.00° 0.35x0.00° 0.71 = 0.00°
Total NAA (%) 7.87 £ 0.31° 8.25 £0.12¢ 20.25 + 0.06° 20.50 £0.13% 2445 +0.61*
Total Amino Acid (%)  14.85 £ 4(¢ 15.67 £ 0.21° 37.60 £ 0.03b 3739 £0.10° 4594 +0.82*
Total AA as % of CP 84.9 63.4 38.7 81.4 92.2

Data are presented in the mean values + sd (n = 3). Values with different letters within same row are significantly
different (p <0.05). PKC = palm kernel cake; AA = amino acid; fPKC = fermented palm kernel cake; EAA =
essential amino acid; pPKC (f) = polypeptide PKC (feed grade); NAA = non-essential amino acid; pPKC =
polypeptide PKC (food grade); SBM = soy bean meal; CP = crude protein

analyses of fPKC reported by liuyemi er al. [5]
might be due to different strain of A. niger and
fermentation conditions. The total amino acid and
true protein content are more reliable values than the
crude protein.

Most of the amino acid contents increased in
the fPKC compared to the values in PKC, except
for arginine, methionine, glutamic acid and cystine.
Normally sulfur containing amino acids (cystine and
methionine) were lower since it is known that these
amino acids are easily degraded by heat [22]. PKC
protein also has a poor amino acid balance, with
lysine being a major limiting amino acid [23].

The nuiritional value of protein is considered
high if the composition of its essential amino acid
content is close to the essential amino acid profile

required in the diet of most animals. Modification
and improvement in fermentation and drying
process of the fPKC should be applied to reduce
the non-protein nitrogen content, such as nucleic
acid, which have no known nutritional value [15].
Hydrolyzed protein shows better availability since
low molecular weight peptides and amino acids
are released. Therefore, higher in vivo protein
digestibility values should be expected in fPKC,
since there is a marked increase in free amino acids
after fermentation. The increase in hydrophobic
amino acids such as isoleucine, leucine and lysine
was also important, due to the effects that these have
on the physical and functional properties of food
proteins [24, 25].

In comparison with pPKC, pPKC(f) and SBM,
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protein value of fPKC was significantly lower
than these three materials (Table 4). The increase
in the total EAA in feed grade of polypeptide
PKC (17.3 %) compared to the level in pPKC for
human consumption (17.0 %) was not statistically
significant. Results also showed that the total
amino acid in pPKC (f) accounted for 88.7 % of
crude protein compared to the level in pPKC for
human consumption, which accounted for only
§1.4 % of crude protein. It means that the total of
non-protein nitrogen in pPKC is higher compared
to the level in pPKC (f). The results showed that
pPKC(f) could be used as an alternative protein
source to substitute SBM in animal feed. However,
it depends on the price of the material because the
total amino acid in SBM was significantly higher
compared to the level in pPKC(f). While for the
fPKC, it was proven that the material can substitute
30 % of corn in poultry feed [7].

CONCLUSION

Results from the study showed that SSF technique
could be used to increase nutritional composition of
PKC. Both fPKC and pPKC (f) could be considered
as potential alternative energy and protein sources
for monogastric animals. Further research involving
animal trials and toxicology tests will be carried out
to study animal growth performance, protein quality
(PER) and to determine the side effects of secondary
metabolites especially in the fermented PKC, which
could cause acute or chronic toxicity to the tested
animal.
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Dy Ybi.AVROS variety, which possesses many of
the desirable ideotype traits, has been developed
(Tables 2,3; Figs. 1,3) This variety could be planted
at a higher density and consequently higher yields
can be expected because of the better HI.

Future directions in oil palm genetic py-Yangambi-AV

. Dy, Ybi. AVROS}

improvement S Pisitera |

Breeding Objectives.- Palm oil.will remain as a Figure 1. Breeding Dy. AVROS and Dy.Ybi. AVROS
commodity crop being essentially a food crop . i eoHeties.

although its non-food uses {ca. 20%) e.g. biofuel,

oleochemicals, are assuming increasing importance.
Yield thus still needs to improve further, Likewise,
we still need to further facilitate harvesting because
of increasing labour cost. Compact palms with high
HI [10], easily recognizable ripe (virescens) non-
shedding low lipase fruits (inhibits free fatty acid
formation and maintains oil quality) and can be
planted at high density for mechanized harvesting
are sought [11]. Basal stem rot disease caused by
Ganoderma boninense, which was a problem in Dy.AVROS variety | AVROS varlety |

oil palms replanted from palms in coastal areas, i Figure 2. Semi-dwarf high yielding Dy. AVROS vs tall
becoming a serious problem inland. Chemical and  AVROS varieties (1 mark on pole = 30cm).

Table 2. Combined analysis of BT6B and BT6C trial results,
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Mean
P Ptlsgil_‘a ;\11 Ot. Yield Component Vegetative Component
arental Lineage °%  FFB_BNo BW OB _OY _HT LAl FL FW FA
Dy. AVR (sibbed)
OBS520/30 29 177 153 83 267 474 459 64 425 24 111
053720 16 184 12.7 107 246 4.52 494 68 449 24 117
053/27 33 18.8 151 g1 246 4.70 453 68 455 25 119
053/33 8 176 161 81 271 4.76 451 64 425 23 111
Mean 18.1 148 9.1 258 4.68 464 66 439 24 115
Dy. Ybi. AVR
013871 10 179 135 98 277 498 432 68 452 2.1 110
013874 2 203 155 94 262 536 494 6.6 465 2.6 118
Mean 19.1 145 96 27.0 5.17 463 67 459 24 114
0158/1 6 212 171 88 257 533 579 7.0 448 23 119
0158/15 5 208 208 6.8 254 534 53.9 60 428 22 107
0158/16 12 173 156 80 277 4.88 463 66 443 25 108
Mean 19.8 178 79 263 5.25 52.7 6.5 440 23 11.1
Control
AA DxP 6 18.1 155 83 268 4.88 513 65 441 23 108
GH DxPp 6 191 17.1 82 271 5.25 61.7 6.8 453 22 112
MSE (s?) 72 52 14 17 52 874 055 489 05 1.5

Yield Component: 37-60 months after ficld planting (MAP), FFB — fresh fruit bunch yield (t/ha/yr), BNo
- average bunch number (no/p/yr), BW — average bunch weight (kg), OB — oil to bunch (%) OY — oil vield
=FFB x OB (t'ha/yr)

Vegetative Component: BT6B (59 MAP other than Ht: 60 MAP), BT6C1(54 MAP), BT6C2(57 MAP other
than Ht: 49 MAP)

HT — palm height (cm), LAI - leaf area index, FL - frond length {cm), FW — frond weight (kg), FA = frond
area (m2).













Table 3. Combined analysis of BT10A and BT10B trial results,
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Pisifera No Mean
Parental l ‘ Yield Component Vegetative Component
Lincage plots FFB BNo BW OB O0OY HT LAI FL F¥W FA FP GIR
Dy AVR
{sibbed)
OBS20/26 16 13.0 130 72 269 35 376 50 395 21 94 219 264
OBS20/30 4 107 106 7.0 301 3.5 389 49 392 24 93 213 276
053/9 19 123 114 77 292 3.6 37.1 51 397 21 94 225 264
053727 13 123 11.1 81 274 34 365 55 410 22 98 21.7 276
Mean 121 115 7.5 284 35 375 51 399 22 935 21.9 270
Dy Ybi.
AVR
01381 15 126 125 7.2 286 3.7 381 48 381 20 94 227 257
0138/21 3 129 123 7.5 3111 4.0 439 53 394 21 97 226 266
Mean 128 124 74 299 3.9 410 51 388 2.1 96 227 262
015871 8 150 155 7.0 315 48 429 55 382 2.0 99 245 270
0158/9 22 141 169 6.0 302 43 457 5.1 377 2.0 9.1 239 264
0158720 10 122 123 7.1 281 34 451 52 384 2.0 92 243 272
Mean 138 149 67 299 42 446 53 381 20 94 242 269
GH DxP 8 47 148 72 283 42 5.2 56 406 21 98 246 266
Conirol
MSE (s} 90 68 0.7 39 .67 39.2 3 252 03 06 12 76

Yield component: 37-54 MAP (months after planting), FFB — fresh fruit bunch yield (t/ha/yr), BNo — average
bunch number {no/p/yr) BW — average bunch weight (kg), OB — oil to bunch (%), OY — oil yield = FFB x OB
(t/halyr)

Vegetative component: 54 MAP, FP (43 - 55 MAP)

HT - palm height (cm), LAI — leaf area index, FL - frond length (em), FW — frond weight (kg), FA = frond area
{2}, GIR = girth (cm),

_Small paim stature of Dy.Ybi.AVROS variety
Dy.Ybi.AVROS

Figure 3. Breeding semi-dwarf Dy.AVROS and Dy Ybi.AVROS high harvest index varieties. Note the
progressive reduction in trunk height (1 mark= 30 em) and canopy size and increase in bunch yield and fruit
mesocarp thickness from the tall AVROS, to the semi-dwarf Dy. AVROS and the high harvest index Dy.Ybi.
AVROS varieties.




cultural control methods are ineffective. Resistant
varieties offer the best solution and resistance
sources are available [12-14]. All these objectives
are geared towards high yield and lower production
cost.

Palm oil has many uses [15]. Its biosynthetic
pathway can be genetically manipulated to produce a
host of oils with different fatty acid compositions e.g.
high oleic acid, high stearic acid, high ricinoleic, high
lycopene, high palmitoleic and high polyhydroxy
butyrate (PHB) [16]. These are the value added
traits targeted for genetic improvement in MPOB
(Malaysian Palm Oil Board). High oleic acid makes
palm oil unsaturated thus hypocholestrolemic,
lowering cardiovascular heart disease risk when
consumed [17], making it more Heuid for the salad
and cooking oil market in temperate countries and
also as a good feedstock for oleachemical industries.
Stearic acid is used as cocoa butter substitute and also
in personal healthcare products e.g. lotions, creams.
Lycopene is a useful nutraceutical and palmitoleic
acid is used in pharmaceutical applications for its
anti-thrombotic attribute. PHB can be made into
biodegradable high tensile bioplastics. Ricinoleic
acid has use m high grade lubricants besides
cosmetics and pharmaceuticals. Carotenes and
tocopherols/tocotrienols with antioxidant properties
found in palm oil can be used to make valuable
vitamins A and E health supplements.

Breeding Progress. Dwarf palm breeding began
in the late 1950s, but the Dy.AVROS semi-dwarf
variety was released in the early 1980s and the
Dy.Ybi.AVROS variety has become available only
recently. Breeding is a slow process with a perennial
tree crop such as the oil palm which needs about
eight years to turn over a breeding generation.
Many of the extreme traits, both agronomic and
value-added, are also likely to be found in semi-
wild or alien species making the breeding process
to incorporate these traits into modern high yielding
cultivars even more protracted. Since the advent
of modern breeding, breeders have always been
seeking means to expediting this. Biotechnology
offers this great opportunity.

Biotechnology. Biotechnological tools can assist
greatly in all the three distinct stages in the breeding

process: creation of genetic variation; selection
of the desirable genetic variants; stabilization and
propagation of the desirable variant genotype as the
commercial variety. Transgenics or GM can widen
genetic variability by the incorporation of desirable
genes from distant or alien species including
bacteria and animals. Marker assisted selection
(MAS) enables early and more efficient selection.
Tissue culture enables clonal propagation of elite
hybrid genotypes as commercial varieties, or of the
parents of elite hybrids for clonal hybrid production.
Dihaploid (fully homozygous) parents, equivalent
to fully inbred parents, of elite hybrids can also be
developed via tissue culture.

Tissue culture clonal propagation in oil palm
is perhaps the most developed technology-wise
(Figs. 4,5). The impetus for this development is the
existence of significant genetic variability within
the commercial variety comprising mixed hybrids
from non-inbred parents [18]. Thus individual
palms or genotypes can yield considerably more
than the mean of the hybrids. Cloning can propagate
the superior genotypes much faster than by hybrid
breeding which would take 20-30 years. Tissue
culture is the only means to clone the oil palm
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| Leaf Explants l

Callus Induction
3 months

| Calluses I

Embryoid Callus Differentiation \  Embryogenic
2 months Callus

Embryoid Proliferation
Germination

Embryogenic Callus
Profiferation

+ 4 months
20 months Embryoid Conversion-
Germination
J' 5 months
Shoot Development 1 | Shoot Development |
\ 4 months /

| Plantlets |

Figure 4, Oil palm tissue culture stages and duration
in gel and liquid suspension systems
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