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Abstract

Palm kernel meal (PKM) is a by-product of palm kernel oil extraction, primarily
produced in Southeast Asia, with Malaysia and Indonesia being the largest
producers. Due to its substantial price advantage, low mycotoxin risk, and
relatively stable quality, China has imported large quantities of PKM in recent
years as a substitute for soybean meal, and it has been widely used in poultry
diets. This review summarizes the chemical composition, metabolizable energy
value, amino acid digestibility, and poultry production applications of PKM.
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Abstract

Palm kernel meal (PKM), a by-product of palm kernel oil extraction, is primarily
produced in Southeast Asia, with Malaysia and Indonesia being the largest
producers. Due to its competitive pricing, low mycotoxin risk, and relatively
stable quality, China has imported PKM in large quantities in recent years as a
substitute for soybean meal, and it has been widely used in poultry diets. This
article reviews the chemical composition, metabolizable energy value, amino
acid digestibility, and application in poultry production of PKM.
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Palm kernel meal (PKM) is a by-product of palm kernel oil extraction, char-
acterized by its brown color and chocolate-like aroma. Currently, PKM is pri-
marily produced through two processing methods: expeller pressing and solvent
extraction (SE). The expeller method offers advantages such as simple equip-
ment and low production costs, making it the dominant processing approach.
As China’ s feed nutrition database does not yet contain PKM data, conven-
tional composition data from international databases are summarized in Table
1 . Expeller-pressed PKM retains higher residual crude fat (ether extract, EE)
content, ranging from 6.5% to 9.1%, whereas solvent-extracted PKM contains
only 1.6% to 2.5% EE. The American Feedstuff database shows that PKM from
Brazil has notably higher crude protein (CP) and crude ash (Ash) contents but
lower acid detergent fiber (ADF) compared to other databases, likely due to
differences in raw material origin and processing technology. PKM contains
substantial amounts of hull, resulting in high fiber content that somewhat lim-
its its application in poultry diets. According to international databases, PKM
contains 16.1% to 20.4% crude fiber (CF), 54.2% to 65.8% neutral detergent
fiber (NDF), and 62.1% to 65.8% non-starch polysaccharides (NSP).

1 Metabolizable Energy (ME) Value

Due to its high CF content, PKM has relatively low ME values. Generally,
EE content in PKM positively correlates with ME value, while CF and NDF
contents show negative correlations. Alimon [4] determined the ME values of
three PKM types through animal experiments (Table 2 ). The three PKM sam-
ples had the following CP, CF, EE contents and apparent metabolizable energy
(AME) values: CP at 14.50%, 16.60%, and 19.24%; CF at 10.00%, 12.29%, and
17.96%; EE at 9.48%, 7.59%, and 1.30%; and AME at 11.11, 10.14, and 7.61
MJ /kg, respectively. The first two PKM types were produced by expeller press-
ing with similar nutritional profiles, showing higher EE content and ME values,
while the third type was solvent-extracted with lower EE and ME values [3]. Re-
gression analysis of these data revealed strong linear correlations between ME
value and EE or CF content. The regression formula for AME value (y) and EE
content (x ) was y = 100.82x + 1,680.7 (R? = 0.997 7), while the formula for
AME value (y) and CF content (x ) was y = -105.48x + 3,713.2 (R? = 0.999
8). Within certain ranges, each 1% increase in EE content raises AME value
by approximately 0.42 MJ/kg, whereas each 1% increase in CF content reduces
AME value by about 0.44 MJ/kg.

Alimon [4] reported considerable variation in conventional indices and ME values
among different PKM sources, with CF content ranging from 13.0% to 20.0%,
NDF from 66.8% to 78.9%, EE from 5% to 8%, and ME values from 6.49 to 7.51
MJ/kg. Abdollahi et al. [5] determined PKM’ s AME value at 5.48 MJ/kg using
the indicator method. These reported differences in PKM ME values primarily
relate to variations in palm kernel shell content, processing technology, and
experimental conditions.
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2 Amino Acid (AA) Composition and Digestibility

A comparison of AA content and digestibility between PKM and soybean meal
is presented in Table 3 . For essential amino acids (EAA), PKM contains 0.37%
lysine (Lys), 0.30% methionine (Met), 0.19% cystine (Cys), 0.44% threonine
(Thr), and 1.61% arginine (Arg), with digestibility values of 90.3%, 91.5%,
46.7%, 68.1%, and 86.6%, respectively. Compared to soybean meal, PKM has
lower Lys and Thr contents; for instance, Lys and Thr represent 2.3% and 2.8%
of CP in PKM versus 6.2% and 3.9% in soybean meal. Conversely, PKM has
higher Arg content, while Met and Cys contents are similar to soybean meal.
Regarding digestibility, PKM’ s CP digestibility is substantially lower than soy-
bean meal at only 46.3% compared to 85.0%. PKM s total AA digestibility is
75.0%, with Cys digestibility particularly low at 46.7%, though other essential
AA digestibility values are relatively high. Due to low CP digestibility in PKM,
formulation should consider not only dietary CP level but also AA content and
digestibility, requiring supplementation with crystalline AA to ensure satisfac-
tory feeding results. Additionally, enzyme supplementation is commonly used in
practical production to improve feed utilization efficiency, which also enhances
CP and AA utilization.

Li Yupeng et al. [6] investigated the effects of mannanase and mannanase plus
protease treatment of PKM on ileal AA digestibility in broiler chickens. Re-
sults showed both enzyme treatments significantly improved apparent ileal di-
gestibility of CP and most AA (except Cys), with the mannanase plus protease
combination increasing apparent protein digestibility by 2.66 percentage points
compared to mannanase alone.

3.1.1 Dosage and Growth Performance

Most research indicates that PKM inclusion at 10% to 20% in broiler diets does
not negatively affect weight gain [7-9], with some studies demonstrating levels
up to 30% are feasible [10-11]. However, excessive inclusion may increase feed
intake and elevate feed-to-gain ratio, likely due to PKM’ s high fiber content
reducing nutrient digestibility and utilization efficiency [12]. Additionally, sub-
stantial variation in PKM’ s ME value due to origin and processing technology
can lead to underestimation of dietary ME, causing broilers to increase feed
intake to meet energy requirements and consequently reducing feed conversion
efficiency. Notably, recommended PKM inclusion levels differ by growth stage,
primarily related to gut development and tolerance to high-fiber diets. Saen-
phoom et al. [8] found that including over 5% palm kernel meal in starter diets
significantly reduced growth performance and feed conversion, whereas 20% in-
clusion in finisher diets had no negative effects. In another study, 28% palm
kernel meal in starter diets significantly impaired feed conversion, while 35% in-
clusion in finisher diets did not affect growth performance [11]. Jiménez-Moreno
et al. [13] suggested that appropriate dietary fiber content in young poultry can
improve growth performance, but excessive fiber diminishes these benefits. Be-
yond gut functional differences, variations in hindgut microbial composition rep-
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resent an important factor affecting fiber utilization differences among poultry
[14].

3.1.2 Enzyme Preparations

PKM contains up to 60% NSP, primarily mannan, cellulose, xylan, and pectin,
which limits its application in animal production. Dietary enzyme supplemen-
tation can improve its utilization efficiency. Research shows that mannanase
treatment of PKM significantly improves ileal digestibility of CP and most AA
[6]. Adding xylanase and mannanase to diets containing palm kernel meal sig-
nificantly improved growth performance and digestibility of CP, nitrogen-free
extract, and energy in yellow-feathered broilers [15]. Exogenous enzyme pre-
treatment of PKM reduced hemicellulose and cellulose contents by 26.26% and
32.62%, respectively, while increasing true metabolizable energy (TME) and
nitrogen-corrected true metabolizable energy (TMEn) by 38% and 33% [8]. Aya
et al. [9] reported that feeding broilers a diet containing 10% PKM significantly
impaired weight gain, feed intake, and feed conversion, but mannanase supple-
mentation restored growth performance to control levels. Thus, enzymes im-
prove nutrient utilization by degrading NSP and other anti-nutritional factors,
enabling higher PKM inclusion rates. Similar results were observed by Guo
Quankui et al. [16], who reported significant improvements in feed-to-gain ratio
when feeding broilers a diet with 30% PKM supplemented with mannanase.

3.1.3 Intestinal Health and Immunity

PKM contains high levels of oligosaccharides that play a role in maintaining
intestinal microflora and improving gut health. Studies on the effects of PKM
and mannan-oligosaccharides on cecal microbiota showed that feeding chicks
PKM-containing diets reduced Salmonella enteritidis colonization [17-18], sig-
nificantly increased beneficial bacteria such as Bifidobacterium, and decreased
harmful Escherichia coli populations [18]. Similar effects were observed with
dietary PKM extract supplementation. Fernandez et al. [19] found that both
mannan-oligosaccharides and PKM effectively protected intestinal mucosa and
interfered with Salmonella colonization. Additionally, PKM improved intesti-
nal function by reducing digesta viscosity [15] and increasing villus height [8],
thereby enhancing nutrient utilization and reducing nitrogen excretion in feces
[20]. Beyond gut health benefits, PKM also improved immune function in broil-
ers, including increasing Newcastle disease antibody titers, phagocytic activity,
and immune organ indices (spleen, bursa, and thymus) [15], while reducing
heterophil and basophil counts [21]. Injection of PKM extract also increased
serum and liver immunoglobulin G (IgG) content and antioxidant capacity [22],
protecting liver from heat stress damage [23].

3.2 Laying Hens

Research indicates that PKM inclusion up to 35% in pullet diets does not affect
weight gain but increases feed intake and feed-to-gain ratio [24]. In practice,
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wheat bran is commonly used as a filler in breeder or pullet diets, but it offers
poor cost-effectiveness, readily absorbs moisture, and carries high mycotoxin
risk. With low moisture content, minimal toxin risk, and low energy value,
PKM serves as an ideal nutritional diluent and substitute for wheat bran in
pullet diets. Laying hens with fully developed digestive systems can effectively
utilize PKM, with inclusion levels of 30% to 40% showing no negative effects
on egg production, yolk content, shell thickness, or Haugh unit; however, levels
exceeding 40% significantly reduce laying rate, feed intake, feed conversion, and
egg weight [25-26]. Notably, high PKM inclusion may lighten yolk color [27],
likely due to low pigment content. Adding 6% to 10% palm kernel meal to
peak-production layer diets significantly improved egg weight, feed-to-egg ratio,
and cracked /misshapen egg rate [28], attributed to improved gut health and
nutrient digestibility.

4 Issues Needing Attention

Due to substantial variation in origin and processing technology, PKM shows
considerable nutrient variability, requiring careful parameter setting during ap-
plication. Because of low ME, CP, and AA digestibility, diets should be supple-
mented with additional oil to ensure adequate energy levels and crystalline AA
to balance dietary amino acids. Furthermore, PKM inclusion levels should be
carefully controlled for young poultry, with enzyme supplementation considered
to improve utilization. When used in layer diets, pigment issues require atten-
tion; PKM should be combined with pigment-rich ingredients such as corn or
corn gluten meal, or commercial pigments should be added to prevent reduced
yolk color and egg quality.

5 Summary

PKM offers advantages including high cost-effectiveness, low toxin risk, and
benefits for gut health and immune function, making it widely applicable in
broiler and layer diets for reducing formulation costs and stabilizing production
performance. When using PKM, proper setting of ME values and AA digestibil-
ity parameters is essential, and enzyme supplementation should be added to
mitigate negative effects of NSP, ensuring optimal utilization.
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