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INTRODUCTION

Palm oil is second only to soyabean oil in world production of
vegetable oils, and makes up more than half of total oil exports
(Gunstone, 2003). Palm fatty acid distillate (PFAD), a by-product of
palm oil refining, makes up approximately 5% of the 28 million tonnes
of palm oil expected to be produced in 2004. A primary market for
PFAD is the animal feed industry. PFAD is an attractive ingredient as a
fat supplement for livestock; it is readily available, relatively stable to
oxidant rancidity and relatively inexpensive, although prices have been
volatile in recent years. Its use has continued to increase as fatty acids,
as hydrogenated fatty acids, or as calcium soaps.

From the volume of published literature, it may be concluded that
the greatest use of palm oil is in ruminant diets, especially dairy, either
as hydrogenated fatty acids or as the calcium soaps. Rather less infor-
mation is available using palm oil in diets of pigs, chickens and fish.
No information was found from a search of literature for using palm
oil in horse, dog or cat diets.

PFAD AS A FEED INGREDIENT

Although crude palm oil (CPO)
may be used in animal feeding,
PFAD predominates. Unesterified
fatty acids are the main
component  of PFAD, with a
minor portion contributed by
triacylglycerols. The fatty acid
profile is shown in Table 1.
Palmitic acid (16:0) makes up
45% to 55% of total fatty acids
in PFAD, oleic acid (18:1) about
35%, with lesser amounts of
linoleic (18:2) and stearic acid
(18:0). As PFAD is relatively low
in essential fatty acids, its most
important contribution to nutrition
is to provide energy. Nevertheless,
low unsaturation and high
content  of antioxidants
contribute to oxidative stability,

increasing its values as a feed
ingredient. As shown in Table 2,
PFAD is a rich source of vitamin
E; tocotrienols constitute more
than half of the total vitamin E
activity.

PFAD FOR RUMINANTS

Advances in genetics, nutrition
and management of dairy cattle
have led to the need for
concentrated energy feed
supplements for lactating cows.
However, dairy cattle have spe-
cific needs for forages in the diet
and excessive feeding of cereals
leads to ruminal acidosis, digestive
upset, off-feed, low milk yield
and low milk fat percent and fat
cows (Davis and Brown, 1970;
Sudweeks et al., 1981). Increasing
fat content of dairy diets offers
alternatives to feeding excessive
amount of cereals, but also may
compromise ruminal fibre
digestion and milk fat percent
(Palmquist and Jenkins, 1980).

Calcium salts of fatty acids are
utilized effectively by cattle
without  compromising ruminal
fermentation and microbial
growth (Jenkins and Palmquist,
1984; Palmquist, 1984). Ruminal
biohydrogenation of the
unsaturated fatty acids in calcium
salts is about 50%, compared to
90% for most unsaturated feed
fats (Wu et al., 1991). Calcium
salts of PFAD are now firmly
established worldwide as the
standard for dairy energy
supplements (Onetti and
Grummer, 2004).

In a meta analysis of data from
41 published studies with
lactating cows, compared to
feeding tallow, calcium salts of
PFAD decreased feed intake while
significantly  increasing milk and
milk field yield, without
compromising milk fat percent
(Onetti and Grummer, 2004).
Both supplements decreased milk
protein percent, but not yield.
Feeding calcium salts of PFAD
also significantly increased
digestibility of feed neutral
detergent fibre (NDF), whereas
feeding tallow decreased NDF
digestibility.

Compared with calcium salts of
PFAD, hydrogenated PFAD (Elliot
et al., 1996) and hydrogenated
palm oil (Weiss and Wyatt, 2004)
decreased fatty acid digestibility.
Hydrogenated palm oil decreased
milk yield, whereas hydrogenated
PFAD did not change yield.

Calcium salts of PFAD are
especially useful to increase milk
fat percent and yield in lactating
ewes  (Casals et al., 1999),
whereas they have little
application for lactating  beef
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cows or fattening cattle.  Adding
palm oil (10.7% of dry matter) to
fattening lamb diets increased
carcass fatness without improving
carcass quality (Lough et al.,
1993).

PALM OIL AND PFAD FOR
NON-RUMINANTS

Published literature on palm oil
utilization in non-ruminants is
limited. Smith et al. (1996)
reported that diets high in
palmitic acid were most effective
compared with other fatty acids
or corn starch to reduce fatty
acid synthesis by porcine
subcutaneous adipose tissue, a
response much different from that
found in rat models. Digestibility

of palm kernel oil by growing
pigs was not influenced by
concentration in the diet;
however, free oil was more
digestible than when provided as
full-fat palm kernels or palm
kernel meal (Agunbiade et al.,
1999). Traditional ether extraction
methodology overestimated fat
digestibility and energy value of
the  palm kernel products. Acid
ether extraction or other newer
methodologies (Palmquist and
Jenkins, 2003) are required to
determine correct digestibility of
fatty acids.

Digestibility of fat by poultry is
influenced profoundly by
unsaturation, content of
unesterified fatty acids, and by
age of the birds (Palmquist,

2002). Higher saturation and
unesterified fatty acids greatly
decreased digestibility in birds at
1.5 weeks of age compared with
7.5 weeks and digestibility and
apparent metabolizable energy
(AME) of palm oil were lower
than for soyabean oil or tallow
(Wiseman and Salvador, 1991).
Conversely, Pesti et al. (2002)
found no differences in weight
gain or feed conversion among
broilers fed eight different fats,
including palm oil, though
metabolizable energy of the palm
oil was measurably lower.
Blending palm oil with low
quality, low cost unsaturated fats,
such as soya acid oil, increases
the utilization of the unsaturated
fatty acids (Blanch et al., 1996).
Interestingly, calcium salts of fatty
acids were utilized as well as
tallow by laying hens (Rising et
al., 1986). Higher saturation and
antioxidant content of palm oil
decreased the thiobarbituric acid
reactive substances (TBARS) in
eggs and white and dark meat of
laying hens when included in
diets at increasing levels (Kang et
al., 2001).

PALM OIL FOR FISH

It is anticipated that the supply of
fish oil for farmed fish will
become limiting. In the search for
alternate oil sources both CPO
and PFAD were well utilized by
African catfish when included up
to 25% of dietary lipid (Ng et
al., 2003a; 2004) and up to 50%
of dietary lipid by Atlantic salmon
(Bell et al., 2002). Digestibility of
saturated  fatty acids by rainbow
trout was decreased by increasing
content of CPO, and this effect
was greater as water temperature
was decreased (Ng et al., 2003b).
Replacing fish oil with PFAD
increased tocopherol and
tocotrienol concentrations and the
oxidative stability of muscle tissue
in African catfish; further, it was
concluded that in fish meal-based
diets for African catfish, PFAD
can totally replace added fish oil
(Ng et al., 2004).

TABLE 2. VITAMIN E ISOMERS IN PFADa

Isomer mg kg-1

α Tocopherol 4.40
β Tocopherol 0
γ Tocopherol 0.66
α Tocotrienol 4.37
γ Tocotrienol 11.20
δ Tocotrienol 3.49

Total tocopherols + tocotrienols 24.13

Note: aCalculated from Ng et al. (2004).

See page 15
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TABLE 1. FATTY ACID PROFILE (% of total fatty acids) OF SEVERAL PALM
OIL PRODUCTS USED AS FEED ENERGY SUPPLEMENTS

Fatty acid CPOa PFADb Ca soapc

12:0 0.2 0.3 0.3
14:0 1.1 1.1 1.3
16:0 42.8 58.1 48.1
16:1 0.1 - 0.1
18:0 3.8  3.7 4.3
18:1 41.1 30.2 35.7
18:2 n-6 10.3  6.1 8.9
18:3 n-3  0.3 - 0.4

Notes:
aCrude palm oil. Data from Ng et al. (2003b).
bPalm fatty acid distillate. Data from Ng et al. (2003b).
cCalcium salt of PFAD; Megalac®, Church and Dwight Co., Inc., Princeton, NJ,
USA.



Palm Oil Developments 40

REFERENCES

AGUNBIADE, J A; WISEMAN, J
and COLE, D J A (1999). Energy
and nutrient use of palm kernels,
palm kernel meal and palm kernel
oil in diets for growing pigs.
Anim. Fd. Sci. Technol.,
80: 165-181.

BELL, J G; HENDERSON, R J;
TOCHER, D R; MCGHEE, F;
DICK, J R; PORTER, A; SMULLEN,
R P and SARGENT, J R (2002).
Substituting fish oil with crude
palm oil in the diet of Atlantic
salmon (Salmo salar) affects
muscle fatty acid composition and
hepatic fatty acid metabolism.
J. Nutr., 132: 222-230.

BLANCH, A; BARROETA, A C;
BAUCELLS, M D; SERRANO, X
and PUCHAL, F (1996). Utilization
of different fats and oils by adult
chickens as a source of energy,
lipid and fatty acids. Anim. Fd. Sci.
Technol., 61: 335-342.

CASALS, R; CAJA, G;  SUCH, X;
TORRE, C and CALSAMIGLIA, S
(1999). Effects of calcium soaps
and rumen undegradable protein
on the milk production and
composition of dairy ewes.
J. Dairy Res., 66: 177-191.

DAVIS, C L and BROWN, R E
(1970). Low fat milk syndrome.
Physiology of Digestion and
Metabolism in the Ruminant.
Phillipson, A.T., Oriel Press,
Newcastle-upon-Tyne, UK. p. 545.

ELLIOT, J P; DRACKLEY, J K and
WIEGEL, D J (1996). Digestibility
and effects of hydrogenated palm
fatty acid distillate in lactating
dairy cows. J. Dairy Sci., 79:
1031-1039.

GUNSTONE, F (2003). Early
forecasts for world supplies of
oilseeds and vegetable oil in
2003-04. INFORM, 14: 668.

JENKINS, T C and PALMQUIST,
D L (1984). Effect of fatty acids
or calcium soaps on rumen and
total nutrient digestibility of dairy
rations. J. Dairy Sci., 67: 978-986.

KANG, K R; CHERIAN, G and
SIM, J S (2001). Dietary palm oil
alters the lipid stability of polyun-
saturated fatty acid-modified
poultry products. Poultry Sci.,
80: 228-234.

LOUGH, D S; SOLOMON, M B;
RUMSEY, T S; KAHL, S and
SLYTER, L L (1993). Effects of
high-forage diets with added
palm oil on performance, plasma
lipids, and carcass characteristics
of ram and ewe lambs. J. Anim.
Sci., 71: 1171-1176.

NG, W-K; LIM, P K and BOEY, P-
L (2003a). Dietary lipid and palm
oil source affects growth, fatty
acid composition and muscle
α-tocopherol concentration of
African catfish, Clarias gariepinus.
Aquaculture, 215: 229-243.

NG, W-K; CAMPBELL, P J; DICK,
J R and BELL, J G (2003b).
Interactive effects of dietary palm
oil concentration and water
temperature on lipid digestibility
in rainbow trout, Oncorhynchus
mykiss. Lipids, 38: 1031-1038.

NG, W-K; WANG, Y; KETCHIMENIN,
P and YUEN, K-H (2004).
Replacement of dietary fish oil with
palm fatty acid distillate elevates
tocopherol and tocotrienol
concentrations and increases
oxidative stability in the muscle of
African catfish, Clarias gariepinus.
Aquaculture, 233: 423-437.

ONETTI, S G and GRUMMER, R
R (2004). Response of lactating
cows to three supplemental fat
sources as affected by forage in
the diet and stage of lactation:
a meta-analysis of literature.
Anim. Fd. Sci. Technol., 115: 65-82.

PALMQUIST, D L (1984). Use of
fats in diets for lactating dairy
cows. Fats in Animal Nutrition.
Wiseman, J., Butterworth’s. p.
357-381.

PALMQUIST, D L (2002). An
appraisal of fats and fatty acids.
Poultry Feedstuffs: Supply,
Composition and Nutritive Value
(McNab, J M and Boorman, K N
eds.). CAB International. p. 87-97.

PALMQUIST, D L and JENKINS,
T C (1980). Fat in lactation
rations: review. J. Dairy Sci.,
63: 1-14.

PALMQUIST, D L and JENKINS,
T.C. J2003. Challenges with fats
and fatty acid methods. J. Anim.
Sci., 81: 3250-3524.

PESTI, G M; BAKALLI, R I; QIAO,
M and STERLING, K G (2002).
A comparison of eight grades of
fat as broiler feed ingredients.
Poultry Sci., 71: 382-390.

RISING, R; MAIORINO, P M;
MITCHEL, R and REID, B L
(1986). Availability of calcium
soaps and tallow for laying hens.
Fed. Proc., 45: 607.

SMITH, D R; KNABE, D A and
SMITH, S B (1996). Depression of
lipogenesis in swine adipose tissue
by specific dietary fatty acids. J.
Anim Sci., 74: 975-983.

SUDWEEKS, EM; ELY, LO;
MERTENS, D R and SISK, L R
(1981). Assessing minimum
amounts and form of roughages
in ruminant diets: roughage value
index system. J. Anim. Sci., 53:
1406-1411.

WEISS, W P and WYATT, D J
(2004). Digestible energy values
of diets with different fat
supplements when fed to
lactating dairy cows. J. Dairy Sci.,
87: 1446-1454.

15

from page 11



Palm Fats for Livestock Feeding

See page 17

WISEMAN, J and SALVADOR,
F (1991). The influence of free
fatty acid content and degree of
saturation on the apparent
metabolizable energy value of fats
fed to broilers. Poultry Sci., 70:
573-582.

WU, Z; OHAJURUKA, O A and
PALMQUIST, D L 91991). Ruminal
synthesis, biohydrogenation, and
digestibility of fatty acids by dairy
cows. J. Dairy Sci., 74: 3025-3034.

16


