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Utilization of fat and fatty acids and energetic feed value (AMEN, TMEN) of several fat types for
laying hens

Sven Dänicke and Ingrid Halle 1

Abstract

The aim of the present study was to evaluate the fat and
fatty acid utilization as well as the energetic feed value of
palm oil, coconut oil, peanut oil, olive oil, beef tallow,
soybean oil, safflower oil and  beef tallow-soybean oil
blend (50:50) for laying hens.

Balance experiments were performed with Lohmann
Brown laying hybrids (26.-36. week of age) according to
a multi-level assay which consisted of testing a low-fat
diet (0.32 % crude fat) alone and of  the low-fat diet suc-
cessively substituted by the fat type under test (50, 100
and 150 g·kg-1). 

Results of the balance studies were regressively evalu-
ated to yield both apparent and true utilization values of
the different fat types. AMEN-contents  (MJ·kg-1), appar-
ent utilization (%) of crude fat and total fatty  acids of
palm oil, coconut oil, peanut oil, olive oil, beef tallow,
soybean oil, safflower oil and  beef tallow-soybean oil
blend  (50:50) were: 20.0, 55.4, 67.0; 32.1, 87.5, 89.3;
38.1, 92.7, 96.0; 36.3, 94.2, 96.7; 28.4, 70.7, 75.7; 35.6,
93.8, 95.6, 38.0, 95.7, 97.5 and 32.2, 84.8, 87.8; respec-
tively.

True utilization of fat and fatty acids as well as TME-
values were only slightly higher than the corresponding
apparent figures.

Endogenous fat losses were estimated to be in  a range
between 2.1 g·kg-1 and 5.5 g·kg-1 diet corresponding to
136 mg·d-1·W-0.75 and 356 mg·d-1·W-0.75.

Keywords: Laying hen, AMEN, dietary fat type, fatty acid
utilization, endogenous fat losses

Zusammenfassung

Verwertung von Fett und Fettsäuren sowie energeti-
scher Futterwert (AMEN, TMEN) verschiedener Fett-
arten bei Legehennen

Das Ziel der vorliegenden Studie bestand in der Ermitt-
lung der Fett- und Fettsäurenverwertung sowie des ener-
getischen Futterwertes von Palmfett, Kokosfett, Erdnuss-
öl, Olivenöl, Rindertalg, Sojaöl, Distelöl sowie einer
Mischung aus Rindertalg und Sojaöl (50:50) bei Legehen-
nen.

Es wurden Bilanzversuche mit Lohmann Brown-Lege-
hybriden (26.-36. Woche) nach einem “multi-level assay”
durchgeführt. Dabei wurde eine nahezu fettfreie Basaldiät
(0,32 % Rohfett) allein sowie die durch die verschiedenen
Fette schrittweise substituierte Basaldiät (50, 100 and 150
g·kg-1) geprüft. 

Die Ergebnisse der Bilanzversuche wurden regressiv
ausgewertet, um Aussagen zu scheinbaren und wahren
Verwertungsmaßen zu treffen. Die AMEN (MJ·kg-1)
sowie die scheinbare Verwertung (%) des Rohfettes sowie
der gesamten Fettsäuren  betrugen 20,0; 55,4 und 67,0  für
Palmfett, 32,1; 87,5 und 89,3 für Kokosfett; 38,1; 92,7
und 96,0 für Erdnussöl; 36,3; 94,2 und 96,7 für Olivenöl;
28,4; 70,7 und 75,7 für Rindertalg; 35,6; 93,8 und 95,6 für
Sojaöl; 38,0; 95,7 und 97,5 für Distelöl sowie 32,2;  84,8
und 87,8 für eine Mischung aus Rindertalg und Sojaöl
(50:50).

Die wahre Verwertung des Rohfettes und der Fettsäuren
sowie die TME waren nur geringfügig höher als die kor-
respondierenden scheinbaren Maße.

Die endogenen Fettverluste sind in einem Bereich von
2,1 g·kg-1 bis 5.5 g·kg-1 Futter zu erwarten. Bezogen auf
die metabolische Körpermasse ergibt sich ein Bereich
zwischen 136 mg·d-1·W-0.75 und 356 mg·d-1·W-0.75.

Schlüsselwörter: Legehenne, AMEN, Futterfett, Fettsäu-
renverwertung, endogene Fettverluste

1 Dänicke, Sven and Halle, Ingrid; Institute of Animal Nutrition of the Federal
Agricultural Research Centre (FAL), Bundesallee 50, 38116 Braunschweig 



1 Introduction

It is well-known that fatty acid composition of egg yolk
can be markedly influenced by dietary fats, mainly via
direct incorporation of dietary fatty acids (for literature
review see Halle, 1996). However, it becomes clear from
these reviews that the same fatty acids from different fat
types are incorporated with different efficiencies. It might
be deduced that differences in apparent digestibility of
fatty acids originating from different fats might be respon-
sible. In addition, metabolic losses of fat and fatty acids
might modify  the true digestibility or absorbability val-
ues.  However, estimation of metabolic fat losses and
absorbability of fat has only been considered in a few stud-
ies (e. g. Carew et al., 1972; Veen et al., 1974). 

Moreover, apparent fat and fatty acid digestibility, or
more correctly utilization or availability, and energetic
feed values of different fat types were mainly determined
using broilers or cocks. Therefore, the aim of the present
study was to determine apparent and true utilization of fat
and fatty acids by laying hens - including metabolic loss-
es of fat and fatty acids -  from  fat types differing marked-
ly in fatty acid composition as well as the energetic feed
value of those fats (AMEN, TMEN) by a multi-level assay
as suggested by several authors (e. g. Wiseman and
Lessire, 1987; Ketels and De Groote, 1989; Wiseman and
Salvador, 1989).

2 Material and methods

2.1 Experimental design

Feed values of different fat types (AMEN-contents and
apparent and true utilization of fat and fatty acids of palm
oil, coconut oil, peanut oil, olive oil, beef tallow2, soybean
oil, safflower oil, beef tallow-soybean oil blend) were esti-
mated by a multi-level assay. This consisted of testing a
low-fat diet and a diet in which different fat types were
substituted in stages in a low fat diet (50, 100 and 150 g of

the low-fat diet were substituted by the respective fats)
and the subsequent regressive evaluation (see below) of
the experimental results. Composition of the low fat diet
and fatty acid composition of the tested fats are  shown in
Table 1 and 2, respectively. 
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2 Experiments were performed before 1st of December of 2000

Components:

Maize starch 51.75
Soybean meal 13.00
Wheat gluten 11.47
Cellulose 11.00
Limestone 6.60
Di-calciumphosphate 3.81
Sodium chloride 0.64
L-lysine HCL 0.45
Methionine 0.28
Premix l 1.00
Composition:
Crude protein 2 15.60
Crude fat 2 0.32
AMEN (MJ/kg) 3 10.50
Lysine 3 0.85
Methionine + cystine 3 0.79
Methionine 3 0.50
Calcium 3 3.43
Total phosphorus 3 0.80
Sodium3 0.25

1 provided per kg diet: Fe, 25 mg; Cu, 5 mg; Zn, 75 mg; Mn, 60 mg;
Se, 0.1 mg; I, 0.5 mg; Co, 0.1 mg;  vitamin A, 10000 IU; vitamin
D3, 2000 IU; vitamin E, 20 mg; vitamin K, 2.5 mg, vitamin B1, 1
mg; vitamin B2, 4  mg; vitamin B6, 3  mg; vitamin B12, 10 mg;
pantothenic acid, 10 mg; nicotinic acid, 25 mg; biotin, 102 mg; folic
acid, 0.75 mg; choline chloride, 400 mg; BHT, 120 mg

2 analyzed values
3 calculated values

Table  1. 
Composition of low-fat basal diet (%)

Lauric acid Myristic acid Palmitic acid Stearic acid Oleic acid Linoleic acid, n-6 Linolenic acid, n-3
(C12:0) (C14:0) (C16:0) (C18:0) (C18:1) (C18:2) (C18:3)

Palm oil 46.3 8.3 37.3 7.9 0.1
Coconut oil 47.4 19.5 12.0 5.6 12.7 2.9
Peanut oil 12.1 5.6 58.5 23.8
Olive oil 1.1 88.3 7.0 3.6
Beef tallow 6.1 31.7 25.6 34.1 2.3 0.3
Soybean oil 10.8 3.6 28.0 50.1 7.4
Safflower oil 8.8 4.9 9.7 76.5 0.1
Beef tallow-soybean oil blend 2.7 21.2 14.6 30.2 27.7 3.7

Table  2. 
Fatty acid composition of tested fat types (as % of sum of main fatty acids)



3 Balance experiments

A total of 35 Lohmann Brown laying hybrids were used
in the balance experiments. Hens were placed into single
metabolic cages at the age of 22 weeks and were fed a
commercial laying hen diet. The light period was in-
creased stepwise up to 16 h light daily and then maintained
at this level. Room temperature and relative humidity were
regulated at 18 °C and 60 %, respectively. Experimental
diets were introduced when the hens were 26 weeks old.
Mean body weight was 1760 g ±106 g at that time. Two fat
types (5 hens per diet) were tested in each balance experi-
ment and 5 consecutive balance experiments were per-
formed in order to test all fat types and the low-fat diet (10
hens). Each balance experiment consisted of a 14-day pre-
experimental period and the following 5-day-collection
period. Hens were adapted to the experimental diets dur-
ing the pre-experimental period and to a daily feed amount
of 100 g per hen. Feed was given twice daily in two equal
portions during both experimental periods. Excreta were
totally collected during the collection period twice daily
and kept frozen between collections. Water was offered for
ad libitum consumption.

4 Sample preparation

Frozen excreta samples were freeze dried. Diet samples
and freeze dried excreta samples were finely ground to
pass through a 1mm screen. 

5 Analysis

Crude fat of diets and of freeze-dried excreta were ana-
lyzed according to the methods of the VDLUFA (Nau-
mann and Bassler, 1993) by extraction with chloroform-
methanol following acidification with 6 N HCl. Fatty
acids of the fat extracts were methylated with trimethyl-
sulfoniumhydroxide and the resulting methyl esters were
identified from their retention time using a gas chro-
matography system which consists of the HP 5890 gas-
chromatograph, the HP 7673 autosampler and the HP 3365
data-station. The FFAP-fused silica column used for sepa-
ration had a length of 30 m and an inner diameter of 0.53
mm. Helium was used as carrier gas with a flow of 9
ml/min. A flame ionisation detector was used for detection
of the fatty acids. 

Gross energy of diets and of freeze dried excreta sam-
ples were measured using an adiabatic bomb calorimeter
(model C 4000, Heitersheim, Germany).

6 Calculations and statistics

Generally, apparent utilization of fat and fatty acids as
well as AME-contents of experimental diets were calcu-
lated according to the total collection method, i.e., by the
difference between total quantities ingested and excreted

by the hens. AME-contents were corrected for a zero-N-
balance using a factor of 36.5 kJ/g N-retention (Titus et al.,
1956) to yield the AMEN-contents of the diets. Moreover,
AMEN-contents of the pure fats were calculated according
to the substitution or difference method taking the fat
inclusion level and the AMEN-content determined for the
low-fat diet into account.

A eight   by   three 2-factorial design of analysis of vari-
ance (ANOVA) was applied for evaluation of parameters
calculated for the experimental diets (AMEN-contents,
apparent utilization of dietary fat and fatty acids):

yijk = µ + ai + bj + (axb)ij + eijk

where 

yijk = kth hen subjected to fat type i and fat dose j, 
ai = fat type (palm oil, coconut oil, peanut oil,

olive oil, beef tallow, soybean oil, saf-
flower oil, beef tallow-soybean oil blend), 

bj = fat dose (50 g/kg, 100 g/kg, 150 g/kg), 
(axb)ij = interactions between ai and bj, 
eijk = error term 

In addition, orthogonal effects (linear and quadratic
effects) of fat doses were checked. 

Results are given as mean values along with the proba-
bilities for all tested effects and pooled standard error of
means.

Multiple linear regression analysis was  performed in
order to estimate the AMEN-contents and the apparent and
true utilization of the pure fats and their fatty acids accord-
ing to the following model:

y = a + b1·s1·x + b2·s2·x + b3·s3·x + b4·s4·x 
+ b5·s5·x + b6·s6·x + b7·s7·x + b8·s8·x

where 

y is dietary AMEN-content or the amount of utilized fat or
fatty acid (g per kg of diet); 
x is the amount of ingested fat or fatty acid (g per kg of
diet); 
b1...b8 are the fat-specific slopes (b1=palm oil, b2=co-
conut oil, b3=peanut oil, b4=olive oil, b5=beef tallow,
b6=soybean oil, b7=safflower oil, b8=beef tallow-soybean
oil blend) which are “switched on or off” by their respec-
tive switch-variables (s1...s8, zero or one, respectively). 

Basal low-fat diet is “switched on” for estimation of all
“b”-parameters which also means that the intercept on
ordinate (parameter “a”) is estimated simultaneously by
all diets whereas the particular slopes for a given fat type
are estimated by the respective dose-response-relationship
(corresponding values for the low-fat diet and the diets
containing 50, 100 and 150 g/kg of that particular fat). 
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Apparent utilization (%)
Fat type Dose 

(g/kg) Crude Lauric Myristic Palmitic Stearic Oleic Linoleic Linolenic
fat  acid acid acid acid acid acid acid 

(C12:0) (C14:0) (C16:0) (C18:0) (C18:1) (C18:2 n-6) (C18:3 n-3)

Palm oil ... 56.2 61.7 72.8 80.0 69.6
Coconut oil ... 84.2 95.6 88.4 75.0 72.7 91.7 62.3
Peanut oil ... 91.3 93.0 93.2 97.9 94.8
Olive oil ... 91.7 82.4 97.6 84.4 97.7
Beef tallow (T) ... 69.6 94.2 71.4 55.6 93.4 68.3
Soybean oil (S) ... 91.2 90.1 77.8 96.5 96.6 98.2
Safflower oil ... 93.3 94.4 94.2 95.2 98.5
S:T = 50:50 ... 82.8 96.5 80.0 59.5 94.3 97.1 98.5

Palm oil 50 59.1 67.2 74.4 85.1 68.1
Coconut oil 50 80.0 96.8 91.3 67.7 74.3 85.8 33.2
Peanut oil 50 91.4 92.6 93.2 98.3 94.9
Olive oil 50 89.1 76.0 97.6 76.0 96.5
Beef tallow (T) 50 67.2 94.4 71.0 56.7 93.0 53.4
Soybean oil (S) 50 87.9 83.0 59.3 96.4 96.7 98.1
Safflower oil 50 90.3 89.5 91.0 92.7 98.3
S:T = 50:50 50 79.5 96.2 77.2 51.9 94.0 96.3 98.0

Palm oil 100 57.4 62.7 74.2 81.3 71.3
Coconut oil 100 84.9 95.1 86.7 75.9 72.5 93.8 71.5
Peanut oil 100 90.3 93.0 92.7 97.6 94.1
Olive oil 100 92.3 79.8 97.4 86.6 98.0
Beef tallow (T) 100 73.8 93.9 73.0 57.2 93.9 70.3
Soybean oil (S) 100 92.2 90.8 84.3 96.2 96.3 98.0
Safflower oil 100 94.8 95.2 95.4 96.5 98.9
S:T = 50:50 100 85.8 96.8 82.3 60.8 95.6 98.4 99.0

Palm oil 150 52.2 55.3 69.9 73.7 69.6
Coconut oil 150 87.8 94.9 87.1 81.4 71.3 95.5 82.4
Peanut oil 150 92.1 93.3 93.6 97.7 95.4
Olive oil 150 93.7 91.4 97.8 90.5 98.6
Beef tallow (T) 150 67.9 94.1 70.3 52.8 93.4 81.1
Soybean oil (S) 150 93.4 93.6 90.0 96.9 96.7 98.4
Safflower oil 150 94.9 95.9 96.2 96.3 98.4
S:T = 50:50 150 83.1 96.6 80.6 65.7 93.3 96.5 98.5

Probability
Dose 0.066 0.276 0.471 0.156 0.059 0.437 <0.001 <0.001

Linear 0.085 0.149 0.315 0.111 0.021 0.834 <0.001 <0.001
Quadratic 0.091 0.492 0.484 0.232 0.497 0.202 0.066 0.032

Fat type <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Dose x fat type 0.572 0.487 0.120 0.233 0.002 <0.001 <0.001

PSEM 2.7 .8 1.5 3.3 5.2 1.8 3.5 0.2

Table  3. 
Effect of different fat types and different levels of inclusion on utilization of fat and fatty acids (n=5)
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Fat type Dose Diets Fat
(g/kg)

AMEN/ AMEN AMEN/ AMEN
GE  (%) (MJ/kg) GE  (%)1 (MJ/kg)

Palm oil ... 70.7 11.67 51.1 20.09
Coconut oil ... 79.7 12.88 83.8 31.49
Peanut oil ... 83.4 13.68 108.9 42.89
Olive oil ... 81.7 13.41 97.6 38.34
Beef tallow (T) ... 76.1 12.64 79.1 31.23
Soybean oil (S) ... 80.7 13.43 101.3 39.82
Safflower oil ... 82.2 13.65 106.2 41.74
S:T = 50:50 ... 79.2 13.09 93.1 36.67

Palm oil 50 72.5 11.12 50.0 19.66
Coconut oil 50 76.1 11.49 72.0 27.07
Peanut oil 50 83.6 12.74 131.9 51.98
Olive oil 50 80.1 12.10 99.9 39.25
Beef tallow (T) 50 77.0 11.81 84.6 33.41
Soybean oil (S) 50 79.2 12.37 113.6 44.63
Safflower oil 50 80.4 12.45 117.6 46.20
S:T = 50:50 50 79.2 12.25 107.4 42.31

Palm oil 100 69.0 11.37 45.0 17.69
Coconut oil 100 79.9 12.87 86.8 32.65
Peanut oil 100 81.2 13.34 94.9 37.38
Olive oil 100 81.5 13.43 97.4 38.28
Beef tallow (T) 100 76.6 12.80 80.8 31.93
Soybean oil (S) 100 81.2 13.56 100.8 39.60
Safflower oil 100 82.5 13.66 103.2 40.56
S:T = 50:50 100 79.8 13.21 91.5 36.05

Palm oil 150 70.7 12.51 58.4 22.93
Coconut oil 150 83.0 14.28 92.4 34.75
Peanut oil 150 85.3 14.97 99.8 39.32
Olive oil 150 83.3 14.69 95.4 37.49
Beef tallow (T) 150 74.8 13.32 71.8 28.35
Soybean oil (S) 150 81.5 14.35 89.6 35.22
Safflower oil 150 83.7 14.84 97.9 38.47
S:T = 50:50 150 78.4 13.82 80.3 31.64

Probability
Dose 0.053 <0.001 0.001 0.001

Linear 0.022 <0.001 <0.001 <0.001
Quadratic 0.545 0.684 0.155 0.150

Fat type <0.001 <0.001 <0.001 <0.001
Dose x fat type 0.031 0.025 0.002 0.002

PSEM 1.4 0.2 6.1 2.37

1 Calculated as the ratio between AMEN-concentration of fat and gross energy concentration of fat (for gross energy concentrations of fat types see
Table 7)

Table 4. 
Effect of different fat types and different levels of inclusion on metabolizability of gross energy and AMEN-concentration of diets and of fats calculated
according to the difference-method (n=5)



AMEN-contents and utilization values for the particular
fats were then obtained by extrapolating to a dietary fat
content of 1000 g/kg (e.g. Muztar et al., 1981; Wiseman et
al., 1986; Wiseman and Lessire, 1987). Moreover, the in-
tercept on ordinate gives an estimate for a fat-free diet
which should be close to the tested low-fat diet.

True utilization values of fats and fatty acids were esti-
mated using the same regression model but where y is the
fat or fatty acid excretion (g·d-1·kg body weight-0.75) and x
is the fat or fatty acid intake (g·d-1·kg body weight-0.75).
True utilization values for fat and fatty acids can be
deduced from the respective regression slopes using the
relationship: (1-b)·100 (Veen et al., 1974). Moreover, the
intercepts on ordinate produce estimates for metabolic fat
or fatty acid excretion.

Data were fitted to the regression models using the iter-
ative Quasi-Newton-procedure of the Statistica for the
WindowsTM operating system (StatSoft Inc., 1994)[8] and
the Σ(observed value-predicted value)² as loss function. 

All other  statistics were also carried out using this soft-
ware-package.

7 Results

7.1 Balance experiments

Balance experiments took a normal course. All hens
were laying during the balance experiments (laying inten-
sity >80 %). 

Apparent utilization of crude fat and fatty acids are
given in Table 3. Fat type significantly influenced fat uti-
lization whereas for the level of fat inclusion (dose) only a
trend (p=0.066) was detected. Similarly, linear and quad-
ratic effects of dose were ascertained only as tendencies
(p=0.085 and p=0.091, respectively). No significant inter-
actions between fat type and level of fat inclusion were
found. Utilization values for fatty acids were only calcu-
lated for those fatty acids which were present in diets in
significant quantities (see Table 2). For this reason, uti-
lization of lauric acid (C12:0) could be evaluated for
coconut oil only. No dose effect was observed for this fatty
acid. Utilization values for myristic acid (C14:0) were cal-
culated for coconut oil, beef tallow and the blend of beef
tallow with soybean oil. Utilization of palmitic acid
(C16:0) could be calculated for all tested fat types with the
exception of olive oil. For the utilization of the  latter two
fatty acids similar significance relations were detected for
main effects and interactions as described for crude fat uti-
lization. Utilization of stearic acid (C18:0), oleic acid
(C18:1) and linoleic acid (C18:2 n-6) were evaluated for
all fat types whereas utilization of linolenic acid   (C18:3
n-3) was calculated for olive oil, soybean oil and the fat
blend only. Significant fat type effects were detected for
these fatty acids whereas significant dose effects and
orthogonal effects were found for the polyunsaturated
linoleic and linolenic acid. In addition, significant interac-

tions between level of fat inclusion and fat type were
observed for all fatty acids of the C18-family which indi-
cates that fat dose affected the utilization of these fatty
acids for the different fat types in a different manner. 

Metabolizability of gross energy (AMEN/gross ener-
gy·100) of the diets was significantly influenced by fat
type whereas no other tested effects proved to be signifi-
cant (Table 4). The concentration of AMEN was addition-
aly clearly affected by fat inclusion level in a linear relat-
ed manner (Table 4). All tested effects for metabolizabili-
ty of gross energy and AMEN-contents of the pure fats as
calculated by the difference were significant. It should be
noted that in some cases the so-calculated AMEN-contents
far exceed their gross energy contents. 

Measured AMEN-content, utilization of crude fat and
fatty acids as well as the corresponding amounts of crude
fat and fatty acids excreted by the hens fed the low-fat diet
is given in Table 5. The high standard deviations for all
these parameters should be noted. 

7.2 Regressions

Both the regression results (parameters and their signif-
icance) and derived parameters (AMEN, AME, apparent
and true utilization of crude fat, total and particular fatty
acids) are presented in Table 6. Goodness of fit as indicat-
ed by determination measure (r²) was greater than 0.92 in
all cases and greater than 0.98 for most regressions.
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Mean value Standard deviation

AMEN (MJ/kg) 10.7 0.8

Utilization (%)
Crude fat  -98.7 95.1
Palmitic acid (C16:0) -82.8 88.6
Stearic acid (C18:0) -57.0 97.1
Oleic acid (C18:1) 8.6 47.7
Linoleic acid (C18:2 n-6) 15.1 44.7
Linolenic acid (C18:3 n-3) 51.7 26.5

Excretion (mg per day 
per kg0.75 of live weight)

Crude fat  376 158
Palmitic acid (C16:0) 32 14
Stearic acid (C18:0) 9 5
Oleic acid (C18:1) 41 19
Linoleic acid (C18:2 n-6) 69 36
Linolenic acid (C18:3 n-3) 6 3

∑ of main fatty acids 157

Table  5. 
Effect of feeding a low-fat diet (0.32 %) on utilization  and excretion of
fat and fatty acids and on AMEN-concentration (n=10)



Generally, the lower the error probability for a given
parameter estimation is, the more it contributes to mini-
mizing the loss function of the regression approach, the
lower its standard error will be. This also means that
insignificant parameter estimates should be viewed with
caution since they can vary without changing the determi-
nation value too much.

8 Discussion

The regressively estimated AMEN-content of palm oil
was 38 to 47 % lower than that of  the other fat types.
These marked differences are caused by the differences in
apparent and true fat utilization which in turn might be
explained by differences in fatty acid utilization. The poor
utilization of palm oil was probably caused by an obvi-
ously high free fatty acid content. It was shown by Wise-
man and Salvador (1991) and by Wiseman et al. (1991)
that free fatty acid content might markedly influence
AMEN-contents of fats. For example, AME-content of
successive blends of palm oil with palm acid oil decreased
from 32.2 MJ·kg-1 to 27.5 MJ·kg-1 in cocks and from 27.7
MJ·kg-1 to 14.8 MJ·kg-1 in 1.5 weeks old chicks when the
free fatty acid content of this palm oil-palm acid oil blend
was increased from approximately 60 g·kg-1 to 920 g·kg-1,
respectively. Therefore, the free fatty acid content of the
palm oil batch used in the experiment was probably very
high. All other tested fats were just  refined or untreated
fats. Therefore, it seems reasonable to assume that their
free fatty acid content was less than 50 g·kg-1. At this level,
no adverse effects on fat utilization need to be considered. 

This negative effect of high contents of free fatty acids
in palm oil  on AME is caused by a poor crude fat and fatty
acid utilization. Apparent crude fat utilization was only
55.4 % for palm oil whereas 70.7 % (Table 6) were deter-
mined for beef tallow although both fat types contained
comparable contents of the sum of saturated and unsatu-
rated fatty acids (55 % vs. 63 % and 45.3 % vs. 36.7 %,
respectively). The detrimental effect of increasing
amounts of free fatty acids in the diet was also supported
by the fact that crude fat utilization and utilization of
palmitic acid, stearic acid and oleic acid decreased at the
same time (Table 3) whereas all these utilization figures
from the other fats increased with fat dosage or appeared
unaffected. Another mechanism of  fatty acid utilization
than the negative effect of free fatty acids might explain
the differences in fat and fatty acid utilization and conse-
quently in AMEN-contents between beef tallow and
coconut oil. The apparent fat utilization is approximately
17 % higher in coconut oil, although this fat type contains
7 % more saturated fatty acids than beef tallow (70 % vs.
63 %). This is mainly due to the high proportions of  the
highly digestible lauric acid in coconut oil when compared
to the poor digestibility of palmitic and stearic acid as the
main saturated fatty acids in beef tallow. It has been
reviewed by Dänicke (2000) that in saturated fatty acids,

the polarity and micellar solubility increases as the chain
length decreases, which becomes obvious in the differ-
ences in fatty acid utilization. Based on an evaluation of
the literature Dänicke (2000) found the increases in
absorbability of fatty acids in the following order:
C18:0<C16:0<C14:0<C18:1, C18:2, C18:3. This general
order was essentially confirmed by the present study.
Additionally, absorbability of lauric acid might be placed
at about that of  myristic acid in the above mentioned
order. Differences in utilization of a particular fatty acid
but originating from different fat types have to be dis-
cussed in the context of total fatty acid composition of
that fat. For example, small amounts of unsaturated fatty
acids combined with long chain saturated fatty acids will
improve the utilization of the latter considerably since
their micellar solubility is facilitated. This effect, which is
also known as “fatty acid synergism” (e.g. Leeson and
Summers, 1976; Wiseman and Lessire, 1987), can be eval-
uated when the measured fatty acid utilization of a  fat
blend exceeds the mean weighed utilization calculated
from the utilization of that fatty acid determined with each
fat individually. Such synergistic effects were also detect-
ed in the present study. Measured utilization of palmitic
and stearic acid of the beef tallow - soybean oil blend was
6 % and 9 % higher than the expected utilization. Howev-
er, this synergism decreased to 3 % for the total crude fat
and disappeared when the AMEN-contents  were consid-
ered. 

Total fatty acid utilization clearly reflected similar rela-
tionships between fats as observed for crude fat utilization.
Correlation between both utilization measures was 0.99.
The consistently lower utilization values for crude fat sug-
gest that fat-soluble compounds other than fatty acids
were less utilizable in the total crude fat fraction. 

A further aim of this study was to estimate true utiliza-
tion of fat and fatty acids by regressing the intake on the
excretion. This type of regression yields an intercept on
ordinate which can be interpreted as endogenous or meta-
bolic fat loss. In order to standardize this parameter both
intake and excretion were related to metabolic body
weight. It can be taken from Table 6 that true utilization of
fat and fatty acids were only slightly higher than the
respective apparent values which would suggest a rela-
tively low contribution of endogenous fat losses. Indeed,
from the intercept on ordinate it can be deduced that en-
dogenous fat losses amounted to only 136 mg·d-1·W-0.75.
Although balance data of all observations (n=130) con-
tributed to this value in a regressive manner (Figure 1), the
so-derived endogenous fat losses should be treated care-
fully since they can only be taken as a trend (p=0.068).
From the standard error of this parameter (69 mg·d-1·
W-0.75) a 95 %-confidence interval from 6 to 278 mg·
d-1·W-0.75 can be constructed. Mean endogenous fat losses
can be expected within this range (p=0.95). From a com-
parison of the regressively derived endogenous fat losses
with the  measured crude fat excretion of hens fed the
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basal diet (Figure 1, Table 5) it becomes clear that the lat-
ter far exceed the regressive value. This measured crude
fat excretion must approximate the endogenous fat losses
if it is assumed that from the low fat intake (approximate-
ly 200 mg·d-1·W-0.75) only 20 mg·d-1·W-0.75 (90 % absorp-
tion assumed) were excreted together with the endogenous
fat losses. This dietary originated fat excretion would be
approximately 5 % of total crude fat excretion (376 mg·
d-1·W-0.75). However, as with the regressively estimated
endogenous fat losses, a relatively high standard deviation
has to be taken into account (Table 5). Veen et al. (1974)
reported endogenous fat losses for broilers of 4.87 g·kg-1

diet which was derived from fat excretion values of broil-
ers fed a corn-soybean meal basal diet (3.2 % crude fat)
corrected for an assumed basal diet fat excretion. Endoge-
nous fat losses as observed in the present study would
amount to 5.5 g·kg-1 diet and 2.1 g·kg-1 diet (measured and
estimated, respectively) which would include the above-

mentioned value from the literature. Because of the uncer-
tainties in determination of endogenous fat losses accord-
ing to both methods it seems reasonable to expect endoge-
nous fat losses of between 2.1 and 5.5 g·kg-1 diet.

Estimation of endogenous fatty acid losses by regression
followed the trend of an underestimation as described for
crude fat excretion. Only the endogenous excretion of
linoleic acid and of linolenic acid were significant. There-
fore, these so-derived values will not be  discussed further.
The sum of the main fatty acids excreted by the hens fed
the low fat diet (Table 5) agreed with the value of 2.11
g·kg-1 diet reported by Veen et al. (1974) when expressed
on the diet basis (2.1 g·kg-1).

The relatively wide range in regressive derived fat-
AMEN-contents (20.0 MJ·kg-1 ... 38.1 MJ·kg-1) and appar-
ent fat utilization (55.4 % ... 95.7 %) allowed further
regressive evaluation of the data. When the linear regres-
sion of “g utilized crude fat per kg fat” on AMEN-content
of fats was forced through the origin then it was found that
per g apparent utilized crude fat approximately 38.7 kJ
AMEN were available (r²=0.95). This value reaches nearly
the gross energy value of the most fats and is close to the
value of 39.8 kJ per g utilized fat as estimated by Hoff-
mann (1994) from multiple regression of utilized nutrients
from total diets on AME-contents. Therefore, at least 95 %
of absorbed crude fat energy is metabolically available.

Based on the assumption that crude fat utilization of
pure fats can also be interpreted  as metabolizability of fat
energy some further calculations can be made. 

Firstly, if the regressively derived apparent crude fat uti-
lization is multiplied by the gross energy of the respective
fats a measure for AME can be derived (Table 7). Because
this AME-value is not N-corrected, the uncorrected, but by
regression estimated AME-values of the particular fats are
also shown in Table 8 for comparison. The maximum
absolute difference between both estimates was  11 % in
case of palm oil. 
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Figure 1. 
Fat excretion of laying hens fed semi-purified diets differing in fat type
and fat concentration in dependence on fat intake
(Palm oil            , beef tallow           , 
beef tallow : soybean oil = 50:50            , soybean oil          )

  

  

Gross Apparent  fat AME (MJ/kg) True fat utilization TME (MJ/kg) TMEN
energy1 utilization (= gross energy1 · (~TME/GE-ratio (= gross (=0.986·TME) 
(MJ/kg) (~AME/GE apparent  fat of fat) energy1·true

-ratio of fat) utilization/100) fat utilization/100)

Palm oil 39.3 55.4 21.8 56.6 22.2 21.9
Coconut oil 37.6 87.5 32.9 88.1 33.1 32.6
Peanut oil 39.4 92.7 36.5 93.3 36.8 36.3
Olive oil 39.3 94.2 37.0 94.7 37.2 36.7
Beef tallow (T) 39.5 70.7 27.9 70.8 28.0 27.6
Soybean oil (S) 39.3 93.8 36.9 94.3 37.1 36.6
Safflower oil 39.3 95.7 37.6 96.3 37.8 37.3
S:T = 50:50 39.4 84.8 33.4 85.5 33.7 33.2

1 Values from Prabucki 1977

Table 7. 
Comparison of ME-concentrations of various fat types as calculated by the “gross energy-fat utilization-method”



Secondly, the regressively derived AMEN-contents  of
the fats were divided by their gross energy content to yield
an estimate for metabolizability of fat energy or apparent
fat utilization. Again, whereas the difference between the
so-estimated apparent fat utilization and the regressively
evaluated apparent fat utilization amounted  8 % for palm
oil, the differences for all other tested fats were lower than
4 %.

Thirdly, if the gross energy of the fats is multiplied by
the true fat utilization, which might also  be interpreted as
true metabolizability of fat, an estimate for true ME
(TME)-values can be obtained (Table 7). Clearly, since all
true fat utilization values were higher or comparable with
their apparent counterparts, the TME-values are accord-
ingly higher than the similarly derived AME-values. 

Fourthly, in order to correct the TME-values for a zero
N-retention, the slope derived from the regression of AME
on AMEN (AMEN=0.986 · AME, r²=0.993) was used as a
correction factor. The so-corrected TMEN-contents of the
different fat types are also shown in Table 7. TMEN-con-
tents were only slightly higher than their corresponding
AMEN-contents with the exception of peanut oil, beef tal-
low and safflower oil. However, the regression of AMEN
on TMEN yielded a slope of one (TMEN = 1·AMEN,
r²=0.95); therefore it seems that there is no need to correct
AMEN-contents of these tested fats for endogenous meta-
bolic energy losses. 
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Gross energy1 AME (MJ/kg) AME/GE1 (%) AMEN (MJ/kg) AMEN/GE1 (%)
(MJ/kg)

Palm oil 39.3 19.7 50.1 20.0 50.9
Coconut oil 37.6 32.2 85.6 32.1 85.3
Peanut oil 39.4 39.5 100.3 38.1 96.6
Olive oil 39.3 36.8 93.6 36.3 92.2
Beef tallow (T) 39.5 28.3 71.6 28.3 71.8
Soybean oil (S) 39.3 35.5 90.3 35.6 90.6
Safflower oil 39.3 38.9 99.0 38.0 96.7
S:T = 50:50 39.4 32.9 83.5 32.2 81.7

1 Values from Prabucki 1977

Table 8. 
Comparison of ME-concentrations of different fat types as calculated by the regression method




