
Nutritional and physiological responses of broiler chickens to dietary
supplementation with de-oiled soyabean lecithin at different metabolisable
energy levels and various fat sources

Leila Majdolhosseini, Hossein Ali Ghasemi*, Iman Hajkhodadadi and Mohammad Hossein Moradi
Department of Animal Science, Faculty of Agriculture and Natural Resources, Arak University, 38156-8-8349 Arak, Iran

(Submitted 23 April 2019 – Final revision received 13 July 2019 – Accepted 17 July 2019)

Abstract
A 42-d study was conducted to investigate the effects of an emulsifier supplementation (de-oiled soyabean lecithin (DSL)) of diets with different
levels of metabolisable energy (ME) and various sources of fat on growth performance, nutrient digestibility, blood profile and jejunal morphol-
ogy of broiler chickens. Diets were arranged factorially (2 × 2 × 2) and consisted of two concentrations of ME (normal and low), two fat sources
(soyabean oil (SO) and poultry fat (PF)) and two levels of DSL supplementation (0 and 1 g/kg). A total of 800 1-d-old male broiler chickens were
assigned to eight treatments with five replicates/treatment. The results showed the supplemental DSL caused improvements in the overall feed
conversion ratio, fat digestibility and jejunal villus height:crypt depth ratio, but the magnitude of the responses was greater in the PF-containing
diets, resulting in significant fat ×DSL interactions (P<0·05). Abdominal fat percentage was also reduced by the PF-containing diet, but the
response was greater in the normal ME diet, resulting in a significant ME × fat interaction (P= 0·048). Dietary DSL supplementation also
increased nitrogen-corrected apparent ME values but decreased blood TAG (P= 0·041) and LDL (P= 0·049) concentrations, regardless of
the source of fat used or the ME values in the diet. In conclusion, the present study suggests that the improvements in growth performance,
fat digestibility and intestinal morphology that can be achieved with DSL supplementation are highly dependent on the degree of saturation of
lipid incorporated into broiler chicken diets.
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Metabolisable energy (ME) in the diet is a critical factor that
greatly influences the intake of all other nutrients in the poultry
species(1). Moreover, the feed efficiency, growth performance
and body composition of broiler chickens are likely to be
influenced by the ME intake(2,3). It was commonly believed that
the high-ME diet for broiler chickens is produced by the addition
of lipids (fats and oils) because lipids have the highest energy
value compared with other nutrients(4). However, some con-
cerns regarding dietary lipid levels and digestibility have arisen
in commercial poultry production, especially for young broiler
chickens whose lipid utilisation is restricted due to the poor
digestive ability and the absorption capacity(5).

Dietary fats, including poultry fat (PF) and vegetable oils, are
the main energy sources in poultry feed(6). Increasing the fat
digestibility may allow lowering supplemental lipid inclusion
levels in the broiler chicken diet while maintaining the same

level of performance, which ultimately results in lower feed pro-
duction costs(7). In general, the digestibility of lipids depends on
their chemical and physical characteristics, particularly the chain
length of fatty acids and their saturation degree, which influence
the ME content of the diet(8). Ghasemi et al.(9) indicated that the
ratio of lower unsaturated fatty acids (UFA):SFA in the diet needs
higher concentrations of bile salts (one kind of emulsifier), which
are essential for micelle formation and, subsequently, lipid
uptake. Hence, a higher degree of saturation or a lower UFA:
SFA ratio led to poorer digestibility of the lipid source in broiler
chickens(10). These physiological and functional limitations of
lipid digestion and absorption in different poultry species could
be overcome by the supplementation of an exogenous emulsi-
fier to the diet(11,12).

Emulsifiers promote fatty acids’ incorporation into micelles
and increase the digestibility of dietary lipids in the duodenum

Abbreviations: ADFI, average daily feed intake; ADG, average daily gain; AIA, acid-insoluble ash; AMEn, apparent metabolisable energy corrected for nitrogen
balance; BW, body weight; CD, crypt depth; CHOL, total cholesterol; DSL, de-oiled soyabean lecithin; FCR, feed conversion ratio; ME, metabolisable energy;
PF, poultry fat; SO, soyabean oil; UFA, unsaturated fatty acids; VH, villus height; VH:CD, villus height:crypt depth ratio; VSA, villus surface area.
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of chickens(13,14). De-oiled soyabean lecithin (DSL) is a mixture
of amphiphilic phospholipids, which has good emulsification
property(15). Although there is scarce information on the use
of DSL supplement in humans and animals, the application of
some emulsifier agents in broiler chicken diets and their effects
on growth performance and physiological response have been
evaluated in several studies. Jansen et al.(13) showed that the
addition of lysolecithin in the basal diet with an SFA source
(pig lard) increased nitrogen retention and apparent ME of
the feed during the grower period of broiler chickens.
Furthermore, supplementation of a rice-bran-derived lysoleci-
thin increased fat digestibility and improved growth perfor-
mance of broiler chickens(16). The advantages of dietary
supplementation with lysophospholipid for improving low-
energy and low-nitrogenous diets were also recently observed
in a study by Boontiam et al.(17). Similarly, Siyal et al.(18) con-
firmed an increased digestibility of energy due to soyabean lec-
ithin utilisation in the broiler chicken diets, which could be an
effective strategy to decrease dietary ME levels. In the study
by Alzawqari et al.(19), an increase in jejunal and ileal villus height
(VH) for a diet supplemented with an emulsifier supplementa-
tion (desiccated ox bile) was observed in broiler chickens.

To our knowledge, no previous reports are available in the
literature about the effect of dietary supplementation with DSL
at different dietary energy levels or different fat sources in broiler
chickens.

In the present study, we used a broiler chicken model to
investigate the effects of DSL supplementation as an exogenous
emulsifier on growth performance, nutrient digestibility, carcass
characteristics, serum biochemical parameters and jejunal mor-
phology at different dietary ME levels provided by two fat
sources (soyabean oil (SO) or PF).

Methods

All experimental procedures involving birds adhered to the
guidelines of and were approved by the Animal Management
and Ethics Committee (in charge of animal welfare issues) of
the Arak University (Arak, Iran).

Preparation of pure de-oiled lecithin

The pure DSL, with the commercial name of BergaPur, was
obtained from Berg+Schmidt GmbH & Co. KG. and is derived
from the soya plant. It is manufactured in dry powder
form by extracting the oil present in the natural liquid lecithin
and contained 87 % of the phospholipid complex, 10 % lyso-
phospholipid, 2 % TAG and 1 %water. The fatty acid
composition of this product includes 20 % palmitic acid,
5 % stearic acid, 9 % oleic acid, 59 % linoleic acid and 7 % lino-
lenic acid.

Experimental design and diets

A total of 800 1-d-old male Ross 308 broilers chickens (average
body weight (BW): 46·4 ± 0·39 g), were purchased from a com-
mercial hatchery and used in a 42-d feeding trial. Broiler chick-
ens were randomly allocated to eight treatments in five pens
(replicates) of twenty birds per replicate pen, so that their initial
weights were similar across all treatment groups. A three-phase

feeding schedule consisting of starter (0–10 d), grower (10–24 d)
and finisher (24–42 d) diets was used in the present study. The
experiment consisted of a 2× 2× 2 factorial arrangement of treat-
ments including two concentrations of ME (starter: 12·55 MJ/kg
for normal ME diet and 12·13 MJ/kg for low-ME diet; grower:
ME= 12·97 MJ/kg for normal ME diet and 12·55 MJ/kg for
low-ME diet; and finisher: ME= 13·39 MJ/kg for normal ME
diet and 12·97 MJ/kg for low-ME diet), two fat sources (SO
and PF) and two dietary levels of DSL supplementation (0 and
1 g/kg). All nutrients in experimental diets were formulated to
meet or exceed the recommendations for broiler chickens,
according to the Ross 308 nutrient specifications(20). The ingre-
dients and nutrient composition of the experimental diets used
during different growing periods are presented in Tables 1 and 2.
The broiler chickens were provided with mash feed and tap
water ad libitum during the entire experiment. All experimental
groups were housed in floor pens (length 175 cm ×width
170 cm) using litter top dressed with 5 cm of clean wood shav-
ings in an environmentally controlled house. Room tempera-
ture began at 34°C for the first 3 d andwas decreased gradually
to 22°C until the end of the trial and the relative humidity was
around 65 %. The lighting programme was standardised
across all pens and consisted of 23-h light and 1-h darkness.
Light source used was incandescent bulbs at light intensity
of 30 lux.

Growth performance measurements

BW and feed consumption for each experimental group were
recorded on days 0, 10, 24 and 42. Average daily feed intake
(ADFI), average daily gain (ADG) and feed conversion ratio
(FCR; ADFI:ADG) were calculated. Mortalities and health status
were also recorded daily to calibrate growth performance.

Table 1. Ingredients of the experimental diets at all stages of growth

0–10 d 10–24 d 24–42 d

Ingredients
(g/kg)

Normal
ME

Low
ME

Normal
ME

Low
ME

Normal
ME

Low
ME

Maize 561·1 535·1 591·8 565·9 632·9 606·0
Soyabean meal 314·9 390·6 282·3 357·9 245·7 313·8
Maize gluten
meal

56·3 9·2 53·0 5·9 41·8 0

SO or PF 20 20 30 30 40 40
Dicalcium
phosphate

19·5 19·0 17·2 16·7 15·3 14·9

Common salt 2·5 2·5 2·5 2·5 2·5 2·5
CaCO3 11·6 11·3 10·7 10·5 10·0 12·8
Vitamin premix* 2·5 2·5 2·5 2·5 2·5 2·5
Mineral premix† 2·5 2·5 2·5 2·5 2·5 2·5
DL-Methionine 2·6 3·0 2·2 2·6 2·1 2·4
L-Lysine HCl 4·4 2·5 3·7 1·7 3·3 1·5
L-Threonine 2·1 1·8 1·6 1·3 1·4 1·1

ME, metabolisable energy; SO, soyabean oil; PF, poultry fat.
* The vitamin premix supplied per kg diet: vitamin A (retinol), 3600 μg; vitamin E
(α-tocopheryl acetate), 63 mg; vitamin D3 (cholecalciferol), 125 μg; vitamin K3

(menadione), 3·5 mg; thiamine, 3 mg; riboflavin, 7·5 mg; niacin, 65 mg; pantothenate,
18mg; pyridoxine, 4·3mg; biotin, 0·3mg; folic acid, 2 mg; cyanocobalamin, 0·017mg;
choline chloride, 600 mg; antioxidant, 100 mg.
† The mineral premix supplied per kg diet: Mn (MnSO4·H2O, 32·5%Mn), 120 mg;
Zn (ZnO, 80·4%Zn), 33·88 g; Fe (FeSO4·7H2O, 20·1%Fe), 20 g; Cu (CuSO4·5H2O),
16 mg; Se (NaSeO3, 45·6%Se), 0·3 mg, iodine (KI, 58% iodine), 1·3 mg.
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Sample collection and procedures

At the end of the trial (on day 42), after being fasted for 12 h, two
broiler chickens from each replicate (ten birds per treatment)
with BW close to the pen mean was randomly selected and
weighed. Blood samples (5 ml) were collected from the wing
vein in sterile test tubes without anticoagulant and incubated
at 37°C for 2 h and then the serum was obtained by centrifuging
at 2000 g at 4°C for 10 min and stored at –20°C. The broiler

chickens were killed by cervical dislocation; then the pre-
slaughter, carcass, breast, leg, liver and abdominal fat weights
were recorded by trained personnel. Their relative weights were
expressed as the percentage of pre-slaughter live weight.

Contents of ileum (from Meckel’s diverticulum to approxi-
mately 10 mm above the ileal–caecal junction) were
collected in plastic zip bags. The ileal digesta of two birds in a
replicate were pooled, after which a representative sample
was immediately stored in a freezer at –20°C for subsequent
determination of nutrient digestibility and apparent metabolis-
able energy (AMEn) corrected for nitrogen balance. A 2-cm
section of mid-jejunumwas also separated, flushed with distilled
water to remove the contents and fixed in 10 % neutral-buffered
formalin for morphological assessment.

Chemical analysis and calculations

Before chemical analysis, representative samples of feed and
ileal digesta were ground in a laboratory mill to pass through
a 1-mm screen. Samples were analysed for DM (method
930.15), crude protein (method 990.03) and crude fat (method
920.39), according to the standard procedures(21). Gross energy
determinations of diet and ileal digesta samples were performed
in an adiabatic bomb calorimeter (Parr Instrument Company)
standardised with benzoic acid. The amino acid profile of the
diets was analysed by an HPLC instrument (Knauer) consisting
of a K-1000 controller quaternary pump and a Shimadzu fluores-
cence detector (RF-551). Methionine and cysteinewere analysed
as methionine sulfone and cysteic acid after an overnight cold
performic acid oxidation before hydrolysis(22).

Each of the analyses for crude fat and fatty acid profile from the
diet samples was conducted, according to the method previously
described byGhasemi et al.(9). Individual fatty acids in the diet sam-
ples were quantified by GC (Unicam 4600, equipped with a flame
ionisation detector, and a BPX70 fused silica capillary column). As
an endogenous indicator, acid-insoluble ash (AIA) in both diet and
ileal digesta samples were analysed to calculate the nutrient digest-
ibility and AMEn(23).

The digestibility of nutrients in diets was determined by the
following equation:

% Digestibility ¼ 1� AIAdiet=AIAidð Þ � nutrientid=nutrientdietð Þð Þ
� 100

where nutrientdiet and AIAdiet are the concentrations of nutrient
and AIA in the diet (%) and Nutrientid and AIAid represent
the concentrations of the same nutrient and AIA in the ileal
digesta (%).

The AMEn value was calculated using the following
equation(24):

AMEn ðMJ=kg of dietÞ¼ GEdiet� GEid�IFð Þþ34�44� Ndiet�Nid�IFð Þð Þ

where GEdiet is gross energy value in diet (MJ/kg) and GEid
is the gross energy value in ileal digestibility (MJ/kg).
Indigestibility factor (IF)= AIAdiet/AIAid; Ndiet is the nitrogen
concentration in diet (%), Nid is nitrogen concentration in ileal

Table 2. Calculated and analysed nutrient contents of the experimental
diets at all stages of growth (on as-fed basis)

0–10 d 10–24 d 24–42 d

Normal
ME

Low
ME

Normal
ME

Low
ME

Normal
ME

Low
ME

Calculated analysis
(g/kg unless stated otherwise)
ME (MJ/kg) 12·55 12·13 12·97 12·55 13·39 12·97
Crude protein 230·0 230·0 215·0 215·0 195·0 195·0
Crude fat 45·2 43·6 56·0 54·5 67·0 65·5
Ca 9·6 9·6 8·7 8·7 7·9 7·9
Available P 4·8 4·8 4·35 4·35 3·95 3·95
Digestible

lysine
12·8 12·8 11·5 11·5 10·3 10·3

Digestible
TSAA

9·5 9·5 8·7 8·7 8·0 8·0

Digestible
threonine

8·6 8·6 7·7 7·7 6·9 6·9

Analysis values*
(g/kg unless stated otherwise)
Crude protein 227·2 226·4 210·3 209·3 191·5 190·8
Total lysine 14·3 14·2 13·4 13·2 11·6 11·5
Total TSAA 10·6 10·7 9·7 9·8 9·1 9·3
Ca 9·3 9·3 8·5 8·4 7·8 7·8
Total P 0·74 0·72 0·66 0·65 0·61 0·60
Crude fat

(SO diet)
48·1 46·4 59·1 57·4 70·3 68·6

Crude fat
(PF diet)

47·1 45·4 57·6 55·9 68·3 66·6

GE (MJ/kg)
(SO diet)

18·07 17·61 18·67 18·20 19·18 18·71

GE (MJ/kg)
(PF diet)

17·99 17·54 18·55 18·09 19·04 18·59

Fatty acid composition
(% of total fatty acids)
SO diet

16 : 0 10·93 10·79 10·76 10·60 10·63 10·46
18 : 0 3·15 3·21 3·34 3·40 3·47 3·51
18 : 1n-9 22·70 22·55 22·67 22·55 22·66 22·56
18 : 2n-6 56·71 56·62 56·27 56·18 55·98 55·91
18 : 3n-3 4·61 4·81 5·05 5·22 5·32 5·47
n-6:n-3 PUFA
ratio

12·30 11·77 11·14 10·76 10·52 10·22

Other 1·90 2·02 1·92 2·05 1·94 2·09
PF diet

16 : 0 19·41 19·61 21·12 21·32 22·09 22·27
18 : 0 5·75 5·84 6·09 6·17 6·31 6·38
18 : 1n-9 29·38 29·51 31·10 31·25 32·25 32·42
18 : 2n-6 40·60 39·98 36·94 36·33 34·49 33·92
18 : 3n-3 1·81 1·91 1·62 1·69 1·48 1·54
n-6:n-3 PUFA
ratio

22·43 20·93 22·80 21·50 23·30 22·03

Other 3·05 3·15 3·13 3·24 3·38 3·47

ME, metabolisable energy; TSAA, total sulphur amino acids; SO, soyabean meal; PF,
poultry fat; GE, gross energy.
* Mean of two samples per diet.
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digesta (%) and 34·44 is the energy equivalent (MJ/kg) of
uric acid.

Blood biochemical parameters

The concentrations of glucose, TAG, total cholesterol (CHOL),
HDL, LDL, total protein, albumin and uric acid in serum samples
were analysed by an auto analyser apparatus (Biotecnica,
BT-3000), following the instructions of the corresponding
reagent kit (Pars Azmoon Co.).

Intestinal morphology

For each jejunal tissue segment, a 5-μm cross section was
made using a microtome, placed on a glass slide, stained by
haematoxylin–eosin and analysed with a light microscope
(Olympus, CX31, Shinjuku). Three cross-sections and ten mea-
surements per cross section were obtained. Morphological mea-
surements of VH (from the tip of the villus to the villus–crypt
junction), villus width (VW; at the middle point of the villus)
and crypt depth (CD; the depth of the invagination between
adjacent villi) were made using an image-analysis software
(QWinPlus v. 3.1.0; Leica Cambridge Ltd.). Data from the VH
and CD were used to obtain the VH:CD ratio. The villus surface

area (VSA) was also calculated by the following formula:
2π× (VW/2)×VH.

Statistical analysis

The data were subjected to ANOVA for a 2 × 2 × 2 design using
the General Linear Models procedures of SAS (v. 9.0; SAS
Institute). The model included main effects of ME level, fat type
and DSL level, and their interactions. The replicate pen of twenty
broiler chickens for growth performance or two chickens for
other responses served as the experimental unit for all statistical
analyses. Data frommortality and carcass traits were transformed
to arcsine for analysis. The results are presented as the least-
square means with standard errors of the means. All statements
of significance were considered as P< 0·001 or P< 0·05, with a
trend between P> 0·05 and P< 0·10.

Results

Growth performance

The performance of broiler chickens fed the experimental diets
is shown in Tables 3 and 4. The two-way interaction effects
of ME × fat, ME ×DSL, fat ×DSL and the three-way interaction
of ME × fat ×DSL on BW and ADG were not significant

Table 3. Effects of different levels of metabolisable energy (ME), various fat sources and de-oiled soyabean lecithin (DSL)
supplementation on bodyweight (BW) and average daily gain (ADG) of broiler chickens at all stages of growth up to 42 d of age
(Mean values with their standard errors; n 5)

BW (g) ADG (g/bird per d)

ME Fat source
DSL
(g/kg) 10 d 24 d 42 d 0–10 d 10–24 d 24–42 d 0–42 d

Normal SO 0 214·1 948·1 2550 17·22 52·68 90·26 59·71
Normal SO 1 218·6 972·1 2595 17·68 54·39 93·06 60·79
Normal PF 0 212·2 922·3 2527 17·02 50·83 88·68 59·18
Normal PF 1 213·2 935·7 2618 17·12 51·79 93·92 61·35
Low SO 0 207·3 914·3 2462 16·53 50·27 85·05 57·62
Low SO 1 210·5 942·3 2456 16·84 52·26 85·08 57·49
Low PF 0 203·3 880·3 2435 16·13 47·84 83·03 56·98
Low PF 1 205·8 917·0 2512 16·39 50·46 87·79 58·80
SEM 3·17 14·57 39·34 0·317 1·04 2·35 0·938
Main effect means
ME level
Normal 214·5a 944·5a 2573a 17·26a 52·42a 91·48a 60·26a

Low 206·7b 913·5b 2466b 16·47b 50·21b 85·24b 57·72b

SEM 1·58 7·29 19·65 0·158 0·521 1·13 0·468
Fat source
SO 212·6 944·2a 2515 17·07 52·40a 88·36 58·90
PF 208·6 913·8b 2523 16·67 50·23b 88·35 59·08
SEM 1·58 6·85 19·65 0·158 0·489 1·14 0·468

DSL (g/kg)
0 209·2 916·3b 2494 16·73 50·40b 86·76 58·37
1 212·0 941·8a 2545 17·01 52·23a 89·96 59·61
SEM 1·58 6·75 19·66 0·158 0·482 1·13 0·468

Significance
ME level 0·002 0·009 <0·001 0·001 0·009 <0·001 <0·001
Fat source 0·086 0·005 0·796 0·084 0·005 0·996 0·796
DSL 0·221 0·013 0·072 0·218 0·013 0·062 0·071
ME × fat 0·885 0·939 0·809 0·916 0·939 0·820 0·810
ME ×DSL 0·972 0·476 0·556 0·981 0·477 0·603 0·557
Fat ×DSL 0·651 0·963 0·260 0·647 0·961 0·252 0·259
ME × fat ×DSL 0·766 0·614 0·742 0·741 0·614 0·714 0·743

SO, soyabean oil; PF, poultry fat.
a,b Mean values within a column with unlike superscript letters were significantly different (P< 0·05).
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(Table 3). However, the interactions between fat source andDSL
supplementation were observed for FCR during the finisher
(P= 0·014) and the entire experimental period (P= 0·011), indi-
cating that the effect of DSL on FCR was more marked in broiler
chickens fed on the PF-containing diets (Table 4). Broiler chick-
ens fed high-ME diets had higher BW and ADG (P< 0·05) and
lower FCR (P< 0·05) than those fed low-ME diets during the dif-
ferent experimental periods. At 24 d, the BW, ADG and FCR of
broiler chickens receiving the SO-containing diets were better
(P< 0·05) compared with birds fed on the PF-containing diets,
but these improvements were not reflected during the whole
experimental period (0–42 d). At 10 d, there were also tenden-
cies that SO-containing diets resulted in higher BW (P= 0·086),
ADG (P= 0·084) and lower FCR (P= 0·062) when compared
with PF-containing diets. As Table 3 indicates BW of broiler
chickens receiving DSL supplementation was higher at 24 d
(P= 0·013) and 42 d (P= 0·072) compared with the non-
supplemented birds. Dietary DSL also increased ADG in the
grower (P= 0·013), finisher (P= 0·062) and overall (P= 0·071)
experimental periods. Furthermore, broiler chickens supple-
mented with DSL had lower FCR in the grower (P= 0·005)
and the overall (P= 0·019) experimental period (Table 4). ME,
fat source and DSL supplementation did not affect ADFI during

the whole experiment, and both two-way and three-way
interactions were not significant.

Nutrient digestibility

The main effect of ME, fat source, DSL supplementation, two-
way interaction effects of ME ×DSL, fat ×DSL and the three-
way interaction of ME × fat ×DSL on the ileal digestibility of
DMand crudeproteinwere not significant (Table 5). An interaction
between fat sources and DSL was observed on digestibility
of crude fat, which improved with DSL addition in the PF-
containing diets. Supplemental DSL was also able to improve
(P≤ 0·001) the AMEn value of diet. The PF-containing diets
reduced fat digestibility compared with SO-containing diets.
Broiler chickens fed on low-MEdiet had lower AMEn value as com-
pared with birds fed on the normal ME diet.

Carcass characteristics

Neither the main effects of ME, fat source and DSL supplemen-
tation, nor their interactions on the yields of carcass, breast and
legs were significant (Table 6). In contrast, the low-ME diets sig-
nificantly reduced (P< 0·001) the percentage of abdominal fat

Table 4. Effects of different levels of metabolisable energy (ME), various fat sources and de-oiled soyabean lecithin (DSL)
supplementation on average daily feed intake (ADFI) and feed conversion ratio (FCR) of broiler chickens at all stages of growth
up to 42 d of age
(Mean values with their standard errors; n 5)

ADFI (g/bird per d) FCR

ME Fat source
DSL
(g/kg) 0–10 d 10–24 d 24–42 d 0–42 d 0–10 d 10–24 d 24–42 d 0–42 d

Normal SO 0 21·36 83·93 169·1 105·1 1·24 1·59 1·88 1·76
Normal SO 1 21·46 87·13 173·8 107·7 1·22 1·60 1·86 1·77
Normal PF 0 21·33 83·75 172·7 106·9 1·26 1·65 1·95 1·81
Normal PF 1 21·39 86·78 168·6 106·0 1·25 1·68 1·80 1·73
Low SO 0 21·15 85·73 173·1 108·1 1·28 1·71 2·03 1·88
Low SO 1 21·21 87·85 171·4 107·7 1·26 1·68 2·02 1·87
Low PF 0 21·16 85·34 170·7 107·6 1·31 1·78 2·06 1·89
Low PF 1 21·23 86·94 169·0 106·9 1·30 1·72 1·93 1·82
SEM 0·453 2·09 3·82 1·49 0·022 0·038 0·037 0·020
Main effect means
ME level
Normal 21·39 85·40 171·0 106·4 1·24b 1·63b 1·87b 1·77b

Low 21·18 86·47 171·1 107·6 1·29a 1·72a 2·01a 1·86a

SEM 0·226 1·05 1·82 0·746 0·011 0·019 0·020 0·010
Fat source
SO 21·30 86·16 171·9 107·2 1·25 1·64b 1·95 1·82
PF 21·27 85·70 170·3 106·9 1·28 1·71a 1·93 1·81
SEM 0·226 0·984 1·85 0·746 0·011 0·018 0·020 0·010

DSL (g/kg)
0 21·25 84·69 171·4 106·9 1·27 1·68 1·98a 1·83a

1 21·32 87·18 170·7 107·1 1·25 1·67 1·90b 1·80b

SEM 0·226 0·971 1·83 0·746 0·011 0·018 0·020 0·010
Significance
ME level 0·527 0·508 0·998 0·287 0·006 0·003 <0·001 <0·001
Fat source 0·944 0·749 0·562 0·793 0·062 0·023 0·649 0·470
DSL 0·832 0·083 0·796 0·899 0·258 0·629 0·005 0·019
ME × fat 0·926 0·889 0·753 0·750 0·636 0·913 0·520 0·434
ME ×DSL 0·979 0·649 0·687 0·502 0·972 0·233 0·849 0·862
Fat ×DSL 0·964 0·901 0·387 0·384 0·717 0·856 0·014 0·011
ME × fat ×DSL 0·979 0·950 0·395 0·449 0·871 0·567 0·792 0·652

SO, soyabean oil; PF, poultry fat.
a,b Mean values within a column with unlike superscript letters were significantly different (P< 0·05).
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and liver compared with normal ME diet. Moreover, the PF-
containing diets resulted in higher abdominal fat deposition
(P= 0·036) and higher liver weight (P= 0·064) when compared
with SO-containing diets. There was an interaction of dietary ME
and fat sources on abdominal fat percentage (P= 0·048) and a
trend for an ME × fat interaction (P= 0·093) for relative liver
weight.

Blood metabolites

Data for serum metabolites are detailed in Table 7. The main
effects of dietary ME, fat source and DSL supplementation on
serum glucose, TAG, total protein, albumin and globulin were
not significant. Although dietaryME did not influence blood lipid
profile, the broiler chickens fed on the SO-containing diets
showed lower concentrations of CHOL (P= 0·018) and LDL
(P= 0·003) and higher concentration of HDL (P= 0·035) com-
pared with those fed on the PF-containing diets. Moreover,
the DSL supplementation significantly decreased blood concen-
trations of TAG (P= 0·041), while marginally decreasing blood
CHOL (P= 0·057) and LDL (P= 0·049). The two-way interaction

effects of ME × fat, ME ×DSL and fat ×DSL and the three-way
interaction of ME × fat ×DSL were not significant for all blood
parameters.

Gut morphology

Morphological characteristics in the jejunum of broiler chickens
fed the experimental diets are presented in Table 8. Therewas an
interaction between fat sources and DSL supplementation on
VH:CD (P= 0·007) in the jejunum of broiler chickens; addition-
ally, a trend (P= 0·057) was observed for a fat ×DSL interaction
for the CD of the jejunum. However, the main effect of ME, two-
way interaction effects of ME × fat and ME ×DSL and the three-
way interaction of ME × fat ×DSL were not significant for all
morphological parameters. Regarding the main effects of fat
sources, the VH, VH:CD ratio and VSA were lower (P= 0·007,
P< 0·001 and P= 0·029, respectively), whereas CD was higher
(P= 0·060) in broiler chickens fed on the PF-containing diets
compared with in birds fed on the SO-containing diets.
Dietary DSL also increased the VH (P= 0·002) and VH:CD ratio
(P< 0·001) and reduced CD (P= 0·004) in the jejunum.

Table 5. Effects of different levels of metabolisable energy (ME), various
fat sources and de-oiled soyabean lecithin (DSL) supplementation on
nutrient digestibility of broiler chickens at 38 d of age
(Mean values with their standard errors; n 5)

ME
Fat

source
DSL
(g/kg)

DM
digestibility

(%)

Crude
protein

digestibility
(%)

Crude
fat

digestibility
(%)

AMEn

(MJ/kg)

Normal SO 0 79·60 71·94 79·70 12·76
Normal SO 1 80·00 73·68 80·96 13·14
Normal PF 0 79·14 71·94 75·88 12·78
Normal PF 1 80·14 72·62 81·08 13·30
Low SO 0 80·22 69·50 81·50 12·60
Low SO 1 81·16 72·34 81·94 12·82
Low PF 0 79·70 68·56 76·92 12·20
Low PF 1 80·40 71·38 82·12 12·52
SEM 1·220 1·703 1·389 0·203
Main effect means
ME level
Normal 79·72 72·54 79·40 12·99a

Low 80·37 70·44 80·62 12·53b

SEM 0·610 0·852 0·694 0·101
Fat source
SO 80·24 71·86 81·03a 12·83
PF 79·84 71·13 79·00b 12·70
SEM 0·610 0·852 0·694 0·101

DSL (g/kg)
0 79·67 70·49 78·50b 12·59b

1 80·43 72·51 81·53a 12·94a

SEM 0·610 0·852 0·694 0·101
Significance
ME level 0·457 0·091 0·225 0·003
Fat source 0·646 0·543 0·047 0·372
DSL 0·385 0·103 0·004 0·017
ME × fat 0·783 0·863 0·860 0·135
ME ×DSL 0·945 0·506 0·836 0·535
Fat ×DSL 0·917 0·824 0·034 0·679
ME × fat ×DSL 0·809 0·831 0·836 0·945

AMEn, apparent metabolisable energy; SO, soyabean oil; PF, poultry fat.
a,b Mean values within a column with unlike superscript letters were significantly

different (P< 0·05).

Table 6. Effects of different levels of metabolisable energy (ME), various
fat sources and de-oiled soyabean lecithin (DSL) supplementation on
carcass traits* of broiler chickens at 42 d of age
(Mean values with their standard errors; n 5)

ME
Fat

source
DSL
(g/kg) Carcass Breast Legs

Abdominal
fat Liver

Normal SO 0 71·60 27·88 23·86 1·250 2·392
Normal SO 1 73·22 28·99 24·26 1·232 2·277
Normal PF 0 72·14 27·72 25·12 1·579 2·607
Normal PF 1 72·01 27·86 24·67 1·404 2·552
Low SO 0 71·95 27·24 24·64 1·086 2·106
Low SO 1 72·33 27·83 24·08 1·063 2·050
Low PF 0 72·31 27·26 24·32 1·107 2·139
Low PF 1 71·17 26·63 24·48 1·057 2·043
SEM 0·819 0·883 0·621 0·084 0·095
Main effect means
ME level
Normal 72·24 28·11 24·48 1·366a 2·457a

Low 71·94 27·13 24·38 1·078b 2·084b

SEM 0·410 0·442 0·310 0·042 0·047
Fat source
SO 72·27 27·98 24·21 1·158b 2·206
PF 71·91 27·36 24·65 1·287a 2·335
SEM 0·409 0·442 0·310 0·042 0·047

DSL (g/kg)
0 72·00 27·52 24·48 1·256 2·311
1 72·18 27·83 24·37 1·189 2·230
SEM 0·409 0·442 0·310 0·042 0·047

Significance
ME level 0·606 0·172 0·825 <0·001 <0·001
Fat source 0·529 0·328 0·322 0·036 0·064
DSL 0·760 0·632 0·799 0·268 0·239
ME × fat 0·950 0·965 0·371 0·048 0·093
ME ×DSL 0·339 0·607 0·841 0·623 0·948
Fat ×DSL 0·167 0·388 0·941 0·443 0·943
ME × fat ×DSL 0·919 0·920 0·382 0·587 0·711

SO, soyabean oil; PF, poultry fat.
a,b Mean values within a column with unlike superscript letters were significantly

different (P< 0·05).
* The values are expressed as a percentage of pre-slaughter live body weight.
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Discussion

The present results indicate that DSL supplementation had a sig-
nificant interaction with the fat type, and DSL significantly
improved the FCR and fat digestibility of PF treatments, whereas
no significant improvements were observed in the SO treat-
ments. Therefore, it can be said the improvements that can be
made with supplemental DSL are highly dependent on the lipid
source incorporated in broiler chicken diets. Our results agree
with those of Jansen et al.(13) who reported that supplementing
exogenous emulsifier in diets enhanced the apparent digestibil-
ity of SFA to a greater extent than that of UFA in broiler chickens.
Zaefarian et al.(25) also reported a positive effect of lysolecithin
emulsifier at the rate of 3·5 g/kg of diet on digestibility of tallow,
as an SFA source. The improvement in growth performance by
DSL supplementation in the PF group could be related to an
increase in fat digestibility due to the emulsification property
of DSL, as confirmed in the present study. Increased fat digest-
ibility by emulsifier supplementation in broiler chickens was
observed in other studies(2,13). Poultry fat is reported to be less
easy to emulsify by the native bile salts present in the digestive
tract, due to its physicochemical properties(4,26). Dietary emulsi-
fier could enhance the emulsification process, including the sta-
bilisation and clearance of the lipid droplet surface by bile salts,
in such a way that lipase could attach at the interphase(11,12). The
supplemented emulsifier may have also a beneficial role in the

complex equilibriumof adsorption–desorption that is influenced
by amphiphilic molecules, including bile salts, phospholipids
and proteins, existing at the interphase(27). Therefore, it can be
said that these changes induced by exogenous emulsifier could
enhance the uptake of fat across the enterocyte membrane,
resulting in a higher fat bioavailability of the diet.

Several studies have revealed that BW gain and feed effi-
ciency were decreased by feeding low-energy diets, while feed
intake was not affected(2,3). This is similar to our finding that the
ADG was lower and FCR was higher in the low-ME groups than
the normal ME groups, which may be due to the fact that dietary
energy being more easily utilised for chicken growth. Compared
with the SO treatment, a lower ADG and a higher FCR observed
in the PF treatment up to 24 d might be because the amounts of
lipase and bile salts produced by birds are inadequate in the
early growth period(5). Ghasemi et al.(9) also showed that diets
with higher UFA:SFA ratio positively influenced BW gain and
FCR in broiler chickens up to 28 d when dietary oils were sup-
plemented at 50 g/kg. Hence, it can be said that the degree of fat
saturation can affect the growth performance during the early
andmiddle phases of the growth period due to better availability
of energy from UFA.

In the present study, normal ME diets increased the abdomi-
nal fat deposition and liver weight at 42 d, but those values were
lower when SO was used, as indicated by the interaction

Table 7. Effects of different levels of metabolisable energy (ME), various fat sources and de-oiled soyabean lecithin (DSL)
supplementation on blood biochemical parameters of broiler chickens at 42 d of age
(Mean values with their standard errors; n 5)

ME Fat source DSL (g/kg) Glucose TAG CHOL HDL LDL Protein Albumin Uric acid

Normal SO 0 204·8 95·22 108·3 54·90 34·40 2·46 1·32 3·58
Normal SO 1 183·0 85·78 105·7 59·48 29·12 2·56 1·44 4·13
Normal PF 0 199·2 101·40 125·4 49·38 55·68 2·56 1·42 4·49
Normal PF 1 184·6 88·64 108·7 51·04 39·94 2·51 1·30 4·01
Low SO 0 195·4 84·78 103·1 51·00 35·16 2·57 1·54 4·85
Low SO 1 206·2 84·74 100·8 52·08 31·80 2·65 1·39 4·49
Low PF 0 195·2 96·22 119·2 49·06 50·90 2·62 1·52 5·19
Low PF 1 196·2 87·74 107·1 49·64 39·92 2·54 1·41 4·33
SEM 11·70 5·21 6·02 2·94 6·11 0·256 0·186 0·786
Main effect means

ME level
Normal 192·9 92·62 112·0 53·70 39·70 2·52 1·37 4·05
Low 198·3 88·37 107·6 50·45 39·45 2·60 1·47 4·71
SEM 5·85 2·61 3·01 1·46 3·06 0·128 0·093 0·393

Fat source
SO 197·4 87·48 104·5b 54·37a 32·62b 2·56 1·42 4·26
PF 193·8 93·51 114·1a 49·78b 46·61a 2·55 1·41 4·50
SEM 5·85 2·61 3·01 1·46 3·06 0·128 0·093 0·393

DSL (g/kg)
0 198·7 94·42a 114·0 51·03 44·04a 2·55 1·45 4·53
1 192·5 86·58b 105·6 53·06 35·19b 2·57 1·39 4·24
SEM 5·85 2·61 3·01 1·46 3·06 0·128 0·093 0·393

Significance
ME level 0·522 0·257 0·302 0·127 0·939 0·692 0·469 0·242
Fat source 0·671 0·116 0·018 0·035 0·003 0·989 0·937 0·669
DSL 0·463 0·041 0·057 0·349 0·049 0·945 0·644 0·607
ME × fat 0·853 0·749 0·897 0·258 0·637 0·880 0·937 0·780
ME ×DSL 0·155 0·339 0·738 0·585 0·702 0·945 0·617 0·566
Fat ×DSL 0·938 0·435 0·173 0·683 0·304 0·672 0·710 0·493
ME × fat ×DSL 0·611 0·703 0·809 0·773 0·871 0·989 0·612 0·817

CHOL, total cholesterol; SO, soyabean oil; PF, poultry fat.
a,b Mean values within a column with unlike superscript letters were significantly different (P< 0·05).
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between ME level and fat source. Excessive fat deposition is one
of the major problems for the modern poultry industry, as it not
only decreases carcass yield but also causes difficulties in
processing and great waste in the slaughterhouse(28). The lower
abdominal fat deposition was also in line with reduced fat con-
tents of commercial meat cuts in broiler chickens(29), thereby
making the meat more acceptable for human consumption.
Lower abdominal fat percentage found in the broiler chickens
fed on the SO-containing diets compared with those receiving
the PF-containing diets may be attributable to various metabolic
uses of the absorbed dietary fats. It is hypothesised that the in-
fluence of dietary fat on tissue fat deposition may be associated
with the fact that energy from the SFA is less readily used for met-
abolic purposes rather than PUFA and thus accumulates as body
lipid(30). The higher percentage of abdominal fat in the PF-fed
broilers in the present study is also consistent with a higher n-
6:n-3 PUFA ratio in the PF-containing diet (Table 2), possibly
suggesting the elevation of the inflammatory response. It is
reported that a diet high in the n-6:n-3 PUFA ratio leads to an
increase in the endocannabinoid signalling system and related
mediators, which result in the enhanced energy homeostasis
and production of inflammatory mediators(31,32). There are

increasing evidence that inflammatory reactions occurring in
the adipose tissue contribute to greater fat storage in humans(33)

and broilers(34) and appear to be linked to the several metabolic
syndromes(33). Furthermore, the decreased HDL and increased
LDL levels observed in the PF-fed broilers might be attributable
to the presence of metabolically induced inflammation, leading
to higher abdominal adiposity. This notion is also supported by
the evidence that lowering LDL and raisingHDL levels have ben-
eficial effects on inflammation, indicating anti-inflammatory
effects of HDL and/or proinflammatory properties of LDL(35).
Since the liver is the primary site for lipogenic process, higher
dietary energy content could cause excessive TAG deposition
in chicken liver(36). Hence, an enhanced liver weight in normal
ME groupsmay be associated with increased hepatic lipogenesis
activity and PF could aggravate high energy-induced negative
effects on hepatic lipogenesis activity and liver weight.

According to Helkin et al.(37), blood TAG, CHOL, HDL and
LDL are considered as key factors of lipid metabolism balance.
In the present study, higher serum concentrations of CHOL and
LDL and a lower concentration of HDL were found in broiler
chickens fed on the PF-containing diets compared with those
fed on the SO-containing diets. In general, these findings are
consistent with those of recent studies(9,38), which demonstrate
modifications in blood lipid profiles of broiler chickens with
the dietary fat sources differing in their degree of saturation.
The decrease observed in blood TAG concentrations by replac-
ing saturated fats in the broiler chicken diet with unsaturated fats
might be related to a higher level of β-oxidation activity of UFA,
resulting in a higher rate of TAG uptake from the bloodstream
into body tissues(30). This can be attractive to the consumers
as a high PUFA:SFA ratio has positive health benefits for humans,
particularly in protection against CVD(39).

In the present study, serum concentrations of TAG and CHOL
were decreased by dietary DSL, which is consistent with other
studies that have shown that soyabean lecithin has TAG and
CHOL-lowering capacity in rats(40) and humans(41). The changes
in serum lipid composition in the present study showed that
DSL could improve the efficiency of the lipid utilisation in broiler
chickens. Tompkins and Parkin(42) declared that the long-term
ingestion of soya phospholipids by humans could decrease serum
TAG concentration via increasing hepatic lipoprotein lipase activ-
ity, resulting in an improved lipid metabolism status in the liver
and consequently lower TAG levels in serum. This mechanism
may be due to the faster rate of clearance of chylomicrons from
the blood and slower rate of its secretion into the blood.
However, further studies are required to investigate
themechanismof an emulsifier affecting serummetabolite profile.

Intestinal morphology, including VH and CD as well as the
VH:CD ratio are indicators of gut(43). Villi are the most likely sites
of nutrient absorption and increased VH and VH:CD ratio are
directly related to higher digestion and absorption(43).
Morphological analysis indicates that DSL was effective in PF-
containing diets, minimising the adverse effect of a higher quan-
tity of NEFA from PF on jejunal VH:CD ratio. This suggests that
the potential effects of DSL on intestinal morphology depend on
the degree of saturation of lipid incorporated into broiler chicken
diets. An explanation could be that DSL supplementation acts

Table 8. Effects of different levels of metabolisable energy (ME), various
fat sources and de-oiled soyabean lecithin (DSL) supplementation on
jejunum morphology of broiler chickens at 42 d of age
(Mean values with their standard errors; n 5)

ME
Fat

source
DSL
(g/kg) VH VW CD VH:CD VSA

Normal SO 0 1535 174·4 317·5 5·41 0·842
Normal SO 1 1564 171·6 292·4 5·45 0·844
Normal PF 0 1407 166·7 353·5 4·01 0·729
Normal PF 1 1577 166·1 313·2 5·22 0·830
Low SO 0 1510 184·2 299·0 5·07 0·885
Low SO 1 1596 173·3 306·6 5·36 0·868
Low PF 0 1383 159·4 327·4 4·23 0·691
Low PF 1 1492 168·9 285·3 5·33 0·826
SEM 43·58 9·31 11·94 0·254 0·058
Main effect means
ME level
High 1521 169·7 319·1 5·02 0·811
Low 1495 171·4 304·5 4·99 0·817
SEM 22·19 4·65 5·97 0·127 0·029

Fat source
SO 1551a 175·8 303·9 5·32a 0·860a

PF 1463b 165·3 319·8 4·70b 0·769b

SEM 22·19 4·65 5·97 0·127 0·029
DSL (g/kg)
0 1459b 171·1 324·3a 4·68b 0·787
1 1558a 170·0 299·3b 5·34a 0·841
SEM 22·19 4·65 5·97 0·127 0·029

Significance
ME level 0·417 0·792 0·086 0·875 0·883
Fat source 0·007 0·110 0·060 <0·001 0·029
DSL 0·002 0·857 0·004 <0·001 0·180
ME × fat 0·361 0·546 0·142 0·287 0·508
ME ×DSL 0·982 0·944 0·362 0·848 0·922
Fat ×DSL 0·194 0·393 0·057 0·007 0·129
ME × fat ×DSL 0·344 0·492 0·309 0·606 0·751

VH, villus height (μm); VW, villus width (μm); CD, crypt depth (μm); VH:CD,
villus height:crypt depth; VSA, villus surface area (mm2) = 2π × (VW/2) ×VH;
SO, soyabean oil; PF, poultry fat.
a,b Mean values within a column with unlike superscript letters were significantly

different (P< 0·05).
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as an emulsifier, thereby enhancing the formation of micelles
and fat absorption in the intestine of broiler chickens fed on
the saturated fat-containing diets(13). Higher fat absorption might
decrease fermentation in the small intestine, leading to lower villi
surface damage and consequently better growth perfor-
mance(44). Previous studies showed different results due to the
addition of emulsifier supplementation to animal diet. For exam-
ple, Boontiam et al.(17) reported that the VH, CD and VH:CD ratio
in the broiler jejunumwere improved as the result of supplemen-
tation with lysophospholipid (0·5, 1 and 1·5 g/kg); but with
respect to the duodenal morphology, only CD was decreased
by lysophospholipid. Alzawqari et al.(19) also showed linear
increases in VH, VSA and VH:CD ratio in the jejunum and ileum,
but no morphological changes in the duodenum by feeding
desiccated ox bile to broilers. In another study, Mitchaothai
et al.(44) showed no significant influence of dietary lecithin on
morphological characteristics in the three different sites of the
small intestine in young wild pigs. In the present study, the
longer villi and VH:CD ratio of the jejunum observed in
the DSL-fed broiler chickens indicates an increased nutrient
absorption for optimal growth and production.

Themorphological characteristics of intestinal mucosa can be
modified by the metabolic activities of the intestinal microflora
that have important consequences for human and animal health
and well-being(45). With regard to the influence of dietary fat
source, it is reported that consuming SFA source instead of
UFA source led to a higher value of pH in the intestinal contents
and increased levels of pathogenic bacteria, which results in
intestinal tissue destruction(46).

In conclusion, the low-ME diets negatively affected growth
performance but had no significant effects on blood metabolites
and gut morphology. In contrast, the dietary fat types, SO or PF,
had no effect on the overall performance of broiler chickens but
influenced abdominal fat deposition, fat digestibility, serum lipid
concentrations and jejunum morphology. Dietary DSL supple-
mentation could promote feed efficiency and gut health when
applied to broiler chicken diets containing saturated fat source
such as PF, probably due to increasing its utilisation efficiency
and consequently increasing its ME. However, the inclusion
of 0·1 % DSL to the low-energy diet could not exert an extra
beneficial effect in terms of growth performance and physiologi-
cal traits.
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