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The addition of lysolecithin to broiler diets improves growth performance across
fat levels and sources: a meta-analysis of 33 trials

A. L. Wealleans(®, M. Jansen and M. di Benedetto
Kemin Animal Health and Nutrition, Herentals, Belgium
ABSTRACT ARTICLE HISTORY

1. This study aimed to quantify the effect of fat type (including unsaturated to saturated ratio (U:S)) Received 14 January 2019
and increasing doses of lysolecithin-based products on nutrient availability and growth performance Accepted 2 August 2019

in broiler chickens. KEYWORDS
2. A total of 33 separate experimental reports were collated according to predetermined selection Broilers: emulsifiers:
criteria to provide 16 performance trials with ‘on top’ application, and 17 performance trials using lysolecithin; performance

reformulated diets, where the contribution of the lysolecithin was taken into account. Data on
average daily gain (ADG) and body weight corrected FCR (FCRc) were analysed using the REML
method with trial as a random effect.

3. Across the constituent trials, average added dietary fat and oil inclusion was 4.42% (min 1.15%, max
7.00%), with varied U:S ratio (min 0.94, avg 2.50, max 7.65), reflecting diverse fat sources. Overall,
neither bird growth performance nor response to lysolecithin supplementation were significantly
affected by the U:S ratio of the diets.

4. In performance trials where lysolecithin was added ‘on top’ of existing formulations, FCRc was
significantly reduced by lysolecithin at 250 g/t inclusion compared to the control, with 125 g/t
returning an intermediate value. In reformulated trials, FCRc was not significantly affected, suggesting
lysolecithin supplementation at 125 and 250 g/t could recover average dietary energy reductions of
57.88 and 73.11 kcal/kg feed, respectively.

5. In conclusion, this study showed that the addition of lysolecithin at levels of 125 g/t and above to
broiler diets consistently improved feed efficiency across a range of basal dietary ingredients and fat
sources.

Introdution These improvements in bird performance can be attrib-
uted in part to the ability of lysolecithin to enhance the
emulsification of fats (Sugawara et al. 2001; Liu and Ma
2011), creating smaller droplet sizes to allow for more effi-
cient lipase activity. Lysophospholipids are known to alter
phospholipid bi-layers of intestinal cells, inducing local cur-
vature of bilayers (Wendel 1995; Mandalari et al. 2009) and
alterations in protein channel formation, hence increasing
ion exchanges (Lundbaek and Andersen 1994; Maingret et al.
2000), and thus increasing the fluidity and permeability of
the membrane. There are documented effects of lysolecithin
supplementation on gut microbiota, integrity and gene
expression: Polycarpo et al. (2016) found reduced levels of
gram-positive cocci in the jejunum, which has been
explained as a combination of direct disruption of the bac-
terial cell membrane (Arouri and Mouritsen 2013) and
reduced fat available for bacterial growth in the lumen.
Brautigan et al. (2017) saw increased expression of collagen-
coding genes, along with increased villi collagen cross-
linkages and height.

While there is published data available on the effect of
lysolecithin on broiler performance, these studies have lar-
gely examined the effect of ‘on top’ supplementation, where
improved performance is expected. In commercial practice,
meanwhile, it is common to apply energy reductions when
supplementing diets with fat sources, such as lysolecithin, in
order to maintain bird performance at reduced cost. To date,
few scientific studies have compared the application of

Fat inclusion in broiler diets provides a concentrated energy
source, allowing for increased growth rates and feed conver-
sion efficiency (Pesti et al. 2002) while improving feed
milling processes. At the same time, fat digestion is poor in
immature birds, due to a lack of lipase activity and bile salts
production (Maisonnier et al. 2003), though both lipase
activity and bile salts production is known to increase as
the bird ages (Hakansson 1974; Noy and Sklan 1995). Fat
utilisation can be improved through the supplementation of
bile salts (Al-Marzooqi and Leeson 1999), though this is not
economically viable. Therefore, the use of biosurfactants
such as phospholipids, lecithins and lysolecithins (Polin
1980; Soares and Lopez-Bote 2002) is of practical and com-
mercial interest.

Lysolecithins are produced by an enzymatic conversion of
lecithin, which is a phospholipid by-product from the pro-
cessing of vegetable oils (Van Nieuwenhuyzen and Tomas
2008). When compared with lecithin, lysophospholipids are
more hydrophilic, have better oil-in-water emulsifying prop-
erties (Joshi et al. 2006; Liu and Ma 2011) and therefore, are
more able to improve the digestion of fats and oils. Previous
research with lysolecithin in broiler diets has demonstrated
improved weight gain and feed conversion ratio (FCR)
(Zaefarian et al. 2015; Zampiga et al. 2016; Allahyari-Bake
and Jahanian 2016), while others have reported increases in
apparent metabolisable energy (AME) (Melegy et al. 2010;
Jansen et al. 2015).
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lysolecithins on standard poultry diets with reformulated
diets, where fats and oils have been reduced or substituted.
Therefore, the aim of this study was to evaluate the efficacy
and consistency of lysolecithin to improve performance in
standard or reformulated broiler diets across a large dataset
of published trials.

Materials and methods

All experiments were conducted in accordance with all rele-
vant institutional and national animal care guidelines at each
participating experimental station. The commercial lysole-
cithin (LCL) products used in all studies were either
Lysoforte® Dry (Kemin Animal Nutrition and Health, Des
Moines, IA) or Lysoforte® Booster Dry (Kemin Animal
Nutrition and Health, Des Moines, IA). To account for
differences in product composition, dose in feed was con-
verted into the equivalent dose of lysolecithin (g LCL/tonne
feed).

Animal trials

From the available trial reports, data from 33 separate world-
wide experiments were collated to assess to efficacy of lyso-
lecithin-derived biosurfactants in broiler diets on growth
performance (Table 1). The following selection criteria
were used, as per Wealleans et al. (2015), whereby trials
must have included: (a) parallel control treatment, (b) appro-
priate level of replication per treatments, and (c) there were
no unreliable parameters (disease or husbandry challenge,
high mortality, etc). The lysolecithins must have been fed for
the entire study period, and the inclusion rates reported, and

Table 1. Experimental design of trials used in the analysis.

the study period must have started at hatch and lasted until
a commercially relevant slaughter age (=35 days).
Bodyweight gains and feed intakes must have been recorded
throughout the whole trial period (initial and final weights,
total feed intake per pen), and information must have been
available on dietary fat/oil type and inclusion, diet density
(kcal/kg) and the cereal base of the diet.

Within each study, information on year, location, repli-
cate number and size and diet was recorded for each treat-
ment mean used. Experimental design parameters of the
constituent trials in this analysis is presented in Table 1. To
standardise dietary information, diet density, inclusion level
and the U:S ratio of added fats were calculated based on diet
composition from each trial. Diet density categories was
determined from the finisher diet, as follows: diets with
energy <3100 kcal/kg were assigned a density category of 1,
diets with 3100 to 3200 kcal/kg were assigned a density
category of 2, and diets with >3200 kcal/kg were assigned
a density category of 3.

Treatment means from 33 separate performance trials
across a range of husbandry conditions from 13 different
countries were collated in a database, providing 66 means
across three lysolecithin inclusion levels (0, 125 and 250 g
LPL/t feed) and diet types. Of these, 16 were ‘on top’ trials
and 17 used reformulation protocols. Reformulation proto-
cols differed between studies, but largely applied reductions
in metabolisable energy through the reduction of added fat to
the experimental diets. Differences in added fat between the
control and supplemented diets for reformulation trials are
shown in Table 1.

To account for differing study lengths, bodyweight gain
and feed intake were expressed as average daily gain (ADG)

Dietary added fat removed in

Trial design Trial ~ Study year Study location Replicates/treatment  Birds/treatment  Trial duration  Diet density’ reformulation, %

On top 1 2005 Australia 6 48 42 2 -
2 2005 Australia 6 48 42 2 -
3 2007 Australia 6 48 42 2 -
4 2007 Australia 6 48 42 2 -
5 2011 Poland 10 80 42 2 -
6 2011 Taiwan 8 80 40 1 -
7 2012 Romania 10 80 42 2 -
8 2013 us 7 350 42 3 -
9 2013 us 7 350 42 2 -
10 2013 us 7 440 38 2 -
1 2014 Greece 10 200 42 2 -
12 2014 New Zealand 8 120 35 2 -
13 2016 Greece 8 136 42 2 -
14 2016 Greece 8 136 42 2 -
15 2016 Romania 8 72 42 1 -
16 2017 UK 10 350 42 1 -

Reformulation 17 2010 Philippines 4 14 300 35 3 55
18 2011 Poland 10 80 42 2 117
19 2011 Taiwan 8 80 40 2 62
20 2012 Romania 10 80 42 3 53
21 2013 Netherlands 3 3000 41 2 40
22 2013 Russia 5 245 000 41 2 45
23 2014 Greece 10 200 42 2 66
24 2014 Lebanon 3 4845 36 2 30
25 2014 Lebanon 3 5100 37 2 30
26 2014 Lebanon 33 5100 36 2 41
27 2014 New Zealand 8 120 35 3 100
28 2015 Greece 5 25 000 41 2 42
29 2016 Greece 8 136 42 2 80
30 2016 Greece 8 136 42 2 80
31 2016 Romania 8 72 42 2 80
32 2016 Thailand 5 30 42 2 100
33 2017 UK 10 350 42 3 100

'Dietary density categorised as follows: diets with energy <3100 kcal/kg were assigned a density category of 1, diets with 3100 to 3200 kcal/kg were assigned
a density category of 2, and diets with >3200 kcal/kg were assigned a density category of 3.



and average daily feed intake (ADFI). To calculate ADFI, feed
added and wastage (as reported) was recorded daily through-
out the experimental period. Feed efficiency (FCR) for each
individual mean was standardised at 2.5 kg body weight
(FCRc), as per the Aviagen guidelines using the equation:

FCR standardised to 2.5kg BW (FCRc)
_ ADG 2500 — Final BW,g

~ ADFI 4500

Energy recovery by lysolecithin-supplemented birds was cal-
culated by assigning a 30 kcal (assuming an average dietary
energy density of 3000 kcal/kg) value to every point differ-
ence in FCR between control and supplemented treatment
means from the same trial, as per the following equation:

Energy recovered by LCL =
((FCRc control — FCRc treatment) x 3000)

In all cases, the experimental diets were provided ad libitum
throughout the experimental period. Birds were fed treat-
ment diets from day of hatch until slaughter. All birds were
monitored daily for abnormalities and clinical signs of sick-
ness as well as the availability of feed and water. Dead birds,
when they occurred, were recorded and mortality was calcu-
lated by subtracting the number of birds at the end of the
experiment from the number of birds at the beginning of the
experiment. Mortality was expressed both as an absolute
number and as a percentage.

Statistics

To understand the dataset, an initial round of descriptive sta-
tistics was undertaken. Outlier removal was conducted using
jackknife distances (Tukey 1958; Miller 1974): data rows where
the jackknife distances for the multidimensional mean of
improvements in body weight change and feed intake were
more than 2.5 SD were excluded from the data set. However,
no data fulfilled these criteria and therefore all available data was
included in the analyses. The experimental unit was considered
to be treatment means from individual studies.

To quantify the effect of lysolecithin dose on parameters of
interest, performance data were analysed using the REML
method; trial was considered as a random effect, as this
accounted for the underlying heterogeneity between studies
(Lean et al. 2009). The distribution of random effects and
residual errors was assumed to be normal in all models.
Means separation was achieved using Tukey’s honest signifi-
cant difference test in the Fit Model platform of JMP 13 (SAS
Inst. Inc., Cary, NC) and significance was determined at
P < 0.05. Probability levels of P < 0.1 was taken to represent
a near-significant trend.

Results

Across the whole dataset, the average added fat content in
control diets was 4.42%, as shown in Table 2. In trials with-
out reformulation, the average added fat content of the diets
ranged from 1.15 to 5.60%, with an average of 3.99%. In the
reformulated diet trials, the average control diet contained
5.05% added fat, with a range from 2.50 to 7.00%, while the
reformulated diets had 3.7% added fat - a difference of
1.35%. Reductions in added fat in the reformulated diets
ranged from 0.5 to 2.64%. Overall, average added fat in the
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Table 2. Dataset descriptions for trials used in this analysis.

On Top Reformulation
N trials, total 16 17
Dietary Main Grain, N trials
Corn/Soya 6 7
Wheat/Corn/Soya 6 7
Complex’ 1 2
Wheat/Soya 3 1
Fat Source, N trials
1 (Tallow, Palm) 6 5
2 (Poultry, Animal) 4 1
3 (Vegetable Qils) 2 7
4 (Blends) 4 4
LCL dose, N treatment means
125 g/t 5 8
250 g/t 11 9
% added fat, control diets
Mean 3.99 4.19
Min 1.15 2.50
Max 5.60 7.00
U:S ratio, control diets
Mean 2.21 3.57
Min 0.94 0.89
Max 5.01 7.65
Energy reduction between control and supplemented diets, kcal
Mean 0 65.94
Min 0 30
Max 0 117

'Complex diets consist of 4 or more basal dietary ingredients in the formulation

reformulated diets was 4.19%. Similarly, the ratio of U:S in
added fats in the control diets ranged from 0.94 to 7.65. A U:
S ratio of 0.94 was representative of a diet containing only
tallow or palm oil as a source of added fat, while a U:S ratio of
7.65 was representative of a diet containing sunflower oil as
a source of added fat. Overall, neither ADG or FCRc were
significantly affected by either U:S ratio (ADG P = 0.8627;
FCRc P = 0.1158) or dietary added fat (ADG = 0.3620; FCRc
P =0.1855).

The main effects of LCL supplementation on broiler per-
formance are shown in Table 3. Lysolecithin supplementation
had no significant effect on ADG or ADFI in ‘on top’ trials.
However, lysolecithin supplementation at any dose resulted in
reductions in FCRc in 68.75% of the ‘on top’ trials. The average
reduction in FCRc was 2.15 points. These findings were in line
with the qualitative analysis, where LCL at 250 g/t significantly
reduced FCRc compared to unsupplemented birds (1.599 for
the control vs. 1.576 for 250 g/t LCL; P < 0.05) while LCL at
125 g/t tended to reduce FCRc compared to the control. These
improvements in FCRc were calculated to be equivalent to
52.73 and 69.79 kcal/kg diet for 125 g/t and 250 g/t, respec-
tively. There were no significant effects of U:S ratio on BW
(P = 0.1564), FCRc (P = 0.5029), or energy recovery
(P = 0.5029) response to overall lysolecithin supplementation
when applied on top on existing diet formulations.

For reformulated trials, there were no significant effects of
LCL supplementation on any of the measured performance
parameters, though there was a tendency for average daily
gain to be reduced in LCL supplemented birds compared to
the control (-0.48 g/day for 125 g/t LCL, -0.95 g/day for
250 g/t LCL; P < 0.1). There was a significant increase in
calculated energy recovery with both doses of LCL
(60.17 keal for 125 g/t LCL, 52.98 kcal for 250 g/t LCL),
although this was less than the average dietary energy reduc-
tion of 57.88 and 73.11 kcal applied, respectively. However,
the lack of significant difference in FCR between treatments
in reformulated diets indicated that birds supplemented with
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Table 3. Effect of lysolecithin supplementation on whole life growth performance in broiler chickens.

ADG, g ADFI, g FCR FCRC' Energy Recovered, kcal
On Top 0gLCL/t 63.59 100.36 1.623° 1.599° 0.00°
125 g LCL/t 64.22 109.86 1.608%° 1.5812° 52.73%
250 g LCL/t 63.72 99.38 1.601° 1.576° 69.79°
SEM 2.263 4333 0.031 0.034 16.629
P-value 0.3784 0.2031 0.0273 0.0516 0.0446
Reformulation 0gLCL/t 61.97 103.06 1.672 1.672 0.00°
125 g LCL/t 61.49 101.83 1.669 1674 60.17°
250 g LCL/t 61.02 102.37 1671 1.680 52.98°
SEM 1.924 2,947 0.026 0.040 12653
P-value 0.0672 0.3649 0.956 0.7099 0.0208

2byalues within a column sharing superscripts are not significantly different at P < 0.05

"FCRc = FCR standardised to 2.5 kg BW

LCL at 125 and 250 g/t recovered performance despite the
energy reductions used.

Discussion

In this study, data were combined from 33 performance trials
to assess the effects of lysolecithin supplementation on broiler
growth performance. When lysolecithins at 125 and 250 g/t
were applied on top of standard diets, significant responses
were consistently seen in FCR standardised at 2.5 kg final BW
(FCRc), as shown in Figure 1. However, the magnitude of
effect on FCR following on top supplementation with lyso-
phospholipids varied between studies, ranging from 8 points
in reduction to a 4 point increase vs. an unsupplemented
control. This variation was in line with the response seen in
other published studies (Chen et al. 2019; Jansen et al. 2015;
Zaefarian et al. 2015), and is likely due to the inherent varia-
bility in growth response to nutritional additives. Even when
assessing much larger datasets than currently presented, mod-
els quantifying factors responsible for bird response to phytase
enzyme addition could only account for 64-72% of total
variation (Rosen 2006). By assessing the wider dataset,

250 g/t LCL, U:S0.94

overarching trends can be seen in the ability of LCL supple-
mentation to reduce FCR in broilers. This was in line with the
findings of Zampiga et al. (2016) and Melegy et al. (2010), who
reported 2% and 5% improvements in FCR, respectively,
when supplementing LCL on top of existing formulations.
Similarly, in reformulated diets, where the aim of supplemen-
tation was to recover the reduction in energy between the
standard control and the reformulated diet by lysolecithin
supplementation, there were no significant effects of treatment
on growth performance. These results agree with the findings
of Papadopoulos et al. (2018), who found that supplementa-
tion with 250 g/t LCL in feed could maintain broiler perfor-
mance in diets that had been reduced by 64.5 kcal ME/kg -
a similar energy reduction to the average applied in this
analysis’ constituent trials. Chen et al. (2019) found that
there were significant growth responses to supplemental LCL
at 250, 500 and 750 g/t, but the results did not show a clear
linear dose response.

Surprisingly, and in contrast to previously published
literature (Jansen et al. 2015) there was no statistical link
in this dataset between the type of dietary fat or oil used
and the growth response to the addition of lysolecithin. In

250 g/t LCL, U:S0.94
250 g/t LCL, U:S0.94

125 g/t LCL, U:S 0.94

250 g/t LCL, U:S 1.03
125 g/t LCL, U:S 1.51
125 g/t LCL, U:S 2.06
125 g/t LCL, U:S 2.39
125 g/t LCL, U:S 2.39
250 g/t LCL, U:S 2.39
250 g/t LCL, U:S 2.47
250 g/t LCL, U:S 3.20
250 g/t LCL, U:S 3.20

250 g/t LCL, U:S 5.01
250 g/t LCL, U:S 5.01

Random Effects Model

r T T T

-18 -16 -14 -12 -10

T

-8

T T T T T T 1

6 4 -2 0 2 4 6 8

Point Change in FCRc due to LCL supplementation

Figure 1. Forest plot demonstrating the effect of on top lysolecithin supplementation in broiler diets on FCR standardised at 2.5 kg BW.



addition, the U:S ratio had little influence on the magnitude
of response to LCL supplementation, particularly when
applied on top of existing diets. This finding was supported
by Khonyoung et al. (2015), who reported no significant
interactions between lysolecithin supplementation and fat
source. Similarly, Zhang et al. (2011) found no significant
interactions between fat sources (soybean oil, tallow and
poultry fat) and lysophosphatidylcholine on nutrient
digestibility in broilers. Conversely, Jansen et al. (2015),
found that improvements in nutrient digestibility following
LCL supplementation were highly dependent on fat source,
and greater in feeds containing higher levels of saturated
fats. In Jansen et al. (2015) the fats studied were pure soy oil
and pig fat. Under experimental conditions, where the
quality of the feed ingredients is good, digestibility and
energy values of these purified fat sources is largely deter-
mined by the U:S ratio and highly saturated fat sources are
considered to be less digestible and less energetically avail-
able by animals (Zhang et al. 2011; Wiseman and Salvador
1991). By contrast, the current dataset contained trials in
which the effect of LCL in diets formulated with diversified
fat sources was assessed, including multiple studies with
acid oils. In general, acid oils have high U:S ratios but,
given their chemical composition, are poorly digested by
animals. In addition, in this analysis, only two trials where
LCL was applied ‘on top’ contained vegetable oils, which
typically have a high U:S ratio, potentially restricting assess-
ment of a response. Given the contradictions in the litera-
ture and in this analysis, it is clear that the relationship
between lysolecithin supplementation and dietary fat source
and U:S ratio has not been conclusively described and
merits further research.

A number of authors have found significant differences in
AMEn between animal fats and soybean oil (Jansen et al. 2015;
Zaefarian et al. 2015; Zhang et al. 2011), and have associated
this with differences in the degree of saturation between the fat
types (Wiseman and Salvador 1991). However, when looking at
the effect of fat saturation on performance, Firman et al. (2008),
among others, reported few statistical differences between fat
sources. This was more in line with the results of the current
work, where the U:S ratio of the diet had little impact on
performance or calculated energy recovery from the diets.

In conclusion, this study used information from a large
underlying dataset to show that the addition of lysolecithin at
125 g/t and above to broiler diets could consistently improve
growth performance across a range of husbandry conditions,
basal cereals and fat sources. Improvements can be in the
region of up to 70 kcal/kg equivalent of energy recovered in
feed compared to unsupplemented birds, depending on the
circumstance. When applied on top of a standard diet for-
mulation, LCL can improve feed efficiency up to the limit of
the genetic potential of the bird, whilst, when applied along-
side energy reductions, maintains growth performance.
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