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Simple Summary: The exogenous enzymes and emulsifiers have the potential to produce more
energy from fat and improve its utilization and absorption by poultry birds. Therefore, the main
goal of this study is to investigate the effects of ditary supplementation of lipase and lysolecithin on
growth performance, nutrient digestibility, and meat quality parameters of broilers chicken fed low
energy diet. From our findings, the supplementing 0.08% lipase and lysolecithin with a low-energy
diet could exhibit better growth performance and meat quality of broilers. Moreover, lipase and
lysolecithin alleviate the negative effect of low energy in broilers

Abstract: This study aimed to investigate the effect of dietary lysolecithin (LYSO) and lipase supple-
mentation on productive performance, nutrient retention, and meat quality of broiler chicken fed a
low energy diet. For this purpose, a total of 360 chicks were randomly alienated into six treatments,
having six replicates (no = 10) birds each replicate. The dietary treatments were followed as control
(CON fed as normal energy diet), LE (CON—100 kcal/kg from BD. basal diet), LIP 0.04 (LE + 0.04%
lipase), LYSO 0.04 (LE + 0.04% lysolecithin), LIP + LYSO 0.04 (LE + 0.04% lipase and lysolecithin), and
LIP + LYSO 0.08 (LE. + 0.08% lipase and lysolecithin). The birds fed with LIP + LYSO 0.04 exhibited
higher weight gain than LYSO 0.08 and CON (p < 0.05), and higher feed intake (F.I.) was also observed
in LIP + LYSO 0.04 than CON. However, lipase and emulsifier dietary effects were non-significant
on FCR. (p > 0.05). Effects of experimental diets on dry matter (DM), crude protein (CP), and fat
digestibility were also non-significant (p > 0.05). Similarly, the blood biochemical profile (total choles-
terol, triglycerides, LDL, HDL) of the broiler showed no significant difference (p > 0.05) by dietary
treatments. Similarly, liver enzymes, AST and A.L.T., were also not statistically significant (p > 0.05)
among all dietary treatments. Similarly, supplementation of LIP and LYSO had a non-significant
(p > 0.05) effect on breast meat fatty acids composition. Conclusively, adding LIP + LYSO 0.08 to a
low energy diet could demonstrate better growth performance and reduce the negative impact of a
low-energy diet.

Keywords: lysolecithin; lipase; production performance; nutrient retention; fatty acid profile; broiler

1. Introduction

In modern poultry feed formulation practices, fat addition is one of the most common
strategies to fulfill broilers’ high energy demand, as fat provides almost double the energy
compared to carbohydrates and proteins. Two types of oil sources, i.e., vegetable oils and
animal fats, are used in commercial broiler diets to improve dietary energy and hence the
growth performance of broilers [1,2]. However, increasing dietary oil levels can adversely
affect digestibility [3,4], particularly in young broiler chickens [5]. The poor digestibility of
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fats in young broilers is due to the poor duodenal secretion of lipase and reduced synthesis
of bile salts [6–8]. The physiological limitations of utilizing fats in broilers can be overcome
by adopting endogenous and exogenous strategies. First, emulsifier supplementation (bile
salts, lysolecithin, or lysophospholipid-ids) can improve lipid digestibility by increasing the
active surface of lipid droplets and stimulating micelle formation [9–11]. Second, exogenous
lipase might be incorporated into poultry feed to enhance fat digestion [12]. Low-density
diets of broilers containing exogenous enzymes have been found to exert positive effects
on growth performance [13,14].

The dietary addition of lysophospholipids improves weight gain, nutrient digestibility,
and better economics in broilers [15]. Moreover, lysolecithin, an addition to the broiler diet,
also improved nutrient and energy utilization in young broilers [16]. Additionally, soy-
lecithin alone or in combination with lipase improves broilers’ weight gain and antioxidant
capacity [17]. Other researchers [9,18,19] also found positive effects of feeding diets con-
taining emulsifiers in broilers with low-energy diets. Previous studies have also reported
feeding diets containing emulsifiers with improved performance in broilers. Contrary to
this, ref. [20] has noticed no significant effect on the growth performance of broilers after
supplementation of low energy density diet with emulsifier and lipase. Similar observa-
tions were also indicated by [21–24] after the addition of lipase and emulsifiers either in
combination or alone in broilers. After feeding low energy diets with emulsifiers, improved
dry matter and crude protein digestibility were observed in broilers [24]. However, ref. [25]
stated that supplementation of lipase increases the growth performance of broilers fed low
energy diets. However, ref. [26] observed no effect of high energy diet on blood serum
parameters. Besides, ref. [26–28] reported that high energy diets and low-energy diets had
non-significant effects on blood serum parameters and meat quality parameters of breast
and thigh meat, such as pH and water-holding capacity (WHC), respectively.

As there is a paucity of data regarding emulsifier and/or lipase supplementation in
broiler diets, the purpose of this study was to explore the effect of supplementing lipase
and emulsifier with low dietary energy on broiler growth performance, blood profile, and
breast meat fatty acid profile.

2. Materials and Methods
2.1. Experimental Design and Feeding Management

The proposed experimental trial was conducted at the Poultry Experimental Station,
Department of Animal Nutrition, Sindh Agriculture University, (SAU), Tandojam, Pakistan.
All the methods and protocols were approved by the animal care and ethics committee
of SAU, Tandojam, Pakistan. A total of 360 one-day-old chicks were randomly assigned
to six treatment groups, with each replicate containing ten birds. Two-phase diets were
formulated, i.e., starter (0–21 days) and finisher (22–35 days). The dietary treatments were
as follows: control (CON fed as normal energy diet), L. (CON—100 kcal/kg from B.D.,
basal diet), LIP 0.04 (LE + 0.04% lipase), LYSO 0.04 (LE + 0.04% lysolecithin), LIP + LYSO
0.04 (LE + 0.04% lipase and lysolecithin), and LIP + LYSO 0.08 (LE + 0.08% lipase and
lysolecithin). The experimental shed was cleaned and disinfected before the arrival of
the chicks. The trial was conducted on a wood shaving-covered floor; temperature was
maintained during the first week at 34 ◦C and gradually declined at 2 ◦C every week until
it reached 24 ◦C. Initially, 23 h lighting and one-hour darkness was provided, followed by
23, 21, 19, and 18 h lighting for the 2nd, 3rd, 4th, and 5th week, respectively. The birds were
provided ad-libitum access to feed and water. The ingredient composition, calculated level,
and analyzed value of experimental diets are presented in Table 1.

2.2. Growth Performance

The growth performance of birds was recorded by measuring their body weight at
days 21 and 35 on a replicate basis. Feed intake (F.I.) and feed conversion ratio (F.C.R.) were
calculated.
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Table 1. Ingredient and nutrient composition of experimental diets for broiler chicks (as-fed basis).

Items Phase 1
(d 1 to d 21)

Phase 2
(d 22 to d 35)

CON 1 LE 2 CON 1 LE 2

Ingredients, %
Maize 45.50 45.50 60.00 61.00

Rice Polish 5.53 7.61 1.31 2.89
Soybean meal, 45% CP 39.70 39.40 29.93 29.14

Soy oil 4.80 3.00 4.80 3.00
Limestone 1.11 1.18 0.75 0.74

Di-calcium phosphate 1.90 1.87 1.73 1.73
Sodium chloride 0.37 0.38 0.39 0.39

Sodium bicarbonate 0.06 0.06 0.08 0.08
L-Lysine Sulphate 0.42 0.38 0.48 0.49

DL-Methionine, 98% 0.38 0.39 0.32 0.33
L-Threonine 0.13 0.13 0.11 0.11

Vitamin and mineral premix 3 0.10 0.10 0.10 0.10
Calculated nutrient composition (%)

ME (Kcal/Kg) 2900 2800 3100 3000
Crude protein% 22 22 19 19
Ether extract% 7.53 6.04 7.38 5.85

Calcium% 0.99 0.99 0.85 0.85
Available Phosphorous% 0.45 0.45 0.42 0.42

Analyzed nutrient composition (%)
Dry matter 90.52 89.76 89.91 90.63

Crude Protein 22.35 22.15 19.55 19.31
Ether Extract 7.89 6.24 7.54 6.32

Ash 4.23 4.55 4.31 4.66
1 Basal diet, 2 Low energy, 3 Nutrient level of premix (per kg diet): vitamin A, 15,000 IU; vitamin D3, 5000 IU;
vitamin E, 40 mg; vitamin K, 3 mg; vitamin B1, 3 mg; vitamin B2, 12 mg; vitamin B3, 60 mg; vitamin B5, 15 mg;
vitamin B6, 4 mg; Biotin, 0.2 mg; Folic acid, 3 mg; vitamin B12, 0.03 mg, choline 1850 mg, Iron, 25 mg; copper,
15 mg; zinc, 100 mg; manganese, 110 mg; iodine, 1 mg; selenium, 0.4 mg, CON = control; LE = low energy.

2.3. Nutrient Digestibility

On their 32nd day of age, three birds per replicate were transferred to a separate pen
for excreta collection. Birds were given a one-day adaptation period. Fecal excreta samples
were collected for three days in a row, from the 33rd to the 35th. The feces excreta were
dried in an oven at 65 ◦C for 72 h over two days. The dried fecal samples were ground, and
the nutritional digestibility was determined. The apparent nutrient digestibility coefficients
were calculated using a method developed by [29].

Digestibility% = (Nutrient intake − Nutrient excreted)/(Nutrient intake) × 100

2.4. Meat Quality Parameters

After slaughtering, breast and thigh meat samples were collected and stored at 4 ◦C.
For the estimation of pH, 1.5 g of grinded meat was taken and homogenized in 10 mL of
water. The triplicate readings of each sample were assessed using a pH meter (PCE-228,
PCE instruments pvt L.T.D., Nordrhein-Westfalen, Germany). The pH was measured on 2
and 24 h of post-slaughtering. Then, 15 g of meat from the thigh and breast were weighed
individually, placed in zipper plastic bags, and put in warm water at 75 ◦C. Drip loss
was determined by using the described method [30]. Water-holding capacity (W.H.C.)
was examined by using a previously-described procedure [20]. To determine WHC, 10 g
of grinded sample were taken, added with 12 mL NaCl, and centrifuged at 10,000 rpm
for 15 min. The supernatant was collected for measurement in a measuring cylinder.
The change in the amount of NaCl solution that had been consumed was 0.6 M, and the
supernatant was WHC.
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WHC (%) = (Original weight − Supernatant)/(Original weight) × 100 (1)

2.5. Blood Biochemical Attributes

After trial (35th day), blood samples were taken after slaughtering the birds in steril-
ized B.D.-vacutainers. The serum was obtained by centrifugation at 2500 rpm for 15 min,
and the obtained serum was collected in Eppendorf tubes and stored at −20 ◦C until anal-
ysis. The serum level of total cholesterol, Triglyceride, H.D.L. and L.D.L., were analyzed
by using automated biochemical analyzer (BTS-350, Biosystem pvt, LTD, Champagne au
Mont d’Or, France). The serum for determining ALT and AST enzymes (which are markers
of oxidative damage sustained in hepatic tissue) was analyzed by AST Activity Assay Kit
MAK 055 and ALT Activity Assay Kit MAK 052 (Sigma-Aldrich, pvt LTD, Schnelldorf,
Germany) according to manufacturer’s protocol.

2.6. Breast Muscle Fatty Acid Profile

Ten grams of breast meat samples (Pectoralis Major) were taken in tubes and stored in
liquid nitrogen (−96 ◦C) immediately for further analysis. The fatty acid profile of breast
meat samples was assessed by applying the procedure described by [31].

2.7. Statistical Analysis

The data collected were analyzed through the analysis of variance (ANOVA) technique
with the help of SAS 9.1. The significant means were compared through Duncan’s Multiple
Range (DMR) [32] and LSD.

3. Results
3.1. Growth Performance

Supplementation of lipase and lysolecithin in low-energy diet resulted in non-linear
effects on the performance of broilers (Table 2). During 0–21 days of the feeding trial,
weight gain was numerically higher (p = 0.07) in LIP + LYSO 0.08, while feed intake and
FCR were not significantly (p > 0.05) affected by the experimental diet. During the second
phase of the experiment (22–35 days), a non-significant (p > 0.05) effect of experimental
diets on weight gain, feed intake, and FCR was observed. In the overall experimental
period, the birds fed a diet containing LIP + LYSO 0.08 showed a significant (p < 0.05) effect
on weight gain and feed intake as compared to other experimental treatments. However,
FCR was not affected significantly (p > 0.05) between all treatments.

3.2. Nutrient Digestibility

The effect of different dietary treatments on nutrient digestibility is summarized in
Table 3. The digestibility percentage of DM, CP, and fat tended to increase in dietary
treatments, while no significant (p > 0.05) effect was observed among all treatments.

3.3. Biochemical Attributes

The impact of dietary supplementations on TG, HDL, and LDL was non-significant
(p > 0.05), as revealed in Table 4. Similarly, liver enzymes, ALT and AST, were also not
statistically significant (p > 0.05) among different dietary treatments.
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Table 2. Effect of low energy diet and supplementation of emulsifier and lipase on growth perfor-
mance of broiler chickens.

Items CON LE
LIP LYSO LIP + LYSO LIP + LYSO

SEM p-Value
0.04% 0.04% 0.04% 0.08%

0–21 days
BW gain (g) 903 b 955 ab 995 a 986 a 946 ab 1014 a 12.82 0.07

Feed intake (g) 1078 1195 1199 1221 1184 1235 18.27 0.16
FCR 1.19 1.25 1.21 1.24 1.25 1.22 0.01 0.96

22–35 days
BW gain (g) 1273 1302 1271 1299 1278 1336 9.06 0.2

Feed intake (g) 2058 2234 2229 2190 2189 2260 21.08 0.08
FCR 1.62 1.72 1.75 1.69 1.73 1.69 0.08 0.34

0–35 days
BW gain (g) 2175 b 2256 ab 2266 ab 2285 ab 2223 b 2350 a 16.86 0.02

Feed intake (g) 3135 b 3429 a 3428 a 3411 a 3388 a 3495 a 29.83 0.003
FCR 1.44 1.53 1.51 1.49 1.52 1.48 0.01 0.68

CON = Basal diet, LE = low energy, LIP = low energy + 0.04% lipase, LYSO = low energy + 0.04% lysolecithin, LIP
+ LYSO 0.04 = low energy + 0.02% lipase and 0.02% lysolecithin, LIP + LYSO 0.08 = low energy + 0.04% lipase +
0.04% lysolecithin. a,b Means within a row with different superscripts are significantly different (p < 0.05). SEM:
Standard error of mean.

Table 3. Effect of low energy diet and supplementation of emulsifier and lipase on nutrient digestibil-
ity in broiler chickens.

Items CON LE
LIP LYSO LIP + LYSO LIP + LYSO

SEM p-Value
0.04% 0.04% 0.04% 0.08%

Dry matter % 78.59 78.93 80 81.04 80.94 82.29 0.63 0.56
Crude protein % 81.08 81.8 82.19 82.41 81.84 83.46 0.68 0.97

Crude fat % 76.78 78.48 78.22 79.27 79.29 79.68 0.63 0.85

CON = Basal diet, LE = low energy, LIP= low energy + 0.04% lipase, LYSO= low energy + 0.04% lysolecithin, LIP +
LYSO 0.04 = low energy + 0.02% lipase and 0.02% lysolecithin, LIP + LYSO 0.08 = low energy + 0.04% lipase +
0.04% lysolecithin. SEM: Standard error of mean.

Table 4. Effect of low energy diet and supplementation of emulsifier and lipase on blood biochemical
profile of broiler chickens.

Items CON LE
LIP LYSO LIP + LYSO LIP + LYSO

SEM p-Value
0.04% 0.04% 0.04% 0.08%

Blood profile
Cholesterol

(mg/dl) 172.33 126.33 150.33 158.33 159.33 139.33 8.14 0.71

TG (mg/dl) 149 149.33 141.33 150 147.67 136.33 5.04 0.97
HDL (mg/dl) 40.67 30.67 36.33 37.67 38.67 32.33 1.57 0.46
LDL (mg/dl) 99 94.33 90.67 86 88.33 73 5.24 0.84

Liver enzymes
ALT (U/L) 20 21 20.67 22.67 26.67 25 1.24 0.64
AST (U/L) 81.33 91.33 65.67 82 81 93.33 6.28 0.88

CON = Basal diet, LE = low energy, LIP = low energy + 0.04% lipase, LYSO = low energy + 0.04% lysolecithin, LIP
+ LYSO 0.04 = low energy + 0.02% lipase and 0.02% lysolecithin, LIP + LYSO 0.08 = low energy + 0.04% lipase +
0.04% lysolecithin. SEM: Standard error of mean.

3.4. Meat Quality

Effects of different dietary treatments on breast and thigh meat quality attributes
are summarized in Table 5. The supplementation of different dietary treatments showed
non-significant (p > 0.05) differences in breast and thigh meat drip loss, cooking loss,
water-holding capacity, and pH.
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Table 5. Effect of low energy diet and supplementation of emulsifier and lipase on meat quality in
broilers.

Items CON LE
LIP LYSO LIP + LYSO LIP + LYSO

SEM p-Value
0.04% 0.04% 0.04% 0.08%

pH after 2 h
Breast 6.57 6.53 6.65 6.38 6.44 6.43 0.05 0.83
Thigh 5.45 6.57 6.4 6.48 6.42 6.49 0.19 0.69

pH after 24 h
Breast 6.72 6.53 6.58 6.53 6.57 6.65 0.05 0.83

Cooking loss%
Breast 29.11 26.44 30.22 26 30 25.55 0.86 0.56
Thigh 34.67 34 32.67 33.56 34.67 32 1.3 0.99

Drip loss% 24 h
Breast 4.02 4.16 3.47 4.15 4.05 3.37 0.17 0.61
Thigh 4.44 4.5 3.55 4.49 4.11 3.95 0.25 0.86

Drip loss% 48 h
Breast 1.71 1.76 2.03 1.87 1.73 1.6 0.15 0.96
Thigh 1.85 1.82 2.43 1.81 2.03 1.76 0.16 0.8

WHC%
Breast 53.8 54.12 53.68 54.75 53.48 55.56 0.44 0.86
Thigh 54.86 54.03 54.49 53.31 56.69 55.01 0.65 0.77

CON = Basal diet, LE = low energy, LIP = low energy + 0.04% lipase, LYSO = low energy + 0.04% lysolecithin, LIP
+ LYSO 0.04 = low energy + 0.02% lipase and 0.02% lysolecithin, LIP + LYSO 0.08 = low energy + 0.04% lipase +
0.04% lysolecithin. SEM: Standard error of mean.

3.5. Fatty Acid Profile of Breast Meat

The effect of different dietary treatments on breast meat fatty acid profile is given in
Table 6. Supplementation of different dietary treatments had a non-significant (p > 0.05)
impact on breast meat’s fatty acids profile.

Table 6. Effect of low energy diets and supplementation of emulsifier and lipase on the fatty acid
profile of breast muscles in broilers.

Items CON LE
LIP LYSO LIP + LYSO LIP + LYSO

SEM p-Value
0.04% 0.04% 0.04% 0.08%

Myristic acid C14:0 1.56 1.7 1.62 1.56 1.65 1.59 0.09 0.98
Palmitic acid C16:0 20.05 16.74 19.42 19.93 20.07 19.22 0.53 0.58
Stearic acid C18:0 8.42 8.57 9.44 8.27 7.57 8.65 0.45 0.77

Arachidic acid C20:0 0.67 0.67 0.51 0.49 0.61 0.54 0.04 0.31
Total SFA 30.69 27.68 31 30.25 29.9 30.01 0.52 0.83

Palmitoleic acid C16:1 8.61 4.93 7.11 7.92 7.3 7.57 0.73 0.87
Oleic acid C18:1 23.33 24.33 24.01 22.06 23.69 23.68 0.79 0.91

Eicosenoic acid C20:1 0.71 0.56 0.63 0.62 0.7 0.62 0.04 0.96
Nervonic acid C24:1 1.25 1.29 1.3 1.34 1.35 1.31 0.03 0.57
Total MUFA _ 33.9 31.11 33.04 31.94 33.05 33.17 0.81 0.95

Linoleic acid C18:2
(n-6) 26.97 28.71 28.5 30.19 27.47 28.49 0.53 0.64

Eicosadienoic
acid

C20:2
(n-6) 0.67 0.67 0.66 0.68 0.62 0.66 0.03 0.86

DGLA C20:3
(n-6) 0.59 0.65 0.64 0.7 0.6 0.76 0.04 0.33

Arachidonic acid C20:4
(n-6) 1.52 1.67 1.62 1.63 1.56 1.68 0.04 0.57

Total Ω-6 29.74 31.7 31.42 31.59 30.25 33.2 0.53 0.56

Alfa-linoleic acid C18:3
(n-3) 1.53 1.62 1.63 1.62 1.66 1.56 0.05 0.83
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Table 6. Cont.

Items CON LE
LIP LYSO LIP + LYSO LIP + LYSO

SEM p-Value
0.04% 0.04% 0.04% 0.08%

Eicosapentanoic
acid

C20:5
(n-3) 0.61 0.76 0.57 0.65 0.58 0.74 0.04 0.79

Docosahexaenoic
acid

C22:6
(n-3) 1.4 1.42 1.42 1.53 1.44 1.5 0.03 0.38

Total Ω-3 _ 3.54 3.8 3.62 3.8 3.68 3.81 0.06 0.45
Total PUF _ 33.28 35.5 35.04 35.39 33.93 36.99 0.54 0.49

MUFA/SFA _ 1.11 1.15 1.06 1.06 1.11 1.1 0.03 0.81
PUFA/SFA _ 1.09 1.31 1.13 1.22 1.14 1.18 0.03 0.95

n-6/n-3 _ 8.45 8.37 8.79 8.31 8.3 8.78 0.21 0.97

CON = Basal diet, LE = low energy, LIP = low energy + 0.04% lipase, LYSO = low energy + 0.04% lysolecithin, LIP
+ LYSO 0.04 = low energy + 0.02% lipase and 0.02% lysolecithin, LIP + LYSO 0.08 = low energy + 0.04% lipase +
0.04% lysolecithin. SEM: Standard error of mean.

4. Discussion
4.1. Growth Performance

Numerous research studies have examined emulsifiers and lipase with low energy
diets using essential nutritional strategies to reduce the feed cost without any adverse effect
on growth performance by the feed industry. However, in the current research study, we
aimed to clarify the possible impact of adding lipase and emulsifier to the broiler diet with
reduced energy on growth performance, meat quality, and fatty acid profile.

The present study reported higher FI and growth performance in treatment groups
and lower energy than in CON diets. The reduced feed intake in birds fed a high energy diet
(CON) in our study could be elaborated on, as higher dietary energy satisfies the energy
demand for the growth of birds. The findings of our study are in accordance with the
results of [33], who stated that increasing dietary energy could reduce broilers’ feed intake.
However, some researchers reported that weight gain in broilers was decreased by being
fed a low energy diet compared to the birds who were fed high energy diet [11,26,27,34].
In the present study, the non-linear effects of supplementing lysolecithin and lipase ei-
ther alone or combined in a low energy diet. However, improved weight gain and feed
intake was observed in birds fed a diet with LIP + LYSO 0.08. Similar findings have been
confirmed by [15], who noticed that supplementation of lysophospholipids can improve
broiler’s performance, especially when lysophospholipids were supplemented in feed “on
top” [23,35]. Moreover, several scientists have also reported positive results by adding
lysophospholipid to broiler feeds with reduced fat and oil content [11,36]. However, [37]
reported that emulsifier supplementation did not affect feed intake in broilers. Our findings
are similar to those reported by [38], who found that the dietary addition of emulsifiers
significantly influenced the body weight gain and growth rate of chickens overall FCR
in birds. Contrary to our findings, some researchers reported that supplementation of
lipase and emulsifier, either combined or alone, had non-significant effects on growth
performance in broiler in regards to a lower energy level [21–24]. Likewise, [39] observed
that lysolecithin addition 250 g/t of feed could sustain the performance of broilers fed
low-energy diets. [25] found that adding lipase and an emulsifier enhances the growth
performance of broilers fed low-energy diets.

4.2. Nutrient Digestibility

The effect of different dietary treatments showed improvement, but had statistically
non-significant (p > 0.05) effects on dry matter, crude protein, and crude fat digestibility
in broilers fed 0.08% lipase and an emulsifier in low energy diet. According to some
researchers, emulsifier and lipase supplementation improve fat digestion, which leads
to increased growth performance and intestinal villus length due to improved dietary
digestion and energy efficiency [9,18]. Similarly, Ref. [38] observed an analysis of fatty
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acid digestibility on day 35 of the study, showing a positive effect of adding emulsifier,
with the highest increase noted for polyunsaturated fatty acids. Likewise, digestibility
of dry matter, ether extract, and apparent metabolizable energy was increased when
broilers were fed diets containing emulsifier [15,16,40]. However, Ref. [18] found improved
apparent metabolizable energy digestion; the digestion of dry matter and crude protein
was not disrupted when chickens were fed on diets containing emulsifier. The results
of our study are supported by previous reports [41], who reported an improvement of
nutrient digestibility in broiler diets containing fat emulsifiers and low dietary fat content.
Correspondingly, Ref. [42] found that adding a low-energy diet with lysolecithin or sodium
stearoyl-2-lactate increased nitrogen retention efficiency. Ref. [24] stated that broiler fed
negative control diet (low energy) with emulsifier showed increased retention of DM, CP,
and ME compared to other treatments on day 21. Our study is in agreement with [1,4],
who reported an increase in nutrient digestibility in broiler chickens with exogenous
emulsifiers. However, Ref. [43] found no influence of lipase on the retention of EE or
apparent metabolizable energy when added in the diet of young chickens. Similarly,
Ref. [27] found that fat digestion was not affected by lipase addition in the low energy diet
compared to a high energy diet. In our study, nutrient digestibility was not affected by
dietary energy level. Similar results were reported by [39,44]—that low- or high-energy
diets had no impact on nutrient retention.

4.3. Blood Biochemical Attribute

The impact of various dietary treatments had non-significant (p > 0.05) effects on TG,
HDL, and LDL in broilers. Similarly, liver enzymes, AST and ALT, were also not statistically
significant among different dietary treatments. Similar findings were observed by [24,45],
who found that cholesterol, glucose, and triglyceride concentrations did not change in
broilers fed a diet containing emulsifier or emulsifier and/or lipase. Our study’s findings
are similar to those of [46], who noted no differences in biochemical indicators in broiler
chickens fed exogenous emulsifier. Similarly, some investigators presented that adding
emulsifier in birds’ feed did not affect TG, TC, and HDL, LDL [11,26,47]. However, in
layers, serum triglycerides content due to diet comprising 0.05% emulsifier were decreased
compared to those from a high-energy diet without emulsifier [21]. On the other hand,
Ref. [46] showed no significant impact in serum TC, LDL, or TG levels after adding the
emulsifier. However, Ref. [48] reported serum TC levels and LDL were lowered with
lysolecithin, while high levels of HDL and triglycerides (TG5) were increased. Similarly, in
a study by [49], plasma TC, HDL, TP, and GLOB were reduced in low-energy diet group
without emulsifiers but improved with emulsifier addition. In our study, energy levels did
not affect blood biochemical profile. Similar to our findings, Ref. [26] described that high
dietary energy does not affect blood serum indicators. Likewise, [11] observed that the
levels of TG, TC, HDL, and LDL were not affected by energy levels in broilers.

4.4. Meat Quality

In our study, supplementing lipase and emulsifier alone or combined in a low energy
diet had a non-significant effect on meat quality parameters in broilers. Similar findings
were conveyed by [4]—that the sodium stearoyl-2 lactate-supplemented diet did not affect
breast meat pH and drip loss at 24 and 48 h after slaughter. Muscle water is an imperative
property of meat quality which eventually contributes to the loss of muscle mass and loss
of muscle during cooking. On the contrary, Ref. [4] observed that sodium stearoyl-2 lactate
can reduce cooking loss in broilers. In our study, the effect of energy level did not affect
meat quality in broilers. Consistent with our results, Ref. [27,28] described that low energy
intake had a non-significant effect on breast and thigh pH, WHC values compared to a
high energy diet. Supplementing various dietary treatments had a non-significant effect
on breast meat fatty acids composition. Similar results have been reported by [50], who
noted that supplementation of emulsifier shows no impact on the lipid profile in broilers.
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However, Ref. [49] observed that palmitic acid, oleic acid, and linoleic acid content of the
muscles decreases as energy decreases and is supplemented by emulsifiers.

5. Conclusions

Based on our results, it could be concluded that dietary supplementation of emulsifier
and lipase at the dose of 0.08% in low energy diets exhibited a positive impact on growth
performance and nutrient utilization of broiler chicken fed a low energy diet. Moreover,
lipase and emulsifier supplementation mitigated the detrimental effects of a low energy
diet on the production efficiency of broiler chicken. The world is facing an economic crisis
due to increasing cost of energy-rich ingredients. Our study confirms the concept of using
lipase enzyme and emulsifier in low energy diets as an alternative tool to reduce the input
cost without any negative impact on production performance of broiler chickens. However,
further in-depth research is needed for better understanding of the mechanistic role behind
the fat digestion and utilization by the dietary addition of emulsifier and lipase in poultry
birds.

Author Contributions: A.A. and S.A.P. concept and design of study, A.A. and G.A.M., Conducting
the experimental trial, R.A. and S.B., analysis of data, H.R. and A.A., drafting the manuscript, I.H.L.
and S.A.P., critical revision of final draft. All authors have read and agreed to the published version
of the manuscript.

Funding: For this experiment no external funding was provided.

Institutional Review Board Statement: Approval code: AEC-FAHVS-35-2022.

Data Availability Statement: We provided all data in manuscript and haven’t any supplementary
data.

Acknowledgments: We highly acknowledge the Department of Animal Nutrition and Animal
Product Technology staff for their technical assistance.

Conflicts of Interest: All authors certified that there was no any conflict of interest.

References
1. Abbas, M.T.; Arif, M.; Saeed, M.; Reyad-Ul-ferdous, M.; Hassan, M.A.; Arain, M.A.; Rehman, A. Emulsifier Effect on Fat

Utilization in Broiler Chicken. Asian J. Anim. Vet. Adv. 2016, 11, 158–167. [CrossRef]
2. Leeson, S.; Summers, J.D. Commercial Poultry Nutrition, 3rd ed.; Nottingham University Press: Nottingham, UK, 2005; Available

online: https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55.))/reference/referencespapers.aspx?referenceid=1540570 (accessed
on 19 December 2022).

3. Tancharoenrat, P.; Ravindran, V.; Zaefarian, F.; Ravindran, G. Influence of Age on the Apparent Metabolisable Energy and
Total Tract Apparent Fat Digestibility of Different Fat Sources for Broiler Chickens. Anim. Feed Sci. Technol. 2013, 186, 186–192.
[CrossRef]

4. Siyal, F.A.; Babazadeh, D.; Wang, C.; Arain, M.A.; Saeed, M.; Ayasan, T.; Zhang, L.; Wang, T. Emulsifiers in the Poultry Industry.
World’s Poult. Sci. J. 2019, 73, 611–620. [CrossRef]

5. Ravindran, V.; Tancharoenrat, P.; Zaefarian, F.; Ravindran, G. Fats in Poultry Nutrition: Digestive Physiology and Factors
Influencing Their Utilization. Anim. Feed Sci. Technol. 2016, 213, 1–21. [CrossRef]

6. Roy, A.; Haldar, S.; Mondal, S.; Ghosh, T.K. Effects of Supplemental Exogenous Emulsifier on Performance, Nutrient Metabolism,
and Serum Lipid Profile in Broiler Chickens. Vet. Med. Int. 2010, 2010, 262604. [CrossRef] [PubMed]

7. Classen, H.L. Diet Energy and Feed Intake in Chickens. Anim. Feed Sci. Technol. 2017, 233, 13–21. [CrossRef]
8. Lilburn, M.S.; Loeffler, S. Early Intestinal Growth and Development in Poultry. Poult. Sci. 2015, 94, 1569–1576. [CrossRef]
9. Jansen, M.; Nuyens, F.; Buyse, J.; Leleu, S.; Van Campenhout, L. Interaction between Fat Type and Lysolecithin Supplementation

in Broiler Feeds. Poult. Sci. 2015, 94, 2506–2515. [CrossRef]
10. Wang, J.P.; Zhang, Z.F.; Yan, L.; Kim, I.H. Effects of Dietary Supplementation of Emulsifier and Carbohydrase on the Growth

Performance, Serum Cholesterol and Breast Meat Fatty Acids Profile of Broiler Chickens. Anim. Sci. J. 2016, 87, 250–256.
[CrossRef]

11. Zhao, P.Y.; Kim, I.H. Effect of Diets with Different Energy and Lysophospholipids Levels on Performance, Nutrient Metabolism,
and Body Composition in Broilers. Poult. Sci. 2017, 96, 1341–1347. [CrossRef]

12. Adeola, O.; Cowieson, A.J. Board-Invited Review: Opportunities and Challenges in Using Exogenous Enzymes to Improve
Nonruminant Animal Production. J. Anim. Sci. 2011, 89, 3189–3218. [CrossRef] [PubMed]

http://doi.org/10.3923/ajava.2016.158.167
https://www.scirp.org/(S(lz5mqp453edsnp55rrgjct55.))/reference/referencespapers.aspx?referenceid=1540570
http://doi.org/10.1016/j.anifeedsci.2013.10.013
http://doi.org/10.1017/S0043933917000502
http://doi.org/10.1016/j.anifeedsci.2016.01.012
http://doi.org/10.4061/2010/262604
http://www.ncbi.nlm.nih.gov/pubmed/20671938
http://doi.org/10.1016/j.anifeedsci.2016.03.004
http://doi.org/10.3382/ps/pev104
http://doi.org/10.3382/ps/pev181
http://doi.org/10.1111/asj.12412
http://doi.org/10.3382/ps/pew469
http://doi.org/10.2527/jas.2010-3715
http://www.ncbi.nlm.nih.gov/pubmed/21512114


Animals 2023, 13, 737 10 of 11

13. Francesch, M.; Geraert, P.A. Enzyme Complex Containing Carbohydrases and Phytase Improves Growth Performance and Bone
Mineralization of Broilers Fed Reduced Nutrient Corn-Soybean-Based Diets. Poult. Sci. 2009, 88, 1915–1924. [CrossRef] [PubMed]

14. Zhou, Y.; Jiang, Z.; Lv, D.; Wang, T. Improved Energy-Utilizing Efficiency by Enzyme Preparation Supplement in Broiler Diets
with Different Metabolizable Energy Levels. Poult. Sci. 2009, 88, 316–322. [CrossRef] [PubMed]

15. Haetinger, V.S.; Dalmoro, Y.K.; Godoy, G.L.; Lang, M.B.; de Souza, O.F.; Aristimunha, P.; Stefanello, C. Optimizing Cost, Growth
Performance, and Nutrient Absorption with a Bio-Emulsifier Based on Lysophospholipids for Broiler Chickens. Poult. Sci. 2021,
100, 101025. [CrossRef]

16. Wealleans, A.L.; Jansen, M.; di Benedetto, M. The Addition of Lysolecithin to Broiler Diets Improves Growth Performance across
Fat Levels and Sources: A Meta-Analysis of 33 Trials. Br. Poult. Sci. 2020, 61, 51–56. [CrossRef]

17. Nagargoje, S.; Dhumal, M.; Nikam, M.; Khose, K. Effect of Crude Soy Lecithin with or without Lipase on Performance and
Carcass Traits, Meat Keeping Quality and Economics of Broiler Chicken. Int. J. Livest. Res. 2016, 6, 46. [CrossRef]

18. Zhang, B.; Haitao, L.; Zhao, D.; Guo, Y.; Barri, A. Effect of Fat Type and Lysophosphatidylcholine Addition to Broiler Diets on
Performance, Apparent Digestibility of Fatty Acids, and Apparent Metabolizable Energy Content. Anim. Feed Sci. Technol. 2011,
163, 177–184. [CrossRef]

19. Melegy, T.; Khaled, N.F.; El-Bana, R.; Abdellatif, H. Dietary Fortification of a Natural Biosurfactant, Lysolecithin in Broiler. African
J. Agric. Res. 2010, 5, 2886–2892.

20. Arshad, M.A.; Bhatti, S.A.; Hassan, I.; Aziz-Ur-rahman, M.; Rehman, M.S. Effects of Bile Acids and Lipase Supplementation in
Low-Energy Diets on Growth Performance, Fat Digestibility and Meat Quality in Broiler Chickens. Braz. J. Poult. Sci. 2020, 22,
1–8. [CrossRef]

21. Cho, J.H.; Zhao, P.; Kim, I.H. Effects of Emulsifier and Multi-Enzyme in Different Energy Densitydiet on Growth Performance,
Blood Profiles, and Relative Organ Weight in Broiler Chickens. J. Agric. Sci. 2012, 4, p161. [CrossRef]

22. Vieira, S.L.; Angel, C.R. Optimizing Broiler Performance Using Different Amino Acid Density Diets: What Are the Limits? J. Appl.
Poult. Res. 2012, 21, 149–155. [CrossRef]

23. Zampiga, M.; Meluzzi, A.; Sirri, F. Effect of Dietary Supplementation of Lysophospholipids on Productive Performance, Nutrient
Digestibility and Carcass Quality Traits of Broiler Chickens. Ital. J. Anim. Sci. 2016, 15, 521–528. [CrossRef]

24. Wickramasuriya, S.S.; Cho, H.M.; Macelline, S.P.; Kim, E.; Shin, T.K.; Yi, Y.J.; Park, S.H.; Lee, K.B.; Heo, J.M. Effect of Calcium
Stearoyl-2 Lactylate and Lipase Supplementation on Growth Performance, Gut Health, and Nutrient Digestibility of Broiler
Chickens. Asian-Australas. J. Anim. Sci. 2020, 33, 981. [CrossRef] [PubMed]

25. De Oliveira, L.S.; Balbino, E.M.; Santos Silva, T.N.; Ily, L.; Da Rocha, T.C.; De Oliveira Strada, E.S.; Pinheiro, A.M.; Gonçalves De
Brito, J.Á. Use of Emulsifier and Lipase in Feeds for Broiler Chickens. Semin. Agrar. 2019, 40, 3181–3196. [CrossRef]

26. Ge, X.K.; Wang, A.A.; Ying, Z.X.; Zhang, L.G.; Su, W.P.; Cheng, K.; Feng, C.C.; Zhou, Y.M.; Zhang, L.L.; Wang, T. Effects of Diets
with Different Energy and Bile Acids Levels on Growth Performance and Lipid Metabolism in Broilers. Poult. Sci. 2019, 98,
887–895. [CrossRef] [PubMed]

27. Hu, Y.D.; Lan, D.; Zhu, Y.; Pang, H.Z.; Mu, X.P.; Hu, X.F. Effect of Diets with Different Energy and Lipase Levels on Performance,
Digestibility and Carcass Trait in Broilers. Asian-Australas. J. Anim. Sci. 2018, 31, 1275. [CrossRef] [PubMed]

28. Upadhaya, S.D.; Rudeaux, F.; Kim, I.H. Effects of Inclusion of Bacillus Subtilis (Gallipro) to Energy- and Protein-Reduced Diet
on Growth Performance, Nutrient Digestibility, and Meat Quality and Gas Emission in Broilers. Poult. Sci. 2019, 98, 2169–2178.
[CrossRef] [PubMed]

29. Pérez, J.M.; Lebas, F.; Gidenne, T.; Maertens, L.; Xiccato, G.; Parigi-Bini, R.; Zotte, A.D.; Cossu, M.E.; Carazzolo, A.; Villamide,
M.J.; et al. European Reference Method for in Vivo Determination of Diet Digestibility in Rabbits. World Rabbit. Sci. 1995, 3, 41–43.
[CrossRef]

30. Kondaiah, N.; Anjaneyulu, A.S.R.; Rao, V.K.; Sharma, N.; Joshi, H.B. Effect of Salt and Phosphate on the Quality of Buffalo and
Goat Meats. Meat Sci. 1985, 15, 183–192. [CrossRef]

31. Wang, Y.; Sunwoo, H.; Cherian, G.; Sim, J.S. Fatty Acid Determination in Chicken Egg Yolk: A Comparison of Different Methods.
Poult. Sci. 2000, 79, 1168–1171. [CrossRef]

32. Duncan, D.B. Multiple Range and Multiple F Tests. Biometrics 1955, 11, 1–42. [CrossRef]
33. Lamot, D. First Week Nutrition for Broiler Chickens: Effects on Growth, Metabolic Status, Organ Development, and Carcass Composition;

Wageningen University: Wageningen, The Netherlands, 2017. [CrossRef]
34. Pirzado, S.A.; ul Hassan, F.; Arain, M.A.; Zhengke, W.; Huiyi, C.; Haile, T.H.; Guohua, L. Effect of Azomite on Growth

Performance, Nutrient Utilization, Serum Biochemical Index and Bone Mineralization of Broilers Fed Low Protein Diet. Ital. J.
Anim. Sci. 2021, 20, 1282–1291. [CrossRef]

35. Zaefarian, F.; Romero, L.F.; Ravindran, V. Influence of High Dose of Phytase and an Emulsifier on Performance, Apparent
Metabolisable Energy and Nitrogen Retention in Broilers Fed on Diets Containing Soy Oil or Tallow. Br. Poult. Sci. 2015, 56,
590–597. [CrossRef] [PubMed]

36. Chen, C.; Jung, B.; Kim, W.K. Effects of Lysophospholipid on Growth Performance, Carcass Yield, Intestinal Development, and
Bone Quality in Broilers. Poult. Sci. 2019, 98, 3902–3913. [CrossRef]

37. Kaczmarek, S.A.; Bochenek, M.; Samuelsson, A.C.; Rutkowski, A. Effects of Glyceryl Polyethylene Glycol Ricinoleate on Nutrient
Utilisation and Performance of Broiler Chickens. Arch. Anim. Nutr. 2015, 69, 285–296. [CrossRef]

http://doi.org/10.3382/ps.2009-00073
http://www.ncbi.nlm.nih.gov/pubmed/19687277
http://doi.org/10.3382/ps.2008-00231
http://www.ncbi.nlm.nih.gov/pubmed/19151346
http://doi.org/10.1016/j.psj.2021.101025
http://doi.org/10.1080/00071668.2019.1671955
http://doi.org/10.5455/ijlr.20161218124154
http://doi.org/10.1016/j.anifeedsci.2010.10.004
http://doi.org/10.1590/1806-9061-2020-1258
http://doi.org/10.5539/jas.v4n10p161
http://doi.org/10.3382/japr.2011-00476
http://doi.org/10.1080/1828051X.2016.1192965
http://doi.org/10.5713/ajas.19.0595
http://www.ncbi.nlm.nih.gov/pubmed/32054203
http://doi.org/10.5433/1679-0359.2019v40n6Supl2p3181
http://doi.org/10.3382/ps/pey434
http://www.ncbi.nlm.nih.gov/pubmed/30239873
http://doi.org/10.5713/ajas.17.0755
http://www.ncbi.nlm.nih.gov/pubmed/29268569
http://doi.org/10.3382/ps/pey573
http://www.ncbi.nlm.nih.gov/pubmed/30615142
http://doi.org/10.4995/wrs.1995.239
http://doi.org/10.1016/0309-1740(85)90036-1
http://doi.org/10.1093/ps/79.8.1168
http://doi.org/10.2307/3001478
http://doi.org/10.18174/403639
http://doi.org/10.1080/1828051X.2021.1953409
http://doi.org/10.1080/00071668.2015.1067878
http://www.ncbi.nlm.nih.gov/pubmed/26132590
http://doi.org/10.3382/ps/pez111
http://doi.org/10.1080/1745039X.2015.1061722


Animals 2023, 13, 737 11 of 11
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