
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-201711.01064

Effects of Dietary Supplementation with Sodium
Stearoyl Lactylate on Growth Performance,
Serum Biochemical Parameters, and Appar-
ent Nutrient Digestibility in Weaned Piglets:
Postprint
Authors: Deng Bo, Wu Jie, Guo Hongbing, Lü Jinhui, Xu Ziwei

Date: 2017-10-23T00:00:00+00:00

Abstract
This study aimed to investigate the effects of sodium stearoyl lactylate (SSL)
on growth performance, serum biochemical indices, and nutrient apparent di-
gestibility in weaned piglets. A total of 336 25-day-old weaned piglets were
selected and randomly divided into 6 groups based on body weight, with 7 repli-
cates per group and 8 piglets per replicate. SSL supplementation levels were
0, 250, 500, 750, 1,000, and 2,000 mg/kg, and the experiment was conducted
in two phases, each lasting 21 days. The experiment measured piglet growth
performance, serum biochemical indices such as alanine aminotransferase, as-
partate aminotransferase, and total cholesterol, as well as apparent digestibility
of energy, dry matter, nitrogen, and crude fat. The results showed that, com-
pared with the control group: 1) dietary supplementation with 500, 750, and
1,000 mg/kg SSL significantly reduced the feed-to-gain ratio of piglets in phase
2 (P<0.05), and supplementation with 1,000 mg/kg SSL significantly reduced
the overall feed-to-gain ratio (P<0.05); 2) dietary SSL supplementation tended
to decrease serum aspartate aminotransferase and alanine aminotransferase ac-
tivities, and increase serum high-density lipoprotein cholesterol content and the
high-density lipoprotein cholesterol/low-density lipoprotein cholesterol ratio on
day 42 of the experiment, reaching a significant level at the supplementation
level of 2,000 mg/kg (P<0.05); 3) SSL significantly improved the apparent di-
gestibility of crude fat (P<0.05), and tended to increase the apparent digestibil-
ity of nitrogen and energy, reaching a significant level at the supplementation
level of 2,000 mg/kg (P<0.05). The results suggest that dietary SSL supple-
mentation can reduce the feed-to-gain ratio in piglets and improve the apparent
digestibility of feed nutrients, especially crude fat.
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Abstract

This study investigated the effects of dietary sodium stearyl lactate (SSL) sup-
plementation on growth performance, serum biochemical indices, and nutrient
apparent digestibility in weaning piglets. A total of 336 piglets weaned at 25
days of age were randomly allocated to 6 groups based on body weight, with
7 replicates per group and 8 piglets per replicate. The dietary SSL supplemen-
tation levels were 0, 250, 500, 750, 1,000, and 2,000 mg/kg. The experiment
consisted of two phases, each lasting 21 days. Measurements included growth
performance, serum biochemical indices such as alanine transaminase (ALT),
aspartate aminotransferase (AST), and total cholesterol, as well as apparent
digestibility of energy, dry matter, nitrogen, and crude fat. The results showed
that, compared with the control group: (1) dietary supplementation with 500,
750, and 1,000 mg/kg SSL significantly reduced the feed-to-gain ratio (F/G) dur-
ing phase 2 (P<0.05), and 1,000 mg/kg SSL significantly decreased the overall
F/G (P<0.05); (2) SSL supplementation tended to reduce serum AST and ALT
activities while increasing high-density lipoprotein cholesterol (HDL-C) content
and the HDL-C/LDL-C ratio, reaching significance at 2,000 mg/kg (P<0.05);
(3) SSL significantly improved crude fat apparent digestibility (P<0.05) and
showed a tendency to enhance nitrogen and energy apparent digestibility, with
significant effects observed at 2,000 mg/kg (P<0.05). These findings indicate
that dietary SSL supplementation can reduce the feed-to-gain ratio and improve
nutrient apparent digestibility, particularly for crude fat, in weaning piglets.
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digestibility; serum biochemical indices
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Energy level is a critical nutritional factor affecting post-weaning growth in
piglets, yet conventional diets often fail to meet their energy requirements. In
practice, dietary fat is commonly added to increase energy density. However,
due to immature gastrointestinal function and insufficient secretion of lipase and
bile acids [?], piglets exhibit low utilization efficiency of dietary fats. Emulsifiers
are surfactants that emulsify immiscible solutions, enabling uniform distribution
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within another liquid to form a stable emulsion. Research has demonstrated
that dietary emulsifier supplementation in broiler diets promotes the formation
of chylomicrons and enhances fat digestion and absorption [?]. Similarly, emul-
sifiers in swine diets can improve dietary fat and energy digestibility while en-
hancing feed utilization efficiency [?, ?]. Nevertheless, the effects of emulsifiers
on piglet growth performance have been inconsistent [?, ?], and the relationship
between supplementation level and efficacy remains unclear.

Sodium stearyl lactate (SSL), with the molecular formula C24H44O6Na, is an
anionic surfactant approved by the U.S. Food and Drug Administration for use
in bread, where it functions as an emulsifier that interacts with wheat proteins
to enhance dough strength, elasticity, and gas retention [?]. Research from
the Bangkok Animal Research Center demonstrated that adding 0.05% SSL
to broiler diets reduced by 10–13 kg/t of palm oil while maintaining growth
performance equivalent to the control diet [?]. This study systematically exam-
ined the effects of varying SSL supplementation levels on growth performance,
serum biochemical indices, and nutrient apparent digestibility in weaning piglets
to provide a scientific basis for its application in piglet nutrition.

1.1 Test Materials

The SSL product contained 98% active ingredient with 6% sodium content,
commercially available as SOLMAX®50, provided by Charoen Pokphand Jin
Yi (Shanghai) Trading Co., Ltd.

1.2 Experimental Design

A total of 336 “Duroc × Large White × Landrace”piglets weaned at 25 days
of age were individually weighed and ear-tagged, then randomly assigned to 6
groups based on body weight and sex, with 7 replicates per group and 8 piglets
per replicate. The control group received a basal diet, while the other five
groups received the basal diet supplemented with 250, 500, 750, 1,000, or 2,000
mg/kg SSL, respectively. The experiment comprised two phases, each lasting 21
days. The corn-soybean meal-based basal diet composition and nutrient levels
are presented in Table 1 .

Table 1 Composition and Nutrient Levels of the Basal Diet (DM
Basis), %

Item Phase 1 Phase 2
Ingredients
Maize [Value] [Value]
Extruded soybean [Value] [Value]
Soybean meal [Value] [Value]
Whey powder [Value] [Value]
Imported fish meal [Value] [Value]
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Item Phase 1 Phase 2
Sucrose [Value] [Value]
Soybean oil [Value] [Value]
Zinc oxide [Value] [Value]
CaHPO4 [Value] [Value]
Limestone [Value] [Value]
NaCl [Value] [Value]
Premix¹ [Value] [Value]
Total 100.00 100.00
Nutrient Levels²
Crude protein [Value] [Value]
DE (MJ/kg) [Value] [Value]
Total lysine [Value] [Value]
Total methionine + cysteine [Value] [Value]
Total threonine [Value] [Value]
Calcium [Value] [Value]
Available phosphorus [Value] [Value]

¹The premix provided the following per kg of diet: Cu (as copper sulfate) 150
mg, Zn (as zinc sulfate) 100 mg, Mn (as manganese sulfate) 20 mg, Fe (as iron
sulfate) 120 mg, Se (as sodium selenite) 0.3 mg, I (as calcium iodate) 0.4 mg,
VA 7,500 IU, VD3 750 IU, VE 25 IU, VK3 2.0 mg, VB1 1.875 mg, VB2 3.75
mg, VB6 2.19 mg, VB12 0.025 mg, nicotinic acid 25 mg, pantothenic acid 15.6
mg, folic acid 2.0 mg, biotin 0.1875 mg.
²Nutrient levels were calculated values.

1.3 Animal Management

The experiment was conducted at the Haining Science and Technology Ranch of
the Institute of Animal Husbandry and Veterinary Science, Zhejiang Academy of
Agricultural Sciences. Piglets had ad libitum access to feed and water through-
out the trial period. Routine management and immunization procedures fol-
lowed standard protocols.

1.4 Measurements

1.4.1 Growth Performance Following a 3-day adaptation period, the formal
experiment lasted 42 days. Individual body weights were recorded at the start,
on day 21, and at the end (day 42) of the trial, with feed consumption recorded
per replicate. Average daily gain (ADG), average daily feed intake (ADFI), and
feed-to-gain ratio (F/G) were calculated for each phase.

1.4.2 Serum Biochemical Indices On day 42, blood samples (10 mL) were
collected from two randomly selected piglets per replicate via anterior vena
cava puncture. After standing at room temperature for 30 minutes, serum was
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harvested by centrifugation at 3,000 rpm for 15 minutes and stored at –20°C
for subsequent analysis. Serum concentrations of total protein (TP), albumin
(ALB), urea nitrogen (UN), total bilirubin (TBIL), creatinine (CREA), total
cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-
C), and low-density lipoprotein cholesterol (LDL-C), as well as activities of
alanine transaminase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (AKP), were determined using assay kits from Nanjing Jiancheng
Bioengineering Institute.

1.4.3 Nutrient Apparent Digestibility During the final three days of the
experiment, feces were continuously collected from each replicate and preserved
with 10% tartaric acid solution to prevent ammonia volatilization. Diet samples
were also collected, dried at 65°C for 12 hours, equilibrated for 24 hours, then
ground and sieved. The apparent digestibility of nitrogen, crude fat, dry mat-
ter, and energy was determined using the acid-insoluble ash method. Nutrient
apparent digestibility was calculated as follows:

𝐷 = 100 − [(𝐴1
𝐴2

) × (𝐵2
𝐵1

)] × 100

where:
𝐷 = apparent digestibility of a nutrient (%);
𝐴1 = nutrient content in the diet (%);
𝐴2 = nutrient content in feces (%);
𝐵1 = acid-insoluble ash content in the diet (%);
𝐵2 = acid-insoluble ash content in feces (%).

1.5 Statistical Analysis

Experimental data were analyzed using one-way ANOVA with SPSS 17.0 soft-
ware. Duncan’s multiple range test was used for post-hoc comparisons. Results
are expressed as“mean ± standard error,”with P<0.05 considered statistically
significant.

2.1 Effects of SSL on Growth Performance of Piglets

As shown in Table 2 , different SSL supplementation levels had no significant
effect on average daily feed intake or average daily gain during either phase
(P>0.05). However, compared with the control group, dietary supplementation
with 500, 750, and 1,000 mg/kg SSL significantly reduced the feed-to-gain ratio
during phase 2 (P<0.05), and the 1,000 mg/kg SSL group exhibited a signifi-
cantly lower overall feed-to-gain ratio (P<0.05).

Table 2 Effects of SSL on Growth Performance of Piglets
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Item SSL Supplemental Levels (mg/kg)
0

Initial weight (kg) 7.67±0.22
Phase 1
Final weight (kg) 11.10±1.28
ADG (g) 164.97±65.46
ADFI (g) 302.28±78.38
F/G 1.94±0.42
Phase 2
Final weight (kg) 21.34±1.74
ADG (g) 477.59±29.87
ADFI (g) 832.22±83.47
F/G 1.74±0.10ª
Total phase
ADG (g) 323.72±45.46
ADFI (g) 568.56±78.28
F/G 1.76±0.12ª

In the same row, values with different small letter superscripts differ significantly
(P<0.05), while values with the same or no superscripts do not differ significantly
(P>0.05). This applies to all tables.

2.2 Effects of SSL on Serum Biochemical Indices of Piglets

As presented in Table 3 , on days 21 and 42, the 2,000 mg/kg SSL group
exhibited significantly lower serum ALT activity compared with the control
group (P<0.05), while other treatment groups showed a decreasing trend with-
out reaching statistical significance (P>0.05). Serum AST activity was signifi-
cantly reduced only in the 2,000 mg/kg SSL group on day 42 (P<0.05), with no
significant differences observed at other supplementation levels (P>0.05). Other
biochemical parameters, including TP, ALB, and AKP, showed no significant
differences among groups on either day 21 or day 42 (P>0.05).

Table 3 Effects of SSL on Serum Biochemical Indices of Piglets

Item Time (d) SSL Supplemental Levels (mg/kg)
0

TP (g/L) 21 41.31±4.98
42 55.11±8.25

ALB (g/L) 21 26.96±1.79
42 32.59±3.34

ALT (U/L) 21 27.62±9.37ª
42 18.66±3.71ª

AST (U/L) 21 17.27±8.00
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Item Time (d) SSL Supplemental Levels (mg/kg)
42 11.91±1.79ª

AKP (U/L) 21 28.44±7.54
42 22.51±3.20

TBIL (mg/dL) 21 0.26±0.03
42 0.24±0.04

UN (mmol/L) 21 4.43±0.37
42 4.55±0.70

CREA (�mol/L) 21 89.12±8.06
42 111.4±14.86

2.3 Effects of SSL on Serum Lipid Metabolism of Piglets

As shown in Table 4 , on day 21, high-level SSL supplementation (1,000 and
2,000 mg/kg) tended to reduce serum TC and TG concentrations, though dif-
ferences were not significant (P>0.05). On day 42, the 2,000 mg/kg SSL group
exhibited significantly higher serum HDL-C content and HDL-C/LDL-C ratio
compared with the control group (P<0.05), while serum LDL-C content re-
mained unaffected by SSL supplementation (P>0.05).

Table 4 Effects of SSL on Serum Lipid Metabolism of Piglets

Item Time (d) SSL Supplemental Levels (mg/kg)
0

TC (mmol/L) 21 1.95±0.25
42 2.14±0.37

TG (mmol/L) 21 0.32±0.12
42 0.26±0.12

HDL-C (mmol/L) 21 0.72±0.27
42 1.05±0.20�

LDL-C (mmol/L) 21 0.35±0.07
42 0.37±0.12

HDL-C/LDL-C 21 2.00±1.04
42 3.16±1.00�

2.4 Effects of SSL on Nutrient Apparent Digestibility of Piglets

As presented in Table 5 , dietary SSL supplementation significantly increased
crude fat apparent digestibility on day 42 (P<0.05), with levels of 750, 1,000,
and 2,000 mg/kg producing significantly higher values than the control and 250
mg/kg groups (P<0.05). The 2,000 mg/kg SSL group also exhibited significantly
higher energy apparent digestibility compared with the control group (P<0.05),
though no significant differences were observed among other groups (P>0.05).
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Similarly, nitrogen apparent digestibility was significantly higher in the 2,000
mg/kg group compared with the control and 250 mg/kg groups (P<0.05).

Table 5 Effects of SSL on Nutrient Apparent Digestibility of Piglets

Item SSL Supplemental Levels (mg/kg)
0

Crude fat apparent digestibility (%) 62.83±4.48�
Dry matter apparent digestibility (%) 79.78±4.85
Energy apparent digestibility (%) 78.14±3.81�
Nitrogen apparent digestibility (%) 76.57±5.97�

3.1 Effects of SSL on Growth Performance of Piglets

Emulsifiers can improve feed utilization efficiency and promote growth in piglets.
This study found that SSL tended to reduce the feed-to-gain ratio during phase
2 and the overall experimental period, with significant reductions observed at
1,000 mg/kg supplementation. Although SSL did not significantly affect average
daily gain or average daily feed intake during either growth phase, it tended to
increase these parameters during phase 2 and the overall period, consistent with
previous findings. Danek et al. [?] reported that supplementing weaning piglet
diets with 0.1% lecithin for 28 days increased average daily gain by 6.7% and
reduced the feed-to-gain ratio by 29.2%. Zeng et al. [?] observed that 800 mg/kg
emulsifier supplementation significantly reduced the feed-to-gain ratio by 6.99%
compared with the control group, though average daily gain remained unaffected.
However, emulsifier effects on piglet growth performance have not been entirely
consistent. Xing et al. [?] found that adding 0.02% emulsifier (lysophospholipids)
to diets containing 5% lard significantly improved average daily gain during
phase 2 (days 15–35) but did not improve average daily feed intake or feed-to-
gain ratio. De Rodas et al. [?] reported that while emulsifier supplementation
increased average daily gain and average daily feed intake during days 7–14,
no significant effects were observed during days 1–7, 8–21, or 22–35. Zhao
et al. [?] demonstrated that 0.10% lysophospholipid supplementation in beef
tallow-based diets improved average daily gain during days 1–14, 15–35, and 1–
35, but reduced feed-to-gain ratio only during days 15–35, with no significant
effects on average daily feed intake or feed-to-gain ratio during other periods.
These discrepancies may be attributed to differences in dietary fatty acid chain
length and saturation, as well as variations in emulsifier type, supplementation
level, and feeding stage.

3.2 Effects of SSL on Serum Biochemical Indices of Piglets

ALT and AST activities are important indicators of liver function, primarily cat-
alyzing amino acid deamination reactions and reflecting hepatocellular damage
and protein utilization capacity [?, ?]. This study found that SSL supplementa-
tion tended to reduce serum ALT and AST activities, with the most pronounced
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effects observed at 2,000 mg/kg. The specific mechanisms underlying SSL’s hep-
atoprotective effects remain unclear but may be related to enhanced immune
function [?].

3.3 Effects of SSL on Serum Lipid Metabolism of Piglets

HDL-C reflects lipid catabolism and transport in the body and indicates hep-
atic lipid metabolism status, while LDL-C is the primary form for transporting
endogenously synthesized cholesterol to peripheral tissues. The HDL-C/LDL-C
ratio serves as an indicator of body fat content and is inversely correlated with
cardiovascular disease risk [?]. Previous studies on emulsifier effects on serum
lipid metabolism have yielded generally consistent but slightly varied results.
Won-Tae et al. [?] reported that 5% lecithin supplementation for 28 days sig-
nificantly reduced serum TC and LDL-C concentrations while increasing TG
content. Huang et al. [?] demonstrated that soy lecithin supplementation in
broiler diets decreased blood TC and LDL-C concentrations while significantly
increasing HDL-C and TG levels. Yang et al. [?] observed that 0.1% lysophos-
pholipid supplementation increased serum free fatty acid and HDL-C concen-
trations while significantly reducing serum TG and LDL-C concentrations and
the HDL-C/LDL-C ratio. Jones et al. [?] found that lecithin supplementation
reduced serum LDL-C concentration in piglets, whereas lysophospholipids had
the opposite effect. In this study, SSL as an emulsifier significantly increased
serum HDL-C concentration and the HDL-C/LDL-C ratio, but only with pro-
longed supplementation at high levels. These results suggest that SSL’s effects
on lipid metabolism may depend on emulsifier type, duration of action, and
supplementation level.

3.4 Effects of SSL on Nutrient Apparent Digestibility of Piglets

Reports on emulsifier effects on nutrient apparent digestibility have been incon-
sistent. Soares et al. [?] found that 10 g/kg lecithin supplementation in soybean
oil-based diets for weaning piglets did not significantly affect dry matter, crude
protein, or mineral digestibility, a finding echoed by Overland et al. [?] in grow-
ing pigs. Conversely, Danek et al. [?] observed that lecithin supplementation
in plant fat-based diets for 4 weeks increased crude protein, crude fiber, crude
ash, and crude fat digestibility. Zhao et al. [?] reported that 0.05% and 0.10%
lysophospholipid supplementation in beef tallow-based diets significantly im-
proved apparent digestibility of dry matter, nitrogen, gross energy, and crude
fat during both days 1–14 and 15–35. These discrepancies may be related to
emulsifier type and dietary fat source, as Jones et al. [?] found that lecithin or
lysophospholipids improved digestibility of soybean oil and beef tallow but not
lard. This study also demonstrated that all SSL supplementation levels signifi-
cantly improved crude fat digestibility, while nitrogen and energy digestibility
were significantly enhanced only at 2,000 mg/kg.

In conclusion: (1) Dietary SSL supplementation can improve the feed-to-gain
ratio during phase 2 and the overall experimental period, with the most sig-
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nificant effects observed at higher supplementation levels (1,000 mg/kg). (2)
Dietary SSL supplementation enhances nutrient apparent digestibility, particu-
larly for crude fat, in weaning piglets.
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