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Abstract
(Purpose) To comparatively study the early physiological characteristics of Meis-
han and Large White piglets during the suckling period. (Methods) Six purebred
Meishan sows and Large White sows with similar expected delivery dates were
selected, and on day 14 postpartum, one piglet from each litter was randomly
selected for slaughter; blood, pancreas, gastrointestinal tract contents, and fecal
samples were collected to determine blood biochemical indices, digestive enzyme
activities, and volatile fatty acids (VFA). (Results) The results showed that
serum total cholesterol and high-density lipoprotein contents in suckling Large
White piglets were significantly higher than those in suckling Meishan piglets
(P<0.05); gastric lipase activity in suckling Meishan piglets was significantly
higher than that in suckling Large White piglets (P<0.05), while jejunal lactase
activity was significantly lower (P<0.01); the contents of acetic acid, propionic
acid, and total volatile fatty acids, as well as the proportion of propionic acid
in the cecum of suckling Meishan piglets, were extremely significantly higher
than those in suckling Large White piglets (P<0.01), whereas the concentration
of acetic acid in the jejunum and the acetic acid to propionic acid ratio in the
colon were lower (P<0.05). (Conclusion) These findings indicate that during
the early growth stage, differences exist between suckling Meishan and Large
White piglets in blood biochemical indices and their gastrointestinal digestive
enzyme activities and volatile fatty acid contents.
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Abstract

Objective: To compare the early physiological characteristics of suckling Meis-
han and Yorkshire piglets. Method: Six purebred Meishan sows and six York-
shire sows with similar expected delivery dates were selected. On day 14 post-
partum, one piglet from each litter was randomly selected for slaughter. Blood,
pancreas, gastrointestinal contents, and fecal samples were collected to measure
blood biochemical parameters, digestive enzyme activities, and volatile fatty
acids (VFA). Result: The results showed that serum total cholesterol and
high-density lipoprotein levels were significantly higher in suckling Yorkshire
piglets than in Meishan piglets (P<0.05). Gastric lipase activity was signifi-
cantly higher in suckling Meishan piglets (P<0.05), while jejunal lactase activ-
ity was significantly lower (P<0.01). The concentrations of acetate, propionate,
and total volatile fatty acids in the cecum, as well as the propionate proportion,
were significantly higher in suckling Meishan piglets (P<0.01), whereas jejunal
acetate concentration and the acetate-to-propionate ratio in the colon were lower
(P<0.05). Conclusion: These findings indicate that significant differences ex-
ist in blood biochemical parameters, gastrointestinal digestive enzyme activities,
and volatile fatty acid content between suckling Meishan and Yorkshire piglets
during early growth.
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Different pig breeds, particularly fat-type and lean-type breeds, exhibit dis-
tinct physiological and biochemical characteristics. He et al. [1] employed nu-
clear magnetic resonance (NMR) spectroscopy for blood metabolomic analysis
and found significant differences in lipid synthesis, fatty acid oxidation, energy
metabolism, and protein/amino acid metabolism between 4-month-old fat-type
Ningxiang pigs and lean-type three-way crossbred pigs. Our laboratory pre-
viously reported that suckling Meishan piglets showed higher gastrointestinal
tract development levels than Yorkshire piglets at 28 days (weaning age) and
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49 days, suggesting that Meishan piglets may possess stronger nutrient absorp-
tion capacity [2]. These findings indicate that fat-type and lean-type piglets
exhibit substantial metabolic differences after weaning. However, research on
physiological characteristics of different pig breeds during the suckling period
remains limited. Kelly et al. [3] found that piglets of the same genotype fed milk
from different sow breeds showed significant differences in lactase activity, villus
height, and crypt depth. Rzasa et al. [4] reported that when different genotypes
of suckling piglets were fed identical sow milk composition, differences in weight
gain decreased during later growth stages. These studies demonstrate that both
genotype and maternal milk profoundly affect the growth and development of
suckling piglets during the exclusive breastfeeding stage. Therefore, this ex-
periment was designed to investigate differences in physiological traits between
suckling fat-type Meishan piglets and lean-type Yorkshire piglets.

1. Materials and Methods
1.1 Experimental Design and Animal Management

The experiment was conducted at a commercial pig farm in Jiangsu Province.
Six purebred Meishan sows and six Yorkshire sows (parity 3-4) with similar
expected delivery dates were selected and paired into six replicate pairs. Sows
were fed a corn-soybean meal-based diet containing 63% corn, 24% soybean
meal, 3% fish meal, 6% wheat bran, and 4% premix. The dietary nutrient levels
were 20.67% crude protein, 3.22% crude fat, and 3.21% crude fiber. During the
trial, all sows had free access to feed and water, were housed under identical
environmental conditions, and managed according to routine procedures.

1.2 Sample Collection

Piglets were fed maternal milk until 14 days of age, at which point one male
piglet from each litter was randomly selected for slaughter. Prior to slaughter,
piglets were weighed and blood was collected from the anterior vena cava. Blood
samples were allowed to clot for 4 hours, then centrifuged at 3,000 rpm for
15 minutes, and the serum was stored at -20°C. After euthanasia via jugular
exsanguination, stomach, anterior jejunum, and pancreatic tissues were collected
for amylase, protease, and lipase activity measurements. Jejunal, cecal, and
colonic contents, as well as fecal samples, were collected and stored at -20°C for
subsequent VFA analysis.

1.3 Measurements and Methods

Blood biochemical parameters: Serum concentrations of total protein, albu-
min, globulin, glucose, urea, total cholesterol, triglycerides, high-density lipopro-
tein (HDL), and low-density lipoprotein (LDL) were determined using an AU-
400 automatic biochemical analyzer (Olympus, Japan) according to kit instruc-
tions.
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Digestive enzyme activities: One gram of stomach and jejunal contents and
pancreatic tissue were processed with simple pretreatment, and the supernatant
was collected. Amylase, protease, and lipase activities were measured using col-
orimetric methods according to kit protocols (Nanjing Jiancheng Bioengineering
Institute).

VFA concentrations: VFA concentrations were determined according to the
method of Qin (1982) [5] using a GC-14B gas chromatograph (Shimadzu, Japan)
equipped with a capillary column. The column temperature was 130°C, vapor-
ization temperature 180°C, and detection temperature 180°C using a hydrogen
flame ionization detector. Carrier gas was nitrogen at 60 kPa, hydrogen pressure
50 kPa, oxygen pressure 50 kPa, sensitivity 10¹, and attenuation 3.0.

1.4 Statistical Analysis

Data were organized in Excel and analyzed using one-way ANOVA with SPSS
17.0 software. Results are expressed as mean ± standard error (SE). Differences
were considered significant at P<0.05 and highly significant at P<0.01.

2. Results
2.1 Comparison of Blood Biochemical Parameters Between Suckling
Meishan and Yorkshire Piglets

As shown in , no significant differences were observed between the two piglet
groups in serum glucose, total protein, globulin, albumin, urea, triglyceride, or
LDL concentrations. However, HDL and total cholesterol concentrations were
significantly higher in suckling Yorkshire piglets compared to Meishan piglets
(P<0.05).

2.2 Comparison of Digestive Enzyme Activities Between Suckling
Meishan and Yorkshire Piglets

As presented in , suckling Meishan piglets exhibited higher gastric lipase activity
(P<0.05) and lower jejunal lactase activity (P<0.01) compared to Yorkshire
piglets. Jejunal amylase activity in Meishan piglets showed a trend toward
being lower than in Yorkshire piglets (0.05<P<0.1). Due to the small size
of the piglets, gastric protease and jejunal protease activities were below the
detection limit of our assay kits and thus could not be reliably measured.

2.3 Comparison of VFA Concentrations Between Suckling Meishan
and Yorkshire Piglets

As shown in , concentrations of acetate, propionate, and total volatile fatty
acids in the cecum were significantly higher in suckling Meishan piglets than in
Yorkshire piglets (P<0.01), while jejunal acetate concentration was significantly
lower (P<0.05). No significant differences were observed in VFA concentrations
at other gut sites. Additionally, except for acetate, other volatile fatty acids in
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the jejunum were below detection limits using our methodology. The proportion
of propionate in the colon and cecum was significantly higher in Meishan piglets
(P<0.01), while the acetate-to-propionate ratio in the colon was significantly
lower than in Yorkshire piglets (P<0.05) ().

3. Discussion
3.1 Blood Biochemical Parameters Reflect Lipid Metabolism Trends
in Different Breeds

Blood metabolites reflect the physiological status of an organism. In this study,
suckling Yorkshire piglets had significantly higher HDL content than Meishan
piglets, with no significant difference in LDL content. This suggests that the
amount of cholesterol available for fatty acid synthesis was reduced in Yorkshire
piglets, resulting in significantly higher serum total cholesterol levels. We ob-
served that serum triglyceride content tended to be lower in suckling Meishan
piglets compared to Yorkshire piglets, which contradicts the findings of He et
al. [1] who reported higher triglycerides in fat-type Ningxiang pigs versus lean-
type three-way crossbred pigs, but aligns with the results of Pond et al. [6]. This
discrepancy may be related to differences in growth stage and diet. Additionally,
the higher proportion of propionate in the cecum and colon of Meishan piglets
would be expected to intensify gluconeogenesis [7]; however, blood glucose con-
tent was actually lower in Meishan piglets. This suggests that the increased
glucose production may be utilized by other metabolic pathways. Enhanced
glucose metabolism can provide sufficient acetyl-CoA and ATP, both essential
for de novo fatty acid synthesis. Therefore, we speculate that the additional
glucose may be stored as triglycerides in adipose tissue.

3.2 Digestive Enzyme Activities and Their Role in Gut Microbial
Metabolism

During the exclusive breastfeeding stage, we found that gastric lipase activity
was significantly higher than jejunal lipase activity, indicating that the stomach
plays a more important role in fat digestion during early animal development [8].
Since Meishan piglets exhibited significantly higher gastric lipase activity than
Yorkshire piglets, more milk fat would be hydrolyzed, and the resulting fatty
acids could be transported to adipose tissue or liver for triglyceride synthesis.
This may partly explain why Meishan piglets have higher backfat proportion
and thickness (data not shown). Lactase is primarily produced by small in-
testinal mucosal epithelial cells and secreted into the intestinal lumen, where
it hydrolyzes milk lactose into galactose and glucose. These monosaccharides
are not only the most important energy sources but also play crucial roles in
promoting brain and neural development and improving growth performance [9].
Kim et al. [10] reported that adding different levels of lactose to weaned piglet
diets significantly improved growth performance within a certain range. In this
study, both piglet groups consumed maternal milk with similar lactose content
(57.02 mg/mL in Meishan sow milk vs. 57.99 mg/mL in Yorkshire sow milk
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at day 14). However, jejunal lactase activity was significantly lower in Meis-
han piglets, which would result in higher concentrations of undigested lactose.
Additionally, jejunal amylase activity tended to be lower in Meishan piglets,
leading to more undigested starch reaching the large intestine. The increased
availability of these fermentable substrates likely contributed to the significantly
higher VFA concentrations observed in the cecum and colon of Meishan piglets.
Many studies have similarly reported higher VFA concentrations in the cecum
and colon of fat-type animals compared to lean-type animals. This phenomenon
has been attributed to higher abundance of VFA-producing Firmicutes, particu-
larly Ruminococcaceae and Clostridia clusters IX and XIVa involved in cellulose
degradation and acid production [11-12]. Such differences in microbial compo-
sition have also been observed between fat-type Erhualian pigs and lean-type
Landrace pigs [13]. The differences in VFA concentrations are thus closely asso-
ciated with structural differences in the gut microbiota between the two piglet
breeds.

Conclusions
1. Significant differences exist in digestive enzyme activities, blood biochem-

ical parameters, and volatile fatty acid concentrations between suckling
Meishan and Yorkshire piglets.

2. Suckling Meishan piglets have higher serum total cholesterol and HDL con-
centrations, significantly higher gastric lipase activity, and lower jejunal
lactase activity compared to Yorkshire piglets.

3. Suckling Meishan piglets have higher concentrations of acetate, propionate,
and total volatile fatty acids in the cecum.
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