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Abstract

【Objective】 To investigate the effects of substituting fermented non-conventional feed for
the basal diet in fattening Bamei pigs.【Methods】Seventy-two Bamei pigs during the fatling period
were randomly divided into two groups, each containing six replicates with six pigs per replicate.
The control group (CK) was fed a corn-soybean meal basal diet, while the experimental group
(FK) received the basal diet supplemented with 10% fermented non-conventional feed (dry matter
basis) as an equal replacement. After 60 days of feeding, twelve pigs from each group were
slaughtered for sample collection and performance evaluation. 【 Results 】 The results
demonstrated that fermented non-conventional feed significantly reduced the cardiac organ index
(P < 0.05) and increased the renal organ index (P < 0.05). Regarding immune-related gene
expression, the feed markedly elevated the relative mRNA expression levels of IL-1, IL-2, TNF,
IgA, and IgM in both lymphoid and hepatic tissues (P < 0.01). 【Conclusion】 In summary,
replacing 10% of the basal diet with non-conventional fermented feed improves the health status
and immune function of fattening Bamei pigs. Thus, substituting conventional feed with fermented
non-conventional feed is not only feasible but also offers an economically efficient nutritional
strategy for local pig breeds farming.
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1. Introduction

Organ indices serve as critical indicators for evaluating animal nutritional metabolism and
physiological health. The developmental status of organs such as the heart, liver, and spleen
directly influences energy allocation efficiency and disease resistance in pigs[1]. Studies have
shown that hepatic index is positively correlated with protein synthesis capacity, while splenic
index serves as a key parameter for assessing immune potential in swine populations [2,3].
Additionally, the expression levels of immunoglobulins and cytokines are vital molecular markers
for evaluating immune response capacity in pigs. Specifically, IgA plays a pivotal role in mucosal
immunity, and IL-2 levels are closely associated with lymphocyte proliferative activity [3-6].

Fermented non-conventional Feed, through microbial processing, exhibits significant reductions
in antinutritional factors and increased concentrations of bioactive small molecules. These
changes may regulate organ development by improving nutrient absorption efficiency [7].
However, research on the effects of Fermented non-conventional Feed on immune function in
indigenous pig breeds remains limited. Therefore, this study investigated Bamei pigs during the
fattening phase, measuring organ indices (heart, liver, spleen, lungs, and kidneys) and analyzing
the relative expression levels of immune-related genes (IL-1, IL-2, TNF, and three
immunoglobulins) in lymphoid and hepatic tissues. The objectives were to clarify the impact of
Fermented non-conventional Feed on organ development and immunity in Bamei pigs, provide
data-driven insights for optimizing dietary formulations for indigenous breeds, and offer practical
guidance for reducing farming costs and enhancing herd health.

2. Materials and Methods

2.1 Animal care

All experimental methods and protocols were approved by the Research Ethics Committee of
the Academy of Animal Science and Veterinary, Qinghai University (Ethics Approval Number:
2024-QHMKY-002).

2.2. Experimental materials

The rapeseed meal, rapeseed straw, potato residue, and basal diet for fattening pigs used in this
trial were provided by the Qinghai Huzhu Bamei Pig Original Breeding & Multiplication Farm.
The basal diet was formulated according to the nutritional standards of the NRC (2012) for
swine.

The compound probiotic bacterial solution was provided by the Animal Nutrition and Feed
Science Laboratory, Academy of Animal Science and Veterinary, Qinghai University. It
comprised the following strains: Lactobacillus rhamnosus YLW00 (CCTCC NO: M 2018759),



Pediococcus acidilactici YLW002 (CCTCC NO: M 2018760), Lactobacillus casei YLW003
(CCTCC NO: M 2018761), Saccharomyces cerevisiae JZ9 (CCTCC NO: M 2020844), Pichia
pastoris JZ10 (CCTCC NO: M 2020843), Kluyveromyces marxianus MN29 (CCTCC NO: M
2020845). The viable bacterial count was ≥ 10⁸ CFU/mL, with a uniform strain ratio of
1:1:1:1:1:1.

The Jiaolijia compound enzyme preparation was purchased from Boyd (Beijing) Biotechnology
Co., Ltd. Its main components included: Xylanase ≥ 1000 U/g, β-Glucanase ≥ 200 U/g, β
-Mannanase ≥ 500 U/g, Cellulase ≥ 500 U/g.

2.3 Preparation of non-conventional fermented feed

Potato residue, rapeseed meal, and rapeseed straw were mixed at a ratio of 6:3:1 (dry matter basis)
and thoroughly homogenized. Subsequently, the mixture was inoculated with 5% (w/w) complex
probiotic inoculum and 1 g/kg complex enzyme preparation. Distilled water was added to adjust
the moisture content to 50%. After complete mixing, the substrate was transferred into
fermentation bags, sealed, and anaerobically fermented at room temperature (25 ± 2°C) for 10
days before being stored for subsequent use.

2.4 Experimental design, animals, and diets

A total of 72 female Bamei pigs in the fattening period (6 months of age, initial body weight
73.40 ± 3.38 kg) were selected and randomly assigned to a control group (CK) and an
experimental group (FK) using a single-factor completely randomized design, with 6 replicates
per group and 6 pigs per replicate. The CK group was fed a basal diet, while the FK group
received a modified diet in which 10% of the basal diet (dry matter basis) was replaced with an
equal mass of fermented non-conventional feed, freshly mixed with the basal diet before each
feeding. The trial comprised a 7-day pre-trial period and a 53-day formal trial period, totaling 60
days. The composition and nutritional levels of the basal diet are presented in Table 1. The
experiment was conducted at the Huzhu Bamei Pig Original Breeding and Multiplication Farm in
Qinghai Province. Prior to the trial, all pigs were dewormed, and the pens were thoroughly
disinfected. During the trial, pigs had ad libitum access to water and were fed a fixed ration twice
daily at 07:50 and 17:25 hours. Residual feed in each replicate was recorded 30 minutes after
feeding (08:35 and 17:55 hours), followed by cleaning of troughs and pens.

Table 1. The nutrient compositions of the basal diet (air-dry basis).

Ingredients Contents(%) Nutritional Indicators 2

corn 65.00 Digestible energy (MJ/kg) 13.85

soybean meal 20.00 Crude protein (%) 15.85



sunflower meal 5.00 Lys(%) 0.773

wheat bran 3.00 Met(%) 0.279

soybean oil 3.00 Calcium(%) 0.728

Premix 1 4.00 Total phosphorus(%) 0.478

Total 100.00

Note: 1 Premix provided per kilogram of diet: Vitamin A 12,000 IU, Vitamin D 3,200 IU, Vitamin E 5.5 mg, Vitamin

K 2 mg, Vitamin B ₁ 2 mg, Vitamin B ₂ 5 mg, Vitamin B₆ 4 mg, Vitamin B ₁₂ 25 μg, Niacin 20 mg, D-calcium

pantothenate 13 mg, Folic acid 1.3 mg, Choline chloride 1.1 g. Ferrous sulfate 100 mg, Copper sulfate 6 mg, Zinc

sulfate 110 mg, Manganese sulfate 8 mg, Sodium selenite 0.25 mg, Potassium iodide 0.25 mg.2 Nutrient

analysis:Digestible energy (DE) was calculated according to China Feed Composition and Nutritional Value Tables

(34th Edition, 2023); all other values are measured data.

2.5 Sample Collection

At the conclusion of the feeding trial, Bamei pigs were fasted for 12 hours and humanely
euthanized via electrical stunning followed by exsanguination through jugular vein bleeding.
Hearts, livers, spleens, lungs, and kidneys were collected from 12 randomly selected pigs per
group. Organ surfaces were blotted with clean absorbent paper to remove residual blood before
weighing. Liver and lymphoid tissues were immediately placed in sterile Eppendorf (EP) tubes,
flash-frozen in liquid nitrogen, and stored at -80°C for subsequent analyses.

2.6 Organ Index

The organ index was determined according to the methodologies described by GHALAMKARI
et al.[8] and GUO et al.[9]. The calculation formula is as follows:

Organ Index = (Organ Weight / Body Weight) × 100%

2.7 Primer Design and Synthesis

Total RNA was extracted from lymphoid and liver tissues using the RNAiso Plus Kit (TAKARA)
according to the manufacturer ’ s instructions. RNA concentration was measured based on
absorbance at 260 nm. RNA integrity was assessed via agarose gel electrophoresis, and RNA
quality was confirmed by verifying A 260-280 absorbance ratios between 1.8 and 2.0. Total RNA
was reverse-transcribed using the PrimeScript™ RT Reagent Kit (TAKARA). Real-time PCR
was performed on an ABI 7500 Fast Real-Time PCR System with the TB Green™ Premix Ex
Taq™ II Kit (TAKARA) following the manufacturer’s protocol. Primer sequences are listed in
Table 2.



Table 2. Primer sequences

Gene Name Primer Sequence （5'→3'）
Length,

bp

Annealing

Temperature,

℃

IL-1
F：GCCAACGTGCAGTCTATGGAGTG 91 60.9

R：GGTGGAGAGCCTTCAGCATGTG 91 61.2

IL-2
F：TTTACATGCCCAAGCAGGCTACAG 120

120

59.9

60.8R: TAGCACTCCCTCCAGAGCTTTGAG

TNF
F：CAACGGCGTGAAGCTGAAAGAC 135 59.6

R: ATGCGGCTGATGGTGTGAGTG 135 60.9

IgA
F：GCCACCATCACCAAACCCAAAG 149 59.7

R: AGCCATCGCACCAGCACATC 149 61.5

IgG
F：AGAGGGCAATTACCGCACCAC 125 60.7

R: GCATCACCGCACACTGGAATATG 125 59.0

IgM
F：ACTGTCTCTGTGGTGTGCTTGATC 144 59.2

R: GCTGAGGCTGTAGGTGCTGTC 144 61.2

β-actin
F：GATCTGGCACCACACCTTCTACAAC 107 60.0

R: TCATCTTCTCACGGTTGGCTTTGG 107 59.7

Note: IL-1, Interleukin-1; IL-2, Interleukin-2; TNF, Tumor Necrosis Factor; IgA, Immunoglobulin A; IgG

Immunoglobulin G; IgM Immunoglobulin M ; β-actin, internal reference.

2.8 Statistical Analysis

Experimental data were initially organized using Microsoft Excel 2019 and analyzed statistically
with SPSS 27.0 software. Differences between groups were compared using independent samples
t-tests. Results are expressed as mean ± standard deviation (SD). A threshold of P > 0.05 was
considered not statistically significant, P < 0.05 as statistically significant, and P < 0.01 as highly
statistically significant.

3. Results and Analysis



3.1 Effects of Fermented non-conventional Feed on Organ Indices of
Bamei Pigs During the Fattening Period

As shown in Table 3, compared with the CK group, the FK group showed no significant effects
on the liver, spleen, or lung organ indices of Bamei pigs during the fattening period (P > 0.05).
However, it significantly reduced the heart organ index by 15.54% (P < 0.05) and increased the
kidney organ index by 18.46% (P < 0.05).

Table 3. Effects of Fermented non-conventional Feed on Organ Indices of Bamei Pigs
During the Fattening Period

Item
Group

P-value
CK FK

Heart organ index (%) 6.35±0.96a 5.39±0.67b 0.010

Liver organ index (%) 16.63±1.64 16.33±2.54 0.741

Spleen organ index (%) 2.32±0.65 2.22±0.41 0.644

Lung organ index (%) 13.48±2.76 12.57±1.99 0.362

Kidney organ index (%) 2.98±0.45a 3.51±0.56b 0.018

3.2 Effects of Fermented non-conventional Feed on Relative
Expression Levels of Immune Genes in Bamei Pigs During the
Fattening Period

The results are shown in Figure 1. As seen in Figure 1A, compared with the CK group, the
relative expression levels of IL-1, IL-2, TNF, IgA, and IgM in the lymph nodes of Bamei pigs in
the FK group were extremely significantly upregulated (P < 0.01). From Figure 1B, compared
with the CK group, the relative expression levels of IL-1, IL-2, TNF, and IgM in the liver of
Bamei pigs in the FK group also showed extremely significant upregulation (P < 0.01).



Figure 1. Effects of Unconventional Fermented Feed on Relative Expression Levels of
Immune Genes in Bamei Pigs During the Fattening Period

Note: (A) Lymph nodes; (B) Liver. * indicates a significant difference at ( P < 0.05 ); ** indicates an extremely

significant difference at ( P < 0.01 ).

4. Conclusions and Discussions

Organ indices can reflect, to some extent, the growth, nutritional status, and health of animals[1].
JIANG H J et al.[10] found that dietary supplementation with fermented cassava residue
significantly increased the heart index. LIU X N et al.[11] reported that feeding diets containing
5% or 10% whole-plant silage maize numerically increased organ indices, but no significant
differences were observed between groups. LIU B H et al.[12] demonstrated that replacing
soybean meal with fermented rapeseed meal in low-protein diets had no significant effect on
organ indices in finishing pigs. In this trial, the unconventional fermented feed showed no
significant impact on the indices of the liver, spleen, or lung but significantly reduced the heart
index and increased the kidney index. These findings partially align with the trends reported by
LIU X N et al. and LIU B H et al., but contrast with the results of J H J et al. The observed
discrepancies may arise from differences in fermentation substrates (e.g., potato residue and
rapeseed meal versus cassava residue and rapeseed meal, which vary in nutritional composition
and fermentation products), microbial composition (e.g., Lactobacillus rhamnosusYLW00 may
influence cardiovascular function via nitric oxide synthesis, while other strains lack similar effects),
and breed-specific responses (Bamei pigs may metabolically respond to fermented feed
differently compared to conventional finishing pigs)[13,14]. These findings suggest that the
effects of unconventional fermented feed on organ indices may depend on substrate specificity,
microbial strain activity, and animal breed, warranting further research to clarify the underlying
mechanisms.



The probiotics and their metabolites in fermented non-conventional feed can be recognized by
the body as independent antigens, stimulating the intestinal mucosa, epithelial cells, and
associated immune organs, thereby promoting the proliferation of T lymphocytes and B
lymphocytes and enhancing immune function[15,16]. MIZUMACHI et al.[17] demonstrated that
fermented liquid feed significantly increased serum IgM and IgG levels in weaned piglets
compared to non-fermented liquid feed, thereby improving systemic immunity. WANG et al.[18]
found that probiotic supplementation in feed elevated serum IL-2 content in weaned piglets. In
this trial, the relative expression levels of IL-1, IL-2, TNF, IgA, and IgM genes in the lymph
nodes and liver of Bamei pigs in the FK group during the fattening period were all extremely
significantly upregulated. The expression trends of IL-1, IL-2, IgA, and IgM aligned with
previous studies, while the marked increase in TNF expression diverged from prior findings. This
discrepancy may arise from the following mechanisms: (1) Immunomodulatory components in
the FK group`s feed, such as short-chain fatty acids, might activate the B cell receptor (BCR)
signaling pathway to promote IgA and IgM secretion; (2) The feed may enhance arginine
availability, activating the mTOR pathway to drive T cell proliferation and IL-2 synthesis; (3)
Elevated TNF expression could be linked to NF- κ B pathway activation induced by feed
components like lipopolysaccharides[19,20]. These findings suggest that fermented
non-conventional feed may regulate immunoglobulin and cytokine

This study demonstrates that supplementing the basal diet of Bamei pigs during the fattening
period with 10% fermented non-conventional feed yields the following effects: (1) Significantly
increases the renal organ index and relative expression levels of IL-1, IL-2, TNF, and IgM genes
in the lymph nodes and liver; (2) Significantly reduces the cardiac organ index. These results
confirm the dietary feasibility of replacing 10% of the basal diet with fermented
non-conventional feed. Furthermore, the strategy is proven to optimize organ development,
activate synergistic effects between cellular and humoral immune responses, and enhance
immune function in pigs.

References

[1] SUN S, LI B, WU M, et al. Effect of dietary supplemental vitamin C and betaine on the

growth performance, humoral immunity, immune organ index, and antioxidant status of

broilers under heat stress. Trop AnimHealth Prod. 2023, 55(2): 96.

[2] XIONG M L (熊忙利), ZHANG W J (张文娟), ZHANG Z S (张兆顺). Effects of free-range

rearing under acacia forest on blood routine, serum biochemical indexes and visceral organ

indexes of rehmannia chickens (槐树林下散养对芦花鸡血常规、血清生化指标及内脏器官指

数的影响). Heilongjiang Animal Science and Veterinary Medicine (黑龙江畜牧兽医), 2019,

(06): 51-53.



[3] DE FEO, P., LUCIDI, P. Liver protein synthesis in physiology and in disease states. Current

opinion in clinical nutrition and metabolic care, 2002; 5(1), 47-50.

[4] TANG L (唐璐), CHAO Y Y (曹岩岩), WEI J J (蔚建军). Effects of fermented mushroom bran

feed on growth performance, intestinalmicrobiota, and immune function of fattening pigs

(平菇菌糠发酵饲料对育肥猪生长性能、肠道微生物和免疫功能的影响). China Feed (中国饲料),

2025, (02): 73-76.

[5] ROSS, S. H., CANTERLL, D. A. Signaling and Function of Interleukin-2 in T Lymphocytes.

Annual review of immunology, 2018; 36, 411-433.

[6] ROJO, J. M., REJAS, M. T., Ojeda, G., et al. Enhancement of lymphocyte proliferation,

interleukin-2 production and NK activity by inmunoferon (AM-3), a fungal

immunomodulator: variations in normal and immunosuppressed mice. International

journal of immunopharmacology, 1986, 8(6), 593-597.

[7] MANLAPIG, J. J. D., MATSUI, H. Production and Utilization of Fermented Rice Bran as

Animal Feed. Animal science journal = Nihon chikusan Gakkaiho, 2025, 96(1), e70037.

[8] GHALAMKARI, G., TOGHYANI, M., TAVALAEIAN, E., et al. Efficiency of different levels

of Satureja hortensis L. (Savory) in comparison with an antibiotic growth promoter on

performance, carcass traits, immune responses and serum biochemical parameters in

broiler chickens. African Journal of Biotechnology, 2011, 10, 13318-13323.

[9] GUO Y, LIU J, TUO Q, et al. The effect of dietary supplementation of Lycium barbarum

leaves on the growth performance, organ indexes and intestinal microflora of rats. Frontiers

in veterinary science. 2024, 11, 1416793.

[10] JIANG H J (蒋慧姣 ). Study on Application of Fermented CassavaResidues in Huanjiang

Mini-pigs Production (发酵木薯渣在环江香猪养殖中的应用研究 ). Changsha: Hunan

Agricuitural University(长沙：湖南农业大学), 2020.

[11] LIU X N (刘祥年 ), YIN X T (殷熙彤 ), TANG Y R (唐于然 ), et al. Effects of Different

Proportion of Whole Plant Silage Corn on Slaughtering Performance, OrganIndex, Meat

Quality and Economic Benefit of Hezuo Pigs (不同比例全株青贮玉米对合作猪屠宰性能、器

官指数、肉品质和经济效益的影响). Feed Industry (饲料工业), 2025, 46(01): 64-69.

[12] LIU B X 刘柏亨 . Effect of substituting fermented rapeseed meal for soybean meal in

low-protein diets on the production performance, immunity, antioxidantcapacity, intestinal

health, and meat quality of finishing pigs. (发酵菜粕替代低蛋白日粮中豆粕对育肥猪生产性

能、免疫力、抗氧化性能、肠道健康和肉品质的影响). Chongqing: Southwest University (重

庆：西南大学), 2024.

[13] DELONGg C, SHARMA S. Physiology, Peripheral Vascular Resistance. In: StatPearls.



Treasure Island (FL): StatPearls Publishing; May 1, 2023.

[14] LEDOUX J., GEE D M, Leblanc N. Increased peripheral resistance in heart failure: new

evidence suggests an alteration in vascular smooth muscle function. British journal of

pharmacology, 2003, 139(7): 1245-1248.

[15] SÁNCHEZ B, DELGADO S, BLANCO-MÍGUEZ A, et al. Probiotics, gut microbiota, and

their influence on host health and disease. Molecular nutrition & food research, 2017, 61(1):

1600240.

[16] SNOECK V, GODDEERIS B, COX E. The role of enterocytes in the intestinal barrier

function and antigen uptake. Microbes and Infection, 2005, 7(7): 997-1004.

[17] MIZUMACHI K, AOKI R, OHMORI H, et al. Effect of fermented liquid diet prepared

with Lactobacillus plantarum LQ80 on the immune response in weaning pigs. Animal, 2009,

3(5): 670-676.

[18] WANG T, TENG K, LIU Y, et al. Lactobacillus plantarum PFM 105 Promotes Intestinal

Development Through Modulation of Gut Microbiota in Weaning Piglets. Frontiers in

Microbiology. 2019, 10: 90.

[19] WANG C, WEI S, XU B, et al. Bacillus subtilis and Enterococcus faecium co-fermented feed

regulates lactating sow's performance, immune status and gut microbiota. Microb

Biotechnol. 2021, 14(2): 614-627.

[20] CHEN J, MOU L, WANG L, et al. Mixed Bacillus subtilis and Lactiplantibacillus

plantarum-fermented feed improves gut microbiota and immunity of Bamei piglet. Front

Microbiol. 2024, 15: 1442373.


	1. Introduction
	2. Materials and Methods
	2.1 Animal care
	2.2. Experimental materials
	2.3 Preparation of non-conventional fermented feed
	2.4 Experimental design, animals, and diets
	2.5 Sample Collection
	2.6 Organ Index
	2.7 Primer Design and Synthesis
	2.8 Statistical Analysis
	3. Results and Analysis
	3.1 Effects of Fermented non-conventional Feed on 
	3.2 Effects of Fermented non-conventional Feed on 
	4. Conclusions and Discussions
	References
	[1]SUN S, LI B, WU M, et al. Effect of dietary supple
	[2]XIONG M L (熊忙利), ZHANG W J (张文娟), ZHANG Z S (张兆顺).
	[3]DE FEO, P., LUCIDI, P. Liver protein synthesis in 
	[4]TANG L (唐璐), CHAO Y Y (曹岩岩), WEI J J (蔚建军). Effect
	[5]ROSS, S. H., CANTERLL, D. A. Signaling and Functio
	[6]ROJO, J. M., REJAS, M. T., Ojeda, G., et al. Enhan
	[7]MANLAPIG, J. J. D., MATSUI, H. Production and Util
	[8]GHALAMKARI, G., TOGHYANI, M., TAVALAEIAN, E., et a
	[9]GUO Y, LIU J, TUO Q, et al. The effect of dietary 
	[10]JIANG H J (蒋慧姣). Study on Application of Fermented
	[11]LIU X N (刘祥年), YIN X T (殷熙彤), TANG Y R (唐于然), et a
	[12]LIU B X刘柏亨. Effect of substituting fermented rapes
	[13] DELONGg C, SHARMA S. Physiology, Peripheral Vascu
	[14] LEDOUX J., GEE D M, Leblanc N. Increased peripher
	[15] SÁNCHEZ B, DELGADO S, BLANCO-MÍGUEZ A, et al. Pro
	[16] SNOECK V, GODDEERIS B, COX E. The role of enteroc
	[17] MIZUMACHI K, AOKI R, OHMORI H, et al. Effect of f
	[18] WANG T, TENG K, LIU Y, et al. Lactobacillus plant
	[19]WANG C, WEI S, XU B, et al. Bacillus subtilis and 
	[20] CHEN J, MOU L, WANG L, et al. Mixed Bacillus subt

