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Article 
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Abstract: In order to cope with the limited supply of feed for global animal production, there is a pressing need 
to explore alternative feed resources. Orange pulp, a by-product of agriculture and industry, has shown 
potential to positively or neutrally impact pig productive performance when included in their diet. However, 
there is a lack of research on the effects of fermented navel orange pulp (FNOP) on pig growth and productive 
performance. This study aimed to investigate the effects of FNOP as a dry matter substitute on pig’s growth 
performance, carcass characteristics, meat quality, meat nutrition, and serum biochemical indicators. The 
experiment involved 128 finishing Tibetan pigs, divided into four feed treatment groups, with varying levels 
(0%, 5%, 10% and 15%) of FNOP replacing dry matter in the basal diet. The results indicated that substituting 
5% to 15% FNOP had no adverse effects on pig growth performance. However, at a 15% substitution rate, there 
was a decrease in serum growth hormone and IGF-1 levels, along with an increase in feed-to-gain ratio. A 10% 
FNOP replacement notably increased the eye muscle area of pigs. Additionally, 5% and 10% FNOP 
substitutions reduced the drip loss of pork. The study also found that substituting 5% to 15% FNOP increased 
unsaturated fatty acids and umami nucleotide contents in pork, as well as raised serum total protein and uric 
acid (nucleotide metabolism related-product) levels. These findings suggest that moderate FNOP substitution 
might enhance meat quality and maintain growth and productive performance in Tibetan pigs by improving 
protein synthesis and nucleotide metabolism, while also reducing feed costs. The optimal substitution ratio 
identified was 10%. 

Keywords: fermented navel orange pulp; growth performance; carcass characteristics; meat quality; 
meat nutrition; serum biochemical indicators; finishing Tibetan pigs 

 

1. Introduction 

The global supply of feedstock for animal production is a pressing issue. The increasing demand 
for animal products worldwide is met with limited feed-crop availability due to climate change and 
competition with human food sources [1]. Farmers also face rising production costs and challenges 
due to industrial competition and limited land resources [2]. To address this, exploring 
unconventional feed resources is crucial. Utilizing agricultural and industrial by-products not only 
promotes circularity in the food system but also reduces the environmental impact of pork 
production by recycling non-edible plant materials. According to the Food and Agriculture 
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Organization of the United Nations, there are at least 1.6 billion tons of agricultural by-products 
globally each year, and their utilization can significantly reduce carbon dioxide emissions, lessening 
the negative environmental impacts and economic losses [3,4]. 

Citrus fruits are a major global fruit, with an annual production exceeding 140 million tons [5]. 
Approximately 30% of citrus fruits, mainly oranges, are processed into juice, resulting in a substantial 
amount of citrus pulp that can make up 49-69% of the processed fresh fruit’s weight [6]. Several 
studies have reviewed the chemical composition of citrus pulp [7,8], showing its nutritional value is 
comparable to conventional animal feed and holds promise for the animal feed industry [9,10]. 
Dehydrated citrus pulp has been successfully used in various livestock and ruminant feeds, including 
those for pigs [11–13]. However, almost two-thirds of fresh citrus pulp is discarded due to its high 
moisture content and perishability [14], with only a small portion being utilized by producers near 
processing facilities. In intensive pig farming, the high-moisture citrus pulp poses challenges for 
mechanized feed production, leading to additional energy costs for drying and pelleting. 

In recent years, the popularity of liquid feed feeding models and advancements in biological 
fermentation technology have significantly broadened the potential applications of fresh citrus pulp 
in pig farming. Microbial fermentation not only prolongs the shelf life of high-moisture feed 
ingredients but also effectively breaks down anti-nutritional factors and promotes the production of 
probiotics and their beneficial metabolites [15,16]. Research indicates that incorporating fermented 
feed into diets can improve animal growth performance and meat quality [17–20]. Despite this, there 
is currently limited research on the utilization of fermented citrus pulp in pig feed. 

The nutritional value of citrus pulp is influenced by various factors, such as the type of fruit, 
variety, season, ripeness, juicing method, and post-processing treatments like dehydration, ensilage, 
and fermentation [7]. This study specifically examines fresh by-products, focusing on navel orange 
pulp from ‘Gannan Navel Orange’, a local citrus resource in China. It investigates the effects of 
fermented navel orange pulp (FNOP) in the diet of Tibetan pigs, a native breed in China. The research 
evaluates how substituting FNOP for different proportions of the basal diet dry matter (DM) impacts 
the growth performance, carcass characteristics, meat quality, meat nutrition, and blood biochemical 
indicators of finishing Tibetan pigs. The results suggest that moderate FNOP usage as a substitute in 
feed does not negatively affect the growth performance or carcass characteristics of Tibetan pigs. 
Furthermore, it can improve the nutritional value, flavor, and taste of the pork, showing promise in 
enhancing pork quality and reducing feed expenses. 

2. Materials and Methods 

2.1. Animal Ethics Statement 

All the procedures were approved by the Institutional Animal Care and Use Commit-tee at 
Jiangxi Academy of Agricultural Sciences. 

2.2. Experimental Design and Diets 

A total of 128 finishing Tibetan pigs (body weight = 30.78 ± 1.04 kg) were randomly assigned to 
4 dietary treatments with 4 replications each (8 pigs per replication). The dietary treatments consisted 
of the basal diet (CON) and experimental diets where FNOP replaced 5% (5% FNOP), 10% (10% 
FNOP), and 15% (15% FNOP) of the basal diet DM, respectively. Chemical analysis of FNOP was 
carried out following the AOAC International guidelines (2005), and the results can be found in Table 
S1 of the supplementary material. The basal diet formulation comprehensively referred to the 
Chinese National Feed Standard for swine (lean-fat type pig) and the recommended nutritional 
requirements for finishing Tibetan pigs [21,22], as outlined in Table 1. Pigs were weighed after 3 days 
of pre-feeding and the experiment lasted 49 days. All pigs had ad libitum access to water, while feed 
intake was controlled. Initial feed intake for experimental pigs was calculated by multiplying the 
average body weight by a coefficient of 0.04, with subsequent weekly increases of 10% based on the 
previous week’s intake. Pigs were fed 3 times daily at 07:30, 13:30, and 17:30. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0257.v1

https://doi.org/10.20944/preprints202405.0257.v1


 3 

 

Table 1. Ingredients and nutrient levels of experimental diets (%, as-fed basis). 

Item CON 5% FNOP 10% FNOP 15% FNOP 
Ingredient，%     

Corn 35.55  33.77  32.00  30.22  
Soybean meal 6.20  5.89  5.58  5.27  
Rice bran meal 45.00  42.75  40.50  38.25  
Wheat bran 8.34  7.92  7.51  7.09  
FNOP 0.00  5.00  10.00  15.00  
Calcium hydrogen phosphate 0.87  0.83  0.78  0.74  
Calcium carbonate 1.09  1.04  0.98  0.93  
Salt 0.35  0.33  0.32  0.30  
Baking soda 0.20  0.19  0.18  0.17  
L-lysine sulfate (70%) 0.15  0.14  0.14  0.13  
L-threonine (98.5%) 0.15  0.14  0.14  0.13  
Choline chloride 0.05  0.05  0.05  0.04  
Bentonite 1.00  0.95  0.90  0.85  
Mildewcide1 0.05  0.05  0.05  0.04  
Premix2 1.00  0.95  0.90  0.85  

Calculated composition3     

DE, Mcal/kg4 2.70  2.66  2.62  2.58  
CP,% 13.69  13.56  13.43  13.30  
NDF,% 19.73  21.47  23.21  24.95  
ADF,% 7.83  8.34  8.85  9.35  
SID Lys,% 0.53  0.52  0.52  0.51  
Ca, % 0.67  0.68  0.69  0.70  
STTD phosphorus, % 0.38  0.37  0.35  0.34  

Analysed composition     

CP,% 13.58  13.28  13.21  13.18  
Note: 1 Mildewcide, ammonium propionate; 2 Supplied per kilogram of the diet: 60 mg Fe, 8 mg Cu, 20 mg Mn, 
80 mg Zn, 0.35 mg I, 0.2 mg Se, 5,250 IU vitamin A, 1,125 IU vitamin D3, 75 mg vitamin E, 2.25 mg vitamin B1, 
7.5 mg vitamin B2, 3 mg vitamin B6, 0.03 mg vitamin B12, 24 mg pantothenic acid, 0.9 mg folic acid, 30 mg niacin, 
0.15 mg biotin, 12 mg antioxidant.3 Calculated values based on the Tables of Feed Composition and Nutritional 
Values in China (2022) [23]. 4 DE was calculated as described by Noblet and Perez (1993) [24]. CON = basal diet; 
FNOP = fermented navel orange pulp; ME = metabolizable energy; CP = crude protein; NDF = neutral detergent 
fiber; ADF = acid detergent fiber; SID Lys = standardized ileal digestible lysine; STTD phosphorus = standardized 
total tract digestibility of phosphorus. 

2.3. Growth Performance Measurements 

Throughout the experiment, the pigs’ feed intake was meticulously recorded on a per replicate 
basis, allowing for the calculation of the average daily feed intake (ADFI) per pig. On the 49th day of 
the experiment, the pigs were weighed after an overnight fast, and the average body weight, average 
daily gain (ADG), and feed conversion ratio (F:G) of each pig were calculated. 

2.4. Sample Collection and Carcass Characteristics Measurements 

On the 49th day of the experiment, one pig of moderate size was randomly selected from each 
replicate of Tibetan pigs. Following a 12-hour fast, the live weight was measured, and subsequently, 
the pigs were stunned via electrocution and slaughtered. Throughout the slaughter process, the hot 
carcass weight of each pig was measured on-site to determine the dressing percentage. Additionally, 
a tape measure was utilized to record the straight length and chest circumference. The backfat 
thickness at the thickest part of the shoulder, thoracolumbar junction and lumbosacral junction were 
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recorded and used to calculate the average backfat value. Caliper was used to measure the maximum 
length and height of the cross-section of the longissimus dorsi muscle (LDM) at the 6th and 7th ribs 
of thoracic vertebrae. The formula for calculating the eye muscle area is as follows: Eye muscle area (cmଶ) =  Length (cm) ×  Width (cm) ×  0.7 

2.5. Meat Quality Measurements 

The LDM samples stored at 4°C were used to analyze pH value, meat color, drip loss, shear force, 
and marbling score. The assessment of meat quality followed the methodology outlined in a previous 
study [25]. After slaughter, the pH of each LDM sample was measured at 45 minutes and 24 hours 
using a portable pH meter (pH-Star, Matthäaus GmbH, Päottmes, Germany). Meat color values, 
including lightness (L*), redness (a*), and yellowness (b*), were assessed at the same time points post-
slaughter using a colorimeter (CR-10, Konica Minolta, Osaka, Japan). The color difference (ΔE*) 
between the two time points was calculated using a specific formula as follow: 

ΔE* = ඥ(ΔL∗)2 +  (Δa∗)2 + (Δb∗)2 
Approximately 10 gram of each LDM sample was placed in a sealed plastic tube at 4°C, and after 

24 hours, the surface moisture was removed before weighing to determine drip loss. Shear force was 
measured with a C-LM4 tenderness tester (Tenovo International Co., Limited, Beijing, China) 
following the manufacturer’s instructions. The marbling score was determined 45 minutes post-
slaughter based on the NPPC meat color chart (Nanjing Mingao Instrument Equipment Co., Ltd., 
Nanjing, China). 

2.6. Meat Conventional Nutrition 

The contents of moisture, crude protein (CP), ether extract (EE), cholesterol, inosine 
monophosphate (IMP) and adenosine monophosphate (AMP) of each LDM sample were determined 
using Association of Official Analytical Chemists (AOAC) methods (2005). The samples were cut into 
pieces, ground into a paste using a high-speed universal crusher (FW100, Taisite Ltd., Tianjin, China), 
and placed into sample cups. Moisture content (%) was calculated by measuring weight loss after 
oven drying samples (3 g) at 102 °C for 12 hours (until constant weight) in a Memmert laboratory 
dryer (UN 75, Schwabach, Germany). Crude protein content (%) was determined using the Kjeldahl 
method with an automatic Kjeldahl nitrogen analyzer (SKD-200, Shanghai Peiou Analysis 
Instruments Co., Ltd., Shanghai, China). Fat content (%) was measured using the Soxhlet method 
with petroleum ether extraction in a Hanon Automatic Soxhlet Extractor (SZF-06A, Shanghai Lichen 
Instruments Technology Co., Ltd., Shanghai, China). The levels of IMP, AMP and cholesterol were 
determined using a high-performance liquid chromatography system (Agilen 1200, Agilen 
Technologies, CA, USA). 

2.7. Amino Acid Composition 

Approximately 0.1 g of each LDM sample was weighed and digested with 5 mL of 6 mol/L HCl 
solution at 105 °C in an oven for 24 hours. The volume was then adjusted to 50 mL in a volumetric 
flask, and the sample was filtered through a 0.22-mm water phase filter into a centrifuge tube. 
Subsequently, 2 mL of the filtrate was evaporated in an evaporating dish in a 60 °C water bath, 
followed by the addition of 4 mL of 0.02 mol/L HCl solution. Once dissolved, the sample was stored 
at 4 °C for detection using an ion-exchange AA analyzer (L8900, Hitachi, Tokyo, Japan). 

2.8. Fatty Acid Profile 

The fatty acid profile was analyzed using gas chromatography (GC) as outlined in previous 
studies (Hao et al., 2020). The LDM samples were first extracted with a mixture of chloroform and 
methanol (2:1; vol/vol). Approximately 20 g of each LDM sample was weighed and dried at 105 °C 
for 1 h, followed by weighing 1 g of the dried sample and leaching it with petroleum ether for 3 h. 
Subsequently, 60 mg of the extracted fat was dissolved in 4 mL of isooctane, with the addition of 200 
mL of potassium hydroxide-methanol and 1 g of sodium bisulfate. After salt precipitation, the 
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solution containing the methyl esters was separated into the upper layer and stored in a refrigerator 
at 4 °C. Prior to GC detection (Model 7890 A, Agilent Technologies, CA, USA), each sample was 
filtered through a 0.22-nm filter membrane. The fatty acid concentration was then determined using 
GC ChemStation software (Agilent Technologies, CA, USA). 

2.9. Serum Sample Collection and Serum Biochemical Measurements 

On the 49th day, three pigs were randomly selected from each replicate. Fasting blood samples 
(5 to 10 mL) were collected from the anterior vena cava after a 12-hour fast. The blood was collected 
into sterile EP tubes without any anticoagulant. After centrifugation at 3000 rpm for 5 minutes, the 
supernatant was stored at -80°C for future use. Serum total protein (TP), blood urea nitrogen (BUN), 
and triglyceride levels were analyzed using a fully automatic biochemical analyzer (PBC22A Plus, 
LWPOCT, Shenzhen, China). Serum uric acid (UA) levels were determined using a colorimetric assay 
kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). Growth hormone (GH) and insulin-
like growth factor-1 (IGF-1) levels were measured using an enzyme-linked immunoassay kit (Nanjing 
Jiancheng Bioengineering Institute, Nanjing, China). 

2.10. Statistical Analyses 

All data in the current study were analyzed by one-way analysis of variance (ANOVA) with the 
statistical software SPSS 20.0 (Chicago, IL, USA) followed by Duncan’s multiple range analysis. P < 
0.05 was considered to be statistically significant. All results are shown as the means ± standard 
deviation. 

3. Results 

3.1. Growth Performance 

In this study, we investigated the effects of substituting FNOP for DM in the base diet on the 
growth performance of finishing Tibetan pigs by standardizing feed intake. The results presented in 
Table 2 show that there were no significant differences in ADFI across the experimental groups, 
indicating consistent control over feed consumption. Additionally, the ADG did not vary 
significantly among the experimental groups. It is noteworthy that the feed-to-gain ratio in the 15% 
FNOP group increased by 0.26 compared to the CON group, although this difference was not 
statistically significant. These findings suggest that replacing 5% to 15% of the base diet DM with 
FNOP during the finishing phase does not have a negative impact on the growth performance of 
Tibetan pigs. Moreover, a 15% replacement ratio may actually reduce the feed conversion rate. 

Table 2. Effects of fermented navel orange pulp on the growth performance of finishing Tibetan pigs. 

Item CON 5% FNOP 10% FNOP 15% FNOP P-value 
ADFI, kg /d 1.73 ± 0.33 1.75 ± 0.33 1.77 ± 0.34 1.77 ± 0.31 0.635 
Initial weight, kg 31.12 ± 0.58 30.39 ± 1.16 30.94 ± 1.03 30.67 ± 1.49 0.802 
Final weight, kg 46.76 ± 0.84 46.10 ± 1.61 46.91 ± 1.22 45.89 ± 1.14 0.602 
ADG, g/d 319.26 ± 10.52 320.63 ± 10.21 325.83 ± 13.39 310.75 ± 11.33 0.352 
F:G 5.44 ± 0.18 5.47 ± 0.18 5.45 ± 0.20 5.70 ± 0.23 0.251 

Note: Data are expressed as means ± standard deviation, n = 32. CON = basal diet; FNOP = fermented navel 
orange pulp; ADFI = average daily feed intake; ADG = average daily gain; F:G = feed-to-gain ratio. 

3.2. Carcass Characteristics 

The impact of FNOP on the carcass characteristics of finishing Tibetan pigs was further explored, 
with detailed results presented in Table 3. Live weight did not differ significantly among the three 
FNOP groups compared to the CON group, although the 15% FNOP group exhibited a lower live 
weight than the 5% and 10% FNOP groups (P < 0.05). In contrast to the CON group, the eye muscle 
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area significantly increased in the 10% FNOP group (P < 0.05). No other carcass characteristic 
indicators showed significant differences across the experimental groups. These results suggest that 
substituting 5% to 15% of the base diet with FNOP does not negatively impact the productive 
performance of Tibetan pigs, and a 10% replacement may even improve lean meat production. 

Table 3. Effects of fermented navel orange pulp on the carcass traits of finishing Tibetan pigs. 

Item CON 5% FNOP 10% FNOP 15% FNOP P-value 
Liver weight, kg 47.76 ± 5.01ab 50.54 ± 3.29b 49.79 ± 0.38b 43.16 ± 1.51a 0.023  
Carcass weight, kg 30.41 ± 4.14 34.15 ± 2.77 32.10 ± 1.03 29.34 ± 1.97 0.121  
Carcass yield, % 63.51 ± 2.42 67.57 ± 3.07 64.46 ± 1.72 67.97 ± 4.00 0.127  
Body length, cm 77.00 ± 3.56 77.00 ± 7.70 75.50 ± 3.7 75.75 ± 4.99 0.963  
Chest circumference, cm 83.00 ± 3.74 83.63 ± 7.65 83.70 ± 1.01 80.75 ± 1.71 0.756  
BFT at thickest part of 
the shoulder, mm 36.24 ± 3.13 33.44 ± 5.52 34.38 ± 6.42 30.9 ± 3.41 0.688  

BFT at thoracolumbar 
junction, mm 15.32 ± 1.73 15.99 ± 3.36 18.40 ± 6.79 14.64 ± 4.95 0.886  

BFT at lumbar sacral 
junction, mm 20.86 ± 0.59 22.41 ± 5.79 22.73 ± 2.41 19.85 ± 3.70 0.864  

BFT, mm 24.14 ± 1.49 23.94 ± 4.29 25.17 ± 4.34 21.80 ± 3.19 0.910  
Eye muscle area, cm2 8.42 ± 0.72a 9.20 ± 1.16ab 12.23 ± 1.71b 8.94 ± 1.17ab 0.017  

Note: Data are expressed as means ± standard deviation, n = 4. CON = basal diet; FNOP = fermented navel orange 
pulp; BFT = backfat thickness. a,b Within a row, values with different superscripts differ significantly at P < 0.05. 

3.3. Meat Quality 

Table 4 illustrates the impact of FNOP on the meat quality of finishing Tibetan pigs. In 
comparison to the CON group, the 10% FNOP group displayed a tendency towards decreased pH24h 
values in the meat (P < 0.10). The 5% FNOP group exhibited the highest L*45min value (P < 0.05). 
Moreover, the 15% FNOP group demonstrated the most significant color difference (ΔE*(45min-24h)) (P 
< 0.01), correlating with the maximum pH fluctuation during the meat’s acidification phase. 
Additionally, both the 5% and 10% FNOP groups experienced lower drip loss in the meat when 
compared to the CON group and the 15% FNOP group (P < 0.05). These findings indicate that 
substituting 5% and 10% FNOP improves meat quality, with the 10% replacement ratio showing 
superior acidification effects. 

Table 4. Effects of fermented navel orange pulp on the meat quality of finishing Tibetan pigs. 

Item CON 5% FNOP 10% FNOP 15% FNOP P-value 
pH45min 6.74 ± 0.16 6.55 ± 0.16 6.53 ± 0.09 6.62 ± 0.18 0.274  
pH24h 6.33 ± 0.21 5.82 ± 0.41 5.64 ± 0.24 6.14 ± 0.49 0.067  
L*45min 34.95 ± 0.70 36.05 ± 0.52 35.06 ± 1.15 34.64 ± 1.44 0.286  
a*45min 15.41 ± 0.71 16.76 ± 1.28 15.18 ± 0.47 16.25 ± 1.29 0.148  
b*45min 0.38 ± 0.22a 1.16 ± 0.52b 0.30 ± 0.36a 0.41 ± 0.41a 0.032  
L*24h 36.73 ± 3.29a 38.51 ± 1.08a 43.30 ± 2.94b 37.17 ± 2.7a 0.016  
a*24h 15.40 ± 0.72 17.72 ± 1.11 16.62 ± 1.69 16.13 ± 0.78 0.079  
b*24h 1.16 ± 0.53 1.45 ± 0.26 1.90 ± 0.17 1.30 ± 0.36 0.121  
ΔE*(45min-24h) 2.51 ± 2.08A 2.98 ± 1.38A 8.70 ± 2.18B 2.98 ± 2.11A 0.002  
Drip loss, % 1.38 ± 0.29b 0.86 ± 0.26a 0.98 ± 0.31a 1.26 ± 0.10b 0.010  
Shearing force, kgf 5.95 ± 1.25 5.66 ± 1.07 5.73 ± 0.84 6.34 ± 0.76 0.777  
Marbling score 2.88 ± 1.03 2.5 ± 0.41 2.5 ± 0.71 2.88 ± 0.75 0.806  
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Note: Data are expressed as means ± standard deviation, n = 4. CON = basal diet; FNOP = fermented navel orange 
pulp; ΔE*(45min-24h) = Color Difference of meat from 45 min to 24 h. a,b or A,B Within a row, values with different 
superscripts differ significantly at P < 0.05 and P < 0.01, respectively. 

3.4. Meat Nutrition 

The study further examined the nutritional composition of the meat and found no significant 
differences in moisture, CP, EE, ash, and cholesterol content among the meat from all experimental 
groups (Table S2). However, there was a notable increase in the content of IMP in the meat from the 
5%, 10%, and 15% FNOP groups by 103.28%, 123.78%, and 85.97% respectively compared to the CON 
group (P < 0.01) (Table S2). Additionally, the content of AMP in the meat from the 5% and 10% FNOP 
groups showed a significant increase of 20.18% and 18.30% respectively (P < 0.01) (Table S2). Amino 
acid composition did not vary significantly across the experimental groups (Table S3). The fatty acid 
profile of pork is depicted in Tabe 5. The levels of C18:0 and SFA in the 5%, 10%, and 15% FNOP 
groups exhibited a significant linear decrease compared to the CON group (P < 0.01), while the levels 
of C18:1n9 and MUFA increased significantly (P < 0.05 and P < 0.01, respectively). Moreover, the 
levels of C18:2n6 and PUFA significantly increased in the 10% and 15% FNOP groups (P < 0.01 and 
P < 0.05, respectively). The UFA:SFA ratio in the meat from the 5%, 10%, and 15% FNOP groups 
displayed a linear significant increase compared to the CON group (P < 0.01). These findings suggest 
that FNOP substitution leads to higher levels of unsaturated fatty acids and umami nucleotides in 
the meat, enhancing its nutritional value and flavor, with the most pronounced effects observed at 
the 10% replacement level. 

Table 5. Effects of fermented navel orange pulp on the fatty acid profile of the longissimus dorsi 
muscle in finishing Tibetan pigs (%). 

Item CON 5% FNOP 10% FNOP 15% FNOP P-value 
C10:0 0.13 ± 0.01 0.12 ± 0.01 0.11 ± 0.01 0.12 ± 0.02 0.277  
C12:0 0.05 ± 0.01A 0.09 ± 0.02B 0.06 ± 0.01A 0.05 ± 0.01A 0.009  
C14:0 1.26 ± 0.05 1.25 ± 0.08 1.14 ± 0.08 1.21 ± 0.05 0.085  
C16:0 26.15 ± 0.21 25.73 ± 0.40 26.05 ± 0.07 25.85 ± 0.19 0.244  
C17:0 0.20 ± 0.02 0.17 ± 0.02 0.17 ± 0.02 0.18 ± 0.04 0.267  
C18:0 12.97 ± 0.22C 12.40 ± 0.12B 11.78 ± 0.19A 11.76 ± 0.27A <0.001 
C20:0 0.42 ± 0.03 0.37 ± 0.03 0.40 ± 0.05 0.44 ± 0.02 0.053  
C16:1 5.78 ± 0.12 6.08 ± 0.11 5.91 ± 0.38 5.95 ± 0.12 0.285  
C17:1 0.23 ± 0.01 0.21 ± 0.04 0.23 ± 0.03 0.19 ± 0.03 0.227  
C18:1n7 0.92 ± 0.04 1.00 ± 0.05 1.01 ± 0.10 1.01 ± 0.05 0.180  
C18:1n9 38.00 ± 0.29a 38.84 ± 0.45b 38.80 ± 0.22b 38.97 ± 0.49b 0.014  
C20:1 0.48 ± 0.03ab 0.52 ± 0.03b 0.46 ± 0.04a 0.42 ± 0.04a 0.010  
C18:2n6 10.30 ± 0.21A 10.06 ± 0.10A 10.70 ± 0.23B 10.80 ± 0.18B <0.001 
C18:3n3 0.13 ± 0.01 0.13 ± 0.01 0.13 ± 0.01 0.12 ± 0.01 0.262  
C18:3n6 0.27 ± 0.02 0.32 ± 0.02 0.30 ± 0.03 0.30 ± 0.03 0.071  
C20:3 0.14 ± 0.02 0.15 ± 0.02 0.14 ± 0.01 0.16 ± 0.02 0.355  
C20:4 2.60 ± 0.09 2.58 ± 0.13 2.63 ± 0.11 2.46 ± 0.07 0.168  
MUFA1 45.39 ± 0.29A 46.65 ± 0.46B 46.40 ± 0.18B 46.53 ± 0.50B 0.002  
PUFA2 13.43 ± 0.27ab 13.24 ± 0.19a 13.90 ± 0.35c 13.85 ± 0.26bc 0.013  
SFA3 41.18 ± 0.37B 40.12 ± 0.30A 39.70 ± 0.19A 39.62 ± 0.38A <0.001 
UFA:SFA4 1.43 ± 0.02A 1.49 ± 0.02B 1.52 ± 0.01BC 1.52 ± 0.02C <0.001 

Note: Data are expressed as means ± standard deviation, n = 4. 1 MUFA = C16:1 + C17:1 + C18:1n7 + C18:1n9 + 
C20:1; 2 PUFA = C18:2n6 + C18:3n3 + C18:3n6 + C20:3 + C20:4; 3 SFA = C10:0 + C12:0 + C14:0 + C16:0 + C17:0 + 
C18:0 + C20:0; 4 UFA = MUFA + PUFA. CON = basal diet; FNOP = fermented navel orange pulp; MUFA = 
monounsaturated fatty acid; PUFA = polyunsaturated fatty acid; SFA = saturated fatty acid. a,b or A,B Within a 
row, values with different superscripts differ significantly at P < 0.05 and P < 0.01, respectively. 
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3.5. Serum Biochemical Indicators 

Table 6 displays the serum biochemical indicators related to growth and metabolism. The serum 
TP levels in all FNOP experimental groups were significantly higher compared to the CON group (P 
< 0.01), while there was no significant difference in the levels of BUN, a product of protein metabolism. 
This suggests a potential promotion of protein synthesis metabolism in pigs. Moreover, the levels of 
UA, a purine metabolism product, increased notably in the 5%, 10%, and 15% FNOP groups 
compared to the CON group (P < 0.01). The 15% FNOP group also exhibited a significant rise in serum 
triglyceride levels compared to the CON group (P < 0.05). In terms of growth-related hormones, there 
was a linear and significant decrease in GH levels with increasing FNOP replacement (P < 0.01). 
Additionally, IGF-1 levels were notably reduced in the 15% FNOP group compared to the CON 
group (P < 0.05). These results suggest that FNOP replacement enhances protein synthesis 
metabolism and nucleotide metabolism in pigs, but exceeding 10% may lead to a reduction in growth-
related hormone levels. 

Table 6. Effects of fermented navel orange pulp on the serum biochemical indexes of finishing Tibetan 
pigs. 

Item CON 5% FNOP 10% FNOP 15% FNOP P-value 
TP, ug/uL 73.46 ± 8.18A 89.17 ± 9.36B 82.33 ± 9.02B 84.42 ± 9.59B 0.001  
BUN, mmol/L 7.59 ± 1.48 7.30 ± 1.71 7.59 ± 1.03 7.80 ± 1.35 0.865  
UA, mmol/L 23.72 ± 12.47A 42.24 ± 16.13B 43.11 ± 10.35B 49.20 ± 25.73B 0.007  
TG, mmol/L 0.59 ± 0.24a 0.69 ± 0.29ab 0.78 ± 0.13ab 0.92 ± 0.37b 0.036  
GH, ug/L 11.85 ± 1.62C 10.84 ± 2.69BC 9.66 ± 1.58B 7.48 ± 1.00A 0.002  
IGF-1, μg/L 9.33 ± 1.43b 9.69 ± 1.35b 9.06 ± 1.69ab 7.82 ± 1.19a 0.040  

Note: Data are expressed as means ± standard deviation, n = 4. CON = basal diet; FNOP = fermented navel orange 
pulp; TP = total protein; BUN = blood urea nitrogen; UA = uric acid; TG = triglyceride; GH = growth hormone; 
IGF-1 = insulin-like growth factor-1. a,b or A,B Within a row, values with different superscripts differ significantly 
at P < 0.05 and P < 0.01, respectively. 

4. Discussion 

This study aimed to investigate the effects of replacing 5%, 10% and 15% of the basal diet DM 
with FNOP on the growth performance, carcass characteristics, meat quality, meat nutrition, and 
blood biochemical indicators of finishing Tibetan pigs. The results demonstrated that the moderate 
replacement of the basal diet DM with FNOP did not negatively impact the growth and productive 
performance of the pigs. Furthermore, FNOP also enhanced the metabolic processes of nucleotides 
and protein synthesis within the pigs, which ultimately improved the nutritional value and flavor of 
the pork. 

In this study, FNOP was found to have higher levels of protein and neutral detergent fiber 
compared to unfermented citrus pulp reported in previous studies [8,13], while showing reduced 
levels of carbohydrates and energy. These changes indicate that the biofermentation process 
significantly altered the chemical composition of the navel orange pulp. The high level of neutral 
detergent fiber content can be attributed to the rich content of hemicellulose, which may make the 
fiber in FNOP more easily fermentable in the gut [26–28]. 

Previous studies have indicated that the addition of 15% citrus pulp to the diet of finishing pigs 
is appropriate [29,30]. In the present study, the replacement of 5%, 10%, and 15% of the basal diet DM 
with FNOP led to a slight decrease in the energy and protein content of the diet. However, under the 
condition of uniform feed intake, the growth performance of the pigs was not significantly adversely 
affected. However, it is important to note that when the replacement ratio reached 15%, there was a 
decrease in the feed conversion efficiency of the pigs, potentially linked to the reduced energy and 
protein density of the diet. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0257.v1

https://doi.org/10.20944/preprints202405.0257.v1


 9 

 

In terms of carcass characteristics, compared with 5% and 10% replacement ratios, the live 
weight of slaughter pigs using 15% FNOP replacement ratio decreased, which is related to the 
random principle followed in the selection process. In this trial, FNOP substitution did not have a 
significant impact on most carcass characteristics, including carcass weight, carcass yield, body 
length, chest circumference and backfat thickness, which is different from the findings of Ferrer et 
al.’s study. Ferrer et al. found that as the proportion of dehydrated citrus pulp in the diet increased, 
carcass weight and backfat gain showed a linear downward trend [13]. These differences may be 
related to the different breeds of experimental pigs and the citrus pulp materials used. 

When FNOP replaced 10% of the basal diet DM in the experiment, there was a significant 
increase in the eye muscle area of the longissimus dorsi muscle of pigs. This suggests that FNOP may 
have a positive effect on promoting protein deposition in pigs. The rise in TP levels in blood 
biochemical indicators further supports this hypothesis. Bakare et al. observed a similar trend, noting 
that the serum TP level of finishing pigs initially increased and then decreased with the addition of 
dehydrated orange pulp in the diet, peaking at a 24% addition level [30]. This aligns with the results 
of the current study. In the study by Bakare et al., it was observed that as the level of dehydrated 
citrus pulp added to the diet increases, the protein content decreases. However, at a 24% addition 
ratio, the crude protein level can reach 14.76%, which still exceeds the NRC (2012) recommendations 
for meeting the protein deposition needs of finishing pigs. This may be an important factor in 
increasing their serum TP levels. Belloumi et al. found that incorporating dehydrated citrus pulp into 
pig diets could potentially enhance nitrogen absorption and utilization in the intestines [31]. This was 
supported by a decrease in fecal metabolites linked to bacterial protein fermentation and an increase 
in serum metabolites associated with protein metabolism. Cui et al. suggested that citrus extracts may 
also boost nitrogen absorption and utilization in pigs by improving intestinal morphology and 
digestive enzyme activity [32]. Additionally, Noh et al. showed that a diet supplemented with a 
product fermented using Bacillus subtilis on a mixture of citrus pulp and fish by-product improved 
the digestibility of various nutrients in pigs [33]. The observed increase in eye muscle area and TP 
levels in our current experiment could be a result of enhanced nitrogen digestion and absorption in 
the pigs’ intestines. However, it is important to note that a 15% FNOP substitution did not lead to an 
improvement in eye muscle area, possibly due to reduced levels of GH and IGF-1. 

Meat quality traits are intricate quantitative features comprising various indicators like meat 
color, pH value, water-holding capacity, shear force, and marbling. Following slaughter, pork 
typically undergoes an aging process lasting 24 to 36 hours, during which rigor mortis occurs and 
resolves. A key biochemical change during this period is the conversion of glycogen to lactate 
through anaerobic glycolysis, resulting in a decrease in pH value. In our study, we observed that 
pork from the 5% and 10% FNOP groups exhibited appropriate pH24h values, while the pH24h values 
of the CON group and the 15% FNOP group remained above 6. Postmortem aging contributes to 
enhancing the meat’s water-holding capacity, thereby improving the juiciness of pork [34], as 
evidenced by reduced drip loss in the 5% and 10% FNOP groups. A lower final pH value generally 
indicates a higher glycogen content in the muscle at slaughter, which is linked to the muscle’s activity 
level and metabolic state, although this aspect was not further explored in our study. Concurrent 
with pH changes, alterations in meat color occur; notably, the 10% FNOP group showed the greatest 
color difference from 45 min to 24 h after slaughter. Throughout the aging process, the lightness value 
(L*) and yellowness value (b*) of pork from all experimental groups increased, consistent with 
previous research findings [35,36]. Particularly, the 24-hour lightness value of pork from the 10% 
FNOP group significantly improved, possibly due to enhanced protein denaturation and structural 
changes resulting from the pH decrease. The denaturation of sarcoplasmic proteins and increased 
transverse spacing of myofibrils contribute to heightened light scattering [37,38]. 

The nutritional quality and taste of meat play a crucial role in how consumers perceive it. The 
consumption of fatty acids is intricately linked to consumer health. Research suggests that consuming 
excessive saturated fatty acids may elevate the risk of developing Type 2 diabetes and heart disease 
[39], whereas unsaturated fatty acids have shown to have positive effects on health, such as reducing 
inflammation, regulating glycolipid metabolism, and supporting muscle growth. In this study, 
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replacing 5%, 10%, and 15% of the basal diet DM with FNOP led to an increase in monounsaturated 
fatty acids and a decrease in saturated fatty acids in pork. Notably, substituting 10% of the basal diet 
DM with FNOP significantly raised the levels of polyunsaturated fatty acids. These results align with 
previous research and suggest that the changes of fatty acid composition in diet due to FNOP 
substitution could be responsible for these outcomes [13,18] 

Nucleotides play a crucial role in the nutritional and flavor profile of pork products, particularly 
IMP which enhances the umami taste of meat [40]. This study observed that substituting 5%, 10%, 
and 15% FNOP increased IMP levels in pork, with 5% and 10% FNOP also boosting AMP levels. 
These findings align with prior research indicating that fermented feed can upregulate genes linked 
to IMP synthesis in muscle tissue, thereby enhancing IMP concentration [19]. This phenomenon is 
likely attributed to the heightened nucleotide production facilitated by microbial fermentation 
processes [41,42]. The higher serum UA levels across all FNOP groups, a byproduct of purine 
metabolism, indirectly suggest that fermented feed may stimulate nucleotide synthesis and 
accumulation. 

5. Conclusions 

The study found that substituting 5% to 15% of the basal diet DM with FNOP did not negatively 
impact the growth and productive performance of finishing Tibetan pigs. However, the substitution 
of 15% FNOP led to a decrease in the levels of growth-related hormones in the pigs’ serum and also 
resulted in a reduced feed conversion efficiency, suggesting that 15% may be the maximum threshold 
for the FNOP substitution ratio. The most optimal substitution ratio of FNOP appears to be 10%, as 
it maximizes the nutritional value, flavor, and texture of the meat. This is supported by an increase 
in the eye muscle area of the pigs’ longissimus dorsi muscle, a rise in unsaturated fatty acids and 
savory nucleotides in the pork, and a decrease in drip loss. While further research is needed to 
understand the specific mechanisms behind FNOP’s enhancement of pork quality in finishing pigs, 
this study highlights the potential benefits of FNOP in improving pork quality and reducing feed 
costs. 

Author Contributions: Conceptualization, C.X. and Z.Z.; formal analysis, C.X. and X.C.; investigation, C.X. P.X. 
W.S., Q.S. and H.J.; resources, Y.H.; data curation, C.X.; writing—original draft preparation, C.X.; writing—
review and editing, T.S. and W.S; project administration, Z.Z.; funding acquisition, C.X., X.C. and Z.Z.. All 
authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by Jiangxi Modern Agricultural Science and Research Collaborative 
Innovation Special Project (JXXTCX202303), Jiangxi Province’s Pig Industry Technology System (JXARS-01-Feed 
and Nutrition), Key Research and Development Plan Project of Jiangxi Province (20232BBF60014) and Jiangxi 
Academy of Agricultural Sciences Basic Research and Talent Training Special Project Funded project 
(JXSNKYJCRC202332). 

Data Availability Statement: The original contributions presented in the study are included in the 
article/Supplementary Material, further inquiries can be directed to the corresponding author/s. 

Acknowledgments: We sincerely thank all the staff of the Animal Science and Fisheries Institute of Gannan 
Academy of Sciences for their assistance during the animal experimental sample collection process. We also 
express our heartfelt gratitude to Youdao Agricultural Development Co., Ltd. in Ganzhou City, Jiangxi Province, 
for providing the experimental site. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. Makkar H.P.S.; Ankers P. Towards a concept of sustainable animal diets. in Animal production and Health 
Report no. 7; FAO: Rome, Italy, 2014. 

2. Tsiouni M.; Aggelopoulos S.; Pavloudi A.; Siggia D. Economic and Financial Sustainability Dependency on 
Subsidies: The Case of Goat Farms in Greece. Sustainability 2021, 13, 7441. 

3. Friedlingstein P.; O’Sullivan M.; Jones M.W.; Andrew R.M.; Gregor L.; Hauck J.; Quéré C.L.e.; Luijkx I.T.; 
Olsen A.; Peters G.P. Global Carbon Budget 2022. Earth Syst. Sci. Data 2022, 14, 4811-4900. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0257.v1

https://doi.org/10.20944/preprints202405.0257.v1


 11 

 

4. Abejón R.; Fernández-Ríos A.; Domínguez-Ramos A.; Laso J.; Margallo M. Hydrogen Recovery from Waste 
Gas Streams to Feed High-Temperature PEM Fuel Cells: Environmental Performance under a Life-Cycle 
Thinking Approach. Appl. Sci. 2020, 10, 7461. 

5. Food and Agriculture Organization Corporate Statistical Database. Citrus Fruits Statistical Compendium 2020, 
FAO: Rome, Italy, 2021. 

6. Pascual J.M.; Carmona J.F. Composition of citrus pulp. Anim. Feed Sci. Technol. 1980, 5, 1-10. 
7. Bampidis V.A.; Robinson P.H. Citrus by-products as ruminant feeds: A Review. Anim. Feed Sci. Technol. 

2006, 128, 175-217. 
8. Blas J.C.D.; Ferrer P.; Rodríguez C.A.; Cerisuelo A.; Farias C. Nutritive value of citrus co-products in rabbit 

feeding. World Rabbit Sci. 2018, 26, 7. 
9. Habeeb A.A.M.; Gad A.E.; Mustafa M.M. Using of Citrus By-Products in Farm Animals Feeding. Int. J. Sci. 

Res. Sci. Technol. 2017, 3. 
10. Suri1 S.; Singh A.; Nema P.K. Current applications of citrus fruit processing waste: A scientific outlook. 

Appl. Food Res. 2022, 2, 100050. 
11. Behera D.P.; Sethi A.P.S.; Pathak D.; Singh U.; Wadhwa M. Effect of Different Levels of Citrus Waste 

(Kinnow sp.) on Duodenal Morphology of Broiler Birds Without and With Cocktail of Enzymes. J. Anim. 
Res. 2018, 8, 775-782. 

12. Rahman A.; Kalsoom H.; Khanum S.; Sajid M.; Zahid M.Z.; Hayat Z.; Asif A.R.; Mahmood M.; Ahmed I.; 
Nawaz S. et al. Evaluation of Dried Citrus Pulp Addition to Total Mixed Ration in Replacement to Corn on 
Mutton Goat Performance and Health Indices. Sustainability 2023, 15, 6584. 

13. Ferrer P.; Calvet S.; García-Rebollar P.; Jiménez-Belenguer A.I.; Hernández P.; Piquer O.; Cerisuelo A. The 
impact of replacing barley by dehydrated orange pulp in finishing pig diets on performance, carcass quality, 
and gaseous emissions from slurry. Animal 2022, 16, 100659. 

14. Luzardo S.; Banchero G.; Ferrari V.; Ibáñez F.; Roig G.; Aznárez V.; Clariget J.; La Manna A. Effect of Fresh 
Citrus Pulp Supplementation on Animal Performance and Meat Quality of Feedlot Steers. Animals (Basel) 
2021, 11, 3338. 

15. Cao F.L.; Zhang X.H.; Yu W.W.; Zhao L.G.; Wang T. Effect of feeding fermented Ginkgo biloba leaves on 
growth performance, meat quality, and lipid metabolism in broilers. Poult. Sci. 2012, 91, 1210-1221. 

16. Shi C.; He J.; Yu J.; Yu B.; Huang Z.; Mao X.; Zheng P.; Chen D. Solid state fermentation of rapeseed cake 
with Aspergillus niger for degrading glucosinolates and upgrading nutritional value. J. Anim. Sci. Biotechnol. 
2015, 6, 13. 

17. Ding X.; Li H.; Wen Z.; Hou Y.; Wang G.; Fan J.; Qian L. Effects of Fermented Tea Residue on Fattening 
Performance, Meat Quality, Digestive Performance, Serum Antioxidant Capacity, and Intestinal 
Morphology in Fatteners. Animals (Basel) 2020, 10, 185. 

18. Liu S.; Du M.; Tu Y.; You W.; Chen W.; Liu G.; Li J.; Wang Y.; Lu Z.; Wang T. et al. Fermented mixed feed 
alters growth performance, carcass traits, meat quality and muscle fatty acid and amino acid profiles in 
finishing pigs. Anim. Nutr. 2023, 12, 87-95. 

19. Liu S.; Tu Y.; Sun J.; Cai P.; Zhou Y.; Huang Y.; Zhang S.; Chen W.; Wang L.; Du M. et al. Fermented mixed 
feed regulates intestinal microbial community and metabolism and alters pork flavor and umami. Meat Sci. 
2023, 201, 109177. 

20. Tang X.; Liu X.; Zhang K. Effects of Microbial Fermented Feed on Serum Biochemical Profile, Carcass Traits, 
Meat Amino Acid and Fatty Acid Profile, and Gut Microbiome Composition of Finishing Pigs. Front. Vet. 
Sci. 2021, 8, 744630. 

21. Wang L.P.; Wu J.P.; Li Y.Z. Exploration of Low-Cost Balanced Nutritional Feed for Scaled Breeding of 
Tibetan Pigs. Sichuan Anim. Vet. Sci. 2010, 37, 34-35. (in Chinese) 

22. Li D.F.; Wang K.N.; Qiao S.Y.; Jia G.; Jiang Z.Y.; Chen Z.L.; Lin Y.C.; Wu D.; Zhu X.M.; Xiong B.H. et al. 
Feeding standard of swine: NY/T 65-2004. Ministry of Agriculture of the People’s Republic of China: Beijing, 
China, 2004. 

23. Chinese Feed Database. Tables of Feed Composition and Nutritional Values in China (2022). China Feed 
2022, 63-68. 

24. Noblet J.; Perez J.M. Prediction of digestibility of nutrients and energy values of pig diets from chemical 
analysis. J. Anim. Sci. 1993, 71, 3389-3398. 

25. Nong Q.; Wang L.; Zhou Y.; Sun Y.; Chen W.; Xie J.; Zhu X.; Shan T. Low Dietary n-6/n-3 PUFA Ratio 
Regulates Meat Quality, Reduces Triglyceride Content, and Improves Fatty Acid Composition of Meat in 
Heigai Pigs. Animals (Basel) 2020, 10, E1543. 

26. García-Rodríguez J.; Saro C.; Mateos I.; González J.S.; Carro M.D.; Ranilla M.J. Effects of Replacing 
Extruded Maize by Dried Citrus Pulp in a Mixed Diet on Ruminal Fermentation, Methane Production, and 
Microbial Populations in Rusitec Fermenters. Animals (Basel) 2020, 10, E1316. 

27. Vastolo A.; Calabró S.; Liotta L.; Musco N.; Di Rosa A.R.; Cutrignelli M.I.; Chiofalo B. In Vitro Fermentation 
and Chemical Characteristics of Mediterranean By-Products for Swine Nutrition. Animals (Basel) 2019, 9, 
556. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0257.v1

https://doi.org/10.20944/preprints202405.0257.v1


 12 

 

28. Uerlings J.; Bindelle J.; Schroyen M.; Richel A.; Bruggeman G.; Willems E.; Everaert N. Fermentation 
capacities of fructan- and pectin-rich by-products and purified fractions via an in vitro piglet faecal model. 
J. Sci. Food. Agric. 2019, 99, 5720-5733. 

29. Strong C.M.; Brendemuhl J.H.; Johnson D.D.; Carr C.C. The effect of elevated dietary citrus pulp on the 
growth, feed efficiency, carcass merit, and lean quality of finishing pigs. Prof. Anim. Sci. 2015, 31, 191-200. 

30. Bakare A.G.; Ndou S.P.; Madzimure J.; Chimonyo M. Nutritionally related blood metabolites and 
performance of finishing pigs fed on graded levels of dietary fibre. Trop. Anim. Health. Prod. 2016, 48, 1065-
1069. 

31. Belloumi D.; Calvet S.; Roca M.I.; Ferrer P.; Jiménez-Belenguer A.; Cambra-López M.; García-Rebollar P.; 
Climent E.; Martínez-Blanch J.; Tortajada M. et al. Effect of providing citrus pulp-integrated diet on fecal 
microbiota and serum and fecal metabolome shifts in crossbred pigs. Sci. Rep. 2023, 13, 17596. 

32. Cui Y.; Tian Z.; Wang G.; Ma X.; Chen W. Citrus Extract Improves the Absorption and Utilization of 
Nitrogen and Gut Health of Piglets. Animals (Basel) 2020, 10, 112. 

33. Noh H.S.; Ingale S.L.; Lee S.H.; Kim K.H.; Kwon I.K.; Kim Y.H.; Chae B.J. Effects of citrus pulp, fish by-
product and Bacillus subtilis fermentation biomass on growth performance, nutrient digestibility, and fecal 
microflora of weanling pigs. J. Anim. Sci. Technol. 2014, 56, 10. 

34. Kim Y.H.B.; Ma D.; Setyabrata D.; Farouk M.M.; Lonergan S.M.; Huff-Lonergan E.; Hunt M.C. 
Understanding postmortem biochemical processes and post-harvest aging factors to develop novel smart-
aging strategies. Meat Sci. 2018, 144, 74-90. 

35. Zduńczyk W.; Tkacz K.; Modzelewska-Kapituła M. The Effect of Superficial Oregano Essential Oil 
Application on the Quality of Modified Atmosphere-Packed Pork Loin. Foods 2023, 12, 2013. 

36. Dou L.; Liu C.; Yang Z.; Su R.; Chen X.; Hou Y.; Hu G.; Yao D.; Zhao L.; Su L. et al. Effects of oxidative 
stability variation on lamb meat quality and flavor during postmortem aging. J. Food. Sci. 2022, 87, 2578-
2594. 

37. Hughes J.; Clarke F.; Li Y.; Purslow P.; Warner R. Differences in light scattering between pale and dark beef 
longissimus thoracis muscles are primarily caused by differences in the myofilament lattice, myofibril and 
muscle fibre transverse spacings. Meat Sci. 2019, 149, 96-106. 

38. Hughes J.; Clarke F.; Purslow P.; Warner R. High pH in beef longissimus thoracis reduces muscle fibre 
transverse shrinkage and light scattering which contributes to the dark colour. Food Res. Int. 2017, 101, 228-
238. 

39. Lenighan Y.M.; McNulty B.A.; Roche H.M. Dietary fat composition: replacement of saturated fatty acids 
with PUFA as a public health strategy, with an emphasis on α-linolenic acid. Proc. Nutr. Soc. 2019, 78, 234-
245. 

40. Qi J.; Wang H.H.; Zhou G.H.; Xu X.L.; Li X.; Bai Y.; Yu X.B. Evaluation of the taste-active and volatile 
compounds in stewed meat from the Chinese yellow-feather chicken breed. Int. J. Food Prop. 2018, 20, S2579-
S2595. 

41. Asahara T.; Mori Y.; Zakataeva N.P.; Livshits V.A.; Yoshida K.; Matsuno K. Accumulation of gene-targeted 
Bacillus subtilis mutations that enhance fermentative inosine production. Appl. Microbiol. Biotechnol. 2010, 
87, 2195-2207. 

42. Li B.; Yan Z.Y.; Liu X.N.; Zhou J.; Wu X.Y.; Wei P.; Jia H.H.; Yong X.Y. Increased fermentative adenosine 
production by gene-targeted Bacillus subtilis mutation. J Biotechnol. 2019, 298, 1-4. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 May 2024                   doi:10.20944/preprints202405.0257.v1

https://doi.org/10.20944/preprints202405.0257.v1

