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Effect of microencapsulated organic acids on growth performance, nutrient 
digestibility, blood profile, fecal gas emission, fecal microbial, and 
meat-carcass grade quality of growing-finishing pigs 
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H I G H L I G H T S  

• Dietary supplementation of microencapsulated organic acids (MOAs) increased body weight and average daily gain of growing- finishing pigs. 
• Dietary supplementation of MOAs increased BFT and LMP of growing-finishing pigs. 
• Dietary supplementation of MOAs reduced E. coli content in feces of growing-finishing pigs. 
• Dietary supplementation of MOAs reduced drip loss content in feces of growing-finishing pigs.  
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A B S T R A C T   

The present study was conducted to assess the effect of a microencapsulated mixture of organic acids (MOAs) 
supplementation on the growth performance, nutrient digestibility, blood profile, fecal gas emission, fecal mi
crobial, and meat-carcass grade quality in growing-finishing pigs. A total of 90 crossbred pigs (Duroc × Landrace 
× Yorkshire) with mean initial body weight (BW) of 22.68 ± 0.01 kg were used in a 16-week experiment. Pigs 
were randomly distributed to one of 3 treatment and 6 replicate pens per treatment 5 pigs per pen. The dietary 
treatments were as follows: control, basal diet; MOAs1, basal diet + 0.05% MOAs; and MOAs2, basal diet +
0.10% MOAs, respectively).The supplementation of MOAs in the basal diet has significant (P< 0.05) linearly 
improvement in body weight gain (BWG) at week 8, 12, and 16 and average daily gain (ADG) at weeks 4, 8, 12 
and the overall experiment. In addition, MOAs supplementation had linearly (P< 0.05) decreased fecal Escher
ichia coli (E. coli) counts in pigs at week 16. The inclusion of MOAs in pigs’ diet had linearly (P< 0.05) increased 
in backfat thickness (BFT) and lean meat percentage (LMT) at week 4. The drip loss decreased linearly (P < 0.05) 
on day 7 supplemented with a graded level of MOAs. Dietary supplementation of MOAs failed to show significant 
effects on nutrient digestibility, blood profile and fecal gas emission. Thus, MOAs supplementation had positively 
enhanced the growth performance, fecal microbial, and meat quality of growing-finishing pigs.   

1. Introduction 

The use of antibiotics as growth promoters (AGP) in livestock feed for 
several years was widespread all over the world. Initially, they were 
used at low dosage in feedstuffs to enhance the growth performance and 
to prevent illness; In Europe, however, the use of AGP has been slowly 
restricted until their total ban starting from 2006 according to European 
Parliament and Council Regulation EC No. 1831/2003 and European 
directive 2004/28/EC of the of 31 March 2004 (European Commission). 
The growth performance of swine is rigidly connected with the 

healthiness of the gastrointestinal tract in terms of gut immunity, 
favorable microflora, efficiency in digestion, and absorption of nutri
ents. To handle these various problems, in recent day’s researchers are 
focusing on the assessment of the effectiveness of different feed addi
tives. Among variety of candidates for the alternate to antibiotic growth 
promoters, organic acids (OAs), both used as single and as a blend of 
many acids as a potential feed additives have lately gained more inter
est, specifically in swine and poultry production (Suiryanrayna et al., 
2015; Morel et al., 2019; Nguyen and Kim. 2020). The efficacy of 
microencapsulated feed additive on improving performance in swine is 
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due to the synergistic effect of its components OAs and flavoring com
pounds. The antibacterial power of the acids is enhanced by the 
disruptive action of flavoring compounds on the bacterial membrane. 
Organic acids (OA) has been used in economic compound feeds for de
cades, some OA such as fumaric, formic, lactic, propionic, citric, and 
sorbic acids are used for feed preservation (Lückstädt, 2014). Park et al. 
(2009) reported that OAs to feed can decrease gastric pH which expe
dites the conversion of pepsinogen to pepsin, therefore enhanced the 
absorption rate of proteins, minerals, and amino acids. The OAs might 
be given not only to enhance performance but also decrease nitrogen 
and phosphorus excretion with decreasing environmental pollution (Lei 
et al., 2017). Hossain et al. (2018) indicated that the dietary supple
mentation of OAs had improved growth performance, nutrient di
gestibility, intestinal microbial growth and health status of growing 
pigs, the action of OAs without any protection may be limited by reason 
of prompt absorption and metabolism, or one in addition to the other, 
previously undergoing chemical digestion upon entering the duodenum, 
the ability to modulate intestinal flora and the immune system. Micro
encapsulation is a technological strategy to delay the quick degradation 
of drugs in the upper gastrointestinal tract (Piva et al., 1997; Cho et al., 
2014). Piva et al. (2007b) showed that microencapsulation technology 
allows for the sluggish ejection of these exacerbate along the intestine, 
allowing a considerable aggregate to reach the distal part of the small 
intestine. Many studies showed that dietary supplementation with 
MOAs additive positively affected the growth performance, nutrient 
digestibility, gas emission, reduced intestinal and fecal pathogenic mi
crobial counts (Grilli et al., 2010; Nguyen and Kim, 2020; Mitsch et al., 
2004). Growth promoters can kindle an effect on carcass composition 
and this can transmit to effects on meat quality. Particularly, growth 
promoters are known to be strongly associated with lean growth and 
decreased fat deposition which may alter the intramuscular fat con
centration which is known to impart favorable meat quality attributes 
(Morel et al., 2019). Given that OAs affects growth through GIT changes 
it is hypothesized that a microencapsulated mixture of organic acids has 
minimal effects on meat quality (Lee et al., 2021). Therefore, the present 
study was conducted to examine the effects of a microencapsulated 
mixture of organic acids (MOA) on growth performance, nutrient di
gestibility, fecal microbial, excreta gas emission, blood profile, and 
meat-carcass grade quality, in growing-finishing pigs. It was hypothe
sized that the inclusion of OAs over entire growing-finishing phase could 
have positive effects on growth performance without negatively influ
ence meat quality. 

The addition of antibiotics in swine diets for non-therapeutic use has 
been banned in South Korea. The alternative to antibiotic growth pro
moters includes herb products and their derivatives, prebiotics, pro
biotics and organic acids. Organic acids among other feed additives have 
been used as potential to promote growth in grower-finisher pigs and 
broilers (Suiryanrayna et al., 2015; Hossain et al., 2018; Nguyen and 
Kim. 2020). Fumaric acid, citric acid and phosphoric acid can be used 
safely and effectively in pig diets and are accepted by feed manufac
turers, swine producers and the public (EFSA, 2015). Hossain et al. 
(2018) indicated that the dietary supplementation of OAs had improved 
growth performance, nutrient digestibility, intestinal microbial growth 
and health status of growing pigs. Many studies showed that dietary 
supplementation with OAs additive positively affected the growth per
formance, nutrient digestibility, gas emission, reduced intestinal and 
fecal pathogenic microbial counts (Grilli et al., 2010; Nguyen and Kim, 
2020; Mitsch et al., 2004). Microencapsulation is a technological strat
egy to delay the quick degradation of drugs in the upper gastrointestinal 
tract (Piva et al., 1997; Cho et al., 2014). Piva et al. (2007b) showed that 
microencapsulation technology allows for the sluggish ejection of these 
exacerbate along the intestine, allowing a considerable aggregate to 
reach the distal part of the small intestine. Growth promoters can kindle 
an effect on carcass composition and this can transmit to effects on meat 
quality. Particularly, growth promoters are known to be strongly asso
ciated with learn growth and decreased fat deposition which may alter 

the intramuscular fat concentration which is known to impart favorable 
meat quality attributes (Morel et al., 2019). Given that OAs affects 
growth through GIT changes it is hypothesized that a microencapsulated 
mixture of organic acids has minimal effects on meat quality (Lee et al., 
2021). Therefore, the present study was conducted to examine the ef
fects of a microencapsulated mixture of organic acids (MOA) on growth 
performance, nutrient digestibility, fecal microbial, excreta gas emis
sion, blood profile, meat-carcass grade quality, in growing-finishing 
pigs. It was hypothesized that the inclusion of OAs over entire 
growing-finishing phase could have positive effects on growth perfor
mance without negatively influence meat quality. 

2. Materials and methods 

The experimental protocol for this experiment was approved by the 
Institutional Animal Care and Use Committee of Dankook University, 
Cheonan, South Korea. 

2.1. Source of MOAs 

The MOAs were a microencapsulated feed additive containing 
botanical OA from VetAgroSpA (Tetracid® S, 42100 Regio Emilia, 
Italy), and it consist fumaric acid (20%), citric acid (10%), phosphoric 
acid (10%), and malic acid (10%). 

2.2. Experimental design, animals, diets and housing 

A total of 90 crossbred pigs (Duroc × Landrace × Yorkshire) with a 
mean initial body weight (BW) of 22.68 ± 0.01 kg were used in a 16- 
week experiment. Pigs were randomly allocated to 1 of 3 treatment 
diets according to initial BW and sex in a randomized block design. 
There were 6 replicated pens per treatment with 5 pigs (two barrows and 
three gilts) per pen. The dietary treatments were as follows: control, 
basal diet; MOAs1, basal diet + 0.05% MOAs; and MOAs2, basal diet +
0.10% MOAs, respectively). 

Experiment was divided in three phases and diets were fed accord
ingly for 3 phases (grower phase: 1–8 weeks, early finisher phase: 9–12 
weeks and late finisher phase: 13–16 weeks).The basal diets were 
formulated to meet or exceed the National Research Council (NRC 2012) 
recommendation (Table 1). During the experiment, the pigs were 
housed in partially steel-slatted, concrete-floored pens (2.7 m × 1.8 m). 
Each pen was equipped with a stainless steel self-feeder and a nipple 
drinker. Pigs had ad libitum access to treatment diets and water. Room 
temperature was kept at 27◦C. 

2.3. Growth performance 

The individual body weights and feed intake were documented at the 
end of 4,8,12 and 16 weeks, and the average daily gain (ADG), average 
daily feed intake (ADFI) and gain: feed ratio (G: F) was determined. 

2.4. Nutrient digestibility 

Pigs were fed diets mixed with chromium oxide (0.2%) as an indi
gestible marker 7 days before fecal sample collection at 4, 8, 12, and 16 
week to determine the apparent total tract digestibility (ATTD) of dry 
matter (DM), nitrogen (N) and energy (E) digestibility. Fresh fecal 
samples were randomly collected from 12 pigs per treatment (1gilt and 1 
barrow per pen per treatment) by direct rectal massage at end of 4, 8, 12, 
and 16 week. Fecal sample from each pen and each stage were respec
tively pooled and stored at -20◦C until the analysis. The collected fecal 
samples and feed samples were dried at 70 ◦C for 72 h, after which they 
were ground to pass through a 1 mm sieve before analysis. Feed and 
fecal samples were analyzed for DM and N following the procedures 
outlined by the AOAC (2005). Chromium was analyzed via UV absorp
tion spectrophotometry (Shimadzu, UV-1201, Shimadzu, Kyoto, Japan). 
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The GE was determined by measuring heat of combustion in the sam
ples, using a bomb calorimeter (Parr 6100; Parr Instrument Co., Moline, 
IL, USA). Nitrogen content was determined by using a Kjeltec 2300 
Analyzer (Foss Tecator AB, Hoeganaes, Sweden) following the method 
described by (Upadhaya et al., 2020). 

2.5. Fecal microbial 

At day 122, fecal samples were collected directly via massaging the 
rectum of 2 pigs (1gilt and 1 barrow), randomly selected from each pen 
and pooled on a pen basis and placed on ice for transport to the labo
ratory, where the microbial analysis was immediately carried out. The 
composite fecal sample one gram from each pen was diluted with 9 mL 
of 1% peptone broth (Becton, Dickinson and Co., Franklin Lakes, NJ, 
USA) and then homogenized. Viable counts of the bacteria in the fecal 
samples were then conducted by plating serial 10-fold dilutions (in 1% 
peptone solution) onto MacConkey agar plates (Difco Laboratories, 
Detroit, MI, USA) and lactobacilli medium III agar plates (Medium 638, 
DSMZ, Braunschweig, Germany) to isolate E. coli and Lactobacillus, 
respectively. The lactobacilli medium III agar plates were then incu
bated for 48 h at 39◦C under anaerobic conditions respectively. The 
MacConkey agar plates were incubated for 24 h at 37◦C. The E. coli and 
Lactobacillus colonies were counted immediately after removal from the 
incubator. 

2.6. Fecal gas emission 

For the analysis of the fecal NH3, methyl mercaptans, and H2S, the 
fresh feces were collected from randomly selected 6 pigs per treatment 
(1gilt and 1 barrow per pen per treatment) at the end of the experiment. 
The feces sample was collected via massaging the rectum and pooled on 
a pen basis. Then, the stock feces (300 g) were stored in 2.6-L plastic 
boxes with a small hole in the middle of one side that was sealed with 
adhesive plaster. The samples were fermented for 24 h at room tem
perature (25 ◦C), and 100 mL of the headspace air was sampled from 
approximately 2.0 cm above the fecal sample. After the collection, box 
was re-sealed with adhesive plaster to measure the fecal noxious con
tent. The fecal samples were manually shaken for approximately 30 s 
before measurement to disrupt any crust formation on the surface of the 
fecal sample and to homogenize the samples. Concentrations of NH3, 
H2S, total mercaptans, Co2, acetic acid were measured within the scopes 
of 5.0–100.0 ppm (No. 3La, detector tube; Gastec Corp. Kanagawa, 
Japan) and 2.0–20.0 ppm (4LK, detector tube; Gastec Corp.). 

2.7. Blood profile 

For the serum profile, two pigs from each pen (1 barrow and 1 gilt,18 
pigs per treatment) were randomly selected and blood samples were (10 
mL per pig) collected via jugular vena cava puncture at the end of the 
experiment. Half of the sample was transferred into either ethylene 
diaminetetraacetic acid tubes or a 5 mL non-heparinized Vacutainer 
tube (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ, USA). 
Blood samples were incubated at room temperature for 1 h before being 
centrifuged at 3000g for 15 min at 4◦C to obtain serum. Serum samples 
were stored at − 80◦C until required for analysis. The white blood cells 
(WBC), red blood cells (RBC), lymphocyte counts, monocyte, eosinophil, 
basophil, Mean corpuscular volume,mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration and platelet in the whole 
blood were determined using an automatic blood analyzer (ADVIA 120, 
Bayer, NY, USA) whereas red cell distribution width (RDW) was 
measured using an automatic biochemistry blood analyzer (HITACHI 
747; Hitachi, Tokyo, Japan) by calorimetric methods. 

2.8. Carcass traits 

Twelve pigs (1 barrow and 1 gilt) were randomly selected from each 
treatment at the week 4,8,12, and 16experiment period and backfat 
thickness and lean meat percentage (LMP) measurements were per
formed using a real-time ultrasound instrument (Piglog 105, SFK 
Technology, Herlev, Denmark). 

2.9. Meat Quality and carcass grade 

At the end of the experiment, two pigs from each pen (1 barrow and 1 
gilt, 18 pigs per treatment) were slaughtered at a local commercial 
slaughterhouse.Pigs were killed by first being rendered unconscious via 
a process called “stunning’ followed by bleeding and evisceration. 
Carcasses were placed in a conventional chiller at 4◦C. After a 24-h 
chilling period, carcasses were fabricated into primal cuts. Meat sam
ples including lean and fat were taken via perpendicular cut loins into 2- 
cm-thick chop beginning from the 10th and 11th ribs region from back 
fat thickness of pigs were measured 5 cm from the right-hand side of the 
midline from three different sites (shoulder, mid-back and loin at a 
position directly above the point of elbow, last rib and last lumbar 
vertebra) using a -time ultrasound instrument (Piglog 105, SFK Tech
nology, Herlev, Denmark) (Kim et al. 2004). Back fat thickness of pigs 
were measured 5 cm from the right-hand side of the midline from three 
different sites (shoulder, mid-back and loin at a position directly above 
the point of elbow, last rib and last lumbar vertebra) using a real-time 
ultrasound instrument (Piglog 105, SFK Technology) (Kim et al. 
2004). The reflectance spectrometry measurements of lightness (L*), 

Table 1 
Ingredients and composition of basal diets for growing-finishing pigs (g/kg, as- 
fed basis).  

Items Grower 
phase 

Early finisher 
phase 

Late finisher 
phase 

Corn 37.57 37.98 36.15 
Wheat 19.00 24.00 29.00 
Rice bran 2.00 2.00 2.00 
Wheat bran 2.00   
Parmkernell meal 2.00 3.00 3.00 
Soybean meal 3.00 3.00 3.00 
Dehulled Soybean meal 15.11 11.34 8.12 
Rape seed meal 4.00 4.00 4.00 
Sesame meal 2.00 2.00 2.00 
Brown Rice 5.00 5.00 5.00 
Animal fat 3.79 3.26 2.89 
Molasses 2.00 2.00 2.00 
Limestone 1.05 1.08 1.10 
MCP 0.16 0.10 0.09 
Salt 0.30 0.30 0.30 
Methionine 98% 0.01  0.01 
Threonine 98% 0.02 0.01 0.05 
Lysine 25% 0.50 0.49 0.79 
Choline Chloride 50% 0.09 0.09 0.10 
Vitamin/Mineral 

mixture 
0.40 0.35 0.40 

Total 100.00 100.00 100.00 
Chemical composition    
Digestible Energy 

(kcal/kg) 
3560 3540 3510 

Metabolic Energy(kcal/ 
kg) 

3280 3260 3250 

C.Protein(%) 17.50 16.00 15.00 
C.Fat(%) 6.70 5.90 5.50 
C.Ash(%) 4.40 4.20 4.10 
C.Fiber(%) 3.80 3.90 3.90 
Total Lysine (%) 0.99 0.88 0.86 
Calcium (%) 0.75 0.65 0.65 
Phosphorus (%) 0.42 0.39 0.39 

1Provided per kg diet: Fe, 115 mg as ferrous sulfate; Cu, 70 mg as copper sulfate; 
Mn, 20 mg as manganese oxide; Zn, 60 mg as zinc oxide; I, 0.5 mg as potassium 
iodide; and Se, 0.3 mg as sodium selenite. 
2Provided per kilograms of diet: vitamin A, 13,000 IU; vitamin D3, 1,700 IU; 
vitamin E, 60 IU; vitamin K3, 5 mg; vitamin B1, 4.2 mg; vitamin B2, 19 mg; 
vitamin B6, 6.7 mg; vitamin B12, 0.05 mg; biotin, 0.34 mg; folic acid, 2.1 mg; 
niacin, 55 mg; D-calcium pantothenate, 45 mg. 
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redness (a*), and yellowness (b*) values were determined by Minolta 
CR-410 chroma meter (Konica Minolta Sensing Inc., Osaka, Japan). 
Sensory evaluation (color, marbling, and firmness scores) was evaluated 
according to National Pork Producers Council standards (NPPC 2000). 
Drip loss was measured using approximately 4 g of meat sample ac
cording to the plastic bag method described by (Honike. 1998). The 
weight of each sample was taken before and after cooking to determine 
cooking loss, which was defined as the cooked weight divided by un
cooked weight multiplied by Sullivan et al (2007). Duplicate pH values 
of each sample were measured via a glass-electrode pH meter (WTW pH 
340-A, WTH Measurement Systems Inc., Ft. Myers, FL, USA). Water 
holding capacity (WHC) was measured followed the guide of (Kauffman 
et al., 1986). Longissimus muscle area (LMA) was measured by tracing 
the longissimus muscle surface at the 10th rib, which also used the above 
mentioned digitizing area-line sensor. The quality of pork carcasses was 
graded into “Grade 1+,” “Quality Grade 1,” or “Grade 2”, based on 
characteristics such as marbling, lean color, and conditions of belly 
streaks (KAPE, 2010). Carcass BFT was adjusted to a live weight of 115 
kg, as explained previously by (Ha et al., 2010). 

2.10. Statistical analysis 

All data were subjected to statistical analysis in a randomized com
plete block based on sex and BW,design using the general linear model 
procedures (SAS Inst. Inc., Cary, NC, USA). The pen was considered as 
the experimental unit. The initial BW was used as a covariate for ADFI 
and ADG. Differences between treatments were separated by Duncan’s 
multiple range tests when the treatment effect was observed with the 
MOAs level. Orthogonal polynomials were used to assess the linear and 
quadratic effect of increasing dietary concentrations of supplemental 
MOAs. A P–value less than 0.05 was considered as statistically signifi
cant, and the probability level of less than 0.1 was considered a 
tendency. 

Result 

3.1. Growth performance 

The effect of supplementation of MOAs to basal diet on growth 
performance of growing-finishing pig is presented in Table 2. There was 
a significantly improve (P< 0.05) in BWG during week 8, 12 and 16 and 
ADG during week 4, 8, and the overall trial period with increasing levels 
of MOAs in the pig’s diets compared without MOAs diets. Furthermore, 
the supplemental level of MOA resulted in linearly improved of the BWG 
during week 12 and 16 and ADG during week 8, 12 and overall (P<
0.05). However, no influence of the MOAs inclusion was found in ADFI 
and FCR during week 4,8,12, 16 and overall the whole trial period (P>
0.05). 

3.2. Nutrient digestibility 

At week 4, 8, 12, and 16, the nutrient digestibility of DM, N, and GE 
in pigs fed graded levels of MOAs supplemented diets was not affect (P>
0.05) than control group (Table 3). 

3.3. Fecal microbial 

At the end of the experiment, the results observed a significant (P <
0.05) linear decrease in E. coli count with increasing levels of supple
mentation of MOAs in the pig’s diets. The Lactobacillus count was not 
affected (P> 0.05) by the dietary treatments (Table 4). 

3.4. Fecal gas emission 

At the end of the experiment, the dietary supplementation of MOAs 
supplementation has no influence on the gas emission (Methyl mer
captans, NH3, H2S, Acetic acid, and CO2) (P> 0.05) (Table 5). 

Table 2 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on growth performance in growing-finishing pigs.1  

Items Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Body weight, kg        
Initial 22.69 22.67 22.68 0.02 0.999 0.660 0.360 
Week 4 39.74 39.86 40.11 0.21 0.547 0.246 0.804 
Week 8 60.78b 61.43ab 62.09a 0.39 0.148 0.037 0.982 
Week 12 85.11b 86.82ab 87.32a 0.65 0.047 0.036 0.463 
Week 16 111.27b 113.47ab 114.21a 0.88 0.054 0.040 0.512 
Week 4        
ADG, g 602b 610ab 625a 7.00 0.705 0.041 0.675 
ADFI, g 1312 1320 1330 10.00 0.592 0.222 0.909 
FCR 2.190 2.176 2.135 0.03 0.812 0.236 0.723 
Week 8        
ADG, g 748b 772ab 788a 11.00 0.051 0.035 0.768 
ADFI, g 2192 2209 2227 27.00 0.657 0.358 0.982 
FCR 2.936 2.861 2.831 0.06 0.472 0.270 0.788 
Week 12        
ADG, g 868b 914a 902ab 14.00 0.044 0.100 0.104 
ADFI, g 2622 2691 2675 40.00 0.461 0.374 0.413 
FCR 3.025 2.947 2.972 0.07 0.739 0.632 0.584 
Week 16        
ADG, g 931 952 960 19.00 0.467 0.301 0.789 
ADFI, g 2931 2936 2956 48.00 0.910 0.722 0.902 
FCR 3.154 3.095 3.084 0.10 0.854 0.650 0.855 
Overall        
ADG, g 791b 811ab 817a 8.00 0.055 0.037 0.510 
ADFI, g 2264 2289 2297 19.00 0.471 0.239 0.727 
FCR 2.863 2.824 2.813 0.04 0.625 0.438 0.809  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 
3 Means in the same row with different superscript differ significantly (P<0.05). 
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3.5. Blood profile 

The data presented in table 6 show that blood profilewere not 
significantly influenced by treatment diets (P> 0.05). 

3.6. Carcass traits 

The data present in Tables 7 shows the result BFT and LMP. 
Increasing supplementation of MOAs levels in diets significant (P< 0.05) 
linearly improvement in BFT and LMP during the week 4. No significant 
difference was observed in BFT and LMP during week 8, 12, and 16 with 
increasing level of supplementation of MOAs in the pigs diets compared 
without MOAs diets. 

3.7. Meat quality 

The drip loss on day 7 decreased linearly(P< 0.05) in pigs fed diets 
supplemented with graded level of MOAs. Furthermore, the supple
mentation level of MOA resulted linear decrease of the drip loss (P<
0.05). No impact of dietary treatments was found meat quality param
eters (pH, Longissimus muscle area, LMA, meat color, cooking loss, 
sensory evaluation, Firmness, and Marbling) (Tables 8). 

3.8. Carcass grade 

Table 9 shows the results of the effects of dietary inclusion of MOAs 
on carcass grade. We observed no significant difference (P> 0.05) 
carcass weight and BFT with the increase in the level of supplemental 
MOAs throughout the experiment. We found that “1+, % and 1, %” 

Table 3 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on nutrient digestibility in growing-finishing pigs.1  

Items, % Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Week 4        
Dry matter 81.00 80.33 81.71 0.86 0.442 0.569 0.345 
Nitrogen 79.55 78.33 79.30 1.83 0.891 0.924 0.633 
Digestible energy 80.24 79.50 80.74 0.66 0.501 0.603 0.239 
Week 8        
Dry matter 76.82 77.32 77.16 0.40 0.663 0.561 0.513 
Nitrogen 74.65 75.12 74.16 2.40 0.954 0.887 0.810 
Digestible energy 75.71 76.22 75.36 1.91 0.934 0.898 0.772 
Week 12        
Dry matter 74.24 74.46 74.32 0.47 0.931 0.901 0.765 
Nitrogen 71.86 72.87 72.47 0.58 0.350 0.464 0.335 
Digestible energy 73.22 73.63 73.40 0.52 0.816 0.815 0.632 
Week 16        
Dry matter 70.10 69.34 70.83 0.81 0.837 0.532 0.274 
Nitrogen 67.95 66.28 67.16 1.56 0.867 0.726 0.513 
Digestible energy 68.71 68.51 69.12 1.15 0.972 0.804 0.774  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 

Table 4 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on fecal microbial in growing-finishing pigs.1  

Items, log10cfu/g Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Week 16        
Lactobacillus 9.04 9.02 9.00 0.04 0.772 0.507 0.953 
E.coli 7.19a 7.16ab 7.07b 0.03 0.017 0.024 0.483  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 
3 Means in the same row with different superscript differ significantly (P<0.05). 

Table 5 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on gas emission in growing-finishing pigs.1  

Items, ppm Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Week 16        
Methyl mercaptans 5.25 4.75 5.00 0.25 0.499 0.506 0.266 
NH3 3.00 3.63 3.75 0.66 0.704 0.450 0.766 
H2S 17.53 21.80 23.83 3.60 0.533 0.263 0.807 
Acetic acid 7.50 7.88 8.00 1.50 0.959 0.821 0.947 
CO2 18100 19450 19925 662 0.372 0.099 0.608  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 

M. Muniyappan et al.                                                                                                                                                                                                                          



Livestock Science 252 (2021) 104658

6

carcass grade was higher in pigs fed supplemented with graded level of 
MOAs. 

4. Discussion 

In the current study, dietary inclusion of MOA led to a greater BW 
and ADG without affecting ADFI and G: F ratio in growing-finishing pigs 
compared with control diet throughout the entire experiment, indicating 
that the MOA may had positive effects on the pigs, which is in agreement 
with Upadhaya et al. (2016) and Lei et al. (2018) who suggested that 
dietary inclusion with 0.1% to 0.4% increased BW and ADG in 
growing-finishing pigs. Similarly, Cho et al. (2014) have reported an 
improved ADG in finishing pigs fed diets supplemented with OA 
(fumaric acid, citric acid and malic acid) at the amount of 0.2%. In 
addition, dietary supplementation of OA had a improved on growth 
performance in weaning pigs and growing pigs (Xu et al., 2018; Upad
haya et al., 2016). Piva et al. (2007a) reported dietary supplementation 
with MOA can significantly improve BWG and ADG compared with pigs 
fed a diet without MOA supplementation. These beneficial effects on 
growth performance seemed to be because OA promoted nutrient 
retention by reduce the pH of the GIT (Lee et al., 2021). Furthermore, 

fumaric acid is an available energy source that can have a positive effect 
on the mucous membrane of the small intestine, and it has been reported 
to improve the absorbent surface and capacity of the small intestine 
through the rapid recovery of gastrointestinal epithelial cells (Long 
et al., 2018). In contrast, Manzanilla et al. (2004) also reported that 
dietary inclusion with single acidifier such as fumaric, citric or formic 
acid no significant effects in pigs. Similarly, Lee et al. (2007) indicated 
that supplementation with blend of acidifiers such as lactic acid and 
formic acid on negative effects the growth performance of weaning pigs. 
The contradictory results were due to diet complexity, inclusion level of 
OA, types of acids, age and the health status of the pigs. 

Feed additives, such as MOAs and some phytogenic substances, have 
the possibility on beneficial effects nutrient digestibility DM, N, and E 
due to enhanced pre-caecal digestion, as a result of the lower influx of 
bacterially fermented substrates into the hindgut. In the current study, 
we also noted that increasing inclusion of the MOA in the diets had no 
significant impact the digestibility of DM, N and E which is in agreement 
with Upadhaya et al. (2016) who reported that pigs fed fumaric acid, 
citric acid, malic acid had no significant effects on metabolizable co
efficients of DM, N, and E values than those fed diets compared with 
control. Feeding piglets with the same product (the blend of OAs) also 

Table 6 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on blood profile in growing-finishing pigs.1  

Items Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Week 16        
WBC, 103/µL 10.17 12.79 11.41 2.63 0.781 0.750 0.558 
RBC, 106/µL 6.43 6.67 6.69 0.65 0.933 0.788 0.892 
Hemoglobin, g/dL 11.45 11.18 11.55 1.00 0.951 0.945 0.799 
Hematocrit, % 41.95 38.70 42.55 3.58 0.698 0.909 0.449 
Segmented Neutrophils, % 25.38 23.08 24.25 1.18 0.507 0.523 0.273 
Lymphocyte, % 62.40 64.90 60.78 1.92 0.422 0.571 0.208 
Monocyte, % 4.15 2.83 4.85 1.38 0.535 0.732 0.360 
Eosinophil, % 6.73 5.03 7.25 1.08 0.406 0.743 0.189 
Basophil, % 1.35 1.18 1.88 0.48 0.473 0.464 0.480 
Red cell distribution width, % 27.63 28.88 34.80 2.42 0.556 0.081 0.460 
Mean corpuscular volume, fL 69.95 69.90 69.15 0.70 0.599 0.448 0.696 
Mean corpuscular hemoglobin, Pg 20.43 20.68 20.13 0.27 0.325 0.462 0.272 
Mean corpuscular hemoglobin concentration, g/dL 29.20 29.60 29.10 0.22 0.351 0.760 0.147 
Platelet, 103/ µL 1004.00 971.50 829.50 146.67 0.633 0.432 0.770  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 

Table 7 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on backfat thickness & Lean meat percentage in growing-finishing pigs.1  

Items Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Initial        
Backfat thickness, mm 5.41 5.38 5.50 0.16 0.883 0.726 0.777 
LMP, % 72.81 72.90 72.69 0.14 0.550 0.519 0.357 
Week 4        
Backfat thickness, mm 8.63b 8.90ab 9.15a 0.15 0.034 0.032 0.930 
LMP, % 65.00b 66.01a 66.00a 0.10 0.026 0.016 0.126 
Week 8        
Backfat thickness, mm 12.15 12.42 12.19 0.16 0.412 0.887 0.209 
LMP, % 59.24 59.52 59.39 0.14 0.586 0.525 0.320 
Week 12        
Backfat thickness, mm 15.40 15.71 15.55 0.19 0.562 0.586 0.388 
LMP, % 55.03 55.19 54.88 0.13 0.502 0.474 0.193 
Week 16        
Backfat thickness, mm 17.65 17.86 18.03 0.22 0.461 0.271 0.905 
LMP, % 51.74 52.00 51.77 0.12 0.413 0.924 0.136  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 
3 Means in the same row with different superscript differ significantly (P<0.05). 
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were reported to show no impact nutrient digestibility (Kil et al., 2006). 
In contrast, other studies reported that the nutrient digestibility was 
improved with dietary supplementation of the same product in pigs 
(Franco et al., 2005; Upadhaya et al., 2014; Mroz et al., 2000; Hossain 
et al., 2018). However, many other studies showed increased N retention 
in pigs fed OAs (Kwak et al., 2017; Xu et al., 2018) by lowering 
gastrointestinal tract pH, which increased the activity of digestive en
zymes such as pepsin and trypsin (Adil et al., 2010; Long et al., 2018). 
The dosage level of MOAs in the present trial might be too low to in
fluence nutrient digestibility. However, no harmful effects on di
gestibility was observed with the inclusion of MOA in the diet. 

Gut health is one of the main factors governing the performance of 
pigs and thus, the economics of swine production, as well as the profile 
of intestinal microflora perform an important role in gut health (Nguyen 
and Kim. 2020). Upadhaya et al. (2015) indicated an improved number 
of Lactobacilli and a decrease of E. coli counts in the feces of finishing 
pigs, which is consistent with the present research. Dietary supple
mentation of levels of MOAs sorbic, formic, and benzoic acids have a 
powerful antimicrobial action against gut microbial pathogens without 
harming beneficial bacteria (Øverland et al., 2008; Schöner. 2001). 
Ahmed et al. (2014) and Long et al. (2018) reported that the dietary 
supplementation of levels of OAs (formic acid, acetic acid and propionic 
acid) had reduced E. coli and increased Lactobacilli concentration in 
weaned piglets. Likewise, Koopmans et al. (2016) indicated that the 
antimicrobial mode of OAs was their ability to enter a bacterium, alter 
its nutrient transport and synthesis, and depolarize its membrane, 
whereas in the present research, the decreased of E. coli by MOAs is 
assumed that be as a result of their capacity to reduce the luminal pH 
with the mixture of lactate and formic acid each other with the 

anti-inflammatory impact by some butyrate-producing bacteria. As the 
microbial pathogenic population becomes reduced, the metabolic re
quirements of the microbes are reduced and the availability of dietary 
energy and nutrients to the host animal is increased, leading to 
enhanced growth rate and ADG (Long et al., 2018). 

The faecal noxious gas emission such as NH3, H2S, and total mer
captans, are significant air pollutants originating from livestock pro
duction (Lesschen et al., 2011). Therefore, to make sure sustainable 
swine production, the emission of like odorous gases must be lowered by 
proper management and dietary modification. Upadhaya et al. (2014) 
also reported that the dietary supplementation of 0.2% mixture of OAs 
in the pigs’ diets decreased fecal gas NH3 and acetic acid emission. 
Similarly, Devi et al. (2015) found that dietary inclusion of OAs on 
linearly reduced NH3 in finishing pigs. However, in this study, we 
observed that supplementing the diets with 0.05% and 0.10% of MOAs 
supplementation has no effect the noxious gas emission of methyl 
mercaptans, NH3, H2S, acetic acid, and CO2 in pigs. These results are in 
agreement with, Devi et al. (2016) indicated that the dietary supple
mentation of blends of OAs had no influence on NH3, methyl mercap
tans, and acetic acid in weaning pigs and sows. Likewise, Nguyen et al. 
(2018) noted that the dietary supplementation of a mixture of OAs had 
no impact on fecal gas emission in finishing pigs. The variation in results 
could be due to the age of the animals, the composition of diet or the 
amount and type of OAs supplemented (Upadhaya et al., 2018). 

Pigs’ back fat thickness (BFT) is one of the major predictor of carcass 
lean content and meat quality (De Jong et al., 2012). The impact of BFT 
has a reflection on LMP and helps in evaluating meat quality (Sampath 
et al., 2020). Moreover, Boyd et al. (2002) found that the BFT as an 
important parameter to determine enough energy in pig within a short 

Table 8 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on meat quality in growing-finishing pigs.1  

Items Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

pH 5.15 5.20 5.28 0.05 0.262 0.105 0.839 
Longissimus muscle area, mm2 7272.28 7567.85 7111.16 302.35 0.506 0.719 0.349 
Water holding capacity, % 45.92 44.93 46.62 2.73 0.910 0.861 0.702 
Cooking loss, % 27.24 25.48 33.65 3.40 0.197 0.231 0.278 
Drip loss,%        
Day1 7.40 7.59 7.63 0.18 0.631 0.409 0.735 
Day3 14.48 14.08 14.25 0.87 0.939 0.861 0.798 
Day5 19.54 19.34 19.53 0.13 0.604 0.925 0.261 
Day7 24.86a 24.48ab 24.20b 0.19 0.049 0.048 0.834 
Meat color        
L* 52.14 51.70 52.13 0.29 0.510 0.976 0.263 
a* 14.18 14.54 14.44 0.11 0.185 0.145 0.138 
b* 6.36 6.23 6.49 0.15 0.501 0.553 0.313 
Sensory evaluation        
Color 3.19 3.22 3.13 0.11 0.793 0.693 0.650 
Firmness 3.19 3.25 3.22 0.11 0.770 0.834 0.734 
Marbling 3.25 3.13 3.28 0.15 0.902 0.902 0.477  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 

Table 9 
The effect of dietary microencapsulated mixture of organic acids (MOA) supplementation on carcass grade in growing-finishing pigs.1  

Items Control MOAs1 MOAs2 SEM2 P - Value3  

Duncan’s Linear Quadratic 

Carcass weight, kg 88.63 89.27 89.37 0.88 0.808 0.558 0.805 
Backfat thickness, mm 17.90 18.43 19.40 0.58 0.172 0.071 0.760 
1+, % 26.67 30.00 33.33 - - - - 
1, % 30.00 33.33 40.00 - - - - 
2, % 43.33 36.67 26.67 - - - -  

1 Abbreviation: Control, Basal Diet; MOAs1, Basal Diet + 0.05% microencapsulated mixture of organic acids; MOAs 2, Basal Diet + 0.10% microencapsulated 
mixture of organic acids. 

2 Standard error of means. 
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span of time. The supplementation of OAs had no significant difference 
on LMP and BFT on finishing pigs (Oh et al., 2018; Cho et al. 2014). In 
this study, we showed that the dietary supplementation of MOAs had 
linearly increased on LMP and BFT in growing-finishing pigs. These 
results are in agreement with Devi et al. (2016) who observed that di
etary supplementation of OAs had improved on BFT in lactating sows 
and weaning pigs. The inconsistent result on LMP and BFT among 
different studies could be due to diet complexity, inclusion level of acids, 
types of acids, age and the health status of the pigs. 

Meat processors are continually exploring new strategies to improve 
the quality of meat in a cost effective way to address consumer aware
ness and demand for fresh, safe, nutritious and healthy meat products. A 
positive attitude has been shown by the consumers toward specific 
nutritional improvements of meat and meat products such as reducing 
fat or Na and Cl (Guardia et al. 2006). The first impression consumers 
have of any meat product is its color and thus color is of utmost 
importance. However, consumers do not compromise the sensory fea
tures of their food products for potential benefits to their health (Ares 
et al. 2010; Yun et al. 2018). The sensory appreciation of meat by the 
consumer is derived from the traits such as texture, juiciness and flavor 
and these characteristics are highly related to the overall experience of 
quality, intention to purchase, repeat purchase and willingness to pay 
(Font-I-Furnois and Guerrero 2014; Lyford et al. 2010). Apart from BFT 
the intramuscular fat (IMF) and water-holding capacity (WHC) are also 
assumed to be the most essential traits of meat quality (Offer and Knight. 
1988) as well as Drip loss is another essential visual sign to assess the 
quality of meat. In this study, we found that dietary inclusion of MOAs 
had decrease the drip loss, which is similar to findings from Lei et al., 
(2018). Oh et al. (2018) indicated that supplementation of 0.05% 
microencapsulated complex of organic acids and essential oils had 
decrease the drip loss in finishing pigs. However, Morel et al. (2019) 
found that the dietary supplementation of OAs had reduced drip loss in 
grower-finisher pigs. However, there was no significant difference found 
on cooking loss, water holding capacity, meat color and sensory evalu
ation. Nguyen et al. (2018) reported that the addition of 0.2% of organic 
acid had no effects on drip losses, cooking losses, water holding capac
ity, meat color in finishing pigs. Meat quality characteristics are 
generally no impact by small changes in diet composition but can be 
affected by diet when the diet alters carcass composition (Morel et al., 
2019). OAs are found as growth promotors but, do not change the 
composition of the carcass growth (Cho et al., 2015)and such as meat 
quality of growing-finishing pigs may be expected to be not affected by 
the supplementation of MOA. 

In our study, MOA supplementation had no significant effects on 
carcass weight and BFT, which is similar to findings from Morel et al., 
(2019). Carcass characteristics are generally noted to change in response 
to differences in ADG or changed energy to protein in the diet of 
grower-finisher pigs. The inclusion of organic acids did not cause sub
stantial changes in feed intake and there were no effects in diet 
composition apart from the inclusion of the MOA, so the lack of differ
ence in carcass characteristics can be expected. 

5. Conclusion 

Our results demonstrated that inclusion of 0.10% MOAs in the diet of 
growing-finishing pigs had positive effects on the growth performance. 
However, microencapsulated organic acids supplementation has no 
impact on the nutrient digestibility, blood profiles and gas emission of 
growing-finishing pigs. Moreover, a better understanding of the syner
gistic effect of blends of substitute to antibiotics as growth promoters is 
still challenging. 
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Ares, G., Giménez, A., Deliza, R, 2010. Influence of three non-sensory factors on 
consumer choice of functional yogurts over regular ones. Food Qual. Preference 21, 
361–367. https://doi.org/10.1016/j.foodqual.2009.09.002. 

Boyd, R.D., Castro, G.C., Cabrera, R.A., 2002. Nutrition and management of the sow to 
maximize lifetime productivity. Adv. Pork Prod. 13, 1–12. 

Cho, J.H., Lee, S.I., Kim, I.H., 2015. Effects of different levels of fibre and benzoic acid on 
growth performance, nutrient digestibility, reduction of noxious gases, serum 
metabolites and meat quality in finishing pigs. J. Appl. Anim. Res. 43, 336–344. 

Cho, J.H., Song, M.H., Kim, I.H., 2014. Effect of microencapsulated blends of organic 
acids and essential oils supplementation on growth performance and nutrient 
digestibility in finishing pigs. Rev. Colomb. deCienc. Pecu. 27, 264–272. 

Devi, S.M., Cheong, J.Y., Kim, I.H., 2015. Effects of dietary fiber and benzoic acid on 
growth performance, nutrient digestibility, reduction of harmful gases, and lipid 
profiles in growing pigs. Ann. Anim. Sci. 15, 463–474. https://doi.org/10.2478/ 
aoas-2014-0089. 

Devi, S.M., Lee, K.Y., Kim, I.H., 2016. Analysis of the effect of dietary protected organic 
acid blend on lactating sows and their piglets. R. Bras. Zootec. 45, 39–47. https:// 
doi.org/10.1590/S1806-92902016000200001. 

Font-I-Furnois, M., Guerrero, L., 2014. Consumer preference, behavior and perception 
about meat and meat products: An overview. Meat Sci. 98, 361–371. https://doi. 
org/10.1016/j.meatsci.2014.06.025. 

Franco, L.D., Fondevila, M., Lobera, M.B., Castrillo, C., 2005. Effect of combinations of 
organic acids in weaned pig diets on microbial species of digestive tract contents and 
their response on digestibility. J. Anim. Physiol. Anim. Nutr. 89, 88–93. https://doi. 
org/10.1111/j.1439-0396.2005.00553.x. 

Grilli, E., Messina, M.R., Tedeschi, M., Piva, A., 2010. Feeding a microencapsulated blend 
of organic acids and nature identical compounds to weaning pigs improved growth 
performance and intestinal metabolism. Livest. Sci. 133, 173–175. https://doi.org/ 
10.1016/j.livsci.2010.06.056. 

Guardia, M.D., Guerrero, L., Gelabert, J., Gou, P., Arnau, J., 2006. Consumer attitude 
towards sodium reduction in meat products and acceptability of fermented sausages 
with reduced sodium content. Meat Sci. 73, 484–490. https://doi.org/10.1016/j. 
meatsci.2006.01.009. 

Hossain, M.M., Jayaraman, B., Kim, S.C., Lee, K.Y., Kim, I.H., Nyachoti, C.M., 2018. 
Effects of a matrix-coated organic acids and medium-chain fatty acids blend on 
performance, and in vitro fecal noxious gas emissions in growing pigs fed in-feed 
antibiotic-free diets. Can. J. Anim. Sci. 98, 433–442. https://doi.org/10.1139/cjas- 
2017-0053. 

Kil, D.Y., Piao, L.G., Long, H.F., Lim, J.S., Yun, M.S., Kong, C.S., Kim, Y.Y., 2006. Effects 
of organic or inorganic acid supplementation on growth performance, nutrient 
digestibility and white blood cell counts in weanling pigs. Asian-australas. J. Anim. 
Sci. 19, 252–261. https://doi.org/10.5713/ajas.2006.252. 

Kim, J.I., Sohn, Y.G., Jung, J.H., Park, Y.I., 2004. Genetic parameter estimates for backfat 
thickness at three different sites and growth rate in swine. Asian-Australas. J. Anim. 
Sci. 17 (3), 305–308. https://doi.org/10.5713/ajas.2004.305. 

Koopmans, S.J., Bikker, P., van Wikselaar, P.G., van Krimpen, M.M., 2016. In: Inoculated 
Fermented corn as Dietary Performance And Health Enhancer in Pigs: Literature and 
in Vitro Study (No. 955). Wageningen UR Livestock Research. 

Kwak, W.G., Park, I.H., Yun, W., Lee, J.H., Lee, C.H., Oh, S.Y., Cho, J.H., 2017. Effects of 
various additives to enhance growth performance, blood profiles, and reduce 
malodour emissions in growing pigs. S. Afr. J. Anim. Sci. 47, 535–541. https://doi. 
org/10.4314/sajas.v47i4.12. 

Lee, D.N., Liu, S.R., Chen, Y.T., Wang, R.C., Lin, S.Y., Weng, C.F., 2007. Effects of diets 
supplemented with organic acids and nucleotides on growth, immune responses and 

M. Muniyappan et al.                                                                                                                                                                                                                          

https://doi.org/10.4061/2010/479485
https://doi.org/10.4061/2010/479485
https://doi.org/10.5713/ajas.2013.13411
https://doi.org/10.1016/j.foodqual.2009.09.002
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0005
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0005
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0006
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0006
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0006
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0007
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0007
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0007
https://doi.org/10.2478/aoas-2014-0089
https://doi.org/10.2478/aoas-2014-0089
https://doi.org/10.1590/S1806-92902016000200001
https://doi.org/10.1590/S1806-92902016000200001
https://doi.org/10.1016/j.meatsci.2014.06.025
https://doi.org/10.1016/j.meatsci.2014.06.025
https://doi.org/10.1111/j.1439-0396.2005.00553.x
https://doi.org/10.1111/j.1439-0396.2005.00553.x
https://doi.org/10.1016/j.livsci.2010.06.056
https://doi.org/10.1016/j.livsci.2010.06.056
https://doi.org/10.1016/j.meatsci.2006.01.009
https://doi.org/10.1016/j.meatsci.2006.01.009
https://doi.org/10.1139/cjas-2017-0053
https://doi.org/10.1139/cjas-2017-0053
https://doi.org/10.5713/ajas.2006.252
https://doi.org/10.5713/ajas.2004.305
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0019
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0019
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0019
https://doi.org/10.4314/sajas.v47i4.12
https://doi.org/10.4314/sajas.v47i4.12
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0021
http://refhub.elsevier.com/S1871-1413(21)00266-3/sbref0021


Livestock Science 252 (2021) 104658

9

digestive tract development in weaned pigs. J. Anim. Physiol. Anim. Nutr. 91, 
508–518. 

Lee, J.S., Kim, T.H., Song, M.H., Oh, H.J., Yun, W., Lee, J.H., Cho, J.H., 2021. Effects of 
microencapsulated organic acids on growth performance, nutrient digestibility, fecal 
microbial counts, and blood profiles in weaning pigs. J. Anim. Sci. Technol. 63, 104. 

Lei, X.J., Lee, S.I., Lee, K.Y., Nguyen, D.H., Kim, I.H., 2018. Effects of a blend of organic 
acids and medium-chain fatty acids with and without Enterococcus faecium on 
growth performance, nutrient digestibility, blood parameters, and meat quality in 
finishing pigs. Can. J. Anim. Sci. 98, 852–859. https://doi.org/10.1139/cjas-2017- 
0126. 

Lei, X.J., Park, J.W., Baek, D.H., Kim, J.K., Kim, I.H., 2017. Feeding the blend of organic 
acids and medium chain fatty acids reduces the diarrhea in piglets orally challenged 
with enterotoxigenic Escherichia coli K88. Anim. Feed Sci. Technol. 224, 46–51. 
https://doi.org/10.1016/j.anifeedsci.2016.11.016. 

Lesschen, J.P., van den Berg, M., Westhoek, H.J., Witzke, H.P., Oenema, O., 2011. 
Greenhouse gas emission profiles of European livestock sectors. Anim. Feed Sci. 
Technol. 166, 16–28. https://doi.org/10.1016/j.anifeedsci.2011.04.058. 

Long, S.F., Xu, Y.T., Pan, L., Wang, Q.Q., Wang, C.L., Wu, J.Y., Piao, X.S., 2018. Mixed 
organic acids as antibiotic substitutes improve performance, serum immunity, 
intestinal morphology and microbiota for weaned piglets. Anim. Feed Sci. Technol. 
235, 23–32. https://doi.org/10.1016/j.anifeedsci.2017.08.018. 
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