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 Changes in diet form and thermal processing can be beneficial to pig production. Our objective with this study 
was to better understand and analyze the effects of diet form (mash vs. pellets) on feed wastage, performance, 
and the carcass of pigs. Forty pigs, castrated males and females between 21 and 127 days old, were distributed 
in a randomized block design into two treatments: mash diet and pelleted diet. We analyzed the data through 
generalized linear mixed models, considering the blocks (initial weight and sex) as random effects and the 
pens as the experimental unit, totalizing two treatments with 10 replicates of two animals each. We applied the 
F-test to compare means and considered significant if P<0.05 and marginally significant if 0.05≤P<0.1. During 
the nursery period (21 to 62 days old), pigs fed with the pelleted diet showed a decrease in (P<0.05) daily feed 
intake (DFI) and an improvement in feed conversion ratio (FCR). However, the diets showed no difference 
(P>0.1) in daily weight gain (DWG). From 21 to 42 days old, we found that those fed mash diet had higher 
feed wastage (P<0.05) compared to those fed with the pelleted diet. In the following phase, FCR (P<0.05) and 
DWG (P<0.05) were higher in pigs up to 80 days old, and a higher DWG (P<0.1) in those up to 101 days old 
fed with the thermally processed diet. In pigs from 62 to 127 days old, DFI, DWG, and FCR had no statistical 
difference (P>0.1) between the groups evaluated. Regarding the carcass, we observed an increase in backfat 
thickness (P<0.1) in pigs fed with the pelleted diet when compared to others, but there was no change in loin 
depth (P>0.1). These results suggest that pelleting is a viable thermal processing for pig production, because it 
reduces the amount of feed wastage, improves performance of male and female pigs in the nursery and 
growing phases and altered the carcass of these animals. 

1. Introduction 

About 70% of the total cost of pig production is attributed to animal diet. Given its importance, there is a constant 
search for alternatives that improve the efficiency in transforming diets into animal protein by increasing digestibility, 
consumption of the diet and reducing feed wastage. Studies have found that to achieve these improvements, animal diet 
should not be simply mashed into fine grains. Instead, diets now undergo mechanical and thermal processes such as 
pelleting, expansion or extrusion, and may even be subjected to more than one of these processes at once. Pelleting, the 
most popular processing technique in poultry farming, is a molding process in which mash diet is subjected to a certain 
temperature, moisture and pressure that transform the particles into pellets (Muramatsu et al., 2015). 

A pelleted diet is more beneficial when compared to mash diet; the ingredients are less segregated, less feed is wasted, 
the time spent eating is shorter, the digestibility of ingredients improves, and the microbial population in the diet 
decreases (Behnke, 1994). In addition to the benefits of the thermomechanical process applied to pelleted diet, the 
performance (Wondra et al., 1995; O'Doherty et al., 2000; De Jong et al., 2016; Paulk and Hancock, 2016; Potter et al., 
2017; Groehring et al., 2020; Almeida et al., 2021) and carcass of pigs (Park et al., 2003; De Jong et al., 2012) 
improves, leading to increased backfat thickness and loin depth when compared to animals consuming a mash diet.  

However, to achieve these benefits, pellets must be of high quality, with a high durability index (PDI) and a low amount 
of fine particles. This owes to the fact that as the percentage of fines in the diet increases, the efficiency of the pig diet 
decreases (Stark et al., 1993). Furthermore, the intake of pelleted diet with over 33% fines does not improve feed 
efficiency in weaning pigs (Nemechek et al., 2015).  
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Thus, the objective of this study was to evaluate how diet form (mash and pellet) and quality affect diet wastage, 
performance, and changes in the carcass (backfat thickness and loin depth) of pigs. 

2. Materials and Methods  

The experimental procedures involving the animals were approved by the Ethics Committee on Animal Use in Research 
of the Federal University of Paraná, Curitiba, Brazil.  

In our experiment, we used 40 pigs, castrated males and females, bred commercially (PIC®), with an average initial 
weight of 6.06 ± 0.78kg and between 21 and 127 days old. During the nursery period, from 21 to 62 days old, animals 
of the same sex were housed in pairs, in 1.2m2 pens (0.6m2/animal) with partially slatted flooring (approximately 66%), 
equipped with an electrical heating source, a trough feeder, and a bowl drinker. In the growing/finishing phases (62 to 
127 days old), the animals were transferred to another facility, fed with the same treatments, and housed in 3.25m2 stalls 
(1.625m2/animal) with partially slatted flooring (approximately 40%), equipped with a trough feeder and a bite ball 
drinker.  

The experimental treatments consisted in comparing two diet forms: mash and pellet, processed to meet the nutritional 
demands of pigs. During the nursery phase, diets were divided into 3 phases: pre-initial, from 21 to 28 days old; pre-
initial 2, from 28 to 42 days old; and initial, from 42 to 62 days old (Table 1). In the growing/finishing phases of the 
experiment, the diets were divided into: grower 1, from 62 to 80 days old; grower 2, from 80 to 101 days old; and 
finisher, from 101 to 127 days old (Table 2). During all phases, the diets were available to the animals at will.  

The mash diet was subjected to the pelleting process, through which we obtained the pelleted diet. This process took 
place in a 315kW steam-powered pellet mill (C900 model, Van AArsen, Panheel, Netherlands) equipped with a 75mm 
thick die with 4mm bore diameter for all growing phases. We set conditioning time at 8 seconds with a pressure of 
0.9kgf/cm2 and a temperature of 62 to 64ºC for the pre-initial diets and 75ºC for the initial, grower 1, grower 2, and 
finisher diets. After the pelleting process, the diets were dried and cooled to 32ºC. 

The particle size distribution was determined with the method developed by Zanotto and Bellaver (1996). Mash samples 
from each phase (200g; 4 replicates) were sieved for 10 minutes through a set of sieves (4.0; 2.0; 1.19; 0.30; 0.15; and 
0.0mm). We accounted for the amount of diet retained on each sieve and calculated the geometric mean diameter 
(GMD) and geometric standard deviation (GSD) for each sample (Table 3). 

The quality of the produced diet was evaluated based on three variables: percentage of diet fines, pellet durability index 
(PDI) and pellet hardness (Table 3). To determine the percentage of fines, we weighed and sieved 500g of the pelleted 
diets of each phase for approximately 30s using 3.4mm sieves (Tyler no.6, TelastemPeneiras para Análises LTDA). The 
percentage of fines corresponded to the percentage of material retained on the sieve in relation to the initial weight.  

We evaluated the PDI using a PDI tester (Durabilímetro, RA Electromecânica, Santa Helena, Brazil). Approximately 
500g of the pellets retained on the sieves during the determination of fine percentage were used in the PDI tester. All 
samples were processed at 50rpm for 10min, and after that, the samples were sieved again (3.4mm) for approximately 
30s to remove fines and broken pellets. To calculate the PDI, expressed as a percentage according to Ensminger's  
(1985) methodology, we divided the sample weight after sieving by the weight before sieving. The hardness analysis 
was performed using a durometer (Nova Ética®, model 298 DGP - Ethiktechnology, São Paulo, Brazil) on individual 
pellets (20 pellets per pelleted diet). 

The animals were weighed at the beginning of the experiment, then at 42, 62, 80, 101 and 127 days old. The provided 
diets and leftovers were weighed at the same time intervals. From this information, we determined the daily feed intake 
(DFI), daily weight gain (DWG), feed conversion ratio (FCR), and the average live weight (LW) of the animals.  

At 27, 34, and 41 days old, we measured weekly feed wastage (FW) per pen (g) and calculated daily feed intake 
adjusted for feed wastage (DFI-FW) over the cumulative time period. At 80, 101, and 127 days old, the animals were 
submitted to an in vivo ultrasound for carcass evaluation. We used the KX2000G (Xuzhou Kaixin Electronic Instrument 
Co., Ltd., Jiangsu, China) ultrasound device with a 15cm acoustic probe at 3.5 MHz. The probe was positioned at point 
P2, the insertion region of the last thoracic vertebra with the first lumbar vertebra, six centimeters from the animal's 
midline. We then measured the backfat thickness and loin depth (Longissimus dorsi muscle) of each animal.  

The experimental design was in randomized blocks. The animals were randomly distributed into two treatments (mash 
and pelleted diets) according to sex and initial weight, with 10 repetitions of two animals each. There were five 
repetitions for males and five repetitions for females. 

The data were analyzed using the Linear Mixed-Effects Models package (Bates et al., 2015) in the R program (R Core 
Team, 2009). We considered the blocks (sex and initial weight) as a random effect and the pens (repetitions) as an 
experimental unit. Subsequently, the means were compared through the F-test and considered significant if P<0.05 and 
marginally significant if 0.05≤P<0.1. 
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Table 1 – Ingredients and calculated composition of diets during the nursery phase. 
  

 

https://revistas.ufpr.br/veterinary


Senger et al. 4 
 

 

Arch. Vet. Sci. 2022, XX, x. https://doi.org/10.3390/xxxxx https://revistas.ufpr.br/veterinary 
 
 

 
Table 2 –  Ingredients and calculated composition of diets during the growing/finishing phases. 
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Table 3 - Geometric Mean Diameter (GMD) and Geometric Standard Deviation (GSD) of the mash diets; and pellet durability 
index (PDI), percentage of fines (% Fines) and hardness of the pelleted diets. 
 

3. Results and Discussion 

During the weaning period, pelleting did not influence the DWG of pigs (P>0.1). However, their DFI (P<0.05) was 
lower compared to the animals that received the mash diet and, due to this, we observed an improvement in FCR 
(P<0.05) in animals that consumed the thermally processed diet (Table 4). Feed wastage was higher (P<0.05) in animals 
fed mash diets, on average 57% higher than animals receiving pelleteddiets (Table 5). Thus, we found that the pelleted 
diet form affected feed wastage levels and consequently contributed to the performance of the animals. However, after 
correcting feed wastage in the DFI of the pigs (DFI-FW) with 21 to 42 days old, the consumption of animals receiving 
the pelleteddiet remained lower (P<0.1; Table 4).  

 
Table 4 – Effect of thermal processing and diet form on the performance of castrated male and female weaning pigs. 
 

 
Table 5 – Effect of diet form on weekly feed wastage of pigs from 21 to 41 days old. 
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Surek et al. (2017) had similar results in a study in which animals that consumed mash dietshowedhigherfeed wastage 
rates (9.15 vs. 1.68%) compared to those that received processed diet. Medel et al. (2004), however, found that pelleting 
reduced DFI by 18.2% and improved the FCR of animals by 20%. This improvement can be attributed not only to feed 
wastage, but also to the improvement of crude energy digestibility, as there was an increase of approximately 3.6% in 
the energy used by animals that consumed the pelleted diet compared to those that received the mash diet. 

Moreover, maintaining the physical form of the pelleted diet is important to achieve better performance results. Low 
PDI pellets have a large amount of fines when they reach the feeders; these fine particles are equal in size or smaller 
than the fine particles in mash diets. This may not provide the expected performance gain of the pelleted diet in relation 
to mash diet. This was demonstrated byNemechek et al. (2015), who compared weaning pigs consuming mash diet, 
poor quality pellets (33 to 37% of fines) and screened pellets with minimal fines (3 to 5% of fines); only the group fed 
with the screened pellets showed improvement in FCR (about 4%) compared to the others. Thus, the quality of the 
weaning pelleted diets in this study may have influenced its results, mainly due to their lower percentage of fines (Table 
3).  

Other aspects that may interfere with diet preference, and consequently with performance, are pellet hardness and size, 
as pointed out by Van Der Poel et al. (1997). They compared different thermal processes (pelleting and expansion 
followed by pelleting) and pellets with different levels of hardness (2.9 and 8.1 kg). However, there was no negative 
impact on pig diet preference or consumption according to a more recent study (Van Den Brand et al., 2014) in which 
the pellet hardness ranged from 0.8 to 13.9 kg and the pellet size, from 2 to 12 mm.  

In the following period, from 62 to 80 days old, there was no difference (P>0.05) in DFI between the studied treatments 
though we observed a higher DWG (P<0.05) for animals consuming the pelleted diet compared to animals consuming 
the mash diet, as well as improved FCR and LW (P<0.05) for the thermally processed diet. At this growing phase, from 
62 to 101 days old, we found no difference between the groups evaluated for DFI and FCR (P>0.05), but the pigs fed 
with the pelleted diet had better DWG (P<0.1) and were on average 3.28 kg heavier (P<0.05) than those fed mash diet 
(Table 6).  

 
Table 6 - Effect of thermal processing and diet form on the performance of castrated male and female growing/finishing pigs. 
 
Pelleting thediet of growing/finishing pigs usually results in a 2 to 8% increase in FCR (Skoch et al., 1983; Wondra et 
al., 1995; O'Doherty et al., 2000; De Jong et al., 2016; Paulk and Hancock, 2016; Almeida et al., 2021) and of 2 to 5% 
in the DWG (Wondra et al., 1995; O'doherty et al., 2000; Jong et al., 2016; Paulk and Hancock, 2016; Potter et al., 
2017; Almeida et al., 2021). This study found similar results for animals up to 101 days old (62.6 kg on average). These 
performance improvements are mainly attributed to reduced wastage due to the diet form and increased digestibility, 
especially of energy and protein, as a result of the thermomechanical pelleting process (Wondra et al., 1995; Medel et 
al., 2004; Lundblad et al., 2012). 

However, from 62 to 127 days old, none of the analyzed variables in the entire period (P>0.1; Table 6) showed any 
differences. It is possible that the higher percentage of fines in the finisher diet (39.60%, Table 3) prevented an 
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improvement in the performance of these animals in relation to those that received a mash diet. Stark et al., (1993) 
demonstrated that the percentage of fines in the diet is closely related to the improvement in FCR, when they found that 
the FCR (2.65; 2.78; 2.77; and 2.82) of growing/finishing pigs worsened linearly asthe percentage of fines in the diet 
increased (0%; 20%; 40%; and 60%, respectively). 

There was a marginally statistical difference (P<0.1) in backfat thickness at all the measured ages.Animals fed with the 
pelleted diet showed higher backfat thickness compared to those fed with the mash diet. However, there was no 
difference in loin depth (P>0.1) between the evaluated groups (Table 7). Park et al. (2003) and De Jong et al. (2012) 
also observed a higher backfat thickness in animals consuming the pelleted diet compared to animals consuming the 
mash diet. This increase in backfat thickness may have been caused by the higher energy value of the processed dietsas 
a result of their higher digestibility (Park et al., 2003). However, other studies found no differences (P>0.1) in 
backfatthickness and loin depth between animals fed either pelleted or mash diets (Nemechek et al., 2016; O'Meara et 
al., 2020). 

 
Table 7- Effect of thermal processing and diet form on backfat thickness and loin depth in castrated males and females during the 
growing/finishing periods. 

4. Conclusion 
The results suggest that pelleting is a viable diet processing option to improve the performance of castrated male and 
female pigs during the nursery and growing phases. One of the mechanisms that promotes this improvement is the diet 
form, which had a positive effect on the feed wastage of the animals under study. Thus, the quality of the produced 
pellets becomes crucial if the pelleting objectives are to be achieved. The pelleted diet also altered the carcass of the 
animals, presenting higher values of backfat thickness, possibly due to the improvement in digestibility.  
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