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Impact of swine feed production processes on performance and health 
status in live production  

Key information 

With growing affluence, people shift their attention from satisfying basic needs such as eating sufficiently to balanced 

diets and quality food. For the majority of consumers, animal protein is an indispensable part of a balanced diet. 

Consumers are becoming more aware not only of the cost of meat but also of its quality, which is related to the 

conditions of live production and the quality of the feed animals are raised on. 

In swine production, 60–70% of live production expenditures are related to the cost and utilization of feed. At the same 

time, feed has an immediate impact on the health status and wellbeing of pigs throughout the production cycle, from 

gestation, suckling and weaning to growing and finishing. Accordingly, optimizing feed formulation and production to 

support the genetic growth potential of modern breeds has become an economic necessity in recent years. Effects on 

gut health and animal welfare have also gained importance in research and development of feeding regimes and 

production technology. 

In the following paper, we discuss developments in feed production technology and their impact on live pork production. 

Grinding and mixing 

Cereal grains are the main ingredients in swine feed. In feed production, such ingredients are typically ground to achieve 

favorable handling properties throughout the production process. It is well known that miscibility and mix stability are 

related to the physical properties of main ingredients. Mash structure and particle size distribution influence its 

flowability, which has an impact on storage and transportation of the mash throughout production processes. In case of 

mash feeding regimes, flowability is a quality parameter impacting distribution systems throughout the supply chain, right 

up to the feeding trough in the barn. A wide range of particle sizes, also expressed by a high geometric standard 

deviation (GSD ) of the particles in the mash, may lead to segregation of coarser and finer fractions and to selective 

feeding and losses in the barn. 

Besides handling aspects, mash structure has an impact on its nutritional utilization as well as on the health of the 

porcine digestive system, which will be discussed in detail below (Ziggers, 2010). 

Exemplary recommendations for mean grain particle size for PIC pigs in various phases of production are shown in table 

1. A range of 600–800 µm is also mentioned in a Mississippi State University Extension Service report (2019) on the 

importance of particle size for swine diets. 

Research has been done with a wider range of mean particle sizes under various conditions to evaluate specific 

nutritional and veterinarian aspects such as starch gelatinization, energy utilization, acidity and effects on gut flora. 
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Authors agree that the amount of fine particles below 400 µm should be limited to 25% (Vukmirovic et al., 2017) to 

reduce reflux from the stomach and resulting ulceration in the upper part of the stomach. They also agree that particles > 

1600 µm should be avoided, as coarse fractions have low digestibility due to their reduced surface-to-volume ratio as 

compared to finer fractions. 

Table 2 gives an overview of on-farm particle size distribution as found in a large-scale Kansas State University survey 

over a five year period (1578 samples 1986–1990), in which only 20% of the samples fell in the preferred range of mean 

particle sizes. 

Table 1:  Grain particle size for PIC Pigs  

 

Table 2:  Summary of On-Farm Particle Size Reduction  

 

In feed production, particle size reduction is mainly realized using hammer mills and roller mills (see fig. 1) 
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Figure 1:  Hammer mill grinding system includingaspiration as compared to a roller mill  

(CPM, 2018) 

 

As so often, both processes have their pros and cons. According to MSU Extension Services (2019), hammer mills 

compared to roller mills are characterized by: 

• Easier maintenance 

• Higher motor power 

• The ability to process a wider variety of particlesizes 

• Higher noise levels in operation 

• More dust, need for aspiration 

Particle size can be controlled by varying screen and hammer configuration as well as the tip speed of hammers. 

For coarser grinding of friable ingredients, lower tip speed and a lighter hammer pattern are recommended. For fine 

grinding (and with fibrous ingredients), high tip speed and a heavier hammer pattern are used, i.e. more hammers per 

pin are installed using narrower spacers (see fig.2). 
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Figure 2:  Configuration avoiding trailing hammers with good coverage of screen area (CPM, 2018) 

 

Roller mills require qualified maintenance staff for roller assembly and alignment after re-corrugation. Corrugation 

patterns and the gap between rollers as well as roller drive speed have an impact on particle size distribution. The 

advantages of roller mills over hammer mills include lower energy consumption, a more uniform particle size distribution, 

with more coarse particles and fewer fine particles, which decreases risk of stomach lesions in pigs (Hancock, 1998). 

According to CPM (2018a), operating costs for comparable grinding scenarios are usually lower when a roller mill is 

used rather than a hammer mill. Table 3 shows a typical example for grinding of 30 t/h corn to 700 µm. The overall 

investment for the hammer mill grinding system including aspiration and fines recycling exceeds the cost of a roller mill 

with comparable output by US$ 22,000. The higher maintenance cost for the roller vs. hammer mill (~ 9.4 vs. 3.9 ct/ton) 

is more than compensated by lower energy consumption (installed motor power 300 HP for hammer mill vs. 200 HP 

roller mill). The overall operating cost for roller mill grinding is 21.9 ct/ton vs. 28.7 ct/ton for the hammer mill. In this 

scenario, the energy cost is factored in at a flat fee of 5 ct/kWh. In real life, cost advantages the roller mill might exceed 

afore mentioned differences whenever power consumption would exceed the maximum allowance in peak hours and 

might cause additional penalty charges. 
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Table 3:  Hammer mill vs. roller mill operating cost comparison (CPM, 2018a) 

 

Depending on the raw materials that need grinding, different diagrams of grinding and sieving equipment may be 

considered to improve the process, approach the desired particle size distribution and lower production costs. If main 

products enter the feed mill as whole grain, the optimum grinding process is different from a situation where some main 

ingredients are byproducts from various industries that are pre-processed and arrive as meal or mash. 

The barebones approach to step grinding of full grain would be to use a single hammer mill followed by a sieve, 

recycling oversized particles back to the hammer mill (see fig. 3). With larger screen openings in the hammer mill, this 

setup has significant potential for reducing operating costs by saving energy and improving particle size distribution. 

In case of pre-ground raw materials, pre-sieving before introduction into the grinder (roller or hammer mill) reduces the 

product load on the grinder for lower grinding costs as well as smaller amounts of fines in the mash. Two hammer mills 

with a pre-sieve each can be combined to form a step grinding system with further improved efficiency and output, 

producing a better structured mash. 

In the U.S., where unground corn is typical, hammer mills are often equipped with a single pair roller mill as pre-breaker, 

replacing the rotary feeder. With this approach, without larger increases in equipment expenditure, as the cost of the 

roller mill is partly offset by savings on the rotary feeder, substantial energy savings are possible as well as a notable 

increase of hammer mill throughput due to increased screen size. 

 

 

 

 

 



 

 

Evonik Operations GmbH | AMINONews® | September 2021 | Page 6 / 22 

 

Figure 3:  Different grinding and sieving diagrams (CPM, 2108a)  

 

Conditioning and pelletizing 

The majority of pig feed is pelletized. Reasons include easier handling and distribution of pellets as well as 

improvements in feed intake, weight gain and feed efficiency (Vukmirovic, 2017). Pellet quality, i.e. a sufficient pellet 

durability index (PDI), is an important aspect in this context. Low quality results in a higher amount of fines, which has a 

negative effect on feed efficiency (PIC fact sheet). 

Fahrenholz (2012) evaluated seven parameters – each at two different levels typical for feed production – that are 

believed to influence pellet quality: particle size, added fat level, inclusion of distillers dried grains with solubles (DDGS), 

feed rate, steam conditioning temperature, conditioner retention time and pellet die thickness (L:D ratio). In this 

research, higher fat levels, lower conditioning temperatures and thinner pellet dies had the most significant negative 

effect on pellet quality (see fig. 4). 

The effect of particle size on pig performance and health is controversially discussed in literature: while finer grinding 

improves digestion (Ziggers, 2010), beneficial effects of coarser particle sizes on reducing stomach ulceration are 

mentioned in recent research (Kiarie, 2019). This will be addressed in detail below. 

The pelletizing process as such usually results in a further reduction of particle size, as the mash is ground between 

rollers and die in the pellet mill. This grinding effect increases with a widening roller-die gap, which – depending on feed 

formulation – may improve pellet quality and durability to a certain extent. 
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Figure 4:  Relative impact of seven influencing factors on PDI, Fahrenholz, KSU 2012  

 

Achieving acceptable pellet quality with coarser grinding is possible, as shown by Vukmirovic (2017). In this research, 

corn was ground on a hammer mill with sieve openings of 3, 6 and 9 mm and pelletized at moisture contents of 14.5, 16 

and 17.5%, increasing roller-die gap from 0.3 to 1.15 and finally 2 mm. The best preservation of coarser particle 

structure after pelletizing combined with acceptable pellet quality and overall energy consumption in the conditioning and 

pelletizing process was achieved with the coarsest grinding on a 9 mm sieve, the highest moisture content of 17.5 % 

entering the pellet mill and the widest roller-die gap of 2 mm (see fig. 5). 

Earlier research of Vukmirovic (2016) revealed that coarser grinding of mash on roller mills improves PSD as compared 

to hammer mill grinding. In this example, the best PDI was achieved with the coarsest grinding on a roller mill, with other 

process parameters unchanged (see fig. 6). 

So far we have discussed particle size reduction and conditioning mainly with regard to handling properties and 

pelletability of the mash. Certain feed formulations such as piglet starter feed with high milk powder content and/or 

lactose are difficult to pelletize. In such cases, conditioning temperatures are limited, and steam must be added at low 

pressure. As protein supplements are heat sensitive, conditioning temperatures should stay below 80°C and steam 

should be added at higher pressure to reduce moisture addition and thermal conductivity for piglet diets high in such 

supplements (see table 4). 
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Figure 5:  Influence of pelletizing variables on pellet durability index. Vukmirović et al., 2017a.  

 

Figure 6:  Influence of mill type and grinding intensity on pellet durability index (PDI). Values with different letters are significantly  

different at level P < 0.05 (Vukmirović, 2015).  

 

Besides improving pelletability, conditioning has a sanitizing effect: bacteria are heat sensitive and can be reduced when 

heat is applied on mash with enough moisture content. Reimann (1996) has shown that, with ac onditioning temperature 

of 82°C, after 80 seconds conditioning time 99.98% of salmonella enteritidis are inactivated at mash moisture content of 

15% (which is typical for a pelletizing process, see table 5). Accordingly, DVT recommends conditioning temperatures > 

80°C and residence times of 2 minutes for the conditioning process for sanitation purposes. Such conditions could be 

employed with most standard grower and finisher feed formulations with supposedly beneficial effects on nutrient 

availability and starch digestibility (Vukmirovic, 2017). 
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Table 4 :  Conditioning steam pressure and temperature for specific ingredients  

Source: Payne, 1978; Maier & Gardecki, 1992 

 

Table 5:  Effect of time, temperature and moisture on the destruction of salmonella enteritidis in animal feed (Reimann, 1996) from: D. Ziggers,  

Feed Tech Volume 5, Number 6 

 

Expansion and extrusion 

According to Behnke (1995), the introduction of an expander shifts the balance of influencing factors on pellet quality 

from formulation towards conditioning (see fig. 7). Expanders subject raw materials to much higher mechanical and 

thermal energy than standard conditioning processes do.  
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Figure 7:  The contribution towards pellet durability of conventional pelletizing and of expander equipment with its extended range of process  

variables (after Behnke, 1995).  

 

Figure 8:  The annular gap expander. Flowchart and pressure (P) and temperature (T) graphs demonstrate processing conditioning in the  

expander (Pipa and Frank, 1989). 

 

Typically, mash temperature in the process ranges from 90 to 130°C at pressures between 20 and 30 bar with a 

relatively short retention time of less than 10 seconds and a moisture content of 16 to 18% (see fig. 8). These process 

parameters clearly exceed conditioning at ambient pressure and have effects on starch gelatinization, cell degradation 

and nutrient availability as well as bacteria count. Urbat (2005) found a complete reduction of bacteria, mold and yeast in 

mash after expander treatment of feed (see table 6). 

Compared to extrusion processes, energy consumption with expansion is reduced due to lower temperature, pressure 

and moisture content. With extrusion, a dryer is needed, while moisture content of expanded feed is sufficiently 

decreased in a cooler. As expanders employ lower pressure and shear forces, there is more flexibility to use coarser 

mash structure and particle size distribution is better preserved in the process (see fig. 9). 
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Table 6:  Spore count in pig feed (mean of three samples each, Urbat 2005)  

 

Figure 9:  Kahl annular gap and crown expander (above). Expanded pig feed with a high percentage of intact coarse particles and crown pellets 

(below).  

 

Due to the changes in the capillary microstructures of the mash caused by flash expansion in the outlet chamber of the 

expander, expanded feed is well suited for liquid feeding based on its ability to absorb higher amounts of liquids (see fig. 

10). This may explain the significantly reduced water consumption of pigs fed with expanded rather than pelletized feed 

as reported by von Reichenbach (Amandus Kahl, citing Hancock, J.D., et al.,2000: Proceedings Swine Day 2000, 

Kansas State Univ., USA and Prof. Dr. F. Liebert,2002, University of Göttingen, Institute for Animal Physiology and 

Animal Nutrition). 

 

 

 

 

 

 

 



 

 

Evonik Operations GmbH | AMINONews® | September 2021 | Page 12 / 22 

 

Figure 10: Dissolving characteristics of usually pelletized feed (left), of mealy feed (center) and expanded feed (right), source: Amandus Kahl  

Group 

 

Effects of grinding, pelletizing, extrusion and expansion on nutrient digestibility, performance and gut 

health of pigs 

Nutrient digestibility 

Several studies with pigs have shown that reducing ingredient particle size typically increases nutrient and energy 

digestibility, which in turn improves the feed conversion ratio (FCR). The reason for this beneficial effect is that grinding 

increases the surface area of the grains exposed to digestive enzymes (Vukmirovic et al., 2017). For example, reducing 

the particle size of corn from 1000 to 400 μm (Wondra et al., 1995a) or from 800 to 400 μm (Wondra et al., 1995b) 

increased apparent total tract digestibility (ATTD) of energy and nitrogen (N) and improved FCR of finishing pigs due to 

lower feed intake (Wondra et al., 1995a). Similarly, increased ATTD of energy, organic matter and N was observed in 

growing pigs after reducing the mean particle size of barley and field peas from 900 to 600 μm (Oryschak et al., 2002) or 

reducing the mean particle size of wheat from 1000 to 500 μm (Lahaye et al., 2008). Rojas and Stein (2015) observed 

increased starch digestibility when corn particle size was reduced from 865 to 339 μm, while standardized ileal 

digestibility (SID) of amino acids remained unaffected. Fastinger and Mahan (2003) also found a linear increase in the 

SID of some AA (Ile, Met, Phe, and Val) in growing pigs when the particle size of soybean meal was reduced from 949 

to 600, 389 and 185 μm, with largest improvement occurring at 600 μm. Similarly, reducing the particle size of corn from 

850 to 550 μm increased starch digestion in growing pigs (Amaral et al., 2014). 

Pigs can also be fed mash feed, as swine are open to different particle sizes of the feed components. However, different 

feed processing methods (thermal treatments) or pelletizing, extrusion and expansion can improve nutrient and energy 

digestibility and palatability, while at the same time having an antibacterial effect on feed. Pelletizing canola meal at low 

temperature (80–85°C) did not affect the content of AA, but increased the AID of AA in weaned pigs (Mariscal-Landin et 

al., 2008). Interestingly, Smit et al. (1994) observed a positive effect of pelletizing (75°C) on nutrient digestibility only in 

wheat/barley-based diets, but not in tapioca/lupin/ pea-based diets in growing pigs. Lahaye et al. (2008) reported that 

pelletizing (85°C) improved the AID of GE, CP and SID of AA of wheat in growing pigs. Improved energy digestibility by 

pelletizing is assumed to be due to partial gelatinization of starch associated with disruption of the endosperm cell wall in 

barley-based diets (Graham et al.1989). 
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As with pelletizing, extrusion and expander treatments can also increase nutrient digestibility. For instance, Rojas et al. 

(2016) reported that, compared with the mash diet, pelletizing, extrusion and the combination of extrusion and pelletizing 

corn/soybean-meal diets significantly increased ATTD of starch, energy, CP and the apparent ileal digestibility (AID) of 

most essential AAs in growing pigs. The AID of some AAs were higher with extrusion, but ATTD of starch and energy 

was no different from that in pelletizing (see fig. 11). Skoch et al. (1983) also observed that pelletizing (80°C) a 

corn/soybean meal/wheat middlings diet without or with extrusion prior to pelletizing improved the ATTD of energy and 

the FCR of both weaned and finishing pigs. Similarly, Lundblad et al. (2012) observed increased ATTD of starch and 

AID of some AAs in pigs by applying extrusion and expander processing to wheat/soybean-meal-based diets. Baker and 

Stein (2009) observed that extrusion (145°) of soybean meal increased the SID of AA, however, the ME content was not 

affected in growing pigs. Sun et al. (2006) reported that extrusion processing (145°C) had increased starch gelatinization 

and improved the digestibility of protein in barley- or pea-based diets, but not in potato starch/wheat bran-based diets. 

This suggests that the effect of pelletizing or expansion depends on the type of ingredients and their starch or non-starch 

polysaccharide content. The increased AID of AA could be because pelletizing or extrusion may partly denature dietary 

proteins, making them more accessible to digestion by proteomics enzymes (Svihus and Zimonja, 2011). 

a,b,c,d Means within the same criteria with different superscripts differ (p<0.01). 

Figure 11: Effect of feed processing on apparent ileal digestibility of energy, starch, crude protein and amino acids (Source: Rojas et al., 2016)  

 

However, Ohh et al. (2002) reported that extrusion (100°C) reduced AID of Lys, Val, Gly and Ser in a diet containing 

whey protein concentrate compared to a diet containing spray-dried plasma protein. The FCR of weaned pigs improved 

with a pellet diet, but not with an expanded-pelletized diet. These results indicate that expansion or extrusion processing 

at high temperature can reduce digestibility of AA. It has been reported that over-processing by autoclaving (125-130°C; 

>10 min) soybean meal, corn distillers dried grains with solubles (DDGS), canola meal, sunflower meal and cottonseed 

meal reduced total and reactive Lys as well as SID of most AAs in growing pigs (Fontaine el al., 2007; González-Vega et 

al., 2011; Almeida et al., 2013; Almeida et al., 2014a,b). This is because excessive heating during processing can also 

lead to the destruction of AAs and the formation of products of Maillard reactions that are biologically unavailable (Pahm 

et al., 2008). Lysine is the AA most affected by the Maillard reactions because it has an ε-amino group that readily reacts 

with reducing sugars (Fontaine et al., 2008). This means that formulating diets without correcting the digestibility of AA 

for over-processed protein meals may undersupply AA and consequently reduce animal performance. Evonik developed 

AMINORED® for a rapid evaluation of digestibility in heat-processed raw materials. Using this analytical tool to adjust 

the reduced concentration and digestibility of AA in heat-damaged ingredients in diet formulations can ameliorate the 

negative effects of heat damage of protein meals such as soybean meal and corn DDGS in growing pigs (Almeida et al., 

2014c). 

Growth performance 

The reduction of the particle size of corn from 850 to 550 μm improved FCR in growing pigs (Amaral et al., 2014). Callan 

et al. (2007) reported that fine grinding with a hammer mill using 3 mm rather than 6 mm screen size consistently 
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improved FCR during both growing and finishing phases. The best FCR was achieved with wheat particle sizes of 600 

μm in weaned pigs and 400 μm in finishing pigs, respectively (Mavromichalis et al., 2000). Reducing corn particle size 

from 1000 to 400 μm increased carcass dressing percentage in finishing pigs, which may be due to reduced weight of 

intestines with reduced particle size (Wondra et al., 1995a). However, reducing particle size of wheat from 600 to 400 

μm did not affect pig carcass dressing percentage (Mavromichalis et al., 2000). 

In past decades, several studies have demonstrated that pellet feeds result in improved FCR and ADG of pigs compared 

to mash feed (Hanke et al., 1972; Skoch et al., 1983; Wondra et al., 1995a; Johnston et al., 1999; Ohh et al., 2002; Park 

et al, 2003; Longpré et al., 2016). Ball et al (2015) also reported that pelletizing improved ATTD of dry matter and 

energy, reduced feed intake and N excretion, and improved FCR of growing/finishing pigs (see fig. 12). For 

growing/finishing pigs, increased ADG (3–5%) and improved FCR (4–7%) were reported when they were fed pellets 

rather than meal (Wondra et al., 1995a; Boler et al., 2016; Nemechek et al., 2016). Improvements in FCR and ADG were 

also achieved in growing pigs with extrusion (Piao et al., 1999) and expander treatments prior to pelletizing (Park et al., 

2003). The beneficial effect of pelletizing is assumed to be due to the combined effect of reduced feed wastage and 

improved digestibility of nutrients (starch, energy and protein). 

 *Effect of pelleting was significant (P<0.05); ¶ Effect of particle size was significant (P<0.05)  

Figure 12: Effect of feed form and particle size on performance and digestible energy (DE) for 40–115 kg pigs (Source: Ball et al., 2015)  

 

Extrusion of pig diet improved FCR and ADG of weaned pigs compared with pelletized feed, however, the beneficial 

effect was not observed when the extruded feed was re-pelletized (Sauer et al., 1990). Similarly, Lei et al. (2018) 

reported that feeding expanded diets improved both ADG and FCR of growing/finishing pigs compared with those fed 

mash feed. Vande Ginste and De Schrijver (1998) reported that expansion tended to increase ADG of finishing pigs 

compared to mash feed, however, combining expansion and additionally pelletizing had no effect on performance. In 

contrast, expanding weaned pig diet increased nutrient and energy digestibility, but feed intake was lower, which in turn 

reduced ADG (Johnston et al., 1999). Millet et al. (2012) also found a reduction in feed intake of growing/finishing pigs 

with expanded diets compared with mash feed, but ADG was not different. Only few studies evaluated the effect of 

processing on carcass parameters of finishing pigs. Boler et al. (2015) and Nemechek et al. (2016) observed an 

increase in carcass weight by pelletizing compared with meal feeding. However, feeding pellet feed increased back fat 

thickness and decreased lower fat-free lean compared with meal feed (Park et al., 2003). On the other hand, carcass 

parameters were not affected by pelletizing (Wondra et al., 1995b; Dirkzwager et al., 1998), extrusion (Chae et al., 1997) 

or expanding (Lei et al., 2018). The data cited in the literature suggest that the effects of heat processes, particularly 

expansion and extrusion, are rather inconsistent, i.e. the desired beneficial effects are not achieved in all studies, which 

could be due to differences in feed processing conditions, diet composition or age of pigs. 
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Effects on gut health 

Considering the optimum particle size is very important, as it directly impacts the intestinal health and microbiota 

balance of pigs. The presence of high quantities of fine particles in pig feed leads to higher incidence of stomach ulcers, 

which are a major problem in intensive pig production (Cappai et al., 2013). Reducing the particle size of corn and 

sorghum from 900 to 300 μm negatively affects intestinal health of weaned pigs by increasing fluidity of stomach content 

and keratosis, i.e. an intermediate step in ulceration of the esophageal region (pars esophagea) of the stomach (Healy 

et al., 1994). Similarly, Mavromichalis et al. (2000) observed increased stomach ulcers and keratinization in finishing 

pigs when wheat particle size was reduced from 600 to 400 μm. Grosse Liesner et al. (2009) also reported that when the 

presence of fine particles smaller than 400 μm was higher than 30% of the diet it resulted in a higher risk of stomach 

ulcer in weaned pigs. To optimize N retention and stomach ulcer score, a corn particle size of about 400 μm and 600 μm 

was recommended for primiparous and second-parity sows, respectively (Wondra et al., 1995c,d). One possible reason 

for the development of ulcers is that fine grinding can lower pH in the stomach (Mahan et al., 1966) in combination with 

increased concentrations of chloride in the esophageal region, as compared to coarse diets (Mobeler et al., 2010). The 

more acidic content of the lower stomach can damage the more sensitive epithelium in the upper part of stomach and 

cause lesions (Kreis, 2019). 

Particle size distribution in the feed can also influence the presence of pathogenic bacteria in the digestive tracts of pigs. 

Compared with feeding finely ground mash feed, feeding pigs coarse mash feed decreases pH value of stomach content 

due to a slower passage rate, increased dry matter content and more dense stomach content, which decreases the 

survival of salmonella passing through the stomach (Mikkelsen et al., 2004; Vukmirovic et al., 2017). This suggests that 

feeding diets with more coarse particles can positively affect the stomach, which acts as a barrier and prevents harmful 

bacteria from entering and proliferating in the lower part of the gastrointestinal tract. This is particularly the case in 

weaned pigs, which are known to have the highest incidence of diarrhea due to their still immature digestive system. 

It should be mentioned that particle size is a controversial issue in pig nutrition because the particle size to optimize gut 

health may not optimize nutrient digestibility and growth performance. For instance, growth performance of finishing pigs 

linearly increased when the mean particle size of sorghum was reduced from 800 to 600 and 400 μm, however, it also 

increased the incidence and severity of gastric lesions when the particle size was reduced below 600 μm (Cabrera et al., 

1993). Similarly, Wondra et al. (1995a) found increased performance of finishing pigs when decreasing the mean 

particle size of corn from 1000 to 800, 600 and 400 μm, however, this also resulted in higher incidence of stomach 

ulcers and keratinization of the esophageal region of the stomach. As a compromise for optimizing both pig performance 

and stomach morphology, the authors recommend a mean particle size of 600 μm. 

Based on a comprehensive literature review by Vukmirovic et al. (2017), it is recommended to keep the portion of fine 

particles less than 400 μm (with negative impact on gut health) and coarse fractions larger than 1600 μm (with 

decreased nutrient utilization), as low as possible in pig diets. On the other hand, the share of medium-sized particles 

ranging from 500 to 1600 μm, which are considered to be optimal for the digestive system of pigs, should be kept as 

high as possible (Healy et al., 1994; Wondra et al., 1995a,b; 2011, Cappai et al., 2013). In general, the risk of causing 

stomach ulcers in pigs remains rather low when they are fed diets with less than 30% of fine particles less than 400 μm 

(Vukmirovic et al., 2017). These values agree with the PIC recommendation for grain particle size (see table 1). 

During the pelletizing process, the feed is passed through steam conditioning and high pressure before being pressed 

through the die with narrow distance between pellet rollers and pellet die. It should be mentioned that coarse particles 

are crushed during this process, resulting in increased distribution of fine particles, which is known as secondary 

grinding (Grosse Liesner et al., 200; Vukmirović et al., 2017). The disadvantage is that the resulting increase in fine 

particles can induce gut health problems such as increased stomach ulceration, reduced concentrations of butyric and 

propionic acid and increased E. coli concentrations in the hindgut of pigs (Wondra et al., 1995b; Longpré et al., 2016). 

Boler et al. (2016) also reported that pigs fed pellet feed had a greater stomach ulceration score compared with pigs fed 
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a meal diet. Wondra et al. (1995a) observed an increase in both stomach lesions and keratinization with reduced particle 

size from 1000 to 400 μm while pelletizing only increased stomach keratinization, which was intensified by fine grinding. 

Indeed, combining pelletizing with fine grinding (400 μm) increased incidence of stomach ulcers, but pigs fed pelletized 

feed also improved ADG and FCR in the finishing stage (Wondra et al., 1995b). 

These results suggest that particle size has a major influence on the gut health of pigs, as fine particle size in both mash 

and pelletized diets has a negative effect on gut health. Pelletizing per se seems to have a less severe impact on the gut 

heath of pigs (Wondra et al., 1995a). As previously mentioned, the proportion of particles less than 400 μm should not 

be more than 30% in the diets to avoid or reduce the incidence of stomach ulcers in pigs. When pigs are fed a coarsely 

ground meal diet, a greater portion of starch is digested in the hindgut for microbial fermentation, which produces short 

chain fatty acids and consequently limits the growth of coliform bacteria and salmonella (Regina et al., 1999). However, 

reduced starch digestibility can negatively affect ADG and FCR of the pigs. Ideally, secondary grinding should be 

avoided or reduced, with pelletizing processes being used to optimize growth performance and maintain gut health in 

pigs. Achieving acceptable pellet quality with coarser grinding is possible, as mentioned above (see fig. 5). 

A modified extrusion process, i.e. processing using an expander, is suggested as an alternative for pelletizing to 

maintain particle size in pig feed. However, knowledge about this process is still insufficient. Recent research by 

Liermann et al. (2015) has shed some light on the effects of particle size and different feed processing treatments, i.e. 

meal, pelletizing, expanding, expanding and pelletizing, on performance and stomach health of growing/finishing pigs 

under the same conditions by using one common diet. The following findings were revealed: 

1. Finely ground pelletized feed without expanding optimized ADG and FCR. 

2. Coarsely ground feed without heat processing also resulted in the highest feed intake and optimum ADG, but it 

impaired FCR. 

3. Coarsely ground feed without heat processing had protective effects on the mucosa of esophageal region of 

the stomach. 

4. Pelletizing increased stomach lesions. 

5. Coarsely grinding before pelletizing did not reduce stomach lesions. 

6. Expanding decreased feed intake and consequently reduced ADG because expanding caused clumping of 

stomach (modified starch) content, which possibly induced satiety by slower digesta passage rate (see fig. 13).  

Figure 13: Example of clump formation in stomachs of pigs fed a finely ground expanded diet (source: Liermann et al., 2015)  
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Conclusions 

Based on data in the literature, reducing ingredient particle size typically increases nutrient and energy digestibility, 

which in turn improves feed efficiency. Feed processing technologies such as grinding, pelletizing, extrusion and 

expansion can be used to increase nutrient and energy digestibility, and consequently improve feed efficiency and 

growth performance of pigs. However, the desired beneficial effects are still inconsistent. The presence of high 

quantities of fine particles less than 400 μm in both meal and pelletized pig feed leads to higher incidence of stomach 

ulcers. Pig diets should be pelletized to optimize pig performance, but it is recommended to keep the proportion of fine 

particles less than 400 μm below 30% and the share of medium-sized particles ranging from 500 to 1600 μm as high as 

possible to optimize gut health of pigs. Expanding or combining expansion and additionally pelletizing the complete feed 

can reduce feed intake due to clumping of stomach content (modified starch). 
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