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Feed Structure and Production Processes impact on Poultry Live 
Production  

 

Feed cost is the most dominant factor in poultry production cost. While feed production cost is only a minor part of this, 

feed production processes have a major influence on feed quality, which in turn has an impact on the main KPI’s of live 

production, such as feed intake, body weight and feed conversion rate. 

Key information 

Mixing, grinding and pelleting are the core processes involved in in feed production. Pelleted feed is particularly 

prevalent in broiler production, because of the ease of handling and 

distribution of pellets, as well as its positive effect on feed intake and 

weight gain. It is well accepted that grinding has a major impact on mixing 

and pellet quality. At the same time, feed producers adapt feed structure 

to the specific needs of different species. Broiler feed typically has a 

coarser structure compared to swine or aqua feed, considering the 

digestive system of broilers and, specifically, the grinding function of the 

gizzard. 

Other feeding regimes for broilers such as whole grain feeding have 

developed, based on regional availability of raw materials and preferences 

of farmers. In the context of recent discussions and research, however, 

further feeding plans have been developed for broilers which have been 

shown to have positive effects on animal health and welfare. 
Picture 01: Roller mill and hammer mill complement 

specific strengths in step grinding process (CPM) 
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After describing different approaches of grain handling on processes in feed and live production, nutritional aspects of 

various feeding regimes will be discussed. 

Grinding 

From a process perspective, an appropriate mash structure is an important precondition to ensure good miscibility and 

homogeneity, as well as stability of the mixture during further transportation and processing. Engster (2014) discussed 

the importance of homogeneity of the mash in terms of itseffect on animal performance in AMINOTec, Edition 1, 2014. In 

AMINOBatch®  Working Precision Tests, Evonik found that the particle size of the mash has an influence on coefficients 

of variation. The evidence for this included the analysis of supplemental amino acids (Bunzel, AMINONews Review 

2009, AMINOBatch® Working Precision Test – A Valuable Tool to Evaluate Working Precision of your Mixing Plant). 

According to Fahrenholz (2017), “…particle size reduction is the second-most common feed manufacturing process 

(mixing is first), and therefore has a substantial performance impact in the global sense. Grinding is most typically 

associated with the size reduction of cereal grains.” He further explains that “the reduction in particle size leads to 

increased ingredient surface area, leading to more intimate interaction with digestive acids and enzymes in the GIT 

(gastro-intestinal tract). … The lack of adequate gizzard function, and resultant reduced GIT retention time, has a 

negative impact on live performance. As a result, interest in coarse particle inclusion has grown considerably recently.” 

These nutritional aspects of the grinding process will be discussed in more detail at a later stage. 

On the other hand, particle size is known to be related to pellet quality, which may have an effect on animal performance 

(McKinney and Teter, 2004, figure 1). As pellet quality and durability depends on various factors, we can find different 

evaluations of their relative impact. Reimer (1992) states that 20 % of pellet quality is related to grinding (only dominated 

by formulation and on the same level as conditioning, figure 2). 

According to Fahrenholz (2012) particle size has the least impact out of seven influence factors he evaluated; the 

highest impact in this comparative trial was assigned to compression ratio of the die, followed by conditioning 

temperature and level of fat addition (figure 3). 

Figure 01: McKinney and Teeter, 2004: Impact of pellet quality on weight gain and feed conversation rate  
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In a review by Amerah et. al.(2007) of the implications of feed particle size on the digestion and performance of poultry, 

a general industry consensus is assumed that in “broiler diets based on maize or sorghum, optimum particle size should 

be between 600 and 900 μm”. Here the authors conclude that “available data clearly show that grain particle size is 

more critical in mash diets than in pelleted or crumble diets” … and “suggest that coarser grinding to a more uniform 

particle size improves the performance of birds maintained on mash diets”. In the same review, the research authors 

point out that “the reduction of feed particle size is the second largest energy cost after that of pelleting in the broiler 

industry (Reece et al., 1985) and likely to be the largest user of energy in the layer industry where pelleting is not per- 

formed (Deaton et al., 1989). … Dozier (2002) estimated that the utility usage comprised 25 to 30 % of the manufac- 

turing cost of broiler feed. … Thus, any reduction in energy consumption from grinding could significantly lower feed 

cost.“ Again, nutritional effects will be addressed in more detail at a later stage. 

Djuro M. Vukmirović et. al. conducted research in 2014 into the “Influence of grinding method and grinding intensity of 

corn on mill energy consumption and pellet quality” at the University of Novi Sad. Here the experts examined how 

grinding different structures of corn on a hammer mill versus a roller mill affects subsequent conditioning and pelleting 

quality. Six different particle size distributions were compared with GMD (geometric mean diameter) varying from fine 

(671 µm) to very coarse (2108 µm), three of which were produced on a hammer mill, three on a roller mill. To achieve 

differences in particle size distribution, openings were used on the hammer mill sieves with 3, 6 and 9 mm. On the roller 

mill, the gap between the lower pair of rollers was set to 1.4, 2.0 and 2.6 mm (table 1 and figure 4). 
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Figure 04: Comparison of particle size distributions for different grinding treatments (different mill type (hammer mill (HM) or roller mill (RM)) and  

different grinding intensity (fine (F), medium (M), coarse (C) and very coarse (VC)). 

 

Figure 05: Influence of mill type (hammer mill (HM) or roller mill (RM)) and grinding intensity (fine (F), medium (M), coarse (C) and very coarse  

(VC)) on specific energy consumption of mill and on pellet durability index. Values with different letters are significantly different (P 

<0.05).  

 

Authors conclude that high energy savings are possible by coarser grinding (figure 5). Energy consumption and mill 

throughput increase over-proportionally with increasing sieve opening (and GMD) on a hammer mill. With roller mills, 
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however, further energy savings are possible with comparative GMD. Furthermore, roller mills produce more uniform 

particle size distributions with lower GSD (geometric standard deviation), and corn ground on the roller mill clearly 

showed better pellet durability under comparative pelleting conditions. 

This research seems to suggest a way forward for those committed to saving energy in the grinding process. 

Specifically, it involves improving the structure of the mash by aiming for coarser particle size distributions, but without 

affecting pellet quality. Moreover, this way forward would reduce production costs and may also have positive effects on 

live production as further detailed below. 

Whole Grain Feeding 

In 2014 Singh et. al. published a comprehensive review paper on whole grain feeding. Here they state that “In broilers, 

whole wheat feeding is common com- mercial practice in Europe (particularly Scandinavia, United Kingdom and the 

Netherlands), Australasia and Canada under a variety of forms. In some parts of the world, whole wheat feeding is also 

used as part of a strategy for broiler breeders and table egg layers.” The main driver of this development is the potential 

of reducing feed cost by eliminating the grinding stage. Furthermore, the authors quote Gabriel et al., 2008: “this also 

meets consumer demands for a natural feeding system and improved animal welfare”. 

There are several strategies used to introduce whole grain into the feeding system,which depend on the existing 

infrastructure at feed mills and farms, as well as the availability and cost of raw materials (figure 6). 

Most research on whole grain feeding focuses on whole wheat. According to a review by Addollahi (2018), only three 

studies were conducted “evaluating the effects of maize inclusion into pelleted broiler diets either in the form of cracked 

(Dozier III et al., 2006; Clarket al., 2009) or whole grain (Singh etal., 2014d)”. It is important to note that whole or cracked 

grains will replace only part of the grain of the diet. Therest of the diet will be a concentrate to provide amino acids, 

minerals, vitamins and trace elements as needed. It is also important to consider that the proportion of whole, or cracked 

grain in the diet, needs to be adapted to the age of the birds. 

Int he feed mill whole grain (namely wheat), or cracked maize, could be applied at the pre-pelleting or post-pelleting 

stages. In the case of post-pelleting, it usually involves mixing with crumbled pellets to ensure good handling properties 

and mix stability. Adding whole grain pre-pelleting might be a good compromise for feed millers who wish to benefit from 

reduced feed production costs, while maintaining the advantages of pelleted feed.These include, for example, 

advantages related to handling and distribution, utilizing existing equipment and infrastructure and well-proven 

processes. When using cracked corn, it may be necessary to assess detrimental effects on pellet quality and possible 

negative impacts on feed intake of broilers versus energy savings. 
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In terms of farming, three feeding strategies have been implemented with each requiring different infrastructure and 

management processes in live production. With sequential feeding, commercial feed concentrate and whole grain are 

handled on the same feeding system alternately, or in sequence, one after the other. With free choice feeding, 

commercial feed concentrate and whole grain are offered in parallel on separate feeding lines. With mixed feeding, 

whole grain is added proportionally into the feeding line, or is topped up onto the silo load while the silo is being 

replenished. Again, nutritional aspects of such strategies will be discussed at a later stage. 

In any case, when considering farm mixing and feed production, it is important for the feed mill, as well as the farmer, to 

manage interfaces and adapt diets. Here this can involve taking into account the nutritional requirements based on the 

feeding strategy, namely the proportion and nutritional value of grains that may be added in farms. The FAO has 

published a guideline, laying down requirements for on-farm feeding. Figure 7 depicts necessary planning and 

production processes that must be followed to ensure feed safety and quality. Implementation and daily maintenance of 

such processes certainly comes at a cost; and farmers will evaluate such costs and balance them against the potential 

savings they may have when adding whole grain in farms. This will most probably only pay off in the case that they use 

home grown grains. 
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Effect of particle size and feed form on growth performance  

The importance of particle size in poultry diets has been recognized because of its various benefits in terms of gizzard 

development and improvement in growth performance (Abdollahi et al., 2018). Various studies over the last few decades 

have demonstrated that particle size has a positive impact on the feed intake of broilers fed mash diets. Table 2 shows 

that feed intake in broilers fed mash diets can be increased by also increasing particle size, and the table also shows 

that effect varies with the age of birds and type of grain. Attawong et al. (2014) recommends that corn particle size of 

around 805 micron is sufficient for younger birds (<28 days). However, the older the birds get, a larger corn particle size 

is most likely to be required. Feed intake of crumbled or pelleted diets, for example, was not affected by particle size of 

maize or wheat (as shown in Table 3). Weight gain and feed efficiency improved with increases in particle size of grains 

in either in mash or pelted diets, but here the results are contradictory (Tables 2 and 3). Auttawong et al. (2013) tested 

two dietary levels of coarse corn (0 or 35 %) on broiler perfor-mance and noted an improvement in levels of feed 

efficiency with coarse corn (1080 microns) with ad libitum feeding over restricted feeding. 

Similarly, Xu et al. (2015) observed improved zootechnical parameters and digestive functions of broiler birds when 

crumble-pelleted diets contained 50 % coarse corn. The authors reported improvement in body weight (130 g) and feed 

conversion ratio (12 points) in broilers aged 42 days and over. This correlates well with the increased gizzard weight 

(2.75 mg/g body weight), increased digesta retention time (0.78 h), improved apparent ileal digestibility of energy (8.2 %) 

and also improved apparent ileal digestibility of nitrogen (12.4%) in broilers fed diets with 50% coarse corn compared to 

those fed without any coarse corn. 

Picture 02: Feed structure from mash to pellets impacts production cost, handling properties and KPIs in live production 
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Various examinations have also been made into the effect of particle size reduction of commonly used by-products in 

poultry feed, such as distillers dried grains with solubles (DDGS) and soybean meal (SBM). Pacheco et al. (2013, 2014) 

conducted experiments to evaluate the effect of particle size of DDGS and SBM on live perfor-mance of broilers. 

In the first experiment, two particle sizes (700 and 350 microns) of DDGS were tested. Results showed that birds fed 

pelleted diets containing 350 micron DDGS had both greater body weight and higher performance levels. Pacheco et al. 

(2014) also evaluated the effect of particle size of SBM (410 or 1025 microns) and DDGS (480 or 745 microns) on pellet 

quality and live performance. Here the inclusion of fine SBM (410 microns) was shown to improve pellet quality, whereas 

coarse SBM (1025 microns) had positive effect on live performance. 

For DDGS, however, fine particle size decreased pellet durability whereas overall pellet durability index values were 

similar. Fine DDGS (480 microns) also increased feed intake and body weight without any impact on feed efficiency. 

Here coarse DDGS (745 microns) in broiler diet, however, increased gizzard weight. Therefore, 

it can be concluded that coarse particle size of DDGS and SBM in broiler diets results in better growth performance. The 

physical form of feed also has significant impact on broilers’ growth performance (Dozier et al. 2010). Many studies, for 
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example, have reported improvement in broiler performance when fed pellet feed compared to mash feed (Amerah et 

al., 2008; Chewning et al., 2012; Mingbin et al., 2015). Use of crumble or pellet form of feed was found to reduce the 

feed wastage and prevents particle selection. 

Figure 08: This shows the effect of feed form (mash and crumble-pellet) and feed particle size (fine, medium and coarse) on average feed intake,  

  average daily gain and feed conversion ratio of broilers (aged 1-40 days). Fine, medium and coarse particle sizes were achieved by  

  grinding the macro ingredients (wheat, corn and soybean meal) in the hammer mill to pass through 2, 5 and 8 mm sieves, respectively.  

  (Mingbin et al., 2015) 

 

The pelleting process also improves palatability and increases nutrient digest- ibility (Mingbin et al., 2015). Zang et al. 

(2009), for example, also reported improvement in feed intake, weight gain and feed efficiency when broilers were fed 

pelleted diets. Mingbin et al. (2015) conducted a study to evaluate the effects of feed form (mash and crumble-pellet) 

and feed particle size (fine, medium and coarse) on performance and digestive tract development of broilers. Results 

showed that feed form had a greater effect than feed particle size on broiler performance and digestive tract devel- 

opment. Here the study also concluded that the effect of feed particle size was dependent on feed form. 

Figure 8 shows on effect of feed form and feed particle size on growth perfor- mance of broilers. Impact of feed particle 

size is more critical in birds fed mash diets. This observation was in line with Svihus et al. (2004) wherein the authors 

concluded that the pelleting of mash diet could negate the effect of feed particle size. 

It should be recognized that it is not only particle size which is important, but also that the uniformity of particle size in 

feed is of great significance when striving to fully exploit the genetic potential of fast-growing broilers. Chickens are 

known to prefer for large particle sized feed. However, due to current feeding practices whereby crumble/pelleted diets 

are used, exploring the uniformity of grain particle size on broiler performance gained little attention among the 

researchers (Amerah et al., 2007a). 

Published studies indicate that broiler performance increases with an increase in particle size of grains. The effect of the 

particle size of grains on a broiler’s feed intake, is far clearer for mash diets than for pelleted diets. As a result, coarse 

mash feeding has been practiced for a long time in many countries. Mash diets have been replaced with crumble-
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pelleted diets in current feeding practices of broilers. Broilers fed pelleted diets show higher feed intake and weight gain 

levels compared to those fed mash diets at same particle size (Figure 8). 

Pelleting has been shown to improve feed intake, weight gain and feed efficiency (Zang et al., 2009). Coarse particle 

size of grains or by-products, either in mash or pelleted diets, may improve weight gain and feed efficiency. Similarly, the 

physical form of feed also has a significant effect on a broiler’s growth performance. 

Picture 03: Pelleted feed is prevalant in broiler production 
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Effect of particle size on gastrointestinal tract development and gut health 

Feed particle size influences the development of the gastrointestinal tract to a greater extent when the broilers are fed 

mash diets, as opposed to pelleted diets. Reducing the particle size property during the pelleting process may result in 

suboptimal gizzard development and changes in the morphology and microbiota profile of the intestinal tract (Zaefarian 

et al., 2016). A large particle size helps the gizzard to function properly, and is also beneficial to gut health development 

in broilers (Svihus et al., 2004; Choct, 2009). Naderinejad et al. (2016) also found that coarse grinding of maize in 

pelleted diets had a positive effect on gizzard development and functionality, which is in turn beneficial for nutrient 

utilization and growth performance. 

The gizzard is extremely good at grinding the feed to a consistent particle size (Hetland et al., 2004). A well-developed 

gizzard also improves grinding activity and gut motility (Ferket, 2000). It increases cholecystokinin release, which 

stimulates the secretion of pancreatic enzymes and gastroduodenal reflexes (Duke, 1982; Svihus et al., 2004). Coarse 

particles reduce the digesta rate in gizzard and lower the pH of gizzard (Nir et al., 1994). The low pH of gizzard may 

increase pepsin activity (Gabriel et al., 2003) and protein efficiency. It also reduces the risk of coccidiosis (Cumming, 

1994) and feed-borne pathogens (Engberg et al., 2002). 

The effect of feed particle size on segments of broiler gastrointestinal tract is presented in Table 4. Feed particle size 

also affects the intestinal tract segments other than the gizzard, but the results are contradictory. Nir et al. (1995) 

reported no difference in the weight of intestinal segments with an increase in maize particle size from 0.6 to 2.17 mm. 

Xu et al. (2015) also reported non-significant differences for intestinal length, and the ratio of intestinal length to body 

weight when 50% coarse corn is included in pelleted diets. However, Amerah et al. (2007a) reported a reduc- tion in the 

relative weight of small intes- tinal segments with an increase in wheat particle size. 

Limited data has been reported on the effect of feed particle size on intestinal morphology and microbiota profile. 

Amerah et al. (2007a) reported a non-significant change in villus height, crypt depth, and epithelial thickness in the 

duodenum with an increase in maize particle size. However, Liu et al. (2006) and Xu et al. (2015) reported a positive 

effect of coarse maize on intestinal morphology. The inclusion of coarse maize reduced the number of mast cells in the 

duodenum, jejunum, and ileum compared with finely ground maize (Liu et al., 2006). 
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Figure 09: Effect of pre- and post-pellet inclusion levels of whole wheat (WW) on gizzard weight, and pH of gizzard digesta. (Truong et al., 2017) 

 

Figure 10: Effect of pre- and post-pellet inclusion levels of whole wheat (WW) on growth performance from 7 to 28 days post-hatch. (Truong et al.,  

2017) 

 

Mast cells translate stress signals to release a wide range of neurotransmitters and pro-inflammatory cytokines, which 

can have dramatic effects on the gastrointestinal physiology of broilers (Vicuna, 2015). Reduction in mast cells in the 

small intestine is also beneficial. An increase in mast cell numbers reflects Eimeria infection in broilers (Morris et al., 

2004). Furthermore, particle size of ingredients also affects the intestinal microbiota profile. Jacobs et al. (2010), for 

example, reported changes in cecal microbiota profiles when using different corn particle sizes. 

The effects of corn particle size on cecal microbial populations are presented in Table 5. The lactobacilli population was 

significantly increased (P < 0.05) when the larg- est corn particle size of 1,387 µm was included in the diet. Increase in 
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lactobacilli spp. concentration is considered to be beneficial because it can prevent colonization of pathogens such as E. 

coli (Engberg et al., 2002). The bifidobacteria popula- tion was significantly decreased with increasing corn particle size 

from 557 µm to 1,387 µm. However, E.coli populations was not affected by corn particle size. Singh et al. (2014) also 

found that the counts of Lactobacillus spp. and Bifidobacteria spp. increased and those of Clostridium, Campylobacter 

and Bacteroides species were decreased with increasing inclusion levels of coarse maize (0 to 600 g/kg). Coarse mash 

diets can also increase the Lactobacilli populations in the ceca and rectum (Engberg et al., 2002). 

Figure 11: Gastro intestinal tract of chicken features crop and gizzard to grind and digest coarse particles 

 

It can be concluded that large particle size not only influence the development of gastro intestinal tract, but also change 

the cecal microbial populations. Large particle sizes also increase the Lactobacilli counts and reduce the pathogenic 

bacteria in a broiler’s caecum. 

Effect of whole grain feeding on growth performance and gut health 

The primary aims of feeding whole grains to broilers is to reduce feed cost and to improve digestive functions (Singh et 

al. 2014). It also has a positive impact on gut health by encouraging the colonization of beneficial bacteria, and reduces 

incidences of coccidiosis (Cumming, 1989). Engberg et al. (2004) reported that whole wheat feeding can reduce 

intestinal numbers of Clostridium perfringens, which is impor- tant for prevention of necrotic enteritis. 

Another finding is that whole grain feeding practices meet consumer demands for a natural feeding system, and are also 

good for animal welfare (Gabriel et al., 2008). Whole wheat feeding as part of a free choice feeding system resulted in 

increases in weight and length of the segments of the small intestine (Singh et al., 2015). Fernandes et al. (2013) also 

reported that the weight of small intestine increases in case of broiler diets containing 50 or 100% of whole sorghum 

grain. Cecum length was also significantly increased when birds were fed diets containing whole sorghum grain. 

The intestine is the biggest immune organ inside a bird’s body which con- tributes further to better health and immune 

response. It has been reported that a whole grain feeding approach helps in preventing the enlargement of 

proventriculus and atrophy of the gizzard which are common problems with pelleted diets (Singh et al. 2014). Whole 

wheat administered via free choice feeding methods increase the relative gizzard weight, irrespective of whether mash 

or pellet forms of feed are used (Singh et al., 2014). 

Another claim, is that the gizzard is a pace maker of gut motility and even reverses peristalsis in broilers (Ferket, 2000), 

whilst whole grain feeding may also influence starch digestive dynamics, and provide more gradually or slowly digestible 

starch. This effect on starch digestion may lead to improvements in energy utilization and feed efficiency (Liu et al. 



 

 

Evonik Operations GmbH | AMINONews® | August 2021 | Page 14 / 18 

 

2015). Wu et al. (2004) reported that, pre-pellet, 20% whole grain addition improved energy utiliza- tion. Published 

studies on whole grain feeding, however, reported contradic- tory results. Many studies, for example, reported beneficial 

effects of whole grain feeding on broiler performance, whereas others reported no advantage or even poorer 

performance (Singh et al. 2014). 

Whole grain can be incorporated into poultry feed either pre or post steam pelleting, and here offered as either intact 

pellets or as a whole grain pelleted concentrate blend (Moss et al., 2018). The practice of feeding whole grains to 

broilers along with balanced concentrate is currently becoming more accepted in certain regions, including Europe, 

Canada, Australia and New Zealand. Chicken meat production is an extensively integrated process in Australia and New 

Zealand. In New Zealand, whole wheat is usually incorporated into broiler diet prior to steam pelleting, whereas in 

Australia, whole wheat is added post pelleting. 

The effect of pre- and post-pellet inclusions of whole wheat in broiler diet on gizzard weight, gizzard digesta pH and 

growth performance is presented in Fig- ures 9 and 10 (Truong et al. 2017). The post-pellet inclusion of whole wheat in 

broiler diets had a greater effect than pre-pellet inclusions. Compared to ground grain control diet, post-pellet whole 

wheat inclusions increased relative gizzard weight, reduced gizzard digesta pH and also reduced incidences of dilated 

proventriculus. Feed efficiency was also significantly improved in all diets containing whole wheat included (pre- and 

post-pellet). 

Conclusions 

The particle size of grains and by-products used in broiler feed effect both pellet quality and growth performance. 

Particle size also has a positive impact on the development of the gastrointestinal tract, mainly the development and 

functionality of the gizzard. Large particles help broilers’ gizzards to function well, and also help their overall gut health 

development. 

For mash diets, however, the impact of particle size is more critical. The use of large particle size of grains increases the 

Lactobacilli count, and also reduces the population of pathogenic bacteria. Whole grain feeding improves digestive 

functions and encourages the colonization of beneficial bacterial. It reduces pathogenic challenges, including, mainly, 

the incidence of coccidiosis. The post-pellet inclusion of whole grain showed greater impacts on broiler performance 

compared to pre-pellet inclusions through increased relative gizzard weight, low gizzard digesta pH, and reduced 

incidences of dilated proventriculus. 

Energy costs involved in producing pelleted feed may be reduced by aiming for coarser particle size distributions and 

employing adapted grinding regimes. This would include the use of roller mills, while also making sure to maintain pellet 

quality and broiler performance. Further opportunities may also be discovered when looking into whole grain breeder 

feeding regimes which may offer beneficial effects on feed cost, on performance, and also on overall gut health aspects. 

In all of these cases, regional and infrastructure-related factors will play a key role. 
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