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TOWARDS A BETTER UNDERSTANDING OF WHOLE GRAIN FEEDING 
REGIMES  

KEY INFORMATION 

• Whole grain feeding studies are not straight forward as the term ‘whole grain feeding’ encompasses a range 

of different approaches. 

• Increases in relative gizzard weights are the hallmark response to whole grain feeding regimes; however, 

pre-pellet whole grain feeding regimes generate responses in feed conversion and energy utilisation with little 

to no increases in gizzard weight. Thus, responses to whole grain feeding should not be attributed simply to 

heavier gizzards entirely. 

• Gizzard contents may be more indicative of performance than gizzard weights. 

• There is vast opportunity for further study to characterise the influence of inclusion methods on whole grain 

feeding and enhance the performance of poultry offered whole grain feeding regimes. 

INTRODUCTION  

Acceptance of whole grain feeding started in Europe in the 1980’s. Subsequently, whole grain feeding has been 

increasingly adopted in countries where wheat is the dominant feed grain for chicken-meat production. This 

includes Australia, New Zealand, Canada and parts of Europe where an approximate whole grain inclusion of 15-

20 % is offered in Australia and Canada and up to 60 % is offered in Europe along with a balancing pelleted 

concentrate as a blend (post-pellet whole grain). In New Zealand approximately 5-10 % whole grain is 

incorporated into the pelleted ration for compliance reasons (pre-pellet whole grain). 

Despite the acceptance of whole grain feeding, there is relatively little published data and the response of broilers 

to whole grain feeding regimes reported in the literature is highly variable. Thus, determining the effect of whole 

grain addition on gizzard functionality and broiler performance is problematic. For example, wide variations were 

reported in Liu et al. (2015) where whole grain inclusions ranging from 7.5 to 50 % generated increases in relative 

gizzard weights ranging from 0.7 to 100 % across 14 reports. Whole grain feeding has shown potential to 

enhance feed conversion in Liu et al. (2015), improvements in feed conversion ratio (FCR) reported ranged from 

1.34 to 12.90 % across 15 selected reports. However, there were no correlations between whole grain inclusions 

and increases in gizzard weights or improvements in feed conversion ratios. 

Responses of broilers to whole grain feeding regimes are highly variable in reported studies which stems from 

differences in methodologies as emphasized in previous reviews (Singh et al., 2014; Liu et al., 2015). For 

example, “whole grain feeding regimes” encompasses a broad range of methods including multiple whole grain 



 

 

Evonik Operations GmbH | AMINONews® | April 2021 | Page 2 / 9 

 

forms (pre- or post-pellet), whole grain varieties (wheat, barley, etc), inclusion levels, inclusion method (abrupt or 

gradual inclusion of whole grain) and basal diet types. Thus, these differences in methodology must be 

considered when assessing the efficacy of whole grain feeding regimes. 

Therefore, to clarify the mechanisms underlying whole grain feeding responses, the authors completed a series of 

five whole grain feeding studies funded by AgriFutures Chicken Meat (Moss et al., 2017a; Moss et al., 2017b; 

Moss et al., 2017c; Truong et al., 2017a; Moss et al., 2018a) and then completed a meta-analysis of whole grain 

feeding studies to determine the effects of these methods of whole grain incorporation on gizzard weights, 

contents, feed conversion and energy utilisation (Moss et al., 2018b). The meta-analysis database consisted of 57 

individual experiments and 235 lines of data or ‘treatments’, of which 155 contained whole grain. Within these 

whole grain treatments, multiple combinations of methods are used, including; the form of whole grain (pre-pellet, 

post-pellet), whole grain variety (wheat, barley, etc.) and inclusion levels. Figure 1 graphically demonstrates the 

variability in methodologies across whole grain form, variety and inclusion level for the 155 whole grain feeding 

treatments.  

 

Figure 1 A graphical illustration of the variation in methods among whole grain feeding studies, where one gizzard represents one whole grain  

treatment. A total of 155 whole grain treatments from the meta-analysis are presented in the figure and sorted by the response in feed 

conversion (left-right). 
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Thus, to assess the efficacy of whole grain feeding accurately, this paper explores the responses to whole grain 

feeding and examines the effects of whole grain form, inclusion level, variety and the effects of other dietary 

factors such as basal diet type and enzyme inclusion. Finally, the inherent issues of whole grain feeding regimes 

which require further study are discussed.  

MEASURING WHOLE GRAIN FEEDING RESPONSES 

Increases in relative gizzard weights are the hallmark response to whole grain feeding regimes. Under pre-pellet 

whole grain feeding regimes responses in gizzard weight are less robust than post-pellet whole grain feeding 

regimes, presumably a consequence of the whole grain being ‘crushed’ in the pellet-mill. Nevertheless, responses 

in broiler performance may still be observed. For example, pre-pellet whole grain did not increase relative gizzard 

weights but still generated significant improvements in feed efficiency and energy utilisation (AME) in Wu et al. 

(2004). This outcome suggests that responses in growth performance and nutrient utilisation generated by whole 

grain feeding should not simply be attributed, in their entirety, to heavier gizzards. 

Across our five whole grain feeding studies, responses in relative gizzard contents were better related to 

parameters of growth performance than relative gizzard weights (Table 1). Similarly, within our meta-analysis, 

FCR was not related to relative gizzard weights (Figure 2); however, FCR was linearly related (R2 = 0.354; P < 

0.001) to relative gizzard contents (Figure 3), where heavier gizzard contents were associated with more efficient 

feed conversions. Thus it appears that gizzard contents may be a superior predictor of performance than gizzard 

weights.  

Performance parameter 
Relative gizzard 

weight (g/kg) 
Relative gizzard 
content (g/kg) 

FCR (g/g) 
r = 0.134 
P = 0.391 

r = -0.493 
P < 0.001 

AME (MJ/kg) 
r = 0.410 
P = 0.006 

r = 0.486 
P < 0.001 

ME:GE 
r = 0.278 
P = 0.071 

r = 0.363 
P = 0.017 

N retention (%) 
r = -0.013 
P = 0.935 

r = 0.419 
P = 0.005 

AMEn (MJ/kg) 
r = 0.505 
P = 0.001 

r = 0.432 
P = 0.004 

Table 1 Pearson correlations between relative gizzard weights and contents and performance parameters across five studies  

(Moss et al., 2017a; Moss et al., 2017b; Moss et al., 2017c; Truong et al., 2017a; Moss et al., 2018a). 
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Figure 2 The relationship between feed conversion ratio (g/g) and relative gizzard weight (g/kg) (R2 = 0.003; P < 0.484) across 42 papers in a  

meta-analysis adapted from Moss et al. (2018b). The solid line represents the linear model and the shaded area represents the 95 % 

confidence interval 

 

Figure 3 The relationship between relative gizzard contents (g/kg) and feed conversion ratio (g/g) (R2 = 0.354; P < 0.001) across 42 papers in a  

meta-analysis adapted from Moss et al. (2018b). The solid line represents the linear model and the shaded area represents the 95 % 

confidence interval. 

 

Gizzard contents may be a stronger indicator of performance than gizzard weights as in ground grain diets the 

gizzard is not active and becomes a mere conduit for digesta. Thus, a smaller amount of digesta is retained in the 

gizzard and as the gizzard is inert, digestion will be compromised. However, in diets with whole grain the gizzard 

is stimulated and it is believed that longer feed retention and more episodes of reverse peristalsis improves 

digestion and results in a greater amount of digesta being retained in the gizzard. Unfortunately, few whole grain 

feeding studies measure gizzard content and it is therefore recommended that future studies should measure 

both parameters to obtain a broader perspective of gizzard functionality. 

Another measure of improved gizzard functionality in response to whole grain feeding is the reduction of the 

incidence of dilated proventriculi, a viral disease that dilates the junction between the gizzard and proventriculus, 

which is not commonly reported. The reduction of incidences of dilated proventriculi likely reflects a more robust 

gizzard and may serve as a useful indicator of ‘gut integrity’. Whole grain treatments significantly reduced the 
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incidence of dilated proventriculi from 4.7 % in treatments with ground grain to zero cases in diets with whole 

grain inclusion in Moss et al. (2017c) and the incidence of dilated proventriculi was reduced from 8.35 to 1.05 % 

with whole grain inclusion in Truong et al. (2017a). 

PRE-PELLET VS POST-PELLET: HOW MUCH WHOLE GRAIN IS REQUIRED? 

Across our five whole grain feeding studies, there is a quadratic relationship between whole grain inclusion and 

the response in relative gizzard weight for pre-pellet (P = 0.025; R = 0.353) and post-pellet (P < 0.001; r = 0.692) 

whole grain inclusions, where a large 60 % pre-pellet inclusion of whole grain generated the heaviest relative 

gizzard size of approximately 18.5 g/kg and a more modest 30 % post-pellet inclusion of whole grain generated 

the heaviest relative gizzard size of approximately 21 g/kg. Gizzard contents followed a similar pattern. 

Furthermore, in a meta analysis of whole grain feeding regimes (Moss et al., 2018b), whole grain form 

significantly influenced relative gizzard weight where post-pellet whole grain increased gizzard weights by 32 % 

and relative gizzard contents by 31 % compared to the ground grain control. In contrast, pre-pellet whole grain did 

not influence gizzard weight or gizzard contents.  

While pre-pellet whole grain feeding regimes do not generate robust gizzard responses, they can still drive 

positive responses in energy utilisation and feed conversion as discussed. Thus, post-pellet whole grain is more 

effective to increase relative gizzard weights and content, but pre-pellet whole grain feeding still generates 

improvements in feed conversion and energy utilisation, possibly in response to an increase in slowly digestible 

starch which is evident in Moss et al. (2017b). In fact, across our five whole grain feeding studies it is evident that 

approximately 20 % pre-pellet whole grain may generate the optimal FCR (R2 = 0.462; P = 0.005), while an 

approximate 30 % post-pellet whole grain may generate the optimal FCR (R2 = 0.146; P = 0.065) (Figure 4). 

Further study is required to elucidate the mechanisms to which pre-pellet whole grain may improve feed 

conversion and energy utilisation. 

Figure 4 The relationship between pre-pellet (i ; R2 = 0.462; P = 0.005) and post-pellet (ii ; R2 = 0.146; P = 0.065) whole grain inclusion (%) and  

feed conversion ratio (g/g) across five whole grain feeding studies (Moss et al., 2017a; Moss et al., 2017b; Moss et al., 2017c; Truong 

et al., 2017a; Moss et al., 2018a).  
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WHOLE GRAIN TYPE  

In the meta-analysis (Moss et al., 2018b), whole grain variety significantly influenced FCR and AME where birds 

offered whole rice had the most efficient feed conversion followed by birds offered whole wheat. However, as 

whole grain feeding is used in countries where wheat is the dominant feed grain there are limited studies 

comparing whole grain type and there were only 8 treatments in which whole rice was used in comparison with 

110 for wheat. Biggs and Parsons (2009) compared wheat, sorghum and barley as whole grain components in 

maize-based poultry diets. Whole barley produced the most robust response with 10 % whole barley increasing 

relative gizzard weights by 32 %, suggesting that barley may be the whole grain of choice for whole grain feeding 

regimes. However, 12.5 % whole barley inclusion generated a much more modest increase in gizzard weight of 

22.5 % in Moss et al. (2017c). Thus, more study is required to accurately determine the optimal grain type for 

robust responses to whole grain feeding regimes. 

BASAL DIET TYPE 

The Australian chicken-meat industry predominantly uses wheat as the main feed grain but may also incorporate 

sorghum as wheat-sorghum blends. Thus, ground versus whole barley was compared in three diets with different 

basal diet types based on wheat, sorghum and a wheat-sorghum blend to determine if the basal diet will influence 

the response to whole grain in Moss et al. (2017c). Birds offered wheat-based diets supported a greater nutrient 

utilisation overall; however, the greatest energy response to whole grain of 0.62 MJ was observed in sorghum-

based diets where energy utilisation was inherently poor. Thus, whole grain feeding may be particularly beneficial 

in diets in which the feed grain is sub-standard. However, as whole grain feeding is predominantly used in 

countries where wheat is the main feed grain, there is little research on the effect of the basal diet grain type. 

ENZYME INCLUSION 

The gizzard is the prime site of phytate degradation by exogenous phytase (Truong et al., 2017b); thus, whole 

grain feeding may advantage phytase efficacy. Phytase inclusion in diets with post-pellet whole grain was shown 

to be effective in Moss et al. (2017a). In this study, the most efficient FCR of 1.319 was generated by birds offered 

wheat-soybean meal-based diets with 12.5 % post-pellet whole wheat and 1000 FTU phytase inclusion, which 

represents a 3.58 % (1.319 versus 1.368) improvement compared to the ground grain non-supplemented control. 

Thus, this study supports the proposal phytase efficacy is not compromised, and even may be enhanced, when 

used under whole grain feeding regimes. Furthermore, a significant treatment interaction was observed in Moss et 

al. (2017c) where phytase improved FCR by 7.9 % in diets with whole barley but surprisingly compromised FCR 

in ground grain diets by 3 %. Similar treatment interactions were also observed where phytase generated more 

robust responses in energy utilisation (AME, AMEn and ME:GE ratios) and N retention in birds offered whole 

grain feeding regimes than in birds offered their ground grain counterparts. 



 

 

Evonik Operations GmbH | AMINONews® | April 2021 | Page 7 / 9 

 

Additionally, in a recent study by our group (unpublished data), 1500 FTU Buttiauxella phytase and 30 % whole 

grain inclusion generated the greatest weight gain of 1391 g/bird in a reduced crude protein diet with a crude 

protein content of 15 % in comparison to a weight gain of 952 g/bird generated by the un-supplemented ground 

grain reduced crude protein diet (Figure 5). Thus, it is established that whole grain feeding may advantage 

phytase efficacy, possibly by facilitating a more functional gizzard with longer feed retention times where the pH is 

favourable for optimal phytase activity. 

Figure 5 The influence of pre-pellet whole maize and phytase inclusion on weight gain (g/bird) in broiler chickens offered maize-based diets with  

a crude protein content of 15 % over 7 to 28 days post-hatch in a recent study by our group (unpublished data). 

 

INHERENT ISSUES OF WHOLE GRAIN FEEDING STUDIES 

Inherent issues experienced under whole grain feeding studies include feed-flicking, select feeding and the 

dietary separation of marker when nutrient digestibility is measured which may skew the accuracy of experimental 

results. It is worth noting that under pre- and post-pellet whole grain feeding regimes, pellet quality may pose an 

issue. 

Feed-flicking is an undesirable behaviour where selected particles are thrown or ‘raked’ from the feeder resulting 

in feed wastage. This poses problems in an experimental setting as the wasted feed cannot be quantified and 

thus exaggerates feed intakes and compromises FCR. Feed-flicking has been reported to occur in post-pellet 

whole grain treatments (Moss et al., 2017b); however, it is not confined to whole grain feeding.  

Select feeding is another inherent issue which may occur under a whole grain feeding setting as the diet is offered 

as two components. Select feeding itself has been reported to advantage performance; for example, whole grain 

and pelleted concentrate were offered separately to encourage select feeding and allow the recording of each 

dietary component in Moss et al. (2018a). Birds showed a preference for the relatively high-protein pelleted 

concentrate, resulting in an improvement in FCR of 7.7 % relative to the ground grain control. Nevertheless, if 

selection occurs and is not measured it may add to the variability and confusion between experiments. 

Another challenge of whole grain feeding experiments is the determination of nutrient digestibility via a dietary 

marker. Calculation of starch and protein (N) digestibility coefficients along the small intestine is problematic as 

the quantity of dietary marker consumed is confined to the pelleted concentrate and thus relative proportions of 

dietary marker to nutrient may not be accurate. This issue also applies to pre-pellet whole grain to some extent as 

the whole grain component will be separated from the rest of the pellet within the gizzard and thus the reliability of 

the dietary marker is affected. Therefore, the accurate determination of whole grain feeding on the digestibility of 

starch, protein (N) and amino acids in the small intestine constitutes a real challenge for researchers. 

CONCLUSIONS 
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It is evident that whole grain feeding studies are not straight forward as the term ‘whole grain feeding’ 

encompasses a range of feeding strategies and methods which may account for some of the variability reported 

in gizzard weight responses to whole grain feeding regimes. It is remarkable that whole grain feeding is used so 

broadly in Australia and Europe and yet there is only a total of 47 published studies globally, and the majority do 

not record the influence of whole grain feeding on gizzard contents (and the incidence of dilated proventriculi). 

Furthermore, the impact of whole grain inclusion on digestive dynamics and the amount of slowly digestible starch 

is likely pivotal; however, investigation is complicated by dietary marker separation. Therefore, there is vast 

opportunity for further study to determine the effect of whole grain feeding on starch and protein digestive 

dynamics and characterise the influence of inclusion methods on whole grain feeding to thereby reduce the 

variability that exists between studies and enhance the performance of poultry offered whole grain feeding 

regimes. 
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