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Abstract

A new distiller’s high protein product (corn fermented protein – CFP) from the dry grind bioethanol process was evaluated as an 
alternative to soybean meal (SBM) protein in starter and grower diets for turkey poults. One-day- old male BUT6 poults (250) 
were distributed randomly into 50 pens. Each pen was allocated to one of the following treatments (10 pens each), control (high 
protein with soybean meal as primary protein source), CFP4% (4% CFP in replacement of SBM); CFP8% (8% CFP in replace-
ment of SBM); HF-CFP4% (4% CFP with lower protein, higher fibre SBM, as primary protein source) and Premium (5% soy 
protein isolate (SPI) in place of high protein SBM). All diets were isonitrogenous and isoenergetic. Growth performance was 
measured weekly. At day 42, three poults per pen were sampled to obtain the ileal digesta. Apparent amino acid digestibility 
(AAAD), nitrogen retention (ANR) and apparent metabolisable energy corrected for nitrogen (AMEn) were measured. At day 
42 poult weight and day 0–d42 weight gain for birds fed CFP8% were significantly better than the control. From day 0–42 feed 
intake nor feed conversion ratio were affected by dietary treatment (P > 0.05). Poults receiving CFP 8% had higher AMEn and 
ANR compared to the control (P < 0.05). The CFP8%-fed poults had significantly higher valine, isoleucine and proline digest-
ibility compared to the control. Feeding the CFP8% diet significantly lowered growth carbon footprint (P < 0.05). In conclusion, 
CFP8% can increase ANR and growth performance of turkeys. This would decrease the dependency on SBM, reducing both 
economic and the environmental cost of turkey production.
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1	 Introduction

Reducing the use of fossil fuels at a pace to moderate cli-
mate change is one of the major challenges of our time 
(Benedek, 2017). Bioethanol has already been accepted 
as a renewable fuel, and the UK government raised the 
Renewable Transport Fuel Obligation for the inclusion 
of bioethanol in fuel from the 2010 level of 5.75 to 9.75% 

(UK GOV, 2018) leading to an increase in bioethanol 
production in UK. This higher production will increase 
the availability of useful co-products, mainly, distill-
er’s dried grains with solubles (DDGS). It is notable 
that DDGS was never a designed product but was the 
most convenient means of monetising the co-product 
stream of a dry grind ethanol plant. The DDGS is pro-
duced from two separate production streams which are 
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combined to facilitate the efficiency of drying the mate-
rial. Unfortunately, this could result in a documented 
inconsistency in the product (Spiehs et al., 2002).

The ethanol process generates a significant amount 
of yeast. Technologies for isolating the yeast proteins 
from the product stream (Burton et al., 2013) have cre-
ated an opportunity to provide a sustainable functional 
protein for animal feed. The problems associated with 
sourcing sustainable protein for monogastric species are 
well documented (Van Huis and Oonincx, 2017), as there 
are environmental concerns over the production and 
transport of soybean meal (SBM). Feed protein from the 
EU bioethanol industry can provide a significant quan-
tity of protein which could be used in place of imported 
SBM, with the added advantage of being non-GM. 
Furthermore, this co-product is not in competition with 
human food protein.

Corn fermented protein (CFP) is produced by the 
Maximized Stillage Co-products™ process (MSC™, Fluid 
Quip Technologies, Cedar Rapids, IA, USA) which 
recovers a high protein stream plus a large proportion 
of the fermentation spent yeast from a dry grind etha-
nol plant. This technology is used in multiple dry-grind 
ethanol plants in the USA and South America, pro-
ducing a high protein fraction, with a significant spent 
yeast content (24% yeast on a dry matter basis; Omar 
et al., 2012). The product has already been tested suc-
cessfully in aquaculture, with 20% dietary inclusion 
reported as optimal for performance in several species 
of fish (Gause and Trushenski, 2011; Omar et al., 2012). 
Early studies in broiler chickens showed its potential for 
inclusion in starter diets, and potential improvement in 
feed efficiency at higher levels of inclusion (>10% inclu-
sion; Burton et al., 2013). To date, no studies have been 
carried out using this novel protein as protein supple-
ment in diets for turkey poults, a species which requires 
high-quality protein to accommodate the sensitive neo-
natal gut.

Thus, the goal of the current study was to evaluate 
CFP as an alternative protein to soybean meal in starter 
and grower diets for turkey poults.

2	 Materials and methods

All procedures followed Institutional and UK national 
NC3R ARRIVE guidelines for the care, use and report-
ing of animals in research (Kilkenny et al., 2010). All 
experimental procedures in this study were approved 
by the Nottingham Trent University School of Animal, 

Rural and Environmental Sciences ethical review com-
mittee, and logged as ARE710.

Poults and husbandry
Male BUT6 poults (n = 250) were obtained on day 
of hatch from a commercial hatchery. On the day of 
arrival at the unit poults were randomised by weight 
and placed in 0.64 m2 floor pens in groups of five with 
an average initial weight across all treatments of 66 g 
(±0.5 g). The poults were bedded on clean wood shav-
ings and had free access to feed and water during the 
trial. Environmental temperature in the room was ther-
mostatically controlled to give an initial temperature of 
32 °C on day 1. The temperature was reduced in steps 
of 0.5 °C per day, until the room was maintained at 
21 °C. The lighting regimen was 23 h light on day 1 and 
2, with darkness increasing by 1 h per day until 8 h of 
darkness was reached, which was maintained through-
out the remainder of the study (following EU legislation; 
EU Council Directive 2007/43/EC).

Production of corn fermented protein
The corn fermented protein product is produced using 
a ‘bolt-on’ addition to the traditional dry grind ethanol 
process, described as the MSC™ process (Lee, 2015). The 
MSC™ process is incorporated into the post-distillation 
whole stillage stream at the point at which it emerges 
from distillation. Whole stillage is the residue from fer-
mentation, once ethanol has been recovered. The MSC™ 
process is a combination of multi-stage separations and 
water washing steps which produces a concentrated 
solution of suspended protein particles plus spent yeast 
from fermentation. The concentrated paste is then fed 
into a flash dryer where the material is transformed into 
the CFP product. The MSC™ process does not involve 
any addition of exogenous processing aids or any addi-
tional use of water.

Dietary treatments
The study pens were divided into five dietary treatments 
(10 pens/treatment): Control (high protein SBM as the 
primary protein source), CFP4% (4% CFP used in place 
of high protein SBM), CFP8% (8% was CFP used in 
place of high protein SBM), HF-CFP4% (4% was CFP 
at lower protein level, higher fibre soybean meal, was 
the primary protein source), and Premium (5% of the 
total diet was a soy protein isolate (SPI) in place of high 
protein SBM). The diets were formulated in two phases, 
starter (sieved crumb; day 0–21) and grower (short pel-
let; day 21–42) (Appendix A and B, respectively). For 
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each phase, the five dietary treatments were formulated 
to be equal in crude protein, ileal digestible amino acids, 
AME, Ca, and P. The experimental diets were manufac-
tured at a commercial mill and analysed before feeding. 
Titanium dioxide was added in all experimental diets at 
a rate of 5 g/kg to act as an inert marker for evaluation 
of digestibility and the dietary titanium dioxide content 
quantified (Morgan et al., 2014). The nutritional compo-
sition of CFP is presented in Table 1.

Litter, digesta and excreta sampling
All poults were euthanised by cervical dislocation at the 
end of the trial after 4 h light exposure to maximise gut 

fill. Birds’ feet were examined for the presence of podo-
dermatitis. The ileum was excised from three birds per 
pen, from Meckel’s Diverticulum to the ileal-colonic 
junction. Ileal digesta was then collected by gentle digi-
tal pressure then the digesta were pooled per pen, and 
these samples were freeze-dried and finely ground with 
a pestle and mortar before analysis.

Excreta samples were collected at day 42 by collec-
tion from the pens, taking care to remove litter from the 
excreta samples. Excreta was dried at 80 °C until con-
stant weight and ground through a 1mm screen before 
analysis. Litter samples were collected from each pen 
on day 42 using a ‘W’ collection pattern, pooled per pen 
and then analysed for moisture content.

Growth performance and litter dry matter
Pen dietary treatments were randomized across the trial 
room. Total pen weight and feed intake were measured 
weekly until 42 days post-hatch and used to calculate 
FCR. Mortality was recorded daily.

Chemical composition of the experimental diets
Pellet quality was determined for each diet (ASAE, 
2004). The ‘drop test’ was used to determine the durabil-
ity of pellets of each experimental diet. Briefly, 10 pel-
lets per diet were randomly selected and individually 
weighed. Each was dropped from a 1.85 m height onto 
a metal plate. The largest remaining fraction of the 
dropped pellet was reweighed afterwards. The durability 
index was calculated using the average of the 10 pellets 
per diet. Dry matter, extractable fat and protein content 
(calculated as nitrogen ×  6.25) were analysed accord-
ing to the standard methods (AOAC, 2003, method 
930.15, 2003.05 and 990.03, respectively). Phosphorus 
and Ca content of the diets were determined by induc-
tively coupled plasma-optical emission spectroscopy 
following an aqua regia digestion step (AOAC, 2003, 
method 985.01). Titanium dioxide content in feed and 
digesta samples was quantified as described in Morgan 
et al. (2014). Gross energy of digesta and feed samples 
were determined by bomb calorimetry (Robbins and 
Firman, 2006). Amino acid content of diets and digesta 
were analysed by ion exchange chromatography using 
a Biochrom 30 amino acid analyser. Samples were pre-
pared for analysis by oxidation with performic acid prior 
to acid hydrolysis with 6N HCl. Norleucine was added 
as an internal standard. Amino acid standards were 
prepared containing 200 nmol/ml of amino acids and 
norleucine, and these were used to calculate amino 
acid content of the digesta and diets after the internal 

Table 1	 Nutritional composition and amino acid analysis of 
corn fermented protein1

Dry matter (%) 93.7
Crude protein (%) 49.1
Fat (%) 2.01
Fibre (%) 4.13
Neutral detergent fibre (%) 11.9
Starch (%) 4.41
Sugar (%) 0.28
Ash (%) 4.76
True metabolisable energy corrected for protein 
(MJ/kg)

13.1

Apparent metabolisable energy (MJ/kg) 12.76

Amino acid composition (%)
Lysine 2.01
Methionine 1.09
Tryptophan 0.45
Threonine 2.03
Valine 2.55
Isoleucine 2.02
Leucine 5.57
Phenylalanine 2.5
Histidine 1.33
Arginine 2.35
Cysteine 0.89
Glutamic 8.18
Aspartic 3.68
Serine 2.5
Glycine 1.98
Alanine 3.41
Tyrosine 1.71
Proline 3.82

1 Source: Parsons et al., 2023.
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standard correction was applied. Apparent metabolis-
able energy (AME) of feed samples was calculated using 
the following equation:

AME (MJ/kg)  =  Gross energy of diet (MJ/kg) – (gross 
energy of excreta (MJ/kg) × (TiO2 in the diet(%)/TiO2 
in excreta(%)))

Apparent nitrogen retention was calculated using the 
following equation:

Apparent nitrogen retention (g per kg diet)  =  N per g 
diet – N per g excreta × (Diet TiO2 (%)/Excreta TiO2 (%))

AMEn was then calculated using a value of 34.4 MJ 
per g of dietary N. Apparent amino acid digestibility 
was calculated using the following equation (Hill and 
Anderson, 1958):

Apparent amino acid digestibility = 1 – [(AAdig × marker 
feed) / (AAfeed × markerdig)]

Where AAdig was the amino acid content of the digesta, 
markerfeed the titanium concentration in the diet, 
AAfeed the amino acid concentration in the diet and 
markerdig the titanium dioxide concentration in the 
digesta.

Carbon footprint calculation
The life cycle analysis inventory used to calculate car-
bon footprint of 1 kg of poult growth is presented in 
Appendix C. Global Food LCA Institute database (ver-
sion 28-Dec-2018, ReCiPe 2016 midpoint H assessment 
method, mass method of allocation) and industry data 
were used to obtain carbon footprint of each feed ingre-
dient. Carbon dioxide emissions from the experimental 
animals and the husbandry practices were not included 
in these calculations. Carbon footprint is sensitive to life 
cycle analysis choices (Alkhtib et al., 2023). Therefore, 
the current study assumed that the source of all feed-
stuffs used in the study was UK (or France, where no 
figures were found for UK) to avoid misinterpretation of 
the results.

Data analysis
All data were analysed using R (R core Team, 2017). Data 
were analysed using one-way ANOVA and means were 
compared using LSD tests at P = 0.05 with Bonferroni 
adjustment.

3	 Results

The treatments did not affect pellet quality of the experi-
mental diet, with durability being between 98 and 99.3% 
for all the experimental diets. Table 2 shows the effect 
of dietary treatment on N retention and AMEn of the 
experimental poults. Both the CFP 4% and CFP8%- fed 
birds had significantly higher AMEn compared to the 
control (P < 0.05). Birds fed CFP8% had significantly 
higher N retention compared to the control (P < 0.05).

The coefficients of apparent ileal amino acid digest-
ibility of valine, isoleucine, and proline of CFP8% were 
significantly higher (P < 0.05) than that of the control 
(Table 3).

The day 42 poult weight and weight of gain CFP8% 
were significantly higher (P < 0.05; Table 4) than the 
control. However, treatments did not significantly affect 
feed intake, FCR or litter dry matter content. The birds 
fed CFP8% had significantly reduced carbon footprint 
for poult weight gain compared to the control.

Table 2	 Effect of corn fermented protein on apparent 
metabolisable energy, apparent metabolisable energy 
corrected for nitrogen and nitrogen retention of 
turkey poults1,2

N retention (g/kg of the diet) AMEn (MJ/kg)

Control 23.3b 9.3b
CFP4% 25.3ab 11.6a
CFP8% 26.3a 11.8a
HF-CFP4% 20.0c 9.0b
Premium 23.5b 11.3a
SEM 0.86 0.52
P-value <0.001 <0.001

1	 Means within the same column with no common superscript differ 
significantly (P ≤ 0.05).

2	SEM = standard error of the mean; AMEn = apparent metabolizable 
energy corrected for nitrogen. Control = high protein with soybean 
meal as primary protein source. CFP4% = 4% of the total diet was 
corn fermented protein replacing soybean meal. CFP8% = 8% of 
the total diet was corn fermented protein replacing soybean meal. 
HF-CFP4% = 4% of the total diet was corn fermented protein with 
lower protein, higher fibre soybean meal, as primary protein source. 
Premium = 5% of the total diet was a soy protein isolate replacing 
soybean meal protein.
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Table 3	 Effect of corn fermented protein on apparent ileal amino acid digestibility coefficients of complete grower diets given 
to poults1,2

Amino acid Control CFP4% CFP8% HF-CFP Premium SEM P-value

Cysteine 0.616 0.572 0.483 0.572 0.525 0.033 0.08
Aspartic acid 0.781 0.755 0.783 0.765 0.772 0.01 0.49
Methionine 0.902 0.899 0.886 0.89 0.897 0.012 0.676
Threonine 0.76 0.746 0.763 0.755 0.746 0.036 0.93
Serine 0.781 0.767 0.788 0.773 0.775 0.011 0.905
Glutamic 0.831 0.818 0.826 0.84 0.831 0.009 0.457
Glycine 0.732 0.718 0.727 0.729 0.726 0.014 0.949
Alanine 0.781 0.788 0.789 0.79 0.78 0.012 0.974
Valine 0.687b 0.729ab 0.759a 0.762a 0.733ab 0.016 0.013
Isoleucine 0.771b 0.797ab 0.825a 0.824a 0.807ab 0.013 0.046
Leucine 0.811 0.823 0.833 0.829 0.821 0.011 0.769
Tryptophan 0.802 0.813 0.819 0.802 0.8 0.013 0.849
Phenylalanine 0.796 0.81 0.822 0.811 0.809 0.011 0.649
Lysine 0.86 0.853 0.849 0.851 0.851 0.012 0.937
Histidine 0.822 0.81 0.828 0.828 0.818 0.011 0.829
Arginine 0.87 0.859 0.876 0.867 0.865 0.009 0.873
Proline 0.840bc 0.823c 0.873a 0.850abc 0.856ab 0.01 0.018

1	 Means within the same row with no common superscript letter differ significantly (P ≤ 0.05).
2	SEM = standard error of the mean. Control = high protein with soybean meal as primary protein source. CFP4% = 4% of the total diet 

was corn fermented protein replacing soybean meal. CFP8% = 8% of the total diet was corn fermented protein replacing soybean meal. 
HF-CFP4% = 4% of the total diet was corn fermented protein with lower protein, higher fibre soybean meal, as primary protein source. 
Premium = 5% of the total diet was a soy protein isolate replacing soybean meal protein.

Table 4	 Effect of distiller’s high protein on body weight, feed intake, feed conversion ratio and litter dry matter of turkey poults1,2

Age and parameter Control CFP4% CFP8% HF-CFP4% Premium SEM P-value

Day 0 bird weight 66.2 66.2 65.6 65.5 65.3 1.05 0.962
Day 42 bird weight (g) 2,328b 2,423ab 2,518a 2,357b 2,430ab 52.1 0.011
Day 0–42 bird weight gain (g) 2,262b 2,357ab 2,452a 2,292ab 2,365b 60.2 0.009
Day 0–42 feed intake (g) 3,741 3,850 3,743 3,756 3,842 77.3 0.363
Day 0–42 feed conversion ratio 1.66 1.64 1.61 1.64 1.63 0.028 0.797
Day 42 litter dry matter 74 73.7 73.9 75.5 75.1 1.15 0.752
Carbon footprint (Kg CO2 eq/kg bird weight gain) 4.31a 4.18a 3.99b 3.59c 2.85d 0.066 <0.001

1	 Means within the same column with no common superscript differ significantly (P ≤ 0.05).
2	SEM = standard error of the mean. Control = high protein with soybean meal as primary protein source. CFP4% = 4% of the total diet was 

corn fermented protein used in place of high protein soybean meal. CFP8% = 8% of the total diet was corn fermented protein used in place 
of high protein soybean meal. HF-CFP4% = 4% of the total diet was corn fermented protein with lower protein, higher fibre soybean meal, 
as primary protein source. Premium = 5% of the total diet was a soy protein isolate in place of high protein soybean meal.
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4	 Discussion

The CFP product has a high level of protein (52.4%) and 
low crude fibre (4.4%; Parsons et al., 2023). It has high 
total amino acid ileal digestibility (>90.0%) and con-
tains approximately 24% of DM as spent brewer’s yeast 
(Parsons et al., 2023). Accordingly, the current study 
proposed that CFP could replace approximately 6 and 
12% of the SBM in the diets (4 and 8% CFP inclusion, 
respectively). The growth performance of poults across 
all treatments in this study aligned with industry stan-
dards (Aviagen, 2014). Accordingly, the diets conformed 
with the industry standards and indicated that CFP is 
a suitable protein supplement for young turkey poults.

Although the five diets were formulated to supply 
equivalent quantities of standardised digestible amino 
acids and AMEn, poults fed the CFP8% diet were signifi-
cantly heavier (8.2%) and gained more weight (l8.4%) 
than those fed the control diet based on Hipro SBM. 
However, there was no significant difference in feed 
intake. Based on the nutrient availability measured in 
the poults at the end of the growth period, poults offered 
CFP8% had significantly higher AMEn and N retention 
compared to the control poults by 27 and 13%, respec-
tively. Moreover, the digestibility of valine and isoleucine 
of CFP8% poults were higher than the control (by 11 and 
7%, respectively). In addition to that, feed intake was 
not significantly affected by dietary treatment. It was 
reasonable to conclude that partial replacement of SBM 
by an equivalent supply of protein and energy from CFP 
resulted in increased supply of protein and energy to the 
poults. Thus, the supply of protein and energy of CFP8% 
was higher compared to the control, which explained 
the increase in poult weight gain in poults fed CFP8%.

The yeast components of CFP could be responsible 
for improved nitrogen retention and AME of the diets 
which, in turn, would contribute to the improved per-
formance. Yeast contains several nutraceutical com-
ponents which are reported to have beneficial effects 
in poultry and may indirectly improve growth perfor-
mance. β-1,3-  glucans, the major component of yeast 
cell walls, have prebiotic effects due to their ability to 
bind toxins and pathogens (Vetvicka et al., 2014). Yeasts 
contain mannan oligosaccharides, which have an over-
all positive effect on animal performance (Maina et al., 
2022; Wang et al., 2021) via improving intestinal archi-
tecture, physical gut tissue turnover, a change in micro-
biota or a reduction in immune stimulation (Baurhoo 
et al., 2007).

While SBM is recognised as an excellent protein 
source, residual trypsin inhibitor, lipoxygenases and 

antigenic proteins retain a degree of activity post-
processing, which can slightly, but significantly, reduce 
dietary protein digestion (Clarke and Wiseman, 2005). 
Thus, some of the performance improvement in the 
current study could be related to the reduction in anti-
nutritional effects associated with replacing poorly-
processed SBM with CFP.

In the current study, litter quality and foot pad score 
were assessed as simple indicators of gut health. The 
bedding remained friable and dry throughout the study 
and no extra bedding was added to pens for any treat-
ment. There was little pododermatitis observed in the 
poults at d42, which suggested there was no adverse 
effect of any treatment on gut health.

The current study showed an improvement in N 
retention of poults fed CFP8% while litter moisture 
was independent of treatment. Hence, N excretion of 
poults were reduced in poults fed CFP8%, which would 
reduce emissions from litter (Nahm, 2007) since NH3 
is strongly associated with litter moister. Concern has 
been expressed about NH3 in poultry barns regarding 
animal welfare (Ritz et al., 2004). Accordingly, CFP8% 
would improve turkey welfare.

Economic, environmental and social impacts of meat 
production are the three pillars of sustainable produc-
tion. Use of CFP8% improved growth performance of 
turkeys and decreased N excretion leading to less NH3 
emission and potentially better animal welfare.

The current study showed that the carbon footprint 
of one kg body weigh increase of CFP4% and CFP8% 
did not differ from the control. Carbon footprint calcula-
tions in the current study assumed that all feed ingredi-
ents were produced at the same location to account for 
the emissions associated with transportation. In other 
words, CFP and SBM were assumed to be produced at 
the same location. This may have been the reason why 
CFP diets had similar carbon footprint associated with 
1 kg weight gain.

5	 Conclusions

Feeding alternative protein as CFP8% can improve 
nitrogen retention, AMEn, growth performance and 
turkey welfare. This would decrease the dependency on 
SBM, reducing the economic and environmental cost of 
turkey production, leading to more sustainable produc-
tion. This novel protein source can help mitigate some 
of the concerns surrounding first generation bioethanol 
in terms of land use and the conflict between the pro-
duction of food and fuel.
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