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A B S T R A C T

The aim of this research was to evaluate the effects of the partial substitution of maize grain with local ancient
wheats by-products in an organic laying hens farm on animal performance and blood profile, as well as on eggs
quality. A total of 80 Hy-Line W-36 Single Comb White Leghorn, 18 weeks old hens were homogenously divided
into two groups. The two groups (40 laying hens each, 8 replicates, 5 hens/replicate) were fed two isoprotein
and isoenergetic diets: the Control group (C) was fed a standard, organic maize-soybean meal diet whereas in the
Ancient Grains group (AG) part of the maize grain was replaced by a mix of ancient grains middling, consisting
in 50:50 of Triticum aestivum var. spelta (spelt) and Triticum durum dicoccum L. (emmer wheat). The birds fed the
maize based-diet (C) showed a higher (P < 0.01) egg weight and feed intake than the Ancient Grains (AG)
group. By contrary, the feed conversion ratio was more favourable (P < 0.05) in hens fed the Ancient Grains
diet. The eggs produced by the hens fed the Control diet showed higher length and width than the other group
(P < 0.01). The shell thickness and strength were also higher in the Control group (P < 0.01 and P < 0.05,
respectively). The experimental dietary treatment positively affected some blood parameters. The Control group
showed higher levels of cholesterol and triglycerides (P < 0.05) as well as of alanine aminotransferase (ALT)
and gamma-glutamyl transferase (GGT) (P < 0.01). In addition, butyrate, which may have great implications
for the regulation of the immune response, resulted significantly higher in the caecal content of hens from the
Ancient Grains group. Overall, the Ancient Grains diet seemed to be able to guarantee the production perfor-
mances with positive effects on the animal health.

1. Introduction

Ancient wheats are primitive grains not subjected to any modern
breeding or selection, thus maintaining the characters of the wild an-
cestors, such as large individual variability, ear height, brittle rachis,
and low harvest index (Giambanelli et al., 2013). Generally, the ancient
wheat refers to emmer, einkorn, Khorasan wheat (Oriental wheat) and
spelt. The increasing interest and consumption of ancient wheats in
human nutrition is related to several points. First of all, they are rich in
micronutrients that can apport several benefits for human health
(Arzani, 2011; Randall et al., 2012; Chandi et al., 2015), reducing the
risk of chronic diseases such as cardiovascular diseases, diabetes, obe-
sity and certain cancers (Boukid et al., 2018). Some studies suggested
that the consumption of ancient grains can ameliorate glucose and lipid

metabolism as well as the levels of pro-inflammatory and anti-oxidant
parameters (Whittaker et al., 2017). Also, they can reduce the severity
of gastro-intestinal and extra-intestinal symptoms in patients affected
by the irritable bowel syndrome (Boukid et al., 2018). On the other
hand, recent reviews (Shewry, 2018; Dinu et al., 2018) stated that not
enough studies are available on this last topic, thus, many aspects, in-
cluding a wider range of genotypes of ancient wheats, are necessary.

Another attractive aspect of the ancient wheats is their environ-
mental-friendly production, being generally cultivated in organic or
traditional low-input farming, they address the current concerns for
environmental sustainability (Dinu et al., 2018; Fardet, 2014). In ad-
dition, old genotypes of grains, even though much less productive than
the modern ones, are perfectly suitable for marginal areas and for low-
input and high-stress conditions (Ceccarelli and Grando, 1996).
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Consequently, they could represent a solution for local communities
where the commonly grown varieties are not suitable (Migliorini et al.,
2016).

In human nutrition, the ancient wheats are generally used as whole
grains, in order to maximize the beneficial effects of their nutrients, but
very often they are also used to produce pasta, bread and other products
(Benincasa et al., 2015). Importantly, when these wheats are grinded to
obtain flour, often in small mills, the residual by-products (middlings,
brans) could be a potential source of nutrients also for animals, as an
alternative to the common grains, with possible benefits on health and
production. Indeed, poultry are the best candidates for feeding ancient
grains by-products snice their diets are commonly based on corn and
soybean. In particular when raised under alternative farm conditions,
due to the low number of fared animals and the use of slow-growing
strains. The most attractive farming condition for laying hens is the
organic free-range system, in which birds have a high amount of
available external space with positive effects on animal welfare and
eggs quality (Pettersson et al., 2016).

The aim of this research was to evaluate the partial substitution of
maize with ancient wheats (spelt and emmer wheat) by-products in an
organic laying hens farm by detecting the effects of their inclusion in
the diet on animals performance and blood profile as well as on the
physical quality of eggs. To this purpose, the trial was designed in order
to respect the features of the organic system. The two ancient wheats
were chosen according to the easiest availability from local mills.

2. Materials and methods

2.1. Animals

All the animals were treated according to the principles of the an-
imal welfare stated by the Directive 63/2010/EEC regarding the pro-
tection of the animals used for experimental and other scientific pur-
poses. The experimental procedures were approved by the Ethical
Animal Care and Use Committee of the Department of Veterinary
Medicine and Animal Production of the University of Napoli Federico II,
Italy (prot. N. 2017/0017676). The trial was carried out in an organic
laying hen farm of Avellino (Italy) along 14 weeks, from February to
May 2019.

A total of 80 Hy-Line W-36 Single Comb White Leghorn, 18 weeks
old hens, weighing an average 1.57 ± 0.09 kg, were homogenously
divided into two groups (40 hens per group; 8 replicates of 5 hens each/
group). Each group was maintained in a free-range area provided with
an indoor box for the night recover of the hens. Each indoor box was
1 × 1 m (l × w), providing an indoor stocking density of 5 hens per
square meter, with a deep litter (rice hulls) flooring system. The hens
were provided with perches and nest boxes indoors and had access to
the external area via pop holes on the side of the shed opposite to the
nest. The colony nest used for each indoor shed was 21 cm long and
20 cm wide with one central partition creating 2 compartments of equal
size, providing a nest space of 84 cm2 for each hen. In the free-range
area (5 × 5 m), the space available for each hen was around 5 m2. Each
free-range area was enclosed by a 2 m high metal fence protected by a
shaded net to deny access to predators. Four “feeding points”, con-
taining troughs and nipples for the distribution of fresh water, were
organized in each area under a plastic canopy. In the free-range area
there were shelters and trees but no grass, so no additional feed was
available. The hens were allowed to access to the free-range area at
24 weeks of age, when the target of ~50% of egg production was
achieved. After this time, doors of the indoor boxes were manually
opened each morning at 08:30 and closed each evening at dusk, once all
the hens gained the box area. No further light was supplied in the in-
door area. During the experimental period the environmental condi-
tions changed widely both for the temperature (max 15.7 ± 4.3 °C,
min 7.0 ± 3.9 °C) and the relative humidity (mean 76.0% ± 13.6).
The eggs were collected manually every day. The eggs laid on the floor

or on the external area were collected and counted every day.

2.2. Diets

The two groups were fed once a day two isoprotein and isoenergetic
diets, differing in the ingredients as reported in the Table 1. The Control
group (C) fed a standard, organic maize-soybean meal diet developed to
exceed the hens' requirements indicated in the W-36 commercial layers
Management guide (Hi-line, 2016); in the Ancient Grains group (AG), a
part of the maize grain (around 57.8%) was replaced by a mix of an-
cient grains middling, consisting in 50:50 of Triticum aestivum var. spelta
(spelt) and Triticum durum dicoccum L. (emmer wheat). In order to avoid
possible adverse effects on animal feed choice, maize and wheats
middlings were grinded finely to reach the same particle size. An in-
digestible marker (Celite®, Sigma-Aldrich, St.Louis, Mo) was added at
the dosage of 20 g/kg during the last 10 days of the trial to each diet at
the expense of corn (control diet) and either corn or wheat (ancient
grain diets) to measure nutrient digestibility. The chemical-nutritional
characteristics of the diets, cereal sources and ileal content of hens were
determined according to the AOAC procedures AOAC, 2005) (ID
number: 2001.12, 978.04, 920.39, 978.10 and 930.05 for DM, CP, EE,
CF and ash, respectively). Neutral detergent fiber (NDF), acid detergent
fiber (ADF), and acid detergent lignin (ADL) were also determined ac-
cording to Van Soest et al. (1991). The metabolizable energy of the
diets was calculated according to the NRC (1994). The amount of Ca, P,
Methionine and Lysine were estimated according to the content of the
diet ingredients. The chemical-nutritional characteristics of the grains
used in the trial are reported in Table 2.

The amount of acid insoluble ash (AIA) in the diets and in the ileal
contents of the hens was measured according to Vogtmann et al.

Table 1
Ingredients and chemical composition of the diets used in the trial.

Ingredients (%)

Ancient Grains
dieta

Control dieta

Maize grain (Zea mays) 25.0 59.3
Emmer wheat middling (Triticum durum

dicoccum)
18.15 –

Common wheat middling (Triticum
aestivum)

18.15 –

Soybean meal 27.0 30.0
Salt 0.2 0.2
Calcium carbonate 8.0 8.0
Vegetable oil 2.0 1.0
Vitamin-mineral premix 1.0 1.0
Monocalcium Phosphate 0.5 0.5
Chemical characteristics (as feed basis)
Dry matter1, % 87.7 88.40
Crude Protein1, % 17.7 17.2
Ether Extract1, % 4.20 3.64
Neutral Detergent Fibre1, % 12.1 9.28
Acid Detergent Fibre1, % 5.12 4.96
Acid Detergent Lignin1, % 0.79 0.71
Ca2, % 3.41 3.42
P2, % 0.47 0.46
Methionine2, % 0.60 0.51
Lysine2, % 1.15 0.96
ME2, Kcal/kg 2,76 2,73

Vitamin-mineral premix contained the following per kg: retynil acetate
10.000 IU, vit D3 3000IU, vit E 45 mg, Vit B6 4.0 mg, vit b12 0.02 mg, vit k3
3.5 mg, d-pantotenate calcium 13.9 mg, niacin 50 mg, biotina 0.2 mg, ferrous
sulphate 122 mg, cupric sulphate 96 mg, Zinc oxide 124 mg, manganese oxide
129 mg, anhydrous calcium iodate 1.5 mg, sodium selenite 0.44 mg.1 analyzed
values; 2: calculated values.

a Celite (20 g/kg) was added to all diets as an indigestible marker in the last
10 days of the trial to each diet at the expense of corn (control diet) and either
corn or wheat (ancient grain diets) to measure nutrient digestibility.
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(1975), using Celite® as an internal marker. Thus, the apparent ileal
digestibility coefficients of dry matter, organic matter, crude protein
and ether extract of the diets were estimated using the following
equation:100–100 × [(% AIA in the diet/% AIA in the ileal con-
tent) × (% nutrient in the ileal content/% nutrient in the diet)].

2.3. In vivo evaluations

At 22 weeks of age (when hens were allowed to the external area),
the performance monitoring per replicate started. The controls were
made along 98 days, from the 13th February to the 11th of May 2019
(14 weeks of laying). The mortality rate was controlled every day and,
also, every day the amount of eggs laid in the nests and outside the
nests were counted to calculate the laying rate. The feed intake (FI) was
recorded every week by weighing the amount of feed administered,
residue and scattered by the animals. Every week, 12 eggs per replicate
(96 per group) were collected, and stored at 4 °C. For each replicate, the
egg mass was calculated as egg weight x egg production percentage and
the feed conversion ratio (FCR) was calculated as the grams of daily
feed intake divided by the grams of egg weight per day.

2.4. Productive performance

The day after the collection, 6 eggs per replicate (48 eggs per group)
were used to measure their physical properties. The eggs length (L),
width (W), as well as the eggshell thickness were measured as the
average of three equidistant points on the equator of each egg using a
micrometer gauge with spherical tips (type 4,139,049, Mitutoyo Inc.,
Japan). Thereafter, shell, yolk and albumen were separated, weighed
and expressed as percentage of the whole egg weight. The egg yolk
colour was evaluated visually by using the Roche scale; the pH of the
yolk and albumen was measured using a pH-meter (model 720A+
Thermo Fisher Scientific, Rodano, MI, Italy). An electronic breaking
strength tester (BMG 1.2mc/D, Messgerätebau Gutsch, Nauendorf) was
used to measure eggshell strength.

2.5. Blood analyses

In order to evaluate the effects of the nutritional treatment on an-
imal welfare and health, at 34 weeks of age blood samples were col-
lected from the wing vein of 16 birds per group (2 hens per replicates, a
total of 36 blood samples) in plastic tubes with and without sodium
heparin as anticoagulant. The whole heparinised blood was used to
perform a complete blood cell count (CBC) using an automatic blood
analyser (ADVIA 120 Siemens, Munich, Germany). The serum was se-
parated by centrifugation at 1500 ×g for 15 min and stored at −20 °C
until the analyses were performed. All biochemical traits of the blood
serum — uric acid (UA), creatinine (Crea), total protein (TP), albumin
(Alb), globulin (Glob), cholesterol (Cho), triglycerides (Tri), glucose

(Glu), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma glutamyl-transferase (GGT), lactic dehydrogenase
(LDH), lactate and creatine kinase (CK) — were determined using
commercially available kits from Spinreact (Girona, Spain) by means of
enzymatic colorimetric or kinetic methods according to the manufac-
turer's instructions. In addition, full diagnostics, calibration and run-
ning checks were performed by means of specific checks and calibrators
(Spintrol H Normal and calibrator, Spintrol B Normal and calibrator)
from the same factory. The spectrophotometric measurements were
performed using an automatic biochemical analyser, AMS AUTOLAB
(Rome, Italy). The globulin concentration was estimated as the differ-
ence between total protein and albumin. The albumin to globulin ratio
was also calculated.

2.6. Post-mortem evaluations

At the end of the trial (36 weeks of age), 16 hens per group (2 per
replicate, 36 hens in total) were slaughtered in a specialized slaugh-
terhouse and the caeca of each hens were tied at both ends, separated
by sterile instruments from the rest of the gastrointestinal tract, placed
in tightly closed plastic bags and put in pre-warmed thermos. After the
sampling, the material was transported as soon as possible (about 1 h)
to the laboratory, where two quotes of the caecal content (each about
5 ml) were used for the short chain fatty acids (SCFA) determination.
The samples were diluted with oxalic acid (1:1, v/v) and SCFA were
analyzed by a gas chromatography method (Stanco et al., 2003)
(Thermo-Electron mod. 8000top, FUSED SILICA Gaschromatograph,
ThermoElectron Corporation, Rodano, Milan, Italy) equipped with an
OMEGAWAX 250 fused silica capillary column
30 m × 0.25 mm × 0.25 mm film thickness, flame ionisation detector
(185 °C), carrier helium (1.7 ml/min) under isothermal condition
(125 °C).

The ileum was dissected from 20 mm after Meckel's diverticulum to
40 mm proximal to the ileocecal junction, in order to avoid the con-
tamination of the other intestinal contents, and the digesta were pooled
per replicate (one pool from two hens per replicate; 16 pools per
group), immediately frozen and subsequently freeze-dried. The dried
ileal digesta was ground enough to pass through a 1-mm sieve and
stored at −20 °C until the chemical analysis.

2.7. Statistical analysis

The data were processed using by a one-way ANOVA, using the
PROC GLM of SAS (2000) according to the following model:

= + +Yij m MFi eij

where Y is the single observation, m the general mean, MF the effect of
the main factor (i = Control vs. Ancient Grains Diet), e the error. The
experimental unit was the replicate. Shapiro-Wilk test was used to
check the normal distribution of the data. The comparison between the
means was performed using the Tukey's test (SAS, 2000). The results
were expressed as mean and the significance level was set at p≤ 0.05; P
values< 0.10 are considered as a tendency.

3. Results

3.1. In vivo evaluations

Along the trial, nor mortality neither clinical signs of disease were
detected for both groups. The laying rate was calculated taking into
account also the eggs laid out of the nests. On this regard, the amount of
eggs laid out of the nest per day ranged from 14.3 (at the beginning of
the trial) to 6.5% at the end of the trial with no differences between the
two groups.

Table 3 shows the effect of the dietary treatment on the productive
performance of the laying hens. The birds fed the maize based-diet

Table 2
Chemical characteristics of the cereal sources used in the trial (% as feed basis).

Chemical characteristics Maize
grain

Spelt wheat
middlings

Emmer wheat
middlings

Dry matter1, % 88.7 87.9 89.2
Ash1, % 1.3 3.4 2.8
Crude protein1, % 7.65 13.2 11.8
Ether extract1, % 3.7 3.5 2.7
Neutral detergent fibre1,

%
8.9 21.7 13.2

Acid detergent fibre1, % 3.2 5.4 4.3
Acid detergent lignin1, % 0.9 1.4 1.1
Ca2, % 0.02 0.04 0.04
P2, % 0.26 0.47 0.51
ME2, kcal/kg 3,32 2,87 3,43

1 analyzed values; 2: calculated values.
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showed a higher (P < 0.01) egg weight and feed intake than the An-
cient Grains group, but the laying rate and the egg mass value were
unaffected by the dietary treatment. The feed conversion ratio was
more favourable (P < 0.05) in the hens fed with the Ancient Grains
middlings diet.

3.2. Apparent ileal digestibility

Table 4 reports the apparent ileal digestibility values of dry matter,
organic matter, crude protein and ether extract of hens according to the
dietary treatments. No differences emerged between groups.

3.3. Productive performance

Table 5 reports the effects of the dietary treatments on the physical
characteristics of the eggs produced by the hens. The eggs produced by
the hens fed on the Control diet showed higher length and width than
the experimental group (P < 0.01), while the egg shape was not dif-
ferent between the groups. The shell thickness and strength were higher
in the Control group (P < 0.01 and P < 0.05, respectively). The yolk
colour was more red-tending in the Control group (P < 0.01).

3.4. Blood analyses

Table 6 shows that there were no significant effects of the dietary
treatments on blood cell count of laying hens.

Table 7 shows the effect of the dietary treatments on the bio-
chemical profiles of the laying hens. The total protein, albumin and
globulin levels were higher (P < 0.01) in the Control group, but the
albumin to globulin ratio was higher in the Ancient Grains group. The
cholesterol and triglycerides levels were higher (P < 0.05) in the hens
of the Control group and the same happened for ALT and GGT values
(P < 0.01).

Table 8 reports the mineral blood profiles of the laying hens ac-
cording to the dietary treatments. The amount of Ca was higher
(P < 0.01) in the blood of the hens fed on the Control diet. The levels
of P tended (P = 0.051) to be higher in the hens from the Control
group.

Table 9 reports the effect of the dietary treatments on the SCFA
profile of the hen's caecal content. The hens fed on the Ancient Grains
diet showed a higher amount of butyrate than the Control group both

expressed as absolute (P < 0.05) or relative (P < 0.01) value.

4. Discussion

The use of ancient wheats in poultry diets as partial substitution of
maize reduced the feed intake of the animals withut penalizing the
laying rate but decreasing the egg weight. The reduction of the feed
intake was probably due to a low palatability of the wheats in

Table 3
Productive performance of the hens according to dietary treatment.

Productive performance Ancient grains diet Control diet SEM P value

Initial weight, kg 1.55 1.60 0.007 0.1141
Final weight, kg 1.51 1.53 0.009 0.4916
Laying rate, % 80.16 78.51 1.01 0.7664
Egg weight, g 60.32B 63.82A 0.61 <0.0001
Egg mass, g/hens/day 48.35 50.10 0.33 0.3637
Feed intake, g 120.9B 134.1A 1.54 0.0042
FCR, g/g 2.00b 2.10a 0.001 0.0428

FCR: feed conversion ratio; SEM: standard error of the mean; a, b: p < 0.05; A,
B: p < 0.01.

Table 4
Apparent ileal digestibility of nutrients (%) in hens according to the dietary
treatment.

Nutrient digestibility Ancient grains diet Control diet SEM P-value

Dry matter 74.56 75.32 0.31 0.6587
Organic matter 75.12 75.98 0.29 0.7251
Crude Protein 86.23 85.47 0.34 0.6523
Ether extract 92.48 91.87 0.36 0.3954

SEM: standard error of the mean; A, B: p < 0.01.

Table 5
Physical characteristics of the eggs according to the dietary treatments.

Egg's characteristics Ancient grains diet Control diet SEM P value

Egg length, cm 4.59B 5.10A 0.015 < 0.0001
Egg width, cm 5.80B 6.23A 0.011 < 0.0001
Shape index 1.26 1.22 0.001 0.0869
Shell, % 13.88 14.19 0.24 0.6473
Yolk, % 28.51 28.23 0.31 0.6694
Albumen, % 57.61 57.58 0.75 0.2069
Shell thickness, mm 0.55B 0.58A 0.001 0.0166
Shell strength, g/cm2 4.548b 5.007a 8.25 0.0458
Yolk colour 7.96B 12.23A 0.19 < 0.0001
Yolk pH 6.53 6.43 0.04 0.4107
Albumen height, cm 1.13 1.14 0.001 0.9162
Albumen pH 8.61 8.69 0.06 0.4448

SEM: standard error of the mean; a, b: p < 0.05; A, B: p < 0.01.

Table 6
Effect of the dietary treatments on the blood cell count of the laying hens.

Haematological parameters Ancient Grains diet Control diet SEM P-value

HCT 27.85 30.73 0.27 0.1271
HGB, g/dl 11.93 13.10 0.12 0.1363
RBC, 106/mm6 2.52 2.73 0.01 0.2902
WBC, 103/mm3 30.88 28.67 0.35 0.6191
Heter 103/mm3 6.31 7.26 0.05 0.7847
Lymp, 103/mm3 20.89 19.53 0.28 0.6546
Mono, 103/mm3 2.82 1.77 0.02 0.1136
Eos, 103/mm3 0.48 0.43 0.001 0.6422
Bas, 103/mm3 0.055 0.067 0.001 0.7416
H/L 0.328 0.420 0.001 0.693

HCT: haematocrit; HGB: haemoglobin; RBC: red blood cells; WBC: white blood
cells; Heter: heterophils; Lymp: lymphocytes; Mono: monocytes; Eos: eosino-
phils; Bas: basophils; H/L: heterophils/lymphocytes. SEM: standard error of the
mean; a, b: p < 0.05.

Table 7
Effect of the dietary treatments on the serum biochemical profile of the laying
hens.

Biochemical parameter Ancient grains diet Control diet SEM P-value

UA, mg/dl 4.99 5.18 0.002 0.8057
Crea, mg/dl 0.45 0.39 0.001 0.2959
TP, g/dl 4.09B 6.04A 0.002 < 0.0001
Alb, g/dl 1.36B 1.82A 0.001 0.0004
Glob, g/dl 2.72B 4.22A 0.001 0.0001
A/G 0.51a 0.44b 0.000 0.0324
Chol, mg/dl 107.1b 126.3a 1.56 0.0217
Tri, mg/dl 296.8b 699.3a 3.39 0.0292
Glu, mg/dl 198.75 202.5 2.05 0.8355
AST, U/L 120.4 145.8 2.56 0.1405
ALT, U/L 133.6B 317.1A 1.97 0.0020
GGT, U/L 66.63B 124.13A 0.75 0.0028
LDH, U/L 735.25 688.88 4.21 0.6452
CK, U/L 419.13 442.38 3.33 0.7593

UA: uric acid; Crea: creatinine; TP: total proteins; Alb: albumins; Glob: globu-
lins; A/G: albumins/globulins; Chol: cholesterol; Tri: triglycerides; Glu: glucose;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: gamma
glutamyl-transferase; LDH: lactic dehydrogenase; CK: creatine kinase. SEM:
standard error of the mean; a, b: p < 0.05; A, B: p < 0.01.
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comparison to the maize. Razuki et al. (2018) found a lower feed intake
of broilers fed a wheat-based diet compared to a group fed an isoproteic
and isoenergetic maize-based diet; however, no data are available in the
literature on the palatability of the ancient wheats for poultry. The
lower feed intake of the Ancient Grains diet in the hens, not associate
with an improved nutrient digestibility as showed by our records, im-
plied a reduction of the digestible protein intake per day: taking into
account the protein content of the diets, the average feed intake and the
apparent ileal digestibility coefficient of the protein, the hens from AG
group consumed 18.45 g of digestible protein by day, while the hens
from the Control group 19.70 g. According to our results, other authors
(Saikhlai et al., 2019) found similar dry matter and organic matter di-
gestibility by feeding laying hens with wheat (in ratio of 5, 10, 15, 20,
or 25% in replacement to maize). By contrast, Choct et al. (1996) re-
ported that the ileal digestibility of starch, protein, and lipids was sig-
nificantly depressed in broilers when wheat by-products were included
in the diet, probably due to the high levels of non-starch polysaccharide
as structural carbohydrate in the aleurone and endosperm walls. Also,
lipids must be emulsified before digestion and absorption, and such
process is hindered by viscous digesta (Mirzaie et al., 2012). However,
in our trial no differences between the treatments were observed both
for transit time and moisture of faeces.

It is well known that the egg size usually increases according to the
increase of the protein intake of hens (Gunawardana et al., 2008; Shim
et al., 2013). Despite that, since the laying rate was slightly higher
(even if not significantly different) than the Control group, the egg mass
was not different between the two dietary treatment and the feed
conversion ratio resulted more favourable in the hens fed on the An-
cient Grains.

According to Ketta and Tumova (2018), the higher egg weight de-
tected in the Control group was accompanied by a higher eggshell
thickness and strength. Studying the Pearson's coefficients between
eggshell parameters in hens farmed on litter, such authors showed a
positive correlation between egg weight and eggshell strength
(P < 0.01) as well as between egg weight and eggshell thickness

(P < 0.001).
A role on the differences of eggshell strength and thickness values

between the two groups could also be played by the different levels of
Ca and P in hen's blood. The nutritional role of calcium is closely linked
to that of phosphorus and to vitamin D effect (Neijat et al., 2011). The
metabolic and structural function of both these minerals is essential for
laying hen's production because they are responsible of the eggshell
formation (Graveland, 1996). According to Berne and Levy (1998) Ca is
actively absorbed in all intestinal segments (in particular, in the duo-
denum and the jejunum), but Ca absorption depends on animal nutri-
tional status. Indeed, in birds fed low calcium diets its absorption in-
creases, whereas high dietary levels of this mineral reduce its
absorption. At least two hypotheses can be considered to explain the
differences between groups on the eggshell physical properties. First,
we must consider the lower feed intake of the hens fed ancient wheats
diet. Considering the amount of Ca and P in the diets and the average
daily feed intake, the hens from the Control group ingested around
4.59 g of Ca and 0.62 g of P by day, while the hens from the Ancient
Grains group ingested 4.12 g of Ca and 0.57 g of P by day. Another
consideration can be made on the P availability of the diets. Con-
sidering that the supplementation of Ca and P in the diets was the same,
we should analyse the raw materials and the cereals used in this trial. In
fact, the availability of P for poultry in the maize is an average 21%,
while in wheats it is 41%, according to Huang and Allee (1981) and
Coffey et al. (1994). Therefore, the available P ingested by day from
cereal sources was 0.05 g for the Control group and 0.11 g for the
Ancient Grains group. It is therefore possible that the higher P available
in the Ancient Grains group could form an insoluble calcium phosphate
complex in the intestine, which made the Ca unavailable for digestion
(de Vries et al., 2010).

The results on serum cholesterol levels revealed that there was a
high reduction of the cholesterol in the Ancient Grains group as com-
pared to the Control. Some authors reported a positive correlation be-
tween calcium and cholesterol in serum (Sloan et al., 1994). In most
animals, cholesterol is eliminated by catabolism and excretion in the
faeces as bile acids, but the hens eliminate considerable amounts of
cholesterol in the eggs. For this reason, the study of diets that are able
to reduce the level of cholesterol, both in blood and in eggs, seems very
important in this species (Kurtoglu et al., 2004). The diets tested in our
trial are different in terms of fiber constituents, but these differences
must be well analyzed. The Ancient Grains diet contained +30.4% of
neutral detergent fiber (NDF) than the Control and only +3.2% of acid
detergent fiber (ADF). As the hemicellulose content can be calculated as
NDF – ADF (Rinne et al., 1997), it results that AG diet contains +61.6%
of hemicellulose than the Control diet. In broilers, a negative correla-
tion has been demonstrated between dietary fiber content and choles-
terol in serum (Sarikhan et al., 2009). Researches in pigs (Kreuzer et al.,
2002) showed that hemicelluloses have a more favourable effect of
decreasing blood cholesterol than hardly digestible fiber, fermentable
cellulose or pectin. Varastegani and Dahlan (2014) showed that the
increase of the amount of dietary fiber in the diet leads to significant
impact on biochemical parameters, including total cholesterol and tri-
glycerides. Triglycerides present in serum are of exogenous and en-
dogenous origin. The available literature provides few data on the
content of triglycerides in the serum of poultry. In mammals, bile lipids
are mainly composed by phospholipids and cholesterol whereas in
poultry they are constituted by cholesterol esters and triglycerides.
Leeson et al. (1997) hypothesized that a regulatory effect due to fiber
content should exist for these lipids, thus, the reduction of triglyceride
levels in the Ancient Grains group may be due to the ability of fiber to
bind with the lipid structure.

Serum enzymes can provide information of the degree of organs or
tissue damage. The concentration in serum of liver enzymes, such as
AST, ALT and GGT, can be used to evaluate avian hepatic function
because their synthesis occurs in the liver, but it is assumed that high
activity of these enzymes can indicate organ damage (González and

Table 8
Mineral blood profiles of the laying hens.

Mineral blood profile Ancient grains diet Control diet SEM P-value

Ca, mg/dl 9.83B 11.92A 0.10 0.0098
P, mg/dl 6.36 7.44 0.05 0.0508
Mg, mg/dl 5.19 5.33 0.03 0.7132
Fe, mcg/dl 205 197.5 1.97 0.7032
Cl, mmol/dl 118.6 110.1 1.25 0.1883

SEM: standard error of the mean; A, B: p < 0.01.

Table 9
SCFA profile of the hens caecal content.

SCFA'caecal content Ancient Grains diet Control diet SEM P value

Mmol/l
Acetate 56.32 63.08 0.94 0.2286
Propionate 18.84 20.72 0.25 0.3851
Isobutyrate 1.66 1.91 0.001 0.2778
Butyrate 6.35a 5.14b 0.01 0.0379
Isovalerate 1.85 1.90 0.002 0.8446
Valerate 11.38 11.89 0.11 0.7315
Total SCFA 96.17 104.6 1.33 0.3481

% of total SCFA
Acetate 58.36 60.30 0.87 0.1024
Propionate 19.44 19.64 0.22 0.8433
Isobutyrate 1.71 1.86 0.02 0.4253
Butyrate 6.49A 4.92B 0.02 <0.0001
Isovalerate 1.95 1.83 0.01 0.5363
Valerate 12.05 11.44 0.12 0.6226

SCFA: short chain fatty acids; SEM: standard error of the mean; a, b: p < 0.05;
A, B: p < 0.01.
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Silva, 2006). In addition, the liver contributes to the synthesis of pro-
teins, enzymes and hormones, some of them playing a key role in bone
formation and Ca metabolism (Jiang et al., 2013) with consequent ef-
fects on eggs. In this trial, we observed significantly higher hepatic
enzymes in the hens fed on the Control diet compared to the Ancient
Grains diet. As also reported by other authors, laying hens fed diets
containing wheat instead of maize showed a better hepatic function
(Jensen et al., 1974; Traineau et al., 2013). Therefore, we can assume
that not only the energy content, but also some dietary factors, can be
involved in ensuring an optimal liver function. This suggests that maize
might either contain or lack factors which affect liver physiology in
laying hens, but such hypothesis needs further specific studies to be
confirmed.

Differences in serum protein are not always easy to explain. The
Control group showed higher levels of TP, albumin and globulin, but
such differences resulted in a lower A/G ratio respect to the Ancient
Grains fed group. Griminger and Scanes (1986) showed that high glo-
bulin levels and low albumin/globulin ratios indicate an improvement
of immune response and, therefore, a better disease resistance in birds.
Since blood proteins in birds are important indicators for the evaluation
of health status and the most important increase in this trial involved
globulins, deeper studies performing a protein profile including the
concentrations of serum protein fractions are needed to clarify the
obtained results.

The more intensive red colour of yolk in the eggs from the Control
group, is related to the higher level of maize inclusion in the diet.
According to the USDA National Nutrient Database (2020) soft and
hard white wheats as well as red wheats, contain 2.2 μg/g DM of lutein
and zeaxanthin, while maize, which is the richest source of lutein
among the cereal grains, contains around 13.6 μg/g DM of lutein and
zeaxanthin. Çiftci et al. (2003) found lower egg yolk colour (6.30 Roche
colour scale) in wheat-based diets compared to maize diet (8.70 Roche
colour scale) in Hisex Brown laying hens (16 to 27-weeks-old). Similar
results were found by Abudabos (2011), who observed a higher redness
of yolk in Hy-Line hens (36 to 51-weeks-old) fed a maize-soy diet
compared to wheat middlings-containing diets.

In the literature, few data are available on the effect of ancient
grains on short fatty acid volatile production. The higher amount of
butyric acid in the caecal content of hens fed the Ancient Grains de-
tected in our trial is in line with the findings of other authors comparing
the differences between corn and common wheats.

Masey-O' Neill et al. (2014) observed contrasting cereal grain effects
at 49 d of age with broilers fed wheat-based diets exhibiting higher
acetic, butyric, caproic, and total SCFA, but lower propionic con-
centrations when compared with those fed the maize-based diets. Kiarie
et al. (2014) found higher concentrations of acetic and butyric acids in
male broiler chicks of 21 weeks of age fed wheat compared to maize
diets. Also, McCafferty et al. (2019) found a higher (P < 0.01) pro-
duction of butyric acid in the caecal content of broiler fed wheat at
40 days of age in comparison to the maize diet. The butyric acid is
considered the main enterocytes energy source (Bovera et al., 2010)
and is also necessary for a proper development of the Gut-Associated
Lymphoid Tissue (Mroz, 2005). This is important for maintaining the
function of the entire gastro-intestinal tract, not just of the caecocolon
(Montagne et al., 2003). When a higher amount of butyric acid is
available, the increase of the nutrients for enterocytes enhances the
flow of blood through the intestine and then the tissue oxygenation as
well as nutrient transport and absorption (Mahdavi and Torki, 2009). In
humans, Saemann et al. (2000) demonstrated an anti-inflammatory
property of the butyrate, which may have great implications for the
regulation of the immune response, while the association of the buty-
rate with the immune and anti-inflammatory response in poultry is
limited (Bedford and Gong, 2018). van Der Wielen et al. (2000) re-
ported that the volatile fatty acids exerted a bacteriostatic effect against
some enteric bacteria, including Salmonella typhimurium, withut in-
hibiting the beneficial bacteria of the gastrointestinal tract, such as

Lactobacillus, in chickens. In addition, the same authors found a nega-
tive correlation between the acetate levels and CFU of En-
terobacteriaceae (including Salmonella spp.) in broilers.

5. Conclusions

The Ancient grain diet showed a more favourable feed conversion
ratio. Importantly, the results on blood parameters suggest that such
diet not only had no negative effects on hens health but it may have
beneficial effects showing lower values of liver specific enzymes (i.e.
ALT and GGT) as well as of cholesterol and triglycerides. The higher
amount of butyric acid in the caecal content of hens fed the Ancient
Grains diet suggests an improvement of the nutrient transport and ab-
sorption, maintaining the function of the entire gastro-intestinal tract,
not just of the caeco-colon. The Ancient Grains diet only affected some
eggs characteristics (thickness, length, and weight) with no negative
effects in commercial terms. Thus, the Ancient Grains diet may guar-
antee production performances with positive effects on animal health
and on the environmental sustainability, because of its ability to growth
in the marginal areas. Future studies should address the possible effects
of the Ancient Grains diet of eggs quality in terms of nutritional value.
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