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This study investigates the metabolic effects of maize- or wheat-based di-
ets with normal (NP) and lowered (LP) dietary crude protein level [the latter sup-
plemented with limiting amino acids and sodium (n-)butyrate at 1.5 g/kg diet] at
different phases of broiler fattening. Blood samples of Ross 308 broilers were
tested at the age of 1, 3 and 6 weeks. Total protein (TP) concentration increased in
wheat-based and decreased in LP groups in week 3, while butyrate reduced albumin/
TP ratio in week 1. Uric acid level was elevated by wheat-based diet in week 1
and by wheat-based diet and butyrate in week 3, but decreased in LP groups in
weeks 3 and 6. Aspartate aminotransferase activity was increased by wheat-based
diet in week 3, and creatine kinase activity was intensified by LP in weeks 3 and 6.
Blood glucose level decreased in wheat-based groups in week 3; however, tri-
glyceride concentration was augmented in the same groups in week 3. No change
of glucagon-like peptide 1, glucose-dependent insulinotropic polypeptide and in-
sulin concentration was observed. In conclusion, an age-dependent responsiveness
of broilers to dietary factors was found, dietary cereal type was a potent modula-
tor of metabolism, and a low crude protein diet supplemented with limiting amino
acids might have a beneficial impact on the growth of chickens.

Key words: Age dependence, limiting amino acids, metabolic health, non-
starch polysaccharides, short chain fatty acids

The promotion and maintenance of metabolic health with optimal feed uti-
lisation is of special importance in the poultry industry to ensure intensive and
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economic growth and simultaneously to consider animal welfare. This is particu-
larly true in broiler meat production as these aspects determine the quality and
quantity of the end products. Since the banning of the routine use of antibiotics
and hormones as growth promoters in the European Union in 2006, there has
been a growing need and interest for alternative feed additives, especially the
widely used short-chain fatty acids (SCFA; Michard, 2008) in order to reach the
aims mentioned above (Phillips, 2007). Among them, the application of four-carbon
butyric acid (butyrate) is common in poultry nutrition (Chamba et al., 2014).

Butyrate can be used as a feed additive (exogenous origin), when the diet
may be supplemented by adding either free butyrate salts (most often sodium [n-]
butyrate) or various protected forms. Free butyrate salts can be absorbed mainly
by simple diffusion in a non-dissociated form; therefore, their absorption is most
intensive in the proximal, acidic section of the gastrointestinal tract (Manzanilla
et al., 2006). The other source of butyrate for broilers is production by anaerobe
microbial fermentation of carbohydrates in the caeca (endogenous origin), where
the formation of SCFA can be promoted by providing more substrates for bacte-
ria (Molnar et al., 2015). This can be achieved by increasing the ratio of resistant
starch or soluble non-starch polysaccharides (NSP) in the feed (Jamroz et al.,
2002). The major components of soluble NSP are beta-glucans and arabinoxy-
lans; the latter are recognised as major contributors to the increased viscosity of
digesta within the intestines of animals fed an NSP-rich diet, such as barley or
wheat (Cowan et al., 1996). Nevertheless, the adverse effects of higher viscosity
can partly be eliminated by xylanase and glucanase enzyme supplementation
(Cowan et al., 1996; Engberg et al., 2004). These NSP-degrading enzymes cleave
long-chain polysaccharides to shorter oligosaccharides, resulting in decreased
viscosity of the digesta, and the easily fermentable carbohydrates thus produced
serve as substrates for the production of microbial SCFA, primarily butyrate
(Kulcsar et al., 2015).

It is proven that butyrate, among its several beneficial effects, contributes
to the maintenance of gut health, supporting the gastrointestinal epithelium (Ko-
tunia et al., 2004), improving intestinal absorption and stabilising the microflora
(Hu and Guo, 2007). Furthermore, literature data indicate that butyrate has the
ability to alter gene expression epigenetically by modifying the promoter region
of certain genes (Patel et al., 2005) and by histone hyperacetylation (Kien et al.,
2008; Matis et al., 2013), presumably leading to a change in metabolic pathways
and their regulation. Recent investigations have also revealed that orally applied
butyrate increases pancreatic insulin secretion and systemic insulin sensitivity, in
addition to inducing elevated plasma concentrations of the incretin hormones
Glucagon-like Peptide 1 (GLP-1) and Glucose-dependent Insulinotropic Poly-
peptide (GIP) in mice (Lin et al., 2012). GLP-1 and GIP exert a stimulatory ef-
fect on insulin secretion in humans (Holst and Gromada, 2004) and rodents
(Ding and Gromada, 1997; Stoffers et al., 2000). Earlier studies indicated that

Acta Veterinaria Hungarica 66, 2018



410 PETRILLA et al.

butyrate, as an orally applied daily bolus, could influence insulin homeostasis in
chicken (Matis et al., 2015). The age dependence of the effects of butyrate on in-
sulin homeostasis could be hypothesised as butyrate increased the fasting plasma
insulin and glucose levels of three-week-old broilers (Matis et al., 2015) but this
effect could not be demonstrated at the age of six weeks (Kulcsar et al., 2016).
Other authors have also described an age-related decrease in the sensitivity of in-
sulin signalling proteins to nutritional factors both in mammals (Gupte et al.,
2008) and birds (Deng et al., 2014).

Reduction of the crude protein (CP) content of diets applied in broiler nu-
trition deserves attention as a both economically and environmentally important
issue, providing a possibility for diminished nitrogen excretion (Donsbough et
al., 2010). There is some experimental evidence that a slight reduction of dietary
CP content could be possible with simultaneous limiting amino acid supplemen-
tation, without a growth depression in chickens (Darsi et al., 2012). However, it
is still poorly investigated how this special feeding condition influences the me-
tabolism and thus the physiological status of animals. Furthermore, literature da-
ta on how dietary macronutrients are able to influence the metabolic parameters
of chickens are scarce and sometimes contradictory (Collin et al., 2003; Delezie
et al., 2009).

The aim of this study was to investigate the age-related responsiveness of
broiler chickens to different, widely used diet types and components (i. maize- or
wheat-based diet, largely different in their soluble NSP content; ii. diets with
normal or reduced CP content, the latter with simultaneous limiting amino acid
supplementation; and iii. butyrate application), with respect to the general meta-
bolic health and welfare of broilers. For this purpose, certain representative key
parameters of metabolism and hormonal homeostasis were chosen. The plasma
concentrations of total protein (TP), albumin, uric acid, and the activity of aspar-
tate aminotransferase (AST) and creatine kinase (CK) enzymes were measured
as indicators of the metabolism of nitrogen-containing compounds. We also de-
termined the plasma levels of glucose, TG, GLP-1, GIP and insulin, markers of
insulin and glucose homeostasis and lipid metabolism.

Materials and methods

Birds and treatments

Two hundred and forty male Ross 308 broiler chicks (Gallus gallus do-
mesticus) were obtained at day old from a commercial hatchery (Gallus Company,
Devecser, Hungary) and randomly allocated to eight dietary groups (n = 10 per
sampling point per group, n = 30 in total per group). The birds were housed in
metal pens, and raised on wheat straw litter in the Research Institute for Animal
Breeding, Nutrition and Meat Science, National Agricultural Research Centre,
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Herceghalom, Hungary. Environmental conditions were controlled and matched
the requirements of Ross technology (Aviagen, 2014), and uniform management
and vaccination schedules were followed for all the birds. Feed and drinking wa-
ter were available ad libitum throughout the study. The birds were observed daily
for healthiness and showed no signs of discomfort or illness in any of dietary
groups during the whole period of the experiment. The growth performance of
the birds matched the parameters detailed in the Broiler Management Handbook:
Ross 308 (Aviagen, 2014).

Treatment of the broilers was conducted in strict accordance with the ap-
plicable national and international laws as well as with the institutional guide-
lines. Experimental procedures were approved by the Government Office of Pest
County, Food Chain Safety, Plant Protection and Soil Conservation Directorate,
Budapest, Hungary (permission number: PEI/001/1430-4/2015).

Dietary treatments consisted of a 2 x 2 x 2 factorial arrangement. Two dif-
ferent basal diets were applied [maize-based (MB) or wheat-based (WB) diet],
with the CP content meeting the standard requirements of the appropriate dietary
phase [‘normal protein’ (NP) groups with 22.0%, 21.1% and 19.0% CP in starter,
grower and finisher diets, respectively] or reduced by 15% [‘low protein’ (LP)
groups with 18.7%, 17.9% and 16.1% CP]. Further, diets were formulated with
or without sodium (n-)butyrate supplementation (1.5 g/kg diet), which equals the
dose commonly used in poultry nutrition. All diets were set to be isocaloric and
isonitrogenous within a phase, formulated to suit nutrient specifications accord-
ing to the Ross-308 recommendations (NRC, 1994), and were fed in mash form.
The compositions and calculated nutrient contents of the diets [without sodium
(n-)butyrate supplementation] of each dietary phase are indicated in Tables 1-3.

Samplings

In order to follow the possible age-dependent effects of nutritional factors,
the weights of birds were recorded and samples were obtained on days 7, 21 and
42 (week 1, 3 and 6 samplings) by puncture of the brachial vein of 10 randomly
selected chickens per experimental group at every time point. The selection of
birds and samplings were always performed between 4:00 and 7:00 pm, by tak-
ing one chicken randomly from each group and then repeating the procedure un-
til 10 samples per group were obtained, to minimise diurnal variation. Blood was
collected in heparinised tubes, kept on ice until the immediate separation of
blood plasma by centrifugation (2000 g, 10 min, 4 °C), shock frozen in liquid ni-
trogen, and stored at —80 °C until further processing.
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Table 1

Ingredients and calculated nutrient composition of the experimental broiler starter diets, without
sodium (n-)butyrate supplementation

Maize-based Maize-based Wheat-based Wheat-based

Ingredients Normal CP Low CP Normal CP Low CP
Maize % 57.60 61.00 0 0
Wheat % 0 0 54.79 62.60
Extracted soybean meal % 27.00 28.00 31.00 26.48
PL-68" % 6.50 0 3.00 0
Sunflower oil % 3.50 3.50 6.00 5.30
Wheat bran % 0 1.72 0 0
Limestone % 1.70 1.60 1.70 1.70
MCP % 1.80 2.00 1.70 1.70
Salt (NaCl) % 0.40 0.40 0.40 0.40
Lysine % 0.44 0.58 0.38 0.60
Methionine % 0.43 0.44 0.41 0.45
Threonine % 0.09 0.22 0.11 0.26
Tryptophan % 0.04 0.04 0 0
Vitamin and mineral premix’ % 0.50 0.50 0.50 0.50
Axtra XB 201 enzyme§ % 0.015 0.015
Total 100 100 100 100

Calculated analysis

Dry matter % 89.65 89.32 89.78 89.47
Crude protein % 22.02 18.65 22.05 18.76
Soluble NSP mg/kg 506.88 536.80 5133.82 5865.62
ME Ml/kg 12.65 12.61 12.63 12.62
Ether extract % 6.54 6.30 7.49 6.62
Crude fibre % 2.51 2.74 2.88 2.81
Ash % 6.97 7.23 7.37 7.42
Lysine % 1.43 1.43 1.44 1.43
Methionine + Cystine % 1.07 1.05 1.08 1.07
Threonine % 0.97 0.94 0.94 0.94
Tryptophan % 0.23 0.25 0.26 0.24
Arginine % 1.17 1.24 1.34 1.22
Isoleucine % 0.74 0.78 0.85 0.78
Leucine % 1.59 1.68 1.52 1.41
Valine % 0.83 0.88 0.93 0.86
Total Ca % 1.15 1.15 1.16 1.14
Total P % 0.79 0.80 0.82 0.80
Available P % 0.54 0.53 0.56 0.54

CP: Crude protein; MCP: Monocalcium phosphate; ME: Metabolisable energy; NSP: Soluble non-
starch polysaccharide. “Protein concentrate, produced by Europrotein Ltd., Hungary. TComposition
per kilogram of premix: vitamin A 2,402,500 IU/kg; vitamin D3 775,000 IU/kg; vitamin K 651
mg/kg; vitamin E 9300 IU/kg; vitamin B, 465 mg/kg; vitamin B, 1488 mg/kg; vitamin B4 775
mg/kg; vitamin B, 3.26 mg/kg; calcium pantothenate 2790 mg/kg; folic acid 311 mg/kg; niacin
9300 mg/kg; choline chloride 100,800 mg/kg; Fe 12,075 mg/kg; Mn 20,000 mg/kg; Cu 2500 mg/kg;
Zn 16,687 mg/kg; Se 83.75 mg/kg; Co 55 mg/kg; I 250 mg/kg. $1830 U/kg endo-1,4-beta xylanase
and 228 U/kg endo-1,3(4)-beta glucanase
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413

Ingredients and calculated nutrient composition of the experimental broiler grower diets, without
sodium (n-)butyrate supplementation

Maize-based Maize-based Wheat-based Wheat-based

Ingredients Normal CP Low CP Normal CP Low CP
Maize % 60.71 65.31 0 0
Wheat % 0 0 61.30 66.56
Extracted soybean meal % 22.20 24.54 19.31 20.01
PL-68" % 8.00 1.00 8.50 2.50
Sunflower oil % 4.80 4.50 6.70 6.50
Wheat bran % 0 0 0 0
Limestone % 1.30 1.20 1.35 1.35
MCP % 1.35 1.60 1.15 1.15
Salt (NaCl) % 0.40 0.40 0.40 0.40
Lysine % 0.34 0.41 0.38 0.48
Methionine % 0.36 0.37 0.35 0.38
Threonine % 0 0.15 0.05 0.16
Tryptophan % 0.04 0.02 0 0
Vitamin and mineral premix’ % 0.50 0.50 0.50 0.50
Axtra XB 201 enzyme§ % 0.015 0.015
Total 100 100 100 100
Calculated analysis

Dry matter % 89.72 89.34 89.90 89.55
Crude protein % 21.12 17.85 21.10 17.89
Soluble NSP mg/kg 534.25 574.73 5743.81 6236.67
ME Ml/kg 13.27 13.24 13.24 13.24
Ether extract % 7.96 7.39 8.45 7.92
Crude fibre % 2.34 2.48 2.51 2.61
Ash % 5.78 6.03 6.00 6.13
Lysine % 1.25 1.22 1.25 1.22
Methionine + Cystine % 0.96 0.95 0.94 0.95
Threonine % 0.84 0.84 0.85 0.81
Tryptophan % 0.21 0.20 0.20 0.21
Arginine % 1.01 1.11 0.97 1.02
Isoleucine % 0.65 0.72 0.62 0.65
Leucine % 1.45 1.58 1.14 1.20
Valine % 0.74 0.81 0.70 0.74
Total Ca % 0.92 0.93 0.90 0.90
Total P % 0.68 0.69 0.71 0.67
Available P % 0.45 0.45 0.49 0.44

CP: Crude protein; MCP: Monocalcium phosphate; ME: Metabolisable energy; NSP: Soluble non-
starch polysaccharide. “Protein concentrate, produced by Europrotein Ltd., Hungary. TComposition
per kilogram of premix: vitamin A 2,402,500 IU/kg; vitamin D3 775,000 IU/kg; vitamin K 651
mg/kg; vitamin E 9300 IU/kg; vitamin B, 465 mg/kg; vitamin B, 1488 mg/kg; vitamin By 775
mg/kg; vitamin By, 3.26 mg/kg; calcium pantothenate 2790 mg/kg; folic acid 311 mg/kg; niacin
9300 mg/kg; choline chloride 100,800 mg/kg; Fe 12,075 mg/kg; Mn 20,000 mg/kg; Cu 2500 mg/kg;
Zn 16,687 mg/kg; Se 83.75 mg/kg; Co 55 mg/kg; I 250 mg/kg. $1830 U/kg endo-1,4-beta xylanase

and 228 U/kg endo-1,3(4)-beta glucanase
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Table 3

Ingredients and calculated nutrient composition of the experimental broiler finisher diets, without
sodium (n-)butyrate supplementation

Maize-based Maize-based Wheat-based Wheat-based

Ingredients Normal CP Low CP Normal CP Low CP
Maize % 63.66 70.25 0 0
Wheat % 0 0 64.69 69.69
Extracted soybean meal % 24.50 20.29 19.35 19.35
PL-68" % 3.00 0.70 5.00 0
Sunflower oil % 5.00 4.30 6.96 6.90
Wheat bran % 0 0 0 0
Limestone % 1.09 1.09 1.35 1.26
MCP % 1.40 1.60 1.15 1.15
Salt (NaCl) % 0.40 0.40 0.40 0.40
Lysine % 0.19 0.39 0.25 0.32
Methionine % 0.26 0.33 0.3 0.31
Threonine % 0 0.13 0.08 0.15
Tryptophan % 0 0.02 0 0
Vitamin and mineral premix’ % 0.50 0.50 0.50 0.50
Axtra XB 201 enzyme§ % 0.015 0.015
Total 100 100 100 100

Calculated analysis

Dry matter % 89.46 89.21 89.70 89.40
Crude protein % 19.04 16.13 19.07 16.20
Soluble NSP mg/kg 560.21 618.2 6061.45 6529.95
ME MJ/kg 13.41 13.41 13.38 13.44
Ether extract % 7.96 7.27 8.51 8.17
Crude fibre % 2.47 2.36 2.56 2.62
Ash % 5.46 5.65 5.83 5.80
Lysine % 1.09 1.08 1.07 1.02
Methionine + Cystine % 0.86 0.87 0.87 0.86
Threonine % 0.74 0.74 0.79 0.72
Tryptophan % 0.18 0.18 0.20 0.21
Arginine % 1.11 0.99 0.99 1.01
Isoleucine % 0.71 0.64 0.63 0.65
Leucine % 1.56 1.48 1.16 1.19
Valine % 0.80 0.74 0.71 0.74
Total Ca % 0.85 0.87 0.90 0.87
Total P % 0.66 0.68 0.69 0.66
Available P % 0.42 0.44 0.46 0.42

CP: Crude protein; MCP: Monocalcium phosphate; ME: Metabolisable energy; NSP: Soluble non-
starch polysaccharide. “Protein concentrate, produced by Europrotein Ltd., Hungary. TComposition
per kilogram of premix: vitamin A 2,402,500 IU/kg; vitamin D3 775,000 IU/kg; vitamin K 651
mg/kg; vitamin E 9300 IU/kg; vitamin B, 465 mg/kg; vitamin B, 1488 mg/kg; vitamin B4 775
mg/kg; vitamin B, 3.26 mg/kg; calcium pantothenate 2790 mg/kg; folic acid 311 mg/kg; niacin
9300 mg/kg; choline chloride 100,800 mg/kg; Fe 12,075 mg/kg; Mn 20,000 mg/kg; Cu 2500 mg/kg;
Zn 16,687 mg/kg; Se 83.75 mg/kg; Co 55 mg/kg; I 250 mg/kg. $1830 U/kg endo-1,4-beta xylanase
and 228 U/kg endo-1,3(4)-beta glucanase
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Plasma measurements

The plasma concentrations of TP, albumin, uric acid, glucose, TG, GLP-1,
GIP, insulin, and the activity of AST and CK enzymes were measured to investi-
gate metabolic and hormonal changes induced by nutritional factors. After thaw-
ing the samples on ice, plasma concentrations of TP, albumin and uric acid, as
well as AST and CK activities were estimated spectrophotometrically with an au-
tomated apparatus (Olympus AU400 Chemical Analyzer, Beckman Coulter, Brea,
California, USA). Reagents necessary for these determinations were purchased
from Diagnosticum (Budapest, Hungary) and, in the case of uric acid, from Dialab
(Budapest, Hungary). GLP-1, GIP and insulin levels were measured by chicken-
specific sandwich ELISA tests (MyBioSource, San Diego, California, USA).
Glucose and TG were determined by colorimetric methods using Glucose GOD/
PAP and Triglyceride PAP liquid reagents (Diagnosticum, Budapest, Hungary).
Each measurement was implemented as instructed by the manufacturers, with in-
tra- and inter-assay variations below 15%.

Statistical analyses

The statistical analyses of data were carried out with R 3.2.2 software.
Multi-way ANOVA was used to evaluate the main effect (i.e. an effect that is not
conditional on other variables), whereas in case of any interaction pairwise com-
parisons of dietary groups were made with post-hoc tests; the results of sampling
times were analysed separately. Main effects were determined as follows: WB
vs. MB diet, LP vs. NP groups, and butyrate supplementation vs. no added bu-
tyrate. If no relevant interactions were found between dietary cereal types, pro-
tein level and butyrate supplementation, P values of the main effects are present-
ed in the text. Groups receiving maize-based diet with normal protein level
(without butyrate supplementation) were used to calculate age-dependent chang-
es (that were independent of the investigated nutritional factors) by the Mann-
Whitney test. Results were considered statistically significant when P < 0.05.
The results are expressed as means £ SEM.

Results

In this section, only the significant main effects of selected nutritional fac-
tors are presented in detail; no relevant interactions were found.

The WB diet increased the TP (P < 0.001) levels of the blood plasma of
chickens at the age of 3 weeks. Further, decreased plasma TP concentrations
were found in the LP groups (P < 0.001) in week 3 (Table 4).

Acta Veterinaria Hungarica 66, 2018



PETRILLA et al.

416

S00>d.‘100>d.. 10070 > d_ . "dnoi3 1od 1103 UI O¢ = U “dnoad 10d syurod Surjdwes 1od 0 = N "91eIAING pappe ou "sA uonejudwa[ddns
drerking pue sdnoid gN ‘SA dT 19Ip I SA M SMO[[0] se quc:BMc 1M ﬁouwww UIRA] "S}0QJJO UIBW 9Jen[eAd 0) 159} VAONYV Aem-pinuw Aq pautojiod sem eyep jo sisK[eue [eonsnels
JNAS F uedw se passa1dxa a1e synsay ‘uroroxd [e10], 41 ‘uonejuswd[ddns 9je1king(-u) wnipos ou yHm 131 INGON I91p 3/ ' JO 9sop e ul 391p Yy Jo uonejudwd[ddns aerkinq(-u) wnip
-0Q ng ‘sproe ourwe Sunur] yim pajuowolddns ‘aoseyd A1ejorp yoea ur oG Aq peonpal Jusjuod urejold opnio yim 91p e uo parear dnoiS urjord mo, 47 ‘seseyd Arejorp oy 03 ojenbope
U0 urdl0Id 9pNId YIIM I9Ip B U0 parear dnoid  urojoid [ewIoN], N ‘SOWAZUd oseuron|3 pue aseur[AX Surpeidop-dSN Yim pajuswaddns 191p paseq-1eayp g I9Ip Paseq-ozZIe (gIN

AN SA T, LL6S F9¥90€ 8EC9F6CLOT SLLTFEELO LOTY FESLETL LSIEFLL8YL 0L0E€FL80TT ILY8FSELLT OLLYF6TSST 9

dN 'sAdT,, 1CTF9erT 681 F¥661 60T F8€TT 961 FLEVT ISEF 91T 1STF 0PI ToFTVII 09TF¥LET € wnD
aseuny ounear)

- C6F0TCl Yo F Yol PSTFOLET L8F8YLI 191 F0EV1 Y61 F I¥S1 L8TF06ST Y6 F0CCl !

- 6VTFIEEE 9EEFOELE LYTFILET TEEFEB]T 6'STFIVIT 8 ITF66E€ €6EFLEE 'Y F6'6LT 9

gIN SA IM, 61 F¥' 681 PTIFO VLI VLFVTLL E6FO6V91 VLFVLST PSFI0ST L'SF891 Y0CF9091 € (/N) esesdysuen
-outue djepredsy

- ILFOVLL COIFYI61 86FV VLI T8IF0861 'LF90LT 6CIF9¢81 LOTFE891 99T F88LI I

AN SAdT,, 0'1CF0Col FI1+8091 6vIF1'LIC €CCFOsIT CEIFO6T8I TLIFVSEL 89IF8061 CSIFEVOL 9
IngoN 'sang_
‘AN SA 1 (]/10wo11U1)

wrr

‘AN SA M,  S61F6TIE I'LTFE86C 6VTF6SSE Y ECF6'80€ YYTFTIIT 991 F¢'881 S0TFS0IE L'8TF969C € ploe oL

N 'SA IM, 96EFO6'EVY ECEFSTIY TSTFTCY LyvF¥ 8Ly 8'8CFLLEE Y0EF969¢ 1'9¢F1°0S¢ I'9EFL8IY I

- 061 F65° 6% YETTFIL8Y ISTFTOLY 89 TFLI'SY 96’1 FEL'8Y ILTF8LLY 8S 1 F88'LY oV I FIT6Y 9
- STIFT99% 88’ 1FSTSY 9S 1 FCI'SY 6L CTFLISY LS'0F89'SY CUTFYE9 6T 1FSO6TY L6'0F 008 €
mgoN samg, T8I FO6IIS SOTF8Y¥S I0'TFETIS 98 TF96'VS 8I'CF06°ES S6'1F0TSS 88 TFITES YLTFTO'SS

(%) d1/urunqry

—_

- YUTFITLT S6'0F6L6T 00'1FLTLT €TIFI06T ITIF9VLT P60FI9LT ISTFOCLT  9€1FCIST 9
dN SA T,

‘AN SA M, 8SOFO0I'ST 8%’ 1F08°ST IL0FES 6T SO'TF668C SL'OF8Y'ET 08°0FS9+T L8'0F80°9C Y80 F8SVC € (1/8) wirord [ero
- STIFYTET IV 1F80vC LO'TF66°EC ISTFYE9T 10T F9¢°€C LS TFEO0ET wW1F06CC LY TF8STT I

ny n n n;
SOUIIYIP am am N an YoM JopweIRd
JuBOgIUSIS am am N i

dnoi3 K1eja1p Jo uoneirdiqqy

spunodwoo Sururejuod-uasonIu Jo WSIoqe)dw oy SuIqLIIsp s1ojourered oy Jo s)nsoy

¥ oIqeL

Acta Veterinaria Hungarica 66, 2018



417

EFFECT OF NUTRITIONAL FACTORS ON BROILER METABOLISM

10°0>d,, $50°0 > d, ‘dnoi3 1ad [e303 ur O¢ = u ‘dnoi3 1od syurod Surpdures 1d O] = N "oJe1£inq pappe ou “sa uonejuswa|ddns aje1king pue sdnoid N 'sa 4T I9IP N “SA
M SMOJ[O] S& PIUTULIANOP 9IOM SJOIJJO UTRIA '$109JJO UTBW 9JBN[BAD 0] 159) VAONYV Aem-nnw £q pouwriojrod sem ejep Jo sIsA[eue [eonsnels “NAS F UL st passaIdxo ol s)nsay “ejep ou
pru ‘opndad£jog ordonournsuy yuepuadop-esoon|n) :J10 | opuded ayij-uoeon|n :[-4 10O 991p S/8 ¢'[ Jo 9sop e ur J91p Ay Jo uonejuowoalddns ojerking(-u) wnIpog :ng ‘spioe ourwe Sunt
-wi s poyudwdddns ‘oseyd Arejorp yoes ul o461 Aq paonpar Juduod urdjoid apnid yim Ja1p e uo parear dnoid urerord mo, :J7 ‘seseyd Areia1p oy 03 9jenbape jusjuod urejord opnio yrm
Ja1p & uo parear dnoiS  urojoid [euLIoN, N ‘SowAzuo oseueon|S pue oseue]Ax SurpeiSop-JSN yum pajuoworddns J01p paseq-jeaypy g\ I9Ip Paseq-oziejA (gIA ‘9 PUe G S9[qe], 0} 9J0Uj00,]

- 9TE0FEOY'S SLI'OFE8LY 0rE0FEBE'S CLTOF889'S  0SY'OFIOV'S ¥0S'0F 180°9 €IV 0F LTSS €8C0F60T'S 9
- IWTOFLETS 0€9°0F€CI6 YIL'0FS8T6 PSCOF691'6  OPTOFLSY'S 127 0F89¢5°8 SO 0F660°6 06C0FLLE'S € ([w/Su) urpsug
- LYO'0OFI€6'E ILTOFTELY IO'0F1€8°E 801'0F9C6'E  ¥90°0F9L6'E 9T0'0F118°¢ 9TI'0F8YI'Y LSOOFILOY I
— ‘pu ‘pu ‘pu ‘pu ‘pu pu pu pu 9
- 96EF Y1 POSFIE91 LESFOTII 6’0V F6'811 8'99F6'CIC CErFYBLL ['87FL'881 6'EPF0 181 € (jw/3d) 41D
- STYFYCLI TL6F809C TOrF6'C01 LerF1eST £€9eF6'eCl 809F69C1 T FYEvl 8TEFO'LYI I
- S8IF0°59T VLFYSIT €0IF9¢eT 9TIFESIT 00IF96IC EIIF08IT €01F978IT 8TIFS0PT 9
- LYIF6'vLT 091F6'¢LT €TCFV'99C 6'CIFSIT 1'€CFS9LT L'STF1°T6T ¥'0TF0C6C 8 TEFE06T € (u/3d) 1-471D
- FOIFI6tl LEIFV YTl 991 FTTCI 6vIFI 611 €'8FTTY VLFIIL 991F6°101 6'ICFI'8Y1 [
mg+ g+ mng+ mg+
d1 dN d1 dN
590URIYJ1P a1 am N am d1 an N an
JueoyuSig am am an N RS 1opeurered
dnoi3 A1eja1p Jo uoneiaalqqy
SISBISOdWIOY UI[Nsul SUIqLIOSIP s1ojdwered oY) JO sINSoY
991qeL
- 680°0F600°1 1E1'0F1S6°0 990'0F8EI'1 00I'0F€IET 0IT'0FS66°0 691'0FS66°0 ¥60°0F900°'1 9LO'0FTO6L'0 9
N SAdM,  990°0F¥E6'0 880°'0F999°0 060°0F998°0 L9O0OFLERO  TITOFPLLO €L0°0F9€8°0 €50°0F LSS0 ILO'OFTYS O ¢ (/jouru) opLIodk ST,
- 190°0F¥IL°0 LLO'OFIYL'O 6€0°'0F 189°0 LEOOFITEO  LSO'OFBELO €00 F879°0 290'0F+€9°0 LYO'0FTSLO I
- 9E0F STyl SE0Fo6E VI Pr0F0S €l LEOFOTYI FOF80YI 8C0FISEI CE0FSOVI SE0FE]VI 9
gN'sA M, OV 0FETEL 8€0F8EEl 6E€0F9I°¢l €S0FPEEL YO IFO0ISI 19'1F¥8°G1 ILTFI891 09'1F69°S1 € (1/10ww) dsoon[H
- 10°TFI6°¢l CLTFS6SI YI'CTF 6981 1L0F¥9°CL 1S°0F8T¢El €0'CFBS8I LEOFO6'TIT YETFLOVI I
mg+ ng+ ng+ ng+
gy o i a i i BN n
St am am an g oM Iopurered
JuedyIusIg

dnoi3 K1eja1p Jo uoneiaaiqqy

spidi] JO WST[0qe)OW ) PUE. SISBISOAWOY 3509n[S Furqrosop siajowrered Y Jo syNSRY

S 9lqeL

Acta Veterinaria Hungarica 66, 2018



PETRILLA et al.

418

100°0
>d. 100>d. S0°0 > d, "dnoi3 1ad 18103 ur o¢ = u ‘dnoi3 1od syutod Surjdwes 1od (] = N "9J1] Jo porrad pajesipur Y ul sAep Jo Joquinu oY) Aq PIPIAIP sIYIrom Apoq dy) JO SUBdU JO dOUD
L&w*_w oy se comm_so_ao sem oye1 ymoIn ajerking pappe ou 'sa uonejuswoejddns oyeiking pue sdnoiS gN Sa 4T 10Ip GIA 'SA A\ [SMO[[0J S& PUIULIDIOP AIOM S}O9JJ UIBIA] "$}09JJ0 Urew ajen
-[eA9 01159) VAONY Aem-nnwr Aq pauriojrod sem ejep Jo sisk[eue [eonsnels “NHAS F U se passaidxo axe s)nsoy 11p 533 ¢'1 Jo 9sop e ul 191p oy Jo uonejudwoe[ddns ayerking(-u) wnip
-0§ :ng ‘sproe ourwe Sunmui] Pim puswddns aseyd L1ejarp yoes ur 9,61 £q paonpal juiuod urejold opnid yym J21p e uo parear dnoid urjord mo, 1 g7 ‘seseyd Arejo1p oy o3 ayenbope
JUU0O ureloId OpNId HIM I9Ip & uo paredr dnoid  urojoid [euwrIoN], (N ‘SowAzZud oseueon|s pue oseue[AX SurpeiSop-dSN Yim poyuswoddns 101p paseq-1eaypy g I9Ip Paseq-oziel (gIN

€68 L'v6 €vL Lyl €8 $001 6°6L 0L (€199 "$A 9 YoOM)
(Kep/3) arey ymoIn
6Ty 9ty Tly €9y 68y v'9p LTe £9¢ (1 3199 "SA € YOO M)

(Kep/3) arey yrmoln

9'8¢ 19T €EYT [4%4 14%4 L'TT 474 6'1¢C (0 X199 "SA T JOIM)
(Kep/3) arey yrmoln

AN sAdT,,, POVIFS989C  9ELFO0I8T LTITFSO0VC  TTOFOV6ET  O0LOFESEIT  6'LYFLYEOT 8 LITFISIET SL6FSPETT 9

AN SA T,
‘N sA M, L' EEFITIS 0vEFTITY LOEFISPS TLEF09T8 9'8CTF0¥98 6'TEF P8 I'PEF1°8€9 8°0CFS6L9 €
(8) wySom Apog
dN 'SAdT,
‘AN sAdM,, 66FF1IT 6'6F9961 V' 8FL P8I V'OFILLI I'8F96L1 I'LFOVLI 6'VFY6LI P'8FOILI I
90'0FS96€ 90'0FSL6E SO'0FCTL8E 90'0F99'8¢ 90'0F01°6€ 90'0F L6'8E 90'0F9t'6€ 90'0F £¥'6€ 0
mg+ ng+ ng+ mg+
d1 dN d1 dN
SOOUIIHIP d1 am dN am d1 an dN an
JueoLIUSIS am am an an Joo M IojoweIeg

dnoi3 A1eja1p Jo uoneiadlqqy

synsa1 JySrom Apog

Lo1qeL

Acta Veterinaria Hungarica 66, 2018



EFFECT OF NUTRITIONAL FACTORS ON BROILER METABOLISM 419

In order to monitor the relative changes of albumin levels, the measured
albumin concentration was used to calculate the albumin/TP ratio, which was de-
creased by butyrate supplementation (P = 0.022) in week 1 (Table 4).

The concentration of uric acid was elevated significantly by the WB diet
in week 1 (P = 0.022) and week 3 (P < 0.001). Decreased uric acid levels were
measured in the LP groups in weeks 3 (P < 0.001) and 6 (P = 0.002), while bu-
tyrate supplementation increased the same parameter (P = 0.048) in week 3 only.
Plasma uric acid levels gradually decreased by nearly 50% during the experi-
mental period (P < 0.001), irrespective of dietary treatment (Table 4).

AST activity of chickens was stimulated by the WB diet only (P = 0.042)
at the age of 3 weeks (Table 4).

Plasma CK activity was elevated by the lowered level of CP in weeks 3
(P=0.004) and 6 (P = 0.041), respectively. In addition, CK activity increased
nearly thirteen times in week 6, compared to week 1 (P < 0.001), independently
of diet composition (Table 4).

The blood glucose level was decreased by the WB diet (P = 0.002) at the
age of 3 weeks (Table 5).

Higher amounts of circulating TG were measured in groups fed with the
WB diet (P =0.011) in week 3 (Table 5).

As regards GLP-1, GIP and insulin, plasma levels seemed not to respond
to any of the investigated nutritional factors, although we detected a 100% in-
crease for GLP-1 (P = 0.005) and insulin (P < 0.001) in week 3, compared to
week 1, as well as a 60% increase for GLP-1 (P = 0.007) and a 30% increase for
insulin (P <0.001) in week 6, compared to the measurements in week 1 (Table 6).

The body weights of chickens were higher in groups fed the LP diet sup-
plemented with limiting amino acids at each measurement (P = 0.038 for week 1,
P < 0.001 for week 3 and P < 0.001 for week 6). In addition, the WB diet also
positively influenced the same parameter at the age of 1 week (P = 0.007) and 3
weeks (P =0.001; Table 7).

Discussion

The effect of soluble dietary NSP content on caecal butyrate production
was investigated by choosing two cereals as bases of diets. The soluble arabi-
noxylan content of maize and wheat had previously been determined as 0.88 mg/g
and 9.37 mg/g, respectively, by the method of Douglas (1981); the calculated NSP
content of the diets is presented in Tables 1-3. The WB diet, rich in soluble NSP
and supplemented with the NSP-degrading enzymes xylanase and glucanase
(cleaving NSP to shorter oligosaccharides), enhances bacterial SCFA production
(primarily that of butyrate) by delivering more oligosaccharide substrates for the
caecal microflora. In contrast, the conventional MB diet represents a lower level
of soluble NSP and results in decreased caecal butyrate production. This dietary
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regime was already applied in our earlier trials (Kulcsar et al., 2016; Kulcsar et
al., 2017), enabling us to compare the effects associated with higher (WB) and
lower (MB) caecal SCFA production levels. However, it should be taken into
consideration that maize and wheat also greatly differ in some other parameters
(such as amino acid and fatty acid profiles), thus the impact of certain further nu-
trients in the observed diet-associated changes cannot be excluded.

The diet of LP groups was designed with the inclusion of elevated
amounts of the limiting amino acids L-lysine and L-threonine, to avoid growth
depression caused by inadequate amino acid supply. Therefore, simultaneously
with lowered CP content, the ratio of free limiting amino acids was higher in the-
se diets compared to the NP groups.

Sodium (n-)butyrate supplementation of diets was applied in order to
study the effect of this widely used, exogenous source of butyrate besides that of
the endogenous one.

Regarding the responsiveness of broilers to dietary treatments, a remarka-
ble age dependence was found. Nutritional factors which had an impact could
generally alter measured values significantly at the age of 3 weeks, referring to a
metabolism more sensitive to regulatory mechanisms compared to weeks 1 or 6,
presumably due to the intensive growth of the birds.

Although the values published in the literatures are quite different, it is
worth mentioning that independently of diet composition, the measured concen-
trations and activities of all blood plasma parameters were found in the range de-
clared physiological by the majority of relevant articles (Malheiros et al., 2003;
Piotrowska et al., 2011; Kowalczuk-Vasilev et al., 2017). The observed signifi-
cant but physiological changes are not pernicious, but indicate a metabolic re-
sponse of the birds, possibly affecting parameters determining productivity,
therefore they should not be neglected.

The increasing effect of the WB diet on TP levels in week 3 could be as-
sociated with a more intensive SCFA production enhanced by wheat (Molnar et
al., 2015); however, the exact mechanism of the suggested action is yet unclear.
The increased amount of butyrate produced can be used as substrate for energy
production or has the potential to act as an effector in several types of intestinal
and liver cells as well (Beauvieux et al., 2001). Although epigenetic or receptor-
mediated effects of butyrate on liver cells were not investigated in this study,
their possible mediating function in protein synthesis of the liver cannot be ex-
cluded, and might be the possible cause of the slight relapse in albumin produc-
tion caused by butyrate supplementation, appearing in a decreased albumin/TP
ratio at the age of 1 week. The low-protein diet with limiting amino acid supple-
mentation decreased TP in week 3 as expected.

In avian species, uric acid is a deleterious end product of protein metabo-
lism. Our measurements have shown an age-related gradual decrease in uric acid
content of the blood plasma in all groups, reflecting the diminution in protein
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degradation rate, in agreement with other observations (Malheiros et al., 2003;
Swennen et al., 2005). Further, the WB diet significantly increased the concen-
tration of uric acid, while the LP diet had an opposite significant effect. These
findings could be interpreted — in accordance with the changes of TP concentra-
tion induced by WB and LP diets — as the consequences of intensive protein me-
tabolism, enhanced by wheat and normal dietary protein level. The lowered CP
level of diet was reported to decrease blood uric acid concentration by other au-
thors (Rosebrough et al., 1996; Malheiros et al., 2003; Swennen et al., 2005;
Namroud et al., 2008), who explained this phenomenon by diminished protein
catabolism under scarce dietary CP content. The increasing effect of butyrate
supplementation on plasma uric acid concentration in week 3 might be attributed
to its epigenetic effect, possibly altering purine degradation in the birds. Another
possible explanation of this phenomenon could be that orally applied butyrate
was found to increase the length of intestinal villi and thus the absorption capaci-
ty of the small intestine (Hu and Guo, 2007; Qaisrani et al., 2015), resulting in a
more intensive protein and purine metabolism.

Stimulation of AST activity by the WB diet at the age of 3 weeks coheres
well with the similar effect of dietary cereal type in the same period of life in the
case of uric acid. Elevated AST activity may refer to intensified pathways of pro-
tein and amino acid homeostasis. It must also be mentioned that AST activity
measured in the blood plasma means enzymes released from cells, mostly from
hepatocytes. However, no macroscopic signs of liver damage could be observed
during the dissection, and even this increased enzyme activity was in the physio-
logical range.

Plasma CK activity was elevated by the LP diet supplemented with limit-
ing amino acids, and plasma CK levels increased nearly thirteen times in week 6,
compared to the measurement in week 1, regardless of diet composition. This
age-associated elevation in CK plasma levels is in agreement with the previous
findings of Malheiros et al. (2003), who explained the phenomenon by the in-
creased susceptibility of muscle cell membranes to damage in the phase of inten-
sive growth and also in older animals. We found that chickens of the LP groups
(with concomitant limiting amino acid supplementation) were of significantly
higher body weight at the age of 3 and 6 weeks compared to NP chickens. This
observation can potentially explain the increased CK activity of broilers reared
on the LP diet, as intensive body weight gain might impair muscle fibres, caus-
ing more pronounced muscle cell membrane damage.

Congruently with our results, Khan et al. (2011) measured significantly
higher body weights for chickens reared on a low protein diet supplemented with
limiting amino acids, presumably due to the increased dietary free amino ac-
id/protein ratio compared to the diet of the control group. Apart from the CP con-
tent of the feed, the effect of the WB diet could be detected, so that chickens in
the WB groups showed higher body weights compared to their MB counterparts,
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in accordance with the findings of Kulcsar et al. (2016). It is important to high-
light that the investigation of parameters describing productivity was beyond the
aims of the present work and, therefore, body weight results must be regarded as
background data only and interpreted with caution.

The blood glucose level of the birds was decreased by the WB diet in
week 3. This change — with no alterations in plasma insulin concentration —
might result from altered insulin sensitivity of liver cells, where more pro-
nounced insulin receptor beta expression was detected in broilers fed the WB di-
et (Kulcsar et al., 2016).

The plasma concentration of TG was increased significantly by the WB
diet at the age of 3 weeks. This phenomenon might be interpreted as the effect of
increased amounts of SCFA, primarily butyrate, on liver cells. Butyrate, serving
as an alternative source of energy or through its epigenetic effect, could promote
hepatic lipogenesis and the release of TG into the systemic circulation. This ob-
servation could be in association with lowered glucose level, suggesting a relapse
in lipid degradation for energy production (and the possibility of increased lipo-
genesis for storage) in the cells due to intensified glucose utilisation for the same
purpose.

Elevated levels of GLP-1 and increased concentrations of insulin were
found in weeks 3 and 6 compared to week 1 measurements, although to a differ-
ent extent. The presence of high amounts of insulin and GLP-1, as an inducer of
insulin production, may refer to intensive general metabolic rate of broilers at the
age of 3 weeks, and to a lesser extent, in week 6.

In conclusion, a strong age dependence in the ability of broiler chickens to
respond to nutritional factors has been detected. The birds showed particularly
high susceptibility in the phase of intensive growth, at the age of 3 weeks, indi-
cating that diet composition for broilers in the grower phase is critical; conse-
quently, special emphasis should be put on its formulation. We also found that
the types of basal diet (wheat vs. maize), highly different in their soluble NSP
content, can affect certain plasma parameters, presumably through caecal micro-
bial SCFA, primarily butyrate, production. Therefore, the dietary cereal type
could be considered a potent effector of intermediary metabolism, influencing
mainly protein and amino acid homeostasis. No adverse effects of slightly re-
duced dietary CP content with limiting amino acid supplementation on the
growth or health of chickens could be observed, while such CP reduction may
have a beneficial impact from both economic and environmental points of view.
However, in spite of significant differences between dietary groups, all the
measured parameters were in the physiological range. Thus, the diet composi-
tions used in this study seem to be safely applicable in poultry nutrition, without
any disadvantageous impact on the metabolic health and welfare of broilers.
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