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ABSTRACT

This study was conducted to determine the effects
of alow-protein diet supplemented with synthetic amino
acids on the biochemical parameters in the blood serum,
the indicators of fermentation processes, and nitrogen
excretion in 12 crossbred piglets. The piglets (weaned
at 28 days of age) were divided into two groups with
6 piglets each. The control group had an initial average
body weight of 8.8 +0.6kg and the experimental group
with an average initial body weight of 8.6 +£0.7kg. The
control diet contained 210.8g.kg™ crude protein and
the experimental diet contained 186.4 g.kg™'. The experi-
mental diet was supplemented with lysine, methionine
and threonine to achieve a more ideal amino acid pat-
tern. The blood collections from the sinus ophthalmicus
for the determination of the biochemical parameters
were performed 4 times at weekly intervals in the control
and experimental groups 4—5 hours after feeding. The

faeces were taken from the rectum at the end of the study

period. The decrease in the dietary crude protein con-
tent of the experimental group was manifested by a sig-
nificant decrease of the blood urea level (2.61 mmol.l!
average concentration) compared to the control groups
(4.21 mmol.I"" average concentration) (P<0.001). The
other serum component concentrations (total protein,
albumin, glucose, cholesterol, total lipids and selected
enzymes) showed no significant statistical changes be-
tween the control and experimental groups. The results
of the fermentation process analysis indicated that the
butyrate concentration decreased (P=0.0017) and the
pH increased (P=0.0180) in the experimental group
compared to the control group. The levels of crude pro-
tein and ammonia in the faeces of experimental animals
were significantly lower (P <0.001) in comparison with

those in the control animals.
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INTRODUCTION

Because of the increased availability of crystalline ami-
no acids (AA) (lysine, methionine, and threonine, includ-
ing the “new” amino acids isoleucine and valine), and the
continual need to improve the utilization of nutrients to
reduce the impact of livestock production on the environ-
ment, there is always a need to more fully understand ami-
no acid nutrition of non-ruminants [13]. Lysine is the first
limiting amino acid in a typical swine diet and it plays a
very important role in promoting the growth performance
of pigs [25]. Dietary supplementation of crystalline lysine
for pigs can significantly increase body muscle protein ac-
cretion, which may be due to a greater increase in the rate
of protein biosynthesis rather than that of protein degra-
dation [11, 17]. In addition, nutritional studies have dem-
onstrated that dietary supplementation with several AA:
modulates gene expression, enhances growth of the small
intestine and skeletal muscle, or reduces excessive body fat
[6, 8, 26, 37].

A reduction of dietary crude protein (CP) could limit
the growth performance of growing pigs, but a low-pro-
tein diet, supplemented with deficient amino acids, could
reduce the excretion of nitrogen into the environment
without affecting weight gain [2, 10, 36]. The dietary CP
concentration can be decreased from 15 to 12 % with crys-
talline amino acid supplementation to meet an ideal amino
acid profile without adversely affecting the nitrogen reten-
tion [23]. Supplements of synthetic amino acids to animal
diets are important not only on nutritional and economic
aspects, but also on the environmental aspects [9]. It is con-
cluded that the supplementation of limited amounts of syn-
thetic amino acids to diets for swine could spare 2 to 3 per-
centage units of dietary protein and substantially reduce
the nutrient excretion, especially of nitrogen [9]. The meta-
analysis of Sajeev etal. [28] confirmed that CP in animal
diets and the emissions of ammonia demonstrated a clear
relationship. The meta-analysis revealed a mean ammonia
reduction of 17+ 6 % per %-point CP for cattle and 11+6 %
for pigs. Most studies indicated that the reduction of di-
etary CP could effectively decrease the nitrogen emission
[11, 30, 31]. This fact motivated us to determine the effects
of reducing the dietary CP content from 21.1 to 18.6%
on serum biochemical parameters and indicators of fer-

mentation processes.
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MATERIALS AND METHODS

Animals and diets

This study was conducted on 12 crossbred piglets (Slo-
vakian WhitexLandrace), with an initial average body
weight (BW) of 8.8+0.6 in the control and 8.6+0.7kg
in the experimental group with weaning at 28 days of age
in both groups. At weaning, piglets were divided into two
groups (6 pigs in each group). Both groups contained equal
numbers of females (2) and castrated males (4). The experi-
mental period lasted 28 days.

The same basic ingredients for the control and experi-
mental groups were used in the study. The diets were for-
mulated based on corn, wheat, barley, soybean meal, vita-
min + mineral premix, and salt. The animals were divided
into two groups according to the two different CP levels
of diet (21.1% and 18.6 %; the reduction of CP by 2.5%
in the experimental group) with different soybean meal
concentration in diets (29 vs. 23 %). The addition of limit-
ing amino acids (lysine, methionine, and threonine) was
used in the experimental diet. All piglets were fed a diet
formulated according to the National Research Council
recommendations [21] for limiting amino acids. Feed and
water were allowed on an ad libitum basis. The feed com-
position of the diets used in the study and their nutrient
content are shown in Table 1 and 2.

The investigation was carried out in the animal quar-
ters of the Institute of Animal Nutrition and Dietetics at the
University of Veterinary Medicine and Pharmacy in Kosice
in compliance with the EU regulations concerning the wel-

fare of experimental animals.

Analysis

The diets were analysed for their dry mater (DM), crude
protein (CP), crude fibre (CF), acid detergent fibre (ADF),
neutral detergent fibre (NDF), ether extract (EE) and ash by
the AOAC [1]. The nitrogen free extract (NFE) was math-
ematically calculated from previous parameters. The amino
acids content in both diets were calculated according to the
program for formulation of diets for pigs from AA compo-
sition of feeds and the addition of synthetic amino acids.

The blood collection from the sinus ophthalmicus for
the determination of the biochemical parameters was per-
formed 4 times at weekly intervals in the control and ex-
perimental group 4—5 hours after feeding. The biochemi-

cal parameters of the blood serum (total proteins, albumin,



Table 1. Ingredients (%) of diets used in the experiment

Ingredients Control diet Experimental diet
Corn 26 28
Wheat 26.8 28
Barley 15 174
Soybean meal, CP 48 % 29 23
Mineral-vitamin premix 3 3
Salt 0.2 0.2
L-Lysine HCI 78 % 0.22
DL-Methionine 0.08
L-Threonine 98 % 0.1

CP—crude protein

Table 2. Chemical composition (g.kg-1, as fed basis, as dry matter basis)
of diets containing different levels of crude protein for piglets

Parameters Control Experimental
[9.kg™"] diet diet
DM 903.70 1000 902.70 1000
cP 210.80 233.26 186.40 206.49
EE 13.30 14.72 12.90 14.29
CF 38.60 42.71 39.50 43.76
NDF 161.00 178.16 169.9 188.21
ADF 49.80 5511 47.50 52.62
Ash 67.80 75.02 65.40 72.45
NFE 573.20 634.29 598.50 633.01
Lys 12.60 13.94 13.00 14.40
Thr 790 8.73 8.00 8.86
Met+Cys 6.70 741 6.90 7.64

CP—crude protein; EE—etheric extract; CF—crude fibre; NDF— neutral-detergent fibre; ADF—acid- detergent fibre
NFE—nitrogen-free extract; Lys—lysine; Thr—threonine; Met+Cys—methionine + cysteine

urea, glucose, total lipids, cholesterol, AST aspartate ami-
notransferase, and AP alkaline phosphatase) were deter-
mined using a fully automatic random access benchtop
analyser Ellipse (Italy).

The faeces were taken directly from the rectum at the
end of the investigation. The quantitative determination
of the volatile fatty acids (VFA) was done by the method

of isotachophoresis employing a two-capillary analyser
EA100 (VILLA LABECO, Slovakia). The samples of faeces
were analysed for pH (pH meter Consort C830, Belgium)
from extract (4hours/2g fresh faeces plus 20 ml distilled
water). The dry matter, CP and ammonia (NH,) in the fae-

ces were determined according to the AOAC [1].

39



Statistical methods

All data were reported as the mean +SD (standard de-
viation). The differences between means were determined
according to the unpaired t-test using Graph-Pad Prism
statistical program (Graph Prism software, USA). By con-
ventional criteria, differences (P <0.05; P<0.01; P<0.001)

were considered to be statistically significant.

RESULTS

The first part of our study was performed to investigate
the effects on the biochemical parameters in the blood se-
rum following the feeding of a low crude protein diet to
piglets. The metabolic variables in the blood serum are
shown in Table 3.

No significant differences were seen between the control
and experimental groups in the serum metabolites related
to protein metabolism; total protein and albumin. The aver-
age concentrations of total protein and albumin for all four

weeks of the study period were slightly higher in the con-

trol group (53.85g.1"! and 32.80g.1"", respectively) compared
to the experimental group (51.85g.I"! and 31.35g.1"}, respec-
tively). The urea as an important indicator of protein nutri-
tion showed marked changes. Throughout the study, the se-
rum urea concentration was significantly lower (P <0.001)
in pigs fed the experimental diet, with the low CP diet sup-
plemented with essential amino acids (Lys, Met, Thr), com-
pared to the control diet which contained higher CP.

No significant differences between groups in other
serum parameters of energy metabolism and enzyme ac-
tivity were found. The mean values of energy metabolism
parameters during the whole investigative period varied
in the control vs. experimental group in glucose (4.99 vs.
5.02mmol.l"?), total lipids (1.74 vs. 1.70g.1™"), cholesterol
(2.06 vs. 1.94mmol.l""), respectively. The CP level in the diet
did not affect the enzyme activity related to tissues dam-
ages (ALT) and biochemical plasma marker of bone min-
eral turnover (AP), although a tendency of lower activity
of these enzymes in the control group compared to the ex-
perimental group was recorded; AST (0.28 vs. 0.31 pkat.1™)
and AP (5.14 vs. 5.83 pkat.l!), respectively. The biochemi-

Table 3. Effects of different dietary CP content on biochemical parameters of piglets

Parameters Control group Experimental group
Week 1 2 3 4 1—4 1 2 3 4 1—4
Total protein 51.90 52.94 55.86 54.70 53.85 50.74 53.74 53.30 49.61 51.85
[g1] +2.85 +2.96 +3.40 +3.27 +3.12 +1.89 +2.69 +3.82 +1.33 +2.43
Urea 2.92¢ 4.52¢ 439 4.99 4.21* 1.69° 3.06° 2.63° 3.06° 2.61°
[mmol.1""] +0.11 +0.48 +0.32 +0.51 +0.35 +0.35 +0.23 +0.28 +0.40 +0.32
Albumin 30.28 33.44 34.82 32.69 32.80 29.07 33.15 32.56 30.62 31.35
[g1] +1.09 +1.79 +1.03 +2.00 +1.48 +2.33 +1.30 +2.41 +2.04 +2.02
Glucose 5.30 4.92 5.99 3.77 4.99 5.22 5.03 6.01 3.81 5.02
[mmol.1"] +0.51 +0.23 +0.47 +0.79 +0.50 +1.86 +0.67 +2.42 +0.32 +1.32
Total lipids 1.68 1.62 1.84 1.83 1.74 1.76 1.59 1.80 1.64 1.70
[g11] +0.08 +0.49 +0.25 +0.20 +0.26 +0.87 +0.39 +0.49 +0.21 +0.49
Cholesterol 1.85 2.28 1.93 2.18 2.06 1.75 2.06 1.97 1.99 1.94
[mmol.I""] +0.35 +0.38 +0.22 +0.21 +0.29 +0.24 +0.25 +0.12 +0.04 +0.16
AST 0.26 0.29 0.36 0.24 0.28 0.22 0.37 0.40 0.24 0.31
[pkat.1] +0,02 +0.08 +0.04 +0.02 +0.04 +0.05 +0.03 +0.03 +0.01 +0.03
AP 5.49 5.25 4.66 5.17 5.14 6.06 5.86 5.68 5.70 5.83
[pkat.1] +0.65 +0.59 +1.47 +0.61 +0.83 +0.03 +0.28 +0.96 +0.09 +0.34

absignificant differences (P < 0.001); AST—aspartate aminotransferase; AP—alkaline phosphatase
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cal parameters in the blood serum in weaning pigs oscillat-
ed within relatively wide ranges of physiological values for
pigs, presented by the authors Doubek etal. [5] or Kraft
and Diirr [15].

The additional part of our study was to investigate the
effects of feeding a low crude protein diet to piglets on se-
lected indicators of fermentation processes and nitrogen
excretion. The variables of fermentation processes are
shown in Table 4.

The evaluation of the fermentation processes through
the determination of the VFA in the faeces showed decreas-
ing tendency in individual VFA (acetic, propionic, butyric)
and total VFA concentration in the experimental group;
however, the differences between the two groups were not
significant, except for the concentrations of butyric acid
(P=0.0017). Consistent with the results of the analyses
of VFA concentrations, the pH value of faeces was higher
in the experimental group compared to the control group
(P=0.0180).

The differences in dry matter content of the faeces were
not statistically significant, although a slightly higher DM
content was observed in the experimental group. The levels
of ammonia and CP in the faeces of experimental animals
were significantly lower (P<0.001) in comparison with

those in the control animals.

DISCUSSION

The experimental diet with reduced concentration
of CP (186.4gkg™") was supplemented with lysine, me-
thionine and threonine according to the NRC recommen-
dations [21] for limiting amino acids. The protein source
is a very important factor for the nursery pig’s growth, be-
cause poor amino acids and protein nutrition have a pro-
found effect on the physiology health status and growth
factor of pigs. Diets with high crude protein (CP) content
are commonly used for early-weaned pigs. This kind of diet
can improve the growth performance of piglets, but is al-
ways associated with incidences of diarrhoea [12, 32]. In-
deed, feeding weaned pigs a lower level of crude protein
caused lower ammonia concentrations in the small intes-
tine [4] and decreased plasma urea nitrogen, ammonia
nitrogen and volatile fatty acids in the ileal digesta [22].
These data are indicative of reduced dietary crude protein
levels balanced with AA which has become an alternative
approach to reduce the incidence of diarrhoea, in pigs fed
antibiotic free diets and still maintain the performance in
weaned pigs [11, 24, 33].

Recent studies in pigs have shown that specific dietary
amino acids can improve intestinal integrity and function

under normal and pathological conditions that protect the

Table 4. Parameters of the fermentation processes in the digestive system

Parameter Control group Experimental group p*
DM 266.1+12.2 283.0+ 231 0.1395
[9.kg™]
cp 2445108 2031116 <0.001
kg DM] 510, T£11. .
NH, 1496 + 63.9 1263.8+35.6 <0.001
[mg.kg™' DM] e e ’
pH 6.11+0.33 6.64+0.32 0.0180
Acetate 23,67+ 541 2106+ 3.19 03327
[g9.kg]

Propionate 1472+2.38 12,67+ 148 0.1034

[9kg™]

Butyrate 768+ 0.81 594+ 0,60 0.0017
[g9.kg™]
LVFA 46.07 +8.59 39,67 +5.33 0.1520

[9kg7]

DM—dry matter; CP—crude protein; *P—value and statistical significance
VFA—volatile fatty acids
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host from different diseases [18]. Threonine and methio-
nine have been reported to regulate: epithelial cell migra-
tion and proliferation, cell differentiation, restoration of ep-
ithelial barrier functions, and modulation of cell apoptosis,
thereby enhancing mucosal healing after intestinal muco-
sal inflammation [16]. The optimum proportion of sulphur
amino acids and threonine to lysine to maximize the per-
formance of growing pigs has also been reported [34, 35].

Reducing the dietary crude protein level of the diet and
supplementing it with limiting crystalline AA can reduce
nitrogen excretion, which may prevent surface and ground
water contamination [3, 19]. The increasing availability of
synthetic amino acids allows for the reduction of the crude
protein level in piglet diets in association with adequate AA
supplementation, which maintains sufficient essential AA
supply with little or no decrease in growth performance [7].

In our study the reduction of CP (210.8g.kg™ wvs.
186.4g.kg™") only slightly influenced the concentrations
of the serum parameters in comparison with the control
group, except for the blood urea level. The average total
protein concentrations determined in both groups were
lower than the reference values reported by Doubek
(65—90g.I™") [5], but were consistent with the reference
values given by Kraft and Diirr (up to 86gl™) [15].
These differences could be due to the very young category
of the animals used in our investigations. The concentra-
tions of albumin, glucose, cholesterol, AST and AP in the
blood serum in weaning pigs were within the physiological
values for pigs [5, 15].

Significantly higher levels of blood urea (P <0.001) in
our study were recorded in the control group compared to
the experimental group at all weekly intervals. The mean
values in the control group, except for the first week, cor-
responded to the reference values of Doubek etal. (3.6—
10.7mmol.I™") [5] or Kraft and Diirr (3.3—8.3 mmol.l"!)
[15]. In the experimental group, the mean values of the
urea parameter in the monitored intervals were just below
the lower reference range. The urea excreted in urine is the
main nitrogenous end-product from amino acids catabo-
lism in pigs and plasma or serum urea concentrations may
be indicative of excreted nitrogen in urine [27]. The serum
or plasma urea nitrogen can be used in various animal spe-
cies to quantify nitrogen utilization and excretion rates.
A lower blood urea nitrogen indicated higher availability
of dietary nitrogen and a better use for amino acids with
the CP reduction [30].
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Shi atal. [29] reported that reducing the dietary CP and
providing indispensable crystalline AA can improve AA di-
gestibility and reduce AA excretion. In the study by Ma etal.
[20], the growth performance was not affected in the young
pigs weaned at 28 days of age, as the protein level decreased
from 20 % to 17 %, while the nutrient digestion and absorp-
tion or the immune function were improved, which implied
that 17 % protein level may be of benefit for nutrients ab-
sorption of pigs. This is in agreement with Kumar et al.
[14], who concluded that the crude protein concentration
can be reduced safely by 10 % to that of requirements in diet
without any compromise of performance.

The high dietary CP concentration, as is common in di-
ets for early-weaned pigs, may increase microbial fermenta-
tion of undigested protein. The evaluation of the fermenta-
tion process through determination of VFA in the faeces
performed in our study showed a decreasing tendency
in individual VFA in the group with lover level of CP in the
diet, but the differences between groups were not signifi-
cant, except for butyric acid concentration. Htoo et al
[12] detected that the reduction in CP content from 24
to 20 % in weaned pigs leads to decreased faecal ammonia
nitrogen (P <0.05), acetic acid and total VFA concentra-
tions. In the study by Heo et al. [11] feeding low-protein
treatments had no effect on the total VFA level for 14 days
after weaning. Contrary to our results, pigs in the high
protein treatment showed a higher pH value of faeces on

day 10 compared with pigs in the low protein treatments.

CONCLUSIONS

Our study demonstrated that feeding lower CP content
in the diet with the addition of limiting amino acids (lysine,
methionine, and threonine) for recommendation of ideal
amino acids pattern for piglets after weaning, significantly
reduces the blood urea concentration (average concentra-
tions from four weekly collection 2.61 vs. 4.21 mmol.l™"),
which leads to an increase in the biological value of the feed
mixture. The VFA concentration in the faeces was higher in
the control group in our study. The statistically significant
differences among the groups were found in the pH value
and butyric acid concentration in the faeces. Also, lower
concentrations of ammonia and CP in the faeces of the ex-
perimental group was observed (-232.5mg.kg"! DM and
-41.4gkg™ DM, respectively) compared to the control



group. The use of synthetic amino acids improved the use
of dietary nitrogen, with lower nitrogen excretion into the

environment.
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