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ABSTRACT. The objective of the study was to determine whether non-essen-
tial amino acids (NEAA) in the form of wheat gluten (WG) have a threonine
(Thr)-sparing effect in young pigs and to assess the response of hepatic and
pancreatic Thr dehydrogenase (TDG) on the increase of Thr and NEAA supply.
In Experiment 1, the standardized ileal digestibility (SID) of protein and amino
acids (AA) in three low-Thr diets containing 20.4, 40.4, or 60.4 g of WG protein
per kilogram of respective WG20, WG40 and WG60 diets, were determined on
male pigs with an initial body weight (BW) of 20 kg. In Experiment 2, the effects
of four Thr levels (5.1, 5.7, 6.3 and 6.9 g SID Thr per kg) and three WG levels
in diets covering requirements for other SID essential AA, on nitrogen reten-
tion and TDG activity in the liver and pancreas were studied. The experiment
was performed over 20 days on 72 male pigs with an initial BW of 12.5 kg, six
pigs per treatment. Nitrogen retention was not affected by either the Thr level
or by interaction of Thr and WG levels. It was greater in pigs fed the WG40
and WG60 than WG20 diets. TDG activity in the liver was not influenced by
the dietary Thr level and in the pancreas it was the lowest in pigs fed the diet
with the lowest Thr concentration, but this was not dose dependent. The WG
level influenced TDG activity in both organs differently: in the liver TDG was the
greatest in pigs fed the WG60 diet, while in the pancreas it was greater in pigs
fed WG20 than WG40, but not WG60. The results do not evidence a sparing
effect of NEAA provided by WG on Thr utilization for protein deposition and do
not support the hypothesis on TDG activity as a potential unequivocal indicator
of the Thr oxidation rate.
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Introduction In comparison with other AAs, the Thr requirement

for maintenance is high since significant amounts

Threonine (Thr) is an essential amino acid
(AA), which is often deficient in cereal-based
diets for pigs. The reported requirement of young
pigs (10-25 kg) for Thr varies from 6.3 to 8.7 g
of total Thr per kilogram of diet (Saldana et al.,
1994; GtE, 2006; NRC, 2012) and depends mainly
on pig genotype, feeding level and diet composition.

of this AA are used by the intestine for synthesis
of mucins and are secreted in the form of Thr-rich
proteins. Deficiency or excess of Thr may reduce
synthesis of intestinal and muscle proteins in weaned
pigs (Wang et al., 2007).

Non-essential AAs (NEAA) are also involved in
physiological functions of the gut and may improve
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Thr utilization for protein deposition. In an earlier
experiment (Swiech et al., 2010), NEAA added in
the form of wheat gluten (WG) or monosodium glu-
tamate to a low-protein diet with moderate Thr de-
ficiency positively affected nitrogen (N) retention,
whereas NEAA in the form of WG also improved
the gut structure of young pigs.

Threonine is catabolized mainly through an oxi-
dation pathway by threonine dehydrogenase (TDG).
Measurement of Thr oxidation could be helpful in
estimation of Thr requirements and provide an esti-
mate for Thr efficiency for body protein deposition
in different nutritional situations (Le Floc’h et al.,
1996). In pigs, TDG activity was found only in the
liver and pancreas, but involvement of these organs
in the oxidation of Thr and potential dietary effects
on TDG have not been fully established (Le Floc’h
et al., 1995, 1997; Le Floc’h and Séve, 2005).

The objective of this study was to determine
whether and to what extent the levels of Thr and
NEAA affect utilization of Thr for protein deposi-
tion in young pigs fed diets balanced for essential
AAs (except Thr). WG was used as the source of
NEAA as it was assumed that it may have a more
extensive sparing effect on Thr metabolism than
glutamate. The aim of the study was also to find if
activity of TDG as the main Thr catabolic enzyme in
the liver and pancreas is influenced by the expected
differences in Thr utilization effectiveness and may
be considered as a corroborative indicator in studies
on Thr requirements in pigs.

Material and methods

Experimental design

The experiments were approved by the Local
Animal Care Committee. Two experiments were
performed. In Experiment 1, the standardized ileal
digestibility (SID) of protein and AAs in three
low-Thr diets containing three WG contents were
determined. The SID values obtained in Experi-
ment 1 were employed to formulate diets covering
pig requirements for SID AAs in Experiment 2. In
Experiment 2, the effect of supplementing diets
containing low SID Thr and three WG contents with
graded amounts of Thr were determined using a two-
factorial design. Nitrogen retention was determined
as the parameter reflecting protein deposition and
TDG activity was measured in the liver and pancreas.

Diets

In Experiment 1, three low-Thr diets containing
20.4, 40.4 or 60.4 g WG protein (WG20, WG40 and

Table 1. Composition of diets used in digestibility experiment (Experi-
ment 1)

Experimental diets'

Indices WG20  WG40  WGBO

Ingredients, g - kg™
wheat 550.00 550.00 550.00
maize 150.00 150.00 150.00
soyabean meal 80.00 80.00 80.00
full fat soyabeans 50.00 50.00 50.00
casein 10.00 10.00 10.00
wheat gluten 26.72 52.86 79.00
rapeseed oil 21.00 18.00 16.00
calcium phosphate 16.00 16.00 16.00
limestone 12.00 12.00 12.00
salt 3.50 3.50 3.50
vitamin-mineral mixture? 5.00 5.00 5.00
chromium oxide 3.00 3.00 3.00
maize starch 68.10 45.70 22.10
L-lysine HCI (78%) 4.29 3.86 343
DL-methionine (98%) 0.35 0.03 0.00

Content of crude protein and total amino acids, g - kg™
crude protein 169 193 213
lysine 7.87 8.65 9.46
threonine 4.30 5.33 6.13
methionine 2.20 2.59 3.08
cysteine 3.31 3.81 4.46
tryptophan 1.88 2.06 2.25
isoleucine 5.35 6.87 8.54
arginine 6.69 8.23 9.72
histidine 3.18 4.06 4.65
leucine 9.86 13.20 15.72
phenylanine 6.48 8.28 9.84
valine 6.19 7.52 9.13
treonine:lysine 0.55 0.62 0.65

1 WG20, WG40, WG60 - diets containing 20.4, 40.4, 60.4 g wheat
gluten protein per kg, respectively; 2 provided per kg diet: IU: vit. A
15 000, vit. D, 2 000; mg: vit. E 60, vit. B, 1, vit. B, 4, biotin 0.25, vit.
B, 3, vit. B,, 0.02, vit. K'3, niacin 20, folic acid 5, Ca pantothenian 15,
choline 150, Mg 150, Mn 50, Zn 150, Se 0.3, Cu 150, Fe 125; g: Ca 1.3

WG60, respectively) were prepared. Wheat gluten
was used because it is rich in NEAA (about 60% in
wheat gluten protein) and low in Thr. All diets were
formulated from the same ingredients and contained
chromium oxide as a marker. The composition of
the diets is given in Table 1. All diets were free of
antibiotics and other promoters.

In Experiment 2, the composition of the low-
Thr diets differing in WG contents was the same as
the diets evaluated in Experiment 1 except that they
were supplemented with essential AAs (excluding
Thr) to cover pig requirements according to the
ideal protein profile (Boisen, 1997) using the SID
values obtained in Experiment 1. The composition
of the diets, amounts of supplementary AAs, and
content of NEAA in the diets are given in Table 2.
The low Thr diets containing 5.1 g of SID Thr and
WG20, WG40 or WG60 as the source of NEAA,
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Table 2. Composition of diets containing the lowest amount of threo-
nine used in balance experiment (Experiment 2)

Experimental diets'

Indices WG20 WG40 WG60
Ingredients, g - kg™
basic ingredients (sum)? 876.50 876.50 876.50
wheat gluten 26.72 52.86 79.00
rapeseed oil 21.00 18.00 16.00
maize starch 62.16 43.96 22.79
L-lysine HCI (78%) 8.17 7.04 5.71
L-threonine (98%)? 1.55 0.69
DL-methionine (98%) 118 0.53
L-tryptophan (99%) 0.37 0.18
L-isoleucine (99%) 0.75
L-valine (96.5%) 1.38 0.24
L-histidine (99%) 0.22
Content of total non-essential amino acids, g - kg™
alanine 5.34 6.37 7.48
aspartic acid 11.12 12.85 15.03
glutamic acid 46.31 60.04 73.80
glycine 5.52 6.72 7.90
proline 12.53 16.74 19.24
serine 6.85 8.41 10.25
tyrosine 4.20 5.35 6.28
sum 91.87 116.48 139.98

Content of standardized ileal digestible protein and amino acids, g - kg™

protein 147 167 187
lysine 10.00 10.00 10.00
threonine 5.10 5.10 5.10
methionine 2.78 2.78 2.78
tryptophan 1.78 1.78 1.78
isoleucine 5.50 6.07 7.67
valine 6.81 6.80 8.09
histidine 3.00 3.58 412
arginine 6.11 747 8.93
leucine 8.66 11.72 14.05
threonine:lysine 0.51 0.51 0.51
Content of metabolizable energy, MJ - kg™

calculated* 14.0 14.0 14.0
analysed® 14.4 14.5 14.5

'see Table 1; 2 wheat, maize, soyabean meal, full-fat soyabeans, ca-
sein, dicalcium phosphate, limestone, salt, vitamin-mineral mixture
as given in Table 1; ®diets containing the lowest threonine content
(5.1 g standardized ileal digestible threonine per kg) were additionally
supplemented with 0.61, 1.22 and 1.83 g L-threonine to obtain diets
containing 5.7, 6.3 and 6.9 g standardized ileal digestible threonine
per kg; L-threonine were included to diets instead of maize starch;
* calculated as a sum of metabolizable energy of dietary compounds;
% analysed in balance experiment

were additionally supplemented with 0.61, 1.22 and
1.83 g L-Thr- kg . The four dietary levels of SID Thr
were: 5.1, 5.7, 6.3, and 6.9 g - kg! corresponding to
SID Thr-to-SID lysine ratios of 0.51, 0.57, 0.63, and
0.69, respectively. The diets were prepared from the
same batches of feed ingredients as in Experiment
1 and were free of antibiotics and other promoters.

Animals and experimental procedures

The experiments were performed on male Large
White x Duroc pigs. The animals were housed in-
dividually in metabolic cages with a slatted floor in
a thermally controlled room (22-23 °C) with free
access to water.

Experiment 1 was determined on six pigs with
an initial body weight (BW) of about 20 kg using
a cross-over design. The pigs were surgically fitted
with a post-valvular T-caecum cannula (PVTC) ac-
cording to van Leeuwen et al. (1991). The recovery
lasting 10 days was followed by 7-day periods of
feeding the experimental diets. The feeding level
was adjusted to 5% of BW corresponding to about
90% of ad libitum intake. The pigs were fed twice
a day at 8:00 and 20:00 with equal portions of meal
diets mixed with water (1:1). During the last three
days of experimental feeding, ileal digesta was col-
lected from 8:00 to 20:00 (between meals). The
daily digesta were stored frozen and, after thawing,
were pooled per animal within each experimental
period and freeze-dried for analysis.

Experiment 2 was performed on 72 pigs divided
into twelve groups (six pigs each), taking BW, age
and litter into account. Pigs of mean initial BW 12.5
kg were fed on experimental diets for 20 days. After
seven days of adaptation, the pigs were fed a starter
diet with daily incremental addition of the test diets.
Equal portions were given at 8:00, 14:00 and 20:00,
after mixing with water (1:1). At a mean BW of ap-
proximately 19 kg, N balance and metabolizable en-
ergy of diets were determined during a 14-day period.
The daily dietary allowance was provided at the rate
of about 5% of BW and kept constant during the last
nine days of the N balance period. Faeces and urine
were collected during six days. Faeces were collect-
ed five times daily and stored at —20 °C. At the end
of each collection period, the facces were thawed,
mixed and subsampled for subsequent analysis.
Urine was collected continuously over the period in
a plastic container to which H,SO, was added daily.
Urine volume was measured and recorded daily and a
10% aliquot was stored at 4 °C until analysis.

After slaughter at about 22.4 kg BW, the liver
and pancreas were weighed. Tissue samples were
taken and stored at —80 °C until determination of
TDG activity.

Chemical analyses

Dry matter (code no. 934.01) in dietary ingre-
dients and diets, N (code no. 954.01) in ingredients,
diets, digesta, faeces and urine, were analysed using
standard methods (AOAC, 2011). Chromic oxide
was determined according to Kimura and Miller
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(1957). Amino acid analyses were performed with
a Beckman high pressure System Gold AA analyzer
(Beckman Instruments, Inc., Fullerton, CA, USA)
using modified procedures according to Buracze-
wska and Buraczewski (1984). The gross energy
of diets and faeces was determined by a Parr adi-
abatic oxygen bomb KL-10 calorimeter (Precyzja,
Bydgoszcz, Poland).

Threonine dehydrogenase activity was meas-
ured as the rate of aminoacetone formation accord-
ing to the method described by Simpson (1998).

Calculations and statistical analysis

Calculation of AA ileal digestibility was based
on the chromium oxide content in diets and digesta.
The apparent ileal digestibility of AAs was calcu-
lated using the equation given by Buraczewska
et al. (1999). The standardized ileal digestibility of
AAs was estimated from apparent ileal digestibil-
ity of AAs using values of endogenous AAs losses
according to Jansman et al. (2002).

Total digestibility of energy was calculated as
the difference between the gross energy content in
diet and faeces. Metabolizable energy values of di-
ets were calculated from digestible energy values
using the Equation no. 43 given by Noblet and Perez
(1993). Metabolizable energy values of diets were
also calculated as a sum of the metabolizable energy
values of dietary components.

Nitrogen retention was calculated as the differ-
ence between N intake and N output in faeces and
urine and expressed in grams N per day.

The results were expressed as the mean of six pigs.
Data were statistically evaluated using Statistica 10
PL (StatSoft Inc., 2011). The results of Experiment 1
were subjected to one-way ANOVA, while the results
of Experiment 2, to two-way ANOVA. Additionally,
the results of Experiment 2 were subjected to one-
way ANOVA for each SID Thr level separately.
Differences among groups in both experiments were
evaluated using the Tukey post-hoc test.

Results

Composition of diets

Supplementation of the WG40 and WG60 diets
with 40 and 60 g WG protein increased the crude
protein content from 17% to 19% and 21% (Table 1),
and increased the total content of NEAA by 26% and
25% of their content in the WG20 diet, respectively
(Table 2). The main component of NEAA was
glutamic acid. The analysed metabolizable energy
content of the diets did not differ (Table 2).

Table 3. Standardized ileal digestibility of protein and amino acid in
diets used in digestibility experiment (Experiment 1)

Experimental diets’ Pooled
Indices

WG20 WG40  WG60 SEM
Protein 87.2 86.6 87.9 0.6 0.323
Lysine 80.2 79.9 81.8 1.0 0.407
Threonine 83.3 83.1 83.2 1.0 0.997
Methionine 87.6 88.3 90.2 0.6 0.061
Cysteine 86.1 85.0 86.4 0.8 0.502
Isoleucine 89.0 88.3 89.8 0.5 0.100
Arginine 91.4 90.8 91.9 0.3 0.054
Histidine 87.5 88.2 88.5 0.5 0.328
Leucine 87.8 88.8 89.4 0.4 0.074
Phenylalanine  90.1 90.1 90.9 0.4 0.316
Valine 88.5 87.4 88.6 0.5 0.297
'see Table 1

Amino acid ileal digestibility (Experiment 1)

Protein and AAs ileal digestibility (SID) of
the Thr-deficient diets differing in WG content are
gi-ven in Table 3. The wheat gluten level in the di-
ets had no effect on the SID of CP and AAs. The
differences were small for Thr (83.1%-83.3%),
greater for lysine (79.9%-81.8%), and the greatest
for methionine (87.6%-90.2%). The actual digest-
ibility coefficients were used in formulation of di-
ets containing adequate levels of essential AAs and
graded content of Thr ranging from 5.1 to 6.9 g SID
Thr - kg diet, used in Experiment 2 (Table 2).

Nitrogen retention (Experiment 2)

The N balance results are presented in Table 4.
The differences in daily N intake were due to the
increase of the dietary CP content from 17% to 19%
and 21% in the WG20, WG40 and WG60 diets, re-
spectively.

Faecal N excretion was not affected by either
the SID Thr or WG levels. The dietary SID Thr level
did not significantly influence urinary and total N
excretion, and consequently, had no effect on N re-
tention. In contrast, all of these parameters were sig-
nificantly affected (P <0.001) by WG, and were the
smallest in pigs fed the WG20 diet and the highest
in pigs fed WG60. Total N excretion was increased
significantly by each level of WG and at each level
of SID Thr, whereas N retention was increased to
similar values by feeding the WG40 and WG60
diets, the effect of WG being significant only in
pigs fed the diets with the lowest (5.1 g - kg'') and
moderate (6.3 g - kg'') SID Thr amounts. Neither
parameter was affected by interaction of SID Thr
and WG levels.
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Table 4. Nitrogen balance of pigs fed diets differing in standardized ileal digestible threonine content and wheat gluten level (Experiment 2)

Standardized ileal

Urinary

Faecal Total

digestible threonine m‘;?t gluten g‘l'gt:;?z N excretion N excretion N excretion gllrgge)rn}lon
g kg g - day”’ g day” g - day”’
5.1 20 23.0 45 34 7.8 15.12
5.1 40 26.0 6.7° 32 9.9° 16.12
5.1 60 29.0 8.9 34 12.4¢ 16.6°
P-value (one-way ANOVA)? 0.001 0.461 0.001 0.004
5.7 20 23.0 3.92 3.2 7.2° 15.7
5.7 40 26.0 6.3° 3.3 9.6° 16.4
5.7 60 29.0 9.1¢ 35 12.6° 16.4
P-value (one-way ANOVA) 0.001 0.569 0.001 0.084
6.3 20 23.0 422 3.3 7.5 15.32
6.3 40 26.0 6.3 3.3 9.7° 16.4%
6.3 60 29.0 9.7¢ 32 12.9° 16.1°
P-value (one-way ANOVA) 0.001 0.913 0.001 0.019
6.9 20 23.0 4.6° 34 7.9° 15.0
6.9 40 26.0 7.2° 3.3 10.5° 15.6
6.9 60 29.0 9.2 35 12.7¢ 16.3
P-value (one-way ANOVA) 0.001 0.594 0.001 0.181
Pooled SEM 0.3 0.2 0.5 0.2
Standardized ileal digestible threonine, g kg™
5.1 26.0 6.7 34 10.1 16.0
5.7 26.1 6.6 3.3 9.9 16.3
6.3 26.1 6.9 3.3 10.2 16.0
6.9 26.0 7.0 34 10.4 15.7
Wheat gluten level
20 23.0 4.4° 3.3 7.7 15.3
40 26.0 6.6° 3.3 9.9° 16.2°
60 29.0 9.1¢ 34 12.7¢ 16.3°
P-value (two-way ANOVA)
standardized ileal digestible threonine 0.484 0.837 0.397 0.158
wheat gluten level 0.001 0.485 0.001 0.001
interaction 0.404 0.897 0.750 0.638

" see Table 1; 2 pigs within a group had the same N intake; 3 effect of wheat gluten was calculated for each standardized ileal digestible threonine
level separately; 2 means with different superscipts within column are significantly different at P < 0.05

Threonine dehydrogenase activity in the
liver and pancreas (Experiment 2)

The relative tissue weight and TDG activity are
presented in Table 5. The liver weight was similar in
all animals. The pancreas weight was not affected
by SID Thr, but was significantly greater in pigs fed
the WG40 diet as compared with the WG20 diet
(P=<0.05).

Enzyme activity was higher in the pancreas
(0.19-0.63 pumol - 15 min - g') than in the liver
(0.15-0.35 umol - 15 min - g'). The TDG activity
in the liver was not affected by dietary SID Thr, but
in the pancreas, significantly greater TDG activity
was found in pigs fed diets containing 5.7-6.9 g

SID Thr - kg ! than with the lowest SID Thr content
(P<0.001).

The dietary level of WG affected TDG activity
in both tissues. In the liver, TDG activity was signif-
icantly greater in pigs fed diet WG60 in comparison
with diets WG20 and WG40 (P < 0.001) and this
effect was found across all SID Thr levels. In con-
trast, TDG activity in the pancreas was significantly
greater in pigs fed WG20 diet in comparison with
pigs fed WG40 diet, but not WG60 (P<0.01). The
effect of WG on TDG activity in the pancreas was
significant only in pigs fed diets containing 5.1 and
6.3 g SID Thr per kg diet, but interaction between
the effects of the two factors was not found.
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Table 5. Tissue weight and threonine dehydrogenase (TDG) activity in the liver and pancreas of pigs fed diets differing in standardized ileal digest-

ible threonine content and wheat gluten level (Experiment 2)

Standardized ileal Wheat gluten Livgr _ Papcreas -
digestible threonine level ! weight TDG activity weight TDG activity
g kg g kg'BW pmol - 15 min - g g kg'BW pmol - 15 min - g
5.1 20 22.3 0.16° 1.6 0.33*
5.1 40 213 0.16° 22 0.19°
5.1 60 20.6 0.34° 1.8 0.39°
P-value (one-way ANOVA) 2 0.608 0.007 0.076 0.026
5.7 20 20.6 0.172 1.7 0.50
5.7 40 20.5 0.18° 2.0 0.37
5.7 60 19.6 0.35° 1.9 0.48
P-value (one-way ANOVA) 0.593 0.018 0.102 0.322
6.3 20 215 0.14 1.8 0.63
6.3 40 21.7 0.20° 1.8 0.36°
6.3 60 21.0 0.35° 2.0 0.45%
P-value (one-way ANOVA) 0.756 0.002 0.159 0.022
6.9 20 20.9 0.15° 1.8 0.54
6.9 40 224 0.24* 21 0.45
6.9 60 211 0.37° 1.9 0.46
P-value (one-way ANOVA) 0.802 0.001 0.486 0.784
Pooled SEM 0.8 0.09 0.1 0.11
Standardized ileal digestible threonine, g kg™
5.1 214 0.22 1.9 0.30°
5.7 20.2 0.24 1.9 0.45°
6.3 214 0.24 1.9 0.48°
6.9 214 0.25 1.9 0.48°
Wheat gluten level
20 214 0.15° 1.7 0.49°
40 215 0.19° 2.0 0.33°
60 20.6 0.35° 1.9% 0.44
P-value (two-way ANOVA)
standardized ileal digestible threonine 0.207 0.716 0.849 0.001
wheat gluten level 0.234 0.001 0.019 0.01
interaction 0.790 0.928 0.247 0.505

' see Table 1; 2 see Table 4; ® means with different superscipts within column are significantly different at P < 0.05

Discussion

The effects of graded levels of dietary stan-
dardized ileal digestible threonine and wheat
gluten protein on nitrogen retention. Nitrogen
retention in growing pigs is strictly related to body
protein deposition and is a reliable indicator of AA
adequacy in the diet. In the present study, N retention
was measured to check the optimal level of dietary
SID Thr and to verify the hypothesis on the sparing
effect of NEAA added in the form of WG on Thr
utilization.

In the present experiment, the lowest SID Thr
content in the unsupplemented diet (5.1 g - kg™ and
corresponding a 0.51 SID Thr-to-SID lysine ratio)

was smaller, whereas the highest content (6.9 g - kg™
and corresponding to a 0.69 SID Thr-to-SID lysine
ratio) was greater than the values recommended by
Boisen (1997). The SID Thr content of 5.1 g (equi-
valent of 5.8 g total Thr) was similar to that used by
Russel etal. (1986) as optimal for pigs weighing from
17 to 38 kg and was lower than the 5.7 g SID Thr per
kilogram of diet applied as deficient in our previous
study (Swiech et al., 2011) for pigs of a similar age.
The highest Thr content (6.9 g SID Thr equivalent to
7.6 g total Thr per kg) was higher than advised
by NRC (1998), but lower than recommended re-
cently by NRC (2012) for pigs weighing from
11 to 25 kg and 11 to 20 kg, respectively. It was,
therefore, assumed that in the present study diets
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containing the lowest amounts of Thr were Thr-
deficient, whereas others were covering or slightly
exceeding the Thr requirement of young pigs.

Contrary to expectations, increasing the SID
Thr content over 5.1 g per kilogram of the diet did
not influence N retention, which indicates that the
lowest Thr level covered the requirement of young
pigs for deposition of about 100 g protein daily.

Similar results were reported by Le Floc’h et al.
(1996), who observed that N retention only tended
to be higher in growing pigs fed on diets with a 0.79
and 0.91 total Thr-to-total lysine ratio than when it
equaled 0.61. The present results disagree with our
previous studies (Swiech et al., 2010, 2011) that
showed that N retention was negatively affected by
moderate Thr deficiency. The absence of the effect of
potential Thr deficiency on N retention can be partly
explained by the relatively high dietary protein con-
tent, which ranged from 17% to 21%. This explana-
tion is supported by the results of Buraczewska et al.
(2006), who demonstrated that N retention was affect-
ed by the dietary Thr level only in pigs fed a diet with
a low (16%) protein content, as compared with a
higher (18%) protein level. However, in our previ-
ous study (Swigch et al., 2011), N retention was nega-
tively affected by Thr deficiency also when pigs were
fed a diet containing 21% protein. These apparent
discrepancies between approximations of deficient vs
adequate Thr levels may indicate that not only lysine,
but also protein level should be taken into account
when diets with an optimal Thr content are formu-
lated.

Supplementation of both Thr-deficient and Thr-
adequate diets with WG obviously increased N
intake and also urinary N excretion, but it also in-
creased or tended to increase N retention. The over-
all stimulating effect of WG on protein deposition
did not depend on the WG level in the diet and was
not affected by the dietary Thr content. An interac-
tive effect of dietary SID Thr and WG levels on N
retention was not found. However, the significant
effect of WG was greater in pigs fed the diet with
the lowest, compared with the moderate, Thr con-
tent and this result is partly in agreement with the
findings in our previous study (Swiech et al., 2010).
In that experiment, the NEAA (in the form of wheat
gluten and monosodium glutamate) added to a Thr-
deficient diet had a slight positive effect on daily N
retention and promoted similar N retention values
as the Thr-adequate diet. It may, therefore, be as-
sumed that the Thr-sparing effect of NEAA on pro-
tein deposition can be expected when Thr deficiency
is actually limiting protein metabolism.

Effects of graded levels of standardized ileal
digestible threonine and wheat gluten protein on
the activity of the enzyme involved in threonine
metabolism. The catabolic activity of TDG is sup-
posed to be higher in animals fed a diet with the
Thr content exceeding their actual requirement for
this AA. In the present experiment, this assumption
was confirmed only in the case of TDG activity in
the pancreas and only when the activity at the low-
est SID Thr level was compared with that at three
higher levels. The increase of the dietary SID Thr
level over 5.7 g - kg' was not accompanied by fur-
ther significant increases of TDG activity. The TDG
activity in the liver was not affected by the dietary
Thr content except for a slight (non-significant) ten-
dency towards lower TDG activity at the lowest Thr
level.

The results of the present study are similar to
those obtained by Le Floc’h et al. (1995) who found
significantly lower TDG activity in the pancreas of
pigs fed Thr-deficient than Thr-adequate diets and did
not find any effect of Thr level on TDG activity in
the liver. Also in another study by Le Floc’h et al.
(1996) and by Swiech et al. (2010), TDG activities
were lower on Thr-deficient than on Thr-adequate
diets. Contrary to the present results, these differ-
ences were found not only in the pancreas, but also in
the liver. However, conflicting results were obtained
by Swiech et al. (2011), who failed to find any effect
of Thr level on TDG activity in either tissue.

Extensive studies by Le Floc’h et al. (1997) and
Le Floc’h and Séve (2005) showed that Thr oxida-
tion via the TDG pathway takes place in the liver
and pancreas. According to Le Floc’h et al. (1995),
relative TDG activity (expressed per gram of tissue
or milligram of protein) in the pancreas is equal to or
slightly higher than in the liver, but total activity in
the pancreas represents only 4%—10% of the activity
in the liver. In the present study, the differences be-
tween relative TDG activity in the pancreas and liver
were greater than reported by Le Floc’h et al. (1995)
and were greater at the higher than at the lowest Thr
levels. Total TDG activity in the pancreas represented
12%—17% of activity in the liver.

Theincrease in pancreatic TDG activity indicating
more intensive oxidation of this AA in pigs fed diets
containing 5.7 (and more) vs 5.1 g of SID Thr is in
line with the absence of any improvement of protein
deposition due to the Thr supply being increased to
above 5.1 g-kg'. These results seem to indicate
that under the conditions of the present experiment
(age and breed of pigs, protein and feeding level),
a dietary content of 5.1 g SID Thr is satisfactory.
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In the present study, addition of WG40 to diets
did not affect TDG activity in the liver, whereas
WG60 provoked a considerable increase of TDG at
all levels of dietary Thr. This result is only partly in
agreement with the studies by Le Floc’h et al. (1994),
who found that NEAA supplementation (in the form
of glutamic acid) increased TDG activity in the liver,
but only when added to a Thr-deficient and not to
a Thr-adequate diet. The reported improvement of
growth performance of pigs due to glutamic acid
supplementation of a Thr-deficient diet was ascribed
by these authors to a specific sparing effect on Thr,
which could improve its utilization for protein
deposition. This result is also partly in line with the
irregular, but stimulating effect of WG on N retention
found in the present study. The effects of glutamic
acid reported by Le Floc’h et al. (1994) differed
from those of protein supplementation since protein
provoked an increase of TDG activity only when
added to Thr-adequate and not Thr-deficient diets.
Also in our previous study (Swiech et al., 2010),
TDG activity in the liver and pancreas was increased
only when a diet with moderate Thr deficiency
was supplemented with a high amount of WG (and
essential AAs) and not with monosodium glutamate.
Monosodium glutamate decreased, whereas WG only
tended to decrease the Thr concentration in plasma.

The response of pancreatic TDG activity to
WG was inconsistent, since in all groups of pigs fed
diets differing in Thr content, TDG was, or tended
to be, lower in pigs fed the WG40 diet than the
WG20 and WG60 diets. This inconsistent response
is difficult to explain. TDG activity in the pancreas
was least affected by the WG level in the groups fed
the diet with the greatest Thr content, but neither in
the pancreas nor in the liver was the TDG activity
influenced by interaction of Thr and WG levels.

The results of the present and reported (Swigch
et al.,, 2010) studies indicate that the effects of
NEAA on Thr utilization seem to depend on the
form and amount of NEAA and on the degree of Thr
deficiency and that the response of TDG activity
to dietary factors differs between the liver and
pancreas.

Conclusions

Contrary to expectations, the lowest applied
dietary level of 5.1 g standardized ileal digestible
threonine per kilogram diet covered the requirement
of young pigs for protein deposition. The results
do not evidence a sparing effect of non-essential
amino acids added in the form of wheat gluten on
threonine utilization when the dietary threonine

concentration does not limit protein deposition.
Responses of threonine dehydrogenase activity to
the increase of dietary threonine and wheat gluten
differ between the liver and pancreas: activity in the
liver being increased only by wheat gluten, whereas
in the pancreas, also by the threonine level, but not
in a dose-dependent manner. Therefore, threonine
dehydrogenase activity cannot be treated as a
sensitive indicator of threonine oxidation rate and
adequacy of threonine supply.
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