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Abstract

:

In this trial, the effects of different nutritional treatments on the N balance parameters of fattening pigs in the 55–65 kg live weight category were evaluated. The following diets were used: control diet (C) and low-protein (LP) diet with 2% crude protein reduction, with and without 10% sugar beet pulp (S) or 0.5% benzoic acid supplementation. Six pigs per treatment with similar live weight were used, and in the context of the balance trial, the daily N intake, fecal and urinary N excretion and the pH of urine were measured. From the data N digestibility, the TAN % and N retention were calculated. Feeding LP diets reduced the fecal, urinary and total N excretion and also the pH of urine significantly compared with the control diet. Sugar beet pulp significantly increased the fecal N excretion and urinary pH, and it also reduced significantly N digestibility and the TAN ratio. Benzoic acid failed to reduce urinary pH. The measured N excretion, retention and TAN excretion values were more favorable than those that can be found in the different guidelines or those used in the Hungarian ammonia emission inventory.
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1. Introduction


Ammonia emission is a major air quality concern at regional, national and global levels, and animal production is the main source of ammonia emission. It is estimated that 80–90% of ammonia emissions in the European Union are related to animal husbandry. In the case of Hungary, this value is around 70%, and the share of the pig sector is about 21% [1,2]. To improve air quality in the EU, the Directive 2016/2284 has been developed to reduce the national emissions of certain atmospheric pollutants. According to this, the member states must reach certain reductions. In Hungary, after 2030, a 32% reduction in ammonia emissions is expected compared to those of 2005 [2,3].



Several studies have reported that there are a number of feeding options available to reduce nitrogen (N) excretion of animals [4,5]. The amount of excreted ammonia can be reduced if the animals consume less and more balanced protein, if more accurate protein evaluation systems are used, if the diets are formulated based on digestible amino acids, if the so-called ideal protein concept is followed and if more detailed information is available on the protein, amino acid, and energy requirements of the animals of different genotypes and age categories. Among the dietary tools, multi-phase feeding can also increase the N retention of growing pigs [6,7,8]. Feeding low-protein (LP), amino-acid-supplemented diets is already a common practice, since LP diets not only decrease the N excretion of the animals but in many cases are also cheaper [9,10,11,12,13,14,15,16,17,18]. In the case of growing pigs, about 2–3% reduction in crude protein content can be achieved, depending on the breed and age of the animals [19,20,21,22,23,24,25,26]. According to a recent meta-analysis [27], if lysine, methionine, threonine, tryptophan and valine are supplemented, the protein content of the nursery, grower and finisher diets can be reduced to 18.3, 16.2 and 11.5%, respectively, without compromising the performance parameters. According to the literature data, 1% protein reduction can decrease ammonia emissions by about 10% [18,19,28,29]. From an ammonia emission point of view, the urinary nitrogen, mostly urea, is converted to ammonia in the barn, during the storage of manure or during the spreading of manure on the field. Therefore, modifying the excreted urinary and fecal nitrogen ratio can also affect ammonia emission. Nitrogen balance studies have shown that crude protein reduction has greater effect on the urinary than on the fecal N excretion [10,30,31,32]. This is favorable because of the lower amount of volatility properties [33].



Pig diets containing higher fermentable non-starch polysaccharides (NSP) result in more intensive bacterial activity in the large intestine and increased synthesis of bacterial protein from the ammonia of the gut lumen. This way, the fermentable fiber decreases the ammonia absorption from the hind gut and the urea synthesis of liver. It results in lower urinary N excretion. Fermentable fiber also decreases the fecal pH through the increased volatile fatty acid production of hindgut bacteria [4,30,34,35,36,37,38].



The pH of feces and urine can significantly reduce the NH3 emissions from manure during storage and application because both bacterial activity and the activity of urease enzyme decrease under acidic conditions [5]. The pH of urine can also be decreased by different nutritional techniques. The acidity of the urine can be decreased, for example, by adding acidifying Ca salts (CaSO4, CaCl2) to the feed instead of the basic calcium carbonate (CaCO3) [5,36,39]. Benzoic acid or its salts are also commonly used feed additives, developed to decrease the pH of the urine. Benzoic acid is converted to hippuric acid during its metabolism and excreted via urine [40].



Several studies have shown that feed and the above-discussed feeding techniques can reduce the ammonia emissions of pig farms. However, in many cases, the dietary modifications or the inclusion rates of the additives were above the practical levels [4,41,42].



The objective of this study was to examine the impact of feeding a low-protein diet, using benzoic acid and sugar beet pulp supplementations, on the most important N balance parameters of fattening pigs. The dietary treatments were also used in combination, which has not been tested before. Our main goal was to attain further understanding on the efficiency of the investigated nutritional factors and use the results to improve the accuracy of the national ammonia emission inventory. We also want to implement these data into our ammonia emission advisory tool, developed recently [43], and to use the results in our advisory work with farmers.




2. Materials and Methods


The experiment was carried out on the pig research farm of the Institute of Physiology and Nutrition, Hungarian University of Agriculture and Life Sciences, Georgikon Campus, Keszthely, Hungary. The trial was approved by the Food Chain Safety and Land Office Department of the Zala County Government Office (case number: ZAI/040/01010-7/2018).



2.1. Animals, Experimental Design, Diets and Housing


In the experiment, 60 crossbred (Topigs 20 × Danbred Duroc) weaned male piglets were selected to have similar live weight and placed into 6 floor pens of 10 pigs per pen. The size of the pens was 3.5 × 3.4 m. Wheat straw was used as bedding material, and the pens were equipped with self-feeders and -waterers. The animals were fed ad libitum, and the water was also available without constraints. The manure was removed daily. In the grower phase, the animals were adapted to the diets, and the N balance trials were carried out in the subsequent fattening phase.



The grower and fattening diets were fed in the 30–40 kg and 40–80 kg live weight categories, respectively. A two-factorial design was used, with dietary protein content and feed additives as main factors. The following treatments were applied:




	−

	
A commercial, maize, soybean meal-based control diet (C);




	−

	
Low-protein diets with 2% protein reduction and amino acid supplementation (LP);




	−

	
Sugar-beet-pulp-supplemented diets (S);




	−

	
Benzoic-acid-supplemented diets (B).









The composition and the measured nutrient content of the grower and fattening diets are shown in Table 1 and Table S1, respectively. The proximate analysis of the compound feeds was carried out with the official methods. The amino acid analysis was carried out with an automatic amino acid analyzer (INGOS AAA 400). The DE content of diets were calculated according to the equation of Noblet and Perez [44]. From Table 1, it can be seen that LP diets contained 5–9% less soybean meal and more crystalline amino acids. In addition to lysine and methionine, the LP diets also contained threonine, valine and tryptophan. The sugar beet pulp incorporation rate was 10%. Its lower energy content was compensated with more sunflower oil. Benzoic acid was used in the form of its Ca-benzoate salt at 0.5%.



In the fattening phase, 6 animals from each treatment groups were selected with similar live weight and transferred to a different room, containing specific balance cages. Since only 24 balance cages were available, the trial was carried out over 2 subsequent weeks. In the first week, the diets “C + B”, “C + S” and “LP + S” were fed, while in the second week, the remaining 3 diets were fed. The average body weight of the animals at the start and end of the balance trial can be seen in Table 2.



The cages were equipped to measure exactly the feed intake and to collect separately the total amounts of urine and feces. The amount of daily feed was calculated as 95% of the ad libitum feed intake according to the recommendations of the latest NRC [45] for the 55–60 kg live weight category. The daily feed ratio of 1.9 kg was distributed into two equal portions and given to the animals at 7.00 a.m. and 3.00 p.m. Water was provided ad libitum via nipple self-waterers. To reduce the nitrogen loss from the urine, 20 mL of 5% sulfuric acid was poured into the urine containers. In the balance cage room, heat blowers were used for heating and the room temperature was set to 16 ± 2 °C. The balance experiment took 7 days. After 2 days adaptation, in the subsequent 5 days, the total amounts of feces and urine were collected daily in the morning and stored at −10 °C.




2.2. Measurement of Nitrogen Forms and Calculations


Before the analytical procedure, the daily feces and urine samples from every pig were mixed and homogenized, and a representative sample of about 500 mL urine and 500 g feces was used for nitrogen analysis. From the diet, feces and urine samples, their N contents were determined according to the Kjeldahl method with a Foss–Kjeltec 8400 Analyzer (Nils Foss Allé 1, DK-3400 Hilleroed, Denmark). From the data, the daily N intake, the daily fecal N excretion, the daily urinary N excretion, also called total ammoniacal N (TAN), the N digestibility, the daily total N excretion, the daily amount of retained N and the ratio of the N retention were calculated as follows:


N digestibility (%) = ((N intake (g/day) − fecal N excretion (g/day))/(N intake (g/day))










TAN (%) = urinary N excretion (g/day)/(fecal N excretion (g/day) + urinary N excretion (g/day))










N retention (g/day) = N intake (g/day) − fecal N excretion (g/day) − urinary N excretion (g/day)










N retention (%) = N retention (g/day)/N intake (g/day)










Annual N excretion (kg/animal/year) = daily N excretion (g/animal/day) ∗ 365/1000










annual TAN excretion (kg/animal/year) = annual N excretion (kg/animal/year) ∗ TAN of the total N excretion (%)












2.3. pH Measurements


Urine pH was measured from sulfuric acid-free fresh samples every morning after feeding. The measurement was carried out by Adwa Waterproof AD12 instrument (Adwa Hungary Kft. 6726 Szeged, Alsó-Kikötő sor 11.C., Hungary)




2.4. Statistical Analysis


All the measured and calculated parameters were evaluated with two-way analysis of variance (ANOVA), using the dietary protein content and feed additives as main factors. The differences were considered as significant at a level of p ≤ 0.05. Data were expressed as means ± SEM.





3. Results


The animals consumed entirely their daily ratios, so the N intake was influenced only by the crude protein content of the feed. The N intake and N excretion results are summarized in Table 3. As expected, the N intake of pigs was about 7 g lower when LP diets were fed, and as a result, the fecal, urinary and total N excretion were significantly lower with this treatment. The dietary supplements modified only the fecal N excretion of animals. Feeding sugar beet pulp increased this parameter significantly. Significant interaction was found between the two main factors in the case of fecal N excretion. The reason for this was that treatment S increased the fecal excretion in the control diet, but this was not the case when sugar beet pulp was mixed into the LP diet.



The protein content of diets modified only urinary pH (Table 4). On the other hand, sugar-beet-pulp-containing diets decreased N digestibility and the TAN% and increased urinary pH significantly compared with the two other treatments. The reason for the significant interactions between the main factors in this case was that sugar beet pulp decreased the digestibility and TAN% in the control diet but not in the LP feed. On the other hand, sugar beet pulp had no impact on the pH of urine in the control group but increased that of the LP-diet-fed animals.



In the ammonia emission inventories, the EU member countries can use different methods to calculate their emissions. There are default values for the N excretions of the different farm animal species and also for the TAN content of the excreted N [46,47]. In addition to the default values, country-specific-emission factors can be developed and used to improve the accuracy of the inventories. The nitrogen excretion calculation is based on the number of animals and the amount of the annual excretion. In order to compare our results with those of the national ammonia emission inventory, the daily N excretion values were recalculated to annual values by multiplying the daily excretions by 365 days. The annual results of excretion are shown in Figure 1. In Hungary, the N excretion of fattening pigs above 50 kg live weight is 12.5 kg/animal/year. The figure shows that all treatments resulted in lower excretion than the default value and feeding LP diets can further reduce this parameter in this live weight category. The two additives did not affect this parameter.



The TAN excretion was also calculated from the data of this trial and compared with the actual calculation used in the national inventory (Figure 2). In Hungary, 70% TAN is still used in the calculation, which means 8.75 kg annual excretion for this pig category. The data of Figure 2 show that since most of the measured TAN percentages were below 70% in this trial, the TAN excretion results of animals were even more favorable than those for N excretion. TAN excretion of pigs consuming the LP diets was significantly lower than that of the control group. Of course, animals with higher body weight excrete more N and TAN, but according to our previous findings with pigs of different live weight categories [2], the excretion data for the whole fattening are also lower than the default value.




4. Discussion


In this trial, the effects of feeding LP diets, using sugar beet pulp as a fermentable fiber source and benzoic acid, a feed additive that can reduce urinary pH, were compared. There are plenty of research data on the effects of these techniques on the production traits and N metabolism of pigs [30,36,41,48,49,50]. The novelties of our trial were that we used only such treatments as can be applied under practical conditions and we evaluated also the combinations of dietary protein content, and the two most frequently used feed additives.



The N intake of pigs was only influenced by the protein content of the diets. As expected, feeding LP diets had great influence on all N excretion parameters. Nitrogen balance studies have shown that crude protein reduction has greater effect on the urinary than the fecal excretion [10,30,31,32]. This is favorable for ammonia emissions due to the fewer volatility properties. In this trial, the reductions in fecal and urinary N excretions were almost identical, 9% and 8.7%, respectively. Our results on sugar beet pulp are in agreement with the previous findings that fermentable fiber can really push N excretion towards the fecal excretion [48,49]. Therefore, this technique can also be used in the ammonia emission mitigation programs, but a balance is needed between the emission mitigation and the potential negative effects of the impaired digestion. Benzoic acid failed to modify the N excretion of pigs. The total N excretion was also influenced mostly by the N intake, and in this trial, the lowest excretion values were obtained if LP diets were fed. The dietary CP level was decreased from 16.5% to 14.6% in the LP diet. This 2% reduction in crude protein resulted in a 12.2% decrease in the total N excretion compared with the control. It is generally assumed that reducing the initial protein level of feeds by 1% reduces the nitrogen excretion by up to 10% [43]. According to these results and our previous findings [2], such a strict correlation between protein reduction and N and TAN excretion cannot be declared. It depends on several factors, for example, the rate of protein reduction, the age and breed of the animals and other dietary factors such as fiber content or exogenous enzymes [2,29,31,49,50].



Feeding sugar beet pulp at 10% reduced the N digestibility significantly, by about 6%. This is not new information, although in the previous trials, higher inclusion rates were usually used [30,38]. The reason for this is that fibers above a certain amount can decrease the digestion and also the absorption of the nutrients [29]. This is true also for the protein and amino acids. Our results on the sugar-beet-pulp-supplemented diets are also in agreement with those given in the literature. For example, O’Shea et al. [30] performed experiments with 63 ± 1.3 kg, Large White × (Large White × Landrace) pigs. They fed 200 g/kg beet pulps and obtained similar excretion and digestibility values (9.7 g/day fecal N excretion, 16.8 g/day urinary N excretion, 26.5 g/day total N excretion and 82.2% N digestibility).



In the ammonia inventories, TAN mainly indicates the urinary N that can be converted quickly to ammonia from manure. The default TAN ratio of pig manure is 70% [5,46,51]. According to the results of this trial, only sugar beet pulp has significant TAN-decreasing effect. This finding is in accordance with some previous studies. The range of TAN decrease changes according to the protein decrease and the incorporation rate and the sources of the fermentable fiber [11,15,52,53]. The results are of course also affected by the age of pigs, since older animals with higher body weight have more developed bacterial communities in the large intestine.



In balance trials, N retention depends on the N intake and total N excretion of pigs. This parameter was not affected by the treatments. However, the measured N retention values are better than the default value (34%) of the inventory [51].



The pH of urine and faeces is important for the volatilization of N, whereas the growth of urea-degrading bacteria and urease enzyme activity is reduced by low pH. The pH optimum for urease is between 6 and 9.



The pH of urine is determined by the ratio of the excreted acidic and basic substances [5,36]. Low urine pH also lowers the pH of the manure, even after a certain period of storage. This pH effect can also significantly reduce NH3 emissions from manure during storage and application [5]. The urine can be acidified, for example, by adding CaSO4 or CaCl2 to the feed instead of the basic calcium carbonate (CaCO3) [5,36,39] or feeding benzoic acid, a feed additive developed for this purpose. Several studies reported that 1% benzoic acid reduced the pH of urine [40,41,54,55,56]. However, one report concluded that the higher level of benzoic acid (2.5%) can have negative effects on the health of animals, through reducing the number of white blood cells and globulin and causing spleen injury [57]. In our experiment, to avoid the depressing effects, only 0.5% incorporation rate was used, according to the practical recommendations. Based on our results, feeding 0.5% benzoic acid is not enough to decrease the pH of urine. The reason for this could be that a higher incorporation rate is needed for more hippuric acid conversion and excretion. Therefore, higher inclusion is needed from this feed additive, but its potential negative effects should be taken into account.



On the other hand, feeding LP diets significantly reduced the urinary pH. The pH-lowering effect of LP diets can be found in the literature [4,25,26,31,49]. According to these data, the decrease in pH is due to the change in the electrolyte balance of the animals. The kidney plays an important role in regulating the constant pH of the blood, and the cation–anion ratio of feed affects the pH of urine and slurry. Canh et al. [10] and Portejoie et al. [31] also found strong correlation between the electrolyte balance and the urinary and manure pH. Potassium, which is present in higher amounts in protein-rich feedstuffs, such as legume seeds, plays an important role in the electrolyte balance of animals. The lower potassium content of LP diets affects the ratio of Na+ and K+ excretion and thus the pH of the urine.



Comparing our results with the Hungarian ammonia inventory, we currently use 34% N retention in Hungary for fattening pigs over 50 kg live weight and TAN percentage of 70%. Based on the present results, the true N retention of the recent pig genotypes is more favorable, which is also confirmed by other literature data [29,52,58]. In the papers of Figueroa et al. [29], Gloaguen et al. [58] and Mroz et al. [48], N retention values were published of 58.01–62.41%, 63.9–72.2% and 47.4–53.2%, respectively. The higher N retention results lower TAN % mainly in the younger age categories [2], and the TAN can also be further reduced by feeding LP diets. This means that, in pig fattening, it is worth developing country-specific N excretion and retention factors, taking into account the live weight and genotype of animals and the effects of the different dietary factors. This can improve the accuracy of the national inventories. In most cases, these new factors result in more favorable ammonia emission compared with the default values that can be found in the different recommendations [46,47].
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Figure 1. The effect of the treatments on the annual N excretion. C—control diet, LP—2% reduced crude protein diets, C + S—the control diet with sugar beet pulp supplementation, C + B—the control diet with Ca-benzoate supplementation, LP + S—the LP diet with sugar beet pulp supplementation, LP + B—the LP diet with Ca-benzoate supplementation. The data were evaluated with two-way analysis of variance, using the dietary N content and feed additives as main factors. The differences were considered significant at a level of p ≤ 0.05. Data are expressed as means ± SEM. Red line indicates the excretion level used recently in the Hungarian ammonia emission inventory. 
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Figure 2. The effect of the treatments on the TAN excretion. C—control diet, LP—2% reduced crude protein diets, C + S—the control diet with sugar beet pulp supplementation, C + B—the control diet with Ca-benzoate supplementation, LP + S—the LP diet with sugar beet pulp supplementation, LP + B—the LP diet with Ca-benzoate supplementation. The data were evaluated with two-way analysis of variance, using the dietary N content and feed additives as main factors. The differences were considered significant at a level of p ≤ 0.05. Data are expressed as means ± SEM. Red line indicates the excretion level used recently in the Hungarian ammonia emission inventory. 
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Table 1. Composition and measured nutrient content of the fattening diets.
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Ingredients (%)

	
C

	
LP

	
C + B

	
C + S

	
LP + S

	
LP + B






	
Maize

	
53.1

	
51.9

	
52.1

	
42.3

	
58.6

	
51.2




	
Soybean meal

	
24.1

	
15.3

	
24.3

	
24.3

	
18.6

	
15.4




	
Bran

	
-

	
9.3

	
-

	
-

	
-

	
9.4




	
Barley

	
20.0

	
20.0

	
20.0

	
20.0

	
9.5

	
20.0




	
Sugar beet pulp

	
-

	
-

	
-

	
10.0

	
10.0

	
-




	
Sunflower oil

	
0.1

	
-

	
0.3

	
0.8

	
-

	
-




	
Limestone

	
1.4

	
1.4

	
1.4

	
1.2

	
1.2

	
1.4




	
MCP

	
0.5

	
0.6

	
0.5

	
0.5

	
0.6

	
0.6




	
Salt

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4

	
0.4




	
Premix *

	
0.5

	
0.5

	
0.5

	
0.5

	
0.5

	
0.5




	
L-Lysine

	
0.2

	
0.5

	
0.2

	
0.2

	
0.4

	
0.5




	
DL-Methionine

	
0.1

	
0.1

	
0.1

	
0.1

	
0.1

	
0.1




	
L-Threonine

	
-

	
0.1

	
-

	
0.1

	
0.1

	
0.1




	
L-Valine

	
-

	
0.1

	
-

	
-

	
0.1

	
0.1




	
L-Tryptophan

	
-

	
0.1

	
-

	
-

	
0.1

	
0.1




	
Ca-benzoate

	
-

	
-

	
0.5

	
-

	
-

	
0.5




	
Nutrient content (%)




	
DE (MJ/kg)

	
13.90

	
13.70

	
13.80

	
13.90

	
13.80

	
13.80




	
Dry matter

	
88.30

	
87.90

	
88.40

	
88.30

	
88.20

	
88.40




	
Crude protein

	
16.50

	
14.30

	
17.00

	
16.80

	
14.40

	
14.60




	
Crude fat

	
2.60

	
3.00

	
3.20

	
3.00

	
2.60

	
2.80




	
Crude fiber

	
3.20

	
3.00

	
4.60

	
3.00

	
3.80

	
3.50




	
Crude ash

	
4.90

	
5.20

	
5.30

	
4.80

	
4.70

	
4.80




	
Lysine

	
1.06

	
1.02

	
0.98

	
0.95

	
0.99

	
0.94




	
Methionine

	
0.39

	
0.37

	
0.38

	
0.39

	
0.38

	
0.37




	
Methionine + Cystine

	
0.70

	
0.64

	
0.69

	
0.68

	
0.65

	
0.63




	
Threonine

	
0.71

	
0.70

	
0.67

	
0.67

	
0.69

	
0.65




	
Valine

	
0.74

	
0.64

	
0.78

	
0.75

	
0.69

	
0.66




	
Arginine

	
0.96

	
0.79

	
1.06

	
1.00

	
0.88

	
0.89




	
Ca

	
0.60

	
0.60

	
0.70

	
0.70

	
0.60

	
0.60




	
P

	
0.50

	
0.40

	
0.50

	
0.50

	
0.50

	
0.50








C—control diet, LP—2% reduced crude protein diets, C + S—the control diet with sugar beet pulp supplementation, C + B—the control diet with Ca-benzoate supplementation, LP + S—the LP diet with sugar beet pulp supplementation, LP + B—the LP diet with Ca-benzoate supplementation. * Premix was supplied by Vitafort Ltd. (Dabas, Pest County, Hungary). The active ingredients contained in the premix were as follows (per kg of diet). Composition of the grower premix: vitamin A—1.000.000 NE, vitamin D3—201.000 NE, vitamin E—8.000 mg, vitamin K—800 mg, vitamin B1—400 mg, vitamin B2—440 mg, vitamin B6—640 mg, vitamin B12—4.3 mg, niacin—4.800 mg, Ca-D pantothenate—2.300 mg, folic acid—120 mg, biotin—12 mg, choline chloride—42.000 mg, Zn—24.000 mg, Cu—2.750 mg, Fe—23.260 mg, Mn (as MnO)—15.900 mg, I—400 mg, Se—70 mg, phytase Quantum Blue® 5G (AB Vista, Marlborough, Wiltshire, SN8 4AN, England)—20.000 mg, 100.000 FTU; xylanase (Econase® XT 25P (AB Vista, Marlborough, Wiltshire, SN8 4AN, England)—20.000 mg, 160.000 BXU/g.
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Table 2. Live weight of pigs at the beginning and at the end of the balance trial.
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	C
	LP
	C + B
	C + S
	LP + B
	LP + S





	start
	58.65 ± 1.46
	60.88 ± 2.11
	55.97 ± 1.86
	54.90 ± 3.20
	59.69 ± 2.07
	56.98 ± 1.65



	end
	63.04 ± 1.44
	64.95 ± 2.33
	60.28 ± 1.19
	59.54 ± 3.13
	63.42 ± 1.77
	59.43 ± 1.37










[image: Table] 





Table 3. The effect of the treatments on the nitrogen intake and nitrogen excretion.
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Treatments

	
N Intake

	
Fecal N Excretion

	
Urinary N Excretion (g/day)

	
Total N Excretion (g/day)




	
(g/day)

	
(g/day)






	
C

	
50.64

	
6.79 b

	
19.22

	
26.01




	
C + B

	
50.92

	
7.10 b

	
18.96

	
26.10




	
C + S

	
50.59

	
10.22 a

	
15.77

	
25.98




	
LP

	
43.56

	
7.23 b

	
15.34

	
22.57




	
LP + B

	
44.47

	
7.13 b

	
17.21

	
24.33




	
LP + S

	
43.68

	
7.28 b

	
14.30

	
21.58




	
SEM

	
0.267

	
0.580

	
0.572




	
p-values

	
0.000

	
0.065

	
0.064




	
dietary protein

	
C

	
50.72

	
8.04 a

	
17.98 a

	
26.02 a




	
LP

	
43.91

	
7.21 b

	
15.62 b

	
22.83 b




	
feed additives

	
Ø

	
46.78

	
7.03 b

	
17.11

	
24.13




	
B

	
47.40

	
7.11 b

	
18.00

	
25.12




	
S

	
46.82

	
8.62 a

	
14.97

	
23.58




	
SEM

	
1.534

	
3.33

	
3.291




	
p-values




	
dietary protein

	
0.044

	
0.034

	
0.005




	
feed additives

	
0.002

	
0.068

	
0.542




	
dietary protein × feed additives

	
0.003

	
0.600

	
0.575








C—control diet, LP—2% reduced crude protein diets, C + S—the control diet with sugar beet pulp supplementation, C + B—the control diet with Ca-benzoate supplementation, LP + S—the LP diet with sugar beet pulp supplementation, LP + B—the LP diet with Ca-benzoate supplementation. The data were evaluated with two-way analysis of variance, using the dietary N content and feed additives as main factors. The differences were considered significant at a level of p ≤ 0.05. Data are expressed as means ± SEM. a, b: averages with different letter marks differ significantly.
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Table 4. The effect of the treatments on the N digestibility, TAN ratio, N retention and urinary pH.






Table 4. The effect of the treatments on the N digestibility, TAN ratio, N retention and urinary pH.





	
Treatments

	

	
N Digestibility

(%)

	
TAN

(%)

	
N Retention

(%)

	
Urinary pH






	
C

	
86.59 a

	
74.10 a

	
48.64

	
8.92




	
C + B

	
86.06 a

	
72.54 a

	
48.83

	
8.53




	
C + S

	
79.80 b

	
60.32 b

	
48.64

	
8.85




	
LP

	
83.41 ab

	
67.04 ab

	
48.19

	
7.70




	
LP + B

	
83.98 ab

	
70.29 ab

	
45.29

	
7.68




	
LP + S

	
83.34 ab

	
66.04 ab

	
50.59

	
8.65




	
SEM

	

	
0.466

	
1.034

	
1.000

	
0.529




	
p-values

	

	
0.002

	
0.008

	
0.842

	
0.000




	
dietary protein

	
C

	
84.15

	
68.98

	
48.70

	
8.77 a




	
LP

	
83.57

	
67.78

	
48.02

	
8.01 b




	
feed additives

	
Ø

	
84.85 a

	
70.24 a

	
48.39

	
8.26 b




	
B

	
84.92 a

	
71.31 a

	
46.89

	
8.07 b




	
S

	
81.73 b

	
63.43 b

	
49.70

	
8.74 a




	
SEM

	

	
3.038

	
6.890

	
6.307

	
0.568




	

	
p-values




	
dietary protein

	

	
0.490

	
0.553

	
0.772

	
0.000




	
feed additives

	

	
0.002

	
0.004

	
0.670

	
0.000




	
dietary protein × feed additives

	

	
0.005

	
0.045

	
0.629

	
0.000








C—control diet, LP—2% reduced crude protein diets, C + S—the control diet with sugar beet pulp supplementation, C + B—the control diet with Ca-benzoate supplementation, LP + S—the LP diet with sugar beet pulp supplementation, LP + B—the LP diet with Ca-benzoate supplementation. The data were evaluated with two-way analysis of variance, using the dietary N content and feed additives as main factors. The differences were considered significant at a level of p ≤ 0.05. Data are expressed as means ± SEM. a, b: averages with different letter marks differ significantly.
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