Results
4.1. Effects of usage of sodium-butyrate encapsulated in palm 
fat in comparison with enrofloxacin when administrated in 
(SE) challenged broiler chickens on:
4.1.1. Disease picture (signs, mortalities and gross lesions) of chickens:
No mortalities were observed in all groups all over the observation period.
			No clinical signs were seen in negative control and blank groups. Clinical signs of depression, ruffling, dullness, watery diarrhea and off food were observed 3 days post-challenge in (SE) experimentally infected groups. Severe signs were recorded in positive control group, however the severity of signs was milder in sodium butyrate and enrofloxacin treated groups than untreated positive control one.
Sacrificed chickens of blank and negative control groups showed no lesions, while (SE) challenged groups revealed septicaemia, enteritis and congested internal organs where the severity of lesions were less pronounced in treated groups.
4.1.2. Chickens zootechnical performance variables:
4.1.2.1. Body weight:
Table (5) clearly demonstrates that enrofloxacin treatment used against (SE) in this study significantly (P≤ 0.05) improved the body weight of the broilers and gave the highest significant (P≤ 0.05) body weight compared with blank, sodium butyrate treatment and control positive groups all over the experimental period.
Supplementation with sodium butyrate either alone (negative control) or as (SE) treatment showed lower significant (P≤ 0.05) body weight compared with control group at all intervals.
At the 4th week age, there were no significant (P≤ 0.05) differences between groups
Table (5). Weekly body weight means of chickens fed on rations containing different treatments.





	(0-35d) (Mean+SE)
	(0-28d) (Mean+SE)
	(0-21d)
(Mean+SE)
	(0-14d)
(Mean+SE)
	(0-7d) (Mean+SE)
	Groups

	1914.89±32.24ab
	1368.14±16.91a
	805.08±11.521ab
	375.7±6.65ab
	147.75±2.15ab
	Gr1

	1853.36±33.68ab
	1302.42±20.75a
	766.72±15.52bc
	349.23±8.23cd
	142.62±2.23b
	Gr2

	1821.55±40.13b
	1315.63±24.51a
	728.54±18.57c
	327.6±8.74b
	143.31±2.06ab
	Gr3

	1947.76±29.37a
	1367.79±21.54a
	824.4±14.046a
	377.58±7.83a
	149.72±2.09a
	Gr4

	1705.69±38.51c
	1215.35±23.10b
	715.09±16.33d
	313.78±8.86d
	137.68±2.14c
	Gr5



The different letters of columns denote significant variations between means (at P≤0.05)
W1= 1st week of age  W2= 2nd week of age  W3= 3rd week of age  W4= 4th week of age W5=5th week of age
Gr1= Group of birds neither challenged nor treated (Blank)
Gr2= Group of birds treated with sodium butyrate (Negative control)
Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
4.1.2.2. Body weight gain:
The average body weight gain of the broiler chickens groups for weeks 1, 2, 3, 4 and 5 of age are summarized in Table (6).
The effect of sodium butyrate on the broilers weight gain was consistent with its effect on body weight in this study. The sodium butyrate treatment group showed a significant (P≤ 0.05) decrease in the weight gain at 1, 2, 3 and 5 weeks of age compared to negative control and enrofloxacin treated groups, but at the 4th week old, sodium butyrate treatment revealed increase in the body weight gain.
In addition, the average weight gain at ages 3, 4 and 5 week in birds fed on the sodium butyrate showed higher daily weight gains than the control groups.
When compared the blank group with negative control (sodium butyrate) group, we found that the weight gain of blank group was higher than control negative (sodium butyrate) one at the 1st, 2nd, 3rd and 4th weeks of age. At the end of experiment (5th week of age), the negative control (sodium butyrate) was better than blank group.
Table (6). Weekly body weight gain of chickens fed on rations containing different treatments.
	Weakly body waight gain (g/bird/week)
	groups

	28-35 days
	21-28 days
	14-21 days
	7-14 days
	0-7 days
	0days
	

	546.75±0.14c
	563.06±1.07b
	429.38±0.35b
	227.95±0.04a
	99.95±0.28b
	47.8
	Gr1

	550.94±0.18b
	536.7±0.17e
	417.49±0.29c
	206.61±0.22b
	95.73±0.36c
	46.89
	Gr2

	505.92±1.15d
	587.09±0.56a
	400.94±0.61d
	184.29±0.11C
	96.51±0.28c
	46.8
	Gr3

	579.97±0.85a
	543.35±0.57d
	446.86±0.36a
	227.86±0.46a
	102±0.44a
	47.7
	Gr4

	490.34±0.53e
	500.26±1.15e
	401.31±0.17d
	175.32±0.05d
	90.78±0.12d
	46.9
	Gr5



The different letters of columns denote significant variations between means (at P≤ 0.05)
W1= 1st week of age W2= 2nd week of age  W3= 3rd week of age  W4= 4th week of age W5=5th week of age
Gr 1= Group of birds neither challenged nor treated (Blank)
Gr 2= Group of birds treated with sodium butyrate (Negative control)
Gr 3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr 4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr 5= Group of birds experimentally challenged with (SE) (Positive control)
4.1.2.3. Feed intake :
The feed intake of the broiler groups for weeks 1, 2, 3, 4 and 5 of age are shown in Table (7).
Concerning the average feed consumption rate till 5th week of age, (SE) challenged group treated with sodium butyrate consumed significantly (P≤ 0.05) more feed than other birds received other treatment at weeks 1, 3 and 4 of age.
Group fed on sodium butyrate alone consumed the same amount of food as those of the control group at weeks 1 and 5 old. At ages 3 and 4 weeks, this group showed higher feed consumption than control group. In week 2, sodium butyrate showed less feed consumption than control one.
Table (7). Weekly feed intake of chickens fed on rations containing different treatment.
	
Groups
	Feed intake (g/bird/week)

	
	W1
	W2
	W3
	W4
	W5

	G1
	189.96±0.35c
	404.92±0.086a
	651.56±0.04b
	817.77±0.28c
	954.29±0.29a

	G2
	188.2±0.21c
	370.38±0.034b
	687.9±0.15a
	878±0.24a
	989.83±0.19a

	G3
	221.2±0.098a
	356.48±0.07c
	724.23±0.45c
	964.05±0.18b
	882.28±0.41c

	G4
	197.56±0.21b
	404.71±0.09a
	778.39±0.58a
	941±0.424b
	981.62±0.22a

	G5
	199.56±0.29b
	363.17±0.26b
	750.69±0.15b
	976.11±0.29b
	929.57±0.04b



The different letters of columns denote significant variations between means (at P≤ 0.05)
W1= 1st week of age  W2= 2nd week of age  W3= 3rd week of age  W4= 4th week of age   W5=5th week of age
Gr1= Group of birds neither challenged nor treated (Blank)
Gr2= Group of birds treated with sodium butyrate (Negative control)
Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
4.1.2.4. Feed conversion ratio (FCR):
The means of FCR at 1, 2, 3, 4, 5 weeks of age are tabulated in Table (8).
There are no difference in FCR between blank and control negative groups at 7 and 14 days of age. But at 21, 28 and 35 days old there were significant (P≤ 0.05) difference that blank group have better FCR than negative control one.
It could be noticed that the sodium butyrate treatment group showed high FCR than enrofloxacin treatment group at 1, 2, 3 and 5 weeks old. While, at 4 weeks old, sodium butyrate treatment showed better FCR than positive control and enrofloxacin treated groups.
Table (8). Feed conversion ratio (FCR) of chickens fed on rations containing different treatment.

	Groups
	Feed conversion rate (FCR)

	
	0-7 days
	7-14 days
	14-21 days
	21-28 days
	28-35 days

	Gr1
	1.9±0.005c
	1.78±0.005b
	1.52±0.012d
	1.45±0.017c
	1.74±0.023b

	Gr2
	1.96±0.017bc
	1.79±0.017b
	1.64±0.02c
	1.64±0.023b
	1.8±0.012a

	Gr3
	2.2±0.033 a
	1.93±0.005a
	1.81±0.03 a
	1.64±0.007 b
	1.74±0.02 b

	Gr4
	1.93±0.017 c
	1.78±0.012b

	1.74±0.04 b
	1.73±0.02 a
	1.69±0.017 c

	Gr5
	2.2±0.005 a
	2.07±0.011a
	1.87±0.04 d
	1.95±0.012 a
	1.89±0.011 a



The different letters of columns denote significant variations between means (at P≤ 0.05)
W1= 1st week of age  W2= 2nd week of age  W3= 3rd week of age  W4= 4th week of age   W5=5th week of age
Gr1= Group of birds neither challenged nor treated (Blank)
Gr2= Group of birds treated with sodium butyrate (Negative control)
Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
4.1.3. Intestinal colonization with (SE):
4.1.3.1.  Re-isolation of (SE) from liver and caecum at day 19th of age of 
experimentally infected chickens:
Tables (9 and 10) reveals the highest incidence of (SE) re-isolation was in positive control group (80%) from both caecum and liver, followed by sodium butyrate treated group with incidence of 40% and 60%  in the same organs respectively. The incidence of SE re-isolation was 0% and 0% in caecum and liver in enrofloxacin treated group.
Table (9). Re-isolation of (SE) from internal organs (liver and caecum) at day 19th of age of experimentally infected chickens.
	
Organ
	
No. of samples
	Gr3
	Gr4
	Gr5

	
	
	No.
	%
	No.
	%
	No.
	%

	Caecum
	5
	2
	40
	0
	0
	4
	80

	[bookmark: _GoBack]Liver
	5
	3
	60
	0
	0
	4
	80



Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
No=number



Table (10). Re-isolation of (SE) from internal organs (liver and caecum) at day 19th of age of experimentally infected chickens.
	No. of chickens
	Gr3
	Gr4
	Gr5

	
	Ceacum
	Liver
	Ceacum
	Liver
	Caecum
	Liver

	1
	-
	-
	-
	-
	+
	+

	2
	-
	+
	-
	-
	+
	+

	3
	+
	+
	-
	-
	+
	+

	4
	-
	+
	-
	-
	-
	-

	5
	+
	-
	-
	-
	+
	+


- = Negative += Positive
Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
No=number
4.1.3.2. Count (enumeration) of (SE) from the caecal contents at day 35th of age of experimentally infected chickens:
Table (11) reveals the highest number of (SE) was in positive control group (1x103, 5x103 and 0.5x104), decreased in sodium butyrate treated group (8x102) and was absent in enrofloxacin treated group.
Table (11). Count of (SE) from the caecal contents at day 35th of age of experimentally infected chickens.

	No. of examined chickens
	SE count

	
	Gr3
	Gr4
	Gr5

	5
	8x102
	0
	1x103

	
	0
	0
	0.5x104

	
	0
	0
	5x103

	
	0
	0
	0

	
	0
	0
	0



Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
No=number
4.1.4. Morphological characterization of (SE):
4.1.4.1. Virulence gene detection by PCR
The studied virulence genes were detected in SE strains re-isolated from positive control birds with an incidence rate of 100%. In sodium butyrate supplemented group pefA and stn genes were detected with an incidence rate of 66.6%; while the invA gene incidence of detection was 100% Table (12). The specific PCR products of invA, stn and pefA genes were 284 bp,  617 bp and 700 bp, respectively.Figures (1,2 and 3).
Table (12). Virulence genes (invA, pefA, stn) of (SE) re-isolated from the livers of the chicks at 7th day of age.
	Virulence gene
	Gr3
	Gr4
	Gr5

	
	Isolate No.
	Isolate No.
	Isolate No.

	
	1
	2
	3
	1
	2
	3
	1
	2
	3

	invA
	+
	+
	+
	+
	-
	+
	+
	+
	+

	pefA
	+
	-
	+
	+
	-
	+
	+
	+
	+

	stn
	-
	+
	+
	+
	+
	+
	+
	+
	+



- = Negative                    += Positive
Gr3= Group of birds experimentally challenged with (SE) and treated with sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)
No=number


Fig.(1). Gel electrophoresis showing the result of PCR for detection of invA gene from positively re-isolated SE strains.
Electrophoresis result of invA PCR test.
Positive amplification of 284 bp fragment was detected in three samples of group3 (Salmonella+sodium butyrate),two samples of group4 (Salmonella+enrofloxacin) and three samples of group5 (positive group).
(L) Ladder 100-600 bp.


Fig.(2).Gel electrophoresis showing the result of PCR for detection of pefA gene from positively re-isolated SE strains.
Electrophoresis result of pefA PCR test.
Positive amplification of 700 bp fragment was detected in two samples of group (3) (SE+ sodium butyrate), two samples of group (4) (SE+ enrofloxacin) and three samples of group (5) (positive group).
(L) Ladder 100-600 bp.


[image: stn.jpg]
Fig.(3).Gel electrophoresis showing the result of PCR for detection of stn gene from positively re-isolated SE strains.
Electrophoresis result of stn PCR test.
Positive amplification of 617 bp fragment was detected in two samples of group (3) (SE+ sodium butyrate), three samples of group (4) (SE+ enrofloxacin) and three samples of group (5) (positive group).
(L) Ladder 100-600 bp.

4.1.4.2. Electron microscopy examination:
Electron microscopy could reveal in SEM examination of (SE) re-isolated from the caecum of experimentally infected broilers with sodium butyrate supplementation signs of broken cells with morphological changes in compare with untreated control group (Figure 4 ).
TEM of (SE) re-isolated from the caecum of experimentally infected broilers treated with sodium butyrate revealed several “lipids like” bodies that barely detected in untreated group (Figure  5).

[image: ]
Fig.(4).Morphological features of examined SE isolated from the caecum of chicken broilers after 17 days of infection. 
SEM of SE colonies re- isolated from the caecum of experimentally infected broilers without sodium butyrate supplementation (positive control group). 
B & C) SEM of SE colonies re- isolated from the caecum of experimentally infected broilers supplemented with sodium butyrate; notice the white arrows showing remnants of broken cells.
[image: ]
Fig.(5).TEM examined SE re-isolated from the caecum of chicken broilers after 17 days of age. 
A) TEM of thin sections of SE colonies re- isolated from the caecum of experimentally infected broilers without sodium butyrate supplementation (positive control group). 
B) TEM of SE colonies re-isolated from the caecum of experimentally infected broilers supplemented with sodium butyrate; notice the transparent bodies are evident (white arrows). Arrow = 500 nm.
4.1.5. Gut integrity of chickens(intestinal histomorphometry):
Intestinal histomorphometric parameters are illustrated in Table (13) and Figures (6).
The histomorphometric analysis of jejunum revealed significant (P < 0.05) variations in intestinal parameters. A significant (P < 0.05) reduction in all histomorphometric intestinal parameters was recorded in positive control group compared with other groups.
A significant (P < 0.05) increase in villous height, with numerical increase in crypt depth and villous height: crypt depth ratio was achieved in group treated with sodium butyrate only without challenge (negative control) as compared with other groups.
On comparing sodium butyrate supplemented group (group 3) with enrofloxacin treated group (group 4), our results revealed a numerical increase in villous height and numerical reduction in crypt depth with numerical increase in villous height: crypt depth ratio in group (3) vis. group (4) respectively.
The previous results indicated that sodium butyrate supplementation achieved beneficial effects on intestinal histomorphmetric parameters by increasing villous height and villous height: crypt depth ratio which in turn positively reflected on nutrient digestion and absorption and finally the body weight. Sodium butyrate supplementation decreased crypt depth that was beneficial as crypt depth considered as a progenitor cells for villous epithelium and this may be assumed to be related to the demand for increase the villous height and hence total increase in gut surface area.
The protective effect of sodium butyrate supplementation in birds challenged by (SE) was reflected on intestinal histomorphmetric parameters as the presence of microbial load like Salmonella cause significant reduction in villous height, villous height: crypt depth ratio and significant (P < 0.05) increase in crypt depth that not related to increase villous height as shown but related to increased cell turn over and sloughing induced by Salmonella. Accordingly; sodium butyrate has a protective effect against fast tissue turn over induced by (SE) and relatively increased villous height and villous height: crypt depth ratio as compared with sodium butyrate supplementation in non challenged group (group 2) and the final results reflected on villous height : crypt depth ratio to be similar to the normal control untreated group. Enrofloxacin treatment also act similarly as sodium butyrate challenged group on intestinal histomorphmetric parameters but had lower effect to alleviate the effect of Salmonella on intestinal crypt compared with sodium butyrate challenged group.
Table (13). Histomorphometric analysis of jejunal intestinal    segments in different treated chicken groups.
	Group
	Villi height (μm)
	Crypt depth (μm)
	Villus height: crypt depth

	Gr1
	644.36±13.00c
	69.95±1.88ab
	9.18±0.28bc

	Gr2
	783.99±18.59d
	80.83±2.43b
	9.95±0.35c

	Gr3
	585.29b ±12.31
	62.91a ±3.33
	9.35bc ±0.43

	Gr4
	580.71b±25.78
	71.65ab ±2.98
	8.43b ±0.39

	Gr5
	517.50a ±20.76
	102.38c ±7.53
	5.72a ±0.63



Different superscripts are significantly different (P < 0.05)
The results are reported as means of ± SEM
Gr1= Group of birds neither challenged nor treated (Blank)
Gr2= Group of birds treated with sodium butyrate (Negative        control)
Gr3= Group of birds experimentally challenged with (SE) and treated with    sodium butyrate
Gr4= Group of birds experimentally challenged with (SE) and treated with enrofloxacin
Gr5= Group of birds experimentally challenged with (SE) (Positive control)

[image: platefin]
Fig.(6).Small intestine of broiler chickens.
(a,c,e,g) demonstrating the histomorphology of intestine in unchallenged untreated group, unchallenged sodium butyrate treated group, SE challenged sodium butyrate treated group and SE challenged  untreated group (X40).

b) Unchallenged untreated group showing normal histological structure on intestinal villi (X200).
d) Unchallenged sodium butyrate treated group showing intact normal histological structure of enterocytes and lamina propria (X400).
f) SE challenged sodium butyrate treated group showing intact enterocytes with increased number of goblet cells and folding of intestinal surface with mild inflammatory reaction involving the lamina propria (X400).
h) SE challenged untreated group showing severe necrosis of enterocytes with massive heterophiles infiltration in lamina propria (X400).
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