Humic substances and zinc oxide in prophylaxis of post-weaning diarrhoea in piglets
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1 Introduction
Post-weaning diarrhoea (PWD), which is caused by enterotoxigenic Escherichia coli (ETEC), is by far the most common disease in weaned pigs and considered as the major economic problem. During recent years, zinc oxide (ZnO) has become a universal remedy in controlling PWD, not least because it is relatively cheap and readily available1. However, high prophylactic doses of ZnO in pig diets (2.5 to 3.0 g kg-1) result in the production of zinc-enriched slurry, which has become an environmental problem. In order to decrease the ZnO levels, we have considered partial ZnO replacement by sodium humate (HNa). Humates have been descibed to possess antibacterial, antidiarrheal, antiallergic, antitoxic, imunomodulatory and anti-inflammatory properties2,3,4. Humic substances as a feed aditive in pig diet could also improve growth performance and meat quality and reduce amonia emission from manure5,6.
2 Experimental
2.1 Animal management and dietary treatment

Twenty four piglets (White Light) from the specific pathogen free herd, weaned on day 28, were used in the study. Weaned piglets were identified by individual ear tags and housed in 3 indoor pens (8 piglets per pen) in the experimental animal facility of the Veterinary Research Institute, Brno, Czech Republic. They were allocated into 3 dietary treatments: C - control; A - supplemented with ZnO (2.5 g kg-1 diet); B - supplemented with ZnO (1.7 g kg-1 diet) and HNa (20.0 g kg-1 diet). The basal diet was formulated according to animal requirements7. No antibiotics were included in the diets. Piglets were fed twice a day ad libitum, water was provided by automatic waterers. The dietary treatment was maintained for 3 weeks.

2.2 ETEC challenge

All piglets were orally challenged by strains ETEC O149:F4 and O147:F18 with a single dose of 1.5 × 1011 colony forming units (CFU) per piglet on day 4 after weaning. The ETEC strain intended for the infection was grown in medium containing 12.5 g of acid casein hydrolysate, 12.5 g of enzymatic casein hydrolysate and 0.5 g of yeast extract (Oxoid) per liter and incubated at 37°C for 16 h. For individual administration, the culture was condensed by centrifugation and subsequently incorporated into semolina porridge paste.
2.3 Fecal ETEC shedding

Bacteriological examination of fecal samples was performed on day 4, 5, 7, 9, 12, and 14 to evaluate the intestinal colonization by the challenged ETEC strain. The analyses were based on cultivation of the samples. Characterization of the strain was performed by the serological method and confirmation by PCR. 
2.4 Diarrhea evaluation

Piglets were observed daily for the incidence, severity and duration of diarrhea. Diarrhea incidence was evaluated by the ratio (%) of scouring piglets in group. The severity of diarrhea was assessed visually and evaluated by individual scoring of the consistency of the feces: 0 normal feces; 1 pasty feces; 2 mushy feces; 3 liquid feces; 4 liquid feces with blood. Mean daily diarrhea score (DDS) was calculated as the group sum divided by the number of piglets in the group. The duration of diarrhea was recorded individually and the mean duration for the group was calculated. Mortality rate throughout the monitoring period was observed.

2.5 Growth performance of piglets
Piglets were weighed on day 1, 7, 14 and 21. Individual body weight gains (BWG) were calculated. Average daily feed intake (FI) of the groups was recorded. Feed conversion ratio (FCR) was calculated from FI and BWG. 

2.6 Zn levels in feces

On day 20 individual fecal samples (5 g) from the rectum of piglets were taken. Before Zn determination, samples were mineralized using nitric acid in an autoclave with microwave heating (ETHOS SEL, Milestone, Italy). Zn levels in feces were determined by flame atomic absorption spectrometry (spectrometer AA-30, Varian, Palo Alto, USA).

2.7 Statistical analyses

All data were subjected to statistical analysis using the program GraphPad Instat 3.0. The normality of the data was tested with Kolmogorov – Smirnov test and the homogeneity of variances with Levene’s test. When data passed the normality test, statistical significance of the differences among the groups’ means was determined by the analyses of variance. When normality of the data was not validated (P < 0.05), the nonparametric Mann-Whitney test was used. Differences between means with P < 0.05 were accepted as being statistically significant.

3 Results
The supplemented groups (A, B) presented a significantly lower severity of PWD as expressed by the incidence (Figure 1), the daily diarrhoea score (Figure 2), the diarrhea duration (2, 2, vs. 5 days) and mortality (0, 0 vs. 5 piglets) in comparison with C. 
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Figure 1: Diarrhoea incidence presented as the ratio (%) of scouring piglets in group.
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Figure 2: Daily diarrhoea scores of piglets. The following scale was used: 0 normal faeces; 1 pasty faeces; 2 mushy faeces; 3 liquid faeces; 4 liquid faeces with blood.
Interestingly, despite very mild or no clinical signs of diarrhoea in the supplemented groups (A, B), the faecal shedding of the challenge strains for 8 days was observed (Figure 3). No significant difference in growth rates was observed (Table 1).
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Figure 3: Shedding of challenged ETEC strains O149:F4 and O147:F18 in the faeces.
Table 1:  Growth performance of piglets challenged by ETEC O149:F4 and O147:F18.
	Parameter
	week after weaning
	Treatment

	
	
	C
	A
	B

	Body weight gain

(g day*-1)
	1st
	0
	101 ± 203
	86 ± 63

	
	2nd
	189 ± 277
	286 ± 197
	273 ± 46

	
	3rd
	187 ± 273
	404 ± 241
	454 ± 86

	Feed intake 

(g pig-1 day-1)
	1st
	216 ± 117
	305 ± 176
	292 ± 166

	
	2nd
	476 ± 176
	411 ± 94
	402 ± 87

	
	3rd
	774 ± 166
	765 ± 153
	795 ± 134

	Feed conversion ratio
	1st
	0
	3.02
	3.40

	
	2nd
	2.52
	1.44
	1.47

	
	3rd
	4.14
	1.89
	1.75


4 Conclusion

The lower level of dietary ZnO supplemented by HNa was of the same health benefit in controlling PWD and growth performance as was the high prophylactic dose and led to a significant (P<0.001) reduction in Zn content in faeces (1.62 g/kg in B vs. 2.45 g/kg in A). Testing of HNa supplementation for PWD treatment will continue. Our study confirmed that HNa might partly replace ZnO in controlling PWD resulting in the production of lower zinc-enriched slurry. Furthermore, HNa has been obtained by a simple low cost procedure and can be easily scaled up for the veterinary applications.
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