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abstract

Brus, M., J. DolinŠeK, A. CenCiČ and D. ŠkorJAnc, 2013. effect of chestnut (Castanea sativa Mill.) 
wood tannins and organic acids on growth performance and faecal microbiota of pigs from 23 to 127 days of age. 
Bulg. J. Agric. Sci., 19: 841-847

The aim of the study was to investigate the effects of the supplementation of chestnut (Castanea sativa Mill.) tannin and/or 
organic acids in diets for pigs on their growth performance and the faecal microbial composition from 23 to 127 days of age. 
The dietary treatments consisted of a basal diet (control (c)), the basal diet added organic acids (oA), and the basal diet added 
organic acids plus tannin (oA+T). Animals were weighed on days 23, 82 and 127. Pigs fed the oA and oA+T diets showed 
during the grower period significantly higher daily gain (ADG)(P<0.05), improved feed conversion ratio(FCR) (P<0.05) and 
lower levels of E. coli (P<0.05) compared with C pigs. From 82-127 days only the pigs fed the OA+T diet significantly dimin-
ished (P<0.05) the total count of E. coli. (5.21 ± 0.24 vs. 4.86 ± 0.28 vs. 4.24 ± 0.28 log10cfu/g; respectively for c, oA and oA+T; 
P<0.05), elevated the total count of Lactic acid bacteria (6.85 ± 0.10 vs. 7.15 ± 0.49 vs. 7.95 ± 0.50 log10cfu/g; respectively for 
C, OA and OA+T; P<0.05)and significantly increased ADG (P<0.05) (687 ± 23 vs. 712 ± 11 vs. 766 ± 12 g/day; respectively for 
C, OA and OA+T; P<0.05). The results from the present study indicate that the supplementation of chestnut wood tannins and 
organic acids can improve the growth performance in period from 82-127 days mainly by reducing harmful E. coli counts and 
by increasing counts of beneficial Lactic acid bacteria.
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introduction

Weaning is a critical period for pig production as the 
piglets are submitted to social, dietary and environmental 
challenges. These factors can lead to reduced post-weaning 
performance, usually expressed by the proliferation of patho-
genic microorganisms in the digestive tract accompanied by 
digestive disorders (Metzler et al., 2005). To avoid such post-
weaning problems, the uses of in feed antibiotics have been 
adopted to treat gastrointestinal diseases and as growth pro-
moters in weaned piglets (Mcewen and Fedorka-Cray, 2002). 
on the other hand, there is growing public concern about 
the use of antibiotics in livestock production. in the view of 
increasing the number of antibiotic-resistant pathogens and 
antibiotic residues in animal products, the european union 
banned the total use of antibiotics in livestock production on 

January, 2006. Therefore, producers have increased the use 
of alternative feed additives in order to improve health and 
enhance the growth performance of pigs (Verstegen and Wil-
liams, 2002). These include direct-fed microbes (van Heu-
gten et al., 2003; Li et al., 2006), organic acids (Kim et al., 
2005), herbal extracts and dietary spices (Manzanilla et al., 
2004; shan et al., 2007), herbal extracts and organic acids 
(namkung et al., 2004), nucleotide supplementation (Mar-
tinez-Puig et al., 2007), mannan oligosaccharides (kogan 
and kocher, 2007), fructo-oligosaccharide (Mikkelsen et al., 
2003), oligofructose (Pellikaan et al., 2007) and tannins (Mi-
taru et al., 1984). Therefore, the use of tannins could be an 
alternative as an antimicrobial additive in pig feed. These are 
water-soluble plant polyphenols, which precipitate proteins. 
According to their chemical structure, they are divided into 
two major classes: condensed tannins and hydrolysable tan-
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nins. Tannins have a range of effects in animals, among oth-
ers reduce feed intake, digestibility of crude proteins and de-
crease growth performance in monogastric species (Treviòo 
et al., 1992; smulikowska et al., 2001). Moreover, previously 
has been demonstrated that tannins reduce gastrointestinal 
parasites in mammals (Min et al., 2005; Choi et al., 2009). 
contrary to a large body of literature for ruminants, there 
have been a fewer detailed nutritional studies published on 
the use of tannin in pig feeding. 

Therefore, the aim of the present study was to determine 
whether organic acids and/or organic acids plus tannins have po - 
tential antimicrobial effects on most common faecal pathogens 
and hence a positive effect on growth performance and feed 
conversion ratio of pigs from weaning until 127 days of age.

Materials and Methods

The experiment was performed according to the council 
directive for minimum standards for the protection of pigs 
(91/630/eeC) and Slovenian Law Regulating the Protection 
of Animals (1999).

Animals, housing and diets
504 crossbred pigs (Swedish Landrace x Large White) 

were included in present study. Within the first 48 h after 
birth litter size was, standardize to 10 piglets using cross fos-
tering. During the first week of age, piglets were handled for 
teeth clipping and tail docking. They received an intramuscu-
lar injection of 200mg of iron dextran and males’ piglets were 
castrated. During the whole lactation period, piglets had free 
access to water. 

All animals were ear tagged and weighed on days 23, 82 
and 127. After weaning, the piglets were moved into a pre-
fattening house. Pens had a slatted plastic floor and sidewalls 
equipped with a nipple drinker. The piglets had ad libitum 
access to water and feed. Feeding was carried out using auto-
matic dosing machines. The boxes had natural daylight and 
additional artificial light (>60 lux) during daytime. A ther-
mostat controlled ambient temperature in the stall. Pigs re-
mained in the pre-fattening stall until they reached the age of 
82 days (~30 kg body weight).

When the piglets reached 30 kg body weight, they were 
transferred to the finisher facilities. Pigs were housed in pens, 
which had one third of solid concrete floors for lying and two 
thirds of area had concrete slatted floor. Pigs had ad libitum 
access to water and feed. Feeding was carried out using auto-
matic dosing machines. The boxes had natural daylight and 
additional artificial light (>60 lux) during daytime.

During the experiment, piglets received different feed 
basal diets (Table 1). The pre-starter meal was a supplemental 

feed for suckling and weaning piglets aged 23-42 days. Dur-
ing the growing period from 42-63 days (i.e., body weight 12-
20 kg), the starter feed was fed. At 9 weeks, the pigs started to 
obtain a grower mixture up to 25 kg body weight and thereaf-
ter pigs received Pork-25 diets. 

The pigs (both sex) were randomly divided at weaning 
time into three groups according to fed diet. each dietary 
treatment was applied to twelve replicate pens with fourteen 
pigs (7 gilts and 7 barrows) per pen. First group named con-
trol (C, n=168) were fed with a basal diet (Panvita, Proizvod-
nja krme d.o.o., Slovenia). Second group (OA, n=168) were 
fed with the same basal diet with added 0.35% commercial 
acidificant FraAcidDry (Perstop Franklin; Waspik, nether-
lands), which contains lactic acids, citric acid, formic acid, 
fumaric acid and ammonium formate. Third group (oA+T, 

table 1
percentage composition and chemical content (g, mg and 
iu per kg of fed) of the experimental diets (as-fed-basis)

Prestarter starter Grower Pork-25
Crude protein, % 17.5 18.0 18.0 17.0
Crude fat, % 4 3.0 4.0 3.5
Crude fibre, % 5 4.5 5.0 5.0
Crude Ash, % 6.5 6.0 5.0 5.0
Lysine, % 1.28 1.28 1.15 1.12
Me, MJ/kg 13.6 13.6 13.6 13.8
Vitamin A, iu 20000 20000 20000 10000
Vitamin D3, iu 2000 2000 2000 2000
Vitamin e, mg 200 200 200 150
Vitamin k3, mg 4 4 4 2.5
Vitamin B1, mg 4 4 4 4
Vitamin B2, mg 8 8 8 5
Vitamin B3, mg 40 40 40 25
Vitamin B5, mg 25 25 25 15
Vitamin B6, mg 5 6 6 4
Vitamin B12, ìg 50 50 50 30
Folic acid, mg 1.5 1.5 1.5 1.0
Vitamin H, ìg 300 300 300 50
Holin chloride, mg 400 400 400 300
Vitamin c, mg 100 100 100 100
J, mg 2.5 2.5 2.5 1.0
Mn, mg 100 100 100 80
Zn, mg 150 110 110 110
co, mg 1 1 1 0.8
Fe, mg 150 150 150 140
cu, mg 160 140 160 15
se, mg 0.4 0.4 0.4 0.4
Mg, mg 200 200 200 150
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n=168) were fed with the same basal diet with added 0.35% 
additive containing 0.19% tannin extracted from chestnut 
tree (Castanea sativa Mill.) (Tanin sevnica d.d., slovenia) 
and overall 0.16% of five acids (formic acid, lactic acid, DL-
citric acid and Dl-malic acid, phosphorus acid) (Table 1).

The pigs were observed throughout the experiment trial 
and health status was recorded daily. Mortality was recorded 
in all three groups during the trial.

Faecal samples and bacterial counts
each faecal sample was taken per rectum using rubber 

gloves and placed in a sterile plastic container. Faecal sam-
ples were taken from six randomly chosen pigs from each pen 
at 7, 23, 82 and 127 days of age and kept at 4°c for no longer 
than 4 h. samples were diluted in 1x PBs (pH 7.0) to 0.1g of 
faeces/ml. 100 ml aliquots of serial dilutions (10−1 to 10−8) 
were placed on selective agar plates and incubated accord-
ing to the manufacturer’s instructions. For counting Escheri-
chia coli Hicrome (TM) ecc selective agar was used; for 
detection of Campylobacter spp. HPA standard identification 
protocol BsoPiD23 was applied (http://www.hpa-standard-
methods.org.uk/pdf_sops.asp) and for counting of lactic acid 
bacteria, Mrs broth (oxoid, Basingstoke, england) was used 
and bacteria were grown under anaerobic conditions using 
the Anaerogen (oxoid,Basingstoke, england) system for 24h 
at 37°c as previously described (Pipenbaher et al., 2009). All 
agars were purchased from Fluka (Sigma-Aldrich, St Louis, 
Mo, usA) and prepared according to the manufacturer’s in-
structions. The bacterial population was transformed (log10) 
before statistical analysis and expressed as log10 cfu/g.

statistical analysis
Data were analyzed using the General Linear Model 

(GLM) in SPSS 15.0 for Windows (SPSS inc., Chicago, iL, 
USA). For average daily gain (ADG), body weight at specific 
age (BW), feed conversion ratio (FCR) and counts of specific 
microorganisms per faecal sample, the statistical model in-
cluded the main effects of diet and age. All data are present-
ed as mean ± SeM. Multiple comparisons of the observed 
means were based on Duncan’s Post Hoc test. statistically 
significant differences are shown at P<0.05.Pearson’s corre-
lation coefficients were estimated between ADG and trans-
formed (log10) sizes of specific microbial populations at dif-
ferent fattening periods.

results and discussion

supplementation of chestnut tannin (Castanea sativa 
Mill.) in the diet in the present study was in order to induce pig 
better growth performance and to increase the total concen-

tration of beneficial bacteria (i.e. lactic acid bacteria) and de-
crease of the pathogenic bacteria (i.e. E. coli, Campylobacter 
spp.) during the post-weaning period and in the early fatten-
ing stage. However, it has been reported that tannins present 
in diets could impact negatively on animal production due to 
reducing feed intake, growth rate and feed efficiency (Muel-
ler-Harvey, 2006). Preliminary study of Antongiovanni et al. 
(2007) showed that tannin concentration of 2.5 g per kg of 
feed in 40 days of feeding trial, from the average body weight 
76 kg to about 110 kg had no significant negative influence on 
ADG, but significantly decreased the apparent digestibility of 
dry matter and nitrogen digestibility. indeed, data presented 
in literature also indicated that 4% or more of tannin from 
sorghum in diets for growing pigs had a negative effect on 
the coefficient of apparent ileal digestibility and coefficient of 
standardized ileal digestibility of proteins (Mariscal-landín 
et al., 2004). inclusion of faba beans hulls (Vicia faba l.) in 
the feed of young pigs with either low or high tannin contents 
reduced the true digestibility of dietary protein and increased 
the endogenous excretion of secreted proteins (Jansman et 
al., 1995). Although, an addition of 1.1%, 2.2% and 4.5% of 
sweet chestnut (Castanea sativa Mill.) tannins in the feed sig-
nificantly reduced apparent protein digestibility in pigs, but 
did not reduce the protein-related efficiency of phytase action 
in growing pigs (Salobir et al., 2005).

in the pre-fattening period, the oA or oA+T treatments 
improved pig growth performance significantly in compar-
ison to control (Table 2). The pigs fed oA and oA+T diet 
had 51% and 46% higher ADG, respectively, than C pigs. 
At the same time, their FCR was approx. 21% improved in 
comparison with c pigs. improvements in the performance 
of pigs fed with organic acids have been well documented. 
The organic acid added to pigs grower diets influence on im-
proved daily gain (Jongbloed et al., 2000; Øverland et al., 
2007; Partanen et al., 2007; Walsh et al., 2007). This amelio-
ration in growth performance of pigs has been hypothesized 
to be related to the lowering gastric pH (risley et al., 1992), 
stimulating the secretion of digestive enzyme and increas-
ing gastric retention time (Partanen and Mroz, 1999), stimu-
lating intermediary metabolism, acting as energy source for 
the gastrointestinal tract (Kim et al., 2005), and reducing 
the number of pathogens (Tsiloyiannis et al., 2001; li et al., 
2008). These higher daily gains may be assigned to higher 
feed intake as well as higher apparent nutrient digestibility 
in pigs feed with oA and oA+T. in contrast to our results, 
Štukelj et al. (2010) observed very high ADG almost 1000g/
day in trial period from 7 wk to 10 wk of age, with no ef-
fect of added 0.3% commercial acidificant FraAcid as well as 
0.3% additive containing tannin and organic acids on ADG 
and BW of pigs. conversely, Biagi et al. (2010) found that 



M. Brus, J. Dolinsek, A. Cencic and D. Skorjanc844

when fed weaned piglets at 1.13, 2.25 and 4.5 g/kg, tannins 
(Farmatan®) significantly improved feed efficiency and ADG 
in 28 days trial period. Similarly improvements of ADG and 
FCR have been reported in broilers (Schiavone et al., 2007, 
2008) when natural extract of chestnut (silvafeed enc®) was 
added at 0.15 and 0.20% to commercial feed. Contradictory 
results are presented in literature about the effect of organ-
ic acids on pig growth performance. not only Štukelj et al. 
(2010), but also ettle et al. (2004) reported that acidifying 
the diets had no effect on growth development and feed con-
version ratio, as well as feed intake in six weeks long post-
weaning period. Furthermore, no effects of the addition of 
organic acids and their salts to diets on daily gain or feed 
intake during the later growing period (28 and 113 kg initial 
and final body weight, respectively) were observed (Canibe 

table 4
Pearson ś correlation coefficients between diets, contents of microorganisms in faeces of pigs and growth rate

impact Diet lB 
day 82

lB 
day 127

ec     
day 82

ec     
day 127

cAM  
 day 82

cAM
day 127

ADG  
days 82-127

Diet 1 0.290 0.033 -0.777** -0.151 -0.854** -0.230 0.174**
lB day 82 1 0.464   0.115 0.452  0.136 0.448   -0.346
lB day 127 1  -0.020 0.703** -0.104    0.660**   -0.019
ec day 82 1 0.332  0.793** 0.332   -0.724*
ec day 127 1 0.282    0.927**   -0.413
cAM day 82 1 0.310   -0.892**
cAM day 127 1   -0.416
ADG days 82-127 1

lB 82 days - lactic acid bacteria on day 82; lB 127 days - lactic acid bacteria on day 127; ec 82 days – Escherichia coli on day 82; ec 
127 days - Escherichia coli on day 127; cAM 82 days - Campylobacter spp. on day 82; cAM 127 days - Campylobacter spp. on day 127; 
ADG 82-127 days - average daily gain at days 82-127; *Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant 
at the 0.01 level (2-tailed)

table 3
Escherichia coli, Campylobacter spp. and lactic acid bacteria in faeces of pigs in lactation and fed with different diets 
in pre-fattening and fattening period
Period Group Age, days Escherichia coli Campylobacter spp. lactic acid bacteria
Lactation

c 7 5.39 ± 0.23a 4.37 ± 0.31a 5.28 ± 0.16a

c 23 5.73 ± 0.08a 4.34 ± 0.23a 5.67 ± 0.22b

Pre-fattening
c 82 6.28 ± 0.25c 5.81 ± 0.26c 6.67 ± 0.15a

oA 82 5.28 ± 0.24a 6.34 ± 0.39c 6.79 ± 0.55a

oA + T 82 3.94 ± 0.25b 4.84 ± 0.08b 7.32 ± 0.06a

Fattening
c 127 5.21 ± 0.24a 4.85 ± 0.26a 6.85 ± 0.10a

oA 127 4.86 ± 0.28ba 5,16 ± 0.29a 7.15 ± 0.49a

oA + T 127 4.24 ± 0.28b 4.49 ± 0.25a 7.95 ± 0.50b

c=control basal diet; oA=basal diet added organic acid (oA); oA+T=basal diet added organic acid and tannin; Values are compared 
within columns and only within specific period between different diets; a,b,cDifferent letters indicate statistical differences at P<0.05

table 2
Comparison of effect of diets on pigs’ growth performance
items c oA oA+T
BW, kg
Day 23 7.43 ±0.32a 7.16 ± 0.10a 7.30 ± 0.09a

Day 82 23.53±0.88b 30.33 ± 0.43a 31.24 ± 0.40a

Day 127 56.84± 1.71a 62.73 ± 0.73b 66.32 ± 0.76c

ADG, g/day
Days 23 - 82 269 ±13b 392 ± 6a 407 ± 6a

Days 82 - 127 687 ± 23a 712 ± 11b 766 ± 12c

FCR, kg/kg
Days 23 - 82 2.47 ± 0.04a 1.90 ± 0.12b 2.01 ± 0.02b

Days 82 - 127 2.72 ± 0.06a 3.03 ± 0.02a 2.99 ± 0.06a

BW=body weight; ADG=average daily gain; FCR=feed conversion ratio;  
a,b,cDifferent letters indicate statistical differences between columns 
at P<0.05.
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et al., 2001). The possible explanation for diverse influences 
of organic acids on pig growth performance could also be re-
lated to the combination and doses of organic acids, compo-
sition of the basal diet used different salts used in trials and 
duration of feeding trial (Štukelj et al., 2010).

in addition, weaning is generally followed by short post-
weaning disruption of growth; which it is not only a con-
sequence of the piglet’s low intake of solids, but also of an 
immature gastrointestinal tract (GiT) (Richards et al., 2005). 
The lack of no significant differences in BW and ADG ob-
served between oA and oA+T-group of pigs in this period 
could be attributed to similar effects of added organic acids 
in both treatments on early growth performance. neverthe-
less, by day 82, however, the feed intake would be sufficient 
to support a larger bacterial population. interestingly, organ-
ic acids reduced the number of E. coli, but not the number 
of Campylobacter spp. in-group fed with basal feed supple-
mented with oA. only the presence of tannin and oA in 
fed together had significant effect on reduction on both E. 
coli and Campylobacter spp. in pigs’ faeces. The same ef-
fect of OA + tannin treatment on significant diminishing of 
E. coli and Campylobacter spp. in pigs’ faeces was noticed 
likewise later in fattening period up to 127 days. reduction 
of E. coli and Campylobacter spp. number in faeces of pigs 
with this treatment was followed by significant increase of 
counts of lactic acid bacteria. These bacteria are normally 
considered antagonistic. it has been reported that greater lac-
tobacilli number should inhibit the proliferation of E. coli 
(Cranwell et al., 1976). Consequently, the greater number of 
lactic acid bacteria of pigs fed with sweet chestnut tannins 
might inhibit the colonization and proliferation of E. coli and 
Campylobacter spp. by blocking possible intestinal receptors 
of E. coli and by secreting toxic metabolites (Danielson et 
al., 1989).

Although the level of feed intake is low shortly after wean-
ing, it would result in little intestinal digesta to support bac-
terial growth. in case, when the amount of undigested sub-
strate increases, the colonization resistance is disturbed and 
microbial such as E. coli can proliferate and induce the diar-
rhoea (Kim et al., 2005). in present study, no diarrhoea was 
noticed. it is worth to emphasize that it has been published 
decades ago that Castaneva sativa was used as medical treat-
ment (max 1g mixed with rise and skim milk) against pig̀ s 
diarrhoea (steuert, 1909) (Tables 2 and 3).

Relationships between ADG and count of Escherichia 
coli, Campylobacter spp. and lactic acid bacteria at different 
days of observations were estimated using Pearson’s correla-
tion analysis (Table 4).

Significantly strong negative correlations were found 
between the effect of organic acids and tannins and the E. 

coli and Campylobacter spp. concentrations on day 82 (r = 
-0.777, r = -0.854 respectively; P<0.01). A weaker, but signifi-
cant positive relationship was estimated between the effect of 
diet and ADG at days 82-127 (r = 0.174, P<0.01). The ADG 
at days 82-127 showed a strongly negative correlation with 
the numbers of Campylobacter spp. and E. coli in faeces (r = 
-0.892, P<0.01; r = -0.724, P<0.05, respectively). The present 
data shows an improvement in daily gain due to reduction in 
count of E. coli and Campylobacter spp.

 
conclusions

The present study demonstrated that supplementation 
with chestnut (Castanea sativa Mill.) tannin and organic ac-
ids (oA+T) in the feed of young pigs is effective in reduc-
ing pathogens in faeces and in improving the growth per-
formance after weaning. Additionally, oA+T pigs in period 
from 23–82 days of fattening increased growth performance 
significantly mainly via reducing pathogenic bacteria. nev-
ertheless, OA+T diet of pigs had no effect on reducing FCR 
in pre-fattening period in comparison to OA diet, but signifi-
cantly improved FCR in comparison to C diet.

in the present study, pigs fed the control diets had signifi-
cantly lower body weight and daily gain all over the study in 
comparison to the other two treatments.
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