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Abstract

:

The objective of this study was to investigate the effects of supplementation of hydrolyzable tannins (HT) from sweet chestnut wood extract (Castanea sativa Mill.) to the diet of Limousin bulls on growth rate, carcass and meat quality traits, and fecal Clostridia strain levels in a 7-month feeding trial. Thirty-two bulls were randomly assigned to four treatment groups (CON (without addition of HT); TAN 1 (1 g HT kg−1 DM); TAN 2 (1.5 g HT kg−1 DM); and TAN 3 (1.5 g HT kg−1 DM with a nominally lower dose of concentrate). Compared with the CON group, supplementation with HT significantly (p < 0.050) increased bull growth rate during 4–7 months, whereas carcass and meat quality traits were unaffected during the last three months of fattening. Supplementation of HT significantly reduced meat drip loss (p = 0.000) compared with the CON group. No effects were observed on the total number of fecal Clostridia strains; however, the concentration of Clostridium perfringens was significantly lower (p = 0.004) in TAN 1 than that in the CON group. The results obtained in fattening bulls indicate that the addition of HT is justified in practice to improve growth performance and feed efficiency without adverse effects on the carcass and meat quality.
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1. Introduction


The use of plant extracts has increased significantly in recent years, especially after the ban on the use of nutritive antibiotics in animal production in Europe in 2006 [1]. The emergence of resistance in pathogenic microorganisms mainly originating from the digestive tract of animals has caused public concern and led breeders to reflect on the necessary changes and immediate measures in the practical conditions of breeding. The relatively positive effects of various feed supplements of plant origin, such as essential oils, tannins, and others, was quickly discovered in non-ruminant breeding, which is not identical to the effect in ruminants [2]. A digestive tract adapted to the voluminous nature of the ration, with foregut-specific microbiota, is an additional obstacle to the rapid and effortless transfer of the norms of nutritional supplements of another animal groups.



Because of the voluminous nature of the diet, cattle can already absorb many of the above-mentioned amounts of active ingredients in a varied ration. Nevertheless, in intensive beef production, it is essential to control the microbial population in the foregut and reduce opportunistic pathogenic microbes of the normal intestinal microflora. Such properties are also possessed by plant secondary metabolites and are referred to as phytochemicals, phytogenes, or phytobiotics and could be a very suitable substitute for antibiotics in animal nutrition [3,4,5,6]. Tannins from higher plant species are proving to be very promising [7].



Tannins are found in different plant species and different plant parts, including bark, fruits, leaves, and roots, resulting in different physical and chemical properties [8,9]. Therefore, the bioactive properties of tannins depend on their chemical structure, which is even more important than their concentration [10,11]. Plants produce them as secondary metabolites for their own protection against consumption by herbivores [11]. The group of tannins is very diverse and can be divided into four groups based on their chemical structure: (i) condensed tannins or proanthocyanidins; (ii) HT; (iii) florotanins from brown algae; and (iv) complex tannins conjugated with metals or proteins [12]. In the literature, they are usually classified into two broad groups: HT gallic acid and glucose and condensed tannins consisting of flavonoids [13,14], both of which are found in small amounts in forage ingredients < 450 µg g−1 DM, [15]. HT is divided into two subgroups, gallotannins and ellagitannins [16]. Hydrolyzable tannins are a group of water-soluble polyphenolic compounds that possess antimicrobial, anti-inflammatory, antiviral, antioxidant, and antiparasitic activities [17,18].



Feed additives according to (EC) No. 1831/2003 [19] are divided into four categories: technological additives, sensory additives, nutritional additives, and zootechnical additives. According to current knowledge, HT from sweet chestnut is classified in the second category, sensory additives, and in the subcategory (b) flavoring agents with the active substance level [20]. Therefore, our research aims to elucidate and expand the knowledge of the activity of HT beyond the bureaucratically limited framework that describes only the definition of potential effects.



In the scientific and professional literature, we often find a general use of the term food supplement, which does not necessarily correspond to the definition and categorization of the EU standards for plant extracts. Some studies on tannins intended for transfer to ruminants have been performed in vitro [21], on cannulated or fistulated animals, on small ruminants, and in individual small laboratory tests. Mostly, these tests examine the effective concentration (fattening lambs—20.8 g HT kg−1 DM and sheep—34.0 g HT kg−1 [22], higher concentrations (generally >50 g kg−1 DM [23]) on rumen microflora, mechanism and efficiency of bypass proteins [24,25,26], growth of animals, meat quality [18,27,28], health problems caused (kidney and liver damage [8]), and antimicrobial activity (mechanism [29] on microbes in feces (Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Aspergillus niger and Candida albicans [30], Clostridium perfringens [31], and Clostridia [30,31]). However, a variety of plant materials with unclear composition and varying tannin content have been used in research [21,23,25,32,33].



In the available literature, we found no study in which bulls were fattened under commercial fattening conditions at modest feed rations with a small amount HT of known composition. Therefore, the objective of this study was to determine the effects of adding chestnut (Castanea sativa Mill.) tannin extracts with a high HT content at low concentrations of 1.0 to 1.5 g kg−1 DM to the diets of fattening bulls. We investigated their effect on growth and fattening traits, carcass quality and meat quality of bulls. In addition, the effect of HT on the microbiological condition (Clostridia) of bull feces was estimated.




2. Materials and Methods


The animal procedure was conducted at an experimental farm located in NE Slovenia (46°5′ N, 15°8′ E), followed the Slovenian Law on Animal Protection, and approved feed additives were used (European Union Register of Feed Additives, 2013) [34]. The ethics committee’s approval was not required.



2.1. Animals, Housing and Diets


Thirty-two Limousin bulls were included in the 7-month trial to evaluate the effect of various levels of supplementation of hydrolyzable tannin (chestnut tannin: C. sativa Mill.) on growth, carcass and meat quality traits, and fecal Clostridia strains.



At an average body weight (BW) of 432 ± 43 kg, thirty-two bulls were randomly assigned to one of four treatment groups (a completely randomized design). The bulls were housed in collective pens (eight animals per pen), where they were kept for the duration of the trial. All identical pens located in the same barn consisted of a standard slatted concrete floor area 6 × 4 m, equipped with identical water troughs. Equal feeding conditions were ensured for all bulls and individual bulls served as experimental units.



Animal BWs were equalized at the beginning as much as possible, both within and between individual groups. Highly homogeneous groups facilitated a viable experiment and comparison of groups during the trial.



Animals were fed a total mixed ration (TMR). The composition of the basal diet is presented in Table 1. Diets were prepared daily, and rations were formulated to meet the requirements of medium-frame finishing bulls [35]. During the feeding trial, the feed ratios for bulls were optimized twice according to BW to meet their nutritional requirements.



Commercially available Farmatan-D®, wood extract rich in HT, was obtained from Tanin d.d. Sevnica (Sevnica, Slovenia); the supplement originating from sweet chestnut wood (Castanea sativa Mill.). All wood extracts were in powder form before use. Suitable quantities of wood extracts were mixed into feed rations on the DM bases. The chemical compositions of the wood extracts rich with hydrolyzable tannins: major components (%) of Farmatan-D (hydrolyzable tannins 74.3, vescalin 0.9, castalin 1.7, roburin A 0.2, gallic acid 2.4, roburin B/C 2.1, grandinin 0.9, roburin D 1.0, vescalagin 4.7, roburin E 1.5, castalagin 4.1, ellagic acid 0.8.). The supplement was used in the three groups and compared with the control group.



The four trial groups were comprised of thirty-two animals, eight per group:



The control group (CON)—no tannin additive in the diet. The first treatment group (TAN 1)—10 g of mixture (HT + soy protein additive) per animal added to the TMR diet (1.0 g kg−1 DM). The second treatment group (TAN 2)—15 g of HT additive per animal added to the TMR diet (1.5 g kg−1 DM).The third treatment group (TAN 3)—15 g of HT additive per animal added to the TMR diet (1.5 g kg−1 DM) with reduced quantity of concentrate in nominal value of the HT additive (Table 1).



Feed rations were prepared daily for all treatment groups. The bulls were fed their respective diets once a day (07:00 h), following a 20 d diet adaptation period. During the adaptation period, the diets were not supplemented with tannin extract. Access to feed and water was provided ad libitum. Ration components for complete feed rations, and refusal samples were collected monthly at the beginning and during fattening period, and were sent to the laboratory for chemical analyses (LKS-Landwirtschaftliche Kommunikations-, und Servicegesellschaft mbH, Germany). The mill was washed after preparation of each diet to prevent cross-contamination with tannins. The ratio was adjusted on a weekly basis. During the feeding trial, the feed rations and feed refusals were recorded on a daily basis for each treatment group. In the 7-month feeding trial, a total of 852 offered rations and 852 residual feeds were precisely measured. From the data, we calculated the dry matter intake (DMI).




2.2. Recording of Dry Matter Intake


Feed and feed refusals were collected and recorded daily for DM analysis and calculation of DMI. To calculate the monthly average DMI, the average of all daily feed and feed refusals for each pen (each group) were calculated. The results are presented as monthly average DMI per pen, as descriptive statistics.




2.3. Recording of Body Weight


Following a 20 d diet adaptation period, bulls were weighed and started the 213-day experimental period. During the experimental period, bulls were weighed at the beginning and at 30-day intervals thereafter. At the end of the experiment, the bulls were weighed 24 h before slaughter and on the day of slaughter. Body mass data were recorded using a digital walk-through scale (EC 2000 Tru-test). The average daily gain (ADG) was calculated between the monthly recordings and throughout the experiment. At each weighing, body parameters were also recorded: height at withers (measured from the highest point of the shoulder blade to the ground) and hip height (measured from the highest point of the hip bones to the ground).




2.4. Carcass Classification


At the end of the experiment, the bulls were transported by truck to a local commercial abattoir. At the end of the slaughter line, warm carcass weight (CW) was recorded, and carcass classification, i.e., evaluation of conformation and fatness, was performed by an accredited classification body using the European Union beef carcass classification system (EUROP). For the statistical analysis, scores of the conformation (E, U, R, O, and P) and fatness (1–5) scale were transformed into numerical classification units on a 15-point scale. Age at slaughter (AS) was calculated as the difference between the date of birth and the date of slaughter. The dressing percentage (DP) was calculated as the ratio of CW to its live weight at slaughter (LWS). A measuring tape was used to record the carcass length and chest depth as described by Campion, Keane, Kenny and Berry [36].




2.5. Measurements of Meat Quality Traits


A day after slaughter, samples of Longissimus dorsi (LD) were taken from the left carcass at the level of the last rib to measure meat quality traits. The muscle was cut into two 5 cm-wide large sections. One part was used for analysis of fresh meat, whereas the other was weighed, vacuum-packed, and subjected to vacuum aging for 14 days at 4 °C (matured sample). Fresh samples were used to measure pH value; color parameters (L*, a*, and b*) chemical composition by NIR; marbling; water-holding capacity (WHC); and tenderness.



The pH value was measured at the center of the LD muscles at 24 and 48 h post-mortem using an MP120 Mettler Toledo pH meter fitted with a combined glass electrode InLab427 (Mettler-Toledo, GmbH; 8603 Schwarzenbach, Switzerland). The samples were evaluated in two replicates at two different sites [37].



To evaluate meat color, a Minolta L*a*b* colorimeter was used. Analysis was performed on a freshly cut surface of LD exposed for 60 min to bloom [38]. Measurements were taken in triplicate using a Minolta Chroma Meter CR-300 (Minolta Co., Ltd., Osaka, Japan). Color stability measurements were performed 24 h after slaughter.



Determination of moisture, intramuscular fat (IMF), and protein content (chemical composition) were determined by near-infrared spectroscopy (NIR Systems 6500 Monochromator; Foss NIR System, Silver Spring, MD, USA), as described previously by Prevolnik et al. [39].



Water-holding capacity (WHC) was determined by three different methods: drip loss, cooking loss, and thawing loss. Drip loss was determined using the EZ-DripLoss method as described by Christensen [40]. Two cylindrical pieces (2.5 cm) were cut from the central area of the LD. The samples were weighed and sealed in plastic sealable cups (Sarstedt AG & Co., Nümbrecht, Deutschland meat extract collector), and weight loss was recorded after 24 and 168 h of storage [41].



Samples for determining cooking loss were first weighed and then cooked in a thermostatic water bath (ONE 7-45), until the interior of the sample reached 72 °C. After cooking, the samples were dried with paper towels and reweighed to obtain data on water loss during cooking.



To determine thawing loss, samples were weighed, vacuum packed, and frozen at −20 °C. Samples were then thawed overnight at 4 °C, gently dried with a paper towel, and reweighed [42].



After cooking, the samples were left to cool and objective determination of tenderness was performed by determining the shear force (N) with a TA Plus texture analyzer (Ametek Lloyd Instruments Ltd., Fareham, UK). The same procedure was repeated for the aged samples.



To assess marbling, cross-sections of LD were visually compared using a reference standard scale ranging from 1 (devoid of marbling) to 10 (abundantly marbled). Two operators independently evaluated each sample, and an average of the two scores was obtained [43].




2.6. Fecal Clostridia Analysis


The fecal samples were collected (using individual plastic sleeves) from each animal on the day before the start of the trial and on the day of slaughter. The first fecal samples were obtained on a scale by catching feces of individual animals into a clean plastic bucket. At the end of the fattening trial, colon fecal samples were collected from the slaughterhouse. The fecal samples were stored at 4 °C until freezing (–72 °C). Samples were then sent by express mail in controlled conditions to the laboratory for further analysis (Miprolab GmbH, Göttingen, Germany).



Two methods were applied for the analysis of Clostridia. With the “Most Probable Number” (MPN), the total number of sulfite-reducing Clostridia was determined (pathogenic and non-pathogenic species) to get an overall count of all viable Clostridia. Selective Clostridia enrichment and counting analyses allowed for the detection, identification, and semi-quantitative counting of the relevant pathogenic Clostridia species.



2.6.1. Total Number of Clostridia


The total number of viable sulfite-reducing Clostridia was determined using the MPN adhering to the principles of EN 26461-1 in a miniaturized design. Briefly, 50 g of each sample was added to 100 mL of differential reinforced Clostridial medium (DRCM, Heipha, Germany) and homogenized using two cycles of 30 s in a paddle blender (Stomacher 400, Seward, UK). From each homogenized sample, 1 mL was pipetted into 9 mL of DRCM and thoroughly mixed. Further dilutions were performed in 96-well plates with a transfer volume of 25 µL and a total volume of 250 µL per well. Each sample was tested in five replicates. The plates were covered and incubated at 37 °C for 14 days. The incubation atmosphere consisted of 85% N2, 10% CO2, and 5% H2 generated with an Anoxomat (Mart, The Netherlands). All black wells were counted as positive for the growth of sulfite-reducing Clostridia, and the total number was calculated using the MPN table taking into account the initial dilution. Clostridia counts are given as bacteria per gram of sample.




2.6.2. Selective Clostridia Enrichment and Counting Analysis


To selectively identify and count relevant pathogenic bacteria (C. perfringens and Clostridium sporogenes), samples were spread on egg yolk lactose agar (Heipha, Germany). Aliquots of the homogenized fecal samples were heated at 80 °C for 10 min to activate the spores and to reduce the interfering accompanying flora. Plates were incubated for 48 h at 37 °C in an anaerobic atmosphere as described above. The incubation time was extended to 72 h in the case of insufficient growth. Bacterial colonies were identified by colony properties, including lipase and lecithinase activity. Colonies of the same type, appearance, and macromorphology were randomly selected for confirmation by Remel RapID ANA (Thermo Fisher Scientific, Lenexa, KS, USA) and Gram strain. C. perfringens was additionally tested by PCR. Colonies of the various species were counted semi-quantitatively on the plates, and the results were grouped into four classes (Number 0 = no growth; Number 1 = 1–10 colonies; number 2 = 11–50 colonies; number 3 = >50 colonies) between treatments. A quantitative counting of the colonies was not performed, because plate cultures were obtained from pre-enriched cultures and were only able to provide a semi-quantitative assessment of the distribution of the individual bacterial species. However, the pre-enrichment process still reflected the initial concentration ranges. The range for the semi-quantitative data was calculated as follows: 0, no growth; range 1, 1–10 colonies; range 2, 11–50 colonies; range 3, >50 colonies. All four ranges reflect the initial concentrations in the samples.





2.7. Statistical Analysis


Statistical analyses were performed using IBM SPSS Statistics 25. Means and standard errors of the means were computed for all parameters separately for each treatment. To determine the differences in growth performance, carcass, and meat quality parameters for all treatments, we applied one-way analysis of variance (ANOVA). The statistical model used was as follows:


   Y  i j k   = μ +  T  i j   +  e  i j k    








where Yijk is k- investigated the characteristics of j- bull within i-treatment, μ is total mean, Tij is the j-bull of i-treatment (CON, TAN 1, TAN 2, TAN 3), and eijk is error component.



The assumptions of normality and homoscedasticity were verified using Shapiro–Wilk’s and Levene’s tests. In case of finding significant results in an ANOVA, post hoc analysis using the Duncan method was performed.



One-way ANOVA was applied to examine the differences in the total number of Clostridia (MPN) at the beginning and the end of the feeding trial. In the case of selected Clostridium, the non-parametric Kruskal–Wallis test was used and pairwise comparisons were performed using the Dunn–Bonferroni post hoc test. If the p-value was lower than 0.05, the results were considered significant.





3. Results


3.1. Growth Performance and Carcass Characteristics


The monthly average dry matter intake (DMI) data are presented in Table 2. In the CON group, we detected the smallest DMI in almost all months (with an exception between 4–5 months) of the feeding trial.



The growth performance results are listed in Table 3. The final BW was not affected (p = 0.273) by treatment, and there were no statistical differences between the groups, nevertheless, we found a 10–40 kg difference. Significant differences in average daily gain (ADG) (measured monthly) were observed in the last months of the trial in ADG 4–5 (p = 0.012), ADG 5–6 (p = 0.049), and ADG 6–7 (p = 0.041), with the lowest growth rate noted in the control group. However, the ADG calculated for the entire experimental period was not significantly different between the treatment groups, indicating no effect of dietary tannins (p = 0.142).



There were no significant differences in carcass weight (p = 0.289) (Table 4), conformation score (p = 0.086), fatness score (p = 0.130), dressing percentage (p = 0.090), and additional body measurements (depth of chest and length of carcass).




3.2. Meat Quality


A statistically significant difference was obtained for drip loss measured after 48 h of storage (p = 0.000) (Table 5), which was higher in the CON group than in the tannin-supplemented group. In the two-week old samples, all tannin-supplemented groups showed significantly higher thawing loss than the CON group (p = 0.008). Additionally, the lowest cooking loss of aged meat was observed in the CON group.




3.3. Clostridia Counts


The total number of Clostridia was determined by the MPN method. No significant difference was found among groups in the total number of Clostridia before (p = 0.173) and after (p = 0.582) the feeding trial (Figure 1).



The concentrations of individual Clostridium species (C. perfringens and C. sporogenes) were analyzed with selective Clostridia enrichment and counting analysis. The results were counted and ranged within four concentration classes (Figure 2). All four ranges reflect the initial concentrations in the samples.



No significant differences between the treatments were observed at the beginning of the feeding trial for C. perfringens (p = 0.764) and C. sporogenes (p = 0.979). At the end of the feeding trial, there were no differences in the C. sporogenes concentrations between the groups. Differences in concentrations of C. perfringens were detected (p = 0.004) between treatments. The lowest concentration was determined for the TAN 1 group.





4. Discussion


When discussing tannins, it must be noted that there are many published studies with different, even contradictory results, which report positive, negative or no effect of tannin supplementation on the growth performance of bulls. In this context, Patra and Saxena [10] reported that the growth performance was associated with various responses to tannin supplementation using different chemical structures and concentrations of tannins used in studies, different animals, and basal diet used in feeding trials. Different effects are often attributed to condensed tannins, compared with hydrolyzable tannins. Although research on these two types of tannins is important, and previous studies have reported similar effects [44,45,46], generalizations should be carefully considered [47]. In the present study, we focused on hydrolyzable tannins and their effect on ruminants. However, some comparisons are discussed, as many more studies associated with the effects of tannins are conducted with condensed tannins [9].



4.1. Effects of Tannins on Growth Performance of Bulls


As previously mentioned, tannins can improve the ratio of bypass proteins, which can lead to improved intestinal absorption of amino acids and thus have a positive effect on daily gain. Our results show that supplementation of the diet with HT affected the growth of bulls, and significant differences were detected in the last three months of our trial when the bulls reached 538 ± 20.3 kg BW until the slaughter maturity (677 ± 19.2 kg). In the present study, there were no differences in final ADG and BW between the groups. Furthermore, no reduction in the daily DMI was detected. This is in agreement with the feeding study of Aboagye et al. [48]. They studied the effects of feeding chestnut (HT) extract and a combination (50:50) of HT and quebracho (CT) extracts in a powdered form at different concentrations of dietary DM for three months on steers. There were no effects of treatment on DMI, BW, ADG in both HT groups, or a combination of both tannins and both concentrations. In the current study, total ADG and BW were not affected, although we observed a higher ADG at the end of the trial. Tabke et al. [49] supplemented tannic acid (HT) into steam-flaked corn-based finishing diets of steers. Overall, no effects were observed for ADG, carcass characteristics, hot carcass weight, longissimus muscle area, fat thickness, and yield grade during the study in any treatment. The study by Krueger et al. [44] used commercially available mimosa (CT) and chestnut (HT) extracts and added them to a high-grain diet to fatten crossbred steers. Including tannins in the diet resulted in similar DMI for steers in the control and both tannin-treatment groups. Tannin supplementation had no effect on animal performance or carcass, except for HCW. We conclude that the absence of an effect of tannins on animal performance observed in this study could be due to the conservative dose of tannins.



We recorded differences in ADG during the last three months of the feeding trial. The positive impacts of tannin supplementation during the last feeding period were also observed by Brus et al. [50]. Commercial HT additives in powder form were used in the diet of Simmental bulls. After month 8 of the study, ADG was significantly higher in the group with tannin wood extract and lower in the control group. The higher measured ADG in the last period of the feeding trial is in agreement with our findings. Tannin supplementation in the finishing feeding phase of Holstein steers was studied by Rivera-Mendez et al. [46]. Supplementation with tannins increased average daily gain (ADG, 6.8%) and dry matter intake (DMI, 4.0%) in the finishing feeding phase. The authors concluded that the mechanism responsible for the higher ADG has not been fully understood and explained.



A possible explanation for the achievement of significantly higher ADGs in the final phase of bull fattening in the present study is the nature of nutrient metabolism of ruminants and the specific effect of hydrolyzable tannins. The extent and composition of daily gain in the final phase of fattening depends on the available energy and proteins in the animal’s diet, which is above the maintenance requirement [51]. In this context, ruminants can take advantage of the symbiotic effect of digestion with microorganisms in the rumen, which decompose the nutrients by using their own digestive enzymes. Microbes can form ideal nutrients for ruminants from the decomposition products. Ruminants meet their metabolic protein needs from two sources: true microbial proteins from microbial synthesis and proteins from feed (bypass proteins) [52]. The addition of HT influenced the microbial metabolic process of nutrient synthesis in the rumen, which may lead to better feed efficiency and a higher growth rate of fattening bulls. The chemical composition of the tested feed mixtures is the same in terms of energy content, thus, differences in ADG size are not due to energy alone, as the authors claim [53]. The possible explanation for the differences in ADG can be attributed to the different amounts of crude protein in the TMR. In the present study, all groups with HT had significantly higher ADG than the control group. Therefore, we hypothesized that HT influenced the ruminal digestion of rumen degradable and undegradable dietary proteins. Consequently, increased protein production in the rumen from both sources resulted in greater availability of enzymatically degradable proteins in the small intestine. It can be assume that the addition of HT increased the availability of amino acid absorption, which could pass into the amino acid pool.




4.2. Effect of Tannin Supplement on Meat Quality


In this study, meat quality traits such as meat color, IMF, protein content, marbling, and tenderness were not affected by HT plant extract. Similar results regarding meat quality traits were observed in a study by Joo et al. [54]. The objective of this study was to examine the effects of dietary fermented chestnuts on growth performance, carcass, and meat quality parameters (cold carcass weight, back fat thickness, longissimus muscle area, marbling score, and fat color) in the late fattening period of Hanwoo steers. No effects on growth performance or carcass traits were observed. Moreover, differences were observed in physicochemical characteristics (cooking loss, water-holding, shear force), except meat pH. Beef meat quality in relation to added tannins was also studied by Larraín et al. [55]. They observed an effect on meat color and lipid oxidation in beef longissimus lumborum (LL) and gluteus medius (GM) muscles. They found that supplementation with a diet of high-tannin sorghum increased the rate of color change during aerobic oxygenation and modulated lipid oxidation in two ways: it reduced oxidation before aerobic storage and accelerated oxidation during aerobic display of the tissue.



In other species, supplementation with tannins or feeding tannin-rich feeds had little or no effect on meat quality, as seen when supplementing a natural extract of chestnut wood to rabbits [56] or pigs [57]. Similarly, de Jesús et al. [58], who studied the effect of feeding dried chestnuts (15% and 25% of the formulation), found no effect on the physiochemical properties (color parameters, water holding capacity, and shear force) of Longissimus dorsi muscle.



Our research has shown that adding tannins to a bull’s diet significantly reduces drip loss in fresh meat. However, after two weeks, meat from bulls that received tannin supplementation exhibited significantly higher meat thaw loss. Similar conclusions were also reported by Joo et al. [59]. They reported that adding chestnut meal at 30 g kg−1 resulted in lower drip loss in pigs. Drip loss is a method of evaluating water holding capacity, which is an essential quality parameter for both the industry and the consumer and is related to the status of proteins that bind the water that is mainly affected by post-mortem conversion of muscle to meat (pH decline) and the rate of carcass refrigeration (especially deep muscles) [60].




4.3. Effect of Supplement on Fecal Clostridia Concentration


In the present study a notable reduction was observed when the concentration of individual Clostridium species was compared. Differences in the concentration of C. perfringens (p = 0.004) were observed between groups at the end of the feeding trial. The results of our study are in good agreement with previous studies. Redondo et al. 2015 [61] found that C. perfringens isolated from bovine feces had difficulty forming resistance to hydrolyzable tannins. The study of Elizondo et al. [62] confirmed bacteriostatic and bactericidal activities in vitro experiments with C. perfringens. The bacteriostatic activity of quebracho and chestnut tannins was tested on selected C. perfringens strains of toxin types A, C, D, and E. The concentrations of quebracho required to inhibit the growth of C. perfringens were 7–85 times higher than those of chestnut tannin (0.6–1.2 mg/mL vs. 0.003–0.15 mg/mL). The bactericidal effect of quebracho occurs within 5 h of administration and, in the case of chestnut tannin, virtually immediately in 5 min. Our results are in agreement with the previous study on steers, in which an antimicrobial effect of hydrolyzable tannins on E. coli and coliform bacteria was observed [63]. The effect was limited to the rumen, whereas in present study to the entire digestive tract.





5. Conclusions


This study provides new information about the effect of HT supplements in the diet of bulls on growth pattern, carcass and meat quality, and reduction of pathogenic strains of Clostridia in feces. It demonstrated that tannins had a significant effect on increasing growth rate when bulls averaged 538 kg BW to slaughter maturity. In addition, tannin supplementation decreased meat drip losses and was very effective in reducing C. perfringens in the selective test. Therefore, given the same energy content in the diet of fattening bulls, the addition of HT can affect protein synthesis in the rumen, thereby increasing the availability of amino acids in the amino acid pool for body protein synthesis and consequently ADG. Our research on large ruminants under practical breeding conditions allowed us to approach a statistically balanced experiment. In practice, a cheaper meal with a lower protein content together with the addition of hydrolyzable tannins can increase nutrient utilization efficiency, improve growth intensity, and effectively reduce Clostridial pathogens in bulls without adverse effects on carcass and meat quality. Our results suggest that the addition of hydrolyzable tannins is justified in practice because their activity is effective against pathogenic bacteria and could be very promising in controlling ruminant diseases, reducing antibiotic use, and improving overall welfare of domestic animals. Further research should elucidate the response of the microbiome and the methane reduction potential in bull fattening.
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Figure 1. Total number of Clostridia in fecal samples before and after tannin supplementation determined by the most probable number method. No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal —1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). 
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Figure 2. Concentration of selected Clostridia in 1 g of fecal samples before and after tannin supplementation. No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). Number 0 = no growth; number 1 = 1–10 colonies; number 2 = 11–50 colonies; number 3 => 50 colonies; a, b different superscript letters indicate differences (Dunn–Bonferroni post hoc test; p < 0.05) between treatments. 






Figure 2. Concentration of selected Clostridia in 1 g of fecal samples before and after tannin supplementation. No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). Number 0 = no growth; number 1 = 1–10 colonies; number 2 = 11–50 colonies; number 3 => 50 colonies; a, b different superscript letters indicate differences (Dunn–Bonferroni post hoc test; p < 0.05) between treatments.



[image: Agriculture 12 00939 g002]







[image: Table] 





Table 1. Ingredients and chemical composition of total mixed ration (g kg−1 DM).
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Ingredients

	
Treatment Rations




	
CON

	
TAN 1

	
TAN 2

	
TAN 3






	
Corn maize silage

	
126.8

	
126.6

	
126.6

	
132.7




	
Wheat straw

	
158.4

	
158.3

	
158.2

	
165.9




	
Sodium bicarbonate

	
10.5

	
10.5

	
10.5

	
11.0




	
Concentrate

	
568.5

	
567.9

	
567.6

	
546.5




	
Corn maize

	
135.8

	
135.7

	
135.6

	
142.0




	
Tanin additive

	
/

	
1.0

	
1.5

	
1.5




	
Nutrient content

	

	




	
DM

	
737.9

	
737.7

	
738.2

	
732.8




	
Crude ash

	
48.5

	
47.1

	
47.4

	
47.2




	
Crude protein

	
158.1

	
156.6

	
159.7

	
149.2




	
Crude fibre

	
54.4

	
46.1

	
50.4

	
56.2




	
Ether extract

	
42.2

	
40.0

	
42.1

	
41.7




	
Sugar

	
33.5

	
30.5

	
35.6

	
30.7




	
Starch

	
510.2

	
529.4

	
537.8

	
534.9




	
Calcium

	
8.5

	
6.8

	
8.7

	
6.3




	
Phosphorus

	
5.6

	
5.8

	
5.8

	
5.5




	
Sodium

	
4.0

	
3.3

	
4.3

	
4.5




	
Magnesium

	
2.1

	
1.5

	
1.9

	
2.1




	
Potassium

	
7.7

	
6.3

	
8.0

	
7.7




	
ADF

	
94.4

	
95.4

	
86.3

	
91.2




	
NDF

	
198.5

	
186.0

	
180.6

	
188.4




	
ADL

	
18.2

	
15.1

	
15.1

	
15.2




	
ME (MJ kg−1)

	
12.6

	
12.6

	
12.6

	
12.6








No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). Dry matter (DM); acid detergent fiber (ADF); neutral detergent fiber (NDF); acid detergent lignin (ADL); metabolizable energy (ME).
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Table 2. Monthly average dry matter intake per pen.
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Month

	
Treatment Groups

	
p-Value




	
CON

	
TAN 1

	
TAN 2

	
TAN 3






	
1

	
8.1 ± 0.2

	
8.3 ± 0.2

	
8.2 ± 0.1

	
8.3 ± 0.3

	
0.072




	
2

	
8.1 ± 0.1

	
8.3 ± 0.1

	
8.2 ± 0.2

	
8.2 ± 0.3

	
0.087




	
3

	
8.0 ± 0.2

	
8.2 ± 0.2

	
8.2 ± 0.1

	
8.3 ± 0.1

	
0.079




	
4

	
8.5 ± 0.1

	
8.6 ± 0.2

	
8.4 ± 0.2

	
8.7 ± 0.2

	
0.120




	
5

	
8.6 ± 0.2

	
9.0 ± 0.4

	
8.6 ± 0.2

	
8.8 ± 0.2

	
0.089




	
6

	
8.8 ± 0.2

	
9.0 ± 0.2

	
8.9 ± 0.1

	
9.1 ± 0.3

	
0.101




	
7

	
9.3 ± 0.1

	
9.4 ± 0.1

	
9.3 ± 0.2

	
9.4 ± 0.2

	
0.077








No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). p-value lower than 0.05, the result is considered significant.
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Table 3. Effect of supplemented hydrolyzable tannins on growth performance of Limousin bulls.






Table 3. Effect of supplemented hydrolyzable tannins on growth performance of Limousin bulls.





	
Items

	
Treatment Groups

	
p-Value




	
CON

	
TAN 1

	
TAN 2

	
TAN 3






	
Feeding trial

	
Body weight, kg

	




	
Initial

	
411 ± 11.3

	
429 ± 18.9

	
416 ± 14.0

	
426 ± 11.8

	
0.092




	
Final

	
659 ± 13.2

	
695 ± 22.8

	
669 ± 13.2

	
684 ± 19.2

	
0.273




	
Month

	
Average daily gain, g/day




	
1

	
1361 ± 73.9

	
1073 ± 143.4

	
1261 ± 131.3

	
1193 ± 45.2

	
0.440




	
2

	
1176 ± 54.5

	
1440 ± 106.4

	
1336 ± 128.1

	
1214 ± 44.4

	
0.201




	
3

	
1352 ± 53.8

	
1368 ± 45.1

	
1412 ± 85.9

	
1282 ± 58.0

	
0.532




	
4

	
1402 ± 38.1

	
1330 ± 16.0

	
1322 ± 39.5

	
1456 ± 52.1

	
0.074




	
5

	
1124 ± 58.1 a

	
1429 ± 74.5 b

	
1217 ± 53.8 b

	
1290 ± 50.2 b

	
0.012




	
6

	
979 ± 52.3 a

	
1198 ± 26.0 b

	
1031 ± 76.2 b

	
1123 ± 46.3 b

	
0.049




	
7

	
857 ± 37.5 a

	
985 ± 58.4 b

	
916 ± 97.7 b

	
964 ± 73.1 b

	
0.041




	
1–7

	
1172 ± 22.2

	
1260 ± 30.2

	
1214 ± 56.2

	
1217 ± 27.1

	
0.142








No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). a,b Mean values in the same row with different letters are significantly different (Duncan, p < 0.05), ± standard error of the mean.
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Table 4. Effect of supplemented hydrolyzable tannins on carcass quality of Limousin bulls during a 213-day trial.






Table 4. Effect of supplemented hydrolyzable tannins on carcass quality of Limousin bulls during a 213-day trial.





	
Items

	
Treatment Groups

	
p-Value




	
CON

	
TAN 1

	
TAN 2

	
TAN 3






	
Carcass weight (kg)

	
418.0 ± 10.0

	
434.0± 8.6

	
422.0 ± 18.6

	
429.0 ± 16.7

	
0.289




	
Conformation score *

	
11.8 ± 0.5

	
12.5 ± 0.6

	
12.1 ± 0.7

	
10.8 ± 0.7

	
0.086




	
Fatness score **

	
7.7 ± 0.6

	
8.1 ± 0.3

	
6.5 ± 0.6

	
7.0 ± 0.4

	
0.130




	
Dressing percentage, %

	
60.4 ± 0.5

	
60.1 ± 0.8

	
62.1 ± 0.7

	
60.5 ± 0.7

	
0.090




	
Depth of chest, cm

	
42.3 ± 0.6

	
44.3 ± 0.5

	
43.1 ± 0.6

	
43.8 ± 0.5

	
0.070




	
Length of carcass, cm

	
137.0 ± 1.4

	
139.0 ± 1.7

	
139.0 ± 1.3

	
141.0 ± 0.9

	
0.084




	
LD muscle area, cm2

	
117.0 ± 4.3

	
118.0 ± 4.0

	
122.0 ± 4.3

	
112.0 ± 2.5

	
0.321




	
LD fat area, cm2

	
15.2 ± 1.9

	
15.1 ± 1.5

	
11.8 ± 1.7

	
12.2 ± 1.2

	
0.295








No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). * Carcass classification system (EUROP) evaluating the conformation—scale 1 (poorest) to 15 (best). ** Carcass classification system (EUROP) evaluating the fatness-scale 1 (least) to 15 (fattest). p-value lower than 0.05, the result is considered significant.
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Table 5. Effect of supplemented hydrolyzable tannins on meat quality parameters of Limosin bull muscles.






Table 5. Effect of supplemented hydrolyzable tannins on meat quality parameters of Limosin bull muscles.





	
Items

	
Treatment Groups

	
p-Value




	
CON

	
TAN 1

	
TAN 2

	
TAN 3






	
Fresh meat samples




	
pH 24 h

	
5.7 ± 0.1

	
5.5 ± 0.1

	
5.5 ± 0.1

	
5.5 ± 0.1

	
0.266




	
pH 48 h

	
5.8 ± 0.0

	
5.5 ± 0.1

	
5.5 ± 0.1

	
5.6 ± 0.0

	
0.254




	
L* (lightness), 24 h

	
35.4 ± 1.2

	
36.2 ± 1.1

	
37.6 ± 1.0

	
34.9 ± 1.1

	
0.324




	
a* (redness), 24 h

	
17.4 ± 0.7

	
19.9 ± 1.3

	
19.8 ± 1.0

	
18.4 ± 1.1

	
0.303




	
b* (yellowness), 24 h

	
5.6 ± 0.4

	
7.1 ± 0.8

	
7.2 ± 0.5

	
6.3 ± 0.6

	
0.171




	
L* 48 h

	
36.4 ± 1.3

	
38.0 ± 1.1

	
37.5 ± 1.1

	
36.7 ± 1.0

	
0.750




	
a* 48 h

	
19.1 ± 0.9

	
21.7 ± 1.4

	
19.3 ± 0.7

	
20.2 ± 0.9

	
0.265




	
b* 48 h

	
5.7 ± 0.5

	
7.6 ± 0.6

	
6.1 ± 0.5

	
6.4 ± 0.5

	
0.143




	
Drip loss h, %

	
1.4 ± 0.3 b

	
0.8 ± 0.1 a

	
0.6 ± 0.0 a

	
0.8 ± 0.1 a

	
0.000




	
Thawing loss, %

	
5.3 ± 0.7

	
6.8 ± 0.4

	
7.4 ± 0.6

	
6.3 ± 0.5

	
0.067




	
Cooking loss, %

	
25.1 ± 2.2

	
29.7 ± 1.0

	
27.1 ± 1.5

	
26.9 ± 1.0

	
0.207




	
Marbling1

	
2.8 ± 0.6

	
2.2 ± 0.4

	
1.4 ± 0.1

	
2.0 ± 0.3

	
0.088




	
IMF, %

	
2.8 ± 0.3

	
2.9 ± 0.4

	
2.1 ± 0.2

	
2.5 ± 0.3

	
0.201




	
Protein, %

	
22.2 ± 0.2

	
22.3 ± 0.2

	
22.5 ± 0.2

	
22.4 ± 0.2

	
0.617




	
Water, %

	
74.1 ± 0.5

	
73.7 ± 0.3

	
74.3 ± 0.2

	
74.1 ± 0.3

	
0.591




	
Protein to water ratio

	
3.4 ± 0.1

	
3.3 ± 0.1

	
3.3 ± 0.1

	
3.3 ± 0.1

	
0.818




	
WBSF fresh, N

	
77.5 ± 3.3

	
65.1 ± 3.6

	
64.5 ± 5.5

	
66.7 ± 3.4

	
0.126




	
WBSF cooked, N

	
221.4 ± 37.0

	
222.7 ± 34.0

	
287.1 ± 25.0

	
275.7 ± 26.0

	
0.297




	
Aged meat samples—2 weeks




	
L*

	
38.5 ± 1.5

	
38.2 ± 1.2

	
40.5 ± 1.0

	
38.4 ± 1.3

	
0.640




	
a*

	
22.1 ± 1.1

	
23.3 ± 1.3

	
24.3 ± 0.9

	
23.2 ± 1.1

	
0.476




	
b*

	
8.4 ± 0.9

	
9.5 ± 0.9

	
10.3 ± 0.7

	
9.8 ± 0.9

	
0.465




	
pH

	
5.7 ± 0.1

	
5.6 ± 0.1

	
5.5 ± 0.0

	
5.7 ± 0.1

	
0.491




	
Vacuum loss, %

	
2.1± 0.3

	
2.1 ± 0.5

	
2.4 ± 0.3

	
2.9 ± 0.5

	
0.414




	
Thawing loss, %

	
3.9 ± 0.4 a

	
4.8 ± 0.8 b

	
4.9 ± 0.3 b

	
5.2 ± 0.5 b

	
0.008




	
Cooking loss, %

	
19.9 ± 2.4

	
28.6 ± 1.1

	
24.3 ± 1.2

	
23.9 ± 1.4

	
0.080




	
WBSF fresh, N

	
72.9 ± 6.2

	
55.8 ± 8.0

	
62.2 ± 5.3

	
64.2 ± 4.9

	
0.310




	
WBSF cooked, N

	
147.3 ± 17.6

	
133.8 ± 4.9

	
111.6 ± 10.8

	
141.4 ± 11.6

	
0.183








No tannin additive in the diet (CON); 10 g of mixture (HT + soy protein additive) per animal—1.0 g kg−1 DM (TAN 1); 15 g of HT additive per animal—1.5 g kg−1 DM (TAN 2); and 15 g of HT additive per animal added to the TMR diet with reduced quantity of concentrate in nominal value—1.5 g kg−1 DM (TAN 3). a,b Mean values in the same row with a different letter are significantly different (p < 0.05) ± standard error of the mean. L* = lightness; a* = redness; b* = yellowness; marbling 1 = visually assessed on a freshly cut Longissimus dorsi (LD) using a scale from 1 (extremely lean) to 10 (extremely marbled sample); WBSF, Warner–Bratzler shear force; IMF, intramuscular fat.
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