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Background 

The bovine gastrointestinal tract is a reservoir for E. coli O157:H7, Salmonella, and to a lesser 
extent, Campylobacter. In the United States, food borne microbial illness is a major cause of 
personal distress, preventable death, and avoidable financial loss. It is estimated that 6.5 to 33 
million people become ill from pathogens in food every year, resulting in an estimated 9,000 deaths 
(FDA/FSIS, 2000) and financial lost at a cost exceeding $6.9 billion (ERS/USDA, 2003). Cross-
contamination from the gastrointestinal tract to the animal or meat can occur in pre-harvest, post-
harvest and fabrication phases of beef production. Post-harvest interventions developed to kill 
pathogens present on the carcass or equipment are not completely effective. Lacking are integrate 
systematic and preventive process control from the Farm to the Table to make all meat products as 
safe as possible. Consequently, development of integrated practical pre-harvest and post-harvest 
interventions are needed and inclusion of tannin-based strategies hold promise for incorporation in 
all phases of production utilizing natural compounds that are generally regarded as safe.  

Recently, Texas Agricultural Experimental Station, Vernon and USDA/ARS Food and Feed Safety 
Research Unit, College Station, TX scientists have discovered plant tannins extracts that reduced in 
vitro E. coli O157:H7 and Staphylococcus aureus and suppressed in vivo generic fecal E. coli 
populations. Preliminary research suggests when fed at low levels (<120 g/hd/day), tannins 
decreased fecal generic E. coli by one log scale and animal production may be increased by 15% in 
steers grazing winter wheat forage (60-d trial) (Table 1 and Min et al., 2005c). Additionally, we have 
found tannins that can reduce in vitro and in vivo growth and bio-film production of major rumen 
bacteria.  

The applications and uses of tannins compounds in the mitigation of food safety systems, to 
decrease food pathogens, increase rumen escape protein (Min et al., 2003) and improve production 
efficiency in grazing (Min et al., 2005c) and feedlot cattle (unpublished data) are new and unique to 
our research program. Moreover, a need exists to make any pre-harvest technology acceptable to 
cattle producers and feeders since they must maintain or improve feed efficiency, while improving 
food safety. Therefore, we propose the following research to obtain fundamental information on the 
mode of action of tannins in integrated food safety systems, that will yield a better understanding 
and knowledge base of the pathogenic bacterial control by sources of tannins interactions that affect 
food safety and beef production systems.  

The stated objectives for this work were:  
• Determine the effectiveness of commercial tannins delivered as a feed supplement on 

generic fecal E. coli and E. coli O157:H7 shedding and animal average daily gain in 
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finishing feedlot cattle over 30, 60, 90, 120 and 150 day feeding periods and to quantify 
bacteriostatic and bactericidal capacity of these compounds.  

• Characterize the efficacy of tannin compounds applied pre-harvest on cattle in decreasing 
fecal pathogens (E. coli O157:H7, Salmonella, and Campylobacter) loads on cattle hides 
prior to the harvest phase.  

• Quantify the response of food pathogens (E. coli O157:H7, Salmonella, and Campylobacter) 
and associated bio-films to post-harvest carcass application of plant tannins to reduce 
pathogen transport to the fabrication phase.  

Methodology 

Objective 1 and 2  
Animals  
Thirty-six crossbreed steers averaging 910 ± 88 lb (SD) were stratified by initial BW, and randomly 
assigned to one of three treatments (n = 12): (1) control, (2) mimosa tannin and (3) chestnut tannin. 
Within treatment, steers were assigned to one of two pens (6 steers/pen), and each pen-group 
randomly assigned to a pen location in the Calan-gate facility located at the O.D. Butler, Jr. Animal 
Science Complex.  

Adaptation phase  
Steers were transitioned to high-grain diet formulated to meet NRC requirements for 3.2 lb daily 
gain; three step-up rations were fed for one wk each and the final finishing ration (control ration) fed 
for the last week of the 28-d adaptation period (see rations Table 1). During this adaptation period, 
steers were trained to consume feed from Calan gates; electronic keys were positioned on the steers 
approximately one week after arrival, and Calan-gate training commenced.  

Experimental phase  
The experimental phase was completed as two replicates. Each replicate consisted of one pen from 
each treatment; replicate II was initiated exactly one week following replicate I. During the 42-d 
experimental phase, feed intakes were recorded daily, feed refusals measured weekly and BW 
measured at 7-day intervals. The three treatment rations (Table 1) were mixed, placed into separate 
feed carts and fed twice daily. Initial and final BW, and ADG were derived from linear regression of 
BW on days on test for each individual steer. Feed conversion ratio was computed as ratio of dry 
matter intake (DMI) to ADG.  

Bacteriological sampling  
Starting on d 13 of the adaptation phase, a 1000 cm2 hide-surface area was marked on each 
animal’s left flank (costal area; see Figure 1) by positioning the top line below the costal vertebra 
and at the back of the shoulder and divided into four equal-size quadrants. Each quadrant was 
identified (by hair clipping) as A, B, C and D beginning at the top front quadrant and proceeding 
clockwise. Hide-swabs samples were obtained prior to treatment spray application (pre-spray), two 
min, eight h, and 24 h post-spray application from quadrants A, B, C and D, respectively. The 
treatment spray solutions (25 ml/1000 cm2) were prepared at a concentration of 30 g tannin/L of 
distilled water for both the mimosa and chestnut tannin sources, and distilled water used for the 
control treatment. After three-directional swabbing using Speci-sponges (Nasco, Fort Atkinson, WI), 
samples were hydrated with 25 mL of 2X concentration of Dey-Engley neutralization broth (Difco, 
Detroit, MI), placed in sample bags and transported to the lab for bacteriological cultivations of E. 
coli, total coliforms and total aerobes (aerobic plate count, APC) (Bosilevac et al., 2004).  

Rumen fluid samples were obtained by stomach tube on days 0, 7, 21 and 42, placed into 50 
mL plastic tubes and returned to the lab for bacteriological determination of E. coli and total 
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coliforms. Freshly voided feces were obtained weekly, starting on day 0, placed in air-tight plastic 
bags and transported to the lab for bacteriological determination of E. coli and total coliforms. 
Rumen fluid and fecal samples collected on days 0 and 7 were cultured for Campylobacter.  

Bacteriological cultivation  
Fecal samples (1 g), ruminal fluid (1 mL) and hide swab fluid (1 mL) were serially diluted (10-fold) 
into nine mL of 0.1 M phosphate buffer (pH 6.5) and plated (1 mL) to enumerate E. coli/total 
coliforms, Campylobacter and total aerobes in the case of the hide swabs. E. coli/total coliforms 
Petrifilms (3M Microbiology, St. Paul, MN), Campy Cefex agar and APC Petrifilms (3M Microbiology, 
St. Paul, MN) were used to enumerate E. coli/total coliforms, Campylobacter and total aerobes, 
respectively. After 24 h incubations at 37 ºC E. coli, coliforms and aerobic bacteria colonies were 
visualized and enumerated, and after 48 h of incubation at 42 ºC colonies that exhibited typical 
Campylobacter morphology were counted.  

Carcass and visceral organ measures  
Cattle were harvested at the Rosenthal Meat Science and Technology Center (Texas A&M University). 
At harvest, visceral organs, and total KPH fat were removed, dissected, and weighed. The 
esophagus, kidneys and liver were externally and internally examined for lesions. The 
gastrointestinal tract was emptied of contents, and internal fat depots dissected. Weights of empty 
stomach complex, small and large intestines, and total internal fat depots were recorded. Carcass 
data (e.g., REA, backfat thickness) were collected 24 h post harvest.  

Statistical Analysis  
Colony forming units (CFU) of E. coli, total coliforms and Campylobacter and total aerobes (in the 
case of hide swabs) were numerically transformed (log10) prior to statistical analysis. For fecal and 
ruminal bacteriological data and hide swab data, the statistical model included the effects 
treatment, day of treatment, and their interaction in a repeated measures analysis of variance using, 
Proc mixed of SAS (version 9.1; SAS Inst. Inc., Cary, NC), Tukey’s protected LSMeans test was used 
to assess treatment differences, carcass traits and viscera data the statistical model included the 
fixed effects of treatment, the initial BW as a covariate and treatment x initial BW interaction.  

When significant initial BW x treatment interactions were detected, treatment effects were tested at 
the mean initial BW minus one SD (light steers), mean initial BW, and mean initial BW plus one SD 
(heavy steers) to examine the nature of the initial BW X treatment interactions. For all analyses, 
replicate was included in models as a random effect.  

Objective 3  
Bacterial cultures 
Three strains of Biotype I E. coli that were previously transformed to express red, yellow or green 
fluorescent protein as well as resistance to ampicillin were used to compare the effects of 
decontamination treatments on beef carcasses (1). These cultures were maintained on tryptic soy 
agar slants (Difco Laboratories, Detroit Mich.) at 22°C until use. Before use, the cultures, were 
grown twice in tryptic soy broth (TSB) for 24 h at 37°C.  

Inoculum preparation 
Fresh bovine feces were obtained from randomly selected cattle from the Texas A&M University Beef 
Center the morning of each experiment and separated into 10-g portions in sterile Stomacher® 400 
bags (Seward Ltd., Norfolk, UK). Stationary phase cultures of each strain were combined to create a 
cocktail by adding 1 ml of each culture to 96 ml of sterile peptone water to make a total volume of 
100 ml. Volumes of 10 ml of the inoculum cocktail were added to the feces samples to create a 
fecal slurry with an approximate concentration of 7 log CFU/g of each organism (2) . The 
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inoculated stomacher bags were then massaged for 1 minute to create a slurry to inoculate the 
surface of the selected carcass region.  

Carcass selection and inoculation 
Cattle selected for this study and given various feed treatments (12 per day on 4 days) were 
transported to the Texas A&M University Rosenthal Meat Science and Technology Center and were 
harvested in the university abattoir (RMSTC, College Station, TX) following USDA-FSIS regulated 
procedures. The outside rounds were separated from the carcass just prior to splitting. The outside 
rounds were placed into insulated coolers and transported to the food microbiology laboratory 
located in an adjacent building for immediate inoculation and treatment. In the laboratory, the 
contents of each bag of fecal slurry were evenly spread over a 400-cm2 on each surface region by 
using a sterile spatula in a crossing motion.  

Comparison of treatments 
After inoculation of the surface with the fecal slurry, the outside rounds were treated immediately by 
one of the following treatments: (a) water wash, (b) chestnut tannin or (c) mimosa tannin. 
Individually, all outside rounds were hung in a model carcass spray cabinet (Chad Company, Lenexa, 
KS) and initially treated with a low-pressure water wash (28°C, 2 liters, 10 psi, 90 s) using a hand-
held polyethylene sprayer (Fountainhead Group Inc., NY) to remove any visible fecal material. Tannin 
treatments were then applied using a hand-held, polyethylene, compressed-air sprayer for 11 s in an 
up and down motion. The concentrations for both tannin solutions were 3% solution.  

Sampling and microbiological examination 
Before inoculation, three 10-cm2 samples (30-cm2 total area) were collected using a sterile scalpel 
and forceps to measure the background microflora. Three additional 10-cm2 samples were collected 
randomly from within the inoculated 400-cm2 area after inoculation and again after applying each of 
the treatments described previously. Each set of three samples was combined and homogenized 
with 100 ml of peptone water for 1 min using a Stomacher® 400 (Tekmar Co., Cincinnati, OH). 
Appropriate dilutions were plated on TSA+amp for enumeration of fluorescent protein-marked E. coli. 
Plates were incubated for approximately 24 h at 37°C before being enumerated.  

Statistical analysis 
Count data for each organism tested were transformed into logarithms prior to calculating the log 
reduction value by subtracting the log count after each treatment from the log count before each 
treatment on each inoculated outside round. Mean log reduction values for each treatment were 
compared using the general linear model procedure. Mean separations were determined using the 
Duncan’s multiple range test. All statistical analyses were conducted using SPSS procedures. 

Findings 

Overall, tannins supplementation, pre-harvest hide spraying and post-harvest spraying beef did not 
exhibit the bacteriostatic or the bactericidal effects observed in preliminary forage fed cattle or in 
vitro experiments. The results were disappointing and did not exhibit any consistent benefit or 
detriment of tannin supplementation for up to 42-d feeding on a finishing ration.  

Objective 1 was to quantify the effects tannin extract supplementation had on fecal shedding of 
generic fecal E. coli. The diets fed in the Step-up and tannin supplementation phase of the 72-d 
feeding period are found in (Table 1).  
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The average initial BW was similar among treatments though somewhat variable (Table 2). At 1.5% 
of daily dry matter intake, there were no adverse or positive effects attributable to tannin extract 
supplementation. One probable reason for a lack of change in ADG or feed to gain ratio in this 
feedlot experiment compared to previous research on winter wheat pastures is the feedlot diet was 
much lower in total and soluble protein for the tannin extracts to bind with and cause an increase in 
rumen escape or by-pass protein. Another wheat pasture hypothesis was that rumen methane 
production was decreased based on in vitro gas production analyses that would contribute to 
increased ADG. Methane specific activity was measured from rumen and fecal samples in the 
current study and no difference was found in rumen methane specific activity, indicating the results 
from wheat pasture rumen fluid methane production did not translate to cattle on a finishing ration. 
Therefore, both potential pathways of increasing ADG in wheat pasture cattle supplemented with 
tannin extracts were unresponsive to tannin supplementation in cattle feed a finishing ration.  

The effects of tannin extract supplementation on carcass and yield attributes are summarized in 
Table 4. Overall tannin supplementation either had not affect or a minimal negative effect on 
carcass traits. The effect of tannin supplementation on dressing percent resulted more from the 
initial body weight by treatment interaction (Fig 2) than from a tannin effect per se. The net results 
indicate there are no deleterious effects of tannin supplementation for up to 42 days though there is 
a trend that might lead to decreased marbling for both extracts and a decrease in KPH % with 
Chestnut supplementation.  

The effect of tannin supplementation averaged across the 42-d experiment on generic fecal resulted 
in a statistically though not microbiologically differences in fecal and rumen microbial populations 
(Table 5). Overall changes were 0.3 to 0.7 log, which are below the normal significance threshold of 
1 log change used in food safety. Averaged across time after application, results from pre-harvest 
hide spray again detected no difference between control and tannin treatments. There was no day 
into trial x treatment effect on fecal E. coli, total coliforms or Campylobacter populations (Table 6). 
There was no evidence of cyclical shedding of fecal bacteria within or among treatment groups over 
42-d.  

Similar to fecal E.coli and total coliforms, these groups evidenced no cyclicity at 7-d time steps in 
rumen fluid of Control, Chestnut tannin or Mimosa tannin fed cattle (Table 7). Collectively, the fecal 
baterial population estimates across and within time periods and treatment groups lead us to reject 
the hypothesis that Chestnut and Mimosa tannins are effective fecal coliform shedding mitigation 
agents.  

There was no treatment x time after pre-harvest hide spray application effect on hide-swab based 
population estimates of E.coli, total coliforms and aerobic plate count (Table 8). Again, as in fecal 
coliform shedding experiments, we concluded that the hypothesis that Chestnut and Mimosa tannins 
are effective fecal coliform pre-harvest mitigation agents was rejected.  

Visceral organ and internal fat mass were quantified and are summarized in Table 9. Overall, tannin 
extract supplementation effects on organ mass were negligible. Livers and kidneys from all animals 
were visually scored for lesions. No gross necroses were detected on the organ surface or simple 
bisection. There was evidence of slight kidney surface hemorrhages of 2, 6 and 4 steers from the 
Control, Chetsnut and Mimosa treatments, respectively (data not shown). 
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Implications 

The research results did not show any benefit to supplementation with tannins for 42 d in cattle 
receiving a finishing ration in terms of animal performance, carcass traits or fecal E. coli and other 
coliforms shedding patterns. Similarly pre- and post-harvest sprays with Chestnut and Mimosa tannin 
plant extracts showed no effect on E. coli and other coliforms. Unfortunately, the results from this 
42-d feeding trial do not demonstrate any benefit to the use of Chestnut or Mimosa tannin extracts 
in the E. coli mitigation programs of the beef industry form the feedlot to harvest. We will conduct 
further research at the hay-feeding and pasture grazing phases of beef production. 

 

Table 1. Step-up and experimental rations used on the adaptation and experimental phase on finishing steers£ 

£Ingredients expressed on an as-fed basis. 
 

Table 2. The effects of source of tannins on performance and feed efficiency in finishing steers£ 

£ Model includes solution for fixed effects of treatment. 

Table 3. The effects of tannin source on ruminal and fecal CH4 production‡   

 Treatment 
Measure Control Chestnut Mimosa 
Ruminal CH41 

 

18.6 20 18.6 
Fecal CH42 0.13 0.07 0.11 

‡ µmol CH4 per ml of fermentation fluid 
1-day P = 0.01; treatment*day P = 0.87 
2-day P < 0.001; treatment*day P = 0.45 

 Step-up rations Treatment rations 
Ingredient Week 1 Week 2 Week 3 Control Mimosa Chestnut 
Corn 38.5 49.7 63.4 71.5 70.0 70.0 
Hay—sorghum 38.0 27.8 18.1 8.0 8.0 8.0 
CSH 10.0 7.0 4.0 2.0 2.0 2.0 
CSM 4.0 6.0 6.0 11.0 11.0 11.0 
Molasses 6.0 6.0 5.0 4.0 4.0 4.0 
Limestone 1.5 1.5 1.5 1.5 1.5 1.5 
TM/Vit       
Supplement 2.0 2.0 2.0 2.0 2.0 2.0 
Tannin mix 0.0 0.0 0.0 0.0 1.5 1.5 

Trait 

Treatment 

SEM P-value 
Control  
n = 12 

Chestnut 
n = 12 

Mimosa 
n = 12 

IBW, lb 909.00 913.50 901.92 37.11 0.95 
FBW, lb 1061.00 1054.83 1056.50 44.25 0.99 
ADG, lb 4.16 3.91 4.22 0.35 0.64 
DMI, lb/day 26.84 25.14 24.81 1.83 0.50 
Feed/gain, lb 6.20 6.29 6.34 1.01 0.99 
DMI, % BW 2.77 2.61 2.58 0.16 0.44 
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Table 4. The effects of source of tannin on selected carcass traits£ 

 

 

 

 

 

 

 

 

 
£ Final model included treatment, initial BW, and initial BW*treatment. 
¥ P-value treatment = 0.04; initial BW*treatment = .03; See figure 2. 
‡Slight00 = 4.00, Small00 = 5.00, Modest00 = 6.00. 

 

Table 5. The effects of source of tannins on specific bacteriologic populations collected on finishing steers 

Trait  

Treatment 

SEM  P-Value  
Control 
n = 12 

Chestnut 
n = 12 

Mimosa 
n = 12 

Fecal content (log10 CFU/g)      
   E. coli 5.6a 5.8ab 5.9b 0.1 0.01 
   Total coliforms 5.7b 6.0a 6.1a 0.1 0.00010.05 
   Campylobacter¥ 5.1a 4.5b 5.2a 0.3 0.05 
Ruminal content (log10 CFU/mL)      

   E. coli 4.1b 3.6a 3.8ab 0.1 0.01 
   Total coliforms 4.2b 3.8a 4.0ab 0.1 0.01 
Hide swabbed (log10 CFU/cm2)      
   E. coli 1.7 1.5 1.4 0.2 0.24 
   Total coliforms 1.8 1.6 1.7 0.1 0.47 
   Aerobic plate cnt 4.0 4.0 4.2 0.1 0.18 
abMeans with different superscript differed P<0.05. 
£Model includes solution for fixed effects for treatment. 
¥Campylobacter data was collected on days 1 and 7 on fecal samples, and no detectable counts were found on ruminal 
samples and no analysis was reported. 

 

 

 

 

 

 

 Treatment 

 

Item 
Control 
 n = 12 

Chestnut  
n = 12 

Mimosa 
 n = 12 

Hot carcass wt, lb 630.9 613.2 603.0 

12th rib fat thickness, in 0.26 0.29 0.28 
Ribeye area, in2 12.4 11.9 12.1 

KPH, % 2.04 1.77 2.2 
Dressing, %¥ 60.6 59.8 58.8 

Yield grade 2.70 2.75 2.72 
Marbling score‡ 5.09 4.88 4.76 
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Table 6. The effects of source of tannins on specific bacteriological populations on fecal samples collected on 
finishing steers£ 

Trait (log10 CFU/g) 

Treatment 

SEM P-Value 
Control 
n = 12 

Chestnut 
n = 12 

Mimosa 
n = 12 

E. coli      
0 (Day) 5.7 5.6 5.8   

7 5.7 5.7 6.3   
14 5.5 5.8 5.4   
21 5.7 5.7 5.9   
28 5.6 5.8 6.2   
35 5.4 6.1 6.1   
42 5.7 6.0 6.0   

Coliforms    0.2 0.27 
0 (Day) 5.7 5.7 5.8   

7 5.7 5.8 6.3   
14 5.7 5.9 5.7   
21 5.8 5.9 6.0   
28 5.7 6.0 6.3   
35 5.5 6.3 6.2   
42 5.9 6.2 6.2   

£Model includes solution for fixed effects for treatment by day interaction. 

 

Table 7. The effects of source of tannins on specific bacteriological populations on ruminal fluid samples 
collected on finishing steers£ 

Trait (log10 CFU/g) 

Treatment 

SEM P-value 
Control 
n = 12 

Chestnut 
n = 12 

Mimosa 
n = 12 

E. coli    0.3 0.51 
0  4.2 3.8 3.9   
7 4.2 3.6 3.9   

21 4.0 3.3 3.9   
42 3.8 3.7 3.5   

Coliforms    0.2 0.69 
0  4.3 4.0 4.1   
7 4.3 3.8 4.1   

21 4.1 3.5 4.0   
42 3.9 3.8 3.8   

£Model includes solution for fixed effects for treatment by day interaction. 
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Table 8. The effects of spray application of source of tannins on hide bacteriological counts£ 

Trait (log10 CFU/cm2) 

Treatment 
 

SEM 

 

P-value 

Control  
n = 12 

Chestnut  
n = 12 

Mimosa  
n = 12 

E. coli    0.3 0.15 
   Pre-spray 1.8 1.4 1.4   
   Post-spray (2 min) 2.1 1.6 1.2   
   Post-spray (8 h) 1.5 1.4 1.4   
   Post-spray (24 h) 1.4 1.7 1.8   
Total coliforms    0.3 0.12 
   Pre-spray 1.9 1.5 1.6   
   Post-spray (2 min) 2.2 1.7 1.5   
   Post-spray (8 h) 1.6 1.5 1.5   
   Post-spray (24 h) 1.5 1.8 2.1   
Aerobic Plate Count    0.2 0.35 
   Pre-spray 4.1 4.2 4.4   
   Post-spray (2 min) 4.2 4.0 4.0   
   Post-spray (8 h) 3.7 3.9 4.0   
   Post-spray (24 h) 3.9 3.9 4.4   

£Model includes solution for fixed effects for treatment by series interaction, where series are equal to pre- and post-
spray applications. 

Table 9. The effects of source of tannin on visceral organ weights and internal fat£ 

 
Item 

Treatment 

 
SEM 

 
P-value 

Control 
n = 12 

Chestnut 
n = 12 

Mimosa 
 n = 12 

Heart, lb 3.72 3.85 3.69 0.20 0.43 
Liver, lb 14.31 13.75 13.66 0.46 0.20 
Kidney, lb 2.27 2.29 2.23 0.17 0.96 
Empty rumen, lb 27.26 29.79 26.05 0.84 0.09 
Empty small intestine, lb 9.98 9.57 9.41 0.39 0.22 
Empty large Intestine, lb 5.30 5.06 5.21 0.26 0.73 

Empty total GIT, lb¥ 42.55 44.43 40.67 1.19 0.08 
Dissectible internal fat, lb‡ 40.37 36.53 37.83 2.9 0.007 

£Final model included treatment, initial BW, and initial BW*treatment. 
¥GIT = gastrointestinal tract. 
‡P-value treatment = 0.007; initial BW*treatment = 0.02; See figure 3. 

 

 

 

 

 



National Cattlemen’s Beef Association|9110 East Nichols Ave.|Centennial, CO 80112|303-694-0305 

Table 10. Effect of type and concentration of tannin and volume of solution delivered, on the population 
of fluorescent E. colia as surrogate for E. coli O157:H7 on beef round surface. 

% tannin in solution 
Type of 
tannin 

Volume (ml) of solution 
applied 

 
1% 

 
2% 

 
3% 

Chestnut 100 4.8 4.9 4.6 

 200 4.7 5.0 5.0 

Mimosa 100 5.1 4.7 5.0 

 200 4.8 5.1 4.9 
 

 

Table 11. Populations (log CFU/cm2) of fluorescent E. coli as surrogates for E. coli O157:H7 on outside rounds 
after water wash or water wash followed by tannin solution spray 

 Log CFU/cm2 Estimated log reductionb 

No treatment 6.7Aa NA 

Water wash alone 4.7B 2.0A 

Water wash + chestnut tannin spray 4.6B 2.1A 

Water wash + mimosa tannin spray 
  

5.1B 1.6A 

aValues within columns followed by same letter are not different 

 

 

Figure 1. Anatomical location of hide swab area, 
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Figure 2. Initial BW X treatment interaction for the effect of tannin source on dressing % 
 a,b,c Means in a column grouping with different superscript are different P<0.05. 

 

Figure 3. Initial BW X treatment interaction for the effect of tannin source on internal fat. 
 a,b,c Means in a column grouping with different superscript are different P<0.05. 


