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Background 

Ruminants, including dairy cattle, serve as an important reservoir for Salmonella and have been 
implicated in cases of human salmonellosis. Research conducted by our laboratory has found the 
prevalence of mature dairy cattle shedding Salmonella in their feces varies greatly, but can be as 
high a 100%. However, as dairy cattle are most often asymptomatic and sporadic carriers/shedders 
of Salmonella, identification of Salmonella-positive animals cannot be accomplished visually. 
Therefore, strategies for “on-farm” control of Salmonella will have to incorporate all of the animals 
within a farm or target specific groups or ages of cattle.  
 
While targeting a large group of animals in this manner will likely be the most effective means of 
lowering Salmonella prevalence, it may also prove to be the most expensive.  
 
Recent research conducted by our laboratory and funded by America’s Beef Producers, sought to 
determine the prevalence of multi drug resistant (MDR) Salmonella and to determine which if any 
age or production groups on the farm may be more likely to harbor MDR Salmonella. While this 
research did identify groups with a higher MDR Salmonella prevalence (hutch calves, sick/fresh 
cows), one of the most interesting results of this research involved the feeding of waste milk.  
 
Waste milk (milk from medicated cows) is often saved and used as a cheap feed source for calves, 
reducing dependence on milk replacer or saleable whole milk. However, it is unknown if this 
management practice facilitates the transfer of pathogenic or antimicrobial resistant bacteria.  
 
Pasteurization of the waste milk is employed by some facilities but the degree of effectiveness or the 
effects on mediators of resistance transfer are unknown. In the aforementioned research, we made 
two sample collections (October 2005 and March 2006) and found Salmonella prevalence (overall 
and MDR) decreased substantially in the March collection, not only in the calves, but also in lactating 
cows and animals in the sick pen. In talking to the farm manager, we learned that the dairy had 
started pasteurizing the waste milk approximately three months prior to the March collection 
resulting in a substantial decrease in cases of calf salmonellosis and an improvement in overall calf 
health. While our data only suggests pasteurization of waste milk may reduce Salmonella prevalence 
on the farm, the implications of this potential finding certainly warrants further examination.  
 
The stated objectives for this work were:  

1. Determine prevalence of Salmonella and MDR Salmonella in dairy calves (1 to 60 d of age) 
fed pasteurized or non-pasteurized waste milk.  

2. Determine if waste-milk pasteurization influences Salmonella prevalence in older animals (6, 
12, and 24 month old heifers) and overall farm prevalence (to include lactating and 
dry cows), including multi drug-resistant (MDR) Salmonella.  

3. Examine waste milk (pasteurized and non-pasteurized) for:  
a. Salmonella 
b. Antibiotic residues  
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c. Generic microbial population  
4. Evaluate and compare antimicrobial efficacy of antibiotic residues in pasteurized and non-

pasteurized waste milk (if residues present).  
5. Compare commensal bacterial populations and gastrointestinal ecology of calves fed 

pasteurized and non-pasteurized waste milk. 
 

Methodology 

Sample collection. This research was conducted in collaboration with large commercial dairies in the 
southwestern United States. Two regions with a high concentration of dairy cattle were selected 
(southwestern NM and west Texas/Eastern NM). Results from the southwestern NM collections will 
not be presented due to problems with the sample collection (one of the dairies switched from 
feeding non-pasteurized waste-milk to milk replacer and one dairy’s management style was 
significantly different from the other dairies enrolled in the study). Two collections were made in 
eastern New Mexico, one in October 2007 and one in February 2008. Three dairies were sample in 
2007, one each that fed non-pastuerized waste milk, pasteurized waste milk, or non-medicated milk 
replacer. In 2008, two farms were sampled, the same farm that fed non-pasteurized waste milk 
sampled in 2007 and a new farm feeding pasteurized waste milk. Sixty fecal samples were collected 
from each of the following groups of cattle on each farm: hutch calves, six month old heifers, 24 
month old heifers, and lactating cows (approx. 150 DIM). Thirty head of dry cows were also sampled 
on each farm. Freshly voided fecal pats free of contamination were collected in sterile palpation 
sleeves and cultured as described below. Waste milk samples were collected from each farm when 
fecal collections were made and additional four weekly samplings were made (before and after 
pasteurization on those farms employing pasteurization) in April 2008 for evaluation described 
below.  
 
Bacterial culture, isolation and enumeration methods. Fecal and waste milk samples were collected 
and shipped immediately to our laboratory in College Station, TX for analysis the following day. In 
addition to the Salmonella culture described below, twenty calf fecal samples collected in 2007 were 
quantitatively cultured for Lactobacillus. An MPN series was also utilized to calculate overall 
bacterial concentrations in 10 calf fecal samples/farm from the 2007 collection. All media and agar 
were from Difco Laboratories (Detroit, MI). Reagents and antibiotics were obtained from Sigma 
Chemical Co. (St. Louis, MO).  
 
Salmonella culture. Ten grams of fecal material was enriched in 90 ml of tetrathionate broth for 24 h 
at 37º C. A portion (200 μl) of the enriched culture was transferred to 5 ml Rapport-Vassilidis R10 
broth and incubated an additional 24 h at 42º C. To determine overall Salmonella prevalence, 
samples were plated on brilliant green agar supplemented with novobiocin (25 μg/ml). In order to 
screen for MDR isolates, tetracycline (30 μg/ml) was added to the agar and samples incubated as 
above. Following incubation (24 h, 37º C), colonies exhibiting typical Salmonella morphology were 
confirmed biochemically using lysine and triple sugar iron agars. Additionally, Salmonella was 
quantified using a spiral plater and techniques developed at MARC, Clay Center, NB. One milliliter 
aliquots of the tetrathionate broth/feces mixture (prior to incubation) was spiral plated onto XLD agar 
and incubated as above. Samples were retained under refrigeration and any samples positive on 
XLD agar were similarly plated on XLDtet agar the following day. Confirmation of Salmonella-positive 
samples was conducted using slide agglutination. Salmonella isolates were stored as glycerol stocks 
(10% v/v) in TSB (-80º C). Representative isolates capable of growth on tetracycline-supplemented 
agar were sent for serotyping to the National Veterinary Services Laboratory in Ames, IA and 
examined for antimicrobial susceptibility as described below.  
 
Waste milk processing. All samples were cultured for Salmonella as described above and 
plated on chromagar for generic E. coli and fecal coliforms. Antibiotic residues [gentamicin, 
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sulfamethazine, tetracycline and beta-lactams (penicillin G, ampicillin, amoxicillin, cephapirin, and 
ceftiofur)] in the waste milk were examined using Snap® Tests (Idexx Laboratories, Westbrook, ME). 
Antimicrobial activity of the waste milk samples was examined utilizing a gradient plate technique. 
Briefly, two layers of agar were poured successively into a petri plate. The bottom layer (10 ml) 
consisted of a 50:50 mixture of tryptic soy agar and the waste milk sample, poured on a 4 mm slant. 
Once solidified, each dish was placed in a horizontal position and an additional 17 ml of tryptic soy 
agar was added. When dry, serial dilutions of generic E. coli or Salmonella (two different strains of 
each, all pan susceptible) were spread plated onto the agar and the plates incubated (37° C, 24 hr). 
Following incubation, colony numbers and their location on the plate in relation to the milk gradient 
were recorded.  
 
Determination of antimicrobial susceptibility. Antimicrobial susceptibility was determined on 
Salmonella isolates capable of growth on BGAtet plates using the Sensititre automated antimicrobial 
susceptibility system according to the manufacturer’s directions (Trek Diagnostic Systems, Westlake, 
OH). Broth microdilution was used according to methods described by the National Committee for 
Clinical Laboratory Standards using the NARM’s panel for gram-negative isolates. Resistance 
breakpoints were determined using the NCCLS interpretive standards unless unavailable, in which 
case breakpoints in the NARMS 2000 Annual Report or those provided by Trek Diagnostic were 
used. Escherichia coli ATCC 25922 and E. coli ATCC 35218 were used as quality control organisms.  
 
Evaluation of bacterial diversity. To determine overall bacterial diversity in calves and heifers fed 
pasteurized or non-pasteurized waste milk, 15 fecal samples (from each age group) were collected 
from calves at 1, 2 and 4 weeks of age and heifers at 2, 4 and 6 months of age on the two farms 
sampled above in 2008 (n = 180 total samples). Fecal samples were frozen and are awaiting 
analysis using bacterial tag-encoded FLX amplicon pyrosequencing (bTEFAP). Results are 
forthcoming and will be presented to NCBA in an addendum to this report.  
 
Statistical analysis. Data were analyzed using SAS Version 8.02 (SAS Inst. Inc., Cary, NC, USA). 
Quantitative (no. positive by direct plating) and qualitative data (percent positive) were subjected to 
Chi-square analysis using the PROC FREQ procedure. For the first collection, qualitative data 
comparisons were made of pasteurized versus non-pasteurized, pasteurized versus milk-replacer, 
and all three feeding methods. Quantitative data expressed as cfu (log10)/g feces was subjected to 
analysis of variance appropriate for a completely randomized design. Differences among means 
were considered significant at a 5% level of significance. 
 
Findings 

Salmonella prevalence. For the first collection, Salmonella prevalence was compared among three 
farms using pasteurized or non-pastuerized waste milk or non-medicated milk replacer to feed their 
calves (Table 1). Prevalence was not different among hutch calves or 6-month-old heifers. Significant 
differences were observed in the percentage of animals that were culture positive via direct culture, 
but not in actual Salmonella concentrations, in 24-month-old heifers and lactating cows. Farms using 
milk replacer had the highest incidence of Salmonella, followed by those pasteurizing waste milk, 
while the farm utilizing non-pasteurized waste-milk had very few Salmonella positive samples in 
these two animal classes. Prevalence differences were observed in dry cows when all three farms 
were compared, but not when pasteurized versus non-pasteurized feeding methods were compared. 
Overall, Salmonella prevalence and concentrations were significantly different among the three 
farms examined (Table 1). One colony from each Salmonella positive sample (following enrichment) 
was serogrouped and a total of 5 different serogroups were identified (B, C1, C2, E1 and K) 
with C1, K and E1 being the most common. Serogroup C1 was found on all three farms, 
while K was cultured only on the farm using milk replacer and E1 primarily on the farm using 
pasteurized waste milk.  
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Data for the second collection, comparing two farms using non-pasteurized or pasteurized waste 
milk are presented in Table 2. Salmonella was cultured from all classes of animals on the farm using 
pasteurized waste milk, but only in 6- and 24-month old heifers on the non-pasteurized farm, and 
then only in one animal in each age group. Significant differences in Salmonella prevalence were 
observed among farms in calves, 24-month old heifers, lactating cows and when all animal classes 
were combined (overall). The percentage of animals with fecal samples Salmonella-positive following 
direct plating was higher (P < 0.05) in the hutch calves and overall. Actual concentrations were not 
statistically analyzed as only one sample on the farm feeding pasteurized waste milk was positive 
following direct plating. Three serogroups were identified on the farm pasteurizing waste milk, C1 
(38%), C2 (53%) and K. The one positive sample cultured on the non-pasteurized waste milk farm 
belonged to group C1.  
 
In the first collection, four isolates (lactating cows; farm feeding pasteurized waste milk) cultured on 
plates containing tetracycline were examined for antimicrobial susceptibility, but due to the low 
number, not serotyped. One of the isolates was pan susceptible, one was resistant to sulfisoxazole 
and one MDR (ampicillin, naladixic acid, and sulfisoxazole). Nine isolates from the second collection 
cultured on BGAtet were screened for antimicrobial resistance and serotyped. All isolates were from 
the farm utilizing pasteurized waste milk (7 from calves, 2 from 24-month old heifers). In addition to 
tetracycline resistance, six isolates were also resistant to kanamycin and one was resistant to 
sulfisoxasole. All but one isolate belonged to the C2 serogroup and Kentucky serotype. The one 
isolate cultured from a 24-month old heifer belonged to the serotype Anatum (E1).  
 
Calf fecals. Lactobacillus concentrations (collection 1) were not significantly different among farms 
using waste milk (pasteurized versus non-pasteurized) but were different (P < 0.05) when compared 
to the farm using milk replacer [4.79, 3.82 and 2.95 cfu (log10)/g feces for farms using pasteurized 
waste milk, non-pasteurized waste milk, and milk-replacer, respectively]. Pasteurization of the waste-
milk had no effect on overall fecal bacteria populations as determined by the most-probable number 
technique (Collection 1, data not shown). Based on these results, these evaluations were not 
performed in the second collection.  
 
Waste milk. Waste milk samples were cultured for Salmonella, generic E. coli and fecal coliforms 
after serial dilution and direct plating. All samples were Salmonella negative and all non-pasteurized 
milk samples contained quantifiable concentrations of both fecal coliforms and generic E. coli, while 
only one pasteurized milk sample had detectable, albeit much lower, concentrations compared to 
those from non-pasteurized samples. Antimicrobial susceptibility testing was conducted on 10 fecal 
coliform and 10 generic E. coli isolates from non-pasteurized and pasteurized milk samples (n = 40 
total isolates examined). In general, both generic E. coli and fecal coliform isolates displayed 
resistance to a wide range of different antibiotics (n = 13) as well as multi drug resistance. More 
fecal coliforms were MDR compared to generic E. coli with most of these MDR isolates cultured from 
non-pasteurized milk samples. The number of MDR generic E. coli isolates was similar among 
pasteurized and non-pasteurized milk samples although isolates cultured from the pasteurized 
waste milk were resistant to a greater number of antibiotics than those cultured from non-
pasteurized waste milk. However, as most of the pasteurized milk samples were culture negative, 
the majority of the GEC and coliform isolates cultured were from the same milk sample and farm, 
therefore care should be taken not to over interpret these results.  
 
Antibiotic residues were detected in seven (2 pasteurized) of 13 milk samples examined. 
Four of the milk samples were collected prior to arrival of the test kits and were frozen for 
later analysis, therefore could not be tested using these test kits. Additionally, for unknown 
reasons, two of the non-pasteurized milk samples from one farm did not test correctly (milk 
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is required to migrate on the test strip, these samples it would not). Of the seven positive samples, 
all were positive using the beta-lactam test (penicillin G, ampicillin, amoxicillin, cephapirin, and 
ceftiofur) and one non-pasteurized sample was also positive for tetracycline residues. Further 
analysis using the gradient plate technique, revealed 10 of 17 milk samples exhibited some degree 
of antimicrobial activity against both generic E. coli and Salmonella and were most often non-
pasteurized samples. Positive results in the gradient plate technique were most often correlated with 
samples testing positive for antibiotic residues and this would likely have been in 100% agreement 
had all of the milk samples tested correctly on the antibiotic residue tests (data not shown).  
 
In both collections, farms that pasteurized their waste milk had a higher overall incidence of 
Salmonella in most all animal classes than those not pasteurizing, exactly opposite of what would be 
expected. The differences among farms observed in this study may have nothing to do with whether 
or not the farms pasteurize their waste milk and could simply be a result of farm to farm variation in 
Salmonella prevalence that we have reported previously (Edrington et al., 2004b). 
 
Implications 
 
In general, animals on farms utilizing pasteurized versus non-pasteurized waste milk had higher 
Salmonella prevalence. While it appears from this data that farms pasteurizing their waste milk have 
a higher incidence of Salmonella, care must be taken not to over-interpret this data. Farm to farm 
variation in Salmonella prevalence could be responsible for the differences we observed. 
Additionally, Salmonella prevalence on the farm utilizing pasteurized waste milk could have been 
much higher prior to implementation of the pasteurization process. However, without any baseline 
data we cannot confirm or refute this possibility. Waste milk samples were collected and examined 
for Salmonella, fecal coliforms, generic E. coli, antibiotic residues, and antibiotic activity. All of the 
milk samples were Salmonella negative, while most of the non-pasteurized and a few of the 
pasteurized milk samples had fecal coliforms and generic E. coli detectable by direct plating. 
Additionally, some of the milk samples had detectable antibiotic residues (beta lactams and 
tetracycline) and demonstrated antimicrobial properties against generic E. coli and Salmonella using 
a gradient plate culture method. Unfortunately, results of this research do not clearly define the 
effect of waste milk pasteurization on Salmonella prevalence in dairy cattle. Future research efforts 
will need to examine Salmonella prevalence, prior to and after, the implementation of waste milk 
pasteurization on the dairy. 
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Table 1. Collection 1 - Fecal prevalence (% positive) and concentrations [cfu(log10)/g feces] following direct 
plating (DIR) or enrichment (ENR) of Salmonella in dairy cattle on farms utilizing pasteurized (P) or non-
pasteurized (NP) waste milk or medicated milk replacer (MR) to feed young calves. Farm comparisons were 
made of P versus NP, P and MR, and among all three farms and p-values presented when data sufficient to 
allow analysis (ns = not significant). 

 
 
 
Table 2. Collection 2 - Fecal prevalence (% positive) following direct plating (DIR) or enrichment (ENR) of 
Salmonella in dairy cattle on farms utilizing pasteurized (P) or non-pasteurized (NP) waste milk to feed young 
calves. P-values are presented if significant differences were detected (ns = not significant). 
 

 
 
 


