
Viability of waste milk pasteurization systems for calf feeding systems 
 
 
 

Michael Chase Scott 
 
 
Thesis submitted to the Faculty of Virginia Polytechnic Institute and State University for 

partial fulfillment of the requirements for the degree of  
 

Master of Science  
in  

Dairy Science (Management) 
 
 

Robert E. James, Chair 
Michael L. McGilliard 

John F. Currin 
 
 

April 21, 2006 
 

Blacksburg, VA 
 

(Keywords: Calves, Milk Replacer, Waste Milk, Pasteurization) 



Viability of waste milk pasteurization systems for calf feeding systems 
 

Michael Chase Scott 
 

Abstract 
 

The objective of this study was to determine amount and composition of waste milk 

(WM) generated by 13 dairy farms and to measure effectiveness of on-farm pasteurizers.  

Waste milk was sampled bi-weekly from three farms located in North Carolina (NC) for 

28 weeks and twice from ten farms in California (CA) in June 2005 and Jan. 2006.  

Farms ranged in size from 530 to 7000 milk cows and included a 30,000 head calf ranch.   

Amount of waste milk generated ranged from 2.48 – 9.84 L/calf/d.  Standard plate count 

(SPC) of waste milk before pasteurization averaged 17 million cfu/ml on NC farms and 

1.6 million cfu/ml on CA farms.  Fat and protein from NC farms averaged, 3.5 and 3.2%, 

while CA farms averaged 4.0 and 3.8%.  Pasteurizer performance was evaluated based on 

SPC and alkaline phosphatase activity.  Pasteurizers failed to deactivate alkaline 

phosphatase in 16%, and <5% of the time in NC and CA.  California WM had lower post 

pasteurized SPC (13,000 cfu/ml) than NC farms (430,000 cfu/ml)   

A feeding trial was conducted to evaluate supplementing WM with 28% protein: 20% fat 

milk replacer (28:20) when WM is insufficient relative to calf demands.  Calves were fed 

a combination of milk (M) and (28:20).  Milk replacer was reconstituted at 14% DM, so 

that diets were isocaloric. Treatment (TRT) 1 calves received M for 28d and then 28:20 

until weaning at 56d. Treatment 2 calves received 28:20 for 28d and then milk until 

weaning. Treatment 3 calves received 28:20 for the entire period.  Liquid diets were fed 

twice daily at the rate of 5.5, 7.3 and 8.2 kg/d as fed for birth weights of <27, 27-36 and 

36<kg to provide enough energy and protein for 0.5, 0.8 and 1.0 kg/d gain.   Calf body 
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weight (BW), wither height (WH), hip height (HH), hip width (HW), body length (BL), 

and heart girth (HG) were recorded at 1d, 28d ±3d, 35d ±3d, and 56d of age.    Four 

periods of time were evaluated; the total period, first four weeks (P1), transition period 

(TP), in which calves were switching diets, and until weaning (P2). Body weight, WH, 

HH, HW, BL and HG gain were not different between treatments over the total period. 

Similarly, grain intake through 8 weeks was not different.  Treatment 1 ADG was higher 

during TP as compared to TRT 2, which could be due to increased water retention from 

higher mineral content of 28:20 relative to M diets.   Results of the trial demonstrated that 

similar growth rates through 8 weeks of age was achieved with either combination of M 

and 28:20 or only 28:20 when fed on an isocaloric basis. 
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Chapter 1 
 

Introduction 
 

The increased average size of dairy herds in the United States, inevitability 

consolidates a large number of animals within single operations.  A report from the 

National Animal Health Monitoring System (NAHMS, 2002), summarizing 51% of the 

U.S. dairy cow inventory was found on operations larger than 200 cows which was an 

increase of 19.2% from 1993. Large farms offer not only, economies of size, but also 

present new opportunities of scale in dairy cattle management.  Pre-weaned calf 

management is not immune to this evolution.  Milking more cows in one location not 

only increases the number of pre-weaned calves requiring rearing, but it also centralizes a 

larger pool of unmarketable milk.  Unmarketable milk or waste milk is defined as milk 

from cows prohibited from entering the human food supply, for reasons such as antibiotic 

treatment and transition milk (milk obtained 2-3 d post partum).  Additionally, milk from 

cows with high somatic cell counts might be excluded from marketable milk to increase 

quality of milk sold from the operation and thus diverted into waste milk.  It is logical to 

consider the possibility of using the supply of unmarketable milk, as a feed source for 

pre-weaned calves.   

The first 3 months of a calf’s life has the highest total daily cost when compared 

to other stages of heifer rearing (Smith, 1991).  A major component of the higher cost of 

rearing is cost of milk or milk replacer. Dairy producers/calf raisers have several different 

feeding strategies to choose from when feeding calves.  Feeding raw whole milk to calves 

is an obvious option, as whole cow’s milk is what nature intended the calf to consume.  

Feeding raw whole milk to calves is an expensive practice in consideration of its market 
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value. Other implications of feeding raw whole milk from the farm’s bulk tank to calves 

include the possibility of transmittance of a pathogenic organism such as Mycoplasma 

bovis or Mycobaterium paratubercolosis.    In 2002, 47.8% of operations reported at least 

one cow with symptoms of Johne’s while 7.9% of operations tested positive for 

Mycoplasma from at least one bulk tank sample (NAHMS, 2002).    

  Milk replacer is fed on 65% of operations in the United States (NAHMS, 1993). 

Advantages of feeding milk replacer include; uniformity of product delivered to calves, 

economical when compared to feeding whole milk, and absence of harmful pathogens.  

To avoid expense of feeding marketable milk and/or milk replacer to calves some 

producers opt to feed unmarketable milk or waste milk to calves. Waste milk is fed on 

87.2% of farms in the United States (NAHMS, 2002). Waste milk, like a typical mastitic 

cow’s udder, may contain high levels of pathogenic organisms and antibiotics as shown 

by (Selim and Cullor, 1997).  Even though 87.2% of farms feed waste milk, only 1% of 

farms in the United States (NAHMS, 2002) attempt to pasteurize it.  Successful 

pasteurization kills both Mycoplasma bovis and Mycobaterium paratubercolosis (Stabel, 

2001, Stabel, et al., 2004).  Pasteurizers do not alter the antibiotic level in waste milk.  

Farm size, number of calves, amount of waste milk, total cost of pasteurizer, and efficacy 

of pasteurizer are all factors affecting economic viability of a waste milk pasteurization 

calf feeding system.  Little data describing the efficacy of pasteurizers and the ability of 

waste milk to meet the nutritional needs of the calf feeding enterprise exist. 
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Objectives  

• Determine the amount (kg) and nutritional quality (fat and protein) of waste milk 

available on dairy farms, by sampling and measure waste milk every other week 

for 28 weeks on three farms located North Carolina and twice on ten farm located 

in California  

• Evaluate  the effectiveness of waste milk pasteurizers by measuring standard plate 

count and alkaline phosphatase activity before and after pasteurization on the 

same farms mentioned above  

• Evaluate milk supplementation with milk replacer (Calf feeding trial at Virginia 

Tech) to determine possible strategies to deal with a shortage of waste milk when 

feeding it to calves. 
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Chapter 2 

Literature review 

The pre-weaned calf 

The first few weeks of a calf’s life has a profound influence on its survivability.  

The National Animal Health Monitoring System (NAHMS, 2002) reported that 8.7% of 

live calves born die before weaning.  Pre-weaned calf mortality at this level translates 

into a large economic loss to dairy operations in the U.S.   Accentuating this loss is the 

current high value of pregnant dairy replacement heifers that are commonly marketed for 

$1800-$2200.   Increased value of dairy replacements emphasizes the importance of low 

calf mortality and improved health.  Good colostrum management has been accepted as 

the most influential factor towards initiation of healthy and efficient growth in calves.  

Heifer calves receiving adequate amounts of high quality colostrum (>45 g/L) are 74 

times more likely to survive until 21 days of age, than calves  not receiving colostrum 

within the first 24 hours (Wells, et al., 1996).  Following colostrum management in 

importance in promotion of health and growth is the liquid component of the pre-weaned 

diet.  The immature calf’s digestive tract lacks activity of most of the digestive enzymes 

that it will have later in life. Lactase, the enzyme responsible for the break down of 

lactose, is the most active carbohydrase found in the new born calf’s digestive tract.  

Amylase, which is responsible for  break down of starches, develops rapidly after birth 

(Davis and Drackley, 1998).   

The goal in raising dairy replacements is to economically minimize the amount of 

time needed to produce freshening heifers of adequate size and proper condition.  The 

average age at first calving in the United States is 25.4 months (NAHMS, 2002). Dairy 
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replacement rearing cost represents 15-20% of the total cost of producing milk on a dairy 

operation  (Heinrichs, 1993).  Quick recuperation of these costs, in the form of harvested 

marketable milk, is imperative to economic viability of a dairy operation. An estimated  

$152-$185 per heifer can be saved in rearing  cost by reducing age at first calving from 

26 months to 24 months (Heinrichs, 1993).  Lowering average age at first calving to 22-

23 months is suggested as the optimal age of maximum economic return from a dairy 

heifer (Heinrichs, 1993).  Growth can be divided into two main categories; lean growth 

and deposition of fat.  Lean growth is characterized as an increase of bone and muscle 

mass, while fat deposition occurs in the form of marbling of muscle and subcutaneous fat.  

The maximum rate of lean growth in dairy heifers is observed in the first few months of 

life (Bondi, 1987).  Heifers achieve over 50% of their mature vertical height in the first 6 

months of life (Kertz, et al., 1997).    After the first year the lean to fat gain ratio shifts to 

higher percentages of fat.  As heifers mature, past 1 year of age, they begin to deposit 

more fat rather than depositing nutrients in muscle and bone. Pursuit of earlier freshening 

dates, demands maximum growth throughout the entire rearing period (Bondi, 1987).  

The first few weeks of a calf’s life offers tremendous opportunity for this type of growth.  

Efficient growth in the pre-weaned calf is best initiated by feeding a high quality nutrient 

rich liquid diet.   
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Energy Requirement of Calves  

Other than water, energy is the most important nutrient to calves.  Energy 

requirements can be divided into two main categories; energy for maintenance and 

growth.  The maintenance energy requirement is the amount of energy needed to 

maintain body weight.  Net energy for maintenance is estimated by determining the 

fasting metabolism.  The fasting or basal metabolism is defined as the minimum amount 

of energy needed to sustain life.  It is estimated by measuring the heat production from a 

calf with limited activity in a thermo-neutral environment after a 15 h fast (Davis and 

Drackley, 1998).  After maintenance requirements have been fulfilled and remaining 

energy is partitioned into growth.  The growth energy requirement is based on the desired 

rate of growth.  The following equation us used to calculate the net energy requirements 

needed for growth (NEg) (NRC, 2001). 

NEg  (Mcal) = (0.025*Live weight kgs. 0.75)(Live weight gain kgs.1.119)+(Live 

weight gain kgs.) 

 The environmental temperature the calf is subjected to affects the energy 

requirement.  Calves have higher energy demands in colder temperatures because more 

energy is used in maintaining body temperature.  The temperature when calves demand 

additional energy is called the lower critical temperature (LCT).  Calves 1-8 weeks and 

age have a LCT of 10.4˚ C (Webster, 1978), while calves 6-14 days old have a LCT of 

12.5-14.5˚ C (Schrama, et al., 1993).  It is no surprise that younger calves have a higher 

LCT as they are still adjusting to the outside environment and their regulation systems are 

still developing.  Cold stressed calves fed a 20:20 milk replacer with 113g/d of choice 
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white grease as a supplemental fat source gained more weight than calves fed only the 

milk replacer (Jaster, et al., 1992).   

Protein Requirement of Calves 
 
 Similar to energy, protein requirements can be divided into two categories; 

maintenance and growth requirements.  Maintenance protein requirements are a sum of 

metabolic fecal nitrogen (MFN) losses and endogenous urinary nitrogen (EUN) losses.  

Metabolic fecal nitrogen losses consist mainly of sloughed gut epithelium caused by the 

passage of feedstuffs.  Endogenous urinary nitrogen losses originate from tissue 

metabolism (Davis and Drackley, 1998).  The following equation estimates apparent 

digestible protein (ADP) requirement for maintenance and gain (NRC, 2001).  

ADP (g/d) = 6.25 (1/BV (E + G + M * D) - M * D) 

BV = biological value  

E  = endogenous urinary nitrogen (g/d) 

G = amount of N (g/d) stored in live weight gain 

M = Metabolic fecal nitrogen – (g/kg DM ingested) 

D = dry matter (DM) intake (kg/d) 

 In the past it was recommended that calves should be fed restricted amounts of 

milk or milk replacer to encourage starter grain intake (NRC, 2001).  Calves fed higher 

levels of protein and fat to increase average daily weight gain, without excessive 

fattening during the first 8 weeks of life (Brown, et al., 2005). Calves fed either moderate 

or high levels of protein had greater feed efficiency before and after weaning.  Calves fed 

higher levels of protein also experience more structural growth early in life. (Brown, et 

al., 2005).  This agrees with Blome (2003), who fed calves 12% BW and varying 
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amounts of protein in an isocaloric diet.  Calves were fed; 16.1, 18.5, 22.9 or 25.8% CP 

on a DM basis.  As dietary CP increased, the respective rates of gain of 0.38, 0.45, 0.56, 

and .62 kg/d were observed.  Calves also grew more efficiently as gain: feed ratio 

increased to 0.51, 0.59, 0.71 and 0.78 kg/d (Blome, et al., 2003). While cow’s milk is 

probably most suited as the liquid diet for calves, it can also become a route of 

transmission of diseases to calves, therefore pasteurization if recommended. 

Pasteurization 

Louis Pasteur, a French scientist, completed the first “under-boiling” test in 1862, 

attempting to solve the “wine spoiling” problem of the day.  This process of “under-

boiling or parboiling” is commonly known today as pasteurization.  Even though 

pasteurization was named to honor his contribution, it was never recorded that Pasteur 

applied the technology to milk. An American pediatrician named Henry Koplik, 

recommended heat treatment of milk before it was fed to young children in 1889 (Steele, 

2000).  Pasteurization is defined as the “partial sterilization of a substance and especially 

a liquid (as milk) at a temperature and for a period of exposure that destroys 

objectionable organisms without major chemical alteration of the substance” 

(www.Merriam-Webster.com, 2005).  Pasteurization is an accepted practice of lowering 

the amount of bacteria in human consumed milk in the United States (Steele, 2000).  

Pasteurization of milk lowers the chance of exposure to harmful pathogens and prolongs  

shelf life (Chandan, 1997).  There are four types of pasteurization; batch, high 

temperature short time (HTST), ultra-pasteurized (UP) and ultra high temperature (UHT). 

Batch pasteurization of milk requires that an agitated container reaches a temperature of 

61ºC and is maintained for 45 minutes.  Batch pasteurization is mainly used in smaller 
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scale processing plants.  Due to limited capacity associated with heating large quantities 

of product most large scale processing plants do not use batch pasteurization. 

A unique aspect of batch pasteurization is the need to not only heat the product being 

pasteurized, but in the case of milk also the air cavity located above the milk in the 

pasteurizer’s vat.  This is important because as milk is heated and agitated it creates foam 

on the surface.  Foam does not conduct heat as effectively as liquid, therefore the foam 

can be a harbor for bacteria to reside and resist pasteurization (Chandan, 1997).  This is 

commonly overcome by infusing hot air or steam into the air cavity above the milk being 

pasteurized (Steele, 2000).  The other types of pasteurization; HTST, UP and UHT are 

referred to as continuous flow pasteurization.  Continuous flow pasteurization consists of 

milk passing through a tube or a plate, most commonly a plate heat exchanger that is 

adjacent to another tube or plate containing a hot liquid.  Heat from the hot liquid is 

transferred through the plate of the tube wall into the milk, heating it to pasteurization 

temperature.   Continuous flow pasteurization is much more rapid than batch 

pasteurization and offers more opportunities for energy (heat) conservation.  For example 

most pasteurizers use pasteurized milk that is still hot from the pasteurization process to 

pre-heat raw milk via a plate heat exchanger.   

This recycles heat that otherwise would be lost and also cools the pasteurized milk, 

because it is exchanging heat for cold (Chandan, 1997).  Raw milk passing pasteurized 

milk, separated only by a thin wall of metal creates a possible liability.  Raw milk 

contamination of pasteurized milk could inoculate the pasteurized milk with all the 

pathogens and bacteria present in raw milk rendering it an unsafe product.  However, the 

presence of a pressure differential assures that pasteurized milk is maintained at a higher 
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pressure than the raw milk, therefore if a small hole in a plate appeared the pasteurized 

milk would escape to the raw milk side rather than raw milk escaping to the pasteurized 

milk side. High temperature short time is the most common of continuous flow 

pasteurization and is used in most of the large scale milk processing plants in the United 

States.    For milk HTST is 72ºC for 15 seconds.  High temperature short time can be 

further divided into varying lengths of time and levels of temperature, commonly referred 

to Higher Heat Shorter Time (HHST) pasteurization.   Temperature/time combinations of 

HHST are outlined in the table below.  Both HTST and HHST pasteurization duration 

have an inverse relationship with temperature, thus greater temperatures requires less 

time for pasteurization.  High temperature short time or a variation of HHST is used in 

most large scale milk processing plants in the United States, mainly due to energy 

efficiency and speed (Chandan, 1997).  Ultra pasteurization (UP) is a much higher 

temperature than HTST or HHST.  The temperature and time to qualify for UP is 138ºC 

for two seconds, respectively.  The main benefit of UP is mainly increased refrigerated 

shelf life with minimal effect on flavor (Chandan, 1997).  Ultra high temperature (UHT) 

pasteurization is the highest degree of heat treatment for milk at 138ºC for four seconds.  

The aim of UHT pasteurization is to sterilize the milk so that is can be stored at ambient 

temperatures.  Sterilization of milk offers obvious advantages in areas with limited 

refrigeration during transport and storage.  However, UHT pasteurization’s extreme heat 

treatment significantly changes the flavor of milk (Chandan, 1997).  The different 

time/temperature combinations to achieve pasteurization of milk are shown in Table 1. 
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Table 1 Pasteurizer time and temperature combination  

Type Time Temp. Cº 
   

Batch 30.0 minutes 63 
High temperature short time 15.0 seconds 72 

Higher temperature shorter time   1.0 second 88 
Higher temperature shorter time   0.5 second 90 
Higher temperature shorter time   0.1 second 94 
Higher temperature shorter time   0.05 second 96 
Higher temperature shorter time   0.01 second 100 

Ultra-pasteurized   2.0 seconds 138 
Ultra High Temperature   4.0 seconds 138 

Adapted from (Chandan, 1997) 
 
Pasteurization of waste milk on dairy farms 
 

Waste milk represents an economic loss to dairy operations.  Some dairy 

producers attempt to recuperate this loss by feeding waste milk to calves instead of 

marketable milk or milk replacer.  Waste milk can provide a nutritious diet to calves.  A 

recent study showed that waste milk from 31 Wisconsin farms contained an average of 

31.2% fat and 28.1% protein on a dry matter basis, (Jorgensen, et al., 2005).  The nutrient 

content of waste milk measured in this study is shown in Table 2.   
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Table 2 Nutrient content of waste milk on WI farms  

Nutrient Mean Range SD 
Fat, % of DM 35.4 27.3 - 49.5 5.8 
Fat, % 4.4 3.4 - 6.2 0.7 
Protein, % of DM 28.3 23.6 - 41.8 3.5 
Protein, %   3.5 2.9 - 5.2 0.4 
Lactose, % of DM 34.0 27.3 - 38.2 2.7 
Lactose, % 4.3 3.4 - 4.8 0.3 

Adapted from (Jorgensen, et al., 2005). 
 
An experiment was conducted to determine if discarded milk from cows treated with 

antibiotics could be fed safely to calves (Chardavoyne, et al., 1979).  They found that 

calves fed fresh waste milk had equal or superior rates of gain when compared to calves 

fed whole milk.   An exceptionally healthy lactating herd free of major diseases and 

pathogens is imperative if health of calves is to be adequate when fed un-pasteurized 

waste milk. A review of research comparing  feeding of waste milk to fresh milk reported 

no difference in growth, but calves receiving waste milk tended to have more scour days  

than those receiving waste milk (Kesler, 1981).  Increased scour days were most likely 

caused by a higher level of bacteria in waste milk when compared to marketable milk. 

  A study conducted in California evaluated bacteria levels of 189 milk/milk 

replacer samples fed to calves on 12 different farms.   Researchers found unpasteurized 

waste milk contained 38,000,000 cfu/ml (Selim and Cullor, 1997), which was  higher 

than  average bacteria counts of milk replacer and marketable milk obtained in the study.  

Bacteria identified included E. coli,   Streptococcus spp., and Staphylocuccus spp., many 

of which are potential bovine pathogens.  They did not detect Mycoplasma spp., 

suggesting that farms used in the study did not have problems with Mycoplasma mastitis 

at this time.  
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 Feeding marketable milk to calves can have similar implications.  Bulk tank 

samples from 267 herds over six years in California were cultured for Mycoplasma spp., 

yielding a total of 3120 samples, (Kirk, et al., 1997).  They identified Mycoplasma spp. at 

least once from each of the dairy operation over the course of the study.  Samples testing 

positive for Mycoplasma, were further evaluated to determine the subspecies occurrence. 

Mycoplasma bovis was detected in 54.9% of these samples. 

    Pasteurization of waste milk before it is fed to calves can significantly reduce 

the bacteria load that is fed to calves.   Commercial calf waste milk HTST pasteurizers 

operating at 71.7ºC for 15s, have been shown to effectively destroy Mycobacterium 

paratuberculosis, Salmonella enterica spp. and Mycoplasma spp. in raw milk (Stabel, et 

al., 2004).   A recent improvement made to HTST pasteurization is the addition of 

turbulence inside the pasteurization tube, i.e. turbulent flow pasteurization (TFP).  Pearce 

et al. (2001) tested TFP’s efficacy in the destruction of Mycobacterium paratuberculosis.  

The bacterium was unable to be cultured after TFP even at with high prepasteurization 

inoculation rates (Pearce, et al., 2004).   

Mycoplasma spp. can also be deactivated by batch pasteurization (Butler, et al., 

2000).  These researhcers obtained milk samples from a farm’s bulk tank where 

Mycopplasma bovis had been cultured.   Samples were further inoculated with M. 

californicum and M. canadense and pasteurized for 37, 56, 60, 65, 67.5, or 70ºC for 0, 1, 

2, 3, 5, 10, 30 min.  M. bovis and M. californicum were killed after 2 min exposure to 

65ºC, but M. canadense remained viable for up to 10 min. at the same temperature.  

When the temperature was increased to 70ºC M. bovis and M. californicum was killed 

after 1 min and M. canadense was killed after 3 min.  
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 Mycobacterium paratuberculosis can also be destroyed by batch pasteurization 

(Stabel, 2001).  Milk inoculated with the bacterium and heated to 65.5ºC for 30 minutes, 

was effectively pasteurized.  Pasteurized milk samples incubated for 28 wk yielded no 

viable bacteria.   

Several companies market calf milk pasteurizers, specifically designed for dairy 

producers/calf raisers.  Research has shown that calf performance is improved by 

pasteurizing waste milk prior to feeding.  In a California study, 300 calves were fed either 

pasteurized (treatment) or un-pasteurized (control) waste milk (Jamaluddin, et al., 1996). 

Results of the study confirmed that calves fed pasteurized waste milk had higher rates of 

gain and improved health than controls. Calves receiving pasteurized waste milk had 

fewer days in which they were affected by pneumonia or diarrhea, thus a lower health 

cost.  Furthermore control calves had a mortality rate of 3.3% compared to 0% in 

treatment calves. The study concluded that treatment calves had an added value of $8.13 

from higher weight gain, improved health and lower mortality rate.  Estimated savings 

from feeding waste milk compared with a 20% protein 20% fat milk replacer was 

calculated to be $0.69/calf per day (Godden, et al., 2005).  In this study, calves receiving 

waste milk gained more weight and experienced less morbidity and mortality than calves 

fed milk replacer.  However, calves fed waste milk received considerably more protein 

and energy than those receiving the milk replacer.  This study compared pasteurized 

waste milk to a milk replacer with a lower nutrient content. The economics presented in 

this study assumed an adequate supply of waste milk.  Therefore comparisons between 

the two should be made with caution. 
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   A recent study showed that waste milk pasteurizers  from 31 Wisconsin farms 

sometimes malfunction, (Jorgensen, et al., 2005).  This study also showed that in 13% of 

the samples, pasteurization, as determined by inactivation of alkaline phosphatase, was 

not achieved.     Alkaline phosphatase is an enzyme present in milk that is denatured at a 

temperature exposure slightly above that of pasteurization.  Therefore presence of the 

enzyme indicates pasteurization was not achieved.  When pasteurization was successful  

in this study, the following microorganisms were significantly reduced; E. coli, 

Salmonella spp., Streptococcus spp.,  Enterococcus spp., Staphylococcus aureus and 

Staphylococcus spp. (Table 3)  It is also noted that even when alkaline phosphatase was 

not inactivated these microorganisms were also reduced but not to the same degree.   
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Table 3 Bacteria composition of raw and pasteurized waste milk from WI farms  

 Pre-Pasteurization  Post-Pasteurization  
Component Mean Range SD Mean Range SD 
BPC (1,000 cfu/ml) 8822 6 – 72000 14655 35 0 - 420 89 
 cfu/ml 
Escherichia Coli 10000 <10 - 80000 17589 134 <10 - 3400 611 
Total Coliforms 82052 600 - 800000 148489 1805 <10 - 40000 7231 
Salmonella species 243 <10 - 2000 611 <10 <10 - <10 0 
Streptocuccus ag. 1281 <10 - 34000 6089 14 <10 - 200 47 
Strep. species 47281 200 - 170000 41762 5117 <10 - 68000 13656 
Staph. aureus 549 <10 - 11000 2021 <10 <10 - <10 0 
Staph. species 8426 <10 - 88000 21992 54 <10 - 700 149 
Enterococcus species 17274 <10 - 180000 36082 723 <10 - 9000 2228 

Adapted from (Jorgensen, et al., 2005) 
 

Pasteurization of colostrum  

Pasteurization of colostrum has been considered for the same reasons as 

pasteurizing waste milk.  Unfortunately, pasteurization not only reduces the presence of 

viable pathogenic bacteria, but also, lowers the level of immunoglobulins in colostrum.  

High temperature short time pasteurization effectively destroyed Mycobacterium 

paratuberculosis, Salmonella enterica spp. and Mycoplasma spp. in colostrum (Stabel, et 

al., 2004). However, the heat treatment lowered the colostral immunoglobulin content by 

25% on average.  Godden et al. (2003) demonstrated that colostrum could be batch 

pasteurized to effectively kill bacteria and preserve enough colostral immunoglobulin 

IgG to aid in successful passive transfer of immunity to the calf.  In that study colostrum 

was pooled, pasteurized at 63ºC for 30 minutes and then immediately cooled to the 

feeding temperature ranging from 37-41ºC.  Colostrum was pasteurized in either 57L of 

95L batches.  Smaller batches of 57L resulted in a 23.6% loss of IgG concentration, while 

the 95L batches resulted in a 58.5% loss in IgG concentration.  When calves received 4 L 
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of colostrum at birth from the 57L batches their serum IgG concentrations averaged 12.9 

mg/ml while calves receiving the same amount of fresh colostrum averaged 16.1 mg/ml.  

Information shows that pasteurization of colostrum is effective at lowering the presence 

of bacteria but that colostrum should be pasteurized in small amounts and quickly cooled.  

Also, pasteurized colostrum may need to be fed in higher amounts than fresh colostrum 

to assure adequate passive transfer.   

Antibiotic content of waste milk 

The waste milk supply on most farms most likely contains milk from cows treated 

with antibiotics and waste milk will contain antibiotics.  Pasteurization does not change 

antibiotic concentrations in milk.  Feeding milk containing antibiotics may increase 

concentrations of antibiotic resistant bacteria in the lower gut of the calf.  As the level of 

penicillin found in waste milk fed to calves increased from 0 to 50 µl/kg., the zone of 

inhibition (measure of antibiotic resistance) decreased from 2.89mm to .7mm, suggesting 

greater concentrations of antibiotic resistant bacteria  (Langford, et al., 2003).  A 

California study tabulated the presence of detectable antibiotics in 189 waste milk 

samples destined to be fed to calves (Selim and Cullor, 1997).  Results of that study 

showed that 46% of samples were β-lactam positive, 30% tested positive for tetracycline 

and 56% of samples were positive for both.  A similar study conducted in Wisconsin 

found 65% of waste milk samples were β-lactam positive (Jorgensen, et al., 2005).   
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Chapter 3 

Survey 

Objectives 
 
To collect and summarize data related to waste milk pasteurization management and calf 

feeding protocols. 

 
Farms 
 
Farms were selected based on owning and operating a pasteurizer and willingness to 

participate in both the survey and field studies. Three farms in North Carolina and 10 

farms in California were selected.  The survey was designed to collect information on 

topics ranging from waste milk production and storage to calf management focusing 

mainly on operation and maintenance of pasteurizer systems.     

Materials and Methods 

An oral survey was conducted on all thirteen farms (see Appendix 1).  Researchers filled 

out the survey while asking participants questions.  Surveys in North Carolina were 

completed in Jan. 2005.  Farms in California were visited twice, June 2005 and Jan. 2006.  

Surveys completed during the June 2005 visit were updated during the Jan. 2006 visit.       

Results 

Nutritional quality of waste milk (fat, protein, and total solids) will be discussed more 

fully in chapters four and five. 

Farms and pasteurizers participating in the study 

The farms ranged in size from 530 to 7,000 milk cows, and also included a 30,000 head 

custom calf growing operation with 15,000 calves receiving milk twice a day (Table 4).  

Herds on the east coast milked Holsteins while four farms on the west coast milked 
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Jerseys or Holstein/Jersey crosses.  Seven farms used commercial HTST pasteurizers, 

while the custom calf operation, Farm 4, used a large plate cooler coupled to an industrial 

boiler as a HTST pasteurizer.  Two farms used batch pasteurizers. Farm 10 used a 

commercial unit, while Farm 8 used a custom made machine that was comprised of a 

small bulk tank with hot water running circulating through the water jacket.  Three 

California farms used custom built turbulent batch pasteurizers.  The turbulent batch 

systems sampled on this study were all comprised of a holding tank, in some cases the 

actual feeding tank, coupled to a retrofitted plate cooler circulating hot water.  Milk 

circulated from the tank through the plate heater and back to the tank.  This process 

would continue until the waste milk has reached at least 63º C for at least 45 minutes.  

After the milk had been sufficiently heated, the hot water in the plate exchanger was 

replaced with cold water to cool the milk for feeding.  All NC farms fed calves with 

buckets while only two CA farms used buckets.  Milk price was higher for operations on 

the east coast than on the west coast, herds milking non-Holstein cows received a higher 

milk price because of higher milk components. 

Calf feeding practices of farms on the study 

The volume of waste milk generated per calf/day ranged from 2.5 to 9.9 L/calf/day 

(Table 5).  Based on feeding rates neither Farm 1 nor Farm 3 in NC had enough waste 

milk to feed their calves.  Farm 1 supplemented waste milk with milk replacer while 

Farm 3 rarely supplemented.  They fed their older calves less when waste milk was 

insufficient.  Expansion on Farm 2 could explain the increased amount of waste milk and 

the decreased number of calves that were being fed.  Farm 2 in North Carolina, generated 

enough waste milk, but cows were milked at three different locations. However, all its 
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calves were reared at one farm.  They did not attempt to centralize their waste milk, and 

therefore supplemented with whole milk.  Farms on the west coast all had enough waste 

milk to feed their calves on the sample days, but indicated that they occasionally did not 

have enough waste milk to feed calves.  The one exception was the custom calf 

operation, which was raising calves for 35 dairies and picking up waste milk on a daily 

basis from most of them.  Although there was enough waste milk to feed calves, five 

farms elected to increase the solids content of waste milk by adding milk replacer or 

waste milk fortifier.  Factors affecting the amount of waste per calf/d, include; number of 

milkings fresh cow’s milk is discarded, feeding rates, weaning age and calf mortality all 

of which are shown in Table 5.  All operations fed at least 3.8 L/d. Four operations 

increased feeding rate in older calves to 5.8L/d.  There was a wide variation in weaning, 

42 to 75 days.  Calf mortality ranged from <2% to over 10%.  These values were based 

on producer’s replies during the survey and were most likely gross estimates. 

Pasteurizer operating details 

(Discussion of Table 6)  Five of the farms on this study used a recording thermometer to 

assure the pasteurizer reached and maintained the proper temperature.  Most of the 

custom built pasteurizers lacked this technology with the exception of Farm 8.  Only 

three farms indicated submitting samples of pasteurized waste milk for analysis to 

determine if their machines were effective, and only then on an occasional basis.  Only 

two farms, both using HTST pasteurizers, filtered waste milk prior to pasteurization in an 

attempt to keep the machines cleaner.  The highest standard plate count (SPC) detected in 

raw waste milk was found on Farm 2 in NC at 56 million, discussed fully in Chapter 4.    

Operations located on the west coast produced pasteurized waste milk with lower 
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bacterial activity than farms on the east coast.  Seven out of ten farms lowered the SPC of 

their waste milk to less than 3000 cfu/ml.  The pre-pasteurized sample obtained from 

Farm 8 was taken after milk had begun pasteurization. 

Goals of pasteurization 

The goals or threshold of successful pasteurization is post pasteurized milk with SPC less 

than 20,000 cfu/ml and less than 500 mU/ml alkaline phosphatase.  Only 61% of the 

pasteurizers sampled yielded waste milk less than20,000 cfu/ml.  All of post pasteurized 

samples less than 20,000 cfu/ml were in California and had a pre pasteurized SPC of 

1,452,548 cfu/ml.  The SPC of pre pasteurized milk defines the success of the pasteurizer.   

Sanitation protocols of pasteurizers 

(Discussion of Table 7 and 8)  All the farms except Farm 10 cleaned pasteurizers with a 

combination of alkaline soap and acid.  All farms except Farm 2 in NC cleaned storage 

tanks after every use.  Farm 2 cleaned the storage tank once a week in the winter and 

spring months and twice a week during the summer.  Pasteurizers differ from milking 

systems in the possibility of milk protein and fat being burned onto the plates.  Four 

farms in California were using a caustic alkaline soap to dissolve any residue left in the 

machine.  For this same reason Farm 4, the custom calf growing operation, rinsed the 

pasteurizer with boric acid once a week.  Farms storing milk in tanks equipped with an 

automatic washer had cleaner pre pasteurized waste milk SPC (1.1 million cfu/ml) than 

farms attempting to clean storage tanks with a brush (12.5 million cfu/ml).  Cleaner pre 

pasteurized milk increases the possibility of post pasteurized milk having a low bacteria 

activity.   



 22

Table 4 Farms and pasteurizers participating on the study  

 Farm 
Herd 
Size Breed 

Pasteurizer 
Type Milk Price Feeding Initial Cost Supplement  

NC 1 1100 H HTST $16.00 buckets $12,000  Milk Replacer 
 2 2500 H HTST $16.00 buckets $14,000  Whole Milk 
 3 800 H HTST $16.00 buckets $18,000  Decrease feeding rate 
         

CA 1 5500 H/J/X Tbatch $13.00 buckets $3,500  Milk Replacer 
 2 3000 H HTST $13.00 bottles $20,000  Milk Replacer 
 3 815 J Tbatch $15.75 bottles $3,000  Whole Milk 
 *4 N/A N/A HTST  bottles $35,000  Milk Replacer and WPC*** 
 5 3000 J Tbatch $15.75 bottles $3,000  Milk Replacer 
 6 1500 H HTST $13.25 bottles $18,000  Milk Replacer 
 7 2500 H HTST $13.00 bottles $25,000  Milk Replacer 
 8 3400 H Batch $12.50 bottles <$ 2,000 Never 
 **9 7000 H HTST $12.75 bottles/buckets $28,000  Milk Replacer 

 
NC – represents the means from observation taken over 28 weeks. 
CA – represents the means from 1-2 days in January and June. 
Initial cost – amount of money invested in the pasteurizing system. 
Pasteurizer Type – HTST = High temperature short time, Tbatch = Turbulent batch. 
Herd Size – Number of milking cows. 
Milk Price – Mailbox price of milk 
Breed – H = Holstein, J = Jersey, X = Crossbred. 
* 30,000 calf custom calf growing operation. 
** Raising calves from three dairies and purchasing waste milk from an additional dairy farm. 
***Supplement – WPC = Whey protein concentrate.
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Table 5 Calf feeding practices of farms on the study 

 Farm 
Herd 
Size 

# milkings 
discarded 
post fresh 

Volume 
Waste milk 

(L/d) # Calves 

Waste 
milk/calf 

(L/D) 
# Times/d 
calves fed 

Feeding 
Rate 
(L/d) 

Weaning 
Age (d) 

Calf 
Mortality 

(%) 
NC 1 1100 2 382 154 2.48 2 - 1*** 3.8 49 7 

 2 2500 2 1515 154 9.84 2 3.8 - 5.8 56-65 5 
 3 800 4 322 105 3.98 2 3.8 42-49 3 
           

CA 1 5500 2 2270 450 5.04 2 3.8 - 5.8 45-50 <3.5 
 2 3000 4 1590 245 6.49 2 3.8 - 5.8 65-70 3 
 3 815 4 303 60 5.05 2 5.8 42 5 
 *4 N/A N/A N/A 15,000  2 3.8 48 <5% 
 5 3000 6 1515 228 6.64 2 3.8 70 <2% 
 6 1500 4 1060 140 7.57 2 3.8 - 5.8 56 3% 
 7 2500 2 1135 300 3.78 2 3.8 70 <4% 
 8 3400 8 1890 500 3.78 2 3.8 75 3.5-5% 
 **9 7000 N/A N/A 900  2 3.8 56 <5% 
 10 530 3 220 60 3.67 2 3.8 56-65 >10% 

 
NC – represents the means from observation taken over 28 weeks. 
CA – represents the means from 1-2 days in January and June. 
Herd Size – Number of milking cows. 
* 30,000 calf custom calf growing operation. 
** Raising calves from three dairies and purchasing waste milk from an additional dairy farm. 
*** Young calves fed twice per day, older calves fed once per day. 
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Table 6 Pasteurizer operating details 

 Farm 
Herd 
Size 

Pasteurizer 
Type Filter 

Recording 
Thermometer 

Micro 
Test 

Pre SPC 
(cfu/ml) 

Post SPC 
(cfu/ml) 

NC 1 1100 HTST no no yes 395,958 127,058
 2 2500 HTST no yes no 56,070,000 1,140,384
 3 800 HTST yes no no 409,090 24,610
       

CA 1 5500 Tbatch no no no 533,666 1,285
 2 3000 HTST no yes no 350,000 2,000
 3 815 Tbatch no no yes 5,900,000 2,800
 *4 N/A HTST no no no 3,233,333 63,000
 5 3000 Tbatch no no no 3,000,000 3,000
 6 1500 HTST no yes no 420,000 12,000
 7 2500 HTST yes no yes 87,000 1,000
 8 3400 Batch no yes no 44,000 1,000
 **9 7000 HTST no yes no 1,285,000 1,000
 10 530 Batch no no no 81,000 44,000

 
NC – represents the means from observation taken over 28 weeks. 
CA – represents the means from 1-2 days in January and June. 
Herd Size – Number of milking cows. 
* 30,000 calf custom calf growing operation. 
** Raising calves from three dairies and purchasing waste milk from an additional dairy farm. 
*** Farm fed calves twice a day for 2 weeks, then switched to once a day feeding until weaning. 
Micro test – any submission of samples to determine the microbiological activity to ensure pasteurizer effectiveness.   
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Table 7  Sanitation protocols of pasteurizers  

  Farm 
Herd 
Size 

Pasteurizer 
Type Cleaning protocol  

Tank 
Cleaning  

NC 1 1100 HTST  
 2 2500 HTST  
 3 800 HTST 

Pasteurizer and tanks washed with Alkaline soap, rinsed with CIP acid.  
Feeding tanks cleaned with chlorinated soap.  Hose and nozzle 
assembly on Farm 1 and 2 soaked overnight in chlorinated soap.  

Tanks cleaned with 
same chemicals 
and a brush. 

                
CA 1 5500 Tbatch    
       
    

Pasteurizer and tanks washed with Alkaline soap rinsed with CIP acid in 
morning. Evening same soap but then sodium hypochlorite (Chlorinated 
soap).  

      
 2 3000 HTST  

Tanks cleaned with 
same chemicals 
and a tank washer. 

       
    

Pasteurizer and tanks washed with Alkaline soap, sodium hydroxide 
(caustic), rinsed with CIP acid.  Chlorine water left in pasteurizer and 
bottles overnight.    

                
 3 815 Tbatch  
    

Pasteurizer and tanks washed with Alkaline soap, potassium hydroxide 
(caustic), rinsed with CIP acid.  Chlorine water left in bottles overnight.  

            

Tanks cleaned with 
same chemicals 
and a brush. 

 *4 N/A HTST    
     
    

Pasteurizer and tanks washed with Alkaline soap, potassium hydroxide 
(caustic), rinsed with hot water.  Then chlorine with hot water and rinsed 
with cold water.  Chlorine water left in bottles overnight.  

      
     

Tanks cleaned with 
same chemicals (no 
boric acid) and a 
tank washer 

    
Once a week pasteurizer plate exchanger cleaned with boric acid and 
rinsed with warm water.    

Cleaning protocol – CIP = clean in place. 
Herd Size – Number of milking cows. 
* 30,000 calf custom calf growing operation. 
Pasteurizer Type – HTST = High temperature short time, Tbatch = Turbulent batch. 
NC – represents the means from observation taken over 28 weeks, CA – represents the means from 1-2 days in January and June. 
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Table 8 Continued Sanitation protocols on the farms participating on the California studies. 

  Farm 
Herd 
Size 

Pasteurizer 
Type Cleaning protocol   

Tank 
Cleaning   

CA 5 3000 Tbatch    
 6 1500 HTST 

Pasteurizer and tanks washed with Alkaline soap, rinsed with CIP acid.  
Chlorinated soap left in bottles overnight.    

        
 7 2500 HTST  

    

Pasteurizer and tanks washed with Alkaline soap, sodium hypochlorite 
(chlorinated), rinsed with CIP acid.  Chlorinated soap left in bottles 
overnight.  

      

Tanks cleaned with 
same chemicals 
and a tank washer. 

 8 3400 Batch    
    

Pasteurizer and tanks washed with Alkaline soap, rinsed with CIP acid.  
Iodine parlor back flush solution left in bottles overnight.    

        
        
 **9 7000 HTST    
    

Pasteurizer and tanks washed with Alkaline soap (chlorinated) rinsed 
with CIP acid.  Chlorinated soap left in bottles overnight.    

                
        
 10 530 Batch  

    

Pasteurizer washed and brushed with Alkaline soap, sodium 
hypochlorite (Chlorinated).  Bottles rinsed with hot water and allowed to 
drain.  

Pasteurizer vat 
cleaned with a 
brush. 

 
Cleaning protocol – CIP = clean in place. 
Herd Size – Number of milking cows. 
CA – represents the means from 1-2 days in January and June. 
Pasteurizer Type – HTST = High temperature short time, Tbatch = Turbulent batch. 
** Raising calves from three dairies and purchasing waste milk from an additional dairy farm.
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Chapter 4 

North Carolina Field Study 

Objectives 
 
Track the amount and nutritional quality of waste milk from large farms, and measure the  
 
effectiveness of on-farm waste milk pasteurization by measuring standard plate count and  
 
alkaline phosphatase activity before and after pasteurization. 
 
Materials and Methods 

Farm 1 

Farm 1 milked approximately 1100 Holstein cows and used a Goodnature model T-180 

HTST pasteurizer (Goodnature Products Inc., Buffalo, NY).  The fresh/hospital group 

(cows whose milk was being discarded) was milked at 2 a.m. and 1 p.m.  Waste milk 

passed through a plate cooler and was stored in a 568 L un-chilled stainless steel tank.  

The tank was located in a room which housed the milk cooling condenser units for the 

operation. Room temperature ranged between 27 to 32ºC.  The waste milk was not 

agitated.  Pasteurization of waste milk for the morning feeding commenced at 

approximately 7 a.m.  By this time the temperature of waste milk averaged 4-10ºC.  The 

pasteurizer operation was carried out by one of the two calf feeders for the day.  The 

pasteurizer was sanitized prior to use with a chlorine rinse.  The pasteurizer on this farm 

was an older model which lacked a safety diversion valve.  Pasteurizer operation was 

approximately 2 h in the morning and 1 h in the afternoon.  While the pasteurizer was 

operating the operator mixed milk replacer and fed new born calves colostrum.  Waste 

milk exited the machine via a rubber hose and was placed into one of two plastic tanks. 

One tank held waste milk while the other held milk replacer. The tanks were mounted on 
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a trailer and were drawn with an all terrain vehicle.    Pasteurized waste milk leaving the 

machine was approximately 38 to 43 ºC.  After pasteurization was complete the 

pasteurizer and holding tank were cleaned with an alkaline soap and rinsed with acid and 

left until the next use.  The farm did not generate enough waste milk to feed all the 

calves.  At the beginning of the study the farm fed whole marketable milk, later in the 

study the farm fed a 20% protein: 20% fat milk replacer, and by the end of the study the 

farm had begun feeding 28% protein: 20% fat milk replacer.  Since the farm did not have 

enough waste milk, it elected to feed the youngest animals milk replacer and the older 

animals waste milk.  The farm fed calves 1.9 L twice a day for 2 wk and then 3.8 L once 

per day until weaning between 7 and 8 wk.  Milk replacer was fed separately and was not 

blended with waste milk.  Calves were housed in hutches and were fed milk in a bucket.  

The trailer hauling the waste milk and milk replacer was drawn between the rows of 

hutches and the liquid was distributed with a gas nozzle attached to a hose leading to the 

plastic tanks.  The feeding of the liquid portion of the diet took approximately 1.5 hours.  

After feeding the feeding tank was cleaned with a brush and a chlorinated soap. The hose 

and nozzle assembly was soaked in the same solution until the next use. 

Farm 2 

Farm 2 milked approximately 2500 Holstein cows and used a Goodnature model T-180 

HTST pasteurizer (Goodnature Products Inc., Buffalo, NY).  The farm milked cows at 

three different locations, but calved all cows and heifers at one farm.  At the same farm 

all calves were raised from birth until weaning at which time they were taken to a custom 

heifer grower.  The fresh/hospital group (cows whose milk was being discarded) was 

milked at 5 a.m. and 3 p.m.  Waste milk passed through a plate cooler and was stored in a 
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2271 L chilled stainless steel bulk tank.  Waste milk was kept at approximately 10ºC.  

The waste milk was agitated prior to pasteurization.  Pasteurization of waste milk for the 

morning feeding commenced at approximately 7 a.m.  The pasteurizer operation was 

carried out by the calf feeder for the day.  The pasteurizer was sanitized prior to use with 

a chlorine rinse.  The pasteurizer on this farm was an older model but did have a safety 

diversion valve.  Pasteurizer operation was approximately 2 h in the morning and 2 h in 

the afternoon.  While the pasteurizer was operating, the operator prepared feeding 

supplies (drugs and esophageal feeders? and fed new born calves colostrum.  Waste milk 

exited the machine via a rubber hose and was placed into a plastic tank mounted on a 

utility vehicle.    Pasteurized waste milk leaving the machine was approximately 38 to 43 

ºC.  The farm did not generate enough waste milk to feed all their calves, since it was 

feeding calves from three farms.  The farm supplemented waste milk with marketable 

whole milk.  The farm fed their calves 1.9 L twice a day for 2 weeks, then 2.8 L twice a 

day of two more weeks and then 3.8 L twice day until weaning between 7 and 8 weeks.  

Calves were housed in hutches or a pole shed and were fed milk in a bucket.  The vehicle 

hauling the waste milk was driven between the rows of hutches and the liquid was 

distributed with a gas nozzle attached to a hose leading to the plastic tanks.  The feeding 

of the liquid portion of the diet took approximately 45 min.  After feeding the feeding 

tank was cleaned with a brush and a chlorinated soap the hose and nozzle assembly was 

soaked in the same solution until the next use.  The bulk tank holding the waste milk was 

emptied and cleaned with a brush and tank washer twice a week.   

Farm 3 



 30

Farm 3 milked approximately 800 Holstein cows and used a Bettermilk model HTST 

pasteurizer (BetterMilk Calf Milk Pasteurizing Systems, Winona, MN).    The 

fresh/hospital group (cows whose milk was being discarded) was milked three times a 

day at 6 a.m. 1 p.m. and 8 p.m.  Waste milk passed through a plate cooler and was stored 

in a 568 L un-chilled stainless steel tank.  Only waste milk from the 6 a.m. milking and 

the 1 p.m. milking was pasteurized and fed to calves.  The waste milk was pasteurized 

immediately following milking and immediately preceding calf feeding.  The pasteurizer 

operation was started by the farm owner at the finish of each milking.  The operation of 

the machine was completely automatic, and before the completion of pasteurization, the 

calf feeder arrived and began preparing for calf feeding.  The pasteurizer was not 

sanitized prior to use but a chlorine rinse was left in the machine from the previous use.  

The pasteurizer on this farm was a newer model and had a safety diversion valve.  

Pasteurizer operation was approximately 1 h in the morning and 1 h in the afternoon.  

Waste milk exited the machine via a rubber hose and was placed into 208 L plastic drums 

and then placed into 19 L plastic buckets with lids for transportation to the calves.  

Pasteurized waste milk leaving the machine was consistently 49 ºC. Before leaving to 

feed calves the calf feeder cleaned the holding tank and drums with a brush and 

chlorinated soap and started the automatic wash cycle on the pasteurizer.  The pasteurizer 

was cleaned with an alkaline soap rinsed with acid and left with a chlorinated pre wash 

solution in the system until the next use.   The farm did not generate enough waste milk 

to feed all their calves.  The farm sometimes supplemented waste milk with a 20% 

protein: 20% fat milk replacer, but often diluted waste milk with water and fed it solely to 

older calves.  The farm fed their calves 1.9 L twice a day for 4 wk, then 2.8 L twice a day 
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for two more weeks until weaning between 6 and 7 wk.  Calves were housed in hutches 

and were fed milk in a bucket.  The feeding of the liquid portion of the diet took 

approximately 45 min.  After feeding the feeding buckets were cleaned with a brush and 

a chlorinated soap.  

Sampling 
 
Farms were visited every other Tuesday for 28 weeks beginning February 22nd, 2005.  

During each visit milk samples were obtained, the number of calves fed milk was 

determined and volume of waste milk was determined.   A schedule of when farms were 

visited and samples were taken is shown in Table 10.  Farm 1 recorded waste milk 

production on a daily basis using automated milk meters.   Farm 2, estimated milk 

production from treated cows, and Farm 3 waste milk production was estimated by 

researchers. Farm 3 stored waste milk in both a graduated stainless steel tank and plastic 

barrels of known capacity thereby facilitating estimation.  Milk samples were obtained 

immediately prior to and following pasteurization.  Additionally, on Farm A and B milk 

samples were taken every 20 min during feeding once every month.  Farm C was not 

sampled during feeding because feeding times varied daily. Milk samples were obtained 

using a stainless steel dipper (Nasco, Fort Atkinson, WI.) or by aseptically intercepting 

the flow of milk from one container to the next and placed in both a 50 ml plastic vial 

(Capitol Vial Inc., Auburn, AL.) containing a bronopol preservative (D & F Control 

System, San Ramon, CA) and an aseptic 100 ml plastic bag (Nasco, Whirl-Pak®, Fort 

Atkinson, WI.)   All samples were maintained at approximately 4ºC for no more than 24 

h before analysis.  Samples were submitted to the United Federation of Dairy Herd 

Improvement Association lab at Virginia Tech for  fat, protein, lactose, solids non-fat 
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analysis using infrared analysis (Foss, Denmark) according to (AOAC, 1990; method 

972.160), and somatic cell counts (SCC) using an optical fluorescent method (Foss, 

Denmark) according to (AOAC 1990; method 978.26).   Standard plate count was 

measured on all samples.  Each sample was diluted for counting to the following ratios 

1:10, 1:100, 1:1000, 1:10000, 1:100000, and 1:1000000.  One ml of each sample dilution 

was plated on a sheet of standard method nutrient Petrifilm ™ (3M, St. Paul, MN) and 

incubated 48h at 32°C (AOAC 1990; method 986.33).  Additionally six samples, pre and 

post pasteurization from each farm, were submitted 5/31/2005 to Rocky Creek Vet lab for 

standard species culturing and a mycoplasma screen.  Alkaline phosphatase activity of 

pasteurized waste milk was determined using the Sharer Rapid Phosphatase test as 

outlined by U.S. Food and Drug administration form #2400j. 

Table 9 Herd size and pasteurizer in NC  

 Farm Herd Size Breed Pasteurizer Type Brand Initial Cost
NC 1 1100 H HTST Goodnature $12,000 

 2 2500 H HTST Goodnature $14,000 
 3 800 H HTST Bettermilk $18,000 

 
Breed – H= Holstein 
Herd size - # milking cows 
Pasteurizer type – HTST = High temperature short time.
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Table 10 Sampling schedule  
     

Farm     Season Date 
Feeding 
Samples

Farm 1   1 2/22/2005 yes 
   1 3/9/2005  
 1 3/22/2005 yes 
 

Pasteurization Time - 
6-7 a.m. 1 4/5/2005  

   1 4/19/2005 yes 
   2 5/3/2005  
   2 5/17/2005 yes 
   2 5/31/2005  
   2 6/14/2005  
   2 6/28/2005  
   2 7/12/2005 yes 
   2 7/26/2005  
   2 8/9/2005  
      2 8/26/2005   
Farm 2   1 2/22/2005  
   1 3/9/2005 yes 
 1 3/22/2005  
 

Pasteurization Time - 
7:30-8:30 a.m. 1 4/5/2005 yes 

   1 4/19/2005  
   2 5/3/2005 yes 
   2 5/17/2005  
   2 5/31/2005 yes 
   2 6/14/2005  
   2 6/28/2005 yes 
   2 7/12/2005  
   2 7/26/2005 yes 
   2 8/9/2005 yes 
      2 8/26/2005   
Farm 3   1 2/22/2005  
   1 3/9/2005  
 1 3/22/2005  
 

Pasteurization Time - 
1-2 p.m. 1 4/5/2005  

   1 4/19/2005  
   2 5/3/2005  
   2 5/17/2005  
   2 5/31/2005  
   2 6/14/2005  
   2 6/28/2005  
   2 7/12/2005  
   2 7/26/2005  
   2 8/9/2005  
   2 8/26/2005  

 
 



 34

Statistical Design and Analysis 
 
Four measures were evaluated on farms as a measure of milk quality, success of 

pasteurization and sanitization of equipment; alkaline phosphatase deactivation, quality 

of waste milk, and data collected during subsequent feeding of pasteurized waste milk.  

Alkaline phophatase deactivation was binary being either positive (>500 mU/ml) or 

negative (<500 mU/ml). Because of large standard deviations associated with the pre-

pasteurized and post pasteurized data, statistical analysis was conducted on the natural 

log of these measurements.  Two statistical models were used; one for comparison of pre 

and post pasteurization to evaluate effectiveness of the pasteurizer and the other for 

feeding data, in which samples were evaluated over time.  Quality of waste milk 

discussed is defined from measurements taken prior to pasteurization.  Correlations 

between fat, protein, SCC, lactose, total solids, number of calves and volume of waste 

milk was also determined (Table 11)  Feeding data were comprised of milk samples taken 

every 20 min for the duration of calf feeding following pasteurization.  The models of 

analysis used to evaluate the pasteurization data and feeding data are presented in Table 

11.  
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Table 11 Statistical models of NC study  

 Category   Measurement Method   Model         
 PrePast/PostPast Fat  PROC MIXED      

   Protein    Yijk = µ + Fi + Sj + FSij + Lk + LFik + LSjk + Eijk  
   SCC         
   Lactose         
   SNF         
   Natural Log of SPC        
 Feeding Data Fat  PROC MIXED      

   Protein    Yijk = µ + Fi + Sj + FSij + Tk + FTik +STjk + Eijk 
   SCC         
   Lactose         
   SNF         
   SPC         
 Waste Milk Correlations Fat  PROC GLM Multivariate analysis of all variables simultaneously 
   Protein       
   SCC         
   Lactose       
   SNF         
   SPC         
   Volume          
   Calves         

 
Alkaline Phosphatase 
Deactivation 

Alkaline 
Phosphatase PROC FREQ  

 
F = Farm (1-3); fixed effect 
S = Season (1 = 2/22 – 4/22, 2 = 4/22 – 8/26); fixed effect  
T = Time (0, 20, 40, 60 min.); fixed effect 
L = Location (Pre-pasteurized, Post-pasteurized); fixed effect 
E = residual 
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Results and Discussion 
 
Volume of waste milk. 
 
The amount of waste milk available on farm 1, 2, and 3 compared to the amount needed 

to feed all heifer calves is depicted in Figure 1, 2, and 3. The amount needed was 

calculated by multiplying the number of calves receiving milk that day by the feeding 

rates.  Farm 1 almost always had a shortage of waste milk, farm 2 almost always had a 

surplus and farm 3 was intermediate to farm 1 and 2.  During the study, farm 1, 2, and 3 

generated an average of 2.5, 9.8, and 3.9 L per calf/d.  Farm 1’s total amount needed 

decreased in late summer due to a decrease in calves.  Farm 2 had been experiencing 

rapid expansion in herd size purchasing lactating cows, not calves, from several different 

locations which probably contributed to the large amount of waste milk relative to the 

number of calves to be fed.  Even though Farm 2 generated enough waste milk they did 

not centralize and feed their waste milk. Instead they fed marketable milk taken from the 

farm where calves were housed  Farm 3’s total amount needed increased in late summer 

due to a large number of first lactation animals calving at that time.  As shown in Table 

19, the amount of waste milk is not highly correlated with the number of calves, 

suggesting a large proportion of waste milk is being generated by cows treated with 

antibiotics. 

Correlations of waste milk 

Correlations of fat, protein, and SCC with amount of waste milk and number of calves 

are presented in Table 19.  The strongest correlation was between fat and SCC (0.38).  A 

possible reason for this is when fat separates from milk, otherwise known as “creaming,” 

somatic cells tend separate along with the fat.  There was not a strong correlation between 
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the volume of waste milk and the number of calves, indicating a large portion of waste 

milk was comprised of milk from cows treated with antibiotics rather than milk from 

fresh cows. 

Farm 1 

The pasteurizer on Farm 1 failed to deactivate alkaline phosphatase in 18% of the post 

pasteurized samples obtained (Table 15).  Failure to deactivate this enzyme suggests that 

the temperature and time required to pasteurize milk was not reached.  The pasteurizer 

used by Farm 1 was an older model and lacked a safety diversion valve.  The machine 

was also “run dry” on occasion as observed by the researchers.  The failure to adhere to 

proper operation caused milk (mainly fat) to be “cooked” onto the heat exchanger plates 

making proper sanitation and pasteurization difficult.  The SPC of milk before and after 

pasteurization is represented in Figure 4.  Analysis was conducted on the natural log of 

SPC (Figure 5 and Table 13).   The pasteurizer on farm 1 lowered the SPC but to a lesser 

degree than Farm 2 and 3’s units.  Standard plate count of pasteurized waste milk tended 

to be higher in Season 2 (Figure 7), but Farm 1’s system was not affected by season 

(Table 14).  Samples obtained from Farm 1 prior to pasteurization showed a high fat 

percent while samples taken after pasteurization showed a low fat percent (Table 12).  

The hypothesized reason for this pre and post pasteurization differential in fat is the lack 

of agitation during the 4-5 h storage time pre pasteurization.  Since milk was static during 

storage a degree of natural separation, “creaming” of fat from skim occurred.  The 

pasteurizer received milk from a valve in the bottom of the storage tank.  Since the 

majority of the fat was residing in the top 20% of the storage tank the “skim” was 

pasteurized first.  Contributing to the problem, the farm did not have enough waste milk 
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to feed all their calves. Therefore they elected to feed only older calves waste milk and 

only fed a pre-determined amount of waste milk each day.  Younger calves were fed milk 

replacer.  If more waste milk than needed to feed the older calves were generated that day 

then the remainder was discarded.  The last of the milk that exited the storage tank was 

the portion discarded and it was this portion that contained the majority of fat.   

This hypothesis is also supported by the pre and post pasteurized differential of SCC.  

Somatic cells tend to “follow” the fat during “creaming.”  The SCC in post pasteurized 

milk is lower than in the pre pasteurized milk (Table 12).  Farm 1 tended to have lower 

protein, solids-non-fat and lactose levels than Farm 2 and 3 (Table 12).  Difference 

among protein % can be attributed to diet and management, but differences in lactose % 

suggest the inadvertent addition of water, because lactose % should not vary much.  The 

cows, whose milk was entering the waste milk supply, were milked last.  The milking 

system was purged of all remaining milk by rinsing it out with water.  The pipeline was 

not removed from the waste milk storage tank for washing until all milk (and some 

water) was recovered.   

Farm 2 

The pasteurizer on Farm 2 failed to deactivate alkaline phosphates in 15% of the post 

pasteurized samples obtained (Table 15).  The pasteurizer on Farm 2 was a newer 

machine, but lacked a sufficient supply of hot water to operate properly.  At times not 

enough hot water caused the safety diversion valve to shunt milk back through the 

machine.  When this occurred the owners/operators of this machine, in haste, depressed 

the safety diversion override to speed the “pasteurization” process to expedite feeding.  

The SPC of milk before and after pasteurization is represented in Figure 4.  Analysis was 
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conducted on the natural log of SPC (Figure 5and Table 13).    Farm 2 had very high pre 

pasteurization SPC as evident in Figure 4.  This was most likely caused by high storage 

temperatures and lax cleaning protocols.  The owners decreased the requirement for hot 

water in the pasteurizer by storing milk at higher temperatures and only cleaned the 

storage tank twice per week.  When the pasteurizer had adequate hot water it functioned 

well and reduced SPC by 99%.  However, the pre pasteurization SPC was so high even a 

99% reduction still yielded high post pasteurization SPC (Figure 4).   The Farm 2 like 

Farm 1 pasteurizing system was affected little by season (Table 14).  Farm 2 also 

experienced a difference in fat % between pre and post pasteurization Table 7.  The 

storage tank used on this farm was agitated and milk was sampled from the bottom of the 

storage tank, therefore the difference in fat % can be explained by natural sampling 

variation.  Protein, lactose, solids non fat, and somatic cell counts did not differ between 

pre and post pasteurization (Table 12). 

Farm 3 

The pasteurizer on Farm 3 performed very well, deactivating alkaline phosphatase in 

each post pasteurized sample obtained (Figure 7).  The pasteurizer was new, less than 1 

yr and completely automated, minimizing the chance of operator error.  The lowest post-

pasteurized SPC observed in this study was from Farm 3, (Figure 4) contributing to the 

success was also the lowest pre pasteurized SPC.  Waste milk was pasteurized 

immediately following milking allowing little time for additional bacterial growth.  Farm 

3’s SPC was affected by Season (Figure 6), being higher in Season 2 (summer) than 

Season 1 (spring) (Table 15)  There are two possible explanations for this; first warmer 

temperatures fostering more bacterial growth, both on contact surfaces and in milk, and 
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second, the  possibility of complacent pasteurizer sanitation caused by researcher telling 

farmer they were doing a good job.   

Feeding Data 

Fat, protein, lactose and solids-non-fat (SNF) % and somatic cell count (SCC) remained 

unchanged as feeding progressed over time (Table 18).  Standard plate counts of the 

pasteurized waste milk increased after being put into the feeding tank and continued to 

increase as feeding progressed (Figure 8 and Table 16).  Feeding tanks used on both 

farms had no in-tank washers and were not designed for easy cleaning.  Furthermore, the 

nozzles used to distribute waste milk from the feeding tanks to the buckets were designed 

for handling petroleum products and were difficult to clean.  Season had a large effect on 

waste milk SPC during feeding, (Figure 9 and Table 17), attributed to higher 

environmental temperatures in Season 2.  In Season 2 waste milk SPC increased 

significantly linearly as the feeding progressed as evidenced in both (Figure 9 and Table 

16).   

Conclusion 

The pasteurizers on Farms 1 and 2 had a high failure rate caused by both improper 

operation and an inadequate supply of hot water.  When the pasteurizers did function 

properly they did lower the SPC by 98-99%.  Pre pasteurization storage had a large effect 

on the cleanliness of post pasteurized milk.  The pasteurizer could only achieve a 98-99% 

reduction.  Because some waste milk had a high initial SPC pre pasteurization, post 

pasteurized milk from the same day still had a high SPC. Six samples, pre and post 

pasteurization from all three farms, were cultured to determine the species of bacteria in 

waste milk and perform a mycoplasma screen.  The results are found in Table 20. The 
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nutritional value of waste milk compares favorably to that of conventional milk replacer.  

Fat separation on Farm 1 was an easy problem to correct by adding agitation to the 

storage tank.  Separation of fat yielding lower energy milk could be a major problem, 

negatively impacting calf performance.  To achieve success in a waste milk 

pasteurization system, waste milk should be cooled and agitated with the same discipline 

used with marketable milk.  The SPC of waste milk increased rapidly after being placed 

in the feeding tanks, especially during the warmer summer months. Even though milk did 

not reside in the tanks for more than 1.5 h the difficult nature of cleaning the tanks 

compromised the quality of waste milk.  Equipment used to handle waste milk should be 

easy to clean to facilitate proper cleaning protocols to minimize post-pasteurization 

bacterial growth.
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 Figure 1.  Amount of waste milk over time on NC Farm 1 
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Total needed = Number of heifer calves times feeding rate (1.9 L twice a day for 2 weeks 
and then 3.8 L once per day until weaning between 7-8 weeks.) 
Total available = amount of waste milk generated that day 
 

Figure 2. Amount of waste milk over time on NC Farm 2 
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weeks, then 2.8 L twice a day of two more weeks and then 3.8 L twice day until weaning 
between 7-8 weeks.) 
Total available = amount of waste milk generated that day 
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Figure 3. Amount of waste milk over time NC Farm 3  
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Total needed = Number of heifer calves times feeding rate (1.9 L twice a day for 4 
weeks, then 2.8 L twice a day of two more weeks until weaning between 6-7 weeks.) 
Total available = amount of waste milk generated that day 
 
   

Table 12. Components and SCC of waste milk in NC  

 Farm PrePast SE PostPast SE P-value 
    (%)   (%)     
Fat 1 9.10 1.05 2.18 1.00 <0.0001
 2 4.56 0.94 4.11 0.94 0.73 
 3 3.56 1.12 3.51 1.01 0.99 
Protein 1 2.98 0.06 2.84 0.05 0.08 
 2 3.62 0.05 3.56 0.05 0.37 
 3 3.50 0.06 3.36 0.06 0.99 
Lactose 1 4.34 0.09 4.38 0.09 0.75 
 2 4.52 0.08 4.45 0.08 0.52 
 3 4.56 0.09 4.45 0.09 0.42 
SNF 1 8.31 0.13 8.19 0.12 0.47 
 2 9.00 0.11 8.89 0.11 0.46 
 3 8.91 0.13 8.71 0.12 0.25 
       
   (cells * 1000/ml) (cells * 1000/ml)  
SCC 1 2,784 426 212 408 <0.0001
 2 1,180 384 1,033 384 0.77 
 3 1,412 456 1,377 412 0.95 
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Figure 4. SPC (standard plate count), NC Farm 1, 2, and 3 Pre (before pasteurization) and 
Post Past (after pasteurization)   

 
 

Figure 5. Natural log of SPC on NC Farm 1, 2, and 3 (Used for statistical significance 
test) 
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Table 13. LSMeans of the Natural log of Standard plate count (SPC) on Farm 1, 2, and 3, 
of waste milk prior to (PrePast) and following (PostPast) pasteurization.  (Used for 
statistical significance test) 

Farm PrePast SE PostPast SE P-value 
1 12.71 0.43 10.60 0.43   0.001 
2 16.97 0.58 11.38 0.42 <0.0001
3 12.56 0.50   8.82 0.45 <0.0001

 

Figure 6. LSMeans of standard plate count (SPC) during Season 1 (spring) and 2 
(summer), of waste milk prior to (PrePast) and following (PostPast) pasteurization. 
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Figure 7. LSMeans of the Natural log of standard plate count (SPC) during Season 1 
(spring) and 2 (summer), of waste milk prior to (PrePast) and following (PostPast) 
pasteurization.  (Used for statistical significance test) 

 
 

Table 14. LSMeans of the Natural log of standard plate count (SPC) during Season 1 
(spring) and 2 (summer), of waste milk prior to (PrePast) and following (PostPast) 
pasteurization.  (Used for statistical significance test) 

Farm Season 1 SE Season 2 SE P-value 
1 11.41 0.46 11.90 0.39 0.42 
2 13.87 0.61 14.48 0.37 0.39 
3 10.00 0.56 11.37 0.37 0.05 

 
 

Table 15. Occurrence of positive Alkaline phosphatase (AP) ( >500 mU/ml)1 and its 
associated standard plate count (SPC). 

  Farm 1 Farm 2 Farm 3 
AP Positive (%)          18.2             15.4          0.0 
AP Positive SPC (cfu/ml) 397,166.0 6,250,000.0          0.0 
AP Negative SPC (cfu/ml)   52,470.0    211,364.0 24,610.0 

 
1 Indicates lack of pasteurization 
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Figure 8. LSMeans of standard plate count (SPC) during feeding on Farm 1 and 2. 

 
 
 

Figure 9. LSMeans of standard plate count (SPC) during feeding in Season 1 (Spring) 
and Season 2 (Summer) on Farm 1 and 2). 
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Table 16. LSMeans of Fat, Protein, Lactose, solids-non-fat (SNF) and somatic cell count 
(SCC) during feeding on Farm 1 and 2. 

 
Time 
(min) Farm 1 SE Farm 2 SE 

Fat (%) 0 2.2 0.22 4.2 0.19 
 20 2.5 0.22 4.3 0.19 
 40 2.2 0.22 4.1 0.23 
 60 2.2 0.29 4.2 0.25 

Protein (%) 0 3.0 0.09 3.6 0.08 
 20 3.2 0.09 3.6 0.08 
 40 3.0 0.09 3.6 0.10 
 60 2.9 0.12 3.6 0.10 

Lactose (%) 0 4.7 0.03 4.5 0.03 
 20 4.7 0.03 4.5 0.03 
 40 4.7 0.04 4.6 0.03 
 60 4.7 0.04 4.6 0.03 

SNF (%) 0 8.5 0.42 9.0 0.32 
 20 9.6 0.42 9.1 0.32 
 40 8.6 0.42 9.0 0.39 
 60 8.6 0.46 9.0 0.40 

SCC (cell/ml) 0 152 144 1155 129 
X 1000 20 200 144 1176 129 

 40 167 144 1082 155 
 60 210 190 1043 165 
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Table 17. Correlations within farm of fat, protein, somatic cell count (SCC), volume, and 
# of calves 

  SPC Fat Protein SCC Volume Calves
SPC  -0.01  0.10 0.04  0.09   -0.31 
Fat   -0.33  0.38* -0.23   -0.14 
Protein     -0.15  0.13  0.11 
SCC      -0.07  0.14 
Volume         0.21 
Calves       

 
* Differs from zero ( P = 0.05) 
 
 
 
 

Table 18 Microbiological populations of Pre and Post Pasteurized milk. 

 Pre-Pasteurized waste Milk (cfu/ml) Post Pasteurized waste milk (cfu/ml) 

Farm 
Staph 
sp. 

Strep 
non 
ag. Coliforms Myco. 

Staph 
sp. 

Strep 
non 
ag. Coliforms Myco. 

1 TNTC TNTC TNTC Neg. TNTC TNTC TNTC Neg. 
2 TNTC TNTC TNTC Neg. TNTC TNTC TNTC Neg. 
3 TNTC TNTC TNTC Neg. 1000 15000 3000 Neg. 

 
TNTC – Too numerous to count 
Myco. – Mycoplasma 
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Chapter 5 
 

California Field Study 

Objectives 
 
Determine the quality and volume of waste milk being fed to calves on California dairy 

operations and to measure the efficacy of on-farm waste milk pasteurization.  

Farms 
 
Waste milk was sampled and the volume available for pasteurization was determined on 

ten farms in California during a one week period in June 2005 and again in Jan. 2006.  

Farms were identified using three methods; contacts through industry representatives, 

farm names found on commercial pasteurizer websites and contacts through other 

farmers in the area.  Five farms were visited during both trips, while the other 5 farms 

were only visited on one trip.  The distribution of visit occurrence is represented in Table 

21, while a description of each farm is shown in Table 21. 

Materials and Methods 
 
Three types of pasteurizers were sampled; HTST, batch and “turbulent batch.”  The 

turbulent batch pasteurizers were custom-made and were comprised of a holding tank, 

which received milk a plate heat exchanger and an industrial sized hot water heater.  In 

this system, milk is pumped from the holding tank through the plate heat exchanger and 

returned to the same holding tank.  Milk was circulated until it reached >63ºC for at least 

30 min.  Samples were obtained prior to and immediately following pasteurization.  In 

batch and turbulent batch systems milk samples were obtained from pre and post 

pasteurized milk holding tanks using a stainless steel dipper (Nasco, Fort Atkinson, WI.)  

After the completion of pasteurization, milk samples were obtained as calf feeding 
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progressed using two methods.  If waste milk were fed in buckets, the stream of milk 

entering the buckets was aseptically intercepted.  If milk were fed in bottles, waste milk 

was collected either during bottle filling or expressed from the bottles as they were fed.  

During feeding, milk samples were obtained every 10 min.  Milk samples were placed 

into two aseptic 50 ml plastic vials (Capitol Vial Inc., Auburn, AL.).  One vial was 

submitted for microbiological culturing while the other was submitted for determination 

of components (fat, protein and total solids).  The sample submitted for component 

testing contained a preservative (bronopol tablet; D & F Control System, San Ramon, 

CA).  Samples were submitted to one of two labs, Sierra Dairy Testing Laboratory in 

Tulare, CA (lab1) and the Land O Lakes Laboratory in Fort Dodge, Iowa (lab 2).  On the 

June 2005 visit, all samples without milk replacer, both component and microbiological, 

were submitted to Sierra Dairy Testing Laboratory (SDTL).  Samples containing milk 

replacer or waste milk fortifier were shipped overnight to the LOL laboratory.  These 

samples could not be submitted to the SDTL in Tulare because they included milk 

replacer which would damage their machines.  In June, 2005 several farm’s components 

could not be determined by STDL due to unforeseen problems with additives in the waste 

milk samples.  Therefore, in January 2006 it was decided to send all component samples 

to LOL and all microbiological samples to SDTL.  On both visits, standard plate counts 

were determined using the plate loop method as outlined by U.S. Food and Drug 

administration form #2400.  

 Alkaline phosphatase activity was determined using the Sharer Rapid Phosphatase test as 

outlined by U.S. Food and Drug administration form #2400j.  During June 2005 fat, 

protein and SNF was determined using infrared analysis (Bentley, MN) according to 
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(AOAC 2000; method 972.160), and somatic cell counts (SCC) using an optical 

fluorescent method (Bentley, MN) according to (AOAC 2000; method 978.26). Fat, 

protein, and total solids on samples containing milk replacer on the first trip and all 

January 2006 samples were sent to LOL lab.  The LOL Lab measured fat using alkaline 

hydrolysis (AOAC method 932.06), protein using the combustion method (AOAC 

method 990.03) and total solids by drying the sample with a parting agent (AOAC 

method 920.115) adapted to 65°C rather than 100°C. 
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Statistical Design and Analysis 
 
Data were analyzed in two categories; data collected pre and post pasteurization and data 

collected during subsequent feeding of pasteurized waste milk over time in the same 

feeding.  Both categories of data were analyzed using PROC MIXED (SAS 2002).  

Standard plate counts and alkaline AP measurements both had large standard deviations 

and a non-normal distributions.   Therefore statistical significance was determined using 

the natural log of their measurements.  Time was rounded to 10 min and limited to 40 

min due to a limited number of farms with feeding duration lasting longer.  The following 

model was used to determine differences between SPC, fat, protein, and total solids taken 

prior to and following pasteurization.  

Yij = µ + Pi + Lj +PLij+Eij 

 
Changes in Standard Plate Count, fat, protein and total solids during feeding were 
analyzed using the following model. 
 
Yij = µ + Fi + Tj + FTij +Eij 

Where: 

P = Pasteurizer (Batch, HTST, Turbulent Batch) Fixed 
L = Location (Pre or Post Pasteurization) Fixed 
F = Feeding Method (Buckets or Bottles) Fixed 
T = Time rounded to 10 min and limited to <40 min Fixed 
E – Residual 
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Table 19 California farms visited each visit 
Farm 1 2 3 4 5 6 7 8 9 10 

June-05 X X   X X   X X 
January-06 X X X X X X X X X   

 

Table 20 Description of California farms 

Farm # 

Herd Size 
(milking 
cows) # calves Breed 

Pasteurizer 
Type 

Feeding 
Method 

1 5500 450 H, J, X Turbulent batch Buckets 
2 3000 320 H HTST Bottles 
3 815 40 J Turbulent batch Bottles 
4*  15,000  HTST Bottles 
5 2200 410 J Turbulent batch Bottles 
6 1500 260 H HTST Bottles 
7 2500 435 H HTST Bottles 
8 3400 550 H Batch Bottles 
9 7000 720 H HTST Bottles/Buckets
10 500 20 J, X Batch Bottles 

* Custom Calf raising operation.   
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Results and Discussion 
 
Quality of waste milk 
 
Components, SPC and SCC of waste milk available to be fed to calves are represented in 

Table 23.  Fat and Protein on an as fed basis averaged 3.7 and 3.8%, which compares 

very favorably to milk replacer ranging ~15-20% fat and ~20-28% protein.  The average 

total solids content is in line with what would be expected in waste milk, but it’s the 

minimum value that is of concern.  Minimum total solids content was 8.9%.  A potential 

cause of this is unintentional addition of pipeline cleaning wash water entering the tank.  

In the case of the custom calf raising operation, purchasing waste milk from 35 farms, 

intentional addition of water occasionally occurs to increase compensation from sales of 

waste milk.  Low total solids content due to the addition of water lowers the nutritional 

value of waste milk.  High average SCC’s of 2+ million were expected due to the high 

percentage of waste milk coming from cows treated for mastitis.   

Mean SPC pre pasteurization was 1.6 million cfu/ml, with a min of 3000 cfu/ml.  Low 

SPC values were from turbulent batch systems.  This was due to sampling “raw” milk 

which had passed through a heated plate exchanger prior to deposition in holding tank, 

resulting in milk that had been exposed to heat treatment.  Therefore it had already begun 

to be pasteurized. 

Pasteurizer Performance 
 
Pasteurizer performance was evaluated using SPC and AP.  Samples were obtained 

before and after pasteurization.  All pasteurizers reduced SPC and AP with varying levels 

of success, except for one batch system.  This system’s automatic controller was 

programmed incorrectly and did not maintain the desired temperature long enough, 
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resulting in failure of pasteurization.  The LSMeans of SPC and AP before and after 

pasteurization are itemized by pasteurizer type in Figures 12 and 13.  Due to the large 

standard deviations, analysis was run on the natural log of SPC and AP values to detect 

significant reduction of both measurements during pasteurization.  The natural log of 

SPC and AP are shown in Figure 12 and 15.  Both HTST and Tbatch pasteurization 

lowered SPC and AP levels (Table 2) by 98% and 99%.  Post pasteurized samples taken 

from batch systems showed less reduction in both SPC and AP when compared to HTST 

and Tbatch systems.  There are three possible explanations for batch reducing SPC and 

AP less than the other two methods.  First, only two batch systems were sampled and 

they were only sampled once each.  Second, the one system that failed to reach 

pasteurization time and temperature was a batch pasteurizer.  Another possible reason is 

the relatively low pre pasteurized SPC.  One of the batch systems worked very well 

resulting in SPC <2000 cfu/ml, but the pre pasteurization SPC entering the system was 

also very low with less than 4,400 cfu/ml.  Clean milk entering the machine is optimal 

but does not allow for much “improvement” from pasteurization.  Even though Tbatch 

reduced SPC more than HTST, it did not reduce AP to the same extent as HTST.  

Turbulent batch does not use as high a temperature as HTST.  Higher levels of AP 

suggest that all the milk in the Tbatch system did not reach a heat exposure as high as 

HTST.  Therefore milk in the Tbatch system was not as aggressively pasteurized as that 

in HTST systems.  This increases the possibility of heat tolerant pathogens such as 

mycobacterium paratuberculosis surviving pasteurization.  Components did not differ 

between pre pasteurization and post pasteurization (Table 25). 

Feeding of pasteurized waste milk 
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Once waste milk was pasteurized it was placed in either in bottles or a tanker and fed to 

calves using buckets.  Eight farms fed milk via nipple bottle, one farm fed in buckets 

filled from a tanker and one farm used both bottles and a feeding tanker.  Figure 14 

shows the SPC on all farms starting from prior to pasteurization until the last calf was 

fed.  The number of observations decreased as feeding progressed because some farms 

fed calves more rapidly than others.  Pasteurizers reduced the bacteria level, but when 

milk was placed in feeding tankers or nipple bottles the bacteria levels increased.  Farms 

feeding with buckets experienced higher SPC during feeding than farms feeding with 

nipple bottles (Figure 15 and 16).  This could be caused by difficulty in cleaning the hose 

and nozzle attached to the feeding tanker used to fill the buckets.  Again only two farms 

used a feeding tanker while eight farms used nipple bottles.  Time did not have an affect 

on SPC as feeding progressed.  Bottle feeding on participating operations was fast. In 

some cases calf feeders were presenting a bottle to a new calf every second.    Individual 

bottle cleanliness would have a greater effect on SPC than time.  For instance a dirty 

bottle fed to the first calf would have a higher SPC than a clean bottle fed to the last calf 

due to short time between filling of bottles and feeding the bottle.  These data reinforce 

the importance of sanitation of all components in a calf feeding system.  Feeding tankers, 

bottles and nipples are difficult to clean and therefore can become avenues for bacteria to 

re-inoculate pasteurized milk.  Fat, protein and total solids did not differ over time during 

feeding (Figure 17, 18, and 19).  This was expected since duration of feeding was very 

short in most cases.  Isolation of milk within a bottle limited the degree of nutrient 

separation and subsequent calf feeding inconsistencies.   

Addition of milk replacer to pasteurized waste milk 
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Five out of the 10 farms fed milk replacer or waste milk extender blended with waste 

milk.  One operation was a 30,000 head custom calf growing operation.  On the calf 

growing operation and four dairy farms, milk replacer was added to waste milk to 

increase the protein and total solids content, even when there was enough waste milk 

available.  In all cases milk replacer was added to waste milk after pasteurization.  This is 

logical since any increase in solids content in milk requires higher temperatures to 

achieve pasteurization.  In some cases water was added to increase the volume.  Fat, 

protein and total solids content of waste milk before and after addition of milk replacer to 

the waste milk is represented in Figure 20.  The farms did not change protein or total 

solids content markedly, but did increase volume and decreased level of fat.  The custom 

calf growing operation increased protein and total solids content but decreased fat 

percentage. 

Conclusion 

Waste milk is a good source of energy and protein.  An area of concern is high SPC of 

waste milk.  Operations cooperating in this study addressed the issue by pasteurizing 

waste milk prior to feeding calves.  The pasteurizers in this study functioned well, 

reducing the SPC to a level acceptable for calves.  All but one pasteurizer lowered the 

SPC of milk to achieve the goal of less than 20,000 cfu/ml.  The one machine that failed 

was a batch pasteurizer with an automatic temperature controller which was programmed 

incorrectly.  High temperature short time pasteurizers, both commercial and custom made 

significantly lowered SPC (Figure 12).  Several custom-made turbulent batch pasteurizers 

were sampled.    Although these low cost machines yielded the cleanest pasteurized milk 

of all systems observed, they required a great deal more supervision than the commercial 
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units because they lacked automation and thermostats.  The operator had to be very 

vigilant of the temperature to assure proper pasteurization.  As expected fat, protein, and 

totals solids were not changed during pasteurization and did not differ as feeding 

progressed.  Standard plate counts were higher for waste milk fed in buckets via a feeding 

tanker than it was for waste milk fed in nipple buckets.  Only two farms fed waste milk in 

buckets.  Time did not have an effect on SPC, although SPC seemed to decrease as 

feeding progressed for the feeding tankers.  This could be due to the hose/nozzle being 

used fill feeding buckets being rinsed out with more milk as feeding progresses.  Time 

had no effect on the SPC of waste milk fed in bottles.  Individual bottle sanitation has a 

greater impact on SPC of what is fed to calves than amount of time that elapses between 

pasteurization and feeding, especially considering the short amount of time it took to feed 

all the calves on these operations.  

 Although four dairy operations had sufficient waste milk on hand the day of sampling, 

they fortified waste milk with milk replacer to increase protein and solids content.  The 

custom calf operation did not have enough waste milk and was forced to extend their 

supply with the addition of milk replacer.  Four dairy operations did not increase total 

solids or protein, but lowered fat content and increased volume of waste milk.  The 

custom calf operation increased protein and total solids content at the expense of fat.  

Lowering the fat percentage is not of concern, since waste milk begins with a very higher 

fat content than most milk replacers.  Lowering fat on the custom calf ranch liquid diet 

resulted in about 22% fat on a dry matter basis, which is deemed the maximum amount 

required by a calf fed milk replacer.  The economic advantage of adding milk replacer to 

waste milk, when an adequate amount of waste milk is available, is questionable.  Overall 
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the waste milk pasteurization systems on these farms performed well and the quality of 

waste milk exiting the pasteurizer was an acceptable feed for calves.  It should be noted 

that the quality waste milk entering the pasteurizer on this study was generally very good 

with a relatively low SPC.  Clean milk entering the pasteurizer increases the chances of 

pasteurized milk resulting. 

Table 21. Components, SCC and SPC of waste milk prior to pasteurization 

  mean min max 
Fat (%) 3.8 1.1 5.3 
Protein (%) 3.7 2.9 4.7 
Total Solids (%) 12.7 8.9 15.3 
SCC (cells/ml) 2,072,727.0 1,000,000.0 4,500,000.0 
SPC (cfu/ml) 1,681,869.0 3,000.0 5,900,000.0 

 

Table 22. LSMeans of SPC and AP Pre and Post Pasteurization 

    PrePast PostPast P-Value 
Batch SPC 62,500 22,500 0.0976 
 AP 24,000 16,022 0.0490 
HTST SPC 1,815,153 31,538 0.0016 
 AP 24,000 472 < 0.0001 
Tbatch SPC 1,677,222 2,061 0.0050 
 AP 14,111 1,505 0.0003 
Natural Log         
Batch SPC 10.36 8.80 0.0882 
 AP 10.09 7.15 0.0753 
HTST SPC 13.01 8.27 < 0.0001 
 AP 10.09 5.88 < 0.0001 
Tbatch SPC 13.13 7.83 < 0.0001 
 AP 9.15 5.60 0.0002 

SPC = standard plate count (cfu/ml) 
AP = Alkaline Phosphatase (mU/l) 
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Table 23. LSMeans of Fat, Protein and Total solids Pre and Post Pasteurization 

    PrePast PostPast P-value 
Fat Batch 6.4 4.4 0.12 
 HTST 3.8 3.6 0.68 
 Tbatch 4.9 5.2 0.47 
Protein Batch 4.5 4.2 0.59 
 HTST 3.6 3.7 0.64 
 Tbatch 3.9 4.0 0.87 
Total Solids Batch N/A 13.2 N/A 
 HTST 12.3 12.3 0.99 
 Tbatch 13.8 14.3 0.57 
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Figure 10. LSMeans Standard Plate Count Pre and PostPast by pasteurizer type (batch, HTST, and Tbatch) 
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Figure 11. LSMeans Alkaline Phosphatase (AP) Pre and PostPast by pasteurizer type. 
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Figure 12. LSMeans of Standard Plate Count Pre and PostPast natural log by pasteurizer 
type. 
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Figure 13. LSMeans of Alkaline Phosphatase Pre and PostPast natural log by pasteurizer 
type. 
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Figure 14. Means, standard plate count (SPC), beginning pre pasteurization and until the last calf was fed.  (X-axis taken every 20 
minutes after feeding began) 
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Figure 15. LSMeans of Standard Plate count as milk was fed to calves.   
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Figure 16. LSMeans of the Natural Log of the Standard Plate count as milk was fed to 
calves.   
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Figure 17. LSMeans of Fat % during Feeding. 

 
 

Figure 18. LSMeans of Protein % during Feeding. 
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Figure 19. LSMeans of Total Solids during Feeding. 

 

 

Figure 20. Means of Fat, Protein and Total solids % of waste milk before and after 
addition of milk replacer. 
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Chapter 6 
 

Calf Feeding Trial 

Objectives 
 
To measure calf performance when whole milk (WM) is replaced with 28% protein: 20% 

fat milk replacer (MR) during either the first half or the last half of the nursing period.    

Animals 
 
Sixty-six calves (45 heifers and 17 bulls) from the Virginia Tech Dairy Center 

(Blacksburg, VA.) were assigned to 1 of 3 diets in a randomized block design.  The study 

was approved by the Virginia Tech Animal Care and Use Committee. 

Holstein, Jersey, and reciprocal crosses born between March 21, 2005 and October 10, 

2005 were enrolled on the study in an incomplete random block design.  The distribution 

of breeds is found in Table 26.     

Table 24. Distribution of gender and breeds used on the feeding trial.   

Gender Holstein Jersey Crossbred
Heifers 20 7 18 
Bulls 13 0   4 

 
All calves were fed at least 3.78 L of colostrum within the first 24 h of birth split between 

at least two feedings.   Colostrum was fed only if the Ig G exceeded  50 g/L.  Ig G 

content of colostrums was determined by measuring the specific gravity with a 

colostrometer (Jorgensen Laboratories, Loveland, CO.).  At birth calves were vaccinated 

for bovine rhinotracheitis and parainfluenza  3 (2 ml intranasally, TSV-2, Pfizer Animal 

Health, Exton, PA). 

 Calves were housed in individual hutches bedded with straw and sawdust.    Eleven 

crossbred and Jersey calves used were enrolled 1 wk after birth due to participation in 
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another study.  Treatments in that other study consisted of thawed frozen colostrum from 

Jersey and Holstein cows fed either a TMR or pasture.  Calves received colostrum from a 

dam of their respective breed.  Calves were given 2 qts. of colostrum at birth and 6, 12, 

18, and 24 hr. thereafter.  Calves then received either a pasteurized and homogenized 

WM from a local grocery store or a 20:20 milk replacer for 6 d.  Calves brought into the 

present study continued on the same diet on day seven.  If calves were receiving WM on 

the colostrum study they were assigned to WM in the present study and the same was true 

for MR. 

Diets 
 
All calves were fed twice daily for 7 wk and once a day for 1 wk prior to weaning at 56 d.  

Feeding took place at approximately 0900 and 1400 h.  Treatment 1 consisted of calves 

receiving WM for approximately 28 d and then transitioned to MR until weaning at 56 d.  

Treatment 2 was a reciprocal to treatment 1.  On treatment 2 calves received MR for 

approximately 28 d and then transitioned to WM.  All transitioning of calves took place 

on Mondays prior to the 0900 feeding.  Treatment 3 was a control.  Calves received MR 

for the entire period.  The WM used in both treatments 1 and 2 was obtained from the 

Virginia Tech Dairy Center’s bulk tank and always represented between 2 and 4 

milkings.  Milk fed to calves was stored in plastic buckets at less than 7° C until feeding 

1 h later for the 0900 feeding and 6 h later for the 1400 feeding.  Milk was warmed by 

placing buckets in a hot water bath of 60 to 66° C for 30 min. The MR contained 28% 

protein and 20% fat (Land O Lakes Animal Milk Products, Minneapolis, MN) on an as-

fed powder basis reconstituted with 38 to 43° C water to 14% solids.    Diets were 

intended to be isocaloric and provide similar amounts of energy allowable gain (Table 
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29). Both milk and milk replacer were fed in equal volumes to reduce gut fill effect.  

Feeding rates, represented in Table 21, were determined by birth weight and maintained 

for the 7 wk..  Nutrient content of milk and milk replacer used in the study are 

represented in Table 27.  Calves were offered free choice starter grain and water starting 

1 wk after birth.  Composition of starter grain is shown in Table 27.   

Measurements 

Total plasma protein of calves was measured within the first week of life to determine if 

successful passive transfer occurred.  Blood samples were obtained by jugular 

venipuncture and collected in a vacutainer containing Potassium EDTA.  Samples were 

centrifuged at 15,000 g for 5 min.  Refractive index of samples was immediately 

determined using a clinical refractometer (Kernco Instruments Co., Inc., El Paso, TX.).  

The total plasma protein of all calves in the study scored higher than 5.5 g/dL; therefore 

no calves were omitted for failure of passive transfer.  Three calves died during the study, 

one on each treatment.  Cause of death was determined to be aspiration in one calf and 

the other two from dehydration complications from scours.  Body weight (BW), wither 

height (WH), hip height (HH), body length (BL), hip width (HW) and heart girth (HG) 

were recorded at birth, 28 and 35 d of age and at weaning.  Body length was measured as 

the distance between the point of shoulder and the pin bone.  Calves were measured on 

Thursdays prior to and following transitioning to measure the calf’s reaction to the abrupt 

change in liquid feed diet.  All calves transitioned from one liquid feed to the other on 

Mondays; therefore measurements obtained on both the 28 and 35 d of age could be ± 3.5 

d.   Individual calf starter grain intake (GI) was measured twice weekly.  Calf feeders 

recorded amount of starter provided at each feeding.   On Sundays and Thursdays at 
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approximately 1400 h, volume of feed in the buckets was measured, in number of scoops, 

and discarded.  Feed refusal measurement preceded the afternoon feeding to minimize 

amount of time calves had no feed.  Calves were weaned by halving their daily allowance 

of milk or milk replacer at d 49.  For the last week, calves were fed milk or milk replacer 

only at the 0900 feeding.  

Statistical Design and Analysis 
 
Calf measurements were analyzed two ways; first, overall, which was total gain in body 

weight, wither height, hip height, hip width, body length, heart girth and grain intake (GI) 

over the entire feeding trial.  The other analysis evaluated the same parameters within 

three periods of the feeding trial, Period 1 (Birth- Day 28), Transition Period (Day 28-

Day 35) and Period two (Day 35-Day 56, or weaning).  Statistical analysis was performed 

using PROC Mixed (SAS 2002).  Calves were grouped in gender-breed combinations 

since no Jersey males were available during the study and only a limited number of male 

crossbreds were utilized.  Purebred Holstein, Jersey and both reciprocal crosses were 

used. Crossbreds were grouped together since no significant breed*TRT interaction 

(P=0.14) was detected.  Distribution of calves across season by breed and gender is 

represented in Table 28.  The 11 calves that were enrolled a week late, following 

participation in the colostrum study, did not perform differently (P=0.99) than the other 

calves. Therefore no variable for participation in that study was included in the model.  

The data analysis within each period also included the difference between LSmeans of all 

possible treatment and period combinations, using Tukey’s test. 
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Total BW, WH, HH, HW, BL and HG gain, were analyzed using the following model: 

Yijk  = a + b1Si + b2Si2 + Gj + Tk + (GT)jk + Eijk 

BW, WH, HH, HW, BL, and HG gain within each period, average daily gain and GI 

within each period were analyzed using the following model: 

Yijklm = a + b1Si + b2Si2 + Gj + Tk + (GT)jk + C(jk)l + Wm + (GW)jm + (TW)km + (GTW)jkm 

+ Eijklm  

Where: 

S = covariate of Season (1-3); fixed effect 
 Season 1 = Birth Date, 3/21/2005 – 6/1/2005 
 Season 2 = Birth Date, 6/2/2005 – 9/1/2005 
 Season 3 = Birth Date, 9/2/2005 – 10/15/2005 
G = Gender/Breed combination (i=1-5); fixed effect 
 F_H = Female Holstein 
 F_J = Female Jersey 
 F_X = Female Crossbred 
 M_H = Male Holstein 
 M_X = Male Crossbred 
C = Calf 

T = Treatment (i=1-3); fixed effect 
 TRT 1 = Whole Milk then Milk replacer 
 TRT 2 = Milk Replacer then Whole Milk 
 TRT 3 = Milk Replacer (control) 
W = Week (i=1-8); fixed effect 

E = residual 

Significance was determined when P <0.05 

 

Table 25. Mixing and feeding rates for milk replacer and whole milk. 

 Milk Replacer Milk 
Birth Weight (kg) Powder (kg/d) Water (kg/d) Total (kg/d) Total (kg/d) 

18-27 0.8 4.6 5.4 5.4 
27-36 1.0 6.2 7.2 7.2 
36+ 1.1 7.1 8.2 8.2 
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Table 26. Nutrient content of milk, milk replacer and starter grain. 

Variable 28/20A MilkB MilkC Starter D 
Dry Matter % 97.3 12.6 97.3 87.8 
Crude Protein % 28 3.1 24.3 22.1 
Crude Fat % 20 3.8 33.4 4.8 
Crude Fiber % 0.15     4.9 
Calcium % 1   1 1.1 
Phosphorus % 0.7   0.75 0.61 
Magnesium % 0.12     0.25 
Iron ppm 50   3 .02 (%) 
Manganese ppm 20   0.4 95 
Zinc ppm 20   38 112 
Copper ppm 5   1.1 33.5 
Iodine ppm 0.5   0.2 2.5 
Cobalt ppm 0.055   0.01 1.1 
Selenium ppm 0.15   0.15 0.51 
Vit A IU/kg 9072   11500 14658 
Vit D3 UI/kg 1134   307 2194 
Vit E IU/kg 22.68     52.8 
Thiamine mg/kg 3.31   3.3   
Riboflavin mg/kg 3.31   12.2   
Niacin mg/kg 1.32   9.5   
d-Panthothenic Acid 
mg/kg 6.61   25.9   
Biotin mg/kg 0.06   0.03   
Ascorbic Acid mg/kg 55.12   120   
Pyridoxine Hydrochloride 
mg/kg 3.31   4.4   
Folic Acid mg/kg 0.28   0.6   
Vitamin B12 mg/kg 0.03   0.05   
Choline Chroride mg/kg 661   1080   

(Milk replacer -on an as fed powder basis) 

A CowsMatch (Land O Lakes Animal Milk Products, Minneapolis, MN). 
B Milk taken from bulk tank at Virginia Tech Dairy (values represent average of every 
tank shipped during the study). 
C Minerals and vitamin values adapted from (Toullec, 1989) values expressed on a 97. 
3% DM basis. 
D Intensity 22% Calf Starter with Rumensin (Southern States, Christiansburg, VA) 
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Table 27. Distribution of calves in each treatment by season and breed/gender combination. 

   Season 1     Season 2     Season 3   
  TRT 1 TRT 2 TRT 3 TRT 1 TRT 2 TRT 3 TRT 1 TRT 2 TRT 3 
Female Holstein 1 2 1 5 3 4 1 1 2 
Female Jersey 1 1 0 0 1 1 0 1 1 
Female Crossbred 2 1 1 4 2 5 1 3 0 
Male Holstein 1 2 1 2 1 3 2 1 0 
Male Crossbred 1 0 0 0 1 1 0 0 1 

 
 

Table 28. Estimated Energy and Protein Allowable Daily Gain from (NRC, 2001). 

Birth weight 
(kg) Feed 

Energy 
Allowable 
Gain (kg/d) 

Protein 
Allowable Gain 
(kg/d) 

<27 Milk 1.0 0.6 
<27 MR 1.0 0.8 
27-36 Milk 1.2 0.8 
27-36 MR 1.2 1.0 
>36 Milk 1.2 0.9 
>36 MR 1.2 1.1 
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Results and Discussion 

Total weight gain (Figure 10) and total ADG (Figure 12) across the 3 treatments were not 

different (Table 5.7). There were differences in weight gain across breeds, which were 

expected considering the use of Jersey, crossbred and Holstein calves (Figure 10).  When 

analyzed within each period of each treatment, calves on TRT 1 had a higher weight gain 

(Figure 11 and Table 5.6) and ADG (Figure 13 and Table 5.6) during the transition 

period than calves on both TRT 2 and TRT 3 during the transition period.  The transition 

period was 7 ± 3-4 d surrounding transition from one liquid diet to the other.  Part of this 

increase in ADG could be due to compensatory gain as calves were switching from milk 

containing 24.8% CP on a DM basis onto milk replacer containing 28.6% CP.  If this 

were compensatory gain it would also be expected that more growth in stature would 

have been observed during the same period, but it was not observed (Table 5.8).  Another 

possible reason for the increase in ADG of calves on Treatment 1 during TP could be 

increased water retention due to higher mineral content and DM reconstitution of the MR 

compared to milk.  Supporting this theory, calves on TRT 1 did not maintain the 

advantage after TP until weaning (Figure 11, 5.4 and Table 5.6).  The predicted average 

daily gain (NRC, 2001) was not observed in the majority of calves (Table 5.9, 5.10).  

Calves did not gain weight as expected across all periods, but especially during P1.  

Possible reasons for the inferior weight gain was the large volume of milk or milk 

replacer that was fed.  Milk and milk replacer refusals were not recorded but did occur, 

especially in the younger calves.  Another limitation of the study was the feeding times, 

which occurred at 0900 and 1400 h.  The interval between feeding from mornings to 

evenings was relatively short, but was not changed due to the work hours of employees at 
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the university dairy.  Also the 1400 h feeding occurred at a very hot time of day which 

could further depress intake.  Early in the trial, communication of the importance of fresh 

water to the farm staff was difficult.  Lack of an adequate fresh water supply has been 

shown to reduce calf growth.  Stature growth did not differ between treatments, both 

overall and within each period (Table 5.7, 5.8).  Grain intake did not differ between 

treatments (Figure 15) but did increase in P2, recall that during the last week before 

weaning milk or milk replacer was halved to initiate grain intake.  

Cost per kg of gain was evaluated across treatments and feeding rates, (Table 5.11).  Milk 

replacer was valued at $57 per 22.7 kg bag.  Value of milk was calculated from the pay 

price of milk using the Virginia State Milk Commission excess and without deductions 

for Cooperatives Working Together hauling and advertising    The average price over the 

course of the study was $16/cwt.  The values of milk and MR on an as fed basis were 

both $0.35/ kg.  The three most efficient rations included milk replacer fed to 

intermediate or small calves.  Larger calves had a higher cost/kg of gain most likely from 

a higher maintenance requirement.  Smaller calves tended to have more efficient rates of 

growth.  Cost/kg of gain was further analyzed across the different breeds (Table 5.12).  

Cost/kg of gain ranged from $3.04 to $4.73.  Smaller crossbred animals had the most 

economical growth while the larger crossbred calves had the lowest economical growth. 

Conclusions 
 
The results from this study show that 28% protein: 20% fat milk replacer can supplement 

and substitute whole milk with little effect on calf growth.  This study suggests that calf 

raisers with a limited supply of waste milk could transition calves from milk to milk 

replacer or from milk replacer to milk with little disruption in calf growth.  It should also 
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be noted that in this study diets were isocaloric with little change in dry matter between 

diets.  The decision to feed either milk replacer or whole milk or waste milk should not 

be limited to calf performance and cost but should also consider the risk of feeding both 

milk and waste milk.  Milk replacer, although expensive, has the ability to interrupt the 

perpetuation of many costly bovine diseases (Johnes, Mycoplasma) through an operation 

by minimizing young stock’s exposure to older animals.   
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Figure 21. Body weight gain over the entire feeding trial by treatment and gender-breed 
combination.   
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TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
F_H = Female Holstein 
F_J = Female Jersey 
F_X = Female Crossbred 
M_H = Male Holstein 
M_X = Male Crossbred 
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Figure 22. Body weight gain in each period by treatment. 
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TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
P1 = 0-25 days of age 
TP = Transition period 25-32 days, switching from one diet to the other 
P2 = 32-56 days, calves weaned at 56 days 
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Figure 23. Average daily gain over the entire feeding trial by treatment and 
Gender_Breed combination. 
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TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
F_H = Female Holstein 
F_J = Female Jersey 
F_X = Female Crossbred 
M_H = Male Holstein 
M_X = Male Crossbred 
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Figure 24. Average daily gain in each period by treatment. 
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TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
P1 = 0-25 days of age 
TP = Transition period 25-32 days, switching from one diet to the other 
P2 = 32-56 days, calves weaned at 56 days 
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Table 29. Body weight and average daily gain by treatment and period within treatment. 

  (kg) 
   TRT 1 StdErr TRT 2 SE TRT 3 SE 
 P1 13.08 a 1.27 12.59 a 1.24 13.3 a 1.06 
BW gain TP   6.14 a 0.54   3.64 b 0.52    4.55 a 0.45 
 P2 15.03 a 1.61 15.79 a 1.57 14.59 a 1.34 
        
   (kg/d) 
 P1 0.45 a 0.04 0.45 a 0.04 0.49 a 0.04 
ADG TP 0.86 a 0.08 0.52 b 0.07 0.66 a 0.06 
 P2 0.70 a 0.08 0.75 a 0.08 0.71 a 0.06 

 
Different superscripts within a row signify significanct difference (P >0.05) 
BW gain = body weight gain 
ADG = Average Daily gain 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
P1 = 0-25 days of age 
TP = Transition period 25-32 days, switching from one diet to the other 
P2 = 32-56 days, calves weaned at 56 days 
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Table 30. Total weight, average daily gain and stature growth by treatment. 

 TRT 1 TRT 2 TRT 3 P-value 
Body weight gain (kg) 34 21.84 32.84 0.71 

Average daily gain (kg/d) 0.61 0.57 0.59 0.71 
Wither height gain (cm) 10.54 10.07 11.34 0.51 

Hip height gain (cm) 12.27 12.06 13.12 0.62 
Hip width gain (cm) 4.82 4.32 3.95 0.32 

Body length gain (cm) 19.83 18.13 18.07 0.62 
Heart girth gain (cm) 23.89 20.37 29.96 0.05 

Total grain intake (kg) 9 8.68 8 0.44 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
 
 
 
 

Figure 25. Grain intake of each treatment in each period 

 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
P1 = 0-25 days of age 
TP = Transition period 25-32 days, switching from one diet to the other 
P2 = 32-56 days, calves weaned at 56 days 
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Table 31. Stature measurements taken at 0 (Birth), 28 (Start transition Period), 35 (End 
transition period, and 56 (weaning) days 

  Days of age 0 28 ± 3-4 35 ± 3-4 56 
      
  cm 
Wither Height  TRT 1 72.9 77.2 78.7 83.6 
 TRT 2 73.8 77.5 79.1 83.9 
 TRT 3 73.5 78.6 81.3 84.7 
      
Hip Height TRT 1 75.7 81.1 82.3 88.2 
 TRT 2 76.8 80.6 81.7 88.9 
 TRT 3 76.5 81.9 84.3 89.4 
      
Hip Width TRT 1 17.2 19.0 19.8 22.0 
 TRT 2 18.0 19.4 20.2 22.4 
 TRT 3 18.4 19.7 20.4 22.3 
      
Body Length TRT 1 65.9 72.4 77.2 85.9 
 TRT 2 65.3 71.8 74.9 83.6 
 TRT 3 66.8 75.8 78.0 84.7 
      
Heart Girth TRT 1 74.9 84.0 86.6 98.4 
 TRT 2 77.9 86.6 88.5 98.2 
 TRT 3 78.3 86.7 90.3 99.5 

 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
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Table 32. Average daily gain compared to predicted daily gain of each size calf within 
each period of (Treatment 1 and 2). 

    

Treatment 
Birth 
Weight N Period

Actual 
gain 

*Predicted 
Energy 
allowable 
gain 

*Predicted 
Protein 
allowable 
gain  

Difference 
from 
Energy 
allowable 
gain 

Difference 
from 
Protein 
allowable 
gain 

    kg/d gain 
   P1 0.41 0.97 0.56 0.56 0.15 
 27 kg 3 TP 0.68 0.8 0.75 0.12 0.07 
   P2 0.50 0.73 0.74 0.23 0.24 
   P1 0.38 1.2 0.76 0.82 0.38 
TRT 1 8 TP 0.68 1.07 1.03 0.39 0.35 
 

27-36 
kg  P2 0.67 0.99 1.02 0.32 0.35 

   P1 0.49 1.18 0.85 0.69 0.36 
 36+ kg 11 TP 0.96 1.03 1.16 0.07 0.20 
   P2 0.84 0.96 1.15 0.12 0.31 
   P1 0.36 0.99 0.78 0.63 0.42 
 27 kg 4 TP 0.46 0.76 0.54 0.30 0.08 
   P2 0.63 0.72 0.53 0.09 -0.10 
   P1 0.69 1.15 1.04 0.46 0.35 
TRT 2 5 TP 0.59 0.84 0.71 0.25 0.12 
 

27-36 
kg  P2 0.74 0.79 0.70 0.05 -0.04 

   P1 0.45 1.20 1.20 0.75 0.75 
 36+ kg 13 TP 0.56 0.97 0.82 0.41 0.26 
   P2 0.84 0.93 0.82 0.09 -0.02 

* Calculated using the 2001 NRC CD. 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
P1 = 0-25 days of age 
TP = Transition period 25-32 days, switching from one diet to the other 
P2 = 32-56 days, calves weaned at 56 days 
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Table 33 Continued Average daily gain compared to predicted daily gain of each size calf 
within each period. (Treatment 3). 

    

Treatment 
Birth 

Weight N Period
Actual 
gain 

*Predicted 
Energy 

allowable 
gain 

*Predicted 
Protein 

allowable 
gain 

Difference 
from 

Energy 
allowable 

gain 

Difference 
from 

Protein 
allowable 

gain 
    kg/d gain 
 27 kg 3 TP 0.54 0.71 0.74 0.17 0.20 
   P2 0.43 0.67 0.74 0.24 0.31 
   P1 0.47 1.2 1.04 0.73 0.57 

TRT 3 9 TP 0.56 0.99 1.02 0.43 0.46 
 

27-36 
kg  P2 0.71 0.94 1.01 0.23 0.30 

   P1 0.47 1.17 1.17 0.70 0.70 
 36+ kg 10 TP 0.71 1.00 1.15 0.29 0.44 
   P2 0.80 0.94 1.14 0.14 0.34 

 
* Calculated using the 2001 NRC CD. 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 
P1 = 0-25 days of age 
TP = Transition period 25-32 days, switching from one diet to the other 
P2 = 32-56 days, calves weaned at 56 days 
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Table 34 Cost/kg/gain across treatments and feeding rates. 

   Feeding rate   WM/MR Total    

Rank TRT 
Birth weight 
(kg) "1-28" "28-49" "49-56" Total kg Grain Intake (kg) Total Cost Tota

1 2 27-36 7.30 7.30 3.65 383 7.2 $137.78 
2 3 <27 5.50 5.50 2.75 288 6.7 $104.32 
3 2 <27 5.50 5.50 2.75 288 6.7 $104.32 
4 1 <27 5.50 5.50 2.75 288 5.8 $103.96 
5 1 >36 8.20 8.20 4.1 430 8.1 $154.78 
6 1 27-36 7.30 7.30 3.65 383 7.2 $137.78 
7 3 27-36 7.30 7.30 3.65 383 7.4 $137.86 
8 3 >36 8.20 8.20 4.1 430 8.3 $154.86 
9 2 >36 8.20 8.20 4.1 430 9.3 $155.26 

 
TRT 1 = Whole milk for 28 days then milk replacer until weaning. 
TRT 2 = Milk replacer for 28 days then whole milk until weaning. 
TRT 3 = Milk replacer for entire feeding period. 



 89

 
Chapter 7 

Economic Summary 

 The two field studies and survey inspired the construction of a spreadsheet used to 

calculate the net benefit of using a waste milk pasteurizer.  The net benefit per day is 

defined as the amount of milk replacer displaced by waste milk less the cost of 

pasteurization (Table 37).   

• The amount of waste milk available to feed was determined by the average of 28 

weeks on the NC farms.  The amount available on CA herds was estimated by the 

amount of waste milk present the day of sampling.   

• The cost of pasteurization was calculated by considering both capital expenses 

(purchase price of pasteurizer, building modifications amortized at 6% interest 

rate over five years). 

•  Daily operating expenses (labor, energy cost, and cleaning.)   

• The value of milk replacer was calculated using $50 per 26.8 kg bag of milk 

replacer reconstituted at 0.45 kg per 3.8 L of water. Milk replacer valued at $40 

per bag would probably not provide an equal nutritional content as waste milk.   

This spreadsheet does not consider cost/kg of gain or increased health benefits from 

either waste milk or milk replacer.  It also does not consider the value or associated loss 

(less milk sold and lower cow productivity) incurred by waste milk.   The number of 

calves saved from death to justify pasteurization of either waste milk of whole milk is 

represented in Table 38.  This table does not consider feed cost, only the number of 

calves saved from death that can offset the annual capital cost of a pasteurizer.  Table 39 

illustrates daily cost/savings from utilizing pasteurized waste milk rather than milk 
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replacer.  For example a farm generating enough waste milk to fulfill 70% of calf feeding 

needs would need 30 calves to justify the purchase of a pasteurizer, while a farm 

generating only 30% of their calf feeding needs would need 60 calves to justify a 

pasteurizer.   

Table 35. Net benefit from using pasteurizer on farms participating in survey  

  Farm 
Herd 
Size 

Volume 
Waste 
milk 
(L/d) Calves

Initial 
Cost 

Net 
Benefit /d 

NC 1 1100 382 154 $12,000 $81.00 
 2 2500 1515 154 $14,000 $165.00 
 3 800 322 81 $18,000 $70.00 
      
CA 1 5500 2270 450 $3,500 $507.00 
 2 3000 1590 245 $20,000 $262.00 
 3 815 303 60 $3,000 $72.00 
 *4 N/A N/A  $35,000  
 5 3000 1515 228 $3,000 $262.00 
 6 1500 1060 140 $18,000 $152.00 
 7 2500 1135 300 $25,000 $326.00 
 8 3400 1890 500 <$2,000 $337.00 
 **9 7000 N/A  $28,000  
  10 530 220 60 $8,500 $30.00 

 
NC – represents the means from observation taken over 28 weeks. 
CA – represents the means from 1-2 days in January and June. 
Herd Size – Number of milking cows. 
* 30,000 calf custom calf growing operation. 
** Raising calves from three dairies and purchasing waste milk from an additional dairy 
farm. 
Interest Rate = 6% 
Useful life = 5 years 
Milk replacer = $50/bag, (feeding rate 0.45 kg per 3.8 L) 
Net Benefit / day = Savings per day associated with using a pasteurizer



 91

Table 36. Number of calves saved per year to justify a pasteurizer 
    
 Batch Batch HTST HTST HTST HTST 
 Initial cost of pasteurizer 
Calf value $5,000 $10,000 $15,000 $20,000 $25,000 $30,000 
$500 2 5 7 9 12 14 
$600 2 4 6 8 10 12 
$700 2 3 5 7 8 10 
$800 1 3 4 6 7 9 
$900 1 3 4 5 6 8 
$1,000 1 2 3 5 6 7 
              

Pasteurizer Type – HTST = High temperature short time 
Number calculated based on annual cost of pasteurizer 
Interest rate = 6% 
Time = 5 years 
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Table 37. Daily savings of feeding pasteurized waste milk relative to feeding 100% of calves milk replacer 

  % Calves fed from waste milk 
Number 
of  fed/d 
Calves 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

5 ($10.82) ($9.78) ($8.75) ($7.71) ($6.67) ($5.63) ($4.60) ($3.56) ($2.52) ($1.49)
10 ($10.47) ($9.09) ($7.71) ($6.33) ($4.94) ($3.56) ($2.18) ($0.80) $0.59 $1.97 
20 ($9.09) ($6.33) ($3.56) ($0.80) $1.97 $4.74 $7.50 $10.27 $13.03 $15.80 
30 ($8.40) ($4.94) ($1.49) $1.97 $5.43 $8.88 $12.34 $15.80 $19.25 $49.84 
40 ($7.71) ($3.56) $0.59 $4.74 $8.88 $13.03 $17.18 $21.33 $54.30 $61.00 
50 ($7.02) ($2.18) $2.66 $7.50 $12.34 $17.18 $22.02 $56.54 $64.35 $72.17 
60 ($6.33) ($0.80) $4.74 $10.27 $15.80 $21.33 $56.54 $65.47 $74.40 $83.34 
70 ($5.63) $0.59  $6.81 $13.03 $19.25 $54.30 $64.35 $74.40 $84.46 $94.51 
80 ($4.94) $1.97  $8.88 $15.80 $49.84 $61.00 $72.17 $83.34 $94.51 $105.67 
90 ($4.25) $3.35  $10.96 $18.56 $55.42 $67.70 $79.99 $92.27 $104.56 $116.84 

100 ($3.56) $4.74  $13.03 $21.33 $61.00 $74.40 $87.81 $101.21 $114.61 $128.01 
150 ($0.10) $11.65  $50.95 $69.94 $88.92 $107.91 $126.89 $145.87 $164.86 $183.84 
180 $1.97  $15.80  $61.00 $83.34 $105.67 $128.01 $150.34 $172.68 $195.01 $217.34 

 
Number Calves = calves fed each day   
Useful life = 5 years     
Cost of pasteurizer = HTST - $21,000, Batch - $8500  
Shaded cells = Batch pasteurizer if daily amount of milk < 50 gal 
Milk replacer = $50/bag, (feeding rate 0.45 kg per 3.8 L) 
Interest Rate = 6% 
Labor cost = $8.00 / hr 30 min / d 
Cleaning cost = $3.00 / d 
Maintenance = $750 / year 
Propane cost = $1.15 / gallon 
Electricity cost = $0.05 / kilowatt hr 



 93

Chapter 8 

Project Summary 

Results from the survey, both field studies and the calf feeding trial along with 

observations made by researchers during pasteurizer observation are summarized in this 

chapter. 

Volume of waste milk 

The North Carolina field study illustrated that the supply waste milk is variable when 

tracked over time.  Also the amount of waste milk is not highly correlated to the number 

of calves receiving milk, suggesting that milk from cows treated for mastitis comprises a 

larger percentage of the waste milk supply than is the percentage from transition cows.  

Farms in California tended to generate more waste milk per cow and calf than farms in 

North Carolina.  This could be caused by several reasons.  First, farms in California were 

larger, which inherently requires a more defined hierarchy of delegation.  Perhaps an 

increased reliance on employees to diagnose and treat mastitis may lead to a higher 

unnecessary treatment rate than observed on North Carolina farms.  While visiting herd 

owners and managers in California, a large reliance on antibiotics became evident; this 

may have lead to increased use of antibiotics compared to herds in North Carolina.  

Another possible reason for the increased supply of waste milk is the presence of a 

pasteurizer.  Requiring a certain amount of waste milk per day to feed their calves may 

become a variable when treating cows.  The presence of the pasteurizer may 

inadvertently affect the treatment criteria of a manager.  It was alluded to by one of the 

managers in North Carolina that cows which would have otherwise been culled for high 

somatic cell counts had been retained to contribute to the waste milk supply, so that there 

was enough to feed calves.  Waste milk production does not have a positive correlation to 
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revenue generated by the farm.  It is more profitable to maintain a healthy herd of cows 

and ship milk for processing than it is to have large amounts of waste milk.  An operation 

should evaluate its source and amount of waste milk as it may be an indication to a 

problem that is lowering profit.  

Quality of waste milk 

This study revealed that methods of waste milk storage,  prior to pasteurization affected 

the quality of pasteurized waste milk fed to calves.  Waste milk compares favorably to 

milk replacer both in cost and nutritional value.  Milk replacer of equal nutritional value 

of waste milk is expensive while waste milk offers no other possible revenue other than 

feeding calves. Calves receiving properly pasteurized waste milk perform well (Godden, 

et al., 2005, Jamaluddin, et al., 1996).  Quality of waste milk described in earlier work 

conducted by (Jorgensen, et al., 2005), along with the North Carolina and California field 

trials is shown in Table 36).  Waste milk provides more fat and protein per kg than most 

conventional milk replacers.  Farm 1 in North Carolina struggled with uniformity because 

waste milk was stored un-agitated for longer than 4 h, allowing fat to separate from skim.  

This is reflected in high pre-pasteurized fat measurements because these samples were 

obtained from the top of the storage tank.  When milk was sampled post pasteurization 

the fat percent was significantly lower, in some cases less than 1 percent signifying fat 

separation.  As the fat percent increases the temperature needed to complete 

pasteurization increases (Chandan, 1997).  Fat has a lower density making heat transfer 

less efficient.  Protein did not vary as much as fat, and even at the lowest percent 

observed, provided a similar amount of protein found in conventional milk replacers.  

Causes of low protein and total solids content include but are not limited to, addition of 
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water to the waste milk.  Purging the pasteurizer of all milk following pasteurization is a 

standard operating procedure to prevent build up of burned milk fat on heat exchanging 

plates.  If too much water is allowed to enter the waste milk supply it would dilute waste 

milk and lower the nutritional value.  Waste milk should be cooled if it is not going to be 

pasteurized and fed within 2 h.  Farm two in North Carolina, in an effort to reduce the 

amount of energy needed to pasteurize milk, stored waste milk at 10º C.  The result was 

SPC prior to pasteurization that averaged 56 million cfu/ml.  Since pasteurizers can only 

reduce bacteria proportionately, the average pasteurized waste milk from this farm 

averaged 1.1 million cfu/ml.       

Pasteurizer Performance 

Effectiveness of pasteurizers in this study was evaluated with two measures; SPC/APC 

and alkaline phosphatase activity.  The SPC of raw and pasteurized waste milk sampled 

on both field studies and 31 farms in Wisconsin are shown in Table 40.  Pasteurizers on 

Farms 1 and 2 in North Carolina which were sampled for 28 weeks had a high >15% 

failure rate (did not deactivate alkaline phosphatase.  Farm 1’s pasteurizer was observed 

to run dry on several occasions which allows milk to burn onto the heat exchanger plate 

forming a residue which makes proper sanitation difficult.  The pasteurizer on Farm 2 

was a high capacity machine, but did not have access to an adequate supply of hot water.  

When pasteurization temperatures were not maintained the safety diversion valve shunted 

milk back through the machine.  In order to finish pasteurizing quickly the owner 

depressed the safety override, causing milk to pass through the machine warmed but not 

pasteurized.  A batch pasteurizer on Farm 10 had been programmed incorrectly failed to 

pasteurized milk.  The machine reached the proper temperature but did not maintain it for 
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a sufficient amount of time.  The custom built turbulent batch pasteurizers sampled in 

California all performed well yielding milk with low SPCs <3000.  Contributing to their 

success, milk resided in them for a long time, in many cases being circulated through a 

plate heat exchanger for the duration of the entire milking.  All of the commercial HTST 

pasteurizers sampled in California worked well reducing SPC to <3000 cfu/ml.  

Pasteurizers in California were presented with milk containing lower levels of bacteria 

than waste milk sampled in North Carolina.  

Feeding pasteurized waste milk   

Pasteurizing waste milk does not sterilize, it only reduces the amount of bacteria 

proportionately.  How waste milk is handled after pasteurization influences the quality of 

milk delivered to calves.  Handled improperly the bacteria content of pasteurized waste 

milk can surpass that of raw milk.  Plastic tanks used to feed pasteurized waste milk in 

North Carolina proved difficult to clean and re-inoculated milk with high levels of 

bacteria.  As the feeding progressed, the bacteria level of milk increased significantly.  

Contributing to the problem was a hose and nozzle assembly that was difficult to sanitize.  

Most of the farms in California fed calves with nipple bottles.  Isolating milk within a 

bottle rather than in a tank reduces the increase in SPC, but like feeding tanks sanitation 

is imperative.   

Supplementing waste milk 

All dairy operations in California indicated having enough waste milk to feed their 

calves.  Farm 1 and 3 in North Carolina did not generate enough waste milk.  Farm 1 fed 

milk replacer to younger calves reserving waste milk for older calves, while Farm 3 

decreased the amount fed to older calves when waste milk was insufficient.  Three farms 
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in the field studies chose to supplement waste milk with whole milk.  The custom calf 

growing operation fed both milk replacer and whey protein concentrate since the waste 

milk picked up from customer dairies supplied only 60% of the calf feeding needs.  By 

adding whey protein concentrate the operation increased the protein %, decreased the 

fat% and increased the volume to feed all the calves.   Five farms in California fortified 

waste milk with milk replacer even though enough waste milk was generated.  The 

primary reason for adding milk replacer to waste milk was to increase the solids content 

and increase the volume.  There operations lowered the fat %, maintained the protein % 

and increased the volume.  They did not increase the solids content.  The calf feeding trial 

at Virginia Tech suggested that waste milk could be replaced with 28% protein: 20% fat 

milk replacer when waste milk was insufficient with little stress transitioning from one to 

the other.    

Pasteurizer sanitation  

Successful pasteurizer operation is dependent on proper sanitation.  A “dirty” pasteurizer 

cannot be expected to produce “clean” pasteurized waste milk.  All the farms, except 

farm 10, cleaned their pasteurizer with some combination of alkaline detergent wash and 

acid rinse.  Farm 10 used a chlorinated alkaline soap.  Cleaning a pasteurizer is similar to 

cleaning a milk system except the element of heat is introduced.  Milk residue can be 

“burned” onto the plates making proper cleaning difficult without routine disassembly.  

For that reason three farms used a caustic alkaline detergent which dissolved any residue 

from the plates and minimized buildup.  In addition to using a caustic cleaner, Farm 4 

also used boric acid once a week for the same purpose.   Farms that used storage/feeding 
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tanks with automatic tank washers tended to have cleaner milk than farms using plastic 

tanks that required manual cleaning.   

 

Table 38. Fat, Protein, Standard plate count (SPC) and somatic cell count (SCC) of waste 
milk from three field studies. 

  NC* CA** WI*** 
Fat (%) 3.5 4.0 4.4 
Protein (%) 3.2 3.8 3.5 
SPC (cfu/ml) 17,251,257 1,616,458 8,822,000 
SCC (Cells/ml) 2,189,000 2,236,842 1,772,000 

 
*   Values obtained from North Carolina field study 
** Values obtained from California field study 
*** (Jorgensen, et al., 2005) 
 

Table 39. Nutritional value of waste milk. 

 Variable  Milk replacer Waste Milk 
 20/20 28/20 NC CA 
Fat (%) 20.61 20.61 3.52 4.02 
Protein (%) 20.61 28.81 3.22 3.82 
Total Solids (%) 13.0 13.0 13.0 13.0 
Feed Rate (kg/d) 3.9   3.9 3.9 3.9 
Energy Allowable gain (kg/d) * 0.32   0.35 0.39 0.39 
Protein Allowable gain (kg/d) * 0.30   0.46 0.38 0.47 

 
NC = North Carolina means from three herds over 28 weeks 
CA = California means from 10 herds sampled 1-2 times 
1 As-fed powder basis 
2 As-fed basis 
Milk replacer 97.3% DM 
*Calculated from 2001 NRC CD 
 
This study generated the following suggestions for a producer considering installation of 
a pasteurizer to feed waste milk; 
 

• If waste milk is to be stored for longer than 2 h before pasteurization, it should be 

cooled and agitated with the same discipline used with marketable milk 
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• Investment in any pasteurizer should include not only the pasteurizer but also 

feeding and storage tanks with automatic tank washers. 

• Before investing in a HTST pasteurizer, a sufficient supply of hot water should be 

confirmed or installed. 

• HTST pasteurizers should never be allowed to run dry 

• Pasteurized milk should be fed as quickly as possible following pasteurization. 



 100

Works Cited 

1. AOAC. 1990.  Association of Official Analytical Chemist. 15th ed. Arlington, VA. 

2. Blome, R. M., J. K. Drackley, F. K. McKeith, M. F. Hutjens, and G. C. McCoy. 2003. 

Growth, nutrient utilization, and body composition of dairy calves fed milk 

replacers containing different amounts of protein. J. of Animal Sci. 81(6):1641-

1655  

3. Bondi, A. A. 1987. Animal nutrition. 

4. Brown, E. G., M. J. VandeHaar, K. M. Daniels, J. S. Liesman, L. T. Chapin, D. H. 

Keisler, and M. S. W. Nielsen. 2005. Effect of Increasing Energy and Protein 

Intake on Body Growth and Carcass Composition of Heifer Calves. J. Dairy Sci. 

88(2):585-594. 

5. Butler, J. A., S. A. Sickles, C. J. Johanns, and R. F. Rosenbusch. 2000. Pasteurization 

of discard mycoplasma mastitic milk used to feed calves: thermal effects on 

various mycoplasma. J. Dairy Sci. 83(10):2285-2288  

6. Chandan, R. 1997. Dairy-Based Ingrediants, Pratical Guides for the food industry. 

Eagan Press, St. Paul. 

7. Chardavoyne, J. R., J. A. Ibeawuchi, E. M. Kesler, and K. M. Borland. 1979. Waste 

milk from antibiotic treated cows as feed for young calves. J. Dairy Sci. 

62(8):1285-1289  

8. Davis, C. L. and J. K. Drackley. 1998. The development, nutrition, and management of 

the young calf. 



 101

9. Godden, S. M., J. P. Fetrow, J. M. Feirtag, L. R. Green, and S. J. Wells. 2005. 

Economic analysis of feeding pasteurized nonsaleable milk versus conventional 

milk replacer to dairy calves. J. Am. Vet Med. Assoc. 226(9):1547-1554. 

10. Heinrichs, A. J. 1993. Raising dairy replacements to meet the needs of the 21st 

century. J. Dairy Sci. 76(10):3179-3187  

11. Jamaluddin, A. A., T. E. Carpenter, D. W. Hird, and M. C. Thurmond. 1996. 

Economics of feeding pasteurized colostrum and pasteurized waste milk to dairy 

calves. J. Am. Vet Med. Assoc. 209(4):751-756  

12. Jaster, E. H., G. C. McCoy, N. A. Spanski, and T. Tomkins. 1992. Effect of extra 

energy as fat or milk replacer solids in diets of young dairy calves on growth 

during cold weather. J. Dairy Sci. 75(9):2524-2531  

13. Jorgensen, M. A., P. C. Hoffman, and A. J. Nytes. 2005. Efficacy of on-farm 

pasteurized waste milk systems on upper Midwest dairy farms. Managing and 

Marketing quality Holstein steers, Rochester, MN. 

14. Kertz, A. F., L. F. Reutzel, B. A. Barton, and R. L. Ely. 1997. Body weight, body 

condition score, and wither height of prepartum Holstein cows and birth weight 

and sex of calves by parity: a database and summary. J. Dairy Sci. 80(3):525-529  

15. Kesler, E. M. 1981. Feeding mastitic milk to calves: review. J. Dairy Sci. 64(5):719-

723  

16. Kirk, J. H., K. Glenn, L. Ruíz, and E. Smith. 1997. Epidemiologic analysis of 

Mycoplasma spp isolated from bulk-tank milk samples obtained from dairy herds 

that were members of a milk cooperative. J. Am. Vet Med. Assoc. 211(8):1036-

1038  



 102

17. Langford, F. M., D. M. Weary, and L. Fisher. 2003. Antibiotic resistance in gut 

bacteria from dairy calves: a dose response to the level of antibiotics fed in milk. 

J. Dairy Sci. 86(12):3963-3966  

18. NAHMS. 1993. Dairy 1993. National Dairy Heifer Evaluation Project, 1991-2002 

19. NAHMS. 2002. Dairy 2002. Part I: Reference of dairy health and management in the 

United States, 2002. Page 82 pp. in Dairy 2002. Part 1: Reference to dairy health 

and management in the United States, 2002  

20. NRC. 2001. Nutrient requirements of dairy cattle. 7th rev. ed. 

Washington, DC: National Academy Press. 
 

21. Pearce, L. E., H. T. Truong, R. A. Crawford, and G. W. d. Lisle. 2004. Kinetic studies 

on the heat inactivation of Mycobacterium avium subsp. paratuberculosis (MAP) 

during turbulent-flow pasteurization. Bulletin of the International Dairy 

Federation (No.392):49-52  

22. Schrama, J. W., A. Arieli, W. v. d. Hel, and M. W. A. Verstegen. 1993. Evidence of 

increasing thermal requirement in young, unadapted calves during 6 to 11 days of 

age. J. of Animal Sci. 71(7):1761-1766  

23. Selim, S. A. and J. S. Cullor. 1997. Number of viable bacteria and presumptive 

antibiotic residues in milk fed to calves on commercial dairies. J. Am. Vet Med. 

Assoc. 211(8):1029-1035  

24. Smith, T. R. 1991. Dairy herd replacement options: Raising your own versus 

contracting versus purchasing. in Calves, Heifers, and Dairy Profitability. 

Facilities, Nutrition, and Health. Ithaca, NY. 

25. Stabel, J. R. 2001. On-Farm Batch Pasteurization Destroys Mycobacterium 

paratuberculosis in Waste Milk. J. Dairy Sci. 84(2 ):524-527. 



 103

26. Stabel, J. R., S. Hurd, L. Calvente, and R. F. Rosenbusch. 2004. Destruction of 

Mycobacterium paratuberculosis, Salmonella spp., and Mycoplasma spp. in Raw 

Milk by a Commercial On-Farm High-Temperature, Short-Time Pasteurizer. J. 

Dairy Sci. 87(7):2177-2183. 

27. Steele, J. H. 2000. History, trends, and extent of pasteurization. J. Am. Vet Med. 

Assoc. 217(2):175-178  

28. Toullec, R. 1989. Veal Calf. John Libbey, London. 

29. Webster, A. J. F. 1978. Energy metabolism of beef cattle in relation to size. Page 384 

in Animal Production Vol. 26. 

30. Wells, S. J., D. A. Dargatz, and S. L. Ott. 1996. Factors associated with mortality to 

21 days of life in dairy heifers in the United States. Pre. Vet. Med. 29(1):9-19  

31. www.Merriam-Webster.com. 2005. Subject: MERRIAM-WEBSTER ONLINE. 

Accessed 4/12, 2006. 

 



 104

 

 Vita 

Name:  

Michael Chase Scott 

Birthplace:   

Ferrum, VA, January 9, 1982. 

Education:   

Virginia Polytechnic Institute and State University 

Blacksburg, VA 

Bachelor of Science 2000-2004 
 


