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RESEARCH ARTICLE

The effect of three different preservatives on the numbers and types 
of bacteria, Brix percentage, pH and nutritional composition of bovine 
colostrum sourced from New Zealand dairy farms
EL Cuttance a, WA Mason a, S Cranefieldb and RA Laven c

aEpiVets, Te Awamutu, New Zealand; bAgriHealth, Grafton, New Zealand; cTāwharau Ora – School of Veterinary Science, Massey 
University, Palmerston North, New Zealand

ABSTRACT  
Aims: To investigate the effect of preservation by addition of yoghurt starter, potassium sorbate 
and citric acid on counts of aerobic bacteria, Lactobacillus spp., Streptococcus thermophilus and 
coliforms, Brix percentage, pH, protein, fat and anhydrous lactose concentrations at 0, 7 and 14 
days after collection for colostrum stored at ambient temperature.
Method: Approximately 2 L of first milking colostrum was collected from 10 farms in the Waikato 
region. Following mixing, it was split into five 400-mL sub-samples and allocated randomly to a 
control (two sub-samples), or treatment with yoghurt, potassium sorbate, or citric acid 
preservative. Throughout the trial samples remained in the laboratory at ambient 
temperature with the lids slightly ajar, and were stirred daily for 15–30 seconds using a sterile 
spatula. Sub-samples were tested on Days 0, 7 and 14. On Days 0 and 14 aerobic bacteria (by 
aerobic plate count (APC)), Lactobacillus spp., coliforms and Streptococcus thermophilus 
counts, pH, Brix percentage, protein, fat and anhydrous lactose were measured. On Day 7 
only bacterial counts were completed.

The data were analysed using non-parametric clustered bootstrap sampling to estimate the 
effect of treatment, time, and their interaction on the outcome variables.
Results: Compared to control samples, on Day 7 the APC for potassium sorbate (1.0 (90% CI =  
0.6–1.6) × 108 cfu/mL) was approximately seven-fold lower than for yoghurt (7.3 (90% CI = 4.1– 
11) × 108 cfu/mL), and approximately three-fold lower than citric acid (3.2 (90% CI = 0.2–4.3) ×  
108 cfu/mL) remaining low to Day 14. All preservatives reduced coliform growth compared to 
control samples at Day 7 but growth was lower for potassium sorbate than the other 
preservatives. For Lactobacillus spp., at Day 7, samples with yoghurt preservative had greater 
counts than the other two preservatives. Potassium sorbate reduced growth of 
S. thermophilus compared to the other treatments, especially at Day 7, with 7–10 times fewer 
S. thermophilus per mL compared to the other three groups. All groups showed an obvious 
acidification over time, with very little variation within days and treatment groups. There was 
no evidence for change in fat or protein percentage over time regardless of treatment.
Conclusion and clinical relevance: Aerobic and coliform bacteria proliferate extensively in 
unpreserved colostrum. All preservatives decreased coliform counts compared to un- 
preserved colostrum, but potassium sorbate was more effective at decreasing both coliforms 
and aerobic bacteria than either yoghurt or citric acid.

Abbreviations: APC: Aerobic plate count; MPCA: Milk plate count agar.
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Introduction

Colostrum is the milk from the first milking of 
mammals following birth (Davis et al. 2007; Christian
sen et al. 2010). Colostrum has a unique nutritive 
profile, and in addition to protective concentrations 
of Ig, contains a higher concentration of fats, proteins 
and more vitamins than normal milk (Godden et al. 
2019). Colostrum is thus a high-energy feed source 
for calves and, because of the seasonal nature of 
calving on New Zealand dairy farms (with 50% of all 
dairy cows calving in August; Burggraaf et al. 2022), it 

is often in surplus. It is, therefore, regularly collected, 
pooled and stored for variable lengths of time to 
feed to neonatal calves (Cuttance et al. 2018).

In the authors’ experience, the most common 
storage method used on New Zealand dairy farms is 
the collection of surplus colostrum from multiple 
dams (pooled colostrum) into stainless steel vats of 
varying sizes, although some farmers prefer plastic 
200-L drums or 1000-L containers. Colostrum is 
usually stored at ambient temperature with a loose- 
fitting lid and stirred daily before being fed to neonatal 
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calves. This method of storage can lead to bacterial 
proliferation (Stewart et al. 2005) and a decrease in Ig 
content (as estimated using a Brix refractometer) 
(Denholm et al. 2017a).

Bacterial contamination is potentially problematic 
for two reasons: bacterial pathogens (e.g. Escherichia 
coli or Salmonella spp.) may act directly to cause dis
eases such as enteritis or septicaemia (Godden et al. 
2012); or the presence of bacteria in the small intestine 
at the time of colostrum administration may interfere 
with systemic absorption of IgG molecules (James 
and Polan 1978; James et al. 1981; Staley and Bush 
1985). Although field research on this topic is limited, 
the impact of bacteria on the absorption of Ig in 
calves has been demonstrated in several studies on 
heat treatment of colostrum (Godden et al. 2012; Gel
singer et al. 2014, 2015). Those studies showed that 
heat treatment of colostrum successfully decreased 
all types of bacteria and, in turn, increased plasma 
IgG concentration and apparent efficiency of absorp
tion. In addition, Gelsinger et al. (2015) reported that, 
irrespective of whether the colostrum had been heat- 
treated or not, greater colostrum bacterial content 
was associated with lower total protein and plasma 
IgG concentrations, and reduced efficiency of IgG 
absorption. These results suggest that reducing the 
bacterial load and, thereby, its impact on colostrum 
IgG availability and IgG absorption is a critical part of 
an effective colostrum storage plan.

Refrigeration, freezing, additives such as potassium 
sorbate, fermentation and acidification have all been 
used to prevent the proliferation of potentially 
harmful bacteria in milk/colostrum (Anderson 2005; 
Stewart et al. 2005; Denholm et al. 2017a). However, 
not all methods of colostrum preservation will 
necessarily reduce all bacterial types. In particular, 
preservation of milk and colostrum via fermentation 
relies on proliferation of some types of bacteria 
(either naturally occurring or inoculated), to alter 
and preserve the colostrum (Foley and Otterby 
1978), and thereby reduce the development of 
other groups of bacteria.

Denholm et al. (2017a) compared preservation 
using a yoghurt culture containing Lactobacillus bul
garicus, Streptococcus thermophilus and L. acidophilus 
to preservation with potassium sorbate. They con
cluded that, in contrast to fermentation using a 
yoghurt culture, the use of potassium sorbate 
resulted in a lower total bacterial count whether 
colostrum was stored at 4°C or at ambient tempera
ture, and lower total coliform counts (but only in 
colostrum stored at 4°C). However, in their analysis 
of total bacterial counts, Denholm et al. (2017a) did 
not identify whether the difference in total bacterial 
counts between sorbate- and yoghurt-treated colos
trum were related to increases in counts of the bac
terial species that were originally present in the 

yoghurt culture. Simply measuring total bacterial 
counts without accounting for the growth of the 
added bacteria present in the yoghurt culture may 
have biased the analysis towards assuming the non- 
bacterial method of preservation (i.e. sorbate) was 
better.

Adding acids as preservatives to milk replacer and 
colostrum has long been common practice overseas 
(Jenny et al. 1980; Woodford et al. 1987). However, it 
wasn’t until the identification of Mycoplasma bovis in 
New Zealand in July 2017 (Laven 2019) and the recog
nition that spread via colostrum/waste milk was impor
tant, that acids (specifically citric acid) were widely 
recommended as additives for colostrum/waste milk 
as a means of preventing the spread of M. bovis (Anon
ymous 2018). One crucial factor when using acids as 
preservatives for colostrum (or stimulating fermenta
tion of colostrum) is pH. The pH is likely to influence 
taste and therefore consumption of colostrum (Jenny 
et al. 1980), and is an interesting point of comparison 
between different preservatives.

Therefore, the aims of this study were to investi
gate the effect of the common colostrum preser
vation methods used on New Zealand dairy farms 
via a commercial yoghurt culture, potassium 
sorbate, and citric acid, on counts of aerobic bacteria, 
Lactobacillus spp., S. thermophilus and coliforms as 
well as Brix percentage (as a measure of IgG), pH, per
centage of protein and fat and lactose (measured as 
anhydrous lactose) concentration, at 0, 7 and 14 
days after collection for colostrum stored at ambient 
temperature.

Materials and methods

The study was undertaken in a convenience selection 
of 10 spring-calving herds in the Waikato region of 
the North Island of New Zealand. On each farm, at 
their first milking, approximately 2 L of colostrum 
was collected from cows that had calved within the 
previous 24 hours and to which no preservative had 
been added. This is colloquially referred to as “gold 
colostrum” and is fed to new-born calves. The colos
trum was stirred with a spatula for 2 minutes before 
the sample was placed into a sterile 2-L container 
labelled with the farm identification number and 
date of collection. Technicians picked up the sample 
from the farm within approximately 1–8 hours of col
lection and then sent it via an overnight courier to 
Massey University (Palmerston North, NZ). The 
sample was not refrigerated on-farm.

Once at the Massey University laboratory, the ∼ 2 L 
colostrum sample was mixed thoroughly for 2 
minutes using a spatula and then separated into 5 ×  
400-mL sub-samples, which were placed into new 
900-mL plastic (factory clean) containers (Sistema, 
Auckland, NZ), which were labelled with herd 
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identification, date and time of sample collection (from 
farm), and date and time of sample analysis at the lab
oratory. Sub-samples were randomly allocated as 
control 1, control 2, or treated with a yoghurt preserva
tive (EasiYo, Hokitika, NZ), potassium sorbate preserva
tive (VetPak, Te Awamutu, NZ) or citric acid preservative 
(Hansells Baking, Alderley, Australia) as described in 
Table 1.

To mimic on-farm practice, samples remained in the 
laboratory for 14 days at ambient temperature 
(measured at 22 ± 2°C using a digital thermometer 
on the wall of a temperature-controlled room). The 
lids were kept slightly ajar throughout the trial to repli
cate a real-life scenario where colostrum is not kept in 
airtight containers, and the samples were stirred daily 
for 15–30 seconds to try and replicate on-farm practice. 
However, a new, sterile spatula was used each day to 
reduce the introduction of environmental bacterial 
contaminants.

Samples were analysed on Days 0, 7 and 14. On these 
days, a sterile pipette was used to withdraw 5 mL from 
the colostrum for testing. On Day 0, this sample was 
taken from the submitted 2-L sample prior to it being 
split into sub-samples. On Days 7 and 14 the required 
amount of colostrum was extracted from the sub- 
samples. On Days 0 and 14 samples were tested for bac
terial count and colostrum quality, while on Day 7, only 
bacterial tests were undertaken.

Bacterial counts (Days 0, 7 and 14)

Aerobic plate count
Aerobic plate count (APC) was undertaken using milk 
plate count agar (MPCA; Oxoid, Auckland, NZ). Colos
trum samples were diluted (1:10) in 0.1% buffered 
peptone water and aliquots (1 mL) were transferred 
to petri dishes and mixed with MPCA. Four plates 
(one aliquot per plate) were incubated per sub- 
sample: two were incubated at 30°C for 72 hours, 
and two at 55°C for 72 hours (to identify thermo
philes). All colonies on plates containing 30–300 colo
nies were counted. Further serial dilution was 
undertaken when there were too many colonies to 
count. The mean count for each pair of duplicate 

samples was then used to calculate the cfu/mL, pro
ducing two means, one for APC (30°C) and one for 
the thermophiles (55°C).

Coliforms
Samples were plated as described for APC, except that 
MacConkey molten agar (Oxoid) was used instead of 
MPCA. Once set, plates were incubated aerobically 
for 24 hours at 35°C. Colonies were counted as 
described for APC.

Lactobacillus spp.
Samples were plated as described for APC, except that 
Rogosa agar (Oxoid) was used instead of MPCA. Once 
set, plates were incubated anaerobically for 3 days at 
37°C. Colonies were counted as described for APC.

Streptococcus thermophilus
Samples were plated as described for APC, except that 
M17 agar (Oxoid) was used instead of MPCA. Once set, 
plates were incubated aerobically for 48 hours at 35°C. 
Colonies were counted as described for APC.

pH (Days 0 and 14)

The pH was measured as per the standard approach 
detailed in Downes and Ito (2001) using a pH meter 
(Seven Compact S220; Mettler Toledo, Hamilton, NZ).

Brix percentage (Days 0 and 14)

The Brix percentage was determined using a hand- 
held optical temperature-compensating Brix refract
ometer (Reichert Technologies, Depew, NY, USA). The 
Brix refractometer was calibrated prior to each day of 
measurements using a single drop of distilled water.

Nutritional composition (Days 0 and 14)

Fat was measured using a modified Mojonnier ether 
extraction method (AOAC Official Method 989.05; 
Anonymous 1992). In brief, fat was extracted from 
colostrum using a mixture of ethers from a known 
weight of colostrum (3–5 g). The ether extract was 

Table 1. Description of the preservation treatments for colostrum sub-samples from 10 spring calving herds in Waikato, New 
Zealand where on each farm colostrum was collected and pooled from cows within 24-hours of calving in a study 
investigating the effect of different additives on components of colostrum quality.
Sub- 
sample Treatment Description

1 No preservative added
2 No preservative added
3 Yoghurt preservative One sachet (170 g) of natural yoghurt culture (Easiyo, Hokitika, NZ) was mixed with 1 L of warm water (30°C) and 

then allowed to stand at ambient temperature for 24 hours. 5 mL of this solution was added to the 400 mL 
sub-sample of colostrum.

4 Potassium sorbate 
preservative

A 50% solution was made by adding 50 g of potassium sorbate powder (VetPak, Te Awamutu, NZ) to 100 mL of 
water and stirring until it was all mixed. 4 mL of the 50% potassium sorbate solution was added to the 400 mL 
sub-sample of colostrum.

5 Citric acid preservative 3 g of citric acid powder (Hansells Baking, Alderley, Australia) was added to the 400 mL sub-sample of colostrum.
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then decanted onto the weighing dish and the ether 
evaporated. Extracted fat was then dried to a constant 
weight, with the result expressed as percentage fat by 
weight. Crude protein was measured using the total 
Dumas combustion method (AOAC Official Method 
968.06; Anonymous 1969). In brief, nitrogen was 
freed using a combination of pyrolysis and combustion 
from a known weight of colostrum (0.5–2.0 g). Nitro
gen was then carried by a CO2 carrier into a nitrometer, 
where CO2 was absorbed by KOH and the residual 
volume of nitrogen measured and converted to % 
crude protein by weight. Lactose was measured 
using the Lactose/D-galactose UV-method kit (R-Bio
pharm, Darmstadt, Germany), with light absorbance 
measured at 340 nm using a TriStar²S LB 942 Plate 
Reader (Berthold Technologies, Bad Wildbad, 
Germany). Results are expressed as g anhydrous 
lactose per 100 mL of colostrum.

Statistical analysis

All data manipulation and statistical modelling were 
carried out using R Version 4.1.0 (R Foundation for Stat
istical Computing, Vienna, Austria). Two separate 
groups of outcome variables describing colostrum 
quality were analysed: bacterial counts (count of APC, 
coliforms, Lactobacillus spp. and S. thermophilus), and 
other colostrum measurements (pH, Brix percentage, 
and nutritional content: crude protein, fat and anhy
drous lactose). The median and range of the 10 
samples for all outcomes were reported on the Day 0 
samples to ensure that there were not large differences 
between the sub-samples at the start of the study.

For all the outcomes there were repeated measure
ments for each colostrum sample collected; that is 
each bacterial count outcome for each sample had a 
result on Days 0, 7 and 14, and colostrum quality and 
nutritional content had a result on Days 0 and 14. 
This type of data is often analysed using generalised 
linear mixed models; however, the number of colos
trum samples collected was small (n = 10) and it was 
thought unlikely that all outcomes, especially bacterial 
count, would approximate any distribution with this 
sample size (Feng et al. 1996). The data were therefore 
analysed using a non-parametric clustered bootstrap 
sampling technique (Deen and de Rooij 2020). This 
was implemented using the ClusterBootstrap 
package within R. Briefly, this method involves calcu
lating a statistic (in this case a regression coefficient 
without assuming a particular distribution for the link 
function) by resampling, with replacement, from the 
data collected. Thus, a statistic is calculated that is an 
estimate of the study population, which in itself is an 
estimate of the total population. This bootstrap 
sample is then repeated x times calculating the same 
statistic each time, and a resulting distribution of said 
statistic is produced. This enables inferences such as 

CI to be calculated. For clustered data such as repeated 
measures from a colostrum sample, the sampled unit 
becomes the colostrum sample. That is, if a colostrum 
sample is randomly selected from within the sample 
population, all of the values (e.g. Day 0, 7 and 14) for 
that particular colostrum sample within the study 
population are selected. How this method accounts 
for clustering of data and temporal correlations of 
repeated measures is described in detail in Deen and 
de Rooij (2020).

Predictors of interest for each outcome were day of 
sample and treatment group. As one of the major 
research questions was how colostrum quality 
changes over time for each treatment group, an inter
action term between day and treatment group was 
forced into all models. In the current dataset, 1,000 clus
tered bootstrap samples, with colostrum sample as the 
cluster, were produced for each outcome variable. The 
bootstrap statistics calculated were the coefficients for 
the predictor variables and the interaction terms from 
a linear regression model. A bias-corrected, accelerated 
CI was estimated for each coefficient. This adjusts for 
both bias and skewness in the bootstrap distribution 
(Deen and de Rooij 2020), and forms the non-para
metric component of the inferences. Data are pre
sented in tabular and graphical format as the 
estimated marginal means from each outcome.

For this study, we chose a 90% CI (see McElreath 
(2018) for a discussion on the choice of the percentile 
interval) to illustrate where, in this case, 90% of the 
estimators of our distribution calculated from the 
1,000 random bootstrap samples lie. For example, 
the 90% CI of the mean coliform counts is the interval 
that covers 90% of the mean coliform counts calcu
lated from the bootstrap samples. The inference from 
this is that we can be 90% confident that the estimated 
CI contains the true population mean. This is a more 
intuitive and biologically relevant measure than a 
p-value, which only states the probability of obtaining 
results at least as extreme as those shown by the data 
collected, given that the null hypothesis is correct.

Results

Bacterial counts

Total aerobic plate count (APC)
On Day 0 there was a median APC of 8.1 × 106 cfu/mL 
with a range between farms of 2,000–1.7 × 108 cfu/ 
mL. The control group increased from 2.8 × 107 to 
5.7 (90% CI = 3.7–7.6) × 108 cfu/mL by Day 7, then 
decreased by Day 14 to 3.2 (90% CI = 1.1–5.7) × 108 

cfu/mL. Compared to all other groups, preservation 
with potassium sorbate was associated with a 
reduced APC (Figure 1(a)). On Day 7 potassium 
sorbate decreased APC by a factor of approximately 
seven compared to yoghurt (1.0 × 108 (90% CI =  
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5.9 × 107–1.6 × 108) cfu/mL) vs. 7.3 × 108 (90% CI =  
4.1 × 108–1.1 × 109) cfu/mL, and by a factor of 
approximately three compared to citric acid (3.2 ×  
108 (90% CI = 1.9 × 107–4.3 × 108) cfu/mL) and main
tained low APC count up to Day 14. There was no 
clear difference in APC between yoghurt preservative 
and control at either Day 7 or 14 (Figure 1(a)).

Coliform count
The median coliform count at Day 0 was 4.3 × 107 with 
a range between farms of 460–2.2 × 108 cfu/mL. The 
number of coliforms in the control sample increased 
markedly between Days 0 and 7 from a predicted 
Day 0 count of 2.8 × 107 (90% CI = 3.1 × 106–6.8 × 107) 
cfu/mL to 8.9 × 108 (90% CI = 2.8 × 108–1.9 × 109) cfu/ 
mL on Day 7. All preservative treatments reduced coli
form growth compared to the control samples at Day 
7. Mean coliform counts were lower on Day 7 for pot
assium sorbate than for the other two preservative 
groups; i.e. 7.6 × 107 (90% CI = 4.2 × 107–1.2 × 108) 
cfu/mL compared to 2.2 × 108 (90% CI = 1.2 × 108– 
3.3 × 108) cfu/mL for yoghurt and 2.0 × 108 (90% CI =  
1.1 × 108–2.8 × 108) cfu/mL for citric acid (Figure 1(b)). 

However, by Day 14, this difference between the 
groups had reduced (Figure 1(b)).

Lactobacillus spp.
The median Lactobacillus spp. count was 125 cells/mL 
at Day 0, with a range between farms of 10–5,300 cells/ 
mL. On Day 7, colostrum samples with a yoghurt pre
servative had greater counts than either of the other 
two preservatives. The yoghurt Lactobacillus count at 
Day 7 was 2.7 × 107 (90% CI = 5.3 × 106–6.2 × 107) cfu/ 
mL compared with 8.6 × 105 (90% CI = 8.1 × 104–2.1 ×  
106) cfu/mL for citric acid, and 2.2 × 105 (90% CI =  
1.6 × 104–5.3 × 105) cfu/mL for potassium sorbate. No 
evidence of a difference was observed between 
yoghurt preservative and control colostrum in Lactoba
cillus spp. counts. By Day 14, there was no clear evi
dence of a difference between any of the groups in 
Lactobacillus counts (Figure 1(c)).

Streptococcus thermophilus
There was a median 1.1 × 106 cfu/mL of S. thermophilus 
bacteria on Day 0 with a range from 110–3.0 × 107 cfu/ 
mL between farms. Potassium sorbate reduced the 

Figure 1. Mean (90% CI) estimated farm value for (a) aerobic plate count; (b) coliform count; (c) Streptococcus thermophilus count; 
and (d) Lactobacillus spp. count from colostrum collected and pooled within 24 hours of calving from spring-calving herds (n = 10) 
in Waikato, New Zealand, and treated with different preservation treatments (citric acid, yoghurt and potassium sorbate) or with 
no preservative (control) on Days 0, 7 and 14.
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growth of S. thermophilus compared to the other treat
ments, particularly at Day 7, where there were 
between seven and 10 times fewer S. thermophilus 
cells per mL compared to the other three groups 
(Figure 1(d)). The potassium sorbate S. thermophilus 
count at Day 7 was 2.2 × 107 (90% CI = 9.7 × 106– 
3.4 × 107) cfu/mL compared with 1.5 × 108 (90% CI =  
6.3 × 107–2.3 × 108) cfu/mL for citric acid, 1.6 × 108 

(90% CI = 6.5 × 107–2.7 × 108) cfu/mL for yoghurt, and 
2.3 × 108 (90% CI = 9.5 × 107–3.9 × 108) cfu/mL for the 
control samples. No clear evidence of a difference 
was observed in the number of S. thermophilus 
counted in the colostrum preserved by yoghurt, citric 
acid or control.

Brix percentage

The mean Brix percentage at Day 0 was 16%, with a 
range between samples of 12–23.5%. Across all treat
ments, numerically Brix percentage decreased over 
time, with little observable difference between the 
treatment groups (Figure 2(a)). After accounting for 
treatment group, compared to Day 0 samples, Brix per
centage reduced by 3.5% (90% CI = 2.9–4.3%) and 
4.5% (90% CI = 3.8–5.3%) for Day 7 and Day 14 
samples, respectively. There was substantial variation 
in Brix percentage between colostrum samples as illus
trated by large CI for each treatment group at each 
sample day.

pH

The pH of the colostrum at Day 0 was 6.48 (90% CI =  
6.41–6.54). There was an obvious acidification over 
time for all four treatment groups, including the 
control group, with very small variation within days 
and treatment groups. Potassium sorbate reduced 
the pH to a lesser extent than the other groups 

(Figure 2(a)). At Day 7, potassium sorbate colostrum 
samples had a pH of 5.1 (90% CI = 5.0–5.2), compared 
to 4.4 (90% CI = 4.3–4.4) for control samples, 4.1 (90% 
CI = 4.0–4.3) for citric acid samples and 4.4 (90% CI =  
4.3–4.5) for yoghurt samples.

Nutritional analysis

There was no biologically meaningful change in fat or 
protein percentage over time regardless of treatment 
(Figure 3(a and b)). Anhydrous lactose decreased over 
the 14 days in all groups (Figure 3(c)). The decrease in 
anhydrous lactose content was lower in potassium 
sorbate- and citric acid-preserved colostrum than the 
yoghurt-preserved and control colostrum samples.

Discussion

The objective of this study was to understand how 
different preservatives perform when added to colos
trum. The focus of the study was on total bacterial 
counts, the counts of individual groups of bacteria, 
Brix percentage, pH and the nutritional composition 
of colostrum.

Compared to the other three treatments, colostrum 
treated with potassium sorbate had a reduced APC 
that was maintained across the 14 days of the study. 
In contrast, neither citric acid nor yoghurt preservation 
was clearly differentiated from unpreserved colostrum. 
These results are consistent with those reported by 
Denholm et al. (2017a) in their comparison of 
yoghurt and sorbate as colostrum preservatives, and 
further support their conclusion that potassium 
sorbate is an effective preservative for colostrum.

Potassium sorbate was also the most effective pre
servative in regard to reducing coliform counts. 
However, in contrast to APC, there were clear effects, 
at least on Day 7, of both yoghurt and citric acid in 

Figure 2. Mean (90% CI) estimated farm value for (a) Brix percentage; and (b) pH in colostrum collected and pooled within 24- 
hours of calving from spring-calving herds (n = 10) in Waikato, New Zealand and treated with different preservation treatments 
(citric acid, yoghurt and potassium sorbate) or with no preservative (control) on Days 0, 7 and 14.
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reducing coliform counts compared to the control. This 
effect was not reported by Denholm et al. (2017a), who 
stated that, in samples kept at ambient temperature 
for 7 days, yoghurt did not decrease coliform counts 
compared to the control; however, they also failed to 
find a difference between yoghurt and potassium 
sorbate (although potassium sorbate coliform counts 

were identified as being lower than the control). 
Thus the data reported by Denholm et al. (2017a) are 
consistent with our finding that both potassium 
sorbate and yoghurt reduced coliform counts. The coli
form counts reported in this study on Day 7 were much 
higher than reported by Denholm et al. (2017a). This 
may be because the farm population was different, 
or it may be because the colostrum in this study was 
stored in large containers with a lid that was ajar com
pared to the small, tightly closed samples used by 
Denholm et al.

Lactobacilli counts were different between groups. 
On Day 7, yoghurt-fermented colostrum had higher 
lactobacilli numbers than both citric acid- and potass
ium sorbate-treated colostrum, both of which had 
lower lactobacilli numbers than the control group. By 
Day 14, differences between the treatment groups 
were no longer apparent. It is likely that these results 
reflect the naturally high level of lactobacilli that 
develop in unpasteurised or yoghurtised colostrum, 
and relatively limited impact of acid-based preserva
tives on their growth. By Day 14, the lactobacilli 
numbers likely decline as the available energy 
(lactose) is depleted. Lactobacilli are not considered 
to be pathogenic; indeed they are often supplemented 
as probiotics, and their use as probiotics has been 
associated with stimulating the development of the 
immune response against pathogenic bacteria and 
counteracting negative effects of illnesses (Frizzo 
et al. 2010). A meta-analysis on published studies on 
the use of probiotics on the growth and performance 
in young calves (Frizzo et al. 2011) concluded that sup
plementation with lactic acid bacteria improved 
growth rate and feed efficiency in calves fed a milk 
replacer but did not have an effect when calves were 
fed whole milk. Looking at the lactobacilli count on 
Day 7 in the present study, the intake of lactobacilli 
by calves if they were fed 4 L of 7-day-old, yoghurt-pre
served, gold colostrum collected at first milking, would 
have been three times that reported in Frizzo et al. 
(2008). However, in that study, and other similar 
studies reported by Frizzo et al. (2011), the lactoba
cilli-based probiotics were fed for 35 days or longer; 
far longer than yoghurtised colostrum is fed for. 
Further research is required to establish whether sup
plementing lactobacilli via yoghurtised colostrum has 
benefits, over and above the value it has by reducing 
coliforms.

Streptococcus thermophilus, alongside Lactobacillus 
spp. were part of the yoghurt culture used in this 
study. In contrast to lactobacilli, there was no clear evi
dence that yoghurt-preserved colostrum had any more 
S. thermophilus than the control group, nor was there 
clear evidence that citric acid reduced S. thermophilus 
numbers. Overall, potassium sorbate reduced 
S. thermophilus compared to the other three treat
ments, consistent with it having the most potent 

Figure 3. Mean (90% CI) estimated farm value for (a) crude 
protein percentage; (b) fat percentage; and (c) anhydrous 
lactose concentration in colostrum collected and pooled 
within 24 hours of calving from spring-calving herds (n = 10) 
in Waikato, New Zealand and treated with different preser
vation treatments (citric acid, yoghurt and potassium 
sorbate) or with no preservative (control) on Days 0, 7 and 14.
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anti-bacterial effect of any of the products being 
tested.

The difference in APC between potassium sorbate- 
and yoghurt-treated colostrum was not principally 
due to bacteria added to produce fermentation. On 
Day 7, APC for yoghurt and potassium sorbate were 
7.3 × 108 and 1.0 × 108 cfu/mL respectively, a differ
ence of 6.3 × 108 cfu/mL. However, the excess in lacto
bacilli seen on Day 7 in the yoghurt group compared to 
the potassium sorbate group was ∼ 2 × 107 cfu/mL, 
equivalent to only 3% of the difference in APC. Thus, 
the results of this study suggest that potassium 
sorbate controls bacterial growth more effectively 
(especially over the first 7 days after collection) than 
either yoghurt or citric acid.

The mean starting Brix percentage indicated that 
colostral IgG was below the ideal amount to feed to 
newborn calves (Godden 2008) but unsurprisingly 
there was a considerable range between farms that 
supplied the colostrum (Denholm et al. 2017b). All 
treatment groups showed a decline in Brix percentage 
over time with no clear differences noted between 
them. In contrast, Denholm et al. (2017a), whose 
study design was very similar to the present study 
(and had an almost identical starting average Brix per
centage) reported that the addition of potassium 
sorbate to colostrum resulted in a minimal decline in 
Brix percentage compared to a control or yoghurtised 
colostrum. It is unclear what is driving this difference.

Mean pH and range on Day 0 were consistent with 
the results of McIntyre et al. (1952). In all four treatment 
groups, pH declined with time. This was expected, as 
all the preservatives tested and natural fermentation 
work, at least in part, by reducing pH. Potassium 
sorbate-treated colostrum had the highest pH of any 
treatment. Differences in pH can have important 
effects on the palatability of the feed and therefore 
consumption of colostrum; less is likely to be con
sumed the lower pH gets (Jenny et al. 1980; Hill et al. 
2013). However, it is unclear whether the differences 
between preservatives were large enough to affect 
palatability.

Yoghurt cultures preserve milk through bacterial 
production of, principally, lactic acid from milk sugars 
(Shah 2003); the lactic acid then gets taken up into 
the bacterial cell, decreasing cytoplasmic pH and inter
fering with bacterial growth by disrupting bacterial cell 
metabolism and regulation (Boomsma et al. 2015). The 
conversion of lactose to lactic acid is why yoghurt- 
treated colostrum had the lowest anhydrous lactose 
content. Citric acid acts on the bacterial cytoplasm in 
the same way as lactic acid but is reportedly less 
effective than lactic acid at inactivating bacteria 
(Virto et al. 2005). Potassium sorbate is the potassium 
salt of sorbic acid and is ionised to sorbic acid when 
added to water. In addition to decreasing pH (and 
thus acting like lactic and citric acids), sorbic acid 

also inhibits microbial growth by changing cell mem
brane morphology, integrity and function, and disrupt
ing transport functions and metabolic activity (Lück 
et al. 2011). These differences may explain why even 
though the three preservatives studied ultimately all 
decreased pH, they performed differently over time 
in other measures of colostrum preservation such as 
bacterial counts and nutritional analysis.

The nutritional data collected suggested that all 
preservatives maintained the fat and protein content 
of colostrum. The difference in anhydrous lactose 
between the groups is likely a function of bacteria 
including lactobacilli using this as a feed source 
(Hickey et al. 2015).

This study only included 10 colostrum samples from 
10 farms in the Waikato region. Although we believe 
that it is unlikely that the broad effect of the preserva
tives would vary markedly by farm or by colostrum 
sample, our study samples do not necessarily encom
pass all potential types and numbers of bacteria that 
might be encountered in New Zealand dairy farms. 
Further studies may be needed to definitively 
confirm our conclusions.

Practically, these results allow farmers a little more 
scope in their choice of preservatives. Although in 
most circumstances, potassium sorbate is probably 
the best choice to limit proliferation of any bacteria 
and had the smallest reduction in pH (which may 
improve palatability), it does beg the question of 
whether inhibiting growth of all bacteria is the most 
beneficial option for the calf. More research needs to 
be undertaken to determine if the potential benefits 
of adding lactobacilli when preserving colostrum 
with yoghurt outweigh the potential disadvantages 
of not reducing all aerobic bacteria (which may 
include pathogens such as Salmonella, E. coli or Staphy
lococcus aureus) to the same extent as preservatives 
such as potassium sorbate.

Conclusion

Aerobic bacteria and coliform bacteria proliferate exten
sively in unpreserved colostrum. All preservatives tested 
in this study decreased coliform counts in comparison to 
un-preserved colostrum, but potassium sorbate was 
more effective at reducing coliform and aerobic bac
terial counts (especially over the first 7 days after collec
tion) than either yoghurt or citric acid. All of the 
preservation methods maintained the nutritional 
quality of stored colostrum as measured by fat and 
protein percentage, but the impact on lactose varied.
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