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SUmmary

Few choices exit for a mobile, rapid, and
nonsubjective assessment of madtiticinfectionin
bovine milk.  This project evauated the
effectiveness of usng the Biotrace® raw milk
quaity ATP bioluminescence assay to servethis
role. Milk samples with various somatic cel
counts (13,000 - 2,500,000) and signs of
meadtitic infection were obtained from the
Kansas State Univeraty Dary Teaching and
Research Center. Within 24 hr, raw milk
samples were evaluated for microbid numbers
and relative light units (RLU). The printed test
procedure was modified to evaluate accuratdly
clinica madtitic milk samples. As somatic cell
count increased in raw milk, the RLU vaue
increased. In addition, RLU vaues
differentiated among milk samples with various
levels of madtiticinfection (none, subclinicd, and
dinicd). Repeatability of the ATP bio-lumine-
scence method was very good (CV = 4.76%).
These results suggest that the Biotrace® raw
milk quality test kit can served effectively as a
nonsubjective, rapid assay to determine the
degree of madtitic infection in bovine milk.
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Introduction

Problems with raw milk qudity and
mammay gland hedth are among the most
codly hedth concerns on dairy fams. Poor
mammary gland hedth adversdy affects a
dairy's profitability in two didinct aress. Firg,
milk price premiums and deductions are
determined in part by milk quality as indicated

by somatic cell count (SCC). Secondly, a
lactating cow with a madtitis problem (SCC >
300,000) can show ina10to 15% reductionin
milk production compared to herd mates
without a madtitis problem.

Madtitis isan inflammation of the mammary
gland and can be caused by physicd traumaor
more commonly by microbid infestation of the
mammary gland. There are two categories of
madtitis. subclinicd and clinical. Cows with
subclinical  madtitis  produce milk  without
physica abnormadlities gpparent to the naked
eye. Subdinical madtitis accounts for 90 to
95% of al madtitis cases. Cows with clinical
meadtitis produce milk with obvious physicd
abnormadlities, namely, the presence of scar
tissue.

To combat the inflammation, the animd’s
immune system floods the affected area with
white blood cdlsor leukocytes (which makeup
the mgjority of the cellsin an SCC). Asa
result, the leukocyte concentration in the milk
increases. The degree of inflammation is
directly proportiona to the leukocyte
concentration.  This relationship dlows the
hedth satus of alactating mammary gland to be
determined by enumerating somatic cells in the
milk.  Unfortunately, nonsubjective rapid
assessment of milk SCCs requires the use of
large, nonmobile, computer-driven equipment.

The physcd environment indde the
mammary gland serves as an idead growth
medium for ahogt of microorganiams, dlowing
them to flourish and resulting in the immune
response previoudy described. This rapid
microbid growth was confirmed recently;
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bacteria had an increased multiplication rate in
meadtitic milk. Increasesin microbid adenosine
triphosphate (ATP) seem to correlate well with
indicators for madtitis inflammation. The fact
that the most common cause of madtitis is
microbid infesaion of the mammary gland
presents the opportunity to evaluate mammary
gand hedth by rapid microbid enumeration
procedures, such as ATP bioluminescence.

Our objectives were to determine whether:
1) the Biotrace™ raw milk qudity test kit
procedure was correlated with raw milk SCC
and 2) the Biotrace™ raw milk qudity test kit
procedure could distinguish among raw bovine
milk samples with various degrees of madtitic
infection.

Procedures

Milk samples were collected from the
complete milking of each cow, stored at 2.8EC,
and assayed within 24 hr after collection. With
each milk sample, triplicate microbid ATP
assays were performed, and duplicate SCC
vaues were obtained.

The Somacount 500 Andyzer (Bently
Industries Inc.) at the Heart of America DHIA
Lab, Manhattan, KS, was used to perform the
SCC assays. Microbiad ATP concentration
vaueswere monitored using the Biotrace M ulti-
Lite Milk Bacterid Kit (Biotrace, Bregend,
Wades). 1000pL of prewarmed (37EC)
Somex-A was added to 1 mL of raw milk,
rotamixed for 5 seconds, incubated in a water
bath at 37EC for 4 minutes, and then rotamixed
agan for 5 seconds. Samples were filtered
through a 13 mm gsterile filter. The filter was
rinsed with 5mL of derile rinse solution. The
filter containing the microorganisms then was
removed with derile forceps and placed
horizontdly into avid containing S00FL of the
microbid ATP extracting enzyme M-Bactex.
Contents of the vid were gently mixed and
alowed to stand for 1 minute. Then 200 FL of
the solution was placed into a sterile cuvette, to
which 100 FL of the luciferinluciferase reagent
(Enzyme-MLX) was added.

The ATP bioluminescence assay employs
an enzymatic reaction between luciferase and
microbid ATP. The light emitted via the

luciferase reaction is measured by a Biotrace
Uni-Lite luminometer and quantified as relative
light units (RLU). The RLU vauesthen can be
rdlated to the microbid population of the
sample. In order to assay drictly microbia
ATP, somaticcdl ATPand naivemilk ATPare
removed. Somatic cells are less resstant to
physca sress dicited by the Biotrace
extractant Somex-A that causes the somatic
cdls to rupture. The somatic cell ATP and
native milk ATP then are flushed away from the
intact microbid cdls in afiltration sep. The
extractant and filtration Steps findize the
sective remova of dl nonmicrobid cdls.

Fve milk samples (labeled 1 through 5)
were prepared from raw milk samplescollected
from three different cows, each with different
mammay hedth status. These cows were
designated 1, 3, and 5. Cow #1 (n = 4)
produced milk that showed no physica signsof
clinica madtitis and consstently maintained a
low SCC (<50,000). Thissample represented
milk from a hedthy mammary gland. Cow #3
(n=4) produced milk that showed no physical
ggns of dinicd maditis and consgently
mantaned SCCs of >300,000 and
<1,000,000. This sample represented milk
fromacow with subclinical mastitis. Cow #5 (n
= 3) produced milk that showed physca sgns
of dinical madtitis (scar tissue in the milk) and
condgently maintained SCCs >2,000,000.
This sample represented milk from a cow with
cinicad maditis. Sample #2 (n = 4) was
prepared by a 50:50 volumetric mixture of milk
samples from cows #1 and #3. This sample
represented milk produced by a cow with mild
subclinical madtitisrelativeto #3. Sample#4 (n
= 3) was prepared by a 50:50 volumetric
mixture of milk samplesfrom cows#1 and #5.
This sample represented milk produced by a
cow with mild dinica madtitis reldive to #5.

Experiments were replicated fivetimes. All
data were transformed into log,, vaues before
datigtical anayses were compared.  To
determineif SCCs differed among the different
milk treatments, SCCs were subjected to
andysis of variance.

Results and Discussion



Figure 1 shows the strong correlation (r> =
.95; P<.05) among the five milk trestments and
the SCCs. This assay proved to be highly
repeatable across al data points (CV = 4%).
Thus, the Somacount 500 SCC assay served as
astandard for our investigation.

Figure2 representstherel ationship between
the five milk trestments and the ATP assay
results (expressed as log RLU). A strong
correlation (r?= .90; P<.05) existed between
theATP assay and the samples with various
levels of madtitic infection. The ATP assay dso
exhibited high repeatability (CV = 4.8%).

Average values for the SCC assay and the
ATP assay are shown in Tables 1 and 2,
regpectively. Both assays exhibited smilar
abilities to diginguish among dinica madtitis
(retment 4 and 5), subdinicd madtitis
(treatments 2 and 3), and no madtitic infection
(trestment 1). The origind milk samples
(treatments 1, 3, and 5) were distinguished
eedly from each other. However, wefound that
both assays lack the ability to Satidticaly
differentiate between mild dinicd (trestment 4)
and clinicd (trestment 5) madtitis and between
mild subclinica (treatment 2) and subclinical
(trestment 3) milk samples. Our resultsindicate
that both assays were equaly capable of
repeatedly digtinguishing among variousdegress
of madtitic infection.

As a fina test, the Pearson correlation
coefficient was calculated for the dependent
vaiabless SCC and ATP vdue. The
relaionship between the two variables is
represented

in Figure 3 by a scatter plot of dl RLU and
SCC data points. A strong correlation
(Pearson correlation = .91; P = .001) existed
between the microbid load of the milk samples
(determined by the ATP assay) and the SCCs.

Conclusion

Statigtical analyses of the results obtained
during this invedtigation illudrated the high
repestability of the ATP assay and the high
degree of corrdation between milk trestments
and ATPassay vaues. Further anadysisshowed
astrong correlation between the ATPand SCC
vaues. The ATP assay dso demondtrated the
ability to differentiate among milk samples with
various levds of maditic infection:  none
subdlinica, and dlinica. These results suggest
that the Biotrace ATP assay could serve as a
highly repeatable and mohile dternative to the
SCC assay in monitoring bovine meadtitic
infection. Use of the Biotrace ATP for rapid,
on-the-farm, quantitative analyses of madtitic
infection deserves further investigation.
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Figure 1. Scatter Plot of Somatic Cell
Count (SCC) Valuesand Milk Treatments
(r?=.95; P<.05; CV = 4%).
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Figure 2.

Scatter Plot of Microbial

ATP(RLU) Values and Five Milk

Treatments (R?=.90; P<.05; CV = 4.8%).

Figure 3. Scatter Plot of Microbial ATP
(RLU) and Somatic Cel Count (SCC)
Values from All Treatments (r = .91; P =

.001).

Tablel. Mean RdativeLight Unit (RLU) Valuesfrom ATP Bioluminescence
Assay
Treatment Madtitis No. RLU
1 None 3 4.0
2 Mild subdlinicd 3 3.9%
3 Subdlinica 4 3.6™
4 Mild dinica 4 3.5°
5 Clinica 4 2.8¢
ab.c.dR] U values with uncommon superscript |etters differ (P<.05).
Table2. Mean Somatic Cell Counts
Treatment Madtitis No. Log SCC
1 None 3 6.4%
2 Mild subdlinicd 3 6.1%
3 Subdlinica 4 6.0~
4 Mild dinica 4 5.7
5 Clinicd 4 4.1

abc.d og SCC vaues with uncommon superscript |etters differ (P<.05).



