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Detection of Lactoferrin in Bovine and Goat Milk by
Enzyme-linked Immunosorbent Assay
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ABSTRACT

Lactoferrin (LF) has been proposed as a multifaceted functional ingredient of food. A competitive enzyme-linked immunosorbent
assay (ELISA) was established to determine the LF in milk by using bovine LF antiserum and bovine LF-Biotin conjugate. The LF
concentration in cow milk samples could be determined by this ELISA. However, the LF concentration in goat milk could not be
measured using this method. Thus, the goat LF ELISA was established using goat LF-Biotin conjugate to measure the L+ concentra
tion in goat milk. Milk samples were collected for measurement of their LF concentrations. The mean LF level for the individual cow
milk samples with the somatic cell count (SCC) below I0°, 1 to 2.5x 10° or 2.5x 10° to 5 x 10° cells/mL was found to be about
176, 466 or 742 pg/mL, respectively. On the other hand, the LF level was about 200 pg/mL in goat bulk milks with the rb&tbylene
reduction test (MBRT) time more than 5 hr. In conclusion, both LF ELISA methods developed in this study could be sucsessfully
to determine the LF concentration in goat and cow milk.
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INTRODUCTION determine the LF in milk samples both from goats and
cows by using only different LF-Biotin conjugates. In
Lactoferrin (LF) was first discovered as an iron-addition, competitive ELISA is generally more sensitive
binding protein in bovine mif®. It is produced by epithe- than the indirect one.
lial cells and neutrophils, and is found in most of the
external secretion of mammals such as milk, reproductive
tract secretion, synovial fluid, lachrymal and salivary
secretiof®®). LF and its N-terminal region has been
reported to possess antimicrobial activity that could inhibit Bovine LF ELISA
the growth of bacteria, viruses and furlg@ LF may also
modulate the immune systems through cytokine expression Competitive ELISA was carried out with reference to
and has an antitumour activity bdih vitro and in animal the previously publishefi-lactoglobulin ELISA'®). Bovine
model§’-®). Moreover, enzymatic activity, protease activityLF antiserum was obtained by immunizing three rabbits
transcriptional regulation and autoantibodies have also beeith bovine LF (Sigma, St. Louis, MO, U.S.A.) according
ascribed to L), to the report by Harlow and La#h®. The bovine LF was
Since LF is a multi-functional protein, it has beerconjugated to the NHS-LC-Biotin (1:5) (Pierce, Rockford,
proposed as a multifaceted ingredient for functional foodBlinois, U.S.A.) as described in Mao and Bremel's previous
This protein has been added in infant formulas to enhan@port!®. In preliminary tests, the antiserum was diluted
iron absorptiol+? and possibly inhibit the oxidation of 50,000, 100,000 and 200,000 folds in the coating buffer
infant formula&'®1Y), Thus, understanding the quantity of(0.05 M sodium carbonate-bicarbonate; pH 9.6) and coated
LF in formula milk or especially in normal consumingonto the well of a microplate (Nunc, Rochester, NY,
milk, would be helpful in the evaluation of the nourishindJ.S.A.). The LF-LC-Biotin conjugate was also diluted
component of milk. Previous studies had shown that the L1®0,000, 200,000 and 400,000 folds. Subsequently, various
in cow milk could be measured using the indirect enzymeombinations using the prepared antiserum, LF-LC-Biotin
linked immunosorbent assay (ELISA) and immunodiffusioand bovine LF standard (10 and 0.001 pg/mL) were tested
method!?1%) However, a large quantity of antibody (1.5 tdn an ELISA assay for the most optimum titer for antiserum
2% anti-bovine LF antiserum) is generally needed for theend LF-LC-Biotin. The light absorbance of the above
immunodiffusion method. Since less antiserum is need&iISA ranged from 0.1 to 1.5. Finally, the antiserum and
for ELISA, a competitive ELISA was established in outLF-LC-Biotin were found to be the most optimum when
study to detect the milk LF. This competitive ELISA wadgliluted 200,000 and 400,000 folds, respectively. Thus, the
found to be better than the indirect ELISA in that it couléntiserum was diluted 200,000 fold in coating buffer and
dispensed onto an ELISA microplate at 100 pL per well.
The microplate was incubated at 4°C overnight and washed

MATERIALSAND METHODS
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four times with the washing buffer (0.02 M sodiumlll. Electrophoresis and Western-blotting
phosphate, 0.12 M NaCl and 0.025% Tween 20; pH 7.2).
Then, 50 pL of assay buffer (0.04 M 3-(N-Morpholino) SDS-PAGE and Western-blotting were carried out as
propanesulfonic acid [MOPS], 0.12 M NaCl, 0.01 M ethyldescribed in the previous repdffs?l). The 4% stacking
enediamine tetra-acetic acid [EDTA], 0.5 pg/mL leupeptirand 15% separating gel was used. In addition, a molecular
0.1% gelatin, 0.05% Tween 20 and 0.005% chlorhexidingeight marker 97.4, 66.2, 57.5, 45, 36, 24 and 20 kDa was
digluconate; pH 7.2) was added to each well of the platesed. The primary antibody for Western-blotting was rabbit
The bovine LF standard was prepared with the assay buféerti-bovine LF and the secondary antibody was horseradish
of 10, 1, 0.3, 0.1, 0.03, 0.01, 0.001 and 0 pg/mL and tlperoxidase (HRP) conjugated goat anti-rabbit 1gG (Sigma,
milk samples were diluted with the same buffer at 1000 ®t Louis, Mo, U.S.A.).
3000-fold. Then, the LF standards or samples in 50-pL
assay buffer were added in triplicate into nonadjacent well§. Caprine LF ELISA
The lactoferrin-LC-Biotin was diluted 400,000 fold in the
assay buffer and 100 pL added into each well. The plate Caprine LF ELISA was established as well as bovine
was then sealed and incubated at room temperature for 2. ELISA (bLF ELISA) as mentioned above. However,
After incubation, the plate was washed four times with theurified goat LF and goat lactoferrin-biotin conjugate were
washing buffer, and blotted on a paper towel. ExtrAvidindsed instead of bovine LF and bovine LF-biotin conjugate,
peroxidase (Sigma, St. Louis, MO, U.S.A.) was dilutedespectively. The purified goat LF was conjugated to NHS-
10,000 fold in the assay buffer, and 100 pL was added int&-Biotin (1:5) (Pierce, U.S.A.) according to a previous
each well. The plate was incubated for 2 hr at room tempetudy by Mao and Brem@f). In preliminary tests, the
ature. After incubation, the plate was washed eight timestiserum and goat LF-LC-Biotin were first diluted to their
with the washing buffer, and blotted on a paper towel. Thaptimal concentration as the bLF ELISA. Finally, the
substrate, prepared by mixing 19 mL of sodium acetate, Bdvine LF antiserum was diluted 30,000 fold with coating
uL of hydrogen peroxide (Yakuri Pure Chemicals, Osak#uffer and then coated onto an ELISA microplate (Nunc,
Japan) and 200 pL of tetra-methylbenzidine (TMB; Sigmd).S.A.). The prepared LF-LC-biotin was diluted 250,000
St. Louis, MO, U.S.A.), was added at 125 pL into eacfold in assay buffer to be used for the competition reaction.
well. After incubating for 12 min, the reaction was stoppetoreover, the LF standard was prepared as 10, 3, 1, 0.3,
by adding 50 pL of 0.5 M bS50, into each well. The 0.1, 0.03, 0.01 and 0.003 pg/mL; the milk samples were
absorbance of each well was read at 450 nm (minus lighiiuted by the assay buffer at 1000 to 2000-fold.
absorbance at 600 nm as background value) with an a@rtrAvidin-peroxidase (Sigma, U.S.A.) was diluted 10,000
spectrophotometer (Labsystems Multiskan, UK). lfiold in assay buffer to give an optimal color development.
addition, the intraassay and interassay coefficients @he absorbance of each well was read at 450 nm (minus
variances for this ELISA were maintained at below 10%. light absorbance at 600 nm as background value) with an
auto spectrophotometer (Labsystems Multiskan, U.K.). The

1. Isolation of Goat Lactoferrin intraassay and interassay coefficients of variances for this
ELISA were below 10%.
Goat LF was purified from colostrum with modifica- Three milk samples were diluted serially 2 fold

tion of a previous study?). In brief, 60 mL of colostrum between 400 to 12800 dilution folds. The diluted samples
(Alpine goat) was defatted by centrifugation at 26@0for were determined for their light absorbance using Caprine
30 min at 4°C. The pH of the skim milk were adjusted taF ELISA. The parallelism test was performed by
4.6 with 5 N HCI and then centrifuged at 10,6@pfor 1 hr comparing the light absorbance of standard solution and
to remove the casein precipitate. The whey was passaidk samples.

through a 0.45 mm filter (Millipore, Ireland) to completely

remove the casein precipitate and its pH was readjusted\taMilk Samples

6.0 with 1IN NaOH. The immunoglobulin in the whey was

removed by ammonium sulfate precipitation (48%). After  Fifty individual milk samples were randomly selected
passing through 0.45 mm filter, the whey was concentraté®m the dairy cows during normal lactational period in a
and desalted using a desalting kit (Vivascience, UK). Thmmmercial dairy farm. The cows were determined healthy
solution in the whey was then replaced with 0.005 My clinical inspection and the routine monitoring of their
sodium phosphate buffer (pH 6.0) followed by loading intsomatic cell counts (SCC) in milk (Bentley SCC 300,
a heparin affinity column (Amersham Pharmacia Biotech.S.A.). In addition, one hundred goat milk samples were
Uppsala, Sweden) and eluted by step elution with 0.005 Mndomly collected from bulk milk in different commercial
sodium phosphate buffer (pH 6.0) containing 0.1, 0.3 or Ogoat farms. The bulk milk, which do not contain any
M NaCl. The LF was collected at the 0.5 M NaCl elutingolostrum, was composed of milk from individual goats at
solution and its purity was assessed by SDS-PAGE (sodiuiiferent lactational periods. The LF concentration in the
dodecyl sulfate-polyacrylamide gel electrophoresis) anmbllected cow and goat milk samples were measured using
Western blotting as described below. the aforementioned LF ELISA. Furthermore, the cow milk
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samples were also measured for their milk SCC (Bentleye suggest that the LF in the goat milk could not compete

SCC 300, U.S.A.) and the goat milk samples for theiwith bovine LF-biotin in the binding to bovine LF antibody.

methylene blue reduction time (MBR3, respectively. Therefore, we purified the goat LF to establish the goat LF
ELISA (gLF ELISA).

RESULTS AND DISCUSSION Il. Purification of LF from Goat Colostrum

|. Establishment of Bovine LF ELISA The goat LF was purified from the colostrum with
modification of a previous stufly). To save the purifica-
The bLF ELISA was easily established in this studyion time, one affinity column wad used in our studey
because purified bovine LF could be purchased commeénstead of the two column systems used by Nsnal
cially. Thus, the bovine LF standard and the biotin¢1999¥'%. Figure 2 shows the results of the SDS-PAGE
conjugate were prepared without difficulty. The parallelismanalysis of the fractions collected from the elution profile
test showed that this ELISA is suitable for detecting LF iof the LF passing through theaffinity column. It was
milk between 1000 to 10000 dilution points. In additionpbserved that most milk protein was eluted by the
the specificity of this ELISA was confirmed by Westerrphosphate buffer containing 0.1 M and 0.3 M NaCIl. A
blotting analysis using anti-bovine LF antibody as thsingle band of KF (80 kDa) was eluted by the phosphate
primary antibody to detect the LF in milk samples (data nauffer containing 0.5 M NaCl. Figure 3 shows the Western
shown). The standard curve was fitted by the foublot analysis for the cross-reactivity between bovine and
parameter logistic method as shown in Figure 1. Thgoat LF. The result indicates that the anti-bovine LF could
detection limit of this ELISA was found to be about 0.002
pHg/mL (n = 6) as calculated by subtracting the highest light

absorption value from twice its standard deviation and kDa 1 2 : ¢
extrapolating it accordingly to the LF concentration. 97.4 = -— -
Suitability of the constructed standard curve for detecting 66.2 —
the milk LF was also evaluated by the parallelism test. 57 ’ a4
Nam et al. (1999) found that the anti-bovine LF 45 13
antibody could cross-react with the Korean goat and Saanen
goat LF. They suggested that the Korean goat LF share 36 ,
similar epitope with that of bovine I%). However, our
-
0.9 20
0.8
07 Figure 2. Profiles of SDS-PAGE (15%) after affinity-heparin column
06 chromatography for purifying goat lactoferrin from colostrum. 1 =
05 Protein marker; 2 = fraction eluted by the phosphate buffer (contained

0.1 M NacCl); 3 = fraction eluted by the phosphate buffer (contained
0.3 M NacCl); 4 = fraction eluted by the phosphate buffer (contained
0.5 M NacCl).

0.4
0.3
0.2
0.1

0 : : .
0.001 0.01 0.1 1 10 80kDa SN
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Figure 1. Standard curve for the competitive bovine lactoferrin
ELISA. Bovine lactoferricin at concentrations of 10, 1, 0.3, 0.1, 0.03,
0.01, 0.001 and O pL/mL were used as standards.

bLF ELISA was tried out to detect the LF in goat milk
samples without success. The LF level in goat milk deter- in ,
mined by the bLF ELISA was found to be very low due to " 4

the higher light absorbance by each of the milk samples. ﬂ,j

This higher light absorbance in bLf ELISA indicates that 1 2 3

most of.the Coateq antibody on the microplate was bound l'-t%ure 3. Western blotting analysis for the cross-reactivity between
the bovine LF-conjugate. In other words, goat LF as well ‘hovine and goat lactoferrin. Anti-bovine lactoferrin antibody was

the other proteins in goat milk could not bind to the coatéysed to detect bovine lactoferrin (lane 2) and goat lactoferrin (lane 3).
antibody in the presence of the bovine LF-conjugate. ThtLane 1, bovine lactoferrin (80 kDa).
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cross-react with goat LF (Saanen goat LF). This observa- 1T —— sample1

tion was in accordance with the previous repdrt On the
other hand, although the anti-bovine LF antibody coulds 08 T
bind to both bovine and goat LF, this antibody showe® —8— Sample 3
greater affinity to bovine LF. This is because the amoun§
for antibody used in the bovine LF ELISA (antiserum wasg,
diluted 200,000 folds) is 6 fold less than that used in th%
goat LF ELISA (antiserum was diluted 30,000 folds). Thisg
finding supports the non-feasibility of using bovine LFE
ELISA (competitive ELISA) to detect the goat LF in goat= %2 |
milk.

—o— Sample 2

06 T —=— Lactoferrin standard

04 T

10 100 1000 10000 100000
Dilution folds

The recovery of LF was about 3 mg from 60 mL of 07
colostrum (50 mg/L) in our study. This observation is
similar to that using the two-column system to purify LF
from Korean goat colostrum (about 66 mg/L; 200 mg fror':igdure 5 th,F';'zA Plakra”e”srln teSDt_lfot_r goftléacmfe”i” Sta”dgrd

. ana seriai lutea milk samples. Dilution 1olds are expressed as
3 L. (.)f C_olostrumﬁlg) as reported previously. Although theIoglO scale¥ Milk samples werg serially 2 fold diluted betvxl?een 400 to
purlflcgtlon method used in our study could produce_ a I_arglz,800 dilution folds.
quantity of LF from the goat colostrum, the binding
capacity of the heparin column is limited to about 60 mL c.
colostrum. Nevertheless, the 3 mg of LF purified from 6Qoat milk samples. The lactoferrin in goat milk could be
mL of colostrum is enough for about 800 microplatesetected specifically as a major band, despite the abundance
(about 19,200 milk samples). of other proteins in the goat milk samples.

Ill. Establishment of Goat LF ELISA IV. LF Level in Cow and Goat Milk for Consumption

The gLF ELISA was successfully established by the The SCC for the milk from cows with subclinical
use of the purified goat LF. The standard curve for thimastitis is often greater than 2510° cells/mL®?3). The
ELISA was fitted by the 4 parameter logistic method asternational Dairy Federation (IDF) suggested that the
shown in Figure 4. The detection limit of this ELISA wasSCC threshold for differentiation between the normal and
0.012 pg/mL (n = 6) as calculated by subtracting thsubclinical mastitis milk is % 10° cells/mL®4), This SCC
highest light absorption value from twice its standarthreshold is accepted in Taiwan for the diagnosis of subclin-
deviation value and extrapolated it accordingly to the LkEal mastitis for dairy cows. The diagnosis of subclinical
concentration. The light absorptions values for the serialiyjastitis or clinical mastitis for dairy cows is important
diluted milk samples were found to be parallel to that of thHeecause the milk quality would be compromised by the
standard curve between points at 800 to 3200 dilutioisternal halves inflammatiéf*~2%) and thus would not be
(Figure 5). This finding indicates that the ELISA estabsuitable for human consumption. The milk SCC is being
lished here is suitable for detecting the LF in milk samplassed in Taiwan to monitor milk quality and subclinical
in this range. The specificity of this ELISA was alsanastitis. In our study, the collected cow milk samples were
confirmed by using the anti-bovine LF antibody as thdivided into three categories according to their SCC values.
primary antibody in the Western blotting analysis for th@he milk SCC in group 1 was belowx110° cells/mL. In

group 2, the milk SCC ranged from 1 to %3.0° and in

14 group 3 from 2.5 to % 10° cells/mL. The milk LF concen-

Ll tration in the three groups above is shown in Table 1. The

= mean LF level in milk group 1, 2 and 3 was 176, 466 and
o 1 742 pg/mL, respectively. Moreover, the LF level in the
E os b three milk groups was found to be significant® < 0.05)
§ ' different from each other (one-way ANOVA). Furthermore,
s 06 the milk LF level in the three groups seems to correlate
@ o4k negatively with the respective milk SCC. Indeed, statistical
S analysis of the relationship between milk LF and milk SCC
= ozr showed that the LF concentration negatively correlates (r =
0 - - - ' 0.437,P < 0.05) with the milk SCC that is belowx.10°
0.001 0.01 0.1 1 10 cells/mL P < 0.01) (Pearson correlation test). However, no
Lactoferrin concentration (ng/mL) significant relationship between milk LF and milk SCC in

Figure 4. Standard curve for the competitive goat lactoferrin ELISAthe other two groups (Pearson co-rreIaFion. test) was
Goat lactoferrin at concentration of 10, 3, 1, 0.3, 0.1, 0.03, 0.01, appserved. This finding needs further investigation because
0.003 pg/mL were used as standards. the milk samples in our study were randomly collected
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Table 1. The lactoferrin concentration in cow and goat milks

Milk Number LFC (ug/mt) SCC MBRT (hr)
Mean Standard deviation x(10° cells/mL)
Bovine 50 176.8 1203 =1 ND
15 466 508.8 1-2.5 ND
10 742.1 374.7 255 ND
Goat 50 166.4 53.8 ND =8
50 217.0 75.£ ND 5-8

abGignificant difference in bovine group & 0.05).
designificant difference in goat group € 0.05).
ND: not determined.

from cows with different lactational periods. On the othewas used in the indirect ELISR).
hand, Harmoret al (1975) reported that the LF in milk
from cows in normal lactational period ranged from 20 t¥. Possible Role of LF in Milk for Consumption
200 pg/mL@7). Thus, the LF level seen in our study in the
higher SCC milk (SCC between 1:610° cells/mL) was In vitro study showed that the minimum inhibitory
slightly higher than the previously reported value. This digoncentration (MIC) of bovine LF foE. coli was 2000
crepancy may be due to the different methodology used ang/mL?®). The mean LF level in cow milk in our study
the time when milk samples were collected. In additionyas observed to be below 1000 pg/mL. Paulssbal
previous reports showed that the LF the subclinical ¢1993) studied the thermal stability of bovine LF (apolacto-
clinical mastitis milk was higher than that of normaferrin) and found that UHT (ultra high temperature pasteur-
milk%13) Milk SCC at 2.5 to 5 10° cells/mL has been ization) treatment of LF (135°C, 4 sec) abolished the bacte-
regarded as an indication of infection in one of the cowisostatic activity of apolactoferrfA®. Based on these
teat§?®. Thus, the higher mean LF level for the milk grouginding, cow milk for consumption processed by the UHT
with higher SCC value might be attributed to the collectiomight not possess the antibacterial activity. However, Oria
of subclinical mastitis milk. et al (1993) reported that the heat treatment had only little
The goat LF in normal milk for consumption is showreffect on the interaction of LF with monocytes after a
in Table 1. The goat milk samples were divided into twtreatment 137°C for 8 sec, as assessed by the displacement
groups based on their MBRT time. The MBRT time foof labeled LF or cell prolificatidi®. Therefore, the bovine
goat milk is one of the criteria for price setting of the godtF processed by the UHT might still retain its
milk in Taiwan. The time needed for the reducion reactiommunomodulatory effect. On the other hand, the LF in
to be completed in the MBRT has been demonstrated to d@v milk was reported to be 22% iron-satur&@d The
inversely related to the number of bacteria in #flk  bovine LF was also shown to have antioxidant effect which
Thus, the MBRT that is more than 8 hr would be considvas related to its iron-chelating abift§34. Abe et al.
ered a good quality of milk, whereas that between 5 to 8 (£991) demonstrated the heat stability of bovine LF by
would be viewed as normal quality and those below 5 Ishowing that preheating at 70°C for 3 min followed by
would not be accepted for sale. We found that the LF levdHT at 130°C for 2 sec resulted in only 3% loss in residual
in milk with MBRT of more than 8 hr was about 166iron-binding capacitf®. Thus, the LF in milk for con-
pg/mL, and those between 5 to 8 hr was 217 pg/mlsumption not only retain its immunomodulatory ability but
respectively. The LF concentration in normal goat millelso its antioxidant activity. However, study on heat
observed in our study is similar to the previously reportestability of goat LF is rare. Since the LF concentration in
20 to 200 pg/mL as detected by the radial immunodiffusiogoat milk determined here was low, the LF in goat milk for
method (pooled milk}®. Otherwise, the LF concentrationconsumption might not be responsible for the antibacterial
in the two milk groups would be significantly differentactivity but for other physiological function. Nevertheless,
from each other (student’s t teBt< 0.001). further experiment is needed to test the antioxidant or
An advantage of ELISA in detecting the milk lactoferimmunomodulatory effect of cow or goat milk based on the
rin is that less amount of antiserum is needed. In our studlf; concentrations.
the antiserum used in the bovine and goat LF ELISA are In conclusion, two ELISA methods for measuring the
diluted 200,000 folds (equal to 0.0005%) and 30,000 folds~ level in cow and goat milk had been successfully estab-
(equal to 0.003%), respectively. The antiserum used in dished and may be applied to detect the LF level in milk
study is considerably less than that used in the immunodgifoducts or other biological fluids from bovine and caprine.
fusion method (1.5 to 2% antiserum is nééd) In
addition, our competitive ELISA was found to be more
sensitive than the indirect one previously rep(SHSéd The ACKNOWLEDGMENTS
detection limit for LF in the bovine LF ELISA and goat LF
ELISA were 2 ng/mL and 12 ng/mL, respectively. In This work was supported in part by a grant 92AS-
contrast, bovine LF level ranging from 50 to 500 ng/ml3.1.3-AD-U1 from the Council of Agriculture, Executive
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