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An immunochromatographic lateral-flow test dipstick test was developed for the fast detection of bovine
rennet whey in liquid milk and milk powder. The test is based on the binding of casein glyco-
macropeptide (cGMP) by two specific anti-bovine k-casein monoclonal antibodies and has a visual
detection limit of around 15 ng mL~! for cGMP and 1% (v/v) for rennet whey in milk using standards and
spiked samples. The dipstick performance was evaluated in a collaborative trial using skim milk powder

and raw, pasteurized and UHT milk. The suitability of the dipstick was demonstrated in comparison with
gel permeation-high performance liquid chromotography and a colorimetric method, by analysing 60
raw milk samples collected from farms in Brazil. The dipstick results correlated well with the HPLC
results and were more reliable than those obtained with the colorimetric method. The dipstick test
correctly identified all raw milk samples with a rennet whey content above 4%.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Addition of rennet whey from cheese production is one of the
most common types of fraud in liquid milk and milk powder pro-
cessing. This is due to the low price and large excess of this by-
product. This adulteration may give rise to important quality
problems in finished products and incurs financial losses.

The measurement of rennet whey in milk is based on the
detection of casein glycomacropeptide (cGMP), which is the
soluble 106-169 fragment of k-casein, released by chymosin
during milk clotting. Currently, the detection of cGMP is usually
performed by gel permeation high performance liquid chromo-
tography (GP-HPLC) (Olieman and van den Bedem, 1983) or
reversed phase (RP)-HPLC (Olieman and van Riel, 1989; Van Riel
and Olieman, 1995a). In addition, capillary electrophoresis (Recio
et al, 1996, 2000; Van Riel and Olieman, 1995b), mass spec-
trometry (Mollé and Leonil, 2005) and ELISA (Bremer et al., 2008)
have also been shown to provide reliable results. However, these
methods require specialized staff and sophisticated equipment
and are often time consuming. Adulteration of milk with rennet
whey can also be detected by colorimetric determination of sialic
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acid (Fukuda et al., 2004; Wolfschoon-Pombo and Pinto, 1985),
but these methods lack sensitivity and specificity.

In the European Union, the official method for determination of
added whey is based on GP-HPLC for screening, and RP-HPLC for
confirmation (EC Regulation, 2001). In Brazil, two official analytical
methods for detection of rennet whey in milk are established: a GP-
HPLC method for quantitative results, and a colorimetric method
based on the determination of sialic acid for qualitative results
(Ministério de Agricultura e Reforma Agraria do Brasil, 1991).
However, these methods are time consuming and require the
availability of specific equipment and trained staff. Therefore, it is
very desirable to have a rapid method that can be easily applied in
factories to detect adulteration of milk before it is processed.

In the present study, two monoclonal antibodies against bovine
k-casein were used in a sandwich immunoassay format to develop
a fast and easy to use dipstick test for the qualitative or semi-
quantitative detection of bovine rennet whey in liquid milk or milk
powder. The performance of the test was evaluated in skim milk
powder and raw, pasteurized and UHT milk in three different
laboratories (Operon, s.a., Zaragoza, Spain; RIKILT - Institute of
Food Safety, Wageningen UR, Wageningen, The Netherlands; Nestlé
Research Center, Nestec Ltd., Lausanne, Switzerland). Furthermore,
60 samples of raw milk collected from local dairy farms from Brazil
were analysed by the developed test. The results obtained were
compared with GP-HPLC- and sialic acid-based methods.


Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado

Virginia
Resaltado


206 C. Martin-Herndndez et al. / International Dairy Journal 19 (2009) 205-208

2. Materials and methods
2.1. Standards and samples

Casein, k-casein, cGMP, lactose, bovine serum albumin (BSA), -
lactoglobulin (BLG) and a-lactalbumin (ALA) were purchased from
Sigma-Aldrich Chemie (Taufkirchen, Germany). Anti-bovine
immunoglobulin G (IgG) polyclonal antibody was obtained from
Operon, s.a. (Zaragoza, Spain). Rennet whey powder was purchased
from Emmi (Lucerne, Switzerland).

Skim milk powder (SMP) was obtained from Oxoid (Basingstoke,
United Kingdom). Commercial pasteurized milk and UHT milk were
purchased from local stores in Switzerland. Raw milk samples to be
used for preparation of spiked samples for the collaborative trial
were obtained from a local farm in Switzerland. Sixty raw milk
samples were also collected from different farms from Brazil.

2.2. Preparation of spiked samples

Reconstituted skim milk powder (10% w/v with water), raw,
pasteurized and UHT milk were spiked with 0, 1, 2, 4 or 16% (v/v) of
reconstituted rennet whey powder (6.1 g of whey powder was
dissolved in 100 mL of water, thereby obtaining a solution of 0.75%
(w/v) of protein, of which ca. 20% was cGMP). Samples were frozen
and kept at —20 °C until analysed.

2.3. Monoclonal antibodies

Affinity-purified anti-bovine k-casein monoclonal antibodies
(MAbs 4G10 and 6A10) were developed by RIKILT - Institute of
Food Safety, Wageningen UR (Wageningen, The Netherlands). Their
development and application in a biosensor (Haasnoot et al., 2004)
and an enzyme-linked immunosorbent assay (ELISA) (Bremer et al.,
2008) were described previously.

2.4. Principle of the dipstick test

The ¢cGMP present in milk sample extracts reacted with anti-
bovine k-casein monoclonal antibody 6A10 immobilized on red
colloidal particles. This complex (colloidal particles/antibody/
cGMP) migrated through a chromatographic process to the reaction
area where it reacted with other specific anti-bovine k-casein
monoclonal antibodies (4G10) immobilized on the strip. This
reaction caused the formation of a red test line. At the same time,
a similar reaction took place with blue colloidal particles that
caused the formation of a blue control line, indicating the correct
performance of the test. Examples of negative and positive dipstick
results are shown in Fig. 1.

The dipstick is currently commercialized by Operon, s.a. (Zar-
agoza, Spain) as the stick cGMP kit.

2.5. Dipstick assay

The test was performed as follows: trichloroacetic acid (TCA)
solution was added to the thawed milk samples in order to reach
a TCA concentration of 8% w/v (e.g., 4 mL of 20% TCA was added to
6 mL of milk). After mixing, samples were allowed to stand for
10 min and centrifuged (10 min, 3000 x g). Supernatants were
filtered (0.45 um low protein binding filter) and diluted, usually
1000 times, with phosphate-buffered saline (PBS) at pH 7.4 (5.4 mm
sodium phosphate, 1.3 mmM potassium phosphate and 150 mm
sodium chloride). Of this solution, 250 uL were transferred into an
Eppendorf tube. The stick was dipped in the Eppendorf tube and
the test results were visually read after 5 min (blue control line and
red test line). For quantitative analysis a Hamamatsu ICA-1000

C
T
Negative Positive

Fig. 1. Negative and positive dipstick results for casein glycomacropeptide. C - blue
control line, and T - red test line. The arrows refer to the end of the dipstick that is
dipped into the sample solution. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Immunochromato-reader was used (Hamamatsu, Iwata, Japan).
Analyses were performed in duplicate.

2.6. Gel permeation-high performance liquid chromotography

The HPLC analyses were carried out using a Zorbax GF-250
(DuPont Company, Wilmington, DE, USA) column, according to the
official Brazilian method (Ministério de Agricultura e Reforma
Agraria do Brasil, 1991), which is based on the method of Olieman
and van den Bedem (1983). Quantitative values were calculated
from a standard curve prepared with the spiked milk samples, in
which 0, 2, 5, 10 or 20% (v/v) of rennet whey was added.

2.7. Sialic acid method

The qualitative detection of rennet whey in milk was performed
following the Brazilian official method (Ministério de Agricultura e
Reforma Agraria do Brasil, 1991), based on the method of Wolf-
schoon-Pombo and Pinto (1985). Semi-quantitative estimation of
the amount of whey was achieved by comparing the colour of the
sample with those of standards prepared with milk in which 0, 2 or
5% (v/v) of rennet whey was added.

3. Results and discussion
3.1. Dipstick sensitivity

The sensitivity of the developed dipstick method was deter-
mined by testing solutions with different concentrations of the
standard cGMP diluted with PBS. The concentration range studied
was from 0 to 250 ng of cGMP per mL (final dilution). In addition,
the sensitivity of the test was studied by analysing milk spiked with
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bovine rennet whey at different concentrations (from 0 to 16%, v/v).
The colour intensity of the test line was confirmed by direct visu-
alization and quantified by the test strip reader. The standard
curves obtained with the standard solutions of cGMP and with the
milk spiked with bovine rennet whey are shown in Fig. 2. An
acceptable correlation was found for both standard curves. The
strip test detects visually cGMP with a sensitivity of 15 ng mL~! and
milk spiked with 1% (v/v) of rennet whey. These results are in good
agreement, as 15 ng mL~! of cGMP corresponds to a concentration
of about 24 pgmL~' of ¢cGMP in adulterated milk (final dilution
factor 1600, including dilution with TCA) and the average concen-
tration of cGMP in milk adulterated with 1% of rennet whey is
around 20 pg mL~". Similar levels of sensitivity were reported with
the ELISA method developed for the detection of rennet whey in
milk powder (Bremer et al., 2008).

Extremely high cGMP concentrations (up to 50 pgmL~!) were
tested to study the effects on the test result. No high dose hook effect
(reduction of test line intensity) was observed, even at concentra-
tions much higher than present in pure rennet whey after a 1000-
fold dilution. These results show that no false negative results are
expected due to a very high concentration of cGMP in milk.

3.2. Dipstick specificity

The specificity of the dipstick method was studied using
different compounds (Table 1). The results show that the dipstick
test is specific for bovine k-casein and total casein. No cross-reac-

tivity with BSA, BLG, ALA, lactose and IgG polyclonal antibody was
observed.
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Fig. 2. Standard curves of (a) casein glycomacropeptide (cGMP) in phosphate-buffered
saline, pH 7.4 and (b) rennet whey in milk, obtained with the dipstick test: the dashed
line (———) indicates the visual detection limit.

Table 1

Specificity of the dipstick test with bovine k-casein, whole bovine casein, bovine
serum albumin (BSA), lactose, bovine a-lactalbumin, bovine B-lactoglobulin and
anti-bovine immunoglobulin G polyclonal antibodies (PAb IgGs).

Compound Concentration (before dilution) Result
Bovine k-casein 3gL! Positive
Whole bovine casein 3gL! Positive
BSA 10% (w/v) Negative
Lactose 10% (w/v) Negative
Bovine o-lactalbumin 1% (w/v) Negative
Bovine B-lactoglobulin 1% (w/v) Negative
PAD IgGs 1% (wfv) Negative

3.3. Analysis of spiked samples: collaborative trial

The performance of the dipstick method was studied in skim
milk powder and raw, pasteurized and UHT milk spiked with 0, 1, 2,
4 or 16% (v/v) of bovine rennet whey. The analyses were performed
by three different labs using four batches of the dipstick. The results
(visual detection) of these trials are summarized in Table 2. No
significant differences were observed between the duplicate anal-
yses, the different labs or between results obtained with different
batches of the dipstick. A good correlation was found between the
intensity of bands and the spiked amount of whey in the different
milk matrices by the three laboratories. No false positive results or
false negative results were obtained. The addition of whey in milk
from 2 to 16% was always clearly detected as positive for each kind
of milk sample. The milk samples spiked with 1% whey were mostly
classified as weakly, or very weakly positive. It was noted that the
response in pasteurized milk was slightly weaker than in SMP, raw
and UHT milk. The detection limit observed with this newly
developed rapid test is around 1%, which is similar to the require-
ments of the European and Brazilian legislations (EC Regulation,
2001, and Ministério de Agricultura e Reforma Agraria do Brasil,
1991, respectively).

A limitation of this test is that in milk with a poor bacteriological
quality, the presence of pseudo cGMP arising from action of
proteinases from psychrotrophic bacteria can also give rise to
positive results (data not shown). To avoid this, the dilution factor
can be increased, but this obviously leads to a higher detection
limit. Therefore it is very important to set the detection limit of the
test depending upon the bacteriological quality of the milk. In
addition, positive dipstick results can be confirmed by HPLC anal-
ysis, as this method can discriminate between cGMP and closely
related products resulting from proteinase activity (Lopéz-Fandifio
et al., 1993a, 1993b; Recio et al., 2000).

3.4. Analysis of farm raw milk samples: comparison of methods

Samples (60 in total) collected from different local dairy farms
from Brazil were analysed by the dipstick for detection of added
rennet whey. The results obtained with the new test were
compared with those obtained with the official GP-HPLC method

Table 2

Results (visual detection)® of the dipstick obtained with skim milk powder (SMP),
raw milk (RM), pasteurized milk (PM) and UHT milk (UHT) spiked with 0, 1, 2, 4 or
16% (v/v) of bovine rennet whey.

Rennet whey (%) SMP RM PM UHT
0 _ _ _ _

1 ES ES d ES

2 + + + 4F

4 AFar aF aF AFr
16 AFaFar St St S

2 The key used is: —, negative; d, very weakly positive; +, weakly positive; +,
positive; ++, strongly positive; +++, very strongly positive.
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and the colorimetric sialic acid method. To minimise the risk of
false positive results due to problems with milk of poor bacterio-
logical quality the sample extract was diluted 2000 times (instead
of 1000), herewith increasing the detection limit to 2% (as deter-
mined with spiked samples).

In general, results obtained with the three different methods
were similar. Rennet whey was detected in around 75% of the
studied samples. In ca. 50% of the samples, the amount of added
rennet whey was higher than 5% (as determined by GP-HPLC). In six
samples rennet whey was not detected by any of the three
methods.

The dipstick test correctly detected the presence of rennet whey
in 33 samples in which the amount of rennet whey was higher than
4% according to the HPLC results, although two samples with
a rennet whey content of 4.5 and 5.6%, respectively, only gave
a weakly positive result. On the other hand, the colorimetric
method gave five false negative results with samples containing
more than 4% rennet whey. This limitation of the colorimetric
method is also mentioned in the Brazilian official method (Minis-
tério de Agricultura e Reforma Agraria do Brasil, 1991).

Discrepancies were observed in the samples with a rennet whey
content close to the quantification limit of the GP-HPLC test and the
detection limit of the dipstick (in the range between 2 and 2.5%, as
determined by HPLC). About 50% of these samples were classified
as negative with both the dipstick and sialic acid methods. This
suggests that some of these samples could give false negative
results when analysed with the dipstick. However, these results are
still very acceptable, taking into account that the amount of the
added rennet whey in these samples was very low and unlikely to
have any technological or economical impact.

This survey shows that the new dipstick test correctly identified
all the samples with a rennet whey content over 4%. No false
positive samples were found. Moreover the results obtained with
the new assay were in accordance with those of GP-HPLC and were
more reliable than those of the colorimetric method.

4. Conclusion

Adulteration with rennet whey is a major quality problem for
the dairy industry. The dipstick test that we developed provides
a rapid and efficient screening tool that can be applied to raw milk
and allows immediate action to be taken before the milk is pro-
cessed. The test gave reliable results in all raw milk samples with
rennet content above 4%. Utilization of the test requires minimal
training and no sophisticated equipment, which makes it ideally
suited for application at the milk reception unit of dairy factories.
This test can also be applied for testing pasteurized and UHT milk
and milk powder for whey adulteration.
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