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A spectrophotometric microtiter-based assay was established for quantification of the ability of UHT-treated
milk to reduce 3'-{1-((phenylamino)-carbonyl]-34-tetrazolium}-bis(4-methoxy-6-nitro)benzenesulfonic acid
hydrate (XTT). Under the optimized conditions, 40 41 of a milk sample was mixed with 60 ;1 of 0.5 mm XTT solution
(pH 7.0) saturated with menadione in each well of a 96-well microtiter plate. The formed XTT formazan in the
reaction mixture was determined by an increase in the absorbance difference between that at 492 nm and at 600
nm during the incubation for 20 min at ambient temperature. The use of the absorbance at 600 nm as a reference
wavelength permitted the determination of XTT formazan without any interference from the turbidity caused by
the addition of the milk sample. The present microtiter plate assay could differentiate two kinds of UHT-treated
milk with a different extent of thermal treatment. In addition, the reducibility of the UHT-treated milk gradually
decreased during storage dependent on the period or temperature. The method was very convenient and economical;
it is promising as a method of estimating the extent of the heat treatment of milk and the storage conditions.
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The Maillard reaction is known to occur in milk during
heat treatment (Walstra & Jenness, 1984; Finot et al, 1981).
In the initial stage of this reaction, mainly the e-amino groups
of the essential protein bound-lysine react with lactose to
form the so-called “Amadori product.” Thus-modified lysine
is biologically not available for digestion (Finot et al, 1981).
Therefore, it is important from the nutritional standpoint to
estimate the extent of the Maillard reaction during the heat
treatment.

The change in milk during the Maillard reaction in the
heating process can be estimated by a change in hydroxymeth-
ylfurfural (HMF) and lactulose concentration (Fink &
Kessler, 1988). Because these concentrations increase with
increasing heat treatment, they have been recognized to be the
most promising indicators of the treatment (Keeney &
Bassette, 1959; Geier & Klostermeyer, 1980). However, the
determination methods are generally time-consuming and
tedious.

The authors have proposed an assay method for determin-
ing the ability of UHT-treated milk to reduce XTT as a
method of evaluating the extent of the Maillard reaction
(Ukeda et al, 1995). Compared with the previously reported
methods such as the quantification of lactulose (Geier &
Klostermeyer, 1980), HMF (Keeney & Bassette, 1959) and
furosine (Finot et al, 1981), the XTT reduction assay is a
rapid and convenient method and is found to be applicable
for estimating not only the extent of thermal treatment but
also the storage conditions because the ability decreased
dependent on the storage period and temperature (Ukeda et
al,, 1995). However, a drawback of the method was caused by
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the fact that the XTT used was a relatively expensive reagent.
In order to overcome the drawback, we have established a
microtiter plate assay of the ability of UHT-treated milk to
reduce XTT in the present investigation.

Materials and Methods

Reagents Menadione (2-methyl-1,4-naphthoquinone)
and HMF were obtained from Wako Pure Chemical Indus-
tries (Osaka, Japan). XTT was purchased from Polyscience
(Warrington, PA). All other reagents were of the highest
grade commercially available. Milli-Q water was used in all
procedures.

Milk samples Two kinds of UHT-treated milks with a
fat content of 3.5% and 3.6%, supplied by Meiji Milk Products
Co., were selected as the test products for all investigations.
The UHT treatment of the samples was carried out at 130°C
for 2s (Milk A) and at 140°C for 3 s (Milk B) by an indirect
heat exchange apparatus containing steam-heated and water-
cooled capillary tubes. Milks A and B were produced from
identical milk sources. Milk B was manufactured as LL milk.
The package size of the milk samples was 200 ml (Milk A)
and 250 ml (Milk B), and each sample was drawn just after
opening the package. The packaged milk was stored in the
dark at a given temperature. In one experiment, a commer-
cially available pasteurized milk was used. The heat treatment
of the product was carried out at 65°C for 30 min (Milk C).

Assay procedures The assay was performed in a
96-well microtiter plate using an 8-channel adjustable volume
pipettor. Each well contained a given volume of 0.5 mM XTT
solution prepared with 0.2 M potassium phosphate buffer



Estimation of Extent of UHT-Treatment

containing menadione at the saturation level (ca. 0.55 mM). A
given amount of a milk sample was added into the well. After
it was mixed in a microplate shaker for 10 s at a speed of 500
rpm, the difference in the absorbance between 492 nm and
600 nm (as the reference) was read on a microplate reader
MPR Adi (Tosoh, Tokyo, Japan) as the absorbance at 0 min.
Again, after 20 min at room temperature, the absorbance
difference was read, and the increase in the absorbance
difference (4A) was recorded as the ability of the sample to
reduce XTT.

Determination of HMF HMF was colorimetrically
determined according to the method described by Keeney and
Bassette (1959). In this method, bound HMF was released by
heating with dilute oxalic acid. After the precipitation of the
protein with trichloroacetic acid and filtering, the yellow
coloring formed after the addition of thiobarbituric acid was
spectrophotometrically measured at 443 nm. Determinations
were carried out in duplicate.

Results and Discussion

A turbidity appears in the reaction solution on the
addition of a milk sample. The turbidity results in an
apparent increase in the absorbance by lowering the trans-
mittance. However, there was no significant difference in the
apparent absorbance of the milk diluted with the buffer not
containing XTT between that at 492 nm and at 600 nm. The
XTT formazan, which is the reduced form of XTT, had an
absorption maximum in the range of 460-480 nm, in agree-
ment with the previous report (Roslev & King, 1993) and
showed only negligible absorption at 600 nm. Therefore, the
difference in the absorbance between 492 nm and 600 nm of
a reaction mixture containing the milk sample and the XTT
solution permits estimation of the formed formazan without
interference from the turbidity. As was expected, no appre-
ciable increase in the apparent absorbance by the turbidity
was observed when a different volume of milk sample was
added into the buffer solution (Fig. 1). The reaction mixture
in which a milk sample was added into XTT solution showed
a higher absorbance even at 0 min after mixing than that of
the mixture containing the milk sample and the buffer
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Fig. 1. Effect of the addition volume of the UHT-treated milk on the
absorbance difference. The indicated volume of UHT-treated milk (Milk B)
was added to 60 1 of 0.2 M potassium phosphate buffer (pH 7.0) (7, 0 min
after the addition) or the buffer containing 0.5 mM XTT (M, 0 min; @, 20 min
after the addition).
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Fig. 2. Relationship between the concentration of neutral red dissolved in the
mixture containing 60 x| of buffer and 40 xl of milk and the absorbance
difference.
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Fig. 3. Comparison of the ability of the UHT-treated milks (Milks A and B)
and pasteurized milk (Milk C) to reduce XTT. Each bar for the UHT-treated
milks represents the mean=SD of four different lots.
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without XTT (Fig. 1). This is due to the absorption of XTT
(in the oxidized form) at 492 nm. After 20 min, an increase in
the absorbance difference of the reaction mixture was recog-
nized dependent on the volume of the milk sample added
(Fig. 1). This increase was considered to reflect the ability of
the UHT-treated milk to reduce XTT.

As shown in Fig. 1, the increase in the volume of the added
milk sample was expected to improve the sensitivity for
detection of the reduction ability. However, the decrease in
transmittance caused by the addition of milk might lead to
impairment of the linear relationship between the absorbance
difference and the concentration of the formazan formed.
Thus, the linear range between them was examined using a
solution containing 40 g1 of milk sample and 60 xl of the
buffer solution. Because the XTT formazan was not commer-
cially available, neutral red having absorption at 492 nm
instead of the XTT formazan was dissolved in the buffer at a
given concentration. As indicated in Fig. 2, the absorbance
difference of the mixture was proportional to the concentra-
tion of neutral red in the range of 0-0.08 mM with a
correlation coefficient of 0.998, up to 0.45 as the absorbance
difference. This result suggests that the linear relationship
between them was retained in spite of the high turbidity of the
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Fig. 4. Relationship between the ability of UHT-treated milk to reduce XTT
(44) and the storage time and temperature. UHT-treated milk (Milk B) was
stored at 5°C (m) or 20°C (®@).

reaction mixture, and the absorbance difference (0.45) was
regarded as the upper limit of the linear range in the assay
solution. The absorbance which the reaction mixture contain-
ing 40 x1 of milk sample and 60 x!1 of XTT solution showed
after a reaction time of 20 min was approximately 0.4, while
the reaction mixture containing a greater volume of milk
showed more than 0.45 (Fig. 1). In addition, the milk sample
used here (Milk B) had a relatively higher extent of UHT
treatment and thus the absorbance difference which the
sample showed could be regarded as the maximum value.
From these results, we selected the combination of 40 g1 of
milk sample and 60 4l of XTT solution as the optimum
conditions.

Using these conditions, the effects of the concentration of
XTT and menadione and the reaction pH on the absorbance
difference were examined. The results were almost the same as
those in our previous paper (Ukeda er al, 1995) in spite of
using a different ratio of XTT and sample solution and a
different detection system. Hence the identical conditions
were selected as the XTT (0.5 mM) and menadione (the
saturation level, about 0.55 mM) concentration and the pH
(pH 7).

Next the optimized microtiter plate assay was applied to
two kinds of UHT-treated milk (Fig. 3). The extent of the
UHT treatment is more severe in Milk B than in Milk A.
Support for this was furnished by the HMF value of the milks
(Milk A, 895 uM; Milk B, 12.6 M) (Kessler & Fink, 1986).
Each 4A obtained as the average of four lots showed a
statistically significant difference between them at the 0.5%
level. Similarly, the XTT assay was applied to a pasteurized
milk (Milk C) (Fig. 3). The pasteurized milk sample also
showed reducibility, although the value was smaller than that
of UHT-treated milk. These results are in accord with our
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previous results obtained by the batch method (Ukeda et al,
1995). The relative standard deviation (rsd) of the present
microtiter plate assay was better than 6% (n=10) with
satisfactory reproducibility. However, the reproducibility was
slightly inferior to that of our previous batch method (rsd=
3.9%). This may be due to imperfect mixing of milk with XTT
solution in a well with such a small volume.

Figure 4 shows the change in the XTT reducibility of Milk
B during storage. The ability decreased with storage time and
temperature, consistent with the results obtained by our
previous batch method (Ukeda er al, 1995). Hence, the
present microtiter plate assay is also applicable to estimation
of the storage period after heat treatment if the storage
temperature is known or vice versa.

Conclusions

The present XTT assay is much easier and faster than the
conventional methods of estimating the extent of the Maillard
reaction such as the HMF and lactulose determinations. The
use of a microtiter plate in the XTT reduction assay is
especially advantageous because the consumption of the
expensive reagent XTT is much less than that in the previ-
ously reported batch method (Ukeda et al, 1995). In
addition, a higher sampling frequency is achieved. Therefore,
the present method is more practical for quality control in the
dairy industry.
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