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COLOR CHANGES OF MILK POWDER DUE TO HEAT TREATMENTS AND SEASON OF
MANUFACTURE

Abstract
In the present work, the changes of color in whole milk powder (WMP) were evaluated in relation to the milking

season and the thermal treatment applied to the milk before dry step. The WMP obtained under indirect thermal treatment
conditions (IHT: 90-93 °C; 180 s) showed significant lower values of L*, reflectance measured at 450 nm and index of
protein than WMP elaborated with direct thermal treatment (DHT: 105 °C; 30 s) (p<0.05). An opposite behavior showed the
component b* and hidroximetilfurfural. WMP produced in summer revealed the lowest levels of L* in contrast with WMP
from autumn and winter (p<0.05). In general, The WMP elaborated in spring and summer showed higher levels of b* for
both thermal treatments.

Resumen
En el presente trabajo se evaluaron los cambios de color en leche entera en polvo (LEP) debido a la estación de

elaboración y al tratamiento térmico aplicado a la leche cruda antes del secado. La LEP elaborada aplicando tratamiento
térmico indirecto (TTI: 90-93 °C; 180 s) mostró menoresvalores de L* y reflectancia medida a 450 nm que los valores de LEP
elaborada con tratamiento térmico directo (TTD: 105 °C; 30 s) (p<0,05). Un comportamiento opuesto mostró la componente
b*. Además, la LEP producida bajo TTI evidenció valores de índice de proteína de suero significativamente menores y
valores de hidroximetilfurfural significativamente mayores comparados a los valores encontrados para las leches en polvo
elaboradas bajo TTD. Las leches en polvo elaboradas en verano presentaron niveles más bajos de L* en contraste con las
elaboradas en otoño e invierno (p<0,05) . En el caso de las leches producidas en primavera y verano, en general se observaron
niveles más altos de b* para ambos tratamientos térmicos.
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INTRODUCTION

Color, an aspect of the appearance of food, is one
of the attributes that affect the consumer perception of
quality. The color in foods is the result of colored natural
products associated with raw material and/or colored
compounds generated as a result of processing (Morales
and van Boekel, 1998).

The development of color in foods is an obvious
feature of the extent of the advance of Maillard reaction
(Nursten, 1986). Maillard reaction is a complex network of
chemical reactions between reducing sugars and proteins
or amino acids. Depending on the type of food and the
extent of the reaction, a wide range of color can be

developed from pale yellow to dark brown. Many factors
influence the extent of the Maillard reaction, such as
temperature, water activity, pH, moisture content, and
chemical composition of food systems (Morales and van
Boekel, 1998).

Dairy powders are sensitive to the Maillard reaction
as they contain high concentration of lactose and proteins
with high lysine level (Palombo et al., 1984). In addition,
relatively high temperature and water content during
processing and prolonged storage are the major factors
involved in the high susceptibility of dehydrated dairy
products, as they are favorable conditions for the Maillard
reaction (Labuza, 1972). During the manufacture process
of milk powder, the heat treatment applied prior to the
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concentration is very important because many of the
physical, chemical and functional properties of the powder
for particular end-uses are determined by the processing
conditions used. Many physical and chemical reactions
occur at this stage (Singh and Newstead, 1998). For
example, lactose can interact with many components of
milk during heat treatments, and most of the changes
associated with lactose involve the Maillard reaction.

Methods which have been employed to determine
browning reactions include chemical analyses and optical
measurements, as well as visual examination (Morales and
van Boekel, 1998). Traditionally, quality control of milk
depends upon sensory evaluation (Badings and Neeter,
1980). However, this methodology is time-consuming and
has limitations related to human susceptibility and
variability, both within and among subjects (Pearce and
Gardner, 1998). Triestimulus color measurement to measure
color changes in dairy products have been employed by
Rhim et al. (1988); Pagliarini et al. (1990); Nielsen et al.
(1997a, b); Morales and van Boekel (1998); Rankin and
Brewer (1998); Owens et al. (2001).

The aims of the present study were to evaluate (1)
the effect of heat treatment applied to milk before drying
and (2) the influence of the milking season on the color of
whole milk powder (WMP).

MATERIALS AND METHODS

Milk samples
Fresh raw milk was collected over a period of a year,

3 batches in autumn (March, April and May), 6 in winter
(June, July and August), 5 in spring (September, October
and November) and 5 in summer (December, January and
February) from the Central Dairy Area of Argentina. Special
care was taken during powder manufacture to keep at
minimum the variations throughout the industrial process.
The spray-dried whole milk was manufactured from
standardized raw milk, with a fat to non-fat solids of 0.375,
being the heat treatments used of  90-93 °C during 180 s
(indirect process) and 105 °C during 30 s (direct process).
After treatment, the samples were taken to the laboratory
and stored at –20 ± 1 ºC until analysis.

Several measurements were carried out in order to
characterize the whole milk powder. Sensory analysis was
carried out by trained panelist using a quantitative
descriptive analysis method. The set of descriptors
comprised terms related to flavor and odor characteristics,
no color attributes were evaluated by the judges.

Color analysis
The evaluation of the color of WMP was carried

out using a reflectance spectrophotometer (BYK Gadner
Color View model 9000) according to CIE Lab scale. An
aliquot of 25 g of WMP was filled into a standardized glass

cell (BYK Gardner). For each sample, L* (brightness), a*(–
green to + red component) and b* (–blue to + yellow
component) parameters and the reflectance at 450 nm were
measured. The instrumental settings were large port area
(5 cm diameter), D65-artifitial daylight (10° standard angle).
Each reported color value was the mean of four
consecutive determinations at 25 °C.

Chemical analysis
Free HMF determinations were performed as

described by Keeney and Bassette (1959).
Whey Protein denaturalization determinations were

performed as described by Sorensen et al. (1978). WPNI
measures the proportion of undenatured native whey
protein remaining after heat treatment. It has influence on
several properties i.e. flavor, sediment, among others
(Celestino et al., 1997a).

Statistical analysis
Differences in color parameters and chemical

variables between WMP manufactured as affected by
different heat treatment before drying and from raw milk
from different seasons were examined applying a fixed
effects model by means of the General Linear Model (PROC
GLM) procedure of SAS® (SAS, 2002). Models were as
follows. For color parameters and chemical variables of
WMP: Yijk= µ + αi + βj + (α*β)ij + εijk where: Yijk is the
dependent variable; µ is an overall mean response, αi is
the effect of heat treatment, βj is the effect of season,
(α*β)ij is the interaction between i effect of heat treatment
and j effect of season, and εijk is the residual error with zero
mean and variance σ2. For whey protein content of raw
milk: Yi= µ + αi + εj where: Yi is the dependent variable; µ is
an overall mean response, αi is the effect of season and εj
is the residual error with zero mean and variance σ2 (Weber
and Skillings, 2000).

RESULTS AND DISCUSSION

The effect of heat treatment before drying and the
milking season on color, WPNI and HMF of whole milk
powder was examined. Color of WMP was analyzed in
terms of chromatic parameters and reflectance measured
at 450 nm (R450).

As shown in Table 1, WMP manufactured under
indirect heat treatment (IHT: 90-93 °C; 180 s) showed lower
L* and R450 values (p<0.0001) compared to WMP produced
using direct heat treatment (DHT: 105 °C; 30 s). Lightness
(L*) describes the light-reflecting or transmitting capacity
of an object. Lower L* values (darker samples) could be
the result of the formation of brown pigments in the sugar-
protein mixture due to Maillard reactions (Morales and van
Boekel, 1998).
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Table 1. Color parameters of whole milk powder processed under different heat treatments, applied before raw milk drying, and obtained in
different seasons. Means with lower-case and upper-case letters indicate significant difference (p<0.05) related to comparisons of the effect of
heat treatment (HT) and season (S) respectively. Means with letters in parenthesis indicate significant difference (p<0.05) related to comparisons
of the interaction HT*S. ****p<0.0001, ***p<0.001, **p<0.01, *p<0.05, NS: no significant.

Tabla 1. Parámetros de color de leche entera en polvo procesada aplicando diferentes tratamientos térmicos, antes del secado de la leche cruda,
y obtenidas en diferentes estaciones del año. Promedios con letras minúsculas y letras mayúsculas indican diferencias significativas (p<0,05)
relacionadas a la comparación del efecto del tratamiento térmico (HT) y estación (S), respectivamente. Promedios con letras entre paréntesis
indican diferencias significativas (p<0,05) relacionadas a la comparación de la interacción HT*S. ****p<0,0001, ***p<0,001, **p<0,01,
*p<0,05, NS: no significativo.

This result is consistent with reflectance
measurements. Reflectance (R) is the amount of the light
that is reflected by a surface (Guirao, 1980) and can be
used to indicate the concentration of brown pigments
(Stamp and Labuza, 1983). Kwok et al. (1999) suggested
that the logarithm of the reciprocal reflectance measured
at 450 nm related to brown pigment levels in heated
soymilk. These authors found that the logarithm of 1/R
increased linearly with the heating time.

A different behavior was shown by b* parameter,
for this variable the interaction between heat treatment and
milking season was significant (p<0.05). Even tough, the
trend observed was that DHT samples presented lower b*

values. Therefore in this study, the IHT applied contributed
to greater color changes as a consequence of a more
extensive browning reaction due to the combined action
of temperature and time. As reported by Celestino et al.
(1997b) when the indirect method of heat treatment is
applied, greater heat dose is imparted to the milk resulting
in comparatively longer equivalent holding periods and
as a consequence in higher browning.

Hydroxymethylfurfural is one of the intermediaries
of the Maillard reaction and is frequently used as a heat-
damage indicator (Burton, 1984; Pellegrino et al., 1995;

Ferrer, et al., 1999). It is considered as a useful indicator to
discriminate among thermal processes (pasteurization,
UHT, sterilization, etc.) employed in milk processing (Ferrer
et al., 1999). Table 2 shows the free HMF values obtained
in the present study. WMP manufactured under DHT had
significantly (p<0.05) lower free HMF values compared to
those processed with IHT. This result would indicate that
DHT resulted less severe than IHT, in accordance to the
differences observed for the color parameters.

Other parameter that could be used to explain the
severity of the heat treatment is the whey protein nitrogen
index (WPNI). The American Dry Milk Institute (ADMI,
1971) uses the content of WPNI (method of Harland and
Ashworth, 1947; cited by Singh and Newstead, 1998;
Celestino et al., 1997a) to classify milk powders as a
function of heat treatments. On the basis of this method,
the milk powders can be classified into low, medium, and
high heat types. In this assay, the WMP manufactured
under DHT showed significantly higher WPNI values
compared to those processed under IHT conditions (Table
2). Both treatments can be classified into high heat types
considering the WPNI values measured.

In relation to season effect, Table 1 shows that the
WMP obtained in summer revealed the lowest L* values

SOMENTA ©2007                                                                                       Grigioni et al.: Color changes of milk powder due to...

Heat treatment (HT) Significance of ANOVA 
 Season 

(S) Indirect 

90-93 °C – 180 s 
Direct 

105 °C – 30 s Model HT S HT*S 

L* 
 

Autumn 
Winter 
Spring 

Summer 

92.63 ± 0.44bA 
93.09 ± 0.17bA 

92.56 ± 0.35bAB 
92.19 ± 0.32bB 

93.38 ± 0.08aA 
93.19 ± 0.30aA 

93.22 ± 0.18aAB 
92.90 ± 0.48aB 

**** **** *** NS 

b* Autumn 
Winter 
Spring 

Summer 

19.61 ± 0.57(abc) 
20.30 ± 0.66(bc) 
21.11 ± 0.61(c) 
20.37 ± 0.58(b) 

18.62 ± 0.42(ad) 
18.55 ± 0.54(a) 
19.12 ± 0.66(ab) 
20.05 ± 0.92(bcd) 

**** **** ** * 

a* Autumn 
Winter 
Spring 

Summer 

-0.48 ± 0.11AC 
-0.53 ± 0.13BC 
-0.65 ± 0.20BC 
-0.74 ± 0.10A 

-0.73 ± 0.10AC 
-0.65 ± 0.17BC 
-0.50 ± 0.19BC 
-0.85 ± 0.16A 

**** NS ** NS 

R450 Autumn 
Winter 
Spring 

Summer 

56.09 ± 1.65b 
57.15 ± 0.98b 
57.24 ± 2.74b 
57.36 ± 1.73b 

59.71 ± 0.55a 
59.54 ± 1.12a 
58.99 ± 1.10a 
58.42 ± 1.66a 

**** **** NS NS 



Raw material and processing conditions are
important factors that affect the color of food. Carotenoids
are plant pigments that are not synthesized by animals but
they can be found in the animal tissues. They are
responsible for the yellow color in sheep’s milk fat and
cow´s milk and cheese (Kirton et al., 1975; Knight and
Death, 1999; Coulon and Priolo, 2002). Priolo et al., (2003)
showed that ewe milk from grass-fed animals was brighter
in color compared to milk from total mixed ration-fed
animals (L*: 76.42 versus 72.80; p<0.01) and had a higher
b* value indicating yellow color (b*: 5.13 versus 2.70;
p<0.01). In the present study the WMP manufactured with
raw milk from spring and summer, in general, showed the
lowest L* values and the highest b * values. These results,
according to Priolo et al., (2003), could be the result of the
feeding systems employed in the Central Dairy Area of
Argentina. In autumn and winter, feeding systems are
based on silage, grains and alfalfa (Medicago sativa L.)
hay. In spring and summer, alfalfa pasture is introduced as
ad-libitum feeding, while silage, grain and hay are
suddenly reduced from diet. Consequently, the seasonal
behavior observed in the color parameters could be
associated to the differences between carotene levels
found in the raw milk from different seasons

In conclusion, the differences found in the color of
WMP could be associated to the feeding systems
employed among milking season and the processing
conditions. These factors could promote differences in the
amount of natural pigments in raw milk and in the
generation of colored compounds. Taking into account that
WMP is the most important dairy product exported from
Argentina, further investigations should be performed
related to consumer acceptance in destination markets.
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(p<0.001) in contrast to those manufactured in autumn
and winter. WMP produced in spring and summer showed,
in general, higher b* values for both heat treatments.
Besides, for a* component, the highest values were
observed in WMP manufactured in summer.

Different authors proposed that the difference of
color ∆E*, determined by the equation ∆E*2 = ∆L*2 + ∆a*2

+ ∆b* 2, could be considered as an indicator of the
development of browning color. Pagliarini et al. (1990)
demonstrated that ∆E* is a sensitive heat-damage index
and that the visual perception threshold of browning
corresponded to a value of 3.8 of ∆E*. This value is lower
than that reported by Kessler and Fink (1986), these
authors considered a value of 5 as a threshold level when
they compared sensory and instrumental data. In the
present study, ∆E* was calculated comparing thermal
treatment and, in all cases, the obtained values were less
than 2. Taking into account the ∆E* values cited above it
could be assumed that browning effect would not be visual
perceived.

The seasonal behavior observed for the L* and b*

parameters in the WMP studied could be explained by the
chemical compositional of the raw milk. The whey protein
content was measured in raw milk for each milking season
and both heat treatments. The results, expressed in g/100
ml, were in autumn 0.61 ± 0.02, winter 0.58 ± 0.04, spring
0.63 ± 0.02, and summer 0.69 ± 0.02. The ANOVA showed
that the effect of season was significant (p<0.05), being
the values obtained in summer higher than those measured
in the other seasons. Thus, the higher whey protein level
in the raw milk from summer could explain the lower L*

values and higher b * values observed in the WMP of this
season.
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Table 2. Chemical variables of whole milk powder processed under different heat treatments, applied before raw milk drying, and obtained in
different seasons. Means with lower-case and upper-case letters indicate significant difference p<0.05) related to comparisons of the effect of
heat treatment (HT) and season (S) respectively. ****p<0.0001, ***p<0.001, **p<0.01, *p<0.05, NS: no significant.

Tabla 2. Variables químicas de leche entera en polvo procesada aplicando diferentes tratamientos térmicos, antes del secado de la leche cruda, y
obtenidas en diferentes estaciones del año. Promedios con letras minúsculas y letras mayúsculas indican diferencias significativas (p<0,05)
relacionadas a la comparación del efecto del tratamiento térmico (HT) y estación (S), respectivamente. ****p<0,0001, ***p<0,001, **p<0,01,
*p<0,05, NS: no significativo.

Heat treatment (HT) Significance of ANOVA 

 
Season 
(S) 

Indirect 
90-93 °C – 180 s 

Direct 

105 °C – 30 s Model HT S HT*S 

WPNI 
(mg/g) 

Autumn 
Winter 
Spring 

Summer 

0.25 ± 0.10bC 
0.52 ± 0.23bBC 
0.80 ± 0.14bA 
0.69 ± 0.29bAB 

0.96 ± 0.17aC 
1.01 ± 0.23aBC 
1.32 ± 0.20aA 
1.36 ± 0.35aAB 

**** **** ** NS 

Free 
HMF 
(µM) 

Autumn 
Winter 
Spring 

Summer 

0.44 ± 0.05aB 
0.31 ± 0.05aC 
0.70 ± 0.06aA 
0.84 ± 0.07aA 

0.48 ± 0.08bB 
0.25 ± 0.08bC 
0.63 ± 0.07bA 
0.69 ± 0.12bA 

**** * **** NS 
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