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Abstract. The changes in quality of recombined ultra high temperature (RUHT) milk processed by indi-
rect (R, UHT and R,UHT) and direct (R,UHT) systems were investigated during storage at 20° and 35°C.
The changes in acidity, pH, fat separation, proteolysis, lipolysis (ADV), viscosity, sedimentation, milk
reducing substances (MRS) and sensory characteristics were followed. All RUHT milk samples showed
significant changes in most characteristics studied. The extent of changes increased with storage time and
temperature. The rates of changes in acidity (T.A) and pH were similar. R,UHT and R,UHT milks
showed lower fat separation which was probably due to higher homogenization efficiency and the quantity
of the added stabilizer-emulsifier. The rate of changes in MRS, ADV and viscosity was lower in R,UHT
milk. However, sedimentation and proteolysis were lower in R, UHT and R,UHT milks (indirect pro-
cess). In general, the differences in acceptability might be attributed to the extent of lipolysis and Maillard
reaction in R, UHT and R,UHT milks. The results showed a gradual deterioration of the quality of RUHT
milk on storage at high temperature. Therefore, RUHT milk should be stored in air-conditioned storage
during the hot months of summer.

Introduction

The dairy industry in Saudi Arabia has expanded significantly in the last fifteen years.
Among the problems facing the dairy industry is their location in the far away regions
from the dairy centers, whichincreased the transportation and refrigeration cost. The
retailing regulations specify five days for pastcurized milk which results in significant
amnounts of returned milk. Available solution to these problems is the production of
ultra high temperature treated (UHT) milk which offers a very flexible outlet for con-
trolling these problems. UHT milk in Saudi Arabia is made from fresh, but mainly
from recombined milk. The major problems facing UHT milk production and distri-
bution are the changes in quality during storage.
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The properties of UHT milk when it reaches the consumers are influenced by the
effect of temperature. The characteristic of UHT milk that is most susceptable to
change during storage is its flavor [1-3]. The effects may reduce the acceptability of
the product. Two major defects associated with UHT milk are: cooked flavor fol-
lowed by the development of the other flavor defects, and destabilization of milk pro-
tein resulting in gellation or the formation of fine precipitates [4].

The objectives of this study were to evaluate the quality of recombined ultra high
temperature treated milk (RUHT) produced in Saudi Arabia and to follow the
changes which result in quality deterioration during storage.

Materials and Methods

Milk samples

Samples (one liter brick packs) of RUHT milk were collected from three com-
mercial plants on three occasions at one month intervals. The samples were taken
within one week of prodcution and then stored at 20 or 35°C., Sensory, chemical and
physical analyses were performed after 0, 5, 10, 15, 20 and 25 weeks of storage.

UHT milk processing
Plant No.1 (R, UHT)

R, UHT milk was made by reconstituting a mixture of 86% low heat skim milk
powder (49.6% lactose, 37.8% protein, 7.8% minerals, 3.8% moisture and 0.8% fat)
and 14% buttermilk powder (45% lactose, 34.1% protein, 10.7% fat, 7.1% minerals
and 3.8% moisture). Stabilizer-emulsifier, Recodan RS (mono-and diglycerides,
sodium alginate, carrogeenon and guar gum, grindsted products A/S, Brabrand,
Denmark) was added to the water (0.15% of total volume). Reconstituted milk was
mixed with 3.0% melted fresh frozen milk fat (FFMF), homogenized (200 bars) and
pasteurized at 73°C for 15 sec. It was then stored at 7°C until further processing. The
recombined milk was treated in Steritherm (Alfa-laval, Turmba, Sweden), an indi-
rect heating system at 137°C for 4 sec and homogenized after cooling to 76°C using a
two stage (200 and 50 bars) aseptic homogenizer. RUHT milk was packaged asepti-
cally immediatly after cooling to 30-32°C.

Plant No.2 (R2 UHT)

R,UHT milk was made by reconstituting low heat skim milk powder (50.0% lac-
tose, 37.2% protein, 8.0% minerals, 3.8% moisture and 1.0% fat). at 35°C. Melted
FFMF was mixed with the milk at 65°C. Then the milk was homogenized at 200 bars
and pasteurized at 72°C for 15 sec. The pasteurized milk was kept at 6-7°C overnight
(10-16 hr). Stabilizer - emulsifier, Recodan RS was mixed with the fat (0.2% of the
total volume of milk). The recombined milk was treated in Sterithern (Alfa - laval,
Tumba, Sweden), an indirect heating system at 137°C for 3 sec. Homogenization was
carried out after cooling at 70°C via single stage at 150 bars using aseptic
homogenizer. RUHT milk was packaged aseptically after cooling to 30°C.
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Plant No.3 (R, UHT)

R, UHT milk was made by reconstituting medium heat skim milk powder
(49.8% lactose, 37.6% protein, 7.9% minerals, 3.7% moisture and 1.0% fat) at 30-
35°C. Melted FFMF (3%) with added stabilizer emulsifier (0.15), Recondan RS was
mixed with reconstituted milk at 65°C. The recombined milk was then homogenized
at 150 bars and pasteurized at 72°C for 15 sec. Then it was kept at 5°C overnight. UHT
treatment was carried out in a direct heating system at 140°C for 4 sec. The milk was
homogenized after cooling to 75°C at 200 bars via a single stage aseptic homogenizer.
RUHT milk was packaged aseptically after cooling to 30-32°C.

Sensory evaluation

Milk samples were evaluated by five trained panelists. The color, flavor and
overall acceptability of the samples were assigned a score on a descending nine points
scale [S, p. 56], a score of 9 indicating the highest possible quality.

Physico-chemical properties

Milk fat (Gerber), protein (Kjeldahl), ash, moisture, pH and titratable acidity
were determined according to the Standard Methods for the Examination of Dairy
products [6, p. 329]. Lactose content in UHT milk samples was calculated from pro-
tein content in the samples using the ratio of protein to lactose in milk powder.

Homogenization efficiency

The homogenization pipet method (Schaap, J.G., Netherlands Institute of
Dairy Research, The Netherlands, personal comunication) was used. Twenty five ml
of milk was centrifuged in specially designed pipet at 40°C and 1200 rpm for 30 min
in a Gerber centerifuge. Homogenization efficiency was calculated as the percentage
of fat content in the lower 20 m! to the original fat content of milk.

Fat separation

To evaluate fat separation in milk samples, the fat separated from the lower por-
tion (500 ml) of 1 liter packages was calculated as a percentage of the original fat con-
tent.

Proteolysis

Proteolysis in milk samples was determined by two methods. Tyrosine value (mg
tyrosine/100 ml of milk) was measured according to Hull method, as modified by Citti
et al. [7], and free amino groups (FAG) were measured by trinitro benzene sulphonic
acid method according to McKellar [8].

Lipolysis
Lipolysis was determined by acid degree value, ADV [6, p. 327].
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Browning reaction

Extent of Maillard browning in milk samples was measured indirectly by the
change in milk reducing substances (MRS) and was reported as absorbance by fer-
rocyanide produced from the reduction reaction of ferricyanide by the milk reducing
substances according to the method of Abu-Lehia [9].

Viscosity

Viscosity of milk samples was determined using a Brookfield viscometer
(Brookfield Engineering lab. Inc., Storughton, MA, USA), model LVT using spen-
dil ULA and adaptor UL at 60 rpm for 30 sec. at 20°C.

Sedimentation

After emptying the milk packages, the amount of sediment was evaluated
descriptively on a scale from 1 (low) to 5 (high).

Statistical analysis

The values reported in the results are the averages of the values for the three
samples per treatment. Analysis of variance (ANOVA), Duncan’s multiple range
test and the least significant difference (LSD) were done using the statistical analysis
system (SAS) [10].

Results and Discussion
Recombined UHT milk composition

Table 1 shows the composition of RUHT milk. The total solids (TS) content
were 11.01%, 11.15% and 11.37% for R1TUHT, R2UHT and R3UHT milks, respec-
tively. It was noticable that fat and SNF contents were significantly (P. 0.05) different
for all three milk samples. Low fat and SNF in recombined milk products in Saudi
Arabia have been reported [11]. In additioin, all reported measures (Table 1). Con-
formed to the minimum requirements set by the Saudi Arabian Standards Organiza-
tion (SASO) for UHT milk [12].

Tablel. Composition of recombined ultra-high temperature treated (UHT) milk

Plant Water % Fat % Protein % Lactose % Ash %
R,UHT 89.06a 3.13b 3.38a 4.44ab 0.68b
(+0.05)* (+0.05) (0.05) (+0.07) (+0.06)
R,UHT 88.27¢ 3.20a 3.25b 4.36b 0.72a
(+0.38) (+0.08) (+0.08) (+0.11) (+0.03)
R,UHT 88.40b 3.13b 3.44a 4.56a 0.73a
(+0.10) (+0.05) (0.11) (+0.14) (+0.02)

Means in columns not followed by the same letter differ significantly (P < 0.05).
* Standard deviation
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Titratable acidity and pH

There were significant differences (P<0.001) in acidity (T.A) between all milk
samples (Table 2). The rate of increase in the acidity of the samples stored at 35°C was
higher than that at 25°C (Fig. 1). R,UHT milk showed the highest increased in T.A.
at both temperatures and after all weeks of storage. In general the pH of all three milk
sarmples decreased significantly after 5 weeks of storage at 2°C and 35°C.
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Fig. 1. Titratable acidity of recombined UHT (RUHT) milk during storage. RlUHT milk stored at
20°C [Jor 35°C B. R,UHT milk stored at 20°C A or 35°C A. R,UHT milk stored at 200CO
or35°C @.
Table 2. Level of significance of the differences in quality parameters between Ultra high temperature
treated (UHT) milk samples during storage.

0.14

Sources

Quality
parameter Plant Samples Storagetemp Storage time LSD**
Titratable acidity 3 2 3 3 0.163
pH 3 3 3 3 0.048
Proteolysis

Hull 2 2 3 3 0.122

TNBS 3 3 3 3 G.141
Milk reducing

substances 3 3 3 3 0.147
ADV 3 NS 3 3 0.255
Viscosity 3 2 3 3 0.006
Fat separation 3 3 3 3 6.48
Sedimentation 3 NS 3 3 0.531
Color NS 3 3 3 0.402
Flavor - NS 3 3 3 0.414
Acceptability 3 3 3 3 0.415
* 1=P<0.05 3=P<0.001 2=P<0.01

** 1 east significant difference.
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As shown in Fig. 2, the higher the storage temperature, the greater the fall in pH
from the values of 6.80, 6.73 and 6.80 at the beginning of storage to pH values 0of 6.51,
6.44 and 6.49 for R;UHT, R,UHT and R,UHT milks, respectively. Andrew et al.
[13] reported similar effects and suggested that the decrease in pH was due to the loss
of positive charges on the protein molecule caused by the reaction of free E-NH
groups of lysine with lactose in Mailard-type reactions which were more likely to
occur at higher temperature. Maniji et al. [14] found that both direct and indirect pro-
cessed milks caused change in pH during storage at high temperatures.
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Fig. 2. pH of recombined (RUHT) milk during storage. R, UHT milk stored at 20°C [ ] or 35°C B.
R,UHT milk stored at 20°C A or 35°C A. R,UHT milk stored at 20°C O or 35°C @.

Fat separation

Fat separation was zero at the beginning of storage in R,UHT and R,UHT
milks, but it was 2.42% in R,UHT (Fig. 3). It was obvious that fat separation
increased significantly (P<0.001) with time and temperature in all milk samples
(Table 2). The homogenization efficiency were 93.3, 95.3 and 93.4 for R,UHT,
R,UHT and R,UHT milks respectively. Efficient homogenization decreased fat sep-
aration which occurred in UHT milk on prolonged storage [15]. In addition to UHT
processing, the only differences were in homogenization process and quantity of
stabilizer-emulsifier added to UHT milk which resulted in different homogenization
efficiency and fat separation.

As shown in Fig. 3, on prolonged storage R,UHT milk possessed the lowest fat
separation and this might be due to the homogenization treatment (two stage, 200-50
bars) at the end of the processing sequence. Similar homogenization treatment was
used for R,UHT and R;UHT milks, but R;UHT milk showed higher fat separation
and this might be ascribed to the lower percentage of stabilizer-emulsifier which
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Fig. 3. Fat separation in recombined UHT (RUHT) milk during storage. R, UHT milk stored at
20°C [Jor 35°C . R,UHT milk stored at 20°C A or 35°C A. R,UHT milk stored at 20°CQ
or35°C @. ‘ ‘

retard fat separation. According to Kohlman et al. [16] fat separation was increased
in UHT milk with added plasmin (0.15mg/1) and was due to high proteolysis com-
pared to UHT milk with no detectable proteolysis.

Proteolysis

There were significant differences in the levels of proteolysis as measured by
Hull and TNBS method. In the Hull methods tyrosine and tryptophan were mca-
sured but other phenols and reducing compounds present in milk also react with the
Folin-phenol reagent [17, 18]. As shown in Tables 3 and 4, the Hull method gave
higher values for proteolysis. The TNBS method measures free amino groups (FAG)
[19], it gave lower values for proteolysis (Table 4) because some of the amino groups
interact with lactose in the browning reaction [20].

The effect of storage time and temperature on the extent of proteolysis of the
indirectly (R,UHT and R,UHT) and directly (R,UHT) processed milks are shown in
Tables 3 and 4. The rate of proteolysis in all RUHT milk samples increased signifi-
cantly when stored at 25°C and 35°C. However, proteolysis was gater in the R;UHT
milk with relatively more proteolysis occurring at 35°C. The rate of proleolysis in
R,UHT milk was higher due to the direct heating which gave a much more rapid rate
of heating that was available with any indirect system [21]. The effect of time and tem-
perature on the extent of proteolysis was in agreement with that found by Manji et al.
[14] who found that level of plasmin was higher in UHT milk processed by direct heat-
ing. Shahin and Fahmy [22] observed significant increase in proteolysis in RUHT
milk during storage. Proteolysis occurred in RUHT milk because proteases in milk
powder might not be completely inactivated duting processing [22] and proteases in
UHT milk were not fully inactivated by UHT treatment [23, 8].
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Browning reaction

Maillard reaction is a complex series of reactions in which a condensation reac-
tion first occurs between the carbonyl group of lactose and E-amino group of lysine
then lead to the production of brown color of heated milk. In addition, it is well
documented that the Maillard reaction occurs during processing and storage of milk
powder [21], thus it was expected that RUHT would show high browning reaction.
The MRS in R,UHT and R,UHT milks were higher than in R;UHT milk (Fig. 4).
MRS increased significantly with time and temperature of storage, however, the rate
of increase was lower in R;UHT milk. The differences between the samples might be
ascribed to heating system. The direct heating gave much less chemical changes [21].
Malatji [14] found an increase in the concentration of hydroxymethyl furfural (HMF)
in UHT milk stored at 30° or 40°C. During storage of UHT milk the Maillard reaction

would proceed to an appreciable extent only when the storage temperature was
above 20°C [20].
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Fig. 4. Milk reducing substances (Measured as absorbance) in recombined UHT (RUHT) milk during
storage. R UHT milk stored at 20°C [Jor 35°C . R,UHT milk stored at 20°C A or35°C A.
R,UHT milk stored at 20°CQor35°C@.

Acid degree value (ADV)

When lipolytic activity occurs during storage of UHT milk the content of free
fatty acids (FFA) increases inducing the development of flavors [20]. ADV of
R,UHT and R,UHT milk samples were higher than that of R;UHT milk and
remained higher through storage (Fig. 5). The rate of ADV of all milk samples
increased significantly with time and temperature of storage (Table 2). The increase
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was more rapid at high (35°C) storage temperature than at low (20°C). The increase
in the ADV of RUHT milk samples during storage were similar to that found by Ear-
ley and Hansen [1] for samples stored at 24°C or 40°C. However, Renner [20] Shahin
and Fahmy [22] found high rate of lipolysis in RUHT milk, stored at 20°C or above.
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Fig. 5. Acid degree value (ADV) in recombined (RUHT) milk during storage. RIUHT milk stored at
20°3C5 % :‘ 35°C M. R,UHT milk stored at 20°C A or 35°C A. R,UHT milk stored at 20°C O
or .

Apparent viscosity

The changes in apparent viscosity of RUHT milks are shown in Fig. 6. The initial
viscosity of R,UHT, R,UHT milks were 2.52,2.38 and 2.31 m Pa.s, respectively. The
viscosity of all milk samples increased with time and at all temperatures. However,
the increase was higher at high temperature (35°C). The increase in viscosity of UHT
milk at high temperatures could be attributed to the effect of the increased Maillard
reaction at high temperature [24] or to the proteolytic activity [16]. As shown in Fig.
4 the MRS in R,UHT milks were higher than R,UHT. Gellation was not observed
and the highest viscosity (2.88 mPa.s) was for R,UHT milk stored at 35°C for 20
weeks. This might be attributed to the high intial apparent viscosity of R;UHT milk
and to the raw materials used in the manufacture of R, UHT milk. The effect of heat
on milk during drying and the changes during storage might increase the inherent vis-
cosity of reconstituted powder [20].

Sedimentation

The quantities of sediment obtained were very low in all milk san'll.)les. The tem-
perature and time of storage affect the process of sedimentation significantly (Table
2). On a S point scale the sedimentation levels were 1.33, 1.00 and 2.00 tor R,UHT,
R,UHT, and R,UHT milks, respectively after 20 weeks of storage. Greater sediment
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Fig. 6. Viscosity of recombined (RUHT) milk during storage. R,UHT milk stored at 20°C or
35°C M. R,UHT milk stored at 20°C A or35°C A. R, UHT milk stored at 20°C Oor 35°C @.

occurred in milk stored at 35°C than at 20°C. The observed sedimentation was higher
with direct process which was in agreement with Ramsey and Swartzel [25] who found
more sediment after direct processing. Sediment would be less after an indirect pro-
cess than after a direct process, because of the differences in the amount of fouling
material retained in the plant [21].

Sensory evaluation

The shelf life of UHT milk is limited to the period in which it is of acceptable
quality. It is well known that milk becomes browner with increased severity of heat-
ing. The results (Fig. 7) show that the organoleptic quality of all RUHT milk samples
decreased with storage time and temperature. At the beginning of storage, R;UHT
milk showed a lighter color and better flavor and was more acceptable than R,UHT
and R,UHT milks. RUHT milks remained of acceptable quality during storage for 5
and 10 weeks at 35° and 20°C, respectively.

Cooked flavor is one of the characteristic of UHT milk. The rate of change in
flavor are influenced by many variables, including properties of the milk, intensity of
heat treatment, type of processing equipment and time and temperature of storage
[15]. The differences in acceptability between RUHT milk samples might be ascribed
to a higher concentration of lipolysis and Maillard reaction products in R,UHT and
R, UHT milks. Increased levels of Maillard reaction products might cause undesira-
ble flavor [20].
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Fig. 7. Acceptability of recombined UHT (RUHT) milk during storage. R, UHT milk stored at 20°C O
or 35°C M. R, UHT milk stored at 20°C A or 35°C A. R,UHT milk stored at 20°C O or 35°C @.

In general, all milk samples showed significant changes in chemical, physical and
sensory characteristics during storage. However, these changes were more pro-
nounced at 35°C than at 20°C. All RUHT milk samples had high level of ADV, MRS
and proteolysis. R,UHT milk (direct process) had the lowest ADV, MRS and higher
acceptability than R,UHT and R,UHT milks (indirect process).

To decrease fat separation in RUHT milk, homogenization efficiency should be
improved and stabilizer-emulsifier should be added to reduce fat separation. During
summer months, the decrease in quality of RUHT milk can be overcome by storing
RUHT milk in air-conditioned stores. More research is needed to improve the qual-
ity of RUHT milk stored at high ambient temperature.
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