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ABSTRACT
The hypothesis of the present study was that the Ultra-high temperature (UHT)
processing of fluid milk-fortified with Zn, Fe or Mg individually might change the
perception of milk flavor as compared to normal UHT milk without fortification.
Samples of fortified milk with zinc, iron and magnesium have been processed by a
bench-top UHT plant (145 ºC/6 s) and filled into transparent polyethylene
terephthalate containers. The milk samples were stored in closed incubator at 30 ºC for
60 days without exposing to light. At 10 and 30 days intervals, the samples were
assessed for TBA test and sensory evaluation respectively. The main concern of this
work was to evaluate the effect of UHT processing on the level of oxidation by both
chemical and sensory evaluation of the fortified milks. Results showed that the values
of TBA test increased significantly (p≤0.05) at the end of the storage life (60 d/30 ºC).
Sensory evaluation of fortified milks with Zn, Fe and Mg showed miscellaneous
results.
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INTRODUCTION
López-Fandiño and Olano (1999) observed that proteolysis and lipolysis are cofactors in determining the shelf-life of Ultra-high temperature (UHT) processed milk.
Lipases of some psychrotrophic bacteria, existed in cold raw milk, may survive UHT
treatment and then can play an important role in lipolysis, and then the oxidation of
fatty acids during storage term.
Oxidized flavor is a result of many reactions involving free radicals, for instance,
riboflavin being light sensitive absorbs UV and converts the energy absorbed into very
effective compounds (Min and Boff, 2002). Many short-chained aldehydes and
ketones may be generated due to the free radicals' interactions unless some other
compounds such as anti-oxidants interfere and stop the reactions (Solano-Lopez et al,
2005). The generated products contribute to the stale flavor in the UHT milk (Perkins
et al. 2007). Some factors enhance the oxidation reactions in UHT milk among which
are light, iron, and keeping temperature. On the other hand, some factors inhibit the
reactions such as sulfhydryl compounds which can inhibit oxidations that proceed by a
free radical mechanism. (Shipe et al, 1978, Smet et al., 2009, van Aardt et al., 2005).
Homogenization has both effects; it inhibits formation of oxidized flavor components
of off-flavor, but enhances the development of the light-activated ones (Shipe et al.,
1978).
The research is a part of the Ph.D. thesis of the 1st researcher.
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Milk storage leads to physico-chemical changes in milk. Being temperature
dependent, these changes may influence milk stability (Gaucher et al., 2008). The
development of any off-flavors is noticeable in milk because it has naturally mild,
slightly sweet flavour (Gandy et al, 2008). Moderate storing temperatures (30-35 ºC)
after UHT processing, may help some survived bacterial spores to restore its activity.
Also, thermal stable enzymes may cause a serious problem to UHT milk, leading to
undesirable sensory alterations or objectionable flavours (Choi and Jeon, 1993 Hayes
et al., 2002, Muir, 1990, Tondo et al., 2004).
Milk is a good vehicle for delivering supplemental transition metals because of
its consumption worldwide. But these metals, especially iron, may cause ―oxidized‖
flavors. Therefore, stability and palatability of the dairy products must be maintained
in fortified milk (Hegenauer et al, 1979).
The well-known Thiobarbituric acid (TBA) assay is adopted by many researchers
to quantify lipid oxidation in milk. It can be conducted to complement sensory
evaluations in monitoring the level of oxidative deterioration in milk and dairy
products (King, 1962, Hegenauer et al, 1979).
The hypothesis of the present study was that the fortification of fluid milk with
some mineral elements prior to UHT processing might alter the flavor of the milk in
comparison with normal UHT milk.
MATERIALS AND METHODS
Source of Milk: Samples from different batches of homogenized and pasteurized
whole milk were collected from Parmalat (Queensland, Australia). Average
concentrations of the main components of the collected milk samples were shown in
(Table 1).
Table (1): Average concentrations of some main components of the processed milk.
Item

Fat

Total
solids

Solid
NonFat

True
proteins

Caseins

Whey
proteins

Lactose

Mean*

3.85

12.54

8.70

3.24

2.66

0.58

4.67

S.D.

0.14

0.37

0.25

0.10

0.08

0.02

0.12

* Average of 8 different samples of homogenized whole milk.

Mineral Elements: Analytical grade of sodium citrate and sulphates of Zinc, Iron
and Magnesium used were obtained from Sigma-Aldrich, Inc. (Australia). Depending
upon the approximate average of Recommended Dietary Intake (RDI) for adults in
Australia (Australian Government, 2006), fifty percent of RDI for fortified milk
samples were prepared (Table 2). The approximate RDI values of Zinc (T1), Iron (T2)
and Magnesium (T3) adopted were 16, 8 and 320 mg/day respectively. Magnesium
samples were prepared taking in consideration the original amounts of magnesium in
normal bovine milk (~120 mg/l) (Walstra et al., 2006). Anhydrous sodium citrate was
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added to magnesium samples to prevent fouling in UHT plant caused by the
coagulation of milk proteins due to high concentration of free magnesium.
Fortification: Accurately weighted amounts of all salts were thoroughly dissolved
in adequate amount of distilled water (25 ml/litre milk). Fortified whole milk samples
were prepared by adding of the dissolved salts into the milk and mixed gently shortly
before heat treatment. Only 25 ml of distilled water was added to the control milk
sample (T0).
Table (2): Elements' concentrations used in preparing UHT processed milk-fortified
samples (mg/l).
Fortified milk,
with
Control
Zinc
Ferrous
Magnesium*

Code
T0
T1
T2
T3

RDI
(~%50)
8
4
40

ZnSO4
H2 O
/
21.94
/
/

FeSO4
7H2O
/
/
19.89
/

MgSO4
Anhyd.
/
/
/
197.9

Na3(C6H5O7)
Anhyd.
/
/
/
322.3

* Original concentration of Mg was taken in consideration; only 40 mg/l was added to make a total of
160 mg/l (~%50 RDI).

UHT Processing: UHT processing is conducted by a bench-top UHT plant at
School of Agriculture & Food Sciences (SAFS) in University of Queensland/
Australia, using indirect (tubular) heating system. The holding times in the preheating
and high-temperature sections were 8 s at 95 ºC and 6 s at 145 ºC, respectively. After
heat treatment the samples were cooled to ≤ 35 ºC in 25 s in a tubular water-jacketed
cooler. The flow rate was maintained at 150 ml/min. The UHT-processed milk
samples were filled aseptically into Gamma ray pre-sterilized Polyethylene
terephthalate (PET) containers in a laminar flow cabinet sterilized by Ultra-violet light
(UV) shortly before processing and filling. The capacities of the containers used for
filling were 100 and 500 ml for chemical and sensory evaluation tests respectively. All
samples were compared to neither treatment sample of UHT milk (control, T0) plus 25
ml of distilled water per each liter of milk and was processed in the same manner.
UHT milk samples were stored at 30 ºC for 60 days.
Sensory evaluation: ll samples were stored in a fridge (4 C) for 10-14 days
before evaluation. Sensory evaluation has been done by ten trained panellists in two
different sessions using Triangle Test in which the panellists were presented the
samples in a balanced random order. The minimum number of correct responses
required for significance at level (0.05) for the corresponding number of assessors (10)
is equal to or greater than the value (7) (British Standard BS ISO, 2004, Meilgaard
et al, 2007).
Chemical analysis: TBA test was carried out for fortified samples as described by
King (1962). Results were shown as Optical Density (OD) value and the concentration
of the TBA reactive substances (TBARS) (nmol/ml). All chemicals were purchased
from Sigma-Aldrich, Inc. An average value of four replicates was recorded for each
test. A standard curve equation was obtained by using 1,1,3,3 Tetraethapropane (TEP)
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as reactive substance with concentrations between 0-1 nmol/ml (y=0.119 x-0.0007).
The results were compared with the findings of King (1962) which is shown below in
Table (3).
Table (3): The relationships between organoleptic test and TBA values*.
Flavor
Score
0
1
2
3
4

Description
No oxidized flavor
Questionable to very slight
Slight but consistently detectable
Distinct or strong
Very strong

Range of Optical
density (532 nm)
0.010-0.023
0.024-0.029
0.030-0.040
0.041-0.055
>0.056

* King (1962)

Statistical analysis: The complete randomized design (CRD) was used. Statistical
differences were determined by Statistical Analysis System (SAS), Version (2002)
using Duncan's multiple range test at (p<0.05).
RESULTS AND DISCUSSION
Sensory evaluation: Table (4) shows the results of the sensory evaluation of fortified
milks compared to control UHT milk. In the beginning of the study (d 0), results
showed insignificant differences in both replicates between each fortified milk and the
control milk according to Triangle test. Hence, most of the panelists were not able to
pick up the odd milk samples. In other words, neither UHT processing nor fortification
of milks individually with zinc, iron and magnesium had no direct effect on milk
Taste. After 30 days, the stored milk samples at 30 ºC showed different attitudes. In 1st
replicate the panelists could only perceive magnesium milk significantly. But in the 2nd
replicate they were able to distinguish zinc and iron fortified milks significantly too.
At last sensory test, the results were miscellaneous; only UHT milk-fortified with
magnesium was not perceivable in both replicates.
TBA test: Data in Table (5) are shown as OD and TBA reactive substances
(TBARS). TBA results show that the processing affected significantly all treatments of
the fortified milk samples (T0, T1, T2 and T3) at all time intervals (d 0, 10, 20, 30, 40,
50 and after 60 d). UHT processed milk-fortified with zinc has shown similarity with
control milk in oxidation levels along storage life (60 d/30 ºC) (Figures 1&2). By
contrast, ferrous milk (T2) showed dissimilarity in TB values (p≤0.05). The attitude
of magnesium milk (T3) was closer to ferrous' (T2) except after 60 d of storage at
which the values were significantly different. Also, data of T3 have indicated an
insignificant rise in TBA values for the first three tests compared to the control milk
(T0).
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Table (4): Sensory evaluation results for the Taste of UHT processed whole milk
fortified with Zn, Fe and Mg during storage (60 d/30 ºC)a.
Storage Life
(days)
At zero
Time
30
60
a

Assessors'
Correct
Responses
Total
Differences
Total
Differences
Total
Differences

Zn
(T1)
1
n.s.
1
n.s.
5
n.s.

1st Replicate
Fe
(T2)
0
n.s.
5
n.s.
7
*

Mg
(T3)
2
n.s.
8
**
4
n.s.

Zn
(T1)
5
n.s.
7
*
8
**

2nd Replicate
Fe
Mg
(T2)
(T3)
3
5
n.s.
n.s.
7
3
*
n.s.
7
4
*
n.s.

Significance is according to BS ISO (2004) and Meilgaard, et al., (2007)

Table (5): Effect of UHT processing on O.D. and TBARS* at 532 nm in whole milks
fortified with some mineral elements (Mean)**.
Storage
Life
(days)
At zero
time
10
20
30
40
50
60

Results
as
O.D.
TBARS
O.D.
TBARS
O.D.
TBARS
O.D.
TBARS
O.D.
TBARS
O.D.
TBARS
O.D.
TBARS

Control
(T0)
0.0063b
0.0584b
0.0090b
0.0815b
0.0095b
0.0857b
0.0098b
0.0878b
0.0103b
0.0920b
0.0125b
0.1109b
0.0170c
0.1487c

UHT milk-fortified with
Zinc
Ferrous
(T1)
(T2)
b
0.0060
0.0078a
0.0563b
0.0710a
0.0085b
0.0118a
0.0773b
0.1046a
0.0095b
0.0120a
0.0857b
0.1067a
0.0100b
0.0120a
b
0.0899
0.1067a
0.0110b
0.0130a
0.0983b
0.1151a
0.0128b
0.0170a
0.1130b
0.1487a
0.0163c
0.0248a
0.1424c
0.2139a

Magnesium
(T3)
0.0068ab
0.0626ab
0.0100b
0.0899b
0.0108ab
0.0962ab
0.0120a
0.1067a
0.0135a
0.1193a
0.0160a
0.1403a
0.0203b
0.1761b

* Thiobarbituric acid reactive substances, calculated from: y= 0.119 x - 0.0007
**Figures with different letters horizontally are significant (p≤0.05).

Comparing TBA test results at the end of the storage term with those at d 0 for all
treatments (Table 6), all results showed significant increase in TB values (p≤0.05).
At d 0 values of OD were 0.0063, 0.0060, 0.0078 and 0.0068 for T0, T1, T2 and T3
respectively. After 60 d of storage at 30 ºC, the values rose to 0.0170, 0.0163, 0.0248
and 0.0203 for the same treatments respectively.
The results of both TBA test and sensory evaluation of all milk samples at d 0
were well correlated. TBA values (OD) were not higher than 0.023. And there was not
any significant off-flavour perceivable. These results were in agreement with the work
of King (1962). Although the TBA values were increasing during the storage term, yet
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the highest value (OD) did not go beyond (0.025) (Table 6 & Figure 1). These results
may be attributed to the inhibitory effect of sulfhydryl compounds which develop
during heat processing (Shipe et al., 1978).
Table (6): Effect of storage (60 d/30 ºC) on O.D. and TBARS at 532 nm in UHT milks
fortified with some mineral elements (Mean)*.
Treatments
Control (T0)
Zinc (T1)
Ferrous (T2)
Magnesium (T3)

Results
as

At zero time

At the end
of storage life

O.D.
TBARS
O.D.
TBARS
O.D.
TBARS
O.D.
TBARS

0.0063a
0.0584a
0.0060a
0.0563a
0.0078a
0.0710a
0.0068a
0.0626a

0.0170b
0.1487b
0.0163b
0.1424b
0.0248b
0.2138b
0.0203b
0.1760b

* Figures with different letters horizontally are significant (p≤0.05).

Control

Zn

Fe

Mg

Optical Density

0.025

0.020

0.015

0.010

0.005

0

10

20

30
40
Storage life (days)

50

60

Figure (1): Effect of storage (60 d/30 ºC) on the Optical Density of TBA Test at 532
nm for UHT processed milks fortified with Zn, Fe and Mg.
After 60 days of storage, though TBA test value of T3 was 0.0203 (next to
highest); the assessors could not perceive the odd samples in both sessions. Samples of
T1 were picked up only in the second session while the TBA test value (OD) was only
0.0163 or less than (0.025) which was described by King (1962) as "no oxidized
flavour" (Table 3). The alteration in the taste was low, mostly because the milks were
stored in dark cabinet. In other words, they did not undergo light activation. The
enhancement of the oxidized flavour was only according to free radical mechanism
which could be blocked by the sulphur compounds developed during heat processing
(Shipe et al., 1978). But, T2 milk showed the highest value of TBA and some
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alteration in milk taste was perceived. Hence, the flavour of the milk-fortified with
ferrous (T2) could be classified as "questionable to very slight" according to King
(1962) (Table 3).
It can be concluded that UHT processing of milk-fortified with Zn, Fe and Mg,
has no effect on milk taste and the level of the oxidized flavour in comparison with
non-fortified UHT milk shortly after processing, but at the end of the storage period,
sensory evaluation indicated that only the taste of fortified milk with ferrous could be
altered and perceived.

Control

Zn

Fe

Mg

TBARS, TEP (nmol/ml)

0.24

0.20
0.16

0.12
0.08

0.04
0

10

20

30
40
Storage life (days)

50

60

Figure (2): Effect of storage (60 d/30 ºC) on the concentration of TBARS (TEP) in
UHT processed milks fortified with Zn, Fe and Mg.
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الخالصت
يمكن ان تؤثرر المعاملؤة الحراريؤة وةاصؤة المعاملؤة الحراريؤة الفا مؤة فؤي مؤده تمبؤل نكاؤة الحليؤ السؤا ل
المؤؤدعم بالزن ؤ لو الحديؤؤد او المغنيسؤؤيوم ممارنؤؤة بمعاملؤؤة السؤؤيطر م حالؤؤرت نمؤؤاذ مؤؤن الحلي ؤ الكامؤؤل المؤؤدعم
Ultra-high  روان) في وحد مةتبرية للؤـ6/ م054( ً بالزن والحديد والمغنيسيوم بشكل منفرد والمعامل حراريا
Polyethylene م عبؤؤا الحليؤؤ المعامؤؤل فؤؤي عبؤؤوات شؤؤفافة مصؤؤنوعة مؤؤن الؤؤـtemperature processing
 معممؤؤة مسؤؤبما ً باشؤؤعة كامؤؤا وفؤؤي ممصؤؤور معممؤؤة باألشؤؤعة فؤؤوق البنفسؤؤجيةم حف ؤؤت النمؤؤاذ فؤؤيterephthalate
)TBA( Thiobarbituric  م وفؤؤي حالؤؤنة م لمؤؤةم لجريؤؤت فحوصؤؤات حؤؤام الؤؤـ01 درجؤؤة حؤؤرار ممؤؤدار ا
 يومؤا ً علؤا التؤواليم ؤدب البحؤ الؤا دراسؤة تؤارير01 و01 لتمدير تاكسد الد ون واةتبارات التمؤويم الحسؤي كؤل
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المعاملة الحرارية الفا مة في تاكسد الد ون كيميا يا ً وحسؤيا ً فؤي الحليؤ المؤدعم بؤبع العناصؤر المعدنيؤةم وبينؤت
 فؤؤي ناايؤؤة مؤؤد الةؤؤزنمTBA) فؤؤي مسؤؤتوه تاكسؤؤد الؤؤد ون الممؤؤدر باةتبؤؤار الؤؤـp≤0.05( ً النتؤؤا ا ارتفاع ؤا ً معنوي ؤا
ول ارت نتا ا التمويم الحسي للحلي الكامل المدعم بالزن والحديد والمغنيسيوم نتا ا متباينةم
 المغنيسيومم، الحديد،  الزن، التدعيم،TBA ،UHT التمويم الحسي لحلي الـ:الكلمات الدالـة
م2100/4/6 : وقبوله، 2100/0/00 : تاريخ تسلم البح
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