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INTRODUCTION

Fermented milk products are widely consumed for their 
benefits and refreshing effects. Their popularity is said to be 
attributed to the effective use of consumer-driven flavors and 
milder cultures [Jensen & Kroger, 2000]. These products al-
ready have a positive health image [Jelen et al., 2003; Valli & 
Traill, 2005], which can be further enhanced by the addition 
of probiotic bacteria with therapeutic properties [Lourens-
-Hattingh & Viljoen, 2001].

Probiotics – i.e. living microorganisms that when con-
sumed in sufficient amounts provide health benefits beyond 
basic nutrition – are emerging as important dietary ingredi-
ents in functional foods. The majority of probiotics are lactic 
acid bacteria, especially lactobacilli, and bifidobacteria. Fac-
tors related to technological and sensory aspects of the pro-
biotic food products are of utmost importance since only by 
satisfying the demands of consumers can the food industry 
succeed in promoting the consumption of functional products 
in the future [Mattila-Sandholm et al., 2002]. Growth of the 
fermented milk sector represents an opportunity to advance 
the development of fermented milk fortified with micronu-
trients into products with interesting nutritional and sensory 
properties without requiring complicated or costly technology 
[Sienkiewicz & Riedel, 1990]. Supplementation or fortifica-
tion with zinc and other micronutrients may be benefic during 
periods of greatest vulnerability such as pregnancy and early 
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childhood and when diet is low in animal products and based 
on high-phytate cereals and legumes [Allen, 1998]. Zinc is 
a metal with great nutritional importance and is particularly 
necessary in cellular replication and development of the im-
mune response. Therefore, if the growing fetus and infants 
are at risk of development of zinc deficiency, then an adequate 
supply of this element is essential for normal growth develop-
ment [Salgueiro et al., 2002]. So, zinc fortification is an impor-
tant especially because daily intakes appear to be more useful 
physiologically than intermittent doses [Gidson et al., 1998]. 
Many forms of zinc salts are used in many supplementation 
trials. The solubility of these compounds is very important 
and strongly associated to the absorbability. Zinc sulphate is 
very soluble and zinc acetate is freely soluble [Gidson et al., 
1998; Allen, 1998]. As reported by Keast [2003], zinc has very 
little taste (bitter, salty, savory, sour, and sweet), and astrin-
gency is the major oral sensation. Also, Lim & Lawless [2006] 
reported that the oral sensory properties of divalent salts can 
be described by a combination of four basic tastes with the 
addition of metallic and astringent. If the product is qualified 
as astringent, bitter or metallic, it will be rejected. Therefore, 
the acceptability of zinc-fortified foods has to be considered 
by panelists first, females specially, which is critical to predict 
young children acceptability. It seems clear that the preven-
tion of zinc deficiency among young children remains the best 
policy, not only on moral ground, but also on economic ones. 
There is a great deal of work yet to be done to find an ad-
equate way to prevent zinc deficiency, but it appears that zinc 
supplementation or food fortification with an adequate zinc 
compound may be the key to overcome such a worldwide nu-
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tritional problem [Salgueiro et al., 2002]. As zinc having this 
key role, this study is an attempt to produce fermented milk 
drinks fortified with zinc sulphate and zinc acetate. The for-
tification was done by adding little amounts of zinc sulphate 
or zinc acetate (10 or 20 mg zinc element /L), to offer pro-
tection from zinc deficiency for children aged 1–3, 4–8 and 
9–13 years who need 3, 5, and 8 mg zinc/day respectively as 
recommended by the Dietary Reference Intakes [2001]. Each 
100 mL of fortified fermented milk drink (10 or 20 mg zinc 
element/L) provide with 33.35%, 20% and 12% and their du-
plicate from daily requirement respectively. The duplicate are 
not to exceed the tolerable daily intakes which were recom-
mended as 7, 12, and 23 mg/day, respectively. In this respect, 
we investigated the effect of fortification with zinc sulphate 
and zinc acetate on: physicochemical and sensory properties 
during refrigerated storage, as well as on the survival and ac-
tivity of probiotic bacteria.

MATERIALS AND METHODS

Materials
Zinc acetate and zinc sulphate, food grade were obtained 

from CID, Company for Drugs, Cairo, Egypt. 
Fresh buffalo’s milk (15.18% TS, 4.10% TP and 6.2% fat) 

was obtained from the farm of the Faculty of Agriculture, 
Cairo University, Egypt.

Strains belonging to Lactobacillus acidophilus L-a-5 and 
Bifidobacterium bifidum were obtained from the agent of Chr. 
Hansens Laboratory Denmark A/S. and Lactococcus lactis ss. 
lactis biovar diacetilactis MD 099 were obtained from EZAL 
Group Rhone-Polanc Z. Ade Buxires BP-10, 88220 Dange 
Sainaii-Romain-France.

Production of fermented milk drink fortified with zinc 
salts

Buffalo’s milk was used for preparing fermented milk 
drink fortified with zinc salts. A flow chart of fermented 
drinks preparation is presented in Figure 1. Milk was heated 
to 80°C for 15 min, and then rapidly cooled to 40°C. Three 
probiotic bacteria: Lactobacillus acidophilus, L. lactis ss. lactis 
biovar diacetilactis and B. bifidum (1:1:1) were added at the 
level of 3% (w/v) served as mixed active starter culture into 
the milk. The milk was divided to five portions as one control 
and four treatments: (1) the control, fermented milk drink 
without zinc salts; (2) T1, fermented milk drink fortified with 
10 mg Zn element /L, using zinc acetate salt; (3) T2, ferment-
ed milk drink fortified with 20 mg Zn element /L, using zinc 
acetate salt; (4) T3, fermented milk drink fortified with 10 mg 
Zn element /L, using zinc sulphate salt; and (5) T4, ferment-
ed milk drink fortified with 20 mg Zn element /L, using zinc 
sulphate salt. The samples were incubated at 37°C for 5 h. 
The resultant coagulates of all treatments were stirred, filled 
in 250 g glass bottles and then stored in the refrigerator (5oC) 
for 10 days. Three replicate batches were made from each 
treatment.

Physicochemical determinations
The total solids, total nitrogen (TN) and non protein ni-

trogen contents (NPN) of fermented milk were determined ac-

cording to AOAC [2000]. The pH value of the fermented milk 
was measured using a digital pH meter (HANNA, Instrument, 
Italy) with combined glass electrode. Acetaldehyde was deter-
mined as mentioned by Less & Jago [1969], while diacetyl 
content was estimated as described by Less & Jago [1970]. 
The samples were analysed on day 0, 5, 7 and 10. Viscosity 
was measured in fresh samples at 7oC using a Brookfield digi-
tal viscometer (Model DV-II+VISCOMETER, Spindle-00). 
The speed was set from 3 to100 rpm. Three readings, 30s 
apart, were recorded for each sample.

Microbiological analysis
Enumeration of fermented milks cultures: samples of fer-

mented milk drinks fortified with zinc were diluted in sterile 
tryptone diluents (0.1% w/v) and subsequently plated in du-
plicate onto the following selective media:

(1) viable cell count of L. lactis ss diacetylactis were enu-
merated on M17 agar (Oxoid) after aerobic incubation at 
30oC for 48 h [Terzaghi & Sandine, 1975];

(2) L. acidophilus was determined on Lactobacillus selec-
tive agar plus 0.25 oxgall (LBSO) [Gilliland & Walker, 1990]; 
the plates were incubated at 37oC for 4 days;

(3) Bifidobacterium bifidum was determined according 
to Blanchett et al. [1996] using modified MRS agar (Oxoid) 
supplemented with 0.05% L-cysteine-HCl (Merck, Germany); 
the plates were incubated at 37oC for 48 h under anaerobic 
conditions (BBL Gas pak, Becton Dickinson, Cockeysvile, 
MA, USA);

(4) coliforms were enumerated according to Harrigan 
& McCance [1996] using violet Red Bile agar medium; the 
plates were incubated at 37oC for 24 h

(5) moulds and yeasts were determined according to Stan-
dard Methods for Examination of Dairy products [APHA, 
1994], using Malt Extract Agar (Oxoid) acidified to pH 3.5; 
the plates were incubated at 30oC for 5 days.

Milk

Heating 80°C/ 15 min

Cooling 40 C°

Adding 3% starters

Dividing to five portions
& adding zinc salts

(Cont., T1, T2, T3, T4)

Incubation at 37 C/ 5 h°

Stirring

Filling

Storage at 5 C/ 10 days°

FIGURE 1. Flow chart of the preparation of fermented milk drinks.
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Sensory evaluation
Eleven trained panelists (4 men and 7 women, between 

the ages of 28 and 50 years) were selected among the staff of 
Dairy Science Department, National Research Center, Cai-
ro, Egypt. The entire group were non-smokers. They were 
asked for sensory evaluation and not to eat or drink for at 
least 1 h prior to testing. All members were highly trained 
and had participated in evaluation of dairy products for at 
least the previous 4 years continuously; they were familiar 
with terms, standards, and food examples. Scores were on 
a 5-point scale, where 1 = the absence of the attribute and 
5 = exist extremely [Mainfreni et al., 2002]. The sensory 
terms were adapted as by Gallardo-Escamilla et al. [2007] 
and Rogerio et al. [2006].

Statistical analyses
Statistical analyses were performed using the GLM proce-

dure with SAS [1994] software. Duncan’s multiple compari-
son procedure was used to compare the means. A probability 
to p≤0.05 was used to establish the statistical significance.

RESULTS AND DISCUSSION

Physicochemical determinations 
Total solids content were 15.23, 15.21, 15.25, 15.25, 15.28 

for control, T1, T2, T3, and T4 in fresh respectively tended 
to slight increase as the storage period prolonged. As by Al-
Assar et al. [2005] and Salem et al. [1997], this increase may 
be attributed to the natural evaporation. The NPN /TN per-
cent increased with the advance of storage period (Table 1), 
among the probiotic bacteria, L. acidophilus, in general, was 
more proteolytic than Bifidobacterium spp, and the differences 
in proteolytic activity between both groups were significantly 
different as by Shihata & Shah [2000]. An overall decline in 
the pH of all fermented milk drink samples occurred during 
the storage period (Figure 2). Generally, the higher decrease 
in pH was observed in treatments contained 20 mg zinc ele-
ment /L (in the form of zinc sulphate or zinc acetate), by the 
ratio of 15.62% and 13.7%, respectively. However, the higher 
difference (1.99%) was noticed between control sample and 
treatment (T4) at the end day of storage period. The increase 
in acidity and decrease in pH were almost identical for plain 
yoghurt or fermented milk. Expected results of the activity of 
LAB were reported by Tamime & Robinson [1999]. The ob-

tained results are in agreement with those reported by Alrou-
baiya [2004]. The viscosity of fresh samples increased as zinc 
content was increased in the prepared fermented milk drink 
(Figure 3). This increase may be attributed to the interaction 
between zinc salts and protein.

Acetaldehyde contents of both control and treatments 
were gradually increased until the 7th day (more pronounced 
in treatments with 20 mg zinc element/L) then suddenly de-
creased (Figure 4). In case of diacetyl (Figure 5), a slight in-
crease occurred until the 7th day then decreased except the TABLE 1. Change in NPN content (% of N total) in fermented milk drinks 

during the storage period at 5ºC.

Treatments
Storage period (days)

Fresh 3 5 7 10

Control 7.86 9.01 10.12 15.00 17.13

Treatment 1 7.26 8.41 9.53 13.34 16.33

Treatment 2 7.55 8.94 10.50 14.38 17.56

Treatment 3 7.71 8.64 9.42 15.81 17.66

Treatment 4 7.63 8.53 10.22 15.81 17.19

T1 = 10 mg Zn/L (as zinc acetate); T2 = 20 mg Zn/L (as zinc acetate); 
T3 = 10 mg Zn/L (as zinc sulphate); and T4 = 20 mg Zn/L (as zinc 
sulphate).

FIGURE 2. Changes of pH value of fortifi ed fermented milk drinks dur-
ing the storage at 5oC.
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control sample which showed a sharp decrease after 5th day of 
storage. However, it seems to be that the addition of zinc salts 
enhances formation of both acetaldehyde and diacetyl. These 
data are in agreement with those obtained by Aumara [2000] 
and Aumara & Hassan [2007].

Microbiological analysis
The effect of fortification by zinc salts on cell viability of 

probiotic bacteria is presented in Figure 6. Higher cell viability 
was observed in treatments fortified with 10 and 20 mg Zn 
element/L (the form of zinc sulphate) from the first day till 
the end of storage. Counts gradually increased from the first 
day of incubation till the end of the 5th day then decreased 
again, which may be due to the elevated pH values. In turn, 
the control sample reached the maximum level of cell viability 
in the 3rd day and gradually decreased at the end of storage. 
The reduction in the number of probiotic strains may be due 
to the sensitivity of these bacteria to the acid produced dur-
ing the storage period. Higher cell viability of B. bifidum and 
L. acidophilus and L. diacetylactis could be due to the effect of 
zinc salts whish activated their growth. In this respect; these 
results are in agreement with Magdoub et al. [1993] who re-
ported that zinc accelerated the growth rate of bacteria strains 
were tested (L. lactis spp. lactis, S. thermophilus, L. delbruckii 
spp. bulgaricus). Generally, numbers of all probiotic bacte-
ria remained more than 106 CFU/mL in all treatments until 
the end of storage period. A minimum of 106–107 viable mi-
croorganisms per gram or milliter should be present in food 

product in order to meet the requirements of a probiotic food, 
as by the Japanese Fermented Milk and Lactic Acid Bacte-
ria Beverages Association [Ishibashi & Shimanura, 1993]. 
All samples were free of coliforms, moulds and yeasts when 
fresh and throughout storage period (10 days) at refrigerator 
temperature of 5ºC as result of hygienic condition during the 
preparation with, or by the fact that diacetyl is generally con-
sidered to be an antimicrobial agent because of the presence 
of two reactive carbonyl moieties in the molecule as reported 
by Lopez de Felipe et al. [1998].

Sensory evaluation
The mean scores of the sensory properties perceived in 

each sample and the statistical significance of the effect of the 
fortification with different levels of zinc (10 or 20 mg zinc/L) 
were shown in Table 2. Both levels of zinc salts (zinc acetate 
and zinc sulfate) caused a slight increase (p>0.05) in odor 
intensity, feeling of acidity, saltiness and metallic properties 
of fermented milk at different storage periods. Astringency 
property increased with addition of different levels of zinc 
salts, which were more pronounced (p>0.05) at 20 mg zinc/L 
in the form of zinc sulfate, whereas slight astringency was 
observed after swallowing in control sample. In this respect, 
Sano et al. [2005] reported that the elicitation of astringency 
induced by whey protein under acidic conditions would be 
caused by aggregation and precipitation of protein molecules 
in the mouth. For bitterness, there was no significant effect 
(p>0.05) of different levels of zinc salts, except for 20 mg zinc 
element/L (in the form of zinc sulfate) when changes were 
more pronounced after 10 days. These results were achieved 
as by Keast [2003], who suggested that the zinc salts had very 
little bitter taste. Conversely, sweetness and creaminess were 
gradually decreasing (p>0.05) with increasing levels of zinc 
element addition at different storage days. A negative cor-
relation was observed between astringency and creaminess 
(Table 3). This suppression may be due to the zinc ion. Also, 
zinc sulfate is a potent inhibitor of the sweetness of most 
sweeteners, but does not affect salty taste quality [Keast et al., 
2004; Keast, 2003]. It seems that probiotic cultures produced 

TABLE 3. Correlation coeffi cient between characteristics of fortifi ed 
fermented milk drinks as affected by addition of different levels of zinc 
salts. 

Characteristics Correlation coeffi cient 

Acidity x odor +0.37**

Acidity x saltiness +0.20*

Creaminess x sweetness +0.23**

Saltiness x feeling of acidity +0.20*

Saltiness x bitterness +0.27**

Saltiness x astringency +0.17 *

Saltiness x metallic +0.22**

Metallic x bitterness +0.25**

Astringency x creaminess -0.25**

Astringency x fatty -0.21**

Astringency x bitterness +0.17*

* – significant; ** – highly significant; NS – not significant.
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more intense odor with zinc sulfate than with zinc acetate 
and control (Table 2). The attributes astringency and bitter-
ness showed positive correlation in between (Table 3), while 
a negative correlation was observed between the amount of 
fat perceived in the mouth after swallowing. In turn, a signifi-
cant correlation was observed between astringency, bitterness, 
saltiness, metallic and fatty taste. The presence of astringency, 
metal or bitter taste is undesirable in dairy products. But, it 
could be considered that adding fruits may improve flavors 
produced by zinc salts, especially by zinc sulphate.

CONCLUSIONS

The obtained results suggested that fortification of fer-
mented milk drinks with zinc acetate or zinc sulphate affected 
advantageously the sensory profile of the resultant products 
and promoted the growth of probiotic bacteria. All samples 
(both control and treatments) contained the recommended 
levels (106–107 CFU/g) of survival cells of probiotic bacteria 

at the end of storage. Therefore, the use of zinc element in the 
form of zinc acetate or sulphate at the levels of 10 or 20 mg 
Zn/L could be recommended as stimulating the growth and 
activity of probiotic bacteria already resident in the colon. 
Thus application of zinc acetate or zinc sulphate in fermented 
milk drink production will result in obtaining dairy products 
with new functional properties and healthy benefits.
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