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ABSTRACT 
 

Fresh buffalo’s milk of ٦٪ fat was heated. Each of three zinc salts (Zinc 
gluconate, zinc sulphate and zinc acetate) was added to individual milk sample at 
levels of ۳۰ mg Zn/L milk with the addition to the control treatment. Then, cooled, and 
inoculcated with ۳٪ mixed culture of Lactobacillus delbrueckii sub sp. bulgaricus and 
Streptococcus salivarius sub sp thermophilus. and incubated at ٤۲°C until firm curd 
was formed at pH ٤٫٦.  The resultant yogurt was kept in refrigerator (٦±۱°C) for ۱۰ 
days. Results showed a reduction in pH values, lactose content and the wheying off 
resulting in from the prepared yoghurt which supplemented with zinc salts. Whereas, 
an opposite trend was noticed for acidy, curd tension. While, yoghurt supplemented 
with zinc acetate recorded the highest value of acetaldehyde content. Moreover the 
zinc sulphate gained the highest viscosity till the ۷ th day of storage. Concerning the 
sensory properties, enriching yoghurt with  zinc gluconate recorded the highest score 
in flavor, body & texture. 
Keywords: Zinc.fortification. yoghurt. 
 

INTRODUCTION 
 
Yoghurt is an ancient wonderfull food, strongly antibacterial and anti-

cancer. A cup or two of yoghurt a day boosts immune functioning by 
stimulating production of gamma interferon (Wheeler et al. ۱۹۹۷), in addition 
to its super activity of natural killer cells that attack viruses and tumors. A 
daily cup of yoghurt reduced colds and other upper respiratory infections in 
human, and cures diarrhea (Pashapour ۲۰۰٦).  Full fat yoghurt helps fight 
bone problems, such as osteoporosis, because of its high availability of 
calcium content (Heaney et al., ۲۰۰۲). Plain yoghurt with L bulgaricus and S. 
thermophilus cultures, either live or dead, blocked lung cancers in animals. 
Yoghurt with live cultures is safe for people of lactose intolerance.   

Fermented milk products are widely consumed for their benefits and 
refreshing effects, that could be due to their popularity which attributed to 
their nutritional benefits for the consumers (Jensen & Kroger, ۲۰۰۰). Such 
products already proved to have a positive health image (Jelen et al., ۲۰۰۳ 
and Valli & Traill, ۲۰۰٥). 

However, milk product is generally a poor source for trace elements, 
particularly, zinc (Jayasekar et al., ۱۹۹۲). Also, in this connection, (Jarrstt. 
۱۹۷۹) reported that milk is considered to be deficient in zinc. Therefore, 
consumers need to obtain their sufficient requirements of this trace element 
from products other than milk. 

Zinc is an essential trace element in human nutrition, and its 
deficiency is world-wide nutritional problem. Regarding the nutritional 
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importance of zinc, the Ontario Ministry of the Environment (۲۰۰٤) reported 
the minimal risk level of zinc for chronic exposure is ۰٫۳ mg/kg body weight 
per day. Moreover, the organic nature of zinc gluconate as a source of zinc  
was proved to be easier absorbed in the digestive system and its absorption 
rate looks to be higher than  the inorganic type.(Rayman,۲۰۰٤). Zinc 
deficiency is characterized by growth retardation, loss of appetite, and 
impaired immune function. In more severe cases, zinc deficiency causes hair 
loss, diarrhea, delayed sexual maturation, impotence, hypogonadism in 
males, eye and skin lesions (Maret and Sandstead, ۲۰۰٦ and Wang & 
Busbey, ۲۰۰٥). Clinical zinc deficiency in humans was first described in ۱۹٦۱, 
when the consumption of diets with low zinc bioavailability due to high phytic 
acid content which associated with "adolescent nutritional dwarfism" in the 
Middle East (Prasad, ۲۰۰٤). 

Zinc plays a key role in the synthesis and action of insulin (Arthur 
۱۹۹۸). Also, researchers have suggested that both zinc and antioxidants 
delay the progression of age-related macular degeneration (AMD) and vision 
loss, possibly by preventing cellular damage in the retina (Evans ۲۰۰٦). 
Individuals with low zinc levels have shown reduced lymphocyte proliferation 
response to mitogens and other adverse alterations in immunity that can be 
corrected by zinc supplementation (Wintergerst et al., ۲۰۰۷).  

It is obviously suggested that dairy prepared products should be 
fortified with zinc salts. (Uspenskaya ۱۹۹۱) reported that a culture product 
containing lactobacterin with zinc enrichment had an effective role in the 
treatment of coeliac disease in children of ۱-۱۰ years. Also, (Drago et al. 
۲۰۰۲) found that lactic acidification and fermentation increased Zn availability 
in yoghurt fortified with this microelement. (Faten et al, ۲۰۱۰) studied and 
evaluated milk drinks fermented by probiotic bacteria fortified with zinc sulfate 
or zinc acetate with ۱۰ and ۲۰ mg zinc for ۱۰ days at ٥˚C. Moreover, 
(Amlerova and Cvak ۱۹۸۹) recorded the average zinc content in cheese 
which was ۲٥-٥۰ mg/kg. Zinc supplementation or food fortification with an 
adequate zinc compound may be the key to overcome such a worldwide 
nutritional problem (Salgueiro et al., ۲۰۰۲). The fortification was done by 
adding little amounts of zinc sulfate or zinc acetate (۱۰ or ۲۰ mg zinc element 
/L) to the prepared yoghurt. 

Therefore, the target of this study was to investigate the effect of 
fortifying yoghurt with different sources of zinc salts (Zinc sulfate, Zinc 
gluconate, and Zinc acetate) on the physicochemical and sensory properties 
of zinc-fortified yoghurt. 
 

MATERIALS AND METHODS 
 

 Fresh whole buffalo’s milk (۱٥٫۱۳٪ total solid, ٤٫۱۱٪ total protein and ٦٫۲٪ 
Fat) was obtained from the herd of Mahalet Mossa Station, Kafr el-Shikh 
governorate,. Milk was standardized to ٦ % fat content by mixing the whole 
and skim milk according to the appropriate calculation. 

Mixed culture consisted of Lactobacillus delbrueckii sub sp. bulgaricus 
and Streptococcus salivarius sub sp thermophilus were obtained from Chr. 
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Hansen's Lab A/S Copenhagen, Denmark. : Zinc gluconate, Zinc sulphate 
and Zinc acetate (food grade) were obtained from Chemical Industries 
Developments (CID) Company for drugs. 

Acetaldehyde was obtained from Cambrian Chemicals Bsddington 
Farm, Road Croydon CRO ٤XB.   

Fresh buffalo's milk of ٦٪ fat was heated to ۸۰°C for ۲۰ min, and 
cooled to ٤۲°C. Each of the three zinc salts (Zinc gluconate, zinc sulphate 
and zinc acetate) was added to individual milk sample at levels of ۳۰ mg Zn/L 
milk, with the addition of control  forming four treatments. and inoculcated 
with ۳٪ mixed culture of Lactobacillus delbrueckii sub sp. bulgaricus and 
Streptococcus salivarius sub sp thermophilus (۱:۱). Finally, each of the 
various treatments was distributed into ۱۲۰ ml plastic cups and incubated at 
٤۲°C  till firm curd was formed at pH ٤٫٦.  The prepared yogurt was kept in 
refrigerator (٦±۱°C) for ۱۰ days. Samples of yoghurt were analyzed when 
fresh and during ۳, ۷ & ۱۰ days storage. Three replicates of each treatment 
were conducted.  

Milk and yoghurt samples were analyzed for the total solids, total 
protein and fat, and titrtable acidity, according to methods described by 
A.O.A.C (۲۰۰۰). The pH values were measured using a laboratory pH meter 
type HANNA instrumenting (۸٤۱۷) pH meter. Lactose content was 
calorimetrically determined according to (Bernett and Abd El–Tawab ۱۹٥۷), 
using spectrophotometer at ٤۹۰ nm wavelength type Shimadzu UV ۲٤۰. 
Acetaldehyde content (ppm) was estimated as described by (Lees and Jago 
۱۹٦۹) using Conway micro-diffusion semi-carbazide method. Acetaldehyde 
with semi carbazide was used to form semi carbazone, which has the 
absorption peak at ۲۲٤nm. The analysis procedure was as follows:- One ml 
of semi-carbazide solution (٦٫۷ mM) was pipetted in the inner wall of Conway 
micro-diffusion cell. Three ml of yoghurt were rapidly pipetted in the outer 
compartment and the cell was covered, sealed tightly by plaster and 
incubated at ۳۰°C for ۹۰ min. The solution in the inner wall was transferred to 
۱۰ ml volumetric flask and adjusted to volume with distilled water. The 
absorption was measured at ۲۲٤ nm wave length using the 
spectrophotometer type Shimadzu UV ۲٤۰. The concentration of 
acetaldehyde was calculated using the prepared standard curve of the 
acetaldehyde solution.  
   The apparent viscosity of yoghurt was determined using Brookfield DV- E 
viscometer, using spindle ۰٫٥ at ٥۰ rpm in ۲۰۰ ml of yoghurt sample, the 
temperature was maintained at ۲٥˚C and viscosity value was expressed in 
centipoises (cp).  
   Fifteen trained panelists from the research staff of the Department of Dairy 
Sections of Animal Production Research Institute, Agricultural research 
center judged the examined yoghurt. Yoghurt samples evaluated fresh and 
during ۳, ۷ and ۱۰ day storage using score card for flavor (٥۰ points), body & 
texture (٤۰ points) and color (۱۰ point). 

Data were statistically analyzed using General Linear Model 
procedure of SAS Program (۱۹۹٦) according to the following model:  
Y

ijk…
 = µ + Ti + Sj + TSij + e

ijk, 
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Where Y
ijk

 = The observation, µ = General mean, Ti = Fixed effect of ith zinc 
supplementation, i = ۱, ۲, ….٤, Sj = Fixed effect of jth storage period (j= ۰, ۳, ۷ 
and ۱۰ days), TSij = the fixed effect of interaction between zinc 
supplementation and storage period, and e

ijk
 = Error of the model. 

Significance of the differences in results tested by Duncan’s New Multiple 
Range Test (Duncan, ۱۹٥٥). 
 

RESULTS AND DISCUSSION 
 

The pH values for yoghurt fortified with or without different zinc salts 
are substantially decreased with increasing incubation time (Table ۱). After ۳۰ 
minute of incubation, yoghurt fortified with zinc gluconate recorded the lowest 
pH value, followed by zinc acetate and zinc sulphate, compared with yoghurt 
without zinc supplementation (control). After ۱٥۰ min of incubation, all zinc 
fortified treatments were almost at pH ٤٫٦, whereas their control recorded ٤٫٦ 
pH after ۱۸۰ minutes. These obtained results revealed that supplementation 
with zinc salts at a level of ۳۰ mg /L buffalo’s milk caused further decrease in 
pH values as a result of the activated response on the microorganism of 
yoghurt (Jarrstt, ۱۹۷۹ and Momeilovic & Kello, ۱۹۷۹). Along the same line, 
(Koladkin et al. ۱۹۷٤) reported that the addition of Zn, Fe and Cu sulphate to 
milk increased the acidity due to more intensive growth of lactic streptococci 
and total number of micro flora during incubation and during storage.   
 
Table (۱): Effect of yoghurt fortification of with different zinc salts (۳۰ 

mg Zn/L Buffalo’s milk) on the pH values during incubation 
intervals. 

Treatments Incubation time (minutes) 
۰ ۳۰ ٦۰ ۹۰ ۱۲۰ ۱٥۰ ۱۸۰ 

Control ٦٫٦۲ ٦٫٤۰ ٦٫۲۷ ٥٫۸۳ ٥٫۷٥٫ ٥۳۸ ٤٫٦۱ 
Zinc sulphate ٦٫٦۱ ٦٫۲٥٫ ٥۸٥٫٤ ٥۹ ٤٫۸۲ ٤٫٥۷  
Zinc gluconate ٦٫٥۹ ٦٫۰۳ ٥٫۷۲ ٥٫۳۰ ٤٫۹۲ ٤٫٦۰  
Zinc acetate ٦٫٦۰ ٦٫۱۹ ٥٫ ٥٫٦٥۱۳ ٤٫۸۳ ٤٫٦۷  
 
 Total fat content of yoghurt was not significantly affected by zinc 
supplementation (un tabulated data). Yoghurt fortification with zinc sulphate, 
zinc gluconate or zinc acetate with ۳۰ mg Zn/L milk were nearly similar to 
their control in total fat content throughout the refrigerated storage periods of 
۱۰-day . The values ranged between ٦٫ - ٦۲٪. This result is in agreement with 
those of (Ezzat abd El-Fattah et al., ۲۰۰۸) on previous study in the effect of 
mineral content of milk and milk products.          

Total solids and total protein contents of yoghurt were insignificantly 
affected by zinc supplementation (Table ۲). Yoghurt fortified with different 
zinc salts (zinc sulphate or zinc glluconate or zinc acetate) at ratio of ۳۰ mg 
Zn/L milk and their control didn't show significant differences in their total 
solids of fresh, and throughout the prolonged refrigeration storage period of 
۱۰ days as they tended to exert slight increase as shown in Table (۲). Such 
increase may be attributed to the natural evaporation as reported by (Salem 
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et al. (۱۹۹۷) and Al-assar et al. (۲۰۰٥), when fermented milk fortified with zinc 
salts. 

Lactose content of yoghurt was significantly (P<۰٫۰٥) affected by zinc 
supplementation, refrigerated storage periods and their interaction (Table ۲). 
Results indicated that lactose content in fresh fortified yoghurt with zinc salts 
induced reduction in lactose content , compared with their control and 
throughout refrigerated storage periods. This might be attributed to the 
acceleration effect of zinc salts supplementation on yoghurt bacterial growth. 
Such obtained results were in agreement with those of (Degheide, ۱۹۹۸) and 
(Ezzat abd El-Fattah et al ,۲۰۰۸).  
 
Table (۲): Total solids, total protein and lactose content (%) of yoghurt 

fortified with different zinc salts (۳۰ mg Zn/L Buffalo’s milk) 
during refrigerated storage ٦±۱˚C. 

Storage 
periods (days) Control Zinc sulphate Zinc 

gluconate 
Zinc 

Acetate ±SE Average 

 Total Solids (%)   
Fresh ۱٥٫۱۳ ۱٥٫۲۱ ۱٥٫۳۹ ۱٥٫۲۹ ۰٫۲٦ ۱٥٫۲٥ 
۳ ۱٥٫۲۹ ۱٥٫۳۹ ۱٥٫٦۱ ۱٥٫٤۱ ۰٫۲٦ ۱٥٫٤۳ 
۷ ۱٥٫۳۸ ۱٥٫٦۳ ۱٥٫۷۰ ۱٥٫٥٥ ۰٫۲٦ ۱٥٫٥٦ 
۱۰ ۱٥٫٤۳ ۱٥٫۷۱ ۱٥٫۷۷ ۱٥٫۷۰ ۰٫۲٦ ۱٥٫٦٥ 
Average ۱٥٫۳۱ ۱٥٫٤۸ ۱٥٫٦۲ ۱٥٫٤۹ ۰٫۱٤  
 Protein content (%)   
Fresh ٤٫۱۱ ۳٫۹۷ ٤٫۰٤٫ ٥۰۸ ۰٫۱۸ ٤٫۰٥ 
۳ ٤٫۲٤٫ ٦۱٤٫ ٦۲۱ ٤٫۲۲ ۰٫۱۸ ٤٫۲۱ 
۷ ٤٫۳۷ ٤٫۲۹ ٤٫ ٤٫٤٥۳٥ ۰٫۱۸ ٤٫۳٦ 
۱۰ ٤٫٤۳ ٤٫٤۱ ٤٫٤ ٤٫٥٤۹ ۰٫۱۸ ٤٫٤۷ 
Average ٤٫۲۹ ٤٫۲۱ ٤٫۳۱ ٤٫۲۹ ۰٫۰۹  
 Lactose content (%)   
Fresh ٤٫۲a ٤٫۰ab ٤٫۱a ۳٫۹c ۰٫۱۱ ٤٫۰٥A 
۳ ۳٫۸c ۳٫٥d ۳٫٥d ۳٫۳ef ۰٫۱۱ ۳٫٥۲B 
۷ ۳٫٥d ۳٫۳e ۳٫۳e ۳٫۱fg ۰٫۱۱ ۳٫۳۰C 
۱۰ ۳٫۲f ۲٫۹g ۳٫۱fg ۳٫۰g ۰٫۱۱ ۳٫۰٥D 
Average ۳٫٦۷A ۳٫٤۳BC ۳٫٥۰B ۳٫۳۳C ۰٫۰٦  

A,B,C Mean with different superscripts in the same row or column within item differ 
significantly (P<۰٫۰٥). 

a,b,c Mean with different superscripts in the same rows within item differ significantly 
(P<۰٫۰٥). 

 
Acidity, pH values and acetaldehyde content of yoghurt were 

significantly (P<۰٫۰٥ or ۰٫۰۱) affected by zinc supplementation, refrigerate 
storage periods and their interaction (Table ۳). The acidity of yoghurt 
increased significantly (P<۰٫۰٥) by the addition of zinc salts in fresh or during 
refrigerated storage periods, compared with their control. The highest rate of 
acid development was recorded in the fortified yoghurt with zinc acetate, and 
no significant different was observed between zinc acetate and zinc sulphate 
salts after ۱۰ days of storage (Table ۳). Such increase in acidity could be due 
to the acidic effect of the added salts, or to the more lactic acid bacterial 
growth which subsequently developing acidity throughout ۷ day of storage, 
with a lactose reduction and a decrease in the pH values of the prepared 
yoghurt. 
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It should be noticed that changes in acidity is reflected on the 
reduction of lactose content. These results are in agreement with those 
reported by Badawi and El-Sonbaty (۱۹۹۷), Abd Rabou et al. (۱۹۹۹), Kebary 
and Hussein (۱۹۹۹), Alroubaiya (۲۰۰٤) and Ezzat abd El-Fattah et al. (۲۰۰۸). 
While pH values behaved in an opposite trend of the acidity  

Data in Table (۳) indicated that acetaldehyde content of yoghurt 
samples recorded the highest values with the addition of zinc acetate, as 
compared with their control, and throughout storage periods of ۱۰ days. In 
addition, values of acetaldehyde significantly decreased during refrigerated 
storage due to the its conversion to other organic compounds (Lees & Jago, 
۱۹۷٦). In this respect Salama and Hassan (۱۹۹٤) reported that the decrease 
in acetaldehyde content of yoghurt during storage might be due to the ability 
of numerous lactic organisms to convert acetaldehyde to ethanol or oxidize it 
to acetic acid.  
                 
Table (۳): Acidity (%), pH values and acetaldehyde content µg/۱۰۰ml of 

yoghurt fortified with different zinc salts (۳۰ mg Zn/L 
Buffalo’s milk) during refrigerated storage ٦±۱˚C. 

         
Storage 
periods 
(days) 

Control Zinc sulphate Zinc gluconate Zinc 
acetate ±SE Average 

 Acidity (%)   
Fresh ۰٫۷٥g ۰٫۸۳ef ۰٫۸۰efg ۰٫۹۲d ۰٫۰۱۸ ۰٫۸۲٥D 
۳ ۰٫۷۸fg ۰٫۸٥e ۰٫۹۲d ۰٫۹۹c ۰٫۰۱۸ ۰٫۸۸٥C 
۷ ۰٫۸۱efg ۰٫۹۱d ۱٫۰۲c ۱٫۰۹b ۰٫۰۱۸ ۰٫۹٥۷B 
۱۰ ۰٫۸٥e ۱٫۱۹a ۱٫۰۹b ۱٫۲۱a ۰٫۰۱۸ ۱٫۰۸٥A 
Average ۰٫۷۹۷C ۰٫۹٤٥B ۰٫۹٥۷B ۱٫۰٥۲A ۰٫۰۰۹  
 pH values   
Fresh ٤٫٤٦a ٤٫۳۱b ٤٫۳۷ab ٤٫۱٥c ۰٫۰۳٤٫ ٤۳۲A 
۳ ۳٫۷۸f ۳٫٤۱h ۳.۹۷d ۳٫۹٥d ۰٫۰۳٤ ۳٫۷۸B 
۷ ۳٫٥۷g ۳٫۱۸i ۳٫۸۹de ۳٫۸۰ef ۰٫۰۳٤ ۳٫٦۱C 
۱۰ ۳٫٤۱h ۳٫۰۸j ۳٫٦٤g ۳٫٦٥g ۰٫۰۳٤ ۳٫٤٥D 
Average ۳٫۸۱C ۳٫٤۹D ۳٫۹۷A ۳٫۸۹B ۰٫۰۱۷  
 Acetaldehyde content µg/۱۰۰ml   
Fresh ۱۷۳d ۱٦۳e ۱٥۹e ۲٥٥a ۲٫٥۹ ۱۸۷٫٥A 
۳ ۱٥۹e ۱٤۲f ۱۳۳g ۲۱٥b ۲٫٥۹ ۱٦۲٫۳B 
۷ ۱٤۲f ۱۲٥hi ۱۱۹ij ۱۸۳c ۲٫٥۹ ۱٤۲٫۳C 
۱۰ ۱۳۱gh ۱۱۷j ۱۰۳k ۱۷۱d ۲٫٥۹ ۱۳۰٫٥D 
Average ۱٥۱٫۳B ۱۳٦٫۷C ۱۲۸٫٥D ۲۰٦٫۰A ۱٫۲۹  

A,B,C Mean with different superscripts in the same row or column within item differ 
significantly (P<۰٫۰٥). 

a,b,c Mean with different superscripts in the same rows within item differ significantly 
(P<۰٫۰٥). 

 
Syneresis and curd tension of yoghurt were significantly (P<۰٫۰٥) 

affected by zinc fortified, storage periods and their interaction, except for curd 
tension which was insignificantly affected by storage periods (Table ٤). 
Results in Table (٤) clarified that using any of the applied zinc salts (zinc 
sulphate, zinc gluconate or zinc acetate) decreased the wheying off (the 
amount of excreted whey) in fresh and throughout storage periods of the 
prepared yoghurt. These results revealed that the effect of zinc salts during 
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manufacturing yoghurt might enhance the water binding capacity of yoghurt 
coagulum, which in turn influencing the rate of syneresis. Similar results were 
reported by Mehanna and Hefnawy (۱۹۹۰), Mansoour et al. (۱۹۹٤) and 
kalafalla & Roushdy (۱۹۹٦). 

Curd tension results revealed an opposite trend of syneresis values, 
where yoghurt was affected by fortification with zinc salts with significant 
increase in its curd tension as compared with their control either in fresh or 
during storage periods (Table ٤). The highest values were recorded in zinc 
sulphat, followed by zinc gluconate then zinc acetate. 
                                     
Table (٤): Synercis (ml) and curd tension (gm) of yoghurt fortified with 

different zinc salts (۳۰ mg Zn/L Buffalo’s milk) during 
refrigerated storage ٦±۱˚C. 

Storage 
periods 
(days) 

 
Control Zinc sulphate Zinc gluconate Zinc 

acetate ±SE Average 

 Synercis (ml)   
Fresh ۲۸defg ۲٥efg ۲۲g ۲۳fg ۲٫۱۱ ۲٤٫٥۰C 
۳ ۳۳bcd ۳۱bcde ۲۹cde ۲۸efg ۲٫۱۱ ۳۰٫۲٥B 
۷ ۳۸ab ۳٤abcd ۳٤abcd ۳٥abcd ۲٫۱۱ ۳٥٫۲٥A 
۱۰ ٤۱a ۳٦abc ۳٦abc ۳۸ab ۲٫۱۱ ۳۷٫۷٥A 
Average ۳٥٫۰A ۳۱٫٥B ۳۰٫۲B ۳۱٫۰B ۱٫۰٥  
 Curd tension (gm)   
Fresh ۱٦٫٦٤c ۲۰٫۲۸a ۱۸٫۸۸b ۱۸٫۸٤b ۰٫۱٦٥ ۱۸٫٦٦A 
۳ ۱٦٫۹۳c ۱۹٫۹٥a ۱۸٫۹٥b ۱۸٫۹۱b ۰.۱٦٥ ۱۸٫٦۸A 
۷ ۱٦٫۹۹c ۱۹٫۹۹a ۱۹٫۰۳b ۱۹٫۰۳b ۰٫۱٦٥ ۱۸٫۸۳A 
۱۰ ۱۷٫۰۷c ۲۰٫۰۳a ۱۹٫۲۳b ۱۹٫۱۱b ۰٫۱٦٥ ۱۸٫۸٦A 
Average ۱٦٫۹۱C ۲۰٫۰٦A ۱۹٫۰۹B ۱۸٫۹۰B ۰٫۰۸۲  

A,B,C Mean with different superscripts in the same row or column within item differ 
significantly (P<۰٫۰٥). 

a,b,c Mean with different superscripts in the same rows within item differ significantly 
(P<۰٫۰٥). 

 
Values of viscosity were almost triple higher (P<۰٫۰۱) in yoghurt 

fortified with zinc sulphate followed by yoghurt fortified with zinc gluconate, 
then yoghurt fortified with zinc acetate as compared with their control (Table 
٥). These results might be attributed to different nature of zinc salts in their 
component of mineral and organic structure. The highest viscosity values in 
yoghurt fortified with zinc salts might be due to the interaction between 
protein and zinc salts. It could be noticed that the control samples recorded 
the lowest viscosity value when fresh. Whereas, during storage periods 
viscosity of yoghurt samples fortified with zinc salts showed significant 
(P<۰٫۰۰۱) reduction till ۱۰-day storage, whereas the  control yoghurt behaved 
in an opposite trend. These results are in agreement with those of (Faten et 
al ,۲۰۱۰), when thy studied and evaluated milk drinks fermented by probiotic 
bacteria fortified with zinc sulfate or zinc acetate with ۱۰ and ۲۰ mg zinc for 
۱۰ days at ٥˚C. 
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Table (٥): Viscosity of yoghurt fortified with different zinc salts (۳۰ mg 
Zn/L Buffalo’s milk) during refrigerated storage ٦±۱˚C. 

Storage 
periods 
(days) 

Control Zinc sulphate Zinc gluconate Zinc 
acetate ±SE Average 

       
Fresh ٤۰۸j ۱۲۳۲a ٦٤۰d ٥٥۲f ٥٫۰۸ ۷۰۸٫۰۰A 
۳ ٤۹۳h ۹٥۳b ٤٦۲i ٥۳۹f ٥٫۰۸ ٦۱۱٫۷٥B 
۷ ٦۱۳e ٦٤۲d ۲۷۲l ٥۲۱g ٥٫۰۸ ٥۱۲٫۰۰C 
۱۰ ۷۸٤c ۳۲۰k ۱۷٦m ٥۱۳g ٥٫۰۸ ٤٤۸٫۲٥D 
Average ٥۷٤٫٥B ۷۸٦٫۷٥A ۳۸۷٫٥۰D ٥۳۱٫۲٥C ۲٫٥٤  

A,B,C Mean with different superscripts in the same row or column within item differ 
significantly (P<۰٫۰٥). 

a,b,c Mean with different superscripts in the same rows within item differ significantly 
(P<۰٫۰٥). 

 
Sensory properties of yoghurt were significantly (P<۰٫۰٥) affected by 

zinc supplementation or storage periods (Table ٦). Yoghurt supplemented 
with zinc gluconate have significant increased in its sensory scores especially 
in flavor and body texture, as compared with their control. The other 
treatments iwhen fresh and during refrigerated storage periods. Meanwhile 
yoghurt fortified with zinc acetate received slightly lower scores than yoghurt 
fortified with zinc sulphate and the control in fresh and during storage periods. 
Similar results were reported by Nelson and Trout (۱۹۸۱) and Ezzat et al 
.(۲۰۰۸). No detectable changes were observed in color of the fortified 
samples which gained ۹ out of ۱۰ point same as control scores. 
 
Table (٦): Sensory properties of yoghurt fortified with different zinc 

salts (۳۰ mg Zn/L Buffalo’s milk) during refrigerated storage 
٦±۱˚C. 

Storage 
periods 
(days) 

Treatments Flavor 
(٥۰) 

Body & texture 
(٤۰) 

Color 
(۱۰) 

Total 
(۱۰۰) 

Fresh Control ٤۷ ۳۹ ۹ ۹٥ 
 Zinc sulphate ٤۲ ۳٦ ۹ ۸۷ 
 Zinc gluconate ٤۸ ٤۰ ۹ ۹۷ 
 Zinc acetate ٤۰ ۳٥ ۹ ۸٤ 
۳  Control ٤٦ ۳۹ ۹ ۹٤ 
 Zinc sulphate ٤۰ ۳٦ ۹ ۸٥ 
 Zinc gluconate ٤۷ ۳۹ ۹ ۹٥ 
 Zinc acetate ۳۸ ۳٥ ۹ ۸۲ 
۷  Control ٤٤ ۳۹ ۹ ۹۲ 
 Zinc sulphate ۳۹ ۳٦ ۹ ۸٤ 
 Zinc gluconate ٤٤ ۳۹ ۹ ۹۲ 
 Zinc acetate ۳٥ ۳٥ ۹ ۷۹ 
۱۰  Control ٤۲ ۳۸ ۹ ۸۹ 
 Zinc sulphate ۳۷ ۳٥ ۹ ۸۱ 
 Zinc gluconate ٤۲ ۳۸ ۹ ۸۹ 
 Zinc acetate ۳٥ ۳۳ ۹ ۷۷ 
Standard error ±٤٫٦۰ ±۱٫۹۸ ±۰٫٥۸ ±٥٫۱٤ 
Storage periods * * NS * 
Zinc supplementations * * NS * 
Interaction NS NS NS NS 
** P<۰٫۰۱, * P<۰٫۰٥ and NS= No significant.             
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It could be concluded that enriching yoghurt with zinc salt decreased 
the time for incubation period to ۱٥۰ minutes. In addition all yoghurt 
treatments fortified with zinc salts contained more acetaldehyde and less 
wheying off when fresh and throughout storage periods. Zinc gluconate 
gained the highest sensory score in fresh, when compared with the control as 
compared with zinc sulphate and zinc acetate.  

So, it is more likely that zinc gluconate could be the best zinc source 
in this study for yoghurt fortification. This due to its effect in producing yoghurt 
of high nutritive value with favorable physicochemical and sensory properties. 
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 املاح الزنك الصفات الطبیعیة والكیماویة للزبادى المدعم بأنواع مختلفة من
  و ۲محم������د عب������د الغن������ى الاعس������ر ، ۲منی������ر محم������ود العب������د ، ۱وف������اء ب������دیع الس������بع

  ۱محمد عطیھ حسن
 فسم بحوث كیمیاء الالبان –معھد بحوث الانتاج الحیوانى  -۱
 قسم الالبان –جامعة القاھرة  -كلیة الزراعة -۲

 –كبریت�ات الزن�ك  –جلوكون�ات الزن�ك ( بح�ث ت�م اس�تخدام ان�واع مختلف�ة م�ن ام�لاح الزن�ك  فى ھذا ال
لت�ر ل�بن وذل�ك بجان�ب معامل�ة / مللیج�رام زن�ك ۳۰وتم اض�افة ام�لاح الزن�ك بنس�بة . لتدعیم اللبن) خلات الزنك 

 . المقارنة
ای�ام بالثلاج�ة  ۱۰ین�ة لم�دة تم تصنیع زبادى من اللبن المدعم بالانواع المختلف�ة م�ن ام�لاح الزن�ك وتخز

وتم خلال فترة التخزین اجراء التحالیل الكیماویة والریولوجیة وتقی�یم الص�فات . م °  ۱±  ٦على درجة حرارة 
 . الحسیة

وك�ذلك محت�وى اللاكت�وز والتش�ریش ف�ى  pHواظھرت نت�ائج التحلی�ل الكیم�اوى انخف�اض ف�ى قیم�ة ال 
 .العینات المدعمة باملاح الزنك واظھرت النتائج ازتفاع نسبة الحموضة وتماسك قوة الخثرة

وف��ى العین��ات . اعط��ت عین��ات الزب��ادى الم��دعم بخ��لات الزن��ك اعل��ى نت��ائج ف��ى محت��وى الاس��یتالدھید 
 . ى الیوم السابع من التخزینالمدعمة بكبریتات الزنك اعطت اعلى النتائج فى اللزوجة حت

واظھ�رت نت�ائج التحك�یم الحس��ى والریول�وجى ان جلوكون�ات الزن�ك اعط��ت اعل�ى درج�ات التحك�یم ف��ى 
 .النكھھ وتماسك قوة الخثرة

 قام بتحكیم البحث
 

 
 
 

 جامعة المنصورة –كلیة الزراعة  طھ عبد الحلیم نصیب/ د .أ
 عین شمس عةجام –كلیة الزراعة  جمال الدین احمد مھران/ د .أ
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