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ABSTRACT

Buffalo’s bio-yoghurt was manufactured with or without fortification with zinc,
iron and/or ascorbic acid. There was non-significant differences between treatments
of buffalo’s bio-yoghurt in pH, titratable acidity, total solids, fat, protein, acetaldehyde,
total volatile fatty acids contents, the viable numbers of Streptococcus thermophilus,
Lactobacillus delbrueckii subsp. bulgaricus and Lactobacillus acidophilus. While,
significant differences between treatments were noticed in water-soluble nitrogen/total
nitrogen, ascorbic acid contents, the viable number of Bifidobacterium lactis and total
organoleptic score. During storage at 4°C for 10 days, non-significant differences were
noticed in total solids, protein, acetaldebyde contents and the viable number of
Lactobacillus acidophitus in all samples. Also, the pH value; fat and ascorbic acid
contents; the viable numbers of Streptccoccus thermophilus, Lactobacifius delbrueckii
subsp. bulgaricus, Bifidobacterium lactis and total organoleptic score significantly
decreased during storage period. While, significant increased in titratable acidity,
water soluble nitrogenftotal nitrogen and total volatile fatty acids contents were
noticed. Lactic acid bacteria consumed ascorbic acid during fermentation (5.5 hours)
with an average retention 4— % in fresh bio-yoghurt. The numbers of yoghurt and bio
starter bacteria were > 10 c¢fu g™* in fresh and stored bio-yoghurt. Fortification of the
bio-yoghurt with zinc had the highest organcleptic score followed by control and iron-
treatments, ascorbic acid treatment then zinc + iron + ascorbic acid treatment in order.
The resuits indicated the possibility of fortification of bio-yoghurt with zin¢ and iron
without any inhibition on the counts of bio starter bacleria and any defects on the
organeloptic properties of the resultant product.

1t is suggested that the ingestion of 125 g of zinc or iron-enriched bio-yoghurt
would provide 17 to 83 % or 14 to 25 %, respectively of recommended dietary
allowances of both essential trace elements for infants, children and other poputation
groups in Egypt in addition to health benefits of probiotic bacteria.
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INTRODUGCTION

Milk and dairy products are considered as ideal and good source for
calcium and phosphorus in human balanced diets. In addition, milk and dairy
products are rich in proteins, lipids, carbohydrates and some vitamins, but its
poor in some essential trace elements such as iron and zinc (Jarrett, 1979
and Jayasekarel et &/, 1992) and some vitamins such as ascorbic acid.
Therefore, consumers need to obtain their requirements of trace elements
and ascorbic acid from other products rather than milk and dairy products.

Iron is one of the most studied elements because its deficiency
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deficiency anemia is still the most prevalent nutritional problem in Egypt. The
recommended dietary allowance (RDA) of iron is 10 to 18 mg for adults, 10 to
15 mg for children and infants. Menstruating and pregnant women have
consnderably higher requirements (Natlonal Academy of Science, 1980).
Cow's milk is containing 0.45 mg iron kg™ milk (Webb et al, 1987). The
contribution of iron from milk to the total diet iron of adults is only about 3%
(Jarett, 1979). The most common iron fortification compound is ferrous
sulfate which can be completely dissolved and thus provide very high bio-
available iron (Boccio et al., 1997).

Zing is essential to the normal growth and development of all forms of
life. It participates in protein, nucleic acid, carbohydrate and lipid metabolism
through enzymes. it's also involved in tissue synthesis, gene expression and
embryogenesis (Fayed and Abou-Zikri, 1997). Zinc content in whole, skim
milk; full fat, low fat and low fat/fruit yoghurt were 4, 4, 7, 6 and 5 ppm,
respectively (Tamime and Robinson, 1999). The RDA's for zin¢ is 15 mg for
adults, 10 mg for children and 3 to 5 mgfor infants ( National Academy of
Science, 1980). The contribution of zinc from milk to the total diet zinc of
adults is only about 13 and 25% in Canada and United States {Jarrett, 1979).
Fermentation of milkk by yoghurt starter significantly increased zinc
bicavailability to 12.5% compared with 6.3% for raw milk (Degheidi, 1998).
The problem, which may be appear (at high concentration levels), with
fortification of some dairy products with iron and zinc is increasing fat
oxidation during storage or ripening {Degheidi and Abd Rabou, 1998 and Abd
Rabou et al. 1999).

Ascorbic acid is required in the formation and maintenance of
intercellular material, such as the collagen of fibrous tissue and the matrices
of bore, cartilage and dentin. Ascorbic acid also play an important roles in the
synthesis of neurotransmitters, steroid hormones, camnitine, conversion of
cholesterol to bile acids, tyrosine degradation and metal ion metabolisrri. This
vitamin also may enhance iron bioavailability. The role of ascorbic acid as a
biclogical reducing agent may be linked to its prevention of degenerative
diseases, such as cancer and cardiovascular diseases. Scurvy is resulting
frcm severe ascorbic acid deficiency (Webb ef al, 1987 and National
Institutes of Health, 1991). The RDA’s of the National Academy of Science
(1680) for this vitamin for adults ranges from 50 to 60 mg. Ascorbic acid
contents in whole, skim mllk fuil fat, low fat and low fatffruit yoghurt was
reported to be 1 mg 100 ¢ ! (Tamime and Robinson, 1999). Dairy products
are estimated to contribute about 5% of the total vitamin C in the American
diet (Webb &t al, 1987). Also, ascorbic acid was used as an oxygen
scavenger for improving viability of porbiotic bacteria in yoghurts made with
commercial starter cultures and to prevent fat oxidation (Dave and Shah,
1997).

Over the past decade, considerable interest has developed in the use
of probiotic organisms [Lacfobacillus (L.) acidophilus and bifidobacteria] in
food, pharmaceutical and feed products. The consumption of probiotic
products has increased dramatically in most European, Asia-Pacific and
American countries, and >90 products containing L. acidophilus, or
bifidobacteria or both are available in the market worldwide (IDF, 1984 and
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1988). Some of the proposed health benefits are thought fo be conferred by
live bacteria contained in the products. Suggested mlmmum numbers of
porbiotic bacteria at consumption are 10 °10° cfu g'. The therapeutic
properties of fermented milks and bio-yoghurt discussed by Robinson (1991)
and Tamime and Robinson {(1999).

The objective of this study was to elucidate the effect of fortification of
buffalo’s bio-yoghurt with iron, zinc and/or ascorbic acid on the properties of
the resuitant products.

MATERIALS AND METHODS

Starter cultures and additives

Yoghurt starter culture (Yo-Flex, YC-350, DVS) consists of
Streptococcus (S.) thermophilus, L. delbrueckii subsp. bulgaricus; probiotic
bacteria, L. acidophilus La-5 (DVS) and Bifidobacterium (B.) lactis Bb-12
(DVS) were obtained from Chr. Hansen’s L ab A/S C openhagen, D enmark.
Zinc acetate and ferrous sulifate (food grade) were obtained from Chemical
Industries Development Company for Drug. L-ascorbic acid was obtained
from EL-Nasr Pharmaceutical Chemicals Company, Egypt.

Bio-yoghyurt manufacture

Fresh buffalo’s milk was (from the herd of Fac. of Veterinary, Suez
Canai Univ., ismailia, Egypt) standardized to 5.5% fat, heated at 90°C/5 min,
then cooled to 37°C; inoculated with yoghurt starter, L. acidophilus La-5 and
B. lactis Bb-12 at 0.01, 0.025 and 0.025%, respectively. The milk was divided
into 5 portions: the ﬂrst por'uon was regarded as control (T1), the second
portion (T2) was fortified with zinc acetate at a level of 20 mg kg™, the third
portion (T3) was fortified with ferrous suifate at a level of 20 mg kg™, the
fourth portion {T4) was fortified with L-ascorbic acid at a level of 100 mg kg™
and the fifth portion (T5) was fortified with zmc acetate {at a level of 20 mg kg’

") + ferrous sulfate (at a level of 20 mg kg™') + L-ascorbic acid (at a level of
100 mg kg™"). Each portion was distributed into 120 mL in plastic cups, the
cups closed and incubated at 37°C untit a firm curd was formed (5.5 h). The
resultant bio-yoghurt was kept in a refrigerator (3-4°C) for 10 days. Three
replicates of each treatment were conducted.

Chemical properties

Bio-yoghurt samples were analyzed chemically in fresh and after 3, 7
and 10 days of refrigerated storage.

Titratable acidity, total solids, total nitrogen (TN), water-soluble
nitrogen (WSN) and fat contents were determined according to Ling {(1963).
Total volatile fatty acids (TVFA) were determined by the method of
Kosikowski (1978). Thiobarbituric acid value (TBA) was estimated according
to Pearson (1976). Acetaldehyde was estimated according to Robinson et al.
(1977). Ascorbic acid was estimated according to James (1995). pH value
was measured using a pH meter (PTI-15, Aqua Chemical Co., England).
Microbiological properties

The counts of viable yoghurt and probiotic starter bacteria were
determined according to Chr. Hansen (1995) in fresh samples and after 3, 7
and 10 days of refrigerated storage. Lee’s agar medium (composition g L™
distilled w ater: tryptone 10, y east e xtract 10, lactose 5, sucrose 5, K;HPO,
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0.5, agar 12; pH 7.0; sterilized at 121°C/15 min) was used for the
enumeration of S. thermophilus after incubation at 43°C for 3 days under
aerobic condition. MRS agar medium (Biolife, ltaly) acidified to pH 5.4, with
approximately 1.32 mL of glacial acetic acid per liter of MRS agar medium,
was used for the enumeration of L. delbrueckii subsp. bulgaricus after
incubation at 44°C for 3 days under anaerobic condition {BBL anaerobic jar
containing Gas Generating kit, Oxoid, England). MRS maltose agar medium;
cgomposition is the same for MRS agar medium, except that the glucose has
_been.removed and replaced by maltose; was used for the enumeration of L.
acidophilus after incubation at 37°C for 3 days under anaerobic condition.
MRS agar medium (supplemented with 5 mL of NNLP solution/100 mL
medium) was used for the enumeration of B. factis after incubation at 37°C
for 3 days under anaerobic condition. NNLP solution consisted of lithium
chloride (Merck, Germany), 6.00 g; nalidixic acid (Sigma, USA), 0.20 g and
paromomycin sulfate (Sigma), 0.03 g; neomycin sulfate (Sigma), 0.25 g
suspended in 100 mL distilled water, the pH was adjusted to 7.5 with 0.1 N
NaOH and filter sterilized using a 0.45 um cellulose nitrate filter (Sartorius,
AG. 37070 Goettingen, Germany).

Antibiotic standard plate count agar medium was used for the
enumeration: of yeast and molds according to the American Public Health
Association (1993).

Organcleptic properties

Organoleptic properties of bio-yoghurt samples were evaluated
according to Tamime and Robinson (1999) in fresh and after 3, 7 and 10
days . of refrigerated storage. Bio-yoghurt was examined for flavour (0-10
points), body and texture (0-5 points) and appearance and colour (0-5 points)
by a panel of 20 persons.

Statistical analysis

All data were analyzed by ANOVA using statistical program V. 6.12
according to SAS (1989). Least significant differences (LSD) test was
performed to determine differences in means at significant levels of p< 0.05,
p< 0.01 and p< 0.001. The data presented inthe Tables are the mean (%
standard deviation) of 3 replicate experiments. The values presented in the
Figures are the mean of 3 replicate experiments and the error bars
represented standard deviation.

RESULTS AND DISCUSSION

Chemical properties

The mean values for titratable acidity, total solids, fat, protein and
acetaldehyde contents of each treatment were presented in Table 1. The
differences between treatments of bio-yoghurt on titratable acidity, pH, total
solids, fat, protein and acetaldehyde contents were not significant (Tables 1,
3 and Fig. 1). Titratable acidity % and pH values significantly increased (p<
0.01) and decreased {p< 0.001) respectively during refrigerated storage of
the bio-yoghurt. This may be due to fermentation of lactose, which produces
lactic and acelic acid during fermentation and storage period. The differences
in total solids, protein and acetaldehyde contents during storage of bio-
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yoghurt were not significant. Significant decreases in fat content were
observed during storage period (p< 0.001). Tamime and Robinson (1999)
mentioned an appreciable loss of lipids, namely a decrease of 3.4% in the fat
of yoghurt stored for 21 days at 4°C. Our resuits are in agreement with those
. of Degheidi (1998), Abd Rabou et al. (1999) and El-Loly and El-Hofi (1999).
They reported that no differences were observed in the gross chemical
composition of yoghurt and acidophilus milk samples fortified with various
sources and levels of zinc or iron either fresh or during storage while the
differences were more clear in acidity, pH and acetaldehyde.

Table {1): Chemical properties of bio-yoghurt fortified with zine, iron
and/or ascorbic acid

[Storage] Properties*
Treatments | period [ Acidity | Totaisolids | Fat Protein |Acetaldehyde
(day) % % % % (ppm)
Fresh 1.1t £ 0.07 15.23+ 097 | 65£ 0.1 | 4.73% 0.07 3.23x 110
T 3 1.12x 0.08 15192 0.29 | 54+ 01 | 486+ 0.11 420+ 0.46
{Control) 7 113+ 0.08 15.54 = 0.87 53201 | 471% 0.1 4.20¢ 046
10 1.16£ 0,10 152342 087 | 53+ 0.1 | 4692 0.10 3.20% 1.00
Fresh 1.00¢ 0.02 1512+ 0.28 | 551 0.2 | 4622 0.15 670+ 4.48
T2 3 1.03x 0.07 1519+ 0.38 | 54+ 01 | 4732 0.04 3.27% 040
{Zinc acetate) 7 1.04 ¢ 0.08 15.19% 0.99 53+ 01 | 4662 010 3.27+ 0.40

10 1081 0.04 15382 062 | 6§32 0.1 | 473¢ 0.06 330z 1.40

13 Fresh 1002 003 | 15204038 | 651 00 | 472¢ 0.06 3.00 0.60
{Ferrous sulfate) 3 107+ 050 | 15622 051 | 54+ 01 | 464+ 014 300t G79

L4 1122 €12 | 15802 041 | 53+ 0.2 | 4702 0.07 300t 0.78
10 116+ 0.09 | 159562 0.39 | 531 0.2 | 4.722 0.08 3571 085

Fresh 107+ 009 | 15412048 | 552 01 | 4672 0.1 247t 055

T4 3 108+ 015 15202 034 | 542 0.1 | 474 0.04 340z 0.53
(Ascorbic acid) 7 120+ 0.14 15.28+ 0.9¢ 53301 ] 474+ 0.16 3402 0.53
10 1232012 | 15422058 | 542 01 | 472+ 006 | 3101 150

T5 Fresh 1002012 { 15542 050 | 54+ 0.1 [ 4642 013 | 2172 025

{Zinc acetate+ 3 1.0t+0.19 1556+ 0.28 | 532 0.1 | 468% 0.04 303 0.76
Femmous sulfate+ 7 1142 017 1542+ 071 541 01 | 474+ 0.16 3.03+ 0.76

Ascorbic acid) | 10 118+ 013 | 1549+ 0682 | 53+ 0.1 [ 472+ 006 [ s072 065
* Thiobarbituric acid value was not detected in fresh bio-yoghurt samples and
during storage period.

The results of thiobarbituric acid test indicated that no oxidative
rancidity had been detected in fresh bio-yoghurt and during refrigerated
storage samples. T his resultis in agreement with Abd Rabou et al. (1999
who reported that enrichment of milk with zinc acetate at 10 and 20 mg L’
milk had no effect on the fat oxidation of the resultant yoghurt.

Significart (p< 0.01) increase in WSN/TN contents was observed in
ascorbic acid treated bio-yoghurt (T4 and T5) comparing with other
treatments (T1, T2 and T3). These results indicated that addition of ascorbic
acid might be enhanced proteolytic activity of starter cultures. During storage
period, the WSN/TN contents were significantly (p< 0.001) increased in bio-
yoghurt and the increases were more pronounced at 7 and 10 days (Table 3
and Fig. 2). This increase was related to significant {(p< 0.001) decrease in
the count of viable S. thermophilus after 3 days of storage (Table 3 and Fig.
5). The increase of WSN/TN contents may be due to protsolytic activity
(endopeptidase) of L. delbrueckii subsp. bulgaricus which hydrolyzed casein
to polypeptides then, the later was hydrolyzed to amino acids with
exopeptidases produced by S. thermophilus (Tamime and Robinson, 1999).
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~ The differences in TVFA contents between treatments of bio-yoghurt
were non-significant, while significant {p< 0.001) increase was observed
during refrigerated storage (Table 3 and Fig 3). These increases may be due
to small degree of lipolysis exhibited by L. delbrueckii subsp. bulgaricus, L.
acidophilus and S. thermophilus. Lactobacillus produces more TVFA than S.
thermophilus. The increases of TVFA contents also may be due to oxidative
deamination and decarboxylation of amino acids, which convert the amino
acids into its corresponding volatile fatty acids (Tamime and Robinson, 1999).

Ascorbic acid contents signifi cantly {p< 0.001) decreased from 100
mg kg™, in buffalo’s milk to 4-8 mg kg respectively in fresh ascorbic acid
containlng treatments, T4 and T5, (Fig. 4). Loss of ascorbic acid occurred
during fermentation step (5.5 hours), with an average retention 4-8 %.
Significant (p< 0.001) decrease in ascorbic acid content was more
pronounced in treatment T5 {zinc, iron and ascorbic acid) than that in
treatment T4 (ascorbic acid only) and during storage perlod Enrichment of
bio-yoghurt with ascorbic acid to a level of 500 mg kg”' milk was not a
solution to the problem of bacterial consumption of the vitamin, noting that its
taste at this level was sensible (data not shown). These decreases may be
due to bacterial consumption and/or oxidation, which increased with the
presence of iron, of the vitamin during fermentation step and storage period
(Tamime and Robinson, 1998). The reduced form of vitamin C is slowly
converted to fine reversibly oxidized but stil biclogically active form,
dehydroascorbic acid, which in turn is further slowly o xidized irreversibly to
the biologically inactive diketogluconic acid. T his acid itself i s unstable; the
oxidation proceeds to oxalic acid and threonic acid. Iron catalyses the
oxidation of ascorbic acid to dehydroascorbic acid and not to the irreversible
oxidation of dehydroascorbic acid itself (Webb et al.,, 1987). Dave and Shah
(1997) reported that a loss of ascorbic acid in bio-yoghurt was occurred
during manufacture and storage, with an average retention of only 15-20 %
after about 35 days storage at 4°C. Comparing the results of ascorbic acid
contents in our experiment with Dave and Shah (1997), the differences may
be due to bacterial strains.

Microbiological properties

There were non-significant differences between treatments of bio-
yoghurt in the vicble numbers of S. thermophilus, L. delbrueckii subsp.
buigaricus and L. acidophilus {Table 3}). While, pronounced significantly (p<
0.001) decrease were observed in the viable numbker of B. Jactis in treatment
T5 (zinc, iron and ascorbic acid). The viable numbers of S. thermophilus in all
treatments of bio-yoghurt were significantly (p< 0.001) decreased by about
1.0 - 1.5 log cycle during storage (Fig. 5). This decrease, which was more
pronounced in all treatments after 3 days of storage, may be due to the
increase of acidity %. The viable numbers of L. delbrueckii subsp. bulgaricus
in ali treatments of bio-yoghurt were significantly (p< 0.05) decreased during
storage period (Table 3 and Fig. 6). During storage, there were non-
significant differences in the viable numbers of L. acidophilus in bio-yoghurt
(Table 3 and Fig. 7} while, the viable numbers B. lactis of bio-yoghurt were
significantly (p< 0.05) decreased (Table 3 and Fig. 8).
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The numbers of yoghurt and bio starter bacteria were > 10" cfu g™ in .
all treatments of bio-yoghurt when fresh and during storage period (Figs. 5-8).
The results from different studies on the health benefits of viable and non-
viable bacteria gave indication that viabie bacteria had more health benefils
than that non-viable (OQuwehand and Salminen, 1998). Dave and Shah (1997)
reported that the viable counts of S. thermophilus were lower, whereas those
of L. delbrueckii subsp. bulgaricus were higher, with increasing concentration
of ascorbic acid in bio-yoghurt during storage at 4°C for 35 days. Also, they
reported that the counts of L. acidophilus during storage p eriod d ecreased
less rapidly with increasing concentration of ascorbic acid, whereas the count
of bifidobacteria remained unchanged.

Yeast and molds were not detected {nil in 0.1 g} in all treatments of
fresh bio-yoghurt and during storage period due to good hygienic condition during
manufacturing and storage period.

Organoleptic properties

There were significant (p< 0.001) differences in the flavour scores

between treatments of bio-yoghurt (Tables 2 and 3).

Table {2): Organoleptic properties of bio-yoghurt fortified with zinc, iron
and/or ascorbic acid

Storage Body & texture |Appearance &  Total
Yreatments period F'?;:;“r colour

(day) {5) {5) (20)
Fresh 9201 48 0.1 482 0.1 1882 02
™™ 3 80z 05 47+ 0.2 48% 0.2 18.42 0.9
{Control) 7 77202 43+ 01 47+ 03 16.7+ 03
10 71+ 04 44+ 0.2 43+ 0.1 159 05
Fresh 9.3+ 0.2 481 01 49z 01 1898+ 02
T2 3 89z 086 48+ 00 48+ 0.1 184+ 0.7
(Zinc acetate) 7 802 04 441 0.1 47% 03 171+ 07
10 76+ 06 46 0.1 432 0.1 18.3= 08
3 Frgsh 3.1 * D.; :;2 g; :gt 0.0 18.;2 0.2
43 0 8+ 0. B+ 01 180+ 06
(Fermous suifate) 7 75+ 03 41% 03 46 0.1 16.21 03
10 7.3+ 1.0 43 01 43% 0.1 159% 10
Fresh 8.7+ 03 47 01 49% 0.2 1832 04
T4 3 79+ 0.1 47+ 01 48+ 01 17.4% 02
{Ascarbic acid) 7 69% 0.2 392 03 48 0.2 1532 03
10 632 04 4.2+ 0.1 42+ 01 147+ 05
T5 Fresh 842 01 45+ 01 48+ 01 17.7+ 0.1
(Zinc acetate 3 T2+ 04 45+ 03 47+ 0.2 1632 0.7
+ Ferrous sulfate+ 7 60 02 38204 441 01 14.2% 04
Ascorbic acid) 10 59+ 09 423 0.2 42+ 0.2 14313

Treatment T2 (zinc) had the highest score for flavour followed by T1
(control}, T3 (iron), T4 {ascorbic acid) and TS (zinc, iron and ascorbic) in
order. Some panelists noticed the characteristic taste of ascorbic acid in
treatments T4 and T5, noting that this taste was more pronounced in the
latter might be due to m etal a ddition. F lavour s cores were s ignificantly (p<
0.001) decreased as storage progressed may be due to the increase of
acidity % during storage period (Table 3). Body and texture scores of bio-
yoghurt were significantly (p< 0.001) affected with fortification with zinc, iron
and/or ascorbic acid. Treatment T2 (zinc) had the highest body and texture
score foliowed by T1 (control), T3 (iron), T4 (ascorbic acid) and T5 (zinc, iron
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order. Some panelists noticed granular coagulum in the texture of treatments
T4 (ascorbic acid) and T5 {zinc, iron and ascorbic acid) in bio-yoghurt. Body
and texture scores were significantly (p< 0.001) decreased as storage
progressed (Table 3). Appearance and colour scores of bio-yoghurt were not
affected by fortification with zinc, iron and/or ascorbic acid (Tables 2 and 3).
Whereas, significantly (p< 0.001) decreased in appearance and colour scores
were noticed when storage progressed. Total organoleptic scores of bio-
yoghurt were significantly {p< 0.001) decreased in treatments T4 {ascorbic
_acid} and T5 {zingc, iron and ascorbic acid) as compared with other treatments
(T1, T2 and T3). This may be due to the characteristic taste of ascorbic acid
in treatments T4 and T 5, which was noticed by some panelists. Significant
(p<.0.001) decreases in the total organoleptic scores of bio-yoghurt were
noticed when storage period progressed. The rate of the decrease, during
and at the end of storage period, were more pronounced in treatment T5
(zinc, iron and ascorbic acid) and treatment T4 (ascorbic acid) in order.
Treatment T2 had the highest total organoleptic score followed by equal
scores for treatments T1 (controt) and T3 (iron) at the end of storage period.
Our results are in agreement with Degheidi {1998), Abd Rabou, et al. (1999)
and Et-Loly and El-Hofi ( 1999). T hey reported that yoghurt and acidophilus
milk enriched with zinc acetate, zinc sulfate and iron had highest organeloptic
score comparing with that without enrichment. The results indicated that the
possibility of fortifying bio-yoghurt with zinc or iron without any remarkable
effect on the chemical properties, viable counts of yoghurt and bio starter
bacteria and organeloptic properties in the resultant product. While,
fortification with ascorbic acid was negatively affected the organeloptic
properties. It is suggested that the ingestion of 125 g of zinc or iron-enriched
bio-yoghurt would provide 17 to 83 % or 14 to 25 %, respectively of
recommended dietary allowances of both essential trace elements for infants,
children and other population groups in Egypt in addition to health benefits of
probiotic bacteria.
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Table (3): Statistica) .m.;l\ sis of the compaosition of bio-yoghurt fortified with zine, iron and/or ascorbic acid
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Treatments of hio-yughn , control; T2, zine; T3, iron; T4, ascorbic acid and TS, zinc + iron + ascorbic acid.
ns: non-significant. * Significant at p<h05, ** Significant at p< 0,01, *** Significant al p< 0,001,
For cach effeen the differemt letters in the mcans the mutiple comparison are different from cach, Letlers a is the highest means followed by by e ... ete.
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Fig. (1): Changes in pH-value during storage of bio-voghurt
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Fig. (2): Changes in WSN/TN % during storage of bio-yoghurt
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Fig. (3): Changes in TVYFA during storage of bio-yoghurt
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Fig. (4): Changes in ascorbic acid content of bio-yoghurt during fermentation and

storage period
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Fig. (3): Changes in the viable count of 8. thermophilus during storage of bio-yoghurt
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Fig. (6): Changes in the viable count of L. defbrueckii subsp. bulgaricus during

storage of bio-yoghurt
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Fig. (7): Changes in the viable count of L. acidophilus during storage of bic-voghurt
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Fig. (8): Changes in the viable count of B. /actis during storage of bio-yoghurt
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