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Abstract: Stirred yoghurts with different fruit homogenates (papaya, kiwi, pineapple and kaki and control
(without additive) were prepared and stored up to 14 days at 5±1°C. Sugar and fruit homogenates were added
at the rate of 5 and 10% w/w respectively. The results revealed that, significant differences were observed in
proteolytic activity, acidity, protein and fibers contents among all treatments. Addition of fruit homogenates
and sugar had significantly harmful effect on the viability of the two lactic acid bacteria strains. The effect was
more obvious with using pineapple or kiwi than other fruits. Lb. delbrueckii ssp. bulgaricus was much more
sensitive to the fruit addition than Str. thermophilus. All yoghurt samples, however, contained the
recommended levels of (10 -10 cfu/g) lactic acid bacteria at the end of the refrigerated storage. Yeasts and6 7

moulds count was higher in fruit stirred yoghurt compared with the control and increased significantly during
storage at 5±1°C. The yoghurt containing pineapple or papaya ranked higher flavour scores than those of other
fruits.
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INTRODUCTION or at least 400 g per day. Fruits and vegetables are good

Yoghurt is an increasingly popular cultured dairy certain fruits can be used in yoghurt production for
product in Egypt and most countries. This is partly improving their nutritional values and sensory properties
because of an increased awareness of the consumer (e.g. strawberry, apple, cornelian, rosehip, morello cherry,
regarding possible health  benefits  of  yoghurt.  It is grape, date and other fruit homogenates) [1, 3, 4].
easily digested, has high nutritional value and is a rich Papaya, kiwi, pineapple and khaki  fruits  are  known
source of carbohydrates, protein,  fat,   vitamins,   calcium for their high nutrients and fibers content and they are
 and phosphorus [1]. Yoghurt in different forms with generally consumed ripe due to their characteristic flavour
appropriate local names is made throughout the world. and aroma. Moreover, these fruits are characterized by
Stirred yoghurt is defined as yoghurt for which the high content of proteolytic enzymes for example papaya
fermentation and coagulation step takes place in a tank. is a good source of the protease enzyme papain, as well as
The product is accepted by  consumer  for  its  flavour a similar enzyme called chmyopapain [5], pineapple is an
and aroma, (mainly acetaldehyde) and pleasant texture. excellent source of the protease-containing compound
Incorporating  of  some  fruit  can   enhance   its  flavour bromelain [6-8] and kiwi fruit contains actinidin, a
and  improve   nutritional  value.  The  use  of  different proteolytic enzyme with activity similar to papain [9].
fruit-flavour in yogurt manufacture has been attempted These enzymes may play an important role in food
increasingly. Fruit additions  have  an  increasing effect digestion. It was reported that, digestion improvement has
on yoghurt consumption. Also, using different fruit been attributed to consumption of some fruit (such as
additives give more yoghurt choices to the consumer in Papaya, kiwi and pineapple); this may be attributed to the
the market [1]. The World Health Organization (WHO) [2] fibers content and proteolytic enzymes associated with
recommends consumption of fruits and vegetables as part these highly nutritious fruits. On the other hand, viability
of a healthy diet with daily recommendation of 5 servings of  lactic  acid bacteria in yoghurt depends on a number of

sources of vitamins, minerals, antioxidants and fibers. So,
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factors  such  as fermentation time and storage The incubation was terminated till pH 4.5. At this point,
conditions,  pH  of  the  yoghurt  (post-acidification the yoghurt was stored in a refrigerator (5±1°C) for the
during storage), sugar concentration (osmotic pressure), overnight. Fresh fruit homogenates (papaya, pineapple,
milk  solids  content,  availability  of  nutrients,  the kiwi and kaki) were added at 10 % (w/w) rate and sugar
presence  of  hydrogen peroxide, buffering capacity and was also added at 5% (w/w). The yoghurt mixes were

-galactosidase  concentration  in  the yoghurt [10-12]. stirred and filled into 250g plastic cups. Three replicates
So, addition of fruit homogenates during yoghurt were done for each treatment. The resultant stirred
production  may  affect  the  viability  of  lactic  acid yoghurt  samples  were stored in refrigerator (5±1°C) for
strains during storage period [12]. Therefore, the 14 days. The samples were analyzed at 1, 3, 7, 10 and 14
objectives of this study were to evaluate the proteolytic days intervals.
activity, survival of lactic acid bacteria and sensory
quality of different stirred fruit yoghurt during cold Analytical Methods: Total solids, protein, fat, ash and
storage. crude fibers contents of stirred yoghurt samples were

MATERIALS AND METHODS lactic acid (TA %) was determined as given by Ling [14].

Materials assessed by the method of Chopra and Mathur [15] with
Ingredients: Fresh cow’s milk was obtained from the herd some modifications as follows: one ml of the substrate
of the dairy cattle at Faculty of Agriculture, Cairo (1% casein in 0.05 M phosphate buffer, pH 7.0) was
University,  Giza,  Egypt. Skim milk powder made in incubated at 37°C for 15 min and then 1.0 g of different
Poland  was obtained from the local market. Fruits yoghurt samples (source of the proteolytic enzymes) was
(Papaya, pineapple, kiwi and kaki) and commercial grade added. After mixing, the prepared mixture was incubated
granulated cane sugar (Sugar and Integrated Industries at 37°C for 20 min. The reaction was terminated by adding
Co. at Hawamdia, Egypt) were also obtained from the local 2.0 ml of 0.4 M trichloroacetic acid (TCA) then filtrated
market of Cairo. and the mixture was further incubated at the same

Bacterial Starter Cultures:  Yoghurt   starter  culture precipitated with TCA before adding the enzyme solution
(YC-X11 DIP 50u) contains Streptococcus thermophilus and then treated as described above. To 1 ml of the
and Lactobacillus delbrueckii subsp. bulgaricus was obtained filtrate, 5.0 ml of 0.4 M sodium carbonate
obtained from Chr. Hansens Laboratories, Denmark and solution was added followed by 1.0 ml of folin reagent and
activated at 42°C using 12% sterilized reconstituted skim incubated at 37°C for 20 min for colour development
milk. After incubation at 42°C for 4-5 h, the obtained before reading absorbance at 750 . A unit of proteolytic
working culture was freshly used. activity is defined as the amount of enzyme required to

Experiment Of Procedures equivalent to one g of tyrosine under the same condition
Preparation Of Different Fruit Homogenates: Fruits used of assy. Lactobacilli count was determined using MRS
in this study (pineapple, papaya, kiwi and kaki) were agar medium according to De Man et al. [16]. Str.
washed, peeled and seeds were removed and then quickly thermophilus was counted using M17 agar medium [17].
mashed using an electric mixer (Braun, Germany). The The plates were incubated at 37ºC for 48 h. Coliform count
prepared fruit homogenates were used directly. was enumerated using Violet Red Bile Agar medium as

Production of Stirred Fruit Yoghurt: Stirred fruit yoghurt [18]. The plates were incubated at 37°C for 48 h. Yeasts
of different treatments were manufactured according to and moulds were counted on Malt-Extract Agar medium
the procedure of Erdogan and Zekai [1] with some as suggested by Harrigan and McCance [19]. The plates
modifications as follows: Cow’s milk (fat 3%, protein were incubated at 25-27°C for 4 days. The sensory
3.72%, total solids 12.3% and acidity 0.17%) was used and evaluation of different yoghurt samples were assessed by
enriched with 2% skim milk powder to increase solids of regular taste panel of the staff-member at Food Science
milk. The mix was heated to 85°C for 10 min. and then Department, Faculty of Agriculture, Ain Shams
rapidly cooled to 45°C. The working yoghurt culture was University. Yoghurt samples were evaluated using a five-
added at the rate of 2% (w/v). The inoculated mix was point score system (5 excellent, 1 unacceptable) according
filled  into  2.0  kg  plastic  cups and incubated at 43°C. to Zekai and Erdogan [20].

determined according to AOAC [13]. Titratable acidity as

Proteolytic activity of stirred yoghurt samples was

temperature for 20 min. For the blank, the substrate was

 nm

relase TCA- soluble fragment giving a blue colour

reported by American Public Health Association (APHA)
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Statistical Analysis: Statistical analysis was performed
according to SAS Institute [21] using General Linear
Model (GLM) with main effect of treatments. Duncan’s
multiple range was used to separate the means of three
replicates at P  0.05.

RESULTS AND DISCUSSION

Chemical Composition: The results presented in Table 1
demonstrated that, fat content of stirred yoghurts ranged Fig. 1: Proteolytic activity (unit/g) of fresh stirred
from 2.9 to 3.1% (p>0.05) and protein from 3.55 to 3.95%. yoghurts made with some different fruit
Fiber content ranged from 0.18 to 0.35% in stirred fruit homogenates. *C, T1, T2, T3 and T4: see legend
yoghurt. There were significant differences in the protein, to Table (1) for details  A, B, C: Means with same
ash fibers and  TA  contents  among  all  treatments. letter among treatments are not significantly
Control stirred yoghurt had significantly the highest differed.
protein content and the lowest acidity, ash and fibers
contents. Stirred yoghurt containing kaki or kiwi fruit had stated that, papaya is a good potent source of the
significantly higher fibers and ash contents than the protease enzyme papain, as well as a similar enzyme called
others. While, stirred yoghurt containing kaki or chmyopapain. While, kiwi fruit contains actinidin, a
pineapple had acidity % higher than others. It was clear proteolytic  enzyme  with  activity  similar  to  papain  [9].
that, addition of any fruit homogenates in stirred yoghurt On the other hand, pineapple is an excellent source of the
manufacture increased the acidity, fibers and ash contents protease-containing compound bromelain, which is
and decreased contents of fat and protein in the final thought to aid in digestion [6-8]. These enzymes may play
product. These results are in agreement with those an important role in human digestion [22]. This finding is
obtained by Erdogan and Zekai [1]. quite important for the consumer health.

Proteolytic Activity: The results illustrated in Fig. 1 Microbial Situation: Survivability of Str. thermophilus
indicated that, there are significant differences could be and Lb. delbrueckii ssp. bulgaricus (log cfu/ ml) in stirred
observed in proteolytic activity in all treatments and fruit yoghurt during the storage at 5±1°C for 14 days is
control. The highest proteolytic activity (unit/g) was shown in Figs 2 and 3. It could be noticed that, addition
recorded in (T2) that made with papaya fruit homogenate of fruit  homogenates  had  significantly negative effect
followed by T1 that made with pineapple homogenate and on  the  viability  of the two lactic acid bacteria strains
T3 made with kiwi fruit homogenate. On the other hand, (Str. thermophilus and Lb. delbrueckii ssp. bulgaricus).
the least proteolytic activity was recorded for the control The effect was more obvious when pineapple or kiwi
and T4 that made with kaki homogenate. These stirred was used versms the other two fruits. Lb.
differences could be due to the variable proteolytic delbrueckii ssp. bulgaricus was much more sensitive
enzymes (type and content) among fruits used for either to   sugar   or  fruit  homogenates  compared  with
preparing stirred  yoghurt  formulas.  Starleya  et  al.  [5], Str. thermophilus. The high osmotic pressure due to the

Table 1: Chemical composition of fresh stirred yoghurts made with different fruit homogenates
Treatment Protein (%) Fat (%) Ash (%) Fibers (%) Acidity (%)
C* 3.95 3.1 1.190 ND 0.76A A C C

T1 3.80 3.0 1.301 0.18 1.05AB A B C A

T2 3.68 2.9 1.235 0.20 0.9B A AB B AB

T3 3.55 2.9 1.351 0.28 0.81B A A B B

T4 3.60 2.9 1.342 0.35 1.01B A A A A

*C: control stirred yoghurt made without fruit, T1: stirred yoghurt made with 10% pineapple fruit homogenate. 
T2: stirred yoghurt made with 10% papaya fruit homogenate, T3: stirred yoghurt made with 10% kiwi fruit homogenate.
T4: stirred yoghurt made with 10% kaki fruit homogenate.
A, B, C: Means with same letter among treatments in the same column are not significantly differed.
ND: not determined
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Fig. 2: Survival of Str. thermophilus (log cfu/g) in stirred yoghurts made with some different fruit homogenates along
the storage at 5±1°C for 14 days. *C, T1, T2, T3 and T4: see legend to Table 1 for details

Fig. 3: Survival  of  Lb.  delbrueckii  ssp.  bulgaricus  (log  cfu/g)   in   stirred   yoghurts   made  with   some  different
fruit  homogenates  along the  storage  at 5±1°C for 14 days. *C, T1, T2, T3 and T4: see legend to Table 1 for
details

addition of sugar and/or fruit homogenates seemed to be several countries have established minimum levels of
the reason of the low viability occurred by Str. lactic acid bacteria for yoghurts and/or fermented milks
thermophilus and rather by L. delbrueckii subsp. during shelf life. These values range from 1X10  to 5X10
bulgaricus. This finding was mainly observed in many CFU/g [26]. However it is clear that, the viability of lactic
types of yoghurt with sugar by Birollo et.al. [23]. Along acid bacteria strains (Str. thermophilus and Lb.
the cold storage period, Str. thermophilus and Lb. delbrueckii ssp. bulgaricus) in all yoghurt treatments
delbrueckii ssp. bulgaricus counts gradually decreased were higher during the storage at (5±1°C for 14 days) than
till the end of the storage period. The gradual decrease in the recommended minimum levels (10  cfu/ml or g).
lactic acid bacterial counts may be due to the sensitivity FAO/WHO [27] reported that the standard for any food
of these bacteria to acid developed during the storage sold with health claims from the addition of lactic acid
period. The results are in harmony with those obtained by bacteria that it must contain at least 10 -10  cfu/g or ml of
Oliveira  et  al.  [24]  and  Paseephol  and  Sherkat  [25]. viable bacteria. Coliform bacteria were not detected in
The results also revealed that Str. thermophilus counts in either fresh control or experimental samples and during
all the types of stirred yoghurts (control and treatments) the refrigerated storage. This may be due to the efficient
were higher than the Lb. delbrueckii subsp. bulgaricus heat treatment of the different yoghurt milks (85ºC for 10
during the storage period. min) and high sanitation conditions during manufacture

The beneficial effects of the regular consumption of and storage of yoghurt. In addition, it had been also
yoghurt on the consumer’s health have always been referred to the effect of acidity in different yoghurts,
related to the presence of a high concentration of viable which plays an important role in reduction of the growth
lactic acid bacteria in the product [23, 26]. Because of this, rate of coliform bacteria [28, 29]. 

6 8
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6 7
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Table 2: Yeasts & moulds counts (log cfu/ml) in stirred yoghurts made with some different fruit homogenates along the storage at 5±1°C for 14 days.
                                Storage period (day)

--------------------------------------------------------------------------------------------------------------------------------------------------------------------
Treatment Fresh 3 7 10 14
C* 1.2 1.3 1.8 2.5 3.2Cd Dd Dc Bb Ba

T1 1.9 2.2 2.5 2.9 3.5ABc ABbc CBb ABb ABa

T2 1.5 2.0 2.7 3.1 3.4Bc BCc ABb ABab ABa

T3 1.6 1.9 2.6 3.3 3.6Bc Cc ABb Aa ABa

T4 2.1 2.5 3.0 3.2 3.8Ab Ab Aa ABa Aa

*C, T1, T2, T3 and T4: see legend to Table (1) for details
A, B, C: Means with same letter among treatments in the same storage period are not significantly differed.
a, b, c :  Means with same letter for same treatment during storage periods are not significantly differed.

Table 3: Sensory evaluation of stirred yoghurts made with some different fruit homogenates along the storage at 5±1°C for 14 days. 
Storage period (day)
---------------------------------------------------------------------------------------------------------------------------------------------1

Criteria Treatment Fresh 3 7 10 14
Appearance (5) C* 4.33 4.30 4.20 3.80 3.64AA ABA AA AB AB

T1 4.51 4.50 4.34 3.95 3.75AA AA AA AB AB

T2 4.35 4.36 4.21 3.75 3.60AA ABA AA AB AB

T3 4.28 4.21 4.00 3.70 3.50AA ABA AAB AB AB

T4 4.15 4.10 4.05 3.88 3.75AA BA AA AAB AB

Body & C 4.00 4.10 4.00 3.95 3.88CA BA CA BAB BB

texture (5) T1 4.33 4.35 4.15 4.10 4.00BA ABA BAB AAB AB

T2 4.51 4.50 4.30 4.20 4.00ABA AA ABAB AB AC

T3 4.60 4.60 4.45 4.10 3.80AA AA AB AC BD

T4 4.11 4.20 4.10 4.00 3.85CA BA BA ABB BB

FlAvour  (5) C 4.44 4.45 4.40 4.25 4.00AA BA AA AB AC

T1 4.78 4.70 4.50 4.33 4.11AA AA AAB AB AC

T2 4.56 4.55 4.30 4.20 4.10AA ABA AAB AB AC

T3 3.40 3.00 2.50 2.32 2.21BA CB BC BD BD

T4 3.50 3.10 2.41 2.30 2.20Ba CB BBC BC BC

*C, T1, T2, T3 and T4: see legend to Table (1) for details
A, B, C: Means with same letter among treatments in the same storage period are not significantly differed.
a, b, c : Means with same letter for same treatment during storage periods are not significantly differed.

It can be clearly seen from Table 2 that yeast and This was due to coordination between pineapple and
mould counts increased progressively during storage. papaya  fruit  flavour  and  dairy  products.  In  general,
The fruit homogenate addition increased the yeast and the use of fruit homogenate for making stirred yoghurt
mould counts. The high yeasts and moulds count could caused an improvement in body and texture properties of
be attributed to contamination from air incorporation the final product. This improvement could be due to the
during stirring the different yoghurt treatments. In higher content of fibers associated with fruit
addition, the post contamination may be occurred in homogenates added and this may lead to increase the
yoghurt samples from different fruit homogenates and viscosity and consequently improve the body and texture.
during filling the products. The results are in harmony It is clear that; panelists preferred pineapple yoghurt
with the results of Con et al. [3] and Zakai and Erdogan compare to the other samples. So, addition of some fruit
[20], who found much higher yeast and mould count in to stirred yoghurt production (such as pineapple and
their fruit yogurt samples. papaya) may be contributed to increase the sensory

Sensory Quality: As shown in Table 3, sensory that, fruit additions have an increasing effect on yoghurt
evaluation results showed that there were significant consumption. Also, using different fruit additives gives
differences among    the   stirred   yoghurt  samples. more yoghurt choices to the consumer. The sensory
Some  fruit  additives  increased  acceptability  of  stirred scores of all the samples were decreased during storage
yoghurt.  The  stirred  yogurt  samples  containing  each period. This is may be due to the acidity development or
of   pineapple    and    papaya    fruit    homogenates the production of microbial metabolism which slightly
ranked significantly higher flavour score, than the harmed the rheological and sensory properties of the
samples  containing  kiwi  or  khaki  fruit  homogenate. product.

quality of the final product. Erdogan and Zekai [1] stated
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CONCLUSION 11. Dave, R.I. and N.P. Shah, 1998. Ingredient

In conclusion, it could be reported that, pineapple or probiotic   bacteria    in    yogurt.    J.    Dairy    Sci.,
papaya as fruit for stirred yoghurt is preferred over other 81: 2804-2816.
kiwi or kaki fruit flavouring. The viability of lactic acid 12. Kailasapathy, K., I. Harmstorf and M. Phillips, 2008.
bacteria strains (Str. thermophilus and Lb. delbrueckii Survival of Lactobacillus acidophilus and
ssp. bulgaricus) in all yoghurt treatments during the cold Bifidobacterium animalis ssp. lactis in stirred fruit
storage was higher than the recommended minimum levels yogurts. LWT, 41: 1317-1322.
(10  cfu/ ml or g). So, pineapple or papaya stirred yoghurt 13. AOAC 2007.Official Methods of Analysis, 18 Ed.6

possessed the highest proteolytic activity and hence the Association of Official Analytical chemists,
physiological activity of the product. Gaithersburg, MD, USA.
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