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CHARACTERIZATION OF YOGURT MADE WITH
DIFFERENT COMBINATION OF AUTOCHTHONOUS
STREPTOCOCCUS THERMOPHILUS AND
LACTOBACILLUS BULGARICUS
Serife Nur Akyar, Yekta Gezginc*
Kahramanmaras Sutcu Imam University, Faculty of Engineering and Architecture, Department of Food Engineering .DKUDPDQPDUDú
Turkey

can be summarized as milk acidification and synthesis of aromatic compounds via the Embden±Meyerhof±Parnas pathway [3].
Yogurt starter cultures have a remarkable impact on smooth texture, relavant viscosity, acceptable flavour and low post fermentation acidity of the
milk product [4]. They cause rapid acidification of
the culture media through the production of organic
acids and lead to the development of the typical yogurt aroma as a result [5]. Lactic acid is the main end
product and is responsible for the refreshing tart flavor of yogurt [6]. Milk coagulation starts at acidic
conditions, namely at S+¶VEHWZHHQDQGDQG
it is strongly influenced by lactic acid accumulation.
Flavor compounds in yogurt can derive from lactose,
caseins, amino acids, lipids, citric acid, and free fatty
acids. It basically occurs through the production of
non-volatile or volatile acids and carbonyl compounds. Particularly, carbonyl compounds, such as
acetaldehyde, acetone, acetoin and diacetyl, have
important roles for the final and desired yogurt
aroma due to the amounts they are produced, which
are quite high. Especially acetaldehyde is known to
have a great impact on the typical yogurt flavor [7,
8].
The starter cultures used for yogurt production
influence the quality parameters, and the functional
and sensorial properties of the end product [9]. Selection of favorable yogurt starter cultures is crucial
to produce well flavored final products with high
quantity. Final products may have various levels of
the desired metabolite compounds depending on the
strains and their proportion used in a starter culture
[10]. Traditional fermented foods make good
sources for the isolation of numerous native Lactic
acid bacteria (LAB). In our previous work [11], we
collected traditional yogurt samples from different
ecological regions of Turkey and isolated 130 different LAB strains from them. We also identified the
isolates by using molecular biotechnology based
methods and tested their abilities to produce important metabolites such as lactic acid and acetaldehyde. However, there are still only a limited numbers
of studies in which LAB strains of the traditional
products were isolated and their potentials to be used

ABSTRACT
In this study, natural yogurt isolates Streptococcus salivarius subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus were used to
make 21 different yogurts. Produced yogurt samples
were stored in refrigerator conditions (+4 oC) at 30
days and physical and chemical analysis were performed 1st, 7th, 15th and 30th day of storage period.
pH value, syneresis (mL), viscosity (cP), lactic acid
(mg/mL), acetaldehyde (mg/mL) and sensory properties were determined in different isolated tested
yogurt samples. The pH value was high in control
group produce with commercial starter culture. The
amounts syneresis was significantly higher in natural
isolates used yogurt samples when compared with
control group. When viscosity value was consider,
same treatment showed higher value than control
group. Similar lactic acid productions were observed
treatment groups and control group but acetaldehyde
production was lower in control group than combination groups. As a result of this study, different natural isolates combinations (Lb94-Str70 and Lb130Str70) could be recommended as an alternative yogurt starter culture in terms of physical and sensory
evaluation.

KEYWORDS:
Yogurt, Streptococcus thermophilus, Lactobacillus bulgaricus, metabolite

INTRODUCTION
Yogurt is one of the most popular fermented
milk products worldwide. It has a long history of
beneficial impact on the well-being of humans [1].
<RJXUWLVJHQHUDOO\PDGHE\IHUPHQWLQJFRZ¶VPLON
using a mixed species of the bacteria Lactobacillus
bulgaricus and Streptococcus thermophilus under
controlled temperatures in industrial production [2].
The role of these two species in milk fermentation
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sub-cultured three times then a single colony
of isolates was picked for the production of cultures
to be used in yogurt making.

as starter cultures were examined. In order to fill this
gap in the literature, a study has been planned and
the performances of various starter cultures during
the formation of yogurt have been investigated. For
this purpose, seven strains of St. thermophilus and
three strains of Lb. delbrueckii ssp. bulgaricus were
selected and twenty-one different combination were
made to use as starter cultures. Control group yoghurts using commercial starter cultures were compared with experimental yoghurts using selected
starters in terms of acidification, syneresis, viscosity
and sensory qualities. The levels of certain metabolites including pyruvate, lactic acid, acetaldehyde,
acetoin produced during storage were determined
using HPLC.

Yogurt production. Fresh cow milk was taken
from university farm and filtered to remove the impurities. The milk was standardized with skim milk
powder to make 12% (w/v) total solid in milk. The
homogenized milk was pasteurized at 85 °C for 20
min. After the milk was cooled to 42 °C in an ice
water bath, it was transferred to a glass bottle (250
mL), and aseptically inoculated with 1 % of each Lb.
delbrueckii ssp. bulgaricus and St. thermophilus
strains. The starter cultures that contain NIZO130
and LB 340 LYO 2 DCU, were used as the control
group. One of the St. thermophilus isolates (Str34,
Str45, Str46, Str70, Str109, Str112 and Str135) was
mixed with one of the Lb. delbrueckii ssp. bulgaricus
isolates (Lb89, Lb94, Lb130) and, thus 21 different
mixed starter sets were generated. Each mixed inoculation was sufficient to attain initial counts of 107
cfu mL-1 and incubation times were set for 4 h to find
better combination. Fermented products were cooled
at 4-5 °C overnight before testing at different periods
of time.

MATERIALS AND METHODS
Sample collection. Bacterial strains and isolates were used in this study are listed in Table 1.
Also their plasmid content and exopolysaccharides
features were given.
Growth of starter cultures. Control strains of
St. thermophilus NIZO 130 and Lb. delbrueckii ssp.
bulgaricus LB 340 LYO 2 DCU were obtained from
Netherlands Institute for Dairy Research and Danisco. Isolates of St. thermophilus (Str34, Str45,
Str46, Str70, Str109, Str112, Str135 and Lb. delbrueckii ssp. bulgaricus (Lb89, Lb94, Lb130) were
provided Kahramanmaras Sutcu Imam University
Food Engineering Laboratory -80 ºC Culture Collection. The isolates selected for this study were chosen
according to their plasmid content and exopolysaccharides features. S. thermophilus strain and isolates
were cultured in M17 medium supplemented with 1
% (w/v) lactose (LM17 medium) at 42 oC whereas
Lb. delbrueckii ssp. bulgaricus strain and isolates
were grown on De Man±Rogosa and Sharpe broth
(MRS) at 37 oC. The reactivated organisms were

Physical analysis of yogurt. The pH values of
the yogurt samples were measured by using a microprocessor pH meter (Inolab WTW, Measurement
system, FL, ABD) after 4 hours of initiation. The viscosity of the yogurt samples was measured for different storage times at 4 °C by a Brookfield viscometer, Model DV-III Ultra (Brookfield Engineering
Laboratories, Stoughton, MA, USA) with an RV
spindle (spindle No. 63) set at 10 rpm. All measurements were taken in duplicates and 3 readings (cP)
were taken for each sample at 30 s. Syneresis was
measured by weighing 100g yogurt in to a stainless
steel cylinder (50mm ID) with a 120 mesh stainless
steel screen base. The amount of whey (mL) collected after 3h at 4 °C was taken as an index of syneresis [12].

TABLE 1
Bacterial strains and isolated used in this study
Strains

Number of Plamids

Control
Str34
Str45
Str46
Str70
Str109
Str112
Str135

No plasmid
No plasmid
No plasmid
No plasmid
No plasmid
No plasmid
1 plasmid (>10 000 bp)
No plasmid

Control
Lb89
Lb94
Lb130

No plasmid
No plasmid
No plasmid
No plasmid

Exopolysaccharide biosynthesis (mg/L)
St. thermophilus
151.98±0.36
163.99±0.62
225,20±0.41
190,26±0.83
239,19±0.39
141,49±0.83
139,24±0.84
222,05±0.39
Lb. bulgaricus
270,55±1.17
192,67±0.88
176,45±0.54
332,35±2.04
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Reference source
NIZO130
This study
This study
This study
This study
This study
This study
This study
LB 340 LYO 2 DCU
This study
This study
This study
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FIGURE 1
pH production of starter potential strain combined yogurt samples

Metabolic end products analysis by HPLC.
The amounts of pyruvate, lactic acid, acetaldehyde
and acetoin produced in yogurt samples by each
starter were analyzed using HPLC as previously described [13]. Briefly, 1mL of a yogurt sample was
centrifuged at 14,000 g at 4 °C for 5 min. The supernatant was filtered and placed in a fresh eppendorf
tube. The sample was diluted 1 fold in 0.5% metaphosphoric acid (Sigma-Aldrich, MO, USA) and 20
ȝ/RIWKHVROXWLRQZDVLQMHFWHGRQWRWKH+3/&6HS
DUDWLRQZDVSHUIRUPHGRQD&DSFHOO3DNȝ0&
MG column (150×4.6 mm). Pyruvate, lactic acid and
acetoin were detected at 210 nm. The acetaldehyde
was detected at 277 nm. Results are presented as
Mean ± Standard Deviation.

RESULTS AND DISCUSSION
Acidification properties. Depending on storage time, the pH changes of yogurts made with different starters are illustrated in Figure 1. The pH values decreased when storage time was extended. Similar acidification patterns were seen in all starter
combinations. The pH changes varied from 0.13 pH
units to 0.75 pH units among all strain combinations.
As for the control group, this change was observed
as 0.35 pH unit throughout the storage period. pH
measures of the yogurts made by the combinations
of natural isolates revealed that the combination of
Lb94-Str112 had the lowest pH value (3.40±0.00) at
the end of the storage period, despite the fact that the
highest value was presented by Lb89-Str46
(4.95±0.07) at the beginning of the storage. Of all
combinations studied, Lb89-Str46 had the highest
pH value (4.20±0.14) at the end of the storage following the control (4.29±0.01).
Acidification capacity of a strain is the priority
characteristic to select it as a yogurt starter culture.
Acidity is responsible of aroma, texture and flavor of
yogurt. The pH changes in commercial yogurt samples in western countries range between 3.8 and 4.0
[15]. The pH values varied within the range are genHUDOO\FRQVLGHUHGDV³DFFHSWDEOH´IRU\RJXUW +RZ
ever, in Turkey, most consumers find yogurts with
the pH between 4.8 to 5.2 more desirable [16]. Furthermore, different commercial brands may have
been produced by different starter cultures, which
may have different acidification properties.
Some studies have shown that the pH of fermented milk during refrigerated storage may reflect
changes to a greater or smaller degree, depending on

Sensory evaluation. Sensory analysis was carried out in yogurt samples during 30 days of cold
storage by nine panellists from food engineering laboratory. The taste, texture, appearance, odour of
samples were scored on a hedonoic scale of 1-5 (unacceptable/excellent). Results were given as averages of the three trials for yogurt samples [14].
Statistical Analysis. In this study, yoghurt
samples were analyzed in triplicates. All statistical
calculations were performed by one-way ANOVA
using SPSS software (SPSS Inc., Chicago, IL, USA)
SAS Statistical Software (release 7.00 for windows.
SAS Institute Inc. Cary. NC.USA). Results are presented as Mean ± Standard Deviation. Significances
were evaluated with the analysis of variance, folORZHG E\ 'XQFDQ¶V 0XOWLSOH 5DQJH 7HVW ZKHUH p
value lower than 0.01 (P< 0.01) was considered significant.
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measuring the quantity of liquid separated
from yogurt as a function of time. When the samples
were analyzed, it was found that syneresis values
were changed between 8.85±0.07 mL and
13.85±0.21 mL during storage periods (Table 2).
Each sample presented a distinct syneresis value for
each storage period. The sample named Lb89-Str46
had the highest syneresis values (13.85±0.21mL) at
the beginning of the storage, whereas the lowest syneresis value (8.85±0.07mL) was measured in the
sample Lb94-Str109 at the end. Additionally, syneresis values of the control changed from 10.25±0.14
to 8.05±0.01mL during the storage period. Syneresis
values decreased by storage time in all samples.
Moreover, when the day 1 and day 30 values were
compared, this decrease was statistically significant
in all (S  H[FHSW IRU /E-Str46 and Lb130Str70. Syneresis can be defined as the expulsion of
whey from the gel surface of yogurts. In our samples,
we observed a decline in syneresis values, which
seem to be positively correlated to the storage time.
This phenomenon can be explained by the fact that
the bonds between network of milk gel becomes
weaker, and consequently, whey becomes re-absorbed back into the gel as the storage time progresses [18, 19]. Another study has also reported a
decrease in the extent of syneresis in yogurts towards
the end of the storage [20]. Syneresis, is an undesirable property of a yogurt for its consumers. Therefore, the fact that two combinations (Lb89-Str46 and
Lb130-Str70) were actually did not give a significant
change during their storage time make the strains in
these combinations preferable for commercial manufacturing.

the initial pH level, storage temperature and time and
the post acidifying activity of the cultures [17]. In
our study, all combinations and the control showed a
time dependent decrease in their pH (i.e. increasing
the acidity) albeit these changes were not statistically
significant in most cases (p>0.01). When average pH
values of all samples were considered, only three
VDPSOHVZHUHVHHQWRKDYHDS+YDOXHZLWKLQWKH³DF
ceptable´UDQJH -4.0) on the 1st day of storage;
Lb94-Str34 (3.78±0.08), Lb94-Str45 (3.94±0.09)
and Lb94-Str109 (3.96±0.01) for customers in Western Countries. On day 30, however, most combinations with Lb89 (5/7), no combination with Lb94
(0/7), and all combinations with Lb130 (7/7) presented a desirable pH. When Lb89 and Lb130 combinations were compared, Str34, Str45, Str70, Str109
and Str135 were found to be common in both groups.
Surprisingly, pH values of the yogurts produced by
using the commercial starter was higher than the acceptable range for Western Countries and it was below if for Turkey at all times measured. These deviations might be resulted by the milk that was used in
manufacturing process. When the values are considered for the Turkish Consumers, none of the samples
was actually in the accepted range at any time. All
together, these results indicate that Lb94 was not
able to produce a desirable pH with any combinations while Lb130 is quite successful bringing pH in
the range with any strain it combined, suggesting
that Lb130 may be a good candidate to be used as a
starter.
Physical properties of yogurt samples. Syneresis is an important factor effecting the acceptance
of yogurts by consumers. Syneresis is obtained by

TABLE 2
Syneresis (mL) and viscosity (cP) measurement of yoghurt made with different isolate combination
Strain
combination
Control
Lb89-Str34
Lb89-Str45
Lb89-Str46
Lb89-Str70
Lb89-Str109
Lb89-Str112
Lb89-Str135
Lb94-Str34
Lb94-Str45
Lb94-Str46
Lb94-Str70
Lb94-Str109
Lb94-Str112
Lb94-Str135
Lb130-Str34
Lb130-Str45
Lb130-Str46
Lb130-Str70
Lb130-Str109
Lb130-Str112
Lb130-Str135

Storage Time (day)
1
Syneresis
10.25±0.14
12.10±0.14
12.10±0.99
13.85±0.21
11.75±0.21
12.50±0.14
12.20±0.57
11.8±1.13
11.90±0.71
12.2±0.00
12.00±0.00
11.90±1.27
11.55±0.07
12.25±0.07
11.85±0.49
11.10±0.14
11.20±0.00
11.80±0.0
10.80±0.57
11.3±0.14
11.25±0.21
11.35±0.21

7
Viscosity
3470.5±13.5
3829±36.77
4188.5±23.33
31299±65.05
5033±8.49
2902.5±34.65
2997±14.14
1546.5±6.36
2866.5±47.38
4227.5±12.02
4421.5±30.41
6710±1.41
3939.5±23.33
2939±55.15
2849±25.46
3570.5±13.44
6876±1.41
2910±9.9
7032±18.38
3452.5±3.54
4068±12.73
2856±32.53

Syneresis
9.16±0.55
11.75±0.49
11.40±0.42
12.25±0.78
10.95±0.92
11.20±0.42
10.70±0.42
10.65±0.07
11.15±0.07
11.45±0.49
11.70±0.42
11.15±0.64
11.20±0.28
11.75±0.35
11.70±0.42
10.70±0.57
10.55±0.64
11.10±0.71
10.60±0.28
10.25±0.35
10.20±0.42
10.90±0.71

15

Viscosity
4035.5±17.3
3918.5±57.28
5786±24.04
3551±33.94
5864.5±13.44
3130.5±68.59
3888±16.97
3809.5±27.58
3702.5±7.07
4077.5±31.82
4715.5±53.03
6634.5±48.79
4234.5±30.41
3270±41.01
4367.5±0.71
4033.5±47.38
7920.5±30.41
3721±31.11
9339±57.98
4125±36.77
4079±16.97
3801.5±2.12
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Syneresis
8.45±0.28
10.75±0.35
10.70±0.42
11.40±0.28
10.00±0.00
10.50±0.00
9.80±0.28
10.40±0.28
10.50±0.42
10.35±0.92
10.20±0.00
10.50±0.71
10.30±0.14
10.35±0.07
9.80±0.28
10.0±0.28
10.05±0.49
10.45±0.07
10.0±0.0
9.90±0.14
9.80±0.0
10.30±0.71

Viscosity
5345.5±12.1
5088±9.9
6808.5±26.87
5151±11.31
7359±7.07
4873±4.24
4731±2.83
3841.5±68.59
4631±26.87
6697±53.74
5762±59.4
8139.5±27.58
4500±15.56
6588±15.56
5972±35.36
5335.5±12.02
8776±59.4
5571.5±6.36
9564.5±3.54
4446.5±23.33
4169±8.49
4578.5±14.85

30
Syneresis
8.05±0.01
10.10±0.14
9.70±0.42
10.40±0.0
9.30±0.42
10.15±0.21
9.35±0.07
9.45±0.07
9.45±0.21
9.65±0.35
9.85±0.21
9.90±0.14
8.85±0.07
9.40±0.14
8.90±0.14
8.90±1.27
9.90±0.42
9.25±0.35
9.50±0.71
9.65±0.07
9.3±0.14
9.45±0.64

Viscosity
6800±24.8
5695.5±40.31
7238.5±61.52
6647±28.28
7990±33.94
5926±38.18
5115±45.25
5199±49.5
7018.5±30.41
8176±42.43
7342±29.9
10133±18.38
5596±9.9
6749±25.46
6619±231.93
5927±84.85
9472±8.49
6912±49.5
10149±15.56
4481±8.49
6775±19.8
6160±72.12
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(a)

(b)

(c)

(d)
FIGURE 2
Pyruvate, lactic acid, acetaldehyde and acetoin production of starter potential strain combined yogurt
samples.
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FIGURE 3
Sensory analysis of yogurt by control and combinations.
The viscosity measurement of yogurt samples
fermented by different combinations were shown in
Table 2. The initial viscosity values were ranged between 1546.50±2.36 cP (Lb89-Str135) and
7032.00±1.38 cP (Lb130-Str70). All samples
showed a time dependent increase in their viscosity
during storage. On the 30th day, 12 combinations
(Lb89-Str34, Lb89-Str46, Lb89-Str109, Lb89Str112, Lb89-Str135, Lb94-Str109, Lb94-Str112,
Lb94-Str135, Lb130-Str34, Lb130-Str109, Lb130Str112, Lb130-Str135) showed lower viscosity values than the control (LB 340 LYO 2 DCUNIZO130) whereas other 9 combinations generated
samples with higher viscosity.

In our study, we observed that the measure of
viscosity usually increased with the decrease in pH.
These results are in agreement with the previous results presented [21], as it has been already known,
continuous activity of microflora in yogurt results in
changes in the micro-structure of the media and
hence affecting viscosity. The correlation between
pH and viscosity was estimated as a -0.3396
3 7KHYLVFRVLW\LVaffected by the state and
concentration of fats, protein, temperature, pH, and
milk age. Viscosity in the special range of 1500020000 cP is a property that consumers seek [22].
When the change in storage time is taken in the consideration, the highest viscosity measured for all
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Lactic acid production plays a specific
role in the aroma and flavor properties of yogurt. The
primary function of lactic acid cultures used in yogurt manufacture is to produce lactic acid required
for the formation of the coagulum. Around 20-40%
of lactose present in milk is converted into lactic acid
during yogurt fermentation process and the content
of lactic acid in yogurt reaches up to 0.9 %. According to our results, the highest lactic acid measurement was observed by Lb89-Str46 combination on
the 30th day of storage. Despite being the highest in
our experiments, the value of 91.96 mg/kg, which responds to % 0.09, was nearly ten times below the
value presented.
As for acetaldehyde contents of our yogurt
samples, they were also observed to vary depending
on the strain combinations used as the starter (Figure
2c). While the control group produced acetaldehyde
changing from 1.41±0.01 to 0.38±0.08 mg/L on the
first and the last day of the storage, the highest
amount of it (2.92 ±0.08 and 0.6±0.06 mg/L, respectively) was generated by the combination Lb130Str45 on the same days. The lowest amount of acetaldehyde (0.19±0.02 mg/L), on the other hand, was
seen to be produced by Lb89-Str45 both at the beginning and the end of the storage. Acetaldehyde, the
component that is responsible of fresh, fruity, pungent taste of yogurt, is produced by starter cultures
from lactose and/or due to the formation of acetyl
coenzyme A [25]. It has been accepted that the
amount of acetaldehyde should be among 23 and 40
mg/kg of yogurt for a desirable aroma4. In this study,
none of the starter cultures in the experimental or the
control group presented an acetaldehyde value that
was acceptable for the commercial manufacture at
any time. In fact, the values were generally lower
than expected for a mixed starter culture (2.0 and
41.0 mg/kg) even on the first day of the storage.
When all values are considered together, the
combinations with Lb130 showed a range between
1.70 and 2.92 mg/L. Most of the combinations
consisting of Lb130 (5/7) produced acetaldehyde
over 2.0 mg/L on the first day, which was not only
in the expected range but also higher than all other
combinations and the control. Nevertheless,
acetaldehyhde levels measured in our samples was
generally low, and even the control did not
demonstrate a commercially appropiate production
of the metabolite. Considering the fact that the
control we used was not a commercial starter but a
mixture of two species that were useful for molecular
biological stduies of our lab, and that the strains used
in combinations were previosuly checked to have
modest amount of acetaldehyde producing ability,
these observations were not too abrupt. In addition
to this, the decrease in acetaldehyde levels by extending storage time was not only in agreement with
previous reports [26, 27], but also was predicted
since the pH values of our samples decreased with

samples was 10149 cP formed by Lb130-Str70 on
the 30th day of storage. It has been known that viscosity may vary depending on the fat content of the
milk used in the culture. Since we did not measure
fat in milk we used, we can only speculate that might
be the reason for observing such low levels of viscosity. Albeit not in the range, the viscosity detected
for Lb130-Str70 provided another information about
the combination of along with desirable pH and syneresis, which points its potential to be used as a
starter culture.
Metabolites production of yogurt sample.
The profiles of pyruvate, lactic acid, acetaldehyde
and acetoin in yogurt during storage are presented in
Figure 2a-d.
Depending on the storage time examined, the
amounts of pyruvate produced by isolate combinations were varied between 0.00±0.00 and 0.18±0.01
mg/L. Although the control group showed the highest values for pyruvate at each point of storage and it
ranged from 0.15±0.01 to 0.18±0.01 mg/L (Figure
2a). Among combinations, Lb89-Str135 produced it
most after 7 days of storing (0.13±0.00 mg/L). Surprisingly, the lowest value for pyruvate production
was also obtained on the 7th day by a different combination of strains, Lb130-Str112, as 0.00±0.00
mg/L.
During fermentation of milk into yogurt, pyruvate is produced from glucose through EmbdenMeyerhoff Pathway (EMP) and it is converted to lactic acid by lactate dehydrogenase enzyme [23]. Pyruvate levels may be prevented by the high level of
lactate present in the product [24]. This could explain why the values measured for pyruvate never
exceeded 0.1770 mg/L even for the control. It seems
that there was no common trend for pyruvate levels
in terms of changing in time. This irregularity might
be resulted by varying balance between glucose
(generates pyruvate) and lactate production (consumes pyruvate) at any given point.
The combinations of the strains were found to
produce different amounts of lactic acid and these
differences were statistically significant 3 
compared to the control. Analyses made for each yogurt sample revealed that the maximum amount of
lactic acid was generated by Lb89-Str46 combination (91.96±2.54 mg/L) at the end of the storage period (30th day), while the minimum accumulation
value was measured in Lb89-Str45 (26.84±1.16
mg/L) at the initiation of the storage (1st day). Lactic
acid contents of the samples in control group, on the
other hand, were determined to vary between
64.07±1.65 and 77.16±7.35 mg/L (Figure 2b) presenting the highest value for the 1st but being only
relatively high on the 30th day of storage. The differences between the control and the combinations that
presented the highest and the lowest levels measured
were statistically significant.
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compounds provide the basis qualified decisions in producing high quality yogurt. Using quantitative descriptive analysis, showed that yogurt containing more acetaldehyde, which was obtained with
pectin enrichment, had more pleasant flavor and
aroma [6]. Determining the relationship between key
aroma compounds and the sensory properties of yogurt will provide a better understanding on how yogurt flavor is affected by the presence of critical
aroma compounds and facilitate the production of
more uniform yogurt products with greater consumer acceptance.
It was concluded, the combinations Lb94-Str70
and Lb130-Str70 could reach the physical properties
which is much better and cheaper than commercial
starter culture. Therefore, these Lb94-Str70 and
Lb130-Str70 combinations could be used as a yogurt
starter culture to replace the commercial starter culture for yogurt production.

time and it is known that acetaldehyde can easily be
oxidized to acetate at lower pH values [28].
As illustrated in figure 1d, acetoin was converted at lowest (0.0035 ±0.07 mg/L) by Lb130-Str135 on the 15th day of the storage whilst the highest
value (2.28±0.38 mg/L) was presented by Lb89Str135 on the 30th day. In control group, on the other
hand, acetoin levels remained in the range of
0.45±0.05 and 1.33±0.6 mg/L, introducing neither
the highest nor the lowest value for the whole experiment throughout the storage. Interestingly, control
group generated its highest amount of acetoin on day
1, while its lowest value was observed at the next
measuring point; the day 7. After this dramatic drop,
however, acetoin levels seemed to follow a pattern
through which they increased by storage time.
Acetoin (mildy, creamy, slightly sweet, butter like)
is a common flavor substance in many dairy products
[5]. In a previous study reported [12], it was stated
that typical acetoin concentrations in yogurt ranged
from 1.2 to 28.2 mg/L. Our findings revealed that
acetoin production varied between 0.22±0.07 and
2.28±0.33 mg/L, indicating that 13 out of 21
measures made on the 30th day were in the range. To
us, the most striking conclusion of all this is that
none of the combination consisting of Lb130 was
able to produce acetoin in the acceptable range at any
time point. Besides, acetoin levels were also observed to have a tendency to increase by storage
time, which was an observation that matched with a
report in the literature [5].
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VHFRQGDU\ SUHFLSLWDWLRQ IROORZHG E\ SXULILFDWLRQ
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DGGHGSHUP/RIDOOUHDJHQWV DQGP/RIHV
WHUDVHIUDFWLRQZHUHVXEMHFWHGWRHVWHULILFDWLRQUHDF
WLRQLQDFORVHGP/(UOHQPH\HUIODVNDWDUHDF
WLRQWHPSHUDWXUHRI&$IWHUKP/RIVX
SHUQDWDQWZDVWDNHQWRP/(UOHQPH\HUIODVNWREH
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DFWLYLW\XQLW

(VWHUDVH SURGXFWLRQ LQ OLTXLG IHUPHQWDWLRQ
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.&OPDQJDQHVHVXOIDWH7KHLQLWLDOS+
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WHRO\WLF GHJUDGDWLRQ GXULQJ WKH ZKROH SXULILFDWLRQ
SURFHGXUH ,Q RUGHU WR SXULI\ WKH HVWHUDVH IURP WKH
IHUPHQWDWLRQ EURWK WKH VDPSOHV ZHUH SUHFLSLWDWHG
ZLWK DPPRQLXP VXOIDWH >@ $PPRQLXP VXOIDWH
ZDVDGGHGWRERWWOHVRIPOFXOWXUHEURWKWRWKH
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WLYHO\ $IWHU WKH DPPRQLXP VXOIDWH GLVVROYHG WKH
VDPSOHVZHUHUHPDLQHGVWLOOIRUPLQIROORZHGE\
FHQWULIXJDWLRQZLWKîJDWΥIRUPLQ7KH
VXSHUQDWDQW ZDV GLYLGHG LQWR  WXEHV RQ DYHUDJH
HDFKWXEHZDVDGGHGZLWKDPPRQLXPVXOIDWHDWWKH
VDWXUDWLRQRIDQGUHVSHF
WLYHO\ $IWHU WKH DPPRQLXP VXOIDWH GLVVROYHG WKH
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WHLQ7KHQWKHHVWHUDVHZDVHOXWHGLQP07ULV+&O
EXIIHU S+ FRQWDLQLQJWR0DPPRQLXPVXOIDWH
FRQFHQWUDWLRQ JUDGLHQWV )ROORZHG E\ JUDGLHQW HOX
WLRQRIHVWHUDVHZLWKPRUHWKDQIRXUFROXPQYROXPHV

3URWHLQGHWHUPLQDWLRQDQGJHOHOHFWURSKRUH
VLV3URWHLQFRQFHQWUDWLRQLVXVXDOO\PHDVXUHGXVLQJ
WKH %UDGIRUG PLFURDVVD\ ZLWK %LR5DG DV G\H UHD
JHQW %UDGIRUG >@%6$ZDVXVHGDVWKHUHI
HUHQFH SURWHLQ$IWHU WKDW 6RGLXP GRGHF\O VXOIDWH
SRO\DFU\ODPLGH JHO HOHFWURSKRUHVLV 6'63$*( 
ZLWK  DFU\ODPLGH JHO ZDV FDUULHG RXW DQG WKH
SURWHLQPROHFXODUZHLJKWZDVPHDVXUHGE\ORZPR
OHFXODUZHLJKWPDVVPDUNHUNLW $PHUVKDP 7KHJHO
ZDVVWDLQHGZLWK&RRPDVVLH%ULOOLDQW%OXH5WR
GLVSOD\WKHSURWHLQ>@
1WHUPLQDO VHTXHQFH DQDO\VLV 7R GHWHUPLQH
WKH1WHUPLQDODPLQRDFLGVHTXHQFHDERXWQPRO
RI SXULILHG HVWHUDVH ZHUH VHSDUDWHG E\ 6'63$*(
 DFU\ODPLGH  DQG WUDQVIHUUHG WR D SRO\YLQ\OL
GHQH GLIOXRULGH PHPEUDQH 39')  E\ HOHFWUREORW
WLQJ7KHHVWHUDVHEDQGVZHUHH[FLVHGIURPWKH&%%
5VWDLQHG 39') EORWWLQJ 7KH VWDQGDUG DPLQR
DFLGSURILOHZDVILUVWHVWDEOLVKHGXVLQJWKHSURWHLQVH
TXHQFHU3364$ 6KLPDG]X-DSDQ DQGWKHQWKH
1WHUPLQDOVHTXHQFHRIWKHSXULILHGQRQGHQDWXULQJ
HVWHUDVHZDVGHWHUPLQHG
3URWHLQ0DVV6SHFWURPHWU\After separation
of the purifiedHVWHUDVH by SDS-PAGE (12% acrylamide), the protein band was removed from the gel
and cleaved with trypsin to obtain peptide mixture.
A matrix-assisted laser desorption/ionization tandem
time-of-flight mass spectrometer (MALDI-TOF,
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DFLGVRGLXP FLWUDWH EXIIHU  PRO  / S+  
GLSRWDVVLXPK\GURJHQSKRVSKDWH SRWDVVLXPGLK\
GURJHQSKRVSKDWHEXIIHUDQGPRO/S+
7ULV+&OEXIIHUVROXWLRQZDVUHVSHFWLYHO\XVHG
DVVXEVWUDWHUHDFWLRQEXIIHUWRGHWHUPLQHWKHHQ]\PH
DFWLYLW\DQGWKHUHODWLYHDFWLYLW\ZDVFDOFXODWHGZLWK
WKHPD[LPXPHQ]\PHDFWLYLW\VHWDV7RVWXG\
WKH HIIHFWV RI S+ RQ HQ]\PH VWDELOLW\ WKH HQ]\PH
IUDFWLRQZDVSODFHGLQWKHDERYHFRUUHVSRQGLQJS+
EXIIHUDWΥRYHUQLJKWDQGWKHUHPDLQLQJHQ]\PH
DFWLYLW\ZDVPHDVXUHG7KHUHODWLYHHQ]\PHDFWLYLW\
ZDV FDOFXODWHG ZLWK WKH HVWHUDVH DFWLYLW\ XQGHU S+
  DVFRQWURO

model: ultrafleXtreme) to detect the protein structure. The separated ions are collected by the detector,
and the M/Z value of each ion is determined, thereby
obtaining a mass spectrometric analysis result of the
protein.
(IIHFWVRIIHUPHQWDWLRQWLPHRQHVWHUDVHDF
WLYLW\7KHVHHGVROXWLRQZDVDGGHGWRP/RIIHU
PHQWDWLRQPHGLXPZLWKLQRFXODWLRQDPRXQW$
EDWFKRIVDPSOHVZDVWDNHQDWLQWHUYDOVRIKRXUV
IRUWLPHV7KHVDPSOHVZHUHILOWHUHGZLWKOD\HUV
RIJDX]HDQGWKHP\FHOLXPZDVULQVHGVHYHUDOWLPHV
ZLWKVWHULOHZDWHUXQWLOWKHVXUIDFH ZDVFOHDQHGXS
WREHGULHGDQGZHLJKHG7KHHVWHUDVHDFWLYLW\LQGLI
IHUHQWIHUPHQWDWLRQWLPHZDVGHWHUPLQHG

(IIHFWVRIPHWDOLRQVRQHVWHUDVHDFWLYLW\7KH
HIIHFWVRIPHWDOLRQVRQHVWHUDVHDFWLYLW\ZDVFDUULHG
RXW E\ DGGLQJ GLYDOHQW PHWDO LRQV DV &D 0J
0Q =Q &X )H WR P0 7ULV+&O S+  
EXIIHUVROXWLRQLQZKLFKHVWHUDVHZDVGLVVROYHGWRD
ILQDOFRQFHQWUDWLRQRIPPRO/7KHHVWHUDVHDFWLY
LW\ZLWKRXWPHWDOLRQVZDVVHWDQGWKHUHODWLYH
HQ]\PH DFWLYLWLHV ZHUH FDOFXODWHG7KH FRQWURO H[
SHULPHQWVZHUHSHUIRUPHGZLWKRXWDGGLQJDGGLWLRQDO
PHWDOLRQV

(IIHFWV RI WHPSHUDWXUH RQ HVWHUDVH DFWLYLW\
DQGVWDELOLW\7KHHIIHFWVRIWHPSHUDWXUHRQHVWHUDVH
DFWLYLW\ZDVDQDO\]HGE\GHWHFWLQJWKHHVWHUDVHDFWLY
LW\DWWHPSHUDWXUHUDQJLQJIURPWR&7KHSX
ULILHGHVWHUDVH ZDVDGGHGWRWKH HVWHULILFDWLRQUHDF
WLRQV\VWHPDQGWKHQSODFHGDWHVWHULILFDWLRQUHDFWLRQ
FRQGLWLRQVRI
DQG&UHVSHFWLYHO\WRGHWHUPLQH
HQ]\PH DFWLYLW\ 7KH UHODWLYH HQ]\PH DFWLYLW\ ZDV
FDOFXODWHGZLWKWKHPD[LPXPHQ]\PHDFWLYLW\VHWDV
7KHUPDOVWDELOLW\ ZDV VWXGLHGE\LQFXEDWLQJ
WKHHVWHUDVHDWDQGΥIRUKGH
WHFWLQJHVWHUDVHDFWLYLW\HYHU\PLQXWHVDQGPHDV
XULQJWKHUHVLGXDODFWLYLW\RYHUWLPHXQGHUWKHHVWHU
LILFDWLRQUHDFWLRQFRQGLWLRQDWΥ7KHHVWHUDVHDF
WLYLW\EHIRUHWKHUPDOWUHDWPHQWZDVVHWWRDQG
WKHUHODWLYHHQ]\PHDFWLYLW\ZDVFDOFXODWHG

RESULTS
,GHQWLILFDWLRQ RI IXQJDO VWUDLQ 7KH IXQJDO
VWUDLQZDVLVRODWHGIURPWKH'DTXOLTXRUVDPSOHVFRO
OHFWHG LQ WKH SLWV RI +XDQJ6KDQWRX:LQHU\ +XEHL
SURYLQFH&KLQD 7KURXJKVSHFLILFELRFKHPLFDOWHVWV
DQG DQDO\VLV RI WKH 6U'1$' QXFOHRWLGH VH
TXHQFHWKHIXQJDOVWUDLQZDVLGHQWLILHGDV0RQDVFXV
SXUSXUHXV

(IIHFWVRIS+RQHVWHUDVHDFWLYLW\DQGVWDELO
LW\7KHPRO/S+FLWULF
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FIGURE 1
The change rule of esterase enzyme activity and cell growth with the culture time
in the fermentation process
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FIGURE 2
Correspondence between ammonium sulfate saturation concentration and esterase activity in the two
steps of ammonium sulfate precipitations
PLQ7KHSUHFLSLWDWHZDVWDNHQDQGGLVVROYHGLQ
P0S+7ULV+&OEXIIHU$IWHUILOOLQJWRDYRO
XPHRIP/HQ]\PHDFWLYLW\RIWKHUHVLGXDOHVWHU
DVHZDVGHWHFWHG,WZDVIRXQGWKDWWKHHVWHUDVHDF
WLYLW\UHDFKHGWKHKLJKHVWRI8P/ZKHQDP
PRQLXP VXOIDWH VDWXUDWLRQ FRQFHQWUDWLRQ ZDV 
DQGWKHQGHFUHDVHGVKDUSO\ZKHQWKHFRQFHQWUDWLRQ
H[FHHGHG  )LJ %  +HQFH  DPPRQLXP
VXOIDWH VDWXUDWLRQ FRQFHQWUDWLRQ ZDV FKRVHQ LQ WKH
VHFRQGSUHFLSLWDWLRQVWHS
7KHSUHFLSLWDWHREWDLQHGDIWHUWZRVWHSSUHFLSL
WDWLRQRIDPPRQLXPVXOIDWHZDVGLVVROYHGLQP0
7ULV+&O S+ DGGHGWRDEXW\OVHSKDURVHFROXPQ
IRU JUDGLHQW HOXWLRQ ZLWK  P0 7ULV+&O S+  
EXIIHU ZLWK GLIIHUHQW FRQFHQWUDWLRQV RI DPPRQLXP
VXOIDWH7KHFRPSRQHQWVZLWKWKHODUJHVWHVWHUDVHHQ
]\PHDFWLYLW\ZHUHFROOHFWHGVFUHHQHGZLWK6XSHU
GH[*FROXPQIRUIXUWKHUSXULILFDWLRQ
7KH SURWHLQ FRQFHQWUDWLRQ ZDV GHWHUPLQHG E\
XVLQJWKH%UDGIRUGPLFURDVVD\SURFHGXUHZLWK%LR
5DG'\H5HDJHQW%6$DVDUHIHUHQFHSURWHLQ$IWHU
WKHFUXGHH[WUDFWLRQRIWKHWZRVWHSDPPRQLXPVXO
IDWH SUHFLSLWDWLRQ DQG WKH EXW\O VHSKDURVH FROXPQ
WUHDWPHQWWKHGHWHFWHGWRWDOSURWHLQFRQWHQWZDV
PJ7KURXJK6XSHUGH[*FROXPQWUHDWPHQWWKH
ILQDOREWDLQHGWRWDOSURWHLQFRQWHQWZDVPJ$V
VKRZQLQ7DEOHP/RIWKHFUXGHHQ]\PHVROX
WLRQ FRXOG SURGXFH DSSUR[LPDWHO\  PJ RI SXUH
HVWHUDVHSURWHLQ
$VLVVKRZQLQ)LJ /LQH WKHSXULILHGHV
WHUDVH (V0 VKRZHG D VLQJOH SURWHLQ EDQG LQ WKH
6'63$*( DFU\ODPLGH SURFHGXUHZKLFKLQ
GLFDWHGWKDWWKHSURWHLQSUHSDUDWLRQKDGDKLJKOHYHO
RI SXULW\$FFRUGLQJ WR WKH SURWHLQ PROHFXODU PDVV
PDUNHUWKHVLQJOHSURWHLQEDQGZDVDURXQGN'D
)XUWKHUPRUH PDVV VSHFWURPHWU\ 0$/',72) 
DQDO\VLVFRQILUPHGWKDWWKHHVWHUDVHREWDLQHG KDVD
PROHFXODUPDVVRIN'D
/LQH DQG PROHFXODU PDVV PDUNHU /LQH 
DQGFUXGHHQ]\PHH[WUDFWDIWHUWZRVWHSVDWXUDWHG
DPPRQLXP VXOIDWH SUHFLSLWDWLRQ /LQH  DQG 

3URGXFWLRQ DQG SXULILFDWLRQ RI 0RQDVFXV
SXUSXUHXVHVWHUDVH,QLQGXVWULDOSURGXFWLRQPHWD
EROLFSURGXFWVDUHPDLQO\FROOHFWHGDFFRUGLQJWRWKH
VWDJHVRIFXOWXUHWLPH'HWHFWLRQRIHVWHUDVHHQ]\PH
DFWLYLW\DQGWKHGU\ZHLJKWRIP\FHOLXPLQWKHIHU
PHQWDWLRQEURWKUHIOHFWVFKDQJHRIHVWHUDVHHQ]\PH
SURGXFWLRQLQWKHIHUPHQWDWLRQSURFHVV$VVKRZQLQ
)LJ  DIWHU  K RI FXOWXUH WKH IXQJXV HQWHUV WKH
UDSLGJURZWKSHULRG$WKKWKHJURZWKUDWHLV
YHU\ ODUJH$IWHU  K WKH JURZWK EHJLQV WR VORZ
GRZQ$WWKLVWLPHWKHGU\ZHLJKWZDVJDQG
DIWHUWKDWWKHJURZWKRIWKHIXQJXVZDVQRWREYLRXV
ZLWK WKH LQFUHDVH RI WLPH UHDFKLQJ WKH PD[LPXP
YDOXHRIJDWK7KHJURZWKEHJLQVWRGH
FUHDVHRQWKHILIWKGD\
7KH HVWHUDVH HQ]\PH DFWLYLW\ LQ IHUPHQWDWLRQ
EURWKLQFUHDVHVJUDGXDOO\ZLWKWKHLQFUHDVHRIFXOWXUH
WLPHUHDFKLQJWKHPD[LPXPRI8P/DWK
DQGWKHQEHJLQVWRZHDNHQDIWHUIXUWKHUFXOWXUHGURS
SLQJWR8P/DWK$IWHUILOWUDWLRQRIIHUPHQ
WDWLRQ EURWK WKH IHUPHQWHG FUXGH HQ]\PH VROXWLRQ
ZDVVXEMHFWHGWRLPSXULW\UHPRYDODQGFRQFHQWUDWLRQ
E\DPPRQLXPVXOIDWHSUHFLSLWDWLRQ)LJVKRZVWKH
FRUUHVSRQGHQFHEHWZHHQDPPRQLXPVXOIDWHFRQFHQ
WUDWLRQDQGHVWHUDVHDFWLYLW\LQWKH WZRVWHSDPPR
QLXPVXOIDWHSUHFLSLWDWLRQV7KHILUVWDPPRQLXPVXO
IDWH VDWXUDWLRQ FRQFHQWUDWLRQ UDQJLQJ IURP  WR
 ZDV FDUULHG RXW )ROORZHG E\ FHQWULIXJDWLRQ
ZLWKîJDWΥIRUPLQWKHVXSHUQDWDQW
ZDVWDNHQDQGHVWHUDVHHQ]\PHDFWLYLW\RIWKHVXSHU
QDWDQWZDVGHWHFWHG7KHUHVXOWVVKRZHGWKDWHQ]\PH
DFWLYLW\RIUHVLGXDOHVWHUDVHZDVWKHKLJKHVWZKHQWKH
DPPRQLXP VXOIDWH VDWXUDWLRQ FRQFHQWUDWLRQ ZDV
 )LJ$ +HQFHDPPRQLXPVXOIDWHVDW
XUDWLRQFRQFHQWUDWLRQZDVFKRVHQLQWKHILUVWSUHFLS
LWDWLRQVWHS
$IWHU WUHDWPHQW E\  VDWXUDWHG DPPRQLXP
VXOIDWH WKH FUXGH HQ]\PH VROXWLRQ ZDV DGGHG ZLWK
DPPRQLXPVXOIDWHDJDLQXQWLOWKHILQDOFRQFHQWUDWLRQ
UHDFKHG  $IWHU VWDQGLQJ IRU  PLQ WKH
VROXWLRQZDVFHQWULIXJHGZLWKîJDW&IRU
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$'3(('$$1'ZKLFKKDVQRKRPRORJ\ZLWKHV
WHUDVHLQRWKHUIXQJXVVWUDLQ7KH(V0ZDVIXUWKHU
DQDO\]HG E\ SHUIRUPLQJ 0$/',72) PDVV VSHF
WURPHWU\DQGWKH0$/',72)SHSWLGHPDVVILQJHU
SULQWLQJPDSLVREWDLQHGDVVKRZQLQ)LJ3URWHLQ
FRPSDULVRQ DQDO\VLV UHYHDOHG WKDW WKH (V0 KDG D
PD[LPXPPDWFKLQJVFRUHRISRLQWVZLWKDQDFLG
SURWHLQDVHLQ0RQDVFXVSXUSXUHXV 7DEOH% ZKLFK
KDGDPROHFXODUZHLJKWRIN'DZKLOHWKHSXULILHG
(V0ZDVN'D

SRROHGIUDFWLRQVHOXWHGIURPWKHEXW\OVHSKDURVHFRO
XPQFRQWDLQLQJWKHDFWLYHHVWHUDVH/LQHWKHFRQ
FHQWUDWHGIUDFWLRQVRIWKDWREWDLQHGLQ/LQH/LQH
DQGSRROHGIUDFWLRQVHOXWHGIURPWKH6XSHUGH[*
FKURPDWRJUDSK\VWHSFRQWDLQLQJDFWLYHHVWHUDVH
0ROHFXODUFKDUDFWHUL]DWLRQRIHVWHUDVH7KH
VHTXHQFHVRIWKHILUVW1WHUPLQDODPLQRDFLGUHV
LGXHV RI WKH SXULILHG (V0 ZHUH GHWHFWHG XVLQJ D
SURWHLQ VHTXHQFHU 7KH VHTXHQFLQJ UHVXOWV DUH

7$%/(
(VWHUDVHSXULILFDWLRQUHVXOWV
Purification step
Crude extract
Ammonium sulfate precipitation
Butyl-Sepharose
Superdex G-200

Tota protein
(mg)
28.65
5.63
0.59
0.06

Total activity
(U)
720
410
200
70

Specific activity
(U/mg)
25.13
72.82
338.98
1166.67

Purification
(fold)
1
3
13
46

FIGURE 3
SDS-PAGE (12% acrylamide) of esterase at various purification stages.
The gel was stained with Coomassie blue.

FIGURE 4
Mass spectrometry results
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TABLE 2
Protein sequence alignment results
$
PF Number
1
2
3
4
5
6
7
8
9

Accession
Q76KL4
A0A0A0YT34
Q1ERI2
Q1ERH9
R9WDI1
Q8NJ18
Q8X1W9
Q65Z23
Q8X1X0

Score
199
53
19
17
16
16
14
13
13

Mass
41559
14858
54500
35546
99320
226019
60855
287130
98736

Matches
6 (6)
3 (1)
3 (1)
6 (1)
7 (1)
12 (1)
7 (1)
28 (1)
17 (1)

Sequences
5 (5)
3 (1)
3 (1)
5 (1)
7 (1)
10 (1)
6 (1)
22 (1)
12 (1)

emPAI
0.58
0.23
0.06
0.09
0.03
0.01
0.05
0.01
0.03

%
PF Number
1
2
3
4
5
6
7
8
9

Protein description
Acid proteinase OS=Monascus purpureus GN=map PE=3 SV=1
Putative ubiquitin-60s ribosomal protein L40 fusion protein OS=Monascus purpureus PE=2 SV=1
Dehydrogenase OS=Monascus purpureus PE=3 SV=1
Citrinin biosynthesis oxydoreductase CtnB OS=Monascus purpureus GN=ctnB PE=4 SV=1
Non-reducing polyketide synthase (Fragment) OS=Monascus purpureus PE=4 SV=1
Polyketide synthase OS=Monascus purpureus GN=pks1 PE=2 SV=1
Acetamidase OS=Monascus purpureus GN=amdS PE=4 SV=1
Citrinin polyketide synthase OS=Monascus purpureus GN=pksCT PE=4 SV=1
Nitrate reductase OS=Monascus purpureus GN=niaD PE=3 SV=1
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FIGURE 5
Effect of temperature on esterase activity (A) and stability (B)
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FIGURE 6
Effect of pH on esterase activity (A) and stability (B)
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:LWKWKHIXUWKHULQFUHDVHRIS+WKHHVWHUDVHHQ
]\PH DFWLYLW\ GHFUHDVHV DQG UHODWLYH HVWHUDVH HQ
]\PHDFWLYLW\LVWKHPLQLPXPDWS+

(IIHFWV RI WHPSHUDWXUH RQ HVWHUDVH DFWLYLW\
DQGVWDELOLW\7KH HIIHFWRIWHPSHUDWXUH RQWKH HQ
]\PHDFWLYLW\RI(V0ZDVVWXGLHGE\FKDQJLQJWKH
WHPSHUDWXUH RI WKH HVWHULILFDWLRQ UHDFWLRQ V\VWHP
>@$VVKRZQLQ)LJ$WKHRSWLPXPWHPSHUDWXUH
RIHVWHUDVHLV&:KHQWKHWHPSHUDWXUH H[FHHGV
ΥWKH HQ]\PH DFWLYLW\GUDVWLFDOO\UHGXFHV%H
ORZ&WKHHQ]\PHDFWLYLW\LQFUHDVHVZLWKWKHLQ
FUHDVHRIWHPSHUDWXUH
)LYHJUDGLHQWVRIΥaΥZDVVHOHFWHGWR
LQYHVWLJDWHWKHWHPSHUDWXUHVWDELOLW\RIHVWHUDVH(V
WHUDVHHQ]\PHDFWLYLW\LVPHDVXUHGLQWLPHSHULRGV
RIPLQDVVKRZQLQ)LJ%
(VWHUDVH HQ]\PH DFWLYLW\ FKDQJHV QRW VLJQLILFDQWO\
GXULQJ  PLQ RI ZDWHU EDWK DW WKH WHPSHUDWXUH RI
ΥVRWKH(V0KDVDKLJKVWDELOLW\DWΥ7KH
HVWHUDVHHQ]\PHDFWLYLW\LVZHDNHQHGDWWKHWHPSHU
DWXUH RI  Υ:KHQ WKH WHPSHUDWXUH LQFUHDVHV WR
 Υ HVWHUDVH HQ]\PH DFWLYLW\ GHFUHDVHV ZLWK WKH
LQFUHDVH RI ZDWHUEDWKWLPHWHQGVWRVWDELOL]HDIWHU
PLQZLWKUHODWLYHHQ]\PHDFWLYLW\DW7KHHV
WHUDVHVWDELOLW\UHGXFHVDWΥ:KHQWKHZDWHUEDWK
WHPSHUDWXUHUHDFKHVΥWKHUHODWLYHHVWHUDVHHQ
]\PHDFWLYLW\UHDFKHVDWPLQDQGWKHQHVWHU
DVH HQ]\PH DFWLYLW\ GHFUHDVHV UDSLGO\ ZLWK WKH LQ
FUHDVLQJWLPH7KHKDOIOLIHSHULRGRIWKH(V0LV
PLQ DW  Υ :KHQ WKH ZDWHU EDWK WHPSHUDWXUH
UHDFKHV  Υ WKH HVWHUDVH HQ]\PH DFWLYLW\ LV OHVV
WKDQDIWHUPLQRIZDWHUEDWK$IWHUZDUGVHV
WHUDVHHQ]\PHDFWLYLW\GHFUHDVHVUDSLGO\ZLWKWKHLQ
FUHDVLQJZDWHUEDWKWLPH7KHKDOIOLIHSHULRGRIHV
WHUDVHLVPLQDWΥ

(IIHFWVRIPHWDOLRQVRQHVWHUDVHDFWLYLW\DQG
VWDELOLW\'LIIHUHQWPHWDOLRQVZHUHDGGHGWRWKHHV
WHUDVHEXIIHUDQGWKHHVWHUDVHHQ]\PHDFWLYLW\ZHUH
GHWHFWHG$VVKRZQLQ)LJ7KH(V0HQ]\PHDF
WLYLW\ZDVLPSURYHGE\WKHDGGLWLRQRI=Q&D
DQG 1D  DW WKH ILQDO FRQFHQWUDWLRQ RI P0
$PRQJWKHP=QSURPRWHVWKHPRVW0JDQG
.DIIHFWHGQRWVLJQLILFDQWO\RQWKHHVWHUDVHDFWLYLW\
7KH(V0DFWLYLW\ZDVLQKLELWHGE\)H LQ
KLELWLRQ DQG0Q LQKLELWLRQ UHVSHFWLYHO\

DISCUSSION
6RIDUWKHUHDUHIHZVWXGLHVRQWKHHVWHUDVHLQ
0RQDVFXVSXUSXUHXV,QWKLVVWXG\DQHVWHUDVH(V0
RI 0RQDVFXV SXUSXUHXV ZDV LVRODWHG DQG SXULILHG
IURPKLJKWHPSHUDWXUH'DTXOLTXRUDQGLWKDGVWURQJ
HQ]\PHDFWLYLW\XQGHUKLJKWHPSHUDWXUH7KH(V0
UHDFKHGLWVKLJKHVWSURGXFWLRQDWKIHUPHQWDWLRQ
DQGWKHQGHFUHDVHG,WZDVVLPLODUZLWKWKHHVWHUDVH
SURGXFWLRQLQWKHVWXG\RI0DWVXPRWR >@7KHHV
WHUDVH DFWLYLW\ GHFUHDVHG JUDGXDOO\ DIWHU WKH PD[L
PXPDFWLYLW\ZDVUHDFKHG,WPLJKWEHWKHVHFUHWHG
SURWHDVH SURGXFHG GXULQJ WKH IHUPHQWDWLRQ WKDW LQ
KLELWHGWKHHVWHUDVHDFWLYLW\>@)URPWKHPROHFXODU
FKDUDFWHUL]DWLRQUHVXOWVZHIRXQGWKDWWKH(V0KDG
QRKRPRORJ\ZLWKHVWHUDVHLQRWKHUIXQJXVVWUDLQEXW
FRQWDLQHG SDUW RI WKH SHSWLGH VHTXHQFH RI WKH DFLG
SURWHLQDVH LQ 0RQDVFXV SXUSXUHXV VKRZLQJ WKDW LW
ZDVDQHZO\GLVFRYHUHGHVWHUDVH7KH1WHUPLQDOVH
TXHQFHDQDO\VLVVKRZHGXVWKDWWKHDFLGUHVLGXHVDF
FRXQWHGIRUDODUJHUSURSRUWLRQ7KLVPLJKWEHFDXVH
RI WKH DFLGLF DPLQR UHVLGXHV LQ WKH H[WHULRU WKDW
KHOSHGWKHHQ]\PHWRFRSHZLWKWKHKLJKFDWLRQFRQ
FHQWUDWLRQ>@DQGDOVRWRNHHSLWVVWUXFWXUDOVWDELO
LW\XQGHUWKHFRPSOH[LRQLFVXUURXQGLQJLQWKHPHGLD
>@
,Q WKLV VWXG\ WKH RSWLPXP WHPSHUDWXUH RI WKH
(V0 SXULILHG IURP WKH 0RQDVFXV SXUSXUHXV LV
&DQGWKHHQ]\PHDFWLYLW\GHFUHDVHGGUDVWLFDOO\
ZLWKWKHLQFUHDVHRIWHPSHUDWXUH%XWEHORZWKHWHP
SHUDWXUHRI&WKHHQ]\PHDFWLYLW\LQFUHDVHGZLWK
WKH LQFUHDVH RI WHPSHUDWXUH 7KH UHVXOWV ZHUH QRW
FRQVLVWHQW ZLWK WKH SUHYLRXV VWXGLHV WKDW WKH PD[L
PXPHQ]\PHDFWLYLW\RFFXUUHGEHORZΥLQRWKHU
IXQJDOHVWHUDVH>@%XWWKHWHQGHQF\RIWKHHVWHU
DVHDFWLYLW\WRFKDQJHZLWKWHPSHUDWXUHLVVLPLODUWR
WKHUHSRUWZKLFKVKRZHGWKHRSWLPXPWHPSHUDWXUH
RI HVWHUDVH ZDV Υ XQGHU WKH VWDQGDUG UHDFWLRQ
FRQGLWLRQ>@,QWKLVVWXG\WKHKLJKHUHVWHUDVHDF
WLYLW\DW&ZDVFORVHO\UHODWHGWRWKHOLYLQJHQYL
URQPHQWLQZKLFKWKHIXQJDOVWUDLQJUHZ7KHVWUDLQ
ZDVVFUHHQHGIURPWKHKLJKWHPSHUDWXUH'DTXOLTXRU
ZKLFKVKRZHGJRRGHVWHUDVHHQ]\PHDFWLYLW\DWKLJK
WHPSHUDWXUHVRWKHSXULILHGHVWHUDVH(V0FDQDOVR

(IIHFWVRIS+RQHVWHUDVHDFWLYLW\DQGVWDELO
LW\7KHRSWLPXPS+RIWKHHVWHUDVHZDVVWXGLHGE\
FKDQJLQJ WKH S+ RI WKH HVWHULILFDWLRQ V\VWHP $V
VKRZQLQ)LJ$UHODWLYHHVWHUDVHHQ]\PHDFWLYLW\
LVRQO\ZKHQWKHS+RIWKHUHDFWLRQV\VWHPLV
DQGWKHHVWHUDVHHQ]\PHDFWLYLW\LVLQKLELWHGDW
WKLVS+:LWKWKHLQFUHDVHRIS+WKHHVWHUDVHHQ]\PH
DFWLYLW\UHDFKHVWKHPD[LPXPDWS+$WS+
WKH HVWHUDVH HQ]\PH DFWLYLW\ GHFUHDVHV VOLJKWO\
:KHQS+LVKLJKHUWKDQWKHHVWHUDVHHQ]\PHDF
WLYLW\GHFUHDVHVGUDVWLFDOO\ VKRZLQJ WKDWWKH(V0
KDVKLJKHUDFWLYLW\XQGHUQHXWUDOFRQGLWLRQ
$VVKRZQLQ)LJ%WKHHVWHUDVHHQ]\PHVROX
WLRQXQGHUGLIIHUHQWJUDGLHQWVRIS+aZHUH
SODFHGLQ&IRUKVRWKDWHIIHFWRIS+RQVWDELOLW\
RI(V0ZDVVWXGLHG:KHQS+LVWKHUHODWLYH
HVWHUDVHHQ]\PHDFWLYLW\LVWKHORZHVWDQGWKHHVWHU
DVHVKRZVLQWROHUDQFHWRVWURQJDFLGLW\:LWKWKHLQ
FUHDVHRIS+WKHUHODWLYHHQ]\PHDFWLYLW\LVVLJQLIL
FDQWO\LQFUHDVHGDWS+ZKLFKLVKLJKHUWKDQWKDW
DW S+  7KH HQ]\PH DFWLYLW\ RQO\ DFFRXQWV IRU
RIPD[LPXPHQ]\PHDFWLYLW\DWS+:LWK
WKHLQFUHDVHRIS+UHODWLYHHVWHUDVHHQ]\PHDFWLYLW\
UHDFKHVWKHPD[LPXPDWS+DQGVKRZVJRRGVWD
ELOLW\7KH(V0ZDVVWDEOHDQGFRXOGNHHSRI
WKHPD[LPXPHQ]\PHDFWLYLW\RYHUWKHUDQJHRIS+
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NHHSLWVHQ]\PHDFWLYLW\DWKLJKHUWHPSHUDWXUH7KH
ORZHUWKHWHPSHUDWXUHWKHKLJKHUWKHVWDELOLW\RIWKH
(V0+LJKHUWHPSHUDWXUHZRXOGUHGXFHWKHVWDELO
LW\RIHVWHUDVHRUHYHQPDNHWKHHQ]\PHSURWHLQVGH
QDWXUHG 7KH UHVXOW ZDV VLPLODU ZLWK WKH SXULILHG
(VWZKLFKFRXOGUHWDLQLWVDOOHQ]\PHDFWLYLW\EH
ORZΥDQGORRVHWKHHQ]\PHDFWLYLW\DERYHΥ
>@+RZHYHUWKHUHZDVDQHZO\GLVFRYHUHGHVWHU
DVH/LS-LVRODWHGIURPEDFWHULDWKDWGLVSOD\HGH[
WUHPHO\KLJKWKHUPDOVWDELOLW\UHWDLQLQJDFWLY
LW\DIWHUΥLQFXEDWLRQIRURQHKRXU>@
7KH(V0LQWKLVVWXG\KDGWKHKLJKHVWHQ]\PH
DFWLYLW\DQGVKRZHGJRRGVWDELOLW\XQGHUQHXWUDOFRQ
GLWLRQ DW S+  :KHQ S+ ZDV ORZHU WKDQ  RU
KLJKHUWKDQWKHHVWHUDVHHQ]\PHDFWLYLW\GUDVWL
FDOO\ GHFUHDVHG 7KH GHFUHDVHG HVWHUDVH DFWLYLW\ LQ
DFLGLFDQGDONDOLQHHQYLURQPHQWSUREDEO\GXHWRK\
GURJHQLRQVRUK\GUR[\OLRQVWKDWGLVVRFLDWHWKHHV
WHUDVHDFWLYHJURXS>@7KHYDULDWLRQWUHQGRIHVWHU
DVHDFWLYLW\ZLWKS+LVFRQVLVWHQWZLWKWKDWRI/LS-
EXWWKH ODWWHUKDGWKH PD[LPXPHQ]\PH DFWLYLW\DW
S+>@/LSLVRODWHGIURP0SXUSXUHXV0DQG
WKHOLSDVHIURP3VHXGRPRQDVDOVRKDGKLJKHQ]\PH
DFWLYLW\DQGVWDELOLW\XQGHUDONDOLQHHQYLURQPHQW>
@7KH (V0DFWLYLW\ ZDVLPSURYHGE\]LQFEXW
LQKLELWHGE\LURQPDQJDQHVHDQGFRSSHU7KHUHVXOWV
ZHUHRSSRVLWHWRWKHUHVXOWRIHVWHUDVH/LSLQZKLFK
WKH HQ]\PH DFWLYLW\ ZDV GUDVWLFDOO\ LPSURYHG E\
WKHVHGLYDOHQWFDWLRQV>@7KHDONDORSKLOLFDQGKDOR
SKLOLFHQ]\PH/LS-FRXOGEHDFWLYDWHGE\]LQFDWD
UHODWLYHO\ORZFRQFHQWUDWLRQRUE\DGGLQJ]LQFWRWKH
PL[WXUHLQFRPELQDWLRQZLWK1DDQG.>@,QRXU
VWXG\FRSSHUVKRZVDVWURQJLQKLELWRU\HIIHFWLQKLE
LWLQJWKH(V0HQ]\PHDFWLYLW\E\ZKLFKZDV

FRQVLVWHQWZLWKWKHUHOHYDQWOLWHUDWXUHUHSRUWLQJWKDW
FRSSHUGLVSOD\HGGHWULPHQWDOHIIHFWRQ/LS-DFWLY
LW\>@,WLVSUHVXPHGWKDWLWLVWKH&XWKDWDIIHFWV
WKHERQGEHWZHHQVXEVWUDWHDQGFDWDO\WLFDFWLYHFHQ
WHURIHVWHUDVHPDNLQJWKHVXEVWUDWHXWLOL]DWLRQHIIL
FLHQF\UHGXFHG

CONCLUSION
,QWKLVVWXG\DVWUDLQWKDWSURGXFHGHVWHUDVHZDV
VFUHHQHGDQGLGHQWLILHGDV0RQDVFXVSXUSXUHXV7KH
HVWHUDVH (V0 SURGXFHG E\ 0RQDVFXV SXUSXUHXV
ZDVSXULILHGIURPWKHOLTXLGIHUPHQWDWLRQPHGLXP
,W ZDV IRXQG RXW WKDW WKH (V0 ZLWK D PROHFXODU
ZHLJKWRIN'DZDVDQRYHOHQ]\PHWKDWQRWEHHQ
UHSRUWHG\HW6WXG\RQHQ]\PDWLFSURSHUWLHVRISXUL
ILHG(V0UHYHDOVWKDWHVWHUDVHKDVJRRGHVWHULILFD
WLRQDELOLW\LQWKHPHGLXPKLJKWHPSHUDWXUHRIΥ
,W VKRZHG JRRG VWDELOLW\ LQ PHGLXPKLJK WHPSHUD
WXUHDQGQHXWUDOHQYLURQPHQWDQGWKH]LQFLRQVFRXOG
KHOSDFFHOHUDWHWKHDFWLYLW\RIWKH(V07KLVVWXG\
FRXOGSURYLGHXVXVHIXOLQIRUPDWLRQIRUWKHPRGHUQ
ELRWHFKQRORJLFDOLQGXVWULDODSSOLFDWLRQ
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EFFECT OF CONTINUOUS COPPER CONTAMINATION ON
GROWTH AND MOLECULAR PROFILE OF
PLEUROTUS TUBER-REGIUM (FR.) SING.
Caroline I Anyakorah*
Department of Biological Sciences, College of Natural and Applied Sciences, Bells University of Technology, Ota, Ogun State, Nigeria.

soil ranges from 5 to 70 mg/kg but could be up to
137.8 ng/m3 in soils near smelters, mining operations
and combustion sources. Use of Cu containing fertilizers and fungicides has contributed to elevated Cu
levels in soil sometimes critical for ecosystem health
[1]. Copper has been classified as a metal of most
immediate concern alongside, chromium, zinc, iron,
cadmium and lead. Persistence of heavy metals in
soil is a great threat to environmental and public
health [2] as increasing levels could be toxic due to
their potential reactivity, toxicity, mobility and contamination of surface and ground water. These metals are not only potentially hazardous to human
health but also to other life forms. Copper, though a
nutritionally important divalent mineral could affect
microorganisms negatively if its concentration exceeds normal levels. Many organisms including
mushrooms have been used for biosorption of heavy
metals from waste water. Mushrooms play an important role in breakdown of organic matter and reportedly have been used to ameliorate contaminated
soils [3]. The oyster mushroom, Pleurotus tuber-regium (Fr) Singer, a sclerotial basidiomycete consumed across many tribes in sub-Saharan Africa including Nigeria has been tried experimentally in this
regard. Studies have shown a correlation between
fungal metal concentration and sources of metal pollution [4]. Fungal tolerance to heavy metals is of
great importance both for fungal survival and application for industrial purposes. Therefore the study
was to assess the effect of increasing levels of continuous Cu contamination in soil on morphology and
molecular profile of Pleurotus tuber-regium (Fr.)
Sing.

ABSTRACT
Copper, a natural occurring heavy metal is released to land mostly through agricultural practices
and in turn contaminates water and food sources.
The study was aimed at investigating the effect of
increasing levels of continuous Cu contamination on
the morphology and DNA profile of Pleurotus tuberregium an edible mushroom. P. tuber-regium sclerotium (30g) was planted in 1kg loamy soil contaminated with 100, 200, 300 and 400 ppm CuSO4 respectively. Watering was done with each respective
Cu solution at 100ml/48hrs. Copper content of soil
and sporophores harvested from each soil was analysed using atomic absorption spectrophotometer
while stipe length, cap diameter, sporophore weight
and days to fruiting were recorded. Eight RAPD primers were employed to elucidate genetic variation.
Fruiting occurred at all Cu levels but was faster in
contaminated soil. Stipe length was between 7.8cm10.8cm compared to 7.2cm in control. % protein was
highest at 100ppm but decreased with increasing
contamination and ranged between 17.9 ± 0.17%26.8 ± 0.24%. Copper content of mushroom and soil
increased considerably with increase in copper contamination; the values were 16±0.21- 67±0.16ppm
and 30±0.4 - 300±0.26ppm respectively. Bioaccumulation factor was between 0.15-0.53, an indication that Pleurotus tuber-regium may not be efficient
in bioremediation of continuous copper contamination. DNA profiles showed variations in fragment
numbers and sizes ranged between 320-900bp. Cluster analysis grouped lower contamination levels together irrespective of higher levels. The Polymorphic Information Content ranged from 0.64% to
0.88%.

MATERIALS AND METHODS
Top soil samples (0 to 20 cm) were collected
from the premises of Bells University of Technology, Ota and analysed for pH, total organic matter,
phosphorus and total N. The soil was sieved, dried at
800C and1kg measured into perforated plastic bowls.
Copper sulphate solutions (0, 100, 200, 300 & 400
ppm) were constituted in distilled water and used to
wet the soil respectively. The soil was left to equilibrate for 24hrs before seeding with 30g sclerotium.

KEYWORDS:
Pleurotus tuber-regium, Sclerotium, Copper, Contamination, Bioaccumulation, DNA profile

INTRODUCTION
Copper is a naturally occurring heavy metal
prHVHQWLQWKHHDUWK¶VFUXVW&opper concentration in
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400ppm which recorded 9.9cm and 10.8cm respectively (Fig.1). Higher concentrations of copper in the
diet of rabbits favourably influence feed conversion
efficiency, growth rates, and carcass dressing percentages [7]. Cu contamination lowered the % ash of
sporophores and the range was 13.1% to 33.9%. In
broiler chicken, the tibia ash and toe ash were found
to decrease after being fed with Cu supplemented
diet [8]. Increased Cu contamination caused a decrease in % protein of sporophore with the highest
figure of 26.8% recorded at 100ppm (Fig. 2). Increased copper concentration has been reported to
correlate to reduced concentration of oxidised protein probably because Cu is linked to oxidation. In
another study, level of total protein remarkably decreased as Cu concentration increased to 0.6mM [9].
Increased Cu contamination correlated with increase
in soil and sporophore Cu content; the range in values for sporophore and soil was 16±0.21 67±0.16ppm and 30±0.14 ± 300±0.24ppm respectively (Fig 3). This is in agreement with [10], who
reported significantly higher values of Cu in soils
with added heavy metals than those without, and the
mean concentration in the rhizomorphs was 228
mg/kg. Bioaccumulation factor which is a measure
of bioremediation potential was low, between 0.15 ±
0.53. The result revealed that the bioaccumulation
factor of Cu reduced with increase in Cu contamination levels suggesting that P tuber-regium may not
be a good bioaccumulator of Cu in continuous Cu
contaminated soil. This is contrary to the work of
[11] who reported that P. ostreatus could be used in
mycoremediation of metals from soil. The contradiction could be as a result of differences in species. Bioaccumulation factor for Russula genus has subunit
value for Cu, Fe and Zn [12]. A reduction in Cu uptake by fungal sporocarp was also observed by [13]
and [14]. The implication is that increased Cu contamination of the soil may lead to low absorption
which could result in build-up of Cu in soil. The possible influence of Cu contamination on P. tuber-regium genome was examined. DNA isolated from
sporophores and subjected to RAPD analysis with 8
decamer primers showed variations in fragment
numbers and sizes though some common amplicons
could be detected at 300ppm and 400ppm Cu contamination (Figs. 4 & 5). The highest number of amplification was shown by primers OP-H02 and OPT16 with polymorphic information content (PIC) of
0.81% and 0.88% respectively. The sizes of the amplicons ranged between 320bp-900bp. Only one
monomorphic band was observed in primer OP-T10
at 680bp. The dendrogram revealed that lower contamination levels are more related to each other
while higher contamination aligned together (Fig. 6).

Watering was done with the metal solution at the rate
of 100ml/48hrs. Stipe length, cap diameter, stipe diameter and weight of sporophore were recorded. The
time it took for sporophore emergence was also recorded. Ash and protein % in sporophore was determined. Cu in soil and sporophore was analysed with
the atomic absorption spectrophotometer (AAS). Bioaccumulation factor was calculated with the equation:
FB = Cm
Cs
Where: FB = Bioaccumulation factor
Cm  PHWDO¶V FRQFHQWUDWLRQ LQ FDSVWLSH RI mushroom;
Cs = metal content of substrate.
DNA Extraction and amplification. DNA extraction used SDS as lysis buffer (20% SDS, 187.5
μl marcaptoethanol, 50 mM EDTA, 50 mM Tris/HCl
pH 7.2) and phenol/chloroform/isoamyl alcohol
(25:24:1) as extractant. The DNA was precipitated
with 200μl of 5M potassium acetate and 0.6 volume
ice cold isopropanol, washed with 70%, 300 μl ethanol and centrifuged at 3500rpm for 10mins. DNA
stock solution was stored in bio-freezer for further
test. Eight RAPD primers (OP-B02, OP-H02, OPH06, OP-T06, OP-H09, OP-T10, OP-T16 and OPT20) were selected for genetic diversity studies. Pol\PHUDVHFKDLQUHDFWLRQZDVSHUIRUPHGLQȝOZLWK
each of the primers respectively; each reaction mixture was heated at 95oC for 10mins. A total of 35
PCR cycles, each cycle for 0.3mins at 94oC for denaturation, 0.45mins at 36oC for annealing, 1.45mins
at 72oC for extension and a 10mins final extension at
72oC. The PCR products were analysed by electrophoresis on a 2% agarose gel in (1x) TBE buffer
(50mM Tris-acetate, 1mM EDTA, pH 8.0) stained in
0.5mg/ml ethidium bromide. The gels were scored
for presence or absence of reproducible bands according to Lynch & Milligan (1994). Each band was
regarded as a locus with two alternative alleles: present (1) or absent (0).

RESULTS AND DISCUSSION
Pleurotus tuber-regium grown in increasing
levels of copper contaminated soil produced sporophore in all soil, an indication of tolerance to continuous Cu contamination up to 400ppm. Aspergillus
terreus and Alternaria alternata were reported to tolerate Cu ion in the growth medium up to 1000 ppm
and 800 ppm respectively [5]. Emergence of sporophore was faster in Cu contaminated soil and occurred on the 7th day. Similar observation was made
by [6] who recorded fruiting on the 16th day of planting in heavy metal contaminated soil. Sporophores
harvested from contaminated soil had slightly longer
stipe length especially those harvested from 300 and
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FIGURE 1
Effect of continuous Cu contamination on morphology of Pleurotus tuber-regium
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FIGURE 2
Effect of Continuous Cu contamination on % ash and % protein of P. tuber-regium
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FIGURE 3
Copper Bioaccumulation in soil and Pleurotus tuber-regium
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FIGURE 4
DNA profile of P. tuber-regium harvested from 100, 200, 300 and 400ppm Cu contaminated soils using
RAPD primers OPH-02, OPH-06, OPB-02 and OPT-06. L-1200bp ladder.

FIGURE 5
DNA profile of P. tuber-regium harvested from 100, 200, 300 and 400ppm Cu contaminated soils using
RAPD primers OPT-20, OPT-16, OPT-10 and OPH-09. L-1200bp ladder.
TABLE 1
RAPD primers and their sequences
Primers
OPB ± 02
OPH ± 02
OPH ± 06
OPT ± 06
OPH ± 09
OPT ± 10
OPT ± 12
OPB ± 12
OPT ± 16
OPT ± 20

Sequences
TCC
GAC
CAT
GGG
AGC
TCG
TGT
TGA
GAA
CAA

-51 ± TGA
-51 ± TCG
- 51 ± ACG
- 51 ± CAA
- 51 ± TGT
- 51 ± CCT
- 51 ± GCG
- 51 ± CCT
- 51 ± GGT
- 51 ± GAC

88

CTG
GTG
CGC
CAG
TGG
GAA
CTA
CGC
CGC
TGC

G ± 31
A ± 31
A ± 31
A ± 31
G ± 31
G ± 31
G ± 31
A ± 31
T ± 31
C ± 31
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TABLE 2
Polymorphism obtained from 8 RAPD primers in Pleurotus tuber-regium grown in different continuously
copper contaminated soil
Primer
OPB02
OPH02
OPH06
OPT06
OPH09
OPT10
OPT16
OPT20

Amplified Bands
10
13
5
5
5
9
13
5

Polymorphic Bands
10
13
5
5
5
4
13
5

%Polymorphism
100%
100%
100%
100%
100%
55.6%
100%
100%

PIC
0.76
0.81
0.64
0.64
0.64
0.69
0.88
0.64

Average Polymorphism = 755.6 x 100/ 800 = 94.5%

FIGURE 6
Dendrogram showing effect of continuous copper contamination on DNA profile of
Pleurotus tuber-regium

CONCLUSION
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PHYSICOCHEMICAL AND SENSORY CHARACTERISTICS
OF COOKIES SUBSTITUTED WITH KIWI FRUIT POWDER
Zahrat El-Ola M Mohamed*
Department of Crops Technology Research, Food Technology Research Institute, Agricultural Research Center, Giza, Egypt

Kiwifruit is a subtropical fruit and belongs to
the family Actinidiaceae and has rapidly spread from
China to other parts of the world due to its easy
adaptability to local climatic conditions [4]. The fruit
has a unique flavor, and today is a commercial crop
in several countries, mainly in Italy, New Zealand
and Brazil [5]. This fruit consists of a hairy, brown
peel containing green flesh, with white pulp in the
center, surrounded by black, edible seeds [6]. It is
considered as one of the best fruits due to its high
nutritive values rich in fibers and antioxidant, that
turn it into an excellent nutritional option, with an
important association between quality attributes and
flavor, with great acceptance in consuming markets,
mainly among children [7]. Fruit peels have been a
valuable source for maintaining human health. The
kiwifruit peels contain much higher beneficial compounds that possessed antioxidant capacities compared to other fruit parts [8].
Fruits by-products such as seeds, peels, stems,
barks and leaves usually been discarded and currently the cause of a serious disposal problem in food
and agricultural industries [9]. Therefore, numerous
studies have been carried out in order to replace
wheat with flour made from waste from fruit residues in the preparation of bakery products such as
biscuits like cookies due to economic constraints,
business requirements, new consumption trends, and
specific eating habits [10]. Fruit residues can be important sources of nutrients and to satisfy consumer
demand for healthier products, many food industries
are finding ways to add functional ingredients to
their products [3]. For example, the mixture of flour
made from unconventional products with wheat
flour improves the nutritional quality of cookies and
may even improve their palatability making them
more accepted by consumers [11]. Flour prepared
from fruit shell can be used in the enrichment of
products such as breads and cookies improving their
nutritional and technological qualities [12].
Today foods are not only prepared to satisfy
hunger and to provide necessary nutrients for humans, but also to prevent nutrition-related diseases
and improve physical and mental well-being [13].
Therefore, the aim of the current study was to produce cookies substituted with kiwifruit (edible portion and peels) powder at various levels and evaluate
their physicochemical and sensorial properties.

ABSTRACT
There is increasing interest to find new sources
of specific bioactive constituents that may add new
healthy properties to the products. In the present
study, cookies produced by substitution of wheat
flour with different levels (0, 5, 10, 15 and 20%) of
kiwifruit edible portion (KFEP) or peels powder
(KFPP). Physicochemical properties, antioxidant activity and sensory characteristics were evaluated.
Results revealed that ash and fiber contents of produced cookies increased significantly with increasing the substitution level of KFEP or KFPP. Bioactive compounds (phenols, flavonoids and tannins)
content of produced cookies were increased gradually with increasing the level of substitution. All substituted cookies showed higher antioxidant activity
compared to control. A significant decrease in spread
ratio of the produced cookies was occurred compared to control. Concerning cookies color, as the
percentage of substitution increased, the color of the
cookies became darker. Substitution with either
KFEP or KFPP improved the odor character of cookies compared to control. High acceptability score
was observed in substituted cookies up to 15% KFEP
and 10% KFPP substitution level. The results could
be useful in improving cookies processing, and a
value addition for utilizing kiwi fruit and its peels
powder as a functional food for consumers.

KEYWORDS:
Kiwifruit, Cookies, Physicochemical properties, Antioxidant activity, Sensory evaluation.

INTRODUCTION
Cookies are considered to be one of the largest
category of snack items throughout the world [1].
Cookies belong to food products which are very popular in the daily diet of almost all profiles of consumers [2].
Among the bakery products, cookies are one
the most commonly used products in the incorporation of different ingredients for their nutritional diversification. This is mainly due to factors such as
ease of use, good nutritional quality, availability of
different varieties and affordable cost [3].
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TABLE 1
Formula of cookies substituted with powder of kiwifruit edible portion (KFEP) or peels (KFPP).
Blends
Control
5%
10%
15%
Ingredients
WF
100
95
90
85
KFEP or KFPP
5
10
15
Sugar
35
35
35
35
Butter
40
40
40
40
Sodium chloride
0.5
0.5
0.5
0.5
Baking powder
0.6
0.6
0.6
0.6
Water
as required
as required
as required
as required
WF: Wheat flour, KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder.

20%
80
20
35
40
0.5
0.6
as required

cut and baked at 170-180°C for 20 min. The baked
cookies were cooled at room temperature before
analyses.

MATERIALS AND METHODS
Materials. Full ripened fresh kiwi fruit (Actinidia deliciosa) was obtained from the local market.
Baking ingredients (Sugar, baking powder, butter
and sodium chloride) were purchased from local
market. Wheat flour (72% extraction) was obtained
from South Cairo Company of milling. 2,2-diphenyl-1-SLFU\OK\GUD]\O '33+  ¶-azinobis-(3ethylbenzotiazoline-6-sulphonic acid) (ABTS), Gallic acid, Quercitin, Catechin, Phenolic acid and flavonoid standards were purchased from purchased
from Sigma/Aldrich Chemical Company, USA. Folin-Ciocalteu reagent was obtained from LOBA
Chemie, India. All other chemicals were of the analytical reagent grade.

Chemical analysis. Chemical composition of
raw materials and cookies including the contents of
moisture, ash, crude protein, crude fat and crude fiber were determined according to AOAC [15] Carbohydrates were calculated by difference. Reducing
and non-reducing sugars content was determined according to the method of AOAC [15].
Bioactive compounds. The total phenol content was estimated using the method of Folin-Ciocalteu according to the Singleton and Rossi [16]. Gallic
acid was chosen as a standard to prepare the standard
curve. Total flavonoid content was determined according to the methods of Zhishen et al. [17]. Quercitin was used as standard compound. Tannins were
determined as described by Price et al. [18]. Catechin
was used to prepare the standard curve.

Methods. Preparation of Kiwifruit (edible
portion and peels) powder. The kiwifruit was
peeled manually using a knife and the edible portion
of kiwi fruit (green flesh, with white pulp and black
edible seeds) was sliced into thin slices. Edible portion slices and the peels of kiwi fruit were dried with
oven dryer at 55 °C (for approximately 16-18 h) till
LWVPRLVWXUHFRQWHQWUHDFKHGWR7KHGULHGHG
ible portion (KFEP) slices and peels (KFPP) of kiwi
fruit were ground into fine powder with an electric
grinder (Moulinex, MC3001), then packed into polyethylene bags and kept at ±20 °C for further analyses.

Identification of phenolic acids and flavonoids compounds. Phenolic and flavonoid compounds were fractionated using HPLC according to
the method of Goupy et al. [19] and Mattila et al.
[20]. The methanol extract of KFEP and KFPP was
injected into HPLC Agilent (Series 1200). The column [Agilent 5HC-C18 (2) 250 x 4.6 mm] temperature was maintained at 35°C. Gradient separation
was carried out with methanol and acetonitrile as a
mobile phase at flow rate of 1 ml/min. Samples were
identified against standard solutions of different phenolic and flavonoid compounds concentration by ultraviolet detector set at 280 nm for phenolic acids
and 330 nm for flavonoids.

Preparation of cookies. Cookies samples were
prepared according to the modified method of Sukhcharn et al. [14]. The formula used for cookies
preparation included wheat flour and different proportion of kiwifruit edible portion (KFEP) or peels
powder (KFPP) are presented in Table (1). The
dough batter was made from 35g sugar, 40g butter,
0.5g sodium chloride, 0.6g baking powder and water
using Moulinex mixer (model Supermix 150). Butter and sugar were creamed in a mixer for 2min at
slow speed. Wheat flour containing various proportions of KFEP or KFPP, with baking powder was
added and mixed for 3 min at medium speed. The
cookies dough was rested for 30 min then sheeted,

Antioxidant activity. Antioxidant activity was
determined by two complementary assays. (1) Determination of Antioxidant Activity Using 2,2-diphenyl-1-picrylhydrazyl (DPPH) according to
Brand-Williams et al. [21]. 2,2-diphenyl-1-picrylhydrazyl method (DPPH) solution (3.9 ml, 25 mg/l) in
methanol was mixed with the methanol samples extract (0.1 ml). The reaction progress was monitored
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at 515 nm until the absorbance was stable. (2) The
ABTS assay was carried out according to Re et al.
[22]. 2, 20-Azino-bis (3-ethyl-benzothiazoline-6sulfonic acid) diammonium salt (ABTS_+) was generated by the interaction of ABTS (7 mM) and
K2S2O8 (2.45 mM). An aliquot of 980 μl of the diluted radical transferred to cuvette, and 20 μl of
methanol samples extract was added, homogenizing
and agitating for a few seconds. The absorbance was
measured at 734 nm.

RESULTS AND DISCUSSION
Chemical composition, bioactive compounds
(phenols, flavonoids and tannins) and color of wheat
flour and kiwifruit (edible portion and peels) powder
are presented in Table 2. Results showed that the
wheat flour was significantly lower in fiber and ash
contents compared to KFEP and KFPP. Furthermore, KFPP had significantly higher fiber and ash
contents (12.60 and 6.33%) than KFEP (6.78 and
4.14%). These results are in agreement with Soquetta et al. [28] who reported that the flour made
from kiwi fruit peels had higher ash and fiber content
than edible parts. Moreover, higher content of protein and carbohydrates was significantly observed in
wheat flour compared to both KFEP and KFPP. The
highest fat content was found in KFEP relative to
other raw materials. Regarding the total soluble
sugar and reducing sugar contents, the higher values
were found in KFEP 52.78and 49.68 %, respectively
than those obtained from KFPP and wheat flour.
From the same Table, results revealed that KFPP had
significantly higher bioactive compounds (phenols,
flavonoids and tannins) content followed by KFEP.
Leontowicz et al. [29] mentioned that Exotic fruits,
especially kiwi fruit has high nutritional and bioactive properties due to their composition. Furthermore, Goulas and Manganaris et al. [30] reported
that the natural bioactive compounds in fruits such
as flavonoids and phenolic acids are originally found
in the peels with higher concentration towards the
flesh.
In addition, color results showed that KFEP
and KFPP were darker than wheat flour meanwhile,
higher values of a and b were observed than wheat
flour it could be attributed to bioactive compounds
of kiwi fruit (edible portion and peels) powder.
The identification of the of phenolic acids and
flavonoid compounds is considered to be an excellent tool to obtain more information about the bioactive compounds of kiwi fruit (edible portion and
peels) powder. Table 3 represents the phenolic and
flavonoid compounds (mg kg-1 DW) of KFEP and
KFPP.
Data in Table 3 showed that the abundant phenolic compound of both KFEP and KFPP was pyrogallic followed by vanillic and protocatechuic acid.
These results are in line with those obtained by Park
et al. [31] who reported that the kiwifruit contained
the highest levels of protocatechuic and vanillic acids. From the same Table, it could be noticed that
rutin was the major flavonoid of KFEP and KFPP
followed by naringin and quercetrin. Shehata and
Soltan [32] stated that kiwi fruit contained narengnin
and rosmarinic.

Physical properties of cookies. The diameter
(D) and thickness (T) of the cookies were determined
using the method of Gaines [23]. Diameter and
thickness of cookies were measured by a Vernier caliper. The spread ratio (SR) was calculated by dividing diameter out of thickness. Cookies hardness was
measured as described in AACC [24] using a Texture Analyser, Brookfield Engineering Lab. Inc.,
Middleboro, MA 02346-1031, USA. A 25-mm diameter cylindrical probe was used in a TPA at 2
mms-1 speed. Hardness was calculated from TPA
graphic in Newton (N)).
Water absorption capacity (WAC) and oil
absorption capacity (OAC). Water absorption capacity (WAC) and oil absorption capacity (OAC) of
Kiwifruit edible portion powder (KFEP), Kiwifruit
peels powder (KFPP), wheat flour (72% extraction)
and substituted blends were determined according to
AACC [24].
Water activity (aw). Water activity (aw) of
cookies was measured with a Rotronic Hygro Lab
EA10-SCS (Switzerland) aw meter. The measurements were performed in triplicate.
Color measurement. Color of cookies was
measured according to the method outlined by
McGurie [25] using a hand-held Chromameter
(model CR-400, Konica Minolta, Japan). The results
were expressed in terms of: L (lightness), a (rednessgreenness), and b (yellowness -blueness).
Sensory evaluation. Sensory evaluation of
samples was conducted according to Meilgaard et al.
[26]. A 9-point hedonic scale was used for determining the sensory characteristics of cookies for appearance, odor, taste, texture and overall acceptability.
The evaluation was carried out by ten panelists from
the staff of Food Technology Research Institute, Agricultural Research Center, Giza- Egypt.
Statistical Analysis. The obtained data were
exposed to analysis of variance ANOVA. Duncan's
multiple range test at 5% level was used to compare
between means [27].

Chemical composition of cookies. Proximate
composition and bioactive compounds of cookies
are presented in Table 4. Results indicated that the
substituted cookies had significantly higher content
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pared from wheat flour and dried kiwifruit had significantly higher ash and fiber contents but lower
carbohydrates than the control.
From the same Table, results indicated that the
substitution with either KFEP or KFPP gradually increased the bioactive compounds content in cookies
as compared to control. Cookies substituted with 20
% KFPP had the highest values of phenols, flavonoids, and tannins content 166.08, 26.17and 77.76
mg100g-1, respectively. This could be due to the
higher amount bioactive compounds of KFEP and
KFPP as shown in Table 2. These results are in accordance with Paul and Bhattacharyya [35] who reported that contents of total phenolic and flavonoid
in cookies fortified with bioactive rich source such
as pomegranate peel powder were significantly
higher than the control.

of fiber and ash than control. Ash and fiber contents
increased in cookies as increasing levels of substitution and this may be attributed to the higher fiber and
ash contents of the KFEP and KFPP. Cookies substituted with 20 % KFPP had significantly the highest
value of ash and fiber contents. In contrast, crude
protein content of cookies decreased by increasing
the substitution levels relative to control. This is because kiwifruit are not a significant source of protein
[33]. Moreover, there was no significant difference
in fat content between control and substituted cookies. At the same time, slight decrease in carbohydrates content of substituted cookies was observed
compared to control. Results obtained from the present study showed similar trend with those reported
by Hashem et al. [34] who reported that cookies pre-

TABLE 2
Chemical composition, bioactive compounds and color of wheat flour and kiwifruit
(edible portion and peels) powder.
Constituents
Protein%
Ash%
Fiber%
Fat l%
Carbohydrate%
Reducing sugars %
Non Reducing sugars%
Total soluble sugar%
Phenols (mg100g-1)
Flavonoids (mg100g-1)
Tannins (mg100g-1)
L
a
b

WF
10.83 ± 0.30a
0.56 ± 0.04c
0.42 ± 0.03c
1.02 ± 0.10c
87.17 ± 0.27a
0.40±0.06c
1.20±0.13c
1.60±0.08c
76.55±0.47c
14.54± 2.74c
13.08±1.20c
90.57± 0.04a
-0.58± 0.06b
9.36± 0.18c

KFEP
5.39 ± 0.06b
4.14 ± 0.05b
6.78 ± 0.01b
3.26 ± 0.04a
80.43± 0.24b
49.68±0.39a
2.68±.13b
52.78±.59a
753.11±4.09b
52.81±4.84b
187.65± 1.64b
54.94± 0.08b
2.15± 0.12a
21.14± 0.62b

KFPP
3.81 ± 0.09c
6.33 ± 0.14a
12.60± 0.14a
1.88 ± 0.06b
75.38± 0.07c
16.56±0.90b
7.46±0.67a
24.02±0.33b
1241±7.07a
135± 0.68a
649.50± 6.36a
54.75± 0.26b
2.49± 0.19a
23.49± 0.04a

WF: Wheat flour, KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder. Values are means of
three replicates ±SD, numbers in the same raw, followed by the same letters, are not significantly different at 0.05
level
TABLE 3
Phenolic and flavonoid compounds (mg kg -1 DW) of KFEP and KFPP
Phenolic Compounds
KFEP
Gallic
8.08
pyrogallic
241.54
Catechol
38.19
Caffeic acid
4.70
vanillic
172.95
Caffeine
18.29
Ellagic
9.05
Coumarin
8.42
Ferulic acid
6.52
P-Coumaric
4.18
Chlorogenic
29.80
Protocatechuic acid
66.98
p-Hydroxybenzoic acid
43.39
Salysilic
18.74
Cinnamic
0.58

KFPP
9.50
388.32
111.06
16.83
377.49
30.77
17.37
7.30
12.49
6.74
44.11
134.49
65.18
5.89
0.88

Rutin
Quercetin
Rhhomnetin
Quercetrin
Naringenin
Kaempferol
Apignenin
Luteolin
Naringin
Hespiridin
Hespirtin
Rosmarinic

KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peel powder.
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Flavonoid compounds
KFEP
41.88
1.79
0.97
24.13
1.75
0.74
0.45
21.76
23.31
9.46
0.40

KFPP
59.887
6.08
1.48
39.84
2.65
2.77
3.50
28.52
41.65
16.93
1.16
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TABLE 4
Proximate composition and Bioactive compounds (phenols, flavonoids, tannin) in cookies.

100

100

90

90

80

80

70

70

ABTS radical scavenging (%)

DPPH radical scavenging (%)

Samples
Protein
Ash
Fat
Fiber
a
f
b
Control
8.17±0.02
0.65±0.01
22.35±0.04
0.28±0.02f
b
e
ab
5% KFEP
7.89±0.04
0.73±0.02
22.42±0.07
0.45±0.00e
c
d
ab
10%KFEP
7.61±0.05
0.82±0.02
22.53±0.08
0.66±0.04d
d
c
ab
0.98±0.01
22.58±0.04
0.82±0.03c
15%KFEP
7.33±0.05
e
b
a
20%KFEP
7.08±0.05
1.12±0.03
22.67±0.01
1.12±0.05b
5%KFPP
7.84±0.04b
0.84±0.02d
22.39±0.01b
0.59±0.01d
10%KFPP
7.52±0.10c
1.00±0.03c
22.43±0.03ab
0.90±0.06c
e
b
ab
15%KFPP
7.17±0.04
1.15±0.04
22.50±0.07
1.10±0.03b
f
a
ab
20%KFPP
6.90±0.04
1.29±0.01
22.53±0.08
1.49±0.07a
Samples
Carbohydrates
Phenols
Flavonoids
Tannins
Control
68.55±0.15a
42.69±0.52g
11.83±0.22g
11.54±0.23h
5% KFEP
68.52 ±0.03a
62.09±0.75f
13.10± 0.18f
16.12±0.15g
10%KFEP
68.38±0.11ab
87.86±2.79d
14.44 ± 0.22e
19.70±0.93f
15%KFEP
68.29±0.19ab
107.8±2.79c
16.45± 0.52d
26.96±0.84e
20%KFEP
68.02±0.14bc
126.1±5.56db
17.96 ± 0.91c
31.93±1.14d
5%KFPP
68.34±0.20ab
72.96±1.59e
15.43±0.31de
27.47±1.55e
10%KFPP
68.14±0.23abc
106.75±1.24c
18.96 ± 0.36c
45.43±1.85c
15%KFPP
68.08±0.14bc
132.55±5.03b
21.89±0.27b
65.13±1.45b
20%KFPP
67.79±0.22c
166.07±8.69a
26.17 ±0.66a
77.76±0.81a
KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder. Values are means of three replicates ±SD,
numbers in the same column, followed by the same letters, are not significantly different at 0.05 level
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FIGURE 1
DPPH and ABTS scavenging activity of KFEP, KFPP and produced cookies
FEP: (Kiwifruit edible portion powder), KFPP: Kiwifruit peel powder.
Values are means of three replicates ±SD

methanol extract of both KFEP and KFPP had the
highest DPPH and ABTS scavenging activity and
the higher antioxidant activity was observed in methanol extract of KFEP. Soquetta et al. [28] reported
that the flour made with kiwi fruit peels showed
higher levels of bioactive compounds and antioxidant activity than flour made with other kiwi fruit
parts. From the same figure, it could be noticed that

Antioxidant activity. There are some reports
that indicate an improvement in the antioxidant potential of the cookies incorporated with natural plant
fibers. Therefore, their antioxidant activity was assessed using DPPH and ABTS scavenging activity
methods of the investigated samples. Antioxidant activity of methanol extract of KFEP, KFPP as well as
cookies are illustrated in Fig.1. Data revealed that
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more water interactions through hydrogen bonding.
Oil absorption capacity (OAC) is the ability of materials to physically bind fat by capillary attraction.
In addition, food materials with a high OAC may act
as a flavor retainer, and also increases the mouth feel
of foods [37]. Results cleared that KFPP had higher
OAC than KFEP and wheat flour. The OAC increased with an increase in the KFEP and KFPP percentage in the blends. The surface of a fiber normally
has a high capacity to hold oil by mechanical process, thus a higher fiber content could enhance the
OAC of the blends [38]. The holding of the oil is
partly related to chemical composition, but it is more
related to the porosity of the fiber structure rather
than the affinity of fiber molecules to oil. The structure of a fiber is normally more porous than that of
wheat flour, and this leads to the promotion of oil
entrapment [39].

increasing the level of either KFEP or KFPP progressively increased the antioxidant activity of cookies.
This is attributed to high bioactive compounds content of the KFEP and KFPP as compared to wheat
flour.
Water and oil absorption capacity. Water
and oil absorption activity (WAC and OAC) of raw
materials and their blends are illustrated in Fig.2.
Data in Fig. 2 showed that the KFEP and KFPP
had the higher WAC (3.50 and 4.24 gH2Og-1) compared to wheat flour (1.69 gH2Og-1). Furthermore,
Water absorption capacity increased in blends by increasing the level of substitution. These results could
be attributed to higher fiber content of KFEP and
KFPP. Moreover, blends containing KFPP had
higher WAC than blends containing KFPP. Sharma
et al. [36] reported that the greater number of hydroxyl groups existing in the fiber structures allows
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FIGURE 2
Water and Oli absorption activity (WAC and OAC) of raw materials and blends
KFEP: (Kiwifruit edible portion powder), KFPP: Kiwifruit peel powder. Values are means of three
replicates ±SD
TABLE 5
Physical properties of cookies
Samples
Diameter (mm)
Thickness (mm)
Spread ratio
Hardness (N)
Control
39.78± 0.87a
6.85 ±0.07e
5.81±0.09a
14.48±0.74a
5% KFEP
39.72±0.84a
6.99 ±0.15de
5.68±0.14ab
14.06 ±1.05ab
10%KFEP
39.49±0.21a
7.15 ± 0.07cd
5.52±0.08bc
13.61± 0.64ab
15%KFEP
39.25±0.77a
7.31± 0.07c
5.37±0.04c
13.13±0.38abc
20%KFEP
39.14 ±0.51a
7.63±0.15ab
5.12± 0.12de
12.45 ± 0.77bc
a
cd
bc
5%KFPP
39.52± 0.22
7.17 ± 0.07
5.51±0.02
13.80± 0.28ab
a
bc
cd
10%KFPP
39.28 ± 0.20
7.40±0.14
5.31 ±0.13
13.06 ±1.1abc
a
a
e
15%KFPP
39.00± 0.71
7.68±0.11
5.08 ± 0.09
12.56±0.79bc
a
a
e
20%KFPP
38.71± 0.55
7.84± 0.08
4.94± 0.07
11.69 ±0.72c
KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder. Values are means of three replicates ±SD,
numbers in the same column, followed by the same letters, are not significantly different at 0.05 level
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incorporating fiber rich powders such as sweet potato fiber [42], brown rice [43], and watermelon rind
[41] in the formulation.

Physical properties of cookies. The physical
properties of cookies such as diameter, thickness,
spread ratio and hardness are presented in Table 5.
Results showed that the diameter was slightly decreased with increasing the substitution level. While,
there was a significant difference in thickness between control and cookies substituted with KFEP
and KFPP, this difference in the thickness is reflected in spread ratio of control as well as substituted cookies. The spread ratio is another important
characteristic in determining the quality of the cookies. Results in Table 5 indicated that the substitution
of wheat flour with KFEP or KFPP in cookies reduced the spread ratio. The higher absorption capacity of the KFEP or KFPP during the dough mixing
resulted in a reduction of the spread ratio. McWatters
et al. [40] proposed that the mechanism relating to
the reduction of the spread ratio was affected by the
replacement of wheat flour with fiber. During mixing, a rapid partitioning of free water to hydrophilic
sites took place, resulting in an increase in the dough
viscosity. This led to a limitation of the cookie
spread. The reduced spread ratio has also been reported of cookies made from wheat flour substituted
with fiber rich sources such as watermelon rind [41]
and buckwheat flour [37].
Texture is one of the most important parameter
which determines the consumer acceptability of
foods. Instrumentally measured, the hardness of
cookies was expressed as a maximum force necessary to break them. Hardness of cookies is presented
in Table 5. Results showed that hardness decreased
non significantly of substituted cookies up to 15%
KFEP and 10% KFPP substitution level. As the level
of substitution of wheat flour with either KFEP or
KFPP increased, the hardness tended to decrease
(p<0.05). This data indicated that the cookies tended
to become softer at the high level of substitution.
Similarly, the hardness of the cookies decreased by

Color of cookies. Cookies color is an important characteristic for consumer preference and it
depends on physicochemical parameters of used raw
materials and baking. The color measurements of
produced cookies are shown in Table 6. It could be
observed that there was a significant decrease in µ/¶
(lightness), with the steady increase in the percentage of KFEP or KFPP in the cookies. The lowest L
value was observed in cookies substituted with 20%
KFPP. The decrease in lightness could be attributed
to the natural pigments of KFEP and KFPP such as
polyphenols. Sharma and Gujral [38] reported that
the higher fiber addition in cake and biscuit formulation promoted severely the browning reactions as
evidenced by the low L value.
Regarding to a (redness) and b (yellowness)
valued, data revealed that using KFEP and KFPP in
cookies preparation resulted in significant increase
in a and b values compared to control. These results
may be occurred because of brown color of kiwifruit
fruit (edible portion and peels) powder and caramelization reaction of sugar substances during cookies
baking.
Water activity of cookies. The measurement
of water activity is important considering the development of a product, can be used for the determination of shelf-life and it is an analysis of quality control [44]. The results obtained are illustrated in Fig.3.
Increasing the substitution levels of either KFEP or
KFPP in the cookies slightly increased the water activity of cookies from 0.384 to 0.429 relative to control 0.382. Water activity for substituted cookies was
in safety limits for microbial safety as reported by
Beuchat [45] who mentioned there is no microbial
spoilage below aw value 0.5.

TABLE 6
Color measurements of cookies
Samples
L
a
b
Control
66.81±0.73a
0.37±0.02h
25.33±0.47f
5% KFEP
62.07 ±0.12b
1.82±0.028g
26.26±0.346e
bc
e
10%KFEP
60.83±1.17
3.15±0.04
27.03±0.035d
3.87 ±0.07d
28.06±0.06c
15%KFEP
57.41 ± 0.57d
20%KFEP
56.14 ± 0.19d
4.28±0.07c
29.11±0.15b
5%KFPP
60.04 ± 0.50c
2.30±0.08f
27.21±0.07d
d
c
4.28±0.226
28.35±0.14c
10%KFPP
56.64± 0.51
e
b
15%KFPP
50.94± 0.08
4.99±0.127
29.35±0.49b
e
a
5.80±0.14
32.29± 0.417a
20%KFPP
49.86± 0.20
KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder.
*L (lightness with L = 100 for lightness, and L = zero for darkness), a [(chromaticity on a JUHHQ í WRUHG  @E
> FKURPDWLFLW\RQDEOXH í WR\HOORZ  @9DOXHVDUHPHDQVRIWKUHHUHSOLFDWHV6'QXPEHUVLQWKHVDPHFROXPQ
followed by the same letters, are not significantly different at 0.05 level.
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FIGURE 3
Water activity of cookies
KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder.
Values are means of three replicates ±SD
TABLE 7
Sensory evaluation of cookies
Samples

Appearance

Odor

Taste

Texture

Control
5% KFEP
10%KFEP
15%KFEP
20%KFEP
5%KFPP
10%KFPP
15%KFPP
20%KFPP

8.94±0.17a
8.88±0.23a
8.38 ±0.44a
7.75 ± 0.46b
7.44 ±0.62bc
8.75±0.37a
8.44± 0.62a
7.69±0.37b
7.06±0.33c

8.50± 0.18bc
8.69± 0.26ab
8.75±0.23ab
8.81± 0.38a
8.31 ±0.26cd
8.73± 0.24ab
8.63± 0.23ab
8.25±0.38cd
8.19 ± 0.37d

8.56 ±0.32a
8.69± 0.45a
8.75± 0.37a
8.37± 0.27a
7.31± 0.77b
8.63 ± 0.44ª
8.25± 0.52a
6.81 ± 0.53c
6.00±0.59d

8.93 ± 0.17a
8.81± 0.37ab
8.76 ±0.26ab
8.44 ± 0.68abc
8.13 ± 1.00bc
8.69 ± 0.37abc
8.38 ± 0.62abc
8.19 ±0.53bc
8.00 ±0.70c

Overall
acceptability
8.90 ± 0.17ª
8.75 ± 0.37a
8.37 ± 0.64a
8.19 ± 0.79ab
7.56 ±1.14bc
8.69 ± 0.45a
8.25 ± 0.74ab
7.00 ± 0.75c
6.06 ± 0.38d

KFEP: Kiwifruit edible portion powder, KFPP: Kiwifruit peels powder. Data are presented as means ± SDM (n
=10, a 9-point hedonic scale) & numbers in the same column, followed by the same letters, are not significantly
different at 0.05 level.

KFEP and 10% KFPP showed no significant differences in all over all acceptability relative to control.
The present obtained results are similar to that reported by Hashem et al. [34] who noted that partially
replacing wheat flour with dried kiwi up to 15% did
affect biscuit acceptability.

Sensory evaluation. Sensory evaluation of
produced cookies is shown in Table 7. It was noticed
that no significant differences in appearance score
were found between the control sample and cookies
substituted up to10% KFEP or KFPP. However, increasing the level of substitution from 15 to 20% decreased significantly the scores for appearance. This
result was in accordance with the decrease in the
lightness and the increase in redness values. Tabulated data indicated that the substitution with either
KFEP or KFPP improved slightly odor score. Cookies substituted with 15% KFEP had the highest score
for odor. This might be attributed to the higher content of volatile aromatic of kiwifruit [46]. Regarding
taste score, data revealed that substitution with
KFEP did not affect significantly taste score except
for substitution level at 20%. However, taste score
decreased significantly at 15 and 20% KFPP substitution level. It may be related to the slight bitterness
in taste due to increasing polyphenols and tannins
content at the highest level of substitution. The texture slightly decreased with increase substitution
levels. In addition, substituted cookies up to 15%

CONCLUSION
This current study was carried out to improve
cookies production by substituted with kiwi fruit
(edible portion and peels) powder which was considered as a good source of phytochemicals components
like crude fibers, bioactive compounds and antioxidant activity. It could be concluded that substitution
of wheat flour with kiwi fruit (edible portion and
peels) powder improved the antioxidant activity and
nutritional quality with acceptable sensory characteristics of produced cookies at 10 and 15% substitution level of KFPP and KFEP, respectively. So, it
is possible to maximize the benefit of the kiwi fruit
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[18] Price, M.L., Socoyoc, S.V. and Butler, L.G.
(1978) A critical evaluation of vanillin reaction
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C. (1995) Use of a free radical method to evaluate antioxidant activity. LWT-Food Tech. 28,
25-30.
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and its peels powder as a preferred functional product for consumers, especially children who like
cookies.
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