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Abstract:

Recently, there has been a surge of interest in enhancing traditional stirred yogurt to increase demand for
healthy, high nutritional value, and delicious dairy products. Doum fruit, which contains carbohydrates, different
minerals, antioxidants, and metabolites such as tannins, saponins, steroids, glycosides, terpenes, and terpenoids,
contains necessary nutrients and functional characteristics. Consequently, there has been an enhancement of the
characteristics of Stirred Yogurt using doum fruit. In this study, Doum fruit (doum powder 2%, 4%), (doum
extract 0.2%, 0.4%) was employed in yogurt, as a good source of phenolic compounds, flavonoids, and minerals
such as iron, potassium, calcium, and magnesium. Stirred yogurt fortified with Powdered doum fruit gained in a
shorter fermentation time than Yogurt by using doum extract, improving yogurt's viscosity and water-holding
capacity. Moreover, there was an increase in flavonoids and phenolic compounds and a general boost in antioxi-
dant activity when Yogurt using doum extract. By using doum fruit in yogurt production, its properties can be
enhanced while preserving its biologically active antioxidant characteristics in comparison to non-fortified yo-

gurt.

1. Introduction

Yogurt, a fermented dairy product, is manufactured
by lactic acid fermentation via symbiotic bacteria cul-
tures such as Lactobacillus bulgaricus and Streptococ-
cus thermophilus. Yogurt had higher nutritional value,
boasting increased levels of protein, vitamins such as
B12, B6, and B2, and minerals such as calcium, magne-
sium, potassium, and zinc. (Bakircioglu et al., 2018).
Yogurt is widely regarded as a natural and healthy pro-
biotic food. Many studies have suggested that yogurt
could help in digestion, improve metabolic health, en-
hance immunity, and potentially reduce the risk of can-
cer development by inhibiting oncogenic processes
(Holden et al., 2008).

Fortifications of dairy products with natural sub-
stances promote fortified products’ physicochemical

characterizations and nutritive values (Jalal et al., 2015).

Fortified yogurt with natural ingredients has included
various objectives such as maintaining the nutritional
quality of yogurt, addressing specific deficiencies in
certain groups (such as the elderly, vegetarians, and
pregnant women), adding nutritional value to products
for commercial purposes, and providing technological
functions in yogurt processing (Nestle, 2013). Hence,
the present research aimed to enhance yogurt with
doum fruit (Hyphaene thebaica) doum is a sacred plant
in Egyptian and other African cultures and belongs to
the Arecaceae family (Saber et al., 2023).

Doum palm (Hyphaene thebaica) is native to Egypt
sub-Saharan Africa and West India. In Egypt, the doum

palm has been cultivated since ancient times and it is
known as the doum or gingerbread palm. Doum fruit is
rich in active compounds, including polyphenolic fla-
vonoids such as myricetin, kaempferol, quercetin, and
myricitrin, as well as phenolic compounds like ellagic
acid, gallic acid, caffeic acid, and Ferulic acid (Ab-
del-moniem et al., 2015). The presence of flavonoids in
Hyphaene thebaica fruit contributes to its antimicrobial
properties. Flavonoids and polyphenols found in Doum
fruit can combat peroxy radicals that lead to the degra-
dation of fat bonds in cell membranes. These com-
pounds can neutralize free radicals, preventing them
from causing further damage to the body (Kassim,
2015). The Phenolic compounds in Hyphaene thebaica
exhibit a range of biological activities, such as antimi-
crobial, anticancer, hyperlipidemic, antioxidant, an-
ti-inflammatory, and antidiabetic effects (Abdallah,
2021).

Additionally, doum powder contains essential min-
erals Such as potassium, sodium, calcium, magnesium,
and phosphorus, according to various studies. It is also
a source of vitamin B complex, carbohydrates, moisture
content, crude fiber, ash content, protein, fat, and vita-
mins, particularly niacin, folic acid, pyridoxine, ribofla-
vin, and thiamin all beneficial for health. It is recog-
nized for its nutritional qualities and potential applica-
tions in the food industry (Islam et al., 2022). Further-
more, doum powder exhibits strong antibacterial prop-
erties against both gram-positive and gram-negative
microorganisms (Aboshora et al., 2019).

Doum fruit extract is recognized as a primary
source of phenols and flavonoids, possessing significant
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antioxidant and anticancer properties. Furthermore,
research has indicated that the aqueous extract of Hy-
phaene thebaica also exhibits antioxidant activity due
to its high concentration of water-soluble phenolic
compounds (Taha et al., 2020). Aqueous extracts from
the doum palm have been shown to increase the viabil-
ity and performance of specific dairy starter cultures
commonly utilized in the production of various dairy
products, particularly probiotics (Hassan and Aumara,
2005).

Furthermore, Doum extracts could serve as fiber
and antioxidant supplements with desirable physico-
chemical properties and sensory attributes (Nassef et al.,
2022). So, this investigation aimed to evaluate the use
of powdered doum fruit as a potential ingredient of die-
tary fiber, mineral, and natural antioxidants in stirred
yogurt.

2. Materials and Methods
2.1. Materials

Fresh cow's milk (moisture 87.45%, fat 4.5%, total
protein 3.1%, ash 0.77, total solid 12.55%, pH 6.8, and
acidity 0.18%) was obtained from a local farm in Egypt.
The yogurt culture utilized in the production consisted
of Streptococcus thermophilus and Lactobacillus del-
brueckii sub ssp. bulgaricus (DVS), obtained from
Hansen Copenhagen Laboratories in Denmark. Carboxy
Methyl Cellulose (CMC) utilized in the research was
obtained from Misr Food Additives Company (MIFAD),
Egypt. Doum fruits were purchased from the local
market in Tanta, Egypt.

Preparation of Powdered doum fruit (PDF)

The process of preparing the powdered doum fruit
(PDF) involved a careful selection of intact and uni-
formly sized doums, free from fungal contamination or
external cracks. The kernels were separated from the
inedible parts after being washed with tap water. The
mesocarp was cut into equally small pieces, meticu-
lously extracted, and dried in an air oven
(Shellab-Model 1350FXMade in USA) at 40+2°C for
approximately 48 hours. Subsequently, the dried meso-
carp was finely ground into powder using a mechanical
laboratory grinder and was sieved through a 35-mesh
(0.425 mm) sieve. The resulting flour was then packed
into polyethylene bags and stored at 4+1 °C until used.

Preparation of Doum Extract (DE)

According to (Karaaslan, et al., 2011) with some
modifications 50 g of the doum powder was mixed with
100 mL of acidified methanol, then the mixture was left
at 4 °C for overnight incubation. The mixture was fil-
tered by using No. 1 Whatman filter paper and residue
was washed with acidified methanol-HCI until it be-
came colorless. 50mL of DE was separated to deter-
mine polyphenol content by HPLC. The remaining por-
tions were concentrated by a rotary evaporator at 50 °C
and dried by freeze-drying.

Stirred yogurt manufacture

Stirred Yogurt was processed in the dairy pilot la-

boratory of the food science and technology department,
at Tanta University. Stirred yogurt was manufactured
according to (Tamime and Robinson, 2007). Fresh
cow's milk was heat treated at 65 °C for 30 min then
divided into five treatments. Control yogurt without any
additives. T1 yogurt fortified with DP 2%. T2 yogurt
fortified DP addition 4%. T3 yogurt fortified with 0.2%
DE. T4 yogurt fortified with 0.4% DE. All treatments
had 2% sugar, and 0.02% carboxymethyl cellulose, for
stabilization. Starter culture was added (2%) at 42 *
2°C and then packaged in sterilized plastic cups with a
capacity of 100 ml. The treatments were then incubated
at 42°C until reaching a pH of 4.67, followed by cool-
ing to 4°C. The samples were stored for 15 hours, and
analyses were conducted at 0, 7, and 14 days.

Three replicates were used for each treatment be-
fore completing the analysis; the gel was broken by
shaking a glass rod 10 times clockwise and 10 times
counterclockwise.

Doum fruit

) /\("F Cow's Mk * Yoghurt Culture
/ F -
C ‘_ n bl ie]

™

Stirred yoghurt

Fig. 1. A simple schematic representation of the manu-
facture of stirred yogurt fortified with doum powder and
doum extract

2.2. Methods of analysis
2.2.1. Chemical analysis

Total solids (TS), total protein (TP), ash, Fat, and ti-
tratable acidity as lactic acid were identified by the ear-
lier study (Thiex, et al., 2012). pH values were deter-
mined with JENCO pH meter model 1671, USA.

2.2.2. Determination of minerals

Minerals were determined using an Atomic Absorption
Spectrophotometer (Model 2380, Japan) was utilized to
measure the concentrations of minerals including Ca,
Mg, and Fe following the AOAC (2003) protocol.
Meanwhile, the Flame Photometer (Model PE P7, Eng-
land) was employed to determine the concentration of
K.

2.2.3. Color measurement

Minolta CR400 colorimeter (Japan, Minolta, and Osaka)
was used to evaluate the color values samples of stirred
yogurt. The color dimensions L*, a*, and b*, namely
lightness (L*), redness (a*), and yellowness (b*) were
measured. Delta E (AE), the total color change com-
pared to the control, was calculated based on the fol-
lowing equation (Ji et al., 2022):

AE=\/(L1 - 12)2 + (a1 — a2)2 + (b1 — b2)2
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2.2.4. Antioxidant activity

Free radical scavenging activity (RSA) of the yogurt
samples was determined using DPPH, the yogurt extract
samples were mixed in a 1:1 ratio (v/v) with 0.1 mM
DPPH dissolved in methanol. The mixture was then left
at room temperature in the dark for 30 minutes, and
distilled water was used as a blank sample. The scav-
enging effectiveness was determined using the formula:
Scavenging activity (%) = (A0 - AS) / A0 x 100, where
A0 and AS represent the absorbances at 520 nm for the
blank and the samples, respectively, as described by (Li
et al., 2015).

2.2.5. Determination of total phenolics and flavonoids

2.2.5.1. Total phenolic: The total phenolic content
(as % gallic acid) was determined in the filtrate by Fo-
lin- Ciocalteu reagent. One gram of the yogurt sample
was supplemented with 9 mL of 70% methanol and was
centrifuged at 4000 revolutions for 15 minutes. Then,
125 pL of the resulting supernatant was mixed with 150
pL of Folin-Ciocalteu reagent in a 1:1 ratio. Sodium
carbonate (2.25 mL) was added with a pipette, and the
mixture was incubated at 25°C for 30 minutes in a dark
room. The absorbance was then measured at 750 nm,
and the total phenolic content was determined based on
the calibration curve. The results were reported as mg
of gallic acid equivalent per gram of dry weight, follow-
ing the method described by (Gulcin, 2020).

2.2.5.2. Total flavonoids: one gram of the yogurt sam-
ple was supplemented with 9 mL of 70% methanol, and
centrifuged at 4000 revolutions for 15 minutes. One
milliliter of the resulting supernatant was taken, and 1
mL of 2% AICI3 was added to it. The mixture was in-
cubated for 10 minutes at room temperature in a dark
place, and the absorbance was measured at 520 nm. The
total flavonoid content was calculated from the titration
curve, and the results were expressed as mg per gram of
dry matter with modifications from the method de-
scribed by (Gulcin, 2020).

2.2.6. Determination of viscosity:

Viscosity expressed in the samples was determined
by using a Brookfield viscometer (model DV-II, Ca-
na-da) fitted with four spindles to measure the apparent
viscosity at 10+2 °C. FHTB. Samples were subjected to
select shear rates ranging from 3.0 to 50.0 S1 of the
bullish curve. Apparent viscosity was expressed in Pas-
cals (Pa).

2.2.7. water-holding capacity (WHC)

Water-holding capacity (WHC) was determined
according to (Robertson, et al.,2000) with some modi-
fications. Twenty-five milliliters of buffer phosphate (1
M, pH 6.3) were added to 250 mg of dry sample, stirred,
and left at room temperature for 1 h. After centrifuga-
tion, the residue was weighed. The WHC was expressed
as a gram of water held per gram of sample.

2.2.8. Sensory evaluation

The sensory properties Of the control and other
stirred yogurt treatments were evaluated based on the
senses Scheme presented by Fresh and stored samples,
which were assessed by ten arbitrators from the re-
searchers of the Dairy Chemistry Department at the
Animal Production Research Institute of the Agricultur-
al Research Center specializing in sensory arbitration
(Kailasapathy, 2006).

2.3. Statistical analysis

Triplicate measurements were taken for all param-
eters, and results were presented as means of standard
errors. The SPSS statistical software package for analy-
sis of variance and Duncan’s test (SPSS 20 for Win-
dows, SPSS INC., IBM, New York) was used.

3. Results and Discussion

3.1. Chemical properties of fortified stirred yogurt
3.1.1. Total solids content

Table (1) indicates the total solids content of forti-
fied stirred yogurt during the storage period. Data
showed that increased significantly with increasing the
concentration of doum powder. The highest mean value
was (17.76%) in (T2) containing 4 % DP and the lowest
(14.52 %) was recorded in (C) at fresh. This is due to an
increase in the doum palm fruit powder levels, and the
total solids content of fortified yogurt increased (Au-
mara and Hassan,2018). Additionally, the storage peri-
od caused TS to increase in all treatments. This was
more observed in (T2) which had (18.31%). This in-
crease may be due to the evaporation of some moisture
during the storage period (Abd-EI-Tawab, 2012).

3.1.2. Protein content

Table (1) revealed the total protein content of forti-
fied stirred yogurt during the storage period. Results
illustrated that there was a significant rise in protein
content in convenience percentage with doum powder
levels in fortified samples. T2 had the highest content
(5.60%) compared with other treatments. This may be
due to the total nitrogen content increased by increasing
the rate of addition of Doum powder fruit that had high
content of protein (Aumara and Hassan, 2018). Fur-
thermore, TP % increased in all treatments during the
storage period. This was more observed in (T2) which
had 5.64%.

3.1.3. Ash content

The ash content of fortified stirred yogurt during
the storage period is shown in Table (1). T2 and T1 had
the highest ash content 1.02%, and 0.94 %, respectively
at fresh. In contrast, there were no significant differ-
ences between the other treatments. This is due to doum
fruit having high levels of minerals such as potassium,
sodium, calcium, and magnesium. Also, ash content
increased in all treatments during the storage period of
7 and 14 days. This was more observed in treatment T2
which had 1.12%. Similar results were reported by
(EL-Nagar and Brennan, 2001) on yogurt samples.

3.1.4. Fat content
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Table (1) indicate the Fat content of fortified stirred
yogurt. T2 by followed T1 had the highest fat % 3.77%,
and 3.72 %, respectively at fresh. This may be due to
the Acetaldehyde and diacetyl contents of fortified
samples increased by increasing the level of Doum
palm fruit addition (Aumara and Hassan, 2018). fur-

Table 1. Chemical properties of fortified stirred yogurt

thermore, fat % increased in all treatments during the
storage period. This was more observed in T2 compared
with other treatments. These results are in agreement
with those obtained by (Aumara, 2000) in probiotic
fermented milk as a result of cold storage period.

Chemical  Storage Treatments
properties (days) C T1 T T3 T4
Total Fresh 14.52+0.03¢ 15.81+0.01% 17.76+0.05¢ 14.59+0.03¢ 14.71+0.01¢¢
Solids (%) 7 14.67+0.018¢ 16.02+0.01B8 17.56+0.11B2 14.660.0065¢ 14.86+0.02B¢
14 14.95+0.024d 16.31+0.0084° 18.31+0.03%2 14.96+0.024¢ 15.29+0.034¢
Total Fresh 5.11+0.01¢ 5.40+0.01¢ 5.60+0.04% 5.13+0.03%¢ 5.17+0.06%¢
Protein 7 5.22+0.01% 5.57+0.02%° 5.70+0.14"2 5.22+0.158¢ 5.28+0.0085¢
(%) 14 5.44+0.014 5.75+0.04"2 5.64+0.1172 5.39+0.017@ 5.41+0.02"2
Fresh 0.89+0.001°¢ 0.94+0.008% 1.02+0.0242 0.89+0.003¢¢ 0.92+0.01¢¢
Ash (%) 7 0.91+0.01%° 0.96+0.003% 1.02+0.0442 0.93+0.01%° 0.99+0.018°
14 0.93+0.0037° 1.09+0.00342 1.12+0.13%2 0.95+0.0178 0.97+0.017°
Fresh 3.63+0.05¢¢ 3.72+0.01% 3.77+0.01¢ 3.62+0.003¢ 3.61+0.01¢
Fat (%) 7 3.71+0.015¢ 3.79+0.003% 3.86+0.0152 3.70+0.015¢ 3.72+0.0035¢
14 3.75+0.003*° 3.83+0.0037° 3.90+0.017 3.74+0.017¢ 3.76+0.014¢

Data are means + S.E. *C: Control stirred yogurt; T1: fortified stirred yogurt with 2% T2: fortified stirred yogurt with 4% DP; T3: fortified stirred
yogurt with 0.2% DE; T4: fortified stirred yogurt with 0.4% DE. Different small superscripts due to treatments and averages with different capital

superscripts due to storage period differed significantly (P<0.05).
3.2. physical properties of fortified stirred yogurt
3.2.1. PH values

The pH values of stirred yogurt are revealed in Ta-
ble (1). T4 and T3 samples had significantly lower pH
values than the other treatments through 14 days of the
storage period, 4.43, and 4.45%, respectively. On the
other hand, T1, T2, and C were recorded at 4.46%, 4.47,
and 4.49, respectively. This may be due to the high
acidity of Doum extract (Abd El-Rashid and Hassan,

Table 2. Physical properties of fortified stirred yogurt

2005). These results are in agreement with the results,
reported (EI-Kholy, 2015).

3.2.2. Acidity %

Table (2) indicates t the acidity of stirred yogurt.
Data showed that T4 and T3 had significantly higher
acidity than the other treatments. This may be due to the
extract of doum fruit containing several amino acids
such as leucine, phenylalanine, aspartic, and glutamic
acid which promote increased acidity (Aamer, 2016).

Storage Treatments
Physical properties

(day) C T1 T2 T3 T4
Fresh 4.80+0.0142 4,75+0.06%°  4.73x0.00"°  4.70+0.03"° 4.69+0.06"°
pH value 7 4.71+0.0382 4.68+0.03%°  4.67+0.05%°  4.64+0.03%¢ 4.61+0.055¢
14 4.49+0.05%° 4.46+0.03%°  4.47+0.05%°  4.45+0.00 4.43+0.06%
Fresh 0.57+0.03¢%® 0.55+0.02%*  0.55+0.01®  0.56+0.00¢ 0.57+0.03%
Acidity (%0) 7 0.61+0.01¢ 0.62+0.03%¢  0.66+0.01%°  0.65+0.00%° 0.68+0.055
14 0.69+0.03A¢ 0.73+0.03*¢  0.76+0.01"®  0.75+0.03"° 0.78+0.03"

*See legend to Table 1 for details.

3.3. Fermentation time of fortified stirred yogurt

Figure (2) illustrates the fermentation time of forti-
fied stirred yogurt. Data revealed that after 180 min in

the incubation period, T1 reaches pH value 4.70 firstly,
followed by T2 reaching pH 4.80, then C, T3, and T4,
respectively. This may be due to the doum powder con-
taining many phenol polyphenol acids that promote
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acidity and short fermentation time (Abdel-moniem et
al., 2015). Additionally, extracts of doum fruit contain
high levels of phenols and flavonoids, which have sig-
nificant antibacterial activities (Atito, et al., 2019).
Thus, it affected the growth of the starter and led to a
long fermentation time.

8 HC HET1 HET2 WT3 MT4

7
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Fig. 2. Fermentation time of fortified stirred yogurt.

3.4. DPPH scavenging activity (%) of fortified
stirred yogurt

The function of an antioxidant is to eliminate free
radicals by providing hydrogen to a free radical, caus-
ing its conversion to a less reactive species. By adding
hydrogen, the electron responsible for radical reactivity
is removed (Abou—Elalla, 2009). Changes in the anti-
oxidant activity of stirred yogurt from different treat-
ments of powdered and doum extract during the storage
period shown in Fig (3). T4 (42.39%) and T3 (37.39%),
respectively had the highest DPPH %, then T2 (28.48%)
and T1 (25.36 %), respectively compared with C
(13.66 %), at fresh storage period. This may be due to
the correlation between the concentration of the doum
extract and the inhibition percentage (Eldahshan et al.,
2008 & 2009). Contrastingly, during the storage period,
the DPPH % decreased in all yogurt treatments, with a
greater reduction observed in the C. This could be due
to the reduction in the viability of some bacteria caused
by the storage period, leading to a decrease in the anti-
oxidant activity of bacteria in yogurt for all treatments
(Shori et al., 2022).

45
40

35
30
25
20
15
1
C T1 T2 T3 T4

B Fresh W7 Day M 14 Day

o wun

DPPH scavenging activity (%)

Fig. 3. DPPH scavenging activity (%) of fortified
stirred yogurt.

3.5. Total phenolic and flavonoid content of stirred
yogurt

Fig. 4 and Fig.5 illustrate the total phenolic and
flavonoid (TFC) and Total phenolic content (TPC) of
fortified stirred yogurt. Data demonstrate that T4, and
T3 respectively had the highest TPC and TFC %, com-
pared with other treatments. This is attributed to the
doum fruit extract a primary source of phenols and fla-
vonoids, possessing significant antioxidant and anti-
cancer properties. This is also due to the abundance of
water-soluble phenolic compounds present in the ex-
tract (Hsu et al., 2006). During the storage period, all
yogurt treatments experienced a reduction in their total
phenolic and flavonoid content percentage, C sample
showing the greatest reduction. This is due to the LAB
bacteria culture hydrolyzing polyphenols to aromatic
acids like phenylacetic, phenyl propionic, phenyl valer-
ic, and benzoic acids (Manach et al., 2004).
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Fig. 4. Total phenolic content of stirred yogurt
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Fig. 5 Total flavonoid content of stirred yogurt
3.6. Mineral content of fortified stirred yogurt

Table (4) shows the minerals of stirred yogurt for-
tified with powdered and doum extract at various per-
centages. findings indicated that T2, had the highest
content of K, Mg, Fe, and Ca, respectively compared to
the other treatments. K content was 50.54 mg/100 g,
which has a significant role in controlling high blood
pressure as reported by Aremu et al. (2006). (Mg) was
19,44 mg/100 g and is necessary for the functioning of
nearly 300 enzymes in the body. lron content was
1.53mg/100 g and is required for hemoglobin, which
transports oxygen to body tissues, as well as being a
component of many proteins and enzymes. (Ca) was
found to be 0.99 mg/100g.

Page | 63


https://jsaes.journals.ekb.eg/

JSAES 2023, 3 (4), 59-67. https://jsaes.journals.ekb.eg/

Table 4. Mineral elements of fortified Stirred yogurt during the storage period

Minerals Treatments
(Mgl00g DM) c T1 T2 T3 T4
Fe 0.39+0.003° 0.850.008" 1,53+0,02° 0.40+0.015° 0.40+0.008°
Ca 0.79+0.003° 0.94:0,005° 0.99:+0.008° 0.79:0.008° 0.810.006°
K 20.23+0.01¢ 44.10+0.04° 50.54+0.28 20.26+0.003° 20.28+0.018°
Mg 11.90+0.04¢ 16.29+0.008" 19.44+0.072 11.91+0.015¢ 11.95+0.01¢
*See legend to Table 1 for details.
addition of

3.7. Color determination

Doum extract, while the +a* (redness) values in-
creased as doum powder ratios increased in stirred yo-
gurt as compared with treatments doum extract and
control, these results agree with the results
(EI-Kholy,2018)

The effects of powdered doum and doum extract on
the color parameters of Stirred yogurt are shown in Ta-
ble 5. Data in Table 5 demonstrate that the L* value
(lightness) decreased with the addition of doum powder.
Also, the +b* value (yellowness) decreased with the

Table 5. Color properties of fortified Stirred yogurt during the storage period

Color Treatments
Properties c T1 T2 T3 T4
L* 88.23+0.05% 82.43+0.06° 77.96+0.3¢ 87.17+0.09° 86.89+0.02°
ax* -3.2740.04¢ -2.16+0.009° -1.86+0.01° -2.79+0.01¢ -2.58+0.04°¢
B* 8.18+0.02¢ 9.80+0.03° 10.10+0.022 8.48+0.04¢ 8.83+0.008°
*See legend to Table 1 for details.
3.8. Viscosity and water-holding capacity (WHC) of
stirred yogurt 64
The apparent viscosity and water-holding capacity 62
of stirred yogurt during the storage period is revealed in -

Fig.6 and Fig.7. Data indicated that there were signifi- °
cant differences between all treatments at fresh, with Q58

decreasing values observed in all treatments during the S e /\/
storage period. T2 exhibited the highest apparent vis-

cosity and water-holding capacity results, 252.00 and 54

64.38, respectively, compared with C at 227.33 and

57.02, and T3 at 218.66 and 57.99, respectively. The >2
increase in the apparent viscosity of stirred yogurt con- 50
taining doum powder may be due to its high content of C T1 T2 T3 T4
fiber characterized by its high WHC (Abd EI- Rashid Fresh 7 Day 14 Day
and Hassan, 2005). . . . .
Fig. 7. water-holding capacity (WHC) of fortified
260 . . "
stirred yogurt during storage period.
AZSO 3.9. Sensory evaluation of fortified stirred yogurt
240
§ Table (6) revealed the results of a sensory evalua-
3230 tion of fortified stirred yogurt. Data reveal that the pan-
8220 elists preferred T4 followed by T3 and then T2 and T1,
£ 510 and finally, C based on flavor. The flavor ratings at the
fresh, and during storage periods were 47.40, 47.55,
200 46.30 and 45.65, 45.66, 45.45 and 45.05, 45.50, 43.60
190 and 44.35, 44.95, 44.20 and 42.57, 43.45, 39.40, re-
C T1 ™ T3 T4 spectively. There were no significant differences ob-
e==fresh em===7Day 14 Day served in body and texture in T1 & T3 and C compared
to T4 and T2. The results were 34.40, 34.00, 33.10 and
Fig. 6. Viscosity of fortified stirred yogurt during the 34.95, 34.80, 33.90 and 34.40, 33.60, 32.50 and 35.05,
storage period 34.55,32.80 and 31.95, 31.95 29.05, respectively.
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This may be attributed to the Doum palm fruit flesh
possesses good functional properties as its high water or
oil absorption capacity (Aboshora et al., 2014).

Water absorption characteristics represent the abil-
ity to associate with water, while oil absorption charac-
teristics reflect emulsifying capacity. (Kaur, et al.,2013)
reported that the ability of flour to absorb water and oil
may help to improve the binding structure, enhance
flavor retention, and improve mouthfeel. Similar results
were observed by (Abd El-Rashid and Hassan, 2005)

they reported that ice cream prepared in the presence of
3 % doum powder was characterized by creamy color,
acceptable flavor, and a description of soft body & tex-
ture with good nutritional value of fiber and higher
scores of sensory parameters. However, significant dif-
ferences were observed in appearance between all
treatments where C was more accepted by arbitrators,
than T3 compared to the other treatments. The results
were 9.70, 9.30, 8.65, and 9.25, 9.20, 8.75, respectively.

Table (6): Sensory evaluation of fortified stirred yogurt during the storage period

. Storage Treatments
Properties (day? c 11 T2 T3 T4

Fresh 42574025  44.35:0.2%9  4505:0.21°° 45654014 47.4040.2%

F}%‘ég’r 7 Day 43.45+0.2°°  44.9520.1% 455020260 45660224  47.55+0.3%
14Day  30.40£0.3% 44202025  43.6020.28%  45.45£0.1% 46.30£0.3%

Body and Fresh 34.4020.2%  34.4020.2%  31.95+0.2°° 34.9540.2% 35.05£0.3%
Texture 7Day  33.60£0.25%  34.0020.2°°  31.95:0.1A¢ 34.80+0.272 34,550,240
(40) 14Day  325040.28%  33.10¢0.3%  20.05:0.4% 33.90£0.4%2  32.80+0.23%
Fresh 9.70+0.08%2 7.9520.1A 6.3040.28° 9.25+0.03% 8.0020.08C¢

Appg’f‘g)ance 7 Day 9.30+0,182 7.70£0.18b  §.55+0,2AB¢ 9.20+0.14 9.000.17
14 Day 8.65+0.1¢ 7.45+0.17% 6.9520.14° 8.75+0.1% 8.75+0.8%

*See legend to Table 1 for details.

3.10. Sensory evaluation of fortified stirred yogurt
during the storage period

Fig. 8 revealed the sensory evaluation of stirred
yogurt during the storage period (flavour, body&texture,
and appearance). The data indicate that the panelists
preferred treatment T4 first, followed by T3, and then
T1. This trend may be attributed to Doum fruits leading
to an improvement in the sensory properties of synbi-
otic-flavored fermented skim milk drinks (Khider et al.,
2022).

50
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10 \ {
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il II
wn !
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— ~ <
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Texture Apperance

Fig. 8. Total Sensory Analysis of fortified stirred yo-
gurt.

5. Conclusions

Fortification of stirred yogurt with powdered doum
and doum fruit extract enhances antioxidant activity and
overall acceptability of the fortified yogurt. Additional-

ly, the results revealed that using 0.4% DE in stirred
yogurt causes high levels of antioxidants and sensory
properties. While using 4% DP had high levels of rheo-
logical properties. This approach can lead to a competi-
tive product in the market. Future research on this topic
will focus on using fruits, which are rich in fiber, natu-
ral antioxidants, and minerals, to increase the nutritional
value of fermented dairy products.

Author Contributions: Conceptualization, A.S.B.,
L.LLE., and D.A.A.; Data curation, D.A.A., and AL.A. E;
Formal analysis, L.I.E., and AL.A. E; Investigation,
D.A.A,, and A.S.B; Methodology, L.I.E.and AL.AE.;
Project administration, D.A.A., A.S.B., and L..E.; Re-
sources, L.LLE., and AL.A.E.; Software, AL.A.E.; Su-
pervision, A.S.B., D.A.A.and L.1.E.; Validation, D.A.A.,,
and A.S.B.; Visualization, L.LE.; Writing—original
draft, D. A. A. . and AL.A.E.; Writing—review & edit-
ing, D.AA., AL AE., L.IL.LE. and A.S.B. funding acqui-
sition, AL.A.E. All authors have read and agreed to the
published version of the manuscript.

Data Availability Statement: Data is contained within
the article.

Conflicts of Interest: The authors declare no conflict of
interest.

References

Aamer, R. A. (2016). Characteristics of aqueous doum
fruit extract and its utilization in some novel products.
Ann Agri Sci, 61: 25-33.

Abd El-Rashid, A. and Hassan Z.M.R. (2005). Potential

Page | 65


https://jsaes.journals.ekb.eg/

JSAES 2024, 3 (4), 59-67.

https://jsaes.journals.ekb.eg/

utilization and healthy effects of Doum palm fruits in
ice cream and sesame butter (Tehena), Alex J. Food Sci.
and Technol. 2: 29.

Abd El-Tawab, Y.A. (2012). Compositional character-
istics of the date syrup extracted by different methods in
some fermented dairy products. Annals of Agric. Sci.,
Faculty of Agriculture, Ain Shams Univ., 57:29-36.

Abdallah, E. M. (2021). Screening of Methanolic Ex-
tract for Antimicrobial Activity of Hyphaene thebaica
Screening of Methanolic Extract for Antimicrobial Ac-
tivity of Hyphaene thebaica L. Fruit Pulp from Suda-
nese Folklore. South Asian Journal of Research in Mi-
crobiology., 9(1): 6-12.

AbdEI-Moniem, M., Mustafa, H. N., Megahed, H. A,
Agaibyi, M. H., Hegazy, G. A., & El-Dabaa, M. A.
(2015). The ameliorative potential of Hyphaene theba-
ica on streptozotocin-induced diabetic nephropathy.
Folia Morphologica, 74(4), 447-457.

Aboshora, W., Lianfu, Z., Dahir, M., Qingran, M.,
Qingrui, S., Jing, L., Al-Haj, N.Q.M. and Ammar, A.,
2014. Effect of extraction method and solvent power on
polyphenol and flavonoid levels in Hyphaene thebaica
L mart (Arecaceae)(Doum) fruit, and its antioxidant and
antibacterial activities. Tropical Journal of Pharmaceu-
tical Research, 13(12),2057-2063.

Aboshora, W.; Yu, J.; Omar, K. A,; Li, Y.; Hassanin, H.
A.; Navicha, W. B.; Zhang, L. Preparation of Doum
Fruit (Hyphaene Thebaica) Dietary Fiber Supplemented
Biscuits: Influence on Dough Characteristics, Biscuits
Quality, Nutritional Profile, and Antioxidant Properties.
J. Food Sci. Technol. 2019, 56(3), 1328-1336.

Abou-Elalla FM. Antioxidant and anticancer activities
of doum fruit extract Hyphaene thebaica. African Jour-
nal of Pure and Applied Chemistry. 2009;3:197-201

AOAC, 2003. Official Methods of Analysis, 16th Ed.
Association of Official Analytical Chemists Interna-
tional, Arlington, Virginia, U.S.A.

Aremu, M.O., Olaofe, O. and Akintayo, T.E., 2006. A
comparative study on the chemical and amino acid
composition of some Nigerian under-utilized legume
flours. Pakistan Journal of Nutrition, 5(1),34-38.

Atito, E., Moustafa, M. F., Siddiqui, S. & El-Sayed, M.,
(2019). Antioxidant, anti-a-amylase and antimicrobial
activities of doum (Hyphaene thebaica) and argun
(Medemia argun) fruit parts. Int. J. Pharmacol., 15(8):
953-961.

Aumara and Hassan,(2018). more healthy fermented
milk manufactured with Doum palm fruit powder. Proc.
| Oth Egyptian Conf. Dairy Sci. & Techn., 283e300
(2007).

Aumara . E.,(2000). Studies on the use of Bifidobacte-

ria in manufacture of some dairy products. MSci. Thesis.

Faculty of Agric Ain Shams Univ. 135-150.

Bakircioglu, D., Topraksever, N., Yurtsever, S., Ki-
zildere, M. and Kurtulus, Y.B., 2018. Investigation of
macro, micro and toxic element concentrations of milk

and fermented milks products by using an inductively
coupled plasma optical emission spectrometer, to im-
prove food safety in Turkey. Microchemical J, 136,
133-138.

Durlach, J., 1988. Magnesium in clinical practice. Lib-
bey Eurotext, London, Paris. 360.

El-kholy, W. M. (2018). Preparation and properties of
probiotic low fat frozen yoghurt supplemented with
powdered doum (hyphaene thebaica) fruit. Egyptian J.
Dairy Sci., 46: 67-78.

El- Kholy, A. M. (2015). Effect of Fat Replacement by
Doum Palm Fruits on Frozen Yoghurt Quality. World J.
Dairy Food Sci. 10: 74.

Eldahshan, O. A., Ayoub, N. A, Singab, A. N. B. &
Al-Azizi, M. M. (2009). Potential antioxidant phenolic
metabolites from doum palm leaves. African Journal of
Pharmacy and Pharmacology., 3(4): 158-164.

Eldahshan, O. A.; Ayoub, N. A, Singab, A. N. B;
Al-Azizi, M. M.,(2008). Potential Superoxide Anion
Radical Scavenging Activity of Doum Palm (Hyphaene
Thebaica L.) Leaves Extract. Rec-ords Nat. Prod. 2008,
2(3), 83.

EL-Nagar, G. F. and Brennan, C S. (2001): The influ-
ence of fiber addition on the texture and quality of
stirred yoghurt. Proc 8th Egyptian conf. Dairy Sci. and
Technol. 505- 523.

Gulcin, 1., 2020. Antioxidants and antioxidant methods:
An updated overview. Archives of toxicology, 94(3),
pp.651-715.

Hassan, Z. M. R., & Aumara, I. E. (2005). Effect of
Doum palm fruit Hyphaene thebaica on certain dairy
starter cultures and undesirable microorganisms. Annals
of Agricultural Science., 50: 169-184.

Holden, J.M., Lemar, L.E. and Exler, J. 2008. Vitamin
D in Foods: Development of the US Department of Ag-
riculture Database. American J. Clinical Nutrition, 87:
1092S-6S.

Hsu, B. Coupar, I. M. and Ng, K. (2006).Antioxidant
activity of hot water extract from the fruit of the doum
palm, Hyphaene thebaica . Food Chem. EI. 98:317.

Islam, F., Saeed, F., Afzaal, M., Hussain, M., Jbawi, E.
Al, Khalid, M. A., Khan, M. A., Afzaal, M., Hussain,
M., Jbawi, E. Al, & Armghan, M. (2022). Nutritional
and functional properties of Hyphaene thebaica L .
flour : a critical treatise and review. International Jour-
nal of Food Properties, 25(1): 1234-1245,

Jalal; Para ; Ganguly; Devi ; Bhat ; Bukhari ; Qadri ,
(2015). Fortification of Dairy Products: A Review.
World Journal of Biology and Medical Sciences. Vol-
ume 3, Issue- 1, 23-35, January to March, 2016.

Ji J, Shankar S, Salmieri S, Lacroix M (2022) Com-
bined effects of microencapsulated essential oils and
y-irradiation on microbiological and physicochemical
properties of dry fermented sausages during ripening
and the storage. Food Control 133:108624.

Page | 66


https://jsaes.journals.ekb.eg/

JSAES 2024, 3 (4), 59-67.

https://jsaes.journals.ekb.eg/

Kailasapathy, K., 2006. Survival of free and encapsu-
lated probiotic bacteria and their effect on the sensory
properties of yoghurt. LWT-Food Science and Tech-
nology, 39(10), 1221-1227.

Karaaslan; Ozden; Vardin; Turkoglu, (2011). Phenolic
fortification of yogurt using grape and callus extracts.
M. Karaaslan et al. / LWT - Food Science and Tech-
nology 44 :1065e1072.

Kassim, N. N. A. (2015). Doum Fruit Help Treat Fertil-
ity Problems.

Kaur, M., Kaushal, P. and Sandhu, K.S., 2013. Studies
on physicochemical and pasting properties of Taro
(Colocasia esculenta L.) flour in comparison with a
cereal, tuber and legume flour. Journal of Food Science
and Technology, 50, 94-100.

Khider; Seliem; Ebid; , (2022). Development of Func-
tional Synbiotic Flavored Fermented Skim Milk Drinks
Supplemented with Doum (Hyphaene thebaica L.) and
Carob (Ceratonia siliqua) Fruits Powder for Nutritional,
Antimicrobial, and High Antioxidant Activities. Food
and Nutrition Sciences, 13, 878-905.

Li, Y., Liu, T.J. and He, G.Q., 2015. Antioxidant activ-
ity of peptides from fermented milk with mix culture of
lactic acid bacteria and yeast. Advance Journal of Food
Science and Technology, 7(6), 422-427.

Manach, C., A., Scalbert, C., Morand, C., Remesy and
Jimenez, L. (2004). Polyphenols: food sources and bio-
availability Am. J. Clin. Nutr.79: 727.

N. Thiex, L. Novotny, A. Crawford, Determination of
ash in animal feed (2012): AOAC official method
942.05 revisited. J. AOAC Int. 95(5), 1392-1397

Nassef ; El-Safy ; El-Badry ; Hammad ,(2022).
Evaluating Doum (Hyphaene thebaica L.) Fruit Extract
as a Functional Ingredient in Formulas for Ice Cream.
World Journal of Dairy & Food Sciences 17 (1): 01-10,
2022.

Nestle, M. (2013). Food politics: how the food industry
influences nutrition and health, Univ. of California
Press.

Robertson, J.A., de Monredon, F.D., Dysseler, P.,
Guillon, F., Amado, R. and Thibault, J.F., 2000. Hydra-
tion properties of dietary fibre and resistant starch: a
European collaborative study. LWT-Food Science and
Technology, 33(2), 72-79.

Saber ; Aly ; Khallaf ; EI Nashar; Fahmy; El Shaz-
ly ;Radha ; Prakash ; Kumar ; Taha ; Bouyahya and
Rad, (2023). Hyphaene thebaica (Areceaeae) as a
Promising Functional Food: Extraction, Analytical
Techniques, Bioactivity, Food, and Industrial Applica-
tions. Food Analytical Methods (2023)16:1447-1467.

Shori, A.B., Aljohani, G.S., Al-zahrani, A.J., Al-sulbi,
0.S. and Baba, A.S., 2022. Viability of probiotics and
antioxidant activity of cashew milk-based yogurt fer-
mented with selected strains of probiotic Lactobacillus
spp. Lwt, 153, 112482.

Taha GA, Abdel-Farid IB, Elgebaly HA, Mahalel UA,
Sheded MG, Bin-Jumah M, et al. Metabolomic Profil-
ing and Antioxidant, Anticancer and Antimicrobial Ac-
tivities of Hyphaene thebaica. Processes. 2020;8(3):266.

Tammime, A. Y. and R. K. Robinson ,(2007). Yoghurt
Science and Technology (3rd ed.). Woodhead Publish-
ing Limited and CRC Press, LLC, Boca Raton, FL.

Page | 67


https://jsaes.journals.ekb.eg/

