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ABSTRACT 

Several benefits were reported for the agro-food waste including the date kernel, the main by-
product of the date fruit industry. The current research aimed at utilization of roasted date palm kernel 
in improving the quality characteristics of two sweetened fermented milk beverages (acidophilus milk 
and bioyoghurt) and to evaluate its effect on probiotics viability along the cold storage of 21 days. 
Monoculture strain of L. acidophilus LA-145 was used for the processing of acidophilus milk while 
ABT-2 coculture (consisting of S. thermophilus, L. acidophilus, and B. bifidum) was used for the 
processing of bioyoghurt.  In vitro cytotoxicity activity of roasted date kernel powder (RDKP) against 
some mammalian cell lines was evaluated. pH, syneresis, water holding capacity and viscosity were 
determined along the cold storage time. The viable counts of probiotic bacteria were determined at 1, 
7, 14 and 21 days of cold storage while the total phenolic compounds content (TPC, mg GAE/g), total 
flavonoid compounds (TFC, mg QE/g) and antioxidant activity (AOA %) were measured at 1 and 21 
days of cold storage. The results indicated that RDKP may be considered as an anticancer substance 
with strong potential for HepG2 with (IC50 = 472 µg/ml), HCT116 (IC50 = 666 µg/ml) and moderate 
potential for Caco-2 cells with (IC50 = 2000 µg/ml). Addition of 1, 2 and 3 % of RDKP decreased 
the values of pH and syneresis while increased the values of WHC and viscosity. It was also observed 
that adding RDKP significantly (p ≤ 0.05) increased the probiotics growth and improved its viable 
number at 14 days and helps to remain a sufficient number of probiotic bacteria at 21 days of cold 
storage. RDKP significantly (p ≤ 0.05) increased TPC, TFC and AOA in acidophilus milk and 
bioyoghurt samples. Thus, it could be concluded that RDKP presents a new and valuable by-product 
in fermented milk by enhancing the growth of probiotic bacteria while also providing antioxidative 
benefits.   
 
Keywords: Roasted date kernel, probiotic, antioxidant, phenolic compounds, fermented milk 

beverages, acidophilus milk, bioyoghurt 

 
Introduction 
 

Nowadays, there is an increasing demand by consumers for the functional food characterized 
by its health-promoting activities. This increasing demand resulted from the deep understanding of the 
relationship between food, nutrition and health. Most of the food required by consumers are those 
containing bioactive components such as polyphenols, antioxidants, prebiotics and probiotics. 
Probiotics are live microorganisms that when present in sufficient numbers in the digestive tract may 
exert health benefits on the host (Lourens-Hattingh and Viljoen, 2001). These probiotics are well-
carried and well-delivered as viable cells through fermented dairy products.  As previously reported, 
the most probiotic bacteria commonly applied in dairy products are belonging to Lactobacilli and 
Bifidobacteria genera (Vinderola et al., 2000). These probiotic dairy products have several health 
benefits such as alleviation of gastrointestinal complaints, reduction of lactose intolerance, lowering 
serum cholesterol level, anticarcinogenic activity, prevention of urogenital infections, reduction of 
allergic symptoms, stimulation of the immune system, etc. (FAO/WHO 2006). Interestingly, the 
health benefits of these products are linked to probiotic viability and its presence in sufficient numbers 
at the time of consumption (El- Dieb et al. 2012). To be effective as probiotics, the viable cell counts 
of the final yogurt product should be in the range of 108–109 cfu/g before ingestion to ensure a 
sufficient therapeutic minimum of 106–107 cfu/g could reach the colon (Muniandy et al., 2017).   
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However, the main problem connected with incorporating probiotic bacteria into fermented milk 
formulae is the viability reduction during the storage time. Thus, several strategies are currently 
followed to improve probiotics viability and survival in fermented dairy products during the storage 
period, e.g. addition of prebiotics (El-Dieb et al. 2012; Oliveira et al. 2012), plant extracts, phenolic 
compounds and antioxidative molecules (Saxelin, 2008).  

Date palm fruit is considered a popular and widely consumed food in the Middle East and 
North Africa regions (Ghnimi et al., 2015). Date fruit is composed of a fleshy pericarp (85-90%) and 
a seed (also named kernel) (10-15%) (Hussein et al. 1998). Thus, the growing production and 
consumption of date fruits, the growing produced date waste consisting 150.000 – 225.000 tons of 
date seeds annually produced in Egypt. The date kernel is typically thrown away or used as feed for 
animals (Al-Farsi and Lee, 2008) representing a great loss of its functional ingredients (Almana and 
Mahmoud 1994) such as antioxidants, polyphenols and dietary fiber (Habib et al., 2014; Sirisena et 
al., 2017) which have several functional activities including prebiotic and antioxidant activities. So, 
there is growing attention for uncovering the nutritional role and functional capacity of date seed.  

Although date seed is still limited for developing value added products, several products 
fortified with date seeds such as bread (Almana and Mahmoud 1994), yoghurt (Tammam et al., 2013, 
El-Kholy, 2018), were investigated. Furthermore, coffee-like beverages based on roasted date powder 
preparations are commercialized in Saudi Arabia and The United Arab of Emirates (Ghnimi et al. 
2015, 2017). In view of the above, date seed being an inexpensive rich source of dietary fiber could be 
exploited as prebiotic (Al-Thubiani and Khan, 2017) which can interact with the intestinal microflora 
especially probiotic bacteria. 

For our knowledge, the current research is the first study focusing on the utilization of roasted 
date kernel powder (RDKP) in developing fermented milk beverages and clarifying its effect on the 
viability of some probiotic bacteria (L. acidophilus LA-145 single culture and ABT-2 coculture) 
propagated in fermented milk beverages, e.g. acidophilus milk and bioyoghurt which were prepared 
as probiotic beverages. 
 
Materials and Methods 
 
Materials and chemicals 
 

Fresh raw cow milk was obtained from the Dairy Technology Unit, Faculty of Agriculture, 
Cairo University, Giza, Egypt. Cow skimmed milk powder was obtained from Fonterra Company 
(Auckland, Newzealand). The kernel of Siwi palm date (Phoenix dactylifera L. cultivar Siwi) was 
obtained from palm date dehydration factory, Food Technology Research Institute (FTRI), 
Agricultural Research Center (ARC), Giza, Egypt. Monoculture strain of L. acidophilus LA-145 and 
ABT-2 coculture (consisting of S. thermophilus, L. acidophilus, and B. bifidum), were obtained from 
Chr. Hansen, Copenhagen, Denmark. Folin-Ciocalteu’s phenol reagent and gallic acid monohydrate 
were purchased from Fluka (Madrid, Spain), and 2, 2-diphenyl-1-picrylhydrazyl (DPPH) from Sigma-
Aldrich (Steinheim, Germany). Mammalian cell lines: HepG-2 cells (human Hepatocellular cancer 
cell line), Caco-2 cells (human intestinal carcinoma) and HCT-116 (colon carcinoma) were obtained 
from VACSERA Tissue Culture Unit (Giza, Egypt). Dimethyl sulfoxide (DMSO), crystal violet and 
trypan blue dye were purchased from Sigma (St. Louis, Mo., USA). Fetal Bovine serum, Dulbecco's 
Modified Eagle's medium (DMEM), Roswell Park Memorial Institute media (RPMI-1640), (4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer solution, L-glutamine, gentamycin 
and 0.25% Trypsin-EDTA were purchased from Lonza (Basel, Switzerland). All other solvents, 
chemicals and culture media used were of analytical grade. 

 
Preparation of roasted date kernel powder: 
 

The date kernel was washed and air-dried at room temperature in the laboratory for 3 days. 
Thereafter, it was roasted at 150 C for 4 h (Venticel oven, Germany), grounded using hammer’s mill 
(Athelzion, HZ: 50, H: I, V: 220, Italy) and then sieved through a 60 mesh sieve (250 microns).  
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Preparation of starter cultures. 
 

The monoculture of L. acidophilus LA-145 used for acidophilus milk processing and the ABT-2 
coculture used for bioyoghurts processing were prepared separately as mother cultures into 100 ml of 
previously reconstituted and sterilized (121 °C/10 min) cow's skimmed milk by using 3% (w/v) 
inoculums after cooling to 40 ± 2 °C. The mother culture was incubated at 40 ± 2 °C until curdling of 
milk and then stored at 4 °C. At the next day, they were used for the processing of bioyoghurts and 
acidophilus milks (Rashid et al., 2007). 

 
Processing of fermented milk beverages  
 

Cow milk was standardized to 3% fat. Fermented milk beverages (acidophilus milk and 
bioyoghurt) fortified with 1, 2, 3% (w/v) RDKP were prepared according to the slightly modified 
method of Sirisena et al. (2018). In brief, RDKP was added to cow milk at 1, 2, and 3% (w/v). After 
that, these milk samples were heat treated to 85 °C for 10 min in a water bath, cooled to 40 ± 2 ºC and 
then inoculated with 3% (w/v) L. acidophilus LA-145 for acidophilus milk or ABT-2 culture for 
bioyoghurt. The inoculated milk samples were incubated at 42 °C for bioyoghurts samples until 
reaching the desired pH (4.6) or at 37 °C for acidophilus milk samples for 10 h. Subsequently, the 
obtained fermented milk beverages were immediately transferred to the refrigerator and kept at 4 °C. 
The next day, sucrose solution was added at a level of 6% (wt of sucrose/wt of water and heated at 
85±1 °C /5 min, then cooled) and blended well with the obtained fermented milk beverages. The 
obtained sweetened fermented dairy beverages were divided and packed into 100 ml sterilized glass 
bottles and stored at 4 °C. The different samples were subjected to analyses directly after production 
and after 7, 14 and 21 days.  Only the antioxidant activity assay, TPC and TFC assay were conducted 
at 1 and 21 days of cold storage at ∼4 °C. All experiments were conducted in triplicate. 

 
Analytical methods 
  

All analytical determinations were performed in triplicate. Values of different parameters were 
expressed as the mean ± standard deviation. 

 
Chemical analyses 
 
Roasted date kernel powder 

The obtained RDKP was assessed for its content of protein, fat, moisture, fiber and ash 
according to A.O.A.C (2012). Total carbohydrates were calculated by difference. Total dietary fiber, 
soluble and insoluble dietary fiber were determined according to Asp et al. (1983). Minerals content 
(K, Na, Fe and Zn) were assessed according to A.O.A.C (2012). Respecting its phytochemicals, total 
phenolic compounds were estimated using Folin-Ciocalteu assay (Saafi et al., 2009) while its total 
flavonoid content was determined according to Al-Farsi and Lee (2008). For determination of total 
antioxidant capacity of the RDKP, DPPH assay was used according to Aoshima et al. (2004).  

RDKP was tested for its cytotoxic effect on human cells using crystal violet stain (1%, 
composed of 0.5% (w/v) crystal violet and 50% methanol then made up to volume with distilled 
deionized water and filtered through a Whatmann No.1 filter paper), according to Mosmann method 
(1983) modified by Gomha et al. (2015). In brief, the various mammalian cells (1 × 104/well) were 
seeded into 96-well cell culture plate and allowed to attach for 24 h at 37 °C in 5% CO2 incubator. 
Then serial two-fold dilutions of the tested RDKP in media were added. Three wells were used for 
each concentration of the tested substance. Control cells were incubated without the tested substance. 
After 24 h of incubation in 5% CO2 incubator, the viable cells yield was determined by a colorimetric 
method. Media were aspirated and the crystal violet solution (1%) was added to each well for at least 
30 minutes. The stain was removed and the plates were rinsed using tap water until all excess stain is 
removed. Glacial acetic acid (30%) was then added to all wells and mixed thoroughly, and then the 
absorbance of the plates was measured after gently shaken on a Microplate reader (TECAN, Inc.), at 
490 nm. The 50% inhibitory concentration (IC50), the concentration required to cause toxic effects in 
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50% of intact cells, was estimated from graphic plots of the dose response curve for each conc. using 
Graphpad Prism software (San Diego, CA. USA). 
 
Cow milk and fermented milk beverages 
 

Total solids and ash content were determined in fermented milk beverages samples according 
to the methods of A.O.A.C (2012). The pH of the samples was monitored by pH meter (Crison 
Instruments, Spain) according to Torre et al., (2003). Minerals content (K, Na, Fe and Zn) were 
estimated according to the method described by A.O.A.C (2012) using inductively coupled plasma 
spectrometry (ICP-700, Agilent). The syneresis (%) was measured as described by Isanga and Zhang 
(2009). Water holding capacity (WHC) was determined according to Doleyres et al. (2005). Viscosity 
was measured using a viscometer model HAAKE Viscometer (Brookfield Engineering Laboratories 
Inc., Stoughton, MA) using a glass tube and a normalized ball equipped with a chronometer at 25 °C. 
The viscosity measurement was operated at speed of 20 and the SC4-21 spindle was selected. 
viscosity data were obtained directly from the instrument and the data expressed as milli 
Pascal.second (mPa.s) (Khalil, 2013). 

 
Enumeration of lactic acid bacteria 
 

The viable cells of lactic acid bacteria (S. thermophilus, L. acidophilus, and B. bifidum and L. 
acidophilus LA-145) were enumerated by using standard plate count method according to Najgebauer-
Lejko (2014). Similarly, coliform group, yeast and molds counts were checked through the cold 
storage to see if adequate sanitation was followed during products processing and storage. The results 
were expressed as log number of colony forming units per g (cfu/ml).  

      
Phenolics extraction and antioxidant activity 
 

The phenolic compounds were extracted from fermented milk beverages samples using 
acidified methanol-HCl according to the method applied by Karaaslan et al. (2011). Aliquots of the 
methonlic extracts were used in the following assays: total phenolic compounds were estimated by 
using Folin-Ciocalteu reagent according to the method described by Arnous et al. (2002). Gallic acid 
was used as the reference standard, and results were expressed as mg gallic acid equivalents (GAE)/g. 
It was also used for determination of total flavonoid compounds according to (Al-Farsi and Lee, 
2008). Quercetin was used as the standard, and the results were expressed as mg quercetin equivalent 
(QE)/g. Antioxidant activity was measured by DPPH assay as described by Arnous et al. (2002). 

 
Sensory evaluation. 
  

Experimental and control fermented milk beverages were evaluated during its cold storage for 
its sensorial acceptability in terms of their flavor, body and texture, appearance and color, and overall 
acceptability. The sensory acceptability was conducted by a trained panel of ten members of Food 
Technology Research Institute (FTRI), Giza, Egypt. 

 
Statistical analysis 

The results were analyzed with one-way ANOVA to identify significant differences between the 
means of samples. All data were expressed as a mean ± standard deviation of three replicates. The 
means of results were compared by the Tukey test with a confidence interval set at 95%. 

 
Results and Discussion 
 
The chemical composition of cow milk and RDKP 

The findings present in Table (1) showed the chemical composition of cow milk and RDKP. 
The results indicated that the content of total solids (%), protein (%), ash (%), of cow milk were 
(12.19, 6.72 and 3.35 %, respectively) while its content of some minerals (K, Na, Fe and Zn, 
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mg/100g) were (132.21, 51.5, 0.04 and 0.37). pH value of cow milk was 6.72. Similar results were 
found by many authors (Bille et al., 2009, Tamime, 2009, Gemechu et al., 2015). According to Table 
(1), the amount of the total dietary fiber in siwi RDKP was 76.57 ± 1.05 % with a high content (73.24 
± 1.21 %) of insoluble dietary fiber. Our data were in general agreement with those found by Khalil 
and Blassey (2016) regarding the chemical composition of RDKP and the slight differences could be 
attributed to the applied roasting time and temperature. Total dietary fiber content obtained in the 
present study is similar to that obtained by the same author and also similar to those found by Al-Farsi 
& Lee (2008) who reported that the level of dietary fiber varied between 64.5 and 80.15 %. The 
obtained data indicated that total phenolic content (TPC), total flavonoid content (TFC) and 
antioxidant activity (%) of siwi RDKP were 38.31 ± 0.54 mg GAE/g, 33.50 ± 0.46 mg QE/g and 
83.99 ± 0.81 %, respectively. The results obtained in the present study regarding TPC and AOA% are 
in a general agreement with those of Jambi (2018). 

 
Table 1: The chemical composition of cow milk and roasted date kernel powder used throughout the 

study. 
Parameters Cow milk 

Total solids (%) 12.19 ± 0.16 

pH 6.72 ± 0.04 

Protein (%) 3.35 ± 0.05 

Ash (%) 0.72 ± 0.07 

Minerals (mg/100 mL)  

K 132.21 ± 2.52 

Na 51.5 ± 3.12 

Fe 0.04 ± 0.01 

Zn 0.37 ± 0.04 

Parameters Roasted date kernel powder 

Moisture (%) 1.95 ± 0.45 

pH 4.74 ± 0.06 

Fat (%) 8.13 ± 0.06 

Protein (%) 5.23 ± 0.06 

Ash (%) 1.23 ± 0.06 

Total dietary fiber (%) 76.57 ± 1.05 

Soluble dietary fiber (%) 3.33 ± 0.22 

Insoluble dietary fiber (%) 73.24 ± 1.21 

Total carbohydrates, TC (%)* 83.46 ± 0.58 

TPC (mg GAE/g) 38.31 ± 0.54 

TFC (mg QE/g) 33.50 ± 0.46 

AOA (%) 83.99 ± 0.81 

Minerals (mg/100 g)  

K 688.57 ± 1.67 

Na 5.12 ± 1.08 

Fe 2.67 ± 0.23 

Zn 1.46 ± 0.11 
TPC: total phenolic compounds, TFC: total flavonoid compounds, AOA: antioxidant activity, GAE: gallic acid equivalent, 
QE: quercetin equivalent, * Calculated by difference - TC % = [100 - (protein + ash + fat + moisture)], the results 
expressed as mean of three independent replicates ± SD  

 
In vitro cytotoxic activity of RDKP 

The data present in Table (2) showed the cytotoxic activity of RDKP in different concentrations 
against HepG2 (Human hepatocellular carcinoma), HepG2 (Human hepatocellular carcinoma), 
HCT116 (colon cancer) cell lines and Caco-2 cells (human intestinal carcinoma). These data 
demonstrated that cell growth inhibited in a dose-dependent manner. Cell viability percentage 
decreased to 24.96, 29.75 and 68.37% in, HepG2 cell lines, HCT116 cell lines and Caco-2 cells, 
respectively at a concentration of 2000μg/ml. These results indicated that the maximum inhibiting 
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effect of RDKP was found to be against HepG2 cell lines. The detected cytotoxic effect of RDKP 
may due to the phenolic compounds content and its antioxidant activity. Evidence have accumulated 
to suggest that flavonoids have a potential role to suppress tumor cell proliferation and may 
effectively work as a chemo-preventive factor against carcinogenesis in humans (Kobayashi et al., 
2002). The protective effects of a series of phenolic compounds, phenolic acids and flavonoids on the 
cytotoxicity of CCl4 in rat hepatocytes were reported by Anon et al., (1992). These results are in 
parallel with Paranthaman et al., (2012) who found that RDKP possesses the highest overall content 
of caffeine and flavonoids and antioxidant capacity than raw date seed which has pharmacological 
active substances depending on the dose. 

In this study, RDKP may be considered as an anticancer substance with strong potential for 
HepG2 with (IC50 = 472 µg/ml), HCT116 (IC50 = 666 µg/ml) and moderate potential for Caco-2 cells 
with (IC50 = 2000 µg/ml). In the same line, previously reported data reported by El-Sheikh et al. 
(2014) indicated that date kernel at a concentration of 100 µl/ml was effective against human colon 
cancer cell line (53.65% viability) in vitro. The anti-carcinogenic effect was less against HepG2 (cell 
viability was 79.95%). This activity of RDKP participates in clarifying the therapeutic effects of date 
seed which attributed to its high content of polyphenols and its high antioxidant activity. 

 
Table 2: In vitro cytotoxic activity of roasted date kernel powder against some mammalian cell line. 

Concentration 
(μg/ml) 

HepG2 cell  
(Human hepatocellular 

carcinoma) 

HCT116 cell 
(colon cancer cell line) 

Caco-2 cell 
(human intestinal 

carcinoma) 
Viability 

% 
Inhibitory 

% 
S.D. 
() 

Viability 
% 

Inhibitory 
% 

S.D 
() 

Viability 
% 

Inhibitory 
% 

S.D 
() 

0 100 0 0 100 0 0 100 0 0 

15.6 100 0  100 0  100 0 0 

31.25 100 0  100 0  100 0 0 

62.5 97.56 2.44 0.38 98.21 1.79 0.15 100 0 0 

125 86.28 13.72 1.32 91.43 8.57 0.31 100 0 0 

250 70.87 29.13 2.95 78.15 21.85 0.85 100 0 0 

500 47.32 52.68 1.64 56.04 43.96 1.72 97.31 2.69 2.69 

1000 31.45 68.55 0.91 37.89 62.11 1.48 84.96 15.04 15.04 

2000 24.96 75.04 1.28 29.75 70.25 0.91 68.37 31.63 31.63 

IC50 472 ± 19.6  µg/ml. 666 ± 34.1 µg/ml 2000 µg/ml. 

 
Quality properties of fermented milk beverages 
 

Total solid content (%) and minerals (K, Na, Fe and Zn) content in acidophilus milk and 
bioyoghurt samples are shown in Table (3). Total solids values significantly increased by increasing 
the amount added by RDKP. Thus, fermented milk beverages fortified with 3 % RDKP had the 
highest content of total solids. These data are in general agreement with those obtained by 
Abdollahzadeha et al. (2018) who found that total solids content of acidophilus fermented milk 
increased with the added level of date extract. Similarly, total solids were found as the highest in 
yoghurt including 3% rice bran or passion fruit peel powder while was the lowest in plain yoghurts 
(Demirci et al. 2017). Do Espírito Santo et al. (2012) reported that total solids values increased 
significantly by increasing in the amount of added passion fruit peel powder in yoghurt formulation. 

It is well-known that date seed powder is a good source of several minerals such as Ca, K, Fe 
and Zn (Al Juhaimi et al. 2012). Thus, the minerals (K, Na, Fe and Zn) content in acidophilus milk 
and bioyoghurt samples significantly increased as fortified with 1, 2 and 3% RDKP. The treatments 
fortified with 3% RDKP had the highest values of minerals content while the lowest values were 
reported for the control samples. Similar findings were obtained by Tammam et al. (2013) who 
reported that minerals content of stirred yoghurt increased with the increased added level of date seed 
powder. 
 
 



Middle East J. Appl. Sci., 8(4): 1273-1289, 2018 
ISSN 2077-4613 

 

1279 

Table 3: Total solids and minerals (K, Na, Fe and Zn) content in fresh fermented milk beverages 
fortified with 1-3% RDKP. 

Sample 
Total solids 

(%) 
Minerals content (mg / 100 g) 

K Na Fe Zn 

A
ci

d
o

p
h

il
u

s 
m

il
k

 

CA 11.98 ± 0.45 d 135.38 ± 0.67 d 52.96 ± 0.12 b 0.03 ± 0.001 d 0.38 ± 0.01 d 

AT1 12.93 ± 0.31 c 143.18 ± 0.75 c 53.06 ± 0.02 ab 0.06 ± 0.001 c 0.41 ± 0.01 c 

AT2 13.88 ± 0.43 b 149.68 ± 0.75 b 53.11 ± 0.02 a 0.08 ± 0.0006 b 0.43 ± 0.006 b 

AT3 14.90 ± 0.45 a 154.93 ± 1.56 a 53.16 ± 0.02 a 0.11 ± 0.006 a 0.44 ± 0.006 a 

B
io

y
o

g
h

u
rt

 CB 11.91 ± 0.73 d 135.66 ± 0.61 d 52.55 ± 0.57 b 0.032 ± 0.002 d 0.38± 0.01 c 

BT1 12.91 ± 0.54 c 142.9 ± 0.33 c 53.07± 0.03 ab 0.056 ± 0.001 c 0.42 ± 0.02 b 

BT2 13.90 ± 0.46 b 149.98 ± 0.82 b 53.13 ± 0.01 a 0.08 ± 0.001 b 0.43± 0.01 ab 

BT3 14.95 ± 0.57 a 154.85 ± 1.03a 53.16± 0.02 a 0.12 ± 0.001a 0.44± 0.02 a 

RDKP: roasted date kernel powder, CA: control of acidophilus milk, AT1, AT2, AT3: Acidophilus milk + 1 or 2 or 3 % 
RDKP, CB: control of bioyoghurt, BT1, BT2, BT3: bioyoghurt + 1 or 2 or 3 % RDKP, Values are mean ± SD of three 
independent replicates. Means of the same column for each product with different letters are significantly different (P ≤ 
0.05).  

 
The changes in pH values of the various samples of acidophilus milk and bioyoghurt over 21 

days of cold storage are presented in Fig. 1 (a and b). After one day of cold storage, the pH values 
were found between 4.86 and 5.32 for acidophilus milk samples and between 4.63 and 4.68 for 
bioyoghurt samples. Clearly, RDKP-fortified products displayed lower pH levels than did the control. 
The pH values of all samples gradually decreased in all treatments along with the cold storage. At 21 
days of cold storage, the highest value of pH was reported for control fermented milk beverages (CA 
and CB). Similar results were found by Jambi (2018) who reported that the addition of date seed 
powder resulted in decreasing the pH values of yoghurts. The decrease in the pH values was 
apparently due to the increase in the acidity resulted from the conversion of lactose to lactic acid 
during the storage period (Hossain et al., 2012) and it could be also explained by the further metabolic 
activities of the starter culture during the cold storage (Bonczar et al., 2002). 

Syneresis, water holding capacity and viscosity are considered the most important properties 
that determine the quality of fermented milk products including acidophilus milk and bioyoghurt. 
Syneresis is a major defect of yoghurt increased with the storage time and defined as the process by 
which water is released or extracted from a gel due to gel shrinkage (García-Pérez et al., 2005). Whey 
separation has a negative effect on the product acceptability by the consumers (Domagała, 2012). The 
main causal factors participated in whey separation in fermented products are high incubation 
temperatures, low solids content or inadequate storage temperatures (Lucey et al., 1999).  

According to Table (4), the control samples of acidophilus milk and bioyoghurt exhibited a 
significantly higher (p ≤ 0.05) values of syneresis than did the samples fortified with RDKP at 
different times of cold storage. While syneresis increased in control samples during the cold storage 
time, the rate of increase was lower in RDKP-enriched samples. The values of synersis (%) increased 
with the progress of the cold storage in all treatments as acidity increased led to more drainage of 
whey. However, fermented milk samples fortified with 3 % RDKP still have lower levels of whey 
separation. Several reasons were found to determine whey separation, e.g. total solid, milk 
composition, pH…. etc. The total solid content might be the main contributor factor for whey 
separation; the higher the total solid level, the lower the syneresis percentage (Ranadheera et al., 
2012). The increased total solid content provides more stable gel network characterized by its higher 
water binding capacity (Mahdian and Tehrani, 2007), and improved rigidity (Labropoulos et al., 
1981) resulted in syneresis reduction.  
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Fig. 1: pH values of (a) acidophilus milk and (b) bioyoghurt fortified with 1-3% RDKP at cold 

storage for 21 days.  
RDKP: roasted date kernel powder, CA: control of acidophilus milk, AT1, AT2, AT3: Acidophilus milk + 1 or 
2 or 3 % RDKP, CB: control of bioyoghurt, BT1, BT2, BT3: bioyoghurt + 1 or 2 or 3 % RDKP 

 

The water-holding capacity (WHC) of the yoghurt-gel is a desirable property of yoghurt that 
indicates coagulation stability. Our data present in Table (4) indicated that the highest (82.02 and 
79.36 %) values of WHC were related to bioyoghurt (BT3) and acidophilus milk (AT3) samples 
fortified with 3 % RDKP at 21 days of the cold storage, respectively, while the lowest values of WHC 
(58.83 and 55.16 %) were related to the control samples (CB and CA, respectively). RDKP 
concentration had a significant (p ≤ 0.05) influence on WHC as compared with control samples. 

The changes of WHC and syneresis of fermented milk beverages could be explained by its 
higher content of fiber which has high WHC that bind the whey released leading to syneresis 
reduction (Garcia-Perez et al. 2005) and WHC improvement (Elleuch et al., 2011, Mudgil and Barak, 
2013). Also, Güler-Akın et al. (2018) reported that the WHC increased and the syneresis decreased as 
the fiber rate increased. Similar results reported by Demirci et al. (2017) indicated that yoghurt with 
rice bran, due to its content of dietary fiber such as B-glucan, pectin, and hemicellulose, have better 
WHC than plain yoghurt. Furthermore, Hu and Yu (2015) showed that hemicellulose and insoluble 
dietary fibers from rice bran had many desirable properties including high water holding capacity 
leading to binding more water and firmer texture. Ozcan and Kurtuldu (2014) also observed that 
barley and oat b-glucan dramatically decreased whey separation in yoghurts containing B. bifidum. 
Also, it was reported by El-Kholy (2018) that probiotic set yoghurt fortified with date kernel powder 
have higher WHC than plain set yoghurt.  

Viscosity has a large impact on the quality of liquid and semisolid foods (Karaman et al., 
2014). As indicated in Table (4), the viscosity values ranged between 20 and 70 for acidophilus milk 
samples and 21 and 67 for bioyoghurt samples milli Pascal.seconds (mPa.s), respectively. The 
findings displayed that viscosity was higher (p ≤ 0.05) in fermented milk samples fortified with 
RDKP than control samples. The increased viscosity of fermented milk samples might be due to its 
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high content of dietary fiber which means higher total solids. Similar to our data, Hernandez-Morales 
et al. (2007) reported that flaxseed-containing yoghurt has better viscosity than plain yoghurt since 
flaxseed contains dietary fiber resulted in improvements and rearrangements of the casein gel network 
and inhibited shrinkage and whey drainage. Additionally, the viscosity of yoghurt is related to the acid 
production; in fact, when the acidity increases, the protein present in milk forms a firmer gel resulting 
in yoghurt with high viscosity. Furthermore, it was observed that increasing total solid content would 
increase product viscosity (Mohameed et al., 2004). Viscosity often increases as a result of the 
incorporation of fruit or plant substances into yoghurt due to protein-polyphenols interactions. This 
interaction can form complexes with milk proteins such as casein (Vital et al., 2015) which can 
contribute to decrease the syneresis and increase the WHC.  

 
Table 4: Syneresis (%), water holding capacity (%) and viscosity (mPa.s) values of fermented milk 

beverages fortified with 1-3% RDKP at cold storage for 21 days.  

Storage 
time 

(days) 

Acidophilus milks Bioyoghurts 

CA AT1 AT2 AT3 CB BT1 BT2 BT3 

                                                                     Syneresis (%) 

1 20.74 ± 0.65a 18.20 ± 0.81b 17.20 ± 0.49c 15.66 ± 0.27d 22.54 ± 1.30a 16.11 ± 1.75b 15.46 ± 1.75b 15.08 ± 1.05d 

7  22.71 ± 0.9a 20.77 ± 0.65b 18.05 ± 0.49c 16.86 ± 0.24d 26.71 ± 3.39a 18.31 ±1.28b 17.68 ±1.56b 16.62± 1.63d 

14  26.89 ± 1.27a 21.87 ± 0.55b 20.42 ± 0.95c 18.45 ± 0.76d 30.82± 1.60a 21.71±1.80b 19.33 ± 1.09c 18.59±0.82d 

21  
30.53 ± 0.7a 

 
25.43 ± 1.49b 21.88 ± 1.06c 20.84 ± 0.30d 34.35± 1.04a 24.76 ± 2.10b 21.03 ± 1.03c 19.98 ± 0.95d 

Water holding capacity (%) 

1 55.16 ± 0.95d 
66.72 ± 0.98 

c 
69.57 ± 0.66b 73.41 ± 0.65a 58.83±1.20d 65.29±1.77c 70.67±1.11b 74.29±1.28a 

7  52.96 ± 0.29d 
68.14 ± 0.95 

c 
72.84 ± 0.25b 77.05 ± 0.27a 57.17±1.29d 68.29±0.87c 73.83±0.38b 77.33±0.63a 

14  52.13 ± 0.57d 
69.18 ± 0.43 

c 
75.35 ± 0.39b 77.70 ± 0.87a 55.65±1.07d 71.72±1.77b 76.61± 2.22a 79.39± 0.57a 

21 50.94 ± 0.81d 
71.79 ± 0.38 

c 
76.63 ± 0.83b 79.36 ± 0.35a 51.51±0.79d 74.88±2.18b 79.58±0.79a 82.02± 1.39a 

Viscosity (mPa.s) 

1 20 ± 2d 30.3 ± 0.58c 35 ± 1b 39.70 ± 2.5a 21 ± 1d 28.70 ± 2.08c 33 ± 0.01b 37 ± 2a 

7 25 ± 2.3d 35.70 ± 0.58c 40 ± 2b 50.30 ± 0.58a 25 ± 1d 34.30 ± 1.15c 39 ± 2b 46 ± 2a 

14 27 ± 2d 40.30 ± 2.52c 49.70 ± 0.58b 64.70 ± 1.53a 28.7 ± 1.53d 41 ± 1c 47 ± 2b 58 ± 1a 

21 29.3 ± 1.15d 43.30 ± 0.78c 55.3 ± 0.58b 70 ± 2a 33 ± 1.73d 44 ± 2c 52 ± 3b 67 ± 2a 

RDKP: roasted date kernel powder, CA: control of acidophilus milk, AT1, AT2, AT3: Acidophilus milk + 1 or 2 or 3 % 
RDKP, CB: control of bioyoghurt, BT1, BT2, BT3: bioyoghurt + 1 or 2 or 3 % RDKP, mPa.s: milli Pascal.second, Values 
are mean ± SD of three independent experiments. Means of the same row for each product with different letters are 
significantly different (P ≤ 0.05). 

The current results indicated that pH and syneresis values decreased while WHC and viscosity 
values increased as a result of incorporation of 1, 2, 3 % of RDKP into acidophilus milk and 
bioyoghurt samples. The changes in these parameters are related to the added amount of RDKP. The 
increased total solid and fiber contents and the presence of plant polyphenols might represent the main 
factors in improving the physical properties of acidophilus milk and bioyoghurt samples.  

 
Probiotics viability during cold storage 

As shown in Fig. 2 (a, b, c and d), the initial counts of the various strains (L. acidophilus 
monoculture used for acidophilus milk preparation and S. thermophilus, B. bifidum, and L. 
acidophilus coculture used for bioyoghurt preparation) were above 7 log cfu/ml in all the samples. 
Control samples always have a viable numbers lower than the RDKP-fortified samples. Generally, 
RDKP addition increased the viable counts of all strains on the first day after fermented milk 
production. Also, the addition of RDKP at level 1, 2 and 3 % caused a significant (p ≤ 0.05) increase 
in the viable counts of L. acidophilus in both acidophilus milk and bioyoghurt samples especially at 7 
and 14 days of cold storage. Interestingly, acidophilus milk contained higher viable counts of L. 
acidophilus LA-145 strain than bioyoghurts samples (7.71 – 9.16 vs 7.26 – 8.79 log cfu/ml).  
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Fig. 2: Viable counts of (a) S. thermophilus, (b) B. bifidum, (c) L. acidophilus in bioyoghurt and (d) L. 
acidophilus LA-145 in acidophilus milks fortified with 1-3% RDKP during cold storage for 21 days.  
RDKP: roasted date kernel powder, CA: control of acidophilus milk, AT1, AT2, AT3: Acidophilus milk + 1 or 
2 or 3 % RDKP, CB: control of bioyoghurt, BT1, BT2, BT3: bioyoghurt + 1 or 2 or 3 % RDKP 

 
This significant (p ≤ 0.05) increase in the viable numbers of this strain could be positively related 

to the added RDKP which might serve as a prebiotic substance and thus L. acidophilus LA-145 being 
a strain with high capability to use the fiber of RDKP. These results revealed that growth pattern of L. 
acidophilus strain significantly (p ≤ 0.05) increased in bioyoghurts samples until 14 days and its 
viable counts declined at 21 days but remained at sufficient levels (> 6 log cfu/ml). This might be due 
to the competition with other strains and the nutrients depletion in bioyoghurt samples. Generally, the 
total viable numbers obtained in the current study are in the range of 7.7 - 8.6 log cfu/g as reported for 
yoghurt by Keating & White (1990). Al-Thubiani and Khan (2017) reported that finely ground date 
seed powder support the growth of the probiotic culture. El-Kholy (2018) indicated that addition of 
date seeds powder as a natural prebiotic and stabilizer in probiotic set yoghurt stimulated the growth 
of probiotic bacteria and the total viable counts of S. thermophilus ST-20Y, L. acidophilus LA-5 and B. 
bifidum BB-12 and decreased slightly during the cold storage, but remained at sufficient levels (> 6 
log cfu/g) for up to 21 days. Furthermore, the obtained results showed that higher total solids have a 
positive impact on the growth and activity of starter culture. The results of this study demonstrated 
that RDKP selectively improved the number of probiotic bacteria in the initial stage of storage 
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maintained overall microbial counts over 21 days of cold storage. This may suggest that probiotics 
preferentially utilize RDKP toward the med of storage time. Similar results were reported by Mahdian 
and Tehrani (2007) and Agil et al. (2013). Additionally, plant ingredients were found to enhance the 
viability of probiotics in dairy products (Shori, 2013). Polyphenols such as catechin, epicatechin and 
gallic acid are found to be metabolized by the gut microflora and had positive effects toward 
Lactobacillus spp. viability (Lee et al., 2006). Hence, the presence of a large number of live and 
active bacterial cells and/or metabolites formed during fermentation has beneficial effects on human 
health (Kiros et al., 2016).  

The coliform, mold & yeast counts were not detected in all samples during the cold storage 
period due to the good hygienic conditions followed during samples preparation and storage.  
 
Antioxidant activity and phenolic compounds 
 

The levels of total phenolic compounds (TPC, mg GAE/g), total flavonoid compounds (TFC, mg 
QE/g) and antioxidant activity (AOA %) are presented in Table (5). These results indicated that 
addition of 1, 2 and 3 % of RDKP significantly (p ≤ 0.05) increased the levels of TPC, TFC and AOA 
in the various fresh samples of acidophilus milk and bioyoghurt as compared with control samples. At 
the first day of cold storage, the highest values of TPC (0.54 and 0.45 mg GAE/g) were reported for 
BT3 and AT3, respectively, while the highest values of TFC (0.38 and 0.33) were found for AT3 and 
BT3, respectively.  At 21 days of cold storage, the values of TPC and TFC for the different treatments 
of acidophilus milk and bioyoghurts decreased but remain having higher significant (p ≤ 0.05) values 
than control samples.  

Regarding AOA, AT3 and BT3 had the highest values (81.82 and 80.19 %) in fresh samples. The 
values of AOA insignificantly (p ≤ 0.05) decreased in most treatments during the cold storage. It was 
reported that the addition of date seed powder improved the dietary fiber and phenolic compound 
compounds contents of regular pitta bread (Sirisena et al. 2017). 

 
Table 5: Total phenolic compounds (TPC), total flavonoid compounds (TFC) and antioxidant activity 

(%) values of fermented milk beverages fortified with 1-3% RDKP at cold storage at 1 and 
21 days. 

Storage 
time 

(days) 

Acidophilus milks Bioyoghurts 

CA AT1 AT2 AT3 CB BT1 BT2 BT3 

                                                         TPC (mg GAE/g) 

1 
0.22 ± 
0.01d  

0.30 ± 
0.01c 

0.40 ± 
0.01b 

0.45 ± 
0.01a 

0.3 ± 
0.01d 

0.37 ± 
0.01c 

0.4 ± 
0.01b 

0.54 ± 
0.01a 

21 
0.15 ± 
0.01d 

0.27 ± 
0.01c 

0.38 ± 
0.01b 

0.51 ± 
0.01a 

0.17 ± 
0.01d 

0.30 ± 
0.01c 

0.43 ± 
0.01b 

0.52 ± 
0.01a 

                                                                                  TFC (mg QE/g) 

1 
0.20 ± 
0.01d 

0.23 ± 
0.01c 

0.27 ± 
0.01b 

0.38 ± 
0.12a 

0.06 ± 
0.01d 

0.10 ± 
0.01c 

0.22 ± 
0.01b 

0.33 ± 
0.02a 

21 
0.04 ± 
0.01d 

0.07 ± 
0.01c 

0.12 ± 
0.01b 

0.24 ± 
0.01a 

0.04 ± 
0.01d 

0.12 ± 
0.01c 

0.28 ± 
0.01b 

0.32 ± 
0.01a 

                                                                                       AOA (%) 

1 
72.28 ± 
1.08c 

75.49 ± 
0.65b 

81.06 ± 
1.31a 

81.82 ± 
1.11a 

73.53 ± 
1.28c 

77.55 ± 
1.04b 

77.79 ± 
0.87b 

80.19 ± 
1.44a 

21 
64.56 ± 
1.02c 

75.29 ± 
2.60b 

77.84 ± 
1.28ab 

80.15 ± 
0.38a 

68.97 ± 
0.58d 

73.14 ± 
0.55c 

75.10 ± 
1.09b 

79.90 ± 
0.44a 

RDKP: roasted date kernel powder, CA: control of acidophilus milk, AT1, AT2, AT3: Acidophilus milk + 1 or 2 or 3 % 
RDKP, CB: control of bioyoghurt, BT1, BT2, BT3: bioyoghurt + 1 or 2 or 3 % RDKP, TPC: total phenolic compounds, 
TFC: total flavonoid compounds, AOA: antioxidant activity. GAE: gallic acid equivalent, QE quercetin equivalent, Values 
are mean ± SD of three independent replicates. Means of the same row for each product with different letters are 
significantly different (P ≤ 0.05). 

Similar to our data, Jambi (2018) revealed that adding 1-5% of date seed powder increased TPC 
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and DPPH radical scavenging activity in yoghurt samples but it declined at 21 days of cold storage. 
This observed effect might be explained by its high content of phenolics and antioxidants (Al-Farsi et 
al. 2007, Amerinasab et al., 2015). Hence, due to its high content of bioactive components, RDKP has 
several beneficial effects related to oxidative stress, cancer and diabetes. 

 
Organoleptic properties 

Consumer acceptance of healthy food products is strongly dependent on the sensory 
characteristics of these products (Ares, 2011). The organoleptic properties of the prepared acidophilus 
milk are shown in Table (6) which showed that increasing levels of RDKP negatively influenced the 
sensory scores of some properties of acidophilus milk. 

 
Table 6: Sensory evaluation of acidophilus milk beverages fortified with 1-3 % of RDKP during cold 

storage for 21 days. 

Properties 
Storage 
(days) 

CA AT1 AT2 AT3 

Appearance 
and color (10) 

1 9.00 ± 0.50a 9.50 ± 0.50a 9.50 ± 0.50a 9.50 ± 0.50a 

7 7.00 ± 0.50b 8.50 ± 0.50ab 9.50 ± 0.50a 8.00 ± 1.00ab 

14 8.00 ± 0.50a 8.50 ± 0.50a 9.00 ± 1.00a 8.00 ± 1.00a 

21 7.00 ± 1.00b 7.50 ± 0.50ab 8.50 ± 0.50a 8.50 ± 0.50a 

Body and 
texture (35) 

1 34.50 ± 0.50a 34.00 ± 1.00a 34.00 ± 1.00a 32.50 ± 1.50a 

7 31.50 ± 1.50a 33.00 ± 1.00a 33.50 ± 1.50a 32.50 ± 1.50a 

14 31.00 ± 1.00b 33.50 ± 0.50a 34.00 ± 1.00a 32.50 ± 0.50a 

21 29.00 ± 1.00a 30.50 ± 0.50ab 31.50 ± 0.50a 30.50 ± 1.50ab 

Flavor (55) 

1 54.50 ± 1.50a 50.50 ± 1.50b 52.50 ± 1.50ab 50.50 ± 1.50ab 

7 49.00 ± 1.50ab 51.50 ± 1.50ab 53.50 ± 1.50a 51.00 ± 1.00ab 

14 48.50 ± 1.50c 52.00 ± 1.50ab 53.50 ± 1.00a 51.00 ± 1.00bc 

21 48.50 ± 1.50ab 49.00 ± 1.50ab 50.50 ± 1.00ab 49.50 ± 2.50a 

Total 
acceptability 

(100) 

1 98.00 ± 1.50a 94.00 ± 1.00bc 96.00 ± 1.00ab 92.50 ± 1.50c 

7 87.50 ± 2.00b 93.00 ± 3.00ab 96.50 ± 2.50a 91.50 ± 3.00ab 

14 87.50 ± 0.50c 94.00 ± 1.50ab 96.50 ± 3.00a 91.50 ± 1.50b 

21 84.50 ± 2.50b 87.00 ± 0.50ab 90.50 ± 1.50a 88.50 ± 3.00ab 

RDKP: roasted date kernel powder, CA: control of acidophilus milk, AT1, AT2, AT3: Acidophilus milk + 1 or 
2 or 3 % RDKP, Values are mean ± SD of three independent replicates. Means of the same row with different 
letters are significantly different (P ≤ 0.05). 

 
The maximum attainable score was given for the appearance of all fresh samples, whereas after 

21 days of storage the samples CA and AT1 ranked the lowest score for appearance. These results are 
in general agreement with those obtained by Joseph and Olugbuyiro (2011) who revealed that flavor 
had significant influence (p < 0.05) on overall acceptability of stirred yoghurt. Tammam et al. (2013) 
found that fresh and 6 and 9 days stored stirred yoghurt with 0.2 % of date seed powder gained the 
highest overall scores among yoghurt samples with different percentages of date kernel powder. As 
shown in Table (7), the data presented in Table (7) showed the sensory properties of bioyoghurt (CB) 
and the RDKP-fortified samples during the storage period. The data revealed that the sensory 
properties such as appearance & color, body and texture, flavor and total acceptability of plain 
bioyoghurt were affected by the addition of RDKP during the cold storage time for 21 days. The 
results also indicated that the bioyoghurt enriched with 2% RDKP (BT2) received the highest scores. 
This could be related to better consistency and acidity of these samples. The higher fiber 
concentration (the treatment with 3% RDKP) caused the lower sensory scores. It could be related to 
insolubility of major part of its dietary fiber. All sensory scores of the samples decreased during the 
cold storage. This could be associated with acidity and flavor of the bioyoghurt and acidophilus milk. 
At the initial stage of storage, samples had intensive flavor and low acidity. But, after 21 days they 
were more acidic, so they had received lower organoleptic scores. EL-Kholy (2018) reported that no 
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significant effect (P ≤ 0.05) was observed on the appearance & color and odor scores by the addition 
of DSP. The storage period did not affect all the sensory parameters tested. 
 

Table 7: Sensory evaluation of bioyoghurt beverages fortified with 1-3% RDKP during cold storage 
for 21 days. 

Properties 
Storage 
(days) 

CB BT1 BT2 BT3 

Appearance 
and color (10) 

1 9.00 ± 1.00a 8.50 ± 1.00a 9.00 ± 0.50a 8.00 ± 0.50a 

7 8.00 ± 1.00a 8.50 ± 1.00a 9.00 ± 1.00a 8.00 ± 1.00a 

14 7.50 ± 0.50a 8.50 ± 0.50a 9.00 ± 1.00a 8.50 ± 0.50a 

21 7.00 ± 0.50a 7.50 ± 0.50a 7.50 ± 0.50a 7.50 ± 0.50a 

Body and 
texture (35) 

1 33.50 ± 0.50bc 34.50 ± 0.50bc 34.00 ± 1.00ab 33.00 ± 1.00c 

7 32.50 ± 0.50b 33.50 ± 0.50ab 34.00 ± 1.00a 33.00 ± 1.00ab 

14 32.00 ± 1.00b 33.33 ± 0.50ab 34.00 ± 1.00a 33.50 ± 0.50ab 

21 31.00 ± 1.00b 33.50 ± 0.50a 33.50 ± 0.50a 32.50 ± 0.50a 

Flavor (55) 

1 51.50 ± 0.50a 53.00 ± 2.00a 52.00 ± 0.50ab 51.50 ± 0.50ab 

7 50.50 ± 1.00a 52.50 ± 1.00a 52.50 ± 2.00a 51.00 ± 1.00a 

14 50.50 ± 2.50ab 51.50 ± 2.50a 53.00 ± 2.00a 51.50 ± 1.50a 

21 49.00 ± 1.00a 50.50 ± 0.50a 51.00 ± 2.00a 49.50 ± 1.50a 

Total 
acceptability 

(100) 

1 94.00 ± 1.00a 96.00 ± 3.50a 95.50 ± 0.50a 92.50 ± 0.50a 

7 91.00 ± 1.00b 94.50 ± 0.50a 95.50 ± 1.50a 92.00 ± 1.00b 

14 90.00 ± 2.50b 93.33 ± 2.00a 96.00 ± 2.00a 93.50 ± 0.50a 

21 87.00 ± 0.50b 91.50 ± 0.50a 92.00 ± 2.50a 89.50 ± 1.50ab 
RDKP: roasted date kernel powder, RDKP: roasted date kernel powder, CB: control of bioyoghurt, BT1, BT2, BT3: 
bioyoghurt + 1 or 2 or 3 % RDKP, Values are mean ± SD of three independent replicates. Means of the same row with 
different letters are significantly different (P ≤ 0.05). 

The highest body & texture scores were obtained in sample T3 (0.5% DSP). The difference 
between our results and the later study might be due to the little amount of date seed powder used by 
El-Kholy (2018).  

Similar results were obtained by Jambi (2018) who found that addition of 1-5 % of date seed 
powder participates in reducing the score gained by appearance, flavor, texture, consistency, and 
overall acceptability. The increased proteolytic activity and the higher acidity produced may 
participate in reducing the sensory properties of the tested products along the cold storage time 
(Bakirci and Kavaz, 2008). 

 
Conclusion 
 

In view of the above-mentioned, it could be concluded that RDKP, as a by-product of date fruit 
industry, is considered a good source of several bioactive components such as dietary fiber, 
antioxidants, minerals and phytochemical compounds. These bioactive components of date kernel 
have many health-promoting activities including antioxidant and anticancer activities. As well as, it 
could be served as prebiotic fermentable substances leading to improve the probiotic activity and 
keeping its viability along the cold storage time. Thus, RDKP can help in improving the functional 
activity beyond the nutritional value of various types of foods including the fermented milk products 
such as yoghurt, bioyoghurt and acidophilus milk.  
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