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Abstract 

Introduction 

Date fruits have high nutritional values and different forms of date 
products are consumed daily in the Middle East.  Date processing 
results in substantial amounts of waste material, and during 
production and storage the bioactivity is declining. A strategy to 
counteract these problems could be to re-use date seeds and to 
subject the products for lactic acid fermentation. In the present 
study, date juice were enriched by milled date seeds and fermented 
with the use of different starter cultures.

Material and Methods

Date juice was prepared from date syrup. Pure juice and juice 
supplemented with milled date seeds were prepared. Ferric Reduc-
ing Antioxidant Power assay and Folin-Ciocalteau assay were used 
for evaluation of antioxidant capacity and total phenolic content. 
Products were inoculated with different starter cultures isolated 
from various sources and allowed to ferment at 37°C for 72 hours. 
Different starter cultures of Lactobacillus (six isolates) and Pedio-
coccus (one isolate) were tested, four were originating from dates. 
The starter cultures were identified by 16 S rDNA sequencing.

Results 

The bioactivity in date juice decreased significantly during incuba-
tion, but by the addition of date seeds the total phenolic content 
and the correlated antioxidant capacity increased at all time points. 
Throughout the fermentation process, the activity and phenolic 
content was significantly better preserved. The protective effect 
differed between the starter cultures, but the process can be per-
formed by lactic acid bacteria isolated from the autochthonous mi-
crobiota of date fruits. All the tested starter cultures showed high 
viability. Best results were achieved with a strain of L. plantarum 
HEAL19 and P. pentosaceus D4# isolated from dates.

Conclusion 

Supplementation of dates seeds and lactic acid fermentation is a 
sustainable way to improve and preserve the nutritional value of 
date juice. However, investigations in a larger scale are required to 
industrially validate these results.

Keywords: Date Fruits; Fermentation; Antioxidativ Capacity; Phe-
nolic Content

Introduction
Dates are the fruits of the date palm tree (Phoenix dactylifera L.) 

which is one of the oldest cultivated plants, having a history of 
more than 6000 years [1]. Today more than 2000 varieties of dates 
are cultivated  mainly in the Middle East, North Africa, parts of 
Central and South America, southern Europe, India and Pakistan 
and 2010 the worldwide production of dates reached 7.68 million 
tons, a number that is expected to further increase [2].

The date fruit is composed of flesh, seed, and skin and the flesh 
has a high content of sugars and therefore also a high total energy 
content. It also contains a considerable amount of vitamin C and 
B, selenium, copper, potassium and magnesium. Moreover, it is a 
good source of dietary fiber, especially insoluble fibers as well as 
phytochemicals, including phenolic compounds, which provides 
e.g. antioxidative potential and antibacterial activities [3-6]. Due 
to the nutritional values date fruits are consumed daily in high 
amounts especially in the Middle Eastern countries and also many 
products are made from the fruits such as vinegar, syrup, jam, 
juice and sugar, with date syrup probably being the most common 
one [7]. Date syrup is made by heating the flesh mixed with water 
followed by pressing and filtering. As a subsequent step in the 
production, the syrup can be appropriately diluted for preparation 
of date juice [8]. The syrup is produced in small scales in homes but 
also on a full industrial scale and is used as a food additive. 

It has previously been shown that the total phenolic content and 
antioxidant activity of fruit jams and juices can be affected during 
processing and storage, which will result in diminished health 
beneficial potential [2,9,10]. In contrast, fermentation by the use 
of Lactobacillus plantarum as starter culture was shown by Curiel 
et al. [11] to increase both phenolic content and antioxidative 
capacity in Myrtle berries. In many cases, bacteria of the genus 
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Lactobacillus are used as starters for food fermentation, which can 
contribute significantly to the storage by preventing the growth 
risk of harmful organisms, but also to enhancement of flavor, 
texture and nutritional value [12]. When it comes to spontaneously 
fermented vegetable products, Lactobacillus plantarum is a 
frequently encountered species. Strains of L. plantarum possess 
tannase activity [13,14], making them tolerant to the antimicrobial 
effects of polyphenols and also giving them the possibility to 
degrade tannins and metabolize phenolic acids [14]. Tannins are 
naturally occurring water soluble polyphenols found in a variety of 
plants utilized as food, including dates, and are beneficial to health 
but simultaneously large quantities may result in adverse health 
effects [15]. 

A consequence of industrial date processing is a substantial amount 
of waste. These waste-products, mostly the flesh, have been tried 
out as substrates for production of ethanol, organic acids and 
fructose [8,16,17]. Most of the date seeds are milled and used as 
animal feed. The seeds make up approximately 12 % of the total 
fruit weight and they contain higher amounts of protein, fat, fiber 
and resistant starch than the flesh [3,18]. Furthermore, date seeds 
have a higher total phenolic content and antioxidant capacity than 
the flesh, syrup or pressed cakes, therefore their potential to be 
used as a food ingredient should be evaluated, which would also 
contribute to development of a sustainable date production [4,7]. 

The aim of this pilot study was to evaluate the effect of (i) date 
seed supplement and (ii) lactic acid fermentation on antioxidative 
capacity and total phenolic content of date juice. Seven different 
starter cultures isolated from dates and other sources were com-
pared.  

Material and methods
Preparation of Juices

Date juice was prepared by diluting commercially available date 
syrup (obtained by boiled and pressed date flesh, 200 g of dates 
have been used for production of 100 g date syrup, Sevan AB, 
Sweden) with distilled water. Half of the juices prepared by syrup 
were remained as a simple juice and for the other half milled date 
seeds (Shahd Babe Pars Co, Iran) with a diameter of approximately 
1 mm was also added, resulting in two types of juice: pure date juice 
without any supplements (D-juice) and date juice supplemented 
with date seeds (DS-juice). Both juices were autoclaved at 121oC 
for 20 minutes and kept in 4oC until inoculation. 

The amount of syrup added to prepare both juices was dependent 
on the sugar concentration (10 % for D-juice and 7 % for DS-juice) 
and calculated according to Pearson square. In DS-juice, about 3 % 
of syrup was replaced by the milled seeds. The percentage of seed 
weight in an average date (12 %), and the amount of dates used to 
make the syrup were considered in calculations of the amount of 
seed replacing the syrup.

Starter Cultures

Isolation of Lactic Acid Bacteria from Date Fruits

To isolate lactic acid bacteria to be used as starter cultures in the 

fermentation process, mature date fruits (maturity stage: Tamar; 
Shahd Babe Pars Co, Iran)  were homogenized in physiological saline 
(0.85% NaCl and 0.1 % bacteriological peptone (Oxoid, Basingstoke, 
UK)) for 2 minutes at high speed and in room temperature on a 
Laboratory Blender Stomacher 400 (Seward Medical, London, 
UK). Homogenate samples (1 ml) were serially diluted in dilution 
liquid (sodium chloride [Merck], 8.5 g/l; Bacteriological peptone 
[Oxoid, Unipath LTD, Basingstoke, Hampshire, England], 1 g/l; 
Tween 80 [Merck], 1 g/l; L-Cystine hydrochloride monohydrate 
[Merck], 0.2 g/l) and 0.1 ml of the samples from appropriate 
dilutions were spread plated. Viable counts were obtained from 
De Man-Rogosa-Sharpe (MRS) agar (Merck, Germany) that was 
incubated anaerobically at 37oC for 72 h. Colonies were randomly 
picked from the plates with positive cultures, re-streaked to purity 
prior to identification by sequencing of the 16 S ribosomal RNA 
gene. Selected isolates are marked #.

Also tested as starter cultures were the following strains: Lactoba-
cillus plantarum 299v (=DSM 9843), isolated from human intes-
tinal mucosa and commercially available as probiotics (Probi AB, 
Lund, Sweden); L. plantarum HEAL19 (=DSM 15313) also isolated 
from human mucosa and has been used with probiotic intentions 
in scientific studies [19] (Probi AB, Lund, Sweden); L. plantarum 
56 isolated from lactic acid fermented red sorghum (Department of 
Food Technology, Engineering and Nutrition, Lund University).

16SrDNA Sequencing

As template for the polymerase chain reaction, crude cell extract 
was prepared from selected isolates [20]. 

For sequencing, primers ENV1 (59-AGA GTT TGA TII TGG 
CTC AG-39, Escherichia coli numbering 8–27) and ENV2 (59-
CGG ITA CCT TGT TAC GAC TT-39, E. coli numbering 1511–
1492) [21] were used for amplification of the 16 S rRNA genes. 
The PCR reaction mixture contained 0.2 mM of both primers, 
5 ml of template DNA, 5 ml of 106PCR reaction buffer with 1.5 
mM MgCl2 (Roche Diagnostics GmbH, Mannheim, Germany), 
200 mM of each deoxyribonucleotide triphosphate, and 2.5 U of 
Taq DNA polymerase (Roche Diagnostics, Mannheim, Germany). 
Water was added to a final volume of 50 ml. PCR was performed 
in a PCR Mastercycle 5333 (Eppendorf) with the following profile: 
1 cycle at 94oC for 3 min, followed by 30 cycles of 96oC for 15 s, 
50oC for 30 s, and 72oC for 90 s, with an additional extension at 
72oC for 10 min. The amplification products (5 ml) were checked 
by running the products on 1.5 % (wt./vol.) agarose gel in 16 TBE 
buffer (89 mM Tris, 89 mMboric acid, 2.5 mMEDTA, pH 8.3), 
after ethidium bromide staining. Amplicons were sent to MWG 
(Biotech, Ebersberg, Germany) for single strand sequencing. 16 S 
rDNA sequences (mostly around 500 bp) were searched against 
Genbank (National Centre for Biotechnology Information, 
Bethesda, MD) using the Basic Local Alignment Search Tool 
(BLAST) accessible from the homepage at the National Centre for 
Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov/) 
[22] or aligned to 16 S rDNA encoding sequences downloaded 
from the Ribosomal Data Base (RDP-II) [23] for an approximate 
phylogenetic affiliation. 

http://www.ncbi.nlm.nih.gov/
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Fermentation

Selected starter cultures were propagated anaerobically in De Man-
Rogosa-Sharpe (MRS) broth (Merck, Germany) for 24 hours in 
37oC and inoculation tubes containing 108 CFU dissolved in 1 ml 
freezing media (4·28 mM-K2HPO4, 1·31 mM-KH2PO4, 1·82 mMNa-
Citrate, 0·87 mM-MgSO4·7H2O and 1·48 mM-98 % glycerol) were 
prepared and saved in -80oC until starting the fermentation process 
in which they were used as inoculums. 

The juices were inoculated with the individual starter cultures, 
without any other supplementation and the initial cell density of 
the bacteria was 106 CFU/ml. Fermentation was allowed at 37°C 
for 72 hours, without stirring conditions. Juice without bacterial 
inoculums was incubated under the same conditions and used as 
the reference. Samples for bacterial counts were collected before 
fermentation and after 48 and 72 hours respectively and samples 
for analysis of total antioxidant capacity and total phenolic content 
were collected along with the first and last sampling occasions, 
when also reference samples were taken. All samples were stored 
in -80oC until analysis.

Extraction Technique

A simple extraction method was used to prepare the extract of the 
liquid juice to be used in the Ferric Reducing Antioxidant Power- 
and Folin-Ciocalteau assays. Samples were thawed and vortexed 
(Scientific industries-USA) for 2 minutes followed by a sonication 
step in a sonication bath (Millipore-USA) of ice-water, 4oC for 5 
minutes. Thereafter, the samples were centrifuged (Eppendorf 5804-
Hamburg) at 11,000 rpm for 10 minutes. The supernatant was trans-
ferred to 1.5 ml tubes and was saved in -80oC until further analysis.

Ferric Reducing Antioxidant Power (FRAP) Assay

Total antioxidant power of the extracted juice samples were 
measured using the FRAP assay according to Benzie and Strain 
[24] with partial modifications [25].

The FRAP reagent was prepared just before the experiment by mix-
ture of respectively 25 ml sodium acetate buffer (pH 3.6, Sigma 
Aldrich-USA), 2.5 TPTZ (10mmol/l, Flukar Analytical-Switzer-
land) and 2.5 ml ferric chloride (20 mmol/l, Sigma Aldrich-USA).

A standard curve was made with trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid, Sigma Aldrich-German) 
and ethanol in 5 different concentrations; 100, 250, 500, 750 and 
1000 µl/L. Samples for standard measurements were done by 
mixing 900 µl of  FRAPP reagent, 90 µl of distilled water and 30 
µl of different trolox concentrations and as a blank 900 µl FRAP 
reagent and 120 µl distilled water was used.

For analysis, 30 µl of the extract from the juices were mixed with 
900 µl of FRAP reagent and 90 µl of distilled water. After 10 minutes 
of incubation in room temperature, the absorbance was read at 
593 nm by Simple read software and UV-Vis spectrophotometer 
(Varian Cary 50 Bio- Netherland). Data were expressed as μmol 
trolox equivalents per milliliter. The samples were analyzed 6 times 
at different time points and the reproducibility of the method was 
analyzed. 

Folin-Ciocalteau Assay 

Total phenolic content of the extracted juice samples were analyzed 
using Folin-Ciocalteau reagent according to Singleton et al., [26] 
with some modifications [27].

In order to prepare the measurement solutions, 3.16 ml of distilled 
water, 200 µl of Folin-Ciocalteau reagent (Sigma Aldrich-Germany), 
40 µl of extracted juice samples (or gallic acid (Sigma Aldrich-
Germany), for standard curve and distilled water for blank) were 
mixed and after 1 min, 600 µl of Na2CO3 (20 % w/v, Sigma Aldrich-
Germany) was added.

To obtain the standard curve, gallic acid was diluted in distilled 
water to achieve the following concentrations: 50, 100, 150, 250, 
500 mg/liter. The measurement solutions were incubated in room 
temperature for 120 minutes and the absorbance was read at 765 
nm using Simple read software and UV-Vis spectrophotometer 
(Varian Cary 50 Bio). Data were expressed as mg/ml gallic acid 
equivalents and samples were analyzed 4 times at different time 
points to ensure reproducibility of the method. 

Bacterial Enumeration

Viable count of the DS-juice was performed at day 2 and 3 of the 
fermentation process. As previously described, the samples were 
serially diluted in dilution liquid and spread plated. Viable counts 
were obtained from MRS agar after 48 and 72 hours of fermentation 
and the results were expresses as CFU/ml.

Statistical Calculations

Samples were analyzed in duplicates which were measured six times 
in different time points for FRAP analysis and four times for total 
phenolic content. For all statistical analysis SigmaPlot version 11.0, 
(SYSTAT Software, Point Richmond, USA) was used. Kruskal-
Wallis One Way Anova on Ranks was used to compare all groups. 
For pair-wise comparison, Mann-Whitney rank sum test was used. 
The correlation between expectations of benefit was ascertained 
using Pearson Product Moment Correlation. Results are presented 
as medians ± interquartile range and p-values less than 0.05 were 
considered significant.

Results
Identification of Isolates from Date Fruits

All identified isolates were designated to the genus Lactobacillus 
or Pediococcus and showed 100% 16S rDNA similarity to the type 
strain of the established species; the dominating species were L. 
plantarum, L.  paracasei subsp. paracasei, L. salivarius and P. 
pentosaceus and amongst these isolates one from each species was 
randomly chosen for evaluation of their capacity to ferment date-
juice and to affect antioxidative capacity and total phenolic content 
(Table 1-3).   

Total Antioxidant Capacity

The total antioxidant capacity (TAC) values according to the FRAP 
method in date juice without and with supplementation are shown 
in table 1. 

In D-juice, a significant difference was found between the TAC 
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value of the reference sample before compared to after incubation 
(5.5±0.2 μmol trolox/ml and 4.72±0.19 μmol trolox/ml respectively) 
(p<0.01). No significant increase was found after fermentation of 
D-juice (Table 1). 

 In DS-juice, a significant difference was found between the TAC 
value before incubation compared to after incubation of the 
reference sample (6.24±0.18 μmol trolox/ml and 5.05±0.23 μmol 
trolox/ml respectively) (p<0.01)

Significantly higher TAC values were also found in DS-juice fer-
mented with L. plantarum 299v (6.13±0.16 μmol trolox/ml) (p<0.01) 
L. plantarum HEAL19 (6.46±0.50 μmol trolox/ml) (p<0.01), L. 
plantarum 56 (5.91±0.15 μmol trolox/ml) (p<0.01), L. paracasei 
subsp. paracasei D2# (5.28±0.14 μmol trolox/ml) (p<0.05), L. sali-
varius D3# (5.75±0.31 μmol trolox/ml) (p<0.01) and P. pentosaceus 
D4# (6.22±0.28 μmol trolox/ml) (p<0.01) compared to the refer-
ence sample after incubation (5.05±0.23 μmol trolox/ml) (Table 1). 

Comparing the total antioxidative capacity between the juices, it 
was generally higher in DS-juice than in D-juice, for all samples, 
both fermented and reference samples (Table 1). Significantly 
higher values were found between the reference samples of DS-
juice compared to D-juice, before as well as after incubation (6.24 
± 0.18 μmol trolox/ml compared to 5.55 ± 0.20 μmol trolox/ml and 
5.05 ± 0.23 μmol trolox/ml compard to 4.72 ± 0.19 μmol trolox/ml 
respectively) (p<0.01) (Table 1).

Total Phenolic Content 

The total phenolic content (TPC) of D-juice and DS-juice analyzed 
according to Folin-Ciocalteau method is shown in table 2. 

In D-juice, a significant difference was found between the TPC 
value of the reference sample before compared to after incubation 
(0.81±0.03 mg gallic acid/ml and 0.77±0.01μmol trolox/ml 
respectively) (p<0.01). No significant increase was found after 
fermentation of D-juice.

In DS-juice, a significant difference was found between the TPC 
value before incubation compared to after incubation of the 
reference sample (1.17 ± 0.08 mg gallic acid/ml and  0.83 ± 0.03 mg 
gallic acid/ml respectively) (p<0.01).

Significantly higher TPC values were also found in juice fermented 
with L. plantarum 299v (0.90±0.03 mg gallic acid/ml) (p<0.01) 
L. plantarum HEAL19 (1.03±0.02 mg gallic acid/ml) (p<0.01), 
L. plantarum 56 (0.87±0.03 mg gallic acid/ml) (p<0.01) and P. 
pentosaceus D4# (0.95±0.07 mg gallic acid/ml) (p<0.01) compared to 
the reference sample after incubation (0.83±0.03 mg gallic acid/ml). 

Comparing the total phenolic content between the juices, it was 
generally higher in DS-juice than in D-juice, for all samples, both 
fermented and reference samples (Table 2). Significantly higher 
values were found between the reference samples of DS-juice 
compared to D-juice, before as well as after incubation (1.17 ± 0.08 
mg gallic acid/ml compared to 0.81 ± 0.03 and 0.83 ± 0.03 mg gallic 
acid/ml compared to 0.77 ± 0.01 mg gallic acid/ml respectively) 
(p<0.01) (Table 2).

Correlation between TAC and TPC Measurements

The correlation between data obtained by FRAP and Folin-
Ciocalteau methods were calculated and in DS-juice a positive 
correlation was found (r = 0.67, p = 0.047). In D-juice no linear 
relationship was observed.

Viable Lactic Acid Bacteria during Fermentation

The viable count of lactic acid bacteria in DS-juice inoculated with 
the different starter cultures, at different time-points (0, 48 h and 72 
h) are shown in Table 3. After 48 hours all starter cultures increased 
the count, with highest values found after fermentation using L. 
plantarum 299v (mean 8.7 CFU/ml) and L. plantarum HEAL19 
(mean 8.2 CFU/ml). After 72 hours, the viable count had decreased 
in all samples except for samples fermented with L. salivarius D3# 
(mean 7.9 CFU/ml) and P. pentosaceus D4# (7.0 CFU/ml), which 
were continuously increasing (Table 3). 

Discussion
Dates are especially popular in the Middle East countries and due 
to its nutritional value, the fruit itself or processed to e.g. syrup 
is consumed in high amounts [3-7]. The date seeds are however 
considered a waste product and are at present mainly used as 
animal feed. The high worldwide production of dates gives rise to 
several hundred thousand tones of date seeds that could be utilized 
to improve the income of date cultivation. Such re-use could also 
be applied to improve the nutritional value of date products, since 
the seeds serve as a good source of natural antioxidants [4].

In the present study the seeds were milled and added to date juice 
resulting in significantly increased TAC as well as increased TPC 
values in the juice. It has previously been shown that processing and 
heat treatments of fruits and storage of the products unfortunately 
quickly affects the antioxidative capacity and also the phenolic 
content and freezing of date juice seems so far to be the single option 
for stabilizing the content of bioactive compounds [9,10,28,29]. 
In our study a decrease was actually shown after only 3 days of 
incubation after juice preparation and significantly lower TAC- 
and TPC- values were found in both juice types. In DS-juice the 
values decreased to almost the same level as the starting values of 
D-juice, indicating the significance of establishing higher baseline 
values in the product (Table 1 and Table 2). 

Fermentation has also been pointed out as a method to maintain 
and eventually also improve antioxidant capacity and phenolic 
content in products and in a study by Curiel et al. [11], his was 
found to be true for Myrtle berries. Spontaneous lactic acid 
fermentation is usually carried out by the indigenous microbiota 
existing on the fruit or vegetables; however the composition of 
microbiota varies depending on the quality of the raw material, 
harvesting conditions and post-harvest treatments. This type 
of traditional fermentation may therefore be an uncontrolled 
process which may result in a final product harboring undesirable 
microorganisms. Nevertheless, due to diverging properties, specific 
species are associated with specific food products and L.  plantarum 
is often found in fermented foods of plant origin [30]. Thermal 
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processing of date juice results in microbial inactivation and no 
spontaneous fermentation by wild-type strains can be performed. 
Hence, fully mature date fruits were analyzed for indigenous 
lactic acid bacteria, well adapted to the natural habitats of the date 
fruits and with the potential application as starter cultures of the 
fermentation process. In comparison, already identified and partly 

commercially available L. plantarum strains were also included as 
starter cultures. By the addition of milled seeds to the juice, the 
fermentation process resulted in higher TAC values for all bacterial 
strains used compared with the reference juice after incubation, 
except for L. plantarum D1# (Table 1). Indeed, the TAC-value after 
fermentation by L. plantarum HEAL19 was even higher than the 
corresponding value of the reference sample before incubation 
and almost as high was the value found after fermentation by P. 
pentosaceus D4#, a strain isolated from the date fruits (Table 1). 
Higher values than the reference samples, irrespective of time 
points, could not be found in fermented date juice without seeds. 
A similar pattern as found for TAC was also found after analysis 
of TPC (Table 2). By fermentation using L. plantarum 299v, L. 
plantarum HEAL19, L. plantarum 56, and P. pentosaceus D4#, 
significantly higher TPC-values were found in comparison to the 
reference samples after incubation, with the highest values shown 
for L. plantarum HEAL19 and subsequently P. pentosaceus D4# 
(Table 2). To verify the relationship between total phenolic content 
and the antioxidative capacity of the product, the Pearson Product 
Moment Correlation was calculated and a positive correlation was 
found in the DS-juice.  

Date syrup has demonstrated antibacterial activity against both 
gram-positive and gram-negative bacteria, an inhibition that may 
be attributed to bioactive compounds including plant-derived 
phenolic molecules, since the high sugar content naturally present 
in the syrup did not contribute to this effect [6]. Due to the 
amplification of phenolic compounds by the addition of seeds, an 
enumeration and viability verification was performed for all strains 
used for fermentation after 48 and 72 hours in DS-juice (Table 3). 
After 48 hours of fermentation, L. plantarum 299v reached the 
highest count, which was slightly declining after additionally 24 
hours. L. salivarius D3# and P. pentosaceus D4#, both isolated from 
date fruits, were the only strains not decreasing in viable count 
after 72 hours compared to 48 hours of fermentation. On the other 

Table 1: Total antioxidant capacity

Total antioxidant capacity (TAC) values found in pure date juice (D-juice) 
and juice supplemented with date seeds (DS-juice) after fermentation 
for 72 hours using different starter cultures, as well as before and after 
incubation for 72 hours of the reference sample. Data are expressed as 
μmol trolox/ml.

Starter culture
TAC values

D-juice

  TAC values

  DS-juice

Lactobacillus plantarum 299v 4.66 ± 0.07 6.13 ± 0.16e

Lactobacillus plantarum HEAL19 4.24 ± 0.22 6.46 ± 0.50e

Lactobacillus plantarum 56 4.35 ± 0.08 5.91 ± 0.15e

Lactobacillus plantarum D1# 4.20 ± 0.19 5.26 ± 0.19

Lactobacillus paracasei subsp.
paracasei D2# 4.65 ± 0.21 5.28 ± 0.14f

Lactobacillus salivarius D3# 4.37 ± 0.25 5.75 ± 0.31e

Pediococcus pentosaceus D4# 3.59 ± 0.18 6.22 ± 0.28e

Reference sample before incubation 5.55 ± 0.20a, c 6.24 ± 0.18b, c

Reference sample after incubation                            4.72 ± 0.19a, d 5.05 ± 0.23b, d, e, f

*indicates isolated from date fruits 
a,b,c,d, edenotes p<0.01 
fdenotes p<0.05
Table 2: Total phenolic content

Values of total phenolic content found in pure date juice (D-juice) and 
juice supplemented with date seeds (DS-juice) after fermentation for 72 
hours using the starter cultures as well as before and after incubation for 
72 hours of the reference sample. Data are expressed as mg Gallic acid 
/ml.

Starter culture
TPC

D juice

TPC

S juice

Lactobacillus plantarum 299v 0.71 ± 0.03 0.90 ± 0.03e

Lactobacillus plantarum HEAL19 0.54 ± 0.04 1.03 ± 0.02e

Lactobacillus plantarum 56 0.66 ± 0.02 0.87 ± 0.03e

Lactobacillus plantarum D1# 0.55 ± 0.01 0.78 ± 0.05

Lactobacillus paracasei subsp. 
paracasei D2# 0.51 ± 0.02 0.80 ± 0.03

Lactobacillus salivarius D3# 0.64 ± 0.04 0.66 ± 0.05

Pediococcus pentosaceus D4# 0.75 ± 0.06 0.95 ± 0.07e

Reference sample before incubation 

Reference sample after incubation         

0.81 ± 0.03a, c

0.77 ± 0.01a, d

1.17 ± 0.08b, c

0.83 ± 0.03b, d, e

#indicates isolated from date fruits 
a,b,c,d, edenotes p<0.01 

Table 3: Viable count of lactic acid bacteria during fermentation with 
different starter cultures

Number of lactic acid bacteria in fermenting date juice supplemented 
with date seeds (DS-juice) after different time-points, as determined by 
viable count on MRS agar. Data are expressed as Log CFU/ml juice.

Starter culture
Log CFU/

ml 

0h

Log CFU/
ml

48h

 Log CFU/
ml

 72h

Lactobacillus plantarum 299v 6.0 8.7 8.0

Lactobacillus plantarum HEAL19 6.0 8.2 7.0

Lactobacillus plantarum 56 6.0 7.4 7.0

Lactobacillus plantarum D1# 6.0 6.7 6.2

Lactobacillus paracasei subsp. 
paracasei D2# 6.0 6.8 6.3

Lactobacillus salivarius D3# 6.0 7.3 7.9

Pediococcus pentosaceus D4# 6.0 6.5 7.0

#indicates isolated from date fruits 
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hand, all strains increased their viable count compared to starting 
values of the inoculum, indicating possibilities to survive and 
multiply despite high concentrations of phenolic compounds. 

Among dates and their by-products, seeds have the highest contents 
of total phenolics and antioxidant activity [4]. Analysis revealed 
that this part of the fruit also contained high concentrations of 
moderately polymerized condensed tannins [31]. Previously it has 
been found that tannin molecules with higher molar mass have 
stronger anti-nutritional effects and also lower biological activities. 
In contrast, smaller molecules are suggested to have fewer anti-
nutritional effects and can be more readily absorbed [15]. Some 
microbes are resistant to the antimicrobial effects of tannins and 
have different abilities to degrade tannins into gallic acid, ellagic 
acid, glucose, or alcohols. Strains of the closely related species L. 
plantarum, L. pentosus and L. paraplantarum often possess tannase 
activity, which makes it possible to metabolize polyphenols [13] 
and thereby producing substituted phenyl propionic acids [32], 
substances that are commercially used as the anti-inflammatory 
drug Ibuprofen®. The proven viability in the present study suggest 
the tannase activity to be involved in bacterial survival and also 
multiplication, this needs however to be analysed in more detail.

In conclusion, date juice, produced from date syrup, is quickly 
loosing bioactivity capacity after processing. To improve the 
nutritional value of the juice, date seeds, a waste product from 
date production, can be used to increase total phenolic content 
and thereby also antioxidant capacity. By fermentation using lactic 
acid bacteria with possibilities to maintain viability in the harsh 
antimicrobial environment, which is a consequence of high tannin 
content, the bioactivity is even better preserved. For this reason, a 
microbial tannase activity may be considered, which would also 
beneficially affect the phenolic profile. Furthermore, new bacterial 
strains isolated from the autochthonous microbiota of date fruits 
may be adapted to the conditions and can therefore be used as 
starter cultures for the fermentation process. To our knowledge, 
neither the possibilities of combining date seeds and fermentation 
in date juice nor the potential of finding indigenous bacterial strains 
on date fruits useful for this purpose has been previously evaluated. 
Even though this is a small pilot study, the results support an ideal 
way to generate a new date-based product with health beneficial 
effects, however more and larger scale investigations are required 
to validate these results.

Acknowledgement
We are thankful to Marie Kala, for laboratory assistance. The study 
was financed by Lund University and there is no conflict of interest 
to be reported. Åsa Håkansson and Zeinab Hosseini wrote the 
manuscript. 

References
Ashraf Z, Hamidi-Esfahani Z (2011) Date and date processing: a review. 1. 
Food Rev Int 27: 101–133.

Tang ZX, Shi LE, Aleid SM (2013) Date fruit: chemical composition, 2. 
nutritional and medicinal values, products. J Sci Food Agric 93(10): 
2351-2361. doi: 10.1002/jsfa.6154. 

Al-Farsi MA, Lee CY (2008) Optimization of phenolics and dietary fiber 3. 
extraction from date seeds. Food Chem 108: 977-985.

Al-Farsi M, Alasalvar C, Al-Aid M, Al-Shoaily K, Al-Amry M, et al. 4. 
(2007) Compositional and functional characteristics of dates, syrups, 
and their by-products. Food Chem 104: 943–947.

Amorós A, Pretel MT, Almansa MS, Botella MA, Zapata PJ, et al. (2009) 5. 
Antioxidant and nutritional properties of date fruit from elche grove 
as affected by maturation and phenotypic variability of date palm. 
Food Sci Technol Int 15: 65–72. 

Taleb H, Maddocks SE, Morris RK, Kanekanian AD (2016) The 6. 
Antibacterial Activity of Date Syrup Polyphenols against S. aureus and 
E. coli. Front Microbiol 7: 198. 

Al-Farsi MA, Lee CY (2008) Nutritional and functional properties of 7. 
dates: a review. Crit Rev Food Sci Nutr 48: 877-887.

Nancib A, Nancib N, Meziane-Cherif D, Boubendir A, Fick M, et al. 8. 
(2005) Joint effect of nitrogen sources and B vitamin supplementation 
of date juice on lactic acid production by Lactobacillus casei subsp. 
Rhamnosus. Bioresour Technol 96: 63-67.

Rababah TM, Al-Mahasneh MA, Kilani I, Yang W, Alhamad MN, et 9. 
al. (2011) Effect of jam processing and storage on total phenolics, 
antioxidant activity, and anthocyanins of different fruits. J Sci Food 
Agric 91: 1096-1102. doi: 10.1002/jsfa.4289. 

Wojdyło A, Teleszko M, Oszmiański J (2014) Antioxidant property and 10. 
storage stability of quince juice phenolic compounds. Food Chem 
152: 261-270. 

Curiel JA, Pinto D, Marzani B, Filannino P, Farris GA, et al. (2015) Lactic 11. 
acid fermentation as a tool to enhance the antioxidant properties of 
Myrtus communis berries. Microb Cell Fact 14: 67.

Giraffa G, Chanishvili N, Widyastuti Y (2010) Importance of lactobacilli 12. 
in food and feed biotechnology. Res Microbiol 161(6): 480-487. 

Osawa R, Kuroiso K, Goto S, Shimzu A (2000) Isolation of tanninde-13. 
grading lactobacilli from humans and fermented foods. Appl Environ 
Microbiol 66: 3093–3097.

Barthelmebs L, Divies C, Cavin JF (2000) Knockout of the pcoumarate 14. 
decarboxylase gene from Lactobacillus plantarum reveals the 
existence of two other inducible enzymatic activates involved in 
phenolic acid metabolism. Appl Environ Microbiol 66: 3368–3375.

Chung KT, Wei CI, Johnson MG (1998) Are tannins a double-edged 15. 
sword in biology and health? Trends Food Sci Tech 9: 168–175.

Nancib N, Nancib A, Boudjelal A, Benslimane C, Blanchard F, et al. 16. 
(2001) The effect of supplementation by different nitrogen sources 
on the production of lactic acid from date juice by Lactobacillus casei 
subsp. rhamnosus. Bioresour Technol 78: 149–153.

Barreveld WH (1993) Date Palm Products. FAO Agricultural Services 17. 
Bulletin No. 101, Food and Agriculture Organization of the United 
Nations: Rome, Italy. 

Hamada J, Hashim I, Sharif F (2002) Preliminary analysis of potential 18. 
uses of date pits in foods. Food Chem J 76: 135–137.

Axling  U, Olsson C,  Xu  J, Fernandez  C, Larsson  S, et al. (2012) Green 19. 
tea powder and Lactobacillus plantarum affect gut microbiota, lipid 
metabolism and inflammation in high-fat fed C57BL/6J mice. Nutr 
Metab (Lond) 9: 105. 

https://www.researchgate.net/publication/254336244_Date_and_Date_Processing_A_Review
https://www.researchgate.net/publication/254336244_Date_and_Date_Processing_A_Review
http://www.ncbi.nlm.nih.gov/pubmed/?term=Date+fruit%3A+chemical+composition%2C+nutritional+and+medicinal+values%2C+products
http://www.ncbi.nlm.nih.gov/pubmed/?term=Date+fruit%3A+chemical+composition%2C+nutritional+and+medicinal+values%2C+products
http://www.ncbi.nlm.nih.gov/pubmed/?term=Date+fruit%3A+chemical+composition%2C+nutritional+and+medicinal+values%2C+products
http://www.ncbi.nlm.nih.gov/pubmed/?term=of+phenolics+and+dietary+fiber+extraction+from+date+seeds
http://www.ncbi.nlm.nih.gov/pubmed/?term=of+phenolics+and+dietary+fiber+extraction+from+date+seeds
https://www.researchgate.net/publication/223542522_Compositional_and_functional_characteristics_of_dates_syrups_and_their_by-products
https://www.researchgate.net/publication/223542522_Compositional_and_functional_characteristics_of_dates_syrups_and_their_by-products
https://www.researchgate.net/publication/223542522_Compositional_and_functional_characteristics_of_dates_syrups_and_their_by-products
https://www.researchgate.net/publication/249667766_Antioxidant_and_Nutritional_Properties_of_Date_Fruit_from_Elche_Grove_as_Affected_by_Maturation_and_Phenotypic_Variability_of_Date_Palm
https://www.researchgate.net/publication/249667766_Antioxidant_and_Nutritional_Properties_of_Date_Fruit_from_Elche_Grove_as_Affected_by_Maturation_and_Phenotypic_Variability_of_Date_Palm
https://www.researchgate.net/publication/249667766_Antioxidant_and_Nutritional_Properties_of_Date_Fruit_from_Elche_Grove_as_Affected_by_Maturation_and_Phenotypic_Variability_of_Date_Palm
https://www.researchgate.net/publication/249667766_Antioxidant_and_Nutritional_Properties_of_Date_Fruit_from_Elche_Grove_as_Affected_by_Maturation_and_Phenotypic_Variability_of_Date_Palm
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Antibacterial+Activity+of+Date+Syrup+Polyphenols+against+S.+aureus+and+E.+coli
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Antibacterial+Activity+of+Date+Syrup+Polyphenols+against+S.+aureus+and+E.+coli
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Antibacterial+Activity+of+Date+Syrup+Polyphenols+against+S.+aureus+and+E.+coli
http://www.ncbi.nlm.nih.gov/pubmed/18949591
http://www.ncbi.nlm.nih.gov/pubmed/18949591
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joint+effect+of+nitrogen+sources+and+B+vitamin+supplementation+of+date+juice+on+lactic+acid+production+by+Lactobacillus+casei+subsp.+Rhamnosus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joint+effect+of+nitrogen+sources+and+B+vitamin+supplementation+of+date+juice+on+lactic+acid+production+by+Lactobacillus+casei+subsp.+Rhamnosus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joint+effect+of+nitrogen+sources+and+B+vitamin+supplementation+of+date+juice+on+lactic+acid+production+by+Lactobacillus+casei+subsp.+Rhamnosus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joint+effect+of+nitrogen+sources+and+B+vitamin+supplementation+of+date+juice+on+lactic+acid+production+by+Lactobacillus+casei+subsp.+Rhamnosus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+jam+processing+and+storage+on+total+phenolics%2C+antioxidant+activity%2C+and+anthocyanins+of+different+fruits
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+jam+processing+and+storage+on+total+phenolics%2C+antioxidant+activity%2C+and+anthocyanins+of+different+fruits
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+jam+processing+and+storage+on+total+phenolics%2C+antioxidant+activity%2C+and+anthocyanins+of+different+fruits
http://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+jam+processing+and+storage+on+total+phenolics%2C+antioxidant+activity%2C+and+anthocyanins+of+different+fruits
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antioxidant+property+and+storage+stability+of+quince+juice+phenolic+compounds
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antioxidant+property+and+storage+stability+of+quince+juice+phenolic+compounds
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antioxidant+property+and+storage+stability+of+quince+juice+phenolic+compounds
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lactic+acid+fermentation+as+a+tool+to+enhance+the+antioxidant+properties+of+Myrtus+communis+berries
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lactic+acid+fermentation+as+a+tool+to+enhance+the+antioxidant+properties+of+Myrtus+communis+berries
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lactic+acid+fermentation+as+a+tool+to+enhance+the+antioxidant+properties+of+Myrtus+communis+berries
http://www.ncbi.nlm.nih.gov/pubmed/?term=Importance+of+lactobacilli+in+food+and+feed+biotechnology
http://www.ncbi.nlm.nih.gov/pubmed/?term=Importance+of+lactobacilli+in+food+and+feed+biotechnology
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isolation+of+tannindegrading+lactobacilli+from+humans+and+fermented+foods
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isolation+of+tannindegrading+lactobacilli+from+humans+and+fermented+foods
http://www.ncbi.nlm.nih.gov/pubmed/?term=Isolation+of+tannindegrading+lactobacilli+from+humans+and+fermented+foods
http://www.ncbi.nlm.nih.gov/pubmed/10919793
http://www.ncbi.nlm.nih.gov/pubmed/10919793
http://www.ncbi.nlm.nih.gov/pubmed/10919793
http://www.ncbi.nlm.nih.gov/pubmed/10919793
https://www.researchgate.net/publication/222500989_Are_tannins_a_double-edged_sword_in_biology_and_health
https://www.researchgate.net/publication/222500989_Are_tannins_a_double-edged_sword_in_biology_and_health
http://www.ncbi.nlm.nih.gov/pubmed/11333033
http://www.ncbi.nlm.nih.gov/pubmed/11333033
http://www.ncbi.nlm.nih.gov/pubmed/11333033
http://www.ncbi.nlm.nih.gov/pubmed/11333033
http://www.fao.org/docrep/t0681e/t0681e00.HTM
http://www.fao.org/docrep/t0681e/t0681e00.HTM
http://www.fao.org/docrep/t0681e/t0681e00.HTM
https://www.researchgate.net/publication/222542154_Preliminary_analysis_and_potential_uses_of_date_pits_in_foods
https://www.researchgate.net/publication/222542154_Preliminary_analysis_and_potential_uses_of_date_pits_in_foods
http://www.ncbi.nlm.nih.gov/pubmed/?term=Green+tea+powder+and+Lactobacillus+plantarum+affect+gut+microbiota%2C+lipid+metabolism+and+inflammation+in+high-fat+fed+C57BL%2F6J+mice
http://www.ncbi.nlm.nih.gov/pubmed/?term=Green+tea+powder+and+Lactobacillus+plantarum+affect+gut+microbiota%2C+lipid+metabolism+and+inflammation+in+high-fat+fed+C57BL%2F6J+mice
http://www.ncbi.nlm.nih.gov/pubmed/?term=Green+tea+powder+and+Lactobacillus+plantarum+affect+gut+microbiota%2C+lipid+metabolism+and+inflammation+in+high-fat+fed+C57BL%2F6J+mice
http://www.ncbi.nlm.nih.gov/pubmed/?term=Green+tea+powder+and+Lactobacillus+plantarum+affect+gut+microbiota%2C+lipid+metabolism+and+inflammation+in+high-fat+fed+C57BL%2F6J+mice


BAOJ Microbio, an open access journal                                                                                                                                                           Volume 2; Issue 3; 018

Page 7 of 7Citation: Seyedeh Zeinab Hosseini, Siv Ahrne, Goran Molin and Asa Hakansson (2016) Date Seeds and Lactic Acid Fermentation can 
Increase Antioxidant Capacity of Date Juice; Evaluation of Different Starter Cultures. BAOJ Microbio 2: 018.

Quednau M, Ahrne´ S, Peterson A, Molin G (1998) Identification of 20. 
clinically important species of Enterococcus within 1 day with random-
ly amplified polymorphic DNA (RAPD). Curr Microbiol 36: 332–336.

Brosius J, Palmer ML, Kennedy PJ, Noller HF (1978) Complete 21. 
nucleotide sequence of a 16 S ribosomal RNA gene from Escherichia 
coli. Proc Natl Acad Sci USA 75: 4801–4805.

Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ (1990) Basic local 22. 
alignment search tool. J Mol Biol 215: 403–410.

Cole JR, Chai B, Marsh TL, Farris RJ, Wang Q, et al. (2003) The Ribosomal 23. 
Database Project (RDP-II): previewing and a new autoaligner that 
allows regular updates and the new prokaryotic taxonomy. Nucleic 
Acids Res 31: 442–443.

Benzie IFF, Strain JJ (1996) The ferric reducing ability of plasma (FRAP) 24. 
as a measure of “antioxidant power”: The FRAP assay. Anal Biochem 
239: 70–77.

Peñarrieta JM, Alvarado JA, Bergenståhl B, Ákesson B (2009) Total 25. 
Antioxidant Capacity and Content of Phenolic Compounds in Wild 
Strawberries (Fragaria vesca) Collected in Bolivia. International 
Journal of Fruit Science 9: 344–359.

Singleton VL, Orthofer R, Lamuela-Raventos RM (1999) Analysis of 26. 
total phenols and other oxidation substrates and antioxidants by 
means of Folin-Ciocalteau reagent. Methods Enzymol 299: 152-178.

Tejeda L, Penarrieta JM, Alvarado JA, Ǻkesson B, Bergenståhl B 27. 
(2008) Determination of total antioxidant capacity and total phenolic 
compounds in Andean grains. Revista Boliviana de Quimica 25: 70-74.

Kamiloglu S, Pasli AA, Ozcelik B, Van Camp J, Capanoglu E (2015) 28. 
Influence of different processing and storage conditions on in vitro 
bioaccessibility of polyphenols in black carrot jams and marmalades. 
Food Chem 186: 74-82.

Kulkarni SG, Vijayanand P, Shubha L (2010) Effect of processing of dates 29. 
into date juice concentrate and appraisal of its quality characteristics. 
J Food Sci Technol 47: 157-161. doi: 10.1007/s13197-010-0028-y. 
Epub 2010 Apr 10.

Molin G (2001) Probiotics in foods not containing milk or milk 30. 
constituents, with special reference to Lactobacillus plantarum 299v. 
Am J Clin Nutr 73(2 Suppl): 380S-385S.

Hammouda H, Chérif JK, Trabelsi-Ayadi M, Baron A, Guyot S (2013) 31. 
Detailed polyphenol and tannin composition and its variability in 
Tunisian dates (Phoenix dactylifera L.) at different maturity stages. J 
Agric Food Chem 61: 3252-3263. 

Barthelmebs L, Diviés C, Cavin JF (2001) Molecular characterization of 32. 
the phenolic acid metabolism in the lactic acid bacteria Lactobacillus 
plantarum. Lait 81: 161-171.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+of+clinically+important+species+of+Enterococcus+within+1+day+with+randomly+amplified+polymorphic+DNA+(RAPD)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+of+clinically+important+species+of+Enterococcus+within+1+day+with+randomly+amplified+polymorphic+DNA+(RAPD)
http://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+of+clinically+important+species+of+Enterococcus+within+1+day+with+randomly+amplified+polymorphic+DNA+(RAPD)
http://www.ncbi.nlm.nih.gov/pubmed/368799
http://www.ncbi.nlm.nih.gov/pubmed/368799
http://www.ncbi.nlm.nih.gov/pubmed/368799
http://www.ncbi.nlm.nih.gov/pubmed/2231712
http://www.ncbi.nlm.nih.gov/pubmed/2231712
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Ribosomal+Database+Project+(RDP-II)%3A+previewing+and+a+new+autoaligner+that+allows+regular+updates+and+the+new+prokaryotic+taxonomy
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Ribosomal+Database+Project+(RDP-II)%3A+previewing+and+a+new+autoaligner+that+allows+regular+updates+and+the+new+prokaryotic+taxonomy
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Ribosomal+Database+Project+(RDP-II)%3A+previewing+and+a+new+autoaligner+that+allows+regular+updates+and+the+new+prokaryotic+taxonomy
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+Ribosomal+Database+Project+(RDP-II)%3A+previewing+and+a+new+autoaligner+that+allows+regular+updates+and+the+new+prokaryotic+taxonomy
http://www.ncbi.nlm.nih.gov/pubmed/8660627
http://www.ncbi.nlm.nih.gov/pubmed/8660627
http://www.ncbi.nlm.nih.gov/pubmed/8660627
https://www.researchgate.net/publication/47704342_Total_Antioxidant_Capacity_and_Content_of_Phenolic_Compounds_in_Wild_Strawberries_Fragaria_vesca_Collected_in_Bolivia
https://www.researchgate.net/publication/47704342_Total_Antioxidant_Capacity_and_Content_of_Phenolic_Compounds_in_Wild_Strawberries_Fragaria_vesca_Collected_in_Bolivia
https://www.researchgate.net/publication/47704342_Total_Antioxidant_Capacity_and_Content_of_Phenolic_Compounds_in_Wild_Strawberries_Fragaria_vesca_Collected_in_Bolivia
https://www.researchgate.net/publication/47704342_Total_Antioxidant_Capacity_and_Content_of_Phenolic_Compounds_in_Wild_Strawberries_Fragaria_vesca_Collected_in_Bolivia
http://www.sciencedirect.com/science/article/pii/S0076687999990171
http://www.sciencedirect.com/science/article/pii/S0076687999990171
http://www.sciencedirect.com/science/article/pii/S0076687999990171
http://www.bolivianchemistryjournal.org/QUIMICA%202008%20PDF/12_Determination%20of%20Total%20Antioxidant%20Capacity%20in%20Quinua.pdf
http://www.bolivianchemistryjournal.org/QUIMICA%202008%20PDF/12_Determination%20of%20Total%20Antioxidant%20Capacity%20in%20Quinua.pdf
http://www.bolivianchemistryjournal.org/QUIMICA%202008%20PDF/12_Determination%20of%20Total%20Antioxidant%20Capacity%20in%20Quinua.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=Influence+of+different+processing+and+storage+conditions+on+in+vitro+bioaccessibility+of+polyphenols+in+black+carrot+jams+and+marmalades
http://www.ncbi.nlm.nih.gov/pubmed/?term=Influence+of+different+processing+and+storage+conditions+on+in+vitro+bioaccessibility+of+polyphenols+in+black+carrot+jams+and+marmalades
http://www.ncbi.nlm.nih.gov/pubmed/?term=Influence+of+different+processing+and+storage+conditions+on+in+vitro+bioaccessibility+of+polyphenols+in+black+carrot+jams+and+marmalades
http://www.ncbi.nlm.nih.gov/pubmed/?term=Influence+of+different+processing+and+storage+conditions+on+in+vitro+bioaccessibility+of+polyphenols+in+black+carrot+jams+and+marmalades
http://www.ncbi.nlm.nih.gov/pubmed/?term=)+Effect+of+processing+of+dates+into+date+juice+concentrate+and+appraisal+of+its+quality+characteristics
http://www.ncbi.nlm.nih.gov/pubmed/?term=)+Effect+of+processing+of+dates+into+date+juice+concentrate+and+appraisal+of+its+quality+characteristics
http://www.ncbi.nlm.nih.gov/pubmed/?term=)+Effect+of+processing+of+dates+into+date+juice+concentrate+and+appraisal+of+its+quality+characteristics
http://www.ncbi.nlm.nih.gov/pubmed/?term=)+Effect+of+processing+of+dates+into+date+juice+concentrate+and+appraisal+of+its+quality+characteristics
http://www.ncbi.nlm.nih.gov/pubmed/11157345
http://www.ncbi.nlm.nih.gov/pubmed/11157345
http://www.ncbi.nlm.nih.gov/pubmed/11157345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Detailed+polyphenol+and+tannin+composition+and+its+variability+in+Tunisian+dates+(Phoenix+dactylifera+L.)+at+different+maturity+stages
http://www.ncbi.nlm.nih.gov/pubmed/?term=Detailed+polyphenol+and+tannin+composition+and+its+variability+in+Tunisian+dates+(Phoenix+dactylifera+L.)+at+different+maturity+stages
http://www.ncbi.nlm.nih.gov/pubmed/?term=Detailed+polyphenol+and+tannin+composition+and+its+variability+in+Tunisian+dates+(Phoenix+dactylifera+L.)+at+different+maturity+stages
http://www.ncbi.nlm.nih.gov/pubmed/?term=Detailed+polyphenol+and+tannin+composition+and+its+variability+in+Tunisian+dates+(Phoenix+dactylifera+L.)+at+different+maturity+stages
https://hal.archives-ouvertes.fr/hal-00895469/document
https://hal.archives-ouvertes.fr/hal-00895469/document
https://hal.archives-ouvertes.fr/hal-00895469/document

