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The present pilot study analyzed, for the first time, the in vivo effect of Medjool or Hallawi date
consumption by healthy subjects on serum glucose, lipids, and oxidative stress. Total phenolics
concentration in the Hallawi versus Medjool dates was greater by 20—31%. The major proportion of
the soluble phenolics in both date varieties consisted of phenolic acids, mainly ferulic acid and
coumaric acid derivatives, and also chlorogenic and caffeic acid derivatives. Unlike the Medjool
dates, Hallawi dates contained a significant proportion of catechins as well. In addition, both
varieties contained a quercetin derivative. Both date varieties possess antioxidative properties in
vitro, but the ferric ion reducing antioxidant power of Hallawi versus Medjool dates was higher by
24%. Ten healthy subjects consumed, for a period of 4 weeks 100 g/day of either Medjool or Hallawi
dates. The date consumption did not significantly affect the subjects’ body mass index (BMI), their
serum total cholesterol, or their cholesterol levels in the VLDL, LDL, or HDL fractions. Most
important, fasting serum glucose and triacylglycerol levels were not increased after consumption
of either date variety, and serum triacylglycerol levels even significantly (p < 0.05) decreased, by 8 or
15% after Medjool or Hallawi date consumption, respectively. Basal serum oxidative status was
significantly (p < 0.01) decreased by 33%, as compared to the levels observed before consumption,
after Hallawi (but not Medjool) date consumption. Similarly, the susceptibility of serum to AAPH-
induced lipid peroxidation decreased by 12%, but only after Hallawi date consumption. In agreement
with the above results, serum activity of the HDL-associated antioxidant enzyme paraoxonase
1 (PON1) significantly increased, by 8%, after Hallawi date consumption. It is concluded that
date consumption (and mainly the Hallawi variety) by healthy subjects, despite their high sugar
content, demonstrates beneficial effects on serum triacylglycerol and oxidative stress and does not
worsen serum glucose and lipid/lipoprotein patterns, and thus can be considered an antiatherogenic
nutrient .
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INTRODUCTION

Macrophage cholesterol accumulation and foam cell forma-
tion are the hallmarks of early atherogenesis (), and oxidative
stress has been shown to contribute to the development and
progression of atherosclerosis (2—4). Indeed, low-density lipo-
protein (LDL) can undergo oxidative modification by arterial
macrophages (2), followed by an enhanced cellular uptake in the
arterial wall, resulting in a significant increase in macrophage
cholesterol and oxidized lipids accumulation (2). Flavonoids are
the most potent nutritional antioxidants (5, 6) as they inhibit
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LDL oxidation, secondary to their abilities to scavenge free
radicals and to chelate transition metal ions (7, 8).

Epidemiological studies have demonstrated an association
between increased dietary intake of antioxidants from fruits,
vegetables, tea, and wine, as well as vitamin E and vitamin C,
and reduced morbidity and mortality from coronary artery
disease (9, 10).

We have demonstrated the antiatherogenic beneficial effects
of fruit flavonoids consumption (licorice, grapes, pomegranate,
marula) by atherosclerotic patients and also by healthy
subjects (11—15).

Fruits of the date palm (Phoenix dactylifera L. Arecaceae) are
an important component of the diet in the Middle East and North
Africa. Dates are an ideal high-energy food as they have a high
sugar content. They are also a good source of fibers and minerals,
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such as calcium, iron, magnesium, potassium, and zinc (16, 17).
The date fruit is used in folk medicine for the treatment of various
infectious diseases and cancer (/8), probably as a result of their
immunomodulatory activity (/8), antibacterial capacity (19), and
antifungal property (20). Furthermore, aqueous extracts of dates
were shown to have potent antioxidant activity (27), because they
inhibit in vitro lipid and protein oxidation and possess free radical
scavenging capacity. The above antioxidant activity is attributed
to the wide range of phenolic compounds in the dates including
p-coumaric, ferulic, and sinapic acids and flavonoids including
procyanidins (22, 23). It follows that dates may provide a
significant source of daily dietary antioxidants in regions that
consume significant quantities through traditional diets. On the
other hand, the dates have high very high contents of sugars, which
can potentially increase serum glucose and triacylglycerol levels,
as well as serum oxidative stress and body mass index. However,
no data are presently available on the effects of date consumption
by healthy subjects on their serum glucose, lipids, and oxidative
status. Thus, in the current study we examined, for the first time,
the effect of regular consumption of dates from two varieties
(Medjool and Hallawi) by healthy subjects on serum lipids
profile, fasting blood glucose, and serum antioxidant properties.

MATERIALS AND METHODS

Throughout the study we used the Medjool or Hallawi date
varieties, which were supplied shortly after harvest by HADIK-
LAIM, The Israeli Dates Growers/The Plants Production and
Marketing Board.

Materials. Tannic acid, pyrogallol, catechin, epicatechin, catechin
gallate, epicatechin gallate, gallocatechin, epigallocatechin, gallocatechin
gallate, epigallocatechin gallate, naringin, p-coumaric acid, cinnamic acid,
chlorogenic acid, caffeic acid, hydrocaffeic acid, ferulic acid, sinapic acid,
sodium fluoride, phenyl acetate, thiobarbituric acid, tetramethoxypropane
1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ),
and Folin—Ciocalteu reagent were all purchased from Sigma-Aldrich
Co. 2-Hydroxybenzoic (salicylic) acid, quercetin-3-3-glucoside, ellagic
acid, and vitamin C were purchased from Fluka. 2,2'-Azobis(2-amidino-
propane) hydrochloride (AAPH) was purchased from Wako, Japan.
Acetonitrile HPLC grade was purchased from Merck and phosphoric
acid from Frutarum, Israel. *H-Labeled cholesterol was purchased from
Amersham. Dulbecco’s modified Eagle’s medium (DMEM) and fetal calf
serum (FCS) were purchased from Biological Industries, Beit Haemek,
Israel.

Dates Processing. For the in vivo study both date varieties (Medjool
and Hallawi) were washed with water and dried at 42 °C for 20 min. This
was just a brief drying to remove the surface water after washing.

For water content and dry weight analyses, 10 g samples of thinly sliced
date fruit were arranged in a single layer on drying plates and placed
in a laboratory air-circulating oven (Heraeus Instruments, model UT6,
Germany) set at 60 °C. After 24 h, the plates were weighed twice daily and
removed from the oven after the same weight had been recorded in two
consecutive measurements (up to a total of 48 h, depending on the amount
of fruit and initial water content).

Moisture and dry weight contents were calculated as follows:

__ initial wt — final wt "

water content (%) = —————————x 100
initial wt
final wt
dry wt (DW, %) = —= ™ o 100
initial wt

Date Mineral Analysis. Mineral content of date fruit tissue samples
was analyzed by the analytical chemistry laboratory of the southern Arava
Research and Development, a facility for plant, soil, and water chemical
analysis certified by the Israeli Ministry of Agriculture Extension Service.
Sodium, potassium, calcium, and magnesium were measured in oven-
dried tissue digested to clarity with hot concentrated sulfuric acid (H,SOy)
and hydrogen peroxide (H,O,, 30%). For iron, zinc, and manganese
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Figure 1. Typical HPLC chromatogram for Medjool date sugars. Date
sugars were extracted with 80% ethanol, separated on a cation exchange
column with DDW as the mobile phase, and detected with a refractive index
(RYI) detector.

measurements, ash was prepared from oven-dried fruit tissue (5 h at 550 °C
in a laboratory furnace, BIFA Laboratory Furnaces, model MS8-36) and
digested to clarity with 6 N hydrochloric acid (HCI). Sodium and
potassium were measured with a flame photometer (JENWAY, PFP7);
calcium, magnesium, iron, zinc, and manganese were analyzed with an
atomic absorption spectrometer (Perkin-Elmer, 3100).

Date Fiber Content. The fruit samples were analyzed for the content
of nutritional fiber according to AOAC (Association of Official Analytical
Chemists) Official Method 985.29, “Total Dietary Fiber in Foods—
Enzymatic—Gravimetric Method”. The analysis was carried out by Bacto-
chem Ltd., Ness Ziona, Israel (laboratory for food and beverage chemical
analysis accredited by the Israel Laboratory Accreditation Authority).

High-Pressure Liquid Chromatography (HPLC) Sugar Analy-
sis. The protocol of Palevsky et al. (24) was employed. Mono- and
disaccharides were extracted with ethanol from whole date fruit tissue
(1:10 w/v at a final concentration of 80% ethanol). After centrifugation,
the supernatant was filtered and the clear filtrate was dried under a stream
of nitrogen. The dry pellet was dissolved in double-distilled water and kept
at —20 °C until further analysis. The individual sugars were separated by
HPLC using a Merck Hitachi LaChrom system composed of a pump
L7100, column oven L7350 (set at 90 °C), and manual injector Rheodyne
and equipped with a cation exchange column and precolumn (Merck,
Polysphere CH CA) and a refractive index (RI) detector (Merck,
LaChrom, L-7490). The mobile phase consisted of column-filtered water
further distilled by a Corning Megapure System, MP-6A, and passed
through a 0.20 um nylon membrane. Highly pure sucrose, glucose, and
fructose (HPLC grade, Sigma Chemical Co.) served as standards.

To measure sugar quantity, a four-point concentration—peak area
calibration curve was constructed for each standard in the concentration
range of 2—24 mg/mL. Date sugar solutions were diluted until values were
within the calibration curve. Measurements were repeated four times
for each sample.

A typical sugars HPLC chromatogram is shown in Figure 1.

Total Soluble Phenolics Content. Total soluble phenolics content
(in tannic acid equivalents, or pyrogallol equivalents, mg/kg) was measured
in methanolic extracts of whole fruit tissue samples. Fruit was sliced and
thoroughly homogenized for 20 min on ice in double-distilled water
(DDW, 1:2, w/v). The homogenized tissue was extracted in 80% methanol
supplemented with 2 mmol/L sodium fluoride, at a ratio of 1:2 (w/v). After
centrifugation (10000 rpm for 10 min at 4 °C, Sorvall Instruments RC5C,
rotor no. SS-34), the clear supernatant was diluted with DDW (1:1, v/v)
and the total phenolics were measured colorimetrically using Fo-
lin—Ciocalteu 2 N phenol reagent (25). Aliquots of 100 uL were added to
900 uL of reaction solution consisting of 200 uL of freshly prepared 10-fold
diluted Folin—Ciocalteu reagent, 100 4L of Na,CO3, and 600 uL of DDW.
Tannic acid or pyrogallol was used for the calibration curve (0—100 ug
mL™"). The absorbance at 765 nm was measured after 1 h of incubation, and
the results, after subtraction of the contribution of glucose and fructose from
the readings, were expressed in tannic acid or pyrogallol equivalents.
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HPLC Partial Analysis of Soluble Phenolics in Date Fruit. Five
grams of minced date fruit was homogenized with 10 mL of 80% methanol
supplemented with 2 mmol/L NaF. The suspension was centrifuged
(15000 rpm for 10 min at 4 °C, using Sorvall Instruments RC5C and
rotor no. SS-34), and the supernatant was filtered through a 0.45 um filter
before injection. Samples of 20 uL. were analyzed using the LaChrom
Merck Hitachi HPLC system, consisting of pump L7100, column oven
L7350, mixer—degasser L-7614, and manual injector Rheodyne, coupled
with a diode array detector (DAD) with 3D feature (Multiwavelength
Detector, Jasco MD-2010 Plus), interface (Jasco LC-Net 1I/ADC), and
scientific software (EZChrom Elite Client/Server version 3.1.6 build
3.1.6.2433) that provides data acquisition in real time and post run data
manipulation and integration facilities. An end-capped PurospherStar
RP-18 column (250 x 4 mm LichroCART cartridge, 5 um particle size)
with an end-capped Lichrospherl00 RP-18 guard column (4 x 4 mm
LichroCART cartridge, 5 um particle size) was used. The binary mobile
phase consisted of phosphoric acid (0.1%, pH 2.4) (solution A) and
acetonitrile (solution B). The system was run with the following gradient
program: during the first S min, 85% solution A and 15% solution B; from
5 to 15 min, linear gradient of 85—0% solution A and 15—100% solution
B; from 15 to 20 min, 100% solution B. A 10 min post run at initial
conditions was carried out for column equilibration. Every run was
monitored in real time by three display modes simultaneously: contour
plot, chromatogram display at a chosen wavelength (usually 280 nm), and
UV spectra. The oven temperature was set at 40 °C, and the pressure was
169 atm. Acetonitrile was of HPLC grade (LiChrosolv Merck); column-
filtered water was further distilled by a Corning Megapure System,
MP-6A, and passed through a 0.20 um nylon membrane. Phosphoric
acid and NaF were of analytical grade. A phenolics standard library was
constructed as follows: Each standard (50—100 ug/mL methanol) was
injected separately, and the data acquired by the photodiode array
detector with the 3D feature were incorporated into the system phenolic
standard library. The library was constructed from the following pheno-
lics: catechin; epicatechin; catechin gallate; epicatechin gallate; gallocate-
chin; epigallocatechin; gallocatechin gallate; epigallocatechin gallate;
naringin; p-coumaric, cinnamic, chlorogenic, caffeic, hydrocaffeic, ferulic,
sinapic, and tannic acid; 2-hydroxybenzoic (salicylic) acid; quercetin-3-£-
glucoside; and ellagic acid. Peak identification was performed by the
software. Each peak was tested for purity by a three-point purity test and
for similarity by a library search comparing the peak spectrum to that of
the standards. A high similarity index and a common retention time with
the standard are considered to be positive identification; a similar UV—vis
absorption spectrum but a different retention time is considered to be a
partial identification (e.g., derivative of the phenolic compound with the
similar absorption spectrum). The software also calculates the peak area
and the wavelengths of absorption maximum and minimum.

Date Free Radical Scavenging Capacity (DPPH Assay). DPPH is
a radical-generating substance widely used to monitor the free radical
scavenging abilities of various antioxidants (26). To analyze the free
radical scavenging capacity of Medjool or Hallawi dates, similar volumes
(0.2 mL) of the date methanolic extract (prepared as described above) were
mixed with 1 mL of 0.1 mmol of DPPH/L in ethanol. The time course for
the change in optical density at 517 nm was kinetically monitored for up to
320s.

Date Ferric Reducing Antioxidant Power (FRAP). FRAP was
measured by the colorimetric test originally developed to assess the FRAP
of plasma (27). Clear methanolic extract was prepared as described earlier.
Fifty microliters was added to 950 uL of freshly prepared FRAP working
solution [50 mL of 300 mmol/L acetate buffer + 5 mL of 10 mmol/L 2,4,6-
tripyridyl-s-triazine (TPTZ) + 5 mL of 20 mmol/L ferric chloride] in a
37 °C water bath. Absorbance at 593 nm was measured after 4 min.
Vitamin C was used for the calibration curve (0—100 g mL™"), and the
results were expressed in terms of vitamin C equivalents.

Subjects. Ten healthy subjects participated in the study (mean age =
36 £ 9 years, nonsmokers). The subjects consumed 100 g/day of Medjool
variety dates for 4 weeks followed by a “washout” period of 4 weeks.
At the end of the washout period, the same subjects consumed 100 g/day of
Hallawi variety dates for an additional 4 weeks. Blood samples were
collected before and after Medjool date consumption and before and after
Hallawi date consumption. All blood samples were drawn between 7:00—
and 8:00 a.m. after an overnight fast. Other measurements including body

Rock et al.
Table 1. Chemical Composition of Dates (Medjool vs Hallawi)?
chemical composition Medjool dates Hallawi dates
moisture” 2743 1942
potassium® 539 + 54 525 + 53
magnesium® 5045 7547
calcium® 54 +5 50£5
iron® 0.83 4+ 0.08 1.14 +0.11
zinc® 0.58 + 0.06 0.61 £ 0.06
manganese® 0.36 + 0.04 0.50 + 0.05
sugars® 66400 + 660 73600 + 712
glucose® 32669 + 295 37168 + 327
fructose® 33731 + 301 36432 + 360
sucrose’ 2208 + 18
fibers® 7900 £ 72 7000 =+ 65

@Sodium concentration was below detection. °Results are given as g/100 g.
°Results are given as mg/100 g.

mass index (BMI), blood pressure, and liver and kidney function were
performed at the same time intervals. The trial was conducted from
September 2008 to January 2009. There was no possible seasonal change in
the composition of the subject diets or habits, as the participants were
directed not to perform any changes in their regular standard diet during
the study. No change in systolic and diastolic blood pressure or in liver and
kidney function during the study was noted (data not shown). All dates
were stored during the study in home refrigerators (4 °C).

Serum Glucose and Lipids. Serum glucose was measured using an
automated enzymatic UV hexokinase test (OSR 6521 Olympus). Total
serum cholesterol was measured using an automated enzymatic color test
(OSR 6516 Olympus). Serum HDL-cholesterol was measured using an
automated enzymatic color test (OSR 6587 Olympus). Serum triacylgly-
cerol was measured using an automated enzymatic color test (ORS 61118
Olympus). Serum LDL or VLDL levels were calculated. VLDL-cholester-
ol is calculated by dividing triacylglycerol by 5. LDL-cholesterol is
calculated by subtracting (VLDL-cholesterol + HDL-cholesterol) from
total cholesterol.

Serum Lipid Peroxidation. Basal serum oxidative status was deter-
mined by the thiobarbituric acid reactive substances (TBARS) assay, using
tetramethoxypropane for the standard curve (28). For AAPH-induced
serum lipid peroxidation, the serum samples were diluted x4 with
phosphate-buffered saline (PBS) and were incubated with 100 mmol/L
AAPH for2h at 37°C (29). The extent of lipid peroxidation was measured
by the TBARS assay (28) or by the lipid peroxides assay (30).

FRAP. Thirty microliters of serum was mixed with 90 uL of H,O.
Freshly prepared FRAP reagent (900 uL) was warmed to 37 °C and added
to the diluted samples. Absorbance readings were taken at zero time and
after 4 min of incubation. Blank (120 uL of H,0) and Fe'' standard
solutions were tested in parallel (27).

Serum Paraoxonase 1 (PON1) Arylesterase Activity. Serum
arylesterase activity was measured using phenyl acetate as the sub-
strate (37). Initial rates of hydrolysis were determined spectrophotome-
trically at 270 nm. The assay mixture included 5 uL of serum, 1.0 mmol/L
phenyl acetate, and 0.9 mmol/L CaCl, in 20 mmol/L Tris-HCI, pH 8.0.
Nonenzymatic hydrolysis of phenyl acetate was subtracted from the total
rate of hydrolysis. The Exy, for the reactionis 1310 M~ cm™". One unit of
arylesterase activity is equal to 1 umol of phenyl acetate hydrolyzed per
minute per milliliter.

Statistics. One-way ANOVA and Tukey post hoc means comparison
tests were used to detect an overall effect of date consumption and to
underscore the interactions (date variety x date consumption). The
software used for this statistical analysis was Microsoft Excel multiple
comparisons. Results are given as mean + standard error of the mean
(SEM).

RESULTS

In Vitro Studies. Chemical Composition of Medjool and Hal-
lawi Date Varieties. The Medjool dates contained 27% water and
73% dry material, whereas the Hallawi dates contained 19%
water and 81% dry material (Table 1). The chemical compo-
sitions of the dates employed in the study are shown in Table 1.
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Figure 2. Phenolics composition of Medjool or Hallawi date variety as found by HPLC analysis of methanolic extracts of Medjool (A, B) and Hallawi (C, D)
dates soluble phenolics performed as described under Materials and Methods: (A) representative chromatogram of all phenolics analysis of Medjool dates at
280 nm; (B) representative chromatogram of phenolic acids analysis of Medjool dates at 325 nm; (C) representative chromatogram of all phenolics analysis of
Hallawi dates at 280 nm; (D) representative chromatogram of phenolic acids analysis of Hallawi dates at 325 nm. Peaks: M and H denote Medjool and Hallawi,
respectively; M1 and H1, catechin derivative; H2, catechin derivative; M2 and H3, chlorogenic acid derivative; H4, catechin derivative; H5, caffeic acid
derivative, M3, caffeic acid; H6, epicatechin derivative; M4 and H7, coumaric acid derivative; M5 and H8, ferulic acid; M6 and H9, quercetin derivative.

mV represents millivolts.

Both date varieties are very rich in sugars, with similar concen-
trations of glucose and fructose. The Hallawi dates contain also a
small amount of sucrose. Furthermore, they are rich in potas-
sium, magnesium, and fibers (Table 1).

Phenolics Composition of Medjool or Hallawi Date Vari-
ety. Total phenolics concentration in the Hallawi dates versus
Medjool date variety was significantly greater by 20% when
measured as pyrogallol equivalents (619 £ 50 vs 517 + 45 mg/kg,
respectively). Similarly, total phenolics concentration in the
Hallawi date versus Medjool date variety was significantly greater
by 31% also when measured as tannic acid equivalents (1001 £
70 vs 763 + 45 mg/kg, respectively). Methanolic extracts of the
Medjool or Hallawi date fruit were analyzed by HPLC to
tentatively identify specific phenolics. Typical chromatograms
of the original date extract at 280 (Figure 2A,C) and at 325 nm
(Figure 2B,D) are presented. Comparable chromatograms were
obtained with 2- and 3-fold dilutions of the extracts. The reten-
tion times in different runs varied within 0.05 min (RSD of
0.4—1.7%); peak area variation was within 0.5—3.5% (RSD).

On the basis of the standard library, constructed and utilized as
described under Materials and Methods, the compounds corre-
sponding to the major chromatogram peaks were tentatively
identified or partially identified. The two date varieties differed
considerably in their phenolics composition as revealed by the
HPLC chromatograms; in the Medjool fruit mostly phenolic
acids were detected, whereas in the Hallawi date chromatogram
both phenolic acids and catechin derivatives were detected.
In both varieties, the major phenolic acid was ferulic acid
(peaks M5 and H8 in the chromatograms of Medjool and
Hallawi, respectively). In addition, significant amounts of chloro-
genic (peaks M2, H3), caffeic acid derivative (Hallawi) or caffeic
acid (Medjool) (peaks M3 and H5), and coumaric acid deri-
vatives (peaks M4 and H7) were detected. Unlike the Medjool
date, the Hallawi fruit also contained a catechin derivative
(peak H1) as a major component. Other catechin derivatives
(peaks H2, H4, and H6) were also detected in the Hallawi
cultivar. In both date varieties quercetin derivative was detected
(M6 and H9).
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Figure 3. Antioxidative properties of Medjool or Hallawi date varieties: (A)
free radical scavenging capacity of the date varieties determined using 0.1
mmol/L DPPH, as described under Materials and Methods [tannic acid or
caffeic acid (0.01 mg/mL) was used for comparison; DPPH in the presence
of 80% methanol served as the control; one representative experiment of
three is shown]; (B) FRAP determined as described under Materials and
Methods. Results are given as mean £ SEM of three different measure-
ments.

Antioxidative Properties of the Medjool or Hallawi Date
Variety. The antioxidative properties of both date varieties were
first analyzed by their abilities to scavenge free radicals and to
reduce ferric ions. Both the Medjool and Hallawi dates (0.01 mg/
mL) demonstrated a potent antioxidant capability, as they both
similarly decreased the absorbance of DPPH at 517 nm after
5.5 min of incubation by 44 or 39%, respectively (Figure 3A). For
comparison, tannic or caffeic acids (0.01 mg/mL) decreased the
DPPH absorbance by 21 or 39%, respectively (Figure 3A). Both
date varieties were shown also to be potent antioxidants in the
FRAP assay, but the Hallawi date antioxidant activity was greater
by 24% as compared to the Medjool date FRAP (Figure 3B).

In Vivo Studies. Because the dates have, on the one hand, a high
sugar content (which can possibly increase serum glucose and
triacylglycerol levels, as well as enhance serum oxidative stress)
but, on the other hand, possess in vitro antioxidative properties,
we questioned the dates’ in vivo effects on healthy subjects. In the
present study, the effects of Medjool or Hallawi date consump-
tion for 4 weeks, on serum glucose, lipid profile, and oxidative
stress, were determined.

(a) Effect of Medjool or Hallawi Date Consumption by
Healthy Subjects on Serum Lipids and Glucose Concentra-
tions. BMI values were similar before and after 4 weeks of either
Medjool or Hallawi dates consumption, despite the high calorie
intake from these dates (Table 2). No significant changes in serum
total cholesterol, LDL-cholesterol, or HDL-cholesterol could be

Rock et al.
Table 2. Effect of Medjool or Hallawi Date Consumption by Healthy Subjects
on Their BMI and on Serum Cholesterol and Lipoprotein Patterns®

total VLDL- LDL- HDL-
date BMI  cholesterol  cholesterol  cholesterol  cholesterol

18.4+20 12246 54 £5
17.0+1.8 124 +7 54+3
202428 12544 5643
172+18 123+7 59+4

Medjool, before  24+1 194+8
Medjool,after 24 +1 20010
Hallawi, before  24+1 191+ 9
Hallawi, after 24+1 195413

“Data represent the results obtained before or after consumption of 100 g/day of
dates for a period of 4 weeks. BMI, body mass index is given as (kg/m?). Results for
serum lipids are given in mg/dL, as mean + SEM (n = 10).
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Figure 4. Effect of Medjool or Hallawi date consumption by healthy
subjects on serum triacylglycerol and glucose levels: (A) serum triacylgly-
cerol or (B) serum glucose levels measured as described under Materials
and Methods. Results are given as mean £ SEM (n = 10). xx, p < 0.05
after Hallawi date consumption versus before consumption.

noted after Medjool or Hallawi date consumption (Table 2).
Serum triacylglycerol levels did not increase after 4 weeks of date
consumption, but in fact decreased significantly (by 15%) with
Hallawi dates (Figure 4A). Although the results did not reach
significance at p < 0.05, the VLDL-cholesterol levels tended to be
reduced after consumption of Medjool or Hallawi dates (by 8 or
15%, respectively, 0.1 > p > 0.05, Table 2). Furthermore, and
most important, serum glucose levels did not significantly in-
crease after 4 weeks of Medjool or Hallawi date consumption
(Figure 4B).

(b) Effect of Medjool or Hallawi Date Consumption by
Healthy Subjects on Serum Oxidative Stress. The basal serum
oxidative status as measured by the TBARS assay was not
significantly affected after 4 weeks of Medjool date consumption
(Figure 5A). In contrast, 4 weeks of Hallawi date consumption
resulted in a significant decrement in serum basal oxidative status,
by 33%, as compared to the TBARS levels before Hallawi date
consumption (Figure 5A). The susceptibility of serum to AAPH-
induced serum lipid peroxidation, as measured by the TBARS
(Figure 5B) or lipid peroxides assay (Figure 5C) was not affected
by Medjool date consumption. In contrast, 4 weeks of Hallawi
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Figure 5. Effect of Medjool or Hallawi date consumption by healthy
subjects on serum oxidative stress: (A) basal serum oxidative status
analyzed by TBARS assay: (B, C) AAPH-induced serum lipid peroxidation
analyzed by TBARS assay (B) or by lipid peroxides assay (C). Results are
given as mean & SEM (n=10). %, p< 0.01 after Hallawi date consumption
versus before consumption. s, p < 0.05 after Hallawi date consumption
versus before consumption.

date consumption resulted in a significant decrement not only in
basal serum oxidation (Figure 5A) but also in AAPH-induced
serum lipid peroxidation by 13 or 11%, as measured by the
TBARS (Figure 5B) or lipid peroxides (Figure SC) assay, as
compared to the levels obtained before date consumption.

(¢) Effect of Medjool or Hallawi Date Consumption by
Healthy Subjects on Serum Antioxidants. PONI is an HDL-
associated enzyme, which was shown to protect serum lipopro-
teins from oxidation (32). Thus, we analyzed the effect of the
consumption of the two date varieties on serum PONI activity. In
accordance with the results obtained for serum oxidation, serum
PONT arylesterase activity was not affected by Medjool date
consumption (Figure 6A), whereas Hallawi date consumption
resulted in a significant increase, by 8%, in PONI arylesterase
activity, as compared to its activity before date consumption
(Figure 6A). The FRAP of serum samples, however, was not
affected either by Medjool date consumption or by Hallawi date
consumption (Figure 6B).

DISCUSSION

In the current study we have demonstrated, for the first time,
that date (Medjool or Hallawi variety) consumption by healthy
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Figure 6. Effect of Medjool or Hallawi date consumption by healthy
subjects on serum antioxidant capacity: (A) serum PON1 arylesterase
activity or (B) serum FRAP determined as described under Materials and
Methods. Results are given as mean 4 SEM (n = 10). x, p < 0.01 after
Hallawi date consumption versus before consumption.

subjects decreased serum triacylglycerol levels and that Hallawi
date consumption also significantly reduced serum basal oxida-
tive stress and increased PONI1 activity. Neither date variety
worsened serum glucose or lipoprotein patterns.

There are several studies, all performed in vitro, which demon-
strate that dates possess antioxidant properties (27, 23). The
current study also demonstrated that the Medjool and Hallawi
date varieties possess FRAP and the ability to scavenge free
radicals. The antioxidant activity of dates could be attributed
to the wide range of phenolic compounds in dates, which
include p-coumaric, ferulic, and sinapic acids, flavonoids, and
procyanidins (22, 23). Indeed, in the current study, a partial
HPLC analysis revealed that in Medjool dates, as well as in
Hallawi dates, major soluble phenolics were ferulic acid and
coumaric acid derivatives. In Hallawi dates, other significant
components were catechin derivatives. In addition, in both date
varieties chlorogenic and caffeic acid, as well as quercetin deri-
vatives, were detected. It should be noted also that the date
antioxidative properties could be also partially attributed to some
unique sugars that were shown to be present in dates (22, 33).
Indeed, it was shown that the sugar fraction isolated from dates
had the highest FRAP activity, as compared to other known
refined sugars (33). Similarly, we have demonstrated that specific
sugars in pomegranate juice, unlike grape sugars, can significantly
decrease macrophages oxidative stress (34).

Consumption of Hallawi dates, but not of Medjool dates, by
healthy subjects decreased basal serum oxidative stress, as well as
the susceptibility of serum to AAPH-induced oxidation. The
higher antioxidative properties of Hallawi versus Medjool dates
in vivo could be related to the total phenolics concentration,
which was higher in the Hallawi dates, and to the higher FRAP of
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Hallawi dates versus Medjool dates. Furthermore, only the
Hallawi dates (but not the Medjool dates) contain catechins,
which are potent antioxidants. Another possibility is different
absorption, metabolism, and bioactivity of the different phenolic
compounds in the two varieties. In line with the above results,
only Hallawi date consumption increased serum HDL-associated
PONIT activity. PON1 was shown indeed to protect lipoproteins
from oxidation (32, 6). Furthermore, serum PONI is inactivated
under oxidative stress (35), and dietary antioxidants were shown
to preserve its activity (36), as indeed was observed in the present
study for the Hallawi dates that decreased serum oxidative stress
and preserved serum PONT activity.

Although consumption of the dates by healthy subjects can
increase postprandial serum glucose concentration, it had no
significant effect on fasting serum glucose levels. The decrement
in serum triacylglycerol levels by both date varieties could be
attributed, at least in part, to their high fiber concentration, as
indeed it was shown that date waste dietary fibers decreased
serum triacylglycerol levels in rats (37). Most of the date fibers are
insoluble, and these fibers can easily bind to triacylglycerol in the
intestine, followed by their secretion (38). High-fiber diets are
recommended for diabetic and hypertriglyceridemic patients (39)
and for reduction in the risk for cardiovascular diseases (40).

These latter observations could be related to the fact that serum
cholesterol levels were not significantly affected by the consump-
tion of either date variety and because the reductions in serum
triacylglycerol levels and in serum oxidative stress were all
relatively small over the month of date consumption.

We thus conclude that date consumption (and especially the
Hallawi variety) by healthy subjects possesses beneficial anti-
atherogenic effects, as demonstrated by reduced serum triacyl-
glycerol levels and oxidative status, and that date consumption
does not worsen serum glucose levels.

ABBREVIATIONS USED

HPLC, high-pressure liquid chromatograph; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; VLDL, very
low density lipoprotein; BMI, body mass index; TBARS, thio-
barbituric acid reactive substances; AAPH, 2,2'-azobis
(2-amidinopropane) hydrochloride; FRAP, ferric reducing anti-
oxidant power; DPPH, 1,1-diphenyl-2-picrylhydrazyl; PONI,
paraoxonase 1; SEM, standard error of the mean; DDW,
double-distilled water; DMEM, Dulbecco’s modified Eagle’s
medium; FCS, fetal calf serum.
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