
The composition and properties of date proteins 

Pmleins from various date cullivars were isolated by extraction with phosphate 
buffered saline (PBS) and were analyzed by sodium do&-y1 sulphatc-polyacv 
lamide gel ekctrophorcsir (SDS-PAGE). Dates COfltaid a number of proteins 
with mokcular weighis ranging from 120&l to 72CW. Although there were 
minor prolein bands. most date cuhivars conlaincd Iwo prominent bands 
appearing at MWD and 72ooO. Upon isoelectric focusing on thin-layer poly. 
acrylamide glels. date proteins were resolved into five or six bands in the pH 
range of4,IS-5.85. Sequential extraction of date pulps, first with waler and lacer 
with PBS, showed that most date proteins were water-soluble albumins. When 
~lte kinetics of protein accumulation were studied, it was observed that early 
green dates contained very little protein. There was a rapid increase in the pro- 
mein content and also in the numbr of protein components at a later stage in 
maturation. Dates from the countries of the Middle East such as Saudi Arabia, 
Oman and Iran were similar in their protein profiles as they contained similar 
wmpkx mixtures of proteins in the mokcular weight range of 12tXHL72G00. 
A date vatity from the USA had very little protein and ah a simple protein 
profile with one major hand appearing at 30000. Amino acid analysis revealed 
that dates, irrespective of their cultivars. contained all the essential amino acids. 
There proteins were rich in acidic amino acids and poor id su[phur.containing 
amino acids such as melhionine and cysteine. 

INTRODUCI-ION 

Date palm (f%oe& docrylisero) is considered to be one 
of the oldesl cultivatable crops, being extensively grown in 
northern Africa, lhe Arabii Peninsula and Iran (Janick, 
1977). It is also cultivated in the arid and semi-arid areas 
of the south-western US. The date is a one-seeded fruit, 
usuallyobtongIthasbeenthesraplef~andchief~ 
of wealth in the irrigable desert from ancient times. It is 
very high in carbohydrate content (60% of dry weight), 
but also contains proteins (about 2%] and traces of fats 
(Pennington, 1989). Despite the presence of a small 
amount of protein, the date is rkher than most other 
fruits in protein (Pennington. 1989). Although the date 
is a popular human food, very little is known about the 
composition and proper& of date proteins. There are 
several date varieties. The present investigation was ini- 
tiated IO analyse the protein compositions of dates 
obtained from various eultivars. Although primarily 
examining several date varieties cultivated in Oman, we 
have also included in the study dates grown in other 
countries such as Saudi Arabia, Iran and the USA. 

CTo whom correspondence should be addressed. 

MATERIALS AND METHODS 

lsolatlon of date pro(eins 

Mature dates were collected dir&y from various botani- 
cally identiiied date palm trees cultivated in the Sultanate 
of Oman. Unless otherwise stated, proteins were isolated 
from mature dates by extraction with phosphate-buffered 
saline (PBS, pH 7.4). Briefly, date pulps (IOOg). obtained 
by removing seeds, were crushed in a Waring blendor 
with PBS (200 ml) containing 0~01% sodium azide. The 
mixture was stirred at 4°C for 20 h and centrifuged at 
ZOO00 rpm in a Beckman J-21 high-speed refrigerati 
centrifuge. Afterwards the supem;ttant was collected and 
analysed for proteins and carbohydrates. 

Sodium dorlecylamlphrt+pulyacrylamide gel 
el&r@ur& (SDS-PAGE) 

Unless otherwise stated, proteins were analysed on 
polyaqlamide gels (lo”/&, w/v, I mm) using the disxmtin- 
uous bulfer system of King and Laemmli (1971). Protein 
bands were visualised by staining with either Conmassie 
Brilliant Blue R-250 or alkaline silver nitrate (Kabir, 
1986). 

441 



442 I. S. A. Ahed. K. N. Al-Glruribi, A. S. hr. S. Kahir 

IsaeW foeus@ (IEF) 

High-perhxrntince anal@ical isxlccl:ie foeusisg was 
performed in 0~5mm thin-layer polyacrylamidc gels 
using a pH grad& of 4.0-65. Ultra-thin gels were 
cast bclween glass plates scpardled by a rubber gasket 
(O-5mm Ihickncssl. The solutions for gel polymerisa- 
tion were prepared as follows: (a) acrylamide (29.1 g) 
made upto ItlOml. (b) bisxrylamide (0.9g) made upto 
lOOmI in water, (c) ammonium persulphatc (IOOmg) 
dissolved in I ml of water. Acrylamidc solution (3-5 ml) 
was mixed with hisacrylamidc (3.5 ml). ampbolinc (I.5 
ml). ammonium penulphatc t0.15ml. IO% w/v). waIcr 
(12.35mll and TEMED (?Op!). Polymcrisation was 
complete in 2h. IEF was pcrformcd on a fln1 bed 
(LKB. Sweden) cooled to 5°C. The anode and the cuth- 
ode wicks were saluratcd with CH,CODH (0.5s~) and 
NaOH iO.S%I). respe&cly. and proteins wcrc focused 
at a conslant power of 25 W for a period 120 min. 

Amino acid adysis 

Date prorcins. obaincd by exxtructing date pulps with 
PBS. were hydrolyscd with conccnIratcd HCI 16~) at 
IlU”C for 24 h and anulysed by u Beckman 73uO high 
performance amino ucid analyser wiIh inIcgntor Bcck- 
man 7tMO data syslem. 

MiseeRaaeaus dalermiaalions 

Proteins were quantitatcd by the Bio-Kud’s protein 
assay ki1 following Ihc proccdurc of Bradford ( 197hl. 
Carbohydrates were quantitatcd by the phenol- sul- 
phuric acid mc1hod (Dubois cl al.. 19Shl. 

RESliLTS 

Protein composition 

In this invcsligation WC have used nine different v;lri- 
ctics of dates (Fardh. Bunuringa. Khsub. Khuneiry. 
Zabad. Hilali. Khalas. Bdrneh and Handhal) popularly 
cousurucd in Oman. Proteins wcrc isolated by exIr~cI- 
ing crushed date pulps with PBS. Although these 

Tat& 1. Carbohydrate sad protein contenls of various date 
rarletl& 

-..--- _.- 

Date variety Carboh+ide (mgml) Pralcin tmpml) 

Bunaringa 1x5 I a3 

hllCb 157 llY3 
Fardh 155 I 14 
Kh:llZ I71 IO 
Khdsab 145 882 
Khunuizy 113 0.62 
Handhal 143 u-79 
Hilali I60 0.73 
Zabad 206 I.07 

“PBS extracts or due pulps K’CA analysed for carbohydrate 
and protein comcnts = deescribed in rhe text. 

extracts were rich in carbohydrates. they also contained 
signilicant amounts of proteins (Table 1). 

Date proieinr from dilferent varieties were analysed 
by SDS-PAGE under reducing conditions. bands being 
visualised by staining with Coomassie Brilliant Blue 
R-250 and alkaline silver nitrate. A few bands were 
&tee&l when gels were stained with Coomassie Brilliant 
Blue R-250 (Fig. I(a)). Most dates contained promi- 
nent protein bands in two regions of molecular weights. 
one appearing around 72000 and the other at 30000. 
There were variations in intensities among these pro- 
tein bands. Tbc protein band at 72 000 was prominent 
wirh dates from cultivars such as Barnch. Bunaringa. 
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Fig. I. Analysis or PBS-soluble date proteins on a 16% poly- 
aurylamidc gel by SDS-PAGE under reducing conditions 
aceordiug to the procedure of King and Laemmli (1971). la) 
B;lnds were visualized by staining with Coomassie Brillianl 
Blue R-25@ The positions of various date varieties are (1) 
Bdrneh. I?) Buntringa. 131 Furdh. 14) Khakis. (5) Kharab. (6) 
Khuneiiry. (7) Hilali. and (8) Zabad. lb) Bands were visu. 
alised by sraining with alkaline silver nirraie (Kabir. 1986). 
The positions of various date varieties arc (I) Barneh. (2) 
Bunaringa. (3) Fardh. 14) Khalas. (5) Khdsab. (6) Khuneiq. 
(7) Handahl. (8) Nilali. and (9) &bad. The positions of stan- 
dard proteins such as bovine serum albumin (BSA. 67kDa). 
ovalbumin (OVA. 43 kDd). chymotryprinogen (25 kDa) and 

ribonuclease A I I4 kDal are r-ted by arrows. 



Fardh. Kbasab and Zabad. In some dare varieties. such 
as llunaringa. Khalas and Hibdly. the protein band 
around 30000 was prominent. When stained with the 
more sensitive alkaline silver nitrate. several additional 
bands were detected (Fig. I(b)). While Coomaasie Bril- 
liant Blue R-2M did not stain any protein band below 
the mokculrr weight range of 25C4Xl. in most date 
varieties, a few protein bands at molecular weights lower 
Ihan 2.5000 were visualized upon staining with silver 
nitrate (Fig. I(b)). In addition, bands also appcarcd in 
the molecular weight range of45 ooO~67 Mx). 

Extraction of dales with wioctr ageats 

Albumins and globulins npresenl Iwo major classes of 
proteins. Albumins arc soluble in water whik globulins 
are soluble in salt solutions (Smith [*I ul.. 1983). To 
determine the amounts of albumins and globulins. dale 
pulps from Bunaringa variety were sequentially 
extracted with water and PBS. Mosl dete proteins were 
albumin in nature as these wcrc soluble in water. When 
residues obtained after extraction with water wcrc 
a-extracted with PBS. hardly anv protein band was 
detected by SDS-PAGE. 

Chaotropic agents. such as urea and guanidine-HCI. 
cxlrdctcd significant amOUntS of date proteins (BUIIaringa 
variety). the amounts bring 0.96 mg/ml and I.56 mgIml. 
respectively. The SDS-PAGE protein profiles of thcsc 
Lwo cxtracls were similar to that obtained by extraction 
with waler. 

lswkctrlc properties of date proteins 

To study charge properlics. date proteins from nine 
cultivars were subjected to isuelec~ric focusing on ultra- 
thin polyacrylamidc gels in the pH range 665. There 
were similarities in the IEF pattern as approximately 
five IO six bands in the pH range of 4.15-5.15 were 
detected in all thcsc date prolcins (Fig. 2). 
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Fb. 2. Analysis ofdate proteins from various types by i&w- 
Iris focusing (IEFI on a uhm.thin layer (@Smm) polyacry- 
lamide gci using a pH grddient of 464 Positions of date 
varietkr: (I I Khalas. (?I Bunartnpa. (3) &bad. (4) Barnrh. (5) 
Kbalas. (6) Hilali. (7) Khan&y. (8) Handahl. and (9) Fardh. 

Aceumttlation of date pteins at various stam of growth 

To determine the kinetics of accumulation of proleins. 
dates from one variety (Khalas) were harvested from 
the tree at different stages of growth (Fig. 3(a)). Very 
early fruit was deep green in colour and did not con- 
tain any detectable amount of protein (stage I). All 
subsequent harvests were obtained at a regular interval 
of 2 weeks (stages Z-5). AI the stage 2. the fruit was 
light green in colour and only two narrowly speed 
$int protein bands in the molecular weight range of 
ISOOt-l7GUO were observed (Fig. 3(b))* At the slap 3, 
these two bands became very prominent and afterwards 
these bands became fainter although fruits were visibly 
becoming more mature. turning in colour to bright yet” 
low (stage 4). No other protein band was visible at this 
stage. However, within the next 2 weeks. there was a 
rapid accumulalion of proteins as dates became semi- 
ripe and a large number of proteins were detected 
(stage 5). Two bands around 240&l and 3OCOO were 
very prominent. In addition. several less prominent 
bands appeared in the mOkCUkdr weight range 
XtXQ-72000. Bands at 14000-17000. previously 
prominent al the stage 3. became very faint. 

Amino acid composilior& 

All the essential amino acids required for human nutri- 
tion (lie. Lcu. Lys. Met. Cys, Phe, Tyr, Thr and Val) 
were present in sign&am amounts in all the nine varieties 
of Omani dates studied (Tdbk 2). 

Protein profiles of dater obtrined fmm differcat 
geographic regions 

Apart from Oman. mature dates were also collected 
from countriss such as Saudi Arabia. Iran and USA 
{California). While the amounts of PBS-soluble proteins 
in da& from Oman (I.1 m@Il). Iran (l.,?mglml) and 
Saudi Arabia (1,3mg/ml) were rather similar. the mature 
dates from one California variety contained much less 
protein (@13mg/m)). SDS-PAGE ShOWed that, apart 
from minor variations, there were overall similarities in 
the protein proliles ofdates cubivated in the countries of 
the Middle East such as Saudi Arabia. Oman and Iran 
(Fig. 4). Prominent protein bands around 72000 and 
3OC00 were observed in all these drfes. There were 
minor variations among protein bands. Thus, the band 
appearing at 250 in the Iranian date (lane 2) wa5 
weaker than those observed with Omani (lane I) and 
Saudi Awbirn (ldnc 3) dates. The date variety from 
California had a simpler protein profile (lane 4). Only 
one major band at 3llGiM was detected even when the 
gel was stained with the sensitive alkaline silver nitrate. 

DlSCUS!5lON 

Dates contain a mixture of water-soluble proteins, 
distributed over the wide molecular weight range of 
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Fig. 3. (a) The kinetics d accumulation of date proteins at various slap of growth. At stage I, Ihe fruit was deep grafl. All rub- 
sqent harvcsls WC carried out at a regular interval of 2 weeks (stages Z-5). Proteins were errracted from crashed date pulps 
with PBS and qaantitated as described in the tex:. (b) Analysis of date proteins. obtained at various s!ages of grawth, by 

SDS-PAGE on a 11% polyaclylamide gel. Bands WCR visualircd by staining with alkaline silver nitrate (Kabit, 1986). 

I200&72000. Since. it is important IO maintain a bi* prok4n stability (Creighton. 1993). Therefore, it is 
logical pH (i.e. pH 71)). PBS was used to extract these advisable not LO use such reagents for isolating proteins 
proleins. Chaotropic agents such as guanidine XI and if these are 10 be used later for biological inv&igations. 
urea wcrc also efktive in isolating the proteins. HOW- Dates have ko consumed by the people in the Ara- 
ever. these agtita may denature proteins by decreasing bian Peninsula for thousands of years. The present 
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Table 2. Amino acid eomposiiion of date proielm from diNerent vrrieiti 

Essential Non-essential 
-“.--.._-- ~_ ~~~~~_ 

Ilc Icu Lyr Mel Cys Phc Tyr Thr Val Arg His Ala Asp Glu Gly Pro Scr ~-- 
Bunaringa 5.19 8.63 4,19 I.61 3-75 5.05 5 54 5.10 6.82 3 28 2 35 5.94 IO.67 14.12 6,74 594 S-08 
Handhal 4,19 8.70 3.40 I.81 3.57 5,05 5,54 5,36 8.16 3 30 I.95 586 Il.03 13.73 6.77 6.39 5.19 
Hitah 5.16 X.66 3 93 I81 2.62 5.1 I MO 5.35 6.90 2-97 ?,07 6.02 I I.69 14.26 6,68 6,39 5.42 
Khak,s 5.03 8.68 3 76 Z-09 3-43 519 S,69 5.10 6.64 4,70 2,37 5.72 II.11 13.05 6,33 5.79 5.34 
Rrdh 5-35 8-74 3.95 I.71 3.67 5.01 5.50 5.30 ‘I-00 290 2,2Il 600 II.44 13.63 6.50 6.03 5.09 
Khasah 5.33 8.80 3.68 ?@I I.98 5,?7 5 78 5 02 7-17 4.36 2.44 5.77 II.36 13.25 6.48 6.34 4.95 
Barneil 5.45 8.84 3.55 I.50 3.03 5,08 555 5.1 I 7-M 345 2.08 595 II I3 14.37 671 5+4 S-18 
Khuneiry S-67 9.32 MI I.87 3.1 I 546 5.99 5.23 6.28 3.30 2.20 6,67 IO.74 I?,97 S,89 6.20 5,19 
&bad 4.85 8.32 3.88 I.78 3.W 5,07 5.54 4.59 6.45 3.53 2.10 6,47 I I.25 14,G9 6,75 6.34 541 
_ .“_____ 

” Rcruhs arc cxpresscd as residuesilW. Amino acids have been dcsignaled by Ihe Ihrcc-ietler abbrwialionr. 

investigation suggests ihat dates have always been a 
source of nutrilionally important essential amino acids 
for the people of this region. Since the level of cysleinc 
is low. litlle crosslinking has heen dctccled in date pro- 
teins. This is consistent with Ihe fact that the SDS. 
PAGE profile of dale prolcins remained unaltered 
whether the samplcs were reduced with suphydryl 
agems such as Z-ME or nol. 

When the kinelics of protein accumulation in the dale 
were studied. if was observed that green dales obtained 
at an early stage contained very little protein. There was 
a rapid increase in Ihc protein conlent as dates were 
progressively ripening and becoming son. Green fruits, 
in contrast lo mature ones. are firm. as they conlpin 
high amounrs of fibrcs such as pcclin. hemicellulose. ccl- 
lulose and lignin (Hobson, 1%8; Hinton & Prcsscy. 1974; 
Hubcr 1983: Simpson (‘/ u/.. 19841. During maluration, 
activities of enzymes such as cellulase and polygalactur. 

Mot VI 
kDa 

Fig. 4. Analysis of PBS-soluble proteins from da&., collected 
from direrent countries. by SDS-PAGE tin a 10% polyacry- 
Iamide gel. Bands were visualised by staining wilh alkaline sil- 
ver nitrate (Kabir. 1986). Poshinns: dates from Oman (lane 
I). lmn (lane 2). Saudi Arabia (lane 3) and the USA (Imne 4). 

onase increase rapidly and these enzymes play signifi- 
can1 roles in softening the Iruil. Therefore. it is possible 
Ihat WC have observed large numlxr of protein hands. 
representing various enzymes, as the process of ripnieg 
progressed rapidly. The SDS-PAGE profiles of dale 
proteins at early stages of development (Fig. 3. stages 2 
and 3) showed protein-type materials running as a gen- 
crdl smear along rhe lanes in addition to the most well- 
defined bands. These mighl represent frd@IX?IItS of any 
protcinascs or other components such as glyeoproteins 
or proteinxarbohydrate interaction products. 

Thcrc were similarities in Ihe profein profile of dales 
cultivated in Saudi Arabia. Oman and Iran. All these 
dates contained two distinel protein bands appearing al 
72000 and 30000. In this respect we observed that the 
Californian variely was much lower in protein content 
and contained only one prominent band a1 30 000. The 
exact cause of this difference is not understood. It is 
possible lhat the variadon in the date palm cultivar may 
account for the observed difTerence in protein composi- 
tion. In this respect, it has to be mentioned that dates 
from Oman and California contained approximately 
cquimolar amounts of glucose and fructose suggesting 
that they were not diflerent so far as carbohydrate com- 
positions were eoncernecl (unpublished observations). 
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