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2. High-performance anion exchange chromatography (HPAEC-PAD)
* - Citric acid

4 Malice acid

* _Tartaric acid

6 _Oxalic acid

7 - Fumaric acid

¥ _Acetic acid

yasy



f""}i W&fé&‘b—\r*")ﬁﬂ,‘;’ d‘ﬁ‘subr}l&aﬂw

Couy s

Loy d e Bl 53 LS o (6 9,m splin ‘_gji\\j\ L;J.l:j(a)l:.; (olals rl.;) Sladd 5 Ly ol <=l>u| S5 b
‘_;I:Mbﬁ&E;Jd\ﬁa.\.aTcM.\{@l:s..\{L_@d:u_\plQ,.cﬂm_a#ujﬁb@)xgulc,w\if.\sbwefujlw
e s (= Glo s &S sl Ol (WAP) (60 o Loy LS Ll 4 5o 6&3 Al Olids sl @kj
YO Frg s 4 s Ao 53 1) Sl 5 55553 S I8 (sl Sl 5l a)ls s Sl (Sl 5 55855 5 SIS
335555 S Il 535 g SLadS y mage 4 el OT I (S 35 s 3 gl ol 03,57 Ol o ) Y/
41>JM{efg@,p.up@;@mqﬁm(u)tﬁ,ﬁM&V)H@Twc@c\sm;@dgxbtsu
5 Syusn Al o Ssline Calisee p) 5o 5,80 (Slol Ligy &5 255 0 J1d5 oS Ll LS 4y gy 55 4 5551 5k
- oo OY/FGRFIY o 1 T 557 Oln pad lm o 53 5M 5 15 68 23 ¢l o851 A8 O g gy 2 53 (IWAV) i
2308 e OGO o ) T 555 0o 5 0,8 53 .8 (hon OVIVEF /A 1 s g0 555875 3 A3 ylutde 50 8555 5
les S ol p S

w s s by Jole 53 555 e I el ST dal (D5 5 (608D s sl Jol e 3 odaT oy s il
B Gais b)) e Gl e 03 T ¢ peme Gl S Wn g 0 g I el (SIS 5 St ol 5
ol (Il w1l god Cialisen ol a 55 Lo s om0 JT (sladeal oy age &€ Ol 0 S 5 ob 4 .Cbls (3L
Aol (5 a8 oy 5348 sl bl 5 o 055 IT Sladenl g 2 S3WWAS Dl 3 (53045 o 6,6, ol 5 SIS
V44 JLe 5 Barreveld .o g o s I denl il @Sl 5 Al ¢SS g SUL e 5o 5 @S el 05 LI
ORI Ol L 3 55 (e ol SN 5 K e el Sl sl 5 o 53 5 Lo 0 T (slaca] o e
Sl 5 JS A5 5000 S (w6 oS @ ) Lo g 505 OLL oo 53 Sl ool Lo suains 5 bkl il
S e B s e g 8 4 OT s 035 V) oy o a3 b pl)l (5 SLEL O 55 e 5 513 ol s
il 6 g sl Sl ke 0311

ﬁf}g_,.b)‘d%‘&ﬁ:{&\f)}ng.}jr)lﬁcdl.budrBﬂ&?\&L&J&J{j))KLM})};{j}c;}f&h&;@\ﬂ—\ J}u\>

_ Ll o IS e gy 35555
S K558 55 _ _ _ _ _ _ _ _ s e el
S Ve S) SV eS) SV 50 S) (SN e S)
V£ Yg Y/ £ /Fg ¥t ed /ot /ff A of S8
V/ake/ v font st V/f£ A $be Y\/AEved AVAEVYd! s sl
Vo FEe/Ya FA £ /08 SNENBC Y¥/0%1/Yb YY/ok: /6b b,
V/+ke/ofa QAL RETVATG! YY/YE\a Y\£y/.a 3
/ot /\Ya ¥/l /g NOC \ZEAY - o/\£+/Yh Ty
Vgt da \/e£evh \/sEAYC AAENL SIVE /NG e ™
Vot /v fv/£00d JINEAYC YA JAD \WoE:/oe b,
Vot /o Fa o/ £V C ekesd YYE/Ya Yo/pEavd o
VAL /A =AM V/YE/\vbe v/YEeegf oYt rh S5
VYL ba \#/9£+/Yh Y/f£\Ya /st /of v/ £/ ffg I S3
ARE=VAL T OY/+ 1 /¥C Y/+ %/ 0b AYA=ILY:! YA Acd b,
Vf£ /v of/+£/5b YRE VY| rVv/s£ra YY/vEY be o

.,\;)mﬁ@gwudw;,)w;,(;u;,fﬂ.u,,;aJu,\ch,ﬁ),m5;@@,,>L;1,|M§&u;n§;p‘o,:ﬁ,a);

Yast



L e oKl —VVAY Ly o8

Ol GLeb pske o S pain

08 ] 1;
0.7 - Sl .?}lﬁ‘;’ Mg b b
' b b "%
i o h b p)
(RN T T
- 44 cde cde L
© 02 T
0.1
0 T T
@ L ) »a
S Ja
()
1, @ Gl
0.8
' 0.7
1) 06
“‘:3 1) 05
: T
\\-]) '.!) .
* 02 A
0.1
0
()
L psimpumgn 2
08 - cd 7 b db b
.1‘) 06 - T T 1;
w04 "
“ 1
A e "
“ 0.2 4 e e o @ "“\\’
* () - : il : |
g LA o) M
) el
(C)

08 -
06 -
04 - o
021"

d

o Baju B w

o

o cdud 0.21

0.08
0.06 -
0.04 1
0.02 A

) jalp
(1))
a
Sl E ab h
AL W W '[ a
T abe abc
cd
ef e o
'[ fef I of
Sl IEN by e
el a
(L)
01270 ol maje g a
0.1 4

g’_g:.‘b?‘ J&j’}&ab)‘dy" ‘L;J“i‘.fd"f)éL;ﬂ.:}()lﬁ, C‘;vl.hl.:l (G)‘ L;TL;LAJ:M| ;,G.l::ul 8};‘ C)‘J.::a; .\J))—Y‘—VJKJ
()l 55l g5 (Sl S i ()l Szl (D)ol S (D)l 55,66 ()l

Yaso



o L e oKiils —AYAY 5 i Ol Sl psde o S opezia

e

5 S G e it Ll 550 5 e g Oy 5 b ol 03 oLend SO s (OVAR) 2 e (s e
(S5 Wy O o se Sy 7 o8I om0y o Sl 51y (58 s

s 3l 6,8 o, b HsiS sl s e o5 Dl 5o s ASTy (WS 4 LOYA.G e gips (5 s
pole oo K pandonn (g mas mlio 53 0T Slalss (6,8 4 i Ol 550 4 VU 1L wle 315 505 S
e plo

Barreveld, W. H. (1993). Date palm products. FAO Agricultural Service Bulletin No. 101. Food and Agricultural
Organization of the United Nations, Rome. Italy.

Hasnaoui, A., Elhoumaizi, M. A., Hakkou, A., Wathelet, B., and Sindic, M. (2011). Physico-chemical
characterization, classification and quality evaluation of date palm fruits of some Moroccan cultivars. Journal of
Scientific Research, 3, 139-149.

Ismail, B. L., Haffar, Baalbaki, R., Mechref. Y., and Henry, J. (2006). Physico-chemical characteristics and total
quality of six date varieties grown in the United Arab Emirates. International Journal of Food Science and
Technology, 41, 919-926.

Mrabet, A., Ferchichi, A., Chaira, N., Mohamed, B. S., Baaziz, M., and Penny, T. M. (2008). Physico-chemical
characteristics and total quality of date palm varieties grown in the Southern of Tunisia. Pakistan Journal of
Biological Sciences, 11, 1003-1008.

Wu, X., Beecher, G. R., Holden, J. M., Haytowitz, D. B., Gebhardt, S. E., and Prior, R, L. (2004). Lipophilic and
hydrophilic antioxidant capacities of common foods in the United States. Journal of Agricultural and Food
Chemistry, 52, 40264037

Changes in sugar and organic acid composition during ripening of three date palm cultivars

Abstract

Six organic acids (citric, oxalic, malic, tartaric, fumaric, and acetic acids) were determined during growth and
ripening of Shahani, Piarom and Deiry cultivars with different textures, by HPLC. The main sugars (sucrose,
glucose and fructose) were also determined.Our results showed that the three major organic acids were malice,
tartaric, and oxalic acid. However the minor organic acids detected were fumaric acid. Organic acids content
except malice acid, increased in all cultivars during fruit ripening. Acetic and citric acid changed markedly
during last stage fruit ripening rather than other organic acids. The general pattern of organic acid changes was
similar in three cultivar, except in some cases. No significant differences were observed among cultivars in terms
of their organic acid concentration at the different stage and maturity. Analysis of variance showed a significant
difference (p < 0.05) between the values of reducing sugars (glucose and fructose) and of sucrose for all studied
dates cultivars. The amount and type of sugar change according to variety and maturation stage. Reducing sugar
changed from 23 to 63, 13 to 52 and 12 to 54 in Shahani, Piarom and Deiry respectively, through fruit growth
.Shahani showed significantly higher content of reducing sugar compared to other varieties. In general the
genetic information of the cultivars determines marked differences in sugars and organic acid contents among
the analyzed palm cultivars.
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