CHAPTER IV

RESULT AND DISCUSSION

4.1 GC-MS Results *j

The compounds identification was performed by analyzing the MS%Spectral pattern
based on the GC-MS NISTO08 database library and comparl% literature data.
0,

Most of the compounds identified had similarity index of o*® 90 ) The GC-MS

chromatogram is shown in Appendices A from figure dWspondmg
compounds with their retention times, peak’s are lecular fo 1‘ @ecular

weights (MW) and similarity index (%) in the 25. s
\ S.
4.1.1 Methanol Extract (mixed dates) c :

The methanol extract shown in Ta
- 22.58 %. Ten (10) of the

detected are; Furfural (C5H4
1.18 %; 2-furanmetha

0.35 %; 9-Octadece e,(E)z
of 0.26 %; 7-Hexadegen .

% | (O . o .
area of 0.2 f%\ | 9-hexad rwatE-} bngAOz) with retention time of 30.618 min
and pe% of O”Z %)(E 9®decen0|c acid ethyl ester (CzoHs802) with

t

retenti ime of 34.006 min c\;ﬁ})eak area of 1.21 %; 5-Hydroxy-methylfurfural

SD

W|th retention time 34 321 min and peak area of 22.58 %; n-Hexadecanoic
C16H3202) with retention time 40.396 min and peak area of 0.84 %; Oleic Acid

Q



48

(C18H3402) with retention time of 43.651 min and peak area of 0.69 %; 9,12-

Octadecadienoic acid (Z,Z) (C1sHs20 2) with retention time of 44.345 mlmxeak

area of 0.88 %. : :" ,

According to the data, there is variation in the percentage of the s ?ﬂs impact on

the above compounds. The first solvent is methanol where |t\vact on the first
compound which is Glycolaldehyde dimethyl acetal is 74 H- P ran-4-one, 2,3-
dihydro-3,5-dihydroxy-6-methyl (64 %). On the oth$ act@f methanol
e'ratggr_ the

nineties , they are Futura (91 % ), 2-Furanmethanol %) and_9-O adecé!ge (E) (98

has been similarly significantly with these compou here itlis in

the same percentage like 5-Hydroxyrw\ fural (

%), 9,12-Octadeca-dienoic acid (Z ) (99 %): 'I '@Qentages have varied

simply in these compounds 2-Fur anOI (94 %) an d \yl 9-hexadecenoate (95
%), What is noteworthy is that, Methano. eﬁet@o many compounds, they are
4H-Pyran-4-one, 3,5- (ﬁ r% 5-H 11

qt ural, 9,12-Octadecanoic acid,
Hexadecanoic acid, teir M aué
Q (ﬁv

[



Table 8: Compounds detected in dates from Methanol extract

peak number Retention time Peak’s Compound CAS olecular Molecular weight | Similarity index (%)
(min) area % mula (MW) g/mol
2 12.802 0.17 Glycolaldehyde dimethyl acetal | 030934-97-5 ‘C H200s 106 74
4 13673 118 Furfural 000098-01° A %61 o1
hv.a
6 18.3 0.35 2 Furanmethanol oooog%g £ iJﬁ b A‘" 98 94
10 21.685 0.26 9-Octad . (E 007296— 9 252 08
ctadecene, (E) \:b_/wts‘g"
11 21.798 0.21 7-Hexadecene, (Z 550%-09:6 . 224 98
@ | EYENS o
13 24.927 0.24 Orcinol 4], 000504-1 éaH 20, 124 72
22 30.195 2.85 4H-Pyran-4-one, 2,3-dihydr Ee Mg:f ) A 144 64
3,5-dihydroxy—6—methy|3’ %  CeHaO04
23 30.618 0.25 Ethyl 9—hexad<-ecenc.)fie ({4549, -it 47 CuH0s 282 95
25 34.006 1.21 (E)-9-Octadecenoic acid ethyl 4-18 C 2o Has O 310 97
ester o ? <
26 34.321 2258 5—Hydroxymetlw&al\ 219 99%&4770 CeHsOs 126 91
32 40.396 0.84 n-Hexadegangic aci j 000057-10-3 CsH 0, 256 91
~ &
37 43.651 0.69 %Nﬁ? >:, %®0112-80-1 CuHu O 282 96
- {
39 44.345 0.88 9,12- ecadighoigladid (3} 000060-33-3 280 99
(2,2) 2 é CisH32 0>
¥
~N

S
N
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4.1.2 Chloroform Extract (Mixed dates)

The chloroform extract as shown in Table 9 consist of peaks that have aca een
0.17 - 3.49 %. Four of the peaks have similarity higher than 90% pounds
detected include; 2-Furanmethanol (CsHeO2) with retention time 38 min and

peak area 0.17 %; n-Hexadecanoic acid (C1eH3202) with retenwme 40.403 min

and peak area of 0.84 %; Oleic acid (C1gH340>) with retention t%e of'43.664 min and
320

peak area of 0.33 %; 9-12-Octadecadienoic acid (Z,Z 2 Wtion time

L ]
of 44.34 min and peak area of 0.52 %. \Y'
| S
P 4

The second solvent is chloroform and to ¢ it w ol th&pacts of

both solvents are totally different in E&w thé‘\com und ch as Furyl-

hydroxymethyl ketone and 4-Pyridazw
chloroform is (99 %) and (62 %) \A‘B!)s me@p‘v' @\there is no impact of
methanol on these compound %On Q} other Han qcl'r'gre are some compounds
that methanol affects on th \e thl chlaroform @no effect on these compounds
at all, like (9,12-Octadq‘Y::id,'E rfur, ,;-Fﬁ%methanol and Oleic Acid)
Furthermore, @k \Q&

impact on so Mofdssuc 3;(7 decene, (Z), and (E)-9-Octadecenoic acid

ethyl). In % in some €0 p(iéé{, the percentage of the effect of nearly the
’
t arl

same ave simplé v ;an{é/?,'such as (Futura) 91% / 13.67 with methanol and
A &)
8640&/ .64 with chlorof(}m, the same with n-Hexadecanoic acid (91 % / 40.3

‘% of methanol ) and (99 % / 40.40 impact of chloroform). However, some big

Oiances appeared in the percentage of the effect of the two solvents on the

where th

nol and chloroform do not have any

(@)
8—
<
w
=
4%/
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compounds as in (5-Hydroxymethylfurfural) the percentage of the impact of methanol

was (91 % / 34.3) where the percentage with chloroform was (62 % / 34.13)\2



TABLE 9: Compounds detected in dates from Chloroform extract

peak number Retention time Peak’s Compound CAS olecular Molecular weight | Similarity index (%)
min area % mula (MW) g/mol
3 13.64 0.87 Furfural 000098-01-1 ‘C '-I4O 96 86
4 18.38 0.17 2-Furanmethanol 000098-(‘&\0 ,CsH:eloﬂ 2 X 98 95
M s i\
7 25.23 0.31 Furyl hydroxymethyl ketone 01767a<-2 cﬁ:e'o;\ 126 64
- ’7')/ \V-\
7 25.23 0.31 4-Pyridazinamine 02072-39-2\\ c N 95 64
3
¢ i ?
9 30.138 0.73 4H-Pyran-4-one, 2,3-dihydro- @4-8332& C‘(H o 144 87
3,5-dihydroxy-6-methyl e g o
10 34.113 3.49 5-Hydroxymethylfurfural 00006 $ Y 126 62
ydroxymethylfurfu Q) 0;5‘( u}& .
12 40.403 0.84 n-Hexadecanoic aci w-lo- N 256 99
CwH 30
‘_:\ k\&“ 16 1 3202
13 43.66 0.33 OleicAf Y" 0 11’12$q>1 CiuHuO, 282 94
14 44.34 0.52 9,12-Octadecadienoi€ a idQu-ﬂ'ocf(@tss-s CuHun0, 280 99
o N >
N
\ o [ ('3('/
. FO
e N
& vk <>
) N
S
\
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4.1.3 Hexane Extract (Mixed dates)

The hexane extract in Table 10 consists of peaks that have area between 1 and
76.56 %. Two out of the peaks were prominent and include Acetamidmigiﬂuoro
(C2H2F3NO) with retention time of 20.44 min and peak area of %; trifluoro
acetic acid, (CoHF302) with retention time of 26.43 min and Wea of 19.39 %.
The hexane is non polar solvent, so dates fruit d t have Tany non polar
compounds. For the effect of the third solvent hexane& ot'totallys@ny impact
on the compounds and the percentage of all was 0 %™ln the first phase, ’:ac'lz}sement
Y

was used separately, and as mentioned previouslyjysome jof ‘the havézrhe same
N

impact while the other sometimes has no ef%zn. 0‘ \ ?T

QW &
& e
N A;j "\A“Q"
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@,.\?
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N
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TABLE 10: Compounds detected in dates from Hexane extract

Peak number Retention time Peak’s Compound CAS Molecular weight | Similarity index (%)
min area % Wa (MW ) g/mol
& s
1 20.44 76.56 Acetamide, 2,2,2-trifluoro 000354-38-1 CoH>F3sNO 113 83
2 26.43 19.39 Acetic acid, trifluoro 000076-05-1 2 I-' F;0; 114 70

54
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4.1.4 Methanol : Chloroform Extract (70 % : 30 %) (Mixed dates)

The extract of Methanol (70 %) and Chloroform (30 %) as shown in Tath;sist
of peaks that have area between 0.13 - 20.3 %. Seven of the peaksﬂ&s ilarity
higher than 90 %. Compounds detected include; Furfural (CsH4O>) ention time

of 13.68 min and peak area of 1.21 %; 2-furanmethanol (CsHew retention time

of 18.40 min and peak area of 0.27 %; 4H-Pyran-4-one,

~di dro-i (CsHeO4) with

deca OWClsHseoz)
@

with retention time of 43.27 min and peak area 40 %; h-He diczﬂ‘\@j;s. acid

retention time of 30.52 min and peak area of 13 %

(C16H3202) with retention time of 40.403 min and peak area of 1.28/%; Od@decanoic

Y
acid (CigH3602) with retention time of % in \k are@‘OAO %; 9-
Octadecenoic acid (C1gHz40 2) with r Mme of in eak area of 1.37

N

%:; 9,12-Octadecadienoic acid (Z,Zt CisHs3 wwen 'cx\j;ne of 44.34 min and
‘% 6 S

peak area of 1.77 %.

9 Q—
.ﬁ"
It has been mixing met 0 "/l) a hlorg'n (30 %) to see if it is the
same effect on the %J ds. It has e}nl ﬂgd that there are some of the
’ &
compounds are a@s the fa \efcenta (qdith a little difference, (Octadecanoic
acid 99 % / 4355\9, -Oc ic azcgaj(%,Z) 99 % / 43.60 and n-Hexadecanoic
¢
acid. On t mand, he per n{a@as been varied in some of other compounds ,
such as Y aldelﬁl thy@al 83 %, D-Allose 86 % and 2,5-Furandicarbo-

xald&kw %) while there u@lot any impact on the most of the compounds, like

as xadecene, (Z), and (E)-9-Octadecenoic acid ethyl).

N



TABLE 11: Compounds detected in dates from Methanol : Chloroform (70% : 30%) extract_X (,}

56

peak number Retention time Peak’s Compound CAS Molectilar Molecular weight | Similarity index (%)
min area % ula (MW) g/mol
3 13.01 0.92 Glycolaldehyde dimethyl acetal | 030934-97-5 | Q% H1003 106 83
5 13.68 1.21 Furfural 000098-01- CsH40> 96 91
8 18.40 0.27 2-Furanmethanol 000098-00- 5 CsHsO2 98 95
13 24.92 0.27 2,5-Furandicarboxaldehyde 000823- 'Cs HdO > 124 87
19 30.16 2.32 4H-Pyran-4-o;%, 2,3-dihydro- 028564-‘8< C\:F oQZ‘ 121 83
20 30.52 0.13 | 4H-Pyran-4-one, 3,5-dihydroxy- oouﬂQs -7 - 142 96
s H @ 4
2 g; v
22 31.35 0.17 2-Propanamine, N-methyl-N- 30 0 ‘5\\ N 102 64
nitroso % al S"&Pm N20
23 32.88 0.20 2-Furancarboxylic acid 000088 14 (\Cs5H403 112 80
24 34.25 20.3 4-Mercaptophenol 00687-89-:8) |4 CsHsOS 126 64
32 40.40 1.28 n-Hexadecanoic acid 4" 00.09@90—3’ $ CuH»O0, 256 99
35 43.27 0.40 Octadecanoic aciqg %0009“7 1145 CisHs0: 284 99
35 43.27 0.40 Octadecanoic acid, 2- 06 372 62
hydroxyethoxy)ethyhgster ' 9! \@6 C2zHuO4
36 43.65 1.37 9-Octadecendiemeid  _'| 000112779-8 CisHx 0, 282 99
37 44.34 1.77 | 9,12-Octadecadignoic aCid @'ﬂr’odqﬁﬁo-s&s CisH» 02 280 99
39 45.93 2.10 T‘m 595-97-3 CecH120% 280 86

Ko



http://www.molbase.com/en/formula-C6H6OS.html
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4.1.5 Methanol : Chloroform : Hexane Extract (33.33 % : 33.33 % : 33.33%)

(Mixed dates) \z

The extract of Methanol (33.33 %), Chloroform (33.33 %) and Hexsg'z:%,.ss %)
as shown in Table 12 consist of peaks that have area betweer*%.ll - 17.37 %.

Eight of the peaks have similarity higher than 90 %. Compaunds detected consist

of; Furfural (CsH4O2) with retention time of 13.69 min a area of 1.46 %;

2-furanmethanol (CsHsO2) with retention time of an@(?a of 0.31

%; Hexadecanoic acid methyl ester (C17H340> ) qwith retention ti

and peak area of 0.17, n-Hexadecanoic acid (C16H3202) with re

’ \ o
min and peak area 1.07 %; Octadecanoic mm \GGQ)\ ith ret@f)n time of
43.27 min and peak area of 0.21 %; (,Né-tad c;aie i aci(zé 1Z) (C18H3202)

with retention time 44.34 min of am ar@? O

As it has been noticed@:tumof t e’qsolvé@) (methanol, chloroform
i almosty

and hexane) with equal p ntaje \%ﬁe same impacts with the

methanol 100 % ﬁtractz, uch as in these @)unds (Furfural 91 % and 2-
%

:
Furanmethanol K) at %& approximate percentage. Also, they have not

had any effect th e mpox@s at all (Ethanone, 1-(2- furanyl); 9-

\ ol L2,
Octadecer‘v d, (i); 2- aj‘carb‘&aldehyde,s, methyl and Maltol.).

O
&

N
N



TABLE 12: Compounds detected in dates from Methanol : Chloroform : Hexane (33. 3@(\7

A
Y-

c‘}‘?

33.33% : 33.33%) extract

58

peak number Retention time Peak’s Compound CAS \‘ ?Iecular Molecular weight | Similarity index (%)
(min) area % ‘for (MW) g/mol
4 13.69 1.46 Furfural 000098-01-1 C % 29 96 91
6 18.40 0.31 2-Furanmethanol 000098- CsHeO 2—,\ 98 94
9 24.92 0.23 2,5-Furandicarboxaldehyde 000823:82-5 57; H 4@ 124 87
14 29.48 0.17 Hexadecanoic acid, methyl ester OOO?Q-Q} UC H H 34 0, 270 97
15 30.145 161 4H-Pyran-4-one, 2,3-dihydro- 02&59 -8342 144 87
3,5-dihydroxy-6-methyl- Y iﬁ Hs 04
16 31.34 0.11 2-Propanamine, N-methyl-N- 30533-08- "C‘ H.N.O 102 68
nitroso -0 ) A
17 32.851 0.21 2-Furancarboxylic acid 4.~ [} 000088442 (Q CsH403 112 72
19 34.214 17.3 5-Hydroxymethylfurfu 000067-47-09f CsHsO3 126 62
23 40.396 1.07 n-Hexadecanoic aci w CuH0, 256 99
=
26 43.27 0.21 Octadecanoigraci 30@574\1 4 Ci18H3 0> 284 96
27 43.65 0.92 9- 0ctadecenoHEjj', 2_000117-79-8 CiwHx0, 196 99
27 43.27 0.92 cis- Vacceo.Km l\\ 00&666 17-2 CisHx0, 282 99
28 44.34 1.88 9,12- 0ctaq'0:&gr;ou%gqy" 6@0\)60 33-3 CuHu0, 280 99
30 45.91 2.02 I |, 002595-97-3 CsHuOs 180 86



http://www.molbase.com/en/formula-C6H6O3.html
http://www.chemspider.com/Molecular-Formula/C18H34O2
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4.1.6 Chloroform : Hexane Extract (70 % : 30 %) (Mixed dates)
The extract of chloroform (70 %) and hexane (30 %) as shown in Table 1 nzt of

peaks that have area between 0.19 - 0.39 %. Two of the peaks have siﬂ'lgrltahigher

than 90 %. Compounds detected are; n-Hexadecanoic acid (C1sH3 with retention

time of 40.390 min and peak area of 0.39 %; 9,12-Octadegadie

(C18H3202) with retention time of 44.339 min and peak are of?!'/o.

The mix between the two solvents chloroform (7 nd hexa o) was a

totally different where the effect on some the co & was with a g? pe@:;_ tage

in contrast with the previous mix methanol (70 %) chlo]bf rm #(30 %Ybut some

compounds were not affected at all. Here e the esugi ade@v acid (99%)
and Oleic Acid (81%). It has been 5|m|Iar i mix on ( 9,12-
Octadeca-dienoic acid (Z,Z) 99%). But the mi nT hav ects on the most of

e? e@ ester; Ethanone,1-(2-

_?4*

5-methyl and Maltol.




TABLE 13: Compounds detected in dates from Chloroform : Hexane (70 % : 30%) extract C}

T

peak number Retention time Peak’s Compound CAS Molecu Molecular weight | Similarity index (%)
min area % fma (MW) g/mol
3 34.107 0.26 5-Hydroxymethylfurfural 000067-47-0 w 603 126 87
A v.nd
4 40.390 0.39 n-Hexadecanoic acid 000057-10-3 t 16 Ili 20> 265 99
5 43.652 0.19 Oleic Acid 000112-80-1 C s . X 282 81
% 33 | _\i‘-}
6 44.339 0.32 9,12-Octadecadienoic acid 000060-33:3 | & M 3&'&"2 280 99
(22) N %
NV TP =~
QS WS
A
S
)

60
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4.1.7 Methanol : Hexane Extract (70 % : 30 %) (Mixed dates)

The extract of methanol (70 %) and hexane (30 %) as presented in Table 1@f
peaks that have area between 0.11 - 23.47 %. Seven out of the peakms' ilarity
higher than 90 %. Compounds detected include; Furfural (CsH4O2) with retention time
of 13.717 min and peak area of 1.46 %; 2-furanmethanol (CsHeO2)*with retention

time of 18.404 min and peak area of 0.31 %; 2,5-Furan ica?&ldehyde (CeH403)

with retention time of 24.91 min and peak area of

(C16H3202) with retention time of 40.390 min and peak area of 0:96 %; ct&degnoic
| o | &
acid (Ci13H2602) with retention time of 43.27 and peak area of O.ﬁ%; 9-
min a

% ¥ n-Hexadecanoic acid

Y-v
Octadecenoic acid, (E) (C1sH3402) with retentiWe 2&6& i r@éak area of

0.78 %; 9,12-Octadecadienoic acid (Z,Wzo ‘/it tenti&n ime of 44.346

min and peak area of 1.08 %.
\
A

The mixture of methanol (70 % a heXane %) s@ the same impact with

7

the previous mixes, for some murjs ple,,\ -Pyran-4-one, 2,3-dihydro-

3,5-dihydroxy-6-methyl- and®, Furfural (91y%) 0 impact on some compounds

4 s

such as Pentadecanoic acid; -met@f’ester; Ethanone, 1-(2-furanyl); 9-

Octadecenoic aciﬁ,‘ﬁ‘ 2-F

xald e,5-methyl and Maltol.



TABLE 14: Compounds detected in dates from Methanol : Hexane (70 % : 30 %) extract

peak number Retention time Peak’s Compound CAS Molecular weight | Similarity index (%)
min area % Wa (MW) g/mol
9 13.717 1.46 Furfural 000098-01-1 N 40, 96 91
12 18.404 031 2-Furanmethanol oooogs-oo%'c o0, 98 95
| .
18 24.915 0.28 2,5-Furandicarboxaldehyde 000823- s H40 3(_}‘ 124 90
A
g 2 A~
28 30.176 2.61 4H-Pyran-4-one, 2,3-dihydro- 0285'?38-2 \\MH@A 144 83
3,5-dihydroxy-6-methyl- e {\
30 31.343 0.11 2-Propanamine, N-methyl-N- 4{@33-0 : CaHl1oN,O 102 74
nitroso
_ _ V& ‘\\ ? A
31 32.864 0.09 2-Furancarboxylic acid 00(908336-2 c;\\ CsH*03; 112 80
a - 3 “ [.qt-
32 34.315 23.47 5-Hydroxymethylfurfurah, * |, 000067-47-0"] CsH¢O3 126 91
40 40.396 0.96 n—HexadecanoiE ac‘?" , oc}qoygéé? CisH 302 256 99
42 43279 0.18 Octadecan@il ~[D00005%11-4 | Cu Hz0o 214 72
A \l i (/%
45 43.652 0.78 9-0ctadecquacud,' | 0%99112-79-8 CisH3 0> 282 99
- - : 3
46 44.346 1.08 9,12- cadienoic Acid =~ 000060-33-3 CiH%0, 280 99
49 45.954 1.45 4w, D-Allose \c.}’ 002595-97-3 CeH1206 180 86

A\

$
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4.1.8 Methanol : Chloroform Extract (30 % : 70%) (Mixed dates)

The extract of methanol (30 %) and chloroform (70 %) as shown in Tableﬂgsi-st
of peaks that have area between 0.13 -10.91 %. Four of the peaks \g‘sawilarity
higher than 90 %. Compounds detected are; Furfural (CsHO3) Wit)-?tegtion time of

13.667 min and peak area of 0.54 %; 2-furanmethanol (CsHeO2)awith rétention time of

(

ta caﬂa‘u%cid (Z,2)
pea areI of %.\When

18.392 min and peak area of 0.16 %; n-Hexadecanoic aci ») with retention

time of 40.384 min and peak area of 0.29 %; 9,
(C18H3402) with retention time of 44.339 min a

methanol (30 %) was mixed with Chloroform (7 hen the percentage oﬁhem (70

%, 30 %) was changed, the results converged We

Furanmethanol (94 %), 4H-Pyran-4-one,%' dr

and n-Hexadecanoic acid (91 %). \

Fé\@'(gl) %, 2-

drox&/é methyl (83 %)



TABLE 15: Compounds detected in dates from Methanol : Chloroform (30 % : 70 %) extra& (,}

peak number Retention time Peak’s Compound CAS Molecular Molecular weight | Similarity index (%)
min area % fWa (MW) g/mol
&
4 13.667 0.54 Furfural 00098-01-1 \‘b’” .0, 96 91
5 18.392 0.16 2-Furanmethanol 00098-00-0 ‘Cf H 60 98 94
9 24.915 0.15 2,5-Furandicarboxaldehyde 00823-82- 124 86
¥ ICs e
L&
10 25.230 0.13 2-Furancarboxylic acid, 03326-7454 |, o 126 80
hydrazide Y~ NS :\V(;N_v 0.

12 30.138 0.91 4H-Pyran-4-one, 2,3-dihydro- zﬁs&-s&ﬁ\ ‘? e 144 83

3,5-dihydroxy-6-methyl 4{') eﬁ HgO4

> u_ 0 A
13 34.182 10.91 5-Hydroxymethylfurfural (—) Oi)(mq < \& CeHoOs 126 62
-~ i ] (5?

15 40.384 0.29 n-Hexadecanoic acid " Wlo.\& 256 91

} % CiH=0:;

: ' %

16 43.645 0.20 Oleic Aci 112-80-1 282 72

I\ l%:uﬁ;é C18H34OZ
17 44.339 0.29 9,12-Octadgtadignoic.asi 00060-33-3 282 | 99

: o l (_)(J C1sH3 02

| 2r)

64
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4.1.9 Chloroform : Hexane Extract (30 % : 70 %) (Mixed dates)

The extract of chloroform (30 %) and hexane (70 %) as shown in Table 1 fzaks

that have area of 0.79 — 1.41 %. Only one of the peaks has similarity !’gier,nan 90

%. Compound detected include; 9,12-Octadecadienoic acid (Z,Z)%@szOz) with

retention time of 44.333 min and peak area of 1.17 %. N
The findings showed nearly the same impact when itthas zixed chloroform and
hexane but exchanged their ratio chloroform (30 % exa e%and these

@
results are n-Hexadecanoic acid (87 %), cis-Vacceni¢'acid (60 %) and ]'2 eca-
-
p S

dienoic acid (Z,Z) (99 %), while some of the com have not affectedat-all, such

)
as Furfural; 3-Furaldehyde; 2-Furanmethan%ztadg§e\e,; 3-(46&70ene,(E); 9-
Octad-ecenoic acid, (E); 2-Furancarb<J\%e,

(6}

-m

7‘},@



TABLE 16: Compounds detected in dates from Chloroform : Hexane (30 % : 70%) extract C,}

66

peak number Retention time Peak’s area % Compound CAS ecular formula Molecular weight Similarity index

min R A (MW) g/mol (%)
4 40.390 1.41 n-Hexadecanoic acid 000057-10-3 CisH30: 256 87

A v
5 43.652 0.79 cis-Vaccenic acid 000506-1 A , C1sHx:0 282 60

\
6 44.333 1.17 9,12-Octadecadienoic 000060- 18H=20, 280 99

acid (2.2) N P, &
{ _\')
%5



http://www.chemspider.com/Molecular-Formula/C18H34O2
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4.1.10 Methanol : Hexane Extract (30 % : 70 %) (Mixed dates)

The extract of methanol (30 %) and hexane (70 %) is shown in Table 17 aﬁc\xi:ts
of peaks that have area between 0.05 - 28.72 %. Six of the peaks \/Qsawilarity
higher than 90 %. Compounds detected include; Furfural (CsHsQ2) with retention
time of 13.686 min and peak area of 2.30 %; 2-Furancarb$, 5-methyl
(CsHeO2) with retention time of 16.619 min and peak area,of d?w; 2-furanmethanol
(CsHeO2) with retention time of 18.373 min and pe@& l%); 4H-Pyran-4-
one,3,5-dihydro-2-methyl (CsHsO4) with retention time of 30.4 6§adpea\'fqarea
of 0.16 %; n-Hexadecanoic acid (C1sH3202) wr&lon’tl e of 40. E{%smm and

\Gg)\ th ret n time of
acid<£, ) (Ci8H3202)

peak area of 0.43%; 9-Octadecenoic acid, (EW(le

43.608 min and peak area of 0.31 %; @éde

with retention time 44.301 min and pem 0.64 %.

AN
N

On the other side, the findirl% x méthanal 430 (@d hexane ( 70 %) with
exchanging their ratios, shoN ittle ariti@%th the first mix methenol
(70 %) and hexane (3C/oi: gd the r yem@ (91 %) and 2-Furanmethanol

:
- N S e&
!
2.9

S

Z
“



TABLE 17: Compounds detected in dates from Methanol :

Hexane (30 % : 70%) extract

¥
el

68

peak Retention Peak’s area Compound CAS Moleculafformula Molecular Similarity index
number time min % weight (MW) (%)
o ) g/mol
8 13.686 min 2.30 Furfural 000098-01-1 v:g sH.0, 96 91
14 16.619 min 0.20 2-Furancarboxaldehyde, 5-methyl 000620-02-0 A q sHs0, 110 93
L
16 18.373 min 0.62 2-Furanmethanol 000098-00- 0 I \d 98 95
B‘O\SQ'
/] V=
19 20.714 min 0.14 1,2-Cyclopentanedione 003008- 4%‘ , }Iskﬂ “’2 98 53
? S
- < ~V
23 24.455 min 0.05 Maltol 000118 :\\\U" CeHs03 128 76
24 24.890 min 0.36 2,5-Furandicarboxaldehyde OOQ?)&BZ-S ) (;& Hs03 124 87
o)
39 30.183 min 4.24 4H-Pyran-4-one, 2,3-dihydro-3,5- %64- -2 i 144 83
dihydroxy-6-methyl AC—-\ 8§ bk:é CoHeOu
40 30.498 min 0.16 4H-Pyran-4-one, 3,5-dihydroxy- 1073-96-7 | 142 91
q - CeHsO4
2-methyl N
46 32.813 min 0.17 2-Furancarboxylic acid o T 3 4\2%\ CsH.O5 112 80
49 34.353 min 28.72 5- Hydroxymethylfurflb)‘ :DVO%‘ZM?\G' CeHsO3 126 86
_— (;
69 40.396 min 0.84 n-Hexadecanoic boo%gsfo-s CiHuOs 256 74
F . AN P
83 43.608 min 0.31 0- Octadecenouta\(E P ‘) ‘_l oagmz-m-s CisHO0, 282 99
O
85 44.301 min 0.64 9,12-Octadec ac }j ‘u-].' ?00060-33-3 CisH%0, 280 99
. )
92 45,910 min 1.37 I )\/ 002595-97-3 CeHuO. 180 86

o
N

S


http://www.molbase.com/en/formula-C5H4O3.html
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4.1.11 Methanol : Chloroform Extract (50 % : 50 %) (Mixed dates)

The extract of Methanol (50 %) and Chloroform (50 %) as shown in TabIeQVsTst
of peaks that have area between 0.03 - 21.30 %. Ten of the peaks \%ﬂlarity
higher than 90 %. Compounds detected include: Furfural (CsH4O2) with retention time
13.654 of min and peak area of 1.34 %; 2-Furancarbxaldehhd$/l (CeH60O2)
with retention time of 16.512 min and peak area of 0.03 %; Z-Wethanol (CsHeO2)

with retention time of 18.367 min and peak area of 0. Oth l)eaks have area

higher than 0.03 %. 13 of those peaks are prominentand i caﬂoioiucid,
o _ | &

methyl ester (Ci17H3402) with retention time of area 0*‘0.08 %;

4-Mercaptophenol (CsHesO2) with retention tm 3 n and%‘ék area of

21.30 %; n-Hexadecanoic acid (CleHg% ith retenti

peak area of 0.84 %; Octadecanoic acid H36Q2) wi ention=time of 43.229 min

and peak area of 0.09 %; 9-Octa e:nol aﬂd%?l Hgt) with retention time of
24, %

o
;0 9, ctadeca &c acid (Z,2) (CigH3202)

with retention time of 4 .BCW and 1eak IO@A).
. . ) & s
In this part, the %s

on‘the m@s of the three solvents when mixed
them equally wit

(50 %) and t@ng are

43.608 min and peak area

n

=
(¢

Lrﬁwng of methanol (50 %) chloroform and

!
lj'al((g@%), 2-Furanmethanol (95 %) and Orcinol


http://www.molbase.com/en/formula-C6H6OS.html

TABLE 18: Compounds detected in dates from Methanol : Chloroform (50 % : 50%) extract (,}

70

peak Retention time | Peak’s area Compound CAS Molectilar formula Molecular weight | Similarity index (%)
number min % (MW ) g/mol
5 13.654 1.34 Furfural 000098-01-1 \V)c sH40> 9 93
8 16.512 0.03 2-Furancarboxaldehyde, 5-methyl- 000620-02-0 Ce¢HsO> 110 95
9 18.367 0.34 2-Furanmethanol 000098-00-0 | CsH60 98 95
16 24.896 0.28 Orcinol 000504-1 \q{H §0 124 86
18 25.205 0.29 Furyl hydroxymethyl ketone 017678—% YCJ 't% ] 126 72
24 29.457 0.08 Hexadecanoic acid, methyl ester OOOllQ—O‘ ] YH 40, 270 98
24 29.457 0.08 Pentadecanoic acid, 14-methyl 2§ é&; H O 270 96
26 30.120 1.72 4H-Pyran-4-one, 2,3-dihydro-3,5- h;é & 144 87
dihydroxy-6-methyl Q' CeHe04
28 32.807 0.07 2-Furancarboxylic acid % ),< CsH.03 112 72
~ |
30 34.239 21.30 4-Mercaptophenol -8 @ CeH:OS 126 99
- A
31 34.510 0.01 5-Hydroxymethylfurfural % ﬁgﬁ CeHsOq 126 96
36 40.359 0.84 n-Hexadecanoic a@.)z I pod5 CuHuOs 256 99
39 43.229 0.09 Octadecanoicaci ; OO@ -11-4 CuHx0, 284 68
40 43.608 0.44 9—Octadecen2i&a§ @6112 79-8 CuHuO, 282 99
41 44.301 min 0.67 9,12-Octadecadien (J 000060-33-3 CiHzO0, 280 99
V4 4
45 45.879 1.34 ose - 002595-97-3 CsH1206 180 86
J—}”
)

AN@‘
N
S



http://www.molbase.com/en/formula-C6H6OS.html
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4.1.12 Chloroform : Hexane Extract (50 % : 50 %) (Mixed dates)
The extract of chloroform (50 %) and Hexane (50 %) is presented in Ta@d
consists of peaks that have area between 0.09 - 0.84 %. Four of t %& have
similarity higher than 90 %. Compounds detected include;, n-Hexadecanoic
(C16H3202) with retention time of 40.346 min and peak area 0.31 %; 9-
Octadecenoic acid, (E) (CisHz402) with retention time of B.W and peak area of
0.21 %; 9,12-Octadecadienoic acid (Z,2) (C19H340@nti¢r?0f 44.301
min and peak area of 0.33 %. -

The mixing of chloroform (50 %) and hexane£0 %)gand wn\}pgct on the

S

compounds is a follow 5-Hydroxymethylf furaico 0@‘

and Oleic Acid (97 %) while some of@ounds

Furfural; 3-Furaldehyde; 2-Furanrtthano; 9- \tad,QcTw
Octadecenoic acid,(E); 2-Furau@ deh$ide,5-methyl altol.
&
N RN

exadeca ‘{acid (99 %)




TABLE 19: Compounds detected in dates from Chloroform : Hexane (50 % : 50%) extract

g

72

Molecllar formula

peak Retention time | Peak’s area % Compound CAS Molecular weight | Similarity index (%)
number min (MW) g/mol
&

2 34.069 0.09 5-Hydroxymethylfurfural 000067-47-0 N/ 126 80
T CsHsO3

3 40.346 0.84 n-Hexadecanoic acid 000057-10-3 b l 256 99
Qﬁ; H32 02

4 43.607 0.21 Oleic Acid 000112- ’x: - NS 282 97

Lo i3
4 43.607 0.21 9-Octadecenoic acid, (E) 282 97
5 44.301 0.33 9,12-Octadecadienoic acid (Z,2) 294 99



http://www.molbase.com/en/formula-C6H6O3.html
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4.1.13 Methanol : Hexane Extract (50 % : 50 %) (Mixed dates)

The extract of Methanol (50 %) and Hexane (50 %) as shown in Table 2 mf
peaks that have area between 0.09 - 22.61 %. Eight of the peaks \g'sawilarity
higher than 90 %. Compounds detected include; Furfural (CsH4O2) with retention time
of 13.692 min and peak area of 2.04 %; 2-Furancarboxaldehyde, 5-methyl (CsHsO2)
with retention time of 16.682 min and peak area of 0.22 %,; 2- ethanol (CsHeO>)
with retention time of 18.379 min and peak area of 0.74.2 de a‘oic id methyl
; M@an-
4-one, 2,3-dihydro-3,5-dihydroxy-2-methyl (Cs with retention time ‘8&30.183

ester (C17Hz402) with retention time of 29.451 min and peakarea’of 0.

min and peak area of 4.14 %; n-HexadecanoicWCl ith retgption time of

40.396 min and peak area of 0.48 %; %Md (

wit ention time of


http://www.chemspider.com/Molecular-Formula/C18H34O2

Table 20: Compounds detected in dates from Methanol : Hexane (50 % : 50%) extract

74

peak Retention time | Peak’s area % Compound CAS Molectilar formula Molecular weight | Similarity index (%)
number min (MW) g/mol
5 12.916 0.67 Glycolaldehyde dimethyl acetal 030934-97-5 \/‘C 4H10s 106 83
7 13.692 2.04 Furfural 000098—01-1‘ S‘ CeH.0, 96 91
|
13 16.682 0.22 2-Furancarboxaldehyde, 5- 000620-0 , | H.0 110 91
methyl ne02
A" J X
15 18.379 0.74 2-Furanmethanol 00009@ , 7) d 0o, 98 95
[ ] b v sl
23 24.454 0.05 Maltol 000118=#1-8~. [o~ @QH 503 126 76
b 4
25 24.890 0.20 2,5-Furandicarboxaldehyde 823-82 ? {\‘ 124 | 80
¢ CeH4O
N <( 6 4Y3
30 29.451 0.09 Hexadecanoic acid, methyl ester 11‘239— (@) CrH 0, 270 99
N’ J q
39 30.183 4.14 4H-Pyran-4-one, 2,3-dihydro- , =) 028 2 A 144 83
3,5-dihydroxy-6-methyl N 6 4 Q‘-_‘) CsHgO4
& £}
40 30.498 0.16 4H-Pyran-4-one, 3,5-dihydroxys, .ptﬁ"ﬁ-g %N 142 90
2-methyl ' 3 \% CeHsO4
{
44 32.807 0.17 2-Furancarboxy|ic§a9‘ ,onqg\;ﬂ-z Cs H4O5 112 86
49 34.302 22.61 5-HydroxymetWral I\\_; -~ 000067-47-0 CeHsOs 126 86
~, £,

69 40.396 0.84 n-Hexadecaﬂ@c’ld ‘B ( %@6057-10-3 CisHu O, 256 99
81 43614 0.70 %%A;d ] )‘) é, 000112-80-1 CuHxu0, 282 99
85 44,308 1.08 9,12-Octa% noICagiAZ,2) - 000060-33-3 280 99

% \C:;’z CisH3 02
91 45.898 0.91 \ -Allose - 002595-97-3 CeHuOe 180 86



http://www.molbase.com/en/formula-C5H4O3.html
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4.1.14 Methanol : Chloroform Extract Khesab (Tamar) (50 % : 50 %)

The extract of Methanol (50 %) and Chloroform (50 %) as shown in Tab 33;

of peaks that have area between 0.09 - 11.19 %. Ten of the peaks ts?nilarity

higher than 90 %. Compounds detected include: Furfural (CsHa h retention

time of 13.376 min and peak area of 0.28 %; 2-Furancarbw1yde, 5-methyl

(CsHe0O2) with retention time of 16.556 min and peak are OY‘; i-furanmethanol

(CsHeO2) with retention time of 18.341 min and pea of 0 BWadecanoic
@

acid, methyl ester (C17H3402) with retention time of 51 min and p k,area};?(;.og
Y
i

%; 5-Hydroxymethylfurfural (CeHsOs) with retention time of 34.182 mihzand peak
\)

n tir@.40.396 min

ret time of 43.601

area of 11.19 %; n-Hexadecanoic acid (C 320; wi

and peak area of 0.30%; cis-Vaccenig,a 18H34

min and peak area of 0.31 %; 962-Octade W

retention time of 44.289 min and

{Z,7) (CisH3407) with



TABLE 21: Compounds detected in dates Khesab (Tamar) from Methanol : Chloroform (50 %%0%) extract

76

peak Retention time | Peak’s area % Compound CAS v Molecular weight | Similarity index (%)
number min Wecular formula (MW) g/mol
5 13.376 0.28 % Furfural 000098-01-1 *\, C:H.0, 96 91
9 16.556 0.16 % 2-Furancarboxaldehyde, 5- 000620-02- 110 93
methyl CeHsO>
10 18.341 0.28 % 2-Furanmethanol 000098 \¢ HsO 08 94
16 24.877 0.15% 2,5-Furandicarboxaldehyde 0008 7) 'C §H40 3 124 87
17 25.092 0.07 % 2H-Pyran-2,6(3H)-dione 00 5- 7;/ ~c wHi O 154 72
\ W
22 29.451 0.09 % Hexadecanoic acid, methyl ester :’OQQ}IZG%O {\ CuHuO, 270 92
23 30.088 1.03 % 4H-Pyran-4-one, 2,3-dihydro- \928564-83 U 144 87
3,5-dihydroxy-6-methyl (. 2\ IS CeHsO4
26 32.801 0.09 % 2-Furancarboxylic acid o acW)%sglLi-@ CoHsO4 144 72
. £,
28 34.132 11.19 % 5-Hydroxymethy|furfu_r_a1_\‘ ,@%7-4@’ CsHsO3 126 91
34 40.396 0.30 % n-Hexadecanoic idY ?)QOS -3 CisH3 0, 256 99
b
36 43.601 0.31% cis-Vaccenic ac; j \.r MUOSQ,G-N-Z CiH0, 282 99
L .
36 43.601 0.31% Oleic Aid l\ ;; %‘9112 -80-1 CiwHwO, 282 99
36 43.601 0.31% 0- Octadecw u? (E)> [ (,)kmoonz -79-8 CiHa0, 282 98
37 44.289 0.40 % 9,12- Octad oic aFld )1) \U 000060-33-3 CisHuO0, 282 99
42 45.841 0.95 % \‘blAllose i N‘Z‘ 002595-97-3 CuHxuO, 282 86
N

N
N
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4.1.15 Methanol : Chloroform Extract Segae (Rutab) (50 % : 50 %)

The extract of Methanol (50 %) and Chloroform (50 %) as shown in Tath;sist
S

of peaks have area of between 0.09 - 17.20 %. Nine of the peaks e ilarity
higher than 90 %. Compounds detected include; Furfural (CsH4O>) ention time
of 13.597 min and peak area of 0.97 %; 2-furanmethanol (CsHeO2)with retention time

of 18.335 min and peak area of 0.48 %; Hexadecanoic a Rhyl ister (C17H3402)
%;

with retention time of 29.451 min and peak area o HW—one, 2,3-

@
dihydro-3,5-dihydroxy-2-methyl (CeHesO4) with rete time 0f130.4 Tin @Yp'eak

Y
area of 0.10 %; (E)-9-Octadecenoic acid ethyl ester (€20HzsQ%) Wit retenﬂ@n time of

NV
33.898 min and peak area of 0.24 %; %Xoxyg‘we\mfur@heo@ with
retention time of 34.195 min and @a of
4

, Bexadecanoic acid
(C16H3202) with retention time 0.346 N ak-area of 0.55%; 9-
Octadecenoic acid, (E)- (ClsH@ refentio tq e 0&4‘3\.607 min and peak area
of 0.35 %; 9,12-Octadecadieno id 320 <§|{h retention time of 44.301
min and peak area of O%R.. J ( §
NG,




TABLE 22: Compounds detected in dates Segae (Rutab) from Methanol : Chloroform (50 %A@k; extract

78

peak Retention time | Peak’s area % Compound CAS Molectilar formula Molecular weight | Similarity index (%)
number min (MW ) g/mol
o
10 13.597 0.97 Furfural 000098-01-1 W CsH40, 96 91
14 18.335 0.48 2-Furanmethanol 000098-00-0 ' CsHsO 98 95
[ ]
20 24.883 0.19 2,5-Furandicarboxaldehyde 000823-82- l—| 403 124 80
N I 3, &%
30 29.451 0.09 Hexadecanoic acid, methyl ester 000112239-0 N -L] Cu™30, 270 98
A v AN
31 30.107 2.02 4H-Pyran-4-one, 2,3-dihydro- 8564-83; I 6HgO4 144 78
3,5-dihydroxy-6-methyl C-\ < &
32 30.486 0.10 4H-Pyran-4-one, 3,5-dihydroxy- \@{073-96-7 (J CeHsO0, 142 96
2-methy! c N A
40 33.898 0.24 (E)-9-Octadecenoic acid ethyl Y&, < 006114-18-7 Qc_} CoHs0, 310 95
7]
S NG
41 34.195 17.20 5-Hydroxymethylfurfurak,_ ‘UWQGYA@‘ CsHsO3 126 91
(m 1S
53 40.396 0.55 n-Hexadecanoic acid -'*g-db 10-3 CisH 30> 256 99
\ N
£ LN o
62 43.607 0.35 9-OctadecenqiC asid, (E)-~._f" 8@&12-79-8 CisHx0, 282 99
= l
Y | r &
64 44.301 0.77 9,12-0ctade@c a(fd 2) | L~ 000060-33-3 CiH30, 280 99
% 4 F 4 ‘g\
70 45.866 1.11 .\‘D- llose L}, 002595-97-3 CsH1206 180 72
&S =
—




79

4.1.16 Methanol : Chloroform Extract Khalas (Tamar) (50 % : 50 %)

The extract of Methanol (50 %) and Chloroform (50 %) is shown in Ta N dit
consists of peaks that have area between 0.07 - 18.84 %. Eleven of@s have
similarity higher than 90 %. Compounds detected include: Furfu H102) with
retention time of 13.629 min and peak area of 0.93 %: 2-FuWoxaldehyde, 5-
methyl (CeHsO2) with retention time of 16.60 min a e arezi of 0.21 %; 2-

furanmethanol (CsHeO2) with retention time of 18.3 and ve 0.33 %;

@
Hexadecanoic acid, methyl ester (C17H3402) wit@n time 29.4 r?in_ﬁa;t‘geak

area 0.12 %; 9-Octadecenoic acid (Z)-, methyl H3s02) with etentmp' time of
NV

33.305 min and peak area of 0.13 %; % -0 \noic a@&%ethyl ester

(C19H3602) with retention time of @nin anth.pe aré(uf 0.13 %; n-

Hexadecanoic acid (C16H3202) wi retenuor&?& Q'enin and peak area of
0.60 %; 9-Octadecenoic acid, %a 3402) wi eten@ime of 43.601 min and
_ &

Z) -ailaHszOz) with retention time

S

8




TABLE 23: Compounds detected in dates khalas (tamar) from Methanol : Chloroform (50 @) extract

80

peak Retention time | Peak’s area Compound CAS Molecular fofmula Molecular weight Similarity index (%)
number min % (MW ) g/mol
9 13.629 0.93 % Furfural 000098-01-1 %V? 96 91
40
12 16.600 0.21 % 2-Furancarboxaldehyde, 5- 000620-02-0 ?Zy L0, 110 g 91
methyl
14 18.341 0.33 % 2-Furanmethanol 000098-00-0 % M 98 24
20 24.877 0.24 % 2,5-Furandicarboxaldehyde 000823-82-54 " ks 470'%\‘2' 124 87
0 i aci 29" =
30 29.451 0.12 % Hexadecangé(;earC|d, methyl 000112 39‘{ R 7 CuH 34\?_2 270 98
31 30.101 1.59 % 4H-Pyran-4-one, 2,3-dihydro- 0285 4-8% N @‘Z‘ 144 80
3,5-dihydroxy-6-methyl :\ C{ 804
32 30.485 0.07 % 4H-Pyran-4-one, 5-hydroxy-2- c@e-? 7 Qu.o 142 96
(hydroxymethyl) » N 9) A 64
36 32.801 0.08 % 2-Furancarboxylic acid 088-. | ’C;\K CcH.0, 112 72
4]
2 d Q..
0 ~ - - _ . F )
37 33.305 0.13% 9 Octade(r:Te]gtohlslaud (2)-, ~\%0(;0%b Q\;Q CioHssOs 296 93
| » )
38 33.401 0.12% trans-13-Octadecenoic aeid, 10003 §1§ 296 93
methyl ester w - My CuHx02
39 34.201 18.84 % 5-Hydroxymethylfufural s ; \6\06667@0 CeHGsOs 126 91
- [ L]
49 40.346 0.60 % n-Hexadecanom & Joog@oe CiHznO, 256 99
55 43.601 0.62 % 9-Octadecenoi€ acits () ¢ ‘.boagr‘z-m-s CuHz0, 282 99
56 44.289 0.80% | 9,12-Octadecadi€hoic’acid }z? ‘0\99060-33-3 CuH50, 280 99
r Y a
63 45.853 1.18% w ‘v @02595-97-3 CsH1206 180 68
" N
‘ﬂ \)

N
N
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4.1.17 Discussion of the Compounds Detected Using GC-MS

In the GC-MS analyses of dates extracts, the identified compounds in theydifferent
extracts are tabulated in Table 24. In general, the results show % some
compounds were identified in all extracts as n-Hexadecanoic acidﬁi_found in all

extract but in extracted hexane, all was not found. Some compunds'were extracted
with specific solvent for example (E)-9-Octadecenoic acid ewﬁter was extracted
with methanol and Maltol was extracted with meth@ve (‘%; %). The
mixture of the three solvents extracted 6-methyl-3, 5-dihydroxy, 2 ih‘yWH-
Pyran-4-one; 9, 12-Octadecadienoic acid (Z, Z);‘& an‘('j rcinel. d%%-gf& these

a et a@’ou). The

hu ﬁxvtealth.
o

r}&?&methanol, chloroform

Based on the data in the tables abeve, three
and hexane were used to eg@mpﬁunds iq dat@ach solvent was used
separately at first and was twlx A‘J pe{ée%lltages where a total of 38
compounds were detec%y.. 7;} t §
¢

compounds have been previously reported in th

Wﬂ Seohoy
compounds in the solvent mixture extrachs




Table 24: Summary of compounds detected in mixture dates extracts
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70%M+30

70%ch+30

70%M+30

H+M+CH=

30%M+70

30%CH+70

50%M+50%C

50%CH+50

0, 0, 0, 0, 0, 0, 0,
No Compounds | M 100% CH100% | He100% e o o s N 370 | 30%M+70%H < 20| s0%M+50%H
1 Glycolaldehyde | - 70. /15 g - | sswi30 | s3wi288 y o | 78%/12.88 - - 83 %/12. 9
dimethyl acetal n Y
. :
2 Furfural | 8ew1364 | 93368 | 9141365 | 91001985 919%/43.65 | o1wnzes | 91wi13es - 91 9%13.69
0, 0, 7
3 3-Furaldehyde /1g66/; 96%/13.64 | 78%s36s | eewizes | 7RSS | geber1afy .| 78%/1368 ; ; ;
4 |2 Furanmethanol | 94%/18.3 | 98%/16.64 | 95%/18.40 | 95%/18.36 | 949/18.36 | 5w 1837 | 95 %1836 - 95%/18.37
98% .
5 9-Octadecene, (E) /21.68 - - - - - : - - - - - -
6 3-Octadecene, (E) 96%/21.6 - - - - 4 - LS - - - - -
7 Cyclodecane, octyl 70%/12.6 - - - - - L - - - - - - -
8 Orcinol | 72%124.9 - | 72%ia92 [ 90%a89 ) 80%/24.90 - 86 % /24.89 | 86 9%6/24.89 - 80 9%6/24.89
g | 2-Furancarboxylic | g0 s - | sewis.23 | s539025.24 - - ; ; ; ;
acid,hydrazide N
Furyl ' e
10 hydroxylmethyl | 589%/25.2 649/25.23 - - - | someias 209 720600521 S| s9%2s.20 729/25.20 - -
ketone
4H-Pyran-4-one, :
11 23-dihydro-35- | 64%/30.1 |  879/30.13 | e3wmo.s S 83013018 T 's7ose0ris | 83%/30.18 | e3wmois 879%/30.12 - 83 96/30.18
dihydroxy-6-methy| )
12 Bthyl 9- | 9506/30.6 - - - ¢ a - - - - - -
hexadecenoate
13 Ethyl Oleate | 99%/34.0 - - - : - - - - - - - -
14 | (E)-9-Octade-cenoic 97% ) ) 3 - ) ) ) ) ) ) )
acid ethyl ester /34.00 s
- - 0,
15 5-Hydroxyme- | 919/34.3 6206/34.13 - : - - - - | eswimass | 7603451 | 80%i34.06 86 9634.30
thylfurfural ‘ .
R i 0 ~  p— o~
16 n-Hexadecanaic | 91%M0.3 | g994/40.40 | 918640%80 | 999/40.390 | 999%/40.30 | 999%/40.30 | 919/40.38 | 99%/40.390 | 74 %/40.300 | 99%/40.359- | 99%/40.34 99%/ 40.39
Octadec-9-enoic 99%/43.6
17 acid - - - - - - - - - - - -
18 | cis-Vaccenicacid | 97%/43, 93%/43.66 a=09%/43 65 - | 99%/43.65 | 879%6/43.66 | 60%/43.65 99%/43.60 | 99 %/43.60 - 99%/43 61
19 Oleic Acid | 96%/436 |  94%/43.66 : | 81914360 - | 720014366 - | 999360 | 97 %4360 999%/43.61
20 9.12-Octadeca- | 99%/443 | 99%/44 34 | o9%aa3a | 99%/aa 34 | 99%/4a33 | 99%/aa 34 | 99%/4434 | 99 %/ 4430 | 99 %4430 | 99 %/44.30 99 96/44.30




dienoic acid (Z,2)
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QY'

21 Tridecanoic acid 91% /40.40 - - — | 91%/40.40 - Iy - - 90%/40.35 -
22 D-Allose 53%6/45.89 | 86%/45.89 - — | 86%/45.90 | _85%/4580°), - 86 %7/45.91 86 %/45.89 86 %7/45.89
23| 25U rig?&%?g’é’e - -| 8792492 - | 64%024.90 | 87002492 | 86%/24900 - 87 %/24.89 - 80 %6/24.89
4H-Pyran-4-one, A\
24| 35 dinvdrony o - - | 96%s3052 - - \/ - - | 91%/30.49 - -
25 | 2Propanamine, N- - | e4%313s | 7a%i3133 | e8%/3L3 ; ; ; ; 73 %/31.31
methyl-N-nitroso- i

26 Z'F“ranca’boxa{’c'i'g - - | sowr32.88 - | sowi32.88 | 720/ : ' ‘g | sowms2s1 72 %/32.80 86 %/32.80

5-Hydroxyme- ) ) 0 o 0 o g ) )
27 iylfurtoral 580/34.21 | 879/34.21 | 9193421 | 6248421 | 59w | §
28 Octadecanoic acid - - 99%/43,26 - 72%/43.26 96%143.23 s , 7 - Q - - 68 %/43.22 62%/43.23
29 | 9-Octadecanoic acid - - | 99%/43.60 - | 99%/43.60 Y‘ N, 0T YV : : 97 %/43.60 :
30 | 6-Octadecenoic acid - - | 99%/43.65 - o N N - - - -
31 Hexade;i’:ﬁ;ﬁ :gt'gr - - | 72%/45.93 - C.’ 296/45.83 <§ a - 74 %/45.91 64 %/45.87 72 %/45.89

7~
Acetamide, 2,2,2- 0 \ ~/ 9
32 e - - - | 76%/43,65 s YA - | s5%/43.65 - - -
Acetic acid, Q , | I
33 itluore - - - - - ":\7 - %97%/29.45 - 98 %/29.45 - -
Pentadecanoic acid, 4 ~ &I
34 | 14-methyl-, methyl - - - - \ P N 97962045 | 96% /2945 - -
ester ‘H l ,’:}

Ethanone, 1-(2- [ o
% furanyl)- - - - Q‘ { ‘,!-_)‘, 3 0 - - - 64 % /14.83 - _

- H v | . N
36 o OCtzdceiger(‘E')f . . 1Al \\\ - (5(‘/ . - -|  oowsseo | 99%/34.60 99%/34.61

2- by 8
37 | Furancarboxaldehyd - - - \’\ \\y, G - - - - - 91%/16.68
e,5-methyl I ¢ 2 S
38 Maltol - - < 1 3y O- - - - - - 76 %/24.45
I 4
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This study highlights the presence of many biochemical compounds in the aerial
parts of date fruits that may affect pharmacological activities. The ewaE.of
biochemical compounds is mainly dependent on the mixture design of S@s. The
GC-MS analysis of extracts showed the presence of various type compounds in
date fruits. For global metabolomics approach, the combinatio% vents such as

methanol / water or methanol / chloroform/ water is favo ede, 2011; Rohloff,

ic olvé.?eases the
metabolite coverage and could also reduce variations that“can occur en‘tr,@g to
| &
combine metabolite information from separat#%s (Tambelini et ‘?\ 2013;
4

Mushtagq et al., 2014). Y' R V?’
N1 S

The following compounds appea'\ olventS~except iltgﬁxane solvent; n-

Hexadecanoic (Palitic acid) acidcantlomda \{-u,Q ant, Jemolytic, nematicide,

2015). Combination of polar (water) and nonpolar

antiandrogenic, flavor, pesticide cholester ic, i&l\pha reductase inhibitor

o
(Rajeswari et al., 2012). Certa}hq)mp ear i\népecific solvent; for example,
2-Propanamine, N-m yI-NZ':troso- baqti@ng three mixture design, the
E' ? '3
exhibited P& emic@fj:’ompounds compared to the other

mixture of solvent |
i this @t most of these compounds are semi

extracts. The po@axpl
o N1 O

polar by mixi olar and -ﬂblar‘S@vents (Methanol, hexane and chloroform).

@

% NN
The% ecan(fcbijdf 14€4_e\thyl found in extraction using methanol

chl (50 % : 50 %) is@’fungal and antimicrobial in action (Akpuaka et al.,

20\(/hile the best extraction process was using methanol : chloroform (50 % : 50

Q}. Hexadecanoic acid; ethyl ester, Oleic Acid (9-Octadecenoic acid (Z)) are
-alpha reductase inhibitor, allergenic, alpha reductase inhibitor, anemiagenic,
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antialopecic, antiandr-ogenic, antiinflamatory, antileukotriene-D4 (Anti-platelet
activating  factor), cancer preventive, choleretic, dermatitigeni(\m,
hypocholesterolemic, insectifuge irritant, percutaneostimulant perfum pecic,
(Rajeswari & Srinivasan, 2015). 9-Octadecenoic acid, (E)- and 9,12-Octadecadienoic
acid (Z,2) are fatty acid, which showed many functions such W inflammatory,
hypocholesterolemic, cancer preventive, hepatoprotective, vﬂcide, insectifuge,
antihistaminic antieczemic, antiacne, 5-Alpha redu@it ,'anti drogenic,
antiarthritic, anticoronary, insectifuge ( Mathavi et al, 2013). W‘ X~
| &

=\
The Fig 6 shows the most important biochemieal compoun w@similarity
index (SI) above 80 % with solvents type ovx'th §7 to 2 ethanol (50
%) and chloroform (50 %) is best e%in extr bioﬁ@ical compounds
because it extracted 16 compounds ha

%ﬁ a '@xane (50 %) extracted
15 compounds and methanol : ch rm fhexang,‘meth \(70 %) and chloroform

]

(30 %) and methanol (30 %) Mexa extrasﬁﬁl 14 compounds, while the
sLn becaus

R
three mixture design was th%est de @ eight compounds higher than

1 d .
90 % (SI) and me@ 0% ‘anck xane %) extracted have six compounds

higher than 90 m In %1 ixtbu® solvents, less number of compounds

l
were extracte&v) po ncf with the pr us mixture.

O
R
\ N

N
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Figure 6: Graph of Biochemical Compounds with Solvents Type

b £ P 4
The 6-methyl 3,5-dihydroxy-4H-Pyrang2,3-dihyd “one Whi@gs found in

ts p <é~rty (Xiangying et

most of the extractions has been rep Mve anti

al., 2013). Furfural; Oleic Acid; {D-Allose; %n (Késid, methyl ester; n-
N
Hexadecanoic acid; and 6-me dih)ﬁroxy , -dih@-4H-Pyran-4-one all of
&
them found in tamar, rutab and Khalas f i nt ratie®. Hexadecanoic acid, methyl

ester; Oleic Acid an% xadecanoic acid @tty acid and 6-methyl-3,5-
4 2
dihydroxy-2,3-dihydgo-4H-Pyr e santic@ént activity these major compounds

i‘

uhds we eiﬁétected at small percentage of area such
!
de; E’J‘sﬂ/accenic acid; 9,12-Octadecadienoic acid

N

es @ther
[
as 5-methyl- ncarboxald

(Z,2); a% lose. /‘:
h N

the mixture of the m&@ types of dates, some high percentage of compounds

‘@/ere low in the dates in a separate case; for example Furfural; 2-

Oancarboxaldehyde, 5-methyl, and some compounds were not present in the dates in

the event of a separate while it was present in the case of mixing dates such as;

found in three


http://www.sciencedirect.com/science/article/pii/S0963996913000045

87

Orcinol, Furyl hydroxymethyl ketone and Octadecanoic acid. Some compounds were

present in the same proportion or close to the compounds found in a separ&% or

mixed for example; Hexadecanoic acid, methyl ester; 4H-Pyran-4-one, 2,3-dihydro-

3,5-dihydroxy-6-methy; 2-Furancarboxylic acid; n-Hexadecanoic_ acid and 9-

Octadecenoic acid, (E). \,

In the GC-MS analyses of dates extracts, the identifie mgundsl in the different

extracts are presented in Table 25. The results sho at so Wnds were
¢
a

identified in all extracts of the mixture dates, ar, Kalas al 'Ru The

compounds are; Furfural (93 %, 91 %, 91 % and % respectively), 6-mmyl--3,5-
NV

dihydroxy,2,3-dihydro-4H-Pyran-4-one (8%8 %, % \hd 78 ﬁéctively), 5-
Hydroxymethyl-furfural (96 %, 91 W@d 91 S ctiv@ n-Hexadecanoic

acid (99 %, 99 %, 99 % and 99 % r@estively), = t?ec n cid, (E)- (99 %, 98

%, 93 % and 99 % respectively% 6 “ Qi:}
AN \\%
In summary, the effect Yﬁe sol\tn S hanolschloroform and hexane) on
the compounds extra% te'; has Uplwn od results where a total of 38

compounds were;@d_ § Q%

o
[oF)



TABLE 25: Comparison between mixture dates, Khesab (Tamar), Kalas ( Tamar) and Segae @kg)

88

Compounds Mixture Similarity | Tamar Similarity index Kalas Sim@ index (%) Rutab Similarity index (%)
index (%) (%) V
Furfural 93 o1 Q o1 o1
i
2-Furancarboxaldehyde, 5-methyl 95 93 < '\d 52
2-Furanmethanol 95 94 - 4 "X 95
N

, : N 1.8 _

Orcinol 86 ‘< 2 Y
Furyl hydroxymethyl ketone 72 - g =~ -

o ) ‘K\- ﬁ.
Hexadecanoic acid, methyl ester 98 92 ¢ N4 | 4(\‘98 98
N
4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy- 87 87 Ny | \ *V 80 78
6-methyl N - ? \/\
2-Furancarboxylic acid 72 y @ Q‘? 72 -
& 8
4-Mercaptophenol 99 Xv ’ATI Yy - -
> |7 o ,}\
5-Hydroxymethylfurfural 9 ‘ -‘91 Lj N 91 91
F o £1¢,
n-Hexadecanoic acid 99 z\ - ?9%“ L 99 99
T—i
9-Octadecenoic acid, (E) 99 UN 8By & 93 99
P \ 3 \ | S L/
9,12-Octadecadienoic acid (Z,2) 99 \-3' I . Y 7 (:) 99 99
) )

D-Allose 86 72
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4.2 Results and Discussion of compounds detected using LC-TOF-MS

The compounds identification was performed by analyzing the LC, TE%Q:MS
spectral pattern based on micro TOF-Q 86 source type ESI databa%) ary and
comparison with literature data. Most of the possible compoun tified have

intensity of about 23 - 283. The LC-TOF-MS results is shown Nendices B from

figure 33-35, and the corresponding compounds with t r entio'n times, peak’s
h

ensi Wbles from
L ]
26-28, when the best mixture design in extraction ( anol : Chloro rrr e>@§g- (50
=\
b4

% : 50 %) was used.
Y
g
&

S sh@ in Table 26 and

area, molecular formula, molecular weights (MW),

4.2.1 Methanol : Chloroform Extract Khesab m

The extract of Methanol (50 %) and hyrm (50 %

consist of intensity higher than 3 isteen of Nﬁg?ns'

& )

b int
are 4H-6-methyl-3,5-dihydro -dihydro-Pyr -J-O@CsHsOO with retention
N Y N

time of 2.14 min and inY& rinerin «methyl ether (CisH13015) with
retention time of 1l%i and

(Ca2H25013) with &N‘;n timg 29
hexoside (C: 3) "with ion ti <<f 14.99 min and intensity of 30; 4-o-
QWi ey g p
168117

e prominent of which

t}( of“93; O-dicaffeoyl shikimic acid

min {&d’ intensity of 50; Luteolin rhamnosyl

it{r.e&qption time of 22.35 min and intensity of 64.

’ <>
Th.:%OF-MS a alygs p{/‘é?(tracts showed the presence of various types of
coﬁwn

caffeoylquinig acid (C

<
s in date fruits. Sane compounds appeared in all type dates Khesab

), Segae (Ruteb) and Khalas ( Tamar) for example; 6-methyl-3,5-dihydroxy-

0-dihydro-4H-Pyran-4-one which is antioxidant activity (Farag, M. A et al 2014).
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Stearic acid biological activities include, 5-o reductase inhibitor, hypo
cholesterolemic, suppository, cosmetic, lubricant, surfactant and soften”\ ent,
perfumery, propecic, flavor (Mathavi et al., 2013). Tridecanoic a 'mlogical

activities include; antioxidant, lubricant, Hypercholesterolemic, cer preventive,

Cosmetic (Rajeswari & Srinivasan, 2015). 9, 12-Octadecadienoig, acid(Z, Z) and (E)-

9-Octade-cenoic acid ethyl ester biological activi 'esvﬂde; Antioxidant,
. Iavwmytic. 5-
as [foun y'ln\ ‘?utab

Alpha reductase inhibitor (Rajeswari & Srinivasang2015
=)
using LC-TOF-MS. { S

hypocholesterolemic nematicide, pesticide, anti-an



TABLE 26: Compounds detected in dates Khesab (Tamar) from Methanol : Chloroform (50 ¢

91

%) Extract using LC-TOF -MS

Peak Retention time | Intense Possible compounds Type Molecular formula lecular weight (MW) Reference
min g/mol
1 2.14 50 6-methyl-3,5-dihydroxy- antioxidant C7HsO3 \[ 146 (Farag, M. A et al 2014)
2,3-dihydro-4H-Pyran- activity

4-one |

5 2.14 187 Un - Cis 10 \' \d 360 (No ref)

6 2.14 63 O-Feruloyl quinic acid Fatty acid Ci 8010 f c:?“ 318 (Farag, M. A et al 2014)

7 2.14 330 Un - 380 20 ‘AT 702 (no ref)

10 2.14 100 Un - aop | ~J 723 (Farag, M. A et al 2014)

2 1.99 93 Narinerin methyl ether Fatty acid Sue H 13 O1s \g 286 (Farag, M. A et al 2014)

3 14.99 15 Catechin / epicatechin Antioxidant C\C 15.H1s & , 287 (Farag, M. A et al 2013)

7~

6 14.99 50 O-dicaffeoyl shikimic Phenolic acid*’ % 1lu 497 (Farag, M. A et al 2014)
acid > A

10 14.99 30 Luteolin rhamnosyl Flavanoi 6 CcxH 29@3 593 (Farag, M. A et al 2014)

hexoside o o 1) }; A
2 22.35 64 4-o-caffeoylquinic acid Phenol asid ’;“'C S}; Og 353 (Farag, M. A et al 2013)
[ & l I

S
&
S
N

\
\&
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4.2.2 Methanol : Chloroform Extract Segae (Rutab) (50 % : 50 %)

The extract of Methanol (50 %) and Chloroform (50 %) is presented in T
intense higher than 40. Eight of the intensity are prominent and mclu@@nethyl-
3,5-dihydroxy-2,3-dihydro-Pyran-4-one (CsHgO4) with retention tim 13 min and
intensity of 170; Tridecanoic acid (C13H2602) with retentlon ti 2.13 min and
intensity of 63; Stearic acid (C1gH3302) with retention time,of 2,13 nlm and intensity
of 193; 9,12-Octadecadienoic acid (Z,Z) (C1gH3202) reten OW 3.08 min
and intensity of 82; 5-o-caffeoylquinic acid (CisH1 with retentio tl"n_\ 2.86

min and intensity of 253; 3-o-caffeoylquinic aC|d sH17Q8) Wit etentIQn time of

\Huwh retention
) Wetentlon time of

13.53 min and intensity of 254; 4-o-caff oqu ic

time of 22.38 min and intensity of J@ose (Cx

22.95 min and intensity of 64. AN
A
a ‘—}

The process of |dent|fy|n - OF- S; e‘bxt d compounds have high
molecular weight (MW) b 46 5 suc arinerin methyl ether Fatty
acid (Farag et al., %t chln pIC l| a X|dant (Farag et al., 2013); O-
dicaffeoyl Shlklm Phe|10| id (F@J et al., 2014); Luteolin rhamnosyl

whl@}%ere found in Khesab (Tamar) (Farag et

:q")

al., 2013). V) éé_,
‘v’s
NS

N
N

hexoside and 4 a Iquihi
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TABLE 27: Compounds detected in dates Segae (Rutab) from Methanol : Chloroform Extrac % : 50 %) using LC-TOF -MS

Peak Retention time | Intense Possible compounds Type Molecular formula_ | MBblecular weight (MW) Reference
6-methyl-3,5-dihydroxy- antioxidant 146 g / mol
2 213 170 2,3-dihydro-4H-Pyran-4- L CsHgOy4 \,’ (Farag, M. Aetal 2014)
activity
one Trw
4 2.13 63 Tridecanoic acid Fatty acid CizH X " 214 (Farag, M. A et al 2014)
5 2.13 193 Stearic acid Fatty acid C 18% 7 R 219 (Farag, M. A et al 2013)
7 2.13 104 Un - CiHO, \5 ¢ o 233 (no ref)
\\
8 2.13 237 Un - éﬁl 0, J [ 57 248 (no ref)
Natural v L o0~ \,T
10 2.13 40 Compesterol steroids . vg HaQ V™ | 400 (Farag, M. A et al 2014)
9,12-Octadecadienoic . b N/- | (Rajeswari. B & Srinivasan. M.,
8 3.08 82 2cid (2.2)- Fatty acid l_,) C 1Mz A 280 2015)
ienoi - O
9 3.08 a0 | Hydroxy ngﬁgecad'eno'c Fatty acig ngo&g\ 294 (Mathavi. P et al., 2013)
(E)-9-Octade-cenoic acid AP A (Rajeswari. B & Srinivasan. M.,
10 3.08 40 iy oser Fatty L 3@ 2 310 2015)
5 12.86 253 5-0-caffeoylquinic acid | Phenolitvacidy 4= C 16.H%7 O 9 353 (Farag, M. A etal 2014 )
' N
3 13.53 254 3-o0-caffeoylquinic acid heniiic aciq )? ( C&eHn Oy 353 (Farag, M. A et al 2014)
2 17.86 283 Un : ) -~g¥ T CuH10w 318 (Farag, M. A et al 2014)
5 18.97 110 Un N TS | X aHuou 441 (no ref)
1 20.90 195 Un Ay OF |V CcuHis0w 331 (Farag, M. A et al 2013)
]
2 22.38 193 4-0-caﬁeoquuini;\a€'ﬂ)‘" Ffweﬁ‘?@af:i(z('D CiH1709 353 (Farag, M. A et al 2013)
J
1 22.95 64 sucurosp " [p | Sugar I CuHxOu 340 (Farag, M. A et al 2014)
4 22.95 116 Und, LR Ci6H27010 379 (Farag, M. A et al 2014)

N
N
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4.2.3 Methanol : Chloroform Extract Khalas (Tamar) (50 % : 50 %o)

The extract of Methanol (50 %) and Chloroform (50 %) is shown in Te and
a

consist of intensity higher than 50. Fifteen of the peak are prominent N e 4H-6-
methyl-3,5-dihydroxy-2,3-dihydro-Pyran-4-one (CsHgO4) with rete me of 2.21
min and intensity of 354; Stearic acid (C1sH3402) with retention f 2.21 min and

intensity of 105; Apigenin (C1sH100s) with retention tim

2.2 min'and intensity of

mi aWity of 50;
L ]

J50

phingolipid conjugate with retention time of 12.68 in and intensity of 1@%& -

K

caffeoylquinic acid (Ci6H170g9) with retention _time of 12.93/min a inteﬁgﬁy of 72;
Y

\hin an@gnsity of 87;
ion tim(é( 16.52 min and

E&he of 18.21 min and

65; Tridecanoic acid (C13H260) with retention time

3-o-caffeoylquinic acid (C1sH1709) with re ntlo

Luteolin rhamnosyl hexoside (C27H\g?|

intensity of 80; Isoqurcetrin (C> 20012) w

intensity of 157; 4-o- caffeoquum (C!&Hu wnh@ntlon time of 22.65 min
and intensity of 157 Sucrose 12Hz1 retehtlon time of 23.13 min and
intensity of 93; Lutealin rh onsy llhex ide @39020) with retention time of

o'
23.13 minand inte |ty of \: (_/

The Khalas ma th i theé‘t’ type of date in this study because it has

many com h|c g?e eve ra(_peneflts to human health such as Apigenin,

Corcho acur, Jvoxy t decadienoic acid, Sphingolipid conjugate,
I hexosyl, 5-o- s@oquumlc acid, 3-o-caffeoylquinic acid, 4-o-
ca quinic acid, and Luteolin rhamonsyl dihexoside. Stearic acid biological

UI ities include, 5-a reductase inhibitor, hypo cholesterolemic, suppository,

cosmetic, lubricant, surfactant and softening agent, perfumery, propecic, flavor



95

(Mathavi et al., 2013). Tridecanoic acid biological activities include; antioxidant,
lubricant, Hypercholesterolemic, Cancer preventive, Cosmetic (Raj%&v&
Srinivasan, 2015). 9, 12-Octadecadienoic acid (Z, Z) - was also fou %C-MS
analysis of compounds in Khalas (Tamar) and Segae (Rutab). (E)-9-Octade-cenoic
acid ethyl ester biological activities include; Antioxidant,% olesterolemic
nematicide, pesticide, anti-androgenic flavor, hemolytic. 5- Aweductase inhibitor
(Rajeswari & Srinivasan, 2015) was found only in RU@C-@
o
SeUF
s ¥
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TABLE 28: Compounds detected in dates Khalas (Tamar) from Methanol : Chloroform Extrarﬂ})'b% : 50%) using LC-TOF -MS

Retention time

mecular weight (MW )

Peak min Intense Possible compounds Type Molecular formula ‘r g/mol Reference
2 2.21 354 6-methyl-3,5-dihydroxy- antioxidant CsHgO4 \V 146 (Farag, M. A et al 2014)
2,3-dihydro-4H-Pyran-4- activity
one
4 2.21 105 Stearic acid Fatty acid 219 (Farag, M. A et al 2014)
5 2.21 72 Un - 230 (Farag, M. A et al 2014)
10 2.21 65 Apigenin flavanoid 266 (Farag, M. A et al 2014)
4 3.20 100 Un - 262 (Farag, M. A et al 2014)
5 3.20 109 Linolenic acid - 277 (Farag, M. A et al 2014)
1 3.20 50 Tridecanoic acid Fatty acid 214 (Farag, M. A et al 2014)
6 3.20 32 9,12-Octadecadienoic Fatty acid 280 (Rajeswari. B & Srinivasan. M.,
acid (Z,2)- Ay 2015)

7 3.20 61 Un - 294 (Farag, M. A et al 2014)
8 3.20 23 Corchori ftty acid Fatty aci 304 (Farag, M. A et al 2014)
9 3.20 44 Hydroxy Fatty au;b 312

octadecadienoic acid & (Mathavi. P et al., 2013).
6 12.68 146 Sphingolipid conjugate Fatty atid 480 (Farag, M. A et al 2014)
10 12.68 51 Chiysoeriol hexosyl fw c acid 607 (Farag, M. A et al 2014)

s
5 12.93 72 5-o0-caffeoylquinic acid ;ol a r/ "6016 Hi7 Og 353 (Farag, M. A etal 2014)
3 13.45 87 3-0-caffeoylquinic acid ‘P'herQ \a(z@ (_5’ Cis Hi7 Og 353 (Farag, M. A et al 2014)
N
6 13.45 50 Un C—" I ,? cé/ C17 Hao Os 427 (Farag, M. A et al 2014)
— {

5 16.52 71 Un ‘ & C17H25015 421 (no ref)
9 16.52 80 L”teor']g(g';?d\' gy | mnoié Ca7 Has Oss 593 (Farag, M. A et al 2014)
5 18.21 157 Isoq Antloﬁ(?ant Ca1H20012 465 Mathavi. P et al., 2013)
2 18.95 114 C20H24011 441 (no ref)

S
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6 20.89 77 Un - C17H21010 (no ref)
1 22.65 157 4-o-caffeoylquinic acid Phenolic acid Ci6Hi17 Og 353 (Farag, M. A et al 2014)
6 22.65 60 Un - Cz7H22013 & 554 (no ref)
1 23.13 93 Sucrose sugar Cle21011v~ 340 (Mathavi. P et al., 2013).
5 23.13 198 Un - CisH2sOu% 379 (no ref)
6 23.13 57 Un - Cisfalu  , N oA 380 (no ref)
Luteolin rhamonsyl . ' *L X"
8 23.13 66 dihexoside Flavanoids CazMgoO20 [ (_} 757 (Farag, M. A et al 2014)
%5
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4.3 Results and Discussion of GC-MS using Principal Component Analysis (PCA)

Results of GC-MS (retention time and peak area) for 13 design mlc ere
tabulated in from of multvaiate data set. Principal Component Anam A) was

peformed on the data using unscrambler X 10.1 Scores and Load'YMre obtained

and plots of Scores and Loadings were studied. V
4.3.1 Compounds with Mixture Design and Retention aw Pata)
4.3.1.1 Scores \d'

(.)

The score plot is a two dimensional scatter plat (or fap) offscores/for tw&%pecmed

e dataéd; tributed and
res@% (PC1, PC2) was

used in this study because the twi omponen I?re ﬁ\more disparity in the
N,
data than any other pair of c ure escrikes the PCA score plot of

components (PCs) for PCA. The score pIo howsho

gives information in the samples (W| 006)

\‘ &
different solvents extractions andware r |n fourclusters (A, B, C and D) on
the graph. ’ l
4 ¢ &
The compoun ﬁve high es are denoted as A. Compounds 1
&
(Glycolaldehy im et yI , 2 (}Furfural) 3(3-Furaldehyde), 4 (2 -

()

ece @_ﬁre closer to one another. Compounds 6 (3-

Octad ), 7 d':‘ etan@yl) and 8 (Orcinol) are also loaded and closely
A > S
PC 1. On the otherﬂf@d, the compounds with high and negative impact on

‘%(\) include 27 (Octadecanoic acid), 26 (5-Hydroxyme-thylfurfural), 25

@opanamme N-methyl-N-nitroso-), 24 (4H-Pyran-4-one, 3,5-dihydroxy-2-), 23 (2,5-
Furandicarbo-xaldehyde), 22 (D-Allose), 21 (Tridecanoic acid) and 20 (9,12-

Furanmet

Octadeca-dienoic acid (Z,Z)). These compounds are superimposed to one another.



Pc-2 (26 %)

99

Also, on PC 1, compound 19 (Oleic acid) was negative and quite separate from the

other samples. On PC 2, the compounds with the most influence are lab and

include compounds 29 (9-Octadecanoic acid), 30 (6-Octadecenoic acﬂ' z: Ea(cis-Q-
I

Hexadecenoic acid) and 33 (cis-13-Octadecenoic acid). Also positi oaded on PC

2 are 9 (Furancarboxy-lic acid, hydrazide), 10 (Furyl hydroxyl-metAyl ketone), 11

(4H-Pyran-4-one, 2,3-dihydro-3,5- dihydroxy-6-methyl), 12 W‘P@)-hexadecenoate),

13 (Ethyl Oleate), 14 ((E)-9-Octade-cenoic acid %ﬂ‘), 15 (5;Hydroxy-
dec-9-enoic acig) an

methylfurfural), 16 (n-Hexadecanoic acid), 17 (O d1 is-
ylfurfural), 16 ( ) 17 ( 187(c
Vaccenic acid).

4
\ \j’("
Figure 7: PCA Scores plot for the compou% cteg@ ?T
%)

-50 -40 -30 -20 -10 0 10 20 30 40 50

PC-1 (42%)

th%%ponents concerned (i.e. they have close values for the corresponding
a

rfables). On the other hand, samples for which scores differ greatly are quite

ifferent from each other with respect to the variables. The score describes the major

60
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features of the sample, relative to the variables with high loadings on the PC (CAMO,

Fig.8 the separation between solvents system was achieved usig the first two

2011).

4.3.1.2 Loadings

principal components (PCs) (PC1 versus PC2) with a tota e of 68 % (the

mixture design used is as shown in APPENDIX D). PC1 higt’est variance (42

%) while PC2 was the greatest variance (28 %) in su

. N
(Figure 9 & 10). On PC 1, (A) CH1o + Hig, CH14 and (D) hexa e'e@twely

loaded. CH10 + He and CHis + Hio were hig de% apped:gldicating

T
shared similarities. This shows that the EW ure Yi‘esi ng are G$+ H1o (50 %
Chloroform + 50 % Hexane), CH14 % Chloraform @) % Hexane) and

hexane. Also on PC 1, (B) Mg %o, MB%&H

@
methanol were negatively load Mig+ Hioand' m@'\ol superimposed on each

other. Furthermore, the mi%hict’ are positive @Jhose that are negative on PC
1 are both anti-correla% ating '; J 'mlc@ in one will lead to the decrease
on the other. On ﬁfghlorofpr

\Ms + é@ were positively loaded and packed
together while (€),M14+ CHe
¢
2 9

The se Qﬁﬂ observed/in JPC ore plot can be explained in terms of the
é ‘ | 4

identi pounds with ré%a(d\/éit(') different mixture design, using the loading plots
<,

fonﬁQ gnals that expose t%se peaks (mixture design) that have the largest effect

ce perpendicular to PC1

@ Hs, M1 + Hio and

&
i Hl(_W}ere negatively loaded.

respective principle component. Examination of the mixture designs in A
QWS that 50 % Chloroform + 50 % Hexane, 70 % Chloroform +30 % Hexane and

hexane are best for extraction of group A on the scores plot (Figure 8) which include,
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Glycolaldehyde dimethyl acetal, Furfural, 3-Furaldehyde, 2 —Furanmethanol, 9-
Octadecene, 3-Octadecene, (E), 7 Cyclodecane, octyl and Orcinol. Mewzand

chloroform extracts grouped in B on the loading plot are best suited.ﬁi'n:' ea'acting
ult

carbohydrates as majorly represented in group B on the scores plot. ﬁ_s rom PCA
shows that mostly phenolic, carbohydrates and fatty acids owb, e to the date

variety. In previous study of Mohamed et al. (2014) Prwrm component and

E\
G .3 Explained variance

Fig.9 shows the blue curve indicates the calibrated variance while the red indicates the

validated variance. From the validated curve, it shows that PC 1 and PC 2 are enough

clustering analyses reveal that flavonols and sugars, ib t}e\'m?to variety
classification of the date studied. ’
N4
| S
Figure 8: Loading plot of all variables on PC1 and P€2 b &
AN\ °\B %
Loadings
061 Chlorofd6+CHT
0.5-
M10+CH10
0.3 I\ﬁ-CH+H ¢
: M14+He
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] T . CHA4H1H06
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to explain most variance as a sharp slope is encountered after the PC 2, after which a

decline is visible.

Figure 9: Cumulative variance.

Explained
Variance

PC-0 PC-1 PC-2 PC-3 PC-4 PC-5 PC-6 PC-7

PCs
r T
4.3.1.4 Correlation Io%x u}l 0’
Fig.10 shows th Mtlo@gs co two ellipses, the inner and outer
ellipses. The M r ¢|rc&)(mdlcate 50 % of explained variance while
4
0

those in t lipse'indigat 1&\ ariance and have high contribution to PC1.

4
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Figure 10: Correlation loadings plot of all variables along PC1 and PC2

Correlation Loadings (X)

M10+CH10 1
+CH+H 0.%
M14+4H6 1.
CH
Hexane U
[
M6+H14 0:
[ ]
-1 -0.8 06 -04 -02 0 0.2 0.4 0.6 0.8 1
PC-1 (42%)
s AN
Every variable analyzed has @ Al each and<@lb reflects how much the
individual variable contnbutesh&at P Qhe PC takes into accounts the
variation in the variab W| et aI 006) he@ itude of the loadings indicates
'3
the relative contrl tlon f d |dual able to each PC based on the
mterrelatlonshlp a th S, ar&-} b|ological meaning is determined by
I
elgenvectors an the res“VarlabIes on the component 1 vs. component

O

2 repre % argeft ari |o S | e data set. PC 1 is generally better correlated
vartab

with th les than PC 2; t@gji-expected as PCs are extracted successively, each

: unting for as much of the remaining variance as possible (CAMO, 2011).

N
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4.3.2 Compound with Mixture Design and Peak Area (Raw Data)

4.3.2.1 Scores c\:

Fig.11 shows on PC 1, 33, 32 and 35 had positive scores and far apartefrom one
another. 18 and 29 had negative scores and were superimposed on ea% other. On PC

2, majority of the compounds were superimposed on one anot)?~

Figure 11: PCA Scores plot for the compounds extracted .\d‘ X~
.} J ' A"}

cores

) @ >

ot o
L L
N

Pc-2 (22%)
N
o

20 -10 0 10 20 30 40 50 60 70 80 90 100 110
PC-1 (59%)

18 (ms% c amj}) "Dy (9 ,@tedecanmc acid) had negative scores and were

superl osed on each other. O@» 2, majority of the compounds were superimposed

é nother.
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4.3.2.2 Loadings

Fig.12 & 13 show PC 1 and PC 2 explained 81 % of the total variation. PtﬁX:p

59 % while PC 2 made up 22 %. H100 % and M 100 % were positix% ad high
loadings on PC 1. Both mixture designs were far away from each other™On the other

hand, 70 % M + 30 % CH contributed highly to PC 2. Otherwe designs were

densely packed at the centre. 2 '

Figure 12: Loading plot of all variables on PC1 and PkCZ ‘\d‘

\ Loadings
o] w
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FIGURE 13: Cumulative variance
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Explained Variance
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4.3.3 Compound with Mixture D nd Pea g( io(}lallzed Data)
S
Q—

4.3.3.1 Scores %
A
N
Fig.14 shows on PC 1 %pound

Wlth ositi d high loadings include 20 (9,
P 4 s

12-Octadeca- dlen0| ( Z) ctadecanoic acid) and are superimposed on

h

each other. 7 (C C cane I (cig-13- O@cenoic acid) and 20 (9, 12-Octadeca-
dienoic aC|d er/ sfig par&fed 25 (Propanamine, N-methyl-N-nitroso),
26 (5 e tgyl

(Octa 9 oic acid) were dansi;g packed while 41 were far afar from the others.

urf aI ?@Hexadecanmc acid, methyl ester) and 17

PC 1, the ones W|th negative scores include 28 (Octadecanoic acid, 2-(2-
roxyetho-xy) ethyl ester), 5 (9-Octadecene), 16 (n-Hexadecanoic acid), 13 (Ethyl
Oaate) 6 (3-Octadecene), 10 (Furyl hydroxyl-methyl ketone), 30 (6-Octadecenoic

acid), 12 (Ethyl 9-hexadecenoate), 3 (3-Furaldehyde), 9 (Furancarboxy-lic acid,
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hydrazide), 15 (5-Hydroxy-methylfurfural), 1 (Glycolaldehyde dimethyl acetal), 6 (3-
Octadecene), 4 (2 —Furanmethanol), 14 ((E)-9-Octade-cenoic acid ethyl es& (9-
Octadecanoic acid) and 8 (Orcinol). On PC 2, 18 (cis-Vaccenic acid), leic acid)

and 24 (4H-Pyran-4-one, 3,5-dihydroxy-2-) were with negative scorﬁ and overlapped

on one another. \)

Figure 14: PCA Scores plot for the compounds extracted 2 '

0.9

SCors
0.6 1
0.4 1
0.2 1
1 ° 22 20 7
0 25 33 . ¥
) [ ° e
-0.2 1
-0.4 1
-0.6 1
'0.8 v T v T T T T T T T T T T T T T T T T T T T T 1
-04 -0.3 -0.2 -01 0 0.1 0. 0.3 0.4 0.5 0.6 0.7 0.8
PC1
(26 %)

: - ~J ~7
4.3.3.2 Loadi : J (')(_,
lai

'
Fig.15 3220?1 a‘r'1d C2e aQéJAM % of the total variations with 26 % and 22
t

% respec . M100 % Wz{s @ve and highly loaded on PC 1 while M50 % +

)

C!ﬁp\% and M50 % + H50 %."0On PC 2, M70 % + CH30 % are at the centre, other

‘@es were densely packed and do not influence the variation. The correlation

Odings contain two ellipses, the inner and outer ellipses. The variables in the inner
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circle indicate 50 % of explained variance while those in the outer ellipse indicate

100% variance and have high contribution to PCL1.

Figure 15: Loading plot of all variables on PC1 and PC2

Loadings

0.6

5?9%”3#9!5'0%
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M100 %

o H70% + M30%

-0.4-
-0.61
M70% 309
-0.84+—— :
3

03 02 01 O 01 02 03 04 05 06 07 08 09 1
PC-1 (26%)

Y | RN X
4.3.3.3 Explained varianc \" "C/Q

Fig.16 explain@'ﬁnce
%
variance in th‘@

l
is a'meas em@n

ich @ﬂen measured as percentage of the total

t?(}f'?he proportion in the data accounted for by

the indiyidualNprincipal’co Ponen(é?’(:). It gives an indication of how much of the

variationyin the data is descrih@\foy the different components (CAMO, 2011). The
N

Nw'on variance indicates the number of PC that was selected for this research

b on the eigenvalue one criterion and is based on fitting the calibration data to the

odel while the validation variance is the proof of the optimum number of principal
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components needed to describe the PCA model and is computed by testing the model

on data that were not used to build the PCA model (CAMO, 2011)

Figure 16: Cumulative variance

Explained Variance
1007

X-variance

PC-0 PC-1 PC-2 PC-3 PC-5 PC-6 PC-7

PC-4
PCs
\' \
\ Y
4.3.4 Summary of PCA on GC- a \/\
[} 4 QC_—)
Data from the GC-MS ﬁg& ubject irectly data) and normalized

N
(standardized) to get vgi nmts. T,e raw,d lta @ot show much variation as that
r

of the normalized data. A rdinq{ &z‘f,al. (2005), Normalization (object-
wise standardizat@nal ‘cal rofiles i % important step in the preprocessing of

N
metabolic profilingwdatal The di f?r!ancbgﬂ’ biological extract concentrations can be

quite lar Qﬁultiva ate aha si*\e(r{mprocessed signals could lead to results that
4
Norma

are st iased. frza'gi\oﬁf procedures might have a strong impact on data

clustering and therefore influeh'e any final interpretation.

Q CA has enabled easy visualization of the compounds dispersal based on the
i

fferent mixture design used. It has successfully shown which mixture design most

influenced the variations of the compounds extracted from the mixed dates. Boccard
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et al. (2007) in their research concluded that the multivariate analysis of TMS spectra
obtained with a rapid gradient LC-TOF/MS analysis has demonstrated&z an

attractive approach for the ion detection linked to significant markers S&awound
ir stu

response in Arabidopsis thaliana. Mohamed et al. (2014) also in t y reported

that UPLC/PDA/ESI-qTOF-MS & GC-MS approach coupled with multivariate data

analysis adopted to revealed compositional differences,in Wary and primary
metabolites among date fruits. The approach W@ed‘f\rg tentative
identification and monitoring of 49 metabolit t them b mg\lq-'the

es, 4nos
. o | S
flavonoid class with absolute quantification of th r peaks
Ny



