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ABSTRACT 

Phytochemicals were recommended to reduce coronary heart-related diseases and diabetes 
incidence. In consequence, the development of foods with high phytochemicals content should 
be desirable. The aim of the present work was to investigate the possibility of using pomegranate 
seed residues (PSR) and guava seeds (GS) as a source ofphytochemicals. The data revealed that 
PSR and GS contain high amount ofphytochemicals (a-tocopherols, polyphenols, carotenoids and 
flavonoids). PSR contained significantly higher amounts of a-tocopherols, polyphenols and fla
vonoids (1.839,412.60 and 91.4Img/ 100g DM, respectively) compared with ( 1.370, 100.59 and 
56.23 mg/ 100g DM, respectively) for GS. On the other hand, GS contained significantly higher 
amounts of total carotenoids (223.12 mg/ 100g DM) than PSR(107.08 mgllOOg DM). Furthermore 
the results indicated that GS contained significantly higher amounts of trypsin inhibitors ,haemag
glutinin activity, phytic acid and oxalate (43.77 TID/mg DM, 406. 88unitll OOgDM, 70.35mgll OOg 
DM and 6.93mgIl00gmDM,respectively) as compared withPSR (21.18, 286.66,13.09 and 1.87,re
spectively). The data also indicated that PSR and GS are considered good sources of crude fibers 
(59.18 and 65.22%, respectively). Furthermore, both seeds contain high amounts of crude oil and 

./	 omega fatty acids. Linolenic acid was the major unsaturated fatty acid in (PSR) oil (63.84%), 
while linoleic acid was the most predominant unsaturated fatty acids in (GS) oil (71.63%). The 
PSR and GS were utilized in formulating novel functional biscuits. Sensory evaluation showed 
that panelists judged the enriched biscuits as acceptable. 
Keyword: Phytochemicals, by-products, pomegranate seed residues, guava seeds, fatty acids composition, func
tional biscuits. 
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INTRODUCTION 
Nowadays, there is interest by consumer, 

researches and the food technologists toward 
how food products can help maintain health 
and the role that they play in prevention and 
treatment of many illnesses which has become 
widely accepted(Hassan et ai., 2012). Con
siderable importance is given to functional 
foods which in principle are a part of their ba
sic national functions, provide phytochemical 
benefits and play an important role in disease 
prevention or slow the progress of cancer and 
chronic diseases. There has been virtual explo
sion of interest in the vegetable and fruits by
products (seeds and peels) as that contain sev

eral nutritional and phytochemical components 
which have benefit in the human diet. These 
components in pomegranate and guava seeds 
are by- products of juice and jam production. 
They contain antioxidants (polyphenols, pig
ments and tocopherols) and omega fatty acids 
(Hea et ai., 2014, Mekni et ai.,2014). Due to 
the large amount residues of pomegranate and 
guava seeds with their valuable pharmaceutical 
and nutritional value, more beneficial applica
tions in food industries have been suggested 
to use as animal feed or in commercial cos
metic products ( Chaudhary & Tripathi, 2014, 
Methew et ai. ,2014). 

Since, several studies have indicated that 
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pomegranate seed residues and guava seeds contain 
high amounts of natural antioxidants, crude lipid 
and omega fatty acids, the present work was carried 
out to investigate utilization ofthese by-products to 
produce novel functional biscuits containing phy
tochemicals. 

MATERIALS AND METHODS-
Materials 

Pomegranate (Punica granatum L.) and guava 
(psidium guajava) fruits were obtained from Al
exandria local market. The fruits were medium in 
size. Biscuit ingredients including, flour (72% ex
traction), sugar, shortening, egg and baking pow
der were purchased from Alexandria local market, 
Egypt. 

Methods 

The PSR and GS remained after pulping were 
removed, washed several times with tap water to re
move the fibrous artifacts. The seeds were drained 
and dried in an ordinary dryer at 50°C for 12 hrs. 
The dried seeds were cleaned and ground to pass 
through 60 mesh sieve and stored in glass kilner 
jars at -18°C until analysis. 

Chemical Composition 

Proximate analysis of PSR and GS includ
ing crude fat, crude protein (Nx6.25), crude fiber 
and ash were carried out according to the AOAC 
(2007) procedures, unless otherwise was stated.• 
The following mineral elements: Na, K, Ca, Mg, 
Zn, Cu, Fe, Se and Mn were measured in ash solu
tion using Perkin Elmer atomic absorption spectro
photometer (Model 2380) as outlined in the AOAC 
(2007). Total phosphorus was assayed calorimetri
cally at 630 run using Carlzeiss Spekol colorimeter 
(AOAC,1990). 

Vitamins 

Ascorbic acid content was determined us
ing 2.6-dichlorophenol indophenol dye as de
scribed by AOAC (2007). Vitamins (D, E, 
B I, B2, and B12) were analyzed by Reversed
HPLC. A typical non-aqueous reverse phase 
(NARP) mobile phase consists of a polar sol
vent (acetonitrile), a solvent with lower polar
ity (e.g.dichloromethane) to act as solubilizer 
and to control retention by adjusting the solvent 
strength, and a third solvent with hydrogen ca
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pacity (e.g. methanol) to optimize selectivity. ""' 
Vitamins were separated on Acc1aim® polar 
Advantage (PA) II column with a single injec
tion using an aqueous-to non- aqueous mobile 
ph~se gradient. HPLC columns (Acclaim PA, 
PA2, CIS-) were used for the separations with an 
aqueous mobile phase -(phosphate buffer- CH3 

CN) for water soluble vitamins. Detection wave
length- witching mode was applied for sensitiv
ity optimization (Moreno & Salvado, 2000). 

Amino acid composition 

Amino acids were determined according to the 
method described by Spackman et al. (1958) us
ing a Beckman model 119Cl amino acid analyzer 
(USA). Ninhydrin was used as a detective com
pound. 

Antioxidant compounds '. 

The total polyphenols ofPSR and GS were 
determined using the Folin- Ciocalteu reagent 
at 760 nm using a Jasso V-530 UV-Vis spec
trophotometer. The total polyphenol content 
was standardized against tannic acid and ex
pressed as mg per 100g sample (Singleton et 
al., 1999, Meyers et al., 2003). 

Total carotenoids were determined according 
to Lichtenthaler (1987), while flavonoids were de
termined according to the method described by Gi
telson et al. (2001). 

-, 
Antioxidant activity 

The N,N-Dimethyl-p-Phenylenediamine Di
hydrochloride (DMPD) assay described by Feman
dez-Pachon et al.(2004) was used for measuring 
antioxidant activity. In this method, the sample is .... 
added after the radical is formed. The decrease of 
absorbance of the radical is proportional to the con
centration and activity of the sample analyzed. In 
presence of an oxidant solution of (iron chloride). 
DMPD, form a coloured radical cation. DMPD+. 

., 

The reaction is as follows: 1 ml of 100 ml DMPD ' 
is added to 100 ml of 0.1 M acetate buffer, pH2.25, 

\.and the radical is obtained by adding 0.2ml of 0.05 
.....M ferric chloride. Scavenging assay proceeds by 

adding 0.1 ml of sample to 2 ml of radical solution ...... 

and measuring the absorbance at 505 run. The re
sults were calculated as a per cent of discoloration 
according to the formula: 

% Inhibition (1- A.mple / Aceulrel) x 100 "". 
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Antinutritional factors 

Trypsin inhibitor 

Trypsin inhibitor was extracted according to 
the method of Lin & Chen (1989). Ten g sample 
were blended with 20 ml of distilled water and the 
suspension was centrifuged at 4000 xg for 5 min. 
The supernatant was diluted to 250 ml with phos
phate buffer (pH 7.6). One ml of trypsin solution 
(20 mg trypsin / ml) was added to a tube containing 
1 ml of 1% casein (pH 7.6). Another 1 ml trypsin 
solution was added to the second tube which con
tains 1 ml of trypsin inhibitor extract. The tubes 
were shacked well and incubated for 20 min at 37° 
C. 3 ml 5% TCA solution was added and centri
fuged after standing for lhr (3500 xg for 10 min.) 
The concentration of amino acids in the superna
tant was determined by Lowery method (plumer, 
1987). Trypsin inhibitor activity was set as the 
number of trypsin unit inhibited (TUI). 

The haemagg1utinating activities of PSR 
and GS were determined by the method of 
Liener & Hill (1953). 

Phytic acid was determined in PSR and GS 
according to the method described by Wheeler 
& Ferrel (1971). 

Alkaloids were determined according to 
Papthanasiou et al.(1999). 

Oxalate content was determined according 
to the method described by the AOAC (1990). 

In vitro protein digestibility 

In vitro protein digestibility of PSJ3,. and 
GS using the proteolytic enzymes pepsin fol
lowed by panceatin was determined according 
to the method described by Prakash & Prakash 
(1999). The digestibility was calculated as a 
percentage of digested protein in relation to the 
analyzed protein content of the sample. 

Analysis of PSR and GS oils 

Purified crude PSR and GS oils were extract
ed and determined by the procedure of Folch et 
al.(l957) using chloroform: methanol (2: l,v/v) as 
a solvent system. The obtained oil, after removing 
the solvent using a rotary evaporator at 45°C, was 
flushed with nitrogen gas and stored in a sealed 
glass at- 18°C until analysis. 

Refractive Index (RI) at 25°C, iodine value 
(IV), saponification value (SV), peroxide value 
(PV as mEq02 / Kg oil), free fatty acids (FFA as % 

oleic acid), unsaponifiable matter (%) and colour 
using a Lovibond tintometer (Model E) were deter
mined as described in thc AOCS (1995). 

Fatty acid composition 

Preparation of fatty acid methyl esters of oils 
extracted from PSR and GS were performed ac
cording to the procedure of Radwan (1978), using 
1% sulphuric acid in absolute methanol. The fatty 
acid methyl esters obtained were separated by Shi
modzu gas chromatograph (GC- 4 CM- PFE) under 
the following conditions: column, 10 % DEGS on 
801100 chromosorb Q III; Detector temperature 
270°C: flow, N2 and chart speed, 5 min. Standard 
fatty acid methyl esters were used for identifica
tion. Thc area under each peak was measured by 
the triangulation method as percentage of each fat
ty acid was regard to the total area. 

Fractionation of total lipids and 
phospholipids 

Total Lipid extracts ofPSR and GS were frac
tionated using a TLC technique according to the 
method of O'Leary and Metthews (1990) on high 
performance silica gel plates, with 200 um thick
ness. The developing solvent was; hexane: diethyl 
ether: glacial acetic acid (75:23:2 by volume). The 
visualization was carried out by spraying with 8% 
orthophosphoric acid / Cupric solution followed by 
charring in an oven at 180°C for 10 min. Fraction
ation of phospholipids was carried out using TLC 
technique according to the method of Borgstrom 
(1952) using the solvent system of chloroform: 
methanol: water (65:25:4 VNN). The identified 
classes and phospholipid sub-fractions were quan~ 

tified by Shimadzu TLC scanner (C.S.91O) accord
ing to Blank et al.(1964). The area under each peak 
was measured by triangulation and percentage of 
each class was calculated with regard to the total 
area. 

Preparation of biscuits 

Biscuits were prepared according to the meth
od described by Askar (1991). The effect ofenrich
ing PSR and GS at 10,15 and 25% levels, based on 
the weight of wheat flour was studied. The biscuits 
formula was as follows: 

Ingredients amounts (g) 

Wheat flour (72% extraction) 250 

Shortening 100 
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Powdered sugar 100 

Egg 70 

Ammonium bicarbonate 0.50 

Baking powder 1.25 

Vanillin 4.0 

Milk powder 25 

Sodium chloride 1.0 

Sensoryevaluation of biscuit products 

Colour, taste, odour, texture and overall 
acceptability of biscuits enriched with PSR 
and GS along with control were assessed by 
15 panelists of Food Science and Technology 
Department, Faculty of Agriculture, Alexan
dria University. The panelists were asked to 
score the afonnentioned attributes according 
to a standard hedonic rating scale from 9 (like 
extremely) to 1 (dislike extremely) according 
to Kramer & Twigg (1973). 

. .. 
Statistical AnalySIS 

Data were subjected to analysis ofvariance 
(ANOVA) and Duncan's multiple range test to 

eral contents can be arranged in a decreasing 
order based on their concentrations as follows: 
phosphorus, potassium, calcium, sodium, mag
nesium, manganese, selenium, zinc, copper and 
iron. The PSR contained significantly higher 
amounts of all the aforementioned minerals 
with zinc and copper being the exception com J
pared with GS . Consequently, such by-products 
could be considered a good source of phospho
rus, potassium, calcium, sodium, magnesium, 
selenium, copper and iron. These data are more 
or less in accordance with those reported by EL
Deek et al. (2009), Uchoa et al. (2009), EI-Safey 
et al.(2012) and Methew et al. (2014). 

In general, it could be concluded that both PSR 
and GS are characterized with high content of the 
most nutritive minerals. These data reveal the im
portance ofutilizing such by-products in food from 
the health point of view. 

Vitamins, inc1udingvitamins BJ, (thiamine), 
B2(riboflavin) and E (a-tocopherol) content of 
PSR and GS were evaluated and the results are 
recorded in Table (1). Guava seedscontainedsig -... 
nificantly higher amounts ofvitarnins, BJ, B2 and 

sepa~ate the treatment ~eans (Steel & Table 1: Proximate chemical composition, mineral and 
Torne, 1980). The analySIS was comput- vitamin contents of pomegranate seed residues 
ed using the SPSS V.II.5 program. and guava seeds 

" 
RESULTS AND DISCUSSION 

Chemical composition of PSR and GS 

Table (I) shows the chemical composi
tion of PSR and GS. The results of proxi
mate composition indicated that PSR con
tained significant higher amounts of crude 
protein, crude fat and Ash (12.99, 22.34 and 
3.07%, respectively) compared with those of 
GS (10.58,17.44 and 1.81%, respectively). 
On the other hand, GS contained significant 
higher amounts of crude fiber and carbohy
drates (65.22 and 4.95%) compared with 
PSR (59.18 and 2.84%), respectively. Ac
cordingly, both PSR and GS are considered 
a good source of crude fiber, fat and crude 
protein. These by-products could be utilized 
in fortification of foodstuffs. These results 
are nearly in accordance with those found 
by Uchoa et al. (2009) and Methew et al. 
(2014). 

. 
The results ofr~l1neral content ofP~R 

Component PSR* GS** 

A-Proximate composition (%) 
Crude protein 12.99 ± 0.08" 10.58 ± 0.10 b 

Crude fat 22.34 ± 0.11" 17.44±0.lO b 

Alih 3.07 ± 0.08" 1.81 ± 0.11 b 

Crude fiber 59.18 ± 0.18 b 65.22 ± 0.12 8 

carbohydrate *** 2.84 ± O.ll b 4.95 ± O.lDa 

B-Minerals (mg/ lOOg DM)
 
Phosphorus 990.09 ± 0.58" 752.13 ± 0.41 b
 

Potassium 761.28 ± 0.358 578.29 ± 0.28b
 '" ....
Calcium 498.74 ± 0.278 286.78 ± 0.40b
 

Sodium 385.83 ± 0.198 159.17 ± 0.36b
 

Magnesium 243.39 ± 0.458 187.66 ± 0.28b
 

'.Iron 3.62 ± 0.12" 1.20 ± 0.11 b 
" Zinc 12.71 ± 0.15b 21.86 ± 0.138 

Manganese 61.08 ± 0.16" 42.43 ± 0.19 b 

Copper 4.18±0.17b 6.86 ± 0.138 """': 

Selenium 39.45 ± 0.28" 25.95 ± 0.15b 

C- Vitamins (mg/ lOOgDM)
 
B 1 (Thiamine) 0.865 ± 0.09b 1.051± 0.11" \
 

B2 (Riboflavin) 0.123 ± 0.05b 0.263 ± 0.02"
 
C (L-ascorbic acid) 2.754 ± O.13b 5.249 ± 0.12"
 

..... 
E (a-tocopherol) 1.839 ± 0.08" 1.370 ± 0.10b 

* (PSR) Pomegranate seeds residues and **(GS) guava seeds. '
*** Carbohydrate calculated by difference. Values followed by the " 

and GS are shown m Table (1). The mm- same letter in a row are not significantly different at P:S 0.05. '" .... 
22 
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C (1.051, 0.263 and 5.249 mg ll00g Dry mat nine, isoleucine phenylalanine, tyrosine, valine 
ter, respectively) as compared to those of PSR and histidine, than the reference protein pattern of 
(0.865, 0.123,and 2.754 mg/lOOg dry matter, re FAO/WHO (2002). On the other hand, both PSR 
spectively). On the other hand, PSR contained and GS were found to be deficient in some essen
significantly higher amount of vitamin E (1.839 tial amino acids such as lysine. Therefore, addition 
mg/lOOg dry matter) compared with (1.370 of such food wastes to biscuit and bread and other 
mg/100g dry matter) for GS. These results are in foodstuff, especially that are deficient in amino ac
accordance with those reported by El-Bedawey ids containing sulphur, aromatic amino acids, leu
et al. (2010), El-Safey et al. (2012), Chaudhary cine and isoleucine has a great economic value and 
& Tripathi (2014) and Anahita et al. (2015). a good stand point in food technology and human 

nutrition. The results of amino acid composition The determined vitamins naturally occur in 
presented in the present study are more or less in a PSR and GS are considered one of the most impor
good agreement with those reported by El-Safey ettant phytochemicals having the antioxidants and 
at.(20l2) and Methew et at. (2014).antimicrobial properties and good stand point in 

human nutritional (Altunkalya, 2014). Antioxidant compounds and antinutritional 
factors of PSR and GSAmino acid composition of PSR and GS 

The amino acid composition of PSR and GS Antioxidant compounds (polyphenols, total 
are shown in Table (2). It was obvious that PSR is carotenoids, and total flavonoids) and antioxidants 
higher than GS in lysine, leucine and histidine the activity are shown in Table (3). The results indicated 
opposite was noticed for the rest ofessential ~ino that PSR contained significantly higher amounts of 
acids, since GS had a higher content ofmethionine polyphenols and total flavonoids (412.60 and 91.41 
isoleucine, phenylalanine ,cysteine, threonine, ty~' mg/lOOg DM) than GS (100.59 and 56.23mg!100g 
rosine and valine. It could be noted that both PSR ~M). On the other hand, GS contained significantly 
and GS exhibited much higher content of methio- higher amounts of total carotenoids (223.12 mg! 

.. . . loog DM) than PSR (107.08 mg/ 100g 
Table 2: Ammo aCid composition of pomegranate seed residues DM) Th It' d' d th ... e resu s m Icate at antioxI

d d an s actiVIty m PSR were significantly an guava see s d t ... 

Amino acid Seeds Protein FAO /WHO higher th~ that in GS. T.hese results
 
(g/lOOg protein) PSR* GS** pattern(2002) ar~ nearly m accordance With those ob-


E f I tamed by Gamal et at. (2011) Altunkaa
 
ssen la a. a. '
 Lysine 1.84 ± 0.11' 1.16 ± 0.12 b 5.2 lya (2014), Hea et ~t.(20l4), Mekni et 
Methionine 2.75 ±O.l5b 3.45:1:0.13' 22 at.(20l4)andAnahitaetat. (2015).
 
Leucin~ 7.09 ± 0.12' 6.87 ± 0.15b 6:3 Antinutritional factors of PSR
 
Isoleucme . 4.82 ± O.lOb 5.50 ± 0.11' 4.2 and GS are shown in Table (3) The
 
Phenylalanme 2.92 ± O.l7 b 3.59 ± 0.19' 28 '" . . 
Cysteine 1.08 ± O.l3b 1.56 ± 0.11' ~ ~I~~cantly hIgher am~~t of trypsm
 
Threonine 2.90±0.12b 3.63±0.12' 2.7 inhi~Itors: haemagglutmm activity,
 
Tyrosine 4.36±0.09b 4.84±0.1O' 41 phytiC aCId and oxalate were found in
 
V~I~~ 4.50 ± 0.07 b 5.83± 0.11' 4:2 GS (43.77 TID /mg DM, 406.88 unit
 
HIstIdine . 2.55 ± 0.06 • 2.08 ± 0.1 Jb 1.8 /100gDM, 70.35 mg!lOOgDM and 6.93
 

TotaiessentJala.a. 34.81±0.12b 39.5l±O.l5' m /100 DM . 1 ) Non-essential a. a. ~ g , respectIve y. compared
 
Alanine 6.01 ± 0.1 Jb 8.59 ± 012' wIth PSR (21.18, 286.66, 13.09 and
 
Arginine 7.25 ±0.18b 1O.63±O.l4' 1.87, respectively). On the other hand,
 
Glut~c 24.55 ± 0.12' 17.60±O.lOb PSR contained significantly higher
 
GlycIn~ 8.19 ± O.lQa 5.94±O.lJb amount of Alkaloids (15.28 mg! 100g
 
AS~artiC 6.18 ± 0.16' 3.71 ± O.lJb DM) than GS (2.89 mg/ 100g DM)
 
Senne 4.04 ± 0.O.l3b 6.32 ± 0.17' . . ... . .. 
Proline 6.87 ± 0.12' 4.35 ± 0.15 b P~otem dIg~Stlblhty III ~SR wer~ SIg-


Total non-essential a. a. 63.29 ± 0.15' 57.1 0 ± 0.13 b mficantly hIgher (88.57 Yo) than In GS
 
(83.06%) as shown in Table (3). The 

* (PSR) Pomegranate seeds residues **(GS) guava seeds. Values obtained results for antinutritional fac

followed by the same letter in a row are not significantly different at P ~ tors and protein digestibility in the pre

0.05. sent study are less or more than those 
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Table 3: Antioxidant compounds, antioxidant activity, antinutritional peroxide value which in
factors and protein digestibility of pomegranate seed resi- dicate its high stability to 
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dues and guava seeds 

mentioned by El-Safey et al. (2012) and Mekni et 
al.(2014). 

Physicochemical properties of PSR and GS 
oils 

The PSR and GS were found to contain 
22.34 and 17.44% oil, respectively (Table I). 
Table (4) shows the physicochemical properties 
of oils extracted from PSR and GS. The crude 
oil had a light yellow colour, for both sources. 
The results also indicated that oils of PSR and 
GS were liquid at ambient temperature and had 
low acid value and free fatty acids as well as 

.The fractionation of lipid classes of crude oils 
extracted from PSR and GS are shown in Fig. (1) 
and Table (5). The results showed that total lipids 
consisted of 8 classes of polar and non- polar lipids 
of which triacylglycerols represented 83.35 and 
79.22% of total lipids of PSR and GS oils, respec
tively. The separated classes were, phospholipids, 

"
monoacylglycerols, 1,2 diacylglycerols, sterols, 
1,3- diacylglycerols, and hydrocarbon plus sterols 
esters. The free fatty acids were slightly low indi

. cated the stability of crude oils. No 
Table 4: Physicochemical properties of pomegranate seed resi- data in the literature regarding the li-

dues and guava seeds oils pid classes of PSR and GS oils were 

Oil found for comparative purposes. The 
.......
Properties ------ fractionation ofphospholipids ofPSR 

_______________P_S_R_*~~__:__:_:_G=_S-**::_:_=_and GS oil are shown in Fig. (2) and '-

Refractive index (25/25°C)
 

Specific gravity (25°C)
 
Acid value (mg KOHl g oil)
 
Free fatty acids (as% oleic acid)
 

Peroxi-de va1ue (meEqO!k2 g 01'1) 

Iodine value (gofI2/lOOg oil) 

Saponification value (mg KOHl g oil)
 

Unsaponifiable matter (%)
 
Colour Yellow
 

R d 
B~ue 

1.4330 ± O.OOb 1.4963 ± 0_00' 

0.9009 ± O.OOb 0.9803 ± 0.00' 
1.02 ± 0.11b 1.38 ± 0.17' 
1.7530 ± 0.15b 1.9246±0.10' 
0 5"17± 0 . .1 . 18b 08981• ±O. 15' 

•120.64±1.l0b 137.53±1.23 
b163.80 ±1.42 190.49±1.52' 

1.27 ± 0.16b 1.75 ± 0.10' 
31.0 ± O_Ob 38.0 ±O.O' 
4 3 ± 0 O' 2 5 ± 0 Ob 
0:5 ± 0:0' 0: 1 ± O:Ob 

Table (5). The dominant phospho

lipid sub-fractions of these oils were 
phosphatidyl choline followed by 
phosphatidyl ethanol amine. !abl~ (5) "
demonstrates that phosphatldyl InO

sitol was a major component of PSRd GS '1 h . d h h 
an 01 stat contame p osp 0
lipids followed by lysophosphatidyl 

choline. The remaining phospholipid 
b fra . ." d' all 

SU - ctlOns were 10un In sm -.......
 
amounts in both phospholipids ofboth 

---------------------__:_:-:----: oils. GS oil contained significantly 
* (PSR) Pomegranate seeds residue~ *_*(GS) gu~va seeds. Values followed high amounts ofphosphatidyl ethanol 
by the same letter in a row are not slgmficantly different at P :::: 0.05. 
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Fatty acid composition of 
PSR and GS oil ..... 

Hydrocarbons plus sterols esters Fatty acid composltJOIl of 
oils eXlracted from PSR and 

Triacylglycerols ..... GS are presented in Table (6) 
The fatty acid pallern revealed 
that total saturated contcnt were 

Free fatty acids ..... R.65% and 14.15'10 for PSR and 
1,3- diacylglycerols --.. • GS oils, respectively, while Ihe 

Sterols - unsaturaled fatty acids were 
1,2-diacylglycerols ...... 90.89 and 8644°;;). respeclively. 

Linolenic acid was found to bc 
the dominant fatty acid (63.84%) 
in PSR oil. \vhile linoleic acid MonoacylgJycerols ..... 
was the major one (71.63%) in 
GS oil. Other minor fatty acids 
in PSR oil were linoleic acid and 

Phospholipids ...... ole ic ac id represented 12. 5~% 

A B and 7.30~~" respccti\ely. On the 
Fig. ]: Thin-Layer chromatogram of Lipid classes for pomegranate olher hand, the minor fatty ac

(A) and Guava (B) seeds oils ids in GS oil were linolenic acid 
Table 5: Lipid classes and phospholipids of pomegranate (6.54%) and oleic acid (5.90%). 

eed residues aod guava seeds oiJs The other saturated and unsalltratcd fal
ty acids Il1 both PSR and GS oils were 

% of Total found in low or tracc amoullIs. Mckni elLipid fractions 
PSR* GS** aI. (2014) indicated lhal pomegranate seed 

Lipid classes oil consist of 65-80% conjllg::ned falty ac-
PhophoIipids 3.64 ± O. 13 b 4.13 == 0.16" ids, thc most impollant of wlllch is 9-trnIL, 
Monoaclyglycerols 0.92 ± 0.18 h 1.87 ± 0.13" II-cis. 13-trans, octadccalrienoic is the 50
1,2-dlacylglycerols 1.08±()IOh 2J5±0.15 a •.. I'" .'. 

1.3-diacylglycerols 431 =- 0.14" 3.40 ± 0.11 h called PlIOlCIC aCId v,lllch Isomel S 01 11110

Sterols 4. J2 ± 0.15 h 6.09 ± 0.11 " !cUIC aCid. On the other hand, Opute (2008) 
Free fatty acids 0.74 ± () 15(\ l.54 == 0.17. indicated lhat linoleic acid was the major 
Triacylglycerols 83.35±O.54" 79.22±OIOb fatty aCId represenled about 51% of total 
H~droc<~r~ol1: plu~ ~ter.oJs esters 1.84 ±O.lJ a 1.40 ± O. lOb fatty acids of GS oi 1. The presence of high 

PhoSI>hobpl(J sub-lrartions fl' I' . d l' I· ·d 
Phosphatidyl serinc 301 =0.37. 1.74:1.0.22 b amounts 0 100 CniC aCId an 1110 CIC ael 
Lysophosphatidyl cboline 10.1\4::':: 0.58 b 13.0lJ:r O...'X. in PSR and GS OIls suggested that these 
Phosphalidylinositol 14.20x1.68b 17.l:n±l.lX. oilsaIcof high nutritive vallie dliC to the 
Sphingomylein . 5.84 == 0.91 • 3.15 ± 0.90 b ability of unsaturated oil to reduce senUl1 
Phosphatldyl cholme. 19.09 ± 1.95 b 25.65:::: 1.35' cholesterol. These oils may be used as an 
Pbosphatldylethanolammc 31.45::':: 1.54" 35.27±2.24" 'bl k' 1 . I d'l fi I 
Phosphalidyl glycerol 3.67 ± 0.83" 1.98 ± 0.37 bed. Ccoo mg ,all, as a s~ a 01 or or t ,.e 
Phosphatidic acid l.I)O ± 0.13. 1.29 ±0.18 b manufacture at shortemng because theIr 

----------------------- physicochemical characteristics and fatty * (PSR) Pomegranate seeds residues **(GS) guava seeds. . . . .. .. . 
VaJues followed by the same lclrer in a row are 1101 significantly aCid composItIOn ~re qULtC SimIlar (0 corn 
dilTerent at P :: 0.05. ad and soybean 011 (RosselU 991). 

Sensory evaluation of biscuit enriched with 
amine, phosphatidyl choline, phosphatidyl inositol PSR and GS 
and lysophosphatidyl choline 'compared with PSR 

The general appearance of biscuil enriched
oil. No data in (he literature on the phospholipid 

with PSR and GS are shown in Table (7). Gener
sub-fraction of PSR and GS oils were available for 

ally all the attribules including taste, colour, tex
comparative purposes. 

ture, odour and overall acceptability of P5R and 
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Phosphatidic acid 

Phosphatidyl glycerol 

Phosphatidyl ethanol amine 

Phosphat idyl choline 

Sphingomyelin
 

Phosphat idyl inositol
 

Lysophosphatidyl choline
 

Phosphatidyl serine ...... 
.. _...Ji 

A B 
Fig. 2: Thin-Layer cbromatog.-am of phospholipids for 

pomegranate (A) and guava (B) seeds oils 

Oils 
Fatty acids (%) 

l'<-;j{" ns** 
Caproic OlQ ± O.OX 0.45±0.OGl> 
C:lpryli 1.02 ± 0.05 
Capric 0.21 ~: O(le; b 0.60 ± 0.04" 
Hcndecanoic 0.15 ± O.Olb 0.37 ± 002' 
LllJric 0.06 ± 0.02 ~ 008 ± 0.06· 
Myrsilic 0.]4±0.05' OI3±().07
Penladccalloic 031=0.12' O.OX ± 0.05" 
Palmitic 3.44±0.18 b S.12 • 0.16' 

I-Iepladecanoic 0.02 ± 003" OOS,"OO:1' 

(carie 2]0=0.08" 629 1- 006" 

Arachidic o.n ± 009' o 10.t 006 b 

Behenic 0.11 ± 002' 0151004' 

Total saturated fall)' acids 8.65 ±. 0.11 b 14.15 ± 006' 

MyrisloJcic 0.51 ± 0 10" 0.30.L 0.09 b 

Penladeccnoic 0.14±0.05" 020 I 006" 

Palmitolcic 2.85 ± 0.11" 1.08 ± 010" 

Margaroleic 0.11 ±O.OG" 0.28 ± OOS" 

Oleic 7.30:::0.18" 5.901.0.l7 b 

Linoleic 12.58 = 0.23b 71.61 ± U28' 
Linolenic 63.84 ± 0.25· 6.S4 ± 024 

Eicosenic 0.90±O.I7' 026±0.14~ 

Docosadienoic 119=0.09 0.07±00r.b 

Docosatctradecenoic 1. 10 ± 0.05 
Docosallexaenolc 0.3S ± 0.05" 0.18±0.08" 
TOlal unsanlratcd rally acids 90.89 ± O. J6" 8G.44=O.J9 b 

* (PSR) Pomegranate seeds residues
 
**(GS) guava seeds.
 
Values followed by the same leller in a row m'e 11 [ significantly
 
different at P:S 0.05.
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Table7: Sensory evaluation of biscuits enriched with pomegranate seed residues 
and guava seeds 

Biscuit (%) of 
seeds enriched 

S d 
ee s Taste Colour Texture Odour Overall 

acceptability 
Control 8.85±o.50a 8.82±0.60a 8.88±0.67a 8.82±0.56a 8.84±0.49a 

10 

15 

PSR* 

GS** 

PSR 

GS 

8.70±0.60a 

7.80±0.84a 

8.66±0.96b 

7.75±0.50a 

8.79±o.50a 

8.60±0.49a 

8.65±0.67a 

7.50±0.84b 

8.22±0.82a 

7.60±0.81a 

7.84±0.62a 

7.39±O.69a 

8.40±0.73a 

8.12±0.63 a 

8.20±0.80a 

7.81±0.73a 

8.56±0.75a 

8.1 0±0.60a 

8.36±0.80a 

7.6l±0.76a 

I 

25 PSR 7.8l±0.67a 7.80±0.81a 7.2l±0.50a 7.09±0.67a 7.48±0.65 a 

GS 7.23±0.50a 7.15±0.80 a 7.1l±0.63 a 7.80±0.95a 7.32±0.74 a 

-

-' 

~i 

r 

I 

J 
I' 
~ 

,-' 
"" I

I 

,/ 

/ 
/ 
/ 

/'
i 
(' 
./
I 
I 

J 
r 

; 

* (PSR) Pomegranate seeds residues **(GS) guava seeds.
 
Values followed by the same letter in column are not significant different at P S 0.05.
 

GS biscuits were ranked between 7-8 score (like AOAC. 2007. Official Methods of Analysis, 18th 

moderately and liked very much) at all enrichment Ed., Association ofOfficial Analytical Chem
levels (10,15 and 25%). ists International. Gaithersburg, Maryland, 

USA. 

CONCLUSION AOCS.1995. Official Method cd 14-954. Method 
of Physical and Chemical Characteristics of

From the results presented in this work, it 
oils. In Official Methods and Recommended 

can be concluded that pomegranate seeds residues 
Practices of the AOCS, 16th Ed, 2nd printing:

(PSR) and guava seeds (GS) contain phytochemi Firestone ,D., ed. AOCS press: Urbana. 
cals, essential amino acids and essential urlsaturat

Askar, D.H.S. 1991. Chemical and Technological ed fatty acids which play an active role to improve 
Studies on Safllower Seeds. M.Sc. Thesis, the functional quality of biscuit, because they con
Alexandria Univ., Egypt. tain good amounts of phenolic compounds, pig

Blank, M.L., Schmit, lA. & Privett, O.S. 1964. ments, tocopherols and crude fat. So, these seeds 
Quantitative analysis of lipids by thin layer can be considered as a good source of oils which 
chromatography. Journal of the Americancontain omega fatty acids (linoleic and linolenic 
Oil Chemist's Society, 41: 371-376. acids). Therefore, further study is required to in

vestigate the applicability of such seeds and their Borgstrom, B. 1952. Separation and analysis of 
oils in several food products as fortifiers, such as phospholipids. In: Form and Function of 

meat products and bread.	 Phospholipids, vol. 3 (Ansell, G.B. Haw
thorne, IN. & Dawson, R.M.C. (Eds.) Else
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