Available online at www.pelagiaresearchlibrary.com

<
sRka

-.L_R|_ Pelagia Research Library
A —

European Journal of Experimental Biology, 2012, 26):2456-2464
Pelagia Research

Library

ISSN: 2248 —9215
CODEN (USA): EJEBAU

Library

Morphology and physicochemical properties of 40 gatypes of almond
(Amygdalus communis L.) fruits

Akram Jahanban Esfahlant, Rana Jahanban E§fahlaﬁ, Rashid Jamet,
Ali Jahanban Esfahlarf"®

'No Affiliation
’Department of Medical Biotechnology, School of Aueal Medical Sciences, Tabriz University
of Medical Sciences, Tabriz, IRAN
3Department of Biology, Faculty of Sciences, Urmiavérsity, Urmia, IRAN
“Department of Pharmaceutical Biotechnology, FacoftfPharmacy, Tabriz University of
Medical Sciences, Tabriz, IRAN

°Student Research Committee, Faculty of PharmadyiiZ &niversity of Medical Sciences,

Tabriz, IRAN

ABSTRACT

In order to study morphological, physical charadsécs of almond nuts and compare the chemicalaantf their
hulls and shells, 40 almond genotypes were seledtied fruits of these almonds were collected, theits and
shells dried, ground and then stored in room terapee. Morphological and physical characteristiagch as ease
of hulling, ease of harvesting, nut shape, shelbwointensity, marking of outer shell, softnessshéll, kernel
colour intensity, shriveling of kernel, kernel &skernel size, nut and kernel weight (g), lengtidth and thickness
(mm) were determined. Total phenolic content waterdened using the Folin—Ciocalteu (F—-C) method by
preparing methanolic extracts from these almondishahd shellsTotal protein, sugar and fat content were
determined by Folin-Lowery, Dubois and Leiboritznogls, respectively. The results of this study sldotlat total
phenolic and fat content of hulls was higher thiaat tof shells but total protein and sugar of shelss higher than
that of hulls in all Amygdalus communis L. genosype

Keywords: Almond (Amygdalus communls); Fruits; Genotype; Morphology; Physicochemjdaloperties

INTRODUCTION

Nuts are known as a source of nutritious food With lipid content. Replacing half of the daily fatake with nuts
lowered total LDL cholesterol levels significanttyhumans [1]. The observed blood cholesterol lingeeffects of
nuts were far better than what was predicted adugrtb their dietary fatty acid profiles [2];[3]. éRearch also
shows a connection between regular nut consumptiondecreased incidence of coronary heart disddsé&lese
beneficial physiological effects suggest that biveccompounds of nuts may possess lipid alteratiyities due to
additive/synergistic effects and/or interactionthvagach other [5].

Almonds Prunus amygdalus Batsghwhich belong to th&Rosaceadamily that also includes apples, pears, prunes,
and raspberries, are one of the most popular ttee on a worldwide basis and rank number one ia tret
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production. They are typically used as snack faamts as ingredients in a variety of processed foesisecially in
bakery and confectionery products [6]. The Unit¢dté&s is the largest almond producer in the wonldl most of
the U.S. almonds are grown in California [7]; [8lmonds, when incorporated in the diet, have besorted to
reduce colon cancer risk in rats [9] and increabé ldholesterol and reduce LDL cholesterol leveltimans [10].
The peach-like almond fruit consists of the edi#ed or kernel, the shell, and the outer hull. Aturity the hull
splits open. When dry, it may be readily separétech the shell. The almond pit, containing a kemmeédible seed,
is the nut of commerce. Shelled almonds may be asldihole natural almonds or processed into varaumend
forms. The whole natural almonds have had theilsshemoved but still retain their brown skins; itéed whole
almonds have had both their shells and skins rechfé¥e The processing by-products, shells and hefllalmond
fruit, account for more than 50% of dry weight betfruit [11];[12]. Almond hulls contain triterpeius [13],
lactones [6], phenolics [14], and sterols [15]. Teter extraction of hulls [16], solvent extractiohshells [17] and
methanol extraction of hulls and shells [8] to proel food ingredients and antioxidants, respectjviebwe been
studied. Almond shell is the name given to thedigus material forming the thick endocarp or huskhefalmond
fruit. When the fruit is processed to obtain thébkxdseeds, big ligneous fragments are separateesel materials
remain available as a waste product for which npairrant industrial use has been developed, soateynormally
incinerated or dumped without control [18]. Thigliistrial residue is the woody endocarp of the abinounits. The
high xylan content of almond shells makes themitlsie substrate for the production of xylose [¥tfural [20]
or for fractionation into cellulose, pentosans &gdin [12].

The studies reporting chemical composition in dédfé genotypes or species of almond, their hulld simells,
specifically shell portion are limited [21];[16].190, recent research findings are associated Vhi#lnacterization
and identification of almond hull, shell and skihemolic compounds to use them as natural antiotgsdand
antiradicals in foods and oxidative damage [5][[@]{8];[13];[14];[15];[17];[22]; [23];[24];[26];[27]. This
prompted us to investigate about other benefi@atmounds in almond hulls and shells. The objectfdhis paper
were to introduce morphological and physical chimstics of almond fruits and to determine totakpolics,
sugar, protein and fat contents among differenptygres of almond, their hulls and shells from Azdjdn region
(East Azarbaijan Province).

MATERIALS AND METHODS

Plant materials and sampling

This study was carried out in several orchard€Eatahlan” located in the eastern Azarbaijan regiomorthwest
Iran. Precipitation was about 400 mm per year asckimum air temperature around 35 °C during the samm
months. In 2007, almond genotypes were selectazbsTirepresenting almondriygdalus communls) genotypes
were marked as the native population and 40 gemstypere selected from that almond population (466s).
Almond fruits from each genotype were harvested26nAugust, and nut samples were collected from each
genotype for evaluation of the following traitsseaof hulling, ease of harvesting, nut shape, sluddiur intensity,
marking of outer shell, softness of shell, kernabar intensity, shriveling of kernel, kernel tagskernel size, nut
and kernel weight (g), length (mm), width (mm) atidckness (mm). The evaluation and scoring for each
characteristic based on the descriptor list foraadhis included in Table 1 [28]. 50 nuts were rantjochosen from
the harvested almonds for fruit analyses.

Biochemical analyses

Extraction and determination of total phenolics

The green shells cover (Hulls) and inner shell&mifygdalus communls genotypes were separated, dried at room
temperature and then reduced to coarse powder.pbligler (3 g) was extracted with methanol (50 misdxhlet
apparatus for 30 min at € [7]; [8]. The total phenolics were assayed cofairically by means of the Folin-
Ciocalteu method, as modified by Singleton and Ri@8§. Ten-fold diluted Folin-Ciocalteu reagentg2ml), 2 ml

of 7.5% sodium carbonate, and 0.5 ml phenolic ektngere mixed well. The absorbance was measur@émnhm
after 15 min heating at 4%. A mixture of water and reagents was used asuekbIThe content of phenolics was
expressed as mg gallic acid equivalents (GAE) mgpam extract.

Determination of total fat

The extraction with ether method was used for nmiéragof total fat content [30]. One gram of eacimpée was
transferred in test tubes and 10 ml ether was attd#teem, twice. Each time tubes were placed ifiGtOven for 12
hr and above solutions were transferred to balahdeek. Tubes were placed in @D oven for 4 hr so that its ether
evaporated. Weight difference of tubes before dret axperience was used for fat content measuremen
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Determination of total protein

To measure total protein, the Lowry method was 8&§l 0.005 gram from dried samples was transtetoetest
tubes and 4 ml from below extraction buffer waseatid

1. Tris (0.2N): 50 ml,

2. HCI (0.2N): 26.8 ml,

3. Sucrose: 17.2 gr,

4. Ascorbic acid: 1 gr.

Samples were centrifuged in 8000 rate. 1 ml fromvabsolution was added to C solution that was pezbas
follows:

A solution: NaCGQ;: 2 gr, K.Na tartaric: 0.02 gr, NaOH: 0.4 gr andtiflied water: 100 ml.

B solution: CuSQ.5H,0: 0.5 gr and distilled water: 100 ml.

C solution: A solution: 50 ml +B solution:1 ml

After 10 min, Folin indicator that was diluted thatio of 1 to 9 before, was added. Tubes were placalarkness
location for 30 min. Light absorption of samplesswaeasured by Spectrophotometer in wave lengtt60frin.
Protein content was obtained from below formula:

Protein content (%) = [420A - 6.9 x 4] / 50

Determination of total sugar

To measurement total sugar content of almond fanits shells, the Dubois et al. [32] method was uBeldgram
from dried samples was transferred to test tubestien 10 ml ethanol 70% was added to above téssturo
liberate soluble sugars of almond hulls and shtiks test tubes were placed in refrigerator (4f8€Ch week. After
a week, 0.1 ml solution was taken from these tg@sts and transferred to other test tubes and tlienes of these
test tubes were increased to 2 ml. 0.5 ml phenoM&% added to the test tubes containing diluteérsugplution
and then mixed well. After mixing the solutionsr@wsulfuric acid 5% was added to all the test tubd®r exactly
30 minutes, the absorbance at 485 nm was meastumgdr concentration in all samples was calculatedrding to
prepared standard curve for glucose.

Statistical analysis

All the assays were carried out in triplicate. Tasults are expressed as mean values and standardSE) of the
mean or standard deviation (SD) of the mean. Tfierdhces between the almond genotypes were amhlyzieg
one-way analysis of variance (ANOVA). This treatimemas carried out using SPSS v. 11.5 program.

RESULTS AND DISCUSSION

Selected important nut and kernel characterise® been investigated in this study. Obtained dat@ been given
separately for each almond genotype in Tables Zaitse of hulling is an important characterifiicalmonds. In
these genotypes, ease of hulling changed fromnmadiate to high. Ease of harvesting generally inésliate except
for E2-1, E2-2, E3-5, E4-3, E4-4, E4-5, E5-4, EE:6;1, E6-3, E6-5, E7-1, E7-3, E7-4, E8-1, E8-24E8nd E8-5.
Most of genotypes have oblong (19 genotypes) amdeofd2 genotypes) nuts. E2-1, E4-5, E6-1, E6-25H67-4,
E8-1 and E8-4 genotypes have cordate nut shapendttehape of E4-1 is extremely narrow. Round haps was
not found among almond nuts. Shell colour intenshignged from intermediate to dark among diffecailected
nuts of almond genotypes. Most genotypes of almurtdare identified with intermediate to denselygon their
outer shell. The nuts of E1-3, E4-3, E4-4 and E&B;1 is scribed and sparsely pore, respectivelyo Avithout
pore nut are not seen among almond fruits. Softoeskell in the 32 genotypes consisted of genetwrd but E1-
2, E1-3, E2-2, E2-3, E4-4, E4-5, E7-2 and E8-4 intetmediate shell types. There was not hard atr@eely hard
shells among almond nuts. Most of genotypes inpihiulations had light (21 genotypes) and internted{a2
genotypes) colour kernels. Kernel colour of E1-2;F E2-2, E4-3, E6-3, E7-1 and E8s2dark. Also most of the
almond genotypes had intermediate or slightly wedkcernels. But the kernels of E1-2, E1-4, E2-3;5-and E6-
1 were wrinkled. In addition, all genotypes of alrds have sweet kernel taste but E4-3 and Estel bitter. The
mean values of length, width, thickness, weighthof and kernel in 40 almond genotypes differedissteally
(P<0.05). Nut weight of the almond genotypes rangdevéen 3.23 to 8.34 g, length from 30.5 to 43.6 mdth
from 18.3 to 29.4 mm, and thickness 15.00 to 28R Kernel weight ranged between 0.89 to 1.39ngtle from
20.0 to 32.0 mm, width from 11.6 to 18.2 mm, aridkhess 6.12 to 9.86 mm (Table 4).

Contents of total phenolics, protein, sugar andirfahlmond hulls and shells also differed statatc (P<0.05)
(Table 5). The mean value of total phenplics canter®0 almond hull phenolic extracts was 77.1+1m8§ gallic
acid equivalents/g extract. Maximum total phenoliositent in hull extract was 115.4+5.32 mg/g for-Z3and
minimum total phenolics content was 45.3+1.22 nigfge1-2. The content of total phenolics in almdndl extract
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reported by Siriwardhana and Shahidi [22], Wejeratital. [7], Subhashinee et al. [23] and Jahaftséahlan et al.
[8] were 71.1+1.74 mg catechin equivalents/g exfrat+2 mg quercetin equivalents/g extract and #B4£1 mg
gallic acid equivalents/g extract, respectivelyeThean value of total phenolics content in différ@mond shells
phenolics extract was 35.2+1.91 mg gallic acid egjeints/g extract. Highest total phenolics contdrghell extract
59.6+0.32 mg/g foE5-4 and lowest phenolics content of shell extidc9+0.65 for E8-5 mg/g was obtained. Total
phenolics content for almond shell extract recorde@.2 g gallic acid equivalents/ 100 g shell byuk& et al. [24]
and 38.0+3.30 mg gallic acid equivalents/g exttagtJahanban Esfahlan et al. [8]. In this studyhalgh the
genotypes showed similar findings to related refees with respect to total phenolics content, sgewotypes
contained higher total phenolics than identifiech@hd varieties or genotypes. Also values of hutaltphenplics
content were higher than that of their shells irekhond genotypes. This study shows that the nvedure of total
phenolics content in 40 almond hulls extract (71.28 mg/g) was two-fold higher than that of thdiels extract
(35.2+£1.91 mg/g). This indicates that total phemoli almond hull extract was higher than of itslshredifferent
genotypes of almond.

1.Ease of hulling 2. Ease ofharvesting 3. Kemel size 4. Nut shape
Low Low 3 Small 1 Round
Intermediate Intermediate 5 Medium 2 Ovate
High High T Large 3 Oblong

9 Extremelv large 4 Cordate

5 Extremely narrow

5. Shell colour intensity

6. Marking of outer shell

7. Softness of shell

1 Extremely light
3 Light
3 Intermediate

7 Dark

0 Without pores
3 Sparsely pored
5 Intermediate
T Densely pored
O Seribed

1 Extremelv hard
3 Hard
3 Intermediate

7 Soft
9 Paper

8. Kemel colour intensity

9. Shnvelling of kemel

10. Kemel taste

1 Extremelv light
3 Light

3 Slightlv wrinkled
5 Intermediate

7 Wrinkled

3 Sweet

5 Intermediate

7 Bitter

5 Intermediate
7 Dark

9 Extremelv dark

Table 1: Evaluation and scoring for each charactéstic

The mean value of almond hulls total fat contendifferent genotypes was 4.0£0.91%. Maximum tos&ldontent
in almonds hull was 5.7+£1.32% for E4-3 and minimuatue was 2.3+0.57 for E5-5. The mean value ofl sbell

fat content 2.3+0.67% was obtained. Highest slotlll tfat content was 3.8+1.32% in E7-2 genotype landest
value of shell total fat content was 0.8+0.54% HKal-5 genotype. The results of this study for almbuods and
shells total fat content shows that the mean vaft@mond genotype hull total fat content (4.0+8&Iwas higher
than that of their shells mean value (2.3+0.67%r&fore, this indicates that fat content of almbot was higher
than that of its shell in different genotypes ahahds.

The mean value of total protein content for différgenotypes of almond hulls 2.6+0.71% was obtaihtdghest
hull total protein content was 4.5+0.74% in E7-hagpe and lowest value was 1.2+0.94% for E3-4 tgreo
Almond hull protein content was reported as 2-5%WWgir [33]. The mean value of almond shell totabtpm
content was 3.5+0.68%. Maximum total protein of shevas 5.4+1.32% for E8-2 and minimum value was
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1.8+0.33% for E6-5 genotype. Values of shells tptaltein content were higher those that of thell Yaiues in all
almond genotypes. Also the mean value of almontisstwgal protein content (3.5+0.68%) was highearthhat of
hulls mean value (2.6+£0.71%). This shows that alinsirell total protein content was higher than tfats shell.

(Genotvpe Ease ofhulling Eass of harvestine Mut shape Shell colowr intansity  hlarkine of outar shell Sofiness of shell
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Hish
High
High
High
Hish
Intermadiate
High
High
Intermadiate
High
High
High
Hish
High
Intarmadista
High
Hish
High
High
Intarmadista
Hish
Intarmadiate
High
Intarmadista
Hish
High
High
Hish
Hish
High
High
Intermadiate
Hish
High
High
Intermadiate
High
High

Intemmadiate
Intarmadiata
Intermediate
Intermadiats
Intermadiats
High
High
Intemmadiate
Intermadiats
Intermediste
Intemmadiate
Intermadiats
Intsrmediste
Intsrmediste
High
Intermadiats
Intarmadiata
High
High
High
Intsrmediste
Intarmadiata
Intermediats
High
High
High
Intermediats
High
Intsrmediste
High
High
Intermadiats
High
Hish
Intermediate
High
High
Intemmadiate
High
High

Oblons Intermadiate
Oblons Intarmadiate
Crrate Intermadiate
Oblone Dark
Chratz Darlk:
Cordate Intarmadiate
Oblong Dark
Oroate Dark
Oblons Intermadiats
Creats Intarmadiate
Crvate Intermediste
Oblong Intermadiata
Oheats Dark
Ot Diark
Obleng Intermediata
Extramalvnamrow Dar
Oreate Intarmediste
Oblong Intsarmedists
Oblong Intermediata
Cordats Dark
Oblone Dark
Oblons Intsrmadiate
Croats Dark
Choate Dark
Oblong Intermedista
Cordats Intarmeadiate
Cordats Intermadiate
Oblong Dark
Oblons Dark
Cordats Intermediate
Chblong Dad:
Oblone Darl:
Oblong Intsrmedista
Cordate Dark
Cblong Intarmediata
Cordats Intarmadiate
Oblong Intsrmedista
Choate Dark
Cordats Intermadiate
Cheate Intermedists

Deensaly pores
Intarmediate
Seribed
Denselvporas
Densaly pores
Denselypores
Intermediate
Intermadiats
Densaly pores
Densaly pores
Denszlyporss
Densaly pores
Sparsaly pomms
Intermediats
Denselvporas
Densaly poras
Densalypores
Seribad
Seribed
Intermediats
Densaly poras
Intermediats
Denselv porss
Intermadiata
Deensaly pomms
Dienselvporas
Intermediate
Intermadiats
Intarmediate
Intermediate
Sparsely porss
Intarmadiate
Intermediata
Denselvporss
Densalvporss
Densalvporas
Densalyvporas
Denselvporss
Intermadiate
Intarmadiate

Hard
Intermadiate
Intermediate
Hard

Table 2: Morphological characterizes of differentgenotypes of almond fruits.
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Genotvps Kameslcolour intensite  Shrivellineofkamal  Kamaltasts Kameslsizs
El-1 Light Wrinklsd Fvrast Small
El-2 Dask: Intzrmadiats Swrzat Madium
El-3 Dark Slightlw wrinlklsd Swrzat Largzs
El-4 Light Wrinklad Svrast hlzdium
El-3 Intarmadiats Intzrmadiats Swrzat Madium
E2-1 Intarmediate Wrinklad Swrzat Small
Ez-2 Dark Slightly wrinklad Swaat Iedium
EZX-3 Light Slightlv wrinklad Swraat Iadium
El4 Intarmediate Slightly wrinlklsd Swrzat Madium
EI-5 Intzrmediate Slightly wrinklad Swast Small
Ei-1 Light Slightlv wrinklad Swraat Largs
Ei.2 Intarmediate Slightly wrinlklsd Swezat Largs
E3-3 Light Slightlv wrinklad Swrast Lares
Ei 4 Intarmadiats Intarmadiats Swraat Small
El.5 Light Wrinkl=d Swraat Largs
E4-1 Light Slightly wrinkl=d Frrzst Small
E4-2 Light Slightlv wrinklad Swraat hladium
E4-3 Dask Slightlv wrinklad Bittar Wadium
E4-4 Light Slightlv wrinlklad Bitter Lares
E4-: Intarmediats Intarmediats Svraat Lares
E3-1 Light Slightlv wrinklad Swraat hlzdium
Es-2 Intarmediate Intarmediate Swrzat Madium
E3-3 Light Intarmediats Svrast hlzdium
Ei4 Light Slightlv wrinklad Swraat Wlzdium
E3-5 Intzrmediate Slightly wrinklad Swaat Mladium
E&-1 Light Wrinklad Svrast hlzdium
E6-2 Light Slightlv wrinklad Swraat Largs
Eg-3 Dark Slightly wrinklsd Srrzat Madium
E&-4 Light Slightly wrinklad Svrast Lares
Es-Z Intarmadiats Intzrmadiats Svrzat Small
E7-1 Dark Slightly wrinklsd Srrzat Madium
E7-2 Light Slightly wrinklad Svrast Lares
E7-3 Light Intarrmzdiats Swraat Largs
E7-4 Light Intarrmediats Swrzat Largs
E7-3 Light Slightly wrinkl=d Svrast Small
E&-1 Light Slightly wrinklad Swraat hlzdium
Eg-2 Dark Intarrmadiate Swraat Small
Eg-3 Intarmediats Slightly wrinklad Swaat Largs
Ef-4 Intarmadiats Intarmadiats Swraat Madium
ER-3 Light Slightly wrinklad Srraat Largs
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Table 3: Morphological characterizes of differentgenotypes of almond kernels.
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Mut Eemel

Genotype  Length Width Thickness Weight Length Width Thickness Weight

(mm)  (mm)  (mm) (g m)  (mm)  (mm) (g
El-1 356 272 1732 692 270 16.2 6.55 1.21
El1-2 335 230 16.71 6.05 230 141 805 120
El1-3 305 236 15.10 545 200 133 255 094
El4 344 198 1844 420 245 134 .10 127
El-5 3713 255 17.13% 488 301 167 612 089
E2-1 306 31.1 16.72 723 256 137 7.11 123
E2-2 310 248 2031 6.10 207 153 .83 1.11
E2-3 362 228 16.54 445 264 14.0 .10 128
E24 36.8 26.3 1757 388 244 157 710 1.23
E2-5 425 203 16.11 587 310 116 805 1.10
E3-1 338 183 1503 376 239 122 a30 097
E3-2 356 241 16.23 3.83 6.1 171 747 1.11
E3-3 3353 26.1 1763 512 242 153 a04 1.10
E5-4 314 187 1931 3323 254 145 713 1.17
E3-3 31.1 250 2122 7.14 21.8 124 067 1.01
E4-1 354 238 1761 355 256 133 713 (.80
E4-2 347 254 18.42 6.87 239 144 214 1.15
E4-3 404 212 1722 674 280 127 0322 120
E4-4 327 258 1733 767 224 155 o300 117
E4-5 342 192 16.11 4 80 254 123 G.43 099
E3-1 377 250 18.76 503 250 16.3 066 1.11
E5-2 353 203 1723 306 265 154 754 1.11
E5-3 3TE 204 19.50 796 290 154 877 1.02
E5-4 415 223 1834 7.85 290 158 Q.33 130
E5-5 358 2635 1933 787 240 155 0325 124
E6-1 363 2449 1871 6.44 267 145 824 Qo9
E6-2 322 26.0 2233 313 220 133 078 1.11
EG-3 315 198 20.65 434 265 156 224 128
Ec-4 346 272 1878 6.13 253 164 050 120
E&-5 366 240 17.69 7.068 240 152 7.08 130
E7-1 316 247 1620 6.56 2153 144 Q.53 128
E7-2 333 2049 19.56 330 256 145 020 137
E7-3 384 266 1823 300 312 178 715 1.09
E7-4 407 321 17.81 354 267 16.8 512 134
E7-5 320 2549 2143 720 218 144 g 86 122
EZ-1 373 239 17.64 3.56 275 150 o320 139
Eg-2 4306 214 1725 608 320 12.7 06 120
EZ-3 349 194 16.00 4 87 240 133 a4z 107
EZ4 36.7 2532 1737 6.94 272 182 3358 1.22
EZ-3 40.6 230 1838 311 26.1 16.6 T08 1.14

Table 4: Physical characterizes of different gengpes of almond fruits and kernels.

The mean value of total sugar content in almondsHi8.1+1.04% was obtained. Highest total sugatesurof hull
was 28.3+x0.99% in E8-3 genotype and lowest valus ®@3+0.70% for E1-3 genotype. Almond hull sugar
contents were reported as 18-30% by Weir [33] and5®% by Sequeira and Lew [21]. The mean valudrobad
shells total sugar content was 27.1+0.89%. Maxinotal sugar of shells was 33.4+0.78% for E7-4 arngimum
value was 17.5+0.65% for E8-3 genotype. Some geestwf this work had higher sugar content in theits or
shells than cultivars or genotypes reported inregfees. Values of shells total sugar content wigteeh than that of
their hulls values in all almond genotypes. Ondhiger hand, the mean value of almond shells tatgas content
(27.1+0.89%) was higher than that of hulls meamedlLl8.1+1.04%). This indicates that almond stalltsugar
content was higher than that of its hull.
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Phenol content {mg/'g) Fat content (%4) Protein content (%)  Sugar content (%)

Genotype Hull Shell Hull Shell Hull Shell Hull Shell

El-1 TE2x041 3422087 332038 17044 282071 322001 198x111 247141
E1-2 453122 253+£232 40087 235022 19+£131 232043 115087 288120
E1-3 546336 446123 32074 31004 162130 342023 103070 279091
E14 40352412 323136 542035 362078 24132 362057 267131 3242042
El1-5 T32£063 4562263 46051 28+111 19105 2353011 131130 253=1.11
E2-1 ORA+0 08 268451 36132 330357 32+120 41+075 243x133 3124057
E2-2 1093£232 463069 42+105 16124 20093 342031 104105 244+121
E2.3 T30+125 1262025 352008 152073 232061 2092033 112+120 2432075
E24 834302 496231 53=091 19023 2353132 27014 123092 273100
E2-3 803111 366=335 432061 14=033 25120 360837 234061 324=130
E3-1 672136 3332214 435=151 232047 31035 32078 168130 1835140
E3-2 1154532 475+£1325 31+£124 16085 25122 27046 224122 274085
E3-3 21005 256135 4320352 252078 282061 332068 103520350 3342078
E34 407034 351421 27+122 122046 12094 192063 234122 3232046
E3-5 663254 321038 435066 27068 2.1=x111 232081 183066 243068
E4-1 T84=136 436=123 32009 27063 2.8x131 33038 172001 281063
E4-2 581561 1352236 4.1£111 242081 242028 3603536 242+111 255+081
E4.3 663132 213132 57+132 13058 262035 41071 233x131 281058
E44 TO3£332 332124 42+£136 2352031 312069 362032 104105 244=111
E4-3 1026233 499+£354 36=1534 08320354 31035 32=03536 112=121 243073
E3-1 87.7=0.87 326=232 33167 24=031 36=033 42=036 123095 273=1.00
E3-2 332163 425%333 322063 22=032 280609 31039 198110 247=141
E5-3 7128065 256037 432032 262021 162037 35064 113087 288+121
E54 00.3+£233 306032 33x033%F 23012 132098 26x132 1332077 279090
E5-5 587121 361065 23057 18054 262065 282035 267+132 324043
E6-1 468303 213054 332008 232035 25023 362032 1511350 233111
E6-2 642065 2232+008 532+1324 31008 28+035 350098 243131 312057
E6-3 806102 315134 41032 31087 31047 32078 104105 244=111
E6-4 T33£301 256236 33x133 232035 24038 27068 112+120 243073
E6-3 880433 4509+£235 28=087 23063 19=063 18033 123094 273100
E7-1 01=043 4509361 353=063 22=032 235069 51=123 2342061 324=131
E7-2 1123025 380x231 43£1.54 38132 432074 31=134 1681357 183141
E7-3 D63£3.21 4362321 41083 37033 21036 362136 2742123 2030835
E74 563222 163£231 332068 33135 262031 53032 103035 3342078
E7-5 63.8+£1.11 480060 26035 132044 332041 46=135 104105 244+111
Eg-1 806123 1862132 340435 17078 392003 3522036 234=122 311046
Eg-2 T32+£033 263035 5.1£123 16154 352036 54=132 1832066 2432068
E8-3 846263 445432 20+125 18+£132 252031 332035 283099 1735063
Eg4 082304 213£231 33x163 320098 21012 23532032 242+111 256=081
EZ-5 683335 110065 28£039 22+111 29030 390054 233132 281058

Mean TT1x199 352+191 40091 23067 262071 35068 181x104 271089

The values are means of three replicates with standard emors (mean = 8E n=3), p=<0.05.

Table 5: Chemical composition of different genotype of almonds fruits hulls and shells of Esfahlan, &t Azarbaijan province of Iran.
CONCLUSION

Nutritional value of almond fruit is related to kernel. Other parts of this tree nut such as brskin, shell and hull
(55% of fruit weight) are discarded as agriculturgdproducts. There is no investigation or literatabout almond
hull and shell total fat, protein and sugar contémtaddition, present references are not new eitfigerefore, our
obtained results for the first time shows that aichbull and shell specifically shell potion canépotential source
of useful foods, food additives, pharmaceuticatg] teed additives, over and above low value usagananal feed
and heating. Therefore, it is necessary to invatgignore about almond hull and shell chemical gurite produce
beneficial compounds.
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