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Table 1- Different formulations (%) of chocolate samples produced in this study

}3\5\5 J>.ﬁ~ }3\5\5 ajs .
SOy ksl et SBE e S Sl
Cocoa ) Cocoa )
(Flaxseed) (Vanillin) (Lecithin) (Liquor) (Sugar) (Treatment)
(Powder (Butter
Jals
0 0.1 0.4 8 12 22 57.5
(Control)
5 0.095 0.38 7.6 11.4 20.9 54.625 F,
10 0.09 0.36 7.2 10.8 19.8 51.75 F,
15 0.085 0.34 6.8 10.2 18.7 48.875 F;
20 0.08 0.32 6.4 9.6 17.6 46 F,4

S deo 3 Vo L wsas =F4 (S5 0o 3 0 L € sad =F3 (S dopn Ve L s =F0 oS5 0o, 0 L €500 =F ) (S5 05 500 =0l

Control: Sample without flaxseed powder, F,: Sample containing 5% flaxseed powder, F,: Sample containing 10%
flaxseed powder, F;: Sample containing 15% flaxseed powder, F,: Sample containing 20% flaxseed powder.
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1. Oriented Polypropylene (OPP)
2. Association of Official Analytical Chemists
(AOACQ)

™

e DL 1S sladils (ki gas (g 3lweslel
TS W70 PR Wk [ - PO R RS o8 W\ N e
R PINK I WPESNEY Lgl.a.s).soﬂ)d)b;ﬁ
by s oloul a&alsl oS5 5 45 (aids )
SIUT e S g e s 4/ STa Sl L S
= (Y dsds) el S5 bt LS 5
L bl Ol U St glaanS 53 Sy
(s ol 53 S (a dsy s oIS
O dsdsr) wsline d s b Ly DS w503 e
Sles ey 0 S alis ald el b s A
Aoy 0 L 4 s =F) oS5 O € ged =0 28)
L a0 503 =F3 oS53 s Vv L &gai =F5 oS5
(S deo 3 Y0 L asges =Fy (S50 Lo )10

Osil Lol s lal 6, S I6 5l e M 8



1van o b)loa.:} Q) s 2138 dlgo (5,05 9 6)57)3 A gl

Sl Jte g5l 01580 Y 5 5 Bl ol
() 3 8 Gl o gladd

SIA s S oo el gl e 6T
oo Gl o gladd il Jae LT (6568
S Sk o dlesl L (Y V) Bls 5 jesl5]
(o 5LS 0L s Ot a8 5 sk k)
ladeol b fze BT glateas (1) 23 8 &) 50
St 4 yeme 538 S by S olKaws Sl
(ol (gl o D BPXT70 SISl by
s S ITY by ¥ b L (LS
slas s S eslinul ey S +/Y0 e
ST glos ol 8 Sl a3 Y¥0 555 aou o
I A WP IN (K Y WPESTR A £
OGP s s i ) e VY (le)
gt Sl Syt 55 (58 1S 5l S
©) = 8

oAb B s bl IS g, Jow 5 4520
o risse Shasleg (8 S il balas SLls
Vo000 sk 5 Shm Kl el
235 (S5 d3BB) dald 4l gas L anslie 5 Ao s
e Sl el b Laesls il 5 4 3o
D38l 5 St eslial Ly Lals sa oy 5VF ol ol
SS L 5 LapSile amlin .23 8 plnil JuS]
O gt A2 3 0 Jl_;.:;-‘cla_.a): o=Sls Qj_ﬂj
NG

oy g b
L ol Oly b by jldie ol s
NS OV g0 53 Sz 35 Ao s Sl
Sl Rl e ped by lpe (L
Laslos o Smsb s gl 55107 Jpr)

A_M..iu.a (p<'/'(>) SENAL) S99 é)\bu;xﬂ O

1. Gas Chromatography (GC)
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Table 2- Chemical compositions of flaxseed powder

Sl <S5
(Quantity) (Ingredients)
Lo ys) o
5.53£0.006 (h002) sk
Moisture (%)
&T cdles
0.64+0.007
Water activity
Ao ys) S
3.23+0.008 (o) A5
Ash (%)
Ao
32.340.17 (00?) %
Fat (%)
Sy e S Szall Aol
6.440.21 (80 05 o 22 Sl e
Palmitic acid
Skl !
2.5+0.22 ) )
Stearic acid
&Jj}‘ Aol
18.940.05 ) )
Oleic acid
S od
15.240.11 A s
Linoleic acid
S gd
53.240.13 5
Linolenic acid
ST OV ST ) ST sae
1.940.04 (535 ffffl?s
Peroxide value (meq/kg)
Sy e S GRS | il
204000 (S Aok S Sl o

Acid index (mgKOH/g)
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Table 3- Changes in moisture contents of chocolate samples during 3 months storage

Jsl 3 (Day) 55,
AT VO 33, IAISTY Y0 54, AKISTS) VO 53, )
Production ) & 5ol
(Day 90) (Day 75) (Day 60) (Day 45) (Day 30) (Day 15)
(Day (Sample)
dald 4igas
0.798%¢ 0.779%° 0.767%° 0.755%4 0.718%4 0.537%¢ 0.5285¢ Control)
(Sample
0.9914° 0.966° 0.929%° 0.888"° 0.8197B¢ 0.7495%¢ 0.698%4  Fy 4z
1.054° 0.9944° 0.9574° 0.9274B° 0.924Bb 0.903%° 0.9%  Fyaja
1.212% 1.1874% 1.148" 1.133% 1.134a 1.142 1.026"° F3 & 5
1.2274 1.174 1.163% 1.163% 1.117% 1.13% 114 Fy 4 50

a-d -85 Ao Yo b wges =F4 oS5 00,5510 L 60 =F3 (S5 don Vo L ges =F2 oS5 0055 0 b w05 =F 1 oS5 05 4500 =0l
il slole) 53 ($uls e sl 35y 3l 0L Cilises (A-C) S5 Gy 5 oyl o (ols ime sl 5525 51 0L Calises S8 g >
.J&Lgy“ﬁ()d%lch“):

Control: Sample without flaxseed powder, F;: Sample containing 5% flaxseed powder, F,: Sample containing 10%
flaxseed powder, F;: Sample containing 15% flaxseed powder, F,: Sample containing 20% flaxseed powder.

a-d: Lowercase letters indicate significant differences (p<0.05) among the samples and capital letters (A-C) indicate
significant differences (p<0.05) during storage
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Figure 1- Fat contents (%) in chocolate samples
Control: Sample without flaxseed powder, F;: Sample containing 5% flaxseed powder, F,: Sample containing 10%
flaxseed powder, F;: Sample containing 15% flaxseed powder, F4: Sample containing 20% flaxseed powder.
a-e: Lowercase letters indicate significant differences (p<0.05) among the chocolate samples
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Figure 2- Fiber contents (%) in different chocolate samples
Control: sample without flaxseed powder, F,: sample containing 5% flaxseed powder, F,: sample containing 10%
flaxseed powder, F;: sample containing 15% flaxseed powder, F4: sample containing 20% flaxseed powder.
a-e: Letters indicate significant differences among chocolate samples (P<0.05).
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Table 4- fatty acids profiles of control sample and chocolates containing%20 flaxseed at day 1

Day 1) Jsl 35, o sladl
(20% Flaxseed) 3 4,5 Yo jlad (Control) dals « 5ol (Fatty Acids)
Szally do!
19.96° 27° o
(Palmitic acid)
Soobmal el
16° 30.5° o
(Stearic acid)
AS.;JJ‘ J:.w‘
29° 33.5° o
(Oleic acid)
S el
9.52° 0° o
(Linoleic acid)
S ol
8.73° 0°

(Linolenic acid)
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a- b: Letters indicate significant differences (p<0.05) among the samples
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Table 5- Fatty acids profiles of chocolate samples containing%20 flaxseed during storage period

IISTY 0 55, ARISTS TS Jsl a5 < sl
(Day 60) (Day 45) (Day 30) (Day 15) (Day 1) (Fatty acids)
20.43 18.89 18.49 18.32 19.96 Seadls ol

(Palmitic acid)

16.2 15.48 15.8 15.8 16 Szl Al
(Stearic acid)

27.2 28.4 28.2 29.1 29 Sdg) dd
(Oleic acid)

83 8.68 8.21 10.8 952 S Al

(Linoleic acid)
8.8 8.3 8.3 8.11 8.73 S s

(Linolenic acid)
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Table 6- Changes in acid index (mg KOH/g oil) of chocolate samples during 3 months storage

SUBTS VO 35, IAISTS YO 35 AKISTS! \INBYS Jslis, (Day) 33,
(Day90) (Day75) (Day60) (Day45) (Day30) (Dayl15) (Productin Day) (Sample) < s
dalld 4 gl
0.257%°  0.248%  0.247%°  0.224"B 0214 0.2025° 0.189<° Control )
(Sample
0268 0257 0.259"°  0.246% 02378 0.224% 0.2045 F « g0l
0282 0.281% 0267 0256  0.247%%  0.235% 0.217% Fy & 5es
02914 0.279* 0.28" 0.269%%  0.257™ 0.246™ 0.2325 Fy 4 yes
0.303%  0.295%  0.293" 0.28" 0.2685 0.257% 0.238“ Fy 4 5as

b — S5 A3 Vo L € =F oS5 4o 3 V0 L wpei =F3 (S5 a0 L w5 =F5 oS5 4o 3 0 L 650 =F 1 (S5 05l 4 ses =l
Lﬂbuéuob)‘)aé)lad;u;@w:)?J)‘loLfJL.&l:ﬁz»(A-C)n_f)ﬁ;_éjfju)wQﬁg)izwojw:ﬁj)loquﬁ»&g;a_éjf
Al g o33 0 Jlel mhae 3

Control: Sample without flaxseed powder, F;: Sample containing 5% flaxseed powder, F,: Sample containing 10%
flaxseed powder, F;: Sample containing 15% flaxseed powder, F4: Sample containing 20% flaxseed powder.

a-b: Lowercase letters indicate significant differences (p<0.05) among the samples and capital letters (A-C) indicate
significant differences (p<0.05) during storage
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Table 7- Changes in peroxide value (meq proxide/kg oil) of chocolate samples during 3 months storage
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dalld 4 gl
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Control: Sample without flaxseed powder, F;: Sample containing 5% flaxseed powder, F,: Sample containing 10%
flaxseed powder, F;: Sample containing 15% flaxseed powder, F4: Sample containing 20% flaxseed powder.
a-d: Lowercase letters indicate significant differences (p<0.05) among the samples and capital letters (A-C) indicate

significant differences (p<0.05) during storage
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Abstract

Background and Objectives: Nowadays, regard to intake insufficient amounts of essential
fatty acids, antioxidants and fiber in daily diet, it is important to use foods enriched with such
compounds. Among the oilseeds, flaxseed is rich in high level of a-linolenic acid as well as
other compounds such as tocopherols, fiber and lignans.

Materials and Methods: Flaxseed powder was used in the formulation of chocolate at different
levels of 0% (control sample), 5%, 10%, 15% and 20% to produce potentially functional
product. The quality properties of samples including water, fat, fiber, and essential fatty acids
contents, acid index and peroxide value were determined every 15 days during 3 months
storage.

Results: The results showed that by increase in flaxseed proportion, water, lipid, fiber and
essential fatty acid (a-linolenic and linoleic acids) increased. Flaxseed addition into chocolate
resulted in considerable decrease in saturated fatty acid content, and increase in the amount of
poly unsaturated fatty acids. Also, as added flaxseed powder increased, acid index and peroxide
values tended to increase. Additionally, the maximum acid index (0.303 mg KOH/g) and
peroxide value (1.875 meq/Kg) belonged to a sample containing 20% flaxseed powder. The
minimum acid index (0.18 mgKOH/g) and peroxide value (0.5 meg/Kg) were observed in control
treatments. It is noteworthy to mention that Increase in acid index and peroxide value were not
significant and they were found to be in the standard ranges.

Conclusion: As a general result, it can be stated that by incorporating flaxseed powder in
chocolate formulation, a new functional food rich in essential fatty acids and fiber can be
produced and supplied to the market. But as adding high amounts of flaxseed powder would
have significant effects on acid and peroxide values, incorporation of medium level (10%) is
suggested.
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