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Table 1 The chemical analysis of
flaxseed powder

Ingredients Quantity
Moisture (%) 5.53+0.006
Water activity 0.64+0.007

Ash (%) 3.23+0.008
Fat (%) 32.3+0.17
Palmitic acid 6.4+0.21

Stearic acid 2.5+0.22

Oleic acid 18.9+0.05
Linoleic acid 15.2+0.11
Linolenic acid 53.2+0.13
Peroxide value

(meq/kg) 1.9+0.04

Acid index

(MgKOH/Q) 2.9+0.09
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Table 2 Formulations used for the chocolate samples

Cocoa Cocoa _ .
Treatment S(l;/gar B(%};fr Pc(;(;\;()jer ) Liguor Le:(:)}(t:m Vaz(r)w/(l)l)lln Flaz;;eed
Control 57.50 22 12 8 0.40 0.10 0
F. 54.61 20.90 11.41 7.61 0.38 0.09 5
F 51.71 19.81 10.82 7.21 0.36 0.09 10
Fs 48.83 18.72 10.22 6.81 0.36 0.08 15
Fa 46 17.60 9.60 6.40 0.32 0.08 20

Control: sample without flaxseed powder; Fample containing 5% flaxseed powder,dample containing
10% flaxseed powder zFsample containing 15% flaxseed powdar,dample containing 20% flaxseed
powder.
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Table 3 Gamma and alfa Tocopherol

Fig 2 An example of a HPLC chromatogram of
flaxseed tocopherols

1: alpha-tocopherol (7.5 ppm), 2: beta-tocopherol changes of chocolate samples
(5 ppm), 3: gamma- tocopherol (480 ppm) and 4: gamma alfa
delta-tocopherol (5 ppm). Treatment Tocopherol tocopherol
A ey 53 JspsS 5 lasie e il el Slles b (pprm (Ppm
o Control 17.08 507
Slges 4S5 ek (il YA0-00r PPM S5 oS 51 45 ) 29 55 e
IV s (Sa Jams Bl 2 5 olss @058 @ Js 558 5 P 24-07bbc 4?;
Fs 3 4
o5 039530 Al s [T’] OLan 5 Cgd paig o895 52 F, 38.57 3

Lowercase letters indicate significant

Se oy il Lo Js S e S s 4 S _
SR I S ASE f 7 e differences (P<0.05) among the samples
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1: alpha-tocopherol, 2: beta-tocopherol, 3: gamma-
tocopherol and 4: delta-tocopherol
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Table 4 Changes of peroxide value (meq/Kg) of chocolatepsesnduring 3 months storage

Production

Treatment day Day 15 Day 30 Day 45 Day 60 Day 75 Day 90
Control 0.448" 0.473° 0.473° 0.498* 0.546* 0.574" 0.648°
F 0.618° 0.624° 0.648¢d 0.674° 0.698¢ 0.648°  0.924¢

F, 0.873" 0.935® 1.0288¢ 1.14° 1.224* 1.324° 1.374°

Fs 0.983" 1.078° 1.19° 1.38% 1.49* 1.492° 1.64"

Fs 1.373° 1.473° 1.519% 1.622% 1.651° 1.751% 1.878%

a-d: Lowercase letters indicate significant differes (P<0.05) among the samples and capital |¢e@)
indicate significant differences (P<0.05) duringrage
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Table 5 Enumeration of microorganisms during storage time

Storage Control F F, Fs Fs
Day 1 <10 <10 <10 <10 <10
Mold count Day 30 <10 <10 <10 o P
Day 60 <10 <10 <10 <10 <10
Day 90 <10 <10 <10 <10 <10
Day 1 <10 <10 <10 <10 10
Yeast count Day 30 <10 <10 <10 10 i
Day 60 <10 10 10 20 20
Day 90 10 10 10 30 30
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Table 6 Effect of flaxseed concentration on sensory aitab of formulated chocolates

Treatment  Color Fatbloom Lightness Uniformity Brittleness M?Uth' Taste Overall
eel acceptance
Control 4.29% 1.17° 4.342 3.952 4.162 1.01°¢ 3.91° 3.262
F 4.12° 1.53¢ 4.342 3.74° 4.13° 1.00° 3.42° 3.18°
F, 4.00¢ 1.67° 4.25° 3.77° 4.12° 1.01°¢ 3.32° 3.16°
Fs 4.10° 1.60° 4.26° 3.07° 4.05¢ 1.352 2.73¢ 3.00°¢
F, 4.12° 1.792 4.17¢ 2.52¢ 3.64° i.51° 1.50° 2.75¢

Lowercase letters indicate significant differen(f®@s0.05) among the samples
* %CV<10
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Fig 3 The overall acceptance of treatments

Numbers on the vertices of the pentagon represents
treatments (1: sample without flaxseed powder, 2:
sample containing 5% flaxseed powder, 3: sample

containing 10% flaxseed powder, 4: sample
containing 15% flaxseed powder, 5: sample

containing 20% flaxseed powder) and numbers

inside the pentagon represents scores.
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The Effects of Flaxseed Powder on Antioxidative, Microbial and
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In this research, the effects of fortification diocolate samples with flaxseed at different lewéld%
(control treatment), 5%, 10%, 15% and 20% were s&&sk on the microbial properties, peroxide
value and tocopherol content of chocolate sampleig 3 months storage. Sensory attributes of
chocolate samples were determined by fourteeneapanelists using 5-point Hedonic scale Tn 1
15, 30, 45 60, 75 and B@ays. It was observed that with increasing flagiseentent in chocolate
samples, the mean content of gamma-tocopheroledred. The level of gamma tocopherols in
control samples were 17.1 ppm, compared with 3®5m in samples containing 20% flaxseed.
Moreover, peroxide value showed an increasing tmitd increasing flaxseed powder content. In
addition, the highest peroxide value (1.875 meqg/Beglonged to samples containing 20% flaxseed
powder at the end of storage time and the lowesixp#e value (0.5 meq/Kg) was observed in control
treatments in L day. However, all the peroxide values were ingtamdard range (max: 2 meg/Kg).
Microbial enumeration oénterobacteriaceae, E. coli, salmonella, coagulase-positivetaphylococci,
yeast and molds were in the standard range dufindg9s of storage. The maximum count of yeasts
belonged to samples containing 20% flaxseed powdéth regard to the consumer acceptance,
chocolate samples containing 5% and 10% flaxseeeived higher sensory scores compared with
other treatments and samples containing 20% flalkxkad the lowest sensory acceptance compared
with control treatmeniConsequently, the results indicated that by incaioog of flaxseed powder in
chocolate, it is possible to produce functionalduat fortified with anti-oxidants that could have
important role in the health of consumers.
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