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Fig 3 Amount of moisture lossin different types of

noughls as a function of storage time (T=21+1 °C,

RH=40+3%).Different letters on the columns show

significant difference between nough types in each
day (p<0.05).
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Table 1 Hardness and breakage energy in different types of noughl at zero-day.

Vanilla Saffron Cinnamon Damask rose
Hardness (N) 2038 +5.36° 32.46+7.21° 28.99+6.90° 4857+5.67°
Breakage energy (N.mm)  12.45+1.04"* 15.35+2.97°  9.1+133*  3548+4.11°
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Fig 5 Force-distance curves for vanilla noughl at
different storage times obtained in compression
tests
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Table 2 Hardness and breakage energy ofvanilla noughl as a function of storage time

Storage time (day)

0 1 7 14 21
Hardness (N) 29.38 +5.36° 50.57+6.46°  90.25+1.637  102.86 +5.97° 71.17 + 7.68°
Breakage energy (N.mm)  12.45 + 1.04* 19.14+2.97°  52.71+2.13°  7231+4.11° 66.20 + 5.23¢

Different superscript letters in each row show significant difference (p<0.05).
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Fig 6 Appearance of different types of noughls a) at zero-day, and b) after storing for 21 days (T=21+1 °C,
RH=40+3%)

0 e 39, 3 YY S sl Jols Lol ‘aJwTC»wa‘Lg
Y G ee S5 e ls (il (Slaes B
VL S W T AT RTA\ et
SRS e ls s Oldes bl ksl (IS S

j]@)édwwuﬂg.w\oﬂﬂww

Voo

S del K, s Shs s ool Slus Yo dsds
oS 5 G 5 o Slasss 2 bidised ppal S5l
o b B (e 5 o sdalin oS 4 0les das e OLES
03 Sl Ol Ol s el 5y V) O

sleesly Gb il odd do 5, L anslis ;s Lol Colus



b 2938 B SO S5 gla Sy Sk ) 2

LS 6,50 aabls

SLols sbul Vo=l il Ol 58 S ke S 4 Sles
4 badged pl 53 cusby Osls cws B 5 5y S
il 55 i ple Sl sl e ol 153l
T Osls s 51 53 5y GaOIE sl o 4 diles e

Y0 5781 550 35m 5 DLl 06 asad o 21580

Gb S IYAT cd sk 2158 55 S5 ke ol Osls s
350 30N S Sl Ul JSl Jols D e 0
534S sy oplekaslis émﬁ}&j\j&ﬁjbp
Obey CuidS &S pms cpds sl ol i Sl YN G,

Sl 0l Shasws Jf B L;L.:"‘J J.E_' ol &\)3‘ [

Table 3 Area and color coordinates of different kinds of noughls at 0 and 21 days after storage at
T=21+1 °C, RH=40+3%

Storing time

(day) Vanilla Saffron Cinnamon Damask rose

Area (o) 0 7.51£0.93" 7.77+1.53" 726+127" 7.09 + 1.40”

21 7.88 +0.74° 7.45 £ 1.50 7.03 +1.35 7.54 £ 1.47"
L# 0 97.00+ 1.06" 83.15+ 037 53.07+2.43" 8634+ 171"

21 91.240.92" 86.30 £ 1.12° 67.07+£1.68"  93.60 +2.53°

Color o 0 -3.40 £ 0.64" 25140227 77.90£0.99°  457+0.17
characteristic 21 -1.90 +0.43" 3.60+ 0.56” 13.65£2817  3.19+043"
b 0 8.50+ 1.02" 80.04+ 1.83”  29.32+0.83"  15.50+0.27"

21 13.50+0.95 52.00 +£2.15° 3049+ 1.01°  10.35+0.43°
AE* - 7.80+0.88" 28050737 6576191 9.01+0.33"

:pifferent superscript letters show significant differencein each sample between 0 and 21 days (p<0.05).
Different superscript letters in each row show significant difference (p<0.05).
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Table 4 Water activity of different types of noughl at zero-day

Noughl type
Vanilla Saffron Cinamon Damask rose
Water activity (ay) 0.551+£0.003* 0.548+0.008* 0.557+£0.004* 0.529+0.010°

Different superscript letters in each column show significant difference(p<0.05).
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Fig 7 Appearance of damask rose noughls which showsthe role of petals on increase of air-solid interface.
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Table 5 Water activity of vanilla noughl as a function of time

Storage time (day)
0 1 7 14 21

Water activity  0.55140.003°  0.519£0.011°  0.493+0.005°  0.420£0.017°  0.341+0.021°
Different superscript letters in each column show significant difference (p<0.05).
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Noughl (sugar coated almond or walnut) is a traditional confectionary sugar-based product which is
also produced by addition of spices and dried damask rose in recent years.In spite of its popularity,
noughl suffers from dehydration in a short time after being exited from the package. Thereupon, the
aim of the present study was to investigate the additives' impact (cinnamon, damask rose and saffron)
on physico-mechanical properties (moisture content, texture, surface area, color and a,,) of noughls
and also the trend of moisture loss during storage. The results indicated that the most moisture loss
took place at the first 3 days after opening the package.Based on the rheological tests, the highest and
the lowest breakage energy belonged to damask rose (35.48 N.mm) and cinnamon (9.1 N.mm)
noughls, respectively. Besides, it was found that storing for 14 days led to increase of vanilla noughl
firmness for more than three times. Moreover, mean value of water activity of noughls was lower than
0.56. Comparison of mean value of the color total difference (AE*) at 0 and 21* days declared that
cinnamon and vanilla noughls had the highest and the lowest color alteration, respectively. According
to image processing analyses, suitable indicators to show color changes during timewere a* and L*
channels for cinnamon and damask rose noughls and b* and L* channels for saffron and vanilla
noughls.
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