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Table 1- Independent variables and their coded and actual values used for optimization

. Coded level
Independent variable Symbol T 1 0 g o
Replacement of sucrose with
stevioside-isomalt (%) A 100 S 50 25 0
Replacement of almond with
Ganoderma lucidum (%) B 100 S 50 25 0
Temperature (°C) C 70 65 60 55 50

* Considering the stevioside 300 times sweeter than sucrose, to supply the difference between the weight of stevioside
consumed and sucrose removed, isomalt was used as a filler in all treatments.
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Table 2- RSM experimental design

Replacement Replacement Temperature
of sucrose of almond (°C)
Run with with
stevioside- ~ Ganoderma
isomalt (%)  lucidum (%)

Replacement Replacement Temperature
of sucrose of almond (°C)
Run with with
stevioside- ~ Ganoderma
isomalt (%)  lucidum (%)

11 50 50 50
33 50 50 50
22 25 25 55
3 75 75 55
14 25 75 55
16 75 75 55
21 75 25 55
26 25 75 55
28 75 25 55
32 25 25 55
1 100 50 60
5 0 50 60
7 50 100 60
8 0 50 60
9 50 0 60
15 50 50 60
19 50 50 60

20 50 50 60
23 50 100 60
24 50 0 60
25 50 50 60
27 50 50 60
29 25 25 65
4 25 75 65
6 75 25 65
10 25 25 65
12 25 75 65
18 75 25 65
22 75 75 65
30 75 75 65
31 50 50 70
13 50 50 70
17 50 50 60

* Considering the stevioside 300 times sweeter than sucrose, to supply the difference between the weight of stevioside
consumed and sucrose removed, isomalt was used as a filler in all treatments.
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1. Scanning Electron Microscopy
2- Charging effect
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Table 3-The assessed coefficients contents of the selected model for the studied attributes and the results of the analysis of variance

Response
Density (g/cm?) Hardness (N) Cohesiveness Adhesiveness Adhesive force (N) Springiness Gumminess (N) Chewiness (N) L* a* b*
(N.min)
Source df Sum squares Df Sum squares df Sum squares df Sum squares df Sum squares df Sum squares df Sum df Sum df Sum df Sum df Sum squares
squares squares squares squares
Model 2 0.083°* 6 8.23x103¢* 3 6.33x103** 4 0.036°** 5 1.80x10-3#* 7 5.00x103%** 8 0.50%** 8 0.067°* 6 113.72%+ 8 12.98=* 3 4.41x105%
A - - - - 1 2.36x1073+** - - - - 1 7.75x1074** 1 0.017¢ 1 0.031* 1 19.08%=* 1 1.14%== - -
B 1 0.025°# 1 3.50x10-3### - - 1 6.74x1073¢ - - 1 9.74x104** 1 0.17%=* 1 0.15%* 1 13.90%* 1 9.52%== - -
c - - - - 1 3.04x10-3¢** - - - - - - - - - - 1 1.29¢ - - - -
AB 1 0.058°* 1 8.28x10* 1 5.78x10% 1 6.82x10-3+* - - 1 4.76x10* 1 0.54+% 1 0.073°* - - 1 055 1 1.90x105%**
AC - - - - - - 1 6.11x10°3¢ - - 1 2.05x103* 1 0.018* 1 0.05%# - - 1 0.15™ - -
BC - - 1 9.65x10-4+* - - - - 1 3.93x104+* - - 1 0.041°* 1 0.046°* - - - - - -
ABC - - - - - - - - - 1 4.27x104¢ - - - - - - - - _ _
A? - - 1 2.80x10-3## - - 1 0.018*** 1 1.16x10%+* - - 1 0.19%=* 1 0.18=* 1 95.42°++ 1 0.99%=* - -
B? - - 1 1.05x103+* - - - - 1 3.33x10%+* - - 1 0.06*** 1 0.06=** 1 8.40%* 1 0.36* - -
c? - - 1 6.75x104** - - - - - - 1 4.50x107%¢ 1 0.018* 1 0.02¢ 1 15.94%e 1 0.20™ 1 1.73x10%%#*
A2B - - - - - - . - . . . - . - . - - - - - - .
A’C - - - - - - - - - - 1 7.28x104eee - - - - - - 1 0.47°° - -
AB? - - - - - - - - - - - - - - - - - - - - 1 77729.5°
AC? B B B B B _ N _ N N . _ . _ . _ _ _ _ _ _ n
A3 - - - - - - . - . . . - . - . - - - - - - .
B® - _ _ _ - - - - 1 7.87x10%%* - - - - - - - - - - - -
c? - _ _ _ - _ _ _ 1 4.20x104%=* - _ - _ - _ _ _ _ _ _ _
Residual 30 0.16 26 3.03x10° 23 3.33x1073#* 26 0.022 14 2.88x10* 21 1.68x10° 24 0.095 24 0.11 23 7.40 19 0.89 19 2.6x10°
Lack of fit 12 0.061" 8 1.37x10-3 9 1.53x10-3==* 10 0.012" 8 1.12x10-4 7 4.58x10-3" 6 0.032 6 0.34" 7 3.50™ 4 0.22"™ 8 99994.36 ™
R? 0.33 0.73 0.65 0.62 0.86 0.74 0.84 0.82 0.93 0.93 0.62
Pure error 18 0.1 18 1.66x102 14 1.80x10"° 16 9.68x102 16 1.76x10* 14 1.23x102 18 0.063 18 0.078 16 3.90 15 0.67 11 1.62x10°
Cor total 32 0.25 32 0.011 26 9.66x103 30 0.058 29 2.08x103 28 6.69x10 32 0.59 32 0.64 29 121.12 27 13.87 22 7.03x10°

-2 Non significant effect of variable on response, *Significant at 5%; ** Significant at 1%, *** Significant at 0.1%, ns= Not significant.
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Figure 2- Effect of replacement of sucrose with stevioside-isomalt and replacement of almond with Ganoderma
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Figure 3- Effect of replacement of sucrose with stevioside-isomalt and replacement of almond with Ganoderma
lucidum on springiness, chewiness and gumminess (a, ¢, f), rreplacement of sucrose with stevioside-isomalt and

temperature on springiness, chewiness and gumminess (b, d, h), replacement of almond with Ganoderma lucidum
and temperature on chewiness and gumminess (e, g)
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Figure 4- Effect of replacement of sucrose with stevioside-isomalt and replacement of almond with Ganoderma
lucidum on a* (a), and b* (b)
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Table 4- Values for optimization and its feature or purpose

Independent variable and Lower limit Higher limit Purpose
response Optimal 1 Optimal2  Optimal 1 Optimal2  Optimal 1~ Optimal 2
Replacement of sucrose with 25 0 75 100 Isinrange Isinrange
stevioside- isomalt (%)
Replacement of almond with 25 0 75 100 Isinrange Isinrange
Ganoderma lucidum (%)
Temperature (°C) 55 50 65 70 Isinrange Isinrange
Density (g/cm®) 1.20 0.97 1.35 1.35 Minimize Minimize
Hardness (N) 15 15 30 30 Maximize  Maximize
Adhesiveness (N.min) 0.04 0.0002 0.05 0.05 Minimize Minimize
Adhesive force (N) 3 0.49 5 19 Minimize Minimize
Cohesiveness 0.093238 0.093238 1.163451 1.163451 Maximize  Maximize
Springiness 0.136842 0.136842 0.265957 0.265957 Maximize  Maximize
Gumminess (N) 2.76214 34.8193 43.8193 43.8193 Minimize Minimize
Chewiness (N) 0.440692 6.8148 6.8148 6.8148 Minimize Minimize
(@*) -19.5715 -16.9673 -16.9673 -16.9673 Minimize Minimize
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Table 5- Comparison of qualitative and physical characteristics of optimal and control samples during storage

Sample Day Density Peroxid value  Total sugar Fat Protein

(g/cm?) (Meq /kg oil) (%) (%) (%)

Blank 0 1.75+0.40% 2.99+0.01° - - -
15 1.35+0.15%%¢  1,96+0.15° - 29.99+0.74* 4.61+0.167

30 1.16%0.11b«  3.35+0.40% - - -

45 0.99+0.01¢ 3.38+0.01*  28.12+0.52° - -

Optimall 0 1.14+0.14%¢  0.36+0.01" - - -
15 1.04+0.01¢ 0.43+0.04" - 16.35+0.87¢ 5.75+1.212

30 1.01+0.18¢ 0.55+0.028 - - -

45 0.98+0.02¢ 0.63+0.02¢70  11.56+0.27" - -

Optimal2 0 1.7040.162 0.60+0.017 - - -
15  1.56+0.45%¢  0.65+0.02°f - 25.84+0.74° 4.9440.122

30  1.09+0.23%  0.69+0.02¢% - - -

45  1.27+0.43%d  0.75+0.02¢  17.07+0.16° - -

Different superscript letters indicate significant difference (P<0.05)

Optimal 1: 38% replacement of sucrose with stevioside- isomalt, 0% replacement of almond with Ganoderma lucidum
and temperature 60 °C; Optimal 2: 68% replacement of sucrose with stevioside- isomalt, 25% replacement of almond

with Ganoderma lucidum and temperature 55 °C



) Gl o (hy) bawgs paritiy) Lo)2pil5 g Cllogial =y jongial L poly jao g 1S5 (2Rl b (son]) 59 ome¥ 9058 (silodian

L alols Sae (Gu3Sola 5 adlo il —a s s st T S

S D Gaeling 5 e

1400 -+
1200 -
1000 -
800 -
600
400 -
200

(ppm)asis

“s:u.u.‘S(_;J:\MMJGAQLiJOJS.‘i _)JJ.AA[A@\:\S
G € S i (515 53 D el i

suSula am e (il 381 (P<0.05) ekl il 58 aal

Mean | 169.4153.4| 142.3369.3|327.8/312.4| 1250 | 100 | 100 |

aald g diags (SLadd gad S (5La S 59 auuilio -0 Jsib
Figure 5- Comparison of qualitative characteristics of optimal and control samples
Different superscriptsindicate a significant difference at p<0.05.
Optimal 1: 38% replacement of sucrose with stevioside- isomalt, 0% replacement of almond with Ganoderma lucidum
and temperature % °C; Optimal 2: 68% replacement of sucrose with stevioside- isomalt, 25% replacement of almond
with Ganoderma lucidum and temperature % °C
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Table 6- Comparison of textural properties of optimal and control samples during storage

Sample Day Hardness Adhesiveness Cohesiveness  Springiness Gumminess Chewiness
(N) (N. min) (N) (N)
Blank 0 35.00+ 11.24f 0.023+ 0.026b¢ 0.31+0.08° 0.38+0.12° 0.38 £0.12b 4.28+ 2.39¢f
15  100.94+ 11.33% 0.015+0.019%¢ 0.19+0.05°¢ 0.28+ 0.01° 19.47+46.11% 5,65 + 1.940def
30  120.33+33.45% 0.019+ 0.013¢ 0.20£ 0.01° 0.30+0.02b¢ 24.87+6.73%9 758+ 2.60°0
45 156.10 £ 18.24*  0.024+0.024*  0.18+0.004°  0.23 £0.01° 2951+ 2.77¢  7.00 0.80°%f
Optimal1 0 182.33+ 37.09° 0.004+0.002°  0.23+0.002° 0.23+0.02¢  42.79+12.76°  9.91+2.82¢
15 71.15+ 1.82¢f 0.027+ 0.014%¢ 0.23+0.02°  0.26 £0.002*  16.91+0.28% 4.44+ 0.02¢f
30 403.64+42.78*  0.014 £0.0015*  0.12+0.01¢ 0.23+0.03° 87.13+4.082  20.08 +3.322
45 399.95+0.072 0.018 + 0.00% 0.20+0.00°  0.18 £0.0007° 82.06 +0.02®  14.89+ 0.05°
Optimal2 0 40.01+ 3.37f 0.094+0.034-*  0.39+0.06% 0.58+0.19*  15.81+3.08%  9.66+5.02«
15 84.10+ 30.04¢% 0.011+ 0.003% 0.20+ 0.02¢ 0.27 £0.02" 17.02+ 4,53¢% 4.54+ 0.88¢f
30  100.24+ 8.25% 0.052+0.043° 0.19+0.01° 0.27+0.02¢ 19.52+ 0.09%  5.35 + 0.50%f
45 74.96+ 1.34¢f 0.022+ 0.027%° 0.17+0.01° 0.21+ 0.02° 12.58+ 1.15° 2.77+0.37f

Different superscriptsindicate a significant difference at p<0.05.

Optimal 1: 38% replacement of sucrose with stevioside- isomalt, 0% replacement of almond with Ganoderma lucidum

and temperature 60 °C

Optimal 2: 68% replacement of sucrose with stevioside- isomalt, 25% replacement of almond with Ganoderma lucidum

and temperature 55 °C
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Table 7- Comparison of sensory properties of optimal and control samples

Treatment Taste Sweetness After taste Colour Texture Overall
acceptance
Optimal 1 3.60+0.73 © 4,10+0.64 2 3.20+0.67 ° 4.30+0.72 2 3.10+0.74 ® 3.50+0.99 P
Optimal 2 4.20+£0.77 @ 4.30+0.612 4,10+£0.59 2 4.,50+0.64 2 4,10+0.88 2 3.50+0.91°
Blank 4.30+0.72 @ 4.30+0.612 4.00+0.84 2 4.40+0.73% 3.90+0.96 2 4.50+0.64 2

Different superscriptsindicate a significant difference at p<0.05.

Optimal 1: 38% replacement of sucrose with stevioside- isomalt, 0% replacement of almond with Ganoderma lucidum
and 60 temperature °C; Optimal 2: 68% replacement of sucrose with stevioside- isomalt, 25% replacement of almond with

Ganoderma lucidum and 55 temperature °°

Figure 6- Microstructure of blank (A), Microstructure of optimal samples (B)
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Introduction: Lifestyle changes related to modification in the eating quality and quantity along with
mental stress led to the prevalence of non-communicable diseases such as obesity, diabetes and
cardiovascular disease. Considering the consumer’s demand, food scientists are now focusing on
developing suger free or low- carbohydrate, fat free and low calorie foods which rich in fiber, protein,
minerals and vitamins. Luz is one of the iranian traditional sweets, which is very popular due to its
desirable texture and sensory properties. However, due to it’s high sugar content, its consumption is
limited for obesity and diabetes peoples. In recent years, a number of synthetic sweeteners like
saccharine, acesulfame-K, aspartame, which are sweeter than sucrose and nontoxic, have been
developed and identified to replace sugar. Stevioside is extracted from the leaves of S. rebaudiana
bertoni that has a great potential as a new agricultural crop for health promoting foods is increasing,
and proximate analysis has shown that Stevia also contains substantial amounts of proteins,
potassium, and other essential nutrients. It is a white, crystalline, odorless powder, which is
approximately 300 times sweeter than sucrose. Steviol glycosides are noncaloric sweeteners, which
makes them an attractive sugar substitute for food industry. Isomalt is a sugar alcohol, low-calorie
bulking agent with properties and characteristics similar to sucrose. The sweetening power of isomalt
lies between 0.45 and 0.60 as compared with that of sucrose. Ganoderma lucidum an oriental fungus,
has a long history of use for promoting health and longevity in the world. Ganoderma is a rich source
of protein, carbohydrate, fat, fiber, minerals and vitamins. Considering that now, no research has been
done on the use of Ganoderma lucidum and substituting sucrose with stevioside-isomalt in Luz
formulation, Therefore, the aim of this study was to investigate the possibility of almond substitution
with Ganoderma lucidum and sucrose substitution with stevioside-isomalt.

Materials and methods: Materials used in Luz formulation consisted of coconut powder, isomalt,
sucrose, stevioside, almond, Ganoderma lucidum were supplied from salamatgostaran arayan Co. All
chemicals were from Merck Co. The formulations of Luz include coconut powder (38.74%), sugar
(25.83%), sorbitol (29.63%), almond (2.57%), vanilla (0.2%), cardamom (0.2%), cinnamon (0.26%)
and chlorophyll (2.57%) were selected. To produce Luz, the mixture of sugar and sorbitol was heated
to boiling temperature and complete dissolution. After the heat treatment (100°C for 2h), the mixture
was cooled to 40°C and the coconut and almond powder was added and mixed. At the end, cardamom,
cinnamon, vanilla and chlorophyll were added. The prepared mixture was molded and placed at 18°C
for 24h. Protein, fat and sugar were determined according to AACC standard numbers, 46-12, 30-10
and 80-50. The density was also determined according to (Islam et al., 2012). High-performance
liquid chromatography measurement of vitamin D was performed according to National institute of
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standard number 13579. Textural properties were determined using a Texture Analyzer. In this study,
the effects of sucrose replacement with stevioside-isomalt (0-100%), almond replacement with
Ganoderma lucidum (0-100%) and temperature (50-70°C) on qualitative characteristics (density,
texture, colour) were investigated by response surface method (RSM) in the form of a central
composite design with 6 central point (a=2). Optimal and control samples were examined in terms of
qualitative characteristics such as protein, fat, sugar, vitamin D, calcium, phosphorus, density, peroxid
value, textural (hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness) and
sensory properties during 0, 15, 30 and 45 days after production. Comparison of the optimal and
control samples was done in a Duncan's new multiple range test using SPSS ver: 9.1 software.
Results and discussion: The results revealed that an increase in the percentage of almond
replacement with Ganoderma lucidum resulted in an increase the density and hardness. Independent
variables had not a significant effect on the adhesive force and (b*) of the produced samples, and only
almond substitution with Ganoderma lucidum had a significant effect on increasing adhesiveness.
Springinesss, gumminess and chewiness, and also (L*) and (a*) increased with increasing sucrose
substitution with stevioside-isomalt and almond with Ganoderma lucidum. The lowest density was
belonged to sample contains 25% level of almond substitution with Ganoderma lucidum and 75%
sucrose substitution with stevioside-isomalt. The interaction effect of sucrose substitution with
stevioside-isomalt and almond with Ganoderma lucidum showed that, springiness increased with
reducing substitution levels of sucrose with stevioside-isomalt and almond with Ganoderma lucidum.
Treatments obtained by the model contain 68% sucrose substitution with stevioside-isomalt, 25%
almond substitution with Ganoderma lucidum and 55°C temperature and 38% sucrose substitution
with stevioside-isomalt, 0% almond substitution with Ganoderma lucidum and 60°C temperature,
were introduced as optimal samples to maintain the quality characteristics and increase Luz
nutritional value. Comparison between treatments showed that the optimal and control samples had
not significantly different (P>0.05), in terms of protein content and density. During storage time,
peroxid value of optimal samples were lower than the control sample (P<0.05). Based on the results
of sensory evaluation, the optimal and control samples had not significantly different (P>0.05), in
terms of colour and sweetness, but the optimal samples received a lower overall acceptance score
than the control sample (P<0.05). In the microstructure evaluation of the optimal samples, due to the
presence of Ganoderma lucidum, the uniformity of the structure of the samples was reduced and a
gel network with larger particles and more pores was formed.

Conclusion: According to the results of qualitative characteristics evaluation of the treatments,
substitution a part of the sucrose with stevioside-isomalt and almond with Ganoderma lucidum in
Luz formulation led to a successful reduction of total sucrose and fat, and an increment of calcium,
phosphorus and vitamin D.
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