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ABSTRACT

Despite of the fact that the use of sweeteners as sugar substitute in food products is effective in reduction of calories
and related diseases, they are typically associated with change in the texture and sensory properties of the product.
In the present study, the effect of partial and overall replacement of sucrose with agave nectar and stevia on
chemical, physical, rheological, and sensory properties of dark chocolate was evaluated. The results indicated that
the amount of water, water activity, fat, and protein of chocolate dropped with an increase in the amount of agave
nectar and a decrease in stevia. There was no significant difference between fat and protein of the control sample
and the one containing agave nectar while there was a significant difference between other samples. The hardness
of the control sample was more than that of other ones, and replacing sugar with agave nectar and stevia led to a
decrease in the chocolate hardness. L*, hue, and Chroma mean of the sample with stevia was higher and that of the
sample with agave nectar was lower than all other samples, which indicated the favorable quality of the sample
prepared with agave nectar. Fitting the experimental data with different model indicated that Windhab Model was
the best model to predict the rheological properties of dark chocolate. In Windhab Model, with an increase in the
amount of agave and sucrose, linear yield stress and shear stress increased in chocolate, and the control sample
experienced a higher level of yield stress. Moreover, the apparent viscosity of the control sample was more than
other ones, and replacing sucrose with agave nectar and especially with stevia led to a drop in apparent viscosity.
Regarding the sensory properties, the sample containing agave nectar obtained a higher score than the control
sample, and the quality of the produced chocolate using agave nectar was evaluated to be the best one. The results
of the present study indicated that using a combination of sucrose, agave nectar and stevia and agave nectar alone
isan appropriate solution for producing chocolate, and this product can fulfill the needs of individuals with diabetes
mellitus, cardiovascular diseases, and Gastrointestinal cancer.

Keywords: agave nectar, chemical and physical propertiesk dhocolate, Rheological properties, sucrose
substitute, stevia, sensory properties

INTRODUCTION

Sweet taste is one of the most popular tastes amomgns since birth [1]. Consuming sweet produtidifferent
forms is one of the daily nutritional habits allesvthe world. Over more than 3,000 years, consursinget
products has had an increasing and different tresiying from types of sweet fruits and plant séores and honey
to varieties of synthetic sweeteners [2]. Despiteald its advantages as a natural sweetener withsitperior
performance properties, sucrose is harmful espedial diabetic patients due to its relationshighwsome health
problems such as blood pressure, heart diseasgls, decay, obesity, increase in blood glucose asdlin levels.
On the other hand, because of economic and tedficalassues, numerous studies have carried ootder to
replace sugar with other sweeteners [1, 3,4]. TlelthHealth Organization [WHOQO] has estimated thaiillion
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people are overweight, 400 million suffer from abgsand it is expected that this figure will doabby 2015
[5].Another problem that the world is faced withtlgt millions of people are suffering from typeuid 2 diabetes.
And, the individuals should avoid consuming higteda carbohydrates with high absorption in orddwvease
complications such as increased blood sugar [6telhee substitute natural sweeteners for sugaichaaie more
appropriate choices than refined sugar. Steviaaglagte nectar are natural sweeteners which aretjadteubstitutes
for sugar in different products. Agave nectar hasv/ Iglycaemia, antioxidant capacity, and anti-baater
properties[7] and are 1.8 times sweeter than s{gfdvioreover, as opposed to fruits, vegetables, hadey,
fructose content in agave nectar is more thandhafucose, which is attributed to the lower leweélglycaemia
index in agave nectar compared to sugar[9].Fruatos¢ent, glucose, and other sugars respectivelyunt for 90,
6, and 4 percent of all sugars in agave nectar.$i€}ia plant with the scientific name of stevidaediana is of
asteraceae family which grows in South AmericaaBaay, and Brazil. People of South America haven hesing
this plant as a sweetener and an herbal medicineuiadreds of years [11].Stevia plant is a natavegetener with
no calorie and a sweetness level of 250-300 time rthan sugar [12].As opposed to artificial sweets, stevia
not only has health effects in the body but it gdbarmacological impacts like antibacterial acyiit3].Evidence
indicates that stevia plays a role in treating @pemnd blood pressure and leaves a slight effacblood glucose
[14]. In December 2008, FDA announced the sweeteb&ined from stevia as a GRAS compound for ufedds
and juices [15].Chocolate is a high-calorie foodthwfast metabolism and good digestion. The increpsi
consumption of different types of chocolate is ttué@s unique taste and texture and the pleaswiwés after being
eaten. However, one of the problems involved wiling this food is the high amount of its sugar ehhvaries
between 35-50% depending on its type [16]. Darkcolaie bears numerous positive effects on cardoawas
health, lower blood pressure, lower cholesterad, simulation of endorphin production. It seemg tidvantageous
effects of dark chocolate is due to the performanfciés flavonoids, because they have antioxidaonperties and
can chelate free radicals [17].Excessive consumpitfalark chocolate; however, can have adversetsffin health
due to the high levels of its fat, sugar, and ¢aloFhere are few studies focusing on sucrose cepiant with other
compounds in chocolate in order to reduce calonéd the consequences of sugar consumption in checola
Shouridehet al.[18]studied the effect of using tagatose and inabrsubstitutes for sucrose on rheological, sensory
and physical properties of dark chocolate Farzamnastd Abbasi [19] produced a type of low-calorielkmi
chocolate using sucralose as the sweetener anid,ipalydextrose, and maltodextrin as bulking agef&hahet
al.[20] studied the production of a type of sucrosefmilk chocolate with the use of stevia rebaudiextsact as
the sweetener and inulin and dextrose and thedk@ents. Golobt al.[21] investigated the effect of using inulin
and fructose on sensory properties of milk choeol@he present study was carried out in orderptace sugar in
dark chocolate with agave nectar, stevia, and apoomd of them and investigate the physical, chelnica
rheological, and sensory properties of the produtedolate.

MATERIALSAND METHODS

Ingredients

Cocoa powder, cocoa butter, and stevia obtaineoh fBalamat Mehr Company, lecithin and vanilla powde
obtained from Golha Company, and agave nectar weshpsed from a reputable food store in Tehran. éther
chemicals were achieved from Merck Chemicals.

The method of preparing the chocolate samples

First, the sugar was quite ground with a hand rifterwards, to prepare the 100 gr samples of laveie dark
chocolate, first cocoa butter (20 gr) was melted 80° C stove, then cocoa powder (26.2 gr) andrs4g gr) with
its substitutes including agave nectar and stesielysand in combination with each other (see Tdl)lesucralose
(0.02 gr) and vanilla (0.5 gr) were added to thdtedecocoa butter. The obtained mixture was planeal ball mill
manufactured by Sepehr Machine Company (Tehram),tnad the size reduction of the grains and chéeola
kneading were carried out in 65° C in a paraffithbdhe remaining of the cocoa butter (10 gr) awthin (0.5 gr)
were added in the last 30 minutes of the knead#fd" The prepared samples were stored in the 60° @ 24
hours, and then their temperature was reduced toband were kept at this temperature for 30 neiswin order to
conduct the conditional temperature actions durimging using the mixer, the temperature of the daspvas
reduced to 28° C during 25 minutes and they wenat le¢ this temperature for 10 minutes. Afterwarthe
temperature of the samples was enhanced to 30fdZebiey were transferred to plastic molds. Aftés period,
the samples were transferred into the molds ane Wept at a temperature of 15° C for 30 minutederAthe
samples were removed from the molds, they werequhak aluminum sheets and kept in a refrigeratdil time
experiment timé'***The control sample was also prepared using the saetieod except for using sucrose instead
of sugar replacements. The balance of sweetnessmatoyed in order to measure the level steviauicrase
replacement treatment. Sweetness of sucrose wasdeoad as 1, that of agave nectar as about 1Bhat of
stevia as 250 times more than that of sucrose.
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Table 1. Different percentages of sweetenersin dark chocolate

Sample| Percentage of different sweeteners in devkatate
Sucrose Agave nectar Stevia
1 0 0 100
2 0 25 75
3 0 50 50
4 0 75 25
5 0 100 0
6 33.3 33.3 33.3
7 50 25 25
8 100 0 0

M easuring some physical and chemical properties of chocolate

The level of moisture, fat, and protein of the ablate samples was measured by AOAC method. Wateitaof
the chocolate samples was also determined using@dilty Labmaster Instrument (made in Switzerlandntet
Lab-025-9000 was used to measure the hue of thpleanmand in CIELAB factors df*, a*, andb*, the amounts of
Chroma (saturation degree) and Hue (brightness$)lereze calculated using the following equati®ifs

C* — (a*2 +b*2)1/2

hue® = arctan(b” /a”)

M easuring the har dness

In order to measure the hardness, Hounsfield Texturalysis device was used. Chocolate pieces ®2@0L00
were prepared, then put in an incubator with refidgor, and kept at a temperature of 20° C for @$oAfter some
phases of examining with swabs of different sizagmb 1.6 was selected, and with a penetrationofé®® mm/min
the depth of 6 mm was measured and the maximumureshforce was reported as the hardness iffdex

M easuring some rheological properties

Rheometer device (Anton Paar-MCR 301) made in Aastas used to examine the rheological propertiehe
samples. This device was equipped with temperatgalator and water circulator. First, the chomlsamples
were placed in a closed container and kept ineestd 50° C for at least 80 minutes. Afterwardgythvere put in
the geometry cup, and were mixed at a temperafu6°cC at a speed of 5'Sor 10 minutes. Then, in temperature
of 40° C, shear changes were measured during I&Mhdg in the range of 1 to 66$Ramp up) and 60 to 1'S
(Ramp down). Afterwards, Bingham Mathematical Mo¢&d. 1), Herschel-Bulkley Model (Eq. 2), Cassonddb
(Eq. 3), Windhab Model (Eq. 4), and Ostwald Wall déb (Eqg. 5) were obtained for experimental datee Tost
appropriate mathematical model was determined basethlculation of R(the coefficient of determination) and
SE (standard deviation), and rheological indiceseweeasureff®:

0= rlpl (,Yg) + Oop

G:K'Yon_’_c() '2
(@) =Ki(y)" + ()" 3
G = 6o +(061-60).[1- exp (Y Ve )+ Y 4
6] =l(2 }/ " 5

Where, 1, is linear shear stresgs yield stressy,, is viscosity at high shear rata8,is characteristic shear rateis
shear stress;” is shear rate, viscosity, is plastic, ais flow behavior index, kis Casson viscosity,,Ks viscosity
index, and gis power law inde¥?:

Sensory evaluation

Sensory properties of chocolate samples includimeetness, texture, melting method in the mouth, hod total
acceptance were measured using 5-point Hedonie $talery bad, 2=bad, 3=average, 4=good, and 5yeoy)
by 16 evaluators aging 20-40 years old. Each sampke assigned a 3-digit code. The samples wereonalyd
distributed among the evaluators.
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Statistical analysis

Chemical and physical tests, rheological test,sarbsory evaluation were carried out in a completehgom design
by comparing Duncan mean with a confidence leve®%f using SAS 9.1 Software. Graphs were drawngusin
Microsoft Excel. It should be noted that all testre conducted with three replicates.

RESULTSAND DISCUSSION

The effect of replacing sugar with stevia and agave nectar on some physical and chemical properties of dark
chocolate

Table 2 indicates physical and chemical propemiethe chocolates prepared with sugar replaceméygst is
obvious the moisture percentage of the samplesatong) stevia and agave nectar was higher thanahdbe
control ones, and with an increase in the levedumfrose in the samples, water percentage droppddhare was a
significant difference among all of the sampleseiBhwas a significant difference among the treatsenterms of
water activity, and the water activity of the camtsample was less than other ones. However, thei® no
significant difference between sample 5 (containaggve nectar only) and sample 8 (containing secousy).
Agave nectar and sucrose contain many hydroxylggavhich connect with water molecules and leaddeaease
in the activity and mobility of water; therefor&etwater activity of the samples containing thege ¢compounds is
lower than those with stevia. As a result, it cencbncluded that moisture absorption and retainfragave nectar
is like that of sucrose. Comparing moisture permgatand water activity level of samples 5 and 8aglabthat
although sample 5 had a higher amounts of watewyadter activity was lower which can be attributedhe higher
power of agave nectar to reduce water activity idtronger link with water molecules. The reasan be that
sucrose is a disaccharide and has fewer hydroxodpg than monosaccharides of agave nectar; theredgave
nectar has more groups to absorb water and redata activity more. The level of fat and proteintioé samples
decreased with an increase in the amount of agaetanand a decrease in stevia, and the sampleotiat
contained stevia had the highest levels of fat pratein. There was a significant difference amoagple 1
(containing stevia only), sample 5 (containing agawectar only), and sample 8 (containing sucroslg).on
Furthermore, there was no significant differenceveen the control sample and sample 5 in termbeldvels of
protein and fat. It can be stated that in sampl8.2,gr stevia (as much as it sweetened the chiejolas used
instead of 43 gr sucrose, and since there was eeals in carbohydrate percentage, the percentagghef
ingredients such as water, fat, and protein haglaive increase, and with a rise in the amourdgzfve nectar and
sucrose (increase in carbohydrates), the percemthgater, fat, and protein decreased. There wasigmificant
difference in pH of different samples. The sameltesvere reported in the study carried out by fitat al.”"

Table 2. Theresults of some chemical and physical properties of dark chocolate

Sample| Moisture percentade  Water actiity  pH Fat otdmn
1 6.07a 0.411a 6.95a 51.8%a 10.45b
2 5.15b 0.373b 6.95a 47.42b 9.99c
3 4.63c 0.347c 6.93a 43.93c 9.37d
4 4.09d 0.325d 7a 41.1¢ 8.850d
5 3.88e 0.321d 6.99a 39.52f  7.24f
6 4.03f 0.354c 6.94a 43.49d 8.56d
7 3.759 0.325d 6.964 41.41e 7.73e

Control 3.36h 0.328cd 6.98a 39.34f  7.33f

The means that are presented with different lettersin each column are significantly different using Duncan test and at a level of 95% (p<0.05)

According to Table 3 on the hue indices, the mkearof the sample containing stevia was higher thanttio
samples containing agave nectar and sucrose, arftithof the prepared chocolates was significdmtghter. With
an increase in the amount of agave nectar andraaexin stevia (samples 1 to B)index dropped. This index in
sample 5 (containing agave nectar) was lower thandf the control sample, which can be attributethe role of
agave nectar in the Maillardreactions, becauseosacis a non-reducing sugar and cannot participakéaillard
reactions unless it turns into glucose and fructiise are reducing sugars as a result of heat #mel dactors.
Because agave nectar contains excessive fructasglacose and thus has reducing sugar groupsttitipates in
Maillard reactions and cause an increase in theamgedarkening of the samples compared to the aosample
and the samples containing stevia. Because thelsaioptaining stevia does not contain reducing sggaups, its
L* index is higher than other values. The resultthefpresent study are not in agreement with théskeostudy
conducted by Shourided#t al. who reported that Maillard reaction has no effatthe hue. It is noteworthy that the
water amount and water activity and also the teatpee used in preparing the chocolates were hightiie present
study while in the one carried out by Shourigehl. these parameter were lower; therefore, they cdecluhat due
to low temperature, water activity, and low watergentage, the reducing sugars were less likepatticipate in
Maillard reaction and they had no specific roléire indiced?® 2 30 31-
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Table 3. The effect of replacing sucrose with agave nectar and stevia on hue indices

Sample L* a* b* Chroma hue
1 25.35a| 4.92ah 7.134 8.664 55.3Pa
2 23.97b| 4.83b| 6.364 7.98¢ 52.78b
3 21.62e| 4.33c 5.43q 6.94q 51.43c
4 20.34f | 4.06d| 5.01d 6.44f|  50.97¢d
5 19.64g| 3,82e 4.33¢ 5.77¢ 48.58e
6 23.11c| 4.93a 6.45h 8.11h 52.60b
7 21.33e| 4.31c| 5.29cd  6.82q 50.82d

Control | 22.68d| 5.14a] 6.410 8.21H 51.27c

The means that are presented with different lettersin each column are significantly different using Duncan test and at a level of 95% (p<0.05)

As indicated in Table 3 above, the two indicesattisation level and brightness degree were highesample 1,
and the sample containing pure stevia had higlticess of Chroma and Hue than others, i.e. they Wweghter than
other samples. Moreover, according to Table & dghivious that the rate of these two indices inpdasnl to 5 has
gradually decreased, which can be attributed tantrease in the amount of agave nectar in the Eafopmulation.

Comparison between sample 1 and control sampleoitee sextent indicates the role of sucrose in causiieg
darkness and less brightness of the sample whigiolsably due to sucrose breakdown into reducimgusuand its
marginal participation in Maillard reaction. Thewed, according to indices of Chroma and Hue, sarBpige an

appropriate one and its brightness is low whigbrager and favorable for dark chocolate.

The effect of replacing sugar with stevia and agave nectar on some mechanical and rheological properties of
dark chocolate

Hardness refers to physical hardness and is direeflated to the sensory properties of chocolateéndu
consumption. Moreover, hardness is effectively usegredict the melting time during consumptié).(According
to Figure 4, the hardness level of the preparedbksmrtontaining pure stevia is lower than othergas) and it
increased with a drop in stevia amount. The halfe&! of the control sample was higher than oslaenples, and
this difference was significant. According to thesults, it can be stated that replacing sugar stghia and agave
nectar led to a reduction in the hardness (beirspyy of dark chocolate. In general, the hardndshe prepared
samples was lower than that of the control sanwatech can be attributed to their higher level ofistare and the
resistance difference of the replacements withisi&jailar results was reported by Bitagafal. who indicated that
replacing sugar with inulin, polydextrose, and maéixtrin reduced the hardness of chocdféte

Table4. Hardnesslevel of different samples of chocolate

Sample 1 2 3 4 5 6 7 Control
Hardness| 23.3d 24.5c 26.9b  27.lb 27[2b 26.7b |28a.3a28
The means that are presented with different lettersin each column are significantly different using Duncan test and at a level of 95% (p<0.05)

Aeschlimann and Beckef” stated that moisture (even very low amounts) esnlt in chocolate hardness, which
was also observed in the present study; samplel tamrol sample that respectively had the highadtthe lowest
levels of moisture had the lowest and the highastitess, respectively. On the other hand, the pege of fat and
protein increased in sample 1 to 5, which can lapesitive effect on hardness increase. Havingaest levels
of fat and protein, the control sample had the ésgHevel of hardness. Regarding low-fat chocolates higher
level of hardness is due to the decrease in thaéfattand liquid fat*®1n the present study, the fat percentage of the
control sample is lower than other ones, whichaamse hardness in the control samples.In the stadied out by
Shahe al.*®who investigated the production of a sucrose-frék whocolate using stevia rebaudiana extract,
inulin, and polydextrose, sample containing inwiiare harder than the control ones. The differeretevdien the
present study and that of Shethal. can be attributed to the method of preparing tiecolate, the ingredients, and
sugar replacements.Rheological properties playsaengial role not only in determining the efficignurocesses
such as mixing and pumping but also in using chateols coating, shell forming, and moldifi§in order to
achieve the best and most appropriate model fduatiag the flow behavior of dark chocolate, theadabtained
through the five models of Windhab, Casson, Binghiderschel-Bulkley, and Ostwald Wall were fitteddabased
on the highest coefficient of determination and ltheest standard deviation, the appropriate moded selected.
After the coefficients (See Table 5) were examinedias specified that Windhab Model was the masgirapriate
model followed by Casson and Herschel-Bulkley med8ince 2001, the appropriateness of this modahfdted
chocolate (the temperature of 40° C) in the shpaed range of 1 to 100 mm/sec has been approviddipational
Confectionery Association (ICA), and now it is usasl an international standard to measure choculatesity
®9\vindhab viscosity of different samples is preseritethe table. Casson Model in the study carrietbyBitaraf

et al.?” and Windhab Model in the study of Shouridelal*® were selected as the most appropriate model fér da
chocolate. The difference between the present sdindythe one conducted by Bitagafal.can be attributed to the
type of the devices used to knead the chocolateetbre, the structure formed in the prepared dateds different.

198
Scholar Research Library



Morad Mousazadeh et al Der Pharmacia Lettre, 2016, 8 (15):194-201

Table5. The coefficient of deter mination and standard deviation in 5 common rheological modelsin the dark chocolate samples

Sample Model Coefficient of determinatign  SPp  Sample  Model Coefficient of determinatio SO
Windhab 0.98259 1.22 Windhab 0.99951 1.81
Casson 0.98112 1.6p Casson 0.99911 P.1

1 Herschel-Bulkley 0.98013 228 5 Herschel-Bulkley 9388 3.29
Ostwald Wall 0.97925 341 Ostwald Wall 0.98650 3]98
Bingham 0.96525 3.84 Bingham 0.97990 5J15
Windhab 0.98881 1.78 Windhab 0.99989 1.13
Casson 0.98732 1.98 Casson 0.99981 1.65

2 Herschel-Bulkley 0.98389 228 6 Herschel-Bulkley ®83 2.84
Ostwald Wall 0.98213 2.8 Ostwald Wall 0.99182 3]98
Bingham 0.98003 4.57 Bingham 0.97900 5)86
Windhab 0.99332 0.64 Windhab 0.99996 0.93
Casson 0.99046 1.16 Casson 0.99990 1.23

3 Herschel-Bulkley 0.98937 148 7 Herschel-Bulkley @99 1.88
Ostwald Wall 0.98842 3.3% Ostwald Wall 0.99579 2|36
Bingham 0.99821 2.84 Bingham 0.99015 416
Windhab 0.99911 1.28 Windhab 0.99999 1.44
Casson 0.99896 2.2 Casson 0.99968 1.95

4 Herschel-Bulkley 0.99679 2.98 Control Herschel-Bulkley @32 2.61
Ostwald Wall 0.99187 3.63 Ostwald Wall 0.98994 3]68
Bingham 0.98888 4.04 Bingham 0.98899 6J12

Yield stress is one of the properties of materiadsich indicates the minimum shear stress needethématerial

to flow ®® As indicated in Table 6 below, in Windhab Modet tvalues rose with an increase in the amounts of
yield stress and linear shear stress in the prdparecolates, and a significant difference was eseamong the
samples. In general, the maximum yield stress arahil shear stress were observed in the samplédaimiog
sucrose, which indicates the effect of sucrosehanincrease in these parameters. Moreover, agastarnead a
lower capacity to enhance yield stress and linbaais stress than sucrose. Difference in the staifi stevia,
agave nectar, and sucrose can be one of the itifllésctors in the interaction among the particlasd this their
resistance against flowing.

Table 6. Rheological resultsof dark chocolate by Windhab Model

Sample| VYield stress Linear shear stress  Viscasitygh shear rates  Apparent viscosity in 40 peoised
1 29.35f 58.369 2.1e 3.13d
2 34.32e 63.58f 2.36d 3.25¢
3 38.28d 71.7e 2.79¢c 3.62bc
4 42.43c 78.83d 3.21b 3.88b
5 44.87b 89.83c 3.23b 3.93b
6 44.45b 93.96b 3.16b 3.42c
7 46.36b 95.14a 4.42a 5.44a
Control 48.5a 94.91a 4.45a 5.51a

The means that are presented with different lettersin each column are significantly different using Duncan test and at a level of 95% (p<0.05)

According to the results, it can be stated thathraasms that cause the formation of a new strudtutegh shear
rates and a more decrease in viscosity in sampiashigh levels of stevia. In regard to energy agnption and
production cost, this index is remarkable in cands that there is a need for mixing chocolateigth Ishear speeds
(like new generation conches), and its value irsafthples is lower than sample 7 and the contropkampparent
viscosity level also increased with a rise in tiheoant of agave nectar; however, the rate of thisupater in all
samples was in general lower than the control samPbmparing sample 5 and the control one indicétet!
sucrose’s role in enhancing rheological parametemére than agave nectar, and all parameters weailaeated
higher for the control sample.

Sensory evaluation

The results of the sensory evaluation of the predutark chocolates are presented in table 7. Asdtetl, there
was no significant difference among the sample&ims of sweetness, which can certainly be ateibud using
each sweetener according to its sweetening cap&tétyarding the texture, all samples except fosghmntaining
stevia were evaluated to be appropriate, and wiikeain the amount of agave nectar, the textuoeesmcreased,
which can be attributed to the fact that steviarhtl have combining capacity with other compourikks fact and
protein, and its amount was so low; therefore,téxture of this chocolate was not evaluated to fgapriate. In
regard to melting in the mouth, the samples coirtgiatevia obtained lower scores.
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Table 7. The effect of replacing sucrose with agave nectar and stevia on sensory indices

Sample| Sweetness Texture Melting in the mouth Hpe censand smell  Flavor and taste  Total acceptabjlity

1 4.21a 3.24c 3.32b 3.03d 2.53e 3.13c 3.1e

2 4.23a 3.62b 3.24b 3.56¢ 3.42d 3.46¢ 3.52d

3 4.22a 3.96ab 3.31b 3.69¢d 3.78cd 3.85b 3.85¢c

4 4.17a 4.1ab 3.16¢ 3.81¢ 4.02¢c 3.91b 3.91c

5 4.15a 4.28a 3.11c 4.15a 4.75a 4.09a 4.40a

6 4.2a 4.32a 3.78a 3.95b 4.25b 3.99ab 4.45a

7 4.19a 4.4a 3.82a 3.98p 4.24b 4a 4.42a
Control 4.17a 4.51a 3.65a 3.92b 4.14bc 4.03a 4.13b

The means that are presented with different lettersin each column are significantly different using Duncan test and at a level of 95% (p<0.05)

Regarding hue, the sample containing agave nebtained the highest score and had a significaféreifice with
other samples. This results are in agreement Wibiset of hue measurements in which this sample reatathe
minimum score on Chroma and Hue, which shows ghéri darkness compared to the other samples whictoie
appropriate and favorable for dark chocolate. Thesalts, as was referred to before, can be atéibto the
presence of reducing sugars in agave nectar cothparather samples. Similar results on hue andtsaaeh smell
were also observed, and sample 5 obtained the dtighere which can also be attributed to the ppdiion of the
reducing sugars in Maillard reactions. The sampl&taining pure stevia obtained the lowest scorefims of hue
and scent and smell, and it was evaluated unfai®mragarding panelists. In regard to flavor andetawith a rise in
the amount of agave nectar, the flavor and tastiefsamples increased, and the flavor and tastheotontrol
sample had no significant difference with sample6,5%and 7. The three samples of 5, 6, and 7 oduddine highest
rate of acceptability, and there was no significdiffierence among these samples. The total accéiptatf the
control sample was placed after these three sarSpl@ples containing stevia also gained the minimoare and
had a low rate of acceptability. The total resnltégard to sensory properties indicated thathheetsamples of 5,
6, and 7 had acceptable sensory properties andctneype total or partial replacements for sucroghowt any
decrease in the quality, and even the sensorytgualithe chocolates increased. The better sensmperties of
these samples can probably be attributed to thergigtic effect of between sucrose and agave necidralso the
presence of reducing sugars in agave nectar cochpatée control sample. However, stevia has a pigkntial to
improve sensory properties, and samples contastaga were evaluated to be more favorable.

CONCLUSION

According to the results of the present study,iatamd agave nectar had different effect on physiad chemical,
mechanical, rheological, and sensory propertieth@fdark chocolate samples. The results of thectsffef agave
nectar and stevia as total or partial replacemémtsucrose on the properties of dark chocolatécatdd that
hardness level increases with a rise in the amofutite replacements in the chocolate. Hardness éfvbe control
sample was higher than that of the other samples.amount of protein and fat of chocolate decreastda rise in
the amount of agave nectar and stevia. Moreoverp#ncentage of protein and fat of the control dam@as lower
than other samples. Regarding the indices of huesurement, meat* of the sample containing stevia was higher
than the two samples containing agave nectar atrdse, and the color of the chocolates was sigmiflg brighter.
The level of saturation and the brightness degifeth@ sample containing pure stevia were highen tother
samples, and the one of the sample containing agest&r was lower than the other ones. Among tladuated
mathematical models to predict the rheological progs of dark chocolate, Windhab Model was knogmthe most
appropriate model. With a rise in the amount ofvagaectar and sucrose, yield stress and linear stesss in
Windhab Model increased in the produced chocoldte maximum yield stress and linear shear strese we
observed in the samples containing sucrose. Appaiscosity also increased with a rise in the aniafragave
nectar and sucrose in the samples, and the vigaafsihe control sample was higher than other oblsing stevia
did not indicate a high potential in regard to éyadnd sensory properties, and samples contaistiengja were not
evaluated to be favorable, and using a combinatifostevia and other sweeteners seemed to be fdeorabe
results of the present study indicated that usiegrabination of sucrose, agave nectar and stevlaagave nectar
alone is an appropriate solution for producing dhaie, and this product can fulfill the needs afiuduals with
diabetes mellitus, cardiovascular diseases, anttd@satestinal cancer
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