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Table 1- Formulation of biscuit produced

Flour 100 gr
Sugar 25 gr
Confectionary oil 21.6 gr
Water 11/6 gr
Invert syrup 8/3 gr
Ammonium bicarbonate lgr
Lecithin lgr
Soda 1gr
Egg 8/3 gr
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Table 2- Aw of biscuit samples with different
substitution levels of Erythritol

treatment aw
Control 0/373+0/038
25% Erythritol 0/435+0/01A
50% Erythritol 0/363+0/008
75% Erythritol 0/366+0/018

Numbers in table are the average of 3 replications +
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.

s U5) u3Sila Gialodl b Gy o) ol b
Ot imags 4S5 shas 35S Ty Gl 581 AW () 5se (YO,
Y0 ssla sl g bgse (oS SIS 1AW (e
b slas o callad Gus i ale s J i i)
Sl 558 Gagm sk llcila cuola dds 4
/Y0 o 5o aSulasl 51 5 ((VAAY 1, 5 I5hs)
ZVe 50+ rolaiu 5 it 55800 Glse (G 3Sals
el 00 S lay Giul 38 Glas ol Ho AW Gl el
Al U pas 4 e SS o cnllad Gl sl
.JJ‘J @‘M PR

AW ¢Jian (V0 L3) ia3Sola phans (ial391 L igas
DU L 5o Ja e g uua saale slas S sy dalo
Losad (n3Sls slajslas (of eallad o (2als
9 oS OBuile sae (I8l 4 sk J s )
OolSan 5 ulads) 00,8 oo Jsmane i€ 5 sags
Jsialill o Jsinssen O suliiol oS wiols Las (V- - +)
CRalS S gad 5058 50 8L p3Kls Glsie
ol 8058 alan) K LT callas o



o8 Cagfss o 9 (B sl (o5 oS 2 Sl S5 sl 31

gk 5o Jsistl GuiSla b Gha g3y ol @l 3k
by Oloe dl Gl cusb, Olae ZVe 4 Yo

Jolse g5 JsSlse 000 & pafins (Sian J peane

oS lanipy wlaal 5 Suldg s 5 Sl g ma
Ol (Vo)) OlolSan 5 s 55 (VWAL abld) u)ls
03 JeeS g slas s Sl laai wpa s S Wi S
PIsoas lanisn sl ole o plae S
dm s g Jseans O Qia (lhae GRal38 5o Wil 6 e

Ssh s Gl 8 0 g0 Jlaial il S3e o b
dals ol s Jsusmnl 7Ve 5 Yo sola slaslas o
sl 130 sas Wb i 5 She 8 L OF oS wals

los S8 Gadaas ol 4380 Gl 8] o S

I Of8som OuslLbo 5 dnlis o s lbsY
g™ € Oamlii¥S VL shos Cpl 5 a9 oo (1530
OualS L aas 5o aiS o0 S8 J pemae Sl cugh

OF emshy (smane o gasd 5o b s

(Yoo VO 5 5eusS) &S go lagy Gl 33

ches o8 Jstobl GuiSla b als olis mlS aiges
sl Hlas o e Hlass gl 5o cusb Glee 0
Salid gua eVl gmal< o by o« esl il

Csad yo yeala (58538 50 (V0 Gl sesl) cud) o0 g
OalS oo S cosby Jstionl Vo sl la
aSie a8 L O S 00 Jals ol  Ylaial € il

Lo a5 5 pias Ol el el b el 5 o
S dotie (goall b i sut alad) (s o5 s
L 5ol Sl s 4m S (AYAE) Gl San
GLaSS 50 Sl S o 5 J s si) slasaiSip s
FES 59 4S WS saaliie 5 aialayy e, saiied
OEalS LSS by Sl S o Jsisil sl sla
(V¥4 ) OllSen 5 gaane, 5 cnils S saan (il
Gola sadiiyg (slas S 4S uu S (BI85
Glde (sl (555508 Sl — 5,00 — J s s )
3 L sid g 40 pas Lal il salid Llas L

iy (AL Lacy s aSaaails o0y s g sd
b (oS LI ) il Glhae Cpidus O e
Vo Hlass o bss yo (e GamiaS 5wl Hlas
92 Ol pusSae daly 4 a5 Lo Json))
0% S goall dails slanl goall Gnils
e gl Gadls slal 5 SYL paa b slajlas
Sso S o b S aaa b glacy sSeus Ho

(\Va\' o‘J‘SAA 39 GJAMJJJ)

L ysd Sl Al6As glaaes ju 51T Jgaa
slad gad diacils g aaa (339 Olyse 2 Jgis i)

Table 3- Density, volume and weight of biscuit
samples with different substitution levels of

Erythritol
treatment Weight (gr)  Volume (cm®  Density (gr/cm?®)
Control 8/110+0/41”  10/500+0/508 0/733+0/08%
25% Erythritol ~ 6/913+0/04%  14/000+1/00* 0/490+0/038¢
50% Erythritol ~ 6/820+0/05%  12/000+1/00%8 0/567+0/058
75% Erythritol ~ 4/933+0/04°  12/500+1/50%8 0/393+0/05°

Numbers in table are the average of 3 replications +
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.
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Table 4- Moisture content of biscuit samples with
different substitution levels of Erythritol

treatment Moisture
Control 5/563+0/048
25% Erythritol 6/690+0/014
50% Erythritol 4/743+0/030¢
75% Erythritol 6/090+0/7748

Numbers in table are the average of 3 replications +
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.
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Table 6- Total sugar content of biscuit samples with
different substitution levels of Erythritol

treatment Total sugar (%)
Control 23/190+2/22A
25% Erythritol 16/579+3/618
50% Erythritol 15/128+0/038
75% Erythritol 11/027+0/28°

Numbers in table are the average of 3 replications +
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.
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Table 5- Ash content of biscuit samples with
different substitution levels of Erythritol

treatment Ash
Control 0/012+0/00%
25% Erythritol 0/011+0/00%
50% Erythritol 0/012+0/00%
75% Erythritol 0/012+0/00%

Numbers in table are the average of 3 replications +
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.
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Table 7- Colour indices of biscuit samples with
different substitution levels of Erythritol

treatment L* a* b*

Control  61/693+2/03~ 5/620+0/63~ 28/943+0/16°

25% A R N
Erythritol 62/753+1/42”  6/060+£0/79” 30/283+0/13
50% A A N
Erythritol 60/610+£1/30" 6/830+£0/08~ 31/343+0/69
0,
5 /0 61/123+1/14~  6/423+1/23~ 30/833+0/874
Erythritol

Numbers in table are the average of 3 replications =
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.
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Table 8- Textural attributes of biscuit samples with
different substitution levels of Erythritol

Force
required for
fracture (N)
Control ~ 52260/622+17478/62”  19/905+0/64

treatment Hardness (N/m)

25% B B
Eryritol  30709/266:4076/66°  13/405+1/11
50% B B
Erythritol  SLT23/40BL308/558 1211614086
0,
1% 56150/455+13523/928  14/882+2/488
Erythritol

Numbers in table are the average of 3 replications *
standard deviation. Different alphabets in every column
is indicative of existence of a significant difference at
probability level of 5%.
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Table 9- Sensorial properties of biscuit samples with different substitution levels of Erythritol

treatment Chewing Texture Colour Taste & Flavor Aroma Total acceptance
Control 3/600+0/60*  3/733+0/90B  4/067+0/50”8  4/000+0/68*  3/900+0/47~  3/767+0/46°
25% Erythritol ~ 4/267+0/65"  4/167+0/72°8  4/267+0/65"  4/100+0/57~  3/833+0/62~  4/133+0/48"

50% Erythritol  4/133+0/58"8  4/300+0/41~  3/967+0/44”8  3/700+0/80"  3/667+0/52~  3/833+0/45°B

75% Erythritol  3/700+0/885¢  3/667+0/628  3/833+0/31°

3/800+0/75*  3/500+0/63* 3/700+0/46°

Numbers in table are the average of 3 replications + standard deviation. Different alphabets in every column is
indicative of existence of a significant difference at probability level of 5%.
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Introduction: Food science has meet new challenges in food production that could respond
consumer’s tastes and at the same time improve. Lifestyle modifications related to change in the
eating quality and quantity along with mental stress led to the prevalence of non-communicable
diseases. Based on the consumer’s demand, food scientists are now focusing on developing low-
calorie/high-fiber functional foods. Biscuit is one of the bakery products that is used widely through
stratum. Approximately 100-gram biscuit contains 77-gram carbohydrate, 8-gram protein and 13.5-
gram fat and produce 465 Kcal energy. Sugar is one the most important ingredients in biscuit
formulation and possess the highest amount in formulation after flour and has a major role in
creation of a desirable sweet flavor, obtaining moisture, creation of texture, reduction in
retrogradation and increase in shelf life of the product. However, sugar has a lot of harmful effects
such as diabetes, tooth decay, obesity and cardio vascular diseases. So decreasing sugar content in
food formulation is very vital. Considering key role of sugar, a proper substitute should be selected
so that quality characteristics of the product maintained. Stevia has sweetening amount about 300
times than sucrose because of its diterpenoid glycosides. Sugar alcohols or alditols such as sorbitol
and erythritol are poly-ols that can be used in food formulations as low-calorie low- digestion
sweeteners. Regarding use of biscuits a serving in food regime due to high nutritional value and
importance of presence of different dietary biscuits relative to different tastes in food basket and the
advantages of reducing sugar in food habits, so production of low calorie biscuit using sugar alditols
is the main aim of current research.

Material and methods: In current research wheat flour was purchased from Behnam factory from
Torbat- e Heydarieh. Erythritol were used as sugar replacer and was obtained from Iran Stevia
Company, Tehran, Iran. All biscuit dough’s were produced in a way that ratios were as: four 300 gr,
sugar 75 gr, confectionary oil 64.8 gr, water 34.8 gr, invert sugar 24.9 gr, baking soda 3 gr,
ammonium bicarbonate 3 gr, lecithin 3 gr, egg 24.9 gr and different substitution levels 25, 50 and
75 (%) of erythritol that was substituted with sugar in the mentioned formulation. Biscuits were
produced according to Vatankhah et al. (2014). Biscuits were analyzed for color indices (Francis,
1998), moisture, ash, sugar, weight and volume (Lin, Hwang and Yeh, 2003) and aw content
(Zoulias, Piknis and Oreopoulou, 2000). Textural attributes (Savitha and Indrani, 2008), sensory
properties (using hedonic scale) and density of product were also evaluated.

Results and discussion: According to the results obtained with increasing substitution level up to
25% aw content increased that the highest amount of aw between samples related to the one
containing 25% erythritol. The preseason of lower aw content for control sample was due to the
high hygrosopicity of sucrose (Wetzel, Weese and Bell, 1997). Increasing substitution level led to
decrease in weight of samples. Decrease in weight of erythritol samples compare to control one is
due to lower molecular weight of erythritol in compare to sucrose and other sugar alcohols. Results
of volume analysis revealed that increasing in erythritol caused an increase in volume of biscuits.
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The highest amount was for 25% substitution and the lowest one related to control biscuit. This
increase is related to texturizing and bulking agent of poly ols. Regarding the reverse relation
between density and volume, lower apparent densities in higher volume samples seems to be ideal.
According to the results moisture content increased with increasing the substitution level. Moisture
content of a product is directly related to molecular weight, hydrophobic interactions, hydrophilic
associations and the number of bonds (Rosell, Rojas and Benedito, 2001). Totally increasing in
erythritol content in formulation did not affect ash content among biscuits and ash content didn’t
significantly changed, which is due to similarity in oil and flour type and content (Pasha, Butt,
Anjum and Shehzadi, 2002). As was expected sugar content of biscuits decreased with increase in
substitution level, that the highest sugar content accounted for control sample and the lowest
amount was for the sample containing 75% erythritol. Decrease in colour attributes of biscuits
produced with erythritol in decrease in L* indices was related to not incorporation of poly ols in
Maillard browning reaction and or caramelization reactions as well due to lack of carbonyl groups
(Ronda, Gomez, Blanco and Caballero, 2005). Findings of statistical analysis related to textural
attributes was demonstrating the decrease in the textural parameters by increasing substitution level
in biscuit formulation that led to improve in texture of biscuit samples. Texture hardness is highly
related to bonding ability of water in sugar alditols and it’s retaining during storage and also the
interactions of these sugars with starch that may affect to starch retrogradation (Ronda, Gomez,
Blanco and Caballero, 2005). Also, presence of alditols created a smoother texture that is highly
related to more bonding with water (Ronda, Gomez, Blanco and Caballero, 2005). Results of
overall acceptability revealed that biscuits substituted with erythritol obtained higher scores through
sensorial properties.

Conclusion: Therefore, it can be claimed that erythritol can be used in biscuit formulation as a
suitable sugar substitutes. Furthermore, sucrose substitution with this alditols will lead to a
conspicuous decrease in total sugar content of samples, and lead to improvement in sensorial
properties and textural attributes of biscuits compare to the control ones. So this alditols can be
suggested to be used as a sweetener and profit flavoring agent in biscuit formulations.

Keywords: Biscuit, Colorimetric, Erythritol, Sugar substitutes, Texture



