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ABSTRACT: Blueberry pomace, by-product of juice production, was processed into a new food
ingredient by drying and grinding and used for a new gluten-free cookies' formulation, with the aim of
improving nutritional profile and antioxidant capacity. Since duration and temperature at which dough
is thermally treated during baking highly influence the quality of a baked product, the objective of this
work was to optimise the baking conditions in order to obtain the best technological quality of the
cookies.

Referring to the results obtained at 160 and 170 °C and different baking times, the following was
found: the difference in baking conditions caused variation between cookies’ diameters of less than
1%, more regular shape of the cookies was obtained when baking time was shorter, hardness of
cookies is highly correlated with moisture content, water activity, baking loss and short/long diameter
ratio values. The colour characteristics (L*, a* and b*) of cookies' top and bottom surfaces indicated
that the cookies were not overbaked under the chosen baking conditions.

Baking time of 14 min at 170 °C was found to be the optimal baking conditions for the blueberry

pomace enriched gluten-free cookies.
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INTRODUCTION

Blueberries are a rich source of antho-
cyanins and other antioxidant compounds,
which may have health-promoting effects
(Prior et al., 1998). As blueberries have a
limited shelf life, a large portion of fresh
blueberries is processed into juice. The
juice processing generates a large quan-
tity of pomace which consists of skins,
pulp residue, and seeds. It is usually trea-
ted as a waste product (Bener et al.,
2013). However, the pomace can be pro-
cessed into a new food ingredient by sim-
ply drying and grinding it to reduce the
coarse texture.

Celiac disease represents life-long into-
lerance to the gliadin fraction of wheat and
the prolamins or rye (secalins), barley
(hordeins) and possibly oats (avenin). Glu-
ten is a protein which possesses structure-
forming ability that affects elastic proper-
ties of dough and contributes to the overall
appearance and crumb structure of many
baked products. Production of high-quality
gluten-free products represents a signify-
cant technological challenge as the remo-
val of gluten in gluten-free formulation re-
presents a very demanding task which
often results in low quality, poor mouth feel
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and low flavour products (Torbica et al.,
2012).

Consumers adhered to gluten-free diet
more and more require gluten-free foods
that resemble traditional ones. As a conse-
guence, in recent years, there has been
an extensive research for the development
of gluten-free sweet bakery products with
improved structure, mouth feel, accepta-
bility, shelf-life and nutritional quality of the
final products (Matos et al.,, 2014). Not
only gluten-free, cookies in general are
products of relatively poor nutritional qua-
lity because they contain mainly starchy
ingredients.

With an aim of improving nutritional and
antioxidant capacity of gluten-free cookies
by, at the same time, revalorization of
blueberry juice-production by-products, the
pomace, which was previously dried and
ground, was used to substitute a part of
the gluten-free mixture to obtain a new
gluten-free formulation.

As expected, by substituting a part of a
gluten-free mixture, dough properties were
significantly changed and a product with
different properties was obtained. It is
known that the quality of cookies is highly
influenced by its composition and by a
number of different parameters at the
production line (Walker et al., 2012).

Baking time and temperature highly in-
fluence heat transfer and the quality of a
baked product, due to complex physic-
chemical interactions that occur between
the ingredients, leading to the difference,
primarily in texture, aroma and color of the
products (Shibukawa et al., 1989).

Referring to all above mentioned, the main
objective of this work was to optimize the
baking process of new blueberry pomace
gluten-free cookies in order to achieve the
best technological quality.

MATERIAL AND METHODS

Materials

Fresh blueberry pomace was obtained as
a by-product from the juice production line
at “Zdravo Organic”, Selenca, Serbia. After
drying in a dry heat sterilizer (Instrumen-
taria, Zagreb) at 40 °C, until the water
activity value (a,) of 0.3 was reached, the

pomace was ground in a laboratory mill
(KnifetecTM 1095 mill, Foss, Hoganas,
Sweden) and the fraction passing through
the 0.80 mm sieve was used for further
analysis.

Gluten-free mixture consisting of: corn
starch, corn flour, potato starch, potato
flour, rice flour, guar gum, baking powder
and salt was obtained from “Nutri Allergy
Center”, Zemun, Serbia.

Vegetable fat, powdered eggs, sugar and
glucose syrup were commercially avai-
lable.

Cookies preparation

Gluten-free cookies in which 30% (w/w) of
gluten-free mixture was substituted with
dried blueberry pomace were prepared
according to the recipe given in Table 1.
All ingredients were weighed together and
mixed for 10 min in Farinograph mixing
bowl (Brabender, Germany) tempered at
30 °C. The obtained dough was kept for
24 h at 8 °C. Thirty minutes before the
processing, dough was tempered at the
room temperature (20 °C). Pilot scale
dough sheeter (Mignon, Italy) was used to
sheet the dough to 6 mm thickness. The
dough was cut into round shapes of 50
mm diameter, placed on a baking tray and
baked in a laboratory oven (MIWE Gusto®
CS, Germany). Baking temperature was
firstly set at 170 °C and four batches of
cookies (Table 2) were obtained by chan-
ging baking time (10, 13, 14 and 16 min).
Afterwards, the baking temperature was
set at 160 °C and two additional batches
of cookies were obtained (at baking time
16 and 17 min). All batches were prepared
using 150 g of gluten-free mixture. Two
separate batches of cookies were pre-
pared for all combinations of baking time
and temperature. The obtained gluten-free
cookies were cooled down at room tem-
perature for 2h and stored in sealed
polypropylene bags until analysis.

Determination of baking quality of
cookies

AACC baking quality method (AACC 10-
50D, 1999) was used for determination of
width (W), thickness (T), W/T ratio (cookie
spread factor) and short/long ratio (S/L).
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Table 1.
Cookies’ baking formulation

Ingredient

Gluten-free mixture base

(%)
Gluten-free mixture 70
Blueberry pomace 30
Sugar 35
Glucose syrup 16
Vegetable fat 18
Powdered egg 2
Water 36
Table 2.
Cookies’ baking conditions
Cookie Tem[()oeé;alture Time (min)
1 170 10
2 170 13
3 170 14
4 170 16
5 160 16
6 160 17
Six cookies from each batch were measu- speed — 10.0 mm/s; distance — 5.0

red giving a total of 12 measurements for
each combination of baking time and tem-
perature. In order to describe the devi-
ation from the ideally round shape, long
and short diameter were measured and
their ratio was calculated. These parame-
ters were measured using digital calliper
(Carl Roth, Germany).

Colour evaluation of cookies

Colour measurements of cookies' top and
bottom surfaces were carried out 24 h
after baking. These measurements were
performed on 12 cookies for each com-
bination of baking conditions using a Mi-
nolta Chroma Meter CR-400 (Sensing Inc.,
Japan) colorimeter. The obtained results
were expressed in terms of L* (lightness),
a*(redness/greenness) and b* (yellow-
ness/blueness) values.

Textural characteristics of cookies

Textural analysis of the cookies was con-
ducted using a TA.XTPlus Texture Ana-
lyzer (Stable Micro Systems, England,
UK), equipped with a 3-point bending rig
(HDP/3PB), and a 30 kg load cell. Texture
analyzer settings were: mode — measure
force in compression; pre-test speed — 1.0
mm/s; test speed — 3.0 mm/s; post-test

mm; trigger force — 50 g. Textural pro-
perties were determined 24 h after baking
and the obtained results were expressed
as the hardness value.

Water activity and moisture
determination

Prior to water activity (a,) and moisture
determination, cookies were ground and
sieved to 0.8 mm particle size using labo-
ratory mill (KnifetecTM 1095 mill, Foss,
Hoganas, Sweden).

Water activity was determined using Testo
650 measuring instrument with a pressure-
tight precision humidity probe (Testo AG,
USA). Each result presents the average
value of 3 measurements.

Moisture content of cookies was determi-
ned according to AOAC (2000) method.

Baking weight loss

Baking weight loss (BWL) was determined
by measuring the cookie weight before
and after baking. It was calculated accor-
ding to the equation:

BWL (%) = (mo-m;)/mo*100

where mgwas initial cookie weight (g);
m, was the weight (g) after baking time t
(min).
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Cookies weight (mp, and m;) was deter-
mined as average value of 8 independent
measurements.

Sensory evaluation of cookies

In order to evaluate the quality cookies
produced by different baking conditions,
sensory assessment was performed. Qua-
lity ratings of cookies were performed by a
team of experts from the Institute of Food
Technology, Novi Sad, Serbia. Since all of
them were highly familiar with this type of
products and their production processes,
the observed samples were evaluated in
relation to their overall quality, including
primary and relevant sensory attributes
(appearance, texture and flavour). Experts
were asked to rate and recommend the
cookie of best quality using a 5-point scale
from 1 = not likely to 5 = very likely. The
order of presentation of the samples was
randomized and the samples were coded
with the random three-digit numbers. Each
sample was evaluated twice and an ave-
rage value was taken.

RESULTS AND DISCUSSION

Baking is a complex process which results
in a series of physical, chemical and bio-
chemical changes in the product (Sablani
et al., 1998). Physically, it is a process in-
volving the simultaneous heat and mass
transfer phenomena, and both baking time
and temperature are industrially important
process considerations affecting the final
quality (Fahloul et al., 1994; Sablani et al.,
1998). Dimensions and moisture content
changes of cookies are considered to be
important parameters of cookie quality,
since the large variability in these para-
meters may cause breakdown (cracking,
checking, etc) problems (Cronin and Preis,
2000). Typical baking temperatures for
fibre enriched cookies are in the range of
160-180 °C (depending on the type of
oven) with a baking time between 7 and
16 minutes (Manley, 1998).

In our experiment, two temperatures (160
and 170 °C) were chosen on the basis of
previous experience in baking of gluten
free cookies using the experimental oven.
Baking quality results of the cookies are
summarized in Table 3. Cookies 1-4 ob-

tained at the baking temperature of 170 °C
and different baking times had diameter
values which were not significantly dif-
ferent (p < 0.05). Similar results were ob-
tained for the cookies produced at the ba-
king temperature of 160 °C (cookies 5 and
6), indicating that the baking time did not
affect the width of the cookies. Referring to
the experiment as a whole, the difference
in baking conditions caused variation bet-
ween the diameters of less than 1%.

However, in regard to the S/L at the tem-
perature of 170 °C, significant differences
existed between the samples baked for 10
min and those baked for 13, 14 and 16
min, which pointed out that more oval co-
okies (higher S/L value) were obtained
when baking time was shorter. The S/L
values of cookies baked at 160 °C were
not significantly different (p < 0.05) from
those obtained at 170 °C for 16 min.

Spread factor (W/T) was significantly
higher for cookies baked at 160 °C in com-
parison to those baked at 170 °C. Since
diameter values for all cookies were simi-
lar, changes in spread factor between co-
okies were caused by the differences in
cookies’ thickness (T).

The lowest value of thickness and the
highest W/T ratio was obtained for cookies
baked for 17 minutes, probably due to the
highest vapour and gas loss, which cau-
sed cookie spreading and deformation (the
lowest S/L).

The overall quality of bakery products is
dependent on chemical, biochemical, phy-
sical, rheological and structural changes
(volume expansion, evaporation of water,
starch gelatinization, protein denaturation,
aroma compound formation) which occur
during baking (Thorvaldson and Janestad,
1999), which are highly influenced by
changes of moisture content as a function
of process parameters (time and tempe-
rature). Therefore, another important fac-
tor that affects the quality of cookies is the
moisture content (Manley, 1998). Equili-
brium moisture of cookies is usually ran-
ged from 3 to 5% while cookies of a spe-
cial type may contain up to 7% moisture
(Manley, 2000).
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Table 3.
Baking quality of gluten free cookies enriched with blueberry pomace: width (W), thickness (T), W/T
ratio and ratio between short and long diameter (S/L)

Cookie W (mm) T (mm) WIT S/L
1 51.31 + 0.06° 8.04 + 0.05° 6.38 + 0.03? 0.983 + 0.00°
2 51.29 + 0.14° 8.05 + 0.03° 6.38 + 0.03? 0.966 + 0.01°
3 51.30 + 0.10° 8.05 + 0.03° 6.41 + 0.03 0.962 + 0.00"
4 51.29 + 0.08% 8.16 + 0.02° 6.29 + 0.02° 0.937+ 0.01?
5 51.41 + 0.05*" 7.67 £ 0.03° 6.71 £ 0.04° 0.942+ 0.012
6 51.60 + 0.16" 7.55 +0.06" 6.84 + 0.07° 0.932+ 0.01°

Different letters in the same column indicate significant differences (p < 0.05) between mean values according to

the Duncan’s range test

Although the most uniform shape of co-
okies was obtained for the shortest baking
time (10 min), these baking conditions
could not be chosen as optimal since the
obtained cookies had moisture content of
10.03 £ 0.04 %.

Water activity is a measure of food dry-
ness and susceptibility of a product to mi-
crobial spoilage. The components of blue-
berry pomace (sugar and pectin) as well
as guar gum from gluten free mixture bind
the water making it less available for mi-
crobial growth (Einhorn-Stoll et al., 2012).

The results of a,, and moisture content in
cookies baked at different conditions indi-
cate the significant influence of baking
temperature and time on these parameters
(Table 4). The lowest a, value and mois-
ture content were obtained in cookies ba-
ked for 17 minutes at 160 °C and cookies
baked 16 minutes at 170 °C. These results
are highly correlated with the results of co-
okies weight loss during baking. However,
cookies obtained at the temperature of
170 °C baked for 10 min were susceptible
to yeasts and moulds growth due to their
high a, value. Although correlation bet-
ween the total moisture content and a,, of
a food is often reported (as in this study)
this correlation does not occur at all times
(Zamora et al., 2006).

Instrumentally measured, the hardness of
cookies was expressed as a maximum
force necessary to break them. When it is
sensory estimated, the hardness is a force
required to bite the cookie. Textural cha-
racteristics of cookies are one of the most
important quality parameters governing
consumers’ acceptance. The highest value
of this parameter was obtained in cookies

characterized by the longest baking time
while cookies baked 10 minutes at 170 °C
had the lowest value of hardness. Textural
properties of cookies baked at the follo-
wing baking conditions: 13 min at 170 °C,
14 min at 170 °C and 16 min at 160 °C
were not significantly different (p < 0.05).

Hardness of cookies is highly correlated
with the moisture content, a,, baking loss
and S/L values (Table 5). Apart from the
baking conditions, the type and quantity of
the ingredients used for the product manu-
facture have been known to highly in-
fluence its hardness and other textural
characteristics. According to Pyler (1988),
ingredient used can be categorized by its
functional role, for example shortening is a
tenderizer, flour is a toughener and egg
proteins help build a stable cell structure.

Significant positive correlation existed bet-
ween following parameters: moisture/a,;
moisture/S/L ratio; a,/S/L ratio as well as a
negative correlation between baking loss
and moisture/a,. The colour characteris-
tics (L*, a* and b*) of cookies' top surfaces
were dependant on baking conditions
(Table 6). Increase in the temperature and
duration of the thermal treatment led to in-
crease in redness (a*) and lightness (L*).

With the increase in baking time L* value
increased, probably due to higher vapour
loss during baking, which indicated that
cookies were not over baked and that
Maillard reaction and caramelization did
not occur to extend to negatively influence
the colour formation (Chung et al., 2014).

Colour characteristics (L*, a* and b*) of the
top and bottom surface of cookies were
significantly different (p < 0.05).
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Table 4.
Gluten free cookies enriched with blueberry pomace: water activity, moisture content, baking weight
loss and hardness

Cookie ay Moisture (%) Baking weight loss (%) Hardness (g)
1 0.60 + 0.00° 10.03 + 0.04° 10.26 + 0.36¢ 894.4 + 104.2"
2 0.43 + 0.00° 6.68 + 0.01° 14.36 + 0.22° 3265.5 + 140.8%
3 0.43 + 0.00° 6.64 + 0.04° 15.44 + 0.20° 3465.1 + 409.5%
4 0.36 + 0.00° 5.76 + 0.02° 15.88 + 0.03"° 4824.1 + 232.3°
5 0.41 + 0.00° 6.15 + 0.02° 15.63 + 0.31%° 3522.8 +222.1%
6 0.32 + 0.00° 5.12 + 0.01° 16.15 + 0.10° 5378.9 + 410.3¢

Different letters in the same column indicate significant differences (p < 0.05) between mean values according to
the Duncan’s range test

Table 5.
Correlations between cookies parameters obtained at different baking time and temperatures
S/L H (9) BWL (%) M (%) aw T (mm) WIT
H (g) -0.8680*
BWL (%) -0.8208*  0.9095*
M (%) 0.8019*  -0.9501* -0.9714*
aw 0.8656*  -0.9728* -0.9551* 0.9811*
T (mm) 0.5125* -0.3868 -0.3590 0.3302 0.4270
WIT -0.5333* 0.4120 0.3810 -0.3581  -0.4467 -0.9962*
W (mm) -0.4027 0.3735 0.3817 -0.4063 -0.3619 -0.5182*  0.5889*

Marked correlations (*) are significant at p < 0.05
S/L — short/long ratio; H (g) - hardness; BWL (%) — baking weight loss; M (%) — moisture; aw — water activity; T
(mm) — thickness; W/T - cookie spread factor; W (mm) — width

Table 6.
Colour parameters (L*, a* and b*) of cookies' top and bottom surfaces
Top surface Bottom surface
L* a* b* L* a* b*

1 30.45+0.46% 17.42+0.38% 247+0.09° 2577+1.40° 15.19+025° 2.63+0.17°
2 31.16+0.83% 17.41+0.32® 218+0.07° 25.60+0.40° 14.48+0.32° 3.46+047"
3 3258+0.33° 17.46+0.36*" 223+0.11*> 24.72+0.78° 14.49+0.68° 256+ 0.23%
4 3251+0.34° 17.99+062°° 203+0.08° 27.35+0.65° 13.96+0.62*° 3.32+0.63"°
5 31.17+0.43* 17.58+0.20*® 2.20+0.09° 25.65+1.03% 14.23+0.29° 2.89 +0.23%¢

6 32.82+0.63° 18.14+0.32° 228+0.02* 27.31+097° 14.20+0.39° 3.47+0.24°

Different letters in the same column indicate significant differences (p < 0.05) between mean values according to
the Duncan’s range test
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Figure 1. Gluten free cookies enriched with blueberry pomace: mean values of overall sensory quality
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The bottom surface is characterized by
lower L* and a* values and higher b* va-
lues. However colour evaluation of co-
okies during their sensory evaluation in-
dicate that cookies' bottom surfaces were
not over baked.

The mean values of overall sensory quality
are shown in Fig 1. As the expert panel
had a well-defined concept of cookies'
quality in their evaluation, the samples
were sorted into two groups (p < 0.05).
Sample 4, obtained by baking at 170 °C
was found to be of the best acceptability.
However, regarding the fact that sample 3
had more regular shape (S/T value) and
hardness, and that it was similarly scored
by the panel, baking time of 14 min at 170
°C could be considered optimal for the
blueberry pomace enriched gluten-free
cookies in the previously mentioned type
of oven.

CONCLUSIONS

Blueberry pomace, after drying and grin-
ding can be used as an ingredient for the
production of gluten-free cookies. Baking
conditions, temperature and baking time
were found to highly influence the pro-
perties of the final product. Baking time of
14 min at 170 °C could be considered
optimal for the blueberry pomace enriched
gluten-free cookies production under the
given experimental conditions.
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YTUUAJ TEMNEPATYPE U BPEMEHA NEYEHA HA KAPAKTEPUCTUKE
BE3rMYTEHCKOI' KEKCA OBOrATREHOI'r TPONMOM BOPOBHMLE

bojana M. Wapwuh, Hatawa M. Hegerskosuh, Onueepa [1. LnmypuHa, MnageHka B. MNecTtopuh,
JoBaHa J. Koc, AHamapuja N. Manguh, MapujaHa b. Cakay, Jbyouwa . LWapwuh,
hophe b. lNcogopos, Anekcangpa Y. MuwaH

YHusep3uteT y HoBom Caay, HayuHu uHcTUTYT 3a npexpambeHe TexHonorvje y Hosom Capy,
21000 Hoewu Cap, bynesap uapa Jlasapa 6p. 1, Cpbuja

CaxeTak: Tpon 60poBHuLIE, HACTAO KAo CNOPEAHU NPOU3BOA NPUIIMKOM NPOV3BOAHE COKa, je
cylwerweM 1 MneseweM npepaheH y gogatak koju je nckopuwheH 3a popmynaumjy HoBor 6e3rnyTeH-
CKOT Kekca ca unrbem yHanpehera heroBux HyTPUTUBHUX U aHTMOCKUMOAHTHUX cBojcTaBa. C 063mpom
Ha TO Ja je MO3HATO Aa YCMOBW MeYena - TemnepaTtypa u BpeMe, y BenvKkoj Mepu yTuyy Ha KBanureT
Kpajier npovsBoga, Uuib paga Ouo je ga ce onTUMM3Yjy YCrNOBWM neyewa y uurby pobujarsa
npou3sBofa Hajborber TEXHOMOLLKOr KBanuTeTa.

Mopehewem pesynTtaTta neyewa Ha 160 1 170 °C, y pasnnumTtumM BPEMEHCKUM MHTepBanMma, Moxe
ce 3akrbyuuTn criegehe: pasnuvka y ycrioBuma nevyewa He JOBOAW OO NMPOMEHE NMpeYHuKa npounssoga
(pasnuka mawa of 1%), npaBunHuju obnuk npom3soda [obuja ce kpahum nedewem, yBpcTtoha
npov3Boda je y kopenauuju ca HeroBOM Briarom, akTMBHowWwhy Boge, rybutkom Bnare npuiinkom
neyewa M OAHOCOM Ayxer n kpaher npedvHuka. KomnoHeHTe 6oje (L*, a* n b*) ropwe n gowe
MOBPLUMHE KeKCa yKa3syjy Aa KeKC Huje NpeneyveH HY jeaHUM o4 NpMMEeHEeHUX TpeTMaHa.

Ha ocHoBy fobujeHux pesynTtaTa, 3akibydeHO je fa ce neyeweM OesrnyteHckor kekca oboraheHor
Tponom 6opoBHuLe Yy Tpajakby o4 14 muH Ha TemnepaTypu og 170 °C pobuja npoussog onTumanHor
KBanurteTa.

KrbyuyHe peun: 6esennymeHcku Kekc, mporn 60posHUUE, 8peMe riedyera, memrnepamypa
nedyera
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