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Abstract: The daily intake of dietary fibresin highly industrialized countriesis
at alow level and, therefore, adversely affecting human health. The objective
of this research was to analyze the influence of different commercial fibres (ori-
ginating from sugar beet pulp fibrex, and Jerusalem artichoke inulin HPX and
GR) in yeast dough at alevel of 5 %, on the rheological properties of dough
and the quality of bread during frozen storage. Frozen dough characteristics
were determined using a Brabender maturograph and test baking was followed
according the AACC procedure. The dough was frozen at —18 °C and stored
over a period of 60 days. The results concerning the dough (proving time and
stability) and bread quality (volume and crumb quality) were statisticaly ana-
lyzed by multivariance Manova and discriminative analysis, which indicated
that there was a significant difference between dough without fibres and dough
with different fibres (fibrex, inulin HPX and GR). The discrimination coef-
ficient points that the greatest influence of fibres on the final proof and proving
stability is after 30 days (6.250) and after O days (6.158), respectively, but the
greatest influence of fibres on bread volume and bread crumb quality (15.488
and 3.638, respectively) can be expected on non frozen dough, due to above
mention their adverse the effect on gluten network.

Keywords: fibrex; inulin; frozen dough; bread quality.

INTRODUCTION

Bread has always been one of the most popular and appealing food products
due to its superior nutritional, sensorial and textural characteristics. Bakery
products, particularly bread, take a significant share in the food guide pyramid
for daily food choices recommended by US Department of Health and Human
Services,1-3 and therefore can be a convenient food for adjusting the daily food
intake according to specific needs. Dietary fibres in bread are a versatile func-
tional food ingredients giving many benefits to human health 46 and playing a
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very important role in the human diet, helping in solving some digestive pro-
blems and also positively contributing to along list of non infectious diseases.3.7:8
The social and scientific modernization for the development of alternative or no-
vel methods for the production and preservation of bakery productsis freezing.®

Fresh bread is a product with a short shelf life and during its storage, a num-
ber of chemical and physical aterations occur, known as staling. Due to these
changes, its freshness and crispiness deteriorate while crumb firmness and rigi-
dity increase. Over the past few years, the bakery industry has exploited the ad-
vantages of freezing technology.910 It is well recognized that temperature affects
the performance of dough and yeast during preparation.10 Frozen bakery pro-
ducts are expected to be characterized by quick preparation time and affordable
price. They look and taste asif they were freshly and homemade.®

In frozen dough preparation, when prolonged frozen storage intervenes be-
tween dough formation and bread baking, many factors contribute to a dete-
rioration of the products and adversely influence dough behaviour during freez-
ing and thawing, resulting in the loss of consumer acceptability for bakery pro-
ducts.56.11 |n the technology of frozen dough, the main problem is damage to the
gluten network due to crystallization and recrystallization of water, which results
in loss of bread quality.12.13 |t has been shown that the influence of fibre cha-
racteristics on yeast activity and bread quality during 30 days freezing was bene-
ficial.14 The possibility of mathematical interpretation of commercial fibres on
yeast dough during frozen storage is of particular interest both for those involved
in frozen dough preparation and in thawing and baking and could positively
contribute to a better quality of the final products. There are not many reports on
the effects of different fibresincorporated into frozen yeast dough.

Objective of this paper is to present an anaysis of the influence of three
commercial fibres (fibrex, inulin HPX and GR) at a level of 5 % on dough rheo-
logy and the quality of bread during the freezing process. Regarding the mathe-
matical analysis, this information is required either for the successful incorpo-
ration of different fibres types and/or an analysis of the effects of fibres on frozen
dough to enable the production of consumer-acceptable, fibre-enriched bakery
products.

EXPERIMENTAL
Material

For commercial bread production, white flour from alocal industrial mill (moisture, ash
and protein contents were 13.5, 0.45 and 11.2 % d.d., respectively), salt and compressed yeast
were used. Fibrex with a particle size of less than 150 ym was a commercia product originna-
ting from sugar-beet and produced by Denisco Sugar AB; while Inulin HPX and inulin GR
fine, white powders characterized by an average degree of polymerization of more than 10 su-
gar units and 2 to 5 sugar units, respectively, were commercia products made from the root of
Jerusalem artichoke and produced by “Orafti Active Food Ingredients’, Belgium.
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Dough preparation

Dough samples were prepared in a Farinograph bowl at a temperature of 30 °C according
to the following dough formula: flour (100-95 %), fibres (fibrex, inulin HPX or inulin GR)
(0-5 %), salt (2 %) and yeast (2.5 %). Water was added according to the Farinograph absorp-
tion, i.e., to 500 BU: no fibres (60.4 %), fibrex 5 and 10 % (68.0 %), inulin HPX 5 % (56.6 %)
and inulin GR 5 and 10 % (52.3 %). Round shaped dough, weighing 150 g, with or without 5
% of different fibres, was placed in afreezing chamber (Koma, Koeltechnishe Industrie, B.V.,
The Netherlands) at a temperature of —18 °C. After freezing, the samples were packed in PVC
bags and stored at —18 °C for 0, 1, 30 and 60 days. After the required freezing period, dough
pieces were kept for 2 h at ambient temperature and then placed in a maturograph fermen-
tation chamber at 30+1 °C.

Dough characteristics

The rheological properties of the frozen and non-frozen dough during fermentation were
determined in a Maturograf (Brabender, Duisburg, Germany). The procedure is not stan-
dardized, usualy it is adjusted to bread making procedures.’®> The constituents and preparation
of the dough for Maturograf determination were the same as those described for dough pre-
paration. The Maturograph measures the behaviour of yeast dough during the final proofing
under constant conditions, (temperature 30+1°C and relative humidity 80-85 %). After thawing
(2 h), adough piece was placed in the dough container under a stamp weighing 150 g. Depen-
ding on the dough’s gas production, gas retention and elasticity characteristics, the pressure
stamp is raised progressively to certain levels giving information about fermentation and dough
handling.

Baking test

AACC Baking test (method 10-09.01) was applied to eliminate as much as possible the
human element introduced by the operator. Dough or a dough piece after thawing was moulded
by hand. The dough loaf was placed seam down in a greased tall baking form pan (length,
10.5 cm, width, 6.0 cm, bottom length, 9.3 cm). The end of proof was determined according to
the Maturograph data. The dough constituents were the same as those used for dough prepa-
ration. The bread was baked for approximately 15 min in a Chopin laboratory oven at 260 °C,
until the mass of baked bread ranged between 135 and 137 g. The quality of the bread was
scored 24 h after baking. Bread volume and crumb quality was evaluated by five trained pa-
nellists. The bread volume was determined by the seed displacement method. Crumb grain is
defined as the cell structure exposed when a loaf of bread is diced. The best score is charac-
terized by relatively large cells with thin walls (score 2.5), whereas a close grain consisting of
small cells with thick walls has the worst score (0). Crumb elasticity is determined entirely by
the sense of touch. The fingers are pressed lightly against the cut surface of aloaf and scored,
the best being 4.5 and the worst 0. Crumb quality number is the sum of the scores for crumb
grain and crumb elasticity, the maximum grade is 7 and minimum 0.1°
Satistical analysis

All samples were prepared and analyzed in total 6 times and the average result is reported.

The results concerning dough (proofing time and stability) and bread quality (volume
and crumb quality) were statistically tested by analysis of multivariance Manova and discri-
minative tested. ANOVA functions and Roy test with 0.05 significance level were used as the
univariant statistical procedures to assess significant differences among the means.16
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RESULTS AND DISCUSSION
Mathematical analysis of effect of fibres on behaviour of frozen dough at final proof

It has been claimed that freezing adversely affects the protein matrix and
yeast viability.6:7 Good dough handling is beneficial in the bread making process,
positively contributing to an improved gas-retention capacity. Therefore, dough
behaviour at the final proof is presented by the proof duration and proofing
stability, (Table I). The mean value and standard deviation show that the duration
of the final proof depends on the sample in respect to the type, i.e., on the type of
fibres and the length of storage at low temperatures. Keeping dough with inulin
HPX under frozen conditions for a longer period, from 30 to 60 days, leads to a
decrease in the duration of the final proof. According to the statistical data, the
sample with inulin HPX differed significantly from the other samples. The final
proof of the dough with inulin HPX and GR was shorter than that with fibrex
(Table I, Figs. 1 and 2). These data may indicate that inulin either HPX or GR
positively contribute to preserving the yeast fermentative activity during freezing,
contrary to fibrex. The longest final proof time of the dough with fibrex can be
negatively connected with the great ability of absorbing water from fibrex (68 %),
resulting in the inability of the gluten to take water and forcing the baker to add
more water to the dough with fibrex.

TABLE |. Effect of fibres on dough properties during freezing

Final proofing time, min Proofing stability, min

Time, days — . value  Confidence interval p®  Mean vaueConfidenceinterval p°
0 % Fibres
0 82+1.5" 80.75 8391 0833 15+2.4° 12.8 179 0.956
1 110+4.6 105.2 1148 0996 5+2.4°% 2.79 7.88 0.956
30 128+2.8% 125.0 131.0 0.996 2415 0.750 391 0.833
60 68+20 46.55 89.45 0996 7+2.12 4.80 9.20 0.988
5 % Fibrex
0 82+3.7° 7876 8657 0626 7+23 521 10.1 0.998
1 127+3.2° 124.3 131.0 0.959 2+1.3 0.670 3.33 0518
30 132+10% 121.4 143.2 0.943 5+2.8 211 7.89 0.976
60 133+9.5% 123.0 1430 0518 3+1.1% 1.85 415 0.573
5% Inulin HPX
0 81+3.4 78.05 85.28 1.00 4+1.0 3.58 575 0.272
1 112+4.1 108.3 1170 0964 8+54°2 2.37 13.6 0.968
30 98+1.5 96.75 99.91 0.833 1+1.1 -0.150 2.15 0573
60 45+6.5 38.13 51.87 0.996 6+1.5 475 791 0.833
5% Inulin GR

0 85+3.2% 82.30 89.03 0959 9+2.9° 6.58 12.8 0.946
1 115+3.4% 112.0 119.3 1.00 5+3.0% 1.69 798 0.750
30 121+1.6 119.6 123.0 0.682 1+1.6 —0.380 3.05 0.682
60 67+1.7 65.24 68.76 0754 9+3.7° 5.82 135 0.993

ap-Te'st of conclusion
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Fig. 2. Trust interva of thefinal proof of dough with fibresfrozen for 1 day (7;) and 30 days (7).
The influence of different fibres on the behaviour of dough at the final proof
fermentation was analyzed by the multivariant procedure and discriminative ana-

lysis (Tables Il and 111).16 The Manova test showed that there was a significant
difference in the effect of different fibres on the dough properties during frozen
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storage (0, 1, 30 and 60 days) since p = 0.000, and the aternative hypothesis that
there was a significant difference in the effect of the fibre type on the observed
parameters during freezing was confirmed by the Roy test, sincep < 1 (Tablell).
In non-frozen dough, the fibres do not have a significant influence on the fina
proof since p > 1, while the fibres have afar greater influence on the dough pro-
perties during freezing for 1, 30 and 60 days since p < 1 (Table I1). The discrimi-
nation coefficient indicates that the greatest influence of fibres on the final proof
and proofing stability was after 30 days (6.250) and after O days (6.158), respec-
tively (Table V).

TABLE Il. Statistical analysis of the effects of fibres on the final fermentation on freezing of
dough with fibres (F — Fisher test, p — confidence of the test)

Test o/ days Final proofing time, min Proofing stability, min
F p F p
Manova 4 20.0 0.0 10.6 0.0
Roy test 0 197 0.15 230 0.0
1 24.3 0.0 321 0.04
30 455 0.0 5.74 0.005
60 62.6 0.0 8.46 0.001

TABLE Ill. Discriminative analysis of the effects of fibres on the fina proof of frozen dough
with fibres (Fisher test; p = 0.0 (confidence of the test))

7/ days Fina proofing time, min Proofing stability, min

4 25.1 11.4

TABLE IV. Discriminative analysis of the effects of fibres on the final proof of frozen dough
with fibres

7/ days Fina proofing time, min Proofing stability, min
0 4.77 6.16
1 3.88 3.07
30 6.25 1.39
60 3.19 2.24

Based on the overall statistical calculation of discriminative analysis it can
be stated that fibrex and inulin HPX affect the final proof after 1 day. The largest
homogeneity is 100 % (Table V) indicating that the influence of these fibres is
constant and uniform and depends on the fibre characteristics, i.e., on their inter-
action with the gluten network. On the contrary, inulin GR showed different cha-
racteristics.

The discriminative analyses the presented date proved that fibres affect the
final proof mostly at the beginning of freezing. Later, some interactions between
the fibres and other dough constituents, such as ice crystals and yeast cells, also
contributed to the quality of frozen dough during freezing.
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TABLE V. Characteristics and contribution of the fibre characteristics to the final proof after
freezing of the dough (how many samples differ from related value)

Final proofing time, min Proofing stability, min
tldays 0% 50 O 5% Conri-o g, 5o 5% - 5% Contri-
Fibres  Fibrex Inulin Inulin  bution Fibres Eibrex Inulin  Inulin  bution
HPX GR % HPX GR %
0 Lower Higher The The 265 The Lower The Higher 476
lowest highest highest lowest
1 The The Lower Higher 215 Higher The The Lower 253
lowest highest lowest highest
30 Higher The The Lower 347 Higher The The Lower 200
highest lowest highest lowest
60 Higher  The The Lower 174 Higher The Lower The 251
highest lowest lowest highest
Homo- 100 100 100  66.7 - 100 100 833 66.7 -

geneity
%

Statistical analysis from Table | prove that the type of the fibres and the
length of freezing have an influence on the dough characteristics and that the
dough with fibrex had the shortest proof stability during freezing for 1, 30, 60
days, particularly concerning both types of inulin. The greatest influence of fibres
on the stability of fermentation was after O days of frozen storage (Table V),
because the fibres were not well incorporated into the gluten structure and had a
negative effect on the gluten matrix, which was also confirmed by the fibre con-
tribution, which was 47 %, Table V. The dough with inulin HPX and GR had ho-
mogeneities of 83.3 and 66.7 %, respectively, which are not stable proofing sta-
bilities (Table V).

Mathematical analysis of the effect of fibres on the quality of bread made of
frozen dough

The effect dough freezing on bread quality was assessed through the bread
volume and crumb quality, Table VI. The mean value and standard deviation
showed that the bread volume depended on the type of the sample, i.e., on the
type of incorporated fibre and the length of the low temperature storage.

The effect of the different fibres on the baking properties of bread made
from frozen dough was analyzed by the multivariate procedure and discri-
minative analysis (Tables VII and V111).16 Differences in the effect of the fibres
on the behaviour of dough after freezing (0, 1, 30 and 60 days) were examined by
the Manova procedure. The Manova test (Table VII) showed that there was a
significant difference between the effects of the studied fibres since p = 0.0. The
aternative hypothesis that there is a significant difference in effect of fibres on
observed parameter during frozen storage is tested by the Roy test. It was shown
that during 1 and 30 days of freezing, the fibres did not have a significant in-
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fluence on the bread quality since p > 1, while the fibres had a far greater in-
fluence on the bread volume and bread crumb quality after frozen storage for 30
and 60 days since p < 1 (Table VII). The discrimination coefficient proved that
the greatest influence of the fibres on bread volume and breadcrumb quality
(15.488 and 3.638) can be expected with non-frozen dough (Table 1X), due to
their above-mentioned adverse the effect on the gluten network.

TABLE VI. Effect of fibres on the baking properties of bread after freezing (p — test of con-
clusion)

) davs Bread volume, ml Bread crumb quality®
Y Meanvalue Confidenceregion p Meanvalue  Confidence region
0 % Fibres
0 392+155° 3762  408.8 0.996 6.4+0.2 6.11 6.59
1 340+35.2% 303.7 377.6 0.999 6.40.4 5.92 6.80
30 297+19.9° 276.6 3184 0.99 52+1.3 3.92 6.58
60 287+15.8 2709 3041 0.99 4.6+0.3 431 4.99
5 % Fibrex
0 257+39.1 2165 2987 0.996 52+1.3 3.93 6.57
1 292+32.9 258.0 327.0 0.99 5.7+0.9 4.75 6.65
30 245+15.8 2284 2616 0.99 5.3+1.0 4.20 6.40
60 2774435 231.8 3232 0953 4.9+1.0 3.92 6.04
5 % Inulin HPX
0 407+5.2% 4016 4124 0.99 6.9+0.1 6.83 7.00
1 363+4.5% 359.1 3685 0.883 6.9+0.1 6.79 7.01
30 312+6.4% 3055 3191 099  6.3:05° 5.78 6.82
60 256+6.7% 2497 2638 0998  6.6£0.3% 6.27 6.93
5% Inulin GR
0 366+4.0° 3625 3709 0.99 4.5+0.1 4.35 4.65
1 325+3.9 3209 3291 0.99 5.1+0.7 4.36 5.84
30 280+5.6 2741 2859 099  50+1.0° 3.08 6.10
60 233+4.2 2286  237.4 0943 2.9+0.5 242 3.38

Bread crumb quality; maximum 7.0, minimum 0

TABLE VII. Statistical analysis of the effects of fibres on the properties of bread made from
frozen dough (F — Fisher test, p — confidence of the test)

Bread volume, ml Bread crumb quality®
Method
7/ days F p 7/ days F p

Manova 4 12.395 0.000 4 5.867 0.000
Anova 0 60.488 0.000 0 day 21.000 0.000

1 9.106 0.001 1 day 1.481 0.249

30 28.013 0.000 30 day 0.875 0.470

60 6.336 0.003 60 day 11.173 0.000

EMaximum 7.0, minimum O
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TABLE VIII. Discriminative analysis of the effect of fibres on the properties of bread made
from frozen dough (Fisher test, p = 0.0 (confidence of the test))

7/ days Bread volume, ml Bread crumb quality®
4 26.5 6.83
®Bread crumb quality; maximum 7.0, minimum 0

TABLE IX. Difference in the influence of the fibre types on the bread properties

7/ days Bread volume, ml Bread crumb quality®
0 155 3.64
1 0.641 0.271
30 8.18 1.36
60 8.23 1.12

®Bread crumb quality; maximum 7.0, minimum O

The dough with incorporated inulin HPX had the greatest volume and dif-
fered significantly from other samples (Table VI and X) during the first 30 days
of freezing, Figs. 3 and 4. The adverse influence of fibrex on the gluten structure
found by Wang et al.3 was confirmed in this study as the lowest bread volume
was registered when dough containing these fibres was kept at low temperatures
for the first 30 days of frozen storage. However, after 60 days, the beneficial ef-
fect of fibrex on the yeast activity positively contributed to the bread volume. As
it was stated concerning the final proof data, inulin HPX was better incorporated
into the gluten matrix, thus contributing the best to the bread volume as opposed
to other types of fibres, with which dominating influence on the bread volume
was the length of frozen storage. Dough with incorporated inulin GR had the
lowest volume after 60 days of frozen storage (Table VI and X), as these fibres
act as an inclusion element thus contributing to structure deterioration and poor
volume.18

In period of 60 days of frozen storage, inulin HPX also positively contri-
buted to the bread volume and crumb quality (Tables VI and X). The bread was
evaluated with excellent grades, 6.3 to 6.9 out of a maximum of 7. Dough con-
taining fibrex was evaluated as having the same quality regardless of the duration
of the freezing period. Concerning fibrex and inulin HPX, the crumb quality re-
mained constant regardless of the duration of frozen storage, contrary to samples
without fibres or with inulin GR fibres. Bread with inulin GR was graded as good
and attributed with the highest homogeneity. The protective effects of fibrex and
inulin HPX against the adverse influence of low temperatures on dough was
proved by the relatively uniform breadcrumb scores, particularly the high scores
for inulin HPX was proved by the highest homogeneity (Table X). The greatest
fibre contribution was registered by the bread volume and crumb quality numbers
of 47.9 and 56.9 %, respectively, with non-frozen dough (Table X).
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TABLE X. Characteristics and effects of the fibre characteristics on the baking properties of
bread made from frozen dough (how many samples differ from related value)

Bread volume, ml Bread crumb quality®
0, 0, 1- 0, 0, -
ridays 0% 5% 5? 5|/9 Cboqtrl 0% 5% 5|/_o 5|/9 Cbor)trl
Fibres Fibrex Inulin  Inulin  bution Fibres FEibrex Inulin  Inulin  bution
HPX GR % HPX GR %
0 Higher The  The Lower 479 - - - Good 56.9
lowest highest
1 Higher The The Lower 10.8 - - - - 4.24
lowest highest
30 Higher The The Lower 174 Good Good Excel- Good 21.3
lowest highest lent
60 The Higher Lower The 239 - - Excel- - 175
highest lowest lent
Homo- 100 100 100 100 - 833 66.7 100 100 -
geneity
%
AMaximum 7.0, minimum O
Legend:
= /_/—'\\ 1-0% fibres
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/ { - 5% inulin GR
300 — :
|
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Fig. 3. Trust interval of bread volume with fibres after 0 () and 60 (7s) days of frozen storage.
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Legend:
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Fig. 4. Trust interval of bread volume with fibres after 0 () and 30 (z) days of frozen storage.

This indicates to the positive effects of HPX fibres on decreasing the nega-
tive effects of freezing. Inulin HPX was incorporated the best into the gluten mat-
rix; hence, the resulting bread had the largest volume (Table V1). The volumes of
the other breads with different types of fibres depended on the length of frozen
storage, because ice crystals interfere with the gluten structure, which consequen-
tly decreases the volume of the bread (Table V1).

CONCLUSIONS

Statistical interpretation of the data proved that the fibre type and storage
period influence the characteristics of dough and bread; at the beginning, the fib-
re characteristics exhibit a dominating adverse effect on the gluten network, but
later, their interactions with other dough constituents positively contribute to dough
and bread quality.

Multivariate and discriminative analyses indicated that there was a signifi-
cant difference between the dough rheology without fibres and dough with three
types of fibres (fibrex, inulin HPX and GR).
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206 FILIPOVIC, FILIPOVIC and FILIPOVIC

The discrimination coefficient proved that the highest effect of fibres was on
the final proof after 30 days of freezing (6.250) and on the proofing stability of
non-frozen (fresh) dough (6.16), while the effect of the fibres on the bread
volume and crumb quality were the greatest in non-frozen (fresh) dough (15.5
and 3.64, respectively).

The tatistical date proved that the long chains of inulin HPX were incur-
porate well into the gluten matrix and probably protected the yeast cells from the
ice formed during freezing for 1, 30 and 60 days; hence, bread with the largest
volume was obtained. The protective role of inulin HPX can be seen in the well-
-preserved quality of the final product after 60 days of frozen storage of the dough
and the quality was the same as bread made of non-frozen dough without fibres.

Theinulin GR fibres were incorporated into the gluten structure contributing
to a deterioration of the gluten structure, which resulted in a diminution of the
properties of the frozen dough, which in turn had an adverse effect on the bread
volume and crumb quality.

The results from all sample highlighted the complex role of fibres in frozen
dough.

Acknowledgement. These results are part of a project supported by the Ministry of Sci-
ence and Technological Development of the Republic of Serbia, TR 20068.

U3BO [
YTHUIAJA BJIAKAHA HA OCOBUMHE 3AMP3HYTOI' TECTA U KBAJIUTET XJIEBA

JEJIEHA CDI/IJ'II/IHOBI/ITll, HAJIA CDl/lJ'll/ll'lOBl/l”ﬁ2 u BJIAJUMUP lDl/lJlMHOBI/I"ﬁ3

II/Ichﬁmﬁym 3a iipexpambene iwiexnoaozuje, Bya. yapa Jlasapa 1, 21000 Hosu Cao, *Texnoaouru ¢hakyaitieit, Ynu-
eepauitieiti y Hosom Caoy, by uapa Jlazapa 1, 21000 Hosu Cao u SMauniier 3a600, Bya. Ocaobobersa 666, Hosu Cao

Y BHCOKOPa3BHjEHNM 3eMJbaMa 3alaKeH je CMAakECHH AHEBHH YHOC NMpexXpaMOCHHX BIIaKaHa
KOj€ TIO3UTHBHO YTHUY Ha JbY/CKO 3apaBibe. Llnsb oBOT HCTpakiBama je aHaiau3a ytuiaja 5 % pas-
anuuTuX Bpcra Biakana (Fibrex, komepuujamnu npousBox u3 BiakHa ImehepHe pere W HHYJIHH
HPX Benuke u unyaun GR Mase MOJIEKYJICKE Mace IOPEKIOM U3 apTUYOKe) HA KBAJHMTET TECTA,
IpH 4eMy cy npalieHe peoIolIKe 0COOUHE 3aMP3HYTOT TECTa M KBAJIUTET XJieba ca BIakHuMa. Peo-
Jonike ocobrHe TecTa ca BiakHiMa npefieHe cy Ha bpabGennepoBoM MaTyporpamy, a xJeo je rnedeH
o craanapaaoj AACC meroau. Tecto je 3amp3aBano Ha —18 °C u uyBano 60 nmana. Peonomke
0COOMHE TecTa ca BIAKHMMa (IyXKHWHa 3aBpIIHE (epMeHTalHje M CTAOHINTET (epMEeHTaluje) u
KBAJIUTET XJieha ca BIaKHHMA (3ampeMHHa M BPEIHOCHH OPOj CPEINHE) CY CTATHCHYKU TECTHPAHH
MyJITHUBapHjaHoM MeTojoM Manova u IUCKpUMHHATHBHOM aHAJIM30M, IIPH 4eMy je J0Ka3aHO 1a
[IOCTOjH 3HAaYajHa pa3iuka u3Melhy Tecta O6e3 BJIakaHa U TECTa ca pa3IMduTOM BpcTOM BiakaHa. Ko-
ehuIjeHT JUCKPUMUHALM]E je TT0Ka3ao Ja je Hajeehu yTuiaj Blakana Ha 3aBpIIHY (epMeHTalnjy
je mocne 30 mana uyBama (6,25) a Ha crabunurer Gpepmenranuje (6,16) u kBamurer xseba (3ampe-
muHa xyeba 15,5 n BpepHocHu 6poj cpenune 3,64) Ko/ HE3aMP3HYTOT TECTA.

(IIpumibeno 25. maja, peBuaupano 26. aBrycra 2009)

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




=

O N U~ WDN

10.
11
12.
13.

14.
15.

16.

17.

18

EFFECTS OF COMMERCIAL FIBRES ON FROZEN BREAD DOUGH 207

REFERENCES

H. Goesaert, K. Brijs, W. S. Veraverbeke, C. M. Courtin, K. Gebruers, J. A. Delcour,
Trends Food Sci. Tech. 16 (2005) 12

A. Sangnark, A. Noomhorm, Lebensmittel -Wissenschaft und Technologie 37 (2004) 697
J. Wang, C. M. Rosell, C. B. Barber, Food Chem. 79 (2002) 221

A. Angioloni, C. Collar, Food Hydrocolloids 23 (2009) 742

P. Ribotta, A. Ledn, M. C. Afidn, J. Agr. Food Chem. 49 (2001) 913

P. D. Ribotta, A. E. Ledn, M. C. Afidn, Food Res. Int. 36 (2003) 357

C. S. Brennan, C. M. Tudorica, Int. J. Food Sci. Tech. 43 (2008) 215

Y. Pomeranz, Chemical composition of kernel structuresin wheat: chemistry and techno-
logy, Val. 97, AACC, St. Paul, MN, 1988

M. Bhattachary, T. M. Langstaff, W. A. Berzonsky, Food Res. Int. 36 (2003) 365

Y. Jinhee, L. William, J. Johnson, J. Food. Sci. 74 (2009) 278

Y. Phimolsirilpol, U. Siripatrawan, V. Tulyatham, D. J Cleland, J. Food Eng. 84 (2008) 48
R. Sharadayt, K. Khan, Cereal Chem. 80 (2003) 764

S. Natio, S. Fukami, Y. Mizokami, N. Ishida, H. Takano, M. Koizumi. Cereal Chem. 81
(2004) 80

J. Filipovi¢, S. Popov, N. Filipovi¢, CI&CEQ 14 (2008) 257

G. Kauderski, N. Filipovi¢, Methods of testing the quality of grain, flour and finished
products, Faculty of Technology, Novi Sad, 1998 (in Serbian)

T. W. Anderson, An introduction to multivariate statistical analysis, 2 ed., John Wiley
& Sons, San Francisco, CA, 1984

R. Wang, W. Zhou, H.-H. Yu, W.-F. Chow, J. ci. Food Agr. 86 (2006) 85

A. Nelson, High-fiber ingredients, AACC, St. Paul, MN, 2001, p.p. 29-44.

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




