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ABSTRACT: Osmotic dehydration in sugar beet molasses as hypertonic medium was used to treat
apples, plums, carrots and red cabbage. The study was aimed at determining the quality parameters
of bread supplemented with the following ingredients:

— freshly treated fruits/vegetables i.e. non-powdered form (at 10% and 30% level, flour basis),
— dried and grinded powders derived from them (at 5% and 10% level flour basis),
— sugar beet molasses (at 5% and 10% level flour basis).

The results showed that these ingredients significantly improved the mineral content of breads. The
most marked was the increase in K content: for lower supplementation level, 89.1% (bread with
molasses) -94.1% (bread with plum, powder). For higher supplementation level, the rise in K content
was 157.5% (bread with cabbage, powder) and 167, 5% (bread with molasses). Contents of Mg and
Ca were also significantly increased as compared to the control. The highest increase in Mg and Ca
was obtained by supplementation with cabbage at higher applied dose (around 58% and 100%,
respectively). Moreover, the supplemented breads showed significantly higher antioxidant potentials
with the highest increase measured in the breads made with plum (62.5-82% for 5 and 10% levels,
respectively). The molasses-based ingredients influenced the physical, textural and sensory pro-
perties of bread by lowering the specific volume, increasing the crumb firmness and changing the
color and flavor. However, the lower supplementation levels had relatively mild effect on these
properties. The breads made with apples and plums were scored highest for flavor.
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two molasses: beet molasses has more
saccharose, very little invert, more
non-sugar substances and ash (Higgin-
botham and McCarthy, 1998; Olbrich,
1963). Unlike cane molasses, beet mola-
sses contain rafinose and betaine.

INTRODUCTION

Sugar molasses is concentrated liquid sy-
rup which remains after repeated crystal-
llizations during sugar refining process. It
is a mixture of sugar, non-sugars and wa-

ter from which it is impossible to crystallize
sugar under any circumstances (Higgin-
botham and McCarthy, 1998; Olbrich,
1963). Molasses contains high amounts of
solids (#80%), of which around 50% is su-
gar. Depending on origin, two kinds of mo-
lasses can be distinguished: beet mola-
sses and cane molasses. There are differ-
rences in the chemical composition of the

Besides approximately 50% of saccha-
rose, 1% rafinose and less than 1% invert
sugar, beet molasses contains conside-
rable amounts of important micronutrients
such as minerals, proteins, vitamins, cho-
line, glutamine acid, organic acids, pectin,
etc. (Susi¢ and Sinobad, 1989). It is an
appreciable source of potassium, calcium
and iron. Sugar beet molasses also con-
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tains phenolic compounds (Maestro—Du-
ran et al. 1996) although they have not
been well documented. Phenolic substan-
ces have been mostly associated to the
antioxidative action of material (MiSan,
2010). Aqueous extracts of cane and beet
can be used for manufacturing antioxi-
dants for functional food products (Chou,
2003). Taken together, these results su-
ggest that cane and beet sugar molasses
contain various compounds with beneficial
effects for health. Some nutritionists highly
appreciate sugar molasses and reco-
mmend its daily administration to protect
health (Andrejevi¢ and Stevanovi¢, 1967).

Sugar beet molasses is rarely used in hu-
man consumption due to its astringent off-
flavor and aroma, in contrast to cane mo-
lasses. However, few researches showed
that, at appropriate doses, sugar beet mo-
lasses can be successfully incorporated to
various food (bread and bakery products
(Pribis et al., 2008; Simurina et al., 20086;
Levic et al., 2005a,b), meat products
(Svrzi¢ et al., 2006)) without drastic impair-
ment of sensory properties. It has been
also shown that sugar beet molasses can
be used as osmotic agent due to high con-
tent of solids and liquid aggregate state
(FilipCev et al., 2008; Levi¢ et al., 2007;
FilipCev et al., 2006). The use of molasses
in processes of osmotic dehydration of
fruits and vegetables potentially broadens
the food applications of molasses. By its
nature, fruits have great potential for use
in bakery industry to improve the function-
nal properties of products (Cvetkovic¢ et al.,
2009).

In this study, bread was enriched with
sugar beet molasses or with fruit/vege-
table ingredients obtained by osmotic de-
hydration in molasses with the objective to
assess various quality aspects of bread.
Two types of osmodehydrated ingredients
were used: a) pieces of fruits/vegetables
obtained after osmotic dehydration as is;
b) dried and grinded powders of osmo-
tically dehydrated fruits/vegetables.

MATERIAL AND METHODS

Ingredients used for breadmaking were
standard and all from commercial source

and included wheat flour type 500, refined
granulated sugar, fresh compressed yeast,
vegetable fat, salt, skimmed milk and
bakery improver. Molasses (80% solids)
was supplied from the sugar manufacture
in Bacg, Serbia. Apples (var. Idared), plums
(var. Stanley), carrots and red cabbage
uniform in size and quality were obtained
from the local market.

Before osmotic dehydration, fruits and
vegetables were washed and cleaned.
Carrots were peeled while apples and
plums were analyzed with their skin on.
Apple and carrot samples were cut with a
cork borer in a cylindrical shape of 20 mm
diameter and 20 mm height. Samples of
plums and cabbage were cut into cubes of
approximately 1 cm. The fruit pieces were
separately placed into molasses contained
beakers and lightly weighted to keep them
immersed. The ratio of fruit cubes and
molasses was 1:4 by weight. The beakers
were covered with a plate to reduce mois-
ture loss and placed in thermostat at con-
stant temrature 55 °C. The samples were
taken out from the osmotic medium after 5
hours, rinsed and lightly blotted with tissue
paper to remove excess molasess.

Breads were prepared according to stan-
dard procedure under laboratory condi-
tions as described in (FilipCev et al., 2010).
The effect of ingredients was studied at
two doses: lower (5% flour basis for pow-
dered forms and pure molasses i.e. 10%
flour basis for non-powdered ingredients)
and higher doses (10% flour basis for
powdered forms and pure molasses i.e.
30% flour basis for non-powdered ingre-
dients). Bread variants enriched with os-
motically dehydrated fruits/vegetables
were compared with a control sample
(white bread) and bread with added mo-
lasses. Breads were analyzed for chemical
composition, antioxidative potential, textu-
ral properties and sensory quality.

RESULTS AND DISCUSSION

Mineral composition of enriched breads

The addition of molasses and OD ingre-
dients significantly affected the mineral
content of enriched breads (Table 1).
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Table 1.
Mineral content (g/100 g dry basis) of breads enriched with osmodehydrated fruits/vegetables

Non-powdered form Powdered form
Minerals Control Molasses

Apple Plum Carrot Cabbage Apple Plum Carrot Cabbage

392.30 255.05 278.17 314.50 323.63 284.00 402.80 354.30 376.50

K 207.50
555.00  338.01 391.75 496.75 52450 35510 49250 496.20  534.37
612.90 61041 620.76 63440 64061 60550 603.20 62340  632.50
Na 619.20
609.00  584.18 589.40 632.10  652.05 593.80 592.80 631.50  649.70
21.59 1870 1893 19.96  21.97 1850  19.00 2050  23.30
Mg 17.90
25.10 19.42  19.31 2233 2807 1890 20.70 2270  28.30
41.66 36.03 3843 4555 4658 3725 4011 4920  51.61
Ca 33.86

50.54 39.39 44.20 64.86 68.00 40.46 46.10 63.70 68.31

Values given in italics represent means obtained at higher levels of ingredient doses.

As compared to the control, the contents
of potassium, magnesium and calcium
were increased, of which the most promi-
nent increase was observed regarding the
potassium content. Sodium content did not
significantly vary in comparison to the con-
trol but it tended to be lower in breads with
fruit ingredients and higher in breads with
vegetable ingredients.

In graham breads, K and Ca levels range
from 250-300 mg/100 g and 25-30 mg/100
g, respectively (Biré6 and Lindner, 1988).
Potassium and calcium levels observed
here (255.0-555.0 mg/100 g d.b. for K and
36.03-50.54 mg/100 g d.b. for Ca) revea-
led that, by supplementing white bread
with molasses and OD ingredients pre-
treated in molasses in powdered or non-
powdered form, the content of these mi-
nerals reaches or exceeds the levels
found in graham breads which undoub-
tedly confirm the value—adding potential of
molasses—based ingredients in bakery
products. Moreover, dietary intake of pota-
ssium has been recently indicated as a
public health concern for the general pu-
blic in the policy document released by the
U.S. Department of Agriculture and U.S.
Department of Health and Human Servi-
ces (2010) because the intake of pota-
ssium by Americans is much lower than
recommended which additionally support

the nutritive potential of the tested ingre-
dients.

Antioxidative potential of enriched
breads

In this study, the breads made with various
molasses—based ingredients were tested
for the antioxidant content using DPPH, a
stable radical, as the detection agent. The
addition of molasses and molasses—based
ingredients significantly increased the anti-
oxidative activities in the breads depen-
ding on the type of ingredients used and
the supplementation level. In the case of
non—powdered ingredients, antioxidant po-
tential was raised by 10.4% (in bread with
10% OD carrot) and by 54.8% (in bread
with 30% OD plum) in comparison with
white bread control. The highest increase
(82%) in the antioxidative potential was
measured in the bread enriched with 10%
powdered OD plum. High increase figures
were determined for some other bread
variants; such as variant with 5% pow-
dered OD plum and 10% powdered OD
cabbage and apple with increase figures
of 60-67% in comparison with control. The
addition of molasses also significantly
increased antioxidantive potential which
was increased by 24.2% and 42.6% for
lower and higher applied dose, respectti-
vely.



Filipéev B., Sugar beet molasses: an ingredient to enhance micronutrients and functionality in bread,
Food and Feed Research 38 (2), 95-100, 2011

Such effect is presumably due to natural
presence of compounds with high antioxi-
dative potency in ingredients. Plums, red
cabbage and apples are rich sources of
such bioactive compounds. Molasses also
contain substances with high antioxidative
potential which partly originate from sugar
beet and partly are generated in the sugar
manufacturing process (melanoidines, su-
gar anhydrides, etc.).

Sensory and textural properties of
enriched breads

In bread variants with non—powdered in-
gredients, specific volume of bread de-
creased only at higher doses whereas
powdered ingredients at all applied doses

significantly reduced specific volume in
comparison to white control bread.The
addition of ingredients in powdered

form significantly increased bread crumb
firmness in comparison to the control (Fi-
gure 1). This increase was most prominent
at higher level of supplementation. In the
case of non—powdered ingredients, firm-
ness increase was less prominent; the ma-
jority of bread variants had similar firm-
ness to that of the control whereas bread
with 30% cabbage was significantly softer
presumably due to high fiber content in
cabbage. The highest firmness increase
was measured for the bread with 10% mo-
lasses, 10% powdered OD apple and 30%
non-powdered OD plum.
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=
800.00 - 3500 &
| ®
700.00 3000 2
g9 - 2500 X
oo
< 500.00 |
2 20.00
¢ 400.00 -
15.00
£ 30000
200.00 - 10.00 W Firmness
100.00 - - 5.00 Resilience
0.00 0.00
%6‘0 *§\° '9* '»6‘0 %"b '~§\° & f§’\° :;ao 'b@h ~9q -
&S FLSSECFLSSE
& (:“} ?9 P (P QQ\ \’9 0\'b QQ\ \"”"
Q(? S ® Qc? Q70 & 0
) 0
Powdered ingredients
=
800.00 35.00 2
#00.0015 - - 3000 3
(=)
600.00 - 2
2 50000 290 %
8 ' 20.00
¢ 400.00
E 30000 - 15.00
= 200.00 + SN N == - - 10.00  mmmm Firmness
100.00 5.00 Resilience
0.00 0.00
.§° n\oo n'|o a\b e'[o o o\o °‘|° N°\°
QQ & q;, Q\o 'a% ,aq, \06‘ & Q;,e
Qv " 00 (; o QQ ?9
¢ e P9 P

Figure 1. Textural properties of breads enriched with powdered and non-powdered molasses-based
ingredients
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Breads with higher firmness had signify-
cantly lower crumb elasticity but in the
case of bread with non-powdered ingre-
dients the elastic-city of all variants did not
significantly vary from the control.

Sensory evaluation showed differences
between the samples. Powdered ingre-
dients increased markedly crust and
crumb color of the breads. Aroma profile
was markedly altered in comparison to the
typical fermented wheat dough aroma of
the control bread especially in the samples
made with the powdered ingredients; aro-
ma on fruit/'vegetable and caramel pre-
vailed. Higher doses of powdered ingre-
dients caused the presence of slightly
burnt aftertaste which was especially cha-
racteristic for the samples made with OD
plum powder. Similar aroma profile was
registered in the samples made with OD
fruit pieces but characterized with lower
intensity and absence of burnt sensation.
None of the bread variants were dis-
qualified which means that taste and aro-
ma of the breads were acceptable. Bread
variants with fruit-based ingredients were
scored higher for overall acceptability in
comparison to those with vegetables.

CONCLUSIONS

This study demonstrated the value-adding
potential of molasses and molasses based
ingredients in preparation of bread. Their
incorporation into standard wheat bread
formulation produced considerable effect
on physicochemical and sensory proper-
ties. Sugar beet molasses based ingre-
dients significantly contributed to increa-
sed antioxidative potential and enhanced
content of minerals (especially K and Ca)
matching those of graham breads. Crumb
and crust color of breads were darker and
aroma was altered. Specific volume and
textural properties of bread were impaired
but to statistically significant extent only in
the case of higher supplementation levels.
Yet, the panelists did not found any of the
bread variants unacceptable although
bread variants with fruit-based ingredients
were more preferred.
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MEJIACA WWEREPHE PENE: CACTOJAK KOJU NOBOJBLLIABA
CAAPXAJ MUKPOHYTPUJEHATA U ®YHKLIMOHAJNTHOCT XJIEBA

BojaHa B. dununyes’

1vau?,epamTeT y Hosom Capgy, IHCcTuTyT 3a npexpambeHe TexHonoruje y Hosom Cagy,
21000 Hoeu Cag, bynesap uapa Jlazapa 6p. 1, Cpbuja

Caxertak: Y pagy je ucnutmeaH ecpekat gogartka uicte menace u Boha/nospha (jabyka, LWrbuea,
MPKBa W LpBEHU KyMyC), NPeTXOAHO OCMOTCKU AeXnApuUpaHnx y menacu wehepHe pene, Ha kBanuteT
xneba. NicnutneaHe cy cneagehe rpyne cynnemeHara y AiBe 4O3€:

— uncrta menaca (5 n 10%, padyHaTto Ha 6paluHo),

— cBexu (y obnuky komagmha ocmoTtckm gexmapupador soha/nospha, 10 n 30%, pavyHaTo Ha

OpaLuHo),
— y npaxy (ocywweHo 1 caMmneBeHO OCMOTCKM AexuapupaHo sohe/nosphe, 5 n 10%, padyHaTto Ha
OpaLuHo).
HobwvjeHn pesynTtatu cy nokasanu da Cy MCNUTMBaHM AOAauM yTuuanm Ha 3HavajHo noborbliawe
MUHeparnHor cactaBa xneba. HajsHauajHuje noBehake y OQHOCY Ha KOHTPOSIHW je 3abenexeHo y
cagpxajy Kanvjyma: 3a Hke gose gogartaka, Hajpehe nosehane ce kpetano y oncery 89.1% (xne6
ca menacom) -94.1% (xneb ca wWrbMBOM Yy Mpaxy), OOK Cy 3a BuWe [03e JodaTtaka 3abenexeHa
cnegeha makcumanHa nosehamna: 157.5% (xneb ca kynycom y npaxy) n 167.5% (xne6 ca menacom).
XneboBn ca gopjaumMma cy Takohe mmanu 3HayajHO BULLE cagpXaje MarHeswjyma v kanuujyma y
ofHocy Ha KoHTponHu xneb. Hajsuwm cagpxaju Mg n Ca cy ogpeheHn y xneboBrnma ca Jogatkom
BuWwe Ao3e kynyca y npaxy (58 u 100%, pecnektmsHO). Xnebosu ca gojauuma cy nokasvsanu
3HAYajHO BMLUW AaHTMOKCUOAUMOHW MOTEHUMjarn, nNpu Yemy Cy HajBuM noTeHuujanu 3abenexeHu y
xneby ca gogaTtkom WwibmBe y npaxy, 62.5-820% 3a 5 n 10% pgopartka, pecnekTMBHO.

Hopaum Ha 6a3n menace cy yTvuanu Ha NpoMeHy U3NYKMX, TEKCTYPHMX M CEH30PCKNX CBOjCTaBa
xneba y npaBLUy cMarena cneunduyHe 3anpemuHe, nosehama uBpctohe cpeanHe 1 noTammbMBama
0oje. MehyTum, Npu HMXKMM Jo3ama AofaTaka, OBe MpoMeHe cy bune mawe nspaxkeHe. Xnebosu ca
JoaaTtkom jabyke 1 WbMBE Cy OLEHEHN Kao Hajoorby No yKycy.

Krbque peyun: xreb, Mmenaca, MuUHepariHe Mamepuje, aHmuokcudayuoHa akKmueHocm,
meKkcmypHa ceojcmea, Keasrnumem.
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