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Summary

Due to scientifically well documented health beneficial effects of dietary fibres
and recommendations for an every day intake on an average of 30 g by food
(DRI 2005), the confectionery industry has been increasingly engaged in the
production of fibre enriched biscuits with the aim to offer such a product as a
valuable constituent of proper nutrition and dietetic functional food intended
for risky populations. Thereby, commercially available pure fibres or fibre-rich
raw materials have been used for the enrichment of biscuits, prevalently pure
fibres. To evaluate such products as functional food it is of interest to know
how the choice of raw material for biscuit fibre enrichment influences the
content of other health protecting compounds which commonly accompany
fibres in plant material. With the aim of evaluating fibre rich biscuits as a
source of total phenols depending on the origin of fibres, total phenols were
determined spectrophotometrically by a modified Folin-Ciocalteau method
(Gao et al. 2002) in ten experimentally baked biscuits based on wheat flour
type 500 and type 1700 with or without different dietary fibres or fibre rich
raw materials added instead of definite amount of white flour. Results show
that shares of total phenols and fibres in biscuits based on the wheat flour
depend on the type of the flour. Biscuits with pure wheat and oats fibres added
were the lowest in phenol content regardless on the highest amount of fibres
(0.96 g kgl and 1.09 g kg'l, respectively); inulin and amaranth do not change
essentially phenol content; apple fibres, soya flour, and carob flour enhance
phenol content thereby carob flour being the most effective giving biscuits
5.53 g total phenols kg-1.
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Introduction

Cereals and cereal-based products, especially whole
grain based once, are considered as a functional food due
to their well-documented beneficial effects in prevention
of some chronically diseases such as cardiovascular dis-
eases, some kinds of cancer, diabetes, constipation, obes-
ity etc. (Jacobs et al. 1995, Fuchs et al. 1999, Brown et al.
1999, Erkkila et al. 2005, Slavin et al. 1997, Liu et al. 1999).
The effects are attributed in a great part to dietary fibers as
well as to accompanying bioactive phytochemicals such as
phenol compounds, phytic acid, phytoestrogens etc.

However, cereal-based confectionery products having
a high content of carbohydrates, sugars in particular, are
considered by nutritionists and consumers as a source of
so called “empty energy” and one of the factors affecting
obesity throughout all populations, especially children.
Therefore, these for many people favorite cereal products
are on the list of food recommended to be avoided in nu-
trition.

On the other hand, considering the fact that biscuits
are widely consumed by all populations, they are an ap-
propriate ,carrier” for different protecting compounds
becoming in this way the functional food.

Since last decades modern nutritional science has been
lay stress on important role of dietary fiber in health pro-
tection and prevention of modern diseases and on necessity
of every day intake of dietary fibres by food (Flammang
et al. 2006, Periera and Ludwig 2001, Periera et al. 2004),
confectionery industry has been increasingly engaged in
production of fibre enriched biscuits with the aim to offer
such product as a valuable constituent of proper nutrition
and dietetic functional food intended for risky populations.
Thereby, commercially available pure fibres or fibre-rich
raw materials have been used for the enrichment of bis-
cuits, prevalently pure fibres.

Recent scientific investigations point out that the intake
of dietary fibers from whole grain or whole grain products
are more effective in health protection when compared to
refined grain fibers because of the possibility of loosing
potent protective phytochemicals in refined grain fibers
(Jacobs et al. 2000), such as phytic acid and phenol com-
pounds for example.

Total phenols or “polyphenols” are a heterogeneous
group of structurally different compounds ranging from
simple phenol molecules to high molecular mass com-
plex polymers.

The most important phenol compounds in nutrition are
phenol acids, flavonoids and tannins. The main sources of
phenols in nutrition are fruits and different beverages (fruit
juices, tea, vine, coffee etc.), and to a lesser extent vegeta-
bles and grains. However, cereals are considered to be very

important source of phenol compounds due to their high
intake in everyday diet. Scalbert and Williamson (2000)
found that the average intake of total phenols through food
consumption is 1g per day.

The main phenol compound in wheat is ferulic acid
and it makes 90% of its total phenol content. Since it is
mostly found in outer parts of the grain, its richest source
is wheat bran (Beta 2005).

Some other raw materials used in our research have
a significantly different phenol composition. For exam-
ple soy flour mostly contains phytoestrogenic isoflavons
like genistein and daidzein, while in carob the most rep-
resented compounds are different gallic acid derivatives
as well as free gallic acid (Fontaine et al. 2003, Owen et al.
2003). Differences in phenol composition of raw materials
can result in dissimilar types of their biological activity.
Namely, foods rich in phenol compounds show various
health protecting effects such as cardiovascular disease
prevention (Watanabe et al. 2002) and carcinoma preven-
tion. Some of them also show neuroprotective effects in
Parkinson disease (Mandel and Youdim 2004) as well as
antimicrobial activity (Cushine and Lamb 2005).

Therefore, the aim of our work was to investigate how
the choice of raw materials in fibre rich biscuit produc-
tion influences the total phenol content as an important
contributor to antioxidative capacity of cereals and cereal-
based products, and to evaluate the fibre rich biscuits as a
source of total phenols.

Material and methods

To evaluate raw material in the production of fiber rich
biscuits as a contributor of total phenols in baked prod-
ucts, cereal-based biscuits were prepared with wheat flour
of different milling extraction (flour T 500 and T 1700)
without or with different pure fibres or fibre rich raw ma-
terials added. Wheat fibres, oats fibres, apple fibres, and
inulin were chosen as often-used fibres in production of
enriched food products while soya full fat flour, milled am-
aranth and carob were chosen due to their fibre content,
specific composition and/or known beneficial health ef-
fects. Experimental biscuits were laboratory prepared using
a recipe of the standard tea biscuit as far as the amount of
flour, fat, added sugar, powder milk, salt and flavour was
concerned and having a definite proportion of white wheat
flour T 500 (35 %) and whole grain wheat flour T 1700 (65
%). Enriched biscuits were prepared by substitution of the
part of white flour by pure fibres (17 %) or fibre rich raw
material (25 %). For the sake of comparison, biscuits based
only on white wheat flour and wheat whole grain flour were
prepared, as well. The maximal amounts of pure fibres or
raw materials were chosen respecting dough properties
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Table 1. Total phenols in raw materials

Sample Total phenols (g kg of sample) RSD  Total phenols (g kg’ dry matter of sample) RSD
Number  Type 1* 2% Mean value % 1* 2% Mean value %
I Wheat flour T 500 0.88 0.89 0.885 0.56 1.00 1.01 1.005 0.70
I Wheat flour T 1700 1.46 1.44 1.450 0.69 1.66 1.63 1.650 1.29
III Apple fibre 9.77 9.93 9.850 0.81 10.76 10.95 10.860 0.87
v Qats fibre 0.17 0.17 0.170 0.00 0.18 0.18 0.180 0.00
\Y% Wheat fibre 0.05 0.06 0.055 12.86 0.06 0.07 0.065 7.69
VI Inulin 0.13 0.14 0.135 5.24 0.13 0.14 0.135 3.70
VII Amaranth meal 1.49 1.42 1.460 3.39 1.68 1.60 1.640 2.44
VIII Soya full fat flour 4.94 4.58 4.760 5.35 5.28 4.89 5.090 3.83
X Carob meal 41.07 38.38 39.730 4.79 46.48 43.44 44.960 3.38

SD = standard deviation; RSD = relative standard deviation; * = parallel determinations

and sensory quality of biscuits. The biscuits were as fol- 45-

lows: three cereal based biscuits: 1) white wheat flour bis- _

cuit (T 500), 2) wheat whole grain flour biscuit (T 1700), & 407

3) standard tea biscuit (T 1700 flour + T 500 wheat flour); g 351

four biscuits enriched with pure fibres: 4) apple fibre bis- 2 301

cuit, 5) oats fibre biscuit, 6) wheat fibre biscuit, 7) inulin 2 5

biscuit, and three biscuits enriched with fibre rich raw 2

materials: 8) amaranth meal biscuit, 9) full fat soy flour 2 201

biscuit, and 10) carob meal biscuit. g 15+

Prepared doughs were rolled, formed and baked at 175°C % 101

for 15 min, cooled and milled to particle size < 1 mm, and F 54

stored in dry containers at 4 °C. Total phenols were deter- 0-

mined in defatted samples by modified Folin-Ciocalteau L vV Ve VD VI X

method (Gao et al. 2002) spectrophotometrically at 725
nm (ATI Unicam UV/VIS Spectrometer UV4).

Results

Total phenols in the raw materials used in the prepara-
tion of investigated biscuits, together with moisture content,
are presented in Table 1. Differences in total phenol con-
tent in examined fibre rich raw materials are evident from
Figure 1 showing total phenols in dry matter of samples.

Shares of total phenols determined in three series of
ten experimentally baked biscuits and the share of total
dietary fibres (TDF) determined in the same samples by
an enzymatic-gravimetric AOAC 991.43 method published
previously (Vuji¢ et al. 2005) are presented in Table 2.

Figure 2 shows differences in total phenol content in
biscuits depending on the raw materials used.

Discussion

Total phenol content in the raw materials used range
from 0.055 g kg in wheat fibre up to 39.730 g kgl in carob
meal (moisture content ranged from 6.40 % up to 12.04
%), or expressed in dry matter of the samples ranged from
0.065 g kgl up to 44.960 g kgL, respectively. In general,

Sample

Figure 1. Total phenols in raw materials
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Figure 2.

Range of total phenols contents in dry matter of biscuits

the lowest total phenol content was found in pure fibres
(wheat, inulin and oats fibres, 0.055, 0.130 and 0.170 g kg1,
respectively) produced by different isolation or purification
techniques. The total phenol content of wheat flour as basic

VZcs

Agric. conspec. sci. Vol. 72 (2007) No. 3

267



268

Blazenka SEBECIC, Irena VEDRINA-DRAGOJEVIC, Dubravka VITALI, Marijana HECIMOVIC, Iva DRAGICEVIC

Table 2. Total phenols and total dietary fibres in biscuits

Sample Total phenols (g kg of biscuit) RSD (%) TDF* (%) Moisture** (%)
Series 1 Series 2 Series 3 mean value SD Series 1 Series 2 Series 3

1. 1.28 0.89 1.12 1.10 0.16 14.55 7.60 3.72 4.69 3.74
2. 1.73 1.50 1.56 1.60 0.19 6.09 11.52 4.00 3.69 3.74
3. 1.51 1.22 1.37 1.37 0.18 8.64 9.72 3.72 3.48 4.34
4. 2.11 2.12 2.18 2.14 0.03 1.44 16.21 6.07 4.38 4.79
5. 0.82 0.81 1.09 0.91 0.13 14.25 19.20 6.47 4.58 3.21
6. 0.80 0.76 0.96 0.84 0.09 10.29 20.78 6.40 5.08 3.42
7. 1.33 1.69 1.64 1.55 0.16 10.27 - 3.57 3.27 3.72
8. 1.19 141 1.32 1.31 0.09 6.89 11.97 442 2.31 4.44
9. 2.05 2.27 2.32 2.21 0.12 5.30 14.64 5.65 3.81 3.53
10. 5.73 4.86 5.99 5.53 0.48 8.74 16.41 4.17 4.25 3.72

Samples: 1) white wheat flour biscuit (T 500); 2) wheat whole grain flour biscuit (T 1700); 3) standard tea biscuit (T 1700 + T 500); 4) biscuit
enriched with apple fibre; 5) biscuit enriched with oats fibre; 6) biscuit enriched with wheat fibre; 7) biscuit enriched with inulin; 8) biscuit
enriched with amaranth meal; 9) biscuit enriched with full fat soya flour; 10) biscuit enriched with carob meal

TDF* = total dietary fibres, mean values of two parallel determinations (Vuji¢ et al. 2005);

** mean value of three parallel determinations; SD = standard deviation; RSD = relative standard deviation

raw material depending on the milling extraction rate was
65 % higher in flour T 1700 (1.45 g kg!) compared to flour
T 500 (0.88 g kg'!). Pseudo cereal amaranth is as rich in
total phenols as wheat whole grain flour (1.46 g kg1).

Full fat soya flour containing 4.76 g kg1 of total phenol is
230 % richer than whole grain flour and even 440 % richer
in total phenols in comparison with white flour. The high-
est total phenol content has been found in apple fibres and
carob meal, 9.85 g kgl and 39.73 g kg1, respectively. The
real relation of examined raw materials as a total phenol
source is expressed as total phenol content in dry matter
is shown in Figure 1.

Total phenols in experimentally baked biscuits range
depending on the type and series of biscuit from 0.76 g
kg1 up to 5.99 g kgL, on an average from 0.84 g kg'! up
to 5.53 g kg1, which shows essential differences in con-
tent of these very potent antioxidant compounds in cereal
based biscuits depending on fibre rich ingredients. Such
differences point to essential differences in functionality
of biscuits enriched with different fibre rich raw materi-
als, too. Comparing the range of total phenol contents in
baked products (Figure 2) it is evident that the richest are
biscuits with carob meal added, followed by biscuits en-
riched with soya flour and apple fibres, respectively.

Total dietary fibres content ranges from 7.60 up to 20.78
%, the highest being in biscuits enriched with pure wheat
and oats fibres (Table 2).

An analysis of the relation of shares of total phenols
and total dietary fibres in biscuits shows that the shares
of total phenols and TDF in biscuits based on wheat flour
depend on the type of flour, which means the higher the
fibre content the higher the total phenol content. Biscuits
with pure wheat and added oats fibres, although the high-
est in fibres (20.78 % and 19.20 %, respectively) were the

lowest in total phenol content (0.84 g kg-land 0.91 g kg1,
respectively).

Taking into account the total phenol content and TDF
content in the standard tea biscuit as a basic one in this
analysis (produced predominantly from wheat whole grain
flour), it is evident that enrichment of cereal based biscuits
with pure cereal fibres results in lowering of antioxidative
capacity of such fibre rich products (38.69 % and 33.58
% with wheat and oats fibres, respectively). Inulin and
amaranth do not change essentially total phenol content
in enriched biscuits, additionally amaranth did not en-
hanced fibres content in biscuit as well. Soya full fat flour
and apple fibres enhanced total phenol approximately 58
% enhancing in the same time total fibres content for 27,
08 % and 40.71 %, respectively. The richest source of total
phenols was biscuit prepared with milled carob having 304
% higher total phenol content in comparison to standard
tea biscuit. In the same time, carob biscuit was 42.45 %
higher in total dietary fibres content.

Considering total dietary fibres shares in enriched
biscuits, it is evident that 100 g of enriched biscuits can
cover approximately 40 % to 70 % of daily-recommended
intake of fibres pointing to their functionality and con-
firming justification of development of new types of bis-
cuits, too. The intake of antioxidant or total phenols has
been not recommended.

However, considering that Scalbert and Williamson
(2000) found that the average daily intake of total phenols
by the general population was 1g, some of examined bis-
cuits can be considered as a good source of health beneficial
constituents accompanying fibres in plant material. Thus,
biscuits enriched with soya flour and apple fibres cover
about 22 % while biscuits prepared with carob meal cover
55 % of the average daily total phenol intake, confirming
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once again carob as a valuable food and raw material in
production of such types of functional food.

Conclusion

The performed analyses of influence of raw materials
choice in production of fibre rich biscuits on total phenol
content show that the incorporation of pure cereal fibres
lowered the share of potent antioxidants although the
highest content of fibres in biscuits was achieved. Results
approved wheat whole grain products as a good source of
protective compounds showing dietary fibres and total
phenol shares depend on the flour extraction rate. Effective
enhancers of dietary fibres and total phenol contents in
biscuits are apple fibres, full fat soya flour, and carob
meal, thereby carob meal was the richest source enhanc-
ing by 304 % total phenols and by 42 % total dietary fibres
in enriched biscuit compared to the standard tea biscuit
prepared with wheat whole grain flour (65 %) and wheat
flour T 500 (35 %). Compared to biscuits produces from
wheat flour T 500 the carob biscuit was a 403 % richer
source of total phenols. Although better fibre enrichment
was achieved by pure wheat and oats fibres (114 % and
97 %) compared to soya flour (51 %), apple fibres (67 %),
and carob meal (69 %), presented results show that prior-
ity should be given to not refined, natural raw materials
to produce multiple functional fibre rich biscuits. Such
biscuits are a good source of total dietary fibres and total
phenols; 100 g of biscuits covering from 49 % up to 55 %
of DRI for fibres and from 22 % to 55 % assessed average
intake of total phenols.

References

Beta T., Nam S., Dexter J.E., Sapirstein H.D. (2005). Phenolic
content and antioxidant activity of pearled wheat and roller-
milled fractions. Cereal Chem. 82: 390-393.

Brown L., Rosner B., Willett W. W., Sacks F. M. (1999).
Cholesterol-lowering effects of dietary fiber: A meta-analysis.
Am. J. Clin. Nutr. 69: 30-42.

Burkitt D. P., Walker A. R., Painter N.S. (1974). Dietary fiber and
disease. JAMA 229: 1068-1074.

Chiechi, M. L., Secreto, G., Vimercati, A., Greco, P., Venturelli,
E., Pansini, F., Fanelli, M., Loizzi, P., Selvaggi, L. (2002). The
effects of soy rich diet on serum lipids: the Menfis randomized
trial. Maturitas 41: 97-104.

Cushnie T. P. T., Lamb J. A. (2005). Antimicrobal activity of
flavonoids, Int. J. Antimicrob. Ag. 26: 343-356.

Erkkila A. T., Herrington D. M., Mozaffarian D., Lichtenstein A.
H. (2005). Cereal fiber and whole-grain intake are associated
with reduced progression of coronary-artery atherosclerosis
in postmenopausal women with coronary artery disease. Am.
Heart J. 150: 94-101.

Flammang A. M., Kendall D. M., Baumgartner J. C., Slagle T. D.,
Choe Y. S. (2006). Effect of a viscous fiber bar on postprandial
glycemia in subjects with type 2 diabetes. Am. J. Clin. Nutr.
25: 409-414.

Food and Nutrition Board (2005). Dietary reference values,
Reference values for macronutrients.

Fontaine R. K., Yang D., Gadbury, L. G., Heshka S., Schwartz
G. L., Murugesan R., Kraker L. J., Heo M., Heymsfield B. S.,
Allison, B. D. (2003). Results of soy-based meal replacement
formula on weight, anthropometry, serum lipids & blood
pressure during a 40-week clinical weight loss trial, Nutr. J.,
2: 14

Fuchs C. S., Giovannucci E. L., Colditz G. A., Hunter D. J.,
Stampfer M. J., Rosner B., Speizer F. E., Willett W. C. (1999).
Dietary fiber and the risk of colorectal cancer and adenoma in
women. New Eng. J. Med. 340: 169-176.

Gao L., Wang S., Oomah B. D. Mazza G. (2002). Wheat quality:
Antioxidant activity of wheat millstreams, p. 219-233 in:
Wheat Quality Elucidation. P. Ng and C. W. Wrigley, eds.
AACC International: St. Paul. MN.

Harkness S. L., Fiedler K., Sehgal A. R., Oravec D., Lerner
E. (2004). Decreased bone resorption with soy isoflavone
supplementation in postmenopausal women, J. Women Health
13: 1000-1007.

Hu F. B., Willett W. C. (2002) Optimal diets for prevention of
coronary heart disease. J. Am. Med. Assn. 288: 2569-2578.

Jacobs Jr. D. R,, Slavin J., Marquart M. (1995). Whole grain
intake and cancer: a review of the literature. Nutr. Cancer 24:
221-229.

Jacobs Jr. D. R., Pereira M. A., Meyer K. A., Kushi L. H. (2000).
Fiber from whole grains, but not refined grains, is inversely
associated with all-cause mortality in older women: The Iowa
Women’s Health Study. J. Am. Coll. Nutr. 19: 326S-330S.

Jenkins D.J., Jenkins A.L. (1985). Dietary fiber and the glycemic
response. Proc. Soc. Exp. Biol. Med. 180: 422-431.

Kumazawa S., Taniguchi M., Suzuki Y., Shimura, M., Kwon, M. S.,
Nakayama, T. (2002). Antioxidant activity of polyphenols in
carob pods, J. Agric. Food Chem. 2: 373-377.

Liu S., Stampfer M. J., Hu F. B., Giovannucci E., Rimm E.,
Manson J. E., Hennekens CH., Willett W.C. (1999). Whole-
grain consumption and risk of coronary heart disease: Results
from the Nurses” Health Study. Am. J. Clin. Nutr. 70: 412-419.

Liu S., Manson J. E., Stampfer M. J., Rexrode, K.M., Hu, F.B,,
Rimm, E.B., Willett, W.C. (2000). Whole grain consumption
and risk of ischemic stroke in women: A prospective study. J.
Am. Med. Assn. 284: 1534-1540.

Mandel S., Youdim B. H. M. (2004). Catechin polyphenols:
neurodegeneration and neuroprotection in neurodegenerative
diseases. Free Radical Bio. Med. 37: 304-317.

Pereira M. A., Ludwig D. S. (2001). Dietary fiber and body-weight
regulation: Observations and mechanisms. Pediatr. Clin. N.
Am. 48: 969-980.

Pereira M. A., O’Reilly E., Augustsson K., Fraser G. E., Goldbourt
U., Heitmann B.L., Hallmans G. Ascherio, A. (2004). Dietary
fiber and risk of coronary heart disease: A pooled analysis of
cohort studies. Arch. Intern. Med. 164: 370-376.

Scalbert A., Williamson G.(2000). Dietary intake and
bioavailability of polyphenols, J. Nutr. 130: 2073-2085.

Owen R. W., Haubner R., Hull W. E., Erben G., Spiegelhalder
B., Bartsch H., Haber B. (2003). Isolation and structure
elucidation of the major individual polyphenols in carob fibre,
Food Chem. Toxicol. 41: 1727-1738.

Slavin J., Jacobs Jr. D. R., Marquart L. (1997). Whole-grain
consumption and chronic disease: protective mechanisms.
Nutr. Cancer 27: 14-21.

VZcs

Agric. conspec. sci. Vol. 72 (2007) No. 3

269



270 | Blazenka SEBECIC, Irena VEDRINA-DRAGOJEVIC, Dubravka VITALI, Marijana HECIMOVIC, Iva DRAGICEVIC

Stephen A.M. (1994). Whole grains—impact of consuming whole Watanabe S., Uesugi S., Kikuchi Y. (2002). Isoflavones for
grains on physiological effects of dietary fiber and starch. Crit. prevention of cancer, cardiovascular diseases, gynecological
Rev. Food Sci. Nutr. 34: 499-511. problems and possible immune potentiation. Biomed.

Vuji¢ L., Sebei¢ B., Vedrina Dragojevié I, Vitali D., Kostre$ M. Pharmacother. 56: 302-312.

(2005). Intake of dietary fibers by enriched dietetic biscuits. Zunft H. J. F.,, Lueder W., Harde A., Haber B., Graubaum H-J.,
Euro Food Chem III, Macromolecules and their degradation Koebnick C., Gruenwald J. (2003). Carob pulp preparation
products in food-physiological, analytical and technological rich in insoluble fibre lowers total and LDL cholesterol in
aspects, Proceedings volume 1, Hamburg, Germany, 21-23. 09. hypercholesterolemic patients. Eur. J. Nutr. 42: 235-242.

2005. p. 288-290.

acs72_43

VZcs

Agric. conspec. sci. Vol. 72 (2007) No. 3



