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Abstract: Fruits and vegetables are known as good sources of numerous bioac-
tive compounds among which polyphenols and dietary fibre are considered
essential because of their protective health effects. The aim of this study was to
characterize the quality of selected plant foods of Serbia regarding the amount
of total phenols, fibres and ratio of certain fractions of fibre. Fifteen samples of
plant foods (green leafy vegetables, fruits and nuts) were evaluated for their
total antioxidant activity, total phenolic content, total, soluble and insoluble
fibre and fractions of fibre: fg-glucans, arabinoxylan, cellulose and resistant
starch. Generally, nuts were the richest sources of fibre and total phenols. How-
ever, when serving size was taken into consideration, it appeared that raspberry
and blackberry were the richest in total, soluble fibre and cellulose. Further-
more, almonds and hazelnuts were particularly rich in insoluble fibre, while
walnuts had the highest polyphenol content. The analyzed plant foods were
poor sources of arabinoxylan and f-glucan. Data on the presence of resistant
starch in cashew nut was the first confirmation that resistant starch could be
found in significant amount in some nuts. The results give rare insight into the
quality of selected plant foods regarding dietary fibre and polyphenols from the
nutritive point of view.
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INTRODUCTION

The importance of fruits and vegetables in human diet is well established.
Plant foods are low in fats and energy; they are good sources of vitamins, min-
eras and polyphenols and provide a significant amount of fibre. All these com-
ponents are considered to be bioactive ingredients according to a new definition
proposed by Guaadaoui et al.1 These properties make them highly recommended
for daily diet. When consumed in a proper way, fruits and vegetables offer many
health benefits, including reduction of body weight, reduction of the risks of type
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2 diabetes, cardiovascular disease and certain types of cancer.2 The magjority of
noticed health benefits of fruits and vegetables are attributed to their bioactive
ingredients and their specific combinations.

Total dietary fibre (TDF) is one of the bioactive compounds that are respon-
sible for the protective effects of fruits and vegetables In their study, Ramulu &
Rao3 documented a significant amount of total, soluble and insoluble dietary fib-
resin fruits and vegetables. In terms of its chemistry, fibre is not a single defined
compound but a combination of substances, such as cellulose, hemicelluloses,
lignin, arabinoxylans, f-glucan, pectin, etc.4 Different plant foods, even within
the same food category, such as nuts, cereals, fruits, have different profiles of
fibre fractions. Investigation of the profiles of food fibre is important because
soluble and insoluble fibre, aswell asindividual specific fibre fractions, have dis-
tinct physiological effects. Soluble dietary fibre (SDF) reduces plasma glucose
levels in diabetic patients, whereas insoluble fibre promotes laxative effects.®
SDF derived from particular fruits and vegetables decrease serum cholesterol,
thus lowering the risk of cardiovascular disease.b Soluble and insoluble dietary
fibre (IDF) both play rolesin cardiovascular risk reduction.”8

Emerging evidence shows that different fibre fractions also have different
physicochemical and physiological properties, and consequently express different
protective effects. Cellulose is particularly known for its protective role in the
development of colon cancer, while others, such as arabinoxylan and f-glucan,
are effective as agents for reducing postprandia glucose response.® Pectins have
hypolipidemic and hypoglycemic activity.10.11

Another important component of fruits and vegetables are polyphenols. Red
wine, tea, coffee, chocolate and cereals are all sources of polyphenols in daily
diet. Polyphenols exhibited anticancer, anti-inflammatory, antimicrobial, anti-
mutagenic, anti-oxidant, and immunostimulant properties in numerous studies.12

A specific protective combination of polyphenols and fibres was defined by
Saura-Calixto!3 as anti-oxidant dietary fibre (AODF), a natural product capable
of combining the beneficial health effects of TDF and natural anti-oxidants, such
as polyphenols. It seems that dietary fibre can entrap some polyphenols, thus
protecting them from hydrolysis in the upper intestinal area. Such polyphenols
entrapped in TDF easily reach the large intestine where they finaly are fer-
mented together with TDF. The end products of fermentation are metabolites
such as phenylacetic, phenylpropionic, and phenylbutyric acids, which are easily
absorbed and may exert systemic effects.14 The remaining polyphenols that
cannot be fermented and/or absorbed in the large intestine and remain unchanged
may still contribute to a healthy antioxidant environment by acting as free radical
scavengers and counteracting the pro-oxidants derived from food.1® Foods and
natural products that are rich in both fibre and polyphenols are considered to be
of high nutritional and protective significance.
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The objective of the present work was to study the characteristics of the
fruits and vegetables that are produced and used in daily diet in Serbia regarding
their dietary fibre content and profile, as well as polyphenol content and anti-
oxidant capacity. The obtained results may be useful in preparing dietary regimes
for specific health conditions by enabling the best combinations to be chosen
from a broad range of dietary sources of fibre and polyphenals.

EXPERIMENTAL
Plant material

Three independent samples of fresh broccoli, spinach, lettuce, cabbage, pardey, cherry,
strawberry, raspberry, blackberry, blueberry, apple, walnut, ailmond, hazelnut, and cashew
nuts were purchased from three open local markets in Belgrade, Serbia, and used for the
research. The vegetables, fruits (2.0 kg each), and nuts (300 g each) were randomly sampled.
Except for the cashew nuts, the other samples originated from Serbian region.

Preparation of vegetables and fruits samples

Before analysis, the fruit and vegetable samples were washed in deionised water and
dried a room temperature. After remova of occasional stalks from the strawberries,
raspberries and blackberries, and deseeding of the apples and cherries, all fruit samples were
homogenized separately in a blender. Subsequently, the samples were kept at —20 °C until
analysed. The nuts were homogenized immediately after purchase and kept at room tempe-
rature.

Methods

For the analysis of the tota fibre, the fibre fractions, polyphenols and anti-oxidative
activity, reliable methods that were adequate according to their accuracy and precision, and
are usually employed in similar investigations were used.

Determination of total phenolics

About 1 g of homogenized sample was extracted with methanol (50 mL) using a
mechanical shaker for 2 h. The mixture was centrifuged at 10000 rpm for 10 minutes and the
supernatant removed and filtered through Whatman No. 1 filter paper. The clear extract was
used for phenolic content and antioxidant activity evaluation. The amount of total phenolic
content was determined using the Folin—Ciocalteu reagent, as described by Singleton & Rossi
(1965).16 The absorbance was measured at 765 nm against gallic acid as a reference standard.
Five calibration curves were prepared for the working solutions of gallic acid (Acros Organic,
Lot: A0325987) in the concentration range of 1-10 pg mL™L. The least-squares method was
applied to calculate the equations of the lines: y = (0.087+0.001)x + (0.048+0.007), resulting
in a correlation coefficient: 0.9971. The relative standard deviation (RSD) of the slopes was
1.84 %, and for 6 pg GA mL-1, RSD = 1.46 %.

Results are expressed as mg gallic acid equivalents (mg GAE) per 100 g wet weight of
the sample.

Determination of antioxidant activity

The ferric reducing antioxidant power (FRAP) was determined according to Benzie and
Strain.1” Methanol extract prepared in the same way as for determination of the total poly-
phenols was used. The procedure is based on reduction of the yellow-coloured 2,4,6-tri2-
-pyridyl-s-triazine (TPTZ) complex that yields a blue-coloured end product. The reaction is
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performed at pH 3.6 in order to preserve good iron solubility. The reduction was monitored by
measuring the absorbance at 593 nm. A standard curve was constructed using ferrous sulphate
solution. The results are expressed as umol Fe(I1) per100 g wet sample.

Five calibration curves were prepared for the working solutions of FeSO, (Panreac, Lot:
0000491691) in the concentration range of 2001000 pmol L-1. The least-squares method was
applied to calculate the equations of the lines: y = (0.0009+0.001)x + (0.058+0.003), resulting
in a correlation coefficient: 0.9997. The RSD of the slopes was 1.20 %, and for 500 pumol L-1
FeSO,4, RSD = 0.98 %.

Determination of D-xylose including xylan and arabinoxylan

D-Xylose, xylan and arabinoxylan were determined by a spectrophotometric method
using the enzymatic assay kit K-XYLOSE (Megazyme, Bray, Ireland). The assay was per-
formed according to the instruction manual of the kit producer. The measuring procedure is
based on the interconversion of a-D-xylose to f-D-xylose. Interconversion of the - and
S-anomeric forms of D-xylose is catalysed by xylose mutarotase. The S-D-xylose is oxidised
by NAD* to D-xylonic acid at pH 7.5 in the presence of s-xylose dehydrogenase. The amount
of NADH formed in this reaction is proportional (directly correlated) to the D-xylose con-
centration and is measured by the increase in absorbance at 340 nm. The content of arab-
inoxylan is then calculated according to the formula:

Arabinoxylan = Content of D-xylose (g/100 g)x100/62 (g/100 g)

Internal analytic quality control was conducted using reference materials: D-xylose con-
trol (Megazyme, Lot 90401a). The repeatability (RSD) and recovery of the method were 2.0
and 99.2 %, respectively.

Determination of cellulose guide

Cellulose was determined by the official AOAC 950.37method.18 The procedure was
performed by cooking the sample with akaline and acidic agents. Cooking in strong acids
hydrolyses starch and proteins from the sample while alkaline pH hydrolyses the remaining
non-hydrolysed proteins and saponification occurs. Residual raw cellulose was filtered, dried
and weighed. Analytical internal quality control was conducted using reference materials:
T1061 (FAPAS). The repeatability (RSD) and recovery of the method were 2.4 and 98.2 %,
respectively.

Determination of total, soluble and insoluble dietary fibre

Samples were analyzed for soluble and insoluble fraction according to an enzymatic—
—gravimetric procedure (AOAC method 985.29), as described by Prosky et al.1® The method
requires phosphate buffer, pH 6.0 and the following enzymes: heat stable a-amylase, protease
and amyloglucosidase. Hesat stable a-amylase depolymerises starch, protease depolymerises
and dissolves proteins, while amyloglucosidase converts starch into glucose. The total fibre
was calcul ated as the sum of the soluble and insoluble fibre. Analytical internal quality control
was conducted using reference materials. T2454 (FAPAS). The repeatability (RSD) and
recovery of the method were 2.6 and 98.0 %, respectively.

Determination of -glucan

S-Glucan was quantified according to McCleary and Codd®® by a spectrophotometric
method using the enzymatic assay kit K-BGLU (Megazyme, Bray, Ireland). The samples were
suspended and hydrated in a buffer solution of pH 6.5 and then incubated with purified
lichenase enzyme and then filtered. Afterwards, an aliquot of the filtrate is hydrolysed to
completion with purified g-glucosidase. The D-glucose produced was assayed using a glucose
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oxidase/peroxidase reagent and measuring the absorbance at 510 nm. Analytical interna
quality control was conducted using reference materias: S-glucan control (Megazyme, Lot
60301). The repeatability (RSD) and recovery of the method were 2.1 and 98.4 %, res-
pectively.
Determination of resistant starch and starch

Resistant starch was quantified according to McCleary and Monaghan?! by a spectro-
photometric method using the enzymatic assay kit RSTAR (Megazyme, Bray, Ireland). The
samples are incubated in the presence of a-amylase and amyloglucosidase derived from
pancreas for 16 h at 37 °C. By the synergistic action of the two enzymes, the non-resistant
starch was solubilised and hydrolyzed to glucose. After addition of ethanol, the hydrolysate
was centrifuged. The resistant starch (RS) was obtained as a pellet, while the supernatant was
used for measurement of the soluble non-resistant starch. The pellet was dissolved in 2 M
KOH and the solution was neutralized with acetate buffer. Using amyloglucosidase, the RS
was subsequently quantitatively hydrolyzed to glucose, which was, in turn, assayed with
glucose oxidase/peroxidase reagent (GOPOD). The absorbance was measured at 510 nm. The
soluble non-resistant starch was determined from the supernatant at the same wavelength as
the resistant starch. This method offers the results that most approximately reflect the pro-
portion of resistant starch and non-resistant starch in vivo and thus could be physiologically
relevant. Analytical internal quality control was conducted using reference materias: Resis-
tant Starch Control (Megazyme, Lot: 50904). The repeatability (RSD) and recovery of the
method were 2.4 and 97.2 %, respectively.
Satistical analysis

The analyses were performed in triplicate. The results are presented as the mean values
with the standard deviations.

RESULTS AND DISCUSSION

In this study, 15 samples belonging to 3 food groups, i.e., fresh fruit, green
leafy vegetables, and nuts, were investigated for the presence of total dietary
fibre, the fibre fraction profile and antioxidant capacity. These food groups were
chosen for investigation as they are highly recommended for everyday diet. The
analyzed fibre fractions were cellulose and arabinoxylans from the insoluble
fibre, and p-glucan and resistant starch from the soluble fibre. Data on their
presence in plant foods are scarce or non-existent, especially when it comes to
food of Serbian origin. Pectins are an important part of fruit fibre, and infor-
mation on their content and profile in Serbian fruit was previously published.22
All the selected plant foods were of Serbian origin, except for the cashew nuts.

The results for the contents of fibres are presented in Table I. Although the
samples between the groups differed in their water content, the results are pre-
sented on a fresh weight basis since it is much easier to use such data to calculate
the fibre intake necessary for achieving the desirable physiological effects.

In general, al the analyzed samples proved to be significant sources of
dietary fibre. The total fibre contents were within the wide range of 1.09 to 14.88
g 100 g1. As expected, the total fibre content was the highest in nuts, then in
fruits and green leafy vegetables.
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TABLE I. Total, soluble, insoluble and fractional dietary fibre contents (g per 100 g fresh
weight) in the analysed samples; n.d. — non detected; data are expressed on the original weight
basis and presented as mean £ SD of three independent determinations. All values are given
on afresh weight basis

Sample Arabinoxylan Cellulose p-glucan RS  SDF IDF TDF Moisture
Green leafy vegetables
Spinach 0.02 0.90 n.d. nd. 078 203 281 9262
+0.01 +0.16 +0.21 +0.35 +0.26 *1.02
Parsley 0.08 1.39 n.d. nd. 132 204 336 9071
+0.03 +0.21 +0.13 #0.29 +0.23 *0.98
Lettuce 0.05 0.90 n.d. nd. 020 091 109 9584
+0.02 +0.12 +0.03 +0.17 +0.12 +1.01
Cabbage 0.05 1.05 n.d. nd. 072 167 239 9279
+0.02 +0.10 +0.15 +0.19 +0.17 +0.89
Broccoli 0.07 1.26 n.d. nd. 085 209 294 9107
+0.03 +0.13 +0.21 #0.22 +0.22 #1.32
Fruits
Apple 0.11 0.49 n.d. nd 060 166 226 86.72
(with skin) +0.03 1+0.11 +0.13 +0.10 +0.12 +2.18
Blueberry 0.07 0.79 n.d. n.d. 0.8 211 290 85622
+0.04 +0.09 1+0.21 #0.17 +0.19 143
Blackberry 0.11 1.93 n.d. nd 177 336 513 8814
+0.04 +0.19 +0.23 #0.26 +0.25 =*1.65
Raspberry 0.15 121 n.d. nd. 288 262 550 8539
+0.03 +0.22 +0.27 +0.21 +0.24 +0.99
Strawberry 0.14 0.71 n.d. nd 106 114 220 90.25
+0.05 +0.26 +0.10 #0.17 #0.14 +1.58
Cherry 0.08 0.64 n.d. nd. 109 102 211 8394
+0.03 +0.10 +0.15 #0.18 #0.17 *1.76
Nuts
Almond 0.53 3.64 0.05 016 101 1387 1483 4.78
+0.18 +0.23 +0.02 +0.05 #0.10 1045 +0.28 =+0.63
Hazelnut 0.44 2.67 0.04 017 137 809 946 339
+0.13 +0.43 +0.02 +0.06 +0.32 *0.51 042 =+0.76
Cashew 0.21 1.02 0.02 093 09 421 516 397
nuts +0.10 +0.20 +0.01 #0.23 026 *0.29 *0.27 =+0.48
Walnut 0.45 129 0.03 007 104 642 746 343
+0.11 +0.36 +0.01 +0.03 +0.23 +0.53 +0.39 +0.64

Samples from the nut group were particularly rich in insoluble fibre, but
contained soluble fibre as well (the ratio of IDF to SDF was from 4:1 to 14:1).
Such a dominance of IDF in nuts was previously reported.23 The IDF was the
dominant fibre fraction in the analyzed fruits and vegetables. The descending
sequence of the IDF content in the analyzed fruits was as follows: blackberry >
raspberry > blueberry > apple > strawberry > cherry. The lowest SDF fraction in
TDF was found in apple (26 %), whereas the highest was measured in raspberry
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(52 %). Similar amounts of total fibre and IDF to SDF ratios were found in fruits
collected from markets in North Carolina area, USA.24 Among the green leafy
vegetables, |ettuce was the poorest source, while parsley and broccoli were the
best sources of total, SDF and IDF. The green leafy vegetable samples examined
in the present study demonstrated higher IDF and TDF contents than the vege-
tables of Canadian origin analyzed by Mongeau and Brassard.2®> IDF and SDF
have different physiological properties and their balanced intake is of great
nutritional importance. Since several studies found that the daily diets in Euro-
pean countries?® and in Serbia?’ especially are low in SDF, the obtained data on
the SDF content in the selected plant foods is important as an indicator for
choosing appropriate food for increasing SDF.

The majority of published data reports the total, IDF and SDF fibre content
of fruits and vegetables, while particular fibre fractions are hardly ever men-
tioned. Since individual fibre fractions often have specific and unique physiol-
ogical effects, it is important to investigate fibre profile of regularly consumed
foods. In the present study, several fibre fractions were investigated that were not
previoudly studied in fruits and vegetables of Serbian origin: cellulose, arabi-
noxylan, f-glucan and resistant starch. Cellulose, classified as an insoluble fibre,
was found in high percentages in all samples. Among the nuts, the highest cel-
lulose content was detected in almonds (3.64 g 100 g-1), while blackberry was
the richest in cellulose (1.93 g 100 g1) in the fruit group. Parsley was the best
source of cellulose in the green leafy vegetable group. The cellulose portion in
nuts was about 20 % of the TDF, in fruits 2040 %, and 40 % in green leafy
vegetables, except for lettuce in which cellulose comprised up to 80 % of the
TDF. Besides the common physiological properties ascribed to IDF, cellulose
was specifically accredited as a protective agent in colon cancer.8 Arabinoxylan
is another insoluble fibre fraction, but unlike cellulose, it was present in very
small quantities in 100 g of analyzed samples — from several milligrams in the
fruits and vegetables to half gram in the nuts. Arabinoxylans are supposed to
have influence on postprandial glucose response and insulin sensitivity.28 The
best dietary sources of arabinoxylans, according to the literature, are cereals?®
and the present results show that fruits, vegetables and nuts are not appropriate
for increasing the daily intake of arabinoxylan.

Two fractions of soluble fibre, resistant starch and $-glucan, were analyzed
for the first time in the chosen plant foods. The analyzed fruits and vegetables
have low levels of starch, thus no resistant starch was detected in them, but it was
found exclusively in the nuts. Resistant starch is defined as “the sum of starch
and the products of starch degradation not absorbed in the small intestine of
healthy individuals’.30

Starch is not a major component in amonds, hazelnuts and walnuts but
cashew nuts are rich in starch. The starch contents in the analyzed nuts were as
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follows: 10.11+1.42 ¢g/100 g in cashew nuts; 2.51+0.22 ¢g/100 g in hazelnuts;
1.35+0.31 ¢/100 g in amonds; 0.97+0.34 ¢g/100 g in walhuts (the results not
shown in the table). Consequently, the values for resistant starch decreased in the
same manner: the highest content was measured in cashew nut, the lowest in
walnuts. Resistant starch share in total fibre was 1-18 %. Resistant starch has
been proven to induce satiety, and intake of 15 g/day increased insulin sen-
sitivity.30.31 The obtained results confirmed that the analyzed fruit, vegetables,
and nuts are generally not good sources of resistant starch, while the evidenced
presence of resistant starch in cashew nut is the first confirmation that resistant
starch could be found in significant amounts in some nuts.

f-Glucans are considered to be a very important class of fibres with proven
hypocholesterolemic and hypoglycemic effects, but the analyzed fruits and vege-
tables contained no S-glucans.

The total polyphenol contents of the fruit, vegetable and nut samples were
estimated using the Folin—Ciocalteu method and methanol as the extraction sol-
vent. In the group of green leafy vegetables, by far the highest content was
measured in broccoli, berries had the highest content in comparison with apples
and cherries among the fruits and within the nut group, walnuts had 3.5-5 times
more polyphenols than other analyzed nuts. The differences in polyphenol
content that could be found in the literature largely depended on the plant family,
genus and species, but were also dependent on the type of the used extraction
agent and standards, which makes comparison of the present results with those of
other authors difficult. Wu et al .32 used acetone/water/acetic acid as an extraction
solvent for fruit and nut samples purchased from 12 cities in United States. The
results presented herein are in agreement with those of this previous study, with
the exception for walnuts, where alower content detected. However, in the vege-
table group, lettuce had a higher phenolic content compared to previous stu-
dies. 3233

A broad spectrum of methods has been developed to measure antioxidant
capacity. The methods are based on various anti-oxidative mechanisms, such as
scavenging and inhibition of free radicals or chelating metallic ions which would
otherwise lead to free radical formation. The FRAP test is based on electron
transfer detection34 and the assumption that the reducing capacity of a sample is
directly proportional to its anti-oxidative capacity. The FRAP assay was used in
the reported study to evaluate the anti-oxidant capacity of the analyzed fruits and
vegetables and the results are given in Table Il. As expected, al samples had
high antioxidant capacity. In the group of green leafy vegetables, the highest
FRAP value was found for spinach (1.61 mmol Fe2* 100 g1), then broccoli
(1.20 mmol Fe2* 100 g-1), while cabbage showed the lowest FRAP value (0.36
mmol Fe2* 100 g-1). In the group of fresh fruits, blueberries had the highest anti-
oxidant capacity (FRAP value 4.98 mmol Fe2* 100 g-1), and apples the smallest
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(0.98 mmol Fe2* 100 g1). By far the highest FRAP value among all the anal-
yzed samples was found for walnuts (13.24 mmol Fe2* 100 g1).

TABLE Il. Total antioxidant capacity and total phenolics in the analyzed samples; data are
expressed on the original weight basis and presented as mean + SD of three independent
determinations. All values are given on afresh weight basis

Samples Total phenolic content Antioxidant capacity (FRAP)
P mg GAE 100 g1 mmol Fe?* 100 g1
Green leafy vegetables
Spinach 230+23 1.61+0.34
Parsley 190+ 78 1.10+0.04
Lettuce 140+54 0.42+0.09
Cabbage 170+39 0.36+0.12
Broccoli 37667 1.20+0.41
Fruits
Apple with skin 103+43 0.98+0.33
Blueberry 310+£76 4.98+0.51
Blackberry 259423 3.54+0.61
Raspberry 262+41 2.98+0.23
Strawberry 30554 2.69+0.37
Cherry 198+38 1.9740.32
Nuts
Almond 408+49 0.54+0.21
Hazelnut 772+03 0.90+ 0.34
Cashew nuts 269+87 0.24+0.09
Walnut 1456+235 13.24+1.99

Berry fruits are known for their high contents of phenolic acid and flavo-
noids, such as anthocyanins,3> hence they demonstrate high antioxidant acti-
vity.36 The present results for the antioxidative capacity obtained by the FRAP
method for the berry fruit samples were in overall agreement with previous
reports and the deviations that were found may be the consequence of the distinct
geographic region and the atitude from where the cultivar samples origin-
ated.37.38

Fruits and vegetables are proven sources of multiple bioactive compounds,
among which dietary fibre and polyphenolic antioxidants are of great importance.
These two classes of plant ingredients and their physiological effects are usually
studied separately. Saura-Calixto!3 was the first to combine the protective pro-
perties of fibre and polyphenols and to introduce the concept of anti-oxidant
dietary fibre (AODF) — a natural product capable of combining the beneficial
health effects of DF and natural antioxidants, such as polyphenols. Although this
expression is not used for natural products but for functional ingredients derived
from natural plant sources, it brought attention to the importance of combined
and interrelated effects of these bioactive compounds. Epidemiological studies
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suggest that regular consumption of fruits and vegetables is negatively associated
with the risk of several serious chronic diseases.3940 Five to seven daily portions
or a minimum of 400 g of fruit and vegetables was proposed as population
goals.41:42 Simultaneously, several recommendations for individual phytonutrient
intake, such as fibre and polyphenols, was also proposed. It is considered
beneficial to consume >25 g day—1 of dietary fibre;43 6 g day—1 of arabinoxylan;
5 g day—1 cellulose* and >1 g day—1 of total polyphenols?® as a part of ordinary
daily diet. Similarly, the intake of 1 g SDF is considered important, since each
additional gram of SDF in the diet was found to decrease serum total and LDL
cholesterol concentration by 0.03 mmol L—1.46 One of the aims of this study was
to evaluate the potential of selected plant foods as combined sources of anti-
oxidative polyphenols and dietary fibre. These data could help in reaching dietary
recommendations by choosing the best combinations from broad range of fibre
and polyphenol dietary sources.

The best dietary sources of fibre and polyphenols among the analysed fruits
and vegetables, expressed per average portion of original food item, arelisted in
Table Ill. The portion sizes were estimated according to the Dutch and Swiss
dietary guidelines?2 since no estimates of Serbian standard portions exist. The
criterion used for inclusion in the list of best dietary sources (Table I11) was
based on the potential of the analyzed plant foods to contribute in a significant
way to the recommended intake of bioactive plant ingredients.

TABLE I1ll. The best dietary sources of fibre and polyphenols among analysed fruits and
vegetables (in descending order, expressed per one portion); 1 portion of fruit and vegetables,
100 g; 1 portion of nuts, 30 g. Serving size from Agundo, 20052

Polyphenol +total

Total fibre? Solublefibre? Insoluble fibre Cellulose®  Polyphenols® fibre
g/portion g/portion g/portion g/portion mg GAE/portion  (g/portion)/(mg
GAE/portion))
Raspberry Almond  Blackberry Walnut Raspberry
ga‘;?be”y (2.9) (4.2) (1.9) (437) (5.5/ 262)
Bléckberr Blackberry Hazelnut  Raspberry Blueberry (310) Blackberry
(5.1) y (1.8) (2.4) (1.2)  Strawberry (305) (5.1/259)

Cherry  Blackberry (3.4) Almond Raspberry (262) Blueberry

Bz'gebe”y (11)  Raspbery (26) (L1) Blackberry (259)  (2.9/310)
,(AI' ) 445 Strawberry  Blueberry (2.1) Parsley Broccoli Broccoli
Alman t( 9 ) Broccoli (14) (376) (2.9/376)
zag nu Pardey (2.2) Broccoli Hazelnut Spinach
é - S)I o (13) Pardey (13) 232) (2.81230)
il Cg’“( > 23) 2.0) Cabbage  Spinach Hazelnut

) : inach 11 230 2.8/232
Spinach (2.8) 8?2.0) (1.1 (230) ( )
8Contributes > 2.5 ¢ / portion; Peontributes > 1 g/portion; Ccontributes > 2 g/portion; deontributes > 1 g/portion;

€contributes > 200 mg GAE/portion; fcontributes: polyphenol > 200 mg GAE/portion and total fibre > 2.5
g/portion
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When dietary goal is increasing the total, IDF, and cellulose intake, the best
choices among the analyzed food would be berries, almonds, parsley, and bro-
ccoli. The best dietary choices for SDF would be berries, cherries, and parsley.
Although walnuts have by far the highest polyphenol content, when the com-
bination of polyphenols and total fibre is considered, other plant foods could be
of more importance. The best sources of combined polyphenols and total fibre
was shown to be berries, hazelnut, broccoli, and spinach.

CONCLUSIONS

Based on the results presented in this paper, it is evident that daily con-
sumption of 400 g of the analyzed fruits and vegetables would provide the
quantity of dietary fibre and polyphenols that could be expected to give positive
physiological effects. The combination of 100 g each of raspberry, blackberry,
broccoli and spinach, per example, ensures an amount of 16.4 g day—1 TDF,
approximately 1.2 g day—1 polyphenols, and 5.3 g day~1 cellulose. These are pre-
cisely the quantities that are being recommended for protective purposes.

In conclusion, the obtained data clearly demonstrate that no single food
contains each and all the non-nutritive components relevant to human health. The
analyzed plant foods of Serbian origin are rich sources of polyphenols and total,
insoluble and soluble fibres, while some specific fibre fractions, such as arabino-
xylans, S-glucans and resistant starch were only present in insignificant amounts.
The analysis of individua fibre fractions should be encouraged, with aim of
ensure proper and more knowledgeable food combinations that would help to
supply adiet with the necessary ingredients. Possible synergistic effects of poly-
phenols and fibres are not well known and need further investigation in well-
designed clinical studies.
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U3BOJ
IMMPO®WJT BTAKAHA U CAOPXAJ ITOJIMGEHOJIA Y OJAEPAHOM BORY U [IOBPRY

MAPTAPUTA OOEBCKA, CJIABAHA IIOFAJUR nu BPMXXHWTA HOPREBUR
Yuuseepsuitiewi y Beoipagy, @apmaveyiicku paxyniteni, Kattiegpa 3a dpomaitionoiujy, beoipag

Bohe u nosphe je nosHato kao godap U3BOp OpPOjHUX OMOJIOLIKH aKTUBHUX jEeNUBEHA Y
Koje cranajy u monugeHoNy U IWjeTHa BIakaHa. 32 OBe CACTOjKe MOCTOje JOKA3H JIa MOBOJBHO
YTUUY Ha CMameme PU3NKa O] HEeKHWX BpCTa KaHlepa, nujaberec, roja3HOCT U XUIEPTEH3Hjy.
Llum oBoT paja 01O je oa ce MpoBepy KBAJTUTET OU/BHUX HAMUPHHUIIA Ca Halller Mogpy4ja y 1mo-
ey KOJMMYMHE YKyNHUX (eHosa, BlakaHa M OfHOcCa NojefuHHMX (paxudja BrakaHa. I1eT-
HAEeCT y30paKa 3eJIeHOT JTHCHATOr moBpha, Boha M jesrpacTor Boha je HCIIUTHBAHO Ha YKYIHY
AaHTHOKCUIAHTHY aKTMBHOCT, YKYIaH cafgpxaj (eHosa, ykynHa, pacTBOp/bUBA U HEPACTBOP-
JpUBa BiakHa U cnenehe dpakuuje BmakaHa: f-IaykaH, apadMHOKCHIAH, LIENy03a U Pe3uc-
TeHTaH ckpod. Jesrpacro Bohe je dumo HajdoratHje y BlakHUMa U YKynHUM (eHonuMa, mehy-
THM KaZa je y3era y 003up BenWuuHa nopuuje, Hobruuacro Bohe je duno Hajdomu U3BOP YKy-
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ITHUX, PAaCTBOPJ/BUBUX BJlaKkaHa U 1IeTyJio3e, JeUHULU U DagemMu cy Hajoobl U3BOP HEPaCTBOP-
JBUBUX BJIaKaHAa, JOK Cy OpacH OCTaad HajOosbH u3BOp monvdeHosna. Y aHaTU3UpaHUM OUsb-
HUM HaMHUDHHLlaMa HHUCy HaheHe 3HauajHMje KOIW4YMHE apabMHOKCWIaHa U f-TiykaHa. I1o-
IaTak O MPUCYCTBY PE3UCTEHTHOr CKpoba y MHAMjCKUM Opacuma je TpBa MOTBPIA [ja Pe3uc-
TEHTaH CKpod MOXe Ja ce Hahe y 3HauajHOj KOMUYMHM Yy je3rpacTom Bohy. OBHU pe3ynTaTty gajy
penak npuKas JUjeTapHOTr 3Hayaja Boha u mospha koje ce xoHsymupa y Cpbuju y cmuciy
cazp’kaja BlakaHa U nonugeHona.
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