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Abstract Fruits and vegetables are extensively processed
and the residues are often discarded. However, due to their
rich composition, they could be used to minimize food
waste. This study aimed to develop food products based on
the solid residue generated from the manufacture of an
isotonic beverage. This beverage was produced based on
integral exploitation of several fruits and vegetables: orange,
passion fruit, watermelon, lettuce, courgette, carrot, spinach,
mint, taro, cucumber and rocket. The remaining residue was
processed into flour and its functional properties were eval-
uated. The fruit and vegetable residue (FVR) flour was
incorporated with different levels (20 to 35 %) into biscuits
and cereal bars. The proximate composition, microbiological
stability until 90 days and consumer acceptance were ana-
lyzed. The FVR flour presented a higher water holding
capacity than oil holding capacity, respectively 7.43 and
1.91 g g ' of flour, probably associated with its high levels
of carbohydrates (53 %) and fibres (21.5 %). Biscuits
enriched with 35 % of FVR flour presented significantly
higher fibre, ranging from 57 % to 118 % and mineral
contents, from 25 % to 37 % than when only 20 % was
added. Cereal bars presented about 75 % of fibres and
variable mineral contents between 14 % and 37 %. The
incorporation of FVR did not change the fat content. The
microbiological examinations are within acceptable limits
according to international regulation. The incorporation of
FVR flour did not impair consumer acceptance, the sensory
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attributes averaged around 6. The chemical, microbiological
and sensorial results of the designed products attested for an
alternative towards applying and reducing agro-industrial
wastes.
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Abbreviations

FVR  Fruit and vegetable residue
OHC  Oil holding capacity

TTA  Total titratable acidity
WHC  Water holding capacity

WF Wheat flour

Introduction

Nowadays, food industry is marked by the high volume of
waste produced. According to the recent research conducted
by FAO, about 1.3 billion tons of food has been wasted
worldwide per year, which represents one-third of the total
food industry production (Gustavsson et al. 2011). The larg-
est amount of loss is verified by fruits and vegetables,
representing 0.5 billion tons. In developing countries, fruit
and vegetable losses are severe at the agricultural stage but
are mainly explained by the processing step, which accounts
for 25 % of losses (Gustavsson et al. 2011).

Over the past two decades, the literature have discussed
the problem of waste generated by the food industry and the
possibility of re-use them not only for animal feed or organic
fertilization but also as raw-material for novel food products
(Zaror 1992; Laufenberg et al. 2003; Ayala-Zavala et al.
2010). Hence, there is a pressing need for improving the
use of fruit and vegetable through the integral exploitation of
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these species, thus minimizing the food waste production
and creating new food sources (Ayala-Zavala et al. 2010;
Laufenberg et al. 2003; Ayala-Zavala et al. 2011; Sun-
Waterhouse 2011).

Fruits and vegetables are extensively processed for the
beverage manufacture generating a large amount of residue
which is frequently discarded, causing disposal problems.
Classically, the outer layers and extremities of fruits and
vegetables are removed during processing, mainly by peel-
ing and pressing; they comprise essentially stalks, peels,
seeds and crashed pulp which still contain large amounts of
bioactive molecules and biopolymers, resulting in a consid-
erable nutritional loss (Ayala-Zavala et al. 2010; Sousa et al.
2011; Figuerola et al. 2005; Schieber et al. 2001). Since
these materials are naturally susceptible to microbiolog-
ical degradation, their further exploitation remains lim-
ited (Schieber et al. 2001; Carle and Schieber 2006). In
this way, the drying and its subsequent transformation
into flour can be a viable alternative to storage and use
as bread-making raw material.

Recovery processes for fruit and vegetable residues (FVR)
and extraction of bioactive compounds applied as food addi-
tives (i.e. anti-browning, antimicrobial, flavouring, colorants)
have been extensively developed (as reviewed by Ayala-
Zavala etal. 2011; Sun-Waterhouse 2011). Furthermore, recent
studies have shown functional food ingredients extracted from
FVR, since they are rich in dietary fibres and antioxidants
compounds (Sun-Waterhouse et al. 2010; Nilnakara et al.
2009; Aziz et al. 2011, 2012; Sun-Waterhouse et al. 2009).

The application of FVR from food processing as raw ma-
terial for the development of new food products have demon-
strated commercial significance, considering worldwide inter-
est in sustainable development of the food industry, reduction
of food wastes and also the development of new functional
foods (Silva et al. 2009; Yagci and Gogus 2009; Ajila et al.
2010; Canett-Romero et al. 2004; Rosales Soto et al. 2012).

The consumer trends concern nutritious, healthy and nat-
ural food (Betoret et al. 2011). Fruit and vegetable blends
present numerous advantages, such as flavour and nutritional
added-value (Sun-Waterhouse 2011). Blended beverage has
appeared as a good option of nutritionally improved product
with good sensory acceptance (Bhardwaj and Pandey 2011;
Dominguez-Perles et al. 2011; Martins et al. 2011).

Based on the most recent analysis of personal food con-
sumption in Brazil (IBGE 2008) that investigated the food-
stuff consumption per capita and preference of the consumer,
we have recently proposed an isotonic beverage manufacture
based on integral exploitation of several fruits and vegetables
species (Martins et al. 2011). The designed isotonic beverage
showed a good sensory acceptance and a microbiological
stability. Some of the fruits and vegetables used are known to
produce a large amount of waste (e.g. watermelon, passion
fruit, orange, taro), mainly because when processed they are

not fully exploited. Despite the efforts to minimize the waste
generation through the full utilization of the raw material, the
amount of solid residue generated remained high. In this
context, the main idea of this work was to develop sustaining
and functional food products based on the residue generated
from the isotonic beverage production. This residue was
processed into flour (FVR) and incorporated with different
levels into biscuits and cereal bars. The aims of this study
were 1) to evaluate the functional properties of the FVR flour,
ii) the proximate composition, iii) the microbiological stabil-
ity and iv) the consumer acceptability of the FVR flour and
of the developed products.

Materials and methods
Plant materials

In this study, the following species of fruits were used: Selecta
orange (Citrus sinensis), passion fruit (Passiflora edulis) and
watermelon (Citrullus lanatus). The following species of veg-
etables were used: lettuce (Lactuca sativa), courgette
(Cucurbita pepo), carrot (Daucus carota), spinach (Spinacea
oleracea), mint (Mentha s.p.), taro (Colocasia esculenta),
cucumber (Cucumis sativus) and rocket (Eruca sativa). All
species were purchased from a local supermarket (Rio de
Janeiro, Brazil) and were taken to the laboratory for immedi-
ate use. Fruits and vegetables were properly washed in
flowing water, after they were sanitized for 30 min in a bath
containing 200 ppm of sodium hypochlorite (NaClO) before
rinsing in flowing water again.

Isotonic beverage preparation

Preliminary tests with different proportions of the fruits and
vegetable species were performed and accompanied by sen-
sory analysis. After preliminary tests, the final formulation of
the concentrated juice contained 50 % vegetables (approxi-
mately 2 % mint and rocket; 5.5 % lettuce, spinach and taro;
8.5 % cucumber and courgette and 13 % carrot) and fruits
(11 % orange; 19 % passion fruit and 22 % watermelon).
Whole fruits and vegetables were cut into pieces, weighed
and processed by using a centrifugal Juicer (Phillips Wallita,
Brazil). The concentrated juice was kept at —18 °C in plastic
bags after pasteurization (60 °C for 60 min).

The adjustments of carbohydrate (method 925.46) and
sodium (method 960.29) contents were performed in qua-
druplicate on the freshly concentrated juice (AOAC 1984).
The upper limit of carbohydrate concentration was
established around 8 % (w/v) and the interval of sodium
content 460—1,150 mg L' based on the suitable concentra-
tion for functional isotonic drinks (Brouns and Kovacs
1997). Finally, the isotonic beverage was prepared by
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addition of water in the proportion 1: 2 of frozen concentrat-
ed juice, natural green colour (chlorophyll), mint flavour,
xanthan gum (0.3 %, w/w) and sodium citrate (0.1 %, w/w)
as previously reported (Martins et al. 2011).

FVR flour processing

After the production of the concentrated juice, the remaining
solid residue (FVR) was immediately processed into flour.
The FVR was dried in a drying oven with air renewal and
circulation (Marconi, model MA035, Brazil) at 65 °C for 6 h.
Then, the dehydrated residue was ground using a food pro-
cessor for 5 min and dried out for 1 h at 90 °C before grinding
once more for 1 min. Flour samples were stored at room
temperature (RT) in aluminized aseptic bags until further
analysis. The flow diagram of the FVR flour production is
showed in the Fig. 1.

The flour yield was determined in three different lots by
the relationship between the mass of the solid residue after
processing of fresh fruits and vegetables and the mass of the
dried flour. The granulometry of FVR flour was determined
by sieving 100 g of sample during 10 min on a sieve shaker
with the mesh Tyler opening from 40 to 170.

Biscuit preparation

Biscuits were produced from three blend formulations: salty
(B1), bittersweet (B2) and sweet (B3) formulation (Table 1).

Fruits and
Vegetables

Cleaning
Disinfection
v Centrifugation

Minimally
Processed Juice

Adjust carbohydrates
and salt content
Pasteurization

Concentrated Juice Solid Residue
Add ingredients Drying
Homogenization Grinding

A A
. Fruit and Vegetable
Isotonic Beverage g
Flour

Mix ingredients
Dough preparing
Baking

Biscuits Cereal Bars

Fig. 1 Flow diagram for the isotonic beverage, fruit and vegetable
residue flour, biscuit and cereal bars production

@ Springer

The blends were prepared by mixing wheat flour (WF) with
FVR flour in the proportions of 80:20 for the salty and 65:35
for the sweet biscuits. The ingredients were mixed thoroughly
in a kitchen aid mixer. The dough was then placed on a cutting
board, rolled out until uniform thickness and textures. Biscuits
were weighed and cut into desired shape and size. The shaped
dough pieces were then baked at 180 °C for 40 min. Once
baked, the biscuits were allowed to cool, packaged in alumi-
nized aseptic bags, sealed and stored in cool and dry place.

Cereal bars preparation

Three blends of cereal bars varying in composition were
prepared: salty (C1) and two sweet (C2 and C3) formulations
(Table 1). The samples were prepared by mixing the wet
ingredients, heating the sucrose syrup (only for sweet for-
mulations) to boiling temperature and thoroughly blending
with the premixed dry ingredients. The resultant mixture was
weighed, pressed into rectangular bars (30 mm X 100 mm x 10-
mm) and allowed to cool at RT for 6 h. The salty moulded
bars were baked at 160 °C for 10 min and cooled at RT.
Finally, the cereal bars were packaged in aluminized aseptic
bags, sealed and stored in cool and dry place.

Functional and physico-chemical analysis of FVR flour
Solubility, water and oil holding capacities

The solubility, water holding (WHC) and oil holding (OHC)
capacities were determined in four replicates based on the

Table 1 Formulation of biscuits and cereal bars added with fruit and
vegetable residue flour

Cereal bar
formulations

Ingredients (g Kg~') Biscuit formulations

Salty Bittersweet Sweet Salty Sweet

Bl B2 B3 cl C2 (3

Fruit and vegetable 120 110 90 150 200 200
flour
Wheat flour 480 210 170 - - -
Rice flour - - - 150 200 -
Oat flakes - - - 150 200 380
Linseeds - - - 30 30 20
Sucrose syrup - - - - 330 350
Egg white - - - 320 - -
Olive oil 91 80 60 160 - -
Water 280 270 250 - - -
Brown sugar - 120 260 - 20 35
Cocoa powder - 210 170 - 20 15
Condiments 26 1 1 40 - -
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standard method proposed by Anderson (1982) with slight
modifications. FVR flour (1 g) was accurately weighed into
previously tared 15 mL Falcon tubes. Next, 10 mL of dis-
tilled water (or vegetal oil) was pipetted into the tubes
containing the samples. The suspensions were stirred at RT
and centrifuged (1,500 % g 30 min). The supernatants were
dried to a constant weight at 105 °C. The residue obtained
represented the amount of flour granules solubilised in water
(g of dry weight per 100 g of FVR, dry basis). After centri-
fugation, each tube was weighed then the WHC and OHC
were calculated as g water or oil per g of dry sample,
respectively.

Total titratable acidity

The total titratable acidity (TTA) was determined in four
replicates in freshly prepared FVR flour and during its stor-
age until 120 days. Five grams was homogenized with
30 mL of 95 % ethyl alcohol and the corresponding TTA
was performed by titrating against 0.1 M NaOH using
bromothymol blue indicator (Gongalves 2009). The results
were calculated as citric acid equivalent and were expressed
as g Kg™' of FVR flour.

Proximate composition analysis

The proximate composition of the FVR flour, biscuits and
cereal bars was analyzed. The moisture, ash, crude fat, crude
fibre and protein (N x 6.25) contents were determined
according the standard methods (AOAC 1984). Crude fibre
content was determined by acid and further alkaline diges-
tion (90 °C for 1 h) on a fibre digester (Marconi, MA-444,
Brazil). The content of available carbohydrates was deter-
mined by difference from the protein, fat, moisture, ash and
crude fibre contents. Caloric values were computed using the
Atwater general factor system: carbohydrate (4 Kcal g ),
lipid (9 Kcal g ') and protein (4 Kcal g ). All experiments
were performed on four replicates.

Evaluation of microbiological stability

The microbial stability of FVR flour, biscuits and cereal bars
was evaluated attending to the specifications of the
International standards CODEX Alimentarius (CAC/GL
21-1997) (CAC 1997). The microbiological stability of the
FVR flour, biscuits and cereal bars was evaluated in dupli-
cate at 0, 30 and 90 days by analyzing the total viable acrobic
mesophilic bacteria, Escherichia coli, Bacillus cereus,
Staphylococcus aureus, yeast and mold counts and also the
verification of the presence of Salmonella sp, coliforms at
35 °C and 45 °C (Downes and Ito 2001; ICMSF 1986). The
maximum accepted levels followed the Brazilian regulations
(RDC n°12) of food microbiological standards (Brasil 2001).

This legislation establishes microbiological standards, based
on the CODEX Alimentarius, separated by category; the
categories considered were fruit and vegetable products,
flour and baking products.

Consumer acceptability

A total of 100 consumers were recruited from Nutrition
School to evaluated the cereal bars and 90 for evaluation of
biscuits. These consumers consisted of both genders be-
tween the ages of 17 and 68. Biscuits and 1/3 of bar samples
were presented on odourless white plastic plates at RT with
three-digit random number codes. These samples were rated
for overall acceptability, appearance, colour, taste and tex-
ture. Evaluations were conducted using a nine-point hedonic
scale to determine the degree of liking (9=like extremely,
S5=neither like nor dislike, 1 =dislike extremely) according to
Stone and Sidel (1992). The purchase intent was measured
on a five-point scale (from S=definitely would buy to
1=definitely would not buy).

Statistical analysis

All results were statistically examined by using one-way
analysis of variance (ANOVA) and significant differences
were determined using Tukey’s test at a significance level of
p<0.05, performed using the software Assistat (7.5 beta,
2010). Three lots of FVR flour were studied and all analyses
in this study were performed in four independent replicates.

Results and discussion

The composite flour (FVR) was produced from the solid
residue based on the entire exploitation of several fruits and
vegetables after the isotonic preparation. The total weight of
this residue was approximately 1 kg, after processing it was
reduced by approximately 100 g of flour. Therefore, the FVR
flour production provided a 10 % yield. The processed flour
presented a maximum particle size of 75 pum, being
completely retained on the first mesh.

Physico-chemical analysis
Solubility, water and oil holding capacity of FVR flour

The water holding capacity (7.43 g/g flour) of FVR was
higher than oil holding capacity (1.91 g/g flour) (Table 2).
This difference may be related to the main composition of
the residue of fruits and vegetables, rich in monosaccharide
and polysaccharides and their derivatives, such as pectin,
which have in their chemical structure many available hy-
drophilic groups to connect the water molecule through
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Table 2 Functional properties of the fruit and vegetable residue (FVR)
flour

Water holding capacity (WHC) (g water/g FVR flour) 7.43£1.25
Oil holding capacity (OHC) (g oil/g FVR flour) 1.91+0.40
Solubility (%, d.b.) 17.27+0.52

Values are means + standard deviation (n=4)

hydrogen bonds. Both, WHC and OHC are important func-
tional properties that have been widely studied in food, as
they are associated with food quality. The WHC of FVR
flour was higher than those from the mango kernel processed
flour, rice flour, soy flour and dietary fibres of cereals bran
and comparable to the apple fibre, i.e. 1.9, 2.4, 4.8-6.7, 2.1—
5, 9.4 g of water/g of dry matter, respectively (Arogba 1997;
Heywood et al. 2002; Silva and Ascheri 2009; Chen et al.
1988). The OHC of FVR resembled the values from mango
kernel processed flour and commercial preparations of die-
tary fibres (i.e. 0.9 and 1.29 g of oil/g of dry matter) (Abdul-
Hamid and Luan 2000; Arogba 1997). Another important
functional property is the solubility in water. This relates to
the amount of soluble solids in the sample. The percentage of
water solubility of FVR flour (17.3 %) was superior to that
found in rice flour (1.1 %) and similar to sweet potato flour
(16.6 %) (Silva and Ascheri 2009; Borba et al. 2005). Fruit-
based flour has been appointed as suitable for incorporation
in dough and pastry products due to the exhibited functional
properties (Arogba 1997; Aziz et al. 2012).

Changes in the total titratable acidity of fruit and vegetable
residue flour

The acidity determination can provide important data to
assess the conservation state of the product, since a decom-
position process by hydrolysis or oxidation, often changes
the sensory and nutritional characteristics of the product. The
results of the changes in the acidity of FVR flour during its
storage showed a progressive decrease in the TTA until
120 days (Fig. 2). After 90 days, the TTA level decreased
significantly by 50 %, from 8.87+0.78 g citric acid Kg '
FVR to 4.63+0.11 g citric acid Kg~' FVR and remained
stable until 120 days. These results are in agreement with our
unpublished results showing a significantly decrease in the
TTA in FVR-based biscuits storage until 90 days (data not
published). Similar levels of TTA (7-10 g citric acid Kg ")
were observed for the blend of wheat and mango kernel flour
and manufactured biscuits (Arogba 1999). However, no
information is available in the literature concerning the evo-
lution of TTA during storage. The importance of the TTA
decrease could be related to the control of microorganism
growth, since this parameter is accompanied of a pH increase
and a raise of the total soluble solids. Considering that the
FVR flour was produced from whole plants, including peels
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Fig. 2 Changes in the titratable acidity during the storage of the fruit
and vegetable residue flour. Vertical bars indicate average and standard
deviation (n=4) and different letters show significantly difference
(p<0.05)

and seeds, the decrease in the TTA can be explained by the
continuous metabolic changes of organic acids into carbon
dioxide and water. Moreover, high levels of reducing sub-
stances, such as tannins, polyphenols and carotenoids, have
been described to be present in fruit and vegetable by-
products (Ajila et al. 2007; Ayala-Zavala et al. 2010).

Proximate composition

The proximate composition of FVR flour indicated low
humidity and high levels of available carbohydrates, fibres,
proteins, ash and lipids (Table 3). The high concentration of
carbohydrates, proteins and lipids gave a caloric value of
296 kcal per 100 g. The high concentration of carbohydrates
and fibres resulted from the main components of the FVR
flour: peels and seeds, which are rich in starch, cellulose,
hemicelluloses, lignin, pectin and other biopolymers. In the
same way, these components were responsible by the high
mineral concentration. Crude fibre and mineral contents
were approximately eight-fold higher and the fat content
four-fold higher than that in WF (Arogba 1999; Madruga
and Camara 2000). The low moisture content found in FVR
flour has a positive influence on storage stability, textural
quality, chemical and biochemical reactions. Moreover, the
incorporation of FVR in bakery products improved dietary
fibre and functional properties (Ajila et al. 2008). The com-
position results indicated valuable features for the elabora-
tion of bakery products rich in fibres and minerals and also
presenting a considerable energetic value.

The proximate composition of the developed products is
showed in the Table 3. The moisture content of the sweet
biscuit (B3) was significantly higher than the others, due to
the sugar addition in this formulation, since it is a very
hygroscopic ingredient and given that similar amounts of
water were used in all formulations. Contrary to expecta-
tions, due to the water holding capacity of fibres, the
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Table 3 Proximate composition of biscuits and cereal bars added with fruit and vegetable residue flour
Fractions (g Kg ' d.b.)  Fruit and vegetable flour Biscuit formulations Cereal bar formulations

Salty Bittersweet Sweet Salty Sweet

Bl B2 B3 Cl1 C2 C3
Moisture 58.8+4.88 52.4+3.83"  53.9+4.59" 175.1£2.18° 136.2+3.32° 274.6£23.22* 293.6+9.57°
Ash 49.3+4.07 25.1+0.64*  36.7+1.89° 35.0+1.84°  327+1.10°  14.0£1.22° 18.1£1.78°
Protein 95.2+16.81 48.6£1.84* 102.9+5.17° 65.8+3.84° 1432+1.41% 73.9+1.08° 41.3£2.12°¢
Fat 50.9+5.04 115.7+1.68* 97.9+2.91° 97.5£2.91°  132.2+3.82* 19.3+1.10° 28.6+0.97°
Crude Fibre 215.2+16.07 57.1+10.41* 117.5+13.41° 83.7+6.01° 72.2+5.87*  75.5+3.86" 78.7+1.64%
Available carbohydrate ~ 530.6 701.1 591.5 542.9 483.5 542.7 539.7
Calories (kcal per 100 g) 296 404 365 331 370 264 258

Values are means + standard deviations (n=4). For each product, mean values followed by different letters within the same line differ significantly

(»<0.05). Refer to Table 1 for biscuit and cereal bar formulations

moisture content did not increased when the amount of FVR
flour increased (compare Bl and B2 formulations, which
presented respectively 20 % and 35 % of FRV). This result
is in agreement with Canett-Romero et al. (2004), who
showed no differences in the moisture content of cookies
added of different proportions of deseeded grape pomace.
The protein, ash and fibre contents observed in the B2 and
B3 biscuits, were significantly higher than in the B1, since
the formers presented a higher (35 %) level of FVR flour
than B1 (20 %). The mineral content can also be explained by
the presence of cocoa powder in these formulations. The addition
of FVR flour do not contributed to a higher fat content, since the
B1 formulation presented the highest fat content. It was rather
associated to the olive oil used in this formulation. The highest
carbohydrate content of Bl samples was attributed to the addi-
tional proportion of WF (25 %)).

Sweet cereal bars (C2 and C3) showed significantly
higher moisture contents than the salty bar (C1), which was
baked while the sweet bars just rested at RT. In addition, the
moisture content increased when the total amount of flour
(FVR, rice and oat flakes) increased, it can be attributed to
the water holding capacity of the present fibres. Despite the
high water content, cereal bars showed a good microbiolog-
ical stability until 30 days. Crude fibre and available carbo-
hydrate contents did not differ in relation to the level of FVR
addition, showing the cereal contribution. The fibre and
protein contents were similar to those found in fruit-based
snack bars (Silva et al. 2009; Sun-Waterhouse et al. 2010).
Similarly to biscuit samples, the highest fat content of the
salty bar was related to the presence of olive oil, whereas
sweet samples presented a very low fat content.

The increment of FVR flour in all formulations devel-
oped promoted a significantly improvement in the fibre
fractions when compared to similar commercial products
(data not shown).

Microbiological tests

All food products designed with the fruit and vegetable flour
were complied with the CODEX Alimentarius standards and
were negative for Salmonella sp., coliforms (at 35 °C and
45 °C) and Escherichia coli (<0.3 MPN g™"). All samples
met the standard set for specific counting of each category
according to Brazilian standard regulation.

The evolution of microbiological profile of the samples
during storage until 90 days was also analyzed. Excepted for
the sweet cereal bars (C2 and C3), that after 30 days
presented visible growth of molds and yeasts being conse-
quently discarded, all samples met the standard set for spe-
cific recommendations of Brazilian standard regulation for
each category and did not present exceeding microbiological
limits or degradation symptoms for 0, 30 and 90 days. The
growth of molds and yeast in the sweet cereal bars after
30 days of storage is related to the high moisture content
found in these samples (Table 3). For the conservation of
these products additional studies, changing the packaging or
the processing and adding preservatives should be carried
out. Salty cereal bars and also FRV flour and biscuit samples
presented a regular profile in the molds and yeast counts
ranging from 100 CFU g ' for salty bars and 30 CFU g ' for
FRV flour in the time zero. During the storage period all
samples presented counts inferior to 10 CFU g .

For all samples analysed, the microbiological examina-
tion for Staphylococcus aureus was minimal (<0.3 MPN g ")
and are within acceptable limits (<100 MPN g, for vege-
tables dehydrated, dried or freeze-dried; <500 MPN g ', for
cookies and biscuits). The counting of Bacillus cereus
ranged from <10 to 20 CFU g ' being within the legal
standards for cereal bars.

Because microorganisms play significant role in the de-
termination of shelf lives of food products, we investigated
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Table 4 Sensory quality of bis-
cuits (n=90) and cereal bars
(n=100) containing fruit and

Sensory attribute

Biscuit formulations

Cereal bars formulations

vegetable residue flour Salty Sweet Salty Sweet
Bl B3 Ccl c2 C3

Values are means + standard er- Appearance 4.7+0.38* 5.6+0.48" 6.3£0.14* 6.3£0.16* 6.6+0.15*
rors. For cach product, mean Taste 5.2+0.33° 5.6+0.44° 7.0+0.13° 6.2+0.18° 6.8+0.18°
values followed by different let- a a a a a
ters within the same line differ Colour 5.3+0.35 6.2+0.33 6.2+0.16 6.4+0.16 6.7+0.14
significantly (p<0.05). Refer to Texture 5.5+0.40° 5.8+0.40% 6.8+0.13% 6.8+0.17* 7.2+0.16"
Table 1 for biscuit and cereal bar  Qyerall acceptance 5.5+0.24° 5.8+0.38" 6.7+0.10° 6.3+0.17° 6.6+0.14%

formulations

the level of viable aerobic mesophilic bacteria. The results,
expressed as log CFU g™, ranged from 4.15, 4.59 to 4.90 for
the FVR flour, respectively after 0, 30 and 90 days of
storage. The counting for biscuits and cereal bars samples
were in the same range but decreased during the storage
(4.04 to 1.48 and 3.72 to 1.30, respectively for biscuits and
bars after 0 and 90 days). Despite of some elevated values
and a slightly increasing profile mainly in the FVR flour, this
parameter cannot be used to dispose of the samples, since
there is no standard value specified for the presence of these
microorganisms in food products. Therefore, these numbers
have only an informative purpose.

Evaluation of consumer acceptability

The FVR flour was obtained from the solid residue generated
in the isotonic beverage process. The consumer acceptance
of this beverage was previous studied and showed a good
sensory acceptance, averaging around 7 for the general ap-
pearance (Martins et al. 2011).

The consumer acceptance of biscuits did not differ signif-
icantly (p<0.05) between the salty (Bl) and sweet (B3)
formulations (Table 4). For this reason the sensory evalua-
tion of the bittersweet formulation (B2) was not performed.
The evaluation of the consumer acceptance was also
performed after 0, 30 and 90 days of storage (data not
shown). Although without significant differences, the global
rate of acceptance increased after the storage period, proba-
bly due to an improvement of texture. All attributes
presented higher rates for sweet than salty biscuits.
Accordingly, the sweet biscuit presented a higher purchase
potential of 3.4, with approximately 50 % of consumers
appointing between “definitely” and “probably would
buy”, than the salty biscuit with a score of 3.1, where only
about 30 % selected these options.

The consumer acceptance of cereal bar formulations did
not significantly differ (»<0.05), only taste attribute of the
sweet sample (C2) differed negatively from the other sam-
ples. It could be attributed to the lower sugar content and the
higher cereal content within its formulation, impacting neg-
atively to the flavour and texture. Although without
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significant difference, the sweet sample (C3) averaged
slightly better for colour, appearance and texture and the
salty sample (C1) obtained the highest rate for taste. The
salty bar (C1) presented also the greatest purchase potential
of 3.9, with 73 % of consumers indicated “certainly would
buy” or “probably would buy”. This result may be attributed
to the originality of this product, differing from the commer-
cial types in the market. The sweet bars obtained lower
purchase intention, with 3.6 and 3.7 for C2 and C3 respec-
tively, but still showing the preponderance of the purchase
intention of about 60 %.

Taking all results together, incorporation of FVR flour in
the different formulations did not significantly impacted
consumer acceptance (p>0.05). The sensory attributes aver-
aged around 6 (“liked slightly”), demonstrating that the
FVR-containing products did not have particularly high con-
sumer ratings. Similar findings were reported by Ajila et al.
(2008) for biscuits substituted in 20 % with mango peel
powder and by Noor Aziah and Komathi (2009) in a com-
posite flour crackers produced with unripe mango pulp and
peel. Moreover, Kumari and Grewal (2007) showed that
incorporation of carrot pomace up to 20 % into biscuit
formulations did not change the sensory attributes.

Conclusion

This study reported a feasible and sustainable food process-
ing without waste generation. Results showed that the high
fibre, protein and mineral contents and also the WHC and
OHC of the FVR flour are potentially suitable for use in food
applications as a new low-calorie and functional raw mate-
rial. The designed products presented high fibre content,
reasonable consumer acceptance and were microbiologically
stable. This research promotes the reducing food waste since
whole plant tissues have been used leading to the maximum
exploitation of food raw materials.
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