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Abstract

BACKGROUND: The aim of this study was to evaluate a preparation of vegetable paste with bovine blood in order to maximize
the protein content using linear programming, and to analyze the product characteristics and quality of bovine blood-enriched
vegetable paste dried in a spouted bed. The drying experiments were performed by evaluating the effects of inlet air
temperature, paste flow rate and paste solids concentration on the dried product characteristics and quality (functional and
nutritional properties).

RESULTS: The vegetable paste enriched with bovine blood was a good source of protein (∼0.20 gg−1, dry basis), and the linear
programming was adequate to select the constituents (carrot, onion, potato, kale, tomato, soybean oil and bovine blood) and
optimize their quantities. Thedrying conditions of bovineblood-enrichedvegetablepaste in the spoutedbed that gave thebest
product characteristicswereanair temperatureof110 ∘Candapasteflowrateof600mLh−1 with0.07 gg−1 solids concentration.

CONCLUSION: The addition of bovine blood to vegetable paste by linear programming increased the protein content of the
pasteand improved its functionalproperties anddigestibility. Thepowderobtained fromthe spoutedbeddrier showedsuitable
functional and nutritional properties and was also a good source of antioxidant compounds.
© 2014 Society of Chemical Industry
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INTRODUCTION
Vegetables are an important source of nutrients for human health
owing to their content of vitamins, fibers, minerals and phyto-
chemicals that may lower the risk of chronic diseases.1 This pro-
tective effect has been attributed to the presence of antioxidants
such as phenolic compounds and vitamins.2 However, vegetables
are very perishable and need to be processed to increase their
shelf life, so drying them becomes a good option. The increas-
ing demand for dried vegetables with high-quality shelf stability
requires the optimization of the drying process with the purpose
of evaluating not only the efficiency of the process but also the
final quality of the dried product.3

Animal slaughterhouses produce a considerable amount
of by-products of high biological value, with blood being
prominent.4 In order to avoid the generation of high pollu-
tant loads in wastewater, research has shown that bovine blood
is a potential source of low-cost proteins with good functional
properties and is suitable for use in processed food.5 Studies
performed using blood have included drying in a spouted bed
drier for protein improvement of defatted rice bran6,7 and spray
drying to evaluate functional properties in canned pet food.8

Fruits andvegetableshavebeendriedby convectivedrying,9 sun
drying,10 microwave oven drying,11 osmotic dehydration12 and
spray drying.13 Spouted bed drying of pastes and suspensions
is a potential alternative to conventional spray drying owing to
its low cost, and the product quality is comparable to that of
materials obtained by spray drying.14 The spouted bed technique
promotes high rates of heat and mass transfer via the gas–solid

contact achieved by the cyclic movements of particles. Although
the industrial utilization of spouted bed drying presents a few
challenges, e.g. difficulty of scale-up, this technique have been
widely studied and found to be viable in the drying of starch
suspension,14 pulp fruits,15,16 herbal extracts,17 chitosan paste18

and Spirulina.19

Since many vegetables are protein-deficient, blood incorpora-
tion could be an option to improve the functional and nutritional
properties of vegetable proteins so as to obtain products that are
a source of high-quality amino acids. However, there is little infor-
mation on the evaluation of these properties for products dried
in a spouted bed. Therefore the aim of this study was to use lin-
ear programming for the enrichment of a vegetable paste with
bovineblood inorder tomaximize theprotein content, and toeval-
uate the drying of the enriched paste in a spouted bed. Functional
and nutritional properties of the dried products were determined,
including protein solubility, protein digestibility, water-holding
capacity, water solubility index, phenolic compounds, antioxidant
activity and color parameters, and samples were also evaluated by
scanningelectronmicroscopy andFourier transform infrared spec-
troscopy.
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MATERIALS ANDMETHODS
Reagents
Pepsin and pancreatin were acquired from Vetec Química Ltda
(Rio de Janeiro, Brazil). Gallic acid, Folin–Ciocalteu reagent
and 2,2-diphenylpicrylhydrazyl (DPPH) were purchased from
Sigma-Aldrich (St Louis, MO, USA). All other chemical reagents
were acquired fromMerck (Darmstadt, Germany).

Formulation of vegetable paste enriched with bovine blood
The vegetable paste was constituted by carrot (Daucus carota L.),
onion (Allium cepa L.), potato (Solanum tuberosum), kale (Bras-
sica oleracea), tomato (Lycopersicum esculentum) and commercial
soybean oil. The vegetables were acquired from a local market
(Rio Grande, Brazil) and stored at 5.0± 0.5 ∘C. The choice of con-
stituents was based on their high phytochemical content and
availability throughout the year. Table 1 shows the composition
and caloric value of each vegetable. The soybean oil was used to
provide the lipid content necessary in the paste formulation. The
bovine blood was collected from a slaughterhouse under aseptic
conditions, using sodium citrate solution as anticoagulant, accord-
ing to Maciel et al.6

In order to improve the protein content of the vegetable
paste with bovine blood and to optimize the quantity of each
constituent, the formulation was carried out using the linear
programming technique of Excel Solver (Microsoft, Redmond,
WA, USA). This mathematical technique has been used suc-
cessfully in food formulation.20,21 The objective function was
maximized for protein content according to restriction limits
established. The restrictions used were on carbohydrate, pro-
tein and lipid contents and caloric value, which had minimum
and maximum limits according to preliminary tests. The lim-
its established for use as restrictions in the formulation were a
carbohydrate content of 0.50–0.70 g g−1, a protein content of
0.10–0.20 g g−1, a lipid content of 0.04 g g−1 and a caloric value
of 2.00–5.00 kcal g−1. The lipid content found in preliminary
tests (∼0.04 g g−1) led to good particle circulation in the spouted
bed.
Equation (1) shows the objective function used formaximization

of the protein content. PT is the maximized protein content (g),
mi is the amount of constituent i (g), Pi is the protein content of
constituent i (g g−1) and n is the total number of constituents.

PT =
n∑

i=1
miPi (1)

The restrictions functions are given in Equations (2)–(4).
Equation (2) shows the total amount of constituents on a dry basis
(Cdb) (five vegetables, soybean oil and bovine blood). Equations
(3) and (4) show the restrictions on nutrient contents xi (g g

−1)
(carbohydrates, proteins and lipids) and caloric value to reach
the established minimum, X1 (g), and maximum, X2 (g), values
respectively. Equations (5) and (6) restrict the possibility of nega-
tive values and values higher than the maximum pre-established
quantity (m) respectively.

Cdb =
7∑

i=1
mi (2)

7∑

i=1
mixi ≥ X1 (3)

7∑

i=1
mixi ≤ X2 (4)

mi ≥ 0 (5)

mi ≤ m (6)

After the optimization by linear programming, each vegetable
was washed in water, peeled (except kale), cut, weighed and
crushed in a juice centrifuge (CF-01, Mondial, Barueri, Brazil) to
achieve better extraction. The remaining solids and the extracted
juice were mixed in a food processor (DLC-2A, Cuisinart, Kuki,
China). Finally, the vegetable paste was homogenized with the
commercial soybean oil and bovine blood in a blender and then
sieved (1.4mmmesh).

Drying experiments
The drying experiments were carried out in a conventional
spouted bed drier, consisting of a cylindrical column with a con-
ical base, which was developed in previous work.20 A schematic
diagram of the spouted bed equipment is shown in Fig. 1. The
cell diameter was 0.175m, the air inlet diameter was 0.029m and
the glass base had a taper angle of 60∘ and a height of 0.15m.
The cylindrical column had a diameter of 0.175m and a height of
0.75m. Thus the drier had a column diameter/air inlet diameter
ratio of 1:6.
The equipment consisted of a 6 kW radial blower (CR0850, Ibram,

São Paulo, Brazil), three resistors of 800W each to heat the dry-
ing air, a thermostatic control (IDO2B, Contemp, São Caetano do
Sul, Brazil), valves to regulate the air flow, an orifice plate con-
nected to a U-tube manometer to measure the air flow, and
copper/constantan thermocouples (CSC99, Contemp) to measure
the temperature. Polyethylene particles (2 kg) of mean diameter
0.0032m, sphericity 0.7 and density 960 kgm−3 were used as inert
support in the spouted bed.
The minimum spouting air drying velocity was established as

0.61m s−1 by plotting pressure drop/velocity curves (figure not
shown). The air circulation rate used was 100% higher than the
minimum spouting velocity, as recommended for drying pastes
and suspensions.22 The vegetable paste was introduced into the
cell (center of column) through atomization by peristaltic pump
and compressed air at 200 kPa absolute. The product obtainedwas
transported pneumatically by air drying and collected in a Lapple
cyclone.

Statistical analysis
According to preliminary drying experiments, three variableswere
defined for analyzing the drying process of vegetable paste with
bovine blood. A factorial experimental design (type 23) was used
to study the effects of inlet air temperature (90 and 110 ∘C), paste
flow rate (400 and 600mLh−1) and paste solids content (0.07
and 0.10 g g−1) on the characteristics of the final product (protein
solubility anddigestibility, water-holding capacity, water solubility
index, phenolic compounds, antioxidant activity, color difference
and hue angle).
In order to identify the variables that showed significant effects

at 95% level (P< 0.05) on the drying of vegetable paste enriched
with bovine blood, a variance analysis of the experimental data
was performed and pareto graphics were generated using Statis-
tica 6.0 software (StatSoft Inc., Tulsa, OK, USA).
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Table 1. Composition and caloric value of vegetables and bovine blood

Constituent
Protein content,

pi (g g
−1)

Lipid content,
li (g g

−1)
Carbohydrate content,

ci (g g
−1)

Ash content,
ai (g g

−1)
Caloric value,
vci (kcal g

−1)

Potato 0.11± 0.02 ≤0.01 0.86± 0.03 0.03± 0.01 3.74± 0.15
Carrot 0.13± 0.07 0.02± 0.01 0.76± 0.03 0.09± 0.02 3.43± 0.12
Kale 0.29± 0.01 0.06± 0.02 0.52± 0.02 0.11± 0.02 2.97± 0.23
Onion 0.15± 0.06 0.01± 0.00 0.80± 0.04 0.04± 0.01 3.51± 0.10
Tomato 0.22± 0.08 0.04± 0.01 0.63± 0.03 0.10± 0.02 3.06± 0.33
Bovine blood 0.77± 0.04 0.03± 0.01 0.16± 0.02 0.02± 0.01 3.96± 0.11

Values are mean± standard deviation of two measurements.

Figure 1. Schematic diagram of spouted bed equipment: 1, blower; 2, valves; 3, heating system; 4, temperature controller; 5, orificemeter; 6, manometer;
7, spouted cell; 8 and 9, thermocouples; 10, wet bulb thermocouple; 11, cyclone; 12, peristaltic pump; 13, suspension tank; 14, air compressor.20

Chemical composition of vegetable paste
Samples were analyzed for moisture (gravimetric method 925.09),
ash (furnace method 923.03) and protein (micro-Kjeldahl method
979.09) contents by AOAC23 methods and for lipid content accord-
ing to Bligh and Dyer.24 Carbohydrate content was calculated by
difference.

Protein solubility
Protein solubility was determined according toMorr et al.25 A 2.5 g
sample was added to 50mL of distilled water, shaken for 15min
and then centrifuged (Baby I 206BL, Fanem, São Paulo, Brazil) at
3500× g for 15min. The tube contents were filtered and the pro-
tein in solution was determined by the micro-Kjeldahl method.23

Protein solubility was calculated as the percentage of soluble
protein content relative to the total protein content in the sample.

In vitro protein digestibility
In vitro protein digestibility was determined as described by Khalil
et al.,26 with some modifications. A 100mg sample was incu-
bated with pepsin in HCl solution (0.1mol L−1) under constant
shaking for 3 h. Then pancreatin in phosphate buffer solution
(pH 8) was added. The flask was incubated again at 37 ∘C on an
orbital-horizontal shaker at 130 rpm for 24 h. The reaction was ter-
minated by adding 100 g L−1 trichloroacetic acid solution. After
centrifugation at 1500× g for 30min, soluble nitrogen in the super-
natant was determined by the micro-Kjeldahl method. Protein

digestibility was calculated as the percentage of soluble protein
content relative to the total protein content.

Water-holding capacity and water solubility index
Thewater-holding capacity (WHC) andwater solubility index (WSI)
were determined according to Anderson et al.27 A 2.5 g sample
was added to 30mL of distilled water, incubated in a water bath at
25 ∘C for 30min and then centrifuged at 3500× g for 15min. The
supernatant was poured into a weighed bottle and dried at 105 ∘C
overnight to determine the soluble solids weight. WHC (g g−1) and
WSI (% w/w) were calculated according to Equations (7) and (8)
respectively.

WHC = Wc∕
(
Ws −We

)
(7)

WSI =
(
We∕Ws

)
× 100 (8)

Here Wc is the weight of centrifuged solids (g), Ws is the
weight of the sample (g) and We is the weight of soluble
solids (g).

Total phenolic compounds
Total phenolic compounds were determined by a spectropho-
tometric method (SP-220, Bioespectro, São Paulo, Brazil) using
Folin–Ciocalteau reagent28 and absorbance measurement at
750 nmwith gallic acid as standard. Results were expressed as mg
gallic acid equivalent (GAE) g−1 dry matter.
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Table 2. Optimized amount of constituents used in vegetable paste
formulation

Constituent Amount (g, wet basis)

Soybean oil 2.1
Potato 37.5
Carrot 237.5
Kale 115.8
Onion 265.9
Tomato 205.9
Bovine blood 35.3

Antioxidant activity
Antioxidant activity was determined by the DPPH assay according
to Brand-Williams et al.,29 with modifications for simplicity and
reproduction. The DPPH radical-scavenging capacity of extracts
was measured as the absorbance maximum at 515 nm. Results
were expressed as percentage inhibition of DPPH radical.

Color parameters
Color parameters were evaluated by the Minolta system (CR-300,
Minolta Corporation, Ramsey, NJ, USA). Values of lightness (L),
greenness/redness (−a/+a) and blueness/yellowness (−b/+b)
were determined. Hue angle and color difference (ΔE) were
calculated by Equations (9) and (10).

Hue angle = tan−1 (b∕a) (9)

ΔE =
[
(ΔL)2 + (Δa)2 + (Δb)2

]1∕2
(10)

Here ΔL= L− L0, Δa= a− a0 and Δb= b− b0, where L0, a0 and b0
are the color parameters of the vegetable paste before drying.

Fourier transform infrared spectroscopy
Attenuated total reflectance Fourier transform infrared (ATR-FTIR)
spectroscopy (Prestige21, Shimadzu, Kyoto, Japan)wasperformed
on methanolic extracts to identify possible alterations in phenolic
functional groups.

Scanning electronmicroscopy
The paste and powder obtained under the optimal conditions
defined by statistical analysis were characterized by scanning
electron microscopy (SEM) (JSM-6610LV, Jeol, Tokyo, Japan).
A small quantity of each sample was mounted on a speci-
men stub with double-sided adhesive carbon tape and coated
with gold.

RESULTS ANDDISCUSSION
Formulation of vegetable paste enriched with bovine blood
All constituents were selected and optimized as shown in Table 2.
The major amounts optimized were for onion, carrot and tomato,
probably owing to their high carbohydrate content. Although
the formulation objective was to maximize the protein content,
the optimized amount was based on restrictions according to
dried soups, which are composed basically of carbohydrates.
Beyond that, the optimized amount of each constituent is a result
of its composition, i.e. lipid, protein and carbohydrate contents
and caloric value, which must be between the minimum and
maximum limits used. The composition of the optimized formu-
lation obtained by linear programming in order to produce 1 g
of dried product with 0.04 g of lipid was 0.20 g g−1 protein con-
tent, 0.60 g g−1 carbohydrate content, 0.04 g g−1 lipid content and
3.27 kcal g−1 caloric value. Thus the linear programming technique
was a suitable tool to optimize the amount of each constituent
and to maximize the protein content of vegetable paste with
bovine blood.
The chemical composition of the vegetable paste was ana-

lyzed to compare with the optimized data from linear program-
ming. The experimental results for the vegetable paste com-
position (dry basis) showed 0.229± 0.020 g g−1 protein content,
0.664± 0.009 g g−1 carbohydrate content, 0.039± 0.001 g g−1 lipid
content and 0.068± 0.001 g g−1 ash content.

Evaluation of vegetable paste drying in spouted bed
Table 3 shows the results for protein solubility, in vitro protein
digestibility, WHC, WSI, phenolic compounds, antioxidant activity
and color difference. A variance analysis of the experimental data
was performed (table not shown) and pareto graphicswere gener-
ated (Figure 2). Analyzing the pareto graphics, it can be observed

Table 3. Results of drying experiments according to factorial design matrix (23)

Variablesa Resultsb

Run W (mL h−1) T (∘C) Cs (g g
−1) Sol. (%) Digest.(%) WHC (g g−1) WSI (%) Phen.(mg GAE g−1) AA (%) ΔE

1 400 90 0.07 60.5± 3.0 59.0± 0.5 4.4± 0.3 38.9± 1.5 12.2± 0.9 9.6± 0.1 22.4± 0.1
2 600 90 0.07 72.2± 6.3 70.8± 0.5 4.3± 0.3 30.3± 1.9 8.3± 0.6 41.2± 0.6 20.9± 0.1
3 400 110 0.07 68.0± 0.3 73.0± 0.5 4.3± 0.2 41.7± 2.4 11.4± 1.2 21.9± 0.8 21.1± 0.2
4 600 110 0.07 63.3± 4.6 79.7± 0.8 3.9± 0.3 38.5± 0.4 12.7± 0.7 37.7± 0.3 22.6± 0.1
5 400 90 0.10 66.0± 0.4 69.6± 0.5 4.5± 0.1 33.0± 1.5 10.5± 1.3 12.4± 0.8 20.0± 0.6
6 600 90 0.10 56.7± 3.0 67.9± 0.6 4.2± 0.1 41.0± 0.7 11.9± 0.2 18.9± 0.1 23.3± 0.6
7 400 110 0.10 64.0± 0.4 77.5± 0.7 4.0± 0.1 33.3± 0.7 12.5± 0.1 9.2± 0.8 14.3± 0.2
8 600 110 0.10 84.5± 2.6 78.9± 0.7 3.7± 0.1 35.2± 1.8 16.3± 3.4 22.7± 0.7 19.9± 0.7

Values are mean± standard deviation of two measurements.
a W , paste flow rate; T , inlet air temperature; Cs, solids concentration in paste.
b Sol., protein solubility; Digest., protein digestibility; WHC, water-holding capacity; WSI, water solubility index; Phen., phenolic compounds; AA,
antioxidant activity;ΔE, color difference.
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Figure 2. Pareto graphics of (a) protein solubility, (b) protein digestibility, (c) phenolic compounds, (d) antioxidant activity and (e) color difference.

that the inlet air temperature was the variable that showed high-
est significance for characteristics of the final product such as pro-
tein solubility, protein digestibility, phenolic compounds andWHC
(figure not shown). However, the paste flow rate and solids con-
centration showed highest significance at 95% level (P< 0.05) for
antioxidant activity and color difference respectively.
The air temperature and paste flow rate showed positive effects

on the major responses: upon increasing the temperature from
90 to 110 ∘C and the flow rate from 400 to 600mLh−1, the dried

product presented best characteristics (protein solubility, protein
digestibility, phenolic compounds and antioxidant activity). In
relation to paste solids concentration, using the lower concentra-
tion (0.07 g g−1) also gave a product with suitable functional char-
acteristics. The WSI showed statistical significance at 95% level
(P< 0.05) only for interactions of solids concentration with paste
flow rate and air temperature (figure not shown). In the statistical
analysis of WHC, it was found that only the air temperature was
significant (P< 0.05). In relation to color difference, all main effects
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Table 4. Color parameters of dried products and vegetable paste

Experiment L a b Hue angle (∘)

1 44.8± 0.2a 0.9± 0.1a 25.0± 0.7ace 87.8± 0.5a
2 44.5± 0.2a 0.6± 0.2a 23.3± 0.4b 88.5± 0.3a
3 41.3± 0.2b 3.7± 0.2b 25.4± 0.3a 81.8± 0.3b
4 44.7± 0.1a 3.2± 0.3b 24.8± 0.3 ac 82.6± 0.6b
5 41.6± 0.7b 0.8± 0.2a 24.6± 0.6ace 88.3± 0.6a
6 44.9± 0.8a 0.9± 0.3a 24.3± 0.3ace 88.0± 0.6a
7 31.5± 0.3c 4.9± 0.6c 21.2± 0.1d 76.9± 0.9c
8 41.6± 0.8b 2.0± 0.3d 24.1± 0.2e 85.2± 0.8d
Vegetable paste 29.8± 0.3d −1.8± 0.1e 8.7± 0.3f 102± 1.3e

Values are mean± standard deviation of two measurements. Different letters in the same column indicate significant differences (P< 0.05).

and their interactions were significant (P< 0.05), but the air tem-
perature showed a negative effect on this characteristic. Therefore
the increase in air temperature led to a decrease in color differ-
ence, with the occurrence of some pigment degradation, under
the condition with higher paste flow rate (600mLh−1) and lower
paste solids concentration (0.07 g g−1).
The protein solubility, WHC and WSI values obtained in this

study (Table 3) were superior to those reported by Larrosa et al.20

for a vegetable paste without added bovine blood. This can be
attributed to proteins such as globulins in bovine blood hav-
ing greater interaction with water owing to their high solubil-
ity. According to Polo et al.,30 heat-induced gelling capacity is of
potential interest for food applications, since gels give texture and
consistency, improve WHC and retain flavors and nutrients.
In relation to protein digestibility, the dried products had higher

values owing to the addition of an animal protein source (Table 3).
Whena fresh samplewithout bovinebloodwas analyzed, a protein
digestibility of 19.5± 0.3% (dry basis) was obtained. The addition
of bovine blood to the vegetable paste resulted in a 3.8-fold
increase in protein digestibility to 74.6± 0.6% (dry basis). Thedried
samples obtained in experiments 4, 7 and 8 showed higher values
than the vegetable paste. These experiments were run at the
higher inlet air temperature. Protein digestibility can increase with
thermal processing, improving the bioavailability of amino acids.
The WSI (Table 3) is related to the degradation of starch. The

samples dried in the spouted bed did not show severe starch
decomposition, since the powders contained soluble materials
such as pectin (tomato), starch (potato) and blood proteins. The
WSI values were in accordance with those reported for sweet
potatoes.31

Although phenolic compounds are heat-sensitive, they did
not show degradation relative to those in the vegetable paste
(9.9± 0.6mg GAE g−1); instead, an increase in these compounds
was observed in the dried products (Table 3). A higher tempera-
ture can increase the phenolic content, through the availability
of precursors of phenolic molecules, by non-enzymatic intercon-
version between phenolic molecules.32 Another point to consider
is that some components of blood might protect or interact with
phytochemical compounds in vegetables, which could prevent
oxidation from occurring under the drying conditions used.
The antioxidant activity of the dried products (Table 3)was lower

than that of the vegetable paste (43.5% inhibition of DPPH). This
is because blood hemoglobin can compete with phenolic com-
pounds for DPPH and thus reduce its inhibition. It is probable that
the separation and use of plasma fromwhole blood could increase

(a)

(b)

Figure 3. FTIR spectra of (a) vegetable paste and (b) dried product from
spouted bed (600 mL h−1 with 0.07 g g−1 solids at 110 ∘C).

the antioxidant activity. Salgado et al.33 showed that the incorpora-
tion of bovine plasma hydrolysate improved the antioxidant prop-
erties of vegetable protein-based films by increasing the amount
of bioactive peptide antioxidants.
Studies on spouted bed drying need to consider not only the

characteristics of the dried product but also the performance of
the bed when a food paste is used. Experiment 4, carried out
at 600mLh−1 paste flow rate with 0.07 g g−1 solids concentra-
tion at 110 ∘C, resulted in the lowest mass accumulated in the

wileyonlinelibrary.com/jsfa © 2014 Society of Chemical Industry J Sci Food Agric (2014)
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(a) (b)

(c) (d)

Figure 4. SEM images of (a) vegetable paste (×200), (b) vegetable paste (×1600), (c) dried product from spouted bed (×200) and (d) dried product from
spouted bed (×1600).

bed (8.3± 2.0%). The experiments performed at 110 ∘C using veg-
etable paste with 0.10 g g−1 solids concentration showed poor
behavior of the particles in the bed. Experiment 3 showed the
highest mass accumulated owing to the outlet air temperature
(92.1 ∘C). Furthermore, the higher temperature affected the carbo-
hydrates in the paste and promotedmore agglomeration ofmate-
rial via caramelization and glass transition. In all experiments the
product showed a moisture content of around 0.08 g g−1.

Color parameters
The color parameters of the dried products showed significance
differences at 95% level (P< 0.05) relative to those of the vegetable
paste (Table 4). Lightness (L) values ranged from 31.5 to 44.9 com-
pared with 29.8 for the vegetable paste, resulting in lighter sam-
ples. Experiment 7 showed the lowest lightness, which could be
explainedby the lowerpasteflow rate andhigher inlet air tempera-
ture. The aparameter of dried samples showedpositive values, the
experiments with the lowest values being those performed at the
lower air temperature (experiments 1, 2, 5 and 6). The b parameter
showed positive values in the range from 21.2 to 25.4, indicating
a yellow color. The vegetable paste had the lowest b value. Hue
angle values of the dried samples showed a higher intensity of
color (red/yellow) comparedwith the fresh vegetable paste, which
had a green/yellow color.

Fourier transform infrared spectroscopy
Figure 3 shows the FTIR spectra of methanolic extracts of the
vegetable paste enriched with bovine blood and the dried
product obtained under optimal conditions of the experimen-
tal design. It can be observed that the functional groups of
phenolic compounds in the two spectra were not changed by
drying in the spouted bed. The characteristic bands of phenolic
compounds were found at 3500–3150 cm−1 (O—H stretching),
2750–2700 cm−1 (aldehyde groups), 2350–2100 cm−1 (CO2 gas),

1625 cm−1 (C O stretching vibrations), 1300 cm−1, 1000 cm−1

(C—O stretching) and 950–750 cm−1 (substituted aromatic
rings).34

Scanning electronmicroscopy
Figure 4 shows SEM images of the vegetable paste and the powder
obtained under optimal conditions in the spouted bed. It can be
seen in Figures 4(a) and 4(b) that the paste was compact and rigid,
probably owing to the presence of fibers. Some spherical particles
from the oil used in the paste were also observed. In Figures 4(c)
and 4(d) the dried powder shows a different morphology from
the vegetable paste. One can observe a homogeneous powder
with irregular surface particles. Small particles were also seen that
couldbeattributed to characteristic particles of blood. Thepowder
particle size was around 100 μm, as illustrated by Figure 4(c).

CONCLUSIONS
Linear programming to optimize the quantity of each constituent
of a vegetable paste, by maximization of the protein content,
proved adequate to formulate a bovine blood-enriched pastewith
a protein content of around 0.20 g g−1 (dry basis). The addition
of bovine blood improved the functional properties of proteins,
protein digestibility and the content of antioxidant compounds
with suitable antioxidant activity.
The drying conditions of bovine blood-enriched vegetable paste

in the spouted bed that gave the best product characteristics
were an inlet air temperature of 110 ∘C and a paste flow rate
of 600mLh−1 with a solids concentration of 0.07 g g−1. These
conditions resulted in suitable functional and nutritional proper-
ties (protein solubility and digestibility, WHC, WSI, phenolic com-
pounds and antioxidant activity), a color difference of 22.6± 0.1
and a hue angle of 82.7∘. The vegetable paste dried in the spouted
bed showed good FTIR andmorphological characteristics. Even at
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the higher drying temperature, the technique preserved the func-
tional groups of phenolic compounds. Furthermore, this powder
could be an alternative product to instant soups, with suitable
functional properties and high protein digestibility.
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