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Abstract Physicochemical parameters (pH, colour and

texture), proximate composition (moisture, protein, lipid

and ash content), amino acid content, and taste profile of

beef patties elaborated with soy (control), pulses (pea, lentil

and bean) and microalgal (Chlorella and Spirulina) proteins

were assessed. The pH, colour, ash content, total, essential

and non-essential amino acids and amino acid content were

significantly different among the beef patties studied. In this

regard, beef patties prepared with pea protein presented the

highest values for pH; whereas beef patties manufactured

with pea also showed the highest values for lightness and

patties elaborated with bean the highest values for redness.

Similar textural parameters were observed among the six

batches of beef patties manufactured. Regarding ash

content, a significant higher content was observed in the

beef patties prepared with soy compared to the other ones.

On the other hand, the beef patties elaborated with bean and

seaweeds showed the highest values for the total amino

acids content. The inclusion of bean and seaweed proteins

increased the concentrations of all amino acids in beef

patties, being glutamic acids, lysine and aspartic acid the

predominant amino acids. Regarding the taste analysis, a

similar profile was found among the six batches of beef

patties studied. Considering all studied parameters, beef

patties elaborated with bean protein could be used as an

alternative protein source respect to soy protein because of

it showed a similar nutritional content and taste profile and

higher amino acid content.

Keywords Seaweeds � Pulses � Amino acid profile �
Chlorella and Spirulina � Chemical composition � Color
parameters � Textural traits

Introduction

For several decades, consumers� interest in healthy and

nutritious foods with balanced macro- and micronutrients

from both animal and vegetal origins has triggered

researchers and food industries to explore products from

diverse sources. Meat and meat products are important

sources of a great variety of nutrients, such as lipids, pro-

teins, minerals, and vitamins (Jiménez-Colmenero and

Delgado Pando 2013; Lorenzo and Pateiro 2013; Lorenzo

et al. 2014a), which make them an important group of

foods consumed by a wide range of people worldwide.

Since the consumers demands are changing and the market

is constantly growing, the improvement of the quality and

image of the meat is needed, as well as the development of
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products with health beneficial properties (dos Santos et al.

2016; Lorenzo et al. 2016, Domı́nguez et al. 2017; Heck

et al. 2017).

There has been a noticeable increase in the development

of meat products partially replaced with plant food mate-

rials. Soy is a very important source of proteins and repre-

sents a highly nutritious food with a desirable amount of

amino acids and fatty acids (Rinaldoni et al. 2014). Various

processed food products incorporate soy proteins because of

their health beneficial properties. However, due to the

recognition of soy as an allergenic food, interest in using

microalgae proteins in food has been growing in recent

years (Madeira et al. 2017). In addition to soy proteins, the

legume family proteins have gained importance among the

food ingredients as meat analogs and in other food products.

Beans, lentils, peas, and chickpeas, are among the most

nutritious and accessible protein sources, representing about

20% of dry weight in pea and beans (Neacsu et al. 2017).

On the other hand, recently, there has been a growing

interest in developing products with algal proteins (Parni-

akov et al. 2018). Depending on the species, strain and

algae growing conditions, the nutrient composition of

microalgae differs (Barba et al. 2014; Roohinejad et al.

2017). Microalgae are mainly composed of proteins,

polysaccharides, polyunsaturated fatty acids (PUFAs),

especially EPA and DHA, and antioxidants (phenolic acids,

flavonoids and carotenoids) (Barba et al. 2014; Poojary

et al. 2016; Agregán et al. 2017a, b, c; Lorenzo et al. 2017).

Due to these nutritionally and bioactive valuable com-

pounds, algae have been recognized for the manufacture of

nutraceuticals, cosmeceuticals, and feed supplements

(Barba 2017; Madeira et al. 2017; Roselló-Soto et al. 2015)

where their incorporation in food and feed may improve

nutritional value, texture, resistance to lipid oxidation and

color loss (Kovač et al. 2013; Lorenzo et al. 2014b;

Agregán et al. 2018a, b).

These matrices can be applied in animal nutrition in

order to improve growth, meat and eggs quality (Madeira

et al. 2017) as well as to reduce cholesterol levels (Kovač

et al. 2013). Several researchers have focused their atten-

tion on microalgae as important sources of proteins and

essential amino acids (Madeira et al. 2017; Parniakov et al.

2015a; b, c), thus constituting an alternative protein source

(Kovač et al. 2013). Moreover, algal proteins have similar

or higher quality compared to plant sources, such as wheat,

beans or rice (Barba et al. 2014; Becker 2007; Zhu et al.

2017). For instance, Milovanović et al. (2012) observed

that several cyanobacterial strains contain a high content of

proteins (42.8–76.5%).

Spirulina biomass, the blue-green algae (filamentous

cyanobacteria), has attracted attention of researchers

because of its remarkable protein content and it is consid-

ered to be one of the richest protein sources of microalgal

origin, with the protein levels comparable to meat (71–76%

dry basis) and soy (* 40% dry basis). The use of Spirulina

in partial meat protein replacement can be beneficial to

human health owing to its amino acid composition, absence

of cholesterol, high amounts of vitamins, minerals, essential

fatty acids, polyphenols and pigments (Lupatini et al. 2017).

Similarly, Chlorella is a photosynthetic microorganism,

which also plays an important role in this scenario. It has

a fast growth rate and is industrially produced not only for

its lipids, but also because of its high protein content

(48–58% dry basis) (Postma et al. 2014; Ursu et al. 2014).

Because of its emulsifying properties, the use of Chlorella

biomass as an ingredient in the food industry is high-

lighted (Lupatini et al. 2017). Moreover, both Spirulina

and Chlorella have the ability to accumulate high amounts

of bioactive compounds with technological, functional,

antibacterial, antifungal and antiviral properties, which

can be used at an industrial level (e.g. incorporation in

several formulations of bread, snacks, and pasta)

(Roohinejad et al. 2017).

When food products are manufactured with Spirulina

and Chlorella biomasses, their taste should be assessed by

potential consumers. It is known that alanine, glycine,

proline, serine, and threonine provide a sweet taste,

whereas histidine, allo-isoleucine, isoleucine, leucine,

methionine, phenylalanine, tryptophan and valine are

related to a bitter taste. On the other hand, aspartic acid and

glutamic acid are correlated to the umami taste, which is

considered as one of the primary tastes (Barba et al. 2017)

and can be found in different types of foods, such as meat,

soy sauce, seafood and some processed foods (Suess et al.

2015; Zhang and Peterson 2018).

Patties are very popular food worldwide. Regardless of a

quality, color, texture and nutritive value, the taste profile

is still often a key driver for a consumption of a product

(Zamuz et al. 2018). A current focus of food industry is the

enrichment of various products to improve a healthy life-

style. Therefore, the addition of soy to the meat products

has been found to positively influence the nutritional pro-

file. Following a technological trend, the objective of this

work was to determine the improvement of the physico-

chemical and nutritional quality profile of the meat in beef

patties by using different protein sources of plant (pea,

lentil and bean) and algal origin (Chlorella and Spirulina).

Materials and methods

Experimental design and manufacture of beef

patties

Beef meat was provided by Novafrigsa S.A.—Grupo Coren

(Lugo, Spain). All the used spices and additives were of
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food grade. Different vegetable protein (soy, pea, lentil and

bean) were supplied by VitessenceTM Pulse Proteins, with

90, 55, 55 and 60% of purity, respectively. Seaweed pro-

teins (Spirulina, Chlorella) sources were supplied by

Algaenergy (Madrid, Spain) with 70 and 60% of purity,

respectively. All the chemicals used for the analysis were

of analytical grade.

Six batches of beef patties with different protein sources

were manufactured in the pilot plant of the Meat Tech-

nology Center of Galicia (Fig. 1). A total of 30 beef patties

were elaborated: 5 control (1% soy protein), 15 pulse

protein (5 with 1% pea, 5 with 1% lentil and 5 with 1%

bean) and, 10 seaweed protein (5 with 1% Chlorella and 5

with 1% Spirulina). Patties of 100 g were manufactured

using beef lean meat with a fat content between 3 and 6%

and the meat was ground through a 6 mm diameter minc-

ing plate in a refrigerated mincer machine (La Minerva,

Bologna, Italy).

This meat was vacuum minced in a vacuum mincer

machine (Fuerpla, Valencia, Spain) for 3 min with water

(10%) and all additives except protein extract. Meat mass

was separated in six batches and to each one the necessary

quantity of extract protein was added. These six mixed

masses were kept at 4 ± 2 �C during 4 h and then beef

patties were elaborated in a burger-maker (Gaser, A-2000,

Girona, Spain) and their physicochemical properties,

amino acid content, and taste profile were analysed.

Physicochemical parameters

Physicochemical parameters were analysed according to

method previously reported by Pateiro et al. (2013). Colour

was measured using a portable colorimeter (CM-600d-

Konica Minolta, Japan) with pulsed xenon arc lam, 0�
viewing angle geometry and 8 mm aperture size, to esti-

mate patties colour in the CIELAB space: lightness, (L*);

redness, (a*); yellowness, (b*). The colour was measured

in three different points of each sample in homogeneous

and representative areas, free of fat. Water-holding

capacity (WHC) was measured as cooking loos (%), and

textural profile analysis (TPA) test was conducted using a

texture analyser (TA-XT2, Stable Micro Systems,

Godalming, UK). Likewise, pH of patties was measured

using a digital portable pH-meter (HI 99163, Hanna

Instruments, Eibar, Spain) equipped with a penetration

probe.

Proximate composition

Moisture, protein and ash were determined following the

ISO recommendations (ISO 1442:1997, ISO 937:1978 and

ISO 936:1998, respectively). Moisture content was deter-

mined by measuring sample (3 g) weight loss at 105 �C in

an oven (Memmert UFP 600, Schwabach, Germany), until

constant weight. Kjeldahl total nitrogen method was used

to determine protein percentage (total nitrogen content was

multiplied 9 6.25). Samples were subjected to reaction

Fig. 1 Beef patties formulated with different protein sources (control = soy; pea; lentil; bean; Chlorella and Spirulina) manufactured in the pilot

plant of the Meat Technology Center of Galicia
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with sulfuric acid in a digester (Gerhardt Kjeldatherm KB,

Bonn, Germany) and cupric sulfate was employed as a

catalyst, then the organic nitrogen was transformed into

ammonium sulfate, and distilled in alkali condition (Ger-

hardt Vapodest 50 carroused, Bonn, Germany). Ash con-

tent was assessed by weight loss by maintaining the sample

in a muffle furnace (Carbolite RWF 1200, Hope Valley,

England) at 600 �C. Fat content was extracted according to

the AOCS Official Procedure Am 5-04 (AOCS 2005).

Samples were subjected to a liquid–solid extraction using

petroleum ether in an extractor apparatus (AnkomHCI

Hydrolysis System, Macedon NY, USA) at 90 �C during

60 min and, the fat content was obtained based on gravi-

metric difference.

Amino acid content and taste profile

Taste profile was determined from amino acid profile.

Hydrolyzed amino acid composition (g/100 g of meat) of

manufactured meat products was estimated using the pro-

cedure previously described by Lorenzo et al. (2011).

Amino acids derivatization was performed using the

6-aminoquinolyl-N-hydroxysuccinimidyl carbamate

(Waters AccQ-Fluor reagent kit) and determined by RP-

HPLC (Waters 2695 Separations Module ? Waters 2475

Multi Fluorescence Detector ? Waters AccQ-Tag amino

acids analysis column).

Statistical analysis

The differences in physicochemical parameters, amino acid

profile, and taste profile among elaborated beef patties were

examined using one-way analysis of variances (ANOVA)

and the means were compared using the Duncan’s test. A

linear discriminate function containing an optimal subset of

variables was done to determine the coefficients that

maximize the differences between samples. Statistical tests

were performed for a significance level P\ 0.05 and using

IBM SPSS Statistics� 23.0 program (IBM Corp). Data

were presented as means of 5 replicates and standard error

of the mean (SEM) was calculated.

Results and discussion

Color, pH, and textural parameters of beef patties

The pH and color and textural parameters of the different

formulations of patties are presented in Table 1. Con-

cerning the pH values, changes among the different for-

mulations of protein addition of patties samples were

normally considered significant (P\ 0.001). Pea patties

presented a slight increase in pH values compared to the

other samples with values ranging between 6.56 and 6.28.

Although other authors (Cofrades et al. 2008, 2017; López-

López et al. 2009b) reported a pH reduction with the

addition of Himanthalia elongata to a meat product,

Chlorella and Spirulina showed similar values or slightly

higher than control group.

Colorimetric parameters (L*, a*, b* coordinates) were

also significantly (P\ 0.001) affected by incorporating

protein from plant and algal origin. Lightness (L* coordi-

nate) was lower in patties with added Chlorella (28.40),

followed by Spirulina (30.34) than in other samples. This

decrease in L* value is mainly due to the different color

(green and blue-green pigments) of the protein extracts

from microalgae species compared to pulses. Moreover, it

could be also promoted by Maillard reactions. The highest

L* values were observed in pea (42.84) and lentil (40.38)

patties. In a similar way, a significant decrease in values of

redness (a*) and yellowness (b*) after replacement by

Chlorella (- 2.67 and 5.97, respectively) and Spirulina

3.24 and 11.33, respectively), was observed. This fact can

be attributed to chlorophyll pigments.

Concerning to the textural profile analysis (TPA),

cooking loss, hardness, adhesivity, elasticity, cohesiveness,

gumminess and chewiness of the patties, it was not affected

(P[ 0.05) by the type of formulation. However, López-

López et al. (2009b) showed that the addition of H. elon-

gata extracts led to a twofold increase in hardness and

chewiness values, while it reduced the springiness and

cohesiveness of the frankfurters. Similar results were

reported by Cofrades et al. (2008) in meat gel/emulsion

model systems when they evaluated different edible sea-

weeds, including H. elongata.

Proximate chemical composition of beef patties

Regarding chemical composition (Table 2), no significant

changes (P[ 0.05) were found in moisture, protein and fat

content of patties manufactured using different types of

protein. However, significant differences (P\ 0.001) were

observed for ash contents, especially for patties prepared

with lentil protein added, which had a reduction of 6% in

ash content compared to control samples. This fact could

be related with the high amount of ash in soy (2.2%)

compared to the other ones (below 1.5%) (Taghdir et al.

2017). Our results contrast to those reported by López-

López et al. (2009b), who reported a lower moisture and

protein contents as well as higher ash and fat contents of

seaweed-enriched meat products compared to the control

sample with soy.
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Impact of protein replacement on amino acid profile

of beef patties

Figure 2 shows the total, essential (E) and non-essential

(EN) amino acid contents and E/EN ratio of elaborated

beef patties. As can be seen in the figure, significant dif-

ferences were observed for total (P\ 0.01), essential

(P\ 0.01) and non-essential (P\ 0.001) amino acid

content. Chlorella patties showed the highest content in the

total hydrolyzed amino acids (22.98 g/100 g) followed by

Spirulina patties (21.73 g/100 g) and bean patties (20.97 g/

100 g), while pea patties exhibited the lowest (18.36 g/

100 g) values. The results were concordant with the results

found by Parniakov et al. (2018) in chicken rotti elaborated

with legumes and algae protein. The same pattern was

found to essential and non-essential amino acids. Chlorella

patties had a 10.71 g/100 g of essential amino acids fol-

lowed to Spirulina patties with a 10.31 g/100 g and bean

patties with a 9.95 g/100 g and not significant differences

was found among the three batches studied. The content of

non-essential amino acids for these three patties was 12.25,

11.07 and 11.02 g/100 g, for Chlorella, Spirulina and bean

samples, respectively. The content of non-essential amino

acids on Chlorella beef patties showed significant differ-

ences (P\ 0.05) respect to the values found on Spirulina

and bean batches.

The amino acid score confirmed that the quality of the

protein in algal-meat systems is good from the nutritional

standpoint (López-López et al. 2009a). Essential amino

acids are those that cannot be synthesized de novo by the

organism, and thus must be supplied in human diet. Sta-

tistical analysis did not show significant differences on the

ratio of essential and non-essential amino acid, presenting

values close to 1 for all batches studied. This result indi-

cated that, proportionally essential amino acids content was

higher than in other samples, and that the nonessential

amino acids content was lower.

The hydrolyzed amino acid profile (Table 3) in the

formulated patties included 17 amino acids out of the 20

amino acids constituting food proteins, including the nine

essential amino acids. Arginine was included in the

essential amino acid group (Domı́nguez et al. 2015). All

amino acids showed significant differences (P\ 0.05),

except glycine, cysteine and tyrosine. With respect to the

control sample (soy protein), the addition of Spirulina

followed by Chlorella and bean produced an increase in the

Table 1 Physical properties of

beef patties manufactured with

different protein sources

Soy Pea Lentil Bean Spirulina Chlorella SEM Sig.

pH 6.32c 6.56a 6.35c 6.28c 6.30c 6.47b 0.22 ***

Colour parameters

L* 39.83b 41.84a 40.38ab 38.90b 30.34c 28.40d 0.99 ***

a* 22.37ab 22.22b 22.92ab 23.25a 3.24c - 2.67d 1.99 ***

b* 18.37a 19.17a 19.09a 18.41a 11.33b 5.97c 0.94 ***

Textural parameters

Cooking loss (%) 8.28 9.73 8.78 9.79 9.65 8.19 0.23 ns

Hardness (N) 31.88 28.05 27.96 30.60 29.04 27.17 0.07 ns

Adhesiveness (g s) - 0.63 - 0.77 - 0.98 - 1.20 - 0.69 - 0.72 0.11 ns

Elasticity (mm) 0.84 0.80 0.79 0.81 0.87 0.81 0.02 ns

Cohesiveness 0.50 0.45 0.47 0.46 0.49 0.44 0.01 ns

Gumminess (N) 16.09 12.75 13.14 14.03 12.95 11.97 0.04 ns

Chewiness (N mm) 13.53 10.20 10.40 11.88 12.36 9.71 0.06 ns

SEM standard error of the mean. Means with the different superscript letters in a row are differ significantly

Sig significance, ns not significant; ***P\ 0.001

Table 2 Chemical of beef

patties manufactured with

different protein sources

Soy Pea Lentil Bean Spirulina Chlorella SEM Sig.

Moisture 70.65 71.34 71.13 71.17 70.76 70.76 0.11 ns

Lipids 6.77 6.67 6.85 6.69 6.94 6.34 0.13 ns

Proteins 18.25 17.84 17.93 17.92 18.06 18.20 0.07 ns

Ash 2.15a 2.08b 2.02c 2.11b 2.10b 2.11b 0.01 ***

SEM standard error of the mean. Means with the different superscript letters in a row are differ significantly

Sig significance, ns not significant; ***P\ 0.001

4548 J Food Sci Technol (November 2018) 55(11):4544–4553

123



levels of all the amino acids, except for histidine and

threonine, which did not present any significant differences

(Table 3), and showed values higher to those found at the

available literature (Cofrades et al. 2017). These results are

generally consistent with the study of Dawczynski et al.

(2007) and Fleurence (1999) in which they showed that the

addition of seaweeds caused some changes in the propor-

tion of several amino acids.

The highest non-essential amino acid in all samples was

glutamic acid with values ranging from 3.85 g/100 g in the

patties prepared with Spirulina protein to 3.14 g/100 g in

the patties formulated with pea protein. Aspartic acid fol-

lowed in amount importance to glutamic acid, with values

of 2.19 g/100 g in samples elaborated with Spirulina pro-

tein and 1.75 g/100 g in those with pea protein.

In the case of essential amino acids, lysine was the

predominant amino acid followed by leucine and arginine.

Lysine presented values ranging from 2.21 g/100 g in

patties manufactured with Spirulina protein to 1.76 g/

100 g in patties formulated with pea protein. As it is well

known, glutamic and aspartic acids are perceived to have a

savory, umami taste (Dermiki et al. 2013), which is per-

ceived as tasteful by consumers. Leucine showed values

ranging from 1.87 g/100 g in batches manufactured with

Spirulina protein to 1.51 g/100 g in those formulated with

pea proteins. Moreover, arginine showed values between

Fig. 2 Total, essential (E) and

non-essential (NE) amino acid

content and E/EN relation of

beef patties. Different letters for

the formulations represent

statistically different results

(P\ 0.01; P\ 0.001)

Table 3 Amino acid content

(expressed as g/100 g) of beef

patties manufactured with

different protein sources

Soy Pea Lentil Bean Spirulina Chlorella SEM Sig.

Asp 1.88bc 1.72c 1.81bc 1.98abc 2.19a 2.00ab 0.04 *

Ser 0.91b 0.88b 0.87b 1.13a 1.10a 0.95ab 0.03 *

Glu 3.30bc 3.14c 3.30bc 3.51abc 3.85a 3.61ab 0.07 *

Gli 1.24 1.15 1.22 1.24 1.50 1.22 0.04 ns

Hys 0.65ab 0.60b 0.63ab 0.69a 0.70a 0.68a 0.01 *

Arg 1.58bc 1.51c 1.60bc 1.64abc 1.78a 1.73ab 0.03 *

Thr 0.94abc 0.86c 0.91bc 0.97ab 1.02a 1.02a 0.02 **

Ala 1.33bc 1.23c 1.32bc 1.40bc 1.64a 1.47ab 0.03 **

Pro 0.87b 0.83b 0.94b 0.96b 1.16a 0.95b 0.03 **

Cis 0.18 0.16 0.18 0.18 0.20 0.22 0.01 ns

Tyr 0.50 0.48 0.59 0.62 0.62 0.65 0.02 ns

Val 0.92bc 0.87c 0.93bc 1.00ab 1.10a 1.03ab 0.02 **

Met 0.08b 0.06b 0.08b 0.12a 0.12a 0.12a 0.01 **

Lys 1.83b 1.76b 1.86b 2.00ab 2.21a 2.12a 0.04 **

Isoleu 0.89 cd 0.85d 0.90bcd 0.97abc 1.04a 0.99ab 0.02 **

Leu 1.58 cd 1.51d 1.62bcd 1.72abc 1.87a 1.77ab 0.03 **

Phe 0.80bc 0.76c 0.81bc 0.85ab 0.88a 0.86ab 0.01 **

SEM standard error of the mean. Means with the different superscript letters in a row are differ significantly

Sig significance; *P\ 0.05; **P\ 0.01
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1.78 and 1.51 g/100 g in patties prepared with Spirulina

and pea proteins, respectively.

Thus, the content of all amino acid was increased when

microalgal protein extracts were incorporated into beef

patties. The increased content of hydrolyzed amino acids is

in agreement with the amount of the hydrolyzed amino

acids found in different algae samples. For instance,

according to the literature, most of the algal samples con-

tain all essential amino acids and some also present high

levels of acidic amino acids (8.0–44.0 g/100 g on a dry

basis) and low levels of histidine, threonine, tryptophan,

lysine, methionine, and cysteine (Fleurence 2004). How-

ever, in our study, the levels of histidine, threonine, and

lysine presented were higher to those found in the available

literature. As it is well known, and it was confirmed in the

present study, Chlorella and Spirulina proteins are a good

source of sulfur containing amino acids. For instance, the

methionine content of beef patties manufactured with

Chlorella and Spirulina proteins was 0.12 g/100 g, equal to

the values obtained for beef patties prepared with bean

proteins, while patties formulated with lentil and pea pro-

tein presented methionine values of 0.08 and 0.06 g/100 g,

respectively. From the results obtained, it can be suggested

that the soy proteins can be replaced with the bean and

algal proteins taking into account only amino acids profile.

Discriminate analysis defines an optimal combination of

varieties in a way that the first function furnishes the most

general discrimination between groups, the second pro-

vides the second most, and so on (Benitez, et al. 2006). In

order to determine which amino acids discriminate

between the six beef patties batches a canonical discrimi-

nate analysis (CDA) was developed using a new matrix of

data integrated by the standardized reduce original vari-

ables (Fig. 3). All amino acids that showed significant

differences were reconsidered to find which one will con-

tribute most to the discrimination between groups. CDA

was able to separate the beef patties according to the amino

acid profile and the first two discriminate functions of

classification (F1 and F2) accounted 93.09% of the

observed variance, so only they were considered in the

CDA. F1 explaining 80.97% of total variability and F2

explaining the 12.12% of the variability.

Impact of protein replacement on taste profile

of beef patties

Taste is an important attribute of meat and meat products’

quality and acceptability (Yang et al. 2018). Metabolites

responsible for meat taste are those having low molecular

weight and non-volatile properties. Free amino acids have

an important influence on the assessment of sensory quality

and they are also contributing to the taste (Pérez-San-

taescolastica et al. 2018a). In such a manner, alanine,

glycine, proline, serine, and threonine provide a sweet

taste, whereas histidine, allo-isoleucine, isoleucine, leu-

cine, methionine, phenylalanine, tryptophan and valine are

related to a bitter taste (Pérez-Santaescolastica et al.

2018b). On the other hand, aspartic acid and glutamic acid

are correlated to the umami taste, which is considered as

one of the primary tastes (FIB 2017). The taste profiles

(Fig. 4) of beef patties formulated with different protein

sources did not present any significant changes (P[ 0.05).

Despite of the fact that the content of most amino acid had

significant differences in all patties studied, those differ-

ences were mitigated when the individual amino acid were

combined to obtain the taste profile. This result is indica-

tive that the replacement of soy by pulses and algal proteins

did not affect taste profile of beef patties, being bitter taste

the predominant one in all the studied samples.

Conclusion

Among the six batches of beef patties studied, there were

differences in pH values, colour parameters, ash content,

total amino acid content and essential and non-essential

amino acids and amino acids profile. The decrease showed

in lightness values in beef patties prepared with algal

proteins was also normally due to the green and blue-green

pigments of the algal extracts. On the other hand, chemical

composition was not modified in modified patties and the

nutritional values were the same for the six different patties

studied. The addition of bean and seaweed proteins

increased the concentrations of all amino acids in beef

Fig. 3 Scattered plot of the beef patties projected in the plane defined

by two canonical discriminant functions according to amino acid

profile
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patties. Umami taste amino acids (aspartic and glutamic

acids) and lysine were the predominant amino acids found.

However, the taste profile was similar in the different

protein modified beef patties. The results obtained in this

work indicate that Chlorella and Spirulina protein could be

useful candidates for the manufacture of new meat prod-

ucts. Considering all the studied parameters, from a nutri-

tional point of view, beef patties formulated with bean

protein could be used as an alternative protein source

compared to soy protein because it showed a similar

nutritional content and taste profile and higher amino acid

content.
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to do a stay in the Universitat de València. F.J.B. and A.R.J. would
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López-López I, Bastida S, Ruiz-Capillas C, Bravo L, Larrea MT,

Sánchez-Muniz F et al (2009a) Composition and antioxidant

capacity of low-salt meat emulsion model systems containing

edible seaweeds. Meat Sci 83(3):492–498
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