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ABSTRACT ‘

In order to broaden the knowledge about the functional potential of baru almond in new
A -

vegan products, the present study sought to perform a chromatographic and
g P p y J -p g grap
spectrophotometric characterization of the presence of bioactive compounds, profile of
- A
phenolic compounds, physicochemical composition and minerals composition, of the
AV N W

sensorial profile and microbiological characteristics of foods analogous to the cheese
- -

based on baru almonds with different types of food condiments. Two formulations of
V- 4 J

vegetable food analogous to the baru almond based cheese were developed, differing
A A

-—
only by the raw materials used for seasoningAW - with pepperoni and oregano, and AV2
-\ A
- with onion and garlic). Among the main results, ten types of phenolic compounds were
A W W -_v

found, with high levels of dietary fibers, lipids, calcium, iron and zinc. In addition, the
-« y N 4

microbiological and sensory characteristics were satisfactory. Thus, it is understood that it
‘g ay ‘b y

is possible to develop cheese type products using only vegetable ingredients, with base
V- 4 W™ W

ingredients such as baru almonds.
v

eganism; Cerrado; Oilseeds; Chemical molecules; High performance liquid
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1. INTRODUCTION

Since the beginning of the globalized digital era, people from all over the world have
had a greater possibility and facility in the search for knowledge; the high incidence of
information influences mainly the daily life of the youth of the 21st century where new
cultures, philosophies, techniques and ideologies are expanding, thusgaaining new and

curious followers. Today's youngster shows constant concern for environment, with

wool. The American Association of Diete itioni f Canada recognize the

benefits of the vegan diet for all indivig : ife. However, some specific

rich in the missing ele i increasing its product portfolio, acquiring new

customers, inCreagieli ' i eveloping products aimed at needs.

segment are the development of analogue cheese
to traditional cheese in composition, appearance,

in its intended use, however, without the use of milk and its

The cheese analogues can be formulated and produced according to the desired
nutritional, functional and storage properties, thus prioritizing the needs of the consumer
market (Zoidou et al., 2016; Marapana et al., 2017).

In addition to the interest in new and increasingly specific diets, the need for

preservation of the Brazilian Cerrado, which is the target of human devastation, drives
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greater efforts to investigate the potential of native species. The Cerrado Biome occurs
mainly in the Central Brazilian Plateau and occupies approximately 24% of the Brazilian
territory. The Cerrado is recognized as the richest savannah in the world in terms of
biodiversity (Instituto Brasileiro de Geografia e Estatistica- Educa, 2021). The baru almond
(Dipteryx alata Vog.) is an oleaginous native of this Biome and stands out due to its high
nutrient density, high market value and for being part of a genetically abundant genetic
heritage, but little studied (Sano et al., 2014).

health chemicals such as dietary fiber (on average 15%),
minerals (such as calcium, iron, magnesium, potagsi

compounds (antioxidants, phenolic compounds,

properties of ready-to-eat . i arch is needed on technological
alternatives for the devel Py and biologically safe foods. Among the options,
it is expected to be a

source to the oths only used in the development of alternative

of phenolic c&pounds, physicochemical composition and minerals composition, of the
sensorial profile and microbiological characteristics of foods analogous to the cheese

based on baru almonds with different types of food condiments.

2. MATERIAL AND METHODS
2.1 Material
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The following raw materials were used to prepare the plant food: Baru almond (local
producer of the city of Barra do Gargas — MT - 15°53°24"S of latitude and 52°15'24"W of
longitude); Mineral water (Hidrobras Aguas Minerais do Brasil Ltda., Brumadinho - MG,
Brazil); Manioc starch (Ingredion Brazil Ingr. Ind. Ltda., Mogi Guagu - SP, Brazil); Extra
virgin coconut oil (Copra Industria Alimenticia Ltda., Macei6 - AL, Brazil); Pink salt of the
Himalayas (Pure Alimentos, ljaci - MG, Brazil); Garlic powered, Onion powered, Peperoni

pepper, Oregano powered (A Granel Lavras — MG, Brazil), Guar g xanthan gum,

carrageen (Global food, Sdo Paulo - SP, Brazil) and lactic acid (Cor, Food Ingredients,

Séao Paulo - SP, Brazil). Table 1 describes information on the ch osition of the

ingredients.

Table 1. Chemical Composition of ingredients*

Chemical Co

Ingredients Moisture Protein Fiber
Water 100 0 0
Baru almond moisturized 6.63 22.9 g 14.44
Cassava starch 17.8 81.1 0.6
Extra-virgin coconut oil 0.1 0
Pink Himalayan Salt 0
Xanthan gum 2 30
Guar gum 2 30
Carragena 2 30
Oregano 6.40 48.77 15.65
Lactic 0 0 0
13.46 14.28 49.7 34.8
1.02 0.04 4.5 0.6
5.39 10.41 1.04 79.12 15.2

*Che ) o information on product labels

2.2 Develop

Two formulations of cheese-like plant food were developed, differing from each

ant of formulations

other by the use of different food condiments, such as: AV1 (flavored with pepperoni and
oregano) and AV2 (flavored with onion and garlic) (Table 2). Both products had the same
base formulation (composed of water, baru almond, cassava starch, extra virgin coconut
oil, xanthan gums, guar and carrageenan and lactic acid), differing only by the presence of

condiments. A completely randomized design with three replicates and two treatments.
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Table 2. Formulations and ingredients present in the vegetable foods analogous to the

almond cheese of baru.

Formulations'” (%)

Ingredients AV1 AV2
Water 41.80 41.80
Baru almond moisturized 36.24 36.24
Cassava starch 16.00 16.0Q
Extra-virgin coconut oil 3.20 3

Pink Himalayan Salt 1.00
Xanthan gum 0.40
Guar gum

Carragena 0.4
Oregano

Lactic acid
Pepperoni pepper

Garlic powder

Powder onion 0.17
MFormulations: AV1 (Vegetable food analogo i o2 ased flavored with pepperoni and oregano) and AV2
(Vegetable food analogous to baru almond e pnion and garlic).
2.3 Product processi
The baru - ere sanitized, peeled manually and submerged

in water at

On) at speed 2 for 5 minutes. Afterwards, a brief manual homogenization and
a further lnutes of blending were carried out in the blender. Subsequently, the dough
was heated in Water bath at 80 °C for 3 minutes with constant manual mixing, obtaining at
the end vegan foods. The products were then packed in rigid polypropylene containers
previously sterilized and stored at 8 °C for 24 hours in temperature-controlled chambers
(Eletrolab, model EL202) for cooling and complete gel stabilization. Then, the analytical

determinations described below were performed in quadruplicate.
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2.4 Determination of bioactive compounds

The content of total phenolic compounds by Folin Ciocalteu and Fast Blue BB and
antioxidant activity by free radical sequestration method DPPHe (2,2-diphenyl-1-
picrylhydrazyl) were evaluated. The hydroalcoholic extracts were prepared according to
the methodology adapted from Milardovic et al. (2006).

Total phenolics were determined by the Folin Ciocalteu reagent method, using gallic

acid as the standard for the calibration curve. The absorbance was measaed at 765 nm in

a spectrophotometer (UV-Visible 50 Probe-Cary) and results wer: pressed in mg of
gallic acid equivalent (GAE) 100 g™ (Waterhouse, 2002).

The total phenolic compounds were also evaluated by onium salt
Fast Blue BB, using standard gallic acid for the calibrgti ) ce was

measured at 420 nm in spectrophotometer (UV-Visjkle

expressed in milligrams gallic acid equivalent (GAE) p@&00

The ability of antioxidant activity
DPPH- (2.2-diphenyl-1-picrilhidrazil)

d by th ethod of kidnapping the
pter (UV-Visible 50 Probe—

asonic bath at room temperature (37 °C). The extract
d at 1500 rpm for 15 minutes and filtered on filter paper with 14um
e injectioh of the samples, the extracts were again filtered using 0.45 ym
brane filters. A high-performance liquid chromatograph (HPLC-DAD/UV-Vis)

model ShimaQ

porous ms
(Shimadzu Corporation, Kyoto, Japan) equipped with four high pressure
pumps (model LC-20AT) was used to quantify and identify phenolic compounds.
Separations were performed using a Shimadzu Shim-pack ODS GVP-C18 (4.6 x 250 mm,
5 mm) attached to a pre-column (Shimadzu-pack ODS GVP-C18, 4.6 x 10 mm, 5um). The
phenolic compounds were detected at 280 nm and were identified by comparison of
retention times with the standards (catechin, vanillin, quercetin and gallic acids,
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chlorogenic, caffeic, ferrulic, trans-cinnamic, m-coumaric, p-coumaric and o-cumaric). The

results were expressed as mg of phenolic compound in 100 g™ of sample.

2.6 Physico-chemical composition
The centesimal composition (moisture, ash, lipids, crude protein and soluble and
insoluble dietary fiber) was performed according to the methodology described by IAL

(2008). The carbohydrate content was calculated by the difference 4o percentage of

moisture, ashes, lipids and proteins. These determinations were cal ed on a dry basis.

The total caloric value (TCV) was obtained using traditional conv ors of 4 Kcallg
for carbohydrate and protein, 9 Kcal/g for lipids (Brasil, 2003).

The water activity (Aw) of the products dev by reading in
Aqualab - CX-2 - Decagon digital hygrometer at 2 asured by the
electrometric method using a digital pH mete e total soluble solids
(TSS) were obtained by direct reading in
Titratable total acidity (TTA) was

expressed as % oleic acid (Instit

lues expressed in °Brix.
ith 0.1 N NaOH and was

method in depth according to the methodology of the American Public Health Association

(APHA, 2001). Standard agar culture medium was used for counting with incubation at 7
°C for 10 days at dilutions of 107", 102 and 103. The results were expressed in the

presence or absence of UFC/g (Colony Training Unit).
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The analysis of total and thermotolerant coliforms was performed according to
Brasil (2003). Positive, gas-forming tubes were seeded in tubes containing Escherichia coli
(EC), kept in a water bath at 44.5 °C for 24 to 48 hours to verify the formation of gas. The
MLN (Most Likely Number) of fecal coliforms per gram of sample was calculated by the

number of confirmed positive tubes.

2.9 Sensory analysis

For the accomplishment of this test the Ethics Committee of ederal University

of Lavras under number 1.716.605 approved the present study$ analysis was

purchase intention scale, where 1 refers
After receiving the assessment form

content analysis for the interpretajg

3. Results and Discussi

3.1 Bioactive coips

The re [ Ao at of the presence of total phenolic compounds (by
ethods) and antioxidant activity by the DPPH- free
e baru almond based cheese plant foods are described
8 to the averages obtained in the determination of total phenolic
the method of Folin Ciocalteu, the existence of these substances in the
yoducts is proved. It is detected that both formulations presented similar
strating that the condiments used can also contribute in the presence of

phenolic substances.
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Table 3. Mean values of total phenolic compounds (measured by the methods of Folin
Ciocalteu and Fast Blue BB) and DPPHe+ of plant foods analogous to baru almond

cheeseV).

Formulations®”

Analytical determinations

AV1 AV2
Total Phenolic Compounds GAE™ - Folin Ciocalteu (mg.100g™) 6.46+0.02  6.46+0.01
Total Phenolic Compounds GAE" - Fast Blue BB (mg.100g™") 5.18+0.10  2.25+0.96

DPPH-* (% SRL) 29. 10.42+0.25

d based flavored with

Mean + standard deviation; “’Formulations: AV1 (Vegetable food analogous to bar
ed with onions and

this method presents greater pré pation of these substances. It is also
detected that the AV1 for

and oregano can contrj

ed the highest averages, indicating that pepper
to the presence of phenols (when this method

is used).

way, it can be considered that the developed vegan foods exhibited a weak capacity to
sequester free radicals. This can be explained by the fact that these substances are
thermally sensitive and as one of the steps in the manufacture of the products is the mass
cooking, the heat may have contributed effectively to the reduction of these substances.
Despite the result found, it can also be said that the products have antioxidant substances

in high quantities. The aforementioned data contribute with unprecedented results for the
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quantification of bioactive compounds in vegetal foods analogous to the cheese, being

able to grant functional properties to the products developed.

3.2 Identification of individual phenolic compounds by HPLC-DAD / UV-Vis
Ten phenolic compounds were detected in plant foods analogous to baru almond
based cheese, among which flavonoids (catechin) and non-flavonoids (gallic acid, vanillin,

p-coumaric acid, ferulic acid and trans-cinnamic acid). The results aggociated with the

identification and quantification of these molecules are shown in Tab

. (2012) 100

" respectively

considered foods so i gpounds. These results may contribute with

unprecedented dg f cheese analogues.

terms Of moisture, fat, proteins, ashes, carbohydrates, dietary fiber
ad soluble) and total caloric value (TCV). Table 5 shows the results of the
centesimal cORgposition of the vegetal foods analogous to the cheese based on baru

almond.
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Table 4. Identification and quantification via HPLC-DAD/UV-Vis of phenolic compounds

present in the vegetal foods analogous to the almond cheese of baru".

Formulations @ (mg.1009'1)

Phenolic Compound Chemical Structure AV1 AV2
Oy, OH
Gallic Acid e 81.43+0.69 85.80+1.16
" ~ou
[ell]
[+ 7]
a0
Catechin e e il 1.9410.52 4.05£0.19
e e i+
(412}
(W
I, e
. i T J |13}
Chlorogenic Acid 0 iy 4.52+1.40

Caffeic Acid 0.41+0.87
Vanillin .89+1.17 0.36+1.09
p-coumaric 0.06+0.01 0.04+0.23
Ferrulic Acid 0.11+£0.23 0.06+0.20
o-coumaric -r%f’%”“on
140’”““-5:"'
Quercetin e Tl 7.99+0.40 6.72+0.09
Y e

o
Trans-Cinnamic Acid fF]’%A‘UH 1.31+0.25 1.48+0.19
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HO. = O

Rutin ol *.*'.-. o 34.26+0.27 10.58+1.44

"Mean + standard deviation; “’Formulations: AV1 (Vegetable food analogous to baru almond based flavored with
pepperoni and oregano) and AV2 (Vegetable food analogous to baru almond based cheese flavored with onions and

garlic); - :Not identified.

Table 5. Centesimal composition of vegetable foods analogous to u almond based

cheeseV).

)

_ o Formulations"
Analytical determinations

AV1

Moisture (g.100g™)
Lipids (g.100g™)

Proteins (g.100g™) 5.000.03

Carbohydrates®® (g.100g™") 9.00+0.06
Ashes (g.100g™) 4.00+0.02
Insoluble fiber (g.100g™") 17.83+0.15
Soluble fiber (g.100g™) 6.57+0.01
Tcv® (Kcal.100g™) 177.00+0.34

(

“Mean + Standard Deviation;

pepperoni and oregano) and

garlic); ®Calculated fro

re. Zoidou et al. (2016) developed a cheese analogue using olive oil and
d 67.34 g.100g™" of moisture in their product, a result superior to that found
in this work. Aeady Santos et al. (2015), who developed analogues of cream cheese
based on aqueous soy extract, obtained from 52.95 to 65.00 g.100g™" of moisture, the

result of the present research being within the average range found by the authors.

As for the lipid content, it was detected that in the vegetal food analogous to the
cheese based on baru almond flavored with pepper and oregano (AV1) the contents found
were higher than the flavored with onion and garlic (AV2).When comparing the lipid results
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of this research with those obtained by Marapana et al. (2017), it was found that the
cheese analog obtained by replacing the milk fat with vegetable fat (which has 26.30
9.100g.™ of lipids) shows an increase of 141.3 and 195.5% of the respective lipid value of
AV1 and AV2. In foods with high lipid intake, a precaution is recommended for daily
consumption, since many of these products can be sources of saturated fats and that
according to Santos et al. (2013), has been shown to be associated with an increased risk

of heart and arterial disease.

presents 6.6 g.100g™" protein. Therefore, ¢& g i enhance protein delivery

by adding other sources of amino acjg ) : oy protein isolates. Despite

of natural sugars, high levels of these nutrients become a viable option among the

processed products. In addition, RDI was established at 300 g per day (Brasil, 2005), so
the consumption of 100 g of vegetable food analogous to baru almond based cheese may
represent 6.3% of this recommendation. Carbohydrate is the main source of calories in the
diet and when ingested in adequate amounts and sufficient, serves as an immediate

energy source, thus saving energy function proteins. It provides energy particularly to the
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brain, which is the only organ dependent on nutrient (Melzer, 2011). Marapana et al.
(2017) in the various formulations of cheeses analogues made with palm oil and maize,
obtained results between 22.30 and 28.39 g.100.g™" of carbohydrates in their products, all

superior to those developed here.

For ash, values of 3.4 and 4.0 g.100g™" were found in AV1 and AV2, respectively.

The ash content refers to the fixed mineral residue that can make infergace the presence

of minerals in the developed products. As the vegan public is gener. eficient in mineral

content, consuming foods with high levels of ash may beco jable option in
nutritional terms. Zoidou et al. (2016), found results lower t

9.100g™") indicating that the products developed in thi

u. According to these results, the daily consumption of the foods developed
here shogh be enhanced, since the fibers are important agents that influence the
intestinal floraN@odulating positively the microbiota preventing the appearance of diseases.

Regarding the caloric values found, AV1 and AV2 respectively have 183 and 177
Kcal.100g™". These values refer to the carbohydrate, lipid and protein contents. When
comparing these results with commercial vegan products (C1 and C2), which have

respectively 280 and 253.3 Kcal.100g.™, it is detected that the developed ones have a
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reduction in these parameters, thus allowing a greater consumption by those who wish to

maintain the weight body.

The results for Aw, pH, TSS and TTA of the baru almond based vegetable foods

are described in Table 6.

Table 6. Values of Aw (water activity), pH, TSS (total soluble solids)

acidity (TTA) of the vegetal foods analogous to the baru almond che

Formulations® Aw pH
AV1 0.97+0.09 5.6310.01
AV2 0.97+0.10 5.62+0.02

(1

Mean + Standard Deviation; ®Formulations: AV1 (Vegetable food, ana based flavored with

pepperoni and oregano) and AV2 (Vegetable food analogous to bar ond d with onions and

garlic); ®Expressed in °Brix; “Expressed in% oleic acid.

e pro developed were high, but

has been found that the type of

during processMg and storage in order to ensure the sensorial and microbiological quality
of the products. Marapana et al. (2017) in their studies found pH ranges between 5.87 and

6.31 in their cheese analogues, values higher than those found in AV1 and AV2.

Regarding the parameters of total soluble solids, expressed as °Brix and total

sugars, which represent the water-soluble compounds, these were considered low. It was
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evidenced that the addition of the different condiments can contribute to the increase and
reduction of this value, being the onion and garlic responsible for increasing the sweetness

attributes of the products developed.

The titratable acidity of the plant foods analogous to the baru almond cheese
obtained similar means, indicating that the type of condiment does not influence this

parameter. According to the authors Chitarra; Chitarra (2005), the acidity@f a food is given

by the presence of organic acids that serve as substrates for breathi nd the variation of

3.4 Mineral composition

The determination of t

Table 7. Ming ble foods analogous to the almond cheese of

baru.

erals (mg.100g™)

Calcium Iron Zinc

100.00+0.01 4.40+0.07 2.10+0.01

101.00+0.02 4.80+0.05 2.10+0.01
RDI® (mg.1008 1000 14 7

"Mean + Standard Deviation; ®’Formulations: AV1 (Vegetable food analogous to baru almond based flavored with
pepperoni and oregano) and AV2 (Vegetable food analogous to baru almond based cheese flavored with onions and
garlic); ®RDI: Recommended Daily Intake.

It is observed that the mineral present in greater quantity was calcium and these
values supplement 10 % of RDI. This fact is of great importance, since the only source of
calcium available to the human organism is that which comes from the diet. The benefits of
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calcium supplementation may be limited when this mineral is in tablet form and an
alternative approach would be to add calcium to a food product. Moreover, the fact that
this public has food restriction regarding the consumption of dairy products and
derivatives, may contribute negatively to the presence of this mineral in the body of these
individuals. The results obtained are similar to those found by Zoidou et al. (2016), which

detected 90.04 mg.100g™" of calcium in the analogue cheese developed.

The iron values of the elaborated products were also high an y provided 31 and

mineral. Probably, the high iron content comes mainl at has

significant values of it (6.5 mg.100g™") (Campidelli et

products, supplying 30 % of the RDI. The
since it has 6,5 mg.100g™" (Fernande

an be said that vegetable foods analogous to baru almond based cheese
can fill so@f the nutritional deficiency faced by this public.
3.5 Microbiological analysis
The result of the microbiological analyzes of the vegetal foods analogous to the
baru almond cheese on the 1° and 7° day of storage are described in Table 8.
Microbiological tests were carried out to verify the presence of pathogenic
microorganisms that is, causing diseases and food poisoning. According to Resolution
RDC n°. 12 of January 2001 of the National Agency of Sanitary Surveillance (Brasil, 2001),
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which supervises and determines microbiological and sanitary standards for vegetable
products based on almonds with addition of seasonings, the values for coliforms at 45 °C,
must be less than 10 NMP/g. As regards the total count of psychrophilic bacteria, it has no
counting pattern for this class of products. Thus, the microbiological results for the vegetal
foods analogous to the cheese of baru almond, between the 1st and the 7° day of storage,
for total and thermotolerant coliforms are within the established standards and for total
count of psychrophilic bacteria are absent. Microbiological stability isggne of the main

indicators of sanitary conditions of food, so the samples examin re in satisfactory

)

Formulations"’

AV1 AV2
Total and thermotolerant coliforms <3 NMP/g <3 NMP/g
10
Total count of psychrophilic bacteria Absent Absent
Storage Days
Total and thermotolerant coliforms <3 NMP/g <3 NMP/g
Total count of psychrophilic bacteria Absent Absent

e food analogous to baru almond based flavored with pepperoni and oregano) and AV2

almond based cheese flavored with onion and garlic).

3.6 Sensory EValuation

Consumers were asked to prove two samples of the products developed and
requested to respond to a questionnaire that contained acceptance test regarding taste,
appearance, texture and overall impression and purchase intention (after experimentation)
(Table 9).



514 Table 9 summarizes the results obtained. There was no significant difference (P>
515 0.05) between the scores attributed by groups of omnivores or vegetarian / vegan for the
516  products added with different condiments; however, there was a significant difference (P>
517 0.05) between the scores attributed in relation to the different groups of for processed
518 products. The developed products obtained the highest marks of acceptance among the
519 group of vegetarian / vegan consumers. Moreover, lower scores attributed by vegan

520 consumers regarding the introduction of products without animalgingredients and

521 comparison with the original product (of animal origin) can be r
522  attributes.
523

524  Table 9. Mean and standard deviation of the sensory agceptance

d to the sensory

res of thegeroducts

525 developed in relation to the sensorial attributes, for e&h S.
Omnivores Vegetarian/vegan
) Overall Overall
Formulations'’ Appearance  Flavor Texture | Appearance Flavor Texture )
impression impression
AV1 5.20£1.90 4.90+2.10 5.20+2.00 5.10+2.00 | 6.40+1.90 6.20+2.10 6.20+2.00 6.40+1.00
AV2 5.00£2.00 5.50+2.20 5.40+2.10 5.50+2.00 | 6.20+2.00 6.70+2.20 6.10+2.10 6.50+2.00
526  ™AV1 (Vegetable food analogous to baru a
527
528
529
530
531

532 consumers.
533  bytheg gl with onion and garlic (AV2).

534 that AV1 obtained higher values for expectation and intention to
535 the initial stage of the evaluation. However, in the next step,
536 attributed lower purchase-intent values to the AV1 and many said the product
537 @ cxpected. For AV2 the results were positive. To this point it is possible to

538 infer that the expectation generated by the presentation of the label characterizing the
539 product as "Vegetable cheese" prejudiced the perception by the consumer after
540  experimenting the same, that assimilated the image to that of the original cheese of animal
541  origin and associated its sensorial attributes.

542

543



544
545
546

547
548

549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568

Table 10. Comparison of the purchase intention between the two groups of consumers
(in%) in relation to the sensorial attributes of the vegetal foods analogous to the cheese

based on baru almond.

Purchase intent scale (%)

Woul
d buy
Consumer Formulati | would not buy with  Probably would | have doubt if | | would ith
wi
Group ons™" certainty not buy would buy probably buy .
certai
nty
AV1 24.00 16.00 31.00 25.00 4.00
Omnivores
AV2 16.00 23.00 16.00 37.00 8.00
Vegetarian/ AV1 5.00 15.00 v 2.00
vegan AV2 0.00 15.00 17.00

AV1 (Vegetable food analogous to baru almond based flavored with pe gano) and AV2 (Vegetable food

analogous to baru almond based cheese flavored with onion

4. CONCLUSIONS

By evaluating the results O

knowleddwg@bout its nutritional and sensory characteristics.
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