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Abstract

The present study aimed to produce a new cheese added with pequi (Caryocar coriaceum) pulp oil. In total, 11 formulations,
prepared according to the Central Composite Rotatable Design, with two independent variables (pequi pulp oil and emulsifier)
and two levels (7 and 13%; 1 and 2%) were assessed for moisture, protein, lipids, pH, acidity, color, and texture. In conclusion,
pequi pulp oil and emulsifier improved the texture and body of the cheese by decreasing its cohesiveness, hardness, gumminess,

springiness, and chewiness.
Keywords: fatty acid; cheese; chemical composition; texture.

Practical Application: Development of a healthy cheese.

1 Introduction

The current interests of the food industry are focused on the
development of low-fat products, as excessive consumption of
saturated fatty acids has been associated with increased health
problems such as coronary heart disease, hypertension, obesity,
and diabetes. Thus, development of novel functional foods that
contain health-promoting ingredients is a mandatory challenge
for the food industry (Castillo et al., 2018). Dairy industry
represents an important sector of the global food system. As
reported by the Food and Agriculture Organization (2019), there
was an increase in milk production by 1.6% in the year 2018.
It also estimated an annual growth of 1.7% in milk production
till 2028. More than 6 billion people worldwide consume milk
and milk products. The global market is dominated by the
milk segment, followed closely by those of butter and cheese.
According to Research and Markets, the global cheese market
is expected to be around USD 112.8 billion by the year 2025
(Wood, 2020). The growing demand for dairy products is due
to an increase in income and change in the dietary preferences
of the people (Food and Agriculture Organization, 2019). Milk
and milk products are sources of proteins, essential minerals
(calcium, potassium, magnesium, sodium, phosphorus, and
iodine), fat-soluble vitamins (A, D, E, and K) and vitamin B (B1,
B3, B6, and B12) (Gérska-Warsewicz et al., 2019).

An innovation within the dairy sector is the production
of cheese analogues, which are defined as cheese-like products
produced by the replacement of one or more milk components,
in particular milk fat, by non-milk-based components (Aini et al.,
2020). The use of edible oils rich in unsaturated fats is promising
for reducing the cholesterol content of cheese, while increasing
levels of unsaturated fatty acids, which are known to confer

cardioprotective effects (Al-Ismail et al., 2015). Studies have
shown that among edible oils, it is possible to use palm, canola,
virgin coconut, olive, corn, and sesame oil in cheese processing
(Lobato-Calleros et al., 2007; Al-Ismail et al., 2015; Aini et al.,
2020; Bielecka & Cichosz, 2020).

Cottage cheese is a type of cheese that has increased interest
from consumers who expect to obtain food health benefits due to
its low-fat content and nutritional value. It is a soft fresh cheese,
white in color, with a mild flavor, unripened, particulate, made
by coagulating skim milk by the addition of lactic acid. It is
usually mixed with a cream dressing to increases its smoothness
(Rasheed et al., 2016). Moreover, cream dressing is used to adjust
the final fat content from 1 to 4%, and comprises cream, whole
milk, stabilizers (gums, starches, emulsifiers, and phosphates),
cultured milk, and salt (Rasheed et al., 2016).

Caryocar coriaceum Wittm. (Caryocaraceae) is a common tree
found in the savannah area of Brazilian Northeast, also known
as cerrado. Its fruit, popularly known as “pequi” or “piqui” is
considered as a “symbol of the cerrado” and is currently undergoing
an expansion process. In the past, the fruit had no economic
value as it was being consumed only by the producing regions
and never exported outside (Silva & Fonseca, 2016). However,
the development of new techniques for fruit preservation by the
industries, made it possible to consume the fruit throughout the
year in other regions, and even to export it to other countries
such as the United States, Japan, and European countries. The
industries produce and commercialize the whole fruit, pulp,
chestnut, and the pequi cream. This has led to the emergence
of a true pequi production chain, which has expanded to
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other derivatives such as flour, oil, liquor, candy, biscuits, and
even pequi ice cream (Silva et al., 2020; Guedes et al., 2017).
Its fruit provides nutritional oil, which is generally extracted
from the almond or pulp. Its oil is a rich source of carotenoids,
phenolic compounds, and unsaturated fat acids (Lima et al,,
2020). These compounds may be responsible for some of the
functional properties reported for pequi oil such as antioxidant
and antibacterial activities (Vale et al., 2019; Pereira et al., 2020).

Considering that pequi oil is rich in unsaturated fatty acids as
well as bioactive compounds, the present study aimed to develop
new healthy cheese containing pequi oil. An idea to create an
innovative product by incorporating pequi oil to a specific type
of cheese, not only brings a new healthy food proposal to the
consumers but merges the two expanding sectors namely, the
dairy industry and the production of pequi fruit.

2 Materials and methods

2.1 Pequi pulp oil extraction

The homemade method of obtaining the edible pequi
oil has been previously described by Figueiredo et al. (2016).
Pequi fruits were collected in the city of Barbalha, Ceard. Pequi
fruits (putamen) were then placed in boiling water (100 °C) for
40 minutes. During this process, the oil separated from the pulp
and floated to the surface, and was collected with a spoon. In
total, 300 fruits weighing 33.2 kg yielded 4.7 kg of pulp and 1
liter of oil.

2.2 Physiochemical analysis of pequi pulp oil

Densities of oil were measured using an R.D bottle. Acid
value, peroxide value, and saponification value were determined
according to the AOAC (Association of Official Analytical
Chemists, 1999). The iodine value was determined using the
method described by IUPAC (International Union of Pure and
Applied Chemistry, 1979).

2.3 Analysis of pequi oil by gas chromatography coupled to
mass spectrometry

Transesterification of fatty acids was performed according
to the AOAC (Association of Official Analytical Chemists,

Table 1. Design matrix for Central Composite Rotatable Design.

1999). The pequi oil was subjected to GC-MS analysis on
an Agilent 7890/5977 quadrupole GC-MS instrument
(Agilent Technologies, CA, USA), equipped with a HP-5MS
polymethylsiloxane column (30 mm x 0.25 mm X 0.25 pm; J
& W Scientific Inc., Folsom, USA). The samples were injected
at a split ratio of 1:50. Chromatographic oven programming:
initial temperature of 35 °C, with heating ramp of 15 °C min™*
to 180 °C and increment of 5 °C min™ to 250 °C and remained
for 10 min to the end of the run. The injector and quadrupole
were set at 250 °C and 150 °C, respectively. Compounds were
identified by analysis of MS fragmentation patterns and were
confirmed by matching their mass spectra with those from the
database (NIST 2.0- 287,324 compounds) and by comparing
their retention index (determined by injection of the mixture
of a homologous series of C7-C30 alkanes, with literature data
(NIST Chemistry Webbook, 2011; Adams, 2007). The fatty acid
(FA) composition in percentage (g 100 g FA) was based upon
the relative percentage of the total peak area.

2.4 Experimental design of cottage cheese added with pequi
pulp oil

In total, 11 formulations, including four factorial points,
four axial points, and three replicated center points for statistical
assessment of the pure error sum of squares, were constructed
according to the Central Composite Rotatable Design matrix
generated (Table 1).

2.5 Production of cottage cheese added with pequi oil

Cottage cheese was manufactured using skim cow milk
(0.23% fat). Milk fat content was determined by Gerber method
(Kleyn et al., 2001). The milk was heated to 85 °C and lactic
acid was added as coagulant (Rasheed et al., 2016). Thereafter,
the mass was allowed to stand for 30 minutes and the curd
was washed three times, with water at 20 °C, 10 °C and 5 °C
for 20 min each, and drained through a fine cheese cloth. The
dressing cream was prepared with skimmed and pasteurized
milk, which was heated to 30 °C and subjected to fermentation
for 4 hours with 10% lactic ferment (Lactococcus lactis subsp.
Lactis and Lactococcus lactis subsp. Cremoris). The following
ingredients were then added: emulsifier, consisting of xanthan

Coded levels of variables

Actual level of variables

Formulations X, Pequi oil (%) Emulsifier (%)
F1 -1 7.00 1.00
F2 -1 7.00 2.00
F3 +1 13.00 1.00
F4 +1 13.00 2.00
F5 -1.41 5.76 1.50
F6 +1.41 14.24 1.50
F7 0 -1.41 10.00 0.79
F8 0 +1.41 10.00 2.21
F9 0 10.00 1.50
F10 0 10.00 1.50
F11 0 10.00 1.50
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gum, guar gum and carrageenan (1 to 2%), pequi pulp oil (7
to 13%), sodium chloride (3.0%), and sorbate of potassium
(0.15%). The dressing was mixed with the cheese curd and then
pasteurized and cooled (5 °C).

2.6 Physicochemical analyses of formulations

The formulations were analyzed for moisture, protein, fat,
pH, and acidity in lactic acid according to the AOAC (Association
of Official Analytical Chemists, 2006) [934.01 and 984.13,
respectively]. The color was measured using a chromameter CR-
300 colorimeter (Minolta Co., Osaka, Japan) and the L*, a* and
b* parameters were determined according to the International
Commission on Illumination (Commission Internationale de
L'Eclairage, 1986).

2.7 Textural properties of formulations

Textural properties were analyzed in a texturometer model
TA-XT2i Texture AnalyzerTM (Stable Microsystems, Haslemere,
England) using the probe P/25 (compression board of 25 mm
in diameter) speed of 5 mm s-1, compression of 5 mm height,
and time between the two compressions 5 s. The samples were
analyzed at 24 °C in quintuplicate (Kavak & Karabiyik, 2020).

All data were expressed as mean values + standard
deviation, n = 3. Statistical analysis was performed using
ANOVA followed by Duncan’s Multiple Range Test. Least
significant differences were obtained using a least significant
difference test (p < 0.05).

3 Results and discussion

3.1 Chemical and physicochemical properties of pequi pulp oil

The physicochemical characteristics of pequi (Caryocar
coreaceum) pulp oil extracted by a homemade method were
presented in Table 2. Ours results showed that the pequi pulp
oil exhibited a density similar to Soxhlet-extracted pequi pulp
oil and higher than pequi pulp and alomond oil extracted
by hydraulic pressing (Sena et al., 2010; Pereira et al., 2020;
Lima et al., 2020). The acidity value in our study was of 1.67
+ 0.01 mg KOH g, within the range (0.00-3.00 mg KOH g*)
recommended for human consumption and did not exceed
4 mg KOH g, which is one of the main parameters used to
indicate quality in edible oils (Food and Agriulture Organization,
2013; Alajtal et al., 2018). Peroxide value was similar to crude
palm oil (0.61 £ 0.05 mEq O, kg oil), and lower than pequi pulp
and almond oil extracted by hydraulic pressure (Pereira et al.,
2020; Almeida et al., 2019; Lima et al., 2020). Peroxide values
were between the range of 0 - 10 mEq O, Kg'' oil, considered
adequate for fresh oil (Food and Agriulture Organization, 2013).

Saponification value represents the number of milligrams
of potassium hydroxide (KOH) required to saponify one gram
of fat and is a measure of the average molecular weight of the
triglyceride. High and low saponification values indicate low
and high molecular weights of the triglyceride, respectively
(Omari et al., 2015). Pequi pulp oil presented a saponification
value similar to palm oil (200.05 + 0.42 mg KOH g') and pequi
almond oil extracted by hydraulic pressure (Almeida et al.,

Table 2. Chemical characteristics and fatty acid composition of pequi (Caryocar coriaceum) pulp and almond oil.

Cmyocar coreaceum

Pulp oil

Almond oil

Chemical characteristics

H(I)nn;te}?(l) zde Soxhlet extraction' Hydraulic pressing’ Hydraulic pressing’ Hydraulic pressing?
Acid value (mg KOH g') 1.67 £ 0.01 - - - 0.17 £0.02
Density (g mL") 0.91 £0.01 0.9082 +0.0014 0.30 £ 0.35 0.31 £0.50 -
Peroxide value (mEq kg™) 0.63 +0.00 - 4.40+0.72 5.60 £ 0.72 1.22 £ 0.02
Iodine value (g 12 100 g*) 60.11 +0.04 - - - 54.13
Saponification value (mg KOH g™') 200.55 +1.34 - - - 209.65
Fatty acids (%)
Caproic acid (C6:0) 0.02 - - - -
Octanoic (C8:0) 0.01 - - - -
Myristic (C14:0) 0.01 - - - 0.22 +£0.03
Palmitic (C16:0) 33.40 34.18 27.59 46.27 39.49 + 3.03
Arachidic (C20:0) 0.05 - - - -
Palmitoleic (C16:1n7) - 0.27 - - -
Stearic (C18:0) 2.87 1.73 - - 1.63 +0.13
Oleic (C18:1n9¢) 62.61 55.79 72.41 48.09 4247 +2.11
Linoleic (C18:2n6¢) 0.95 1.80 - 4.96 10.17 £ 0.55
Heptadecenoic (C17:1) - 5.86 - - -
Eicosenoic (C20:1) - 0.37 - - -
Heneicosanoic acid (C21:0) - - - .- 1.68
T Saturated 37.36 - 27.59 47.95 41.34
Y Unsaturated 63.63 - 72.41 53.05 51.63
Not identified - - - - 6.02

!Sena et al., 2010. > Pereira et al., 2019. * Lima et al., 2020.
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2019; Lima et al,, 2020). These results demonstrate the high
proportion of low molecular weight fatty acids in the analyzed
samples, further indicating the similarity between different oils
analyzed in terms of fatty acid composition (Omari et al., 2015).

The iodine value of pequi pulp oil was higher than that of
pequi almond oil extracted by hydraulic pressing and to that fresh
palm oil (50.8 +0.72 g1, 100 g") (Chebet et al., 2016; Lima et al.,
2020). Since the iodine value is a measure of the unsaturation
degree of the oil (Soares & Rocha, 2018), this result sugested that
pequi pulp oil contained a substantial amount of unsaturated
fatty acids, which was confirmed by GC-MS (Table 2).

3.2 Pequi pulp oil by gas chromatography coupled to mass
spectrometry

The total of unsaturated and saturated fatty acids from
pequi pulp oil is demonstrated in Table 2. The value of the
total unsaturated fatty acids presented in our pequi pulp oil is

between the values obtained for olive oil (58.68%) and sunflower
oil (81.06%), and higher than pequi almond oil extracted by
hydraulic pressing and less than pequi pul oil extracted by
hydraulic pressing (Ivanova et al., 2016; Pereira et al., 2020;
Lima etal., 2020). Among these, monounsaturated oleic acid was
the major component at 62.61% (Figure 1). Likewise, Sena et al.
(2010), Pereira et al. (2020) and Lima et al. (2020) found that
oleic acid was the main compound in pequi pulp and almond oil
obtained by solvent extraction and by using hydraulic pressing.
Interestingly, the total of content monounsaturated oleic acid
found in pequi pulp oil is similar to that in olive oil at around
64.4% (Ivanova et al., 2016). The similarity in the profile of
fatty acids might suggest that pequi oil could present the same
beneficial effects such as olive oil used in the Mediterranean diet
(Visioli et al., 2018). This similarity of the chemical composition
of pequi oil with olive oil, is gradually revealing itself as well
as the similarities in biological activities. Recent research has
demonstrated the beneficial properties of pequi (Caryocar) fruit
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24
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Figure 1. Chromatogram of major fatty acids found in pequi (Caryocar coriaceum) pulp oil (a). Mass spectrum of oleic acid (b) and palmitic acid (c).
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such as antioxidant, anti-inflammatory, antitumor, antimicrobial,
cardioprotective and hypolipemic effects (Figueiredo et al., 2016;
Torres et al., 2018).

Concerning saturated fatty acids, this group represented
37.36% of the total fatty acids, with palmitic acid being the
main component (Figure 1), followed by stearic acid (2.87%),
and eicosanoic acid (Table 2). Similar results were demonstrated
by others (Sena et al., 2010; Pererira et al., 2020; Lima et al.,
2020). With respect to polyunsaturated fatty acids, pequi oil
(0.95%) showed lower amounts similar to olive oil (1.79%)
(Ivanova et al., 2016).

3.3 Chemical and physicochemical properties of
formulations

The physicochemical properties of formulations are shown
in Table 3. Ours results showed a significant difference (p < 0.05)
in fat content among the formulations, which was determined by
the quantity of pequi pulp oil present in the cream dressing. As
expected, concentrations of protein and moisture were inversely
proportional to fat content. The addition of an emulsifier further
augmented the moisture and protein levels, most likely due to
its water retention properties (Murtaza et al., 2017). Similar
results were reported by Nateghi et al. (2012b) and Murtaza et al.
(2017), who demonstrated that the use of food gums increased
the moisture and protein levels in cheddar cheese. Moisture
is important for cheese as it contributes to softness and other
quality characteristics and is bound to the protein to maintain
elasticity of cheese (Murtaza et al., 2017).

The pH and acidity values were statistically different (p < 0.05)
among some formulations. Formulations F6 (P14.24%+E1.5%)
and F8 (P10%+E2.20%), which contained the highest amounts
of pequi oil and emulsifier, had significantly higher acidity
values compared to other formulations. By increasing the pequi
oil and emulsifier levels, the corresponding acidity and pH
values increased and decreased. Murtaza et al. (2017) showed
areduction in acidity and an increase in pH in low-fat cheddar
cheese produced with xanthan gum.

The color values of formulations are also presented in Table 3.
According to the analyses, F3, F4 and F6, which contained the
largest amounts of pequi pulp oil, presented the lowest values
for L*, which indicates a darker coloration. For the coordinate
a*, negative values close to zero were obtained in the analyses,
indicating an approximation with the green tone, and F7
presented the lowest value for this coordinate (p < 0.05). The
results for the b* coordinate indicates greater proximity to yellow
color. The highest chroma b* values were obtained for F3, F4,
and F6, which had the highest concentration of pequi pulp oil.
It is believed that the predominance of the yellow color found
in cheese samples containing more pequi pulp oil is caused by
the presence of carotenoids, giving a yellowish color (Silva &
Fonseca, 2016).

3.4 Textural attributes

The texture of cheese is the combination of different
parameters, including cohesiveness, adhesiveness, gumminess,
chewiness, springiness, and hardness that play a role in the
quality and consumer acceptance. In the present study, the
influence of pequi oil and emulsifier on textural properties of
cottage cheese was investigated, considering previous studies,
which have shown that fats and emulsifiers are important
factors in textural properties of cheese (Nateghi et al., 2012a;
Nateghi et al., 2012b; Cankurt, 2019). A decrease in both fats
and emulsifiers produces changes in physical properties, which
results in decreased cheese flavor and quality (Nateghi et al.,
2012a; Nateghi et al., 2012b; Cankurt, 2019).

Table 4 presents the results obtained from the instrumental
texture evaluation. According to the results, cohesiveness
between F10 (P10% + E1.5%) and F8 (P10% + E2.2%) and in
springiness between F7 (P10% + E0.79%) and F9, F10, and F11
(P10% + E1.50%) formulations were significantly reduced, with
increasing emulsifier concentration. Similarly, when comparing
F7 (P10% + E0.79%) with F8 (P10% + E2.20%), it was observed
that increasing the emulsifier concentration reduced the
adhesiveness, gumminess, chewiness, and hardness values. The
formulation F7, which was produced with the lowest emulsifier
concentration (0.79%), had the lowest value for adhesiveness

Table 3. Chemical, physicochemical analysis and color measurements of formulations added with pequi (Caryocar coriaceum) pulp oil.

Fat Protein Moisture Acidity Color
Formulations (F) %) (%) (%) pH (lalt(l)c() a;;i g L* a* b*
F1:P7%+E1% 7.48 £0.01d 19.70 £ 0.34a  68.93+£0.24c  4.73+0.08c 0.27 £0.00bc 86.34 +0.04cd -4.16 £0.01b  23.23 + 0.03cdf
F2:P7%+E2% 7.58 +0.01d 21.02+1.71a  65.18 £0.47a 4.74+0.0lce 0.27 £0.0lbc  85.65+ 0.0lef  -4.45+0.01d 25.97 + 2.87be
F3:P13%+E1% 13.33 £ 0.20c 18.81 £1.02a  62.44+0.31f 4.64+0.02d 0.27 +0.0lbc  85.14+ 0.06a -4.23 +0.03b 27.73 + 0.05ab
F4:P13%+E2% 13.16 +0.03c  20.61+1.69a 61.94+0.11ef 4.76+0.0lce 0.27 +0,00bc  84.44+0.10b  -4.30 + 0.01efg 28.72 £0.01a
F5:P5.75%+E1.5% 5.66 + 0.03b 21.26 £0.78a  68.18 + 0.06¢ 4.63 +0.04d 0.22+0.04c  86.54+0.07c  -4.26 + 0.02bef  22.28 + 0.08cd
F6:P14.24%+E1.5% 14.35+0.08a 19.53+0.91la 61.17+0.55¢  4.76 £0.02c  0.31 £0.0lab  85.46 + 0.06f -4.34 +0.01defg  29.23 £ 0.07a
F7:P10%+E0.79% 10.46 £ 0.46f  18.48 £0.90a  62.39 £ 0.32f 4.71+0.01de 0.26 £ 0.02bc  86.22 + 0.03d -3.57 £ 0.09a 22.01 £ 0.28d
F8:P10%+E2.20% 10.09 +0.03f 18.80+1.38a  66.54 +0.24d  4.67+0.02d  0.35+0.0la 85.66 +0.13¢  -4.41 +£0.03dg  25.62 + 0.93bef
F9:P10%+E1.5% 10.46 + 0.40f 1856 +0.72a  66.47 +0.46d  4.82+0.05c  0.25+0.02bc  87.10 + 0.05g -4.48 + 0.04c 24.72 + 0.17cef
F10:P10%+E1.5% 1047 £0.37f 1858 £0.49a 61.92+0.19¢f 4.87£0,02a  0.25+0.03bc 8729 +0.07g  -4.31 £ 0.04efg 24.41 + 0.06cdef
F11:P10%+E1.5% 10.88 £ 0.03f 18.75+0.34a 64.06 +0.01b 4.87+0.0la 0.27+0.0lbc 87.09 +£0.03g -4.35+0.05dfg  25.09 + 0.13bef

P: Pequi pulp oil; E: Emulsifier; L', lightness; a’, redness; b, yellowness. The values were presented as Mean + Standard Deviation (SD), n=3. Means values in the same column with

different letters are significantly different (*p < 0.05).
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Table 4. Textural characteristics of formulations added with pequi (Caryocar coriaceum) pulp oil.

Formulations (F) Cohesiveness Springiness Adhesiveness (gfs) Gumminess (gf) Chewiness Hardness (gf)
F1:P7%+E1% 0.513 £ 0.04ab 0.95 £ 0.03d -28.65 +3.81cd 188.07 + 14.14bcd 178.14 + 6.93bcd 388.20 + 30.08bc
F2:P7%+E2% 0.593 £ 0.01bcde 0.93 £ 0.01cd -99.70 + 18.00a 363.21 £ 52.61efg 337.70 + 46.71ef 611.58 + 82.19f
F3:P13%+E1% 0.487 + 0.05abc 0.85 £ 0.05bc -56.79 + 2.78bc 217.10 + 41.79cde 182.49 £ 4.94bcd  442.45 +43.11bcde
F4:P13%+E2% 0.466 + 0.04a 0.90 + 0.02bcd -122.06 £ 31.35a 140.72 + 15.54abc 126.11 + 3.66abc 301.68 + 14.37b
F5:P5.75%+E1.5% 0.540 + 0.06abc 0.89 + 0.00bcd -47.88 + 5.99bc 233.16 + 44.91cde 206.95 + 0.62cde 455,00 + 7.25bcdef
F6:P14.24%+E1.5% 0.511 + 0.04abcd 0.82 +0.02ab -58.10 + 0.93bc 291.36 + 53.09def 238.84 + 9.62cdef 537.22 + 70.10cdef
F7:P10%+E0.79% 0.595 + 0.06 cde 0.94 +0.05d -11.58 + 7.00d 712.32 +137.61h 670.39 + 49.24g 915.95 + 126.41g
F8:P10%+E2.20% 0.562 + 0.03 abed 0.95 £ 0.00d -50.75 + 3.40bc 223.53 + 9.34cde 213.33 £ 9.05cde 398.11 + 3.01bcd
F9:P10%+E1.5% 0.633 £ 0.02de 0.75 £ 0.03a -48.29 £ 6.61bc 404.45 + 38.69fg 304.11 + 1.74def 551.51 + 36.36def
F10:P10%+E1.5% 0.675+0.01e 0.85 £ 0.06bc -57.73 + 2.48bc 447.73 +27.84g 380.83 + 36.09f 570.01 + 31.70ef
F11:P10%+E1.5% 0.641 £0.02de 0.84 £ 0.03b -63.89 + 6.94b 357.12 + 23.22efg 299.20 +15.85def ~ 474.83 + 21.03cdef

P: Pequi oil; E: Emulsifier; L, lightness; a’, redness; b’, yellowness. The values were presented as Mean + Standard Deviation (SD), n=3. Means values in the same column with different

letters are significantly different (*p < 0.05).

(-11.58 g) and the highest values for gumminess (712.32 gf),
chewiness (670.39), and hardness (915.95 gf). These differences
in textural properties were expected and could be explained
by differences in concentrations of emulsifiers used, since they
consist of a mixture of hydrocolloid gums (xanthan gum, guar
gum, and carrageenan), which are carbohydrate-based fat
substitutes with the ability to control the rheology of water-based
systems and to inhibit syneresis (Murtaza et al., 2017). Declined
adhesiveness, gumminess, chewiness, and hardness values with
increased concentration of emulsifier might be due to increased
water retention (Murtaza et al., 2017). The addition of gums to
low-fat cheese softens the structure by interfering with casein-
casein interactions and cellulose particles that function similarly
to fat globules. Similar results were observed for low-fat cheddar
cheese, where hardness, gumminess, and chewiness of low-fat
samples with added hydrocolloids, reduced gradually with the
concentration of gums (Murtaza et al., 2017).

Pequi oil, when added at higher concentrations, promoted
a significant reduction in both cohesiveness and springiness,
which can be seen as an example of formulations F1 (P7% +
E1%) and F3 (P13% + E1%), and F2 (P7% + E2%) and F4 (P13%
+E2%). Additionally, the results demonstrated that the increase
in pequi oil concentration, as observed in the formulations
containing 7% (F2), 10% (F8), and 13% (F4), promoted a
significant reduction depending on the concentration of oil in
cohesiveness (F2 0.593, F8 0.562, and F4 0.466), gumminess
(F2 363.21gf, F8 223.53gf, and F4 140.72gf), chewiness (F2
337.70, F8 213.33, and F4 126.11), and hardness (F2 611.58gf,
F8 398.11gf, and F4 301.68gf). Similar results were obtained
by Nateghi et al. (2012b), who showed that fat reduction led
to an increase in the cohesiveness, hardness, and springiness
of fresh cheddar cheese. Low-and reduced-fat cheese exhibits
poor texture and body compared to full-fat cheese due to the
increased hardness, gumminess, springiness, and chewiness of
the cheese (Delgado et al., 2011, Nateghi et al., 2012a).

4 Conclusion

In conclusion, the present work demonstrates the possibility
of producing cottage cheese with the addition of pequi oil.
Both pequi pulp oil and emulsifier positively influenced
physicochemical and sensory characteristics of the cheese, as

they improved the texture and body by decreasing cohesiveness,
hardness, gumminess, springiness, and chewiness of the cheese.
The production of a new cheese added with pequi pulp oil is a
viable alternative for the use and valorization of pequi, as well
as bringing the possibility of practical application of an oil with
beneficial health properties, due in part to the presence of high
levels of oleic acid and carotenoids.
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