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The aim of
o this stud
dy was to develop Greek yogurtt flavored w
with pequi and to as
ssess its
physicoche
emical and microbiologic
m
cal characte
eristics, as w
well as its sh
helf-life, sens
sory accepta
ance and
purchase in
ntent. Four yogurt
y
formu
ulations were
e prepared: n
no addition o
of Pequi pulp
p (control - ttreatment
1), 1% pequ
ui pulp (treattment 2) 2% pequi pulp (treatment
(
3)) and 3% peq
qui pulp (tre
eatment 4). T
The levels
of fat, mois
sture and as
sh showed no
n difference
e between fo
ormulations.. For protein
n, Greek sty
yle yogurt
with 2% pe
equi pulp sho
owed the hig
ghest values
s. Clear yello
owish color was observ
ved in yogurtts, with a
tendency to
o red and grreen. All yog
gurt samples
s prepared w
with up to 22 days of sto
orage showed
d pH and
acidity valu
ues in accord
dance with Brazilian
B
leg
gislation. Mic
crobiologicallly, yogurts were stable and with
satisfactory
y sanitary co
onditions forr consumption. Greek sttyle yogurt w
with type 2%
% pequi pulp
p showed
the greates
st acceptance
e by consum
mers. In conc
clusion, Gree
ek style yog
gurt flavored with pequi iis a good
on, it has h
food altern
native, becau
use in addittion to mark
ket innovatio
high nutritio
onal value a
and good
acceptance
e by consumers.
Key words
s: Fruits fro
om the cerrrado region, sensory a
acceptance, concentrated yogurt, frruit pulp,
physicochem
mical characte
eristics.

INT
TRODUCTION
N
Con
nsumers hav
ve shown prreferences fo
or healthy and
a
inno
ovative foods
s due to hea
alth concerns. The quality of
food products an
nd their influe
ence on human nutrition and
a
hea
alth deserve a promine
ent place in
n the scienttific

munity (Lazarro Filho et al., 2007).
comm
In this context,, yogurt stan
nds out, whiich is a milk
deriva
ative, obtain
ned by ferrmentation p
produced by
y
symb
biotic culture
es such as Lactobacillu
us delbrueck
kii
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Fig
gure 1. Pequi fru
uit (1) and Gree
ek style yogurt (2
2).

sub
bsp. Bulgaricu
us and Strep
ptococcus the
ermophilus (Le
eal
et a
al., 2013).
M
Machado et all. (2012) repo
orted that the consumption
n of
yog
gurt has incre
eased and atttributed this to
t benefits su
uch
as facilitated abs
sorption of ca
alcium, phosp
phorus, iron and
a
the action of pro
oteins and digestive enzym
mes.
C
Considered as
a an interrmediate pro
oduct betwe
een
trad
ditional ferme
ented milks and non-ma
atured chees
ses
with
h high moistu
ure content such
s
as quark, boursin and
a
pettit suisse cheeses, concen
ntrated yogurtt is produced
d in
sevveral countrie
es with different names: labneh (Eas
st),
skyyr (Island), sh
hrikhand (Ind
dia) and Greek style yog
gurt
(Grreece and Bra
azil ) (Ramos et al., 2009).
G
Greek style yogurt
y
is a th
hick, creamy and semi-so
olid
pro
oduct due to the high concentration of total solids
obttained by coa
agulation and decrease off milk pH add
ded
of soluble solids and oth
her food su
ubstances and
a
sub
bmitted to acid fermenta
ation through
h the action of
spe
ecific microorrganisms for periods of time longer th
han
trad
ditional yogurrts.
T
The sensory characteris
stics of yog
gurts may be
imp
proved by add
ding flavorings and fruit pu
ulps, providing
ga
disttinctive comb
bination of lac
ctic acid flavorr and fruit flav
vor
(Miguel et al., 2010).
2
Fruits from the ce
errado region of
Bra
azil have beco
ome an option
n for adding value
v
to yogu
urts
due
e to their high
h nutritional value
v
and sen
nsory attractiv
ves
succh as, color, flavor and unique and intense arom
ma
(Alm
meida et al., 2008).
2
A
Although the consumption
n of fruits fro
om the cerra
ado
region has grow
wn substantia
ally in recent times, they are
a
still not comm
mercially exp
ploited, eithe
er by lack of
kno
owledge or lack of inc
centives for their commerciallization and market
m
consollidation. Theirr use in cooking
hass aroused intterest in man
ny segments of society su
uch

as fa rmers, industtry, research institutions and health and
d
food a
agencies (Oliiveira et al., 2
2008).
Carryocar Brasiiliense, Cam
mbess is a fruit of high
h
nutrit ional value, rich in vitam
mins A, E, C
C, fatty acids
s,
phosp
phorus, pota
assium and magnesium
m, which are
e
substtances responsible for the
e proper funcctioning of the
e
body (Sousa et al.., 2012).
The
e golden yello
ow pulp of pe
equi providess an attractive
e
color in Brazilian
n cuisine, e
enjoyed by much of the
e
popu lation mainlyy due to the peculiarities of the exotic
flavorr, and chara
acteristic stro
ong aroma p
present in the
e
fruit.
The
e production of concentratted yogurt using fruits from
m
the ccerrado region
n is still inexistent and can add greate
er
value
e to the final product, allow
wing an altern
native income
e
to pro
oducers, also
o contributing
g to higher co
onsumption of
o
fruits from this reg ion.
The
e aim of this sstudy was to develop Gree
ek style yogurrt
flavorred with peq
qui and to asssess its phyysicochemica
al
and m
microbiologiccal characterisstics, as well as its shelfflife, ssensory accep
ptability and p
purchase intent.
MATE
ERIALS AND METHODS
project was subm
mitted to the Eth
hics Research C
Committee of the
This p
Federa
al Institute of E
Education, Scie
ence and Techn
nology of Goiás
s,
o
Brazil and approved u
under Protocol n . 020/2013.

Ingred
dients and culttures
Refrig erated bovine milk, 10% of p
powdered whole
e milk per 1000
e per 1000 mL
L, starter culturres and cooked
mL, 1 2% of sucrose
nt of Greek style
pequi pulp (Figure 1) were used for the developmen
Refrigerated m
milk was obta
ained from the
yogurtt (Figure 1). R
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After pulping, pequi pulp was submitted to cooking at a ratio of
1:3 (pequi pulp: mineral water) for 120 min, homogenized in an
industrial blender and sieved. The pequi pulp used presented
1.57% protein, 75.15% moisture, 0.32% ash, ether extract 16.76%,
total soluble solids 17.00, pH 6.00, acidity 0.08% citric acid, 61.70
luminosity, 13.98 red coloration and 56.81 yellow coloration.

Yogurt processing

Pequi pulp

Milk powder

Pasteurization(90 °C/3 minutes)

Cooling to 42 °C

Inoculation ofstarter cultures

Figure 2 shows the production flowchart of Greek style yogurt
added of pequi pulp. Four yogurt formulations were prepared: No
addition of pequi pulp (control - treatment 1), 1% pequi pulp
(Treatment 2), 2% pequi pulp (Treatment 3) and 3% pequi pulp
(Treatment 4).
Greek style yogurt was experimentally developed in the Food
Engineering Unit, Federal Institute of Goiás - Rio Verde Campus,
GO.
Refrigerated milk was added to sucrose, powdered milk and
pequi pulp (treatments 2, 3 and 4), homogenized and submitted to
pasteurization at temperature of 90°C for 3 min. Then, it was then
cooled to 42°C and added to starter culture, followed by
homogenization. After the addition of the culture, the milk was kept
at 42°C in BOD (refrigerated incubator) for 15 consecutive hours.
After the incubation period, the curd was transferred to polyethylene
pots (250 mL) and stored under refrigeration at temperature of 6°C
for eight days for analyses.

Physicochemical analyses

Incubation at 42 ºC/15 hours

Homogenizationand Filling

Storage at 6 °C
Figure 2. Production flowchart of Greek style yogurt
added of pequi pulp.

Department of Livestock, Goiás Federal Institute - Rio Verde
Campus - GO, with 2.91% protein, 3.47% fat, 3.99% lactose,
11.35% total dryextract, 7.88% nonfat dryextract, 599 thousands
CS/mL somatic cell countand and 781 thousands CFU/mL total
bacterial count. Due to the fact that processing involves heat
treatment step (pasteurization), which aims to eliminate pathogenic
and spoilage microorganisms, it was possible to use milk without
any risk to the final product. The fulfillment of this step minimizes
the exposure of consumers to high risks of contamination by a
variety of pathogenic microorganisms present in the raw material
(Fai et al., 2009).
Powdered whole milk and sucrose were purchased at a local
market in Rio Verde, GO. The starter culture used was obtained by
pricking whole commercial yogurt containing pro-symbiotic cultures
of S. thermophilus and L. delbrueckii subsp. Bulgaricus. Pequi pulp
was obtained from fruits harvested in farm located at the
municipality of Lagoa Santa, MG. The fruits were selected, cleaned
in a 200 ppm sodium hypochlorite solution, peeled and manually
pulped using previously sanitized stainless knives.

Pequi pulp was submitted to the following analyses: moisture, pH,
titratable acidity, lipids, protein, ash and soluble solids content,
which were determined in accordance with the Association of
Official Agricultural Chemists (AOAC, 2000) and analysis of color in
colorimeter (ColorQuest II, Hunter Lab Reston, Canada) and the
results were expressed in L *, a * and b *, where, L * values (
brightness) can vary from black (0) to white (100), chroma a * from
green (-60) to red (+ 60), and chroma b * from blue (-60) to yellow
(+60), as reported by Paucar - Menacho et al. (2008).
The analyses of chemical composition were determined by
differential absorption of the infrared waves milk components, using
equipment Milkoscan 4000 (Foss Electric A/S. Hillerod, Denmark).
Somatic cells count (SCC) whose principle is based on flow
cytometry was performed using equipment Fossomatic 5000 Basic
(Foss Electric A/S. Hillerod, Denmark) and total bacterial count
(TBC) through the device Bactoscan FC (Foss Eletric A/S. Hillerod,
Denmark), of refrigerated bovine milk were performed at the
Laboratory of Milk Quality, Research Center at the School of
Veterinary and Animal Science, Federal University of Goiás.
Greek style yogurt flavored with pequi was analyzed for moisture,
protein, ash, and fat by AOAC (2000) and color on the eighth day of
storage.
The shelf-life of each yogurt formulation was evaluated in the first
day and after 8, 15, 22 and 29 days of storage regarding analysis of
pH using a digital potentiometer (Quimis) previously calibrated with
pH 4.0 and 7.0 buffer. Titratable acidity was determined according
to AOAC (2000) and expressed as percentage (%) of lactic acid. All
analyses were performed in triplicate.

Microbiological analyses
Microbiological analyses were performed on pequi pulp and Greek
style yogurt flavored with pequi on the fifth day of storage in order
to verify the quality of yogurts using plating technique for the count
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Table 1. Physicochemical analyses of Greek style yogurt flavored with pequi.

Parameter
Protein (%)
Fat (%)
Moisture (%)
Ash (%)
L*
a*
b*

1
ab
5.66 ± 0.21
5.89 ± 0.60a
72.60 ± 0.14a
1.24 ± 0.09a
a
83.72 ± 0.72
c
-0.67 ± 0.33
5.36 ± 0.95d

Treatment
2
3
ab
a
5.46 ± 0.29
6.14 ± 0.46
a
6.44 ± 0.88
6.44 ± 0.88a
a
68.3 ± 10.48
77.86 ± 11.6a
a
1.23 ± 0.16
1.23 ± 0.11a
5b
82.62 ± 0.4
82.02 ± 0.22c
b
-0.42 ± 0.14
0.33 ± 0.17a
c
9.14 ± 0.21
11.39 ± 0.55b

4
b
5.34 ± 1.02
6.44 ± 0.53a
73.46 ± 0.76a
1.15 ± 0.11a
81.49 ± 0.58d
0.24 ± 0.21a
12.93 ± 0.50a

CV (%)

F value

10.40
11.75
10.71
9.96
0.64
-171.18
6.33

3.2*
1.27ns
2.24ns
1.08ns
241.27**
344.38**
2063.80**
ns

Averages in the same row followed by the same letter do not differ. **Significant at 1% probability. *Significant at 5% probability. not
significant

of molds and yeasts, as well as mesophilic, psychrotrophic and
coliforms at 30°C, according to methodology recommended by
Silva and Junqueira (2001).

Sensory analysis
The sensory acceptance of Greek style yogurt flavored with Pequi
was assessed at the Laboratory of Sensory Analysis - Food
Engineering Unit, Federal Institute Goiás - Rio Verde Campus, GO.
The samples were evaluated by 78 untrained panelists,
consumers or not of yogurt and within the age group of 18-53
years. Acceptance testing was carried out in individual booths.
The four samples were served in 50 mL disposable cups
previously coded with random three-digit numbers and presented
under ambient light. The panelists evaluated the samples using a 5point hedonic scale, ranging from 1 (dislike) to 5 (liked), indicating
how much they liked or disliked samples of Greek style yogurt
flavored with pequi.
To better understand the likely consumers of the yogurt
developed, panelists were requested to answer a structured
questionnaire on the purchase intention of Greek style yogurt with
pequi.

Statistical analysis
The results of physicochemical analyses and acceptance test of
Greek style yoghurt were obtained using a completely randomized
design (CRD), in triplicate with three replicates for all analyses and
submitted to analysis of variance (ANOVA) and Tukey's test with
significance level of 5% using the Sisvar Software (Ferreira, 2003) .
For the results of physicochemical analyses of raw materials
(milk and cooked pequi pulp), descriptive statistical analysis was
used.
The results of the shelf- life and purchase intent study were
submitted to analysis of variance and regression through Microsoft
Excel 2010.

RESULTS AND DISCUSSION
The results of physicochemical analyses of Greek style
yogurt flavored with pequi are shown in Table 1. As

shown in Table 1, the protein values of yogurts ranged
from 5.34 to 6.14%. Greek style yogurt with 2% pequi
pulp (treatment 3) had higher protein content (6.14%),
significantly differing (p ≤ 0.05) from Treatment 4 (3%
pequi pulp). The protein contents in this study were
higher than those obtained by Medeiros et al. (2009) in
different jackfruit yogurts (4.83 and 4.97%) but in
accordance with Brazilian legislation, which establishes
minimum protein contents in yogurt of 2.90% (Brasil,
2000).
No significant difference (p > 0.05) in parameters fat,
moisture and ash was observed; however, Treatment 1
(Greek style yogurt with no pequi pulp) showed lower fat
content compared to the other treatments. Although they
have been added in increasing levels of pulp of pequi in
treatments 2, 3 and 4, no significant differences in fat
content were observed, but treatment 1 without addition
of pulp showed lower fat content.
Similar fat and protein results were observed by Özer
and Robinson (1999), who studied the behavior of starter
cultures in concentrated yoghurt (Labneh) produced
using different techniques. In general, Greek style
yogurts showed clear yellowish color (high brightness
values and positive b * component), with a tendency to
red (slightly positive a * component) in treatments 3 and 4
(2% and 3% pequi pulp) and green (negative a *
component) in treatments 1 and 2 (0 and 1% pequi pulp).
Higher L * value was observed in Treatment 1 (0% pequi
pulp) and reduced brightness values (L *) with the
addition of different pequi pulp concentrations.
Carniato et al. (2013) studied the development of
strawberry yogurt with quinoa and amaranth and found
results similar to those of this study, observing brightness
values of 78.28 and 68.64, chroma a * values of 1.88 and
2.63 and chroma b * values of 4.0 and 5.41.
The shelf- life results of Greek style yogurt flavored with
pequi are shown in Figures 3 and 4. The titratable acidity
(Figure 2) of Greek style yogurt flavored with pequi
ranged from 1.31 to 1.99% lactic acid. The acidity of
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Figure 3. Characteristics of acidity kin
nd of Greek yyogurt flavored with pequis ((Caryocar
n at 6°C for 29 d
days storage.
Brasiliense,, Cambess) during refrigeration

Figure 4. Characteristics
C
of pH of the Greek type yo
ogurts flavored with pequis ((Caryocar
Brasiliense, Cambess)
C
durin
ng refrigeration at
a 6°C for 29 da
ays storage.

gurts increas
sed during storage,
s
regardless of the
t
yog
add
dition of Pequ
ui pulp. The in
ncreased acid
dity is related
d to
the continued fermentation prrocess by lac
ctic acid bacte
eria
age period as
a the result of post-acid
difidurring the stora
cation of produc
cts with lactic
c acid produc
ction (Aportela pala
acios et al., 2005),
2
in which lactose is also convertted
into
o lactic acid (P
Pereira et al., 2012).

eci et al. (201
11) observed
d the same b
behavior when
n
Pre
develloping light yogurt with yerba mate extract (Ilex
x
parag
guariensis S
St. Hil.) with
h added prrobiotics and
d
Pime ntel et al., (2
2012) during storage of prrobiotic yogurrt
with i nulin-type fru
uctan.
The
e mean pH vvalues (Figure
e 3) of formulations ranged
d
from 4.29 to 3.78,, decreasing during the sttorage period
d,
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Table 2. Results of microbiological analyses of Greek style yogurts flavored with Pequi carried out
on the fifth day of storage.

Microorganism
Total coliforms
Mesophilic (log10)
Yeastsandmolds (log10)
Psychrotrophic (log10)

Treatment
1
aus.
1.57
1.46
1.86

2
aus.
1.45
1.36
1.34

3
aus.
1.26
1.70
1.58

4
aus.
1.20
1.18
1.58

Table 3. Acceptance results of Greek style yogurts flavored with pequi.

Parameter
Color
Aroma
Texture
Flavor

1
5.86 ± 1.06b
6.18 ± 1.30b
5.83 ± 1.10b
5.99 ± 1.28c

Treatment
2
3
6.08 ± 1.0ab
6.47 ± 1.35ª
6.62 ± 1.2ab
7.08 ± 1.28ª
6.38 ± 1.1a
6.67 ± 1.26ª
6.55 ± 1.3b
7.37 ± 1.28ª

4
6.12 ± 1.31ab
6.55 ± 1.33b
6.23 ± 1.26ab
6.79 ± 1.44b

CV (%)

F value

19.55
19.23
18.56
19.78

3.53*
6.56**
6.94**
14.73**

Averages in the same row followed by the same letter do not differ.*Significant at 5% probability. **Significant at 1% probability.

corroborating with the results of Oliveira and Damin
(2002), who observed slight decrease in pH studying the
viability of yogurt bacteria and probiotic cultures in
fermented milk under refrigeration at 4°C during the
storage period.
Yogurt cultures such as L. bulgaricus and S.
thermophilus remain active even at refrigeration
temperature and are able to produce small quantities of
lactic acid through lactose fermentation, resulting in
noticeable decrease in pH (Soares et al., 2011). Beal et
al. (1999) in a study on the combined effects of culture
conditions and storage time on acidification and viscosity
of yogurt reported that yogurt will always show a
decrease in pH and increase in acidity during storage
under refrigeration.
The results indicate that all treatments showed the
same behavior throughout the storage period. All
samples of Greek style yogurt with or without pequi pulp
with storage period of up to 22 days showed pH and
acidity values in accordance with Brazilian law (Brasil,
2007), which recommends minimum values of 0.6 and
maximum of 15 g of lactic acid per 100 g of product.
Pequi pulp was microbiologically stable, showing total
coliform count (absence), mesophilic (< 102) and yeasts
and molds (< 102) below microbiological standards
established by Brazilian legislation (104 CFU g - 1) for
ready-to-eat products (Brasil, 2001).
Table 2 shows the results of microbiological analyses
of Greek style yogurts flavored with pequi prior to the
sensory analysis (fifth day of storage). Microbiological
analyses of Greek style yogurts flavored with pequi
(Table 2) showed that the counts of yeasts and molds,

total coliforms, mesophilic and psychrotrophic bacteria
were below the limits established by Brazilian legislation
(Brasil, 2007), indicating that the products have
satisfactory sanitary conditions for consumption. Oliveira
et al. (2008) reported similar microbiological results when
studying the development of araticum yogurt.
The sensory acceptance results of Greek style yogurts
flavored with pequi are shown in Table 3. The sensory
acceptance results for color showed a significant
difference (p < 0.05) between samples of Greek style
yogurts flavored with pequi. Samples of treatment 3 (2%
pequi pulp) had greater acceptance, with significant
difference from samples of treatment 1 (0% pequi pulp),
which did not differ from samples of treatments 2 and 4 (1
and 3% pequi pulp), respectively. For parameter aroma,
treatment 3 showed the highest value (p < 0.01),
significantly differing from Treatments 1 and 4 (0 and 3%
pequi pulp), respectively.
In relation to texture, treatments 2, 3 and 4 showed
higher means than treatment 1 (p < 0.01), indicating good
acceptance by consumers. For attribute flavor, treatment
3 showed greater acceptance (p < 0.01) compared to
other formulations (0, 1 and 3% pequi pulp). This results
indicate greater acceptance by consumers of Greek style
yogurt with 2% pequi pulp, showing through the purchase
intention test (Figure 5) that over 30% of panelists would
buy Greek style yogurt flavored with 2% pequi pulp
(treatment 3); however, Rocha et al. (2008) studied the
development and evaluation of yogurt flavored with fruits
from the cerrado region and reported that yogurt flavored
with pequi had low acceptance by judges, but were not
rejected.

Silva et al.
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60%
50%

Certainly would not buy

40%

Probably would not buy

30%

Maybe would buy, maybe
would not buy

20%

Probably would buy

10%

Certainly would buy

0%
Treatament 1 Treatament 2 Treatament 3Treatament 4
Figure 5. Purchase Intention of Greek type yogurts lavored with pequis.

Conclusion
The Greek yogurt formulated with 2% pequi pulp showed
better sensory acceptance and higher protein content.
The addition of the pequi pulp decreased Greek yogurt
brightness, but increased the intensity of the yellow color,
making it a visually attractive for the consumer.
Based on the results of pH and titratable acidity, Greek
yogurt enriched with pequi showed consumption the
viability in until 22 days of storage. Pequi a typical fruit of
the Brazilian savanna, has color, odor and flavor
characteristic; it constitutes an alternative for inclusion in
firm yogurts, however, work must be performed with the
use of pulp at lower concentrations.
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