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Abstract: This research conducted with the aim of manufacturing healthy products
(yoghurt and local cream cheese) rich in bioactive compounds and healthy fatty acid using
avocado fruit pulp. Avocado pulp used in the manufacture of yoghurt at two, four, and six
percent, and the yoghurt stored at 4° C for seven days. Local cream cheese was handmade by
replacing animal butter with 15% avocado pulp. The content of phenolic compounds in fresh
avocado pulp determined using HPLC, where it was found to be rich in kaempferol 30.88
ppm, ferulic acid 30.25 ppm, apigenin 22.58 ppm, quercetin 18.98 ppm, and P-coumaric acid
12.66 ppm, as well as rich in some fatty acids: oleic 59.58%, palmitic 17.58%, and a-linolenic
18.05%. Compared to the control sample at the first day of storage, the avocado-fortified
yoghurt led to an increase in antioxidant activity by 10.86%, 25.12%, and 34.63%, and in
total phenolic content by 129.55%, 343.18%, and 404.55%. The yoghurt sample at four
percent was the most accepted in texture, taste, flavor, and general acceptance, and the
avocado added a buttery, astringent, and distinct taste to the avocado-fortified samples. Also,
the manufactured of local cream cheese by avocado led to a decrease in moisture and fat, and
an increase in acidity and total solids, and it was possible to obtain a low-fat functional food
with high nutritional value. Results showed that supporting yoghurt with avocado had a
positive effect on reducing the total number of microorganisms and was free of molds, yeasts,
and coliform growths during storage.

Keywords: Avocado pulp, Chemical and physical properties, Fatty acid, Healthy products, Microbial load,
Sensory properties.

Introduction

Cow's milk is suitable for the manufacture of
many dairy products. Yoghurt and cheese are
the most popular fermented dairy products that
obtained from fermented milk. Milk and dairy
products are considered healthy foods rich in
the most important components of the human
diet worldwide, such as nutrients and Energy,
and are rich sources of mineral elements
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(calcium, phosphorus, potassium, zinc, and
phosphorous), vitamins (A, B2, Bi2, and D),
proteins, and essential fatty acid (Al-Garory &
Al-Kaabi, 2020; Ghazal et al., 2021,
Hadjimbei et al., 2022). Studies indicate that
dairy products should consume frequently to
maintain a healthy body. Fortifying dairy

products with fruits may increase their
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nutritional value and increase their acceptance
by the consumer. Cheese is a popular dairy
product, and consumers demand new types of
cheese with lower levels of additives, such as
flavorings and colouring agents, so many
studies have conducted to enrich cheese with
different nutrients and dietary fibre (El-Sayed,
2020; Salehi, 2021). Due to the high rate of
dairy consumption (cheese, ice cream, and
yoghurt) in the countries of the Arab world,
particularly in Syria, the fortification of these
products with fruit (fresh fruits, juice, powder,
puree and extracts) will reduce or prevent
diseases associated with undernourishment,
and will contribute to giving the desired taste,
improving colour and odor, and raising their
natural

content of raw fibre, vitamins,

colourants, minerals, polyphenols, and
carotenoids, as some fruits are also considered
a potential stabilizer for dairy products due to
their desired functionality (Salehi, 2021).
Fruits are considered perishable foods due to
their high moisture content, which reduces
their shelf life and lowers their nutritional
value (Bovi et al., 2016), so fruits converted to
other, more stable forms to extend their shelf
life (Singh et al., 2018). Plants contain many
chemicals with important nutritional properties

for human health (Al-Temimi ef al., 2020).

Avocado is a nutritious fruit, known as
avocado pear, with a creamy texture and
butyric flavor and is rich in unsaturated fatty
acid, especially monounsaturated acids such as
oleic and palmitoleic acids, as well as omega-
three and six polyunsaturated fatty acid that
provide health benefits to consumers and
linoleic acid, and it also contains fat-soluble
(E, Bes fibre,
potassium, protein, antioxidants, lutein, beta-

vitamins and carotene),
sitosterol, and folic acid, and 100 grams of
avocado also provides six-point seven grams
18% of the

recommended daily intake, and many studies

of dietary fibre, about
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have confirmed that avocado is a source of
energy and vitamins, and offers physiological
benefits that promote health, and for this, it is
considered a "functional food" (Hettige et al.,
2013; Amado et al., 2019; Velderrain-
Rodriguez et al., 2021; Brooks & Hesse,
2023). Reddy & Marid (2022) stated that the
addition of avocado to the shake yoghurt gave
higher sensory acceptance by the arbitrators
than with the normal yoghurt, and the product
supported with 10% avocado had more
nutritional and therapeutic value. While a
study by Ali (2020) aimed at producing fresh,
healthy, good-quality labneh made from cow's
milk and supported by avocado puree to create
functional food, this study pointed to a
satisfactory conclusion that its labneh product
could be successfully made and meet intended
health purposes based on fortification with five
percent avocado paste with impressive health
benefits with the aim of developing functional
food.

The avocado (Persea americana) considered a
perishable fruit after it is harvested. Therefore,
this research aimed to study the effect of the
avocado pulp on the chemical, physical, and
sensory properties of some dairy products
(yoghurt, and cheese) during refrigerated
storage for seven days after manufacturing to
create healthy and functional products.

Materials & Methods

Materials

Fresh cow's milk (good quality and free of
foreign tastes) was obtained from the local
dairy farmer in Damascus Countryside
Governorate, Syria. The starter culture, which
consists of a mixture of (Lactobacillus
bulgaricus and Streptococcus  thermophiles)
obtained from Hansan Company, Denmark.
Avocado fruits (Fuertes variety, the weight of

one grain was 240 grams), lemon fruits, salt
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(Sodium chloride), and animal butter

purchased from the Syrian market, Syrian.
Methods

The products manufactured in the laboratories
of the Department of Food Sciences, College
of Agriculture, and University of Damascus
during the extended period between 2022 and
2023.

Preparation of avocado pulp

The method described by (Atmanaji et al.,
2019) followed in the manufacture of avocado
pulp, as avocado fruits of the (Fuertes variety)
were selected. The fruits washed well, and then
divided lengthwise into two halves. The pulp
of avocado was cut into pieces and then
blended well using an electric blender (French,
Moulinex, LM 207125) until a smooth texture
was obtained.

Yoghurt manufacturing

Fresh cow’s milk pasteurized at 85° C for 15
minutes, and the hot milk was divided into five
samples as follows:

The first sample (control) was free of
avocado pulp. The second sample contains
avocado pulp at a concentration of two percent.
The third sample contains avocado pulp at a
concentration of four percent. The fourth
sample contains avocado pulp at a
concentration of six percent. Avocado pulp
added to the hot milk to sterilize the avocado.
The milk was cooled to 45° C (Alhalfi, 2018),
and the starter bacteria added at three percent.
It was mixed well to ensure that the starter was
evenly distributed within the sample, and it
was filled in clean and sterile glass containers
with a capacity of 250 ml. The samples were
then incubated at 45° C until they completely
coagulated and transformed into yoghurt when
the pH reached four-point six (Hozzein et al.,
2023). After the

removed from the incubator and left at room

incubation, containers
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temperature for 25 minutes, then refrigerated
at 4° C for seven days. The experiment was
carried out with three replications for each
treatment.

Local cheese manufacturing (homemade)

Local cream cheese was prepared manually
(homemade, control) by heating the selected
milk (four litres) to a temperature of (95° C),
then adding fresh lemon juice (200 ml) to the
milk just before boiling and stirring gently for
one minute. The mixture was left for 10
minutes until a thrombus formed, then the
formed thrombus was placed in a special
cotton cloth and pressed with a certain weight
for half an hour to separate the resulting serum
from the thrombus. 100 grams of the formed
thrombus were taken; salt (two percent) and
animal butter (43%) were added to it, and it
was mixed using a French electric mixer to
obtain a soft, and smooth, creamy texture. The
other cream cheese sample was prepared by
replacing all the animal butter with (15%) of
the avocado pulp. The samples stored at 4°C
until analysis. Yoghurt and local cream cheese
samples were prepared in the laboratories of
the Food Sciences Department, Faculty of
Damascus

Agricultural ~ Engineering at

University.
Chemical analysis

the
laboratories of the Food Sciences Department,

Chemical analysis conducted in

Faculty of Agricultural Engineering at

Damascus University.
Moisture and dry matter determination

Moisture was estimated by drying at 105°C
until constant weight using a hot air oven
(Kottermann, model 2701), according to the
method given in (Obi et al., 2016).

Dry matter calculated from the following
equation:

%Dry matter = 100 — moisture
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Fat determination

Fat estimated in the milk, yoghurt, and cheese
samples by using Gerber method according to
the method mentioned in (Kleyn et al., 2001),
and in avocado pulp according to (Gatbonton
etal.,2013).

Acidity determination

Titratable acidity estimated by the alkaline
titration. The results expressed as tartaric acid
in avocado (Ferreira da Vinha et al., 2013), and
as lactic acid in milk (Abbas et al., 2020;
Eljagmani & Altuner, 2020).

Crude fibre determination

Crude fibre in avocado pulp was estimated
according to the method mentioned in (Tlay et
al., 2023), by treating the sample with hot
diluted sulfuric acid, 12.5%, as the first stage
(acid digestion stage), then treating the sample
with diluted hot NaOH 12.5% (alkali digestion
stage), then drying the sample, incinerating the
precipitate, and calculating the percentage of
fibre using the difference.

Total phenolic content determination

The method of Jayaprakasha et al. (2001) was
employed to estimate the total phenolic content
in avocado pulp and yoghurt samples, using
the folin-ciocalteu methods, and the results
were expressed as mg gallic acid equivalent. g
! wet weight.

Antioxidant activity determination

Antioxidant activity in avocado pulp and
yoghurt samples, was measured by estimating
the free radical scavenging activity using a free
radical assay 2,2°-diphenyl-1,1-  picryl
hydrazyl, (DPPH) according to the method
mentioned in (Tlay et al., 2023), with some
modifications as follows: The same volume of
DPPH solution (60 umol in absolute ethanol)
was mixed with the ethanolic sample extract
(one gram of sample in 30 ml of absolute
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ethanol). The mixture incubated for 30 minutes
in a dark place, and the absorbance was
measured at 517 nm.

Quantification of phenolic compounds by
HPLC

of
compounds of avocado pulp performed by

Quantification individual ~ phenolic
reversed phase HPLC analysis,
Sykamn HPLC
equipped with a UV detector), Chemstation, a
Zorbax Eclipse Plus-C18-OSD, 25cm, four-

point six mm column. The column temperature

using a

chromatographic system

was 30°C the gradient elution method, with
eluent A (methanol) and eluent B (one percent
of formic acid in water (v/v)) was performed,
as follows: initial zero to four minutes, 40% B;
four to ten minutes, 50 % B; and flow-rate of
point seven mL/min. The injected volume of
samples was 100 uL, and standard was 100 puL
and it was done automatically using an
autosampler. The spectra acquired in the 280
nm (Radovanovi¢ et al., 2015). This test
performed on a sample of avocado pulp in the
Laboratory of Chromatography Techniques in
Environment and Water Department of the
Ministry of Science and Technology/Baghdad,

Iraq.
The standards of phenolic compounds
(apigenin, ferulic acid, kaempferol, p-

coumaric acid, qurcetine, sinapic acid, and
vanillic acid) were obtained from Sigma-
Aldrich Darmstadt, Germany.

Fatty acid determination

Fat in avocado pulp estimated according to the
method mentioned in (Bora et al., 2001), using
the fat extraction device (Soxhlet). The test
performed on an avocado pulp sample in the
Laboratory of Chromatography Techniques,
Environment and Water Department of the
Ministry of Science and Technology/Baghdad,
Iraq.
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Fat esterification

The sample was prepared according to the
method adopted by (Langueira & Pineda,
2012) and based on fat esterification by
interacting with  methanolic  potassium
hydroxide. It was prepared from dissolving
11.2 g of potassium hydroxide and dissolving
it in 100 ml of methanol, then one gram of fat
was taken and eight ml of methanolic
potassium hydroxide was added to it with five
millilitres of hexane and shaken quickly for 30
seconds and then left to separate into two
layers. It was taken from the top layer (hexane
layer) that contains the fat that has been
esterilized, and injected into the device.

GC- Mass condition

GC-MS analysis conducted on a GC — Mass
5977A Series Agilent system auto. A sampler
and gas chromatograph interfaced to a mass
spectrometer (GC-MS) instrument employing
the following conditions: Column Elite-one
fused silica capillary column HP-5MS (30
mmx point two five mm [.D.) operating in the
electron impact mode at 70 eV; helium
(99.999%) was used as the carrier gas at a
constant flow of one ml/min and an injection
volume of point five UL was employed (split
ratio of ten: one) injector temperature 250°C;
ion source temperature 280°C. The oven
temperature was programmed from 60°C
(isothermal for two minutes), with an increase
of 10°C/min, to 270° C, then 5° C/min to 290°C,
ending with a nine minutes' isothermal at 310°
C. Mass spectra were taken at 70 eV; a scan
interval of point five seconds and fragments
from 45 to 450 DA. The total GC running time
is 60 min, according to (Eswaran et al., 2012).

Physical analysis

Physical analysis conducted in the laboratories
of the Food Sciences Department, Faculty of
Damascus

Agricultural  Engineering at

University.
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Viscosity determination

The viscosity of the yoghurt samples
determined using the Brookfield viscometer
(Brookfield, Myr: VII, Spanish) at 25 C, by
using a spindle (L3), 30 rpm, and expressed in
(CP, Centipoise) according to the method

mentioned in (Purdevi¢-Denin et al., 2002).
pH Determination

The pH number measured using a pH-meter
5310,
according to the method mentioned
Eljagmani & Altuner (2020).

(model British Company-Jenway)

in

Determination of the microbial load

Microbial load conducted in the laboratories of
the Food Sciences Department, Faculty of
Damascus

Agricultural ~ Engineering at

University.

Total counts of bacteria, yeasts and molds,
and coliforms were estimated according to the
methods mentioned in (Kunadu et al., 2018),
and expressed as cfu.g’!. The nutrient plate
count agar was used for the total counts of
bacteria after incubation at 37°C for 48 hours,
potato dextrose agar was used for yeasts and
mold count, after incubating at 25° C for 72
hours, and violet red bile agar was used for
measuring the coliform counts after incubating
at 37" C for 24 hours.

Sensory properties

Sensory properties of different processed
yoghurt samples were conducted by a group of
postgraduate students and professors at the
Food
University using a nine-points hedonic scale,

Sciences  Department, Damascus

identifying five points (colour, appearance,

taste, texture, and general acceptability)
2007). Sensory

evaluation scores were given as follows: poor

according to (Ranganna,

(one), acceptable (two), good (three), very
good (four), excellent (five).
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Statistical analysis

The results analyzed by ANOVA using IBM
SPSS Statistics (version 25), and expressed as
mean * standard error. Differences between
means with a p-value < point-zero five were
considered to be significant.

Results & Discussion

The chemical composition of fresh raw milk
and avocado pulp

The antioxidant activity affected by many

mechanisms and factors (solvents used,
temperature, phenolic compound structure,
and pH) which can affect the accuracy of the

determination of antioxidant activity. Table (1)

indicators for the studied samples (cow milk,
and avocado pulp). The results show a higher
antioxidant activity in the avocado pulp sample
compared with cow milk 79%, three- point one
four percent, respectively. These results are in
agreement with Lyu ef al. (2023) which
indicated that the antioxidant activity of
different varieties of avocado pulp ranged from
point zero eight to point one six AAE/g, and
the antioxidant activity and shelf life of the
fruit can vary based on the part of the fruit
under analysis, and the fruit nature (Arackal &
Parameshwari, 2021). Also, these results were
higher than those reported by (Ferreira da
Vinha et al., 2013), who showed that the
antioxidant activity of avocado pulp was 23%.

presents the results of some chemical
Table (1): Chemical composition of cow milk and avocado pulp.

Indicators Cow milk  Avocado pulp
Acidity% 0.25+0.01 0.89+0.03
Dry matter % 10.50+0.12 30.00+0.25
Moisture% 89.50+0.14 70.00+0.26
Fat% 2.30+0.02 20.00+0.23
Crude fibre% 0.00+0.00 3.00+0.20
pH 6.05+0.01 6.40+0.02
Total phenolic content (mg.100g™! gallic wet base) 3.20+0.12 113+0.25
Antioxidant activity% 3.14+0.00 79+0.32

It can see from table (1) that the content of
moisture, dry matter, fat, pH, acidity, and
crude fibre in the sample of avocado pulp was
70%, 30%, 20%, six-point forty, and point
eight nine percent as tartaric acid, and three
percent, respectively. These results are in
agreement with those in other studies. For
example: The moisture content of the pulp of
different cultivars of avocado ranged between
68.16-79.23%, and fat content ranged from
13.26% to 23.44% (Amado et al., 2019).
Astudillo-Ordoéiiez (2018)
indicated that the pH of samples of three

& Rodriguez

different cultivars of avocado during different
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ripening stages ranged between six-point five
eight to seven-point one four and acidity nine-
point twenty nine percent to 19.47%, as the
behavior of the pH number is related to the
content of Organic acids present in the fruit,
also, low acidity is associated with the
consumption of organic acids in the various
metabolic cycles in the fruit, including tartaric
acid, which is predominant in avocados, and
acids and carbohydrates are used to provide the
energy required by the fruit during the ripening
process (Taiti et al., 2015).

The results shown in table (1) indicated that
the content of moisture, dry matter, fat, pH,
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acidity, and fibre in the sample of cow milk
was 89.50%, 10.50%, two-point thirty percent,
six-point zero five, point twenty-five percent
as lactic acid, and fibre free, respectively.
These results are agreement with other studies.
For example: The moisture was 87.15%, solids
12.85%, fat four-point three six percent,
acidity point one nine percent, and the pH six-
point seven (Rahman et al., 2020).

Also, it can be seen from table (1) that the
total phenolic content in the studied sample of
avocado pulp was higher compared with cow
milk 113 mg.100 g' wet base, three point
twenty mg.100g! wet base, respectively.
These results are agreement with other studies.
For example the total phenolic content ranged
between (point twenty to point-twenty eight
mg gallic acid. ¢! (Lyu et al., 2023), while the
total phenolic content in avocado pulp was
one-point zero nine mg gallic acid. g fresh
weight (King-Loeza et al., 2023). Lopez-Cobo
et al. (2016) indicated that the content of total
phenols was low in the avocado pulp and
ranged from 38.0 mg.100 g! DM to 41.0
mg.100 g DM. Also, these results were lower
than those reported by (Ferreira da Vinha et al.,
2013), who showed that avocados were rich in
phenolic compounds 410.2 mg.100 g

The phenolic compounds of avocado pulp

Table (2) demonstrated the content of fresh
avocado pulp from phenolic compounds using
HPLC, where the percentage of kaempferol
compound was 30.88 ppm, followed by ferulic
acid 30.25 ppm and apigenin 22.58 ppm, while
other compounds (qurcetine, p-coumaric acid,
vanillic acid, and sinapic acid) were found in
lower proportions 18.98, 12.66, 11.58, and
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nine-point fifty eight ppm, respectively. These
results are agreement with other studies. For
example: The phenolic compounds content of
avocado pulp, where the content of gallic acid
ranged from point-zero zero eight to point-zero
ten mg/g fresh weight, and the content of
Hydroxy methody cinnamic acid ranged from
zero to point-zero zero four mg/g fresh weight,
while only traces of phenolic compounds
(Dihydroxybenzoic acid, Hydroxybenzoic
acid, Catechin Hydrate, Chlorogenic acid,
Vanillic acid, Caffeic acid, Syringic acid, p-
Coumaric acid) were observed (King-Loeza et
al., 2023).

Fig. (1) showed the phenolic compounds

present in avocado pulp using high-
performance liquid chromatography (HPLC),
where the retention time for peaks ranged
between two-point eighteen and eight-point
twenty minutes, the area of peaks ranged from
15982.65 17448.32 mAU.s, and the
percentage of the area of peaks ranged from

10% to 17%.

to

Table (2): The phenolic compounds of
avocado pulp.

Phenolic compound Concentration
Apigenin 22.58
Ferulic acid 30.25
Kaempferol 30.88
p-Coumaric acid 12.66
Qurcetine 18.98
Sinapic acid 9.58
Vanillic acid 11.58




Tlay et al. / Basrah J. Agric. Sci., 37(1), 164-182, 2024

Ima] . . £n
£ p-Coumaric acid Vanillic acid
10
0.8 s
1 g
E z -
(13
E ? j &
s | L
\ |
A | : |
a x
00 e L A 3
4 6 [] 0 12 . 1 u
{min
[ma) - BT [ma]| .
o Ferulic acid s Sinapic acid
10 -
0s as
i 3 H ;
i i ‘
. |
“ \
|
o2 | a2
\ \
D S — = P
= G s T 5 =
ma] " = s
) qurcctine Apigenin
10 w0
i . o "
k- ¢ 3 b
§e \‘ e |
\
\ o |
1
5 " \
\ \
os A — . A
T T T 5 =
[ma)
12 kaempfer
10
o8 %
k| =
B os
o4
02
oo s
z = 5 5 ™ = =
[min)
[mA]
1.2
B 1.0
=
2 3 3
0.8 ~ g
= o
2
5 8
g 06 g ~
< ]
0.4 R
w
0.2
0 2 4 6 3 10 12 14

[min.]

Fig. (1): A- Standard phenolic compounds. B- Phenolic compounds in avocado pulp by HPLC.
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The fatty acid of avocado pulp oil

Table (3) showed the types of fatty acid present
in avocado pulp oil and their percentages,
which Oleic acid was the dominant fatty acid
with a percentage of 59.58%, followed by a-
linolenic acid 18.05%, palmitic acid 17.58%,
linoleic acid nine-point five eight percent,
eicosapentaenoic acid nine-point fourteen
percent, docosahexaenoic acid eight-point
twenty five percent, arachidonic acid three-
point fifty eight percent, stearic acid three-
point fifty eight percent, and gamma linoleic
acid one-point twenty five percent. Several
studies have pointed to the composition of fatty
acid in avocado pulp oil, for example: The
avocado pulp oil contains Oleic acid 43.23%, a
dominant monounsaturated fatty acid, also rich
in polyunsaturated fatty acid (omega-six); and
linoleic acid 19.78%, and contains 35.31%
saturated fatty acid, so it is considered a safe
and healthy oil (Akusu et al., 2021). Also, the
fatty acid present in Hass avocado pulp were
32.6% Oleic acid, 31.7% palmitic acid, 16.6%
linoleic acid, 16.3% palmitoleic acid, and point
nine percent alpha-linolenic acid, and this is
very important since humans cannot synthesize
these acids, and the avocado pulp contains the
highest concentration of fatty acid (Amado et
al., 2019). Donetti & Terry (2014) indicated
that the major fatty acid in avocado oil were
Oleic acid 53%, palmitic acid 20%, linoleic
acid 14%, palmitoleic acid seven percent, and
alpha-linolenic acid four percent. Okparauka et
al. (2019) noted the avocado pulp oil content
of fatty acid, whose peak retention time ranged
between 21.07-33.59 minutes and 12 peaks
(five major peaks, and seven small peaks) were
identified, and the % peak areas were 1.23-
45.69. The main nine-

peaks were
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Octadecanoic acid (Z)-methyl ester (Oleic
acid);
Eicosanoic

11-Otadecanoic acid methyl ester;
9, 12-
Octadecanoic acid methyl ester (E-E) (linoleic

acid methyl ester;
acid) and Docosanoic acid methyl ester. He
noted that avocado contains 71% of
monounsaturated fatty acid (MUFAs), 13% of
polyunsaturated fatty acid (PUFAs) and 16%
of saturated fatty acid (SFAs), as the Oleic acid
content increases in mature acid. Fig. (2)
showed the composition of fatty acid in
avocado pulp oil using the GC-mass technique.

Table (3): The fatty acid of avocado pulp oil.

Peak Name Concentration%
2 Oleic acid 59.58
3 Stearic acid 3.58
4 Docosahexaenoi 8.25
5 Palmitic acid 17.58
6 a- linolenic acid 18.05
7 Linoleic acid 9.58
8 Gamma linoleic 1.25
9 Eicosapentaenoi 9.14
10 Arachidonic 3.58

Intensi
ZDOOUOGI%Y

1.697|

15000000~
10000000—{

5000000

Fig. (2): GC-MS chromatogram of avocado
pulp oil.
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The chemical composition of yoghurt
samples fortified with avocado pulp during

the refrigerated storage period

The results shown in table (4) indicated the
difference in the chemical composition of the
avocado-fortified yoghurt and the control
yoghurt, as the yoghurt fortified with six
percent of avocado pulp was characterized by
a higher percentage of acidity, fat, dry matter,
and lower moisture point nine two percent,
three-point two one percent, 11.12%, and
88.88%, respectively, compared to the control
point seventy percent, two-point zero eight
percent, 10.10%, and 89.90%, respectively.
These results are agreement with other studies.
For example: The avocado yoghurt was
characterized by a higher percentage of fat,
fibre, ash, protein and total solids three-point
six percent, point three percent, point nine
16.10%
compared to regular yoghurt three percent,

percent, three-point five percent,

zero, point seven percent, three point four
percent, 14.24%, respectively (Kulasinghe &
Abesinghe, 2016).

On the other hand, the refrigerated storage
for seven days had a moral effect on increasing
the acidity in all studied samples, as the acidity
increased by 12.50%, 50%, and 75% in the
stored samples compared to the control. These
results are agreement with other studies. For
example, Kulasinghe & Abesinghe (2016)
reported that the titratable acidity of avocado-
fortified yoghurt increased from point eight six
percent to point nine four percent within 11
days of refrigerated storage, due to the
presence of live lactic acid bacteria in the
culture that ferment the lactose in the milk into
lactic acid over time (Kilara & Chandan, 2013;
Bintsis, 2018).

The pH decreased from four-point sixty
percent in the control to four-point six four in
the avocado yoghurt at six percent on the first
day of storage, and to four-point four eight in
the sample stored for seven days. These results
are agreement with other studies. For example:
The pH values range from three-point four to
four according to the desired acidity and fruit
kinds (Yousef et al., 2013).

Table (4): The chemical composition of yoghurt.

Storage Concentration
. e Dry Matter i
period at of avocado pH Acidity% Fat% o Moisture%
47C/day pulp% °
0 (control)  4.60°£0.01 0.70°+0.15 2.08+0.05 10.10°£0.23  89.90°+0.23
1 2 4.62°£0.02 0.80°+0.06 2.48:0.06 10.85%+0.25 89.15*+0.25
4 4.63%£0.00 0.90°+0.10 2.82°+0.01 10.959+0.22 89.05°+0.22
6 4.64°£0.01 0.92°40.09 3.21°+0.05 11.12°¢0.23 88.88°+0.23
0 (control)  4.49°+0.02 0.809+0.02 2.059+0.03 11.18>+0.14 88.82°+0.14
7 2 4.40°+0.02 0.90°+0.14 2.45°+0.03 11.58*+0.11 88.42°+0.11
4 4.45°+0.00 1.20°+0.13 2.79°+0.01 11.88°+0.16 88.12+0.16
6 4.48°+0.03 1.40°+0.18 3.18%+0.02 12.00%+0.20 88.00+0.20

Similar letters indicate that there are no significant differences between samples at a confidence level of p >0.05.
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Viscosity of yoghurt

300

M control

M 2% avocado pulp 250

M 4% avocado pulp 200 -
6% avocado pulp
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M control (after 7 day)

M 2% avocado pulp (after 7 day) 100 |
4% avocado pulp (after 7 day) 50 -
6% avocado pulp (after 7 day)

0 .

viscosity (1 day) viscosity (7 day)

Fig. (3): The viscosity of yoghurt during refrigeration (CP).

Kulasinghe & Abesinghe (2016) indicated
that the pH of avocado yoghurt decreased from
three-point five two to three-point three five
and from four to three-point nine one,
respectively, during the first day to the
eleventh day of refrigerated storage, this is due
to increased acidity leading to a decrease in the
Soliman & Shehata
(2019) indicated a decrease in pH wvalues

pH level of the product.

during refrigerated storage and an increase in
acidity in all samples of avocado-fortified
yoghurt, and avocado yoghurt samples
characterized by a high content of total solids
and fat with a high percentage of fortification.
Also, Rahman et al. (2020) observed that the
moisture content and acidity increased in the
yoghurt prepared with strawberry juice
because the fruit contained higher moisture
and acidity, and the pH decreased with the

addition of strawberry juice.

The viscosity of yoghurt samples

The viscosity is a very important indicator in
determining the quality of yoghurt.

The results shown in the fig. (3) indicated
that fortifying yoghurt with avocado pulp had
a moral effect on the viscosity of the yoghurt
samples with an increase in the percentage of
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avocado pulp, as the viscosity of the samples
increased significantly from 173.00 in the
control to 224.00 in the fortified yoghurt with
avocados pulp by six percent, as the last
sample had a higher viscosity compared to the
other studied samples. The reason for the
higher viscosity of the avocado-fortified
yoghurt compared to the control samples is
attributed to the higher content of fibre and fat
in this fruit, which acts as a thickening agent.

These results are agreement with other

studies. For example: The viscosity of
fermented camel milk increased with the
increase in the percentage of fortification with
avocado and during refrigerated storage for a
period of 21 days, and its values ranged from

37 to 1238 1/s (Soliman & Shehata, 2019).
The microbial load of yoghurt samples

The results in table (5) showed that fortifying
yoghurt with avocado pulp had a positive
effect on the total count of microorganisms, as
the total count in the samples decreased from
3.5x10° cfu.g™! in the control group to 1.4x10°
cfu.g! in the yoghurt sample supplemented
with six percent of avocado pulp, while the
samples were free of mold, yeasts, and



Tlay et al. / Basrah J. Agric. Sci., 37(1), 164-182, 2024

coliform growths on the first and seventh days
of refrigerated storage.

These results are in agreement with several
studies that have been conducted with the aim
of determining the microbial load of dairy
that have been fortified with
avocados, for example: The total account of

products

yeasts, fungi, and coliforms in avocado-
fortified yoghurt did not exceed approved SLS
standards for yoghurt during 11 days of
refrigerated storage (Kulasinghe & Abesinghe,
2016). The reason for promoting the growth of
bacteria during the refrigerated storage period
may be due to the availability of some nutrients
in avocado such as soluble oligosaccharides
(fructooligosaccharides), and the addition of
fibre promotes the survival of probiotic

bacteria in fermented milk, and this is due to
the stimulating effect of avocado on probiotics
because it contains a high percentage of fibre
soluble (Marin et al., 2007, Sendra et al.,
2008). Also, Soliman & Shehata (2019)
indicated that no growths of yeasts and fungi
were detected in the control when it was fresh
and during refrigerated storage for 14 days of
refrigerated storage, and it was shown that the
absence of coliform indicates that the milk
samples were free of fecal contamination due
to observance of hygienic conditions during
production and because of the role of lactic
acid bacteria in preserving the product due to
the ability of some of them to produce
antimicrobial compounds.

Table (5): Microbial load of yoghurt during refrigeration.

Storage period at Concentration of Coliform Total account Molds and
47C. day! avocado pulp% (cfu.g™) (cfu.g™) yeasts (cfu.g™)

0 (control) Nill 3.5x10° Nill

2 Nill 2.6x10° Nill

: 4 Nill 2.2x10° Nill

6 Nill 1.4 x10° Nill

0 (control) Nill 6.7x10’ Nill

2 Nill 6.8x10’ Nill

’ 4 Nill 7.2 x107 Nill

6 Nill 7.0 x107 Nill

Sensory characteristics of yoghurt samples

The results in fig. (4) indicated that there was
a moral effect on most of the sensory
characteristics of the yoghurt samples with a
higher percentage of avocado pulp compared
with the control, as the control samples
obtained the best sensory acceptance.

All manufactured samples had a desirable
odor, as the addition of avocado pulp did not
significantly affect the characteristic yoghurt
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smell, and the control sample had a white
colour, while the yoghurt samples fortified
with avocado pulp had a light green colour, and
this is due to the chlorophyll pigment in the
avocado fruits, and the addition of avocado
pulp at six percent increased the colour
It was noted that the addition of
avocado pulp led to a slight increase in the

preference.

consistency of the yoghurt, as the four percent
sample was the most acceptable in the texture.
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Sensory properties of yoghurt samples
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Fig. (4): Sensory characteristics of yoghurt.

Adding avocado pulp did not affect the
distinctive acidic flavor of the yoghurt
resulting from lactic acid bacteria, but it added
a distinctive buttery, astringent taste to the
avocado-fortified samples. The taste was more
pronounced at a concentration of six percent,
and four percent sample was the most
acceptable in taste, flavor, texture and general
acceptability. These results are agreement with
other studies. For example: The camel yoghurt
fortified with four percent of avocado met with
great sensory acceptance, and the control was
white in colour, while the avocado yoghurt was
light green in colour due to the avocado fruit
containing chlorophyll (Soliman & Shehata.,
2019).

The total phenolic content and antioxidant
activity of yoghurt samples

The results in table (6) shown that fortifying
yoghurt with avocado pulp had a positive
effect on the content of total phenols and
antioxidant activity, as the percentages of
avocado pulp increased. Antioxidant activity
also increased on the first day of storage by
24.64%, 45.30%, and 60.04%, with the

avocado percentages (two percent, four
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percent, and six percent), respectively,
10.31%, while the
antioxidant activity increased on the seventh
day of storage by 37.71%, and 55.42%,

67.23% with the avocado percentages two

compared to control

percent, four percent, and six percent,
respectively, compared with control eight-
Storage of fortified

samples with avocado for seven days resulted

point thirty percent.

in a significant increase in antioxidant activity
by 10.86%, 25.12%, and 34.63% compared to
the control on the first day of refrigerated
storage 10.31%.

Adding avocado pulp to yoghurt in different
proportions two percent to six percent led to a
positive increase in the total phenolic content
by 129.55%, 343.18%, and 404.55% compared
to the control point forty four mg.100g™! fresh
weight on the first day of refrigerated storage,
while the total phenol content increased on the
seventh day of storage by 193.33%, 373.33%,
and 466%, when the fortification percentage
was two percent, four percent, and six percent,
respectively, compared with the control point
thirty mg.100 g™! fresh weight.
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Table (6): Total phenolic content and antioxidant activity of yoghurt during refrigeration.

Storage period at 4”C/day Concentration of Anj[i(?xidant Total phenolic
avocado pulp (%) activity (%) (mg.100g' FW)

0 (control) 10.31%0.15 0.445+0.22

2 12.859+0.26 1.01£0.36

4 14.98°+0.11 1.95°+0.14

6 16.50+0.35 2.22%+0.26

0 (control) 8.305+0.13 0.30"+0.34

. 2 11.43°+0.06 0.880.13

4 12.90%+0.41 1.429+0.11

6 13.88°+0.22 1.70°£0.32

Similar letters indicate that there are no significant differences between samples at a confidence level of pS0.05

Also, the refrigerated storage of the control for
seven days resulted in a significant decrease in
the total phenolic content and antioxidant
activity by 31.82% and 19.50%, respectively,
compared with the control on the first day of
These
agreement with other studies. For example:
The total
antioxidant activity in control compared to

refrigerated  storage. results are

lower phenolic content and
avocado-fortified camel yoghurt during 21-day
refrigerated storage, had a higher total phenolic
content and antioxidant activity during its

storage period (Soliman & Shehata, 2019).

The chemical composition of local cream
cheese samples

The
manufacturing

that
by
completely replacing animal butter with

table showed

local

results in

(7)
cream cheese
avocado pulp resulted in a decrease in the
moisture by 15.48%, and 16.68%, fat by
48.33%, and 48.33%, fat in dry matter by
38.18%, and 37.37%, and an increase in the
acidity by 340%, and 24%, and in dry matter
by 19.70% and 21.23%, with a similar creamy

177

texture and a decrease in the percentage of
animal fats. Thus, it was possible to obtain a
product from avocado, which is a low-fat
functional food, and has high nutritional value,
due to the high content of antioxidants, healthy
fatty acid, and fibre found in avocado. These
results are agreement with other studies. For
example: The fortification of cream cheese
with avocado puree by 10, 20, and 30% led to
an increase in the percentage of moisture, fat
and ash, and a decrease in protein,
carbohydrates, and total solids in the resulting
cheese. Also, the pH of the avocado-cream
cheese increased slightly four-point sixty six to
four-point sixty nine compared with the
control four-point sixty one, these differences
are due to the different in cream cheese types,
and the

n

the method of its manufacture,
different  ingredients
manufacture (Hu, 2021).

involved its
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Table (7): Chemical composition of local cream cheese samples.

Samples Moisture%  Dry matter% pH Acidity% Fat % Fatin total
solid%

C 56.00°40.23  44.00°+0.13  5.20°+0.02  0.25°+0.01 30.00°+0.01  13.20°+0.01

Cl 47.33%+0.13  52.67°+0.23  4.90°+0.03  1.10°£0.02  15.50°+0.02  8.16°+0.02

C2 46.66°+0.22  53.34°+026  5.18°+0.03 0.31°+0.03  15.50°+0.04  8.27°+0.03

Similar letters indicate that there are no significant differences between samples at a confidence level of ps0.05, C:

Control, C1: 15 avocado pulp %+5ml fresh lemon juice, C2: 15% avocado pulp +5g white pepper.

Conclusions and Recommendations

The avocado pulp was characterized by low
moisture content, and high acidity, fat, fibre,
total solids, antioxidant activity, phenolic
compounds, and healthy fatty acid compared to
fresh milk. The highest percentage of avocado
pulp led to a significant increase in dry matter
percentage, acidity, viscosity, total phenols,
and antioxidant activity, and a decrease in the
total count of microorganisms in yoghurt
samples, and the yoghurt sample (four percent)
had the best sensory acceptance. Storage of
fortified samples with avocado for seven days
led to a significant increase in antioxidant
activity, and total phenol content compared to
the control. A low-fat, high-nutrition local
cream cheese product was made by completely
replacing animal butter with avocado pulp. We
recommend the use of avocado pulp in the
manufacture of functional low-fat dairy
products for its richness in healthy fatty acid,
and natural antioxidants.
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