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Research Article

Proximate assessment and bioassay of breakfast
cereals produced from blends of acha (Digitaria
exilis), mungbean (Vigna eadiata) and cashew
nut (Anarcadium occidentale Linn) flours
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Deborah Chinwendu Ofoegbu ©©

1 Department of Food Science and Technology, Faculty of Agriculture, University of Nigeria, Nsukka, Nigeria.

Article info ABSTRACT

Keywords: Breakfast cereals were formulated from blends of acha,
Breakfast cereals, undefatted, defatted, feed intake, fermented mungbean and cashew nut (undefatted and
feed efficiency, feeding experiment. defatted) flours. The undefatted and defatted cashew

nut flours were used at different levels of substitution

(10, 20, 30, 40 and 50 %) with the best blend of acha

and mungbean (80:20) flour which was determined by
Received: 29.08.2022 sensory evaluation. Breakfast cereals were produced
by toasting (170 oC) a dry heat treatment process to
gelatinize and semi-dextrinize the starch in order to
generate dry ready to eat products. The samples were
subjected to proximate and bioassay analyses. The
breakfast cereal was used for a four week bioassay
E-ISSN: 2979-9511 study using eighty four (84) healthy male albino
DOI: 10.58625/jfng.1.1.01 rats weighing 60 - 90 g. The proximate composition

Accepted: 08.11.2022

showed: crude protein 10.24-20.10 %, moisture
Available online at https://jfng.toros.edu.tr content 6.01-8.07 %, crude fat 3.60-24.51 %, crude fibre
4.02-7.07 %, ash 3.39-4.80 % and carbohydrate 46.4-
68.08 %. Feed intake was measured daily while weight

Corresponding author: gain was measured weekly. Results after the study

*Deborah Ofoegbu, deborahofoegbud@gmail.com showed; feed intake 234.22 — 344.55 g, weight gain
34.14 - 80.25 g, feed efficiency 0.14-0.25 and protein
*Ifeoma Nwaoha, ifeoma.mbaeyi-nwaoha@unn.edu.ng efficiency 0.99-189. Feeding experiment showed

positive increase in weight when the rats were fed the
formulated breakfast products. This implies that the
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products could support growth. No adverse growth
rate was observed. Feed intake was also acceptable
and compared well with the stable diet for rats. Feed
efficiency of the samples compared well with the
control diet.

INTRODUCTION

Breakfast is the nutritional foundation or the
first meal of the day. It is considered the most
vital meal of the day. According to Sharma and
Caralli (2004), breakfast cereal is defined as any
food obtained by swelling, roasting, grinding,
rolling or flaking any cereal. Despite being
consumed dry in the early hours of the morning,
breakfast cereals provide a good source of
energy, which is a vital requirement of the
human body. Nonetheless, the value of breakfast
cereal is undeniable in this age of fast living,
rapid urbanization, and above all, a health-
conscious society (Janvekar, 2010). Ready-to-
eat breakfast cereals are gradually displacing
most conventional breakfast diets in most
developing countries. They are popular among
urban dwellers because of their convenience,
nutritional value, increased income, status
symbol, and job demands (Usman, 2012).
Breakfast cereals now offer a variety of options
for meeting today’s recommendations for people
of all ages to improve their whole grain intake.
Cereals, on the other hand, are the most common
breakfast products (Sharma and Caralli, 2004).

Acha (Digitaria exilis) is a West African grass
also known as fundi, fonio, hungry rice, fonio
blanc and petit mil. Acha, though neglected,
is probably the oldest African cereal (Ayo and
Nkama, 2004). Acha could not keep up with the
latest international cereals, which were made
particularly convenient for consumers by the
use of mills and processing, due to a lack of
interest and support from authorities (mostly
non-African colonial authorities, missionaries,
and agricultural researchers). The old grains
languished and were primarily used as a food
source for the poor and in rural areas (Ayo and

Nkama, 2004). The acha cereal grain has been
named one of the world’s most fascinating
plants. The proteins in acha grains (8-11 %)
are not easily extractable. Their digestibility,
on the other hand, outperforms sorghum and
millet. Due to its rich in methionine and cysteine
content, acha is considered one of the most
nutritious grains (Jideani, 1997; Jideani et al.,
1994). It may have essential functional properties
due to the high levels of residue protein in it.
Acha is also a delicious cereal that is regarded
as one of the best in the world (NRC, 1996). The
acha can benefit greatly from this combination of
nutrition and flavour.

Mung bean (Vigna radiata), also known as green
gram, is a tropical legume that is primarily
grown in Asia and also Nigeria. Mungbean is a
great source of high-quality protein and one of
the cheapest and richest plant protein sources
(Akaerue and Onwuka, 2010). It is high in amino
acids, especially lysine and thus can be used
to complement human diets that are primarily
focused on cereals.

Cashew nut meal has recently been approved
for use in poultry, especially layers, in addition
to human consumption. Cashew seeds’ main
products are the kernels, which have nutritional
and economic value as confectionary nuts
(Ogungbenle, 2014). The nuts have long
played an important part of the meals of many
cultures and civilisations, because of their great
nutritional content, their broad variety of taste
and distinct flavours and high energy value.

Researchers and policymakers overlook many
of the underutilized food crops native to third-
world countries, especially Nigeria. These
underutilized crops, on the other hand, may
have a lot of potential particularly in terms
of improving food quality and thus people’s
nutrient intake. One of the best ways to minimize
nutritional, environmental and financial
vulnerability in times of change is to increase
the use of underutilized crops (Pasiecznik and

Jaenicke, 2009).

From the foregoing, it is clear that some of these
locally available cereals and legumes, which
are cultivated in large quantities, can be used to
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formulate products, thus highlighting the raw
materials’ other utility potentials (Mbaeyi, 2005).
Asaresult, the aim of this project was to formulate
a breakfast cereal with acha, mungbean and
cashew nut flour in its defatted and undefatted
form. This would be accomplished by fermenting
the legume (mungbean) in order to impart those
desirable qualities. This project aims to raise
public awareness about the nutritional benefits
of defatted and undefatted cashew nut flour and
to provide useful information on how to use it
effectively in a variety of food applications

MATERIALS AND METHODS
Procurement of raw materials

The grains of acha (Digitaria subtilis) were
purchased at the Ogbete market in Enugu
State. Mungbean (Vigna radiata), cashew nut
(Anacardium occidentale Linn) were purchased
from Obollo-afor market while salt, and sugar
were purchased from Ogige Market in Nsukka,
Enugu State, Nigeria.

Sample preparation

At the beginning acha grains, mungbean seed
and cashew kernels were properly sorted and
cleaned to extract stones, weeviled seeds, and
other foreign matter.

Processing of acha into flour

With a slight modification, the procedure
mentioned by Agu et al., (2015) was used. 5
kilograms of cleaned and sorted acha were
thoroughly washed and drained. To make
the flour, the acha was dried in a hot air oven,
milled, and sieved through a 1mm pore size
sieve. The flour was stored in a transparent
airtight container until it was required. Figure 1
depicts the flow diagram for the development of
acha flour.

Acha grains

'

SortiIg/ Cleaning

Washing

Drailling

Drying (60 °C for 8 hours
Milliig

SieViIg

Acha flour

Figure 1. Flow diagram for acha flour production.
(Agu et al., 2015)

Processing of mungbean into flour

The procedure described by Enwere (1998) was
used with minor modifications. 5 kilograms
of mungbeans were cleaned, sorted, and
thoroughly washed with clean water before
being fermented for 12 hours, then boiled for 30
minutes, cooled and dehulled. To make flour,
dehulled mungbeans were dried in a hot air
oven, milled and sieved through a Imm pore
size sieve. The flour was held in a clear, airtight
container until it was required. Figure 2 depicts
the flow diagram for the processing of mungbean
flour.

Mungbean

Sor%ng/ cleaning
Washing
Fermentation (12 hours)
Boiling
Cogling
Dehulling
Oven drying
Milling
Sieyin
I 2

Mungbean flour

Figure 2. Flow diagram for production of mungbean
flour. (Enwere, 1998)
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Processing of cashew nut into flour

The modified methods of Badje et al., (2018) was
used. A total of 10 kilograms of cashew kernels
were cleaned, sorted for discolored kernels and
insect damage, and divided into two equal parts.
The cashew kernels were milled separately using
a blender. One portion of the flour was sieved
through a 0.4mm sieve and left as undefatted
flour. The defatted flour was made from the
remaining part. By continuous maceration for
30 minutes, the flour was de-oiled twice using
an apolar solvent (hexane) and the flour/solvent
ratio (w:w). The supernatant containing the oil
and hexane mixture was removed after 24 hours
of incubation, and the remaining cakes were
collected in a muslin cloth and pressed. The
defatted oil cakes were air dried to remove the
solvents, then oven dried for 1 hour at 65 °C to
remove all of the solvents. The defatted flour is
then held at room temperature in an airtight jar.
The flow diagram for the production of cashew
nut flour is shown in Figures 3 and 4.

| Cashew nut |

Sorting/Cleaning

Soaking (2 minutes)

Sun drying

Roisting (30 minutes)
Deshelling

Drying (85 °C for 2 hours)
Dehulling

Milling

Sie#ing

Packaging

Undefatted cashew nut flour

Figure 3. Flow Chart for production of undefatted
cashew nut flour. (Badje et al., 2018)

| Uﬂdefatth cashew nut flour

Def*atting (Hexane w/w)

Oil cake

Pressing

Defatting (Hexane w/w)
Pressing

Sux* drying (1 hour)

Oven drying (1 hour at 65 °C)

Grinding
v

| Defatted cashew nut flour

Figure 4. Flow chart for production of defatted
cashew nut flour. (Badje et al., 2018)

Product formulation and production of
breakfast cereals

The best blend of acha and mungbean flour
was determined using sensory evaluation after
composite flour was formulated by mixing acha
and mungbean flour. The composite flour (made
of acha: mungbean flours) was mixed with graded
levels of undefatted and defatted cashewnut
flour (100:0; 90:10; 80:20; 70:30; 60:40; 50:50),
sugar, salt, and water to make 11 breakfast cereal
samples and toasted at 170 °C with continuous
stirring till dried products were obtained (Figure
5). A control sample was produced from 100 %
acha and mungbean composite flour as shown
in Table 1.

Production of Breakfast Cereals

‘ Compo§ite Flour ‘

Mixing with other ingredients (salt and sugar)
-« Addition of water
Toasting (170 °C for 5 minutes)

Cooling

Packﬁging

‘ Breakfast Cereals ‘

Figure 5. Flow chart for the production of breakfast
cereal. (Usman, 2012)
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Analysis of Samples

The proximate composition of the blended
samples were examined using AOAC, 2010. A
bioassay was done using albino rats to determine
the bioavailability of protein in comparison with
a control (commercial product).

Proximate Analysis of the Samples
Determination of Moisture Content

Clean crucibles were dried for 1 hour in a hot air
oven at 100 oC and then cooled in a desiccator
to achieve a constant weight. Two grams of each
of the samples were weighed into the different
crucibles and dried for four hours at 1050C to
ensure that the weights were constant. Loss in
weight of the samples were recorded and the
moisture content was calculated as:

) weight loss 100
% Moisture Content = ———@@™M X —
Sample weight 1
Determination of crude fat

A Soxhlet extractor was mounted, along with
a reflux condenser and a 500 ml round bottom
flask. A labeled thimble was used to measure
two grams of the sample. The round bottom flask
was filled with petroleum ether (300 ml), and
the extractor thimble was plugged with cotton
wool. After allowing the Soxhlet apparatus
to reflux for about 6 hours, the thimble was

removed. Petroleum ether was collected for re-
use. The flask was dried for 1 hour at 105 °C in
an oven, then cooled in a dessicator before being
weighed. The percentage fat was calculated as:

Weight of fat 100

% Fat = ———— X —
%o Fa Sample weight 1

Determination of crude protein

After putting 2 g of the sample in a Kjeldhal
flask, the flask was filled with anhydrous sodium
sulphate (5 g of Kjeldhal catalyst). In addition to
a few boiling chips, concentrated sulphuric acid
(H2504; 25 ml) was added. In a fume chamber,
the flask was heated until a clear solution was
obtained. The clear solution was moved into
a 250 ml volumetric flask and filled up to the
mark with distilled water after cooling at room
temperature.

Distillation: The apparatus was set up after
cleaning the distillation unit volume. A 100 ml
conical flask was filled with five milliliters (5
ml) of 2 % boric acid solution and three drops of
methyl red indicator. 5 ml of the sample digest
was pipetted into the apparatus and washed
down with distilled water after placing the
conical flask under the condenser. In addition, 5
ml of 60 % NaOH was added to the digest. 100
ml of the sample was stored in the receiving flask
after it was heated. The content was titrated with

Table 1. Composite flour formulations for breakfast cereals made from acha, mungbean, undefatted and defatted
cashew nut flour blends

Sample Sample Code Code Ratio Percentage

ACMB ACTMB 1000 100% AC + MB, 0%DCN/UCN
AMDN; AC+MB: DCN 90: 10 90 % AC+ MB, 10 % DCN
AMDN; AC+MB: DCN 80: 20 80 % AC + MB, 20 % DCN
AMDN;3 AC+MB: DCN 70: 30 70 % AC + MB, 30 % DCN
AMDNg4 AC+MB: DCN 60: 40 60 % AC + MB, 40 % DCN
AMDN;s AC+MB: DCN 50: 50 50 % AC + MB, 50 % DCN
AMUN; AC+MB: UCN 90: 10 90 % AC + MB, 10 % UCN
AMUN:2 AC+MB: UCN 80: 20 80 % AC + MB, 20 % UCN
AMUN;3 AC+MB: UCN 70: 30 70 % AC + MB, 30 % UCN
AMUN4 AC+MB: UCN 60: 40 60 % AC + MB, 40 % UCN
AMUN; AC+MB: UCN 50: 50 50 % AC + MB, 50 % UCN

AC= Acha; MB= Mungbean; DCN= Defatted Cashew nut Flour; UCN= Undefatted Cashew nut Flour
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0.04 M H2504 and the desired end point, which
was pink in color was achieved. The nitrogen
percentage was determined using the following
formula:

_:l" X 14.01 x 0.01 X dilution factor

0= 2.0 x 1000

100
x —
1

Where, T= Titre value;

2.0 g = Weight of the sample;

0.01 = Molarity of HCI;

14.01 = Atomic mass of nitrogen;

% protein = % N x 6.25

Where; 6.25 = Conversion factor of protein.

Determination of total ash

Two grams of well-blended samples were
weighed into a shallow ashing dish (crucible)
that has been ignited, cooled in a desiccator, and
weighed after reaching room temperature. The
crucibles and their contents were heated to 550
oC in a muffle furnace. The ashing took 8 hours
to complete. The ashed samples were removed
from the muffle furnace, moistened with a few
drops of water to expose un-ashed carbon, dried
in the oven at 100 oC for four hours. The crucibles
were removed from the muffle furnace, cooled
in a desiccator, and weighed after reaching room
temperature. Percentage ash was calculated
using the expression:

Weight of Ash 100

0, — X —
% Ash Weight of sample 1

Determination of crude fibre

3 grams of the sample was placed in a 50 ml
beaker, fats were extracted with petroleum ether
by stirring, settling, and decanting three times.
Before being transferred to a 60 ml dried beaker,
the sample was air dried. After adding 200 ml
of 1.25 H2504, a few drops of anti-foaming
agent were added to the beaker. This beaker
was placed on the digestion apparatus using a
pre-adjusted hot plate and boiled for 30 minutes
with frequent rotating of the beaker in order to
prevent solid adhesion to the sides of the beaker.
The mixture was allowed to settle for 1 minute
before being filtered through a Buchner funnel.

The insoluble substance was washed away with
boiling water without breaking the suction
until it was acid free. The residue was then
rinsed back into the original flask with a wash
bottle containing 200 ml NaOH solution. It was
quickly boiled for another 30 minutes with the
same precautions as before. It was filtered under
suction after 30 minutes after being allowed to
stand for 1 minute. The residue was washed
with boiling water first, then 1 % HCI acid, and
then boiling water again until it was acid-free.
It was then moved to an ash dish and dried at
100 °C to a constant weight after being washed
twice with alcohol and three times with ether.
This dried residue was incinerated at 600 oC for
30 minutes before cooling in a desiccator and
being weighed. The fibre content was calculated
as a difference between the incinerated residue
and the oven dried residue and expressed in
percentage as shown:

% Crude fibre
_ weightafter oven dried — weight after incineration

Total weight of sample taken
100

X —

1
Determination of carbohydrate content (by
difference)

The carbohydrate content was calculated using
the difference method.

% Carbohydrate
= 100 — % (moisture
+ protein + ash + crude fibre)

Bioassay

The breakfast cereal was used for 28 days
bioassay study using 84 healthy male albino
rats weighing 60 - 90 g. The rats were divided
into twelve groups (seven per group) including
a control group. The albino rats were housed in
well ventilated cages containing wood shaving
for bedding. The rats were allowed to acclimatize
for seven days and were maintained with the
breakfast cereal and tap water under room
temperature.

Determination of feed and water intake

Feed intake was determined using the slightly
modified method described by Kamau et al.,
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(2017). The quantity of feed and water consumed
was calculated daily based on quantity of feed
and water supplied the day before and the
quantity left after 24 hours.

Determination of weight gain/growth rate

Weight gain was determined by slightly
modifying the method described by Kamau et al.,
(2017). Body weights were taken before starting
dosing, once every seven days, and on the last
day of the study. A digital top loader balance
was used to determine the body weights. The
difference between the original and final body
weight was used to calculate weight gain.

Feed Efficiency Ratio (FER)

The feed efficiency ratio was calculated using
the formula suggested by FAO (2011). Feed
efficiency ratio was expressed as:

_ weight gain (g)

" feed intake (g)

Protein Efficiency Ratio (PER)

FER

The Protein Efficiency Ratio (PER) was calculated
using the formula suggested by FAO (2011).
Protein efficiency ratio was expressed as:

feed intake (g)

PER =
gram of proteinin diet(g)

Experimental design and data analysis

Experimental design and data analysis was
carried out in accordance with the method
described by Onuh et al., (2019). The experiment
was designed using a totally randomized method
(CRD). Statistical Product for Service Solution
(SPSS) version 23.0 was used to analyze the data
using one-way analysis of variance (ANOVA)
and Duncan multiple range test (p=0.05) to
separate the means.

RESULTS AND DISCUSSION

Plates 1 — 4 show the single flours from acha,
mungbean and cashew nut (defatted and
undefatted) flours. The formulated breakfast
cereals are presented in Plates 5 - 10.
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Plate 1: Acha flour

Plate 2: Mungbean

Plate 3: Undefatted cashew nut flour
Plate 4: defatted cashew nut flour
Plate 5: Sample ACMB

Plate 6: Sample AMDN?2

Plate 7: Sample AMDN3

Plate 8: Sample AMDN5

Plate 9: Sample AMUN1

Plate 10: Sample AMUNS5

KEY:

ACMB = 80 % acha and 20 % mungbean flour

AMDN2 =80 % ACMB and 20 % defatted cashew
nut flour

AMDN3 =70 % ACMB and 30 % defatted cashew
nut flour

AMDNS5 =50 % ACMB and 50 % defatted cashew
nut flour

AMUNT1 = 90 % ACMB and 10 % undefatted
cashew nut flour

AMUNS5 = 50 % ACMB and 50 % undefatted
cashew nut flour

Proximate composition of the formulated
breakfast cereals from acha, mungbean,
defatted and undefatted cashew nut flours

Tables 2 and 3 show the proximate composition
of the raw materials and formulated samples.
The results showed some significant changes at
p<0.05.

The proximate composition of acha, mungbean
and cashew nut flours is shown in Table 2. The
moisture content varied between 4.41 and 8.05
%. The moisture content of the different flours

were significantly different (p>0.05). Mungbean
flour had the highest moisture value (8.05 %) and
is lower than the values obtained by Mbaeyi-
Nwaoha and Odo (2018) and that obtained by
Oburuoga and Anyika (2012); 12.33 and 10.74%,
respectively. The moisture content of acha flour
is 7.22 %, and is significantly different from the
moisture content of the defatted and undefatted
cashew nut flours. The lowest moisture content
was found in defatted cashew nut flour (4.41 %).
This was consistent with the values obtained by
Badje et al., (2018) and Emelike et al., (2015) for
defatted cashewnut flour (4.2 and 4.4 %). This
indicated that defatting reduced the moisture
content of raw materials. The different flours
with lower moisture content (less than 14%)
could have a lower risk of bacterial activity and
mould growth, which could cause undesirable
changes (Ihekoronye and Ngoddy, 1985).

The amount of ash in the samples ranged from
2.10 to 4.60 %. The highest value (4.60 %) was
found in undefatted cashew nut flour, while
the lowest (2.10 %) was found in acha flour.
The ash content for mungbean and acha flour
was comparable to the values (3.23 and 2.25
respectively) reported by Oburuoga and Anyika
(2012). The ash content of defatted cashew nut
flour (2.71 %) was significantly lower (p<0.05)
than that of undefatted flour (4.60 %).

The percentage of protein in the samples ranged
from 7.05 to 31.04 %. The protein content of
acha flour was the lowest (8.05 %). This was
comparable to the value obtained by Ayo and
Johnson (2018). Mungbean flour had a protein
content of 22.08 %. This was higher than the
values reported by Setyaningsih et al., (2019)
who reported 18.42 % and Mbaeyi-Nwaoha and
Odo (2018) who reported 18.92 %, but lower than
that reported by Oburuoga and Onyika (2012)
which was 31.31 %.
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When compared to the undefatted sample (20.78
%), the protein content of the defatted flour
(31.04 %) is significantly (p<0.05) higher.

According to Aremu et al., (2005), the crude
protein content of raw cashew kernels was
higher than that of bambara ground nut (11.6
%) and kersting’s groundnut (12.9 %). Omosuli
et al., (2009) recorded a higher value (27.31 %)
for roasted and defatted cashew nut flour. The
disparity between these reports may be a result
of methods used in processing the cashew nut
and the type of raw material.

The crude fat content of acha and mungbean
flours were 2.07 and 2.51 %, respectively. This
low-fat content could be probably due to the fact
that acha and mungbean flours were obtained
from cereal and legume which are known to
contain little fat. Defatting significantly (p<0.05)
decreased the crude fat content of cashew nut
flour to 19.69 % from 41.37 % in the undefatted
sample. These values were comparable with
those observed by Badje et al., (2018); Emelike et
al.,, (2015) and Ogungbenle (2014). It is possible
that the differences in these reports are due to
the processing methods used, variations in raw
materials and chemicals used for evaluation.

Crude fibre content ranged from 1.74 and 6.36 %.
Acha flour had a crude fibre content of 4.29 %
while mungbean flour had a crude fibre content
of 6.11 %. When compared to the undefatted
sample, the crude fiber content of defatted flour
(6.36 %) was significantly (p<0.05) different (1.73
%). Owing to the removal of fat, defatted samples
have a higher flour volume per unit weight than

undefatted samples, leading to the rise in fibre
content of the defatted samples (Omowaye-
Taiwo et al., 2014).

The carbohydrate content of acha flour was 77.25
% and therefore significantly (p<0.05) different
than the other flours. Mungbean flour had 57.72
% carbohydrate content. Setyaningsih et al.,
(2019) reported similar results for mungbean
flour (66.25 %) and Ayo and Johnson, (2018)
reported similar results for acha flour (81.60 %).
The carbohydrate content of the defatted flour
35.78 % and the undefatted flour 26.07 % differed
significantly (p<0.05). This indicates that the
various flours are healthy sources of energy and
are capable of meeting the body’s daily energy
requirements.

Proximate composition of the formulated
breakfast
defatted and undefatted cashew nut flours

cereals from acha, mungbean,

Table 3 shows the proximate composition of
formulated breakfast products made from acha,
mungbean, defatted, and undefatted cashew nut
flours.

The moisture content of the formulated breakfast
cereals ranged from 6.01 to 8.07 %. The highest
value (8.07 %) was observed in the product
containing 10 % undefatted cashew nut flour
(AMUNT1) while the least value (6.01 %) was
observed in the sample containing 50 % defatted
cashew nut flour (AMDNS5). The moisture
content of the samples were significantly
different (p<0.05). A decrease in moisture content
was observed as the addition of undefatted and

Table 2. Proximate composition (%) of acha, mungbean, defatted and undefatted cashew nut flours (dry basis)

Sample Moisture Ash Fat Protein Crude Fibre Carbohydrate
ACH 7.23¢£0.19 2.10%£0.25 2.07+0.07 7.05%0.11 4.29+0.05 77.25%0.03
MBN 8.054+0.09 3.52°40.13 2.51%+0.08 22.03°+0.19 6.11°£0.18 57.72°+0.02
UCN 5.45+0.10 4.609+£0.04 41.379:0.18 20.78°+0.21 1.74%+0.06 26.07°+£0.48
DCN 4.41°+0.16 2.71°%+0.11 19.69°+0.10 31.044£0.27 6.36°+0.16 35.78+0.27

Values are means + standard deviation of duplicate determinations. Values in the same column with different
superscripts are significantly (p<0.05) different. ACH = Acha flour, MBN = Mungbean flour, UCN = Undefatted
cashew nut flour, DCN = Defatted cashew nut flour.
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defatted cashew nut flours increased. This was
in agreement with the works done by Badje et
al., (2018) and Ojinnaka and Agubulom (2013)
who made bread from defatted cashew nut/
wheat composite flour and wheat/cashew paste
cookies, respectively.

The fat content of the formulated breakfast cereals
ranged from 3.60 (ACMB) to 24.51 % (AMUNSD).
There were significant (p<0.05) differences in the
fat content of the samples. The lowest value (3.60
%) for fat was recorded in the sample (ACMB)
without cashew nut flour addition. This could
be due to low fat values observed in acha and
mungbean flours. The highest value (24.51 %)
was recorded in the sample with 50 % undefatted
cashew nut flour (AMUNSD5). As the amount
of undefatted and defatted cashew nut flours
was increased, the fat content of the samples
increased. This could be due to the high fat

content of the undefatted (41.37 %) and defatted
(19.69 %) cashew nut flours.

Crude protein content of the samples ranged
from 10.24 to 20.10 %. The crude protein
content of the samples was significantly (p<0.05)
different. The protein content of sample AMUN1
(10 % undefatted cashew nut flour) was the
lowest (10.24 %), while sample AMDNS5 (50 %
defatted cashew nut flour) had the highest. With
the addition of undefatted cashew nut flour,
the protein content of the formulated products
increased. This could be due to the fact that
cashew nuts contain a significant amount of
protein. With the addition of defatted cashew
nut flour, the protein content of the samples
increased as well. This increase in protein was,
however, significantly (p<0.05) higher than that
observed in the undefatted cashew nut flour
samples. This could indicate that the presence of

Table 3. Proximate composition (%) of the formulated breakfast cereals from acha, mungbean, defatted and
undefatted cashew nut flour blends

Sample Moisture Ash Protein Crude Fibre Carbohydrate
ACMB 7.58t0.21 3.39%0.39 3.60%+0.39 11.61°+0.05 5.749+0.08 68.08"+0.26
AMDN; 7.32¢0.27 3.39%+0.25 6.11°+0.06 13.89+0.04 5.829¢£0.06 63.481+£0.49
AMDN:; 7.234+0.05 3.61%40.11 7.92¢40.06 14.988+0.15 5.96¢+0.08 60.31"+0.00
AMDN; 6.92¢40.13 3.82b4+0.02 9.924£0.23 17.01"+£0.03 6.06£0.05 56.28%0.16
AMDN;,4 6.54°+0.06 4.01°4£0.04 11.82£0.01 18.61+0.03 6.782£0.10 52.249+0.02
AMDN;5 6.01°+0.04 4.15%+0.04 13.098+0.13 20.101+0.0.3 7.07"+0.05 49.81°+0.19
AMUN; 8.07¢+0.03 3.4820+0.02 10.85¢+0.03 10.24°+0.04 5.709+0.09 61.40+0.47
AMUN: 7.868+£0.06 3.712¢+0.03 13.68"+£0.14 11.04%+0.09 5.05¢+0.05 58.662+0.13
AMUN; 7.40°+0.08 4.129+0.08 17.09'+0.23 11.61¢+£0.03 4.77°+0.11 55.00°+0.26
AMUN4 7.03%+0.13 4.46°+0.04 20.71i+0.09 12.999+0.11 4.15%+0.05 50.68°+0.05
AMUNs 6.89°+0.11 4.80%0.04 24.51%4:0.02 13.39°+0.04 4.02°+0.06 46.40°+0.01

Values are means + standard deviation of duplicate determinations. Values in the same column with different
superscripts are significantly (p<0.05) different. ACMB= Breakfast cereal made from 80% Acha and 20%
Mungbean flour, AMDN1= Breakfast cereal made from 90% ACMB + 10% Defatted cashew nut flour, AMDN2=
Breakfast cereal made from 80% ACMB + 20% Defatted cashew nut flour, AMDNR3= Breakfast cereal made from
70% ACMB + 30% Defatted cashew nut flour, AMDN4= Breakfast cereal made from 60% ACMB + 40% Defatted
cashew nut flour, AMDND5= Breakfast cereal made from 50% ACMB + 50% Defatted cashew nut flour, AMUNI1=
Breakfast cereal made from 90% ACMB + 10% Undefatted cashew nut flour, AMUN?2= Breakfast cereal made
from 80% ACMB + 20% Undefatted cashew nut flour, AMUNB3= Breakfast cereal made from 70% ACMB + 30%
Undefatted cashew nut flour, AMUN4= Breakfast cereal made from 60% ACMB + 40% Undefatted cashew nut
flour, AMUNDS= Breakfast cereal made from 50% ACMB + 50% Undefatted cashew nut flour.
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oil in the sample causes some protein globules
to demobilize (Ogungbenle, 2014). As a result,
the removal of fat contributed to an increase in
other nutritional parameters like crude protein
(Ogungbenle, 2014). This suggests that the
sample should be taken defatted, particularly
for adults and children who require less fat and
more protein.

The ash content of the formulated breakfast
cereals showed significant (p<0.05) differences
with values ranging from 3.39 to 4.80 %. Kanu
et al., (2009) observed lower values (1.3-2.3 %)
in a porridge-type breakfast cereal made from
pigeon pea and sesame seed.

The crude fibre content of formulated breakfast
cereals ranged from 4.02 to 7.07 %. The crude
fiber content of the samples differed significantly

(p<0.05). As the amount of undefatted cashew
nut flour added increased, the crude fiber
content decreased. This could be due to the low
crude fiber content observed in the undefatted
cashew nut flour. The crude fiber content of
the formulated breakfast cereals, on the other
hand, increased as addition of defatted cashew
nut flour increased. This could be due to the
increased crude fiber content of the cashew nut
flour as a result of defatting.

The carbohydrate content of the formulated
breakfast cereals differed significantly (p<0.05),
varying from 46.40 to 68.08 %. The carbohydrate
content of sample ACMB (80 % acha and 20 %
mungbean flour) was the highest (68.08 %). This
could be because acha flour, which is a cereal,
has a high starch content. Sample AMUNS (50

Table 4. Effect of the formulated breakfast cereal on the feed intake

Sample Week 1 Week 2 Week 3 Week 4 Total Feed Intake(g)
RCHW 81.440d £11.27 76.46°¢+18.67 7478411357 90.52°£6.98 323.20
ACMB 74.76% £18.72 64.67°4+7 93 66.31%+11.99 78.12+9.48 283.86
AMDN; 91.99¢0+8 57 85.792£16.40 78.85¢+17.51 87.92¢48.75d 344.55
AMDN; 91.62¢4£11.23 75.294¢fe1.16.22 64.09%+11.26 81.45¢0¢%13 .43 31245
AMDN; 86.200%%15.85 69.75¢¢:5.10 82.28449.51 83.17°0£13.82 321.40
AMDN; 93.144+9 81 82.12¢£10.65 71.99ed1]12 33 91.90%7.18 339.15
AMDNs 79.74b¢4+15.89 49.25%+7.49 66.86%¢+8.05 77.47%4£13.37 27271
AMUN; 74.82%¢£21.09 62.4424111 83 76.42b%4x11.07 68.70%+8.20 282.38
AMUN; 76.884£12.72 67.120¢4e19 61 70.30+10.76 84.22¢0E11() 85 298.52
AMUN; 75.24%£12.99 65.11b¢d14 70 63.18%:10.70 72,5312 31 276.06
AMUN; 70.0%+9.74 61.08%°+10.16 58.89%£11.79 67.69%+8.12 257.66
AMUN; 55.824+15.64 54.4048.21% 60.08+8.85° 63.92+7.83¢ 23422

Values are means + standard deviation of duplicate determinations. Values in the same column with different

superscripts are significantly (p<0.05) different. ACMB= Breakfast cereal made from 80% Acha and 20%

Mungbean flour, AMDNI1= Breakfast cereal made from 90% ACMB + 10% Defatted cashew nut flour, AMDN2=
Breakfast cereal made from 80% ACMB + 20% Defatted cashew nut flour, AMDN3= Breakfast cereal made from
70% ACMB + 30% Defatted cashew nut flour, AMDN4= Breakfast cereal made from 60% ACMB + 40% Defatted
cashew nut flour, AMDND5= Breakfast cereal made from 50% ACMB + 50% Defatted cashew nut flour, AMUNI1=

Breakfast cereal made from 90% ACMB + 10% Undefatted cashew nut flour, AMUN2= Breakfast cereal made

from 80% ACMB + 20% Undefatted cashew nut flour, AMUNB3= Breakfast cereal made from 70% ACMB + 30%
Undefatted cashew nut flour, AMUNA4= Breakfast cereal made from 60% ACMB + 40% Undefatted cashew nut
flour, AMUNDS= Breakfast cereal made from 50% ACMB + 50% Undefatted cashew nut flour, RCHW= Rat chow
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% undefatted cashew nut flour) had the lowest
(46.40 %) carbohydrate content. This could
be due to the high fat content observed in the
sample.

Effect of formulated breakfast cereals on feed
intake

The effect of the formulated breakfast cereals
on the feed intake of the rats is shown in Table
4 which shows the results of the average weekly
feed intake of the experimental animals. The
experimental animals consumed between 234.22
and 344.55 g of feed in total. It was observed
that the groups fed with samples AMDNT1 (90 %
ACMB and 10 % defatted cashew nut), AMDN4
(60 % ACMB and 40 % defatted cashew nut) and

the commercial control diet consumed more
food than the other groups. Rats fed samples
AMUN4 (60 % ACMB and 40 % undefatted
cashew nut) and AMUNS (50 % ACMB and 50 %
undefatted cashew nut) were observed to have
consumed the least quantity of food. This could
be due to the fact that samples AMUN4 and
AMUNS5 had higher portions of the undefatted
cashew nut flour and cashew due to its high fat
content could increase satiety thereby reducing
rate and volume of food consumed. The quantity
of food consumed and the composition of the
food are factors that determine the nutrition of
the consumer (Ikujenlola et al., 2015).

Effect of formulated breakfast cereals on the
weight gain/growth rate

Table 5. Effect of the formulated breakfast cereals on weight (grams) gain of the rats

Sample I“iﬁal(g‘;’eight Week 1 Week 2 Week 3 Week 4 ‘?;?:t
RCHW 71.23%5.98 93.12046.59  115.16%42.98  194.68°£9.64 151.487.68 80.25
ACMB 73.84%+5.26 86.49%:6.81 95.32%43.29 102.47+4.13 107.98%42.73 34.14
AMDN; 72.31929,08 94.62049.62 122.73¢£13.33  136.424£13.61  145.450£12.90 73.14
AMDN: 72.04%48.17  91.93%48.91 1144794848 124.58%£9.76  132.92%9.32 60.88
AMDN; 73.03%+8.47 96.91749.2 112.98%£9.45  121.24%+9.20 127.27°49.59 54.24
AMDNs  72.98%+11.18  98.09°410.06  123.05%+12.35  132.01€%123  139.57°49.04 66.59
AMDN;s 70.60%£5.54 92.20%+7.87  116.14%£1026  124.68%£9.00  132.37°40.04 61.77
AMUN; 68.73%431.80  77.87%435.66  110.47°48.67  118.47°+8.23 123.23049.00 54.50
AMUN; 68.1442.69 83.79%43.12 100.44%+3 48 106.12%3.41 109.85%4.41 41.71
AMUN; 69.9147.37 87.64%+7.39  108.38%4:6.42  118.85°+11.55  125.820+11.99 55.91
AMUN; 68.39+4.24° 85.52+7.11° 95.76+6.07° 102.86+5.74°  107.35a26.11° 38.96
AMUN; 673443570 8333£630°  101.64+6.01%  105.66+4.94° 110.27+5.832 42.93

Values are means + standard deviation of duplicate determinations. Values in the same column with different

superscripts are significantly (p<0.05) different. ACMB= Breakfast cereal made from 80% Acha and 20%
Mungbean flour, AMDN1= Breakfast cereal made from 90% ACMB + 10% Defatted cashew nut flour, AMDN2=
Breakfast cereal made from 80% ACMB + 20% Defatted cashew nut flour, AMDNR3= Breakfast cereal made from
70% ACMB + 30% Defatted cashew nut flour, AMDN4= Breakfast cereal made from 60% ACMB + 40% Defatted
cashew nut flour, AMDND5= Breakfast cereal made from 50% ACMB + 50% Defatted cashew nut flour, AMUNI1=

Breakfast cereal made from 90% ACMB + 10% Undefatted cashew nut flour, AMUN?2= Breakfast cereal made
from 80% ACMB + 20% Undefatted cashew nut flour, AMUNB3= Breakfast cereal made from 70% ACMB + 30%
Undefatted cashew nut flour, AMUN4= Breakfast cereal made from 60% ACMB + 40% Undefatted cashew nut

flour, AMUNDS= Breakfast cereal made from 50% ACMB + 50% Undefatted cashew nut flour, RCHW = Rat chow
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Table 5 shows the effect of the formulated
breakfast cereals on the weight gain/growth
rate of the rats. The mean weight gain of the
animals ranged between 34.14 — 80.25 g. All the
formulated diets supported positive weight gain
throughout the feeding trial except the control
diet (rat chow), which showed a decrease in
weight in the last week of the feeding trial. This
could mean that the formulated diets support
growth as shown by the increase in weight.

The highest weight gain over the period of
investigation was recorded for the control diet
with an average total weight gain of 80.25 g
while the second-best diet was sample AMDN1
(90 ACMB and 10 % defatted cashew nut) with
an average weight gain of 73.14 % while sample
ACMB (80 acha and 20 % mungbean) had the
least weight gain (34.14 %).

In addition, it was observed that the samples
incorporated with the defatted cashew nut
flour showed higher weight gain than those
incorporated with the undefatted cashew nut
flour. This may indicate that removing the fat
led to an improvement in other nutritional
parameters such as crude protein (Ogungbenle,
2014) and, as a result, increased the growth rate
of the test animals.

Effect of the formulated diet on the feed and
protein efficiency of the diets

The Feed Efficiency Ratio (FER) of the diets are
presented in Table 6. The values vary from 0.12-
0.25. The feed efficiency of the formulated diets
compared well with the control diet. The rats fed
rat chaw had the highest feed efficiency. This
could be due to the fact that rat chaw is a stable

Table 6. Food intake, protein intake and body weight gain of rats for the assessment of FER and PER

Samples Feed Intake (g) Protein Intake (g) Weight Gain (g) FER PER
ACMB 283.86 32.95 34.14 0.25 1.03
AMDN; 344.55 47.89 73.14 0.21 1.53
AMDN; 312.45 49.63 60.88 0.19 1.22
AMDN; 321.40 54.64 54.24 0.17 0.99
AMDN4 339.15 63.08 66.59 0.20 1.06
AMDN;s 272.71 54.81 61.77 0.23 1.13
AMUN; 282.38 28.80 54.50 0.19 1.89
AMUN: 298.52 32.84 41.71 0.14 1.27
AMUN; 276.06 32.02 5591 0.20 1.75
AMUN4 257.66 33.43 38.39 0.15 1.15
AMUN;s 234.22 31.36 42.93 0.18 1.37
RCHW 323.20 42.02 80.25 0.25 1.19

ACMB= Breakfast cereal made from 80% Acha and 20% Mungbean flour (ACMB), AMDN1= Breakfast cereal
made from 90% ACMB + 10% Defatted cashew nut flour, AMDN2= Breakfast cereal made from 80% ACMB + 20%
Defatted cashew nut flour, AMDN23= Breakfast cereal made from 70% ACMB + 30% Defatted cashew nut flour,
AMDNA4= Breakfast cereal made from 60% ACMB + 40% Defatted cashew nut flour, AMDNJ5= Breakfast cereal
made from 50% ACMB + 50% Defatted cashew nut flour, AMUNI1= Breakfast cereal made from 90% AMB + 10%
Undefatted cashew nut flour, AMUN2= Breakfast cereal made from 80% ACMB + 20% Undefatted cashew nut
flour, AMUN3= Breakfast cereal made from 70% ACMB + 30% Undefatted cashew nut flour, AMUN4= Breakfast
cereal made from 60% ACMB + 40% Undefatted cashew nut flour, AMUNDS5= Breakfast cereal made from 50%
ACMB + 50% Undefatted cashew nut flour, RCHW= Rat chow
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food for rats. Sample AMDNS5 (50 % ACMB and
50 % defatted cashew nut) had the highest (0.23)
feed efficiency amongst the formulated diets
while sample ACMB (80 % mungbean and 20 %
acha flour) had the least (0.12) feed efficiency.
The feed efficiency ratio measures the ability of a
food to sustain growth.

Table 6 shows the Protein Efficiency Ratio
(PER) of the formulated breakfast cereals and
the control diet. The protein efficiency ratio of
the formulated diets varies between 0.99 -1.91.
Sample AMDNS3 (70 % ACH and 30 % MBN)
had the least (0.99) PER. This could be due
to lower protein quality in the diet. Table 6:
Protein Efficiency Ratio (PER) of the formulated
breakfast cereals

The control diet had the highest (1.91) PER. The
PER values of the formulated diets (0.99-1.89)
did not match those recorded in the literature
for casein (2.5), whole egg (3.8) and cow’s milk
(2.0) as reported by Okoye (1992). This might be
due to the fact that proteins from animal sources
have a higher biological value and, as a result,
a higher PER than proteins from plant sources.
Anti-nutritional factors in the diet may have
hindered successful protein utilization (Nassar
and Sousa, 2007).

CONCLUSION

This study showed that an acceptable breakfast
product of adequate nutritional value could
be produced from graded portions of acha,
mungbean and cashew nut (defatted and
undefatted) flours. Producing breakfast cereals
with cashew nut improved the proximate
composition especially the protein content (up
to 20.10 %). The fat content of the formulated
breakfast products improved as the amount
of cashew nut flour added was increased. This
could lead to rancidity thereby affecting the shelf
stability of the product. Feeding trial showed
positive increase in weight when the rats were
fed the formulated breakfast products, this
implies that the products could support growth.
No adverse growth rate was observed. Feed
intake was also acceptable and compared well
with the stable diet for rats. Feed efficiency of
the samples compared well with the control diet.
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Protein efficiency was not up to other protein
standards but compared well.
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1. INTRODUCTION

The part of the carob fruit that can be eaten is
rich in nutritive components like minerals
(calcium,  potassium,  phosphorus, iron,
etc.), carbohydrates (glucose, fructose, and
sucrose), and polyphenolic compounds with an
antioxidant activity and beneficial components
like crude fiber (Ozcan et al., 2007; Kiroglu,
2001). The sweet, edible portion of the carob
fruit can be eaten fresh, or it can be used in
the production of molasses (known as pekmez
in Turkish) via either traditional or industrial
processes. The use of carob fruit directly in the
form of flour (Aydin et al., 2017; Papaefstathiou
et al., 2018) or its addition into various food
products is not a preferable method because it
causes a loss in the organoleptic characteristics
of the foods. In recent years, there has been a
rise in the awareness of the benefits that carob
molasses has for human health, which has led to
an increase in the commercial production of the
carob molasses. Although the carob pulp that is
left over after the production of carob molasses
contains a sizable quantity of carob fibre in its
raw form, it is not utilized in the production of
carob-based foods (Ozdemir et al., 2022).

Functional foods are those that are consumed
as part of a regular diet, contain no synthetic
ingredients, have nutritive effects, and reduce
the risk of disease formation due to multiple
factors. (Biesalski, 2005) Dietary fiber is one of the
functional food components. Dietary fiber is one
of the major components of edible plant parts that
are resistant to digestion and absorption in the
human small intestine and undergo complete or
partial fermentation in the large intestine (Harris
and Ferguson, 1999). Although dietary fibers
are subdivided into numerous subgroups, FAO
and WHO have examined them as soluble and
insoluble fibers based on their water solubility
(Ramulu and Rao, 2003). Insoluble fibers cannot
form a gel despite absorbing 20 times as much
water as soluble fibers (Tamer et al, 2004).
Soluble fibers bind water and form a gel when
combined with water. Water-insoluble fibers;
lignin, cellulose, and water-insoluble pentosans,
whereas water-soluble fibers; pectins and gums
(Knuckles et al., 1997).
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Glucose and insulin metabolism are improved
by soluble fibers. In addition, they reduce the
concentration of low-density lipoprotein (LDL)
cholesterol in the serum (Giil, 2007). However,
water-insoluble fibers have beneficial effects on
bowel movements (Kahlon et al., 2001). Dietary
fibers have a sedative effect by increasing stool
volume and water content. Due to the water-
binding property of dietary fibers, stool volume
has increased. This prevents constipation (Ekici
and Ercoskun, 2007). It has been discovered that
dietary fiber prevents colon cancer in significant
ways. It achieves this effect by altering the colon’s
bacterial flora, preventing the production of
toxic metabolites, and shortening the time these
metabolites spend in contact with intestinal
cells (Anonymous, 1990). There is an inverse
correlation between consuming water-insoluble
fiber and developing colon cancer. (Anonymous,
1983) suggests increasing consumption of high-
fiber foods like wheat and corn bran.

Diabetes is believed to be one of the diseases
linked to a lack of dietary fiber. A high
consumption of dietary fiber reduces serum
glucose concentration. According to (Anderson,
1980), it reduces the need for insulin in diabetics,
thereby providing health benefits (Villanueva-
Suarez et al, 2003). Soluble fibers regulate
blood sugar by allowing glucose to enter the
bloodstream slowly, thereby regulating blood
sugar levels.

Dietary fiber products are gaining prominence in
the concept of healthy nutrition in the modern
world. It is well known that dietary fibers play
a crucial role in preventing the development of
obesity, cardiovascular disease, diabetes, and
certain types of cancer (Aksoy, 2000). Therefore,
a comprehensive understanding of the chemical
and nutritional properties of dietary fiber is
essential for expanding its applications.

The addition of fibers to food products began
in the 1970s with the production of a few white
and wheat breads containing fiber addition
(Burdurlu and Karadeniz, 2003). Since this type
of bread contains fewer calories than standard
products, this procedure is performed for the
health benefit of weight loss. The functional
aspects of dietary fibers have been identified and
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developed during this time. As a result of the
numerous advancements that have been made,
it is now utilized in a wide variety of products.
(Tamer et al., 2004) Numerous categories in the
food industry now consider fiber to be a crucial
and valuable ingredient. The possible use of
an additive carob fibre to rye bread, which had
a positive impact on human health, was first
examined by Haber et al., 2002. They have shown
that a 6% addition of carob fibre to rye bread has
a positive effect by lowering cholesterol levels,
especially LDL (Rozylo et al., 2017).

In this study, it was aimed to increase the
nutritional value of bread consumed daily. For
this purpose, carob crude fiber (CCF) was used
in the production of traditional or industrially
produced bread. The effects of CCF supplement
on chemicals (moisture, ash and protein) texture,
color and sensory properties of bread were
investigated and new formulations developed
by using different amounts of CCF instead of
wheat four

2. MATERIALS &METHODS
2.1. Materials

In this study, carob molasses pulp obtained from
a company producing carob molasses in Mersin
was used. Carob molasses pulps were dried,
ground, and sieved through 450-micron mesh.
Dietary fiber obtained from carob molasses
pulp has been used in bread production. Wheat
flour, salt, and yeast used in bread making
were obtained from “Food Studies Application
and Research Center” in Mersin University.
Ingredients have been stored at +4 °C. Nitric
acid, acetic acid, sulfuric acid, trichloroacetic
acid, petroleum ether and acetone were obtained
from Sigma (Sigma-Aldrich, St. Luis, Mo, USA).

2.2. Methods

2.2.1. The process of drying and grinding the
carob molasses pulp

The raw carob molasses pulp was dehydrated
in an oven (J,P, Selecto, Spain) at temperatures
ranging from 50 °C to 55 °C for a duration of
seven hours. Following the step of drying, the
products were milled using a laboratory mill

(IKA, M20, Labortechnik, Staufen, Germany),
and the fraction of this flour was separated using
sieves 450 pum in size. This flour was referred to
as carob molasses pulp flour, and after it was
produced, the flours were placed in airtight
plastic containers and kept at a temperature of 4
°C until further analysis.

2.2.2. Carob fiber purification from carob
molasses pulp flour

The ISO 6541:1981 method for crude fiber
isolation from carob molasses pulp flour was
modified (ISO,1981). 10 grams of flour were
weighed and placed in a flask of boiling water.
150 mL of boiling extraction solution (70 mL of
70 % acetic acid, 5 mL of concentrated nitric acid,
and 2 g of trichloroaceticacid solution) was added
to a boiling flask, and the mixture was stirred. In
a perpendicularly connected refrigerated boiling
flask, the mixture was boiled at 220 °C. for 90
minutes. After boiling, the resulting mixture
was filtered through filter paper with a 40 m
pore diameter (Whatman Grade). The residues
that remained were then washed with 500 mL
of hot distillated water. The residue was washed
three times with 50 mL of pure acetone solution
and once with 50 mL of pure petroleum ether
after being cleaned with hot distillated water.
After the final washing, the residue was dried in
an oven for 10 hours at 105 °C. The powdered
substance is known as crude carob fiber (CCF)
flour (Kegeli, 2016).

1.3. Preparation of bread samples

The traditional method of making bread was
used, but instead of flour, various quantities of
CCF were incorporated into the bread-making
process. The mixtures obtained in accordance
with the formulations given in Table 1 were
adjusted to mixer speed 2 and mixed for 3
minutes to obtain bread dough. After shaping
the dough, it was left to rest for 10 minutes. The
rested dough was left to ferment for 30 minutes
in an incubator with a temperature of 35 °C and a
relative humidity of 85 %. The doughs that came
out of the incubator were baked at 220 °C for 20
minutes.
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1.4. Proximate Evaluation

Official methods were used to determine the
moisture, protein, and ash content of control
samples and bread samples made with CCF
flour (AOAC, 1990). Moisture was measured
using a moisture analyzer (Mettler Toledo
HX204, Switzerland),
protein was measured using a protein analyzer

Moisture  Analyzer,
(Kjeldatherm, Spain), and ash was measured
using a gravimetric method (using furnace
Carbolite Parsons Lane, England).

1.4.1. Color Analysis

Automatic colorimeter readings were taken
of the bread samples to determine their outer
crust color values (ColorQuest XE Hunter Lab.,
USA). The findings were reported using the
CIELAB system with the parameters L*, a* and
b*, which indicated lightness (+ve) to darkness
(-ve), redness (+ve) to greenness (-ve), and
yellowness (+ve) to blueness (-ve), respectively.
The color evaluations of the bread samples were
performed thrice, with each run consisting of
two repetitions.

1.4.2. Texture

For texture analysis, hardness values of bread
samples were determined using the AACC 74-
09 (AACC, 1999) method in a Texture Analyzer
(Stable Micro Systems, England). The maximum
force in the force-deformation curve obtained
as a result of the test expresses the degree of
hardness of the sample. Texture analysis was
applied to both the outer and inner parts of the
samples, which were kept at 25 °C for 1 hour
after baking. Experiment 3 repetitions were
performed in 2 parallels.

1.4.3. Volume and Weight Losses

The bread volume determination method was
used for volume analysis (AACC, 1995). After
the bread samples had been baked for one hour
at room temperature, the test was conducted.
The test is based on the principle of rapeseed
displacement. The principle of the experiment;
Rapeseed seeds are filled to the marked level
in a measuring cylinder. It was then emptied
again. The loaves were placed in the cylinder,
and rapeseed was added once more. The level
is populated until it reaches the size indicated.
The remaining rapeseed seeds’ volume was
measured. Three repetitions of the experiment
were conducted in two parallels. The weight loss
of the bread samples was measured before and
after baking

1.5. Acceptability in general and sensory
qualities

A trained panel of 11 judges evaluated the
acceptability and sensory qualities of bread
samples using a seven-point hedonic scale (1:
dislike to 7: extremely like) (Ekici et al., 2015).
Staff members, graduate students from the
department of food engineering, and experts
in food sensory evaluation were chosen as the
panelists. It was intended to identify the bread
formulations, with various amounts of CCF
added, that were sensory equivalent to the
control sample. Between samples, water and
bread were offered to help with palate cleaning.

1.6. Stastical Analysis

The findings of the study were evaluated with
the help of the statistical analysis program SPSS
version 16.0, which was developed by SPSS Inc.
in Chicago, Illinois. In situations where

Table 1. Formulations of breads

Ingredients Control CCF18 CCF27 CCF35 CCF43 CCF65
CCF (g) 0 1 2 3 4 5
Flour (g) 100 99 98 97 96 95
Salt (g) 1.5 1.5 1.5 1.5 1.5 1.5
Bread yeast (g) 4 4 4 4 4 4
Water (ml) 60 60 60 60 60 60
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there were more than two groups that needed
to be compared with each other, the One-Way
ANOVA was used to determine the difference
in mean between the groups. For the purpose
of carrying out statistical analysis on the fiber
samples, a t-test was conducted.

3. RESULT &DISCUSSION
3.1. Proximate Analysis of Bread Samples

Ash, moisture and protein values of bread
samples with and without CCF added are
given in Table 2. In general, an increase was
observed in the ash, moisture and protein values
of the bread samples with the addition of CCF,
and this increase was found to be statistically
significant (p<0.05). On the other hand, there is
a 16% increase in moisture level compared to the
control, especially according to the added CCF
ratio. This increase is thought to be proportional
to the water absorption capacity of the fiber.
A much smaller increase was observed in the
amount of protein and ash.

(Ozdemir et al., 2021) reported that carob
molasses pulp crude fiber was purified, and
some chemical parameters were analyzed.
Accordingly, the percentages of moisture, ash,
protein, lignin, and other insoluble fibers in crude
fiber were calculated to be 6.79, 10.95, 3.03, 52.03,
and 27.20 %, respectively. (Owena et al., 2003)
determined the amounts of soluble fiber (pectin),
insoluble fiber (cellulose, hemicelluloses, lignin,
and water-insoluble polyphenols), and water-
soluble polyphenols (condensed tannins) in
the commercial carob fiber CaromaxTM to be

6.2 %, 68.54 %, and 2.84 %, respectively. In a
patent study, the carob fiber’s lignin, cellulose,
hemicelluloses, pectin, and tannins percentages
were reported as 50-65 %, 15-25 %, 0.5-2 %, and
3-7 %, respectively.

(Ragaee et al., 2011) examined the effects of
fiber supplementation on bread’s antioxidant
capacity and nutritional value. According to the
results, the addition of fiber increased the ash
content. According to the Turkish Food Codex,
the max. humidity value is 38%. However, in
our study, the moisture content of the bread
prepared with the traditional method was found
to be 39.63%. It is thought that the reason for this
is the use of the inside of the breads for moisture
determination. This increase can be cause of is
that the added fiber has a moisture content of
6.79%. It can be said that another reason for the
increase in humidity is the storage conditions.
(Gomez et al, 2003) analyzed bread with
microcrystalline cellulose, pea, cocoa, coffee,
orange and two types of wheat bran fiber. It was
determined that when the fiber samples were
added to the bread at the rate of 2% (except for
the orange fiber), the other fibers did not cause
a change on the moisture. It was observed that
the moisture values increased as the amount of
added fiber increased.(1): Different letters in the
same column indicate that, there is a statistically
significant difference between the values in the
same column.

Table 2. Proximate analysis of bread samples with and without CCF

Sample No % CCF Ash (%) Moisture (%) Protein (%)
Control 0 0.96+0.01° 39.63+0.26¢ 7.75£0.04°
CCF18 1 1.13+0.03¢ 43.47+0.19¢ 7.79+0.12°
CCF27 2 1.260.04¢ 44.88+0.06° 7.82+0.03"
CCF35 3 1.33+0.00° 44.37+0.09¢ 7.84+0.04
CCF42 4 1.43+0.02° 45.62+0.28" 7.85+0.112
CCF63 5 1.5440.02° 46.23+0.46 7.88+0.012

(1): Different letters in the same column indicate that, there is a statistically significant difference between the values

in the same column.

(2): Results are calculated on dry basis. Values given are the mean + standard deviation of three replicates.
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lues in the same column that differ significantly
(p<0.05) are indicated by different superscripts.

3.2. Color

CIELAB system color values for control and
CCF added outer crust bread samples are given
in Table 3. As can be seen in the table, there is
a decrease in L* (brightness), a* (redness) and
b* (yellowness) values compared to the control
sample. In general, the slight decrease in color
values is in parallel with the increase in CCF %
ratio. This decrease in breads with added CCF
was found to be statistically significant (p<0.05).
It is thought that crude fiber obtained from
molasses pulp causes a decrease in L values
because it contains polyphonic compounds, even
if it are small. The type of flour and the additives
added play an important role in the color values
of the breads. (Seres et al., 2005); In a study they
carried out, they added dietary fiber obtained
from sugar beets to bread wheat. The researchers
determined that there was a decrease in the L¥,
a*, b* values of the breads depending on the fiber
color.

3.3. Texture

The force values applied for the outer crust and
crump hardness measurements of bread samples
prepared with the addition of CCF are given in
Table 4. As can be seen from the table, as the
CCEF ratio increases, the force applied to both the
outer crust and the crump of the bread samples
increases. When the outer crust hardness was
added at therate of 1 to 4%, the degree of hardness
was not statistically significant compared to the
control bread. However, if 5% is added, the
outer crust of the bread forms a significant hard
structure.

On the other hand, the force applied to the inner
part of the seedlings was found to be statistically
significant between the samples with CCF added.
This difference was also found to be statistically
significant with the increase in the amount of
CCF. It is thought that the reason for applying
more force in the crump is that it is more in
the crump of the bread than in the outer crust
(Ozdemir et al.,, 2021) reported that the crude
fiber purified from carob molasses was found

Table 3. Color value of outer crust bread samples with and without CCF

Sample No % CCF L* a* b*

Control 0 69.76+1.09° 5.64+0.31% 18.48+0.15°
CCF18 1 61.25+1.16° 4.85+0.29° 16.00+0.37°
CCF27 2 58.13+1.70° 4.79+0.15° 14.29:0.44°
CCF35 3 56.42+0.79¢ 4.76+0.31° 14.02+0.09°
CCF42 4 55.19+0.58¢ 4.70+0.15° 12.95+0.37¢
CCF63 5 51.08+0.69° 4.13+0.06¢ 11.77+0.41¢

*Values in the same column that differ significantly (p<0.05) are indicated by different superscripts.

Table 4. Texture analysis of crust and crumb samples with and without CCF

Max Force (N)

Sample No % CCF Crust Crumb

Control 0 19.82 £1.31¢ 12.66 + 0.83"
CCF18 1 22.80 + 1.68° 16.82 £ 1.01°
CCF27 2 24.81 £ 4.91b¢ 24.06 + 2.46°
CCF35 3 25.71 +£5.64 °¢ 35.57 +2.48°
CCF42 4 30.29 +£5.31° 4251 +3.41°
CCF63 5 63.42 + 5.34* 45.89 £2.74°

*Significant differences between values in the same column are indicated by various superscripts (p<0.05).
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to be 52.03 % lignin and 27.20 % other insoluble
fiber. Therefore, it can be said that the hardness
in the internal structure of bread comes from
lignin and insoluble fibers.

(Shehzad et al, 2011) observed the effect of
adding dietary fiber to bread on the rheological
properties of dough. According to the study, the
addition of dietary fiber decreases the amount of
water in the viscoelastic gluten network structure
of dough. Since this prevents the expansion
of gas bubbles at the interface, it results in the
formation of breads with a firmer texture.

(Wang et al., 2002) investigated the effects of
adding a combination of chickpea fiber, carob
fiber, and inulin fiber to the flour used to make
bread. According to the research, it has been
determined that the mentioned ingredients
cause softening of the bread crust.

(Gomez et al., 2003); added 1%, 2%, 3% and 10%
of the fibers obtained from coffee and cocoa to
wheat flour. When the textural properties of the

bread samples with dietary fiber were examined,
no statistically significant difference could be
determined within the samples themselves.
However, it was determined that the sample
containing 10% dietary fiber differed from
the control sample, although it did not have a
negative effect on its textural properties.

3.4. Volume and weight losses

Volume and weight losses of bread formulations
with and without added CCF are given in Table
5. As the CCF ratio in bread increases, there is
a decrease of up to 10% in volume compared
to the control sample. As can be seen from the
table, breads with 1 to 3% CFF additives differ
significantly from control breads. In the case of
adding 4 to 5%, the difference was found to be
statistically significant (p<0.05) compared to both
control and bread with up to 3% CCF added.
On the other hand, there was no statistically
significant (p<0.05) difference between all bread
samples before and after baking.

Table 5. Volume and weight losses values of control sample and bread samples with CCF added

Weight Losses, g

Sample No % CCF Volume (cm?)

Control 0 485.50+11.26 22.41+0.57°
CCF18 1 453.33+21.26" 22.43+0.35
CCF27 2 450.00+0.00° 22.46+0.30
CCF35 3 447.50+12.50° 22.5240.44¢
CCF42 4 421.67+6.29° 22.61+0.40
CCF63 5 413.33+6.29° 22.68+0.36

*Different superscripts denote differences between values in the same column that are statistically significant

(p<0.05).

Table 6. Sensory analysis of control sample and bread samples with CCF added

Sample % Appearance Softness Taste Color Adhesiveness Overall

No CCF acceptability
Control 0 5.20+0.84° 5.20+0.84° 5.80+0.84° 5.20+1.30°  5.40+0.55° 5.80+0.45°
CCF18 1 5.00+0.71° 5.20+0.84°  5.40+£0.55° 4.60+1.14*  5.40+0.55° 5.40+0.55°
CCF27 2 4.60+0.55*  5.00+0.71°  5.40+0.55° 4.60+1.14*  5.20+0.84*" 5.00+1.22°
CCF35 3 4.20+0.45*°  5.00£0.71*°  4.40£1.14* 4.40+0.55" 4.80+0.45*°¢  4.80+0.84°
CCF42 4 3.8040.84° 4.40+£0.89*°  4.00+£0.00°  4.20+0.84*° 4.20+1.09°° 3.60+0.55"
CCF63 5 2 60+1.14° 3.2041.48°  2.40+0.55° 2.80+£1.26°  4.00+0.71° 2.60+1.14°

*Different superscripts indicate statistically significant differences between values within the same column

(p<0.05).
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Water fermentation

environment for dough. Moreover, dietary fiber

provides  the ideal

has a high-water holding capacity. Additionally,
a certain amount of water is required for the
formation of the gluten network. Since theamount
of water required for the formation of the gluten
network structure was lacking in the medium,
the gas bubbles that formed during fermentation
were unable to be retained in the bread’s
structure. It is believed that this circumstance
results in a reduction in bread volume due to the
increased CCF ratio. In their research, (Miguel
et al., 1999) added between 2-30% peach fiber to
cake samples. It was determined that there was
no difference in volume values when compared
to the control group, as the addition of dietary
fiber to samples containing 20% or less of gluten
had no effect on the gluten structure.

3.5. Sensory Evaluation

The sensory properties of food have an important
effect on the commercialization of that food.
The scores of hedonic sensorial characteristics
of bread in terms of appearance, softness, taste,
color, adhesiveness, and acceptability were
presented in Table 6. It was observed that bread
enriched with CCF was not found statistically
different than the control sample and CCF
substitution had no significant effect on sensory
properties (p>0.05), except for 5 % CCF added.

(Sangnark and Noonhorm, 2004) extracted
dietary fiber from sugarcane and substituted it
for 0-15% of wheat flour. They identified that
as the amount of sugar cane used increased, the
bread’s sensory appeal diminished. (Gomez et
al., 2003) added 2% fiber derived from coffee and
cocoa to wheat flour and compared it to control
bread. Researchers have found that consumers
have a low preference for breads containing
fiber.

4. CONCLUSION

In this study, a functional product was produced
by using crude fiber (CCF) purified from the
waste from the production of carob molasses
for the formulation of bread that is consumed
frequently on a daily basis. Thus, a type of food
waste was evaluated industrially, contributing
both environmentally and economically. Thanks
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to the fact that CCF is rich in dietary fibers, which
are high in its structure, the composition of the
bread is enriched and a product with higher
nutritional value is obtained. Adding up to 4 %
CCF to the bread formulation does not affect the
sensory properties of bread such as appearance,
softness, taste, color and adhesiveness. The
results of this study indicated that carob crude
fiber may be used in bread manufacture by
bakery products to improve health parameters.
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INTRODUCTION

Fruits have living biological systems, begin to
deteriorate immediately after harvest and have
a short shelf life due to their high moisture
and nutrient contents. Improper post-harvest
handling and inadequate processing facilities
have resulted in 20% to 50% loss of horticultural
product (Kasso and Bekele, 2018). The shelf-life
of these highly perishable fruits can be increased
by fermentation of the fruit juices from fruits
to make fruit wines which are high sources of
energy, vitamins, minerals, etc.

Although, grape wine is the most widely
consumed fruit wine in the world, due to the
increasing diversification of consumers’ needs,
the variety of fruit wines in the market is
becoming more and more abundant (Yang et al.,
2020). Wine is a mild natural tranquilizer that
serves to reduce anxiety and tension. As part
of a normal diet, wine provides the body with
energy, substances that aid digestion and small
amounts of minerals and vitamins. Pineapple
(Ananas comosus) is a tropical plant with edible
multiple fruit consisting of coalesced berries.
Pineapples are a good source of sugar as they
have high sugar proportion which is suitable
for making wine (Adaikan and Ganesan, 2004).
Watermelon is a vine-like (scrambler and
trailer) flowering plant which is thought to
have originated in southern Africa, because it
is found growing wild throughout the area. It
produces a fruit that is about 93% water, hence
the name “water” melon. Watermelon is a rich
natural source of lycopene, a carotenoid of great
interest because of its antioxidant capacity and
potential health benefits (Rhodes and Zhang,
1999). The objective of this work was to evaluate
the effects of blending on the sensory profile
and physicochemical compositions of table wine
from premixed and post-mixed pineapple and
watermelon blends.

MATERIAL AND METHOD
Material

Mature and ripe pineapple and watermelon
were procured from Ogige market in Nsukka,
Enugu State, Nigeria. Other materials were
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granulated sugar, instant dry bakers’ yeast,
distilled
funnel, aluminum foil, stainless knives, electric
juice extractor (Model M]J-SJOIWTZ Sheldon
Manufacturing Incorporation, Oregon, USA),

sodium  metabisulphite, water,

muslin cloth.
METHOD

Preparation of juice from water melon and
pineapple

The procedures were carried out according to
Ibegbulemet al. (2014) with modificatins. All
equipments were washed and sterilized sing
hot water. The pineapples and watermelon were
washed, peeled, juice extracted and pressed.

Inoculation of must

In a conical flask, 700 mL of the must (extracted
juice) (500 mL pineapple and 200 mL watermelon)
was added to 10 g of sugar and 10 g of brewers’
yeast. The starter culture was inactivated for
2 days at room temperature before inoculation
into the must. The must was inoculated with the
wine yeast (brewer’s yeast).

Fermentation of the musts

After inoculation, the must was allowed to
ferment in gallon at a temperature of 28 + 20C
for 7 days. The post mixed wine which was
blended into various ratios (90:10, 80:20, 70:30,
60:40 and 50:50), was filled into sterilized bottle
and sealed/corked and then allowed to age for 2
weeks to allow the development of characteristic
flavor of the wines. This process was termed
post fermentation and it involves the blending of
the juices into various proportions (90:10, 80:20,
70:30, 60:40 and 50:50), fermentation, filtration,
bottling and aging was also done.

Physical and chemical analyses

The following analyses were carried out on the
fresh juices and wines produced from them and
their blends.

Determination of percentage yield

The yield of the juice (%) was calculated using
the method of Tressler and Joslyn (1961).
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Determination of moisture content

Moisture content of any wine influences the
other components of the wine and also the
storage stability of the final product. Moisture
content was determined by the hot air oven
method described by the AOAC. Stainless
steel oven dishes were cleaned and dried in
the oven (Fulton, Model NYC -101 Sheldon
Manufacturing Incorporation, Oregon, USA) at
1000C for one hour. The oven dishes were cooled
in a desiccator and then weighed. 10 mL of each
of the sample was placed in the oven dish and
dried at 1000C. The sample was removed from
the oven and placed in a desiccator to cool to
room temperature (27 + 20C) before weighing.

The oven dishes were put back into the oven
and weighed intermittently until a constant
weight was recorded. The loss in weight from
the original sample weight was calculated as the
moisture content.

_ W2 — w3
Moisture Content (%) = mxloo

Pineapple fruat{ Watermelon fruit

Sorting afid Washing

Peeling/Cutting

(Saccharomyces gerevisiae)
for. 7 days at 28 = 2 °C)

Blending (in various proportions)

Clanfication
Bottling Aging
Tablelwi_ne

Post mixed wine

Where;

W, = weight of empty oven dish,

W, = weight of oven dish + sample before drying,
W, = weight of oven dish + sample after drying.

Determination of total soluble solids

Thiswas carried out with the method described by
Pearson (1976). 10 mL of the sample was pipetted
into a washed, dried and weighed crucible. The
dish and the contents (crucible containing 10 mL
of the sample) were put into an oven and dried
at 700C for 3 hours at pressure not exceeding 100
mm Hg. It was cooled in a desiccator and the
weight of the solid determined.

Percentage (%) total solid was calculated as:

by mass of total solid (%)
_ weight of dried solid

Volume of sample
Determination of pH

The pH was determined using a pH meter as
described by the AOAC. 5 mL of sample was
measured into the beaker and glass electrode
was inserted inside the beaker and the reading
was taken.

Blending (into various proportions)

Fermentation (Saccharemyces ceravisias )
for 7 days at 28 £2 °C)
Clarification

Bottlinig and aging

!

Table wine

Premixed wine

Figure 1. Flow chart for the production of table wine from postmixed and premixed blends of pineapple and
watermelon
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Determination of titratable acidity

Determination of titratable acidity of the wine
was carried out in accordance with the method
described by AOAC (2010). 10 mL of the wine
was diluted to 250 mL using distilled water
and titrated with standardized 0.IN NaOH
(Sodium Hydroxide) solution using 0.3 mL
phenolphthalein for each 100 mL solution as an
indicator to get a pink end point, which persisted
for 30 seconds. This was expressed in terms of
NaOH/100 mL of the sample.

Determination of alcohol content

The alcohol content was determined using the
method of difference in potential alcohol method
(Jacobson, 2006). In this method, the alcohol
contents were calculated based on the sugar
contents of the must before fermentation and the
final sugar level of the fermented must.

Sensory evaluation

Sensory evaluation was carried out on the
samples using a 9-point Hedonic scale (where
‘9" was graded extremely liked, while 1 was
assigned extremely disliked). 20 members semi-
trained panel of judges evaluated and scored
the products based on flavor, taste, aftertaste,
mouthfeel, color and overall acceptability. The
sample were filled in disposable cups which were
labeled as PWp1 to PWp5 and PWs1 to PWs5 for
premixed and post mixed and the control was
labeled as G and water was provided for rinsing
of their mouth after each testing.

Data analysis and experimental design

The experimental design that was used for
this analysis was Split plot in Completely
Randomized Design. The wine produced from
two fruits (pineapple and watermelon) was the
main plot while premixed and post mixed into
various proportions were the sub plots. The
data generated from all analyses and sensory
evaluation were subjected to Statistical Analysis
of variance (ANOVA) using the Statistical
Package for Social Science (SPSS) version 16.
Means were separated using the Duncan’s
Multiple Range Test and the significance was
accepted at p< 0.05 (Steel and Torrie, 1980).
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RESULTS AND DISCUSSION

Physicochemical composition of fresh pineapple
(Ananas comosus) and watermelon (Citrullus
lunatus) juice is given in Table 1

Table 1. Physichemical composition of fresh
pineapple (A.comosus) and (C.lunatus) juices

Parameters PJ WwJ

Juice Yield (%) 65.0 74.0

M.C (%) 87.70°+0.34 91.87*+0.71
TSS (°Brix) 13.12* £0.02 4.11°+£0.03

pH 4.1 5.2

T.A (%) 0.57* £0.03 0.45° +0.02
Alcohol (%) Not detected Not detected

Values are means + standard deviation of triplicate
determinations.

W] = Watermelon Juice; PJ = Pineapple Juice; TSS =
Total Soluble Solids, M.C= Moisture content, T.A=
Titrable Acidity
The percentage yield of pineapple juice
and watermelon juice were 65.0 and 74.0%,
respectively and this could be attributed to
the fact that watermelon had higher moisture

content (91.87%) when compared to pineapple

juice (87.70%). The high moisture content of
watermelon is in agreement with the work by
Oyeleke et al. (2012) who stated that watermelon
juice had 94.63% moisture content. High
moisture content makes the juice suitable as a
refreshing and thirst-quenching product which
is characteristic of good juice. The pineapple
juice had lower moisture content (87.70%) but
higher total soluble solids (13.120Brix). This was
because the total soluble solids added body and
improved the taste of the juice.

The pH of pineapplejuice was 4.1 and watermelon
was 5.2. The results on pH showed that standard
pineapple juice is acidic (pH < 7.0) and that of
watermelon is slightly acidic, (between 5.0 and
5.8) according to Akinosun (2010).

The titratable acidity of pineapple juice was
0.57% and that of watermelon was 0.45%. There
exists a correlation between pH and acidity of
the juice, the higher the acidity, the lower the pH
of the juice. Both juices had no alcohol content.

There was a decrease in the pH of both the
premixed and post mixed pineapple-watermelon
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wine (4.0 to 3.8). This decrease is as a result of
the increase in the quantity of watermelon juice
which caused, the pH to reduce. This was as a
result of the fact that watermelon fruit generally
is of medium acidity. Thus, the pH gradually
dropped from 5.2 before the fermentation to 3.4
after the fermentation. There was a significant
decrease (p < 0.05) in pH of the fresh juice after
fermentation that is from 4.1 to 3.5 for pineapple
wine and from 5.2 to 3.4 for watermelon wine.
This might be due to increase in titratable acidity
and pH are sometimes inversely proportional to
each other though not in all cases. The drop in pH
and corresponding increase in titratable acidity
of must during the fermentation is attributed to
yeast metabolism.

There was a decrease in the titratable acidity of
PWP (0.54 to 0.48%) as the level of watermelon
added to the pineapple juice increased while
there was an increase in the PWS (0.48 to 0.55%)
as the level of watermelon added to the pineapple
wine increased. This could be a result of the fact
that pineapple is more acidic than watermelon.
There was no significant difference (p > 0.05)
among samples PWP4, PWP5 and PWS5 and
among samples PWP2, PWP3, and PWS4 in
their titratable acidity. The control sample had

the highest titratable acidity followed by wine
produced from P] and W] and then post mixed
pineapple and watermelon blends.

There was a decrease in moisture content of the
sample PWP (93.10 to 88.65%) and PWS (91.02 to
88.08 %). Sample PWp5 had the highest moisture
content (93.10%) followed by sample PWP2
(92.03%), that is, to say that moisture content of
the mixed fruit wine was higher than the fruit
wine and these values were higher than the
control sample (87.10%).

The total soluble solids (TSS) increased with
increase in the volume of watermelon added to
the pineapple wine in the PWP (9.57 to 12.54
oBrix) as well as the PWS (8.93 to 10.90 oBrix)
when compared to the fruit wine. Increase in
total soluble solid is an indication that addition
of pineapple juice had resulted in high sugar-
to-acid ratio in the blends and this confirmed a
high correlation between total soluble solids and
sugar content as observed by Ravi et al. (2010).
The increase in total soluble solids on addition
of pineapple to watermelon could also be
attributed to the conversion of polysaccharides
and other constituents of the juice to sugar.
These results were in agreement with that of

Table 2. Physicochemical composition of wine from pineapple and watermelon

Samples pH MC(%) TSS (Brix) T.A (%) Alcohol(%)
P 3.5 87.25*+1.11 8.50* +0.15 0.67%+0.01 13.039+0.32
W 3.4 88.25Y+0.87 9.60° +0.15 0.51°+£0.03 12.90%+0.20
G 3.8 87.10* £1.08 12.209+0.10 0.71°+0.06 13.93%+0.31

PWpi 39 88.65"+0.10 10.82¢+0.35 0.54%+0.04 12.27¢4+0.13
PWp2 39 92.03°+0.21 12.549+0.19 0.53240.04 8.50742.33

PWp; 39 91.66°+0.51 9.57°+0.36 0.50%+0.17 11.042%+0.14
PWP,4 3.8 89.24+0.21 10.70°+£0.41 0.512+0.05 12.739+0.02
PWes 3.8 93.10°+0.52 10.90°+0.18 0.48%+0.06 9.77°+0.45

PWsi 3.8 89.70°+0.28 10.56+£0.29 0.48%+0.04 12.44¢+0.21
PWs2 3.8 89.03+0.52 10.90°+0.39 0.50%0.02 13.98°4+0.08
PWs3 4.0 89.01°+0.44 8.93%+0.35 0.53%£0.06 12.73¢4+0.46
PWs4 3.8 91.02¢+0.68 10.63%+0.41 0.512+£0.02 9.162+0.91

PWss 39 88.08°+0.64 10.64°+0.24 0.55*+0.08 11.82°+0.04

Values are means + standard deviation of triplicate determinations. Means with different superscripts in the same
column are significantly different at p<0.05

P - Pineapple wine; W -Watermelon wine; G - Commercial Grape wine; PW,, (90:10), PW,, (80:20), PW,, (70:30),
PW,, (60:40), PW,, (50:50)- Pre-mixed Pineapple-Watermelon wine; PW,, (90:10)- Post mixed Pineapple-
Watermelon wine, PW,, (80:20), ; PW, (70:30), PW,, (60:40), ; PW, (50:50)- Post mixed Pineapple-Watermelon
wine; TSS = Total Soluble Solids.PJ=Pineapplejuice;W]=Watermelon
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Ifie et al. (2012) who reported the increase in
total soluble solids and pH, and increase in
the yield of alcohol during the fermentation of
roselle wine. However, roselle wine had lower
ethanol content (9.6%), final TSS (4.8 °Brix)
and pH-value (3.09). The PWS3 had lower total
soluble solid (8.93 oBrix). The decrease in the
total soluble solids of the different proportions
after fermentation could also be attributed to
the enzymatic, chemical, biological and physical
alterations of the must after fermentation. There
was no significant difference (p < 0.05) between
the TSS of the control sample (G) and PWP2.

There was an increase in alcohol content of the
premixed wine (PWP) and post mixed wine
(PWS) (8.50 to 12.75% and 9.16% to 13.98%)
respectively. The alcohol content (8.50% to
13.98%) of the wine was at the acceptable range
for table wine. The final alcohol content of the
wine (13.98%) ranks it among good table wines.
Based on Bisson and Butzke (2009), a good table
wine must have alcohol content between 8 and
14%. Grape wine prepared in the study of Bindon
et al. (2013) had alcohol content of 11.77 - 15.5%
and pH of 3.46 - 3.62.

The sensory scores for the preximed and post
mixed pineapple and watermelon wines are
shown in Table 3.

Table 3 showed the mean sensory scores of the

blended wine for color, flavor, taste, aftertaste,
mouthfeel and overall acceptability. There was a
reduction in the level of acceptance of color in
the premixed wine (6.75 to 5.35) and post mixed
wine (6.75 to 5.60) on the addition of watermelon
to pineapple wine.

There was a reduction in flavor, taste, aftertaste
of the premixed wine and post mixed wine.
Based on the mouthfeel, there was a decrease in
the premixed wine (6.05 to 4.75) and (6.50 to 5.50)
for post mixed wine. There was also a decrease
in the overall acceptability of the premixed wine
(6.50 to 5.15) on the addition of watermelon to
pineapple wine and these was also seen on the
post mixed wine (6.50 to 5.20).

The control sample (G) was most preferred with
higher scores in color (7.55) and flavor (6.75).
This might be as a result of familiarity and
conversance of the panelist with grape wine.
Sample PWS2 were more preferred and had
higher score in terms of taste (6.50), mouthfeel
(6.60) and overall acceptability (6.85). Generally,
the mean sensory scores for the whole samples
compared favorably well with the control
(G) in taste, aftertaste, mouthfeel and overall
acceptability as compared with Ningli et al.
(2017) who reported that the pineapple wine has
higher acceptanceand there were significant (p<
0.05) differences in the evaluated attributes.

Table 3. Sensory scores of the premixed and post mixed pineapple and watermelon wine

Sample Color Flavor Taste Aftertaste Mouthfeel 0.A

G 7.55°+0.88 6.75°+1.57 6.05>+1.76 5.90%+1.68 5.75%¢+1.80 6.45+1.23

PWpi 6.75%+1.25 6.15%+1.38 5.85%+1.31 6.15°+0.14 6.05%+ 1.15 6.50°+1.32

PWp2 6.50°+0.88 6.45+0.99 6.00°+1.03 6.20°£1.05 6.40°£0.94 6.50°+0.76

PWp; 6.35°+1.03 5.90%+1.25 5.40°+1.19 5.55%+0.94 5.55%+1.09 5.90%+0.97
PWP,4 6.50°+1.10 5.75%+1.41 5.60%+0.31 5.35%+1.18 6.00°+0.79 5.95%+1.31

PWes 5.35%+1.32 5.04°+1.46 5.10%1.51 5.05%1.57 4.75*+1.80 5.15%2.03

PWs1 6.75%+1.29 5.70%+1.59 6.20¢1.15 6.10%+ 0.78 6.50%+ 0.94 6.50°+0.94

PWs2 6.55"+1.23 6.30%+1.26 6.50°+1.00 6.35"+1.09 6.60°+0.99 6.85+0.86

PWs3 6.15%+1.18 5.30%+1.30 5.25%+1.37 5.75%£1.52 5.70%¢+1.30 6.40°£1.39

PWs4 6.25%+1.12 5.60%*+1.39 5.95%+0.76 5.55%+1.39 5.55%+1.39 5.95%+1.36
PWss 5.60°+1.23 5.45%+1.23 5.05%1.36 5.30%+1.69 5.00+2.08 5.20%+2.04

Values are means + standard deviation of triplicate determinations. Means with different superscripts in the same
column are significantly different at (p< 0.05)

G -Grape wine, PWP - Post-mixed Pineapple-Watermelon wine, PWS - Post-mixed Pineapple-Watermelon wine,
O. A= Overall acceptability
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CONCLUSION

Wine was produced from the ‘must’ prepared
from blends of pineapple and watermelon fruit
and was found to compare favorably with the
wine produced from grape (control) in most
of the physicochemical parameters (titratable
acidity, total soluble solid among others)
evaluated.

In terms of the time for fermentation, post-
mixed wine was the best in the physicochemical
properties examined. From the data obtained,
the post-mixed wine sample in the ratio of
80:20 was the best physicochemically. With
respect to the sensory attributes examined,
there was slight significant difference (p < 0.05)
in the taste, flavor, appearance and overall
acceptability of the different blends which
made some samples more acceptable than the
other. The formulated wine compared favorably
with grape wine (control) since it had similar
properties with it and it was organoleptically
acceptable to the potential consumers and

these were observed in the result of the sensory
evaluation.
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INTRODUCTION

Buffalo yogurt is an important product which
reflects the main characteristics of buffalo milk
ideally (Giizeler et al.,, 2019). It has a creamy
structure and higher amount of dry matter, fat
and protein contents than other yogurt types
which are obtained from other animal milks.
Most of the buffalo milk in Turkey is processed
into yogurt (Bilgin and Kaptan, 2016). Buffalo
yogurt is preferred by many consumers because
of its aroma and high fat content (Ghoneem
et al,, 2018). The network of buffalo yogurt is
more porous and it contains more and larger
fat globules than bovine yogurt (Nguyen et
al., 2015). Buffalo yogurt also has higher acid
production rate, extent of proteolysis and flavor
development by lactic cultures (Yadav et al.,
2018). It is possible to obtain buffalo yogurt with
high yield and low syneresis and there is no need
to add milk powder or hydrocolloid to buffalo
milk for yogurt production because of its high
dry matter content (Khalifa and Zakaria, 2019).

In 2019, the total number of buffaloes in Turkey
was 184.192 (head). 2.934 of them were in the
Mediterranean region and this region had the
minimum number of buffaloes in Turkey. The
total numbers of buffaloes (head) in Adana and
Mersin provinces in Cukurova region which is
located in the Eastern Mediterranean were 425
and 56, respectively. The total amount of buffalo
milk produced in Turkey in 2019 was 79341 tons,
1181 tons were produced in the Mediterranean
region, 155 tons in Adana and 24 tons in Mersin
(TUIK, 2020).

Because of limited production of buffalo milk
and dairy products in Cukurova region, it is
not possible to reach these products easily.
Therefore, buffalo milk products are very
valuable in Cukurovaregion. Itis well known that
geographical location affects the compositions
of buffalo dairy products, processing steps and
overall quality (Akgiin et al., 2016). There is
no information about characteristics of buffalo
dairy products in Cukurova region and limited
published data about mineral composition
and aroma profile of buffalo yogurt. Research
on buffalo yogurt, especially on their mineral
contents and aroma profile are still limited.
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Only a few studies have been performed on this
subject. Erkaya and Sengiil (2012) investigated
mineral contents of buffalo yogurt. Erkaya and
Sengiil (2011) and Emirmustafaoglu et al. (2020)
studied volatile compounds of buffalo yogurt.
To fill this gap, the present investigation was
performed to determine mineral compositions
and aroma profiles of buffalo yogurt samples,
which were collected from Cukurova markets.

MATERIAL AND METHOD

In this research, 20 samples of buffalo yogurt
were collected from local producers in Mersin
and Adana provinces in Cukurova region. Some
compositional properties, mineral contents
and aroma profiles of yogurt samples were
examined at Cukurova University, Faculty of
Agriculture, Department of Food Engineering,
Milk Technology Laboratory.

Chemical composition

Dry  matter content was  determined
gravimetrically by drying the samples at 100°C
until constant weighing (IDF, 2005). Fat content
was determined according to Gerber method
(TSE, 2002). Micro Kjeldahl method was used
for determining total nitrogen content and total
nitrogen content was multiplied by factor 6.38
for determining protein content (IDF, 2014). Ash
content was calculated by burning the samples
at 550°C, cooling in the desiccator and weighing

(Kurt et al., 2007).
Aroma profile analysis

SPME fibers were placed on the injection port of
Agilent 7890B gas chromatograph at 250°C for 5
minutes for preconditioning and placed on the
gas phase flask for extraction for 60 minutes.
Desorption was performed at 250°C for 3 minutes
and a temperature programmed route was used
for chromatography. The temperature was kept
at 35°C for 3 minutes and then raised to 140°C at
the rate of 4°C /min. The temperature was kept
at 140°C for 1 minute and increased to 250°C in
3 minutes. The transfer line temperature was set
at 250°C. Helium was used as carrier gas at a
flow rate of 1.0 mL / min. For mass spectroscopy,
electron ionization was performed at 70 eV
and the ion source temperature was at 230°C,
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mass scanning range was m/z 33-450 AMU and
emission current was 100 pA (Dan et al., 2019).

Mineral composition

The concentrations of Cu, Fe, Mn and Zn of the
samples were determined by LA-ICP/MS (Perkin
Elmer Nexion 2000 P) and as applied by Khan
et al. (2014). For this purpose, 2 mg of sample
was taken into Teflon tubes and 5 mL of 65%
HNO, and 1 mL of 30% H,O, were added to it.
The samples were heated in microwave oven
(Berghof speedwave MWS-2 Germany) at 170°C
for 10 minutes, at 200 °C for 15 minutes and
at 100 °C for 10 minutes. 1 mL of the distillate
obtained by heating in the microwave oven was
taken and completed to 10 mL with distilled
water and mineral content was determined with
LA-ICP/MS.

AAS (Perkin Elmer PinAAcle 900T) device
was used to determine Ca, Mg, K and Na
concentrations. 3 grams of sample was placed
in Teflon cups and 5 mL of deionized water
and 5 mL of concentrated HNO3 were added
to it. Teflon cups were taken to the microwave
mineralization device after shaking to mix the
solution. After the microwave heating process,
the samples were filtered through filter paper
and completed to 50 cm® with deionized water.
Measurements of the samples were carried out on
AAS device at certain wavelengths (Capcarova
et al.,, 2017).

RESULTS AND DISCUSSION
Chemical Composition

The mean values for the chemical compositions of
buffalo yogurt samples collected from Cukurova
markets are given in Figure 1.

The average dry matter content of buffalo yogurt
samples was 19.37%. It was determined that
buffalo yogurt samples collected from Cukurova
markets had higher dry matter content than
other buffalo yogurt samples which were
collected from other places such as Erzurum
(17.87%) in Turkey, Cairo (14.91-16.61%) and
Damietta Governorate (17.70-18.01%) in Egypt
and Karnal (13.11-14.11%) in India (Erkaya and
Sengiil, 2011; El-Shibiny et al., 2018; Ghoneem et
al., 2018; Yadav et al., 2018).

The average fat content of buffalo yogurt
samples from Cukurova markets was found
close to the results (6.10%) specified by Bezerra
etal. (2012) from north-eastern Brazil, lower than
the results (8.40% and 7.10-7.20%, respectively)
specified by Erkaya and Sengiil (2011) and
Ghoneem et al. (2018) and higher than the results
(3.25% and 3.50-5.90%, respectively) specified by
Yadav et al. (2018) and El-Shibiny et al. (2018).
These differences might be due to the different
production methods of yogurt samples.

Figure 1. Chemical compositions of buffalo yogurt samples collected from Cukurova markets
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The average nitrogen content of yogurt samples
was found to be 0.64% and the average protein
content was calculated as 4.10%. El-Shibiny
et al. (2018) stated that the nitrogen contents
of buffalo yogurts from Cairo in Egypt were
between 0.68-0.73%. Some researchers stated
the protein content of buffalo yogurt samples as
4.67% (Erkaya and Sengtil, 2011), 3.10% (Bezerra
et al., 2012) and 3.98-4.30% (Yadav et al., 2018).
These findings were generally found nitrogen
and protein content.

The average ash content of the yogurt samples
was found as 1.37% and it was concluded that
the ash content of buffalo yogurt samples
from Cukurova region was higher than other
researchers’ findings (0.87%, 0.70%, 0.74-1.17%,

1.14-1.17% and 0.81-0.92%, respectively) from
other places (Erkaya and Sengiil, 2011; Bezerra et
al,, 2012; El-Shibiny et al., 2018; Ghoneem et al.,
2018; Yadav et al., 2018).

Volatile aroma profile

A total of 35 volatiles including four aldehydes,
four ketones, six acids, seven alcohols, four
esters and ten miscellaneous compounds were
identified in buffalo yogurts from Cukurova
region, as shown in Table 1.

Aldehydes were not major compounds in
buffalo yogurt samples because of transforming
to alcohols or corresponding acids. It is known
that acetaldehyde, diacetyl and acetoin are
main flavor compounds in yogurts (Tian et al.,

Table 1. Volatile compounds of buffalo yogurt samples collected from Cukurova markets

Compounds Relative peak area (%) RT (min) Molecular formula
Octanal 0.244+0.023 3.283 CsHi60
Acetaldehyde 0.401+0.066 3.489 C2H4O
Aldehydes
Benzaldehyde 1.104+0.360 30.092 C7HeO
3-Hydroxybutanal 1.020+0.204 32.000 C4Hs02
2,3-Pentanedione 1.579+0.293 10.938 CsHsO2
2-Heptanone 3.093+0.479 16.330 C7H140
Ketones -
Acetoin 20.731+0.889 20.838 C4Hs02
2-Nonanone 0.626+0.219 25.466 CoHis0
2-(Methylsulfonyl)acetic acid 0.376+0.067 11.411 C3Hes04S
Acetic acid 35.249+2.995 27.518 C2H402
Acids Butanoic acid 4.74240.561 34.239 C4HsO2
Isovaleric acid 1.755+0.152 36.155 CsH1002
Hexanoic acid 3.047+0.443 42.043 CeH1202
Caprylic acid 0.648+0.160 47.463 CsHi602
Cyclobutanol 0.211+0.061 2.994 C4HsO
trans-1,2-Cyclopentanediol 0.270+0.022 16.918 CsH1002
Isoamyl alcohol 5.349+0.758 17.596 CsHi20
Alcohols 3-Methyl-2-pentanol 2.629+0.338 24.032 CeHi140
3-Methyl-1,2-cyclopentanediol 1.083+0.227 29.185 CeH1202
2,3-Butanediol 0.301+0.051 30.735 C4H1002
2-Phenylethanol 0.201+0.006 43.627 CsHi00
Ethyl Acetate 1.685+0.526 5.654 C4H302
Esters Vinyl formate 0.274+0.062 5913 C3H402
Vinyl acetate 4.224+0.614 7.982 C4HeO2
Benzyl carbazate 0.421+0.125 10.156 CsH10N202
Carbon dioxide 2.026+0.410 2.897 CO2
Dimethylphosphine 0.388+0.167 3.817 C2H7P
Butanimidamide 0.629+0.189 4.465 C4HioN2
Formamide 1.888+0.163 6.855 CH3;NO
Miscellaneous D-Limonene 0.258+0.060 17.188 CioHie
1-Nonyne 0.445+0.242 18.667 CoHie
Tetramethyloxirane 3.062+0.417 23.347 CeHi20
Dimethyl trisulfide 0.214+0.018 24.934 C2HeS3
2-Imino-3-methylthiazolidine 0.283+0.028 30.330 C4HsN2S
Oxime-, methoxy-phenyl- 0.289+0.007 39.696 CsHoNO2

RT: Retention time

The values were expressed by average + standard deviation.
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2019). However, acetaldehyde level was found
to be low and diacetyl wasn’t detected among
ketone groups in buffalo yogurts. Acetoin which
is a reduced form of diacetyl and produces
mild creamy flavor in yogurts (Cheng, 2010)
had the highest level among ketone groups in
buffalo yogurts. Lactococcus lactis can generate
acetoin during fermentation (Walsh, 2016).
Other identified ketones in buffalo yogurts were
responsible sweet, fruity, buttery and creamy
flavor of samples (Sidira et al., 2017). Erkaya and
Sengiil (2011) detected acetaldehyde and hexanal
as aldehydes, diacetyl, acetoin, 2,3-pentanedione,
2-heptnone, 2-nonanone and 2-undecanone as
ketones in buffalo yogurts. Emirmustafaoglu
et al. (2020) also found that the main volatiles
of buffalo yogurts were acetaldehyde, diacetyl,
acetoin and acetone.

Acetic acid was the compound which had the
highest level among all volatile compounds. It
is produced by hetero fermentative lactic acid
bacteria and produces excess vinegar flavor
if its concentration is too high (Tian et al.
2019). Butanoic and hexanoic acids were other
important acids in buffalo yogurts. Butanoic
acid gives cheesy flavor while hexanoic acid
contributes spicy, rancidity and floral flavor
(Tian et al., 2019). Erkaya and Sengiil (2011)
detected acetic acid, butanoic acid, hexanoic
acid, caprylic acid, capric acid and benzoic acid
in buffalo yogurt samples.

Alcohols were the largest class of volatile
compounds in the samples. The most dominant
alcohol in buffalo yogurt samples was isoamyl
alcohol. It contributes fruity flavor (Costa et
al., 2019). Kavaz Yiiksel and Bakirci, (2015) and
Costa et al. (2019) also determined isoamyl
alcohol in cow milk yogurts. Erkaya and Sengiil
(2011) and Emirmustafaoglu et al. (2020) found
ethanol as the only alcohol in buffalo yogurts.
However, ethanol was not identified in the
samples collected from Cukurova region.

Among the esters, vinyl acetate had the highest
level in buffalo yogurts. However, no study
was found in the literature about presence of
vinyl acetate in yogurt samples. Erkaya and
Sengiil (2011) identified ethyl acetate (pineapple
and fruity flavor), ethyl octanoate and diethyl

phthalate in buffalo yogurts. Su et al. (2017),
Zhao et al. (2018) and Fang et al. (2020) also
found ethyl acetate in yogurt samples obtained
from different milk types.

Tetramethyloxirane, carbon dioxide
and formamide were the majors among
miscellaneous compounds. However, no study
was found in the literature about presence of
tetramethyloxirane in yogurt samples. Carbon
dioxide was observed in buffalo yogurt samples
depending on the activities of yogurt starters
(Rysstad and Abrahamsen, 1987). Formamide
contributes ammonia-like flavor (Hohn, 1999).
No information could be found about presence

of formamide in yogurt samples in the literature.
Mineral composition

Mineral concentrations of milk and dairy
products vary depending on the animal species,
breed, nutrition, lactation stage and health
conditions (Paszczyk et al., 2019). The data about
mineral compositions in terms of major and
minor elements of buffalo yogurt are shown at
Table 2.

Erkaya and Sengiil (2012) examined mineral
contents of yogurts which were made from
different milk types collected from Erzurum
province in Turkey. They determined the buffalo
yogurts’” Ca, K, Mg, Na, Fe, Mn and Zn were
1697 mg/kg, 1164 mg/kg, 156 mg/kg, 344 mg/
kg, 13.57 mg/kg, 0.15 mg/kg and 63.95 mg/kg,
respectively. When the mineral contents were
compared, it was seen that Ca content of buffalo
yogurt from Cukurova region was lower than Ca
content of the samples in Erzurum. On the other
hand, Mg levels of Cukurova buffalo yogurts
were quite higher than those samples. The levels
of Na, Fe and Zn were also found lower while K
and Mn levels were higher.

Mineral composition analyses were generally
performed in yogurts made by cow, goat or
sheep milks by other researchers. According
to literature data, mineral compositions vary
between 430-1936 mg/kg Ca, 890-3508 mg/kg K,
83-406 mg/kg Mg, 390-2550 mg/kg Na, 0.09-1.68
mg/kg Cu, 0.29-19.00 mg/kg Fe, 0.02-0.16 mg/
kg Mn and 2.56-60.68 mg/kg Zn for cow milk
yogurt, between 1455-2178 mg/kg Ca, 511-2486
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mg/kg K, 150-587 mg/kg Mg, 375-568 mg/kg Na,
0.15 mg/kg Cu, 0.75-16.79 mg/kg Fe, 0.14 mg/
kg Mn and 4.46-75.03 mg/kg Zn for goat milk
yogurt, between 1879-2352 mg/kg Ca, 1133-1944
mg/kg K, 186-197 mg/kg Mg, 410-567 mg/kg Na,
0.12 mg/kg Cu, 0.26-12.79 mg/kg Fe, 0.19 mg/
kg Mn and 6.10-72.99 mg/kg Zn for sheep milk
yogurt (Giiler, 2007; Isleten and Karagul-Yuceer,
2008; Giiler and Sanal, 2009; Abou Jaoude et al.,
2010; Navarro-Alarcon et al., 2011; Erkaya and
Sengiil, 2012; Cano-Sancho et al., 2015; Luis et
al., 2015; Curti et al., 2017; Pimentel et al., 2018;
Paszczyk et al.,, 2019; Souza et al., 2019). It was
concluded that Mg content of buffalo yogurt
was quite higher than cow, goat and sheep milk
yogurts, while Na content of buffalo yogurt was
quite lower. Buffalo yogurt had higher Cu and
Mn contents and lower Ca content than goat
and sheep milk yogurts. It was observed that the
contents of other mineral compounds of buffalo
yogurt were close to other animal milk yogurts.

CONCLUSION

In this research, some chemical properties,
aroma profile and mineral content of buffalo
yogurt samples marketed in Cukurova region
were determined. As a result of the research, it
was concluded that dry matter and ash contents
of buffalo yogurt from Cukurova region were
higher than other buffalo yogurt samples
from different regions. According to mineral
composition analysis of buffalo yogurt samples
collected from Cukurova region, the levels of Mg,
K and Mn were higher and the levels of Ca, Na,

Fe and Zn were lower than buffalo yogurt from
Erzurum province. When the mineral content of
buffalo yogurt was compared with other animal
milk yogurts, it was determined that the level
of Mg was quite higher when the level of Na
was quite lower than cow, goat and sheep milk
yogurts. Additionally, Ca level of buffalo yogurt
was lower and Cu and Mn levels were higher
than goat and sheep milk yogurts. A total of 35
volatile compounds were detected in buffalo
yogurt samples. These were determined as four
aldehydes, four ketones, six acids, seven alcohols,
four esters and ten miscellaneous compounds.
The major volatile compound groups of buffalo
yogurt were acid and ketone groups. Alcohols
were the largest class of volatile compounds in
the samples.
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Table 2. Mineral contents of buffalo yogurt samples collected from Cukurova markets

Yogurt
Minerals (mg/L) Mean SD Min. Max.
Ca 900.52 78.89 811.69 962.43
K 1678.18 179.45 1532.22 1878.54
Mg 729.80 45.73 685.17 776.56
Na 325.78 2433 298.33 344.70
Cu 0.28 0.23 0.08 0.54
Fe 7.60 3.89 3.68 11.47
Mn 0.39 0.32 0.05 0.71
Zn 24.64 3.70 20.75 28.13
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OZET

Amag: Bu ¢alismanin amaci yogun bakim {initelerinde
yatan hastalarin bas1 yarasi insidanslarmi ve basi
yaralarinin  iliskili ~olabilecegi risk faktorlerini
aragtirmaktir.

Bireyler ve Yontem: Mersin Sehir Hastanesi Hastanesi
Yogun bakim iinitelerinde yatan hastalarda yapilan
bu calismada 18-65 yas arasi, albiimin degeri > 2.5
g/dL ve BKI degeri 18.5-24.9 Kg/m? olan 200 hasta
degerlendirilmistir. Calismada hastalarin tanimlayici
ozellikleri ve antropometrik 6l¢timleri sorgulanirken,
hastalarin hastalik ciddiyetlerini degerlendirmek igin
APACHE II, bas1 yarasi risklerini degerlendirmek igin
Norton Basi Yarasi 6l¢egi, malnutrisyon durumlarini
saptamak i¢in ise NRS2002 tarama testleri hastalara
uygulanmuistir. Ayrica hastalarin beslenme durumlar:
ve serum albiimin degerleri diyetisyen tarafindan
glinliik vizitelerle 30 giin boyunca izlenmis ve kayit
altina alinmustir.

Bulgular: Hastalarin basi yaras: durumlarina gore
APACHE 1II (p<0.001), NRS-2002 skorlar1 (p<0.001),
takip sonu hedeflenen enerji (p<0.001) ve protein
(p<0.001) gereksinimlerini karsilama yiizdeleri
arasindaki farkin istatistiksel olarak anlamli oldugu
goriilmiistiir. Yapilan ileri analizlerde; basi yarasi
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olmayan hastalara gore; basi yarasi yatista olan
(p<0.001) ve hastanede gelisen hastalarin (p<0.001)
APACHE II ve NRS-2002 skorlarmin daha yiiksek,
takip sonunda hedeflenen enerji ve protein
gereksinimlerini karsilama yiizdelerinin ise daha
diisiik oldugu bulunmustur. Yatisinda basi yarasi
olan hastalarin baslangi¢ serum albiimin degerlerinin
<3 g/dL oldugu ve bu grupla birlikte hastanede bast
yaras1 gelisen hastalarin da takip sonu serum albiimin
degerlerinin yatis degerlerine gore istatistiksel olarak
azaldig1 goriilmiistiir (p<0.001).

Sonug: Yogun bakim {initesinde yatan hastalarda
yliksek malnutrisyon riski olanlarin, yatiglari sirasinda
degerlendirilen diisiik serum albiimin degerlerinin,
uygulanan beslenme destek tedavisinin etkinliginin ve
yiiksek APACHE II skorlarinin hastalarda basi yarasi
durumu ile iligkilendirilebilecegi diistiniilmektedir.

EXTENDED ABSTRACT

Aim: Pressure sores are localized damage to the skin
and underlying tissue caused by pressure, friction,
and/or a combination of these factors and usually occur
on bony parts. In addition to external factors such as
pressure, humidity, and friction, internal factors such
as advanced age, malnutrition, decreased oral intake,
edema/hypoalbuminemia, state of consciousness,
decreased sensory perception, decreased mobilization,
and incontinence play a vital role in the formation
of pressure sores (Keller et al., 2002). Various scales,
such as Norton, Braden, and Waterlow are used to
evaluate patients at risk for pressure sores. It is argued
that among these scales, Norton and Braden scales
have the highest reliability (Magnan & Maklebus,
2009). Intensive care unit patients constitute one
of the riskiest groups in terms of malnutrition and
pressure sores. According to a recent systematic
review, patients hospitalized in intensive care units
have a high prevalence of malnutrition ranging
from 38% to 78% (Munoz et al., 2022), which leads
to increased morbidity and mortality rates, longer
hospital stays (Havens et al. et al.,, 2018; Mogensen
et al., 2018; Osooli et al., 2019), and hospital-acquired
pressure sores ranging from 12% to 24.5% (Chaboyer
et al., 2018). Based on these reasons, this study aimed
to investigate the incidence of pressure sores and risk
factors that may be associated with pressure sores in
patients hospitalized in intensive care units.

Methods: In this cross-sectional study of patients
hospitalized in intensive care units of Mersin City
Educational and Research Hospital, 200 patients
aged 18-65 years, with an albumin value > 2.5 g/dL
and a BMI value of 18.5-24.9 kg/m2 were evaluated.
Pregnant and lactating patients, patients not aged 18-
65 years, with BMI <18.5 kg/m2 and >25 kg/m2, and
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who did not accept to participate in the study were
not included. In the study, the patients” descriptive
characteristics and anthropometric measurements
(body weight, height, BMI values) were questioned.
The APACHE II screening tests were used to assess
the severity of their diseases, the Norton Pressure
Sore Risk Assessment Scale was used to assess the
risks of pressure sores, and the NRS2002 screening
test was used to detect malnutrition conditions. In
addition, the patients’ nutritional status and serum
albumin values were monitored and recorded by the
dietitian at daily visits for 30 days. Ethics committee
approval was obtained from the Scientific Research
and Publication Ethics Committee of Toros University
(Date: 25.09.2019 and #42), and verbal consent was
obtained from the patients or their relatives.

The data obtained in the study were evaluated
using SPSS for Windows 22 software. Appropriate
descriptive values are presented for qualitative
and quantitative variables, and the conformity of
the variables to normal distribution was examined
using visual (histogram and probability graphs) and
analytical methods (Kolmogorov-Smirnov/Shapiro-
Wilk tests). The non-parametric Wilcoxon test was
used to determine the difference between two
dependent groups and continuous variables. Non-
parametric Mann-Whitney-U test was used between
two independent groups and for continuous variables.
Non-parametric Kruskal-Wallis analysis was used for
the three groups. The significance level for statistical
analysis was accepted as 0.05.

Results: In this study, the rate of patients with high-
risk nutritional status according to the NRS-2002 score
in patients hospitalized in intensive care units was
58% (n=116). According to the Norton scale, the rate of
patients with a high risk of developing pressure sores
during admission to the intensive care unit was 62.5%
(n=125). The mean APACHE II score was 13.94+7.47.
It was found that 21.5% (n=43) of the patients had
pressure sores during admission to the intensive care
unit. Twenty percent (n=40) of the patients occurred
pressure sores in the hospital. During the follow-up,
11% (n=22) of the patients died, and 89% (n=178) of the
patients were discharged. There was no statistically
significant difference between the mortality rates
of patients without pressure sores, patients with
pressure sores at admission, and patients who
occurred pressure sores in the hospital (p>0.05). As
expected, the patients” Norton scale scores were
higher in those with pressure sores at admission and
those who developed pressure sores in the hospital
compared to those without pressure sores (p<0.001).
It was seen that the difference between the APACHE
II (p<0.001) and NRS-2002 scores (p<0.001) and the
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percentages of meeting the target energy (p<0.001)
and protein (p<0.001) needs at the end of the follow-
up according to the pressure sore status of the patients
were statistically significant. In further analyses, the
APACHE II and NRS-2002 scores of patients with
pressure sores during admission (p<0.001) and those
who developed pressure sores in the hospital (p<0.001)
were higher, and the percentages of meeting their
targeted energy and protein needs at the end of follow-
up were lower than those without pressure sores. It
was observed that the initial serum albumin values
of the patients with pressure sores during admission
were <3 g/dL, and the serum albumin values of the
patients who developed pressure sores in the hospital
and this group were statistically decreased at the end
of the follow-up compared to the admission values
(p<0.001).

Pressure sores are an important problem that increases
both the burden of caregivers and the cost of care
and significantly affects the mortality and morbidity
rates by prolonging the hospital stay of intensive
care patients. In order to evaluate this problem in a
timely and accurate manner, it is crucial to identify
risky patients with scales such as Norton that measure
pressure sores, evaluate the patient’s nutrition and
general condition, and monitor and initiate nutritional
support treatments. In this study, it was observed that
the following could be associated with pressure sore
status: those at high risk of malnutrition according to
NRS-2002 in intensive care unit patients, low serum
albumin values evaluated during admission, and high
APACHE II score, assessing the efficacy of nutritional
support therapy and disease severity of the patients.
There are also limitations of the study that should
be acknowledged. The first of the limitations of the
study is that it was designed as cross-sectional, and
therefore generalizations cannot be made. Another
limitation is the inclusion of patients, regardless of age
and diagnosis, in the intensive care unit patients. For
this reason, further randomized controlled studies are
needed to examine the relationship between pressure
sores and nutritional status in intensive care unit

patients.

GIRIS

Basi yaralar1 baski, siirtiinme ve/veya bu faktor-
lerin bir araya gelmesinden kaynaklanan deri ve
alttaki doku alaninda meydana gelen lokalize
hasarlar olup genellikle kemik ¢ikintilar1 tize-
rinde olusmaktadir. Bas1 yaras: olusumunda ba-
sing, nem ve silirtiinme gibi dissal etkilerin yam
sira ileri yas, malnutrisyon, oral alimin azalmasi,
0dem/hipoalbiiminemi, bilin¢ durumu, duyusal
alginin azalmasi, mobilizasyonun azalmasi, in-
kontinans gibi igsel faktorler de 6nemli rol oy-
namaktadir (Keller ve ark., 2002). Bu faktorlerin
1s1ginda basi yarast agisindan riskli hastalarin
degerlendirilmesi i¢in Norton, Braden, Water-
low gibi Olgekler kullanilmaktadir. Bu dlgekler
arasinda giivenilirligi yiiksek olanlarin Norton

ve Braden oOlgekleri oldugu savunulmaktadir
(Magnan ve Maklebus, 2009).

Beslenme, deri biitiinliiglinii arttirmada ve basi
yaralarinin varliginda doku onarimini destekle-
mede 6nemli bir rol oynamaktadir. Kotii beslen-
me, diisiik Beden Kiitle Indeksi (BKI) ve hipoal-
buminemi ile iligskilendirilen malnutrisyon, basi
yarasi gelisiminde etkili faktorlerden biri olarak
kabul edilmektedir (Berlowitz, 2014). Malnutris-
yon riski, Nutrisyonel Risk Screening 2002 (NRS
2002) gibi standartlastirilmis tarama araclar: kul-
lanilarak hizli ve etkili bir sekilde belirlenebil-
mektedir. Malnutrisyon riskinin saptanmasi igin
NRS2002 tarama testinin kullanildig1 bir calis-
mada, NRS2002 testinin 6n degerlendirmesinin
basi yarasi gelisme insidansinin bir gostergesi
oldugu sonucuna varilmistir (Alhaug ve ark.,
2017). Brezilya'da yapilan baska bir ¢alismanin
da bu sonuglar1 dogrular nitelikte oldugu gortil-
mektedir (Serpa ve ark., 2020).

Malnutrisyon ve basi yarasi agisindan en riskli
olan gruplardan birini yogun bakim {initesi has-
talar1 olusturmaktadir. Yakin zamanda yapilan
sistematik bir incelemeye gore yogun bakim
tinitelerinde yatan hastalarinin %38 ile %78 ara-
sinda degisen yiiksek bir malnutrisyon preve-
lansina sahip oldugu (Munoz ve ark, 2022), bu
durumun da artmis morbidite ve mortalite oran-
larina, daha uzun siire hastanede kalis stiresine
(Havens ve ark., 2018; Mogensen ve ark., 2018;
Osooli ve ark., 2019) ve %12 ile %24.5 arasinda
degisen hastane kaynakli basi yaralarma ne-
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den oldugu bildirilmektedir (Chaboyer ve ark.,
2018). Norveg'te yapilan baska bir ¢alismada ise
hastanelerde basi yaralarmin en fazla yogun ba-
kim tinitelerinde gortldiigii (%18) ve goriilen
basi yaralarinin %14’tiniin ise hastane kaynak-
I1 oldugu vurgulanmaktadir (Bredesen ve ark.,
2015). Yogun bakim hastalarinda beslenme ge-
reksinimleri hastaligin ciddiyetine ve evrelerine
gore degiskenlik gostermektedir. Bu hastalarda
artan malnutrisyon ve basi yarasi prevelansi,
yetersiz enerji ve besin 6geleri aliminin yani sira
olusan hipermetabolik yanittan da kaynaklana-
bilmektedir. Hipermetabolik durumlarda artan
enerji ihtiyaci dnce glikojen depolarindan ve ar-
dindan da visseral depolardan gekilmektedir. Bu
durum da kas kaybina, nitrojen tutulumuna ve
albiimin sentezinin bozularak azalmasina neden
olmaktadir. Diigiik albiimin diizeyleri ise inters-
tisyel 6deme neden olduklar igin yara iyilesme-
sini geciktirmektedir (Seres, 2021).

Deri biittinliigtiniin saglanmas i¢in yeterli ener-
ji ve besin 6gelerine ihtiya¢ duyulmaktadir. Bu
ylizden hastalarin optimal enerji ve protein ge-
reksinimleri saglanarak beslenme durumlarinin
diizeltilmesi basi yaras1 gelisiminin énlenmesini
ve tedavisini destekleyen 6nemli bir adim olarak
goriilmektedir. Yapilan arastirmalar, basi yarasi
riski tastyan malnutrisyonlu yogun bakim has-
talarinin giinde 30-35 kkal/kg enerji ve 1.25-1.5 g
protein/kg ihtiyac1 oldugunu belirtirken (Bauer
ve ark., 2013; Morley ve ark., 2010), Amerika ve
Avrupa’da yaymlanan kilavuzlar tarafindan ise
bu hastalarin 25-30 kkal/kg enerji ve 1.2 g prote-
in/kg ihtiyact oldugu belirtilmektedir (Singer ve
ark., 2019; Mehta ve ark., 2017). Hastalarin alim1
beslenme ihtiyaglarini karsilamaya yetmedigin-
de ise bagisikligr modiile eden besin 6gelerini
(arginin, ¢inko ve antioksidanlar) igeren beslen-
me destek tiriinleriyle takviyelerin yapilmasi
onerilmektedir (EPUAP, 2019).

Bu ¢alismanin amaci yogun bakim iinitelerinde
yatan hastalarda basi yarasi gelisme insidansla-
rini1 ve basi yarasinn iligkili olabilecegi risk fak-
torleri aragtirmaktir.
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ANA METIN

Bu kesitsel calisma bir Mersin Sehir Egitim ve
Arastirma Hastanesi yogun bakim {initelerin-
de yatan, serum alblimin degeri >2.5 g/dL ve
BKI degeri 18.5-24.9 Kg/m? olan, 18-65 yas ara-
st 200 hasta ile yiiriitiilmiistiir. Calismaya gebe
ve emzikliler, 18-65 yas araliginda olmayan, BKI
<18.5 Kg/m?* ve >25 Kg/m? olan ve calismaya ka-
tilmay1 kabul etmeyen hastalar dahil edilmemis-
tir. Hastalarin demografik ve klinik &zellikleri,
beslenme durumlari, beslenme yolu ve dozlari,
giinliik enerji ve protein alimlari, antropometrik
dlctimleri (viicut agirhigi, boy uzunlugu, BKI) ve
serum albiimin degerleri diyetisyen tarafindan
gunliik viziteler ve giinlitk tutulan hasta ka-
yitlar1 ile degerlendirilmistir. Hastalarin viicut
agirlig ve boy uzunlugu olctimleri hasta dosya-
larindan alinmigtir. Hastalarm BKI degerleri, vii-
cut agirhigr (kg)/boy uzunlugu (m)? formdiilii ile
hesaplanmistir (WHO, 2022).

Yogun bakim iinitelerinde, hastalik ciddiyetini
degerlendirerek mortaliteyi tahmin eden “prog-
nostik skorlama sistemleri” yaygin olarak kul-
lanilmaktadir (Ozdemir, 2014). Calismamizda
yogun bakim iinitelerinde sorumlu hemsireler
tarafindan degerlendirilen prognostik sorgu-
lama sistemlerinden biri olan Akut Fizyoloji ve
Kronik Saglik Degerlendirmesi II (Acute Physi-
ology and Chronic Health Evaluation APACHE
II) verileri kayit altina alimmistir. APACHE 11
toplam skoru akut fizyoloji skoru, yas ve kronik
saglik degerlendirmesi olmak tizere ii¢ alt bas-
ligin toplamindan olusmakta olup, en yiiksek
deger 71'dir. Toplam skor puani 25 oldugunda
mortalite oran1%25, 35 puan ve iizerinde oldu-
gunda ise mortalite oran1 %80’e yiikselmektedir
(Knaus ve ark., 1985).

Hastalarda beslenme durumunun degerlendiril-
mesi, hastaneye yatistan sonraki ilk 24 saat igin-
de Niitrisyonel Risk Degerlendirme Skoru-2002
(NRS-2002) kullanilarak, servis hemsireleri tara-
findan yapilmigtir. NRS-2002 skoru >3 olan has-
talar, niitrisyonel agidan ytiiksek riskli hasta ola-
rak kabul edilmektedir (Kondrup ve ark., 2003).
NRS-2002'nin 2014 yilinda Tiirkiye'de yapilan
gecerlilik ve giivenilirlik calismasinda, sensiti-
vitesi %88, spesifitesi %92 olarak bulunmus ve
tilkemizde yatan hastalarda siklikla tercih edilen
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bir tarama testi olarak kabul edilmektedir (Tas,
2020). Yogun bakimda yatan hastalarda hemo-
dinamik stabilizasyon saglandiktan sonra 24-48
saat i¢inde hastalarin beslenme destegine bas-
lanmasi ve hedef enerji alimina 48-72 saatte ulas-
masi hedeflenmektedir (Heyland ve ark., 2003).
Bu calismada da hastalar hedeflenen enerji ve
protein gereksinimlerine ulagsma siireleri 1 ay
boyunca haftalik olarak kontrol edilmis ve. Yo-
gun bakimda yatis stireleri ve mortalite durum-
lar1 kayit altina alinmistir. Yogun bakimda yatan
hastanin beslenme destegi ihtiyac: igin ilk tercih
oral destek ve/veya enteral beslenme destegi ol-
mus ancak oral-enteral yoldan beslenme destegi
saglanamayacaksa gecikmeden beslenme deste-
gi parenteral beslenme olarak onerilmigtir. Has-
talarin giinliik enerji gereksinmeleri 25-30 kkal/
kg formdilii kullanilarak hesaplanmigtir. Giinliik
hedeflenen protein gereksinmesi ise 1.2-1.5 g/kg
olarak hesaplanmis ve hedeflenen protein gerek-
sinmesi hastanin klinik 6zelliklerine gore gere-
ken durumlarda yeniden diizenlenmistir (Krey-
mann ve ark., 2006).

Bu ¢alismada hastalarin basi yaras: olusma risk-
lerini degerlendirmek i¢in Norton basi yaras: de-
gerlendirme 6lgegi kullanilmistir. Bu dlgek, basi
yarast riskini tanilamak icin literatiirde yer alan
ilk dlgek olup hastanede yatan hastalarin siste-
matik olarak degerlendirilmesine dayanuir (Firat
Kilig ve ark., 2017). Olgek fiziksel durum, mental
durum, aktivite, hareketlilik ve inkontinans
olmak tizere 5 maddeden olugmaktadir. Her
bir madde 1-4 arasinda puanlandirilmaktadir
ve Olgekten alinabilecek en diisiik puan 5, en
yliksek puan 20'dir (Norton 1989), toplamda
14 puan ve altinda alan hastalar riskli olarak
degerlendirilmektedir (Pritchard 1986). Olgegin
Tiirkgeye uyarlamas: Avsar ve Karadag tarafin-
dan yapilmais ve gegerli-giivenilir bir 6lgek olarak
bulunmustur (Avsar, 2012).

Bu calisma icin Toros Universitesi Bilimsel Aras-
tirma ve Yayin Etigi Kurulundan 25.09.2019 ta-
rih ve 42 karar sayist ile etik kurul onay1 alinmig
olup, calismaya katilan hastalardan ya da yakin-
larindan s6zli onam alinmistir.

Verilerin istatistiksel Analizi

Calismada elde edilen veriler, SPSS for Windows
- 22 yazilimi kullanilarak degerlendirilmistir. Ni-
tel ve nicel degiskenler i¢in uygun betimsel de-
gerler verilmistir. Nitel degiskenler, say1 (n) ve
ylizde (%) olarak, nicel degiskenler ise ortalama
ve standart sapma (+SD) olarak ifade edilmistir.
Degiskenlerin normal dagiima uygunlugu
gorsel (histogram ve olasilik grafikleri) ve analitik
yontemler (Kolmogorov-Smirrov/Shapiro-Wilk
testleri) kullanilarak incelenmistir. Bagiml iki
grup ve siirekli degiskenler arasindaki farkin
belirlenmesi i¢in non-parametrik Wilcoxon testi,
bagimsiz iki grup arasinda, siirekli degiskenler
i¢in non-parametrik Mann-Whitney-U testi, {i¢lii
bagimsiz grup arasindaki analizler igin non-pa-
rametrik Kruskall-Wallis analizi kullanilmistir.
Istatistiksel analizler i¢in anlamlilik diizeyi 0.05
olarak kabul edilmistir.

SONUCLAR

Bu c¢alismada, yogun bakim iinitelerinde yatan
hastalarda NRS-2002 skoruna gore beslenme
durumlar ytiksek riskli olan hastalarin orani
%58 (n=116), Norton 0Olgegine gore yogun baki-
ma yatista basi yarasi olugma riski yiiksek olan
hastalarin oram ise %62.5 (n=125) olarak bulu-
nurken, APACHE II skorlar1 ise 13.94+7.47 ola-
rak bulunmustur. Hastalarin %21.5 (n=43)’inde
yogun bakima yatis sirasinda basi yarasi oldugu,
%20 (n=40)’sinde ise hastanede bas1 yaras: olus-
tugu tespit edilmistir. Hastalar basi yarast bol-
gelerine gore smiflandirildiginda, sakrum basi
yarasi olan hasta oraninin %27.5 (n=55), femur
%1 (n=2), topuk %6.5 (n=13), kalga %4.5 (n=9),
koksiks %2 (n=4) oldugu goriilmiistiir. Hastalar
basi yarasi evrelerine gore smiflandirildiginda
ise basi yarasi 1. evre hasta orani %14.5 (n=29), 2.
evre %11 (n=22), 3. evre %7.5 (n=15), 4. evre %9
(n=18) oldugu tespit edilmistir. Takip siiresince
hastalarin %11’inde (n=22) olim goriilmiis ve
hastalarin %89'u (n=178) ise taburcu edilmistir.
Bas1 yarasi olmayan, basi yarasi olan ve basi ya-
rast hastanede gelisen hastalarin mortalite oran-
lar1 arasinda istatistiksel olarak anlaml bir fark
bulunmamustir (p>0.05). Hastalarin demografik
ve klinik ozellikleri Tablo 1'de gosterilmistir.
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Beklendigi {izere hastalarin Norton &lgegi skor
puanlarmin hastane yatisinda basi yarasi olan ve
basi yaras1 hastanede gelisen hastalarin, basi ya-
ras1 olmayan hastalara gore daha yiiksek oldugu
goriilmiistiir (p<0.001). Bu ¢alismada Norton 6l-
cegine gore yiiksek riskli olarak degerlendirilen
hastalar i¢inde (n=125) malniitrisyonlu olmayan
hastalarin orani (n=70) daha ytiiksek bulunmus-
tur (p<0.001). Hastalarin bas1 yaras1 durumlarina
gore APACHE II (p<0.001) ve NRS-2002 (p<0.001)
skor puanlar1 arasindaki farkin istatistiksel ola-
rak anlamli oldugu goriilmiistiir. Yapilan ileri
analizde; basi yarasi yatisinda olan (p<0.001) ve
hastanede gelisen hastalarin (p<0.001) APACHE
II ve NRS-2002 skor puanlarinin basi yarast ol-
mayan hastalarin APACHE II ve NRS-2022 skor
puanlarindan daha yiiksek oldugu goriilmiistiir
(Tablo 2).

Yogun bakimda beslenme destegi baslanan has-
talarin %15’ oral ve enteral (n=30), %20’si (n=40)

oral ve parenteral, % 8.5'i (n=17) yalnizca enteral,
% 55.5'1 (n=111) yalnizca parenteral, %1’'i (n=2)
enteral ve parenteral kombine beslenme destegi
almislardir. Hastalarin basi yaras: ve beslenme
durumuna ait degiskenler arasindaki iliski Tablo
2" de gosterilmigtir. Hastalarin basi yaras1 du-
rumlari ile takip sonunda hedeflenen ortalama
enerji (p<0.001) ve protein (p<0.001) gereksinim-
leri kargilama yiizdeleri arasindaki fark istatis-
tiksel olarak anlamli bulunmustur. Yapilan ileri
analizde, bas1 yarasi olmayan hastalarin enerji ve
protein gereksinimlerini karsilama yiizdelerinin
basi yaras: yatisinda olan (p<0.001) ve hastane-
de gelisen hastalarin (p<0.001) gereksinimlerini
kargilama ytizdelerine gore daha yiiksek oldugu
bulunmustur (Tablo 2).

Yogun bakima yatista NRS-2002 skoruna gore
yliksek riskli olarak degerlendirilen hastalar-
da takip sonu serum albiimin degerlerinin 3 g/
dL'nin altina diistii§ii ve yatistaki albtimin de-

Tablo 1. Demografik ve klinik bulgular

Degisken Deger
Yas, (X+SD), yi/ 64.77+17.48
Cinsiyet (E/K), n (%) 109(54.5)/91(45.5)
Beden kiitle indeksi, (X+SD) kg/m? 25.33+4.63
Yiksek riskli hasta oran1 (NRS-2002) n, (%) 116 (58)
Yatis sirasindaki tani, n, (%)

Norolojik hastaliklar 47 (23.5)
Cerrahi hastaliklar 30 (15)
Dabhili hastaliklar 123 (61.5)
Ko-morbid hastaliklar, n, (%)

Diabetes Mellitus 14 (7)
Hipertansiyon 44 (22)
Kalp yetmezligi 29 (14.5)
Kronik obstruktif akciger hastalig 23 (11.5)
Alzheimer 1(0.5)
Akut bobrek yetmezligi 17 (8.5)
Kanser 16 (8.0)
Hastalarin Biling Durumlari n, (%)

Acik 93 (46.5)
Stupor 100 (50)
Kapali 7(3.5)
APACHE-2 skoru, (X+SD) 13.9447.47
Bast yarasi, n, (%) 83 (41.5)
Yok 117 (58.5)
Yatis sirasinda basi yarasi 43 (21.5)
Hastanede olusan basi yarast 40 (20)
Norton skoru (X£SD), 12.21+4.71
Norton skoruna gore siniflama, n, (%)

Riskli <14 puan 125 (62.5)
Normal >14 puan 75 (37.5)
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gerlerine gore aradaki farkin istatistiksel olarak
anlamli oldugu goriilmiistiir (p<0.001). Yatisinda
basi yarasi olan hastalarin baslangi¢ serum al-
biimin ortalama degerlerinin 3 g/dL'nin altinda
oldugu ve takip sonu degerinin diistiigii, yine
hastanede basi yarasi gelisen hastalarin da takip
sonu serum albiimin ortalama degerlerinin 3 g/
dLl'nin altina distiigii goriilmiistiir (p<0.001)
(Tablo 3).

Yogun bakim {initeleri fiziksel durumu agir olan
hastalarin yakindan izlendigi ve yasam fonksi-
yonlarmin desteklendigi 6zel birimlerdir (Diker
ve ark., 2009). Bu hastalarda malniitrisyon ve
basi yaralar1 goriilme olasiliklar1 oldukga yay-
gindir (Tas, 2020). Ozellikle YBU'de yatis siireleri
uzayan hastalarda basi yaralari1 daha sik gozlen-
mektedir (Kiraner E. ve ark., 2016). Malniitris-
yon yara iyilesmesi ile birlikte bas1 yaras: gelisi-
minde de 6nemli bir rol oynamaktadir (Bayir ve

ark., 2015; Tas, 2020). Bas1 yaralarinin yogun ba-
kim {initelerinde goriilme insidansi (%56) yiik-
sek oldugundan (Firat Kilig¢ ve Sucudag, 2017)
malniitrisyon ve basi yaralarinin énlenmesi, yo-
gun bakim iinitesinin amaclar: arasinda 6ncelikli
olarak yer almalidir (Tas, 2020; Kabalak ve ark,
2013; Uslu ve Terzioglu, 2015). Bu nedenle basi
yaralarina neden olabilecek risk faktorlerinin
belirlenmesi ve Onlenmesi gerekmektedir. Basi
yaralarini degerlendirirken; giivenilir, gegerli ve
hastanin icinde bulundugu durumu tam olarak
ortaya koyabilen risk degerlendirme 6lgeklerinin
kullanilmasina dikkat edilmelidir (Firat Kili¢ ve
Sucudag, 2017). Norton risk degerlendirme 0Olge-
gi, hastalarda basi yaralar riskini degerlendiren
ilk 6lgek olmasina ragmen, literatiirde az sayida
calisma bulunmaktadir (Pancorbo-Hidalgo ve
ark., 2006). Bu c¢alismada da beklendigi iizere
Norton risk degerlendirme 6lgegi ile bas: yaras:

Tablo 2. Hastalarin basi yaras1 durumu ile beslenme durumlarina ait degiskenler arasindaki iligki

Basi yarasi durumu

Bast yarasi yok (117) Yatisinda vardr (n=43) Hastanede gelisti (n=40) p
Norton skoru 9.90+4.01 16.72+2.66 14.13£3.66 0.001*
NRS-2002 2.42+1.68%P 3.91+1.28° 3.28+1.76° 0.001*
APACHE II skoru 11.13+6.1120 19.88+8.35% 15.75+5.720 0.001*
Toplam enerji gereksinimi 1773.624203.12 1836.63+237.01 1834.55+164.45 0.100
(kkal/gtin)
Toplam protein gereksinimi ~ 84.92+9.93 88.12+11.35 87.90+7.68 0.080
(g/giin)
Takip sonunda hedeflenen 78.11+£28.15%0 60.21+24.55* 54.52+23.33% 0.001*
enerji gereksinimini
karsilama yiizdesi
Takip sonunda hedeflenen 63.54+25.73%0 49.70+22.312 44.80+£21.89° 0.001*

protein gereksinimini
karsilama yiizdesi

* Kruskall Wallis testi, p<0.001, ** Mann-Whitney U testi, p<0.001

Tablo 3. Yogun bakimda yatan hastalarin giris ve takip sonu ortalama serum albiimin degerlerinin malniitrisyon
ve bas1 yaras1 durumuna gore degerlendirilmesi

Giris serum albiimin  Takip sonu serum albiimin

(g/L), (X+SD)

(g/L), (X+SD)

Norton Olgegi

Riskli <14 puan (n=125)
Normal >14 puan (n=75)

Basi yarasi varh@

Basi yarasi yok (n=117)
Yatiginda vardi (n=43)
Hastanede gelisti (n=40)
NRS-2002 Skoru

Yiiksek riskli > 3 puan (n=116)
Normal < 3 puan (n=84)

3.40+0.57
3.10+0.57°

3.50+0.52%
2.83+0.48 b
3.16+0.52 &b

3.16+0.57
3.46+0.57

3.19+0.61 0.001*
2.73+0.63° 0.001*
3.33+0.532 0.001*
2.39+0.48 &0 0.001*
2.75+0.56 #° 0.001*
2.84+0.62 0.001*
3.25+0.63 0.001*

* Wilcoxon signed rank test p<0.001, “Kruskall Wallis testi, p<0.001, "Mann-Whitney-U test
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durumu gelismesi arasinda bir iliski saptanmis-
tir. Basi yaras1 olmayan hastalarda, Norton risk
degerlendirme Olgegi ortalama degerleri basi
yarasi olan ve basi yarasi hastanede gelisen has-
talara gore daha diisiik bulunmustur (p<0.05)
(Tablo 2).

Literatiirde, yogun bakim tinitelerinde hastanin
genel durumunu degerlendirmek, sag kalimi
tahmin etmek ve hastalik siddetini belirlemek
amac ile yaygin olarak kullanilan APACHE II
skoru ile basi yarasi gelismesi arasindaki ilis-
kiyi degerlendiren calismalar bulunmaktadir
(Clough, 1994; Inman ve ark., 1993; Giil ve ark.,
2016; Kelebek ve ark., 2007). Bu ¢alismada da,
bas1 yaras: durumu ile APACHE II skoru arasin-
da anlamli bir iliski bulunmus olup, basi yarasi
yatista var olan ve hastanede gelisen hastalarda,
APACHE II skoru ortalama degerlerinin basi ya-
ras1 olmayan hastalara gore daha yiiksek oldugu
tespit edilmis (p<0.05) ve bas1 yaras1 olan veya
hastanede gelisen hastalarin genel durumunun
daha kotil oldugu sonucuna varilmistir. Kelebek
Girgin ve Kurhan Erar1 (2007) min ¢alismasinda
da bu calismayla benzer olarak anlamli bir ilis-
ki saptanmis ve APACHE II skoru arttik¢a basi
yarasinin gelisme riskinin de artmis oldugu bu-
lunmustur. Gil ve ark. (2016)'1nin ¢alismasinda
ise, APACHE II skoru ile basi yaras: gelismesi
arasinda anlamli bir iliski bulunamamaistir.

Artan enerji agig1 ile yogun bakim tinitesinde sik-
likla goriilen komplikasyonlardan biri olan basi
yaras1 arasinda giiclii bir iliski oldugu rapor edil-
mektedir (Bayir ve ark., 2015). Bu nedenle, yash
ve yataga bagimli hastalarda beslenme problem-
lerinin yakindan takip edilmesi ve gerekli 6nlem-
lerin alinmas1 gerekmektedir (Tas, 2020). Enerji,
protein ve diger besinlerin yetersiz alinmasi veya
artmis viicut ihtiyacinin karsilanamamasi nede-
niyle organlarin boyut veya fonksiyonlarinda
kay1p ve klinik sonuglarda 6lg¢tilebilir yan etkiye
sebep olabilen malnutrisyon gelisebilmektedir.
Buna istinaden bu hastalarda; sarkopeni, enfeksi-
yonlara egilim, basi yarasi, akut bobrek yetmez-
ligi ve mortalite daha sik gozlenmektedir (Cinar
ve ark., 2017). Bu ytizden; yogun bakim tinitesi
hastalarinda beslenmenin degerlendirilmesi,
gerektiginde desteklenmesi ve sonuglarin takip
edilmesi tedavinin en 6nemli unsurlarindan biri
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olmalidir (Tas, 2020). Niitrisyonel taramalar,
beslenme durumunun degerlendirmesi ile mal-
niitrisyonu olan hastalar1 ve malniitrisyon riski
altinda olan bireyleri saptamak amaci ile yapil-
maktadir. Yogun bakim {initesinde yatan hasta-
larin yeterince beslenip beslenmediklerini deger-
lendirmek amaciyla, hasta icin uygun bir 6lgme
yontemi kullanilmali, degerlendirme sonucuna
gore hastanin beslenme destegi alip almayacagi-
na, alacaksa besin 6gesi gereksinimlerine karar
verilmelidir (Diker ve ark., 2009). ESPEN (Euro-
pean society of Parenteral and Enteral Nutrition)
tarafindan kullanimi Onerilen NRS 2002 skoru,
hastanede yatan hastalarda malniitrisyon olus-
ma riskini saptama, malniitrisyon riski yiiksek
hastalar1 tanimlama ve bu hastalarda beslenme
desteginin yeterliligini degerlendirme amaciyla
yogun bakim iinitesi hastalar1 igin de kullarulan
beslenme durumunu degerlendirme testi olarak
kabul edilmektedir (Bayir H. ve ark., 2015). Lite-
ratiirde yatan hastalarda NRS-2002 skoru ile bes-
lenme durumunu degerlendiren bir¢ok ¢alisma
bulunmaktadir (Schuetz P. ve ark, 2019; Acehan
ve ark., 2020; Anthony PS, 2008; Johansen N. ve
ark., 2004; Starke ve ark., 2011). Bu ytiizden; ¢a-
lismamizda da yogun bakim hastalarinin beslen-
me durumunun degerlendirilmesinde NRS-2002
tarama testi tercih edilmistir. Ayn1 zamanda
bu calismada, basi yaras: gelisimi ile NRS-2002
skorlar1 arasindaki iliskiye de bakilmis ve basi
yaras! yatista olan ve hastanede gelisen gruptaki
hastalar beslenme agisindan yiiksek riskli (= 3)
bulunurken; basi yaras1 olmayan hastalarin bes-
lenme durumunun normal (<3) oldugu saptan-
mistir (p<0.05) (Tablo 2). Literatiirde bu ¢alisma-
ya benzer sekilde basi yarasinin NRS-2002 skoru
ile iligkili oldugunu gosteren bir¢ok ¢alisma da
bulunmaktadir (Alhaug ve ark., 2017; Rashvand
ve ark., 2019; Terekeci ve ark., 2009).

Yogun bakim {initesi hastalarinda beslenme du-
rumu degerlendirilmediginde veya beslenme
tedavisi takip edilmediginde, enerji tiiketimi
i¢cin gereken besin Ogeleri viicut tarafindan te-
min edilemeyecek, zaman icinde ilerleyici viicut
agirlig kaybi gelisecek ve hastanin yasam kali-
tesi ve sag kalimi olumsuz yonde etkilenecektir
(Cinar ve ark., 2017). Bu hastalarda beslenme
tedavisinin, bireye 6zel ayarlanmasina ve hasta-
nin mevcut durumuna gore sekillendirilmesine
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dikkat edilmelidir (Tas, 2020). Bu ¢alismada da
bas1 yarasinin, yogun bakim tinitesi hastalarinda
enerji ve proteinin karsilanmasi agisindan olum-
suz etkileri oldugu belirlenip, bas: yarasi olma-
yan hastalarda 1 aylik takip sonrasinda enerji ve
protein gereksinimlerinin kargilanma yiizdeleri
daha yiiksek bulunmustur (p<0.05) (Tablo 2).
Literatlirde de bu calismadaki sonucu destekler
sekilde, bas: yarasinin hastalarin enerji ve prote-
in gereksinimlerini karsilamasi {izerine olumsuz
etkilerini gosteren bir¢ok ¢alisma yer almaktadir
(Roberts ve ark., 2013; Dupertuis ve ark., 2003;
Mudge ve ark., 2011; Thibault ve ark., 2011). Bu
calismada, basi yarasi olan ve hastanede gelisen
hastalarda olusan artan katabolizmanin hastala-
rin hedeflenen enerji ve protein gereksinimlerini
karsilayamamalarina neden olabilecegi diisii-
niilmistiir.

Visseral proteinlerden albiimin diizeyinin yari-
lanma Omriiniin uzun olmasi ve enfeksiyon veya
inflamasyon gibi durumlarda beslenme duru-
munu iyi yansitmamasina ragmen; yogun bakim
hastalarinda bu durumlarin haricinde beslenme
durumunu degerlendirmede ve uygulanan bes-
lenme tedavisinin etkinligini gostermede siklikla
tercih edilmektedir (Bayir ve ark., 2015). Litera-
tiirde albiimin diizeyi ile basi yarasi gelismesi
arasindaki iliskiyi degerlendiren calismalarda
diisiik albiimin diizeylerinin interstisyel 6deme
neden olarak yara iyilesmesini olumsuz yonde
etkiledigi diistiniilmektedir (Kelebek Girgin ve
Kurhan Erari, 2007; Giil ve ark., 2016; Tokgoz
ve Demir, 2010; Ortag Ersoy ve ark., 2013). Bu
calismada da yogun bakim {initelerinde yatan
hastalarin albiimin degerlerinin 1 aylk takip
sonrasinda, yatista basi yarasi olan ve hastanede
basi yarasi gelisen hastalarda takip sonrasinda
ilk degerlere kiyasla istatistiksel olarak anlamli
bir sekilde diistiigii gozlenmistir (p<0.05) (Tab-
lo 3). Yogun bakimda artmis katabolizma, infla-
masyon gibi nedenlerin disinda yetersiz kalan
beslenme tedavilerinden 6tiirii de hipoalbiimi-
nemi gelisebilmektedir (Kiraner ve ark., 2016).
Bu ¢alismada da NRS-2002 skoruna gore yiiksek
riskli olan hastalarda albiimin degerlerinde 1
aylik takip sonrasinda malniitrisyon gostergesi
olan sinir degerlerin (<3 g/dL) de altna diistiigi
gozlenmistir. Ayrica, basi yarasi olusma riskini
degerlendiren Norton Slgegine gore de yiiksek

riskli olarak degerlendirilen hastalarda takip
sonunda hastanin ilk kabul edildigi degerlere
kiyasla alblimin degerlerinde yine istatistiksel
olarak anlaml bir diisiis elde edilmistir (p<0.05).
Literatiirde bas1 yarasini degerlendiren Olgekler-
le albiimin degerleri arasindaki iligkiyi degerlen-
diren c¢alismalarla benzer sonuglar elde edildigi
goriilmiistiir (Sung ve Park, 2011; Woo ve ark.,
2022; Park, 2014).

Aragtirmanin sinirhiliklarindan biri ¢alismanin
kesitsel olmasidir ve bu ylizden ¢alismada ge-
nelleme yapilamamaktadir. Ayrica, tiim yogun
bakim iinitesi hastalarinda yas ve tani ayirt et-
meksizin hastalarin c¢alismaya dahil edilmesi
yine calismanin smirliliklarindan birini olustur-
maktadir. Bu nedenle, farkli yas ve tanilardaki
hastalarin genel durumlar1 ¢alismanin sonucu
tizerinde etkili olmus olabilir.

Bu calismada, yogun bakim {initesinde yatan
hastalarda NRS-2002'ye gore yiiksek malnutris-
yon riskli olanlarin, hastalarin yatislar sirasinda
degerlendirilen diisiik serum albiimin degerle-
rinin, uygulanan beslenme destek tedavisinin
etkinliginin ve hastalarinin hastalik ciddiyetleri-
ni degerlendiren yiiksek APACHE II skorunun,
hastalarda bas1 yaras1 durumu ile iligkilendirile-
bilecegi goriilmiistiir. Bas1 yaralari, yogun bakim
hastalarinin hastanede kalig siirelerini uzatarak
mortalite ve morbidite oranini 6nemli derecede
etkileyen hem bakim verenlerin yiikiinii hem de
bakimin maliyetini arttiran 6nemli bir sorundur.
Bu sorunun zamaninda ve dogru degerlendiri-
lebilmesi i¢in, Norton gibi basi yaralarini 6lgen
Olgekler ile riskli hastalarin belirlenmesi, hasta-
nin beslenme ve genel durumunun degerlendi-
rilmesi ve gerekli beslenme destek tedavilerin
baslanmasi ve izlenmesi son derece onemlidir.
Yogun  bakim {initesi hastalarinda, basi yaras:
ile beslenme durumu arasindaki iliskiyi irdele-
yen randomize kontrollii daha fazla ¢alismaya
ihtiya¢ bulunmaktadar.
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ABSTRACT

The purpose of this study is to produce and evaluate
qualitatively, instant noodles from wheat, rice and
mushroom flour blends. A composite flour of wheat
and rice flours (90:10) was obtained as the best
blends after a preliminary sensory evaluation and
substituted with 10, 20, 30, 40 and 50 % mushroom
flour coded as WRM1 (90:10), WRM2 (80:20),
WRMS3 (70:30), WRM4 (60:40), WRM5 (50:50) and
commercial noodles (Indomie) served as the control.
The formulated blends were used to produce instant
noodles. The instant noodles were analysed for
proximate composition, micronutrients (vitamin Bv
B, and B,, iron, potassium, and phosphorus) microbial
quality, cooking characteristics, sensory qualities
and functional properties of the flour blends using
standard procedures. Results showed that mushroom
flour increased the crude protein (9.49-15.39 %), ash
(1.39-5.31 %), crude fiber (1.50-5.40 %), moisture
content (7.92-14.48 %). It, however, decreased the fat
(0.5-1.50 %) and carbohydrate content (58.42-77.45
%). Potassium and vitamin B, were identified as the
predominant micronutrients in the instant noodles
samples and increased with level of mushroom
addition. Sample WRM1 (90:10) with 10% mushroom
flour had the highest mean for all sensory attributes
(taste, colour, appearance, texture and overall
acceptability) compared to other samples. The total
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viable count ranged from 4.3 x 10* (control) to 1.78 x
10° cfu/g in sample WRM4 (60:40). Thus, mushroom
flour could be incorporated into instant noodles to
obtain an acceptable product rich in dietary fiber,
protein, ash, vitamin B, and potassium but low in fat

and carbohydrate.

INTRODUCTION

Noodles are narrow strips of unleavened dough
which is stretched, extruded or rolled flat and
cut into one of a variety of shapes (Anon, 2019).
Noodle has been increasingly an important
food commodity worldwide. In 2018, the
World Instant Noodles Association reported
that 103.620 million servings were consumed
worldwide (World Instant Noodle Association,
2019). The success of noodles all over the world is
due to its low and affordable prices, convenience
and the minimum efforts the products require
for cooking.

There are many types of noodles, but the
“instant” types continue to show increasing
popularity globally as these products offer ease
in preparation while being economical and tasty
(Akanbi et al., 2011). Noodles are produced
basically from wheat flour. According to FAO
estimate, world would require around 840
million tonnes of wheat by 2050 from its current
production level of 642 million tonnes. To meet
this demand, developing countries need to
increase their wheat production by 77 % (FAO,
2009). However, wheat production in Nigeria
has been unpredictable. Reports indicated
that until 1985, domestic wheat production
in Nigeria was about 66.000 tons (Olugbemi,
1991). In 1988/89 crop production season about
600,000 tons of wheat was produced from a total
of 214.000 hectares with an average yield of 2
tons per hectare (Olugbemi, 1991). In 2011 the
production was 165,000 metric tonnes which
drastically dropped to 60.000 metric tonnes in
2016 (Olugbemi, 1991), thus noodle production
depended on wheat importation mostly from
the United States since wheat cannot perform
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well under tropical climate. According to
Weigand (2011), African wheat imports will
soar from 22.3 million tonnes in 2010 to 51.4
million tonnes in 2050, while the Middle East’s
imports will double from the region’s minor
wheat producers, from 14.4 million tonnes to
29.5 million tonnes. Brazilian wheat imports
will climb from 6.5 million tonnes in 2010 to 10.5
million tonnes in 2050 in order to fulfill domestic
demand. This wheat importation, has resulted in
an immerse drain on the economy, suppressing
and displacing of indigenous cereals, with a
resultant detrimental effect on the agricultural
and technological development, and cause of
poverty in Nigeria (Kumara, 2015). In order to
reduce the impact of wheat importation on the
economy, the Federal Government released
a policy mandating flour mills to partially or
wholly substitute wheat flour (Ammar et al,,
2009). This resulted in the adoption of alternative
solutions by using flours obtained from other
raw materials in combination with wheat flour.
In addition to wheat importation, wheat as a
major raw material for noodle production has
some inherent limitations such as low mineral
composition, fiber, protein and high cost
compared to local cereals such as rice. Efforts
have been put in place via research to develop
composite flour from available tubers, cereals
and legumes for partial replacement of wheat
flour in noodle production. The use of readily
available cereals and inexpensive legume flours
to complement the wheat flour can enhance
the nutrient content of noodles and decrease
the demand for importation of wheat flour
(Onwurafor et al., 2020). To reduce the demand
for wheat flour, substitution of wheat flour with
otherlocal flourisneeded. Rice-mushroom-wheat
composite flours could be used as an alternative.
Rice is regarded as one of the most appropriate
cereal grains for producing gluten-free products
owing to its benefits of high digestibility,
hypoallergenic properties among others (Marco
and Rosell, 2008). Rice-based noodles are
prepared from rice cultivars containing high-
amylose content, low-gelatinization temperature
and high-gel consistency (Yoenyongbuddhagal
et al, 2002). Textural and cooking properties
of rice-based noodles are dependent upon
flour swelling power, pasting properties and
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gel hardness (Bhattacharya et al., 1999) which
directly affects consumer acceptance (Hormdok
and Noomhorm, 2007).

In general, products made from cereals are low
in sodium, amino acids and total fat. Noodles
produced from wheat flour contain 11-15 %
protein dry basis but are deficient in lysine
and threonine (the first and second limiting
amino acid), common to most cereal products
(Tongpun, 2006). Cereals are rich in minerals but
the bioavailability of these minerals is usually
low due to the presence of anti-nutritional
factors such as phytate, trypsin inhibitor and
polyphenols. Phytic acid is the most important
anti-nutrient because it is found in most of the
cereals and has strong ability to complex multi-
charged metal ions, especially zinc, calcium and
iron and makes them unavailable for human
body utilization. The absence of lysine makes
it difficult for the body to synthesize protein,
hormones, enzymes and antibodies which are
needed for growth and other functions (Flodin,
1997). Food fortification is adopted to improve
the nutritive value of noodles made from cereals.

Mushroom is a macro fungus with a distinctive
fruiting body, which can be either epigeous or
hypogenous and large enough to be seen with
naked eye and to be picked by hand (Chang
and Miles, 1992). Mushrooms according to
Bano (1993), have about twice the protein
content of vegetables four times that of oranges
and significantly higher than that of wheat
and are high in vitamins such as riboflavin,
biotin and thiamine. Mushrooms also present
high nutritional value, having some bioactive
components, like dietary fibre, antioxidants,
minerals, folates, essential amino acids (such
as lysine) as well as vitamins B, B,, B, and C
(Li et al., 2015) and a wide spectrum of mineral
substances. It represents a good source of
biologically valuable substances for human
nutrition. However, it is a perishable product
due to its high moisture content. Okafor et
al. (2012) showed that there was significant
improvement in the bread protein content and
nutritional quality of wheat flour utilized in
bread production when mushroom powder was
added to the wheat. Incorporation of mushroom

flour in the preparation of noodles will impart
additional health benefits to it. Therefore, the
purpose of this study is to produce and evaluate
qualitatively, instant noodles from wheat, rice
and mushroom flour blends so as to enhance
the utilization of mushroom in food processing
and improve the nutritional quality of instant
noodles via its protein and mineral content
and solve nutritional imbalance such as micro-
nutrient deficiency and malnutrition.

MATERIAL AND METHOD

Durum wheat (Crown flour mill) flour and
vegetable oil (Power oil) were purchased from
Ogige market, Nsukka Enugu State, Nigeria.
Parboiled seeds of Rice (Oryza sativa) were
obtained from Adani Rice Mill in Uzo Uwani
Local Government Area, Enugu State, Nigeria.
Mushroom (Agaricus bisporu) was procured from
Afor Enyiogugu market, Mbaise, Imo State,
Nigeria. The production and analyses of the
developed product was carried out in the food
processing laboratory of the department of Food
Science and Technology, University of Nigeria,
Nsukka.

The mushroom (Agaricus bisporu) was processed
by modifying the method described by Bello
et al. (2017). Fresh mushrooms were cleaned,
cut into slices (about 3 mm thickness) and
dried for 6 hours at a temperature of 50°C in
a hot air laboratory oven (LABE 1201, Divine
International, and Delhi). Dried mushroom
samples were milled and sifted through an 80
mesh screen to obtain fine powders. The obtained
powder was cooled, hygienically packed and
stored in air tight container for further use.

The Rice flour was processed by modifying the
method described by Iwe et al. (2016). Parboiled
rice grains were cleaned, sorted and washed,
then steeped in water for 12 hours, drained and
dried in a hot air laboratory oven (LABE 1201,
Divine International, Delhi) at a temperature of
60°C for 30 min. It was finely milled using a rice
milling machine (Angel bergs, miller Germany)
and sieved with a sieve (mesh size 300 um) to
obtain fine flour which was designated as DM/
PRF (Dried or Milled Parboiled Rice Flour).
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Formulation of blends

The flour obtained from rice and wheat was
blended in different percentages as shown in
Table 1 to produce noodles (procedure written
in the production of instant noodles below).
The noodles produced from the blended flour
were subjected to sensory evaluation in order to
obtain the best blend. The noodles were cooked
for 10 min, cooled and presented to 20 semi-
trained panelists from among students of the
Department of Food Science and Technology,
University of Nigeria, Nsukka, who are familiar
with noodles to assess for appearance, flavor,
taste, texture and general acceptability on a
9-point Hedonic scale as described by Ihekoronye
and Ngoddy (1985). The samples were presented
in coded plastic plates. The order of presentation
of samples to the judges was randomized. Clean
water was supplied for the panelists to rinse

their mouths between evaluations. Noodle from
the composite flour was compared with 100 %
wheat noodle. Based on the sensory evaluation
of the noodles, the blend of wheat and rice flour
(90:10) was chosen as the best blend. The best
blend was then blended with mushroom flour as
shown in Table 2 to produce the final product.

Production of instant noodles

The noodles were produced using the method
described by Hou (2001). Four hundred grams
(400 g) of each flour blend was mixed differently
with 140 ml of water and 4 g of salt and kneaded
until the flour forms dough sheets of about 3
mm thickness. The crumbly dough obtained
was rested for 30 minutes to mature and then
kneaded to uniformly distribute the ingredients
and hydrate all the flour particles. The dough
was then passed through rotating rollers of a
hand operating extruder (LAMI LM-20, China) to

Table 1. Blending ratios of wheat and rice flour

Sample code WF (%) RF (%)
WF + RFo(100:0) 100 0
WEF + RFoo (0:100 0 100
WEF + RF1 (90:10) 90 10
WF + RF2 (80:20) 80 20
WEF + RF3(70:30) 70 30
WF + RF4 (60:40) 60 40
WF + RFs (50:50) 50 50

Key: WF + RF,=100% wheat flour and 0% rice flour; WF + RF ;= 0% wheat flour and 100% rice flour; WF + RF, =
90% of wheat flour and 10% rice flour; WF +RF,= 80% wheat flour and 20% rice flour; WF + RF, = 70% wheat flour
and 30% rice flour; WF + RF = 60% wheat flour and 40% rice flour; WF + RF,= 50% wheat flour and 50% rice flour

Table 2. Blending ratios of wheat/ rice flour and mushroom flour

Sample code

Wheat/ local rice flour blend (90:10 best blend) (%)

Mushroom flour (%)

WR/MFo (100:0)
WR/MF (90:10)
WR/MF; (80:20)
WR/MF3; (70:30)
WR/MF3 (60:40)
WR/MFs (50:50)

100
90
80
70
60
50

0
10
20
30
40
50

Key: WR/MF =100 % of the best blend flour and 0% of mushroom flour; WR/ MF, =90 % of the best blend flour
and 10 % of mushroom flour; WR/MF, =80 % of the best blend flour and 20 % of mushroom flour; WR/MF,
(70:30)=70 % of the best blend flour and 30 % of mushroom flour; WR/MF =60 % of the best blend and 40 % of
mushroom flour; WR/MF_= 50 % of the best blend and 50 % of mushroom flour
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produce anoodle sheet. The sheet was repeatedly
folded and passed through the rollers to facilitate
gluten development, which gives the noodles
its stringy and chewy texture. The gap between
the finishing rolls was adjusted to produce the
desired thickness of the noodle belt that was
then immediately cut in the cutting section of
the same machine. The noodles were steamed at
98-100°C for 1-5 minutes, which gelatinizes the
starch and improves the texture of the noodles,
after which the noodles were dried by frying in
oil at 135-145°C for 2 minutes. Small quantities of
the developed products/flour in grams (0.1g 1g,
2g, 5g, etc.) were used for analysis.

Analysis of raw materials and noodles produced
from wheat, local rice and mushroom

The flours were analyzed for their proximate,
functional properties and micro-nutrients while
the noodles were analyzed for their proximate
composition, cooking characteristics, microbial
analysis for one month at seven (7) days interval,
sensory attribute and micronutrients.

Determination of proximate composition

The flours and the developed instant noodles
were analyzed for their moisture content, crude
fiber, ash, protein and fat content using AOAC
(2010) method while carbohydrate content was
determined by their difference.

Determination of selected functional properties
of flour blends

The methods described by Onwuka (2018) were
used in the determination of the functional
properties of the flour blends. The functional
properties determined included the water and oil
absorption capacities, bulk density and swelling
capacity.

Determination of water and oil absorption
capacities

The water absorption capacity of the flours
was determined as follows. One (1) gram of
sample was mixed with 10 mL of distilled
water using a warring whirl mixer. The sample
was allowed to stand at ambient temperature
(30+2 °C) for 30 seconds and then centrifuged for
30 minutes at 5,000 rpm x g. Water absorption

was examined as per cent water bound per gram
flour. For oil absorption capacity, one gram of
sample was mixed with 10 mL soybean oil (Sp.
Gravity: 0.9092) and allowed to stand at ambient
temperature (30+2°C) for 30 minutes and then
centrifuged for 30 min at 5,000 rpm x g. Oil
absorption was examined as percent oil bound
per gram flour (Onwuka, 2018).

Absorbed water/ oil = (total water/oil — free
water/oil) x density of water/oil

Determination of bulk density

The bulk density was determined as follows. A
graduated measuring cylinder of 10 ml capacity
was weighed and gently filled with the sample,
followed by gently tapping the bottom until
there was no further diminution of the sample
level after filling to the 10 ml mark (Onwuka,
2018).

The bulk density was calculated as:

Bulk density (g/ml) = Weight of sample (g)/
Volume of sample (ml)

Determination of swelling capacity

The swelling capacity was determined by
modifying the method of Prescottetal. (2005). The
flour sample (0.1 g) was weighed into a test tube
and 10 ml of distilled water added. The mixture
was heated in a water bath at a temperature of
50°C for 30 minutes with continuous shaking. In
the end, the test tube was centrifuged at 1500 rpm
for 20 minutes in order to facilitate the removal
of the supernatant which was carefully decanted
and the weight of the starch paste taken. This
was carried out over a temperature range of 50
— 100°C. The swelling power was calculated as
follows:

weight of strach paste

Swelli Terr =
velling power weight of dry starch sample

Determination of micronutrients,
Determination of vitamins, Determination of

vitamin B, (Thiamine)

Thiamin was determined using AOAC (2010)
procedure. Seventy five milliliter (75 ml) of 0.2 N
HCI was added to 2 g of sample and the mixture
boiled over a water bath (Stuart; RE300B, UK).
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After cooling, 5 ml of phosphatase enzyme
solution was then added and the mixture
incubated at 37°C overnight. The solution was
placed in a 100 ml volumetric flask and the
volume made up with distilled H,O. The solution
was filtered and the filtrate purified by passing
through silicate column. Twenty-five (25) ml of
the filtrate was put in a conical flask and 5 ml of
acidic KCl exudate, 3 ml of alkaline ferricyanide
solution, and 15 ml isobutanol were added, and
shaken for 2 min. The solution was then allowed
to separate and the alcohol layer taken. About 3
g of anhydrous sodium sulphate was added to
the alcohol layer. A 5 ml of thiamine solution
was accurately measured into another 50 ml
stoppered flask. The oxidation and extraction
of thiochrome as already carried out with the
sample was repeated using thiamine solution.
A 3 ml of 15 % NaOH was added to the blank
instead of alkaline ferricyanide. The blank
sample solution was poured into fluorescence
reading tube and reading taken: Thiamine was
calculated as follows:

% thiamine = :Ex 1x 2 x@
Y5 VoW
Where W= weight of sample; X = reading of
sample- reading of blank; Y = reading of thiamine
standard — reading of blank standard; V = volume

of solution used for test on the column.
Determination of vitamin B, (Riboflavin)

The method of AOAC (2010) was used. Two
grams (2 g) of the food material was taken in a
conical flask. Fifty milliliter (50 ml) of 0.2N HCl
was added and boiled in a water bath (Stuart;
RE300B, UK) for 1h. The solution was cooled and
the pH adjusted to 6.0 using NaOH about I N
HCI was added to lower pH (METER TOLED.
Seven-Multi. pH MV/ORP-MTW 1.49/01.38.
Schwerzenback) to 4.5, then filtered in a 100
ml measuring flask and used to make volume
up to mark. To remove interference, two tubes
was taken and labeled 1 and 2 for tube 1 and
10 ml of filtration, and 1 ml of water for tube 2
respectively. Then, 10 ml of filtrate was added
to 1ml of riboflavin standard. One milliliter (1
ml) of acetic acid (glacial) was added to each
test tube, mixed and then 0.5 ml of 3% KMnO,
solution was added. The solution was kept away
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for 2 min and then 0.5 ml of 0.3 % H,O, added
and mixed well. The flourimeter was adjusted to
excitation wavelength of 470 nm and emission
wavelength of 525 nm. Also, the flourimeter was
adjusted to zero deflection against 0.1 N H,SO,
and 100 against tube 2. The fluorescence tube was
measured. Twenty milligram (20 g) of sodium
hydrogen sulphate was added to both tubes and
fluorescence measured within 10 seconds and
recorded as blank readings.

Calculation:
Wt = weight sample

X = (reading of sample 1) — (reading of sample
blank)

Y = (reading of sample + standard tube 2) —
(reading of sample + standard blank)

Riboflavin (mg per sample) = X/Y-X x 1/wt
Determination of vitamin B, (Niacin)

Five grams (5 g) of the sample was treated with
50 ml of 1 N sulphuric acid for 30 minutes. 0.5
ml ammonia solution was added to it and it was
then filtered. To 10 ml of the filtrate, 5 ml of 0.5 %
potassium cyanide was added. This was further
acidified with 5 ml of 0.02 N sulphuric acids.
The absorbance of the resultant solution was
recorded at 420 nm. The absorbance obtained
from the sample extract was converted to
Niacin concentration by means of a calibration
curve generated using different standard
concentrations (AOAC, 2010).

Determination of minerals

Mineral analysis was determined using the
method described by AOAC (2010). Two grams
(2 g) of the sample were weighed and subjected
to dry ashing for 5 hours in a well cleaned
porcelain crucible at 550°C. The resultant ash
was dissolved in 5ml of HNO,/HCI/H,O (1:2:3)
and heated gently on a hot plate until brown
fume disappears, remaining the mineral.
Deionized water of 5 ml was added and
heated until colorless solution is obtained. The
solution in each crucible was filtered into 100
ml volumetric flask and the volume made up to
100 ml with the deionized water. The solution
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was then used to analyze for magnesium,
potassium and phosphorus. This was done using
Atomic Absorption Spectrophotometer and the
absorbance was read at maximum wavelength
of absorbance of the respective minerals. The
results were expressed as mg/100g.

Cooking characteristics of noodles

Cooking quality of noodles is the most
important aspect from the consumer’s point of
view, including optimal cooking time, swelling
or water uptake during cooking, the texture
of the cooked product, stickiness, aroma and
taste. These cooking factors of noodles were
related to the gelatinization rates and chemical
composition of the noodles used. Cooking time,
cooking quality, solid loss and water absorption
were studied as per the methods described
by American Association of Cereal Chemists
(AACC, 2000).

Optimum cooking time

The optimum cooking time of the noodles was
evaluated according to the modified method of

Schoenlechner et al. (2010). One hundred grams
of noodles was put into a beaker containing 1 L
of boiling water (without salt addition). Every
minute, some pieces were taken out and pressed
between two glass plates (2.5 cm x 2.5 cm). The
optimal cooking time (OCT) corresponded to the
disappearance of the white center core.

Determination of cooking yield

Cooking yield was determined according to
the method of American Association of Cereal
Chemists (AACC, 2000). Ten grams (10 g) of the
noodles was added to a beaker containing about
10 ml boiling water. The beaker was covered and
the noodles cooked for 10 minutes. The cooked
noodles were drained and then weighed. The
cooking yield was calculated using the equation:

Cooking yield (%) =

weight of noodles after cooking — weight of noodles before cooking
X

Determination of cooking loss

The cooking loss was determined according to
the method of American Association of Cereal
Chemists (AACC, 2000). The gruel obtained after
cooking the noodles was poured into a 200 ml
volumetric flask and adjusted to volume with
distilled water. Ten milliliter of the solution was
pipetted into an aluminum dish and dried to a
constant weight at 10°C. The cooking loss was
calculated as follows:

Microbial analysis

The microbial analysis was determined using the
method of Prescott et al. (2005).

Media preparation

Nutrient Agar powder (7 g) was dissolved in
distilled water (250 ml). Thirteen grams (13 g) of
sabourand Dextrose Agar (SDA) was dissolved
in water (250 ml). The mixtures were stabilized
by bringing them to boiling while homogenizing
by shaking in whirl motion. The mixtures were
sterilized by autoclaving for 15minutes at the
temperature of 121°C. The ringer solution was
allowed to cool after sterilization to about 40-
47°C.

Ringer solution preparation

One ringer tablet was dissolved in distilled water
(500 ml). The clear solution formed was sterilized
by autoclaving for 15 minutes at the temperature
of 121°C. The ringer solution was allowed to cool
completely to a temperature of 28°C.

Determination of total viable count

The total viable count was determined by
the method of Pour Plate Count. The method
involved weighing the sample (1 g) into a sterile
test tube. A !, strength Ringers solution (9 ml)
was poured into it and also into other test tube
arranged for serial dilution. The sample with

100

weight of noodles before cooking

weight of gruel and dish — weight after drying
X

100

Cooking loss (%) =

weight after drying
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the solution was homogenized by shaking. The
sample with solution was pipetted (1 ml) into
test tube containing Ringers solution (9 ml).

Then, 1 ml of different dilution factor was
transferred into the sterile petri dishes and sterile
nutrient agar was poured into the same petri dish
and was mixed by rocking. When they solidified,
they were turned upside down and cultured by
incubation for 24 h at temperature of 37°C. At the
end of the incubation period, the colonies were
counted using the colony counter (Gallenkamp
colony counter, CWN 330- 010X) and the number
of colonies recorded appropriately.

Determination of mold count

The mold count was determined using
Sabouraud Dextrose Agar (SDA) as the plating
medium. The sample (1 g) was weighed and put
in a test tube prepared for serial dilution. The
ringer solution (9 ml) was aseptically transferred
serially into other test tubes. Serial dilution of
10" was used for mould count determination.
Appropriate diluent (1 ml) was transferred into
the sterile petri dishes. Sabouraud Dextrose Agar
was used for culturing the organism for 48 hours
at room temperature. The mold colonies were
enumerated and calculated as colony forming
units (cfu)/g of the sample.

Cfu/g = Number of colonies x reciprocal of
dilution factor

Sensory evaluation

The noodles were cooked and assessed by a 20
-man semi- trained panel selected randomly
from among students of the Department of Food
Science and Technology, University of Nigeria,
Nsukka. The samples were evaluated for colour,
appearance, mouth feel, aroma, taste, texture
and general acceptability on a 9 - point Hedonic
scale ranging from 1-9 where 1:dislike extremely
and 9: like extremely as described by Ihekoronye
and Ngoddy (1985). The samples were presented
in coded plates. The order of presentation of
samples was randomized. Water was served to
the panelist to rinse their mouths in-between
sample evaluation.
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Data analysis and experimental design

The experimental design that was used is
Completely Randomized Design and the mean
values were subjected to analysis of variance
(ANOVA) using Duncan’s Multiple Range
Test (DMRT) and SPSS (Statistical Product for
Service Solution) version 20 computer was used.
Significance was accepted at p < 0.05 (Steel and
Torrie, 1980).

RESULTS AND DISCUSSION

Proximate Composition of Wheat, Rice and
Mushroom Flours

The proximate composition (%) of wheat, rice
and mushroom flours used in the instant noodles
production is as shown in Table 3. There were
significant (p<0.05) differences among the flour
samples in their protein, ash, fat, moisture and
carbohydrate content.

The results for the protein content showed that
the composite flour had significantly (p<0.05)
higher protein content than the value for wheat
flour. The protein content of the mushroom flour
had the highest (20.88%), while the wheat flour
had the least protein content (8.17 %). This makes
mushroom flour a good protein supplement. The
protein content compared well with 11.91-22.60
% obtained by (Nwagu and Obiakor-okeke,
2014) in the analysis of nutritional profile of
three different mushroom varieties A (white
button mushroom), B (oyster mushroom) and
C (crimini mushroom) consumed in Amaifeke,
Orlu LGA, Imo State. It was reported that, with
the exception of green peas and pulses, fresh
mushrooms had higher protein content than
most vegetables (Bora and Kawatra, 2014).

There was no significant (p>0.05) difference
between samples RF (rice flour) and WF (wheat
flour) in their ash content, while sample MF
(mushroom flour) differed significantly (p<0.05)
from the two flour samples. The high ash content
of mushroom flour suggests that incorporation
of mushroom flour will increase the mineral
content of the blends. Ash content represents
the total mineral content in foods. It is essential
to determine the full nutritional value, quality
and stability of the food. Higher ash content will
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contribute to the flavor and nutrient quality of
the product. The rice flour had the lowest ash
content (0.5%).

The fat content of the rice flour had the highest
value (1.79%), while the wheat flour had the least
value (1.15%). The fat content of mushroom flour
is low (1.25 %) compared to (2.0 %) obtained
by Shah et al. (1997). Crude fat content of
mushrooms is usually low, and is from 1.0 % to
6.7 % for certain species collected in China (Xue-
mei et al,, 2013). According to Liu et al. (2010),
the % of total fatty acids for stearic, palmitic,
linoleic and oleic acid in Tricholoma matsutake
was 2%, 9%, 27% and 58%, respectively. Ratio of
unsaturated to saturated (UFA/SFA) fatty acids
is an important measure to judge stand or fall of
fatty acid in mushrooms (Zhang and Ran, 2005).

The mushroom flour ranked highest in the fiber
content (9.97%). The value was significantly
(p<0.05) different from the other flours. The
fiber contents of the mushrooms are reasonably
high, suggesting that the mushrooms would
be valuable in improving human health by
quickening the excretion of wastes and toxins
from the body. Crude fibre is a group of
indigestible carbohydrates. It can improve
the function of the alimentary tract and also
lower blood glucose and cholesterol levels. The
values obtained are similar to those obtained by
(Nwagu and Obiakor-okeke, 2014). They ranged
from 7.94 to 18.63% in the analysis of nutritional
profile of three different mushroom varieties
consumed in Amaifeke, Orlu LGA, Imo State.

Cereals are usually high in carbohydrate. From
the findings, rice flour had the highest value
(85.90 %) followed by the wheat flour (77.03%)
and mushroom flour had the least carbohydrate
value (47.15%). The moisture content of the flours

varied from 2.70- 11.92%. Wheat flour (11.92%),
rice flour (2.70%) and mushroom flour (10.58%),
respectively. All the flour blends had moisture
content below 13% hence less susceptible to
spoilage and prolonged shelf-life of the flours
was assured. The moisture content of the wheat
flour was below the maximum moisture content
limit of 15.5% stipulated by FAO, (2006). The
moisture content of the rice flour 2.70% was
below the 10% stipulated standard for dry food
products (SON, 1988). There were significant
(p<0.05) differences among the flour samples.

Micronutrient composition of wheat, rice and
mushroom flours.

Vitamins

Table 4 shows the vitamin content of the wheat,
rice and mushroom flours. There was no
significant (p>0.05) difference between samples
RF (rice flour) and MF (mushroom flour) in their
vitamin content, whereas sample WF (wheat
flour) differed significantly (p<0.05) from the

two samples.

Mushrooms contain several primary vitamins
including thiamine, riboflavin, niacin, tocopherol
and vitamin D (Kalac, 2013). For other researchers
using several species, the content of thiamine,
riboflavin, niacin and ascorbic varied from 0.02—
1.6, 0.3-4.5, 1.2-6.6 and 1.3- 2.7 mg 100 g/1 dm,
respectively (Quan et al., 2007; Wu et al., 2005;
Xu et al., 2012; Zhou and Yin, 2008; Zhu et al.,
2007).The values for vitamin B, (0.25 mg/100g),
B, (0.07 mg/100g) and B, (1.26 mg/100g) obtained
from this study were in line with the report.
The B-complex vitamins, especially thiamin,
riboflavin and niacin offered by natural brown
rice promote youthful energy and nourishment
to skin and blood vessels (Lloyd et al., 2000).

Table 3. Proximate composition of wheat, rice and mushroom flour

Sample Protein (%) Ash (%) Fat (%) Fiber (%) Moisture (%) Carbohydrate(%)
WF 8.17*+£0.02  1.29*+0.73  1.15%£0.03 0.96b+£0.02  11.92°+0.02 77.03°+£0.04
RF 8.53*+£0.01  0.50%0.14  1.79°£0.01  0.60°+0.28  2.70°+0.02 85.90°+0.03
MF 20.88°:0.03  10.15°+£0.01 1.25°40.01  9.97°+0.02  10.58+0.02 47.15*+0.01

Values are means + standard deviation of duplicate replications. Means within a column with the same

superscript were not significantly (p < 0.05) different Key: WF= Wheat flour; RF= Rice flour; MF= Mushroom flour
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Mineral content of wheat, rice and mushroom
flours

Table 5 shows the mineral content of the
wheat, rice and mushroom flours. There was a
significant (p<0.05) difference among the flour
samples in their mineral content.

The mostly occurring microelements in
mushroom are iron and potassium with
phosphorus in significant quantity. Potassium
is very important in the maintenance of osmotic
balance between cells and the interstitial fluid in
animal systems. The potassium content for the
different flour samples was highest in mushroom

flour (22.90 mg/100g). This value was higher

than the values obtained for the specie C.
ventricosum (2.7 mg/100g) by Liu et al. (2012)
although it was lower than that for the range of
values reported by Afiukwa et al. (2013), which
was 221.13 mg/100g. Iron, which is essential for
the biosynthesis of the oxygen-carrying pigment
of red blood cells and the cytochromes that
function in cellular respiration, is also present
in good amounts in the mushrooms (Wani et al.,
2010). The iron content in the mushroom flour is
higher than those in rice and wheat flour (4.77
mg/100g). The mushroom flour iron content
was lower than that obtained for the specie C.
ventricosum (6.73 mg/100g) as reported by Liu et

al. (2012). The lower value obtained could be as
a result of the differences in species. Low levels
of phosphorus were observed in three flour
samples. The mushroom flour had the highest
value (0.18 mg/100g) and wheat flour (0.05
mg/100g) with the least value.

Functional properties of flour blends from
wheat, rice and mushroom

The functional properties of flour blends of
wheat, rice and mushroom flours are as shown
in Table 6.

Water absorption capacity represents the ability
of a product to associate with water under
conditions where water is limited (Singh, 2001).
Percent water absorption varied from 100% to
250% with the blend with no mushroom flour
(100:0) having the least value and blend with
50% mushroom powder having the highest
value. Water absorption capacity is a critical
function of protein in various food products like
soups, dough and baked products (Adeyeye and
Aye, 1998). Water absorption capacity increased
significantly (p<0.05) with increasing levels of
mushroom flour. This could probably be due to
the high protein and fiber content of mushroom
flour. Kaur et al. (2013) also observed significant
increase in water absorption on addition of more
than 8% mushroom powder to semolina for

Table 4. Vitamin content (mg/100g) of wheat, rice and mushroom flours

Sample vitamin B vitamin B2 Vitamin B3

(mg/100 g) (mg/100 g) (mg/100 g)
WF 0.25% 0.04 0.07% +0.02 1.26° +0.02
RF 0.36°+0.02 0.05%+0.02 2.50°+0.14
MF 0.282 +0.02 0.25°+0.02 3.00° +0.28

Values are means + standard deviation of duplicate replications. Means within a column with the

same superscript were not significantly (p< 0.05) different. Key: WF= Wheat flour; RF= Rice flour; MF=

Mushroom flour.

Table 5. Mineral content of wheat, rice and mushroom flours

Sample Iron (mg/100g) Potassium (mg/100g) Phosphorus (mg/100g)
WF 1.10*+ 0.01 1.78*+0.02 0.05%+0.02
RF 1.10* £0.04 4.18* £0.01 0.11 2+0.02
MF 4.77° £0.02 22.90° +0.02 0.18 *+0.02

Values are means + SD of duplicate replications. Means within a column with the same superscript were not
significantly (p<0.05) different. Key: WF= Wheat flour; RF= Rice flour; MF= Mushroom flour.
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pasta extrusion.

The highest value of oil absorption capacity was
observed for flour blend of wheat and rice flour
without mushroom flour (100:0) 372% and the
lowest value (195.3%) for the 90% composite
wheat-rice flour and 10% mushroom flour.
Increase in the addition of the mushroom flour
significantly (p<0.05) increased the oil absorption
capacity. The increment of OAC was due to the
high protein contents of the mushroom flour as
it increased in the composite flour. This might
be due to the presence of protein exposing more
non-polar amino acids to the fat and enhancing
hydrophobicity; as a result of this, flour absorbs
more oil (Oluwamukomi et al., 2011). The water
and oil binding capacity of food protein depends
upon the intrinsic factors like amino acid
composition, protein conformation and surface
polarity or hydrophobicity (Kaushal, et al., 2012).
The wheat and rice flour without mushroom
flour (100:0) blend which had the highest oil
absorption capacity could therefore, be a better
flavor retainer. The ability of the proteins of these
flours to bind with oil makes it useful in food
system where optimum oil absorption is desired.
This makes flour to have potential functional
uses in foods such as sausage production. The oil
absorption capacity also makes the flour suitable
in facilitating enhancement in flavor and mouth
feel when used in food preparation. Due to these
properties, the protein probably could be used as
functional ingredient in foods such as whipped
toppings, sausages, chiffon dessert, angel and
sponge cakes among other products.

The swelling capacity was found highest for
50% composite wheat-rice flour with 50%
mushroom flour blend (28.0 ml) and lowest for
100 % composite wheat-rice flour blend without
mushroom flour (100:0) (15.0 ml). The swelling
capacity of flours depends on size of particles,
types of variety and types of processing methods
or unit operations.

AccordingtoGustavoetal. (2005), thebulk density
of food powders depends on the combined effect
of interrelated factors such as the intensity of
attractive inter-particles forces, particle size, and
number of contact points. It is clear that a change
in any of the powder characteristics might result
in a significant (p< 0.05) change in the powder
bulk density. Bulk density is an indication of the
porosity of a product which influences package
design and could be used to determine the
type of packaging material required. Low bulk
density is desirable and required for infant foods
(Omerie et al., 2015).

Proximate composition (%) of instant noodles
formulated from wheat, rice and mushroom
flour blends

Table 7 shows the proximate composition of the
formulated instant noodles from wheat, rice and
mushroom flour blends. Variations exist in the
proximate composition of noodles from wheat
and mushroom flour.

The protein content of the samples ranged from
9.49-15.39%. Sample WRMS5 (50:50) had the
highest protein content and sample WRO (100:0)

Table 6. Functional properties of flour blends from wheat, rice and mushroom flours

Sample Bulk density Water absorption Oil absorption Swelling capacity
(g/em’) (%) (%) (ml)
A (100:0) 0.71¢ +0.02 100* +0.28 372+ 0.00 15.02+0.14
B (90:10) 0.69%+ 0.01 1200 +0.00 195.32 +0.28 20.0°+ 1.44
C (80:20) 0.67°4 £0.02 150°+0.14 2600+ 0.28 22.0°+0.00
D (70:30) 0.63%+0.02 2009 £0.00 269¢+0.28 25.04+0.28
E (60:40) 0.59° +0.01 210°+0.14 2794 0.00 26.0%+ 0.00
F (50:50) 0.53% 0.02 250t 1.97 279 4+0.56 28.0°+ 0.14

Values are means + standard deviation of duplicate replications. Means within a column with the same
superscript were not significantly (p<0.05) different. Key:A (100:0): 90% wheat and 10 % rice flour +0 %

mushroom flour; B (90:10):90% wheat and rice flour + 10 % mushroom flour; C (80: 20):80% wheat and rice flour
+20 % mushroom flour; D (70:30):70% wheat and local rice flour +30 % mushroom flour; E (60:40): 60% wheat and

local rice flour +40 % mushroom flour; F (50:50): 50% wheat and local rice flour +50 % mushroom flour.
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had the least protein value. Substitution of wheat
flour with an increasing quantity of mushroom
flour increased the protein content of the noodles.
The low protein contents of sample WRO (100:0)
is due to incorporation of more quantity of
wheat flour and absence of mushroom flour
in the blends. Mushroom protein includes all
nine essential amino acids required by humans,
although it can be limiting in sulphur-containing
amino acids, such as cystine and methionine. In
terms of the essential amino acid index, amino
acid score and nutritional index, mushrooms are
between low grade vegetable and high grade
meats with values that are close to that of milk,
some species even well above milk which is an
animal product (Bora and Kawatra, 2014). As a
result of this, FAO has recommended mushrooms
as a supplementary food item in the context
of the world protein shortage for the growing
populations of the developing countries. The
protein content was within the range (10.54-
14.34%) obtained by Bindvi et al. (2017) in instant
noodles supplemented with oyster mushroom
(P. ostreatus). The high protein content of the
noodles from most blends is significant in
curbing protein-energy malnutrition which
mostly occurs in regions that their staple food is
low in protein but rich in carbohydrates.

There were significant (p<0.05) differences
among the ash content of noodles from the
blends. The ash content ranged from 1.39 to
5.31% with sample WRM5 (50:50) having the
highest ash content while the CTRL (commercial
sample) having the least ash content. The high
ash content of the instant noodles might be
attributed to the fact that mushroom has been
reported to be a good source of minerals as there
was a notable increase in the ash content with
addition of mushroom. The ash content of a food
material could be used as an index of minerals
constituents of the food which is necessary for
growth and development. The values obtained
were higher than those reported by Bindvi et
al. (2017) which ranged from 1.84 to 1.76%. This
may be attributed to the nutritional varieties in
the different species.

The crude fiber content of the samples ranged
from 1.50 to 5.40%. Sample WRMS5 (50:50) ranked
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highest and CRTL (commercial product) the
lowest value. Fiber content was more in noodles
from the composite flour compared to the control
and the difference was significant at p<0.05. There
was no significant (p> 0.05) difference between
samples WRM4 (60:40) and WRMS5 (50:50).
Increase in the incorporation of mushroom flour
significantly increased the crude fiber content of
the instant noodles. The high values obtained
might be due to the fact that mushroom used in
instant noodles production were rich sources of
dietary fibre which therefore increased the fibre
content of the product with increase in level of
the composite flour incorporation. A high intake
of dietary fibre is positively related to different
physiological and metabolic effects (NRC, 1989).
Fibre prevents constipation. Soluble fibre helps
to reduce the cholesterol level in the blood, slows
down digestion and sudden release of energy,
thus making blood level stable. Food containing
at least 3 g/100g dietary fibers (DF) can be
referred to as a source of DF. It is high in DF
when it contains at least 6 g/100g dietary fibers
(FAO, 1995). The consumption of this product
will meet the WHO recommendation for dietary
fibre intake of about 25 g per day (Sandstead,
1995).

The fat content ranged from 0.5 to 1.50% with
sample WRO (100:0) which had the highest fat
content and sample WRMS (50:50) had the lowest
value. Fat content decreased slightly with the
addition of mushroom powder. However there
was no significant (p>0.05) difference among
samples WRM1 (90:10), WRM2 (80:20) and
WRM3 (70:30). Fat plays arolein determining the
shelf-life of foods (Brons et al., 2008). Crude fat
content of mushrooms is usually low. It ranged
from 1.0% to 6.7% for certain species collected
in China as reported by Xue-mei et al. (2013).
A high amount of fat could accelerate spoilage
by promoting rancidity which could lead to the
production of off flavors and odours. Also diet
high in fat predispose consumer to different
illness such as obesity, heart disease among
other ailments. The values obtained from this
study were comparable to the values reported
by Yin and Zhou (2008) in Yunnan wild edible
Boletus. Pedneault et al. (2006) reported that fat
fraction in mushrooms is mainly composed of
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unsaturated fatty acids. 1.0 %.

The moisture content ranged from 7.92 to 14.48
% with sample CTRL (commercial product)
having the lowest value and WRMS5 (50:50) the
least value. The samples varied significantly (p<
0.05.) The moisture content of fresh mushrooms
is about 70 to 95%, depending on the species,
harvest time and environmental conditions, it
falls to around 10 to 13% when dried (Breene,
1990). Moisture content is an index of the shelf-
stability of food because microorganisms require
moisture for their deteriorative activities within
the food.

The carbohydrate values obtained ranged from
58.42 to 77.45% and the CTRL (commercial
product) with the highest value, WRMS5 with

50% mushroom powder incorporation the least
value. The carbohydrate value reduced slightly
with increase in mushroom flour incorporation.
The samples varied significantly (p<0.05). The
carbohydrate values were comparable to the
values (74%) obtained by (Carneiro et al., 2013)
and the range (58.11 to 61.98%) obtained by Bello
et al. (2017). Carbohydrates in foods provide
energy and digestible carbohydrates found in
mushrooms are such as mannitol (0.3-5.5% dm)
(Vaz et al., 2011), glucose (0.5 to 3.6% dm) (Kim et
al., 2009) and glycogen (1.0-1.6 % dm), Diez and
Alvarez (2001). Non-digestible carbohydrates
form a large portion of the total carbohydrates
of mushrooms, and major compounds are

oligosaccharides and non-starch polysaccharides
such as chitin, 3-glucans and mannans (Cheung,
2010). Polysaccharides are the best known and
most potent mushroom derived substances with
antitumor and immunomodulation properties.
The results indicate that noodles from composite
especially with a higher content of mushroom
flour have enhanced nutrients than those of
100% wheat flour and may benefit consumers
more than the control.

Microbial counts of instant noodles from
wheat, rice and mushroom flour blends

Table 8 shows the total viable and mold count
of instant noodles from blends of wheat, rice
and mushroom flours for four weeks’ storage.
Total viable counts are one of the microbial tests
carried out to ensure safety of food products. It
is used to determine hygienic conditions during
food processing for both raw materials and
equipment. It is used to evaluate effectiveness of
processing methods, heat treatment and storage
conditions for products. Total viable count
gives a quantitative idea about the presence of
microorganisms in the sample. The total viable
count of the noodles samples for the first week
ranged from 1.0x10° cfu/g to 8.3x10* cfu/g.
Sample WRM1 (90:10) had the highest value
while sample WRM2 (80:20) had the lowest
value. For the second week TVC ranged from
1.2x10* cfu/g to 9.2x10° cfu/g and sample WRM2
(80:20) had the highest value and sample WRM3
(70:30) had the lowest value. Total viable count

Table 7. Proximate composition (%) of instant noodles from wheat, rice and mushroom flour blends

Sample Protein Ash Fat Fiber Moisture Carbohydrate
(%) (%) (%) (%) (%) (%)

CTRL 10.84* £ 0.01 1.392+0.04 0.90°+0.01 1.50%£0.05 7.922+0.02 77.45%£0.02
WRO 9.49+0.01 1.66°+0.02 1.50+0.01 1.79Y+0.28 12.212£0.02 73.35+0.00
WRMI1 10.96°+ 0.01 2.19¢+0.01 1.40°£0.01 2.30+0.14 8.28+0.02 74.87°+0.00
WRM2 12.774+0.02 3.344+0.02 1.30%£0.00 3.389+0.28 9.73%+0.00 69.489+0.02
WRM3 13.21°+0.01 4.47¢+0.01 1.20%+0.01 4.57°£0.28 11.45%+0.00 65.09°£0.01
WRM4 13.597+0.01 5.307+0.01 1.10%40.15 5.39%£0.01 12.18%£0.05 62.49°+0.01
WRM35 15.39££0.01 5.311+0.01 0.5%+0.28 5.40%£0.22 14.48+0.05 58.422+0.05

Key:CTRL=Control commercial sample; WRO =90 % wheat flour +10 % rice flour; WRM1= 90 % wheat/rice flour
+10 % mushroom flour; WRM2 = 80 % wheat/rice flour +20 % mushroom flour; WRMS3 = 70 % wheat/rice flour +30
% mushroom flour; WRM4 = 60 % wheat/rice flour , 40 % mushroom flour; WRMS5 =50 % wheat/rice flour , 50 %
mushroom flour. Values are means + standard deviation of duplicate replications. Means within a column with
the same superscript were not significantly (p< 0.05) different.
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for the third week ranged from 1.0x10° cfu/g
to 8.1x10* cfu/g, sample WRM2 (80:20) had the
highest value and sample WRM1 (90:10) had the
least value. For the fourth week of storage, the
TVC ranged from 1.7x10° cfu/g to 2.95x10° cfu/g.
Sample WRM2 (80:20) had the highest value and
CTRL (commercial product) with the least value.
The total viable count of the instant noodles
produced increased exponentially with storage
time. From the results, it can be deduced that as
the storage week progressed, there were visible
growth of microorganisms found on the product.
The products were produced in a hygienic and
conducive environment and stored at room
temperature. The favorable condition of storage
and pH of the products as well as high nutrient
contents of the products must have stimulated
the initial increases since microorganisms
are ubiquitous. Likewise, the variation in the
microbial load of the instant noodles from the
various blends might be attributed to the way
the samples were handled differently before and
during analysis. According to the International
Commission on Microbiological Specification of
Foods (ICMSF, 1996), total plate counts between
zero to 10° is acceptable, between 10* to 10° is
tolerable and 10° and above is unacceptable.
From the storage studies of this research, the
developed noodle samples maintained an
acceptable microbial count during the storage
period. Total mould count is a microbial test
carried out to evaluate the presence of spoilage
fungi on food samples which makes it unfit for
consumption since it can lead to severe health
complications. Mold count was done to detect
and quantify mold in the samples. For the first
week mold count was not detected expect in
sample CTRL (commercial product) 1.0x10.
For the second week mold count was detected
at 1.0x10 level for samples CTRL (commercial
product), WRO (100:0) and WRM3 (70:30). On
the third week, CTRL (commercial product) has
the highest mold count 4.0x10 cfu/g, WRO (100:0)
and WRM3 (70:30) 2.0x10 cfu/g. Sample CTRL
(commercial product) has the highest mold
count on the fourth week (9.0x10 cfu/g) and
sample WRM3 (70:30) with the lowest value (3.0
x10 cfu/g). The presence of low numbers from
the 3 week of storage suggests post production
contamination, especially as the products were

68

loosely packaged in polyethylene bags. The
mould load of the products was therefore, within
the acceptable level for mould in instant noodles
which is 10 cfu/g.

Cooking characteristics of instant noodles
made from wheat, rice and mushroom flour
blends

Table 9 represents the cooking characteristics of
instant noodles formulated from wheat, rice and
mushroom flour blends. Cooking yield of the
blend samples ranged from 200 to 140%, with
sample WRMS5 (50:50) having the highest value
and WRM1 (90:10) the lowest value. There was no
significant (p >0.05) difference in all the samples.
Cooking yield is dependent on the ability of
noodles to absorb water during cooking. With
increased mushroom flour, the cooking yield
increased. This trend could probably be because
sample WRMS (50:50) has high water absorption
capacity compared to other samples. The cooking
yield of the CRTL (commercial sample) was
higher than the noodles from the blends which
could be probably due to other additives used in
production.

Cooking loss is indicated by the loss of solid
materials contained in noodle during cooking.
Mushroom-supplemented noodles showed a
significant increase in cooking loss compared
with the control noodle as the mushroom flour
increased. The cooking loss of the noodles with
50 % mushroom flour (4.58 per 100 g) was higher
than those observed for the control sample (3.80
g per 100 g). All the cooking loss samples were
below 8 g per 100 g, the value above which pasta
quality was considered unacceptable (Foschia et
al., 2015). The higher cooking loss in noodles with
added mushroom could be attributed to a loss of
continuity of the noodles protein-starch matrix,
as a consequence of the competitive hydration
tendency of the fibre which leads to uneven
distribution of water within the matrix (Tudorice
et al., 2002). Similarly, Kaur et al. (2013) studied
the effect of button mushrooms on the leaching
of solids from pasta and reported that the solids
that leached into the cooking water increased as
the level of mushroom powder was increased in
the blend.
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Cooking time is very important to characterize
a product as instant. Optimum cooking time of
mushroom fortified noodles is given in Table 9.
Optimum cooking time of the noodle samples
varied from 5.20 to 6.50 min. The addition of
mushroom powder in noodles progressively
increased the cooking time, although there
was no significant (p< 0.05) difference between

samples even up to 20% level of fortification
as wheat flour replacement. This could be
attributed to increase in protein content of
noodles with addition of mushroom powder,
resulting in firmer product. Kaur et al. (2013) also
observed increase in cooking time in mushroom
supplemented pasta.

Table 8. Total viable and mold counts of instant noodles from wheat, rice and mushroom flour blends

Period of storage Sample Total viable count (cfu/g) Mould count (cfu/g)
CTRL 1.78x10° ND
Week 1 WRO 1.42x103 ND
WRMI1 8.3x102 ND
WRM2 1.0x103 ND
WRM3 1.2x10° ND
WRM4 4.3x10? ND
WRMS 6.1x10? ND
Week 2 CTRL 2.8x10* 1.0x10
WRO 1.3x10% 1.0x10
WRMI1 9.2x103 ND
WRM2 7.2x10° ND
WRM3 1.2x10% 1.0x10
WRM4 3.3x103 ND
WRMS5 7.7x10°3 ND
Week 3 CTRL 1.9x103 4.0x10
WRO 1.6x10° 2.0x10
WRMI 1.0x10° ND
WRM2 8.1x10* ND
WRM3 1.4x10° 2.0x10
WRM4 7.2x10% ND
WRMS 6.1x10% ND
Week 4 CTRL 2.9x10° 9.0x10
WRO 2.7%10° 4.0x10
WRMI1 2.1x10° ND
WRM2 1.7x10° ND
WRM3 2.5%10° 3.0x10
WRM4 1.5x10° ND
WRMS 2.4x10° ND

Key: CTRL = Control commercial sample; WR0 =90 % wheat flour +10 % rice flour; WRM1 =90 % wheat/rice flour
+10 % mushroom flour; WRM2 = 80 % wheat/rice flour +20 % mushroom flour; WRMS3 = 70 % wheat/rice flour +30
% mushroom flour; WRM4 = 60 % wheat/rice flour , 40 % mushroom flour; WRMS5 =50 % wheat/rice flour , 50 %
mushroom flour

ND = Not detected
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Sensory properties of instant noodles
formulated from wheat, rice and mushroom

flour blends

Table 10 shows the average mean sensory scores
of noodles samples from blends of wheat, rice
and mushroom flour. The result in Table 10
shows that there were significant (p < 0.05)
difference in all the sensory attributes (colour,
appearance, taste, aroma, texture, mouth feel,
aftertaste and overall acceptability) of the instant
noodles from wheat, rice and mushroom flour
blends as well as the sample with 100 % wheat-
rice flour blend and commercial noodles. The
sample CTRL (commercial sample) and sample
with 100 % wheat-rice flour blend (WR0) had
the highest level of acceptance for the sensory
attributes. However, the sensory acceptability
of the noodles from blends of wheat, rice and
mushroom flour blends are as follows.

Sample WRM1 (90:10) was rated high while
noodle sample WRM5 (50:50) had the lowest
level of preference. According to Hou (2001),
flour colour, protein content, ash content,
yellow pigment and polyphenol oxidase activity
are important factors responsible for noodle
colour. The preference for colour decreased
with increasing amount of mushroom flour
and decreasing amount of wheat flour. This
could probably be due to the decrease in
the brightness of the noodles colour of the
mushroom flour. Noodle sample WRMS5 (50:50)

did not differ significantly (p > 0.05) from WRM4
(60:40).

The average mean scores for mouth feel ranged
from 2.00-4.95. Sample WRM1 had the highest
mouth feel while WRMS5 had the lowest value.
There is no significant (p > 0.05) difference
between the mean scores of the noodles WRM2
(80:20) and WRM3 (70:30) and between WRMS5
(50:50) and WRM4 (60:40). However samples
CTRL (commercial sample), WRO (100:0) and
WRML1 (90:10) differed significantly (p < 0.05).

The aroma of the noodles from the blends ranged
from 4.90-7.15 with sample WRMS5 (50:50)
having the highest value and sample WRM1
(90:10) the lowest value. Characteristic flavour
substances of wild-grown mushrooms could be
classified into nonvolatile (taste) and volatile
components (smell). Various volatile compounds
such as terpenes, aromatic alcohols, aldehydes,
ketones, eight carbon compounds and their
derivatives, are the major aroma compounds in
mushrooms. Eight-carbon volatiles are produced
by oxidation of free linoleic acid catalyzed by
lipoxygenase (Cheng et al., 2012). With increase
in the mushroom flour, there was increase in the
aroma of the samples. The preference for aroma
for samples WRM4 (60:40) and WRMS5 (50:50)
did not differ significantly (p > 0.05) from WRO
(100:0). CTRL (commercial sample) differed
significantly (p < 0.05) from all the samples.

Table 9. Cooking characteristics of instant noodles formulated from wheat, rice and mushroom flour blends

Sample Cooking yield Cooking loss Optimum cooking time
(%) (%) (mins)

CRTL 220+ 0.14 3.80* +0.02 5.20°+0.02

WRO 100°+ 0.28 4.20°+0.01 6.50°+0.02
WRMI 140¢+ 0.42 4.35¢+0.02 7.40¢+0.28
WRM2 1504+1.13 4.40% + 0.04 7.809+£0.14
WRM3 160°+0.14 4.48% +0.05 8.04% £ 0.01
WRM4 1907+ 0.40 4.52¢+£0.05 8.20°+0.02
WRMS 2008+ 0.28 4.58t+0.02 8.55f+£0.02

Values are means + standard deviation of duplicate replications. Means within a column with the same
superscript were not significantly (p > 0.05) different. Key:CTRL=Control, commercial sample; WRO0 =90 % wheat
flour +10 % rice flour; WRM1 =90 % wheat/rice flour +10 % mushroom flour; WRM2 = 80 % wheat/rice flour +20
% mushroom flour; WRMS3 =70 % wheat/rice flour +30 % mushroom flour; WRM4 = 60 % wheat/rice flour _ 40 %
mushroom flour; WRMS5 =50 % wheat/rice flour + 50 % mushroom flour
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The taste of the formulated noodle blends ranged
from 1.65-5.60 with sample WRM1 (90:10) having
the highest value and sample WRMS5 (50:50)
having the lowest value. This could probably
be because of the increasing proportion of
mushroom flour in the samples and consumers
did not find it very appealing. The preference
for taste of CTRL (commercial sample) and WRO
(100:0) differed significantly (p < 0.05) from the
preference of the other samples.

The appearance of the formulated noodles from
blends of wheat, rice and mushroom flour ranged
from 4.80-1.55 with sample WRM1 (90:10) having
the highest value and sample WRMS5 (50:50) the
least value. This is probably because, the noodles
from 100% what-rice flour had longer noodles
strands, a relatively brighter colour and less
stickiness unlike the samples with increasing
proportion of mushroom flour.

The texture of the formulated noodles from
the blends ranged from 3.95-1.30. Sample
WRM1 (90:10) ranked highest while sample
WRM5 (50:50) was ranked the lowest. Starch
characteristics, protein content and quality
play major roles in governing the texture of
cooked noodles (Hou, 2001). The preference for
texture dropped with increase in mushroom
flour incorporation. There was no significant (p
> 0.05) difference between the mean scores of

the samples but they differed significantly (p <
0.05) from CTRL (commercial sample) and WRO
(100:0).

Micronutrient content of formulated instant
noodles from wheat, rice and mushroom flour
blends

Vitamin content of formulated instant noodles
from wheat, rice and mushroom flour blends

The vitamin content of formulated instant
noodles from wheat, rice and mushroom flour
blends are presented in Table 11. As vitamins are
very unstable, a lower value in the sample was
expected, since heat processing was used which
could contribute to the losses. Cooking and
industrial processing of mushroom was found
to have pronounced effects on the amount of
vitamins in the product. Vitamin B, and B, are lost
during industrial processing (canning) of Boletus
at a rate of 21-57% and 8-74%, respectively
(Zhou and Yin, 2008). Thiamin stability affected
by formulation, processing, and storage has been
reported by Bui and Small (2007a, 2007b, 2008)
in noodles, and it was inferred that the potential
to use thiamin in noodles where alkaline salts
are used is limited due to its instability at higher
pH. But with addition of mushroom flour there
was an increase in the vitamin content. The
values varied significantly (p< 0.05) ranging

Table 10. Sensory evaluation of instant noodles from wheat, rice and mushroom flour blends

Sample Colour Mouthfeel Aroma Taste Appearance  Texture Overall

acceptability
CTRL 8.80°+0.41 8.45+0.60 8.30°+0.80 8.60+£0.50 8.65'+0.48 8.45+0.51  8.60+0.59
WRO  7.15°£0.74  6.85%+0.74 6.70°+0.73 6.70°+0.86  7.30°+0.47  6.75't0.71  6.95°+0.60
WRMI  4.50°t1.53  4.954123 4.90%+1.16 5.60%1.04 4.80%1.50 3.95°¢1.31  4.40%1.35
WRM2 1.23%0.27 3.65°+1.38 4.70°t1.17 3.90+0.91 290+ 1.5 2.85°+1.34  3.15+1.30
WRM3  0.93°+0.21 3.20°+1.24 4.75°+1.58 3.20°+0.76 2.30°x1.17 2.40°+1.14  2.50°+1.14
WRM4  0.68°+0.15 2.35%+1.03 6.40°1.14 2.15+0.81 1.65®+£0.98 1.55+0.75  1.95®+1.05
WRMS  0.36%+0.08 2.00%+1.07 7.15°+1.30 1.65+0.93  1.55+0.82  1.30%+0.57  1.75%+1.02

Values are means + standard deviation of duplicate replications. Means within a column with the same
superscript were not significantly (p< 0.05) different. Key: CTRL= Control, commercial sample; WR0 =90 % wheat
flour +10 % rice flour; WRMI1 =90 % wheat/rice flour +10 % mushroom flour; WRM2 = 80 % wheat/rice flour +20
% mushroom flour; WRM3 =70 % wheat/rice flour +30 % mushroom flour; WRM4 = 60 % wheat/rice flour , 40 %
mushroom flour; WRMS5 =50 % wheat/rice flour , 50 % mushroom flour
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from 0.34 to 0.20 (mg/100 g) for vitamin B,, 0.65
to 0.06 (mg/100 g) for vitamin B, and (3.68-1.20
mg/100 g) for vitamin B.. Noodle sample WRM3
(70:30) had the highest content of vitamin B,
while sample WRM?2 (80:20) had the highest for
vitamin B2 and WRMS5 (50:50) had the highest
for vitamin B3 and CTRL (commercial sample)
had the lowest value in all the vitamins.

Thiamin functions as the co-enzyme thiamin
pyrophosphate (TPP) in the metabolism of
carbohydrates and branched-chain amino acids.
Hence, when there is insufficient thiamin, the
overall decrease in carbohydrate metabolism and
its inter-connection with amino acid metabolism
(via a-keto acids) have severe consequences, such
as a decrease in the formation of acetylcholine
for neural function. According to FAO (2001),
the required daily intake of thiamin for the
adult male and female is 1.2 mg/100g and 1.1
mg/100g, respectively. The sample WRMS5 (50:50)
containing 0.32 mg/10 g provides about 27%
of the required daily intake for the adult male
and 29% for the adult female. The major cause
of hypo-riboflavinosis is inadequate dietary
intake as a result of limited food supply, which
is sometimes exacerbated by poor food storage
or processing. According to FAO, (2001) the
required daily intake of riboflavin for the adult
male and female is 1.3 mg/100 g and 1.1 mg/100
g respectively. Sample WRMS5 (50:50) containing
0.10 mg/100g noodles from wheat, rice and
mushroom flour blends provides about 7 % of
the required daily intake for adult male and 9 %
for adult female. The contents of vitamins B, and
B, found in the noodles indicate that mushrooms
could not be considered as sources of vitamins B,
and B,, since their contribution in terms of these
vitamins to the diet is not significant although
they might have contributed to the sums of these
nutrients in the diet.

Niacin (nicotinic acid) deficiency classically
results in pellagra, which is a chronic wasting
disease associated with a characteristic
erythematous dermatitis, that is bilateral and
symmetrical, a dementia after mental changes
including insomnia and apathy preceding an
overt encephalopathy, and diarrhea resulting

from inflammation of the intestinal mucous
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surfaces (Tannenbaum et al., 1991). The required
daily intake of niacin for the adult male and
female is 16 m/100g and 14 mg/100g respectively
(FAO, 2001), and sample WRMS5 (50:50) had the
highest value (3.68 mg/100g) providing about
23% and 26% for both male and female adult,
respectively.

Mineral content of instant noodles formulated
from wheat, rice and mushroom flour blends

The mineral content of the instant noodles
formulated from wheat, rice and mushroom
blends is presented in Table 12. The iron content
in this study ranged from 0.49 — 3.42 mg/100
g. Sample WRO (100:0) had the lowest value
and sample WRM5 (50:50) had the highest
value and it was lower than the recommended
daily allowance (RDA) - 10 mg of iron per day
(Sandstead, 1995). Thus, it could be deduced
from the Table that both the control sample and
the WRO (100:0) were not a good source of iron.
Iron content increased significantly (p<0.05)
with addition of mushroom powder. All the
values varied significantly (p< 0.05). The values
obtained in this study was similar to those
reported by Bello et al. (2017) who reported
1.68 — 2.89 mg/100g in biscuit made from wheat
and mushroom flour blends. Iron is a major
component of hemoglobin that carries oxygen
to all parts of the body. Iron also has a critical
role within cells assisting in oxygen utilization,
enzymatic systems, especially for neural
development, and overall cell function.

The potassium content of the samples ranged
from 1.86 to 16.00 mg/100g. With CTRL
(commercial product) having the lowest and
WRMS5 (50:50) having the highest value. The
potassium content of the instant noodles
increased with increase in the mushroom flour
addition indicating that mushroom is a good
source of minerals. The values obtained in this
study were lower than the values obtained by
other researchers; 40.63 - 154.07 mg/100g (Bello
et al,, 2017). The result could be attributed to
variation in the different species of mushroom.
All the values varied significantly (p < 0.05).

Phosphorous content of the samples ranged from
0.16 to 0.070 mg/100g with sample WRMS5 (50:50)
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having the highestand sample CTRL (commercial CONCLUSION

product) with the lowest value. These values

were lower than 12.5 - 54.62 mg/100g reported The study has shown that acceptable noodles

by Bello et al. (2017). There was no significant could be produced from blends of wheat,
(p > 0.05) difference between sample CTRL
(commercial product) and samples WRO (100:0),

WRM1 (90:10) and WRM2 (80:20). The mineral may confer nutritional advantages to consumers
compared to the control. The incorporation of

rice and mushroom flour. Noodles from the
composite flours were richer in nutrients and

composition obtained in this study showed that

there was an increase in the phosphorous, iron mushroom flour in noodles formulation affected
4

and potassium content of the noodles with an the chemical, cooking and sensory properties.

increase in the level of mushroom flour addition. Mushroom flour therefore could be incorporated

This is an indication that mushroom is a good into instant noodles to obtain a product rich in

source of minerals as shown in Table 12. dietary fiber, protein, vitamin B, and potassium
and low in fat. Based on the study, the use of

10% mushroom and 50 % mushroom flour

Table 11. Vitamin content of instant noodles formulated from wheat, rice and mushroom flour blends

Sample Vitamin B, Vitamin B, Vitamin B3
(mg/100g) (mg/100g) (mg/100g)
CTRL 0.20%+0.01 0.06*+ 0.02 1.20° £0.28
WRO 0.22% +0.02 0.07*+0.01 2.90°+0.14
WRMI 0.242¢£0.01 0.07a +0.02 3.00°+0.14
WRM2 0.26%¢ +£0.02 0.65" +0.21 3.20% £0.02
WRM3 0.349+0.01 0.042+0.03 3.25 b£0.07
WRM4 0.30b¢4 +0.04 0.09*+0.02 3.60°4£0.28
WRMS 0.32¢4 +0.04 0.10*+0.02 3.689£0.02

Values are means + standard deviation of duplicate replications. Means within a column with the same
superscript were not significantly (p< 0.05) different. Key: CTRL: Control commercial sample; WR0 = 90 % wheat
flour +10 % rice flour; WRM1 =90 % wheat/rice flour +10 % mushroom flour; WRM2 = 80 % wheat/rice flour +20
% mushroom flour; WRM3 =70 % wheat/rice flour +30 % mushroom flour; WRM4 = 60 % wheat/rice flour , 40 %
mushroom flour; WRMS5 =50 % wheat/rice flour , 50 % mushroom flour

Table 12. Mineral content of instant noodles from wheat, rice and mushroom flour blends

Sample Iron (mg/100g) Potassium (mg/100g) Phosphorus(mg/100g)

CTRL 0.73°+0.02 1.86+ 0.02 0.072+ 0.01

WRO 0.492 +0.02 2.48°+0.02 0.08% +0.01
WRMI1 2.02¢+0.14 12.48°+0.56 0.092b¢ +0.01
WRM2 2.214+£0.28 13.409+0.01 0.10%°+ 0.01
WRM3 2.32¢+0.14 14.00¢+ 0.04 0.13bed + 0,02
WRM4 3.187+0.28 15.20f+ 0.02 0.14%4+0.02
WRMS5 3.428+0.28 16.00¢+ 0.02 0.16 4+ 0.02

Values are means + standard deviation of duplicate replications. Means within a column with the same
superscript were not significantly (p< 0.05) different. Key: CTRL: Control, WR0=90 % wheat flour +10 % rice flour;
WRM1 =90 %wheat/rice flour +10 % mushroom flour; WRM2 = 80 %wheat/rice flour +20 % mushroom flour;
WRMB3 =70 %wheat/rice flour +30 % mushroom flour; WRM4 = 60 %wheat/rice flour , 40 % mushroom flour;
WRMS5 = 50 %wheat/rice flour , 50 % mushroom flour
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showed great potential in improving the quality
of noodles in terms of overall acceptability
and nutrient contents respectively, and in turn
beneficial to the consumers. Substitution of wheat
flour with rice flour up to 10% is suggested as it
compares well with the control in acceptability.
It was also observed that decrease in the protein
content of noodles was improved by the addition
of mushroom flour to the blend up to 50%.
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OZET

Dogal besin kaynaginin yani sira biyoaktif bilesenler
bakimindan zenginlestirilmis besinler fonksiyonel
besinler (fermente gidalar, meyve sebzeler,
hayvansal gidalar, sert kabuklu sebzeler vb.) olarak
tanimlanmaktadir. Fonksiyonel besinlerin igerdigi
biyoaktif bilesenler (karotenoidler, fenolik bilesikler,
glikosinolatlar, lignanlar, organosiilfiir bilesikleri ve
bitki sterolleri vb.) kalp damar hastaliklari, kanser,
hipertansiyon, ateroskleroz, diyabet gibi hastaliklarin
onlenmesinde ve tedavisinde etkili olan biyoaktif
bilesenleri igeren fonksiyonel besinlerin giinliik
olarak tiiketilmesi biiyiik bir 6nem kazanmaktadir.
Bu calismada kullanilan literatiir; 2000-2021 yillar:
arasinda yapilan Ingilizce ve Tiirkce galismalar
Pubmed, Science Direct, Google Akademik
veri tabanlari taranmistir. Yapilan  taramalarda
“fonksiyonel besin (functional food), biyoaktif
bilesenler (bioactive compounds), meyve ve sebze
(fruit and vegetable), saglk (health)” anahtar
kelimeleri kullanilmigtir. Son zamanlarda fonksiyonel
besin olan meyve ve sebzelerde bulunan biyoaktif
bilegenler (askorbik asit, tokoferoller, karotenoidler,
flavonoidler, fenolik asitler ve tiyoller gibi) iizerine
gerceklestirilen ¢alismalardan elde edilen sonuglar
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dikkate alinarak meyve ve sebzelerin sagligimiz
iizerine etkisi literatiir 15181nda detayli sekilde ele
alinarak derlenmistir. Bu baglamda giinliik meyve ve
sebze tiiketiminin kanser, kardiyovaskiiler hastalik,
osteoporoz ve diyabet gibi hastaliklarin etkilerini
azalttig, meyve ve sebzenin saglikli yasam icin
vazgecilmez fonksiyonel besinler oldugu ortaya
konulmaktadir. Bu nedenle meyve ve sebzelerde
bulunan biyoaktif bilesenleri derinlemesine incelemek
ve etki mekanizmalarmi belirlemek gereklidir.
Calismalar, meyve ve sebzelerde bulunan biyoaktif
bilesenlerin gida giivenligiagisindan degerlendirilmesi
ve meyve ve sebzelerin beslenmemize yer verilmesi
siirecinde etkili olacaktir.

ABSTRACT

Foods enriched with bioactive compounds beside the
natural food source are defined as functional foods
(fermented foods, fruit and vegetables, animal foods,
hard-shelled vegetables, etc.). Bioactive compounds
(carotenoids, phenolic compounds, glucosinolates,
lignans, organosulphur compounds, plant sterols
etc.) contained in functional foods are effective
in the prevention and treatment of diseases such
as cardiovascular diseases, cancer, hypertension,
atherosclerosis, diabetes. Daily comsumption of
functional foods which are important for health, gains
value. Pubmed, Science Direct, Google Academic
databases were used in the research strategy in the
review. The databases were searched for studies in
English and Turkish from 2000 to 2021. Keywords
searched in the screenings were: functional food,
bioactive compounds, fruit and vegetable, health.
Lately the effect of fruits and vegetables on health has
been compiled in detail in the light of the literature,
taking into account the results obtained from studies
on bioactive compounds (such as ascorbic acid,
tocopherols, carotenoids, flavonoids, phenolic acids
and thiols) found in fruits and vegetables which are
functional foods. In this context, it has been revealed
that daily consumption of fruits and vegetables reduces
the effects of diseases such as cancer, cardiovascular
disease, osteoporosis and diabetes and fruits and
vegetables are indispensable functional nutrients for a
healthy life. Therefore, it is necessary to deeply study
the bioactive components in fruits and vegetables and
to determine their mechanism of action. Studies will
be effective in the process of evaluating the bioactive
components in terms of food safety and the inclusion
of fruits and vegetables in our diet.
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GIRIS

Saglikli, uzun yasam ve hastaliklardan korunma
istegi insanlari beslenme konusunda daha biling-
li ve duyarli olmaya tesvik etmektedir (Sevilmis
ve ark., 2017). Gida ve gida bilesenlerinin saglik
tizerine olumlu ve olumsuz etkileri insanlar
i¢in her zaman ilgi odag1 olmustur (Hasler ve
Brown, 2009). Son yillarda, tiiketiciler besin de-
geri yiiksek ve gastrointestinal sistem, kanser,
kalp-damar hastaliklari, diyabet, hipertansiyon,
ateroskleroz gibi hastaliklarin korunmasi ve 6n-
lenmesi amactyla fonksiyonel besinleri tercih
etmektedirler (Karaagag, 2010; Coskun, 2005).
Yapilarinda biyoaktif bilegenler bulunan veya bu
bilesenler ile zenginlestirilen gidalar fonksiyonel
besinler olarak tanimlanabilmektedir (Coskun,
2005). Fonksiyonel besinler, ilag veya herhangi
bir besin takviyesi olmayip yeterli ve dengeli
beslenme diizeninin 6nemli bir parcasidir. Bu
besinlerin icerdigi bilesenlerin, insan saghgin
korunmasinda ve kronik hastalik riskinin azal-

masinda etkili oldugu belirtilmistir (Cakiroglu
ve ark., 2018; Badu-Gyan ve Owusu, 2017).

Fonksiyonel besinlerin potansiyel saglik yararla-
rini1 arastiran ve fonksiyonel besinleri ayr1 bir ka-
tegori olarak tanimlayan ilk {ilke Japonya olarak
bilinmektedir (Dayisoylu ve ark., 2014). Fonksi-
yonel besinler, sagligimizi olumlu yonde etkile-
digi i¢in diger tilkeler de bu besinlere ilgi goster-
mis ve bu besinler diyetlerinin vazgecilmez bir
parcasi haline gelmistir (Hasler ve Brown, 2009).
Fonksiyonel gida pazarlari, 6zellikle Amerika
Birlesik Devletleri, Japonya ve Avrupa’da gelis-
mektedir. Ulkemizde ise tiiketicilerin, fonksiyo-
nel besinlere kars: farkindaligini arttirmak, sag-
likl1 yasami benimsetmek amaciyla bircok gida
pazari olugmaya baslamistir (Dayisoylu ve ark.,
2014).

Fonksiyonel besinlerin yapisindaki biyoaktif bi-
lesenler, sagligin korunmasinda ve astim, viral
ve paraziter enfeksiyonlar, enflamatuar hastalik-
lar gibi bir¢ok hastaligin 6nlenmesinde oldukca
onemlidir (Castillo ve ark., 2018) ve bu bilesenleri
iceren besinlerin tiiketilmesi biiytlik nem kazan-
maktadir (Uyar ve Siiriiciioglu, 2010). Karoteno-
idler, n-3 yag asitleri, izoflavonlar, flavonoidler,
izosiyanatlar, fenolik asitler, fitoostrojenler, poli-
fenoller, ¢oziiniir diyet lifleri, bitki stanolleri ve
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steroller, polioller, probiyotikler, prebiyotikler
ve sinbiyotikler “biyoaktif bilesenler” olarak ta-
nimlanmaktadir (Ashwell, 2002).

Bu calismada, meyve ve sebzelerin igerdigi biyo-
aktif bilesenler ve bu biyoaktif bilesenlerin sag-
lik agisindan 6nemi hakkinda kapsamlr literatiir
arastirmasi 1s1g1inda bilgiler verilecektir. Boylece
giinliik olarak tiikettigimiz meyve ve sebzele-
rin igerdigi biyoaktif bilesenleri ve bu biyoaktif
bilesenlerin sagligimiz iizerine etkisi ve hangi
hastaliklarin énlenmesinde ve tedavisinde etkili
oldugu degerlendirilecektir.

1. Besinlerde Bulunan Biyoaktif Bilesenler

Yeterli ve dengeli beslenme, bireyin fiziksel 6zel-
likler (yas, cinsiyet), genetik, fiziksel aktivite,
fizyolojik ozellikler, hastalik durumu vb. farkh
faktorlere gore enerji ve besin ogelerini yeterli

miktarda almasi olarak tanimlanmaktadir. Ye-
terli ve dengeli beslenmenin saghigin korunma-
sinda ve yeniden kazandirilmasinda etkili oldu-
gu belirtilmistir (Arl ve Sanlier, 2006). Yeterli ve
dengeli beslenmek amaciyla tiikettigimiz sebze
ve meyvelerde bulunan lif, vitamin ve polifenol-
ler gibi besin 6geleri ile biyoaktif bilesenler sag-
likli yasam, hastaliklarin korunmasinda ve te-
davisinde oldukca 6nemlidir (Ozdogan ve ark.,
2018). Besinlerde bulunan biyoaktif bilesenler
yapilarina gore karotenoidler, fenolik bilesikler,
glikosinolatlar, lignanlar, organosiilfiir bilesik-
leri ve bitki sterolleri olarak smiflandirilamak-
tadir. Giinliik olarak tiiketilen meyve ve sebze-
lerde bulunan biyoaktif bilesenlerin ile biyolojik
etkileri Tablo 1'de verilmistir. (Meagher ve ark.,
2000; Rao ve ark., 2007; Yilmaz ve Demirel, 2012;
Shashirekha ve ark., 2015; Guasch-Ferré ve ark.,
2017; Ruhee ve ark., 2020).

Tablo 1. Biyoaktif bilesenlerin siniflandirilmasi

Biyoaktif Ornekleri Kaynaklari Biyolojik etkileri Kaynak
bilesen
Karotenoidler a karoten, 3 karoten, Havug, domates, Kanser, Koroner kalp Shashirekha ve
Lutein, Likopen, 1spanak, musir, hastaligi, Makiiler ark., 2015; Rao
Zeaksantin, B narenciye, patates,  dejenerasyon, Katarakt, ve ark., 2007
kriptoksantin kabak, sar1 ve Antioksidan, Serbest
kirmiz1 biber, radikalleri hapsedici
havug, kayist,
kavun, lahana,
Fenolik Asitler Hidroksibenzoik asitler, Nar, yaban Antioksidan, Anti- Shashirekha ve
Hidroksisinnamik asitler, mersini, ahududu, mutajenik, Antikanser,  ark., 2015;
Hidroksifenilasetik asitler,  erik, liziim, ¢gilek, Antidiyabetik, Anti- Guasch-Ferré
Hidroksifenilpropanoik elma, ceviz, enflamatuar ve ark., 2017
asitler, cikolata, sarap,
Hidroksifenilpentanoik yesil ¢ay, kahve,
asitler tahillar
Flavonoidler Flavonoller, Flavanonlar, Cilek, tizim, kiraz,  Anti-enflamatuar, Shashirekha ve
Flavanoller, Flavonlar, erik, nar, elma, Anti-oksidatif etkiler, ark., 2015;
Izoflavonoidler, armut, maydanoz, Antikanser, Guasch-Ferré
Antosiyaninler, Kalkonlar, kereviz, portakal, Antidiyabetik ve ark., 2017
Dihidrokalkonlar sogan, ¢ay, bal,
baharat, brokoli
Glukosinolatlar Izotiyosiyanatlar, Brokoli, Antioksidan, Shashirekha ve
Tiyosiyanatlar, Nitriller, karnabahar, lahana, Antikanserojen, DNA ark., 2015;
Hidroksinitriller, kolza tohumu, koruyucu, Kalbi Yilmaz ve
Epitiyonitriller hardal koruyucu, Anti-timér, ~ Demirel, 2012
Anti-enflamatuar
Lignanlar Asetoksipinorezinol, Keten tohumu, Antidiyabetik, Meagher ve
Hidroksienterodiol, susam Kardiyovaskiiler ark., 2000;
Sekoizolarisiresinol, hastaliklara kars1 Guasch-Ferré
koruyucu ve ark., 2017
Organosiilfiir izotiyosiyanat, indoller, Sogan, sarimsak, Anti-enflamatuar, Ruhee ve ark.,
Bilesikleri Alilik kiikdirt bilesikleri, brokoli, lahana, Antikanserojen, 2020
Siilforatan karnabahar Kardiyovaskiiler
hastaliklara kars1
koruyucu
Bitki  Sterolleri  Sitosterol, Kampesterol, Findik, tohumlar, Koroner kalp hastaligi,  Shashirekha ve
(Fitosteroller) Stigmaterol, Sitostanol, tam tahillar, Diisiik yogunluklu ark., 2015
Kampestanol, baklagiller, sizma lipoprotein (LDL),
Stigmastenol zeytinyagi kolesteroliin bloke

edilmesi
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1.1 Antioksidanlar

Radikal olusumunun sinirlandirilmasi, radikal
tepkimelerin sona erdirilmesi ve olusan radi-
kallerin etkisiz hale getirilmesinden “antiok-
sidanlarm” etkili oldugu belirtilmigtir. Meyve
ve sebzelerle dogal antioksidan etkili bilesikler
(askorbik asit, tokoferoller, karotenoidler, flavo-
noidler, fenolik asitler ve tiyoller) viicudu has-
taliklara kars1 korumaktadar. C)rnegin, flavonoid
yapilar1 yiiksek olan bazi bitkilerle beslenmek
viicudumuzun bir¢ok kronik hastaliklardan
(kanser, kalp, akciger, karaciger) korunmasini
saglamaktadir (Ariduru, 2013).

1.2 Fenolik Bilesikler

Fenolik bilesikler, “fenolik asit” ve “flavono-
idler” olarak simflandirilabilmektedir. Flavo-
noidler grubunda flavonoller, flavanoller, an-
tosiyaninler, kumarinler, tanninler ve lignin
bulunmaktadir (Meral ve ark., 2012). Flavonoid-
ler (polifenollerin bir alt siuf1), bitki gidalarinda
her yerde bulunan yapisal olarak iliskili ikincil
metabolitlerdir. Kakao ve cay gibi flavonoid
bakimindan zengin gidalarin tiiketimi, daha
diisiik kardiyovaskiiler hastalik riski (KVH) ile
iligkilidir (Dower ve ark., 2015). Flavanonlar, fla-
vanoller, flavonoller, izoflavonlar, flavonlar ve
antosiyaninler gibi alt1 ana alt grubu olan flavo-
noidler diyabette apoptoz, inflamasyon ve noro-
dejenerasyon gibi retina dejeneratif faktorlerini
iyilestirebilmektedir (Ola ve ark., 2018). Sebze,
meyve, sarap, ¢ay, kakao ve ¢ilek gibi bir¢ok bit-
ki kaynakli gidada bulunan polifenolik bilesikler
olan flavonoidlerin bilissel bozulmay1 azaltabile-
cegi, norodejeneratif bozukluklar tizerindeki ko-
ruyucu etkileri oldugu, oksidatif stresi azalttig:
calismalarda gozlenmistir (Devore ve ark., 2012;
Hagan ve ark., 2016; Gildawie ve ark., 2018).

1.3 Karotenoidler

Yagda ¢Oziinebilen pigmentler olan karoteno-
idler, antioksidanlar ve A vitamini aktivite-
leri fonksiyonlarina sahiptir. Karotenoidlerin
tiiketiminin, viicut i¢cinde emilim, taginim, me-
tabolik reaksiyonlar ve depolanmalarma bagh
olarak cesitli hastaliklara (gorme, kanser ve kalp
hastalig1) karst etkili oldugu belirtilmistir (Oz-
celik ve Davarci, 2011). Karotenoidler, giinliik
beslenmemizde yaygin olarak bulunan cesitli
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sebze ve meyvelerin renklerinden sorumludur
(Rao ve ark., 2007). Ozellikle sari-turuncu mey-
velerde (havug, domates, kabak, biber gibi) ve
koyu yesil yaprakli sebzelerde bol miktarda bu-
lunur. Antioksidan kaynag1 olan karotenoidler
a ve (3 karoten, likopen, -kriptoksantin, zeak-
santin ve lutein icermektedir (Xavier ve Galvez,
2016).

1.4 Glukosinolatlar

Glukosinolatlar esas olarak Brassica familya-
sinda yer alan brokoli, lahana, karnabahar gibi
yaygin olarak yenilebilir bitkiler de dahil olmak
tizere kolza tohumu, hardal, yaban turpu gibi
turpgiller bitkilerinde bulunmaktadir (Prieto ve
ark., 2019). Cigneme, pisirme i¢in yapilan kesme,
dograma gibi hazirliklar, 1sitma ya da bocek sal-
dirilar1 gibi dis etkenlerle hiicrenin par¢alanmasi
sonucu aroma ve lezzet bilesikleri izotiyosiya-
natlar, tiyosiyanatlar, nitriller, hidroksinitriller
ve epitiyonitriller hidroliz tiriinleri agiga ¢ik-
maktadir. Bu iirtinler antikanserojenik, antimik-
robiyal, antioksidan, guatrojenik etki gibi birgcok
biyolojik aktivitelere sahiptir (Yilmaz ve Demi-
rel, 2012).

1.5 Lignanlar

Keten, keten tohumu, kiispesi ve unu benzeri
driinlerin iceriginde fazla miktarda lignan bu-
lunmaktadir. flaveten, tahillar, tahil kepekle-
ri, birka¢ yagli tohum, meyve ve sebzelerde de
onemli miktarda lignan icermektedir (Meagher
ve ark., 2000). Gogiis, kolon, prostat ve tiroid
kanserinde lignanlarin etkisini arastirmak igin
yapilan ¢alismalarda genel olarak faydali oldugu
belirtilmistir. Lignanlar kalp hastaliklari ile ilgili
risk faktorlerin azalmasinda olumlu etki goster-
mektedir (Westcott ve Muir, 2003).

1.6 Organosiilfiir Bilesikleri

Organosiilfiir bilesikleri izotiyosiyanatlar, indol-
ler, alilik kiikiirt bilesikleri ve siilforafan igeren
bir bilesiktir. Bu bilesikler kardiyovaskiiler has-
taliklara karst korumada, sistolik kan basincinin
diisiiriilmesinde, kolesterol seviyelerinin dii-
surtilmesinde etkilidir. Antienflamatuvar, an-
tikanserojen etkileri bulunmaktadir. Allium ve
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Brassica (Turpgiller) cinsinden sebzeler (sogan,
sarimsak, brokoli, lahana, karnabahar gibi) or-
ganosiilfiir bilesiklerin iyi kaynagidir (Ruhee ve
ark., 2020).

1.7 Bitki Sterolleri

Bitki sterolleri (fitosteroller olarak da adlandiri-
lir) meyvelerde, sebzelerde, kuruyemislerde, to-
humlarda, tahillarda, baklagillerde, bitkisel yag-
larda ve diger bitkilerde dogal olarak bulunan,
kolesterole benzer kimyasal bir yapiya sahip
olan bitki bilesenleridir. Bitki sterollerin igerisin-
de fazla miktarda beta-sitosterol, kampesterol ve
stigmasterol bulunmaktadir. Bitki sterolleri ile
zenginlestirilmis gidalarin kardiyovaskiiler has-
talik riski, aterojenez, inflamasyon, antioksidan
potansiyel, kanser, norobilissel fonksiyon ve goz
hastaliklari {izerinde olumlu etkisi bilinmektedir
(Rudkowska, 2009).

2. Meyve ve Sebzelerde Bulunan Biyoaktif Bi-
legenlerin Saglik Uzerine Etkisi

“Diinya Saglik Orgiitii giinde en az 400-500 g
(gtinde en az bes porsiyon ilavesi) enerji igerigi
diisiik, mineral ve vitamin igerikleri yiiksek olan
meyve ve sebze tiiketiminin kanser, hipertansi-
yon, kardiyovaskiiler, gastrointestinal ve kronik
hastaliklarin azalmasinda ve yaslanmanin gecik-
mesinde etkili oldugunu belirtmistir.” Yapisinda
antioksidan ve fenolik bilegikler sayesinde anti-
oksidatif ve antimikrobiyal etkilerinden dolay1
sagligimizi koruyan meyve ve sebzeler fonksi-
yonel besinler olarak tanimlanmaktadir (Giam-
pieri ve ark., 2012). Bu boéliimde, giinliik olarak
tiikettigimiz fonksiyonel besinlerden meyve ve
sebzelerin igerdigi biyoaktif bilesenler ve bu bi-
lesenlerin sagligimiz {izerine etkileri ele alinmis-
tir. Incelenen galigmalar, fonksiyonel besinlerin
icerdigi biyoaktif bilesenlerin hastaliklarin on-
lenmesinde ve tedavisinde etkili oldugunu gos-
termektedir.

2.1 Cilek

Cilek, vitaminler, mineraller, folat ve lif olmak
tizere bircok onemli diyet bileseninin yan sira
polifenoller bakimindan zengin fitokimyasal
bilesik kaynag: olarak tanimlanmaktadir (Giam-
pieri ve ark., 2012). Bayram ve ark. (2013), dogal
olarak fazla miktarda C vitamini, antioksidanlar,

biyoaktif bilesenler igermesinden dolay1r meyve
grubunda yer alan cilegi degerlendirmislerdir.
Cilegin fonksiyonel ozellikleri, yetistirilmesi
sirasinda kullanilan yontemlerle, antioksidan,
fenolik madde ve C vitaminin fazla olmasi ile
fonksiyonel 6zelliklerinin artabilecegini ifade et-
mislerdir. Cilegin icerdigi biyoaktif bilesenler il-
tihaplanma, oksidatif stres, kardiyovaskiiler has-
talik, belirli kanser tiirleri, tip 2 diyabet, obezite
ve norodejenerasyon gibi hastaliklarin korunma-
sinda etkilidir (Giampieri ve ark., 2012).

2.2 Yaban Mersini

Kirmizi yaban mersini (cranberry), antioksidan,
antimikrobiyal ve antikanserojen gibi saglik {ize-
rine olumlu etki gosteren flavonoller (flavonols),
antosiyaninler (anthocyanins), tanenler (tannins)
ve fenolik asit tiirevleri (ferulik asit, p-kumarik
asit vb.) gibi biyoaktif bilesenleri icermektedir
(Cote ve ark., 2010). Lifli yapiya sahip kirmiz1 ya-
ban mersini bagirsak sisteminin diizenlenmesin-
de, kan sekeri ve kolesteroliin diistiriilmesinde,
goz yorgunlugu ve seker hastaligindan kaynakl
gorme bozukluklarin engellenmesinde etkilidir
(Caglar ve Demirci, 2017). Polifenoller, antosiya-
ninler, flavanoller ve tanenler bakimindan zengin
biyoaktif bilesen iceren kirmizi yaban mersini,
kansere karsi etkili olan yiiksek miktarda elajik
asit icermektedir (Caglar ve Demirci, 2017).
Prediyabetli veya yeni tan1 konmus 160 diyabetli
hastaya 12 hafta boyunca antosiyanin takviyesi-
nin verilmesi ile hastalarin serum adiponektinin-
de bir artis oldugu ve yeni tan1 konmus diyabetli
hastalarda aglik glikozunun azalmasinda etkili
oldugu gosterilmistir (Yang ve ark., 2020).

2.3 Uziim

Uziim malvidin  3-O-(6-O-p-kumarolglukozi-
do)-5-glukozit gibi antosiyaninler, flavonoller,
ve prosiyanidin B2 3-O-gallat gibi antioksidan
ve zengin fenolik bilesikler icermektedir (Giilcii
ve ark., 2008; Saglam ve ark., 2021). Vitamin ve
mineral bakimindan zengin besin kaynagi olan
tzim enerji kaynagi olarak kullanilmaktadir.
Kanser, alerji ve kireglenmelerde iltihap olusu-
munu engellemektedir. Aminoasit ve antioksi-
dan igeren tiziimiin saglik tizerine olumlu etkiye
sahip oldugu belirtilmistir. Bagisiklik sistemin-
de, bobrek ve karaciger fonksiyonlarinda, kara-
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ciger hastaliklariin ve kalp damar sisteminin
korunmasinda ve kansizligin 6nlenmesinde etki-
li oldugu bilinmektedir (Ates, 2015). Resveratrol,
tiziimde, kirmiz1 sarapta bulunan ve bircok or-
ganizmada Omriinii uzattig1 gosterilen dogal bir
polifenoldiir. Son birkag yilda, resveratrol kar-
diyoprotektif, antienflamatuar ve antioksidan
Ozelliklere sahip olarak karakterize edilmistir
(Baur ve Sinclair, 2006). Uziimde bulunan resve-
ratrol takviyesinin alkolsiiz yagh karaciger has-
taligina karsi etkinligini, resveratroliin herhangi
bir dozajdaki etkilerini plasebo veya miidahale
etmeyenlerle karsilastiran bir calismada LDL
ve toplam kolesterol seviyelerini onemli Slgiide
azalttig1 ve lipid metabolik parametrelerini iyi-
lestirebilecegi gozlenmistir (Zhang ve ark., 2016).

2.4 Domates

A, B1, B2, B3, C, K vitaminleri, protein, yag, kar-
bonhidrat, organik asitler, potasyum, demir ige-
ren domates (lycopersicum esculentum), karoten
grubundan likopen icermektedir. Domateste bu-
lunan likopen bu sebzeden elde edilen {iriinlerin
kirmizi renkli olmasini saglamaktadir (Konar,
2008). Norrish ve ark. (2000), prostat kanser ris-
ki ile havug, yesil yaprakli sebzeler ve domates
gibi besinlerin igerdigi 3-karoten ve likopen ara-
sindaki iligkiyi arastirmiglardir. B-karoten baki-
mindan zengin besinlerin prostat kanserine kars:
koruyucu olmadig1 fakat domates gibi likopen
igeren besinlerin prostat kanserinin azalmasinda
etkili oldugunu belirtmislerdir. Karotenoid alim1
ile prostat kanseri riski arasinda iligkiyi incele-
yen bir ¢alismada, diyetle a-karoten alimi ve li-
kopen tiiketiminin (hem diyet alim1 hem de kan
seviyeleri) prostat kanser riskinin azalmasiyla
iligkili oldugu gozlenmistir (Wang ve ark., 2015).
Cift kor, randomize, kontrollii mekanik bir ca-
lismada ise 2 ay boyunca 7 mg/giin likopen ile
tedavi edilen 36 kiside endotel fonksiyonunda
iyilesme oldugu gozlenmistir (Gajendragadkar
ve ark., 2014).

2.5 Turunggiller

Naringin ve hesperidin flavonoidlerince zengin
olan turunggiller yapisinda bulunan askorbik
asit, folik asit, karotenoidler ve flavonoidler icer-
mesi bakimindan fonksiyonel besindir. Porta-
kal, tiziim ve limon gibi turunggillerde bulunan
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hesperidin ve hesperetin, nérodejeneratif hasta-
liklar, hafiza, kanser, oksidatif stres, depresyon
ve diger kronik enflamatuar morbiditeler dahil
olmak {izere insan sagligina bir¢ok faydasi olan
portakal kabugundan ekstrakte edilen flavono-
idlerdir (Maldonado ve ark., 2020). Narenciye
flavonoidleri serbest radikalleri temizler, glukoz
toleransini ve insiilin duyarliligini arttirir, lipit
metabolizmasini ve adiposit farklilasmasini mo-
diile eder, inflamasyonu ve apoptozu engeller ve
endotel disfonksiyonunu iyilestirir (Mahmoud
ve ark., 2019). Turunggillerin insanlarda goriilen
cesitli kanser hastaliklarina kars: etkili oldugu
belirtilmistir. Ayrica bu bilesenler hiperglisemi,
hiperlipidemi, hipertansiyon, inflamasyon ve
obezite tizerine olumlu etkileri de vardir (Cin
ve Pezer, 2017; Gliven ve Glilmez, 2006). Porta-
kal suyunun kan basinc tizerindeki etkisini in-
celeyen bir calismada, 11 kisilik 2 gruba ayrilan
22 saglikli bireye bir ay siiresince giinde iki kez
500 ml/giin portakal suyu tiiketilmesiyle dias-
tolik ve sistolik kan basincinda anlamli olarak
azalma oldugu gozlenmistir (Asgary ve Kesh-
vari, 2013). Polifenolik bilesiklerin norobilissel
fonksiyonlardaki potansiyel roliinii ve oksidatif
strese karst Onlemeyi degerlendiren baska bir
calismada sicanlar 16 giin boyunca sirasiyla 50
mg/kg, 200 mg/kg ve 50 mg/kg dozlarinda oral
olarak naringenin (NAR), kurkumin (CUR) ve
quercetin (QUE) ile tedavi edildi. Calismanin so-
nucunda flavonoid bakimindan zengin gidalarin
tiitketiminin, biligsel islevlerde iyilesme sagladi-
g1, norodejeneratif bozukluklarin baslangicini
geciktirdigi ve yasa baglh bilissel gerilemeyi 6n-
lemede etkili oldugu goézlenmistir. Tedavi edilen
sicanlarda lipid peroksidasyonu agisindan ok-
sidatif stres onemli 6l¢iide Onlendi (Liaquat ve
ark., 2018).

Antioksidan, antiinflamatuar ve antikanserojen
etkilerinden dolay1 hastaliklarin 6nlenmesinde
ve tedavisinde etkili olan portakal ve elma giin-
litkk beslenmede tercih edilmektedir. Meyve gru-
bundan fonksiyonel besin olan portakal ve elma-
da flavanoid grubundan hesperidin, tangeretin
ve phloretin biyoaktif bilesikler igermektedir.
Bu biyoaktif bilesiklerin obezite, diyabet, kardi-
yovaskiiler hastaliklar, kanser tizerinde olumlu
etkisinin oldugu belirtilmistir (Arslan, 2021).
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2.6 Turpgil Sebze

Lahana, brokoli, karnabahar ve briiksel lahanasi
gibi turpgil sebzelerde bulunan glukosinolatlar
antikanserojenik etki gostermektedir. Bu sebze-
ler C vitamini, karoten, folik asit, kalsiyum ve
demir bakimindan zengin besin kaynagidir (Gii-
ven ve Giilmez, 2006). Turpgil sebze ve izotiyosi-
yanat alimi ile gesitli saglik sonuglar1 arasindaki
iligkilerin kanitlarmi agikliga kavusturmak icin,
insanlarda meta-analizlerin ve sistematik incele-
melerini yapan bir ¢alismada turpgillerden elde
edilen fitokimyasallarin, kanserojen metabo-
lizmasin1 modiile ederek kansere kargi koruma
sagladig1 gozlenmistir. Ayrica turpgil sebzeler
mortalitenin azalmasiyla iliskili karoten, tokofe-
rol ve askorbat gibi antioksidan mikro besinler
bakimindan da zengindir (Li ve ark., 2022).

2.7 Sarimsak

Ozdogan ve ark. (2018), sarimsakta kiikiirtlii bile-
sikler (alliin, allisin, ajoen, diallil distilfit, diallil tri-
siilfit vb.), saponin, fruktooligosakkaritler, iniilin
gibi biyoaktif bilesenler icerdigini belirtmislerdir.
Sarimsakta bulunan kiikiirtlii bilesikler, obezite,
diyabet, kardiyovaskiiler hastaliklar, kanser gibi
hastalarin tedavisinde etkili oldugunu ifade
etmislerdir (ézdogan ve ark., 2018). Insanlardaki
kanser riskinin azaltilmasinda sarimsagin etkili
oldugu belirtilmistir. Ornegin, menopoz sonrast
donemde olusan kolon kanserlerinin %50
azalmasinda etkilidir (Giiven ve Gililmez, 2006).
Sononyildir, sarimsak hipertansiyonlu hastalarin
kullandigr kan basimcinin kontrolii amaciyla en
cok tercih edilen takviyelerden biridir (Xiong ve
ark., 2013). Sarimsak takviyelerinin kan basimncini
azalttig1 diistiniilmektedir. Wang ve ark. (2015),
tarafindan gerceklestirilen meta analizi sonucun-
da, sarimsak takviyesinin Ozellikle hipertansi-
yon hastalarinda kan basimcinin azalmasinda et-
kili oldugu belirtilmistir. Sangay, Cin’de yapilan
vaka kontrol calismasinda, sarimsak ve sogan
cesitleri olmak iizere allium sebzelerinin tiiketil-
mesi durumunda prostat kanseri tizerine etkisini
arastiran bir ¢alismada ise 10.0 g/giin’den fazla
allium sebze tiiketen erkeklerin, 2.2 g/gitin’den az
tiiketenlere kiyasla prostat kanseri riskinin azal-
dig tespit edilmistir. Allium sebzelerinin tiike-
timi ile iligkili prostat kanseri riskinin azalmasi,
diger bireysel sebzelerin veya sebze gruplarinin

etkilerinden ¢ok daha belirgin oldugu gozlen-
mistir (Hsing ve ark., 2002).

3. Fonksiyonel Meyve ve Sebzeler

Bilimsel ve teknolojik alanlardaki gelismeler ile
tiikketiciler, besin degeri yiiksek, faydali ve has-
taliklardan koruyan fonksiyonel gidalara yo-
nelmistir. Tahil, baklagiller, fermente gidalar,
hayvansal gidalar, sert kabuklu meyve-sebzeler
ve meyve-sebzelerin biyoyararlanimin artmasi
i¢in bu gidalarin {iretim teknolojisinde fonksiyo-
nel bilesenler eklenmektedir (Sengiin ve Yahsi,
2021). Geleneksel olarak probiyotikler, yogurt ve
diger fermente siit iirtinlerinde kullanilmakta-
dir. Son zamanlarda, siit {iriinii olmayan probi-
yotiklerin tiretimi i¢in uygun substratlar olup ol-
madigini belirlemek igin alternatif hammaddeler
tizerinde calisilmistir. Meyve sularmin igerisinde
mineraller, vitaminler, lif ve antioksidanlar gibi
faydali besinleri igerdikleri igin probiyotik bak-
teri yetistiriciligi i¢in uygun substratlar oldugu
gosterilmistir. Ayrica meyve sularinin hos bir
tadr oldugu icin her yas grubundaki insanlar igin
tercih edilen bir icecektir. Ananas, kavun, kaju
elmasi, elma, portakal, siyah frenk tiztimii, muz
ve yaban mersini, probiyotik bakteri iletimi igin
gida matrisi olarak kullanilan meyve sularindan
bazilaridir (Pereira ve Rodrigues, 2018).

Meyve suyunu probiyotik gidaya doniistiirme-
nin iki yolu vardir: meyve suyuna mikroorga-
nizma ilavesi ve probiyotik mikroorganizma-
larla fermantasyon islemidir. Probiyotik meyve
sularinin iiretimi icin ilk olarak eklenen mikro-
organizma Laktobacillustur. Fermentasyon isle-
minde probiyotikler sonucunda olusan ve besin
degeri yiiksek olan bir¢ok metabolitler (siringik
asit, ferulik asit, gallik asit ve laktik asit gibi) sag-
ligimizi olumlu yonde etkilemektedir (Wu ve
ark., 2021).

Laktik asit bakterileri, probiyotik gidalarin de-
polanmasi sirasinda askorbik asit (C vitamini)
kaybini engellemesi, antioksidan kapasitesinde
artis1 saglamast gibi bir¢ok fayda sagladigi goz-
lenmistir. Meyve sular1 probiyotik tasiyici olarak
kullanima uygun oldugu igin diinya ¢apindaki
baz: sirketler probiyotik meyve suyu igecekleri
satisa sunmaya baslamistir. Bu nedenle fonksi-
yonel meyve bazli igecekler gelecek vaat eden
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bir pazar haline gelecektir (Pereira ve Rodrigues,
2018).

Seker miktar1 az olan farkli meyvelerden olu-
san (%22 armut, %16 elma, %16 ayva, %12 kivi,
%12 ¢ilek, %8 havug, %8 siyah havug, %4 yaban
mersini ve %2 portakal kabugu) marmelatlarin
tiretimi gerceklestirilmektedir (Acoglu ve Ome-
roglu, 2020). Marmelatin fonksiyonelligini artir-
mak amaciyla yapilan bir ¢alismada, su yerine
biyoaktif bilesenler ve mineral bakimindan zen-
gin olan nar suyu ve yesil cay ilave edilmistir.
Kalori miktarini azaltmak amaciyla bal ve stevia
sekeri ilave edilerek olusturulan farkli tirtinler
elde edildiginde, stevia sekeri ile kullanilan mar-
melatta en yiiksek fenolik madde miktar1 oldugu
belirlenmistir. Ayrica bal ilaveli marmelatinin en
yiiksek antioksidan kapasitesine sahip olmasi
hammaddedeki nar suyu ve yesil ¢ay sayesinde
oldugu diisiiniilmektedir. Uriiniin fonksiyonel
ozelligini artiranlar diisiik sekerli, ball1 ve ste-
viali formda bulunmasidir. Ticari stevia sekeri-
nin, endiistriyel alandaki tiretimlerde gida kat-
ki maddesi olarak kullanilan steviol glikozitleri
yerine kullanilmas: Onerilmektedir. Ayrica 1sil
islem sonrasinda hidroksimetilfurfural (HMF)
olusumunu tespit etmek icin HMF olusumunu
etki eden faktorlerin detayli olarak incelenmesi
Onerilmektedir. Calismadan elde edilen bulgular
sonucunda; yapay olmayan tatlandiricilar ve su
yerine nar suyu ve demlenmis yesil cay ilave edi-
lerek iiretilen marmelatlarin tiiketici tarafindan
tercih edilen, besin degeri yiiksek, fonksiyonel
bilesenleri fazla olan, diisiik kalorili marmelat
cesitlerinin {iretilebilecegi Onerisi yapilmistir
(Acoglu ve Omeroglu, 2020).

Siyah havuglar yiiksek fenoliklere, antosiyanin-
lere ve antioksidan kapasiteye sahip olma 6zel-
ligi sayesinde koroner kalp hastalifi ve inme
riskindeki azalma, antitiimor ozellikler, antienf-
lamatuar etkiler ve gelismis bilissel davranis gibi
baz1 saglik yararlarina katkida bulunmaktadir.
Taze hazirlanmis siyah havug¢ suyunun genel
nitelikler {izerindeki etkilerini inceleyen bir ¢a-
lismada ultraviyole (UV-C ve UV-B) radyasyon
tedavilerinin zamana bagh olarak (0, 5, 15, 30 ve
60 dk) etkileri degerlendirilmistir. Degerlendi-
rilen kalite kriterleri; pH, toplam ¢Oziiniir kat,
titre edilebilir asitlik, su aktivitesi, viskozite ve
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renk, esmerlesme indeksi, berraklik, antioksidan
aktivite, toplam fenolik igerik, toplam flavono-
id igerigi, toplam monomerik antosiyanin igeri-
g1, askorbik asit icerigi ve mikrobiyal 6zellikler
gibi fizikokimyasal 6zelliklerdir. UV-B ve UV-C
islemleri sonucunda antioksidan degerlerinde
artis gozlenmistir. Sonug olarak UV islemleri-
nin, genellikle belirli biyoaktif bilesikleri ve ak-
tiviteyi (toplam fenolik igerigi, flavonoid igerigi)
artirabilecegi gozlenmistir. Ultraviyole (UV-C
ve UV-B) radyasyon tedavilerinin ¢ok genis
oldugu ve meyve suyunda kalite parametrelerini
korumak icin basartyla  kullanilabilecegi
sOylenebilir. Kombine tedavi gelistirmek igin
daha fazla arastirma c¢alismasi gerekebilir
ve Kkarsilastirilabilir 1s11  islem olabilecegi
onerilmektedir. Bununla birlikte ¢alismanin so-
nuglari, ultraviyole radyasyon tedavilerinin, bir
pilot dlgekte termal olmayan bir koruma modu
olarak endiistriyel olarak etkili bir sekilde aras-
tirilabilecegini de gostermektedir (Tiirkmen ve
Takci, 2018).

Baska bir calismada kabak yapraklarmin do-
gal fermantasyonunun, hasat sonrasi kayiplari
azaltmak, {irlintin raf omriinii uzatmak ve pi-
sirme islemi yapmadan beslenme o6zelliklerini
arttirmak icin yararli bir ara¢ olup olmadigini
ortaya c¢ikarmak amaciyla yapilmistir. Kurutul-
mus kabak yapraklarinin %3 NaCl ve %3 siikroz
ile fermente isleminden Once besin bilesimi ve
daha sonra 168 saat sonra hava ile kurutulmus
veya termal olarak iglenmis kabak yapraklarmin
besin bilesimi karsilastirilmistir. %3 NaCl ve %3
siikroz isleminde B3 (niasin) konsantrasyonu
anlaml olarak azalirken, B6 (pridoksin) ve B9
(folat) anlaml1 olarak daha yiiksek oldugu goz-
lenmistir. Fermentasyon islemi sonrasinda ka-
rotenoidler igerisinde olan (-karoten ve {irtiniin
besin degerinde artis gdzlenmistir (Misci ve ark.,
2021).

Meyve ve sebzelerin igerdigi biyoaktif bilesen-
ler, bagska besinlere eklendigi zaman o besinlerin
fonksiyonelligi artirdigini gosteren caligmalar da
mevcuttur (Tonyali ve ark., 2020).

Ekstriide iriinlerin fonksiyonel o6zelliklerini,
meyve ve sebze yan {irtinlerinin dahil edilmesiy-
le gelistirmek miimkiindiir. Zengin bir quercetin
ve lif kaynag1 olan sogan kabugu, endiistride
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atik olarak kabul edilir ve ekstriide iirtinlerin
besin degerini artirmak icin alternatif bir bilesen
olarak kullanilabilir. Ekstriizyon igleminin quer-
cetin, toplam fenolik igerik ve numunelerin an-
tioksidan aktivitesi tizerindeki etkisini arastiran
calismada, bugday unu iig seviye (%3, %6 ve %9)
sogan kabugu tozu (OSP) ilave edilerek kontrol
(%0 OSP) ile karsilastirilmistir. Sogan kabugu
tozu seviyesinin arttirilmasinin quercetin igerigi-
ni arttirdig1 gostermistir. Sogan kabugu tozu se-
viyesinin arttirilmasi, numunelerin antioksidan
aktivitesini ve toplam fenolik igerigini arttirmis-
tir. Bu ¢alisma, ekstriizyon islemi ile {iriinlerin
biyoaktif bilesenlerin seviyesini artirabilecegini
ve biyoaktif bilesenler bakimindan zenginlesti-
rilmis tirtinlerin elde edilmesinde etkili oldugu-
nu gostermistir (Tonyali ve ark., 2020).

Baska bir calismada, geleneksel ekmege kiyasla,
glutensiz ekmek pisirme sonrasi birgok kusur,
daha diisiik bir besin ve fonksiyonel deger gos-
termektedir (Krupa-Kozak ve ark., 2021). Brokoli
yapraklar: atik tirtinler olarak algilansa da, yiik-
sek besin igerigi ve biyoaktif bilesikler agisindan
onemli bir besindir. Bu ¢alisma, brokoli yaprag:
tozu (BLP) ile zenginlestirilmis glutensiz ekme-
gin gelismis glikasyon son iiriinlerinin olugumu-
na karsi besin degeri, teknolojik kalite, antioksi-
dan o6zellikler ve inhibitdr aktivitenin analizine
dayanarak brokoli yaprag: tozunun (BLP) glu-
tensiz ekmek bileseni olarak uygunlugunu ve
islevselligini degerlendirmistir. Brokoli yaprag:
tozu ile olusan glutensiz ekmek, daha yiiksek
besin igerigi (proteinler ve mineraller) ve anti-
oksidan 6zelligi gostermistir. Sonug olarak aras-
tirmacilar bu ¢alismada, gelistirilmis teknolojik
ve fonksiyonel ozelliklere sahip yeni gelistirilen
brokoli yaprag: tozu ile zenginlestirilmis gluten-
siz ekmegin, glutensiz diyet yapan denekler i¢in
antioksidan kapasitede ve oksidatif stabilitede
Oonemli bir artis sayesinde kronik hastaliklarin
onlenmesinde ve tedavisinde faydalar saglaya-
bilecegi gozlemlemis ancak olumlu saghk et-
kilerini dogrulamak icin insan miidahalesi ca-
lismalarma ihtiya¢ oldugunu vurgulamiglardir
(Krupa-Kozak ve ark., 2021). Meyve ve sebzele-
rin {iretim teknolojisinde fonksiyonel bilesenle-
rin eklenmesi ile ilgili yapilan ¢aligmalar Tablo 2’
de verilmistir. Tablo 2'de verilen farkli fonksiyo-
nel besinlere sahip meyve ve sebzelerin fonksi-

yonelligini artirmak icin farkli yontemlerin kul-
lanildig goriilmektedir.

4. Meyve ve Sebzelerde Bulunan Fonksiyonel
Besinlerin Siirdiiriilebilirlik Ac¢isindan Deger-
lendirilmesi

Farkli alanlarda olusan atik malzemelerin tek-
rar geri doniistiiriilerek kullanilmasi, hem {ilke
ekonomisine destek saglamasi hem de atik mal-
zemelerin ¢evre tizerindeki olumsuz etkilerini
azaltmasi bakimindan oldukga 6nemlidir. Giinii-
miizde Ozellikle niifus artisina bagli olarak gida
tretim fabrikalarin artmasi sonucunda olusan
gida atiklarinin geri dontstiiriilmesine biiyiik
onem verilmektedir. Ozellikle fonksiyonel bile-
senler (antioksidanlar, polifenoller, fenolik mad-
deler vb.) bakimindan zengin meyve ve sebze
atiklarin tekrar geri dontistiirtilmesi ile hem be-
sinsel bakimindan zenginlestirilmis hem de sag-
ligimiz agisindan faydali gidalar elde edilmekte-
dir (Yaga ve ark., 2006). Ornegin meyve ve sebze
atiklar1 bagirsak saglhigina, kilo yonetimine, di-
siik kan kolesterol seviyelerine, glisemik ve insti-
lin yanitina katki sagladig belirtilmistir (Gomez
ve Martinez, 2018). Atik meyve ve sebzeler, ka-
rotenoidler, polifenoller, diyet lifleri, vitaminler,
enzimler ve yaglar gibi potansiyel olarak degerli
biyoaktif bilesenleri iceren tohum, meyve kabu-
gu ve posadan olusmaktadir. Bu fitokimyasallar,
fonksiyonel ya da zenginlestirilmis gidalarin ge-
listirilmesinde, saglik ve tekstil endiistrilerinde
kullanilabilmektedir. Atik malzemelerden elde
edilen biyoaktif bilesenlerinin farkli alanlarda
kullanilmas: siirdiiriilebilirlik kalkinmay1 des-
teklemektedir (Sagar ve ark., 2018). Bu amacla
zengin antioksidan bilesigi igeren domatesin
kabugu ve c¢ekirdekleri degerlendirilmistir. Staj-
cic ve ark. (2015), tarafindan gerceklestirilen bir
calismada bes farkli domates genotipinden elde
edilen domates atig1 ekstraktlarinin karotenoid
igerigi, antioksidan ve hiicre biliyiime aktivitele-
ri arastirilmistir. Elde edilen sonuglar domates
atiklarmin potansiyel nutrasétik kaynak olarak
goriilmesi gerektigini ve fonksiyonel bir gida
maddesi olarak kullanilabilecegini gostermek-
tedir. Arastirmacilar, antioksidan ve anti-proli-
ferasyon aktiviteleri gosteren domates atiginin,
insan besin arzini iyilestirmek ve kanser gibi ok-
sidatif hasarin neden oldugu hastalik risklerini
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azaltmak igin iyi bir karotenoid kaynag1 olarak
kabul edilmesi gerektigini vurgulamislardir. Bir
bagka ¢alismada, zengin bir lif ve polifenol kay-
nag1 olarak bilinen ve elma endjistrisinin bir yan
uriinii olan elma prinanin igerisindeki lifin kim-
yasal yontemlerle analiz edilerek, kek yapimi
tizerindeki etkisi incelenmistir. Yiiksek miktarda
diyet lifi iceren elma posasinin, kek yapiminda
diyet lifi olarak kullanilabilecegi tespit edilmigtir
(Sudha ve ark., 2007). Gomez ve Martinez (2018),
meyve ve sebze atiklariin unlu mamullere ilave
edilmesi durumunda ¢oziinmeyen ve ¢oziiniir
diyet lifinin arttigini gézlemlemislerdir.

SONUC

Insanlarin saghgr ve zindeligi, biiyiik Olciide
besleyici gidalarin tiiketimine baghdir. Cesitli
arastirmalar, gidalar1 dejeneratif hastalikla
miicadelede yardimci olarak iliskilendirmistir.
Bu nedenle, farkli fonksiyonel ozellikler tasiyan
besinlerin saglik {izerine olumlu etkilere sahip
oldugu tespit edilmistir. Kanser, kalp ve da-
mar hastaliklari, obezite (sismanlik) ve sindirim
sistemi hastaliklarin korunmasinda meyve ve
sebzelerde bulunan biyoaktif bilesenlerin etki-
li oldugu gozlemlenmistir. Saglikli beslenmede

vitamin, mineral gibi besin 6gelerini iceren mey-

Tablo 2. Meyve ve sebzelerin iiretim teknolojisinde fonksiyonel bilesenlerin eklenmesi ile elde edilen {iriinler ve
ozellikleri

Uriiniin Fonksiyonelligini

Elde Edilen Uriin Artirmak i¢in Uygulanan Sonugclar Referans
islemler

Probiyotik meyve sulari Meyve suyuna Meyve sulart  probiyotik

mikroorganizma ilavesi ve tasiyict olarak kullanima . .
P S, Pereira ve Rodrigues

probiyotik uygun oldugu goriillmistiir. (2018)
mikroorganizmalarla
fermantasyon iglemi

Fonksiyonel besin  Ultraviyole (UV-C ve UV-B) UV-B  tedavisi, kontrol

acisindan  zengin siyah radyasyon uygulamalari numunelerine gore toplam

havug fenolik igerikte Onemli bir

artig oldugu, UV-B ve UV-C  Tiirkmen ve Takcei (2018)

Antioksidan aktivitesi ve
toplam fenolik igerigince
zengin olan bugday unu

Zengin bir quercetin ve lif
kaynag1 olan sogan
kabugunun bugday ununa
ilave edilmesi

Besin  degeri  yiiksek, Biyoaktif  bilesenler ve
fonksiyonel bilesenler mineral bakimindan zengin
acisindan  zengin, disiik olan nar suyu ve yesil cay

kalorili marmelat gesitleri eklenmesi, seker yerine bal ve

stevia sekeri kullanilmasi

%3 NaCl ve %3 siikroz ile
fermentasyon islemi

B-karoten agisindan zengin
kabak yapraklart

Yiksek besin igerigine
sahip glutensiz ekmek

Yiksek besin igerigi ve
biyoaktif bilesikler agisindan
onemli bir besin olan brokoli
yapraglt tozunun glutensiz
ckmege ilave edilmesi

islemleri sonucunda
antioksidan degerlerinde
artig gozlenmistir.

Sogan kabugu tozu
seviyesinin  arttirilmasinin
quercetin icerigini
arttirdigini gostermisgtir.
Sogan kabugu tozu
seviyesinin arttirilmast,
numunelerin antioksidan
aktivitesini  ve  toplam

fenolik igerigini arttirmigtir.

Stevia sekeri ile kullanilan
marmelatta en  yiiksek
fenolik  madde  miktart
oldugu belirlenmistir, bal
ilaveli ~marmelatinin  en
yiiksek antioksidan
kapasitesine sahip olmasi
hammaddedeki nar suyu ve
yesil ¢ay sayesinde oldugu

diistiniilmektedir.
Fermantasyon islemi
sonrasinda karotenoidler

icerisinde olan B-karoten ve
iirtiniin besin degerinde artis
gozlenmistir.

Brokoli yapragi tozu ile
olusan glutensiz  ekmek,
daha yiiksek besin igerigi
(proteinler ve mineraller) ve
antioksidan ozelligi
icermektedir.

Tonyai ve ark. (2020)

Acoglu ve Omeroglu
(2020)

Misci ve ark. (2021)

Krupa-Kozak ve ark.
(2021)
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ve ve sebzelerin yer almasi oldukca onemlidir.
Bu calismada fermente gidalar, meyve sebzeler,
hayvansal gidalar, sert kabuklu sebzeler gibi
siiflandirabildigimiz fonksiyonel besinlerden
meyve ve sebzelerin icerdigi biyoaktif bilesenler
incelenmistir. Cilek, portakal, elma, turunggil-
ler, domates, sarimsak, kirmizi yaban mersini,
tizim, brokoli, lahana gibi meyve ve sebzelerin
biyoaktif bilesenleri ve bu bilesenlerin saglig:-
miz agisindan Onemi degerlendirilmistir. Gii-
niimiizde sagligimizin korunmasinda ve hasta-
liklarin 6nlenmesinde ve tedavisinde etkili olan
fonksiyonel besinlerden meyve ve sebzelerin
giinliik beslenmemizde yeterli miktarda alinma-
s1 gerektigi vurgulanmigtir. Ancak bilimsel ve-
rilerin yetersiz olmasindan dolay1 beslenme ve
saglik arasindaki bagin detayl: sekilde ele alin-
masi i¢in daha fazla c¢alismalara ihtiyag vardir.
Fonksiyonel besin olan meyve ve sebze; kardiyo-
vaskiiler, kanser, kan basinci, kan yaglarinin faz-
la olmasi, diyabet gibi hastaliklarin tedavisinde
yararl etkileri oldukga fazladir. Mevcut klinik ve
preklinik ¢alismalar meyve ve sebzelerin alimi-
nin bu hastaliklarin 6nlenmesinde olumlu etki
gosterdigini belirlemis fakat bu konuda daha
fazla calismalara ihtiya¢ duyulmaktadir. Sebze
ve meyve yan riinleri gibi gida atiklarinin ve-
rimli bir sekilde kullanilmasi ile yeni fonksiyo-
nel gidalarin gelistirilmesinde alternatif bir besin
kaynag1 olabilmektedir. Fonksiyonel gidalarin
besin degerini artirmak icin kullanilabilecek yan
driinler ve yeterince kullanilmayan tarim yan
driinleri tizerinde daha fazla arastirma yapila-
bilir. Son olarak, saglik yararlar: yeterli bilimsel
literatiirle desteklenen gidalar, saglikli bir yasam
icin vazgecilmez bir besin olma ve halka ve gida
endiistrisine faydali olma konusunda biiyiik bir
potansiyele sahiptir.
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OZET

Diinya genelinde kardiyovaskiiler hastaliklarin mor-
biditesi ve mortalitesi oldukga yiiksektir. Bu durum
hastaligin patogenezi ile tedavi yontemlerinin siirekli
aragtirilmasma neden olmaktadir. Son yillarda yapi-
lan ¢alismalar, kardiyovaskiiler hastaliklarin pek ¢ok
kronik hastalikla iligkisi oldugu gibi bagirsak mikro-
biyotasiyla da ilskili oldugunu gostermektedir.. Bagir-
sak mikrobiyotas1 viicudun en biiyiik endokrin organi
olarak kabul edilmektedir. Mikrobiyotanin c¢esitliligi
genetik ve pek cok cevresel faktérden etkilendigi icin
bireyler arasinda farklilik gostermektedir. Bagirsak
mikrobiyotasinin, diyet tedavisi, probiyotik tedavi,
antibiyotik tedavisi, fekal mikrobiyota transplantasyo-
nu, mikrobiyal enzim inhibitorleri gibi gesitli uygula-
malarla diizenlenmesinin kardiyovaskiiler hastaliklar
i¢in de potansiyel bir tedavi olabilecegi diistiniilmek-
tedir. Bu nedenle, bagirsak mikrobiyotasmin kardiyo-
vaskiiler hastaliklarin olusumunda ve gelisimindeki
roliinii anlamak, hastaligin patogenezinin daha iyi
anlasilmasina ve tedavi icin yeni fikirler sunulmasma
yardimar olacaktir. Bu derlemede, bagirsak mikrobi-
yotasi ile metabolitlerinin kardiyovaskiiler hastalik-
larla iligkisi anlatilmigtir.
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ABSTRACT

The morbidity and mortality of cardiovascular diseases
are quite high worldwide. This situation causes the
pathogenesis of the disease and the treatment methods
to be constantly investigated. Studies conducted in
recent years show that cardiovascular diseases are
associated with many chronic diseases as well as
with intestinal microbiota. Intestinal microbiota is
accepted as the largest endocrine organ of the body.
The diversity of the microbiota differs between
individuals as it is affected by genetic and many
environmental factors. It is thought that the regulation
of the intestinal microbiota with various applications
such as diet therapy, probiotic therapy, antibiotic
therapy, fecal microbiota transplantation, microbial
enzyme inhibitors may also be a potential treatment
for cardiovascular diseases. Therefore, understanding
the role of the gut microbiota in the occurrence and
development of cardiovascular diseases will help to
better understand the pathogenesis of the disease and
provide new ideas for treatment. In this review, the
relationship between intestinal microbiota and its

metabolites and cardiovascular diseases is explained.

GIRIS

Kardiyovaskiiler hastaliklar (KVH), gelismis
tilkelerde onde gelen mortalite ve morbidite
nedenlerinden birisidir. Diinya Saglik Orgiitii;
2018 yilinda tahmini 17.9 milyon insanin KVH
sebepli hayatini kaybettigini ve bunun biitiin kii-
resel liimlerin %31’si oldugunu bildirmektedir
(World Health Organization, 2018). Diinya gene-
linde obezite, Tip 2 Diabetes Mellitus (T2DM) ve
metabolik sendrom gibi KVH risk faktorlerinde
gozlenen artis da, kardiyometabolik bozukluk-
larin seyrini 6nlemek ve degistirmek igin daha
etkili stratejiler gelistirilmesini gerektirmektedir
(Tang et al., 2017).

Kardiyovaskiiler hastalik riskinin azaltilmasin-
da beslenme ve fiziksel aktivite Onerilerinin yer
aldig1 yasam tarzi degisiklikleri etkin rol oyna-
maktadir (Yesil and Altiok, 2012, Ravera et al.,
2016). Bunun yani sira son yillarda yapilan calis-
malarda KVH gelisiminde bagirsak mikrobiyota-
sinin da etkisinin oldugu, mikrobiyotaya yapilan
miidahalelerin konak fizyolojisini etkiledigi gos-
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terilmistir (Emoto et al.,, 2016, Tang et al., 2017,
Witkowski et al., 2020). Beslenme aliskanliklari,
intestinal enfeksiyon veya cesitli ¢evresel fak-
torler yetiskin bireylerin bagirsaginda yer alan
mikroorganizmalarin tiiriinde ve miktarinda de-
gisikliklere yol agmaktadir. Bu durumun sonu-
cunda gelisen bagirsak disbiyozunun da KVH
gelisme riskini etkiledigi tahmin edilmektedir
(Jin et al., 2019). Bu derlemede, kardiyovaskiiler
hastaliklarla bagirsak mikrobiyotas: arasindaki
iligki ve bu iligkide etkili olan mekanizmalar tar-
tisilmigtir.

1. KARDIYOVASKULER HASTALIKLARIN
GELiSIMINDE BAGIRSAK MiKROBiYOTA-
SININ ROLU

Insan viicudunda ¢ok sayida bakteri, arke, viriis
ve tek hiicreli 6karyot bulunmaktadir. Konak ile
birlikte yasayan mikroorganizmalar toplulugu
olarak adlandirilan mikrobiyota bagta kolon ol-
mak tizere Ozellikle gastrointestinal kanalda ko-
lonize olmustur (Tang et al., 2017). Saglikli insan
bagirsaginda Firmicutes, Bacteroidetes, Actinobac-
teria, Proteobacteria ve Verrucomicrobia filumlarina
ait mikroorganizmalar ¢ogunlukta olup mikro-
biyota ile konakg¢1 arasinda simbiyotik bir iligki
bulunmaktadir (Zabell and Tang, 2017).

Bagirsak mikrobiyotas: konagin sindirim siireci-
ne, sakkarolitik veya proteolitik olarak siniflandi-
rilan 2 ana katabolik yolla katilmaktadir. Sakka-
rolitik yol kisa zincirli yag asidi (KZYA) {iretimi
ile sonuglanirken ikinci katabolik yol protein fer-
mantasyonu ile amonyak, gesitli aminler, tiyol-
ler, fenoller ve indoller gibi diger kometabolitle-
rin {iretimine yol agmaktadir (Tang et al., 2017).
Fermantasyon sonucu ortaya ¢tkan metabolitler,
bagirsak epitelinden emilerek distal organlara
ulagmakta ve viicut islevini etkileyebilmektedir
(Schiattarella et al., 2019). Mikrobiyotanin sindi-
rim siirecine olan etkisinin diginda vitamin me-
tabolizmasini diizenleme, patojenlere karsi ko-
ruma, bagisiklik hiicrelerini uyararak bagisiklig1
giiclendirme gibi farkli mekanizmalarla konakgi
saghgm etkiledigi bilinmektedir (Katsi et al.,
2019, Suganya et al., 2021). Bagirsak mikrobiyo-
tas1 genetik faktorlerin yani sira diyet, yasam tar-
z1, antibiyotik kullanimi, enfeksiyon hastaliklar
gibi cevresel faktorlerden etkilenmekte (Tang et
al., 2017), bunun sonucunda da mikrobiyotadaki
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mikroorganizmalarin miktar1 ve gesitliligi degis-
mektedir. Ozellikle bagirsakta en fazla bulunan
Firmicutes ve Bacteroidetes arasindaki oranin bo-
zulmas: kronik hastaliklarin gelisimine sebep
olmaktadir (Schiattarella et al., 2019).

Aterosklerotik plaklarda bakteri DNA’sma rast-
lanilmasi ve bu plaklarda gozlenen bakteriyel
taksonlarin ayrni bireylerin bagirsaklarinda da
gozlenmesi bagirsak mikrobiyotas: ile KVH ara-
sindaki iliskiyi isaret etmektedir (Koren et al.,
2011). Bu konuda yapilan bir ¢calismada koroner
arter hastalig1 olan bireylerin bagirsak mikrobi-
yota profillerini tanimlamak i¢in terminal kisitla-
ma fragman uzunlugu polimorfizm yéntemi kul-
lanilmusg, Lactobacillales ve Clostridium alt kiimesi
XIV'de bir artis ile digki drneklerinde yer alan
Bacteroides’te  bir azalma goriilmiistiir (Emoto
et al., 2017). Bagka bir ¢calismada konjenital kalp
hastalig1 olan bebeklerin bagirsaklarindaki hem
toplam bakteri sayisinin hem de Bacteriodes ve
Bifidobacter sayisinin saglikli bebeklerden daha
az oldugu belirlenmistir (Ellis et al., 2013). Ate-
rosklerotik kalp hastali1 olan bireylerde Entero-
bacteriaceae ve Streptococcus spp igeriginin saglik-
I1 kontrollerden daha fazla bulunmas1 da KVH
olan bireylerde mikrobiyota dengesinin degisti-
gini gostermektedir (Jie et al., 2017).

Bagirsak mikrobiyotas: konakg ile, lipopoli-
sakkarit (LPS) ve peptidoglikan gibi metabo-
lizmadan bagimsiz yollar ile KZYA, trimetila-
min (TMA), trimetilamin N-oksit (TMAQO) ve
safra asitleri aracilifiyla etkilesime girmektedir
(Brown and Hazen, 2015). Bagirsak bakterileri,
konagin kardiyovaskiiler durumunu etkileyebi-
len metabolik tirlinler iiretebilmektedir. Buna
ornek olarak, dolagimdaki dalli zincirli amino
asit metabolitleri, triptofan ve histidin seviyeleri,
instilin direnci ve vaskiiler bozukluk arasindaki
iliskiyi vermek miimkiindiir.

1.1. Trimetilamin ve Trimetilamin N-Oksit

Bagirsak mikrobiyotasi, fosfatidilkolin, kolin
veya l-karnitin gibi diyet bilesenlerini TMA’ya
donistiirtir. Olusan TMA, konakgt tarafindan
atilir veya emilerek hepatik flavin iceren mono-
oksijenazlar (FMO'lar) yoluyla TMAQO'ya gevril-
mektedir (Albenberg and Wu, 2014).

Fosfotidilkolin kirmizi et, kabuklu deniz tirtinle-

ri ve yumurtada bulunan bir fosfolipittir. Fosfo-
tidilkolin ile iligkili olan metabolitlerden I-karni-
tin ve y-biitirobetain plazma seviyelerinin artmis
kardiyovaskiiler hastaliklar ile iligkili oldugu be-
lirlenmistir (Wang et al., 2011, Koeth et al., 2013,
Koeth et al., 2014, Skagen et al., 2016). Yapilan
bir ¢calismada aterosklerozu olan hastalarin se-
rum y-biitirobetain diizeylerinde artis oldugu ve
yiiksek y-biitirobetain ve onctisii trimetilizin se-
viyeleri ile kardiyovaskiiler mortalitenin iligkili
oldugu bulunmustur (Skagen et al., 2016).

Fosfotidilkolinin bir bileseni olan kolin alimi
da plazma TMAO seviyesini degistirmektedir
(Lawson-Yuen and Levy, 2006). Calismalarda
plazma TMAO diizeyinin aterosklerotik stenoz
ile pozitif kolerasyon gosterdigi ve yiiksek plaz-
ma diizeyinin kardiyovaskiiler olay riskindeki
artisla iliskili oldugu belirlenmistir (Senthong et
al., 2016, Tang et al., 2013). TMAO ters kolesterol
tasinimini inhibe ederek ateroskleroz gelisimine
katkida bulunmaktadir (Koeth et al., 2013). Ay-
rica TMAO'nun vaskiiler hiicrelerde prostaglan-
din G/H sentaz2 (siklooksijenaz 2), interlokin- 6
(IL-6), E-selektin ve niikleer faktor-kB'nin akti-
vasyonu yoluyla hiicre i¢i adezyon molekiilii 1
dahil olmak tizere ateroskleroza neden olan inf-
lamatuar proteinleri indiikledigi (Seldin et al.,
2016) ve artan TMAO seviyesinin trombosit ak-
tivasyonunu arttirdig gosterilmistir (Zhu et al.,
2016). Flavin iceren monoksijenaz 3 (FMO3) eks-
presyonu kadinlarda ve disi farelerde daha yiik-
sek seviyededir (Bennett et al., 2013). Yapilan bir
calismada, TMA tireten bakteri suslari ile koloni-
ze edilen gnotobiotik disi farelerin erkek farelere
gore daha yiiksek TMAO seviyelerine ve hepatik
FMO3 aktivitesine sahip oldugu bulunmustur
(Romano et al., 2015). Farelerde FMO3'iin yikimi
ise, plazma TMAOQ seviyesini ve aterosklerotik
lezyonlar1 azaltmaktadir (Shih et al., 2015, Miao
et al., 2015).

1.2. Kisa Zincirli Yag Asitleri

Kisa zincirli yag asitleri (KZYA) bagirsak mik-
robiyotasi tarafindan diyet lifi, direngli nisasta,
prebiyotik gibi besinlerin sindirilemeyen kisim-
larinin fermantasyonu sonucunda {iretilmekte-
dir (Topping and Clifton, 2001, Turnbaugh et al.,
2006). Kolondaki KZYA’lerinin biiyiik ¢cogunlu-
gu, basit alifatik iki, ti¢ veya dort karbonlu olan
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asetat, propiyonat ve biitirattan olusmaktadir
(Topping and Clifton, 2001). KZYA’lar1 meta-
bolizmasindaki degisiklik, bagirsak bariyerinin
bozulmas1 ve bagirsak mikrobiyotasinin disbi-
yozu ile iligskilendirilmektedir (De la Cuesta-Zu-
luaga et al., 2018). Eksojen KZYA’lar1 kismen
splanknik yataktan gecerek endojen dolasim-
daki KZYA ile karisip periferik kan dolagimina
ulasmaktadir (Pouteau et al., 2003). Hayvan ca-
lismalari, KZYA’larin spesifik G proteinine bagh
reseptorlere baglanabildigini, boylece kan basin-
cn1 ve renin-anjiyotensin-aldosteron sistemini
(RAAS) diizenledigini belirlemistir (Pluznick et
al., 2013,Natarajan et al., 2016). Baz1 ¢alismalar
KZYA’larin konakg¢min enerji metabolizmasina
katildigini (De la Cuesta-Zuluaga et al., 2018) ve
ateroskleroz ile yakindan iligkili oldugunu gos-
termektedir (Aguilar et al., 2016).

Yiiksek lifli diyet ile asetat takviyesi alan hiper-
tansif farelerin bagirsak mikrobiyota profilinin
diizeldigi ve kan basinci, inflamasyon, kardiyak
hipertrofi ve kardiyorenal fibrozda iyilesme ol-
dugu belirlenmistir (Marques et al., 2017). Ben-
zer sekilde, sistolik kalp yetersizligi (KY) olan
84 hasta tizerinde yapilan bir ¢alismada, diisiik
lif almmin disbiyozis ile iligkili oldugu ve bu-
nun da onemli diizeyde artmis kalp nakli ge-
reksinimine ve yiiksek mortaliteye yol agtig
bulunmustur (Pasini et al., 2016). Bunun aksine
genetik dilate kardiyomiyopatili bir fare mode-
linde lif ve asetat takviyesinin kardiyomiyosit-
leri apoptozdan veya olumsuz yeniden yapi-
lanmadan koruyamadig: gosterilmistir (Jama et
al., 2020). Literatiirde yer alan geligkili ¢alisma
sonugclari nedeni ile KY tedavisinde ytiksek lifli
diyet ve KZYA takviyesinin kullanimi arastiril-
maya devam etmektedir (Marques et al., 2017,
Jama et al., 2020, Pasini et al., 2016).

1.3. Safra Asiti

Safra asitleri bagirsak mikrobiyota kompozis-
yonunu etkilemekte ve bagirsaktaki mikrobiyal
bliylimeyi inhibe etmektedir (Hofmann and
Eckmann, 2006). Kolona az bir kism1 ulasan pri-
mer safra asitlerini mikrobiyota dekonjugasyon,
7a-dehidroksilasyon ve 7a-hidrojenasyon dahil
olmak tizere cesitli modifikasyonlarla sekon-
der safra asitlerine dontistiirmektedir (Begley
et al., 2005). Safra asitleri, niikleer bir reseptor
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olan, glikoz ve lipit metabolizmas: gibi cesitli
fizyolojik siiregleri diizenleyen farnesoid x re-
septor (FXR)line baglanmaktadir (Lefebvre et
al.,, 2009). FXR agonistlerini kullanan ¢alismalar,
FXR'nin ateroskleroza egilimli farelerde koruyu-
cu bir rolii oldugunu gostermistir (Miyazaki-An-
zai et al., 2014, Hartman et al., 2009, Mencarelli et
al., 2009). Fareler iizerinde yapilan bir ¢alismada,
FXR fonksiyon kaybx ile ateroskleroz ve lipit me-
tabolizmasindaki defektlerin artmasi arasinda
pozitif iliski oldugu bulunmustur (Hanniman
et al., 2005). Buna karsilik FXR eksikliginin, aort
lezyonlarinin ve plazma LDL kolesteroliiniin
azalmasma yardimec oldugunu bulan c¢alisma
sonuglar1 da literatiirde yer almaktadir (Guo et
al., 2006, Zhang et al., 2006). Bu nedenle safra
asitleri ile FXR'nin aterogenezdeki roliiniin tam
olarak anlagilabilmesi i¢in daha fazla arastirma
yapilmasi gerekmektedir.

Primer safra asitlerinin miyokard iizerinde nega-
tif inotropik ve kronotropik etkilere neden oldu-
gu hayvan calismalarinda gosterilmistir (Binah
etal., 1987, Joubert, 1978). Yapilan bir ¢alismada,
safra asidi reseptorii tiirii olan Takeda G prote-
inine baglh reseptor 5 (TGR5) aktivasyonunun,
miyokard sag kalimini ve stres yanitini iyilegtir-
digi bulunmustur (Eblimit et al., 2018). Bagka bir
calismada, KY olan hastalarda kontrol grubuna
gore primer safra asit miktarmin daha diisiik,
sekonder safra asiti ile primer safra asiti oranin
ise daha yiiksek oldugu gosterilmistir (Mayer-
hofer et al., 2017). Von Haehling ve ark. (Von
Haehling et al., 2012) sekonder safra asidi olan
ursodeoksikolik asit verdikleri KY hastalarinda,
periferik kan akiginin iyilestigini ve inflamasyo-
nun azaldigini saptamustir. Literatiirde yer alan
bu sonuglar géz oniine alindiginda, safra asitleri
arasindaki dengesizligin, artis veya azalmanin,
KY'nin gelisimi ve progresyonu ile iligkili oldu-
gu diisiiniilmektedir.

2. KARDIiYOVASKULER HASTALIKLARIN
TEDAVISINDE BAGIRSAK MiKROBiYOTA
MUDAHALELERI

Bagirsak mikrobiyotasmin iyilestirilmesi ama-
ciyla uygulanan prebiyotik ve probiyotik tedavi,
fekal mikrobiyota transplantasyonu, antibiyotik
tedavisi, TMA-liyaz inhibitorlerinin kullanimi
gibi yontemlerin kardiyovaskiiler hastaliklarin
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onlenmesinde ve tedavi siirecinde kullanilma-
sina yonelik calismalar bulunmaktadir (Gan et
al., 2014, Kumar et al., 2016, Hu et al., 2019, Lam
et al., 2012, Roberts et al., 2018). Tiim bunlarin
yaninda KVH’lar1 6nleme ve tedavi etmede kul-
lanilan beslenme tedavisinin gosterdigi olumlu
etkilerin bagirsak mikrobiyotasinin diizenlen-
mesi ile saglandig1 diistiniilmektedir (Anselmi
etal, 2021).

Kardiyovaskiiler hastaliklardan koruyucu olan
Akdeniz veya DASH (Dietary Approaches to
Stop Hypertension)” diyetleri ayn1 zamanda
KVH mortalitesini de azaltmaktadir (Lopez-Gar-
cia et al., 2014, Xu et al., 2020). Her iki diyet teda-
visinin de temelinde saf karbonhidrat, doymus
yag, kolesterol ve tuz aliminin azaltilmasi, sebze,
meyve, posa ve tekli doymamis yag asitlerinin
aliminin arttirilmas: yer almaktadir. Bu beslen-
me degisikligi barsak mikrobiyotasini da iyiles-
tirerek KVH, cesitli kanser tiirleri gibi bulasici ol-
mayan kronik hastaliklardan korunmada fayda
saglanmaktadir (Duttaroy, 2021).

2.1. Prebiyotik ve Probiyotik Tedavi

Probiyotikler esas olarak bifidobakterileri, ma-
yalari, laktik asit bakterilerini igermektedir.
Inflamasyonu inhibe etme, bagirsak mukozal
bariyerini koruma ve onarma, bagirsak fonksi-
yonunu iyilestirme fizyolojik etkilerinden bazi-
laridir (Kurtaran, 2021). Gan ve ark. yaptiklar
calismada, akut miyokard enfarktiisii gegiren
sicanlarda probiyotiklerin (Lactobacillus rhamno-
sus GR-1) sol ventrikiil hipertrofisini ve ejeksi-
yon fraksiyonunu 6nemli Sl¢iide iyilestirdigini
belirlemigtir (Gan et al., 2014). Kronik KY olan
hastalarda Saccharomyces boulardii takviyesinin
sol atriyal cap ve ventrikiil ejeksiyon fraksiyo-
nu iizerinde olumlu etkisi oldugu bulunmustur
(Costanza et al., 2015). Prebiyotik olan oligofruk-
tozun sicanlarda inflamatuar hiicrelerin infilt-
rasyonunu azalttig1 gosterilmistir (Kumar et al.,
2016). Koroner arter tikanikligina sahip farelerde
yapilan bir ¢alismada probiyotik olarak Lactoba-
sillus rhamnosus GR-1 kullaniminin KY gelisimini
geciktirebilecegi bulunmustur (Gan et al., 2014).
Ayrica Methanomassiliicoccus luminyensis B10'un
TMA’y1 hidrojen ile indirgeyip TMA seviyesini
dolayisiyla plazma TMAO seviyesini de azal-
tarak KVH'y1 tedavi etmek i¢in kullanabilecegi

diisiiniilmektedir (Brugere et al., 2014).
2.2. Fekal Mikrobiyota Transplantasyonu

Fekal mikrobiyota transplantasyonu (FMT), ya-
rarli mikroorganizmalarin saglikli konaklardan
hastalarin gastrointestinal sistemine aktarilmasi
yoluyla bagirsak patojenlerini inhibe etmek boy-
lece bagirsak mikrobiyotasinin normal iglevle-
rini yeniden olusturmak amaciyla tasarlanmis
olasi1 bir terapotik miidahaledir. FMT ¢ogunlukla
Clostridium difficile enfeksiyonunu tedavi etmek
icin kullanilmaktadir. Tedavi edilen vakalarda
yan etki goriilme siklig1 diisiik olmasina ragmen
FMT'nin diger hastaliklara uygulanabilirligi hala
tartisiimaktadir (Cammarota et al., 2014). Aras-
tirmalar otolog diski transplantasyonunun, an-
tibiyotik kullanimindan sonra saglikli insanlarin
bagirsak mikrobiyota cesitliligini hizla geri kaza-
nabilecegini gostermistir (Taur et al., 2018).Oto-
immiin miyokardit gelistiren hastalarda fareler
tizerinde yapilan bir ¢alismada, FMT bagirsak
mikrobiyota agin1 yeniden dengelemekte ve mi-
yokarditle iligkili miyokardiyal hasar1 azaltabil-
mektedir (Hu et al., 2019).

Tiim bu umut vadeden sonuglarin yani sira FMT
ile konakta bulunan endotoksinlerin veya bula-
sicl ajanlarin da transfer edilme riski bulunmak-
tadir. FMT'nin KVH tedavisinde kullanilabil-
mesi i¢in, yan etki ve diger risklerin olasiliginm
azaltmak ve uygulamanin verimliligini artirmak
i¢in arastirilmasi gerekmektedir (Xu et al., 2020).
Obstriiktif uyku apneli (OSA) siganlarla yapilan
bir calismada; yiiksek yagl diyetle beslenen hi-
pertansif OSA sicanlardan, normal diyetle besle-
nen normotansif sicanlara FMT yapilmistir. Ca-
lismanin sonunda alict hayvanlarda da yiiksek
kan basinc gelistigi gozlemlenmistir (Durgan
et al., 2016). Kalp yetersizligi risk faktorleri veya
mevcut KY olan hastalarda, diisiik TMAO ige-
ren bagirsak mikrobiyotas: transferinin yiiksek
TMAOQ diizeyini azaltabilecegi diisiiniilse de he-
niiz boyle bir klinik ¢alisma bulunmamaktadir.

2.3. Antibiyotikler

Kardiyovaskiiler hastaliklara yonelik yapilan
antibiyotik miidahalelerinin farkli klinik sonug-
lar1 mevcuttur. Lam ve ark (Lam et al., 2012).
ratlarda vankomisin kullaniminin miyokard
infarktiisii riskini %27 azalttigini gostermistir.
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[lacin bu etkiyi; bagirsak mikrobiyotasinda yol
actig1 degisiklik ile leptinin plazma seviyesini
azaltarak sagladigi diisiiniilmiigtiir. Yapilan
ikinci calismada leptin baskilayici probiyotik
olan Laktobasillus plantarum 299v uygulamasinin
miyokart enfarktiisiinde %29'luk azalma sagla-
mast da bu diisiinceyi dogrulamistir (Lam et al.,
2012). Ancak yapilan bir ¢alismada koroner arter
hastalig1 olan 4012 kisiye 1 y1l boyunca 600 mg
azitromisin ve plasebo verilmis ve ¢alismanin
sonunda antibiyotik tedavisinin kardiyak vaka
gelisme riskine herhangi bir etkisinin olmadig:
belirlenmistir (Grayston et al., 2005). Andraws
ve arkadaglarinin yaptig1 meta-analiz calisma-
sinda da antibiyotik tedavisinin kardiyovaskii-
ler olay veya mortalite i¢in 6nemli bir etkisinin
olmadig1 sonucuna varmistir (Andraws et al.,
2005). Kardiyovaskiiler hastaliklarda antibiyotik
tedavisinin kullanimi ve bu tedavinin mikrobi-
yota ile olan baglantis1 konusunda daha fazla
klinik arastirma yapilmas1 gerekmektedir.

2.4. Mikrobiyal TMA-Liyaz inhibitorleri

Yapilan bir ¢calismada resveratrol, bagirsak mik-
robiyotasin1 yeniden sekillendirerek bagirsak
mikrobiyal TMA olusumunu inhibe ettigini,
TMAO seviyesini azalttigin1 ve boylece TMAO
kaynakli gelisen ateroskleroz etkisinin azaldigi-
n1 bulmustur.(Chen et al., 2016) Ratlarda yapi-
lan bir calismada, kolin analoglar1 kullanilarak
TMA sentezinde anahtar enzim olan CutC/D’yi
inhibe edilmis ve bu sayede plazma TMAOQO sevi-
yesi diistiriilerek kardiyovaskiiler hastalik riski
azaltilmistir (Roberts et al., 2018). Baska bir ca-
lismada TMA iiretimini ve dolayistyla TMAnin
TMAO’ya doniisimii azaltmak icin bat1 diye-
tiyle beslenen farelere, bir TMA-liyaz inhibitorii
olan 3,3-dimetil-1-butanol (DMB) verilmistir.
Calismanin sonunda TMA ve TMAO tretiminin
inhibisyonunun hemodinamik parametrelerin
iyilesmesini sagladig1 belirlenmistir (Chen et
al., 2017). Ayrica kolinin TMA’ya doniisiimiin-
de etkili olan kolin trimetilamin-liyaz enziminin
inhibisyonu da plazma TMAO seviyesini ve aort
lezyonlarini azaltmaktadir (Wang et al., 2015).

SONUC

Sonug olarak; bagirsak mikrobiyotasiin kalp
hastaliklar ile iliskisi olduguna dair karmitlar
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giderek artmaktadir. Ancak mikrobiyota bazl
tedavilerin kardiyovaskiiler hastaliklar1 basari-
I1 bir sekilde tedavi edip edemeyecegi hala net
degildir. Mikrobiyotay1 degistirmek amac ile
antibiyotik ve FMT ile tedavi ciddi yan etkilere
neden olabilecegi i¢in miimkiin goriilmemekte-
dir. Mikrobiyota bilesiminin diyet miidahaleleri
ile degistirilmesi veya TMAO gibi proaterojenik
metabolit tireten yolaklarin diizenlenmesi ile de-
gistirilmesi yeni terapotik stratejiler arasindadar.
Daha pragmatik bir diizeyde, bagirsak-kardiyo-
vaskiiler etkilesimlerden sorumlu kesin hiicre-
sel ve molekiiler mekanizmalar1 belirlemek igin
daha fazla ¢alismaya ihtiyag vardir.
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OZET

Algler; giines 15181, su ve karbondioksiti biyokiitleye
dontistiirebilen hiicre fabrikalari olarak bilinirler.
Yaygin olarak biiyiikliiklerine gore smiflandirilan
algler (mikroalgler ve makroalgler), ¢cok fazla cesitlilik
gosterebilen heterojen organizma gruplaridir. Algler
tlire, yetistigi bolge, mevsim, hasat sekli, depolama
kosullar1 ve gida isleme tekniklerine bagl olarak
degisiklik gostermek ile birlikte, yapilarinda yiiksek
miktarda lipit (%20-80), protein (%39-71) ve diyet
lifi icermektedir. Ayrica sterol, vitamin, pigment,
a-tokoferol, [-karoten, glutatyon, askorbik asit,
flavonoidler, hidrokinonlar, fikosiyaninler, prolin,
fenolik bilesikler, poliaminler ve &zellikle ¢oklu
doymamis yag asitleri (w-3 yag asitleri) icerikleri
nedeniyle iyi bir besin kaynagi olarak kabul edilmekte
ve fonksiyonel gida tiretiminde kullanilmaktadir.
Alglerin  barindirdiklar1  bu  degerli  biyoaktif
bilesenler sayesinde antioksidan, antimikrobiyal,
antiinflamatuar ve antikarsinojen etkiye sahip
olduklar1 disiiniilmektedir. Uzun yillardir insan
diyetinin bir parcasi olarak olan alglerin tiiketiminin
en fazla goriildiigii iilke Japonya'dir. Alg {iiretimi
konusunda ise Cin ve Endonezya dnderlik etmektedir.
Algler, gida olarak kullaniminin yani sira, gida
takviyesi tiretiminde, hayvan yemi olarak, kozmetik
ve ila¢ endiistrisinde, biyoenerji ve biyoyakit iiretimi
sirasinda hammadde olarak tercih edilmektedir. Algler
azot sabitleyici biyogiibreler olarak kullanimlarinin
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yani sira, ayni zamanda sera gazi emisyonunun
azaltilmasi ve biyolojik iyilestirme uygulamalarinda
kullanilmaktadir. Bu calismada alglerin bilesimi,
ozellikleri, smiflandirilmalari, {iretimi ve hasaty,
ayrica alg yag1 hakkinda bilgi verilmistir. Calismanin
amaci sirdiiriilebilir, alternatif, yenilik¢i ve daha iyi
degerlendirilme potansiyeli oldukca yiiksek olan bir
kaynaga dikkat cekmek, ozellikle bir w-3 kaynagi
olarak alglerin tamitilmasi ve alg kullanimi ile
zenginlestirilmis gidalarin takviye edici olarak insan
diyetinde yer almas1 konusunda bilgi sunmaktir.

ABSTRACT

Algae are known as cell factories that can convert
sunlight, water and carbon dioxide into biomass.
Algae, commonly classified by their size (microalgae
and macroalgae), are heterogeneous groups of
organisms that can vary greatly. Algae contain high
amounts of lipid (20-80%), protein (39-71%) and dietary
fiber depending on species, the region where it grows,
the season, the way of harvesting, storage conditions
and food processing techniques. Moreover, due to
their there are sterol, vitamin, pigment, a-tocopherol,
B-carotene, glutathione, ascorbic acid, flavonoids,
hydroquinones, phycocyanins, proline, phenolic
compounds, polyamines and polyunsaturated fatty
acids (w-3 fatty acids) contents, they are considered
as good food sources and are used in the production
of functional food. Thanks to these valuable
bioactive components, algae are thought to have
antioxidant, antimicrobial, anti-inflammatory and
anticarcinogenic effects. The country with the highest
consumption of algae, which is a part of the human
diet for many years, is Japan. China and Indonesia
lead the way in algae production. In addition to its
use as food, algae is preferred as a raw material in
the production of food supplements, animal feed,
in the cosmetics and pharmaceutical industries, and
in the production of bioenergy and biofuels. Algae
are also used in greenhouse gas emission reduction
and biological remediation applications, as well as
their usage as nitrogen-fixing biofertilizers. In this
study; information about the composition, properties,
classification, production and harvesting of algae
as well as algal oil is given. The aim of the study is
to draw attention to a resource that is sustainable,
alternative, innovative and has a high potential for
better evaluation and to provide information about
the introduction of algae as a source of w-3 and the
inclusion of foods enriched with the use of algae in the

human diet as supplements.
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GIRIS

Algler, giines 15185111 da kullanarak karbondiok-
siti potansiyel biyoyakitlara, gidalara, yemlere
ve yliksek degerli biyoaktif maddelere dontistii-
ren hiicre fabrikalaridir (Paul Abishek vd., 2014).
Mikroalgler, yapilarinda kuru maddede yiiksek
miktarda lipit (%20-80), protein (%39-71) ve di-
yet lifi (baz1 tiirlerde %74.6'ya kadar ulasmus) ice-
rirler. Sahip olduklar1 karotenoid, karbonhidrat,
sterol, vitamin, pigment, ¢oklu doymamis yag
asitleri (CDYA), ozellikle w-3 nedeniyle ek bir
besin kaynagi olarak kabul edilirler (Balasubra-
manian vd., 2011; Akyil vd., 2016). Ayrica mikro-
algler, icermis olduklar1 a-tokoferol, (3-karoten,
glutatyon, askorbik asit, flavonoidler, hidroki-
nonlar, fikosiyaninler, prolin, fenolik bilesikler
ve poliaminler gibi bilesikler sayesinde yiiksek
antioksidan etkiye sahiptirler (Yilmaz, 2019).

Alglerin, arkeolojik kanitlara dayanarak binlerce
yildir insan diyetinin bir parcas: oldugu sdylene-
bilir. Makroalglere ek olarak, bazi mikroalglerin
de gidalar ve gida katki maddeleri icin yetisti-
rildigi belirtilmistir. Sadece Cin ve Endonezya,
alg tiretiminin %95’ini karsilamaktadirlar. Bir
gida maddesi olarak alglerin tiiketimi en fazla
Japonya'da goriilmektedir. 2010 ile 2014 yillari
arasinda alg titketimi “9.6-11 g/giinliik tiiketilen
makroalg” araliginda degisim gostermistir. Alg
tiirevi gidalarin potansiyel besin degeri; algin
tlirti, yetistigi bolge, mevsim, hasat, depolama
ve gida isleme tekniklerine gore degisiklik gos-
termektedir (Wells vd., 2017).

Balik yaglar1 CDYA'nin ana kaynagi olarak bilin-
se de, aslinda baliklar bu yag asitlerini iiretemez-
ler, disaridan mikroalg tiiketerek biinyelerine
alirlar. Ayrica balik yag1 gida takviyesi olarak
arzu edilmeyen kokusu ve tadi nedeniyle sinir-
i tiiketildiginden, alg yaglar alternatif w yag
asitleri kaynag (6zellikle w-3 yag asitleri) olarak
fonksiyonel gidalarin tiretiminde tercih edilmek-
tedir (Akyil vd., 2016). CDYA, koroner kalp has-
taligini 6nleme, iltihab1 hafifletme, hiperlipidemi
ve hipertansiyonu iyilestirme gibi beslenme ve
saghig1 gelistirici etkilere sahip oldugundan, bu
yaglar ticari olarak giderek daha fazla 6nem ka-
zanmaktadir (Cebi vd., 2017). Fakat, gidalardaki
lipitlerin yiiksek doymamushk derecesi, daha
hizli oksidasyon reaksiyonlar: anlamina gelmek-
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tedir. Ozellikle, alg yagi ile zenginlestirilmis g1-
dalarda, lipit oksidasyonuna karsi korunma ve
hos olmayan balik kokularinin maskelenmesi
biiytik bir zorluktur. CDYA'nin oksidatif sta-
bilitesinin diisitk olmasi, bu yag asitlerinin gi-
dalarda kullanimini smurlandirir ve bu yaglar
oksidasyondan korumak icin farkli strateji ve
teknikler gelistirilmesini gerekli kilmaktadir (De
Ciriano vd., 2010).

Algler, gida (hem insan hem de hayvan beslen-
mesi), kozmetik ve ila¢ endiistrilerini destek-
leyen ¢ok sayida {iiriiniin degerli bir kaynag:
niteligindedir (Mercer ve Armenta, 2011). Mik-
roalgler, verimli giines enerjisi dontigtiiriictileri
oldugundan ¢ok cesitli metabolitler {iretebilirler.
Biyoenerji tiretimi (biyometan, biyohidrojen, bi-
yoetanol) veya biyoyakit iiretimi (biyodizel) ve
CO, konsantrasyonunu diisiirmek igin kombine
uygulamalarda  kullanilabilirler =~ (Demirbas
ve Demirbas, 2011). Ayrica bu fotosentetik
mikroorganizmalardan biyolojik iyilestirme
uygulamalarinda ve azot sabitleyici biyogiibreler
olarak faydalanilmaktadir (Paul Abishek vd.,

2014).

Mikroalglerin bir yakit kaynag: olarak kullanil-
masit fikri yeni degildir, ancak petroliin artan fi-
yati ve daha da onemlisi, fosil yakitlarla iliskili
kiiresel 1sinma ve sera etkisi ile ilgili ortaya ¢i-
kan sorunlar sebebiyle ciddi bir sekilde giinde-
me alinmaktadir (Paul Abishek vd., 2014). Algler
sayesinde, komiir yakith enerji santrallerinden
ve diger karbon yogun endiistriyel islemlerden
kaynaklanan sera gazi emisyonunun azaltilmasi
amaclanmaktadir (Demirbas ve Demirbas, 2011).

Alg tiirevi gidalarin tiiketimi, bilesimleri ve po-
tansiyel besin degerleri nedeniyle saglik acisin-
dan faydali oldugu diisiiniilmektedir, ancak bu
faydalarin ve olasi yan etkilerin olgiilmesi de-
vam etmektedir. Alg kaynakli gidalarin, insan
metabolizmasinda nasil etkiler yarattig1 ayrintih
sekilde arastirilmalidir (Wells vd., 2017).

Bu calisma kapsaminda, alglerin bilesimi ve
ozellikleri, siniflandirilmalari, alg kiiltiirlerinin
tiretimi ve hasati, toplanan biyokiitlelerden yag
eldesi, ayrica alg yaginin 6zellikleri ve kullanim
alanlar1 hakkinda bilgi verilmistir.

1. ALGLER

Algler; giines 15181, su ve karbondioksiti biyokiit-
leye doniistiirebilen, tuzlu veya tatli su ortamla-
rinda yasayan fotosentetik mikroorganizmalar-
dir. Gergek birer minyatiir biyokimyasal fabrika
gibi calisirlar (Demirbas ve Demirbas, 2011) ve
bir¢ok gida aginin hayati parcalaridirlar (Abuba-
kar vd., 2012).

1.1. Alglerin Siniflandirilmasi

Algler, yaygin olarak biiyiikliiklerine gére mikro-
alg (fitoplankton) ve makroalg (deniz yosunu-ip-
liksi algler) olarak siniflandirilmis heterojen bir
organizma grubudur (Abubakar vd., 2012; Leal
vd., 2013). Ozellikle fitoplanktonlar, yiiksek {iret-
kenlik gosterirler ve hizla biiyiiyebilirler. Daha
yliksek yapili bitkiler gibi davranarak, triagilgli-
serol formunda lipit depolarlar. Kuru kiitleleri-
nin %20-80i kadar lipitigerebilirler. Bu oran cogu
zaman kuru biyokiitlelerinin %60"indan daha
fazla miktarlarda gozlenmektedir (Demirbas ve
Demirbas, 2011; Schlagermann vd., 2012).

Ayrica alglerin; diatomlar, yesil algler, mavi-ye-
sil algler ve altin algler olmak {izere dort ana
gruba ayrilarak incelendigi kaynaklarda mev-
cuttur (Demirbas ve Demirbas, 2011; Schlager-
mann vd., 2012). Algler, diger deniz ve tath su
bitkilerine gore ¢ok daha fazla gesitlilik goster-
mektedirler (Abubakar vd., 2012).

Mikroalgler

Mikroalgler, tek hiicreli ve basit ¢ok hiicreli mik-
roorganizmalar1 kapsar (Paul Abishek vd., 2014).
En 6nemli ti¢ mikroalg sinifi; diatomlar (Bacillari-
ophyceae), yesil algler (Chlorophyceae) ve altin alg-
ler (Chrysophyceae) olarak belirtilebilir. Ozellikle
diatomlar, fitoplanktondaki baskin yasam bigi-
midir ve muhtemelen diinyadaki en biiyiik biyo-
kiitle grubunu temsil ederler. Sadece diatomlar
i¢in bile 100 000'den fazla tiiriin oldugu tahmin
edilmektedir (Demirbas ve Demirbas, 2011).

Ayrica mikroalgler, prokaryotik ve oOkaryotik
mikroalgler olarak da simiflandirilabilmektedir.
Prokaryotik mikroalglere, siyanobakteriler (Ch-
loroxybacteria); Okaryotik mikroalglere ise yesil
algler (Chlorophyta) ve diatomlar (Bacillariophuta)
ornek olarak verilebilir (Paul Abishek vd., 2014).
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Mikroalgler, 6zellikle deniz kiiltiiriinde yasayan
canlilar i¢in besin kaynagi olarak dnemli bir role
sahiptirler (Volkman vd., 1989).

Cogunlukla mikroskopik boyutlarda olan bu
organizmalar, karbondioksit varhiginda hizla
biiytiyebilirler (Demirbas ve Demirbas, 2011;
Paul Abishek vd., 2014). Biyokiitlenin kuru agir-
ligimin %20-50’si kadar yag icerebilirler. Ekili ol-
mayan arazide, tuzlu su varliginda ¢ogalabildik-
leri gibi, atik sularda da goriilebilirler ve tiim yil
boyunca bu alglerin {iretiminin yapilmasi miim-
kiindiir (Paul Abishek vd., 2014).

Mikroalglerden elde edilen hektar bagina yag
verimi; soya fasulyesi, palm, hindistancevizi
veya aycicegi gibi hammaddelerden elde edilen
yag verimini biiylik olgiide agmaktadir (Paul
Abishek vd., 2014). Mikroalglerin bitkilere gore
diger bir avantajlar1 ise, metabolik esneklikleri-
dir. Bu durum, biyokiitlenin biyokimyasal bile-
simindeki (lipit, karbonhidrat veya protein) bir
varyasyonun, yetistirme kosullarinin degistiril-
mesiyle diizenlenebilecegi anlamina gelir. Ay-
rica, tim yil boyunca gerceklestirilen asilama,
bakim, hasat ve benzeri islemler tarim uygula-
malarma gore ¢ok daha fazla miimkiin olmak-
tadir (Abubakar vd., 2012; Schlagermann vd.,
2012; Paul Abishek vd., 2014).

Makroalgler

Makroalgler, tuzlu veya tath suda biiytiyen ¢ok
hiicreli bitkilerdir (Demirbas ve Demirbas, 2011).
Yosun olarak da bilinen makroalgler, karmagik
ve dinamik bir smiflandirma sergilemektedir.
Makroalgler pigmentasyonlarina gore, kahve-
rengi algler (Phaeophyceae), yesil algler (Chlorop-
hyceae) ve kirmizi algler (Rhodophyceae) olarak
smiflara ayrilirlar (Demirbas ve Demirbas, 2011;
Leal vd., 2013). Ozellikle kahverengi algler, 1l1-
man bolgelerdeki denizlerde onemli miktarda
bulunurlar. Bu alglerin gida, ilag¢ ve kozmetik
endiistrilerinde uygulama alanlar1 mevcuttur
(Pereira vd., 2017).

1.2. Alglerin Bilesimi

Algler glikoz, nisasta, seliiloz/hemiseliiloz ve ge-
sitli polisakkarit tiirlerini icermektedirler. Kirmi-
z1 alglerin ana polisakkarit bileseni karragenan
ve agar iken, kahverengi makroalglerde bulunan
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baglica polisakkaritler glukan, mannitol ve algi-
nattir. Alg bilesiminde yer alan bu karbonhidrat-
lar cesitli gida tirtinlerinde emiilgator, jellestirici
ajan ve stabilizator olarak kullanilmaktadirlar
(Draget vd., 2005).

Protein icerigi, alg gruplar1 arasinda biiyiik fark-
liliklar sergilemektedir. Protein igerigindeki bu
farkliliklar, mevsimsel ve cevresel kosullardan
ziyade, daha ¢ok alglerin tiiriinden etkilenmek-
tedir. Bir ipliksi siyanobakteri olan Arthrospira
platensis ve tek hiicreli yesil alg Chlorella’nin ge-
sitli ticari tiirleri kuru agirliklarinin %701 kadar
protein icerebilirler. Ayrica bu mikroalgler tim
elzem aminoasitleri de igeren bir profile sahip-
tirler (Akyil vd., 2016). Yiiksek protein icerigi
disinda; vitamin, mineral ve bir¢ok aktif biyolo-
jik maddeyi bilinyesinde barindiran Arthrospira
platensis hiicre duvarinin %86 sindirilebilirlige
sahip olmasi ve insan viicudu tarafindan kolayca
absorbe edilebilen polisakaritlerden olusma-
st nedeni ile gidalarda diyet takviyesi olarak
kullanilmaktadir. Ayrica akvaryum baliklari,
kiimes hayvanlar1 endiistrisi ve su fiiriinleri
yetistiriciligi sirasinda da tercih edilmektedir
(Akyil vd., 2016).

Makroalgler arasinda yer alan kirmizi ve yesil
algler: Porphyra tiirleri (laver), Pyropia tiirleri
(nori), Palmaria palmata (dulse), Ulva tiirleri
(deniz marulu) de proteince zengindirler. Her
tir igin farklilik gostermek ile birlikte, alglerde
en fazla yer alan aminoasitler arasinda taurin,
glutamik asit ve aspartik asit sayilabilir (Wells
vd., 2017). Ayrica Anabeana tiirleri, Chlorella vul-
garis, Chlorella pyrenoidosa, Dunaliella ve Euglena
tiirleri ve Scenedesmus obliquus yiiksek protein
igerigine sahip olarak bilinen diger alg tiirleri
arasinda sayilmaktadir (Becker, 2007).

Mikroalglerin bilesiminde yer alan CDYA, saglik
tizerine faydasi olan 6nemli biyoaktif bilegenler-
dendir. CDYA icerisinde bulunan 6zellikle w-3
ve w-6, elzem yag asitleri olup insan viicudunda
sentezlenemediklerinden mutlaka diyette disari-
dan alinmalar1 gerekmektedir (Akyil vd., 2016).
Ozellikle w-3 tiiketiminin noral ve gorsel gelisim,
kalp hastaligi, hipertansiyon, kanser, diyabet,
kistik fibroz, astim, artrit, depresyon, sizofreni
ve dikkat eksikligi gibi hastaliklarin dnlenmesi
tizerinde yararh etkileri oldugu diistiniilmekte-
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dir (Takahata vd., 1998; Kris-Etherton vd., 2002;
Chee vd., 2005).

Algler, beslenmede bir hayli éneme sahip w-3
yag asitleri bakimindan oldukga zengindirler
(Pereira vd., 2017). Genellikle, 6ncelikli w-3 kay-
nag: olarak baliklar akla gelmektedir. Fakat ba-
liklarin uzun zincirli CDYA'y1 sentezleyememe-
leri, zamanla biyolojik gesitliliklerinin azalmasi,
sik tiiketimlerinin karacigerde civa birikimi riski
olusturmasi ve balik yagindaki w-3 yag asitleri-
nin istenmeyen lezzet, koku, stabilite sorunlar
yaratmasi besin takviyesi ve gida katki maddesi
olarak balik yag1 kullanimini sinirlamaktadir. Bu
nedenle, algler iyi bir alternatif w-3 yag asitleri
kaynagidir (Lenihan-Geels vd., 2013; Cebi vd.,
2017). Alg yaglari, yiiksek w-3 yag asidi igerigi-
nin yani sira, dogaya zarar vermemesi nedeni ile
de ozellikle fonksiyonel gidalarin iiretimi sira-
sinda tercih edilmektedir. Fakat bu kadar yiiksek
CDYA igerigine sahip bir yag kolayca oksidasyo-
na ugrayabilir, bu durum da yagin stabilitesinin
ve kalitesinin kolayca bozulmasi anlamina gel-
mektedir (Hu vd., 2004).

Makroalglerde baskin yag asitlerini a-linole-
nik asit (ALA) ve dokosaheksaenoik asit (DHA)
olustururken, o6zellikle kirmizi alglerde baskin
yag asidi eikosapentaenoik asit (EPA)’tir. Mikro-
algler de; zooplanktonlar, balik ve diger ¢ok hiic-
reli organizmalar igin DHA ve EPA’nin birincil
kaynaklar1 olarak sayilabilirler (Wells vd., 2017).
v-linoleik asit (GLA) ve arasidonik asit (ARA)
gibi 6zel yag asitleri de alg yaglarinin bilesimin-
de yer almaktadir. Amphidinium tiirleri, Cryptoco-
dinium cohnii, Prorocentrum triestinum, Schizochyt-
rium tlirleri yapilarinda DHA sentezleyebilirken,
Porphyridum cruentum yapisinda yiiksek miktar-
da EPA yer almaktadir (Bellou ve Aggelis, 2013;
Akyil vd. 2016). Ayrica Chrysophyceae (yesil
alg), Crypthecodinium ve Gyrodinium tiirleri de
iyi birer EPA ve DHA kaynaklaridir (Makri vd.,
2011). Arthrospira tiirleri ve Porphyridium cruen-
tum de sirasiyla GLA ve ARA kaynagi olarak be-
lirtilmistir (Akyil vd., 2016). Arterburn vd. (2008)
tarafindan yapilan ve gida takviyelerinin dogal
gida kaynaklari ile esdeger olup olmadig1 sorgu-
landig1 calismada, 20 ile 65 yas aras: 32 saglikli
erkek ve kadina alg yag1 kapsiilleri ve pismis so-
mon (600 mg DHA/giin olacak sekilde) verilmis-

tir. 2 haftalik calisma siiresi sonunda, kisilerin
plazma fosfolipitleri ve eritrosit DHA seviyeleri
belirlenmistir. DHA seviyeleri her iki grupta da
plazma fosfolipitlerinde %80, eritrositlerde %25
artmistir. Plazma fosfolipitleri ve eritrositlerde
meydana gelen DHA diizeylerindeki degisiklik-
ler gruplar arasinda benzerlik gdstermistir. Bu
sonuglar, alg yagt DHA kapsiillerinin ve pismis
somonun plazmaya DHA saglamada biyoesde-
ger oldugunu gostermistir. Graeve vd. (2002)
tarafindan yapilan c¢alismada, Antarktika Yari-
madasi’'nda 6 Arktik ve 14 Antarktik makroalg
tirtiniin (Rhodophyta, Phaeophyta ve Chlorophyta)
yag asidi bilesimleri incelenmistir. Makroalgler-
de, en fazla bulunan yag asitleri EPA ve palmitik
asit olarak belirlenmistir. Arktik Palmaria palma-
ta ve Antarktik Audouinella purpurea, ok yiiksek
oranlarda EPA (sirasiyla%67.3 ve %60.3) ile ka-
rakterize edilirken, bu tiirlerde ayrica palmito-
leik ve arasidonik asit varligr da saptanmustir.
Phycodrys rubens ve Delesseria lancifolia’da sirasiy-
la %35.3 ve %31.1 oranlarinda baskin yag asidi
olarak arasidonik asit tespit edilmistir. Ptilota
gunneri ve Rhodymenia subantarktika’da palmito-
leik asit icerigi sirasiyla %39.9 ve %32.7'dir. Pha-
eophyta’da baskin yag asidi olarak ise palmitik
asit bildirilmistir. Desmarestia muelleri’'de nadir
goriilen tekli doymamis yag asidi palmitole-
ik asit (%11.1) yiiksek miktarda bulunmustur.
Arktik Prasiola crispa ve Antarktika Lambiya an-
tarktika’sinda, baskin CDYA linolenik ve linoleik
asittir. Rhodophyta’da yiiksek miktarda EPA tes-
pit edilirken, Chlorophyta’da yiiksek yapili bit-
kilerde goriilen stearik asit varlig1 gozlenmistir.
Bu calisma makroalg tiirleri arasinda yag asidi
bilesimi agisindan farkliliklar1 ortaya koymus-
tur. Van Ginneken vd. (2011) tarafindan yapilan
calismada; iltihaplanma, kardiyovaskiiler has-
taliklar ve zihinsel bozukluklarin 6nlenmesi ile
iligkili olarak makroalgler (Ulva lactuca, Chondrus
crispus, Laminaria hyperborea, Fucus serratus, Un-
daria pinnatifida, Palmaria palmata, Ascophyllum
nodosum, Caulerpa taxifolia, Sargassum) arastiril-
mistir. Orneklerde w-3 ve w-6, 2-14 mg/g kuru
madde (KM) araliginda hesaplanirken, toplam
lipit igerigi 7-45 mg/g KM arasinda degisim gos-
termistir. n-6/n-3 oran1 0.05-2.75 araliginda (cogu
durumda 1’in altinda) hesaplanmistir. Ozellikle
P. palmata ve S. natans sirastyla yiiksek miktarda
EPA ve DHA icermektedir. Calisma sonucunda,
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deniz makroalgleri CDYA igin iyi, dayanikl
ve neredeyse tiikenmez bir kaynak olarak
bildirilmistir. Schmid vd. (2014) tarafindan ya-
pilan ¢alismada, farkli mevsimlerde Irlanda Bat:
Sahili'nden hasat edilen 16 farkli makroalg tii-
riniin (dokuz Phaeophyceae, bes Rhodophyta ve
iki Chlorophyta) yag asidi bilesimi arastirilmistir.
Baskin yag asitleri; palmitik, oleik, a-linolenik,
arasidonik asit ve EPA olarak belirlenmistir. Yag
asidi profilleri alg gruplar1 arasinda ve iginde ol-
dukga degiskenlik gostermistir. Incelenen cogu
w-3 agisindan zengin tiir 1’e yakin n-6/n-3 orani-
na sahiptir, bu da insan saghig1 acisindan faydali
olduklar: seklinde yorumlanmistir. Ayrica bu
calismada, farkli mevsimlerde hasat dilen algler
arasinda, toplam yag asidi ve EPA igeriginde,
onemli farkliliklar gozlenmistir. Yilin her iki za-
maninda da Palmaria palmata, aragtirilan tim tiir-
ler arasinda kuru agirhigin %0.44-0.58'i oraninda
degisen seviyelerle EPA icerdiginden, umut veri-
ci bir kaynak olarak tanimlanmistir. Gubelit vd.
(2015) tarafindan yapilan ¢alismada, Cladophora
glomerata ve Ulva intestinalis incelenmistir. Bu iki
makroalgden elde edilen yagm, yag asidi bile-
simleri incelendiginde, esansiyel CDYA seviye-
leri dahil 6nemli 6l¢iide farkliliklar saptanmustir.
C. glomerata’nin biyokiitlesinde nispeten yiiksek
(4.14 mg/g KM) bir EPA icerigi tespit edilmis-
tir. U. intestinalis’in EPA igerigi (0.45 mg/g KM)
daha diistiktiir. McCauley vd. (2015) tarafindan
yapilan c¢alismada ise, alt1 farkli Avustralya de-
niz makroalginin CDYA'lar1 incelenmistir. Tim
orneklerde baskin yag asidi, palmitik asit olarak
saptanmustir. Diger doymus yag asitleri kap-
rik asit, miristik asit, stearik asit ve arasidik asit
olarak bildirilmistir. Calisma sirasinda 31 farkl
yag asidi tanimlanmistir. Alt1 tiirtin hepsinde
¢ok farkli n-6/n-3 oranlar1 bulgulanmis ve yesil
deniz yosunu Ulva tiirleri, 2 kat daha yiiksek
linolenik asit igerdiginden, en diisiik n-6/n-3
oranina sahiptirler. Bu ¢alismada Ulva tiirleri,
DHA igeren tek tiir olmustur. Alt1 alg tiirti de,
inflamatuar araci nitrik oksidin {iretimini gtic-
lii bir sekilde inhibe ettiginden, antiinflamatuar
etki gostermistir.

Alglerin toplam sterol igerigi ve sterol bilesimi
de zamanla incelenmistir ve tiirlerine gore fark-
lilik gosterdigi belirtilmistir (Holdt ve Kraan,
2011). Gegmis yillarda yapilan ¢alismalarda, ya-
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pilar1 benzer oldugundan algal steroller, genel-
likle kolesterol ile karistirilmistir. Fakat 6zellikle
kirmiz1 ve kahverengi makroalglerde baskin ste-
rol, fukosterol olarak belirlenmistir (Pereira vd.,
2017; Wells vd., 2017). 3-sitosterol ise alg yagin-
da 6nemli miktarda bulunan bir diger sterol ola-
rak bildirilmistir (Fahy vd., 2005). Fukosteroller,
diyabet ve hipertansiyon komplikasyonlarinin
yani sira diger saghk sorunlarmin da tedavi-
sinde onemli bir degere sahiptirler (Abdul vd.,
2016). Ayrica algler, hiicre zarlarinin diizenlen-
mesinde rol oynayan zengin bir sterol kaynag:
olarak kabul edilirler (Grattan, 2013). Terapotik
uygulamalar agisindan diistiniildiigiinde, ste-
rollerin antiinflamatuar, antioksidan ve antikar-
sinojen gibi farkli biyolojik aktivitelerinden de
bahsedilmigtir (Pereira vd., 2017). Fitosterollerin,
vitaminler gibi baz1 biyoaktif molekiillerin 6n-
ciileri oldugu, nutrasotik ve farmasotik endiist-
rilerde de 6nemli bir rol oynadig: bilinmektedir.
Ayrica algal sterollerin bagirsaktan kolesterol
emilimini engelleyerek toplam ve diisiik yogun-
luklu lipoprotein (LDL) kolesterol seviyelerini
diislirdiigti de bildirilmistir (Francavilla vd.,
2010). Pereira vd. (2017) tarafindan yapilan ca-
lismada, Antartika’da goriilen alti farkli kahve-
rengi makroalg tiriintin (Adenocystis utricularis,
Ascoseira mirabilis, Cystosphaera jacquinotii, Des-
marestia anceps, Desmarestia antarctica ve Himanto-
thallus grandifolius) sterol icerigi ve bilesimi ince-
lenmistir. Orneklerde ergosterol, brassikasterol,
fukosterol, {B-sitosterol, kampesterol, kolesterol
ve stigmasterol varlig1 tespit edilirken, baskin
sterol fukosterol olarak bildirilmis ve miktar:
6.60 ile 48.13 mg/kg araliginda degisim goster-
migtir. Ardindan en yiiksek miktarda belirlenen
sterol {3-sitosterol olmustur ve 5.29 ile 16.49 mg/
kg araliginda tespit edilmistir. Ayrica 6rneklerde
stigmasterol miktar1 2.69-14.84 mg/kg araliginda
belirlenirken, kampesterol ise incelenen tiim or-
neklerde daha diisiik konsantrasyonlarda tespit
edilmistir (0.07-0.15 mg/kg).

Alglerin klorofil igerigi de oldukga yiiksektir.
Ayrica klorofil disinda karotenoidler ve fikobi-
liproteinler gibi pigmentleri de sentezlemekte-
dirler. Karotenoidler, fotosentez sirasinda 1s1gin
absorbe edilmesinde, oksijenin toksik etkileri-
ne karsi koruyucu olarak ve fototakside gorev
yaparken, biliproteinler Porphyridium ve Spi-
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rulina tlirlerinden ticari olarak elde edilmekte
ve dogal renk maddesi olarak gidalarda
kullanilabilmektedirler. Ozellikle Spirulina pla-
tensis’den elde edilen mavi dogal pigmentin
(fikosiyanin) pazari oldukga genistir (Demiriz,
2008).

Yapilan ¢aligmalar ile mikroalglerin antibaktri-
yel, antifungal, antiviral etkileri de dogrulanmig-
tir. Ozellikle antimikrobiyal aktivite algin tiirii
ve algin ekstraksiyonunda kullanilan ¢oziicii
ile ilgilidir (Ozgimen, 2018). Demiriz (2008) ta-
rafindan yapilan ¢alismada, uygun kiiltiir ko-
sullarinda {iretilmis olan alg tiirlerinin (Chlorella
vulgaris, Oscillatoria limosa, Oscillatoria limnetica,
Phormidium tenue, Spirulina major) farkli ¢ézgen-
ler (aseton, etanol, hekzan, metanol, n-biitanol,
0.5 M Tris-HCL pH:8.00 ) kullanarak elde edilen
ekstraktlarinin antibakteriyal aktiviteleri arasti-
rilmistir. Elde edilen ekstraktlarin antibakteriyal
etkileri disk difiizyon yontemi kullanilarak Bacil-
lus subtilis, Escherichia coli, Staphylococcus aureus,
Salmonella enteretidis bakterileri tizerinde denen-
mistir. Spirulina major’iin incelenen algler ara-
sinda en yiiksek antibakteriyal aktiviteye sahip
oldugu saptanmistir. Ozcimen (2018) tarafindan
yapilan calismada, farkli mikroalg tiirlerinden
elde edilen yaglarin, gesitli mikroorganizmalara
kars1 in vitro antimikrobiyal ve/veya antifungal
aktivitesi arastirilmistir. Calisma sirasinda, di-
metil stilfoksit, etanol ve metanolde, 50 ve 100
mg/mL olacak sekilde ¢oziilen Chlorella protot-
hecoides mikroalg yaginin, Botrytis cinerea ve As-
pergillus niger gibi fungal mikroorganizmalara
karsi, antifungal etkisi incelenmistir. Calismanin
sonucunda, mikroalg yaginin farkl ¢oziiciilerde
ve farkli oranlarda hazirlanmis ekstraktlarmin
calisilan patojenlere karsi antifungal aktivite-
ye sahip oldugu saptanmustir. Benzer sekilde
Yilmaz (2019) tarafindan yapilan calismada da,
mikroalg tiirlerinden elde edilen yaglarin fungal
mikroorganizmalara kargi antimikrobiyal etkisi
ve gidalarda koruyucu olarak kullanimi arastiril-
mustir. Gidalarda kayiplara yol agan Penicillium
chrysogenum ve Aspergillus parasiticus fungusla-
rina kargi, kimyasal gida koruyucularina alter-
natif olabilecek Chlorella protothecoides mikroalg
yaginin antifungal etkinligi incelenmistir. Yagin,
calisilan P. chrysogenum ve A. parasiticus’a karst
antifungal aktiviteye sahip oldugu goriilmiistiir.

Bu sonuglar dogrultusunda C. protothecoides ya-
ginin gida endiistrisinde gida koruyucu olarak
kullanilabilecegi belirtilmistir.

Eleren ve Oner (2019) tarafindan yapilan ¢alig-
mada, bazi alg tiirlerinin karbonhidrat, prote-
in ve lipit iceriklerine yer verilmistir. Calisma
kapsaminda farkl: alg tiirlerine ait karbonhid-
rat igerigi %15-77, protein igerigi %44-76 ve li-
pit icerigi ise %23-62 araliginda belirtilmistir.
Ierigi oldukca zengin boyle bir kaynagn gida
denemelerinde kullanildig1 calismalar da litera-
tiirde yer almaktadir. Chee vd. (2005) tarafindan
yapilan ¢alismada, yogurt oksidatif olarak stabil
ve w-3 bakimindan zengin alg yag1 emiilsiyonu
ile desteklenmistir ve {irtinlerin oksidatif stabi-
litesi, peroksit sayisi tayini ve duyusal analizler
sonucu belirlenmistir. Takviye edilmis yogurt-
larin peroksit igerigi, emdiilsiyonun ilave edildi-
gi asamadan etkilenmeksizin depolama islemi
boyunca artis gostermistir. Egitimli panelistler
tarafindan yapilan duyusal analizler sonucun-
da, orneklerde 22 giin depolama siiresi sonrast
belirgin bir balik tad: algilanmigtir. Hem kont-
rol grubu hem de takviye edilmis 6rnekler, pa-
nelistler tarafindan orta derecede begenilmistir.
Blouin vd. (2006) tarafindan yapilan ¢alismada,
Porphyra yezoensis, P. umbilicalis ve P. amplissi-
ma lzerinde arastirmalar yapilmis ve tiiketici
tarafindan kabul edilebilirlik seviyeleri duyusal
analizler ile degerlendirilmistir. Bu amacla 67
cocuk ve 84 yetiskin tarafindan duyusal analiz-
ler gerceklestirilmistir. Porphyra tiirleri kraker
formiilasyonuna dahil edilmistir ve patlamis
misir kaplama materyali olarak kullanilmistir.
Her iki tirtintin de kabul edilebilirligi ayn1 ola-
rak bulgulanmistir. Ayrica yeni hasat edilmis bu
alglerin yag asidi bilesimlerinin de incelendigi
calismada, EPA ve palmitik asit en baskin yag
asitleri olarak tespit edilmistir. EPA icerigi taze
alglerde 3.2 mg/g kuru madde olarak bulgulan-
mustir. Calisilan bu tiirlerin w-3/w-6 oranmnn (2-
3:1) gidalarin besin degerine katkida bulunabi-
lecek seviyelerde oldugu bildirilmistir. Chee vd.
(2007) tarafindan yapilan ¢alismada, dondurma
ornekleri alg yag: ile zenginlestirilmis ve duyu-
sal Ozelliklerini iyilestirmek amaciyla vanilya ve
cilek aromalar1 kullanilmistir. Uriinlerin imala-
tindan itibaren 2 hafta icerisinde egitimli pane-
listler tarafindan gergeklestirilen duyusal testler
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sonucunda takviyeli dondurmalarda giiclii bir
balik lezzeti algilanirken, vanilya ve ¢ilek aroma-
I1 6rnekler daha ¢ok tercih edilmistir. Cofrades
vd. (2008) tarafindan yapilan ¢alismada, {i¢ farkli
alg tlirlit Himanthalia elongata, Undaria pinnatifida
ve Porphyra umbilicalis” den elde edilen emiil-
siyonlar, farkli konsantrasyonlarda et {iriinlerine
dahil edilmistir. Alg ilavesi, et {irlintiniin su ve
yag baglama ozelliklerini gelistirmistir. Pisirilen
takviyeli tiriinlerin, sertligi ve cignenebilirligi
kontrol Orneklerine gore daha iyidir ve
yapiskanlik daha diigiiktiir. Et sistemlerindeki
renk degisiklikleri algin tiiriinden etkilenmistir.
Kaynaker (2012) tarafindan yapilan ¢alismada,
insan saghgina yararl oldugu diistiniilen farkl
yag kaynaklarinin et tiretiminde kullanimi ve
bu yaglarin {irtinlerin kalite kriterleri tizerine et-
kileri incelenmistir. Bu amacla cesitli oranlarda
(%25, 50, 75, 100) hayvansal yag ile bitkisel yag
(ALG: alg yag1, AF: antepfistig1 yagi, AY: aspir
yagl, CY: ¢orekotu yagi, UY: {iziim cekirdegi
yag1) yer degistirilmis ve emiilsiyon {iriinii olan
sosis denemeleri yapilmis ve sosis 0rneklerinde
pisirme kaybi, nem, tekstiir, yag asidi profili,
kolesterol, protein, kiil, duyusal analizler ger-
ceklestirilmistir. Ayrica sosisler 30 giin boyunca
depolanmis ve araliklarla pH, renk, TBARS 6l-
climlerine bakilmistir. Calisma sonucunda UY
grubu hari¢ diger tiim sosis gruplarinda nem
degerleri istatistiki olarak azalma gostermistir.
Tekstiir ozelliklerine bakildiginda ise ALG, AF,
UY gruplarmin sertlik degerleri kontrol gru-
buna gore zamanla azalma gostermistir. ALG
grubu hari¢ diger tiim bitkisel yag kullanimu ile
kolesterol degerleri 6nemli diizeyde azalma gos-
termigtir. Tiim sosis deneme gruplarmda doy-
mus yag asitleri ve tekli doymamis yag asitleri
degerleri azalmis buna karsin CDYA degerleri
dikkat cekici sekilde artmistir. Depolama sonu-
cunda, TBARS degerleri UY grubu harig diger
tim gruplarda kontrole gore daha yiiksek olarak
tespit edilmistir. ALG ve UY gruplari harig tiim
sosis gruplar1 kontrol gruplar: ile benzer genel
kabul edilebilir olarak degerlendirilmistir. Chen
vd. (2016) tarafindan yapilan ¢alismada ise, suda
alg yagi nanoemiilsiyonu elde edilmistir. Piis-
kiirtmeli kurutucuda kurutulduktan sonra elde
edilen toz iiriin, 30 giinliik depolama siiresin-
den sonra bile miikemmel bir yapisal davranis
sergilemistir. Dogal antioksidanlar olan [3-sitos-
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terol ve y-orizanol ile hazirlanmis formiilasyon
yoluyla hem birincil hem de ikincil oksidasyon
trlinlerinin azaltilmasi saglanmis ve bdylece
oksidatif stabilite de arttirilmigtir. Hazirlanmig
olan alg yag yiiklii nanoemiilsiyon, istenmeyen
balik lezzeti agisindan daha iyi bir performans
sergilediginden, hazirlanan emiilsiyonun fonk-
siyonel yiyecek ve igecekler i¢in uygun oldugu
sonucu bildirilmistir. Alglerin fonksiyonel gida
tiretiminde kullanildig1 daha bir¢ok calisma li-
teratiirde yer almaktadir. Bu ¢alismalarda tercih
edilmis olan alg tiirii, gidaya ilave edilen formu
ve tretilen iiriin ile ilgili bilgiler Tablo 1'de &zet-
lenmigtir.

1.3. Alg Kiiltiirlerinin Uretimi

Alg kiiltiirii tiretimi; tiibiiler, diiz plaka veya di-
ger tasarimlara dayali olarak acik ya da kapali
havuzlarda veya kapali fotobiyoreaktorlerde
gerceklestirilebilir (Patil vd., 2005; Demirbas ve
Demirbas, 2011).

Acik havuz sistemleri, alglerin yetistirildigi s1g
havuzlardir. Bu sistemlerde algler icin gerek-
li besin maddeleri yakindaki kara alanlarindan
gelen akint1 sulardan veya kanalizasyon/su arit-
ma tesislerinden gelen sulardan saglanmakta-
dir. Ozellikle giivenilir sonuglar elde edilebilen
birkag agik sistem mevcuttur (Demirbas ve De-
mirbas, 2011). Bazi mikroalgler, kosullarin ¢ok
spesifik oldugu durumlarda (yiiksek tuz ya da
alkali) dahi agik tiretim igin ¢ok uygundurlar
(Aydin, 2014). Agik havuz kiiltiirleri kapali sis-
temlere gore ekonomik olarak daha elverislidir
ve kolay diizenlenebilirler, ancak arazi kullanim
maliyeti ve su gerekliliginin fazla olmasi, uygun
iklim kosullar1 gerektirmesi ve istenmeyen tiir-
lerin olugmas: olumsuz yonlerini olusturmakta-
dir (Demirbas ve Demirbas, 2011; Aydin, 2014;
Eleren ve Oner, 2019). Spirulina ve Chlorella, agik
sistemlerde en ¢ok yetistirilen mikroalg tiirlerini
olusturmaktadir (Eleren ve Oner, 2019). Bu sis-
temlerin teknik ve biyolojik sinirlamalari, kapali
fotobiyoreaktorlerin gelistirilmesine yol agmistir
(Demirbas ve Demirbas, 2011).

Fotobiyoreaktorler, alglerin yetistirildigi farkl
tipte tanklar veya kapali sistemlerdir. Korunakls,
istilac1 mikroorganizmalara karsi nispeten gii-
venli olan bir kiiltiir ortami1 sunarlar (Demirbas



Journal of Food Nutrition and Gastronomy-JFNG, Volume/Cilt: 1, Issue/Say1: 1, Year/Y1l: 2022

ve Demirbas, 2011). Fotobiyoreaktorler, enerji
santrali baca gazlarini1 temizleme veya atik su-
daki besin maddelerini kullanma gibi yararli go-
revleri yerine getirirken, ayn1 zamanda alg tiret-
me yetenegine sahiptirler (Chisti, 2007, Mwangi
vd., 2015). Bu sistemler, fotosentetik verimliligi
arttirdiklarindan, daha yiiksek biyokiitle {ire-
timini saglamaktadirlar (Jez vd., 2017). Kapali
sistemler i¢inde en fazla boru ve plaka seklinde
fotobiyoreaktorler kullanilmaktadir. Bunun di-
sinda torba seklinde biyoreaktorler de mevcut-
tur. Fotobiyoreaktorler kurulurken cesitli seffaf
plastikler veya konteynirlar kullanilabilmekte-
dir. Uzun yillar siiren ¢alismalar sonucu; diiz-
panel, tiibiiler ve dikey-kolon fotobiyoreaktorler
gibi yiiksek verimli 6zelliklere sahip birbirinden
farkli fotobiyoreaktorler tasarlanmugtir (Eleren
ve Oner, 2019).

Bu teknoloji, altyap:r maliyetleri nedeniyle agik
havuzlara kiyasla nispeten daha da pahalidir
fakat algleri biiyiitmek icin ¢ok daha az 1sik ve
tarim arazisi gerektirmektedir (Demirbas ve De-
mirbas, 2011). Fakat tiretilen suslarin 6zgulliigii
de bu sistem acisindan dezavantaj olarak sayila-
bilir (Jez vd., 2017). Fotobiyoreaktdr, biiyiimeyi
optimize ederek yiiksek yagl mikroalg tiirleri-
nin {iretimine imkan saglamistir. Bu sistemler-
de bir yilda déniim basma 19 000-57 000 litre
mikroalgal yag iiretilebilmektedir. Bu degerler,
en yiiksek verim ile elde edilen bitkisel yag mik-
tarmin dahi 200 katindan fazladir (Demirbas ve
Demirbas, 2011).

Ideal bir biyokiitle {iretim sistemi, giines 151811
rahat¢a kullanabilmelidir (Patil vd., 2005). Alg-
lerin yetistirilmesi ortamin aldig1 1sik disinda,
sicaklik (gevresel faktorler) ve besin durumuna
gore de degisiklik gostermektedir (Volkman vd.,
1989). Jiang ve Chen (2000) tarafindan yapilan ¢a-
lismada, sicakligin deniz mikroalgi Crypthecodi-
nium cohnii’nin yag asidi bilesimi, DHA igerigi ve
verimliligi {izerine etkileri arastirilmistir. Mikro-
alg, calisilan tiim sicaklik araliginda (15-30°C) iyi
bir gelisim gostermistir. 30°C’de en yiiksek spesi-
fik biiylime oranina saptanirken, diisiik sicaklik
CDYA'nin olusumunu desteklemistir. En yiiksek
DHA igerigi 15°C'de erken duragan fazda (72
saat) tespit edilmistir. 25°C’den (48 saat) 15°C’ye
(24 saat) gecis, hiicresel DHA igeriginde %19.9 ve
verimlilikte %6.5 artis ile sonuglanmisgtir.

Ayrica algler; kiiltiir yetistirme kosullar1 disinda,
reaktor konfigiirasyonlar: ve toplama segenekle-
rine gore cevresel yararlilik ve enerji tiretimi aci-
sindan farkli performans sergilemektedirler (Jez
vd., 2017). Algler tiretimleri sirasinda baslica be-
sin maddeleri olarak azot ve fosfora da ihtiyag
duyarlar. Biiyiime icin gerekli diger elementler
arasinda Na, Mg, Ca, K (makro besinler) ve Mo,
Mn, B, Co, Fe, Zn (eser miktarda) sayilabilir (Ay-
dogdu, 2019). Tiim bu faktorler iyilestikce, alg-
lerin iireme diizeyi artar, fakat {iretimin belli bir
diizeyi asmasi halinde alglerin ve diger bakteri-
lerin faaliyetleri sonucu bulaniklik olusur (6tro-
fikasyon), dolayisiyla algler 1siktan tam olarak
faydalanamaz hale gelebilirler (Demiriz, 2008).

Yetistirilen mikroalgler; mikro basingh elek-
ler, sedimentasyon, santrifiij, flokiilasyon ya da
membran filtrasyonu gibi ayirma prosesleriy-
le fermentasyon ortamindan hasat edilebilirler
(Aydm, 2014). Uygun hasat yontemi, segilmis
olan mikroalgin 6zelliklerine, yogunluguna, bo-
yutuna ve ayrica istenen {iiriiniin ozelliklerine
baghidir. Secilen yontem tiirden bagimsiz olmals,
daha az kimyasal madde ve enerji gerektirme-
li ve mimkiinse hiicre i¢i materyalleri serbest
birakmalidir (Aydogdu, 2019). Toplanan (ha-
sat edilen) biyokiitle, vakum altinda su miktar1
sabit bir degere gelene kadar kurutulur ve yag
ekstraksiyonu icin hazir bir hale getirilmis olur
(Aydin, 2014).

1.4. Alg Yaglarinin Elde Edilmesi

Ekstraksiyon, yag elde etmek i¢in yaygin olarak
kullanilan bir yontemdir. Mikroalglerden yagin
geri kazanilmasi sirasinda kullanilan ve iyi bili-
nen ekstraksiyon yontemleri arasinda mekanik
presleme (basing), ¢ozgen ekstraksiyonu (soksh-
let ekstraksiyonu), enzimatik, siiperkritik ve ult-
rasonik ekstraksiyonlar sayilabilir (Szentmihalyi
vd., 2002; Shah vd., 2005; Mercer ve Armenta,
2011). Bu ekstraksiyon yontemlerinin kimi avan-
taj ve sinirlamalar1 mevcuttur. Mekanik presle-
me, kullanimi oldukga kolay ve ¢ozgen gerektir-
mezken, islem sirasinda ¢ok miktarda numune
gerekir ve islem yavas ilerler. Cézgen ekstrak-
siyonu sirasinda kullanilan ¢oziiciiler nispeten
ucuzdur, sonuglar tekrarlanabilirdir fakat or-
ganik ¢oziictilerin ¢ogu yiiksek derecede yanici
ve/veya toksiktir, ¢oziicii geri kazanimi pahali
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ve yogun enerji gerektirdigi gibi yiiksek mik-
tarda ¢ozgen kullanimi vardir. Stiperkritik sivi
ekstraksiyonu sirasinda, toksik ya da yanic1 bir
¢ozgen kullanilmaz ve islem oldukga kolaydir,
fakat bu yontemin de yiiksek giic tiiketimi ve
yatirrm maliyeti olumsuz yonlerini olugturmak-
tadir. Ultrasonik destekli ekstraksiyon da ise,
ekstraksiyon stiresi oldukc¢a kisa ve ¢oziicli tii-
ketimi azdir, ¢oziicii hiicresel materyallere daha
fazla niifuz etmektedir. Bu islem sirasinda da
yliksek giic tiiketimi s6z konusudur (Mercer ve
Armenta, 2011). Bu yontemler arasinda 6zellikle
¢ozgen ekstraksiyonu, alglerden yag elde edil-
mesi sirasinda siklikla tercih edilmektedir. Eks-
traksiyon sirasinda hiicre biyokiitlesinden yag:
bagarili, verimli ve zarar gormeyecek bir sekilde
cikarabilmek gerekmektedir. Ek olarak, yagin
cevresel agidan en siirdiiriilebilir sekilde ekstrak-
te edilmesi de ¢ok 6nemlidir, bu nedenle ¢ozgen
ekstraksiyonu, yag1 alg biyokiitlesinden almak
i¢in her zaman en iyi ¢o6ziim olmayabilir (Mercer
ve Armenta, 2011; Pragya vd., 2013). Hangi eks-
traksiyon yontemi uygulanirsa uygulansin islem
sirasinda 1s1k, sicaklik, pH, hava (karbondioksit)
ve besin derisimi gibi kiiltiir sartlar1 kontrol al-
tinda tutulmalidir (Aydin, 2014). Hammaddenin
tiiriine bagh olarak da, bazen yag ekstraksiyo-
nundan 6nce biyokiitlenin 6n islemi gerekebil-
mektedir. Hiicre par¢alamanin amaglandigi bu
yontemler; mikrodalga uygulamasi, sonikasyon,
otoklavlama, ogiitme, ozmotik sok, homojeni-
zasyon, dondurarak kurutma, NaCl ilavesi vb.
olarak siralanabilirler (Pragya vd., 2013).

Wiyarno vd. (2011) tarafindan yapilan ¢alismada,
Nannochloropsis tiirlerinden yag ekstraksiyonu
gerceklestirilmis ve elde edilen yag analiz
edilmistir. Ekstraksiyon sirasinda sokshlet (SE)
ve ultrasonik (US) yontemler kullanilmistir.
Aragtirilan iki yontem sirasinda da etanol ¢oziicii
olarak secilmistir. SE'de cesitli etanol konsant-
rasyonu ve siiresi denenmistir. UE'de ise cesitli
etanol hacmi, siiresi ve sicaklig1 arastirilmis, tim
denemeler sirasinda frekans 40 kHz olarak tercih
edilmistir. SE’'de, en iyi kombinasyon etanol kon-
santrasyonu %70 ve siire 200 dakika olarak tespit
edilmistir. Bu parametreler ile elde edilen 6rnek-
te serbest yag asitligi %9.4 ve sabunlasma sayis1
286.8 olarak hesaplanmistir. UE'de ise, 51.6 daki-
ka, %98 etanol konsantrasyonu ve 69.62°C, yag
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veriminin maksimum oldugu parametrelerdir.
Iki yontem karsilastirildiginda, SE'de daha yiik-
sek ¢oOziici konsantrasyonu, daha yiiksek ser-
best yag asitligi ve sabunlagma sayis1 saptanmis-
tir. UE ise, daha kisa siirede gergeklestirilmistir.
Sonug olarak, her iki ekstraksiyon yonteminin de
gliclii ve zayif yonleri mevcuttur. Ultrasonik eks-
traksiyon, geleneksel ekstraksiyona kiyasla nis-
peten daha kisa bir operasyon siiresinde tamam-
lanirken, ayrica ultrasonik ortamda calisilirken
daha diisiik sicakliga ihtiya¢ duyulmustur. Bala-
subramanian vd. (2011) tarafindan yapilan ¢alis-
mada da, yesil alglerden (Scenedesmus obliquus)
yag ekstraksiyonu islemi tasarlanmis ve optimi-
ze edilmistir. Bu islem icin 1.2 kW, 2450 MHz
rezonant siirekli mikrodalga sistemi kullanil-
mustir. Alg-su siispansiyonu (agirlik¢a 1:1) 80 ve
95°C’ye kadar 1s1tilmig ve 30 dakikaya kadar eks-
traksiyon iglemine tabi tutulmustur. Maksimum
yag verimi (%76-77), 95 °C'de 30 dakika boyunca
uygulanan islem sirasinda elde edilmistir. Mik-
rodalga uygulamasmin doymamis ve esansiyel
yag asitlerine zarar vermedigi, yiiksek kalitede
yag elde edildigi saptanmustir.

1.5. Alternatif Enerji Kaynagi Olarak Algler

Diinya iizerinde ihtiya¢ duyulan enerji her gegen
gilin artmaktadir. Enerji ihtiyaglarmi karsilamak
i¢in ilk sirada kullanilan fosil yakitlarin sinirli ol-
mas1 ve gelecekte daha fazla enerji ihtiyac1 soz
konusu olacag1 goz oniine alindiginda, fosil ya-
kitlarin da bir siire sonra tiikenecegi diistiniilme-
lidir (Eleren ve Oner, 2019).

Ayrica fosil yakitlarin kullanimi sonucu CO,
miktar1 6nemli 6l¢lide artmaktadir. Bu durum
diinya iizerinde sera etkisi yaratmakta ve kiire-
sel 1sinmaya sebep olmaktadir. Tiim bunlar gz
oniine alindiginda, ¢evre dostu alternatif enerji
kaynaklar1 arayisma girilmistir. Gilintimiizde
glines, riizgar ve okyanus enerjisi, jeotermal, bi-
yoyakait gibi bircok enerji kaynag: fosil yakitlarin
yerini almaya baslamistir (Eleren ve Oner, 2019).
Biyoyakit olarak alglerin kullanimi ¢evreye kar-
st nispeten daha zararsizdir (Paul Abishek vd.,
2014).

Biyoyakat {iretimi i¢in yenilenebilir bir kaynak
olarak alglerin potansiyeli, yiiksek biiyiime
oranlart nedeni ile umut vericidir (Schlager-
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mann vd., 2012). Biyodizel iiretiminde tiir ve bo-
yut araliklaria gore (birkag mikrometre-birkag
yiiz mikrometre) makroalgler veya mikroalgler
kullanilabilir (Paul Abishek vd., 2014). Biyodizel
tretiminde genellikle tercih edilen mikroalglere
Pleurochrysis carterae, Botryococcus braunii, Du-
naliella ve Chlorella tiirleri ornek verilebilirken,
makroalgler arasinda ise Gracilaria, Sargassum,
Ulva tiirleri 6rnek verilebilir (Paul Abishek vd.,
2014). Yagh bitkilerden 1 litre biyoyakit {iretimi
i¢in yaklasik 3000 litre suya ihtiya¢ duyulurken,
%50 lipit igerigine sahip mikroalglerden 1 litre
biyoyakit elde etmek icin gerekli su miktar1 10 ile
20 litre arasinda degismektedir (Schlagermann
vd., 2012).

Ayrica doniim basina yiiksek verime sahip ol-
malarmin yani sira, pratik olarak her yerde bii-
yliyebilmeleri, belirli tiirlerin giinlitk olarak
hasat edilebilmesi, kiikiirt icermemeleri, tok-
sik olmamalari, daha az atik olugmasi, daha az
cevre Kkirliligine sebep olmalari, biyolojik olarak
yliksek oranda parcalanabilmeleri, kiispelerinin
hayvan yemi olarak kullanilabilmesi ve hatta
etanole islenebilmesi, yiiksek miktarda CDYA
icermeleri nedeniyle soguk iklimler i¢in dahi
uygun olmalari, tiretimi diger fosil yakitlara
gore c¢ok daha ekonomik olmasi, karbon
emisyonunu azaltmalar1 ve siirdiiriilebilir bir
kaynak olusu alg yagindan biyodizel {iretiminin
avantajli yonlerini olusturmaktadir (Demirbas
ve Demirbas, 2011; Paul Abishek vd., 2014).

SONUC

Besin zincirinin 6nemli bir parcasini olusturan
ve su ortamindaki primer {iretici olan alglere,
kiiresel talep giin gectikge artmaktadir. Yiiksek
degere sahip bilesiklerin {iretiminde stirdiiriile-
bilir bir kaynak olarak algler, geleneksel beslen-
me ve biyoyakit tiretiminin yani sira, fonksiyonel
ozellikleri nedeni ile saglik faydalar1 diisiiniile-
rek giderek daha fazla tiiketilmektedir. Ulkemiz
alg tiretimi igin gerekli olan giines enerjisi agisin-
dan son derece elverisli oldugundan, kesinlikle
alg kiiltiirii tiretimi gergeklestirilmeli ve alglerin
sahip oldugu bu tiistiin 6zelliklerinden yararla-
nilmalidir.

Mikroalgal ve makroalgal gidalarin ve takviye-
lerin igerigi hakkinda genis bir literatiir mevcut

olsa da, insan sagligina niceliksel katkilarini de-
gerlendiren calisma sayist oldukga azdir. Son
yillarda ticarilesme potansiyeli giderek artan
alglerin, hala kesfedilmeyi bekleyen bilesikle-
ri mevcuttur. Cevre dostu bir hammadde ola-
rak tercih edilen algler, daha fazla arastirilmali
ve insan metabolizmasinda nasil etkiler yarat-
tig1 tizerine ayrintili ¢aligmalar yapilmalidir.
Ozellikle alg yagmin oksidatif stabilitesini
arttirmaya ve olusabilecek balik kokusunu
maskelemeye  yonelik ¢alismalara agirlik
verilmelidir. Alg yaginin, yiiksek verimi ve 6ze-
likle CDYA (w-3 ve w-6 yag asitleri) agisindan iyi
bir kaynak olmasi nedeniyle, kullanim alanlar
daha da genisletilmelidir.
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Tablo 1. Alglerin fonksiyonel gida tiretiminde kullanildig: ¢calismalar

Alg Tiirii Yap:1 (Form) Uriin Kaynak
Chlorella vulgaris,
Spirulina maxima Biyokiitle Makarna Fradique vd. (2010)
(mikroalg)
Lamina japonica - . :
B K . (201

(makroalg) {itlin (toz) Sosis im vd. (2010)

— - LonerLo '
Undaria pinnatifida Biitiin (toz) Dana kéftesi opez-Lopez vd

(makroalg-wakame)

(2010)

Himanthalia elongata

Biitiin (t Tavuk biftegi Cofrades vd. (2011

(makroalg-kahverengi alg) iitin (toz) avuic briteet ofrades vd. ( )
Ascophyllum nodosum e

. Biitiin Ekmek Hall vd. (2012)
(makroalg-kahverengi alg)
Saccharina latissima,
Palmaria palmata,
Gracilaria verrucosa, Biitiin Dondurma, taze peynir, ekmek Mouritsen vd. (2012)
Saccharina japonica
(makroalgler)

Yenilebilir fil
Kirmizi alg Biitiin (toz) cnrebririm - Shin vd. (2012)
(peynir ve pastirma igin)

Gelidium corneum Biitiin Yenilebilir film Song vd. (2013)

(Makroalg-kirmiz alg)

(fiime 6rdek eti)

Arthrospira fusiformis

Biyokiitl Ekmek Ach . (2014

(Spirulina) iyokiitle (toz) me chour vd. (2014)
Spirulina platensis Biyokiitle Makarna De Marco vd. (2014)
Alg (belirtilmemis) Alg yag1 UHT siit Huimin vd. (2014)
Spirulina Toz Atistirmalik Joshi vd. (2014)
Schizochytrium tirleri . R .

(mikroalg) Alg yagi Cilek aromal1 yogurt Lane vd. (2014)
Spirulina S .

(mikroalg, mavi-yesil alg) Biyokiitle Ekstriide gida Morsy vd. (2014)
Spirulina platensis Biyokiitle (toz) Makarna Ozyurt vd. (2015)
Kahverengi alg Biitiin Sosis Salagean vd. (2015)
fi?gﬁ:fgfzmenﬂs Biyokiitle (toz) Beyaz peynir ve dondurma Agustini vd. (2016)
Arthrospira platensis Biyokiitle Ekmek Ak vd. (2016)
Fucus vesiculosus Ekstrakt Mayonez Honold vd. (2016)

(makroalg-kahverengi alg)

(su, aseton, etanol)

Spirulina tiirleri

Biyokiitle (toz)

Cikolata aromali takviye edici toz

Santos vd. (2016)

gida
Dunaliella sali
un anerta satina Toz Makarna El-Baz vd. (2017)
(mikroalg)
Pyropia yezoensis Enzim ve kiiltiir varliginda Yiiksek tuz igerikli sos

(makroalg-kirmizi alg)

fermente edildi

(toz karigim)

Uchida vd. (2017)

Nannochloropsis tiirleri

Rodriguez De Marco

Biyokiitl Mak
(mikroalg) tyokiitle akarna vd. (2018)
Pyropia yezoensis Kiiltiir varliginda fermente .
(makroalg-kirmizi alg) edildi Sos Uchida vd. (2018)
Spirulina tiirleri Biyokiitle (toz) Atistirmalik Lucas vd. (2018)
Spirulina platensis Biyokiitle (toz) Kurabiye Onacik-Giir vd.

(mavi-yesil alg)

(2018)
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EK

Tablo 1. (devami) Alglerin fonksiyonel gida tiretiminde kullanildig1 ¢alismalar

Arthrospira platensis,
Tetraselmis suecica,

Phaeodactylum tricornutum, Biyokiitle Kraker Batista vd. (2019)
Chlorella vulgaris
(mikroalg)
Spirulina platensis Biyokiitle (toz) Ayran Celekli vd. (2019)
Spirulina platensis Biyokiitle Yogurt Da Silva vd. (2019)
Spirulina tirleri Biyokiitle (toz) Atistirmalik bar Lucas vd. (2019)
Spirulina platensis . . Rajmohan ve Bellmer
(fr)) avi—ye;;l alg) Biyokiitle (toz) Ekmek ! (2019)
?;Z:Sifl ;r)a platensis Biyokiitle (toz) Makarna Grahl vd. (2020)
Spirulina platensis Biyokiitle (toz) Bugday ekmegi Ilhan vd. (2020)
1(48};]11:1?1? ;};a platensis Toz Soya fasulyesi icecegi Niccolai vd. (2020)
Gracilaria gracilis Ekstrakte edilen

fikobiliprotein Pankek ve yogurt Pereira vd. (2020)
(makroalg-kirmizi alg) .

(pigment)

Spirulina tiirleri Biyokiitle Makarna Zen vd. (2020)
Spirulina tiirleri Biyokiitle (toz) Sos (toz karisim) Almeida vd. (2021)
Spirulina platensis Biyokiitle (toz) Kefir Atik vd. (2021)
Sargassum boveanum Biitiin Mayonez Savaghebi vd. (2021)

(makroalg-kahverengi alg)
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INTRODUCTION

The number of people suffering from severe
food insecurity worldwide is more than 2.5 times
(precisely 2.56 times) from the earlier which is
135 million to 345 million since 2019 as the onset
of COVID-19 (United Nations 2021; World Food
Programme 2022). Several studies showed that
lockdown hardly hit the farming community
vis-a-vis their production, livelihoods, and food
security (Acharya, 2020; Azim Premji University,
2020; Cebellosetal., 2020; Harris et al., 2020; Jaacks
et al., 2021; Totapally et al., 2020; Vikas Anvesh
Foundation 2020; Lal et al., 2021; Lindsay et al.,
2021). The scores are improving while comparing
the earlier Global Hunger Index (GHI) data. India
has a Buffer stock of Wheat (602.91 lakh MT) &
Rice (299.25 lakh MT), making the pooled value
of food grains (902.16 lakh MT) as of June 2021
which is enough to meet the operational need for
food grains and exigencies at any moment (Food
Corporation of India, 2022). With this capacity,
if India stake one Jute Sack of food grains over
another, they will reach the moon and can come
back and still cover more than 1/3rd journey of
the moon (2.347 times moon distance capacity).
But the irony is that recently, India ranked
101st out of 116 nations in the Global Hunger
Index (GHI) 2021 (IFPRI, 2022). It is estimated
that 537 million people are currently suffering
from diabetes and this number is estimated to
increase globally as time passes with current
projections showing this number may rise up
to 783 million globally by 2045 (Statista, 2022).
India is often referred as the “Diabetic capital
of the world” and it accounts for 17% of total
diabetic patients globally currently close to 80
million people in India are living with diabetes
(Times of India, 2022). Due to this fast lifestyle in
the 21% century diabetes is increasing and ultra-
processed food being in trend in this day and
age that has increased obesity (NIH, 2019). The
use of palm oil in developing countries in fast
food and fried snacks has drastically increased
the risk of cardiovascular disease (Zuckerman,
2018). But, fact of the matter is India has the
traditional wisdom of Ayurveda. Ayurveda is
a union of 2 words from the Sanskrit language,
‘ayus’, meaning ‘life” and ‘veda’, which denotes
‘science’; thus, Ayurveda precisely means the
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‘science of life. There are different food habits
of the Indian population. Different food habits
have their own pros & cons. Every Ayurvedic
food is traditional, but every traditional food
cannot be called Ayurvedic in nature. Mostly,
traditional & Ayurvedic foods are considered the
same, but there is a pinpoint difference between
these, which has been discussed in detail in
this manuscript. Ayurvedic foods are very
useful and are found to be balanced & best for
consumption for a healthy lifestyle. Ayurvedic
foods can prevent various diseases. This study
focuses on the traditional food culture prevalent
in our country.

History

Urbanization began in the Indus plains in
the Indian subcontinent around 2600 BC. The
world’s largest metropolises at that era were
Harappa and Mohenjo-Daro, which rose to
prominence around 2600 BCE (Ahamed et al.,
2019). The Harappan folks consumed protein-
(edible balls)
more than four thousand six hundred years

rich, multigrain “laddoos”

ago (4600 years ago), according to a scientific
investigation of the discovered material in the
course of excavation in Rajasthan, which reveals
the residents of Harappa practiced agriculture
under favorable climatic circumstances. In 2017,
while excavating a Harappan archaeological site
at a settlement, seven “laddoos” were found in
village 4 MSR (4 MSR is the name of a village and
has no specified full form; 29-12" 24.48" N, 73°09’
20.16" E) (formerly called Binjor) in Anupgarh
Tehsil in Sri Ganganagar district of western
Rajasthan near the Pakistani border amid 2014
& 2017 (Agnihorti et al., 2021; Tewari, 2021).
At the Harrapan site in the Anupgarh Tehsil
of Rajasthan, seven large brown “laddoos,”
two bull sculptures, and a hand-held copper
adze (implement similar to an axe for shaping
& cutting wood) were discovered. These well-
preserved food balls, which date to roughly
2600 BCE, were discovered. (Agnihorti et al.,
2021; TFPJ, 2021). Moong dal, millet, cereals and
other legumes were the main ingredient in these
laddoos. Finger millet was the richest source
of calcium and iron. Calcium deficiency leads
to bone and teeth issues; while iron deficiency
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leads to anaemia and these anomalies can be
reduced by incorporating finger millet in one’s
daily diet (Pragya & Rita, 2012). Later, complete
organic-geochemistry of laddoos was carried out
at BSIP (Birbal Sahni Institute of Palaeosciences)
& NBRI (National Botanical Research Institute),
Lucknow, India. Multinutritious compact
“laddoos” were consumed by the people of
Harappa as a meal supplement for immediate
nutrition. Multigrain Ladoos used in ancient
times, need to be in the mainstream again to

alleviate the hidden hunger.
MATERIALS AND METHODS

Analysis of data that has already been acquired
by others is referred to as secondary data
analysis (Srivastava & Lal, 2021). In this research,
secondary data were used to show the changing
scenarios of the country’s nutritional status
with various parameters from the primary
data collected by the Ministry of Health and
Family Welfare (MoHFW) and the International
Institute for Population Sciences (IIPS & ICF,
2021). National Family Health Survey (NFHS-
5), 2019-21; and the hunger status of various
countries from the primary data collected by
the International Food Policy Research Institute

(IFPRI) in the Global Hunger Index Report
(IFPRI, 2022) have also been investigated.

RESULTS AND DISCUSSION

The world hunger is increasing and people are
suffering from malnutrition and scarcity of food.
Due to this people die and become vulnerable to
many health problems. Situations like COVID-19
global pandemic, and the Russia-Ukraine war
drastically escalated the problem of hunger and
food insecurity globally.

World Hunger Index 2021

The Global Hunger Index computes hunger
globally, regionally, and by nation. As shown in
Table 1, India ranked 101 among 116 countries
in the World Hunger Index of 2021, scoring 27.5,
thus falling under the “serious” category.

In Fig. 1, different categories have been shown
vis-a-vis the condition of the countries based on
their ranking in the World Hunger Index 2021, as
shown in Table 1 (IFPRI, 2022).

Breastfeeding Status in India

Breastfeeding is the most effective way to ensure
children’s health & survival right from the birth

Table 1. World Hunger Index Ranking in the 21¢ century.

2021 Rank Countries 2000 2006 2012 2021
101 Republic of India 38.80 37.40 28.80 27.50
102 Papua New Guinea 33.60 30.30 33.70 27.80
103 Islamic Emirate of Afghanistan 50.90 42.70 34.30 28.30
103 Nigeria 39.50 32.50 30.40 28.30
105 Republic of Congo 34.90 34.60 28.50 30.30
106 Mozambique 48.00 38.20 31.50 31.30
106 Sierra Leone 57.70 52.70 34.70 31.30
108 Timor-Leste - 46.10 36.20 32.40
109 Haiti 42.00 43.60 35.20 32.80
110 Liberia 48.10 40.00 35.00 33.30
111 Republic of Madagascar 42.80 41.60 34.30 36.30
112 The Democratic Republic of the Congo 50.60 45.30 42.30 39.00
113 Republic of Chad 50.80 51.20 45.70 39.60
114 Republic of Central Africa 48.90 48.00 40.50 43.00
115 Republic of Yemen 41.00 38.80 38.40 45.10
116 Federal Republic of Somalia 58.10 57.90 65.10 50.80

Moderate Serious
(<9.9) (10.0-19.9) (20.0-34.9) (35.0-49.9) = 50.0)

Fig.1. Colour-coded World Hunger Index Continuum (Low to Extreme)
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to up to 6 months. As in this time span child is
solely dependent on the mother and breast milk
for their proper physical & mental development.
Breastfed children perform better on IQ test
(WHO 2022).

The percentage of new-borns who were
breastfed within 1 day of birth has been shown
in Fig. 2. India has been divided into 6 zones viz.,
North, Central, East, West, South, and North-
East, as per breastfed nature of the new-born.
The breastfeeding status of the states having
the maximum and the minimum percentage per
zone is given. In the North zone, Ladakh had
the highest breastfeeding percentage (92.5%)
while Chandigarh had the lowest breastfeeding
percentage (73.4%). For the Central zone,
Chhattisgarh has the highest (92.1%), and Uttar
Pradesh has the lowest (81.0%) percentage. In
the East zone, Odisha accounts for the highest
(93.3%) & Bihar for the lowest (84.5%). In the
Northeast zone, Meghalaya has the highest
(94.6%) & Arunachal Pradesh has the Lowest
(81.7%) percentage. Goa has the highest (92.6%)
in the West zone, whereas Gujarat has the
lowest (85.9%) percentage. For South zone,
Lakshadweep has the highest (99.1%), and

65°0.00" 70°0.00" 75°0.00" 80°0.00"

Telangana has the lowest (87.8%) value. The

overall breastfeeding status country stands at
86.8% (NFHS- 5, 2021).

At Fig. 3 unveiled the different reasons for which
growing children require nutrition, viz., for
development, physical activities, learning, and
better immunity. In the COVID-19 pandemic,
immunity played a vital role which is directly
related to good nutrition.

Comparison of Nutritional Status of Children
(NFHS-4 vs. NFHS-5)

The frequency of stunting and under-weight
has dropped since 2015-16. As shown in Fig. 4,
stunting reduced from 38% in 2015-16 to 36% in
2019-21 during the last 5 years. The prevalence
of wasting has decreased during the same time
frame, falling from 21% in 2015-16 to 19% in
2019-21.

Now it’s time to think a way out to overcome
from this vicious cycle of hunger. For this
problem, awareness programme like National
Nutrition Week will come handy.
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Fig. 2. Percentage of the new-born who was breastfed within 1 day of birth (Source: NFHS- 5, 2021)
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Themes of National Nutrition Week

National Nutrition Week is celebrated annually
from 1* to 7" September in India, and since 2018
the Government of India has been celebrating
National Nutrition Month (Lal and Kumari,
2022). The week is celebrated to raise awareness
among people regarding proper nutrition and
diet. Table 2 exhibits the themes of National

Nutrition Week for the past 10 years.

Five Keys to a healthy diet are recommended by
WHO (2020), as shown in Fig. 5. If one follows
these 5 keys, then the propensity for healthy life
and body increases.

Every Ayurvedic food is traditional, but not
every traditional food can be Ayurvedic.

Requirement
of Nutrition

for Growing
Children

Fig. 3. Nutritional requirements of growing children

Trends in Nutritional Status of Children

Percentage of children age 0-59 months
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21
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Wasted (low weight-for-height) Underweight (low weight-for-age)

" NFHS-4 = NFHS-5

Fig. 4. Trends in nutritional status of children (Source: NFHS- 5, 2021)
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Ayurveda is one of the oldest healthcare systems
that evolved in the Indian Subcontinent. The
word Ayurveda encompasses 2 words- ayu (life)
and veda (knowledge), it deals with various
aspects related to health and wellbeing in their
diverse aspects, such as happy life, healthy
body, and longevity (Payyappallimana &
Venkatasubramanian, 2016). Ayurvedic foods
consists of satvika food and are thought to be
pure and balanced food, offering feelings of
calmness, happiness, and mental clarity. The
word “sattvika” means “pure essence”. Table 3
divulged the difference between Ayurvedic and
Traditional Foods in India.

CONCLUSION

After spreading awareness through National
Nutrition Week, various government-sponsored
schemes, and other awareness programmes,
their impact must be accessed. For this proper
questionnaire should be framed and by testing
its reliability and validity by using various tools
and techniques viz., Kappa coefficient, quartile
method, intraclass correlation by Fisher. In
comparing chief cereals, the finger millet grains
have a much higher level of calcium (>300 mg/100
g). Finger Millet is treated as an orphan crop that
may help in mitigating the calcium deficiency
in the semi-arid tropics of Asia and Africa. So,
nutritionally the finger millet is one the richest

Table 2. Theme of National Nutrition Week for the past 10 years

S.No. Year Theme

1 2013 Dinnertime Project — Eat, Cook, and Enjoy
2 2014 Nutritional Diet: Country's Foundation

3 2015 Better Nutrition: Key to Development

4 2016 Life cycle approach for better Nutrition

5 2017 Optimal Infant & Young Child Feeding Practices: Better Child Health
6 2018 Go Further with Food

7 2019 Nutrition Behaviour, Every home

8 2020 Eat Right, Bite by Bite

9 2021 Feed smart right from the start

10 2022 Celebrate a World of Flavors

Breastfeed Babies &
Young Children

Eat Varities of Food

Eat Plentiful
Vegetables and Fruits

Eat Fewer Amount of
Salts and Sugar

Fig. 5. Five keys to a healthy diet (WHO, 2020)
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source of Fe and Ca among all crops. In present

India, millet festivals are still observed (Niyogi,
2018). The research concludes that a healthy,
nutritious diet is the need of the mitigation both

ends of the continuum i.e., from wasting (acute

malnutrition) to obesity.

Table 3. Difference between Ayurvedic and Traditional Foods

S.No. Particulars Ayurvedic Food Traditional Food
I. Food Categories Consists of only Satvika food Consists of Satvika, Tamsika & Rajsika
foods

2. Therapeutic Effect More Comparatively less

3. Immunity Enhances immunity through | No therapy is used but can induce
Rasayana therapy immunity

4. Focus Area More on health More on taste & flavors

5. Knowledge Gained through ancient texts like | Gained from ancestors and passed on
Charaka Samhita & the Sushruta | from generation to generation
Samhita

6. Food Diversity Less More

7. Principles 5 viz., Air, Water, Space, Earth, and | No such principles
Fire

8. Balance Balancing diet depending on prakriti | Balancing diet based on food
(Nature) of food ingredients

9. Nutritional Element Panchamahabhuta (5 elements) Calories, protein, fats, carbohydrates,

vitamins, minerals

10. Variation according to region | Do not varies Varies according to different regions

11. Why we eat To take in prana to live Personal preference, habit, flavors etc.

12. Dietary Recommendations Depends on the nature of the food Depends on the food groups

13. Effect on Body, mind and soul Body specifically

14. Importance Deals with Tridosha namely vata, | Calorific value of food
pitta, and kapha

15. Documentation More Less

16. Examples Herbal rice drink, Bamboo shoot | Saag, Rabdi, Ginna
curry, Jaljira powder juice
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