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ABSTRACT

This study aimed to investigate the effect of partial replacement of oat powder at an addition
rate of (4%) and at a replacement rate of (50%) of the filler material, which is wheat flour, to
produce beef burgers stored in the freezer at a temperature of (-18 + 2) degrees Celsius during the
storage period for (45) for three periods (1, 15, 45) days during which the chemical and physical
characteristics were examined and monitored. The study was conducted on two treatments of beef
burgers, the first treatment (T1) is the control without replacement and the second treatment (T2)
was partially replaced with oats at a rate of (50%). The results showed a significant increase
(P<0.05) in the percentage of protein, ash and water holding capacity (WHC) for the replacement
treatment (T2) compared to the control treatment (T1) with a significant decrease (P<0.05) in the
values of total volatile nitrogen (TVN), the percentage of free fatty acids (FFA), loss during
thawing and loss during cooking for the treatment Replacement (T2) compared to the control
treatment (T1) and the stability and stability of the level of each of the Ph value, peroxide values
(PV) and thiobarbituric acid (TBA) concentration. within the standard limits compared to the
control treatment (T1). The results showed a clear and noticeable improvement for all the studied
traits.
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INTRODUCTION vitamins, and minerals, but it lacks dietary
The significant increase in demand for meat fiber, which is an essential element for human
products, in addition to the intense competition health (Elsorougy, 2025). Fiber can be
in the market, has led to the emergence of new obtained from sources such as grains, legumes,
and innovative methods in this industry. The fruits, vegetables, and their by-products, which
global meat industry seeks to develop more have multiple nutritional, functional, and
advanced production and manufacturing health benefits. Therefore, these fibers can be
methods to meet the increasing and changing added to meat products to improve their
needs of consumers (Rubeii et al., 2023). In physical and chemical properties, enhance
addition to the increasing consumer demand their nutritional composition, and improve
for beef, characteristics such as good flavor, their texture and taste, making them more
health value, safety, and reasonable prices beneficial and acceptable to consumers Plant
remain the most important factors that the proteins rich in nutritional value can be used in
meat industry focuses on to meet customer the manufacture of meat products, which
expectations (Al-Salam et al., 2024). Meat enhances their nutritional value while
producers are developing methods to extend maintaining  consumer  satisfaction and
the shelf life of products while maintaining continued demand for these products. Burgers
their high quality and ensuring their nutritional have become a popular global dish,
safety for consumers. (Radhi et al., 2025) Meat characterized by their great diversity in recipes
is a rich source of high-quality proteins, and ingredients. Among these innovations,
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hybrid burgers have emerged, combining meat
and plant proteins, reducing saturated fat and
offering a healthier option (Ramachandraiah ,
2025). There is a close relationship between
the amount and quality of fat we eat and the
incidence of common diseases such as heart

disease, atherosclerosis and obesity. As a
result, consumers have become more aware
and interested in choosing low-fat foods,
especially when it comes to meat products.
Low-fat burgers are more stable against
oxidation than other types (Saber et al., 2023).
The quality of low-fat meat products can be
improved by using fat substitutes, where fat is
replaced with protein-based, carbohydrate-
based or alternative fats. This approach is an
effective alternative to reducing the fat content
of meat, especially when using non-meat
ingredients, as it provides functional benefits
and high nutritional values, which helps
improve the texture and flavor of the product
while maintaining its nutritional quality
(Abolgasem and Salama, 2023). Oats (Avena
sativa L.) are annual herbaceous plants
belonging to the Gramineae family, and are
widely cultivated in many regions around the
world, such as the European Union, Canada,
the United States, Australia, etc. (Abood,
2020; Li et al., 2023). Cereals are mainly
cultivated for their nutritious and edible grains,
which are widely consumed around the world.
Oats are the sixth most important cereal crop
in the world, after wheat, maize, rice, barley,
and sorghum. Oats have great potential to be a
superfood, offering a variety of health benefits
and distinctive nutritional properties. They
contain all the essential nutrients, such as
carbohydrates, proteins, vitamins, minerals,
and antioxidants, in addition to soluble fiber.
Due to their high nutritional value and health
benefits, oats have increased significantly in
popularity in recent years (Ihsan et al., 2022).
Oats are a valuable and affordable raw
material, making them ideal for widespread
use in the food industry. These grains deserve
great attention in the fields of research,
processing, and food applications, as they can
effectively contribute to improving people’s
health. The wider use of oats and their
compounds, such as beta-glucan, opens up
new avenues for enhancing health benefits. In

2210

addition, there is a growing demand for food
products with high nutritional value and
health-promoting properties, making oats an
ideal choice in this area (Leszczynska et al.,
2023). It also has a high nutritional and health
value, and is considered one of the most
important  global cereal crops. What
distinguishes it in particular is its high content
of beta-glucan, a substance that may not be
available in the same quantities in other types
of grains (Mao et al., 2022). The demand for
foods rich in nutritional value and subjected to
minimal processing is increasing, especially
those with clear health benefits. Whole oats
are one of the most prominent of these foods,
as clinical studies show its role in the
prevention and treatment of many health
problems, such as high blood pressure
Atherosclerosis, obesity, and digestive
disorders, in addition to reducing the risk of
some types of cancer associated with diet and
other health conditions (Darewicz et al., 2022).
It is considered one of the abundant plant
sources in Iraq and its abundance and cheap
prices in local markets and the many benefits it
has, so the study worked to follow the changes
that occur in the chemical composition and to
improve the qualitative characteristics of beef
burger.

MATERIALS AND METHODS

This study was conducted in the Faculty of
Agriculture Faculty / University of Baghdad in
2025, and calf cut was purchased from the
local markets of Baghdad and the physical
separation process of the thigh was carried out
to separate the meat from the fat and bone,
after storing it in the refrigerator for 24 hours
at a temperature of 4 degrees Celsius, then the
meat was cut into small pieces of 2 cm3 to
facilitate the mincing process. The lean beef
was minced twice using a clamp with holes
diameters (8 mm and then 5 mm).800 grams of
meat add 100 grams of fat. Oats, wheat, salt
and spices were obtained for the study from
the local markets of Baghdad Governorate.
After grinding and smoothing them, they were
stored in the freezer at a temperature of -18 C
until use. All the materials used were mixed
manually using sterile medical gloves for each
treatment. After calculating the quantities of
materials and preparing them according to
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Table (1), burger patties weighing 100 grams
were manufactured using locally made molds.
Then the patties were placed in polyethylene
bags, and a piece of nylon was separated from
each other and closed well. They were stored
in the freezer at a temperature of (-18 + 2) C
for 45 day. The changes in some chemical
components and qualitative and physical
properties were monitored during storage
periods of (A. O. A. C., 2000; Ibrahim, 2023)
day, where the percentage of moisture, protein,
fat and ash were estimated according to the
methods mentioned in (A. O. A. C., 2000), and
the Ph was estimated based on (Wali et al.,
2025), and the percentage of weight loss

during cooking for burgers cooked using a hot
plate according to method of (Mir et al., 2023)
and the peroxide values were calculated. (PV)
and values of Thio barbituric acid (TBA), total
volatile nitrogen (TVN), free fatty acids (FFA)
according to (Ali Altaee et al., 2025), water
holding capacity (WHC), and estimation of the
Thaw loss (Al-Salmany, and. AL-Rubeii,
2020). The data were statistically analyzed
using the S A S program (SAS, 2018) to study
the effect of different treatments on the studied
traits according to a completely randomized
design (CRD), and the significant differences
between the averages were compared using the
least significant difference (LSD) test.

Table 1. Proportions of materials used in preparing the beef burger

. precise precise . .
Treatment meat Calf Fats Animal Wheat Oats Salt Garlic Spices
gram gram % % %
gram gram
control Tl 800 100 100 1.5 0.25 0.5
Oats replacement ratio
%50 T2 800 100 50 50 1.5 0.25 0.5
RESULTS AND DISCUSSION powder and soy protein, in the factory turkey
Table (2) shows the effect of partial burger. It is also noted from the data of Table
replacement of oats on the chemical (2) that there is a significant difference

composition of beef burger. It is noted that
there is a non-significant difference (P<0.05)
in the moisture percentage of beef burger
samples for the control treatment (T1) and the
replacement treatment (T2) throughout the
storage period, as the highest value for the
control treatment (T1) was 75.05% at (1) day
of freezing storage and the lowest value was
70.13% at (45) days of freezing storage, which
shows a significant decrease (P<0.05) in the
moisture percentage of the control treatment
(T1). As for the replacement treatment (T2),
the highest value for the moisture percentage
was 72.97% at (1) day of freezing storage and
the lowest percentage was 71.58% at (45) day
of freezing storage, which was a non-
significant decrease, unlike the control
treatment (T1), which had a lower percentage
of it. This is due to the effect of the
replacement ratios of the fillers used that work
to tighten and bind water to the rest of the
burger components. The factory and thus the
high moisture percentage, (Ali Altaee et al.,
2025) indicated that the moisture percentage
increases with the increase in the concentration
from plant extracts alternative, fava bean
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(P<0.05) in the percentage of protein within
one treatment, which is the control treatment
(T1), with the advancement of the freezing
storage period, and there are insignificant
differences (P<0.05) between the control
treatment (T1) and the replacement treatment
(T2), where the highest percentage for the
control treatment (T1) was 20.83% at (45)
days of freezing storage, and the lowest
percentage for the control treatment (T1) was
18.93% at (1) day of freezing storage, while
the highest percentage for the replacement
treatment (T2) was 22.57% at (45) days of
freezing storage, and the lowest percentage for
the replacement treatment (T2) was 19.79% at
(1) day of freezing storage, and the reason is
that oats added protein percentage in addition
to their ability to retain water, and thus will be
reflected in the percentages of other
components, while Tkaczewska et al.,(2024)
noted a decrease in the percentage of protein in
processed meat products with an increase in
the percentage of vegetable additions
including bran, bread and flour. It was noted
from Table (2) that there were no significant
differences (P<0.05) between the control
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treatment (T1) and the replacement treatment
(T2) throughout the freezing storage period
and a slight increase in the percentage of fat
for both treatments, as the highest value for the
control treatment (T1) was 2.61% at (45) days
of freezing storage and the lowest value for the
control treatment (T1) was 2.53% at (1) day of
freezing storage, while the highest percentage
for the replacement treatment (T2) was 3.05%
at (45) day of freezing storage and the lowest
percentage for the replacement treatment (T2)
was 2.89% at (1) day of freezing storage. The
reason for the increase in the percentage of fat
is attributed to the decrease in the moisture
percentage with the advancement of the
freezing storage period, as Mahfouz (2021)
noted that replacing fats with red bean powder
contributed to reducing the total percentage of
fat in the burger, and also led to improving its
properties in general. This approach relies on
using plant-based ingredients as healthy
alternatives to fats, making the burger less

percentage of the control treatment (T1) and
the replacement treatment (T2) throughout the
freezing storage period, where the highest
percentage for the control treatment (T1) was
1.95% at (45) days of freezing storage and the
lowest percentage for the control treatment
(T1) was 1.82% at (1) day of freezing storage,
while the highest percentage for the
replacement treatment (T2) was 2.44% at (45)
days of freezing storage and the lowest
percentage for the replacement treatment (T2)
was 2.37% at (1) day of freezing storage. The
reason for this is the decrease in the moisture
content during the storage period and the
added amount of oats and the fibers it contains
is the reason for the increase. These results are
consistent with AL- Shamery (2016), who
noted that adding a larger amount of wheat
germ powder led to an increase in the ash
percentage in the burger, which reflects an
increase in its mineral percentage. This
confirms the role of plant ingredients, such as

fatty and more beneficial. Table (2) also shows wheat germ powder, in enhancing the
that there was a significant increase and nutritional percentage of the product.
differences (P<0.05) for ash between the
Table 2. Effect of oat substitution (4%) on the chemical composition of frozen beef burger
Freezing storage time / day LSD value
Chemical composition Raw materials 1 15 45
control T1 75.05 73.23 70.13 3.89 *
. Oats replacement ratio 72.97 72.65 71.58 2.94 NS
Moisture S —-
LSD value 3.59 NS 3.08 NS 2.76 NS ---
control T1 18.93 19.56 20.83 1.93 *
Oats replacement ratio 19.79 20.67 22.57 237 *
Protein LSD value 1.82 NS 1.55NS 2.06 NS
control Tl 2.53 2.55 2.61 0.431 NS
. Oats replacement ratio 2.89 2.92 3.05 0.296 NS
t - — [
. LSD value 0.502 NS 0.517 NS 0.487 NS ---
control T1 1.82 1.86 1.95 0.287 NS
Oats replacement ratio 2.37 2.39 2.44 0.302 NS
Ash LSD value 0.416 * 0.445 * 0.429 * ---
(P<0.05 ) *
Table (3) shows the effect of partial treatment (T2) throughout the freezing storage

replacement of oats on the tests and chemical
characteristics of frozen-stored burger discs. It
is noted that there were no significant
differences (P<0.05), but a slight increase in
the peroxide value (PV) (milliequivalents/kg
fat) for meat burger samples, whether for the
control treatment (T1) or the replacement
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period, where the highest value for the control
treatment (T1) was 5.43 mequivalents/kg at
(45) days of freezing storage and the lowest
value was 5.10 mequivalents/kg at (1) day of
freezing storage, while the replacement
treatment (T2) had the highest value of 5.24
mequivalents/kg at (45) days of freezing
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storage and the lowest value was 5.15
mequivalents/kg at (1) day of freezing storage.
Thus, the results show a slight decrease and

stability in the peroxide value (PV).
(milliequivalent/kg fat) for the replacement
treatment (T2) within the standard limits and
improving the quality and  sensory
characteristics. The reason for the decrease is
due to the content of oats and chia of
substances that have antioxidant activity and
thus reduce the oxidation of fats. This is
reflected in the decrease in peroxide values

(PV) as noted by AL-Salam and Ayad (2024).
Table (3) shows the effect of partial
replacement of oats on the values of
thiobarbituric acid (TBA) (mg
malondialdehyde/kg meat) without any
significant differences (P<0.05) between the
control treatment (T1) and the replacement
treatment (T2) throughout the freezing storage
period, as the highest value for the control
treatment (T1) was 0.59 (mg
malondialdehyde/kg meat) at (45) days of
freezing storage and the lowest value was 0.39
(mg malondialdehyde/kg meat) at (1) day of
freezing storage, which had significant
differences (P<0.05) for the same treatment
during the freezing storage period. As for the
replacement treatment (T2), its highest value
was 0.52 (mg malondialdehyde/kg meat) at
(45) days of freezing storage and the lowest
value was 0.46 (mg malondialdehyde/kg
meat). Meat after (1) day of freezing storage,
which is a slight increase that does not affect
the quality or sensory characteristics. The
reason for the increase in concentration with
the advancement of storage is due to the
increase in the concentration of
malondialdehyde, which is a product of the
oxidation of fats and the decomposition of
peroxides. These results agreed with AL-
Esawi and Al-Farraji, (2016). Table No. (3)
also shows the partial effect of oats on the
values of total volatile nitrogen (TVN) (mg
N/100/g meat) for beef burger. It is noted that
there were significant differences (P<0.05)
between the control treatment (T1) and the
replacement treatment (T2) during two periods
of freezing storage, which are (15, 45) days,
and there were significant differences (P<0.05)
for the control treatment (T1) throughout the
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storage period, as the highest concentration for
the control treatment (T1) was 6.82 (mg
N/100/g meat) at (45) days of freezing storage,
and the lowest concentration for the control
treatment (T1) was 5.85 (mg N/100/g meat) at
(1) day of freezing storage, while the highest
concentration for the replacement treatment
(T2) was 5.40 (mg N/100/g meat) at (1) day of
freezing storage. The lowest concentration for
the replacement treatment (T2) was 5.38 (mg
N/100/g meat) at (15) days of freezing storage,
which indicates a significant decrease in the
concentration of total volatile nitrogen (TVN)
for the replacement treatment (T2) due to
slight protein degradation resulting from the
activity of the autolytic enzymes of the
protein. This is consistent with Miao (24) that
the concentration of total volatile nitrogen
(TVN) increases with increasing storage time
and within the permissible limits and did not
affect the quality and decreased significantly
in the treated sample. The table shows the
effect of partial replacement of oats on the
percentage of free fatty acids (FFA) of beef
burger. It is noted that there are significant
differences (P<0.05) between the control
treatment (T1) and the replacement treatment
(T2) at (45) days of freezing storage and a
decrease in the percentage of free fatty acids
(FFA) in the replacement treatment (T2). It is
also noted that there are significant differences
(P<0.05) and an increase in the percentage of free
fatty acids (FFA) for the control treatment (T1)
during the period (1, 15, 45) days of freezing
storage, where the highest percentage for the
control treatment (T1) was 0.65% at (45) days of
freezing storage and the lowest percentage for the
control treatment (T1) was 0.46% at (1) day of
freezing storage, while the highest percentage for
the replacement treatment (T2) was 0.44% at (45)
days of freezing storage and the lowest percentage
for the replacement treatment (T2) 0.38% at (1)
day of freezing storage, indicating a decrease in the
percentage of free fatty acids (FFA) due to the oats
containing antioxidants, which is similar to what
Al-Salam and Ayad (2024) observed, that the
replacement  treatments  contain  phenolic
compounds and flavonoids that act as antioxidants,
so the percentage of free fatty acids (FFA)
decreases, thus maintaining the quality and
improving the qualitative characteristics of the
product.


https://doi.org/10.36103/9smhg954

Iraqi Journal of Agricultural Sciences —2026:57(8):2209-2218
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/9smhg954

URNAL OF AGRICUI

Table 3. Effect of substitution of oats (4%) on some characteristics of frozen beef burger

Freezing storage time / day LSD value
Chemical tests Raw materials 1 15 45
T1 control 5.10 5.18 543 P.342 NS
Oats replacement ratio 0292 NS
I T2 %50 5.15 5.17 5.24 '
(mEqg/kg fat)
LSD value 0.349 NS 0.294 NS 0.307 NS
T1 control 0.39 0.43 0.59 0.137 *
TBA Oats repgcf/“;%m ratio 0.46 0.47 0.52 0.129 NS
()
mg MDA/kg
LSD value 0.097 NS 0.084 NS 0.078 NS
T1 control 5.85 6.12 6.82 0.772 *
Oats replacement ratio
TVN T2 %50 5.40 5.38 5.39 0.298 NS
T1 control 0.46 0.51 0.65 0.182 *
Oats replacement ratio
FFA T2 %50 0.38 0.39 0.44 0.076 NS
(%)
LSD value 0.091 NS 0.134 NS 0.174 *
*(P<0.05)

Table No. (4) shows the effect of partial
replacement of oats on the Ph values of frozen
beef burger. It is noted that there were no
significant differences (P<0.05) and a slight
increase in the Ph in both the control treatment
(T1) and the replacement treatment (T2)
throughout the freezing storage period. The
highest value for the control treatment (T1)
was 5.93 at a period of (45) days of freezing
storage and the lowest value for the control
treatment (T1) was 5.56 at a period of (1) day
of freezing storage, while the highest value for
the replacement treatment (T2) was 5.73 at a
period of (45) days of freezing storage and the
lowest value for the replacement treatment
(T2) was 5.52 at a period of (1) day of freezing
storage. The values of the replacement
treatment (T2) decreased slightly from the
values of the control treatment (T1) during the
freezing storage periods and within the
standard limits of the Ph, thus maintaining the
quality and qualitative characteristics. The
physical characteristics of the product and the
reason for the oats containing minerals and
their high absorbability were similar to those
of AL-Salam (7). Table (4) shows the effect of
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partial replacement of oats on the water
holding capacity (WHC) of frozen beef. It is
noted that there is an increase and significant
differences (P<0.05) in the water holding
capacity (WHC) in the replacement treatment
(T2) at a period of (45) days of freezing
storage and a significant decrease (P<0.05) in
the water holding capacity (WHC) in the
control treatment (T1) throughout the freezing
storage periods (1, 15, 45) respectively, where
the highest value for the control treatment (T1)
was 17.37 at a period of (1) day of freezing
storage and the lowest percentage for the
control treatment (T1) was 14.48 at a period of
(45) days of freezing storage, which indicates
a significant decrease (P<0.05) in the water

holding  capacity (WHC)  with  the
advancement of the storage period, while the
highest percentage for the replacement

treatment (T2) was 17.83% at a period of (1)
day. From freezing storage and the lowest
percentage of the replacement factor (T2)
16.82% at a period of (45) days of freezing
storage and the reason for the loss and low
water retention is the effect of freezing and
protein deterioration and loss of part of the
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meat’s water-holding capacity (WHC) and the
addition of oats reduced the loss percentage
and works to absorb and retain water and
reduce the loss during the freezing storage
process because it contains fibers such as beta-
glucan and the high Ph increases the water-
holding capacity (WHC) and these results are
close to AL-Salmany (2020). Table No. (4)
Shows the effect of partial replacement of oats
on the percentage of loss during thawing of
beef burger. It is noted that there is a decrease
and a significant difference (P<0.05) in the
percentage of loss during thawing for the
replacement treatment (T2) and the control
treatment (T1) during the freezing storage
period (15,45) days, and there is a significant
increase (P<0.05) in the percentage of loss
during thawing with the advancement of the
freezing storage period (1,15,45) for the
control treatment (T1), where the highest
percentage for the control treatment (T1) was
4.98% at a period of (45) days of freezing
storage, and the lowest percentage for the
control treatment (T1) was 3.86% at a period
of (1) day of freezing storage, and thus there is
an increase in the percentage of loss during
thawing, while the highest percentage for the
replacement treatment (T2) was 3.75% at a
period of (1) day of freezing storage, and the
lowest percentage for the replacement
treatment (T2). 3.62% at a period of (45) days
of freezing storage, and thus a decrease in the
percentage of loss during thawing with the
advancement of freezing storage periods. The
reason for this is that oats have the ability to
absorb and retain water due to their high
content of dietary fibers, and it works to form
small ice crystals during freezing, thus
preserving meat proteins from major changes,
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and thus improving the quality and qualitative
and physical characteristics. These results are
similar to AL-Shamry (2016). Table No. (4)
shows the effect of partial replacement of oats
on the percentage of loss during cooking of
beef burger and shows a decrease and
significant  differences (P<0.05) in the
percentage of loss during cooking in the
replacement treatment (T2) compared to the
control treatment (T1) and significantly
throughout the periods (1, 15, 45) days of
freezing storage, where the highest value for
the control treatment (T1) was 27.46% at a
period of (45) days of freezing storage and the
lowest value for the control treatment (T1) was
25.82% at a period of (1) day of freezing
storage and there were no significant
differences for the same treatment according to
the different periods (1, 15, 45) days of
freezing storage, while the highest percentage
for the replacement treatment (T2) was
20.47% at a period of (45) days of freezing
storage and the lowest value for the
replacement treatment (T2) was 19.78% at a
period of (1) day of freezing storage and that
this decrease and significant difference
(P<0.05) The percentage of loss during
cooking in the replacement treatment
throughout the freezing storage periods
improves the quality and maintains the
qualitative and physical characteristics of the
product. The reason for this is that adding oats
increases the water holding capacity (WHC)
and retains and stabilizes water and fat in the
meat mixture because it contains fibers and
proteins that reduce the loss during cooking
the longer the freezing period, as indicated by
AL-Shamry (2016).
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Table 4. Effect of oat substitution (4%) on some physical properties of frozen beef burger

Freezing storage time / day valueLSD
Physical properties Raw materials 1 15 45 ---
controlT1 5.56 5.64 5.93 0.429 NS
Oats replacement ratio
pH 9450T2 5.52 5.58 5.73 0.398 NS
(%) valueLSD 0.329 NS 0.302 NS 0.337 NS
controlT1 17.37 16.58 14.48 2.274 *
WHC Oats replacement ratio 17.83 17.38 1682 1270NS
(%) %50T2
valueLSD 1.04 NS 1.39 NS 2.19 *
controlT1 3.86 4.26 4.98 0.604 *
Thaw loss Oats rel(?/ias%egem ratio 3.75 3.69 362 0314NS
0
(%) valueLSD 0.328 NS 0.433 * 0.672 *
controlT1 25.82 26.12 27.46 2.155NS
Loss during Oats replacement ratio
Cooking 9%50T2 19.78 19.89 20.47 1.962 NS
(%) valueLSD 2.725 * 3.517 * 2.908 *
.(P<0.05 ) *
CONCLUSIONS DOI 10.1088/1755-1315/1487/1/012135

From the results of this study, we conclude
that oat powder can be used as a high protein
filler in the manufacture of frozen beef

burgers,  maintaining  their = chemical,
qualitative and physical characteristics,
improving quality, reducing cost and

preventing undesirable changes during 45 days
of freezing storage. Therefore, we recommend
using oats as a low-cost filler and quality
enhancer in other meat products.
REFERENCES

Abolgasem, F., & Salama, N. A. (2023). Effect
of fat replacers on quality characteristics of
low-fat meat products: A review. Egyptian
Journal of Nutrition, 38(4), 19-28.
https://doi.org/10.21608/enj.2023.242143.101
6

Al-Esawi, M. A. H., & Al-Farraji, E. Z. N.
(2016). Impact of tomato lycopene on the
chemical and physical properties for beef
burger, which was preserved by cooling for 3
weeks. Anbar Journal of Agricultural
Sciences, 14(1), 5-8.

Ali Altaee, Z. H., Saleh Al-Rubeii, A. M., &
Al-Zubaidi, L. A. (2025, April). The Study of
the Activity of Nanocapsules of Anatosides
and Betrootextracts to Extend the Shelf Life of
Beef. InIOP Conference Series: Earth and
Environmental Science (Vol. 1487, No. 1, p.
012135). IOP Publishing.

2216

Al-Salam, Y., Mohammed, M. J., & Ayed, H.
S. (2024). Effect of molecular substitution of
oats and chia powder for animal fats on
chemical indicators and physical properties in
the manufacture of freeze-preserved beef
burgers. Tikrit Journal for Agricultural
Sciences, 24(1), 170-179.
https://doi.org/10.25130/tjas.24.1.14
Al-Salmany, A. S., & Al-Rubeii, A. M. S.
(2020). Effect of cinnamon and turmeric
nanoparticles extract in quality characteristics
of ground beef during freeze storage. Plant
Archives, 20(1), 350-356.

AOAC International. (2000). Official methods
of analysis of AOAC International (17th ed.).
Darewicz, M., Pliszka, M., Borawska-
Dziadkiewicz, J., Minkiewicz, P., & Iwaniak,
A. (2022). Multi-bioactivity of protein digests
and peptides from oat (Avena sativa L.)
kernels in the prevention of the
cardiometabolic syndrome. Molecules, 27(22),
7907.
https://doi.org/10.3390/molecules27227907
Elsorougy, M. A., Abd-Elrahim, S. A.,
Elsawy, M. H., Ramirez, E. R., & Velarde, E.
D. (2025). Red Meat Supply and Value
Chains. Journal of Animal and Poultry
Production, 16(8), 75-80.
https://doi.org/10.21608/jappmu.2025.
402516.1154



https://doi.org/10.36103/9smhg954
https://doi.org/10.21608/enj.2023.242143.1016
https://doi.org/10.21608/enj.2023.242143.1016
https://doi.org/10.25130/tjas.24.1.14
https://doi.org/10.3390/molecules27227907
https://doi.org/10.21608/jappmu.2025.%20402516.1154
https://doi.org/10.21608/jappmu.2025.%20402516.1154

Iraqi Journal of Agricultural Sciences —2026:57(8):2209-2218
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/9smhg954

Ihsan, M., Nisar, M., Nazir, N., Zahoor, M.,
Khalil, A. A. K., Ghafoor, A., Khan, A.,
Mothana, R. A., Ullah, R., & Ahmad, N.
(2022). Genetic diversity in nutritional
composition of oat (Avena sativa L.)
germplasm reported from Pakistan. Saudi
Journal of Biological Sciences, 29(3), 1487—
1500.
https://doi.org/10.1016/].sjbs.2021.11.023
Leszczynska, D., Wirkijowska, A., Gasinski,
A., Srednicka-Tober, D., Trafiatek, J., &
Kazimierczak, R. (2023). Oat and oat
processed products—Technology,
composition, nutritional value, and health.
Applied Sciences, 13(20), 11267.
https://doi.org/10.3390/app132011267

Li, L., Zhang, R., Hu, Y., Deng, H., Pei, X.,
Liu, F., & Chen, C. (2023). Impact of oat
(Avena sativa L.) on metabolic syndrome and
potential physiological mechanisms of action:
A current review. Journal of Agricultural and
Food Chemistry, 71(41), 14838-14852.
https://doi.org/10.1021/acs.jafc.3c02304
Mahfouz, M. Z. (2021). Impact of using red
kidney bean powder as a fat replacer on beef
burger quality. Journal of Research in Specific
Education, 7(36), 1781-1822.

Mao, H., Xu, M., Ji, J., Zhou, M., Li, H., Wen,
Y., Wang, J., & Sun, B. (2022). The utilization
of oat for the production of wholegrain foods:
Processing technology and products. Food
Frontiers, 3(1), 28-45.
https://doi.org/10.1002/1ft2.120

Miao, J., Peng, W., Liu, G., Chen, Y., Chen,
F., & Cao, Y. (2015). Biopreservative effect of
the natural antimicrobial substance from
Lactobacillus paracasei subsp. tolerans FX-6
on fresh pork during chilled storage. Food
Control, 56, 41-46.
https://doi.org/10.1016/j.foodcont.2015.03.005
Mir, S. A., Wani, S. M., Naseem, Z., &
Rizwan, D. (2023). Application of sodium
diacetate, potassium lactate and calcium
lactate as a microbial decontaminant during
processing and storage of the traditional
meatballs (rista). Food Production, Processing
and Nutrition, 5(1), 1.
https://doi.org/10.1186/s43014-022-00115-y

2217

Radhi, A., & SIMSEK, S. A. (2025). The
Association between TLR4 Gene
Polymorphism (TLR4-Rs11536889 G/C) and
Urinary Tract Infections Caused by Multidrug-
Resistant Bacteria among Iraqi
Patients. University of Thi-Qar Journal of
Science, 12(2), 123-130.
https://doi.org/10.32792/utq/utjsci/v12i2.1492
Ramachandraiah, K., Martin, E. M., &
Limayem, A. (2025). Nanofiber-Enabled
Rapid and Non-Destructive Sensors for Meat
Quality and Shelf-Life Monitoring: A
Review. Foods, 14(22), 3842.
https://doi.org/10.3390/foods 14223842

Saber, Y. A., Mohammed, M. J., & Ayed, H.
S. (2023). Use of vegetable fibers as a
substitute for animal fats in the manufacture of
burgers and the study of their qualitative
characteristics. IOP Conference Series: Earth
and Environmental Science, 1214(1), 012011.
https://doi.org/10.1088/1755-
1315/1214/1/012011

SAS Institute Inc. (2018). SAS/STAT user’s
guide (Version 9.6).

Tkaczewska, J., Mungure, T., & Warner, R.
(2024). Is it still meat? The effects of replacing
meat with alternative ingredients on the
nutritional and functional properties of hybrid
products: A review. Critical Reviews in Food
Science and Nutrition, 1-20.
https://doi.org/10.1080/10408398.2024.24307
50

Wali, M. K., Al-Alwani, D. H., Abed, M. M.,
Rahma, M. 1., Dirwal, A. R., Ghazi, H. H., ...
& Obied, W. F. (2025). Antioxidant and
antimicrobial effect of butylated
hydroxylanisole and carnosic acid on lamb
meat under refrigerated storage. Open
Veterinary Journal, 15(7), 3300.
https://doi.org/10.5455/0V].2025.v15.17.41



https://doi.org/10.36103/9smhg954
https://doi.org/10.1016/j.sjbs.2021.11.023
https://doi.org/10.3390/app132011267
https://doi.org/10.1021/acs.jafc.3c02304
https://doi.org/10.1002/fft2.120
https://doi.org/10.1016/j.foodcont.2015.03.005
https://doi.org/10.1186/s43014-022-00115-y
https://doi.org/10.32792/utq/utjsci/v12i2.1492
https://doi.org/10.3390/foods14223842
https://doi.org/10.1088/1755-1315/1214/1/012011
https://doi.org/10.1088/1755-1315/1214/1/012011
https://doi.org/10.1080/10408398.2024.24307%2050
https://doi.org/10.1080/10408398.2024.24307%2050
https://doi.org/10.5455/OVJ.2025.v15.i7.41

Iraqi Journal of Agricultural Sciences —2026:57(8):2209-2218
1JAS 5 P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
?ﬁ DOI: https://doi.org/10.36103/9smhg954

aaaall (g 8 S pall e o) cilieall g (Al quS A Cpeand 8 G gall A 5ad) Jadud) il
AAA\JAMJ)AM cu\)l::u.m;‘)d..):
alai dasls ey 3l Aaig asle IS e Y o le aud

oaldial)

5 A B3l (e (%50) Jatisd Jamar s (%4 ) dlial Ay Gl i) (3 saad A ) Jlaia¥) ) Al jall cubaa
(45) 2al o AN 3ae JA 4y gie dn )3 (24 18- ) 5u)oa Aa )2 o waailly Al g A e ) Z LY dlaiall (3
Orilalaa e Al jall Ay jal 5 ¢ A0 5l 5 Ao i) 5 AlaasSl Claall 28) a5 (and LINA o3 0 50 (45¢15¢1) 220 EO0 ol 5
Aty 85l (5 Il 5 (T2) A0l Alalal 5 JIasid 5% 8 skaandl (o8 (T1) (oY) Alebeall (g2l S ) i
Ahlad ( WHC) slall des 2lia5 alajlly 05l s (3 (P<0.05 s sine gl s il < pelal 285 (%50)
a5 (TVN )il KU g i) iy (P<0.05 ) (55300 2] aa (T1) 3okanad) dlalaay &5 )lia (T2) Jlains)
(T1) 3 ksl Aalaay 45 lae (T2) Jlagias¥) dalaal Felall o) sl o Cyy 5ill £l 2al) 5 ( FFA) 3_all dgiaall alea)
(TBA) b5 )b sl Gadls ad g (PV) 2S5l s (PH) (i soded) 0¥ At (e IS (55 ) 8l 5 il
s gl Cliall maeal 1 sale 5 el 5 et il o yelal 3 (TT) 5 ksadl Alebaay 43 jlie Lpulsl 3 gan) aria
sl Jan A (0S5 ) af asad ainal b yall Apaall aleall Aualide cilals

2218


https://doi.org/10.36103/9smhg954

