JFST No. 174, Vol. 23, August 2026

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran) L3

Scientific Research

Effect of Replacing Vegetable Oil with Anhydrous Milk Fat on the Quality
Properties of Laboratory-Produced Nutella

Wedad Fadhil Abas!, Farah Karim Fanus' & Fatimah Makki Dahham'

1-Department of Home Economics, College of Education for Girls, University of Baghdad, Baghdad, Iraq.

ARTICLE INFO

ABSTRACT

Article History:

Received: 2026/01/24
Review: 2026/05/06
Accepted: 2026/05/11

Keywords:
Animal fat,
fatty acids,
viscosity,

fat-soluble vitamins

10.48311/f5ct.2026.118932.83031

*Corresponding Author E-Mail:
wid.nut82@coeduw.uobaghdad.edu.iq

This study aimed to prepare a healthy Nutella rich in specific fatty acids
(e.g., oleic, palmitic, and stearic acids) and fat-soluble vitamins (A, E, K,
and D) by replacing sunflower oil with anhydrous milk fat (ghee) at
substitution levels of 10%, 20%, and 30%. The effect of this substitution
on the physicochemical and sensory properties of the laboratory-
produced Nutella was investigated. The chemical composition analysis
revealed significant differences (p < 0.05) in fatty acid profiles and
vitamin content among the treatments, while some other compositional
parameters showed no significant differences. The percentages of oleic,
palmitic, stearic, and linolenic fatty acids increased significantly with
increasing substitution levels of anhydrous milk fat, whereas the
percentages of linoleic and arachidonic acids decreased significantly. The
results also indicated a significant increase in the concentrations of fat-
soluble vitamins (A, E, K, and D) as the substitution level increased.
Viscosity analysis showed a statistically significant increase in the
viscosity of the Nutella samples with increasing substitution levels of
anhydrous milk fat. Sensory evaluation revealed thatthe Nutella
treatments containing anhydrous milk fat (ghee) scored higher than the
control treatment (100% sunflower oil) in all sensory properties. Among
the substitution levels, the 20% anhydrous milk fat treatment showed the
highest consumer acceptance.
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1-Introduction

Nutella is a fat emulsion sweet food spread. It
is achieved by homogenizing oil or fat with
hazelnuts, sugar, cocoa, and lecithin [1].
Nutella has a high calorie value due to its high
fat and oil content. Over the years, consumer
demand for Nutella has increased, and this has
prompted changes in product formulations to
make the product more appealing to consumers
[2]. Because some oils and fats carry health
risks when consumed in high quantities,
especially those high in trans fats or with an
imbalanced omega-6 to omega-3 ratio, many
consumers are cutting back on fat or swapping
unhealthy fats for healthier options. Good fats
are beneficial to overall health and also
beneficial for enhancing the nutritional value of
foods. Anhydrous milk fat (commonly known
as ghee) is being considered as a potential
substitute for vegetable oils in spreadable
products because of its peculiar flavor and
nutritional advantages. Ghee is the end product
of the concentration of milk fat, wherein milk,
cream, or butter is heated at a temperature
above 100°C to evaporate the water and solids,
not fat [3].

Ghee is produced on a large scale in India,
Ethiopia, Sudan, and the Middle East [4]. Over
the last ten years, ghee production has also
increased in the United States, Argentina, and
Paraguay, with annual production ranging from
3,000 to 12,000 tons. With the globalization of
the West, animal ghee consumption in Western
countries has somewhat increased, partly due to
concerns regarding artificially trans fatty acids
in vegetable ghee [5]. Studies have proven that
artificially trans fatty acids have a much more
negative impact on cardiovascular diseases,
diabetes, and depression than the naturally
occurring saturated fatty acids in animal fats

[6].

In laboratory mice, ghee (homemade,
traditional, or commercial) was found to have
better effects on total fats and triglycerides in
comparison with vegetable shortening and
sunflower oil [7]. Thus, the potential adverse
health effects of each fatty acid individually
may not have much impact in comparison to
maintaining a good balance between different
fatty acids [8]. Saturated fatty acids raise blood
cholesterol; however, they may have positive
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effects when consumed in moderation. Animal
ghee contains 99-99.5% fat, where saturated fat
constitutes 46-47.8%, monounsaturated fat
36%, and polyunsaturated fat 18% [9]. Ghee is
a rich source of fat-soluble vitamins [10],
particularly vitamins A and E [11]. Essential
fatty acids such as linolenic acid, linoleic acid,
and arachidonic acid are also present in ghee
[12].

Goghrita in animals is one of the oldest
medicines in its systems [13]. It is said to be
helpful in stress and bloating, improving
cognitive  functions, stimulating gastric
secretion, and enhancing digestion [14]. It also
has anti-inflammatory properties that can be
useful in reducing the risk of tumors, improving
the immune system, and relieving
psychological stress. Research has proven that
alpha-linolenic acid, a constituent of ghee,
reduces cholesterol and triglyceride levels and
vision; it is also anti-inflammatory and reduces
weight [15].

Considering the above nutritional and
therapeutic values of anhydrous milk fat
(animal ghee), very limited studies have been
conducted on its utility in manufactured food
products, especially in sweet spreads like
Nutella. Therefore, the present work was
undertaken to replace sunflower oil with
anhydrous milk fat (animal ghee) at three
substitution levels of 10%, 20%, and 30% in the
production of Nutella to develop a healthier
product enriched with beneficial fatty acids and
fat-soluble vitamins.

2- Materials and Methods
2.1. Raw Materials

The raw materials necessary for the
manufacture of Nutella, namely cocoa,
sunflower oil, anhydrous milk fat (animal
ghee), milk, sugar, milk powder, hazelnuts,
lecithin, vanilla, and salt, were purchased from
local markets in Baghdad. The standard recipe
followed by Tlay & Al-Bidhani (2023) was
adopted with some modifications [14]. Table 1
shows the components of the standard recipe.
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Table 1. Ingredients of the standard Nutella mix

Ingredient Percentage (%)
Cocoa 7.40

Sunflower oil 27.00

Milk powder 8.70

Hazelnuts 13.00

Sugar 43.80

Salt 0.018

Vanilla 0.015

Lecithin 0.07

Total 100.00

2.2. Nutella Production Method
Four Nutella formulations were prepared:

e Treatment A (Control): Standard
Nutella recipe (100% sunflower oil, no
anhydrous milk fat)

e Treatment B: Replacement of 10% of
sunflower oil with anhydrous milk fat

(ghee)

e Treatment C: Replacement of 20% of
sunflower oil with anhydrous milk fat

(ghee)

e Treatment D: Replacement of 30% of
sunflower oil with anhydrous milk fat

(ghee)

Nutella was prepared according to the
technique described in Tlay & Al-Bidhani
(2023) [14]. Dry components (cocoa, sugar,
milk powder, hazelnuts, salt, and vanilla) were
mixed to obtain a homogeneous mixture. The
mass was placed in an electrically driven cutter;
then, vegetable oil (sunflower oil or its mix with
anhydrous milk fat) and lecithin were slowly
incorporated until the desired consistency was
reached. The product was then packed in sterile,
airtight glass jars for further testing.

2.3. Chemical Analysis

2.3.1. Fat Extraction from the Sample

Fat was extracted from Nutella samples as
described in the A.O.A.C. (1995) report using a

Soxhlet fat extraction apparatus [15].
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2.3.2. Esterification of Fats

The sample was prepared according to the
method adopted by A.O.A.C. (1995), which is
based on the esterification of fats by reacting
them with methanolic potassium hydroxide.
The methanolic potassium hydroxide solution
was prepared by dissolving 11.2 g of potassium
hydroxide in 100 mL of methanol.
Esterification was carried out by taking 1 g of
fat in a 10 mL test tube and adding 5 mL of
methanolic potassium hydroxide, then shaking
well for 5 minutes. Subsequently, 5 mL of
hexane was added, and the contents of the tube
were mixed well again for 30 seconds. The
mixture was then left to separate into two
layers. The upper layer contained the fatty acid
esters in hexane, while the lower layer
contained the saponified materials from the
reaction.

2.3.3. Fatty Acid Determination Using Gas
Chromatography

The fatty acids of the Nutella samples were
determined using a gas chromatograph (GC-
2010, Shimadzu, Japan) equipped with a flame
ionization detector (FID) and a capillary
column (SE-30, 30 m length x 0.25 mm
diameter). The following conditions were used:
injection port temperature 280°C, detector
temperature 310°C, and column temperature
programmed from 120°C to 290°C at
10°C/min. Helium was used as the carrier gas at
a flow rate of 30 mL/min. One microliter of pre-
esterified fat (the top layer containing hexane
and fatty acid esters) was injected into the GC
using a syringe.

2.3.4. Determination of Fat-Soluble Vitamins

Fat-soluble vitamins (A, E, K, and D) were
determined according to the method described
by A.O.A.C. (2016) using a SYKAM HPLC
analyzer (Germany) [16]. A C-18 column (250
cm x 4.6 mm) was used with a mobile phase
consisting of 75% acetonitrile and 25%
deionized water at a flow rate of 0.7 mL/min.
The wavelength was set at 280 nm using a UV-
Vis detector. The injection volume was 100 pL.

Sample preparation for vitamin analysis: A 0.4
M aqueous solution of lithium perchlorate at pH
2.4 (Solution 1) and a 0.1%
butylhydroxytoluene solution in methanol

100

(Solution 2) were prepared. Twenty mL of
Solution 2 and 8 mL of Solution 1 were added
to 5 g of the sample and placed in a sealed
container in the dark for two hours. The mixture
was then stirred on a magnetic mixer for 20
minutes at room temperature. The samples were
centrifuged before being injected into the
column and analyzed within one hour.

2.4. Viscosity Measurement

Viscosity was measured using a Brookfield
viscometer with spindle No. 4 at 60 rpm and
28°C[17].

2.5. Sensory Evaluation

The laboratory-produced Nutella samples were
evaluated by ten specialists from the
Department of Home Economics, College of
Education for Women, University of Baghdad,
using the sensory evaluation form developed by
Salman et al. (1987) [18]. The samples were
evaluated after being spread on slices of toast.

2.6. Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS, version 26, 2019) was used to analyze
the data. A completely randomized design
(CRD) was employed to study the effect of
different treatments on the measured traits [19].
Significant differences between means were
compared using the Least Significant
Difference (LSD) test at a probability level of p
<0.05.

3- Results and Discussion
3.1. Fatty Acid Composition

Table 2 shows the fatty acid profiles (oleic,
palmitic, stearic, linoleic, linolenic, and
arachidonic acids) of the laboratory-produced
Nutella samples. The results of the statistical
analysis indicated significant differences (p <
0.05) in fatty acid values among the different
treatments. The values of oleic, palmitic,
stearic, and linolenic acids increased with
increasing replacement levels of sunflower oil
with anhydrous milk fat (ghee). Treatment D
(30% replacement) recorded the highest
values for oleic (30.30%), palmitic (19.12%),
stearic (12.03%), and linolenic (4.22%)
acids, respectively, while the control treatment
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(A, 0% replacement) recorded the lowest
values for the same fatty acids (20.67%,
6.65%, 3.63%, and 2.64%, respectively). In
contrast, the values of linoleic and arachidonic
acids decreased with increasing replacement
levels of sunflower oil with anhydrous milk fat.

Treatment D recorded the lowest values for
linoleic (53.22%) and arachidonic (0.33%)
acids, respectively, while the control treatment
(A) recorded the highest values (65.45% and
0.67%, respectively).

Table 2. Effect of replacing sunflower oil with anhydrous milk fat (ghee) on fatty acid composition (%) of
different Nutella treatments (mean + SD, n=3)

Treatment A Treatment B Treatment C Treatment D LSD
Fatty Acid
(0% ghee) (10% ghee) (20% ghee) (30% ghee) (p=<0.05)
Oleic acid 20.67+094 ¢ 22.86+1.32 be 2542 +1.68b 3030+£2.05a 4.071
Palmitic acid 6.65+0.35d 11.37£0.57 ¢ 1548 +£0.76 b 19.12+0.84 a 3.680
Stearic acid 3.63+0.16 ¢ 5.52+0.32 bc 8.12+0.52b 12.03+0.67 a 2.750
Linoleic acid 65.45+4.07a 60.25+3.29b 56.14 £ 0.78 bc 53.22+236¢ 4.390
Linolenic
2.64+0.11¢ 3.08+0.17 bc 3.98 £0.14 ab 422+0.25a 1.042
acid
Arachidonic
0.67+0.04 a 0.45+0.02 ab 0.40 £0.02 ab 0.33+£0.01b 0.317
acid
Different superscript letters within the same row indicate significant differences at p < 0.05.
3.2. Fat-Soluble Vitamins among the treatments. Treatment D (30%
replacement) recorded the highest values for all
Table 3 shows the concentrations of fat-soluble vitamins, reaching 51.6, 88.7, 30.2, and

vitamins (A, E, D, and K) in the laboratory-produced
Nutella samples. Statistical analysis indicated
significant differences (p < 0.05) in vitamin content

14.80 ppm/100 g for vitamins A, E, D, and K,
respectively. In contrast, the control treatment (A)
recorded the lowest values at 42.6, 75.0, 24.6, and
8.47 ppm/100 g, respectively.

Table 3. Effect of replacing sunflower oil with anhydrous milk fat (ghee) on fat-soluble vitamin content
(ppm/100 g) of different Nutella treatments (mean = SD, n=3)

Treatment A Treatment B Treatment C Treatment D LSD
Vitamin
(0% ghee) (10% ghee) (20% ghee) (30% ghee) (p=<0.05)
Vitamin
426+217c¢ 45.9 £2.66 bc 48.0 +£2.70 ab 51.6+195a 5.157
A
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Treatment A Treatment B Treatment C Treatment D LSD
Vitamin
(0% ghee) (10% ghee) (20% ghee) (30% ghee) (p=0.05)
Vitamin
75.0+347c 81.5+4.52bc 84.6 +4.68 ab 88.7+5.02a 7.078
E
Vitamin
24.6+1.26b 26.5+1.64 ab 27.8+1.07 ab 302+224a 4.810
D
Vitamin
847+052¢ 10.25+£0.71 be 11.98 £0.66 b 1480+0.76 a 2.794
K

Different superscript letters within the same row indicate significant differences at p < 0.05.

3.3. Viscosity

Table 4 shows the viscosity of Nutella samples
in which sunflower oil was replaced with
anhydrous milk fat (ghee). Significant
differences (p < 0.05) were observed among the
treatments. Viscosity increased progressively
with increasing replacement levels: Treatment
A (control) showed the lowest viscosity
(34.42%), followed by Treatment B (38.23%),
Treatment C (43.82%), and Treatment D (the
highest viscosity at 50.05%).

Table 4. Effect of replacing sunflower oil with
anhydrous milk fat (ghee) on viscosity (%) of
different Nutella treatments (mean + SD, n=3)

Treatment

A (0% ghee)
B (10% ghee)
C (20% ghee)

D (30% ghee)
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Treatment
LSD (p<0.05)

Different superscript letters within the same
column indicate significant differences at p <
0.05.

3.4. Sensory Evaluation

Table 5 presents the sensory evaluation results
for the different Nutella treatments. Significant
differences (p < 0.05) were observed among
treatments for appearance, texture and
consistency, flavor, and total sensory score,
while no significant differences were detected
for color (p > 0.05).

Treatment C (20% replacement) received the
highest scores across most sensory attributes,
with a total sensory score of 72.2, followed
closely by Treatment B (70.2). Treatment D
(30% replacement) received the lowest total
sensory score (65.5), indicating that excessive
replacement with ghee negatively affected
consumer acceptability.

50.05+1.89a
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Table S. Effect of replacing sunflower oil with anhydrous milk fat (ghee) on sensory properties of different
Nutella treatments (mean = SD, n=10)

Treatment Appearance (10) Color (10) Texture & Consistency (40) Flavor (40) Total (100)
A (0% ghee) 7.2+0.38 ab 72+045a 255+129b 2944133 ab 69.4 +2.86 ab
B (10% ghee) 7.7+043a 6.8+0.35a 255+1.29b 30.2+1.08 ab 70.2+3.53 ab
C (20% ghee) 79+0.55a 73+0.44a 328+1.87a 322+253a 722+3.64a
D (30% ghee) 6.6+0.28b 6.8+0.31a 26.1+147b 283+1.47b 65.5+226b
LSD (p=<0.05) 1.037 0.791 (NS) 3.041 3.277 5.164

*Different superscript letters within the same column indicate significant differences at p < 0.05. NS =
not significant. *

4- Discussion
4.1. Fatty Acid Composition

The increase in oleic, palmitic, stearic, and
linolenic acids with increasing replacement
levels of sunflower oil by anhydrous milk fat
(ghee) can be attributed to the higher natural
content of these fatty acids in ghee compared to
sunflower oil. In anhydrous milk fat, palmitic
acid ranges from 24% to 28.8%, stearic acid
from 9.4% to 14% [20], and oleic acid
approximately 28.7% [21]. In contrast,
sunflower oil contains approximately 8.12%
palmitic acid, 5.06% stearic acid [22], and 30%
oleic acid [23]. Hassan (2016) reported that
unsaturated fatty acids (oleic and linoleic)
constitute approximately 85-91% of total fatty
acids in sunflower oil [24].

The decrease in linoleic and arachidonic acids
with increasing ghee replacement is due to the
inherently low content of these fatty acids in
milk fat compared to sunflower oil. Sunflower
oil is characterized by a high linoleic acid
content (approximately 59%) [23], while milk
fat contains only about 0.66% linoleic acid.
Jeyarani et al. (2015) found that commercial
hazelnut spread contained a higher percentage
of oleic acid compared to chocolate made from
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soybean oil, while linolenic acid was higher in
soybean oil-based chocolate [25].

4.2. Fat-Soluble Vitamins

The significant increase in fat-soluble vitamins
(A, E, D, and K) with increasing ghee
replacement is attributed to the higher vitamin
content of anhydrous milk fat compared to
sunflower oil. Nour (2019) stated that ghee is a
good source of vitamins A and D compared to
vegetable oils [7]. One tablespoon (12 g) of
ghee contains approximately 87.12 pg of
vitamin A and 3.12 pg of vitamin D, while
sunflower oil contains only 3.96 ug of vitamin
A and no vitamin D. Ulambayar et al. (2024)
reported that the average vitamin A content in
ghee was 606 pg/100 g, vitamin E was 1650
ug/100 g, and beta-carotene was 392 ug/100 g
[12].

4.3. Viscosity

The gradual increase in viscosity at each level
of ghee replacement could be explained by the
fact that anhydrous milk fat has more saturated
fatty acids than sunflower oil. The melting point
of saturated fatty acids increases with molecular
weight (chain length) — which directly relates
to the increase in viscosity of the final product.
The high viscosity of ghee-containing
treatments may also affect spreadability — an
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important quality parameter for consumer
preference.

4.4. Sensory Evaluation

Treatment C (20% replacement) was observed
to give the highest sensory scores, meaning that
moderate substitution of sunflower oil with
ghee (20%) is most preferred by the consumer.
Lower scores for Treatment D (30%
replacement) show that high ghee content does
not favor flavor, texture, or overall palatability,
perhaps due to the stronger characteristic flavor
of ghee or the increased viscosity that affects
spreadability.

These findings are in partial agreement with
Noshe & Abboud (2018), who earlier reported
that Nutella made from white chia seeds
received an unacceptable flavor rating due to
certain compounds that affect taste [26].
Nutella made from black chia seeds had the
same problem in spreadability due to gelling
agents. According to Alhusyne (2015), flavor-
enhanced yolk nut with free fat was
significantly better than the control treatment
on sensory properties during storage [27].

5- Conclusions

It has been proven that the substitution of
sunflower oil by anhydrous milk fat (ghee) in
Nutella production enhances the nutritional
profile and sensory properties of the product.
The best results were observed at the 20%
substitution level (Treatment C). This
substitution increased the percentages of
beneficial fatty acids while decreasing linoleic
and arachidonic acids. It also enhanced fat-
soluble vitamin concentrations. Viscosity was
observed to increase with higher ghee content.
Sensory evaluation confirmed that Treatment C
received the highest total acceptance score.
Therefore, anhydrous milk fat (ghee) is
recommended as a favorable functional
ingredient for improving the nutritional quality
of chocolate spreads. A substitution level of
20% is recommended to balance nutritional
improvement and consumer acceptability.
Further study is recommended to assess the
oxidative stability and shelf life of Nutella
formulations with ghee and to carry out
consumer acceptance studies on a larger and
more diverse scale.

104

Conflict of interest

The authors have no conflicts of interest to
disclose that are compatible with the subject
matter of this article.

Consent to participate

All authors have expressed their authorization
to engage in this publication.

Funding

This research did not receive any specific
funding.

Ethical Statement

Except for sensory evaluation, we have not
conducted any human or animal investigations
during this study. Regarding the sensory case.

6- References

[1] Barisi¢, V., Sarkanj, B., Flanjak, I., Doko, K.,
Milicevi¢, B., & Ackar, . (2021). Nutritionally
improved chocolate spreads — A review. Food
Health and Disease: Scientific — Professional
Journal of Nutrition and Dietetics, 10(1), 10-13.

[2] Manzocco, L., Calligaris, S., Camerin, M.,
Pizzale, L., & Nicoli, M. C. (2014). Prediction of
firmness and physical stability of low-fat chocolate
spreads. Journal of Food Engineering, 126, 120-
125.

[3] Antony, B., Sharma, S., Mehta, B. M., Ratnam,
K., & Aparnathi, K. D. (2018). Study of Fourier
transform near infrared (FT-NIR) spectra of ghee
(anhydrous milk fat). International Journal of Dairy
Technology, 71(2), 484-
490. https://doi.org/10.1111/1471-0307.12450

[4] El-Shourbagy, G. A., & El-Zahar, K. M. (2014).
Oxidative stability of ghee as affected by natural
antioxidants extracted from food processing
wastes. Annals of Agricultural Science, 59(2), 213-
220. https://doi.org/10.1016/j.a0as.2014.11.008

[5] Food and Agriculture Organization of the United
Nations — FAO. (2019). Food and agriculture data.
Rome: FAO. Retrieved
from: http://www.fao.org/faostat/en/#compare

[6] Ford, P. A., Jaceldo-Siegl, K., Lee, J. W., &
Tonstad, S. (2016). Trans fatty acid intake is related
to emotional affect in the Adventist Health Study-


https://doi.org/10.1111/1471-0307.12450
https://doi.org/10.1016/j.aoas.2014.11.008
http://www.fao.org/faostat/en/#compare

Vero ;\;}A Y o 05 IVE ol 'J‘ji‘ é_)\.,\_c ML-J E) 6}1& s
-

2. Nutrition Research, 36(6), 509-
517. https://doi.org/10.1016/j.nutres.2016.01.005

[7] Nour, S. M. F. (2019). The bad reputation of
some food products - fact or fiction? Research in
Specific Sciences and Arts, 11(3), 18-27. (In Arabic)

[8] Chang, H. K., Park, E., & Kim, M. (2014). Gut
microbiota-derived short-chain fatty acids, T cells,
and inflammation. Immune Network, 14(6), 277-
288. https://doi.org/10.4110/in.2014.14.6.277

[9] Sharma, H., Zhang, X., & Dwivedi, C. (2010).
The effect of ghee (clarified butter) on serum lipid

levels and microsomal lipid
peroxidation. International Quarterly Journal of
Research in Ayurveda, 31(2), 134-

140. https://doi.org/10.4103/0974-8520.72361

[10] Upadhyay, N., Goyal, A., Kumar, A., & Lal, D.
(2017). Detection of adulteration by caprine body fat
and mixtures of caprine body fat and groundnut oil
in bovine and buffalo ghee using differential
scanning calorimetry. International Journal of
Dairy Technology, 70(2), 297-
303. https://doi.org/10.1111/1471-0307.12336

[11] Mehta, B. M., Darji, V. B., & Aparnathi, K. D.
(2015). Comparison of five analytical methods for
the determination of peroxide value in oxidized
ghee. Food Chemistry, 185, 449-
453. https://doi.org/10.1016/j.foodchem.2015.04.01
1

[12] Ulambayar, N., Smanalieva, J., Hellwig, A.,
Iskakova, J., Choijilsuren, N., Kalemshariv, B., &
Vankhuu, E. (2024). Nutritional composition of
ghee of various animal origins produced in some silk
road countries. Journal of Food Composition and
Analysis, 132,
106251. https://doi.org/10.1016/j.jfca.2024.106251

[13] Sserunjogi, M. L., Abrahamsen, R. K., &
Narvhus, J. (1998). A review paper: Current
knowledge of ghee and related
products. International Dairy Journal, 8(8), 677-
688. https://doi.org/10.1016/S0958-

6946(98)00106-X

[14] Tlay, R., & Al-Baidhani, A. (2023). The
possibility of benefiting from date seed powder in
the manufacture of chocolate spread and studying its
quality  characteristics. Fuphrates of
Agricultural Science, 15(2), 285-298.

Journal

105

[15] Association of Official Analytical Chemists —
AOAC. (1995). Official Methods of Analysis (16th
ed.). Gaithersburg, MD: AOAC International.

[16] Association of Official Analytical Chemists —
AOAC. (2016). Official Methods of Analysis (20th
ed.). Rockville, MD: AOAC International.

[17] Arbuckle, W. S. (1986). Ice Cream (4th ed.).
Westport, CT: The AVI Publishing Co., p. 483.

[18] Salman, J. M., Al-Omar, M. A., Al-Rawi, T. S.,
& Al-Rawi, A. T. (1987). Manufacturing and
properties of some whipped fat products. lraqi
Journal of Agricultural Sciences, 18(1). (In Arabic)

[19] SPSS. (2019). *Statistical Packages for Social
Sciences — SPSS/IBM Statistics 26 step by
step* (16th

ed.). https://doi.org/10.4324/9780429056765

[20] Pefia-Serna, C., & Restrepo-Betancur, L.
(2020). Chemical, physicochemical,
microbiological and sensory characterization of cow
and buffalo ghee. Food Science and Technology,
40(Suppl. 1), 1-8. https://doi.org/10.1590/st.32219

[21] Gupta, M., Singh, D., Gularia, P., & Gupta, S.
(2015). GCMS analysis and identification of
chemical constituents of Syzygium
aromaticum, Brassica compestris and
ghee. Journal of Chemical and Pharmaceutical

Research, 7(1), 568-572.

cow

[22] Khairuddin, M. M., Abdullah, A., & Nor, N. M.
(2024). Physicochemical properties, fatty acids
composition and characterization of Helianthus
annuus seed oil. Malaysian Journal of Analytical
Sciences, 28(6), 1258-1269.

[23] Adeleke, B. S., & Babalola, O. O. (2020).
Oilseed crop sunflower (Helianthus annuus) as a
source of food: Nutritional and health benefits. Food
Science & Nutrition, 8(9), 4666-
4684. https://doi.org/10.1002/fsn3.1783

[24] Hassan, W. A. (2016). Estimation of some
genetic parameters of growth and yield characters of
sunflower under three plant densities. The Iraqi
Journal of Agricultural Sciences, 47(4), 921-932.

[25] Jeyarani, T., Banerjee, T., Ravi, R., & Krishna,
A. G. (2015). Omega-3 fatty acids enriched
chocolate spreads using soybean and coconut
oils. Journal of Food Science and Technology,


https://doi.org/10.1016/j.nutres.2016.01.005
https://doi.org/10.4110/in.2014.14.6.277
https://doi.org/10.4103/0974-8520.72361
https://doi.org/10.1111/1471-0307.12336
https://doi.org/10.1016/j.foodchem.2015.04.011
https://doi.org/10.1016/j.foodchem.2015.04.011
https://doi.org/10.1016/j.jfca.2024.106251
https://doi.org/10.1016/S0958-6946(98)00106-X
https://doi.org/10.1016/S0958-6946(98)00106-X
https://doi.org/10.4324/9780429056765
https://doi.org/10.1590/fst.32219
https://doi.org/10.1002/fsn3.1783

Vero :\:JA Y o 05 IVE ol ‘;’\‘j‘i‘ Jl“\’“ ML«J E) <’jl; s
-

52(2), 1082-1088. https://doi.org/10.1007/s13197-
013-1053-8

[26] Noshe, A. S., & Abboud, A. H. (2018). Food
application for oil and chia seeds (Salvia
hispanica). Iraq Journal of Market Research and
Consumer Protection, 1(10), 109-115.

[27] Alhusyne, L. A. A. (2015). Study the
replacement of milk fat with vegetable oil enhanced
ghee flavor and used in yogurt manufacturing. /raq
Journal of Market Research and Consumer
Protection, 7(2), 309-321.

106


https://doi.org/10.1007/s13197-013-1053-8
https://doi.org/10.1007/s13197-013-1053-8

