Food Technology Research Journal, Vol. 6, issue 2, 113-121, 2024

FIR]

Preparation and Evaluation of Sunflower Butter as a Fat Substitute

“'Manal, M. Ezz El-Din & *Heba, Y. Nasef
'Experimental kitchen Research Unit, Food Technology Research Institute, Agricultural Research

Center, Egypt.
*Nutrition and Food Science Department, Faculty of Home Economics, Helwan University, Cairo,
Egypt

Original Article ABSTRACT

Article information
Received 10/11/2024
Revised 11/12/2024
Accepted 15/12/2024
Published 20/12/2024

Available online
22/12/2024

Keywords:

Sunflower butter, Plant-
based butter, Allergen-
free, Fat substitute, Paté
bread

The study aimed to develop and evaluate sunflower butter as a minimally allergenic alterna-
tive to traditional plant-based butters and as a potential fat substitute in paté bread. Sunflower
butter, prepared from sunflower seeds, was analyzed for its chemical composition, antioxi-
dant activity, oxidative stability, microbiological safety, and sensory characteristics. The
results highlighted its rich nutritional profile, including high protein (22.5g/100g), dietary
fiber (9.6g/100g), and vitamin E content (22.11U/100g). It also demonstrated significant anti-
oxidant activity, with a phenolic content of 735mg/100g and high oxidative stability during
storage at 4°C. Microbiological analysis confirmed its safety, showing no growth of E. coli,
molds, or yeasts over three months. When incorporated into paté bread as a fat substitute,
sunflower butter improved sensory attributes, including taste, texture, and overall acceptabil-
ity. These findings suggest sunflower butter as a nutritious, health-beneficial, and allergen-
friendly alternative, with potential applications in food industries.

1. Introduction

Seed butter is a spreadable product created by milling
seeds into a paste. Plant-based butters are popular vegan
alternatives to traditional dairy butter. However, common
options such as soy, peanut, and tree nut butters are ma-
jor allergens, limiting their use in foods for individuals
with allergies (Boyce et al., 2010). This highlights the
need for minimally allergenic alternatives like sunflower
butter, which can cater to those unable to consume aller-
genic products while also meeting the growing demand
for vegan protein sources (Radnitz et al., 2015). Sunflow-
er butter offers additional benefits beyond being vegan
and minimally allergenic. It has a lower calorie content
of 80 kcal per tablespoon, compared to other plant-based
butters, which range from 80 to 106 kcal per tablespoon.
Moreover, it provides a protein content of 3.0g per table-
spoon, surpassed only by peanut butter (3.8g per table-
spoon) and soy butter (4.0g per tablespoon) (Gorrepati et
al., 2015). Nutrition scientists are increasingly recogniz-
ing the importance of consuming adequate amounts of
complex plant foods, such as seeds, nuts, and whole
grains, on a regular basis. Sunflower seeds, in particular,
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are a highly nutritious and versatile food that can be easi-
ly incorporated into various diets (Holliday and Phillips
2001). These seeds are considered one of nature's most
potent nutritional powerhouses, providing an abundance
of protein, fiber, selenium, copper, zinc, iron, folate, phy-
tochemicals, and beneficial unsaturated fats. Consuming
just one ounce of sunflower seeds daily can significantly
enhance the nutritional quality of a diet (Maier et al.,
2009). In addition, specific minerals found in sunflower
seeds, such as selenium, have been shown to reduce the
risk of certain cancers. Sunflower butter, derived from
these seeds, offers even greater nutritional benefits. It
contains more than twice the amount of phosphorus, sele-
nium, copper, and iron compared to peanut butter
(USDA, 2017). As a result, sunflower butter serves as an
excellent allergen-friendly alternative to dairy-based and
other plant-based butters. However, sunflower seeds have
a low lysine content and a high level of insoluble fiber,
which can reduce their digestible energy (Silva et al.,
2002). Despite this, they are rich in phytochemicals such

as tocopherols, choline, betaine, lignans,
phenolic acids and arginine.
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These compounds contribute to sunflower seeds be-
ing classified as a functional food, as they provide
health benefits beyond basic nutrition. Due to their
antioxidant properties, sunflower seeds can help pre-
vent various illnesses, including cancer, obesity, ar-
terial hypertension, and hypercholesterolemia
(Skrypetz 2003). Sunflower seeds are also an excel-
lent source of essential vitamins and minerals, in-
cluding thiamine, folic acid, vitamin B6, and vita-
min E. They are high in fat, with over 90% of the fat
content being polyunsaturated fatty acids, primarily
linoleic acid (omega-6). Vitamin E, the body’s pri-
mary lipid-soluble antioxidant, is abundant in sun-
flower seeds. Its anti-inflammatory properties help
protect against inflammatory disorders such as rheu-
matoid arthritis, cancer, diabetes, and osteoarthritis,
which are often triggered by free radical damage.
Consuming just a quarter cup of sunflower seeds can
provide approximately 90% of the recommended
daily intake of vitamin E. Studies have also shown
that vitamin E can reduce the risk of colon, bladder,
and prostate cancers (Warsner et al., 2003). Oxida-
tive rancidity in high-fat products is commonly as-
sessed using lipid oxidation measurements. The per-
oxide value (PV) measures the peroxides and hy-
droperoxides formed during the early stages of oxi-
dation and has been widely used to evaluate oilseed
products, including peanut butter, shea butter, and
sunflower kernels. The thiobarbituric acid reactive
substances (TBARS) assay, on the other hand, eval-
uates rancidity caused by secondary oxidation com-
pounds in high-fat food systems by measuring alde-
hydes formed as hydroperoxides degrade. Together,
these two methods provide a reliable indication of
the oxidative stability of high-fat food products (EI-
Rawas et al., 2012). The shelf life of seed butter can
be affected by factors such as microbial contamina-
tion, lipid oxidation, and texture changes. Microbial
contamination may involve fungi, bacteria, or both,
potentially leading to spoilage or posing safety risks.
Additionally, the high lipid content of seeds makes
them prone to rancidity if stored in conditions that
promote oxidation, particularly in the absence of
antioxidants like vitamin E (Aryana et al., 2003).
The objectives of this study were to (1) develop a

nonallergenic butter alternative using sunflower
seeds, which are widely available in Egypt. (2) eval-
uate the use of sunflower butter as a fat substitute to
improve the overall quality of paté bread. (3) assess
the nutritional and sensory qualities of sunflower
butter. (4) investigate the impact of sunflower seeds'
vitamin E content on the shelf life (oxidative stabil-
ity) of sunflower butter without compromising the
quality of the final product.

2. Material and Method

Materials

Sunflower seeds were obtained from the Crops
Research Institute, Agricultural Research Center,
Ministry of Agriculture, Giza, Egypt. Wheat flour,
salt, yeast, honey, and olive oil were purchased from
the local market in Cairo, Egypt. Chemicals, rea-
gents, and solvents used for proximate analysis were
sourced from El-Gomhoria Pharmaceutical Compa-
ny, Cairo, Egypt.
Methods

Preparation for sunflower Butter
Sunflower seeds were prepared using a modified
version of the method described by Pepra-Ameyaw
et al. (2022). The sunflower seeds were ground into
a fine powder and then crushed into a paste.
Honey (10g) and salt (2g) were thoroughly mixed
into the paste.
Preparation of pate bread

Paté bread was formulated using sunflower
butter as a fat substitute. The bread-making process
followed the method of Alvarez-Jubete et al. (2010),
with some modifications. The sunflower butter was
prepared by mixing sunflower seed powder with
salt, honey, and olive oil. For the preparation of paté
bread, the dry ingredients (1.5g yeast and 1g salt
per 100g wheat flour) were blended to ensure
uniform distribution. The sunflower butter was then
incorporated, and the mixture was manually
kneaded for 15 minutes to form a homogeneous
dough. The dough was left to ferment at 25+2°C
for 30 minutes in a mold (20x10x6cm). After
fermentation, the dough was baked in a locally man-
ufactured mechanical gas oven at 250°C for 15
minutes. The baked loaves were allowed to cool
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before being stored for further analysis.
Chemical Composition

Moisture, total protein, total fat, ash, and total
carbohydrate (calculated by difference) were ana-
lyzed following the methods described by AOAC
(2012) and AOAC (2015).

Mineral Composition

The mineral content, including magnesium,
calcium, zinc, iron, and selenium, was determined
using an atomic absorption spectrophotometer (PUG
100 X Series, PerkinElmer, Model 110013). The
analysis followed the methods outlined by AOAC
(2015).

Vitamin Determination

The vitamin content, including vitamin E, nia-
cin, and vitamin B6, was analyzed using the proce-
dures described by AOAC (2015).
Determination of Total Dietary Fiber
(TDF)

Total dietary fiber (TDF) was measured accord-
ing to the methods described by AOAC (2012) and
Prosky et al. (1992).

Determination of Fatty Acid Profile

The fatty acid profile was determined using gas-
liquid chromatography (GLC) as outlined by AOCS
(1985).

Determination of Antioxidant Activity in
Sunflower Butter

Total Phenolic Content (TPC)

The total phenolic content of sunflower butter
was determined using the method described by Sin-
gleton and Rossi (1965).

Total Flavonoid Content

The total flavonoid content was measured fol-
lowing the method described by Brand-Williams et
al. (1995).

DPPH Radical Scavenging Activity

The DPPH (2,2-Diphenyl-1-picrylhydrazyl)
radical scavenging activity was evaluated according
to the method of Katalinic et al. (2006).
Oxidative Stability Test

Peroxide Value (PV)

The peroxide value was determined using the

method outlined by Jeyakumari et al. (2018).
Thiobarbituric Acid (TBA) Assay

The TBA assay was used to quantify rancidity
caused by secondary oxidation compounds in high-
lipid food systems. This method measures alde-
hydes, such as malondialdehyde (MDA), formed as
unstable hydroperoxides break down. MDA reacts
with thiobarbituric acid (TBA) and trichloroacetic
acid (TCA) to form a pinkish-red complex. The ab-
sorbance of this chromogen was measured at 531
nm using a spectrophotometer, following the method
described by Sinnhuber and Yu (1977).
Microbiological Analysis
Enumeration of Coliforms

Coliform counts were determined using Mac-
Conkey broth as described by WHO (1963) and El-
Hadedy and El-Nour (2012).

Yeast and Mold Count
Yeast and mold counts (CFU/g) were assessed
using the method described by Copetti et al. (2009).

Sensory Evaluation

Sensory evaluation was conducted to assess
various product characteristics, including color,
odor, chewability, taste, texture, and overall accepta-
bility. The evaluation was performed by 15 trained
staff members from the Agricultural Research Cen-
ter (Cairo, Egypt) using a score sheet. Each charac-
teristic was rated on a 10-point scale, where 1 repre-
sented "very poor" and 10 represented "very good."
The evaluation method followed the guidelines de-
scribed by Penfield and Campbell (1990).
3. Results and Discussion

Table 1 shows that sunflower seed butter has a
low moisture content, ranging from 2.9 g/100g. The
moisture content of sunflower seed butter is below
10%, which is within the limit described by
Grompone (2005) to avoid enzymatic reactions.
Sunflower seed butter is an excellent source of
protein, containing 22.56 g/100g, while its fat, car-
bohydrate, total fiber, and ash contents are 50.24g,
20.58g, 9.67g, and 3.72g per 100g, respectively.
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In comparison, peanut butter has a higher moisture
content (4.32g/100g) and a lower total fiber content
(5.2g/100g) than sunflower seed butter. The protein,
ash, fat, and carbohydrate contents of peanut butter
are 21.9g, 4.2¢g, 49.1g, and 20.4g per 100g, respec-
tively. According to Maier et al. (2009), sunflower
seeds are rich in protein, fiber, selenium, copper,
zinc, iron, folate, and phytochemicals, along with
healthy unsaturated fats. Consuming one ounce of
sunflower seeds daily can enhance the nutritional

value of the diet. These findings are consistent with
those of Silva et al. (2002), who reported that sun-
flower seeds are a valuable ingredient in feed pro-
duction due to their high protein content. However,
sunflower seeds also contain a high level of insolu-
ble fiber, which can reduce digestible energy. Sun-
flower seeds, rich in fiber, contribute to overall
health by reducing cholesterol, stabilizing blood
sugar, and preventing constipation.

Table 1. Chemical composition (g/100g) of sunflower butter compared with peanut butter

Component Sunflower butter, Conc., (g/100g) Peanut butter, Conc., (g/100g)
Moisture 2.9 4.3
Protein 22.5 21.9
Ash 3.7 4.2
Fat 50.2 49.1
Total dietary fiber 9.6 5.2
Total carbohydrate 20.5 20.4

Minerals and Vitamins components of

sunflower butter

Table 2 shows that sunflower seed butter is an
excellent source of vitamin E (o-tocopherol),
providing 22.11U, and niacin (6.5mg/100g). These
results are consistent with Warsner et al. (2003),
who reported that a quarter cup of sunflower seeds
can provide about 90% of the daily recommended
intake of vitamin E. Sunflower seed butter is also a
good source of vitamin B6 (0.56mg/100g), which
has been shown to alleviate symptoms of depres-
sion (Bazzano, 2009). Sunflower seed butter is an
excellent source of magnesium (300mg/100g) and
selenium (100mg/100g). Sunflower seeds are a
good source of selenium, an essential trace mineral
for human health. Several studies, including pro-
spective studies, intervention trials, and animal

model research, suggest that selenium intake is in-
versely correlated with cancer incidence. Addition-
ally, sunflower seeds are a significant source of
zinc (4.53mg/100g), which plays a key role in im-
mune health and helps fight infections (Oliver,
2000). However, sunflower seed butter is relatively
low in calcium (64.22mg/100g) and iron (4.23
mg/100g). The iron content of one ounce of sun-
flower seeds accounts for approximately 10% of the
daily value. Iron is essential for transporting oxygen
to the lungs, blood, and cells, and a deficiency can
lead to anemia, fatigue, and increased susceptibility
to infections (Wintergerst et al., 2007). These find-
ings align with those of Holliday and Phillips
(2001), who highlighted sunflower seeds as one of
the best complete foods, easy to incorporate into
diets and a great nutritional source.

Table 2. Vitamin and Minerals Component of sunflower butter

Component Conc.

Vitamin E [U *22.1 IU

Niacin *6.5 mg/100g
B6 0.56 (-) mg/100g
Magnesium *300 mg/100g
Calcium 64.2 mg/100g
Zinc 4.53 () mg/100g
Selenium *100 mg/100g
Iron 4.2 mg/100g

(*) mean that an excellent source, (-) mean that a good source
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Data presented in Table 3 show that sunflower but-
ter contains a total fat content of 50.2g/100g, with
8.5g of saturated fat, 26.3g of polyunsaturated fat,
and 15.2g of monounsaturated fat per 100g.
Sunflower seeds and oil contain unsaturated fats
that may help protect the heart, including monoun-
saturated oleic acid and polyunsaturated linoleic
acid. Studies suggest that diets higher in unsaturated
fats are better for health than low-fat diets, as they
lower LDL (low-density lipoprotein), commonly
known as "bad" cholesterol, and triglycerides, while
maintaining higher levels of HDL (high-density lip-
oprotein), also known as "good" cholesterol, there-
by improving the lipid profile (Oliver, 2000). These

results are consistent with those of Warsner et al.
(2003), who found that fat is the primary source of
calories in sunflower seeds. One ounce of deshelled
sunflower seeds contains approximately 163 calo-
ries and 14g of fat. As a good source of both mono-
unsaturated and polyunsaturated fatty acids, sun-
flower seeds help remove plaque that can form in
blood vessels due to low-density lipoproteins. This
can reduce the risk of strokes and heart attacks, sig-
nificantly improving cardiovascular health. Addi-
tionally, sunflower seeds contain linoleic acid (LA),
a pro-health fatty acid, which has been shown to
prevent many types of infectious diseases and can-
cer due to its powerful antioxidant properties.

Table 3. Total fat content (g/100g) of sunflower butter

Component Conc. (g/100g)
Total fat 50.2
Saturated fat 8.5
Polysaturated fat 26.3
Monosaturated fat 15.2
Free Fatty Acid (as oleic), % 1% max

Antioxidant Activity of Sunflower Butter
Table 4 shows the antioxidant capacity of
sunflower butter. Specifically, the phenolic content
and flavonoid content were 735 mg/100g and
305.80 mg/100g, respectively. The antioxidant ac-
tivity of sunflower butter was higher at concentra-
tions of 0.05% (26.32), 0.1% (61.05), and 0.2%
(86.32). Table 4 also presents the correlation coeffi-
cient between antioxidant compounds and antioxi-
dant activity in sunflower butter. Both total poly-
phenols (TP) and total flavonoids showed a linear
correlation with DPPH. These results indicate that
total phenolic content (TPC) and total flavonoids

significantly contribute to the antioxidant activity of
sunflower butter. The overall results revealed that
DPPH values ranged from 26.32 to 86.32, suggest-
ing that sunflower butter may play a role in the pos-
itive management of oxidative stress-related ail-
ments such as cancer, cardiovascular diseases, and
lipid peroxidation in vivo. The antioxidant activity
of natural compounds has been shown to be in-
volved in terminating free radical reactions. The
DPPH radical scavenging activity is particularly
used to evaluate the hydroxyl chain-breaking activi-
ty of lipid (and protein) peroxidation (Aparadh et
al., 2012).

Table. 4 Antioxidant activity, Total phenols, total flavonoids and (% DPPH) of sunflower butter

Total phenols (mg gallic

Item acid equivalent /100 g)

Total Flavonoids (mg
rutin equivalent /100 g)

% DPPH Radical-Scavenging Activity

Sunflower butter 735

305.80

0.05% 0.1% 0.2%

26.32 61.05 86.32
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Sensory Evaluation

Sensory evaluation is a crucial factor in deter-
mining the quality of food. It helps assess whether
trained panelists find various product samples
(sunflower butter and paté bread) acceptable. The
sensory quality attributes of sunflower butter (color,
odor, degree of chewing, taste, texture, and overall
acceptability) were compared with those of peanut
butter, as shown in Table 5. The tabulated data
demonstrated significant differences (p < 0.05) in
the color, odor, degree of chewing, taste, texture,
and overall acceptability of sunflower butter com-
pared to peanut butter. Sunflower butter received
significantly higher scores (p < 0.05) for color,
odor, degree of chewing, taste, texture, and overall
acceptability. The sensory quality attributes of paté
bread (color, odor, degree of chewing, taste, texture,
and overall acceptability) supplemented with sun-
flower butter as a fat substitute were compared with

control paté bread (without sunflower butter), as
shown in Table 6. The data indicated significant
differences (p < 0.05) in the color, odor, degree of
chewing, taste, texture, and overall acceptability of
paté bread with sunflower butter compared to the
control. Regarding overall acceptability, the paté
bread with sunflower butter as a fat substitute
scored significantly higher (p < 0.05) with a score
of 9.222 compared to the control sample, which
scored 8.444. The paté bread with sunflower butter
as a fat substitute also received significantly higher
scores (p < 0.05) for color, odor, degree of chewing,
and taste. When sunflower butter was added to
wheat flour as a fat replacement, the chewiness and
cohesiveness of the flour gel significantly increased
compared to the control. Despite being a healthful
and hypoallergenic plant-based spread, sunflower
butter can positively impact the flavor and mouth
feel of baked goods (Lima and Guraya, 2005).

Table 5. Sensory evaluation of sunflower butter compared with peanut butter

Treatments Color Odor Dciiijfn(g)f Taste Texture accoe;)]ggﬂi ty
Peanut butter ~ 9.279+0.442°  8.2224+0.972°  8.556+0.527°  9.500+0.500°  9.402+0.491* 9.000:£0.472°
;‘;‘t‘gfwer 9.946£0.163*  9.222+0.667°  9.222+0.667*  9.500+0.503"  9.402+0.701° 9.444+0.527
L.S.D. 0.5547 0.7202 0.6647 0.5368 0.6215 0.4158

Table 6. Sensory evaluation of pate bread supplemented with sunflower butter as replacement of fat
compared with control pate bread (without sunflower butter)

Treatments Color Odor Degree of Taste Texture Overall

chawing acceptability

Control (pate bread

without sunflower 8.612+0.929°  8.889+0.601"°  8.222+0.667" 8.167+0.707° 9.402+0.701* 8.444+0.527°

butter)

Sample (pate bread

with sunflower 9.501+0.500®  9.000+0.707° 9.333+0.866" 9.500+0.498* 9.29140.673*  9.222+0.441%

butter)

L.S.D. 0.5547 0.7202 0.6647 0.5368 0.6215 0.4158

Oxidative Stability Test

Peroxide Value (PV) and 2-Thio-Barbituric Ac-
id (TBA) of Sunflower Butter During Storage at 4°
C The peroxide value (PV) is a measure of the per-
oxides and hydroperoxides formed during the initial
stages of oxidation. The results from the peroxide
value assay are shown in Table 7. During the
storage period, the peroxide values ranged from

2.397 to 16.451meq/kg. The peroxide value signifi-
cantly peaked at the end of the storage period. The
antioxidant content in sunflower seeds exhibited
lower peroxide values during the 3-month storage
period, indicating greater oxidative stability. The
results shown in Table 7 also indicate that TBA val-
ues are an indirect measure of the aldehydes formed
during lipid oxidation.

Food Technology Research Journal, Vol. 6, issue 2, 113-121, 2024
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Aldehydes are secondary or tertiary byproducts of
fatty acids in the product. During the 3-month stor-
age, TBA values ranged from 0.02 to 1.25 mg
malondialdehyde per kg fat. Sunflower butter,
which contains high levels of antioxidants such as
vitamin E, exhibited lower TBA values, indicating
the greatest oxidative stability. These results are
consistent with the findings of Warsner et al.
(2003), who reported that vitamin E, a primary lipid

-soluble antioxidant in the body, is found in sun-
flower seeds. Consuming a quarter cup of sunflower
seeds can provide approximately 90% of the daily
vitamin E requirement. An ideal hypothetical sce-
nario in lipid oxidation would involve an initially
low or zero peroxide value. If all the peroxides
formed could remain intact, the oxidative stability

would be maximized, as suggested by Ambrosone
et al. (2006).

Table 7. Peroxide values and TBA values for sunflower butter sample during storage period at stored

4°C
Storage time Peroxide value (meq/kg) TBA (mg malonaldehyde/kg fat)

Zero time 2.397+0.241° 0.021+0.002°

2 weeks 3.957+0.399% 0.083+0.008"

4 weeks 5.063+0.510¢ 0.299-+0.030°

6 weeks 8.194+0.825° 0.434+0.044¢

8 weeks 9.187+0.925° 0.651+0.065°

10 weeks 13.237+1.333° 0.961+0.097"

12 weeks 16.451+1.657° 1.25140.126°

L.S.D. 1.6923 0.1192

TBA: Alphabetically, the averages are arranged from best to worst.
Peroxide: Alphabetically, the averages are arranged worst to best.

Reported values are the mean +St.D of three replicated.

Means in the same column with different superscript letters were significant (p < 0.05).

Table 8 shows that the results revealed no growth of
E. coli, molds, or yeasts during the 3-month storage
period at refrigerator temperature (4°C). These re-
sults are consistent with Grompone (2005), who
found that the moisture content of sunflower seed
butter was below 10%, which 1s within the limit nec-
essary to prevent enzymatic reactions. Furthermore,
these findings align with Aryana et al. (2003), who
reported that microbial contamination could be
linked to bacteria, fungi, or both. If microbes are
present, they could pose a safety risk or cause spoil-
age. Due to the high lipid content of seeds, they are
prone to oxidation if stored in conditions that pro-
mote rancidity, especially in the absence of proper
antioxidants such as vitamin E.

Table 8. Microbiology examination of
period at refrigerator temp. 4°C

4. Conclusion

The current study provides valuable insights into
the health benefits of sunflower seeds. To promote
sustainable development in health and nutrition, sun-
flower seed butter serves as a slightly allergenic al-
ternative to dairy and other plant-based butters, mak-
ing it particularly useful for individuals with peanut
allergies. Sunflower butter can also be used as a fat
substitute. When incorporated into pate bread, sun-
flower butter enhances the product’s quality by im-
proving its color, aroma, chewiness, and overall tex-
ture. Therefore, it is essential for the food industry to
focus on developing value-added products that uti-
lize sunflower seeds.

sunflower butter during storage

Microbial Count (log CFU/g)

Sunflower butter

E. coli
Molds
Yeasts

Negative
Nil
Nil
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