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UNLEASHING THE HIDDEN TREASURES OF SUNFLOWER
THROUGH ITSPRODUCTS AND BY-PRODUCTS

ABSTRACT

Sunflower (Helianthus annuus L.) is known as one of the major oilseed crops that are not
only used for manufacturing edible oil and bio-fuels but also for developing nutritional meals
for domesticated animals. Most notably, the by-products of sunflowers offer a plethora of
opportunities and possibilities. For instance, sunflower oil cake serves as a nutritious meal for
animals, while sunflower wax finds applications in manufacturing various products such as
creams, moisturizers, ointments, lipstick, and more. However, perhaps the most significant
prospect among them is the production of biofuel, which acts as an alternative to traditional
and non-renewable energy sources for automobiles like petrol and diesel, particularly in this
modern era.However, the current production of the sunflower cannot comprehend to develop
or substitute the human needs under a sustainable approach. As a consequence, a detailed
analysis has been discussed within the paper regarding the efficiency of the sunflower as well

as its by-products nutrient management required to be followed to enhance productivity.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is well known as one of the main oil crops globally.
Usually, the crop is indigenous to North America. However, the sunflower was first cultivated
by Indians for its nutritional, medicinal value, and property to produce colors thatcan be used
for paintings. Helianthus genus has 51 species throughout the globe among them 14 are
annual and 37 are perennial. The average production of the sunflower is nearly 23 million ha
in nearly 60 countries per annum. The crop is considered the 2"largest hybrid crop and the
5™ argest oilseed crop which is also used as a source of finance due to its economic value [1].



The production of the sunflower doubled between 2001 to 2014 from 21.4 Mt to 43.6 Mt.
Europe,Russia, and Ukraine are the most dominant countries in terms of high production of
the sunflower and its by-products [2]. On the other hand, the sunflower productivity in India
has been drastically reduced over the times from 1972 to 2014. However, the area of
production along with productivity of sunflowers have started declining persistently from
2006-07 onwards. The global output from sunflower production has reduced to almost 1/3rd

during the last 10 years from about 15 lakh tons in 2005-06 to about 5.5 lakh tons in 2011-12.
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Figure 1: The decreasing status of the yield of sunflowers from 1996 to 2014 in India.
Source: [2]

Eventually, most of the varieties that are cultivated commercially are annual. The average
height of the sunflowers is around 1-3 meters. The inflorescence of the sunflower involves a
group of flowers including a capitulum/head. To reach the flowering stage the crop requires
nearly 70 days from sowing day, on average 130 days are required for ripening the seeds and

10 days later of the ripening stage, the seeds are harvested.

There are mainly two types of seeds available in sunflower, i.e., oiland non-oil type. Among
them, oil-type seeds are found to be relatively smaller in size with a relatively thin shell
contributing 20-25% of the seed weight. In general, the average weight of 1000 seeds may
vary in the range of 30g-80g [3]. The shell of the sunflower is made of fibrous
substancescellulosic materials and structural materials like lignin. 70% of the seed weight is
contained by the kernel of the oil-type seeds in sunflower in which protein, carbohydrates,

and mainly oils are found to be present.The average amount of oil content in the kernel is



nearly around 55%. On the other hand, non-oil type sunflower seeds are of confectionary and

bakery grade. These non-oiltype sunflower seeds are also used for bird feed

The components left over after the oil is extracted from sunflower seeds are known as
sunflower by-products.These by-products have several applications in the food industry and
feed industry. Sunflower oil produces oil meals, and press cakes, among other by-products,
are high-protein diets for farm animals [4].Similarly, other authors suggested the production
of Sunflower press cake, a protein-rich feed additive based on sunflower oil meal and
limestone flour are a few of the by-products of sunflower that have high prospects and utility
[5]. The qualitative parameters of seeds of sunflower crops and the by-products can produce a
protein-rich feed additive. Animals and poultry can be fed the supplement. On the other hand,
the sunflower by-products are also used in the production of biofuels.several by-products
such as husks of sunflower seeds can be used to produce fuel for power plants. Additionally,

sunflower oil can be utilized as a feedstock for the synthesis of biodiesel [6].

Therefore, further investigation into the potential of by-products derived from sunflowers is
necessary. The nutritional aspects of sunflower not only help to prepare various types of
medicines but also can cure diseases and provide solutions against obesity and fat-related
issues. Other than that, sunflower oil is also found to be capable enough to produce energy

which can be an asset in terms of sustainable energy production. Hence, a brief discussion
has been covered within this review paper, on how sunflower production can be enhanced

through the efficient application of nutrients and the prospects of its by-products for mankind.




Figer 2: Diagrammatic representation of the use of products obtained from sunflower

Products and by-products obtained from sunflower and its uses:

1.Sunflower oil:Sunflower oil has gained prominence in human diets owing to its rich, high-
calorie nutritional content The oilseeds are primarily used as a means of obtaining vegetable
oil, which exhibits specific physical and chemical characteristics [7]. It is now widely
accepted that the chemical composition of sunflower oil has been extensively researched and
documented.According to researchers, sunflower oil contains polyunsaturated fatty acids like
®-6 and -9, that protect against atherosclerosis [8]. Furthermore, it improves the
performance of essential organs like the liver, gall bladder, and also kidney. Moreover, the
inclusion of vitamin F in the oil helps prevent blood clotting.vessels and helps dissolve any
existing atherosclerotic plaques [9]. According to Filho and Egea, 100g of sunflower seed
“contains 15¢g of protein, 58g of fat, 249 of carbohydrate, 3g of ash, and 675 Kcal energy. The
process of crushing sunflower seeds yields oil that is between 25% and 33% of the original
weight of the seeds[10].Using ethanol as a solvent in the Soxhlet extraction method leads to a
reduction of 70% in waxes that tends to crystalize eventually, causing instability of the oil
and yielding a minimum of 38% more tocopherols and phospholipids in the extracted
sunflower oil [11].The traditional process of extracting sunflower oil involves three stages.
First, the seeds are prepared for extraction. Second, mechanical extraction is performed,
yielding a press cake also known asan oilcake with an oil content ranging from 16% to 24%.
Lastly, the oil is extracted from the press cake or expanded material, known as "collets,"
using a solvent.Finally, it is commonly accomplished through a counter-currentmechanism,

employing n-hexane as the solvent [12].



2.Sunflower oil cake:Qilcakes are residual materials obtained following the extraction of oil
from seeds. They are categorized into two types: edible and non-edible [13].Two varieties of
cold-pressed  sunflower oilcakehave differentfunctional, physical, and chemical
characteristics [14]. Two different forms of sunflower cakes are mainly formed after drying
and shaped into pellets and cakes. the pellet and the cake form are represented as SFOC/PE
and SFOC/C.The material's color shifts from black to gray as it undergoes processing
[15].The stability of oilcake over an extended period mainly depends on maintaining an
optimal moisture content [16]. A storage humidity level of less than 12% inhibits rapid mold
growth [17]. Studies revealed that the moisture content for meal pellets is 8.75% and for meal
cakes is 8.93%. Other authors reported that some other oilseed crops like sesame,soybean,
flaxseed, and rapeseed have very similar values but relatively much lower values were
observed inpumpkin and hemp [18,19,20].Sunflower oilcake is produced for human
consumption if the amount of protein (20-25%) and lipid (3-5%) ratio are equal [14]. If the
amount is not equal and the fat percentage is higher, it is not good for human
health.Typically, meal is incorporated into animal diets as feed due to its high protein content,
increasing biomass [21,22,23]. Oil cakes are high in lipids and protein and thus are also good
for feeding fish and omnivorous, but they are also high in fibre for ruminants. Research

indicated that sunflower oilcake increased the amount of pig carcasses produced [24,25].

Table 1: Physical and functional properties of different forms of sunflower oil cakes. Results

are given in the form of values + standard deviation (S.D.) (source: 13)

Serial Parameters | SFOC/PE SFOC/C Significance of the parameter

no.

1 Moisture 8.75+0.10 8.93+0.11 Moisture content is crucial for
content preserving the stability of oilcake

over extended periods [16].

2 Water 258 £0.11 2.33+£0.07 This parameter plays a significant
holding role in establishing the appropriate
capacity conditions for storage[26].

(WHC)




Bulk 0.4196 £ 0.002 | 0.4204 +£0.001 | It holds significance in the food

density industry's packaging and handling

(BD) procedures[16,27].

Emulsion 32.17+1.15 30.62£2.14 ES quantifies the rate at which

stability water is separated from the

(ES) emulsion over a while[16].

Oil holding | 1.34 £ 0.13 1.18 £ 0.08 This capacity lies in its ability to

capacity determine the amount of oil that a

(OHC) substance or material can absorb
and retain. It is particularly
important  in  various  food
processing and cooking
applications, as it influences the
texture, flavor, and overall quality
of the final product.

Swelling 3.56 + 0.06 3.19+0.17 swelling capacity lies in its ability

capacity to indicate the capacity of a

(SC) substance to absorb and retain
water or other liquids. Swelling
capacity also plays a role in
assessing the absorbency, stability,
and functionality of materials in
industries

A significant difference was observed between the two oilcakes in water holding capacity
(WHC), with a p-value of less than 0.05 (p<0.005)[26].
3.Sunflower meal (SFM): Sunflower meal (SFM) is a by-product of the sunflower oil

industry and is increasingly being incorporated into animal and poultry diets.[22]. SFM is an

incredible source of protein.Sunflower meal complements soybean meal for nutritional needs

and is a tasty source of protein and fibre with a high roughage factor [7]. SFM has the

potential to serve as a replacement for soybean meal (SBM) in poultry diets [28]. SFM can be

added to a non-ruminantanimal diet in amounts ranging from 50-150 g/kg [30].One of the

main benefits of utilizing SFM in chicken is that it is less expensive than SBM and contains

no harmful chemicals or any antinutritional elements that could reduce productivity [30,31].




In addition to its traditional use as cattle feed, SFM is increasingly recognized as a promising
raw material for the synthetics of essential products, like emulsifiers, peptides, protein
isolates, biomaterials, etc. They have large concentrations of phenolic chemicals that are
currently underutilized and have antioxidant or antibacterial properties [32].

4.Sunflower wax: Sunflower waxes typically occur on the coating of the hull of sunflower
seeds, where they can be observed inconcentrations to three percent, depending on the hybrid
and seed source [33,34].The amount of wax removed along with the oil is determined by the
degree of dehulling and the extraction technique (solvent extraction or pressing, for example).
The amount of wax formed in the oil can therefore differ depending on the type of seed,
where it was sourced from, how much of the hull was removed, and the technique and
temperature employed during the many stages of processing that produced the oil [35,36,34].
Sunflower wax is derived from the winterization process of sunflower oil. Winterization also
known as dewaxing is the traditional technique that involves a slow crystallization and filter-
mediated separation. The process entails first cooling the oil and agitating it gently to cause
the waxes to crystallize. Next, the oil is filtered through a filter to eliminate the crystals from
the oil [37].Waxes typically exhibit low solubility.and can crystallize at room temperature,
causing turbidity in refined oils. As a result, they are considered undesirable materials. There
are two sources of sunflower wax, standard sources- seed hull and crude wax from oil
refineries [11]. According to studies sunflower wax can be used to enhance the
photochemical characteristics and efficacy of several products like moisturising cream,
candles, coating, ointments, and lipsticks as a substitute for beeswax,mineral wax, and
carnauba wax. It can also increase strength, viscosity, drug diffusion, etc. Since sunflower
wax comes from a plentiful and renewable source, it can be regarded as an affordable and
environmentally beneficial component [38].

5.Sunflower stalk:The stalk of a sunflower is spherical or ribbed, filled with spongy tissue
inside, and coated in scratchy hairs. The outside of the stalk is covered in bark. Ninety
percent of the sunflower's volume is made up of the stalk. Bark weighs 350 kg per cubic
meter, while spongy tissue weighs 29 kg per cubic meter. When the seed ripens,the leaves and
the stalk attached to it undergo drying.The stalks consist of cellulose ranging from 34% to
42%, hemicellulose ranging from 19% to 33%, and lignin ranging from 12% to 30%.The
stalks have an ash level that ranges from 3 to 13.2%. Stalks from sunflowers can be utilized
as fertilizer, energy, and fodder. Sunflower stalks exhibit a melting temperature of ash similar
to straw and lower than that of wood chips and maize stalks. This aspect should be taken into

consideration when choosing heating equipment[6].1t is easy to divide the stalks into two



sections: the pith (internal part, 10%) and the fibre (external part, 90%). We looked into the
mechanical characteristics of paper pulp made from whole or depicted stalks that underwent
thermo-mechanical treatment in a twin-screw extruder machine. The pulps are excellent for
making cardboard since they scored highly on the CMT which is concora medium test and
RCT which is the ring crush test [39].

Three-layer particleboards are another product that is made using sunflower stalks. Because
these panels could be made in low densities, they might be used as packaging, furniture,
decorative applications, and isolation panels.[40].Moreover,sunflower Stalks can also be used

as adsorbents for color removal from textile wastewater [41].

6.Sunflower seed hull:The hull of the sunflower seed is the only unused remaining
portion. The utilization of the hull has been a significant industrial issue over the years.A
substantial quantity of this byproduct is released during the oil's production.As a result, the
factory needs to get rid of it because it requires a very significant volume for storage. Finding
a truly profitable application for the hull is challenging due to its poor economic
worth[42].Moreover, this material has several uses like as heating, feeding cattle, extracting
xyloses, producing furfural, fertiliser, and agglomerated panels. It is very beneficial as a
mulch material for suppressing weeds. It is biodegradable and can be used as fuel [42,43].

7. lignocellulosic biomass:

Plant biomass, consisting of lignocellulosic material, represents the most readily abundant
resource on the planet for the generation of biofuels.Plant components like cellulose,
hemicellulose, and lignin usually make up these lignocellulosic materials. As the resources of
fossil fuel are depleting day by day the demand for biofuels is gaining more and more
importance as an attractive fuel [44]. Bioethanol which is the alternative to fossil fuel can be
obtained by using sunflower biomass as raw material, but at first, pre-treatment is needed for
the destruction of the lignocellulosic material[45].One liter of ethanol can be produced from
3.8 kilograms of primed sunflower stalks by using steam pretreatment, concurrent
saccharification, and fermentation [6].If the hydration level is higherin the biomass during

harvest the wet biomass can be used for the production of biogas,but before fermentation, it

needs to be prepared for physical,chemical, or mechanical, destruction.
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Fig 3: Bioethanol production process from lignocellulosic biomass of Sunflower

Prospects of the products and byproducts of sunflower:

The majority of nations produce oilseeds, which are mostly utilized to extract oil.In addition
to its aesthetic value, the common sunflower is valuable economically. The flowers provide a
yellow dye, the seeds are edible and contain oil, and the leaves are used as fodder.Cake made
from sunflower oil is fed to livestock and fowl. Furthermore, the oil is a lubricant and is used
in paints and soap. The seeds are often included in bird seed mixes and can be eaten raw,
roasted, or mashed into nut butter[46].

The use and the nutritive value of sunflower oil and the different byproducts are unignorable.
The nutritional composition of sunflower seeds is notable, comprising 33.85% proteins,
65.42% fats, and 18 essential mineral elements. Owing to their high lipid amount, they are
mostly utilized as a provider of vegetable oils. The primary acids present in sunflower oil are
oleic acid about 19.81%and linoleic acid about 64.35%, which are essential fatty acids not
formulated by the human body and must be obtained through dietary intake.Sunflower
oilcake has a very well-balanced amino acid profile and has higher levels of proteins (20.15%
and 21.60%) and fibres (31.88% in pellets and 12.64% in cake form, respectively)[14].

In general, sunflower oil comprises four main types of fatty acids: high linoleic type,
characterized by 69% linoleic acid (C18:2); high oleic acid type, with 82% oleic acid
(C18:1); mid oleic acid type, containing 65% oleic acid (C18:1); and high stearic with high
oleic acid type, which includes 18% stearic acid (C18:0) and 72% oleic acid (C18:1)
[47].Sunflower oil has a longer shelf life than high oleic sunflower oil since the rates of
oxidation of the former oil were significantly lower at 40 °C in the dark [48]. This discovery
confirmed that high oleic acid type sunflower oil surpassed many unsaturated oils in most
oxidation tests, aligning with previous research findings.[49].

Table 2:Nutritional composition of sunflower oil (100 gm)



Serial Elements Amount in 100 gm
no.

1 Energy 900 kcal or 3700 Kilojoule
2 Saturated fatty acids 11to 12 gm

3 Mono-unsaturated fatty acids (MUFA) 24 10 27 gm

4 Polyunsaturated fatty acid (PUFA) 62 to 64 gm

5 Of which omega-6 62 to 64 gm

6 Of which omega-3 0gm

7 Vitamin E 45 to 90 mg

source www.botanical-online.com [50].

Sunflower oil contains a significant amount of polyunsaturated fatty acids (PUFAs), while the
content of saturated fatty acids (SFAS) is relatively low. This composition makes the oil a
healthy choice for consumption.Low SFA in diet results in decreased total cholesterol and
lowers the risk of cardiac arrest.

The pellet and the cake form of sunflower oil cake have a protein content of about 20.12%
and 21.60% respectively. The oil cake is also a high source of fibre. The fibre content in the
Pettet form is 31.88%andin the cake i512.64%[14].Sunflower
oilcakeprovides methionine, valing, leucine, isoleucine, tryptophan, cysteine, alanine, and
phenylalanine as necessary amino acids [51]. In terms of vitamins and minerals, the most
common ones are riboflavin, phosphorus, thiamine, pantothenic, and nicotinic acids [52]. For
cattle, sunflower oil cake is an excellent source of fat and protein. It is a valuable addition to
many cattle diets used for dairy purposes, as it can supply nitrogen in the form of rumen-
degradable protein, that rumen microorganisms need. When compared to meals of canola and
soybean, the protein present in sunflower meal exhibits higher ruminal degradability, often
surpassing 60%.

The protein percentage of the sunflower meal is approximately 60-65% for the kernel and 30-
40% for the hull (shell). In sunflower meal, about 30 to 34% crude protein, 20 to 25%
cellulose, and 8 to 10% lignin are present [53].The results of multiple authors' chemical
analyses of SFM's nutritional content are displayed in table 3.As a result, there was
significant variation in the chemical composition of SFM; The crude fiber (CF) percentage
varied from 11.54% to 28.73%, averaging 22.18%. Meanwhile, the values for crude protein
(CP) ranged from 29.72% to 33.52%, and for dry matter (DM), they fell between 88.00% and
91.48%. Additionally, table 3 shows that the ether extract (EE) concentration varied from


http://www.botanical-online.com/

2.50 to 18.78%, averaging 7.93%.SFM is safe to add to chicken diets at relatively high levels
without negatively affecting egg quality standards or productive performance [54,55,56].

Table 3-nutrient composition of Sunflower Meal (SFM)

Authors Crude Crude Dry Ether
Fibre%o(CF) | Protein%(CP) | Matter%(DM) | Extract%(EE)

Zatari &Sell (1990) | 28.73 29.72 89.32 12.53

Dessouky (1996) 18.40 32.60 90.23 -

San Juan and | 25.21 33.14 - 2.77

Villamida (2001)

Rostagno et al. |23 31.40 89.09 -

(2005)

Senkoylu and Dale | 11.54 32.30 90.20 18.78

(2006)

Nassiri Moghaddam | 21.20 30 88.00 2.50

etal. (2012)

Liu et al. (2015) 27.23 33.52 91.48 3.11

Average 22.18 31.81 89.72 7.93

Wax is primarily an ester of fatty acid (FA) along with fatty alcohol which has around 36-50
carbon atoms [57]. Esters with carbon atom counts ranging from 36 to 48 made up the
majority of crude sunflower oil waxes and a notable concentration was found in the C40-C42
fraction.Oil processing and marketing are hampered by waxes' tendency to Crystallization
which causes turbidity as the oil cools. To achieve an obvious oil unaffected by low storage
temperatures, wax is partly eliminated by refining during the winterization or dewaxing. The
amount of waxin the oil is influenced by varied aspects such as variety, origin, methods of
processing, extraction techniques like pressing or solvent extraction, etc. As a result, the
overall wax concentration of refined sunflower oils can reach up to 0.06 weight percent while

crude sunflower oils can range from 0.02 to 0.35 weight percent [58,59,60].

However, researchers suggest that biofuel is considered the major and most important by-
product of sunflowers that can be used as a substitute for diesel and petrol. Although results
from their research conclude that the production of bio-fuel from sunflower cannot meet the

global demand as a substitute for the fuels that are used in automobile vehicles, however can



be used in certain regions under a sustainable approach [61].The findings from the research
conducted in Italy suggest that the biodiesel potential, estimated at 95,000 tons per year,
equates to saving 104,400 tons of CO2 equivalent per year of greenhouse gases and 26,500
tons of oil equivalent per year of fossil energy. Regarding the prospect, the authors reported
two scenarios that involve the requirement of biodiesel to make a complete substitute of the
traditional fuels that are used in auto-vehicles [62]. The data has been derived from European
countries and were analyzed. The analyzed data indicates that while the 2010 target of
replacing 5.75% of transportation diesel fuel was achievable, meeting the 2020 target of
reaching a 10% replacement is not feasible. This is because local biodiesel production could
only fulfill 4.78% of the diesel fuel requirement.Sunflower crops were used for the
development of hydrocarbon biofuel with the help of a Zeolite Socony Mobil-5 (ZSM-
5)catalyst under a fixed bed reactor in respectively three different temperatures such as 450°
C, 500° C, and 550° C. The results from the experiment have displayed that the highest
hydrocarbon biofuel yield can be obtained through the upgradation of sunflower meat oil at
500°C. Eventually, the maximumprofit of sunflowermeat hydrocarbon biofuel was
considerably8.5% greater than the maximum profit of seed hydrocarbon biofuel.The
experiment indicates that the reaction temperature significantly influences the distribution of
uncondensed gas components.[63]. The temperature factor of the reaction has a direct effect
on the yield and properties of hydrocarbon biofuel. However, the expenses associated with
producing a unit of sunflower meat oil were significantly lower than those for producing
sunflower seed oil. Therefore, it can be argued that sunflower meat may be a more cost-
effective feedstock than sunflower seed for producing hydrocarbon biofuel.

Sustainability and futureaspects:

The alternative use of agricultural waste materials as raw materials in the production of
compositeshas been a hot topic of research nowadays. Effective alteration of that waste
product can turn it into a by-product that can be productive as well as socio-economic.
The waste is typically burned or disposed of in landfills, which pollutes the water, air, and
soil eventually.

Byproductsfrom vegetable oil processing unitssuch as groats, flour, meals, and oil cakes are
regarded as significanteconomic resources due to the low cost and high concentration of
bioactive chemicals, which are readily found in huge numbers [64]. To ensure the well-being

of future generations the circular economy concept is very famous among the food and



agricultural industries recently, which emphasizes and interests the industries to use resources
to its fullest and to obtain bioactive compounds from them [65,66].

It's been demonstrated that sunflower meal contains phenolic components such as
chlorogenic acid, which functions as a natural antioxidant in food on the other hand it has
potential use as biodegradable packaging material, thus its alternative use is profitable for the
agribusiness industry [67,68]. Vegetable proteins are naturally occurring sources of high-
quality nourishment and are found in oilseed plants, which are used to produce vegetable
oil. Through the development and application of cutting-edge technologies that offer
environmentally sustainable solutions for agriculture and the agro-industry, it is possible to
produce a vast array of good-quality protein products which have implementation in the
pharmaceutical and food industries [69].

In addition to being possible sources of plant protein, dietary fibre, and antioxidants, oilseed
meals are typically high in chemicals that are good to health. Numerous research studies have
documented the process of converting these by-products into food products with additional
value, like meat and bakery goods, to improve their functional and nutritional qualities.These
initiatives promote environmental zero-waste, foster the creation of innovative functional
foods, and advance sustainability[26].

On the other hand,recent advances have been made in the use of biofuel from the byproducts
obtained from the sunflower as well as other oil seed plants,due to theirlarge output and high
oil content, sunflower seeds are regarded as a significant renewable energy source [63].Due
to undesirable characteristics including a high freezing point and high viscosity, vegetable oil
cannot be utilized directly as fuel.Transesterification, hydrocracking, thermal cracking, and
catalytic cracking stand as common techniques employed to convert vegetable oil into
biofuel. Transesterification is typically utilized to produce biodiesel, involving a process with
alkali compounds and excess solvents.[70,71].

Several researchers have reportedthe transesterification of HOSUN oil(High Oleic
SUNflower oil) as biodiesel.[72,73]. Higher stability biodiesel was created by HO oils than
by regular oils. The economic feasibility of HOSUN oil-based biofuels would be dubious at
this point, considering their comparatively high cost and restricted supply.UItrahigh oleic
sunflower oil containing 90% oleate in it, works as an excellent feedstock for the
oleochemical industry[74]. Additionally, epoxidized HOSUN or its methyl esters have

significant promise as crucial feedstocks for theoleochemical sector [75,76,77].

Concerns related to the quality control of the products:



Although the contribution from the product and by-products of sunflower is enormous, there
is still a concern related to the quality of it. The quality of the obtained material depends on
various factors like processing,packaging, environmental factors, and management of it.
Although Sunflower Meal (SFM) has an average crude protein level of 32.42%, the presence
of polyphenolic compounds limits its application in animal and poultry feed.the main reason
behind this is the presence of Chlorogenic Acid (CGA) in polyphenolic compounds.Several
researches have shown that 70% of the SFM is CGA [78,79]. CGA is an essential part of
hydroxycinnamates which helps plants in their antioxidant activities but it also significantly
lowers sunflower protein's digestibility and bioavailability[80,81]. In 1999, Swick conducted
research and hypothesized that the negative effects of CGA might be mitigated when SFM is
used in the diet of livestock and poultry by the addition of methionine and choline
supplements [82].0n the other hand, improperly dehulled sunflower cake is very high in fibre
and unsuitable for pig and poultry nutrition.Protein content rises and fibre content falls during
the dehulling process [83]. The quality and the stability of vegetable oil such as sunflower oil
is disturbed by the presence of wax in it.Low-temperature solubility of waxes in oil results in
turbidity upon crystallization. Winterization is the process by which the waxes can be
removed from the oil through refining[84].

Moreover,there is a chance of microbial contaminationin the byproducts.Fusarium spp. and
Alternaria spp. may be the primary contaminants of the byproducts from sunflower oil
production [85].Such fungi produce toxic secondary metabolites like mycotoxin.These
byproducts may harbor various heavy metals originating from both the raw materials and the
production process. Despite this, they also offer nutritional benefits attributed to their
content.[86].Furthermore, while the majority of the byproducts of the vegetable oil
processing units have physical, chemical, nutritional, and functional qualities, allergic
reactionsare still a problem for certain of these products, particularly the byproducts of
soybean and rapeseed [87].

Conclusion

In conclusion, the prospects of sunflower by-products present a promising avenue for
sustainable development and resource utilization. The various by-products derived from
sunflowers, such as oil, meal, and hulls, offer diverse applications across industries ranging
from agriculture to energy and beyond. Sunflower oil, known for its health benefits, remains
a staple in the culinary world, while sunflower meal serves as an invaluable component in

animal feed, contributing to livestock nutrition. Additionally, the potential for harnessing



sunflower hulls for bioenergy production underscores the role of these by-products in
fostering renewable energy solutions. However, the preservation period of high-fat press
cakes is very limited, and the physical properties are also very poor. Therefore, the production
of a protein-rich feed additive based on sunflower oil meal along with limestone flour, and

sunflower press cake is suggested. The additive can be used to feed animals and poultry.

The multifaceted benefits of sunflower by-products extend to environmental sustainability as
well, as they provide alternatives to conventional resources, contributing to waste reduction
and circular economy principles. As research and technology continue to advance, further
innovations in processing and utilization methods may unlock even more possibilities for

these by-products.
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