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Abstract
Various by-products of the food industry (fruit and vegetable
pulp, oilseed cake, different bark and shells...) are generated
in large quantities and represent a huge problem for manufacturers, because they have a significant effect on the environment due to slow biodegradation, water pollution, emissions
of methane, and related environmental problems. On the other hand, these by-products, aside from the fact that they are
a rich source of polyphenols, dietary fibre, β-glucans, antioxidants, and essential fatty acids, represent cheap and easily
available raw materials which could be used for the production of various products consumed by many people (snacks,
breakfast cereals, pasta, bread, biscuits...). One of the most
important product groups are certainly extruded products,
and their production mainly uses various types of grains, such
as corn, wheat, rice and barley, which are rich in carbohydrates. Therefore, in recent years there is much more research
on the topic of improving the nutritional value of this product group by using various food industry by-products.

1. INTRODUCTION
The food processing industry generates a huge quantity of
by-products, including pomace, peel, husks, pods, stems,
bran, washings, press cakes, etc., which have a lower production value and create considerable environmental pollution (Sharma et al., 2016). The use of these by-products
has become a growing trend in the food industry in recent
years, including the production of extruded products. One
of the motives is to increase the nutritional value of new
products, since the consumers are aware of the close relationship between nutrition and health, so the demand for
food enriched with nutritionally valuable ingredients and
functional food is becoming a growing trend. Another
motive is certainly the utilization of these nutritionally
valuable raw materials, thereby reducing overall waste
(Jozinović et al., 2014; Yağcı and Göğüş, 2010).

2. THE UTILISATION OF FOOD INDUSTRY
BY-PRODUCTS IN THE PRODUCTION
OF EXTRUDED PRODUCTS
Extruded products include a large group of various types of
finished products consumed by many people (snacks, breakfast cereals, pasta, confectionery, etc.), as well as modi-
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fied flours and starches, which are widely used in the food
industry as additives. Due to the fact that the extrusion
process allows processing of various types of raw materials,
numerous by-products, mainly of plant origin, have found
their application in the production of various types of extruded products. This paper provides a brief overview of the
most commonly used by-products in previous research, as
well as some of the possibilities for their application established within the research project “Application of Food
Industry By-products in the Development of Functional and
Environmentally Friendly Extruded Food Products and Additives” (FUNEXFOOD) (HRZZ-1321).

2.1. By-products of fruit and vegetable processing
Apple pomace is a major by-product, comprised of the remains left after crushing and pressing apples during the
production of juice, vinegar, or cider, and it contains about
30% of the whole fruits. It is a wet by-product, mostly used
as animal feed or as fertilizer, also as a source of pectin,
dietary fibres, and polyphenols (Jozinović et al., 2014).
Along with citrus peel, it represents basic raw material for
the production of pectin, but it is important to note that
pectin from apples can’t be used for the production of very
light products, because its colour contains a slight brown
hue (Schieber et al., 2001). Furthermore, it is a great source of dietary fibres (51.1% of total dietary fibres), 36.5%
insoluble, and 14.6% soluble fibres in dry matter. Several
studies about the application of apple pomace in the production of extruded products were carried out so far, such as
corn extrudates (Karkle et al., 2012; Jozinović, 2015),
extrudates based on whey proteins (Sun et al., 2015), and
pregelatinized corn starch (Paraman et al., 2015).
Grape pomace is the main by-product of wine production,
and it represents about 20% of processed raw materials.
It is a good source of dietary fibres, mainly cellulose, and
small proportions of pectin and hemicellulose. Furthermore, it has also been evaluated as a source of antioxidants
because of its high polyphenol content (Jozinović et al.,
2014). Grape pomace contains pulp, seeds, skins, and
stems, and since it is a valuable raw material rich in phenolic compounds, ethanol, tartaric acid, citric acid, grape
seed oil, dietary fibres, etc., it could be used as raw material for the isolation of those groups of compounds, with
the potential application in functional food production
(Teixeira et al., 2014). Therefore, dry pomace as grape

14.4.2017. 14:47:38

Vol. 12(1) 2017 ––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

flour has found its application in the production of extruded products based on barley (Altan et al., 2008b; 2009)
and whey proteins (Sun et al., 2015), as well as in the
production of noodles (Rosales Soto et al., 2012).
Citrus pomace is generated in large quantities as a by-product of processing this fruit during the production of juice,
and it mainly consists of peel and seeds. Aside from their
use in the production of pectin, citrus peel and seeds have
significant antioxidant potential, so their application has
recently been steadily increasing (Jozinović et al., 2014).
Thus, orange peel modified by extrusion was used for the
production of cookies based on wheat flour (Larrea et al.,
2005). Furthermore, it was found that by extruding lemon
pomace, insoluble fibres could be transformed into soluble fibres (García-Méndez et al., 2011), and the successful
application of mango peel has been observed in the production of macaroni (Ajila et al., 2010).
Tomato pomace is generated in the amount of 3 – 7%
during tomato processing in the production of juice, paste, puree, ketchup, sauce, and other products. It contains
a large proportion of dietary fibres, which represents up
to 50% d. m. of this by-product, but it is also a good
source of high-quality ingredients, such as lycopene. The
application of tomato pomace has been recorded in the
production of extruded snack products based on corn,
rice, and wheat (Dehghan-Shoar et al., 2010), extrudates
based on barley (Altan et al., 2008a), and corn extrudates (Da Costa et al., 2010; Huang et al., 2009; Caltinoglu
et al., 2014; Obradović et al., 2015).
Carrot pomace is a by-product obtained during carrot juice processing. Considering that a large portion of valuable components, such as carotenoids and dietary fibre, are
retained in the pomace, this valuable by-product is a good
source of α- and β-carotene. The total dietary fibre content
of carrot pomace was found to be 63.6% d. m, with 50.1%
d. m. being the insoluble fraction and 13.5% d. m. the
soluble fraction. Considering that carrot pomace doesn’t
contain kernels and seeds, it has a wide application in
numerous products such as bread, cakes, dressing, and
functional drinks (Schieber et al., 2001), and furthermore,
its application in the production of “ready-to-eat” expanded products has been recorded (Kumar et al., 2010), as
well as in the production of other extruded products
(Upadhyay et al., 2010; Obradović, 2014).

2.2. Oilseed cakes
Oilseed cakes are generated as a by-product in the production of oil. Considering that the annual amount of processing of various types of oilseeds in the EU reaches 30 to
35 million tons, these by-products are created in large
amounts, but they are mainly used as animal feed. They
represent a rich source of protein and dietary fibres, so
their application in the production of various types of food
products started in the recent years, mainly in bakery (bread, biscuits, tortillas) and protein supplements (Lai et al.,
2017). Some of the most important applications in the
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production of new products are certainly related to the
production of extruded products, so the application of hazelnut cake has been recorded in the production of snack
products (Yağcı and Göğüş, 2008; 2010), the application
of sesame oil cake (Nascimento et al., 2012) and olive
paste in the production of corn extrudates (Bisharat et al.,
2013), as well as the application of hemp powder in the
production of rice extrudates (Norajit et al., 2011).

2.3. Hulls and bran
Hulls and bran represent the outer shells of different
types of grains and oilseeds. They are a rich source of
dietary fibres, preferably insoluble, and therefore, they
have found application in the production of different
extruded products. Thus, the applications of wheat bran
(Onwulata et al., 2001), soybean hulls (Duarte et al.,
2009), and corn fibres (Wang and Ryu, 2013a; 2013b)
have been recorded in the production of corn extrudates.

2.4. Brewer’s spent grain
Brewer’s spent grain (BSG) is the major by-product of the
brewing industry. Although it is a rich source of protein
(about 20% d. m.), dietary fibres (17% cellulose, 28%
non-cellulosic polysaccharides, chiefly arabinoxylans,
and 28% lignin in dry matter), and ß-glucans, it is mostly
used as animal feed (Jozinović et al., 2014). Mussatto et
al. (2006) observed that this by-product could be used for
enrichment in the production of flakes, whole-wheat bread, biscuits, aperitif snacks, and other products, but before its application it should be dried and ground. Its application has been recorded in the production of various
types of extruded products, such as baked snacks (Ktenioudaki et al., 2013), corn extrudates (Makowska et al.,
2013; Ainsworth et al., 2007; Jozinović, 2015), and “ready-to-eat” expanded products (Stojceska et al., 2008).
The main limitations of its implementation are the significant effects on colour and flavour when it is used in
higher amounts.

2.5. Sugar beet pulp
Sugar beet pulp (SBP) represents a major solid by-product
of the sugar beet used in the sugar refining industry. The
content of this valuable by-product is 20-25% cellulose,
25-36% hemicellulose, 20-25% pectin, 10-15% protein,
and 1-2% lignin in dry matter. Although it is high in pectin
content, pectins from SBP have poor gelling properties due
to their high degree of methylation and low molecular weight, so they are not extensively used in the food industry
when compared to citrus and apple pectins (Jozinović et al.,
2014). The application of this valuable by-product in the
production of extruded products has been recorded for the
development of corn extrudates (Lue et al., 1991; Jozinović,
2015), and moreover, it is used in the production of spaghetti (Özboy and Köksel, 2000).

14.4.2017. 14:47:38

4

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Engineering Power

Table 1. Some examples of the application of food industry by-products in the production of extruded products*

• corn extrudates
• extrudates based on whey protein
• extrudates based on pregelatinised corn
starch
Apple pomace

• extruded products based on barley
• extrudates based on whey protein
• noodles
Grape pomace

Citrus pomaces

• extruded orange peel in the production
of cookies based on wheat flour
• extrusion of lemon pomace with the
aim of transforming insoluble fibres
into soluble fibres
• mango peel application in the production of macaroni
• snack products based on corn, rice and
wheat
• extrudates based on barley
• corn extrudates

Tomato pomace

• “ready-to-eat” expanded products
• corn extrudates
Carrot pomace
• snack products with hazelnut cake
• corn extrudates with sesame oil cake,
and olive paste
• rice extrudates with hemp powder
Oilseeds cakes

• corn extrudates with the addition of
wheat bran, soybean hulls, and corn
fibres
Hulls and bran

• baked snacks
• corn extrudates
• “ready-to-eat” expanded products
Brewer’s spent grain

• corn extrudates
• spaghetti
Sugar beet pulp
*photos in the table are the property of the authors
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3. EXTRUDED PRODUCTS DEVELOPED AS
PART OF THE PROJECT FUNEXFOOD
During the investigation for the project “Application of
Food Industry By-products in the Development of Functional and Environmentally Friendly Extruded Food
Products and Additives”, 9 new expanded snack products have been developed so far, with acceptable sensory
properties, enriched with three food industry by-products: corn snack products with 5, 10, and 15% of BSG, 5,

5

10 and 15% of SBP, and 5, 10 and 15% of apple pomace (Figures 1 and 2) (Jozinović, 2015). Furthermore,
current research on the project is focused on the development of new extruded products based on corn grits,
produced by extrusion with supercritical CO2, enriched
with defatted hazelnut cake, pumpkin seed cake, hemp
cake, and defatted Camelina sativa cake. Moreover, 10
new modified wheat and barley flours were developed
as part of the project so far, enriched with various by-products (SBP, BSG, and apple pomace), these flours will
be used in further investigations on the project, in order
to produce enriched breads and cookies.

4. CONCLUSION

Figure 1. Corn snack products developed as part of the project
FUNEXFOOD (from left to right: Corn grits (without added
by-products); Corn + 10% brewer’s spent grain; Corn + 10% sugar beet pulp; Corn + 10% apple pomace

The trend of improving the nutritional value of various
types of food products, including extruded products, is
increasing as a result of increased consumer awareness
about the importance of healthy diets and the increased
demand for so-called functional products. On the other
hand, the food industry is faced with the problem of
generating large quantities of by-products, which are
usually classified as waste, even though they are rich in
nutritionally valuable components and can be used in the
production of new products. This paper presents a part
of the potential utilization of various by-products in the
production of extruded products, along with examples
provided by other researchers and the examples provided
by the research team on the project FUNEXFOOD.
References
Ainsworth P., İbanoğlu Ş., Plunkett A., İbanoğlu E., Stojceska V.:
Effect of brewers spent grain addition and screw speed on the
selected physical and nutritional properties of an extruded
snack. Journal of Food Engineering, 81:702-709, 2007.
Ajila C.M., Aalami M., Leelavathi K., Rao U.J.S.P.: Mango peel
powder: A potential source of antioxidant and dietary fibre in
macaroni preparations. Innovative Food Science & Emerging
Technologies, 11(1):219-224, 2010.
Altan A., McCarthy K.L., Maskan M.: Effect of extrusion cooking
on functional properties and in vitro starch digestibility of
barley-based extrudates from fruit and vegetable by-products.
Journal Food Science, 74(2):77-86, 2009.
Altan A., McCarthy K.L., Maskan M.: Evaluation of snack foods
from barley-tomato pomace blends by extrusion processing.
Journal of Food Engineering, 84:231-242, 2008a.
Altan A., McCarthy K.L., Maskan M.: Twin-screw extrusion of
barley-grape pomace blends: Extrudate characteristics and
determination of optimum processing conditions. Journal of
Food Engineering, 89(1):24-32, 2008b.
Bisharat G.I., Oikonomopoulou V.P., Panagiotou, N.M., Krokida
M.K., Maroulis Z.B.: Effect of extrusion conditions on the
structural properties of corn extrudates enriched with de
hydrated vegetables. Food Research International, 53:1-14,
2013.

Figure 2. Sensory evaluation results of the corn snack products
developed as part of the project FUNEXFOOD (HRZZ-1321)
(Jozinović, 2015)

Engeneering Power 2017-01-05.indd 5

Caltinoglu C., Tonyali B., Sensoy I.: Effects of tomato pulp addition on the extrudate quality parameters and effects of extrusion on the functional parameters of the extrudates. International Journal of Food Science and Technology, 49:587-594,
2014.

14.4.2017. 14:47:40

6

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Engineering Power

Da Costa P.F.P., Ferraz M.B.M., Ros-Polski V., Quast E., Collares
Queiroz F.P., Steel C.J.: Functional extruded snacks with lycopene and soy protein. Food Science and Technology (Campinas), 30(1):143-151, 2010.

Norajit K.N., Gu B.J., Ryu G.H.: Effects of the addition of hemp
powder on the physicochemical properties and energy bar
qualities of extruded rice. Food Chemistry, 129:1919-1925,
2011.

Dehghan-Shoar Z., Hardacre A.K., Brennan C.S.: The physico-chemical characteristics of extruded snacks enriched with tomato lycopene. Food Chemistry, 123:1117-1122, 2010.

Obradović V., Babić J., Šubarić D., Jozinović A., Ačkar Đ.: Physico-chemical Properties of Corn Extrudates Enriched with
Tomato Powder and Ascorbic Acid. Chemical and Biochemical Engineering Quarterly, 29(3):325-342, 2015.

Duarte G., Carvalho C.W.P., Ascheri J.L.R.: Effect of soybean
hull, screw speed and temperature on expanded maize extrudates. Brazilian Journal of Food Technology, 12(3):205-212,
2009.

Obradović V.: Utjecaj temperature i dodataka na fizikalna, kemijska i senzorska svojstva kukuruznih ekstrudata. Doktorski
rad, Prehrambeno-tehnološki fakultet, Osijek, 2014.

García-Méndez S., Martínez-Flores H.E., Morales-Sánchez E.:
Effect of extrusion parameters on some properties of dietary
fibre from lemon (Citrus aurantifolia Swingle) residues. African Journal of Biotechnology, 10(73):16589-16593, 2011.

Onwulata C.I., Konstance R.P., Smith P.W., Holsinger V.H.:
Co-extrusion of dietary fibre and milk proteins in expanded
corn products. LWT – Food Science and Technology, 34:424429, 2001.

Huang R.C., Peng J., Lu F.J., Lui W.B.: Effects of various processing methods, additives and methanol extracts on anti-oxidative properties of corn based snack food. Current Nutrition
& Food Science, 5:65-70, 2009.

Özboy Ö., Köksel H.: Effects of sugar beet fibre on spaghetti
quality. Zuckerindustrie, 125:248-250, 2000.

Jozinović A., Šubarić D., Ačkar Đ., Miličević B., Babić J., Jašić
M., Valek Lendić K.: Food industry by-products as raw materials in functional food production. Hrana u zdravlju i bolesti, znanstveno-stručni časopis za nutricionizam i dijetetiku,
3(1):22-30, 2014.
Jozinović A.: Svojstva kukuruznih snack proizvoda obogaćenih s
nusproizvodima prehrambene industrije. Doktorska disertacija, Prehrambeno-tehnološki fakultet, Osijek, 2015.
Karkle E.L., Alavi S., Dogan H.: Cellular architecture and its relationship with mechanical properties in expanded extrudates
containing apple pomace. Food Research International,
46:10-21, 2012.
Ktenioudaki A., Crofton E., Scannell A.G.M., Hannon J.A., Kilcawley K.N., Gallagher E.: Sensory properties and aromatic
composition of baked snacks containing brewer’s spent grain.
Journal of Cereal Science, 57(3):384-390, 2013.
Kumar N., Sarkar B.C., Sharma H.K.: Development and characterization of extruded product of carrot pomace, rice flour and
pulse powder. African Journal of Food Science, 4(11):703717, 2010.

Paraman I., Sharif M.K., Supriyadi S., Rizvi S.S.H.: Agro-food
industry by-products into value-added extruded foods. Food
and Bioproducts Processing, 96:78-85, 2015.
Rosales Soto M.U., Brown K., Ross C.F.: Antioxidant activity and
consumer acceptance of grape seed flour-containing food
products. International Journal of Food Science & Technology, 47(3): 592–602, 2012.
Schieber A., Stintzing F.C., Carle R.: By-products of plant food
processing as a source of functional compounds – Recent
developments. Trends in Food Science & Technology, 12:401413, 2001.
Sharma S.K., Bansal S., Mangal M., Dixit A.K., Gupta R.K., Mangal A.K.: Utilization of Food Processing By-products as Dietary, Functional and Novel Fibre: A Review. Critical Reviews
in Food Science and Nutrition, 56(10):1647-1661, 2016.
Stojceska V., Ainsworth P., Plunkett A., İbanoğlu Ş.: The recycling
of brewers processing by-product into ready-to-eat snacks
using extrusion technology. Journal of Cereal Science,
47:469-479, 2008.
Sun V.Z., Paraman I., Rizvi S.S.H.: Supercritical Fluid Extrusion
of Protein Puff Made with Fruit Pomace and liquid Whey.
Food and Bioprocess Technology, 8(8):1707-1715, 2015.

Lai W.T., Khong N.M.H., Lim S.S., Hee Y.Y., Sim B.I., Lau K.Y.,
Lai O.M.: A review: Modified agricultural by-products for
the development and fortification of food products and nutraceuticals. Trends in Food Science & Technology, 59:148160, 2017.

Teixeira A., Baenas N., Domingez-Perles R., Barros A., Rosa E.,
Moreno D.A., Garcia-Viguera C.: Natural bioactive compounds from winery by-products as health promoters: A Review. International Journal of Molecular Sciences, 15:1563815678, 2014.

Larrea M.A., Chang Y.K., Martinez-Bustos F.: Some functional
properties of extruded orange pulp and its effect on the quality of cookies. LWT – Food Science and Technology,
38(3):213-220, 2005.

Upadhyay A., Sharma H.K., Sarkar B.C.: Optimization of carrot
pomace powder incorporation on extruded product quality by
response surface methodology. Journal of Food Quality,
33(3):350-369, 2010.

Lue S., Hsieh F., Huff H.E.: Extrusion Cooking of Corn Meal and
Sugar Beet Fibre: Effects on Expansion Properties, Starch
Gelatinization, and Dietary Fibre Content. Cereal Chemistry,
68(3):227-234, 1991.

Wang Y.Y., Ryu G.H.: Physical properties of extruded corn grits
with corn fibre by CO2 injection extrusion. Journal of Food
Engineering, 116:14-20, 2013a.

Makowska A., Mildner-Szkudlarz S., Obuchowski W.: Effect of
brewers spent grain addition on properties of corn extrudates
with an increased dietary fibre content. Polish Journal of
Food and Nutrition Science, 63:19-24, 2013.

Wang Y.Y., Ryu G.H.: Physicochemical and antioxidant properties
of extruded corn grits with corn fibre by CO2 injection extrusion process. Journal of Cereal Science, 58(1):110-116,
2013b.

Mussatto S.I., Dragone G., Roberto I.C.: Brewers’ spent grain:
generation, characteristics and potential applications. Journal
of Cereal Science, 43:1-14, 2006.

Yağcı S., Göğüş F.: Effect of incorporation of various food by-products on some nutritional properties of rice-based extruded
foods. Food Science and Technology International, 15(6):571581, 2010.

Nascimento E.M.D.G.C., Carvalho C.W.P., Takeiti C.Y., Freitas
D.D.G.C., Ascheri J.L.R.: Use of sesame oil cake (Sesamum
indicum L.) on corn expanded extrudates. Food Research
International, 45:434-443, 2012.

Yağcı S., Göğüş F.: Response surface methodology for evaluation
of physical and functional properties of extruded snack foods
developed from food-by-products. Journal of Food Engineering, 86(1):122-132, 2008.

Engeneering Power 2017-01-05.indd 6

14.4.2017. 14:47:40

