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Abstract: The aim of this paper is to determine the impact of hemp
press cake flour (HPCF) on fatty acids and the microbiological quality of
gluten-free bread. Seven types of gluten-free bread with different amounts
of HPCF (0, 5, 10, 15, 20, 25 and 30 %) were produced. Gas
chromatography was used to determinate the amounts of individual fatty
acids, as well as the groups of fatty acids (saturated fatty acids,
monounsaturated fatty acids, polyunsaturated fatty acids, branched fatty
acids). HPCF contains significantly higher content of linoleic acid, a-
linoleic acid, omega - 3 fatty acids and Omega - 6 fatty acids compared to
rice flour, which indicates that replacing rice flour with HPCF will
contribute to a statistically significant difference (p <0.05) in the content of
these essential fatty acids in different types of bread. The change in the
microbiological quality of the gluten-free bread with different amounts of
HPCEF starts thirty-six hours after the production.
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INTRODUCTION

The transition from the traditional (not effective) to a sustainable and circular
bioeconomy is crucial for fulfilling the European Union’s environmental policy [1]. One
of the ways to set up a sustainable bioeconomy is through the reduction of waste from
the food industry, i.e. valorization of by-products from the food industry. The reduction
of this type of waste can be considered as an economic model that aims at maximum
reuse and recycling of by-products to reduce the creation of new amounts of waste [2].
During the production of vegetable oils, significant amounts of waste and by-products
are created [3].

Hemp (Cannabis sativa L.) is an ancient multipurpose crop which is mainly used in
food, pharmaceutical, cosmetic and other industries [4]. Depending on the law in each
country THC in hemp should not exceed the threshold limit permitted by government
regulations, in Europe the national limit is 0.2 % [5]. The cultivation and use of hemp
fully fits with the objectives of the European Green Deal, adhering to a clean,
decarbonized circular economy and sustainable agriculture [6]. Hemp seeds, depending
on the types, climatic conditions and region of cultivation, contain about 30 - 50 % oil
[4], 27 - 36 g/100g fiber and 21 - 28 g/100g protein. Of the fatty acids, this type of seed
contains linoleic acid, a-Linolenic acid (16 - 19 %), oleic acid (12 - 17 %), palmitic acid
(5 - 8 %), y-Linolenic acid (1- 3 %) and some other minor fatty acids [7 — 11]. In the last
few years, interest in extra virgin vegetable oils has been increasing constantly as there
are nutritional and health claims that these oils are quite healthy. When obtaining this
type of oil, high temperature (higher than 45°C) is avoided. By using this process, the
yield of the obtained oil is quite small, but on the other hand, the nutritional values of
the oil crops are preserved [12 — 15]. Oil cake which was mostly used as animal feed in
the past [16], contains oil and other nutritional components [17]. The drying of this cake
and its use in the bakery and confectionery industry as a component with an excellent
nutritional composition has been demonstrated by several authors.

The increasing global demand for suitable food for people with gluten allergies has
driven research efforts to develop gluten-free products. Since bakery items account for
over 50 % of the food sources consumed by people, there has been a significant global
interest in creating and diversifying gluten-free these products to benefit individuals
with celiac disease [18]. Celiac disease affects about 1 % of the global population, with
83 % of cases remaining undiagnosed. The only effective treatment for celiac disease is
to follow a strict gluten-free diet and avoid cross-contamination with foods containing
gluten. This condition is primarily associated with nutrient malabsorption caused by
damage to the intestinal villi due to gluten exposure [19].

Making bread from rice flour is challenging because rice does not contain gluten, which
is the compound that gives bread its structure [20]. Therefore, it is necessary to add raw
materials to the recipe that can help to obtain rice flour bread with good technological,
nutritional and sensory characteristics. By replacing 20 % of wheat flour with Hemp
press cake flour (HPCF) in the recipe of biscuits, there is an increase in the content of
ash, proteins, phenolic components and antioxidant activity [16]. By partially replacing
wheat flour with HPCF (up to 80 %), bread with an improved nutritional composition
was obtained, and the stability of the dough remained unchanged when the replacement
was up to 10 % HPCF [21]. Norajit et al. [22] analyzed extruded rice energy bars in
which rice flour was replaced by 20 %, 30 % and 40 % HPCF flour. In addition to
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improved nutritional characteristics, bars with 20 % HPCF had the most desirable color,
taste and overall acceptability. On the other hand, due to the absence of the three-
dimensional gluten network, the production of gluten-free products was considered a
challenge [23] because most of the gluten-free products have poor sensory, textural and
nutritional properties [24]. The use of HPCF due to its high protein content (mainly
albumin an edestin) can be an excellent component in the production of gluten-free
products. According to Korus et al. [25] 20 to 60 % of starch (the main component in a
gluten-free product) can be replaced by HPCF. Moreover, HPCF biscuits showed
significantly higher concentrations of total phenolic and flavonoid compounds. In the
production of gluten-free crackers, an amount of 10 to 40 % of brown rice flour was
replaced with HPCF. The replacement resulted in higher amounts of protein, fiber,
minerals and essential fatty acids [25].

The aim of this paper is to determine the impact of replacing rice flour with HPCF in
the amount of 5 %, 10 %, 15 %, 20 %, 25 % and 30 % on the composition of fatty acids
and the microbiological quality of the types of bread produced.

MATERIALS AND METHODS
Materials

Gluten-free rice flour was used to make bread. HPCF was obtained after cold pressing
hemp seeds under laboratory conditions (Yoda Classic, Nederland). The by-products
were dried for 48 h at 50 °C in a UFE 500 oven (Memmert GmbH, Schwabach,
Germany). The dried press cake was finely ground (size < 0.5 mm) with an IKA MF10
grinder (IKA®- Werke GmbH & Co. KG, Staufen, Germany) and stored in sealed bags
at 4 °C for future analysis. The remaining raw materials to produce the gluten-free bread
were purchased from a healthy food store in Sofia, Bulgaria.

Methods

Production of gluten free bread

Rice flour (100 %), guar gum (3 %), whey protein (3 %), oil (3 %), salt (1.8 %), sugar
(2 %) dry yeast (1 %) and water were homogenized using a spiral mixer. The resulting
dough was left to ferment (45 min. at 30 °C). The bread was baked in a preheated oven.
The baking time was 45 min. (5 min. at 200 °C and 40 min. at 175 °C). Seven types of
bread with different HPCF contents (0 %, 5 %, 10 %, 15 %, 20 %, 25 % and 30 %) were
produced.

Determination of fatty acids

For the fatty acids determination, the fats of the analyzed samples were extracted. For
this purpose, 25 g of each sample were used. Static extraction was done using
chloroform and methanol (1:2) with total volume 80 mL. The extraction was repeated
twice. The entire extract was then transferred to a separatory funnel and water was
added to separate the phases. After separation of the aqueous phase, the non-polar phase
was transferred to a vacuum evaporator to evaporate the remaining organic solvent [26].
Identification of fatty acids was performed using gas chromatograph Shimadzu-2010
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gas chromatograph (Kyoto, Japan). The assay was performed with a CP7420 capillary
column (100 m x 0.25 mm i.d., 0.2 m, Varian Inc., Palo Alto, CA) with carrier gas-
hydrogen and make-up gas-nitrogen. Results was presented on g/100 g oil.

Determination of the Total Number of Yeasts and Molds

ISO 21527-2:2008 standard method was used [27]. At the intervals of 0, 12, 24, 36, 48,
60 and 72 h, an amount of 5 g sample was homogenized in 45 mL of peptone saline
diluent for 1 min to prepare a 10~' homogenate. Further decimal dilution (107?) was
prepared as well in peptone saline diluent. All dilutions were inoculated in triplicate.
For quantification of microorganisms, 0.1 mL of the diluted sample (107! and 10%) were
transferred into a sterile Petri dish covered with Dichloran-Glycerol Agar and spread
using a Drigalsky spatula. The plates were incubated for 5 days at 25 °C. Typical
colonies of yeasts and molds were counted after 5 days. Counts of visible colonies were
made and expressed as log CFU-g™! sample.

Determination of the Total Number of Aerobic Viable Bacteria

1 mL of appropriate decimal dilution was poured plated in Plate Count Agar (PCA,
VWR Chemicals, Leuven Belgium). The plates were incubated at 30 °C for 72 h and
counted according to ISO 4832:2006 [28].

Determination of Enterobacteriaceae and E. coli

1 mL of each appropriate dilution was plated onto Petrifilm plates (3MTM Petrifilm™,
St. Minnesota, USA). Plates were incubated at 37 °C for 24 h and 48 h for Coliforms
and E. coli, respectively, following the instructions of ISO 4832:2006 [29].

Determination of the Number of Bacillus spp.

Count of colonies was performed according to ISO 4832:2006 [29]. 0.1 mL of each
appropriate dilution were plated onto Polymixin-Egg Yolk-Mannitol-Bromothymol-
Blue Agar (PEMBA; Merck, Darmstadt, Germany) [30, 31]. Plates were incubated at
37 °C for 24 h.

Statistical analysis

Analysis of variance (ANOVA) and Fisher's Least Significant Difference test (LSD) at
p <0.05 were performed with the software’s XLSTAT 2019 and Microsoft Office Excel
2019.

RESULTS AND DISCUSSION
Fatty acids

Fatty acids are important for the assessment and quality of raw materials from which a
product was obtained [32]. The content of myristic and stearic acids in rice flour is
higher by 2100 % and 172 % respectively, compared to the content of these fatty acids
in HPCF. HPCF is a product obtained after cold pressing of hemp seeds that contain
essential fatty acids, necessary for the normal functioning of the body. These fatty acids
cannot be synthesized in the human body, and it is necessary to enter them through the
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diet [33]. Table 1 shows that HPCF is richer by 165 %, 45 %, 65 % and 77 %
respectively with palmitic, oleic, linoleic and a-linolenic acids compared to rice flour.

Table 1. Composition of fatty acids in HPCF and rice flour

Fatty acids [g/100g oil] HPCF Rice flour
Myristic acid (14:0) 0.30+0.00 6.60+0.24
Palmitic acid (16:0) 8.79+0.03 23.33+1.04
Stearic acid (18.0) 3.55+0.01 9.65+0.43
Oleic acids (18:1 cis-9) 13.17+0.04 19.10+0.94
Linoleic acid (18:2 (n-6)) 53.25+0.16 18.57+0.83
a-linolenic acid 13.49+0.04 3.06+0.13
SFA 13.12+0.04 44.21+1.46
MUFA 14.960.04 23.47+0.68
PUFA 71.11+0.21 22.57+1.01
Omega- 3 fatty acids 13.51+0.04 3.06+0.14
Omega - 6 fatty acids 55.62+0.16 19.51+0.87
BFA 0.12+0.00 3.67+0.06

*SFA- Saturated fatty acids; MUFA - Monounsaturated fatty acids; PUFA - Polyunsaturated fatty acids;
BFA - Branched fatty acids.

Saturated and monounsaturated fatty acids are 237 % and 57 %, respectively, higher in
content in rice flour compared to HPCF. The content of polyunsaturated fatty acids, as
well as omega-3 and omega-6 fatty acids are in higher content in HPCF compared to
rice flour (respectively 68 %, 77 % and 65 %). According to Lee et al. [34] hemp seeds
yield a vegetable oil containing more than 89 % PUFAs. A HPCF analysis was made by
Papatzimos et al. [35] and the obtained results were complemented by ours. HPCF was
composed mainly of PUFAs and therefore can be used to produce gluten-free products
[36]. Rice flour contains more unsaturated fatty acids in comparison with saturated fatty
acids and is therefore considered as excellent dietary food [37]. Figure 1 presents the
amounts of different fatty acids determined in gluten-free bread enriched with different
amounts of HPCF.

The ANOVA (not shown) demonstrated the existence of significant differences among
different fatty acids in bread enriched with different quantity of HPCF. The content of
myristic, palmitic and stearic acid decreases by increasing the HPCF content in gluten-
free bread. These fatty acids, like other saturated fatty acids, are associated with
negative consequences for the human health. The consumption of food high in these
fatty acids leads to an increase in cholesterol and mortality due to cardiovascular
diseases [38]. Linoleic acid is polyunsaturated fatty acid (PUFA) which belongs to the
family of essential fatty acids, which is mostly found in vegetable [39]. The content of
linoleic acid in gluten-free bread with different amounts of HPCF ranges from
48.25 g/100 g oil (in control bread) to 50.56 g/100 g oil (in bread with 30 % HPCEF).
The a-linolenic acid content also increases with increasing the HPCF content in gluten-
free bread (from 0.20 g/100g oil in gluten-free bread with 0 % HPCF to 4.88 g/100g oil
in gluten-free bread with 30 % HPCF). The content of ®-3 and w-6 increases
respectively from 0.46 % and 49.11 % in the control bread to 4.90 % and 51.24 % in the
bread with 30 % HPCF. Unsaturated fatty acids such as -3 and w-6 are essential fatty
acids and the human body is completely dependent on external sources for these fatty
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acids. These fatty acids help in the normal growth and development of children, as well
as in reducing the risk of heart diseases, because they prevent blood clotting [40].
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Figure 1. Different fatty acids of gluten free bread enriched with HPCF

The presented results are the average of three repetitions, the bars represent the standard deviation. Same letters in
the above columns indicate that data are not significantly different (p < 0.05) following Fisher's LSD test.
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The content of saturated fatty acids (SFA) decreases with increasing the content of
HPCEF in gluten-free bread. These fatty acids could increase the concentration of serum
LDL cholesterol when present in the food consumed [41]. The amount of MUFAs also
decreases, and the amount of PUFA and BFA increasing with HPCF content in gluten-
free bread (Figure 2).
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Figure 2. Different fatty acids group in gluten free bread enriched with HPCF
The results presented are the average of three repetitions, the bars represent the standard deviation.
Same letters above columns indicate that data are not significantly different (p < 0.05) following
Fisher's LSD test.
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Microbiological Analyzes

The raw materials were analyzed in the same way as the bread samples, but presence of
any microorganisms was not detected even after 72 hours of incubation (Table 2). This
refers to the use of raw materials that are kept in appropriate packaging that is not
contaminated.

Table 2. Microbial counts (CFU-g!) in raw materials used in an experiment

TNYM | TNAVB | E. coli | Bacillus spp.
Raw material/ hours 72 72 72 72
Rice flour NG NG NG NG
HPCF NG NG NG NG

TNYM= Total Number of Yeasts and Molds; TNAVB= Total Number of Aerobic
Viable Bacteria;, EEcoli= Enterobacteriaceae and E. coli; Bacillus spp.; NG= No
Growth Detected

The number of yeasts and molds in the bread samples had a decreasing tendency with
the addition of HPCF (Figure 3).
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Figure 3. Microbiological parameters (CFU -g”) of bread samples. All data are
presented as the mean from triplicate assays

This decrease during storage was due to the low moisture content of the bread samples.
Gluten-free foods can become stale so quickly because they are high in refined starches.
Refined starches are partially damaged during the processing and extraction, causing the
starch to behave differently. While wheat-based goods were naturally high in starch,
gluten-free foods have a higher concentration of refined starches because they rely on
refined starches to replace the structure and binding properties that gluten provides in
foods. When starch is heated during baking, its structure starts to soften and melt. As the
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starch heats up, it also absorbs moisture. Once the food was removed from heat, the
structure of the starch starts to harden as it cools.

The decrease in the number of yeasts and molds was also supported by the fact that a
major part of the bioactive substances in hemp flour have antifungal and antiviral
properties [8, 41]. Fungal counts ranged from 0.2 - 10> CFU-g"! to 7.9 - 10* CFU-g"! with
the highest counts recorded in bread samples with 0 % HPCEF, after 72 hours, while the
lowest counts (0.2 -10> CFU-g"') were observed in bread samples containing 30 %
HPCEF, after 12 hours (Figure 3). No fungi were detected in any bread samples tested
immediately after baking.

The total number of aerobic viable bacteria in the bread samples was higher than the
number of yeasts and molds, ranging from 1.3-10° CFU-g! to 6.2:10” CFU-g"! with the
highest recorded in bread samples with 0% HPCEF, after 72 hours. In terms of aerobic
counts, the results indicate that microbial load may increase with storage time.
However, inadequate handling may increase microorganism levels posing health
concerns [43]. Since Enterobacteriaceae and E. coli are heat-sensitive microorganisms,
their presence in bread suggests potential cross-contamination via surfaces and hand
contact after baking. The presence of these microorganisms in bread shows that it is
necessary to handle and store bread properly to keep it safe [44]. In our experiments,
this group of microorganisms was not detected in any of the analyzed bread samples.

A bread condition known as rope spoiling causes the bread to deteriorate due to germs.
Bacillus genus-related bacteria with heat-resistant spores that can survive baking are
referred to as spoilage organisms. These bacteria are commonly referred to as rope
because they contaminate bread. The baking industry is greatly concerned about the
economic impact of this. In terms of bread spoiling, ropiness ranks second only to
moldiness in terms of importance. Rope spoilage is most common during summer due
to favorable conditions for bacterial growth. While Bacillus subtilis is the main culprit,
other bacteria such as Bacillus licheniformis, Bacillus megaterium, and Bacillus cereus
have also been implicated in causing ropy bread [45].

In this study, the physicochemical conditions in bread facilitated the growth of
sporulated microorganisms, such as Bacillus spp. According to Samapundo ef al. [46], a
heat treatment at 80 °C for 10 min, a pH near 6.0 and water activity at 0.990 enabled the
spores of B. cereus to germinate and grow spontaneously at 10 °C. However, Smith et
al. [44] mentioned that B. cereus spores exhibit high heat resistance (90 °C for 10 min).
Heat treatment into the bread reaches 100 °C but only for a few minutes. B. cereus
strains can produce one or more enterotoxins in the intestine or emetic toxin in the food.
Enterotoxins that cause diarrhea are heat labile and cause symptoms such as abdominal
pain and diarrhea. The toxins responsible for the emetic type are heat stable and cause
nausea and vomiting [47]. Additionally, the B. cereus group ranks among the top ten
reported causative agents of foodborne and waterborne outbreak [48]. In our study,
counts of PEMBA (presumptive Bacillus cereus) were below the threshold (more than
10° CFU-g! cells or spores) known to cause diarrhea [49], except in the control group
(bread samples without HPCF) and in bread samples containing 5 % and 10 % HPCEF,
after 60 h (Figure 3). Due to the baking process, most microorganisms present in bread
were thermally destroyed. Therefore, observed microbial contamination is likely due to
recontamination after baking.
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CONCLUSION

The aim of this paper was to determine the influence of HPCF on the composition of
fatty acids in gluten-free bread and its microbiological characteristics by extending the
storage time of the bread. It was determined that HPCF contains significantly higher
amount of essential fatty acids such as linoleic acid, a-linolenic acid, Omega - 3 fatty
acids and Omega - 6 fatty acids, which means that a higher amount of HPCF in bread
will also indicate a higher content of these essential fatty acids. From a microbiological
point of view, bread with more HPCF with an extension of storage time up to 72 hours
is characterized by a lower number of total yeasts and molds, aerobic viable bacteria
and Bacillus spp. Coliforms and E. coli were not detected in any of the tested samples,
which indicates excellent hygienic conditions during the production of the bread with
different HPCF content.
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