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Abstract: Hemp inflorescences from byproducts have been proposed as an addition to gluten-free
rice bread. The scope of the research was to bake a control loaf of bread as well as bread loaves
containing 1%, 2%, 3%, 4%, and 5% dried and crushed hemp inflorescence (HI). The loaves of bread
were evaluated in terms of their physical and sensory properties, polyphenol and flavonoid contents,
and DPPH and FRAP antioxidant activities. The study’s findings revealed that the addition of HI
influenced changes in the physical properties of the bread loaves, such as increased specific volume,
decreased bread hardness, increased elasticity, and chewiness of the breadcrumb, especially when the
additive concentrations were greater than 3%. The addition of HI significantly increased the total
amount of polyphenols, flavonoids, and antioxidant activity in the bread. The sensory evaluation
revealed that gluten-free bread can be produced with a maximum of 2% HI without affecting its taste
and aroma.
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1. Introduction

Hemp (Cannabis sativa L.), belonging to the Cannabaceae family, is one of the world’s
oldest cultivated plants. It is used for textiles, medicinal purposes, food [1–6], and for
fodder purposes [7,8]. As a byproduct of hemp harvesting, hemp inflorescences are used to
make niche products for the cosmetics, pharmaceutical, nutraceutical, and environmentally
friendly insecticide industries [9,10]. Hemp metabolites include flavonoids, fatty acids,
terpenes, amino acids, terpenophenols, and sugars, which are abundant in inflorescences,
and they are gaining popularity [11]. As a result, hemp inflorescences have been identified
as a potentially novel food that requires further investigation [12].

Cannabis sativa L., also known as Cannabis sativa var. spontanea, contains few psy-
choactive cannabinoids and is a good source of terpenoids and polyphenols, including
flavonoids, as well as phenolic acids, phenolic amides, and lignoamides with significant
health benefits [13–15]. The inflorescences of industrial hemp varieties, such as Kompolti
(grown, among other things, in the Italian Alps), are particularly high in cannabidiolic
acid (CBDA), which decarboxylates spontaneously to cannabidiol (CBD) under favorable
environmental conditions [16].

Numerous aromatic compounds are found in cannabis inflorescences, including
pinene, pinene, myrcene, terpinolene, caryophyllene, humulene, and caryophyllene. Hemp
has a pleasant aroma due to the presence of volatile compounds such as terpenes, aliphatic
compounds, and phenylpropanoids/benzenoids, which justifies the use of these hemp-
derived aromatic compounds in the food and cosmetics industries, such as the production
of essential oils as natural flavor and fragrance additives [17,18].
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There are many compounds in cannabis that include terpenoids, sugars, alkaloids,
stilbenoids, quinones, and cannabinoids. Due to the presence of bioactive compounds such
as terpenes and cannabidiol, hemp (Cannabis sativa L.) has become widely used in a variety
of industries [19]. The term “cannabinoid” refers to hemp-derived terpenophenols.

Hemp has the nutritional potential to be used in the food industry as well. It is used in
the baking industry, for example, in the production of bread. Bread has previously included
hemp flour, hemp protein concentrates, or hemp pomace. The addition of these raw hemp
materials to bread improves its antioxidant properties (e.g., by increasing the content of
polyphenols), protein content [20–23], as well as its increase its mineral content.

According to Bădărău et al. [24], the most suitable raw hemp materials for use in bread
processing are 15% hemp flour, 4% hemp seed, and 8% hemp oil, all of which can be added
to the dough. Aside from improving bread’s nutritional value, the benefits of using hemp
products (particularly variants with 15% and 25% hemp flour) as the second auxiliary
ingredient in bread include rinsing out the volume of the bread, improving the structure of
the crumb and increasing the bread’s durability, providing an interesting crumb color due
to the content of natural sugars, and increasing the bread’s organic acids. Furthermore, the
addition of 15% hemp products has the greatest effect on the characteristics of the dough
by improving the crumb quality (porosity and elasticity). As a result, the addition of hemp
products can be used in baking to produce unique and highly demanded bread products.

Other research has shown that up to 10% hemp flour can be used in wheat bread [21],
although too much hemp flour contributes to a decrease in the organoleptic evaluation
of the bread. Furthermore, the addition of hemp flour changes the color of the crumb by
raising its browning index [20]. Several studies have shown that bread with the addition of
5%, 10%, 15%, and 20% hemp flour has better nutritional properties compared to wheat
bread, but the best texture was characterized by the addition of 5% hemp flour [25]. Hemp
and hemp seed cakes were also tested as an addition to wheat bread. The results suggested
that the addition of these hemp by-products in a proportion greater than 1% caused
unfavorable changes in the quality of the bread [26].

Gluten-free bread, as a healthy alternative to wheat bread, may also include hemp
flour and hemp protein concentrate, which are natural nutritional and structure-forming
gluten-free bread ingredients. Hemp flour was used to make sourdough, and it was tested
as an addition to gluten-free bread. The bread’s staining was reduced by using hemp
sourdough. Hemp flour has improved the acceptability of gluten-free corn/rice bread [27].
In a past study, gluten-free bread with 5% hemp flour did not differ significantly from the
control bread and was accepted by consumers [28].

Korus et al. [29] found that replacing some of the starch with hemp flour made bread
dough weaker and more likely to deform, while a 20% share of hemp protein concentrate
made bread dough stronger. The level of fiber increased from 15.2 to 61.0 g·kg−1, and the
level of dietary fiber increased from 29.3 to 90.0 g·kg−1. Hemp protein supplementation
improved the color of the crumb, reducing its brightness from 62.3 to 40.8 and increasing
the bread volume from 633 to 878 mL. Hemp flour and hemp protein concentrate are the
most commonly used ingredients in gluten-free bread production. Although various hemp
products have been added to gluten-free bread, hemp inflorescence has not been added to
this type of bread.

Due to the growing number of people suffering from the consumption of cereals
containing gluten, there is a demand for gluten-free bread on the market. Most often, rice
and corn flour are used for their production. However, consumers perceive gluten-free
bread to be less appealing than traditional wheat bread due to its unsatisfactory texture
and taste. Gluten-free bread also has a lower nutritional value. Various additives are used
to improve the quality of gluten-free bread and they affect the physical properties, taste,
and content of bioactive substances [30–35].

As previously stated, hemp inflorescence is a valuable raw material in terms of health
and it has not previously been used in bread production, which is why it was proposed for
inclusion in gluten-free bread. The scope of the work included determining the changes in
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the physical and sensory properties as well as the antioxidant potential of gluten-free bread
with added hemp inflorescence. Furthermore, we aim to recommend the most nutritionally
valuable and acceptable recipe for customers.

2. Materials and Methods
2.1. Materials

The ingredients for the preparation of the control bread were gluten-free rice flour
(Melvit, Warsaw, Poland). The rice flour, according to the manufacturer’s declaration,
contained 6 g/100 g of protein, 1.4 g/100 g of fiber, 1 g/100 g of fat, 77 g/100 g of carbo-
hydrates, and 14.6 g/100 g moisture content. The hemp inflorescence that was used as an
addition came from crops grown on a farm in the Lublin Province of Poland. The Futura
hemp variety with a CBD (cannabidiol) content of 0.09% and a THC (tetrahydrocannabinol)
content of 0.01% was used for the study. Salt, guar gum (NatVita, Mirków, Poland), and
dry instant yeast (Instaferm, Lallemand Iberia, Setúbal Municipality, Portugal) were also
used in this study to make the breads (Table A1).

2.2. Process of Making the Gluten-Free Bread

A single-phase method was used to produce the gluten-free bread [36]. The gluten-free
rice flour used to make the control loaf was used exclusively, and the recipe also included
guar gum, dry instant yeast, and salt. Hemp inflorescences, both dried and shredded,
were added in various amounts to the control bread recipe (0%, 1%, 2%, 3%, 4%, and 5%).
Together with the addition of the hemp inflorescence, the amount of water was increased
from 120% to 136.7% [37].

A laboratory spiral mixer (Clatronic KM 3630, Clatronic International GmBh, Kempen,
Germany) was used to mix the dough for 5 min at 200 rpm. The dough was then divided
into 300 g pieces and placed into molds where it fermented and proved for 40 min at 30 ◦C
with 75% humidity. A laboratory oven (Sadkiewicz Instruments, Bydgoszcz, Poland) was
used to bake the bread for 40 min at 240 degrees. The baking test was repeated three times.

2.3. Determination of the Basic Physical Parameters of the Bread

After measuring the volume of the bread using the millet seed displacement method,
the specific volume (bread volume divided by weight) was calculated. The pH level of the
breadcrumb was determined using a pH meter (TESTO 206-ph2, Pruszków, Poland) [38].
Color measurements were taken on an L*a*b* scale (4Wave CR30-16) (Planeta, Tychy,
Poland), and ∆E was calculated. The following parameters were measured: L*—lightness,
a*—changes in the color from green to red, and b*—changes in the color from blue to yellow
(higher values of a* and b* indicated a greater intensity of red and yellow, respectively).
The total color change, ∆E, was calculated as follows:

∆E =

√
(∆L)2 + (∆a)2 + (∆b)2 (1)

where ∆L, ∆a, and ∆b are the indices of the differences in the color of the surfaces of the
samples compared with the control bread. In total, three replications of the measurements
of the physical characteristics of the bread were carried out [39].

2.4. Determination of the Texture and Sensory Parameters of the Bread

The textural parameters of the breadcrumbs with dimensions of 30 × 30 × 20 mm
were determined using a ZWICK Z020/TN2S (ZwickRoell, Ulm, Germany) for a double
compression test (TPA–texture profile analysis) to a depth of 50% at a speed of 1 mms−1.
The graphs produced by the TPA test were used to compute the hardness, springiness, co-
hesiveness, and chewiness. In the midst of the bread’s central slices, texture measurements
were made six times. A panel of 72 untrained consumers (aged 22 to 56) evaluated the
bread samples’ flavors, aromas, appearances, textures, and general levels of acceptability
as part of the sensory analysis. The responses were collected using a 9-point hedonic scale:



Appl. Sci. 2023, 13, 4889 4 of 12

1 for extremely dislike, 2 for very dislike, 3 for rather dislike, 4 for moderately dislike, 5 for
neither like nor dislike, 6 for moderately like, 7 for somewhat like, 8 for very much like,
and 9 for extremely like [40].

2.5. Determination of Antioxidants
2.5.1. Preparation of the Extracts for the Chemical Analyses

To prepare the sample extract, 2 g of grinding sample was mixed with 30 mL of
methanol in a 100 mL conical flask. The mixture was placed on a magnetic stirrer and
heated to 30 ◦C. After two hours of stirring, the extract was collected into a separate flask
and the raffinate was mixed with another 30 mL of methanol. After two more hours of
extraction on a magnetic stirrer, the extract was collected and mixed with the previous
portion of extract and centrifuged at 6500 rpm for 15 min.

2.5.2. Determination of the Total Phenolic Content (TPC)

The TPC was examined using the spectrophotometric method described by Singleton
et al. [41], with the slight modification introduced by Kobus et al. [42]. Measurements were
taken three times.

2.5.3. Determination of the Flavonoid Content (TFC)

The flavonoid content was determined according to the methodology described by
Aryal [43], with the slight modification introduced by Kobus et al. [42]. The flavonoid
content was measured in triplicate.

2.5.4. Determination of the Antioxidant Activity (DPPH and FRAP)

The antioxidant activity of the tested solutions was determined using the DPPH and
FRAP reagents. It was determined according to the methodology described by Blois [44]
and that by Benzie and Strain [45], with the slight modification introduced by Kobus
et al. [46,47]. Measurements of the antioxidant activity were made in three repetitions.

2.6. Statistical Analysis

Statistica software version 12.0 (Statsoft, Tulsa, OK, USA) was used for the statistical
analysis. The mean values were compared using analysis of variance (ANOVA) and Tukey’s
test (p < 0.05). Furthermore, Dunnett’s test (p < 0.05) was also used to compare the control
group to the other experimental groups.

3. Results and Discussion
3.1. Basic Physical Properties of the Gluten-Free Bread with the Addition of Hemp Inflorescence

The results indicated that gluten-free bread with added hemp inflorescence had an
increased specific volume (Figure 1a). Bread containing 1% and 4% hemp inflorescence
had higher volumes than the control gluten-free bread. The increase in specific volume
was approximately 24% in the case of the bread with 1% HI. A higher share of HI (2–5%)
caused volume changes of 13% to 20%. There were no significant differences between the
volumes of the breads with the addition of 2%, 3%, 4%, and 5% hemp inflorescence. As
shown in Figure 1b, a clear increase in pH value was observed as the percentage of hemp
inflorescence addition increased from 1% to 5%. The highest pH value was 5.55 for the
5% hemp addition, while the lowest value was 5.3 for the 1% hemp inflorescence addition.
pH changes in the control sample were observed only in the case of 4% and 5% HI addition,
and they were in the range of 2–3.7%.



Appl. Sci. 2023, 13, 4889 5 of 12
Appl. Sci. 2023, 13, x FOR PEER REVIEW 5 of 12 
 

 

 

Figure 1. Basic physical properties of gluten-free bread with the addition of hemp inflorescence: (a) 

specific volumes of the breads and (b) pH values of the breadcrumbs. The mean values in the same 

figure marked with different letters were significantly (p < 0.05) different, as determined by the 

Tukey test. The means followed by an asterisk (*) differed from the control sample, as determined 

by the Dunnett’s test (p < 0.05). 

Thus far, no research has been conducted on the addition of hemp inflorescence to 

bread; however, other authors have used hemp flour [21–23,48] and discovered that the 

addition of hemp flour increased the specific volume of bread. Bread with 15% extruded 

hemp–rice flour had a higher specific volume, lower hardness, and larger pores in the 

crumb structure according to Wang et al. [49]. Pojic et al. [50] discovered that regardless 

of the level of substitution, hemp flour affected the water absorption and development 

time of the dough, and thus, it affected the bread volume, color, and structural and tex-

tural properties of the crumb. Hrušková and Švec [48] discovered that the addition of 

hemp flour reduced the specific volume of wheat bread while increasing the crumb pore 

density. According to these authors, hemp proteins are primarily composed of low-mo-

lecular-weight globulin, and this may have contributed to the volume reduction in the 

wheat bread. 

The addition of HI reduced the crumb lightness significantly, from 75.17 for the con-

trol bread to 51.53 for the bread with the highest (5%) share of hemp inflorescence (Table 

1). Each amount of HI additive caused a significant change in the lightness of the bread. 

With a 1% HI addition, the brightness decreased by approximately 13%, and with a 5% HI 

addition, the brightness decreased by as much as 32%. There were no significant differ-

ences in the lightness levels of the breads with 1% and 2% hemp inflorescence additions, 

and there was a decrease, and then no significant differences, in the lightness levels of the 

a

c*

b*
b*

bc* b*

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

0 1 2 3 4 5

S
p

ec
if

ic
 v

o
lu

m
e 

(g
/c

m
3 )

Addition of hemp inflorescence (%)

(a)

bc
a bc

bcd
d*

e*

5

5.1

5.2

5.3

5.4

5.5

5.6

0 1 2 3 4 5

p
H

-v
al

u
e 

o
f 

b
re

ad

Addition of hemp inflorescence (%)

(b)

Figure 1. Basic physical properties of gluten-free bread with the addition of hemp inflorescence:
(a) specific volumes of the breads and (b) pH values of the breadcrumbs. The mean values in the
same figure marked with different letters were significantly (p < 0.05) different, as determined by the
Tukey test. The means followed by an asterisk (*) differed from the control sample, as determined by
the Dunnett’s test (p < 0.05).

Thus far, no research has been conducted on the addition of hemp inflorescence to
bread; however, other authors have used hemp flour [21–23,48] and discovered that the
addition of hemp flour increased the specific volume of bread. Bread with 15% extruded
hemp–rice flour had a higher specific volume, lower hardness, and larger pores in the crumb
structure according to Wang et al. [49]. Pojic et al. [50] discovered that regardless of the
level of substitution, hemp flour affected the water absorption and development time of the
dough, and thus, it affected the bread volume, color, and structural and textural properties
of the crumb. Hrušková and Švec [48] discovered that the addition of hemp flour reduced
the specific volume of wheat bread while increasing the crumb pore density. According to
these authors, hemp proteins are primarily composed of low-molecular-weight globulin,
and this may have contributed to the volume reduction in the wheat bread.

The addition of HI reduced the crumb lightness significantly, from 75.17 for the control
bread to 51.53 for the bread with the highest (5%) share of hemp inflorescence (Table 1).
Each amount of HI additive caused a significant change in the lightness of the bread. With a
1% HI addition, the brightness decreased by approximately 13%, and with a 5% HI addition,
the brightness decreased by as much as 32%. There were no significant differences in the
lightness levels of the breads with 1% and 2% hemp inflorescence additions, and there was
a decrease, and then no significant differences, in the lightness levels of the breads with 3%
and 4% hemp inflorescence additions. As with the L* index values, the a*, b*, and C* values
increased as the amount of HI added to the bread increased. The a-index was significantly
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different for each HI supplement compared to the control. An addition of 5% increased the
value of a* by more than 200%. There were no statistically significant differences between
the a* samples containing 1%, 2%, and 4% HI. The control b* value increased by 108% for
the 5% hemp bread sample. Figure 2 shows the external appearances and cross-sections of
the breads with different hemp inflorescence contents.

Table 1. The colors of the gluten-free breadcrumbs with the addition of hemp inflorescence.

Addition of Hemp
Inflorescence (%)

Crumb Color Values
L*-Value a*-Value b*-Value C*-Value h◦ -Value ∆E

0 75.17 ± 0.63 d −0.02 ± 0.03 a 13.59 ± 0.20 a 13.59 ± 0.20 a 90.10 ± 0.12 b

1 65.83 ± 0.26 c,* 0.79 ± 0.09 b,* 19.39 ± 0.39 b,* 19.41 ± 0.39 b,* 87.68 ± 0.24 a,* 11.0
2 64.98 ± 0.64 c,* 0.86 ± 0.06 b,* 21.34 ± 0.33 c,* 21.36 ± 0.33 c,* 87.69 ± 0.09 a,* 12.8
3 57.78 ± 0.64 b,* 1.64 ± 0.06 c,* 24.95 ± 0.33 d,* 25.01 ± 0.33 d,* 86.24 ± 0.09 a,* 20.8
4 56.35 ± 0.86 b,* 1.79 ± 0.10 c,* 26.54 ± 0.26 e,* 26.60 ± 0.26 e,* 86.15 ± 0.17 a,* 22.9
5 51.53 ± 0.61 a,* 2.14 ± 0.10 d,* 28.22 ± 0.42 f,* 28.31 ± 0.42 f,* 85.66 ± 0.17 a,* 27.9

The a–f values in the same row marked with different letters were significantly different (α = 0.05). The means
followed by an asterisk (*) differed from the control sample, as determined by the Dunnett’s test (p < 0.05).
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The addition of HI to bread reduced the ho value. It was equal to 90.10 for the control
sample and 85.66 for the sample containing 5% HI.

The absolute color difference (∆E) criterion was also used in the results’ elaboration.
The ∆E for all the tested samples with HI additions exceeded five, indicating a significant
color deviation. All the color parameters changed significantly owing to a significant
difference in the color of the hemp inflorescence addition from the rice flour that was
used as the main raw material in the recipe. The dried hemp inflorescence had a green-
brown color, which influenced the color of the bread significantly. Significant changes and
darkening of the bread color were observed in other studies where hemp seed cake and
hemp seed grit were used as bread additives (with only 1% of the addition) [26].

When cookies with hemp flour were tested, similar results were obtained [51]. The L*
value decreased significantly when the ratio of raw and roasted hemp flour was increased
from 0% to 20%.

The crusts and crumb colors of the breads made with extruded hemp–rice flour were
significantly darker than the control bread [49]. According to other authors [24], the
addition of a hemp product (particularly 15% and 25% hemp flour) as the second auxiliary
ingredient of bread results in an interesting color of the crumb due to the content of natural
sugars and organic acids.
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3.2. Texture and Sensory Analysis of Gluten-Free Bread with the Addition of Hemp Inflorescence

The addition of HI to gluten-free bread slightly affected the hardness of the crumb. A
significant reduction in hardness was observed for only the 1–2% of hemp inflorescence
(Table 2). Bread hardness is frequently related to the distribution of pores in the bread.
The porosity of the crumb increased and the hardness decreased with a smaller addition,
i.e., 1–2%; with a larger addition, the bread was more compact and had a hardness similar
to the control bread. Overall, the addition of hemp inflorescence may have increased the
amount of simple sugars, allowing the yeast to produce more carbon dioxide by creating
more pores. A more compact and hard structure was formed with a higher addition of
3–5% hemp inflorescence, which was difficult to overcome by the forming gas bubbles.
Compounds found in hemp inflorescence, such as fiber, could bind to rice starch and
cause a decrease in hardness once more. The gluten-free bread springiness ranged from
0.74 (for 1% HI addition) to 0.84 (for 4% HI addition). A significant difference from the
control sample was only observed for the 4–5% HI addition. In this case, the breadcrumbs’
springiness increased by approximately 10%. Bread samples with 1–4% HI added had lower
cohesiveness than the control sample; only the addition of 5% HI increased cohesiveness.
The addition of 3–4% HI to the control sample increased the chewiness by approximately
7–8%.

Table 2. The textures of the gluten-free breadcrumbs with hemp inflorescence additions.

Addition of Hemp
Inflorescence (%) Hardness (N) Springiness (−) Cohesiveness (−) Chewiness (N)

0 15.17 ± 0.08 b 0.75 ± 0.01 a 0.34 ± 0.01 a,b 3.89 ± 0.17 b

1 13.11 ± 0.61 a,* 0.74 ± 0.02 a 0.33 ± 0.02 a 3.18 ± 0.22 a,*
2 13.84 ± 0.89 a,* 0.77 ± 0.02 a 0.32 ± 0.01 a 3.45 ± 0.07 a,b

3 14.82 ± 0.51 a,b 0.79 ± 0.02 a,b 0.33 ± 0.01 a 3.85 ± 0.16 b

4 15.76 ± 0.74 b 0.84 ± 0.04 b,* 0.32 ± 0.01 a 4.23 ± 0.18 c,*
5 14.59 ± 0.52 b 0.82 ± 0.02 b,* 0.35 ± 0.01 b 4.17 ± 0.10 c,*

The a–c values in the same row marked with different letters were significantly different (p < 0.05), as determined
by the Tukey test. The means followed by an asterisk (*) differed from the control sample as determined by the
Dunnett’s test (p < 0.05). Abbreviation: SD—standard deviation.

The addition of hemp inflorescence to bread has not been investigated in previous
studies. However, when hemp flour was added to wheat bread in the range of 5–20%,
a decrease in bread elasticity was observed [25]. The addition of hemp and hemp seed
cakes in a proportion greater than 1% caused an increase in hardness and a decrease in
elasticity [26].

According to Ertaş and Aslan’s research [51], the addition of raw and roasted hemp
flour significantly reduced the hardness and softness of wheat biscuits. Other authors [24]
have claimed that using a hemp product (especially 15% and 25% hemp flour) as the second
auxiliary ingredient of bread improves the structure of the crumb and increases the bread’s
durability, as well as provides an interesting color of the crumb due to the content of natural
sugars and organic acids. Furthermore, the addition of 15% hemp products had the greatest
effect on the dough’s characteristics, improving crumb quality (porosity and elasticity).

The additions of hemp at 1% and 2% did not significantly alter the taste of the bread,
and consumers rated them as the best (Figure 3). The addition of hemp ranging from 3%
to 5% significantly reduced the flavor of the gluten-free bread. The bread with 5% hemp
added had the worst flavor, leaving a bitter aftertaste when swallowed. The addition of 1%
hemp to gluten-free bread improved the taste and smell slightly.
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The addition of 2% to 5% hemp resulted in a significant deterioration of the bread’s
aroma. All the hemp-infused bread samples had a better appearance compared to the
control sample according to the consumers. In general, the consumers thought that the
breads with 1% and 2% hemp were the best; the lower hardness and chewiness of these
breads may have influenced the ratings. A lower overall consumer rating was obtained for
the bread with the additions of 3%, 4%, and 5% hemp.

Other studies [23] have shown that sensory evaluations of hemp–wheat breads are
poor due to the savory flavor and fatty aftertaste. According to Wang et al. [49], adding
hemp-rice flour to bread reduced its hardness during storage. However, in the sensory
evaluation of biscuits containing up to 20% raw hemp flour and up to 15% roasted hemp
flour, they were found to be more desirable by consumers in terms of overall acceptability
due to their softness [51]. Wheat flour for bread production can be enriched with functional
ingredients by adding partially defatted hemp seed flour. The addition of 5% and 10%
partially defatted hemp seed flour resulted in superior sensory and physicochemical values,
which were comparable to white wheat bread. The quality of bread obtained with 15% and
20% partially defatted hemp seed flour from P4 and P5 mixture samples (15% and 20%
partially defatted hemp seed flour) was comparable to wholegrain bread [52]. The addition
of 10% hemp flour improved the sensory properties of sourdough bread, and the authors
concluded that the addition of up to 20% hemp flour could be used for bakery products to
create an improved nutritional profile [48].
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3.3. The Bioactive Compound Content of Gluten-Free Bread with Hemp Inflorescence Addition

The amount of polyphenols in the tested samples was affected by the addition of hemp
inflorescence (HI). The polyphenol content increased from 36 to 195% with HI addition
in the 1% to 4% tested range of addition (Table 3). There was no statistically significant
difference in the polyphenol content when 2% and 3% hemp were added. Similarly,
the flavonoid content in the bread with hemp additions compared to the control bread
increased from 100% for 1% HI addition to 433% for 5% HI addition (Table 3). All the tested
bread samples had statistically significant differences in flavonoid contents. There are
numerous studies in the literature on the polyphenol content of hemp. However, a majority
of them have focused on the contents of these compounds in seeds, oils, and flours [53–57].
The polyphenol content of the leaves, for example, ranges from 0.09 to 0.56 [54], that
of the inflorescences ranges from 3.02 to 9.35 mg QE·g−1 [58], while for the seeds it is
51.6 mg GAE·g−1 [53,55,56]. According to Izzo’s research [14], the inflorescence contains
significantly more polyphenols than other parts of the plant (10.5–48.9 mg GAE·g−1)
depending on the variety. The polyphenol content in flour ranges between 0.74 and
1.71 mg GAE·g−1 [57].

Table 3. The polyphenols, flavonoids, and antioxidant activities of the gluten-free breads with hemp
inflorescences added.

Addition of Hemp
Inflorescence (%)

TPC (mg GAE·g−1

d.m.) TFC (mg QE·g−1 d.m.) DPPH (µM TE·g−1

d.m.)
FRAP (µM TE·g−1

d.m.)

0 0.22 ± 0.0 a 0.03 ± 0.0 a 1.12 ± 0.08 a 1.25 ± 0.06 a

1 0.30 ± 0.01 b,* 0.06 ± 0.0 b,* 1.66 ± 0.12 b,* 1.25 ± 0.18 a

2 0.41 ± 0.01 c,* 0.08 ± 0.0 c,* 2.08 ± 0.16 c,* 1.60 ± 0.08 b,*
3 0.44 ± 0.01 c,* 0.10 ± 0.0 d,* 2.38 ± 0.06 d,* 2.09 ± 0.16 c,*
4 0.58 ± 0.01 d,* 0.13 ± 0.01 e,* 2.92 ± 0.02 e,* 2.27 ± 0.06 c,*
5 0.65 ± 0.00 e,* 0.16 ± 0.01 f,* 3.23 ± 0.06 f,* 3.00 ± 0.06 d,*

The a–f values in the same row marked with different letters were significantly different (α = 0.05). The means
followed by an asterisk (*) differed from the control sample, as determined by the Dunnett’s test (p < 0.05).

Due to the high polyphenol content of hemp flour, its addition to various types of
bakery products helps to strengthen the antioxidant properties of these products. In
comparison to the control samples, the addition of raw or roasted hemp flour to wheat
flour cookies increased the total phenol content (0.559–1.634 mg GAE·g−1) and antioxidant
activity (34.41–40.88%). The TPC values increased with the addition of raw and roasted
hemp flour, with the greatest increase in TPC observed for the biscuit samples containing
20% roasted hemp flour (4.03-fold increase in TPC compared to the control sample) [51].

The antioxidant activity in the tested samples, as measured by DPPH and FRAP,
increased as the hemp addition increased. The DPPH ranged from 1.66 µM TE·g−1 d.m.
for 1% hemp addition to 3.23 µM TE·g−1 d.m. for 5% hemp addition. Compared to the
control sample, with 1% of the additive, there was a 48% increase in the DPPH value, and
with 5%, the increase was 188%.

With the addition of 1% and 5% hemp, the antioxidant activity, expressed as FRAP,
ranged from 1.25 to 3.00 µM TE·g−1 d.m, and so for the highest addition, the value increased
by 140%. The antioxidant activity measured by the FRAP test in the bread without the
addition of hemp was 1.25 µM TE·g−1 d.m (Table 3). There was no statistically significant
difference in the antioxidant activity of FRAP between the control bread and the bread
with the addition of 1% hemp, as well as between the samples with the additions of 3%
and 4% hemp.

4. Conclusions

This study found that hemp inflorescence can be a valuable addition to gluten-free
bread made with rice flour. The additive, which was used at concentrations of 1–4%, caused
significant changes in the physical properties of the bread. After using 1% of the additive,
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the volume of the bread increased significantly and the color of the breadcrumb changed
significantly. The changes in crumb texture were less clear. Based on the organoleptic
evaluation, gluten-free bread with a maximum of 2% HI addition is the most recommended;
however, with a higher proportion of hemp inflorescence, the bread has a bitter aftertaste.
The addition of hemp inflorescence in the acceptable amount of 2% increased the biological
activity of the bread significantly. With this amount of addition, the polyphenol content
increased by 86%, the flavonoid content increased by 167%, and the antioxidant activity
measured with DPPH increased by 86%, while the activity measured with FRAP increased
by 28%.
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Appendix A

Table A1. Model of experimental parameters.

Ingredients 0 1% 2% 3% 4% 5%

Rice flour (g) 300 297 294 291 288 285
Hemp inflorescence (g) 0 3 6 9 12 15

Water (mL) 360 370 380 390 400 410
Guar gum (g) 6 6 6 6 6 6

Dry instant yeast (g) 4 4 4 4 4 4
Salt (g) 6 6 6 6 6 6
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