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A B S T R A C T

This research aimed to produce a multifunctional bread by adding hydrothermally processed rice 
bran (RB), green tea extract (GTE), and rosemary extract (RE). In the first step, hydrothermal 
processing was used to reduce the amount of phytic acid in RB, which decreased by 55 %. Based 
on the acrylamide amount, texture profile analysis, and color parameters, 3 % RB was selected as 
the optimum concentration in the bread formulation. The acrylamide amount in the RB-fortified 
bread showed a significant (p < 0.05) reduction trend with the addition of GTE and RE. So the 
lowest amount of acrylamide concentration was reported in the sample containing 1.5 % GTE 
(17.18 ppb). The addition of GTE and RE significantly (p < 0.05) decreased the hardness value of 
bread samples. However, the cohesiveness, springiness, and adhesiveness parameters of bread 
samples were significantly (p < 0.05) increased by the addition of GTE and RE. In addition, the 
fortified breads with 0.1 % RE and 1.5 % GTE exhibited the lowest and highest ΔE values, 
respectively. The addition of GTE and RE caused no adverse effect on the sensory properties of the 
RB-fortified bread. In conclusion, the combination of RB, GTE, and/or RE is an effective strategy 
for providing health benefits as well as reducing acrylamide formation in this food.

1. Introduction

Bread as a staple food has a crucial role in providing nutrients and dietary needs all over the world [1]. In this regard, the forti
fication of bread with functional plant sources can affect the health of a greater number of people without needing them to alter their 
previously established eating patterns [2,3]. Furthermore, the addition of compounds with antioxidant activity can prevent the for
mation of hazardous compounds in bread like acrylamide.

Recently, there has been a focus on the fortification of bread with rice bran (RB), which contains various proteins (such as albumin, 
globumin, glutamine, and prolamin), soluble and insoluble fibers, minerals, and B-group vitamins [4,5]. Furthermore, substantial 
quantities of bioactive compounds, such as oryzanol, phytosterols, and polyphenols, are present in RB. RB additionally demonstrates 
anticancer, anti-inflammatory, antidiabetic, and antioxidant properties [6–8]. Nevertheless, the application of RB for human con
sumption is severely restricted due to concerns regarding its potential association with elevated levels of phytic acid, a compound 
whose chelating effect is linked to mineral deficiency in humans [9,10]. Practical strategies exist for augmenting inorganic phosphorus 
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and inositol phosphate concentrations, thereby reducing the presence of PA and its salts [11,12]. The hydrothermal treatment of RB is 
regarded as the most efficient way to decrease its phytic acid content [13].

On the other hand, the perspective of bread fortification with functional plant extracts has become a growing trend [14]. Green tea 
extract (GTE) comprises 30 % of the dried weight of the leaves of the green tea plant and is composed of polyphenolic compounds 
derived from the plant, including catechins [15]. Numerous researchers have identified the antioxidative, anti-carcinogenic, and 
antimicrobial properties of these naturally occurring polyphenolic compounds [16]. In recent years, GTE has been used for the 
fortification of bread and bakery products to provide health advantages, as well as the reduction of acrylamide formations in these 
products [17–19].

Rosemary extract (RE) is another of the most widely commercialized plant extracts; it is reported to have antioxidant activity, it is 
also used as a culinary herb for flavoring and as an antioxidant in processed foods and cosmetics [20,21]. The antioxidant activity of 
rosemary extract is associated with the presence of phenolic compounds, such as carnosic acid, rosmarinic acid, carnosol, rosmanol, 
rosmariquinone, and rosmaridiphenol, which react with free radicals formed in the oxidation process [22]. A wealth of studies on the 
rosemary plant demonstrated antioxidant, diuretic, anti-inflammatory, anti-microbial, anti-carcinogenic, hypoglycemic, and hypo
lipidemic activities of rosemary [23]. Recently, this plant extract has been used for nutritional enrichment of different foodstuffs, 
especially types of bread [22,24–26].

According to the research, there is no study on the combination use of RB, GTE, and RE for the fortification of food products, 
especially bread. In this regard, this study aims to fortify bread with RB and to investigate the effects of GTE and RE on reducing the 
amount of acrylamide that results from the addition of RB. The ultimate purpose is the production of healthy and functional foodstuffs 
for consumption by all consumer groups.

2. Materials and methods

2.1. Materials

Wheat flour (87 % extraction rate, 14 % moisture, 12 % protein, 2 % fat, and 30 % gluten) was procured from the Khoosheh flour 
factory (Rasht, Iran). The RB of the Hashemi variety (0.2 mm average particle size) was obtained from the Mousavi rice factory 
(Khomam, Iran). Iron (III) chloride, Hydrochloric acid (HCl), sodium chloride, and other chemicals (acetate buffer (pH = 7), hexane, 
acetonitrile, sulfate sodium, sodium chloride, acetonitrile, potassium bromide, hydrobromic acid, saturated bromine water) were 
purchased from Merck Chemical Co. (Darmstadt, Germany).

2.2. Hydrothermal treatment

Firstly, 50 g of RB was wet-slept in acetate buffer (pH = 7) at the ratio of 1:8 and incubated at 47 ◦C for 94 min. Then, the soaked 
brans were kept in a hot-air oven at 60 ◦C for 24 h. Following that, the samples were desiccated in an oven preheated to 50 ◦C after 
being rinsed multiple times with distilled water to a final pH of 6.2 [27].

2.3. Phytic acid determination

First, phytic acid was isolated from RB samples using a 0.8 M HCl solution. The phytic acid concentration was determined. The 
regression equation of the phytic acid calibration curve was y = − 0.035x + 0.0196, R2 = 0.9992. The results were expressed in g of 
phytic acid per 100 g of the sample or 100 mL of extract [27].

2.4. Bread preparation

Firstly, the hydrothermally treated and untreated RB was added to wheat flour at 0, 3, 6, and 9 % w/w concentrations. Then, yeast 
and salt were added at concentrations of 0.4 and 1.5 % of wheat flour weight, respectively. After that, the dough was prepared with the 
addition of water and using a mixer (Sanaye Pokht-e Mashhad Co., Mashhad, Iran) at a speed of 2 rpm for 8 min. After selection of the 
best type and concentration of RB (hydrothermal treated RB at 3 % w/w), GTE (0.5, 1, and 1.5 % w/w) and or RE (0.1, 0.2, and 0.5 % 
w/w|) were added along with water addition. The mixing time was determined by experimentally evaluating the consistency of the 
resulting dough. The obtained dough samples were poured into galvanized molds and were incubated at 35 ◦C and 70 % relative 
humidity for 45 min. All samples were baked using an oven (KF1800, Kaveh Co., Isfahan, Iran) at 200 ◦C for 32 min. Finally, the bread 
samples were cooled for 1 h followed by packing in plastic bags and stored at 25 ◦C [28].

2.5. Acrylamide determination

To separate acrylamide, 5 g of sample was mixed with 5 mL hexane and equal proportions of distilled water and acetonitrile. Then, 
5 g of sulfate sodium and sodium chloride were added. After centrifugation at 4500 rpm for 10 min, a layer of acetonitrile was 
completely isolated. Then, the collected acetonitrile layer was brominated using potassium bromide, hydrobromic acid, and saturated 
bromine water. The resulting solution was placed in the refrigerator at 4 ◦C for one night. Then, the excess bromine was decolorized by 
adding the required amount of 0.7 M sodium thiosulfate, and after adding the resulting sodium sulfate solution with 65 mL of ethyl 
acetate, it was extracted in two steps. The resulting organic phase after dehydrating with a sufficient amount of sodium sulfate, was 
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first evaporated by a rotary evaporator under vacuum and then concentrated under nitrogen gas to a volume of 250 μL. The sample 
ready for injection was kept in the freezer until the analysis [17].

The amount of acrylamide was determined by a gas chromatography device (Pye Unicam Ltd., Cambridge, England) equipped with 
a diode array detector. For this purpose, a column ODS-3 C18 (250 × 4.6 mm, Intersile, Japan) was used.

2.6. Texture profile analysis (TPA)

The texture parameters of bread samples were assessed by a texture analyzer (TA-CT3, Brookfield, USA). The size of the probe was 
25 mm, the penetration speed of the probe in toast samples was 2 mm/s, and the penetration depth of the probe in the bread was 50 %. 
The measured texture parameters were hardness, cohesiveness, adhesiveness, springiness, gumminess, and chewiness [29].

2.7. Color measurement

The color of the samples was measured by a HunterLab chromometer (Minolta CR 400, Osaka, Japan). The CIELAB color pa
rameters were investigated by an original program CromaLab®, following the recommendations of the Commission Internationale de 
L’Eclariage. Using the color coordinates L* or lightness (black = 0 to white = 100), a* (greenness = − 120 to redness = +120), and b* 
(blueness = − 120 to yellowness = +120), the total color difference (ΔE) was calculated by the following equation: 

ΔE٭=
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(ΔL٭)² + (Δa٭)² + (Δb٭)²
√

(1) 

2.8. Sensory analysis

The sensory evaluation of toasts was done by 30 trained evaluators. A 5-point hedonic form was used to check toasts in terms of 
color, smell, taste, texture, and general acceptance.

2.9. Statistical analysis

The experimental design used in this research was a simple experimental design. IBM SPSS Statistics 19 (IBM Corporation, Armonk, 
NY, USA) was used to perform a one-way analysis of variance (ANOVA) on the collected data. In addition, the Tukey multiple 
comparison test was conducted at a 5 % significant level.

3. Results and discussion

3.1. Phytic acid determination

The concentrations of phytic acid in the hydrothermal rice bran and normal bran were 296 and 538 ppm, respectively. Thus, the 
application of hydrothermal processing resulted in a 55 % reduction of phytic acid in RB compared to untreated RB. The instability of 
phytic acid content in cereal brans under heat treatments has been reported by previous studies [30,31]. According to previous 
literature [32], the reduction of phytic acid by heating treatment can be attributed to the enzymatic hydrolysis and structural changes 
of phytic acid due to the increase of phytase activity in grains by heating.

Fig. 1. The acrylamide amount in the fortified bread samples with hydrothermal processed RB and un-treated RB. The data is presented in the form 
of mean ± standard deviation (n = 3) and small letters indicate a significant difference between the bread samples at the 5 % confidence level of 
Tukey’s test. RB: rice bran, HT: hydrothermal.
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3.2. Optimization of RB concentration

3.2.1. Acrylamide determination
The acrylamide concentrations in the fortified bread samples with hydrothermal treated and untreated RBs are shown in Fig. 1. As a 

result, the addition of RBs significantly (p < 0.05) increased the acrylamide concentration in the bread samples. In addition, the 
acrylamide concentration showed an increasing trend by increasing of RBs percentage. The acrylamide concentration in the fortified 
samples with the hydrothermal processed RB was significantly higher than its values in the fortified samples with untreated RB. In this 
regard, the lowest and highest values of acrylamide related to the control sample (49.7 ± 0.45 ppb) and the fortified sample with 9 % 
hydrothermal treated RB (94.66 ± 0.45 ppb), respectively. The inclusion of bran resulted in an increase in protein, fiber, and ash 
content, all of which serve as viable precursors to the development of acrylamide. In addition, the increase in the amount of bran leads 
to an increase in the amount of fat. At a temperature higher than the smoke point, fats can be converted into acrolein and finally 
produce acrylamide on the other hand, insoluble fibers in food can ease the conditions for the Maillard reaction by reducing the 
amount of water activity [33]. According to previous literature [34,35], the addition of lysine and alanine to flour will increase the 
amount of acrylamide in bread. In this regard, RB contains large amounts of lysine and the presence of lysine leads to an increase in the 
production of acrylamide.

3.2.2. TPA
As can be seen in Fig. 2a, the lowest and highest hardness values were related to the control sample and the fortified sample with 9 

% hydrothermal processed RB their values were 1.91 ± 0.26 and 6.61 ± 0.02 N, respectively. As a result, the addition of RB in the 
bread formulation significantly (p < 0.05) increased the hardness value and the increasing effect of hydrothermal treated RB more than 
the effect of untreated RB. The increasing effect of RB on the bread hardness can be due to the dilution of gluten, because gluten with 
the ability to hold gas creates a porous texture in bread, and with the increase in the amount of bran, this ability decreases and the 
hardness also increases. Also, the increase of bran can cause stiffness of the bread by thickening the wall of the air bubbles. Due to its 
high viscosity and water-absorbing hydrocolloids, bran reduces lubrication and consequently increases stiffness [36]. Due to having 
more fiber than normal bran, hydrothermal bran is expected to cause more hardness in bread, which is consistent with the obtained 
results [29].

The springiness value of bread samples significantly (p < 0.05) was decreased by the addition of RB and increasing of its con
centration (Fig. 2b). In this regard, the lowest and highest values of springiness were attributed to the fortified sample with 9 % 
hydrothermal processed RB (10.63 ± 0.02) and the control sample (14.55 ± 0.01). Springiness is the result of the interaction between 
gelatinized starch and gluten in the dough, which increases the elasticity of the dough and creates a sponge-like structure in the bread 
after heating. By adding bran to bread and creating internal links of the bread, the viscous behavior of the tissue increases and the 
humidity decreases, which can be a reason for the decrease in the amount of springiness. A similar result has been reported in a 
previous study [28]for the wheat bran fortified bread, which related the decrease of springiness to the loss of crumb elasticity.

As presented in Fig. 2c-e, the changes in adhesiveness, gumminess, and chewiness parameters in the bread samples by the addition 
of RBs are similar to the changes in hardness value in the samples. So, the lowest and highest values of these parameters were attributed 

Fig. 2. The texture parameters of the fortified bread samples with hydrothermal processed RB and un-treated RB. The data is presented in the form 
of mean ± standard deviation (n = 3) and small letters indicate a significant difference between the bread samples at the 5 % confidence level of 
Tukey’s test. RB: rice bran, HT: hydrothermal.
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to the control and the fortified sample with hydrothermal processed RB, respectively. Chewiness has a direct relationship with 
gumminess and hardness, and with the increase of these two characteristics, the amount of chewiness also increases. However, the 
cohesiveness value of bread samples showed different changes with the addition of RBs (Fig. 2f). In this case, the lowest value of 
cohesiveness (0.45 ± 0.01) was related to the fortified sample with hydrothermal processed RB. However, the lowest value of this 
parameter (0.47–0.5) was associated with the control and the fortified samples with untreated RB at concentrations of 3 and 6 %. 
Cohesiveness describes the internal resistance of the bread structure, which has an inverse relationship with the hardness of the bread.

3.2.3. Color measurement
The color parameters of bread samples are summarized in Table 1. As a result, the L* value of samples showed a significant (p <

0.05) reduction trend with the addition of RBs. Moreover, the reduction effect of hydrothermal processed RB was higher than the effect 
of untreated RB. In this regard, the lowest value of L* (58.57 ± 1.21) was related to the fortified sample with 9 % hydrothermal 
processed RB. Additionally, this sample showed the highest ΔE value (9.97 ± 1.28) among other samples. The a* and b* parameters 
were significantly (p < 0.05) enhanced by addition of RBs. The color of the bread crust is dependent on the amount of Maillard and 
caramelization reactions that occur in it. These reactions themselves are dependent on other factors such as humidity, pH, and 
temperature, and creates a brown-golden color in the bread crust [33]. Thus, the obtained results can be explained by the moisture 
absorption of the fiber content of RB and the increase of the possibility of the Maillard reaction, resulting in the brightness decreases 
and the yellowness and redness increase. By our results, it has been reported that addition of RB [37,38] and corn bran [29] in bread 
decreased its crust lightness value.

3.3. Optimization of GTE and RE concentration

According to the results of the prior section especially the results of phytic acid measurement, we selected the hydrothermal 
processed RB at a concentration of 3 % for use in the fortified breads with extracts.

3.3.1. Acrylamide determination
Table 2 displays the acrylamide concentrations in the fortified breads with GTE and RE. As can be seen, the acrylamide amount was 

significantly (p < 0.05) decreased by the addition of GTE and Rein in the bread samples. In addition, the reduction effect of GTE was 
more than the effect of RE. In this regard, the lowest amount of acrylamide (17/18 ± 0.07 ppb) was observed in the fortified sample 
with 1.5 % GTE. Based on Table 4, a significant correlation (p ≤ 0.05) between acrylamide content and hardness with a correlation 
coefficient of Pearson equal to 0.467 and a significant correlation (p ≤ 0.01) between acrylamide content and ΔE values with a 
correlation coefficient of Pearson equal to − 0.894 were observed. Flavonoids contain antioxidant properties and the inhibitory 
properties of green tea leaves containing epicatechin and epigallocatechin gallate and their flavonoid structure have been confirmed to 
reduce the amount and formation of acrylamide from Millard. The effect of catechins on the formation of acrylamide is related to their 
carbonyl-trapping capacity [15]. The effect observed by RE can also be explained by the same mechanism. So rosemary includes 
compounds that can trap the carbonyl structure inhibit the Maillard reaction and finally limit the formation of acrylamide. In this 
regard, previous studies reported that the reduction of acrylamide amount by addition of GTE [17,18] and RE [22,24] in bread and 
bakery products can be related to their antioxidant properties.

3.3.2. TPA
Table 2 represents the texture parameters of the fortified bread with GTE and RE. The hardness of the control sample was 4.55 ±

0.02 N and the addition of GTE and RE significantly (p < 0.05) decreased this parameter. The fortified sample with 1 % GTE exhibited 
the lowest value of hardness that its value was 3.24 ± 0.02 N. Basis in Table 4, a significant correlation (p ≤ 0.01) between hardness 
and cohesiveness with correlation coefficient Pearson equal to − 0.766, between hardness and springiness with correlation coefficient 
Pearson equal to − 0.901 and significant correlation (p ≤ 0.05) between hardness and gumminess with correlation coefficient Pearson 
equal to 0.508 were observed. The presence of moisture-absorbent compounds such as fibers leads to moisture absorption increases the 
percentage of moisture and as a result, reduces tissue stiffness. On the other hand, the reaction between the added plant extract and the 

Table 1 
The color parameters of RB fortified bread samples.

Bread Samples
Color parameters

L٭ a٭ b٭ ΔE

Control 64.18 ± 0.67a 3.65 ± 0.49d 8.57 ± 0.68f –
RB3% 63.00 ± 0.14ab 5.73 ± 0.69cd 16.66 ± 0.27e 1.97 ± 1.60d

RB6% 61.83 ± 0.31bc 4.42 ± 0.97c 15.44 ± 0.28d 4.94 ± 0.39c

RB9% 59.68 ± 0.40d 7.61 ± 0.02ab 18.57 ± 0.06c 7.62 ± 0.78abc

HT-RB3% 59.04 ± 0.22c 4.92 ± 0.35bc 12.28 ± 0.22bc 6.69 ± 1.19bc

HT-RB6% 58.57 ± 1.21d 3.20 ± 0.05bc 13.69 ± 0.20ab 8.39 ± 0.71ab

HT-RB9% 58.95 ± 0.67d 5.79 ± 0.15a 8.63 ± 0.34a 9.97 ± 1.28a

The data is presented in the form of mean ± standard deviation (n = 3) and small letters indicate a significant difference between the bread samples at 
the 5 % confidence level of Tukey’s test. RB: rice bran, HT: hydrothermal.
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flour protein network leads to a change in the elastic properties of the dough a decrease in the gas holding capacity, and an increase in 
the consistency of the dough. In other words, the viscosity of the dough increases. This reaction in high amounts leads to a decrease in 
the residual moisture in the dough and an increase in the viscosity and hardness of the produced bread. The cohesiveness, springiness, 
and adhesiveness parameters of bread samples were significantly (p < 0.05) increased by the addition of GTE and RE. The increase in 
cohesiveness can be due to the decrease in the gas storage capacity of the dough by the addition of plant extracts. Additionally, the 
addition of GTE and RE caused to an increase in springiness, and the elasticity of the bread increased by creating hydrogen bonds and 
increasing the wall strength of the air bubbles. However, the gumminess and chewiness parameters showed no specific trend by the 
addition of GTE and RE. Previous researchers [18]observed opposite changes in the texture parameters of bread by the addition of 
(− )-epigallocatechin gallate (EGCG) extracted from green tea. These opposite results can be explained by the presence of RB in our 
bread formulation.

3.3.3. Color measurement
As a result (Table 3), the lowest and highest L* values were related to the fortified samples with 1.5 % GTE and 0.1 % RE, 

respectively. However, the fortified breads with 0.1 % RE and 1.5 % GTE exhibited the lowest and highest ΔE values. Green tea extract 
can adversely affect brightness because of its pigment, and rosemary can cause the flour to darken. However, the effects of green tea 
and rosemary on the product’s color will be less in smaller amounts. Additionally, because of their antioxidant qualities and the 
development of their inhibitory properties against the Maillard reaction and product color change, these ingredients can partially 
offset the product’s negative effects. Similar findings have been seen [39]. According to their report, the brown substances that are 
produced when the catechins oxidize to produce certain deep-colored materials, like theaflavins, thearubigins, and theabrownines, 
during high baking temperatures, are responsible for the reduction of bread brightness caused by the addition of GTE. Simultaneously, 
the chlorophyll disintegrated to form the brown-colored magnesium chlorophyll [17]. However, there was no significant change in the 
L* value of crust rye bread with the addition of GTE.

3.3.4. Sensory analysis
As a result (Fig. 3), no significant difference (p > 0.05) was observed in the acceptability of the bread samples in terms of color, 

smell, taste, texture, and overall acceptance. These results showed that the fortification of RB incorporated bread with GTE and RE had 
no adverse effect on its sensory properties.

4. Conclusion

The hydrothermally processed RB showed a 55 % reduction in phytic acid amount. The fortified bread sample with 3 % hydro
thermally processed RB was selected as the optimum sample in terms of acrylamide amount, texture parameters, and color. The 
addition of GTE and RE significantly decreased the acrylamide amount in the RB-incorporated bread. The hardness value of bread 

Table 2 
The acrylamide and texture parameters of GTE and RE fortified bread samples.

Bread Samples
Acrylamide (ppb) Texture parameters

Hardness (N) Springiness Adhesiveness (mJ) Gumminess (N) Chewiness (mJ) Cohesiveness

Control 39.20 ± 0.05a 4.55 ± 0.02a 12.54 ± 0.03e 0.39 ± 0.00f 2.09 ± 0.06b 26.27 ± 0.81b 0.46 ± 0.01f

GTE0.5 % 24.30 ± 0.24e 3.87 ± 0.00e 13.10 ± 0.00c 0.64 ± 0.01d 2.19 ± 0.01a 28.78 ± 0.25a 0.56 ± 0.00b

GTE1% 20.51 ± 0.25f 3.24 ± 0.02g 13.43 ± 0.01a 0.43 ± 0.02f 1.92 ± 0.00cd 25.84 ± 0.10b 0.59 ± 0.00a

GTE1.5 % 17.18 ± 0.07g 4.20 ± 0.02b 13.04 ± 0.02d 0.92 ± 0.01a 2.15 ± 0.01ab 28.14 ± 0.17a 0.51 ± 0.00d

RE0.1 % 34.15 ± 0.16b 3.94 ± 0.01d 13.18 ± 0.00b 0.74 ± 0.02c 1.97 ± 0.00c 25.97 ± 0.10b 0.50 ± 0.00de

RE0.2 % 26.84 ± 0.08c 3.80 ± 0.00f 13.22 ± 0.02b 0.53 ± 0.02e 1.85 ± 0.02d 24.47 ± 0.27c 0.48 ± 0.00e

RE0.5 % 26.18 ± 0.67d 4.03 ± 0.01c 13.19 ± 0.01b 0.83 ± 0.03b 2.17 ± 0.03ab 28.70 ± 0.47a 0.54 ± 0.01c

The data is presented in the form of mean ± standard deviation (n = 3) and small letters indicate a significant difference between the bread samples at 
the 5 % confidence level of Tukey’s test. GTE; green tea extract, RE: rosemary extract.

Table 3 
The color parameters of GTE and RE fortified bread samples.

Bread Samples
Color parameters

L٭ a٭ b٭ ΔE

GTE0.5 % 60.70 ± 0.59de 3.43 ± 0.69cd 17.66 ± 0.27e 13.58 ± 0.32b

GTE1% 62.72 ± 1.80d 5.42 ± 0.97c 13.44 ± 0.28d 11.06 ± 0.27c

GTE1.5 % 60.02 ± 0.04e 4.21 ± 0.02ab 17.57 ± 0.06c 15.30 ± 0.29a

RE0.1 % 77.40 ± 0.22a 4.92 ± 0.35bc 8.28 ± 0.22bc 4.48 ± 0.14e

RE0.2 % 73.36 ± 0.27b 6.20 ± 0.05bc 12.69 ± 0.20ab 4.60 ± 0.08e

RE0.5 % 67.14 ± 0.14c 5.79 ± 0.15a 12.63 ± 0.34a 5.67 ± 0.14d

The data is presented in the form of mean ± standard deviation (n = 3) and small letters indicate a significant difference between the bread samples at 
the 5 % confidence level of Tukey’s test. GTE; green tea extract, RE: rosemary extract.
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Table 4 
Correlation coefficients of variables.

Hardness Cohesiveness Springiness Gumminess chewiness Adhesiveness Acrylamide content Delta E Lightness

Hardness ​ ​ ​ ​ ​ ​ ​ ​ ​
Cohesiveness − 0.766** ​ ​ ​ ​ ​ ​ ​ ​
Springiness − 0.901** 0.688** ​ ​ ​ ​ ​ ​ ​
Gumminess 0.508* 0.155ns − 0.408ns ​ ​ ​ ​ ​ ​
chewiness 0.254ns 0.396ns − 0.109ns 0.952** ​ ​ ​ ​ ​
Adhesiveness 0.202ns 0.059ns 0.196ns 0.495* 0.609** ​ ​ ​ ​
Acrylamide content 0.467* − 0.720** − 0.551** − 0.265ns − 0.471* − 0.457* ​ ​ ​
Delta E 0.037ns 0.484* − 0.294ns 0.528* 0.528* 0.160ns − 0.894** ​ ​
Lightness 0.076ns − 0.643** 0.141ns − 0.562* − 0.588* − 0.076ns 0.935** − 0.934** ​

**: (p ≤ 0.01), * :(p ≤ 0.01) and ns: non significant
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samples showed an increasing trend with the addition of GTE and RE. Also, the lowest and highest ΔE values were seen in the fortified 
breads with 0.1 % RE and 1.5 % GTE. The addition of GTE and RE caused no adverse effect on the sensory properties of the Also, 
according to the sensory evaluation results, the fortified samples with RB and plant extracts showed acceptable sensory characteristics 
in terms of color, smell, taste, texture, and overall acceptance. In general, the results of this research showed that the addition of GTE or 
RE can compensate for the negative effects of RB on bread or other bakery products, resulting in the production of healthy and 
functional food. Since the increase in the concentration of extracts in bread leads to a loss in its textural characteristics, therefore, the 
use of additives to compensate for the quality loss in bread is suggested in some research.
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