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Abstract 
Mushrooms are recognized as sources of β-glucan. The aim of this study was 
to purify β-glucan from oyster mushrooms (Pleurotus pulmonarius) by alka-
line extraction. The extracted β-glucan was added to a cracker recipe and the 
sensory, physical and estimated glycemic index of the final product were eva-
luated. Optimum extraction parameters were determined to be 80˚C, 90 mi-
nutes and 30% KOH. The β-glucan crackers had a glycemic index ranging 
from 88.07 to 67.32, while glucose had a glycemic index of 100. Based on the 
sensory study, it can be concluded that crackers enriched with β-glucan and 
possessing functional qualities may meet consumer expectations. 
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1. Introduction 

Mushrooms are remarkably nutritious due to containing high-quality proteins, vi-
tamins and minerals. Mushrooms which include low calorie and a little fat and 
non starchy with a little amount of sugar are very suitable and delightful for obese 
people with no starch and very little amount of sugar. Although Türkiye is rich in 
mushrooms, β-glucan is not produced in our country. β-glucan products are im-
ported to be used as food supplements and as food additives in food production 
processes. β-glucan, which has attracted attention in recent years through its po-
tential contributions to health, is also used as an additive in many foods due to its 
beneficial effects as well as its gelling and thickening features [1]. Using β-glucan 
as a food additive in a variety of food industries, including breakfast cereals, prebi-
otic sausage formulations, sports nutrition products, dairy products like yoghurt, 
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bakery products like cookies, bread, cakes, and ready-to-eat snacks, beverages, 
salad dressings, and fat substitutes, has a noticeable potential in the near future [2]. 

These products have some functionalities like a remarkable effect on physical 
and sensory properties, calorie and cholesterol-reducing effects, and other bene-
fits [3]. 

The present study aims to purify β-glucan from oyster mushrooms via alkaline 
extraction. Then, the produced β-glucan was added for the first time to a bakery 
product, a cracker, and the properties of the final product were characterized. The 
availability of foods that contain sufficient β-glucan to promote health or pro-
vide overall health benefits for the consumer is limited. Therefore, the findings 
of this study may significantly impact the integration of β-glucan into food 
products. 

2. Material and Method 

The oyster mushrooms were Pleurotus pulmonarius cultivated in Kutahya and 
purchased from a local grocery store in Kutahya, Türkiye. Analytical-grade 
chemicals were obtained from either Sigma-Aldrich Co. or Merck. The moisture 
content of the fresh mushrooms was determined using an automatic moisture 
analyzer (Weighed moisture box. A&D company Ltd. N 92; P1011656; Japan) 
[4]. Crude protein was analyzed using the methods described by the American 
Association of Cereal Chemists (AACC, 2000) [5]. A modified version of the 
Folch et al. (1957) technique [6] was utilized to determine the overall lipid con-
tent. A mixture of 50 mL chloroform:methanol (2:1 v/v) and five grams of finely 
ground mushrooms were combined, stirred, and left undisturbed for three days. 
The solution was filtered using a table centrifuge and centrifuged at 1000 g. The 
top layer of methanol was extracted using a Pasteur pipette, and heating was ap-
plied to evaporate the chloroform. The residue was the crude lipid [7]. The sam-
ple was precisely weighed into a crucible at one gram. The crucible was posi-
tioned on a clay pipe triangle and subjected to a low flame until the entire sam-
ple was completely charred. It was then baked in a muffle furnace for nearly six 
hours at 600˚C [8]. The conventional carbohydrate technique, with slight mod-
ifications, was employed to determine the quantity of available carbohydrates. The 
total amount of carbohydrates was calculated using the phenol-sulfuric acid 
technique, as per Fox and Robyt (1991) [9]. Energy is obtained from fat, protein, 
or carbohydrates, and its total amount was determined using the equations pre-
sented below [10]. 

Energy (kcal) = 4 × (g protein + g carbohydrate) + 9 × (g lipid); 

Energy (kJ) = 17 × (g protein + g carbohydrate) + 37 × (g lipid) 

All calculations were obtained through triplicate (n = 3). 

2.1. Extraction of β-Glucan from Mushroom 

With slight modifications to the technique [11], the polysaccharide was ex-
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tracted from Yap and NG. First, 400 g of fresh oyster mushroom fruiting bo-
dies were cleaned and cut into small pieces. The entire mushroom samples 
were then heated with KOH after cooking in 80% ethanol reflux. Wei and col-
leagues utilized alkali to extract β-glucan [12]. Sliced and ground oyster mu-
shrooms were soaked in 80% ethanol to induce reflux for 6 hours. Afterwards, 
the mushrooms were mixed with varying concentrations of KOH (10%, 20%, 
30%, and 40%), and then incubated at incrementally higher temperatures 
(50˚C, 60˚C, 70˚C, 80˚C, 90˚C), with each iteration being allowed to stand for 
incrementally longer periods of time (30, 60, 90, 120, and 150 minutes). The 
key variables under study are the KOH concentration, extraction temperature, 
and duration. The extract was filtered using Whatman Nr1 filter paper and 
concentrated in a rotary evaporator operating at 60˚C under reduced pressure. 
Concurrently, the Sevag reagent (chloroform/butanol, 4:1) was employed to 
remove proteins from the extract, which was then subjected to a three-fold 
concentration increase through the addition of 95% ethanol. The resulting 
mixture was centrifuged at 1500 g for 10 minutes at 20˚C, and the pH of the 
supernatant was adjusted to 10 using Na2CO3. Following centrifugation at 
22,000 g for 20 minutes at 4˚C, the desired supernatant was obtained. A mix-
ture of 80% ethanol and supernatant in a 1:2 ratio was maintained for 15 mi-
nutes. Following centrifugation at 4˚C and 3500 g, the resulting pellets were 
dried in a vacuum oven. 

2.2. Production of Crackers 

A cracker recipe was developed based on a thorough review of literature. The 
necessary ingredients for the cracker consist of refined wheat flour, industrial 
shortening, salt, sugar, and water (refer to Table 1 for details [13]). 

After mixing the cracker ingredients for 15 minutes in the mixer, the dough 
was flattened with a rolling pin and cut into circular shapes of equal thickness 
using a mold. The crackers were then placed on trays and baked at 175˚C for 15 
- 20 minutes in an electric oven. After cooling at room temperature, the cracker 
samples were stored in zipped pouches for a storage stability study lasting 3 
months in a dark room at room temperature. 

 
Table 1. The ingredients of cracker. 

Control 
Extracted 5 g 

β-glucan 
Extracted 10 g 

β-glucan 
Extracted 15 g 

β-glucan 
Extracted 20 g 

β-glucan 
Extracted 25 g 

β-glucan 
Extracted 30 g 

β-glucan 

250 g rafined 
wheat flour 

245 g rafined 
wheat flour 

240 g rafined 
wheat flour 

235 g rafined 
wheat flour 

230 g rafined 
wheat flour 

225 g rafined 
wheat flour 

220 g rafined 
wheat flour 

50 industrial 
shorts 

50 g industrial 
shortening 

50 g industrial 
shortening 

50 g industrial 
shortening 

50 g industrial 
shortening 

50 g industrial 
shortening 

50 g industrial 
shortening 

5 g salts 5 g salts 5 g salts 5 g salts 5 g salts 5 g salts 5 g salts 

112.5 g water 112.5 g water 112.5 g water 112.5 g water 112.5 g water 112.5 g water 112.5 g water 
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2.2.1. Chemical Analyses Performed in Crackers 
Moisture Analysis Moisture content in the samples of crackers was determined 
using the OHAUS MB 45 rapid moisture analyzer (at 103˚C with a 1 g sample) 
[14]. Protein Analysis The protein content in the cracker samples was deter-
mined using the Kjeldahl method in accordance with the AACC (2000) 46 - 12 
method. The resulting values were multiplied by a factor of 6.25 and used to 
calculate the final protein content using a formula [15]. Ash Analysis The ash 
content in cracker samples was determined using AACC Method No: 08-01 [16]. 
2.3.1.4. 

2.2.2. Determination of Textural Properties of Cracker Samples 
The fragility and hardness values of cracker samples produced with the addition 
of β-glucan were determined with the help of TA. Pretest velocity (1 mm/s), test 
velocity (2 mm/s), post-test velocity (10 mm/s), gap (7 mm), and trigger power 
in analyzes performed with the help of a 3-point bending probe (HDP/3PB) (10 
g) is set. Results are expressed as hardness (hardness, g-force) and fracturability 
(g-force) [17]. 

2.2.3. Steps of Glycemic Responce Determination System 
Determination of glycemic response was carried out after in vitro simulated 
three-stage digestion system called as mouth, stomach, and small intestine [18]. 

Step 1: Oral digestion (Digestion in mouth) For in vitro oral digestion in 
the current study, a coffee grinder was used instead of chewing. Two separate 
samples of shredded cracker were ground and homogenized in the coffee grinder 
for 0.5 to 1 minute at room temperature. Step 2: Stomach digestion A 100 mL 
magnetic stirrer combined 0.5 grams of guar gum with pepsin enzyme, which 
contained over 250 international units of enzyme. A small amount of 0.1 N hy-
drochloric acid (HCl) was added, and the mixture was agitated using the mag-
netic stirrer. Afterward, the volume was adjusted to 0.1 HCl. Step 3: Small in-
testine solution Intervase (25.43 U/mL), amyloglucosidase (13.4 U/mL), and 
pancreatin (136 mg/mL) were added to each sample. For each sample, 4 mL of 
deionized water and 680 mg of pancreatin were put into a 50 mL falcon tube, the 
mixture was vortexed and then centrifuged for 10 minutes at 8000 rpm. The vo-
lume was completed to 5 mL after the supernatant was removed. 67 IU of amy-
loglucosidase enzyme (AMG), and 127.15 U of invertase were added. 

Weigh the 250 mL Erlenmeyer flask with the 1 g homogenized sample. The 
mixture was then incubated for 30 minutes at 37˚C in a water bath, with 10 mL 
of enzyme solution 1 and 5 mL of deionized water added while being shaken. 
Before adding 5.0 mL of 0.5 M sodium acetate solution, the pH was adjusted to 
5.2. To prepare the entire quantity, 5 mL of enzyme solution 2 were combined 
with 100 mL of deionized water. The solution was then incubated in a water bath 
at 37˚C for shaking. Samples were collected at 20, 30, 60, 90, 120, and 180 mi-
nutes and 0.5 mL was transferred to a 10 mL glass tube. Enzyme denaturation 
was achieved by keeping the tube in a 100˚C water bath for 5 minutes. Next, the 
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sample was combined with deionized water in a 15 mL plastic falcon tube and 
centrifuged at 8000 rpm for 5 minutes. A mixture of 3 mL of GOPOD enzyme 
solution and 0.1 mL of the sample was prepared in a 10 mL glass tube. The par-
ticipants were required to remain in a water bath that was heated to 50˚C for 20 
minutes prior to the spectrophotometer taking a reading of their absorbance at 
510 nm [18]. 

2.2.4. Hydrolysis Index (HI) Procedure and Expression of HI Value 
The Hydrolyzed Index (HI) value for glucose was determined using an Excel ap-
plication, based on Hydrolyzed Curves, at five different durations between 0 and 
120 minutes, as a result of in vitro digestion of each β-glucan sample. The HI 
value of commercial glucose was also determined using the same methods [18]. 
The HI values were then used to estimate the glycemic index (pGI) for each 
sample. 

( ) ( ) ( )0 0AUC 1 expf fC t t C k k t t∞ ∞
  = − − − − −    

C∞ is the ratio of the test sample’s area under the hydrolysis curve (AUC) be-
tween 0 and 120 minutes to the reference sample’s area under the curve (glu-
cose). T The formula used to get the glycemic index value was discovered by 
Goni and reads as follows: Goni {GI = [39.71 + (0.559 × HI)]}. 

2.2.5. Sensory Analysis 
A sensory analysis of β-glucan crackers was carried out following a literature re-
view. We modified a tasting form for the study and utilized the 1 - 9 Hedonic 
scale. This method is frequently used in consumer testing with untrained panel-
ists, and it is the most common way to measure consumers’ perceptions of a 
product. With the hedonic scale, we were able to measure the opinions, prefe-
rences, and likes/dislikes of the panelists regarding the product. There are nine 
options in this scale, ranging from “Like Extremely” to “Do Not Like at All,” and 
consumers are asked to select one of these options for the product being offered. 
Two types of 9-point hedonic scales were employed, including the unipolar he-
donic scale that ranges from 1 to 9. The study utilized a control group and 20% 
β-glucan crackers [19]. 

2.3. Statistical Analysis 

Several tests were conducted to observe statistical differences among experi-
mental groups. One-way ANOVA was utilized to compare groups at varying 
temperatures (50˚C, 60˚C, 70˚C, 80˚C) and four intervals (30, 60, 90, 120, 150 
minutes). This method determines whether the means of independent groups 
are equivalent. Pearson correlation analysis was employed to assess the relation 
between time and the amount of β-glucan recovered. This analysis examines the 
magnitude and direction of the linear association between two variables. The 
correlation coefficient (r) reveals the strength and direction of the relationship, 
while the p-value determines the statistical significance of the association. All 
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analyses were completed at a threshold of significance where the p-value was 
<0.05, indicating statistical significance of the findingsicant [20]. 

3. Results and Discussion 
3.1. Moisture Content, Ash, Crude Fat, Crude Protein, CHO, Energy 

(kcal/100g) 

Different mushroom types have different nutritional qualities in terms of dry 
matter, moisture, crude protein, ash, organic matter, and energy. Nutritional 
value and bioactive chemical content of mushrooms differ due to species, ma-
turity level, substrate, and growth conditions. P. pulmonarius is known for its 
high energy, protein, and carbohydrate content [20]. This study identified the 
following nutritional values: 84.6% moisture, 40.6% kcal energy, 3.40% protein, 
0.89% fat, 0.71% ash, and 4.75% CHO. Previous research has outlined that fresh 
mushrooms have 90% moisture and 10% dry substance [20] [21] [22] [23] [24], 
thus potentially increasing the consumption of protein-rich food items created 
from edible mushrooms while providing a delicious substitute for animal pro-
tein [25]. Additional factors influencing mushroom growth include variations in 
the physical and chemical composition of the growth environment, the nutri-
tional content of the substrate used for culture, and the specific species of the 
mushroom. It is important to note that the nutritional composition of the sub-
strate and growing conditions can significantly impact the fat content of the 
mushrooms. Typically, mushrooms contain a low amount of fat and are domi-
nated by unsaturated fatty acids. P. pulmonarius has a crude fat content of 
0.89%, while fat levels in Pleurotus spp. have been observed to range from 0.85% 
to 3.16% [26] [27] [28]. P. pulmonarius was estimated to have an energy value of 
40.6 kcal. Pleurotus pulmonarius was estimated to have an energy value of 40.6 
kcal. Upon comparison with data from other investigations [28] [29], it was 
found that P. pulmonarius had a similar energy value. 

3.2. Extraction of β-Glucan from Mushroom 

As the concentration of KOH increased, more N- and O-type carbohydrate-peptide 
connections were degraded, resulting in the release of more polysaccharide. 
However, when the KOH concentration was increased above 30%, the structure 
of the polysaccharide was damaged. High temperature caused protein denatura-
tion and a decrease in extraction rate. Extraction time is another factor that af-
fects polysaccharide extraction; prolonged extraction time leads to polysaccha-
ride degradation. Therefore, an optimal extraction time of 90 minutes was de-
termined. Alkaline extraction was selected as the preferred technique based on 
the rate of polysaccharide extraction. The procedure involved gradually increasing 
the KOH concentration (0%, 10%, 20%, 30%, and 40%) and incubation 
temperatures (50˚C, 60˚C, 70˚C, 80˚C, and 90˚C) for increasing durations of 
time (30 minutes, 60 minutes, 90 minutes, 120 minutes, and 150 minutes). The 
text is grammatically correct, precise, objective, and follows conventional 
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academic structure. Citations are properly formatted, and the language is formal 
and balanced. Meanwhile, we considered three variables: KOH concentration, 
extraction temperature, and extraction time. Each element was checked three 
times. In conclusion, the optimal extraction parameters were 30% (w/v) KOH 
concentration, 80˚C extraction temperature, and a 90-minute extraction time, 
with 90 minutes being the ideal period. It is only by isolating purified β-glucan 
from the plant matrix using various extraction methods that such an outcome is 
possible. Several pH levels, including acidic, neutral, and alkaline, can be utilized 
in the wet extraction process. Alkaline water processes yield the highest amount 
of extracted beta-glucan, although the process possesses unique properties [28] 
[29] [30]. Both neutral pH and notably alkaline pH coincided with a simultaneous 
increase in protein solubility [31] [32] [33]. 

3.3. Production of Crackers 

The production of crackers utilized a modified formulation and baking process 
based on the American Association of Cereal Chemists (AACC 2017) [34] stan-
dard. The amount of wheat flour used in this formulation was reduced by 5, 10, 
15, 20, 25, and 30 g, and β-glucan was used instead, and the other ingredients 
and their amounts in the formulation were not changed (Figure 1). 

Chemical Analyses Performed in Crackers 
Results of analysis are shown in Table 2. 

 

 
Figure 1. Crackers with varying amounts of β-glucan. 
 

Table 2. β-glucan amount (g), protein (%), ash (%), moisture (%). 

Samples β-Glucan amount(g) Protein (%) Ash (%) Moisture (%) 

1 0 9.40 ± 0.23 2.10 ± 0.06 4.15 ± 0.21 

2 5 9.45 ± 0.23 2.08 ± 0.06 5.07 ± 0.21 

3 10 9.58 ± 0.23 2.33 ± 0.07 5.27 ± 0.23 

4 15 10.50 ± 0.26 2.24 ± 0.06 6.06 ± 0.23 

5 20 10.67 ± 0.26 2.25 ± 0.06 6.21 ± 0.21 

6 25 10.72 ± 0.26 2.74 ± 0.02 6.63 ± 0.22 

7 30 10.93 ± 0.27 2.76 ± 072 7.74 ± 0.23 
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The protein value (%) decreases as the amount of β-glucan (g) approaches to 0 
while the protein value (%) is the highest in those with a β-glucan amount (g) of 
30. Increases in the moisture value (%) are greater when the amount of β-glucan 
(g) changes from 0 to 5, 10 to 15, and 25 to 30. Although a decrease is observed 
in the ash value (%) when the amount of β-glucan (g) changes from 0 to 5 and 
10 to 15, the ash value (%) increases in all other changes of the amount of 
β-glucan (g). As the amount of β-glucan (g) increases from 0 to 30, the protein 
(%) and moisture (%) values increase proportionally. On the other hand, there is 
a decrease in Ash (%) values at 0 - 5 and 10 - 15 changes despite of a proportional 
increase in all other changes (Table 3). 

The moisture content of crackers is sensitive to changes in temperature during 
the baking process. The moisture content primarily affects the shelf life of the 
cookie. The baking process converts the viscoelastic batter to a solid, baked 
good. This process establishes characteristics of the resulting cookie, such as 
cracker size (diameter and thickness), cookie weight, and moisture levels [35]. 

3.4. Textural Properties of Craker Samples 

Texture properties, which are important parameters for consumer acceptance of 
food products, determine production capacity. Bakery product textures, for in-
stance crackers, are typically characterized by their mechanical properties. Table 
4 exhibits the hardness values of the doped crackers. Hydrocolloids negatively 
impact starch structure. Some studies suggest that the increase in dough softness  

 
Table 3. Statistical analysis showing the relationship of β-glucan amount (g) with protein 
(%), ash (%) and moisture (%). 

 
β-Glucan 

amount (g) 
Protein (%) Ash (%) Moisture (%) 

Beta-Glucan 
amount (g) 

r 1 0.946** 0.880** 0.980** 

p  0.001 0.009 0.000 

n 7 7 7 7 

Protein (%) 

r  1 0.738 0.921** 

p   0.058 0.003 

n  7 7 7 

Ash (%) 

r   1 0.842* 

p    0.017 

n   7 7 

Moisture (%) 

r    1 

p     

n    7 

*p < 0.05, *p < 0.01. 

https://doi.org/10.4236/as.2023.1412112


H. Demir 
 

 

DOI: 10.4236/as.2023.1412112 1740 Agricultural Sciences 

 

Table 4. Structure analysis of cracker samples produced with the addition in different 
amounts of β-glucan (g). 

Sample Dry Matter (%) Hardness (g-force) Fracturability (g-force) 

Control 95.85 17126.45 ± 2345.32 17,255 ± 2432.12 

5 g β-glucan 94.93 17852.47 ± 3437.58 13906.85 ± 2674.58 

10 g β-glucan 94.73 17814.07 ± 4180.41 13082.46 ± 1811.05 

15 g β-glucan 93.94 31169.05 ± 3797.95 13434.02 ± 2702.84 

20 g β-glucan 93.79 34129.30 ± 4443.23 7584.98 ± 985.67 

25 g β-glucan 93.37 16886.23 ± 3105.48 16538.52 ± 1878.92 

30 g β-glucan 92.26 15409.50 ± 1306.27 10936.43 ± 1629.09 

 

 
Figure 2. Graphic of the crackers hardness (g-force) and fracturability (g-force). 

 
parallels the increase in hydrocolloid concentration. Hardness refers to the 
amount of force needed to compress a material. Fracturability, on the other 
hand, refers to how easily the material breaks. 

As shown in Figure 2, the crackers with added β-glucan exhibited lower 
maximum breaking force values (N) as compared to the control. A decrease in 
hardness was observed with an increase in the β-glucan content added to the 
crackers. The addition of β-glucan may dilute the protein gluten, leading to a 
decrease in the hardness of the crackers. This delay in the formation of the glu-
ten matrix, caused by the absorption of water by β-glucan, may explain the ob-

https://doi.org/10.4236/as.2023.1412112


H. Demir 
 

 

DOI: 10.4236/as.2023.1412112 1741 Agricultural Sciences 

 

served decrease. The ideal cracker should have a certain level of crispness and 
hardness. 

The results of the correlation test performed to examine the relationship be-
tween Dry matter (%), Hardness (g-force) and Fracturability (g-force) are shown 
in Table 5. The analysis showed no statistically significant relationship between Dry 
Matter (%), Hardness, and Fracturability (g-force) (p > 0.05). Also, there is no sta-
tistically significant relationship between Hardness and Fracturability (p > 0.05). 

The analysis reveals a variation between the Hardness (g-force) and Fractura-
bility (g-force) of all samples, with each sample having a higher Hardness value. 
The sample with the most substantial difference is seen in 15 g β-glucan and 20 g 
β-glucan. An increase in hardness (strength) values was observed in 15% - 20% 
cracker samples prepared by adding β-glucan at different rates, and harder and 
more durable crackers were obtained. It is believed that the increased hardness is 
due to the increase in water absorption. The hardness value of crackers, as with 
other quality traits, is influenced by the dough content and production process. 
Furthermore, hardness is one of the most important quality criteria affecting 
consumer taste, and a cracker that is too hard or too soft is not preferred. Exces-
sive crispy and delicate structure of crackers leads to crumbling during packag-
ing, transportation, and marketing, resulting in economic losses. The cracker 
should have enough hardness to provide crispiness and softness to give an orally 
disintegrating texture in the mouth. 

3.5. Hydrolysis Index and Estimated Glycemic Index 

It is demonstrated that the rate of hydrolysis of β-glucan crackers can be easily 
tested using a simple in vitro approach. Estimating the glycemic response to 
β-glucan crackers could be beneficial. It is important that the in vitro approach 
allows us to mimic enzymatic digestion as closely as possible. The process 
utilized alpha-amylase to hydrolyze starch in this study, and pepsin was utilized 
to avoid protein-starch interactions. Amyloglucosidase was utilized to release 
glucose from glucose hydrolysis products, with the specific enzyme used varying 
across different approaches. While amylase was sometimes used independently,  

 
Table 5. Statistical analysis showing the relationship of β-glucan amount (g) with hard-
ness (g-force), fracturability (g-force). 

 Dry Matter (%) Hardness (g) Fracturability (g) 

Dry Matter (%) 
r 1 −0.072 0.212 

p  0.878 0.649 

Hardness (g) 
r  1 −0.564 

p   0.187 

Fracturability (g) 
r   1 

p    
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it was also combined with proteases [36]. It can be concluded that the in vitro 
method could aid in assessing GI. Additionally, a mathematical first-order 
equation was discovered to describe the hydrolysis properties of each food item. 
In heated cracker slurries, GI was shown to have an inverse correlation with 
β-glucan concentrations. 

The hydrolysis index (HI) was determined by calculating the area under the 
hydrolysis curve of the sample (0 - 120 min) relative to the area of glucose (ref-
erence sample). The glycemic index (GI) was calculated utilizing the equation 
proposed by Goni et al. [37]. Table 6 and Table 7 illustrate the calculated HI 
and in vitro GI values for the β-glucan crackers. Additionally, Figure 3 shows 
the hydrolysis curves for β-glucan crackers. The samples with the lowest GI were 
those containing the greatest quantity of β-glucan when compared to the other 
samples. It is assumed that the GI is influenced by the β-glucan content. The ra-
tio of the area under the curve (AUC) in response to a test and reference meal 
consumed by an individual over many days and under predetermined condi-
tions is used to calculate GI. The AUC is a measure of the blood glucose re-
sponse [38]. High, medium, and low GI meals refer to meals with GI values over 
70, 55 - 69, and below 55, respectively [38]. White wheat bread has a GI rating of 
100 [39]. Those seeking to lower their blood glucose levels, such as diabetic pa-
tients, prefer the consumption of low glycemic index foods [40]. The graphs 
demonstrate that the hydrolysis rate increases during the initial 0 to 90 minute 
period, followed by the gradual attainment of a myxial plateau between 90 and 
120 minutes. 

This table displays the Pearson correlation coefficients (r) and associated 
p-values, examining the relationship between varying amounts of β-glucan (5 g, 
10 g, 15 g, 20 g, 25 g, and 30 g) and time. The sample size (n) is presented for 
each correlation coefficient. The results indicate a strong, statistically significant 
positive correlation with time, with r = 0.835 and p = 0.000. The time increases 
significantly with greater amounts of β-glucan. For the 10-gram β-glucan inter-
vention, there was a strong positive correlation between β-glucan and time (r  
 
Table 6. Hydrolysis index of 5 g, 10 g, 15 g, 20 g, 25 g, 30 g β-glucan-containing crackers 
and glucose between 0 and 120 minutes. 

β-glucan 5 g 10 g 15 g 20 g 25 g 30 g 

Time (min) HI HI HI HI HI HI 

0 0 0 0 0 0 0 

20 56.6 64.6 52.3 45.2 40.5 30.2 

30 63.2 67.3 57.5 40.5 47 28.3 

60 76.4 75.2 65.2 57.2 53.2 40.4 

90 87.4 85.2 74.6 62.1 60.2 42.4 

120 88.1 86.7 78.2 68.1 59 50.3 
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Table 7. β-glucan and HI correlation. 

 
Time 

β-glucan (5 g) 

r 0.835** 

p 0.000 

n 18 

β-glucan (10 g) 

r 0.776** 

p 0.000 

n 18 

β-glucan (15 g) 

r 0.815** 

p 0.000 

n 18 

β-glucan (20 g) 

r 0.848** 

p 0.000 

n 18 

β-glucan (25 g) 

r 0.805** 

p 0.000 

n 18 

β-glucan (30 g) 

r 0.877** 

p 0.000 

n 18 

 

 
Figure 3. Comparison of GI of crackers containing β-glucan. 
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= 0.776, p = 0.000), indicating a statistically significant relationship. Likewise, 
the higher amounts of β-glucan (15 g, 20 g, 25 g, and 30 g) were also positively 
correlated with time, indicating a significant relationship. In all cases, the 
p-values were below 0.05, indicating statistical significance. Two asterisks (**), 
representing a high level of statistical significance with a p-value of less than 
0.01, generally indicate the strength of the results. In summary, this table indi-
cates that the increase in the amount of β-glucan results in a proportionate in-
crease in time. This suggests that β-glucan may have various applications de-
pending on the specific process it affects. 

This table presents the Pearson correlation coefficients (r) and associated 
p-values between different amounts of β-glucan (5 g, 10 g, 15 g, 20 g, 25 g and 30 
g) and time (Table 8). n represents the sample size for each correlation coeffi-
cient (41). 

For β-glucan (5 g): r = 0.729, p = 0.001. This indicates a strong and statistically 
significant positive relationship between time and β-glucan. As the amount of 
beta-glucan increases, the time also increases. This correlation coefficient also 
shows that there is a strong and statistically significant positive relationship be-
tween time and β-glucan, with r = 0.690 and p = 0.002. There is a strong and sta-
tistically significant positive relationship between time and β-glucan for other 
amounts of β-glucan (15 g, 20 g, 25 g, and 30 g). These results are statistically 
significant as the p-value is much less than 0.05. Two asterisks (**) often indicate 
that the p-value is less than 0.01, which represents a very strong level of statistic-
al significance. Therefore, as shown in this table, increasing amounts of β-glucan 
also increase the time (Table 9). This could suggest that an event or process im-
pacted by β-glucan will have a longer duration as the concentration of β-glucan 
increases. 

The study found the lowest values for HI (30.2%) and pG1 (56.38%) in 30 g of 
β-glucan. The results indicated that the quantity of β-glucan in cracker formula-
tions was associated with lower HI, resulting in a decrease in the anticipated 
glycemic index (pGI) (Table 10). Several studies have shown that a low-GI diet  

 
Table 8. Glycemic index of 5 g, 10 g, 15 g, 20 g, 25 g, 30 g β-glucan-containing crackers 
and glucose between 0 and 120 minutes. 

β-glucan 5 gr 10 gr 15 gr 20 gr 25 gr 30 gr 

Time (min) GI GI GI GI GI GI 

0 0 0 0 0 0 0 

20 70.78 75.18 68.42 64.52 61.94 56.28 

30 74.4 76.65 63.16 61.94 65.51 55.24 

60 80.96 80.99 74.46 71.11 68.91 61.72 

90 87.69 86.48 80.66 73.8 72.75 62.98 

120 88.07 87.31 82.64 77.09 72.1 67.32 
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Table 9. Correlation between β-glucan and GI. 

 
Time 

β-glucan (5 g) 

r 0.729** 

p 0.001 

n 18 

β-glucan (10 g) 

r 0.690** 

p 0.002 

n 18 

β-glucan (15 g) 

r 0.740** 

p 0.000 

n 18 

β-glucan (20 g) 

r 0.727** 

p 0.001 

n 18 

β-glucan (25 g) 

r 0.679** 

p 0.002 

n 18 

β-glucan (30 g) 

r 0.716** 

p 0.001 

n 18 

 
Table 10. Hydrolysis index and Glycemic index correlation analysis with sample. 

Correlations 

 
GI 5 gr GI 10 gr GI 15 gr GI 20 gr GI 25 gr GI 30 gr 

HI 5 gr 
r 0.982** 

     
p 0.000 

     

HI 10 gr 
r 

 
0.991** 

    
p 

 
0.000 

    

HI 15 gr 
r 

  
0.987** 

   
p 

  
0.000 

   

HI 20 gr 
r 

   
0.972** 

  
p 

   
0.001 

  

HI 25 gr 
r 

    
0.982** 

 
p 

    
0.000 

 

HI 30 gr 
r 

     
0.955** 

p 
     

0.003 
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improves the metabolic effects of insulin resistance and reduces insulin resis-
tance [41]. Improvements in fibrinolytic activity may benefit the management of 
diabetes and cardiovascular disease, in conjunction with changes to glucose and 
lipid metabolism [41]. Slow-digesting starch refers to a starch fraction that is di-
gested gradually but incompletely in the large intestine, while fast-digesting 
starch leads to a rapid increase in blood glucose levels following consumption 
[42]. Slow-digesting starch refers to a starch fraction that is digested gradually 
but incompletely in the large intestine, while fast-digesting starch leads to a rap-
id increase in blood glucose levels following consumption [43]. β-Glucan in 
crackers can be classified as a food with a low glycemic index due to its high-fiber 
content and abundance of soluble fiber. The consumption of high glycemic in-
dex meals can lead to significant fluctuations in blood glucose levels and glucose 
response demand as they are rapidly digested and absorbed. Conversely, low GI 
meals, such as those with slow digestion and absorption rates, have a gradual 
impact on blood sugar and insulin levels. In individuals with Type I and Type II 
diabetes, a low glycemic index diet may potentially enhance glucose and lipid 
levels, decrease insulin levels, and alleviate insulin resistance, as suggested by an 
increasing body of evidence [44]. 

3.6. Sensory Analysis 

The following results from the hedonic test indicate that taste strongly correlated 
with the overall acceptance of β-glucan crackers. These findings can guide product 
manufacturers in implementing acceptable flavor enhancement methods to in-
crease consumer acceptance of β-glucan crackers. To improve the sensory ac-
ceptability scores, future evaluations should include differently flavored or formu-
lated crackers. Given the high consumption of bagels in Türkiye—approximately 
2.5 million per day—enhancing the formulation and promotion of the product 
would increase β-glucan utilization. In sensory analyses, 20% of participants 
found the β-glucan samples to possess a slightly bitter taste, potentially limiting 
their consumption. Improving this taste would facilitate greater consumption of 
the crackers. Natural sweetening agents are preferred because they do not have 
any negative effect on health. Natural sweeteners are useful substitutes for di-
abetic patients. An example, vanilin, steviol glucosides. It is expected that re-
ducing the amount of the bitter sample will eliminate this issue, and further re-
search should be carried out on the nutritional properties of the enriched 
β-glucan crackers. 

4. Conclusions 

The yield of purified β-glucan from oyster mushrooms is high (the yield 5.50%), 
30% (w/v) KOH concentration, 80˚C, and a 90 min extraction time were the 
ideal extraction parameters. 

Lastly, β-glucan was added to the cracker recipe, and the finished product’s 
sensory and physical characteristics as well as its estimated glycemic index were 
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assessed. β-glucan is best to add to biscuits 30 g due to low GI (56.38%), hard-
ness (g-force) 15409.50 ± 1306.27; fracturability (g-force) 10936.43 ± 1629.09. 
During the sensory analysis, participants reported that 20% of the samples con-
taining β-glucan exhibited a subtle bitter taste. If this flavor profile were addressed, 
the crackers could become more palatable and suitable for consumption. 
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