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Abstract 

The incidence of type two diabetes mellitus (T2D) has increased globally. There are several 

causes for the development of T2D, such as genetical, environmental, and dietary factors. The 

diet has been shown to be a major factor in the development of T2D. Diets high in 

carbohydrates with high glycemic index (GI) increase postprandial glucose levels, which in 

turn increase the risk of developing the disease. Low GI diets high in dietary fiber (DF) and 

resistant starch (RS) have been shown to have therapeutic effects in controlling blood glucose 

levels. The American Diabetes Association emphasizes the importance of limiting the 

carbohydrate intake to improve postprandial glucose response and to reduce the risk of 

developing T2D.  

The aim of this project was to analyze three different types of breads (A, B and C) from 

Öländska bröd AB, Löttorp for DF and RS and in vitro starch digestibility for calculating the 

predicted GI (P-GI). The secondary aim was to investigate how different processing methods 

affect the content of total dietary fiber (TDF) and RS in ingredients used for making the 

breads.  

Bread A, B and C were found to contain the same amounts of around 20-22% of TDF and 

1.65-1.75 % of RS. The RS content in the three breads does not differ (p=0.6995) and all of 

them had higher RS-content compared to the white reference bread (p=0.0031). There was no 

variation in the TDF content in the three breads (p=0.1128), and they had significantly higher 

TDF content compared to the white reference bread (p=0.0017). Baking was found to increase 

the RS content in all three breads. Storage conditions in room temperature for 6 days had no 

effect on the TDF and RS content. The P-GI for bread A and B resulted in 87 and 85 for bread 

C relative to white reference bread.  

The conclusion based on the results is that bread A-C are rich in dietary fiber and RS, which 

is recommended for patients with T2D. However, further investigations regarding the 

predicted glycemic index (P-GI) of the breads needs to be reevaluated to conclude its 

suitability for individuals with T2D.  Whether the three breads are appropriate and beneficial 

for patients with T2D needs further in vivo investigation. 
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Sammanfattning 

Förekomsten av diabetes mellitus typ 2 (T2D) har ökat runt om i välden. Det finns en rad 

olika faktorer som påverkar utvecklingen av T2D, t.ex. genetik, miljö samt dietära faktorer.  

Kosten har visat sig vara en viktig faktor som påverkar utvecklingen av T2D.  Kolhydratrika 

dieter med högt glykemiskt index (GI) ökar blodglukosnivåerna kraftigt, vilket i sin tur ökar 

risken för utvecklingen av sjukdomen. Låg-GI-dieter som är rika på kostfibrer (TDF) och 

resistent stärkelse (RS) har visat sig ha terapeutiska effekter för kontroll och balansering av 

blodglukosnivåer. Den amerikanska diabetesförbundet lägger stark tonvikt på att begränsa 

kolhydratintaget för att kontrollera blodsockernivåerna och minska risken för T2D.  

Syftet med det här projektet var att analysera kostfiberhalten och mängden RS i tre olika 

brödsorter (A, B och C) från Öländska bröd AB, Löttorp, samt utföra in vitro-

stärkelsedigestion för beräkning av estimerat GI (P-GI). Målet med arbetet var även att 

undersöka hur olika processningsmetoder påverkar fiberhalten och mängden RS i de 

ingredienser som använts för att tillverka bröden.  

Bröd A, B och C innehöll cirka 20–22% TDF och 1,65–1,75% RS. RS-innehållet i de tre 

bröden skiljde sig inte åt (p = 0,6995), och alla tre hade högre RS-halt i jämförelse med 

referensbrödet (p = 0,0031). Det var ingen signifikant skillnad i kostfiberhalten mellan bröd 

A, B och C (p = 0,1128) och alla tre bröd hade högre fiberhalt än referensbrödet (p=0,0017).  

Bakning visade sig öka RS-halten i alla tre bröd. Förvaringsförhållanden vid rumstemperatur i 

6 dagar hade ingen effekt på TDF- och RS-halten. P-GI för bröd A och B resulterade i 87 och 

85 för bröd C relativt till referensbrödet.  

Slutsatsen baserat på resultaten är att bröd A, B och C är rika på kostfibrer och RS, vilket 

rekommenderas för patienter med T2D. Med avseende till P-GI för bröden så krävs det 

ytterligare in-vivo studier för att kunna fastställa om de tre bröden är passande och 

fördelaktiga för individer med T2D.  
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- GI= Glycemic index   

- T2D= Type 2 diabetes  

- GOPOD= Glucose oxidase/peroxidase reagent  

- AMG= Amyloglucosidase  

- P-GI= Predicted glycemic index  
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1.Introduction  

1.1. Diabetes mellitus and carbohydrates  

Diabetes mellitus is a metabolic disease characterized by hyperglycemia caused by defects in 

insulin secretion and function or the body’s inability to produce insulin  (1). The chronic 

hyperglycemia from diabetes mellitus is associated with various health complications, 

including kidney failure, coronary heart disease, and stroke. Diabetes mellitus is a serious 

public health illness affecting 8.5% if the global population, 23% of the population >60 years 

of age (2). The prevalence of the disease differs from every country; the incidence has 

increased rapidly in middle and low-income countries (2, 3). Type 2 diabetes mellitus (T2D) 

is the most common form of diabetes; 450.000 people have diabetes in Sweden, thereof  85-

90% have T2D (4). It is predicted that by 2030, 10% of the global population will have 

diabetes mellitus, mostly T2D (3).  

There are several factors causing T2D, such as genetical, environmental, obesity and dietary 

factors. It has been shown that the diet is one of the most crucial causes in developing the 

disease (5, 6). Carbohydrates are the central factors of postprandial glucose response, as the 

consumption of carbohydrates leads to an increase in blood glucose levels (7-9). 

Carbohydrate-rich foods are classified into three levels of glycemic index (GI) (low GI≤55, 

medium GI 55-69 or high GI ≥70) (8). GI is a value demonstrating the level to which a 

carbohydrate containing food affects the blood glucose concentration. The GI value is 

measured as the area under the glucose response curve after consuming a carbohydrate rich 

food divided by the area under the curve after consuming a control food  (glucose) (8). High 

GI foods induce raised blood glucose levels while the rise is less distinct in low GI foods . 

Studies indicate that diets with high GI are associated with a higher risk of developing T2D 

and other  metabolic disorders (7, 8), whereas low GI diets contribute health benefits by 

preventing the development of diseases associated to insulin resistance. Therefore, reduction 

of glycemic index in carbohydrate-rich foods is of huge interest in the food industry (7, 9).  

 

1.2. Low GI bread for patients with Diabetes mellitus   

Among carbohydrate-rich foods, bread is a staple food consumed globally, and the main 

source of carbohydrate in human diet. Bread is made differently in every country, originating 

from variations in the ingredients used to the processing methods applied. There is a constant 

modification in baking techniques and ingredients used, resulting in a range of bread types 

available (8). The GI value of different breads can vary a lot, from high to low GI, lowering 

the GI of bread is of interest in the food industry (7, 8). 

 

 



                 

7 
 

The reduction of glycemic response to bread can be attained by the choice of processing 

methods and ingredients used for making the bread. Fiber rich flours, seeds, pulses, beans, 

lentils and whole-grain ingredients are high in dietary fiber and resistant starch. These types  

of ingredients are effective for lowering the GI. (5, 10, 11). Soaking pulses and lentils, prior to 

baking has been shown to increase the dietary fiber content, thus leading to reduced GI (8). 

Sourdough fermentation is another efficient approach for reducing glycemic response to bread 

due to the production of organic acids. Breads enriched with organic acids through 

fermentation have been shown to improve postprandial glucose and insulin response (8). High 

dietary fiber and resistant starch content in bread has also been linked to reduced GI (10).  

 

1.3. Resistant starch and dietary fiber for GI reduction in bread 

Dietary fiber (DF) and resistant starch (RS) is a group of non-nutrients found in plant foods 

that are resistant to enzymatic digestion and absorption in the small intestine (12). RS and DF 

pass undigested through the upper digestive tract to the colon, where they are fermented by 

gut bacteria which produce short-chain fatty acids (SCFA)(12, 13). SCFA have 

numeroushealth effects, including lowered risk of colon cancer In addition, they improve 

digestion and nutritional absorption. A high consumption of DF and RS has been related to 

reduced risk of developing T2D (14, 15). Therefore, including them in bread making could 

have positive effects on postprandial glucose levels (1, 3, 16). RS and DF are naturally 

occurring in cereals, pulses, lentils, beans, fruits and vegetables (3, 5). The American Diabetes 

Association recommends a daily intake of  30-50g DF for patients with T2D which is 

significantly higher than the normal recommended intake of 25-35g (14, 17). 

 

1.4. Resistant starch  

Starches are polysaccharides composed of monosaccharide molecules linked together with -

D-(1-4) and/or -D-(1-6) linkages. There are two main structures of starch, see figure 1 and 2, 

amylose which is a linear polymer where the monosaccharides are joined exclusively via -

D-(1-4) bonds, and amylopectin, a branched molecule by virtue of also containing -D-(1-6) 

bonds. RS are starches resistant to enzymatic hydrolysis and based upon their dietary 

characteristics RS are subdivided into 4 types, RSI, RSII, RSIII, and RSIV (12, 18). HÄR 

 RSI are physically inaccessible due to their physical structure; the starch granules are 

surrounded by thick protein matrix and solid cell walls making them indigestible and this 

reduces the glycemic response. This type of starch is found in whole grain-kernels, seeds and 

legumes (12). RSI is heat stable so it can be used as an ingredient in a wide variety of foods 

(18). RSII is found in high-amylose maize starch, raw potatoes and bananas, and is another 

type is highly resistant to digestion. RSIII is retrograded starch, which has a high gelatinization 

temperature, up to 170 C°, and cannot be degraded by common cooking procedures like 

boiling and frying. This type of starch is found in cooked and cooled foods like rice and 
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potatoes. RSIV is like type RSII and is formed in various types of starchy foods when cooled 

down. RSV are starches chemically modified by cross-linking with other chemical reagents, 

(12, 18). They are entirely resistant to digestion by pancreatic amylases (18).The 

physicochemical properties of RS in terms of small particle size, high swelling, high 

viscosity, gel formation, neutral flavor, heat stability and water-binding capacity are very 

suitable for bread baking (18) and can be used as a substitute forflour on a 1-for-1-basis 

without affecting the rheology of the dough. They are also useful in the development of low-

bulk high-fiber breads with improved texture, appearance and taste compared to traditional 

high-fiber breads. RS can be used for dietary fiber- fortification in bread baking, without 

affecting the texture and taste of the breadIt can also be used as a crisping agent (12, 13, 18).  

 

1.4.1. Factors influencing the formation of RS 

During processing the starch molecules undergo various physical changes leading to the 

formation of RS (19). Processing conditionssuch as cooking, storage, fermentation, freezing 

and baking of starchy foods affects the formation and degradation of RS (19). Any form of 

processing that eliminates starch crystallinityincreases the enzyme availability and reduces the 

RS content. Recrystallization and chemical modification tend to increase the RS content (19). 

Cooking in a temperature above 50C ̊ in the presence of water causes the amylose particles to 

swell and gelatinize which leads to destruction of the crystalline. The polysaccharide chains 

take up a random configuration making the starch granules more easily accessible to 

enzymatic hydrolysis and reduces the RS content. However, by cooling or drying the 

gelatinized amylose, recrystallization occurs which increases the RS content. This happens 

very fast for the amylose moiety as the linear structure facilitates hydrogen bonds. The 

formation of gel in high temperature and micelle formation on cooling in an amylose solution 

is presented in Figure 4. The branched structure of amylopectin inhibits its recrystallization to 

some extent, and for this reason a higher amylose ratio increases the formation of RS (18). 

Baking has been shown to increase the RS content in bread, which is formed by the 

retrogradation of amylose (8). Storage conditions has an impact in the formation of RS and 

low- temperature storage around 4 C ̊ has seen shown to increase the RS content. 

Recrystallization of amylose granules occurs upon cooling, and therefore storage in cold 

temperatures leads to an increased RS content (18).  
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Figure 1. A) Arrangement of helices in α-amylose (top) and B-amylose (bottom). B) Cluster 

model of amylopectin. The figures are retrieved with consent from John Wiley and sons (18). 

 

 

 

Figure 2. C) Schematic illustration of RS type III formed in aqueous amylose solutions. 

Double helices are ordered into crystalline structures. D) Behaviour of amylose molecules 

during cooling of concentrated aqueous solution. The figure is retrieved with consent from 

John Wiley and sons (18). 
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1.5. Purpose  

The aim of this study was to analyze TDF and RS in three different breads newly developed 

from Öländska bröd, to calculate the predicted GI of the breads. Another objective of this 

project was also to investigate how fermentation, soaking, cooking baking and storage may 

affect the TDF and RS content in ingredients used for making the breads.  

 

2. Materials  

2.1. Food samples  

Three different breads, A, B and C were obtained from Öländska Bröd AB, Löttorp. The 

ingredient composition of each bread is presented in Table 1 There were also three doughs for 

each bread. The dough samples were taken throughout the fermentation process prior to 

baking the breads,Table 2. Raw ingredients used for baking the breads were also obtained 

from Öländska Bröd AB, Löttorp.  

The aim of the sample preparation was to achieve representative and homogenous 

samples.The bread loaves were cut into two halves in length to be identical , and the bread 

pieces where then cut into smaller pieces, freeze dried and milled. After the sample 

preparation, the samples were stored in freezing bags at -20 C° prior to analysis.  

 

Table 1. Ingredient composition for bread A, bread B and bread C, baked by Öländska bröd 

AB, Sweden.   

Ingredients in breads  Bread A Bread B Bread C 

Rye sour dough 25% 35% 35% 

Rye flour 25% 15%  

Dinkel whole-flour 25% 25% 25% 

Soaked, fermented and boiled barley grains 25 % 25%  

Dinkel - sieved flour  - - 10% 

Rye flour - - 20% 

Soaked, fermented and cooked grey peas - - 10% 
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Table 2. Samples analyzed in this study, obtained from Öländska Bröd AB Löttorp. TDF, RS 

was analyzed for all samples and predicted GI for bread A, B and C.   

Sample Sample preparation prior to analysis 

Barley, raw Milling 

Barley, soaked and cooked Freeze-drying & milling 

Gray peas, raw Milling 

Gray peas, cooked Freeze-drying & milling 

Gray peas, fermented Freeze-drying & milling 

Dinkel - whole flour No - preparations  

Dinkel - sieved flour No - preparations 

Whole-rye flour  No - preparations 

Sourdough basic  Freeze-drying & milling 

A  

Dough 1, after mixing Freeze-drying & milling 

Dough 2, after 1.5 h. fermentation Freeze-drying & milling 

Dough 3, after 2 h. fermentation Freeze-drying & milling 

Bread A Freeze-drying & milling 

B  

Dough 1, after mixing Freeze-drying & milling 

Dough 2, after 1.5 h. fermentation Freeze-drying & milling 

Dough 3, after 2 h. fermentation Freeze-drying & milling 

Bread B Freeze-drying & milling 

C  

Dough 1, after mixing Freeze-drying & milling 

Dough 2, after 1.5 h. fermentation Freeze-drying & milling 

Dough 3, after 2 h. fermentation Freeze-drying & milling 

Bread C Freeze-drying & milling 

Storage-6-days at room temperature  

Bread A Freeze-drying & milling 

Bread B Freeze-drying & milling 

Bread C Freeze-drying & milling 

Reference sample   

White reference bread Freeze-drying & milling 
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2.2. Chemical and reagents  

Maleic acid, calcium chloride dihydrate, sodium azide, sodium hydroxide for the sodium 

buffers, 2-(N-morpholino) ethane sulfonic acid (MES) and 

tris(hydroxymethyl)aminomethane) (TRIS) were from Sigma Aldrich. Celite was from KEBO 

AB, Sweden. Hydrochloric acid (Fluka Analytical), ethanol (Solveco AB, Sweden). 

Deionized water was prepared with a Milli-Q-system (Millipore, USA). Glucose and resistant 

starch kit was from Megazyme International. 

2.3. Consumables  

Fritted crucibles for the TDF assay were purchased from Pyrex ® (UK), Corning ® Culture 

tubes-screw cap, 16*125mm were obtained from Fisher Scientific (UK). 

 

2.4. Apparatus  

 Pharmacia Biotech Ultrospec 3000 UV-Vis spectrophotometer   

 Beckman GS-15 Centrifuge  

 VirTIS freeze dryer  

 Muffle furnace Carbolite CWF 1200 

 Cyclotec 1093 milling apparatus 

 

 

 

3. Methods  

3.1. Sample preparation  

 Samples presented in Table 2 were milled and stored in -20 C° prior to TDF and RS analysis. 

The bread and dough samples were freeze-dried before milling.  

3.2. Total dietary fiber quantification 

Megazymes total dietary fiber assay procedure used to quantify the TDF content in all the 

samples is an enzymatic and gravimetric method based upon certified AOAC-methods (20). 

An Outline for the TDF procedure is illustrated in Figure 1. 
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Figure 1. Outline for the total dietary fiber determination procedure (20). Amyloglucosidase 

(AMG). The amount of total dietary fiber is determined by the weight difference of the filtrate 

after drying at 103 ̊ C and the ash after ashing at 525  ̊ C.  
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3.3. Determination of resistant starch    

The Megazyme resistant starch kit was used for resistant starch analysis for all the samples 

presented in Table 2. It is an enzymatic and spectrophotometric method based upon certified 

AOAC-methods (21). A systematic scheme for the resistant starch assay is demonstrated 

inFigure 3. 

 

3.3.1. Procedure  

The samples were incubated in a shaking water bath with pancreatic α-amylase and 

amyloglucosidase (AMG) for 16 h at 37°C, during which time non-resistant starch was 

solubilized and hydrolyzed to D-glucose by the combined action of the two enzymes. The 

reaction was terminated by the addition of ethanol and the RS was obtained as a pellet after 

centrifugation. The pellet was washed twice with ethanol, followed by centrifugation. The 

free liquids were removed by decantation. The RS pellet was dissolved in 2M KOH and the 

solution was neutralized with acetate buffer, and the starch was hydrolyzed to glucose with 

AMG. D-glucose was measured with glucose oxidase/peroxidase reagent (GOPOD) and this 

was a measure of the RS content of the samples. Non-resistant starch (solubilized starch) was 

determined by combining the original supernatant from the ethanol washings, and the D-

glucose content was measured with GOPOD (21). The chemical reaction for the glucose 

concentration determination with GOPOD is presented in Figure 2. 

 

 

Figure 2. Glucose is oxidized by glucose oxidase forming D-gluconic acid and hydrogen 

peroxide. The hydrogen peroxide is then degraded by peroxidase forming oxidized 

dianisidine. The final product is pink, and the intensity of the color is proportional to the 

glucose concentration which is measured at 510 nm (21).  
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Figure 3. Outline of the resistant starch procedure by Megazyme. Abbreviations: 

Amyloglucosidase (AMG), potassium hydroxide (KOH), glucose oxidase peroxidase reagent 

(GOPOD), resistant starch (RS), non-resistant starch (NRS).The RS and NRS content of the 

samples were calculated on a dry weight basis in %.  
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Resistant Starch (g/100g sample) (samples containing <10% RS)            

  = ∆𝐸 ∗ 𝐹 ∗ (10.3/0.1) ∗ 1/1000 ∗ 100/𝑊 ∗ (162/180) =  ∆𝐸 ∗ 𝐹/𝑊 ∗ 9.27  (Eq.1),(21).   

 

Non-Resistant Starch (g/100g sample) = ∆𝐸 ∗ 𝐹 ∗ 100/0.1 ∗
1

1000
∗

100

𝑊
∗

162

180
=  ∆𝐸 ∗

𝐹

𝑊
∗ 90 

(Eq.2),(21).  

Where: 

 ∆𝐸= absorbance measured at 510 nm 

 F= conversion from absorbance to micrograms (the absorbance obtained from 100μg 

of D-glucose in the GOPOD reaction is determined and F = 100  

 10.3/0.1= volume correction  

 1/1000= conversion from micrograms to milligrams  

 W=dry weight of samples analyzed 

 100/W= factor to present RS as a percentage of sample weight 

 162/180= factor to convert D-glucose as occurs in starch.  

Total Starch = Resistant starch + Non- Resistant Starch (22). 

 

3.4. In-vitro starch digestibility  

A method by Kempen et al (23), modified from an in-vitro technique described by Englyst et 

al (22), was used for estimating the GI of breads A, B and C. 

The technique is based upon enzymatic starch hydrolysis measured over time intervals of 0, 

15, 30, 60, 90, 120, and 180 min (24). However, in this study additional time points were 

used, as samples were measured at t = 0, 15, 30, 60, 90, 120, 180, 240 and 360 min. The 

hydrolysis index was calculated as the area under the curve (AUC) for hydrolysis (0-360 min) 

with the product was a percentage of the corresponding white reference bread. The P-GI was 

calculated using the following equation:  

 

𝐺𝐼 = 39,71 + 0,549𝐻𝐼  (Eq.3),(24).  

 

𝐻𝐼 =
𝐴𝑈𝐶 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑈𝐶 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
 (Eq. 4), (24).Where: 

HI= Relation between the area under the curve (AUC) of the bread sample and the AUC of 

the reference bread (24). 

The AUC was calculated using the software Graph Pad prism.  

0.549= x-value 

39.71= y- intercept  
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3.4.1. In-vitro starch digestibility procedure  

1. 0.25 g of sample was weighed into glass tubes 

2. 5 glass beads were added to each glass tube to enhance agitation and provide 

mechanical disruption of samples. 

3. 2.5 mL of pepsin-guar solution was added to each glass tube for stabilizing the texture 

of the samples. The pepsin-guar solution was used to mimic physiological gastric 

digestion.  

4. Samples were incubated for 30 min at 37 C° 

5. 2.5 mL of sodium acetate (0.25 mol/L) was added to each glass tube for mimicking the 

small intestinal digestion.  

6. A 100 µL aliquot was removed from each glass tube with sample and transferred into 

a new glass tubes. 5 mL of absolute ethanol was added to each sample and the tubes 

were stored in the fridge until the end of the incubation time. 

 

7. 1.25 mL of enzyme (pancreatin + 0.05 mL AMG + 3 mg invertase solution) was 

added to each sample tube and incubated at 37 °C. 

8. After 15 min, a 100 µL of aliquot from each sample was taken and transferred into a 

new glass tube and 5mL of absolute ethanol was added to stop the enzymatic 

hydrolysis. This step was repeated at times 30, 60, 90, 120, 180, 240, and 360 min. 

The sample tubes were stored in the fridge until the end of incubation time.  

9. Each sample tube was vortexed at 1500xg for 10 min. 

10. 100 µL from each sample was transferred into a new test tube and 3 mL of GOPOD 

was added. 

11. 4 replicates of glucose standards were prepared (100μl glucose with 3 mL GOPOD)  

12.  Samples and glucose standards were incubated at 50 C° for 20 min 

13. Absorbance was read at 510 nm to determine the glucose content in each sample.  

 

3.5. Determination of dry matter 

All samples were crushed manually before duplicate samples of 1-4 g were weighed in pre-

weighed vessels and placed in a 105 °C oven to dry overnight. After the drying, the vessels were 

weighed once again, and the weight of the vessels were subtracted to determine the dry matter (25). 

 

3.6. Statistical analysis   

All analyses were performed in duplicate. Results were reported as mean ± standard deviation 

on dry matter basis. One-way ANOVA with 95% significance followed by Tukey´s pairwise 

comparison test at p<0.05 significance level was used to compare TDF and RS in food 

samples. The same statistical methods were used for studying effects of processing by  

comparing dough and bread samples. All statistical analyses were performed using the 

software Graph Pad prism.  
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4.Results  
 

4.1. Total dietary fiber in breads and doughs  

Breads A, B and C were found to contain similar amounts of TDF between 18-22%, 

(p=0.1128),figure 4. The white reference bread contained 0.91% RS and 8% TDF.The three 

breads had significantly higher TDF compared to the white reference bread (p=0.0016)  

 The comparison between bread A and its three respective doughs showed no difference in 

TDF content (p=0.0826). Neither did the comparison of bread B (p=0.2534) and bread C 

show any significant difference to their respective doughs (p= 0.1362),Table 3. 

 

4.1.2. Total dietary fiber in ingredients 

There was no significant variation in the TDF content between raw barley and soaked and 

cooked barley (p=0.2759)they contained 18-19% of TDF. Neither did the comparison of raw 

grey peas, cooked grey peas and fermented grey peas show any significant difference in TDF 

content (p=0.910), they were found to contain 24-29%  of TDF.  

There was a difference in the amount of TDF between dinkel-whole, dinkel-sieved and rye-

whole flour (p=0.0014), whereas rye-whole flour contained the highest amount of TDF.  Rye-

whole contained 23% of TDF, dinkel-whole contained 11% and dinkel sieved contained 7% 

of TDF.  

 

 

4.2. Resistant starch in breads and doughs  

Breads A, B and C were found to contain similar amounts of RS, around 1.75%. All three 

breads contained significantly higher RS compared to the white reference bread 

(p=0.0031)figure 4. The comparison between bread A and its three respective doughs showed 

that the bread had significantly higher RS content (p=0.0001). Similarly did the comparison 

of bread B and bread C to their respective doughs show a significant difference in the RS 

content (p=0.0013) and (p=0.0001), Table 3. The obtained results indicate that baking 

increases the RS content.  

 

 

4.2.1. Resistant starch in ingredients 

No significant variation in the RS content was evident between raw, soaked and cooked 

barley (p= 0.0685), whereas in the case of gray peas, raw peas contained significantly higher 

amount of RS than soaked/cooked and fermented peas (p=0.0022). Raw grey peas were found 

to contain 4.25% of  RS, cooked grey peas contained 2.05% and fermeted grey peas contained 

2.29% of RS.  

Rye-whole flour was found to contain 5.67% of RS which, significantly higher amount of RS 

compared to dinkel-whole and dinkel-sieved flour  which contained 0.55% and 0.88% of RS 

(p=0.002), Table 4. 
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Table 3.  Total dietary fiber (TDF), resistant starch (RS) and non-resistant starch (NRS) 

content for each bread type and its respective doughs. The values are presented in % of dry 

matter (DM), (n=2). Values for TDF and RS within each column for every bread type with 

different subscript letters are significantly different (p <0.05).  

Sample DM (%) TDF (%) RS (%) NRS (%) 

Bread A 58 18a 1.65a 51 

Bread A- 6 days 54 - 1.66a 56 

Dough A1 47 19a 0.57b 60 

Dough A2 58 17a 0.55b 60 

Dough A3 47 18a 0.59b 56 

 
 

   

Bread B 67 21a 1.68a 50 

Bread B-6 days 54 - 1.68a 47 

Dough B1 47 19a 0.78b 65 

Dough B2 48 21a 0.96b 65 

Dough B3 47 20a 1b 61 

 
 

   

Bread C 58 22a 1.75a 51 

Bread C-6days 53 - 1.88a 54 

Dough C1 47 18a 0.61b 61 

Dough C2 47 19a 0.59b 60 

Dough C3 47 19a 0.61b 58 

 
 

   

White reference 

bread 

65 8 0.91 53 
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Table 4. Total dietary fiber (TDF), resistant starch (RS) and non-resistant starch (NRS) 

content in the ingredients analyzed. The values are presented in % of dry matter (DM), (n=2). 

Values for TDF and RS within the same column for each ingredient type different subscripts 

are significantly different (p<0.05). 

Sample DM (%) TDF 

(%) 

RS (%) NRS (%) 

Barley Raw 88 18a 0.97a 66 

Barley soaked and cooked 44 19a 1.10a 56 

     

Grey peas, raw 84 24a 4.25a 51 

Grey peas, cooked 45 28a 2.05b 38 

Grey peas, fermented 36 29a 2.29c 41 

     

Dinkel- whole flour 90 11a 0.55a 54 

Dinkel- sieved flour 89 7a 0.88a 74 

Rye-whole flour 89 23b 5.67d 64 

     

Sourdough basic 33 26 0.27 52 
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4.3. Predicted glycemic index in breads  

The predicted GI for bread A and B resulted in 87 and 85 for bread C relative to the white 

reference bread. The glucose released over time is presented in Figure 4. 
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Figure 4. The glucose released over time for bread A, B, C, (n=2) and white reference bread, 

(n=2) 
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5. Discussion  
5.1. Total dietary fiber in breads 

The TDF content in breads A, B and C was between 18-22% (p = 0.1128), The TDF content 

of the three breads was shown to be comparable to that  of commercially produced whole 

meal sourdough breads. Studies have shown that whole meal sourdough breads contain 

around 14% of TDF (26), and whole-rye sourdough breads contain between 15-17% of TDF 

(27, 28).  

The recommended intake of dietary fiber is 25-35 g daily (29, 30). A serving of 100 g of 

bread A, B or C provides 5 g of dietary fiber which makes up for 20% of the daily 

recommendations. Comparing the TDF content of whole meal sourdough breads from studies 

(26-28) with our results, it was found that there is no difference in the TDF content.  

 

5.1.2. Total dietary fiber and resistant starch in ingredients 

The aim of the ingredients used for baking was to constitute a bread high in TDF, RS and low 

in P-GI. Grey peas and barley are good sources of  RS and dietary fiber (12, 31, 32), rye-

whole, dinkel-whole and dinkel-sieved flour provide high amounts of dietary fiber to the 

bread (32), and fermented sourdough is known for its GI reducing effect (8). Soaking, 

cooking, baking and fermentation of grains and pulses have been shown to increase the 

dietary fiber and RS content (8, 18).  

However, our data showed was no significant difference in TDF and RS content between raw 

and soaked and cooked barley (p = 0.2759), (p = 0.068), indicating that cooking and soaking 

had no effect on the TDF and RS content in barley.  

Fermentation, soaking and cooking of grey peas had no influence on TDF (p = 0.910), 

although it had an impact on RS content.  Fermentation and cooking reduced the RS content 

in grey peas, (p=0.0022) resulting a higher content of RS in raw grey peas. Among the flours, 

whole-rye flour had the highest amount of TDF and RS compared to dinkel-whole flour and 

dinkel sieved flour, (p= 0.0014), (p= 0.0022). Bread baked with whole-rye flour has been 

found to contain higher amounts of TDF and RS content compared to white wheat bread (26, 

27).  

Substituting dinkel-whole and dinkel- sieved flour with rye-flour in the breads could result in 

higher levels of TDF and RS content (33).  

 

 

5.2. Effects of processing in bread making  

Different processing techniques have been shown to affect the content of RS and TDF in 

bread (8).  

The comparison between bread A and its three respective doughs showed a significant 

difference in the RS content (p=0.0001) in favor of the bread. Similarly did the comparison of 

bread B and bread C to their respective doughs show a significant difference in the RS content 

(p=0.0013) and (p=0.0001),Table 3.The obtained results indicate that oven baking increases  
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the RS content significantly (26). The increase in RS content during baking is caused by the 

crystallization of amylose molecules leading to the formation of RS (19).  

 

Generally, RS increases on storage, particularly in low-temperatures around 3-5 C ̊ (18). 

However, 6 days storage of each bread did not affect the RS content table 3. A reason for that 

could be that the bread was stored in room temperature and not in low temperature.  

The obtained results for the breads analyzed showed a significant difference in the RS content 

between the doughs for bread A, and doughs for bread B. The doughs for bread C where not 

affected by the fermentation. Fermentation has been shown to reduce RS content in dough (8, 

18) 

 

5.3. Predicted GI of breads  

The in vitro P-GI for breads A and B resulted in 87 and 85 for bread C relative to the white 

reference bread figure.Considering the P-GI for the three breads, there can be several reasons 

for the obtained outcome. One of the major reasons might be the sample preparation prior to  

analysis (34). The bread samples were milled to fine powder with small particle size. This fine 

structure of the particles was more accessible for the enzymes, leading to increased starch 

hydrolysis at a faster pace (7, 35). A coarser sample matrix would perhaps result in a lower P-

GI for the breads.  

 To interpret the obtained results, a comparison to literature values for P-GI in whole meal 

breads would be necessary. However, due to lack of in vitro values for P-GI to similar breads, 

an evaluation regarding the obtained results could not be made. 

 

Nevertheless, a reviewed in vivo study for absolute GI in whole meal breads similar to bread 

A, B and C were found to have GI 53 (36). Comparing absolute GI to relative GI values  is 

not optimal since the in vivo and vitro methods differ (37). However, this comparison shows 

that the P-GI may lack accuracy. A study comparing in vitro and in vivo assessment of GI in 

bakery products showed that GI obtained from in vitro analysis were higher than those 

attained through in vivo analysis for bakery products (37).The suitability of breads A, B and C 

for patients with T2D cannot be evaluated based upon an in vitro P-GI alone. Research 

evidence has shown that the GI values of food cannot be correctly predicted solely by in vitro 

methodology (38). It is important for consumers to have the accurate information about the GI 

values of food, specifically for individuals with T2D. Further in vivo investigations needs to 

be performed in order to determine whether the three breads are appropriate and beneficial for 

patients with T2D.  

 

 

 

 

 



                 

24 
 

 

6. Summary  
Breasd A-C were found to contain 20-22% of dietary fiber and 1.65-1.75 % of RS which is 

significantly higher than for white reference bread (8% and 0.91%, respectively). Storage 

conditions in room temperature for 6 days had no effect on the TDF and RS content. 

Fermentation had an positive influence on the RS content; however the TDF content was 

unaffected. Baking was found to increase the amount of RS in bread. Cooking, soaking and 

fermentation reduced the amount of RS in grey peas. The GI for bread A-C was estimated to 

85-87 relative to the white reference bread (10). The conclusion based on the results is that 

bread A, B and C are rich in dietary fiber and RS, which is recommended for patients with 

T2D.  
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8. Appendices  
Appendix 1.  

 

Buffer preparations 

 Six different buffers were formerly prepared and kept in the refrigerator before the 

TDF and resistant starch assay procedures.  

 Sodium maleate buffer (100mM, pH 6.0) was made by dissolving 23.2 g of maleic 

acid in 1600 mL of distilled water, pH was adjusted to 6.0 with 4M sodium hydroxide. 

1.47g if calcium chloride dihydrate and 0.4g of sodium azide was added and 

dissolved. Stored at 4 C°.  

 Sodium acetate buffer (1.2mM, pH 3.8) was made by adding 69.6 mL of glacial acetic 

acid (1.05g/mL) to 800 mL of distilled water and pH adjusted to 3.8 using 4M sodium 

hydroxide. Stored at room temperature.  

 Sodium acetate buffer (100mM, pH 4.5) was made by adding 5.8mL of glacial acid to 

900mL of distilled water, pH adjusted to 4.5 using 4M sodium hydroxide. Stored at 4 

C°.  

 Potassium hydroxide solution (2M) was made by dissolving 112.g of KOD to 900mL 

of deionized water. Stored in room temperature.  

 Aqueous ethanol (50%) was made by adding 500mL of ethanol (99%) to 500mL H2O. 

Stored in room temperature.  

 MES/TRIS buffer, 0.05 M each pH 8.2 at 24 C° were made by dissolving 19.52 g 2-(N-

morpholino) ethane sulfonic acid (MES) and 12.2g tris (hydroxymethyl 

aminomethane) (TRIS)in 1.7L deionized water, pH adjusted with NaOH to 8.2. 

 

Preparation of enzyme solutions  

 2 mL of concentrated AMG (300 U/mL) was diluted with 22mL of 0.1M sodium 

maleate buffer and stored in -20 C°. 

 Enzyme solution for RS assay: 0.4g pancreatic α-amylase was suspended in 40mL of 

sodium maleate buffer (100mM, pH6.0) and stirred for 5 minutes. 0.4 ml of AMG 

(300 U/mL) was added and centrifuged at < 1.500 g for 10 min. This solution was 

used on the day of sample preparation (21). 

 

Preparation of pepsin- guar solution  

 50 mg of pepsin and 50mg guar gum was transferred to a 10mL volumetric flask. The 

volume was adjusted to 10mL using HCL 0.05 mol.  
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Preparation of pancreatin solution 

 3g pancreatin (Sigma cat# P-7545) was dispensed in 20mL deionized water using a 

magnetic stirrer for 10 min.  

 The solution was then transferred to a 50mL conical tube and centrifuged at 1500xg 

for 10 min.  

 15mL was transferred to a small beaker and 150 μL of amyloglucosidase (Megazyme 

E-AMGDF, 3260 U/ml) and 9 mg of invertase (Sigma cat # I4504-250mg) was added.  
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Appendix 2.  

Statistical analysis 

Table 5. Statistical significance analysis comparing the variation of TDF in bread A-C and 

reference bread. 
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Table 6. Statistical significance analysis comparing the variation of TDF in doughs for each 

respective bread. 
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Table 7. Tukey’s multiple comparison test for variation in TDF in ingredients.  
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Table 8. Statistical significance analysis comparing the variation of RS content in bread A-C, 

reference bread, and ingredients. 
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Table 9. Statistical significance analysis comparing the variation of RS content in doughs and 

bread for each respective bread.  
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Table 10. Statistical significance analysis comparing the variation of RS content in breads A, 

B and C prior to 6 days storage.  
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Table 11. Area under the curve for glucose released over time for bread A-C and white 

reference bread. 
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