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Impact of sourdough on in vitro starch hydrolysis in wheat tortilla bread

ELIN HIDEBRING
Department of Chemical and Biological Engineering
Chalmers University of Technology

Abstract

Bread and other cereal products are important staple foods in many parts of the world, and they
have high starch content by nature. Starchis our most common carbohydrate and itis made up by
numerous glucose molecules. When ingested, a portion of the starch is hydrolysed by a-amylase to
the disaccharide maltose in the mouth and small intestine. Intake of adietrichin starch may cause
high blood glucose response which canlead totype 2 diabetes, cardio vascular diseases and other
health concerns. This thesis was carried outin cooperation with the spice and food company Santa
Maria AB and aimed to study the in vitro starch hydrolysisin wheat tortillabread when adding
freeze-dried sourdough powders onits own orin combination with rye oroat flour. The desired
result was to lower the starch hydrolysis rate relative to Santa Marias’s soft wheat tortilla.

Liquid sourdoughs as well as freeze-dried sourdoughs may contain lacticacid, which have been
reported to lowerthe rate of starch hydrolysis. Sourdough powders (14 different) were provided by
Santa Maria and analysed fororganicacid concentration usinga HPLC method. A large differencein
lacticacid concentration wasfound. The two sourdough powders with the highest concentration of
lacticacid were selected and used for baking wheat tortilla breads. The impact on starch hydrolysis
with the addition of rye flour, oat flour or pinto bean flakes was also evaluated. The rate of starch
hydrolysis in vitro was investigated for each tortilla.

The starch hydrolysis rate in the sourdough tortillas, with and without rye or out flour, was found to
differsignificantly from Santa Maria’s soft wheat tortilla. The results clearly demonstrated that the
use of sourdough in combination with oatflour should be considered for the development of wheat
tortillabread with alower starch digestibility. Furtherstudies are needed to identify the mechanisms
or compoundsresponsible forthe observed inhibitory effects on starch degradation.

Keywords: sourdough, tortillabread, lacticacid, in vitro, starch hydrolysis, DNS method



Paverkan av surdeg pa in vitro starkelsehydrolys i vetetortilla
ELIN HIDEBRING

Institutionen for Kemi och Bioteknik

Chalmers Tekniska Hogskola

Sammanfattning

Brod och andra starkelseinnehallande produkter drviktiga basvarori mangadelarav varlden och de
har naturligt ett hogt starkelseinnehall. Starkelse arden vanligaste férekommandekolhydraten och
ar uppbyggd av ett stort antal glukosmolekyler. En del av starkelsen somvi ater, hydrolyseras av
enzymeta-amylastill disackariden maltosi munnen och tunntarmen. Ett hogtintag av starkelsei
maten kan ge ett hogt blodsockersvarvilketisinturkan ledatill diabetes typ 2, hjart- och
karlsjukdomar och andra hélsoproblem. Detta examensarbete utfordes i samarbete med
livsmedelsforetaget Santa Maria AB och syftetvar att studera hydrolysen av starkelse invitroi
vetetortillas vid tillsats av enbart frystorkat surdegspulver eller i kombination med rag- eller
havremjol. Det 6nskade resultatet varfa en sankningav hydrolyshastigheten jamfort med Santa
Marias vetetortilla.

Flytande surdegar, saval som frystorkade surdegspulver kan innehalla mjoélksyrasom enligt tidigare
studiervisat sig sdnka hastigheten pa starkelsehydrolysen. Surdegspulvren (14 olika) tillhandahdlls
av Santa Maria och analyserades med avseende paderasinnehallav organiska syrormed hjalpaven
HPLC analys. Koncentrationen av mjolksyra varierade kraftigt mellan de olika surdegspulvren. De tva
pulvren med den hogstakoncentrationen valdes ut och anvandes for att baka tortillabréd. Paverkan
pa starkelsehydrolysen vid tillsats av ragmjol, havremjol och pintobonflingor utvarderades ocksa.
Hydrolyshastigheten analyserades for samtliga tortillabrod.

Omfattningen och hastigheten av starkelsehydrolysenisurdegstortillabréden, med eller utan tillsats
av rag- ellerhavremijdl, skiljde sig signifikant fran Santa Marias vetetortilla. Resultaten visade tydligt
att surdegi kombination med havremjol arettintressant alternativ for utveckling av tortillabréd med
enlangsammare starkelsehydrolys. Fler studier behovs forattidentifiera de mekanismerellerdmnen
som geren sankt hastighet av stiarkelsehydrolysen.
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1. Introduction

This bachelorthesis project performed at Chalmers University of Technology is made in collaboration
with the spice and food company, Santa Maria AB. For over 20 years, Santa Maria has provided the
Swedish people with avariety of Tex-Mex products and the company is constantly evolvingand
exploring new areas of food and food culture. In a time of worldwide increasing prevalence of
metabolicdisorders, such astype 2 diabetes and cardiovascular diseases, preventive strategies are
needed. However, the general awareness of the importance of a healthy diethasincreased and
many food companies take the chance to launch products that are healthierand provide the
customer with functional benefits.

The specificproductinfocus for this thesisis the soft wheat tortillabread. The primary ingredient of
the tortillais wheat flour which mainly consists of carbohydrates in the form of starch. Starch is the
main source of carbohydratesin human diet, and the rate of starch digestion as well as the
absorptionintothe bodyisimportant forthe metabolicproperties of starch containing products
(Singh etal., 2010). The digestion of starch isinfluenced by many propertiesin the food matrix, such
as the physical and chemical characteristics of the food.

There are a number of ways in which the tortilla can be modified because of the simplicity of the
base recipe, and thereforeitis nottoo complicated to replace some of the wheat flourwith other
types of flour. For a while now, Santa Maria has added a sourdough to some of theirtortillabread,
primarily as a flavorenhancerbut several recent reports have shown that sourdough also gives
health benefits, forexample alowered blood glucoseresponse (Scazzina et al., 2009).

However, there are alarge number of different sourdoughs available on the market, each one with
different properties. Asourdough can be prepared with everything from wheat orrye flourto durum
or maize flour. There can be differencesin carbohydrate and protein contentas well asin bread
characteristics and the presence of organicacids. Therefore, itisimportant to evaluate if addition of
a specificsourdough, in combination with othertypes of flour, can be used to design tortillabread
with high nutritional and functional qualities.

Some properties of sourdough are considered to have a largerinfluence than others when it comes
to makinga healthierfinal product. The amount of lactic, aceticand propionicacid available inthe
sourdoughisbelievedto be the most determining because it has been reported that these acids can
slow down the digestion of the bred and therefore make the release of sugars fromthe digested
carbohydrates more slowly which will give positive effects on our health (Ostman etal., 2002).



2. Objective

The objective of this thesis was to make a pilot study on how the in vitro starch hydrolysis differs
between wheattortillabreads with added freeze-dried sourdough powder, orwhen adding
sourdough powderin combination with rye oroat flour. The tortillas was prepared in Santa Maria’s
testkitchen and analysed at Chalmers University of Technology. The starting point of the
experimental work was to assess the content of organicacidsin the sourdough powders provided by
Santa Maria AB, since ithas been well documented that organicacids like acetic, propionicand
especially lacticacid can make an impact on the rate of the starch hydrolysis.

To make this project manageable forone personina shorttimeframe, it was decided that the two
sourdough powders with the highest concentration of lacticacid should be selected and used for the
preparation of tortillabread. These sourdough powders would also be combined with the addition of
rye and oat flourto the wheat tortilla. The use of liquid sourdough and pinto bean flakes in tortillas
was also evaluated.



3. Background

One of the oldest biotechnological processes is the fermentation of cereals. Inancient Egypt,
spontaneousfermentation with the help of yeastand lacticacid bacteria was used in bread making
as wellasinbeer(Poutanenetal., 2009). These techniques are the predecessors to our modern
bakingyeast, Saccharomyces cerevisiae, and numerous sourdough cultures.

Today, the food industry often uses sourdough in the form of a freeze dried powder, as a natural
additive indifferent types of bread, including tortilla bread. The sourdough serves as aflavor
enhancer, itincreases the volume of the bread, prevents stalingand itimproves the texture of the
bread (Ontiveros-Martines etal., 2011). Moreover, studies have shown thatadded sourdoughin
bread also gives a significantincreasein the nutritional qualities (Scazzinaetal., 2009). Sourdoughin
combination with wholegrain flour, whichis richin minerals, vitamins and bioactive compounds like
sterols and various antioxidants, is perceived to make the bread more palatable thanifitonly had
beenwhole graininit(Katinaetal., 2005). The figure below illustrates how sourdough can enhance
the nutritional qualities of cereal foods.

Other
Fhyto- : Increased levels of
chemicals bioactive compounds

Antioxidants
Sterols
itamins
Minerals

<~ » Mproved usability of
Dietary fibre 10-15 % bran fraction high in fibre

Lipids 2-5 %
Protein 10-13 %

Starch 50-50 % Modified

bicavailability
of starch

Figure 1 - Nutritional content and possible potential of sourdough (Katina, K 2005)

Since bread and othercereal products are important staple foods in many parts of the world, the
improvement of nutritionalvalues of these products are important because several large scale
observational studies has shown that an intake of starchy foods with a high GlycemicIndex (Gl)
increases the risk of developingtype 2diabetes and cardiovasculardiseases. Onthe otherhand, it
has been shown thata diet with low Gl and high fiber can protect against obesity and cancer (De
Angelisetal., 2007).

When starchy foods are ingested and metabolized inthe mouth and intestinal tract, it may provide
the body with an easyand quick source of energy in form of carbohydrates and thereby cause a high
blood glucose response. Several factors have been found toinfluence the rate of glucose delivery to
the blood by interfering with the starch hydrolysis or with the starch itself (Singh etal., 2010).
Organicacids are naturally presentin certain foods and can be produced during fermentation, asin
the case of sourdough. Duringthe fermentation of the sourdough, lacticacid bacteriain the dough
produce lacticacid, aceticacid and propionicacid, which can lowerthe pHin the dough below 5. This



change in pH in combination with the presence of the acids themselves can cause areduction of the
starch digestibility whichresultsin alowered glycemicresponse, butit can also affectenzymes and
the bioavailability of mineralsin the bread (Poutanen etal., 2009; Katina et al., 2005).

The way organicacids affect the body can generally be described by two different mechanisms.
Accordingto Ostman et al. (2002), these mechanisms take place because the acids, especially the
lacticacid, lowers the rate of starch hydrolysis and thus contributes to a more slow release of blood
glucose. Orit can also be due to the aceticacid and propionicacid’s ability to reduce the gastric
emptyingrate,i.e. makingthe food stay in the intestines alongertime and help to make the release
of glucose tothe blood slower.

Ostman also states that starch may undergo retrogradation, when the food is being heated and then
cooled. This cause the starch to crystallize and form regions of highly ordered structures thatare
difficultto hydrolyze by the a-amylase. Sometimes the starch becomes so resistant to hydrolysis that
the enzymesare unable to digestitat all. Thisis called resistant starch (RS). Bread, fermented with
sourdough has shown a higher content of RS compared to bread without sourdough (Scazzinaetal.,
2009).

Addition of different types of flour, likerye or oat flour, in combination with sourdough can also
decrease the starch hydrolysis and/or glucose uptake, as well asimprove the content of essential
nutrients as bioactive compounds and protein (Poutanen etal., 2009; Flanderetal., 2011). Even
some more unconventional flours can be used, forexample black-bean flour. The addition of black-
bean flourto maize tortillahas shown to lowerthe predicted Gl-value by 8 points (from 87.97 to
79.76) and the hydrolysis rate by 10 percentage points, compared to astandard maize tortilla. Thisis
accordingto an in vitro study made by Grajales-Garciaetal. (2012). Also, a higherantioxidant
capacity and protein content could be shown.

Itisclear that sourdough has a large potential whenitcomestoimprove nutritional values of cereal
products, and give positive effects on publichealth.



4. Theory

4.1 Starch hydrolysis

Starch consists of numerous of D- glucose units made up by the linearamylose and the branched
amylopectin polymers. Amylose is connected by a (1—4) glycosidicbonds only, while amylopectin
has a (1—4) bondsinthe backbone of the polymeraswell as a (1-6) glycosidicbonds at the branch
points. The images below demonstrate the different polymer structures.
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Figure 2— Amylose Figure 3— Amylopectin

The starch hydrolysis beginsin the mouth by the salivary enzyme, a-amylase. It works efficiently until
the food reaches the stomach where the low pHdecreases the rate of the enzyme activity. Itis not
until the food reaches the small intestine, where the pHenvironmentis more favorable to a-
amylase, the majority of starch hydrolysisis carried out by the a-amylase provided by the pancreas.

The enzyme breaks a (1—4) glycosidicbonds inthe amylose and amylopectin and yields maltose
units. However, a-amylaseis notable to break a (1—6) glycosidicbonds and, due to sterichindrance,
itisnot able to break a (1—4) bonds near the branching points of the amylopectin.

Maltose, or maltsugar, is a disaccharide consisting of two D-glucose unitsandisa so called reducing
sugar. Maltose, initsreducible formis an open-chained moleculewith afree aldehyde group. This
form existsin equilibrium with the cyclicform (Sagib etal., 2011). The equilibrium between the two
maltose moleculesis displayed below.

CH,OH CH,OH CH,OH CH,OH

o) 0 0 OH O
OH OH _— OH OH §
OH O OH OH O
OH OH OH OH

Figure 4 - Cyclic and open-chained forms of the maltose molecule

4.2 DNS-method

The use of 3,5-Dinitrosalicylicacid (DNS) reagent assay is a very common method to estimate the
amount of reducing sugarsin different types of samples (Sagib etal., 2011). The assay is based on the
principles of Lambert-Beer’s law which implies that absorbance is proportional to concentration. The
yellow coloured DNSisreducedinthe presence of the reducing sugar with afree aldehyde group, to
the orange-red coloured 3-amino-5-nitro-salicylicacid (ANS), as presented by the simplified reaction
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infigure 5. The intensity of the colourwill be proportional to the concentration of the reducing
sugars inthe sample. The absorbance measurementsis carried out around 540 nm, becauseiitis
where the orange-red colouris absorbed (Harris, 2010).

For thisthesisitis desired to obtain low values on the absorbance, which willindicatelow levels of
maltose formed from the starch hydrolysis, which in turn may predict which tortilla have the lowest
starch digestionrate and therefore have potential toinduce the lowest glucose response.

Oy__OH O

(Reducing sugar— Oxidised sugar) OH

—_—

OH

ON NO, O,N NH,

Figure 5— The reaction of 3,5-Dinitrosalicylic acid to 3-amino-5-nitro-salicylic acid in alkaline conditions.

There are different ways to prepare the DNSreagentand the earliest methods were developedin the
early 1920’s by James B. Sumner (Sumner, 1921). The method was used to estimate the levels of
sugarindiabeticand non-diabeticurine and the reagent consisted of sodium potassium tartrate
tetrahydrate (Rochelle salt), phenol, sodium bisulfiteand sodium hydroxide. Sumner’s method was
then evaluated andimproved by GL. Miller (1959). The Rochelle saltisadded to preventthe reagent
from dissolving oxygen, phenolincreases the colour of the solution, and the sodium bisulfiteactsas a

colourstabilizer. Sodium hydroxideis necessary to create an alkaline environment needed for the
reduction of DNS (Miller, 1959).

It ishoweverpossible to prepare the DNS reagent with only the DNS solved in astrongalkaline for
measuring starch breakdown products and still acquire successful results, according to Miller (1959).
In thisthesisthe DNSreagent was prepared with DNS solved in astrongalkaline with an addition of
Rochelle salt, this experimental procedure isin accordance with Coughlan and Moloney (1988).



5. Method

The 14 differentsourdough powders usedis presentedintable 1, inthe resultsection. The wheat,
rye and oat flours used forthe preparation of the tortillas were provided by Nord Mills (Lantmannen
Mills AB, Malmo, Sweden) and product details are presented in appendix Il.

5.1 Weighing of the sourdough powder
Sourdough powders provided by Santa Maria AB were weighed upin duplicate samplesin test-tubes
with an amountof 0.5 g respectively. The samples were then diluted with 10 ml of water.

5.2 Dry matter content

The dry matter contentinthe sourdough samples was measured with amoisture balance analyzer
(PrecisaHA 300). The sample size was 0.5 g and the duration of the analysis varied from 5 min up to
16 min. Complete datais available in appendix|.

5.3 pH measurement

To measure the pH of the sourdough samples, 0.5g of the sourdough powderwas weighed upin
test-tubesand diluted with 10 ml of water. The tubes were then vortexed and thoroughly mixed
duringat least1 h, and the pH measurements were made with a pH meter (Metrohm, 827 pH lab).

5.4 Preparation of sourdough powder solutionsfor the HPLC analysis

The samples preparedin 5.1 were vortexed and mixed wellfor 1-2 h and centrifuged for 5 min with a
speed of 5000 rpm. The solutions were pipettedin aliquots of 0.1 mlinto auto-sample vialsand 0.9
ml of waterwas added. Septum caps were fitted and sealed on the vials.

5.5 Dilution of standard solutions

The standard solutions were prepared from lactic-, acetic- and propionicacid. They were all diluted
to a concentration of 10 mg/ml. These acids formed the basis forthe standard solutionsin which
equal amounts of all 3 acids were combined. 4different solutions were prepared with concentrations
of 0.01 mg/ml, 0.1 mg/ml, 0.5 mg/mland 1 mg/ml.

5.6 HPLC procedure

An ion-exclusion chromatography method was used foranalysing concentration of organicacidsin
the sourdough powders. The difference inioniccharge (pKavalue) between the organicacids will
cause themto elute atdifferenttimes. An acid with ahigh pKa value will be retained alongertimein
the column because it will interfere more with the negativelycharged particlesin the columnthanan
acid with a lower pKavalue. The acids are deprotonated by the mobile phase, sulfuricacid (8 mM)
was usedinthisanalysis, and the flow of the mobile phase was 0.8 ml/min.

The apparatus used was made up by a pump (PU-2089 plus, Quaternary Pump) with an approximate
pressure of 4.5 MPa and an auto sampler (AS-2057 plus, Intelligent Sampler), both from JASCO,
Tokyo, Japan. The columnwas a 300 x 7.80 mm Rezex column (ROA-Organic Acid H+) from
Phenomenex (www.phenomenex.com) and it was used with a column heater, Thermasphere (TS-
130) at 65 °C, also from Phenomenex. An UV-VIS detector (SPD-10A, Shimadzu, Kyoto, Japan)
detected presenceof organicacids at 210 nm.



http://www.phenomenex.com/

5.7 Preparation of tortillas

The preparation of the tortillas took place in Santa Maria’s test kitchenin Mdlndal, Sweden. The
standard recipe, including the different combinations of ingredients for the different tortillas, is
presentedinappendix|. First, all the dry ingredients were weighed and combinedin alarge bowl and
thenthe liquidingredients were added tothe dry ones and the dough was mixed togetherfor5min
by a stand mixerwith a dough hook insertion.

The dough was portioned outinto buns weighing45.5g and placed undera damp cloth. Each bun
was pressed with aso called pizza press, equipped with 2 heating plates with atemperature of 120
°C. The plates pressed the dough bun 3 times and the flat, partially cooked tortillawas transferred to
a frying griddle with atemperature of 200 °C, where it was baked for 45 secon each side. The
tortillas were stored in afreezer(-20°C) until analysis.

5.8 Maltose standard curve

The DNS reagent was prepared by dissolving 1g of 3,5-Dinitrosalicylicacid (128848-100G, Sigma-
Aldrich) in 50 ml of distilled water followed by addition of 30g of sodium potassium tartrate
tetrahydrate(217255-500G, Sigma-Aldrich) in small portions. 20ml sodium hydroxide (2 M) was also
addedto the solution and the total volume was brought up to 100 ml with distilled water. The
solution was stored well away from lightinan amber bottle.

The standard solution of maltose was made up by 200 mg of maltose monohydrate (63420, Fluka
Chemicals) dissolved in 100 ml of distilled water. The maltose solution was pipetted outin test tubes
with the amountsof0.2, 0.6, 1.0, 1.4, 1.8 and 2.0 ml. The total volume was then broughtupto 2 ml,
includingablank sample without any maltose.

1 ml of DNSreagent was addedto all the tubes and then covered with aluminum foil. They were
heatedina boilingwaterbath for5 minand then cooled to room temperature. 9ml distillated water
was added to each tube and 1 ml from each was transferred to plasticcuvettes and measured for
absorbance in a spectrophotometer at 540 nm. The obtained absorbance values were plotted against
the amount of maltose in each testtube and a straightline was fitted with linearregression.

5.9 In vitro starch hydrolysis

The tortillas prepared as described in 5.6 were milled inacommercial brand coffee millinto equal
sized crumbs. Duplicate samples of the tortillacrumbs were weighed into amber Erlenmeyer flasks
and 50 ml of 0.5 M Na, K-Phosphate (pH 6.9) bufferwas added, in accordance with Holm et al.
(1985). The flasks were thoroughly agitated before placedinaincubatorat 37 °C.

After 10 minutes, 40 mg of porcine pancreatica-amylase (A-3176, Sigma Aldrich) dissolvedin 1 ml of
phosphate buffer was added to the flasks and marked as time 0. After5, 15, 30 45, 60, 75 and 90
min, duplicate samples of 0.2 ml were withdrawn from the tortilla solutions. Water, 0.8 mland 1 ml
of DNSreagentwere added to the samples, covered with aluminum foil andimmediately placedina
boilingwaterbathfor5 min to stop enzyme activity.

The samples were cooled toroomtemperature and 10 ml of water was added to each sample before
carrying out the absorbance analysisasin 5.8.



6. Results

The sourdough powders usedinthe analysis are as follows and they will be named according to their
specificnumber. The product specifications are available in appendix Il

Table 1 - Type, brand and assigned number of the sourdough powders. Abbreviations used: SM=Santa Maria, PS=Puratos
Sapore

Number | Sourdough

Wheat (M), Bocker

Oat, Bocker

Wheat, SM

Rye organic, PS Traviata

Rye, SM-standard

Wheat, PS Norma

Rye 350, Bocker

Biowheat, Bocker

O[N] |W|IN|F

Maize, Bocker

=
o

Wheat (W200), Bocker

=
[N

Durum, PS Tosca

=
N

Wheat, PS Nabucco

=
w

Biowheatwholegrain, Bocker

=
B

Wheat, ferm. yeast, PS Rigoretto

6.1 pH measurements

The mixtures preparedin 5.3 formed the basis forthe pH measurements,andit was meantto give an
indication on which sourdough might contain the highest concentration of organicacids. The
sourdoughs with the lowest pHvalue are therefore the mostinteresting. The results are shownin
figure 6.

pH values of the sourdough powders

5,0
4,5
4,0
3,5
3,0
2,5
2,0
1,5
1,0
0,5
0,0

pH

EpHvalues| 3,2 | 44 |28 (3,729 |36 (36|37 |34/(34/38|42|33]3,6

Figure 6 — pH values obtained from measurements of the different sourdoughs



The lowest pH values (2.8and 2.9) were foundin sourdough powderno. 3 and 5 respectively.
Sourdough no. 2 and 12 had the highest pHvalues (4.4and 4.2).

6.2 HPLC results

The concentration of the organic acids in the sourdough powders was calculated using the standard
solutions preparedin5.5. The correspondence between the peak areaand concentration gave the
best coefficient of determination (R?) valuefrom the linear regression, compared to the
correspondence between the peak height and the concentration. However, the of the aceticand
propionicacid concentration was very low or non-detectable and therefore notincludedinthe
calculations.

The lactic acid onthe otherhand, had high, well-separated peaks suitable for concentration
determination. The lacticacid standard curve is presented in figure 9in appendix 1.

From the equationin plot 2, it was possible to calculate the concentration of lacticacid inthe
sourdough by solving the equation forx and taking the measured weight and dilution factor of 200
from5.1 and 5.2 into consideration. Allresults are presentedin figure 7.

Average concentration of lactic acid (mg/g sourdough powder)
350
]
3 300
3
2
= 250
oo
3
o 200
S
>
]
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X
[oT]
S
c 100
=
L
S
= 50
Q
(8]
5 0 l AR ER
© 1|2 |3 |a|5 6| 7|8 9|10 11 12|13 14
W Concentration| 160 | 138 | 222 | 44 | 252 | 65 | 238 | 58 | 25 | 289 | 27 | 24 | 234 | 57

Figure 7 - Average concentration of lactic acid in the sourdough powders

As shownin figure 7, large differences were found in the lacticacid concentrationsin the sourdough
powders. The two highest concentrations were obtained from sourdough number 5 (Rye, SM-
standard) and 10 (Wheat (W200), Bocker) and these two were therefore selected for further
evaluation during baking of tortillabread. The tortillabreads were preparedasin 5.7 and the
sourdough powders used willinthe following text be referred as SM-standard and W200,
respectively.
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6.3 Preparation of tortilla bread

In total, 9 tortillabread variations were prepared at Santa Maria’s test-kitchen. The variations will be
named according to which type of flourisincludedin the bread and/or which of the two chosen
sourdoughsfrom 6.2 was used. The pinto beantortillaand the tortilla with liquid sourdough were
preparedinthe same way as the reference tortilla, with 15% and 10 % addition of beans and liquid
sourdough respectively.

6.4 In vitroresults

The amount of maltose formed after the hydrolysis was calculated from the average absorbance
value obtained from duplicate samples withdrawn from duplicate in vitro experiments, and using the
maltose standard curve obtained as described in 5.8. Complete dataand tables are presentedin
appendix Il. Figure 8show all results from the in vitro analysis with regard to the maltose
concentrationinthe tortillasamples.

In vitro starch digestion
—=¢==Reference tortilla

=== SM-standard

== W200

== Rye flour + SM

standard
==fr=Rye flour + W200

Oat flour + SM

standard
==fe==0at flour + W200

Amount of maltose (mg/g tortilla)

Reference + 10 %

liquid sourdough
Reference + 15%

pinto bean flakes

0 15 30 45 60 75 90
Time (min)

Figure 8 — Maltose concentration in tortilla samples during in vitro digestion 0-90 min.
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7. Discussion

The HPLC analysis of the different sourdough powders showed that the lacticacid concentrations
varied markedly between the sourdoughs. Also, significant differences (according to an unpaired t-
test, p<0.05) were obtainedin the in vitro starch hydrolysis for most of the tortillavariations, except
for SM-standard , which did not display significantly different results compared with the from the
reference tortilla (at 15, 30, 45, 60 and 75 min). However, the hydrolysis curve forthe SM-standard is
quite consistent with only small changesin the amount of maltose formed overtime. Thiswould, in
theory, give amore even blood glucose responsethan the reference tortillawhichis hydrolysed to
maltose fasterand to a greaterextent.

In figure 12 (appendix Il) aswellasinfigure 8, it is apparent that the combination of W200 and oat
flouris affecting the starch hydrolysis rate more than the other combinations. Possible reasons for
this may be due to the higherprotein contentinthe oat flour, 13 % compared to 10 % for the wheat
and rye flour and because W200 had the highestlacticacid concentration. The carbohydrate content
for the two sourdoughs also differs considerably, with 33.3% and 67 % for W200 and SM-standard,
respectively. Complete dataforthe flours and the two sourdough powders are available in appendix
Il. Oat flouralso contains B-glucans, soluble dietary fibers, which has been reported tolowerboth
cholesterol and postprandial glyceamicresponse by interfering with the starch hydrolysis (Flander et
al. 2011).

As showninfigure 13, the addition of rye or oat flour entail alowering of the starch hydrolysis, but
the effectis more pronounced forthe tortillas with SM-standard, and the tortillawith rye flourin
combination with W200 was notsignificantly different from the tortillacombination made of only
wheat flourand W200. This fact makes the markedly different resultfrom the oatflourcombined
with W200 even more interesting.

The tortillas made from liquid sourdough and pinto bean flakes, more clearly displayed in figure 14
(appendix Il),had very similar curves, although the liquid sourdough was significantly different
(p<0.05) from the pinto bean tortilla, except at 60 min. The similarity may indicate that the low
carbohydrate and relatively high protein content (7 %) of the pinto bean flakes can induce similar
effectsonthe starch hydrolysis.
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8. Concluding Remarks
The results and discussion above can be summarizedinafew concluding points:

o The concentration of lacticacid differs within awide range between the different sourdough
powders.

e Addition of sourdough lowered the starch hydrolysis rate, in particular when using the wheat
sourdough powder W200.

e Addition of rye and oat flourto the tortillas, in combination with sourdough powder, entailed
a furtherlowering of the hydrolysis rate.

e The combination of W200 and oat flour presented the most promising result.

e The pintobeantortillaandthe tortillamade fromliquid sourdough displayed quite similar
results despite their different compositions.

e The combination of sourdough and oat flourseemsto be a possible mean fordesign of a
more healthy wheat tortilla.
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9. Future perspectives

There are several ways to proceed from this thesis and a good place to start would be to carry out a
more extensivein vitro analysis and include othertypes of enzymes, forexample pepsin, to be able
to assess more accurately how different levels of protein influence starch hydrolysis. It would be
interestingtoinclude alargervariety of sourdough powders, to be able to evaluate the mechanisms
behind the lowered starch hydrolysis rate. These analyses should be made in combination with a
total starch analysis, in orderto determinethe total amount of starch in each sample, and therefore
obtaining more comparable results fromthe in vitro analysis.

A total starch analysis would also give avalue on the amount of resistant starch (RS) available in the
tortillas, and since the European Food Safety Authority (EFSA) has approved the health claim that
carbohydrate containing foods with atleast 14 % RS can be considered to reduce glyceamic
response. This could be used forlabeling products containing RS, to inform customers about possible
health benefits.

An excitingtortillacombination would be to combine the pinto bean flakes with asourdough powder
and see how it would affect the starch hydrolysis rate. Also, it would be possible to add lacticacid on
itsown inthe tortillas and find out if this has any effect.

Anotherimportantaspectis marketability of the finished product where taste and costumerreceipt
iscrucial. Therefore, it would be important to perform sensorial evaluations on the various types of
tortillas.
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APPENDIX

I. Method

Table 2 — Dry matter content of sourdough powders

Sourdough | Dry matter content (%)
1 95,79
2 93,82
3 97,07
4 93,27
5 95,79
6 94,41
7 88,70
8 93,59
9 96,13

10 88,73
11 96,92
12 93,57
13 94,48
14 94,15

Table 3 — Ingredients for wheat tortillas, for different tortilla variations (Santa Maria standard recipe) including additives

Ingredients Procentage| Additivs
Wheatflour 100 %

Salt 2,04 %

Premix - Powerbake 500 1,38 %

Sodium bicarbonate 0,40 %

Rapeseed oil 4,82 %

Water 50 %

Glycerine 3,25 %

Sourdough powder 5%

Oat flour 15 % | Including 20 % water
Rye flour 15 %

Pinto bean flakes 15 % | Including 10 % water
Liquid sourdough 10%
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II. Results
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Spec- 6939000

M BAKELS

SURDEGSPULVER KRAV

Artikelnummer

Produktbeskrivning

Recept

Ingredienser

Néringsvérde per 100 g

Allergener

GMO Status

Mikrobiologi Riktvirde

Lagringsforeskrifter

Hallbarhet, manader
Nettovikt och férpackning

Deklaration till slutférbrukare

2008-04-25 A

2914

Surdegspulver med god rdgsmak. Utmarkt smakforhojare for
bade ljusa brod och ragbrad. Forbattrar farskhalining. 100%
ragfullkorn. KRAVcertifierat.

Dosering: Vitt brod: 40-100 g/liter degvétska; 2-6% raknat pa

mjol.

Vete/Rag bréd: 100-300g/liter degvatska; 6-17% raknat pa
mjél.

Fullkornsbréd: 200-400g/ liter degvatska; 11-18% raknat pa
m;jol.

Surdegspulver” (rag).

*KRAVcertifierad ravara.

Energivarde 1400kJ, 330kcal
Protein 10049
Kothydrater 6749

Fett 20g

Fullkorn 100,00 g

Gluten (rag).

Enligt direktiv 2003/89/EG och 2006/142/EG

Ingredienserna i denna produkt dr inte genetiskt modifierade
organismer ( GMO) och &r inte tillverkade fran GMO.

Enligt direktiv 1829/2003/EG och 1830/2003/EG

Jast och mégel max 20 000 cfu/g

Enterobacteriaceae max 1 000 cfu/g

Salmonella neg/ 25g

Férvaras svalt och torrt ( Max 15 °C, Max 65% relativ
luftfuktighet)

6
15 kg, Sack.

Surdegspulver* (rag).
“KRAVcertifierad ravara.

Al information and recommendatians are based on lesls and research believed to be reliable. No quaranty of thew accuracy is made however. Snce the manufacturers nave no control over
the conditions under which tha products are transported 10, stored, hangied or used by purchasers, all recommendatons and sales are mage on the conuion that the manufacturers anc
seliers will not be neld liable far any damages resulting from their use No representative of the manufacturers has any authonty to wawve or change the above provisions. bui our lechnica!
stal 15 avadable to assist purchasers 'n adapting the forementioned products to thew needs and crcumstances Nothing contained heren shail imply a recommendation o infnnge any patents
now or hereafter in existence All ingredients and GMO or other ngredient statements for this product comply with Swedish food regulations and are subject 10 change Cuslomers expoming
tris prociuct, or hmshed dems made from this product. should check the regulations of the importing country

AB Nordbakels

Box 13099 402 52 Goéteborg
Telefon 031 -7553500 Telefax 031 - 755 35 49
E-post info@nordbakels.se WWW-adress www.nordbakels.se
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ENGELHARDT

www.engelhardt.se +46(0)31-7091700

Prov

Surdegpulver Vete 200

Approved by: Eva Rud

Date:

2011-12-22

/i BOCKER

The experts in sourdough

Product-Specification

1.| BOCKER Article: BOCKER W 200
2.| BOCKER-Article number: 84 000 310
3.| Product description: dried wheat sourdough
colour light brown
odour aromatic, malty
taste acidic, aromatic
consistency free-flowing powder
4.| Application: Production of baked goods
dosage 2-4%, calculated to flour
5.| Storage: cool and dry
6.| Shelf life: 12 months
Natural product, is subject to natural fluctuations
7.| Batch number: eight-digit number
8.| Technical data:
piled density ca. 400g/I
moisture ca. 8%
pH-value ca. 3,4
total titratable acidity 200+10%
9.| Declaration: dried sourdough
10.| Ingredients: Wheat milling products, starter cultures
11.| Ingredients with allergenic potential gluten- containing cereals
according to directive 2000/13/EC
with amending directives
12.| Labelling (GMO): labelling is not required
according to EC-regulation 1830/2003
13.| Nutritional value: averaged
water 8,5 %
ash 3,9 %
total protein 15,0 %
total fat 4,0 %
-saturated fatty acids 0,69 %
-monounsaturated fatty acids 0,67 %
-polyunsaturated fatty acids 2,6 %
dietary fibre 32,3 %
sodium < 0,01 %
carbohydrates 33,3 %
dietary energy /100g 1224 KJ
14.| Microbiology:
aerobic cell count < 10%/g
mes. aerobic spores < 10%g
Escherichia coli < 10¥g
Salmonella 0/25g
moulds and yeasts < 10Yg
15.| Labelling: Producer, name of product, weight, batch-
number, best before date, bar code GTIN 128
16.| Associated safety data sheet: Dried sourdough, 10 -<20% acid
17.| Last reviewed: 17.05.2011

Ernst Bocker GmbH & Co. KG * Postfach 21 70 * DE-32378 Minden * Tel. ++49 571/83799-0 *
Fax ++49 571/83799-20 * Recipe service: ++49 571/83799-13 * www.sauerteig.de * info@sauerteig.de
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“* Produktfakta

.
Nord MillS (..imannen milts 48, Box 267, 201 22 Maims, Kundservice 020-91 00 92, Fax 040-660 88 02, www.nordmills.se

Utskriftsdatum: 2010-05-19  Utgava: 13

Bagerivete SM

ARTNR FORPACKNING EAN-KOD
160234 Los vikt
INGREDIENSER TULLDEKLARATION
vetemjol, vetegluten, mjolbehandlingsmedel (enzym) Produktkod 1101 00 159100
Aska 513 m
ATERDEKLARATION g
vetemjol, vetegluten
EGENSKAPER
Vetemjol med tamligen hog proteinhalt. Ger hég degtolerans och
bra brédvolym.
Askorbinsyra ej tillsatt.
ANVANDNINGSOMRADE
Kaffebrod, wienerbrod, smérdeg, vitt matbréd, baguetter,
frukostbrod.
FORVARING
Forvaras torrt, ej 6ver normal rumstemperatur och avskilt fran
varor med stark lukt.
Hallbarhet 9 manader. Leverans till kund tidigast 7 dygn efter
malning.
NARINGSVARDE genomsnitt fér 100 g SIKTANALYS riktvarde tolerans
Energivarde 1450 kJ >400 pm 0% -
340 kcal >150 pm 8% -
Protein 10 ¢ >112 pm 26 % -
Kolhydrat 70 g > 85 pum 18 % -
varav sockerarter 0,3 g < 8 um 48 % -
Fett 2 g
varav mattat 0,3 g
Fiber 25 g
Natrium 0g
KEMISK/FYSIKALISK ANALYS riktvérde tolerans
Vattenhalt (AACC 44-15A) 145 % 14,0 - 15,0
Protein (Kjeldahl, N*6,25) 12,0 %avts 11,4 - 12,6
(Kjeldahl, N*5,7) 11,0 %avts 10,4 - 11,5
Askhalt (ICC 104/1) 0,60 %avts 0,55 - 0,65
Fiber (AOAC 991.43) 31 %avts
Falltal (Icc 107) 320 sek. 290 - 350
Vattenabsorption (ICC115) 55,0 % -
MIKROBIOLOGI riktvarde tolerans  SPARAMNEN metod standard
(log cfu/g) i enlighet med gallande forordningar
Totalantal bakterier <50 <57 Tungmetall  Bly NMKL161 mod < 0,2 mg/kg
E. coli <10 <17 Cadmium NMKL 139 < 0,1 mg/kg
Mdgelsvampar <30 <37 Pesticider M914/M915  Under grénsvarden

Salmonella i 259 neg neg Mykotoxin Ochratoxin A NMKL 143 < 3 ug/kg



“\“ Produktfakta

-
Nord Mills  ..imannen mins AB, Box 267, 201 22 Malmd, Kundservice 020-91 00 92, Fax 040-660 88 02, www.nordmills.se

Utskriftsdatum: 2012-05-22  Utgéva: 6

Ragmjol KRAV

ARTNR FORPACKNING EAN-KOD
140554 Sack 20 kg 5701029223580
INGREDIENSER TULLDEKLARATION
fullkornsmijél av rdg KRAV, maltmjol av korn Produktkod 1102 10 00 9700
Aska 1548 m
ATERDEKLARATION g
fullkornsmjol av rdg KRAV, maltmijol av korn
EGENSKAPER
Mjol fran ekologiskt odlad rag. Produkten ar godkand av KRAV.
ANVANDNINGSOMRADE
For bakning av ragbrod och inblandning i vetedegar.
FORVARING
Forvaras torrt, ej 6ver normal rumstemperatur och avskilt fran
varor med stark lukt.
Hallbarhet 9 manader.
NARINGSVARDE genomsnitt fér 100 g
Energivarde 1350 kJ
320 kcal

Protein 10 g
Kolhydrat 57 ¢

varav sockerarter 2 g
Fett 25 ¢

varav mattat 0,3 g
Fiber 15 ¢
Natrium 0 g
KEMISK/FYSIKALISK ANALYS riktvérde tolerans
Vattenhalt (AACC 44-15A) 140 % 13,5 - 14,5
Protein (Kjeldahl, N*6,25) 11,6 %avts -

(Kjeldahl, N*5,7) 10,6 % avts -

Askhalt (ICC 104/1) 1,80 %avts 1,60 - 2,00
Fiber (AOAC 991.43) 17,0 %avts
Falltal (IcCc 107) 250 sek. 200 - 300
MIKROBIOLOGI riktvarde  tolerans  SPARAMNEN metod standard
(log cfu/g) i enlighet med géllande foérordningar
Totalantal bakterier <50 <6,0 Tungmetall  Bly NMKL161 mod < 0,2 mg/kg
E. coli <10 <20 Cadmium NMKL 139 < 0,1 mg/kg
Mogelsvampar <3,0 <40 Pesticider M914/M915  Under gransvarden
Salmonella i 259 neg neg Mykotoxin Ochratoxin A NMKL 143 < 3 uglkg
Tréddragare <07 <13 Fusariumtoxiner LC DON < 750 pg/kg

ZEA <75 pg/kg
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Havremjol, KRAV

ARTNR FORPACKNING EAN-KOD TULLDEKLARATION
140218 Séck 20 kg 07310130350009 Produktkod 1102 90 30

9100
INGREDIENSER Aska 1890mg
havremjol KRAV

ATERDEKLARATION
havremjol KRAV

EGENSKAPER
Autoklaverad, torkad och skalad ekologisk havre som malts till
mjol.

ANVANDNINGSOMRADE
Som inblandningsmjdl vid bakning av ekologiska limpor,
halkakor och brack.

FORVARING

Forvaras torrt, ej 6ver normal rumstemperatur och avskilt fran
varor med stark lukt.

Hallbarhet 6 manader.

NARINGSVARDE genomsnitt for 100 g SIKTANALYS riktvarde tolerans
Energivarde 1550kJ >710 um <1% -1
370kcal >450 um <25 % -
Protein 13g
Kolhydrat 59¢g
varav sockerarter 1g
Fett 79
varav méttat 1,59
Fiber 9,59
Natrium g
KEMISK/FYSIKALISK ANALYS riktvarde tolerans
Vattenhalt (AACC 44-15A) <13,0 % - 13,0
Protein (Kjeldahl, N*6,25) 14,0 %avts -
(Kjeldahl, N*5,7) 12,8 %avts -
Askhalt (ICC 104/1) 2,10 %avts -

Fiber (AOAC 991.43) 10,8 % avts
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Figure 11 — A comparison between tortilla breads baked on wheat flour only, with an addition of the selected sourdough
powders to each except the reference tortilla.
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Figure 12 —Tortilla breads with added rye or oat flour, in combination with the sourdough powders.
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Figure 13 — A plot comparing the in vitro starch hydrolysis for the tortillas with added rye or oat flour to tortillas with
only sourdough powders and wheat flour.
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Figure 14 —This plot displays the lowering of the formed amount of maltose when adding liquid sourdough or pinto bean
flakes to the reference tortilla.
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Table 4 — Complete absorbance data including the amount maltose formed during hydrolysis

Reference tortilla

Time 5 15 30 45 60 75 90
Mg of maltose 1,3 1,9 2,1 2,3 2,4 2,4 2,6
Absorbance 0,4529 0,6224 0,6821| 0,7632| 0,8407| 0,7976| 0,8712
0,4022 0,6302 0,7103| 0,8043| 0,8135| 0,7249| 0,9135
0,5086| 0,6780| 0,7624 0,8204| 0,8912| 0,9372
0,4635 0,7093 0,7588( 0,8590( 0,8797| 0,8938| 0,9615
Average 0,4568| 0,6600| 0,7284| 0,8088| 0,8386| 0,8269| 0,9209
Rye, SM-standard
Time 5 15 30 45 60 75 90
Mg of maltose 1,64 1,86 2,12 2,14 2,30 2,28 2,41
Absorbance 0,5467 0,6415 0,7045| 0,7187| 0,7548| 0,7581] 0,8484

0,5722 0,6768| 0,7466| 0,7424| 0,8489| 0,8255| 0,8424

0,5813 0,6849 0,7672| 0,7833| 10,8322 0,8193| 0,8801

0,5821 0,5905 0,7382| 0,7324| 0,7589| 0,7703| 0,7885

Average 0,5706| 0,6484| 0,7391| 0,7442| 0,7987| 0,7933| 0,8399
Wheat, Bocker W200

Time 5 15 30 45 60 75 90
Mg of maltose 0,63 0,91 1,35 1,51 1,63 1,72 1,76
Absorbance 0,2061 0,3178( 0,4735| 0,4942| 0,5386| 0,5838| 0,5982

0,2304 0,3661 0,4784| 0,5543| 0,5927| 0,6150| 0,6713

0,2249 0,3113 0,4354( 0,5050( 0,6021| 0,5729| 0,6454

0,2143 0,2747| 0,4988| 0,5440| 0,5422| 0,6197| 0,5295

Average 0,2189 0,3175 0,4715| 0,5244| 0,5689| 0,5979| 0,6111
Rye flour+ SM standard

Time 5 15 30 45 60 75 90
Mg of maltose 0,59 1,02 1,46 1,59 1,81 1,92 2,01
Absorbance 0,2042 0,3558 0,4988| 0,5781| 0,6336| 0,6729| 0,7340

0,1915 0,3365 0,4769| 0,5320| 0,6404| 0,6443| 0,6535

0,2213 0,3523 0,5268| 0,5332 0,5964| 0,6673| 0,6532

0,2090 0,3745 0,5260| 0,5764| 0,6535| 0,6918| 0,7530

Average 0,2065| 0,3548| 0,5071| 0,5549| 0,6310| 0,6691| 0,6984
Rye flour+ W200

Time 5 15 30 45 60 75 90
Mg of maltose 0,44 0,89 1,28 1,49 1,61 1,80 1,86
Absorbance 0,1428 0,2819 0,3804( 0,4759| 0,4767| 0,6072| 0,6345

0,1321 0,2817 0,4211| 0,5157| 0,5601| 0,6171] 0,6217

0,1762 0,3483 0,5195| 0,5534| 0,6199| 0,6641| 0,6907

0,1598| 0,3290( 0,4558| 10,5321 0,5847| 0,6120] 0,6417

Average 0,1527 0,3102 0,4442| 0,5193| 0,5604| 0,6251| 0,6472
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Table 5 — Complete absorbance data including the amount maltose formed during hydrolysis

Oat flour + SM standard
Time 5 15 30 45 60 75 90
Mg of maltose 0,42 0,77 1,23 1,45 1,65 1,82 1,79
Absorbance 0,1503 0,2317 0,4361( 0,4831| 0,5560| 0,5977| 0,5834
0,1459 0,2769 0,3976( 0,5074| 0,5852| 0,6390| 0,6285
0,1368| 0,2820 0,4321| 0,4916| 0,5529| 0,6448| 0,6101
0,1513 0,2841 0,4491| 0,5294| 0,6021| 0,6522| 0,6735
Average 0,1461| 0,2687 0,4287| 0,5029( 0,5741 0,6334| 0,6239
Oat flour+ W200
Time 5 15 30 45 60 75 90
Mg of maltose 0,12 0,44 0,81 1,01 1,19 1,39 1,51
Absorbance 0,0492 0,1663 0,2618( 10,3422 0,381 0,4569( 0,5175
0,0519| 0,1539 0,2957| 0,3560 0,437| 0,5127| 0,5285
0,0350 0,1593 0,2648( 0,3448| 0,3910| 0,4602| 0,4867
0,0357| 0,1375 0,3090( 0,3606( 0,4499( 0,5082| 0,5642
Average 0,0430 0,1543 0,2828( 0,3509| 0,4147| 0,4845| 0,5242
10 % liquid sourdough
Time 5 15 30 45 60 75 90
Mg of maltose 0,44 0,89 1,28 1,49 1,61 1,80 1,86
Absorbance 0,1428| 0,2819 0,3804| 0,4759( 0,4767| 0,6072| 0,6345
0,1321 0,2817 0,4211( 0,5157| 0,5601| 0,6171| 0,6217
0,1792| 10,3483 0,5195( 0,5534( 0,6199( 0,6641| 0,6907
0,1598 0,329 0,4558| 0,5321| 0,5847| 0,6120| 0,6417
Average 0,1535 0,3102 0,4442| 0,5193| 0,5604| 0,6251| 0,6472
15 % pinto bean flakes
Time 5 15 30 45 60 75 90
Mg of maltose 0,72 1,08 1,46 1,72 1,77 1,92 2,01
Absorbance 0,2531 0,3600 0,5263( 0,6033| 0,6509| 0,6766| 0,6964
0,2485 0,3906 0,5258( 0,6155| 0,5955| 0,6786| 0,7325
0,2513| 0,3653 0,4699( 0,5736 0,6129( 0,6353| 0,6783
0,2541 0,3847 0,5166( 0,5984| 0,6064| 0,6824| 0,6908
Average 0,2518| 0,3752 0,5097| 0,5977| 0,6164| 0,6682| 0,6995
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