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Quiality evaluation of oat flour and wheat flour blends for cookie production
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Abstract

In the present study the physicochemical, rheological and
sensory quality of mixtures of oat flour and wheat flour for
cookie was evaluated. The experimental material was used
oats cultivar Turqueza and wheat variety Urbina S2007.
Five formulations of mixtures of oat flour and wheat flour
were prepared treatments. The experiment was evaluated
using a simple ANOVA and Tukey's test at P<0.05
indicating significant differences in all variables studied.
The Formulation 4 (25:75) has been associated parameters
biscuit good quality, sedimentation volume (30.3 ml),
kneading time (3.0 min), stability in kneading (3.0 min),
tolerance to over-Kneading (7.3 mm) mixogram height
(46.6 mm), dough strength (88.0 Wx10-4J), the
relationship tenacity-extensibility (1.3 PL), factor cookie
(5.9). Sensory evaluation cookie by 50 untrained panelists
indicated preference formulation 4 (25:75) with respect to
the attributes of taste, texture and appearance. The work
allowed us to evaluate the functionality of the blending of
wheat flour and oats to get a cookie.

Sedimentation, Mixogram, Alveogram, Biscuit factor,
Sensory attributes

Resumen

En el presente estudio se evalud la calidad fisicoquimica,
reoldgica y sensorial de mezclas de harina de avena y
harina de trigo para galleta. EI material experimental
utilizado fue avena variedad Turqueza y trigo variedad
Urbina S2007. Se prepararon cinco formulaciones de
mezclas de harina de avena y harina de trigo como
tratamientos. El experimento se evalu6é aplicando un
anova simple y una prueba de Tukey a P<0.05, indicando
diferencias significativas en todas las variables de estudio.
La Formulacion 4 (25:75) ha sido asociada parametros de
buena calidad galletera, volumen de sedimentacién (30.3
ml), tiempo de amasado (3.0 min), estabilidad al amasado
(3.0 min), tolerancia al sobreamasado (7.3 mm), altura del
mixograma (46.6 mm), fuerza de la masa (88.0 Wx10-4J),
la relacién tenacidad-extensibilidad (1.3 PL), factor
galletero (5.9). La evaluacion sensorial de la galleta por 50
panelistas no entrenados indica preferencia de la
formulacién 4 (25:75) respecto a los atributos de sabor,
textura y apariencia. El trabajo permiti6 evaluar la
funcionalidad de la mezcla de harina de trigo y harina de
avena para obtener una galleta.

Sedimentacion, Mixograma, Alveograma, Factor
galletero, Atributo sesoriala
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Introduction

In Mexico, oats are the fourth most produced
cereal with 91, 049.05 tons of grain per year. The
use of oats as fodder has increased. The problem
is that the above, affects the marketing of oats
for human consumption, considering the low
demand and that the Mexican diet does not
include the regular consumption of this grain due
to lack of information on its nutritional content
and lack of bread products (SIAP, 2015).

In Mexico, according to SIAP (2015), the
main grain oat producing states in 2013 were
Chihuahua, Mexico, Zacatecas, Durango and
Hidalgo.

Ubicacién Produccion Eendimiento
(Ton) (Ton/Ha)

Baja Califormia 54542 0.55
Chihuahupa 5722795 201
Cozhuila 2763 211
Durango 2.951.50 302
Hidalgo 4,670.05 1.07
Jalisco 2,185.80 352
Ménco 16,604 37 146
Tlaxcala 1,743.80 139
Facatecas 4 843.86 32

91,049.05 1.84

Table 1 Oat production in Mexico, year 2013
Source: SIAP, 2015

According to Villasefior et. al. (2009),
the oat variety (Avena sativa L.) Turquesa is of
spring habit and was obtained in the Oat
Breeding Program of the Valle de México
Experimental Field (CEVAMEX) by genetic
recombination and selection. The cross that gave
rise to the variety was made at the Bajio
Experimental Field (CEBAJ) during the fall-
winter cycle of 2003. Turquesa was obtained
from a simple cross between the Experimental
F2 line CV-83(5-0C) 8C-0C and the variety
Karma.

In the segregation generations, the
combination of mass or population selection
methods and derived families was applied, and
in generation F6 the line that generated Turquesa
was obtained. Peeled oats are composed of
various macronutrients and micronutrients, as
well as fiber and natural antioxidants.
Carbohydrates are the major components. Starch
is the carbohydrate present in the greatest
quantity and is composed of amylose and
amylopectin chains.
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Fiber is divided into soluble and
insoluble and is the main contributor to the
reduction of cholesterol levels in the blood. The
amount of protein varies considerably, and the
determining factor is the environmental
conditions during growth. Oats are one of the
cereals richest in protein, but they do not form
gluten, so they are not breadable (Welch R. and
McConnell J.; 2001). In contrast, wheat
produced in Mexico is 3,357,306 tons, and this
represents 5% of world production. Bread
products are obtained from wheat, and Mexico
ranks 6th in the export of cookies and 12th in the
export of bread and pasta (SIAP, 2015).

Since the refined flour produced by
milling the grain allows the production of white
flours. Soft wheats that produce white refined
flours are in great demand for the production of
cakes and breakfast cereals. Additionally, their
use is recommended for the production of
wholemeal flours, since these are considerably
lighter than those resulting from amber and red
wheat (Solis et. al.; 2008).

. Produccion R endimiento
Thicacion
(T om) (TonHa)

Bajs Californis 51547878 505
Chihushua 15527423 544
Coshuils 2508626 341
D mngo 12.857.14 3.82
Guanajuato T4.57503 243
Hidalzo 354128 1.66
Jal&co 101 61558 331
Michoacan 63, 400.65 2.52
México 24.662.76 2.67
Mo evo Leon 53,82351 217
Caxaca 10,15238 0.88
Pusbla 733312 175
Sinaloa B1,74730 4,63
Sonom 2,080.54143 6.86
Tlaxcala 00,57520 2.67
Zacatecas 1292055 1.67

A A5T 306.90 520

Table 2 Wheat production in Mexico, year 2013
Source: SIAP, 2015

According to SIAP (2015), wheat
production in Mexico is centralized in the states
of Sonora, Jalisco, Chihuahua and Baja
California.

The variety of flour wheat for cracker
(Triticum aestivum L.) is Urbina S2007. It is of
spring habit and was obtained by hybridization
and genetic selection through the method of
mass F3 crosses in the wheat breeding program
of INIFAP at the Bajio Experimental Field
(CEBAJ).
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The cross that gave rise to this variety
was made in 2000. The female parent of Urbina
S2007 involved four different genotypes
recombined in five crosses, and the male parent
was the Casilda/Centella cross. The Urbina
S2007 variety is of spring growth habit, semi-
dwarf, 91 cm tall; intermediate vegetative cycle,
with 77 days to flowering and 124 days to
physiological maturity. The Urbina S2007
variety has white grain, due to the low pigment
content, both in the endosperm and in the
pericarp of the grain; this is a desirable
characteristic in flour wheat.

Refined wheat flour allows the
preparation of fresh doughs and baked goods
with a soft texture that keeps the processed
product longer. When a grain is refined, most of
the bran and part of the germ are removed, which
results in losses of fiber, vitamin B, vitamin E,
minerals, unsaturated fats (Slavin J. et al.; 2004).

According to the above, it is possible to
use mixtures of oat and wheat flour formulations
that are functional to obtain good quality doughs
and cookies.

The objective of this project is to
evaluate the biscuit suitability of oat flour and
wheat flour formulations based on their
physicochemical, rheological and sensory
quality.

Methodology to be developed
Place of experimentation

The work was carried out in the wheat quality
laboratory at the Experimental Field of the Valle
de Pecuarias (CEVAMEX-INIFAP).

Pecuarias (CEVAMEX-INIFAP),
located at Km 13.5, Los Reyes- Texcoco
highway, Coatlinchan, Texcoco, State of
Mexico.

Experimental material

Turquoise oats were grown under seasonal
conditions in the town of Coatepec, State of
Mexico, during the spring-summer 2014
growing season.

Urbina S2007 wheat variety grown under
irrigated conditions at the Bajio experimental
field in Roque, Guanajuato, in the Fall-Winter
2014 cycle.
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Methods and equipment

Grain samples of both wheat and oats were
cleaned of impurities such as stones, husks or
foreign material.

To condition the wheat, the hectoliter
weight was determined by the method (AACC
Method 55-10), hardness by the pearling method
(AACC Method 55-20), moisture by the FOSS
NIR System method (AACC Method 39-10),
and moisture by the FOSS NIR System method
(AACC Method 55-20).

Once the wheat was conditioned, it was
milled using a Brabender Model 880-200 mill
(AACC Method 26-20). The oats were hulled
and heat treated in an oven at 100 °C for 12 hr to
inactivate the oxidative enzymes 12 hr to
inactivate the oxidative enzymes; and then
milled in a hammer mill with a 60-100.

With wheat flour and oat flour, the
mixtures to be evaluated as treatments were
prepared as follows:

Tipo de Mezcla
Felacién 1 2 3 4 5
Harina
Avena (%) 100 75 30 25 0
Trigo (%) 0 25 50 75 100

Table 3 Formulated flour blends

The flour mixtures were subjected to the
Zeleny sedimentation test (AACC Method 56-
61). Subsequently, the rheology of the dough
was evaluated by means of Chopin's alveograph
using Alveolink NG software (AACC Method
54-30) and Mixograph (AACC Method 54-40).

The cookies were then processed by the
(AACC Method 10-50D) determining the
biscuit factor.

Finally, the sensory evaluation of the
cookies was carried out with 50 untrained
panelists applying a preference test for three
sensory attributes taste, texture and appearance.

Statistical analysis

The analysis was performed using the SAS
statistical software version 9.1, applying a
completely randomized experimental design and
a Tukey test<0.05 to indicate significant
differences between formulations (SAS, 2002).
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Results
Variable behavior

Table 1 and Table 2 show the mean squares for
each of the variables analyzed. Significant
differences were observed between
combinations for each of the variables measured,
which indicates that the mixtures of different
proportions of oats to wheat flour modify the
sedimentation volume, the characteristics of
kneading such as time, stability and tolerance, as
well as significantly modify the variables
measured in the alveograph, such as strength,
tenacity, extensibility and the
tenacity/extensibility ratio.

This consequently affected its biscuit
quality. This is in agreement with that published
by (Czubaszek and Karolini- Skaradzifiska,
2005).

Cuadre | Cudrade mede del milkk de arinn d aribe & ficogumice v
mribo: demis del= mecclis deharng desvmi viries

L a HH V5 TA EA ALM T5A
oM. i L= g1~ o= Lage= 2dr 127
Meda L] a1 H

o 1 £

=T i 1] ]

= ez prefeaws [z =0E] OV'= codfrsenre de vadarioer FV'= fzene deverwres OOM =

Ebacios d¢ besnay O =pados S Bnd EH = bodad Sl beng S = wolems
sadentncon: TA =tiemo de ame sl EA=sstsbifidad alsm ado

Cuadre 2. Cusdrades medics del snalich de varise s & varishles alwoerafies &

mma Y ra L 7 2%
1) a P L w PL FC
COM. : HiTo 2840 21 373 f4e=
Maks 8 L3 red 18 &3
cv a1 82 B P
E=ge | 1 & g WL 02
Totd B
* s=pigmsiaee (3= 0EL OV= odicae & veisccn FV'= Satede variacen COM =

mmacce de herpay, (1= pados dethanad, Perenanded dela e | = amaneiniad d2ls
e We fasidels o FL =t dadumens ER4 F O =Fac o plaen

Cundre 1. Casdrades medios del smiliiz de wrinezs de mrable dwerrificn de
muzy v egdlowrs: domesclr: de haring: do greas ¥ ciivs

v A P L W FL 1,4
coM 4 MATO  21M400vF 124 1% 17 3% 0.qee
Alahs a1 1 fa2d }

o Lr = i jEa il
Forpe k] B4 rar 1 -1 ol ol
Tod 1

* *=gpahane P=001 L CV=conlicenis S maxa FV'= Sate devaniants COM. =
merbeae dobaran Gl = prades deBbant sl P sensidsd dolsmmy: Lo e anadviled doln
max W= & amas FL= mlods sondel som bisdad. T & =F aior glann

Moisture and Sedimentation
Volume evaluation

Table 3 shows the means of the variables
measured for the combinations analyzed.
Moisture and sedimentation volume decreased
as the percentage of oat flour in the mixture
increased, which is in agreement with (Luczycka
et. al.; 2013).
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Cuadro 3. Resultados & hupsedad v 3¢ dime ntacion de | for emalac jone s de
harina d avena ¥ rige.

. = Vs
Tratamiento Compraicion
00 )
Formulacida 1 1007 A 99 103
Formulacida 2 B%A-BRT 1034 1504
Formulacwe 3 SFA0%T 05e Bie
Formulicwn 4 A TH%T 1130 303s
Formuslacndn 5 10F:T 115 alSa

A= herms de pvena; T = harsu de trize; HE shomedad de hharma ; VB =

wakwan ds ssdementasidn [s Bl mdvan Afsrsncis smede sbnn o TS

Mixographic Evaluation

Table 4 shows the mixographic results of the oat
and wheat flour formulations evaluated.

Candred Feulnde d& wriskie mooerrtion e formelas o dvbomms & mmsr mim.

TAmamE Cmmpmen '.[.-'I. “ S B
i} L] L} o

Formmiterares | fad 5= e 3 L1

Feassixne TSN irs 4T £EY e

TFommin 3 Iad-TRaT ida 45k Hib 435

Frparge 4 IFaA-TRGT 10w We ##Ey Tia

Formnlvraren * AT 2 e s fidn

Ankaesds seex Tukses & wgs TA niawps & et Elnesibisl f semale, TIA B
e A obemmmach: AL =iimadsl g [t ed o doisenos weedies i Pl 3

Table 4

According to the above information, it
was observed that the time and stability to
overkneading decreases as the oat flour
concentration decreases in the formulation. The
mixogram height was higher in formulation 5.
The lowest tolerance to overkneading was
presented in formulation 4 and 5 successively,
which is in agreement with what was reported by
Sobczyk (2008).

Evaluation of Alveagrafica
Table 5 shows the results of the alveographic

characteristics evaluated in the flour
formulations.

Gsadred. Feslads dewridie moorrtian drformelag mes debanm & mmor mm.

Tm - : = T4 n AL =A
join) F_1 1 T -

Tommsrpa | A 1is T4 300 10k

Foebcoel TR irs 47y Lt o

Torwleen ! Xah-SmaT ida 455 Hib 4%

Foapiarpe 4 IAET 1itm W iy 73a

Fommslripa 0T et ] e JAda ida

Anksesds pes Tobkses & wgc TA nwmpe & muats Pl asbidsl d smate: TIA w
ks & wbmmrmad, ALM =sinadd mogpame 2t T ndan dhas weedraes a3

Table 5

Regarding the alveographic
characteristics, it was not possible to determine
them in formulation 1 and formulation 2, due to
the inappropriate behavior of the alveograph,
since this equipment has been designed for the
analysis of refined wheat flours.
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However, it was carried out for
formulation 3, formulation 4 and formulation 5.
The results indicate significant difference of
formulation 3, which indicates higher tenacity,
extensibility, lower bulk strength and higher
tenacity/extensibility ratio, agrees with that
reported by Bloksma and Bushuk (1988).

This indicates that strength and
extensibility decreased as the percentage of oats
in the mix increased, while toughness and
toughness/extensibility ratio increased, which is
consistent with Sobczyk, (2008).

Evaluation of the Biscuit Factor

The biscuit factor increased as the proportion of
oats in the mixture increased, so that it presented
the highest value of this variable when the
cookie was made with formulation 3 and
corresponded to an excellent quality of the
cookie made with 100% oat flour.

Cuadro 6. Resultados de factor galletero de formulaciones de
harina de avena v trigo.

Tratamiento Compos ic ion FG
Fommbcion 1 10082 A 69a
Fommhcion 2 75 %aA-25%T 6.8a
Fommlacion 3 AT 635 ba
Fommbcion 4 L%A-THT 62b
Fommibcion 5 1008 T 61b
A = harna de avena; T = harina de tdgo; FG = Factor

galletern;[ab] mdican diferencia significativa a P<0.05.

Table 6

Figure 1 shows the cookie appearance of
the oat and wheat flour formulations. a)
Formulation 5, b) Formulation 4, ¢) Formulation
3, d) Formulation 2 and e) Formulation 1.

Figure 1 Cookies obtained from evalaudas formulations

Sensory Evaluation of Cookies

The sensory evaluation of the cookies is shown
in graph 1. In this graph it was observed that
formulation 4 and 3, respectively, were the most
preferred in the sensory attributes of flavor,
texture and appearance.
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Regarding the preference of the taste
attribute, the highest preference is for
formulation 4 and formualtion 2.

Perfil de Sabor de Galletas

Figure 2 Cookie flavor attribute preference

The cookie texture represented the
highest preference for formulations 4 and 2.

Perfil de Textura de Galleta

Figure 3 Cookie texture attribute preference

The cookie texture showed a greater
preference for formulations 4 and 3.

Perfilde Aparienciade Galletas

- e ot

Figure 4 Cookie appearance attribute preference

As an observation of the panelists, the
higher the concentration of oats in the
formulation, the more bitter the taste of the
cookie.
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Conclusions

The formulation of 4 (25% oat flour and 75%
wheat flour) showed the best physicochemical,
mixographic, alveographic, biscuit quality and
sensory characteristics.

With the previous formulation, the
technological functionality is fulfilled, so it will
be necessary to evaluate the nutritional
contribution.
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