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ABSTRACT: Different types of instant porridges have become a popular choice for breakfast, and it is
known that breakfast is an important meal for daily appetite control. On our market there is porridge of
uniform composition based on cereals, primarily oats. However, high-protein porridge is not available,
which is a significant deficiency in the assortment of these products. In addition, insufficient intake of
quality protein remains a dietary problem, particularly among children and the elderly, where diets consist
mainly of cereals. Plant proteins in combination with cereals could be used to produce high protein instant
porridge. In this study, proteins from legumes such as soybean and pea, specifically soy protein
concentrate, soy protein isolate, and pea protein isolate were applied. Protein preparations were added to
the main mixture composed of the buckwheat and corn extrudate and other additional ingredients. The
protein preparations were added at three different levels: soy protein concentrate at 0, 7.5 and 15% (w/w
main mixture basis) and soy protein isolate and pea protein isolate at 0, 15 and 30% (w/w main mixture
bases), with the objective of optimizing the composition of the high-protein instant porridge. The aim of
optimization was to maximize the protein content and overall acceptability. The optimal doses of protein
preparations were determined using the method of desirability function and it was found that the
optimized dose for the soy protein concentrate was 1.43 g/100 g, soy protein isolate 21.07 g/100 g and
pea protein isolate 14.83 g/100 g. The prediction value for protein content was 24.77 %/DM and overall
acceptability 4.09. The obtained experimental values were close to the prediction values: 24.32 %/DM for
protein content and 4.41 for overall acceptability. The protein content of the formulated porridge was
24.32 %/DM, which is more than twice as high as that in the oat porridge present on the market. Based
on standard nutritional values, the newly formulated high-protein instant porridge could be recommended
as appropriate breakfast meal for adults.
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INTRODUCTION

Lately, porridge has become a popular
choice for breakfast, and it is known that
breakfast is an important meal for daily ap-
petite control. On Serbian market there are
different kinds of porridges of uniform com-
position based on cereals, primarily oat.
However, high-protein porridge products are

not available to consumers in Serbia, which
represent a significant deficiency in the
assortment of these products. Proteins have
the capacity to affect food intake and
appetite in humans (Wadden et al., 1987,
Graaf et al.,, 1992; Anderson et al., 1994)
and are significant in formulating special
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diets based on proteins (Wadden et al.,
1987). In addition, insufficient intake of
quality proteins remains a significant dietary
problem, particularly among children and
the elderly, where diets consist mainly of
cereals. Results from previous studies
indicated that most cereals are limited in
essential amino acids such as threonine
and tryptophan even though rich in lysine
(Anglani, 1998; Mensa- Wilmot et al., 2001;
Nnam, 2001; Perez-Consesa et al., 2002;
Onwe-luzo and Nnamuchi, 2009), while
most legumes are rich in essential amino
acid, particularly the sulphur containing
amino acids (Radha et al., 2007; Kanu et
al., 2007). Thus a combination of such food
stuffs would improve the nutritional value of
the resulting blend making it better
compared to the individual components
alone (Mensa-Wilmot et al., 2001). Develop-
ment of new functional fine bakery products
would have to include some raw materials
based on plant proteins, such as soybean,
peas and other. Although plant proteins are
relatively cheap and more abundant than
animal proteins, direct consumption of
proteins from land plants in conventional
human food is still fairly limited. Currently,
most plant proteins are used as animal
feed. The advantage of using plant proteins
is that their sources can deliver equivalent
quality of protein at lower costs and
contribute to reducing greenhouse gas
emissions and limiting destruction of forest
land (Linnemann and Dijkstra, 2002;
Dijkstra et al, 2003). In the context of human
protein nutrition, the most important plant
groups are cereals and legumes. Soy
protein has a relatively high content of the
essential amino acid lysine and is deficient
in methionine, while cereal proteins have
low lysine content, but are relatively rich in
cysteine. The mixture of these two protein
sources is preferable to either one alone
(Asgar, et al, 2010). The increasing
popularity of using pea proteins is largely
due to its low fat content and water-binding
capabilities, emulsification properties and
gelation, texture and nutritional values
(Sandberg, 2011). One of the most im-
portant properties of pea proteins is their

high content of lysine, an essential amino
acid, and their deficiency in sulphur con-
taining amino acids which makes them
great compliments to other well-known ce-
real proteins (e.g., wheat, buckwheat) which
are deficient in lysine, but have good con-
tent of sulphur amino acids (Eggum and
Beame, 1983). Combining cereal and pea
proteins helps to overcome the deficiencies
in balance of amino acids what can
markedly improve protein quality (Living-
stone et al.,, 1993). In addition, the right
combination of pulses and cereals proteins
can ensure the supply of sufficient amounts
of essential amino acids for human health
requirements. If such high-protein porridge
additionally provides energy value that sa-
tisfies requirements for one meal and is
easy to prepare, then the demands of
modern consumers are fulfilled. Response
surface methodology (RSM) is a statistical
technique that has been successfully ap-
plied in the development and optimization of
cereal products (Toufeili et al., 1994; Galla-
gher et al., 2003; Simurina et al., 2012). The
relative contribution of predictor variables to
product characteristics is evaluated that
allows optimum ingredient levels to be de-
termined (Crowley et al., 2001).

Thus, the objective of this work was to de-
fine the optimal formulation of a high-protein
instant porridge containing soy protein con-
centrate, soy protein isolate and pea protein
isolate.

MATERIALS AND METHODS

Raw materials

Ingredients used for porridge formulations
were: grinded extrudate made from
buckwheat and corn grits (45 g in 100 g of
the main mixture) (produced at the Institute
of Food Technology, Novi Sad, Serbia), oat
bran (15 g in 100 g of the main mixture),
sour cherry pomace (15 g in 100 g of main
mixture), flax seed (10 g in 100 g of main
mixture) and fructose (15 g in 100 g of main
mixture). The aforementioned ingredients
constituted the main mixture in which
protein preparations were included. All raw
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Table 1.

Proximate composition of the protein preparations tested

Percentage (on dry matter basis)

Proteins preparations

Moisture Protein Fat Carbohydrates*
Soy protein concentrate 6.0 70.0 0.5 23.5
Soy protein isolate 5.2 92.0 2.0 1.0
Pea protein isolate 6.0 90.0 2.5 15
*Calculated by difference
Table 2.

Real and coded values of added amounts of protein preparations

Independent variables

Coded values

-1 0 +1
Soy protein concentrate, g/100 g* 0.0 7.5 15.0
(%]
[}
TE Soy protein isolate, g/100 g 00 150 30.0
‘;:05 Pea protein isolate, g/100 g* 0.0 15.0 30.0

*
Main mixture (composed of buckwheat and corn extrudate, oat bran, cherry pomace, flax seed and fructose)

materials were obtained from local super-
markets. The following protein preparations
were used: soy protein concentrate
(Tradkon SPC HC-200, by Sojaprotein,
Serbia); soy protein isolate (Olimp labo-
ratories, Debica EU) and pea protein iso-
lates (Nutralys F85M by Roquette, France).
Characteristics of additional protein prepa-
rations according to the manufacturer's
specifications are shown in Table 1.

Soy concentrate (SC), soy isolate (SI) and
pea isolate (Pl) were added in amounts as
shown in Table 2. The concentrations selec-
ted were established on the basis of preli-
minary experiments. Soy concentrate was
added at lower levels because it has an un-
pleasant odor due to the increased content
of carbohydrates and fats.

Chemical composition

Analysis of chemical composition of the por-
ridges was performed according to standard
A.O.A.C procedures (A.O.A.C., 2000) to
determine moisture (method 926.5), crude
protein (method 950.36), fat (method
935.38) and reducing sugar as invert before
hydrolysis (method 975.14). Starch content
was determined according to the ICC me-
thod (1994).

Water absorption capacity

Water absorption capacity of porridge was
determined by the method of Cegla et al.
(1977) with little modifications. Modifications
were the following: 100 g of each formu-
lation were weighed in a 200 ml beaker. A
known volume (50 ml) of water was pipetted
into the beaker, carefully stirred and allowed
to equilibrate for one hour at room tempe-
rature (23-25 °C). After complete water ab-
sorption, the sample was further treated
with 0.1 ml water portion at 10 min interval
before visual observation. The volume that
gave a complete absorption of water (no
visible free water) was recorded. Water
absorption capacity (WAC) was calculated
as the ratio of maximum amount of water in
grams absorbed by 100 g dry material.

Porridge firmness

The firmness of porridges was determined
using a TA. XTplus Texture Analyzer (Stable
Micro Systems Ltd., Surrey, UK). The por-
ridges were prepared with boiling water
(95£1°C) at a ratio of 1:2 (w/w) by mixing for
5 minute. 50 g of porridge was weighed in a
150 ml beaker. Firmness was measured
after the porridge achieved room tempe-
rature (23+1°C). An aluminum cylinder pro-
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be (SMS P/20) of 20 mm diameter was
used. The penetration of probe into the pro-
duct was 8.0 mm and the test speed was
2.0 mm/s with the same post-test speed.
The area under the peak on the recording
chart was interpreted as the work (g+*sec)
required for shearing the porridge and was
used as a measure of firmness.

Overall acceptability evaluation

Six adults participated in the sensory test.
All samples of porridges, prepared the same
as for firmness test, (+ 50 g) were served at
40-50 °C in plastic cups. Plastic spoons
were used to evaluate the porridges.
Samples were blind-coded with thee-digit
random numbers. Order of serving was
randomized per session; consumers within
a session evaluated all simples of porridge.
Consumers expressed their liking of overall
acceptability using a 5-point hedonic scale:
1=dislike to 5=like very much. Water was
provided at room temperature to clean the
mouth between samples.

Experimental design and statistical me-
thods

Box and Benhken design were used to
investigate the effect of soy protein con-
centrate, soy protein isolate and pea protein
isolate on the chemical composition, phy-
sical and sensory properties of the porridge
(Table 3) (Box and Benhken, 1960). For
some responses (protein content (PC), wa-
ter absorption capacity (WAC) and porridge
firmness (PF) a quadratic model was used
(equation 1).

Y= b02+ byX1 +b,X5 +D3Xs +011X1” +0Xo” +
D3sX3™ + 12X X5 + B13X X3 +B23XoXs5 1)

Only for overall acceptability (OA) a linear
model was applied (equation 2):

Y= bo+ b1Xl +b2X2 +b3X3 (2)

Where Y is the response function of the
experimental data, X;, X, and X; are the
independent variables, and the b para-
meters are the estimated coefficients. The
models were tested for adequacy using the
ANOVA through the coefficient of determi-

nation (R? and F-values. The significance
of regression coefficients was assessed by
p-values at the three significance levels (p<
0.01; p< 0.05; p< 0.1). Plotting responses as
a function of two factors drew response
surface plots, but the third factor was set to
its medium value.

Numerical optimization was based on the
desirability function (Derringer and Suich,
1980). The desirability function approach
was used to assess the amount of protein
preparations needed to achieve to maxi-
mum protein content and the best overall
acceptability of instant high- protein por-
ridge. Box and Benhken design and de-
sirability function were performed with
Design-Expert 8.1 (Stat-Ease Corporation,
Minneapolis, MN, USA).

RESULTS AND DISCUSSION

Results of the experimental design relating
to crude protein content (PC), water ab-
sorption capacity (WAC), porridge firmness
(PF) and overall acceptability (OA) of the
instant high-protein porridge with different
concentration of soy protein concentrate
(SC), soy protein isolate (SI) and pea pro-
tein isolate (PI) are shown in Table 3.

Regression coefficients (b) for the indepen-
dent factors (the applied quantity of soy
protein concentrate, soy protein isolate and
pea protein isolate) and their interactions
are shown in Table 4. The significant terms
were used to propose models for each tes-
ted response. The values of F,qqe as well as
the high values of the determination
coefficient (R? > 0.85; Table 4) showed that
all the models were adequate. Values of
“Prob > F” less than 0.05 indicate significant
model terms.

To establish predictive models for the pro-
perties of instant high protein porridge in
function of varying concentrations of soy
protein concentrate, soy protein isolate and
pea protein isolate, the experimental data
were fitted to polynomial models (described
by equations 3-6). Polynomial models in-
cluded only significant terms (at 90%, 95%
and 99% confidence levels).
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PC = 22.45+1.52*SC+3.49*S|+2.33*P|+2.33*S|°+2.61*P|*+0.28*SC*S|+1.47*SI*P| 3)

WAC= 168.50+8.59*SC+17.36SI+15.80*P|+16.6 7*SC*+7.97*SI°+7.75*P|°+2.35*SC*S|+6.37*S|*P| 4)

PF= 621.30+34.18*SC+35.02*S|+31.80*PI-25.49*S|°~26.05*PI°~17.26*SC*SI-16.94*SC*P| (5)

OA= 3.84-0.45*SC-0.30*SI-0.50*P!I (6)

Table 3.

Results of the experimental points by Box and Benhken design

SC Sl PI * WAC PF
RN (g1100g) (g/100g) (gir00g)  PCCOPMY T (gi100g)  (gesec) oA

1 15.0 15.0 0.0 17.72 186.3 630.75 3.8
2 15.0 0.0 15.0 17.93 186.5 632.14 3.9
3 0.0 15.0 30.0 20.43 204.5 614.76 3.4
4 15.0 15.0 30.0 24.53 216.9 648.98 2.7
5 7.5 15.0 15.0 2241 168.5 620.95 4.3
6 7.5 30.0 30.0 26.59 208.9 640.76 3.0
7 0.0 30.0 15.0 21.23 204.5 615.14 3.7
8 7.5 15.0 15.0 22,51 168.5 621.85 4.4
9 7.5 30.0 0.0 18.23 194.0 587.22 4.0
10 0.0 15.0 0.0 14.40 164.0 528.78 5.0
11 15.0 30.0 15.0 23.54 216.8 649.24 2.9
12 0.0 0.0 15.0 14.50 164.8 529.00 4.8
13 7.5 15.0 15.0 22.42 168.5 621.12 4.4
14 7.5 0.0 0.0 13.37 146.8 477.20 3.8
15 7.5 0.0 30.0 13.83 187.2 573.85 3.5

*DM — dry matter

Table 4.

Regression coefficients and adequacy of models

- PC WAC PF

Coefficients (9/100 g) (9/100 g) (g*sec) OA

Intercept (bo) 22.45 168.50 621.30 3.84

Soy protein concentrate (SC) (by) 1.52%** 8.59*** 34.18*** -0.45**

Soy protein isolate (S) (b,) 3.49*** 17.36%** 35.02*** -0.30*

Pea protein isolate (PI) (bs) 2.33%** 15.80*** 31.80*** -0.50%***

SC? (byy) 0.81 16.67*** 10.57

SI% (b,,) 2.33%* 7.97%* -25.49**

PI” (bss) 2.61%** 7.75%** -26.05**

SC x Sl (by) 0.28*** 2.35%** -17.26*

SC x Pl (by) 0.05 2.47 -16.94*

S| x Pl (bgs) 1.47* 6.37*** -10.78

R’ 0.98 0.99 0.97 0.68

F model 25.78 115.56 20.82 7.89

F listed 4.73 4.73 4.73 4.73

Prob > F 0.0011 <0.0001 0.0019 0.0044

£33

Statistically significant values: . (p<0.01);  (p<0.05); (p<0.1)

All types of applied protein preparations sig- preparations significantly increased the pro-
nificantly affected the studied quality para- tein content, the largest impact had the soy
meters of instant porridge. Appendix protein protein isolate, whereas the soy protein con-
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centrate had the least impact. With quadra-
tic increase in the quantity of protein prepa-
rations, protein content of the porridge was
significantly increased, but to a lesser ex-
tent, i.e. increase was not linear. With in-
creasing amounts of soy concentrate, the
water absorption capacity increased, while
with the soybean isolates, the tendency was
reversed.

Soy protein concentrate was prepared by
extrusion and it is known that extruded soy
protein tends to increase water absorption
in the mixtures (Zhu et al.,, 2010). In ad-
dition, soy protein concentrate contains sig-
nificant amounts of carbohydrates, which
also contribute to the increased absorption
of water (Perez-Consesa et al., 2002). Pro-
tein isolates were commercial preparations
fragmented to the level of powder granu-
lation that increase water absorption capa-
city, but not in linear dependence on the
added amount.

The applied protein preparations increase
the porridge firmness at uniform levels, but
the square increase in the amount of protein
isolates reduces the porridge firmness. This
is due to reduction in viscosity, which is cha-
racteristic for high-protein porridge (Pe-
lembe et al., 2002). All protein preparations
reduce the overall acceptability of porridge.
The effect of pea protein preparation was
the most significant in reducing the overall-
lacceptability as compared to the soy con-
centrate.

Considering such negative impact of protein

Table 5.

preparations on the overall acceptability of
instant high-protein porridge, it is necessary
to define their optimum concentration. In de-
termining the optimal concentrations, the
following quality parameters: protein content
and overall acceptability were observed.

The criteria used for optimization along with
the predicted and observed response va-
lues are presented in Table 5. The area o-
verall desirability graph is shown in Figure
1. The predictive optimal concentrations of
protein preparations were: soy protein con-
centrate 1.43 ¢/100 g main mixture, soy
protein isolate 21.07 g/100 g main mixture
and pea protein isolate 14.83 g/100 g main
mixture. At these concentrations of the pro-
tein preparations predicted maximum pro-
tein content and maximum acceptability
were 24.77 g/100g and 4.09, respectively.
Again, the experiment was performed with
the predicted optimal concentrations and
the obtained results were close to the pre-
dicted results (Table 5).

The experimental values indicated the ade-
quacy of the developed models. The nutri-
tional characteristics of newly formulated
high-protein porridge and comercially avai-
lable porridge based on oats are shown in
Table 6. The newly formulated high-protein
porridge is in accordance with Serbian
national regulations (Official Gazette of Re-
public of Serbia, 2013) and may be labeled
with the statement "high-protein” because
over 24% of the total energy value is pro-
vided by protein.

The stated goals and obtained results of the optimization process to maximize protein content and overall

acceptability of high-protein instant porridge

Factors Applleq L(.)w.er Upp_er Optlmum
concentrations limit limit solutions
Soy protein concentrate .
(9/100 g) in range 0 15 1.43
Soy protein isolate .
(9/100 g) in range 0 30 21.07
Pea protein isolate .
(9/100 g) in range 0 30 14.83
Prediction Experimental
Responses Goals
values values
Protein content (%/DM) maximize 13.37 26.59 24.77 24.32
Overall acceptability maximize 2.7 5.0 4.09 4.41
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Soy protein isolate, g/100g
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Pea protein isolate, g/100g

Figure 1. Desirability plot and prediction factor values

Table 6.

Nutritional composition of formulated high-protein porridge and commercial porridge

Nutritional composition

Newly formulated high-
protein porridge

Commercial porridge

Protein, %/DM
Fat, %/DM

Total carbohydrates, %/DM
Energy, kJ/100 g
Energy from protein, kJ

10.37
9.16
67.12
1665
176

Calculated as the sum of starch, sugar and cellulose
Energy value from 100 g of mixture
Energy value from protein in 100 g of mixture

CONCLUSION

In this study, the influence of soy protein
concentrate, soy protein isolate and pea
protein isolate on the physical and chemical
properties and overall acceptability of high-
protein instant porridge was investigated. All
three protein preparations showed a signi-
ficant positive effect on the protein content,
water absorption capacity and firmness of
porridge, while the effect was negative on
the overall acceptability. Given that the ove-
rall acceptability is important for consumers,
desirability function was applied to optimize
the amount of protein preparations in order

to achieve maximum overall acceptability
and maximum protein content. It was found
that the optimal quantity for the soy protein
concentrate was 1.43 g/100 g, for the soy
protein isolate 21.07 g/100 g and for the pea
protein isolate 14.83 g/100 g. Incorporated
into the formulation, the optimized levels of
protein preparations provided the high-pro-
tein instant porridge with the protein content
of 24.32 %/DM and very good overall ac-
ceptability.
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ONTUMU3ALUUJA KOJTUMUHE NPOTEMHCKUX KOMMOHEHTN Y
BUCOKONPOTEUHCKOJ MHCTAHT KALLUU

Onueepa [. lUnumypuHa, bojana M. Wapwh, Maene T. JoBaHoB, AHamapuja . MaHauh,
MapujaHa b. Cakay, Tamapa P. Janyesuh XagHahes, Munuua M. NMojuh

YHuBep3uTeT y HoBom Caay, Hay4Hn nHCTUTYT 3a npexpambeHe TexHonoruje y Hoeom Cagy,
21000 Hoeu Cag, byneeap uapa Jlasapa 6p. 1, Cpbuja

CaxeTak: Pasnmunte BpCTE MHCTaHT Kalla ce cmaTpajy Aobpmum n3bopom 3a gopydak, a no3HaTo
je Oa je jytapwum OoOpoK BeOMa BaxaH Y KOHTPONM aneTuTa. Ha Hawem TpXULTY, NPUCYTHe Cy Kalle
CnM4YHOr cactaBa Ha 6asu xuTapuua, u TO yrmaBHoM osca. MeRhyTum, BUCOKOMPOTEMHCKE Kalle HUcy
npucyTHe Ha gomaheM TpXWLWTY, LITO je 3HavajaH HegocTaTak y acopTumaHy oBux npowussoga. Ocum
TOra, He1I0BOSbaH YHOC KBanMTETHUX NPOTEUHa je npobrnem Koju npeosnahyje y ncxpaHu, nocebHo geue
n ctapmjux ocoba, ymja ce ncxpaHa basuvpa yrnaBHOM Ha xuTapuuama. [poTenHn GurbHoOr nopekna y
KOMOMHauWju ca xutapuuama ce Mory KOpUCTUTU 3a NMPOn3BOAHY BUCOKOMPOTEMHCKUX MHCTAHT Kawa. Y
OBOM pafy NPUMeEHEHWN Cy MPOTEMHM MEerymMnHo3a: coje W rpaluka, KOHKPETHO KOHLUEeHTpaT v msonat
COjMHMX MpOTenHa M m3onaT npoTenHa rpaika. [poTemMHCcKkM npenapaTy Cy A4OoAaTh Ha OCHOBHY CMecy
cacTaBfbeHy Of eKCTpyaaTa XerbAe W KyKypysa u Apyrux AodaTHuUX cvpoBuHa. MNpoTenHcku npenapaty
Cy JodaTtu y Tpu pasnuuuMTa HMBOA: COjUH MpoTeuHckn koHueHTpat: 0 g, 7,5 g n 15 Ha 100 g ocHOBHe
cmece, cojuH npoTteuHckn usonat: 0 g, 15 g n 30 g Ha 100 g ocHOBHe cMece 1 usonaTt nNpoTerHa rpatuka:
0 g, 15 g 1 30 g Ha 100 g ocHOBHe cMmece ca uMrbeM onTUMU3auuje BUCOKONPOTEUHCKE MHCTaHT Kalle.
Lnrs ontummsauumje je 6mo noctmsawe MakCUManHoOr cagpxaja npoTeMHa W MakCuMmarHe YyKyrnHe
NpMXBaTILUBOCTU Kalle of CTpaHe KoH3yMeHaTa. OnTumanHa KonuvumHa NpOTEeMHCKMX npenaparta je
ogpeheHa npvMeHoOM dyHKUMje MOXESbHOCTU W YCTaHOBILEHO je da Cy onTumarnHe [o3e 3a COjuH
npoTenHckn KoHueHTpaT 1,43 g Ha 100 g cmece, cojuH npotemHckm usdonat 21,07 g Ha 100 g cmece u
u3onart npotenHa rpawka 14,83 g Ha 100 g cmece. lNpeaukumnoHa BpegHOCT 3a cafpxaj npoTterHa buna
je 24,77 % y cysoj matepuju (CM), a 3a ykynHy npuxsatrbmsocT 4,09. [JobuvjeHe ekcnepumeHTanHe
BpeOHOCTU cy NpubnumkHe NpeguKUMOHUM BpegHocTMMa u nsHoce 24,32 %/CM 3a cagpxkaj npoTtevHa u
4,41 3a ykynHy npuxsatibmBocT. Cagpxaj npotemHa chopmynmcaHe Kalle nsHocuo je 24,32 %/CM, wro je
ABOCTPYKO BULUE Y OOHOCY Ha cafpaj mpoTeuHa y KomepuujanHo AOCTYNHOj] OBCEHOj kawwn. Ha ocHoBy
CTaHAapAHUX HYTPUTUBHUX BPELHOCTW, HOBO (hopMynncaHa BUCOKOMPOTEMHCKA MHCTaHT Kalla MoXe ce
npenopyuntn kao ogroeapajyhu o6pok 3a gopy4ak ogpacnmx.

KrbyuHe peun: 6UCOKOMPOMEUHCKU, UHCMaHm Kalia, COjuH [POMEUHCKU KOHUeHmpam,
fPOMeUHCKU u3onam, apaluak, coja, onmumusauuja
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