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MANUFACTURING APPROACHES
TO MAKING MUFFINS OF HIGH
NUTRITIONAL VALUE
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The object of this study is the technology of baking muffins using beetroot fibers and wheat germ meal. Muffins
are popular flour-based confectionery products with pleasant physical appearance and a variety of flavors, which
are characterized by high energy and low food values. In addition, they are most often prepared using polycomposite
mixtures, which does not make it possible to obtain products with a physiologically significant content of biologically
active substances. It has been proposed while improving the technology of making muffins of high nutritional value
to use such products of wheat germ and beet pulp processing as the additives «Beet fibers»> and «Wheat germ meal»
to serve the sources of physiologically functional ingredients. Beetroot fibers contain in their composition pectin-
cellulose-hemicellulose complex of non-starch polysaccharides, polyphenolic compounds, and minerals (magnesium,
calcium, sodium, etc.). The chemical composition of wheat germ meal is represented by a cellulose-hemicellulose
complex, quite high content of vitamin E, polyphenolic compounds, and a significant amount of potassium, phos-
phorus, magnesium, calcium. The influence of wheat germ and beet pulp processing products has been investigated
when partially replacing wheat flour, 25.0-75.0 % and 10.0-20.0 %, respectively. The formulation composition of
muffins was optimized resulting in the substantiation of the amount of experimental additives (15.0 %, beet fibers;
50.0 %, wheat germ meal) and a decrease in the formulation content of sugar by 30.0 %. The organoleptic and
physicochemical indicators of muffins have been determined, as well as the amount of physiologically functional
ingredients in the products containing wheat germ and beet pulp processing products. The functional- technological
scheme of muffin production has been built involving the addition of beet fibers and wheat germ meal. The improved
muffin technology differs from conventional technologies by the application of natural raw materials, lack of food
additives of synthetic origin, and the introduction of beet fibers and wheat germ meal, which makes it possible to

make products with high nutritional value while maintaining the appropriate quality.
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1. Introduction

Muffins that have an appealing taste and consumer pro-
perties [1] are very popular today. Muffins are cupcake-like
baked products with a small mass [2]. They combine the
crumbliness and porosity of cakes and the puffy and light
structure of sponge cakes. They may include a variety of
fillings (marmalade, jam, fillers) and various additives (seeds,
nuts, dried berries and fruits, chocolate chips, etc.) [3, 4].

However, they have high energy and sugar indicators
and low nutritional value [5, 6]. Muffins are prepared by
the technology that involves a separate mixing of liquid
and dry ingredients [7]. In the first stage, dry components
are sieved and mixed; in the second stage, the liquid in-
gredients are mixed to bring them to uniformity. Next,
these mixtures are combined while the batter undergoes
a quick kneading as prolonged kneading leads to tightening
of the batter due to the swell of gluten proteins, resulting
in products with a compacted crumb structure. The dough
is dosed in paper or silicate molds at 2/3 of their height,
followed by baking at a temperature of 180-200 °C over
25-30 minutes [8].
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To improve the efficiency of technology, muffins can be
made from special poly component mixtures. They typically
contain wheat flour, white sugar, gluten-free flour, milk
powder, dry egg powder, modified starches, surface-active
substances (emulsifiers) maltodextrin, flavorings, baking
powders, etc. [9, 10]. Such mixtures for the manufacture
of muffins simplify the technology, they are easy to use,
thereby making it possible to significantly expand the range
of products. Their advantages also include the reduced
number of manufacturing operations and the amount of
time necessary for the manufacture of products. However, it
should be noted that muffins based on such multicomponent
mixtures have low quality and nutritional value indicators,
as well as do not contain substances useful to the body.

Making food products of high nutritional and biologi-
cal value involving the use of unconventional secondary
plant raw materials is a relevant area of industry develop-
ment [11, 12]. Such types of raw materials include the
products of processing wheat germ (wheat germ meal) and
beetroot pulp (beetroot fibers) [13]. These additives are pro-
posed to be used in muffin technology as a source of functio-
nal and physiological nutrients. Wheat germ meal (WGM)
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is a skimmed residue obtained after separating the appro-
priate oil. It contains a significant amount, up to 45 %, of
protein, dietary fibers (cellulose — 12.1 %, hemicellulose —
11.2 %, lignin — 3.0 %, pectin substances — 1.0 %), as well
as vitamin E, carotenoids, polyphenols, and minerals. Beet
fiber (BF) is obtained from beet pulp, a by-product of sugar
production. They are represented by a pectin-cellulose-
hemicellulose complex of non-starch polysaccharides (up
to 80 %), polyphenols, and minerals [14]. The use of these
additives in muffin technology in optimal dosage would
enrich the products with essential substances, which could
improve the nutritional status of the population.

Thus, the chosen object of research is the muffin techno-
logy involving the use of beet fibers and wheat germ meal.
And the purpose of the research is to establish the optimal
formulation composition of muffins with high nutritional
value and to improve their manufacturing technology.

2. Methods of research

We estimated the organoleptic quality indicators of muf-
fins (physical appearance, color, crumb status, taste, smell)
according to [15].

The specific volume of muffin samples was calculated
from the following formula:

Vfood = V/mv CmS/g, (1)

3. m is the mass of

where V is the sample volume, cm
a sample, g.

The moisture content of baked products was determined
by drying to a constant mass, from the following formula:

W=(a-b)/(a—c)-100, %, 2)
where a is the weight of a container with a batch prior
to drying, g; b is the weight of a container with the batch
after drying, g; ¢ is the mass of an empty container, g.

To determine the content of non-starch polysaccharides
in the products, we degreased the samples. To this end,
a batch of muffins was placed in a cartridge made of filter
paper and dried at a temperature of 70-80 °C. A dried
sample was placed in a flask with a capacity of 250 or
500 cm?® with a section; we poured 30—40 cm?® of ether and
heated it in a water bath at a temperature of 40-50 °C
with a reverse refrigerator (20-30)-60 s.

The content of free carbohydrates, water-soluble poly-
saccharides, and hemicellulose was determined by the
modified Draywood method; the content of cellulose — by
a nitrogen-alcohol method (Kiirschner method); pectin
substances — by a calcium-pectate method; lignin — the
method by Wilshtetter and Zechmeister. The content of
low molecular phenolic compounds was determined by
a colorimetric method according to DSTU 4373:2005. The
quantitative content of the sum of oxidized polyphenolic
compounds was determined by a permanganatometry method
according to the procedure DF XI (State Pharmacopeia
of the USSR, XI edition). Carotenoids were determined
by a colorimetric method according to DSTU 4305:2004.
We determined the composition of tocopherols in the exa-
mined additives using the method of liquid chromato-
graphy according to DSTU EN 12822:2005 at the Smart-
line chromatographer (Knauer, Germany). The mineral
composition of additives was determined by the method

of atom-emission spectrography involving a photographic
registration at the device DFS-8 (Russia).

The error value for all studies was 6=3-5 %; the experi-
ment repeatability was n=>5; the probability was P>0.95.

3. Research results and discussion

The organoleptic and physicochemical characteristics of
products, their nutritional and energy value are largely due
to the ratio of formulation components. In order to reduce
the energy value of confectionery flour-based products, the
formulation amount of sugar is often reduced. At the same
time, additional raw materials are introduced, which contain
the necessary physiological and functional ingredients for
the body [10]. In this regard, in our work, we explored the
possibility of reducing the amount of sugar in the formula-
tions of muffins, when using additives, by 10.0-30.0 %.

In the formulations of the experimental muffins, we opti-
mized the amount of sugar and experimental additives using
a mathematical method of the full factor experiment FFE22,

In the first stage, a quadratic mathematical model of the
muffin production process was built. It reflects the dependence
of the optimization criterion, the specific volume of finished
products (Y, cm?/g), on optimization factors. These were the
amount of an additive (xy, %) and the amount of sugar (xy, %).
The levels and intervals of variation of the experimental ad-
ditives were chosen on the basis of the previously obtained
research results and amounted to 10.0-20.0 % for beet fibers,
and 25.0-75.0 % for wheat germ meal.

The task of optimization was to determine the values
of the selected factors to maximize the criterion of opti-
mality. The levels of factors and intervals of their variance
are given in Table 1.

Tahle 1
Optimization factor levels
Optimization factor IZE' 3:; VE;:::IICE 11; ?l:vl LIIS\E:{
Muffins with added WGM
Additive amount (x;, %) 50 25 25 75
Sugar amount (xz, %) 80 10 70 90
Muffins with added BF
Additive amount (x;, %) 15 5 10 20
Sugar amount (xp, %) 80 10 70 90

The result of the implementation of the experiment
matrix and data treatment is the derived adequate regres-
sion equations:

— for muffin technology with WGM:

Yi(xl,x2)= 5.401+80.4-103x, -78.3-103x, —

-3.32-103x7 +0.42-103x2 +0.24- 103 x,205;

— for muffin technology with beetroot fibers:

Y2(x,2,)= 3.443+30.6-10x, — 30.5x, —
-21.28-107°x7 +17.0-107 x5 —0.1-10° x,x»;
The graphic interpretation of the mathematical models

for muffins with beetroot fibers is shown in Fig. 1, 2; for
those with wheat germ meal — Fig. 3, 4.
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Sugar amount, %

Additive amount, %

Fig. 1. Surface of the optimization criterion
response to a change in the variance factors of muffins with
beetroot fibers

Sugar amount, %

Additive amount, %

Fig. 2. [solines of beetroot fiber influence

The regression equations were used to find the opti-
mal values of factors x; and xs. According to our results,
muffins with beetroot fibers have the following intervals
of optimization parameters: a dosage of the experimental
additive (x1) is 11.0-18.0 % with flour replacement and
reduction of sugar (xy) by 27.5-30.0 % of the amount
in the basic formulation.

Sugar amount, %

Additive amount, %

Fig. 3. Surface of the optimization criterion
response to a change in the variance factors of muffins with
wheat germ meal

Sugar amount, %

30 40 50 60 70

Additive amount, %

Fig. 4. Isolines of wheat germ meal influence

The best indicator of the specific volume of muffins
with wheat germ meal is observed when the dosage of the
experimental additive (xy) is in the interval of 40.0-70.0 %
with the replacement of flour and a decrease in the amount
of sugar (x7) by 26.0-30.0 % of the amount in the basic
formulation.

Optimization data have made it possible to choose in
the formulations of muffins the amount of experimental
additives (15.0 % beet fibers; 50.0 % wheat germ meal)
and reduce the formulation amount of sugar by 30.0 %.

The organoleptic and physicochemical characteristics of
control and muffin samples made using the optimal doses
of additives and sugar are given in Table 2.

Tahle 2
Muffin guality indicators

Muffins with-
out additives
(control) BF

Muffins with added

Indicator
WGM

Products of the correct shape, without breaks,

Physical appearance cracks available

Color
— crust golden beige golden
— crumb light yellow creamy creamy

Loose, with BF | Well loose, with

Crumb state Well I?USE’ inclusions, more | WGM inclusions,
fragile - ;
fragile more fragile
Inherent Inherent in Inherent in
in a given |a given product, | a given product,
Smell and taste product, light pleasant | with light nutty
no foreign aftertaste and aftertaste and
inclusions aroma of BF aroma
Muisture content, % 28.0 29.2 29.5
Specific volume, cm®/g 2.50 2.45 2.70

Muffins are characterized by the presence of cracks at
their surface. Table 2 shows this typical attribute persists
when adding beetroot fibers and wheat germ meal. The
products with additives retain their shape well, have no
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breaks. The color of the developed products is somewhat
intensified — they acquire a cream color. The crumb of
the products is well loosened; the cut demonstrates the
inclusion of the corresponding additives while it becomes
more fragile.

The smell and taste of muffins with additives are pleasant.
If one adds meal, the products have a light nutty taste;
when using beetroot fibers — a light taste of this additive.

Compared to the control sample, the moisture content
of muffins with the addition of BF increases by 5.0 %;
of those with WGM - by 5.5 %. The specific volume of
muffins with BF decreases slightly; those with meal —
increases by 8.0 %. This may be due to the fact that the
meal has larger particle sizes, which contribute to obtain-
ing a looser structure of the muffin crumb.

We examined the content of nutrients and biologi-
cally active substances in the developed muffins with the
addition of beet fibers and wheat germ meals (Table 3).

Table 3 shows that muffins with BF, when compared
to the control sample, have a 21.0 % lower carbohydrate
content and 12.3 % less energy value. Products with WGM
have 2.0 times higher amounts of protein, 24.8 % less
carbohydrate content, and the energy value reduced by
9.1 % compared to muffins without additives.

In products with BF, the content of non-starch polysac-
charides increases by 10 times; the low molecular phenolic
compounds — by 1.9 times compared to control. The con-
tent of tannins in muffins with beet fibers is significantly
greater than that in products without additives. In turn,
products with wheat germ meal are also characterized by
a much higher content, compared to control, of non-starch
polysaccharides, by 11 times, and of low molecular phe-
nolic compounds, by 12.5 times. They also have a higher
content of carotenoids, by 1.4 times, and tocopherol, by
6.3 times, compared to control. Muffins with wheat germ
meal significantly surpass products without additives in
the content of tannins.

Fig. 5 shows an improved manufacturing scheme of
muffin production with the addition of beetroot fibers
and wheat germ meal.

The advantages of the proposed technology are the use
of natural raw materials and the absence of synthetic food

additives. The application of wheat germ and beetroot meal
processing products makes it possible to prepare muffins
of high nutritional value while maintaining good quality.

Tahle 3
Food and energy value per 100 g of muffins
Mutfins with- Muffins with
Indicator out additives | experimental additives

(control) BF WGEM
Proteins, g 5.4 4.8 10.7
Fat, g 13.3 13.0 13.2
Carbohydrates, g 53.0 418 39.8
Non-starch polysaccharides, g 0.4 3.9 46
including cellulose 0.040 1.42 2.3
hemicellulose - 1.2 2.1
pectin substances - 1.25 0.15
Lignin, g - 0.45 0.55
Tannins (tannin), mg 0.68 83.7 276.6
Lov s et s | g0 | 0w | 2s9
Carotenoids, mg 0.25 - 0.350
Tocopheral, mg - - 0.62
Iron, mg 0.46 3.42 1.33
Silicon, mg 1.52 13.50 traces
Phosphorus, mg 32.68 2.90 117.8
Aluminum, mg 399.0 1.71 traces
Manganese, mg traces 0.85 6.84
Magnesium, mg 6.08 5.7 41.8
Calcium, mg 6.84 13.65 218
Zinc, mg traces 0.59 4.15
Sodium, mg 1.14 10.2 1.37
Potassium, mg 4B.36 1.71 416.1
Energy value, kcal 362 318 329

I
| C |
| . | ream
Experimental ‘Wheat . | [ . J [ Kefir J ( Hen eggs J
: [ gdditive ‘ flour ’ |Wh1te sugar : I marg'arme ¥ £ :
| -
: v Y ] :| [ Remove packaging | | Preparation :
! Sifting < Sifting 4 Sifting ': Plastivcization- ' |
: d=(1.0...1.5°10~" m,| |d=(1.0...1.5)"10 " m, | ; =(2.5..3.0010°m|!| | t=18..20°C, Filtering :
magnet cleaning magnet cleaning |I ©=(35..45)°60 s |
I Vanilla L] h V y v |
! sugar Stirring to uniform separation: h - > |
| Bakip t=18..20°C, 1= (2..3)'60 s h | Mixing: t=18...20° C, 7 =(2..3)"60 s | |
powde /! C,!
L __ %Y,
|mm——————— - - - ———————— i e -
! Kneading: t = 18..20 °C, 7= 10..15 s | |
I v I
: | Molding | :
I v I
! | Baking: t = 175...180° C, T = (28...30)60 s | |
| |
] | Cooling: t = 20...25° C, T = (30...40):60 s |B:
it i
: | Packaging | |
| L]

Muffins with enhanced nutritional value

Storage: t=18...20 °C,

T =17 days, W=75.0%

Fig. 5. Manufacturing scheme of muffins with experimental additives
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4. Conclusions

In the course of the study, using mathematical model-
ing of the formulation composition of muffins, it has been
determined that the optimal amount of beet fibers is 15.0 %,
wheat germ meal is 50.0 %, while the amount of sugar is
reduced by 30.0 %. The addition of experimental additives
contributes to the improvement of organoleptic indica-
tors and the physicochemical characteristics of muffins.
In addition, the products demonstrate an increase in the
content of food fibers such as cellulose, hemicellulose, pectin
substances, as well as polyphenolic compounds, magnesium,
calcium, sodium, phosphorus, and potassium.

The improved muffin technology differs from conven-
tional technologies by the use of natural raw materials,
the lack of food additives of synthetic origin.
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