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Busnaueno noxasnuxu amiHOKUCTIOMHO-
20 CKOPy 6inxo60i cucmemu, wo npeocmasse
€00010 pozuunu piznoi Konuenmpauii 2ioponiza-
my Koaazeny y moaouniii cuposamui (2 %, 4 %,
6 %). Iloxazano, wo 6ci pozuunu maromo 30a-
JIGHCOBANHUIL 8MICI HE3AMIHHUX AMIHOKUCJIOM.
Oonax 0ns docaiodcens 6UOPano xap1oey cucme-
MY, W0 MA€ KoHUeHmpayilo 2iopoJizamy KoJaze-
ny 4 %, wo 3abe3neuumo 00008y nompedy opea-
HIZMY JH00UHU.

Hocaidxceno ninoymeopenns 6y2ne600H0-0i-
K080i cucmemu 6 3aJedscHocni 610 cnigeioHoueH-
HA nekmuny A0ayunH020 ma e2idponizamy xKoJa-
eeny 6 moaouniu cuposamui (0,5:1; 1:1; 1:0,5).
3ousanns nposoouau npu memnepamypi 10 °C
6 np0o0dosxc 60 cexyno. Ompumani dani euseuaU
onmumanvHe CnieGiOHOWIEHH OCHOBHOI GYyeJle-
600H0-0I1K0601 Cuposunu: Konuenmpauis 2iopo-
nizamy xonazeny 4 %, cnieeioHOWEHHA NEKMUH.: -
eioponizam xonazeny 1:0,5.

3a 00noM02010 MaMEMAMUUHO20 MOOCTIOBAH-
HA Po3pobeHa peuenmypa aepoeanozo Cmy3si Ha
0CHOGI MOJIOUHOI CUPOBAMKU, PPYKMOB0O20 COKY,
nexmuny A6aYy4H020 ma zioponizamy xonazeny 3
nioeuwWeHUM BMICIOM MAKPOHYMpPicHmMie. Anani3
CNONCUBHOT UIHHOCME PO3POOIAEH020 NPOOYKMY
noxasae, w0 6Micm OCHOBHUX MAKPOHYMPIEHMig
cxnae 22,64 ¢ na nopuiro (200 2) avo 11,32 2 na
100 2. Cnisgionowenns 0CHOBHUX MIHEPATILHUX
penosun Kanvuito, maznito ma gocopy oopis-
nroe 1:0,11:0,6. Ananiz aminokucaomnoezo CKOPy
noxasae, wio po3pooaeHuil npooyKm Mae 6UCOKUI
cmyninbs 3acé0106aHOCMi HE3AMIHHUX AMIHOKUC-
JIOM, w0 N06’I3aH0 3 GIOCYMHICMIO JIMIMYI010T
aminoxucaomu, CKOP sixoi merauuii nisc 100 %.

Busnauenns 6ionoeiunoi axmuenocmi noxa-
3a710, W0 0151 20M06020 CMY3i Gion0ZiuHA AKMUB-
Hicmb 6 cepeonvomy 6 8,1 pasie euwa Hisc y 1020
CKIIA006UX, WO CELOMUMD NPO CUHEPZI3ZM PEHOBUH
anmuoxcudanmnoi oii.

Ouinka ceHcopHux noKasHuKie po3poosenozo
CcMY3i noKaszana 6ucoKi AKICHI xapaxmepucmu-
KU HO8020 NPOOYKMY, WO € GANCUBUM OIS NPO-
Oykuii 3axnadie pecmopanmnozo 2ocnodapcmea.
3azanvHa ouiHKa 3a CEHCOPHUMU NOKASHUKAMU
cmanosumyo 33,8 6anu 3 35 modcaueux 6anie

Kmouosi cnosa: mamemamuune mooeniosan-
Hs peuenmyp npooyKmis, NOKAZHUKU AKOCHI,
aeposani nanoi, zioponizam xoJazeny, nNiLoymeo-
PeHns, xap4uoei ninu
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1. Introduction

ucts of high nutritional and biological value for functional,

Production of food plays a leading role in the provision
of people with balanced nutrition products. Such products
combine both plant and animal raw materials to create prod-

dietary, and prophylactic purposes.

As we know, proteins of animal origin play an important
role in the diet. There is a lack of proteins, which contain
essential amino acids in the diet of Ukrainians over the past



10 years according to the Research Institute of Nutrition
and other scientific and medical government institutions [1].

The use of whey for food production is reasonable due
to its multicomponent biologically complete composition.
Combining dairy raw materials with fruit and berry fillers,
which are sources of vitamins, macronutrients, and microele-
ments, with the used dietary fiber makes it possible to obtain
new low-fat dietary and prophylactic foods of different tex-
tures with attractive parameters for a consumer.

One should note that the development of technologies for
diary low-fat dietary and prophylactic foods with dietary fiber
is a promising trend in the industry of production of food for
restaurants. One should base technologies on knowledge about
rational and balanced nutrition, which, in turn, will improve
the quality of life of people of different population groups.

The range of dairy products with animal proteins and
dietary fiber is not large at present, despite the wide interest
in the problem.

It is necessary to study associative interactions in the
system of “protein-polysaccharide” biopolymers for the de-
velopment of milk-containing products with dietary fiber.

The development of innovative milk-containing aerated
products using dietary fiber and animal protein is a rele-
vant task.

2. Literature review and problem statement

The beverage market underwent significant changes
and innovations in recent years, as the new way of life has
a significant impact on health. Consumers expect bever-
age market operators to offer highly useful products with
high-nutrient content as they are accepted transportation
for nutraceuticals and biologically active substances.

Dairy based drinks, soy, fruit- or vegetable-based drinks,
cocktails, sports, recreational and energy drinks can be
sources of all nutrients needed for the modern body. Sol-
ubility, biological availability, pH, temperature, light and
heat stability of ingredients, color and aroma of a finished
beverage should be the main indicators of quality when we
include fortifiers to such beverages [2].

Whey often plays a role of a basis for ready-to-drink
protein drinks. The drinks have high quality, soft taste, easy
digestibility and unique functionality due to whey protein.
There are five common trends in the food and beverage in-
dustry: convenience, pleasure, ethnic composition, traditions
and, most importantly, health.

Whey proteins may have antioxidant activity. Re-
searchers studied beverages based on whey with high
antioxidant parameters due to the presence of vegetable
polyphenols, vitamins and astaxanthin. They used ABTS,
FRAP (the presence of iron, which reduces energy of anti-
oxidants) and ORAC (the capacity of absorption of oxygen
radicals) for the studies on the antioxidant activity of bev-
erages during storage. The combination of the whey with
additional antioxidant ingredients increased bioactivity
of products [3]. However, they did not study changes in
the antioxidant activity for some individual formulation
components and their effect on the overall antioxidant
activity rate. They did not study an impact of introduction
of plant raw material on rheological properties, which are
important sensory indicators both for beverage production
technology and for storage.

There are four main types of whey-based drinks:

—whey mixtures (treated or untreated, including perme-
ates with fruit or vegetable juices;

—“thick” milk-type beverages (fermented or non-fer-
mented);

— carbonated beverages, thirst quenchers and alcoholic
beverages (beer, wine or liqueurs) [4].

There were beverages developed based of on whey ob-
tained in the process of production of solid and fermented
milk cheese, as well as retentate obtained by concentrating
whey by the nanofiltration method. There were “Apple
pear” and “Strawberry-cherry” directly pressed juices (pu-
rees), which did not contain sugar, used in formulations
of drinks. The beverages obtained had an average energy
value of 20.9 kcal in whey-based drinks and 65.1 kcal in
retentate-based drinks [5]. The researchers took into ac-
count only taste indicators in the investigation of beverage
formulations. They did not take into consideration a change
in consistency due to pectic substances of pear, apple, cherry
and strawberry purees.

There were studies on the effect of a type and concentra-
tion of pectin substances on probiotic properties of beverages
for development of pectin-containing beverage formulations
and technologies [6]. Researchers used the dried Unipectin
OV 700 pectin and the pectin apple extract produced by
SunLand (Hungary) as pectin supplements. They inves-
tigated dynamics of biomass accumulation by lactic acid
cultures. They developed formulations for beverages with
balanced micronutrient composition using mathematical
modeling. However, authors of the study did not show the
effect of pectin-containing additives on rheological param-
eters of a finished beverage and their change during storage.

There was a study conducted on the effect of addition
of xylooligosaccharide (XOS, 1.25g/100 ml) on pH, phys-
ical-and-chemical composition, functional properties, vol-
atile profile, rheological properties and sensory perception
of a flavored strawberry drink based on the whey [7]. Addi-
tion of polysaccharide led to obtaining of drinks with high
antioxidant activity, high viscosity and improved volatile
profile. However, the issue of determination of the dynamics
of syneresis of finished beverages during storage remained
unresolved.

Authors of paper [8] used Lactobacillus acidophilus LA-5
or Bifidobacterium animalis ssp. Lactis BB-12 probiotic cul-
tures for production of beverages. The beverage formulation
included pasteurized acid whey with milk, unsweetened
condensed milk or non-fat milk powder. They stored the
products under refrigeration (5%1 °C) for 21 days. The ob-
tained data showed that whey beverages are a good environ-
ment for probiotic bacteria; a number of bacteria exceeded
108 CFU/ml during the storage period. The number exceed-
ed the minimum therapeutic dose significantly. However,
they did not investigate changes in the amino acid profile of
beverages during fermentation.

Authors of work [9] studied an effect of the addition of
high-methoxylated pectin and carboxymethyl cellulose with
different combined ratios on stability of acidified non-fat
milk and whole milk beverages [9]. The results of experi-
ments showed that the stability of beverages improved when
a number of polymeric polysaccharides increased in the ratio
of polysaccharides, emphasizing the importance of molecular
properties of polysaccharides. However, the authors did not
pay enough attention to the combination of polysaccharides



and influence on organoleptic and rheological properties of
the finished products, when they selected the ratio of poly-
saccharides.

There was high-methoxylated pectin used to stabilize
dairy drinks to prevent milk protein flocculation. Parti-
cle diameter, viscosity, sedimentation and viscosity-elastic
properties were parameters for estimation of the amount of
pectin needed to stabilize a beverage. The study showed that
a certain amount of pectin was strongly irreversibly bounded
with casein aggregates, which made it possible to state that
there was formation of a multilayer pectin layer on casein ag-
gregates [10]. However, the issue of determination of stabil-
ity of obtained drinks during storage remained unresolved.

Authors of paper [11] studied the effect of orange fibers
rich with pectin on rheological, sensory, and tribological prop-
erties of yogurt gels. More specifically, the study evaluated
an effect of fiber particle size (coarse and fine) and fiber con-
centration (0.1 and 1.0 %). Addition of fiber caused changes
in sensory perception. Tribological data showed that friction
increased mainly due to the reduced ability of coarse-fiber
yogurt to immobilize water at high deformation and that the
protein (casein) network dominated among lubrication prop-
erties in an ordinary yogurt. The authors carried out addition
of orange fibers based on tribological data only, but they did
not take into account recommendations of nutritionists re-
garding an amount of dietary fiber in the daily diet.

Authors of work [12] used whey obtained during produc-
tion of Cheddar cheese and paneer to produce a lemon-based
whey drink [12]. They hydrolyzed lactose, which was in
the whey, by the Maxilact L-2000 enzyme of lactase. They
obtained the most acceptable beverage using a lemon base,
which contained 8, 4, 0.1 and 0.05 % of sugar, lemon juice,
lemon aroma and carboxymethylcellulose, respectively. They
paid considerable attention to rheological parameters during
production of a drink, but the study did not show how senso-
ry and rheological parameters of drinks changed at different
ratios of whey and lemon base.

Thus, the issue of creation of finished products with a
balanced nutrient composition remains unresolved, despite
current research in the field of beverage technology. In terms
of technology, there are problems in improvements of the aer-
ation process of milk-vegetable mixtures to obtain beverages
with a whipped structure and beverages enriched with active
oxygen. Vegetable raw materials are rich in structure-form-
ing polysaccharides, so they are widely used for production
of beverages. But their effect on rheological parameters of
beverages under various technological modes of production
and storage remains unresolved. It is necessary to meet
needs of modern man and meet requirements of nutrition in
terms of nutritional composition in production of competi-
tive beverages in production of competitive drinks.

Therefore, it is important to develop an integrated approach
to the development of aerated beverages, taking into account an
effect of hydrocolloids on rheological parameters during pro-
duction and storage. In addition, a comprehensive approach to
beverage production should include modeling of formulations
according to requirements of dietarians and nutritionists.

3. The aim and objectives of the study

The objective of this study is to develop a composition of
an aerated smoothie with high solids content.

We set the following tasks to achieve the objective:

— substantiation of selection of raw materials for produc-
tion of aerated smoothies;

— mathematical optimization of compositions of aerated
smoothies;

—investigation of nutritional and energy values and anti-
oxidant activity of a new product;

—study of sensory indicators of a finished product under
production conditions.

4. Materials and methods for the development of
the smoothie composition

We performed our studies in the following laboratories:

— Healthy Nutrition Consulting Laboratory (Odessa,
Ukraine);

— Research laboratory of microbiological studies named
after O. A. Kirilenko (Odessa, Ukraine).

The following equipment was used for the studies:

—a blender (PHILIPS HR-1633/80, China), a refrige-
rating chamber (SHK-0,4 MS, Republic of Mariy El, Russia),
a wash bath and electric scales (Rotex RSK 10-P, China) for
the preparation of smoothies;

—a KFK-2MP photo-calorimeter (“ZOMZ” opto-me-
chanical plant production association, USSR) for determi-
nation of antioxidant activity;

—a Hitachi 835ion exchange liquid chromatograph
(Japan) for determination of an amino acid composition;

—a Biolam P15 microscope (Lomo, Russia) with a
ScopeTek DCM-130 E 1.3 Mp digital eyepiece camera
(Hangzhou Scopetek Opto-Electric Co., China) for micros-
copy of samples [13].

The following raw materials were chosen for the pro-
duction of a smoothie: whey, cherry juice, apple pectin and
collagen hydrolysate.

We performed mathematical modeling of the smoothie
composition by macronutrient content [14]. Linear program-
ming was employed using MS Excel 2010 software for the
implementation of mathematical modeling of formulations
(14, 15].

5. Results of modeling a smoothie composition and
determining its quality parameters

5. 1. Substantiation of selection of raw materials for
the production of the smoothie

The main parameters for selection of raw materials for
establishments of the restaurant industry are indicators
of compliance with safety standards and requirements of
HACCP, taking into account constancy of useful proper-
ties in culinary processing. Therefore, we chose available,
inexpensive and high-quality raw materials with high
biological parameters as raw materials for production of
smoothie.

Whey contains more than 200 microelements, vitat
mins, and vital substances. Daily use of whey satisfies 2/3
of the daily need of the body in calcium, 1/2 — in potassium,
80 % — in vitamin By, 1/3 —in vitamins By, Bg, Bys.

There is an optimal balanced amount of fats, proteins
and carbohydrates in whey. It does not overload the sen-
sitive baby’s digestive system and helps to cope with ex-



cessive gas formation and dysbacteriosis. It also Table 1
stimulates the body’s protective functions. Content of essential amino acids in the investigated protein solutions
Cherry juice improves metabolic processes in 4 .
the body and has a restorative effect due to its pro- Concentration of CH in whey
nounced antioxidant properties. The high content | Amino | 2% | 4% | 6% | 2% | 4% | 6% 2% | 4% | 6%
of folic acid and iron makes it a useful for people acids gofa/cgper |gofa/cgperlgof mg of a/c per 1 g of
suffering from anemia. It eliminates the number of 100 ml of solution protein protein
streptococci, staphylococci, and causative agents | valine | 0.60 [0.63]0.66 | 0.28 [0.18 ] 0.13 | 28384 [ 180.64 [ 135.60
of dysentery. It helps heal wounds and relieves solen-
inflammation of joints faster than some anti-in- cine 0.59 [ 0.610.62]| 0.27 | 0.17 |0.128| 277.69 | 173.16 | 127.54
fl . Th ins i
ammatory drugs. There are many coumarins in =0 T T T e o 536554 | 33476 | 246.70
cherry juice. Coumarins are active substances, -
which that have different effects, such as antispas- lysine | 1.04 | 1.07 | 1.10] 048 | 0.30 | 0.22 | 48573 | 304.17 | 224.93
modic, calming, diuretic, soothing, antimicrobial, Inthl- 022 10221023 010 | 006 | 004 | 10443 | 6459 | 47.21
and other effects. There are many compounds of | _Onine
the P-vitamin complex in cherry juice [16]. thre- 1061 | 0.64{ 066 | 0.28 |0.18 | 0.13 | 287.02 | 181.66 | 135.68
Pectin is a natural polysaccharide. Pectins act | onine
in the human body as follows: UYPLOT 1 693 10.23] 022 0.1 | 0.06 | 0.04 | 109.66 | 65.27 | 4590
—envelop the mucous membrane of the stom- phan
ach and intestines, protecting against damage and }
1¢5, P 848 8 phenyl- o 0 1042 [0.44 | 019 | 042 ] 009 | 19041 | 12092 | 9059
harmful bacteria; alanine
—strengthen intestinal peristalsis and help to
cope with constipation; Table 2
bOd;.lncrease absorption of calcium and magnesium in a Amino acid SCORE of protein solutions
— remove aggressive substances, toxins and salts of heavy Amino acids 2% 4% 6%
metals from the gastrointestinal tract; CH solution | CH solution | CH solution
—help to restore the beneficial microflora in dysbiosis valine 567.7 361.3 271.2
(apple pectin works best for this matter); isoleucine 694.2 432.9 318.9
—bind harmful cholesterol and remove it from the body leucine 766.5 478.2 352.4
and prevent formation of atherosclerotic plaques; lysine 883.2 553.0 409.0
- ac.cglerate tissue regeneration after surgery, burns or methionine 298.4 1846 1349
perlggI;tlsfllz{. hvdrol CH)i . Th threonine 717.5 454.2 339.2
97 % of collagen hydro ysate (CH) is protein. The compoe tryptophan 1096.6 6528 4591
sition of the animal collagen and the hydrolysate produced on —— 174 5015 1510
its basis is very close to the protein produced by the human bhenlyaanine : : :

body. Collagen hydrolysate has the following meaning for the
human body: it is responsible for tissue elasticity; it stimulates
cell growth; it retains moisture in cells; it gives attractive ap-
pearance to hair, nails, and skin; it prevents flabbiness of skin.

We determined the prerequisites of an influence of tech-
nological parameters on rheological parameters of a mixture
of selected components for mathematical optimization of
compositions of aerated smoothies.

As more than 50 % of the composition of the smoothie will
consist of protein raw materials, we calculated the amino acid
SCORE of protein raw material with its different ratio.

The studies went as follows. We prepared solutions of col-
lagen hydrolysate in whey with different concentrations. The
whey concentration of collagen hydrolysate was 2, 4 and 6 %,
based on the recommendations of nutritionists regarding the
use of collagen hydrolysate (5 g — maintenance therapy, 10 g —
therapeutic therapy).

Table 1 gives the qualitative composition of essential ami-
no acids. Table 2 presents calculations of amino acid SCORE.

All solutions had sufficiently high rates in terms of amino
acid SCORE for further studies. However, we chose a sam-
ple, which contained 4 % of collagen hydrolysate, because
the content of a finished product will meet recommendations
of nutritionists at this concentration of collagen hydrolysate.
In addition, an increase in the content of collagen hydroly-
sate in the whey will not lead to a more homogeneous struc-
ture and the food system will have an increased sticky effect,
which will worsen its product parameters significantly.

We used apple pectin as a stabilizer of the aerated
structure. Therefore, the next step was to substantiate the
pectin:collagen hydrolysate ratio to obtain a more whipped
structure of the food system.

We prepared carbohydrate-protein solutions in the whey
for our study. The pectin:collagen hydrolysate ratio was
0.5:1; 1:1; 1:0.5.

We carried out whipping at 10 °C and 20 °C. We chose
such temperatures according to the technological process of
cocktails preparations in restaurants.

The whipping time was 30 to 120 seconds with 30 sec
pauses.

Fig. 1, 2 show comparison of foaming of samples.

120
110
100
90
80
70
60
50

m0,5:1
m:]
H1:0,5

Foaming, %

30 60 90
Whipping duration, sec

120

Fig. 1. Foaming of the carbohydrate-protein food system
at 10 °C



Fig. 5 shows the dynamics of change in foams multiplic-
ity, depending on temperature and time of their formation.

The obtained data (Fig. 5) showed that the foaming ratio
of the food system at a temperature of 10 °C was higher than
at a temperature of 20 °C almost in 2 times.

We know that the foam multiplicity increases with a
size of bubbles and their number, and thickness of walls
decreases accordingly. Therefore, the optimal foam whip-
ping duration is 90 minutes. It is at this time that the
foaming of the foam acquires the maximum multiplicity,
and further increase of the time of the foaming does not
increase the multiplicity of foam due to the fact that the
process of mechanical destruction of the cellular structure
of the foam begins.

120

110
S 100 m0,5:1
i it
§ 80 -
=70

60

50

30 60 90 120
Whipping duration, sec
Fig. 2. Foaming of the carbohydrate-protein
food system at 20 °C

The dynamics of foam growth (Fig. 1, 2) is the
same for all samples. An increase in duration of 95
whipping led to an increase in foaming by 3 to 10 % 90
on average. An increase in the content of collagen °\i
hydrolysate in solution led to a decrease in foaming 2 35
due to its properties to hydration and swelling, g
which is correlated with previous studies [18]. E 80

The obtained data (Fig. 1, 2) made it possible ~ §
to identify the most effective ratio of the main =75
carbohydrate-protein raw material: the concen- .

m0,5:1
|
®1:0,5

tration of collagen hydrolysate — 4 %, the ratio of
pectin:collagen hydrolysate — 1:0.5.

The main indicator of the quality of the
aerated product for a consumer is its ability to
maintain a stable consistency for time of con-
sumption. Therefore, the basic prerequisite for
mathematical modeling became verification of

1 2 3 4
Aging time, min.

Fig. 4. Foam stability of the carbohydrate-protein food system obtained at

a whipping temperature of 20 °C

y =-0,0105x>+2,3744x + 187,67

330
ability of model carbohydrate-protein systems to R*=10,9984 R it
maintain a stable foam structure. 310 s —e10 °C
We carried out the studiesat 10 °Cand 20 °C, =
taking into account the temperature mode of 2 290 =z =20 °C
obtaining of foam and its realization (Fig. 3, 4). % 270 o
The obtained data (Fig.3, 4) showed high = ?
rates of foam resistance obtained at different & 250 .
temperatures. The foams obtained at 10 °C were § /
more stable than the foams obtained at 20 °C. ™ 230 //‘ y =-0.0004x}+ 0’0824f2 - 4,7609x +1299,83
A decrease in aging temperature of foams from T Re=1
20 °C to 10 °C showed an increase in the indica- 210
tor of foam stability by 3.5 % on average. 30 60 20 120
Whipping duration, sec
100 Fig. 5. Dependence of the foam multiplicity of carbohydrate-
o5 protein mixture on whipping duration
X
g % .
'5;; 85 " 051 3. 2. Mathematical optimization of the composition of
z "L aerated smoothies
§ 80 B 1:0,5 The purpose of mathematical modeling of the composition
75 of the smoothie was to obtain a finished product with a high
3 10 15 20 content of macronutrients.
Aging time, min. Table 3 shows a matrix of characteristics of formulation
ingredients (FI) for the design of the smoothie formula-
Fig. 3. Foam stability of the carbohydrate-protein food tion. We took the range of variation of pectin content and

system obtained at a whipping
temperature of 10 °C

We selected a sample of the food system, which con-
tained apple pectin and collagen hydrolysate in a ratio of
1:0.5, for the study of foam multiplicity.

collagen hydrolysate based on previously obtained data on
obtaining a food system with maximum foaming and foam
stability.
The table gives the content of macronutrients in selected F1.
We optimized formulations in Excel using a Search for
Solution tab.



Table 3

Information matrix of data for mathematical modeling of the
smoothie composition

Formulation Index, | FI macronutri- Range t(:)if)lrjl varia-
ingredient X; ent content, % )
g/serving

Whey X; 5.97 92-100

Cherry juice X 10.26 88-96
Apple pectin X; 36 7-9
Col]a]gen hydro- X, 70 35

ysate

The objective function for the development of the
smoothie was as follows:

F(x)

597 x,+12.3-x,+36-x,+70- x,

100

— max.

Based on the information matrix (Table 3) and the
content of macronutrients (Table 4), we built a system of
linear balance equations by the content in a composition
of proteins, fats and carbohydrates, respecting restrictions,

according to the physiological need of a man.

Table 4
The content of RI macronutrients for the manufacture of strips
Formulz.ition ingredients Whey C.h(.erry App.le Collagen
Nutrients, g/100 g juice | pectin | hydrolysate

Proteins 0.76 0.7 0.5 70
Fat 0.09 0.2 0.5 0
Monocarbohydrates 5.12 11.4 35 0
Total 5.97 12.3 36 70

The system of equations for the

smoothie was as follows.

development of the

The protein content was not less than 2 g per 100 g and
not more than 5 g per 100 g:

0.76-x,+0.7-x,+0.5- 2, +70-x, 22,
0.76-x,+0.7-2,+0.5- 2, +70-x,< 5.

The fat content was not less than 0.1 g per 100 g and not
more than 0.4 g per 100 g:

0.09-x,+0.2-x,+0.5- 2,2 0.1,
0.09-x,+0.2-x,+0.5-2,< 0.4.

The carbohydrate content was not less than 5 g per 100 g
and not more than 15 g per 100 g:

5.12-x +11.4-x,+35-x,25,
5.12-x +11.4-x,+35-x,<15.

The protein:carbohydrate ratio was not less than 0.25
and not more than 0.33:

0.76-x,+0.7-x,+0.5-x,+70- x,

>0.25,
512-x, +11.4-x,+35-x,

0.76-2,+0.7-x,+0.5- 1, +70- x,

<0.33.
5122 +11.4-x,+35-x,

Standardization conditions (200 g serving yield):
X +x,+x,+x, =200.
Lower restrictions of variables (formulation ingredients):

%292 x,288; x,27; x,23.

- N . [P o . g U - e
J TEKCT o . &3 [3MEHNTE CBAZM :"'l B ___//;:-:'—, TENEHD ;—-; b P AHS, YTo e
Mony4eHne BHeWHWE JaHH bIX MogeawoyeHna CopTMpOBKA M PUAETP PaboTa ¢ gaHHbIMK
B3 - |
A B c D E F G H MapameTphbl NOWMCKE PELLIEHKA
protein fat
content content carbohyd carbohyd content, P e IR asa
of the protein  inthe rate rate fat in the
compone content, mixture, content, content, content, mixture, fo: ® Makomyn (O Marsmym () 3HaueHms:
1 nts,g  g/100g g g/100g g g/100g g
2 |\milk whey 92,0000 0,76  0,6992 5,12 4,7104 0,09 0,0823 MaMeras Aueiikin nepemeHHsix:
3 |cherry juice 96,0000 0,7 0,672 11,4 10,944 0,2 0,192 $B§2:$BS5
4 apple pectin 9,0000 0,5 0,045 35 3,15 0,5 0,045
5 |collagen hydrolyzate 3,0000 70 2,1 0 0 0 0 B COOTBRTCTRMM C OTPaHIEHIAM:
$BS2 <= 100
6 total 200,0000 3,5162 18,8044 0,3198 dnes -9z
7 ratioBtoC 0,1870 8653 <=196
T 883 >= 88
8 target function 1226404, 8% <=9
9 SB54 ==7
8685 <=5
10 8B85 »=13
11 $Bs6 = 200
§8$7 <=10,33
12 $BS7 »=0,25
13 0S5 <=5
SDE5 == 2
14
15 CaenaTe nepeMerHbIe Bes orpaHMYeHNi HeoTPULETENE!
Bribepute .
16 METOR PELIEHIAS: Momax PeLleHHA HENMMHEWHBIX 33034 Me

Fig. 6. Progress of planning calculations in “Search for Solution”



Upper restrictions of variables (formulation components):

x,<100; x,<96; x,<9; x,<5.

We applied mathematical programming and we made the
optimal solution: we found the extremum of the linear objective
function with restrictions on variables, which we need to find.

Fig. 6 shows the progress of calculations in a Search for
Solution tab.

The software calculated the following formulation in-
gredients:

=92 x,=88 x,=7; x,=3,

Table 7
The energy value of the smoothie
Energy components Content per 100 g
Proteins, g 1.76
Fats, g 0.16
Carbohydrates, g 9.4
Energy value, kcal 46.7

As we modeled the smoothie formulation based on amino
acid SCORE, we calculated it in the finished product (Table 8).

and Table 8
Calculation of amino acid SCORE of the smoothie
Flx)= 5.97-92+12.3-96+36-9+70-3 9964
- 100 S amino 8/3.5g of 8/18 | mg/g Ideal
. protein (ser- | of pro- | of pro- . | SCORE
acids : | . . protein
Thus. th tent of basi trient 99 64 ving — 200 ml) | tein tein
us, (62 ggn )en of basic macronutrients was 22.64 g valine 0.097 0.03 | 2771 | 50 554.28
per serving (£00 ). isoleuci 0.078 002 | 2228 | 40 | 557.14
In accordance with the obtained results we created for- 0 eu.(:me . - : -
mulation of the smoothie and the norms of raw material for leucine 0.144 0.04 | 41.14 70 587.75
production of 1 serving (Table 5). lysine 0.142 0.04 | 4057 | 55 737.66
Table 5 Igfi“e 0.022 0.006 | 628 | 35 | 17959
Formulation and the norm of use of raw materials for threonine 0.093 0.026 | 26.57 40 664.28
production of smoothies e 0018 0005 | 514 | 10 | 51428
Raw material Losses, % Gross, g Net, g henvlal
phenylal-
Whey 0.2 92.18 92.0 anine 0.067 0.019 | 19.14 60 319.04
Cherry juice 0.5 96.48 96.0
Apple pectin 0.7 9.06 9.0 Table 9 presents satisfaction with amino acids at con-
Collagen hydrolysate 0.5 3.02 3.0 sumption of 1 serving of the smoothie.
Totaé;(g){)sgvmg 200.0 Table 9
Satisfaction with essential amino acids
t. 5d3 ?natl'yis oi; illllltl‘ltlonal z(lindtenergy value and ana Daily Content, Satisfac-
1oxidant activity of the new produc . amino acids sneed in g g/1 serving tion, %
Tables 6, 7 present data on the nutritional and energy valine
value of the smoothie with increased mass fraction of protein 3 0.097 3.23
of animal origin. isoleucine 3 0.078 2.60
Table 6 leucine 5 0.144 2.88
The nutrient composition of the smoothie lysine 4 0.142 3.55
Inethionine 3 0.022 0.73
Micro- | Dail Satisfaction of a Satisfaction of ; . .
. Y| Smoothie, ) a daily need threonine 2 0.093 4.65
nutri- | need, mg daily need (per 100 g of
ents mg (serving), % srliloothie) o tryptophan 2 0.018 0.90
henylalani
Na | 400 | 92100 23.03 11.51 phenyraranine 3 0.067 2.23
K 2500 381.280 15.25 7.63 arginine 6 0.155 2.58
Ca 300 114.680 38.23 19.11 histidine 92 0.031 1.55
Mg 400 16.220 4.06 2.03
P 400 91.290 22.82 11.41 Experimental data on the determination of the bio-
p
Fe 18 0.533 2.96 1.48 logical activity (BA) of the used raw material and the
A 01 0.009 3.60 430 developed smoothie indicated that the biologically ac-
B1 15 0.046 3.09 155 tive s_ubst.ances of the smoothie components are capable
B2 18 0.148 8.22 VT of oxidation of NAD-H, to NAD differently (Fl.g.‘ 6).
The study showed that smoothie components exhibited
B6 0.2 0.075 37.60 18.80 . . . . .
the effect of synergism of the interaction of biologically
E 15 0.192 1.28 0.64 . . .. . .
active substances in terms of antioxidant action (amino
PP 20 0.317 1.59 0.79 acids-antioxidants: methionine, tyrosine, cysteine and
C 80 7.104 8.88 4.44 other vitamins),




800 We studied a change in the microbiota of the
700 finished smoothies within 4 hours. We stored
600 them in a closed glass container at (4£2) °C.
Table 11 shows data on the studies of chang-
5 0 00 es in microbiological biomass during storage.
< 400 The data given in Table 11 make us rec-
2 300 ommend the implementation of the develo-
200 ped smoothie for 4 hours, if it is stored in a
100 . refrigera-tor in a glass container at (4+2) °C.
o BN Table 11
whey cherry juice apple pectin  collagen smoothie Microbiological indicators of the smoothie
hydrolysate quality
Fig. 7. Study on biological activity of raw materials and the developed ) Storage, hours
. Indicator
smoothie 1 | 2 | 3 | 4
E. coli coliforms
5. 4. Determination of the sensor indicators of the bggeglgi (g:EE Not detected
finished product under production conditions product
. We perfo.rme.d a tasting eyaluation for introduction Pathogenic
into production in the establishments of the restaurant microorganisms, Not d 1
industry, which was evidenced by the act of introduction Salmonella, per ot detecte
at “Garlic” cafe (Odessa) and a temporary card. 25 g of product
A tasting committee performed sensory evaluation. Amount of
The .Committee c01.1$isted of 10 people immediately after molds, CFU per 93102 | 27102 29102 | 3.1.102
making the smoothie. 1 g of product,
Table 10 shows the data on the evaluation of not more than
sensory indicators of the obtained products. We Amount of yeast,
performed or-ganoleptic evaluation by the sensory fCFUdpert 1 gt 2410'2.7-10' | 2.9-10! | 3.1-10t
method according to DSTU 2781-98 indicators, such as © Elrgreu:hé;lo
appearance, consisten-cy, color, aroma, and taste. Fig. 8
., Staphylococcus
shows the smoothie’s rate. 1 d d
Table 10 aureus, per 0.01 g Not detecte
of product
Sensory indicators of the developed smoothies
Bi\;iflzge Smoothie 6. Discussion of results of modeling the smoothie
composition
Appear- Homogeneous, uniform throughout the volume,
ance glossy surface The calculation of the amino acid content (Table 1) and
Color Light-red the SCORE showed (Table 2) that all the samples contained
Aroma Characteristic to this type of products, pleasant, all the essential amino acids in sufficient amount. Their
sour-milk aroma SCORE was more than 100, so the body will absorb them
Consis- Homogeneous, whipped, bubbles evenly distributed fully.. T}_le absence of an amino acld W.lth a S(.:ORE. less than
100 indicated that there were no limited amino acids. How-
tency throughout the volume : ; o
—— : ever, the amino acid SCORE of methionine was the lowest,
Taste Sour milk with a cherry tinge, moderately sweet as the mentioned amino acid is completely absent in collagen
hydrolysate.
apg)earance The data presented in Fig. 1 showed that the maximum
foaming occurred after 120 min of whipping. The foaming
bubble color made up 118 % at a pectin:collagen hydrolysate ratio of 1:0.5
distribution after 120 minutes of whipping, which was 2.6 % higher than
after 90 seconds of whipping. We compared the whipped
mixtures with the ratios of pectin:collagen hydrolysate of
. 1:1 and 1:0.5, and saw that the foaming increased by almost
homogeneity taste

consistency

Fig. 8. Profilogram of organoleptic indicators of the smoothie

The tasting showed that the smoothie had high taste
properties. We can offer it in the restaurant.

24 % at a lower content of collagen hydrolysate. The foaming
of the carbohydrate-protein system with the pectin:collagen
hydrolysate ratio of 0.5:1 had the lowest indicators.

The foam stability decreased after 5 minutes at aging
at 10 °C. Thus, the foam stability decreased by 8 %, 5.5 %,
and 3 %, respectively, at the apple pectin to collagen hydro-
lysate ratio of 0.5:1, 1:1, 1:0.5.

The foam stability decreased by 11 %, 9 % and 5.8 % for
the respective solutions at 20 °C.



The foam stability obtained at 10 °C decreased by 18 %,
15 %, 13 %, respectively, for food systems with a mixture
of pectin and collagen hydrolysate of 0.5:1, 1:1, 1:0.5, re-
spectively, after 20 minutes of aging. The foam stability
decreased by 25 %, 24 %, 15.2 % for the respective solutions
at aging the foam at a temperature of 20 °C on average. The
foam stability decreased by 3 % on average every 5 minutes
at 10 °C. The foam stability decreased by 5.5 % on average
at 20 °C.

An increase of whipping duration led to an increase in
the foam multiplicity from 250 % to 321.43 % at a tempera-
ture of 10 °C, and whipping at 20 °C made it possible to
increase the multiplicity from 222.22 % to 271.43 %.

Designing the smoothie composition using mathematical
programming made it possible to obtain the optimum fractions
of components, such as: whey — 92 ml, cherry juice — 96 ml, ap-
ple pectin — 9 g, collagen hydrolysate — 3 g.

Analysis of the nutrient composition of the smoothie
(Table 6) showed that consumption of 1 serving of the
smoothie satisfied the need for calcium by 19.11 %, sodium —
11.51 %, phosphorus — 11.41 %.

The data given in Table 9 showed that consumption
of 1serving of the developed smoothie satisfied the need
for essential amino acids at the low level. We observed the
maximum satisfaction for threonine and it was 4.65 %, and
the minimum satisfaction for the daily requirement was for
tryptophan (0.90 %).

Determination of biological activity showed that the rate
of electron transfer in the NAD-H2-K3[Fe(CN)6] system
for the finished smoothie was on average 8.1 times higher
than in its components, which indicated the synergism of
antioxidant substances (Fig. 2).

Evaluation of the sensory indicators of the developed
smoothie showed high quality characteristics of the new
product, which is important for products for restaurants.
The total score by the sensory indicators was 33.8 points out
of 35 possible points.

The data on determination of the dynamics of a micro-
biota change of the smoothie showed high safety indices
and possibility of realization of the developed smoothie for
4 hours, if it was stored in a refrigerator in a glass container
at (4+2) °C.

Any market operator can use the developed functional
approach to beverage production to produce not only bever-
ages but various food products also.

Market operators plan to perform a SWOT-analysis of
the obtained product and to make up Hazard Analysis and
Critical Control Points to start production. The next study
should determine the integrated quality index of the devel-
oped smoothie and the calculation of the competitiveness
indicator.

7. Conclusions

1. According to the requirements of the HACCP and
food safety standards, we selected available, inexpensive and
high-quality raw materials with high biological properties
for production of smoothies, such as whey, cherry juice, apple
pectin and collagen hydrolysate. Studies showed that there
was the recommended daily consumption norm achieved in
the whey at using of a 4 % solution of collagen hydrolysate,
but such a concentration produced a slight sticky effect.

2. We selected a dose of collagen hydrolysate recome
mended by nutritionists as a limitation for mathematical
programming. We performed the mathematical modeling of
the smoothie composition to obtain a product with a high
solids content using the MS Excel 2010 table processor. The
smoothie formulation consisted of the following components:
whey — 92 g, cherry juice — 96 g, apple pectin — 9 g, collagen
hydrolysate — 3 g. The content of basic macronutrients was
22.64 g per serving (200 g) or 11.32 g per 100 g.

3. We studied the nutrient composition of the obtained
smoothie and proved the balanced nutrient content. The ratio
of basic minerals of calcium, magnesium and phosphorus was
1:0.11:0.6. It is possible to correct magnesium deficiency by
consumption of smoothies with flavor additives, such as cocoa
powder, sesame seeds and dates. Analysis of the amino acid
SCORE showed that the developed product had a high degree
of absorption of essential amino acids due to the absence of a
limiting amino acid with the SCORE less than 100 %. We es-
tablished the effect of synergism of interaction of biologically
active substances of all components of the smoothie by the
indicator of antioxidant action. The tasting evaluation of the
sensory indicators of the developed smoothie produced at the
production facilities of the modern market operator (“Garlic”
cafe, Odessa) showed high quality indicators. The total score
by the sensory indicators was 33.8 points. It is necessary to
calculate the competitiveness of the new product to introduce
the developed composition into real conditions.
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