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DEVELOPMENT OF BIOPOLYMER BASED COLORIMETRIC INDICATOR FOR
MONITORING OF MEAT AND FISH FRESHNESS
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The need to extend food products’ shelf lives is growing as a result of efforts to cut expenses and minimize
food waste. The food industry is interested in solutions that would make it easy to keep food fresh and safe for as
long as the product is on sale. The purpose of the study is to develop a biopolymer-based colorimetric indicator for moni-
toring of meat and fish freshness. The significance of the research is to provide food safety via control of the freshness
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using green and cheap methods. The objects of the study are natural and artificial indicators. The paper presents nat-
ural indicators such as curcumin, pomegranate, beetroots, and carrot juice which were incorporated into the compo-
sitions of food freshness indicators. The obtained indicators were compared with an artificial indicator, bromothy-
mol blue, and phenol red, concerning their volatile amine monitoring. Additionally, a model of volatile amine release
based on the different ammonia solutions was applied in the research. The response of freshness indicators was es-
timated by the observation of color changes. Compared to the artificial indicators, the curcumin and pomegranate
juices gave a similar response. Beetroot and carrot juices did not provide a desirable color change. Further research
was made on the development of biopolymer containing freshness indicators based on bromothymol blue and phenol
red. The indicators were evaluated for their response to the spoilage of fish and meat samples in the test tubes and in
food packaging. Thus, two artificial indicators could be incorporated into effective food freshness indicators for
smart packaging.

Keywords: meat, fish, food spoilage, indicator, biopolymer.
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LTv1zetn0apovt KpicKapmy yHcaHe a3vlK-myjliK KaloblKmapovlh O0apylHuia azaimy dpeKemmepiniy Homudice-
CiHOe a3blK-mynikmi cakmay mep3imin yzapmy Kaxcemminici apmoin keneoi. Tamax, onepracioi enimoepoi mapamy
Ke3inoe jcana dHcaHe Kayinciz cakmayowl jceHiioememin uwiewiimoepze Kbi3bl2yUibliiblK MAaHbIMaobl. 3epmmeyoin
Makcamovl — em NeH OaIblKmuly 0a12bIHObIZBIN 0aKbLIAY YWin Ouonoaumepnep He2izinoe Koa0pumMempusivlK
UHOUKAmOp xecacay. 3epmmeyoiy, 03eKminizi Heacwll Heane ap3an 20icmepoi naildananvin 6ai2blHObIKMbL 0AKbLIAY
apKplIbl A3bIK-MyJiK Kayincizoiczin Kammamacwvlz emy 601vin maoviiadvl. Marxanada ma2amowlk 6a1261H0bIK KOpce-
mKiwmepiniy Kypamvina Kipemin KypKyMUH, aHap, Kbi3vliuid, c20i3 WiblPbIHOAPLIHLIY, Madu2u UHOUKAMOpP1apsl
Oepinzen. Anvinzan maducu UHOUKAMOPAAP YWIKbIUL AMUH MOHUMOPUHZSL YWIH JHCACAHObl UHOUKAMOpPaap
OpOMmMUMON KOK JHcone (enon Kvizvlavimen canvicmuipovliovl. Convimen xamap, 3epmmeyoe apmypai ammuax
epiminoinepi nezizinoe yuina amunoepoi wivizapy mooeni Konoanwvliovl. banzvinovlK kopcemKiutmepiniy peakyusacol
myc o3zepicmepin oaiiKay apkplivl 0azananovl. Kacanovl KepcemkiuimepmeHn canblCmblpeanoa, KypKyMuUH MeH
anap wulpviHbl YKcac Homudice 6epoi. Kvizviiuia meHn cafiz wmvlpolHOGpPbl Kaxcemmi mycmi 032epmyoi KAMmamacol3
emnedi. bpommumon Kok icane henon Kbizvl HeziziHOezi 0anblHObIK KOpcemKiwmepi 6ap ouonoaumepoi rncacay
Yuwiin ooan api zepmmeynep xicypeizindi. Kopcemkiuwimep colHayblKmapoazvl y3eaHe mazamobly KAanmamanapoazol
0anvlK nen em yncinepiniy Oy3vlaybiHa peaxyuacvimen oazanandvl. Ocvlnanuia, eKi Hcacandbl UHOUKAMOPOb
cmapm opay yuwiin muimoi mazam 6an2viHOblK KOpcemkiuimepine Kocyea 601abol.

Herisri ce3nep: er, 0aibIK, TAFaMHBIH 0Y3bLIYbl, HHIMKATOP, 0MONOJIUMEP.

PABPABOTKA KOJTOPUMETPHYECKOI'O HHIAUKATOPA HA OCHOBE BUOITIOJIMMEPA
JJIs1 MOHUTOPHUHI'A CBEXKECTHU MSCA U PbIBbI
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Heobxooumocmp npoonenusn cpokog 200Hocmu npoOyKmose RUManusa pacmem 6 pe3yivmame YCUiuii no co-
KpauieHuro pacxo006 u MUHUMUIAUUYU RULLe8bIX 0mX00086. Iluwuiesas npomuluiiennocms 3aUHmMePecos8ana 8 peuie-
HUAX, KOMOpble NO360UNU Obl J1€2KO COXPAHAMb NPOOYKHIbL CEEHCUMU U HE30NACHBIMU 8 meUeHue 6Ce20 8pemMenu
ux peanusayuu. Llenvro uccnedosanus agnaemca pazpadomka Koiopumempuieckozo UHOUKAMOpa Ha ocHoge ouo-
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ROIUMEPOG 0N KOHIMPOJIA CGeHCECHU MACA U Pblobl. 3HAUUMOCHIL UCCNE006AHUA 3AKII0UAENCA 6 OfecneyeHuu
0e30nacHOCmU RUWLEEHIX NPOOYKMOE nymem KOHMPOJIA CEEHCECIU C UCHONb306AHUEM IKONO2UUECKU YUCHBIX U
oewiegblx Memooos. B cmamve npedcmasnensvt HamypanvHvle UHOUKAMOPLL. KYPKYMUH, ZDAHAM OB, C6CKOIbHbLI,
MOPKOGHDBLIL COKU, BKIOUEHHblE 6 COCHABbl UHOUKAMOPOE Céedcecmu nuuieenlx npodykmos. Ilonyuennvie npupoo-
Hble UHOUKAMOPbl CPAGHUBANU C UCKYCCHIBEHHBIMU UHOUKAMOPAMU. OPOMMUMOJIO6HIM CUHUM U (DeHOn06bIM
KPACHBIM, HA npeoMem ux MOHUMOPUH2a Jiemydux amunos. Kpome mozo, 6 uccneooeanuu ovi1a npumenena mo-
0enb bloeIeHUA IeMYUUX AMUHO8 HA OCHOBE PA3TUYHBIX PACEOP0o6 ammuaKka. Peakyuro nokazameneii ceexcecmu
ouenueanu nymem Haon00enus 3a usmenenuem yeema. Ilo cpasnenuio ¢ UCKyccmeeHHviMU UHOUKAMOPAMU, Kyp-
KYMUH U 2panamoeslii coK 0anu ananozuynwiii omeem. C6eKo1bHbLIl U MOPKOGHBLIL COKU He 0becneuuiu ycenaemo-
20 usmeHnenua yeema. /lanvHeiiuiue uccne006anusn 0bliu nposedensvl no papadomke OUONOAUMEPA, COOEPIHCAULe2o
UHOUKAMOPbL CEENHCECINU HA OCHOBE OPOMMUMOII06020 CUHEZO U (heH0n068020 Kpachozo. Ilokazamenu oyenuganucsy
no ux peakyuu Ha nopuy npod pvidvl u maca é npoduUPKax u ynaKoeke nuuieevlx npooykmos. Takum odpazom, 0ea
UCKYCCHIGEHHBIX UHOUKAMOPA MOZYm 0blMb GKII0UEHbL 6 IPPheKmuenbvie UHOUKAMOPDL céedcecmu nPooyKmos nu-
manus OnA YMHOU YnaKoeKu.

KuroueBble cjioBa: Msico, pbi0a, IOpYa NULIEBHIX NPOAYKTOB, HHIMKATOP, OMONOJIHMeEp.

Introduction meat or fish product, tends to show its spoilage in

Food preservation requires fast, cheap, and terms of its organoleptic characteristics, such as
safe analytical methods to analyze food deteriora- smell, taste, texture, and appearance [7].
tion. There is rising demand for increasing the Since meat and fish products are perishable
shelf life of food products due to the promotion products [8], they are very sensitive to the condi-
promote to decrease costs and reduce food waste tions of their storage. Therefore, the reason for
throughout the whole shelf life (production, stor- such changes is various chemical and physical
age, shipment, and consumption) [1]. These food environmental factors, which include storage tem-
tracking approaches could help to maintain items perature, air humidity, pressure, pH, salt concen-
on sale while being in good condition and replac- tration, and so on.
ing the ones in non-optimal conditions. Solutions When meat deteriorates, various types of
that would make it simple to monitor and maintain spoilage can occur, such as microbial spoilage
the freshness and safety of food products through- (mold growth and rotting, enzymatic processes)
out the shelf life of the product are of interest to and physicochemical spoilage (oxidation, colora-
the food industry [1]. Smart sensors and smart tion, odor, and taste changes). One of the most
labels that can be included in containers and common and dangerous types of meat deteriora-
monitor temperature changes, and conditions, de- tion is rotting, during which changes occur in the
tect gases related with the spoilage of the food, color, smell, taste, and structure of the product.
and provide a "quality index" of a product in real Meat acquires an unpleasant odor and a bluish-red
time are very desirable by the food industry. [1,2] color by the action of putrefactive microorganisms
Additional features can be included to increase in meat, which destroy protein compounds and
food safety can be containers with a coating that form mycotoxins, such as aflatoxins, patulin, and
has improved oxygen shield to stop food from ochratoxin A [7]. The accumulation of amino ac-
spoiling are also sought after. Current approaches ids and ammonia in meat is one of the obvious
and trends to inform about the quality of the food causes of putrefaction: proteins are cleaved by
via smart packaging focuson chemical and biolog- enzymes from organisms, which leads to the ap-
ical sensors [1]; so consumers can assess the pearance of polypeptides and peptides, which later
freshness of the items without having to open the form amino acids and peptones. Later, amino ac-
packaging [3-5]. ids break down to substances that include indole

Meat, fish, and seafood are high-value and skatole (as well as: ammonia, amines, fatty
foods that can be sold in commercial packaging acids, and mercaptans), which are derivatives of
[6]. These foods naturally degrade while being the aroma of the product, that is, bad-smelling
stored or on display. However, without opening substances [8]. At the beginning of microbial
the container to reach the product, it is not possi- spoilage of fish, the following occurs: formation
ble to identify the state of the food using standard of trimethylamine from reduction of trimethyla-
testing techniques [6]. The level of deterioration mine oxide, degradation of amino acid to primary
that meat and seafood products go through before amines, degradation of urea to ammonia, which
being consumed may be tracked using color contribute to the unpleasantly pungent smell of
markers [6]. Any product that is spoiled, like a spoiled fish [9-11]. Formation of amino acids,
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amines, ammonia and hydrogen sulphide from
splitting of protein occurs when proteolytic activi-
ty of microorganisms is carried out. Fermentative
activity of microorganisms is the cause of degra-
dation of carbohydrates into acids, alcohols and
gases. Fatty acids and glycerol are formed from
splitting of fats by lipolytic activity of microor-
ganisms [11]. Microorganisms proliferate on the
surface of the vegetable product. The deterioration
is affected by morphological features of some
products. For example, if an object has an uneven,
rough surface, the probability of damage is much
higher than that of objects with a flat and smooth
surface. With the deterioration of the quality of
vegetable products, harmful compounds are
formed, caused by the enzymatic breakdown of
proteins and lipid components. In the reaction it-
self, there are also catalysts the form of enzymes
that react with phenolic compounds and oxygen,
which leads to the formation of brown pigments.
Enzymatic spoilage in this scenario leads to dark-
ening and softening of the tissues of the product,
which is one of the main signs of deterioration in
the quality of vegetables [12].

At present, natural and synthetic indicators
[13] are in use to report the degree of spoilage.
Because the pH of meat and seafood products in-
creases to 8 as a result of the excessive amounts of
amines and other organic substances that are pro-
duced during the decomposition process [11], a
substance indicating with its color or intensity
changes in pH can serve as a good indicator. For
instance, currently electrochemical biosensors and
colorimetric indicators based on immobilized dyes
on various matrices are being used to track the pH
of food products in the market, while synthetic
colorimetric indicators are in development with
low technology readiness [13]. Such color signal-
ing substance that can assist the customer in as-
sessing the quality of food products without hav-
ing to remove them can be incorporated in addi-
tives in the films used for food packaging in
sealed container, making it a simple and cost-
effective approach. Such substances should have
sensitivity to particular by-products of food spoil-
age responses. The development of biopolymer
based colorimetric indicator for the monitoring of
the microbiological deterioration of food is essen-
tial for packaged foods.

Microbial decomposition of carbohydrate,
protein, or lipids may result in the formation of a
range of volatile nitrogenous compounds (ammo-
nia, trimethylamine, dimethylamine etc.), which
in turn raise the pH level in the packaged foods
[13]. In addition, when the volatile chemicals that
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result from spoilage are released, the pH-sensitive
dye that can be trapped by the polymer matrix of
the packaging responds with visible changes
[1,13]. The findings demonstrated that it is possi-
ble to quickly and reliably identify compounds
that lead to food spoilage in packaged foods using
colorimetric techniques.

In our study biopolymer based colorimetric
indicator for monitoring of meat and fish fresh-
ness was developed.

Materials and research methods

Reagents and materials

Bromothymol blue and phenol red (both
with 100% purity) were obtained from La-
borpharma (Almaty, Kazakhstan) and prepared by
dissolving 0.1 g of bromothymol blue and phenol
red in 100 ml of ethanol/water mixtures (50/50%).
Filter paper FBIIl was purchased from La-
borpharma (Almaty, Kazakhstan).

Methods

Fruits and vegetables (pomegranate juice,
carrot, beetroot, and curcumin) were ground and
extracted with a sieve for 1 h. A solution of artifi-
cial indicators was prepared in ethanol/water mix-
tures (50/50%) by dissolving 0.1 g of bromothy-
mol blue and phenol red. As a result, solutions of
the artificial and natural indicators were obtained,
which were used for further experiments. Ammo-
nia solution (25%) was chosen as a reagent simu-
lating a weakly alkaline medium. Ammonia solu-
tion (25%) was diluted to obtain the following
ammonia solutions with concentrations 2%, 1%,
0.1%, 0.01%, and 0.001%.

Preparation of a carrier for applying indicators

Taking advantage of the absorbent charac-
ter of paper, it was used to absorb the dyes. The
filtered paper was cut into several squares or rec-
tangles (3x4 cm) and placed in Petri dishes, where
they were individually pre-filled with the prepared
solutions of artificial indicators of bromothymol
blue and phenol red, and natural solutions of cur-
cumin, pomegranate, carrot, and beetroot. The
remaining excess liquid was removed, and the
paper was dried in the laboratory for 3-4 days.

Preparation of a sustainable biopolymer

We used methodologies to obtain biode-
gradable biopolymer based on starch raw materi-
als in the presence of various organic acids (citric
acid, acetic acid, lactic acid) and plasticizers
(glycerol, polyvinyl alcohol, nanomaterial) de-
scribed in our previous paper [14]. Citric acid as
an organic acid and glycerol as plasticizer have
chosen for obtaining biodegradable biopolymer.
Durable and cost-effective biopolymer was ob-
tained, capable of re-processing and biodegrading
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biological waste, including starch-containing gar-
bage. The developed biopolymer has successfully
passed all physical and chemical tests.
Biopolymers are polymers made from natu-
ral sources [14-15]. 10 g of starch were weighed
and mixed with 60 ml of water. To the resulting
mass a 5% solution of acetic acid was added.

Then 10 ml of glycerol was added to the mixture.
Following, 5 ml of bromothymol blue solution (or
phenol red solution) was applied. The mixture was
heated up to 80 °C for 5-6 minutes until a thick
consistency was obtained, which was then poured
in Petri dishes (Figure 1).

Figure 1 — Preparation of biopolymer based on starch.

For preparation of biopolymers based on
starch and citric (or lactic acid), 6 g of cornstarch
was added to a container with 60 ml of distilled
water. Next, 5 ml of glycerol and 5 ml of citric (in
the second case, lactic acid) acid were added to
the resulting mass and heated up for 5-6 minutes.
Solution of 2 ml of 0.1 M NaOH was added to the
viscous mass. Then, 5 ml of bromothymol blue
was slowly added to the prepared solution by
heating in a water bath, in the second case, a phe-
nol red indicator was added. The resulting viscous
mass was poured into Petri dishes and left to dry
for several days. The resulting citric acid biopol-
ymer has a good shape and consistency compared
to the lactic acid biopolymer.

Results and discussion

Research on the selection of natural and ar-
tificial indicators

During spoilage of meat and fish products,
amino acids are decomposed and as a result,
amines are released which alters the pH from 6 to
8, which corresponds to the intervals of these in-
dicators. Acid-base indicators such as phenol red
and bromothymol blue change color within that
pH range. Natural dyes can also be used to indi-
cate changes in color within these conditions. For
example, juice of coloring vegetables, flowers,
berries, and so on, among them, the substances
obtained in our experiment: curcumin (the main
curcuminoid found in the root of turmeric, used as
a food coloring); pomegranate juice; beetroot
juice; carrot juice.

Experiments simulating a weak alkaline en-
vironment

Ammonia solution (25%) was chosen as a
reagent simulating a weakly alkaline medium.
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Ammonia solution (25%) was diluted to obtain
the following ammonia solutions with concentra-
tions of 2%, 1%, 0.1%, 0.01%, and 0.001%. Next,
5 mL of the diluted ammonia solutions (2%, 1%,
0.1%, 0.01%, and 0.001%) were poured into five
tubes. Afterward, indicator papers were made
from artificial and natural dyes were attached to
the top of each test tube. Thus, the experiment
made it possible to monitor the rate of color
change of the above indicators (Figure 1). Effects
of exposure to ammonia solutions on the stability
and color-changing abilities of the indicator pa-
pers examined within a week. During that time the
stability of color of the indicator showed positive
result. According to the results of the study, no
changes in the color of carrot and beet indicator
papers were detected (table 1). Figure 2 showed
that pomegranate indicator papers changed their
color from crimson to black in 2%, 1%, and 0.1%
of ammonia solutions. Curcumin indicator papers
changed color from yellow to orange at concentra-
tions of ammonia solution other than 0.001% so-
lution (pH 7.8), showing a good result. Bromo-
thymol blue indicator changed its color from yel-
low to blue in all ammonia solution concentra-
tions (pH 6 to 8). However, little change was
found at the lowest concentration. Phenol red
changed color from yellow to red in all solutions
except 0.01% ammonia solution.

Bromothymol blue can be in protonated form,
which transmits yellow light in acidic solutions or
deprotonated form, exhibits results in a highly con-
jugated structure and transmits blue light in alkaline
media. Conjugated form is responsible for the length
and nature of the color change the of indicator's ac-
tive pH range of 6.0 to 7.6.



AJIMAaTBI TEXHOJIOTHSIIBIK YHUBEPCUTETiHIH Xadapmibichl. 2024, Nel,

Phenol red indicator color exhibits a gradu-
al transition from yellow to red over the pH range
6.6 to 8.0. Above pH 8.1, phenol red turns to a
bright pink color. This observed color change is
explained by protons lose (and changes color) as
the pH increases.

Curcumin is a natural yellowish-orange dye
from turmeric and other compounds. At acidic and
neutral condition, its relatively stable with no color
change, while at increasing pH above 8, its color
changed from yellow into brownish-orange. The
changes are related to the phenolic compounds and
unsaturated bonds structure of curcumin. Color
changes in pomegranate juice associated with antho-
cyanins, which are sensitive in alkaline condition.

Thus, the color change increases with increas-
ing concentration of ammonia solutions, which is

Bromthymol blue

indicated in Table 1. For subsequent experiments, 2
artificial (bromothymol blue and phenol red) and 2
natural indicators (curcumin and pomegranate juice)
were chosen, since they showed positive results,
changing their color in the certain range of pH level
from 6 to 8. Sensitivity and selectivity of the indica-
tors simply compared visually by color changes
within the specified range.

Natural indicators (curcumin, pomegranate
juice, beetroot juice, carrot juice) used in our studies
has limitations compared to artificial ones due to
their low sensitivity and selectivity. Their low sensi-
tivity and selectivity can be explained by the pres-
ence of dyes and other compounds that interfere
with each other, thus, decreasing sensitivity and se-
lectivity.

Phenol red

Figure 2 — Discoloration of artificial and natural indicators with increasing concentration of ammonia solution from

0.001% to 2%.

Table 1 — Results of model experiments with different concentrations

Ammonia Artificial and natural indicators
% Pomegranate Carrot Beetroot | Curcumin | Bromothy | Phenol
mol blue red
0.001 Not Not Not Not Changed Not
changed changed | changed changed changed
0.01 Not Not Not Changed | Changed | Changed
changed changed | changed
0.1 Changed Not Not Changed | Changed | Changed
changed | changed
1 Changed Not Not Changed | Changed | Changed
changed | changed
2 Changed Not Not Changed | Changed | Changed
changed | changed

Experiments on meat and fish products

The filter papers impregnated with dyes
were tested with meat and fish products. Fresh
samples of meat (beef) and fish (perch) (5-10 Q)
were placed in tubes. After that, the prepared indi-
cators (pomegranate, curcumin, bromothymol
blue, phenol red) were placed in them, cut into
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four parts: two in a test tube with meat and two
with fish. One indicator was located in close prox-
imity to the meat and fish samples, while the sec-
ond one was attached to the wall of the test tube.
The tubes were stoppered to simulate containers
for meat and fish. At the end, the rack was placed
with the samples on a window illuminated by sun-
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light to speed up the deterioration of the samples.
The process was observed for five days, and the
following changes were obtained (Figure 3).

No changes were found on day one. On the
second day, bromothymol blue changed its color
from yellow to blue only in a test tube with fish.
As well as phenol red, which changed its color
from yellow to red only on fish. Pomegranate
changed its color from dark red to gray only in a
test tube with fish. While curcumin showed no
change. On the third day, bromothymol blue
changed its color from yellow to blue in two test

tubes with meat and fish. The same results were
shown by phenol red, changing color from yellow
to red. Pomegranate and curcumin remained un-
changed. On the fifth day, the indicator papers all
returned to their original color.

Molecular or compositional factors contrib-
ute to the observed differential responses of indi-
cators to meat (beef) and fish (perch) spoilage de-
pends on various mechanisms, such as microbial
spoilage (mold growth and rotting, enzymatic
processes) and physicochemical spoilage (oxida-
tion, coloration, odor, and taste changes).

Figure 3 — Experiment on meat and fish products (1-pomegranate; 2-curcumin; 3-phenol red; 4-bromothymol blue).

Testing the prepared indicator biopolymers
on samples of meat or fish products

For testing indicator biopolymers, four con-
tainers were taken, two containers each for meat
and fish products. Two of them were filled with a
biopolymer with the addition of a bromothymol

Before

i

Meat

Freshness indicator

contains: bromothymol blue

blue indicator, and the next two with a biopolymer
with a phenol red indicator. Next, the sample con-
tainers were placed on a sunlight surface to speed
up the sample deterioration process (Figure 4).
The samples were observed for five days (Table

-

Figure 4 — Changes in the color of the indicator biopolymer when the quality of meat and fish products deteriorates

Table 2 — Color changes of Biopolymer Indicators on Meat and Fish Samples

Sample | Days Bromothymol blue Phenol red
Meat Fish Meat Fish
1 1 Not changed | Changed | Not changed Changed
2 2 Changed Changed | Not changed Changed
3 3 Changed Changed | Notchanged | Not changed
4 4 Not changed | Changed | Not changed | Not changed
5 5 Not changed | Changed | Not changed | Not changed

The table 2 shows the color change within
five days. On the first day, the bromothymol blue

43

biopolymer changed color from yellow to blue,
and the phenol red biopolymer from yellow to red
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only on the fish samples. On the second day, the
bromothymol blue biopolymer also changed its
color to blue from yellow on the meat sample,
while the phenol red biopolymer remained un-
changed. On the third day, the bromothymol blue
biopolymer also showed a positive result, while
the phenol red biopolymer returned to its original
color on the fish sample. On the fourth day, the
bioplastic with bromothymol blue returned to its
original color on the meat sample. On the fifth
day, the biopolymer with bromothymol blue and
phenol red returned to its original color in all
samples. Phenol red changed its color from yellow
to red only in the fish samples, while the color of
bromothymol blue changed for both foods. As a
result, it can be stated that phenol red is applicable
only to fish products, and bromothymol blue is
applicable to both food products. Selected indica-
tors showed good performance in real-time appli-
cations within a week, and changed color re-
mained for and extended periods.

Conclusion

A selection of artificial (bromothymol blue
and phenol red) and natural pH indicators (pome-
granate juice, beetroot, carrot, curcumin solution)
was carried out according to their color transition
intervals, the main criterion, which was a color
change in the range of 6 to 8 when reacting with
volatile amines. A selection of solid carriers for ap-
plying indicator solutions was carried out in order to
develop indicator paper, which will serve as a tem-
porary indicator in determining the quality of meat
and fish products. Experiments simulating a weak
alkaline environment were carried out using an am-
monia solution to determine the best quality indica-
tor. Tests were carried out on meat and fish products
using indicator paper, as a result of which a positive
result was detected in papers with a solution of two
artificial indicators and natural indicators. Biopoly-
mer based on starch and citric/acetic acid was used
instead of indicator paper as a more durable film.
The developed indicators were tested in relation to
their response to the spoilage of fish and meat sam-
ples in the test tubes and in food packaging. As a
result, it was revealed that two artificial indicators
(bromothymol blue and phenol red) could be incor-
porated in effective food freshness indicators for
smart packaging.

We propose to control the food freshness
with pH-sensitive indicators integrated into bi-
opolymers. It will eliminate the need to open the
package of high-value products of animal origin
(meat and fish): the smart label will react with the
released volatile compounds of the content in-
stead. The indicators provide safety and quality

44

assessments of food products and extend their
shelf life. The universal properties of the new in-
dicator-loaded biopolymers will be implemented
to ensure the food security of the Republic of Ka-
zakhstan
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XAJIBIKAPAJIBIK CTAHJIAPTTAPFA COMKEC %KAC IPI KAPA MAJI YIIIAJIAPBIH
MYHEJIEY KOHE AKBIPATY TEXHOJIOTI'UAJIBIK CXEMACBIH 93IPJIEY

DK K. JKAMEKOBA* ,2V.4. YOMAHOB Q‘

(*:«Kazak YaATTBIK arpapJbiK 3eprrey ynnsepenuteri» KEAK,
Ka3zakcran Pecny6siukacol, 050010, Aimatbl, AGail 1aHFbLIBI, 8
2«Kazak KaiiTa enjiey koHe Taram eHepkacinTepi Fouibivu 3eprrey nucrutyTh» JKIIC, Kazakeran
Pecnybamnkacel, 050060, Anmarel, 'arapun nanrsuisl 238/5)
ABTOP-KOPPECTIOHICHTTIH dJIEKTPOHIBIK TomTackr: zhazirazhamekova@mail.ru*

Kaszipzi rcazoaiioa couvinzan man men em canacvlHa KOUbLIAMbBIH 2bUILIMU HeZi30en2eH mananmap
wuKizammal OHOIpy, 01apObl OHOEY IHCAOAUNAPBLIN MYMBIHYUIBLAAPOLIY MAIARMAPLIH ecKepemin cmanoap-
mmapmen anvikmanaovl. Cmanoapmmap OHIMHIN Ccanacvlh OAKbLIAUMBIH WAPANApPObl  e2ceil-meziceini
mMyNHCOLIPLIMOQIiObL dcoHe pemmeiidi. OHOIpicmin, allHANbICMbIY JHCIHEe MYMBIHYObLH 0apablK Ke3eHoepinoezi camuin
any 6azanapul, ColUILIKAKLLIAP JHCIHE MHCeHINOIKmep cmanoapmmapza necizoenedi. Cmanoapmmap y3ax yaKvlim
Doitbl 032epicci3 Kana anmaiiovl, OUMKEHI em CAnacblHa KOUblIamuyli maianmap ynemi ozzepin omuipaost. Foiivimu
HCYMBIC HCAKBIH JHCIHE ANbIC uiemenodepze IKCHOPMMAIAMbIH XAablKApaavlK maianmapea caikec ipi Kapa man
(apvr Kapau IKM) emin myuieney xicaHe axyxcolpamyovly cmanoapmulH a3ipaeyze oazeimmanzan. byn maxanaoa
acac IKM ywacetn myweney men adxcelpamy Ke3inoezi 3epmmeynepoiy, Homudicenepi  XanvlKapaublk,
cmaunoapmmapmen oainanvicmui2el Keamipinzen. Mynoa, scac IKM emininy maiinviivieeln 0azanay, cOHbIMeH
Kamap 0aapovl K1acmapza JHcaHe KoCbIMuia Kiacmapza, canammapaa yucikmey yucypeizindi. Kac IKM emininy
XUMUATIBIK HCIHE MOPDONO0UATBIK KYPAMbL, HCACHL MEH MYKbIMbIHA Oatlianvicmul 3epmmendi. Kac IKM eminoezi
COURAHHAH KeliHn2i e2epicmepolin cana Kepcemxiuimepi, OHOG2bL emmiH dceminy, Oy3vlny 0apedicenepi CoIHANObL.
Conoaii-ax, o1apovly, an10bIHEblL HCIHE APMKbL WUPEK WeKapanapul dycone Kecinoinepi anvikmanowl. Kypzizincen
3epmmeynepoiy Hamudicecinoe em NeH MAaluoOblH mMycmepiniy, Mapmapoi cmanoapmmeol yacinepi 3epmmenin
anvikmanoot. KK «Manawoe A.A.» sncone KIIC «Meat Processing and Service» em oHOey Kacinopvinoapwvlnoa
IKM ywacvin mywieney dcone aicolpamyovly UHHOBAUUANBIK 2ddicmemeci en2i3inoi. Kypeizineen manoay
HomMudCcenepi  XanvlKapanslK cmanoapmmapea caiikec kKenemin scac IKM  ywanapoin myweney dwcane
a)colpamyovlyy MeXHONOUANBIK cXemacvlh a3ipney cone Kazaxkcman Pecnybnukacvinvly em  oHoey
KaCinopulnoapwulnoa enzizy Kezinoe ocol 0epekmepoi ecenke any Kaj3cemmizin Kyananovpaool.

Herisri ce3nep: cranaapT, skac ipi Kapa MaJ eTi, yimiajgapasbl *KikTey, YIIAHBIH IIBIFbIMbI, MAJAbI
€Ol0, €T Canachl.
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