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FOREWORD

The paper "Preparation, characterization and testinghadactive films with applications
in the food industry based on corn starch biopolynprezent a series of Infirmation regarding
the food films based on corn starch.

The research is divided into two parts, namely Part the thesis wich concerns about
bibliographic research, and Part Il presents tipeemental results obtained in the research.

Part | is structured in four chapters that focugrmmes of interest in the thesis field. The
second part is divided into three chapters desugithe materials and methods, results obtained
and the conclusions of the research.

In the section on results and discussions wereoapped four research directions, namely:

» The first subchapter present the results of thefed design;

» In the second subchapter are presented the redultee most suitable film in
terms of features taken from a factorial designhwi@s selected;

» The next five subchapter presents the results fiamstylated corn starch
combination with other six biopolymers (sodium abgie, sodium caseinate, xanthan gum,
chitosan, carboxymethyl cellulose and k-carragegnan

» The last two subchapters present the results oanmigptic analysis and
microbiological examination carried out on sampdésneat and cheese wrapped in four
films selected in previous research (film 100% dtaacetylated, film composed of 25%
sodium alginate combined with 75% acetylated starfitm composed of 50%
carboxymethyl cellulose combined with 50% acetylaggarch and film composed of 75%
k-carrageenan combined with 25% acetylated starch).

Scientific research and development of this thegsld not have been possible without
the guidance, support and patience of doctoral rsigme, Prof. Univ. Dr. Ing. Ovidiu Tita,
which | want to transmit on this way the most snecgratitudes.

| speak also with great gratitude and thanks tontlemtoring committee, namely, Mrs.
Prof. Univ. Dr. Ing. Mihaela Tita, Mr. Prof. Univ. Dr. Ing. loan Danciu and not at least Mrs.
Conf. Univ. Dr. Ing. Monica Mironescu, for all the support over the preparation of thissis.

| speak also with great gratitude and thanks to. Mig. Rodica Rosca for all the help and
advices wich has given me during the research.

| speak also with great gratitude and thanks to.NRof. Univ. Dr. Ing.Vionela
Mironescu for all the advices and all the help given to me.

| speak also with great gratitude and thanks /@ f. Univ. Dr. Ing. Cecilia Geor gescu
for the materials provided.

| speak also with great gratitude and thanks Mlt. Dr. Ing. Otto Ketneyfor his
availability and his help.

| speak also with great gratitude and thanks to IMacturer Valentin-Ciprian Mihali
from the Department of Electronic Microscopy of thmiversity Vasile Goldis Arad, for
assistance in the experiments.

| speak also with great gratitude and thakkss. Oana Piper, company representative of
Supremia Group for the materials supplied.

Teachers in the Faculty of Agricultural, Food Intlysand Environmental Protection and
the evaluation and assessment committee memberssh to thank this way for the
recommendations and the advices given.
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I thank my family and friends for moral, financiahd physical support granted over this
period of time.

This thesis was funded und€étOSDRU/159/1.5/S/133258Bntitled: "Scholarships in
Romania through European Support for Graduate astddctoral Students (SCHOLARSHIPS
DOC-POSTDOC)".

INTRODUCTION

In recent decades,we often ask questions aboufutiiee (unfortunately increasingly
darker) of our planet, given that there is contingf this linear path to self-destruction. In
parallel with the development of burgeoning tecbgms and increased wealth, held an
intensification of human pressure with large negatffects, unwanted in the whole ecosphere
with implications in kind by disrupting natural dgs, leading eventually to real ecological
disasters.

A major category of waste is plastic (plastic lestfl packaging), whose production has
recorded a massive increase, especially in recegtsy It is well known that plastic does not
degrade due to its nature that gives resistancenitwobial attacks and falling oil in its
composition represents a danger to marine animiaénwplastics end up in the oceans. Also for
printing of plastic bags is being used a highlyidaxetal: cadmium, which is released in the air
by burning them. Under certain conditions, plastic#t have reached nature can be broken into
smaller fragments, making possible their ingestiyn animals. Due tot his major problem
nowadays has been put agreat emphasis on findihdioss for pollution prevention or
remediation of the effects on the ecological systeifherefore, the current trend is the
production of biodegradable materials to replageseational synthetic plastics.

An innovation of this is making food based filmerfr biodegradable modified starch, and
the production costs are very low. On the entiemet, starch is a continuous source which can
also be recovered from waste water in the procgssdustry.

Current research on improving the properties ofifbased films from modified starch,
showed that the structure can be incorporated wat@ous antibacterial compounds which
maintain the integrity of the food by protectingaagst moisture, oxygen and other foreign
matter, thus ensuring longer life of the produdte Tesire to use biopolymers in all domains is
given by their derivation from renewable and fofisdl depletion.
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SCIENTIFIC OBJECTIVESOF THE THESIS

The general objective of the thesis wadbtaining, characterization and testing of
bioactive films with applications in food industrjnaving corn starch as a base biopolymer”.

In order to achieve the general objective have Ipeeposed following specific objectives:

1.

Optimization in obtaining food films based on catarch.

. Testing of physico-chemical, rheological and antioibial properties of obtained films
. Optimization in obtaining starch based films conalairwith other biopolymers.

. Testing by microscopic procedures the uniformityl aniscibility of the components

used in the production of films.

. Testing the thermal behavior of the films obtained.
. Verification of the preservation capacity of foas@ucts packaged in films.

. Testing the biodegradability of the obtained films.

STRUCTURE OF THE THESIS

The PhD thesis entitletPreparation, characterization and testing of bitige films with
applications in the food industry based on cornr@dtabiopolymer”contains 198 pages, 73
figures and charts, 25 tables and 244 references.

This doctoral thesis is structured into two distiparts, namely: literature review and
experimental research.

» Documentary study which present:

starch modifying, properties and application, starased food films;
biopolymers with application in food industry;
Theoretical Aspects regarding pathogenic microasyas and lactic;
Theoretical aspects regarding essential oils;

» Own research that present:

Research organization with a clear description aidtivation topic, research
objectives, the factors included in the study askarch organization;

Materials and methods with detailed descriptionthed material to research and
analytical methods used,;

experimental result: results, discussions and csnmhs;

final conclusions and perspectives for further aesle describing contributions;
bibliography and appendixes.
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ACHIEVEMENT PLAN OF THE RESEARCH

l. OPTIMIZATION OF FILMSMADE OF 100% STARCH

Corn starch emulsionglycerol + acetic acid{' Factorial design of‘2ype

>,

~F
Optimized starchy films

l * Rheometry

>

N « Dry matter
Physico-chemical an « Ash
rheological analysis « Acidity

»  Water activity

/

Biodegradation

II. SELECTION OF FILMSWITH THE BEST PROPERTIES

Film surface analysis * SEM
« AFM
4 » Teatree

+ Basil

4
/ « Cedar

Incorporating essential oils in film * Thyme
* Fennel
* Juniper

e Peppermint

e Cinnamon

e Grape seed
\_* Pine

4 » Lactic acid bacteria
» Mesophilic lactic acid bacteria
» Aspergillus niger
» Bacillus cereus
* Penicillium crysogenum
e Salmonella anatum
\_* Staphyloccocus aureus

Analysis of starch film bioactivity <
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(1. OPTIMIZATION OF OBTAINING STARCH MIXTURES COMBINED WITH
OTHER BIOPOLYMERS

e Sodium caseinate

Combining starch with other polym | ¢ Sodium alginate
in proportion of: » e Carboxymethyl cellulose

e Xanthan
25:75, 50:50, 75:25, . K-Carrageenan
e Chitosan
N—
A 4 « Rheologic behavior

e Dry matter
Physico-chemical ang e Ash

rheological analysis * Acidity
* Water activity

A4
Testing uniformity by microscopic . Macroscopic
ways » Electronic microscope (SEM)

4
Testing thermal behavior « Thermic stability

of obtained films e Temperature resistance
l * Melting point

4

Biodegrability

V. PRESERVATION CAPACITY OF PACKAGED PRODUCTSIN FILMS

Selected films with optimal properties

|
4

Testing preservation capacity of * Sensory analysis
food (meat and cheese) * Microbiological analysis
at thr temperature of 4°C and -]
I
7

The influence of the type of pa(.:kagu . ANOVA Statistical analysis
on sensory characteristics

11
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6. MATERIALSAND METHODS
6.1. OBTAINING FILMS MADE OF STARCH 100%

Materials used in order to realize films composestarch in different proportions were:

- Corn starch (Sigma Aldrich);

- Glycerol 99.8% (Kynta S.R.L.);

- Acetic acid 1N.

The two main features of starch film deemed impurtar film quality are related to the
rheological behavior, together with its biodegratiyb The main factors considered important
(showing influence) on the characteristics of therch film are the amounts of glycerol and
acetic acid used in the production of the starch. fi

To optimize the composition of starch films hasrbased a factorial experimental design.
There were selected two variables: the amountyafegbl and the amount of acetic acid used for
producing the starch film. In order to study th@fluence on the starch film quality has been
used a factorial experimental plan of the orde2’ofvhich is described in Table 2.

Table 2. Experimental design used to optimize ktéha's composition

LEVEL
DESCRIPTION x] 0 1
. X1 Amount of glycerol % 2.5 5 .5
variables - - _
Entry X2 Amount of acetic acid % 2.5 5 7.5
sizes constants X3 Temperature °C 90
X4 Amount of starch % 5
V1 Starch gel viscosity Pas
Response sizes | y» Biodegradation degree %
Y3 Water activity
X1 X2
Sample 1 7.5 % 7.5 %
Sample 2 7.5 % 2.5 %
Sample abbreviations Sample 3 25 %| 7.5 %
Sample 4 2.5 % 2.5 %
Sample 5 5 % 5 %

6.2. Obtaining films made of corn starch combined with other biopolymers

The polymers used were as follows:

- Corn starch (Sigma Aldrich origin)

- Sodium caseinate (Supremia Grup origin)

- Chitosan (Sigma Aldrich origin)

- Xanthan (Sigma Aldrich origin)

- Sodium alginate (Sigma Aldrich origin)

- K-carrageenan (Sigma Aldrigih Supremia Grup origin)
- Carboxymethyl cellulose (Supremia Grup origin).

12
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The share of the starch and the polymer used te rekfilms is shown in Table 4.

Tabelul 4. Share of starch and polymer

No. Polymer Corn starch
25% 50% 75%

1. Carboxymethyl cellulose 75% 50% 25%
2. Xanthan 75% 50% 25%
3. Chitosan 75% 50% 25%
4. Sodium alginate 75% 50% 25%
5. Sodium caseinate 75% 50% 25%
6. K-Carrageenan 75% 50% 25%

Starch, acetic acid (5%), glycerol (5%) and othmpblymers used (Sodium alginate,
Sodium caseinate, xanthan, k-carragernan, chitgisearboxymethyl cellulose) were disolved
separately and were heated for 1.5 hours, aftechwthie solutions were combined, mixed and
heated to 90°C for another 30 minutes. This tirm&as important because it provides starch
gelation and homogeneous mixing of solutes. The s&&ge is to obtain films by pouring the
mixture into Petri dishes which are left to dry #8-72 hours in order to evaporate water and
solvents.

6.3. Rheological behavior analysis

The rheological behavior of fluids can be analy#eslubjected to a constant shear rate.
The behavior of a fluid can be judged on the bakexperimental data, plotting the variation of
shear effort and shear rate. This curve represeatmathematical model of rheological behavior
of the product (Mironescu, 2014).

It analyzed the rheological behavior of gels bagedorn starch combined with various
biopolymers (sodium alginate, sodium caseinate,thean K-carrageenan, chitosan, and
carboxymethyl cellulose) using two devices: rhe@nebtation type Yield YR1 (Brookfield)
and rheometer mixing type Viscotester VT 550 (Haake

6.4 Physico-chemical characterization of corn starch based films

6.4.1 Determination of dry matter by weighing

Represents the total solid content substancegehain after evaporation of water in the
product at a temperature of 110°C.

The dry matter content is calculated from the rehat

W:g1_92_100
g1 — 9o

Where:

go= empty vial mass, in grams;

0,= the vial’'s mass prior to drying with the sampiegrams;

g.= the vial's mass after drying with the sample iargs. (Mironescu, 2000)

13
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6.4.2. Determination of starch film acidity

The acidity is given by the presence of acids e dw material used and the acid added
during the technological process of obtaining anfstarch (acetic acid). In the treatment of
starch with an acid, acid hydrolysis of the glydesacting on the starch molecules, the starch
molecules become smaller.

The relationship is determined by the degree afigcof a product:

_10-V-K
g

Where: A - acidity expressed in degrees of acjditynl/100g;

V - the volume of sodium hydroxide solution consdnethe titration, in ml;

K - factor of titrating solution used in;

g - the analyzed sample weight in grams;

6.4.3.Determination of total ash content

The ash content refers to the residue obtained aftkeination of the samples. When
ignited, the organic substances are transformedviolatile substances and minerals remains as
ash. Analysis of the ash component may be a mdaregitying working conditions (Mironescu
and Mironescu, 2000).

Total ash contentof product by mass is calculati the relation:

C=g1_90-100

Unde g= ash crucible mass in grams;
go= empty crucible weight in grams;
g= mass of the sample taken in grams;

6.4.4. Determination of water activity
Water activity is a measure of the durability opmduct in relation to certain types of
damage. The free water in the product is cruciath growth of microorganisms and toxin
production.
a,, = % =n,, +ng
Where: p = the vapor pressure of water at tempeasl;

po = the vapor pressure of water in the atmosphetengteratures T;
tw = the equilibrium temperature of the system;

ny = the number of moles of water;

ns = the number of moles of substance.

6.5. Analysis of the film composition and topography of modified starch selected from the
application of factorial design

Results obtained by using the device provides \dduiaformation on the uniformity of

structure, surface roughness and proof. It usedrel@c microscope (SEM) and atomic force
microscope (AFM).

14
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6.6. Structrulal analysisof acetylated starch based films combined with other biopolymers

In the sample preparation has been used a SpubieteiCdevice, Agar. Three deposits
were made of gold, each with a thickness of 4 nime Tamples for examination in SEM
(Scanning Electron Microscope Quanta 250, Fei)nasanted on conductive aluminum holders
using double-sided adhesive strips carbon.

6.7. Determination of the antimicrobial action for the film selected following a factorial
design

For the set of experiments in which to watch thgacon blends of essential oils in solid
lactic bacteria was used MRS agar culture medilma @bbreviation comes from its inventors:
Man, Rogosa and Sharpe).

Microorganisms used in order to study the actioassiential oils on lactic bacteria cultures
are represented by:

- Mix lactic bacteria for the production of cheese

- Mix lactic bacteria for the production of mesopbitheese

- Microbiological material (pure culture @acillus cereus ATCC 14579 Aspergillus
niger -ATCC 1015 Staphylococcus aureus\TCC 12600 Salmonella anatumATCC 9270).

Pencillium crysogenuroulture isolated in the laboratofiyloza el al., 2012).

Natural compounds used in the two experiences M@i@ls namely:

Tea tree Kelaleuca alternifolia
Basil (Ocimum basilicum

Cedar Cedrus deodarp

Thyme Thymus vulgaris

Fennel Foeniculum vulgarke
Juniper Juniperus communis
Peppermintlentha piperita
Cinnamon(Cinnamomum verum)
. Grape seedMtis viniferg

10. Pine Pinus sylvestris

In order to observe the activity of biofilms impreged with essential oils was used
aromatogram method.

NGO ,A~®WDE

6.8. The analysis of the thermal stability of films based on acetylated corn starch in
combination with other biopolymers

The procedure was as follows:

- Sample is weighed (1-6 mg);

- The aluminum crucible is sealed with a press;

- The crucible cap is punctured in order to avoidfthvenation of internal pressure;

- The sample is placed into the machine (Maia 200);

- Is being run analysis software (software Netzsohywhich previously have been set the
operating parameters (temperature: 30-300 °C, ngpatite: 10 °C/minute and the gas used is
nitrogen with pressure of 40ml/min);

- Thermograms obtained are recorded/saved.
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6.9. Sensory analysis of samples of meat and cheese wrapped in acetylated corn starch films

Following the achievement determinations, were ipresty selected four types of films
that were tested for capacity in terms of presgrvimeat and cheese. The films selected to
achieve sensory and microbiological analysis were:

- Film consisting of 100% acetylated corn starch;

- Film consisting of 25% sodium alginate combinechwib% acetilated corn starch;

- Film consisting of 50% carboxymethyl cellulose conaol with 50% acetilated corn
starch;

- Film consisting of 75% k-carragrenan combined 2886 acetilated corn starch.

6.9.1. Description and preparation, packaging aodiag samples

Samples of meat (pork) and cheese were purchasedSC Metro Cash & Carry Romania
S.R.L., having on the label their shelf life. Affgurchase samples were stored at 4°C according
to the manufacturer's specification.

Samples of meat and cheese were portioned and getka films. All film samples were
sterilized in advance using a UV lamp in order ismmate existing microorganisms on the
surface to contaminate meat and cheese samples.

Coding samples was conducted taking into accoamtpse type (meat, cheese), the type
of film used, the temperature at which the samps deposited and storability.

6.9.2. Heat treatment (refrigeration / freezing)

Cheese meat samples that were stored for a pefib@ days in an incubator ICP model
800 with cooling to -15°C respectively 4°C. Plategas monitored by Celsius software. The
research was conducted over 16 days during whictraav from four to four days samples
which were subjected to sensory analysis. Optibaéovations are given in Annex 1.

6.9.3. Sensory analysis of meat

Sensory analysis of the meat was made in accordaiceSTAS 7585-75 which refers to
sensory examination of meat from butchers animeddtlé, swine, sheep, goats), cut into
specialized units and under veterinary supervisidme index evaluates each sensory quality
using the scoring scale of 0 to 5 points.

Sensory examination is done on pieces of meat amsists of appreciation of the
following features:

— aspect

— color

— consistency

— smell

6.9.4. Sensory analysis of Cheese

Sensory analysis of the cheese was made in acamrddth SR 6345-1995 which refers to
the sensory analysis of dairy products.

The evaluation of each sensory characteristiceasritbed in this standard, by comparison
with scales score from 0 to 5 points. The sampledeought to a temperature of 18°C + 2°C.

Compact solid products are in the form of wholecgier sector, to assess appearance. The
samples were subsequently cut into equal pieceshamdevaluated.
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6.10. Deter mining the type of packaging influence on sensory characteristics

ANOVA (ANalysis Of VAriance) is a comparison tesbut has the advantage of
simultaneously comparing more averages lots.

* Ho: Media samples tested from which parameters araleq

* Hj: At least one of the media samples from which paeameters differ from one
another.

* Resultp, of the assay, provided by the program, has theesaeaning as in the other
tests, namely:

e If p>0,05 is accepted dhre not significant differences in materiality ééof 95%.

e If p<0,05 is rejected K are significant in level of 95%. At least two masliare
significant.

* If p<0,01 is rejected kiin level of 99%. The difference is highly sign#iat.

* If p<0,001 se respingegHThe difference is very highly significant.

6.11. Microbiological analysis of meat and cheese samples packaged in acetylated corn
starch films

When determining the total number of germs (NTGhis study was used incorporating
adapted sowing method (Stancu et al., 2013). Thareumedium was used for NTG was PCA
(Plate Count Agar) and for determining the numbidungus and yeasts was Sabouraud. After
an incubation period of 16 days, each sample walyzed, yielding the microorganisms on its
surface for sowing, in order to highlight differexsan the growth of fungi and bacteria in the
presence of different types of films tested on ddifferent substrate and to verify the action for
each type of film used on samples of meat and ehees

6.12. Starch biodegradability of the film combined with other biopolymers

To achieve the objectives of this research is mbédleletermine the extent and conditions
under which experimental film degrades under comustas close to those found in nature.

This was achieved through an experiment conductedstandard conditions ISO
16929:2002 "Plastics — determination of the degrfedisintegration of plastic material sunder
defined composting conditions in a pilot-scale tesdapted to conditions provided in the
laboratory.
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7. RESULTSAND DISCUSSION
7.1. Optimizing the composition of starch filmsand their characterization

To optimize the composition of the film, it was &dto identify the optimum content of
acetic acid (as the modifying agent of starch) giyderol (as a plasticizer) to obtain a uniform,
stable film, with characteristics of rheologicaldgphysico-chemical good properties, low water
content and high capacity of biodegradation.

7.1.1. The rheological behavior of gels consistih@cetylated starch

The regression equation obtained is in the form:

y, = 8715- 247X, + 16950X, [X,

wherey; is yield strengthy; is glycerol andk; is acetic acid.

The function obtained indicates the major influennédree variable (Y, other than the
analyzed variables. Of the two variables studibd,dcetic acid has a negative influence on the
flow, and the combined action of acetic acid angtetol positively influences the rheological
behavior of gels; glycerol does not have signiftdafluence on these characteristics.

7.1.2. Biodegradation of films composed of ace¢glatorn starch
The regression equation obtained is in the form:

y, = 4325+ 26550k, — 55750K, + 139050k, [X,
wherey; is yield strengthy; is glycerol andk; is acetic acid.

Also in this case, the function obtained indicdtes major influence of free variabley)x
other than the analyzed variables. Of the two Wéegstudied, glycerol positively influences and
acetic acid has negative influence on the biodegi@n of modified starch film; the combined
action of acetic acid and glycerol strong positiviluence mass decrease of films.

The decline of mass in most films is that givenshynples made using intermediate values
of glycerol and acetic acid.

7.1.3. The influence of acetic acid and the glycermowater activity

Most of the samples have a low quantity of free ewvafn,<40%), below the
microorganisms needed for growth and multiplicatioA low free water content in
product,@,,<0,60) confirms that the samples are microbioldicgafe. The low content of free
water does not permit the activation of microorgars to produce altered starch film.

The regression equation obtained is in the form:

y3=0,422-0,076¢;+0,089x%,-0,046x3 X,

where:y;is the degree of water binding, is the amount of glycerol usexhis the amount
of acetic acid used. Both variables chosen arefggnt; in this case, glycerol has a negative
influence characteristics analyzed.

7.1.4. The influence of the glycerol and aceticdam the dry matter
A high amount of dry matter affects the elastietd prevent plasticization of starch film.
The regression equation obtained is in the form:
y4=87,925-1,825x+0,550%+1,300%X;

18



Summary PhD thesis Daniela Naiaretti

where:y, is the amount of dry mattex; is the amount of glycerok; is the amount of
acetic acid. Also for this model, both variabless#n are significant; in this case, glycerol has a
negative influence on analyzed characteristicsthedry matter content.

7.1.5. The influence of the glycerol and aceticdam the acidity of the starch film
The regression equation obtained is in the form:
y5=2,500+0,750x;-0,250%,+0,500x7 %2
where ysis acidity,x; is the amount of glyceraok; is the amount of acetic acid.
Also in this case, both variables chosen are saamt but glycerol has positive influence
on acidity. Interestingly, the model obtained shdhat acetic acid has negative influence on
acidity of films.

7.1.6. The influence of acetic acid, glycerol oa #ish of film

All samples had small amounts of minerals in themposition less likely in the sample in
which has been used a large amount of acetic acidaamall amount of glycerol. Glycerol is a
good plasticizer of starch, but low concentratiarese unable to sufficiently plasticize the
sample.

7.1.6. Conclusions

Factorial experiments aimed to identify the optim@aiposition of glycerol and acetic acid
in the ranges chosen for the two variables, de-Z,5%.

In conclusion, an appropriate quantity of glyceaotl acetic acid (5%) results in formation
of a harder, which is poured, spread well, allolws formation of a uniform film, stable,
biodegradable, which can be stored as such forng lbme as it is not attacked by
microorganisms (very low water activity). Furtharthis research, for obtaining modified starch
films were used glycerol and acetic acid in thecemrtrations of 5% on the total weight of the
5% suspension of starch.

7.2. Analysis of surface, topography and bioactivity of film composed of acetylated corn
starch selected following a factorial design on lactic acid bacteria and pathogens

7.2.1. Surface analysis of modified starch-badeakfi

The sample being analyzed (the film formed by tleetydated starch) showed a
homogeneous structure from the point of view of dngribution of the components (starch,
glycerol and acetic acid).

The sample exhibits little uneven areas which acempletely gelatinized starch residues.

7.2.2. Analysis of topography of films from acedbcorn starch

Modified starch film shows relatively uniform andrginuous surface. Analysis was
performed in contact mode which shows some aretis shiarp projections. These projections
increase film roughness and thus appearance. Tgieedti areas on the film surface were
analyzed by 1.26m.
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7.2.3. The action of essential oils on lactic deatteria used to obtain cheeses

On cultures of lactic bacteria used to obtain cbeeslatile oils showed different
influences, some having an inhibitory action, ots#mulatory effect. There were also volatile
oils that have had no activity against these miganisms.

The degree of inactivation of essential oils on ¢bkure of lactic bacteria used to obtain
cheeses can be reported as follows: cinnamon tilyme oil. The use of tea tree essential oil,
basil essential oil, fennel essential oil, grapedsesssential oil was stimulatory.

7.2.4. The action of essential oils on mesophalatit acid bacteria used to obtain cheeses

Essential oils that have favored the developmenmhes$ophilic lactic acid bacteria were:
tea tree, basil, cedar, fennel, juniper, mint aime p

The essential oil which inhibited the growth of mesilic lactic bacteria was the
cinnamon.

Essential oils that do not have any action on theetbpment of mesophilic lactic acid
bacteria were the thyme and the grape seed.

7.2.5. Influence of peppermint essential oil in@ygted into modified starch based film on

pathogens

Peppermint oil had a medium inhibitory action orcmorganisms:

Bacillus cereus (R1%=23%), Penicillum crysogenurn?®R100%) si Staphylococcus
aureus (R1%=23%).

On the development of the microorganiSamonella anaturand Aspergillus niger
peppermint oil had no effect.

7.2.6. Influence of cinnamon essential oil incogied into modified starch based film on

pathogens

Cinnamon essential oil inhibited all four testectrorganismsAspergillus nigesi
Penicillium crysogenum au fost inhilp@n proprsie de 100%.

In the case oBacillus cereus, Salmonella anatgnStaphiloccocus aureube medium
rates of inhibition were: 58%, 47%23%.

7.2.7. The influence of fennel essential oil incogbed into modified starch based film on

pathogens

Fennel essential oil showed an average rate of Iiiifdition on microorganisms:
Aspergillus nigesi Penicillium crysogenum.

On Staphylococcus auretise medium rate of inhibition was 22%almonella anatum
throughout the testing period (21 days) was favamethis oil on the starch film.

7.2.8. The influence of thyme essential oil incoaped into modified starch based film on
pathogens
The average inhibition of the thyme essential @kwhe following on pathogens:
- 89% onAspergillus niger;
- 33% onBacillus cereus;
- 100% onPenicillium crysogenum;
- 39% onSalmonellei anatum;
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- 44% onStaphylococcus aureus.

7.2.9. The influence of juniper essential oil iqmarated into modified starch based film on
pathogens
Juniper essential oil showed inhibitory action (Ri#%die 100%) only oRenicillium
crysogenumkor the other four microorganisms had no effect.

7.2.10. The influence of tea tree essential obiporated into modified starch based film on
pathogens
The only totally inhibited microorganism in the peace of tea tree oil w&enicillium
crysogenumOn the microorganismaspergillus nigeand Staphylococcus auretsa tree oil
had no effect
The films that was incorporated tea tree oil ha@gweerage RI1% of 21% on the
microorganisnBacillus cereusand onSalmonella anaturtea tree oil had a R1% of 10%.

7.2.11. The influence of pine essential oil incogbed into modified starch based film on
pathogens

The microorganisniPenicillium crysogenurwas totally inhibited (R1%=100%) in the
presence of pine oil.

The microorganismspergillus nigeshowed no change of growth and development in the
presence of this essential oil, wh8almonella anaturwas favoured. The average rate of
inhibition obtained for the pathog@&acillus cereusvas 32% and oBtaphylococcus aurewgs
26% during the three observations.

7.2.12. The influence of cedar volatile oil incorgied into modified starch based film on
pathogens
Development of selected microorganisms in the presef the cedar essential oil was
completely stopped on the pathodgeenicillium crysogenum.
On Staphylococcus aurewgas observed an average inhibition of 22% dureganalysis
period.Aspergillus nigelandBacillus cereusvere developed in the presence of the essential oi
of cedar, whiléSalmonella anaturwas favoured by its presence.

7.2.13. Influence of basil essential oil incorp@@into modified starch based film on pathogens
The essential oil of basil in starchy films preseha total inhibitory action on the
organismPenicillium crysogenum.
The medium rate of inhibition on pathogBtaphylococcus aureugms 12%and on
Bacillus cereumnly 17%. OnAspergillus nigemwas not observed any change. O&itmonella
anatumwas favoured by the presence of basil essential oil

7.2.14. Influence of grape seed essential oil ipooated into modified starch based film on
pathogens
Grape seed essential oil showed an inhibitory actio microorganism8acillus cereus
andPenicillum crysogenum.
On pathogenSalmonella anatunand on Staphylococcus aureuhis oil has favoring
action. On microorganisrAspergillus nigehad no action.
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7.2.14. Conclusions

The microorganisnAspergillus nigerwas inhibited by essential oils of cinnamon, fénne
and thyme.

The microorganisnBacillus cereusvas inhibited by essential oils of cinnamon, thytea
tree, pine and basil.

The microorganisnPenicillium crysogenurwas inhibited by all tested essential oils.

The microorganisnsalmonella anaturwas inhibited by essential oils of cinnamon, thyme
and tea tree.

The microorganisntaphiloccocus aureugas inhibited by essential oils of cinnamon,
fennel, thyme, pine, cedar and basil.

7.3. Determination of therheological behavior of acetylated corn starch gels combined with
other biopolymers

7.3.1. Determination of the rheological behaviotiué gel consisting of 100% acetylated corn
starch

The function obtained by the analysis of the rhgioial behavior of the gel consisting of
100% acetylated corn starch is:

y = 04777 %"

This feature indicates that the sample consistd(if% acetylated starch presented a
pseudoplastic rheological behavior. Values of 3 kaan 1 indicates that a rheological behavior
of pseudoplastic type; The value of n is close,tssnore pronounced pseudoplastic behavior
(Steffe, 1996).

7.3.2. Determination of the rheological behaviottlod gel formed by corn starch and sodium
alginate
Functions Type Power Law obtained from analyzingotbgical behavior of the gel
consists of acetylated corn starch with alginage ar

y, = 01443 %%
y, = 01282% %%’
y, = 0,0128%*%

Samples composed of 25% and 75% of sodium alginate showed pseadoplastic
behavior and the sample composed of 50% sodium alginateobadifated behavior.

7.3.3. Determination of the rheological behavior of thefgehed by corn starch and sodium
caseinate
Functions Type Power Law obtained from analyzing rheologiedlavior of the gel
consists of acetylated corn starch with sodium caseinate are:

yl - 0,21045( 07613
y, = 01597 ¥+
y3 - 0,0855(10845

Samples composed of 25% and 50% of sodium alginate showed pseadoplastic
behavior and the sample composed of 75% sodium caseinatedratilated behavior.
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7.3.4. Determination of the rheological behaviotlué gel formed by corn starch and xanthan
The flow limit effort for the sample consisting 85% xanthan sample was 40.46 Pa, and
after application of the material forces, it bedarrun. The sample consisting of 50% xanthan
mixed with 50% acetylated starch corn has a flderefimit of 22 Pa.
Where 75% xanthan sample was combined with 25%ylated corn starch presented
different behaviors from the other two tests, ngmehs a flow limit effort of 132.6 Pa.

7.3.5. Determination of the rheological behaviottlué gel formed by corn starch and k-
carrageenan
Maximum effort that stood the test consisted of 26%arrageenan and was 4.05 Pa and
the sample composed of 50% k-carrageenan can aiithst drop of 11.04 flow limit effort Pa.
The sample in which 75% k-carrageenan was comhiidd25% acetylated corn starch
presented different behaviors from the other tvétstenamely, resisted an flow limit effort of
195.74 Pa.

7.3.6. Determination of the rheological behaviottloé gel formed by corn starch and chitosan

The flow limit effort of the sample composed of 25#6tosan was 4.76 Pa and the sample
composed of 50% chitosan was 34.08 Pa. The samplthich 75% chitosan was combined with
25% acetylated corn starch presented a similanbahaith the sample composed of 50%
chitosan, with an effort of 44.28 Pa.

7.3.7. Determination of the rheological behaviottloé gel formed by corn starch and
carboxymethyl cellulose
The flow limit effort of the sample made of 25% lwaxymethyl cellulose was 37.32 Pa.
The sample consists of 50% carboxymethyl cellutoseed with 50% acetylated corn starch was
in a flow limit effort of 199.84 Pa, effort is verjose to that of the sample consisting of 75%
carboxymethyl cellulose (199.02 Pa).

7.3.8. Conclusions

The film composed of 100% acetylated starch shaavpskeudoplastic behavior.

The gel consisting of sodium alginate showed wesdugdoplastic behavior (25% and 50%
of sodium alginate) alginate gel composed of 75%w&u a dilated poor behavior.

The gel consisting of sodium caseinate presenteddmplastic behavior (25% and 50%
samples) sample consists of 75% sodium caseinatemied a different behavior, namely poor
behavior dilated.

When 75% xanthan sample was combined with 25% katetly corn starch presented a
flow effort limit of 132.6 Pa.

The sample in which 75% k-carrageenan was combin#d25% acetylated corn starch a
flow effort limit of 195.74 Pa.

Of 50% chitosan gel mixed with 50% acetylated cstarch presented a maximum a flow
effort limit of 34.08 Pa.

The sample consists of 50% carboxymethyl celluloiemded with 50% acetylated corn
starch presented a flow effort limit of 199.84 Pa.
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7.4. Theanalysis of films on the surface and structure of acetylated corn starch combined
with different polymers

7.4.1. Film consisting in 100% acetylated corn shar

From a microscopic point of view, the surface iggio on the upper side of the 100%
acetylated corn starch film. The lower face, the tivat is in contact with the support is smooth,
without visible roughness. The 100% starch filmtieecis arranged in layers.

7.4.2. Film consisting in sodium alginate combinegarious proportions with acetylated corn
starch

The film consisting in sodium alginate combinedsarious proportions to acetylated corn
starch is continuous and uniform from a macroscaefgevpoint. From the point of view of
microscope samples made up of 25% and 75% havksciratheir structure. The film consisting
in 50% of sodium alginate is continuous and uniform

7.4.3. Film consisting in sodium caseinate combinegarious proportions with acetylated corn
starch

From macroscopic point of view sodium caseinateldoed in various proportions with
acetylated corn starch has formed a film becaussttiucture has not kept when handled. From a
microscopic point of view, films consisting of 25%d 50% sodium caseinate are smooth but
have areas in which polymers have not blendedpatyiers sections are arranged in layers.
The film consists of 75% sodium caseinate was glr@and uneven.

7.4.4. Film consisting in xanthan combined in vasggroportions with acetylated corn starch

As for the films obtained showed microscopic aiblbles embedded in the polymer matrix
after drying were sticky and difficult to detaclorin the surface of the support.
The sample composed of 25% xanthan combined V&t &cetylated starch is rough and non-
uniform in all the three phases (the upper side,lolver side and in section), on a microscopic
level.
The sample composed of 50% xanthan have small £iadke surface which were encountered
on the lower side. Instead the upper surface ofstmaple made up of 75% xanthan is more
smooth and free of visible cracks.

7.4.5. Film consisting in k-carrageenan combineganous proportions with acetylated corn

starch

Optical observations have revealed that the filntaioled by combining k-carrageenan
25% with 75% corn starch, presented an increasaplify. This brittleness has been reduced in
the sample obtained in 75% k-carrageenan combim#d&% corn starch.

Microscopic observations revealed the roughnesstandniformity of the film made from
25% k-carrageenan in all the three phases (therupgpe, the lower side and in section). The
same roughness can be seen in the section of thplesaonsisting of 50% K-carrageenan.
Samples consisting of 50% or 75% k-carrageenan atiasimilar upper surface, smooth and
continuous.
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7.4.6. Film consisting in chitosan combined in vas proportions with acetylated corn starch
From macroscopic point of view all three films ab&d have shown in their structure
areas where the chitosan has not completely disdolv
Films consisting of 50% or 75% chitosan showed asicopic smooth and continuous
surfaces. Instead sample composed of 25% chitasbrdted air in its structure. Section
composed of 25% chitosan sample is not homogenshaging uneven areas. The other two
films composed of 50% and 75% chitosan, the sectmwed that the layers are overlaid.

7.4.7. Film consisting in carboxymethyl cellulosenbined in various proportions with
acetylated corn starch

Macroscopic analysis shows that films made from 20fb 75% carboxymethyl cellulose
have embedded air greatly in the polymer matrigteéad film composed of 25% carboxymethyl
cellulose had a continuous and relatively unifoppearance.

Microscopic analysis of the films consisting of 78%boxymethyl cellulose exhibited a
smooth surface with cracks while the sample congisif 50% carboxymethyl cellulose
exhibited a poor mixing of the two polymers and saenple with 25% of carboxymethyl
cellulose had large cracks on its surface.

In the section of the three films can be observeslaively compact and uniform
structure.

7.4.8. Conclusions

The analysis of the film surface consisting of 10@%etylated corn starch showed a
continuous, uniform and compact film.

From the point of view of uniformity and continuity the films it can be said that the film
obtained by mixing 25% of sodium alginate and 753&@ck is superior to the other two films
analyzed and tested.

Following these observations it can be said thatfilm consisting of sodium caseinate
combined with acetylated starch corn is not sugdbt applications in the food industry.

The film consists of 75% K-carrageenan and 25%yéated starch corn presents the best
features compared to the other two films (25% &bfbpanalyzed.

According to observation of chitosan film compos#dacetylated corn starch and can
highlight the high quality of the film composed %% chitosan combined with 50% acetylated
corn starch.

Following these comments can highlight the quabty the film composed of 75%
carboxymethyl cellulose combined with 25% acetylatern starch.

Following this microscopic analysis may concludat ttamples consisting of 25% xanthan
and 75% acetylated corn starch had probably theosrast surface, continuous and with the
least air embedded in the polymer matrix.

7.5. Physicochemical characterization of obtained films
Humidity of the nineteen films ranged from 17.646786 the sample composed of 75%

sodium caseinate combined with 25% acetylated stench, and 30.1600% for the sample
composed of 75% chitosan combined with 25% acetylabrn starch.
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The quantity of ash obtained from the analysis ednigetween 0.0433% for the film made
up of 100% acetylated corn starch and 9.7752%h@ffitm obtained from 75% sodium alginate
mixed with 25% acetylated corn starch.

From the point of view of the acidity of the ninetesamples showed values between
0.6800 degree of acidity (film with a compositioh 26% chitosan and 75% acetylated corn
starch) and 8.2962 degrees of acidity (film withc@mposition of 25% xanthan and 75%
acetylated corn starch).

From the point of view of water activity, sampldsowed values between 0.393 for the
film consisting of 25% k-carrageenan combined wii% acetylated corn starch, and 0.559 for
the film obtained from a combination of 75% of sodi alginate with 25 % acetylated corn
starch. In all nineteen samples the amount of Wrater is very small, which means that micro-
organisms can not grow on the surface.

7.6. Thermal behavior of filmsbased on corn starch combined with various biopolymers

7.6.1. Thermal behavior of the film consisting @0% acetylated corn starch

Thermal changes of the film of starch begin at 3%4@ the gelatinization starts at a
temperature of 90°C, where the sample supporthelae (endothermic reactions occur), and is
complete at 130°C. The next thermal process (dfgston) is carried out at a temperature of
148°C, then at 219°C the sample is completely rddNaiaretti et al., 2016).

7.6.2. Thermal behavior of the films formed by ge#td corn starch and sodium alginate in
various proportions

The process of gelatinisation of the three starthsfis in a temperature range of 70-
130°C.

The sample consisted of 25% of sodium alginaterbesrded the highest crystallization
temperature, namely 193°C, the melting temperatiae 238°C. The sample 50% alginate had
the most low crystallization temperature, namelg°C3 and the melting point was 236°C. The
last sample composed of 75% of sodium alginate sdaavcrystallization temperature of 151°C
and a melting temperature of 244°C (Naiaretti £t24116).

7.6.3. Thermal behavior of the films formed by @e¢¢d corn starch and sodium caseinate in

various proportions

The process of starch gelatinisation of the thilegsfis in temperature range of 70-120°C.

The sample consisted of 25% of sodium caseinate thadmost low crystallization
temperature, namely 153°C, and the melting poirs igaorded at 237°C. The sample consisting
of 50% sodium caseinate showed a crystallizatiomperature of 156°C and a melting
temperature of 267°C. The sample consisting of Zaflium caseinate combined with 25%
acetylated corn starch showed a crystallizationpeature of 160°C and the melting point was
270°C (Naiaretti et al., 2016).

7.6.4. Thermal behavior of the films formed by @e#td corn starch and xanthan in various
proportions
The process of starch gelatinisation of the thilegsfis in temperature range of 70-130°C.
The sample consisted of 25% xanthan combined via% @cetylated corn starch and 50%
xanthan combined with 50% acetylated corn starcbwsld the highest crystallization
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temperature, namely 160°C and melt temperatures 2@8°C in the sample consisting of 25%
xanthan and 255°C the sample consisting of 75%heantThe sample consisted of 75% xanthan
combined with 25% acetylated corn starch showerystallization temperature of 149°C and a
melting temperature of 236°C (Naiaretti et al., @01

7.6.5. Thermal behavior of the films formed by @e¢¢d corn starch and chitosan in various
proportions
The process of starch gelatinisation of the thilessfis in temperature range of 70-130°C.
The sample consisted of 25% chitosan combined Wa#b acetylated corn starch recorded
the highest crystallization temperature, namely°’@68nd a melting temperature of 267°C. The
sample consisted of 75% chitosan combined with 2&@étylated corn starch showed a
crystallization temperature of 149°C and a meltergperature of 267°C (Naiaretti et al., 2016).

7.6.6. Thermal behavior of the films formed by ge¢¢d corn starch and k-carrageenan in

various proportions

The process of gelatinization of starch and praeess crystallization of the three films
were not captured in these measurements due ttatpe amount of heat acceptance by the
samples.

The sample consisting of 25% k-carrageenan showwdléng temperature of 110°C, the
sample consisting of 50% of k-carrageenan has cetelgl melted at 112°C and the film
composed of 75% k-carrageenan at 109°C (Naiartedti,2016).

7.6.7. Thermal behavior of the films formed by ge#td corn starch and carboxymethyl

cellulose in various proportions

The process of starch gelatinisation of the thilegsfis in temperature range of 70-130°C.

The sample consisting of 25% carboxymethyl cellelaembined with 75% acetylated
corn starch recorded the highest crystallizatiomperature, namely 165°C and a melting
temperature of 272°C. The sample consisting of %@¥hoxymethyl cellulose has made in a
crystalline transition temperature of 160°C and @timg temperature by 278°C. The sample
consisting of 75% carboxymethyl cellulose showenlyastallization temperature of 146°C and a
melting temperature by 269°C (Naiaretti et al., @01

7.6.8. Conclusions
As a result of DSC analysis of sodium alginate lsaroncluded that:

»  The higher stability in terms of thermal behavibtlee sample was obtained in the sample
consisting of 25% of sodium alginate combined Wi acetylated corn starch.

»  The highest melting point (244°C) was recordedhim $ample composed of 75% sodium
alginate combined with 25% acetylated corn starch.

As a result of DSC analysis of sodium caseinatebeaconcluded that:

»  The sample consisting of 75% sodium caseinate awedbivith 25% corn starch acetylated
showed the best stability (160°C) and the highesting point (270°C) from the point of
view of thermal behavior.

As a result of DSC analysis of xanthan can be cmled that:

»  The highest stability (160°C) from the point of wief the thermal behavior of the sample
was obtained consisting of 25% and 50% of sodiugmate combined with 75% and 50%
acetylated corn starch.
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»  The highest melting point (268°C) was recordedregample composed of 25% xanthan
combined with 75% acetylated corn starch.

As a result of DSC analysis of chitosan can be lcaoled that:

»  The highest stability (160°C) from the point of wief the thermal behavior of the sample
was obtained combining of 25% chitosan combinetl W% acetylated corn starch.

»  The highest melting point (267°C) was recorded amh@e composed of 75% chitosan
combined with 25% acetylated corn starch.

As a result of DSC analysis of k-carrageenan carobeluded that:

»  The highest melting point (112°C) was recorded het $ample composed of 50% k-
carrageenan combined with 50% acetylated corntstarc
As a result of DSC analysis of carboxymethyl celéd can be concluded that:

»  The highest stability (165°C) from the point of wief the thermal behavior of the sample
was obtained on the sample consisting of 25% carhethyl cellulose combined with
75% acetylated corn starch.

»  The highest melting point (278°C) was recorded & sample composed of 50%
carboxymethylcellulose combined with 50% acetylatedh starch.

7.7. Biodegradation of acetylated corn starch filmsin combination with other polymers

7.7.1. Biodegradation evolution of films composk#li®% acetylated corn starch over the 21
days of observations
Over the test period (21 days) film consisting 00% acetylated starch has degraded at a
rate of 81% compared to the original table, thdicates an accelerated decomposition.

7.7.2. Biodegradation evolution of flms composédauium alginate combined with acetylated

corn starch over the 21 days of observations

The tendency films consisting of 25% or 75% isrtoréase its weight within 7 days after
starting the decomposition process. This trend fa@shad a film composed of 50% sodium
alginate and has lost approximately 46% of mass &ftdays of test, and after another seven
days has degraded completely.

The sample composed of 25% sodium alginate loo&8s 6f mass and the sample
composed of 75% only about 29% after 21 days oéagion.

7.7.3. Biodegradation evolution of films composksadium caseinate combined with acetylated
corn starch over the 21 days of observations
All three films (25%, 50% and 75%) regardless @f thtio of starch and sodium caseinate
were completely degraded within 7 days.

7.7.4. Biodegradation evolution of films composkdamthan combined with acetylated corn
starch over the 21 days of observations
All three films (25%, 50% and 75%), regardlesshef tatio between the starch and
xanthan were hydrolyzed to the gel state durinditee7 days of testing. This made it
impossible to quantify the samples.
7.7.5. Biodegradation evolution of films composkedhitosan combined with acetylated corn
starch over the 21 days of observations
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The film composed of 25% chitosan lost 90% of thigal weight, the film composed of
50% chitosan has lost about 80% of the initial nsassthe 75% chitosan film only about 31%
after 21 days of testing.

7.7.6. Biodegradation evolution of films compostk-carrageenan combined with acetylated

corn starch over the 21 days of observations

The film composed of 25% k-carrageenan lost 75%®initial mass and the film made of
50% k-carrageenan lost about 8% over a period afad/s.

The film made up of 75% k-carrageenan increasedeight by about 60% compared to
the initial mass after 21 days of testing.

7.7.7. Biodegradation evolution of films composkdasboxymethyl cellulose combined with
acetylated corn starch over the 21 days of obsermat
None of the tested combinations of modified staaold carboxymethyl cellulose (25%,
50% and 75%) do not retain their structural intiggaiter 14 days of testing the biodegradability.

7.7.8. Conclusions

Films that were completely decomposed after sewss df testing were as follows: 75%
carboxymethyl cellulose, xanthan and consistingaofium caseinate, all samples.

Films that were completely degraded after fourtgeys of testing were as follows: 50% of
sodium alginate and 25% carboxymethyl cellulose.

Films that were split in a ratio of 50% or more hiit 21 days were 100% acetylated
starch, 25% sodium alginate, 25% to 50% chitosah?&9o k-carrageenan.

Films that were split in a ratio of less than 50%him 21 days were 50% k-carrageenan,
75% chitosan and 75% sodium alginate.

The only evidence that increased their weight éftedays of test was composed of 75%
K-carrageenan.

7.8. Sensory analysis of samples of meat and cheese wrapped in acetylated corn starch films
selected from analyzes conducted

7.8.1. Sensory analysis of meat samples duringesteperiod

7.8.1.1. Sensory analysis of the control samplese#t over the test period at 4°C and -15°C
Meat samples stored at 4°C showed degradation gulirgensory characteristics
(appearance, color, consistency and odor) durirey 16 days of test, process observed
immediately after the first 4 days of storage.
For the meat samples stored at -15°C the sensarnacieristics showed a deterioration in
the quality from the 12th day of test.

7.8.1.2. Sensory analysis of samples of meat packegthe corn starch film throughout the
testing period at 4°C and -15°C
Samples of the meat packaged in the film comprl€€¥o starch and stored at 4°C have
had quality deterioration of the product after 4glaf storage. The meat samples stored at -15°C
followed sensory characteristics showed a detdrran the quality from the 8th day of test.
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7.8.1.3. Sensory analysis of samples of meat packag the sodium alginate starch film

throughout the testing period at 4°C and -15°C

In the case of samples of meat packaged in theddmposed of 25% of sodium alginate
combined with 75% starch and stored at 4°C purssedsory characteristics showed a
degradation of the quality of the product aftera§siof storage.

If meat samples selected movie packed and storedb¥T pursued sensory characteristics
(appearance, color, consistency and smell) remaagsfactory for 12 days.

7.8.1.4. Sensory analysis of samples of meat packegthe k-carrageenan film throughout the
testing period at 4°C and -15°C
Samples of the meat packaged in the film compo$&&% k-carrageenan combined with
25% starch and stored at 4°C and maintained sebanacteristics pursued 8 days of storage.
Samples of the meat packaged in the film compo$&&% k-carrageenan combined with
25% corn starch and stored at -15°C had good sgrbaracteristics over the entire test period
(16 days).

7.8.1.5. Sensory analysis of samples of meat packegthe carboxymethyl cellulose film

throughout the testing period at 4°C and -15°C

Samples of the meat packaged in the film compode808&o carboxymethyl cellulose
combined with 50% starch and stored at 4°C and tamaed only 4 days the sensory
characteristics during storage.

Samples of the meat packaged in the film compode808&6 carboxymethyl cellulose
combined with 50% corn starch and stored at -154@ehhad good sensory characteristics in
most of the test period (12 days).

7.8.2. Sensory analysis of the samples of cheesdlotest period

7.8.2.1. Sensory analysis of the control sampleheése over the test period at 4°C and -15°C
Control samples of cheese stored at 4°C maintagoed sensory characteristics only 8
days storage period, after which began the praafedsgradation.
Control samples of cheese stored at -15°C showsdgeomd characteristics on almost all
sensory testing period (16 days), the look has@b@ijust in the last analysis.

7.8.2.2. Sensory analysis of cheese samples patkagfge corn starch film throughout the

testing period at 4°C and -15°C

Cheese samples packaged in film composed of 108thsand stored at 4°C maintained
all the sensory characteristics only 8 days stonageod, after which began the process of
degradation in terms of appearance.

Cheese samples packaged in film composed of 10@8thsand stored at -15°C maintained
their sensory characteristics only 4 days, afteickvionly the color has not changed throughout
the testing period.

7.8.2.3. Sensory analysis of cheese samples patkatjee sodium alginate film throughout the
testing period at 4°C and -15°C
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Samples of cheese packed in the film composed @& 2&dium alginate combined with
75% starch and stored at 4°C maintained all the@grcharacteristics only 8 days of the storage
period, after which it started the process of déagtian in the appearance and odor.

Samples of cheese packed in the film composed %@f @sodium alginate and stored at -
15°C maintained their sensory characteristics df @ndays, after which all entered into a
downward process of degradation over the test gerio

7.8.2.4. Sensory analysis of cheese samples patkagige carboxymethyl cellulose film

throughout the testing period at 4°C and -15°C

Samples of cheese packed in the film composed%f &rboxymethyl cellulose combined
with 50% starch and stored at 4°C maintained &lgbnsory characteristics within 12 days of
the storage period, after which it started the pssof degradation in the appearance.

Samples of cheese packed in the film composed &% 6Arboxymethyl cellulose and
stored at -15°C maintained their sensory charatiesi 12 days, after which only the odor and
appearance deteriorated.

7.8.2.5. Sensory analysis of cheese samples patkagfge k-carrageenan film throughout the

testing period at 4°C and -15°C

Samples of cheese packed in the film composed @ a&rrageenan combined to 25%
starch, and stored at 4°C maintained all the sgndoaracteristics during the entire period of
storage.

Cheese samples packaged in film composed of 75%riegeenan and stored at -15°C
maintained all of the sensory characteristics thhowt testing period (16 days).

7.8.2.6. Conclusions

Following this sensory research it can be conclutdatalmost all films tested are suitable
for use as wrapping meat and cheese.

The film composed of 100% acetylated corn starcbwsld the weakest sensory
characteristics of the test.

As for the score obtained after the sensory amalyse film composed of 25% sodium
alginate combined with 75% acetylated corn startlas ranked third in terms of their score.

A film with superior properties to those composddl00% acetylated corn starch was
25% of sodium alginate combined with 75% acetylatedch starch and 50% carboxymethyl
cellulose combined with 50% acetylated corn starch.

Ranked first in terms of the preservation of mead aheese products stood the film
composed of 75% K-carrageenan combined with 25%ylated corn starch.

7.8.3. Influence of package type used on the sgmb@racteristics of meat and cheese samples
7.8.3.1. Influence of the type of packaging usedhenappearance of meat and cheese samples

The greatest influence on appearance of meat agesehsamples in terms of the type of
packaging used to preserve has the film compos@8%fK-carrageenan (F=12,812).

The level of significance is 0.00 that is below 10.Gs0 appearance is influenced
significantly by the type of packaging used.
7.8.3.2. Influence of the type of packaging usedhencolor of meat and cheese samples

The greatest influence on the color of meat ancdeshesamples in terms of the type of
packaging used to preserve has the film compos&8%fK-carrageenan (F=2,183).
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The significance level focolor is 0.079 which is more than 0.05, thus color i$ no
significantly influenced by the type of packaginged.

7.8.3.3. Influence of package type used on theistamey of meat and cheese samples

The greatest influence on the consistency of megtcheese samples in terms of the type
of packaging used to preserve has the film compot&8% K-carrageenan (F=2,170)

The significance level for consistency is 0.080 ahkhis more than 0.05, thusnsistency
is not significantly influenced by the type of paging used.

7.8.3.4. Influence of package type used on thelsrheleat and cheese samples

The greatest influence on the smell of meat angéstheaamples in terms of the type of
packaging used has the film composed of 75% K-gasaan (F=6,045)

The significance level for smell is 0.00 that iddve 0.01, so thesmell is significantly
influenced by the type of packaging used.

7.8.3.5. Conclusions

ANOVA statistical analysis revealed that appearamwdor, consistency and smell are
influenced by the type of the package used for mpeatucts and cheese.

From the point of view of the appearance of filmada of 100% starch, 25% sodium
alginate combined with 75% corn starch and 50%aanmethyl cellulose combined with 50%
acetylated corn starch, have a negative influemcgamples of meat and cheese.

As for of color all four films tested resulted pig influence on meat and cheese samples
throughout the testing period.

As for of consistency the only film that presentedpositive influence was the one
composed of 75% K-carrageenan combined with 25%ylated corn starch.

As for of positive influence on the smell of meatdacheese samples only the film
composed of 75% K-carrageenan combined with 25%ylated starch presented these features.

7.9. Microbiological analysis of meat and cheese samples packaged in selected films

7.9.1. Determining the total number of germs (NTG)

In the case of meat samples packaged in the dbasdd films stored at -15°C and 4°C the
maximum number of bacteria has been found in samaekaged in the film composed of 25%
of sodium alginate, followed by the film composdd 60% acetylated starch.

In the case of cheese samples packaged in théndtased films and stored at 4°C the
maximum number of germs has been found in samplelsaged in the film composed of 100%
acetylated starch followed by the film composed56f6 carboxymethyl cellulose. At -15°C
most germs were found in the film sample compogelD06% acetylated starch followed by the
film composed of 25% sodium alginate.

7.9.2. Determining the number of fungus and yeasts

Cheese samples stored at 4°C and -15°C packadkd atetylated starch films combined
with other biopolymers have developed a much smallenber of yeasts and molds on their
surface compared with the control sample which wasked in film composed of 100%
acetylated corn starch, which indicates a goodegtmin from the microbiological point of view.
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Only sample composed of 25% sodium alginate hagldped a large number of yeasts and
molds

Samples of meat and cheese wrapped in the film osetph of 75% K-carrageenan
combined with 25% acetylated starch corn did neet at all yeasts and molds.

7.9.3. Conclusions

Samples of meat and cheese wrapped in the film mpda 100% acetylated starch had
the highest total number of germs (132 CFU) forgansheese stored at 4°C. This has remained
the same for the number of yeasts and molds, wedfaunumber of 50 CFU.

Samples of the meat and cheese packed in film stomgiof 25% of sodium alginate 75%
combined with acetylated starch had a total platent of 80 CFU for meat sample stored at -
15°C. In the case of the number of yeasts and mdh@shighest value was obtained for the
sample of the cheese stored at 4°C.

Samples of the meat and cheese packed in film mpdd 50% carboxymethyl cellulose
in combination with 50% acetylated starch the maximnumber of bacteria (90 CFU) occurred
in the cheese sample stored at 4°C. In the sanmplesich were determined the number of
yeasts and molds were found a number 10 CFU isdh®le of meat stored at -15°C.

Samples of meat and cheese packed in film madé¢ 9% k-carrageenan have developed
a total number of germs in the amount of 28 CFtheaxsample of meat stored at 4°C. In the case
of the total number of yeasts and molds the highalste (20 CFU) was found in the sample of
meat stored at 4°C.

8. FINAL CONCLUSIONS

1. Following optimization of the addition of aceticid@nd glycerol in the composite
film it was proved that the best properties in ¢benposition is the one in which have been used
acetic acid and glycerol in average amounts, na&f#ly

2. The research found that the strongest partial ihgbaction on lactic bacteria used to
obtain the cheese is shown by the presence ofitib|araon essential oil, followed by thyme
essential oil. The basil, juniper and pine esskntig, presented on all types of lactic bacteria a
strong action favoring culture development.

3. As for of the action of essential oils tested ise@ch on pathogenic microorganisms
can conclude that the highest inhibitory activigsibeen met for cinnamon and thyme oil.

4. The research was carried out using six types ofpkmneach sample consisting of
three sub-samples representing the films consistirpncentrated different biopolymers using
(25%; 50%; and 75% biopolymer by weight of the jilmsing as a reference sample the 100%
acetylated corn starch film.

From the point of view of rheological behavior deconcluded that:

» The film formed from 100% corn starch acetylatedve$ pseudoplastic behavior,

» The film composed of various concentrations of sgodialginate presented
pseudoplastic behavior (50% and 75%) and dilato¥d?

» The film composed of various concentrations of sodicaseinate has presented a
dilator behavior (50% and 75%) and pseudoplastéq

» When 75% xanthan sample was combined with 25% latetly corn starch
presented a flow effort limit of 132.6 Pa.
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» The sample in which 75% k-carrageenan was combimtd25% acetylated corn
starch a flow effort limit of 195.74 Pa.

» Of 50% chitosan gel mixed with 50% acetylated cstarch presented a maximum
a flow effort limit of 34.08 Pa.

» The sample consists of 50% carboxymethyl celluldsaeded with 50% acetylated
corn starch presented a flow effort limit of 199/34.

5. From the point of view of uniformity and structuoé the film consisting of various
proportions of acetylated corn starch in combimatiath other biopolymers can be concluded
that the films consisting of sodium alginate, caiooethyl cellulose and k-carrageenan showed
the best uniformity.

6. As for physicochemical can say that all films fitquality standards for measurements
performed.

7. Analysis of the thermal stability showed the de¢artding and restructuring of the
polymer - and highlighted the starch polymers froine mixture’s compatibility through
inflection represented by DSC thermograms. Comphiattion was highlighted by gelatinisation
and melting endothermic (peaks) which showed a lighree of morphological change of
polymers, aspect indicated by the values of endotitepeaks obtained according time and
temperature.

8. Upon researching the degree of decomposition it slaswvn that the majority of
acetylated starch and biopolymers combinations wifferent concentrations, tend relatively
similar degradation. Mass growth trend in the fitstays, followed by a mass loss in the next 14
days.

9. The most efficient film tested in terms of preséima capacity and structural integrity
of the fresh meat and cheese at 4°C and -15°C epaissented by the film composed of 75% k-
carrageenan combined with 25 % acetylated corotstar

10. In terms of total microbiological germs that hawseloped on the surface of meat and
cheese samples packaged in four films tested wagebe 132 CFU (cheese packed in film
composed of 100% acetylated starch and stored’@) 4nd 2 CFU (cheese packed in the film
consists of 75% k-carrageenan and stored at -15F@)n the point of view of the number of
yeasts and molds maximum 70 CFU met the test cheadeed in the film 25% of sodium
alginate and stored at 4 °C, the sample of thesehstored at 4 °C did not develop any micro-
organism.

9. PERSONAL CONTRIBUTIONS AND PERSPECTIVES FOR FURTHER RESEARCH
Personal contributions:

«  Optimization of obtaining bioactive acetylated cstarch-based films;

* Characterization of obtained films in terms of dogy, physico-chemical and
structural,

« The influence of different essential oils on ladigrcteria used in obtaining cheese and
on pathogens;

* The characterization of the rheological point awj physico-chemical, structural and
thermal performance of films obtained from the combon with acetylated starch,
sodium alginate, sodium caseinate, xanthan, K-gagm@an, chitosan and
carboxymethyl cellulose;

* Making biodegradability analysis for films obtained
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e Testing the preservation capacity of meat and epexiucts;
* ANOVA analysis study on the influence of films dretsensory characteristics.

Perspectives for further research:

* Incorporating essential oils or other bioactiveunait compounds in the films that
presented the best features to be tested and sisedaztive packaging.

* Testing the transferring of compounds.

» Testing of food films in other food groups.

» Testing elasticity, breaking strength and defororati

» Effort resistance test under the action of tempeeat

* Improving films properties using cold plasma treammn

* The approach of other polymer proportions involwedbtaining corn starch based
food films.

 The approach of other polymers with properties catibfe with biodegradable,
biocompatible, and bioactive plastic.

e Testing biodegradability of films also in aquatioveonment.
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