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Proizvodnja bioplastike

Proizvodac PLA Proizvodnja (t/god) % od globalne proizvodnje
NatureWorks LLC, SAD 150.000 40
Total Corbion PLA, Nizozemska 75.000 20
Sulzer Ltd, Svicarska 50.000 13

Proizvodac¢ PBS Proizvodnja (t/god) % od globalne proizvodnje
Metabolix (Yield10 Bioscience), SAD 5.000 30
Biomer, Njemacka 3,000 18

Proizvodac PHA Proizvodnja (t/god) % od globalne proizvodnje
Danimer Scientific, SAD 10000 25
Kaneka Corporation, Japan 8000 20
Bio-on SpA, Italija 5000 12
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Dobivanja PHA sumberznom
ferementacijom

FTIR-ATR
p ‘ : TGA
Dry cell weight (DCW) DSC

after centrifugation

- Obtained PHA extracts
Extraction with bOlllI'lg chloroform from chloroform Phase
and 4% sodiumhypochlorite
solution
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Dobivanja PHA sumberznom
ferementacijom
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Dobivanje PHB, 67 %
iskoristenja, cistoce > 98%

Liofilizator
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Karakterizacija agroindustrijskog
otpada

Faculty of Chemical
@ W  Engincering and Technology

in

PTE  Podravka?

ROTOPLAST

Identification of
microorganisms

Solid - state fermentation (SSF) and
extraction and purification of PHA

Characterization od PHA

Gram staining

Sudan black staining

KOH test

Biochemicaltests: catalase, oxidase
and nitrate-reductase tests

API Strips

Sudan black staining
API20 C aux

The SSF was performed for 7 days at room temperature
The SSF was carried out for:

starch

chickpea 1

chickpea 2

mixture of starch, chickpea 1 and chickpea 2
sterilised mixture of starch, chickpea 1and
chickpea 2

to 100 g of each substrate and mixture, 10 mL of
suspension of mixed culture was added

to 100 g of sterilised mixture of starch, chickpea 1 and
chickpea 2, 10 mL of Cupriavidus necator suspension
was added

VWYYV

After S5F, the substrates were centrifuged and dry cell
weight (DCW) was determined

Extraction and purification of PHA was performed with
chloroform and 4% sedium hypochlorite

« FTIR-ATR spectroscopy
» wavelenght range: 4000 - 650 cm”

= DSC
» 5-7mg of samples
* 5cycles of heating and cooling

+ TGA
# 5-7mg of samples
» 40-700°C

Isolation of
Substrates — . .
I I microorganisms
+  Bacteria _—
Shredded
starch
Shredded
chickpea
(chickpea 1)
Shredded
chickpea with
bean residues - Fungi
{chickpea 2)
Yeast ——
Agroindustrial waste

Cucumbers Beets Tomatoe

Beans Plum
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—
Isolation of Sudan Black
pure cultures staining

IDENTIFICATION

Figure 2. Obtained pure cultures by streaking method, cultures stained with Sudan Black dye, and
microphotographs of Gram staining of bacteria isolates Brevibacillus sp. (A,A1,A2), Empedobacter

brevis; (B,B1,B2), i ilyticus; (C,C1,C2), Mi spp.; (D,D1,D2), Leuconostoc
» S sp; (EE1E2), Bacillus licheniformis; (F,F1,F2), Staphylococcus lentus; (G,G1,G2), Citrobacter freundii;
Biochemical tests (HH1,H2), M = 1000x.

API strip tests

Gram staining
Substrate Identified Microorganism Morphology
ibacillus sp. with on, and reg iguration, rod shaped
Chickpea 1 Empedobacter brevis Orange with flat elevation, and regular round configuration, rod shaped

Figure 3. Obtained pure cultures by streaking method, cultures stained with Sudan Black dye, and

Aneurinibacillus anearinilyticus  Brownish with raised elevation, and regular round configuration, rod shaped
microphotographs of yeast isolates Trichosporon asahii (A,A1,A2), Cryptococcus humicola; (B,B1,82),

Orange with flat elevation, and regular round round

Chickpea 2 Micrococcus spp shaped (cocci) Geotrichum klebahnii; (C,C1,C2), Candida krusei; (D,D1,D2), M = 400x.
Trichosporon aschii White and cracked in the middle with smooth and shiny edges
Leuconostoc sp. White with flat el and regular round cocci
Bacillus licheniformis White with raised clevation, wavy and smooth edges, rod shaped - - — - -
i .l & i Identified Bacteria  Gram Staining KOH Test Oxidase Catalase Nitrate-Reductase
Starch Stapllocaccus lentus “Transparent with raised elevation, and regular round configuration, round
Py shaped (cocci) Brevibacillus sp. +ve + + + +
. N ‘Transparent with raised elevation, imegular shape with twisted edges, Empedobacter brevis —ve + +/ = + -
Citrobacter freundii rod ehaped Aneurinibacillus
P +ve + + + _
Cryptacoccus humticola Yellowish with raised elevation, round shape with jagged edges aneurinilyticus y
Geotrichum Klebaluii White with flat elevation, filamentous shape with jagged edges AE::’::;‘:‘;?P . ::: * e N *{ -
Candida krusei White with raised elevation, and regular round configuration Bacillus licheniformis Tve _ _ N N
Staphylococcus lentus +ve - - + +
Citrobacter freundii -ve - - + *
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Otpad od rajcice- sterilni i nesterilni otpad

Otpad od jabuke — sterilni i nesterilni otpad

Funded by
the European Union

Parameter

Moisture
content

[%]

Protein
content

[%]
Free lipid
content
[%]
PHA
content

[%]

Sterile

4.40%0.10

2571757

9.31+0.17

9.23%0.37

11 This research was conducted as part of the project , Production and development of compostable packaging fron: waste biomass for
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by Nattonal Recovery and Resilience

Plan (funded by the European Unton, Next GenerationEU).

Otpad od rajcice + C. necator

Non-sterile

5.66+0.15

16.43+0.34

3.21+0.06

5.98%0.50

Dobivanje PHA fermentacijom na ¢vrstom nosacu

b boPHA-ComFPack

Otpad od jabuke + C. necator

Sterile

4.38+0.09

13.50 7.00

3.46+0.05

7.54%0.14

R PR

PTF

Podravka

Non-sterile

4.95+0.07

12.09+0.23

3.70+0.03

9.71%0.12

s SR
¢ and Technology D
9 X
ROTOPLAST



EQUIPMENT

lon chromatography (IC)
instrument

Orbitrap

GC-MS

ICP-MS




EQUIPMENT

TOC - liquid and solid

sample
Lyophilizer

Determination of
minimal inhibitory
concentration (MIC
test) - photometer
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EQUIPMENT

= FTIR-ATR with microscope

= UV-VIS spectrophotometer

= Kjeltec — determination of
total N

Blender



DNA/RNA UV-Cleaner Box

SETTING T M, Z
< > UVT-B-AR
wvse :

+ StopMeser

EQUIPMENT
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PHA Films, 100 um

e o i Dodatak kompostabilnih premaza

University of Zagreb
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Dobivanje filmova — PTF Osijek

The Brabender Univex is a universally
applicable downstream device for draw-
off, cooling and winding of flat films
with film speeds up to 30 m/min.

‘.’ University of Zagreb
r Faculty of Chemical

<
Engincering and Technology @

FRITVCMN

PTE  Podravka?

‘‘‘‘‘ ROTOPLAST



ODREDIVANJE PROPUSNOSTI MATERIJALA NA
PLINOVEIVLAGU, ROTOPLAST /FKIT

FKITMCMXIX
biopHA-ComFPack

VAC-V2 Gas
Permeability Tester,

Gas Transmission Rate
(GTR) Tester (Labthink)

Standards ISO 15105-1,
ISO 2556, GB/T 1038-
2000, ASTM D1434, JIS
K7126-1, YBB 00082003

Engincering and Technology  GHRED)
Funded by it =
the European Union

. : , . : o . : PTE  podravka? _ Q-
20 This researchwas conducted as part of the project ,, Production and development of compostable packaging fromwaste biomass for nora ROTOPLAS
the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience
Plan (funded by the European Union, NextGenerationEU).



CHARACTERIZATION
OF BIOPOLYMER
BLENDS

=Contact angle
=Tensile test
=SEM




CHARACTERIZATION
OF BIOPOLYMER
BLENDS

= Determination of thermal
properties using differential
scanning calorimetry (DSC);

u Determination of thermal stability

using thermogravimetric analysis
(TGA);

= Insight into the viscoelastic
properties of materials using a
dynamic  mechanical analyzer
(DMA);

u Rheological properties of polymer
materials, including viscosity,
elasticity, and flow behavior
(Rheometer HR 30 TA
Instruments)
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ODREDIVANJE BIORAZGRADLJIVOSTI I
KOMPOSTABILNOSTIAMTERIJALA

FKITMCMXIX
Compostable plastics Test methods ‘ Certifications
1. Biodegradation 2. Disintegration 3. Ecotoxicity Recultsiom
ISO 14855 1SO 16929 & tieauyimetalitest third-party testing
ASTM D5338 lab
Disintegration
J Test material: Test material: Test material:
cryogenically ground Formulated article Formulated article
5 e A0 polymeric powder in a pilot compost in a pilot compost
i J
@ &
v Test: Test: Test:
CO: evaluation 2 mm sieve test Chemical
|4 or oxygen characteristic
Ecologlcal‘@ mﬁ‘;’,‘;‘,’i'fgﬁon consumption and plant growth
ificati :
COz2 + H20 + Cbiomass Four test methods combined as EN 13432/ ASTM D6400/ ISO 17088 dc,?f:'rﬁ?;t:};%; Eﬁgf;"s e

ISO 17556:2019 ISO 14852:2021

Plastics — Determination of the ultimate Determination of the ultimate aerobic

aerobic  biodegradability of plastic biodegradability of plastic materials in

materials in soil by measuring the oxygen an aqueous medium — Method by

demand in a respirometer or the amount analysis of evolved carbon dioxide

of carbon dioxide evolved

- rhuenngot:)ian Union ‘.’ 1‘ e )
23 This researchwas conducted as part of the project , Production and development of compostable packaging from waste biomass for bl g gk g

9

the packaging of industrially processed food products” (NPOO.C3.2.R3-11 .04.0059) funded by National Recovery and Resilience
Plan (funded by the European Union, NextGenerationEU). P I F Podravka
cRurA ROTOPLAST
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QF Kuéno kompostitranje vs. industrijsko
kompostiranje
FKITMCMXIX
Industrial composting
(EN13432) Home composting (Vincotte certification)
Biodegradation  Test at 58°C in 180 days Test at 20-30°C in 365 days
Biodegradation min. 0% Biodegradation min. 0%
Disintegration Test at 58°C in 90 days Test at 20-30°C in 180 days
Sieve 2 mm mesh Sieve 2 mm mesh
Disintegration > 90% Disintegration > 90%
Max 10% of dry weight allowed to Max 10% of dry weight allowed to be retained
be retained by 2 mm sieve by 2 mm sieve
Certification Din Certco/OK Compost OK Home

\ SO

o

400

OK compost

VINCOTTE

Com posta'o\a

Seurce: Song et al. 2009, The seedling logo and the OK Home Compost logo illustrated in the Table are shown by courtesy,
respectively, of the European Bioplastics Association and Vincotte.

24
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- ., Odredivanje biorazgradljivosti
Podravka

ROTOPLAST

s progress |
- -
[ . 5 Measuring channel 0 =
1 Om:36s ’ E'
“—‘i AR
6% C i
DI6% CO2: 607 ppm Fiow MFC: SOmUmin  Flow Analyzer: SOmymin: ™

L measurements - Experiment Name : test 040225

02 2006w
P02 W0l o |
(1) ' !

A v N | g f » !
2( ~ g
) Financira
Europaka unije This rososrch was conducted 8% Par of the roject _Productson and dovelopment of compostabie Packaging Hom waste boamass fof the packaging of industrially
NextGeneratonEl)

processed food products™ (NPOO.C3.2.R3-1L .04.0059) funded by National Tecovery and Flesilience Plan (funded by the Europsan Urkon, NextGenerationt U).
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‘.’ University of Zagreb
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. Odredivanje biorazgradljivosti
PTE  Podravka

..... ROTOPLAST
FKITMCMXIX
Measurements
Measurements progress :‘" - 0
Measurements cycle cc T Measuring ¢l [ —
S”P‘ Oh:im: ' ECHO
- INSTRUMENTS

Current measurements
02: 1963% CO2: 1569 ppm Flow MFC: 100 ml/min  Flow Analyzer: 100 ml/min o “

Channel measurements - Experiment Name : KompostaNPOO_26.3.2025 Flow Alarms

= U0 o HB = = 0N = , i veco @@
. = L w1 @@
L ‘ MFCZ..
MFCB.‘
MFC4..
MFCS‘.
MFCG..
MFC7..

02: 1974%
CO2: 480 ppm

Consumption O2 :
Production CO2 :

Biodegradability :

Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 MEC 8 ..
- SR || (- _— 01 | = OO
ample conditions | =

g _ _ 7 MFC 10 “

sample T | : y MEC 11 ..

A

SRTE MFC 12 ‘.

sample p

1004 mBar

sample rH

22%

chamber T

580°C Channel 7 Channel 8 Channel 9 Channel 10 Channel 11 Channel 12 Setting

27
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Biorazgradnja bioplastike

The edges of the material have
Regular edges been degraded by microorganisms.

Visible cracks are
discernible within the

film.
Before biodegradation After 7 days of biodegradation After 7 days of biodegradation Microphotograph - polarazing
TPS_SL/PLA 60/40 " ol —wahed with water and 70% of optical microscope 400 x

TPS_SL/PLA 60/40 ethanol

Polarazing optical microscope

Funded by
the European Union

This research was conducted as part of the project ,,Production and development of compostable packaging from waste biomass for
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s Ispitivanje kompostabilnosti
Ipersis , ravka?
R materijala

Adiabotic - o_: Intensive decomposition ———ep
705 i Thermophillic phase ———e'" Maturation ——of
1
Kompost— 65 : i Bacteria,
p . .. 60 o 1 ! fungi, and
Graduated  karakterizacija ! ! higher
cylinder - . B ' i s
- teSki metali 1 & 50 i
. » & Thermophllhc temperature !
ﬁtOtOkSl(fﬂOSt g a5 diaie I T s T,
4 % H:BO 840 ! Mesophillic temperature

4 180 £ !
¢ : . & |
anvaaa 35 o (S
30 o §Q i

& .

25 - & ! '

$ ! Bacteria, fungi, § Stale sl
< » ) i
1 M NaOH 20 4 § : e ' mature compost
] 15 : .
Compost substrate: after Composting time
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R e PRl o™ aorceusr Fitotoksicnost

% Germination = number of
germinated seeds in
contaminated test soil / number of
germinated
seeds in control 100

1SO 18763:2016 Soil quality — Determination of the toxic effects of pollutants on
germination and early growth of higher plants



RESEARCH — ECOTOXICOLOGY - DETERMINATION OF THE
ECOTOXICITY OF THE ADDITIVES




RESEARCH — ECOTOXICOLOGY - DETERMINATION OF
THE ECOTOXICITY OF THE ADDITIVES ON THE
AQUATIC ECOSYSTEM — Lemna minor
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