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Abstract

Nature offers countless solutions to obtain appropriate bioactive agents with higher activity than synthesis ones. New multifunctional materials containing additives derived from natural
resources, such as powdered rosemary ethanolic extract, were obtained by melt mixing. Composition of the rosemary ethanolic extract was detailed studied and the new-obtained PLA-
based materials were investigated in respect with structural and physico-chemical properties. The results of antioxidant and antimicrobial activity, permeability to gases and migration
kinetics  indicated that PLA/R-based films show promising properties for application as bioactive food packaging materials.

Experimental Mechanical properties Rheology
- Polylactic acid (PLA) from NatureWorks LLC (trade name: PLA 2002D) with av. Mw [ =7 .~ " a2 ]
(GPC) of 4475 kDa. 2o H H § i. O| el : -
- Poly(ethylene glycol) (PEG) BioUltra 4000 (Sigma-Aldrich) as plasticizer. é% EE N gi_ — E | It g g ""m}]“
- Powdered rosemary ethanolic extract (R) was obtained by solvent extraction [ “[LI 1l i':lE o § T jﬁ i e | T
method from the rosemary leaves in a Soxhlet unit, followed by precipitation and its e | I el I B e e T S R s S Y
composition was detailed studied: = The Young’s modulus and tensile strength = Decrease of all studied rheological

- The Total Phenolic Content was determined using Folin-Ciocalteu’s reagent (FC)
method, by reading the absorbance at 740 nm with a Cary 60 UV-Vis
spectrophotometer (Agilent Technologies, Santa Clara, CA, USA), using gallic acid as
standard. The resulted total phenolic content was of 112.5 mg GAE/g dw.

- The Total Flavonoids Content was determined by the aluminum chloride

increase after incorporation of R into PLA and parameters with incorporation of the
decrease in plasticized PLA powdered R extract in the PLA films
The elongation at break increased and is two = A predominantly viscous behavior
times higher for plasticized systems containing R (G">G")

colorimetric assay with quercetin as standard, measuring the absorbance at 510 nm. A Antioxidant and antibacterial activity
total flavonoids content of 261.5 (mg QE/g dw) was found. ABTSs* radical scavenging activity assay . : — —
- Processing: The compounding was performed for 10 min, at 175 C, and 60 rpm, by Sample o pttuscereus T typhymurium 14028 25922
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means of a Brabender mixer (30EHT, Duisburg, Germany).
A Carver press (Wabash MPI, IN, USA) and special parameters for compression molding
(175 °C, or 165 °C for PLA/R blends, pre-pressing for 3 min at 50 atm and a pressing
for 2 min at 150 atm) were used to obtain specimens for different analyses, with
different compositions:
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Powdered Rosemary Ethanolic

No. Sample PLA (wt %) PEG (wt %) of the R extract, reaching values of about 100% for a concentration of
' Extract (R) (wt %) 0.75% R
1 PLA 100 - ; -an |C50 of 26 ug/ml Was obtained
2 PLA /0.25R 99.75 0.25 - Gas Permeab“ity
K PLA /0.5R 99,5 0.5 -
4 PLA /0.75R L 25 0.75 - Sample Thickness (mm)  CO; (mUm¥day) Oy (mL/m¥day) ™ An improvement of the gas
5 PLA /PEG 80 - 20 PLA 0.151 873 1308 permeability of the PLA-based films of
b PLA /PEG/0.5R 79.5 0.5 20 PLA/0.25R 0.120 588 1487 i i
PLAJOSR o s s approxlljmatelyéI Ejhe sgme thlctI;ness
- Incorporation of R doesn’t change the melt processing characteristics of PLA and its ety o i p was ODserved, depending on the
: PLA/PEG. 128 ’ amount in films composition
blends; PLA/PEG/0SR oLz o > = The oxygen barrier properties are
- Plasticizer PEG presence determines a sharp change in the melt mixing behavior: the | " =eire - 10 o e better thya?n those of COp P
melt flow was improved, the materials being easily processed; : : 2
- No oxidation occurred during processing 2 2
Sample TO a1 (Nm) TQmin (Nm) TQ, 12 (Nm) TQ-_.. (Nm) TQg,. (Nm) overa" mlgl"atlon StUdy
PLA 66.4 17.2 - 133 10.2 = At 40 °C for a minimum of 10 days using a 50% aqueous ethanol solution as a modified
f;}i-’f_fﬁﬁ q;i‘: ]]—“*j - Hi :EE D1 food simulant;
PLA /0 75R iy 176 ) 111 101 = The active components’ concentrations were calculated based on the calibration curve
PLA/PEG 12.9 0.9 ] 7.3 6.5 previously determined at 285 nm for the main components of rosemary extract;
ASPEG/0.5 0. 2, - 7.3 5.7
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TQ 4 —maximum torque; TOY ,;,—torque after one minute of mixing; T(Q,,, »—maximum torque after 1.5 min of  ©° 0.5 _ 1/2
mixing; Tk .. —torque after 5 min of mixing (half processing time); TQ, . —torque at the end of mixing. sol | * Aol %/{, oall = PLAG R Mt/ Meo = kit
4o == PLATS R .}/{»/i t 503 T PLATER Sample Korsmeyer-Peppas Model Higuchi Model
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Structure and morphology

Cumulative rosemary active
components migration (%)
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= The migration behavior was quantitatively influenced by the R amount incorporated in the film
samples: an increase of the R content led to a slower release of the active components;

= nvalues indicate a behavior closer to Fickian diffusion and the linearity of the plots M/M_ < 0.6
with respect to t2 demonstrates that the data are well described by the Higuchi model

= The trend of ky values: K piag.25r > K prasosr > K piajo7sr
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Wavenumber (cin') E— = Diffusion is indicated as the preferred mechanism for migration
- ;Pc)eupg%?lzﬂeicc){)mg;ineﬂ; shgvl_\ll E?em (zgsegfg;; Séﬁgzlrjtlﬁ‘n tr?; > Incorpo_ration of powdered_ rosemary ethanc_)lic ex_tract (R) _int_o poly(l_ac;t_ic acid) (PLA) improved
corresponding absorption bands in PEG plasticized PLA samples elongation at break, rheological properties, antlchter_lal and antioxidant act|V|t|es_. | N
the region 1750-1600 cm-! . without agglomeration; > The go_od _accordance b_etween results _of chemllumln_escence method anc_I ra_dlcal scavenging activity
« The R sample exhibits a sharp = average dimension of the d_etermlnat_lon _by chemlca_l method ewdenc.:ed the mcr_egsed th_ern_10-OX|dat|ve stability of the PLA
band at 1692 cm-! corresponding particles of 4.1 pm biocomposites in respect with neat PLA, R acting as an efficient antioxidant.

e : > A diffusion-controlled mechanism characterizes the migration process.
Eﬁecsaomgiggaltéggse’da\lsﬁhprrg:;ta:3 . > TheT migration_r_ate of the rosemary etha.noli_c extract_components f_rom PLA/R films dire_ctly depends on
Stract ConCI u S|on s their permeabmty and degree of crys_,tall!zatlon_: fqr fl_lms o_f gpprox_lmat_ely the same thickness, the gas

« Bands’ chift | indicates some perme_ablllty decreas_,ed by _two or six times, indicating difficult diffusion of componel_wts t_hrOL_Jgh the
interactions between components materials. Also, the interaction between the PLA/R blends components can slow the migration into the

. food simulant.
E?;sti c;c;eed PEXStiITeS tocc;ntgg\tltr;% > The results obtained indicated that PLA/R-based films showed suitable properties for application as food

distribution packaging materials.
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