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SAZETAK

Otpad i nusproizvodi prehrambene industrije mogu predstavljati zna¢ajan izvor komponenti
poput proteina, lipida, vitamina, minerala, vlakana i polifenola. Njihovim racionalnim
iskoristenjem smanjuje se negativan utjecaj na okoli$ jer se smanjuje odlaganje otpada i
njegova degradacija u okoliSu, a dodatno se osigurava povoljna sirovina za proizvodnju
razli€itih vrijednih proizvoda. Racionalnija upotreba prirodnih resursa i uvodenje zelenih
inovativnih postupaka u proizvodnju mogu se pozitivno odraziti i na poloZaj prehrambene
industrije na trzistu.

Neke moguénosti
konvencionalnim tehnologijama i odlikuje ju primjena sigurnog otapala i selektivha iskorigtenja nusproiz‘,oda

ekstrakcija bioaktivnih komponenti. Bududi da se ta metoda svrstava u udinkovite postupke
valorizacije otpada i nusproizvoda prehrambene industrije, u ovom poglaviju bit ¢e h b - d t RS
predstavljeni neki od primjera valorizacije nusproizvoda razli¢itih prehrambenih industrija pre ram ene In us rlje

koje u svojim tehnoloskim procesima generiraju znagajne koli¢ine otpada.

Ekstrakcija subkrititchom vodom razvijena je kao alternativni postupak ekstrakcije

Kljuéne rije¢i: subkriticna voda, otpad i nusproizvodi, zelena ekstrakcija, alternativha otapala
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subcritical H>O extraction for the separation of
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fractions
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Contents lists available at SciencaDirect SU BCRITICAL_WATER EXTRACTION
Chemical Engineering Research and Design
I AV ll]{. journal homepage: www.elsevier.com/locate/cherd 1,80
o - 1,60 :
S e o Testedvariables> | rime (min) | T | solvensod rato(mi/e)
;obaf:co waste into lipophilic and hydrophilic %’;1’20 Experimental range 5.5 150-250 10-30
ractions él OO . . . .
Marija BanoZiéo*, Tanja Gagic®, Maja Eolnikb, Zeljko Knezb, o o— 40 °C etected compoun§§ Phenolic compounds, carbohydrates, chlorogenic acid, rutin,
Mojca Skerget”, Igor Jerkoviée, Stela Jokié® .§0,80 nicotine, 3.4 DHBA, nicotinic acid, nicotinamide, 5-HMF, furfural
_30,60 —0—60°C and 5-MF
<0,40 0\f —e—380°C Scrap: 150 °C. Dust: 160 °C. Midrib: 150
0,20 23 min. 20 min. °C.
SUPERCRITICAL CO2 EXTRACTION 0.00 28 mL/g 10mL/g 25 min.
Tested Temperature . . ’ 30ml/g
o Pressure (bar) IOO Time (min) 0,00 200,00 400,00 600,00 800,00 1000,00
variables (°C) o (kg/m?)
Experimental 100-300 40-80 5-120
range Nicotine mg/g
— X e : : Nicotine content of tobacco waste vs. solvent density (p) SCRAP DUST MIDRIB
Detected Fatty acids, nicotine, volatile organic compounds at different temperatures during SC-CO, extraction
S EL 1 26.6 15.0 9.07
Optimal Type: scrap, 120 min, 300 bar and 61.22 °C . . & A 20 s
onditio Proposed degradation mechanism: . aa - 8
4 29.9 18.0 10.2
5 335 27.2 13.0
RUN Pressure | Temperature | Nicotine | Other detected compounds
(bar) (°C) (mg/g) 6 51.4 27.5 17.7
E1 100 40 4.28 Duva-4.8.13-triene-1.3-diol 7 32.5 21.5 11.0
E2 300 40 5.74 2.3"-Dipyridyl 8 4.4 322 17.1
E3 100 80 9.71 3-Oxo-a-ionol 5 0.5 243 148
E4 300 80 14.43 Cotinine : : :
ES 100 60 9.37 | Solavetivone = L2 285 L5.7
E6 300 60 15.85 Neophytadiene 11 30.6 21.7 12.5
E7 200 40 3.62 Hexahydrofarnesyl acetone 12 39.4 3.6 14.7
ES 200 80 11.52 (E.E)-Farnesyl acetone —CH&% X 20 . 20
E9 200 60 9.03 Hexadecanoic acid , o ! 01 : 13.
E10 200 60 7.96 Thunbergol N N ok 14 37.1 28.0 15.2
E11 200 60 7.62 Phytol | P 15 32.4 26.4 13.3
E12 200 60 8.31 | Fatty acids (palmitic acid, v N 1 04 as o
E13 200 60 6.76 stearic acid, linoleic acid, Nicotinamide Nicotinic acid ' - -
Soxhlet 8.34 linolenic acid, oleic acid 17 321 278 14.0




SEQUENCE OF SUPERCRITICAL CO,

Tested SFE variw Pressure (bar Temperature (°C Time (min
it (bar) perature (°C) (min)
Experi nge 100-300 40-80 5-120
Tested SWE variables o . . Solvent: solid
\J Temperature (°C) Time (min) —
Experimental 150 23 28

conditions

Detected compounds

Nicotine, Phenolic compounds, nicotinic acid, nicotinamide,5-

HMF, furfural and 5-MF

Optimal condit

ions

Type: scrap, SFE 120 min. 300 bar and 61.22 °C

Extraction Nicotine (mg/g) Nicotinamide Nicotine acid (mg/g)
RUN yield (%) (me/g)
R1 54.08 46.70 4.02 2.39
R2 59.15 42.10 3.71 1.87
R3 58.34 29.30 3.04 1.43
R4 74.05 16.10 1.98 1.18
R5 52.47 42.90 4.28 2.22
R6 65.83 21.10 2.58 1.33
R7 51.39 45.60 4.25 2.19
R8 54.50 19.50 3.03 1.47
R9 53.62 31.40 3.46 2.05
R10 56.50 36.40 3.65 1.72
R11 60.42 30.00 3.07 1.62
R12 52.68 30.20 3.29 1.59
R13 54.77 28.70 3.03 1.54
Raw material 54.57 38.10 3.15 22.58

Two-stage extraction process (SC-CO, extraction followed by SWE) can
enhance the extraction efficiency due to the elimination of fats during
SC-CO, extraction which enables better dissolution of the other
compounds in subcritical H,0.
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Proposed model:

GC-MS midrib chromatogram obtained after SFE

Y, 7> = 0.0369 + 0.0495X, + 0.0634X, + 0.0491X,X, + 0.0148X,° + 0.0279X,°

45
40
35
30
25
20
15
10

5

0

Nicotine (mg/g)

SWE
SFE
1 2 3

Extraction techniques

Comparison of different methods in extraction of nicotine form

tobacco waste
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Introduction

Cocoa bean shell, which represents waste generated in the production of cocoa and its
products, is proven to contain numerous bioactive components that can be applied in
food, cosmetic, and pharmaceutical industry. To valorize this material, it is necessary to
develop an adequate method that can provide quality and stabile products of cocoa
bean shell that contains bioactive components. With that goal in mind, the spray drying
technique with two carriers — maltodextrin and whey protein was applied.
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M""f_"’,sk A = P The obtained dry extrag prized in terms of physico-chemical
. y Kuno) % .
Citrus fruits are one of the most important crops with worldwide production, family farm OPG Paéic. Citrus fruits were grown and harvested in the Metkovi¢, Neretva Valley, Croatia in the properties: moisture col g ty, bulk density, rehydratation, . ) . ) .
wihile citrus by-products represent a problem regarding their disposal due to = 2021/2022. Anes bansting, thepee! vas removed snd siored t 80 m Shciiied water absorption index Shd water ¥ lubility index, content of total Btll'lusm‘% r:113Ltode)(trtm., a.r: appr:;:‘:_thelv 749Zeﬁ'cabcty of t:e P::;Eiiwas .achlivzd,
the environmental risk. The citrus peel contains hesperidin, a flavonoid with a , grounded at a laboratory mill and sieved. Citrus peel extracts were produ ultrasonic-assisted while with whey protein it was . The powders obtained with both carriers had a
Wide.fange, of bolopical actinies. Recent. Slentifc Merahune: decsses;the bbb das b it et il b sl ol Bhenos ano ol flavon_mds. FurThermor‘e, ﬂ..'e Sonien Of- Dloactive ’ moisture content below 6%, which secures the extended stability of the extract if it is
extraordinary versatiity of hesp!ndm whv(h is reflected in its antioxidant, anti- amount of 100% compared to the dry matter of the extract. The feed flow rate was adjusted to 4 mi/min, the components (theobromine, caffeine, gallic acid, caffeic acid, p-coumaric " 4 e - |
properties. However, airflow rate was 283 llh and the wﬂwermrn of drying was 120 °C. Microcapsules were separated using a acid, (+)-catechin, (-)-epicatechin and (-)-epicatechin gallate) was stored in an adequate manner. Similar results were achieved in the case of

hesperidin s quite unstable and lhere'ore should be encapsulated to protect its high- ber, welghted and stored until further anslysis. J 4 P R o hygroscopicity which is the capacity of the material to absorb moisture. This capacity
bioactivity from the effects of environmental conditions. Among the other Determination of hesperidin was p-ionned using high-performance liquid chromatography, and performed by HPLC method. 5 y .
popular microencapsulation techniques, spray drying allows rapid evaporation microcapsules were characterized using Powder X-Ray diffraction analysis, Fourier-transform infrared was monitored after 2, 5, 7, 10, and 14 days and it ranged from 12.40 to 16.68% for

of water and maintains a relatively low temperature within the particles. The
aim of this study was to Investigate the possibility of applying spray drying
technique for the encapsulation of hesperidin from mandarin peel (Kuno EE=(THC-SHC)/THC
variety), formed as by-products during the growth and fresh fruit processing.

both powders.
The value of the bulk density of the obtained powders were higher in the case where
maltodextrin was used, while whey protein was more efficient and adequate carrier for

RESULTS iy the preservation of polyphenols. As a result, a higher content of total phenols and
flavonoids in dry powders dried with whey protein was determined. Higher content of
< methylxanthines and phenolic acids, except caffeic acid, was obtained when whey
:::‘s’ f;“:"““r"““’" afficlency ot hesperidin microcapsules produced protein was used as a carrier while the content of other analyzed active components
i was the same regardless of carrier type.
Total Surface i :
S Samples  Meeridin  hesperidin :‘Mf‘::;"(':i'; et e e e FOOD REVIEWS INTERNATIONAL (s Iﬂﬂe;gfgfnc's
*: content (g content [ug ml* 1% hittps://doi.org/10.1080/87559129.2021.1938601 ™ " Table 1. Powder characterization
mi) )
1 CPESMDSD 461025 261332 332 m m [y mermp— S Efficiency Moisture  Rehidratation Bulk density WSt WAI
2 CPE+GA+SD C:Esusu | 400.940 7.56 _ (%) content (%) (s) (mg/mL) (%) (%)
= citrus peel extract g T :
s = s b) e . . .. . . Maltodextrin 73.52 5.54 53 421.58 62.4 29.6
MD- maltodextrn, GA - gum Arabic, 30 - soeay drving » Spray Drying as a Method of Choice for Obtaining High Quality Wheyprotein 5861 .83 43 30243 728 128
Figure 1. PXRD patterns for Hesperidin microparticles a)maltodextrin blarabic gum | Products from Food Wastes— A Review
= . » o o » P 1. HPLC analyses of phenols Table 2. HPLC anal ——T
Figure 1 presents PXRO diffractograms of hesperidin micropartiles. Few pattens were Marija Banozi¢ (5% Jelena Vladi¢(9®, Ines Banjari(?, Darko Veli¢(2?, Krunoslav Aladi¢ @ e analyses.ormethy/xanthines 18

observed in hesperidin microparticles which showed few peaks with different peak

intensities. These findings provide evidence that hesperidin microparticles were lost its

erystalline structure during encapsulation processes.
The FTIR spectra of hesperidin as pure compound, hesperidin microparticles were recorded

B Maltodextrin
in the range from 400 to 4000 cm* and compared in Figure 2. In hesperidin microcapsules,

H Whey protein

the peaks existent in frequencies between 2900 cm™ to 3500 cm™! were predominantly
found pertaining to hydrogen bonds (O-H stretch), carbaxylic acids and residual water. The
band around 1604 was assigned to the carbonyl (C=0) stretching in microcapsules with
maltodextrin.

and Stela Joki¢ (° o o, Whey erETr Maltodextrin Whey 16
% protein protein 14
= Gallic acid 0.37 0.48 Teobromine 595 7.34 12
Catechin 1.48 1.47 Caffeine 1.10 134 10

atechin 0.15 0.11

ic acil 0.04 0.03

i 0.07 0.06

43{& sustainability maric acid 0.02 0.03

Figure 1. Hygroscopicity (%)
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TGA data suggest that the thermal degradation of the hesperidin microparticles Is a

complex process, which occurs in several stages as evidenced by the presence of several 48h 5 days 7 days 10 days 14 days

Article
An Approach to Value Cocoa Bean By-Product Based
on Subcritical Water Extraction and Spray Drying
Using Different Carriers

peaks in the TGA curve in Figures 3. This is likely a consequence of citrus peel complex
chemical composition, which is characterized by the presence of several macrocomponents

fi.e., pectin, cellulose, hemicelluloses, and lignin) and minor constituents (e.g., proteins,

fats, phenolic compounds, etc.) in varying proportions. Hesperidin microcapsules with

maltodextrin were thermally stable up to the temperature of about 125 “C while and
decomposed in three-stage, while microcapsules with gum Arabic were thermally stable Figure 3. TGA diagrams for Hesperidin microparticles ajmaltodextrin b) Arabic gut

upto the 115 ‘Cand in two stages.

CONCLUSION Stela Joki¢ '*(7, Natasa Nasti¢ ?, Senka Vidovié ?, Ivana Flanjak ', Krunoslav Aladi¢

s 20w

While dealing with pure flavonoid-hesperidin is more convenient from an analytical standpoint, nor
extracts are more commercially viable, saving time, cutting costs, and delivering the largest yield of polyphenols
& without waste. Citrus peel showed as a possible alternative to commercial hesperidin sources, while spray drying

-.l_ Hrzz showed as a rellable and effective tool for its The form of bioactive such as
hesperidin represents the most energetic solid state, which provides the greatest advantage in terms of solubility and
e i bioavallability. The hesperidin retention in the microcapsules was 461.03 and 433.76 mg/g for microcapsules
Aekeaton of i th boacth encapsulated with maltodextrin and gum Arabic, However, higher efficiency
from by-products of plant origin® (UIP-2017-05-9903) between surface and total hesperidin content) and highest thermal stability was achieved when maltodextrin was used
as an encapsulating agent.
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Silvija Safranko visited University
of Pecs (Hungary) within the
ERASMUS Programme

Silvija Safranko, ByProExtract team member,

stayed on the Institute...

Team Members at the Erasmus
Exchange on Faculty of
Technology, Novi Sad (Serbia)

Krunoslav Aladi¢ and Marija Banozi¢,
ByProExtract project...
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Research visit of Marija Banozi¢
from the Faculty of Food
Technology Osijek to Wroclaw
(Poland)
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research stay at BOKU University
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the BOKU University...
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University, Poland
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