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Green Technologies: An Innovative and Sustainable Approaches in the Extraction of Bioactive
Compounds from Agro-Food Wastes

Ehsan Sarlaki', Mohammad Aboonajmi', Iman Marzban', Hamidreza Bakhshi'
'Ph.D. Student of Mechanical Engineering of Biosystems, Department of Agrotechnology, College of Abouraihan,
University of Tehran, Tehran, Iran.

Y Associate professor, Department of Agrotechnology, College of Abouraihan, University of Tehran, Tehran, Iran.

Abstract

Bioactive compounds are nutraceuticals products that exit nutrally in low value in agro-food products. The wastes and by-
products obtained from agro-food processing industries are the cheap and valuable sources of bioactive compounds especially
antioxidants. Because of their antioxidants properties, bioactive compounds have wide applications on pharmaceutical,
chemical, and food industries, and for this reason, it is important to identify the appropriate extraction methods of this
compounds. Extraction efficiency of conventional methods such as soxhlet, maceration, percolation and hydrodistillation
mainly depends on the choice of solvents and major challenges of conventional extraction are longer extraction time,
requirement of costly and high purity solvent, evaporation of the huge amount of solvent, low extraction selectivity, and
thermal decomposition of thermo-labile compounds. To overcome these limitations of conventional extraction methods, by
developing of green technologies, several innovative and promising approaches such as ultrasound, pulsed electric field,
voltage electrical discharges, microwave, pressurized hot water extraction, subcritical water extraction, supercritical fluid
extraction, and enzyme-assisted extraction for extraction of bioactive compounds were industrially studied and utilized in the
world. Utlization of green technologies for the extraction of bioactive compounds from agro-food processing wastes have
several advantages such as reduction of the processing time, energy consumption, and the uses of harmful and expensive
solvents and increase in the extraction yields. With related to of increasing economic and nutraceuticals significance of
bioactive compounds, in this review the systems of extraction process along with technological aspects of green technologies
of bioactive compounds extraction from agro-food processing wastes were highlighted, discussed and compared.

Keywords: Green Extraction, Bioactive Compounds, Agro-Food Wastes, Ultrasound, Microwave, High-Voltage Electrical
Discharge, Pulsed Electric Field.
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" Hydrodistillation
® Franz Ritter Von Soxhlet
* essential oils
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¥ Maceration
¥ Percolation
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Laboratory Scale

= Capacity:
> 30 — 50 g RawMaterial
> 0,01 — 10 ml/min Solvent
= Inner-Diameter: 25 mm
= Height: 200 mm
= Temperatureup to 100 °C
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I"
fr . Laboratory Scale
<
48 m Capacity:
: P > 120 g RawMaterial
; i—*’ e > 50 — 100 ml Solvent
B m Diameter: 120 mm

m Height: 120 mm

® Retention Time up to several
days
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¥ hydrolysis
® decomposition by heat
* thermo labile compounds

' Decoction

¥ Infusion
“hydrodiffusion
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l A = Dry steam distillation
~. | B = Direct steam distillation

; ,/,ry C = Hydrodistillation
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' Ultrasound-Assisted Extraction
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' Microwave-Assisted Extraction



Water out
Ny

Wager in

Infrared

Temperature sensor

Electric
power supply

Glass adapter

/1

Condenser

Oven cavity

L

-

Extraction flask

Temperature

and Power supply
control Unit

(Ameer etal, Y+ V) alKiulo)T wldie 3o Zgo 3y oS 4 ! il dilbobu S Suilouds -0 S

B Sl 392 Jhw S5 @ gl (g 0 &5 alacey
L Lo YU slo)lad po 1) ()5 weaST (63wl Wb oS oo
Ol a0 J5S Gl oS e 5 S s Jlal eul b
Sdg )lad ply s Caaglie 4y o5 45 oS ABgie b Jolo So
6353 sl ST g Cuand (yy yrags il any Lrvg o
2 oo g Sl Jolo Gyl 5l (Sl G9b Jlw Olx U5
S9zge S 398 lulyd Hoee b mle jLid 2alS Jores o0
s o Soled ) el Job (9,0 glyAl Jhsil Ll il 50
Jo JBz Gl Jstes o0 glpenl Slse )5l oo
Slgo silulaz g wbgo 1ol Pl ©ju3 ) ol 5l g wdlioe
4 Jlow jLad 2alS b Vgono) 39800 Jol> Jlow 5l (25
355 Jlow SwS @ Bl bl 51 Solasts G (] oo e
il il a5 Slalllas 5151 ol oaal & S 4o il
Pakeds)l oles s bk slp 1y Gl G Jlw SS™ 4
Sl g Wl 0gg) Gk 59y p ilesS (b5 lasilens

(Ferrentino etal, Y+ 17) wlosgs 35 yaie o pmawilawgiily

Yy

) iy 58 Sl oS 4 7] el ~FY-F
OVl a8 el SasS S ilhon 358 Jbow S s 2l 5l
w5 b G by ead LSS lapt) (Sl 398
P Sy lyie 4 (s 5 a8 s uolis J| oo Ll 0
G590 5l (eaisd zlswul) 12 SO glulas jo ouisS gl el
sohie 4 S ymie 51wl B ol o g go oolaiul (L i)
205 (slos 5 518 Lo oS e 6 FuiS o ol o Yl
Ssie & S G5 Sl 955 on 13 Sl alis ) YL L
Sed oo oolatul @l I mb b P> sl pil S
o S 13 5 o) COv loms 358 Sl 3,8 o
a Sl ke g L) Ol g GLYF 5 usende az 0 ¥V (s 5
L a3 51 3 L QLYY 5 g a3 TVE i
J502) s (1 ologse oJs el 358 Jsiin ) oolis
Folo glmw 399 Jlw S5 a4 zleil able SO (F
st ot 2t 358 S o978 s 3] 5 sl i
ol 5l 0,50 anld sia o T YL egls 1y cul

' Supercritical fluid extraction



1. CO; cylinder;

2. surge tank:

3, extractor;

4 and 5. separators;

6. collector and gas-measuring
device,

7 and 8. thermostatic baths;

9. isocratic pump.
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¥ pressurized liquid extraction ' Pressurized hot water extraction
® accelerated solvent extraction ¥ subcritical water extraction
¥ superheated liquid extraction
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' Pressurized liquid extraction
" enhanced solvent extraction
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' Enzyme-Assisted Extraction



03105 s PH cdale 5 o031 OS5 ale 5l alises Jolge
Sl 4 clllol Gl g Ol 4 del> cos ((BLS slge S
Cugby wloads aiSlidy g cnl 5o gl Al 6l oS Jelse
el 018 sl o 5l COSOT ol oo Jale 55 diges
oad ool ylas 4 USs jo g OV gaxs )l il S
ok gl Glp pie (S Jsho o)l cnSs o
3979 Jobw slaojlms Jols jo oS cul S oy SlS 5
Sl wel bl Gelol 2wl S8 4 gl g, )l
Gl Ko LSy o 5 Jske olgs izl calsL
Olnle s Sl Jatee anl 3 Lalys o alS sl slao)lso
2 pglise @ald 1y Jlad ey oS 5 g5lsll g sl ISl
d9a2a Gloj U g Clile g lie o pofitns dhall) SO
Fso gl sl wnld Gl 5o o )ls dgzy il clle as
5wl Sl i PH izl ey o151y glos (ls

D55 158 a8 3550 ¢ s SIS o5l

oil
extraction

i

sdobs 0 (2l Glagw il 0 alerbynd Slge
O aSs 5o SlS 5l (B g aites oSy el g
6[@qu la 9 @)B)M L_SL&;.\J}..‘ )‘ oolaiul l) m)lSL.; ‘514
JB Pl SO Lzl sl anl b (0 a8 wgh oo &)l 5,50
5 P50 U9y S Olse 4 o3l 658 Gl i gy
3,8ae Sl eizme 5 gy SlaS 5 g5luslil gl (g
sile ols slap sl 0,5 wlol ogi o axd 5 a5 o S
L1y gl 003t wasT,s Jsb 5 5y 5 ool WT ¥k
5 Sl slao, e L Sl 5 Jsho o)lps e
9o (Selvamuthukumaran & Shi, YY) sas o sgue b oy
£y @] C‘)éc';w‘ 13,0 3424 L(aw.ajj S8 @ C‘)—'}&W‘ &le b,
Toupl SeS @ o, Soyid g (EAAE) lap il SLS
s, 5l ey, zll gl EAAE by, Ygess (EACP)
SIS s ol 5 5 S5iem elisiad Ly Jsbo ol

concentration.time,
temperature, pH

— SCEUS m—
ary enzyme
fruits hy dr})lj'sis 1 centrifugation p=—p{ filtration
roots g
dried ¥
plant< wder
barks po T purification
leaves l
grind |
\ flower natura
products

.(Selvamuthukumaran & Shi, Y+1V) LS dlge 31 ae 3T oS s (sraub &Y guazmo g o] -4 S

asld g oo Jlogl 0,5 o J13 ondl aals b og iS g0 s
Ye-Ae KVIem G Y- --Y- - Viem 51 PEF slaasbels o b
il Jgone yob sl VoY KjKG Gnly b 5351 L 5
51 Y o5 s g slas 5 ol 255 o b ]
heo b a5l 9,500) 4l ) Sl S ey e (sl g e (sl

¥ Pulsed Electric Field Extraction
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' enzyme-assisted aqueous extraction
" Enzyme assisted cold pressing
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' High-voltage electrical discharge
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Electrical pulse: 40 kv/10 kA
Pulse width: ps-ms
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Energy input: 50-800 kJ/kg

Electric field: 0.1-10 kV/ecm
Pulse width: ps-ms
Number of pulses: <100
Energy input: 1-15 ki/kg
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