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Microwave hydrodiffusion and gravity: An emergent technology for green extraction
of non-volatile compounds

provided by Biblioteca Digital do IPB

>,
esPo

StA@UA

resposta.web.ua.pt

University of Aveiro
QOPNA

4 ' = =~ A ' ' ' ' . . ' MICR PAFERCULES (B snesionos cx fvory O) b«tm
Claudia Passos*!, Jodo Calvaol, Sénia Ferreiral, Ricardo Jorgel, Pedro A.R. Fernandes?, Vitor M. R. Martins?, Elisabete Coelhol, Dulcineia F. Wessel®, sillecs AiEcie © s 2.
Susana M. Cardosol, Claudia Nunes?#, and Manuel A. Coimbral Congress of MBGET

and Biotechnology

QOPNA! Universidade de Aveiro, Campus de Santiago, 3810-193 Aveiro, Portugal; CIMO?, School of Agriculture, Polytechnic Institute of Braganca, 5301-855 Braganca, Portugal; [T pik

CI&DETSS3, Polytechnic Institute of Viseu — Agrarian Higher School, 3500-606, Viseu, Portugal; CICECO#, Universidade de Aveiro, Campus de Santiago, 3810-193 Aveiro, EVORA
Portugal
*cpassos@ua.pt
2 1. Introduction R B 3. Material and Methods T
Microwave technologies are more and more present in food applications due . Plant Material
to their performance in shortening the time of treatments such as drying, i) Brocolli By-products o

( 90% humidity):
“Florets”  “Stalks”

pasteurization, defrosting, or post-harvesting [1]. While solvent-free microwave
extraction has been extensively used as a green procedure for essential oil and
volatile compounds from aromatic herbs [2], its applications have been
extended to enhance extraction of phytocompounds simultaneously with drying.
In microwave drying, operational cost Is lower because energy Is not consumed i A

: : : pple pomace
In heating the walls of the apparatus or the environment [3]. (86% humidity):

ll. NEOS-GR experiments

lll. Analyses

. . 0 Mass yield
! 2. Objective FEEEe "
» Evaluation of different plant material drying process using a microwave iii) Spent Coffee Grounds 0 Sugars
: : : . . 65% humidity): :
hydrodiffusion and gravity laboratory microwave oven (NEOS-GR, Milestone, o s SN Q Phenolics
Italy) while evaluating the possible co-extraction of non-volatile compounds Q Caffeine
such as: free sugars, fibers, colour and phenolic compounds.
iv) Pterospartum tridentatum A
W 4. Results I ovorescences renorees R
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i) Brocolli By-products — “Florets f1 F2 F3  F4 FS Fg* % Six different  broccoli by- E ==

a) Before b After ;E|;oo;E; @ products were tested. In all cases, = Bl B

| | flow behavior was similar: after the a Al 3 S =
initial heating time, flow was z)e_h;%‘:vart'e d)%’ae % % %
constant until achieving matrix o
burning point (total dryness). —

k V=50mL

Weight: a) 550 g b) 53 g Water . . .
available**~ 495 295 som. | % Brocolli Florets had shrink
*Burning point. Complete dryness of plant material. Cyllnder Shape at the end Of the —
** |njtial water available inside the plant matrix. extraction . The same d |d not
5" :
> Sugar analysis to the happen with Stalks.
00:08:38 05 initial fractio'ns'show . . i) Apple pomace | F1 N F2 N F3 N F4. | F5 | IF12°'I‘
that the majorty of | <+ Good recoveries of material were ) Apple p
:07:12 - . . L. 1u_ 1u_ 1u_ um_ 1u_ 1u_ . - .

E recovered  are observed during the initial four a) Before After ol = = =y | -' “ No addition of water was required
£ 5 0 o imately  2/3 extraction cycles. The remaining | g to perform the experiments
500:02:53 % 0,2 fr;ee sugars and 1/: period of time was Only used to (lnternal water . works as the

= o ol peaccharides. achieve total dryness. " solvent of extraction).

:01: S Y : a.er
T S oo FRLERLER L — o= % |Initial fractions were considered for | weight:a)1200¢ b) 168g available™*~ 1000 700 S0mL < For apple_ pomace, and as
Aliquot Aliquot further phytochemicals :Eurl:li.ng point. Cor.npletefdr.ynessofplant ma'.cerial. Obsel’ved W|th brOCCOH ﬂoretS, a
Figure. Flow behaviour during complete Broccoli extraction Figure. Mass recovery and distribution through 50 mL aliquots |dent|flcat|0n and Characterlzatlon Initial water available inside the plant matrix Sh”nk Cy|lndel’ Shape (COmp|et|y
microwave experiment (500 Watts). Aliquots recovered of 50 mL. during complete microwave extraction (until achieving burning ) > Pecti | harid h ,I: h
point at total dryness of the matrix). e — _ _ | wicr: p:lr:acc ?rrllajzf‘ dl’y matter) at t e end (0) t e
s 20 T ~||sag compounds in collected extraction was obtained.
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i) Brocolli By-products — “Stalks 1 P2 F3 FA F5  F6  E7* o 6 s ‘ g fractions. . o |

a) Before b) After ey e rm E /F “ ol % A constant 6 min time was required

8. 2,0 : :

g 2 . / _ to obtain 50 mL aliquots after the

3 0 g ; initial and final heating periods.

o £ 1,0 l

* 00:14:24 g ’
s 00:07:22 z % / < Good recoveries of material were
: e R R r s e B s o Fo P11 2 observed during the initial five

Weight: a) 550 g Water F1 F2 F3 F4 F5 F6 F7 F8 F9 F10F11F12 : - -
available**~ 495 50mL Aliquot Aliquot extraction cycles. The remaining

Figure. Flow behaviour during complete apple pomace extraction Figure. Mass recovery and distribution through 50 mL aliquots during perIOd Of tlme was necessary tO
microwave experiment (500 Watts). Aliquots recovered of 50 mL.  complete microwave extraction (until achieving burning point at total aCh ieve tOtaI d ryn ess
dryness of the matrix). '

*Burning point. Complete dryness of plant material.
** Initial water available inside the plant matrix.

00:10:05

4" 2,0 > An important presence of F1 F2 F3 F4 F5 F6*
00:08:38 — g|ucosino|ates were confirmed l“) Spent COffee Grounds | | | | | | | | | | | |

_ ooio7i12 g 1,5 by HPLC-DAD-ESI-MS data. a) Bf | b) After‘_‘ _. ]

S ooanis / 2 10 it R EtOH < Spent coffee grounds behave as
% . ‘ a re-hydrate matrix, (water is
z H ﬂ % added to the ground coffee when
e FL F2 F3 F4 F5 F6 F7 00 F1 £ E3 " ':' ; ? | - \ 4 ® water preparing ESPresso COﬁee) with

low beh d A“q;mt | Aliquot Welght: 2) 11008 b) 385¢ 3:3’3:'Inailr:Ige:c’:i:t7C105mplete dryness of plant material >omt Very IOW recoveries aSSOCiated'

Figure. Flow behaviour during complete Broccoli extraction : P : : :

microwave experiment (500 Watts). Aliquots recovered of 50 mL. ZE:;eg.chél:qsslgf:C::?c%;f;is gi;-:i::g: EE:;: itr?iz\:?nl_gal:l)ljrunci);sg 00:28:48 ** Initial water available inside the plant matrix . _ _

point at total dryness of the matrix). 0anEs [ { e NO V|Sua| Changes are Observed In
00:23:02 0,5 ' . . .
iv) Pterospartum tridentatum inflorescences 00:2010 \ R the matrix ~ (no  shrinking
a) Before b) After - £ 00:17:17 i > Caffeine was detected behawour).
= F : E 0014224 \ o .
z % 0,3 in HPLC chromatograms .
N | =0 \/ e at 280 nm. <+ The flow behavior shows a
" % A very fast drying process occurred. Although, approximately 200 mL 00:05:46 S . decreasing tendency along time.
of water were added, burning point (after complete dryness of plant o z . With hanol (5050
. : . :00: — — ode . . -
material) was achieved already at the second fraction recovered. FL F2 F3 FA F5 F6  F7 Y n m a sk * 't_ _ water:ethanol (50:50) co
Aliquot Aliquot addition a strong brown colour
00:08:38 | F1 | F2* | | % AS I’e-hydl’atlon was necessary fOI‘ Mmicrowave appllcathn, |t seems Figure..FIow'behaviour durir'1g complete spent coffee grounds Figure. Mass recovery and distribution through 50 mL aliquots during eXtI’aCt IS recovered. Caﬁe|ne
o N L3 3 that the process was not efficient for recovery of material from low | &action microwave experiment (400 Watts). Allquots recovered complete microwave etraction until achieving burning poit t ot presence was detected at 280 nm.
:07: | “‘T “‘___ . . ) ryness of the matrix).
ooosus r yvater content matrices such as Pterospartum tridentatum v) Brown Algae o P Pz Far
= +EtOH inflorescences. e
< 00:04:19 a) Before
T ovo2:s3 “* When using water:ethanol (50:50) co-addition a yellow color extract is < As a re-hydrated matrix like
recovered. +EtOH coffee, brown algae, shows flow
. . . behavior similar to spent coffee
F1 F2 F3 F4 F5 % Contrary to Broccoli or apple pomace matrices, no changes were )
Aliquot . . . -» Nt | grounds, and also low recoveries

Figure. Flow behaviour during complete Pterospartum tridentatum Observed 18 the Sample morphOIOgy durlng extraction proceSS- Weight: a) 79 g + 200 mL water Water . t d

inflorescences extraction microwave experiment (500 Watts). Aliquots available**~ 274 50mL asSsSocClated.

recovered of 50 mL. *Burning point. Complete dryness of plant material.

00:12:58 . ** |nitial water available inside the plant matrix +» No visual Changes are observed in
I 5.Conclusions I - he mac (0 shirkn
" 00:08:38 = 005

behaviour).

v NEOS-GR, a microwave hydrodiffusion and gravity oven, has been presented as a potential o | ——— g . o
equipment to completely dry matrices with high humidity (therefore highly perishable), while under  wo- £ oo I \a’l\ggi‘ﬂo‘r’]vat:“g:‘:n”go' gggfoiolga;
the scope of green extraction technologies, also recovering hydrophilic (non-volatile) 00000 g o — . extract was recovered.
compounds from these wet matrices using its own water. T e R = on M
Figure. Flow behaviour during complete brown algae extraction Figtfre- Mass recovery and distr‘%w% throygh 50mL aliqucgts i o R ) -
v Good recoveries were observed when using high water content matrices, such as apple pomagce " e o0 e e e o0 o dmnessof themat)

and broccoli. However, when using re-hydrated matrices, such as brown algae, Pterospartum
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