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Premio “Medaglia

d’oro
Prof. Stefano Fachini”
Perugia, 16 Giugno 2022

E' con immenso piacere ed orgoglio che la Società Italiana
per lo Studio delle Sostanze Grasse, conferisce il premio
“Medaglia d’oro Prof. Stefano Fachini” al:

Dr. Konrad Grob
quale autorevolissimo, eminente, e soprattutto appassionato
ricercatore del comparto delle materie grasse ed oli vegetali, che da oltre quant'anni di straordinaria attività ha ideato e
sviluppato con successo innovative applicazioni dell'HPLC e
GC capillare, unitamente all'utilizzo di tecniche coordinate
cromatografiche, finalizzate alla determinazione della qualità e autenticità degli oli vegetali alimentari; ovvero la pubblicazione di straordinarie metodiche di analisi, atte a rilevare molteplici contaminanti endogeni e/o di neoformazione
da processo degli oli e nei grassi in genere.
La sua costante ricerca, fatta di piccoli ma continui passi, ha
contribuito ad un grande salto nel controllo analitico della
qualità e sicurezza degli alimenti e in particolare dell'olio di
oliva.
La sua passione per la ricerca lo ha portato a condividere
risultati ed idee, e ciò, unito alle sue doti di grande umanità,
ha consentito a molti giovani ricercatori di lavorare con lui fianco a fianco, riportandone oltre ad importanti
competenze tecnico scientifiche, una filosofia di appassionato lavoro che ha consentito loro di raggiungere nuovi ed importanti traguardi.
La medaglia Fachini premia quindi l’uomo di scienza, ma anche l’importante maestro di nuove generazioni di ricercatori, ovvero coloro che rappresentano una parte del nostro futuro.

Prof. Giovanni Lercker
quale riconoscimento di una lunghissima ed appassionata carriera di ricerca e didattica dedicata allo studio della chimica dei lipidi e dei relativi problemi analitici, i cui risultati hanno aperto nuove prospettive non
solo alla valutazione della qualità e purezza degli alimenti, ma anche del ruolo di alcune molecole lipidiche nel metabolismo e nella salute umana.
Sin dall’inizio, la sua ricerca è sempre stata caratterizzata dall’attenzione verso le più aggiornate tecniche
analitiche che si rendevano via via disponibili consentendogli di indagare la composizione lipidica di substrati non convenzionali, importante è stato inoltre il suo contributo nello sviluppo di metodi di analisi
nell’ambito della Commissione Tecnica Governativa Italiana per gli Oli ed i Grassi.
Altrettanto rilevante è stata la sua attività di docente e di formatore di molti ricercatori nel settore della
lipochimica che hanno in seguito rivestito ruoli rilevanti nel settore, gettando le basi per il futuro del
settore; infine, ma non ultima, fa piacere ricordare la sua lunghissima appartenenza alla Società Italiana
per lo Studio delle Sostanze Grasse.
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My journey through capillary GC
KONRAD GROB
OFFICIAL FOOD CONTROL AUTHORITY OF THE CANTON OF ZURICH, ZURICH, SWITZERLAND
konrad.grob@klzh.ch
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I was lucky to stand at the best time at the best
place. From 1960, my father spent most of his spare time (he was actually a teacher) for the development of capillary GC, particularly on making
glass capillary column. Also splitless and oncolumn injection were introduced by him.
I got a splendid job at the Kantonales Labor Zürich
(official food control) that was aware of the need
for better chromatography and allowed me to play
around with vaporizing and on-column injection. I
investigated basic problems of vaporizing and oncolumn injection to get quantitative data. Initially
on-column injection often caused broadened and
distorted peaks, but after understanding the causes, these could be overcome to the extent that
also more than 1 ml of sample could be injected. In
1984 we applied the technique for on-line HLPCGC (with a 50 m uncoated precolumn!).
During the following 10 years we substantially improved the technique essentially to what it is today.
I was again lucky to get into contact to the then
Carlo Erba Strumentazione in Milan and Fausto
Munari, who designed the first automated HPLCGC instrument marketed in 1990.
I taught GC courses all over the world. This brought me into contact with the leading Italian edible oil analysts, like Carlo Mariani, Gianni Morchio, Lanfranco Conte and Giovanni Lercker. This was the start for an
excellent collaboration in oil analysis, which was a hot subject in our laboratory because of the suspected
frauds. I learned much about olive oil from Carlo Mariani, a gaschromatographer I admired for his perfect
chromatograms. We transferred several of his ideas into on-line LC-GC methods, e.g. for the minor components, the sterols (after transesterification), the sterenes and others. This was more efficient than the
manual methods of that time (and still today).
Actually even earlier than that, in 1988, we stumbled over the mineral oil contamination of foods, which
remained a subject throughout my professional life. Still in the 1990es, mineral oil was rather carelessly
used, almost like salad oil. To find more than 1000 mg/kg mineral hydrocarbons in food was rather common – and so was the finding of granulomas in human tissues. However, we were largely left alone for
about 20 years, since the analysis was based on on-line LC-GC and this was considered too complicated
– with the exception of Sabrina Moret, who constantly contributed to this science. Today, some years after retirement from the laboratory, I’m a second time part of an EFSA working group trying to evaluate the
toxicity of the saturated and the aromatic mineral hydrocarbons – and I’m afraid that we again have more
questions than answers.
My journey started with the broad introduction of capillary GC, went through development of GC technology, then applications in various fields and now ended at the chemical/analytical side of risk assessment
for the protection of consumers (mainly in the field of food contact materials). Edible oil analysis was not
only an important, but also a rewarding milestone.
Curriculum vitae
Born in 1949 near Zürich and went through the normal schools.
1969-70 internship in the chemical industry (Ciba in Basel) before studying chemistry at the University of Zürich.
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1971 to 1974 I was teaching chemistry at several gymnasium schools.
1973 During 4 months in 1973 I worked for British American Tobacco in Southampton, introducing capillary GC for smoke analysis –
profiting from my parents who pioneered in capillary GC.
1974, I did a 3 month internship at the Kantonales Labor Zürich (KLZ), which ended with a 1-day/week permanent job. I extended this
job to 2 days/week in 1975 and to 3 days/week in
1975 Diploma in Chemistry
2019 completely stopped at the age of 70 in 2019.
1978 I did a doctoral thesis in plant physiology at the ETH Zürich.
1975 to 2005 I was teaching more than 150 courses in GC technology all over the world.
Capillary GC technology in particular on sampling and injection techniques. (split, splitless and on-column) was in a collaboration with
Carlo Erba Instruments, Milan (later Fisons and Thermo)
1984, the first on-line HPLC-GC instrument was running at the KLZ, but transfer technology to introduce large volumes of HPLC eluent
into GC was further optimized during many more years.
The task of the KLZ is consumer protection, and GC was applied to detect frauds as well as contaminants of potential concern in
foods. From the beginning, the analysis of fats and oils was an important subject, starting with the fatty acid composition, including
trans unsaturated fatty acids. On-line HPLC-GC played a key role, as it provided high selectivity and automation enabling routine analysis of many samples.
1988, we detected mineral oil hydrocarbons in hazelnuts (from jute bags) and in the following years in many other foods as well as
from many other sources.
On-line HPLC-GC was the perfect method of analysis for this, but since hardy anybody adopted this technology, we were left alone
with the subject, with the effect that the often extremely high concentrations observed at that time only decreased slowly. The subject
of MOSH and MOAH became of broader interest only around 2009, long after the sources of the most severe contamination had been
eliminated.
1996 we became aware of severe food contamination by migration from food contact materials (through an analysis of olive oil adulterated with sunflower oil in canned fish). It revealed to be a largely neglected subject and, hence, migration from food contact materials became the main subject up to my retirement.
2002, the presence of acrylamide was detected. As we considered it the main known health concern by a chemical in food, the reduction of acrylamide formation, mainly in potato products, became the dominant subject. However, we had do give it up around 2007 upon recognizing the lacking support by authorities to reduce the exposure of consumers to acrylamide.
1998 to 2004 I was a consultant of the EU legislator on food contact materials and learned about legislation as well as the politics
around it. From 2006 to 2016 I was an expert in risk assessment of chemicals at the French AFFSA, later Anses. From 2008 up to now
I’m part of the Bedarfsgegenständekommission at the German BfR (Institute for Risk Assessment). From 2002 I sporadically worked
as an expert for the SCF, then EFSA and in 2014 (after partial retirement) became member of the EFSA CEF Panel as well as various
working groups. I continue this work – besides spending much time for grandchildren (eight by now).
I wrote 3 books on gas chromatography, one in 5 versions, contributions to 5 books on various subjects and about 450 scientific papers.

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

203

Premio “Medaglia d’oro Prof. Stefano Fachini”

Perugia, 16 Giugno 2022

Evoluzione delle ricerche sulle frodi nel settore delle sostanze grasse, dei
lipidi e degli alimenti in generale
GIOVANNI LERCKER, ALMA MATER STUDIORUM - UNIVERSITÀ DI BOLOGNA
giovanni.lercker@unibo.it
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La ricerca sulle sostanze grasse e sui lipidi ha avuto generalmente un rapido sviluppo dall'avvento delle tecniche
analitiche strumentali. Infatti, a partire dalla nascita della
gascromatografia, con disponibilità di strumenti commerciali sin dagli anni '60, si registra la nascita di gruppi di
ricerca sui lipidi e la conseguente ricerca. La composizione delle sostanze grasse in generale ed in particolare
degli oli di oliva è stata a lungo studiata nel dettaglio tuttavia è possibile scoprire qualcosa di nuovo, in virtù della
continua evoluzione delle tecniche analitiche per la varietà dei principi delle lavorazioni tecnico-teoriche e la crescente sensibilità del rivelatore.
Uno dei gruppi di ricerca molto attivi in Italia è stato fondato dal Prof. Umberto Pallotta, Direttore dell'Istituto delle
Industrie Agrarie dell'Università di Bologna (Italia). I principali temi affrontati negli anni sono stati la ricerca sulla
composizione delle sostanze grasse alimentari e dei lipidi
naturali in genere, la stabilità per la conservazione e le
modalità di utilizzo in cucina, la salubrità della composizione legata alle possibili modificazioni dovute ai processi tecnologici ed ventuali alterazioni.
Nel settore dell'olio extravergine di oliva si studiavano i
componenti minori, in particolare quelli dell’insaponificabile, caratteristici della fonte oleosa, in modo da avere le conoscenze indispensabili per svelare le numerose truffe che nel tempo andavano verificando.
Nel caso della modificazione ossidativa, lo studio di questo argomento sia sui sistemi modello che sugli
alimenti lo ha portato all'identificazione di nuovi costituenti e alla formulazione del meccanismo di reazione di tutti i prodotti di ossidazione.
Le analisi dei lipidi totali, dei triacilgliceroli (trigliceridi) dei gliceridi parziali, e delle relative composizioni di
acidi grassi sono state eseguite con tecniche gascromatografiche mediante l'utilizzo di colonne capillari
corte e lunghe, in relazione alla riduzione dei tempi di analisi e del grado di separazione desiderato. Lo
studio delle componenti minori dell'insaponificabile ha permesso di evidenziare un elevato numero di
composti a struttura lineare e ciclica, risultati molto importanti per la caratterizzazione dei lipidi naturali,
per la valutazione della qualità e per l'individuazione di frodi. Le componenti minori considerate nella ricerca svolta negli ultimi 40 anni riguardano le sostanze di natura idrocarburica, i componenti tocoferoli e
tocotrienolici, gli alcoli lineari e ciclici (alcoli triterpenici e diterpenici, metilsteroli, steroli, dialcoli triterpenici
e acidi triterpenici) e vari pigmenti naturali caratteristiche degli oli ottenuti dalle olive. Inoltre, numerosi
studi sono stati condotti sull'ossidazione dei lipidi con lo scopo di identificarne la natura chimica, che presuppongono il loro meccanismo di formazione la cui conoscenza è utile per evitarne o prevenirne la comparsa, nei processi tecnologici e durante lo stoccaggio. Inoltre, è stato svolto un ampio lavoro di ricerca
sull'azione degli antiossidanti naturali, con particolare interesse per quelli presenti negli oli d'oliva, in considerazione dell'aspetto della valutazione della qualità degli alimenti contenenti lipidi. È stato studiato il
sapore degli oli extravergini di oliva, soprattutto per l'aspetto sensoriale, utilizzato per caratterizzare varie
molecole e i meccanismi della loro formazione in funzione dei parametri tecnologici di lavorazione delle
olive.
Curriculum vitae
1970 laureato in Chimica UNIBO
1973-74 docente di "Tecnologie degli Oli, Grassi e Derivati UNIBO
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1974-83 "Tecnologie Alimentari" (1974-83) UNIBO
1985-1990 PO UNIUD Analisi Chimica dei Prodotti Alimentari
1990 PO UNIFI Industrie Agrarie Facoltà di Agraria dell'Università degli Studi di Firenze
1993 Tecnologia degli Oli, Grassi e Derivati UNIFI
2006-2009 Direttore del Dipartimento di Scienze degli Alimenti (DISA) UNIBO
2012 è stato nominato Professore Alma Mater dell'Alma Mater Studiorum-Università di Bologna
2016 ad oggi, è Professore incaricato esterno, UNIBO
Socio Corrispondente Italiano dell'Accademia Italiana della Vite e del Vino
Accademico Ordinario dell'Accademia Nazionale dell'Olivo
Accademico Ordinario dell’Accademia Nazionale dell’Agricoltura
Accademico Ordinario dell’Accademia dei Georgofili
Membro della Commissione del CODEX Alimentarius, del Ministero delle Risorse Agricole Alimentari e Forestali
Nel 2004 riceve il Premio Scanno in merito alle ricerche condotte nel settore dell’olio di oliva
Messa a punto di metodi di analisi rivelatori di frodi nel settore degli oli provenienti dalla lavorazione delle olive, in seguito diventati
Metodi di Analisi della Comunità Europea.
Ipotesi e dimostrazione di nuovi meccanismi e dell’esistenza di nuovi prodotti dell’ossidazione degli acidi grassi insaturi e del colesterolo.
Identificazioni di nuovi componenti e individuazione dei componenti molecolari nella gelatina reale (pappa reale) responsabili della cosiddetta “castrazione alimentare” delle api operaie e della loro differenziazione di “casta”.
Origine della compromessa situazione ossidativa e dei pericoli per il consumo della polvere d’uovo e dei prodotti da forno contenenti
uova anche fresche nelle corrispondenti formulazioni.
Rilevazione di alcune relazioni specifiche fra alimenti e salute del consumatore.
Individuazione dei componenti, marcatori obiettivi, della qualità dei lipidi alimentari e degli alimenti che li contengono, nelle materie
prime e nei prodotti alimentari, attraverso l’analisi dei prodotti in commercio.
Presenza di triacilgliceroli (trigliceridi) nelle membrane lipidiche cellulari dei ratti. Aumento dei triacilgliceroli nei ratti obesi (per iperfagia).
Dimostrazione scientifica della formazione a temperature prossime a quelle della brace di sigaretta di composti attivi (delta-9tetraidrocannabinolo) nella Cannabis Sativa a partire da costituenti considerati non attivi (acido cannabidiolico).
Collaborazione agli studi sulla composizione dei lipidi di membrana delle piastrine, loro fluidità e sensibilità all’ossidazione, in relazione
alla depressione e all’ischemia.
Ipotesi della relazione fra la composizione del grasso del latte materno e “protezione” delle membrane piastriniche (e delle cellule) dei
neonati e dei bambini. Ruolo del colesterolo e possibili negatività nell’impiego delle statine per abbassarne il contenuto.
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An historic approach to Prof. Stefano Fachini award
LANFRANCO CONTE (Chairperson SISSG)
Corresponding author: sissg@sissg.it
The “Gold Medal Prof. Stefano Fachini” award had been established in 1963 in memory of prof. Fachini, who, among
a number of other activities, was the founder of the Stazione Sperimentale per le Industrie degli Oli e dei Grassi in
Milano as well as of the Technical Committee for the analytical methods harmonization, most of the analytical methods nowadays available as official methods for fats and oils and olive oil, too, were developed within that Committee.
The Award is a gold medal, and a parchment and is allocated to Italian or not Italian researchers or bodies as a recognition of scientific or technical credits in the field of fats and oils and from 1963 to nowadays had been attributed
to:
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1963 - Prof. H.P. Kaufmann
1966 - Prof. J.M. Martinez Moreno
1968 - Dott. O.S. Privett
1970 - Prof. C. Paquot
1972 - Prof. R. Rigamonti
1974 - Prof. R.T. Holman
1974 - La Rivista Italiana delle Sostanze Grasse
1976 - Prof. P. Capella
1979 - Prof. J. Pokorny
1983 - Prof. G. Jacini
1985 - Prof. U. Pallotta
1986 - Prof. D. Firestone
1987 - Prof. K. Mangold
1996 - Dott. Graille
2003 - Prof. R. Monacelli
2010 - Prof. G. Montedoro e Prof. E. Tiscornia
2013 - Dott. C. Mariani
2022 – Dott. Konrad Grob e Prof. Giovanni Lercker

The very fast evolution of analytical techniques made nowadays the research and development of new methods sometimes too much fast to admit an essential reflection about the origin of our works, we think that an historic approach could be useful mainly for those who have just began or is beginning to began the fascinating adventure in
the world of scientific research, for this reason, we reproduce here a “memory” stored in the archives of the Accademia Udinese di Scienze, Lettere ed Arti, kindly made available by its Chairperson, Prof.ssa Maria Amalia D’Aronco,
to whom SISSG is really grateful.
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STEFANO FACHINI
Memoria del dotto Prof. Ing. Stefano Somazzi
Memoria presentata nell'adunanza del 16 maggio 1964 dell’Accademia delle Arti e delle Scienze di Udine.
Uomo di grande ingegno, di costumi austeri e
semplici, Stefano Fachini ebbe origine da una
vecchia Famiglia friulana di proprietari terrieri e
di professionisti; questa sua origine impresse
in Lui un segno inconfondibile di nobiltà nel
lavoro, di tenacia e di particolare inclinazione
verso le scienze fisiche e chimiche, nelle quali
già il Nonno e il Padre si erano cimentati con
successo.
Stefano Fachini nacque a Gemona (Udine) il
27 luglio 1877 dal dotto Marco - già Assistente
Universitario nell' Ateneo padovano e distinto
ricercatore - e da Giovanna Barassi.
Ai primi del secolo si stabilì a Milano con i fratelli: Giovanni, che emerse poi come cultore di
studi leonardeschi; e gli ingegneri Carlo, Franco e Vincenzo.
Di quest'ultimo sono noti gli studi e le realizzazioni nel campo della tecnica e dell'industria
degli ingranaggi, ove fu pioniere; mentre l'ing.
Carlo, unico sopravvivente, è ad Udine una
delle persone più attive nel campo della industria e della cultura.
Compiuti a Milano gli studi liceali, si laureò in
chimica pura a Pavia (1901).
Nella grande capitale lombarda, centro di attrazione unico a quell'epoca in Italia per gli ingegneri operanti nella tecnica e nelle scienze
fisico-matematiche, Stefano Fachini trovò subito l'ambiente più propizio per le sue aspirazioni.
Nel 1902 entra al Politecnico come assistente
di chimica analitica; poi già nel 1903 e fino al
1908 lo vediamo sempre al Politecnico, che
ormai non lascerà più, libero docente di Chimica Tecnologica, e nel 1911 professore di applicazione dei petroli e degli olii. Dotato di spirito particolarmente pratico e realistico, il prof. Fachini intuì, nel pieno della Sua carriera universitaria, che l'epoca dei grandi Maestri enciclopedici stava per
tramontare, per lasciare il posto ad una nuova generazione di eminenti specialisti che lavorassero in profondità il terreno
reso fertile dall'ingegno dei grandi e venerati predecessori; e che potessero assistere più intimamente ed in un immediato
contatto la nuova industria, che si sviluppava con grandi ed impellenti bisogni. Cosicché Egli, preparato nel campo più lato
della chimica pura, preferì concentrare i suoi studi su di un settore specifico della tecnologia fisico-chimica; e precisamente
sul settore degli Olii minerali e degli Olii e Grassi vegetali ed animali e loro derivati.
Nel 1907 Direttore della R. Stazione Sperimentale Olii e Grassi di Milano, Egli crea lo strumento per il suo nuovo lavoro, e
nello stesso tempo dà subito prova di sapiente organizzatore, formando una Commissione, da Lui presieduta, per lo studio
dei Metodi unitari di analisi degli olii, grassi e loro derivati, in modo che gli interessati, industriali e studiosi, parlassero la
stessa lingua e cominciassero a valutare prodotti con gli stessi criteri e con gli stessi metodi.
Scoppia la prima guerra mondiale (1914-1918) ed Egli, richiamato come Ufficiale, instancabile, dirige i laboratorio chimico
militare A.M.P.E. Dotato di profondo senso umano e fervente patriota, oltre al Suo lavoro, Egli non tralascia di preoccuparsi
di portare aiuto e sollievo ai combattenti; escogitando, nel limite delle sue possibilità, prodotti e ritrovati che, se anche appaiono di modeste proporzioni di fronte all'immane fabbisogno della grande guerra, furono però di enorme importanza per il
morale del combattente. Tra questi, gli speciali scalda-rancio e le stufe ad alcool solido, che in quel tempo, nel quale non
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esistevano né le bombole a gas liquidi, né le aldeidi combustibili (meta), rappresentavano la più utile soluzione di problemi
contingenti. Dopo la guerra, il prof. Fachini ritorna alla sua creatura prediletta: la Stazione Sperimentale Olii e Grassi. Fu in
quel momento che io ebbi la fortuna ed il privilegio di incontrarlo e di diventare suo Collaboratore. Quando lo visitai la prima
volta, nella palazzina di Via Marina 5, fui colpito dal senso di raccoglimento che regnava in quell'ombroso angolo del vecchio
Politecnico; dalla perfetta ed efficiente organizzazione dei Laboratori modernissimi; dalla ricca biblioteca; dagli impianti semi
industriali; da un'attrezzatura che permetteva un'ampia possibilità di studio e di realizzazioni.
Ma quello che più mi colpì e mi attrasse, fu l'Uomo, che animava di vita accelerata tutto l'Istituto.
L'attività della Stazione era preordinata da tre programmi: uno di ricerca, un secondo esecutivo e che era collegato soprattutto all'importante lavoro analitico per il pubblico, e il terzo didattico.
Il prof. Fachini aveva il raro intuito di proiettare i problemi nel futuro, di vederne gli sviluppi al di là delle situazioni contingenti, di individuare con sicurezza quali elementi dovevano un giorno fatalmente giocare un ruolo importante, e quali invece, per
quanto importanti nella loro sembianza, erano effimeri e passeggeri. Così, per esempio, già nel lontano 1921, Egli intuì l'importanza della scomposizione e trasformazione degli idrocarburi del petrolio grezzo, e fin da quel tempo iniziò studi ed esperimenti sulla piro scissione termica e catalitica degli olii minerali, giungendo a realizzazione di apparecchiature sperimentali
e a metodiche del tutto originali (catalizzatori «orientati»). Oggi la parte preponderante della tecnologia del petrolio si basa,
ricordiamo, sui processi di «cracking» e «reforming» termici e catalitici.
Nel campo degli oIii commestibili, e per quanto allora le paste di neutralizzazione trovassero facile assorbimento, nell'industria saponiera, egli intuì che nel futuro la neutralizzazione con soda degli oIii acidi doveva essere sostituita da altri processi,
per aumentare la resa in olio commestibile; così iniziò lo studio dell'estrazione degli acidi grassi liberi negli olii greggi, con
alcool ed altri solventi selettivi.
Nel campo della Metodologia analitica, sapeva trovare soluzioni semplici ed esatte, che fecero testo in Italia ed all'Estero;
come ad esempio il Metodo dell'anidride carbonica per la determinazione del glicerolo e del trimetilenglicol o nelle glicerine
purissime per esplosivi. Questo metodo fu presentato ai Congressi di chimica pura tenutisi a Parigi e a Roma dal 1921 al
1923, e riscosse il plauso e la convalida del Comitato internazionale della glicerina.
Il metodo per l'analisi ed il collaudo degli olii per trasformatori, che presentammo alla riunione annuale dell'A.E.I. tenutasi a
Napoli dal 7 al 13 ottobre del 1925, è tuttora, dopo 38 anni, il metodo ufficiale italiano di accettazione degli isolanti.
Inoltre, sono noti gli studi del prof. Fachini sul punto di fusione degli acidi grassi superiori, ed i relativi metodi di ricerca per
scoprire adulterazioni negli olii commestibili e specialmente in quelli d'oliva.
Il prof. Fachini fu altresì il pioniere nel campo della normalizzazione del metodo di analisi; è poi del 1913 la prima «Commissione per i metodi unitari di analisi dei grassi » diventata nel 1924 « Commissione Tecnica Governativa » tuttora operante; è
del 1930 la « Commissione Internazionale per lo studio dei grassi » diventata nel 1951 « Divisione Sostanze Grasse » della
IUP AC; e sotto la guida del prof. Fachini venivano pubblicate le diverse edizioni delle Norme (olii minerali grassi e derivati,
colori e vernici) . Impossibile ricordare tutti i lavori promossi dal Maestro e che furono divulgati in una settantina di pubblicazioni, sul periodico mensile «Olii Minerali, Grassi, Colori e Vernici» che Egli fondò, e nel suo prezioso manuale « «Industria
delle Materie Grasse » (Hoepli, Milano). Sotto l'impulso della sua attività, la Stazione Sperimentale
divenne ben presto un Centro di studio qualificato su scala internazionale, ed il prof. Fachini fu nel 1930 Presidente della
Commissione Internazionale per lo studio dei grassi, ed in seguito Delegato Governativo, presso la International Standard
Association. Fu successivamente nominato Presidente onorario a vita della Commissione Internazionale stessa (1950).
Esperto presso il Ministero delle Corporazioni e presso l'Ufficio Combustibili Liquidi dello stesso, il prof. Fachini fu anche
Consulente del Consiglio Nazionale delle Ricerche. Fin dal 1923 fondò e presiedette la Commissione Tecnica Governativa
Olii Minerali Lubrificanti e Combustibili ed in seguito quella per i Colori e Vernici. La Società Internazionale per lo studio dei
grassi, per iniziativa del suo attuale Presidente prof. Kaufmann, ha promosso una Fondazione Internazionale «Stefano Fachini» per premi annuali al miglior lavoro scientifico nel campo della chimica dei grassi. L'inaugurazione avvenne a Torino il
2 settembre 1963.
Va ricordato che Fachini deve considerarsi tra i pionieri della stessa ricerca del petrolio e dei combustibili gaso si naturali in
Italia, con le sue indagini (in Sicilia, in Abruzzo, in Val Padana) rimontanti a cinquant'anni addietro: e con l'impulso più recente che Egli, come consulente, dette agli inizi della A.G.I.P. - E.N.I.
E ciò solo per citare alcuni tra gli innumerevoli incarichi a cui assolvette con la Sua proverbiale semplicità nel lavoro, con la
Sua tenacia e il prestigio ormai di una indiscussa Autorità, e i meritati riconoscimenti accademici (Accademia di Agricoltura
di Torino, Accademia di Scienze Lettere ed Arti di Udine, ecc.).
La sua memoria non poteva essere meglio onorata che dall'Istituzione di un premio a Lui intitolato. La Società Italiana per lo
studio delle sostanze grasse fondava nel 1962, in occasione del suo Congresso di Arezzo, una medaglia biennale « S. Fachini» per il cui conferimento l'Assemblea dei Soci ne stabiliva il regolamento.
Dotato di capacità di lavoro e di eccezionale giovanilità di corpo e di mente, Lo vediamo perseguire alacremente la Sua attività di organizzatore e Direttore dell'Istituto, e delle istituzioni che vi si appoggiano, al di là dei limiti usuali di età ; i 75 anni lo
trovano instancabile al lavoro e fertile di iniziative e di idee nuove.
Al compiere dell'80° anno, scrivendo ad un amlco e Collaboratore, gli esponeva programmi di ricerca nuovi; e affermava di
sentirsi più pieno che mai di entusiasmo per l'indagine.
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Non stanco delle attività spese per quasi 60 anni in favore della Nazione, dopo questa età lo vediamo ancora replicatamente
attivo nell'insegnamento come Presidente di Commissioni d'Esame di Stato.
Fu solo la forzata riduzione delle attività, oltrepassato l'ottantatreesirrio anno, a condurlo, attraverso l'inerzia, al progressivo
indebolimento delle forze; come Egli aveva serenamente previsto, « quando mi mancherà il lavoro, sarà ora di andarmene »
Se il prof. Fachini emerse come studioso, certo non di meno fu amato da tutti per la sua rettitudine e per la sua bontà. Era
felice di poter aiutare tutti, e specialmente i giovani. Oltre ai corsi che Egli tenne al Politecnico, Egli non trascurò mai la sua
scuola per apprendisti, capi tecnici, analisti per le industrie saponiera, olearia e degli oIii minerali.
Anche in questo campo Egli fu un precursore, intuendo che nell'industria moderna, accanto ai Direttori tecnici, non potevano
mancare operai specializzati e capisquadra, che avrebbero avuto mansioni sempre di maggiore responsabilità. Oggi siamo
nel tempo dell'automazione, oggi sappiamo che il personale non qualificato non serve alle nostre fabbriche e plaudiamo alle
scuole professionali e di addestramento. Ancora una volta, e lo dobbiamo riconoscere, quarant'anni fa il prof. Fachini vedeva giusto, come sempre, e lavorava per il futuro!

Il testo è la riproduzione di una “memoria” conservata negli archivi
dell’Accademia Udinese di Scienze, Lettere ed Arti ed è stata resa disponibile dal Presidente dell’Accademia Prof.ssa Maria Amalia D’Aronco alla
quale la SISSG esprime i più sentiti ringraziamenti.
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Laboratorio di analisi degli
oli vegetali e grassi animali

Il laboratorio svolge principalmente attività analitica conto terzi e sviluppa, su richiesta, nuovi metodi per eseguire analisi
particolari per le quali non esistano ancora procedure validate.
L’attività di analisi e di ricerca si applica su diverse tipologie di prodotti che comprendono:
- Semi, frutti oleaginosi e sostanze grasse da esse estratte per analisi di composizione e di caratterizzazione;
- Oli d'oliva e oli di sansa d'oliva secondo il Regolamento CE 2568/91 e successivi aggiornamenti;
- Oli di semi, grassi vegetali e animali (burro, strutto, olio di pesce), semilavorati e prodotti finiti alimentari;
- Oli e grassi animali e vegetali, loro intermedi e derivati impiegati come biocombustibili liquidi secondo la norma
UNI/TS 11163:2018;
- Sottoprodotti di lavorazione delle sostanze grasse e derivati (es: lecitine, oleine, paste di degommazione);
- Farine animali non destinate al consumo umano (di 1a e 2a categoria) per la ricerca del tracciante GTH (trieptanoato
di glicerina) secondo il Reg CE 1774/2002;
- Farine e idrolizzati proteici (determinazione di masse molecolari, di amminoacidi liberi e totali, solforati e triptofano,
proteine);
- Mangimi animali per la ricerca della presenza di grassi animali aggiunti (colesterolo), per analisi di composizione e di
contaminanti metallici.
- Prodotti alimentari per la determinazione dei grassi vegetali diversi dal burro di cacao nei prodotti di cacao e di cioccolato
l destinati all'alimentazione umana
- Determinazione di 2-3 MCPD, glicidolo e relativi esteri negli oli e nelle sostanze grasse vegetali.
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To produce high quality olive oil, best practices recommend both to avoid fruit damages
during the harvesting and to avoid long storage time between harvesting and crushing.
The mechanical harvesting could damage the olives, favouring pulp softening, cell
breakage, increasing the fruit respiration and leading to a fast olive oil degradation.
Furthermore, the working capacity of the plants is not sufficient to cover the incoming
volumes of olives, and a storage period is needed. To minimise the spoilage of olives,
several hand-held facilitating machines were developed and refrigerated cells for fruit
storage are currently spread.
A full factorial design evaluated the combined effects of harvesting method (manual
vs facilitated), storage temperature (25°C vs 6.5°C) and their interaction, aiming to
understand if the storage at low temperature, applied to olives harvested using handheld electric combs, could mitigate the potential negative effects given by the beating.
From chemical analyses of legal parameters, phenolic and aromatic fractions, the
highest amounts of total phenolic compounds occurred in olive oil samples, extracted
from olives harvested through the manual method. Moreover, storage at low temperature
preserved secoiridoids, even if it favoured their oxidation. The mechanical stress on
olives due to harvest resulted in preferably activating the oxidative reactions, including
the lipoxygenase pathway, which is responsible for the production of olive oil fruity notes.
The latter phenomena were enhanced by low temperatures, probably due to the higher
solubility of oxygen and the selected activity of hydroperoxide lyase.
Keywords: Mechanical harvesting, Refrigeration, Phenolic compounds, Aroma profile,
Mechanization, Olive growing

1. INTRODUCTION
Extra virgin olive oil (EVOO) is the highest commercial category of olive oil
and is more and more appreciated both for hedonistic features and for health
and nutritional properties [1]. Within the above category, chemical and sensory characteristics of oils are very different, especially in terms of phenolic
and volatile compounds [2], resulting in a wide range of prices (in Italy, the
wholesale price between 4 and 12 euros per kg – ISMEA data consulted in
May 2021). The oil processing conditions are essential for the EVOO quality,
since they can cause several positive or negative phenomena that are able
to transform the qualitative characteristics of oil in the olive fruit [3]. Therefore, the capability to modulate aromatic and phenolic EVOO profiles through
planned processing conditions represents a key of commercial success for
the oil companies.
Among the pre-extraction factors, olive fruit storage is considered critical for
the EVOO quality since incorrect conditions can lead to the fermentation of
the olive fruit heaps, causing the loss of oxidative stability in the olive oil and
the development of off-flavour, namely fusty, musty, wine-vinegary and ran-
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cid [4, 5]. It is commonly recommended to immediately transport the olives to the mill and to crush them
as quickly as possible. However, since the incoming
volume of olive fruit may exceed the working capacity
of the extraction plant at peak harvest time, a storage
period is required [6] and time and temperature conditions should be properly managed. In this view, the
decrease of olive oil quality, due to the not-avoidable
storage time, could be seen as a timeliness cost for
olive companies.
The manual harvesting of the olive fruit is still widespread and hand-picking followed by collecting the
olives in baskets has been improved by the introduction of hand-held tools, and nets [7]. However, manual harvesting carries the highest costs for the companies, linked to both the labour and the reduction
of productivity [8 - 10]. In the last decades, mechanisation of olive harvesting accelerated powerfully
leading to the introduction of several harvesting tools
and machines [11], which can nowadays be chosen
according to the planting systems and the olive grove
size [12]. Hand-held electric or pneumatic combs,
hand-held vibrating rods, and arm combs are able
to facilitate workers during the olive harvesting and
could be easily used in traditional olive orchards. Machines, which are self-propelled or to be coupled with
the tractor (i.e., trunk shakers and straddle harvesters), are also used in olive orchards that are ad-hoc
designed to be mechanised. Cresti et al. [8] found
an increased productivity and a reduction in unit cost
per hectare or per 100 kg of olives from the use of
most of the above practices compared to manual
harvesting. Similarly, Sperandio et al. [9] estimated a
decrease in harvesting costs which was directly proportional to the level of mechanisation; the cost of
olive oil ranged from 4.7-2.7 euros per kg of oil by
manual harvesting, up to 0.3-0.5 euros per kg of oil
using straddle machine.
However, mechanical harvesting techniques can
cause technological damages on olive fruit, for instance skin scratch or breakage, bruising and pulp
softening [12 - 14], favouring the release of cell liquids
and their contact with enzymes, oxygen and microorganisms [16]. The degree of damage was not merely
related to the harvesting method (i.e., as much as the
energy was transferred to the olive tree), but it could
depend on the constructive characteristics of the
mechanical harvesters as well as their setting during
the use [14]. Moreover, since beating also causes a
breakdown of the pulp internal cells and the activation of fruit metabolism, the fruit damage was related
to a combination of physical and biochemical phenomena, potentially able to affect the olive oil quality
[16, 17].
Several detrimental effects on the olive oil quality,
such as the increase of acidity, the increase of oxidation indexes and the off-flavour development, are
linked to senescence and microbial activity, affecting
olive fruit during the storage; low storage temperature

of olives was proved to be able to minimize the above
phenomena [18 - 22]. The cooling of olive fruit before
milling could be a useful control tool for the EVOO
quality, especially when the initial conditions of olive
fruit already represent a risk factor for the development of sensory defect in the olive oil. Use of refrigerated cells for storage is one of the emerging technologies adopted by the several companies and is a
successful tool for the producers, in order to preserve
the quality of olive fruit [19, 21, 22]. Moreover, the olive fruit cooling may also have a modulating effect on
the composition of the volatile fraction of olive oil [24],
even when it is limited to a pre-crushing thermal conditioning, i.e. without any storage period [25].
However, the effectiveness of refrigeration should be
linked to several factors, such as olive cultivar [26,
27], ripening stage [28] and health conditions, which
are affected by fly infestation rate, microbial contamination and mechanical damage of harvesting methods [15, 26 - 28].
Few works have been carried out to study the combined effect of harvesting method and storage temperature (Tab. I). Among these, the work by Yousfi
et al. [13] was the only one that studied the effect
of different storage time-temperature conditions (i.e.,
3 and 18°C) on quality of olive fruit, which were harvested manually and mechanically through a grape
harvester. Mechanical harvesting accelerated the
decay of olive fruit and, consequently, caused a decrease of olive oil quality in terms of behaviour of sensory defects and decrease of tocopherols and phenolic compounds; cold storage was also able to slow
down the above degradation phenomena. However,
the results of Yousfi et al. [13] only referred to operating machines, and their results cannot be extended
to hand-held mechanical devices, which are widespread in more than half of the Italian companies
and often as complementary system to the manual
harvesting [29]. The current literature still lacks a focus on the actual benefits and/or contraindications
of the working practices of the small-scale companies, which produce high quality olive oil. To enhance
the product’s quality, short storage time are usually
adopted (i.e., most of the production regulations of
Protected Designation of Origin and Protected Geographical Indication Italian olive oils set a maximum
number of hours from the harvest within which the
olives must be processed). However, in a short storage time, temperature and harvest method could still
play an important role in preserving the freshness of
the olive fruit and in determining the quality of the
olive oil.
To the best of the authors knowledge, a work evaluating the effects of different working chains, combining
effect of harvesting methods and storage temperatures, is still lacking. Here we focus on these issues
with particular regard to two of the main distinctive
features of high-quality olive oil, phenolic and volatile
fractions.
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Table I - Main experiments on the effect of harvesting method on olive oil quality.
Reference

Harvesting
methods

(Dag et al.
2008)

Manual – handpicking

Olive fruit
storage
temperature
---

Olive fruit
storage
time
(h=hours,
dd=days)
0 dd

Mechanical - Handheld machine with
combs

---

Mechanical harvesting increases free
fatty acids and peroxide value and
reduce phenolic content of olive oils
(cv. Souri).

0 dd

Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)
NMR spectroscopy

Hexanal amount was higher in olive oils
from olive harvested by shaking
machine, whereas unsaturated fatty
acids were lower in the same oil
samples. This may indicate a greater
level activity of lipoxygenase enzymes
after shaking treatment.

3 ± 1°C
18 ± 3°C

0, 4, 7, 10,
14, 21 dd

Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)
Sensory evaluation
Oxidative stability
Pigments
Tocopherol
Phenolic compounds
Fatty acid composition

Free fatty acids, peroxide value and
K232 were significantly higher in oil from
mechanically harvested fruit (cv.
Arbequina). No sensory defects were
detected in oils from hand harvesting,
while oils from mechanical harvesting
obtained significant lower grading
scores after 4 days of storage at 18°C
or after 7 days at 3°C. Greater
concentrations of tocopherols, total
phenolic compounds and secoiridoids
were also found in olive oils from
manual harvesting.

5°C

< 1 dd

Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)
Sensory evaluation
Oxidative stability
Pigments
Tocopherol
Phenolic compounds
Fatty acid composition

Oils from mechanically harvested olives
have lower acidity. Moreover, they
shows a lower intensity of fruity, bitter
and pungent, and, consequently, a
lower overall grading. Mechanical
harvesting also decreases the content
of total phenols, o-diphenols and
secoiridoids and reduces oxidative
stability in oils from cv. Manzanilla de
Sevilla and cv. Manzanilla Cacereña.

Mechanical - Handheld shaking
machine
(Yousfi et al. Manual – Hand
2012)
picking
Mechanical – Grape
straddle harvester

(MoralesSillero and
García
2014)

Manual – Hand
picking

(Saglam
et al. 2014)

Manual – Hand
picking

Mechanical – Grape
straddle harvester

---

0 dd

Free fatty acids
Peroxide value

Acidity and peroxide value are lower in
olive oil from hand-harvested olives (cv
.Gemlik and cv. Ayvalik).

---

8, 24, 48 h

Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)

Olive oils (cv. Carolea) from
mechanical harvesting through handheld shaking machine shows lower
acidity and peroxide value compared to
oils from beating and trunk shaker
harvesting. Both parameters also rise
increasing the time of storage of olives.

Mechanical - Handheld shaking
machine
(Abenavoli
and Proto
2015)

Manual - Wood
sticks (beating)
Mechanical – Handheld shaking
machine

Results

Free fatty acids
Peroxide value
Total phenolic compounds

Mechanical- Handheld machine with
combs
(D’Imperio
et al. 2010)

Parameters tested on
olive oil

Mechanical - Trunk
shaker
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Continua Tabella I

Reference

Harvesting
methods

(MoralesSillero et al.
2017)

Manual – Hand
picking

(Famiani et
al. 2020)

Manual - Hand
picking

Olive fruit
storage
temperature
2 ± 0.5°C

Olive fruit
storage
time
(h=hours,
dd=days)
1, 6, 11 dd

Manual - Rakes
Mechanical - Handheld machine with
combs

Results

Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)
Sensory evaluation
Oxidative stability
Pigments
Tocopherol
Phenolic compounds
Fatty acid composition
Volatile organic compounds

Mechanical harvesting increases free
acidity in Manzanilla de Sevilla oils . In
both Manzanilla de Sevilla and
Manzanilla Cacereña oils, peroxide
value is significantly higher after the
mechanical harvesting but there are no
differences among samples over the
cold storage of fruit. Manzanilla de
Sevilla oils from manual harvesting
have a higher sensory score for
positive attributes compared to samples
from mechanical harvesting. In general,
oxidative stability and total phenolic
compounds are lower in oils from
mechanical harvesting and decrease
over the storage. After 1 day of storage
oils from mechanical harvesting have
lower content of C5 and C6 volatile
compounds. These differences are
mitigated by cold storage of olives.

0 h, 48 h, 7 dd Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)
Phenolic compounds
Volatile organic compounds

Fruit damage of olives (cv. Arbequina
and cv. Frantoio) is higher increasing
the mechanization level of the
harvesting (from hand picking to
straddle harvester). Total phenolic
content and some secoiridoids
decrease directly proportional to the
mechanization level and time of
storage. The contents of volatile
compounds is linearly related to the
level of mechanization. In general,
concentration of C5, C6 and esters
decreases in oils increasing the level of
mechanization and the damaged index
of fruit.

Mechanical – Grape
straddle harvester

18 ± 2°C

Parameters tested on
olive oil

Mechanical – Grape
straddle harvester
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2. MATERIALS AND METHODS
2.1 OLIVE FRUIT HARVESTING AND ANALYSIS

2.1.2 Harvesting machines

There are various types of comb machines for harvesting on the market; they differ mainly for the driv2.1.1 Harvesting of olive batches
ing power (electric or pneumatic) and the operating
Olive
fruits parameters
(Olea europaea
L.) of Frantoio
modetaken
of teeth
that can
be oscillating,
vibrating
or
Table oil
II - Legal
and tocopherol
content ofcultivar
olive oil samples
from manual
and facilitated
harvesting
and stored
at cold harvested
(6.5°C) and room
(25°C) Italy
temperatures
24 Maiano,
h. Different letters
indicate
a significant
difference
for for
(p < the
0.05)trials
found were
at the
were
in central
(Fattoriafordi
rotating
[30].
The devices
used
ANOVA. RSE
columnItaly
reports
the Residual
Standard
Error ofE)the model.
Significant
codes:
ns = not
significant;
* psystem
< 0.1. (OlivFiesole,
Florence,
- approx.
43°79’
N, 11°30’
hand-held
electric
combs
with
vibrating
during the 2020 olive crop season. Three replicated ion, T220/300, Pellenc S.A.S., Pertuis, France), since
storageworking
p
p
p
collections were carriedRoom
out intemperature
three different
they Cold
werestorage
very suitable for the
RSEolive trees with a not
(25°C)
(6.5°C)
temp
harv.
int
days within the same harvesting week (i.e., 9-13 No- too dense crown of our host company. In detail, the
Manual
harv. two
Facilitated
harv.meth-Manual
harv.
Facilitated
harv.
vember 2020). For each
replicate,
different
equipment
was composed
of portable battery (43.2
FFA (% oleic acid)
0.24
0.26
0.26
0.26
0.02
ns
ns
ns
ods were used
for harvesting of two 5 kg-batches of V), power cable, telescopic (2.20 m to 3.00 m length)
-1
PV (meq O2 kg )
3.63
3.70
3.03
3.83
0.40
ns
*
ns
olive
the manual harvesting
(MH), 2.07
rod with ergonomic
ON/OFF
K232 fruit, respectively: i) 2.05
2.04
2.04 handling
0.05and ns
ns button,
ns
detaching
the fruit from 0.24
the plants directly
electric motor (380
vibrating
cm
K270
0.25by hands, 0.24
0.25 W) and0.03
ns rake
ns (38 ns
or∆Kthrough the help of hand-held
rakes ii)0.01
the facilitat- 0.01
width) with 8 carbon
The device
operated
0.01
0.01 prongs.0.00
ns
ns
ns in
edTocopherols
harvesting
vibrating hand-held
“Continuous” mode
per
(mg(FH),
kg-1) using
235.67
235.33 electric 234.00
246.67at 840 strokes
35.83
ns min.ns
ns
combs. Within the same replicate, the representative
samples were obtained by collecting the olives from 2.1.3 Olive fruit characterisation
various canopy areas of the same olive tree, carrying After the harvesting, the whole batches were visually
out first the MH, then the FH.
inspected for health conditions including the pres-
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ence of fruit damage, examining a 100-unit sample.
A damaged olive index (DOI) was assigned according to the method adopted by Famiani et al. [31]. A
sample of N=100 olives was divided into 4 groups
according to the degree of damage: no damage (i=0),
damage on < 50% of the pulp (i=0.25), damage on >
50% of the pulp (i=0.75), 100% damaged (i=1). After
counting the number of olives per each group (ni), DOI
was calculated as follows:
i=1

DOI =

∑
i=0

(i x ni )
N

The maturity index (MI) was calculated following the
method described by [32] that divides the olives in a
8-point-scale (range from 0 to 7), according to the
colour of the skin and flesh. The water content was
measured after weighing 20 g of olives before and
after drying for 24 h at 105°C.

2.1.4 Storage conditions

All the olive fruit samples were immediately transported to the DAGRI (Department of Agriculture, Food,
Environment and Forestry, University of Florence, Florence, Italy) laboratory that was 12 km away from the
harvesting place, with a travel time of approximately
20 min. For each harvesting thesis (i.e., hand-picked
and facilitated harvesting) the initial batch was divided
in two homogeneous 2 kg sub-batches of fruit using
mash bags (Raschel), which were stored for 24 h as
follows: i) at 25°C in a controlled-temperature room;
ii) at 6.5°C inside a chiller (Irinox MultiFresh, MF 25.1,
Irinox Spa, Treviso, Italy). The fruit sample mass was
arranged in monolayer to improve the heat exchange
between fruit and storage environment and to make
the samples reach promptly the setting temperatures.
The latter were chosen to obtain the largest temperature range between the two different storage conditions. The 25°C-thesis was chosen to simulate the
worst-case storage scenario for olive fruit, assuming
masses of fruit waiting to be processed on a warm
harvesting day. Moreover, olive growers anticipated
the fruit harvest for either olive oil characteristics or
climate change related issues. In the Mediterranean
area, global warming led to the alteration of the phenological stages of olive tree and fruit ripening [31, 32]
and growers often decided on an early harvest [35].
For instance, during the last 2021 olive oil season,
the average maximum temperatures in Italy easily
exceeded 20°C in October (Ministero delle Politiche
Agricole, Alimentari e Forestali, consulted in January
2022).
The whole above scheme was replicated for 3 times,
one for each harvesting day, making a total of 12 olive
fruit samples and 12 olive oil extractions.

2.1.5 Olive oil micro-extraction

In order to exclude the effect of the whole mill operations, the olive oil samples were obtained in labora-

tory using a micro-extraction device as described in
Masella et al. [36]. After 24 h of storage at controlled
temperature, each olive sample was crushed using
a lab-scale crusher that totally reproduced a knife
crusher (Mori-TEM, Barberino Tavarnelle, Florence,
Italy). Then, 1.1 kg of olive paste was mixed in a labscale cylindrical managing equipment at controlled
temperature (27°C) for 20 min. The olive paste was
also centrifuged at 4500 rpm (3600 xg) for 10 min to
separate the oily fraction from vegetation water and
solid particles through a NEYA 8 laboratory centrifuge
(REMI Neya centrifuges, Modena, Italy) equipped with
S 4-175 rotor (REMI Neya centrifuges, Modena, Italy). The oily fraction was recovered using a separatory
glass funnel. Finally, a further centrifugation (HERMLE
mod. Z 206-A, Benchmark Scientific, Sayreville, NJ,
USA) at 6000 rpm for 10 min was applied to clarify
the oil.

2.2 OLIVE OIL ANALYSIS

The obtained olive oil samples were analysed for
quality parameters according to EU official methods
[37], i.e., free fatty acids (% oleic acid), peroxide value
(meqO2 kgoil-1) and UV spectroscopic indices, i.e., K232,
K270 and ΔK. Tocopherols were determined according
to the ISO 9936:2016 method [38].
Phenolic compounds content were measured according to the International Olive Council (IOC) official
method [39]. The extraction of the phenolic fraction
through MeOh: H2O 80:20 v/v solution was followed
by the identification and quantification through an HP
1100 liquid chromatograph coupled with both the diode array detector (DAD) and mass detector (MSD).
Phenol separation was carried out with the aid of a
C18 SphereClone ODS column (5µm, 250 × 4.6 mm
id; Phenomenex, Bologna, Italy), using acetonitrile,
methanol and water (acidified to pH 2.0 with phosphoric acid) as elution solvents and following the elution gradient (1 mL min-1 flow rate) described by the
IOC method. The chromatogram was recorded at
280 nm. Syringic acid was used as internal standard
and concentrations were expressed as mgtyrosol kgoil-1.
For the evaluation of the volatile organic compound
(VOC) content, the solid-phase microextraction of the
headspace (HS-SPME) coupled with gas chromatography and mass spectrometry (GC-MS) technique
was used, following the multiple internal standard
normalisation (MISN) method, as described by Fortini
et al. [40]. To obtain the stock standard solution mix,
71 analytes were dissolved in refined oil. Then, the
mix was diluted in the refined oil to obtain six levels
of calibration scale. Compounds and their concentration ranges were chosen based on previous works
on Italian virgin olive oils [41]. An internal standard
(ISTD) mixture (ISTD MIX) was prepared dissolving
11 molecules in refined olive oil, for a final concentration of 75 mg kg-1 for each ISTD. ISTDs were chosen
to represent several molecular masses and several
classes of VOCs, i.e., alcohols, aldehydes, ketones,
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esters, carboxylic acids and hydrocarbons. ISTDs
were either deuterium-labelled or found to be absent
in virgin olive oils and with no interference with their
volatile
profile.
Continua Tabella
I Samples were prepared adding 0.1 g
of ISTD MIX to 4.3 g of olive oil sample into a 20 ml
Reference
Harvesting
Oliveand
fruit PTFE/silicone
Olive fruit
vial
fitted with open
hole screw cap
methods
storage
storage to
septa. The same amount of ISTD MIX was added
temperature
time
calibration scales to normalise each compound con(h=hours,
centrations of the calibration curve on those
of the
dd=days)
respective
according
(Morales- ISTD,
2 ± 0.5°C to the
1, 6,method.
11 dd
Manualassigned
– Hand
The
analysis was carried out usSilleroHS-SPME-GC-MS
et al. picking
2017)
ing
a 50/30 µm DVB/CAR/PDMS SPME fibre by Su– Grape
pelco for theMechanical
extraction
of VOCs and a Trace GC-MS
straddle
harvester
Thermo Fisher Scientific, equipped with a Zebron ZBFFAP capillary column (30 m × 0.25 mm ID, 0.25 µm
DF) for the identification. Identification was achieved
through a six-point linear least squares calibration of
the compound peak area over the relative ISTD peak
(area ratio) plotted versus the compound concentration ratio (amount ratio).

differences among the treatments.
All extracted olive oil samples were classified as extra
virgin (Tab. II). No significant differences were found
on free fatty acids (FFA), peroxide value (PV) and UV
spectrophotometric indexes (K232, K270 and ΔK) beParameters
tested on
Results treatments.
tween
samples
obtained from different
olive
oil
Tocopherol amounts were not significantly different
between olive oil samples with an average value of
234 ± 31 mg/kg (Tab. II).
The
method
significantly
affected
thefree
total
Free
fattyharvesting
acids
Mechanical
harvesting
increases
phenolic
and
phenolic
Peroxide
value compound content
acidity in (TPC),
Manzanilla
de the
Sevilla
oils . In
UVprofile
spectrophotometric
both Manzanilla
de Sevilla
and
of olive oil samples
(Tab. III).
Particularly,
the
Manzanilla
Cacereña
oils,
peroxide
indexes
(K
,
K
and
∆K)
232
270
TPC concentration resulted higher in MH oil samples
valuemg/kg)
is significantly
higher after
Sensory
evaluation
(average
value = 624±93
compared
to the
FH oil
mechanical harvesting but there are no
Oxidative stability
samples
(average
value
=
537±60
mg/kg).
The
differences among samples over theMH
Pigments
oil
samples
had
the
significant
amounts
cold storage ofhighest
fruit. Manzanilla
de of
Tocopherol
phenolic
acids and secoiridoids,
with
regards
to oleuSevilla oils from
manual
harvesting
Phenolic
compounds
higher
sensory
score for
ropein
derivatives (Fig.have
1). aThe
MH
method
favoured
Fatty
acid composition
Volatile organic compounds

2.3 EXPERIMENTAL DESIGN AND STATISTICAL
ANALYSIS

The experimental design was set up as a full factorial, with 3 replicates. Two independent variables were
tested: the harvesting method (manual and facilitated)
and the storage temperature (room and refrigerated).
A(Famiani
two-way
model was18applied
et ANOVA
± 2°C to 0allh, the
48 h,data
7 dd
Manual - Hand
collected
the olive oil analysis including the 2 exal. 2020) from
picking
perimental factors as fixed effect variables and considering the Manual
2 main
effects and their interaction. The
- Rakes
Mechanical
- Handharvesting day
was considered
as a blocking factor.
Significanceheld
wasmachine
set atwith
p < 0.05.
combs
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3. RESULTS
Mechanical – Grape
straddle harvester

The harvested olives appeared in good health conditions with no fly (Bactrocera oleae) infection. DOI values of 0.08±0.03, and 0.24±0.04 were determined in
hand-picked and facilitated harvesting olives, respectively, and they can be related to bruising. Thus, the
olives harvested using facilitating devices were visually more damaged than the hand-picked ones. MI
and water content values were on average 1.6±0.2
and 52.1±0.9% w/w, respectively, without significant

positive attributes compared to samples
from mechanical harvesting. In general,
oxidative stability and total phenolic
compounds are lower in oils from
mechanical harvesting and decrease
over the storage. After 1 day of storage
oils from mechanical harvesting have
lower content of C5 and C6 volatile
compounds. These differences are
mitigated by cold storage of olives.

Free fatty acids
Peroxide value
UV spectrophotometric
indexes (K232, K270 and ∆K)
Phenolic compounds
Volatile organic compounds

Fruit damage of olives (cv. Arbequina
and cv. Frantoio) is higher increasing
the mechanization level of the
harvesting (from hand picking to
straddle harvester). Total phenolic
content and some secoiridoids
decrease directly proportional to the
mechanization level and time of
storage. The contents of volatile
compounds is linearly related to the
level of mechanization. In general,
concentration of C5, C6 and esters
decreases in oils increasing the level of
Figure 1 - Group of phenolic
compounds
olive
mechanization
andand
the indexes
damagedofindex
oil samples taken from manual
and
facilitated
harvesting
and
of fruit.

stored at cold (6.5°C) and room (25°C) temperatures for 24 h.
Error bars represent the Residual Standard Error of the
model. Letters a,b indicate a significant difference (p < 0.05)
for storage temperature, letters x,y indicate a significant
difference (p < 0.05) for harvesting method.

Table II - Legal parameters and tocopherol content of olive oil samples taken from manual and facilitated harvesting and stored
at cold (6.5°C) and room (25°C) temperatures for 24 h. Different letters indicate a significant difference for (p < 0.05) found at the
ANOVA. RSE column reports the Residual Standard Error of the model. Significant codes: ns = not significant; * p < 0.1.

FFA (% oleic acid)
PV (meq O2 kg-1)
K232
K270
∆K
Tocopherols (mg kg-1)

Room temperature storage
(25°C)
Manual harv.
Facilitated harv.
0.24
0.26
3.63
3.70
2.05
2.04
0.24
0.25
0.01
0.01
235.67
235.33

Cold storage
(6.5°C)
Manual harv.
Facilitated harv.
0.26
0.26
3.03
3.83
2.07
2.04
0.24
0.25
0.01
0.01
234.00
246.67

RSE

p
temp

p
harv.

p
int

0.02
0.40
0.05
0.03
0.00
35.83

ns
ns
ns
ns
ns
ns

ns
*
ns
ns
ns
ns

ns
ns
ns
ns
ns
ns
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the best preservation of 5 derivatives of secoiridoids,
namely hydroxytyrosyl acetate, decarboxymethyl
oleuropein aglycone oxidised dialdehyde form, oleuropein aglycone dialdehyde form, oxidised dialdehyde form of decarboxymethyl ligstroside aglycone
and aldehyde and hydroxylic form of oleuropein aglycone. The MH oil samples also showed higher lignans
and cinnamic acid contents than the FH oil samples.
The following indexes was considered to evaluate the
oxidative degradation and overall hydrolytic status
of the phenolic compounds of the olive oil samples:
the ratio between non oxidised and oxidised forms of
secoiridoids (Nonox-Ox ratio) and the ratio between
the sum of tyrosol and hydroxytyrosol and the total
content of secoiridoids derivatives (R-Index), respectively. The Nonox-Ox ratio was similarly proposed
by Armaforte et al. [42]; it gives an indication on the
freshness or aging of the oil from an oxidative point
of view. According to the literature data, the R-index
[2] was useful to monitor the hydrolytic transformation

of olive oil phenolic compounds during storage, due
to the release of simple phenols from secoiridoids
compounds [43]. Both the highest R-Index and the
highest Nonox-Ox ratio values occurred in the FH oil
samples (Fig. 1).
The olive fruit refrigeration improved the amounts of
six phenolic compounds, namely vanillic and caffeic acids, decarboxymethyl oleuropein aglycone
oxidised dialdehyde form, oleuropein aglycone dialdehyde form, lignans, cinnamic acid and oxidised
aldehyde and hydroxylic form of ligstroside aglycone.
Instead, the highest amounts of vanillin, p-coumaric acid and ferulic acid were measured in olive oil
samples which were extracted from olive fruit stored
at room temperature. The Nonox-Ox ratio values
showed the greatest oxidation of secoiridoids in oil
samples extracted from refrigerated olive fruit (Fig. 1).
It is important to point out that 4 compounds, mainly
secoiridoids, were significantly affected by both the
harvesting method and the storage temperature at

Table III - Concentration of phenolic compounds in olive oil samples taken from olive fruits taken from manual and facilitated
harvesting and stored at cold and room temperatures for 24 h. Only significant differences (p < 0.05) at the ANOVA are reported
for individual compounds.
Room temperature storage (25°C)
Phenolic compounds
(mg kg-1)
Vanillic + caffeic acid

Manual harv.

Cold storage (6.5°C)
Manual harv.

1.29 a

Facilitated
harv.
1.11 a

RSE

pT

pH

p INT

1.82 b

Facilitated
harv.
1.93 b

0.25

**

ns

ns

Vanillin

6.25 b

6.13 b

5.65 a

4.83 a

0.64

*

ns

ns

p-coumaric acid

1.11 b

0.96 b

0.82 a

0.77 a

0.10

**

ns

ns

Hydroxytyrosyl acetate

2.23 y

1.48 x

2.35 y

1.36 x

0.54

ns

*

ns

Ferulic acid

3.67 b

3.13 b

2.56 a

2.47 a

0.44

*

ns

ns

Decarboxymethyl
oleuropein aglycone,
oxidized dialdehyde
form

77.00 a, y

59.68 a, x

92.34 b, y

70.95 b, x

8.62

*

**

ns

Oleuropein aglycone,
dialdehyde form
Decarboxymethyl
ligstroside aglycone,
oxidized dialdehyde
form

51.92 b, y

40.84 b, x

62.03 a, y

50.47 a, x

5.60

*

*

ns

76.81 y

67.83 x

85.81 y

74.89 x

7.66

°

*

ns

Pinoresinol, 1 acetoxypinoresinol
Cinnamic acid

25.04 a, y

19.81 a, x

28.82 b, y

23.24 b, x

2.67

*

**

ns

19.73 b, y

16.12 b, x

22.09 a, y

19.91 a, x

2.15

*

*

ns

Oleuropein aglycone,
aldehyde and
hydroxylic form

24.83 y

19.90 x

21.67 y

18.41 x

2.23

ns

*

ns

Ligstroside aglycone,
oxidized aldehyde and
hydroxylic form

13.40 a

12.03 a

15.84 b

15.41 b

2.10

*

ns

ns

Legend: Letters a,b indicate a significant difference for storage temperature, x,y indicate compound significantly different for harvesting method.
RSE column reports the Residual Standard Error of the model. Significant codes: ns = not significant; ° p < 0.1, * p < 0.05, ** p < 0.01, *** p <
0.001.
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the same time (Tab. III). However, no significant interactions between the harvesting method and storage
temperature were found for all measured phenolic
compounds.
After the HS-SPME-GC-MS analysis, 40 VOCs were
detected and 15 of them were identified as significantly different between treatments, showing effects
due to storage temperature, harvesting method and
their interaction (Tab. IV and Fig. 2). Methyl propionate was the only VOC significantly increased by
the MH method. The following six compounds (C6
from LOX pathway) were found to be increased by
the FH method: hexyl acetate, E-2-hexenyl acetate,
Z-3-hexenyl acetate, 1-hexanol, E-3-hexen-1-ol, and
Z-3-hexen-1-ol.
A significant increase at room temperature storage was found for methyl acetate, 1-penten-3-one,
E-2-pentenal, Z-2-penten-1-ol, (E, E)-2,4-heptadienal and propanoic acid (Tab. IV). Conversely, the
amounts of hexyl acetate, E-2-hexenyl acetate,
2-heptanol, Z-3-hexenyl acetate, 1-hexanol, E-3hexen-1-ol, Z-3-hexen-1-ol and 1-octanol were the
highest in oil samples after the cooling treatment of
olive fruit (Tab. IV and Fig. 2).
Significant interactions between the harvesting method and storage temperature, occurred for several
C6 VOCs derived from lipoxygenase (LOX) pathway,
such as hexyl acetate, E-2-hexenyl acetate, Z-3-hexenyl acetate, 1-hexanol, E-3-hexen-1-ol, Z-3-hexen1-ol (Fig. 2). When the FH method was used instead
of the MH method, the above compounds showed
a considerable quantitative increase in the olive oil
samples, extracted from olive fruit stored at low temperature. When the FH method was used instead of
the MH method, the C6 esters (i.e., hexyl acetate,

E-2-hexenyl acetate, Z-3-hexenyl acetate) also increased in the olive oil samples, extracted from olive
fruit stored at room temperature; instead, the C6 alcohols (i.e.,1-hexanol, E-3-hexen-1-ol, Z-3-hexen-1ol) decreased (Fig. 2).
The VOCs were grouped in 4 classes according to
the number of carbon atoms (i.e., C5, C6) and their
microbial or oxidative origin; the microbial metabolite
VOCs included all the C5 compounds and some C >
6 compounds, whereas the oxidation VOCs grouped
exclusively compounds with more than 6 carbon atoms. A detailed list of compounds grouped by the
aforementioned groups is reported in Guerrini et al.
[44]. No interaction between storage temperature
and harvesting method emerged from the statistical
analysis of the above VOCs classes; 2 of them were
significantly affected by the storage temperature and
1 of them by the harvesting method (Fig. 2). Particularly, the highest amount of the C6 LOX-derived VOCs
occurred in the olive oil samples, extracted from olive
fruit harvested through the FH method; whereas the
highest amount of the microbial metabolite VOCs and
C5 were measured in the olive oil samples, extracted
from olive fruit stored at room temperature. No significant difference of VOCs linked to oxidation contents
occurred.
The VOCs were also grouped in their chemical species (Fig. 2). A significant effect of the olive fruit cooling was observed on ketones, which increased in the
olive oil samples, extracted from olive fruit stored at
room temperature. Significant interaction between
storage temperature and harvesting method was
detected for ester and alcohol amounts, which had
a similar trend to the C6 compounds, as previously
reported.

Table IV - Concentration of volatile organic compounds in olive oil samples taken from manual and facilitated harvesting and
stored at cold and room temperatures for 24 h. Only significant differences (p < 0.05) at the ANOVA are reported for individual
compounds.

Volatile Organic
Compounds (µg kg-1)

Room temperature storage
(25°C)
Manual
Facilitated
harv.
harv.

Cold storage
(6.5°C)
Manual
Facilitated
harv.
harv.

RSE

p
T

pH

p
INT

Methyl acetate

59.1 b

72.22 b

43.79 a

56.69 a

11.73

*

°

ns

Methyl propionate

0.38

0.00

0.58

0.00

0.30

ns

*

ns

y

x

676.57

77.48

***

ns

ns

E-2-pentenal

40.24 b

51.99 b

10.13 a

15.85 a

9.12

***

ns

ns

Z-2-penten-1-ol

217.43

226.01

170.94

169.93

b

349.67

x

1-penten-3-one

b

720.02

y
a

363.50

a

11.05

***

ns

ns

2-heptanol

8.76 a

8.49 a

10.51 b

12.02 b

0.47

***

°

*

(E,E)-2,4-heptadienal

78.61 b

88.23 b

66.40 a

70.14 a

11.05

*

ns

ns

Propanoic acid

29.9

27.36

24.34

22.63

a

3.40

*

ns

ns

1-octanol

43.2 a

51.64 b

3.69

*

ns

ns

b

b

b

b

44.39 a

a

a

49.03 b

a

Legend: Letters a,b indicate a significant difference for storage temperature, x,y indicate compound significantly different for
harvesting method, h,i,j, indicate significant difference for temperature x harvesting method interaction. RSE column reports the
Residual Standard Error of the model. Significant codes: ns = not significant; ° p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001.
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Figure 2 - Volatile organic compounds in olive oil samples obtained from manual and facilitated harvesting and stored at cold
(6.5°C) and room (25°C) temperatures for 24 h. Results are reported as individual molecules for C6 VOCs (a) and as group of
compounds (b). Error bars represent the Residual Standard Error of the model. Letters a,b indicate a significant difference (p <
0.05) for storage temperature, letters x,y indicate a significant difference (p < 0.05) for harvesting method, letters h,i,j indicate a
significant difference (p < 0.05) for temperature x harvesting method interaction.

4. DISCUSSION
The cold storage of olive fruit, immediately after harvesting, was widely investigated, but it only recently
starts to spread among EVOO companies. In the high
quality EVOO context, the cold storage can preserve
phenolic and volatile fraction and prevent degradation
phenomena that are responsible for the formation of
fusty defect in olive oil [45]. Microbial spoilage activities in the olive fruit and warming of the olive masses
are the common causes of the degradation phenomena [5, 12, 20, 21, 44] and can be favoured by the fruit
softening and leakage of cellular liquid [15, 19], which
can be particularly accelerated in mechanically harvested fruit [13]. The mechanisation of the harvesting
is spread, especially in the intensive or super-intensive olive orchard, in order to reduce the labour cost
and increase the remuneration of companies [10]. It
is known from the literature data that the mechanical energy transferred to olive fruit by the harvesting
tools affects the physical and physiological stability of
the fruit, causing some metabolic processes which
are responsible for a rapid deterioration of the olive
fruit components, including the oily fraction [12, 16,
17, 29]. According to Famiani et al. [31], the higher
the mechanisation level of harvesting, the higher the
percentage of fruit damage and, consequently, the
decay of the olive oil quality.
Since in small and medium companies, where the
use of trunk shaker or straddle harvester is not feasible due to the cultivation systems or unsuitable soils,
the transition to facilitated harvesting with the aids
of hand-held machinery is now well-established [8],

the effects of harvesting methods on olive oil quality is useful to study in order to process high-quality
EVOO. In this work, the initial characterisation of the
olive fruit showed a significant increase in mechanical
damage, due to the use of hand-held combs. The
experimental data showed no significant differences
for the legal parameters of the olive oil samples, extracted in the laboratory, and the values of FFA, PV,
UV, K232, K270 and ΔK were consistent with the “extra
virgin” category. Although the literature data are contradictory [12, 17, 44-48], the above results may be
explained by the short storage time between harvesting and milling, capable to well-preserve the olive oil
commercial quality. Moreover, the study of Famiani et
al. [31] did not detect changes in the legal quality parameters of olive oil, extracted from cv. Frantoio olive
fruit harvested through hand-held machines and after
48 h of fruit storage. Consistently with Yousfi et al.
[13], even the tocopherol contents of olive oil samples did not show significant differences; the applied
experimental conditions (i.e., cultivar, ripening degree,
content in other antioxidants, etc.) may explained the
above results, according to the study of Morales-Sillero and García [18], in which the tocopherol contents
decreased by more than 50% in Manzanilla de Sivilla
oils after mechanical harvesting, whereas non-significant changes were found in Manzanilla Cacereña oils
during the same trials.
Instead, the phenolic and volatile compound contents
were deeply affected by both the harvesting method
and the storage temperature. The main changes on
olive oil quality due to the harvesting method was
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detected on the phenolic fraction, revealing a better
preservation of secoiridoids, phenolic acids, and lignans after the MH method, with a TPC about 80-90
mg kg-1 more than in the olive oil samples, extracted from olive fruit harvested through the FH method. This is consistent with all the previous studies
indicating a low content of total phenols and secoiridoids as the mechanisation level and storage time
increase [12, 17, 29, 44, 45]. In addition, the R-index
showed the highest extent of hydrolytic degradation
of the secoiridoids in the olive oil samples, extracted
from olive fruit harvested through the FH method. The
beating of olive fruit during the facilitated harvesting
may cause the rupture of the cell wall and the release
of esterase and β-glucosidase enzymes [51], leading
to an increase in simple phenols and a decrease in
total secoiridoids. In addition, the highest amounts
of LOX-derived VOCs and total C6 compounds were
found in secoiridoids in the olive oil samples, extracted from olive fruit harvested through the FH method.
According to Morales-Sillero et al. [46], the damages,
caused by mechanical harvesting, may involve a premature activation of the LOX pathway, which lead to
the production of fruity notes. Famiani et al. [31] also
pointed out an increase of volatile content directly
proportional to olive damage, since the rupture of fruit
tissues releases the LOX enzymes [52]. This was also
described in Masella et al. [53], showing a significant
reduction of several C5 and C6 compounds in oils
from olive fruit frozen prior storage. In the latter, the
ice crystallization causes the rupture of tissues and
the contact between substrates and the LOX-enzymes, which may be inactivated before the milling
operations with prolonged storage. In summary, the
above events mean that the vibrational stress, given
to the olive fruit harvested by the FH method, was
capable to trigger immediately the enzymatic reactions of olive fruit. Consistently with previous work
[24], the effect of cooling resulted in the preservation
of the individual phenolic and aromatic compounds.
The volatile profile did not reveal particular differences regarding VOCs that are related to olive oil defect,
because no marker of fusty, musty or wine-vinegary
defects expressed significant variation. The short
storage time of olive fruit could favour the above phenomena, but the significant highest amounts of some
microbial metabolites, which were measured in the
olive oil samples extracted from olive fruit stored at
room temperature, suggests that these phenomena
were at an early stage. The cooling treatment caused
some significant differences linked to oxidation, probably due to both the highest solubility of oxygen at
low temperature and the enzymatic selection. On the
one hand, the cold storage preserved the individual
phenolic compound contents, but shifted the NonoxOx ratio of secoiridoids towards the oxidation; it also
favoured the formation of C6 VOCs by the LOX pathway, as also confirmed by the previous study [24]. On
the other hand, the effect of cooling decreased the

formation of C5 VOCs, confirming that this branch of
LOX pathway was not favoured by low temperatures,
as also described by Luaces et al. [54] and Dourou
et al. [25].
An interesting result for the olive oil aroma profile was
observed with the combination of mechanical harvesting and refrigerated storage of olive fruit. For several C6-LOX related VOCs, an interaction between
temperature and harvesting methods was observed.
The mechanical stress induced by the FH method
pushed the enzymatic activity of the fruit including
the LOX activity; then, the following olive fruit cooling
enhanced the LOX pathway, increasing the formation
of the C6 VOCs responsible for the positive fruity attribute in the EVOO. The above phenomena may be
explained by the different optimal temperatures of the
key enzymes of LOX pathway. For instance, the hydroperoxide lyase enzyme (HPL) slows down above
15°C [55], whereas the LOX enzyme has its optimum
at 30°C [56]. Therefore, room temperature storage
may activate preferably the LOX-mediated homolytic
cleavage of linolenic acids (LNA), that forms the C5
alcohol and 13-alcoxyl radical [57, 58]. The above hypothesis was related to the study of Morales-Sillero et
al. [46] that conversely reported the highest amounts
of C6 compounds after manual harvesting and a
40% reduction of C6 compounds in mechanical harvesting with olive straddle machines, explained as a
premature activation of the LOX enzymes. However,
the same Authors pointed out that the differences of
the C6 compound contents was mitigated by cold
storage with a flattening of the differences between
the two harvesting treatments during storage. In
summary, cooling storage and FH method appeared
additional to achieve the best results in terms of olive oil aromatic profile. It should be highlighted that
the above results were related to a short-term storage; therefore, the potential negative effects of the
enzymatic pathways, occurring after FH method and
during storage at room temperature, were not detectable and consequently did not lead to the formation
of oil sensory defects.
The results obtained at laboratory scale, could be
extended to a small industrial scale if the refrigerated cells are able to control olive temperature during
the fruits storage prior to milling. Guerrini et al. [24]
found that cells were able to control and decrease the
temperature of fruits stored in 250 kg bins. However,
for the same fruit mass, storing at room temperature
may cause a rise of temperature in the core part. On
the other hand, the use of a refrigerated cell is not
very suitable for a large industrial scale, where the
storage masses exceed 250 kg and may not reach
the desired temperature in the inner part causing the
worsening of the olive oil quality [6, 19].
Thus, in the high-quality EVOO processing, the most
correct management strategies for temperature control should be applied as a function of the plants and
equipment, as well as the climatic conditions.
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5. CONCLUSIONS
This work studied the effects of the following pre-extraction factors on extra virgin olive oil quality: the
facilitated harvesting and the olive fruit storage at
low temperature. Application of vibrating hand-held
electric combs for the facilitated harvesting of olive
fruit represents a useful tool for improving the production efficiency of olive oil companies, reducing labour
costs. However, it is a common thought, based also
on scientific evidence, that the above technique has
detrimental impact on the physical-chemical integrity
of the olive fruit before milling, compared to the manual harvesting, and that it can be a potential factor for
the bad quality of extracted olive oil. At present, the
post-harvest cooling of the olive fruit is drawing interest among the techniques used to prevent deterioration and sensory defects of olive oil, even if it involves
an additional cost, albeit relatively small.
Experimental data showed that the short-term storage of olive fruit is the best practice to prevent the
downgrading of the olive oil “extra virgin” category,
since no significant differences on legal quality parameters were detected regardless the harvesting
method and storage temperature. The combined action of FH method and storage at low temperature
during the storage of olive fruit, provided an opportunity for olive oil companies to obtain a modulating
effect on the oil aromatic profile, favouring both the
release of LOX enzymes and the solubility of oxygen.
Indeed, the above factors may contribute to a “good”
and controlled oxidation, leading to the production of
positive molecules for the EVOO flavour.
To sum up, the facilitated harvesting using hand-held
vibrating combs seems to have reached a sufficient
technological evolution to minimise the side effect on
olives and olive oil, especially if it is supported by storage of olive fruit at low temperature. Nevertheless, the
facilitated harvesting must be included in an integrated post-harvest organisational approach that ensures
the correct handling, transport and hygiene practices,
combined with a short-term storage and small olive
heaps during storage.
Authors’ contributions
A. Parenti and L. Guerrini, provided the concept and
the design of the experiment. L. Guerrini and F. Corti,
carried out the experiment, the analysis and interpretation of the data. L. Guerrini and F. Corti, drafted the
article with the important help offered by B. Zanoni.
A. Parenti, P. Masella, L. Cecchi, N. Mulinacci, G. Angeloni, A. Spadi, L. Calamai and B. Zanoni gave their
generous contribution to the trials, data acquisition,
manuscript revision and final approval.
Acknowledgments
The authors would like to thank Fattoria di Maiano for
hosting the trials and particularly Tommaso Miari Ful-

cis, Roberto Rappuoli and Fiore Giovannini for their
technical support.

REFERENCES
[1]

M. Servili, R. Selvaggini, S. Esposto, A. Taticchi,
G.F. Montedoro, G. Morozzi, Health and sensory
properties of virgin olive oil hydrophilic phenols:
Agronomic and technological aspects of production that affect their occurrence in the oil, J.
Chromatogr. A. 1054 (2004) 113-127. https://
doi.org/10.1016/j.chroma.2004.08.070.
[2] D. Fiorini, M.C. Boarelli, P. Conti, B. Alfei, G.
Caprioli, M. Ricciutelli, G. Sagratini, D. Fedeli, R. Gabbianelli, D. Pacetti, Chemical and
sensory differences between high price and
low-price extra virgin olive oils, Food Res. Int.
105 (2018) 65-75. https://doi.org/10.1016/j.
foodres.2017.11.005.
[3] B. Zanoni, Which processing markers are recommended for measuring and monitoring the
transformation pathways of main components
of olive oil?, Ital. J. Food Sci. 26 (2014) 3-12.
[4] M.T. Morales, G. Luna, R. Aparicio, Comparative study of virgin olive oil sensory defects,
Food Chem. 91 (2005) 293-301. https://doi.
org/10.1016/j.foodchem.2004.06.011.
[5] S. Vichi, A. Romero, J. Gallardo-Chacón, J.
Tous, E. López-Tamames, S. Buxaderas, Influence of olives’ storage conditions on the formation of volatile phenols and their role in offodor formation in the oil, J. Agric. Food Chem.
57 (2009) 1449-1455. https://doi.org/10.1021/
jf803242z.
[6] J.M. García, K. Yousfi, The postharvest of mill olives, Grasas y Aceites. 57 (2006) 16-24. https://
doi.org/10.3989/gya.2006.v57.i1.18.
[7] L. Ferguson, Trends in olive fruit handling previous to its industrial transformation, Grasas y
Aceites. 57 (2006) 1-7. https://doi.org/10.3989/
gya.2006.v57.i1.17.
[8] G. Cresti, R. Gucci, L. Omodei Zorini, R. Polidori,
M. Vieri, Progetto MATEO - Modelli tecnici ed
economici per la riduzione dei costi di produzione nelle realtà olivicole della toscana, (2009).
[9] G. Sperandio, M. Biocca, M. Fedrizzi, P. Toscano, Economic and Technical Features of
Different Levels of Mechanization in Olive Harvesting, Chem. Eng. Trans. 58 (2017) 853-858.
https://doi.org/10.3303/CET1758143.
[10] H.A. Mansour, T.A. Elmesiry, A.A. Abdelhady,
Cost Analysis of Olive Harvesting By Hand-Held
Machine, World Wide J. Multidiscip. Res. Dev. 4
(2018) 361-363.
[11] M. Vieri, Progressi della meccanizzazione Evoluzione in atto per la olivicoltura, in: Atti Dei
Georg. 2006, Ser. VIII, Florence, 2006.
[12] P.P. Miglietta, R. Micale, R. Sciortino, T. Caruso,
A. Giallanza, G. La Scalia, The sustainability of

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

221

[13]

[14]

[15]

[16]

[17]

222

[18]

[19]

[20]

[21]

[22]

olive orchard planting management for different
harvesting techniques: An integrated methodology, J. Clean. Prod. 238 (2019) 117989. https://
doi.org/10.1016/j.jclepro.2019.117989.
K. Yousfi, C.M. Weiland, J.M. García, Effect of
harvesting system and fruit cold storage on virgin olive oil chemical composition and quality
of superintensive cultivated arbequina olives,
J. Agric. Food Chem. 60 (2012) 4743-4750.
https://doi.org/10.1021/jf300331q.
F. Gambella, C. Dimauro, F. Paschino, Evaluation of Fruit Damage Caused by Mechanical
Harvesting of Table Olives, Am. Soc. Agric. Biol.
Eng. 56 (2013) 1267-1272.
F. Jiménez-Jiménez, S. Castro-García, G.L.
Blanco-Roldán, E.J. González-Sánchez, J.A.
Gil-Ribes, Isolation of table olive damage causes and bruise time evolution during fruit detachment with trunk shaker, Spanish J. Agric.
Res. 11 (2013) 65-71. https://doi.org/10.5424/
sjar/2013111-3399.
P. Proietti, Olive handling, storage and transportation, in: C. Peri (Ed.), Extra-Virgin Olive
Oil Handb., First, John Wiley & Sons, Hoboken, NJ, 2014: pp. 107-112. https://doi.
org/10.1002/9781118460412.ch9.
K.A. Segovia-Bravo, P. García-García, L. Antonio, A. Garrido-Fernández, Effect of Bruising
on Respiration , Superficial Color, and Phenolic
Changes in Fresh Manzanilla Olives (Olea europaea pomiformis): Development of Treatments
To Mitigate Browning, J. Agric. Food Chem. 59
(2011) 5456–5464. https://doi.org/10.1021/
jf200219u.
A. Morales-Sillero, J.M. García, Impact assessment of mechanical harvest on fruit physiology
and consequences on oil physicochemical and
sensory quality from “Manzanilla de Sevilla”
and “Manzanilla Cacereña” super-high-density hedgerows. A preliminary study, J. Sci.
Food Agric. 95 (2014) 2445–2453. https://doi.
org/10.1002/jsfa.6971.
J.M. García, F. Gutiérriez, J.M. Castellano, S.
Perdiguero, A. Morilla, M.A. Albi, Storage of
Olives Destined For oil Extraction, Acta Hortic.
368 (1994) 673-681. https://doi.org/10.17660/
ActaHortic.1994.368.80.
J.M. García, F. Gutiérrez, M.J. Barrera, M.A. Albi,
Storage of mill olives on an industrial scale, J.
Agric. Food Chem. 44 (1996) 590-593. https://
doi.org/10.1021/jf950479s.
J.M. García, F. Gutiérrez, J.M. Castellano, S.
Perdiguero, A. Morilla, M.A. Albi, Influence of
Storage Temperature on Fruit Ripening and Olive Oil Quality, J. Agric. Food Chem. 44 (1996)
264-267. https://doi.org/10.1021/jf950399o.
A. Dag, S. Boim, Y. Sobotin, I. Zipori, Effect of
Mechanically Harvested Olive Storage Temperature and Duration on Oil Quality, Horttechnology.

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

22 (2012) 528-533. https://doi.org/10.21273/
HORTTECH.22.4.528.
K. Brkić Bubola, M. Lukić, A. Novoselić, M.
Krapac, I. Lukić, Olive Fruit Refrigeration during
Prolonged Storage Preserves the Quality of
Virgin Olive Oil Extracted Therefrom, Foods. 9
(2020).
L. Guerrini, F. Corti, L. Cecchi, N. Mulinacci,
L. Calamai, P. Masella, G. Angeloni, A. Spadi, A. Parenti, Use of refrigerated cells for olive
cooling and short-term storage: Qualitative effects on extra virgin olive oil, Int. J. Refrig. 127
(2021) 59-68. https://doi.org/10.1016/j.ijrefrig.2021.03.002.
A.M. Dourou, S. Brizzolara, G. Meoni, L. Tenori, F. Famiani, C. Luchinat, P. Tonutti, The inner temperature of the olives (cv. Leccino)
before processing affects the volatile profile and the composition of the oil, Food Res.
Int. 129 (2020). https://doi.org/10.1016/j.
foodres.2019.108861.
A. Piscopo, A. De Bruno, A. Zappia, G. Gioffrè,
N. Grillone, R. Mafrica, M. Poiana, Effect of olive
storage temperature on the quality of Carolea
and Ottobratica oils, Emirates J. Food Agric.
30 (2018) 563-572. https://doi.org/10.9755/
ejfa.2018.v30.i7.1739.
E. Plasquy, M.C. Florido, R.R. Sola-Guirado,
J.M. García, Effects of a Harvesting and Conservation Method for Small Producers on the
Quality of the Produced Olive Oil, Agriculture. 11
(2021) 1-22. https://doi.org/10.3390/ agriculture11050417.
R. Hachicha Hbaieb, F. Kotti, M. Gargouri, M.
Msallem, S. Vichi, Ripening and storage conditions of Chétoui and Arbequina olives: Part I.
Effect on olive oils volatiles profile, Food Chem.
203 (2016) 548–558. https://doi.org/10.1016/j.
foodchem.2016.01.089.
ISMEA, Piano di settore Olivicolo-oleario: Indagine sui costi di produzione delle olive da olio,
(2012) 1-53.
L. Nasini, P. Proietti, Olive harvesting, in: C. Peri
(Ed.), Extra-Virgin Olive Oil Handb., First Edit,
John Wiley & Sons, Hoboken, NJ, 2014: pp. 87105. https://doi.org/10.1002/9781118460412.
ch8.
F. Famiani, D. Farinelli, S. Urbani, R. Al Hariri,
A. Paoletti, A. Rosati, S. Esposto, R. Selvaggini, A. Taticchi, M. Servili, Harvesting system and
fruit storage affect basic quality parameters and
phenolic and volatile compounds of oils from intensive and super-intensive olive orchards, Sci.
Hortic. (Amsterdam). 263 (2020). https://doi.
org/10.1016/j.scienta.2019.109045.
M. Uceda, L. Frias, Harvest Dates. Evolution of
the Fruit Oil Content, Oil Composition and Oil
Quality, in: Proc. II Semin. Oleícola Int. Int. Olive
Oil Counc., Cordoba, Spain, 1975: pp. 125-130.

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

[33] M. Benlloch-González, R. Sánchez-Lucas, M.A.
Bejaoui, M. Benlloch, R. Fernández-Escobar,
Global warming effects on yield and fruit maturation of olive trees growing under field conditions,
Sci. Hortic. (Amsterdam). 249 (2019) 162-167.
https://doi.org/10.1016/j.scienta.2019.01.046.
[34] C. Gabaldón-Leal, M. Ruiz-Ramos, R. de la
Rosa, L. León, A. Belaj, A. Rodríguez, C. Santos, I.J. Lorite, Impact of changes in mean
and extreme temperatures caused by climate
change on olive flowering in southern Spain,
Int. J. Climatol. 37 (2017) 940-957. https://doi.
org/10.1002/joc.5048.
[35] A. Dag, G. Harlev, S. Lavee, I. Zipori, Z. Kerem,
Optimizing olive harvest time under hot climatic
conditions of Jordan Valley, Israel, Eur. J. Lipid
Sci. Technol. 116 (2014) 169-176. https://doi.
org/10.1002/ejlt.201300211.
[36] P. Masella, L. Guerrini, G. Angeloni, B. Zanoni,
A. Parenti, Ethanol From Olive Paste During
Malaxation, Exploratory Experiments, Eur. J.
Lipid Sci. Technol. 121 (2019) 1-7. https://doi.
org/10.1002/ejlt.201800238.
[37] EC, COMMISSION REGULATION (EC) No
640/2008 of 4 July 2008 amending Regulation
(EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant
methods of analysis, Off. J. Eur. Union. L178
(2008) 11-16.
[38] International Organization for Standardization,
ISO 9936:2016, Animal and vegetable fats and
oils. Determination of tocopherol and tocotrienol
contents by high-performance liquid chromatography, Geneva, Switzerland, 2016.
[39] International Olive Council, Determination of
Biophenols in Olive Oils By Hplc, COI/T.20/Doc
No 29/Rev.1. (2017) 1-8. http://www.internationaloliveoil.org/.
[40] M. Fortini, M. Migliorini, C. Cherubini, L. Cecchi, L. Calamai, Multiple internal standard normalization for improving HS-SPME-GC-MS
quantitation in virgin olive oil volatile organic
compounds (VOO-VOCs) profile, Talanta. 165
(2017) 641-652. https://doi.org/10.1016/j.talanta.2016.12.082.
[41] L. Di Giacinto, G. Di Loreto, C. Di Natale, G. Gianni, S. Guasti, M. Migliorini, M. Pellegrino, E.
Perri, M. Santonico, Caratterizzazione analitica
degli attributi sensoriali degli oli di oliva vergini
(AROMOLIO) - Risultati dell’attività sperimentale
2006-2010, (2011).
[42] E. Armaforte, V. Mancebo-Campos, A. Bendini, M. Desamparados Salvador, G. Fregapane,
L. Cerretani, Retention effects of oxidized polyphenols during analytical extraction of phenolic
compounds of virgin olive oil, J. Sep. Sci. 30
(2007) 2401-2406. https://doi.org/10.1002/
jssc.200700130.
[43] M. Migliorini, C. Cherubini, L. Cecchi, B. Zanoni,

[44]

[45]

[46]

[47]

[48]

[49]

[50]
[51]

[52]

[53]

[54]

[55]

Degradation of phenolic compounds during
extra virgin olive oil shelf-life, Riv. Ital. Sostanze
Grasse 90, 71-80, (2013).
L. Guerrini, C. Breschi, B. Zanoni, L. Calamai,
G. Angeloni, P. Masella, A. Parenti, Filtration
Scheduling : Quality Changes in Freshly Produced Virgin Olive Oil, Foods. 9 (2020) 1-14.
https://doi.org/doi:10.3390/foods9081067.
F. Angerosa, B. Lanza, V. Marsilio, Biogenesis of «fusty» defect in virgin olive oils, Grasas y Aceites. 47 (1996) 142-150. https://doi.
org/10.3989/gya.1996.v47.i3.854.
A. Morales-Sillero, A.G. Pérez, L. Casanova,
J.M. García, Cold storage of ‘Manzanilla de Sevilla’ and ‘Manzanilla Cacereña’ mill olives from
super-high density orchards, Food Chem. 237
(2017) 1216-1225. https://doi.org/10.1016/j.
foodchem.2017.06.073.
A. Dag, A. Ben-gal, U. Yermiyahu, L. Basheer,
Y. Nir, Z. Kerem, The effect of irrigation level and
harvest mechanization on virgin olive oil quality
in a traditional rain-fed ‘Souri’ olive orchard converted to irrigation, J. Sci. Food Agric. 88 (2008)
1524-1528. https://doi.org/10.1002/jsfa.3243.
M. D’Imperio, M. Gobbino, A. Picanza, S. Costanzo, A. Della Corte, L. Mannina, Influence of
harvest method and period on olive oil composition: An NMR and statistical study, J. Agric.
Food Chem. 58 (2010) 11043-11051. https://
doi.org/10.1021/jf1026982.
C. Saglam, Y.T. Tuna, U. Gecgel, E.S. Atar, Effects of Olive Harvesting Methods on Oil Quality,
APCBEE Procedia. 8 (2014) 334-342. https://
doi.org/10.1016/j.apcbee.2014.03.050.
L.M. Abenavoli, A.R. Proto, Effects of the divers
olive harvesting systems on oil quality, Agron.
Res. 13 (2015) 7-16.
J. Fernández‐Bolaños, R. Rodríguez, R.
Guillén, A. Jiménez, A. Heredia, Activity of cell
wall‐associated enzymes in ripening olive fruit,
Physiol. Plant. 93 (1995) 651-658. https://doi.
org/10.1111/j.1399-3054.1995.tb05113.x.
F. Angerosa, M. Servili, R. Selvaggini, A. Taticchi, S. Esposto, G. Montedoro, Volatile compounds in virgin olive oil: Occurrence and their
relationship with the quality, J. Chromatogr. A.
1054 (2004) 17-31. https://doi.org/10.1016/j.
chroma.2004.07.093.
P. Masella, L. Guerrini, G. Angeloni, A. Spadi, F. Baldi, A. Parenti, Freezing/storing olives,
consequences for extra virgin olive oil quality,
Int. J. Refrig. 106 (2019) 24-32. https://doi.
org/10.1016/j.ijrefrig.2019.06.035.
P. Luaces, A.G. Pérez, C. Sanz, Effect of cold
storage of olive fruits on the lipoxygenase pathway and volatile composition of virgin olive oil,
Acta Hortic. 682 (2005) 993-998. https://doi.
org/10.17660/ActaHortic.2005.682.129.
J.J. Salas, J. Sánchez, Hydroperoxide lyase

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

223

from olive (Olea europaea) fruits, Plant Sci. 143
(1999) 19–26. https://doi.org/10.1016/S01689452(99)00027-8.
[56] M. Ridolfi, S. Terenziani, M. Patumi, G. Fontanazza, Characterization of the lipoxygenases
in some olive cultivars and determination of their
role in volatile compounds formation, J. Agric.
Food Chem. 50 (2002) 835-839. https://doi.
org/10.1021/jf0109118.
[57] Y.P. Salch, M.J. Grove, H. Takamura, H.W.

Gardner, Characterization of a C-5 , 13-Cleaving Enzyme of 13(S)-Hydroperoxide of Linolenic Acid by Soybean Seed, Plant Physiol. 108
(1995) 1211-1218. https://doi.org/10.1104/
pp.108.3.1211.
[58] H.W. Gardner, M.J. Grove, Y.P. Salch, Enzymic
Pathway to Ethyl Vinyl Ketone and 2-Pentenal
in Soybean Preparations, J. Agric. Food Chem.
44 (1996) 882-886. https://doi.org/10.1021/
jf950509r.

224

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

Phenological stage effect on phenolic
composition, antioxidant, and
antibacterial activity of
Lavandula stoechas extract
Jazia Sriti
Nadia Fares1
Kamel Msaada2
Youkabed Zarroug3
Mouna Boulares4
Saida Djebbi1
Sawssen Selmi2
Ferid Limam1
1


Laboratory of Bioactive Substances,
Centre of Biotechnology of Borj-Cedria,
Hammam-Lif, Tunisia
1

Laboratory of Aromatic and
Medicinal Plants,
Centre of Biotechnology of Borj-Cedria,
Hammam-Lif, Tunisia
2

Field Crops Laboratory,
National Agronomic Research
Institute of Tunisia (INRAT),
University of Carthage
Ariana, Tunisia
3

Research unit: “Bio-Preservation
and Valorization of Agricultural
Products UR13-AGR 02”,
Higher Institute of Food Industries,
El Khadhra City, Tunisia
4

CORRESPONDING AUTHOR:
Laboratoryof Bioactive Substances,
Centre of Biotechnology of Borj-Cedria,
BP 901, Hammam-Lif 2050, Tunisia
Phone: +216 79325855,
Fax: +216 79325638
E-mail: sritijazia.@yahoo.fr


Received: September 25, 2021
Accepted: February 7, 2022

Phenolic contents of Lavandula stoechas aerial parts and their antioxidant effects were
significantly dependent on the maturity stage of the plant. The maximum polyphenol
content was reached during the vegetative stage in methanol extract with an amount
of 232.77 mg GAE/g DW. At flowering stage, ethanol and aqueous extracts showed
better phenol content. Luteolin 7-O glucoside was the dominant flavonoid in the
methanol extract during flowering stage. Methanol extracts of fructification and flowering
stages have the strongest antiradical activity than those of the vegetative stage. These
extracts showed a higher content of polyphenols and flavonoids than ethanolic and
aqueous extracts. Following a screening, methanol of Lavandula stoechas was selected
for its strong antioxidant (IC50 = 28 μg/ml) and antibacterial (Methicillin-resistant
Staphylococcus aureus, IZ = 25 mm) potentials in flowering stage. Inhibitor effect of the
extracts (methanolic and ethanolic) of three stages on bacteria development give them
an important role in the fields of food industry as an additive in food packaging, and the
cosmetic and pharmaceutical industries.
Keywords: Lavandula stoechas, extract, solvent, antioxidant activity, antibacterial activity.
1. INTRODUCTION
Tunisian is located in the Mediterranean region characterised as one of the
world’s highest area of flora biodiversity. In this region, aromatic and medicinal plants are commonly used in traditional medicine as well as modern
pharmaceutical, cosmetics, perfume and agro industries. In the context of
the enhancement of the Tunisian flora, attention was paid to the Lamiaceae family. The plant we chose is a “Lavandula stoechas” used in traditional
medicine. The genus Lavandula is an important member of the Labiateae
family (Lamiaceae) and consists of about 28 species, which are mostly of
Mediterranean (2004) origin. In Tunisia, L. stoechas has a fairly limited distribution area in the northwest and northeast, in continental regions or near the
northern coast [1]. For lavender, the area has stagnated at about 10 ha since
2004. This stagnation does not reflect the potential demand on the world
market. Rather, it can be explained by a still timid strategy for developing
exports of this high-potential product.
The lavender species are of great market value due to their pleasant aroma.
The vegetable material and its essential oil are mainly used in perfumery,
cosmetic and food industry. The medicinal importance of the plant is well
documented, and extracts prepared from this plant are energised in many
pharmacopoeias [2]. The extracts of lavender have been reported as having
many biological activities such as antibacterial, antifungal, carminative, antiflatulence, antiholic, antispasmodic, anticonvulsant, sedative anti‐inflammatory, antioxidant, antihyperglycemic and antidepressive [2-6].
The lavender extract flowers and leaves are extensively used in cosmetics,
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hygiene products, food industry, perfumery and pharmaceutical preparations with high industrial value
[7,8]. L. stoechas subsp. luisieri and L. pedunculata
can be useful as a new potential source of natural antioxidants and antimycotic agents and can be directly
applied on the composition of dermocosmetic formulations as antiaging products or, as a raw material for
the isolation of bioactive chemical compounds [9].
Nevertheless, no research has been cited concerning
the effect of the phenological stage of this species according to the solvent of extraction from Tunisia. The
objective of this study was to assess the potential impact of phenological stages on polyphenol, flavonoid
and proanthocyandin contents and their antioxidant
activity of L. stoechas according to the nature of solvent of extraction and to determine the antibacterial
activity.

2. MATERIALS AND METHODS
2.1 PLANT MATERIAL

Aerial parts of Lavandula stoechas were collected
from El-Mida region (Nabeul Governorate) at vegetative (ST1, 17 November 2018), flowering (ST2, 5
January 2019) and fructification (ST3, 25 Mars 2019)
stages. The plant material was identified by Professor Abderrazek Smaoui (Centre of Biotechnology of
Borj-Cedria) according to the Tunisian ﬂora.

2.2 POLYPHENOL EXTRACTION
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The extraction was done according to the method of
Ceylan et al. [10]. Triplicate samples of 2 g of dry matter were extracted by mixing with 50 ml of selected
solvent (ethanol, methanol and aqueous). The mixture
was stirred for 6 h and was then kept for 24 hours
at 4°C in darkness. Finally, this mixture was filtered
with a Whatman filter paper (N°4) and concentrated
under rotary vacuum evaporator at 40°C. Finally, the
crude extracts obtained were stored at 4°C until further analysis.

2.3 DETERMINATION OF TOTAL POLYPHENOLS,
FLAVONOIDS AND PROTHOCYANIDIN CONTENTS

The determination of total polyphenols (TPC) was described by Chaouche et al. [11]. To do this, 100 μl
of the three extracts (ethanol, methanol and aqueous) was mixed with 2 ml of a sodium carbonate
(2%) solution were freshly prepared. After vigorous
stirring, the mixture was left to rest for 5 min, and
then a 100 μL of the Folin-Ciocalteu diluted reagent
(1/20) was added, the mixture was incubated in total
darkness for 30 min at room temperature. The absorbance reading was taken at a wavelength of 760
nm. TPH was expressed as mg gallic acid equivalent
per gram of dry matter (mg EAG / g DW) through the
calibration curve with gallic acid.
Total flavonoids (TF) were determined by a colorimetric
method according to Mechraoui et al. [12]. A 125 µL
intake of the three extracts (ethanol, methanol and

aqueous) were mixed with 75 µl NaNO2 (5%). After
a rest of 6 min in the dark, 150 µl of freshly prepared
Alcl3 (10%) were added, 500 µl NaOH (1M) were added to the mixture 5 min later. Finally, the mixture was
adjusted to 2.5 ml with distilled water. The standard
range was prepared with quercetin at increasing concentrations, allowing a calibration curve to be drawn
after reading the absorbance at 510 nm. TF levels are
expressed in mg quercetin equivalent per gram of dry
matter (mg EC/g DW).
The protocol followed in the extraction of proanthocyanidin content was that recommended by Salar
and Purewal [13]. This reaction solution consists of
preparing 1.5 mL of vanillin (4%) reagent, added into
100 µL of extracts followed by addition of 750 µL of
concentrated hydrochloric acid. The resulting mixture
was vortexed and then allowed to stand at room temperature. After 20 min of rest, the absorbance was
done at 500 nm and the contents of condensed tannins were expressed in mg of catechin equivalent per
gram of dry matter (mg CE/g DW).

2.4 ANALYSIS OF PHENOLIC PROFIL BY RP-HPLC

Twenty µL of pennyroyal extracts were analysed on
a HPLC system (Agilent 1260, Agilent technologies,
Germany). This method consisted of a vacuum degasser, an autosampler and a binary pump with a
maximum pressure of 400 bar. The phenolic compounds were separated on a reversed phase C18
analytical column (Zorbax Eclipse XDB, 4.6 mm ×
100 mm, 3.5 µm particle size) at a temperature set at
25°C. The chromatograms obtained at 280, 320 and
550 nm (DAD detector, Germany) were compared
with those obtained on known phenolic compound
standards. The separation gradient was formed by
two mobile phases: A, methanol, and B, 99.9% H2O
and 0.1% formic acid. The optimised gradient elution
was illustrated as follows: 0-5 min, 10%-20% A; 5-10
min, 20%-30% A; 10-15 min, 30%-50% A; 15-20
min, 50%-70% A; 20-25 min, 70%-90% A; 25- 30
min, 90%-50% A; 30-35 min. Phenolic compound
contents were expressed in mg/g DW.

2.5 ANTIOXIDANT EVALUATION OF EXTRACTS
2.5.1 Antiradical scavenging potential

The estimation of this anti-radical activity was measured according to the method of Ceylan et al. [10].
In microtubes, 0.5 ml of extracts at different concentrations was mixed with 3 ml of a DPPH solution
(0.004% in methanol). The mixture was allowed to
stand at room temperature in the dark for 30 min and
the absorbance was recorded at 517 nm. Inhibition
(I%) of the DPPH free radical was expressed using the
following equation:
I% = [(Ab−AS)/Ab] × 100
Where:
Ab: Absorbance of the blank,
As: absorbance of the sample.
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The concentration of the extract that could scavenge
50% of the DPPH radicals (IC50) was calculated. Butylatedhydroxytoluene (BHT) was used as standard
antioxidant.

2.5.2 Ferric-reducing power (FRAP) assay

This activity was measured using the method described by Ferreira et al. [14]. This method consists of
mixing of extract (1000 µl) at different concentrations
with phosphate buffer (1250 µl, 0.2 mol/l, pH 6.6) and
potassium ferricyanide (1250 µl, 1%) (K3Fe (CN)6).
The resulting mixture was incubated for 20 minutes
at 50°C. Then, 1250 µl of trichloroacetic acid (TCA,
10%) was added to stop the reaction. Then, the tubes
were centrifuged at 3000 rpm for 10 minutes. Finally,
a volume of 1250 µl of the supernatant was added to
1250 µl of distilled water and 250 μl of a 0.1% solution of ferric chloride (FeCl3,6H2O). Absorbance was
measured at 700 nm, referring to a positive control
which was ascorbic acid. The results are expressed
in effective concentration (EC50, µg/ml), which was
the concentration of the extract corresponding to an
absorbance equal to 0.5.

2.5.3 Ferrous ion chelating activity

The chelating capacity was measured according to
Zhao et al. [15]. An aliquot of 0.1 mL of samples at
diﬀerent concentrations was added to 0.05 mL of
FeCl2 (2 mM). After 5 min of incubation, 0.1 mL of
ferrozine (5 mM) and 2.75 mL of distilled water were
added. The mixture was shaken vigorously and left
standing at room temperature for 10 min. The absorbance of the solution was measured at 562 nm. The
scavenging activity to chelate ferrous ion was calculated as follows:
Chelating effect (%) = [100 × (Ac−As)/Ac]
Where:
Ac is the absorbance of the control reaction

Ethanol

250

As is the absorbance of the tested sample.
The results were expressed as IC50, which was the
efficient concentration of the extract corresponding
to 50% ferrous iron chelating. EDTA was used as a
positive control.

2.6 ANTIBACTERIAL ASSAY

The antibacterial activity of L. stoechas extracts was
performed using a well diffusion method. Bacterial strains were grown respectively on Luria-Bertani
(LB) broth at 37°C for 18-24 h and were inoculated
into Mueller-Hinton (MH) agar (Beef infusion 2.0 g/l,
casein hydrolysate 17.5 g/l, starch 1.5 g/l and agaragar 17.0 157 g/l). Petri dishes containing WB medium were aseptically inoculated with a suspension of
108 CFU (colonies forming unit)/mL of Candida albicans. The turbidity was adjusted to 0.5 McFarland to
yield approximately 108 colony-forming units (CFU)/
mL with a Densimat (BioMérieux). After incubation at
37°C for 18-24 h, the antibacterial activity was determined by measuring the zone of growth inhibition (IZ)
around wells. Gentamicin (10 μg/disc) was used as
microbial standards.
The minimal inhibitory concentration (MIC) was determined by microdilution method as described by De
Lima Marques et al. [16]. Subsequent serial decimal
dilutions were performed on sterile 96-well microplates. Each EO dilution was placed in contact with
a microbial inoculum in exponential growth phase in
MH or WB medium. The initial microbial concentration was adjusted to 5 × 105 CFU/ml for bacterial
strains and 5 × 104 CFU/ml for yeasts with sterile
saline. We deﬁned the MIC in current study as the
lowest concentration of sample dilutions from half to
half which leads to inhibition of any microbial growth
after 24h of incubation. We considered that a higher
value showing a multiplication of the initial microbial
population is apt to cause a visible disorder of the
culture medium as it was possible to observe in the
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Figure 1 - Total polyphenol, flavonoid and tannin contents of different solvents of Lavandula stoechas

Total polyphenol and proanthocyanidins contents were expressed by mg GAE/g DW and total ﬂavonoid contents were expressed by mg CE/g
DW. Values are represented as mean ± standard deviation of triplicates.The data marked with the different lower case letters in the histograms
of each phenolic category share signiﬁcant differences at p < 0.05 (ANOVA test).
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Figure 2 - RP-HPLC chromatogramtype of lavendermethanol (a), ethanol (c) and aqueous (c) extracts. Signalwascollectedat 280
nm. Peaksnumberscorresponding to:(a) 1. Cafeic acid, 2. Synergic acid, 3. p-Coumarique acid, 4. Ferrulic acid, 5. Luteolin 7-O
glucoside,6. Coumarin, (b) 1. Catechinhydrate, 2. p-Coumarique acid, 3. Ferrulic acid, 4. Luteolin 7-O glucoside, (c) 1. Gallic
acid, 2. Catechol, 3. Catechine hydrate, 4. Chlorogenic acid, 5. p-Coumarique acid, 6. Sinapic acid, 7. Ferulic acid, 8. Luteolin
7-O glucoside, 9. Coumarin, 10. Isorhamnetin 3-O glucoside, 11. Isoquercitrin, 12. Rosmarinic acid, 13. Ellagic acid, 14.
Myricetin, 15. Isorhamnetin 3-O rutinoside, 16. Naringenine, 17. Luteolin
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46.6±0.08
Synthetic antioxidant
BHT
Ascorbic acid
EDTA

ST1: vegetative stage, ST2: flowering stage, ST3: fructification stage. Each value is expressed as mean SD (n=3). Values with the letters (in capital letters for solvent extracts and in lowercase for phenological stage)
are significantly different at p≤0.05.

0.03±0.01
68±0.06
-

ST1
1060±3.02Aa
250±2.22Cb
280±3.13B c
ST3
47±1.32Bc
22±0.87Cc
729±2.63Ac
ST2
55±1.05Bb
28±0.86Cb
920±2.14Ab
ST1
70±2.33Ba
50±1.08Ca
2600±3.12Aa

The analysis of different chromatographic profiles
of the main phenolic compounds obtained from the
extracts with methanol, ethanol and aqueous from
the vegetative and pre-flowering stages of L. stoechas enabled us to identify 20 phenolic compounds
including 8 phenolic acids (Figure 2): p-coumaric acid
which was the major compound in ethanol (10.75%
of ST2) and aqueous (5.68% of ST1) extracts (Table
II). In methanol extract, the major phenolic acid was
syringic acid (8.76%) at ST1, while in the pre-flowering

Solvents
Ethanol
Methanol
Aqueous

3.2 PHENOLIC PROFILS

DPPH (IC50, µg/ml)

Figure 1 showed that the levels of polyphenols, flavonoids and proanthocyanidins varied significantly
depending on the harvest period and solvent of extraction. The highest contents were obtained in the
methanol extract at the ST1 of 232.77 mg GAE/g DW
for polyphenols, 112.43 mg CE/g DW for flavonoids
and 70.98 mg CE/g DW for proanthocyanidins. Our
results were higher than that found by Messaoud et al.
[17]. These authors noted that the polyphenols contents of methanolic extract of L. stoechas harvested
during the vegetative stage was 25.2 mg GAE/g DW.
These same authors reported also that the total flavonoid content was 10.1 mg EC/g DW in methanol
extract. Ceylana et al. [10] mentioned that the content
of polyphenols in L. stoechas was 105.5 mg GAE/g
DW. Concerning the fructification stage, ethanol presented the best solvent for extracting the polyphenols
and flavonoids. However, no data is available regarding the effect of the harvest period on the polyphenols, flavonoids and proanthocyanidins contents of
L. stoechas originating in Tunisia. In the same way,
Ezzoubi et al. [3] noted that the total polyphenols in
the hydro-ethanolic extract of L. stoechas revealed a
value of 130.15 mg of GAE/g.

Table I - Antioxidant activity of Lavandula stoechas extracts at different phenological stages

3.1 PHENOLIC QUANTIFICATION

Reducing power(EC50, µg/ml)

3. RESULTS AND DISCUSSION

ST2
690±3.11Ab
360±2.07Ca
430±3.21Ba

ST3
574±2.75Ac
259±2.76Cb
330±1.47Bb

All analyses were performed in triplicate and the results were expressed as means values ± standard
deviations (SD). An analysis of variance (ANOVA) was
carried using SPSS 23.0 (SPSS IBM2017). A Duncan
test was used to determine the statistical difference of
the mean value at 95%.
The Spearman’s rank correlation coefficient was used
to analyse the relationship between the total phenolic
contents, flavonoid contents, and antioxidant activities.

ST2
5.5±0.12Ab
2.4±0.05Cb
4.3±0.04Bb

2.7 DATA ANALYSIS

ST1
7.12±0.22Aa
6.42±0.12Aa
5.09±0.04Ba

Chelating power(IC50, mg/ml)

ST3
4.27±0.34Ac
1.28±0.03Cc
2.61±0.06Bc

medium. A growth control without antimicrobial standard and a sterility control were performed for each
strain. The plates were incubated at 36°C for 24h. To
determine the MIC value, two methods were used:
visual determination of the microbial growth or optical
density of each well at a wavelength of 600nm in a
reader plate (EL × 800, BioTeck, USA).
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stage, caffeic acid was the predominant compound
(7.27%). The rest of the identified compounds constituted of the flavonoids where luteolin 7-O glucoside
was more the abundant compound in the ethanol at
the pre-flowering stage (58%), followed by coumarin (Figure 2). These results were identical to those of
Celep et al. [4] that found that luteolin 7-O glucoside
was the major constitutes of L. stoechas in Turkey.
On the other hand, the comparative analysis of the
chromatographic profiles of three extracts showed
the differences in the contents of the phenolic compounds relative to the solvent and the harvest period
(Table II). The phenolic composition of L. stoechas
have not been studied in literature except by Ceylan
et al. [10] who noted a different appearance than that
found in this study. These authors showed that the
major compound was rosmarinic acid, followed by
caffeic acid in methanolic extracts. They also reported the presence of other phenolic acids: p-coumaric
and ferulic acids and the flavonoids: quercetin, rutin
and eriodictyol. In other hand, Celep et al. [4] noted that the chromatography analysis of L. stoechas
presented the two phenolic acids (rosmarinic acid
and chlorogenic acid) and two flavone glycosides
(apigenin 7-glucoside and luteolin-7-O-β-glucoside).
Recent studies showed that natural antioxidants,
such as polyphenols, were incorporated in the foods
to ensure their stability and protect them from oxidation [18]. Indeed, phenolic acids represented almost
a third of dietary phenols and were involved in the
organoleptic, nutritional and antioxidant properties of
food [19].

3.3 ANTIOXIDANT POTENTIAL
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Both methanolic and ethanolic extracts of Lavandula
stoechas showed in vitro antioxidant activity during
the DPPH assay (Table I). However, the methanolic
extract recorded a significantly higher antioxidant activity with IC50 was 22 µg/ml at ST3 which is higher than that recorded for BHT with IC50 = 46 µg/ml.
Similar results were found by Messaoud et al. [17]
with a IC50 of 34.2 μg/ml for the methanolic extracts
of lavender. Our result was higher to those found by
Karabagias et al. [20] which indicated that methanol
and an aqueous extract exhibited the higher activities
with IC50 and was 7.05 mg/ml and 1.78 mg/ml, respectively. In the same way, ethanol extract exhibited
a high activity against the DPPH free radical with IC50
was 47 µg/ml and 55 µg/ml at ST3 and ST2, respectively. At the fructification stage (ST3), the capacity
anti-free radical evaluated in the same way as that
of the flowering stage (ST2) where methanol exhibits
the highest capacity to reduce the DPPH radical followed by ethanol and aqueous extracts. Our results
are more important than those mentioned by Ceylan
et al. [10] and Bayrak et al. [21] that found lower activities of methanol extract from L. stoechas with an
IC50 equal to 300 µg/ml and 200 mg/ml respectively.
Phenolic acids and flavonoids in L. stoechas in meth-

anol extracts such as rutin and caffeic acid can be
attributed the higher antioxidant activity [10].
The Lavandula extracts genre from different region
showed a considerable antioxidant activity against the
DPPH free radical, as reported in literature Spiridon et
al. [22]. The extracts of methanol and aqueous from
the vegetative stage exhibited the best activity with
the lowest EC50 value (250 and 280 µg/ml, respectively). Ethanol was more efficient in reducing Fe3+
ions at the fructification stage than that in the vegetative stage with EC50 equal to 574 µg/ml.
The results presented in Table I showed that all extracts have a lower chelating power by compared
with that of EDTA (IC50 = 0.03 mg/ml). However, the
methanolic extract presented the greatest chelating
capacity with an IC50 of 2.5 mg/ml. Our results were
more important than those mentioned by Messaoud
et al. [17] who found a lower activity obtained by
methanolic extract with an IC50 equal to 3.5 mg/ml.
Ethanol and aqueous extracts presented less chelating power with an IC50 of 4.27 and 5.5 mg/ml, in
ST3 and ST2, respectively. In general, phenolic compounds are the major class to contribute the potential antioxidants in plants. A hypothesis that has been
confirmed by several studies [23] which have shown
the existence of the close relationship between the
content of phenolic compounds in a plant matrix and
the biological power they exert as major antioxidants
of plants.

3.4 RELATIONSHIP BETWEEN TOTAL PHENOLS AND
ANTIOXIDANT ACTIVITY

Highly significant positive correlations were obtained
between polyphenols and flavonoids in the three
phenological stages with r = 0.99 for ST1, r = 0.94
for ST2 and r = 0.98 for ST3 to p < 0.05 (Table IV).
The contents of polyphenols correlate positively with
those of the proanthocyanidins (r = 0.95 for ST1 and
r = 0.93 for ST2). However, highly significant negative
correlations (P<0.05) were determined between flavonoid contents and DPPH radical activity (r = -0.49
for ST1 and r = -0.72 for ST2), proanthocyanidins and
DPPH (r = -0.66 for ST1, r = -0.73 for stage 2 and
r = -0.77 for ST3).The statistical analysis shows highly
significant negative correlations for ST2 (p<0.05) between polyphenols and chelating power (r = - 0.83),
flavonoids and chelating power (r = - 0.75) and proanthocyanidins and chelating power (r = - 0.75) (Table IV). The levels of the different phenolic categories
(tannins, flavonoids and proanthocyanidins) as well as
those of total polyphenols are maximum during the
vegetative period while decreasing during the flowering and fruiting stages.
In fact, a positive correlation between polyphenols
extracted from Sidastrum micranthum and Wissadula periplo cifolia crude extracts and their antioxidant
abilities was shown by De Oliveira et al [24]. In addition, a high correlation was found between the DPPH
scavenging potency and total phenolic contents of

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

-

-

-

-

48.35b
-

51.65
-

14.13
-

5.48
-

%

Ethanol

-

-

10.49
3.71
-

0.92
8.34
-

mg/g

ST2

-

-

-

-

58.63a
21.76b
-

38.27
3.08
-

26.62b
4.61
-

0.25b
nd
9.84a
0.80b
8.72a
-

0.47
1.14
0.1
2.07
-

10.75a
58.02a
-

%

mg/g

-

-

57.8
5.21
-

23.12
0.69
0.36
2.9

mg/g

Methanol

%

ST1

ST2

-

-

55.67a
23.15a
-

7.88a
nd
3.77b
1,84a
7.70a
-

%

-

-

-

-

mg/g

ST1

-

-

-

-

-

%

Aqueous

0.29
0.055
0.007

0.024
0.12

0.18
0.76
0.06

0.029
0.18
0.00
0.12
0.048
0.078
0.14

mg/g

ST2

4.87
3.65
4.70

0.28
4.33
5.37

5.27
3.16
12.83
3.87

3.05
27.90
0,15
11.05
4.44
5.15
5.63

%

Quantities and percentages of phenolic compounds represent the average of three replicates (n=3), nd: not deteted; Capital letters (A-D) and small letters (a-d) in the same line indicate significant
differences at P < 0.05.

Flavonoids
luteolin 7-O glucoside
Coumarin
Catechin hydrate
Isorhamnetin 3 O
glucoside
isoquercitrin
Myricetin
Isorhamnetin 3 O
rutinoside
Catechol
Naringenin
Luteolin

Phenolic acids
Cafeic acid
Gallic acid
Syringic acid
p-coumarique acid
Sinapic acid
Rosaminic acid
Ferrulic acid
Ellagic acid
Chlorogenic acid

mg/g

ST1

Table II - Analysis of variance (ANOVA) of phenolic quantity (mg/g Extract) of different solvents extracts of Lavandula stoechas

231

Table III - In vitro antimicrobial activities of Lavandula stoechas extracts at two phenological stages
Stadephenological

ST1
ST2
ST3
Standard antimicrobial

Solvents
Ethanol
Methanol
Aqueous
Ethanol
Methanol
Aqueous
Ethanol
Methanol
Aqueous
Gentamicin (10μg/disc)

Bacteria Gram(+)
Methicillin-resistant
Staphylococcus aureus
(MRSA)
15Ab
20Ba
15Ab
15Ab
25Aa
16Ab
8Bc
12Ca
10Bb
25 (S)

Staphyloccocusaureus
ATCC 6835
10Ab
12Ba
10Ab
12Ab
18Aa
10Ac
4Bb
8Ca
8Ba
22 (R)

Enterococcus
faecalis
ATCC 29212
10Bc
15Bb
17Aa
16Ab
19Aa
12Bc
4Cc
10Cb
12Ba
15 (R)

ST1: vegetative stage, ST2: flowering stage, ST3: fructification stage. IZ: inhibition zone. S: sensitive. R: resistant. Values were
given as mean ± SD (n=3) and were the average of three replicates. One-way ANOVA followed by Ducan’s multiple range test was
used. Values with diﬀerent superscripts (a-c) were signiﬁcantly diﬀerent at P < 0.05.

traditional plant species such as Allium sativum and
Pistacia lentiscus [25].

3.5 ANTIBACTERIAL ACTIVITY
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The antibacterial activity of the three extracts of L.
stoechas was tested against nine strains. Only three
bacterial strains showed a variability of different extracts (Table III). The highest inhibition diameter was
obtained against MRSA with IZ of 25 mm in methanol
extract at ST2. Enterococcus faecalis and Staphylococcus aureus strains also showed significant sensitivity with IZ of 19 and 18 mm, respectively. The
results obtained showed that the antibacterial activity was greater only against Gram positive bacteria.
These results agreed with those mentioned in literature [26]. These authors mentioned that L. stoechas
was effective against Gram (+) bacteria and Gram (-)
bacteria were weakly effective. Various studies have
already shown that Gram positive bacteria were more
susceptible towards plant extracts as compared to
Gram negative bacteria. These differences may be attributed to the fact that the cell wall in Gram positive
bacteria is of a single layer, whereas the Gram-negative cell wall is multi-layered structure [26]. Gören et
al. [27] reported that antimicrobial activities of extracts
of L. stoechas had a high effect on bacteria. Oskay et
al. [28] proved sensitivity towards methicillin resistant
S. aureus (MRSA) with methanol and ethanol extracts
compared to aqueous fraction. Khosravi and Malecan [29] added that alcoholic extract of L. stoechas
has significantly inhibitory effect on the growth of S.
aureus. These results are similar to our study. In brief,
the antibacterial activity of the extracts appears to be
related to the nature of the solvent used in maceration. Indeed, the inhibitory effect on microorganisms
is in high levels of polyphenols and flavonoids in the
extract that are reported to be very active. In addition,
significant differences in the inhibitory effects of extracts from the two stages appear to be due to existing minority volatile compounds. In this context, Shan
et al. [30] demonstrated that polyphenols, like tannins

and flavonoids like epigallocatechin, catechin, myricetin and quercetin are powerful antibacterial substances. These molecules have a broad spectrum of physiological activities, like anti-inflammatory, anti-allergic,
anti-microbial, anti-carcinogen, anti-thrombotic, anTable IV -Relationship between total phenols and antioxidant
activity ST1: vegetative stage. ST2: flowering stage, ST3:
fructification stage
Variable
PPT
FT
TCT
DPPH
RP
CP

PPT
1.00
0.99
0.95
-0.56
-0.44
0.10

Correlation Matrix Stage 1
FT
TCT
DPPH RP
0.99
0.95
-0.56
-0.44
1.00
0.96
-0.49
-0.53
0.96
1.00
-0.66
-0.34
-0.49
-0.66
1.00
-0.47
-0.53
-0.34
-0.47
1.00
0.01
0.15
-0.74
0.69

CP
0.10
0.01
0.15
-0.74
0.69
1.00

Marked correlations are significant at p < .05000
N=9 (Casewise deletion of missing data)
Variable
PPT
FT
TCT
DPPH
RP
CP

PPT
1.00
0.94
0.93
-0.54
-0.64
-0.83

Correlation Matrix Stage 2
FT
TCT
DPPH
RP
CP
0.94
0.93
-0.54
-0.64
-0.83
1.00
0.99
-0.72
-0.45
-0.75
0.99
1.00
-0.73
-0.42
-0.75
-0.72
-0.73
1.00
-0.29
0.13
-0.45
-0.42
-0.29
1.00
0.87
-0.75
-0.75
0.13
0.87
1.00

Marked correlations are significant at p < .05000
N=9 (Casewise deletion of missing data)
Variable
PPT
FT
TCT
DPPH
RP
CP

Correlation Matrix Stage 3
PPT FT
TCT
DPPH RP
CP
1.00
0.98
0.98 -0.63
-0.56
-0.75
0.98
1.00
0.99 -0.74
-0.44
-0.64
0.98
0.99
1.00 -0.77
-0.39
-0.60
-0.63
-0.74
-0.77
1.00
-0.27
-0.03
-0.56
-0.44
-0.39 -0.27
1.00
0.97
-0.75
-0.64
-0.60 -0.03
0.97
1.00

Marked correlations are significant at p < .05000
N=9 (Casewise deletion of missing data)
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ti-viral and preventive actions against cardiovascular
diseases [31]. The methanolic extract of L. stoechas,
should be beneficial with an antioxidant ability against
oxidative damage and can be proved as a protection system for the human body. This activity can be
attributed to the flavonoids with potential antioxidant
substances with the capacity to trap free radicals. L.
stoechas can be used on development research and
may be a source of natural antioxidants for potential
exploitation in food, and the cosmetic and pharmaceutical industries.

4. CONCLUSION
This study revealed the ripening stage, as well as the
extraction solvent significantly affected total polyphenol, flavonoids, prothocyanidins, antioxidant and
antibacterial activities in L. stoechas. Methanol and
ethanol of the three stages of ripening contained
high amounts of phenolic compounds and exhibited
strong antioxidant and antibacterial activities. This
result is of a high important significance in the food
industry for the creation of strategies, provenance
selections and solvents with high polyphenols, flavonoids and prothocyanidins contents, and high antioxidant potential for producing specific health-promoting antioxidants.
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In-vitro multi-enzyme protein digestibility (IVMPD) and some anti-nutritional factors (ANF)
of five melon (egusi) seed flours (MSF) and their protein isolates (PI) were carried out. Their
PI have potentials comparable to that of soya bean. It is important to know the IVMPD
and ANF of these MSF and PI as to ensure their safety when adapted for use as alternate
protein sources for cow milk, which is relatively expensive in Nigeria. Standard methods
were used to produce PI from the seeds of Citrullus colocynthis, Citrullus vulgaris, African
Wine Kettle gourd (Lageneria siceraria I), Basketball gourd (Lagenaria siceraria II) and
Bushel Giant Gourd (Lageneria siceraria III). Standard methods of analysis were used to
determine the ANF and IVMPD of the MSF and PI when unheated and at 37°C. Multienzymes used were trypsin, chymotrypsin, and peptidase. IVMPD of MSF when unheated
ranged from (70.67±0.70) % (C. vulgaris) to (72.07±1.79) % (L. siceraria I) while for
PI, it ranged from 74.33% (C. vulgaris) to 77.55% (L. siceraria III). IVMPD of the PI were
higher than those of MSF. Heating increased IVMPD of MSF to give an average value of
79.40% and those of PI to give an average of 84.14%. ANF average in MSF are tannin
(0.11%), phytic acid (0.73%), % oxalate (1.08). Differences in IVMPD of MSF and their PI
at different temperatures may arise from processing conditions that alter the release of
amino acids from proteins by enzymatic processes. ANF in MSF were relatively low but
were lower in the PI, therefor making the MSF and PI safe for human consumption as an
alternate source of protein.
Keywords: Protein Isolates; Multi enzyme protein digestibility; Anti-nutrients; Melon
(egusi)

1. INTRODUCTION

CORRISPONDING AUTHOR:
joan.ogundele@fuoye.edu.ng
o.ogundele@yahoo.co.uk



Received: December 16, 2021
Accepted: February 10, 2022

Low-cost plant protein is being promoted as a substitute of costlier animal
proteins and to reduce malnutrition, mostly in children and in the growing
world population. It is known that protein quality depends on both amino acid
composition and protein digestibility [1]. Many studies reported that plant
proteins tend to have lower digestibility compared to animal protein, presumably due to the presence of anti-nutritional compounds [2, 3]. Some of the
wild and underutilised legumes such as Canavalia, Mucuna, and Sesbania,
for example, have been investigated and found to possess rich nutraceutical
values. However, the greatest impediment to utilising these legumes is the
presence of anti-nutrients, which could be successfully removed or deactivated by employing certain processing methods (cooking, dry heat treatments, germination, irradiation, soaking, heating, steaming, fermentation
among others) [4-7]. Six underutilised legume seeds grown in Nigeria namely, red, and white lima beans, brown and cream pigeon pea, African yam
bean and jack bean were analysed for different anti-nutritional factors [8].
Sojasapogenol B was identified as the predominant sapogenol in lima beans
and jackbeans by capillary gas chromatography. The content of total inositol
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phosphates and individual inositol phosphates (IP6,
IP5, IP4 and IP3) were analysed by ion-pair HPLC,
being in the range of other legumes. Trace quantities
of lupanine were identified as the alkaloid in jackbean,
alpha-Galactosides were present in all the legume
seeds, stachyose being the predominant galactoside
in lima beans, African yam bean and jack bean, and
verbascose in pigeon pea. The haemagglutinating
activity was estimated as a measure of the lectin content of the samples. African yam bean was found to
have the highest haemagglutinating activity. Tannins
were found to be in low quantities [8]. It has been
reported that protein and thiamine, mineral bioavailability [9, 10] protein and starch digestibility [11, 12]
increased, whereas phytic acid [13] and tannin [13,
14] decreased during germination of legumes [15].
Phytate is not only a very stable and potent chelating
food component that is considered to be an anti-nutrient by virtue of its ability to chelate divalent minerals
and prevent their absorption [16], but it has also been
shown to have anticancer and antioxidant activity. It
forms an iron chelate that suppresses lipid peroxidation by blocking iron-driven hydroxyl radical generation [17]. Oxalate is a concern because of its negative
effect on mineral availability. High oxalate diet can increase the risk of renal calcium absorption and has
been implicated as a source of kidney stones [18].
Processing was reported to improve the digestibility
of the protein by destroying the protease inhibitor and
opening the protein structure through denaturation
and can also cause a decrease in protein digestibility
via the non-enzymatic browning reaction and thermal
cross-linking [2]. Heat treatment was reported to have
improved in vitro-digestibility of protein [19]. The development of useful in-vitro methods for the determination of protein digestibility has been reported [20],
in particular the multi-enzyme in-vitro procedure has
shown good correlations with in-vivo methods [20].
In these procedures digestibility is estimated by measuring the fall in pH of the protein suspension caused
by enzymatic digestion [20]. The aim of this work is
therefore to determine some anti-nutritional factors,
the in-vitro-multi-enzyme protein digestibility, and the
effects of heating on the in-vitro multi-enzyme protein
digestibility of five varieties of melon (egusi) seeds and
their protein isolates.

2. MATERIALS AND METHOD
2.1 PREPARATION OF RAW SAMPLES FLOUR

Melon seeds used for this research work are Citrullus colocynthis, Citrullus vulgaris, Lageneria siceraria I
(African wine kettle), Lageneria siceraria II (Basketball
gourd) and Lageneria siceraria III (Bushel giant gourd).
The seeds were brought from Ilora in Oyo State, Nigeria and identified at Forestry Research Institute of
Nigeria (FRIN), Ibadan, Oyo State, Nigeria [21]. They
were dehusked, sundried, picked and milled in a
blender. The flour samples were kept in polythene

bags, then in plastic containers and stored at a low
temperature, prior to analysis.

2.2 PREPARATION OF PROTEIN ISOLATES.

The protein isolates of the above-mentioned seeds
were prepared according to the method described by
Adebowale, [22]. The melon seed flour that has been
defatted in a soxhlet’s apparatus with n-hexane for
about 9 hours was used as the starting material. The
slurry 1:10 of the defatted flour to distilled water was
stirred continuously with a magnetic stirrer (Gulfex
Medical and Scientific England) for 2 hours with the
pH adjusted with 1% sodium hydroxide to alkaline
pH for maximum solubilisation of the protein into the
solution. The slurry was centrifuged at 3500 rpm for
15 minutes or at 1800 rpm for 30 minutes. Decanting the supernatant into a clean plastic container, the
residue protein was further extracted with half the
volume of distilled water used initially, repeatedly for
two times more. The supernatant was pulled together, and the pH adjusted with 1 M HCl to the pre-determined isoelectric points of the protein samples in
other to precipitate the soluble protein in the solution.
The extract was further centrifuged at 6000 rpm in
a refrigerated centrifuge (Centurion Scientific Limited) at 4°C for 15 minutes. The supernatant was decanted, and the protein concentrate dialysed against
distilled water for 24 hours, using dialysis tubes and
then freeze dried in a lyophiliser. The Protein Isolates
were kept in an airtight polythene bag and labelled
appropriately.

2.3 DETERMINATION OF IN-VITRO MULTI-ENZYMES
PROTEIN DIGESTIBILITY (IVPD)

The in-vitro multi-enzyme protein digestibility of the
samples was determined according to [19]. The enzymes used for IVPD are porcine pancreatic trypsin,
bovine pancreatic chymotrypsin and porcine protease
type xxiv peptidase all purchased from Sigma USA.
The in-vitro method used was a multi-enzyme system
consisting of trypsin, chemo-trypsin and peptidase as
reported by [19]. The protein isolates were dissolved
in distilled water to give a sample suspension of 6.25
mg protein per ml respectively. The pH of each protein- suspension was adjusted to pH 8.0, with 0.1 M
HCl and 0.1 M NaOH. The suspensions were kept in
water bath at about 37°C with constant stirring. Fresh
multi-enzyme solution was prepared, 200 ml of which
contained 320mg trypsin, 620 mg chemo-trypsin
and 260 mg peptidase. The multi-enzyme solution
was maintained in the ice bath and adjusted to pH
8.0 with 0.1 M HCl and 0.1 M NaOH. Five millilitres
of the multi-enzyme solution were added to each
sample suspension with constant stirring and heated
at 37°C. The pH of each of the sample suspension
was recorded after adding the multi-enzyme solution
and 10 minutes after heating the suspension with the
multi enzymes in them. The IVPD was calculated using the equation [19]:
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y = 210.464 – 18.103x

Where:
y = invitro digestibility (%)
x = pH of sample suspension after 10 minutes.

3. RESULTS AND DISCUSSION
3.1 IN-VITRO MULTI ENZYME PROTEIN DIGESTIBILITY
(IVMPD) OF SAMPLES

In-vitro multi-enzyme protein digestibility of the gourd
melon (egusi) seed flours is seen in Table I. The IVMPD
of the raw samples ranges from (70.67±0.70) % (C.
vulgaris) to (72.07±1.79) % (L. siceraria I) with an av2.4.1 Determination of Tannin
erage IVMPD of (71.33±1.15) %, Table I. The values
Tannins were determined by spectrophotometry at are closely related with coefficient of variation 1.15,
725 nm as described in [23]. Total tannins were cal- showing that the values are not significantly different
culated as the difference of total phenols prior to and since P≤0.05. The IVMPD of the gourd melon seeds
after tannin removal from the sample extract using in this study are close to that of dehulled African yam
polyvinylpyrrolidone.
bean flour (72.30-74.10) % as reported by [29], but a
little lower than the values of the five varieties of Afri2.4.2 Determination of Phytic acid
can yam beans when not heated, which ranges from
Phytic acid was determined by spectrophotometry (76.96-82.30) % with an average value of 79.27% as
according to [24-26]. Samples were extracted with reported by [30]. However, after heating, the IVMPD
HNO3 and reacted with FeNH4(SO4)2. Following cen- increased appreciably for all the five gourd seeds with
trifugation, the filtrate was reacted with NH4CNS and values ranging from (77.50±1.92) % (C.colocynthis)
its absorbance was measured at 465 nm.
to (80.85±0.77) % (L.siceraria II), with an average of
79.40% Table I. The percentage difference between
2.4.3 Determination of Oxalate
the raw and heated gourd melon (egusi) seeds ranging from (8.99 to 13.53) % with an average value of
Oxalate was determined according to [27].
11.33%. The differences in digestibility values of protein may arise from inherent differences in the nature
2.5 STATISTICAL ANALYSIS
Statistical analysis of data was done to determine the of protein in food such as amino acid bonding, promean, standard deviation and coefficient of variation tein conuration from the presence of non-protein conusing SPSS. A two-factor analysis of variance (ANO- stituents which may modify digestion (dietary fibre,
VA) method at significance level P < 0.05 was done. tannins and phytates) to the presence of anti-physioThe results are expressed as mean ± standard devi- logical factor or from processing conditions that alter
the release of amino acids from proteins by enzymatic
ation [28].
processes
[20].temperature
Table II shows
the heated
IVMPD of the proTable I - In-vitro multi enzyme protein digestibility of varieties of gourd
seeds at room
and when

2.4 DETERMINATION OF ANTI-NUTRITIONAL
FACTORS

Sample
Digestibility
Table
I - In-vitro multi enzyme protein digestibility of varieties
of gourd(%)
seeds at room temperature and when heated
C.colocynthis
Sample
C.vulgaris
L.siceraria I
C.colocynthis
L.siceraria II
C.vulgaris
L.siceraria III
L.siceraria
I
Mean
L.siceraria
II
S.D.
L.siceraria
III
% C.V
Mean
S.D.
% C.V

Normal
71.11±0.31
70.67±0.70
Normal
72.07±0.13
71.11±0.31
71.20±0.18
70.67±0.70
71.62±1.79
72.07±0.13
71.33
71.20±0.18
0.82
71.62±1.79
1.15
71.33
0.82
1.15

Heated
77.50±1.92
Digestibility
78.22±2.17 (%)
Heated
79.76±0.00
77.50±1.92
80.85±0.77
78.22±2.17
80.76±0.80
79.76±0.00
79.40
80.85±0.77
1.76
80.76±0.80
2.22
79.40
1.76
2.22

Difference
6.39
7.55
Difference
7.69
6.39
9.65
7.55
9.14
7.69
8.08
9.65
1.31
9.14
16.21
8.08
1.31
16.21

% Difference
8.99
10.68
%
Difference
10.67
8.99
13.53
10.68
12.76
10.67
11.33
13.53
1.82
12.76
16.06
11.33
1.82
16.06

Table II - In-vitro multi-enzyme protein digestibility of protein isolates (PI) of some gourd seeds at Room temperature and when
heated
Table II - In-vitro multi-enzyme protein digestibility of protein
isolates
Digestibility
(%)(PI) of some gourd seeds at Room temperature and when
Sample
heated
Normal
Heated
Difference
% Difference
C.colocynthis PI
C.vulgaris
Sample PI
L.siceraria I PI
C.colocynthis
L.siceraria II PIPI
C.vulgaris
L.siceraria PI
III PI
L.siceraria
I PI
Mean
L.siceraria
II PI
S.D.
L.siceraria
III PI
% C.V
Mean
S.D.
% C.V

74.42±0.13
74.33±0.51
Normal
74.69±0.51
74.42±0.13
76.41±0.70
74.33±0.51
77.55±0.19
74.69±0.51
75.50
76.41±0.70
1.37
77.55±0.19
1.81
75.50
1.37
1.81

86.19±0.64
Digestibility
83.25±0.77 (%)
Heated
86.37±0.38
86.19±0.64
83.02±0.00
83.25±0.77
81.40±0.32
86.37±0.38
84.14
83.02±0.00
2.04
81.40±0.32
2.42
84.14
2.04
2.42

11.77
8.92
Difference
11.68
11.77
6.61
8.92
3.85
11.68
8.79
6.61
3.03
3.85
34.47
8.79
3.03
34.47

15.82
12.00
%
Difference
15.64
15.82
8.65
12.00
4.96
15.64
11.41
8.65
4.66
4.96
40.84
11.41
4.66
40.84
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Table III - Comparison between the in-vitro multi-enzyme protein digestibility of raw gourd seed flours and their protein isolates at
room temperature
Sample
C.colocynthis
C.vulgaris
L.siceraria I
L.siceraria II
L.siceraria III
Mean
S.D.
% C.V.

Raw
71.11±0.31
70.67±0.70
72.07±0.13
71.20±0.18
71.62±1.79
71.33
0.81
1.15

Digestibility (%)
Protein isolate
74.42±0.13
74.33±0.51
74.69±0.51
76.41±0.13
77.55±0.19
75.50
1.37
1.81

Difference
3.31
3.66
2.62
5.21
5.93
4.15
1.38
33.25

% Difference
4.65
5.18
3.64
7.32
8.28
5.81
1.93
33.22

Table IV - Comparison of in-vitro multi-enzyme digestibility of varieties of gourd seed and their protein isolates when heated (37°C)

Digestibility (%)
Protein isolate
% Difference
Table IV - Comparison Difference
of in-vitro multi-enzyme
digestibility of varieties of gourd
C.colocynthis
86.19±0.64
8.69
11.21
Digestibility (%)
C.vulgaris
83.25±0.77
5.05
6.43
Sample
Protein isolate
L.siceraria I
86.37±0.38
6.61 Raw
8.29
86.19±0.64
L.siceraria II
83.02±0.00 C.colocynthis
2.17 77.50±1.92
2.68
83.25±0.77
L.siceraria III
81.40±0.32 C.vulgaris
0.64 78.22±2.17
0.70
Table
IV - Comparison
of in-vitro
multi-enzyme
of varieties of gourd
L.siceraria
I
79.76±0.00
86.37±0.38
Mean
84.14
4.63
5.86 digestibility
L.siceraria II
83.02±0.00
S.D.
2.04
3.26 80.85±0.80
4.23
Digestibility
L.siceraria
81.40±0.32 (%)
% C.V.
2.42
70.4180.76±0.64
72.18
Sample III
Raw
Protein
Mean
79.42
84.14 isolate
C.colocynthis
77.50±1.92
86.19±0.64
S.D.
1.76
2.04
tein isolates of the gourd seeds under normal condi- 0.0927%
(L.siceraria
II)
to
0.1283%
(C.
Vulgaris),
%
C.vulgaris
78.22±2.17
83.25±0.77
% C.V.
2.22
2.42
L.siceraria
I ranged from
79.76±0.00
86.37±0.38
tion and when heated. The IVMPD of the PI are than Phytic
acid
0.4737 (L. siceraria III)
to
L.siceraria
II
80.85±0.80
those of the MSF raw gourd melon (egusi) seed sam- 1.11
(C. vulgaris).
These
values are little lower 83.02±0.00
than
L.siceraria
III
ples in Table I. Under normal condition, the IVMPD 0.60%
tannins,
2.23% 80.76±0.64
phytic acid reported for81.40±0.32
raw
Mean
79.42
84.14
of the PI ranges from 74.33% (C.vulgaris) to 77.55% moringer leaves [31]. % Oxalate in the MSF ranged
Table V - Anti-nutritional Factors of varieties of gourd melon
S.D.
1.76
2.04
(L.siceraria III). Heating the protein isolates, further in- from 0.90 (L. siceraria II) to 1.35 (C. vulgaris). ANF
% C.V.
2.22
2.42
seeds flours (MSF)
Sample
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Raw
77.50±1.92
78.22±2.17
79.76±0.00
80.85±0.80
80.76±0.64
79.42
1.76
2.22

creased the digestibility to values ranging from (81.40
toSample
86.37) %. These
values %compare
% Tannin
Phytic acidfavourably
% Oxalatewith
the
IVMPD reported
for soy0.6320±1.21
concentrates
(87.70%),
C.colocynthis
0.1057±0.49
1.08±0.00
wheat
concentrates
(89.90%),
cotton
seeds
(85.30%)
C.vulgaris
0.1283±0.29 1.1190±1.21
1.35±0.00
and
soy
isolates
(89.60%)
[19].
Hence,
the
protein
L.siceraria I
0.1003±0.12 0.7487±1.15
0.95±0.06
isolates of the varieties of gourd seeds flours have
L.siceraria II
0.0927±0.11 0.6600±0.00
0.90±0.00
higher multi enzyme protein digestibility when heatL.siceraria III
0.1137±0.06 0.4737±3.52
1.13±0.00
ed. Processing can improve the digestibility of protein
0.10814
0.72668
1.082
byAverage
destroying protease
inhibitor
and opening
of the
protein structure through denaturation and can also
cause decrease in protein digestibility via the non-enzymatic browning reaction and thermal cross-linking
[31, 32].
Under normal room temperature conditions, the digestibility of the protein isolates are far higher than
Table VI - Anti-nutritional Factors of varieties of gourd seeds
those of the raw flour samples with % difference
protein isolates
ranging from 3.64% (L.siceraria I) to 8.28% (L.siceraria III) with a mean of 5.81%, Table III. Similarly, when
Sample
% Tannin
% Phytic acid % Oxalate
heated, the IVMPD of the gourd melon seed protein
C.colocynthis PI 0.0230±0.00 0.3777±1.15
0.36±0.00
isolates is equally higher than those of the correC.vulgaris PI
0.0290±0.00 0.2470±0.00
sponding gourd seed flours when heated. 0.27±0.00
The differL.siceraria
I PIheated
0.0220±0.44
0.2060±0.00
ND heated
ence
in the
gourd seeds
flour and the
L.siceraria
II PIprotein
0.0407±0.58
0.5833±2.36
gourd
seed
isolates follow
similar ND
trend with
L.siceraria
III
PI
0.0337±0.06
0.2880±0.00
ND
an average of 5.86%, Table IV.

in the PI of the gourde melon seeds are seen in Table VI.V Comparing
theFactors
anti-nutritional
the
Table
- Anti-nutritional
of varieties factors
of gourdof
melon
PI with
the(MSF)
values in the raw MSF, % Tannin in the
seeds
flours
PI of the gourd melon (egusi seeds) reduced from
Sample to 0.0230
% Tannin
% Phytic 0.1283
acid %to
Oxalate
0.1057
(C. colocynthis),
0.0290
C.colocynthis
0.1057±0.49 0.6320±1.21
1.08±0.00
C.vulgaris
0.1283±0.29
Table
V - Anti-nutritional
Factors1.1190±1.21
of varieties of 1.35±0.00
gourd melon
L.siceraria
0.95±0.06
seeds
flours I(MSF)0.1003±0.12 0.7487±1.15
L.siceraria II
0.0927±0.11 0.6600±0.00
0.90±0.00
Sample
%
Tannin
%
Phytic acid %
Oxalate
L.siceraria III
0.1137±0.06
0.4737±3.52
1.13±0.00
C.colocynthis
0.1057±0.49 0.72668
0.6320±1.21
1.08±0.00
Average
0.10814
1.082
C.vulgaris
0.1283±0.29 1.1190±1.21
1.35±0.00
L.siceraria I
0.1003±0.12 0.7487±1.15
0.95±0.06
L.siceraria II
0.0927±0.11 0.6600±0.00
0.90±0.00
L.siceraria III
0.1137±0.06 0.4737±3.52
1.13±0.00
Average
0.10814
0.72668
1.082

Table VI - Anti-nutritional Factors of varieties of gourd seeds
protein isolates

Sample
% Tannin
% Phytic acid % Oxalate
C.colocynthis PI 0.0230±0.00 0.3777±1.15
0.36±0.00
C.vulgaris
PI
0.0290±0.00
0.27±0.00
Table
VI - Anti-nutritional
Factors of0.2470±0.00
varieties of gourd
seeds
protein
isolates
L.siceraria I PI
0.0220±0.44 0.2060±0.00
ND
ND = Not Determined
L.siceraria II PI
0.0407±0.58 0.5833±2.36
ND
3.2 RESULT OF ANTI-NUTRITIONAL FACTORS
Sample
% Tannin
%
Phytic acid %
L.siceraria III PI 0.0337±0.06
0.2880±0.00
NDOxalate
Table V shows the result of the anti-nutritional facC.colocynthis PI 0.0230±0.00 0.3777±1.15
0.36±0.00
ND = Not Determined
tors (ANF) determined in the MSF. Tannin ranged from
C.vulgaris PI
0.0290±0.00 0.2470±0.00
0.27±0.00
L.siceraria I PI
0.0220±0.44 0.2060±0.00
ND
L.siceraria II PI
0.0407±0.58 0.5833±2.36
ND
La rivista italiana delle sostanze grasse
- VOL.
- LUGLIO/SETTEMBRE
L.siceraria
III PI XCIX
0.0337±0.06
0.2880±0.00
ND 2022
ND = Not Determined

(C. vulgaris), 0.1003 to 0.0220 (L. siceraria I), 0.0927
to 0.0407 (L.siceraria II) and from 0.1137 to 0.0338
(L. siceraria III). Tannin therefor ranged from 0.0230
(C. colocynthis) to 0.0407 (L.siceraria II) for the PI.
% Phytic acid in the PI also reduced from 0.6320 to
0.3777 (C. colocynthis), from 1.1190 to 0.2470 in
(C. vulgaris), 0.7487 to 0.2060 (L. siceraria I), from
0.6600 to 0.5833 (L. siceraria II) and from 0.4737 to
0.2880 (L. siceraria III). % phytic acid in the PI therefore ranged from 0.2060 (L. siceraria I) to 0.5833 (L.
siceraria II). Reduction in the % Tannin and % Phytic
acid observed in the PI than in the raw MSF is consistent with the observations made by researchers that
anti-nutritional factors, like Tannin and Phytic acid are
generally reduced after processing [31]. % Oxalate
also reduced in the PI than the few traces noticed in
the MSF from 1.08 to 0.36 (C. colocynthis) and from
1.35 to 0.27 (C. vulgaris). Oxalate in the PI therefor
ranged from 0.27 (C. vulgaris) to 0.36 (C. colocynthis) and oxalate was not determined in the remaining
three varieties of L. siceraria PI. ANF in the PI of the
gourde melon seeds are, generally, much lower than
those of the gourd melon (egusi) seed flours.

[4]

[5]

[6]

[7]

[8]

CONCLUSION
The IVMPD of the gourd melon seed protein isolates
PI are higher than those of the corresponding gourd
seed MSF samples. Heating significantly increased
the IVMPD of both the raw MSF samples and the PI.
The anti-nutritional contents of the melon seed flour
samples and their corresponding PI were very small
and hence, make the samples suitable for human
consumption and the application of their protein isolates as protein supplements and as a good substitute for animal proteins which are relatively costly in
Nigeria.

[9]

[10]
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In this study, differences in oil contents, bioactive properties (total phenol, total flavonoid,
total chlorophyll, antioxidant activity), fatty acids and polyphenols of rapeseed and
oils harvested in Turkey (Yarma-Karatay-Konya) were investigated. The chlorophyll-a
and chlorophyll-b amounts of seeds changed between 1.45 (Sygenta Linus) and
4.45 µg/g (PR44W29) to 0.07 (Neptune) and 4.74 µg/g (Sygenta Linus), respectively.
Total chlorophyll contents of rapeseed varieties changed between 1.30 (PR44W29)
and 2.37 mg/kg (Neptune). Total phenol and flavonoid amounts of rapeseed samples
varied between 54.82 (Neptune) and 75.69 mgGAE/100g (Sygenta Linus) to 111.31
(Neptune) and 138.21 mg/100g (Sygenta Linus), respectively. Antioxidant activity values
of rapeseeds were measured between 2.84 (Neptune) and 3.30 mmol/kg (Sygenta
Linus). Oleic, linoleic, linolenic, and palmitic acids were found in abundant amounts in
rapeseed oils. Oleic and linoleic acid amounts of rapeseed oils were found between
60.97 (Neptune) and 63.96% (Neptune) to 19.02 (Sygenta Linus) and 22.52% (Neptune),
respectively. While gallic acid contents of rapeseeds vary between 15.44 (Neptune) and
23.27 mg/100g (Sygenta Linus), gallic acid amounts of rapeseed oils were identified
between 14.10 (Neptune) and 19.15 mg/100g (Sygenta Linus).
Keywords: rapeseed, variety, oil, chlorophyll, bioactive compounds, fatty acids,
polyphenols, minerals

1. INTRODUCTION
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Rapeseed (Brassica napus oleifera L.) is a good source of edible raw materials, and it is an annual plant [1]. The importance of seeds, fruits and vegetables has been emphasised recently due to some of their functional and bioactive properties [2]. Its oil is considered one of the healthiest cooking oils due
to its nutritional value, abundant unsaturated fat, and beneficial fatty acids. In
addition, rapeseed oil contains nutritionally appropriate essential fatty acids
in a ratio of 2:1 (linoleic/ linolenic) [3]. It is thought that this ratio rapeseed oil
in essential fatty acids can be consumed as part of a healthy diet. Sinapic
acid and its derivatives such as sinapine, sinapoylglucose, phenylindon and
4-vinylsyringol trimer are the main antioxidant components of rapeseed oil
[4]. In addition, these polyphenolics found in rapeseed oil can also affect the
sensory properties of the oil [5]. Phenolic compounds, commonly found in
plants, are the main source of primary antioxidants [6]. Phenolic compounds
formed as secondary metabolites in plants have an important role as defence
compounds in plants [7]. It has been reported that the phenolic component
content of rapeseed in oilseeds is higher than other seeds, and rapeseed
phenolic compounds are used as powerful antioxidants in foods and in the
cosmetic and pharmaceutical field [8]. Rapeseed oil is known to have high nutritional value because it contains many active biological compounds such as
phytosterols, essential fatty acids, tocopherol, phenolic compounds, β-car-
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otene [9, 10]. Variety, geographical location, growing
conditions and processing techniques are among the
factors that affect the chemical composition of rapeseed oil [8, 11]. Rapeseed is the seed obtained from
a plant also known as rapeseed or canola in Turkey.
Rapeseed is a product mostly used in the production
of edible oil. Significant efforts have been made in recent years to develop models for rapeseed. Several
species of Cruciferae are currently cultivated as oil
crops, such as B. napus, Brassica campestris [12].
The aim of current study was to compare differences
in oil contents, bioactive properties (total phenol, total
flavonoid, total chlorophyll, antioxidant activity), fatty
acids and polyphenols of rapeseed and oils harvested in Turkey (Yarma-Karatay-Konya) in 2020

2. MATERIAL AND METHODS
2.1. MATERIAL

Rapeseeds were harvested in the Konya (Yarma-Karatay) district in Turkey in July 2020. After the
seeds were harvested, they were cleaned of any foreign matter such as leaves, stems, soil, foreign seeds
and dried at room temperature. Air dried rapeseeds
were stored in a glass jar in the refrigerator until analysis.

2.2 METHODS
2.2.1 Moisture content

The moisture amounts of rapeseed samples were
measured at 105°C using an oven until a constant
weight.
242

2.2.2 Chlorophyll content of rapeseed

After each ground rapeseed sample (5 g) was stirred
with 25 ml of acetone, it was sonicated for 10 minutes. The mixture was filtered on filter paper and then
taken into a measuring balloon. The volume of the
flask was made up with acetone:water (80:20, v/v)
mixture. Absorbance values of the samples were reported for chlorophyll a and chlorophyll b at 663 nm
and 645 nm, respectively [13].
Chlorophyll a =

((12.7 × 663)-(2.69 × 645) × V)
(1000 × m)

((22.9 × 645)-(4.68 × 663) × V)
(1000 × m)
(V: Volume of flask, m: Amount of sample)

Chlorophyll b =

2.2.3. Chlorophyll content of rapeseed oil

The chlorophyll contents of rapeseed oil samples
were determined by spectrophotometer and measured at 670 nm [14].
(A670 × 106)
Chlorophyll (mg/kg) =
(613 × 100 × d)
(A: Absorbance, d: Thickness of cuvette)


2.2.4. Oil content

Rapeseed cleaned of foreign matter was ground
through a 0.5 mesh sieve in a laboratory mill. After
weighing approximately 10 g of ground rapeseed into
a Soxhlet cartridge, the cartridge was placed in the
Soxhlet chamber. The oil of each sample was obtained with petroleum ether in the Soxhlet for 5 hours
at 50°C. After petroleum ether was then evaporated
by a rotary evaporator at 50°C, the amount of remaining crude oil was calculated gravimetrically [15].

2.2.5. Extraction procedure

Seed powders were extracted according to methods
described by Jakopic et al. [16] with some changes.
15 ml of methanol was added to the ground samples
(5 g). After the solution was stored in an ultrasonic
water-bath for 1 h, it was centrifuged at 6000 rpm for
10 minutes and the supernatant was filtered through
a 0.45 µm membrane filter. After the n-hexane (15 ml)
solution was added, it was stirred using a vortex apparatus. Then, a separating funnel was used to separate the methanol and hexane layer in the sample.
Later, the extracts obtained after evaporation were
dissolved in 10 ml of methanol [16].
Seed oils were extracted according to Durmaz and
Gökmen [17]. Oil sample (1 g) was mixed with 5 ml
of methanol: water (70:30, v/v). The mixture was vortexed for 1 min, followed by centrifugation at 6000
rpm for 5 min, and then the supernatant was removed. These steps were repeated twice, and the
extract was washed three times using 2 ml of n-hexane, and the solution was filtered prior to injection.

2.2.6. Total phenolic content

The Folin-Ciocalteu method stated by Yoo et al. [18]
was used to determine total phenolic contents of
seed extracts. After 1 ml Folin-Ciocalteu and 10 ml
of 7.5% Na2CO3 were added to extract, mixture was
stirred using the vortex. The deionised water was
added until 25 ml and sample and kept in the dark for
1 h. The absorbance values of samples were recorded at 750 nm. The findings were described as mg
gallic acid equivalent/100 g (dw).

2.2.7. Total flavonoid content

For the total flavonoid contents of samples, then
0.3 ml of NaNO2, 0.3 ml of AlCl3 and 2 ml of NaOH,
respectively, were added to 1 mL rapeseed extract,
and vigorously mixed using a vortex. Then it was kept
in the dark for 15 min. The absorbance value of each
sample was determined at 510 nm using a spectrophotometer. The results obtained are stated as mg
quercetin (QE)/100g [19].

2.2.8. Antioxidant activity

The 1.1-diphenyl-2-picrylhydrazyl (DPPH) was used
to determine the free radical scavenging activity of extracts [20]. After 2 ml of a methanolic solution of DPPH
was added to the extract, it was mixed using a Vortex
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and then kept in dark for 30 min. After this, the absorbance value of each sample was recorded at 517 nm.
The results are described as mmol trolox (TE)/kg.

variation sources were compared to Tukey Test. The
significance level is given as p<0.05 unless otherwise
stated. The analyses were repeated 3 times (n=3).

2.2.9 Fatty acid composition

3. RESULTS AND DISCUSSION

Gas chromatography (Shimadzu GC-2010) equipped
with a flame-ionisation detector (FID) and a capillary
column (Tecnocroma TR-CN100, 60 m × 0.25 mm,
film thickness: 0.20 µm) was used to determine the
fatty acid methyl esters of rapeseed oil esterificated
according to ISO-5509 (1978) method. The temperature of the injection block and detector was 260°C.
1.51 ml/min flow rate, 80 ml/min and 1/40 were set
for mobile phase, total flow and split rates were nitrogen, respectively. Column temperature was set
120°C for 5 minutes and increased 240°C at 4°C/min
and held 25 minutes at 240°C.

2.2.10. Determination of phenolic compounds

The chromatographic separation of phenolic constituents with High Power Liquid Chromatography
equipped with a PDA detector and an Inertsil ODS-3
(5 µm; 4.6 × 250 mm) column was carried out. A mixture of 0.05% acetic acid in water (A) and acetonitrile
(B) with the flow rate of 1 ml/min at 30°C was used as
a mobile phase. 20 µl was considered as the injection
volume. The peaks were obtained at 280 using a PDA
detector.

2.2.11. Tocopherol content

Tocopherol content was identified according to methods stated by Spika et al. [21] with some changes.
After 1g oil was stirred in 3 ml of n-hexane, mixture
was filtered using a filter (0.45 µm). HPLC (Shimadzu)
equipped with PDA detector and LiChroCART Silica
60 (4.6 × 250 mm, 5 µ; Merck, Darmstadt, Germany)
column was used to detect tocopherols in rapeseed
oil. The flow rate of the mobile phase and the injection
volume were 0.9 ml/min and 20 µl, respectively. 295
and 330 nm with PDA detector were used to obtain
the peaks. The total running time per sample was 30
min.

2.3. STATISTICAL ANALYSIS

Analysis of the results was performed using Minitab-16 statistical program. The means of significant

3.1. THE CHEMICAL PROPERTIES, BIOACTIVE
COMPOUNDS AND ANTIOXIDANT ACTIVITIES OF
SOME RAPESEEDS

The chemical properties of three rapeseed varieties
are presented in Table I. No significant differences
between the moisture contents of rapeseed samples
were observed. While chlorophyll-a contents of seeds
change between 1.45 µg/g (Sygenta linus) and 4.45
µg/g (PR44W29), chlorophyll-b amounts of rapeseed
samples were determined between 0.07 (Neptune)
and 4.74 µg/g (Sygenta Linus). Also, total chlorophyll
amounts of rapeseed oils were measured between
1.30 (PR44W29) and 2.37 mg/kg (Neptune). The oil
amounts of rapeseeds were determined between
35.70% (PR44W29) and 37.70% (Sygenta Linus).
While total phenol amounts of rapeseed samples
vary between 54.82 mgGAE/100g (Neptune) and
75.69 mgGAE/100g (Sygenta Linus), antioxidant activity values of rapeseeds were measured between
2.84 mmol/kg (Neptune) and 3.30 mmol/kg (Sygenta Linus). As seen, total flavonoid contents of rapeseeds were measured between 111.31 (Neptune)
and 138.21 mg/100g (Sygenta Linus). In general,
the chemical and bioactive features of the “Sygenta
Linus” rapeseed were high compared to other two
rapeseed varieties. Total phenol and flavonoid contents of rapeseeds showed a relationship with the
antioxidant activity values of rapeseeds. Rapeseed oil
contained 1.31 mg CAE/100g total phenol [22]. The
total phenol amounts of rapeseed oils changed between 40.3 and 412.3 mgGA/kg [11]. Findings exhibited some fluctuations compared to results of previous
studies. These fluctuations can be presumably due to
variety, genetic, climatic factors, growing conditions,
harvest time, extraction system and solvent type used.

3.2. THE FATTY ACID COMPOSITIONS OF THREE
DIFFERENT RAPESEED OILS

The fatty acid compositions of the oils of three different
rapeseed varieties (PR44W29, Neptune and Sygenta

Table I - Some chemical and bioactive properties of rapeseed
Sample
PR44W29
Neptune
Sygenta Linus
Sample
PR44W29
Neptune
Sygenta Linus

Moisture content (%)
7.22 ± 0.69*
7.36 ± 0.17
7.06 ± 0.39
Total phenolic content
(mg/100g)
71.77 ± 3.32A
54.82 ± 1.53B
75.69 ± 3.10A

Chlorophyll a (μg/g seed)
4.45 ± 0.00A**
1.63 ± 0.00B
1.45 ± 0.00B
Total flavonoid content
(mg/100g)
125.36 ± 3.55B
111.31 ± 0.34C
138.21 ± 4.56A

Chlorophyll b μg/g seed)
3.55 ± 0.00A
0.07 ± 0.00B
4.74 ± 0.00A
Antioxidant activity
(mmol/kg)
3.11 ± 0.01B
2.84 ± 0.03C
3.30 ± 0.00A

Oil content (%)
35.70 ± 0.80
37.45 ± 0.55
37.70 ± 0.20
Chlorophyll content
(mg/kg oil)
1.30 ± 0.01C
2.37 ± 0.01A
1.57 ± 0.02B

* values within each column followed by different letters are significantly different at p>0.05
** values within each column followed by different letters are significantly different at p<0.01
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Table II - Fatty acid composition of rapeseed oils
Fatty acids (%)

PR44W29

Neptune

Sygenta Linus

243

** values within each column followed by different letters are significantly different at p<0.01

Table II - Fatty acid composition of rapeseed oils
Fatty acids (%)
Palmitic
Stearic
Oleic
Linoleic
Arachidic
Linolenic
Behenic
Erucic

PR44W29
4.49 ± 0.08b
5.36 ± 1.64*
61.93 ± 1.09
19.06 ± 0.38B**
0.52 ± 0.02ab***
8.38 ± 0.12B
0.26 ± 0.02
–

Neptune
5.08 ± 0.00a
1.36 ± 0.00
60.97 ± 0.00
22.52 ± 0.02A
0.41 ± 0.00b
9.30 ± 0.04A
0.24 ± 0.01
0.14 ± 0.01

Sygenta Linus
4.93 ± 0.12ab
1.93 ± 0.02
63.96 ± 0.13
19.02 ± 0.02B
0.55 ± 0.04a
9.33 ± 0.07A
0.28 ± 0.03
–

* values within each row followed by different letters are significantly different at p>0.05
** values within each row followed by different letters are significantly different at p<0.01
*** values within each row followed by different letters are significantly different at p<0.05
–: Not dedected
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Linus) are presented in Table II. Results showed some
changes depending on rapeseed oil (Fig. 1). Oleic, linoleic, linolenic, and palmitic acids were the vast fatty
acids of rapeseed oils. While oleic acid amounts of
rapeseed oils are identified between 60.97% (Neptune) and 63.96% (Neptune), linoleic acid contents of
seed oils were detected between 19.02% (Sygenta
Linus) and 22.52% (Neptune). As saturated fatty acids, palmitic acid amounts of oil samples were identified between 4.49% (PR44W29) and 5.08% (Neptune) while stearic acid amounts of oil samples vary
between 1.36% (Neptune) and 5.36% (PR44W29).
Other fatty acids were found at minor levels. Oleic,
arachidic, linolenic and behenic acid amounts of Sygenta Linus oil were high compared to other varieties.
Rapeseed oil contains 1.5-6.0% palmitic, 0.5-3.1%
stearic, 28% oleic, 11-23% linoleic and 5-13% linolenic acids [10]. Szydlowska-Czerniak et al. [23]
reported that rapeseed oils contained 4.36-4.57%
palmitic, 1.59-1.82% stearic, 61.89-64.21% oleic,
18.50-19.91% linoleic and 8.52-10.70% linolenic
acids. Bozdoğan-Konuşkan [24] determined 3.97%
palmitic, 2.12% stearic, 63.68% oleic, 17.43% linoleic, 6.75% ¥-linolenic, 2.82% eicosenoic and 1.93%
erucic acids in rapeseed oil. It was determined that
the dominant fatty acids obtained were like the literature and partial differences were found in their
amounts. These differences may probably be due to
factors such as location, variety, climatic factors, harvest time, growing conditions, fertilisation.

3.3. THE PHENOLIC CONSTITUENTS AND THEIR
QUANTITATIVE VALUES OF RAPESEED AND OILS

The phenolic constituents and their quantitative values of rapeseed and their oils are shown in Table III.
The abundant phenolic constituents of rapeseed and
oils were gallic acid, followed by 3,4-dihydroxybenzoic acid, catechin and quercetin (Fig. 2). While gallic acid contents of rapeseeds vary between 15.44
(Neptune) and 23.27 mg/100g (Sygenta Linus),
gallic acid amounts of rapeseed oils were identified
between 14.10 (Neptune) and 19.15 mg/100g (Sygenta Linus). Also, while 3,4-dihydroxybenzoic acid
amounts of rapeseed varieties were detected between 6.56 (Neptune) and 37.17 mg/100g (Sygenta

Linus), 3,4-dihydroxybenzoic acid amounts of rapeseed oils were identified between 3.83 (Neptune)
and 15.45 mg/100g (PR44W29). Catechin amounts
of rapeseed and oils were established between 1.49
(Neptune) and 42.17 mg/100g (Sygenta Linus) to
2.22 mg/100g (Neptune) and 19.00 mg/100g (Sygenta Linus), respectively. Also, while quercetin contents of rapeseed samples were detected between
2.32 (PR44W29) and 6.61 mg/100g (Sygenta Linus),
quercetin amounts of rapeseed oils were detected
between 0.18 (PR44W29) and 3.29 mg/100g (Sygenta Linus). In general, the highest amounts of phenolic
components were determined in the “Sygenta Linus”
rapeseed variety. In addition, significant differences were found compared to the amount of phenolic
components of three different rapeseed oils. The possible reason for these differences in both rapeseeds
and oils may be due to the genetic structure of the
seeds, agricultural factors, climate and environmental
conditions, sunning period, and maturation situation.
In general, the phenolic components of the seeds
were high according to rapeseed oils. This shows
that the significant amount of phenolic components
of rapeseeds remains in a cake after extraction. The
vinylsyringol content of crude rapeseed oil was determined between 245 and 700 µg/g [25]. Rapeseed flour contained 639 µg/g phenolic acid [26].
Syringic acid amount of rapeseed oil was detected
as 6.8 mg/kg [27]. Rapeseed oil contained 1.6 p-hydroxybenzoic acid, 0.3 caffeic acid, 13.1 p-coumaric
acid, 5.6 ferulic acid, 236 µg/100 g sinapic acid [22].
The highest amount of sinapic acid was detected in
the insoluble bound phenolic fraction of rapeseed
meal, followed by ferulic, p-coumaric and o-coumaric acids in decreasing order [28]. In comparison
both with the Merlot wine (mother vine) standard
and the wines obtained from other two clone candidates, the Merlot wine of the clone candidate No.
022 was found to have the highest total content of all
three examined components 1.89 ± 0.05 g/L (polyphenolics), 185.59 ± 5.00 mg/L (anthocyanins) and
1.11 ± 0.03 g/L (tannins), as well as six phenolic acids
including gallic acid (25.49 ± 0.27 mg/L) [29]. The total phenolic content in 1 mg of the Bryum moravicum
extract was equivalent to 356.44 ± 9.56 µg of ferulic
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PR44W29
16.59 ± 0.25*
7.54 ± 0.08B**
2.30 ± 2.04B
1.04 ± 0.33B
0.70 ± 0.01b***
2.12 ± 0.56b
0.29 ± 0.12B
1.24 ± 0.24B
0.17 ± 0.02
2.32 ± 0.37B
0.46 ± 0.41
0.50 ± 0.39

Seed
Neptune
15.44 ± 2.61
6.56 ± 1.94B
1.49 ± 0.99B
0.30 ± 0.14B
0.58 ± 0.02b
1.38 ± 0.00b
0.30 ± 0.06B
0.72 ± 0.11B
0.21 ± 0.05
3.97 ± 0.24B
0.48 ± 0.10
0.34 ± 0.03

* values within each row followed by different letters are significantly different at p>0.05
** values within each row followed by different letters are significantly different at p<0.01
*** values within each row followed by different letters are significantly different at p<0.05

Gallic acid
3,4-Dihydroxybenzoic acid
Catechin
Caffeic acid
Syringic acid
Rutin
p-Coumaric acid
Ferulic acid
Resveratrol
Quercetin
Cinnamic acid
Kaempferol

Phenolic compounds (mg/100g)

Table III - Phenolic compounds of seed and oil of rapeseed
Sygenta Linus
23.27 ± 1.27
37.17 ± 4.50A
42.17 ± 3.07A
6.64 ± 0.17A
7.57 ± 1.74a
19.99 ± 3.43a
3.15 ± 0.35A
4.54 ± 0.35A
2.55 ± 0.93
6.61 ± 0.21A
0.71 ± 0.23
0.54 ± 0.30

PR44W29
14.22 ± 0.24
15.45 ± 4.16
14.57 ± 3.58ab
0.39 ± 0.11
0.42 ± 0.01
1.31 ± 0.45
0.48 ± 0.23
0.65 ± 0.02
0.24 ± 0.06
0.18 ± 0.01
0.48 ± 0.03
1.24 ± 0.27
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0

0

uV(x 10,000)
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C hrom at ogram
4.0

1.0

0.0

Neptune

uV(x 10,000)
5.0

C hrom at ogram
4.0

3.0

2.0

1.0

0.0

10
20
30

10
20
30
Linolenic

Behenic
Erucic

Linolenic
Behenic

Arachidic
Linolenic
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Linoleic

30

Arachidic

20

Oleic

0.0

Linoleic

1.0

Stearic

Palmitic

2.0

Arachidic

Sygenta Linus
19.15 ± 1.66
14.06 ± 1.55
19.00 ± 2.28a
0.25 ± 0.11
0.23 ± 0.02
1.08 ± 0.10
0.39 ± 0.07
0.63 ± 0.14
0.07 ± 0.02
3.29 ± 0.89
0.27 ± 0.04
2.01 ± 1.33

Linoleic

Oleic

C hrom at ogram
4.0

Stearic

Oleic

Pionar

10

Palmitic

Palmitic

0

Stearic

Oil
Neptune
14.10 ± 0.83
3.83 ± 2.77
2.22 ± 1.75b
1.59 ± 1.34
0.86 ± 0.62
0.57 ± 0.07
0.26 ± 0.03
0.55 ± 0.14
0.08 ± 0.02
2.26 ± 2.06
0.55 ± 0.16
1.31 ± 0.43

uV(x 10,000)
5.0

40
m in

40
m in

40

3.4 TOCOPHEROL CONTENTS OF RAPESEED OILS
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Sygenta Linus

Figure 1 - Fatty acid chromatograms of rapeseed oils

acid used as a standard [30]. Climatic factors such
as temperature, precipitation, growing conditions and
degree of maturity may have been effective on the
phenolic components of rapeseed.

Tocopherol amounts of rapeseed oil are illustrated in
Table IV. DL-α-tocopherol amounts of rapeseed oil
ranged between 8.56 mg/100g (PR44W29) to 8.98
mg/100g (Neptune), while β-tocopherol contents of
the oil samples varied between 6.73 mg/100g (Sygenta Linus) and 7.62 mg/100g (PR44W29) (Fig. 3).
Also, δ-tocopherol was detected only in Neptune
(5.45 mg/100g) sample. Tocopherol amounts of coldpressed rapeseed oils (line PN1 03/1i/14) and (line
PN1 563/1i/14) were as 33.07 and 29.32 alpha-tocopherol, 0.11 and 0.08 beta-tocopherol, 39.27 and
35.67 gamma-tocopherol, 0.78 and 0.51 mg/100g
delta-tocopherol [10], respectively. The initial tocopherol amount of the rapeseed oil was 610.5 mg/kg
[31]. Gogolewski et al. [32] reported that crude rapeseed oils contained 19.68-22.79 mg/100g alpha-tocopherol, 28.22-35.24 mg/100g gamma-tocopherol,
0.91-1.50 mg/100g delta-tocopherol. Cold-pressed
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Figure 2 - Phenolic chromotograms of rapeseed and oils

rapeseed oil contained 181 mg/kg alpha-tocopherol,
244 β+γ-tocopherol and 9.3 delta-tocopherol [33].
Tocopherols contribute to the oxidative stability of edible oils. α-Tocopherol is considered to have the highest nutritional value among all the different forms of
tocopherol [33]. Günç Ergönül and Köseoğlu [34] determined 418.5 alpha-tocopherol, 64.3 beta-tocoph-

erol, 328.0 gamma-tocopherol, 12.0 mg/kg delta-tocopherol in crude rapeseed oil. The results obtained
showed partially differences compared to results of
previous studies [35-36]. These changes can be presumably due to variety, genetic factors, location, temperature, harvest time and analytical factors such as
extraction and solvent type used.

Table IV - Fatty acid composition of rapeseed oils (mg/100g)
Tocopherols
DL-α-Tocopherol
β-Tocopherol
δ-Tocopherol

PR44W29
8.56 ± 0.02c*
7.62 ± 0.01a
–

Neptune
8.98 ± 0.03a
7.08 ± 0.02b
5.45 ± 0.06

Sygenta Linus
8.89 ± 0.04b
6.73 ± 0.00c
–

* values within each row followed by different letters are significantly different at p<0.05
– : Not dedected
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Figure 3 - Tocopherol contents of rapeseed oils

[8]

4. CONCLUSION
The chemical and bioactive features of the Sygenta
Linus rapeseed were high compared to other two
rapeseed varieties. Also, total phenol and flavonoid
contents of rape seeds showed a relationship with
the antioxidant activity values of rapeseeds. Results
showed some changes depending on rapeseed oil
samples. Oleic, linoleic, linolenic, and palmitic acids were the key fatty acids of rapeseed oils. The
abundant phenolic constituents of rapeseed and oils
were gallic acid, followed by 3,4-dihydroxybenzoic
acid, catechin and quercetin. In general, the highest
amounts of phenolic components were determined in
the “Sygenta Linus” rapeseed variety. DL-α-tocopherol and β-tocopherol were detected in all the rapeseed oils studied.

[9]

[10]

[11]

[12]
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The genus Magnolia comprises approximately 219 species and is widely distributed
in the Asian and American regions. The plants in the Magnolia genus posess unique
ornamental values, strong anti-pollution properties, and significant economic and
medicinal relevance due to the chemical diversity and biological potentials of their
essential oils. The current review includes 24 Magnolia species from around the world
and the chemical and biological properties of their essential oils. The data were collected
from scientific electronic databases, including Scopus, PubMed, Scielo, ScienceDirect,
SciFinder, and Google Scholar. Chemically, major components identified in most Magnolia
essential oils were eucalyptol, linalool, limonene, β-eudesmol, β-elemene, β-pinene,
and caryophyllene. Additionally, the essential oils displayed various biological activities,
including antioxidant, antimicrobial, antibacterial, antiphotoaging, antifungal, cytotoxic,
antidermatophytic, and nematocidal properties. The review emphasises Magnolia species’
chemical and biological properties and provides guidance for selecting accessions or
species with the best chemical profiles. The review also identifies species that were not
yet studied and the potentials of their essential oils.
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Magnoliaceae is a family of Magnolia in the Magnoliales order consisting of
around 17 genera and 300 species. Magnolia, Liriodendron Alcimandra, Lirianthe, Manglietia, Michelia, Pachylarnax, Parakmeria, Talauma, and Yulania
are some genera that are well-known [1]. About 219 species in the genus
Magnolia are woody plants with primitive flowers. The species are widely
distributed in the tropical and subtropical regions, mainly in Southeast United
States (US), Mexico, Central America, the Caribbean, and Southeast Asia [2].
The most common Magnolia species, M. salicifolia, M. kobus, M. macrophylla, M. ashei, M. acuminata, M. grandiflora, M. virginiana, and M. liliiflora, are
native to Japan, Korea, Southeast US, Mexico, and China, respectively [3].
The Magnolia genus encompasses deciduous and evergreen trees and
shrubs that are nine to 31 meters tall, with most species having thin and
smooth barks and soft and light-coloured woods, which are commonly used
to produce crates, boxes, and furniture [3]. The Magnolia seeds are usually
reddish and often hang pendulously with slender threads [3]. Additionally,
the species is valued for its large and fragrant white, yellow, pink, and purple
flowers, frequently smooth and shiny leaves, and cone-like fruits. The flowers, usually cup-like and fragrant, are located at the tips of branches, and
have three sepals, 6 to 12 petals arranged in two to four series, and numerous spirally arranged stamens. Moreover, the Magnolia species have unique
ornamental values, strong anti-pollution abilities, are widely adaptable, especially in China, Japan, Thailand, and India [4], and are economically important
as natural aromatic and bioactive compounds [5].
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Essential oils are composed of secondary metabolites commonly concentrated in the leaves, barks,
and fruits of aromatic plants. Essential oils have been
used since ancient times and are currently used in the
food and chemical industries, medicine, cigarettes,
candy, and cosmetics [6-7]. Studies reported that
essential oils from different Magnolia species contain
bioactive chemicals, including nerolidol, β-myrcene,
β-elemene, and linalool. The bioactive components
indicated anti-inflammatory, anticancer, antiarthritic, antiangiogenic, antioxidant, and neuroprotective
properties [5].
Recently, essential oils and other aromatic compounds resourced from plants used as alternative
medicine are gaining interest. The essential oils from
the Magnolia genus have been extensively studied,
with the most reported species being M. grandiflora,
M. liliflora, and M. officinalis [8]. The current review on
Magnolia essential oils aimed to simplify and compile
the information available thus far. The information was
obtained via electronic searches in Scopus, PubMed,
Scielo, ScienceDirect, SciFinder, and Google Scholar.
Additionally, the review provided an overview of the
chemical compositions, biological activities, and medicinal uses of previously published reports on Magnolia essential oils.

2. SEARCH STRATEGY

250

The systematic review was conducted through
searches using Scopus, PubMed, Scielo, ScienceDirect, SciFinder, and Google Scholar. The keywords
used were ‘Magnolia’, ‘essential oil’, and ‘biological
activity’. Articles covering the period from the beginning of the database until May 2021 were all viewed.
The protocol for performing the current study was developed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement (PRISMA) [9]. Figure 1 displays the flow diagram
for the identification and selection of articles. First,
duplicate articles were excluded, titles and abstracts
were then read, and the inclusion and exclusion criteria were applied. Lastly, all the articles resulting from
the previous stages were fully read, and the inclusion and exclusion criteria were applied again. At the
end of the final step, the articles that fulfilled all criteria were selected for this study. Additionally, manual
search of the reference lists of the included studies
were conducted. Articles on the genus of Magnolia
that reported traditional uses, essential oils, and their
biological activities were covered.
The inclusion criteria for the current review were
original research articles in English, Portuguese, and
Spanish, articles that presented the chemical compositions of the essential oils, and articles that discussed the biological activities of the essential oils.
The exclusion criteria were articles without the search
terms in their title and abstract, review articles, articles without its full-text available, articles without one

of the keywords, and articles without the compositions of the essential oils.

3. MEDICINAL USES
Herbal medicines are used as complementary or alternative medicine worldwide, including in many developed countries, to treat various health concerns.
Earlier studies reported that Magnolia species had
been used as traditional medicine in various parts of
the world [10-27]. In ancient Chinese and Japanese
medication, the Magnolia bark was one of the ingredients in Hange-koboku-to and Saiboku-to, used
to decrease anxiety and nervousness and to boost
sleep [28]. Additionally, some researchers reported
that Magnolia barks and flower buds were employed
for weight loss, digestion, constipation, inflammation,
anxiety, stress, depression, fever, headache, stroke,
and asthma [28]. Furthermore, Magnolia plants are
marketed as fresh or dried products to cater to consumers’ preferences and use [29]. Therefore, the
Magnolia species have an economic importance as
forest products such as timber and as one of the
sources for herbal medicine. Table I illustrates the medicinal uses of several Magnolia species.

4. CHEMICAL COMPOSITIONS
The chemical components identified in Magnolia essential oils have been documented since 1968. As of
May 2021, 24 Magnolia species were reported as the
sources of Magnolia essential oils [30-69]. Most of
the species reported were from China (nine studies)
with six species from Korea and Japan, five from the
United States of America (USA), four from Vietnam,
and one each from Thailand, Brazil, and Taiwan. Ta-

Figure 1 - PRISMA flow diagram of included studies
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Table I - Medicinal uses of several Magnolia species
Species

Traditional uses

M. acuminata

Remedy for toothache, stomachache, and cramps [10]

M. coco

Prevent age-related diseases and photoaging [12].

M. grandiflora

Prepare bitter tonics to prevent malaria, cold, headache, and stomachache [13].
Used as stimulants, diaphoretic, anti-inflammatory, and antiseptic agents and to control pain, anxiety, and nervous
disturbances [14].
Remedy against itchiness [15].
Treatment for cardiovascular diseases and cancer [16].

M. insignis

Treat chest, abdominal pain, indigestion, asthma, and dysentery [17].

M. kobus

Treatment for headaches and colds [18].

M. obovata

Treatment for gastrointestinal disorders, anxiety, allergic diseases, and bronchial asthma [19].
Relaxes muscle tension to improve vitality [20].

M. officinalis

Treatment for thrombotic stroke, typhoid fever, headache, and alleviate gastric, and abdominal distension [21].
Treatment for digestive disturbances, reduce the symptoms of cough and asthma [21].
Treat syndromes caused by emotional distress and turmoil [21].
Treat abdominal distention, vomiting, diarrhea, food accumulation, constipation, phlegm, fluid retention, and cough
resulting from asthma [22].
Used as deobstruent, tonic, stomachic, quieting, and anthelmintic [23].

M. ovata

Treat fever, cough, scabies, toothache, stomachache, rheumatism, and diabetes [5].

M. sieboldii

Treat inflammatory diseases such as rhinitis, pneumonia, and endometritis [24].

M. virginiana

Treat various ailments, and an ingredient in tonics for autumnal fever, and rheumatism [25].
Used as a laxative and sudorific in a warm decoction or as an agent against paroxysms of intermittent fever in cold
decoctions, powder, or tinctures [25].
Used to prevent chills, colds, and warm the blood [26].
Used as a diaphoretic in the treatment of rheumatism, pleurisy, cough, consumption, utilized against remittent,
intermittent, and typhoidal fever [27].

ble II demonstrates the major components
identified in several Magnolia essential oils
of various origin, while Figure 2 shows
the chemical structures of selected major
components.
M. grandiflora from the USA has received
the most attention and have been widely investigated. The essential oils mainly
were extracted from the leaves, flowers,
and flower buds of the plants. Nevertheless, the fruits, barks, twigs, buds, branchlets, shoots, seeds, peels, arils, stems,
and trunks were also studied. The essential oil from M. grandiflora flowers had the
highest number of chemical components
(118) [40], while the flower buds of M. biondii showed the highest percentage of oil,
about 99.91% [35]. Analysis of the chemical components identified in Magnolia essential oils included monoterpene hydrocarbons, monoterpenoids, sesquiterpene
hydrocarbons, and sesquiterpenoids.
2 - reportChemical structures
components
from of
Magnolia
In another study, Zheng et Figure
al. [46]
Figure of
2 -major
Chemical
structures
major components from Magnolia
essential oils con- essential oils
ed that the aril oil of M. kwangsiensis
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Table II - Major components identified in several Magnolia essential oils
Species

Locality

Part

M. hookeri

Vietnam

M. insignis

M. sirindhorniae

Vietnam

Thailand

Major Groups (%)

Major components (%)

Leaves

Total
components
(No., %)
35 (96.50%)

Monoterpenoids
(41.50%)

Twig

59 (97.40%)

Monoterpenoids
(45.10%)

Leaves

54 (96.60%)

Twig

56 (95.20%)

Bud

30 (83.50%)

Flower

30 (83.20%)

Monoterpenoids
(46.50%)
Monoterpenoids
(56.30%)
Monoterpenes and
monoterpenoids
(62.10%)
Monoterpenes and
monoterpenoids
(53.00%)
Monoterpene
hydrocarbons (69.50%)

Linalool (1) (21.30%), (E)-nerolidol
(12.20%), neo-intermedeol (13.50%),
geraniol (8.40%), α-selinene (5.50%) [30]
Linalool (1) (17.10%), eucalyptol (1,8cineole) (13.30%), β-eudesmol (5.70%),
α-eudesmol (5.70%), bulnesol (6.80%)
[30]
Linalool (1) (24.10%), geraniol (14.90%),
(E)-nerolidol (22.50%) [30]
Eucalyptol (2) (9.50%), linalool (26.90%),
geraniol (8.50%) [30]
Linalool (1) (58.90%), β-elemene
(4.40%), β-caryophyllene (3.50%) [5]

M. coco

Vietnam

Leaves

34 (94.50%)

M. biondii

China

Bud

26 (96.65%)

NM

Flower bud

80 (97.13%)

NM

NM

50 (NM)

NM

Flower bud

25 (97.68%)

Sesquiterpene
hydrocarbons (62.26%)

Flower bud

56 (99.91%)

Monoterpenes (78.72%)

Korea

Flower bud

55 (85.40%)

Monoterpene
hydrocarbons (63.72%)

China

Leaves

33 (87.91%)

NM

Leaves

26 (91.33%)

Terpene hydrocarbons
(85.95%)

Leaves

21 (85.40%)

NM

Flower

19 (84.00%)

NM

Twig

25 (82.50%)

NM

Stem bark

27 (83.00%)

NM

252

M. sieboldii

Linalool (1) (51.00%), β-elemene
(7.50%), β-caryophyllene (6.40%) [5]
Sabinene (3) (35.40%), β-pinene
(16.30%), α-pinene (7.10%), β-elemene
(6.20%), β-caryophyllene (6.20%) [31]
β-Pinene (4) (28.60%), eucalyptol
(19.30%), α-pinene (14.90%), γ-terpinene
(11.00%), α-myrcene (9.00%) [32]
Eucalyptol (2) (14.20%), (E,E)-farnesol
(13.05%), α-phellandrene (6.27%),
α-pinene (6.22%), terpineol (5.34%) [33]
Eucalyptol (2) (28.92%), β-pinene
(12.39%), α-terpineol (8.28%) [16]
Farnesol (5) (34.54%), eucalyptol
(21.03%), α-cadinol (13.95%), β-pinene
(12.23%), α-cadinene (11.04%) [34]
Camphor (6) (43.26%), eucalyptol
(38.02%), α-terpineol (12.29%),
α-cadinene (15.15%) [35]
Eucalyptol (2) (34.93%), camphor
(25.43%), farnesol (9.59%), β-pinene
(9.36%), sabinene (7.89%), α-terpineol
(7.37%), α-pinene (5.37%) [36]
β-Elemene (7) (29.10%), γ-terpinene
(17.01%), (E)-β-ocimene (11.69%),
germacrene D (9.57%) [37]
β-Elemene (7) (57.55%), β-phellandrene
(19.12%), τ-cadinol (8.24%),
trans-β-ocimene (5.06%) [38]
4-Thujanol (8) (31.17%),
phenyldimethylvinyl silane (11.51%),
copaene (9.44%), α-terpineol (5.93%) [7]
Fenchone (9) (24.67%),
phenyldimethylvinyl silane (15.51%),
10-hydroxytricyclo-dec-3-en-9-one
(11.10%), 2,6-dimethyl-2,4,6-octatriene
(7.87%), 3,6-dimethoxy-4nitropyridazine1-oxide (5.47%) [7]
Phenyldimethylvinyl silane (10) (35.06%),
10-hydroxytricyclo-dec-3-en-9-one
(12.97%), fenchone (8.12%),
2,6-dimethyl-2,4,6-octatriene (6.40%),
4-thujanol (5.34%) [7]
2-Isopropyl-5-methyl anisole (11)
(21.56%), δ-3-carene (15.85%),
cosmene (5.88%) [7]
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Continua Tabella II

Species

M. grandiflora

Locality

Part

Major Groups (%)

Major components (%)

Root bark

Total
components
(No., %)
24 (84.10%)

NM

Korea

Flower

60 (91.50%)

Hydrocarbons (74.60%)

USA

Leaves

34 (78.10%)

Flower

46 (93.00%)

Immature
fruit

44 (86.30%)

Monoterpene
hydrocarbons (30.90%)
Monoterpene
hydrocarbons (43.80%)
Sesquiterpene
hydrocarbons (32.00%)

Mature fruit

45 (84.10%)

Oxygenated
monoterpenes (36.90%)

Seed

52 (85.20%)

Sesquiterpene
hydrocarbons (31.50%)

Flower

118 (92.30%)

Sesquiterpene
hydrocarbons (52.80%)

Flower

65 (99.00%)

Oxygenated
monoterpenes (27.80%)

Leaves

28 (93.60%)

Sesquiterpene
hydrocarbons (45.70%)

Flower

71 (96.90%)

Sesquiterpene
hydrocarbons (70.70%)

Seed

16 (90.97%)

Flower

67 (66.80%)

Monoterpenoids and
sesquiterpenoids
(40.91%)
NM

Flower

34 (100.00%)

NM

Fruit

20 (83.80%)

Flower

17 (83.00%)

Monoterpenes and
sesquiterpenes (15.50%)
Sesquiterpene
hydrocarbons (80.00%)

O-Cymene (12) (28.24%), δ-3-carene
(20.53%) (Sun et al., 2014)
β-Elemene (7) (18.00%), α-terpinene
(14.83%), β-myrcene (12.72%),
eremophilene (6.00%) [39]
β-Pinene (4) (23.00%), β-elemene
(13.60%), α-pinene (6.30%) [8]
β-Pinene (4) (32.30%), α-pinene (8.00%),
β-elemene (7.70%) [8]
β-Elemene (7) (12.90%), β-pinene
(12.70%), β-caryophyllene (7.90%), αterpineol (5.10%) [8]
Eucalyptol (2) (12.20%), caryophyllene
oxide (7.20%), β-pinene (6.90%),
β-elemene (5.70%) [8]
β-Caryophyllene (13) (8.80%),
β-phellandrene (7.30%), 1-octanol
(6.20%), p-cymene (5.50%) [8]
β-Elemene (7) (14.30%),
bicyclogermacrene (10.30%),
germacrene D (7.60%) [40]
(2Z,6E)-Farnesol (14) (18.0%),
2-phenylethanol (10.8%), benzene
acetaldehyde (8.50%) [41]
Bornyl acetate (15) (20.90%), (E)-βcaryophyllene (15.10%), germacrene D
(8.40%), α-guaiene (6.80%), camphor
(5.50%) [42]
Cyclocolorenone (16) (39.60%),
bicyclogermacrene (25.20%),
germacrene D (23.80%), isobornyl
acetate (16.00%), methyl myristate
(15.30%), (2Z,6E)-farnesol (15.00%),
β-pinene (14.60%), β-elemene (12.80%),
(2Z,6E)-farnesol (12.50%), (Z)-β-ocimene
(6.40%) [43]
β-Caryophyllene (13) (19.36%),
eucalyptol (10.70%), equilenin (8.02%)
[22]
β-Pinene (4) (10.50%), geraniol (7.40%),
germacrene D (6.20%) [13]
(E)-β-Ocimene (17) (24.60%), geraniol
(18.90%), β-elemene (11.20%),
germacrene D (9.90%) [13]
β-Elemene (7) (12.10%), β-caryophyllene
(7.40%) [44]
β-Caryophyllene (13) (34.80%),
β-cedrene (8.10%), (Z)-β-farnesene
(6.40%), γ-elemene (5.70%) [45]
2-Phenylethanol (18) (39.90%), methyl
myristate (11.50%) [41]
(Z)-β-Ocimene (19) (30.80%), p-menth-1ene (17.76%), α-terpinene (10.15%),
β-myrcene (7.03%), α-terpineol (5.18%)
[46]
(Z)-β-Ocimene (19) (56.03%),
β-phellandrene (10.96%), α-terpinene
(6.37%), α-phellandrene (6.16%),
β-myrcene (6.04%) [46]

M. virginiana

USA

Flower

49 (98.00%)

Aromatic (45.90%)

M. kwangsiensis

China

Peel

22 (87.51%)

Monoterpene
hydrocarbons (69.70%)

Aril

23 (94.42%)

Monoterpene
hydrocarbons (86.59%)
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Continua Tabella II

Species

Locality

Part

Total
components
(No., %)
31 (99.20%)

Major Groups (%)

Major components (%)

Monoterpene
hydrocarbons (48.30%)

Female
flower

27 (98.50%)

Monoterpene
hydrocarbons (54.00%)

Leaf

26 (96.20%)

Monoterpene
hydrocarbons (44.60%)

Leaf

40 (99.20%)

Twig

41 (98.20%)

Leaves

87 (98.00%)

Monoterpene
hydrocarbons (69.70%)
Monoterpene
hydrocarbons (80.50%)
Sesquiterpene
hydrocarbons (23.70%)

Limonene (20) (18.50%), α-terpinene
(13.00%), α-cadinol (12.20%), τ-muurolol
(9.90%), cis-β-ocimene (8.10%),
δ-cadinene (7.20%), β-myrcene (6.40%),
α-amorphene (6.20%) [46]
Limonene (20) (20.80%), α-cadinol
(11.50%), cis-β-ocimene (9.50%),
δ-cadinene (8.50%), τ-muurolol (8.40%),
α-terpinene (7.10%), β-myrcene (6.60%),
p-menth-1-ene (5.90%) [47]
β-Terpineol (21) (28.90%), γ-terpinene
(18.10%), β-myrcene (15.90%),
α-terpineol (5.40%) [47]
α-Pinene (22) (23.70%), β-pinene
(36.50%), germacrene D (14.60%) [48]
β-Pinene (4) (41.30%), α-pinene
(24.40%), germacrene D (5.80%) [48]
(E)-β-Caryophyllene (13) (23.70%),
α-humulene (11.60%), geraniol (9.10%),
borneol (7.00%) [49]
(E)-β-Caryophyllene (13) (48.90%),
α-humulene (15.70%) [49]
Spathulenol (23) (19.30%), β-eudesmol
(8.00%), hexadecanoic acid (7.60%),
germacrene D (6.40%) [50]
Hexadecanoic acid (24) (52.00%),
β-eudesmol (7.60%), 1-hexadecanol
(4.30%) [50]
β-Eudesmol (25) (23.61%), cadalene
(17.21%), γ-eudesmol (7.32%), bornyl
acetate (6.40%) [51]
β-Pinene (4) (21.16%), eucalyptol
(16.59%), camphor (9.86%), α-terpineol
(7.13%), terpinen-4-ol (6.51%), α-pinene
(6.31%), camphene (6.03%) [52]
Eucalyptol (2) (23.46%), β-myrcene
(28.87%), β-pinene (12.56%), limonene
(6.18%), sabinene (11.31%), α-pinene
(6.32%), linalool (5.07%) [36]
Levoxine (26) (15.59%),
methycyclopropane (24.26%), phenyethyl
alcohol (15.87%), β-pinene (5.30%) [53]
Germacrene D (27), santolina triene,
caryophyllene, 1,3,7-octatriene, nerol,
camphene [54]
trans-α-Farnesene (28) (72.50%),
cis-3-hexenol (6.40%) [55]
trans-α-Farnesene (28) (20.50%),
δ-cadinene (20.50%), δ-cadinol (5.20%)
[55]
trans-α-Farnesene (28) (50.10%),
δ-cadinene (9.90%), germacrene D
(8.20%) [55]
Eucalyptol (2) (21.55%), β-pinene
(11.07%), limonene (8.93%), α-pinene
(7.86%), camphor (6.46%), β-terpinene
(5.30%), γ-terpinene (5.10%) [56]
Eucalyptol (2) (38.38%), β-pinene
(10.27%), (E)-farnesol (7.22%), α-terpinol
(6.46%), β-phellandrene (6.72%) [57]

Male flower

M. hypolampra

M. ovata

Vietnam

Japan

58 (99.70%)
Brazil

Fruit

43 (80.30%)

Sesquiterpene
hydrocarbons (48.90%)
Sesquiterpenes
(66.60%)

31 (89.70%)

Aliphatic (66.70%)

M. obovata

Japan

Bark

90 (79.00%)

Sesquiterpenoid
(62.67%)

M. liliflora

China

Flower

57 (94.03%)

NM

Korea

Flower bud

67 (87.80%)

Monoterpene
hydrocarbons (84.99%)

Korea

Leaves

52 (78.07%)

NM

China

Leaf

32 (95.00%)

NM

Japan

Leaf

65 (100.00%)

Branchlet

84 (100.00%)

Sesquiterpene
hydrocarbons (72.5%)
NM

Flower bud

76 (99.80%)

NM
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Magnolia sp.

China

Flower bud

54 (99.00%)

NM

Flos Magnolia

China

Bud

52 (97.35%)

NM
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Continua Tabella II

Species

M. officinalis

M. denudata

M. kobus

Locality

Major Groups (%)

Major components (%)

NM

Total
components
(No., %)
74 (98.74%)

Monoterpenes (42.01%)

Stem

90 (84.03%)

Branch

82 (83.68%)

Root bark

76 (83.10%)

Bark

28 (77.50%)

Oxygenated
sesquiterpenes (47.66%)
Oxygenated
sesquiterpenes (36.74%)
Oxygenated
sesquiterpenes (36.31%)
NM

Bark

26 (93.80%)

Monoterpenoids and
sesquiterpenoids
(40.70%)

Korea

Flower bud

69 (91.90%)

Monoterpene
hydrocarbons (84.92%)

Japan

Leaf

51 (99.30%)

NM

Branchlet

40 (99.40%)

NM

Bark

40 (97.80%)

NM

Flower bud

44 (100.00%)

NM

Flower

44 (98.70%)

NM

Flower bud

56 (90.00%)

Monoterpene
hydrocarbons (81.84%)

Fresh fruit

12 (97.30%)

Monoterpene
hydrocarbons (71.80%)

Dried fruit

16 (96.30%)

Monoterpene
hydrocarbons (62.80%)

Shoot

21 (100.00%)

NM

Branchlet

15 (98.60%)

NM

Camphor (6) (32.62%), eucalyptol
(21.08%), p-cymene (13.98%),
camphene (8.33%), β-pinene (5.97%),
limonene (5.07%) [58]
β-Eudesmol (25) (27.34%), γ-eudesmol
(13.57%), α-eudesmol (6.75%) [21]
β-Eudesmol (25) (22.02%), γ-eudesmol
(9.39%), α-eudesmol (5.33%) [21]
β-Eudesmol (25) (18.56%), α-eudesmol
(10.24%), γ-eudesmol (7.51%) [21]
β-Eudesmol (25) (40.74%), p-cymene
(9.37%), δ-selinene (9.21%),
caryophyllene oxide (5.19%) [59]
β-Eudesmol (25) (17.40%), cardinol
(14.60%), guaiol (8.70%), p-cymene
(7.80%), 1,4-cineole (5.60%),
caryophyllene (5.00%) [60]
Eucalyptol (2) (29.71%), β-pinene
(15.42%), sabinene (16.63%), α-terpineol
(10.88%), β-myrcene (10.83%), terpinen4-ol (6.62%), α-pinene (6.61%), limonene
(6.60%) [36]
trans-Nerolidol (29) (25.90%),
β-caryophyllene (18.43%), β-myrcene
(10.00%), α-humulene (8.40%),
β-bourbonene (5.30%) [61]
Terpinen-4-ol (30) (18.20%), eucalyptol
(17.60%), sabinene (11.00%), α-terpineol
(10.90%), β-eudesmol (7.00%), linalool
(6.70%), trans-nerolidol (5.30%) [61]
Eucalyptol (2) (43.50%), β-eudesmol
(16.70%), terpinen-4-ol (8.00%),
α-terpineol (7.30%) [61]
Eucalyptol (2) (57.20%), sabinene
(11.50%), α-terpineol (8.30%),
β-caryophyllene (5.0%) [61]
Eucalyptol (2) (36.10%), sabinene
(30.00%), pentadecane (9.10%),
α-terpineol (7.60%), β-eudesmol (5.50%)
[61]
Limonene (20) (18.81%), eucalyptol
(15.44%), β-pinene (9.95%), γ-terpinene
(9.14%), p-cymene (7.15%), sabinene
(5.87%), β-myrcene (5.05%) [36]
α-Pinene (22) (31.60%), β-pinene
(27.90%), limonene (8.60%),
β-caryophyllene (8.10%) [62]
α-Pinene (22) (26.70%), β-pinene
(20.20%), limonene (10.00%),
heptadecane (6.10%), caryphyllene oxide
(8.10%) [62]
Limonene (20) (39.30%), eucalyptol
(34.10%), camphor (26.50%), α-terpineol
(11.70%), p-cymene (8.60%), β-pinene
(8.00%), terpinen-4-ol (5.20%) [63]
Limonene (20) (57.60%), α-terpineol
(12.60%), camphor (12.50%),
terpinen-4-ol (6.40%) [63]

China

Korea

Japan

Part
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Continua Tabella II

Species

Locality

Part

Major Groups (%)

Major components (%)

Shoot

Total
components
(No., %)
30 (100.00%)

NM

Shoot

27 (99.70%)

NM

Bud

5 (74.90%)

NM

p-Cymene (31) (41.30%), δ-nerolidol
(28.00%), trans-linalool oxide (20.90%),
eucalyptol (18.80%), caryophyllene
(15.30%), limonene (14.40%), camphor
(12.40%), elemol (6.80%), β-pinene
(6.70%), α-pinene (6.40%), α-terpineol
(6.20%), citronellol (5.50%) [64]
p-Cymene (31) (34.00%), limonene
(22.60%), camphor (14.00%), δ-nerolidol
(8.30%), eucalyptol (8.00%), β-pinene
(5.10%), camphene (5.00%) [65]
Camphor (6) (69.00%), eucalyptol
(47.00%), linalool (5.90%), neral (5.30%),
geranial (5.10%) [66]
β-Pinene (4) (26.30%), β-myrcene
(13.10%), limonene (6.30%), bornyl
acetate (5.70%), α-pinene (5.70%),
germacrene D (5.70%),
terpinene-4-ol (5.10%) [44]
β-Caryophyllene (13) (21.00%), bornyl
acetate (17.00%), α-humulene (11.20%)
[44]
trans-Nerolidol (29) (20.00%),
9-oxofarnesol (11.00%), bornyl acetate
(5.30%) [44]
Farnesol (5) (42.23%), camphor
(19.25%), eucalyptol (14.23%),
oplopanone (10.61%),
α-terpineol (9.50%) [67]
Sabinene (3) (12.18%), bornyl acetate
(9.50%), trans-caryophyllene (8.25%),
β-eudesmol (7.43%), caryophyllene oxide
(6.90%), p-cymene (7.31%), β-pinene
(5.81%) [67]
Methyl chavicol (32) (84.10%), geranial
(6.70%), limonene (5.00%) [68]
Methyl chavicol (32) (91.40%),
trans-anethole (2.90%), geranial (1.90%),
neral (1.00%) [68]
Geranial (33) (30.20%), eucalyptol
(23.80%), neral (19.70%), methylchavicol
(7.00%) [68]
Geranial (33) (38.10%), neral (22.60%),
methyl chavicol (10.00%), trans-anethole
(5.60%) [68]
Geranial (33) (43.30%), neral (24.20%),
methyl chavicol (8.50%) [68]
trans-Anethole (34) (64.80%), geranial
(11.40%), neral (7.00%) [69]
Eucalyptol (2) (34.00%), geranial
(27.60%), neral (20.20%), terpinen-4-ol
(5.40%) [69]
Geranial (33) (52.00%), neral (28.00%),
linalool (28.00%), safrole (27.00%),
trans-asarone (18.00%), camphor
(10.00%), methyleugenol (9.80%) [66]

M. fraseri

USA

Fruit

23 (80.40%)

Monoterpenes and
sesquiterpenes (19.40%)

M. tripetala

USA

Fruit

22 (87.10%)

Monoterpenes and
sesquiterpenes (52.60%)

M. acuminata

USA

Fruit

21 (67.50%)

Monoterpenes and
sesquiterpenes (14.00%)

M. fargesii

Taiwan

Bud

NM

Oxygenated
monoterpenes (47.16%)

M. sprengeri

China

Flower bud
and twig

32 (NM)

NM

M. salicifolia

Japan

Shoot

27 (99.90%)

NM

Leaf

18 (99.00%)

NM

Branchlet

25 (99.60%)

NM

Flower bud

25 (99.60%)

NM

Flower

25 (99.80%)

NM

Shoot

29 (99.90%)

NM

Trunk

19 (99.40%)

NM

Flower bud

7 (87.90%)

NM
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NM – not mentioned

tained the highest amount of monoterpene hydrocarbons (86.59%), which constituted cis-β-ocimene,
β-phellandrene, α-terpinene, α-phellandrene, and
β-myrcene. Furthermore, the study also reported the

presence of limonene (18.5-20.8%) as the primary
component in the flower oil of the same species [47]
and M. kobus [36].
Other investigations illustrated other monoterpenes,
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Table III - Biological activities of Magnolia essential oils
Bioactivities

Description

Antioxidant

The flower oil demonstrated maximum scavenging in the DPPH radical assay with 96.04% inhibition, whereas bud oil
displayed 75.33% inhibition [5].
The leaf oil presented low DPPH scavenging activity with an IC50 value of 10.11 μg/ml [71].
The flower oil displayed minimum scavenging activity in DPPH and ABTS radical assays with more than 1% and
0.05% inhibition, respectively [72].
The flower oil illustrated low DPPH radical scavenging activity with TEAC and IC50 values of 3.14 μmol TE/g and 2300
μg/mL, respectively [40].
The flower oil displayed moderate ABTS and FRAP radical scavenging activity with TEAC and IC50 values of 95.02,
24.4 μmol TE/g and 216.5 μg/mL, respectively [40].
The seed oil exhibited significant proliferation of HL-60 with a cell proliferation rate of 44.8% at the concentration of
27.7 μg/mL [22].
The seed oil had sharp increases in the serum GSH-Px activity, 38.62%, 61.68%, and 62.86%, at doses 50, 100, and
200 mg/kg, respectively [22].
The flower oil displayed weak DPPH radical scavenging activity at 20 μg/mL or more [73].
The leaf oil exhibited low DPPH radical scavenging activity at 250 μg/mL by reducing 4% chemically [42].
The leaf (IC50 value 278 μg/mL and MIC value 1024 μg/mL) and twig (IC50 value 491 μg/mL and MIC value 2048
μg/mL) oils presented strong inhibitory effects against Lactobacillus fermentum [30].
The leaf (IC50 value 9.3 μg/mL and MIC value 512 μg/mL) and twig (IC50 value 25 μg/mL and MIC value 512 μg/mL)
oils illustrated strong inhibitory effects against Candida albicans [30].
The flower oil demonstrated high efficacy against Klebsiella pneumoniae and Staphylococcus aureus with 25% and
32% growth inhibition, respectively [5].
The leaf oil displayed strong growth inhibition against Candida albicans with an IC50 value of 64.0 μg/mL and MIC
value of 32.33 μg/mL [31].
The leaf oil exhibited strong inhibitory effects against Staphylococcus aureus, Salmonella enterica, Escherichia coli,
and Candida albicans with MIC value of 4.1 each mg/mL, and the twig oil also displayed strong inhibitory effects
against Staphylococcus aureus with the MIC value of 2.0 mg/mL [48].
The flower oil illustrated strong inhibition capacity against Rhodotorula in the medium of red yeast growth [73].
The leaf oil displayed low inhibitory concentration with 500 and 125 μg/mL MIC values against Staphylococcus aureus
and Streptococcus pyogenes, respectively [42].
The bud and flower oils demonstrated 17 mm and 30 mm growth inhibition zones against Staphylococcus aureus,
respectively [5].
The leaf oil illustrated low efficacy against Streptococcus mutans and Streptococcus sobrinus with 10.50 mm and
11.65 mm of growth inhibitions, respectively [74].
The leaf (18.5 mm, 30.5 mm, and 27.5 mm) and twig (45.5 mm, 45.5 mm, and 46 mm) oils exhibited strong inhibitory
effects against Escherichia coli, Staphylococcus aureus, and Candida albicans [48].
The leaf oil demonstrated the highest efficacy against Listeria monocytogenes with 18 mm growth inhibition and MIC
value of 125 μg/mL [71].
The leaf oil inhibited skin photoaging by down-regulating the expression of inflammatory factors, including tumor
necrosis factor-alpha, interleukin 6, and interleukin 10 through the skin injury models [37].
The flower oil presented weak activity against Aspergillus fumigatus and Candida albicans with IC50 values 0.097%
and 0.108%, respectively [72].
The leaf oil demonstrated good growth inhibition against M. gypseum, T. mentagrophyte, T. tonsurans, and T. rubrum
with inhibition zone values of 20 mm, 25 mm, and 27 mm, respectively [42].
The oil displayed a strong effect against Fusarium solani with a growth inhibition percentage of 65.60% and MIC value
of 125 μg/mL [75].
The oil demonstrated moderate activity against Trichophyton and Microsporum spp with MIC values that ranged from
62.5 to 500 and 250 to 2000 μg/mL, respectively [71].
The bark oil illustrated strong activity against Bursaphelenchus xylophilus with mean mortality values of 71.8, 82.3,
and 85.3% at 24, 48, and 72 hours, respectively [76].
The leaf oil displayed decreased cell viability against human lung (A549) and skin (Detroit551) cells with IC50 values of
0.43 and 0.04 μg/mL, respectively [77].
Immature and mature oils exhibited high toxicity against Aedes aegypti with IC50 values of 49.4 and 48.9 ppm,
respectively [8].
The oil presented no measurable effects against dendritic cells [58].
The flower oil displayed no cytotoxic selectivity response against A375, MDA-MB 231, and T98G cell lines with IC50
values of 36.86, 36.81, and 34.49 μg/mL, respectively [40].
The oil illustrated a strong inhibitory effect against interleukin-12 with 60–85% inhibition [58].

Antimicrobial

Antibacterial

Antiphotoaging
Antifungal

Antidermatophytic
Nematocidal
Toxicity

Cytotoxicity
Cytokine

sabinene [31, 70], α-pinene [48, 62], β-pinene [8, 13,
32, 44, 52], o-cymene [7], and β-ocimene [13, 46]
as the major components in Magnolia essential oils.
About 47.16% of the bud oil in M. fargesii were oxy-

genated monoterpenes and characterised as farnesol, camphor, eucalyptol, and α-terpineol [67]. Additionally, eucalyptol was in most Magnolia essential
oils, such as in M. biondii [36, 16, 33], M. grandiflora
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[8], Magnolia sp. [56], Flos Magnoliae [57], M. denudata [61] [36], and M. salicifolia [66].
The flower oil of M. grandiflora was about 80% sesquiterpene hydrocarbons, which were dominantly
β-caryophyllene, β-cedrene, γ-elemene, and germacrene D [45]. Both M. sieboldii [37-39] and M. grandiflora [44] contained mainly β-elemene. Moreover, sesquiterpenoids were found mainly in several Magnolia
essential oils, such as spathulenol in M. ovata fruit
oil [50], trans-nerolidol in M. denudata [61] and M.
acuminata [44], and β-eudesmol in M. obovata [50]
and M. officinalis [21, 59-60].

5. BIOLOGICAL ACTIVITIES

258

The diverse pharmacological impacts [71-79], in
particular the discrepant force caused by the various bioactive compounds of Magnolia essential oil,
translated to its high value and attracted the attention
of researchers. The biological activities of Magnolia
essential oils are illustrated in Table III.
Most studies focused on the antioxidant properties
of Magnolia essential oils. Several assays, such as
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging, 2,2′-azino-bis(3-ethylbenzothiazoline-6sulfonic acid (ABTS) free radical scavenging, and ferric-reducing antioxidant power (FRAP), were used to
determine the antioxidant potentials of the essential
oils. For example, the DPPH assay of flower and
bud oils of M. sirindhorniae demonstrated maximum
scavenging activity of 96.04% and 75.33%, respectively [5]. The significant antioxidant inhibition abilities
of the flower oils might be due to the combination of
terpenoids and benzenoids volatiles.
Besides being appreciated for the pleasant floral
smell of the extracted oils, the components serve as
attractants of plant pollinators [78]. The leaf and twig
oils of M. insignis and the leaf oil of M. coco displayed
strong inhibitory effects with minimum inhibitory concentration (MIC) values of 512 μg/mL [30] and 32.33
μg/mL [31], respectively, against Candida albicans.
The significant activities of essential oils might be
due to sabinene and β-pinene, the two primary compounds of M. coco [31].
Moreover, Ha et al. [48] reported that the leaf and twig
oils of M. hypolampra illustrated strong inhibitory effects against Staphylococcus aureus (inhibition zone
30.5 mm) and Candida albicans (inhibition zone 46.0
mm). The strong inhibitory effect might result from the
actions of the major components of the oil, α-pinene
and β-pinene. Other biological activities of Magnolia
essential oils reported were antiphotoaging, antifungal, antidermatophytic, cytotoxic, nematocidal, toxicity, and cytokine properties.

and bioactivities. The essential oils from Magnolia
species revealed high eucalyptol, β-elemene, linalool,
β-eudesmol, methyl chavicol, caryophyllene, camphor, limonene, α-pinene, and β-pinene contents.
However, variations in the chemical compositions
within the same species obtained from different origins were observed. Different species of the Magnolia
genus also illustrated variations in chemical compositions. More pharmacological investigations should be
performed to unravel the full therapeutic potentials of
the Magnolia species. Preclinical analyses and clinical
trials for essential oils are also required to evaluate the
potentials of essential oils from the Magnolia species
for drug development.
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Olive oil proficiency tests

Chemical-physical parameters and contaminants

Since 2003, the Oils and Fats Area, organizes every
year an interlaboratory test on olive oil for different
commercial categories among various olive oil laboratories.
The tests include all the chemical parameters.
Since 2016 the main contaminants are also considered.
Each participant will have the opportunity to compare
his own test results with those obtained by the most accredited
Italian and foreign laboratories.
The proficiency test has as main purpose, the ability to make
corrections from deviation that might occur in the results,
compared to the average value obtained by other laboratories.
At the end of the laboratory tests, the participants insert the results
obtained directly in the web portal on the dedicated page:
https://proficiencytest.innovhub-ssi.it

The results will be statistically processed and delivered
anonymously to each participant.

For information:
Dr.ssa De Cesarei
E-mail: pt.ssog@mi.camcom.it
www.innovhub-ssi.it
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This study investigated the chemical compositions of the essential oils from four species
of the Lamiaceae family, Vitex negundo, Vitex trifolia, Plectranthus amboinicus, and
Plectranthus monostachyus. The essential oils were obtained through hydrodistillation and
were fully characterised with gas chromatography with flame ionisation detector (GC-FID)
and gas chromatography-mass spectrometry (GC-MS). The multivariate statistical analysis
was determined via the principal component analysis (PCA) and hierarchical clustering
analysis (HCA). The study identified 14 and 18 components from the leaf oils from V.
negundo (92.8%) and V. trifolia (91.5%), respectively. The results revealed that the essential
oils were made up principally of δ-elemene (43.1%), spathulenol (9.8%), and δ-selinene
(7.8%) for V. negundo, while viridiflorol (42.3%), β-caryophyllene (21.7%), and β-elemene
for V. trifolia. For the genus Plectranthus, 20 components were found in the essential oils
from P. amboinicus (91.1%) and 37 components from P. monostachyus (98.8%). The major
components of P. amboinicus oil were carvacrol (54.4%), β-caryophyllene (8.9%), and
α-cis-bergamotene (7.7%), whereas P. monostachyus oil had β-caryophyllene (26.2%),
germacrene D (12.5%), δ-cadinene (9.2%), and germacrene B (8.8%). The results from
the PCA and HCA analysis showed that the essential oils could be distinctly separated
into three clusters; P. amboinicus and V. trifolia in cluster I, V. negundo in cluster II, and P.
monostachyus grouped in cluster III. The information is vital when selecting the species
with economic potentials for the pharmaceutical and cosmetics industries.
Keywords: Essential oil; Lamiaceae; Vitex; Plectranthus; carvacrol; Multivariate

1. INTRODUCTION
The genus Lamiaceae is known as the mint family and grows particularly in
the Mediterranean region. The genus encompasses about 236 genera and is
cultivated as an ornamental and herb [1]. Medicinal properties of the Lamiaceae species are often attributed to their high content of volatile compounds.
The aromatic volatile oils produced by the species of the genus are widely
used in the perfumery, cosmetics, pharmaceutical, and food industries as
active ingredients, flavouring agents, or fragrances [2].
The genus Vitex is one of the largest genera with approximately 250 species.
It is widely distributed worldwide and is mainly found in tropical areas and a
few subtropical regions. The plants are mostly shrubs and many of the species proved to have significant medicinal effects. Various parts of the Vitex
species have been used as traditional medicine since antiquity, particularly
in China. The species is commonly used for its analgesic, anti-inflammatory,
anti-rheumatism, and insecticidal effects. In the Ayurveda and Unani systems of medicine, the leaves and seeds of the Vitex species are widely used
to treat rheumatism and joint inflammations [3]. Moreover, several species
of the genus have been thoroughly researched such as V. agnus-castus, V.
negundo, V. limonifolia, and V. rotundifolia. Consequently, different types of
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secondary metabolites such as terpenes, flavonoids,
lignans, phenolic acids, and anthraquinones were
found present in the species [4].
Plectranthus is a large genus that contains about 300
species and is usually located in tropical Africa, Asia,
and Australia. It is a horticulturally important genus
of predominantly herbaceous plants that are becoming increasingly popular in indigenous landscaping
as some species are suitable as shrubs or pruned
into hedges. The aromatic nature of the genus is attributed to the essential oil it produces [5]. The phytochemical studies of Plectranthus focused mainly
on the isolation of diterpenoids with the majority of
them were highly modified abietanoids. The chemicals were shown to exhibit pharmacological activities
such as antiplasmodial, antibacterial, antifungal, and
antitumoral, making Plectranthus an important genus
in drug development [6].
This study is a continuation of our systematic studies
on pharmacologically active volatiles from Malaysian
plants [7–10]. This report evaluated the chemical
compositions of the essential oils from four Lamiaceae plants, V. negundo, V. trifolia, P. amboinicus, and
P. monostachyus.

2. MATERIALS AND METHODS
2.1 PLANT MATERIALS

264

The leaves of V. negundo (SK01/19), V. trifolia (SK02/19), P. amboinicus (SK03/19) and P.
monostachyus (SK04/19) were collected from Tanjung Malim, Perak in October 2019. The species were
identified by Shamsul Khamis from Universiti Kebangsaan Malaysia (UKM) and the voucher specimens
were deposited at UPSI Herbarium.

2.2 ISOLATION OF ESSENTIAL OILS

The fresh leaves of each sample (200 g each) were
weighed and then subjected to hydrodistillation using
a Clevenger-type apparatus for 4 hours. A hydrodistillation run time of 4 hours was used to obtain optimum
yield without drastically affecting the oil components.
The obtained oils were then dried using anhydrous
magnesium sulphate, weighed, and stored in dry amber vials at 4°C until analysis. The average yield of oil
was calculated as a percentage weight by weight (%
w/w) of the plant material.

2.3 ANALYSIS OF ESSENTIAL OILS

Gas chromatography (GC-FID) analysis was performed on an Agilent Technologies 7890B and an
Agilent 7890B FID equipped with HP-5 column (30
m × 0.25 mm × 0.25 μm film thickness). Helium was
used as a carrier gas at a flow rate of 0.7 mL/min.
Injector and detector temperatures were set at 250
and 280°C, respectively. The oven temperature was
kept at 50°C, then gradually raised to 280°C at 5°C/
min and finally held isothermally for 15 min. Diluted
samples (1/100 in diethyl ether, v/v) of 1.0 μL were

injected manually (split ratio 50:1). The injection was
repeated three times and the peak area percentages were reported as means ±SD of triplicates. Gas
chromatography-mass spectrometry (GC-MS) chromatograms were recorded using Agilent Technologies 7890A and Agilent 5975 GC MSD equipped
with HP-5MS column (30 m × 0.25 mm × 0.25 μm
film thickness). Helium was used as carrier gas at a
flow rate of 1 mL/min. The injector temperature was
250°C. The oven temperature was programmed from
50°C (5 min hold) to 250°C at 10°C/min and finally
held isothermally for 15 min. For GC-MS detection,
an electron ionisation system, with an ionisation energy of 70 eV was used. A scan rate of 0.5 s (cycle
time: 0.2 s) was applied, covering a mass range from
50-400 amu [11].

2.4 IDENTIFICATION OF CHEMICAL COMPONENTS

For identification of essential oil components, co-injection with the standards (major components) were
used, together with correspondence of retention indices and mass spectra with respect to those occurring in Adams, Wiley, NIST 08, and FFNSC2 libraries
P12]. Semi-quantification of essential oil components
was made by peak area normalisation considering
the same response factor for all volatile components.
Quantification was done by means of the external
standard method using calibration curves generated by running GC analysis for the representative authentic compounds. Relative percentage values are
means of three determinations ±SD.

2.5 MULTIVARIATE STATISTICAL ANALYSIS

Principal component analysis (PCA) and hierarchical clustering analysis (HCA) were performed using
Statistica 7.0 software. This multivariate analysis was
evaluated the variation in the chemical composition
and characterised the most important components
which contribute to the difference among samples.
HCA used Ward’s minimum variance method with
a Euclidean distance and PCA used the covariance
matrix obtained from the data matrix [13].

3. RESULTS AND DISCUSSION
The chemical compositions of essential oils from two
Vitex species and two Plectranthus species were investigated. The essential oils were extracted from the
leaves of the species. The highest percentage yield
was obtained from the V. negundo (0.028%), followed
by V. trifolia (0.025%), P. monostachyus (0.015%),
and P. amboinicus (0.012%). Table I shows the chemical components identified in Vitex and Plectranthus
essential oils.
A total of 30 chemical components were identified
from the Vitex essential oils based on the order of elution on the HP5 column. The essential oil from V. negundo was successfully characterised with 14 chemical components that accounted for 92.8% of the
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Table I - Chemical components identified in Vitex and Plectranthus essential oils
N.

Components

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

α-Pinene
Camphene
α-Terpinene
Limonene
γ-Terpinene
Linalool
Terpinen-4-ol
α-Terpineol
Verbenol
Carvacrol
Thymol acetate
δ-Elemene
Carvacrol acetate
Cyclosativene
α-Ylangene
α-Copaene
β-Bourbonene
β-Cubebene
β-Elemene
α-Gurjunene
Longifolene
β-Ionol
α-cis-Bergamotene
β-Caryophyllene
β-Copaene
β-Gurjunene
γ-Elemene
β-Humulene
α-Guaiene
Aromadendrene
(Z)-α-Farnesene
α-Humulene
(E)-β-Farnesene
Alloaromadendrene
Dehydroaromadendrane
Germacrene B
Amorpha-4,7(11)-diene
α-Amorphene
Germacrene D
β-Selinene
δ-Selinene
cis-Cadina-1(6),4-diene
Valencene
Cadine-1,4-diene
Bicyclogermacrene
α-Muurolene
β-Bisabolene
δ-Amorphene
β-Sesquiphellandrene
δ-Cadinene
(Z)-Nerolidol
Elemol
epi-Longipinanol
Palustrol
Germacrene D-4-ol
Spathulenol
Caryophyllene oxide
Viridiflorol
Ledol

KIa

KIb

932
945
1014
1033
1055
1092
1175
1186
1195
1295
1330
1335
1370
1370
1372
1375
1387
1388
1390
1405
1407
1410
1410
1415
1430
1432
1435
1436
1436
1439
1440
1450
1455
1458
1460
1460
1480
1482
1484
1485
1490
1495
1495
1495
1500
1502
1505
1510
1520
1520
1530
1545
1565
1565
1574
1577
1580
1592
1602

930
946
1016
1032
1056
1090
1174
1185
1197
1298
1330
1335
1370
1369
1373
1374
1388
1387
1389
1409
1407
1412
1411
1417
1430
1431
1434
1436
1437
1439
1440
1452
1454
1458
1460
1559
1479
1483
1484
1489
1492
1495
1496
1495
1500
1501
1505
1511
1521
1522
1531
1548
1562
1567
1574
1577
1582
1592
1602

VNOL
43.1
1.5
2.1
2.0
2.2
3.0
5.2
3.8
3.5
7.8
1.4
1.4
9.8
-

Percentage (%)
VTOL
PAOL
0.2
0.2
1.6
54.4
0.2
0.2
10.3
0.2
7.7
21.7
8.9
1.7
2.0
1.4
0.6
3.1
1.1
0.2
0.7
0.4
1.7
0.4
1.8
0.4
5.7
1.1
0.7
6.0
42.3
1.2
-

PMOL
0.2
1.2
0.7
0.4
0.5
1.0
1.0
0.1
0.1
0.2
2.5
2.4
0.6
2.2
26.2
0.5
1.2
0.2
8.8
2.2
12.5
1.2
0.2
5.5
3.2
9.2
2.5
2.0
1.0
1.0
1.5
1.2
0.2
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Continua Tabella I

N.

Components

60
Humulene epoxide II
61
β-Cedrene epoxide
62
Aromadendrene epoxide
63
γ-Eudesmol
64
Cubenol
65
t-Muurolol
66
β-Eudesmol
67
α-Cadinol
68
(Z)-α-trans-Bergamotol
69
13-epi-Manool oxide
70
Sclareol
Group components
Monoterpene hydrocarbons
Oxygenated monoterpenes
Sesquiterpene hydrocarbons
Oxygenated sesquiterpenes
Identified components (%)

KIa

KIb

1605
1620
1638
1630
1645
1645
1648
1655
1690
2005
2220

1608
1621
1639
1630
1645
1644
1649
1652
1690
2009
2222

VNOL
6.0
-

77.0
15.8
92.8

Percentage (%)
VTOL
PAOL
1.1
0.3
0.3
0.5
0.5
0.3
0.4
1.1
-

39.1
52.4
91.5

0.2
56.6
25.2
9.1
91.1

PMOL
1.0
1.2
1.8
2.4
3.0
2.0
83.0
10.8
98.8

VNOL – V. negundo oil; VTOL – V. trifolia oil; PAOL – P. amboinicus oil; PMOL – P. monostachyus oil
aLinear retention index, experimentally determined using homologous series of C -C alkanes
6 30
bLinear retention index taken from Adams[12]
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total composition of the oil. The essential oil extract- oil with only camphene (0.2%) detected. Carvacrol
ed from V. trifolia contained 18 chemical components was reported by previous studies as the main comwhich correspond to 91.5% of the total composition ponent of several essential oils from Plectranthus.
of the oil. The essential oil from V. negundo indicat- Carvacrol was found in the species collected from the
ed the presence of 12 components of sesquiterpene Philippines [15], Brazil [16], Morocco [17], Egypt [18],
hydrocarbons (77.0%) and two components of ox- Cuba [19], and Thailand [20]. However, the leaf oil of
ygenated
P. cylindraceus collected from Oman also showed
(A) sesquiterpenes (15.8%). The oil showed (B)
Cluster I spathulenol
an abundance of δ-elemene (43.1%),
the presence of carvacrol [21]. In the essential oil
Cluster
I the leaves of P. monostachyus, 37
(9.8%), δ-selinene (7.8%), γ-eudesmol (6.0%), and extracted
from
β-gurjunene (5.2%). Additionally, substantial amounts components were characterised with sesquiterpene
of compounds that accounted for more than 2% of hydrocarbons as the major fraction (83.0%). From
the total composition were observed namely β-el- the hydrocarbons, β-caryophyllene (26.2%) supplied
emene (2.1%), α-gurjunene (2.0%), β-caryophyllene the most substantial amount, followed by germac(2.2%), β-copaene (3.0%), γ-elemene (3.8%), and rene D (12.5%), δ-cadinene (9.2%), germacrene B
amorpha-4,7(11)-diene (3.5%). The essential oil of V. (8.8%),Cluster
and bicyclogermacrene
(5.5%). Additionally,
II
Cluster II
trifolia consisted of 10 sesquiterpene hydrocarbons
10 components of oxygenated sesquiterpenes were
III
and eight Cluster
oxygenated
sesquiterpenes that repre- observed. β-Caryophyllene was found in P. ciliates
sented approximately 39.1% and 52.4% of the total [22] and P. grandis [23].
composition, respectively. The most abundant com- Principle
component
analysis (PCA) is a multivariate
Cluster
III
ponents were viridiflorol (42.3%), β-caryophyllene exploratory data analysis tool that is used to deter(21.7%), β-elemene
(10.3%),
and
elemol
A of mine
similarities
and
differences
among samples,
Figure
1 - PCA
(A) and
HCA(5.7%).
(B) analysis
Vitex and
Plectranthus
essential
oils
previous report also observed δ-elemene as the ma- identify groups of samples, and study correlations
jor constituent in the essential oil of V. megapotamica among variables. However, hierarchical clustering
(10.65%) [14].
analysis (HCA) groups things according to their simFrom the analysis of the essential oil of P. amboinicus, ilarities based on specified characteristic variables.
20 components (91.1%) were detected. Oxygenated This method is being acknowledged as one of the
monoterpenes were the most abundant components approaches for quality control of herbal materials.
in the essential oil of P. amboinicus which represented The results for PCA and HCA analysis are shown in
56.6% of the total composition. Additionally, sesqui- Figure 1. As many as 30 data sets showing 2.0% or
terpene hydrocarbons which contributed 25.2% of more composition were selected for the multivariate
the total composition of essential oil from P. amboini- analysis done in this study. The results from the PCA
cus. The major components identified were carvacrol analysis showed that the essential oils were distinctly
(54.4%), β-caryophyllene (8.9%), α-cis-bergamotene separated into three clusters, with P. amboinicus and
(7.7%), and caryophyllene oxide (6.0%). Monoter- V. trifolia grouped in cluster I, V. negundo in cluster II,
pene hydrocarbons made up a minor fraction of the while P. monostachyus grouped in cluster III. Likewise,
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(A)

(B)

Cluster I

Cluster I

Cluster II

Cluster II
Cluster III

Cluster III

Figure 1 - PCA (A) and HCA (B) analysis of Vitex and Plectranthus essential oils
the Vitex and Plectranthus species were also classified into three groups. The PCA score and loading
plots comparison enabled the relationships between
the oil samples and the variables of chemical composition to be identified. The loading plot indicated that
P. monostachyus oil (cluster III) could be distinguished
by the presence of eight components, α-cis-bergamotene, α-amorphene, germacrene D, bicyclogermacrene, α-muurolene, δ-cadinene, (Z)-nerolidol, and
α-cadinol. The essential oil from V. negundo (cluster
II) could be characterised by the occurrence of four
components which were β-elemene, α-guaiene, elemol, and viridiflorol. Therefore, the PCA results illustrated that P. monostachyus and V. negundo oils were
unique compared to other species. The essential oils
from P. amboinicus and V. trifolia (cluster I) could be
categorised by the existence of carvacrol, α-gurjunene, β-caryophyllene, β-copaene, β-gurjunene,
γ-elemene, α-humulene, amorpha-4,7(11)-diene,
δ-selinene, β-bisabolene, spathulenol, caryophyllene
oxide, and γ-eudesmol. The clusters obtained were
verified using HCA to evaluate the precision of the
classification.
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È la rete nata nel 2008 per volontà della
Commissione Europea con l'obiettivo di
supportare l’innovazione, il trasferimento
tecnologico e l’internalizzazione di piccole e
medie imprese ed enti di ricerca.
Si avvale di oltre 600 organizzazioni presenti in
60 paesi e offre un sistema integrato di servizi
gratuiti per aiutare le imprese a individuare
nuovi partner commerciali, produttivi e
tecnologici all'estero; per promuovere la
partecipazione ai programmi Europei per la
ricerca, come Horizon Europe, e per fornire gli
strumenti utili per essere più competitivi sui
mercati internazionali, migliorando la
conoscenza dei mercati e della legislazione
europea.
In Lombardia i servizi di Enterprise Europe
Network sono garantiti dal consorzio Simpler
(Support Services to IMProve innovation and
competitiveness of businesses in Lombardia
and Emilia-Romagna), di cui Innovhub è
partner.
Come ti può aiutare la rete EEN?

I servizi della rete EEN sono gratuiti.
Per cercare il tuo partner in Europa,
consulta il nostro database:
https://een.ec.europa.eu/partners
Per maggiori informazioni contattare:
Susy Longoni
susy.longoni@mi.camcom.it

Far crescere l’azienda e sostenere
l’internazionalizzazione:
• Informazioni sulla legislazione EU
• Informazioni e assistenza sul Regolmaneto REACH
• Ricerca di finanziamenti a supporto delle imprese
• Supporto per l’individuazione di opportunità commerciali all’estero
• Sostegno per lo sviluppo di nuovi prodotti o processi
Sviluppare partneriati:
• Supporto alla partecipazione a brokerage event e
company mission e per la conclusione di accordi di trasferimento tecnologico
• Assistenza nella ricerca partner
Implementare processi di innovazione e trasferimento
tecnologico:
• Servizio di analisi delle capacità di gestione e miglioramento dell’innovazione
• Supporto al trasferimento tecnologico/open innovation
• Informazione su bandi di finanziamento e supporto alla
partecipazione a programmi di ricerca
• Pre-screening delle proposte progettuali EIC
Accelerator

Progetto TRKR20211123001
A Korean SME seeks partner companies with
expertise of vertical farming systems and AI
technologies under technical cooperation, license, and joint venture agreements

A Korean SME specializing in manufacturing agricultural machinery is looking for overseas partners with knowledge of vertical farming systems
using 'aeroponics' and 'hydroponics' (water farming) for applying to agricultural machines. The
company is open to cooperation under technical
cooperation, license, and joint venture agreements.
Dead-line for EOIs: 07/12/2022
Progetto TRKR20211201001
A Korean SME is looking for partner companies with expertise in surge protective devices(SPD) and non-combustible panels

A Korean manufacturer of surge protective devices (SPD) and non-combustible panels for multiple usages is looking for partners with expertise
in SPDs and panels for enhancing the performance of their products. They are open to technical cooperation, license, and also joint venture
agreements.
Dead-line for EOIs: 18/12/2022
Progetto TRKR20210824001
A South Korean company is looking for partners with crude protein extraction technology
under licensing agreements

A Korean Company is currently looking for partners companies possessing technologies to extract crude protein from 'hydrolysates of pigs'
membrane for high filtration rates to meet local
standards of sewage treatment. The firm is seeking for partner companies that can cooperate under license agreements.
Dead-line for EOIs: 23/12/2022
Progetto RDDE20211201001
HORIZON-CL4-2022-TWIN TRANSITION-01-07:
Digital tools to support the engineering of a
Circular Economy: European consortium is
looking for a European recycling company,
who is dismantling and recycling end-of-life
vehicles

A European consortium led by a German based
engineering company specialized in Computer
Aided Engineering is applying for the call TWINTRANSITION-01-07: Digital tools to support the
engineering of a Circular Economy, with the aim
to develop a digital twin for the recycling industry.
The consortium is looking for a partner from the
European vehicle recycling industry to join the
project to integrate the prototype of the autono-

mous system in a side line of the real industrial
recycling process.
Dead-line for EOIs: 31/12/2022
Progetto DAMRC
The Danish tech organization DAMRC is looking for technological research institutions to
start common research projects on all fields
related to advanced manufacturing

The Danish technological organization DAMRC is
a research and development center for advanced
production technologies that develops and transforms the latest knowledge into practical solutions
in close collaboration with the universities.
The current focus for DAMRC is in the metalworking and composite industry. DAMRC has
more than 80 members gathered in a group consisting of advanced companies and organizations. DAMRC continuously screens new technologies and evaluates whether these technologies can benefit production companies.
DAMRC already cooperates with a number of
universities and institutions all over the world
(e.g. Fraunhofer), but they are now interested in
acquiring more partners among technological research organizations and universities.
Dead-line for EOIs 31/12/2022

Progetto BRDE20220504012
A German SME producing high quality cold
pressed grape seed oil in organic and conventional quality is searching for cooperation
partners in Europe

This German SME has been active in the production of dried grape seed oils since 2010 - in the
conventional and organic sector. From the press
cake, the SME produces grape seed flour, which
is used for bread mixes, pasta and dietary supplements. The "zero waste" principle therefore
applies to the SME's production and company
philosophy. The company is now looking for
business partners in selected European countries
that need at least 30,000 kg of dried organic
grape seeds for the production of organic grape
seed oil. The requested quantity is the annual requirement. The goods should be available in
"loose form" (ideally in 1000 kg big bags).
Dead-line for EOIs: 05/05/2023

Progetto BRPL20220516008
Polish producer of natural cosmetics and candles is looking for suppliers of raw materials

A Polish family-owned company, with 5 years of
experience in the organic sector and hand-made
cosmetics, specializes in the production of cosmetics and candles based on natural ingredients
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only, without fixatives, preservatives, or parabens. The production is based on traditional
methods. Cosmetics are made from vegetable
oils, some of which are produced by the manufacturer itself. The company is now looking for
cooperation in the field of supply of raw materials
for the production of candles such as rapeseed
wax, essential oils and fragrance compositions
under supplier agreement.
Dead-line for EOIs: 16/05/2023
Progetto BRBG20220801015
Bulgarian producer of organic cold-pressed
oils is looking for distributors or producers of
various organic seeds and nuts

Bulgarian family-owned company produces
healthy organic high quality oils from seeds and
nuts by the method of coldpressing, which allows
to maintain all the beneficial properties of the
substances they have been extracted from. The
company can also produce customized oils with
customers' raw materials from organically certified seeds and nuts. The Bulgarian company is
looking for distributors or producers of organic
seeds and nuts which they cannot source locally.
The products must be suitable for the method of
coldpressing, used in the manufacturing activity
of the company, and have the relevant bio certification. Potential partners must be willing to supply small quantities at the beginning.
Dead-line for EOIs: 01/08/2023

Progetto TRNL20220815007
Sustainable cleaning technologies sought preventing disposal of cleaning cloths by DutchBelgian wholesaler

A Dutch-Belgian wholesaler supplying cleaning
utilities to cleaning organizations in several European countries wants to make its cleaning solutions more circular. Therefore it is looking for
technologies or solutions that prevent cleaning
cloths to be disposed and incinerated. A pilot project showing the potential of the technology within
the framework of a commercial agreement is
aimed for. This technology request refers to an
innovation challenge published on an open innovation platform.
Dead-line for EOIs: 18/08/2023

Per ricevere ulteriori informazioni e per entrare in
contatto con i soggetti titolari degli annunci si
prega di inviare una mail al seguente indirizzo:
susy.longoni@mi.camcom.it specificando il/i
codice/i progetto di vostro interesse.
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PAPER TESTING
TEST e ANALISI

RICERCA e SVILUPPO

CONFORMITÀ BfR XXXVI Carta fibra vergine e riciclata e DGCCRF MCDA n°4(V02-01/01/2019)
• Determinazione della formaldeide in estratto acquoso - (UNI EN 1541:2002)
• Determinazione del contenuto di gliossale - (DIN 54603:2008)
• Imbiancanti ottici migrabili - (UNI EN 648:2019)
• Migrazione specifica della somma delle ammine aromatiche primarie (UNI EN 131301:2005+BVL LFGB §64 L 00.00-6:1995/Cor:2002)
• Determinazione e quantificazione degli ftalati - (metodo interno)
• Bisfenolo A - (UNI EN 17497:2020)
• Determinazione di diisopropilnaftalene (DIPN) mediante estrazione con solvente - (UNI EN

Sviluppo di nuove
metodiche analitiche
per la determinazione e
quantificazione di
contaminanti o molecole
di interesse

14719:2005)
• Cadmio, piombo e alluminio in estratto acquoso - (UNI EN 12498:2019 + metodo interno)

NIAS Non Intentionally Added Substances
“impurità presente nelle sostanze utilizzate, intermedio di reazione formatosi
durante il processo produttivo o prodotto di reazione o di decomposizione”

Reg. UE N. 10/2011 Consideranda 18-20, articolo 3

VALUTAZIONE

della conformità ai requisiti riportati
nell’articolo 3 del Regolamento
CE N. 1935/2004 sui materiali e
gli oggetti destinati a venire a
contatto con gli alimenti (MOCA)

UNTARGETED ANALYSIS

HPLC-PDA-HRMS
Thermo Scientific™Orbitrap Exploris
120 Mass Spectrometer
Thermo Scientific™ Compound
Discoverer™ Software

www.innovhub-ssi.it
PIERANGELA ROVELLINI
02.7064.9771
pierangela.rovellini@mi.camcom.it

PAPER TESTING
Innovhub Stazioni Sperimentali per le Industrie S.r.l. offre un pacchetto analitico consolidato utile ad ottenere la
conformità dei prodotti destinati al contatto con alimenti a base carta alla raccomandazione tedesca BfR XXXVI e alla nota
informativa francese DGCCRF MCDA n°4 (V02-01/01/2019). Alcune delle determinazioni effettuate riguardano i seguenti
parametri:
• Determinazione della formaldeide in estratto acquoso - (UNI EN 1541:2002)
• Determinazione del contenuto di gliossale - (DIN 54603:2008)
• Imbiancanti ottici migrabili - (UNI EN 648:2019)
• Migrazione specifica della somma delle ammine aromatiche primarie
(UNI EN 13130-1:2005+EN17163)
• Determinazione e quantificazione degli ftalati - (UNI EN 16453:2014 o metodo interno in
HPLC)
• Bisfenolo A - (UNI EN 17497:2020)
• Determinazione di diisopropilnaftalene (DIPN) mediante estrazione con solvent
(UNI EN 14719:2005)
• Cadmio, piombo e alluminio in estratto acquoso - (UNI EN 12498:2019 + metodo interno)
• Trasferimento dei costituenti microbici – (UNI EN 1104:2018)
• Determinazione della solidità del colore della carta e del cartone colorati
(UNI EN 646:2019)
• Contenuto in estratto acquoso 1,3-Dicolor-2-propanolo (metodo interno)
• Contenuto in estratto acquoso 3-monocloro-1,2-propandiolo (metodo interno)
• Benzofenone + 4-metilbenzofenone + 4,4’-bis(dimetilamminio)-benzofenone
(BVL B 80.56-2 Correzione 2004-06)

Le determinazioni avvengono seguendo metodi ufficiali UNI, CEN e DIN, e metodi interni sviluppati nei laboratori analitici di
INNOVHUB.
Da oggi, l’offerta analitica di INNOVHUB si arricchisce grazie all’acquisto del nuovo sistema Orbitrap Exploris 120 Mass
Spectrometer (Thermo Scientific™) e del pacchetto software Compound Discoverer™ (Thermo Scientific™) focalizzati
all’esecuzione di analisi untergeted
L’implementazione del parco strumentale, e la consolidata esperienza in materia, permetterà di ottemperare alla sempre
più stringente normative in materia che richiede di valutare in modo accurato e specifico anche la presenza di NIAS (Non
Intentionally Added Substances) “impurità presente nelle sostanze utilizzate, intermedio di reazione formatosi durante il
processo produttivo o prodotto di reazione o di decomposizione” all’interno dei prodotti cartari.

Riferimenti:
SERENA BARISELLI
Responsabile idoneità a contatto con gli alimenti
serena.bariselli@mi.camcom.it
02.85153508
PIERANGELA ROVELLINI
Responsabile laboratorio cromatografia liquida
pierangela.rovellini@mi.camcom.it
02.70649771
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Luca Lombardo è assegnista di ricerca presso l’Università
Cattolica del Sacro Cuore e durante gli anni si è occupato dello
studio della fisiologia e della diversità genetica dell’olivo, nonché della caratterizzazione dei principali componenti degli oli
d’oliva e delle strategie di gestione sostenibile degli oliveti.

Notiziario

........RECENSIONI DI LIBRI

filiera olivicolo-olearia italiana - Come comunicare
la sostenibilità - Appendice - Schede di approfondimento: A.1 Tecnologie dell’industria olearia e
sostenibilità, A.2 Nuovi requisiti ambientali ed etico-sociali, A.3 Le avversità dell’olivo: lotta biologica e biotecnologica ed integrata per una gestione
sostenibile degli oliveti.
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Camilla Farolfi è dottoranda presso la Scuola di dottorato per
lo studio del Sistema Agroalimentare (AGRISYSTEM)
dell’Università Cattolica del Sacro Cuore con progetto di ricerca
“Strategie per una gestione sostenibile in olivicoltura”.
3

OLIO SOSTENIBILE
GUIDA TECNICA DI SOSTENIBILITÀ PER
FILIERA OLIVICOLO-OLEARIA ITALIANA

Ettore Capri è professore ordinario in Chimica agraria e direttore del centro di ricerca OPERA, l’osservatorio per lo sviluppo
sostenibile in agricoltura (Università Cattolica del Sacro Cuore).
Dal 2009 idea e sviluppa standard di sostenibilità per il settore
agro-alimentare e la ristorazione.

LA

1

DI LUCA LOMBARDO
ETTORE CAPRI3

, CAMILLA FAROLFI2,

Il volume è concepito come supporto operativo per
le aziende olivicolo-olearie che intendano migliorare la sostenibilità ambientale, sociale ed economica dei processi e dei prodotti aziendali.
Il nucleo del libro è costituito da una Guida tecnica
di sostenibilità, articolata in 42 requisiti, che si propone come strumento gestionale e conoscitivo a
sostegno dell’agricoltura sostenibile, incentivata
dalle moderne politiche agricole.
Per la sua stesura si è fatto riferimento a normative nazionali e regionali, a buone pratiche, a evidenze scientifiche, agli Standard ISO, alle certificazioni di sostenibilità nazionali e a indagini di
campo.
Per la selezione dei requisiti, la filiera olivicola è
stata analizzata nei processi di produzione della
fase agricola e di frantoio, caratterizzati in termini
di valorizzazione del paesaggio e delle tipicità colturali e culturali, sicurezza e qualità alimentare,
comportamenti eticamente e socialmente responsabili e, non per ultime, profittabilità e condivisione del valore sul territorio.
Indice: Introduzione - L’olivo e i quattro pilastri della sostenibilità - La filiera olivicolo-olearia italiana Razionale dietro lo sviluppo di una certificazione di
sostenibilità - Guida tecnica di sostenibilità per la

...................CONGRESSI
RSPO Annual Roundtable Conference on
Sustainable Palm Oil (RT2022)
28th November - 1st December 2022 | Kuala Lumpur, Malaysia

Dear Valued Members,
We are pleased to announce that we are back in
person for the RSPO annual Roundtable Conference on Sustainable Palm Oil (RT2022).
The event will be held at the Shangri-La Kuala
Lumpur, Malaysia with virtual access available,
from 28 November to 1 December 2022.
Following the RT2022 conference, the 19th Annual
General Assembly of RSPO Members (GA19) will
be held on Thursday, 1 December 2022 at the
same venue.
Registration details will be made available soon
but in the meantime, please save the date and
stay tuned for more information.
We are really looking forward to seeing you in person at this year's RT!
https://rspo.org/news-and-events/events/save-thedate-rt2022-in-kuala-lumpur-28-november--1december-2022
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Unconventional Ag - Previously the Or-

ganic & Non-GMO Forum

29-30 November 2022 | Minneapolis, USA

This focused event and news platform features innovative, sustainable, and value-added opportunities for farmers, grain handlers, processors, procurement groups, startups, equipment/technology
providers, and more. The 8th annual conference
highlights specialty oilseed, grain, vegetable oil,
and plant protein production alongside trade and
processing. It showcases regenerative, organic,
and sustainable agriculture methods. Unconventional Ag News follows suit by providing the most
current and pressing information to readers
through a weekly email newsletter.
Unconventional Ag is the industry source to discover how to differentiate products and processes
and take advantage of emerging markets related
to specialty oilseeds, grains, and their bi-products.
For updates:
https://www.unconventionalag.com/

Insect Lipids: From Science to Industry
30th November - 1st December 2022 | Magdeburg,
Germany
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Euro Fed Lipid would like to invite you to the symposium on:
Insect lipids as novel source for future applications: from science to industry
Insects are bred in a fast-growing new industrial
sector for applications as food and feed.
During processing two fractions are obtained: proteins and oils. While proteins are aimed mainly for
food and feed, oils remain for further processing
and are of valuable usage. Euro Fed Lipid organises important conference in Europe taking into
consideration different sources of oils and fat with
broad variation of origins and usage.
The subject of insect oils and fats was firstly preth
sented during the 18 Euro Fed Lipid Congress
and Expo in 2021. The aim of the Insect Lipids
Symposium is to provide a platform to learn about
origin, composition, processing, and application of
insect lipids from the view of both research and industry.
In addition to food and feed, these lipids are applicable for cosmetics and technical applications similar to vegetable and animal oils and fats. Similar
to the broad range of common lipids every insect
species also produce unique lipids, which may
show different physical properties and may contain
additional secondary substances. Therefore, the
process steps are expected to resemble the processing steps for regular vegetable oils, but shall

be adapted to reflect unique properties required for
new applications.
Further details will be made available soon. Please
mark your Calendars.
For updates:
https://veranstaltungen.gdch.de/tms/frontend/index
.cfm?l=11302&sp_id=2
AlgaEurope 2022
13 - 15 December 2022 | Rome, Italy

Algae have become a multi-billion sector in terms
of biotechnology development that is expected to
grow rapidly, providing valuable goods and services in multiple applications. In spite of centuries of
scientific and commercial interests, the term algae
has no taxonomic meaning. In the light of rapidly
growing business interests associated with the
term algae, a clear, simple definition of algae is not
only required but essential for developing the necessary standards, and regulatory and legal issues.
One of the key success factors of AlgaEurope is
the close cooperation between EABA - European
Algae Biomass Association and DLG Benelux.
The main target of EABA is to act as a catalyst for
fostering synergies among scientists, industrialists,
and decision-makers in order to promote the development of research, technology, and industrial
capacities in the field of Algae. DLG Benelux is
part of DLG International: the leading German
consulting company of the DLG group for the Agribusiness and Food Industry offering international
expertise in setting up trade fairs and providing
project management and consultancy services national and international. Read more about EABA
and DLG Benelux.
AlgaEurope is a unique opportunity to learn and
understand all about algae production and commercialization and interact with over 350 key
players from more than 45 countries.
"Since years AlgaEurope is one of the most global
comprehensive conferences about science, technology and business in the Algae Biomass sector
organized by industry professionals."
Learn more:
https://algaeurope.org/

Fuels of the Future 2023
23-24 January 2023 | Berlin, Germany

The 20th International Conference on Renewable
Mobility "Fuels of the Future" will take place
again from 23rd to 24th January 2023. The motto of the conference is: "Fuels of the Future 2023 Navigator for sustainable Mobility!" As usual, the
event will be bilingual (German-English).
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Fuels of the future 2023 welcomes national and
international participants including representatives
from the raw material collecting and processing
industry, the biofuel, mineral oil and automotive
industry, the chemical industry, the transport and
logistics sector, certification systems as well as
from politics, science and research.
The aim of the International Conference is to provide participants with an up-to-date status report
on the many different legislative initiatives and to
discuss corresponding recommendations for action, to present current market developments and
project examples of renewable mobility, and to
provide a broad platform for the exchange of experience.
On the International Conference on Renewable
Mobility offers the outstanding opportunity to introduce your company or organization to an international audience of experts and/or to present it via
sponsoring. You will find details on this in
the Exhibition & Participation offer "market place of
the future".
For informations:
https://www.fuels-of-the-future.com/en

15th International Conference & Expo on
Chromatography Techniques
January 30-31, 2023 | Barcelona, Spain

Advanced Chromatography 2023 organizing
committee invites analytical expertise, researchers, professors, scientifica communities, delegates, students, business professionals and executives to attend the “15th International Conference &
Expo on Chromatography Techniques” which is to
be held during January 30-31, 2023
In the light of this theme, the conference series
aims to provide a forum for international researchers from various areas of analytical chemistry,
pharmacy, pharmacology, bioinformatics and other
life science groups by providing a platform for critical analysis of new data, and to share latest cutting-edge research findings and results about all
aspects regarding advances in HPLC and Chromatography techniques.
The conference provides a platform to detail the
research works of analytical expertise from various
scientific backgrounds and the same can be perceived by young researchers and students. The
conference mainly aims to promulgate knowledge
on chromatography and unveil the advances in
HPLC techniques.
Both Life Science and Chemical Sciences need
analytical techniques in course of research work
and therefore Advanced Chromatography 2022
would be a perfect venue to share and develop
knowledge on key analytical tools.

Target Audience:
• Analytical experts in chromatography
• Research Heads from Pharmacy and Chemical
Industries
• Industrial expertise working with various novel
solid & liquid columns
• Marketing teams of Industries with novel products to show case at the conference
• Directors and Professors from Universities and
Institutions
• Post-doctoral & PhD student working on analytical & Bio-analytical method development
• Theoretical scientists working on deriving analytical hypotheses
• Relevant Graduate and Post graduate students
Sessions/Tracks:
- Major Chromatographic Techniques
- Advances in Chromatography-HPLC Instrumentations
- Chromatography & Mass Spectrometry
- Chromatography in Pharmacy & Pharmaceutical
- Chromatography in Food Science Technology
- Biochemical Applications of ChromatografyHPLC
- HPLC Fingerprinting in Bioinformatics & Computational Biology
- Analytical & Bio-analytical Applications of Chromatography
- Chromatography-HPLC in Bio-Medical Research
- Hyphenated Chromatography Methods
- Chromatography-HPLC as Separation Techniques
- High Efficiency & High Resolution Techniques
- Method Development & Validation
- Recent Advances in Chromatography-HPLC
- Chip Based Chromatography Separations
- Market Growth of Chromatography- HPLC
For more details please visit:
https://chromatography.pharmaceuticalconference
s.com/

20th International Conference on Renewable Mobility "Fuels of the future" on
23-24 January 2023 | Berlin, Germany

The 20th International Conference on Renewable
Mobility "Fuels of the Future" will take place
again from 23rd to 24th January 2023. The motto of the conference is: "Fuels of the Future 2023 Navigator for sustainable Mobility!" As usual, the
event will be bilingual (German-English).
Fuels of the future 2023 welcomes national and
international participants including representatives
from the raw material collecting and processing
industry, the biofuel, mineral oil and automotive
industry, the chemical industry, the transport and
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logistics sector, certification systems as well as
from politics, science and research.
The aim of the International Conference is to provide participants with an up-to-date status report
on the many different legislative initiatives and to
discuss corresponding recommendations for action, to present current market developments and
project examples of renewable mobility, and to
provide a broad platform for the exchange of experience.
On the International Conference on Renewable
Mobility offers the outstanding opportunity to introduce your company or organization to an international audience of experts and/or to present it via
sponsoring. You will find details on this in
the Exhibition & Participation offer "market place of
the future".
For more details please visit:
https://www.fuels-of-the-future.com/en

tion since inception. The zone has organised several refresher courses and 40 seminars on National
& International scale from year 1968. The main
theme of FOIC-2023 Conference is “Meeting the
challenges of energy efficiency in process innovations and automation”.
Therefore, during this schedule conference FOIC2023 will be packed with following well defined &
structural modules.
- Energy Efficiency in Process-Innovations in the
field of Process Energy Conservation
- Process Automation-Precise Process Control,
Data logging & analysis. * Analytical Instrumentation
The FOIC-2023 Conference & Exhibition is an
ideal platform to share & gain the latest technology
to the global fats & oil community. The high- level
conference attracts eminent presenters and an international audience from all over the world.
Kindly mark your calendar for 16 th , 17 th & 18 th
of March, 2023.
I look forward to welcoming you to FOIC-2023.

Palm & Lauric Oils Price Outlook Conference & Exhibition (POC2023)
6-8 March 2023 | Kuala Lumpur, Malaysia
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Palm and Lauric Oils Price Outlook Conference &
Exhibition is the most anticipated annual gathering
of key decision-makers and thought leaders in the
global edible oils industry, where participants deliberate on the industry's most pressing issues and
opportunities surrounding the supply and demand
of major edible oils.
For more details and updates please visit:
https://www.ofimagazine.com/events/palm-lauricoils-price-outlook-conference-exhibition-poc2023

FOIC 2023, Fats & Oil International. Conference and Exhibition
16-18 March 2023 | Grand Hyatt Hotel, Mumbai, India

With the FOIC 2023, International Conference &
Exhibition taking place from 16-18 March, 2023 at
the Grand Hyatt Hotel, Mumbai, India will be the
place again for the edible oil world coming together and we look forward to welcoming the
world-wide edible oil community again at FOIC2023.
The FOIC 2023, the International Conference is
organised by Oil Technologist’s Association of India-Western Zone (OTAI-WZ). OTAI- Western Zone was established in a year 1960 under the leadership of Late Prof. J.G. Kane. The OTAI-WZ is a
largest among all zones and has played a very active role in fulfilling the objectives of the associa-

European Algae Industry Summit
19-20 April 2023 | Lisbon - Portugal

ACI is pleased to announce the 11th Annual European Algae Industry Summit will take place on the
19th-20th April 2023 in Lisbon, Portugal.
The event will bring together key players within the
algae industry including leaders from cosmetics,
food, feed, biomaterials, nutraceuticals and pharmaceuticals across the globe allowing attendees
to gain a deeper understanding of recent industry
developments and, most importantly, economically
viable applications.
Key topics:
• Market Overview of Industry Trends & Drivers
• Algae Foods; an Industry Blooming
• Cutting-Edge Advancements in Algae Protein for
Plant-Based Products
• Managing EU Regulations across the Industry
• Capitalising on the Success of Spirulina
• Astaxanthin the Oceanic Carotenoid
• Enhancing Algae’s Reputation as a Sustainable
Alternative
• Furthering the Evolution of Algae in Cosmetics
and Personal Care
• Prospects for Algae bioplastics and Biofuel
• Adapting Approaches to Production in an EverExpanding Market
Who will attend?
• Algae producers & cultivation plant owners and
operators
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Algae end market users in nutrition, cosmetics,
pigments, animal feed, bioplastics, agriculture
and many more
Leading algae/biomass research institutes, technology providers for cultivation, harvesting,
dewatering, drying, oil extraction and processing
Plant engineers and constructors, green energy
& biotech investors
Green energy/biotechnology investors: venture
capitalists, private equity firms etc. looking to invest in new & emerging markets
Regulators & governments: organisations looking
into the regulation of algae-based product
Photobioreactor and Cultivation System Providers
NGOs
Academics

For updates:
https://www.wplgroup.com/aci/event/europeanalgae-industry-summit/

12th CESIO World Surfactant Congress
5-7 June 2023 | Rome, Italy

CESIO is the European association representing
producers of surfactants and intermediates. Every
4 years, the association organizes the CESIO
World Surfactant Congress and provides a unique
opportunity for partners and contacts across the
surfactants value chain to meet. 39 years after the
first congress, the 12th World surfactant congress
will be held in Rome from 5th to 7th June 2023.
The theme for this edition will be: “Surfactants–
High Performance Solutions for a Better World”.
This event represents the perfect opportunity to
learn about the latest developments in key areas
such as Business & Market Trends, Safety & Regulatory affairs and Technical & Applications. Participants can take part in sessions covering scientific, technical and economic aspects of surfactants
and their industrial and consumer applications.
Surfactants – High Performance Solutions for a
Better World
Global warming, Environmental Legislation, COVID-19 the last years have clearly shown that “business as usual” will not be a viable option for the
upcoming decades. To an extent global societies
will need to adapt to minimise irreversible collateral damage. This will involve governments, regulators, citizens and industry and its supply chains.
Some commentators think that new economies
with new business models may be required for a
better world – a threat to some, an opportunity for
others.
With this background, what is the specific mission
of surfactants and their producers? Surfactants

play a significant role as part of high-performance
solutions that are required to meet the global challenges. For example, surfactants add value by
helping to keep the components within a complex
product formulation compatible. They also provide
performance features in their own right (e. g. cleaning, wetting, foaming, emulsification, etc).
Surfactants are thus one crucial component for
consumer products that enable them to do what
they are supposed to do, e. g. related to cosmetics, household applications, professional and industrial uses (e.g. I&I or agrochemicals and many
others. With current trends surfactant producers
are required to reduce the global warming potential of chemical processes and products. As a result, research and investment in several fields will
be required for surfactants, including lower CO2,
bio-based raw materials and circularity. The challenge will be to identify surfactants with lower Life
Cycle Assessments (LCA) that can be produced at
current mainstream surfactant scales, perform
well (e. g. clean as well as current products), and
be cost effective. On the retail consumer side, digitalization should help to speed up activities as in
the COVID-19 era consumers bu more and more
products online than off-the-shelf. COVID-19 has
also resulted in a huge demand for products and
surfactants for hygiene and sanitation.
An important role of our industry organization,
CESIO, is to provide surfactant related knowledge
and ensure that any industry regulations developed are based on facts, good science and recognised testing protocols. As regulations and raw
material chains develop, there will be both restrictions and new opportunities opening up. This will
affect surfactants as well as biocides, solvents, polymers and other ingredients. The surfactants industry has a tremendous breadth and depth of expertise in bringing ingredients together in advanced formulations and is therefore well positioned to
help downstream adapt to supplier changes and
identify new business opportunities.
The conference has three clusters with the following topics:
Technical & Applications
• Environmental sustainability and circularity in
surfactants
• Detergency, cleaning and sanitation
• Innovation in Household, Personal Care and I&I
• From structure to properties to applications
• Impact of digital, regulation and consumer behaviour
• Selected applications: household, I&I, personal
care, agrochemicals, industrial use of surfactants
including oil & gas, plastic additives, emulsion
polymerization, etc.
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Safety & Regulatory Affairs
• Sustainability Policies in USA, Europe and Japan
• REACH and CLP under the EU Chemicals Strategy
• How can the efficiency of sustainability be assessed?
• Relationship between biocides and surfactants
Business & Market Trends
• Legal and technical input into business models
for sustainable products
• Global trends: Hygiene & sanitation beyond COVID-19
• Digitalisation and consumer behaviour
• Dinosaur meets Unicorn – what long-established
companies can learn from start-ups
Learn more:
https://cesio-congress.eu/

European Fat Processors and Renderers Association (EFPRA) Congress
2023
7-10 June 2023 | Naples, Italy

The 21st Congress of EFPRA, the European Fat
Processors and Renderers Association will be held
in Naples in June 2023.
Save the date!
https://efpra2023naples.eu/
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International Conference on Algal Biomass, Biofuels and Bioproducts (AlgalBBB 2023)
11-14 June 2023 | Waikoloa Beach, Hawaii, USA

The International Conference on Algal Biomass,
Biofuels and Bioproducts (AlgalBBB) will take
place in-person, 11-14 June 2023, at the Waikoloa
Beach Marriott Resort, Waikoloa Beach, Hawaii,
USA. We are excited to be able to provide this
much-awaited opportunity for the algae research
community to meet in-person and discuss the very
latest research and technologies and to interact
with leaders in the field.
AlgalBBB places a major emphasis on the latest
unpublished technical and scientific results, along
with discussion and direct interactions with broad
spectrum scientists and engineers, funding sponsors, and leaders in the field from all over the
world. The conference presents the work of the algae research community through a balanced set of
oral presentations and posters selected from the
best submissions to the conference. Our list of
keynote and invited speakers includes funding
agency sponsors, key industry players, and top

scientists and engineers from the international
community.
The conference will cover all areas of emerging
technologies in all areas of algal research, including microalgae, macroalgae, and cyanobacteria:
biology, biotechnology, biomass production, cultivation, harvesting, extraction, biorefinery, feedstock conversion into fuels, high value products,
econometrics, and sustainability analyses.
In 2023, we look forward to hearing about the new
emphasis on seaweed-based systems, engineering advances, molecular characterization technologies (e.g., genomics, proteomics, metabolomics),
strain engineering technologies for biofuels and
high value products and pharmaceuticals, biomaterials, photobioreactor design and control systems, and new technologies in characterization
and analysis, among others.
Themes in algae research including microalgae,
macroalgae and cyanobacteria:
• Algal Biotechnology - Molecular Engineering
• Algal Biology - Biodiversity and Bioprospecting of
Algae for Biofuels and Bioproducts
• Algal Biotechnology - Metabolic Regulation of
Algae for Biofuels and Bioproducts
• Algal Cultivation - Phototrophic Systems in Open
Ponds
• Algal Cultivation - Phototrophic Systems in Photobioreactors
• Algal Cultivation - Heterotrophic Systems, including utilization of waste waters for algal production
• Bioreactor Design, Engineering and Control
• Algal Harvesting and Extraction Systems
• Engineering of Biorefinery Systems, Technologies, and End-to-end Integration
• New Technologies in Support of Algal Research
- Areas of Separation, Refining, Detection, Characterization and Analysis
• Engineering Technologies for Algal Biofuels Thermal Catalytic and Non-Catalytic, and Enzymatic systems
• Bioproducts from Algae Including High-Value
Products and Co-products
• Life Cycle, Technoeconomic, and Sustainability
Modeling and Analysis of Algal Production and
Fuel Cycle Systems
• Nutrient Recycling and Management
• Algal Biology – Improving photosynthetic growth
and biomass productivity
To AlgalBBB 2023 we will provide a high-quality,
peer-reviewed programme in which to showcase
your research.
For more details please visit:
https://www.elsevier.com/events/conferences/inter
national-conference-on-algal-biomass-biofuelsand-bioproducts

La rivista italiana delle sostanze grasse - VOL. XCIX - LUGLIO/SETTEMBRE 2022

16th International Rapeseed Congress
24-27 September 2023 | Sydney, Australia

The 16th International Rapeseed Congress (IRC)
to be held in Sydney in 2023 is organised jointly by
GCIRC (Global Council for Innovation in Rapeseed
and Canola) and AOF (Australian Oilseeds Federation).
IRC is held every four years and is the peak international conference for rapeseed R&D focused on
advancement of global rapeseed production and
utilisation. Since the 1960s the IRC has been helping rapeseed and canola professionals reach new
markets and create enduring relationships in the
extensive worldwide network of rapeseed experts.
It is a forum for ideas, innovation and networking
and is highly respected among participants from
industry, academia, and government, as well as
sponsors and exhibitors.
IRC-2023 will bring together scientists and representatives from the global agricultural sector to
showcase new developments in genetics, breeding, cultivation, plant protection, oil and meal product quality, compositional analysis, and utilisation
of end products in the food, feed and energy sectors.
There will be a combination of field trips, presentations and discussions in plenary lectures, thematic
sessions and working groups running over six days
from 22 to 27 September 2023.
The Congress provides unique access to the
world's largest gathering of rapeseed scientists,
researchers and industry experts, creating outstanding business engagement opportunities for
Sponsors and Exhibitors.
The program for IRC-2023 will focus around the
theme Global Crop, Golden Opportunities.
Global crop
Rapeseed/canola is now well established as a major Global Crop with production spread across several geographical regions and products supplying
important global markets for high quality oil and
protein. Once known as the 'Cinderella crop' in the
1960's and 1970's it has expanded to become the
second largest oilseed crop, now nudging 70 million tonnes of grain per year, and becoming the
third largest source of food oils.
This spectacular rise has been driven by breakthrough R&D and continuous innovation from an
expanding global network of crop scientists, agriculturalists, and processing sector experts. Rapeseed production continues to see growth in both
area and productivity, and nowhere is this more
evident than in Australia. Australian canola production reached a record high of over 6 million tonnes
in 2021/22, with the majority being exported, firmly
establishing Australia as a major supplier for the
rapidly expanding global market.

During this period, value adding of canola in Australia has also grown with substantial investment in
expanding capacity of existing processing plants
and constructing new facilities. IRC-2023 is a great
opportunity to witness this expanding Australian
industry and for Sponsors to showcase their contributions to the global rapeseed industry.
Golden opportunities
Off a strong global base, rapeseed is now poised
to branch out into a new era of crop and product
diversification, providing 'Golden Opportunities' to
further expand production, improve profitability,
and extend reach into new high-value and highvolume end use markets.
Breeders and agronomists are using the latest developments in biotechnology to create highyielding and disease resistant varieties
Innovative rapeseed cropping systems are being
developed, such as the dual-purpose grazing and
grain systems being pioneered in Australia
Short-season Brassica crops (Carinata, Camelina,
Cress) are being deployed as cover crops in the
US to produce low-carbon intensity renewable diesel feedstocks
High-oleic rapeseed has become a preferred
source of highly stable and nutritious oil in the food
service sector
Unique EPA/DHA canola oils have recently entered production and are finding applications in nutritional supplements and aquaculture feeds
Rapeseed protein is being developed as an additional high-quality protein source to supply the
emerging plant-based meat replacement markets
Key themes of the event:
• Genetics, Genomics and Breeding
• Agronomy, Physiology and Management
• Diseases and Pests
• Quality and Products
• End Uses
• Economy and Markets
All information to the page:
https://www.irc2023sydney.com/

Malaysian Palm Oil Board (MPOB) International Palm Oil Congress and Exhibition (PIPOC 2023)
7-9 November 2023 | Kuala Lumpur Convention
Centre, Malaysia

Organised by: Malaysian Palm Oil Board, Ministry
of Plantation lndustries and Commodities, Malaysia.

PIPOC 2023 Highlights:
• Impressive line-up of world-renowned
speakers/experts who will be sharing their latest information and research advances in the industry.
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Four concurrent conferences with more than
1000 participants, 100 speakers a nd 200 poster
presenters.
• Exhibition with a totaI floor area of more than
3600 m2 with over 400 booths to showcase latest technologies/products/services
•

Technical tours to oil palm plantation, palm oil
mili, refinery and R&D facilities. Networking opportunities.
Save the date!
https://mosta.org.my/wpcontent/uploads/2022/07/PIPOC2023-7062023.pdf
•

Per informazioni:
DR.SSA LILIANA FOLEGATTI
(Responsabile Laboratorio Sostanze Grasse,
Derivati e Tecnologie Olearie)
liliana.folegatti@mi.camcom.it
INNOVHUB SSI-Milano
Azienda Speciale della
Camera di Commercio di Milano, Monza-Brianza,
Lodi – Area SSOG
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per gli OGM, FOSFA per la
Determinazione
degli amminoacidi

L’analisi della composizione in amminoacidi è una tecnica ampiamente utilizzata in vari settori industriali al fine di valutare la composizione chimica e la presenza di eventuali adulterazioni del campione
sottoposto a controllo. Il Laboratorio effettua l’analisi degli amminoacidi su un’ampia tipologia di
campioni: alimenti, mangimi, sostanze proteiche vegetali, bevande, prodotti caseari, prodotti per la
detergenza (relativamente al contenuto in enzimi). Gli amminoacidi analizzati includono sia i 20
standard che quelli fisiologici (fino a 40 composti diversi), presenti nel campione in forma libera o
dopo idrolisi delle proteine. L’analisi è effettuata mediante un analizzatore automatico che impiega la
cromatografia a scambio cationico e la derivatizzazione post-colonna con ninidrina per la separazione e la quantificazione. Il Laboratorio svolge un servizio di analisi e di ricerca applicata conto terzi,
oltre a fornire consulenza alle industrie che lo richiedono.

Elenco delle analisi effettuate





Determinazione degli amminoacidi (amminoacidi standard) liberi e totali dopo idrolisi
Determinazione degli amminoacidi (amminoacidi fisiologici) liberi e totali dopo idrosili
Determinazione degli amminoacidi solforati (metionina e cist(e)ina)
Determinazione del triptofano
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La Rivista Italiana delle Sostanze Grasse (RISG)
welcomes research, experimental or technological
papers, short communications, reviews articles on
edible and industrial oils and fats of vegetable and
animal origin, soaps, detergents, surfactants,
cosmetics and toiletries, mineral oils, lubricants.
The manuscript will be evaluated by a team of
referees whose opinion is essential for acceptance
for publication. We shall ask you to indicate three
names of qualified experts as a referee.
The Authors publishing their manuscripts on our
scientific Journal are authorized and encouraged to
upload the full text in .pdf format on their page of
ResearchGate, increasing the diffusion and visibility of
the results.
From 2020 papers are available as Open access on our
website for free download.
In our website you can also find the guide-lines for
manuscript preparation and submission as well as
Privacy information notice pursuant to Regulation (EU)
2016/679 and current legislation on personal data
processing.
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