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Abstract

Nowadhgowodt i ndusory hbhaw e pféopbdsinr o dfucrt s

conver si eand dtea walowdact s. Nearly 1000 tons

avocado gpwvecdagdeovast ewater, and the pulp are
of avocado oil yeaNewAdaephamNadkgach, 2017) .
i deal raw materials for food use as they
beneficialAvbobgpdi ®allatcte.s ut i |l i zed as food i

contribute to solvingbliédms seaused yvi henc
processing wastes.

In this sedonyvewitheapdatmence of fermentat.i
omourb,o t ot al phlelm@hdcaobnbegniNa@wt ZeGtpaasnosddt y of
cul taivwoacrad PAvoeadiss svea e subjected to natur
i nocul ated f er mercttatbiaccn | vioikiehf pdriatniTeares®m f er n
samples were evaluated in terms of visual
(LAB) , acetic aci dealsast. erTihae (nAvAnBb e r a nadf ymi
increased significantly (p<0.001) over 7 de
forming units (cfu) of LAB, AAB, and yeast
first Aivtrtataysicafbeyencgnwhscahsedved bet v
day?7 counts of LAB and yeast, but this incr
indicating that growth AHadad orugadc TP iatnd satnd:
capacity significeadnt afyt e(rP<De0me ntdaetciroenaso f
fer ment alta cotno bwaictihl Il lesds ggpant acamt | yPCP<0. 05)
and antioxidant activities compared to kef|

The dried fermentedllavbbobade 6Keebsntiati or
pl antlkaegfuint, and natur al fermentation) were f
time and temperature wer e f oucnodlr@ELO ,siagni fi

and b*TPgl aedl, anthpaxrli*taareads .b* val ues of roa



seeds significantly (P <0.001) declined wi
ti me. Roasting also significantly (P<0.05)
terms of anti otxha awmal wme tdfvi RRAP oandrsjiage si gni
wi t hcr gaosaisnitg ng temperature and ti me. I n ad
b yL . pl ame@arasegnedi cantly (P<0.001) hi ghe
capacity (using boadadrs aGWP)RACO napnadr elIRAPo ke f i
fermented sampl es. This study demonstrated
combination with roastingP@odl dogdebhdtiaoyio
activity, which <can bef opood eand iiath ¢ rye doiee nitnsc o

nutrition aaddeadndemne fviatl au.e
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Abbreviation

LAB Lactic acid bacteria

AAB Acetic acid bacteria

AA Acetobacter agar

ME Malt Exact agar

MRS Lactobacillus MRS agar

cfu Colony forming units

HAT-based Hydrogen atom trans fer-based

ET-based Electron transfer-based

TPC Total phenolic content

TAC Total antioxidant capacity

TEAC Trolox Equivalent Antioxidant Capacity
ORAC Oxygen radical absorbance capacity
DPPH 2.2- diphenyl-1-picrylhydrazyl

ABTS 2.2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)
FRAP Ferric ion reducing antioxidant power
CUPRAC Cupric ion reducing antioxidant capacity
TBARS Thiobarbituric acid reactive substances
MIC Minimum inhibitory concentration
TPTZ 2.4,6-Tris(2-pyridyl)-s-triazine

RSM Response surface methodology

CCD Central composite design

DM/DW Dry matter/Dry Weight

GAE Gallic acid equivalence

kg Kilogram

g Gram

mg Milligram

ug Microgram

pumol Micromole
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1. Introduction

There is a significant increasing gl obal
pl &npgr odpurcaduced in food industries. Once t
i's separated, st bbdescsokren Md/peéebk, odndpopdd proce
pomaci80@I5 t ot al bweiagfat )peel s (approxi mately
orange ipé&él sf(50tal weight), and plum pomac
of gl obal f odgKdr insanuféatc t@drieaynpg @l clpyp | e pomac
can vary with dif fhgrielna, ¢éeso naal8lb e2plalllme gbods
al . f2uh@) thatwbaeaamai me@lhyt ochemical C 0 My
antioxidant cppagiphieamd sant haodyegiard ddd mpoou |
phum pw@meshbhar acterized by high pbDulyfppheatol alan
2016 aamdangevepgeelrse Hertnad dley , tetatali.t (cdDl @)i
pol ypheflodsoAasthided st .h éogper qodamadtsr i ch sources of

vitamins, as wel |l t &e ypboatoeancttiiavle scoounrpcoeusn dosf, p

Avocado is an i mportant tropical fruit t
heal t h, which was charaotegpheadl|l by aadumadan
ability (AraRgmadet& aThi 2dadr8gj.an, (2015) s

wassed in avocada odisl hprgond e tpid edd ccdoanét le nmha d e
avocado pulp contains higmdumdbatswhatbd ¢ aft at
nutri entfc arncctl eunda ,n gwti a caand me red la)l p(hla. 9 7mg/ 100
(phyl | oqgqeag/nlonCeg) ,(-8vii(t0a Ri9msy /B 00g) , retinol,
thi adrebe¢ & Daygenweratéh i2nglodf banbuman heal't
can help the Dbody mai nt ain i ts antioxi dal
(8.8mg/ 100g) can be wutili Eedmdadyp ot ehceucheody t
t he oxi dateinsn toyf Ilicpwopr ot e waa3sh% | heisgtheerro | |.e VAe
of potassium (507mg/100g) in the addicaidon
the I ow content of sodium (8mg/100Q03% and t |



beneficial for people wWHMaihav2eD,lcddrnt diadvascul

Al t hough avocado fruit i s walsl wlkedcalvyg f or
used to manufacture avocado oil, few studi
of avocdAda¥Vgeoed=et al . (2018) cotbubkettedravo
and countries sxrod éfdo uBn7d4 4t% amo i sseteudr%e ,| i 4.i @5
3.09. 63% pr gt S8i%n ,ash-47 Atk 2RAclOoWdngg eb al
(201, ageehdso gni ficantly more pawnmltp oaxnddant
pexr3eedd n faecdor aSct®wuot the antioxidant caj
Al sbenplic compounds and evdintth odii dfaenrt e mtc t a &
cul t MTvelroani maidttofvaaviooadNew Zsdbhawdcado
accounting foAr 8%poo pr esttuaetteitda EBtdtd&eeds
had a higheMPCthan6 S p aavocado. Similarlyd Ha a8 6 csaedledods cont ai ne
hi gher TPC and anti oxi danac cormaomgtnttesl .t han
(2010) .

The use of di fferent extraction methods
di f freeewnltAcsc o Rodn gCgatrepze na, bet tahla.p s(Bpal 1
OFueprutkepbt r act ed bhyaad?iO gh @ hed @mest hanedtlhy |
acetxteactions. Addi ni iooxiatipgancti tt ye mrag s wlatrsy
antioxidant assays with different mechani s
solvent system on¢cdaleitler mimbhali macin@b®hoohso{
based assays | iakheas@RA @ nastshaey scownmpetiti on o
bet ween antioxidants and s (Alpsatkr, atee)s. adur i 2n0g
Whi t enee ¢ h a n iEsfhm soefd |ai sksdaPyRsla B RA®Ss sags t o
measure the antcokdcdammgtesc geacirtay eldy from tF
antioxidants.

The FRAP and QUWRRAC nahdadveeysbetremdy eported b
studies that they were influencedelaynw,the d
et al sh@@9 )X hat haet hiRGkteitays ssaycor bi c aci d
the CUPRAMEI|I aksagtal ®&lo. rezi@led@ )mchttiloxto dant c aj

di fferent antioxidant compoundexligbetreet i



signi fdiiddretrleinrt tr ke saurkmkelst ahnaorl © Fbaecttwseseinng t he
CUPRAC argtthaey BRRAHReyan, (20 PfOwarl & h attheadt t hi s may
due tchetmieatt i onr eadh @ weHpcHt UI.N6 FRAMagssay

l ead to the i nhi bi tFiuont hoefr nmoerdeu,c ilcniagprodpghpial ciict y
be debguwstiedg t he CURBRAELt bBRAaB met wbdch

accedrmtr di fferences between these two assa

right assay for valid evaluation of anti oxi
structures and properties (e.g. hydrophili
system (e.g. pH value or extraction met hod:

and FRAP assay).

Fermentation with mi croorgani sms l i ke L.
bi oactive compounds I n foods significant/
polhyemol content in pl udbyf rdddi.tl 6% aarfitfeirc a netrlr
wi Rh ol igoampodruscr eashe. bnyugBebr, 3 26YoR wii t he€t0 1
al . ( »othhdg T PChe r msmtyed eeds sshgoawf i cant i ncr
17.5h fer meammarieoch to. uAfer meatheuwndeird t he
fermented applTe Cncmkecass g rhiafti a ahret |(yAjafltagr f e
et allSapadbiu, et al. (2l1016¢r mMmonumed t wkae atlT PCu |
significantly higher than corr edhpamg, negt un
al . (a2 0s1o2 )r eported that tot al fl weoroi d at
significantly enhanwedthiollaygpbeemehi edcwhéant
from 29.37 to 54.16 and fr.om 32.79 to 66. 3

Roashasg perpeudedahaan i mportant effect on
properties ofRoasedngamenkreanses volatile co
(g. cocsaadbeamf eteh dte aaw nfirlr @ Baurt A nagyr ,t oet al
(20,099 he effect todt aloaant in@gxiodnanttWwacsapaci ty
associ dthaeglcelwihm thi oxi dant capalcaltiyl éys @regtriatdu
ot he increase ofboyamptriogeucdiaindxsam@mdavndsy. The
roasted fermented coffee befahl|l dadgenigmni &c i

(ranging from 14.87 to 24.60(mBgkgyraand bt



2018) . Jan,s teatt eadl TPIE@ad tOgpdauwa rngof &Kal onj i
signi fi i mpamtpleyh myrd mi cr.9iwmivieamlog,s ahm@oxi dan
activity odsiaglnmdndcaneeéyg increase from 7.5
roasting et. aln eoh&e6pet udg kiof, ertoasslt.i n@g2 1 C
significadhthg amciremaiseéant capaciittth. of buc
pl ant arfuno nW472. ¢mdlo TrlolOdx/ g i n FRAP assay.
I n coAtara,stetf oadn dviit@h@e@ )t iwags tlieds@smjtnhsa n

t haent i oxi daonft haaczt e |vainstiu, @ $pl ecawte@tc rseeceAdiesder t hat
the adanbxaetndwvi siegei fi cartdlhye amadx arimawasc h

with increast®@® mniohaes tidneigtrivkaalmeobably due to
reduceanonoaf danathidempgdwad aclbissmrdwemger roast

ti Mmaye at ttro bgudireedr aft i anti oxi dantngr Mduttar

reactieesmeci astpgrich mheeriahs. However, the
more convincing if the author had menti one
bi oacamwaeauna s . The solubility and sensiti

compouded mamplex to compare antioxidant ¢
Antioxi dant @ogr ovdhtaivess goafir epel@atnttetnytei on si n
bemehwoman health. The studies summari zed a
and roast i nigmpsrioghneidfai nctainotxliydant acti vities o
t haetanf t his deuewnrmeal a®nter ment ati on on av
usi nggrfaodoe mi c r(oLoarcgtaonbiascmsl lamé e fpil @Al 5ah amgh
roasting can i mprove antioxidant activitie:
and time,tHhHiherefodeg al so investigated the
t emper aerumeen toefd favocado seeds using the Cel

ool ®auwd anti oxi dant activities.



2. Literature review

2.1 Agricultural wastes and byroducts

I n the chasedff ag&Koi stdluskesi atted (t20dtl) onc e
edifbrleecti owase ka&r pudsgp, 9 d dalen sisdsfietbdp r oduct s
of food prrhcec eismp m@p er di swasaks otan hesad
environmen@Dal | poinl, bmitdo wlo.ns2ine3d )a | arge numb
Jayatkhainl, e} . aTherv&flgreo,dutt o sid mdutargiraol was |
have caught gl obal attention as potenti al

aims to recycle this bvamassptodpctosuce di-
2.1.1 Nutritionalbyrroompwetisgs i on of pl ant

Segd peepomace are the most common wast e:¢
products | i ke jJjuickhegedplypdwrcdhar acd ebéved
by abundant mi ner altsarypbobyi phemol set aald. d
demonstrated that apple pomace contained
fidwki chal baws cal oric value. swenmeapldi tédnt oalp
an i1 dealfosmubsoonty@npsardguaareii@ijsi | a, Bt al . 2
Achak, etalslepo(2ed9) satwebananabbeaelbubrngi o
1.33% Na, 1.05% Al , 3.22% CI anddé4d4. &6 % K.
potential dntetary suppl eme

Extraction t1i mearm nidntftieame recraampto ittt hi eosne
byr odAlcaosr di ng thoe rtnh8&Chasetzuadyz @, ,etvi dla.mi (n2 C1 ¢
content i ssiognainfgieceaaataelds dye c20. 6% of the ori
extraction time and temperature iIincreased.
at 20AC for 0. ®hktrlar hd mpml & epsgnear che oudieeh e
prometgnificantl y ciomccreenasreadt ivoint aammidn et r act

was found to be the best extraction condi t



detectable in the banana peel

2.1.2 Biochemicabyyprodperttsi es of pl ant

The benef bypys odiur ¢gelshaahnt dfalnatv o n opiod sy padhrech o | s
(Hern8ndez, et al .) ,20aln6d meDmphrigti eex i chdnt 20dBa
usi ng GoBnizS8Ibez el ongo ,etDRgPIHI €20 )Jein da IFRAZP0 11
Her n8mnCheazr anza,) eadassadys.2016

Pl enpgr odhucMes ctheaemct eri zednbyapbigphedant s.
bi oactive compounds vary with plant types,
extradji bas. eitnadil thatt(e2adclelt)one extract ( 80 %)
resulnt ed significantly higher DPPH assay re
met hanol extraatsi wi ¢etd Gexzfflbetrrdo®mNngo et a
(20XQ)ther r 6 p Barcteet doxnterhadt i on had the hi gt
efficieyplyyeimm&saomdc ocprepedrsed t o met hanol, eth
extramMdébhobneg, edtenmwlnst(radled) t hat sobhteaiTnPe@ i n
by supergexttriaccatli @iOeasdr ki gkt raction were

t han ¢ oanv esnotlivoem t extraction.

2.1.3 Utilibzypt oducb$ pl ant

Pl @angr odwaecntsai n abundant bioactive compou
has the probability -addbd ¢gDibdlulzerd, tet palo.d
MOhiri, J)emaaldbe@ O0tld adshdalhbake,hegri call.s 2009

Appl e pomace contadneerpolregphedeldi a@as nat
Ohillon, ) A&jti lad, eefColBiIdEPC20Ik) mented appl e
was significamftérwnmndietgdhed whi pabhendi abtadplic
as an antioxidant osalasmmdnémd ica plbi midoofp dPr tuimo rk
unsatur at ed hfaat tbye neediids ftorabod rfdi oevta saclu.l a(r2
fermented plRBRm kerdgebpe atdhays and found th

content significantly increased cbmpared t



prodwicltls degrade the conjugation of mo st P
moi eti es, organipd dagi don, oamiemed, 0o amdarleiase
as good aMaorne®oow @mmewpreelchh i n bioactive con
has been used asamglescaurnc e no ft (vied thfiagsasde siernt d uasd
2015 AddiAtcih@anmkall rloytr,hees g a&2rOciBeyres used banana pe
bi-scor bent to remove chemicals in industrial
to its high adsorption capacity of phenol i

I n conclusiloyrotareasmb fpil @ind | as they cont
and phenolic compounds with good antioxi da
thesebyooduect sconverasdoadtpr vdhdates i s fast

i mportant priority in the food industry.



2.2 Avocado pulp and avocado seed

221Nutritional composition of avocado

Avocado i shaghiwmpoudvpntdioaobrayi &t as) o, 201 3
et al)l aatd8heaMaiht dbreamefett whch2@tLté essenti a
hi gevels obDuaindtiner ags WilDeaealelss & Dayenport,
and unsaturated | ipdd soghehtcaAvbgathoghel
(70.83%) and fat content saad.s§vbendhcao mpeatr eadl
20)YlBreher & Daverponrted( 205h3)wabon ddarotc awdiot a
such bcaasr otveinteami vw$t adni n -ttocé6phphal ), vitar
(phyl l oqui ncet,e)r,etviinocalmi nasssTBoe bma& ) @arc i dont hi a
ofi tvami neinCaksnads t ohbmaefhéeéal th and help th
antioxidant properties. For ewiatmprhien & i d m@adn
heddoeduce t he eaxinkdttiyor i foplroviwashsohal est
significaweall yofthipghteasdieum (507mg/ 100g) i n a
mg/ 100g), as well as |l ow contembonofri dadiedm
t@avocado consumption béeafMiatitalr af ojret carddi c
Moreover, iofrtlRas blyedmafgp, et al. (2018) a:
an alternative staredrosaondc@&80%i pcepbheyogoc

avocado.
22 . 2 Avocado oi l

I n the New Zédhawsa trhar kneas,t common avoc
accounrtimearfloy 95% of the | ocal pl antati on.
New Zeal and comprises a huge amount of gl
factories, 00Olivado6é manufactures around 1!
17000 Qrfesgareemproduced Tihre MNeOW i Aeaadloadn dv(Ocado
20)1 7



Ranade & Thiaghabe¢dnt hd@daasdpdada pubpado
production due iAtcs oh id@umagrl ttgo,i de tv aala.ed ¢ 20 1 6)
madeawdcado peud ff astoolnushbilset amdt@gpheonpsesrti on of
unsaturatedha®amheéey wegHBabd ef @titlys . dami ds cor
proimeohge al t h bedefhiytt ©ocdmrdi mal s i n avocado bi

22. 3 Avocado waste

Once the avocadmwn gillep piroduemo basanfdlealV oc a
sexwadr e lceufrtr eand lagrusel e(Ekmdi Gasaksat,el et wabk . 20
reported that each 250ml bottle of avocad«
wehpgng 130Tgheeatchl i vadod avocdNeéar oyl 1086t o o)
avocado wastes igclavbicagiaatsewaldter peahd t he
generated in the produAnujoa N4&d)kaoBeasdiddebsi |
that| epeapNew Zeal and consume nearly 25000
genesrat6 tons of avocado walZt Ay o(cla@% 9 enadi s«
Ltd. .20h&) efor e, the effi-preductus i i szbébkicol
i ncreasitngrty. iTnpe savc c eafdodr sle6edd of t he tot a
wei ghhtaashmd ch pol yphenol pr ofDialbeaswi teh @mdt e
Vi nha, et. aAln.d 2 Chle3weevradc s d or plerav e eddi gloer roi
pol yphRndrexgaur pen a, et al-Ol i2Welrl,b ;)e tCamdder 20
higdanti oxi dant eapapudiaeng(,t kean atthe 2010; Ko:
20)YPhus, characterizing the nutr taedrdtesd of a-
nutritional products (e.g. phenolic compour
contribute to the defvoeddo pimeadus torfi etsh e epsrpoecc

ndustries.

The phytochemical composihipnevdx a®roesthddi

7]

ummar iTabtdeiidhh, estated(206a8Habded6dédhdarvi a
seehdad signifpcaporyothalgbprotein (2. 19%) a

(@]

ontent (2. 67 %), and the | owest ash (1. 29¢



compar ed daondt hged Isppe,elt he vitamin 6BHHasseBt ent
avocado was signisandastddg hhgberinnt peepul
be assoctihnet gdiretwii a>hi dant cRwgdrciChwepze Biami ear BY
(20 1rleaport ed OtHmatw 6 Epdsthrasileesd gni fi cantly t he
content and highest prolteend pcwlnp.ent i n com

Nutritional composition of avocado seed \

SpaFueseedsi gni ficantly higher amounts of

content (0.83%), and the | owestsamadi Ptul pe cC
(Ro dr 2Cgaurepze n a gtAcabr defvawm, et al I {trRO04ad
Brazilian asvohcaadd osicgunitfiivcaant | y Rh5.g3h%)r ianmo un

sescdompared to2.th%®) paIp3 G9%%)I6 Cadlhlec mistoinva r

had significantly hispmar spphrednt eti mo sceo ndafent h e
cul t Advchirasli,ibyor t amadéadocont ai mlaidpil bwepr ot ei n,
ash contenthaaniinthwsCeod |,i n®Bdd &elk i var s . The
significant di fferences between avocado se
avocado dewehgpmemst t hat i's not only i mi
edaphoclimatic conditions of the region of

conditions.

22. 4 The biochemical properties of avocado

Al t hough avocadorfridist ciontwealtl ok ndwrmpifds
to manufacture avocado oil, few studies ha:
avocado s elePdasn d sauncthiboaxsifidayrvwtocado seeds (Tabl

Bi oactive compounds

Bot h tshedpwisé osfreemavocado fruit are rich in
on the comparison amongHesagbtadol tombasned
significamR&ry pulgmhsa ehbadh-dbaesasddl t Waags et al
2010 I'n addciitni cadlllt cseeeedd ihre si gni f iT®PLnt 1l y hi
foll owed by peel s, and pulp tiWanhhadethall



(208Bdopwed thatoHhes At gdsbdsiag@ni fi cantly the
| evel spolfy g lodchdvfosn oi ds when sxmodnppulep. t Mo rpeec
Ro dr 2Cgaurepze n a et alaslo. r(epOolritaé)tia ssh@ad s Sihpad n
significamallyp hrehnaphl spul p. With other avoca!
findings c atnh abte tohbésSesreveedds ¢ shdavda rt he si gni fi c
hi gF®€n t he compat hasvoorc atdo B u lgs teddr g1 . 2010

Some studies thhaev eT@Ooamwmsatrdpiegenli f i cant |l y hi
thahagavomnadkdcCadraele®dd | ver, éouald. THh@d 18dqrei co
avocadwapesasli gni fi cantsl yl nhitgehrems tdfanf Isaewano
avocado plkaidigeixtr aacantye mti ghled.h%® hregss@ERI/ g)
Ro dr 2Cgaurepze n a ef untleend 2 Ol éE e ¢ &l6s had t he
significamRC yf ohlil goiMergiteslywh edrlle@Gsse® dwer e t he
| owesTthi s was f uKobbeEskanfwhtomdlb.umgd2 @ hza)t av
peelésShierpaddédcslots vaont ai ned dJiPEriafnis,cseeretdl y |
whi'lltagagbcadse xphedlhte significantly highest
OShepardé@ty.

Antioxidant <capacity

The DW&hg( et),alARIB0OE8ka,) ,etF&aAPd€20 In2
Oliver, ea n da | C U PBROAACS 3@gaur epze n a gt aaslsay20hbla
commonly wused to det erTrhienebiaomtcita xwied ammd mpaooa
avocado contri but ec atpoa(¥vti hhdy ah i ghWaargt, i @x0ildaal n.t
(200é6ported that the antioxidant capacity
whol e avocado whileThbeebhstbont fubthed ®60a83:¢
the significantly hisgmgst hapntDPFPHI deasthybgpp:
whreeas pulp wasltkhel t.Bwads gatr@pzetnaad et al . (
stated thatotaesesddsFuema@doshgni ficantly high
capacity than pul p.

However, avocado peels exhi biitveidt ys itghna nf i
seeds i n sCoanhed-€dti wdeire s )efic caolr. dK@d @l Exk a, et a
(204av2pcado peels exhibitedcapagahidafnsicseenetdl y h



AustraHasasdS he pcaurldd vars wusing t hletaAnBDS ass.
showed that Mexico avocado peel apralkti biyt ed

t hans(Galedd®t i ner, et al . 2016

22.5 Utilizat iporno doufctasvocado by

Previous studies reported thanttiokxke dahtt
capacity ofsandospadke Sdeduisef ul as a natur a
(Rodr 2Cgaurepze na, )ett mdt Q&Orllbe used to protect
(Ezejiofor), eatndalt.o 20n1h3 bit t hesLgériotwet,h eotf aslc
2009

Il n accordanceRaodt ¥ gadrépze nxat, u eyt heaafl ad di2t0ild b ) c
avocado éybprpadacawystotraanntin r cloeé @ofurr aw por k pat-t
L* and betpvabkbeesediaalwe poOtrikiegpacavonado peel
seed extracta% @mdtdted whcreased significant]l
st ofcaogrep aruendh dtdae.d lonneasd'd Hasessadn dtspes bl t ed 1 n
significantly hi ghert had*h uveaitieide ©afn df gesedpdo r k |
and control . The rcekisuaddisofomdawapedkt patt i
i nhi bited by a@otbexiodanctts dhdrtnisn gt acrod gle s
Furthermore, t he raw bwrmrlo degpatrrta cetss we xthhi ba
significantly | ower TBARS wa8uestdurnhgbrcht

o f l i pid oxi(RotdirEaguepenati ¢hsn ater 291db pro
okdati on, raw porkHapeadtdtacdses scoead amndngeecel
significantly | ower oxidation products of ¢

whi chttnheaatn t he addbyir meuxotfr aacM csc aidnohi bi t ed
oxatdi on of raw po-Chr panhéaj esTih(eRbedfroz@d & ba)v.o C ¢
sesmdhd speel d s mstedr al anti oxidants due to
capacityedditcheywtdaninhibit | ipid and prot

| nO12Bzejandocol |l eagues reporbkdotdhgltutbse
|l evel s of di albmetalc avatcadbor o sveaesd aloy ¢ 0 cxaa ne X ty



reduced in comparison to 7diaaddex per icroert tr all

per (Enaj j oébr adi.a b2edtli3c) c o n ttrhoel broadtwsh inakeeecgrheta s e
signirfiiisceandody wei ght occurred in rats tre
extracts. The administrataomr edt ed otclaa ol s®<
wei ght andresgorédcahebg | evels towards no
t hat tolues aguwe ado seed eRkeiramdtsi cpapdsemdr t i
contributedstogpmnotezs, ki dneys, and | iver
mi neral el ements and phyt oclkemMicrad ssd lc nglaay
an i mpoer tianntr ergoull at i ngwvekiemyp cerntzaymte si,n whh ec hf o
glucose and diabetes can be managed by usir
as rchdyupceer g | byyc aiemoggeutacso s e met abol i sm.

L eiatne ot2n0br@sy e f ound t hat hexane avocado
significantly | owest MI C (MiniCmammiidahisipi. t o
Cryptococcus neoformans, ) anfioMadbasdebiya mp.
avocado seed eextcrondtrs, wH &F eeasa ritthh eb ahcit gehrei satl
of both hexane and methanol avocado seed e
significantly highest antifungal effects we
see@@asrdoso, 7dtei ale, 20iLraaither 290&)ed that va
compofengs flavondiodsd tianmemndladwd se@aad hex
extrlalcarsef ore, avocado seeds have been usec

that cahoodtcpsafety and prolong food shel f |



Table 2.1 Nutritional composition and biochemical properties of avocado byproducts.

Avocado Extraction methods Nutritional composition Biochemical properties References
byproducts
Avocado 1. Dried for 120 h in the | Not reported Total phenolic compounds (mg GAE/100g DW) Morais, et
peels ambient conditions of Avocado dried peel had significantly the highest | al. {2015)
pressure and total phenolic compounds (1252.31 mg GAE 100
temperature (25 °C) g-1 DW) compared to raw peel.
2. Oven-dried at 60 °C
by 24 h; freeze dried for Total flavonoids (mg QE 100 g-1 DW)
24h There was no significant difference between
3. Methanol extracts fresh and dried peels.
FRAP assay (umol FeS04/g)
Oven drying significantly concentrated avocado
peel antioxidant activity.
Avocado dried peel had significantly the highest
antioxidant capacities using the FRAP assay
(441.83 pmol FeS0s/g), compared to raw avocado
peel.
Avocado Not reported Nutrition composition Not reported Galvio &
pulp, skin, The protein content and lipid content in Nigam
and seed avocado pulp of the three cultivars, Fortuna’ (2014)
from ‘Collinson’, and ‘Barker” were significantly




‘Fortuna’
‘Collinson’,
and ‘Barker’
cultivars

different between the cultivars.

In comparison to the pulp and peel, the
seeds had significantly higher amounts of
proteins.

Seed and peel of the ‘Collinson” cultivar had
significantly higher protein content than
other cultivars.

The lipid, protein, and ash contents in the
seed of the fruits of the Fortuna’ cultivar
were lower and significantly different than
those of the “‘Collinson’, and "Barker’
cultivars.

The seed oil of ‘Collinson” cultivar contained
the significantly the lowest (30.8% of total
fatty acids) content of SFA, and significantly
high concentrations of 9,12-octadecadienoic
(23.9 to 29.4% of total fatty acids) and
9,12,15-octadecatrienoic (9.9 to 18.3% of
total fatty acids) fatty acids.

Mexico

r

‘Hass
avocado pulp

Not reported

Vitamins

Avocados were one of the few foods that
contained significant levels of both vitamins
CandE.

Minerals

Not reported

Dreher &
Davenport.
(2013)




Avocados were naturally very low in sodium
and contained significantly high potassium.

Lipids

Avocado oil contained a monounsaturated
fatty acids (MUFA)-rich fruit oil with 71%
MUFA, 13% polyunsaturated fatty acids
(PUFA), and 16% saturated fatty acids (SFA).

Sugars

Avocado contained significantly less sugar
compared to other fruits and the primary
sugar found in avocados is a unique seven-
carbon sugar called D-mannoheptulose and
its reduced form, perseital.

Florida
avocado
from
different
cultivars
(‘Slimcado’,
“Simmonds’,
‘Loretta’,
‘Choquette’,
‘Booth 7',

Vortex and sonication
extraction with
acetone/water/

acetic acid (70:29.7:0.3,
viviv)

Not reported

Total phenolic content (mg GAE /g)

For all cultivars, seeds contained the significantly
highest total phenolic content whereas the pulp
had the lowest.

‘Hass” avocado seed contained significantly
higher phenolic content than all the non-Hass
cultivars.

Among the Florida avocados tested, Simmonds”
had the significantly highest phenolic content in
the seeds.

Wang, et
al. (2010)




‘Booth 8’,
‘Tonnage’)
and Mexican
‘Hass’
avocado

Antioxidant capacity (ORAC and DPPH assay)

For all cultivars, seeds contained the significantly
highest antioxidant capacities, followed by the
peel, and pulp had the lowest.

‘Hass” avocado seeds contained significantly
higher antioxidant capacities than all the non-
Hass cultivars.

Among the Florida avocados tested, Simmonds’
had the significantly higher phenolic content in
the seeds and peels when compared to others.
The antioxidant capacity determined by DPPH
assay was about half of the values determined by
the ORAC assay.

Algarvian
‘Hass’
avocado

Water extraction by
homogenization at 40 °C

Nutrients

Avocado pulp had a significantly higher
water content (70.83%), fat content (43.5%)
than avocado peel and seed.

The seed had significantly higher amounts of

total protein (2.19%) and lowest ash content.

Vitamin C content was significantly higher in
avocado peel and seed than in pulp.

Organic acid content
In the case of the mature Algarvian avocado,

Total phenolics

The avocado seed exhibited the significantly
highest levels of total phenolics when compared
to peel and pulp.

Total flavonoids

The avocado seed exhibited the significantly
highest levels of total flavonoids when compared
to peel and pulp.

Carotenoids

Vinha, et
al. (2013)




the seed has significantly higher acidity than
the skin or pulp.

The skin of the fruit had the highest carotenoid
content since this tissue is usually the fraction
where these phytochemicals are concentrated.

Brazilian Enzyme-assisted Nutrients Phenolic compounds Duarte, et
avocado pulp | agueous extraction Avocado has four times more nutritional Avocado contained substantial amounts of al. (2016)

value than any other fruit except for banana, | bioactive compounds such as phytosterols,

containing significant levels of fat-soluble especially in the lipid fraction, and the main

vitamins. phytosterol was p-sitosterol.

Avocado significantly stands out on

potassium levels (339mg /100g) when

compared to other fruits.

In comparison to other vegetable oils,

avocado oil is characterized by having

significantly high levels of monounsaturated

fatty acids (oleic and palmitoleic acids), low

polyunsaturated fatty acids (linoleic acid),

and relatively high levels of saturated fatty

acid (palmitic and stearic acids).
Fully ripened | Extracted in ethyl Nutrition Total Phenolic Content (mg GAE/100 g dry mater) | Rodriguez-
‘Hass" and acetate; acetone/water | Spain Fuerte’ seed had significantly higher ‘Hass” and Fuerte” seeds had significantly higher | Carpena,
Fuerte” from | (70:30 v/v); or amounts of total protein (2.22%) and ash phenolic concentrations than pulp. et al.
a local methanol/water (70:30 | content (0.83%) and the lowest moisture (2011a)
supermarket | v/v) content when compared to the peel and Acetone extracts exhibited the significantly




in Spain

pulp.

highest value in seed and peel when compared to
methanol and ethyl acetate extracts in both
varieties.

The avocado peels and seeds had significantly
higher amounts and a larger variety of phenolic
compounds than the avocado pulp.

CUPRAC Assay (mmaol Trolox/qg fresh matter)
‘Hass” and ‘Fuerte’ seeds had significantly higher
phenaolic concentrations than pulp.

Acetone extracts of peels and seeds were the
most significantly efficient followed by the
methanol and ethyl acetate extracts.

‘Fuerte’ peel and seed extracts had significantly
higher antioxidant activity compared to the
‘Hass’ extracts.

‘Hass” and
‘Fuerte”

avocado

acetone/water (70:10

viv)

Nor reported

Total Phenolic Content (mg GAE/g dry mater)
Significant differences were found between the
two varieties (‘Hass" vs. Fuerte’) and avocado
materials (peel vs. seed). Fuerte’ Peel (F-P)
extracts had the significantly highest polyphenol
contents, followed by ‘Hass” peel (H-P), ‘Fuerte’
Seed (F-5) and the lowest in the extracts from

Rodriguez-
Carpena,
etal.
(2011b)




‘Hass” seed (H-S).

DPPH Assay (mmol Trolox/g fresh matter)
‘Fuerte’ peel and seed extracts had significantly
higher antioxidant activity compared to the
‘Hass” extracts.

Avocado
peels and
Seeds of Two
Varieties
(“Shepard” &
‘Hass’) from
Australia

Extracted with 80%
methanal at a solid to
solvent ratio 1:8 ina
thermostatic shaking
water bath

Nor reported

Total Phenolic Content (mg CE/g DW)

The results of TPC revealed significant variation
in the TPC of avocado byproduct both with
respect to the fruit component (peels or seeds)
and the variety.

Avocado peels in the two cultivars contained the
significantly higher TPC than seed while 'Hass'
avocado peel exhibited the significantly highest
TPC.

ABTS assay (mmol Trolox/g DW)

Avocado peels exhibited significantly higher
antioxidant activity than seed in the two
cultivars.

'Hass' peel exhibited significantly higher
antioxidant activity than that of the ‘Shepard”

variety.

ORAC (mmal Trolox/g DW)

Kosinska,
etal.
(2012)




Avocado peels exhibited significantly higher
antioxidant activity than seed in the two
cultivars.

'Hass' peel exhibited significantly higher
antioxidant activity than that of the Shepard”
variety.

Mexico
avocado

byproducts:

seed and
peel

Samples were boiled
with water and stirred
by a magnetic stirrer for
30 min and was then
filtered using filter

paper

Maoisture content (%)

Avocado seed (55.4%); Avocado peel
(74.99%); Avocado pulp (76.45%)
(Not reported ANOVA results)

Total Phenolic Content (mg GAE/qg extract)
Avocado peels contained the significantly higher
TPC than seed.

Total Flavonoids (mg QER/g extract)
Avocado peels contained the significantly higher
TFC than seed.

ORAC {mg Trolox equivalents/g extract)
Avocado peels exhibited significantly higher
antioxidant activity than seed.

FRAP [mg Trolox equivalents/g extract)
Avocado peels exhibited significantly higher
antioxidant activity than seed.

Calderdn-
Oliver, et
al. (2016)




2.3 Microorganisms

Mi croorganisms play an i mportant role 1in
Previous studies have showncomposifteirane ntn:
bi oactive compounds in foods. The fermenta
can increase nutritional val ©Oé¢i vekeajnet ece
2017 degrade anti nubtcroingr tyd yrrddngMegd e/icrions ,n  a |
et al ani@clr8ase gprod ypriteiddobhindga ntes (@I . 2012;
Kalidas 2002;) DuThuys,ts a\egrraa@ Bdonmntorno ofrogoad i

used in the food fermentation, ( lyeatsitg amidc
fungi) in previous studies have been concl
influence on physiochemical properties of
2. 3aktobacillus sp.

Lactic acid ubsaecdh etiha ¢leABepnt atweme of f o
concluded in Table 2.G&nebbaaddd/,orn ABr ewiumud s ¢
increase in the first five days over 7 day:
a decreasing trtemidémtusen(t,o dtac&l of 2 0ML6; Tos
2011)LAB produces lactic acid during ferm
contributes to ideal growing conditions for
bact Boswk (owong, geh, att) aDREAROBONIOTr e, cult
LAB on plant (sang. whoyebeani sdbeduice) can
bi oactive compoundsRuand ertutarli.e mRtpsl 7i; n Kfuaaad

Mi crobial counts

Sauer kraut I s p gomrtoadnescoendsn togt i on utilizing
mi crobiota, especiall yPdadlA8ni Acethrealinnugfib2e@l 6 ¥
of LAB was extremely |l ow (<10 cfu/g) at th
LAB significantdsgti ocrfeasmaentaatitbe amd r eac
at Day 5 over 9 Xdaoynsg, o fe tff uearltnreenft2abt B 2o)nr. t ed t



was first detected after 12h and i ncrease
sauer kraut wiatsA B efradeangtseudl t i ng Vval ae matx i Dhayn

2. The increase of LAB counts at the start

actic acid during ferment at idtnh edrporpe stehnec ep

o

f sufficient nutwtihentlsn ttoh es uspppoonrtta nLefoBu sg rfoe

(on

edn,eet & Zrheapoo r(t2e0dl 8t)hat LAB was first det
ignificant Pfgf umgra®tas®2lhtoarld then Signific

(7]

cfu/g from 120nht attoi 0ln4,4 hp roofb afbel rymheel ugebté 0 | ac Kk

al . ¢(2pdrxed the initial popul ation of LAB
bean to be 3.30 | og Lc.f uf/erareshhti upnh atnhbagtr b em  d L
have abeemdy present in the Australian coco

countsdamdreasehed a maxi mum at 72h and f ol
of fermentation (144h) (ANOVA results not r
Tosukhowong )t eptor atteed it i@tt i1 & | LAB counts 1in
wi Lth pl atnot abbeun6. 22 | og cfu/ g, which signif
days ovefermdaystabhednd maxi mum at day 4
i n t he ferment edEmtoetke b & @melatkese r melrhtee d sam
decreased si gbtiof il @afxtfitup dfrgr A t 1hOiam afea wrb i ccay s
envir anlmeontcdqnrtedtblut esi gni fi cant gwawi ng co
l' i kely to inhibit ofEgrewothabdf/enitfeeaergant
whiwéempe oduced during tiBenffgeammerdhawed (R0O®O
similar trend in Terkeshelewmeéeht eddABcelMdal |
values of LAB were obtainenendtatdang dhbrli
Enterocowassi slpipbi ted to below 1 1 og cful/g
fermentation (ANOVA results not reported).
Chemical composition
Lactobaceahlaeasgepficantly influence bioact
acttves in fdeud,( Teabfalurd(23thlan) TR@f i ncr ea:
fermented ssnaybbdbanassesedi at edo wilt. h tpd ldaen tgarrouwr |

B 16. TrhueemboeefL . pl antasrigmi BlLcantl y i ncreased



maxi mumtv dl@w & hafae r3ndehnt ati on and TPC al so si
at t hatompairretd, to unékaimeamit eddioglhee e Bthlobne d
that the increasei nff e mactte d es awenploruawts w.
with the growth of LAB. The scgntfibanedyt
the formation of-3aacbhr wbogeaeh earse di asddglne f i c ¢
reached maxi mum valiues caandp@daynfOemnmetrtee dnesar
Mor eotvheer , r ewd a,s @tnsé&loweh@@a20 1ILOAB strains sic
increasedaveaeagOng capacity of fermented da
comparison to thae~N driyfaestenbérmtsddaRst eoespab, e t(e2d0 1 4 )
t hat gyahtg rfmeriMkentled wlidamt ar,umet d.. mMBesuwlitsed
significantly higher | evel of exopolysacch,
However, tthaes bseamid,y edtydalcatE@20r1dpacr aase gni
i TPOft he | emon juilLce pfleafnaieanrtdedth , bywhi ch was
attributed t o meteantndliics mloanpiumilidsidha wyn. no, et
al . f2uthklagt . apl asnttrasriupns i f i cant |l y dticomased
of phenolic acids of <cherry juice and broc
about 70% when compared to the unfermented
wasepor tOd ch mahyn , ett halt. b(oz h@ Qign ocpud it @mde ou s
pl am)fagrument ati on of Chd®t8@b8 %ol ¢ @@ PtCioon 70 ¢
and 50h2% reduwuanttii oxag@aamyar ed to the unferr
( ANOVA meogdulrtesptoh mad, etf ualt.hef¢ 2 B®OtIhlesiened t
phenol i ¢ wemetcamalsi zed by¥. sphanhearsmj)jains

2. Fuhgi and Yeast

Most fungi and yeast arestctd#feeamkbhéami onogo
they are optimally acRdwestadudivet lye d move twadl iea
counts of fungi . Hence mainly yeast <counts
yeast fermentation on theycbdmotaler mesmpads

pol yphen@uldgogntental . 2016 ;anZhpoaxcgbohagpdth wla. 2 (



et al . 2016;) Ags lwel letasal ot Rt Elsis@aadt i wd @
2018; Rabei)2b6d 7etmmari zed in Table 2. 2.

Mi crobial counts

Ri beiro, efteradent €80 Ic7/0)f f e eS alcecahmasr omy t B s
cerevisiae forS.12c daraeyvsi.s iGoegmliGMAe fOr2t0I0y 1 ncr
the first 24h and reached the 3. ghersdavivsail ale
CCMA C®»4nts increased significantly and re
Evangelista,r eptor akedmifchaibsd )ichbeant s of coffe
inocul ated with yeast was also significant
days with the ahii gl@enstt heu mkearst Cradii ad=. Fo
parapsnl-wmasvsBed coffee beamm VvV alculeaastevdd dye a
S. cerevisia®i QFILfAI r&CMNt712¥4 i ncreased to 6. 8
days of fEvaege¢thit $ Da, (lent Rdda.e tt2 @Inguhsaeod ( 201 8
several yeast commidngtiacmhsdABesrABAAABOCOa ©
over 144h. No yeast was detected within 48%h

to a maximum at 72h during spontanmenmntedern

by yeast, al | inocul atedhygaest Schwing isc drt
dur i ng 2t4h eh rmasnkdg nnilofghie c adertan g e | the end of the
(144h) . For the cocoa beans fermented by

hi ghest counts of alwerdelhgn iyfeiacskahnat r$ [y e tl heesss ¢
fermentations without acetic acidwhacteria
a significant dying eéfanhsiemi pepotr asgamil ¢ $ e ¢
96h to 144h when compared to AAB beemebhhaet
fermentatiTbaeasefdaddahindi cated that there w

the growth and survival of yeast s.
Chemical composition
The effects of fungi fer ment atydro;mdwnt ¢ he

have beenvaevstdiedg ygtpeicevi ous stbwdifeset( Talb.l e( 2C
reported t hat pol yphenol content i n pl um

ferment aRt.i oon ivgoAlpme ugi IFlous 1@di geary s when con



unf er menZlang,neeatf ualt.h e( 2 CTePonr tfeedr mehnatte d wh
wi Chrdycepsomi Rltdays was significantly hiocg
with all three extractions (70% acetone, 7(
results of fermented wheat extracted by 7(
foll owed bywhardeaatste n aveaxdt rtahcet 8§ o medsmdH y, et
al . (s20altee)d t hat f dP@e e pvehlegatl | us awamorin
increagadfoiveanttf gamencoampaomédeértmant ed sampl e
TPC was significantly the high©48 aul daya#d
(S5 98AE/.Dhe enhanTkR@meght ebatma c r-iorbdeu c e d

| i ber atimenwlfs pforloynp otfh et hdee splwdufctt i edl lal ( 20
Sandhu, etf oaalnd ¢ @1 6 pegnl zuycnoessi d@es .eg.enzy me)
contr ilkwted atughalgy ph diadp <Id P € .

Antioxidant capacityyhtsermerenatobaohd DBPEHT
pl um pfoerranceenR.e do | biyg aA.p orsiuggenri fi cantly i ncrea:
and 2Ftet@¥ctdayel & @ft ,fceornpearrteadt itoon t he unf ¢
sampbDeasf ( ef) Sami |l 2r01fesul weeater € dymaimtde di |
CordycepsZhminlg,t aertinéad . mertle2ddh wbietéeéd a signi |
hi gh%®ch&lating ability tShaannd htuh e et fiaelrdme(n2tOel
t hat t he signvéal cant |oyf hfi egr hneeshkstpeed g iwlhlewad
awamor i nakhaBzZlaBvwsas aryd D&PfdHay olweaendad &t of
fer mendtoampamed to unfermented sampl es.

Fermentation with yeast or Bresgiantcanet mp
2018; Ri R@oilarmd @é¢egmbdée canbsyp hod(eé theitr os, et
al . 2018l . RUZRG, Ib7eeitr o, egftouamlds ameéa®@dv7yani c ac
concent(reatgi,onsceti ¢ andresascsednscgmiciideant |
beafmsr menSed chyiewompatko unfer mented ones.
Bressani, fourmd .t (&2t0 189t al acids signific:
fer mentSed cwiftolvi ,gli0@d@ared to the uninocul ate
fermentation oBasoVdbegmistmeadntwli yhincreased

content by 8.27% and totadmparladIlteh e rwrn fea mi



oneMed(ei r os, ) etAtnaé . af Willis@rat feat fermentation
Bacil mag bBplp to deigraylre @dRumpadetraelwds( 201"
reported t hat i n vitro prefer mendtiegde s wi b h
Lactobacil |l ues mplraonwvtedr caangBbhhyarta x i mum r at e of

after ferméenbampamedotro unfermented sampl e:

2.3e8i K

kefiisr a combination of three types of mi
acetic acid bacteria (AABS, hd\ A8 axamiyneeads t
ferment at bgmr oaddinickBaANA combinati on of LAB+ A
usually wused in the fermentation of cocoa

(Mal baga, )et aald. | 2@ 1 ktahsaet ocrogmatnriicbfdtaeEvdisor g e n

compoBmdgdg of ini, et allORDalel;e L2f2X)ber, et a
Mi crobial counts
Lefeber, erte paolr.t e(d2 @lhlaat) t he community dyr
ferment eds cocer Daetdline | gonfowtweeads t s , LAB, and
initial |l evel dfdcftin/eg,L ABnad otulmers twlmes LAB i nc
to a maktemoum72 h. The yeast counts signifioc

cfu/ g aftcerl oh2eks Nd AAB were found in fer
beginning of fermentation. However, after
and reach the highest 9.08 | o0og cfoadmg. Thi s
only grow wheh o6xegegmawastgygufficient for t
AAB. The similar growing trends of microor
oPapal exandr atwhw, setudaled( 3@bh)t aneous fer me
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Table 2.2 Microorganisms used in the fermentation of plant and plant byproduct.

Suhbstrates Microorganisms Time &Temp Preparations Detection results References
Lemon juice | L plantarum LS5 Incubated at 1. samples were Lactic acid bacteria (LAB){cfu/g) Hashemi,
37°Cfor 48h determined The cell counts of the L. plantarum LS5 significantly et al.
during every hour increased during fermentation (37°C for 48h) and (2017)
2. samples stored at 4°C | significantly decreased after storage (4°C for 28 days).
for 28 days after
fermentation Citric acid content (g/L)
Citric acid content was reduced significantly during the
fermentation by L. plantarum, being 13.2 g/L within 48
h of fermentation.
Total phenolic content
There was a significant decrease of total phenolic
compounds in lemon juice fermented by L. plantarum
after fermentation of 48h.
Antioxidant capacity
There was a significant increase in the results of DPPH
scavenging and FRAP assays in lemon juice after
fermentation of 48h.
Soy bean Lactobacillus Incubated at 1. 12h prior to Lactic acid bacteria (LAB){cfu/g) Rui, et al.
seed plantarum B1-6 37°Cfor treatments in boiling The addition of 2 g/100 g sucrose significantly improved | (2017)
different water (uncooked and the growth of L. plantarum B1-6 relative to the cultures




durations (6,
15, 24, and 30
h)

cooked for 1, 5, 10, and
15 min)

2. Sterilized at 121°C for
20 min

3. Supplement: sucrose
(0,1,2,3,and 4 g/100
g)

4, Extracted with 10-
fold dilution of 80%
ethanol at 50°C for 4 h

without sucrose supplement.

The growth of L. plantarum BI-6 was significantly
affected by fermentation time and the highest value
was 8.12 log cfu/ml at 17.5h fermentation.

Proteins (g/100 g)

Compared with unfermented soy seeds, no significant
changes were observed in lipid and ash contents in soy
seeds, whereas protein content significantly increased
from 33.10 to 34.19 g/100 g after 17.5h solid-state
fermentation.

Total phenolic content (ug GAE/g DW)
Compared with unfermented soy seeds, those that
underwent fermentation for 17.5 h showed significant

improvement in total phenolic content.

In vitro protein digestibility (%)

Compared with unfermented soy seeds, in vitro protein
digestibility improved significantly during fermentation,
reaching the maximum rate of 83.9% at 17.5 h of
fermentation.

White

cabbage
heads

Lactic acid bacteria

Incubated at
aerobic
fermentation

1. Mixed well with 0.9%
salt before fermentation
2. Dried in a freeze

Lactic acid bacteria (LAB)(cfu/g)
MNumbers of LAB were extremely low (<10) at the start
of the fermentation and then it significantly increased

Palani, et
al. (2016)




(sauerkraut)

for 9 days at
19-20°C

dryer after fermentation
3. Used 70% aqueous
methanol extraction

to the highest count of 1.92 *10® cfu/g at Day 5.
(ANOVA results not reported).

pH value
The initial pH of the sauerkraut was 6.0 and it
significantly decreased to 4.0 after 7 days’ fermentation.

Bioactive compounds (Conc in umol/100 g FW)
Ascorbigen and Indole-3-Carbinaol increased significantly
from Day 5 to Day 9. At the end of fermentation (Day 9),
ascorbigen was significantly higher content of
13.0pmaol/100 g FW, and Indole-3-Carbinol reached a
maximum with 4.52umaol/100 g FW when compared to
unfermented ones.

Chinese
sauerkraut

Lactic acid bacteria

Incubated at
ambient
temperature
(20-25 °C) for
7 days

1. Garlic (4%),

Chinese prickly ash
(1.5%), hot red peppers
(2%) and ginger {29%).

Lactic acid bacteria (LAB){log cfu/g)

LAB was first detected after 12h and the load increased
significantly in the first 2 days, resulting in a maximum
value (7.9 log cfu/g ) at Day 2. Then a significant
decrease was found at the end of fermentation (day7)
to 5.7 log cfu/g in comparison to day2.

pH value
The mean pH value significantly declined from 6.02 at
the beginning of fermentation to 3.55 at day 4.

Xiong, et al.
(2012)




Titratable acidity(as % Lactic acid)

There is a significant increase in titratable acidity from
0.01 to 0.57% on each day till the 5.5th day, after which
the rise was not significant.

Thai Lactebacillus Incubated for 7 | 1. Pork samples: 60% Lactic acid bacteria (LAB) (log cfu/g) Tosukhowo
traditional plantarum BCC days at 30 + ground pork meat +40% | LAB counts significantly increased in the first four days ng, et al.
fermented 9546 1°Cand 50 cooked pork rind from 6.22 to 8.99 log cfu/g in fermented pork samples {2011)
pork in 2% relative 2. Add 0.4% sucrose, and values after 4 days showed no significance.
Nham (A, B, humidity 1.9% salt, 4.3% cooked
C,Din rice, 0.2% erythorbate, Enterococci (leg cfu/g)
different 0.2% trisodium The initial counts of Enterobacteriaceae in fermented
treatments) phosphate, 0.2% samples were 6.55 cfu /g that decreased significantly to
monosedium glutamate, | less than 107 cfu /g within four day.
2% whole bird chilli,
0.01% potassium nitrite | pH value
and 4.3% garlic The pH values of pork samples decreased significantly
from pH 6.4 (day0) to 4.35 (day7) after the fermentation
of 7 days.
Turkish Lactobacillus spp. Incubated at Lactic acid bacteria (LAB) (log cfu/g) Sengun, et
fermented 30°Cand The highest CFU/g values of LAB were obtained during al. (2009)
cereal- 42 °Cfor 3-5 the first 2 days of fermentation. Later in the
Tarhana days fermentation the LAB counts were either stable or

showed a decreasing trend probably reflecting the start
of nutrient depletion (ANOVA results not reported).




Enterococcus spp. (log cfu/g)

The community of Enterococcus spp. is inhibited to
below 1 log cfu/g with the increase of LAB with 3 days
spontaneous fermentation (not reported ANOVA

results).

White radish | lactic acid bacteria | Incubated at The 50% (w/w) juice 07 scavenging capacity (%) Kuda, et al.
juice (LAB) 15°C for 7 days | was autoclaved at LAB strains significantly increased 02 scavenging (2010)

115 °C for 15 min capacity of fermented daikon juice.
Wheat Cordyceps militaris | Incubated at 1. Autoclaved at 121 °C, | Total polyphenolic content {[mg GAE/g) Zhang, et
(Triticum (25+2) °C for 20 min after Total phenolic content in fermented wheat was al. (2012)
aestivum 21 days fermentation significantly higher than unfermented samples for all
Linn.) 2. Substrate: moisture three extractions.

content 45 % and pH
=6.0

3. Three extraction
methods: water, 70 %
ethanol and 70 %
acetone

The 70% acetone extraction showed the significantly
highest total polyphenolic content, followed by 70%
ethanol, and water extract that had the lowest.

Total flavonoid content (rutin equivalent mag/g)

The 70% ethanol extraction showed the significantly
highest total flavonoid content, followed by 70%
acetone, and the lowest with water extraction.

Total flavonoid content of fermented wheat only in the
water extract are significantly higher than unfermented
ones.




DPPH scavenging activity (%)

Water extracts of fermented wheat at a concentration
higher than 0.3 mg/mL exhibited significantly higher
antioxidant activities compared to unfermented ones.

Fe**-chelating ability (%)

It was found that fermented wheat extract exhibited a
significantly higher Fe*-chelating ability than did the
respective extract of the unfermented wheat.

Different
cultivars of
wheat

Aspergillus
awamorinakazawa

Incubated for
6 days at
30°C

1. Dried in an oven at
60 °Cfor24h

2. Extract with 4 ml
acidified methanaol
(HCl/methanol/water,
1:80:10, v/v/v)

at room temperature
(25°Cfor2 h

Total phenolic content (ug GAE/g)

For all cultivars, TPC increased significantly during
fermentation with Aspergillus awamaorinakazawa in
comparison to their corresponding non-fermented
counterparts.

The significantly highest TPC 3598 ugGAE/g was
obtained at day4 in fermented wheat WHD-943 cultivar.

DPPH- scavenging activity (%)

For all cultivars, DPPH- scavenging activity of fermented
wheat increased significantly in comparison to their
corresponding non-fermented counterparts.

Days of fermentation had a significant effect on

DPPH- scavenging activity and the highest value was on
day 5 with 64.2%.

ABTS scavenging activity (umol/g)

Sandhu, et
al. (2016)




The highest ABTS scavenging activity of fermented
wheat with Aspergillus awamorinakazawa was
observed on day 5 of fermentation, which exhibited a
significant increase from 7.2 to 81.8 pmol/g compared
to unfermented samples.

Total flavonoids content{ug CE/g)

Fermentation increased TFC significantly and

reached maximum on day 5 of fermentation compared
to unfermented samples.

Plum
pomace

Aspergillus niger,
Rhizopus
oligospaorus

Incubated at
30°C for 14
days

1. Extract with
(hydrochloric
acid/methanol/

water in the ratio of
1:80:19) at 40 °C for 30
min in an ultrasonic
bath

Polyphenol content (mg/g DW)

The amounts of phenolics increased significantly until
the maximum yields was achieved at dayb.

Plum by-products fermented with R. oligosporus
significantly increased polyphenals (from 679.80 mg/g
DW to 980.00 mg/g DW) compared to unfermented
ones.

Plum by-products fermented with Aspergillus niger
significantly increased polyphenals by 30.15% (from
1295.31 mg/g DW to 1685.96 mg/g DW) compared to
unfermented samples.

Total flavonoid cantent (QE/100 g DW)
Fermented plum by-products showed significantly
increase in flavonoid contents until the maximum yields

Dulf, et al.
{2016)




were reached at day6. A significant increase to 809.42
mg QE/100 g DW- by R. oligosparus, and 755.52 QF/100
g DW- by A. niger were foiund when compared to
unfermented semples..

DPPH radical inhibition capacity (RIC)(%)

The value of DPPH assay in fermented plum pomace
significantly increased by 35.40% (for SSF with R.
oligosporus) and 27.70% (for SSF with A. niger) by day 6
compared to the start of fermentation.

Solid -state-
fermented

apple
pomaces

P chrysosporium

Incubated at
37+ 1°Cfor 14
days

1. Treated with inducers
Copper sulphate (2
mM), veratryl alcohol (2
mM) and Tween-80
(0.1%)

2. Different solvents
such as water: 60%
ethanol; 70% ethanol,
80% ethanol; 60%
acetone; 70% acetone
and 80% acetone; 60%
methanol; 70%
methanol and 80%
methanol

3. Ultrasonic assisted

Polyphenol content

The phenolic content was significantly higher in
fermented apple pomace than unfermented apple
pomace.

In the case of microwave-assisted extraction, the
polyphenol content increased significantly from 40 to
60°C. As for ultrasonic assisted extraction, the
polyphenol concentration increased

significantly with the increase in temperature from 30—
40 °C.

DPPH assay (ug DW sample)
The antioxidant capacity was significantly higher in
fermented apple pomace than unfermented apple

Ajila, et al.
(2011)




extraction and
microwave-assisted

extraction

pomace.

Acetone extract (80%) of both apple pomace and
fermented apple pomace exhibited higher and
significant inhibitory activity against DPPH radical with
ultrasonic assisted extraction when compared to other
solvents.

Soybean
meal

Bacillus cereus,
Bacillus subtilis
and Bacilus
amyloliquefacien,

Incubated at
42°Cfor48 h
without any
agitation

1. Sterilized by mild
heating

Protein content

Total soluble protein concentrations in the soybean
meal fermented with Bacillus cereus and Bacillus subtilis
were significantly increased after 24 h solid-state
fermentation compared to the unfermented control.
Fermentation with Bacillus sp. significantly increased
crude protein content by 8.27% when compared to the
unfermented.

Antinutrients

fermentation with Bacillus sp. may help to degrade
antinutrients in soybean meal including breaking down
larger soy protein to 35 kDa and under eliminating
antigenicity against glycinin and B-conglycinin.

Medeiros,
et al.
(2018)

Coffee
inoculated
with yeast

Yeasts (S. cerevisiae
CCMA 0543)

Incubated at
room
temperature

1. Sun- dried to obtain
11% moisture
2. Samples (100 g) were

S. cerevisine CCMA 0543 (log cells/g)
During fermentation, treatments inoculated with S.
cerevisioe CCMA 0543 and CCMA 0544 exhibited a

Bressani, et
al. (2018)




starter
cultures

for 400h

collected every 48 h

3. Different treatments:
Inoculate yeast
suspension directly (D)
4. Yeast suspension
homogenized with
coffee cherries and left
for 16 h (B)

larger yeast population compared to their respective
control.

Total acids (g/Kg)

Compared to uninoculated coffee beans, the
significantly highest total acid was shown in fermented
coffee beans for §. cerevisine CCMA 0543 (D) treatment,
which reached 23.84 g/Kg total acids after fermentation
for 400h.

There was a significant loss of chlorogenic acid in
roasted coffee beans when compared to unroasted

ones.
Coffee (Ouro | Yeast Incubated at 1. Dried when the Yeast Ribeiro, et
Amarelo Saccharomyces 28°Cfor12 beans reached a The inoculum significantly increased the population of al. (2017)
&Mundo cerevisiae (CCMA days moisture content of 11— | 5. cerevisiae compared to control.
Novo) 0200 and CCMA 12% The coffee variety significantly influenced
fermentation | 0543 2. Samples were Saccharomyces cerevisioe populations counts. ‘Mundo

collected at 0, 24, 48
and 284 h

Novo” coffee beans fermented with S. cerevisiae CCMA
0200 and S. cerevisione CCMA 0543 had significantly
higher population counts than ‘Ouro Amarelo” coffee
beans

Carbohydrates and organic acids

There was a significant difference between coffee
varieties (Ouro Amarelo & Mundo Novo) for
carbohydrates and organic acids, except for malic acid.




The acetic and succinic acid concentrations increased
significantly only in coffee bean of the Ouro Amarelo
variety inoculated with 5. cerevisioe CCMA 0543 (1.86
and 5.78 mg/g, respectively) compared to unfermented
samples.

The S. cerevisioe CCMA 0543 yeast was the most
suitable coffee inoculants compared to 5. cerevisiae
CCMA 0200 yeast.

Coffee beans | S.cerevisiae Incubated at Drying under the sun Yeast (YEPG media) {log cfu/ml) Evangelista
Candida 28 °Cfor 14 until 11-12% moisture Total yeast counts showed no significant difference ,etal
parapsilosis days content reached. during the fermentation of washed and non-washed (2014)
and Pichia coffee cherries inoculated with different strains.
guilliermondii
Malaysian Hanseniaspora Incubated at 1. Thoroughly rinsed Yeast (log CFU/g) Papalexand
cocoa bean opuntiae, 25-35 °C for with water under high The yeast counts significantly increased until a ratou, et al.
Spontaneous | Saccharomyces 10h pressure maximum population of 7.0 log cfu/g during the first 12 | {2013)
fermentation | cerevisiae, 2. Sun-drying for 5-7 and 36 h of the Box 1 (30.0-35.0 °C) and Box 2 (24.5-
Lactobacillus days 30.0 °C) fermentations, respectively.

fermentum, and
Acetobacter
pasteurianus

3. Samples were
collected after 0, 6, 12,
24, 30, 36, 48, 54, 60,
72,84,96,and 120 h

4, Box 1 (30.0-35.0°C)
and Box 2 (24.5-30.0 °C)
fermentations

Lactic acid bacteria (LAB) (log CFU/qg)

LAB counts significantly increased during the first 30-36
h of both Box 1 {30.0-35.0 °C) and Box 2 (24.5-30.0 °C)
fermentations and reached the highest counts 9.0 log
cfu/g.




Acetic acid bacteria (AAB) (log CFU/g)

The AAB counts significantly increased after 6 h of the
Box 1 (30.0-35.0 °C) fermentation, reaching a maximum
of 7.5 log CFU/g after 72 h.

The AAB counts significantly increased after 30 h of the
Box 2 (24.5-30.0 °C) fermentation, reaching a maximum
of 7.5 log CFU/g after 84 h.

Cocoa bean Lactic acid bacteria | Incubated at 1. Anaerobic Lactic acid bacteria (LAB) (log CFU/g) Lefeber, et
Spontaneous | (LAB), acetic acid 28 °C for 144h | fermentation during the | The LAB counts increased significantly to a maximum of | al. (2011)
fermentation | bacteria first two days, and later | 9.13 log cfu/g after 72 h.
(AAB) and yeast fermentation with

oxygen Yeast (log CFU/g)

2. Sundried The yeast counts significantly increased from 3.30 to

on coverable platforms | 7.73 log cfu/g after 72h.

for approximately seven

to ten days Acetic acid bacteria (AAB) (log CFU/g)

3. Samples were No colonies of AAB are found in fermented cocoa beans

collected at 24, 48, 72, at the beginning of fermentation. After 72h, the AAB

96, 120, and 144 h of counts significantly increased and reached the

fermentation maximum of 9.08 log cfu/g.
Australian Yeast, LAB, AAB Incubated at 1. Dry at 30 °C and Natural fermentation Fleet &
cocoa bean 25°C(0-12 h), | relative humidity 70 % No colonies of LAB and AAB are observed at the start of | Zhao,

fermentation

30°C (1224

for 5 days

natural fermentation. During the natural fermentation

(2018)




h), 35 °C (24—
36 h), 40 °C
(36—48 h),
45°C (48-72
h) and 48 °C
(72-144 h)

of 144 h, the community of LAB and AAB significantly
increases and reaches a peak of 5.8 log cfu/g and 6.8 log
cfu/g respectively at 72h.

Fermentation of mixed cultures

All the yeast species in cocoa beans fermented by
yeast+LAB+AAB significantly increased during the first
24 h to maximum.

There is no significant difference until 120h and then
yeast counts in cocoa beans fermented by
yeast+LAB+AAB significantly decrease until the end of
fermentation (144h).

Ethonal {mg/g)

No ethanol was found in unfermented nibs, but ethanol
increased significantly during fermentation.

There was no significant difference for all inoculated
fermentations, but ethanol concentration in naturally
fermented beans was significantly lower than
inoculated samples.

Glycerol production (mg/g)

The glycerol production was similar for all inoculated
fermentations but its concentration in these beans was
significantly higher by about 2—3 fold than that in
naturally fermented cocoa beans.




Sugars (mg/g)

Glucose and fructose in cocoa beans increased
significantly after fermentation, compared to
unfermented ones. But the differences were not
statistically significant between inoculated beans and
naturally fermented beans.

Organic acid (mg/g)

The concentration of lactic acid and acetic acid were
significantly higher in bean fermented in the presence
of LAB and AAB than uninoculated cocoa beans.

Kombucha
beverage

Yeast, AAB
kombucha culture

Incubated at
28 °Cfor 10
days

1. Added 7% solution of
sucrose

2.5C1: 5. cerevisiae +
AAB, SC2:
Zygosaccharomyces sp.
+ AAB, Control:
kombucha culture

Antioxidant activity (%)

A significant increase of the antioxidant capacity was
observed in all cultivation mixtures (SC1, 5C2 and
control) after three days of fermentation (average value
47.7%).

The highest average antioxidant capacity of black tea
was obtained with the fermentation of 5.cerevisice +
AAB when compared to other cultures. And green tea
fermented by kombucha (control) indicates the highest
antioxidant activity (ANOVA results not reported).

Vitamin C (mg/1)

Malbasa, et
al. (2011)




There was a correlation between the highest values of
antioxidant activities and the quantity of vitamin Cin

some series of samples (ANOVA results not reported).

Total acids content (g/L)

The total acids content increased with increased
antioxidant activities. Black tea samples fermented with
S. cerevisioe +AAB that had the highest antioxidant
capacity using the DPPH assay also had the highest total
acids content (ANOVA results not reported).




2.4 Extraction methods and antioxidant assays
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2.5 Drying and Roasting

Unli ke other heating meotmmdsl| yduyedgwani
such as nuts and seeds. Previous studies h
contr ol the moisture content of ferment e
Evangel i st ae x peots eadl .c o(f2f0eled )ferrumetnst e(db o tohn fcreens
pati o wuntil 71t2h% ymoriesatcuhreed clolmft emer., Sdtmi ala.r |
empl oy€dysng in spontaneous cotoaatbmamt f e
bef ore radadgitdinginngl nand r oasti ng naeteh ondesc etscs ¢
develloapp o @c ugresncerrsa tceodt ofar ddman. f er ment ati on

Drying and roasting of beans and seeds ca
chemical compositiJam aest saeem (ikké&dTedHlljlad e 4d
fl our rmaearsteaerndd bipiagir g wiafhie gadvietrley and oi | abs
capatchhangy unr olasnt,edetaomeso.r {f 2@@16hat the roast
resulted in significantly higher oil yield:

Dryingsamadgr can Tal@snod iannctriecaxsiedant acti vit
peeRastta etfatthdr0déported t hsactondehyyndkrdat e
signi fthigarett h@PCf sRssulpteel of FRAP and DPPH
t hat dryirng isicgriafsieadamtnlt i oxi dant capacity
Mor ai s, eshawea yR20aAth9 dri ed peels exhibite
TPC and antioxidant <capaowintpiaeas du gios g atwh ea vFol
Accor diag, (e@t0,1®hHhoasting signifiamdntolxy diamdr ¢
abil i tDP Pidsisoafy mi c-r oavatvedr aaagddt epdanKal,onj i S e
compared to unroasted sampl es.

Roast imnagntarltigidud eismpr o vieRm@&md arft itdixi dant c ¢
of beans, nBtesaadi kegetpohbt.ed( 20h1a8) t he r oas
degree of roasting significantly influence
Lin, etfaund(Mhe@&@Enount s of t hal emktedoeildant s
signi fritomaertthl yi ncreasing tempeart atoena eahnalch da r o

maxi raum 2 @& @20 Criion .a | antioxidant capacity (T



evaluate the anti oxi daM-tarc,a peatc idtlgewe(f2t0m0wt)s
autthownd hteh altACo fvwatl u esrsd gmedms ant liyn décr eas
min of roasting at 150 AC. Thevaluuehsorate xtph e
st arft roasting awascipatoddraddvtyrt n€¢t iaomnt i oxi dan
copronenWsth prolonged roasting time, TAC va
pul ses (borl otgiianbte@alme rctoip lasc,kame aynel | ow soy
nut , as wel |l as pinemwatlautea® @ anaesatcibregd.r aT hnea
i ncrease i n TAC wi tnmayloonntgreirb et @easti inrgg btoium
antioxidants and f or mwing hMaiilglhaerrd amd a otxii dm
especi al l-syt arnc t Hreactipdircilkap esa ,). cashew nut

The studies summari zed above have shown
significantly improved the antioxidant act
this study was to determine the doicfafdeo ence
seeds by -gusaidreg nfiocothaoatgama csimslaufsd pdleafmitrar um
i no¢wlnhaMor eover, this study also investigat
TPC and anti oxidamnddmcseeoddsiwisth tilgea Centr
(CCDhhis study aimedv tfertheakratmadae o8teds a
S ubserqueaeaitnifn gaennt d eosx i d alnhte craepsauclittsy .of anti oxi
wemeasbyelital sed assays as CUPRAC and FRAP a
and e&lyerapplicable in conventional | abor at
number of parameters adversely affecting

sunlight, humidity, and pH, to a certain e:



Table 2.4 Changes in chemical composition and properties of fermented plant byproducts with drying and roasting.

pressure and

temperature (25 °C)
2. Oven-dried at 60 °C
by 24 h; freeze dried for

24h

3. Methanol extracts

total phenolic compounds (1252.31 mg GAE 100 g-1 DW)
compared to raw peel.

Total flavonoids (mg QF 100 g-1 DW)
There was no significant difference between fresh peels
and dried peels.

FRAP assay (umol Fe504/q)

Plant Preparations Mutritional composition Biochemical properties Reference
byproducts
Coffee Not reported S. cerevisiae CCMA 0543 (log cells/q) Bressani,
inoculated During fermentation, treatments inoculated with S. etal
with yeast cerevisioe CCMA 0543 and CCMA 0544 exhibited a larger | (2018)
starter yeast population compared to their respective control.
cultures

Total acids (g/Kg)

Compared to uninoculated coffee beans, the significantly

highest total acid was shown in fermented coffee beans

far S. cerevisicge CCMA 0543 (D) treatment, which reached

23.84 g/Kg total acids after fermentation for 400h.

There was a significant loss of chlorogenic acid in roasted

coffee beans when compared to unroasted ones.
Avocado 1. Dried for 120 hinthe | Not reported Total phenolic compounds (mg GAE/100g DW) Morais, et
peels ambient conditions of Avocado dried peel resulted in the significantly highest al. (2015)




Oven drying significantly concentrated avocado peel
antioxidant activity.

Avocado dried peel had the significantly highest
antioxidant capacities using the FRAP assay (441.83 umol
FeS04/g), compared to raw avocado peel.

Roasted 1. Roasted in electrical Moisture content (%) Total antioxidant capacity Acar, et al.
pulses, nuts | oven at 150 °C for 10, 30 | The moisture content significantly The results indicated that TAC values of nuts significantly | (2009)
and seeds and 60 min decreased below 3% after a roasting | decreased within 10 min of roasting at 150 °C. This
time of about 30 min in all samples. | decrease was statistically significant for walnut, hazelnut

and pistachio.

The increase in TAC after 30 min was significant for

soybean varieties and seeds, but not for bean varieties

and nuts except hazelnut and pistachio.

With prolonged roasting time, TAC values tended to

increase for many samples and reached the maximum

level at the end of 60 min of roasting.
Almond 1. No fermentation Qil yield (%) Total phenols {mg GAE/q of dried extract) Lin, et al.
(Prunus 2. Roast in a forced air Roasted almond kernel (except that | The levels of total phenolics in the extracts from the {2016)

dulcis) kernel

convection oven at 150,
180 and 200 °C for
either 5, 10 or 20 min
3. 80% ethanol

roasted at 150 °C for 5 min) had
significantly higher oil yields than
the unroasted sample.

almond kernels roasted at 180°C for 20 min and 200 °C
for 20 min were significantly higher than extracts
prepared from the raw samples.




extraction

Almond kernels roasted at 180 °C for
20 min had the highest oil yield

compared with the others.

Total flaveneids (mg CE/g of dried extract)

Compared to the raw almond kernel, ethanolic extracts
of samples roasted at 180°C for 20 min and 200 °C for 20
min had significantly higher total flavonoid.

Antioxidant capacity

Almond kernels roasted at 200 °C for 20 min had the
highest antioxidant activities and browning index;
followed by samples roasted at 180 °C for 20 min
compared to unroasted samples.

Almond kernels roasted with higher temperature and
longer duration had significantly higher amounts of the
antioxidant constituents that also had stronger
antioxidant activity.

Kalonji
(Nigella
sativa) seed

flour

1. Pan-roasted at 190 °C
with constant stirring for
150-180s

2. Microwave oven-
roasted for 120-150 s at
Soow

Water absorption capacity (WAC)(%)
Both pan- roasted and microwave
roasted samples significantly
increased the WAC, compared to
unroasted samples.

Oil absorption capacity (OAC)(%)
The OAC of roasted kalonji seed
flour was found to be significantly
higher than the untreated samples.

Total phenolic content {(mg GAE)/g)
Roasting significantly increased the TPC in case of
microwave roasted and pan roasted samples when

compared to untreated ones.

DPPH radical scavenging activity (%)
Roasting of sample resulted in a significant increase in

antioxidant activity. However, microwave roasted sample

had higher antioxidant activity compared to pan roasted

sample.

Jan, et al.
(2019)




Reducing power (%)
Roasting of samples significantly increased the reducing
power in comparison to unroasted samples.




3. Materials and methods

3.1 Materials: avocado seeds

Th@Hasgbti var avocados used in this study
November of 2018 in New Zeal and. Seeds froc
| ocal avocado oi l ierdd u snt rWa,i pQ@lpiay, a dkoe r L tkde,r il,

During cold refined avochajmroo dwaetrt ep rgoecneesrsaitnegd
when the avocado fruits were separated by

seeds were obtained7@)h\df ot ofr erdt henr ausage.ze

3.2 Fermentation of ground avocado seed patrticles

Prior to fermentation, 3kg (approxi matel.
(Full er EAToelr, cu8phing, the skins of the g
remoandhde sampbhreeckeere@own i nto homogeneous ¢
a | aboratory grindinllF@Gi BOD,( Pillhigmipxiin@y st er
avocado seed parmmeilwwesr eo fp haabpotudts tOi.acm et r i d
wersalbj edtee dnemhaed i prvocado aseed particles we
three batches foandafer amentf tLimemtodiaicdn leu $
pl antoar ukne f i r . Each fermentation batch cont
of t med graanp | e s .

L. pl alnRoamrtuemr r £eReslealrmér st on Nort h, New
kefir (Body Ecology TM, CA, USA) were inoc
company, New Zeal and) one day prior to inoc
seeartpicles subjected to each of the three
Lactobacil (&Genplean6aResrealrncehr st on Nort h, N e
i) 1% kefir (Body Ecology TM, CA, USA)

i nocul alt.i oml, afntetmammeunmt ed sampl es were incubat



incubator (Thermo Fisher Scientific, USA) (
in order to create a r el atLi.v epllya naknaafeurmo ba ncd «
nat urranelnyt efde sampl es were incubated in an i

days. Each batch was fermented in triplica
3.3 Drying of fermented ground avocado seed particles

After fermentation,wédreea nfenrtteltieora vanughajtieoc tseec
Fermented ground avoftiaddt isgede di np apltd <tl ies pwe
without cover at 60( A&rvest 4@aihdi DelauxdesFD
avocadd samples were kept in awaescarniteod

out

3.4 Experimental design for roasting

After drying, al |l triplicate samples of
subjected to roasting. The weight of sampl
process was <carried out using an oven ( Mac
compaxisti @@G®as used to investigate the eff e
ground avocado se-fdcpaprotiincthv gaautse,rnng@ t(a atl wo 2 (
The two factors i%wbrmi npaand nrgo & 4§ e gALG)e mp e r
tées ng at wfiitvhe fpairamtreenpentpilvi oags a t ot al of 12
(Krysiak, ) Bhe adcoded 18nd actual valwues of th
factors (roasting temperature anartrime) ar
for the three drbL.edplfakréemearmu mgo ds annaptluesal (Il y f
and theiuox $Sirx piarciadlelses (response®),omamel vy,
TPC, as wel |l as CUPRAC and FRAP atsisaryss f or
were =evaluat eRlesipopnskei susfadg. met hodol ogy
evaltuteedfd ecbaotfi ng oodornideidt i foearsment ed ground
particledcoli,mP®edmanodi oxi dant capacity. Th
anaddysi ng t hd7 M$tnattiavt ivcal Softwaren (Minita



equaY(vnf, HX for each variabl e, i n iterms of
(roasting tefpernatung)tameeg Xquaasd maavtmigenefdunct
used oirder to approximate the function f:

Y =+ BB+ 2B+ 1BXP+ oBXA+ 1Bi1Xe
wherge B BiBBi1®ere the corresponding, regress
Xowentewowoded factors for roasting time (min)

The equations were shown in Appendi x 1.



Table 3.1 Experimental design showing coded and actual values of roasting temperature
and time used 1n the central composite design (CCDY) emploved. Two factors (roasting
temperature and time) were coded as X1 and X2, respectively and the equations
showing the gquadratic polymomial model that was fitted to each response were shown
in Appendix 1.

Roasting conditions

Coded values Actual values

¥y Xz Time (min) Temperature (*C)
0 -1.414 30 99
-1 -1 15 110
1 -1 45 110
1414 0 8.78 (9) 135
o 0 30 135
o 0 30 135
0 0 30 135
0 0 30 135
1414 0 51.21(51) 135
-1 1 15 160
1 1 45 160
o 1414 30 170

3.5 Production of roasted fermented avocado seed powder

After ntdwaestriomg,t ed dried fermented ground
cool 28 A@a fwdd hmartar gmadumpesitheotpowder . T
fermented avocado seedrpodwdel awas cstbamgediin

1 7 AfCocrh e mi cyasli sa.n a |

3.6 Microbial analysis

According to (pXrieovnigousetstauldi ex012; Lefeber
Zhao ,2f0elr8ent ati on wars dcaayrsr i emdeorutt hfroere f

condi taonhebdqcil Ll uskepl anfasmdmennatt aitreadmyg o f



microbial analysis, the fermented ACGound a\
on O, 2, 5 and 7 days of fermentatlb.on from
pl ant arkueni i r and naThe alian eeu hgernotuantdi ovn ¢ e d P
samples at day O under each fermentation coc
numbaem cafof |l or ae owaecvualltuugrtleeadmebdydgam imetf | vy, 19
of the fermented ground avepgptaidoalsleye dwiptahh t 9
peptone water to preparie 2a0%sEr 0662 010seven
. After that, the diluted samples (0. 1ml)
pl ate counts were deteranisneaf ofneramednatialtyi olm:
triplicate experiments were carrikd out f
plantakemir and natur al fermentation). For

determinations of plate counts were carri e

Folt.l apnt Aeumented sampl es, the Lactobacil
company, New Zeal and) was used to deter min:q
and naturally fermented sampl es, Lactobaci
Exact agahar(dF ood d mpRaincy , New Zeal and) wer e
mi crobi ol ogical gr owt h. The microflora on

after anaerobicatn8dhg&tfon Gndays COThe micr
agar and Malt Exatctdagdt ewemeremiumei ncubat

The resutosnbs pémeeexpressed as | og cful/g.
3.7 Chemical analysis

3.7.1 Chemicals

Met hanol , aCci eotcoan et ,e uF orleiang e ntCQ)s,odgwel car b
NeocuproammoilfiNem, aded) at &G ( NATHIa @Y Ri-sdy | )
triazine (TPTZ), sodium acetate trihydrate
acid wer e obt adAhdd i cfhr-AlidSiBgcnmgama Austral i a)
determinationiadfanTPCapradi arnyt i é&xl chemical



foll

seed

3. 7.

owing g98ct7ib&bhsweBe7carried out on both

samples and roasted fermented avocado

2 Polyphenol extraction

TPC deter mi natutobonvAhsuobter mendfé¢e ®echerftdag 0)

gr ou
gr ou
wei g
tube
1400
wer e
1500
tran
acet
Dei o
acet
tran

di e

3. 7.

nd avsahé@dot beedunder Weheéer momatsed ngnd f e
nd avocada seead tpear tfieo |peeswtd ed. lagv) o cwaadso
hed in a centri fdamgle 3 QW% ematnida neaxlt.r aTth e «
s were homogenized usi ng-TWRRAXERr ser (
Orpm for 90 secondAf taenrch dt heeedm t kte @ tu gfeo rt
centrifuged using a &leR,r i Sawteh (FEgppiefn
rpm for 15mins and the supernatant [
sferred into a 10ml volumetric fl ask.
one and the steps described eplavtedaft €
nized water was added to the same vol
one extracts and made up to the 10ml
sferred to another 10 ml vol umetric fIl

dl wat emctBhaeveert st-AR&dc tiin & ufsrteeezre ra naat

3 Estimation of TPC

The determination of TPC of both fer ment e

avocado seedepe@whlngn ¢@iececal t(Wangaslsay2010) .
Gallic acid (0.1g) was idnsaolOedmhbndomanmet
equi valent to aA 1sge/rL esst oocfk sstoalnudtairodn .s ol ut i c
equi val ent concentrations of 80¢ocKOsoROt i d
and distill ed whHther aarsdy Gibhaent emeaenkerreat e a s
curve.

The sample extracts (1ml) obtaindgd in Sec«
Ciocalteu reagent in a qldd®edsmi adiCQRA%KkHNHat



and the solution was incubated for two hou
glsas vials). Absorbance at 765 nm was me a
spectrophotometer ( Amer $hhea nT FPCh airnmatchi ea aBvi ooct a
extracts was expressed as/ gnfg sgaanmpliecs aecx tdr a

wei ght . Alnlattiloensd evtegaremiper f ormed in triplic

3.7.4 Antioxidant analysi s

I n this study, we used the CUPRAC and FR

transtflrasdETgssays, to measure the antioxid
ofanti oxidants. The degree of <colour change
antioxidants in the sampl e. Because 1) Th
applicabl e i n conventional | aboratories u
necessipthatsitngased equi pment and qualified

was more stable and accessible than other

And the redox reaction givVvi-Ng waser ¢batai wae
i nsensi tibveer toof apammumet ers adversely affec
DPPH, i .e., air, sunlight, humidity, and pl
assay had different sensitivities to speci
sensi ti viitcy atco daswhoirlbe | i pophilic antioxid
CUPRAC assay. 4) The redox reaction that o
assay was <carried out at pH 7 buffer as ofr
FRAP. And physioodogi oals mpdEy7enhance the re

compounds.

3.5CUPRAC assay

The CUPRAC (cupric reducing antioxidant
determine antioxi dantrac@f@ipelkt yedf albkna mphRibsO &
a s saasycioa baci d (0.1g) was diismsod vled0 amld vmaldwen

fl ask, equi val ent. tAo sa&rlilge/sL odt sdlandalr dt ison



using a 1g/L ascorbic acid stock solution.
soluweo@as80, 40, 20,ad@®,t be dt2hmed aas msne@r Wa moge
450 nm to gener.ate a standard curve

1 mimpsl e extracts obtained as dewagi bed i
mi xed with(D. OLMCUuBLIC Il MNH pNE70)c,upX omhe
(Nc)(0O0O. 075 M), and 0.1 ml dei oni zed water
extracts were incubated for 5 min at room
measured at 450 nm with a Ultrospec 2100 P
spectrophotometer. The CUPRAC values of the
as mg ascor bi/ogfacsiadnpdeui VAdIlenthe det er mi nat

triplicates.
3.6F.RAP assay

Theerric reducing anassoxy dwas c apmpmweir e d tFRA
antioxidant capacity sManrpdies ,exgtr adbso@BDd=
acid (0.1g) was dissolved in some water al
volumetric flask to make sa alhgl/alk dstsoodkuts @mlint
prepared wusing a 1g/L ascorbic acid stock
standard solutions were 8a@&nd 4t0h e mtOme alsOu,r e5
absorbance at 593 nm to generate a standar.

The FRAPwa®hbatgadinterdilX0i3i@0 AoM tButf ¢lenrl,0
mM TPTZ (dissolved iIym2100 mMxA4Red@daM hle€Cl Janand F
kept 36AC water bath. After that, freshly
into 0. 1ml of tthaei madpille ®S«dctriaen s3 . (0Db2) (ol
distilled water (0.9 ml) was added in a gl
to rest foFinalaley mbsotdfantcltee vadlueti on was |
593 wimt h a ULO®®osPreorc (2ZAmer sham Phar maci a
spectr opholthremeRRRAP val ues of avocado seed e

ascorbic atopd ea@unpveael. enAl | the determinat.i



triplicates.

3.8 Colour analysis

Theol our s awgpd eetserimy nedi ng Cal BemsBr o ( Ni X
Sensor Ltd., Canada) only for the roasted
powders were mixed thoroughly, and al l t !
triplicatescol Tahel weeisx pt asds*ed a*, and b* val

roasted fermented ground avocado seed powd:

3.9 Statistical Analysis

For microbi al anal ysis, we enumerated th
of fermentation from eachLfpé¢ramde mtkaethiian atnrde
natural fermentation). The mean value of ¢t}
fermented samples wunder each fermentation
deter mi neay ANOWAHO was used to evahutaste Thiee
t wo variables were fermentatibn pdghget d0um2
kefir and natural fBeamgyeddiiog)Mi Rietsaubd tws. wie
Software (Minitab | ncwakNOWAeNtry, UK) usi n¢

I nmseof chemical analysis, the TPC, as we
assays of both unfermented (day 0) and fer
carried out. Minitab v. 17 Statistical Sof
to evaleaatubtshandwazyrANOVWALt Tahd wtowo i ndepen
examined were fermentation (wiLithpbdm@anwiatr uonu:
kefir and nat darhal sfigmmdntcatnicers) .(p < 0. 05)
expressevhlluye tamed p epresented by the * symb
0.01 <= p* < Phb-btbzx; cpnp=arl.slodn)s. were perform

HSD test to evaluate whether the difference

Al l aalalddtier mi nati ons of roasted avocado



tri plTihceatdeast.a of L*, calo@mPd,b *a sv aMedrdds afso rCU|
FRAP antioxidant assays of -wagmpAINOY¥Awenet He
Mi nitab v.l 1S/ofStwaatries t(iMiani t.a blghdemern gHoeCb vent i
way ANOVA ntcdluldegdessi on ableifnffeacri,endqsadorfat i c
interaction terms for two variables (tempe
The significaatk ppr amdt €r59 (otfe mwer &t ur e,
expr estsheed Foyval ue and represented by the *
0.01 <= p* < 0.05; p >= 0.10). I n additio
contour pl ot s WwWeraeamng eenfdreattedanand ntt eracti o
(temperature and time) and one covariate (
di splayed the effects of rcooalsatnedd aanvt d coaxd od asn

activities.



4. Results and discussion

4.1 Microbial analysis

Fermentation of ground avocado seed partd.i
fer mentwdttihmacaul ati on) and hy ipnhn @ord lakaadinonrg. wi
Results show that microorgaessmbagréewclioda
inocul ated and the naturabl$oyveni mgnuedtaené:
increased significantly (p<0.001) as the fe
cfu of LAB (Table 4.1), AABs{ GabfFecan2)y 4&r
increased in the firstunffiewaladegesdnpalimnes c o mp
reaommaexd mumt hahepodi hterences werkeetnweemor e t
the day5 and day7 ,coiunndtisc atfignLgABt Haantld atyheraes & c |

stationary phase.



Table 4.1 The number of lactic acid bacteria cells in fermented avocado seeds over 7 days of fermentation.

Fermentation time (Day)(FT) (Log cfu/g) F-value
Culture 0 2 5 7 Culture FT Culture®*FT
491.21 1199.04 335.22
L. plantarum (MRS) 7.24+0.24M 7.66 + 0.08% 8.63 £ 0.26" 8.46 £0.33% e e e
Kefir (MRS) 5.56 + 0.5% 7.64 + 0.09%¢ 8.83£0.04% 8.15 + 0.04%®
Natural fermentation (MRS) <w 5.35+0.07% 9.23+0.11% 8.65 + 0.05°®

The colony forming units (cfu) values are represented as means + standard deviations. Values with a different letter are significantly different
(p=0.05) according to the Tukey's HSD (Honestly Significant Difference) test. Different uppercase superscripts (A. B. C) represent a statistically
significant effect within the column and lowercase superscripts (a. b. ¢) indicate significant differences across each row. * symbol represents p
value (p*** < 0.001; p** < 0.01; 0.01 <=p* < 0.05; p >=0.10).
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taanrdunmat ur al fermentation of avocado sSe€
TheubhABycommal | threeihermasedt adn I
of fermentation when dodmpasraentp ldeosd)t he |
mum growth occurred after 5 days of fer
ts duri nogwatsh ® bfadrl me Wtuaet t @ant he anaer obi
ual I Xi ofnogr meejd a(hd dé @R patesence osf suffic
upport LAB growt h. Subsequently, the |
r 5 days indicated that LAB growth had
to wehiaéh s LIABIi ous mi croordgmanesmat.andnt bey

o acids, carbohy(driaut,eségt. falm tt2@1s6 ) sd rua
rment edO saarmpfleensa)t diayal |y fer mented avoc
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romast can be obse(rWleadetf 0& ahod mxa2 Whder@Rnrsa ut
ani, teitatalt.he2Onllember of L AcBf uw ags) eaxtt rtehne
nning of spontaneous fermentation and s
r eteshtei mhglgyh,est numbers of LAB in the nat
er than those 1 n Lf. erprheonttakrevomrs. | ioe url ead

ral f er manhtaatt itohne rseu gmgaeys tbe nat ur al LAB

avama seeds and that ftaveotuilneddu b(Zghreoowgt,hc et dat i
2012)



Table 4.2 The number of acetic acid bacteria cells in fermented avocado seeds over 7 days of fermentation.

Fermentation time (Day)(FT) (Log cfu/g) F-value
Culture 0 2 5 7 Culture FT Culture*FT
Kefir (AA) <28 6.51 +0.36% 7.51+0.10% 7.59 +0.14% 110.69 5604.49 176.54
o ok ok L &
Natural fermentation (AA) <A 5.35 £ 0.10% 9.39 £ 0.09% 9.11 +0.05%

The colony forming units (cfu) values are represented as means+ standard deviations. Values with a different letter are significantly different
(p<i0.05) according to the Tukey's HSD (Honestly Significant Difference) test. Different uppercase superscripts (A, B, C) represent a statistically
significant effect within the column and lowercase superscripts (a, b, ¢) indicate significant differences across each row. * symbol represents p
value (p*** < 0.001; p** < 0.01: 0.01 ==p* < 0.05. p=>=0.10)



The counts of acetic acid bacteria (AAB)
kefir starsemmaul tredesnaflabl % fa./2.) MNdE AAIBo
were found on Acetobacter agar (AA) for th
kefir and natural fermentation. The col oni
was consi stenftLewietbhrert heebhmdeaudyl(@mileds of AAB
found in spontaneously fermented cocoa be
Lefeber, feurtaHer (eXxplllgi ned t hat AAB require
when the quanti tcyi eonft otxoy gperno vwadse sfuofrf it he o0 x
AAB. Subsequently, the numbers of AAB in bo
increased significantly from day2 wuntil da
unf ermented Osampl eshi(damay be associated \
nutrients for AAB and their oxidation of
fermen(thiltdetn & Zh&oytROLB®Yr e, the popul ati
naturally fermented av)ocwa® statdiss t(i9c &8BI9l yl
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Table 4.3 The number of yeast cells in fermented avocado seeds over 7 days of fermentation.

Fermentation time (Day)(FT) (Log cfu/g) F-value
Culture 0 2 5 7 Culture FT Culture*FT
396.86 1739.03 473.56
Kefir (ME) 5.44 £0.42% 7.13 £0.07% 8.85 +0.05" 7.84 +£0.32% - e oxn
Natural fermentation (ME) <284 5.31 +0.04% 9.35+0.11% 9.10 + 0.04%®

The colony forming units (cfu) values are represented as means+ standard deviations. Values with a different letter are significantly different
(p<0.05) according to the Tukey's HSD (Honestly Significant Difference) test. Different uppercase superscripts (A, B, C) represent a statistically
significant effect within the column and lowercase superscripts (a. b. ¢) indicate significant differences across each row. * symbol represents p
value (p*** < 0.001; p** < 0.01; 0.01 <=p* < 0.05: p>=0.10).
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4.2 Chemical analysis

4 2.1 Phenolic content

and antioxidant

Table 4.4 Phenolic content and antioxidant capacity of fermented avocado seeds.

activities of

fermented

Phenolic content CUPRAC FRAP P-value
(mg GAE/g) (mg ascorhic acid equivalent/g) (mg ascorbic acid equivalent/g)
Bacteria Species (BS) Without Fermentation Without Fermentation Without Fermentation

fermentation

L. plantarum
Kefir

MNatural fermentation

20.56+5.28%
22.46+1.50%

22.2520.84 2

for 5 days

16.92+3.65 b
11.99+1.91 B

4.37:0.64 5

fermentation for 5 days

61.69+12.98 %
64.3525.71%

50.01+13.46 520
31.61£4.11 %

64.09+2.524 15.39+1.996¢

fermentation

15.40+4.66 "
16.14:0.79 "

16.02+1.33%

for 5 days

10.4342.63 8P
6.73+0.96 %"

3.5610.26°5

Fermentation

The values were represented as mean + standard deviation. Values with a different letter are significantly different (p<<0.05) according to the Tukey's
HSD (Honestly Significant Difference) test. Different lowercase superscripts (a. b) indicate significant differences within the row in each chemical

assay. Different uppercase superscripts (A, B) indicate significant differences within the column in each chemical assay. * symbol represents p
value (p*** < 0.001; p** < 0.01; 0.01 <=p* < 0.05: p>=10.10).

ayv
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Table 4.5 The two-way ANOVA of the regression models and regression coefficients for parameters used in the roasting of fermented avocado
seeds. (All the fermented seed have been fermented for 5 days, dried and roasted.) A = Roasting temperature, B = Roasting time, C = Culture. *
symbol represents p value (p*** < 0.001; p** < 0.01; 0.01 <=p* < 0.05; p == 0.10).

Response L a b TPC (mg/L) CUPRAL [mg/fL) FRAP (mg/L)
Linear

A (roasting temperature) 75.62%+* 175 623.7*** 0.34 0.73 14.58%**
B (roasting time) 10.45** 0.52 83659+ 9.44* 351 12 56%**
C (culture) BRI 0.35 891.51*=* 16.59*%** 12 Bo*** 18.67=**
Square

AP g1 §ge++ 7 225 TB.2T*=" 0.00 0.08 5.72*
B 745 0.02 047 0.13 0.70 1.75
2-way interaction

A*B 1B.7G*** 0.05% 23.31%=* 2.06 5.23* 0.02
A*C 1.01 0.90 263 0.20 0.31 0.50
BeC 0.60 0.39 5.28 162 2 1.32

of

0oa
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are summarized in Appendi x 1.
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Figure 4.1 The factori al pl ots fa) L* val
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Figure 4.2 The main effect pl ot of roast
fermented avocado seeds.
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decrease the a* and b* values.
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Figure 4.4 The main effect plots for TPC
roasting time, (b) culture.
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FRAP assay
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Figure 4.6. The main effect plots for FR
seeds (a) roasting temperature, (b) roasti:

The main effect plots for results of the
t wsay ANOVA reashulld s4 f5 ooitmdi cated that all t#
temperatur e, roasting time and inocul ated
roasted fermented avocado seeds were sighni
assay val uwist Wercerastisegl ng uE mpe ranklo A en
increased with i ncreasing roasting temper
Similarly FRAP assay values decreased and
during roasting of€da nreromeent eedtTdaelc.o aihleSah s d e
may be due to theproé¢dgpdhnteirnomdl atfh ea nlta toexri diannctr
rel ated t o | i ber at iponl yoh evibtohulnsth i gglmeé i o x io@& &
temperature.

Moreover, with iimegr &asee d RrAdPa satsismgy tval ues

as seen i nSiFmiglhzralry4. éb damong20®&9¢d t hat [
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yell ow soybean), cashew nutxi msesmwkeévVelasatpi

end of 60 min of roasting. The authors sugc¢
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2015) .

Differences existed in the antioxidant a

bet ween CUPRAC and FRAP assays. This may b
speci fic (aBretainoxieddmiva s 210é@ @9 FRA aeds dhay her
sensittoi wmistcyor bi c acid in rabpBéeéahj seauesl| t hal
cel i k, efoahd (BRA@1L0)he Trolox equivalent a
di fferent antioxidant ciodnpoamd sc dtqgachicre) i n
were significantly different using the CUPF
The authors further explained that the si gl
assay and FRAP assay maythatdwecuoredeat ed
valuekr@UPRACFRAPoOBKNhOD calk s@aayrcear r i eetd pHit7, p H
3.6, ameésplddBdictawnel yetf wrlt. hgr2008ported that p!
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avocado seedk. f pl areensaeldtnebdy i icrmns il gn hi gher T
antioxidant capacity compared to kefir and
associated with the enzymatic hydrolysis L
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enzymes, which may reduce the oxidation of
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and roasting temperature on the different
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Figure 4.7 The response surface plots an
roasting time and oft etntpreerea tduirfef eorne nLt* rvoad sutee d
see(das): kefil.sapmadnampriuvgnd;) :(c): naturally f

L*val ue

The effects of roasting time and roastin
Figure 4. 7. There was a highly significan:
temperature and time on L* value (Tabl e 4.
fermented avocado seeds at the | ower range ¢
kefir samples as seeh50ACF&®Qdmit® )Mp.| 7aan t (afr ruomm
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ferndenstempl es as seeln55AC Fidgduiled s .. 7 Af(telr5 t
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50 min decreased L* value, indicating dar ke
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Figure 4.8 The response surface plots an
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The changes in b* wvalwue during roasting
significant interaction between roasting t
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2011) .
















































