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ABSTRACT

Increasing B-carotene content from food is not a guarantee of combat
micronutrients deficiencies, such as hidden hunger, because there are many
aspectsinvolved in absorption and metabolization by human body. There-
fore, in vitro bioaccessibility studies have been used as a prediction tool
of understanding food matrix factors that may cause release to its absorp-
tion. These studies are conducted by applying in vitro” digestion meth-
ods which expose lineage /micronutrient to human physiological condi-
tions, by mimicking oral, gastric and intestinal digestion human. Thiswork
aimed to implement ‘in vitro” digestion methodology as tool to determinate
‘in vitro” bioaccessibility from improved cultivars with higher levels of 3-
carotene. Analyses involved enzymes as a-amylase, pepsin, bile,
pancreatin, lipase and mucin; and inorganic compounds such as KCl,
KSCN, NaH,PO,, Na,PO,, NaOH, NaCl, CaCl,, HCI, NaHCO,. Physiological
variations were reproduced by the heating bath shaker with orbital gyrus
(37°C) and centrifugation (5000g, 45 min). Quantification and determination
of the carotenoids profile were performed by high performance liquid
chromatography (HPLC) with Y CM® C, Carotenoid S-3 4.6 x 250mm column
and UV-Vis spectrometer. Therefore, this methodology proved to be faster
and cheaper, inasmuch as in vivo studies are more costly, complex and
require moretime.
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About threemillion peoplesuffer effectsof vitamin
A deficiency, such asxerophthal mia. Each year, 500
million peopleget blind duevitaminA limitation. This
micronutrient deficiency isaseriousprobleminover 60
countried¥. Itsprevaenceisparticularly higherinre-

gionssuchAsia, Africaand LatinAmerica. Globaly,
about 60% of vitamin A source comefrom content pro-
vitamin A foods. Thisnumber increasesto 80%in de-
veopingocountries?. Tominimizethisdeficiency inBrazil,
Embraparesearch centers, in partnership with other
universities, havedevel oped projectsto select and pro-
duce cropswith higher B-carotene levels. This selec-
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tion goes beyond the field, since “In vitro”
bioaccessibility studies have been used asan evalua-
tiontool to determination of promisinglineswith higher
B-carotene contents. These studies indicate a crop that
may provideabetter pro-vitamin A absorption. Brazil’s
bi of ortification program hasbeen sudying eight differ-
ent cropsat the sametime, such aspumpkin, rice, sweet
potatoes, beans, cowpeas, cassava, mai ze, and wheat®®.,

[-carotene (BC) isoneof themost abundant caro-
tenoidinthehuman diet and moreeffectiveasvitaminA
precursor. Bioavailability of vitamin A fromfoodsand
food formulationsisdependent of severd factors, in-
cluding food matrix¥, wherecarotenoid isincorporated
(species), type of molecular bonding, type of caro-
tenoids consumedinthemedl, processing, fat content,
and isrelated to absorption and bioconversion. Re-
lated work of preformed vitamin A and provitamin A
indicate about 70% to 90% of absorption efficiency for
thefirst compared with 20%to 50% for provitaming®
after ingestion of arich meal with these compounds.

Traditiondly, for decades, bioavailability Sudiesof
carotenoidsin humans have been done using plasma
assay. These datawere essential, sincethrough them
weknew five magor circul ating carotenoids: -caro-
tene, a-carotene, lutein, lycopene and 3-cryptoxanthin.
However, thismethod isflawed, becauseit does not
indicate actual accessiblequantitiesabsorbed and me-
tabolized. Inthelast decade, severd moddsof “invitro”
digestion (bioaccessibility) havebeen devel opedin or-
der toeducidatefirst stepsof carotenoidsbioefficacy. It
attemptsto quantify carotenoidsthat arerel eased from
thefood matrix during digestion and transferred to the
micelles(efficiency of micdlization), in other words, the
amount of carotenoidstransferred from the digested
fraction (digested food) to themicellar fraction (aque-
ous). Thisunderstanding isimportant, sSincethey are
early indicatorsof bioavailability'®.

Most “invitro” tests are based on gastro-intestinal
physiology and mimichumean digestion conditions. Natu-
ral saliva, gastric juice and duodenal solutions are
changed by artificial onesto simulateenvironment of
each digestive compartments. All these solutions con-
tain enzymes, amino acids, organic sdts, inorganicacid
and hydrochloric acid™. Threeareasof human diges-
tive system areimportant to design digestion method-
ology: mouth, somach and small intestine. Themouth
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isakey compartment of thewhole process of human
digestion, however, food remained presented for ashort
period of time, and often is not included “in vitro”
methods. Inthe stomach, food issubjected to pepsin at
pH 2 for several minutes (usually 8 minutes) to severa
hours (3 h), and inthe small intestine (duodenum, je-
junum and ileum) is subject to the action of intestinal
juice, consisting enzymes such pepsin, amylase, pan-
creatin, bilesaltsand other salts, such asbicarbonate.
Asphysical processes occur “in vivo”, were not re-
produced (cutting, mixing, hydration, changesinwegther
conditions, peristalsis), this“invitro” model was de-
fined asastatic or biochemist. The dynamic models
mimic physica processes“invivo”, and consider new
variables, such aschangeson viscosity of thedigesta,
particleszereduction, diffuson, and partitioning of nu-
trientd®,

Thus, the objective of the study wasto implement
aninvitro digestion methodol ogy of 3-caroteneusing
different foodsand later to determinatetheefficiency of
micellization in vegetables, especidly in sweet potato
with higher 3-carotene content asatool to calcul ate
itgnvitro bioaccessbility.

EXPERIMENTAL

Severd matrices, induding: papaya, orange-fleshed
sweet potatoes (three cultivars of Biofort’s project),
yellow cassavaand carrot were used toimplement the
methodol ogy. All matriceswere obtained fromlocal
market (RiodeJaneiro, Brazil), except orangefleshed
swest potato and yellow cassavawhichwerecultivated
at Embrapa Vegetables, Brasilia, Brazil and sent to
EmbrapaFood Technology, Rio de Janeiro, RJ, Brazil.

All reagentsand enzymesused “invitro” digestion:
KCI, NaPO,, NaOH, Urea, NaCl, anhydrous CaCl.,
KSCN, NaH_PO,, Pepsin 1:10,000, NaHCO,, a-
amylasetypeVI-B mucintypell, Porcinebileextract,
Porcine Pancredtin, Lipasetypell pig pancreaswere
purchased from Sigma-Aldrich®- Brazil and HCI
Suprapur was purchased from Merk ®Brazil. Also mi-
cellar extraction reagents were purchased from
Tedia*Brazil: sodium chloride PA grade, sodium sul-
fate-pesticide grade, anhydrous sodium sulphate. Al
reagents from chromatography analysiswere HPLC
grade, including acetone, acetonitrile, petroleum ether,
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methanol and tert-butyl and were purchased from Tedia
® Brazil. Reagents used during carotenoids extraction
were purchased from: Cdlite 545 from Tedia® Brazil,
Magnesium hydroxide PA from Merck®-Brazil, anhy-
drous sodium sulfate and sodium chloride PA from
Quimex®, ultrgpurewater (18.2MQ) from Milli-Q® and
Nitrogen level 4.6 fromWhiteMartins®.

All sampleswere cut by hand and suffered quar-
tering. Two opposite parts were fragmented and
crushedinamill (Mod A11 IKA®). All sampleswere
performed threeindependent times (n=3), for undigested
and digested analysis. Those used to select sample
amount, were prepared Sx times.

Method adaptation
(a) Selecting sampleamount

Pilot testswere conducted severa timesto deter-
mine maximum quantity of started samplethat ensured
enough materia containing sufficient carotenoid level
for precise analysis in order to assess stability and
micdllarization. Two, 5and 10 g of food weretested.

(b) Samplespreparation

Threeformsof sample preparation weretested: 1%
- in natura samples were cut, homogenei zated and
weighted directly in tubesreaction, at theanaysismo-
ment ; 2" —samples were weighed and stored in indi-
vidually containers, one day before analysis, 3“-in
natura sampleswere cut and homogenizated into aflask
and goredinfreezer (- 8°C) until analysis moment. Then,
they were thawed and weighed up.

(c) Samplespreservation

Orangefleshed sweet potatoes rootswere peeled
cut by hand and suffered quartering. Two opposite parts
werefragmented and crushed inamill. Afterwardsthe
pastawas stored in glassbottle, covered with metdlic
paper and stored into afreezer (-18°C) for 24 hours.
Thenit wasintroduced into alyophilizer and after 24
hours cicle, adry material was obtained. So, it was
again crushedinamill, adim powder was obtained.

(d) Selectingail type

In natura carrots were peeled, cut by hand and
suffered quartering. Two opposite partswerefragmented
and crushed in a mill. Five®™ g of carrots were
homogenizated and tested. Threetypesof oil werese-
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lected (sunflower, soybean and canola) and samples
containing 10% (v/w) of threeoils (two of each them)
were extracted®. Also two undigested sampleswith-
out oil were extracted for comparison.

(e) Selecting oil concentration

In natura sweet potatoes were peeled, cut by hand
and suffered quartering. Two opposite partswerefrag-
mented and crushed inamill. Two? g of sampleswere
homogenizated and tested. Three undigested samples
without oil wereextracted, three digested samplescon-
taining 2% (v/w) of canolaoil, three digested samples
containing 5% (v/w) of canolaoil and three digested
sampl es containing 10% (v/w) of canolaoil wereaso
extracted.

“In vitro” digestion solutions
(a) Salivestock solution

To prepare 50 mL of stock solution aliquotsof 1
mL,1mL,1mL,1mL,0.17 mL, 0.18 mL, 0.8 mL
weremixed, repectively, of thefollowing solutions: KC
(89.6 g/L), KSCN (20g/L), Na,PO, (88.8g/L),
NaH,PO, (57g/L), NaCl (175.3g/L), NaOH (40g/L)
and urea(25g/L) and fattened with ultrapurewater (Milli-
Q®, Millipore). Then 14.5 mg of a-amylaseand 5mg
of mucin were added and mixed®. All solutionswere
prepared 24 h beforeanaysis.

(b) Solution A

To prepare 500 mL of solution, 0,3468 g of CaCl.,
3,5210g of NaCl and1904g of K Cl were mixed and
dissolved s multaneoudy with ultrapurewater to reach
6mM CaCl, 120 mM NaCl and 5mM KCI solution.

(c) Pepsin stock solution

1 gof pepsinwasmixed and dissolvedina25 mL
volumetricflask with 100mM HCI solutionto obtaina
fina concentration of 40 mg/mL 100mM HCI.

(d) Bilestock solution

1 g of bilewas mixed and dissolved in a25 mL
volumetric flask with 100 mM NaHCO, to obtaina
final concentration of 40 mg/mL 100mM 100 mM
NaHCQO,.

(e) Pancreatin- lipase stock solution

250 mg g of pancreatin and 125 mg of lipasewere
mixed and dissolved simultaneoudly ina25 mL volu-
metric flask with 100 mM NaHCO, to obtain afinal
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concentration of 10 mg + 5 mg lipase/mL 100 mM
NaHCO..

Carotenoidsextraction from vegetablessamples,
beforein vitro digestion

All procedure was performed as described by
Rodriguez-Amaya et al.[*?, and optimized by
Pacheco™ with limited light and controlled tempera-
tureto minimizedegradation and isomerization of caro-
tenoids. All analysiswere performed in duplicate.

In vitro digestion of vegetablesafter implementa-
tion

The protocol described by Garrett et al.*? and
Failla& Chitchumroonchokchai®® for simulation of
human digestion wasfollowed after small adaptations.
All digestion stepswere performed sequentially from
oral phaseto micdlar fraction. Thedigestion sartsby
introducing 7 mL of salivasolutionto 5-10 g of veg-
etables, then blanketed with nitrogen, sealed, mixed and
transferred to 37°C shaking water bath for 10 minutes
at 60 rpm. After 10 minutes, themixturewereremoved
from water bath and placed oniceimmediately. Gastric
digestion begins subsequently when solution A was
added to themixturetoincrease volumeof 30 mL and
well mixed and The pH value was checked and ad-
justed to the appropriateinterval (pH 2.5+0.1) using
1mL of 1M HCI. At thistime, 2mL pepsin stock solu-
tion (find concentration of pepsinis2mg/mL) wasadded
and volumewasincreased to 40 mL using solutionA
and incubatedin 37°C shaking water bath for 1 h at 60
rpmandthenplacedinice. Movingforward duringsmall
intestinal digestion, pH range (6.0+ 0.2) was adjusted
using 1,4mL of IM NaHCO, and 3mL of Bileextract
stock solution (final concentration 2.4 mg/mL) were
added and mixed well, then 2 mL of pancreetin-lipase
stock solution wereadded, mixed well. Again 1 mL of
1M NaOH was used to adjust pH range (6.5+0.1)
andfinal volumewasincreased to 50mL with solution
A (Fina concentration of bile, pancregtinand lipaseare
2.4,0.4and 0.2 mg/mL, respectively). Plusthe tubes
were then blanketed and closed under N, and again
incubated at 37 °C, 60 rpm orbital shaking, for 2 h.
Findly, thetubeswereremoved, placediniceandal0
mL aliquot of the digestawastransferred to aultracen-
trifuge tube (Ultracentrifuge Sorval® Stratos) and ro-
tated for another 45 minutesto separate micellefrac-
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tion (Figurel).

Orange fleshed
sweet potato
5% (w/w) canola oil

U

7 mL of svnthetic
saliva 37°C, 60rpm,

U

|: Gastric digestion, 2mL pepsin, pH 2.5, :|

37°C, 1h, 60 rpm

U

Intestinal digestion, 3mL bile,
2mL pancreatina-lipase, pH

U

10 mL aliquot ultracentrifuge
for 45 min.. 4°C. 5.000 ¢

U

Micellar Fraction

Figure 1: Schematic representation of simulated in vitro
digestion model to assessrelative bioaccessibility. Some ad-
aptation weremade specially on micéllar fraction extraction

Carotenoid extraction from micdlar fraction

Micdlar fractionwascollected from centrifugetubes
using aclean plastic 5 mL tip from an automatic Brand
pipete. 10 mL aliquot was introduced in a 500 mL
separatory funne, containing 30 mL of petroleum ether.
Then, 200 mL of agueous NaCl 10% (w/v) solution
wereadded and agitated. After resting, fractionswere
separated and aqueous phase was discarded. Organic
phase was washed twice, using 200 mL Na,SO, (2%)
solution™, and extract was passed through afunnel to
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an ambar volumetric flask, containing 10 g of anhy-
drous sodium sulfate. Further, theextract was concen-
trated inarotary evaporator, suspended in petroleum
ether and transferred to a 10 mL and the volumewas
made up by petroleum ether(*sl,

I nstrumental analyses: total car otenoidscontent
and profile

Tota carotenoidscontent of the sampleswerede-
termined by spectrophotometry at 450 nm (Mod UV-
1800, SHIMADZU), using petroleum ether asblank.
Carotenoids profilewas determinate by takinga2mL
aliquot and transferred to aamber vial, dried under a
N, atmosphere, ressuspended in 100 uL acetone, using
avortex during 10 seconds, and taken for analysis by
HPLC,

| dentification, quantification and determination of
carotenoidsprofilewere performed by HPLC, usinga
Waters® liquid chromatograph, a33°C column oven,
photodiodearray detector (PDA 996- Waters®), aEm-
power Waters® Software, aC,, Y CM® S-3 Carotenoid
Column (4.6 mm x 250 mm; Weaters). Carotenoids
separationwasobtaned by agradient e ution of methanol
and methyl tert-butyl ether gradient. Using flow rate of
0.8 mL/ min, injection volumeof 15ul and runtime of
28 minit¥, Quantitative analysi swas performed through
externd standardizationwith acdibration curveof seven
gandards, including dl-trans-p-caroteneisolatedinthe
laboratory. All carotenoidswereidentified by compar-
ingther retention timeswith carotenoids’ standards and
by evauating UV /Visabsorption spectra. All sandards
wereobtaned by natural sourceswith puritiesgreater
than 97%.

Efficiency of micellarization

Effidency of micdlarization or invitrobioaccessbility
of total carotenoidsand -carotenewascal cul ated based
ontheleve sof carotenoidsin thedigested samplescom-
pared totheir respectivelevel sin undigested samples.
Cd culationwasexpressad by using aboveequation, pre-
vioudly described by Oomenetal.[”.

Efficiency of
Micellarization (EM)

(B caroteneMicellar Fraction)
(B — carotenefrommatrix)

100

DISCUSSIONSAND RESULTS

Themodd sintroduced by Garret et al.*? and Failla
BIOCHEMISTRY (mm—

et al.*¥ were used asastarting point for theimplemen-
tation of our invitro digestion model. Thismodel is
static gastrointestinal models, since dynamic models
mimicinvivo physica processes so that they takeinto
account new variables, such aschangeson viscosity of
thedigesta, particlesizereduction, diffusionand parti-
tioning™.

Pilot testswere conducted severa timesto deter-
mine maximum gquantity of started sasmplethat ensured
enough materiad containing sufficient quantity of caro-
tenoid for precise anaysis to assess stability and
micellarization. Two3, 5and 10 g of food weretested,
and after al, it was concluded that amountsbetween 5
and 10g were necessary for most of the studied veg-
etables, although it is necessary to conduce an indi-
vidua evauation. Matrix preparation wastested using
threedifferent type of trestment, and the more appro-
priated one was when in natura samples were cut,
homogenized and wei ghted directly in tubesreaction,
at theanaysismoment, sincefreezing process caused
cell matrix disruption, which artificialy increased caro-
tenoidsbioavailability. Theuseof individua containers
resultedin excessive sampleloss, sncethisset remained
thesame. Thisphaserepresented acritica step, sinceit
correspondsto the chewing stage, whoseaim wasto
simulate mastication and to exposefood matrix to di-
gestiveenzymesaction.

All saltsand enzymatic sol utions preparation rep-
resented a big challenge because it required alot of
detail initsexecution. Saliva, gastricjuice, pancresatic
juice, lipaseand bile solution were prepared and used
inamaximum of oneday!”. Sdivaand salinesolutions
weremixed, according to thevolumesdescribed inthe
samearticleandraised to 50 mL withmilli-Q water. All
implementation methodol ogy started by quantifyingeach
stage of digestion using papaya sampleswith no ail.
Thisobjectivewasto verify carotenoidstransfer from
matrix to agueous phase after each step. In vitro di-
gestionwas performed six timeswith the samesample
and two were quantified after oral phase, two after gas-
tric phase and two after intestinal phase (data not
shown). Theresults, however, showed no presence of
carotenoidsin extracts of each stage, which was an
indicative of component absence. So, it was not pos-
sibleto quantify carotenoidsin agueousphase. Indeed,
thisimpossibility isdueto oil absencedongthearray,
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as papayaisnot arich lipidsfood. Another problem
commonly found inthefruitsanaysiswasduealater
stage saponification before and after digestion, since
these matrixes contain oxygenated carotenoidsin es-
tersform and it was hecessary to hydrolyze carotenoids
beforetheir rel ease, to be extracted and quantified by
HPLC. Moreover, to study fruitsit would require cho-
lesterol ester lipaseto the mixturefor simulated small
intestinal digestion, becauseit contains xanthophylls
esters*d, Thiswould makeandysismorecomplex and
increasingthenumber of critical steps. AsB-carotene IS
thearray focusof BIOFORT biofortification project,
thiswork was concentrated in carotenes compounds,
SO papayamatrix was discarded asastudy matrix.

Physiologicbileproductionisstimulated by dietary
fat intake. So, the consumption of fat withameal con-
tai ning carotenoidsincreasesthe efficiency of absorp-
tion, and previoudly authorg'” suggested at least 3to 5
gramsof fat intake per med. Themicellesformationis
dependent, among other factors, of the presence of oil
intheintestine, and consequently their co-ingestionwith
carotenoids. It can besaid that thisstepiscrucia and
themost important dietary factor for their availability
for absorption. Results of threetypesof vegetableails:
canola, soybean and sunflower showed associationwith
type of fatty acid composition and number of
unsaturations. So, canolaoil showed greater ability to
emulsify carotenoids, becausetotal carotenoidsvalues
were35ug/g, while other two oils had lower values 25
and 21ug/g, respectively (Figure 2), as also previously
described*®. Canolaail, intheory, contain fatty acids
suchasoleicacid (C18: 1-53-70%), linoleicacid (C18:
2-15-30%) andlinolenic acid (C18:3-5-13%), which
arelong chain carbon compounds, allowing agreater
interaction between carotenoidsand fatty acids, pro-
ducing higher bioaccessibility.

Asdescribed by Huo et al™®, not morethan 2.5%
oil would be necessary to promote -carotene emulsi-
fication and transferenceto micdlar fraction. Thus, we
decided to test three concentrations 2, 5 and 10% (w/
w) and results showed that there were no changesin
carotenoidsemul sification and micellization when con-
centrationsvaried (Figure 3).

Thus, wedecided to reduce canolaoil concentra-
tion of 10%to 5% (w/w), for economic and practices
reasons. Theeffect of oil vegetabl e presence caused
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Figure 2 : Quantity of total carotenoidsin non-digested
samplesand partitioned into micellefraction during simu-
lated in vitro digestion with 5% (w/w) soybean, sunflower
and canolacilsin carrots. Data are meansfrom threeinde-
pendent (n=3) in vitro digestion of each cultivar
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Figure3: Quantity of total carotenoidspartitioned into mi-
cellefraction during simulated in vitro digestion with three
different concentration of canola oils: 2%, 5% and 10%
(w/w) in carrots. Data are meansfrom three independent
(n=3) in vitro digestion of each cultivar
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different formsof incorporation, accordingtotheclass
of carotenoids. Xanthophyllsarelocated in outer re-
gionsof themicelles, while -carotene islocated more
internally*®, Assomevegetabl esare harvested in spe-
cific time of the year, we opted to Lyophilize fresh
samplesasapreservation method in order to increase
sdlf-life. Thismethod was not acceptablesinceresults
showed that total carotenoids values tended to start
much higher thanin natura samples, asa so previoudy
described 8. Lyophilized process makes carotenoids
moreavailable, sncebreakscel’s walls, letting inside
content out (Figure 4). Furthermore, thiswas not the

natura way of food intake.
350 -

B Lyophilized
300

250 -
200 -
150 -
100 -
50 -
0]

3

In natara

Total carotenoids {ug/g)

Cult i Cult 2 Cult

Figure4: Comparison of total carotenoid from threeculti-
vars(1, 2and 3) of orangefleshed sweet potatoespartitioned
intomicellefraction during smulated in vitrodigestion using
in naturaand lyophilized samples. Dataaremeansfromthree
independent (n=3) in vitro digestion of each cultivar

Also, despiteof the correct storage (metallic pack-
age, under light protection) and temperature (- 18° C),
after two weeksall sampleslost their orange color, so
wedecided to quit thismethod. Alsoweevaluated 1M
HCI, 1M Na,HCO, and 1M NaOH volumesrequired
to adjust pH va ues of each stage, Sncedifferent matri-
cesprovidedifferent environment analysis conditions
(TABLE1). Thesedifferent volumesdemonstrated that
standardization of exact required amountsisnot pos-
sble, unlesspreiminary testsfor each array weremade.
Timeof andysisand pH adjustment wasfaster aspos-
siblein order to minimize carotenoids degradation and
isomerization. Also, thewholeand ytical procedurewas
performed under controlled temperature (25° C) and
limited light. PH adjusting represented acritical stage
of the process, since each type of enzyme hasitsopti-
mum pH activity. Micdlar fraction extraction demanded

deepest investigation, since methods previoudly de-
scribed weregpplied to solid and semi-solid samples Y.

TABLE 1: Total carotenoids content of non-digested and di-
gested (ng/g) and efficiency of micellarization (EM %) of
smulated digestion from orangefleshed sweet potatoin pres-
enceof 5% (w/w) canola. Data aremeansfor threeindepen-
dent digestion of each sample (n=3)

Orange Total -
Fleshed Total . car otenoids EfflCler)cy .Of
car otenoids X micellarization

sweset (ng/'0) Micellar (%)
potato r9'9 Fraction (ug/g)

Cult1 179,44 13,40 7,5

Cult 2 188,84 36,62 19,4
Cult3 213,62 70,70 331

Asreported by Fernandez-Garciaand colleagues®
and after adaptations, micdlar fraction extraction could
be accomplished by introducing 5 mL aliquot to a
separatory funnel, addition of 50 mL diethyl ether or
petroleum ether (depending on the carotenoid) and 200
mL of 10% NaCl (w/v) and agitation. Aqueous phase
waswaived and the organi ¢ phase was washed twice
using 200 mL of Na,SO, 2% (w/v). Type of organic
solvent was chosen, from diethyl ether to petroleum
ether, accordingto greater polar character, Sncep-caro-
teneismorelipophilic. We also introduced an organic
phase passage by sodium sul phate, in order to remove
all traces of water and after we took the extract to a
rotary evaporator vacuum to concentration.

TABLE 2: Quantity of HCI, NaHCO, and NaOH a 1M vol-
umerequired to adjustment pH of each phase of smulated
digestion from four different matrixes

HClI 1M Volumede

Vegetables  volume ':%l';rgggi\;' NaOH 1M
(uL) (pH 6,5) (uL)

Papaya 110 NN NN
Carrot 1800 800 NN
Cassava 1200 1600 30
Sweet 1000 1400 1000
popato

NN: Not necessary

Aswedetermined efficiency of micellization of to-
tal carotenoidsfrom thethree cultivarsof orange sweet
potatoes?”, results showed that cultivar 2 indicated
higher carotenoid transfer from matrix to themicelles
(TABLE 2). Moreover, cultivar 1, despite of having
initial high valuesof total carotenoidsbeforeinvitro
digestion, showed thelowest value of bioaccessihility.
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Also, cultivar 3had 12%|ower initid concentration than
cultivar 2, but showed 59% lower efficiency of
micellization (TABLE 2). Thus, thesedataindicated that
ingestion of equivalent amountsof thethree cultivars,
possibly provided greater bioavailability from cultivar
1. Chromatogram profileof cultivar 3isrepresented to
compare carotenoid profile before and after in vitro
digestion and to show that themethod iswell gppliedto
[-carotene compound (Figure5).
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Figure5: A representative chromatogram of car otenoidsex-
tracted from cultivar 3 of orangefleshed sweet potato before
and after in vitrodigegtion. | dentitication of chromatogr aphic
peaks: (1) a-carotene, (2) all-trans-B-carotene, (3) and 9-Cis-
p-carotene

CONCLUSIONS

So, thismethodol ogy providesgreat interest since
it uses available materials and reagents and allows
evd uation of many samplessmultaneoudy. Alsoit rep-
resentsaninitia tool to predict bioavail ability and proved
to befaster and cheaper, inasmuch asin vivo studies
are more costly, complex and require moretime. De-
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termination of bioaccess bility providesvauableinfor-
mation to select proper amount of food matrixesor even
the better matrix, ableto ensurean effectivenutrition.
However, some aspects, such as absence of microor-
ganismsindigestivetract should beimproved, aswell
asinvivotests, to compareresultsand to validate the
methodol ogy.
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