CHAPTER 3

RESEARCH METHODOLOGY : )

3.1 General materials and methods Y'

Section 3.1 describes the general materials andsmethod fWer 4: The

effect of different crop borders on the physicoc%‘variati of I,r(;{#(?-'rich

fractions (CRFs) from sweet potato haulm and ter5: The'effectsof he{t)Yféatments

on the physicochemical variation of chIorop&d{on\RFS) fr Y;weet potato

haulm. Meanwhile, Section 3.2 descri\%aterials thoé%r Chapter 6: The

digestive stability and bioaccessibﬁtéof B-&Yn I}{éin of chloroplast-rich
o S

fractions (CRFs) from sweet po Im. “« Q
N
3.1.1 Chemicals an@;ds IQ
g ~°J ' g
Qe

Acetone, &\oMile, chlor rm, e@acetate, and methanol used for lipid
extraction and, cargtenoi s% Qneé)ﬁd\ilutein) analysis were high performance

4
gr

liquid chrgmatography | (H Kﬁe/ purchased from Sigma Aldrich (Merck,

Darm wmany . n-Cioc reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
A o
bu ydroxytoluene (Bl-ﬁ&ﬁnd standards of gallic acid, ascorbic acid, B-carotene,

ein were purchased from Sigma Aldrich (Merck, Darmstadt, Germany). Other

Omicals used were of analytical grade.



3.1.2 Materials

Sweet potato haulm (SPH) consists of stems, petioles (stalks), and %Zwas
obtained from a local farm (Perlis, Malaysia). The haulms harvested wem&w in one

farming area and planted at the same time with constantly imple ing agriculture
practices. The practices include bed size and spacing, selection of disease-resistant

varieties, and selection of biological agents to control pests aWMases. The amount

of water, soil type, fertiliser type, and daylight time subj he@tato plant

were constant throughout the research. After harvesting the'sweet pot , me\r?ulm
(.)

was freshly garnered and immediately brought %aborat y cilitllessrn Nilai,

’ b 4§

n the g@'fy sack and

ulmevery 1 hr during
&

Malaysia to be further processed (within 24 hr). H M

the humidity was controlled by sprayin%\gt

transportation to prevent it from wilting."5he SPH w,

exposure after harvesting to dimi th Ios‘s\ %i
o

3.1.3 Isolation of chliiopYﬂTch f
3.1.3.1 CRF of S'PSI—Qn I

To inv; Mm he firs cliv :@ effect of different crop borders on the
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physicoch al Wariation

haulm w m wag harvested f@three different rows of sweet potato plants crop
F N

bo Bs) where the planlsc@ere within the same plantation area (as illustrated in

‘@1.3). The CBs, labelled as CB 1, CB 2, and CB 3 in this research had similar

Oicultural practices like the use of solil, fertiliser, and pesticide type, or even water

availability.
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The fresh haulm from each CB (of at least 1 kg) was cleaned with running tap
water to remove soil and dirt. The haulm was juiced using a cold press slovT!r
(SAVTM JE-31, China). The yield of haulm juice was determined by @divi the
weight of juice collected by the weight of fresh haulm. The juice W;gntrifuged
(Thermo Jouan CR3i, France) at 10 000 rpm (revolutions per minute), °C for 15 min.
The pellet containing CRF (Figure 3.1) was collected wh@upematant was

centrifuged again under the same conditions for more pell

Figure 3.1¢ et potate haulm jui %"ter centrifugation process)

NG
S

The pe ere ogle qhe&)@ frozen at — 20 °C prior to freeze-drying
S
FD<65

(Freeze DI% 0 Eyela; ) aké_aa, 20 °C for 24 hr. The dried CRF was ground

ho S poWﬁe 50 1 ing pestle and mortar under dim light conditions.

N
RF was stored in*&(&hcuum-sealed aluminium pouch at — 80 + 1 °C until

‘@ analysis. The yield of CRF was determined by dividing the weight of CRF

Ozvder collected by the weight of fresh haulm.
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3.1.3.2 CRF of SPH from different heat treatments

To investigate the second objective: The effect of heat treatmew the
physicochemical variation of chloroplast-rich fractions (CRFs) frome potato
haulm (SPH), three different heat treatments were involved .n_this research:

Yoo

Conventional pasteurisation (CP), Steam pasteurisation (SP),% er blanching

swﬂ'm Table 3.1. The

I e'leda fresh (F).
The control sample (F) was prepared as mentioned,in the"pre OMﬂ 3\ 3.1,
where the fresh haulm was juiced using the col%sslov:. juice A\'/Y'I‘g?]E-Bl,
China), followed by the isolation of CRF. VY. \ V?’

D
& L
Table 3.1: LMatt eatm nd_l\tlgi<

Heat treatment % A
a) Conventional pasteurisatio&%
b) Steam pasteurisatic%SPY.' b} l 5 min
Water blanching (WB s ° min
c) Water blanc f](\) i"\\“ e{gﬁc 3
NI

¢

!
The S% each heat aﬁeat-}%éP, SP, and WB) was harvested and divided

(WB). The parameter variations in each heat treatment are

haulm without any heat treatment was considered as a

A
ture .~ Heating Time
>N g

3/

5 min

Oﬁ//%;

%v NN
equally int e bagehes. #'he ha rom each batch (of at least 1 kg) was cleaned
Y—v
witmmng tap water to remo@sbil and dirt. The first batch of haulm was juiced first
\
\s cold press slow juicer (SAVTM JE-31) before being heat-treated with
d entional pasteurisation (CP) treatment at 85 °C for 5 min. Then, the haulm juice
as immersed in an ice-water bath at 10 °C for 30 min to rapidly cool down the juice
to room temperature before further processing to isolate the CRF.
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Conversely, the second and third batches of haulm were heat-treated first before

being juiced. The second batch of haulm was packed into a vacuum-sealed w

subjected to the steam pasteurisation (SP) process in an autoclave at 100 °@Yor 5

min. Then, the bag was immersed in an ice-water bath at 10 °C for 1 0 rapidly

cool down the haulm to room temperature before juicing using a cold press slow juicer

(SAVTM JE-31). \,
The third batch of haulm was heat-treated with @chi g'(WB treatment
in hot water at 85 °C for 3 min. After that, the haulm was immersed in ag,ice-Wategbath
. | &
at 10 °C for 1 min to rapidly cool down the haul oom temperature befd'Pechcmg
s b §
using a cold press slow juicer (SAVTM JE-31). ? ' \ Yb’

weight of juice

The yield of haulm juice w@ined b

collected by the weight of fresh I@:Im.

treatment) were ready for the %\

Jouan CRa3i, France) at 10 000 , 4

collected while the super az was ¢ ed a@l under the same conditions for

more pellets. The pellets wer [ d frozen at — 20 °C prior to freeze-

drying (Freeze m-SS

!
ground to hox%eous 0\‘Nd €3 258} ) using pestle and mortar under dim light
conditiops. kdried‘opbj): as sé?e\d in a vacuum-sealed aluminium pouch at — 80
+ 1 °C Umtil further analysis. \3.
S

3
N
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3.1.4 Total soluble solid content (°Brix)

The total soluble solid content was expressed as a percentage of fresh n‘ﬁzass,

which represents a strong positive correlation with sugar content. Sweet potato haulm juice
was tested for total soluble solid content using a digital refractometer for each heat
treatment. The value was measured in degrees Brix or °Brix, b% he number of

dissolved solids in a liquid via specific gravity. A degree of Brix?ﬂvalent to one gram

.o

. . | &
3.1.5 Total solid content and moisture conten _\
J
\/‘Z”

The total solid content (TSC) and moistuE cont \sh oroi&s?ﬁch fraction

(CRF) were determined by the foIIowigK@j ns: W é

Total solid content := : x 100 (3.2)
% &
Moisture %‘ %) = ﬁﬂ)t&b}lid content (%) (3.2

3.1.6 Water @(aw)

L

Th ctiwhl rop, ich fraction (CRF) powder was measured by

using w Wate(
N

chidled-mirror dewpoint techrﬂéae. The homogenous CRF powder was placed in the

% cup at approximately 25 °C. Detection of the condensation point, which first

Oears in the mirror, was observed with a photoelectric cell. A beam of light was

directed onto the mirror and reflected into a photodetector cell. Any changes in

of sucrose in 100 g of solution, which is equal to one percent

W

|vi!§ Me?r 4TE (Decagon Devices, Inc USA) based on the
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reflectance were detected by the photodetector when condensation occurs on the mirror.
A thermocouple was attached to the mirror and the temperature at whwm
condensation occurs was recorded. Then, Aqualab gave a signal to read dat@}pmg
and displaying the final water activity and temperature for the CRF. length of

reading times may vary depending on the difference in temperWetween the

3.1.7 Bulk density

OL}Y-
The bulk density of chloroplast-rich fra CRF) po derwas @srmmed

( 01)%@&1. Briefly,

int

chamber and the sample.

manually using a measuring cylinder adapted by ristai

1 g of CRF powder was weighed loosely cwgfa fl t051|rf
eco_(\oQ Bulk density was

i S v@e, recorded as g/ml.
‘&
S
3.1.8 Dispersibility Y" I .é

N
The dlsper5| ity of chl t-fich fra@}ﬁ (CRF) powder was determined by

ml graduated
cylinder. The volume occupied by 1 g of p der

measured by the weight of the er i

dissolving the C der in tillega‘ler (10 ml) at room temperature adapted
!

from Szulc a art ( 016) tlf)d.('-lcjﬁé mixture was stirred for 1 min followed by

incubati m temper re for@mn, intended to form suspended particles. The

supern§ t was decanted carq’%u‘g/. The mass of the supernatant was obtained by

t |ng the supernatant mto a 5 ml density bottle. The weight of the dispersed solid

calculated as double the difference in the mass of the supernatant and an equal
I

ume (5 ml) of distilled water.



3.1.9 Microscopic imaging

«©«

The morphology of chloroplast-rich fraction (CRF) powder was obseﬂd in

Field Emission Scanning Electron Microscopy (FESEM). The platinum, coating wa

(2]

carried out in an auto fine sputter coater (JEOL, JEC-300FC, Jap The platinum-
coated sample was subsequently viewed with the FESEM (JEOLs, JSSM#T800, Japan).
The photomicrograph was taken at 1 kV of accelerating oIta?ﬂﬂer high pressure.

FESEM was operated at several magnifications (500X, ,and 3 d)x).

@
Y
é J ' —\L}
3.1.10 Water solubility index (WSI) ¢ Y.
Y4

The warm WSI of chloroplast-rich tion (C

the method reported by Anderson et al: 963 with sli

was used in our study instead of 1 ‘jj to sam\'im?tat'

g) was mixed with distilled wat%ml) iﬂ 50 Iccenzsc-%e tube. The mixture was
incubated at 38 °C for 30 rr@en] e her@uan CRa3i, France) at 10 000
et let and §

rpm, 4 °C for 15 min t he p upa‘atant. For cold WSI, the powder
4 ¢ &
sample did not gwcuba.i \Bu( was ifuged right after it was vigorously
. Thers

mixed with wam\ up 'as C ‘h‘%fted and dried in an oven at 103 °C for
¢
overnight ( ﬁnhe dr/edem%nﬁor(v;z weighed, and the solubility of CRF powder
NN
was calgllated*using £quation,3.3 asfollows:

A\
A\ S
Weight of dried suspension

\/?ater solubility index (%) = Weight of initial CRF powder. 100 (3.3)

o}
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3.1.11 Colour analysis (Hunter Lab)

The colour of chloroplast-rich fraction (CRF) powder was me{g by
colourimeter (Labscan XE, Hong Kong) using the CIELab system. Tﬁ sample was

spread in an optical glass with a 6.4 mm diameter diaphragm. Then,the colourimeter

was calibrated with a white and black reference plate before measuringithe L* (L* =0

:WSS) and b* (-b* =

e Ii@?urements

were taken for each sample. The total colour difference*was /calc d Gsi he

p gt

| | e

formula in the equation 3.4:

Total colour dif ference (AE) = [(L *, —W- (
é q

3.1.12 Proximate compositi& A%

=

The proximate gomposition co rmination of moisture content,

:??f ih%
crude protein conten crudgt C t, Cfude fi'(rfe}%ontent, and ash content was applied
) method

according to AOMlZ %
9 Qq
(\; ¢ J" C—)L}
De Ination istu con(e_t)t (method number 952.45) was performed by

ofm
S
drying paowder i I at L§°\C overnight (16 hr). The chloroplast-rich fraction

(C der was cooled in e@s’iccator and was weighed until constant weight was

[black] and L* = 100 [white], a* (-a* = greenness and +a*

blueness and +b* = yellowness) for colour expressio

D

gained. The moisture content was measured as a percentage of weight loss.

Q The crude protein was determined by the Kjeldahl method (method no. 981.10),

whereby the percentage of nitrogen was calculated on a dry matter basis. The amount
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of nitrogen was then multiplied by a nitrogen-protein conversion factor (6.25) to get the

crude protein content of a sample. Y-
The crude fat was determined by the Soxhlet continuous extrStl:on %ethod

(method no. 945.16). It is an automatic fast extraction system, using petroleum ether as
the extraction agent. Lipids showed variable solubility in various,solvents due to their
different polarity. Y'

The crude fibre was obtained using dilute aci dilut aWrolysis in

@
Fibretherm (method no. 991.43). Sample was anz@ an automate d’g@md

filtration process system. J \,‘Z”
The ash content was determined bcwg 1 g‘aft mpl& an electric hot

Inerating t harr(@ample in a muffle

al

)
Carbohydrate contentN u%jsut&}p Ing the sum of the other
nutrients from 100 %. 2 I | §
4 ¢ &
N8 @)

3.1.13 Antinutr@(alih@ytic ids)
N O, S
£

3.1.13.1 Oxalic acid @)
X S
3’\% 4 o
e ination oxalikgantent in chloroplast-rich fraction (CRF) was

C.)
d(:&ined based on the meth%adopted by Premasiri and Ekanayake (2011). Distilled

plate until the smoke ceased, followed

was added to the CRF powder (0.5 g) up to 25 g in the conical flask and the

OXture was homogenised (8 000 rpm, 30 °C, 3 min). The homogenised solution was

purified with 6N hydrochloric acid (2.75 ml) and caprylic alcohol (2 drops). The flask

40



(covered with aluminium foil) was incubated in a water bath (95 °C, 15 min) and left

overnight (16 hr) at room temperature.

The mixture was filtered using filter paper and the filtrate wﬁczi@d with
tungstophosphoric acid reagent (5 ml) followed by another filtratio cess after 5 hr
incubation at room temperature. Then, the mixture was added h ammonium

hydroxide (NH4OH) until reached pH 4.5 followed by the a ditw ml acetate buffer

(pH 4.5). The mixture was mixed well and left overni hryrat th?nerature.

The mixture was centrifuged (Thermo Jou%{ France) at 1 O(’ r@ °C,
for 15 min and the supernatant was decanted, The ‘precipitate w wa%w' using a
filtered cold wash liquid and the decant pro :X; east Q&.s Later, the
purified precipitate was dissolved wit %lehuric

5 n@Sample and blank
(5 ml of 10 % sulphuric acid) wer€ incubate \Wer @95 °C, 10 min) and
S

subsequently titrated against O. ssiuf per an MnQ4) until the visible

&

pink colour persisted for more tham30 s’ alic actéhcontent was calculated using

| <
equation 3.5 as follow b} ( 0.
) 4 ¢ &
N N\’ O

. . olum Mno04 x 67.5 x (net weight+100 g)
Oxalic aci g/%0 S , g 9
( ) netweight x wet slurry

(a) ' 27 6 (35)

Ny &

Where % 45 fn dro %alic acid equivalent to 1 ml 0.01N KMnOQ4) x
Rkt

(3OIZA 5) (dilution facto
\ e

[e)

L

00 (conversion to 100 g sample).
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3.1.13.2 Phytic acid

Determination of phytic acid in chloroplast-rich fraction (CRF) was rf ed
using a Megazyme kit. The phytate was measured as phosphorus relea y hytase
and alkaline phosphatase. The absorbance was detected at 655 n n a UV-Vis
spectrophotometer (Varian Cary 50, Australia). A C&|Ibl’&tl0ﬂ% f phosphorus

solution with different concentrations was prepared as sta arY'

3.1.14 Mineral composition .\d‘

| S

The mineral analysis of chloroplast-ric (CRF) was erforrﬁEd using a

cerﬁe\(RF)%&.rometer S8

TIGER Series 2 (Bruker, Germany)ﬂ XRF ntro@by Spectra Plus

commercial Wavelength Dispersive X- Ra

Launcher software using the Quant ress me @C If{\swder was placed into
N
a sample cup (thickness 15 m ter m nd %éred with polypropylene.

&

The equipment was characterise R -ray t and 8 primary beam filters.

Up to 8 automatic crystal acers We,]eaﬁ Il g for the detection of the entire
range of elements fr Ber I| |um%h maximum power, voltage, and tube

current directed \@kw, V d 170‘@%, respectively. Analysis of the sample

O
was carried on%z\ m iﬁdi C—)
L, 1)) S
fg f
3.1.15 PRreparation of CRF e>@_~)§;

g &
‘é he chloroplast-rich fraction (CRF) extract was prepared as Hue et al. (2012)

cribed. CRF powder (0.5 g) was dissolved in 50 ml methanol (1:100 ratio). The

mixture was placed in a shaking incubator at 150 rpm, 25 °C for 1 hr. The mixture then

was centrifuged (Thermo Jouan CR3i, France) at 2 500 rpm, 25 °C for 15 min, followed
42



by a filtration process using filter paper. The CRF extract was stored at—80 + 1 °C prior
to the analysis of total phenolic content (TPC), 1,1-diphenyl-2-picrylhydrazyl (YR)

radical scavenging assay, and ferric reducing antioxidant potential (FRAP@

3.1.16 Total phenolic content (TPC) Q

Total phenolic content (TPC) analysis was adopted fro etal. (2012). A50

ul of chloroplast-rich fraction (CRF) extract (obtained i

(s

for 5 min at room temperature. Then, 750 ul of sédium carbonatg solution %ﬁ%) was

added, mixed, and incubated in the dark for 2 hﬂ 00 M

was read at 765 nm using a UV-Vis sp@%o

against blank. The steps were repeat%epl ing

gallic acid in a few different conc ratians }(\)%
Il%n

o
The concentration of total phe\ tent e CRF &(a t was calculated based on

the standard curve equa ion?ﬁesen’ed in ims.\quivalent (g GAE/100 g dw).
é : [

4 ¢ &
2% @)
3.1.17 DPPH ra mvengln agsay <
&
\ o ! (J
The f ical scavedging a&?ﬂy of chloroplast-rich fraction (CRF) was

"

determi% al,}-Ml-Z- icrylhydrazyl (DPPH) assay from Hue et al. (2012).
S

The as performed using:)ﬁ.mM DPPH solution diluted in methanol (80 %).

\
T ted DPPH solution (1 ml) was added to the CRF extract (500 ul), which was
0

3.‘\],5)5 added to
250 ul of Folin-Ciocalteu reagent. Both solutions weg mixed andfincu iA th\wdark

m& tract with diluted

rati urve for the standard.

«
<5}

ined in Section 3.1.15. The mixture was vortexed for 15 sec and incubated in a
ater bath (37 °C, 30 min). The absorbance was measured at 517 nm using a UV-Vis

spectrophotometer (Varian Cary 50, Australia) against a blank of methanol solution.
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The steps were repeated by substituting the CRF extract with an ascorbic acid solution
in different concentrations diluted in methanol as standard. The 1Cso value was awwd
based on a graph representing the concentration of the CRF required to sc@\sbso %

of the DPPH free radicals. The inhibition percentage for scavengi jvity was

calculated using equation 3.6 as follows: Q

ACOTL TrotlL —
DPPH scavenging activity (%) = ( ; l . ;x 1('0
N
Where the Aconeror IS the absorbance for control and gy is the ab rk’arl@br the
CRF extract.

4

\ \/‘Z~
&
3.1.18 Ferric reducing antioxidant pot@! <'§

The reducing activity of ferri€ ions was \mﬂr\ g‘émethod from Xu et al.
) S

(2010). The FRAP reagent w%red ﬁy mixifng 1 2,4,6-tri(2-pyridyl)-s-
. on 20N & |
triazine (TPTZ) solution, 20 m n ir e he@drate (FeClz.6H20) solution

N

D

=

3.6) obti@with a ratio of 1:1:10 in volume.

'3
0.2 ml of the CRF on(3,1.15) was mixed with 3.8 ml FRAP

4
b r M ecti%
reagent foIIowe@uba '\:Qeg/ater{%h (37 °C, 30 min). The absorbance was
!

O

read at 593 n‘ﬂ)ng a V‘-V [&ct&(ﬁﬁotometer (Varian Cary 50, Australia). The

process kated w h fp;sh wo@.}g solutions of FeSO4 to obtain a linear standard
caligratsn curve. The antioxic@?v capacity was expressed as mmol equivalents per
N

@sample (dw).

~—+

[%2)

“
|
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3.1.19 Lipid extraction

Lipids were extracted using the modified Folch et al. (1957) teclqi{g. A

mixture of chloroform and methanol in a 2:1 ratio (1.2 ml) was added S .1 g of the
CRF powder and vortexed for 1 min. A 0.9 % sodium chloride solution (0.5 ml) was
added, and the mixture was vortexed again for 1 min before centrifugation (Thermo

Jouan CR3i, France) at 3 000 rpm, 4 °C for 10 min to sepa ate??phases.

The lipids and chloroform, which were located ower, pw collected
@
and transferred to a clean centrifuge tube. The resid s extracted t ic’a XV@S; 2:1

ratio of chloroform and methanol mixture_ (1. ) followe by\\,E?tex and

e\m1es t@e complete

centrifugation steps, respectively. The proc% ep

lipid extraction (get a clear lipid phas\c)

The lipid phases were co C@and 3
([ B
separate the lipids from any r& S, th(%%higpids@e' centrifuged again before
e dried lip

being dried under the flow T‘gen. 'h ipi ract was weighed to calculate

=

|
the total lipid content a%equentl’ se Orﬂ@ alysis of chlorophylls, B-carotene,
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3.1.20 Chlorophyll content

The pigment content of a lipid extract was analysed using \UzVis

spectrophotometer (Varian Cary 50, Australia). The lipid extract (obtaisgmﬁection
3.1.19) was dissolved in acetone (1 ml) and further diluted to a factor of 1:1000. The

absorbance (4) was measured at three wavelengths: 661.6 nm (chlgrophyll a), 644.8 nm

(chlorophyll b), and 470 nm (total carotenoids). Y'
The concentration of each pigment (ug/ml) w@ate Waﬁons by
@
Lichtenthaler and Buschmann (2001) as stated beI@h was then used fo El\e%r ine

4

the percentage of pigment content.

% &
Y.
Chlorophyll a = ( _ . . (3.7)

(3.8)

Q J

x 100

(3.10)
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3.1.21 B-carotene and lutein content

The carotenoid content of chloroplast-rich fractions (CRFs) was a%; by
high performance liquid chromatography (HPLC) with photodiode Srra (PDA)

detection using an Agilent 1200 Series System. ‘

The dried lipid extract (obtained in Section 3.1.19) was diss in 2 ml acetone
solution (containing 0.1 % butylated hydroxytoluene [ )z. The?, the dissolved
sample was syringe filtered (using 0.45 um syringe fi to a erials. The

@
flow rate of mobile phase (Acetonitrile: Metf@thyl etate V\'trl\@;&. %
se OFT

Triethylamine [TEA]) was setat 0.5 ml/min. T EAWasto i rea%‘ﬁrotenoid
recovery (Hart & Schott, 1995). Two gradiw} i s\re ap@;‘rom 95:5:0

@Kof the run. Re-

equilibration took 15 min. C‘)
=
The sample (10 pl) “K'ected ﬁlf SB-C18 analytical guard
column (5 um, 4.6 x 12.5 nwmd sep'rate No@ak C18 (4 um, 4.6 x 150 mm)
column, and the tempe%vas set at 621;_‘ -carotene and lutein were detected at
454 nm. The cor& ion tene anéﬁtein was determined using a linear
equation obta®a C Iilgra i qrv%ﬁ&%ced from a range of external standards

(B-caroten@' ein) /dissolv in.é‘.e[one containing 0.1 % BHT. The data was
presentechi apteré, r¢dig§d\ carotenoid concentration of CRFs.

N
\A S
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3.2 Materials and methods for Chapter 6

This section describes the materials and methods for Chapter 6: Th%gtive

stability and bioaccessibility of p-carotene and lutein of chloroplastﬁi'c fractions

3.21 Chemicals Y'
The digestion enzymes including a-amylase @ sWe
L 4

XII-A,
300 — 1 500 U/mg protein (A1031; EC 3.2.1.1), pe rom parcine aftrty\@gc.osa

(CRFs) from sweet potato haulm.

(P7012; 3.4.23.1), pancreatin from porcine pancreas (8xUSPs’ R7545) and bile extract
|dch (

porcine (B8631) were purchased from Sigma A

3.2.2 Materials c \T
The chloroplast-rich f@w&éiﬁ&om the previous method

mentioned in Section 3.1.?@ unieate (resh@d heat-treated (conventional
[ Q
pasteurisation, steam %lsation‘o nd gtelé) nching treatments) CRFs were

studied in this ch MOcal loal\ﬂ (Sa@(&laysia) was purchased from Lotus,
: N
Malaysia. | (_/
S5
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3.2.3 In-vitro digestion model

To investigate the third objective: The digestive stability and bioacce tmf
B-carotene and lutein of chloroplast-rich fractions (CRFs) from sweet 0 at haulm
(SPH), the digestibility of nutrients in-vitro was subjected to the untreated resh) and
heat-treated (conventional pasteurisation, steam pasteurisationagand water blanching
treatments) CRFs powder following a standardised static in dlgestlon method

suitable for food (Minekus et al., 2014; Wattanakul et '

CRF powder (1 g) was dissolved in ultra-pur eruptasg, IIPweﬂgsy the
addition of 4 ml simulated salivary fluid (SSF) ectrolyte stgtk solution. T’R@mlxture

\nlsat T A 0.5 ml of

e water-(a-amylase from

was vortexed for 1 min at room tempera e to IIo

salivary a-amylase solution of 75 1U/ up of u

human saliva Type XIII-A, 300 — 1@0 U/mg protet Was d&\ifollowed by 25 ul of

0.3 M CaCl2and 0.475 ml of @e wate ges@mlxture was mixed in a
%

shaking incubator (100 rpm 37 2

l
Next, 10 ml o%ated gas;bj;d @v ) electrolyte stock solution was
@

added to the oraI u by Oéml of pepsin solution made up of ultra-
pure water (p from porci qtrlct’)@cosa) and 5 ul of 0.3 M CaCl, was then
added to a e 0 n 07@ respectively in the final digestion mixture.
Then, as redu of:’; usqg 1 M HCI and the volume was made up to 20 ml

pure water. The dlge(éﬁon mixture was put again in the shaking incubator
m 37 °C, 2 hr). Figure 3.2 is the illustration of a simplified scheme for in-vitro

estlon of CRF.
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Sample

Lipid extraction 1 |
(Initial concentration) z '

In-vitro digestion ;, C}
Y

- Oral phase
- Gastric phase \,‘r
Intestinal phase _‘\Y.

L S

Total dlgesta
) VTS
Low speed centrifugation & Lipid extraction 2
(5 000 rpm, 4 °C, 1 hr) N (Total digesta)

Supernatant (micellar)

Filtration (0.45 pum) ‘o'
- @

2

Lipid extraction 3
A (Micellar fraction)

v

§ Figure 3.2: The simplified scheme for in-vitro digestion of CRF
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Later, the digestate from gastric chyme (20 ml) was mixed with 8.5 ml of
simulated intestinal fluid (SIF) electrolyte stock solution, 5 ml of pancreatin sol
100 U/ml (based on trypsin activity) made up in SIF electrolyte st@ltion
(pancreatin from porcine pancreas), 2.5 ml of porcine bile extract (10ﬂ%ile salts),

and 40 pl of 0.3 M CaCl». Then, the pH was adjusted to 7 with 1WOH and the

volume was made up to 40 ml with ultra-pure water. The_digestion mixture was
incubated again in the shaking incubator (100 rpm, 37 °C, zc '

Before every incubation step and at the end of the th-vitro di ony ${w‘ples
<,
were flushed under a blanket of nitrogen gas ‘%ct sa r!ro&idation.
4
Digestive juices were prepared for mouth (Siwaj TM.Q luid, @ stomach
(Simulated Gastric Fluid, SGF), and @swﬁ] (Si Int t‘E. al Fluid, SIF)

compartments according to Minekus et al.(2014), The digested samples (total digesta)

were further processed as descri 5 ia S%:ti>.'94 on d%same day of in-vitro
%II

o
digestion (illustrated in Figure\ sz%@sxjre d@&rd in triplicates.
N
AR
4 f &
& @)

S
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3.2.4 Separation of micellar fraction

The total digesta obtained in Section 3.2.3 was centrifuged (Thenqo\zuan
CR3i, France) at 5 000 rpm, 4 °C, for 1 hr. The centrifuged sample was Spar d into

two phases — see Figure 3.3 (unless oil was added to the sample, i ich case, three
phases could be formed, and the middle layer carries the mixed% s). The mixed

micelle located at the top was clear dark green while the s dir@!’hase at the bottom

ioKe?e fraction
and oth riﬁrtksv

The micellar fraction was filtered (0.45.um E filtér).an ashgmith 1mil

u'\['s trag%&n the filter.

mpI@ﬁO ml each) were
t@with nitrogen gas and
N

then analysed for their contenmecii i arotene and lutein).

—
o

was brownish green in colour. The top phase was assu

which contained mixed micelle that entrapped the cakotenol

of chloroform: methanol (2:1) solution to4ecov: the,,?

Filtered (micellar fraction) and non-fi g@tal dige

collected into pre-weighed falcon tuEs. All \gwg f

stored at — 80 + 1 °C until furth Sis (

Micellar
4 \"ad fraction
Centrifugation
(5000 rpm, 4 °C, 1 hr)
Pellet

Total digesta

Figure 3.3: Total digesta, micellar fraction and pellet after in-vitro digestion
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3.2.5 Retention of nutrients after digestion

The retention or stability of nutrients after digestion was determine%g the

following equation 3.11: : co

initial

Retention of nutrients (%) = Ctotatdigesta 1) q (3.11)

Where C;yiriai 1S the concentration of nutrients bef igestion.

3.2.6 Bioaccessibility determination .\d.
NS
IS
med‘.in tw wawao avoid

g

The bioaccessibility of nutrients can be

«

Y

confusion, both ways were used and describedwas IIovg\ \ ?Y.
? é
) Bioaccessibility of nutr'tr:ts (BA ¢S \T AL

The bioaccessibility o ts was ca Iuted(gq'mg equation 3.12 below

(Garrett et al., 1999): \

N
X el
Bioaccs{ibi y rients 6’{6}# % x 100 (3.12)
AN S
\ :

!
i) N S acgessi ofuéame (NA %)

IVAR S
wle cor{p ilﬁy oﬁtre results of different experiments and matrices, the
N
nu@ccessible for uptake@re calculated using equation 3.13 below:

-/

Cinitial

QE Nutrients accessible for uptake (%) = Cmicellar fraction. , 1) (3.13)

Where C;pitiar 1S the concentration of nutrients before digestion.
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3.2.7 Carotenoid extraction of digested materials

Extraction of lipids from the in-vitro digested materials was performeQ{% the

Bligh and Dyer (1959) techniques adapted from the Folch et al. (% S@ethod.
Concisely, 5 ml chloroform: methanol (2:1) was mixed with an equ lume (5 ml) of
the digested materials (either micellar fraction or total digesta) and vortexed for 1 min.

Then, 1 ml of 0.9 % sodium chloride solution was added, and tw'ﬂ!ture was vortexed

again for 1 min before being centrifuged (Thermo Jou

°C for 10 min to separate the phases. g
p p X
0
The lowest phase containing the lipids and thésxchlorofo s transferred to a

Y
:1) wassadded to the

clean vessel. A further 5 ml of the chlo formz metﬁan
remaining extract which was then \@and centri

conditions. The lipid phase was remced and po

o

with the same

CK al lipid phase before

‘phaSQ as centrifuged again to

RN

a final sequence was complet p

separate the lipids from any residtal co ; N
X~ 3
The lipid layer oved yn 0 thqg/; ed clean vessel and dried under a

N\

flow of nitrogen.& ract ivas Wei%Q to calculate the total lipid content and
to quantifythet'Me ro'te ids (B-c @ne and lutein) by high performance liquid

chromatog@
b o
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3.2.8 Carotenoids (p-carotene and lutein) analysis

The carotenoid content of digested materials was analysed by high p me
liquid chromatography (HPLC) with photodiode array (PDA) detec ng an
Agilent 1200 Series System. The dried lipid extract obtained previgusly through the

X.

Folch et al. (1957) method (Section 3.2.7) was dissolved in W tone solution

s&'g! filter) into amber
HPLC vials. HPLC conditions were similar to the descri

\
3.3  Statistical analysis é ' —{0
4 b 3§

NV
e (A@g'A) using the
of @%is was applied
v@a 95 % confidence

interval. The results were st%mea& + ar |at|on and the means
differences at p < 0.05 we e er ant. @erlments were conducted in

(containing 0.1 % BHT) and syringe filtered (using 0.45

Data were analysed statistically to the analysis
Minitab version 21 software (Stat %) On

according to Tukey’s pairwise co arison p \-hQQ e

triplicates. Correlatio g d tjd obtdinéd % determined using Pearson
.“40
correlation coeff|C|e with the ftwarQ)

)
"5‘4/
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