CHAPTER 6 Y'

DIGESTIVE STABILITY AND BIOACCESSIBILITY% )
B-CAROTENE AND LUTEIN OF CHLOROPLAST-RICH FRACTONS

(CRFs) FROM SWEET POTATO HAULM Q
6.1  Introduction "\d
X

Agricultural biomass such as sweet pota ulm (SPH) petenti Im\ nefits
human health as it contains abundant essential n?ds su% noids}l.;) present

X
data have been reported on the bioavailabi Wrote i PH.*&, this chapter
e? : &

aims to discuss the findings for researcw in-v@ digestive stability

and bioaccessibility of B-carotene a%ein of ch[}g‘o %st idif\ractions (CRFs) from
sweet potato haulm. ‘% “ <2¢
\ A
'p N

Bioaccessibilitygis Nae.%tive rocess lto se carotenoids from the food
matrix. It presents the mon %@i&tﬁmrients in the total digesta which are
available for abs@ thd@estir@ct after digestion. The bioaccessibility
can be influ@/ two ecategories: &gfr(enoid-related and unrelated groups. The

carotenoi factors include ge, chemical structure (isomeric forms), and

>
S/

o
interactio ween dif ren!ca@ﬁoids, while the unrelated factors include thermal

ey

tr ent, nutrient composition\Of co-consume foods, biometric of consumer, particle

digested foods, micellarisation efficiency, transport from the enterocytes to the
Onph system (Shilpa et al., 2020).



Carotenoids are released from the food matrix by heat, mechanical and physical
food processing, the mastication process, and the action of salivary enzymew
mouth (Shilpa et al., 2020). Carotenoids such as [-carotene and lutein arec%mic in

nature. Therefore, they must undergo solubilisation from the food matfiX;ellowed by

a micellarisation process. ?

In-vitro digestion is a prevalent method in determining
is inexpensive, rapid, versatile, and provides a preli in@?n before
executing in-vivo animal or human studies (Brodkorbgt al., : et‘al.,QﬁB;

) | &
mth%iSRF was
determined using the static in-vitro digestion mo y Mi M al. (20@’.’ It consists
of a multi-compartment test, where oreNE i ﬁl phases are

simulated in sequence with gastrointestinalyconditi

state human adult. A time of tw our@forﬂg«kﬁg sti@)q recommended in this
]
resenting t hz&&ptying of a moderately

nutritious and semi-solid m mekxf et aly, Oy@bsequently, the transit time of
[

simulated intestinal digestign is_s J‘oWo hours as well, to ensure the

comparability of@betw‘een INsvitro Q)&stion studies using the INFOGEST

protocol by I\/E mget . (201 ! (.)O

cessibility since it

Mackie et al., 2020; Minekus et al., 2014). The di

static in-vitro digestion mo

4

%kudy, Pubie)re enti \s defined as the percentage of nutrients present
al

b4
in tm igesta (end samp the digestion process) compared with the initial
N

Mconcentration in the CRF. Meanwhile, nutrient bioaccessibility (BA) is defined

as'the percentage of nutrients in the total digesta that is micellarised and available for
int

estinal absorption. It is identified by comparing the nutrient in the micellar fraction

to the nutrient in the total digesta. Determining nutrient stability during digestion and
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liberating the nutrient into the micellar phase is regarded as a nutrient accessible for
uptake (NA). It is measured by the percentage of nutrients available for absorpw
comparing the nutrient concentration in the micellar fraction to the in@}rient
concentration in the CRF (pre-digested sample). The determination of retention
after digestion, nutrient bioaccessibility (BA), and nutrient accessibl&u'ptakes (NA)

in the CRF from SPH are reported in this study. V

In this chapter, the experiments include the inclusion o diWS % palm
oil) to increase the BA and NA of B-carotene and, lutein™in the heat- eaPeQQ'RFs
involving heat treatments of conventional past ion (CP), ste pasteufisation

(SP), and water blanching (WB) as stated in?e 'Se N 3.2, T 3.1. The

optimisation of carotenoid accessibility o@aat ‘aR the‘lpgrﬁnce of edible

oil was determined by an in-vitro digestio odel\ O
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Results and Discussion

6.2  Pre-digested nutrient concentration \2
The carotenoid content in the starting material for the chloropla‘&gh lflractions

(CRFs) ranged from 0.23 to 0.38 mg/g dw in B-carotene and from 0.2 41 mg/g dw

in lutein (Table 6.1). Overall, a comparable range of B-carotenewein were found

in the CRFs of sweet potato haulm (SPH). z '
€ N
Table 6.1: Carotenoid conte qx [ t,}
5
CRF with different Carotenoid cqﬂteg_tﬂg/g N

CRF
b
heat treatments B-cafotene . . ‘L\ Sin
a) Fresh (F) w 0.04%) 041 + 0.05°
b) Conventional pasteurisation (CP) \Ei}S +0.01 .25+0.01°
) Steam pasteurisation (SP) 0. \_%ZY _\ 0.30 + 0.02°
d) Water blanching (WB) C‘) 0.26-+0495 c.:\\ 0.31 + 0.04
Different letters mean significant dif%uke ﬁ test, pr<0.05) een values. Data are means +

SD (n = 3). \ \AQ,

X |7
The B-carotene%utein cr\sjgr@mst in fresh CRF (F) with no
NS @)

significant differe@snd inlthe otenozcgoncentration between the heat-treated
CRFs (p > O.f ki et al. (20 repor@at the B-carotene content of leaves from
ies Of

fourteen v@

value wng/g {w. owever;
@; >
e

for stalks (mean va‘r&?of 0.01 mg/g dw) compared to CRF. In another study

sar\
‘éd by Abong’ et al. (2020), the B-carotene content of nine varieties of Kenyan

Oeet potato leaves was lower than our finding, with a mean value of 0.19 mg/g dw.
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sweet potat cult&ats was slightly higher than CRF, with a mean

7

ower content of f3-carotene was reported in the



The fresh CRF from SPH showed comparable lutein content with Kenyan sweet
potato leaves (Abong’ et al., 2020) and higher than South Korean sweet potatcwus
(Li et al., 2017) with a mean value of 0.38 and 0.25 mg/g dw, respectivel@tein
content in the stalks from the aforementioned study was exceptionally ompared

to its leaves, with a mean value of 0.03 mg/g dw (Li et al., 2017). SurprEngiy, the sweet

potato leaves from India, reported by Krishna et al. (2018) haq Ni’;rer concentration
a

of lutein (14.7 mg/g dw) in comparison to our CRF whi probably due to the

2). ri%'eio,thhe lutein

by the w edc@;ns,

difference in sweet potato variety (Donado-Pestana et al.

content of sweet potato cultivars might be influe

, 0 ndtri efici{n?i‘es in the
s (h?ig 2019%\\-?
<<

A study reported that the -caroteneycontent ofi t p_{ leaves was about

30 times higher than the stalks while tE, Iutﬁi%t

4]
than the stalks (Li et al., 2017%), stggestin tt IeafA weet potato plants has an

including sunlight exposure, rainfall level, te

seed roots as a result of repeated harvestin
fl Ss was 10 times higher

I

extremely greater amount o noi

collected concentrated%plas\ hf&v:@'ch consist of leaves, petioles, and
stems), a lower @raﬂ@e mi@trients was expected owing to the
combination @nut ier;t\pﬁ) gdavggg}m low nutrient part (petioles and stems)

from th% . D) §J

&e -carotene and Iu@z‘{).ntent of fresh CRF from SPH was 0.38 and 0.41
@/, respectively. In a study on CRF from pea vine haulm (PVH), fresh juice of
theyhaulm reported 0.99 mg/g dw for p-carotene and 4.81 mg/g dw for lutein
Q/attanakul et al., 2022). Gedi et al. (2017) also reported a higher range of B-carotene

(2.47 — 3.36 mg/g dw) and lutein (2.14 — 3.41 mg/g dw) content in CRFs from spinach,

—

co ed Sﬁt@} stalks (petioles). As our study

w

.
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kale, nettles, and grass compared to our CRF. The fresh CRF from spinach was 4.35
mg/g dw for -carotene and 4.70 mg/g dw for lutein (Syamila, 2019). Althow
fresh CRF from SPH exhibited lower concentrations of carotenoids corr@o the
other CRFs reported previously, it certainly contains a beneficial and has

potential use as health-promoting ingredients in food formulations for€ither animal or

human consumption. . \,
Apart from cultivar varieties, carotenoids in sw tato’le els tend,to decline
gradually throughout the growing season (Ishigurog 2019). The con raﬂo&‘@f B-

carotene also varies with harvesting, storage co@ farmi ites, roc‘)z~ e, and
4

virus infection (Burri, 2011). Thus, cultivar sele¥n~an

farming and climatic conditions are in@\swco Si
carotenoid content from SPH. \Y

Heat treatment is a well-, rocéss to tivatgéﬂdogenous enzymes after

harvesting, to preserve the nuﬁﬁ&nal ant rm\gr(i/al and extend the shelf life
of nutrients during stov% r stud}]a asi iﬂca@?duction of B-carotene and lutein
was observed in all wre teci .

was in agreemeﬁﬁgthe texidant act&\-}&y (FRAP assay) recorded in heat-treated
CRFs — see 55 ,%5’4@ However, no significant impacts on both
microm@re jo nd ‘g eelét}e heat treatments (p > 0.05). CRF treated by

s
< O.OQQ.}f' he reduction of carotenoid content

-

conven&na pasteurisation (de the highest loss in B-carotene, followed by CRF
\
f ter blanching (WB) and steam pasteurisation (SP) for about 40, 32, and 26 %
I

s, respectively. The loss of lutein was highest in CRF from CP, followed by SP

Qd WB with a loss of 39, 27, and 24 %, respectively.
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A comparable reduction of nutrients was found in a recent study by Wattanakul
et al. (2022) which the CRF of heated pea vine haulm (HPVH) had about 34 %
[3-carotene and about 40 % loss in lutein. The heat treatment for HPVH is simi our
heating protocols for SP, where the biomass is heated first before thef% process.
Regardless of the nutrient loss in HPVH, the B-carotene and luteifn content were

consistent between the CRF of fresh juice PVH and heated juicg ;M/H (Wattanakul
ey

et al., 2022). The heat treatment for HJ in the aforementio IS rccording to our

heating protocols for CP treatment, where the biomass 1 ed fi sthe heating

@
process. Surprisingly, our CRF from CP had the@oss of B-c elie @utein
while CRF from HJ was consistent after heat trw (\I\% t aI.@Z).

Hence, heating the SPH after the juici ocess (CP greatment) appears to cause

a greater loss of carotenoids in comparises to eatin3 ha Qnefore the juicing

process (SP and WB treatments). E&& OR r%i thq.;??l: could be affected by

7]
the enzyme activity or therr&

hus&'&mising commercial heat
treatment conditions is :eco?!ﬂ effiGie t@it enzyme activity and retain

carotenoids (Wattanakul et al., 2022
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6.3  Effect of heat treatments on carotenoid retention and bioaccessibility of

CRF \Y~

The nutrient retention (%), nutrient bioaccessibility (BA %), an:a ’utrlent
accessible for uptake (NA in % and mg/g dw) of fresh and heat- treaﬁi ‘ conventional
pasteurisation, steam pasteurisation, and water blanching treat ts) loroplast-rich

fractions (CRFs) from sweet potato haulm (SPH) are tabul ted?mle 6.2.

O

6.3.1 Nutrient retention
The stability of lipophilic nutrients in ﬁplaﬁ ch actl RF) of

sweet potato haulm (SPH) was determlne t pergﬁn f ca@w id retention
after the digestion process. The eff C nventlo steugtion (CP), steam
pasteurisation (SP), and water blanghin (WB) s n nutrient retention of
CRFs is demonstrated in Tabl neraﬁy, th Fs to have good retention

of B-carotene and lutein with pe taT fror@l to 88 % and from 59 to 94

%, respectively. ( %
:
The results”de str@ utel s more stable in the digested CRFs

compared to ene esl] st of [3-carotene was recorded in the CRF

from CP, W by B, fres an(K@B treatment, with retention ranging from 41 to
8 %. est stagl oﬂfuteié;s found in the CRF from WB, followed by fresh,
N
CP\ treatment, with re c'?on ranging from 59 to 94 %.

N
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Heat treatment of biomass or juice tends to reduce the robust physical nature of
CRF material, resulting in a more efficient release of carotenoids during the exwm
of digesta (Wattanakul et al., 2022). However, the degradation of nutrient@ccur

due to pH changes and a slight increase in temperature through the d process.

Carotenoids are more sensitive to acidic than alkaline conditionsj¢proven by the

significant loss of B-carotene (52 % loss) in carrot juice dErin e gastric phase

(Courraud et al., 2013). 5 '
Heat treatments (CP and WB) improve the rgtention of | poMLﬁriths in

- | ol O
the CRFs. This was in agreement with a study on - reated})e vi aul‘Z~ d juice

m iblegng’carotenoid

t?\a t exhibited the
utmost impact on the loss of B-Carotenm) aw .

influenced by the higher cooking paatu'rie%vt) corzga ed to other treatments
|§

o
heat-Sensitive mi&&%ﬁtrients.
N
Although the trén zutrient tabi y(CQ- B > SP) in heat-treated CRFs
4 ’ 2
ith th r(i \ﬁu:k antig@ﬁnt activity (CP > SP > WB) — see
: Iipoca-)ﬂhc nutrients present in the CRF from SP
!
were more sensitiVe tow, rdg in&Vitro dd'?je'e\ion conditions compared to those from CP
and WB tre knts. 'Eh Ma b@posed that heat treatment aids in improving the
retegtioﬁof arotenoids. Amor@ﬁg treatments, CP and WB efficiently retained both
\

:é#ﬁ@ne and lutein in the CRF from SPH.

CRFs, owing to the breakdown of enzymeswatI ar

degradation (Wattanakul et al., 2022). Ness men

(85 °C), and subsequently de

was not compatible

Section 5.5.2, Figur .P
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6.3.2 Nutrient bioaccessibility (BA) and nutrient accessible for uptakes (NA)

Carotenoid bioaccessibility is limited and influenced by a variety QQZors,

crucially the food matrix composition and the degree of food processing ast miller
et al., 1999; Deming & Erdan, 1999). As nutrient bioaccessibility (%mpares the
value of micellarised nutrients in micelle with the digesta, the autrientraccessible for

uptake (NA) instead gives the value of the final micellar ph se?’pﬂred to the nutrient

present in the initial CRF. This is to give a better unde

ingof Qo\ryh nutrient
is available for absorption by the body, relative to the initial concentration, of the nugnent
N
| S
&
The accessibility of nutrients i\the/CREi ted w%&.onventlonal
pasteurisation (CP), steam pasteurl@P), an r b@éﬁmg (WB) was

% )-)md nutrient accessible

in the chloroplast-rich fractions (CRFs) of sweet haulm ( H).

determined (Table 6.2). The p-carotéhe bioaccessi

for uptake (NA %) in all diges s rariged fr @ 17.30 % and from 7.07
&

to 12.47 %, respectively. The rotT L@ was highest in CRF of SP,

followed by WB, CP a% Even sq, the |ghes:f)-1 rient accessible for uptake (NA
'3
mg/g dw) of B-carolwva in f (0 mg/g dw), followed by CP (0.024

mg/g dw), fresh (0. g/

and 'SP ( mg/g dw).
!
2 9
Th nd %jfo Iute@ all digested CRFs ranged from 8.45 to 29.23
Y%

% and 4 to Jresp ely. The BA % of lutein was highest in CRF of
N
SP d by WB, fresh, am}%‘P Even so, the highest nutrient accessible for uptakes

g/g dw) of lutein was in CRF of WB (0.073 mg/g dw), followed by SP (0.051
0/ g dw), fresh (0.047 mg/g dw), and CP (0.016 mg/g dw). A similar trend between [3-
carotene and lutein accessibility (BA % and NA %) was shown in this study for CRFs

treated by SP and WB.
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The BA % of B-carotene and lutein was significantly increased after heat
treatments excluding CRF treated with CP where no significant differen?ﬂs
noticeable for both nutrients. No significant difference in BA % of p-carotefie tein
was observed between SP and WB treatment. This was in agreement wiﬁNngs from

Arumsari et al. (2020), where higher BA % of p-carotene was prese&d In boiled (38

%) and microwaved (26 %) sweet leaves compared to raw (22, ‘Eoé.

In addition, the bioaccessibility of B-carotene a i p‘&?nificamly

(15 and 72 folds, respectively) in spinach after hydrothermal cooki oWinythat
- | | &

cooking improves the release of carotenoid (Co etal., ‘.20 3).Mn a re‘czé»t study,

heat treatment on pea vine haulm CRF increasWar M Iutein@essible for

uptake by at least 2 folds (Wattanakulfet_aly 20 Q\ ing ﬁnces nutrient

bioaccessibility via a particle reduc%mec@? nh& the release of
ingu

phytochemicals after digestion (Héce'ral\/\éﬁdéy @osquera, 2007).
9 Q
Hayes et al. (2021) reportéd,a si ecrease-in carotenoid bioaccessibility
j by t

for thermally treating spin plaine

thermal treatment, Wn th \bacg

divalent miner\&sed

. . 9
micellarisatio arotenoids

chaa@s in free mineral content after the
4
sibilit@lipophilic nutrients. The accessible

preﬁ\!esing and digestion could reduce the

!
oligh i%féraction with fatty acids, bile salts or other

&
constitu% itinqrt ir :Iu iIiQ@n the aqueous phase (Wattanakul et al., 2022).
ff

Inhiﬂ ects of divalertt)\%:ws (calcium and magnesium) on carotenoid
\

'\eh;isation and uptake were observed in the in-vitro digestion of spinach (Biehler

6&, 2011a, 2011b).
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In our study, nutrient accessible for uptake (NA %) for lutein was reduced
significantly in the CRF treated by CP, compared to SP and WB. This could be tr

by the considerable concentration of divalent minerals (calcium, magnesiu yzinc,
copper, manganese) retained (or even increased) in the CRFs after theﬂ*eatments
— see Section 5.5.4, Table 5.6. The retained minerals might convert i Ivalent ions,

which are the cofactors in inhibiting the micellarisation of_lipophilic compounds,

resulting in lower bioavailability in the CRF. s '
Generally, the accessibility of lutein (BA % and NA %) was sli highthhan
[B-carotene in the CRFs of SPH. It has been stat t lutein i i
4

from the food matrix than B-carotene attributa% {0 \hau)@ polari@nd greater
hydrophilicity of xanthophylls compar%&rot enmillér et al., 1999;
S

Chitchumroonchokchai et al., 2004; Garrettet al.,-1999) w&Q)ported by a recent

study, which reported a greater refease a I s fotg%reater) compared to -
a

o
carotene in CRF from fresh p& haulmjuice att@ etal., 2022).
N
Food processing t E; the

impact on nutrient b@es |bi|'
treatment impro nutri
temperature oking tim JNEJr atment could give the best conditions to

promote %ibiﬁt an ?
heat tEtm nt conditions ir@gB;mg heating temperature and heating time is
N

rg\ended to enhance the accessibility of nutrients present in the CRF of SPH.

c
—
;y

125



In our findings, water blanching (WB) appears to be the best heat treatment
compared to conventional pasteurisation (CP) and steam pasteurisation (SP).
economical method that destroys enzymatic activity and removes pesticid@es in
vegetables or fruit. Although WB seemed to have a great loss in phe ntent and
antioxidant activity (due to the leaching of water-soluble and heat-serw nutrients) —

see Section 5.5.2, Figure 5.4, the amount of nutrients acces§'|ble absorption was

In addition, the fortification of edible oil could increase e.\eqar‘\‘s{ign of
C.)
carotenoids and subsequently improve their bioa ility (Chifch roo'ncf&)kchai et
s X
uera,

al., 2004; Garrett et al., 1999; Hornero-Méndez in N@ ). As low

successfully recovered in the CRF.

accessibility of B-carotene and lutein was% the eat-treated CRFs from

SPH, the carotenoid accessibility can Mise

during the digestion. E:' ’ 0>v

(=2
<
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6.3.3 Effect of oil addition

Palm oil was chosen in this study since it is a locally produced oil, ﬂ%nly

used in cooking. Besides being economical, palm oil is also a good sour o:f fae fatty

acids and does not contain a measurable number of carotenoids. Y'

Overall, palm oil addition (2.5 % of wt/wt) improved the S|b|I|ty of both
B-carotene and lutein in all heat-treated CRFs (Table Y.o h there was a
significant reduction in nutrient retention (%), the b essibili tyWonutrlents
ifican incremept @05)
incrende d |n BA % of p-

carotene was comparable to lutein, with percenta mq;i:as\gmg @ 25 to 42 %,
and from 21 to 31 %, accordingly. \% <<
\T _\
The pB-carotene report ed tI erc té@s increase of BA %,

suggesting that edible oil con I d mor ect n the eIIarlsatlon of B-carotene

(BA %) in the heat-treated CRFs was recovered and

was observed with the presence of dietary lipi

in comparison to lutein. T upp rted el |nd|ng where in the presence

of oil, the amount of we in th ic gpl@as higher than lutein in the CRF

of heated pea vi h ju tanakuléJ 2022). Dietary lipids assist the
micellarisatlo ss b 0 |SE)® facilitate the transfer of carotenoids from
the food t p ts dx@.ng the gastric phase, and ii) formation of small
oil dro b emulsﬁ‘l pﬁncr lipase and bile salts) which incorporate into the

Iles and further abm(@ed in the intestine (Arumsari et al., 2020).
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The addition of palm oil significantly increased the f-carotene accessible for
uptake (NA mg/g dw) by at least 2 to 4 folds for the heat-treated CRFs with
WB having the lowest concentration. Moreover, CRFs of CP and SP@ed a
substantial increase in lutein accessible for uptake (NA mg/g dw), wm&F of WB
reported no significant difference. It explains that the addition onh'ad the least
influence on the CRF of WB in comparison to the other heat treatments. Still, WB
X

ong the treatments.

All heat treatments appear to have a positive impact on the -:xar\ede and‘lptein
| P | | &
accessible for uptake after in-vitro digestion wit oil. Howeve only‘zniﬂe to no
4

en he \freatments,

treatment appears to have the highest lutein accessible for

difference in nutrient accessibility was deWat

suggesting that nutrients present in the C SPH reac

in our study in a similar approach.%ipop%

comparable range with and witho %& stloll%y &Other findings on CRFs
‘% ‘&
X

he t@ ents proposed

'ent&gge accessible in a

(Syamila, 2019; Wattanakul ., 2022).

o S
The incrementfin roportign of
i

with the increment ofidietary li

et al., 2020). H@han

works by; 1) |L?|ng the am tbf& clusion (2.5 to 10 % of oil addition) to the

CRF m% rii) bl% RF@terlal with edible oil to create an emulsion for
c

bettQa sulation and htdgp:hobic compound delivery, thus aiding the
\

ellagisation process. Micelle formation (micellisation) creates water-soluble

t nutri&# bioaccessibility is proposed for future

compounds, enabling lipid digestion products that are hydrophobic in nature (such as

pophilic nutrients) to be transported to the small intestinal surface for absorption.
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6.4 Conclusions

This study provides information on the stability and accessibility of azene
and lutein sourced from chloroplast-rich fractions (CRFs) of sweet potatﬁgtﬂa(SPH).
The variations in retention and bioaccessibility of nutrients were inu?kgted with the

implementation of heat treatments (conventional pasteur

pasteurisation [SP], and water blanching [WB]) and oil in usm?'.» % palm oil).
It is concluded that;

1. Food processing through the application at treatm t w&!d A‘B?)smve

impact on nutrient retention, nutrientWeSSibﬂj&{ % d nutrient
accessible for uptake (NA %) in tlt q\ {

2. CRF from SP had the hlghest BA

Qs F fror@/B had the highest
NA (23.7 %) and nutrient n (9 Ys'

0.0 mg/ggx/) suggesting that WB is

phili trlents during digestion.

[CP], steam

o< CRF from WB had the

highest nutrient accessi r upta

an excellent treatme tabilising ki

(
3. The inclusion o%ncreasegv QE/ rotene (at least 2 to 4 folds) and

lutein (at | NZ follis) entin highest nutrient accessible for uptake
(0. 08 O
4. Th I at'SP 7ea en&‘.n}combmatlon with oil addition, gives the best

ene Iuteln for absorption.

111ty of
\Aalementatlon of h's(é? treatment (concerning low heating time and

temperature) with edible oil addition is recommended to optimise nutrient

Q uptake of CRF from SPH.
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