CHAPTER 2

As
LITERATURE REVIEW A
N3

2.1  Chloroplast in green plants

Chloroplast is a type of green plastid, foun@% Iaw performs

L ]
photosynthesis reactions by converting carbon dioxid water into or ar*"c _C{%\‘IYI::EHS

Y
ynthe y absorbing

light energy. The chloroplast in the Iea@w essent cti\éﬁophilic nutrients,

including carotenoids, tocopherols,@&nd galacto \ds\e @momegaﬁ fatty acids
a ’ S

(Castenmiller, et al., 1999; Gedi 019450l , 19 attanakul et al., 2019).

The main carotenoi?hlor last B-c@ene, lutein, violaxanthin, and

o
neoxanthin (Gross, 2012; Ishi, etgal. 8 ig no et al., 2005; Thornber, 1975).
Carotenoids pla@ rolel; in\e sur of plants. While plants have a
photoprotectue%qgham m jo

roles by s@ reagtive axygen ies, quenching the chlorophyll-excited states,
and sciwexcess';n dnto @Sun et al., 2018).

N
\C.)

using light as a source of energy. The green pigment Chioroph/IL, mostly chl@rophyll a,
r tss

is the primary pigment used in the beginning p

er su@ under high light stress, carotenoids play
4



2.1.1 Composition of chloroplast

(1]

Chloroplast has an oval, or disk-shaped body, surrounded by an ou\ bl

membrane with a diameter of ~5 um and a width of ~2.5 um (Staeheli %). Th
most conspicuous internal feature is the granum, made up of a stack lakoids. The
thylakoid stacks, or granum, are connected by lamella in the stroma. Abeut 50 % of the

dry weight of a thylakoid is protein. Chloroplast env Iopw'l,'!nsisting of inner

D

membrane, intermembrane space, and outer membra out,15 — 2Q % of the
total number of proteins in the chloroplast (Block et ak, 200 \d;
molecules in the membrane, the mobility of I@dimmi he
interaction (Syamila, 2019). Figure 2.1 iIIustrat&u.e'str t

Chlomﬁ
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§ Figure 2.1: Structure of chloroplast
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The inner space of thylakoids is filled with fluid called the lumen while
thylakoid membranes are the layer that surrounds the thylakoids. The inner, ouw
thylakoid membranes are recognised as plastid membranes with a high @n of
galactolipids (70 %) and a low content of phospholipids ( ila 2019).
Monogalactosyldiacylglycerol (MGDG) is high in both thylakown'd the inner
membrane, whereas digalactosyldiacylglycerol (DGDG) and phos dylcholine (PC)
are high in the outer membrane (Block et al., 2007). The th R%ine brane is the site
where light-dependent photosynthesis reactions occur w ight-i d.épa@‘reactions
embranes f r‘)t@‘zh;sis
ca%' d th{?gsence of

in hi?he ants ( etal., 2007,

Rodriguez-Amaya, 1999). \3 é

occur in the stroma. Carotenoids are located in thylak

and photoprotection (Sun et al., 2018). The pre

chlorophylls reveal the yellow colour of chl

2.1.2 Chloroplast-rich fracti F)

I

previous study had prov:en E’at con dhlqulasts, also called chloroplast-rich

fraction (CRF) fr@ blorlmass a enrl |n proteins, lipids, trace minerals and

Chloroplast can_be Wred lnd Cc enga;@}by centrifugation method. A

essential micr; Ntsl ep-ca t‘gxle, atocopherol a-linolenic acid compared
with the eaf materials }(G d.E—ét al., 2017; Torcello-Gomez et al., 2019;

0‘21, 2) Juice extraction is a sustainable physical

4
Watta ., 2019,
% C.}/
fr n used to extract Sh'}oroplasts from plant material (Torcello-Gomez et al.,

‘% Wattanakul et al., 2021). The liberation of chloroplasts from their cellular

Ouronment should result in more accessible nutrients as the digestion process would

not be impeded by the cell wall present in the cell-bound chloroplasts (Gedi et al., 2017).

N

11



On top of that, the centrifugation method has been proposed in previous studies
to recover CRF from green biomass (Torcello-Gémez et al., 2019; Wattanaku 4
2021). The CRF pellet or dried CRF was collected by juicing and fiIteri@reen
biomass, followed by centrifugation to obtain the CRF layer, and then 0 remove
any residual water (Syamila, 2019). The CRF layer consists of diw chloroplast
shapes including fully intact, sliced intact and burst chloroplasts. The‘intact chloroplasts
can be observed as green, oval-shaped, or slightly con me'green particles
scattered in the background of the intact chloroplaSts,are nWthe burst

L ]

chloroplasts, floating the unstacked thylakoids (Sya 2019). Figure ki@%v's a
micrograph of CRF from sweet potato ha er_adi icrosg?ﬁe (100x
magnification). The intact chloroplast (red cikcle) in CRE fromssweet ;@atvc;haulm with

(<

floating thylakoid (yellow arrow) can eengn the mic ph. O

H VS

&
& .

% S
Figure 2.2: Micrograph of int%t chloroplast (red circle) and thylakoid (yellow arrow)

% om sweet potato haulm under a light microscope (100x magnification)



2.2 Haulm

Agricultural activities generate a considerable amount of biomass N the

form of four different sources; agro-industrial waste, aquaculture waste, livestock

waste, and crop residue (Koul et al., 2022). ‘

Haulm (from sweet potato, potato, and pea vine), straw (fwley, wheat, and

rice), and stover (from corn, soybean, and sorghum) T&z of frop residues in

agricultural fields. The non-harvested parts of the sw tato aWIlectively
@

called haulm. The haulm is used to feed livestock or p back into the o'l as&rce
-
a {

of nitrogen, mulch, or burnt, still, most are treat e matérial an@.,zow).

s\ﬂised@e’ production

Only a small portion of corn, wheat, and rice cropresi

of bioethanol or animal fodder, while !\%discar urnﬁ(oul etal., 2022).
\ Y
To accomplish sustainab ultur. nvir gn.;ﬁbnt, agricultural waste
? @

ani aque&@ﬁﬂ'g, roof thatching, surface
ust@ pyrolysis, bio-bricks, and

[ Q
0 pa{g ble products (Koul et al., 2022).
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2.2.1 Component of haulm

Haulm is a post-harvest field residue, which is characterised by the N{Earts

that are left after harvesting the crops. In sweet potato plantations, the Sa;veg)stems,
t

and stalks (collectively called haulm) remain in the fields after sweet potato harvesting
(Zhang et al., 2019). Similarly, it turns out that the stems, tops, ang foliage of the potato
plant are considered haulms after collecting the tubers. Har peas (seeds) will
leave behind other parts of the plant such as stalks, Ie@ and vines,,which are
typically called pea vine waste (or haulm) to rot qn the land HQO{W In

0
addition, the corn stover, which consists of stalks,%assels, ob and’ hu§ks is left

s b 4§
in the fields after the corn harvest (Koul et al., 2%).I St N from@fps such as
rice, barley, oat, and wheat also are recaogni sh t

he{ ain purpose is

ul an be identified as

the collection of leaves, stems, stalks, or tMi @/ated plants, left after
)
harvesting the crops. Aj A‘?f—

Z I N
2.2.2 Research on haulm P 4 ’ 2 &)
N, | SN %b
Despite { sio attatnabili aulm possesses great physicochemical

quality and n nal value ( rﬁalt-e} l., 2022a; Kaplan et al., 2018; Lamidi &
1

d " .
Ingweyes2020;, Xia gt Y . 'l@sweet potato (Ipomoea batatas L.) haulm juice

usually for livestock feed or livestock be . Hence,

pome JP) contains a coa%’i;able amount of carbohydrate, protein, ash, fibre,
\
a N/ith values ranging from 39.33 to 42.18, 35.23 to 35.26, 10.57 to 13.24, 7.72 to

Q and 2.42 to 2.68 g/100 g dw, respectively (Hanifah et al., 2022a). The study

corded that the pasteurisation process had decreased the carbohydrate content and

increased the ash content in the SPHJP. High protein content reveals the SPHJP has the
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potential to be converted into a sustainable source of nutrients and an innovative plant-
based protein. Pea vine (Pisum sativum) waste contains a high amount of holocw
and lignin, starch, crude protein, and ash with values of 43, 22, 18, an \ dw,
respectively (Xiaet al., 2016). Holocellulose (native cellulose) is bettermemlcally

modified cellulose grades in terms of eco-friendly characteristics Qd recyclability

Y'

Potato (Solanum tuberosum L.) haulm has hig ues considering

(Yang & Berglund, 2021).

its numerous minerals content present in the biomass, The potato haulg, C nm@mn
manganese, copper, zinc, lead, nickel, cadmium; cobalt wi ues va'Pred from
47.35 to 180.07, 28.14 to 85.15, 10.84 to 15. 3 .14 10,1560, 4.14 to 0, 6.74 to

9.80, 3.40 to 8.60, 1.02 to 1.55, and 0.43 @\g/ ectwﬁ@ Kaplan et al.,

2018). Lamidi and Ingweye (2020) rep d that bo sh andnut haulm and

X

ensiled corn stover had hlgher |n 2 18 asé”ll 67 %, respectively)
compared to the cereal residu e of 2
On top of that ;ndnut nd e@ed corn stover were high in iron
'3
/k

(164.46 and 159. 78 g, sple W nd 2| 4.15 and 31.29 mg/kg, respectively)

alc%iuﬁ}yphosphorus potassium, sodium, and

along with a am
0'18 57d 0,49 % (Lamidi & Ingweye, 2020). Green

magnesium Mang betw (_/
biomass g/kvarley tr| |oné\components that are potentially beneficial for
u

dietar rposes and may p@_}ﬁg significant contributions towards agricultural

sasinbilty.
N

15



2.3 Antiquity and characteristics of sweet potato (Ipomoea batatas L.)

~—+

The sweet potato (Ipomoea batatas L.) is a creeping dicotyledomQ lan

belonging to the Convolvulaceae family or the morning glory family (Boﬁmjam

2007). Plants in this family are vines, shrubs, or reptiles, which pro rhizomes and

roots, and some species have latex and alkaloids (Cartabiano-Leite et al'y 2020). It is an
herbaceous perennial vine with white and purple sympetal us , palmately lobed
leaves or alternate heart-shaped and large nutritious st@ u,& Li,,2019).
The stems cultivate in crawling and prostra%me ground to rc’mote\)e clic
sprouting, generating roots by making internodgs in centact \ﬂl the"soil @?tablano-
Leite et al., 2020). Sweet potato plant has a#oot with s n wr@glour ranges

between beige, yellow, orange, red, p &3 brown S flﬁenges from beige

to white, pink, red, yellow, orange Ie and™w -éu 2019). The starchy,
N,

large, and sweet-tasting roots a t dinary part of the plant.

&
A single sweet potato plant may duc[ M 5@05, ranging from a few to 30

cm in length with a w h

Besides i t&\b&ws rodts
edible and nu N

managed t a mor: pe

2007) e th o

h internodes growmgfélong the stem 2 to 20 cm apart (Cartabiano-Leite et

0) The leaves are slightly pubescent or glabrous and the shape varies between

dte elliptical, orbicular, sagittal, and have petiolate by the entire edges (Cartabiano-

Leite et al., 2020).
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The sweet potato is a versatile plant, due to its high-yielding tuber crops,
drought-tolerant, and wide adaptability to various climates and farming s?e
(Bovell-Benjamin, 2007). This plant also has a higher tolerance to disea@pests
compared to other leafy vegetable plants grown in tropical countrie , 2006).

Figure 2.3 shows the sweet potato plantation located in Kangar, PerliR

In Malaysia Wrous Ya \e&of swﬁp&tatoes can be found such as Banting,
Biru Jepun, Bir@. CH H I@,‘Gendut, Guan, Kuala Bikam, Vitato, 57

)

¢

Tainung an %(Ad ar et .,{026‘1?% 2015; Yusoff et al., 2018). The varieties
NN

are mainly yecognised ‘gur d‘;@ences in the skin and flesh of roots besides the

disparitysin shape and colour{:y‘feir leaves and vines. Table 2.1 shows the varieties
a \Pbracteristics of some sweet potatoes commonly found in Malaysia. The sweet
otato plant used in the recent study was purple-skin yellow-fleshed sweet potato
apanese Yellow variety) as shown in Table 2.1 (e). The sweet potato roots are

commonly consumed as steamed or boiled sweet potato or else as ‘traditional’ snacks
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such as ‘keria’ and crisps. The roots are also consumed as ingredients in Malaysian

Table 2.1: Characteristics of sweet potato varietie
Variety Sweet potato skin @to flesh

\é

desserts like curry puff and porridge.

a) Biru Jepun
b) CH purple

c) Vitato

d) 57 Tainung &
e) Jap%klow

S . Characteristics of Sweet Potatoes (Ipomoea batatas) Varieties. Retrieved from Plant
0 riety Protection Malaysia website: http://pvpbkkt.doa.gov.my.
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The sweet potato is Malaysia's second largest cash-crop area, after sweet corn
with around 2,776 hectares of plantation area in 2022 (Department of Agrw
Malaysia, 2023). In 2022, the yield of sweet potato root production was 1®nne5
per hectare (Department of Agriculture Malaysia, 2023). After three mdﬂfN growing,
the sweet potato roots are matured and harvested, and the next cycmweet potato

plantation will immediately take place once it is cleared up. T.QiMs the plantation

and harvest cycle to be executed at least 3 times a year. Ha ich c')nsists of stems,
stalks, leaves, and shoots are left behind on the field as soeg as th c.rbpsdcollected.
L ]
| &

2.4 Nutritional content of sweet potato stv Ie% \T
T

Aside from the excellent consum@gwe Q\)t uber, ,o{er parts of the

sweet potato plant such as shoots, leaves, S agQ re possibly and effectively

utilised as valuable foodstuffs attri utale w%h es ﬁ{n&nutrient contents. The
9 Q

vine, shoots, and young Iea\ plants od ﬁ{mes of vitamins, minerals,

N
antioxidant molecules, ﬁd W fibrl (Mu lLi’ ). Moreover, part of the sweet

potato haulm, specifically Jthe leavessy-i h'l@_,in protein, phenolic compounds,

antioxidant activw biral:@d toc rol (Suérez et al., 2020; Zhang et al.,
N
2019). The n&Ml lue o \}Jet oes varies depending on the harvesting
period, ha@g practices and prodgetion methods (Johnson & Pace, 2010).
‘v’s
% 9

2.4§$Mimate compositicmc:3

: Moisture value is the highest composition among other proximate compositions
u

nd in sweet potato crop residue. Ishida et al. (2000) stated that the stalks had the
highest value of moisture (88.9 — 94.4 g/100 g fw) compared to the leaves and stems

19



with values reaching from 84.9 to 87.1 g/100 g fw and from 79.2 to 83.7 g/100 g fw,
respectively. The moisture contents for three types of sweet potato leaves stuw
lyaka et al. (2015) had similar values ranging from 83.75 to 85.75 g/100 &}Jn et

al. (2014b) obtained about 16.69 to 31.08 g/100 g dw of protein contenﬂ& ang et al.
(2021) recorded comparable results ranging between 16.2 and 3068 g/100 g dw.

However, protein contents recorded by Johnson and Pace (201Q!Mka etal. (2015)
tor 2

had different values varied from 26 to 30 and from 2 4.?3 0/100 g dw,

respectively.
23
L
Based on a study conducted by Sun et al. ), sweet potat@ leaveShad lipid

' 4

b
values in the range from 2.08 t0 5.28 g/100 g dw,?t ano M foundx@jhtly lower
ranging from 1.50 to 1.93 g/100 g dw (IGK\MI.

crude“fibre content in

leaves varied among cultivars, ranging 9.15 to 3 gi‘l\@g dw (Sun et al.,
v

2014b), and the findings were considere in'r\a%,h a@’){s\lo.% —11.13g/100g
4]
dw) stated by lyaka et al. (20& par&%&ﬂer s@ recent findings recorded
5 10

lower crude fibre content in nge . 3@100 g dw (Tang et al., 2021).
;n 'O
e

-

Sweet potato leaves ha ghest afh ﬁ%oi@le dietary fibre in comparison with

stems and stalks @1 & Pace, 2010). S@Ishida et al. (2000) found the highest

fibre value in e}h‘om ared to }\bs talks with average values of around 10, 6,
and 7 g/lﬂ@ corre onyn yf e&%wo types of sweet potato cultivars.

5_‘92 ’
e average carbohydrz@;ggtent of sweet potato leaves was 51.0 g/100 g dw

N
( \al., 2014Db). Conversely, higher values of carbohydrate contents recorded by

.

I et al. (2015) ranged between 53.67 and 58.51 g/100 g dw leaving the leaves to
ave a profound contribution to the energy requirement for human adults. Ishida et al.

(2000) found considerably low ash values in leaves, stems, and stalks of sweet potatoes

20



with values ranging from 1.53 to 1.88, 0.84 to 1.30 and 0.94 to 1.65 g/100 g dw,

respectively. In other findings, it was reported that ash contents for Ipomoea ba

.|

leaves ranged from 7.75 to 10.25 g/100 g dw (lyaka et al., 2015) while the \tudy
found greater amounts of ash ranging from 7.39 to 14.66 g/100 g dw (Sm;ql., 2014b).
A high amount of ash indicates the presence of minerals abundantly mlam. It was
reported that a wide range of variations in the nutritional co?. sweet potatoes

harvested in different months were probably due to differentdcations pf harvest fields

(Suérez et al., 2020). .\d
.y

| &

2.4.2 Total phenolic content and antioxida iVity .\T

2
Due to their redox properties, ;@J in plants could act as

antioxidants. Antioxidants derived from ts a%\ I |K;gtectmg the human

body from various health issues c u ng t| n, @aﬂve damage, ageing,

9
arthritis, cirrhosis, cancer, an mer S (Ghﬁmzadeh et al., 2012; Tang et

al., 2021). Total phenol in th xtr%t of varled between 4.47 and 8.11
‘ E l

mg GAE/g dw while its antioxi anﬂ' y""%d between 1Cso value of 184.3 to

O

450.46 pg/ml (G em eh el al., 2012). @)ther study, sweet potato leaves from

N
harvest perio cor ed th I‘ghest_gentent of total polyphenol and antioxidant
activity wi s of 911 g/?o a 4 g VCE/100 g dw, respectively between the
i pgrlon(Suarez et al., 2020). Subsequently, antioxidant

three harvest
¥
acmlt% s strongly correlated*with total phenolic content estimated by DPPH radical

ing activity (Cioloca et al., 2021; Ghasemzadeh et al., 2012).

0 Carotenoids, ascorbic acid, and tocopherols function as antioxidants in lipid

phases by reacting with free radicals or singlet molecular oxygen (Sies & Stahl, 1995).
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The carotenoid content of sweet potato tops is mainly from [3-carotene and lutein. Islam
(2016) reported carotenoid content in leaves ranged from 0.9 to 23.4 g/100 g dem
was higher than another finding from Ishiguro et al. (2004) with an aver@}m of
34.7 mg/100 g dw for total carotene. The leaf tips of sweet potatoes st y Tang et
al. (2021) recorded higher carotenoid value for the purplish-green type’(215 mg/100 g
dw) compared to the pure green type (171 mg/100 g dw). It SN that -carotene
and lutein contents in sweet potato leaves and stalks ran WXZQ.’H to 28.85 and
from 35.21 to 52.01 mg/100 g dw, respectively (Li et al., 7). \d‘

N4
[-carotene content published by Nguyen »(2021) varie on‘ 273 10 400
4
m

ng/100 g dw, and they stated that the leaves he ighest value co ]%};e'd to stems

and stalks. Similarly, the lutein content \cs i foll%«ﬁ\d\ by stems and

petioles with average values of 36.8, 1.8 1. , t@ectively (Ishiguro

& Yoshimoto, 2006). In different gésf Iea@ﬁ c'1;.?\(2018) reported lutein

4]

content with average values o %ﬂ%}d.?“n&&r fresh, frozen, and dried

leaves, respectively. In sho enoids wege foun her in leaves than in petioles
N

and stems of sweet pot : s > &)

Furthern@swes@ tops ably their leaves, are good sources of

N »
ascorbic acid(\% in G) and %erﬁl&&itamin E). The vitamin C content in the
leaves of %rese ;UP@N 72.0.mg/100 g dw (Ishiguro et al., 2004), those of

South €hi Itivars ra ged{ro ‘§'§to 511 mg/100 g dw (Tang et al., 2021), and those
Q/

iy

et al. (2020) reported the highest content of vitamin C (104.6 mg/100 g dw) and

&
oiWanese cultivars ranged\ffom 62.7 to 81 mg/100 g dw (Nguyen et al., 2021).

Oamin E (5.8 mg/100 g dw) in sweet potato leaves harvested during the third period

(September 21) compared to the first and second harvest period (August 22 and
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September 6). A higher content of vitamin E in leaves was recorded by Ishiguro et al.

(2004) as compared to the previous study by Nguyen et al. (2021) with average?ﬂ!s

of 15.8 and 2.12 mg/100 g dw, respectively. Hence, harvesting in a part@eriod

could also affect the concentration of particular nutrients present in sw: to leaves.

Yv
N
Y-c"om

Minerals are generally classified into twi p

2.4.3 Mineral composition

inerals and

microminerals. Macrominerals such as calciumg magnesium, phes d'rLsQ(*and

potassium are required in greater amounts in the ue to their es

? tia!gi‘:s)in the
M, are ess@fal as well,

20122. ome examples

human body. In contrast, microminerals, so-call%ra'ce

but they are required in tiny amounts for gur es (

o

of microminerals are iron, zinc, manganese, a{d\c Mi Is help the body

develop, grow, and stay healthy erarm'i\ng%s un@s. Sweet potato plants

particularly the leaves are g(& rces ingral n&ﬁi%ts, mainly calcium (Ca),

o
. . N
potassium (K), magnes umw phasph
c:opa

o

(P) -%'oc (Zn), iron (Fe), manganese
[
(Mn), sodium (Na) and r (Cu),d{1 ebﬁlg@OlS; Sun et al., 2014b; Tang et al.,

O
2021). &\ Q §

!
Ic‘mec%%und in sweet potato leaves was K, followed

. N
by P, Ca@“a \’lt a }/e ag%bntent of 1625.1, 1248.2,744.9, 405.2 and 159.98

mg/md , respectively (Sw_'gg.al., 2014b). Similarly, high amounts of essential
\

_|

=3
X

=

o

QD

Se

8/

'}* K, P, Ca, Mg and Na are found in the leaf tips in the range from 4,546 to 5,966,

Q 0592, 500 to 1,068, 200 to 280, and 14.0 to 544.1 mg/100 g dw, respectively (Tang

al., 2021). Other findings also recorded K, P, Ca, Mg and Na as minerals with high

content in the leaves ranging from 479.3 to 4280.6, 1,311 to 2639.8, 229.7 to 1958.1,
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220.2 to 910.5 and 8.06 to 832.31 mg/100 g dw, respectively (Nguyen et al., 2021).
From other findings, some major essential elements such as Mg, Ca and Fe Werw
with lower values compared to the previous studies with values varied fr@}n to
25.21, 33.17 t0 35.42, and 17.05 to 18.03 mg/100 g dw, respectively in lf*/es (lyaka
et al., 2015). The variety of crops, soil types, and preservation methoWld probably

contribute to the broad disparities of minerals amount found th potato leaves

Furthermore, the amplest microelement in Ipemoea batatas .L.\g‘s,ta\tgd by

(lyaka et al., 2015).

va!ue'gg‘ 8.15,
b4

0 N Fe, M%n, and Cu
Qa'}md to gﬁs\mg/mo g dw,

Sun et al. (2014b) was Fe, followed by Mn, Zn, u Wit:l.a eral

4.10, 2.27, and 1.28 mg/100 g dw respectively.%eI

ranged from 8.82 to 18.44, 3.43 t0 12.8442. 4,

o

respectively, recorded by Tang et al. (20 ere_.com

exhibited by Sun et al. (2014b). Hsevéa a %r%y yr ed lower values of Fe,
9

o
Mg, Zn and Cu in the range& : 68:

to tok v 1.21t03.2and 0.7 to 1.9

mg/100 g dw, respectively ( netal. . Th \rplish-green leaf tips recorded
'S
, Whi [ r

a maximum K/Na ratio is3 @n pure green leaf tips, making them

ith“the previous study

©

suitable for prevm erosller05| , hyp ion, and cardiac arrhythmias (Sun et

al., 2014b; M aly 202 ‘Ihe (')I&Na ratio plays a role in plant growth,
photosynt vity, and preventi idative damage from reactive oxygen species
o
(Hasa netal., 2018): X~
N
N S

Antinutritional content in plants

Q Oxalic acid and phytic acid are phytochemicals commonly classified as

antinutritional factors in plants. They are predominantly found in salt forms (oxalates

24



and phytates), which can chelate metal ions and interfere with the mineral’s

bioavailability and assimilation of proteins (Abong' et al., 2021). T

25.1 Oxalic acid

Oxalic acid is mostly found in leafy vegetables and pIantﬂti'z build a strong

(salts) will form, interfering with the absorption of galciu
precipitation of insoluble calcium oxalates in t@
sharp-edge calcium oxalate crystals, leading tho
excreted in the urine (Gemede & Ratta,@Jr hu ana' cid andits salts affect
human nutrition and human health ng th{orﬁ n &f@ney stones in the

urinary tract (Issa et al., 2020). eoDr, %x i uil s’é‘rong bonds with other

o
minerals such as magnesiun\%sium sodium %ing in the formation of
N
oxalate salts (Gemede & Ra 14). %
N
o)

252 Phytic aci \ l %
N

$
Phytic&}s e‘pr anﬁ' S

s&g‘r’a\be for phosphorus and inositol in leafy

vegetabr%%t seegs nd }ai s. \salt form of phytic acid is called phytate, also

known as inositol hexakisphoqu (Gemede & Ratta, 2014). It has a strong binding
\

a squor minerals such as magnesium, calcium, zinc, iron, copper, and molybdenum
tofor

m insoluble complexes which are not readily absorbed in the gastrointestinal tract

Qkande et al., 2010; Issa et al., 2020). The phosphorus bound to phytate is not bio-

available to humans and non-ruminant animals due to the absence of specific enzymes
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located in the first stomach chamber of ruminant animals, which is necessary to process
the phosphorus in phytates (Gemede & Ratta, 2014). Too much phytate in the dw

result in mineral deficiency associated with nutritional deficiency dise@h as

Y'

2.5.3 Effect of processing methods on antinutrients \,

rickets, osteoporosis or osteomalacia (Issa et al., 2020).

Antinutrient content in sweet potato leaves m y pew the plant

variety, cooking, and preservation techniques. Oxaligacid was signific redux?d in

%, resbectlvely

(Mwanri et al., 2011). Issa et al. (2020) stated tha eam }mf\ alic ar@hytlc acids

was reduced by boiling and wet frying c@@ch 't;aes in“four yp{ of vegetables

(sweet potato leaves, green plgweed, drumstick.tree te _QQ)W) probably as a

result of thermal degradatlona nd dissolution n% S

N,
&

&
In other studies, p oce g MO\@ boiling, dehydration, and

fermentation d|m|n|sh tlnutrl nts (oxali phytic acids) in sweet potato

sun-dried and cooked sweet potato leaves with a ion of

leaves to different e bon, 021 @é boiling and dehydration processes

break plants' c the légehlng and degradation of antinutrients,
whereas the f%tatlo proc %ea{?own antinutrients through microbial action
(Abong 21) ’T su u pr@essmg and preservation methods such as boiling,

fryi , dehy ratlon and fermeng%ﬂmn could reasonably lessen antinutrients (oxalic and

:NICIS) in sweet potato Ieaves.
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2.6 Effect of heat treatments on nutrients

Implementation of heat treatment not only reduces the conce X.of
antinutrients naturally found in plants, but the approach also cal clﬁ])it the
physicochemical quality degradation by the action of enzymatic actiyity (peroxidase
and polyphenol oxidase). Cooking processes such as boiling, ste i:g%?ng, roasting

or microwaving could modify the physical characteristics, che?‘l'tompositions, and

phytochemical contents depending on the processing ¢ ns, heWure of the
specific compounds, and structure of the food matri majet al. )8 X~
N
| O
Thermal treatment: blanching and pasthris n areft t p&&ital post-
harvest treatments in inhibiting enzyme reagtions, exte shelf of nutrients,

nakuf$t al., 2019, 2021).

and stabilising the texture and flavour \&Daterials
Blanching is necessary before the dgfing proces \'em ide residues, enhance
N
the drying rate, and inhibit browni ectsBy in atin@oxidase and polyphenol
oxidase present in plants (Luo et'al., 2 : treat@nt of biomass will inactivate
lower{q

endogenous enzymes gha ht cau u@y pea vine haulm (PVH) upon

N

2). t treatment of juice recovered from

storage (Wattanakulw\aL, 1?, M\
<

the PVH is an e@ay séfve nu&n-%wts in the CRF powder (Wattanakul et al.,
!
2019, 2022). % \‘? 2 9

*
a appro{e atfthe xidase and polyphenol oxidase activities were

- N - -
re decline by 85.7 anﬂ%?.64 %, respectively, in blanched sweet potato leaves

‘@l al., 2020). Enzyme inactivation was found to be proportional to the cooking

Qatment time of steaming, hot water, and microwave blanching (Severini et al., 2016).
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However, steam blanching treatment required the shortest time (30 sec) to
reduce about 90 % of the peroxidase enzyme in broccoli (Brassica oleracea
Italica) compared to microwaving blanching (50 sec) and hot water blanc@ sec)
treatment (Severini et al., 2016). Furthermore, Wattanakul et al. ( uggested
treatment of steam sterilisation (100 °C, 4 min) and hot water blanchw °C, 3 min)

on the post-harvest residue to prevent loss of galactolipid con;int, er oxidation of

polyunsaturated fatty acids and the release of free fatt)% '
In addition, steaming and boiling were preferred over m cr:)\#g,‘r@ting,
(,)
and frying to preserve carotenoids, phenolic ¢ nds, and yitamin (! iﬁ\orange-

2
M dh@ér retention

in) withrvalues ranging

fleshed sweet potato (Kourouma et al., 2019). Thefresear

of B-carotene after boiling (15 — 45 min) a@’ing

from 57.46 to 82.19 % and from 60.1%46 %Q

o

N

) N,
For total phenolic conte@t 91.37 %r ion@found in orange-fleshed
&

sweet potato after steamin m Iy\ aming for 25 min had the
greatest antioxidant ac%g% %) Iwan S arhi@g 15, 35, and 45 min with values

of 55.96, 62.15 aw@ %, ' :t ely f PH radical scavenging activity.

Meanwhile, the retention ra lu cozc-gat in sweet potato leaves was 118.9 % in

stir-frying, Ql%n ste mi@.f&(iﬁammering, and 75.9 % in boiling (Sugawara
h N

etal., Z@r p'etM

simm, % in boiling and@_)gz.% in steaming (Sugawara et al., 2011).

ret@"ron of lutein was 100.0 % in stir-frying, 75 % in

\l N
n summary, heat treatments could lessen the peroxidase and polyphenol
idase activities, in addition to preserving carotenoids, phenolic compounds and other

chemical constituents present in plants.
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2.7 Bioaccessibility of lipophilic nutrients

D

Bioaccessibility is part of compounds released from its food ma& th
gastrointestinal tract, contributing to their availability for intestinal absorption (Cilla et
al., 2018). Carotenoids and soluble vitamins (A, D, E, K) found ig_chloroplasts are
lipophilic nutrients, or ‘lipid-loving’ molecules attracted to lipids. The cell wall of
chloroplasts is a physical barrier for carotenoid release, V'ﬂs polysaccharide
composition cannot be degraded by human digestion.

I),sacc rides can
.y

p
be hydrolysed by the gut microbiota (Sriwichai et al.42016). N\
| S
The foremost step in the digestion of lipgphiliénutriefts Is t Iibg{/&l‘bn of the
ncIZe

ion 0 rticle size in

components from the food matrix. This steg. i

addition to the cellular breakage to er\&@ the car ds @ﬁsen et al., 2017).

The liberation of intact chloroplastscom their %v' ;@ent offers a novel way
. L . > N
to give more nutritional impact onsfimer s the stion process would not

- N ™
be impeded by the presence o eIIJv analqbet al., 2019, 2021, 2022). It

allows better micellarigati Zlipid-s
ents

e‘j\t‘a{,\ 19;% aifila, 2019).

;p pej@tion (physical or mechanical treatments),

S

uble ithmj@ eading to a higher accessibility
'3

and absorption Ofnl&l\
Food Nom ositl

and food p@ (thermahornon- |(em1al treatments) are the factors that may have

a grea won th{n ents' biézessibility (Bohn et al., 2015). Food preparation
N

su juicing, chopping, cuﬂ&,@, slicing, trimming, grating, and mashing will have

i t nutrient bioavailability depending on the disruption of the plant matrix.

Oermal treatments such as steaming, boiling, baking, stir-frying, deep-frying, and

microwaving could upsurge the bioavailability of micronutrients by destroying the cell
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wall integrity and organelle membranes where the carotenoids were found, allowing the

digestive enzyme to efficiently release them from the food matrix (Bengtsso

2010; Chandrika et al., 2010; Cilla et al., 2018; Veda et al., 2006; Watt@ al.,

2019).

The bioaccessibility of carotenoids in plant foods is \% ccepted to be

influenced by their physicochemical state within the plant mawﬂe type and degree
of heat processing, interactions between carotenoids @res@dditional
components in the meal such as fat and fibre (van hetgHof etal., 2000).¢t | eﬂ%ﬁs’ned
t.)

that fortification of dietary lipids could increas%llaris‘a.tl Rjzlrc!t@ds and

subsequently improve their bioaccessibility itchu MQ kchali Q}’al., 2004;

Garrett et al., 1999; Hornero-Méndez & I(WE-M 07) E
The formation of carotenoid#rich mixed gdu r}éhe nutrient absorption
E ) N
process is crucially dependent o%sen@ of dietary fat-n the intestine (van het Hof
NN &
et al., 2000). The B-carotene bio SSIlI nce'dé@%h the addition of 2.5 to 10 %

dietary fat due to the increased, solubilisatio cdpa@ of the mixed micelles, but then
‘S
tary fat

'3
decreased when the w vr isedto Zg e to precipitation and sedimentation
of the B-caroter@et a 0)F Diet ﬁ\/@dt plays a major role in facilitating the
!
solubilisationga‘rans rrrng efcaro

(Shnpag:3§5555b).,-1,_,2:

d
N

C\Q)

oids from the food matrix to the tissues

/s
<f<1
7/
:éf
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