CHAPTER 5 Y'

EFFECT OF HEAT TREATMENTS ON THE PHYSICOCH@
VARIATION OF CHLOROPLAST-RICH FRACTIONS (CRFs)

FROM SWEET POTATO HAULM Q

5.1  Introduction "\d
™

. . . . )
In Chapter 4, it was evident that the chlo st¥rich fractio FlF);&Dsweet
potato haulm (SPH) harvested from different ¢ der&{u stanﬂ;;/ vary in
X

specific chemical properties depending o W)port
.Q

However, CRF's physical properties arN

did not significantly differ betwe &3 borders.\m @ssociated with these
‘% 6 5

findings involve agricultural |

resistant varieties, usage of V&\;es aT pesticites, §$ﬂge, and preservation methods.

Implementation of)at tma& i! E‘;@blished to avoid physicochemical

quality degradatiqw] e tlon ative@matic activity and as well as to reduce

the concentr@& a
blanchin %ﬂeuris ion are e@é&(practical post-harvest treatments in inhibiting
fuls
in

enzyﬁ reaetions, extending nu(i}&'t shelf life, stabilising texture, and extending the

<,
texture and flavour of plant mm\eials (Wattanakul et al., 2019, 2021). Blanching before

@ is a crucial step to remove pesticide residues and enhance the drying process,

N
inutri a.hatugffy found in plants. Thermal treatment:

s

ides inactivating polyphenol oxidase and peroxidase activities which are responsible

for the browning effect (Luo et al., 2020).



In addition, processing methods such as boiling, frying, and fermentation on
sweet potato leaves reduced the antinutrients to different extents (Abong' et al., ;
This chapter aims to discuss the findings on the second objective, which is@ct of
heat treatments (refer to Table 3.1) on the physicochemical variation of plast-rich
fractions (CRFs) from sweet potato haulm. The nutritional, antinutritiogal, and physical
properties of heat-treated CRFs were analysed. The CRF wit Mheat treatments
(fresh) was used as a control and labelled as Fresh (F) inithi apte'. The value for

fresh CRF was retrieved from the mean values of the th rop orwied in the
L ]

previous chapter — Chapter 4. ¢ J _\0}
4
<

Results and Discussion \Y.!:\ \ %T

5.2  Yield of sweet potato haulm Md (;Q) r _\O
Cny N
All heat-treated (tr% of' co tior@ pasteurisation, steam

&
pasteurisation, and water blanching) s haul@SPH) juices recorded similar
v't

yields ranging betwee%z.% m
evi

S s
ou }dqQ hapteé;YSection 4.2), the mean value of the
ra

fresh juice that was \

fresh juice (0.8]\@&9 e omaﬁwas higher. This was probably due to the
!

loss of some('a io ss‘ during’ tlﬁlcﬂeat treatment process. Besides, based on

. %v N . .
observation he ngk bg;‘t e b@t—treated juices were more viscous compared to

er gfam Q@@ biomass. In comparison to the

y

fres es, resulting in a Iowg@}gld of juice. The yield of chloroplast-rich fraction
\

( Nwder from SPH decreased drastically after heat treatments where the yield of

CRF was 41.6 kg/g wet biomass (mentioned in Section 4.2), caused by the
a

ching of soluble solids.
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Conventional pasteurised CRF had the lowest yield (mean value of 6.93 g/kg
wet biomass) compared to steam pasteurised and water blanched CRFs (mean Tuf
15.54 and 12.24 kg/g wet biomass, respectively). The heating and juicin@s ere
varied between the heat treatments. In the conventional pasteurisati cess, the
haulm was juiced before being heated. In contrast, the haulm was hégted first before

thicing of heat-

being juiced in steam pasteurisation and water blanching tr

treated haulm might further assist the release of chloroplas

in more amount of CRF collected.

53  Total soluble solids (TSS) of SPH jWot \SEJ.Q

moisture content of CRF C\, W &
The total soluble solids (T, of SPﬂt?;ta 5@«5 content (TSC) and

S

moisture content of CRF are sh abld’5.1. 4 Qi:)

N So
S
Table 5.1: Effect of heat treatments gn tot sd)lutil'gvsolids of SPH juice, total solid
ontent, and_mai e,!:qgent of CRF
' O

I&\ \l'I 5 (g» SP WB
+0

0P 2.60 £0.27¢ 2.17 £ 0.06°

Total soluble SQ{
. 577 * a'
°Brix c
( ) @ : co
te
ent

Total soli A . i
(9/100 g 5 15.? + .Oi\ 0.48 +1.01 8.17 £ 0.97 8.47 +1.37
s fw 84-56 x 1@ 89.52+1.01*% 91.83+0.97% 91.53+1.372
r l; NV
(5

/100
© S

Di nt letters mean significant differences (Tukey’s test, p < 0.05) between values. Data are means +
S ). F, CP, SP, and WB mean the CRF samples were treated with different heat treatments: F

0 heat treatment), CP (conventional pasteurisation), SP (steam pasteurisation), and WB (water
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The total soluble solids (TSS) were analysed on the fresh (F) and heat-treated
juice of haulm (before the centrifugation and freeze-drying process). Meanwh
total solid content (TSC) and moisture content were measured on the fresh f%&heat-
treated chloroplast-rich fractions (CRFs), obtained after the centrifug d freeze-
drying process. From Table 5.1, all heat treatments significantly reduced the TSS
(around 2° to 4 °Brix) in the haulm juice and TSC (around 5_to 00 g fw) in the
CRF (p <0.05). The losses were probably due to the break 5Y;e'food matrix and

the release of low molecular weight compounds during eat tr atMrias-Rico

etal., 2020). Hence, food matrix with low density mi separated n'm@hring
the isolation of the CRF material. Y- \)‘T

P 4
\ Y‘
The heat-treated CRFs had signif@ﬁg :

rec ?axw\tcompared to
the fresh, but no significant difference

fouw tlligﬂt treatments. The
increase of moisture content in th at-Deat%d%a un@, 0 7 %) could be owing

7]
to the water absorbed or tra& urin%rjmal:g&essing. Overall, the heat
treatments significantly affw tota’ sol lscg@f the haulm juice, total solid

content, and moisture content of the s &
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5.4  Physical properties

5.4.1 Colours \z

The colour difference between the chloroplast-rich fractions ﬁ% of sweet
potato haulm (SPH) after heat treatments was measured usi Wmnter Lab
colourimeter, expressed by three components: L* for the Ilghtn\’ colour (0 =
black, 100 = white), a* for greenness to the redness of the urra= fed, -a =green),
and b* for blueness to the yellowness of the colour (+ ue, -b & WTable 5.2
shows the effect of heat treatments on colour parame d the total c o'r dd§. ence

of CRF powder. P 4

Y' N Y'
Table 5.2: Effect of heat treat %olour pa rs aék)tal colour
difference owder

Colour

properties WB

L* 29.69+ 0.43¢
ax 1.67+0.12¢
b* 17.60 £ 0.12°
AE* 13.55 £ 0.212

Sample
colour

1ces (Tukey’s test, p < 0.05) between values. Data are means
). F, CP, SP, and WB the CRF samples were treated with different heat treatments:
h, no heat treatment), CP (conventional pasteurisation), SP (steam pasteurisation), and WB
anching). 4E* is determined by comparing the value from each heat-treated sample

resh (F) sample.

89



The difference in colour (4E) between the CRF powders was applied by the
following ranges: (4E): 0 — 1 - invisible difference, 1 — 2 - slight difference, 2
noticeable difference, 3.5 — 5 - clear difference, > 5 - high difference (Mo k| &
Tatol, 2011). L* and b* values significantly decreased in all heat-t CRFs by
around 2 to 8 degrees, which indicates that the heat treatments redu%e'hghtness of

causing the powder to become less green in colour. The de

CRF powder. Conversely, all treatments showed a significa se of -a* value,
c of’he green colour

was due to the conversion of chlorophyll structure to phe tin, whi tsin green
X
olive colour (Arias-Rico et al., 2020). J _\‘—}
4 b §

However, the water blanching treatmeR had e\leQ colou?\cﬁanges for

greenness (-a*) compared to the other reatments

evious Studies reported

that short-time blanching could give btmIourJetQ? ale 2019) and could
n

partially prevent chlorophyll de |n t &Eamlng (Miglio et al.,
2007). Therefore, heat treatm affect'the colour |@y of CRF powder caused
by the high temperature_ ap ern the ss \@{er blanching demonstrates the

best heat treatment for preserving the.‘h ee@colour of CRF from SPH.

K o
5.4.2 Waten%hgy, Ik de )/Iar@'%i&permblllty

tektlvnr V‘ i po@i food property in determining its safety and

stab! |tN/|t regards to the ntl%wblal growth and rate of deteriorative reaction by

|ng the lower limit of avallable water for microorganisms to grow. F, CP, SP,
wB

mean the CRF samples were treated with different heat treatments: F (fresh,

Qheat treatment), CP (conventional pasteurisation), SP (steam pasteurisation), and
WB (water blanching).
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The water activity and bulk density of chloroplast-rich fraction (CRF) from
sweet potato haulm (SPH) are demonstrated in Figure 5.1 (a). No significant difference
was found in the water activity of CRFs after heat treatment (p < 0.05). CREfrom CP
treatment had a slight decrease in water activity (0.33 aw) while CRF frorﬁ SP and WB
had no changes (0.36 aw) after heat treatment. A previous study reported a lower water
activity in blanched (0.40 aw) compared to fresh (0.49 aw) Carica pa'paya L. leaf powder
(Rajaetal., 2019), resulting from the softened texture of blanghed Ie.af which promotes
water removal. Low water activity is favourable, as‘i.t indicates a.decrease in water

availability for microbial growth.

0.292
T oF
@CP
BSP
BWB

a) Water activity, aw b) Bulk density, g/ml

Figure 5.1: Watep activity andibulk density of heat-treated CRFs. Results expressed
withdifferent letters mean signifiCant difference (Tukey’s test, p < 0.05)

Based on Figure 5.1 (b);asignificant decrease was recorded for the bulk density
ofsheat-treated CRFs (between 0.08 to 0.10 g/ml difference from fresh). Similarly, Raja
emal. (2019) reported a lower bulk density in blanched (0.47 g/ml) compared to fresh

(0.53 g/ml) Carica papaya L. leaf powder. The heat treatments resulted in a significant
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increase of bulk density for blanching (0.71 g/ml) while no significant difference was
found for microwave heating (0.67 g/ml) in comparison to raw (0.69 g/ml) cabbage
powder (Waseem et al., 2022). No significant difference in the bulk density,of"CRFs
found between the heat treatments proposed in our study (p > 0.05), whichexplains that
the treatments had a similar impact range on the CRF powder. Theybulk density of
powder can be influenced by the amount of air entrapped in the particles and particle
internal porosity that can change during thermal procesSing.%Lower porosity and

moisture content will result in greater bulk density of powder (Raja et'al,,2019).

Dispersibility (%)

46.722

42.462

oF
acCP
aSP
8\WB

Figure 5.2: Rispersibility-of-heat-treatedhCRFs. Results expressed with different
Jettersymean significant difference (Tukey’s test, p < 0.05)

Dispersibility of powder was higher for all heat-treated CRFs compared to fresh
with valties increasing from around 2 to 6 % (Figure 5.2), but the difference was not
significant (p > 0.05). Wattanakul et al. (2022) found that CRF from fresh juice was the
least well-dispersed compared to the heat-treated pea vine haulm (HTPVH) and heat-

treated juice (HJ) of pea vine haulm (based on qualitative observation). Hence, the
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authors assumed that heat treatment of the biomass or juice appears to reduce the robust
physical nature of CRF material, which eventually results in well-dispersed parw
the CRF (Wattanakul et al., 2022). Although the heat treatment process for @I and
HJ was similar to our study (SP and CP, respectively), the type of bi ould also
influence the dispersibility of CRF. This indicates that the thermal progéssing had little

to no effect on the water activity, bulk density, and dispersihj'iMé e CRF powder

from SPH. '
Q NY.
54.3 Water solubility index ¢ I _\O}Y'
4 b 3

Previously in Chapter 4 (Section 4.4W \l'trb.Q of cI@’oplast-rich
fraction (CRF) powder was determined f@eold w ersolubility index

(WSI). No significant difference in solubility W&fo et& the two different

temperature methods. F, CP, SP, %B ms%?c
6 o
different heat treatments: F (fr& heat t ent), Ci&%ventional pasteurisation),
i N
chin

SP (steam pasteurisation), aw (Wa'er bl nce, the solubility of fresh (F)
[
and heat-treated CRFs , SP, and W s&(t?\ipd in this chapter (Table 5.3).

F &ples were treated with

Water solubility index (%0)

Cold Warm
03 20.61 + 4.99>A 21.43 + 6.06% A
b@/e tional pasteurisation\('CP) 33.64 + 1.56* A 27.80 + 1.44% 8
‘%am pasteurisation (SP) 27.30 £ 0.48% A 24.65 + 0.53* B
ater blanching (WB) 24.80 + 0.36>A 21.60 + 1.96*B

d water solubility (no incubation, centrifuged at 10 000 rpm at 4 °C for 15 min); warm water solubility

ncubation at 38 °C for 30 min, centrifuged at 10 000 rpm at 4 °C for 15 min). Different lower letters

within columns and different upper letters across the columns mean significant differences (Tukey’s test,
p < 0.05) between values. Data are means + SD (n = 3).
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Heat treatments improved the solubility of CRFs in both cold and warm methods

with CRF from CP showing the highest increment among the heat treatmenYHs

‘<

assumed that the heat treatments modify the chloroplast structure by indu@osn
(based on SEM images, see Section 5.4.4 — Figure 5.3) which subsqugmproved
the solubility. In comparison between WSI methods, all heat-treatWFs reported
significantly higher cold WSI (ranging from 24 to 33 %) com to warm WSI
(ranging from 21 to 27 %) indicating that higher temperatu c?pi:n 'id not influence

the solubility of CRF powder. Even so, no significant encelwa ed for the
L ]

Yv
solubility of fresh CRF between the WSI methods@ ' _\"}
b &

W he pas@t ised sweet

col .64 and 31.36

The solubility of CRF from CP was slighily hig

cti_@. Previous studies

SL@ might help solubility

]
as no (i@ correlation between total

he ility of CRF. As particle size

N

(ngder using different particle size

ger al treatment of r@;ﬁ;od during food processing could affect the cell

S c as well as its nutrltlonal composition. Figure 5.3 demonstrates the scanning

ron microscopy (SEM) images of chloroplast-rich fraction (CRF) from sweet
0

tato haulm (SPH) with different heat treatments: CP (conventional pasteurisation),

SP (steam pasteurisation), and WB (water blanching).
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The fresh CRF with no heat treatment (F) had a relatively smooth and
homogenous surface while heat-treated CRFs (CP, SP and WB treatments) had Tgh
and rugged surface. Heat treatment causes damage to the organised structu@@e cell
wall, resulting in more tightly packed and more amorphous extracellul ial being
formed (Arias-Rico et al., 2020; Jiang et al., 2022). In additionYr?e glycosidic

linkages could be broken, and the dietary fibre polysaccharldi plant cell wall
icoet aI,

may be polymerised forming protein fibre complexes (Ari 2020)

No intact chloroplast (yellow circle) was shown “in he ted Fs,
plast (y ) OR

y!a i@

suggesting that the chloroplast had a cell wall br e, relea3| s from

the membrane. At 500 and 1000x magnlflcatl ure w served in
the CRF treated with CP and WB. In add%\‘arg r ize with formatlon of

cavity structure was noticeable in tm from C gnification). The

structure of CRF from SP was I|kelgé tog‘e ng @;d)e se scale-like structure.

It is assumed that poromyﬂﬁ solu@ty of powder. Therefore, the

solubility of CRF treat% P (339 ) wa smjm@ntly higher than fresh (20 %), SP
(27 %) and WB (2 °o) e 4.3, Tété 5.3. A previous study exhibited a

e

significant alter the

after blanchlrgqaml

treatme mogh

i o ctuvb‘&/ brown seaweed (Undaria pinnatifida)
g ar&jﬁhkmg processes (Jiang et al., 2022). Heat

m cro@hcture of CRF, and CP treatment is capable of

promot& porosity and amorpf@gystructure in the CRF from SPH.
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55  Chemical properties

5.5.1 Proximate composition and chlorophyll content \z
The proximate composition of fresh and heat-treated chloroplaa% ;ractions

(CRFs) from sweet potato haulm (SPH) was demonstrated in Tabw The crude
protein and crude fat contents of CRF significantly reduced after pasteurisation
(SP) treatment (p < 0.05). The decrease in protein content ;par ble to the study

conducted by Chirwa-Moonga et al. (2020) where th e pro GIM of green

L ]
sweet potato leaves was reduced significantly after steaming for 10 an S'm_%)\
\ \/‘T
Table 5.4: Effect of heat treatme imat posi@;d
chlorophyll

Proximate composition

(9/100 g dw) WB

Crude protein 35.29 +0.292
Crude fibre 7.71 £ 0.942
Crude fat 3.85+0.04°
Ash 12.82 + 0.112
Moisture 7% 9.36+0.77% 8.10 + 0.24°
Carbohydrate 0.51° 43.16+0.54*° 39.93+0.53"

Pigment conc i

(mg/g dw) O
441 #1098~ 1.45+0.01° 150+0.01> 2.68+0.05°

’ 28+ 0.45+0.03° 058+0.07¢  1.36+0.03"

cf.s.4;k¢$['.’57a 1.90+003°  208+0.07  4.04+0.06"

ophyll a/b 1.80 £0.10° 3.26 £0.23° 2.59+0.31° 1.97 £ 0.06°

ifferent letters mean significant differences (Tukey’s test, p < 0.05) between values. Data are means

(n = 3). F, CP, SP, and WB mean the CRF samples were treated with different heat treatments: F

resh, no heat treatment), CP (conventional pasteurisation), SP (steam pasteurisation), and WB (water
blanching).
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Conversely, crude protein content in sweet potato leaves was increased
significantly after boiling, steaming, microwaving, and baking processes wherea?ﬂ!e
fat content cooked by the aforementioned process was reduced significantl@t al.,
2014a). Comparable protein content was found in our conventional ised (35.0

g/100 g dw) and water blanched (35.29 g/100 g dw) CRF to both unp%eurised (35.23

g/100 g dw) and pasteurised (35.26 g/100 g dw) sweet potato, Emice reported by

Hanifah et al. (2022a). 5 '
Both blanching and microwave heating p ing showed a cens defa@oss

rocess
. . _ | 9
of crude protein, crude fat, and crude dietary fibre tsin (?b ge'pow e‘[(:b‘\/aseem

et al., 2022). Volatile and water-soluble fatty acrds coul M Iy Ios@?f destroyed

during the steaming, boiling, and microWat ents, gausing é?line in the fat

amount of sweet potato leaves (Sun ., 014a)3 e &@ fat content was
F

significantly increased (p < 0.05)4 war t}la%
=

, Qg;mﬁ)arable with the steam
d %
blanched Moringa leaves re;\ Witkramasingh al. (2020). A significant
reduction in moisture conten obsei/ed i teS.h@}ched CRF, which could be due
‘ : [
to the leaching of soluble copstituents”i e&va@ during the blanching process.

g
,@ W4

ude f@w and ash in CRF were not affected
significantly

O

!

¢ . . .
i SZ/y thediieal’ trazil‘fraents. Although steaming and microwaving

. N .
treatme%%'mdgc al ‘ge am@ﬁ of cytochylema to flow out, creating a loss of
Watgr-ssub fibre in sweet pq.t"a_;&;iTeaves (Sun et al., 2014a), no extensive effect on
N

c ibre content was observed in our study. A substantial increase in carbohydrate
content was recorded in steam pasteurised CRF. The possible reason was the loss of
ude protein and crude fat content, resulting in the relative increase of starch in CRF.

Compared to the heat treatments conducted in this study, steam pasteurisation (SP)
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appeared to exhibit an impact on the crude protein, crude fat, and carbohydrate contents

of CRF. Conversely, conventional pasteurisation (CP) and water blanchingv‘u)

treatments succeeded in retaining almost every proximate composition in @f

o

From Table 5.4, the results show that all heat treatments caused a significant
reduction in the pigment concentration of CRF (p < 0.05). The s had lost about 65,

64, and 35 % of chlorophyll a content after exposure to the CP, SR, ahd WB treatments,
respectively. The highest value of chlorophyll a recor@er Ia'nche CRF was
in agreement with the greenness value reported previously in Section 5:4.1, Tablg's.z,
)
compared to the conventional pasteurised and stea teurised CRF.
4

stud brown
seaweed (Undaria pinnatifida) reported a Iomeg e\ef\ loro a loss in
blanching (24.5 %), boiling (38.45 %), Steaming ( 932 and<2 ing (67.59 %)

compared to the raw sample with 83.43 %ess (Jiang e OZ_{Q

Cf) @\ A
heatfloss (

N _
n& &ﬁ‘én 1993) which is caused

The chlorophyll is suscepti

&
by cell rupture and degradatio chl to p@bphytins during the thermal
ur st

treatment (Jiang et al.£2022): y re orie(@lgnificant reduction in the total
_ 4 f _ _
chlorophyll concentwo aII N ed CF(E§ with the highest loss in CP (70 %),
(sgg

followed by SPS and 3F%). Izj%rtudy by Pellegrini et al. (2010), the total
!
chlorophylls % ecr se'd all c& d fresh broccoli with different levels of

"
chlorophy!ll in ceoking/treat (microwaving > boiling > basket steaming >
Zﬁ{k ? DJ% medts
ming

). A significant i@g&a‘se in the ratio of chlorophyll a to b was found in
N

oven st
t N from CP and SP, while little to no changes in the CRF from WB. The longer
heating time in CP and SP treatments (5 min) probably caused a 2 folds degradation of
Qorophyll a than WB treatment (3 min) in the heat-treated CRFs. WB preserved the

highest value in total chlorophyll concentration of CRFs in comparison between heat
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treatments. This indicates that WB treatment is effective in minimising the degradation

X
A7

The free-radical scavenging activity was determined uai%z,l-diphenyl-z-

of chlorophyll in the CRF from SPH.

5.5.2 Total phenolic and antioxidant content (DPPH and FRAP

picrylhydrazyl (DPPH) assay while the reducing activity o fewms was determined

P, F' and WB mean

the CRF samples were treated with different he : S‘g:vg}o?heat

treatment), CP (conventional pasteurisation), SP (4 pastef.ris tio ,and‘\?LB (water

blanching). Figure 5.4 shows the effect of heWm E\QQ al ph@fic content

(TPC) and antioxidant content (DPPH a@ﬁ a a‘;s) hlor ﬁ-rich fraction
O

(CRF) from sweet potato haulm (SPHN

\ Y
&
The TPC of all heat-tre s ddereas gnifi (a‘r?tly (p <0.05, Figure 5.4

&

[a]) with about 50 to 76 % of\pMOIicI ds lostthrough the heat treatment. A

significant reduction %@3.8 % %
hi

using a ferric reducing antioxidant potential (FRAP)

loss)Jin bla@ned sweet potato leaves may be
4 2

attributed to their leaching loss. i M ooking water, as a small amount of phenolic

: e

acids was found,in thexgooki teff(Jang &oh, 2019). A different trend of retention

!
in TPC was f&@w the oifed aves aﬁﬂ?ree sweet potato varieties with values of 27,

75, and% Sok Kab’d : }[e Sp,@ Yellow sp varieties, respectively (Abong’ et al.,
ZOZMC , the genotype of @ could influence the rate of nutrient loss during the
\
C process. The depletion of TPC in sweet potato leaves after boiling,
owaving, and frying could be due to the breakdown of phenolic compounds during
0

king (Sun et al., 2014a).
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Figure 54: TRC (a); DPPH(b),fand FRAP (c) of heat-treated CRFs. Results
expressed with different Jetters mean significant difference
(Tukeys’test, p < 0.05)

Im comparison to the fiadings by Hanifah (2022b), about 70 % of TPC was
retained in SPH juice after the pasteurisation process. This suggests that the CRF
material collected from SPH carries more thermolabile compounds of polyphenols that

undergo chemical changes after prolonged heat treatment. The steamed brown seaweed
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(Undaria pinnatifida) lost the most in TPC (32 %), followed by blanching (23 %) and
boiling (21 %) samples (Jiang et al., 2022). Similarly, the CRF reported the greaw

of TPC in WB, followed by SP and CP treatment. (,}

The DPPH radical scavenging activity of CRFs increased aﬁ,?gat freatments

with up to 20 to 30 % increment (Figure 5.4 [b]). A lower ICso valw ates a stronger

antioxidant activity of a sample. This was in agreement flcant increase in
the antioxidant activity of broccoli and spinach é Qtaﬁ\ing, and
microwaving (Turkmen et al., 2005). Sun et al. (2014a) found that ar'rtlo)qdant
S
activity of sweet potato leaves cooked by steami king, an frying waf%'hcreased

significantly but sweet potato leaves cooked byyboilin a

wa\n@' decreased

significantly. The Moringa oleifera leave 0% rc')ﬁs ntio Ex‘n\tactlwty after

steam blanching for 3 min (chkramamt aI 2023 ree s of cabbage (Red
oW,

cabbage, Chinese cabbage, and4Must d S reduction in radical

4]
scavenging activity from 15 after ching f&&nn (Amin & Lee, 2005).

Moreover, a greater lo oW«dar’ activit s@et potato leaves was found in
higher heating temper;%S nd @ajl‘ e same treatment time (Sun et al.,

2017). Heat proc in ould cause |ttle i(h;%fg s or even enhance the antioxidant

potential of vege S due,to ',fbr a o of novel compounds such as Maillard

reaction p@ate ntioxi act|V|ty (Turkmen et al., 2005).
wAEY

&e ffect of heat treatrﬁ%wts on the FRAP activity of CRF is shown in Figure

The FRAP activity d|m|n|shed in all heat-treated CRFs ranging from 51.79 to

7 mmol Fe (I1)/g dw. The CRF had the highest loss of ferric-reducing activity in

(64 %), followed by SP (32 %) and CP (16 %) treatment. The steamed pumpkin

leaves reduced FRAP activity loss compared to the boiling cooking technique with 19
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and 73 % loss, respectively (Mashiane et al., 2021). In other findings reported by
Mashitoa et al. (2021), steaming retained antioxidant capacity (FRAP as

pumpkin leaves higher than water bath blanching treatment (89 and 26 @tion,
respectively). Similarly, steaming for 5 min demonstrated higher re of ferric
reduction activity compared to hot water bath blanching with the sar&\.e'ating time in

T Jtuatl

nightshade leafy vegetables (Managa et al., 2020).

The results demonstrated that heat treatments ef sin TPC

and antioxidant activity (FRAP assay) of CRF from SPH. Among the t@&fqents
(.;)

water blanching (WB) presented the lowest TPC t|0X|dant ctivity (IQRAP assay)

of CRFs. Blanching of SPH in hot water could ase s \pQ olicc ounds into

the hot water causing the most loss of DOW a idant ﬁ Moreover,

blanching may result in a loss of ant|OX| S du%?? i
contact with the hot water and if%@)lu‘b\i i t om@compounds in boiling
g

has ; t;ff)% have better retention of
phenolic compounds an a mp l g (Mashiane et al., 2021; Sun
etal., 2014a) and Wate%lng efal:&OZl, Wickramasinghe et al., 2020)
as the treatment e hthe @ullty %%ratrlx softening.

!
No m&ﬂynt ,1 re? id T (‘f}nd antioxidant content (DPPH and FRAP
F tr

onventlonal pasteurisation (CP) and steam

assays) %
pasmlo (SP), |nd|cates t th treatments had a similar impact on the essential

present in CRF (p > O 05). Although previous studies reported a positive
C

water (Amin & Lee, 2005).

*

t of cooking treatments on antioxidant activity, the results may vary depending

che structural property of the cell wall to withstand the heat treatment in different

types of vegetables (Burns et al., 2003).
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It has been hypothesised that polyphenols possess antioxidant activity in plants.
A strong positive correlation was shown between TPC and 1Cso DPPH (r = 0.9?11

CREF, suggesting that phenolic compounds were not correlated with th dant
properties of heat-treated CRFs. A positive correlation means the highﬁ&e of TPC
will give a higher 1Cso value. However, TPC presented a strong correqon with FRAP

activity (r = 0.9339) of CRF in our study. Sun et al. (2014a) i IWt the correlation
between phenolic compounds and the antioxidant activity W&:otrto leaves could
be mainly attributed to individual phenolic comp S S ech,S-di-O-
caffeoylquinic acid, 3,4-di-O-caffeoylquinic aci@ro-ca oy ir‘c @?‘and
3,4,5-tri-O-caffeoylquinic acid. The antioxid ity{ ic c@ounds IS

essentially due to their redox properties, @:a‘n to™act as @Sr;g]en donors,
reducing agents, heavy metal chelatorNg%oxygen q ers@i hydroxyl radical

quenchers (Kaur & Kapoor, 2002). %Cso DP&\VES%O g@lated with FRAP (r =

N,
0.9268), indicating that heat tr. coJI'd influence the-antioxidant properties of

&
CRF in different approacheﬁ@tivj relation n@the higher value of ICso will
I t

give a higher ferric-re(%a

&
The abo@lts @d th ptimisation of heat treatments is

N
recommende Min Iq?zatlng eratures and heating times that result in a

&

ioxidant acti it);.

' 4

s
Q/QC

4

minimal | ioxidants go pa.rﬁdith the fresh CRF. Blanching treatment could
’
th

be impro by packi e' hauﬂ,;mnto a vacuum-sealed bag first before the heating

&Y

pragess prevent the Ieac'ﬁing of water-soluble compounds. Determination of

ual phenolic compounds in the CRF is recommended for future work to identify

Odfic phenolic compounds that are responsible for the TPC and antioxidant activity.
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5.5.3 Antinutrients content (Oxalic and phytic acids)

The contribution of vitamins and minerals from edible plants to huma% i0

>

is however limited due to the presence of antinutritional factors. Oxalic a (p@c acids

will bind with minerals in their salt form, limiting the bioavailabili%fr'ninerals and

assimilation of proteins. \,

Heat treatment in the course of cooking has been a reli bicetl"od to reduce the

concentration of antinutritional factors in edible plants ng’ et I.Wrias-Rico

L ]
ions in oxalic d'pt@:ids
were affected by heat treatments in chloroplast-rich i

haulm (SPH), as shown in Table 5.5. %\, Q\ %V'
A\ )

Table 5.5: Effect of heat trgatments on ional cBntent of CRF
S
CRF with-different.heat treatments

Antinutrient content 2
\ P SQ SP WB
+

Oxalic acid (g/100 g d\( 22.16

etal., 2020; Issa et al., 2020; Waseem et al., 2022). V

| ]
] N
+ OLBa }Eﬂ @ 0.93+0.43" 1.09+0.33°
4 &./ Vs (};
0:06+0.00°¢ 06 £0.00° 1.16+0.008 0.73+0.00°
%L BN

Different letters mean'significant difference Tukey’é&éﬁgt, p < 0.05) between values. Data are means +
SD (n = 3). F, CP,SP, andy\WB mean-the /CRF sa@ were treated with different heat treatments: F

(fresh, no heat treat , CP (copve i nal]paﬁ)' ation), SP (steam pasteurisation), and WB (water
blanching). % F (J

Qv NN
Sx acid content was ced significantly after heat treatments (p < 0.05),
C Mble to the previous fin

et al., 2020; Mwanri et al., 2011). At least half of the antinutrient was diminished
S

.

o

ings on cooked sweet potato leaves (Abong' et al., 2021;

om 50 to 61 % reduction), indicating that oxalic acid present in SPH is a heat-

sensitive compound that degrades during thermal processing. Correspondingly, a study

105



on pasteurised SPH juice recorded a lower concentration of oxalic acid compared to the
unpasteurised SPH juice with values of 767.89 and 1038.66 mg/100 g dw, resp?ﬂy

(Hanifah, 2022b).

Previous studies reported that boiling of sweet potato leav. |m|n|shed the

oxalates by 0.5 to 23 % by interrupting the cell walls of p ulting in the
degradation, and leaching of antinutrients into the cooking wat ong etal., 2021).
The oxalic acid content in sweet potato leaves studied 995 ecreased
by 9 % with conventional blanching (for 10 min) and 4 % With ave bl@ng
(for 60 sec). No significant difference was shown depletlon f oXalic ad%hcontent

between all heat-treated CRFs with loss of 50, and

respectively. Hence, the heat treatments p sedJQr

RF tr d by water

blanching (WB), steam pasteurlsatlon \(d c

al pézgsatlon (CP),

y |& d a similar impact

S
‘&

on the oxalic acid concentration o F rom

In contrast, CRF from ad tic acid concentration while

CRF from SP and W% extens[e ingreds ﬁ) 12 times its value. This was
edu tion i

acid (ofplYent in cooked sweet potato leaves

contradictory to th
reported by pre d1n 21362021 Mosha et al., 1995; Mwanri et al.,
2011). Hanlf xb) eport aklgcj(mant reduction in pasteurised (0.01 g/100 g
dw) SPH | omgav)?'t e u@steurlsed (0.04 g/100 g dw) sample. A study
repo tediabout 16 to 30 % loss o@gt?y;lc acid concentration in boiled sweet potato leaves

f ee different varieties (Abong et al., 2021). Our study found a significant

Q ase in the phytic acid content of CRF treated with SP and WB (p < 0.05).
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Conventional blanching of sweet potato leaves for 10 min at 98 °C reduced
phytic acid by 67 % while microwave blanching for 60 sec reduced phyt i
concentration by 58 % (Mosha et al., 1995). Although a similar treat was
conducted in our study, blanching of SPH was done at 85 °C, for EHN/hich the
temperature and heating time were lower than in the previous studyWemperature
and time during heat treatment probably influence the rate of phytic aetd degradation in
green biomass. Furthermore, lactic acid fermentation prior &:n ')rocess reported
the highest reduction of phytic acid (50 — 70 %) compareg,to boi inWO %) and

X
dehydration (36 — 56 %) processes of sweet potatc@s(Abon > et al, 2*)2_1\5—}
4 X

CP, SP, and WB treatments had successfully di \rmsQ at Ieaﬁt\-ﬁalf of the

oxalic acid concentration in the CRF fn@“H

heitz?se\atments had a

negative to no effect on the phytic acid entration n t_h\ various cooking
processes could remove antinu 'cn'ts)inhv%’s, thg’}fectiveness is highly
dependent on temperature, &‘% type; abqleAfy%e— and its characteristics
(Dagostin, 2017). The tething efo jl ici » both SP and WB treatments
might contribute to s%hys'codﬁ i I-‘der)ations specifically the heat-labile

O

property of the p m conlpoun prese@the haulm. Hence, a further approach

N
involving var'cm termperature, }ihe@')ﬂdﬁnethod of treatments is proposed to level
up the per@g oss of phytic acid 'mSl-He CRF from SPH.

? <>

AQ/ d \c_}jz'
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5.5.4 Minerals content

Previously in Chapter 4 (Section 4.5.4, Table 4.6), the chloroplast-ri%zion

(CRF) from sweet potato haulm (SPH) was reported to have various elem ts:'co,sisting
of magnesium (Mg), iron (Fe), copper (Cu), zinc (Zn), manganese ( otassium (K),
calcium (Ca), chlorine (CI), sulphur (S), phosphorus (P), silicog@) bidium (Rb),

strontium (Sr), molybdenum (Mo), bromine (Br), and ni keWThe comparative

analysis of the mineral composition of fresh (F, no

CRFs: CP (conventional pasteurisation), SP (stea

blanching) from SPH was determined. §
As shown in Table 5.6, a significa% se

reported in all heat-treated CRFs (p @:onven
highest concentration of mineral K, followed b \Aﬂ\%s
tio

N
CRFs (CP > SP > WB). The hj ncerftrati mir@K found in heat-treated

rals Ké& nd Mn was
ast@fsed CRF had the

Qéd, and water blanched

&
CRFs in comparison to fresh C%\/as ry t@ studies reported by Chirwa-
Moonga et al. (2020) a%z al. (20]9),
hed

0 iou@)a significant reduction of mineral

'3
eavesé,%pectively. Interestingly, mineral Br

—

to 10 times gr&@(han es

"ln({c‘;éang that the heat treatments proposed in this
study hagra rmoys ffe :0 th%‘two elements. CP and WB treatments increased

4
K in steamed and DIK Wel- \o& %
increased drastléﬂabo%lmes(ggher while mineral Mn increased about 8
' !

S conte! in 'CRF while no sig@gi;.nt change was observed for CRF treated with SP.
\

Nely, P content was reduced in CRF after SP and WB treatments but had no

effect after CP treatment, comparable to the finding by Chirwa-Moonga et al. (2020)

here steaming for 10 minutes did not affect the P content in green sweet potato leaves.
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Table 5.6: Mineral compositions (mg/100 g dw) of heat-treated CRFs

Elements F CP SP WB
K 9351.0+100.19  14133.3+57.7¢ 13533.0 +289.0° 1290 .%
Ca 5121.2+210.0°  2503.3+70.9°  2586.7+50.3° 3 h?.zb
Cl 1580.0+45.8°  1876.7+20.8°  1633.3+45.1°  1550.0 + 45.8"
S 7105+ 15.75"  869.7 + 5.69° 718.0 + 27.8 Yr&s +36.9°
581.5 + 18.42 559.0 + 10.0? 507.3 + 10.(N504.0 +27.5
Si 392.1 +19.22 138.7 + 1.5™ 1103 + 1?' 155.3 + 11.6
Mg 281.0 + 1.5 321.7+5.5° . j |315.o +19.2%
Rb 119.6 + 2.5° 29.6 +1.4° * 1.5°
Fe 116.6 + 14.0 176.7 £ 2.1 91.7 izg)s?;;
Sr 35.2 £ 2.9 85+1.20 10;.3;\1.0b
Mo 29.5 +0.5? ND é(‘_r;a +3.00
Zn 253+1.1° 19.5+ Ob\/ @0.6 +0.5°
Al 245+ 2.0° gﬂ) & ND
Cu 19.4 +0.2% 20.0 + M52 \ . _\O 21.8+1.3
Br 14.2 +1.0° gf)i 3.% 3+5%P 128.0 + 7.8
Mn 11.4 +1.3¢ %.3 +5.0° . 113.0 + 1.0°
Ni 4.9+0.6° \ 5.7+ 1.0°

Different letters mean significant est, p.<0;05) between values. Data are means +
SD (n =3). F, CP, SP, an the CRF samples '\Na@eated with different heat treatments: F
(fresh, no heat treatment), co entional‘p ation), SP (steam pasteurisation), and WB (water
blanching). ‘ND’ stated Wa m ‘NQQ tected’b

& &

i e content | FI: v@%’rﬁcreased after heat treatments, similar to a

Ianchu(?m gaééeffera leaves (Wickramasinghe et al., 2020).
ccefg

’ 4
rate¥fie oxidative cleavage of the prophyrin ring in the

Expos %eat could
S
undh

nw e (a form of Fe foundrin vegetables) resulting in Fe liberation which elevates

%tent (Chirwa-Moonga et al., 2020). However, Chirwa-Moonga et al. (2020)

Oorted a significant reduction in Fe content found in green sweet potato leaves after

steaming for 10 min. Element Mg was slightly higher in every heat-treated CRF
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compared to the fresh CRF. The result was not complimentary with a recent study,

which reported a significant depletion of Mg content in sweet potato leaves du?ﬂe

leaching and diffusion of nutrients during water blanching (Luo et aI.@. CP

shown for CRF treated with SP and WB. Q

Heat treatments significantly reduced the concentratio a, Si, Rb, Sr, and

i all to the previous

t.)
2022). A similar result was obtained on Moringa he elemeﬁbCa was

lost after steam blanching for 3 min influenced RtheI e M ftemp?\a['ure during

the cooking process that disrupts cells and subsequently, le

water (Wickramasinghe et al., 2020). \ \

In agreement with our findi ae Zn ele was-diminished significantly in

lowicohc tion of Mo and Al minerals was

'3 s

s reduced the amount to an extent where the

<

RE" The m%marals Cu and Ni showed no significant

&
sweet potato leaves after blanm for i 0 et @2019) and after steaming for
15 min (Chirwa-Moonga e ic 020). %

h
present in fresh Cij eat|
Kéw

abl

elements were
i \ e
differences (p*=>#0'05) between ecﬁeaéJr tments. To conclude, heat treatments: CP,

SP, and%k divefsbiﬂ}ct on.@}mineral composition of CRF from SPH.
. s

N
\C.)
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5.6 Conclusions

This study provides information on the physicochemical var'n'{ of
chloroplast-rich fraction (CRFs) from sweet potato haulm (SPH) after heat treatments.

Heat treatments proposed in this study were conventional pasteuri n (CP), steam

pasteurisation (SP), and water blanching (WB). \,

It is concluded that; z '
M&rea&nent

1. The colour intensity changed with heat exposure. is the be
i | &
for retaining the green colour of CRF po s RN
y _ 4 b ¥
2. The solubility of CRFs powder mprov?!old (‘2»4R %) av@varm (21 -
27 %) methods, but no significanfwce was sh et\/@ the methods.
Heat-treated CRFs had lower m h CRthle no impact on

sity than
L X
the water activity and disp W ed a
? @
he

e@ﬂermal treatments.
A
3. Heat treatments could\ mi’s%J}Are OK&FS powder. CP gives the
greatest condition to the'(orm ion of sity and amorphous structure
[ Q
in CRF (seen% 0x ar;d 30 yrggg ifications of scanning electron
microscop@ﬁ)- \ Q’%

4. SP tre exhi it‘s a ppct&)@e proximate composition; crude protein,
'

cru@b;d cayr e contents with values of 32.08, 1.99, and 43.16 g/100

o

S

respectivély. GP tr ent succeeded in retaining entirely proximate
\ positions present ’iﬂ(:ZtRF. The loss of total chlorophyll was effectively
‘é minimised in WB treatment (35 %), compared to CP (65 %) and SP (64%).

Q 5. The retention of TPC ranged from 24 to 50 % and higher in antioxidant activity

(FRAP assay) with retention ranging from 36 to 84 % in the heat-treated CRFs.
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Antioxidant activity (DPPH assay) increased in heat-treated CRFs up to 20 — 30
% increment. CP treatment preserves TPC and antioxidant activityw

assay) greatest, followed by SP, and WB. \

acid concentration in CRF. Even so, a negative to no effect waSobserved on the
phytic acid content of all heat-treated CRFs. V
. There were variations in the mineral compositions Kwit some elements

increased (K, Cl, S, Mg, Fe, Br, and Mn) and deCreased ( aWb, Sr, Zn,
@

Mo, and Al), while the other elements (C@) had little nd e@aﬂer

4 b
heat treatments. N

NN
ST

5

112





