CHAPTER 4 Y-
N

EFFECT OF DIFFERENT CROP BORDERS ON THE PHYSICO %ICAL
VARIATION OF CHLOROPLAST-RICH FRACTIONS (CRFs)

FROM SWEET POTATO HAULM ?
4.1 Introduction '

@
N4
The essential nutrients are certainly present inithe’green Bio 's'cn@plast-
rich fraction (CRF); higher amounts were fount?ﬁ compar the juice of sweet

potato haulm (Hanifah, 2022b). The CRF over

poss@ high nutritional
AN

compositions. The freeze-drying Gaj rem@yy‘re d{e,j water from the CRF
material. It was proven that sw%ato | Qfes’ trftio &(?ntioxidant, and phenolic
compositions were affecte eSTN@ et al., 2020). As our green
biomass was not coll%w differ.g t

whether there are &'&ns prelse \ssenti trients and physical properties of the
fro

a si Yes @%’d. Hence, the CRF of the sweet potato
| S
haulm (SP@ar ted fromsth eg'

ifférent crop borders was studied.
& vt 1

layer of concentrated chloroplasts iche' presumab

w

h }s{in“geriods, it is necessary to study
Y

—

biomass collect

<

Sh r 4 aims dlscu@ findings of the first research objective, which is

C.)
t:%t of different crop bor@s on the physicochemical variation of chloroplast-rich

ns (CRFs) from sweet potato haulm. This study determined the nutritional,

Oinutritional, and physical properties of CRF from SPH harvested from different crop



borders (refer to Figure 1.3), and it is essential to improve the present understanding of

food production patterns.

¥
Results and Discussion *
N3

4.2 Yield of sweet potato haulm juice and CRF powder

Regardless of borders number or locations, all sw otato haulm (SPH) juice
recorded similar yields ranging between 0.78 — 0.84 gram onass. The

SPH juice yield was higher than the previous stud he juice of p a'/i@ulm,

which recorded 0.6 ml per gram of wet biom ello-Gomez et a|%m9)- The

yield of chloroplast-rich fraction (CRF) pa@; §{\ 4 tir@gher (mean

value of 41.6 g/kg wet biomass) comp m CRFfr nacéﬁean value of 10.1

g/kg fresh leaf) where both juices ve%repare;lg\gig? sl \@«icer (Syamila, 2019).
S

: . >
The previous author stated iscdlis ata@as observed after the
&

centrifugation process, resulting\a relati yie@f CRF.
_ (

A similar result%)served ou tyd@re the supernatant collected was

N O

very viscous and m\darkh;re brownigh=colour even after the third time of

&

centrifugation re 1)‘. ]c@:ous centrifugation (up to 6 times) is
'
Il

mo J IIets\(.A dark green layer of CRF was obtained after
o

suggested Q'

juice ¢ Wation, {e fro e supernatant. Comparable to research findings
N - - -

fro llo-Gomez et al. (28&3), our bottom solid phase also contains a small white

‘@tarch-rich) at the bottom of the tube.
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Figure 4.1: The image of supernatant after three times of centrifu ns

@ \Y-v
e
43  Total soluble solids (TSS) of SPH juice, total sqlid coptent (F¥SC), and
V' N N
moisture content of CRF N q} g
k
The total soluble solids (TSS) (Naotato haulm, (SPH),juice harvested from

different crop borders (CB) was din T eQ‘SS was analysed in the
% 5
on

and freeze- y‘l‘ng ess).
M Ry
~
{ L
Table4.1: T le solids of J-l'i , total solid content, and

-~ ,@B 2 CB3 Mean

3
Total souble ol 54920l 582020200 5702062 577

(°Brix) T O
Total so |th 6 i@ 14.87 £0.36° 14.74+0.11° 15.41
(9/100 4 g

)

Molstfg coitent 83373/050° 8513+0.89° 8526:0.11° 8459
( N

fresh SPH juice (before centri

etters mean significant differences (Tukey’s test, p < 0.05) between values. Data are means *
3). CB 1, CB 2, and CB 3 mean the samples were harvested from different crop borders: Crop

r
Q er 1, Crop Border 2, and Crop Border 3.
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The Brix value exhibits a strong positive correlation with sugar mainly sucrose
followed by other carbohydrates, protein, fats, minerals, vitamins, organic am?ﬂd
amino acids in the juice. No significant differences were recorded for TS@WGSI’]
SPH juice between the CB with values ranging from 5.4 to 6.2 °Brix ( 5). Fresh
juice of SPH prepared by Hanifah (2022b) had a higher value of?'8 93 °Brix)
compared to our fresh SPH juice (on average of 5.77 °Brix). This might be due to the

different harvest periods for the SPH. Moreover, our SPH 1ed a lower TSS

content than the spinach juice (7.1 °Brix), where both | wer; p y a slow
juicing method (Syamila, 2019). _\
’ b ¥

Conversely, the total solid content (TSW m ?tw{ ntent @'e nalysed
on the chloroplast-rich fraction (CRF) of Wain d aftepeentrif gi\on and freeze-

drying process. The TSC was obtamed decw aK lecules originally

present in the food without m in \%ﬁ fqls)\ od matrix. Thus, the
rminati

moisture content is based on 0 he gécs of water molecules in the

food. Based on Table 4.1 om CB 1 rded%\llghtly higher amount of TSC

N

than CB 2, and CB 3 Whes f 16. 4, W@d 14.74 g/100 g fw, respectively (p

> 0.05). This indi \at a@o 85 @ the water was removed after freeze-

*

N
drying. The sli ere ce,cou t}eldué-the different compositions of the SPH from
each CB iole mIs)n n (et’alk) holds greater water molecules compared
to the %stem (Ishdia et al., 2000).
N
{

he moisture content of CRF from SPH had a lower value range (83.37 — 85.26
0

g fw) compared to the CRF from pea vine haulm (87.5 —89.0 g/100 g fw) reported

QTorcello-Gémez et al. (2019). On the contrary, Gedi et al. (2017) stated lower

moisture content of CRF for all four selected green leaves, with values of 70, 72, 79,
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and 82 g/100 g fw, respectively, for stinging nettles, grass, spinach, and kale. A previous
study on sweet potato leaves harvested at three different periods reported w
moisture content, with values ranging between 86.05 and 87.70 g/100 g f@ez et
al., 2020). This study found that the TSS of fresh juice and TSC of CRF‘H&( between

different CBs within the same harvest was not significant (p > 0.05). ?

4.4  Physical properties z '
Nd.
4.4.1 Colours \\r
O
The colour difference between the chlgroplast-rich fractiop’ (CRFY of sweet

potato haulm (SPH) harvested from different,crop rdegi \asu@i'ng a Hunter
Lab colourimeter, and expressed by th\%ments: e @(‘\GSS of the colour

(0 = black, 100 = white), a* for gr@s&s to th % lour (+a=red, -a =
N,

green), and b* for blueness to wnéSs of .colo b = blue, -b = yellow).

Figure 4.2 shows the image mzejr' po from different crop borders

‘Z):jplbs@%e harvested from different crop
dC

(CBs).CB1,CB 2, a mean

:

r

0 Figure 4.2: The image of CRF powder from a) CB 1, b) CB 2, and c) CB 3
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When assessing the difference in colour (4E) between the CRF powders, the
following ranges were applied: 4E: 0 — 1 - invisible difference, 1 — 2 - sllghtdlf
2 — 3.5 - noticeable difference, 3.5 — 5 - clear difference, > 5 - hig ence
(Mokrzycki & Tatol, 2011). Generally, CRF powder from SPH h@*gnlflcam
difference in colour parameters between each CB. From Table 4.2, C&Bm CB 2 had

the lowest value for lightness (L), and the highest value.ior nness (-a) and
at

yellowness (-b) compared to the other two CRF. This in RF from CB 2
was perceived as dark, probably reflecting from a hi numbe ncentrated
chloroplasts collected as well as the lutein and p-caro ontents. ' _{-)
ence F
4,
o
CB3
) &
: ¢b315\ 39.04+ 0.29°
- 473+ 096 - 4.18+ 0.09°
§ 52 24.60 + 0.25°
, Tot?cblou@ference (4E*)
CB1-CB2 476 +£1.14°
.‘
CB1-CB3 g 4 114057

230 £0.78"
&L

CB2-CB3
cey (Tuk€y’s'test, p < 0.05) between values. Data are means +
?e F(ﬁamples were harvested from different crop borders:
or

Different letters ignificant di

SD (n=5). CB nd CBS

Crop Borde rder ,and.C d{rj.
NN

<
\\% $

e high value for gr@e&s (-a) in CRF might be attributed to the source of

‘@asts as the leaves part is usually greener in colour compared to the petioles and
Q s part of SPH (based on observation by the naked eye). The CRF powder had a
oticeable to clear colour difference (4E: 2.30 — 4.76) between each CB. As there were

no colour difference values of more than 5 (4E > 5), it was estimated that the difference
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in powder colour of CRF between every CB was hard to notice for inexperienced

observers.

4.4.2 Water activity, bulk density, and dispersibility

Water activity (aw) is a measure of the amount of available water for biological
reactions. It has roles in moisture migration and chemical and physSi€al reactions. Also,
it acts as a support system for microorganisms to grow with'values of at least,0.6 aw for
fungi and 0.91 aw for bacteria. CB 1, CB 2, and CB 3gmean the samplesawere harvested
from different crop borders: Crop Border 1, Crop*Border 2, and/Crop Bordér'3. From
Figure 4.3 (a), CRF's water activity significantly differed b.etween thecerop borders
(CBs) with values ranging from 0.24 to 0.45 ay ‘Hence, the GRF might have good shelf-
life stability due to the unfavourable conditions for micrehkial growth. Water activity
was reported lower in the freeze-deied spinachsjuiceywith a yalue of 0.18 aw (Syamila,

2019) compared to our study @meamwalue 0fQ.36 aw).

0.452

0.39°
Pl ol
Fiy
R 0.29 OCB1
0.24¢ [ i 0.25° oae
s e e rLer]
= B BCB2
REREEY
B CB3
Pl ol
Fiy
A Mean
AT
AT K e -
a) Water activity, aw b) Bulk density, g/ml

Figure 4.3: Water activity (a) and bulk density (b) of CRF. Results expressed with
different letters mean significant difference (Tukey’s test, p < 0.05)
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Bulk density is defined as the weight of powder in a definite volume. Particles
with a smaller size will accommodate more amount of powder in the same w
leading to a higher bulk density. Based on Figure 4.3 (b), the CRF powder: Xn the
CBs had significantly different values of bulk density (p < 0.05), rangm;w'n 0.25to
0.32 g/ml. High bulk density is desirable for reducing the cost Wkaging and

shipping whereas low bulk density influences the flowability and instant characteristics
Zk

of powder properties (Kalyankar et al., 2016). A higher val dersity (0.53 g/ml)
was reported by Raja et al. (2019) in freeze-dried ica papaya-L.fleaf powder
@
. I . N3
indicating that the leaf had lower porosity and higher ture conte nlpg_&écb o the
4
% g

N\
AN Ty N

Dispersibility (%)

CRF powder from sweet potato haulm. T

41.852 38.64° 40.222
( OCB1
e
ey
R mCB2
it
i
Rty BCB3
it
e
Foazrs BMean
L
L
it
L

by ndRe
Fig A8Dispersibili aé)fCRé.\Results expressed with different letters mean

significant diffetence (Tukey’s test, p < 0.05)
N
S ~

Dispersibility is one of the good functional properties of powder determined by

Oasuring its ability to be dispersed throughout the water. From Figure 4.4, low

dispersion of CRF powder was shown for the three CBs with a mean value of 40.24 %.

63



The intact green tea powder showed poor dispersing activity in water compared to the
green tea powder coated with a 1 % solution containing a glidant agent (Sakurz?ﬂ.,
2017). Lower dispersibility in water and poorer flow properties could hap@w the
size of the primary particles is small, leading to a larger formation of t ive force
between them (Sakurai et al., 2017). However, previous studies reported that superfine
particles of tea leaves improved the dispersibility properties in watewdue to the larger
particle surface area and the breakdown of the leaf cell w &: ., 2012; Park et
al., 2001). A wide range of dispersibility was found for Oc Wamples of
"X
cocoa powdered beverages with values ranging fro to 94.5 % iI#u _%}awal,

2007). Thus, smaller particle sizes and lower su si% tial p@lxr'neters to

enhance the dispersibility of powder in wat\, 0\ g
\) )

4.4.3 Water solubility index Cf) \T ,<\
N
[} A
The water solubility in& Sl) Nast-&ﬂ&action (CRF) powder was
as 0

N

determined using the cold a m V\fl 5 din Table 4.3.
[

\Mle 4.|3: \: “C}/

Water sol@y index of CRF
2N

——— 5
CRE from di " C—}} Water solubility index (%)
borders 2 © (, Cold Warm

O
a) Cro o% 1(CB 1) 4 ,3\26.36 +1.132A 28.36 + 2.65% A
b) Cr. r2(CB?2 4 N~ 18.09+1.040A 17.09 + 1.04%A

rder3(CB3) 507 17.3810840% 18.85 + 1.96 A

c)
& 20.61 21.43

ter solubility (no incubation, centrifuged at 10 000 rpm at 4 °C for 15 min); warm water solubility
incubation at 38 °C for 30 min, centrifuged at 10 000 rpm at 4 °C for 15 min). Different lower letters
<

in columns and different upper letters across the columns mean significant differences (Tukey’s test,
0.05) between values. Data are means = SD (n = 3).
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CB 1, CB 2, and CB 3 mean the samples were harvested from different crop
borders: Crop Border 1, Crop Border 2, and Crop Border 3. Among the thr?m
borders (CBs), CRF powder from CB 1 had the highest WSI for both co@\/arm
methods. However, the difference was only between 8 to 11 %. The fr et potato
haulm (SPH) juice powder was more soluble in both cold and warmWVSI with mean
values of 28.70 and 23.52 %, respectively (Hanifah, 2022b (Wed to our CRF
powder from SPH. The higher amount of concentrated ch last pre'sent in the CRF

could interfere with the powder properties, resulting®in low. sw Besides,
23

o | Ky
crystalline solid formation and lack of porosity str s werg seen/frgm _{eg ning
, ubi

electron microscopy (SEM) images — see Figur ow% I.@Gf freeze-
dried CRF powder (mean value of 20.61 ‘% times higher tha@reeze-dried

sweet potato leaves powder (5.71 %) ied a/ Sui et al’ 19)@?5 showed that the
slow juicing process involved in co%g theﬁy
% é S

of CRF powder. “« Q-
&
S
inac @orded a higher value for both

The freeze-dried C der ’rom 5
[
cold and warm WSI wi erage va f&&éﬁd 29.1 %, respectively (Syamila,

O

2019). The solub@ be@ the @ce of natural sugars (Syamila, 2019).

However, ther: mo correlatl E,elw Qe total soluble solids (TSS) content in the
haulm juir@ted in Table 4.1) the solubility of CRF powder. In comparison
betwe wld an(f rm &\/S'I\,,‘Qoth showed no significant difference between the

ACBS (p > 0.05). Alﬁr%agh smaller particle sizes may improve solubility, the

CI\
%JS study showed a negative impact on the CRF powder of spinach with particle

0&5 within the range of 75 to 250 pum (Syamila, 2019). It is recommended to determine

the particle size of our CRF powder as well to facilitate findings from previous studies.

gt'fenhance the solubility

-=9
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4.4.4 Morphology

ri%% ion

(CRF) powder from sweet potato haulm (SPH) are shown in Figure 4.5. 3

The scanning electron microscopy (SEM) images of chloroplast-

\/
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The microstructure of powder is one of the crucial characteristics that determine

its solubility. It was stated that amorphous solid products would have better so s

and oral bioavailability than crystalline products (Tomar et al., 2022; Vra@)

From Figure 4.5, the grainy-look or less smooth structure obﬁéed on the CRF
powder was expected to be the effect of thylakoids stacking i the embrane in a

half-protruding state. The images were similar to the fr, ct?’!olated thylakoids

shown in the previous reports (Bogorad, 1981; Syamil t5 0 ification,

all CRF samples appeared like shard shapes with ggittiness and lum rfaceszi' he

porosity of CRF from SPH in every crop border ardly notl eable, wfnCthay be

Y—-

related to their high viscosity and low free water'gon ent

The low water availability dl@ format iceéstals leading to a

reduction in the porosity of the dri matenaﬂ )é&l?) Unlike the CRF
S

from spinach, several intact ;@asts de &IFC|@NEI‘G spotted at higher

AZ] Although our CRF showed

rosity str es, the intact chloroplast still can

-‘
be seen, identified b he ro ape stfuct u ure under the microscope. No intact

magnifications (1000x and 300 in

"S“—?f

crystalline solid form |te

—

chloroplasts fro sp h w ed |n RF due to its lack of porosity and high

presence of c nef m |n i ru tur (Syamila, 2019).

&FP S
"r

N
\C.)

&
N
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45  Chemical properties

45.1 Proximate composition and chlorophyll content \z

The proximate composition and chlorophyll content of chlorop ich fraction
(CRF) from sweet potato haulm (SPH) were presented in Table 4.4. , CB 2, and
CB 3 mean the samples were harvested from different crop bor Crop Border 1,
Crop Border 2, and Crop Border 3. '

.\do \Y.

Table 4.4: Proximate composition and chl Il content of\CRF (5

g

L
Proximate composition CRFf%' rent cfop bopllers (™

N Ny
(97200 g dw) CB1 €2 =~ cB § Y~ Mean
A ot

Crude protein 1570+ 0.03°(\§J4 +0.16° 8.0&@03*’ 17.72
Crude fibre 4.98 £ 0. 1140557 1007£121* 639

Crude fat 2.88 +0.27° 462.F Ot &532 +0.63? 4.27
Ash 14.6 _% 01%1—;.0 ¢ (,}12.19 +0.01° 12.80
Moisture & 2 CATS} 0.04@ 8.22 £0.082 7.41
Carbohydrate £0. 5276 + ﬁ 46.14+1.83°  51.38
(Pigr?egt (;oncentratior;' t} ( 0

mg/g dw 2 2 &

o5rale

Chlorophyll a \ 2063002 5024 0.06° 4.36 + 0.02° 4.11

Chlorophyll b & : 60 L263+010° 2,54 +0.10° 2.28

Total chlorop%\ 'oai—gJ 7.65+0.11° 6.90 +0.10° 6.40
S

NS
iﬁ&ab 1.91+0.07¢ 1.72+0.07° 1.80
™

B1,CB2 and CB3 the CRF samples were harvested from different crop borders:
C Wer 1, Crop Border 2, and Crop Border 3. Carbohydrate content was obtained by subtracting the
su isture, ash, crude protein, crude fat, and crude fibre contents from 100.

tterS mean significant difi%@\es (Tukey’s test, p < 0.05) between values. Data are means +

0 Based on the data, the largest composition in CRF of SPH for each crop border

(CB) was contributed by carbohydrates. High carbohydrate content in the CRF of SPH
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may originate from the sugar or starch content found in the green biomass (Torcello-
Gomez et al., 2019). The carbohydrate content in CRF from CB 3 (46.14 g/lOW)
was significantly lower than CB 1 (55.25 ¢g/100 g dw) and 2 (52.76 g/lo@ The
result was comparable to the CRF from pea vine haulm, in which the er stated
42 g/100 g dw of carbohydrates in the fresh biomass (Torcello-Gém al., 2019).
Compared to the CRF from other green leaves, CRF fr% had a higher

carbohydrate content than CRF from spinach, kale, and gr as Sllml|al’ to that of

stinging nettles with values of 16.4, 17.4, 37.6, and 49.8 er (Gedi
T
etal., 2017). J _\‘-}
b
The moisture, ash, and crude protel nten CRF q. PH were

6. cﬁ?&zz, 11.54 to

5). These findings were in

A

agreement with the previous rep ; s , a Sude protein content of

significantly different between the CB w@h&s r

14.66, and 15.70 to 19.44 g/100 g dw, respectiv (p

the dried sweet potato Ieave three ar g periods (Suérez et al.,

2020). The CRF from CB 3 ed t)‘# highes ag@f of crude fat (5.32 g/100 g dw)
[
g

and crude fibre (10.07 g/10 d% reﬂ CB 1 (2.88 and 4.98 g/100 g dw,

respectively) and \62 arld 4.1 g/100 , respectively).
The a&ﬂbant (jferen?rﬁ nutritional content might be due to the different

ratios of m pgit leaf, peti nd stem) in each CB. About 3 to 7 times higher

“

prot in‘éontent was reported by a etal. (2000) in leaf (3.68 — 3.80 g/100 g dw) than

e (0.50 - 0.70 g/100 g dw) and stem (0.85 — 1.43 g/100 g dw) of two sweet
0

varieties, cultivated in Japan. Similarly, the leaf presented the highest value for

&1, followed by petiole and stem, with values ranging from 1.53 to 1.88, 0.94 to 1.65,

and 0.84 to 1.30 g/100 g dw, respectively (Ishida et al., 2000). As for dietary fibre
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content, Ishida et al. (2000) reported about 2 to 4 times higher value in stem (10.4 —

11.3 g/100 g dw) compared to petiole (2.42 — 4.61 g/100 g dw) and leaf (5.94?.‘!0

g/100 g dw). @

The CRF from SPH recorded a greater percentage of carbohydrate, ash, and fat
compared to the fresh SPH juice reported by Hanifah et al. (2022a),with Values of 42.18,

10.57, and 2.42 g/100 g dw, respectively. However, the res r stated a higher

percentage of protein and fibre (35.23 and 8.44 g/100

borders) and different compositions of sweet po aulm parts us throfra'hout the

study. To support our findings, we also coIIecte‘Wﬁei e data @ﬁ our juice

samples, and the results recorded were Io@hl our, CRF pIes<£a rage values of

24.32 and 5.62 ¢/100 g dw, respective r juice s es)._\ ddition, a higher

percentage of moisture in the fre -dr'Dd %P% as g;b;s,&erved by Hanifah et al.
o

(2022a). This could be due to% trifu;_jm%n}etho @ separates the CRF pellet

and supernatant (containing iquid) during'the @tion of CRF.
BN
‘gl L& _
The total chWy cr \nsq CRIgg's significantly different between the
CB, where CRF, ‘O%GB 2 de@d'the hj t total chlorophyll content followed by

es cti*e\'y)? the CRF
(Hanifah et al., 2022a). This might be due to theSiffere t harvest tians\tgcrop

!
CB 3 and CB%w\me v‘al of 7.&!%,'3.90, and 4.64 mg/g dw, respectively (Table
4.4). Th@ to}h dif%'re t p;@\ortions of haulm (leaf, petiole, and stem) in each
VES

CB, ass generally contai@}jpi.re chlorophyll pigments compared to petiole and
\

S \.g’et al. (2017) reported that the chlorophyll in the sweet potato leaves had about

0 0 14.7 times higher content than the stalks. The mean values of chlorophyll a and

for leaves of fourteen sweet potato cultivars ranged from 3.29 to 5.19 mg/g dw and
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from 1.12 to 1.94 mg/g dw, respectively while for stalks ranged from 0.27 to 0.57 mg/g

dw and from 0.10 to 0.25 mg/g dw, respectively (Li et al., 2017). Yv

A higher total chlorophyll content was exhibited by CRF from SP! !:'mea] value

of 6.40 mg/g dw) in comparison to the sweet potato leaves (5.68 mglg.dw) reported by
the aforementioned study, indicating that the centrifugation method proposed in this

study helps recover and concentrate the chloroplasts, regar Iessv! haulm proportion

which consists of leaves, stems, and petioles (stalks).

e r’otype of sweet
potato leaves demonstrated remarkably high total chl@rophylf con M b{ en

(,)
14.58 and 23.76 mg/100 g fw) after 30 days o ting, but the nte’nt‘ﬁiadually

’ X"
decreased with plant age (Hossain et al., 2019). ? ' \ V?’

In a more recent study, droug@terlogg ess é‘n’ficantly reduced

the chlorophyll a, chlorophyll b, an@ total chlo \hquon @t sweet potato leaves
N

after 71 days of stress period t al.f2023

abiotic stress such as drought MteI i

enc ant parts, plant age and

uld h@an impact on the chlorophyll

-

content of sweet potato_plamts. Sy corded a greatly higher total
juicdﬂ.% mg/g dw), related to its greener

colour (- 12.05) whi as

¢
Th@) chl to buis/considered generally 3:1. This ratio is a key

op
param wdicate':h ade tolgﬁce of plant species where shade-tolerant species

N
diséwer ratio under sha@n comparison to their counterparts grown under high

@ﬂvironments (Beneragama & Goto, 2010). Shade-tolerant species plants will

Oduce a lower chlorophyll a to b ratio to absorb blue light in low-light environments

efficiently (Yamazaki et al., 2005).




In our study, a low ratio of chlorophyll a to b was found in the CRF with a mean

value of 1.80 mg/g dw (Table 4.4). The low chlorophyll a and high chlorow

content lead to a 2:1 ratio of chlorophyll a to b. A higher ratio of chIoroph@ wa

found in sweet potato leaves of five different strains with values rangi en2.24

w

\l

and 2.854 ratios (Katayama & Shida, 1970). Hence, the sweet pot& p|ant (haulm)
examined in our study can be considered a shade-tolerant spe 'esw consequence of
the lower proportion of chlorophyll a to b (2:1 ratio) prese tg hau'm probably due

to the different planting areas.

@
A4
In this study, the concentrated chlorop (CRF) offs p‘)taﬁoﬁwaulm

£
harvested from different crop borders had vari?'l!in theQ matﬁ\;tzn;ositions
and chlorophyll content. This was attribut N i i <<ﬁ‘.’a\ulm parts from

each crop border which consists of leaves, S, an i (stal@ Previous findings

\ Y
mentioned in this section clearly %he du.bv i t@ional values present in
@
eet

the leaves and petioles (stalks&
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4.5.2 Total phenolic and antioxidant content (DPPH and FRAP assays)

The total phenolic content (TPC) and antioxidant content (DPPH and FRAP
assays) of chloroplast-rich fraction (CRF) from sweet potato haulmi (SPH) were
illustrated in Figure 4.6. CB 1, CB 2, and CB 3 mean the samples werge harvested from

different crop borders: Crop Border 1, Crop Border 2, and Crop Border'8.
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Figure 4.6: TPC (a), DPPH (b), and FRAP (c) of CRF. Results expressed with
different letters mean significant difference (Tukey’s test, p < 0.05)
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The TPC of the CRF harvested from the three crop borders (CBs) was between
4.82 and 5.59 g GAE/100 g dw (Figure 4.6 [a]). These findings were congrueYMh
the previous literature reports. Hue et al. (2012) reported that the TPC of I rent
sweet potato leaf cultivars ranged from 2.78 to 5.35 g GAE/100 g dw. E&rsely, the
TPC of 40 varieties of sweet potato leaves were found to be branrange with
values between 2.73 and 12.46 g/100 g dw (Sun et al., 2014a). m et al. (2002)
reported comparable TPC values with the earlier study, w ﬁ-

ed f'om 142t017.1

g/100 g dw in 1389 sweet potato genotypes collected fromyall ov th

O \T
The CRF from CB 1 (4.82 g GAE/100 g d wed a3| ificantly Id\)wr value
of TPC than CB 2 (5.59 g GAE/100 g dw) while‘no si ?nsaQ |fferenQe was found

#\be due to the
roc&@ at each CB. The

for CB 3 (5.44 g GAE/100 g dw). Th@%nc obse

disproportionate parts of haulm (Ieaf, pe e, a d ste

concentration of phenolics is posst d end e at /\tage of different plant

parts. Padda and Picha (200 rted that_the'you gd,eaf of sweet potato had a

[
with values of 87.29, 2 G\a\w mﬁ/g@w, respectively. The authors stated

that the higher T Xybe@) % r auxin production in the young leaf

significantly higher amount C co t ture leaf, old leaf, and petiole
;:’ ,’1 5

_ N
tissue. Moreo r, et potato Q'nga!n about 10 to 30 folds higher phenolic
content th es (J Generally, the leaf part was found to have a
greate wan the pe and stQm

A ey

he 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay is a free radical scavenging
od

that reduces the violet DPPH solution into a colourless solution in the presence

Qantioxidant compounds in the plant extract. 1Cso is the concentration required to

scavenge 50 % of the free radicles and the amount is inversely proportional to the
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scavenging activity of the CRF. Hence, a lower value of the ICso indicates a higher
activity of antioxidants. The radical scavenging activity of the CRF extracts is pr?ﬂm
in Figure 4.6 (b). All the extracts showed significant differences in 1Cso i \nong
the CBs. The CRF from CB 2 had the highest scavenging activity (ICs#—¥7 pa/ml)

while the CRF from CB 3 had the lowest scavenging activity (ICso :W4 pg/ml).

3

Suérez et al. (2020) recorded a significant difference e value of DPPH
radical scavenging activity in sweet potato leaves b d@e.?\arvesting
periods which might be affected by the disproportionate par atéd bqfore,

and the harvesting practices. Interestingly, our s
activity compared to the previous study on six v tles Tpem\ a batat@l’eaves with
ICso values ranging between 372. 40 and 61 ue e&( ., 2012). This

demonstrated that the sweet potato haulm RF had nti @nts than the sweet

potato leaves. Moreover, higher s ga w%
var

icties; water s&f&h (15.83 mg/ml) and land

spinach (50.26 mg/ml) repo Ma’am (@
(

’ s
The ferric r cmg ntl \Umt\ otentl RAP) is an assay that reduces the

) v@éported for our CRF in

comparison to both Ipomoea

colourless ferric tri yltr St &#&) complex into an intense blue ferrous

trlpyrldyltrlaz - PTZ Qﬁpg'jsolutlon at low pH in the presence of

annomd@tg, errgus co Waé\naxmally absorbed at 593 nm. The lower value

of absorkance indicates a hlgh@)sontent of antioxidants. Similar to the DPPH radical

S ng assay, the ant|OX|dant activity in CRF extracts of SPH harvested from CB

2, and CB 3 were significantly different. The reducing activity of ferric ions in

Qe three CRF extracts was presented in Figure 4.6 (c). A comparable trend was
observed in our findings where CB 2 (155.67 mmol Fe [I1]/g dw) had recorded the
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highest FRAP activity followed by CB 3 and CB 1 (140.87 and 132.54 mmol Fe [Il]/g

dw, respectively). Yv

However, CB 1 recorded the lowest FRAP activity, which was injcontrast with
its DPPH radical scavenging activity where the extract had a higher antioxidant capacity
than CB 3. This may be the result when iron compounds are un$:vironment’s
influence, leading to different oxidation-reduction poten ialsvalova et al., 2015).

Therefore, the results attained by the FRAP assay_wi ly d'ffer s not all

antioxidants react with the selected oxidiser. The reduci
higher compared to the previous study that rep@
batatas leaf with values ranging from 320.5 to 5?.3 'u

et al., 2012). It was proven that our conc@

greater reduction of iron complexes in the sen&of

| &
e

=

r antiexidant compounds.
N
Polyphenols have been @«ely r@port be significantly associated with
&

the antioxidant activities in exkhof i tsp (Ghasemzadeh et al., 2012;
I7’

Hue et al., 2010; Padda ;'cha,

Therefore, the antioxidant Cap

FRAP assays s me c
¢ J (O,B .

between TPCG&,ue DPPH a {r= (_/ 634) was observed on the CRF. A negative

N

correlati S thefli he :alue oéb(al phenolic content will give a lower 1Csg DPPH

afez, €etpal., 2020; Zhang et al., 2019).

'3
e CRE extract, as determined by DPPH and

<

ith({?@. In our study, a negative correlation

sca\w activity value. The rate correlation of TPC with their 1Csg DPPH value
\

c Nplained as not all phenolic compounds give a strong antioxidant property. Xu

etval. (2010) and Ghasemzadeh et al. (2012) observed a higher correlation between

dical scavenging activity and TPC (r = 0.7704 and 0.8270, respectively) of sweet

potato leaves.
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A strong positive correlation between TPC and the FRAP assay (r = 0.8776) has
been reported for the CRF from SPH. This was in agreement with the findings b?!‘l
al. (2010), which reported a strong relationship between TPC and FRA (r
0.9654) on the sweet potato leaves. Moreover, the value of TPC of sw&otato leaf
extracts was highly correlated with ferric-reducing activity (r = O.M a previous
study reported by Zhang et al. (2019). Hence, our findin Mroven that the
polyphenols content present in the CRF predominantly c QY

t(i the antioxidant

activity specifically observed by FRAP activity.

In a comparison of antioxidant assays n% our study, stror@egatlve

correlation (r = - 0.8905) was found between DP a ays forghe CRF from

d F
SPH, indicating that the antioxidant co e ca on- (@:1 ing ability. A

ing .activity (FRAP assay)

A
&by Xu et al. (2010) on

negative correlation means the hlgher va off rric-r.
will give a lower ICsp value (DP y) st

sweet potato leaves also repor ong corkelation e&e& both assays (r = 0.8425).
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4.5.3 Antinutrients content (Oxalic and phytic acids)

Antinutrients can be indigenously present in plants acting as &,defence
mechanism against herbivore attacks. Nevertheless, the antinutrients are résponsible for
detrimental effects related to the digestion, absorption, and utilisatizﬁzf nutrients and

micronutrients. Based on Table 4.5, two antinutritional factors (0% phytic acids)

were determined in the chloroplast-rich fraction (CRF) o stato haulm (SPH)
harvested from different crop borders (CBs). '
NY.

N
ot IO
Table 4.5: The antinutrient nt of CR ‘T

Antinutrient content

CB1
s e? Q
Oxalic acid 189+ 0.1N 2 ¥ 216
(9/100 g dw)
Phytic acid % )
(Ma/100 g dw) 71709632 62 3.67 63.18

[7
<0.0 tween values. Data are means +
e

Different letters mean significant di%‘h (Tukey
e sted from different crop borders:

SD(n=3).CB1,CB2,and CB 3 me ?

Crop Border 1, Crop Border 2, an order 3. %
N
4 ¢ &
Generally, Nnificaht \rence @een the CBs for both antinutrients

—
>
—

J‘@
'I'Ié\

~
©
\Y
o
o
a1
~
—
>
[¢)
©
=
o
°
QD
«Q
2
o
5
—
@D
Q
>
2.
o)
c
o

(oxalic and ph as
¢
. S . . .
chemical e, storage, andyp servaﬁl_on methods used in growing the crop can be

NN
highly i%l&ﬂ on 6 ount o@ﬁnutrients present in plants (Thakur et al., 2019).

N
As Ims were grown in@ farming area and constantly implemented the same

agr re practices, the selection of disease-resistant varieties and the selection of

0 ogical agents to control pests and diseases were controlled for every CB.
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The oxalates content in the CRF (mean value of 2.16 g/100 g dw) was slightly
higher than the leaves of three sweet potato varieties in Kenya with values rangiw
1.35 to 1.82 g/100 g dw (Abong’ et al., 2021). A previous finding on Ie@nine
Kenyan sweet potato varieties reported a broader range of soluble content

varying from 511.62 to 1618.71 mg/100 g dw (Abong’ et al., 2020). Tihe concentrated

chloroplasts (CRF) from SPH were assumed to possess a greater concentration of oxalic
tz

acid compared to the dried sweet potato leaves. Hence, fu tmert or processing

mechanisms are strongly recommended for proper utilisatien of the W
@

|
The CRF from the three CBs was found ea p;yt a conte)‘rt with a

Y-v
mean value of 63.718 mg/100 g dw (Table 4.%3 \s\e& mely I@ér than the
phytic acid content of sweet potato Ieavesce%ha by

ngs ﬁalues ranging
from 1.14 t0 5.33 g/100 g dw (Abong’ et al’ 020%

1 &91 00 g dw (Abong’

'Sy In contrast, Antia et

(o)

et al., 2021) in nine and three sw; ‘gotao \@N’%’es ecti

o
Iong)f pi\gd%-acid in Ipomoea batatas
leaves collected from NEg:erWMan averagéwalue 0@14 mg/100 g dw. The disparity

'S
of plant parts, genetic diversity, and mﬁjj/@wakeup are some of the factors that

contribute to the presence of I‘Iytates in pla@bong’ et al., 2020).

al. (2006) reported an excep

[T
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45.4 Minerals content

The chloroplast-rich fraction (CRF) from sweet potato haulm (SPH)#harvested

from different crop borders was overall rich in minerals as stated in Tabl:&)

Table 4.6: Mineral compositions (mg/100 g dw) ef CR

Elements CB1 CB2 Mean
K 90453.00 + 467°  9347.00 + 1750° 925 804  9351.00
Ca 4887.00+205°  5183.30 + 104.1° : 6!@a\d121.21
cl 1630.00£151° 154000+ 45.8' §, 157000+ 846" gy 1560100
s 698.30+ 6420 72830+ 23.9@5 . | 13\(6253
50970 +545° 56300+ 1513° W5 . 881.47
Si 380.70+33.6° 41430+ 21&' ; V?’ 392.10
Mg 281.70+23.75  282.0 M 281.01
Rb 121.33 + 8.02° 1% g + 119.56
Fe 102.40 + 8.96" 30.33 ¥2. \t 02407 116.58
Sr 31.97 + 3.41° B3+ 1.% 7134700 35.24
Mo 29.90 + 1.22° %.8 . 4 29{3’1 0.857 29.47
Zn 26.13 + 1.33° 240 60 + 1.320 25.27
Al 2240+ 0.9 2j a @6.30 +3.06° 2453
Cu 19.17 ] 1 4% 19.33+1.88° 19.36
Br 1433 +0. \"Q 2070 15134147 14.20
Mn )Q_ .3501.30 + O 10.05 + 0.33° 11.35
Ni 40% 0. 79 £10:03° 5.51 + 1.28° 4.90

Crop Border

Different letters %
SD (n = 3). Q, C

N
\Acroelements abunda(a?ly found in the CRF were magnesium (Mg),

%orus (P), sulphur (S), chlorine (CI), calcium (Ca), and potassium (K).

Onversely, microelements detected were zinc (Zn), iron (Fe), copper (Cu), manganese
(Mn), silicon (Si), bromine (Br), molybdenum (Mo), rubidium (Rb), strontium (Sr), and
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nickel (Ni). Every crop border (CB) showed comparable concentrations for all
seventeen elements (except Mn and Fe). The sweet potato crops were cultivatew

agricultural land area, along with the controlled application of fertilisers ar@%hides.

Mineral K was reported as the most abundant macroelemen nd which was

in agreement with previous studies (Suérez et al., 2020; Sun etal., 2024a; Chuang et

al., 2011). Our K values (9253 — 9453 mg/100 g dw) were a 5 folds of values

recorded by Sun et al. (2014a) on the leaves of forty potato CL'Itivar (average

content of 1625.1 mg/100 g dw) and 3 folds of valu: recorded by Suarez'et al.{QGZO)

(,)
on the sweet potato leaves harvested from thre rent p:gri ds 96!.%%3341.7

70 5293.33 /100 g dw)

es with“alues ranging

mg/100 g dw). Similarly, the Ca content in our QF I(
was significantly higher than those repo@ﬁ%rev'

only between 25.21 and 1958.1 mg/lm (C uang§

Suérez et al., 2020; Sun et al., 2014a). o >y

o
&
The third highest mac%&nen fMe C‘Qk was ClI, followed by S with
mean values of 1580.0' a %.53

mineral P was 581.4%9/1 0 gi
(2014a) with an @ co

!
stated lower PCa’s co pa‘re olr & , ranging from 137.7 to 153.3 mg/100 g dw.

The val O;k mingfaMa ged@m 279.33 to 282.0 mg/100 g dw, comparable to
the ws indings (Chuang &2011; Tang et al., 2021).
\

‘%\rhe CRF from all CBs were overall rich in various trace elements (Si, Rb, Fe,

Mo, Zn, Al, Cu, Br, Mn, and Ni) as stated in Table 4.6. The Fe, Zn, Cu, and Mn

3 2& “lyaka et al., 2015;

m@/100 dw@pectively. The average value of
4 2

h was(lower than the findings from Sun et al.

48.2 00 g dw. However, Suérez et al. (2020)

content (average content of 116.58, 25.27, 19.36, and 11.35 mg/100 g dw, respectively)



was considerably higher than values reported by previous studies on the sweet potato

leaves (Nguyen et al., 2021; Sun et al., 2014a; Tang et al., 2021). For element

values stated by Chuang et al. (2011) were significantly lower than ou@with

average values of 0.06 and 29.47 mg/100 g dw, accordingly. Other trace'é*nts found
in the CRF (Si, Rb, Sr, Al, Br, and Ni) were greatly high in content witl'average values

of 392.1, 119.56, 35.24, 24.53, 14.20, and 4.9 mg/100 g dw, rﬁ\cggly.

No element Na was found in our CRF compa@in ings by,Sun et al.
(2014a) with an average content of 159.98 mg/100,g dw."Thi c;uI\g d'tje\tQ*the
extremely high value of K+ present, which is &d t:le ﬁt'@?valent
cation in chloroplasts, compared to Na+ (Robin n,*1984 .@feover, the
accumulation of Na+ generally occurs inghe pla IS pr néto be excluded
during the isolation of the CRF proces%es- ordo

‘RS

:' ’ >¥ S
There was no traceable j@ of tdxic m su@ arsenic (As), cadmium

&
(Cd), lead (Pb), and mercur %n t m e@ CB. A higher concentration
of essential elements disc d in our stu kug@d that the CRF had a greater
4 $ &

amount of minerals whe sw| Iea\g_,
A S
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4.6

Conclusions

This study indicates the variation in nutritional, antinutritional an%gical

properties of chloroplast-rich fraction (CRF) of sweet potato haulm (S vested

from three different crop borders (CBs).

It is concluded that; V

1.

\g

The CRF from SPH had desirable properties der due t th ow water
activity (0.24 —0.45 aw) and low dispersibility 38 — 41 %)whic niilcaei ood
shelf life and great flowability. Y.

Low water solubility in the CRF wa obser

conditions, with values ranging b \f7 a

by the crystalline solid for t d ited

oth oT(T and warm

his onssibly affected

s@&s;ructures seen from

scanning electron mlcrosco%‘ M) ages Qc:}
It can be observed thM stur decr p rotein were significantly

=
different amonggthe CBs (p <0 5) "ih @ be due to the various ratios of
Ier

the haulm parts ( etiole@ em‘y {ﬁjeach CB.

Total chl I con !1t SI |can ffered among the CBs (p < 0.05), with

‘B'Z) &%ng the highest value (7.65 mg/g dw). The

CRFf p
c I co nt ntof C F@&ﬁgher than in stalks (0.10 — 0.57 mg/g dw) and
s

ﬂ

Sa (1.12 - 5. mg/g{@' of fourteen sweet potato cultivars in South Korea.

N

N\lotable differences m\e total polyphenol contents and antioxidant activity

were found with CRF from CB 2 having the most potent antioxidant compounds

among the CBs. The CRF showed remarkably greater antioxidant activity (86.57
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pg/ml (ICsp) and 155.67 mmol Fe (I1)/g dw) than both varieties of Ipomoea
aquatica (water spinach and land spinach) and sweet potato leaves.
. A moderate and strong correlation of total phenolic contents@! the
antioxidant activity was shown in the 1Cso DPPH (r = - 0.5634)‘%RAP (r=
0.8776) assays, demonstrating that the polyphenols in the CRIchountable
for the antioxidant activity. \,
. Both antinutrient factors of CRF were low in con X: 'mean values of
2.16 ¢/100 g dw and 63.18 mg/100 g dw) oxali MEC %c.ids,

S
a
respectively. This reveals that the haulm is a ngredient to be h(@rated
N

in health-promoting products for huma
. The composition of almost all

comparable. The CRF contain ential minerals din Qtassium,calcium,

phosphorus, iron, magnesiur@'ﬂc, coppe,\nd m‘w\'}se.
N

. The isolation of chl% by %entr' gatim(géaethod to obtain CRF
considerably contrit%d\;the I erlevel @ritional properties beneficial
S ion. |

to human and a% %
&
could be a ral sour‘: i éments in developing new ingredient
innovatiens. (ﬁy
¢ J C,)

oﬁch@)n, the sweet potato haulm's CRF
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