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RESULTS AND DISCUSSI%
In this study, the changes of concentrations or activiti ee the unpasteurised

(initial) sample and pasteurised sample indicates the effeet of eMont n the

\
specific analysis provided. % J ' —{‘)
<

c\/; W QT
4.1 Total Solid Content (TSC), m e Conten '@al Soluble Solid of

..\
Unpasteurised and Pasteurise o JUL€$SPHJ)
&

The total soluble solid I s aul ice was analysed before freeze-

drying, while total sole and zlsture onte nlt %e were calculated after the freeze-
1

drying process. Ta 4 |

solid of unpast and urised swe@potato haulm juice.

O
(f) :' S
Q &
Qe, il T@%Con‘r (TSC), Moisture Content, and Total Soluble

olid of unpasteurlse@f pasteurised Sweet Potato Haulm Juice (SPHJ)

SO|Id ent, moisture content, and total soluble

\ SPHJP Total Solid Content Moisture Content Total Soluble
0: (g/100 g wb) (g/100 g wb) Solid (Brix)
Unpasteurised 12.48 £ 0.10% 87.52+0.10° 8.93 £ 0.40°

Pasteurised 11.68 +0.14° 88.32 +0.14° 11.5+0.53*

whb: wet basis




Values with similar letters within columns are not significantly different (Tukey’s test, p<0.05)
All the samples were analysed in triplicate

Total solid content (TSC), also known as dry matter content, is the am all
suspended, colloidal, and dissolved solids in water and can be calculated t ming
process. There was a significant change in the TSC content of Aw’@rised and
pasteurised SPHJ (p<0.05). Total solid content in the unpasteurise potato haulm
juice was 12.48 ¢g/100 g whb, indicating 87.52 g/100 g wb r | of water, while

pasteurised juice had a lower TSC, which was 11.68 g/1 W where 88.329/100 g wb

water was sublimated.

‘ N4
Table 4.1 shows more solids were lost @asteur ati p|4>0é5?(p<0 05),

however, the differences is low. Freeze dryin rem th ‘8§~g/100 g wb

water in both samples of sweet potato ice. K?co gto Sb%te et al. (2020),
&
2.26

g/l wb w@ in nettle and spinach

S
leaf. A
N
0 QC')
Y&
Unpasteurised and p%N ed,S asi |cant difference in total soluble

solids (TSS) content |ch as 8.9 J and [S p<0 05). TSS measured the total
..‘I

freeze-drying removed 92.47 g/lOO g w

y sug{r%followed by vitamins, organic or amino

<

acids present méh@'on. quantifies \@er -soluble components in the food such as

i
| tin'and ' &
glucose, SUC% ctinnand o I‘f (J

er \?I e Sséﬁ’l 5Brix) in pasteurised SPHJP compared to

unpasﬁg’d SPHJP (8. 93°Brc|:;)§§)uld be due to the long carbohydrate chain such as

hydrolyses into monosaccharldes and disaccharides (sucrose, glucose, or fructose).
e

amount of soluble constituénts,

se simple sugars dissolved in the juice when heating was applied, suggesting that

Qlcreasing temperature caused a rise in soluble solids (Dewi et al., 2018). This explained

that unpasteurised SPHJP might consist higher level of starch than pasteurised SPHJP.
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4.2 Physicochemical Properties of Unpasteurised and Pasteurised Sweet Potato

Haulm Juice Powder (SPHJP)

Figure 4.1: Unpasteurised (a) and pasteurised (b ee otat\o,‘EI'aulm
Juice Powder (SPHJP) Z \ E\T
)

Figure 4.1 shows the unpasSteurised an \asthis &HJP after freeze-drying.

Analysis such as water activi olouf wer por or dehydrated products as

these can reflect the nutritiona aliti od products (Bozoglu & Erkmen, 2016;

Syamila, 2019).

S
4 2
Water activ%es en" Wv‘h{ reserving low-moisture food and plays a role in

inhibiting the @gate
¢

consumers significan
immedi &Ne}e i s

characteristics, aimed to achiqxg.conveniency in storage. Colour is not only practically
\

N visualise physical quality, but also can reflect the nutritional content. Table 4.2

wed the physical analysis of unpasteurised and pasteurised SPHJP, which were water

Qﬁtivity and colour analysis.

!
e‘so&"auality. In this study, plant juices must be

N : -
tabléﬁlowders with low water activity as one of the

23



Table 4.2: Water Activity and Colour Analysis of unpasteurised and pasteurised Sweet

Potato Haulm Juice Powder (SPHJP)

Ee—
SPHJP Water Colour Analysis
Activity Lightness Redness Yellowness Total
(aw) (L) (a) (b) Colour
Difference
(AE)
Unpasteurised 0.40 + 3232+ 1.40 + 22,70 £
0.00* 0.60* 0.01% 0.28* 5.98
Pasteurised 0.34 + 33.28 + 7.09 £ 2428 +
0.01° 0.24 0. 09b 0.38°

SPHJP: Sweet potato haulm juice powder ! ¥
Values with similar letters within columns are not signlfl ifferent (T st, p<‘%"§5)

All the samples were analysed in triplicate .

Table 4.2 showed the water ac% dc jr yS|s f npasteurised and

pasteurised Sweet Potato Haulm JU|ce wd (S E{Qmsed sample had a
A&
significantly reduced water actl Pla ) ('@Ie 4.2). The unpasteurised
-
sample had a value of 0. 40, | pasteu mpla%dnmsted of 0.34 of aw. Water
N

(
freeze-drying had be fr@ec-} “water and this indirectly reduced the

deterioration by@m food zogl rkmen, 2016).
Fron@b4 amoti ?'e (ﬁ&;dr change is observed between both samples.

The Delt ’ ab.@'f), suggesting that the colour difference can be
disti %and ispe eptlgle,a\t’%man s normal vision (Obon et al., 2009). In our study

5
f oI r analysis using ahorimeter, only lightness (L*) exhibited non-significant

activity is crucial in p g e dehydrated. pr . The combination of heating and
en a t

‘% between unpasteurised and pasteurised SPHJP (p>0.05). Positive a* and b* values
lecated redness and yellowness of the SPHJP. Pasteurised SPHJP had a higher value of

redness which was 7.09, while unpasteurised SPHJP only had 1.40.
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In food processing, enzymatic browning by polyphenoloxidase is prevented by
dearaetion. Pasteurisation without deaeration to remove oxygen is known to caused losses
of vitamin C and carotene (Fellows, 2017). Therefore, the changes of colour, oWing
of juice powder might be due to the absence of dearaetion prior to pas %on in this
study. In this study, pasteurised samples can be seen in a darker coloﬁr,%kich might be
contributed by the red or brown colour of the sample. In our tudMe'heat treatment
applied on the SPHIJP is higher than 80°C and has shown ivation of peroxidase
enzyme activity. '

However, the increasing temperature during pasteurisation Without d@aetion
probably is causing some extent of enzymatic to oceur cf’ em‘i&rage the
oxidation of phenols in pasteurised SPHIP. A Iue sfé in tvhgjgpasteurised

sample also reflected a negative a* value dlca he saffiple’s original green

colour is preserved. Pasteurisation als S|gn|f|can incredsed of yellowness value

NP

Pasteurisation is a he a ment at ca m‘éctl@ the peroxidase enzyme, but

in SPHJP (p<0.05).

still can cause discolorati od and veget bIe et al., 2017). It can be visually

- o
seen that pasteurised % as brownis ‘hn&/ unpasteurised sample maintained a

dark green colou re 4. 1' \nay b@‘é to common changes of chlorophyll to
pheophytins expo ed rFathﬁSa/nd oxidation. This could be reflected by the
lower tot c conten asteut_ged SPHJP compared to the unpasteurised SPHJP
(Tabl wev& so shown that the antioxidant activity by DPPH and
F tween pasteurised a@)unpasteurlsed SPHJP shows no significant differences

\4 6).
Q%*
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Table 4.3: Water Solubility Index (WSI) of unpasteurised and pasteurised Sweet Potato

Haulm Juice Powder (SPHJP)

h
Water Solubility Index (g/100 g dw)
SPHJP
Warm Cold
Unpasteurised 23.52+1.2342 28.70 +0.92B2
Pasteurised 24.30 + 2.834° 31.36 + 1.758°

Cold water solubility (no incubation, centrifuged at 10,000 rpm at 4°C); warm water solubility (incubation
at 37°C for 30 min, centrifuged at 10,000 rpm at 4°C)

SPHJP: Sweet potato haulm juice powder, dw: dry weight

Values with similar small letters within columns are not significantly different (Tukey's test, p<0.05)
Values with similar capital letters across columns are not significantly different (Tukey's test, p<0.05)

All the samples were analysed in triplicate

v 7 J
Table 4.3 showed the warm and co@ater ;olJbili In@(WSI) of

w
unpasteurised and pasteurised Sweet Potato Nulm J '}wader SRHJP). For both

warm and cold WSI, pasteurised SPHJWW au compared to unpasteurised
SPHJP significantly (p<0.05). \ O

\ Y
A
This might be due to the e offa higheramou Qnatural sugars (11.5 °Brix)

in pasteurised samples that mi el ity Q§amila, 2019). Carbohydrate is a
1ple gar

hydrophilic substanc%c gofsi @ as glucose and sucrose.

4 ’ &
The solubi &g&erce@paﬂe ised and pasteurised samples were higher
1

00 @?\fv), hot air-dried (4.29 ¢/100 g dw), and

than vacuum 8@ ried |
¢
microwav hw ried (Z.140/ (')

dri OO@W) sweet potato leaves (Sui et al., 2019). SPHJP
NN
also had hi solubikity. 'dex 0 g dw) in cold and warm water than purple potato

ﬂ@ich were 5.8 to 20.@150 g dw (Qiu et al., 2019).
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Table 4.4: Porosity of unpasteurised and pasteurised Sweet Potato Haulm Juice Powder

(SPHJP)
N
Magnification
SPHJP
500x 1000x 3000x
Unpasteurised
Pasteurised
Yellow circle: porous structure of powde )
A
o >
9 Q—
Table 4.4 showed th r rlsgé%nd pasteurised Sweet Potato
Haulm Juice PowderCSP ) obtaihed f m S |ng Electron Microscopy (SEM)
images. Based on Table 4¢4, pa ﬁ'rl SISr JR/was more porous (marked as yellow
circle) in phym@ol I th npasteg}sed SPHJP. At 500x magnification, no or
too small po uI bé s wL &;Jurlsed SPHJP, and contrarily for pasteurised
SPHJP. nedfl age re‘con entW|th the relation to the WSI, where pasteurised

SPH& more soluble |n\,W.ter than unpasteurised SPHJP (Table 4.3). The

structure of the powder IS |mportant in determining the solubility of the substances,

Q ere a large surface area due to the porosity gave an advantage in solubility.



Proximate analysis is the quantitative analysis of macronutrients in food where it

consists of the mass percentage of moisture, ash, fat, protein, and carbohydrate. In this

study, proximate analysis was done on the unpasteurised, pasteurised sweet {Q haulm
[

juice powder (SPHJP). Table 4.5 shows the nutritional composition of ES%‘

pasteurised sweet potato haulm juice powder.

G

Table 4.5: Nutritional Composition of unpasteurised and ste%ed Sweet Potato Haulm

Juice Powder (SPHJP) | '\d

sed and

SPHJP Nutritional Composition (g/100 g dw)

Carbohydrate  Protein Ash Moisture  Fibre Fat

Unpasteurised 42.18 £ 3523 + 10.57 £ 9.59 + 844+ 242+

0.70? 0.28? 0.02? 0.52? 0.41° 0.27?
Pasteurised 3933 + 35.26 + 13.24 + 943 + 772+  2.68+
0.42° 0.47° 0.10° 0.18 1.88% 0.06?

SPHJP: Sweet potato haulm juice powdefadws/dry weight basis (7
Values with similar letters within ¢ not 51gn1ﬁca lydift ﬂ&-t— Tukey’s test, p<0.05)
All the samples were analysed in t

In this researc carboh qn t of the unpasteurised and pasteurised

\

SPHJP samples ig antl)l di ntto eza(}%other (p<0.05) (Table 4.5). The reduction

of the carbo con ntin p@st @d SPHJP results might be due to the thermal

processe grad thg s rch@he haulm. The polysaccharides in pasteurised

duced d o&he oqnversmn of this polysaccharide (starch) into smaller

C s ts such as monosac‘b@rldes and disaccharides (sucrose, glucose, and fructose),
resulted in higher total soluble solid (TSS) (11.5 “Brix) (Table 4.1).

0 Meanwhile, unpasteurised SPHJP is expected to have larger number of

carbohydrate content (polysaccharides), due to the unconverted starch into simple sugars
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yet as there is no thermal treatment applied, resulting in lower TSS value (Kong et al.,
2020).

However, it should be noted that the total soluble solid (TSS) sho Wable
4.1, is different from the carbohydrate content in Table 4.5. This is b KSS only
quantifies water-soluble components (a segment of carbohydra%w the juice,

meanwhile proximate analysis for carbohydrate content covers all types of carbohydrates

including insoluble and soluble saccharides, fibre, or su in this study, the

acronutrients. In future,

ohy raMd,beQ_,sessed

using methods such as enzymatic methods, chro raphic andele pI‘orA‘{é methods

carbohydrate is calculated only by difference of 100 with

to improve the findings on SPHJP, the derivatisation of

or physical methods such as refractive index ( ru ‘gr, NI&ZX' al., 2020).

highe ~<‘ti?an unpasteurised
ine_@uch as zinc and iron

The ash content in pasteurised S \0& Si

SPHJP (Table 4.5) (p<0.05). It has Mggesg

were very stable under low h |t|o ’ir @volatility minerals may
contribute to high ash conten@osu h tdu S&S,hmg or drying (Siti Mahirah
etal., 2018; Morris et al., Zwﬁ-nghir con ratbe@of ash and mineral (iron, calcium,
and potassium) in boi%ava leaV .ﬁ‘owrocessed leaves were reported (Achidi

etal., 2005). Th xmoislure a othe&(ﬂ;ements such as fibre might also contribute

to the higher Mce ration palsteu'gsed SPHJP than in unpasteurised SPHJP. Other

than that, rlsey lé—(n this study have a lower ash percentage than the

unpa e sweet potato IgavesVQEthlopla) (Awol, 2014), primarily due to the collective

arH{ n the stalk, stem, aerc:Raaves of the haulm.

QE An increase in certain nutrients after cooking could be demonstrated by water
r

eduction, explaining the inverse relationship between moisture and other nutrients

(Ersoy & Ozeren, 2009). Thermal treatments such as boiling, steaming, dry roasting, and
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microwaving have increased cassava leaves' crude fat content (Ekpo & Baridia, 2020). In
our study, the difference between the protein, fiber and fat content of unpasteurised and

pasteurised SPHJP was insignificant (Table 4.5).

There was no significant difference in the protein percentage |mgasteurlsed

and pasteurised SPHJP, suggesting that heat treatment exposed to t urised sample
(85°C, 5 min) did not change the protein content in SPHJP (M). Chirwa-moonga
(2020) supported this finding, which reported that crud om purple sweet potato
leaves was not affected by steaming (95°C, 10-15 high amoun protein was
detected mainly in the sweet potato and cassava le (21.85 424.5 /,100@5&;) with
essential amino acids such as glutamate, leucine, aspattate, anI sin (Iyak?et al., 2015),

but the amino acids content of SPHJP haswz

thermal blanching might cause the leach

ed Ié@?suggested that

ater-selub protbﬁ&romthesamplelnto

the surrounding water (Xiou et al., 017, L eﬁw ’s{JQy the macronutrients of

the juices were contained Wlthln t e-jacketed steurlé%’and dried using the freeze-

drying method. Therefore, pr Id hlng.h‘é? been successfully avoided.
j“'

; | %

Mechanical a% and juicin a'r.e cr |aI pre-processing steps to release
chloroplast orga& om th'?lr

0/100 g dw ence in th

¢

all ( IIo Gbmez et al., 2019). There isa 0.72

’:onte(n_t}\of the SPHJP whereby 8.44 g/100 g dw of

unpasteur nsisted of fl@ as compared to pasteurised SPHJP, which had
of"f@)

has‘@l suggested that the modification of total dietary,

i N
nd insoluble flbrex&'é highly dependent on processing temperatures. Heat

nts such as boiling and pressure cooking also increased soluble fibre in barley

@Eader Ul Ain et al., 2019).
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In the research reported by Ishida et al. (2000), leaves from sweet potato mainly

contributed to the soluble fiber (5.94 - 6.90 g/100 g dw) while its stem made up of

insoluble fiber (10.40 — 11.30 g/100 g dw). The insoluble fibre in the hau@ave

turned into soluble fibre in the presence of heat (85°C), which is deﬁo%ed by the

pasteurisation of Aloe vera fillet at 85°C for 15 minutes that resulted in a [ower cell wall
polymer (0.268 mg/g dw) than the fresh fillet (0.345 mg/g dw) (R&:ez-Gonzélez et

al.,, 2011). As the temperature increases, the rate of bre lycosidic bonds in

polysaccharides is also increased, contributing to the rel oligﬁsaccharides (Yiet

al., 2014). Soluble dietary fibre could provide health efits by ng a?g,el and

increasing gut health by slowing down digestio g gastric t)Ang{'ﬁ?eventmg
constipation, and creating a fullness sensatio rod ga =2018; ‘Lv& Komarek,
2017). Hence, further study must be c t "c'\eter nlng concentration of

soluble and insoluble fibre content of J
.\
\T Q

Both freeze-dried SPHJP I stuay had shightly Iﬁaher moisture content (9.43-

9.59 ¢/100 dw) compared to e-dri GN,ES Q%é g/100 g dw) (Siti Mahirah et
al., 2018). Moisture Yv Pln 79 ay est that the freeze-drying process
applied in this studqul

("@ I

furt @ij‘ educe the moisture content of SPHJP.

ugge@o confirm the physical characteristic of

Moreover, a hy: Icit

SPHJP at ro@er uré.

tlve a€titgﬁ‘sm:h as-pasteurisation should be applied to minimise or avoid
N o .
hazards in food (F«@A, 2011). Pasteurisation on Justicia secunda leaves has
ined its nutrient retention and quality (Neba et al., 2020). On top of that, heat
atment at 85°C can deactivate the plant's enzyme and preserve the quality of nutrients

Ilke carotenoids and galactolipids in peavine haulm powder (Wattanakul et al., 2020).
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In our study, the heat treatment applied on the SPHJP is higher than 80°C and has
shown deactivation of peroxidase enzyme activity, which may provide a stable shelf-life

and safer food consumption. It was proven that pasteurisation could reduce thcrobial

load on food and juice samples such as Listeria monocytogenes and OCED/ getative
pathogens (Peng et al., 2017). Further study to analyse the microbial safetyrof the SPHJ

should be done to understand the impact of pasteurisation on th% e.

In response to the current trend to go green-based, olgome, and absolute plant-

l

based products, the high percentage of carbohydrate489:33 g/100 'g_dw),grotein (35.23
L ]
0/100 g dw), and fibre (7.72 g/100 g dw), ash (10.57 0 g dw) in bot hf u eurised
=
and pasteurised SPHJP could be the key to sustaifhable fogd utrignts an@-—production.
Y

These nutrients could be converted or further fermented i Me

SU@d a new source

of plant protein. Furthermore, carbohd\%e ped oid the é§jation of polyphenol
e

(Wang et al., 2016), which islinketto the abiki IeT/e /séqtioxidants.

o S

Leaves were found to nge freeadic k')‘etteggén the skin and flesh of sweet
A
extracts ca

r@utilised in food products such as

potatoes (Makori et al., 2 e Iet
Lt
juice, ice-cream or pa% nctio Y;J as % rectly associated with human health

as anti-diabetic, &T@cer tmproves ioprotective effect (Alam, 2021). This

&

showed that M informati the Im are needed to ensure that haulm can be
- ]1°2¢ .9
fully utiliseehandsprovide asus ma@utrlent.

w er, ftfthg-&jy W%Aﬁr\be conducted to determine its mineral compounds,

: . Y o o
S d insoluble dletaryi@e, and amino acids concentration in the SPHJP samples.

In gation on the antioxidant and anti-nutrient properties of the haulm should also be

0 .
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Table 4.6: Total Phenolic Content (TPC) and antioxidant activity of unpasteurised and

pasteurised Sweet Potato Haulm Juice Powder (SPHJP)
h

Total Phenolic DPPH Scavenging  Ferric Reducing

Acid (g GAE/100 Activity (%) Antioxidant
SPHJP g dw) Power (FRAP)
(nmol Fe (II)/g
dw)
Unpasteurised 2.09 +0.09* 67.17 +£3.90° 42413 + 12.47%
Pasteurised 1.45£0.34° 67.64 +£3.27° 441.50 + 22.60*

SPHJP: Sweet potato haulm juice powder, GAE: Gallic Acid Equivalent,
Values with similar letters within columns are not significantly different (Tukey's test, p<0. 05)

All the samples were analysed in triplicate e I ' _\C')
4 b

m Y
Table 4.6 showed Total Phenolic Content (T antiexidant activity of

d(ééf;PHJP). The changes

itial) sample and pasteurised

of antioxidant’s concentration bet en the'un ri
A
sample indicates the effect of heat? entupon t ant@nt activities. In our study,

(

unpasteurised and pasteurised Sweet oﬁojau

4]
it was found that there was a s cant di e (p<&6‘$) in the total phenolic content

(TPC) of unpasteurised-(2. 0;5 GAE/IOO gydw) a asteurlsed (1.45 g GAE/100 g dw)

SPHJP (p<0. 05) (T ble 4:6). P s&ex( n gaéjﬁd a significant reduction in the TPC of
e

@1/

SPHJP, probab to th of Pasteurisation had been found to be the
factor to the PC n.q)astﬁuycl'sjed than the unpasteurised SPHJP.

s asin gg gnt wi \-\p\ewous studies that polyphenols were thermolabile
s and prolonged he%f)treatment caused chemicals and properties’ changes to

pound (Kalt, 2005; Zhou et al. 2016). Honey beverages also exhibited a

ignificant reduction (p<0.05) in TPC values after pasteurisation (Norhayati et al., 2019).

Garcia-Alamilla et al. (2017) agreed that the decrease of TPC is related to the thermal and
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oxidative of the compounds. In addition, some phenolic compounds are low in molecular

weight; thus, it become easily volatile at high temperatures (Djikeng et al., 2018).

Total phenolic content (TPC) of SPHJP were slightly lower ?&:otal
polyphenol content of unblanched (6.42 g CAE/100 g), uncut-blanche %otato leaf
powder (4.91 g CAE/100 g) and cut-blanched sweet potato leaf po 90 g CAE/100
0) (Luo et al., 2020). It was expected that blanching caused the IW of micronutrients

into the water (Wattanakul et al., 2020), contributing to t re&tion of total polyphenol

in the sweet potato leaf powder. It was confirmed cut IeWed the least
3
polyphenol content due to the more surface area exp to the water. V\'eve ~the losses

K

due to the leaching of nutrients did not occur as tilised‘q'a et pastwriser for the
pasteurisation process, explaining the sens@tio i 4

Sun et al. (2014) stated that carbohy a‘svy provi
polyphenols. This is because, in na@ph ‘oLQrTn ;aalycosides form and bound
to the sugar, discovering the interaeti beﬂv%o;ooh}@ and phenols (Mrduljas et
al., 2017; Zhang et al., 201N z:lte i HJP&%& more carbohydrate content,

which might be the f rto%e higher TP mo@an the pasteurised SPHJP.
4 ’ &
The swe@ tops Fom of s@nd leaf, contained greater TPC than the

&
f (ISlam et ). S@es on the total polyphenol content of orange-
'
sult

fits towards Reat. In addition,

a protectite mechanism against

root and tuber
‘ NE ¢ (.)
fleshed t eet pot G[_m a range of 0.946-0.1361 g GAE/100 g (Alam et

e
al., 20% relatf(/ co ed to the unpasteurised and pasteurised SPHJP.

NG

A DPPH (1,1-diphenyl-2-picryl hydrazyl) is a compound composed of free-

ical molecules. In the presence of antioxidants, the dark coloured of DPPH turned
Q-

llow due to the reduction of the stable DPPH radicals to diphenyl-pricrylhydrazine

depending on the antioxidant capacity. The scavenging activity of unpasteurised and

34



pasteurised SPHJP against DPPH did not significantly differ (p>0.05) (Table 4.6). Ali

Ghasemzadeh (2012) studied that the DPPH scavenging activity of leaf from six varieties

of sweet potatoes ranged from 32.8 to 62.12%, slightly lower than scaveng@y of

SPHJP (67.17 — 67.64%) (Table 4.6)., and this might be attributed tﬁ@?ﬁ

cultivars, or different medium of growing sweet potato plants.

nges in

A FRAP assay determines the antioxidant's ability in Wc to reduce ferric

ions (Xu et al., 2010). In this study, the FRAP value of np?ﬁsed (424.13 pmol Fe

(I1)/g dw) and pasteurised (441.50 pmol Fe (I1)/g dw) no@vdavy significant
difference (p<0.05) (Table 4.6). However, both of these values were i e'Wiﬂqf-reeze-
| | &
dried sweet potato leaf extracts collected from ersiti Put aysia‘?vhich were
4

between 320.5 to 746.2 umol Fe (11)/g DW (AlkGhase

High correlation between TPC @AP

0.91) and pasteurised SPHJP (r= 0. Hiw

compounds in terms of its anti gﬁl)act'i’vi%n ib ost to the ion reducing
ability of both SPHJP in this %Verwlg)&q%\mver, the scavenging activity
and ferum reducing the y off pas rlse -@ unpasteurised SPHJP was not
significantly different%ly due

ml‘ld(@at treatment applied to the pasteurised
SPHIP (85°C). T s%estedlthat p steuri@n (85°C, 5 min) had significantly affected

Zadeh, 9012), \.z'b’
ivi unp gé:rised SPHJP (r=

ion Qcated that phenolic

i

B

/

N
the phenolic Nbu insign 'c‘%dtly@)&etted antioxidant activities.

o«
O

—h

T ity o to enge DPPH as it contained many phenolic

SP
com: chas3,5 |-chaﬂ’spquum|c acid mainly, followed by 3-O-caffeoylquinic

ank A

i-O-caffeoquuinic\:c?d and Isoquercetin (Suérez et al., 2020). Moreover, the
i nce in the scavenging activity of sweet potato leaves from previous studies might

Qe attributed to the changes in the cultivars (Luo et al., 2020). A FRAP activity in

nectarine juice after pasteurisation 15 at 20 minutes at 80°C also did not show any
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significant difference, showing the stability of antioxidants activity following a mild heat

treatment (Laslo et al., 2017).

Each of the antioxidant analysis, like TPC, DPPH scavenging activ@AP
activity has advantages and disadvantages due to its characteristic afg%u nism of

actions. This explains why different tests produce different data but reliable enough to

give information on the products. \3

Moreover, these methods of determination actually de the condition of the

ent. T t:]l phenolic content
(TPC) has many advantages such as produce highly reliable aM‘ anQ~robust
TR
method (Munteanu & Apetrei, 2021). In case restimati o{_(’h}(:iocalteau
method, samples with low TPC, such as p I ERQ mi I@rovide larger

luble compounds (Bels¢ak

sample, its particular characteristics and specific re

encouraged to be studied, to rule ;;ananoa-p%

sugars). \

DPPH scaver%‘ivity ald
transfe

FRAP a@lty accounts antioxidant activities
4

based on the electrm\ ri tal., Zééﬁzor DPPH, which is a nitrogen radical,
has a longer h@om &pe&}%ﬂ radicals. Antioxidants react very reactive
towards per&yvadic s,‘re tin'g & ow action on DPPH radical. Therefore, the
determinati f the sca ing \ity might be inaccurate as the antioxidants are

X
reaﬁﬁslowly or inert to DPQ?.;V(Pokorné et al., 2015). Furthermore, DPPH is highly
N

E&e to light, therefore control of light exposure should be imposed strictly. Although

H activity is rapid and simple method, DPPH is only soluble in organic medium, thus

Q limits the activities of the hydrophilic antioxidants (Hidalgo & Almajano, 2017;

Ulewicz-Magulska & Wesolowski, 2019).
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Meanwhile, the sensitivity of FRAP activity can be seen on the acidity
requirement where it needed to be conducted at pH<3.6, to keep the solubility of the iron,
avoid it from precipitating, and form solids (Carlsen et al. 2010). Moreover, ;he\gdyah‘tage
of low level pH is allowing a decrease in ionisation force and increase i‘p'ire-d?}.(:' 'rveaction
and drive electron transfer (Hegerman et al., 1998). Nevertheless, in thls study it is found
best to be test the stability of the antioxidants in unpasteurised qnd pé-'s;t'eu‘r.ised SPHJP in

terms of TPC and FRAP activity.

Table 4.7: Anti-nutritional content of unpasteurised andgpasteurised Sweg_t_”Potato Haulm

Juice Powder (SPHJP)

SPHJP Antinutrient Content

Oxalic Acid (mg/100 g dw) Phytic Acid (g/100 g dw)

Unpasteurised 1038.66 £ 65.18* 0.04 £ 0.00*

Pasteurised 767.89 + 63.452 0.01 £ 0.00°

SPHJP: Sweet potato haulm juice powder, dw: dry weight basis
Values with similar letters within columns are not significantly different (Tukey's test, p<0.05)
All the samples were analysed in triplicate

Table 4.7 showed the anti-nutritional content of unpasteurised and pasteurised
Sweet Potato Haulm Juice Powder (SPHJP). This study determined the oxalic acid
composition in unpasteurised and pasteurised SPHJP.

Oxalic acid and oxalates exist in different amounts and levels in various plants
such as leafy vegetables. In plants, these compounds act as a mechanism for self-defence
against insects, pests, and other animals, also play a role in photoremediation of toxic

soils caused by heavy metals (Prasad & Shivay, 2017). However, for humans, oxalic acid

‘ is one of the anti-nutrients that can distort with mineral’s availability in our bodies. A

Ny high concentration of oxalates may cause the development of kidney stones. Therefore,
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any vegetables which are high in this compound should not be consumed in large amounts
(Savage & Vanhanen, 2019).

This study found that unpasteurised SPHJP contained 1038.66 mg/100 g dw while
pasteurised SPHJP contained 767.89 mg/100 g dw of oxalic acid (Table 4.7). Compared
to the findings by Ooko Abong’ et al. (2020), leaves from two varieties of Kenyan’s
orange-fleshed sweet potato which are Kabode and Yellow sp varieties consisted of
1369.09 and 1618.71 mg/100 g dw, showed a higher amount of oxalates than both SPHJP.
In other studies, boiled fat hen leaves had a lower total oxalate (682.79 mg/100 g dw)
than raw leaves (1112.40 mg/100 g dw). The amount of calcium bound to the insoluble
oxalate is also higher in raw leaves than boiled leaves, suggesting that heat treatment

might reduce the formation of calcium oxalate (Savage & Vanhanen, 2019).

Phytic acid is another anti-nutritional factor that may chelate with minerals and
essential nutrients. Based on Table 4.7, a significant reduction was detected in phytic acid
levels of unpasteurised SPHJP (0.04 mg/g dw) and pasteurised SPHJP (0.01 mg/g dw)
(p<0.05). This showed that the pasteurisation process could enhance the reduction in
phytic acid in the sweet potato leaves. Inyang Udousoro et al. (2013) stated that heat
treatment at 90°C decreased the phytate level (74.6%) in the curry leaf (Ocimum canum
sims L.) while heating at 90°C for 15 minutes significantly caused a loss in all anti-
nutrients such as oxalate, phytate, tannin, and cyanides. In addition, obtained phytic acid
values in both SPHJP in this study were lower than leaves of Kenyan’s orange-fleshed

sweet potato, which ranged from 1.14-5.33 g/100 g dw (Ooko Abong’ et al., 2020).

In general, pasteurised SPHJP had higher mineral content and better water

N - solubility index and consisted lower water activity, carbohydrate content, TPC and phytic

dacid amount (p<0.05) than unpasteurised SPHJP. However, pasteurisation did not

significantly affect protein and fat content, antioxidant activities and oxalic acid (p>0.05).
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It is suggested that sweet potato haulm should be pasteurised upon consumption due to

the higher nutrients’ availability as revealed.

Further study should be conducted on the effect of pasteurisation on the protein
fraction, profiles of vitamins and mineral available in the SPHJP. In addition, the data on
other physical characteristics of powder such as hygroscopicity and dispersibility. As for
the antioxidant compounds, analysis on the carotenoids or flavonoids content, can be
additional information regarding the benefits of SPHJP. However, anti-nutrients could
become another threat to the existing beneficial nutrients, hence the content of other anti-

nutrients such as tannins and cyanide, should also be determined.

v

4.3 Storage Stability of Unpasteur@aste i
Powder (SPHJP) using Ferric Retcing n&nf %ERAP) Assay and Total
Phenolic Content (TPC) @

S V'@

During storage, the deterioration of nutrient’s quality may be contributed by

>

certain factors such as temperature, light, oxygen, or water activity. Therefore, it is crucial
to evaluate the effect of pasteurisation and light exposure during SPHJP’s storage (180
days, 20°C) on Ferric Reducing Antioxidant Power (FRAP) activity and Total Phenolic
Content (TPC). Table 4.8 showed the FRAP Activity of unpasteurised and pasteurised

SPHJP during storage under light and dark conditions.
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Table 4.8 FRAP Activity of unpasteurised and pasteurised SPHJP during storage under

light and dark conditions

E—
SPHJP Day FRAP Activity (umol Fe (I)/g dw)
Light Dark
Unpasteurised 0 424.13 £ 12.4742
14 407.72 + 8.05%2 359.54 + 16.70Bb
60 411.14 + 17.0342 360.96 + 15.78Bb
120 364.99 £ 13.014° 348.96 + 15.99AP
180 330.01 + 14.10%¢ 349.00 + 41.704°
Pasteurised 0 441.50 + 22.6042
14 457.93 + 14.137 392.40 + 22.30B2
60 356.13 + 12.344A° 377.40 + 22.204
120 322.90 + 20.10A° 400.59 + 16.8552
180 314.00 £ 26.504° 375.30 + 32.1042

Values with similar small letters within colu s
(Tukey’s test, p<0.05)

Values with similar capital letters across colum Vlgmﬁca tly different ﬁey’s test, p<0.05)
age) ot significantly different

All the samples were analysed in trlpllcat _\
&
The FRAP activity ésteuﬂsed B-UP@der both conditions was

<

SPHJP there was 22.% in FR - P ac \:‘ll&/ u@br light conditions while 17.71% of

significantly reduced aft trj rag (p<0® (Table 4.8). In unpasteurised

loss under dark conditions (p1

4/0(0

It was SO reveale ht a d the FRAP activity at the early storage
period, whi e day 4 4 7;“@(3 (I1)/g dw) and day 60 (411.14 umol Fe (I1)/g

NN
dw) (p£0.05)*Howév 'days and 180, there was no significant difference in the

FPA,Qtlwty regardless of light*or dark conditions (p>0.05).

The highest reduction in FRAP value was noted (28.88%) (p<0.05) under light

Ondition, while lowest reduction was under dark conditions (15.01%) (p>0.05) in
pasteurised SPHJP. After 180 days (6 months) of storage, pasteurised SPHJP under dark

conditions did not contain any significant reduction in the FRAP value, suggesting that
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the pasteurisation process and the absence of light when storing SPHJP could retain the
FRAP mechanism. Heat treatment has been proved to improve physicochemical

properties and enhance the activities of antioxidants due to the breakdown @am

compounds in honey (Sulaiman & Sarbon, 2020). : (f)

Light exposure caused a loss in FRAP activity in asteurised and
unpasteurised SPHJP. Similarly, FRAP value in chia microgreens also had a notable
decrease of light-exposed microgreen than dark-grown mi roRﬁue to the presence of

the degradatiop of flavonoid
compound, naringin, respectively reduced the antioxidant tivif/ Mﬁt {&iditions
after 11 days. Exposure to light had a negati% on th ' X,

flavonoids (loannou et al., 2020). Naringin had been

light (Mlinari¢ et al., 2020). loannou et al. (2020) studi

be o the phenolic

compounds that present in the Ipomoea ba A S(ZQD\Q etal., 2017).

O

In general, the loss of FRAP activi I onditions in 180 days

demonstrated that the antioxidant compoun@s undergo an oxidlation process. Specifically,

&

major degradation of FRAP actiwity underh ondi@s for both SPHJP, probably due
to the photo-oxidatio(of bzactive lmp nds§ as phytochemicals (Lu & Zhao,
on of*pr 4 m th idation process could decrease the

2017). The forma,y'\ p|
concentration aéq‘tion ol cons@tly reducing antioxidant capacity. The
hlghestdepl&-y FRAPac

by ther %atioy,uﬁ

(Perkls, 92). Therefore, incﬂgﬁ.study, the pasteurised SPHJP under light conditions
N

as'more prone to photo-oxidation than unpasteurised SPHJP.

!
y'in &(c@eurised SPHJP was expected to be encouraged

cc@ high temperatures and produces free fatty acid

High standard deviation obtained in the FRAP values in Table 4.8, might be due
to the human error happened when conducting laboratory work. However, all results

obtained have reliable coefficient of variation (COV) which were less than 15%. Some
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of the improvement that can be done to reduce human errors when conducting FRAP

assay is the ferrous sulphate standard solution should be stored in amber volumetric flask

to ensure complete blockage of light as iron is easily oxidised and the SJU\IE could

change from colourless to pale yellow. For the pH meter, it should be SLM’ed before

each use to ensure accurate pH value obtained. This is because buffer should be

maintained at pH 3.6 to ensure iron solubility and avoid its precipitazn due to the low

acidic environment. Y.

Kinetic degradation can be used to predict t ty deg%nd shelf life
of a product during storage. Table 4.9 showed the ic degradationtfor, FRggctlwty

of unpasteurised and pasteurised SPHJP durlng sto unde‘i light and dar?eondltlon

Table 4.9: Kinetic degradation forx t|V|t ast&S@ed and pasteurised
SPHJP during storage under light and dar C%T &

A
SPHJP Zero Order First-Order Second-Order
K R?  Half- Kk R?  Half- K R? Half-life
(day™) life  (day™) life (day™) (day)
(day) (day)
Unpasteurised  Light 0.5032 09360 107  0.0013 09336 533 4.0x10° 09294 10x 10’
Dark 0.2847 04590 60  0.0007 04729 990 2.0x 10 04875 21x10’
Pasteurised  Light 0.8182 0.8399 181  0.0022 0.8634 315 6.0x10°% 0886  73x 10°
Dark 02159 03667 48  0.0005 03691 1386 1.0x10°¢ 03713  44x 10’
T actly i gﬁéed SPHJP under light conditions followed a zero
C 'degr

and r kineti

datiod with a R? value of 0.9360 and 0.9336, respectively
K/

) Meanwhile, paste\'lsed SPHJP followed first and second-order reaction with

value of 0.8634 and 0.886, respectively. However, the determination of reaction

der for the SPHJP stored under dark conditions cannot be concluded due to low R?

values, which were less than 0.4875.
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Low rate of constant in kinetic degradation explains that the product can retain
FRAP activity during storage (Tavares et al., 2020). A lower reaction rate (first-order
reaction) was found in unpasteurised SPHJP than pasteurised SPHJP, WhIC®013
and 0.0022 day, indicating that pasteurised SPHJP had a higher rate o %actlwty ]
degradation (p<0.05) (Table 4.8). A high temperature might %Me bioactive
compounds and lessen the antioxidant capacity of the substance (ertval., 2016). This
was in line with Table 4.8, where unpasteurised SPHJP had gradation (22.19%)
in FRAP value compared to pasteurised SPHJP (28.8 gnlft:antly under light

condition (p<0.05).

‘ N4
! ")
Antioxidant compounds such as anthocyani,were t‘he S|t|v?eompounds

and high-temperature process might mcre&thz;ate 0 atio%@c'tlon (Su et al.,
2019; Tavares et al., 2020). In additi n, alf-lif 0\ pasteurised SPHJP in reducing

p stetirised SPHJP, which was

533 days. The degradation of the the Lﬁa}asteurlsed and pasteurised

2

e goqﬁ 2 values and relevant half-life

discovered. I | 0
) uj &
| b
Phenoll ound S|mp enols phenolic acids and its derivatives,

fIavon0|ds, nsjtaﬂnl ygnlrﬁ'-')md others, have the ability as antioxidants.

b.)bl 4®showed the Total Phenolic Content (TPC) of

(Blalnzy 5 2(}'[
unpa d and pasteurised cssﬁ.P during storage under light and dark conditions.
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Table 4.10: Total Phenolic Content (TPC) of unpasteurised and pasteurised SPHJP during

storage under light and dark conditions

SPHJP Day TPC (g GAE/100 g dw) —
Light Dark
Unpasteurised 0 2.09 £ 0.0942
14 1.35 £ 0.424a 1.69 + 0.2248
60 1.19 £0.074° 1.03 +£0.114°
120 0.77 + 0.434¢ 0.61 £ 0.434°
180 0.48 £0.164° 0.56 + 0.094°
Pasteurised 0 1.45 + 0.34%8
14 1.27 £ 0.214 1.16 + 0.094¢
60 0.74 + 0.344A 0.92 + 0.40%2
120 0.57 £ 0.584% 0.75 £ 0.54%2
180 0.41 £0.154° 0.53 £0.3142
SPHJP: Sweet potato haulm juice powder (ﬁv x
a iffer key’s test, p<0.05)

Values with similar capital letters across col re mot significan
Values with similar small letters within columns ach eatme?t

(Tukey’s test, p<0.05)
All the samples were analysed in triplic t%
SR
Based on Table 4.10Ne ignificant Iogﬁ'n TPC value of unpasteurised
N
SPHJP under light an@ark gndition ndp tqu@nder light condition (p<0.05), but
T

orage) are not significantly different

s

no significant chanKin) Y Dg@ steuréejd' SPHJP under the dark condition from
>0.05).. Thisgvas in@with the findings from Table 4.8, where

day 0 until day@
N
O

pasteurised nder dar o‘p('jiti@rpdid not exhibit any significant loss in FRAP

value i (%Hs of storage. N
ZQH ¥ <
Thevhighest losses of were noted in unpasteurised SPHJP under light

;Mon (76.87%), followed by unpasteurised SPHJP under dark conditions (73.13%),
S

K

%
&

teurised SPHJP under light conditions (71.38%) and the lowest loss found in

asteurised SPHJP under dark conditions (63.72%).
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TPC started to degrade on day 14 for unpasteurised and pasteurised SPHJP under
light conditions (p<0.05). This explained that exposure to the light decreased the amount
of TPC in the first two weeks. Similarly, TPC values in unpasteurised a Wsed
honey beverages degraded significantly (p<0.05) after 2 weeks (Nor x 2019).

Further degradation occurred on day 120, where the TPC for unpasteurls SPHJP was

\,

Another possible factor contributing to this migh beWesence of peroxidase

0.77 g GAE/100 g dw (p<0.05).

enzyme in unpasteurised SPHJP as significant loss yof T CJstop ed at day 14

for pasteurised SPHJP under light condition. Enzymes suchas p OMG pQthenol

oxidase negatively affected TPC by oxidizing p%s |r}to uinanes 'f%%th brown

products (Hutabarat & Halbwirth, 2019; Walke Fe @’zymes would
in p §

contribute to the phenolic degradatlon a rq

All samples except for p teurlsed ’&Lk conditions possessed

0 days. | , th@eurlsed SPHJP under light

significant TPC losses (p<0.05) a

conditions showed a similN Norlham et al. (2012), where the

pasteurisation (25°C, sec ds) hadl1gm cant ‘iraded TPC in winter melon puree

after 180 days of s rag | \" (_}
Klnetlc egradatio @Iso 2@ be assessed to study the rate of reaction
|

and the half he olf)y als coFﬁDound in unpasteurised and pasteurised SPHJP

@,
during 0 undes.ll ht and ar@dmons
b

A &
N
S
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Table 4.11: Kinetic degradation for Total Phenolic Content (TPC) of unpasteurised and

pasteurised SPHJP during storage under light and dark conditions

SPHJP Zero Order First-Order
k R? Half- k R? Half-
(day™) life (day™) life
(day) (day)

Unpasteurised Light 0.0075 0.8489 0.0078 0.0073 0.9528 95
Dark 0.0083 0.8560 0.0087 0.0075  0.9269 92
Pasteurised  Light 0.0060 0.8872 0.0041 0.0069  0.9611 100
Dark 0.0046 09185 0.0033 0.0051  0.9737 136

X175

Table 4.11 showed the Kinetic deng fo,\ unp@;‘rurised and
d

pasteurised SPHJP during storage under W ark condition. %Cdegradatlon for

SPHJP under both conditions had naated to fo fw@rder reaction (Table

4.11). Similar results were obtaln ixa ore Iga riollo cocoa beans, where
the degradation rate of phen pounds f 0Wed<3((3 order Kinetic (Fernandez-
Romero et al. 2020; Zapat 0 )%zo rdy kiwi puree at 25°C acted on
first-order kinetic de in 72 h urs ‘gtlor (K|m etal., 2018).

Pasteurise WP un'ie \k\cond@{ seemed to be fit the first-order kinetic
degradation W the est 9737, Wi 'h%ﬁe lowest rate of reaction, k of 0.0051 day*

and most end hal |f 0 S'd;Q/f?rhls showed that TPC degraded slowest under
NN
dark c |thft ?of pﬁ@msaﬂon Pasteurised SPHJP under light conditions

haﬁakher reaction rate, 0. @ day? and shorter half-life (100 days) than pasteurised

?\P under dark conditions.

Unpasteurised SPHJP under dark conditions has the shortest half-life of 92 days
and the highest rate of degradation, 0.0075 day™*. Meanwhile, unpasteurised SPHJP under

light conditions had k value of 0.0073 day™ , and half-life of 95 days, not much different
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with the light-exposed unpasteurised SPHJP. This indicated that pasteurisation helped
slow down the rate of phenolics content degradation and retain the highest shelf-life (136
days). The inactivation of peroxidase (through pasteurisation) that degra@olic
compounds and its antioxidant activities, retain the ability of phenolst& ain shelf-

life (Rabie et al., 2015; Odriozola-Serrano et al., 2008).

Another antioxidant compound existed in sweet potatodleaf tips, carotenoids, in
which its degradation also followed a first-order reaction (Tang et al., 2021;

Seregelj et al., 2020). In the same study, the freeze- roten 'd's level from sweet

potato peel extract was significantly degraded underlight conditions. Bhi nﬂg@ndicate
| &

that antioxidant compounds such as polyphen nd caro}en ids were %J“}ceptible to

degradation, especially at high temperature%unde hh:\

oxidation. However, the half-life of the % id

pos ru?énd prone to

, which'was 55 days under

elj &t@, 2020), compared to

dark conditions and 15 days under light cenditions (
Cf) 'OK A
SPHJP. N
[} 4 QC_—)
. ; & .
In fact, it could be sug t osuglan fasten the rate of degradation
of TPC in the SPHJR"and %er agriypro@mvertheless, pasteurisation and
:'a ! ¢
ay h "e aIf—Ii@f reducing 50% of TPC and low loss of

Torigel

t

I e urthe@dy should be conducted on the storage at

chilled or I@np atlre Jb'suclgg‘-r}om the previous study showed that kinetic

parame &T\en?i D.cyp ndé\}tioxidant activities and stability of nutrients are
b4

strongly dependant on storage Ec_)@;rature (Wattanakul et al., 2020; Jerry & Bright, 2019;
\

: ., 2018; Kim et al., 2018).

nutritional cont

dark condition alsoK
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