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Abstract

Extruded oducts were made from an oat fibre-corn flour matrix fortified with 1.5%
(w/w) curc 1ds (750 mg curcuminoids/100g) to improve the solubility and stability of

curcumin&s. The effects of extruder feed moisture content (21, 28, and 35%) and screw
speed (HO rpm) on the extrusion parameters and physical properties of final snacks

were investigatdll. Curcuminoids lost during extrusion and curcuminoids loss during

Gl

subsequent dyam® of extrudates were analysed, in order to separate the losses occurring in

each uni s. Drying post extrusion (at 50°C for 4 h) was essential to obtain a crunchy
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shelf stable product (5% moisture). Curcuminoids loss during extrusion was from 17 to 84%,
with high loss for the extrusion with low feed moisture content (21%). A further
curcuminot ss of 4 to 44% occurred during drying, with much higher loss for the
extrudate d'\oisture content. Total curcuminoids retained after extrusion and drying
was 1210?(59 to 88% loss), equivalent to 180-616 mg curcuminoids retained per 100g
snack, levels within recommended daily dose. Curcuminoids retained after drying was stable
during SOQ storage at 25 °C. The results highlighted the importance of understanding
the impa eafh unit process separately (e.g. extrusion and drying) on the stability of

curcuminmEs onhe development of healthier extruded snacks.

Keyword:s:urcuminoids, extrusion, oat fibre, functional foods.

Practical mtion

products were developed by fortifying the snacks with oat fibre and

curcuminoids 1 order to address the need for a healthy ready to eat food products. Some

extrusion !Earacteristics were selected to produce snack products which have favourable

properties @ of consumer acceptance.

Ready-lHks are popular among consumers due to their convenience and attractive
appearanc@xture (M. Brennan, Derbyshire, Tiwari, & Brennan, 2013). These snacks
are regarded gh energy, nutritionally poor food products (M. Brennan et al., 2013) but
bioactive onents can be added to improve their nutritional value. Curcuminoids are
hydrophobic polyphenols, derived from the rhizome of turmeric plants (Anand,

Kunnumakkara, Newman, & Aggarwal, 2007) that offer great potential for inclusion in
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snacks to create fortified functional foods. There are three major curcuminoids including
curcumin (curcumin I), demethoxycurcumin (curcumin II) and bisdemethoxycurcumin
(curcunﬂd et al., 2007; Schaffer, Schaffer, Zidan, & Sela, 2011). Together, they
display a of biological and pharmacological activities (Anand et al., 2007), they
can alsg asmatural food colorants. Encouragingly, a minimum recommended dosage of
500 mg ¢ moids per day has been shown to decrease the levels of serum cholesterol and
lipid peromi, Tewas, & Eckel, 2008). This provide an opportunity to have at least 180
mg curcuW(a third of daily recommended dosage) per serving of a food product. The

potential 0: cur5nin0ids as a bioactive ingredient in functional snack foods and the effect of

its inclusi(& physical properties of snack foods have not yet been explored.

One of th in technologies known for manufacturing of snack products is extrusion

cooking. Daar xtrusion cooking, the raw materials are subjected to high temperature and
shear. onditions can result in many chemical and structural changes, including the
molec rmation of biopolymers, such as starch and proteins (Moscicki &

Zuilichem, 2012; Wolf, 2010) and the degradation of bioactive components (C. Brennan,

Brennan, hbyshire, E., & Tiwari, B. K, 2011; Hirth, Leiter, Beck, & Schuchmann,

2014; Yin015). The effect of extrusion cooking on curcuminoids, in the context of a
snack rﬂwever, is not known.

a >
As curWs poorly soluble and unstable in water, a carrier material could prove
effective for impijving handling, stability and bioactivity. Such a carrier material will also
ideally add nutritional value to the apparent matrix of the snack food. Oat fibre is a
good p(ﬁl’didate for a carrier material. It is rich in soluble fibre, such as f-glucan and
is known for its beneficial effects, including the reduction of blood cholesterol and the risk of

heart diseases (Wood, 2007). Our previous study has also shown that curcuminoids and oat
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fibre effectively interact, demonstrating the potential of oat fibre to act as a curcuminoids

carrier (Sayanjali, Sanguansri, Buckow, Gras, & Augustin, 2014). The inclusion of oat fibre

together w1iﬁcuminoids would add both novelty and nutritional value to snack products.

In currgntstudse, we produced extruded snack made from an oat fibre-corn flour matrix
fortified M (w/w) curcuminoids. We aim to demonstrate the potential of extrusion
technolog‘ to pr>1uce functional food products that incorporate the benefits of curcuminoids
and oat dWre. The effect of curcuminoids addition, feed moisture content and screw
speed on the i isical/structural properties of the extrudates and stability of curcuminoids

during extiusi rying and storage were also investigated.

2. MateriC\/]ethods
2.1. Matem

Corn grit No 1) was purchased from Scalzo Food Industries (West Melbourne,
Victoria, Australia). Calcium carbonate (CaCO;) from IMCD Ltd (Melbourne, Victoria,
Australia)@yas added to improve expansion of the final extruded snacks (Boonyasirikool &
Charunuc . Oat fibre was purchased from CreaNutrition (Sumpfstrasse, Zug,
Switzerland)."All HPLC solvents were purchased from Merck (Melbourne, Victoria,

Austra@l (EtOH, 100%) was obtained from Sigma-Aldrich (Sydney, New South

Wales, w Sodium chloride was purchased from a local supermarket and was added

as flavour enhan;r.

22.G @ positions

Corn grit containing 79.5% carbohydrate, 7.4% protein, 3.1% dietary fibre, 0.7% fat and

10.2% moisture (according to product specification) was used. The protein, B-glucan, total fat

This article is protected by copyright. All rights reserved.
4



and total solids content in the oat fibre were determined. The protein content was analysed
using a LECO FP-2000 Nitrogen Analyser (LECO Australia Pty Ltd., Castle Hill, New South
Wales, Austzalia). The quantification of B-glucan, lipid and total solids was carried out based
on the A&cial Method 995.16 (AOAC, 2005), Australian Standard Method
(Standa-rd m.ation of Australia, 1988) and AOAC official method 990.20 (AOAC, 1993)
respectivelys Tl oat fibre contained 27.11 + 0.02 (% w/w) protein, 27.54 £ 1.12 (% w/w) B-
glucan, S.QZ (% w/w) total fat, 6.6 £ 0.2 (% w/w) moisture, and 33.5 = 0.5 (% w/w)
other com nt8(including carbohydrates and other dietary fibre), as previously determined
(SayanjaliE%M). A powdered turmeric extract (Biocurcumin, BCM- 95CG, total
curcuminoi plex, purity: 95.7%) was provided by Arjuna Natural Extracts Ltd (Aluva
Kerala, Ingi vious analysis in our laboratory indicated that this material consists 88%
(W/w) curmds, (of 70 = 0.5% curcumin, 16.0 £ 0.2% demethoxycurcumin, and 2% =+

0.1 bis urcumin) (Fu et al., 2014).

2.3. Sa ulation

In our prsmina?/ experiments (data not shown) 30% maximum oat fibre content in the

formulati ided desirable expansion in extruded snacks. The composition of the pre-
er

mixed dry formulation used for extrusion was 30.0% (w/w) oat fibre, 68.7% (w/w)

corn g@/w) NaCl and 1% (w/w) CaCOj;. NaCl and CaCO; were added to assist
with thwon and expansion process at the extruder die. Two formulations were

prepared for extSsion: one without curcuminoids, described as “(-) curcuminoids” and the

other w&inoids added as a powder at 1.5 % w/w, described as “(+) curcuminoids”.
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2.4. Extrusion

The extM:ess was carried out in a co-rotating twin-screw extruder (MPF 19:25, APV
Barker Ltough, East England, United Kingdom). The barrel diameter was 19 mm
and thelepgth to diameter ratio (L/D) was 25. The pre-mixed dry powder formulation was
fed with aLrew volumetric feeder (K-MV-KT20; K-Tron LLC, Niederlenz, Lenzburg,
Switzerla@ melt pressure was monitored with a pressure transducer (Terwin 2076,
Terwin I t Ltd., Bottesford, Nottinghamshire, United Kingdom) fitted into the die
block. The barrel has 4 temperature zones set to 80 / 90 / 100 / 110 °C.

The tempeEroﬁle was selected based on our earlier experiments (data not shown).

Deionizedcvvas injected into the extruder barrel to achieve the desired feed moisture
content (m, and 35% w/w moisture). These levels of moisture content were higher
than setti ically used for extrusion because of the strong water absorption capacity of
oat fibre (S Biliaderis, Lazaridou, & Izydorczyk, 2003). A low feed moisture of 21%
was selected to give good expansion but still not too low to block the extruder; and a high
feed moistre of 35% was selected to give a reasonable expansion but not too high to cause
“runny” o rudate. The screw speed is a further process variable that was also adjusted
to 200 rpm speed) or 300 rpm (high speed). These screw speeds are commonly used in
small-s ers (B. Q. Ding, Ainsworth, Plunkett, Tucker, & Marson, 2006; Zhang,
Bai, &Ml 1). Extruded samples were made from duplicate runs for each treatment.
The ratio (Eed and water was adjusted so that a total materials feed rate (dry feed plus
water) of ~ was maintained. After extrusion, samples were dried at 50 °C for 4 h in an
oven wi irculation (Thermotec 2000, Contherm, Lower Hutt, Wellington, New

Zealand). Samples were sealed in moisture barrier bags and kept at 4 °C prior to analysis.

This article is protected by copyright. All rights reserved.
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For each treatment, the specific mechanical energy (SME) input was calculated using the

following equation (1) (Ryu & Ng, 2001):

test % Motor load Motor power (rated
ted) 100 Feed rate

N
The unit

is Wh/kg. The “rpm (test)” is the set screw speed during extrusion and the

E

“rpm (ratgfl)” is fhe rated screw speed of the drive motor for the extruder (500 rpm). The

G

rated motmr is 2.0 kW, and the feed rate is total mass input of dry-feed and water

injection Tt g/h). The extrusion condition and corresponding SME and torque are

presented in Tabs 1.
2.5. Curcms stability

Samples re-corn based mixture (+) curcuminoids were taken (1) before extrusion,
(2) im ely after exiting the extruder and (3) after drying. The dried oat fibre-corn based
extrudEcuminoids were stored at 25 °C for 80 days, and 6 g samples of each
treatment were taken every 10 days and kept at -80 °C until ready for curcuminoids analysis.

L

O
L

2.6. Ph“ysis

2.6.1 Apparent Sensity

Appare{ (BD) (g/em’) was calculated according to the following equation (2)
(Alvarez-Martinez, Kondury, & Harper, 1988):

BD = 4m/nd’L (2)
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Where, m is the mass (g), L is length (cm) and d is diameter (cm) of the extrudates. The
dimensions of an extrudate were measured using a Vernier calliper and the apparent volume

was calcu assuming the shape of the extrudate was cylindrical consistent with the

Dt

moulded die. Four randomly selected extrudates of 10 mm in length were used

|
S

for the urement (10 diameter measurements for each 10 mm length) and the values

[l

reported wgse thg average + standard deviation (sd) of forty diameter measurements.

G

2.6.2 Expahsi atio

S

The expansion ratio was defined as the ratio between the diameter of the extrudate and the

Ul

diameter o ic (Alvarez-Martinez et al., 1988). Ten samples for each process condition

WwErc mea

1

the values reported were the average + sd.

dl

2.6.3 Breaki rce

The breaki e (kN) required to fracture the extrudates were measured using a Lloyd

W

LRX/plus Universal Testing Machine (Lloyd Instruments Ltd., Bognor, West Sussex, United
Kingdom)@with a 2.5-kN load cell (Pitts, Favaro, Austin , & Day, 2014). Four pieces of

extrudate osen randomly, cut to approximately 8 cm in length and placed across the

O

bottom of a Kfamer Type Shear Cell. Samples were compressed perpendicular to the length

of the a compression speed of 60 mm/min. The compression force was recorded

h

[

using t turer’s Nexygen V4.6 software. The observed peak force was taken as the

breaking force ofjthe samples. A minimum of ten replicate tests were carried out for each

U

sample. The resented in the average + sd.

A
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2.6.4. Cross sectional examination

ScannitM microscopy (Quanta; Hillsboro, Oregon, United State of America) was

used to aross-section of the extrudates (+) curcuminoids. For SEM examination,

the extgudatesayere cut using a sharp blade, mounted on double sided carbon tape and then
coated wi The SEM examination was carried out with a 10 kV beam power and

magnificafion ragge of 59-63x.

SC

2.7. Curc ifl analysis and quantification

U

2.7.1. Ext of Curcuminoids

N

Extrudate ming curcuminoids were ground using a grinder (CG2B, Breville, Sydney,
New Sou@, Australia) and passed through a 250 um sieve to remove large particles.
Sieved 00 mg) were then mixed with 10 ml of ethanol (EtOH). Samples were
sonicated in asonic bath (Unisonic Australia Pty, Sydney, New South Wales, Australia)

at 20 kHz and 30 °C for 60 min followed by shaking at 30 °C for 4 h. Samples were then
centrifuges at 1000 g for 5 min to obtain the supernatant. A second extraction of the pellet
was carri d the supernatants from the first and second extractions were combined,

weighed an t at 4 °C before analysis.

The concitra‘ug of curcuminoids from the extracts was analysed by high-performance

liquid chr;aphy (HPLC). The supernatants were filtered through a 0.45 um syringe

filter (Me ipore, Carrigtwohill, Cork, Ireland). The concentration of curcuminoids was

quanti{calibration curve of curcuminoids in EtOH at concentrations of 3.68-184
pg/mL. The standard solutions were kept at -18 °C before analysis. To evaluate the accuracy
of the extraction method, spiking experiments with a known amount of curcuminoids were

This article is protected by copyright. All rights reserved.
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also conducted. The results showed a recovery of approximately 91% of curcuminoids from

the matrix.

T

2.7.2. Hig @ mance liquid chromatography (HPLC) analysis

The curcuminoids content of extrudates was determined by a 1100 series HPLC (Agilent,

=1

Santa Clargs Calgfornia, United States) consisting of a binary pump, an Agilent 1100 series
diode-arra ctor, a ChemStation software, an 1100 well plate auto sampler and an X
Terra MWColumn (46 mm x 250 mm; 5 pm, Waters Corporation, Milford,

Massachusetts, Umited State of America). The mobile phase was composed of 2% (v/v) acetic

U

acid in Millj er as mobile phase A and 2% (v/v) acetic acid, and 10% (v/v) methanol in

A

acetonitril bile phase B. The gradient program was as follows: 0—-10 min, 45% B

increasingito W B; 10-25 min, decreasing to 45% B (Fu et al., 2014).

€0

2.8. Sta Analysis

The e data were analysed using an analysis of variance (ANOVA) using

M

VassarStats. A probability of p < 0.05 was considered to be statistically significant. Results

I

are presen e average of duplicate analysis of each formulation produced in duplicated

extrusion

EAN
~—

Auth
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3. Results and Discussion

3.1. Apparent density and expansion ratio

Fig. 1 sh@ect of feed moisture content and screw speed on apparent density and

expansignatig of the dried extrudates. The apparent density of extrudates was significantly
decreasedh) from ~ 1.0 to ~ 0.2 g/cm’ by decreasing the feed moisture content from

35% to 2@6 the expansion ratio was significantly increased (p<0.05) from ~ 1.5 to ~

2.8. The inationship between apparent density and expansion is significant and is as
e a

expected. arent density and expansion ratio of extruded snacks for corresponding
extrusion jns were not significantly affected (p>0.05) by the addition of 1.5%

curcumingfds (w/w dry basis) in the formulation.

N

The dougmty and elastic force (i.e. the die swell) affects the expansion and density of
extrudS & Kokini, 2003). The bubbles inside the viscoelastic melt grow when the
melt exits th der die due to moisture flash-off (Patil, Berrios, Tang, & Swanson, 2007).
The higher moisture content of feed materials reduces the elasticity of the dough due to the
plasticizatﬁn effect of water on the dough (Singh, Rachna, Hussain, & Sharma, 2015). The

reduction qmsticity of the dough causes the bubbles to collapse inside the dough,
in e

resulting r expansion and higher density in high moisture treatment (Gulati, Weier,

Santra,ﬁ& Rose, 2016). Reducing the moisture content inside the extruder feed
increasw viscosity and porosity that leads to enhanced expansion and a reduction of
apparent densityl) There is an optimum moisture content for achieving the maximum
expansion (Ba@#Powers, & Nguyen, 2004). At a moisture content below a certain level, the
shear rate feed increases, resulting in molecular disruption that causes a reduction in

the expansion ratio (Baik et al., 2004).

This article is protected by copyright. All rights reserved.
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The effect of feed moisture content on apparent density and expansion has already been

reported in expanded snacks made of waxy and regular barley flour (Baik et al., 2004), which

were extru a moisture content ranging from 17 — 21 %, screw speed of 50, 75, 100, 125

and 150 xpansion ratio increased from 1.81 to 2.68, but the apparent density
N .

decreasedgom 0.46 g/mL to 0.18 g/mL as the moisture content decreased from 21% to 17%

(Baik et a‘m. Similar trends have also been reported for changing apparent density (0.2

to 0.7 g/c expansion ratio (2 to 4) for corn starch material which were extruded at a
screw spewo or 250 rpm, die temperature of 100 °C or 260 °C and feed moisture

content o or5 kg/100 kg wet basis (Thymi, Krokida, Pappa, & Maroulis, 2005).

In anotheftugy, the expansion ratio of expanded snacks made from rice flour, wheat bran

and corn gri eased up to 25% due to the presence of tomato paste (containing ~ 2.5 %
w/w lyco basis) (Dehghan-Shoar, Hardacre, & Brennan, 2010). The authors
attribut reduced expansion to the lubricating effect of tomato paste on the dough,
leadin tion in SME and die pressure. The tomato paste also contained fibres,

resulting in higher water absorption, leading to a higher apparent density compared with

snacks wi ato paste (Dehghan-Shoar et al., 2010). In the current study, the addition
of powde inoids into the feed material did not significantly affect the apparent
density a ansion ratio of extruded snacks. This may be in part because curcuminoids

itself is obic and does not absorb water; hence it is unlikely that curcuminoids
influence :perties of the dough. Whilst the interaction of curcuminoids with

macromol n the feed materials may be altered as a result of extrusion, this did not

appear 4 >ct the properties of the extrudates. The lack of a marked influence of
curcuminoids addition (1.5 % w/w) on the extrudability of the formulation means that this

amount of curcuminoids can be readily added into ready-to-eat cereals/snacks without

This article is protected by copyright. All rights reserved.
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compromising the expansion and density of extrudates when the same processing conditions

are used.

=

3.2 Brea

The brgagmce (kN) values obtained for dried extrudates are shown in Fig.2. No
consistent ggendgyas observed for the effect of the extruder feed moisture content and screw
speed (Fighe change in breaking force is not significant (p>0.05) when the feed
moisture as reduced from 35% to 28% in spite of the enhanced expansion ratio

(from ~ 1.5 t0 ~R) (Fig. 1b). Increasing the expansion ratio from 1.5 to 2 is not sufficient to

signiﬁcanﬂ:} the breaking force of the extrudates (p<0.05). However, when the feed
moisture

as further reduced to 21%, the breaking force of extrudates was reduced

signiﬁcaanS).

The e

xtruder feed moisture content on the breaking force of extrudates has been
widely iu, Hsieh, Heymann, & Huff, 2000; Seth, Badwaik, & Ganapathy, 2015;
Zarzycki et al., 2015). At a higher feed moisture content, the viscosity of the dough and
mechanic in the extruder decreased, stopping the bubble growth at temperatures
below thé @ transition temperature (Kristiawan, Chaunier, Della Valle, Ndiaye, &
VergneﬂUnder these conditions, vapour condensation occurred and extrudates
became ﬁre eise and hard (Q.-B. Ding, Ainsworth, Tucker, & Marson, 2005; Kristiawan
et al., 20§ne study, where the hardness of corn-oat extrudate was investigated, the

hardness ied extrudate increased as the feed moisture content increased from 18% to

21%, q‘ﬂ an increase in the screw speed from 200 rpm to 400 rpm led to a decrease in

hardness (Liu et™al., 2000). However, in our study no consistent trend was observed for

This article is protected by copyright. All rights reserved.
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breaking force of the different dried extrudates produced at different screw speeds between

200 and 300 rpm.

3.3 Cross @ al examination

N . .
The expamsion, apparent density and the breaking force of the extrudates were not

significantlg affigcted by the addition of curcuminoids (p > 0.05) (Fig. 1 and 2). Therefore,
examinatio e cross-sectional structure was only carried out on the extrudates with

curcumin

S

SEM images of extrudates (+) curcuminoids are shown in Fig. 3. The

moisture content§had a considerable effect on structure of extrudates. In extrudates produced

U

at 35% moj bubbles were surrounded by thick walls of extrudates materials, which

N

resulted 1 and denser extrudates. Decreasing the moisture content from 35 to 28%

resulted iff a cture where the pores appeared more numerous and the walls thinner,

al

althou res remained discrete. Further reducing the moisture to 21% resulted in
larger bubbl thinner walls due to the greater expansion of the extrudates. Under these
conditions, the thinner walls also appear more susceptible to mechanical damages during

sample pr@paration. Similar trends have been found for rye snacks (Saeleaw, Diirrschmid, &

[

Schleinin@tha‘[ were extruded under two barrel temperature profiles (150 °C and 190

°C) and fee isture content (12% and 16%). The higher feed moisture content (16%) with

h

low b rature (150 °C) resulted in thicker cell walls (Saeleaw et al., 2012).

1

Furthe : easing the feed moisture content from 13% to 19 %, in corn-lentil

extrudates, result®d in thicker cell walls and reduction in the number of bubbles (Lazou &

Gl

Krokida, 2 The structure of extrudates (+) curcuminoids did not appear to be

A

significan 0.05) affected by the screw speed under conditions with the same feed

moisture.
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3.4 Colour

Colour Mrtant physical characteristic of foods that affects consumer acceptability.
Fig. 4 shour of the dried extrudates. The visual observations of samples showed
that ex{gudatescontaining curcuminoids have a bright orange colour (lighter colour) when the
feed moiLs reduced from 35% to 21% without any noticeable colour difference
between t@cts produced with two screw speeds. Samples without curcuminoids also
showed a Wrend displaying a lighter colour as the feed moisture decreased from 35%
to 21%. The lii ter colour is due to the enhanced expansion of the samples when extruded at

lower fee e (Fig. 1b).

35 Curcuc stability
3.5.1 Curmds stability during processing

oss during the extrusion, during drying of the extrudate and on subsequent

Curcum
storag in Fig. 5. Curcuminoids loss in extrudates produced at 21% feed moisture
content was much higher (~ 82 %) than the loss observed during extrusion at 28% or 35%
feed mois tent (~ 38 % and ~ 18 %), respectively. However, curcuminoids loss was

not affectd @ ew speed under conditions with the same feed moisture content.

It has b@d that thermally sensitive substances, such as polyphenolic compounds, are

stabilizwater extent when the moisture content of extruder feed is increased (Hirth,
Preil3, Mayer-Miiuach, & Schuchmann, 2015; Ozer, Herken, Guzel, Ainsworth, & Ibanoglu,
2006). A hi feed moisture results in a reduction in dough viscosity and SME (i.e.
effective ced at milder extrusion conditions), reducing the destruction of polyphenolic
compounds (Leyva-Corral et al., 2016; Ozer et al., 2006). At lower feed moisture content, the

thermal energy that is generated by friction is higher (Hirth et al., 2015). Therefore, the
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combined effects of lower feed moisture content, higher SME and higher melt temperature
resulted in greater degradation of phenolic compounds, leading to the reduction in their
chemical activity or extractability (Obradovic et al., 2015; Sarawong, Schoenlechner,
Sekiguchi&[, & Ng, 2014). One study reported that the retention of cyanidin
H . .
glycos1de!1mproved from 25% to 65% when the feed moisture content increased from 15
g/100 g to@O g using a constant barrel temperature of 100 °C and screw speed of 300
rpm (Hirth ., 2015). Another study reported that a higher feed moisture content (45%)

could prewtocyanins from extensive degradation (Khanal, Howard, Brownmiller, &

a
Prior, 2005

It is possi!e tEat the conditions with higher feed moisture content facilitate more interactions

between ¢ igoids and the oat fibre (including protein, fibre and lipids), or amylose on
corn starcge g in the greater protection of curcuminoids against thermal and oxidative
degrada ch interactions were previously observed between curcuminoids and oat fibre
(Sayanj 14) and may be enhanced under controlled conditions during extrusion.

After extrSion, the extrudates were dried at 50 °C for 4 hours. The moisture content of the
extmdates@ drying were 28.4+0.93 (35% feed moisture), 21.4+£0.08 (28% feed
moisture) a 9£1.14 (21% feed moisture). The final moisture content of dried extrudates
reache % for all dried snacks after drying. The curcuminoids loss during drying were
42% (3M0isture), 34% (28% feed moisture) and 5% (21% feed moisture). These
results sh@t the samples with higher moisture content lost more curcuminoids (42%
loss w/w) dua@@drying compared to the samples with lower moisture content (34% and 5%
loss w/w). suggest that after extrusion the moisture content of the samples need to be

reduced as quickly as possible to minimise loss during drying. The curcuminoids loss during

drying is strongly correlated (p < 0.01) to the starting moisture content of the extrudates. This
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is in agreement with other researchers that high temperature short time drying favour the

retention of bioactives (Adak, Heybeli, & Ertekin, 2017).

{

3.5.2 Cur @ ds stability during storage

[ ]
Fig. 6 shqws the stability of curcuminoids in dried extrudates stored at 25 °C under natural
fluorescengglighiyin open containers for 80 days. The initial amount of curcuminoids was

different f sample at day zero, which corresponds to the amount remaining after

extrusion rying. Previously it has been reported that encapsulation of curcuminoids with

S

B- cyclodextrinsgould not improve curcuminoids stability stored at 25 °C under natural light

U

for 90 days olim et al., 2014). However, in our study curcuminoids remained stable in

i

all sampl mg 80 days of storage at concentration ranging from around 0.15 - 0.4% due

to protective t of oat fibre-corn grit matrix (Fig. 6). The stability of curcuminoids in

d

dried tored for 80 days can be attributed to the limited molecular mobility and

diffusion rat ciated with the low moisture content of the dried extrudates (Galmarini et

Vi

al., 2012).

4. Conclu

Of

This study sliowed that the highest amount of curcuminoids lost during extrusion occurred at

21% fi e content and increasing the feed moisture reduced degradation. However,

h

L

the pos drying process significantly affected curcuminoids degradation, and the

highest curcumin@ids loss occurred during drying of the extrudates produced with higher feed

U

moisture co ¥ Curcuminoids between 12 and 42% could be retained after extrusion and

drying. oids did not degrade in dried extrudates during storage at 25 °C for 80 days

A

under natural light in an ambient atmosphere. The addition of curcuminoids in the

formulation at 1.5% (w/w) did not influence expansion, apparent density and mechanical

This article is protected by copyright. All rights reserved.
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properties of the extrudates. A feed moisture content of 21% resulted in higher expansion and

lower breaking force and density of extrudates, which are favourable properties in extruded

{

P

snacks for ter consumer acceptance. Further process optimisation such as die section

temperatu perature) and sensory evaluation including the consumer acceptance

u . . . .
are recomgnended to achieve good curcuminoids retention and overall snacks quality. To

assist the jgtrodmction of curcuminoid-enriched extruded snacks as a new functional food,

C

flavours ca pplied to extruded snacks to enhance sensory properties of the final extruded
snacks. w
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Table 1. Extrusion conditions and corresponding SME during extrusion

Extrugi ition SME" (W-h/Kg)

;

Moistur) Screw Speed (rpm) (-) curcuminoids (+) curcuminoids
o35 300 60+ 1.2 65+1.3
- 200 57412 48+ 1.0
€8 ’ 300 86+ 1.7 87+ 1.7
200 81+ 1.6 78+ 1.6
w 300 146 2.9 129426
: 200 127426 109+£2.2
*SME - Stechanical energy..
() Curcumformulation: 67.2 % (w/w) corn grit, 30 % (w/w) oat fibre, 0.3 % (w/w)
NaCl, 1 % aCO;3, 1.5 % (w/w) Curcuminoids
(-) Curc ids formulation: 68.7 % (w/w) corn grit, 30 % (w/w) oat fibre, 0.3 (W/w %)
NaCl, 1 % aCOs;
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Figure 1- Apparent density (a) and expansion ratio (b) of dried extruded snacks with and
without curcuminoids (MC — moisture content). The data is the average * s.d. (n =4), p < 0.05.
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Figure 2- Breaking force of dried extruded snacks (MC — moisture content). The data is the

average % s.d. (n =4), p < 0.05.
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Figure 3- Scanning electron microscopy (SEM) images of the cross section of the extrudates
containing curcuminoids extruded at (A) 35% MC-300 rpm, (B) 35% MC-200 rpm, (C) 28%

MC-300 rh, ““ 28% MC-200 rpm, (E) 21% MC-300 rpm and (F) 21% MC-200 rpm (MC —

moisture e scale bars are 2.0 mm in length in A-F figures.
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Figure 4- Dried extrudates produced at 21%, 28% or 35% moisture content (MC) and 200 or

300 rpm screw speed.
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Figure 5- Percentage of curcuminoids loss during extrusion processing and drying of extruded

snacks produced under different extrusion conditions (MC — moisture content). The data is the

t

average . (n=4), p <0.05.
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Figure 6- Stab of residual curcuminoids in dried extrudates during storage at 25 °C in open

contain r light for 80 days (MC — moisture content). The data is the average + s.d. (n = 4),

p <0.0
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