-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by Cork Open Research Archive

\‘ ‘ ORA Cork Open Research Archive
f Cartlann Taighde Oscailte Chorcai

Title Composition, morphology and pasting properties of Orchis anatolica
tuber gum

Author(s) Bulut-Solak, Birsen; Alonso-Miravalles, Loreto; O'Mahony, James A.

Publication date 2016-12-26

Original citation Bulut-Solak, B., Alonso-Miravalles, L. and O'Mahony, J. A. (2017)

'Composition, morphology and pasting properties of Orchis anatolica
tuber gum', Food Hydrocolloids, 69, pp. 483-490. doi:
10.1016/j.foodhyd.2016.12.009

Type of publication |Article (peer-reviewed)

Link to publisher's  |hitp://dx.doi.org/10.1016/j.foodhyd.2016.12.009

version Access to the full text of the published version may require a
subscription.
Rights © 2016 Elsevier Ltd. This manuscript version is made available

under the CC-BY-NC-ND 4.0 license.

http://creativecommons.org/licenses/by-nc-nd/4.0/

Embargo information | Access to this article is restricted until 12 months after publication at the

request of the publisher

Embargo lift date 2017-12-26

Item downloaded http://hdl.handle.net/10468/3986
from

Downloaded on 2018-08-23T19:53:16Z

University College Cork, Ireland
Colaiste na hOllscoile Corcaigh


https://core.ac.uk/display/84073954?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.1016/j.foodhyd.2016.12.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://hdl.handle.net/10468/3986

Accepted Manuscript

Foga
Hydrocolloids

Composition, morphology and pasting properties of Orchis anatolica tuber gum

Birsen Bulut-Solak, Loreto Alonso Miravalles, James A. O'mahony

PII: S0268-005X(16)30999-7
DOI: 10.1016/j.foodhyd.2016.12.009
Reference: FOOHYD 3716

To appearin:  Food Hydrocolloids

Received Date: 29 July 2016
Revised Date: 9 December 2016
Accepted Date: 12 December 2016

Please cite this article as: Bulut-Solak, B., Alonso Miravalles, L., O'mahony, J.A., Composition,
morphology and pasting properties of Orchis anatolica tuber gum, Food Hydrocolloids (2017), doi:
10.1016/j.foodhyd.2016.12.009.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.foodhyd.2016.12.009

u Starch
B Distary Fiber

® (; lucomannan

B Protein
Ash
Moisture
# Saccharoze
: . _- Scanning electron micrographs of native Orchis anaiolica tuber gum’s
Chemical compounds of Orchis anarolica tuber gum pavsder particles
L. Ly T L Tty o
s
120 - - 1400
(4] - =
v - 1000 g
% : 200 =
) - .E‘
£ - 600 3
A - =
: - a00
- 200
0 + ; . - 0
g Time (:[ll@&.l.n} 13 20
Light microscopy micrographs of Orchis anarolica tuber gum All: (a) 2.0% Pasting curves for Orchis anaiolica gum at concentrations of 0.5% (—).
0aG; (b) 2.5% OaG. Lefi-hand column at 35 °C, middle-columns from 55 to 1.5% (A), 2% (o) and 2.5% (*)

95 °C on heating, right-hand column at 47 °C on cooling. Scale bar 200 pm.



Composition, Morphology and Pasting Properties oDrchis anatolica

Tuber Gum

Birsen BULUT-SOLAK 2% Loreto ALONSO MIRAVALLES 2 and James A.

O'MAHONY 2

®School of Food and Nutritional Sciences, Univer€lbllege Cork, Cork, Ireland

Department of Gastronomy and Culinary Arts, Faceltyrourism, Selcuk University, 42000,

Konya, Turkey

*Author for correspondence.
E-mail: birsenbulut@selcuk.edu.tr
Tel: +90 332 2234422

Fax: +90 332 2417047



10

11

12

13

14

15

16

17

18

19

20

21

22

Abstract

Orchis anatolica (O. anatolica) tuber is commonly used in the production of Sajem orO.
anatolica tuber gum QaG) for use as a thickener, flavouring agent, ggllagent, film former
and emulsifier in the food industry. The aim ofsthstudy was to investigate the chemical
composition physical, morphological and pasting propertie®a. Physical and morphological
analyses, and pasting propertiesQdG were analysed using static light scattering, siten
electron microscopy, light microscopy and rotatiomeometry, respectively. Volume-weighted
mean particle diameter (D [4,3]) value@&G was 180+1.2um. OaG was composed mainly of
starch (41.6%), dietary fiber (32.3%) and gluconaanr{18.5%). The powder dDaG had
irregular shaped particles with smooth surfaces rachd edges. After pasting treatment, the
initial and final viscosity values of th@aG dispersions at a concentration of 0.8%4G were
33.710.24 and 34.3+0.45 mPa.s, whereas, the comdsm values at a concentration of 2.5%
OaG were 1193+92.0 and 1437+83.3 mPa.s, respectiVélg. glucomannan and dietary fiber
components and their possible interactions witinchtain OaG appear to have influenced the
peak temperature and viscosity on pasting, duamdation of the leaching of amylose and
amylopectin from starch granules. Theref@eanatolica tuber gum, a complex biopolymer, can
provide interesting and unique functionality to fle®d industry in the development of novel

food structures.

Keywords: Gelatinisation, GunQrchis anatolica, Orchidaceae, Pasting, Salep.
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1.0. Introduction

Orchis anatolica (O. anatolica) is one of the terrestrial species of t@echis genus in the
Orchidaceae family, which has a larger number efcigs than any other family of flowering
plants.O. anatolica generally grows in pine or macchie forests from3oeithern Aegean Islands
to Iran, especially in parts of Anatolia. Salep gomOaG is obtained from dried tubers of
terrestrial orchids. It is used either as a powaten the form of a hot traditional beverage with
pleasant taste since the time of the Ottoman Enfpaener, Karaman, & Copur, 2006; Hossain,
2011; Georgiadis et al.,, 2012). Salep gum has & used in medicines and ice-creams

(Lange, 1998).

Salep gum is a non-toxic, water-soluble and mutrponent polysaccharide (e.g., glucomannan,
starch) with a high molecular weight (Pourjavadaulabi, Soleyman, Sharif, & Eghtesadi, 2012)
compared with other polysaccharides, such as higylesse starch (Salemis & Rinaudo, 1984),
chitosan and alginate (Harding, Abdelhameed, & Mor2010). It contains starch, mucilage,
sugar, nitrogenous substances, ash, particularlgiuog potassium, iron, chlorides and
phosphates, and some trace levels of volatile(Bidssain, 2011; Lalika et al., 2013). It is a good
source of glucomannan that is considered a diditaey (Tekinsen & Guner, 2010; Nikjooy, Joo,

& Jahanshahi, 2014). The composition of orchid tudlso varies considerably, depending on
botanical origin, environmental and biological fast such as the species, the development state
of the perennial plant, the stage of flowering, tirae of harvesting, season and the site

composition (Tekinsen & Guner, 2010; Lalika et 2013).

Salep gumalso confers many important functional propertiashsas thickening, stabilizing,

flavouring and gelling properties in food formutats, as well as medical formulations. It is one
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of the most thermally-stable hydrocolloids and praes hydrogels for biomedical applications
due to its high capacity for water storage. In &ddj Salep biopolymer modified by graft
copolymerization have higher swelling rates, whicakes it a good candidate for drug delivery
systems (Bardajee, Hooshyar, & Kabiri, 2012; Poag et al., 2012). Therefore, Salep gum has
attracted increasing research interest in the destade, because of its unique functional
properties and nutritional value in food and meldimamulations (Alonso-Sande, Teijeiro-
Osorio, Remunan-Lopez, & Alonso, 2009; Bardajeepsthyar, Asli, Shahidi, & Dianatnejad,

2013).

Starch, which abounds in nature as an energy saurc#ers, roots, cereal grains and legumes,
iIs widely used in the food industry. The starch teah of plants is variable depending on
botanical origin, environmental and biological fast such as the species, site composition,
harvesting etc. It consists primarily of two polgsharides; amylose (AM) and amylopectin
(AP). These polysaccharides are homopolymers-Dfglucose, and occur together in compact
assemblies declared as starch granules (Miles,idld&rRing, 1985; Kett et al., 2013). AM is
basically a linear polymer, with the formation ohamarged coaxial double helices being
promoted by its (#»4)-axial-equatorial linkage geometry. On the othand, thea-D-glucose
residues in AP are also extensively—+4)-linked, but with branches through-56 linkages

(Considine et al., 2011).

When starch granules are heated in excess waty, itidrate and swell, because hydrogen
bonds in amorphous regions are disrupted, leadingbisorption of water which acts as a
plasticizer. Greater hydration and swelling ocecuamorphous regions, pulling apart crystallites,
with these regions ultimately undergoing hydrataomd melting (Considine et al., 2011). This

process is known as gelatinisation and is changetkby changes in viscosity. The gelatinisation
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process includes “pasting temperature” which is td@perature coinciding with the rapid
increase in viscosity which ensues the onset d@tigédation, and the “peak viscosity”, which is
the maximum viscosity value during pasting (Ratkay& Jackson, 2009; Kett et.aR013).
After the process of gelatinisation or pasting, thsultant viscoelastic mass called a “paste”
consists of a continuous phase with a moleculgredgson containing dissolved starch polymer
molecules forming a network, and discontinuous phafsswollen granules, granule ghosts and
granule fragments, depending on the origin of b&sc(Atkin, Abeysekera, & Robards, 1998;

Baldwin, 2001; Debet & Gidley, 2006; Kett et,&013).

Sezik (1967) and Tekinsen and Guner (2010) in previ works also researched the
compositional properties @aG which would be expected to vary significantly daéiological
and environmental factors. Moreover, there is naeiciminformation in literature about the
chemical properties oDaG. Nevertheless, the physical, morphology and &patly pasting
properties ofOaG have not been determined to date yet. Therelaoen® recorded physical,
morphology and gelatinisation data available ireréture about these properties ©&G.
Therefore, the objective in this study was to datee the chemical composition, physical,
morphological and pasting properties @aG to better understand and predict its

physicochemical properties to aid its use as atfoimal ingredient in the food industry.

2.0. Materials and Methods

2.1. Materials
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O. anatolica, which is a delicate perennial plant with pink to violet flovggrgrows mostly in
lightly-shaded pine forests or mountains in sev@aits of Anatolia, such as in the Taurus
Mountains (Fig. 1 a, b)O. anatolica is similar toO. quadripunctata but spike lax 0. anatolica
has 5-10 large flowers with bracts. The colourQofanatolica’s flowers is rose purple and/or
seldom white, with purple dots and lines in cendfelabellum. Sepal of. anatolica, with
spreading or + reflexed ovate-obtuse, is 7-11 x43rbm. Labellum ovate dD. anatolica is also
nearly 10-15mm with 3-lobed. Flowering time oD. anatolica is between March and May

(Altundag et al. 2012).

In this study, the fully formed orchid tubers,the end of the flowering stage, were harvested
from several defined locations in the Taurus Mounstanear Tatlicak, Konya (Turkey) between
June # and July # of 2013. This harvesting period was selected teséine seed vessels ©f
anatolica would be fully formed at the end of flowering stagand a randomized sampling
technique was used for tuber harvesting. The orpladts at the flowering stage were identified
as beingO. anatolica by the HerbariumLaboratory in the Biology Department at Selcuk
University, Konya, Turkey, as described by Altunddgal. (2012)All chemicals, reagents and
solvents used were of analytical grade and purchaisen Sigma-Aldrich (Vale Road, Arklow,

Wicklow, Ireland).

2.2. Powder preparation

The round-edged appearancesfanatolica freshly harvested from Taurus Mountains are
shown in Fig. 1 (c). After harvestin@. anatolica terrestrial tubers were washed, followed by
poaching in boiling water for 12 min to remove thi&terness of their fresh state, with their

epidermis removed, after which they were driechmshade for 7 d (Fig. 1 d). They were milled
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at 600 rpm using a rotary mill (Break Mill SM 3, &render, Germany) until a fine powder was

finally obtained as described by Bulut-Solak anti@hony (2015).

2.3. Preparation of dispersions

Dispersions ofO. anatolica tuber gum QaG) were prepared at concentrations of 0.5%, 1.5%,
2.0% and 2.5% wi/v by dispersing finely-grou@dG gum in deionised water, and stirred at low

speed using a magnetic stirrer for 2 h at 22°Cl wotnpletely dispersed. All dispersions were

held for 18 h at 4°C to ensure complete hydraticnrpo assessment. Each dispersion was
removed from storage at 4°C and equilibrated amré@mperature (PZ) for 15 min before the

pasting treatment.

2.4. Analytical determinations

2.4.1. Particle size distribution

The particle size distribution of the milled powsli¢6ection 2.2) was analysed using a Malvern
Mastersizer 3000 with Aero S dry dispersion uni{&rn Instruments, Worcestershire, UK) as

described by Amagliani, O’'Regan, Kelly and O’'Mahd@916).

2.4.2. Chemical composition

Moisture, ash, fat, protein and crude fiber corgeftthe samples were determined according to
the standard methods of the Association of Anadytichemists (AOAC, 2010). The samples
were analysed for moisture and ash contents usnagi@etric methods, fat content using the

Soxhlet method, and protein content using the kjelanethod using a total nitrogen to protein

5
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conversion factor of 6.25 (AOAC, 2010). Total drgtdibre content was determined using a
commercial test kit from Megazyme International TRRF-12/15, Bray, Ireland) based on
AOAC Method 991.43 and AACC Method 32-07.01. Sampiere enzymatically treated with
heat-stablea-amylase, protease and amyloglucosidase, followedabtreatment with four
volumes of 95% ethanol to precipitate the fibre amohove depolymerised protein and glucose
from starch. The residue was filtered, washed, ddrwernight and weighed (Megazyme
International Ireland Limited, 2015Yotal reducing sugars (glucose, fructose and sacsbp
were analyzed with HPLC as described by Makila let(2014). pH values of th®©aG
dispersions were measured at ambient temperaturg asVTW digital pH meter equipped with

a glass electrode (Hach, H-Series H260G Bench+tbprma ISE Meter, Canada).

2.4.3. Sarch content

The samples were prepared according to the AOACepiare specified for total starch (AOAC
Method 996.11 and AACC Method 76-13.01) using theyene-based assay kit from Megazyme
International (Catalogue Number: AMG/AA, 05/16, ISTA-50A/K-TSTA-100A). The
absorbance of all samples and standard solutiors determined at 510 nm (Megazyme
International Ireland Limited, 2016) and the stacdmtent of the samples was estimated using
the following formula:

Starch =AA x (F/W) x FVx0.9 [g/100 g]

AA = Absorbance (reaction) read against the reagankb

F =100 (g of D-glucose control) /absorbance value for f@@lucose (Conversion from
absorbance tpg)

W= weight of the sample (100 mg)
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FV= Final volume

2.4.4. Glucomannan content

The glucomannan content GBG was determined using the method of Chua.gR812). The
OaG was processed with physical procedures, sucérasving epidermis, in order to reduce the
levels of impurities prior to drying (Bulut-Solaké O’Mahony 2015). A sample @aG (200
mg wet basis) was weighed and added to formic setium hydroxide buffer (0.1 mol/L; 50
mL) and stirred magnetically at pH 3.13 for 4 I2a{C in order to separate the free sugars of the
OaG sample. The mixture was diluted with deionisedew#o 100 mL and then centrifuged at
4500 g for 40 min at 25°C. One sample was prepased blank for the tuber glucomannan
dispersion extract (TGE). Sulphuric acid (3 mol2L5 mL) was added to a flask containing 5 mL
of supernatant of TGE. The resultant dispersionsevetirred and hydrolyzed for 90 min in a
boiling water bath, and cooled quickly to’@2 and sodium hydroxide (6 mol/L; 2.5 mL) was
added. The solution was made up to 25 mL with deemhwater to form the TGE hydrolysate
(TGEH). One sample was prepared as a blank for @&H. 3,5-dinitro salicylic acid (3,5-DNS;
1.5 mL of a 1% w/w reagent) was added to TGE an&HGolutions (2 mL) and heated in a
boiling water bath for 5 min before being cooledcily to 22C. Deionised water was added to
dilute the samples to a volume of 25 mL. The abmucbs of the TGE and the TGEH samples
were measured at 550 nm with deionised water usedodank (Chua et.&012). D-glucose and
D-mannose stock solutions (1 mg/mL; 0.4 mL, 0.8 mMl2 mL, 1.6 mL, 2.0 mL) were
transferred into eleven 25 mL volumetric flaskswadl as 2 mL of deionised water as a blank.
Deionised water was added to a volume of 2 mLpWwedd by the addition of 3,5-DNS (1% w/w;

1.5 mL) to each volumetric flask. This mixture wasated for 5 min in a boiling water bath and

7
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cooled to 22 quickly before diluting to 25 mL with deionisecater. The absorbance of the
standard solutions was read at 550 nm (Chua.&0dl2). A D-mannose standard curve was
constructed using the procedure as described imoge, and used as a correction factor in Eq. 1.
The glucomannan content of the samples was detedaiccording to Eq. (1),

5000 f x (5T-T) (Eg. 1)
m

Glucomannan (%) =

f is the correction factor obtained from the glucasd mannose standards

T is the glucose content (mg) in the tuber glucoraandispersion extract hydrolysate (TGEH)

obtained from the standard curve

Ty is the glucose content (mg) in the tuber glucorangispersion extract (TGE) obtained from

the standard curve

m is the mass of th@aG sample (200 mg wet basis).

2.4.5. Pasting behaviour

The pasting properties of &llaG dispersions were determined using an AR-G2 ctetstress
rheometer equipped with a starch pasting cell (AR-GA Instruments Ltd., Waters LLC,
Leatherhead, Surrey, UK); the internal diametethaf cell was 36.0 mm, the diameter of the
rotor was 32.4 mm, and the gap between the twoeslesmat the base of the geometry was 0.55
mm. All measurements of viscosity were carriedaiw fixed shear rate of 16.8.9Analysis was
conducted as described by Kett et @013), whereby, after loading onto the rheometee,
sample was equilibrated at 35°C for 1 min, heatechf35 to 95°C over 4 min, held at 95°C for 6

min, cooled from 95 to 35°C within 4 min and hetd 5 min at 35°C.
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2.4.6. Microstructural analyses
2.4.6.1. Scanning el ectron microscopy

Scanning electron microscopy (SEM) analysis wasiedhrout in the Biosciences Imaging
Centre, Department of Anatomy and Neuroscienceyaisity College Cork, Cork, Irelan@aG
powder was mounted on aluminium stubs using dosidled adhesive carbon tape, and sputter
coated with a 5 nm layer of gold/palladium (Au:P&@20) using a Quorum Q150R ES Spultter
Coating Unit (Quorum Technologies Ltd., Sussex, WK prevent surface charging by the
electron beam. Subsequently, thaG sample was loaded into a sample tube and thanieed
using a JSM-5510 scanning electron microscope (JECI. Tokyo, Japan), operated at an

accelerating voltage of 5 kV.

2.4.6.2. Light microscopy

The OaG dispersions were monitored using polarised light an Olympus Bx51 light
microscope (LM) (Olympus Corporation, Tokyo, Japétted with a heating stage (CO 102;
Linkam Scientific Instruments, Tadworth, Surrey, JJKfter placing on the microscope, all
samples were equilibrated at 35°C for 2 min, heéi@m 35 to 95°C at 1T min™* and tempered
at 95°C over a period of 6 min before cooling fremto 35°C for 5 min. A magnification of 10x

was used for microscopy analysis.

2.5. Satistical data analysis

All samples were prepared freshly on three separatasions, with all analytical measurements

conducted in triplicate. The results are given aamvalues * standard deviations. One-way

9
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analysis of variance (ANOVA) was performed for stital analysis. SAS 9.1.3 was used for all
analyses (SAS Institute Inc., Cary, NC, USA). Durisanultiple comparison test was used to
determine significant differences between the weriteatments and results with P < 0.05 were

considered significantly different.

3.0. Results and Discussion

3.1. Physical and chemical properties

The volume mean diameter (D [4,3]) of the mill@dG powder was 180 +1.28n. While 10% of
the powder particles (Dv [10]) had diameter ldsant18.6 + 0.22um, 90% of the powder
particles (Dv [90]) had diameter less than 406 &31lum. Surface weighted mean particle
diameter 0fOaG powder (D[3,2]) was 37+0.7@m. Specific surface area (SSA) of thaG was
also 161.8+0.00 (m2kh®. The chemical composition dPaG is presented in Table DaG
contained 41.6% starch, 32.3% dietary fiber, 18@#comannan, 1.52% crude fiber, 0.19%
glucose, 2.34% saccharose, 6.73% protein, 7.73%stanej 2.25% ash and 0.28% fat; no
fructose was found i@aG. The mean pH value of tl@aG dispersions was 6.11+0.02. The other
undetermined compounds @aG would possibly be other minor reducing sugarscivhare
related to the raffinose series frequently founghlotosynthetic tissues (Avigad & Dey, 1997).
These compounds also represent low molecular wehgtéropolymers associated with the
metabolism of mucilaginous polysaccharides, as chate some temperate orchid species

(Buchala, Franz, & Meier, 1974; Franz, 1979; Md&dReid, 1982).

10
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The compositional profile dDaG is similar to some previous results published-aghoosh and
Rizai (2007), and Tekinsen and Guner (2010). Fashand Rizai (2007) reported that round-
edged tuber gum contained 19.3% glucomannan, 658%6h, 13.2% moisture, 7.35% protein
and 2.8% ash whereas, Tekinsen and Guner (201@rtedpthatOaG contained 43.5%
glucomannan, 14.7% starch, 10.7% moisture, 3.208tejor, 1.94% ash and had a pH of 5.71.
Lalika et al. (2013) reported that edible orchi@sl 5.36% protein, 2.7% crude fiber, 2.2% ash,
1.57% fat and 0.09 mg/100g vitamin C. Moreover,ifisén and Guner (2010) also reported that
the mean values of compositional contents of Sglep, depending on the different species in
the Orchidaceae family, were 17.7-54.6% glucomanbah38.7% starch, 0.95-2.83% ash, 9.35-

12.4% moisture with pH ranging from 5.61-6.20.

Starch serves as an energy reserve in tubers (Bdgke 2010). When orchid tubers are fully
formed, they contain maximal levels of starchy eratb supply energy to the perennial plant
during winter (Hossain, 2011). As indicated in Tall the main component 6G was starch.
Additionally, the high level of starch (41.6%) inetOaG could be possibly due to the fact that
the plants were harvested in the period June-Q4d% had high levels of dietary fiber (32.3%),
glucomannan (18.5%) and crude fiber (1.52%), wrach considered to have positive health
benefits (Nishinari, 2000). Previous work has akown that Turkish orchid tubers generally
had total dietary fiber content ranging from 11353446 (Gumus, 2009). When compared to some
previous results, if the tubers are harvested estriyhe flowering stage, the tubers contain less
starch and higher glucomannan, because the formatistarch in the tubers takes place mainly
between March to July (Buchala et al., 1974); ibudtd be noted that there is a negative

correlation between starch and glucomannan conite@aG (Tekinsen and Guner 2010).

11
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OaG had relatively high protein content (6.73%), thdre is a considerable variation for protein
values reported previously. For example, Tekinseth @Guner (2010) reported that the protein
content inOaG was 3.20%. The low protein content reported evimus study may arise from
using the generic nitrogen to protein conversiartdiaof 5.70 (Tkachuk, 1969). Additionally,
OaG had 7.73% moisture and 2.25% ash (Table 1). Ewv#pending on the period of the drying
process during summer, the ash and moisture centeate similar to other previous results
because all dried tubers were held until their ynidppearance changed to almost a semi-
transparent yellowish rough state. Sezik (19671 edported that if the moisture content of Salep
gum was lower than 10%, it could result in enharstadility and a longer shelf life. Moreover,
OaG contained trace levels of fat. However, Citil ahekinsen (2011) also reported that the
mean fat content in Salep gum was 2.02%, but tbiddcbe due to boiling the tubers in milk
before drying, and the presence of milk fat mayspag have increased the fat content in Salep

gum.

3.2. Morphological structures of native OaG

The morphological properties of nati@aG milled powder particles are presented in Figlt 2.
was found that th®aG particles had irregular shapes. Some fracturpeshaf theDaG particles
were probably caused by mechanical breakdow@as during milling. When the surface of the
OaG particles was focussed and magnified at the Biglegel, multilayered surfaces of thaG
were not well observed. Moreover, the smooth serfacOaG with round edges was clearly
observed in Fig. 2, even if a disadvantage of SBMlie sample preparation, especially drying
and metal coating, could slightly limit the visugaiion to theOaG particles in their original

environment. However, some irregular shaped pasdialith partly roughened surfaces were also
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observed at the highest magnification level. Rosghfaces of the particles may have been
generated by partial gelatinisation of the stan@ngles/containing particles @aG during pre-
treatment (i.e., poaching in water prior to dryiraf)the tubers. Similarly, lamellar surfaces of
konjac glucomannan have also been reported by Chdry Karim and Seow (2011). Razavi,
Nyamathulla, Karimian and Noordin (2014) also ofsedr the morphological properties of
palmate tubers oOrchis morio var mascula, which were reported to be irregular rod-shaped

particles with roughened surfaces.

3.3. Pasting properties of OaG

The pasting treatment was applied to the dispessid@®aG at varying concentrations. The mean
values of the initial viscosity, peak viscosity,daviscosity recorded at the end of the holding
period at 95°C, on completion of cooling to 35°@dat the end of the final holding period at
35°C are presented in Table 2. The pasting curbtgred from the dispersions 0BG are also

shown in Fig. 3. The pH values of all dispersiorgensimilar (6.11+0.01) (P 0.05).

As seen in Table 2 and Fig 3, the values of initiscosity of the dispersions at varying
concentrations ranged from 33.7+£0.24 to 1193+92R&.s, whereas the values of peak viscosity
ranged from 23.0£0.68 to 702+59.1 mPa.s(@.05). After the cooling period at 35°C, the fina
viscosity values of th€®aG dispersions ranged from 34.3£0.45 to 1437+83.3.8)Rlepending
on the concentration of the dispersions (TableARthe end of the starch pasting treatment, the
viscosity values of the final pastes at 35°C waghdér compared to the initial viscosity values
(Table 2 and Fig. 3). These higher viscosity valwese due to the swelling of starch granules

during pasting. It should also be noted that whiésh orchid tubers were being poached in
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boiling water, partial, limited gelatinisation/paw} of starch may have taken place as part of this

pre-treatment process.

Moreover, the temperatures of the peak viscositshefdispersions ranged from 94.2+0.64°C to
97.410.35°C. At the lowedDaG concentration (0.5%), the starch granules wereenfi@e to
expand during the gelatinisation process, so that geak viscosity was seen at a lower
temperature (94.2+0.64°C) while the temperatur¢hefpeak viscosity of the dispersion at the
highest concentration (2.5%) occurred at a sigaifity higher temperature (95.4+0.32°C) <P
0.05). For theDaG dispersion at 2.5%, a possible reason for lowakgemperature compared to
the 1.5 and 2.0%aG samples could also be an increase in the effectwmicentration of dietary
fiber and glucomannan which has a relatively higttew holding capacity, which could limit the
swelling of starch granules because of reducinguanof water available for gelatinisation. It
could likely prevent both dissolution and assoomtof primarily AM, as well as AP. These
findings hypothesise that paste characteristic®agd could be affected by glucomannan in the
continuous phase. Interactions between starch hrmmbmannan, as well as dietary fiber could
also possibly have influenced pasting propertia) vespect to changes in paste viscosity and
gelatinisation temperature. Moreover, a delay htagelatinization could be also due to the
interaction between dietary fiber and starch, bseadietary fiber with the presence of high
amount of hydroxyl groups has a great water bindiagacity, and can be attributed to a
reduction in water availability which causes pargalatinization of crystalline regions in the
starch granules (Funami et al., 2005). This inteaccould also lower viscosity and reduce
pasting. Jiang and Ramsden also reported thatt effeébis interaction is dependent upon starch
and dietary fiber concentration (1999). Naganole{2908) reported that guar gum in a maize

starch suspension (5%) inhibited starch compongota leaching out of the granules to the
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continuous phase of starch pastes during geldioisato an extent dependant on the
concentration of added guar gum. However, Testdr Zommerville (2003) reported that the
presence of polymers and/or other compounds inlithued phase has no effect on swelling
volume until the amount of available water becomdimiting factor. The swelling properties of
the starch granules @aG were probably offset to higher temperatures @salt of the chemical

composition 0fOaG.

3.4. Visual assessment of pasting properties of OaG using light microscopy

The effect of gelatinisation on heating of starchnglles inOaG was explored further using a
polarised LM fitted with a heating stage. Severairographs of the dispersions ©&G prepared
freshly at varying concentrations from 0.5 to 2.8%re taken at different temperatures using LM
and these micrographs were recorded from the mioldtee sample in each slide (Fig. 4). The
arrows in the each micrograph clearly show seledtuich granules/particles in th@aG

dispersions during pasting (Fig. 4).

As seen in the micrographs, starch granule®a® particles began to swell gradually during
heating and the swelling of the starch granuleatfyréncreased between 65 and 75°C. Moreover,
the changes in the size @aG particles increased when the temperature rea@%¥q,
demonstrating that gelatinisation had already beddmwever, the remaining intact granule
ghosts inOaG were further swollen at the end of the holdingqzeof the 95°C, when compared
to 75°C (Fig. 4). Other important factors affectitig gelatinisation could be the amount of
available water in the dispersions, the naturgafch and the starch: glucomannan rati®aG

as they could affect the relative importance of IBage of starch granules in the discontinuous

and continuous phases of pastes/gels.
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In addition, lipids and proteins in plants, as vadltubers, are known to be associated with both
the surface layer and the interior of starch gr@swuThe protein and lipid in the surface layer of
starch granules also prevent the swelling of stgreimules, due to the fracturing of a restricting
layer of lipid and protein at the surface of tharsh granules (Debet & Gidley, 2007). The
protein content of starch granules in &G particles could also slightly influence the sl

property of the granules during gelatinisation.

4.0. Conclusion

OaG has a unique and interesting chemical composiiiot is mainly composed of starch,
dietary fiber and glucomannan. The pasting behawdOaG appears to be influenced by its
chemical composition, in particular the contenttleé high molecular weight polysaccharide,
glucomannan and dietary fiber. These glucomannah chetary fiber components, and their
possible interactions with starch, @aG may have resulted in higher peak pasting tempersit
and lower peak viscosity, due to limitation of feaching of AM and AP from starch granules.
These findings provide novel practical informatmmthe role and potential usefulnesOafG as
an ingredient in controlling rheology and modifyitexture of foodstuffs. ConsequentipaG-
based ingredients may be used for enhancing thetifumal properties of food formulations,
which may provide interesting opportunities to fieed industry in the development of new

product structures.
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Figure Legends

Figure 1 (a-d).Photographs dDrchis anatolica harvested from the Taurus Mountains

All : (a-b) Orchis anatolica; (c) fresh round-edged tubers Of antolica; dried tubers ofO.
antolica.

Figure 2. Scanning electron micrographs of natWaG granules at magnifications of

100 x (a), 250 x (b), 1000 x (c) and 2000 x (d).

Figure 3. Pasting curves foDrchis anatolica gum at concentrations of 0.5 %-},1.5% @), 2%
(0) and 2.5%%) at pH 6.11 £0.01. The dotted lines without synsteiiow temperature.

Figure 4 The micrographs oDaG at varying concentrations. All: (a) 2.00aG; (b) 2.5%0aG,;

at different temperatures viewed under polarisgtitli Left-hand column at 35 °C, middle-
columns from 55 to 95 °C on heating, right-handiowl at 47 °C on cooling. Magnification 10x.
Scale bar 20@m.
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Table 1.Chemical composition and pH vala&Orchis anatolica tuber gum

Composition
Starch

Total dietary fibre
Glucomannan
Crude fibre
Protein

Ash

Fat

Moisture
Glucose
Saccharose
Fructose

pH

O. anatolica tuber gum  Range*
(9/100 g)

41.6+£1.52 5.40-38.7
32.3+1.44 11.6-40.1
18.5+0.33 17.7-54.6
1.52+0.03 2.70
6.73+0.22 3.20-7.35
2.25+0.04 0.95-2.83
0.28+0.08 2.02
7.73+£0.51 9.35-13.2
0.19+0.01 -
2.34+0.02 -

Not founded -
6.11+0.02 5.71-6.20

Data presented are means of three replicates stdhelard deviations.
*Range values based on previous published infoondtiom Farhoosh and Rizai (2007), Gumus (2009kinBen

and Guner (2010) and Lalika et al. (2013).
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Table 2.Viscosity (mPa.s) oD. anatolica tuber gum dispersions at various stages of the
pasting regime

Stage of pasting 0.5% 1.5% 2.0% 2.5%
Initial viscosity (mPa.s) 33.7+0.24 306+8.9% 622+40.8 1193+92.0
Peak viscosit (mPa.s) 23.0+0.68 177+97.5 481+178 702+59.1
End of holding at 95 °C (mPa.s) 16.4+0.09 93.0+4.12 217+24.8 494447 .8
End of cooling to 35 °C(mPa.s) 32.0+0.38 256+11.8 566+43.9 1130+72.9
Final paste at 35 °C (mPa.s) 34.3+0.48 328+13.5 751+58.%2 1437+83.3

Temperature of peak viscosity ( °C ) 94.2 +0.64 97.4+0.38 96.8+0.14 95.4+0.32

Data presented are means of three replicates stdhelard deviations.
Means (n=3) within the same column with differemparscript letters differ significantly (P < 0.05).
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Resear ch Highlights

Milled OaG had irregular shaped particles with round edges
The main components of OaG were starch, dietary fiber and glucomannan

The starch pasting behaviour of OaG was influenced by the glucomannan and dietary fiber
components

OaG isapotent viscosity modifier and thickener for food applications



