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Abstract

This research aimed to study the effect of xanthan gum (XG) on physico-chemical and sensory
properties of sweet sticky rice puree diet (SRD). The 3 different concentrations of XG at 0.75, 1.00, and
1.25 % (w/w) were added to SRD. The results showed that shear stress and shear rate (50 s™') at 25 °C of
SRD with 0.75, 1.00, and 1.25 % (w/w) were fitted to the power law model with high determination
coefficients (R° = 0.94 - 0.97). All of the SRD samples showed high shear-thinning behavior (n = 0.18 -
0.21), and the apparent viscosities were in the range of 5.13 to 7.07 Pa.s. Thus, all 3 SRD samples were
classified as pureed diet. Sensory evaluation was conducted by 20 elderly people with dysphagia, who
classified as an untrained panel. The results showed that texture, color, flavor, taste, and overall
acceptability of SRD with different levels of XG were not significantly different (p > 0.05), but SRD with
0.75 % XG was selected to be further developed, because it was identified by the elderly people with
dysphagia that it was the easiest to swallow puree diet. In addition, the total phenolic content and
antioxidant activities by DPPH, FRAP, and ORAC assay of SRD with 0.75 % XG were 29.52
mgGAE/100g, 45.16, 88.96, and 497.87 umol TE/100g, respectively. In conclusion, SRD could improve
swallowing safety for the elderly with dysphagia and is able to be classified as a pureed diet following the
standards of the National Dysphagia Diet.
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Introduction

Nowadays, the proportion of the elderly population in the world is steadily increasing. According to
the statistics of the United Nations, the world’s elderly population of 901 million in 2015 is projected to
increase to 2.1 billion by 2030 [1], while the Thai elderly population will also increase, from 10.3 million
in 2015 to 17.5 million by 2030, representing 25 percent of Thailand’s population [2,3]. Thai society will
become a completely aged society. The aging process involves psychological, social, and, especially,
physical changes, such as in the respiratory system, cardiovascular system, and gastrointestinal system,
along with the mouth and teeth [4,5]. A 2013 survey on food consumption behaviors of Thai elderly
showed that 60 percent had a problem with mastication, 56 percent had a problem with taste perception,
and 26 percent had a problem with the swallowing and choking of food or liquid [6], resulting in
dysphagia in the elderly.

Dysphagia is defined as difficulty in swallowing solids, liquids, or both, an important problem
occurring in the elderly population. Changes in ability or function in swallowing increases the risk of
swallowing disorder. This occurs with increasing age and is associated with age-related diseases and
conditions [7]. These relate to a variety of negative health status changes, such as increased risk of
malnutrition and pneumonia [8]. Thus, modified texture foods are necessary for the management of
swallowing in the elderly with dysphagia [9]. The National Dysphagia Diet (NDD) classified the
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dysphagia diet into 4 categories, Dysphagia pureed (Level 1), Dysphagia mechanically altered (Level 2),
Dysphagia advanced (Level 3), and Liquid consistency [10].

Xanthan gum (XQ) is a natural polysaccharide produced by bacterium Xanthomonas campestris.
The primary structure of XG consists of glucose, mannose, and glucuronic acid in a molar ratio of 2:2:1.
The major applications of XG in the food industry are as stabilizers and thickeners in salad dressings,
soups, gravies, desserts, toppings, and dairy products [11]. Furthermore, it is used in dysphagia
management, because thickened food and drink changes the rate at which they are transported through the
pharynx [12]. The important property of XG is its ability to produce high viscosity at low concentration.
XG is soluble and disperses in hot or cold water. It is able to bind water, leading to very high viscosity
solutions at low concentration. Its rheological behavior enables XG to contribute to good sensory
qualities, including mouthfeel and flavor release in food [13]. XG solution is stable over a wide range of
salt concentrations (up to 150 g/l NaCl), temperatures (up to 90 °C), and pH (2 - 11) [14]. Moreover, it is
interesting that XG shows the ability to react with free radicals, indicating a potential role as an anti-
oxidative molecule [15].

The modified texture of SRD will be good choice for managing malnutrition and pneumonia in
dysphagia. In addition, SRD will be a source of antioxidant compounds. Therefore, the objective of this
research was to use XG to modify the texture of SRD. The effect of XG was investigated in terms of
physio-chemical and sensory properties of SRD.

Materials and methods

Preparation of sticky rice flour (SF)

Sticky rice was purchased from Chiangrai Rice Research Center. The rice was milled by the dry
milling method, using a grinder (Yong Horus Industry and Trade Co. Ltd., Yongkang, Zhejiang, China),
and passed through a sieve with at a particle size of 80 mesh screen. SF was packed in polyethylene
laminated with aluminum foil bags, vacuum-sealed, and stored at —20 °C prior to analysis and used as a
component in sweet sticky rice puree diet.

Preparation of sweet sticky rice puree diet (SRD)

SRD with different concentrations of XG (0.75, 1.00, and 1.25 % (w/w)) were prepared by blending
the dry ingredients (SF, egg white powder, sugar, salt, and XG) into wet ingredients (coconut cream
substitute and water); then, stirring until all ingredients were mixed well and preheating at 50 °C with hot
steam, and, finally, pouring it into glass bottle and sterilizing it at 121 °C with a pressure of 15 psi for 15
min. The samples were stored in glass bottles, and then the 3 formulas of SRD were evaluated for
rheological and sensory properties, total phenolic content, and antioxidant activities.

Rheological measurement

Rheological measurement was carried out with a controlled-stress rheometer (Thermo Fisher
Scientific Inc., Waltham, Massachusetts, USA), using a serrated plate and plate geometry (35 mm
diameter) at a gap of 1 mm. Steady flow data were obtained over a shear rate range of 0.01 to 100 s™ at 25
°C. Data (shear stress and shear rate) were fitted to the power law model (Eq. (1)) to describe the flow
properties of SRD;

o =Ky" (1)

where o is the shear stress (Pa), y"is the shear rate (s), K is the consistency index (Pa.s"), and n is the
flow behavior index (dimensionless). Apparent viscosity (na.,so) at 50 s, a reference shear rate for
swallowing, was calculated using the magnitudes of K and n. Rheological measurement was done in
triplicate.
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Sensory properties

Ethical approval was given by the Center of Ethic Reinforcement for Human Research, Mahidol
University. The sensory evaluation was conducted in Ban Bang Khae Social Welfare Development
Center for Older Persons and Bangkok Special Nurse. The panelists, aged 60 years and older (20 percent
males and 80 percent females), were recruited to participate in this study by using the original version of
the dysphagia screening questionnaire [16]. The SRD samples were evaluated by 20 elderly panelists with
dysphagia. The samples were prepared one day prior to the sensory day, and each sample was labeled
with 3-digit random numbers and randomly served to each elderly panelist. Texture, color, flavor, taste,
and overall acceptability were evaluated by using a 9-point hedonic scale (9 = like extremely, 5 = neither
like nor dislike, 1 = dislike extremely). Difficulty in swallowing was evaluated by using a ranking scale.

Determination of total phenolic content and antioxidant activities
Sample extraction
SRD was extracted with 40 % ethanol with a solvent to the sample ratio of 1:10 at room
temperature by using a shaking water bath for 5 h. The mixture was centrifuged at 5000%g for 15 min at
25 °C and the supernatant was filtered through Whatman No. 1 filter paper. The supernatant was kept in
amber glass bottles and stored at 4 °C until further analysis.

Determination of total phenolic content

The total phenolic content of each extract sample was determined using the Folin-Ciocalteu method,
as modified by Amarowicz et al. [17]. The extracts (25 pul) were reacted with 10 % (v/v) Folin-Ciocalteu
reagent (50 pl), after adding 7.5 % (w/v) sodium bicarbonate (200 pl), and incubated in a dark room at
25+5 °C for 2 h. The absorbance of the resulting solution was measured at 765 nm. Gallic acid solutions
(10, 20, 40, 60, 80, 100, and 200 pg/ml) were used as a standard, and deionized water was used as a
blank. Total phenolic content was expressed as milligrams of gallic acid equivalent per 100 g of dry
weight of sample. The experiments were carried out in triplicate.

Determination of antioxidant activities

2,2-diphenyl-1-picrylhydrazyl radical scavenging activity (DPPH) assay

The DPPH assay was determined according to the method as modified by Fukumoto and Mazza
[18]. The extracts (22 pl) were reacted with 200 pul DPPH (150 uM) solution and incubated in a dark
room at 2545 °C for 30 min. The absorbance of the resulting solution was measured at 520 nm. Trolox
solutions (0.01, 0.02, 0.04, 0.08, 0.16, 0.32, and 0.64 mM) were used as a standard, and 95 % ethanol
solution (v/v) was used as a blank. The DPPH radical scavenging activity was expressed as pmole Trolox
equivalent per 100 g of dry weight of sample. The experiments were carried out in triplicate.

Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was determined according to the method as modified by Benzie and Strainin [19].
The extracts (20 ul) were reacted with FRAP reagent (150 ul) and incubated in a dark room at 25+5 °C
for 8 min. The absorbance of the resulting solution was measured at 600 nm. Trolox solution (6.25, 12.5,
25, 50, 100, 200, and 400 uM) was used as a standard, and deionized water was used as a blank. The
FRAP values were expressed as pmole Trolox equivalent per 100 g of dry weight of sample. The
experiments were carried out in triplicate.

Oxygen radical absorbance capacity (ORAC) assay

The ORAC assay was determined according to the method as explained by Ou et al. [20]. The
extracts (25 ul) were reacted with fluorescence solution (30 mM) and incubated at 37 °C for 15 min.
After the incubation, 2, 2"-azobis (2-amidinopropane) dihydrochloride (AAPH) was added to the reaction
mixture and the reaction immediately started. The fluorescence intensity was monitored for 90 min by
using a microplate reader (Synergy HT multi-detection microplate reader, Bio-Tex Instruments, Inc.,
Winooski, U.S.A.), with an excitation wavelength of 485 nm and an emission wavelength of 528 nm.
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Trolox solutions (3.125, 6.25, 12.5, 25, 50, and 100 uM) were used as a standard, and ORAC buffer
working solution was used as a blank. The final ORAC values were calculated using the differences of
area under the fluorescence decay curve (AUC) between the blank and the sample. The area under the
fluorescence decay curve (AUC) was calculated according to the following equation;

AUC = 0.5+ fi/ fot fu for... & fsof fo+ 0.5(fo0/ fo) 2)

where f, = initial fluorescence reading at 0 min and f= fluorescence reading at time i min. Final ORAC
values were calculated as follows, and expressed as umole Trolox equivalent per 100 g of dry weight of
sample;

ORAC value = [(AUCqumpte - AUChian)/ (AUCqo10x- AUChjan) x dilution] 3)

Results and discussion

Rheological measurement

The SRD samples were homogenous, cohesive, of smooth texture, and were able to hold their
shapes on a spoon (Figure 1). The SRD samples were according to guidelines from the National
Dysphagia Diet (Level 1: Dysphagia pureed) [10]. The shear stress (o) versus shear rate (y') data at 25 °C
were well fitted to the power law model (Eq.1) with high determination coefficients (R* = 0.94-1.00). All
SRD samples showed high shear-thinning behavior (they exhibited a reduction in viscosity with
increasing shear rate) [21] with flow behavior index (n) values as low as 0.18-0.21. The n values
decreased with increasing concentration of XG.

The magnitude of apparent viscosity (1), 50) and consistency index (K) increased with increasing
concentration of XG from 0.75 to 1.25 %, whereas the apparent viscosity (1, s0) decreased with
increasing shear rate. The apparent viscosities of SRD samples ranged between 5.13 to 7.07 Pas (Table
1). It is important to know the suitable viscosity of a puree diet for safe swallowing by an individual with
dysphagia. Casanovas ef al. [22] obtained similar results of commercial puree diet for dysphagia, ranging
between 4.9 to 7.7 Pa-s (shear rate 50 s™). From these results, it was found that the rheological behaviors
of SRD were dependent on the concentration of XG.

Moreover, XG solutions at low concentration showed a high viscosity when compared with other
polysaccharide solutions. Thus, XG was an effective thickener and stabilizer to modify texture of SRD
[13].

Figure 1 Sweet sticky rice puree diet.
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Table 1 Apparent viscosity (1, so), flow behaviour index (n) values, and consistency index (K) of sweet
sticky rice puree diet, determined from power law model'.

2Apparent viscosity Power law

0,

XG (%) Na. 50 (Pacs) n K (Pass") R’
0.75 5.13+0.38° 0.21+0.02 114.53+10.25° 0.97
1.00 6.07+0.21° 0.21+0.01 134.57+3.38° 1.00
1.25 7.07+0.70° 0.18+0.03 184.07+14.71° 0.94

®Means followed by different letters within the same column are significantly different (p < 0.05).
1 n

o =Ky
? Apparent viscosity of sticky rice puree diet was measured with shear rate 50 s at 25 °C

Sensory properties

The concentration of XG had no significant effect on the scores for texture, color, flavor, taste or
overall acceptability (p > 0.05) (Table 2). Therefore, the concentration of XG did not affect these sensory
parameters. However, the concentration of XG had significant effect on the difficulty of swallowing score
(Table 3) (p < 0.05), which was identified by elderly panelists with dysphagia. The SRD with 0.75 %XG
was the easiest to swallow for elderly with dysphagia. Therefore, selecting the appropriate concentration
of XG is essential for the modification of SRD texture for elderly with dysphagia. The texture of all SRD
samples was easy to swallow, because they obtained “like very much” in the texture scores. This was
probably due to pseudoplastic behaviors of XG enhanced sensory qualities of the products [23].
Yoshimura et al. [24] reported that minced foods with XG for elderly foods was sticky, easy to swallow,
easy to eat, and better in taste than those without XG.

Table 2 Sensory attribute scores of sweet sticky rice puree diet with different levels of xanthan gum.

. XG (%)
Attributes 0.75 1.00 1.25
Texture 8.50+0.51 8.50+0.61 8.45+0.60
Color 8.05+0.83 8.05+0.83 8.00+0.92
Flavor 7.55+1.39 7.65+1.27 7.55+1.43
Taste 6.65+1.98 6.80+1.67 6.10+1.91
Overall acceptability 7.60+0.94 7.65+0.88 7.35+1.14

Nine-point hedonic scale (9 = like very much, 5 = neither like nor dislike, 1 = dislike very much)

Table 3 Ranking scores of difficulty in swallowing of sweet sticky rice puree diet with different levels of
xanthan gum.

. XG (%)
Attribute 0.75 1.00 1.25
Difficulty in swallowing 1.55£0.69" 2.15+0.67 2.35+0.88"

®Means followed by different letters within the same row are significantly different (p < 0.05).
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Total phenolic content and antioxidant activities

Total phenolic content and antioxidant activities by DPPH, FRAP, and ORAC of SRD samples were
significantly increased with increasing concentrations of XG (p < 0.05) (Figure 2). The SRD with 1.25 %
XG showed the highest TPC and antioxidant activities. The TPC and antioxidant activities by DPPH,
FRAP, and ORAC were 34.50 mg GAE/100 g, 67.82, 101.75, and 865.73 pumol TE/100g, respectively.
This is probably due to the chemical structure of XG, which consists of hydroxyl groups. It is known that
polysaccharides have active hydroxyl groups, which may participate in eliminating free radicals and
contribute to antioxidant activity [25]. After degradation, XG showed good water solubility and, hence,
exhibited significant antioxidant activity [26]. This is probably because its active hydroxyl groups are
more present. Munir et al. [27] also reported that purified XG exhibited TPC was 22.43 ng/mL. GAE and
antioxidant activity by DPPH was 68.19 %, and ascorbic acid was used as standard (84.12 % antioxidant
activity). Their results confirmed that XG is a source of antioxidants. Shimada et al. [28] also reported
that XG contributes to the inactivation of Fe*" ions by chelation and inhibits the induced oxidation of
soybean oil in the emulsion.
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Figure 2 Effect of xanthan gum on total phenolic content (a) and antioxidant activities {DPPH (b), FRAP
(c) and ORAC (d)} of SRD.
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Conclusions

The SRD with 0.75 % XG was selected to be further developed, because the texture was suitable
and safe to swallow for elderly with dysphagia. Therefore, puree diets should be prepared with the
appropriate concentration of thickeners, because thickeners have different rheological properties
depending on their types and concentrations. In addition, total phenolic content and antioxidant activities
(DPPH, FRAP, and ORAC) of SRD with 0.75 % XG were 29.52 mgGAE/100g, 45.16, 88.96, and 497.87
pmol TE/100g, respectively. This puree diet will improve swallowing safety and can be used for the
management and treatment of the elderly with dysphagia. Other Thai cuisines should be modified texture
for pureed diet use. Thus, there will be more varieties of this kind of product for dysphagia patients.
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