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Abstract

This study was conducted to determine the effects of red and green glasswort on the physicochemical and textural prop-

erties of reduced-salt cooked sausages. The control was formulated with 1.5% NaCl; then, three reduced-salt treatments

were prepared, with 0.75% NaCl (RS), 0.75% NaCl+1.0% red glasswort (RSR) and 0.75% NaCl+1.0% green glasswort

(RSG), respectively. The addition of glasswort within the added amount of 1% had no influence on the pH value of the

reduced-salt cooked sausages, regardless of the glasswort type. In terms of color, RSG treatment conveyed a higher hue

angle value than the RSR treatment (p<0.05). Increases in the protein solubility (total and myofibrillar proteins) and appar-

ent viscosity of reduced-salt meat batter that were due to the addition of glasswort were observed; however, there were no

differences according to the type of glasswort (p>0.05). Furthermore, the addition of glasswort, regardless of its type,

resulted in decreased cooking loss, and increased emulsion stability. As a result, reduced-salt cooked sausages formulated

with either red or green glasswort demonstrated similar textural properties to those of the control. In conclusion, the type of

glasswort within an added amount of 1% had no influence on the physicochemical and textural properties of reduced-salt

cooked sausages, except for the color characteristics. In terms of color alteration by the addition of glasswort, the red glass-

wort, which in comparison with the green glasswort could minimize the color changes of reduced-salt cooked sausages,

might be an effective source for manufacturing meat products.

Keywords: cooked sausage, glasswort, reduced-salt

Introduction

Sodium chloride (NaCl) is basically one of the essential

additives for manufacturing comminuted meat products;

moreover, it generally contributes to the formation of the

products’ sensory characteristics, such as salty taste, and

textural properties (Collins, 1997). However, numerous

researchers are attempting to reduce the added amount of

NaCl in meat products because previous studies have

revealed that excessive sodium intake is greatly related to

health risks, such as high blood pressure (Grobbee, 1994)

and cardiovascular diseases (Strazzullo et al., 2009). Among

various methods to reduce the sodium amount in meat

products (considering consumer preferences about natural

sources), the application of various natural ingredients,

including seaweeds, have been carried out in order to

develop low-salt meat products (Jiménez-Colmenero et

al., 2010; López-López et al., 2009). Jiménze-Colmenero

et al. (2010) suggested the possibility of partial replace-

ments of pork back fat and NaCl with edible seaweeds,

and konjac glucomannan for low-fat, low-salt frankfurt-

ers. According to Cofrades et al. (2008), brown seaweed

could improve the water and fat binding properties of

low-salt emulsion systems due to the dietary fiber and

protein within the seaweed. Recently, Kim et al. (2014)

reported that glasswort powder could improve the cook-

ing yield and textural properties of frankfurters due to the

salt and dietary fiber contained in the glasswort; more-

over, they suggested that a frankfurter formulated with

0.75% NaCl and 1.5% glasswort conveyed a similar tex-

ture compared to that prepared with 1.5% NaCl.

Glasswort (Salicornia herbacea L.), referred to as Ham-

cho in Korea, is an annual native halophyte in the west
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and south coasts as well as around salt farms in Korea

(Song et al., 2007). In Korea, domestic uses of glasswort

are increasing as types of globulus and powder due to

reports of possible physiological benefits of glasswort.

Bang et al. (2002) indicated that 5% glasswort supple-

mentation resulted in an antidiabetic effect in streptozoto-

cin-induced diabetic rats due to the inhibitory effect of

total cholesterol and sugar in the blood. In addition, Cho

et al. (2008) suggested that the ingestion of glasswort

contributed to the improvement of bowel function, thus

relieving constipation. Furthermore, Han and Kim (2003)

reported the antioxidant activity of glasswort, and con-

cluded that 10% glasswort has a similar antioxidant effect

to 1% α-tocopherol. In terms of the nutritional value,

glasswort contains essential amino acids and fatty acids,

dietary fiber as well as a great quantity of minerals, such

as sodium (Na), potassium (K), calcium (Ca) and magne-

sium (Mg) (Min et al., 2002). Recently, for the above rea-

sons, applicability researches of glasswort as a functional

ingredient has been attempted in several foods, such as

makgeolli (Jeon et al., 2010), sponge cake (An et al.,

2010), soybean dasik (Kim and Hong, 2011), steamed

rice cake (Lee and Kim, 2013) and tofu (Kim et al., 2010).

In previous studies, the physicochemical properties and

composition of glasswort were considerably affected by

its part such as leaf and root (Min et al., 2002) and the

drying method (Kim and Lee, 2009). Naturally, in addi-

tion, the color characteristics of glasswort depend on the

harvest season; in particular, the color is conspicuously

converted from green to red (Lee and An, 2002) in the

month of October in Korea. From the point of view of

developing functional meat products, the impacts of func-

tional ingredients on the flavor, texture and color of mus-

cle foods are important considerations for the effective

use of functional ingredients (Decker and Park, 2010).

Currently, there is no relevant information regarding the

differences in the physicochemical characteristics between

red and green glassworts. Furthermore, the different phy-

sicochemical properties, including the color characteris-

tics of glasswort, at each harvest season are expected to

affect the marked differences in the quality characteristics

of meat products.

Therefore, the objectives of this study were to deter-

mine the effects of red and green glassworts on the phys-

icochemical and textural properties of reduced-sodium

cooked sausages as well as to provide effective uses of

glasswort as a natural and functional ingredient in meat

products.

Materials and Methods

Preparation of red and green glasswort powders

Freeze-dried red and green glasswort powder, which

was prepared with all parts of the glasswort including the

root, stem and leaf, was purchased from a local market.

Green glasswort was harvested in Sinan in August 2013,

and red glasswort was harvested at the same farm in

November 2013. The pH value, instrumental color, min-

eral composition, and total dietary fiber content of the

freeze-dried red and green glasswort powder are shown in

Table 1. The pH values of freeze-dried glasswort powder

was determined using a pH meter (Model 340, Mettler-

Toledo GmbH, Switzerland), and the instrumental color

was determined using a colorimeter (Minolta Chroma

meter CR-210, Japan). Major mineral elements (Na, K,

Ca, and Mg) were analyzed with atomic absorption spec-

trophotometry method (Optima 30000 XL, Perkin Elmer)

described by Rupérez (2002), the total dietary fiber con-

tent was determined with the modified AOAC enzymatic-

gravimetric method (AOAC, 1995), as described by Choi

et al. (2009).

Preparation of reduced-salt cooked sausages

Fresh pork hams (Musculus Biceps femoris, M. Semi-

tendinosus, and M. Semimembranosus) and pork back fat

were purchased from a local processor at post-mortem 48

h. All subcutaneous and inter-muscular fat and visible

connective tissue were removed from the ham muscles.

Lean meat and back fat were ground though 8-mm plate

using a meat grinder (PM-70, Mainca, Spain). Reduced-

sodium cooked sausages were produced with the formu-

lation are given in Table 2. The control was formulated

with 1.5% NaCl, and reduced-sodium treatment (RS)

were formulated with 0.75% NaCl. And two additional

Table 1. Physicochemical composition and properties of freeze-

dried red and green glassworts

Traits

Type of glassworts
Significance

of t-test1)
Green

(n=3)

Red

(n=3)

pH value 5.26 5.79 ***

CIE L* (lightness) 72.10 61.43 ***

CIE a* (redness) -3.11 0.76 ***

CIE b* (yellowness) 16.42 17.01 ***

Sodium (g/100 g) 8.927 8.097 ***

Potassium (g/100 g) 0.963 1.313 ***

Calcium (g/100 g) 0.573 0.833 ***

Magnesium (g/100 g) 0.570 0.497 *

Total dietary fiber (g/100 g) 54.00 69.24 ***

1)* p<0.05; *** p<0.001.



380 Korean J. Food Sci. An., Vol. 34, No. 3 (2014)

reduced-sodium cooked sausages were formulated with

1% green glasswort powder (RSG) and 1% red glasswort

powder (RSR), respectively. The total weight of each for-

mulation was adjusted with replacement of NaCl or glass-

wort powders with an equal amount of water. For each

batch (1.5 kg) of the treatments, meat, fat, ice, and other

ingredients were emulsified by using a bowl cutter (Nr-

963009, Scharfen, Germany). After emulsification, all ba-

tters were stuffed into collagen casings (#240, NIPPI Inc.,

Japan; approximate 25 mm diameter) by using a stuffer

(IS-8, Italy). The sausages were cooked at 80°C until the

core temperature of 75°C. After cooling, the cooked sau-

sages were used to analyze physicochemical and textural

properties on the manufacturing day.

pH measurements

The pH values of cooked samples were determined

with a pH meter (Model 340, Mettler-Toledo GmbH,

Switzerland). The pH values of samples were measured

by blending a 5 g sample with 45 mL distilled water for

60 s in a homogenizer at 8,000 rpm (Ultra-Turrax SK15,

Janke & Kunkel, Germany).

Instrumental color evaluation

Instrumental color were determined using a colorimeter

(Minolta Chroma meter CR-210, Japan; calibrated with a

white plate, CIE L*=+97.83, CIE a*=-0.43, CIE b*=

+1.98), equipped with a 25 mm aperture. The setting for

the illuminant was C illuminant source and the observer

was standard 2º. The cross-section of each cooked sau-

sages was taken. CIE L* (lightness), CIE a* (redness), and

CIE b* (yellowness) values were recorded. Hue angle

were calculated using the following expression;

Hue angle = tan-1(b*/a*).

Total, sarcoplasmic, and myofibrillar proteins solu-

bility

Protein solubility was determined using the modifica-

tion of method of Joo et al. (1999). Sarcoplasmic protein

solubility was determined by dissolving 2 g of raw meat

emulsion in 20 mL of ice-cold 25 mM potassium phos-

phate buffer (pH 7.2). The samples and buffer were homo-

genized on ice homogenizer (Model AM-7, Nihonseiki

Kaisha Ltd., Japan) and were left to stand on a shaker at

4°C overnight. The mixtures were centrifuged at 1500 g

for 20 min and the protein concentrations of the superna-

tants determined using the Biuret method (Gornall et al.,

1949). Total protein solubility was determined by homog-

enizing 2 g of meat emulsion in 20 mL of ice-cold 1.1

mol/L potassium iodide in 100 mol/L phosphate buffer

(pH 7.2). The procedures for homogenization, shaking,

centrifugation, and protein determination were as descri-

bed above. Myofibrillar protein solubility was obtained

by calculating the difference between total and sarcoplas-

mic protein solubility.

Cooking loss

As mentioned above, all treatments were cooked using

smokehouse at 80°C until the targeted core temperature

reached 75ºC. The cooking loss of cooked sausages was

determined by calculating the difference in weight after

and before cooking as follows;

Cooking loss (%) = [weight of sausage before cooking

(g) − weight of sausage after cooking (g)] / weight of sau-

sage before cooking (g) × 100

Emulsion stability

The emulsion stability was determined using the method

of Bloukas and Honikel (1992) described by Choi et al.

(2010). At the middle of a 15 mesh sieve, pre-weighed

graduated glass tubes were filled with meat emulsion.

The glass tubes were closed and heated in a 75°C water

bath for 30 min. After cooling to approximately 4°C, to

facilitate fat and water layer separation, the fat and water

releases in the bottom of each tube were measured.

Water release (%) = [the water layer (mL) / weight of

raw meat emulsion (g)] × 100

Fat release (%) = [the fat layer (mL) / weight of raw

Table 2. Formulation of reduced-salt cooked sausages (g/100 g)

Ingredients Control

Reduced-sodium

treatments1)

RS RSG RSR

Pork meat 60 60 60 60

Pork back fat 20 20 20 20

Ice 20 20 20 20

Total 100 100 100 100

NaCl 1.5 0.75 0.75 0.75

Green glasswort powder - - 1.0 -

Red glasswort powder - - - 1.0

Sodium nitrite 0.012 0.012 0.012 0.012

Sodium tri-polyphosphate 0.3 0.3 0.3 0.3

Ascorbic acid 0.05 0.05 0.05 0.05
1)Control, cooked sausages formulated with 1.5% NaCl; RS, redu-

ced-salt cooked sausages formulated with 0.75% NaCl; RSG, redu-

ced-salt cooked sausages formulated with 0.75% NaCl and 1.0%

green glasswort; RSR, reduced-salt cooked sausages formulated

with 0.75% NaCl and 1.0% red glasswort.
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meat emulsion (g)] × 100

Apparent viscosity

Apparent viscosity of meat emulsion was measured in

triplicate with a rotational viscometer (HAKKE Viscote-

ster® 550, Thermo Electron Corporation, Germany) at 10

rpm. The standard cylinder sensor (SV-2) was positioned

in a 25 mL metal cup filled with batter and allowed to

rotate under a constant shear rate (s1) for 60 s before each

reading was taken. The temperature of each sample at the

time (18±1°C) of testing was also recorded (Choi et al.,

2010).

Texture profile analysis (TPA)

Texture profile analysis was performed at room temper-

ature with a texture analyzer (TA-XT2i, Stable Micro Sys-

tems Ltd., Surrey, England). The cooked samples under

abovementioned condition were cooled to room tempera-

ture at 25ºC for 3 h. Before analysis, the cooked sausages

were allowed to equilibrate to room temperature. Samples

were taken from the central portion of each cooked sau-

sage. The conditions of texture analysis were as follows:

pre-test speed 2.0 mm/s, post-test speed 5.0 mm/s, maxi-

mum load 2 kg, head speed 2.0 mm/s, distance 8.0 mm,

force 5 g. Value for hardness (kg), springiness (ratio), co-

hesiveness, gumminess (kg), and chewiness (kg) were de-

termined as described by Bourne (1978).

Statistical analysis

All tests were done at least three times for each experi-

mental condition and mean values were reported. The ob-

tained results of physicochemical composition and prop-

erties of red and green glasswort were statistically pro-

cessed, and significance of difference between means (t-

test) was determined. Among cooked sausage treatments,

an analysis of variance were also performed on all the

variables measured using the general linear model (GLM)

procedure of the SAS statistical package (2008). Dun-

can’s multiple range test (p<0.05) was used to determine

differences between treatment means.

Results and Discussion

pH value and color characteristics of reduced-salt

cooked sausages

The effect of glasswort type on the pH value and color

characteristics of reduced-salt cooked sausages is pre-

sented in Table 3. The pH values of reduced-salt cooked

sausages ranged from 6.12 to 6.16, and the statistical

result indicated that there were no significant differences

in the pH value among all treatments (p>0.05). Previ-

ously, Lee and Kim (2013) reported that an increase in

the added level of glasswort (0-20%) led to a decreased

pH value of Sulgidduk. In this study, although a signifi-

cant difference (p<0.001) was observed in the pH value

between red and green glasswort powder (Table 1), the

addition of glasswort within the added amount of 1% had

no influence on the pH value of reduced-salt cooked sau-

sages, regardless of the glasswort type.

The addition of glasswort resulted in decreased CIE L*

(lightness) and CIE a* (redness) values and increased CIE

b* (yellowness) value of reduced-salt cooked sausages.

Additionally, the color type of glasswort engendered a

different color alternation of reduced-salt cooked sau-

sages. Hence, the RS treatment had a significantly higher

lightness than the control (p<0.05). According to Fernán-

dez-López et al. (2004), the reduction in NaCl concentra-

tion ranged from 0 to 3%, thereby gradually increasing

the lightness of pork meat due to the light reflection asso-

ciated with the water holding capacity. Red glasswort

(RSR treatment) contributed to a lower lightness of redu-

ced-salt cooked sausages compared to the green glass-

wort (RSG treatment). This result could be related with

the darker color of red glasswort compared to that of green

Table 3. Effects of red and green glassworts on pH value and color characteristics of reduced-salt cooked sausages

Traits Control
Reduced-salt treatments1)

SEM2)

RS RSG RSR

pH value 6.13 6.16 6.12 6.13 0.028

CIE L* (lightness) 72.92b 74.71a 72.59c 70.94d 0.283

CIE a* (redness) 8.74a 9.03a 5.10c 6.23b 0.350

CIE b* (yellowness) 8.39c 8.31c 11.35b 12.69a 0.398

Hue angle 43.84c 42.63c 65.80a 63.85b 2.267
1)Control, cooked sausages formulated with 1.5% NaCl; RS, reduced-salt cooked sausages formulated with 0.75% NaCl; RSG, reduced-

salt cooked sausages formulated with 0.75% NaCl and 1.0% green glasswort; RSR, reduced-salt cooked sausages formulated with 0.75%

NaCl and 1.0% red glasswort.
2)SEM: standard error of the means.
a-dMeans within a row with different letters among treatments are significantly different (p<0.05).
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glasswort (Table 1). The reduction in NaCl revealed no

change in the redness and yellowness of cooked sausages

(p>0.05); however, the addition of glasswort caused a

decrease in the redness and an increase in the yellowness

of reduced-salt cooked sausages (p<0.05). In particular,

reduced-salt cooked sausages formulated with green glass-

wort (RSG treatment) conveyed a lower redness and yel-

lowness (p<0.05) than those formulated with red glass-

wort (RSR treatment). For these reasons, RSG treatment

resulted in a higher hue angle value, which implies a sim-

ilar to yellow color than the RSR treatment (p<0.05). In

previous studies, the apparent color changes due to the

addition of green glasswort were observed in several foods,

such as honey cake (Kim and Hong, 2011), tofu (Kim et

al., 2010) and sponge cake (An et al., 2010). Addition-

ally, Cofrades et al. (2008) indicated that the color of the

low-salt emulsion system was affected by the type and

concentration of functional ingredients when meat and

pork back were added in equal amounts. Regarding the

conversion of glasswort color, according to Liebezeit et

al. (1999), Salicornia europaea, which belongs to the

same family (Chenopodiaceae) with Salicornia herbacea,

has simple pigments such as carotenoids, chlorophyll a

chlorophyll b; moreover, carotenoids are responsible for

the red discoloration during autumn. Thus, the changes in

the color characteristics of reduced-salt cooked sausages

formulated with green and red glassworts might be af-

fected by a different composition of color pigment within

glassworts.

Protein solubility of reduced-salt meat batters

Generally, it is well known that protein solubility in

comminuted meat products is affected by the pH value of

raw meat, ionic strength, type of salt, fat content, etc.

(Gordon and Barbut, 1992; Nayak et al., 1996). The effects

of red and green glassworts on protein solubility of

reduced-salt meat batters are presented in Fig. 1. The

reduction in the added amount of NaCl resulted in a

decrease in total and myofibrillar protein solubility of

meat batter (p<0.05), whereas the addition of glasswort,

regardless of type, increased the total and myofibrillar

protein solubility of reduced-salt meat batters. However,

the sarcoplasmic protein solubility of reduced-salt meat

batter was not affected by the reduction in NaCl as well

as by the addition of glasswort (p>0.05). A similar result

was observed by Kim et al. (2014), who reported that the

addition of green glasswort increased the total and myo-

fibrillar protein solubility and had no influence on the sar-

coplasmic protein solubility of meat emulsion prepared

with 0.75% NaCl. Interestingly, although there were no

significant differences in total and myofibrillar protein

solubility of RSG and RSR treatments (p>0.05), the meat

batter formulated with green glasswort had a significantly

lower total and myofibrillar protein solubility than those

of the control (p<0.05). Basically, myosin, which is one

of the major myofibrillar proteins, is differently extracted

by lithium (Li), sodium (Na) and potassium (K) ions

(Cheung and Cooke, 1971); further, it is well known that

the extracting degree of the protein to form meat emul-

sion differed from monovalent chloride salts and divalent

chloride salts (Gordon and Barbut, 1992). According to

Nayak et al. (1996), divalent salts, such as CaCl
2
 and

MgCl
2
, increased the protein solubility at a low concen-

tration (0.05%) with 4% NaCl. In this study, the compo-

sition of trace elements, such as Na, K, Mg and Ca,

between red glasswort and green glasswort showed con-

siderable differences (Table 1). The green glasswort indi-

cated a higher concentration of Na (p<0.001) and Mg

(p<0.05) compared to the red glasswort, whereas higher

concentrations of K and Ca (p<0.001) were observed in

the red glasswort. Thus, the increase in the total and myo-

fibrillar protein solubility of meat batter was differently

affected by the type of glasswort. Furthermore, a slightly

Fig. 1. Effects of red and green glassworts on protein solubil-

ity (total, sarcoplasmic, and myofibrillar) of reduced-

salt meat batters. 1)Treatments: Control, meat batter for-

mulated with 1.5% NaCl; RS, reduced-salt meat batter

formulated with 0.75% NaCl; RSG, reduced-salt meat

batter formulated with 0.75% NaCl and 1.0% green glass-

wort; RSR, reduced-salt meat batter formulated with

0.75% NaCl and 1.0% red glasswort. Values are Mean±

S.D. A-C the different letters within total protein solubil-

ity are significantly different (p<0.05). a-c the different le-

tters within myofibrillar protein solubility are significantly

different (p<0.05).



Reduced-salt Sausages with Red and Green Glassworts 383

lower protein solubility of meat batter formulated with

green glasswort might be related to a lower total concen-

tration of divalent ions (Ca and Mg).

Apparent viscosity

Generally, the viscosity of comminuted meat batter

depicted a pseudoplastic fluid behavior, and the added

amounts of fat and water directly influenced the viscosity

of comminuted meat batter (Payne and Rizvi, 1988). In

addition, the improvement in the viscosity of meat batter

contributed to the texture, such as firmness, juiciness and

elasticity, of emulsion type sausages (Girard et al., 1990).

Fig. 2 presents the effect of red and green glassworts on

the changes in the apparent viscosity of reduced-salt meat

batter. RS treatment demonstrated an obviously decreased

apparent viscosity, and the addition of glasswort, regard-

less of the type, increased the apparent viscosity of the

reduced-salt meat batter. Likewise, Kim et al. (2014) sug-

gested that the dietary fiber contained in the glasswort is

one of the main reasons affecting the increased apparent

viscosity due to the addition of glasswort. Recently, die-

tary fiber, as a functional ingredient, is extensively used

to reduce fat and NaCl of several meat products; more-

over, previous reports have indicated that the addition of

dietary fiber led to an increase in viscosity due to the

water-binding capacity and fat absorption capacity of die-

tary fiber (Choi et al., 2010; Jiménez-Colmenero et al.,

2005). Further, Lee et al. (2008) reported that an increase

in the apparent viscosity of meat emulsion depends on the

added amount of kimchi powder, which contains a dietary

fiber content of 28.32-32.50%. In Table 1, although there

was a significant (p<0.05) difference in the total dietary

fiber between the red and green glasswort, however, the

different dietary fiber content of the glasswort did not

portray a decided influence on the apparent viscosity of

the reduced-salt meat batter. Thus, the dietary fiber within

the glasswort could be responsible for the increased

apparent viscosity of the reduced-salt meat batter, and the

viscosity of the reduced-salt meat batter was not affected

by the type of glasswort under added amount of 1%.

Cooking loss and emulsion stability

The effects of red and green glassworts on cooking loss

and emulsion stability of reduced-salt cooked sausages

are shown in Table 4. As expected, a reduction in the

added amount of NaCl resulted in an obvious increase in

the cooking loss of cooked sausages; thus, RS treatment

showed the highest cooking loss among all treatments

(p<0.05). Although RSG and RSR treatments conveyed a

higher cooking loss than the control (p<0.05), the addi-

tion of glasswort decreased the cooking loss of reduced-

salt cooked sausages regardless of the glasswort type. In

previous studies, a reduction in NaCl caused a decline in

protein solubility due to the lower ion strength, thereby

Fig. 2. Changes in apparent viscosity of reduced-sodium meat

batters formulated with various red and green glass-

worts for 60 sec. Control (●), meat batter formulated with

1.5% NaCl; RS (○), reduced-sodium meat batter formu-

lated with 0.75% NaCl; RSG (△), reduced-sodium meat

batter formulated with 0.75% NaCl and 1.0% green glass-

wort powder; RSR (□ ), reduced-sodium meat batter for-

mulated with 0.75% NaCl and 1.0% red glasswort pow-

der.

Table 4. Effects of red and green glassworts on cooking loss and emulsion stability of reduced-salt cooked sausages

Traits Control
Reduced-salt treatments1)

SEM2)

RS RSG RSR

Cooking loss (%) 5.96c 16.99a 10.43b 10.42b 0.967

Emulsion stability

Water release (%) 2.59c 13.39a 8.48b 7.76b 1.132

Fat release (%) 0.50b 1.10a 0.60b 0.60b 0.774
1)Control, cooked sausages formulated with 1.5% NaCl; RS, reduced-salt cooked sausages formulated with 0.75% NaCl; RSG, reduced-

salt cooked sausages formulated with 0.75% NaCl and 1.0% green glasswort; RSR, reduced-salt cooked sausages formulated with 0.75%

NaCl and 1.0% red glasswort.
2)SEM: standard error of the means.
a-cMeans within a row with different letters among treatments are significantly different (p<0.05).
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contributing to the failure of the formation of a stable

three-dimension matrix structure (Sofos, 1983). Hence,

RS treatment showed much higher water and fat releases

than the control, and the addition of glasswort, regardless

of its type, significantly reduced the water and fat releases

(p<0.05). Recently, various attempts are being made in

order to overcome the technological problems of directly

reducing NaCl in meat processing. In particular, several

natural sources as a non-meat functional ingredient, which

contains rich-dietary fiber, have been widely used to de-

velop reduced and/or low salt meat products. Cofrades et

al. (2008) indicated that the 5% addition of edible sea-

weeds significantly improved the emulsion stability of

meat emulsion formulated with 0.5% NaCl. In addition,

they reported that the addition of 5% Wakame (Undaria

pinnatifida) resulted in no released water and fat from the

meat emulsion, and suggested that this effect resulted

from the enhancement of water- and fat-binding proper-

ties due to the dietary fiber and protein contained in the

seaweeds. Similarly, Jiménez-Colmenero et al. (2010) re-

ported that dietary fiber in seaweeds (50 g/100 g dietary

fiber concentration) could be responsible for the cooking

loss and emulsion stability of low-fat and low-salt frank-

furters (added 1.5 g/100 g dietary fiber based on total

sample weight). In addition, Kim et al. (2014) suggested

that the dietary fiber and salts in glassworts is an impor-

tant factor for improving cooking loss and emulsion sta-

bility. Our results are in agreement with the effect of

dietary fiber in glassworts; however, the type of glasswort

has no influence on both cooking loss and emulsion sta-

bility of reduced-sodium frankfurters formulated with

0.75% NaCl. In Table 1, the red and green glassworts

contain a total dietary fiber content of 54.00 and 69.24 g/

100 g, respectively. Computatively, the addition of red

and green glassworts increases the approximate 0.54-0.69

g/100 g of dietary fiber in reduced-sodium frankfurters.

Although there were significant differences in the mineral

composition and total dietary fiber content between red

and green glassworts, considering the relatively small

proportion of glassworts, the type of glasswort did not

affect the cooking loss and emulsion stability of reduced-

salt cooked sausages.

Texture profile analysis (TPA)

Generally, it is well known that a reduction in the added

NaCl causes poor textural properties of comminuted meat

products due to a decreased water holding capacity and

lower extracting degree of solubilized muscle proteins

(Totosaus and Pérez-Chabela, 2009). The effect of glass-

wort type on the textural properties of reduced-salt cooked

sausages is shown in Table 5. The reduced-salt cooked

sausages formulated with 0.75% NaCl (RS treatment) had

a significantly lower hardness, gumminess and chewiness

than the control (p<0.05). The addition of glasswort, re-

gardless of its type, increased the hardness, gumminess

and chewiness of reduced-salt cooked sausages, in which

their textural properties are similar to those of the control

(p>0.05). In addition, there were no significant differ-

ences in the springiness and cohesiveness among all treat-

ments (p>0.05). According to related studies, Pigott et al.

(2000) reported that divalent chloride salt, such as CaCl
2

and MgCl
2
, increased the extraction of total soluble pro-

tein, thereby contributing to firmer gel that conveyed a

higher peak force. Further, in Jiménez-Colmenero et al.

(2010), the dietary fiber contained in seaweed and/or kon-

jac is largely responsible for the increase in the hardness

and chewiness of low-fat/reduced-salt frankfurters. Accor-

ding to Farouk et al. (2002), myofibrillar protein, mainly

myosin, could contribute to the firmness of cooked sau-

sages with gelation, whereas sarcoplasmic protein could

be associated with cohesiveness. In Fig. 1, although the

addition of glasswort increased the total and myofibrillar

protein solubility, the type of glasswort had no influence

on the total, myofibrillar and sarcoplasmic protein solu-

Table 5. Effects of red and green glassworts on textural properties of reduced-salt cooked sausages

Traits Control
Reduced-salt treatments1)

SEM2)

RS RSG RSR

Hardness (kg) 0.42a 0.33b 0.41a 0.41a 0.007

Springiness (ratio) 0.87 0.86 0.88 0.89 0.003

Cohesiveness 0.43 0.43 0.42 0.43 0.002

Gumminess (kg) 0.18a 0.14b 0.18a 0.18a 0.003

Chewiness (kg) 0.16a 0.12b 0.16a 0.16a 0.002
1)Control, cooked sausages formulated with 1.5% NaCl; RS, reduced-salt cooked sausages formulated with 0.75% NaCl; RSG, reduced-

salt cooked sausages formulated with 0.75% NaCl and 1.0% green glasswort; RSR, reduced-salt cooked sausages formulated with 0.75%

NaCl and 1.0% red glasswort.
2)SEM: standard error of the means.
a,bMeans within a row with different letters among treatments are significantly different (p<0.05).
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bility of meat batter. Also, a similar tendency of apparent

viscosity was observed between the reduced-salt meat

batter and red and green glassworts. Thus, the increased

myofibrillar protein solubility due to the addition of

glasswort, regardless of its type, resulted in increases in

hardness, gumminess and chewiness of reduced-salt meat

batter.

In conclusion, a 1% addition of both red and green

glassworts increased the protein solubility (total and myo-

fibrillar proteins) and apparent viscosity of reduced-salt

meat batter formulated with 0.75% NaCl due to the salt

and dietary fiber contained in each glasswort; hence, it

contributes to the reduction in cooking loss and improve-

ment of emulsion stability and textural properties. Des-

pite the differences in the mineral composition and total

dietary fiber content, the type of glasswort within an added

amount of 1% had no influence on the physicochemical

and textural properties of reduced-salt cooked sausages,

except for color characteristics. In terms of color alter-

ation with the addition of glasswort, the red glasswort,

which could minimize the color changes of reduced-salt

cooked sausages, as compared to the green glasswort is

an effective source for manufacturing meat products.
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