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Abstract

The purpose of this study was to assess red beet as a natural colorant in emulsified pork sausage and to investigate the

effect of red beet on quality characteristics of emulsified pork sausage during 20 d of cold storage. Red beet was prepared

as a powder and a substitute with sodium nitrite at 0.5% and 1.0% levels in emulsified pork sausage. Red beet significantly

increased the moisture content and pH (p<0.0001) and affected color traits. Lightness of emulsified pork sausage decreased

by the addition of red beet powder (p<0.01), whereas lightness with red beet treatments slightly increased during 20 d of

cold storage at 4°C (p<0.05). Redness dramatically increased with red beet powder (p<0.0001). Color by sensory evalua-

tion also showed a significant effect from red beet addition (p<0.05), whereas the other sensory properties such as flavor,

tenderness, juiciness, and overall acceptability were not affected by the addition of red beet powder (p>0.05). Texture and

2-thiobabituric acid reactive substance were also not affected by red beet addition (p>0.05). Therefore, red beet could be a

good natural colorant in emulsified pork sausage but it needs additional processing, such as betalain concentration and

extraction as a juice, to be used as an antioxidant in meat products.
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Introduction

Nitrite is a useful ingredient in meat product manufac-

turing. It inhibits the growth of microorganisms, such as

Clostridium botulinum and Listeria monocytogenes, and

contributes to the cured meat color and flavor (Honikel,

2004; Pegg and Shahidi, 2000; Sebranek and Bacus, 2007;

Tompkin, 2005). However, there is a growing concern

about the use of nitrite in meat products because of the

formation of N-nitroso carcinogens from amines and ami-

des (Archer, 1989; Cammack et al., 1999; Santamaria,

2006). Excessive intake of nitrate is associated with gas-

tric cancer from the N-nitroso compound synthesis pro-

moted by stomach acid (Forman and Shuker, 1997; Hsu

et al., 2009).

Recent reports have suggested natural ingredients as a

substitute for nitrite. For example, sea salt, raw sugar, ve-

getable juices and powders, flavorings, spices, and starter

culture (Staphylococcus carnosus ssp. utilis) are the most

common natural ingredients in processed meat (Herrador

et al., 2005; Sebranek and Bacus, 2007). A reddish-pink

color of cured meat products is expected by substituting

fruits and vegetables for nitrite (Hsu et al., 2009; Sebra-

nek and Bacus, 2007). Although fruits and vegetables are

good sources of natural colorants, most have a disadvan-

tage in the long-term stability of food color, including in

cured meat (Herbach et al., 2006).

Red beet is regarded as a good source of antioxidants

and natural colorants because of the phenolic compounds

and betalains that are present in red beet (Mattila and

Hellstrom, 2007; Ravichandran et al., 2012, 2013). Beta-

lains are water-soluble nitrogen-containing pigments and

consist of two subgroups, betacyanins and betaxanthins
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(Delgado-Vargas et al., 2000; Stintzing and Carle, 2004).

Moreover, betalains are more stable to pH than anthocya-

nins, which are mostly used as natural pigments to give

foods a red-purple color (Mazza and Miniati, 1993; Paz-

miño-Durán et al., 2001; Roy et al., 2004). Most studies

have focused on developing purification and extraction

technology and on analyzing betalains and phenolic com-

pounds in red beet. Only a few studies have examined the

application of red beet to food processing (Lee and Jin,

2012; Martinez et al., 2006).

Therefore, the objective of this study was to assess red

beet as a natural colorant in emulsified pork sausage and

to investigate the effect of red beet on quality characteris-

tics of emulsified pork sausage during 20 d of cold stor-

age.

Materials and Methods

Preparation of red beet powder

Red beet (Beta vulgaris L. var. conditiva) roots were

bought at a local market in Korea. The red beet roots were

washed, peeled, and chopped into small pieces. Chopped

red beet was subsequently placed into a freeze dryer

(PVTFD50A, Ilsin Co., Korea) and dried at -20°C and

1.0±0.3 mmHg vacuum pressure. After 48 h of freeze

drying, the dried product was ground using a hammer

mill (GM 100, Youngjin Co., Korea). The final moisture

content of the red beet powder (RBP) was 3.5±0.5%.

Emulsified pork sausage processing

Pork meat and back fat were purchased from a local

retailer. Subcutaneous and excessive connective tissues

were removed from the pork meat and minced through a

3-mm plate twice. Six batches (10 kg) were prepared for

each treatment; the basic recipe consisted of 66.5% meat,

15.2% back fat, and 16.4% ice water. Minced meat was

ground for 1 min using a bowl cutter (Talsa K30, DSL

Food Machinery Ltd., Spain). Salt (1.3%), polyphosphate

(0.2%), and half of the ice were subsequently added and

mixed for 2 min. Different concentrations of sodium nit-

rite (NaNO
2
) and RBP for each treatment (C0, no added;

CN, 75 ppm NaNO
2
; RN1, 75 ppm NaNO

2
 + 0.5% RBP;

RN2, 75 ppm NaNO
2
 + 1.0% RBP; RB1, 0.5% RBP; RB

2, 1.0% RBP) were then added. After 1 min, fat and spi-

ces were added and emulsified for 1 min and the remain-

ing ice was added to the batter. The final emulsified batter

was obtained by applying an additional 3 min of mixing

under high speed (bowl speed: 24 rpm, knife shaft speed:

2840 rpm). The temperature of the batter was maintained

below 11.5°C. The batter was then stuffed into 70-mm

diameter fibrous casings (Nalo Top, Kalle GmbH, Ger-

many) using a stuffer (IS-8, Sirman, Italy). The stuffed

samples were cooked in a heating chamber (Thematec

Food Industry Co., Korea) to an internal temperature of

75°C. The emulsified sausages were then cooled and sto-

red at 4°C for 20 d. The formulation for the emulsified

pork sausages is presented in Table 1.

Proximate composition and pH

Moisture content (%), crude protein (%), and crude ash

(%) were determined using the AOAC method (2000).

Crude fat (%) was analyzed using the method described

in Folch et al. (1957). The pH of 3.0 g samples in sus-

pended in 27 mL of deionized water was measured using

a pH meter (MP230, Mettler Toledo, Switzerland).

Residual nitrite analysis

Residual nitrite analysis was performed using AOAC

method no. 973.31 (AOAC, 2000). All residual nitrite

was analyzed in triplicate.

Color measurements

The color of the sausage samples was measured using a

Minolta Chromameter CR-300 (Minolta Co., Japan) that

Table 1. Formulation of emulsified pork sausage

Ingredients (%)
Treatments

C0 CN RB1 RB2 RN1 RN2

Meat 66.5 66.5 66.5 66.5 66.5 66.5

Fat 15.2 15.2 15.2 15.2 15.2 15.2

Water 16.4 16.4 16.4 16.4 16.4 16.4

Salt 1.3 1.3 1.3 1.3 1.3 1.3

Spices 0.4 0.4 0.4 0.4 0.4 0.4

Polyphosphate 0.2 0.2 0.2 0.2 0.2 0.2

Red beet powder 0.0 0.0 0.5 1.0 0.5 1.0

Sodium nitrite 0.0 0.0075 0.0 0.0 0.0075 0.0075

Total 100 100.0075 100.5 101 100.5075 101.0075
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was standardized with a white plate (Y=93.5, X =0.3132,

y=0.3198) and expressed as Commission Internationale

de l’Eclairage (CIE) lightness (L*), redness (a*), and yel-

lowness (b*).

Texture property analysis

Three cylindrical (1.0 cm diameter and 2.0 cm length)

samples from each treatment were prepared for texture

property analysis. An Instron Universal Testing Machine

(Model 3343, Instron Corp., USA) was used and force

versus time curves were obtained with 10 kg load cell

applied at a crosshead speed of 200 mm/min. Hardness,

cohesiveness, springiness and gumminess were calculated

from the curves (Bourne, 1978).

2-Thiobabituric acid reactive substance (TBARS)

Five grams of sample was weighed into a 50 mL test

tube and homogenized with 15 mL of deionized distilled

water using homogenizer (T25, IKA Werke GmbH & Co.,

Germany) for 10 sec at 3,000 rpm. One milliliter of homo-

genate was transferred to a disposable test tube (3×100

mm), and butylated hydroxyanisole (50 µL, 10%) and

thiobarbituric acid / tricholoroacetic acid (TBA/ TCA) (2

mL) were added. The mixture was vortexed and then

incubated in a boiling water bath for 15 min to develop

color. The sample was cooled in cold water for 10 min,

vortexed again, and centrifuged for 15 min at 2,000 g.

The absorbance of the resulting supernatant solution was

determined at 531 nm against a blank containing 1 mL of

distilled water and 2 mL of TBA/TCA solution. The amo-

unts of TBARS were expressed as milligrams of malond-

ialdehyde per kilogram of sample. To avoid interruption

of RBP, the absorbance of RBP at 531 nm was checked

and the linear standard curve was calculated. TBARS of

sausage samples were calculated and their absorbance was

determined at 531 nm along the RBP standard curve.

Sensory property analysis

Sensory property analysis was performed by ten panel-

ists from Gyeongnam National University of Science and

Technology, South Korea. The panelists were selected

based on their frequency of consumption of pork sausage

and experience in sensory property analysis of various

meat products. The panelists evaluated each treatment in

triplicate. Color, flavor, tenderness, juiciness and overall

acceptability of emulsified pork sausage samples were

evaluated using a nine-point scale in which a score of 1

was bad or slightly extreme and 9 was good or much

extreme.

Statistical analysis

The effect of nitrite substitution with red beet in emul-

sified pork sausage was analyzed using the SAS program

(SAS, 2002). Analysis of variance (ANOVA) and t-test

were used to analyze the effect of red beet on the physic-

ochemical properties of emulsified pork sausage. The

two-way ANOVA was adopted to analyze the substitution

effect of nitrite with red beet and the difference between

storage days. The t-test analysis was adopted to analyze

the effects of nitrite and red beet addition on the physico-

chemical properties of emulsified pork sausages. Dun-

can’s multiple range tests were used to determine the

statistical significance among the means at the 95% sig-

nificant level.

Results and Discussion

Proximate composition and pH

The results for the proximate composition of moisture,

crude fat, crude ash, and crude protein are presented in

Table 2. The interaction of nitrite and nitrite × red beet

was not found to affect the proximate composition (p>

0.05). However, there was a significant effect from red

beet substitution for nitrite in moisture (p<0.0001), crude

fat (p<0.0001), and crude ash (p<0.05). The moisture of

emulsified pork sausage increased with the addition of

RBP regardless of the added levels (0.5% vs. 1.0%). In

contrast, crude fat of the control samples (C0 and CN)

was lower than that of samples with red beet (RB1, RB2,

RN1, and RN2). The crude ash results showed the same

trend as that for moisture. Analysis by t-test showed a

significant effect for the percentage of added red beet

(p<0.01). Treatments with 1.0% red beet (RB2 and RN2)

had a higher moisture content than those with 0.5% red

beet (RB1 and RN1; p<0.01). Although only a small

amount of RBP was added (0.5 or 1.0%), the dietary fiber

of RBP is assumed to have resulted in the higher moisture

content. The total dietary fiber of freeze-dried red beet is

17.2-21.8% (Zemzer et al., 2011), and its addition imp-

roves water retention in meat products (Grossi et al.,

2012; Moller et al., 2011). Puolanne (1999) reported that

the water-binding capacity affected the content of the

ingredient and the interactions of the ingredient to each

other, in particular, non-meat ingredients. Similar trends

in the proximate composition were observed in reduced-

fat sausage supplemented with brown rice fiber (Choi et

al., 2011); in dry fermented sausage supplemented with

wheat, oat, and fruit fiber (García et al., 2002); and in

emulsified sausage added with goldenrod leaf and stem
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powder (Choe et al., 2011). Therefore, red beet powder

contributed the moisture and fat content by the emulsion

stability.

The pH range of emulsified pork sausage with red beet

substituted for nitrite was 6.03-6.30, as presented in Table

2. Red beet significantly affected the pH of emulsified

pork sausage (p<0.0001); all red beet treatments had

higher pH values than controls (C0 and CN). The treat-

ment groups with 1.0% red beet added (RB2 and RN2)

showed a higher moisture content than treatment groups

with 0.5% red beet (RB1 and RN1; p<0.05). It seems that

the high pH (6.31±0.14) of red beet increased the pH of

emulsified sausage and the reactions with meat proteins

during processing. More specific studies are needed on

the chemical reaction between betalains and meat compo-

nents and on physical changes in meat product during

processing.

Residual nitrite

The results of the residual nitrite analysis are presented

in Table 3. Treatments with added red beet had higher re-

sidual nitrite values at 0 and 20 d of storage compared to

C0 (p<0.0001). As expected, all nitrite-added treatments

showed high values of residual nitrite, ranging from 13.35

to 18.93 ppm at 0 d of storage. Although these values

decreased to 11.64-16.68 ppm, they remained higher than

those of C0, RB1, and RB2. ANOVA results showed a

combined effect of nitrite and red beet (p<0.0001), indi-

cating that red beet contains nitrite. It is well-known that

vegetables, including red beet, are good sources of natu-

ral flavorings, spices and other ingredients (Sebranek and

Bacus, 2007). Further, beet as well as celery, carrot, and

lettuce can be used as a source of nitrate because of their

nitrate content (171 ppm, 2114 ppm, 2273 ppm and 3227

ppm for carrot, celery, beet and spinach juice, respec-

tively) (Sebranek and Bacus, 2007). In this study, the

Table 2. Proximate composition and pH of emulsified pork sausage substituted nitrite with red beet

Traits
Treatments1) ANOVA2) t-test3)

C0 CN RB1 RB2 RN1 RN2 N RB N×RB N RB

Moisture (%)
67.24

(0.07)

67.01

(0.13)

68.00

(0.04)

68.71

(0.08)

68.80

(0.04)

69.21

(0.04)
ns4) *** ns ns **

Crude fat (%)
13.77

(0.54)

13.84

(0.51)

12.28

(0.11)

12.13

(0.43)

11.88

(0.25)

11.63

(0.62)
ns *** ns ns ns

Crude ash (%)
1.55

(0.12)

1.48

(0.13)

1.70

(0.16)

1.64

(0.07)

1.68

(0.03)

1.68

(0.18)
ns * ns ns ns

Crude protein (%)
17.45

(0.09)

17.26

(0.14)

17.58

(0.30)

17.51

(0.18)

17.45

(0.16)

17.13

(0.16)
ns ns ns ns ns

pH
6.03

(0.01)

6.06

(0.01)

6.21

(0.01)

6.30

(0.01)

6.23

(0.01)

6.22

(0.02)
ns *** ns ns **

Data are means (SE).
1)Treatments: C0, no added; CN, 75 ppm NaNO2; RB1, 0.5% red beet; RB2, 1.0% red beet; RN1, 75 ppm NaNO2 + 0.5% red beet; RN2,

75 ppm NaNO2 + 1.0% red beet.
2)ANOVA, two-way ANOVA analysis among the treatments; N, nitrite; RB, red beet.
3)t-test: N, t-test analysis between nitrite treatments (RN1 and RN2) and the others (RB1 and RB2) except for control (C0 and CN); RB, t-

test analysis between 0.5% red beet treatments (RB1 and RN2) and 1.0% red beet treatments (RB2 and RN2); ns, not significant.
4)ns, not significant; *p<0.05; **p<0.01; ***p<0.0001.

Table 3. Residual nitrite (ppm) of emulsified pork sausage

substituted nitrite with red beet during cold storage

at 4°C for 20 d

Treatments1)
Storage time Storage

effectDay 0 Day 20

C0 4.31C (1.16) 3.72C (0.63) ns4)

CN 13.35B (0.62) 11.64B (0.45) **

RB1 4.91C (0.64) 4.96C (0.20) ns

RB2 5.09C (0.72) 4.44C (0.50) ns

RN1 18.26A (0.34) 15.80A (0.13) **

RN2 18.93A (0.27) 16.68A (0.49) **

ANOVA2)

N *** *** ns

RB *** *** ns

N×RB *** *** ns

t-test3)
N *** *** ns

RB ns ns ns

A-CMeans with different superscript in the same column are sig-

nificantly different in nitrite × red beet interaction (p<0.0001).
1)Treatments: C0, no added; CN, 75 ppm NaNO2; RB1, 0.5% red

beet; RB2, 1.0% red beet; RN1, 75 ppm NaNO2 + 0.5% red beet;

RN2, 75 ppm NaNO2 + 1.0% red beet.
2)ANOVA, two-way ANOVA analysis among the treatments; N,

nitrite; RB, red beet.
3)t-test: N, t-test analysis between nitrite treatments (RN1 and

RN2) and the others (RB1 and RB2) except for control (C0 and

CN); RB, t-test analysis between 0.5% red beet treatments (RB1

and RN2) and 1.0% red beet treatments (RB2 and RN2); ns, not

significant.
4)ns, not significant; **p<0.01; ***p<0.0001.
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addition of 0.5% and 1.0% red beet increased levels of

residual nitrite in emulsified sausage. However, declining

residual nitrite levels were observed in CN, RN1, and

RN2, which are sodium nitrite-added treatments. The

same declining residual nitrite, as presented by Sindelar

et al. (2007), was observed in this study; however, red

beet-added treatments (RB1 and RB2) did not show the

same trend. In this case, the levels of nitrite may have

been too low (4.91 ppm and 5.09 ppm for RB1 and RB2,

respectively).

Instrumental color

Lightness (CIE L*), redness (CIE a*), and yellowness

(CIE b*) were measured to investigate the effect of red

beet on the color of emulsified sausage (Table 4). A clear

effect on all color traits from the addition of red beet to

Table 4. Instrumental color of emulsified pork sausage substituted nitrite with red beet during cold storage at 4°C for 20 d

Storage time (d)
Treatments1) ANOVA2) t-test3)

C0 CN RB1 RB2 RN1 RN2 N RB N×RB N RB

Lightness (CIE L*)

0
79.9

(0.1)

79.2

(0.2)

63.7c

(0.7)

57.4d

(0.5)

64.6c

(0.4)

58.0b

(1.0)
ns4) *** ns ns **

5
79.5

(0.8)

79.0

(0.1)

66.0ab

(0.4)

59.6b

(0.1)

65.8b

(0.9)

59.3ab

(1.6)
ns ** ns ns ***

10
80.1

(0.3)

78.7

(0.3)

66.1ab

(0.1)

59.5b

(0.4)

66.2b

(0.3)

58.7b

(0.3)
ns *** ns ns ***

15
80.1

(0.2)

79.0

(0.3)

65.3b

(0.4)

58.8c

(0.4)

65.9b

(0.5)

60.7a

(0.5)
ns *** ns ns ***

20
79.1

(1.1)

78.7

(0.7)

66.4a

(0.4)

60.5a

(0.4)

67.3a

(0.6)

60.5a

(0.2)
ns *** ns ns **

Storage effect ns ns ** *** ** *

Redness (CIE a*)

0
2.7a

(0.2)

7.1c

(0.0)

21.0a

(0.2)

27.4a

(0.7)

23.0a

(0.5)

29.2a

(1.3)
* *** ns ** **

5
2.3b

(0.1)

7.3b

(0.1)

18.7b

(0.7)

25.7bc

(0.2)

22.1ab

(1.1)

28.2abc

(2.2)
* *** ns * **

10
2.0bc

(0.3)

6.9d

(0.1)

18.4bc

(0.2)

25.4bc

(0.9)

21.4b

(0.7)

28.7ab

(0.2)
* *** ns *** **

15
1.7d

(0.1)

7.7a

(0.1)

18.9b

(0.4)

25.8b

(0.4)

21.3b

(0.2)

26.0c

(0.3)
* *** ns ** ***

20
1.8cd

(0.2)

7.3b

(0.1)

17.8c

(0.7)

24.5c

(0.8)

19.4c

(0.3)

26.6bc

(0.2)
* *** ns *** **

Storage effect ** *** *** ** ** *

Yellowness (CIE b*)

0
10.4Ac

(0.1)

8.2Bb

(0.0)

9.2ABb

(0.4)

10.4Ab

(0.6)

9.0ABc

(0.7)

10.3Ac

(1.5)
* * * ns ns

5
10.6ABbc

(0.2)

8.2Cb

(0.1)

11.3Aa

(0.5)

11.4Aab

(0.2)

9.8Bbc

(0.9)

11.3Abc

(0.8)
** ** * ns ns

10
10.8Bb

(0.3)

8.7Ca

(0.2)

11.3ABa

(0.4)

11.7Aa

(0.4)

10.6Bb

(0.3)

10.8Bc

(0.1)
*** *** * ns ns

15
11.3Ca

(0.0)

8.1Eb

(0.1)

11.5Ca

(0.1)

11.8Ba

(0.3)

10.4Db

(0.3)

12.7Aa

(0.2)
** ** ** ns ns

20
11.1Ba

(0.1)

8.2Cb

(0.0)

12.4Aa

(1.0)

11.9ABa

(0.5)

12.0Aa

(0.2)

12.3Aab

(0.2)
*** *** *** ns ns

Storage effect ** ** ** ** ** *

A-EMeans with different superscript in the same row are significantly different in nitrite × red beet interaction (p<0.05).
a-dMeans with different superscript in the same column are significantly different between storage time (p<0.05).
1)Treatments: C0, no added; CN, 75 ppm NaNO2; RB1, 0.5% red beet; RB2, 1.0% red beet; RN1, 75 ppm NaNO2 + 0.5% red beet; RN2,

75 ppm NaNO2 + 1.0% red beet.
2)ANOVA, two-way ANOVA analysis among the treatments; N, nitrite; RB, red beet.
3)t-test: N, t-test analysis between nitrite treatments (RN1 and RN2) and the others (RB1 and RB2) except for control (C0 and CN); RB, t-

test analysis between 0.5% red beet treatments (RB1 and RN2) and 1.0% red beet treatments (RB2 and RN2); ns, not significant.
4)ns, not significant; *p<0.05; **p<0.01; ***p<0.0001.
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emulsified sausage was observed during cold storage. Red

beet decreased lightness (p<0.01) and increased redness

and yellowness (p<0.05). Redness, in particular, dramati-

cally increased with red beet regardless of whether sodium

nitrate was added (p<0.0001). The redness value of C0

was 1.7-2.7; however, redness values of red beet added

treatments were approximately 10 times higher (17.8-

29.2). The amount of red beet addition also influenced

lightness (p<0.01) and redness (p<0.01) but not yellow-

ness (p>0.05). Lightness decreased with an increase in

red beet addition, but higher redness was observed with

1.0% red beet addition (RB2 and RN2) compared to 0.5%

(RB1 and RN1) during storage (p<0.01). Yellowness was

not affected by the level of red beet added (p>0.05). So-

dium nitrite increased redness (p<0.05) and decreased

yellowness (p<0.05), but it did not influence lightness

(p>0.05). Results of the t-test analysis of nitrite plus red

beet addition indicated an effect only on redness through-

out the storage period (p<0.05). Storage effects were found

in all color measurements of all treatments except for

lightness in the C0 and CN groups (p<0.05). Redness

decreased but yellowness increased over storage time.

Lightness values for red beet-added treatments increased

slightly during storage (p<0.05); however C0 and CN did

not show a storage effect on lightness (p>0.05).

These results indicate that red beet is very effective in

increasing the redness of emulsified sausage because of

the betalains contained in red beet (Mattila and Hell-

strom, 2007; Mazza and Miniati, 1993; Ravichandran et

al., 2012; Roy et al., 2004). Although redness decreased

over storage time, this is probably caused by pigment

degradation as noted by Fernandez-Gines et al. (2003).

Jeong et al. (2010) also reported a decrease in redness of

low-fat sausage, which added RB homogenate during

storage, but the smoked low-fat sausage with 75 ppm so-

dium nitrite and 0.5% RB homogenate showed stable red-

ness during storage. This report did not agree with the

present study, because of the differences in RB type (po-

wder vs. homogenate) and sausage type (emulsified sau-

sage vs. smoked low-fat sausage). The addition of red beet

decreases lightness and increases yellowness of emulsi-

fied pork sausage; thus, the added level of red beet needs

to be adjusted to control desirable properties. It seems

that the powder type of RB is better than the RB homoge-

nates in adjusting the addition level of RB, because of the

lower effect and higher moisture of RB.

Texture property

Hardness, cohesiveness, springiness, and gumminess

were analyzed to investigate the effect of red beet addi-

tion on the texture of emulsified pork sausage. Results are

shown in Table 5. There were no significant effects from

the addition of red beet on the texture of emulsified pork

sausage (p>0.05). Improved texture was expected because

red beet addition affected moisture content, but no effect

was observed for any texture property trait. This could be

a positive factor in the quality of emulsified pork sausage

from the point of view of substitutes. The effects of nit-

rite, storage, and interaction between red beet and nitrite

were also not significant (p>0.05). Jeong et al. (2010)

also reported no effect of RB addition on textural proper-

ties in low-fat sausage. Nitrite addition at levels of 0-1,000

ppm was not found to affect the texture of canned chop-

ped ham (Randall and Voisey, 1977), whereas Calvo et al.

(2008) and Hayes et al. (2013) found effects of tomato

peel and powder on the texture of meat products. In the

present study, nitrite did not affect the texture of emulsi-

fied sausages, suggesting that 1.0% RBP could be added

to emulsified pork sausage without property changes in

texture.

TBARS

The results of TBARS are presented in Fig. 1. All treat-

ments showed significant increases following increased

storage time (p<0.05). An effect from red beet was not

found among treatments during the storage period except

for 10 d (p>0.05) when the addition of red beet increased

TBARS values (p<0.01). This effect of red beet addition

on TBARS of emulsified sausage was expected, since red

beet contains betalains, which exhibit antioxidant and

radical-scavenging activities (Escribano et al. 1998; Geo-

rgiev et al., 2010). Approximately 62.04-118.92 mg of

betalains exist in 100 g of red beet (Stagnari et al., 2014).

However, the addition of 0.5% and 1.0% of red beet

would be too small to affect lipid oxidation of emulsified

sausage.

Sensory properties

As shown in Fig. 2, color, flavor, tenderness, juiciness,

and overall acceptability were selected for sensory prop-

erty analysis. Color showed significant effects from red

beet addition and nitrite in emulsified sausages (p<0.05),

whereas no significance was found among the treatments

for the other sensory traits (p>0.05). Color showed the

same trend as instrumental color, which showed an effect

from red beet addition. However, in the sensory property

evaluation, panelists did not note an influence from the

addition of red beet. Although C0 had the lowest color
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Table 5. Texture property of emulsified pork sausage substituted nitrite with red beet during cold storage at 4°C for 20 d

Storage time (d)
Treatments1) ANOVA2) t-test3)

C0 CN RB1 RB2 RN1 RN2 N RB N×RB N RB

Hardness (N)

0
29.40

(0.98)

30.38

(1.96)

31.36

(2.88)

33.32

(1.96)

31.36

(1.96)

32.34

(2.94)
ns4) ns ns ns ns

5
32.34

(3.92)

31.36

(1.96)

33.32

(2.90)

35.28

(2.94)

30.38

(2.94)

33.32

(1.96)
ns ns ns ns ns

10
34.30

(1.96)

31.36

(1.96)

31.36

(2.94)

29.40

(3.92)

33.32

(3.92)

34.30

(3.92)
ns ns ns ns ns

15
29.40

(1.96)

30.38

(1.96)

28.42

(0.98)

33.32

(2.94)

32.34

(2.90)

30.38

(0.98)
ns ns ns ns ns

20
30.38

(2.94)

30.38

(2.86)

28.42

(3.92)

28.42

(2.80)

33.32

(2.90)

29.40

(2.94)
ns ns ns ns ns

Storage effect ns ns ns ns ns ns

Cohesiveness

0
0.58

(0.02)

0.60

(0.05)

0.56

(0.07)

0.59

(0.04)

0.60

(0.05)

0.53

(0.02)
ns ns ns ns ns

5
0.59

(0.01)

0.58

(0.02)

0.57

(0.02)

0.57

(0.02)

0.58

(0.02)

0.59

(0.02)
ns ns ns ns ns

10
0.55

(0.01)

0.57

(0.04)

0.59

(0.03)

0.55

(0.04)

0.55

(0.05)

0.54

(0.01)
ns ns ns ns ns

15
0.57

(0.01)

0.60

(0.04)

0.61

(0.05)

0.59

(0.03)

0.53

(0.01)

0.53

(0.07)
ns ns ns ns ns

20
0.57

(0.06)

0.60

(0.03)

0.56

(0.03)

0.56

(0.07)

0.56

(0.02)

0.54

(0.05)
ns ns ns ns ns

Storage effect ns ns ns ns ns ns

Springiness (mm)

0
9.90

(0.10)

10.19

(0.49)

10.00

(0.20)

10.19

(0.20)

10.49

(0.59)

9.80

(0.10)
ns ns ns ns ns

5
10.39

(0.39)

10.09

(0.59)

10.29

(0.20)

10.09

(0.29)

10.09

(0.49)

10.09

(0.29)
ns ns ns ns ns

10
9.80

(0.00)

10.09

(0.20)

10.00

(0.29)

9.90

(0.10)

10.09

(0.39)

10.09

(0.39)
ns ns ns ns ns

15
10.00

(0.29)

10.00

(0.29)

10.39

(0.49)

10.00

(0.20)

9.80

(0.10)

10.19

(0.49)
ns ns ns ns ns

20
10.09

(0.49)

10.19

(0.78)

9.80

(0.00)

10.39

(0.39)

9.80

(0.00)

10.09

(0.49)
ns ns ns ns ns

Storage effect ns ns ns ns ns ns

Gumminess (N)

0
10.01

(0.20)

10.02

(0.20)

10.00

(0.39)

10.01

(0.20)

10.03

(0.29)

10.00

(0.10)
ns ns ns ns ns

5
10.02

(0.10)

10.01

(0.10)

10.02

(0.10)

10.01

(0.29)

10.00

(0.10)

10.01

(0.20)
ns ns ns ns ns

10
10.01

(0.29)

10.02

(0.10)

10.01

(0.10)

10.00

(0.20)

10.01

(0.39)

10.01

(0.39)
ns ns ns ns ns

15
10.01

(0.20)

10.02

(0.10)

10.00

(0.49)

10.03

(0.20)

10.00

(0.20)

9.98

(0.10)
ns ns ns ns ns

20
10.02

(0.20)

10.00

(0.29)

10.01

(0.10)

10.01

(0.29)

10.01

(0.00)

9.99

(0.20)
ns ns ns ns ns

Storage effect ns ns ns ns ns ns

Data are means (SE).
1)Treatments: C0, no added; CN, 75 ppm NaNO2; RB1, 0.5% red beet; RB2, 1.0% red beet; RN1, 75 ppm NaNO2 + 0.5% red beet; RN2,

75 ppm NaNO2 + 1.0% red beet.
2)ANOVA, two-way ANOVA analysis among the treatments; N, nitrite; RB, red beet.
3)t-test: N, t-test analysis between nitrite treatments (RN1 and RN2) and the others (RB1 and RB2) except for control (C0 and CN); RB, t-

test analysis between 0.5% red beet treatments (RB1 and RN2) and 1.0% red beet treatments (RB2 and RN2); ns, not significant.
4)ns, not significant.



Red Beet Effect on Quality of Pork Sausage 479

value among the treatments, there was no significant dif-

ference in overall acceptability from flavor, tenderness, or

juiciness among the treatments (p>0.05).

Conclusions

Red beet slightly increased the moisture content in

emulsified pork sausage; however, texture and sensory

properties, except for color, were not significantly affec-

ted by the addition of red beet. Color traits, including

instrumental measurement and sensory property, were

affected by red beet addition because red beet has both

natural nitrite levels and pigments (betalains). Therefore,

red beet could be a good natural colorant in emulsified

pork sausage and other meat products. However, an anti-

oxidant effect was not identified at added levels of 0.5%

and 1.0%. If red beet is concentrated after betalain extrac-

tion or juice types, it could be an appropriate colorant as

well as additive or water (ice) substitute in meat products.
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