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INTRODUCTION 

 

Due to the effects of nitrite/nitrate on sausage color, 

nitrite is a favorable additive for sausage dough. However, 

many countries in Europe, North America, and Asia limit 

the residual nitrite in sausage due to its effects on human 

health (Bozkurt and Erkmen, 2004). High health risks to 

humans due to adding nitrite include allergenic effects, 

vasodilator effects, and carcinogenic nitrosamine 

production (Marco et al., 2006). N-nitrosodimethylamine, 

N-nitrosopyrrolidine, and N-nitrosopiperidine are the major 

carcinogenic compounds developed from nitrite in sausage 

(Ahn et al., 2002; Jo et al., 2003). Adding nitrite to sausage 

is not the only source of N-nitrosamines, a very potent 

carcinogen, but N-nitrosamines can be generated due to the 

process of smoking, salting, and pickling sausage (Ahn et 

al., 2002). 

Adding nitrite to sausages forms N-nitrosamines in meat 

products, thereby, many studies have shown that 

nitrosamines can be minimized and/or impeded, as nitrite 

ions are fully scavenged (Rundlöf et al., 2000; Lee et al., 

2006). Many intrinsic and/or extrinsic factors enhance 

nitrite ion development in sausage, indicating that reducing 

nitrite is a valuable approach to lower N-nitrosamine 

formation in meat products. The sweet potato (Ipomoea 

batatas L.) is rich in anthocyanins, vitamins, and minerals 

(Islam et al., 2002; Teow et al., 2007). Typically, purple-

fleshed sweet potato (PFP), which include 0.4 to 0.6 mg 

anthocyanin/g fresh weight, mainly consists of mono- or di-
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ABSTRACT: This study was conducted to evaluate the effects of adding purple-fleshed sweet potato (PFP) powder on the texture 

properties and sensory characteristics of cooked pork sausage. Sodium nitrite alone and sodium nitrite in combination with PFP were 

added to five different treatments sausages (CON (control) = 0.01% sodium nitrite, SP25 = 0.005% sodium nitrite and 0.25% purple-

fleshed sweet potato powder combination, SP50 = 0.005% sodium nitrite and 0.5% purple-fleshed sweet potato powder combination, 

PP25 = 0.25% purple-fleshed sweet potato powder, PP50 = 0.5% purple-fleshed sweet potato powder). The sausages were cooked to 

74C, stored at 4C for 6 wks, and used for chemical analysis, textural properties, and a sensory evaluation on 0, 2, 4 and 6 wks of 

storage, respectively. Similar CIE a* and b* values were determined in sausages from CON, SP25 and SP50 at the end of storage, and 

they were higher in CIE a* but lower in CIE b* than that of the PP25 and PP50 sausages. Significant differences were observed for 

brittleness and hardness when PFP was added to the sausages but were not confirmed after 4 wks of storage. The objective color score 

was influenced by adding PFP; however, the effect was not dose dependent. In overall acceptability, panelists favored the CON, SP25, 

SP50, and PP50 sausages but did not prefer PP25 sausages at the end of storage. Therefore, adding PFP to cooked pork sausages 

improved color and texture properties and sensory characteristics, but further study is needed to determine the proper ratio of sodium 
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acylated forms of cyanidin and peonidin (Hagiwara et al., 

2002; Suda et al., 2003) and show high stability during 

cooking (Suda et al., 2003; Kano et al., 2005). In a study by 

Cevallos-Casals and Cisneros-Zevallos (2004), anthocyanin 

pigments tended to be influenced by pH. The color stability 

of red sweet potatoes was secured at pH 0.9 to 4 when they 

were stored at 20C for 138 d. 

Anthocyanins extracted from either purple-fleshed or 

red sweet potato can be a color pigment, generating red-

violet color in foods; however, only limited information is 

available when PFP powder is added to cooked pork 

sausages. The starch released from sweet potatoes by 

adding PFP powder to cooked pork sausages may influence 

textural properties and sensory characteristics. Therefore, 

our study was not only aimed at diminishing nitrite in 

cooked pork sausages by replacing nitrite with PFP powder 

but to provide information related to texture properties and 

sensory characteristics of cooked pork sausages with added 

PFP powder as a naturally derived partial nitrite replacer. 

 

MATERIALS AND METHODS 

 

Sample preparation 

Approximately 23 kg of commercial pork loin meat was 

obtained from a local commercial store, and visible pork 

loin fat was removed. All pork loins were coarse ground 

(MGB-32, Hankook Fujee Industries Co. Ltd., Suwon, 

Republic of Korea) and weighed to allot pork loins into five 

different groups (4 kg/group). 

 

Preparation of cooked pork sausage 

Individual pork loin meat from each group was mixed 

as shown in Table 1 and ground to a fine texture. Nitrite 

and/or PFP were added to the mixture as follows: i) 0.01% 

nitrite (sodium nitrite, Duksan Pure Chemical Co. Ltd., 

Ansan, Republic of Korea; control), ii) 0.005% nitrite and 

0.25% PFP powder (Jisanfood, Hamyang, Republic of 

Korea) combination, iii) 0.005% nitrite and 0.5% PFP 

combination, and iv) 0.25% PFP powder and v) 0.5% PFP 

powder. Mixing was performed for 2 min to achieve 

uniform distribution of the nitrite and/or PFP powder in the 

mixture matrix (A-20, Ramon Co. Ltd., Oiartzun, Spain). 

Approximately 160 g of mixture was used to stuff the 

sausages, (E-25, Hankook Fujee Industries Co. Ltd., Suwon, 

Republic of Korea), and 12 cm sausages were formed 

(Krehalon UK Ltd., East Riding of Yorkshire, UK). All 

sausages were placed in a water bath (BS-31, Jeio Tech. Co. 

Ltd., Seoul, Republic of Korea), uniformly cooked at 100C, 

removed when internal temperature reached 74C, and 

cooled at 4C in a refrigerator for 1 h. Each sausage was 

subsequently packed and covered with a polyvinyl chloride 

film (Krehalon UK Ltd., East Riding of Yorkshire, UK). All 

sausages from the five different treatments were stored at 

4C for chemical analysis and for sensory evaluations at 

weeks 0, 2, 4, and 6 of storage. All materials to prepare the 

sausages were used on three different processing days for 

experimental replication. 

 

Moisture and crude protein content measurement 

Moisture and crude protein contents were determined as 

described by
 
AOAC (1990). Moisture was determined by an 

oven-drying
 

method described in #934.01 and then 

expressed as
 
percent (%). The Kjeldhal method (#984.13) 

Table 1. Composition of cooked pork sausage blends1 

Ingredients 
Composition (%) 

CON SP25 SP50 PP25 PP50 

Meat ingredients      

Pork loin meat 72.40 72.40 72.4 72.4 72.4 

Pork fat 11.20 11.20 11.2 11.2 11.2 

Nonmeat ingredients      

Ice 13.80 13.55 13.30 13.55 13.30 

Salt2 1.39 1.39 1.39 1.39 1.39 

Sodium nitrite (NaNO2)
3 0.01 0.005 0.005 0.00 0.00 

Phosphate4 0.24 0.24 0.24 0.24 0.24 

Sugar5 0.50 0.50 0.50 0.50 0.50 

MSG6 0.06 0.06 0.06 0.06 0.06 

Spice7 0.40 0.40 0.40 0.40 0.40 

Purple-fleshed sweet potato powder 0.00 0.25 0.50 0.25 0.50 

Total 100.00 100.00 100.00 100.00 100.00 
1 Treatment: CON (control) = 0.01% sodium nitrite, SP25 = 0.005% sodium nitrite and 0.25% purple-fleshed sweet potato powder combination, SP50 = 

0.005% sodium nitrite and 0.5% purple-fleshed sweet potato powder combination, PP25 = 0.25% purple-fleshed sweet potato powder, PP50 = 0.5% 

purple-fleshed sweet potato powder. 
2 Refined salt (Woo-Il S&F Co., Ulsan, Republic of Korea). 3 Sodium nitrite (Duksan Co., Kyungkido, Republic of Korea). 
4 FOS/ENR (Taewon Food Co., Kyungkido, Republic of Korea). 5 Beksul white sugar (CJ cheiljedang Co., Incheon, Republic of Korea). 
6 Monosodium L-Glutanate (Shinwon Chemical Co. Ltd., Seoul, Republic of Korea). 7 Bologna (Taewon Food Co., Kyungkido, Republic of Korea). 
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was used for crude protein determination. Approximately 1 

g of ground sausage was weighed, added to a digestion 

flask, and a series of sample digestions and distillations was 

conducted. Each sample was then titrated with sodium 

hydroxide and expressed as a percent (%). 

 

pH, volatile basic nitrogen (VBN), and residual nitrite 

measurement 

To determine the pH value of the cooked pork sausage, 

10 g of cooked pork sausages was homogenized with 90 ml 

of double distilled water (DDW) for 20 s at 13,500 rpm 

(T25B, IKA Sdn. Bhd., Malaysia) and then a digital pH 

meter (Seven Easy pH, Mettler-Toledo AG, Schwerzenbach, 

Switzerland) was used. Prior to reading the pH value, the 

pH meter was calibrated with standard buffers at pH 4.0 and 

7.0, and duplicate readings per sample were obtained. 

VBN was determined according to the Conway 

micropipette diffusion method modified by Pearson (1976) 

and expressed as mg VBN/100 g of sample. Briefly, 1 g of 

sample and a few drops of phenolphthalein indicator were 

mixed with 3.5 ml of 20% sodium hydroxide solution in a 

distillated flask. The apparatus was sealed, and steam 

distillate was collected in a flask containing 20 ml of 4% 

boric acid and a few drops of methyl red and methylene 

blue (2:1 mixture). The steam distillate was continuously 

collected until a 250 ml distillated flask was filled. The 

solution obtained was then titrated using 0.01 M 

hydrochloric acid, and titration was stopped when the green 

color changed to gray. The final VBN calculation was 

accomplished based on a VBN value from a blank 

containing 6% perchloric acid steam distillation. 

Residual nitrite was determined using a 

spectrophotometric method as described in method 

#973.31AOAC (1990). Briefly, 5 g of cooked pork sausage 

was mixed with 300 ml of boiled water. Each sample was 

heated to 100C in a water bath (BS-31, Jeio Tech. Co. Ltd., 

Seoul, Republic of Korea) for 2 h. All samples were then 

filled to 500 ml with hot water, filtered, and then transferred 

to a 50 ml volumetric flask. A series of sulfanilamide (SPA) 

and N-ethylenediamine dihydrochloride (NED) additions 

were performed, and the final absorbance was measured at 

540 nm against a blank containing 45 ml DDW, 2.5 ml SPA 

and 2.5 ml NED, respectively. 

 

Color CIE L*, a* and b*, whiteness, chroma, and hue 

measurement 

CIE L* (lightness), a* (redness), and b* (yellowness) 

color space values as well as chroma (c) and hue (h) were 

determined using a Minolta colorimeter (Minolta Chroma 

Meter CR-300, Minolta Co., Ltd., Ramsey, NJ, USA). 

Before conducting each measurement, the colorimeter was 

calibrated daily (Y = 92.8, x = 0.3134 and y = 0.3193), and 

two different readings per sample were acquired. All values 

from each sample were averaged and expressed as CIE L*, 

a*, and b* color space values, chroma (c) and hue (h), 

respectively. Whiteness (W) was determined using the 

following formula; W = L*-3b*. 

 

Shear force and textural property measurement 

Five sample pieces shaped to 1.51.51.5 cm, were 

tempered at room temperature for 30 min to measure the 

shear force values of the cooked pork sausage. After 

equilibrating the sausage samples at room temperature, each 

sample was sheared once using an Instron 3343 (US/MX50, 

A&D Co., USA) equipped with a Warner Bratzler shearing 

device providing a 100 mm/min crosshead speed. The 

average shear force value from each treatment was 

calculated and expressed as kg/cm
2
. 

Textural properties were assessed using the modified 

method of Kealy (2006). All samples were equilibrated and 

processed at room temperature. To assess brittleness,
 

hardness, cohesiveness, springiness, gumminess, chewiness, 

and
 

adhesiveness, five piece cubes (1.51.51.5 cm) 

sampled from each treatment were subjected to a texture 

analyzer (EZ-test,
 
Shimadzu, Tokyo, Japan) equipped with a 

cylindrically shaped plunger
 
(5-mm diameter) and a 500-N 

load cell. The crosshead speed of the texture analyzer was
 

66 mm/min. 

 

Sensory evaluation 

A sensory evaluation was performed at the 2 wk interval 

during the 6 wks of storage. Seven panelists (age range, 25 

to 40 yrs) participated, and they were trained based on the 

procedures outlined by AMSA (1995) and Meilgaard et al. 

(1991). All cooked pork sausage from each treatment was 

re-heated to 100C for 5 min (Euro-Grill Tg101, Fri-Jad 

BV., Etten-Leur, The Netherlands) and cooled in a 35C 

incubator (JS-IN-180, Johnsam Co., Seoul, Republic of 

Korea) for 1 h. Each sausage sample was then cut into a 1.5 

1.51.5 cm cube and served to panelists with a three digit 

number. The color appearance, aroma, flavor, springiness, 

juiciness, and overall acceptability were evaluated based on 

a 9-point scale, 0 = extremely dislike and 9 = extremely like. 

Saltine crackers and unsalted DDW were served. Two 

different sessions with a 10 min break between sessions 

were conducted with three treatment samples per session 

containing a control sample. 

 

Statistical analysis 

Data from six sausage samples per treatment (265 = 

replicationsampletreatment) in duplicate were collected. 

All data collected by a one-way analysis of variance, 

treatment or storage day, respectively, and the Duncan’s 

multiple range test using the SAS (1998) version 6.12 

program (SAS Institute, Cary, NC, USA) Treatment effects 
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were considered significantly different at p<0.05. 

 

RESULTS 

 

Moisture and crude protein content of cooked pork 

sausages 

An overall summary of moisture and crude protein 

content of the cooked pork sausages is provided in Table 2. 

Moisture did not differ significantly, but significant 

differences were observed for crude protein at week 0 of 

storage (p<0.05). Sausages sampled from both the SP25 and 

PP50 treatments showed the highest crude protein content 

at week 0 of storage (p<0.05); however, a similar trend was 

not measured on wk 6 of storage (p>0.05). 

 

pH, VBN, and residual nitrite measurement of cooked 

pork sausages 

Hydrogen ion concentration - pH values of 6.15 to 6.45 

were determined for all treatments at week 0 of storage, and 

they decreased to 5.76 to 5.86 at 6 wks (Table 3). The 

highest pH with a significant difference was measured in 

sausages containing 0.01% nitrite only, whereas the PP25 or 

PP50 sausages had the lowest pH values during storage 

(p<0.05).  

VBNs were not significantly influenced by adding PFP 

powder (Table 3). However, sausages containing PFP 

powder stored for 6 weeks released less volatile nitrogen 

than that of control sausages (24.553.39) (p<0.05). 

As expected, the highest amount of nitrite remained 

when 0.01% nitrite was added to sausages (CON) when 

compared to sausages from other treatments (Table 3). 

Additionally, more residual nitrite was measured among 

sausages in the SP25 and SP50 treatments than sausages in 

the PP25 and PP50 treatments during the 6 wks of storage. 

Adding PFP powder to the sausages tended to result in 

Table 2. Proximate composition of cooked pork sausages 

containing two different percentages of purple sweet potato 

combined with nitrite during 6 wks of storage at 4C 

Items Treatments1 
Storage (wks) 

0 6 

Moisture 

(%) 

CON 67.420.79 67.730.02 

SP25 67.770.02 67.790.06 

SP50 67.570.08 67.510.42 

PP25 67.510.42 67.940.00 

PP50 67.690.05 67.710.05 

Crude protein CON 20.550.15b 19.740.10 

SP25 22.950.05a 20.490.13 

SP50 19.530.08c 20.810.06 

PP25 19.720.52c 20.561.80 

PP50 22.950.24a 19.330.21 
1 Treatment: CON (control) = 0.01% sodium nitrite, SP25 = 0.005% 

sodium nitrite and 0.25% purple-fleshed sweet potato powder 

combination, SP50 = 0.005% sodium nitrite and 0.5% purple-fleshed 

sweet potato powder combination, PP25 = 0.25% purple-fleshed sweet 

potato powder, PP50 = 0.5% purple-fleshed sweet potato powder. 
a,b,c Mean values within a column followed by the same letter are not 

significantly different (p>0.05). 

Table 3. Hydrogen ion concentration (pH), volatile basic nitrogen (VBN), and residual nitrite of cooked pork sausages containing two 

different percentages of purple sweet potato combined with nitrite during 6 wks of storage at 4C 

Items Treatments1 
Storage (wks) 

0 2 4 6 

pH CON 6.450.01a 6.290.02a 6.100.02a 5.860.01a 

SP25 6.200.01c 6.030.00d 5.770.02c 5.810.01c 

SP50 6.260.02b 6.090.00b 5.870.01b 5.840.01b 

PP25 6.170.00d 5.990.00e 5.740.01d 5.800.01c 

PP50 6.150.01d 6.060.01c 5.780.01c 5.760.02d 

VBN  

(mg %) 

CON 11.480.28 16.943.61 16.530.84 24.553.39a 

SP25 11.710.08 16.241.27 17.120.58 21.282.22ab 

SP50 11.390.32 14.751.98 16.191.01 19.690.32b 

PP25 11.290.58 16.941.17 18.732.14 19.880.40b 

PP50 11.850.16 14.891.56 15.440.32 17.220.59b 

Residual nitrite CON 7.100.77a 5.490.13a 4.570.06a 3.380.06a 

SP25 4.090.41b 2.960.02c 2.280.05c 1.760.05c 

SP50 4.120.25b 3.120.02b 2.460.06b 1.850.05b 

PP25 1.400.16c 0.120.02d 0.030.00d 0.040.01d 

PP50 1.530.13c 0.110.01d 0.050.01d 0.050.00d 

Data represent meanstandard deviation. 
1 Treatment: CON (control) = 0.01% sodium nitrite, SP25 = 0.005% sodium nitrite and 0.25% purple-fleshed sweet potato powder combination, SP50 = 

0.005% sodium nitrite and 0.5% purple-fleshed sweet potato powder combination, PP25 = 0.25% purple-fleshed sweet potato powder, PP50 = 0.5% 

purple-fleshed sweet potato powder. 
a,b,c,d Mean values within a column followed by the same letter are not significantly different (p>0.05). 
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significantly higher amounts of residual nitrite when PFP 

powder was combined with sodium nitrite and then added 

to the sausages. 

 

CIE L*, a* and b*, whiteness (W), chroma (c) and hue 

(H) measurement of cooked pork sausages 

Color was assessed to evaluate the effects of adding PFP 

powder on cooked pork sausages (Table 4). Significantly 

higher lightness was observed at up to 2 wks of storage in 

sausages from both the control and PP25 treatments 

(p<0.05), but the highest lightness was maintained at 6 wks 

of storage when 0.25% PFP powder was added to the 

sausages (p<0.05). However, the redness of the PP25 and 

PP50 sausages was not high enough to compare to the red 

color of sausages from other treatments during the 6 wks of 

storage. Sausages in both the SP25 and SP50 groups had 

low redness values at 0 wks of storage but showed similar 

redness at 4 and/or 6 wks of storage compared to that of 

control sausages. High yellowness values were obtained 

when only PFP powder was added to the sausages and then 

stored for up to 6 wks. 

The whiteness, chroma, and hue values of sausages 

were influenced by adding sodium nitrite and PFP powder 

to the sausages. Adding sodium nitrite positively affected 

sausage whiteness; however, negative effects on the chroma 

and hue values were observed when PFP powder was added, 

and the sausages were stored for up to 6 wks. Thus, the 

PP25 and PP50 sausages showed the lowest whiteness but 

Table 4. CIE L*, a* and b*, whiteness (W), chroma (c), hue (H) and residual nitrite content of cooked pork sausages containing two 

different percentages of purple sweet potato combined with nitrite during 6 wks of storage at 4C 

Items Treatments1 
Storage (wks) 

0 2 4 6 

L* CON 79.520.18a 79.720.05a 79.920.32b 79.520.22b 

SP25 77.650.22b 77.480.75c 77.630.11d 78.060.47d 

SP50 76.680.25c 76.920.19c 76.830.02e 76.990.20e 

PP25 79.720.34a 80.230.23a 80.370.26a 80.630.24a 

PP50 78.020.16b 78.740.40b 78.670.17c 78.920.12c 

a* CON 3.560.07a 7.050.05b 7.180.09a 6.860.52a 

SP25 2.260.09c 6.720.04b 6.610.13b 6.420.72a 

SP50 3.180.12b 7.500.33a 7.410.13a 6.860.14a 

PP25 -1.230.13e 1.760.11d 1.340.07d 1.680.32b 

PP50 -0.350.05d 2.880.27c 2.350.30c 2.180.29b 

b* CON 11.400.12c 7.610.06c 7.430.04d 7.890.45b 

SP25 11.450.14c 7.520.05c 7.920.04c 7.930.42b 

SP50 11.190.07c 7.090.44d 7.620.14d 8.160.09b 

PP25 13.500.15a 10.260.03a 11.070.11a 10.770.27a 

PP50 12.850.20b 9.530.09b 10.340.15b 10.540.16a 

W CON 45.330.52a 56.880.20a 57.630.38a 55.861.46a 

SP25 43.310.61b 54.920.87b 53.870.22b 54.270.79b 

SP50 43.120.16b 55.651.40ab 53.970.42b 52.500.32c 

PP25 39.210.79c 49.460.19c 47.160.37c 48.310.56d 

PP50 39.470.77c 50.160.66c 47.660.35c 47.300.38d 

c CON 11.940.12c 10.370.01a 10.340.09c 10.470.07b 

SP25 11.670.14d 10.080.06b 10.320.05c 10.220.14c 

SP50 11.630.04d 10.330.06a 10.620.10b 10.670.04ab 

PP25 13.560.15a 10.410.01a 11.150.10a 10.910.23a 

PP50 12.860.21b 9.960.16b 10.600.08b 10.770.10a 

H CON 72.650.38e 47.200.41c 45.990.27d 49.023.80b 

SP25 78.850.40c 48.220.04c 50.170.70c 51.074.57b 

SP50 74.150.63d 43.363.04d 45.830.86d 49.960.87b 

PP25 95.200.57a 80.280.62a 83.090.42a 81.111.81a 

PP50 91.580.20b 73.181.31b 77.211.74b 78.331.65a 

Data represent meanstandard deviation. 
1 Treatment: CON (control) = 0.01% sodium nitrite, SP25 = 0.005% sodium nitrite and 0.25% purple-fleshed sweet potato powder combination, SP50 = 

0.005% sodium nitrite and 0.5% purple-fleshed sweet potato powder combination, PP25 = 0.25% purple-fleshed sweet potato powder, PP50 = 0.5% 

purple-fleshed sweet potato powder. 
a,b,c,d,e Mean values within a column followed by the same letter are not significantly different (p>0.05). 
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had the highest chroma and hue values, respectively, and 

they were significantly different when compared to other 

sausages (p<0.05). 

 

Shear force and texture property measurement of 

cooked pork sausages 

No significantly different effects on cohesiveness, 

springiness, gumminess, chewiness, or adhesiveness were 

observed during 6 wks of storage (p>0.05) (Table 5). 

Adding PFP to cooked pork sausages changed brittleness 

Table 5. Shear force and texture properties of cooked pork sausages containing two different percentages of purple sweet potato 

combined with nitrite during 6 wks of storage at 4C 

Items Treatments1 
Storage (wks) 

0 2 4 6 

Shear force 

(kg/cm2) 

CON 1.370.02b 1.240.05d 1.170.02a 1.340.02bc 

SP25 1.350.03b 1.560.04c 0.770.03d 1.360.01ab 

SP50 1.360.02b 1.540.06c 0.820.03cd 1.280.01d 

PP25 1.440.02a 1.910.03a 0.830.02bc 1.370.02a 

PP50 1.470.02a 1.670.03b 0.880.04b 1.330.02c 

Brittleness 

(kg) 

CON 0.240.01d 0.300.03b 0.330.02a 0.330.01 

SP25 0.290.01bc 0.310.01b 0.330.01a 0.340.02 

SP50 0.260.01cd 0.310.01b 0.300.01b 0.320.01 

PP25 0.310.01b 0.350.00a 0.330.01a 0.330.02 

PP50 0.340.03a 0.350.01a 0.330.02a 0.340.02 

Hardness 

(kg) 

CON 0.240.01ab 0.230.01a 0.250.01a 0.260.01 

SP25 0.230.02ab 0.220.02ab 0.210.02b 0.250.02 

SP50 0.200.01c 0.200.02b 0.190.02b 0.230.01 

PP25 0.220.01bc 0.250.01a 0.240.01a 0.240.02 

PP50 0.260.02a 0.240.01a 0.250.01a 0.230.02 

Cohesiveness  

(%) 

CON 1.811.07a 0.600.03 0.600.02 0.580.04 

SP25 0.750.13b 0.660.03 0.630.02 0.610.02 

SP50 0.590.02b 0.620.02 0.620.02 0.620.03 

PP25 0.600.05b 0.610.03 0.610.03 0.610.02 

PP50 0.600.03b 0.610.02 0.610.02 0.590.02 

Springiness  

(mm) 

CON 2.921.62a 1.000.01 1.000.00 1.020.03 

SP25 1.150.15b 1.000.00 1.000.00 1.000.01 

SP50 1.010.02b 1.000.00 1.010.01 1.000.00 

PP25 1.010.02b 1.010.01 1.000.00 1.020.03 

PP50 1.000.01b 1.010.01 1.010.01 1.000.00 

Gumminess  

(kg) 

CON 0.430.25 0.180.02 0.200.02 0.190.01 

SP25 0.220.03 0.200.01 0.200.01 0.210.02 

SP50 0.160.01 0.200.01 0.190.01 0.190.01 

PP25 0.190.02 0.210.01 0.200.01 0.200.01 

PP50 0.200.03 0.210.01 0.200.01 0.200.01 

Chewiness  

(kg, mm) 

CON 1.541.21a 0.180.02 0.200.02 0.200.02 

SP25 0.250.07b 0.200.01 0.200.01 0.210.02 

SP50 0.160.01b 0.200.01 0.190.01 0.190.01 

PP25 0.190.02b 0.210.02 0.200.01 0.210.01 

PP50 0.200.03b 0.210.02 0.200.01 0.200.01 

Adhesiveness CON 0.100.02b 0.130.02 0.160.01 0.150.02 

SP25 0.150.01a 0.150.01 0.160.01 0.170.01 

SP50 0.140.01a 0.140.01 0.150.00 0.160.01 

PP25 0.140.01a 0.160.00 0.140.01 0.150.01 

PP50 0.150.02a 0.150.01 0.150.00 0.160.01 

Data represent meanstandard deviation. 
1 Treatment: CON (control) = 0.01% sodium nitrite, SP25 = 0.005% sodium nitrite and 0.25% purple-fleshed sweet potato powder combination, SP50 = 

0.005% sodium nitrite and 0.5% purple-fleshed sweet potato powder combination, PP25 = 0.25% purple-fleshed sweet potato powder, PP50 = 0.5% 

purple-fleshed sweet potato powder. 
a,b,c,d Mean values within a column followed by the same letter are not significantly different (p>0.05). 
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and hardness. Significantly higher brittleness and hardness 

were observed when PFP powder was added to sausages 

and stored for up to 4 wks (p<0.05), but no difference was 

observed after 4 wks of storage (p>0.05). Additionally, in 

contrast to the brittleness of sausages, the hardness of 

sausages containing 0.01% sodium nitrite (CON), showed a 

similar trend as the PP25 and PP50 sausages (p<0.05). 

 

Sensory evaluation of cooked pork sausages 

A significantly favorable color score was given to 

samples from the CON, SP25, and SP50 groups after 

storage for 2 to 6 wks (Table 6). But no significant effects 

were indentified even though two different amounts of PFP 

powder were added to the sausages (p>0.05). Significant 

effects of aroma, flavor, and overall acceptability were 

observed at 6 wks of storage, and panelists favored sausages 

containing both sodium nitrite and PFP powder compared to 

those containing PFP powder alone (p<0.05). Additionally, 

the amount of PFP powder added to sausages positively 

influenced flavor and springiness properties, but a 

difference was only observed at 6 wks of storage (p<0.05). 

 

DISCUSSION 

 

PFP, a common sweet potato in the Republic of Korea, 

influenced crude protein content when it was added to pork 

sausages and then cooked (Table 2). Additionally, pH values 

were lower in the sausages with added PFP powder (Table 

Table 6. Sensory evaluation of cooked pork sausages containing two different percentages of purple sweet potato combined with nitrite 

during 6 wks of storage at 4C 

Items Treatments1 
Storage (wks) 

0 2 4 6 

Color CON 7.630.93 7.080.20a 7.420.38a 7.330.26a 

SP25 7.000.71 6.750.27ab 7.080.20ab 7.000.32ab 

SP50 7.000.63 6.830.41a 6.750.27bc 7.000.32ab 

PP25 6.670.41 6.080.38c 6.580.38c 6.580.49b 

PP50 6.830.75 6.420.20bc 6.500.45c 6.580.49b 

Aroma CON 7.080.49 7.000.32 7.170.26 6.920.38a 

SP25 6.920.49 7.250.27 7.170.26 6.920.20a 

SP50 7.170.61 7.080.38 7.080.49 7.170.41a 

PP25 7.080.58 6.670.52 7.170.26 5.750.61b 

PP50 7.000.63 7.250.27 7.250.27 6.920.38a 

Flavor CON 7.920.97 7.420.49 6.500.45 6.420.20ab 

SP25 8.000.84 6.830.26 7.000.55 6.000.63b 

SP50 7.750.94 6.830.41 6.920.86 6.750.52a 

PP25 7.500.71 6.920.49 7.330.61 5.330.61c 

PP50 7.250.52 7.250.42 6.920.49 6.250.27ab 

Springiness CON 7.750.82 7.420.38a 6.670.26 6.170.26a 

SP25 7.170.82 6.750.27b 6.420.66 5.580.38b 

SP50 7.080.58 6.500.45b 6.920.38 6.080.38a 

PP25 7.330.75 6.750.42b 7.000.63 6.330.52a 

PP50 7.170.75 7.330.41a 6.830.41 6.420.38a 

Juiciness CON 7.920.58 7.330.26 7.080.49 6.920.80 

SP25 7.670.75 6.830.41 6.830.52 6.670.82 

SP50 7.420.97 7.000.45 7.170.52 6.920.49 

PP25 7.250.69 6.750.42 7.330.26 6.420.49 

PP50 7.170.41 7.080.20 7.000.45 6.670.41 

Overall acceptability CON 7.830.52 7.420.38a 6.580.38 6.670.26a 

SP25 7.670.75 7.000.00b 7.000.32 6.080.58a 

SP50 7.420.74 6.830.26bc 6.830.68 6.500.45a 

PP25 7.250.82 6.580.38c 7.080.58 5.330.75b 

PP50 7.170.52 7.080.20b 6.830.52 6.250.27a 

Data represent meanstandard deviation. 
1 Treatment: CON (control) = 0.01% sodium nitrite, SP25 = 0.005% sodium nitrite and 0.25% purple-fleshed sweet potato powder combination, SP50 = 

0.005% sodium nitrite and 0.5% purple-fleshed sweet potato powder combination, PP25 = 0.25% purple-fleshed sweet potato powder, PP50 = 0.5% 

purple-fleshed sweet potato powder. 
a,b,c Mean values within a column followed by the same letter are not significantly different (p>0.05). 
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3). The lowest pH value was confirmed for the 0.5% added 

PFP powder sausages at 6 wks of storage. As expected, 

adding PFP powder to sausages resulted in a low pH value 

compared to that of the control and may have impacted the 

positive effects on residual nitrite. Marco et al. (2006) noted 

that nitrite content in sausages quickly declines due to the 

high reactivity of nitrite as compared to that of sausages 

containing nitrate and such a reaction may be accelerated 

due to components added to sausages. Therefore, pH, an 

effective internal factor, may influence the reactivity of 

nitrite, resulting in low nitrite residues in sausages during 

storage. 

As shown in Table 4, the CIE L* and whiteness (W) 

showed high values in sausages sampled from the control, 

and both the CIE L* and W values were negatively affected 

by adding PFP powder. The pH values of sausages 

containing PFP powder were low enough to release water, 

indicating possible light dispersion during sausage color 

measurements (Qiao et al., 2001; Huff-Lonergan and 

Lonergan, 2005). However, pH was not the only factor 

influencing lightness and whiteness of the sausages. The 

cyanidin and peonidin pigments extracted from PFP may 

alter the color of cooked pork sausages and may produce a 

slightly yellow color (Hagiwara et al., 2002; Suda et al., 

2003; Mozetič et al., 2004). Therefore, sausages in the PP25 

and PP50 treatments had higher CIE b* values compared to 

those of the other treatments, but the CIE b* value did not 

increase dose dependently. 

Adding PFP powder tended to increase the shear force 

and brittleness of cooked pork sausages for up to 6 wks of 

storage. This occurred because PFP powder contains starch, 

and the molecular network within the starch granules was 

affected by heat during cooking (González and Pérez, 2002; 

Lai et al., 2003). Unexpectedly, the PFP powder did not 

influence the hardness of cooked pork sausages. It seemed 

that cooked pork sausages were firm due to the pH value of 

6.0. Wang et al. (2000) indicated that the viscosity of rice 

flour was the highest when pH reached 6.2, whereas pH 4.1 

reduced rice flour viscosity. The pH values of sausages in 

the PP25 and PP50 treatments were 5.74 to 6.17, and they 

may have influenced the viscosity of the starch in the PFP. 

However, such an effect was not fully determined in SP25 

and SP50 sausages containing the sodium nitrite and PFP 

powder combination. As the sodium nitrite was provided as 

a NaNO2 to sausages, Na
 
ions or other anions lowered or 

delayed the starch viscosity and/or gelatinization, making 

the sausages firmer (Nutting, 1952; Krog, 1973; Kim et al., 

1987). Thus, the combination of sodium nitrite and PFP 

resulted in lower hardness values of sausages in the PP25 

and PP50 treatments. 

Overall effects on color and textural characteristics of 

PFP in the sensory evaluation were measured, and objective 

color scores of sausages were influenced. The effects of the 

PFP powder on objective color were due to pH, pigments 

from the PFP powder, and the formation of 

nitrosohemochrome, which provided a bright pink-red color 

due to cooking (Lu, 2010). Objective color scores were 

better in sausages with added sodium nitrite and PFP 

powder as compared to those of sausages containing 

sodium nitrite only. In contrast to the springiness result in 

Table 5, sausages from the CON, SP50, PP25 and PP50 

treatments had significantly different springiness values 

compared to those of SP25 sausages. Therefore, the overall 

acceptability of sausages was best when sodium nitrite 

and/or PFP powder was added alone or in combination to 

pork sausages except sausages sampled from the SP25 

treatment. 

In conclusion, adding PFP seemed to provide acceptable 

effects for subjective and objective color, and textural 

properties tended to improve as compared to those of 

sausages containing PFP alone. However, the ratio or 

concentration of PFP in combination with sodium nitrite 

must be determined to provide better textural and sensory 

properties. 
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