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Effect of Nitrite Substitution of Sausage with Addition of Purple
Sweet Potato Powder and Purple Sweet Potato Pigment
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ABSTRACT The objective of this study was to investigate the effect of nitrite substitution of sausage with purple
sweet potato by examining the quality characteristics of sausage. Four sausage samples were prepared as follows:
F1 (0.15% sodium nitrite), F2 (0.2% pigment), F3 (0.2% pigment and 5% powder), and F4 (0.2% pigment and 10%
powder). A substitution of sodium nitrite with 0.2% purple sweet potato pigment reduced redness while increased
yellowness. However, the addition of 5% purple sweet potato powder to 0.2% purple sweet potato pigment increased
redness while reduced yellowness, which was similar to those of sausage with 0.15% addition of sodium nitrite. Further,
color change increased as the content of purple sweet potato increased. As the amount of purple sweet potato increased,
the contents of Ca, K, and Mg increased but hardness, gumminess, and chewiness decreased. In the sensory evaluation,
the addition of purple sweet potato did not influence on appearance, color, or flavor. However, the addition of 10%
purple sweet potato decreased the taste and texture of sausage. Correlation coefficients between overall acceptability,
texture, appearance, color, taste, and flavor were 0.901, 0.895, 0.877, 0.844, and 0.688, respectively. Therefore, proper
content of purple sweet potato powder and purple sweet potato pigment were determined to be 5% and 0.2%, re-

spectively, for the substitution of sodium nitrite.

Key wonds: purple sweet potato powder, purple sweet potato pigment, chemical properties, textural properties, sensory
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Table 1. Experimental design and ingredients composition
(unit: w/w%)
Ingredient Treatment
F1 F2 F3 F4
Pork ham meat 65 65 60 55
Pork back fat 15 15 15 15
Purple-fleshed sweet - - 5 10
potato powder
Purple-fleshed sweet - 0.2 0.2 0.2
potato pigment
Sodium nitrite 0.15 - - -
Cold water (0~4°C)  16.20 16.15 16.15 16.15
Food additives 3.65 3.65 3.65 3.65

YF1: 0% purple sweet potato powder and 0% purple-fleshed
sweet potato pigment and 0.15% sodium nitrite, F2: 0% purple
sweet potato powder and 0.2% purple-fleshed sweet potato pig-
ment and 0% sodium nitrite, F3: 5% purple sweet potato pow-
der and 0.2% purple-fleshed sweet potato pigment and 0% so-
dium nitrite, F4: 10% purple sweet potato powder and 0.2%
purple-fleshed sweet potato pigment and 0% sodium nitrite.
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Table 2. Proximate composition of purple sweet potato powder
and purple sweet potato pigment

Samples
Parameters Purple sweet Purple sweet
potato powder potato pigment
Proximate Moisture ' 4.78+0.12 5.2340.26
composition Crude protein  6.16+0.08 1.08+0.03
%) Crude fat 1.24+0.03 0.57+0.02
Crude ash 3.44+40.34 2.89+0.10
Na 134.37 -
Mineral K 729.23 -
(mg/100 g) Ca 200.56 -
Mg 84.81 -
L 55.6 47.9
Color a 20.4 21.8
b -4.9 -0.6
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Table 3. Proximate composition of sausage added with different amount of purple sweet potato powder and purple sweet potato

g 0|88 £AA9 of

Qe WA st

pigment
Proximate Storage

composition days Fl F2 F3 F4
0 50.10£0.06°2% 49.77+0.07° 51.60£0.04°*% 53.34+0.05*
Moisture 10 50.08+0.08° 49.53+0.21¢ 51.56+0.09™8 53.51+0.14*
(%) 20 50.10£0.05° 49.61+0.25° 51.56+0.10"" 53.48+0.07**
30 50.18+0.06° 49.63+0.33¢ 51.36+0.19*% 52.68+0.41°°
0 14.82+0.4* 14.51+0.01° 14.21+0.30° 13.59+0.26°*
Crude protein 10 14.71+0.10™ 14.42+0.01° 14.13+0.05° 13.46+0.02"*
(%) 20 14.74+0.02**8 14.42+0.01° 14.32+0.01° 13.12+0.01%®
30 14.81+£0.02*% 14.44+0.03° 14.27+0.06° 13.12+0.02%°
0 23.32+0.06° 23.14+0.17"* 22.5240.168 21.88+0.03°*
Crude fat 10 23.5240.24° 23.34+0.17° 22.84+0.43% 21.80+0.31%
(%) 20 23.12+0.09° 22.36+0.05™ 21.88+0.02°" 20.72+0.02%°
30 23.37+0.42° 22.60+0.12°° 21.96+0.07° 20.70+0.38%®
0 2.08+0.01° 2.08+0.01° 2.11£0.01%® 2.17£0.00°
Crude ash 10 2.10+0.03° 2.08+0.01° 2.15+0.02* 2.19+0.01°
(%) 20 2.09+0.03° 2.08+0.01° 2.14+0.01%48 2.18+0.01°
30 2.09+0.01° 2.09+0.01° 2.13+0.02°48 2.17+0.03°
0 9.68+0.06" 10.50+0.12%% 9.56+0.38™" 9.01£0.22°
Carbohydrate 10 9.59+0.13° 10.63+0.07"® 9.32+0.72"" 9.04+0.20°
(%) 20 9.95+0.04° 11.53+0.21** 10.10+0.09*® 10.49+0.08"
30 9.660.40" 11.24+0.38* 10.28+0.30°* 11.33+0.55*
0 307.8+0.5° 308.3+1.1%8 297.8+1.0%8 287.4+0.3
Calories 10 308.9£1.3 310.3£1.6™ 299.4+3.8™ 286.3£2.0*P
(kcal/g) 20 306.9+0.6° 305.1+1.2°¢ 294.6+0.5°" 281.0+0.3"
30 307.8+2.2° 306.1+1.5%¢ 295.8+0.4°" 284.2+2.5€

l)Samples are the same as in Table 1.

)All values are meantSD (n=3).

Values with different small letters (a-d) within a row are significantly different (P<0.05).
YValues with different capital letters (A-C) within a column are significantly different (P<0.05).
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Table 4. Mineral contents of sausage added with different amount of purple sweet potato powder and purple sweet potato pigment

(unit: mg/100 g)

. Samples”
Minerals F1 F2 F3 F4
Na 634.29+34 2559 618.26+48.75 624.53+21.48 597.39+17.17
Ca 11.07£0.17% 13.3340.53° 20.24+0.36° 26.58+0.80°
K 179.48+2.38° 176.03+1.52° 210.74+6.55° 237.44+3.05°
Mg 14.68+0.17° 14.94+0.08° 16.95+0.59" 18.93+0.38"

USamples are the same as in Table 1.

PAll values are meantSD (n=3).

NS: not significant.
YValues with different letters within a row are significantly different (P<0.05).



900 oitdl - g - fr

Table 5. Nitrite content of sausage added with different amount
of purple sweet potato powder and purple sweet potato pigment
(unit: mg/kg)

Samples”
Storage days 1 = 3 P
0 0.05£0.00”  0.00 0.00 0.00
10 0.03+0.00 0.00 0.00 0.00
20 0.03+0.00 0.00 0.00 0.00
30 0.03+0.00 0.00 0.00 0.00

Redness

)Samples are the same as in Table 1.

DAl values are meantSD (n=3).
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Table 6. Color determination of sausage added with different amount of purple sweet potato powder and purple sweet potato pigment

0.03 mg/kgo. &

A Foll FdE a4

A7ketA)

Table 59} 2t}. oA sh}
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Fig. 1. Changes in redness of sausages added with purple sweet
potato powder and pigment. Samples are the same as in Table 1.
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4 5%5 7k F3ol%d
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ot
B
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o

+0d

m10d
20d
m30d

F2

F3 F4

Samples

P

Bl o
o =2=

i ==

3 A X (F2) ]

7<—I/\ﬂ1:g]
Byon FHrE

Aoz molth

golg o HAE(a) 1/32 Fastqla
SRR B A8 A Ak
- 0.15%2] A7)0l v Foh

] .

o [

Samples"”

Color Storage days 1 " = 4
0 73.19+0.06°59 75.64+0.39°" 60.65+0.15°€ 54.23+0.05%
L 10 74.61£0.25% 76.89+0.41* 63.91+0.28° 56.3620.21%
20 72.81+0.21%¢ 75.31+0.24°" 62.32+0.27® 56.51+0.15%
30 73.05+0.12%5¢ 75.81+0.07*" 61.99+0.15® 56.224+0.19%®
0 9.67+0.03 3.56+0.12 9.89+0.15"* 12.11£0.07**
10 9.67+0.13% 3.65+0.02%5¢ 9.25+0.03°5¢ 11.30+0.12°€
a 20 10.07+0.13"* 3.86£0.27" 9.29+0.04% 11.6420.11%8
30 9.75+0.16™ 4.06+£0.06"* 9.112£0.07° 11.79+0.10°®
0 6.97+0.04°C 10.53+0.10° 6.72+0.18" 4.23+£0.22°
b 10 7.45+0.048 10.77+0.14%® 8.02+0.10° 4.95£0.21%
20 8.03+0.33% 11.23+0.14* 8.27+0.28" 6.31£0.25
30 7.67£0.138 10.91+0.07° 8.35+0.02° 6.47+0.12%
0 22.03+0.04" 19.82+0.29% 33.62+0.08"" 39.98+0.05
AR? 10 20.95+0.27° 18.90+0.27% 30.66+0.24™ 37.80+0.19
20 22.85+0.31°" 20.49+0.25% 32.224+0.29"® 37.9440.19°C
30 22.40+0.09" 19.92+0.04% 32.50+0.12"8 38.27+0.15%

)Samples are the same as in Table 1.
?AE means color difference. YAll values are meantSD (n=3).
4)Values with different small letters (a-d) within a row are significantly different (P<0.05).

Values with different capital letters (A-C) within a column are significantly different (P<0.05).
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Yellowness
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+0d
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F2 F3 F4
Samples

Fig. 2. Changes in yellowness of sausages added with purple
sweet potato powder and pigment. Samples are the same as in
Table 1.
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Table 7. Textural properties of sausages added with different amount of purple sweet potato powder and purple sweet potato pigment

Textural Storage Samples”
properties days F1 F2 F3 F4
0 6.8+0.3*44 6.7+0.3* 6.4£0.3"* 6.1£0.5%
Hardness 10 6.9£0.2* 6.7£0.2™ 5.9+0.3" 6.20.4
kg/cm® 20 6.5+0.1° 6.6+0.4* 6.240.3"48 5.9+0.3"
(kg
30 6.1£0.2° 6.1£0.4" 5.6+0.4" 5.140.3°8
0 -96.26+13.67"8 -92.44+13.66 -90.99+46.74 -60.63+32.05
Adhesiveness 10 -75.33+17.34"8 -70.20+40.28 -61.97+28.69 -61.93+30.84
(g) 20 -79.05+29.35" -80.68+49.05 -81.14+30.08 -98.97+24.28
30 -74.20+28.73"% -95.85+13.16 -66.39+39.32 -64.82+14.65
0 0.91+0.03 0.91+0.05 0.9440.04 0.9420.04
Springiness 10 0.93+0.04 0.93+0.03 0.97+0.03 0.9120.05
(%) 20 0.9440.03 0.94+0.02 0.9420.04 0.89:£0.05
30 0.95+0.02 0.9440.03 0.9240.04 0.93+0.02
0 0.63+0.02° 0.61+0.02°*8 0.59+0.05*8 0.48+0.07"*
Cohesiveness 10 0.65+0.02° 0.61£0.02°>* 0.57+0.04°%¢ 0.40£0.07°8
(%) 20 0.62+0.03" 0.58+0.02"" 0.63+0.02** 0.40+0.09"""
30 0.65+0.01° 0.59£0.02°48 0.53+0.03°¢ 0.30+0.05%
0 43+0.1° 414034 4.04+0.3%4 3.7£0.14
Gumminess 10 4.1+0.1 4.1+1.04 4.04+0.3% 3.6+0.1%
(kg) 20 3.9+0.2° 3.6£0.2" 3.6£0.4™ 3.2+0.2%
30 3.8+0.2° 3.7+0.1°8 3.120.3"® 3.3£0.2%8
0 4.10.2° 3.9£0.3* 4.0£0.3™ 3.3+0.3
Chewiness 10 4.0+0.2 3.9+0.2% 3.7+0.4"" 3.1+0.2%
(kg) 20 3.6+0.2° 3.4+0.2"" 3.3+0.4"¢ 3.1£0.3™
30 3.6+0.3° 3.5+0.2%® 3.240.2°¢ 2.7+0.18

USamples are the same as in Table 1.
PAll values are meantSD (n=5).

Values with different small letters (a-d) within a row are significantly different (P<0.05).
YValues with different capital letters (A-D) within a column are significantly different (P<0.05).
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Table 8. Preference of sausages added with different amount of purple sweet potato powder and purple sweet potato pigment

Storage Samples”
Preference days 1 = = Fa
0 5.85+1.18%% 4.95+1.67% 4.30+1.38"9 3.95+1.88"
Col 10 5.45+1.36 5.20+1.24° 4.25+1.33% 4.00+1.52°
olor 20 5.40+1.23" 4.80+1.36% 4.20+1.20"" 3.90+1.41°
30 5.45+1.50° 4.85+1.35% 4.20+1.44%8 4.30+1.49°
0 5.75+1.02° 4.85+1.39° 4.30+1.22° 4.05+1.67°
Abpearance 10 5.35£1.09° 5.15+1.09 4.051.00° 3.85£1.27°
pp 20 5.05+1.28" 4.60+1.10™ 4.20+0.95° 4.10+0.97°
30 5.50+1.10° 4.90+0.97° 3.55+1.28° 4.10+1.41°
0 5.35£1.23 4.90+1.48 4.70+1.08 420+1.58
Flavor 10 4.05+1.23 3.95+0.69 4.05+1.23 3.90+1.17
v 20 4.45+1.32 420+1.47 4.10+0.85 420+1.01
30 4.50+1.24 4.05+0.83 430+1.17 4.45+1.28
0 5.65+0.93" 4.85+1.50™ 5.15+1.09® 4.30+1.56"8
Tast 10 4.85+1.09° 4.15+0.93% 4.55+1.19™ 3.70+1.17°®
aste 20 5.05+1.10° 4.55+1.39™ 4.65+0.75" 4.05+1.00°"
30 5.15+1.23" 4.30£1.03% 4.05+£0.94° 4.70+0.98"*
0 5.90+0.85* 4.90+1.25° 4.65+£0.99° 4.15+1.57°
Text 10 5.15+1.04* 5.00+1.21° 4.75+1.12% 3.95+1.54
exture 20 5.15+1.27%8 4.70+1.22% 4.20+1.32% 3.7541.12°
30 4.90+1.55" 4.70+1.38" 3.65+1.23° 4.10+1.25°
0 5.85+0.93° 5.05+1.36" 4.85+1.18° 425+1.62°
Overall 10 4.95+1.05" 4.90+0.79" 420+1.01° 3.80+1.24°
preference 20 5.2041.24 4.60+1.27% 4.40+0.88" 4.20+1.06
30 5.20+1.28° 4.30+1.03° 3.90+1.29° 4.10+1.25°

])Samples are the same as in Table 1.
YAll values are mean£SD (n=20).

Values with different small letters (a-c) within a row are significantly different (P<0.05).
HValues with different capital letters (A,B) within a column are significantly different (P<0.05).
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Table 9. Pearson correlation coefficient among color and sensory attributes of sausages added with different amount of purple

sweet potato powder and purple sweet potato pigment

L a b Appearance  Flavor Taste Texture Overall
preference
L 1
a -0.761" 1
b 0788 -0.939" 1
Color 0.858"  -0.365 0.409
Appearance 08127  -0342 0.344 0.952" 1
Flavor 0.195 0.031 -0.042 0.447 0.421 1
Taste 0.407 0.036 0.047 0.670" 0.667" 0.780" 1
Texture 0766  -0.343 0.330 0.897" 0.895" 0.508"  0.758" 1
Overall preference  0.677°  -0.223 0.230 0.877" 0.895" 0688  0.844"  0.901" 1

Significant at “P<0.05, " P<0.01.

A A2 0.2%9F A ek B2 5%, 10%5 ZH2E H7)e
A& F3, F4R 31t} ol FAEFS dlalsle] H7hst 2}
A A 0.2% e AAAY ANEE AT GRS
SN A oA E Rl it diA &¥r) vlFseich 1
Huf 24 A A 0.2%] AN agel B8 5%E FIG R
M A A o] A LT} ol AL A = ol ) A} 5L
Tub 2 g St whEl A we] Frbel AL o] Fha
= fro) A vEdAE deERAvh A atel S 5%
AR A2 0.2%9] b olHAVEF 0.15%% 7
A Ao A vERE A 7R frabs Rl oh A s tet
e bl SUbshel whet 2, ZHE, vhdlEe] T
71do] Frtetla Ak, A4, AP =4 7ko] "o
o} s AR A ageke] H7E AR ] 9k
ol A& v XA UL A aLgep F 5% o] ATt
of tigh Ae] FojxHE Holx| eFdr), 1ev; A n}
o 10%°] H7hE aA1A9] gt Agks "ol A
= 27H0.901)> 213(0.895)> A(0.877)> BH0.844)
> FH0.688)9] TA R o] Ao Fo] ATt A
AR 7Nzl Mol Aakd- gy Ant f2 8l ke
Fd S JERATE AN Eel S E= AR tiE] &9
A s Bt A IFELE o] 83 AA A9 o} H it
A G AR e 2 5% A A4 0.2%E A
she Zlo] At 2oz YErst

o

£EA9 AUATHAAN 2 o]
H, Aol o] A= YU,

REFERENCES

1. Choi SH, Kwon HC, An DJ, Park JR, Oh DH. 2003. Nitrite
contents and storage properties of sausage added with green
tea powder. Korean J Food Sci Ani Resour 23: 299-308.

2. Jung IC, Kang SJ, Kim MS, Yang JB, Moon YH. 2003.

10.

11.

12.

13.

14.

Effects of carcass grade and addition of mugwort powder
on the storage stability of pork sausage. Korean J Food
Sci Ani Resour 23: 285-291.

. Choe JS, Chun HK, Hwang DY, Nam HJ. 2005. Consumer

perceptions of food-related hazards and correlates of degree
of concerns about food. J Korean Soc Food Sci Nutr 34:
66-74.

. Park EJ, Park GS. 2012. Quality characteristics of jelly pre-

pared with purple sweet potato powder. Korean J Food
Culture 27: 730-736.

. Liu Y, Jeong DH, Jung JH, Kim HS. 2013. Quality charac-

teristics and antioxidant activities of cookies added with
purple sweet potato power. Korean J Food Cookery Sci 2:
275-281.

. Lee SM. 2013. A study on the quality characteristics of gruel

supplemented with purple sweet potato. J East Asian Soc
Dietary Life 23: 234-240.

. Lee JS. 2012. Quality characteristics of wet noodles added

with freeze-dried purple sweet potato power. Korean J
Culinary Res 18: 279-292.

. Park YM, Kim MH, Yoon HH. 2012. Quality characteristics

of Sulgidduck added with purple sweet potato. Korean J
Culinary Res 18: 54-64.

. Korean Food and Drug Administration. 2008. Food sani-

tation law. Ministry of Food and Drug Safety, Cheongju,
Korea.

AOAC. 2000. Official methods of analysis of AOAC Intl.
17th ed. Association of Official Analytical Chemists, Gai-
thersburg, MD, USA. Method 950.46, 991.36.

Kim KE, Kim SS, Lee YT. 2010. Physicochemical proper-
ties of flours prepared from sweet potatoes with different
flesh colors. J Korean Soc Food Sci Nutr 39: 1476-1480.
Jin SK, Kim YJ, Park JH, Hur IC, Nam SH, Shin D. 2012.
Effects of purple-fleshed sweet potato ([pomoera batatas
cultivar Ayamurasaki) powder addition on color and texture
properties and sensory characteristics of cooked pork sau-
sages during storage. Asian-Australas J Anim Sci 25: 1329-
1337.

Kang JO, Lee GH. 2003. Effects of pigment of red beet and
chitosan on reduced nitrite sausages. Korean J Food Sci
Ani Resour 23: 215-220.

Park WY, Kim YJ. 2009. Effect of garlic and onion juice
addition on the lipid oxidation, total plate counts and re-
sidual nitrite contents of emulsified sausage during cold
storage. Korean J Food Sci Ani Resour 29: 612-618.



