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Effects of Addition of Pine Needle Extracts in Different Forms on the
Antioxidant and Residual Nitrite Contents of Emulsified
Sausages during Cold Storage
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Abstract

The objective of this study was to determine the shelf-life effects and residual nitrite content of emulsified sausages added
with pine needles during cold storage. The sausage consisted of four types: no pine needles added (control), pine needle
juice added (T1), ethanol extract of pine needles added (T2), and boiling extract of pine needles added (T3). Each sausage
type was tested in triplicate and assigned to one of four storage periods: 0, 10, 20, or 30 d. As storage time increased, the
presence of pine needles resulted in decreased pH, meat color (CIE L*, a* and b"), residual nitrite value, and increased
thiobarbituric acid reactive substances (TBARS) values and total plate counts (TPC). Values for pH, TBARS, residual
nitrite, total plate counts and CIE L" and a* decreased significantly with added pine needles relative to the control (»p<0.05).
In particular, T2 was significantly (p<0.05) more effective for delaying lipid oxidation than the other treatment groups. In
conclusion, the results demonstrate that adding an ethanol extract of pine needles (T2) to emulsified sausages tended to
improve antioxidative and antimicrobial effects and reduce residual nitrite content during storage compared to the other
treatment groups.
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Table 1. Effect of pine needle with different forms addition on pH of emulsified sausage during storage at 4°C

Storage time (d)

Treatments"
0 20 30
Control 6.63+0.03* 6.43+0.03% 6.33+0.05 6.34+0.04<*
Tl 6.44+0.04*8 6.324+0.02°8 6.20+0.10°B 6.18+0.02°8
T2 6.40+0.05*8 6.27+0.03%8 6.17+0.07<8 6.13+0.03°8
T3 6.57+0.03* 6.43+0.04%A 6.3440.06>A 6.36+0.054
Means+SD

**Means within row with different superscripts are significantly different (p<0.05).
A-BMeans within columns with different superscripts are significantly different (p<0.05).
DControl, no pine needle added; T1, pine needle juice added; T2, ethanol extracted pine needle added; T3, boiling extracted pine needle

added

Table 2. Effect of pine needle with different forms addition on TBARS (mg MA/kg) of emulsified sausage during storage at 4°C

Storage time (d)

Treatments"
0 20 30
Control 0.418+0.002% 0.447+0.002¢* 0.478+0.006** 0.544+0.005%
T1 0.383+0.00298 0.417+0.007<¢ 0.450+0.001%¢ 0.517+0.007°8
T2 0.385+0.0058 0.428+0.003<B 0.445+0.006°¢ 0.499:+0.009%¢
T3 0.413+0.0039% 0.442+0.005* 0.461+0.004°8 0.527+0.0048
Means+SD

+d\Means within row with different superscripts are significantly different (p<0.05).
ACMeans within columns with different superscripts are significantly different (p<0.05).
DControl, no pine needle added; T1, pine needle juice added; T2, ethanol extracted pine needle added; T3, boiling extracted pine needle

added
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Table 3. Effect of pine needle with different forms addition on TPC (Log CFU/g) of emulsified sausage during storage at 4°C

Storage time (d)

Treatments"
0 20 30
Control 3.36+0.01¢ 3.66+0.25¢ 5.31+0.10% 7.14+0.13%
Tl 3.36+0.01¢ 3.7340.04° 5.34+0.12" 6.83+0.12°8
T2 3.36+0.01¢ 3.60+0.05¢ 4.7740.07°® 6.81+0.11%8
T3 3.36+0.01¢ 3.8140.09° 5.33+0.08"* 6.96+0.06™"
Means+SD

*dMeans within row with different superscripts are significantly different (p<0.05).
ABMeans within columns with different superscripts are significantly different (p<0.05).
DControl, no pine needle added; T1, pine needle juice added; T2, ethanol extracted pine needle added; T3, boiling extracted pine needle

added
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Table 4. Effect of pine needle with different forms addition on meat color of emulsified sausage during storage at 4°C

Storage time (d)

Treatments"
0 10 20 30

Control 68.48+0.47 67.08+0.18%* 65.28+0.26°* 64.44+0.349

CIEL* Tl 67.64+0.39* 65.69+0.22%8 64.24+0.62°8 63.45+0.2298
T2 67.924+0.38% 65.67+0.37%8 64.39+0.52¢8 63.63+0.3198

T3 67.79+0.58% 66.00+0.10%8 65.894+0.3204 64.31+0.48

Control 8.10+0.059B 8.38+0.06° 8.59+0.08" 8.90:+0.06*

CIE & Tl 8.09+0.02"B 8.28+0.04" 8.38+0.08"® 8.58+0.07%"
T2 7.96+0.14% 8.2140.09° 8.40+0.04"8 8.59+0.098

T3 8.12+0.049 8.3340.12° 8.58+0.03" 8.86+0.05*

Control 8.00+0.10° 7.76+0.08%°B 7.57+0.39" 7.59+0.04%8

CIE b’ Tl 8.05+0.04* 8.01+0.09* 7.78+0.13° 7.724+0.07%
T2 8.08+0.03% 8.06+0.062A 7.98+0.06° 7.774+0.04A

T3 8.01+0.09* 7.79+0.082°8 7.53+0.40° 7.56+0.068

Means+SD

+d\Means within row with different superscripts are significantly different (p<0.05).
A-BMeans within columns with different superscripts are significantly different (p<0.05).
DControl, no pine needle added; T1, pine needle juice added; T2, ethanol extracted pine needle added; T3, boiling extracted pine needle

added

Table 5. Effect of pine needle with different forms addition on residual nitrite (mg/kg) contents of emulsified sausage during

storage at 4°C

Storage time (d)

Treatments"
0 20 30
Control 7.43+0.12% 7.15+0.06** 5.88+0.07* 5.17+0.13%
Tl 6.43+0.42%8 5.2840.07°8 4.6140.11°C 3.90+0.094¢
T2 5.77+0.07°¢ 4.60+0.10°¢ 3.90+0.08°° 3.28+0.18P
T3 7.29+0.03% 7.04+0.06** 5.70+0.06°® 4.85+0.09®
Means+SD

“d\Means within row with different superscripts are significantly different (p<0.05).
ADMeans within columns with different superscripts are significantly different (p<0.05).
DControl, no pine needle added; T1, pine needle juice added; T2, ethanol extracted pine needle added; T3, boiling extracted pine needle

added
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