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Abstract

This study was conducted to evaluate the functional effects of adding oyster shell powder on the quality properties and
storage stability of emulsion-type pork sausages to substitute phosphates as a curing agent. Seven treatments were prepared:
T1 (Control), T2 (0.3% STPP), T3 (1.5% NaCl), T4 (1.5% NaCl + 0.5% whey protein), T5 (1.5% NaCl + 0.5% whey protein
+0.15% oyster shell powder), T6 (1.5% NaCl + 0.5% whey protein + 0.3% oyster shell powder), and T7 (1.5% NaCl +0.5%
whey protein + 0.5% oyster shell powder). Significant differences were observed for ash in the proximal analysis. Adding
0.5% oyster shell powder significantly increased pH values when compared to the other treatments. Pork sausages with
0.3% oyster shell powder had significantly improved water holding capacity and cooking loss. Adding oyster shell powder
(0.15, 0.3, and 0.5%) resulted in significantly higher hardness, cohesiveness, springiness, and chewiness values than those
in the other treatments. No significant differences were observed among treatments during 14 d of cold storage at 4°C.

Key words: oyster shell powder, inorganic polyphosphate, emulsion-type pork sausages
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Table 1. Formulation of pork sausages* (Unit; %)
Treatment T1 T2 T3 T4 T5 T6 T7
Pork loin 55.00 55.00 55.00 55.00 55.00 55.00 55.00
Back fat 22.00 22.00 22.00 22.00 22.00 22.00 22.00
Ice 22.00 22.00 22.00 22.00 22.00 22.00 22.00
Natural antioxidants 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Glucose 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Spices 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Salt - - 1.50 1.50 1.50 1.50 1.50
Phosphate - 0.30 - - - - -
Whey protein - - - 0.50 0.50 0.50 0.50
Oyster shell powder - - - - 0.15 0.30 0.50
Total 99.97 100.27 101.47 101.97 102.12 102.27 102.47

*T1; control (No additives), T2; addition of 0.3% sodium tripolyphosphate, T3; addition of 1.5% NaCl, T4; addition of 1.5% NaCl +
0.5% whey protein, T5; addition of 1.5% NaCl + 0.5% whey protein + 0.15% oyster shell powder, T6; addition of 1.5% NaCl + 0.5%
whey protein + 0.3% oyster shell powder, T7; addition of 1.5% NaCl + 0.5% whey protein + 0.5% oyster shell powder

| Material | | Pork lean meat back fat |

| Cho:ping | | 8 mm |
¢ « | 12Iceingredients |

| Cutting | | Tempering at 3°C |
\ « | 1/2 Ice back fat |

| Emulsifying | | Temperingat9.5°C |

| Stuiﬁng | | Collagen casing |
2

Dry at 55°C, 25 min
Smoking at 60°C, 25 min
Cooking at 75°C, 30 min

Cooking & Smoking

\2

| Chilling | | Showeringat15°C |
\2

‘ Storage ‘ ‘ Overnight at 2-3°C ‘

Fig. 1. Manufacturing process of emulsion-type pork sau-
sages.
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Table 2. Proximate analysis of pork sausages prepared with
NaCl, phosphate, whey protein or different levels of
oyster shell powder

Treat-  Moisture Protein Fat Ash
ment (%) (%) (%) (%)
Tl  64.27+1.03° 17.22+0.59 17.53+1.52* 0.95+0.39¢
T2  64.96£0.69° 18.60+5.54 17.37+0.67* 0.98+0.35¢
T3  64.73+£0.75® 17.08+0.62 16.89+0.94® 1.27+0.11°
T4  64.69+0.64° 17.25+0.56 16.72+1.05* 1.32+0.07¢
T5  65.05£0.67° 17.10£0.46 16.28+0.28" 1.55+0.11°
T6  64.76£0.39° 16.98+1.04 16.54+1.28" 1.73+0.05%
T7 64.28+0.95° 16.78+0.49  17.10+0.32% 1.82+0.03*

*Treatments are the same as in Table 1.

*dMeans+SD with different superscripts in the same column are
significantly different (p<0.05).
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Table 3. pH, WHC, and cooking loss of pork sausages pre-
pared with NaCl, phosphate, whey protein or differ-
ent levels of oyster shell powder

Treatment* pH WHC (%)  Cooking loss (%)
T1 6.02+0.25¢ 55.27+6.69¢ 10.7442.26*
T2 6.34+0.43¢ 54.77+4.05¢ 0.74+0.11¢
T3 6.20+0.12¢ 55.14+4.76° 2.78+0.80°
T4 6.23+0.24% 55.40+69.12¢ 1.1120.14¢
T5 6.43+0.26¢ 59.46+3.10° 0.66+0.19¢
T6 6.69+0.09" 65.26+5.46" 0.96+0.36°
T7 7.04+0.22° 62.23+6.04% 0.71£0.14¢

*Treatments are the same as in Table 1.
“dMeans+SD with different superscripts in the same column are
significantly different (p<0.05).

Table 4. Textural properties of pork sausages prepared with
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NaCl, phosphate, whey protein or different levels of oyster shell

powder
Treatment* Shear force (g) Hardness (g) Cohesiveness (%) Springiness (%) Chewiness

Tl 110.00+ 4.00 475.71£151.20¢ 0.31+0.12% 0.38+0.11° 51.82+ 18.86°
T2 131.08+48.63 701.25+188.78<¢ 0.30+0.09% 0.39+0.14° 66.43+ 9.92¢
T3 109.66+30.09 711.66+ 94.74% 0.2620.08" 0.44+0.17% 100.96+ 57.60¢
T4 138.20+47.57 982.85+163.98" 0.27+0.09% 0.47+0.20% 122.35+ 76.13¢
T5 133.75432.45 1331.25+199.45° 0.39+0.13% 0.60+0.16° 47417+ 91.10°
T6 137.00+£25.65 1334.29+389.39° 0.40+0.22% 0.64+0.20° 318.83+162.25"
T7 147.80+41.46 1076.25+448.42% 0.44+0.23" 0.61+0.23" 254.93+131.90°

*Treatments are the same as in Table 1.

*d\Means+SD with different superscripts in the same column are significantly different (p<0.05).
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Table 5. Color properties (L, a, b) of pork sausage prepared
with NaCl, phosphate, whey protein or different
levels of oyster shell powder

Treatment L value a value b value
T1 86.08+ 6.28 8.65+4.53% 16.02+0.72°
T2 81.44+18.87 10.98+5.77% 18.41+5.19°
T3 79.63+ 9.28 5.48+1.91° 15.76+1.27°
T4 81.70+ 7.81 5.36+1.93° 15.68+0.83°
T5 84.65+ 5.80 7.71£2.79% 15.94+0.46°
T6 83.87+ 8.13 7.60+3.55% 15.99+0.41°
T7 87.14+ 4.71 9.82+3.87% 15.81x1.16°

*Treatments are the same as in Table 1.
“®Means+SD with different superscripts in the same column are
significantly different (p<0.05).
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Table 6. pH changes of total aerobic counts for pork sausages prepared with NaCl, phosphate, whey protein or different levels of

oyster shell powder during 14 d of storage at 4°C

Treatment* day 0 day 3 day 7 day 10 day 14
T1 6.02+0.25% 5.98+0.02¢ 5.97+0.04¢ 5.94+0.29¢ 5.9040.15°
T2 6.34+0.43¢ 6.36+0.30¢ 6.20+0.34¢ 6.22+0.35% 6.10£0.11°
T3 6.20+0.12¢ 6.33+0.18¢ 6.26+0.20¢ 6.05+£0.24% 6.14+0.30°
T4 6.23+0.24% 6.12+0.12¢ 6.11+0.10% 6.31+0.03" 6.05+0.10°
T5 6.43+0.26° 6.56+0.09° 6.49+0.14¢ 6.36+0.31° 6.40+0.24°
T6 6.69+0.09° 6.73+0.08° 6.79+0.04° 6.49£0.35% 6.58+0.30°
T7 7.04+0.22° 6.95+0.03° 6.97+0.03* 6.75+0.21° 6.62+0.31°

*Treatments are the same as in Table 1.

+d\Means+SD with different superscripts in the same column are significantly different (p<0.05).

Table 7. Changes of total aerobic counts for pork sausages prepared with NaCl, phosphate, whey protein or different levels of

oyster shell powder during 14 d of storage at 4°C

(Unit: Log CFU/g)

Treatment* day 0 day 3 day 7 day 10 day 14
T1 2.87+0.34%® 2.710.15% 3.27+0.58 3.4440.52 4.20+0.86
T2 2.93+0.422 2.67£0.43% 3.40+0.78 3.76+0.46 4.37+0.87
T3 2.48+0.26% 2.80+0.16% 3.05+0.81 3.57+0.46 4.25+0.84
T4 2.87+0.28% 3.05+0.39* 2.92+0.52 3.45+0.66 4.53+0.31
T5 2.67+0.30% 2.54+0.35° 2.87+0.65 3.44+0.27 5.07+0.58
T6 2.42+0.27¢ 2.59+0.35° 2.97+0.70 3.38+0.65 4.98+0.45
T7 2.26+0.31¢ 2.51+0.41° 3.31+0.61 3.91+0.41 4.95+0.91

*Treatments are the same as in Table 1.

“*Means+SD with different superscripts in the same column are significantly different (p<0.05).

Table 8. Changes of TBA values for pork sausages prepared with NaCl, phosphate, whey protein or different levels of oyster

shell powder during 14 d of storage at 4°C

(Unit: mg malonaldehyde/kg)

Treatment* day 0 day 3 day 7 day 10 day 14
Tl 0.37+0.05% 0.40+0.15* 0.39+0.07% 0.43+0.03* 0.3440.05*
T2 0.24+0.11% 0.23+0.20% 0.24+0.02% 0.32+0.06" 0.20+0.07°
T3 0.26+0.03" 0.21+0.11% 0.29+0.13° 0.34:+0.09° 0.24+0.13"
T4 0.43+0.012 0.39+0.08* 0.1440.05* 0.46:0.01* 0.36:0.05*
T5 0.22+0.08° 0.23+£012% 0.22+0.05 0.32+0.02% 0.19+0.02°
T6 0.17+0.04% 0.14+0.06° 0.17+0.03¢ 0.26+0.01¢ 0.19+0.04°
T7 0.27+0.12° 0.26+0.07° 0.16+0.03¢ 0.29+0.05% 0.21£0.04°

*Treatments are the same as in Table 1.

+d\Means+SD with different superscripts in the same column are significantly different (p<0.05).
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Table 9. Changes of VBN values for pork sausages prepared with NaCl, phosphate, whey protein or different levels of oyster

shell powder during 14 d of storage at 4°C

(Unit: mg%)

Treatment* day 0 day 3 day 7 day 10 day 14
Tl 5.13+1.87 5.03+£1.68 6.91+1.33 6.67+2.03 9.38+1.31*
T2 4.25+1.08 5.16£1.35 7.30+1.48 6.81+£2.30 8.75+1.42%
T3 5.23+1.07 6.03+1.64 6.78+1.18 6.60+2.07 8.80+0.38%
T4 4.71+1.88 6.17£2.08 6.75+1.41 6.14+2.04 7.61+£0.22°
T5 5.07+1.49 5.74+1.36 6.88+0.83 6.81+1.66 8.30+£0.25™
T6 5.65+1.59 6.45+1.35 7.42+0.82 7.01£2.90 8.92:+0.32%
T7 5.56+0.99 5.54+1.54 6.77+1.00 6.724+2.69 8.99+0.52%

*Treatments are the same as in Table 1.

**Means+SD with different superscripts in the same column are significantly different (»p<0.05).
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