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ABSTRACT

This study was conducted to investigate the effects of Cordyceps ochraceostromat, silkworm cocoon, and conjugated linoleic
acid (CLA) on the quality and storage properties of pork sausage manufactured with protein recovered from breast of spent laying
hen during 4 wks of storage at 4°C. Pork sausages were prepared using 100% ham (control) and 40% recovered protein from
breast of spent laying hen to replace pork (T1), and with added different sources to final concentrations of 0.1% Cordyceps
ochraceostromat powder (T2), 0.1% silkworm cocoon powder (T3), 0.1% CLA (T4), 0.05% Cordyceps ochraceostromat + 0.05%
silkworm cocoon (T5), 0.05% Cordyceps ochraceostromat + 0.05% CLA (T6), and 0.05% silkworm cocoon + 0.05% CLA (T7).
The treatments T5 and T7 had higher (p<0.05) protein content than control, but control had lower fat content than other samples
during 4 wks of storage at 4C. Lightness was significantly lower in the treatment samples than control. However, there was no
significant difference in water holding capacity between the sausage samples, whereas, cohesiveness and chewiness were
significantly higher (p<0.05) in the control than other treatments. All sausage samples showed a significant increase in volatile
basic nitrogen (VBN) and total plate counts with extending storage time (p<0.05), and VBN values of treatments were lower than
the control. However, the treatment samples showed a significant decrease (p<0.05) in thiobarbituric acid reactive substances over
the increasing storage time. Therefore, our results suggested that the 40% recovered protein to replace pork and with added
different sources decreased lipid oxidation and protein denaturation of pork sausages, thereby enhancing self-life, compared to
normal pork sausage (control).
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Table 1. The basic formulation of sausage batter with ingredients

Treatments"

Ingredients
C Tl T2 T3 T4 T5 T6 T7
Ham 3,620 2,172 2,172 2172 2,172 2,172 2,172 2,172
pH adjusted breast muscle of spend laying hens - 1,448 1,448 1,448 1,448 1,448 1,448 1,448
Back fat 560 560 560 560 560 560 560 560
Ice 690 690 690 690 690 690 690 690
NPS (nitrite phosphate salt) 70 70 70 70 70 70 70 70
Phosphate 10 10 10 10 10 10 10 10
Sugar 25 25 25 25 25 25 25 25
MSG (monosodium glutamate) 3 3 3 3 3 3 3 3
Mixed spices 20 20 20 20 20 20 20 20
Cordyceps ochraceostromat powder - - 5 - - 2.5 2.5 -
Silkworm cocoon powder - - - 5 - 2.5 - 2.5
CLA - - - - 5 - 2.5 2.5
Total 4,975 4,975 4980 4980 4980 4980 4980 4,980

" Control pork sausage, T1: 40% of pork was replaced with pH adjusted breast muscle of spent laying hen (recovered protein), T2: 40%
recovered protein from spend laying hen with 0.1% Cordyceps ochraceostromat powder, T3: 40% recovered protein from spend laying
hen with 0.1% silkworm cocoon powder, T4: 40% recovered protein from spend laying hen with 0.1% CLA, T5: 40% recovered
protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% silkworm cocoon powder, T6: 40% recovered protein
from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% CLA, and T7: 40% recovered protein from spend laying hen

with 0.05% silkworm cocoon powder + 0.05% CLA.
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Table 2. Effect of functional ingredients on proximate composition (%) of sausage manufactured by spent hens

breast recovered protein during storage at 4C

Treatments"

Items

C Tl T2 T3 T4 T5 T6 T7
Storage period (0 wk)
Moisture 68.1140.37  68.71£0.51° 68.54+0.57  68.91+0.19° 68.3942.94  67.8320.71  68.9040.61°  68.34+0.94
C.protein  16.7840.06  16.86+0.25  16.73+0.42  16.59+0.53  17.28+0.62  16.97+0.74  16.52+0.35  17.08+0.35
C. fat 126142.14  14.48£1.02  12.43+1.06  14.1842.41  13.184321  13.63+0.82° 14.2740.45  12.84+0.37
C.ash 2.19+0.04"%  2.05+0.13%  1.90£0.07° 225+0.12%  221£0.09*  2.15£0.03*®  2.16£0.04"®  2.25+0.07"
Storage period (4 wks)
Moisture 67.94+£0.60"  66.53+£0.64"° 67.73+0.77"  66.88+0.87"" 64.64+0.89"  66.59+0.87" 67.35+0.58"" 66.86+0.93*
C.protein  16.57+0.38°  16.65£0.39°C 17.34+0.44"% 17.22+0.58"% 16.72+0.34°° 17.70+025"  17.24+0.56*"" 17.44+0.18*"
C. fat 11.87£0.18° 12.91£0.75*® 11.45£0.82°  12.04£047°" 11.59+0.09° 11.89+0.66°™ 13.41+0.54"  12.72+0.37*%
C. ash 229+0.07%  2.05+0.10°  2.07x0.07% 2.11x0.11%  2.1720.03%  2.1120.04°  2.1320.02°  2.08+0.01®

D Control pork sausage, T1: 40% of pork was replaced with pH adjusted breast muscle of spent laying hen (recovered protein), T2:

40% recovered protein from spend laying hen with 0.1% Cordycep.

s ochraceostromat powder, T3: 40% recovered protein from spend

laying hen with 0.1% silkworm cocoon powder, T4: 40% recovered protein from spend laying hen with 0.1% CLA, T5: 40%

recovered protein from spend laying hen with 0.05% Cordyceps

ochraceostromat + 0.05% silkworm cocoon powder, T6: 40%

recovered protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% CLA, and T7: 40% recovered protein from
spend laying hen with 0.05% silkworm cocoon powder + 0.05% CLA. »n=3.

AP Means with different superscript capital letters in a row are signifi
*® Means with different superscript small letters in a column are signi

cantly different (p<0.05).
ficantly different (p<0.05).
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Table 3. Effect of functional ingredients on pH, water holding capacity (WHC), cooking loss and color (CIE L*) of
sausage manufactured by spent hens breast recovered protein during storage at 4C

Treatments”

frems C Tl T2 T3 T4 TS T6 T7
Storage period (0 wk)

pH 5.96+0.02%  6.12£0.01"°  6.11£0.01°*® 6.12£0.01* 6.12£0.01"°  6.12£0.01"°  6.09£0.02"" 6.01+0.01"
WHC (%) 77.5143.36"5°81.4049.55"  74.50+6.44"7C 78.86+7.24*" 75.40+4.90*% 72.2142.94*% 69.09+3.80° 67.88+0.70"°
Cooking loss (%)15.89+5.73  12.51+0.78  12.45+0.82  12.97+1.25 13.1140.63  12.78+0.25° 12.03+1.03° 12.83+1.28"
Lightness (L")  78.12+0.40 80.46+0.31% 80.68+0.10° 82.03+0.10" 80.73+0.74° 80.92+0.23% 81.88+0.64" 81.03+0.61°
Storage period (4 wks)

pH 6.01£0.02%  6.19:0.01™  6.16+0.03*™ 6.17+0.01™ 6.19£0.01"™ 6.17£0.03"™ 6.14£0.02>  6.15+0.01™
WHC (%) 73.68+3.03"% 76.98+3.94" 66.91+3.74® 74.91+1.35"% 72.41+2.19"® 72.51+2.63"® 71.84+9.76"® 71.67+1.32"*

Cooking loss (%) 15.57+1.03*"

Lightness (L")  78.02+0.54°  80.96+0.36°C 80.21+1.03°

13.87+1.04°P13.11+1.05° 12.35+1.17°
81.71+0.34"" 82.05+0.64"

15.4140.66"™ 16.27+1.34™
81.17+0.23*¢

14.75%1.61°%°14.42+0.66"™™
81.13+0.33*%¢81.63+0.56"®

" Control pork sausage, T1: 40% of pork was replaced with pH adjusted breast muscle of spent laying hen (recovered protein), T2: 40%
recovered protein from spend laying hen with 0.1% Cordyceps ochraceostromat powder, T3: 40% recovered protein from spend laying
hen with 0.1% silkworm cocoon powder, T4: 40% recovered protein from spend laying hen with 0.1% CLA, T5: 40% recovered
protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% silkworm cocoon powder, T6: 40% recovered protein
from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% CLA, and T7: 40% recovered protein from spend laying hen

with 0.05% silkworm cocoon powder + 0.05% CLA. n=3.

*P Means with different superscript capital letters in a row are significantly different (p<0.05).
*> Means with different superscript small letters in a column are significantly different (p<0.05).
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profile analysis) of sausage manufactured by spent hens

ltems Treatments"
C Tl T2 T3 T4 TS T6 T7

Storage period (0 wk)

Hardness (kg) 0.39+0.04" 0.36+0.02° 0.23+0.01™ 0.23+0.02°  0.29+0.01°® 0.2740.01°® 0.25+0.02°° 0.24+0.02"
Cohesiveness (%)  0.65+0.03" 0.65+0.06" 0.60+0.03*® 0.52+0.01™ 0.59+0.01® 0.48+0.02°" 0.56+0.01°% 0.60+0.03""
Springiness (mm)  1.00£0.00 1.01£0.04  1.00+0.01  1.00£0.00  1.00+0.00 1.00+0.00  1.00£0.00  1.00::0.00
Gumminess (kg)  0.25+0.02" 0.16£0.01%¢ 0.14+0.01™ 0.12+0.01™  0.18£0.01° 0.13+0.01°™ 0.14£0.01°™ 0.14+0.02"
Chewiness (kg*mm) 0.25+0.02* 0.1740.01° 0.14+0.01°° 0.12+0.01™  0.17£0.01® 0.13+0.01°™ 0.14+£0.01°° 0.14+0.01°
Storage period (4 wks)

Hardness (kg) 0.36+0.00* 0.27+0.01°" 0.25+0.01™ 0.28+0.1™  0.30+0.01® 0.29+0.00°% 0.27+0.01°  0.25+0.01"
Cohesiveness (%)  0.67+0.07* 0.58+0.01°° 0.61+0.03** 0.61£0.03"*% 0.60+0.01%° 0.62+0.03**<*0.64+0.02"* 0.57+0.03
Springiness (mm)  1.01£0.02 1.01£0.02  1.01+0.01  1.01+0.02  1.0120.02 1.00£0.00  1.00£0.00  1.03+0.05
Gumminess (kg) ~ 0.24+0.03 0.16£0.01  0.15£0.01  0.17+0.01*  0.18£0.01  0.18+0.01° 0.17+0.01*  0.14+0.01
Chewiness (kg*mm) 0.25+0.03* 0.16+0.01°® 0.15+0.01°° 0.17+0.01°% 0.18+0.02® 0.18+0.01** 0.17+0.01%® 0.15+0.02°

Y Control pork sausage, T1: 40% of pork was replaced with pH adjusted breast muscle of spent laying hen (recovered protein), T2:
40% recovered protein from spend laying hen with 0.1% Cordyceps ochraceostromat powder, T3: 40% recovered protein from spend
laying hen with 0.1% silkworm cocoon powder, T4: 40% recovered protein from spend laying hen with 0.1% CLA, T5: 40%

recovered protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% silkworm cocoon powder,

T6: 40%

recovered protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% CLA, and T7: 40% recovered protein from
spend laying hen with 0.05% silkworm cocoon powder + 0.05% CLA. »n=3.

AF Means with different superscript capital letters in a row are significantly different (p<0.05).

*> Means with different superscript small letters in a column are significantly different (p<0.05).
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Table 5. Effect of functional ingredients on TBARS, VBN and microorganism of sausage manufactured by spent
hens breast recovered protein during storage at 4C

Treatments”
Items
C Tl T2 T3 T4 TS T6 T7

Storage period (0 wk)

TBARS (mg/100g) 1.85£0.06%  1.90+0.08°  1.78+0.06°  2.06+0.03" 1.87£0.03%%  1.83+0.03°* 1.86£0.07°“ 1.87+0.02°
VBN (mg%) 82.13+8.40"™ 76.532.80™ 75.13+8.52"% 72.80+7.05""  75.60+4.27"™ 58.61+3.08% 68.13+2.60°" 86.33+18.20"
TPC (log CFU) 1.90+0.05™  1.70+0.35°% 2.04+0.16°" 1.93+0.06™  1.56+0.07™  2.05+0.06°" 2.48+0.08"°  2.23+0.05*"
Storage period (4 wks)

TBARS (mg/100g) 1.79+ 0.12%  1.76+0.08** 1.77+0.14**  1.79£0.11*° 1.60+0.02°  1.58+0.05"  1.62+0.06°®  1.80+0.01"°
VBN (mg%) 143.50£21.00%117.18+5.32%  96.37+1.62™ 96.32+1.82%  143.03+8.60™ 113.17+1.62* 101.22+16.01™ 110.18+9.12"
TPC (log CFU) 6.04= 0.03"  649+0.01™  625+0.02™ 6.15£0.03" 6.59+0.03"  636+0.02°  647+0.13%  6.37£0.07%

" Control pork sausage, T1: 40% of pork was replaced with pH adjusted breast muscle of spent laying hen (recovered protein), T2:
40% recovered protein from spend laying hen with 0.1% Cordyceps ochraceostromat powder, T3: 40% recovered protein from spend
laying hen with 0.1% silkworm cocoon powder, T4: 40% recovered protein from spend laying hen with 0.1% CLA, T5: 40%

recovered protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% silkworm cocoon powder,

T6: 40%

recovered protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% CLA, and T7: 40% recovered protein from
spend laying hen with 0.05% silkworm cocoon powder + 0.05% CLA. n=3.

AT Means with different superscript capital letters in a row are significantly different (p<0.05).

*> Means with different superscript small letters in a column are significantly different (p<0.05).
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Table 6. Effect of functional ingredients on sensory evaluations of sausage manufactured by spent hens breast
recovered protein during storage at 4C

Treatments”

Items
C T1 T2 T3 T4 TS T6 T7
Storage period (0 wk)

Color 6.00£0.89  6.10+0.49 5.83£1.17 6.17+0.75 5.92+£1.02  6.00+0.89  5.83t1.17  6.00+1.09
Aroma 6.50£1.00  6.43+£0.75 6.35£0.62 6.31+0.82  6.33£1.08  6.1440.92 6424092  6.50+0.55"
Flavor 6.8340.75  6.33+0.52  6.43£0.53 6.43+0.52 6.25£042 6.33+0.52  6.33£0.52  6.42+0.66
Tenderness 6.67+0.41  6.66£70.42 6.33£0.82  6.34+0.52  6.50+0.55 6.1740.75  6.33+£0.52  6.33+0.52
Juiciness 6.50+0.84"  6.83+0.75" 6.83x0.75" 7.00° 73.00£0.63" 7.00+0.63"  7.00+0.63"  7.17+0.75"

Overall acceptability 6.67+0.82  6.50+£0.55  6.33+0.82  6.42+0.92  6.5840.66  6.58+0.66  6.50+0.55  6.58+0.49

Storage period (4 wks)

Color 6.75£0.42"  6.18+0.86™" 6.08+0.66"" 5.98+0.93% 6.00+0.60° 6.17+0.41*" 6.17+0.41*" 6.17+0.41""
Aroma 5834081  5.50£0.63 5.58+049  5.75+042 575041 575+042  5.58+048  5.75+0.42°
Flavor 6.17£0.40"  6.00"" 5.75+042°  6.00"" 6.00"" 6.00"" 5.92+0.20"" 5.83+0.41""
Tenderness 6.08£0.80  6.25+042  633+0.52  6.33+0.52  6.17+0.52 6334052  6.17+0.75  6.08+0.66
Juiciness 5.58+40.49" 5.75:0.42° 5.83+041° 5.67+0.61° 5.75+0.52° 5.83+0.52° 5.50+0.63" 5.50:0.63"

Overall acceptability 6.00+£0.63  5.83+0.52  6.00+0.32  6.00£0.45  6.00+0.45  6.00+0.45 5.83+0.41  6.00+0.45

Y Control pork sausage, T1: 40% of pork was replaced with pH adjusted breast muscle of spent laying hen (recovered protein), T2: 40%
recovered protein from spend laying hen with 0.1% Cordyceps ochraceostromat powder, T3: 40% recovered protein from spend laying
hen with 0.1% silkworm cocoon powder, T4: 40% recovered protein from spend laying hen with 0.1% CLA, T5: 40% recovered
protein from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% silkworm cocoon powder, T6: 40% recovered protein
from spend laying hen with 0.05% Cordyceps ochraceostromat + 0.05% CLA, and T7: 40% recovered protein from spend laying hen
with 0.05% silkworm cocoon powder + 0.05% CLA. n=3.

B Means with different superscript capital letters in a row are significantly different (p<0.05).

*> Means with different superscript small letters in a column are significantly different (p<0.05).

Color (1 to 3 pale, 4 to 6 normal, 7 to 9: dark), aroma (1 to 3 weak, 4 to 6 moderate, 7 to 9: strong), flavor (1 to 3 weak, 4 to 6

moderate, 7 to 9: strong), tenderness (1 to 3 tough, 4 to 6 moderate, 7 to 9: tender), juiciness (1 to 3 small, 4 to 6 moderate, 7 to 9:

large) and overall acceptability (1 to 3 dislike, 4 to 6 moderate, 7 to 9: like).
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