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Table 1. The formulation of pork patty with Tenebrio molitor Linnaeus larvae powder as protein alternative

T3

Treatment”
T2

T1

CTL
83.8

Ingredients (%)

63.8 53.8

73.8

Pork lean

10

10

10

10

Fat
Water

1.2
30
100.0

1.2
T. molitor 30%.

20
100.0

1.2
10
100.0

1.2

Salt
T. Molitor L. powder

100.0

Total
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Table 3. Proximate composition(%) of pork patty with Tenebrio molitor Linnaeus larvae powder as protein

alternative

Treatment”

Parameters
CTL T1 T2 T3
Moisture (%) 61.9%+0.86 58.6%£1.17 56.0°£0.02 48.9+0.03
Protein (%) 26.4P+0.22 28.4°40.55 30.45+0.13 36.6%+0.06
Fat (%) 9.18%+1.13 10.6°+0.83 11.3%8+0.14 12.14+0.09
Ash (%) 2.57440.01 2.49%+0.01 2.3840.02 2.45%1+0.05

D Treatments: CTL=T. molitor 0%; T1=T. molitor 10%; T2=T. molitor 20%; T3=

A€ Means with different scripts in the same parameter are different(p<0.05).

70

T. molitor 30%.
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Fig. 1. Proximate composition(%) of pork patty with Tenebrio molitor Linnaeus larvae powder as protein
alternative.

Table 4. Physico-chemical properties of pork patty with Tenebrio molitor Linnaeus larvae powder as protein

alternative
Treatment”
Parameters
CTL Tl T2 T3
pH 5.90°+0.01 6.06°+0.01 6.18%+0.01 6.21%4+0.01
Lightness 68.1°42.42 60.25+0.27 56.1°+0.72 50.9P+1.75
Redness 5.01%+0.31 4.19%+0.37 3.90%+£0.34 3.68%+0.20
Yellowness 11.4%£1.19 9.318+0.56 8.015¢+0.33 7.09+0.69 )
Salinity (%) 2.37%+0.01 2.19°+0.02 2.10°£0.06 1.97°+0.03

Treatments: CTL=T. molitor 0%; T1=T. molitor 10%; T2=T. molitor 20%; T3=T. molitor 30%.
AD Means with different scripts in the same parameter are different(p<0.05).
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Fig. 2. pH value of pork patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 3. Color of pork patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 4. Salinity value of pork patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Table 5. Functional properties of pork patty with Tenebrio molitor Linnaeus larvae powder as protein
alternative

Treatment”

Parameters
CTL Tl T2 T3
Water holding 88.2°40.56 89.7°:0.78 91.3%+0.77 94374041
capacity (%)
Cooking Loss (%) 23.7%4+2.09 20.7%£1.45 15.7°£1.02 10.0°+0.78

D Treatments: CTL=T. molitor 0%; T1=T. molitor 10%; T2=T. molitor 20%; T3=T. molitor 30%.
AD Means with different scripts in the same parameter are different(p<0.05)

= >

88

Water Holding Capacity (%)
g

%
=3

o
=

T3
Treatment

Fig. 5. Water Holding Capacity(WHC, %) of pork patty with Tenebrio molitor Linnaeus larvae powder as
protein alternative.

Cooking Loss (%)

CTL Tl
Treatment

Fig. 6. Cooking Loss(%) of pork patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.

Table 6. Texture Profile Analysis of pork patty with Tenebrio molitor Linnaeus larvae powder as protein

alternative
Treatment”
Parameters
CTL Tl T2 T3

Hardness (g) 3686°+587 5179+396 6830°+1125 11487%+29.9
Deformation (mm) 4.98%+0.02 4.98%4+0.01 4.98+0.02 4.545+0.25
Adhesiveness (mlJ) 0.20%+0.15 0.10%+0.05 0.08%40.03 0.01%+0.01
Resilience 0.21%+0.02 0.20%+0.01 0.19°£0.01 0.07°+0.01
Cohesiveness 0.52"40.04 0.49+0.01 0.50+0.01 0.21%+0.02
Springiness (mm) 3.98%+0.08 3.78°+0.04 3.84°+0.04 1.88°£0.10
Gumminess (g) 19505+413 25308+151 343244584 23045+246
Chewiness (mJ) 76.45+17.5 94.75+4.90 129.4423.7 84.95+8.88

D Treatments: CTL=T. molitor 0%; T1=T. molitor 10%; T2=T. molitor 20%; T3=T. molitor 30%.
AD Means with different scripts in the same parameter are different(p<0.05).
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Fig. 7. Texture Profile Analysis value of pork patty with Zenebrio molitor Linnaeus larvae powder as protein

alternative.

Table 7. Antioxidant activity of pork patty with Tenebrio molitor Linnaeus larvae powder as protein

alternative
Treatment"
Parameters
CTL Tl ™ T3
Total phenolic contents ;o o1 0.1140.01 0.13%0.01 0.13*£0.01
(2/100mL)
DPPH radical 24.4°11 35 29.2€40.15 36.640.60 42.3741.56

scavenging activity (%)

Y Treatments: CTL=T. molitor 0%; T1=T. molitor 10%; T2=T. molitor 20%; T3=T. molitor 30%.
AP Means with different scripts in the same parameter are different(p<0.05).
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Fig. 8. Total phenolic contents(g/100mL) of pork patty with Tenebrio molitor Linnaeus larvae powder as

protein alternative.
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Fig. 9. DPPH radical scavenging activity(%) of pork patty with Zenebrio molitor Linnaeus larvae powder as

protein alternative.

Table 8. Sensory evaluation of pork patty with Tenebrio molitor Linnaeus larvae powder as protein alternative
Treatment”
Parameters
CTL T1 T2 T3
Appearance 7.25%40.55 5.645+0.38 4.585+1.06 2.61°40.79
Smell 7.11%+1.02 5.11%+0.19 4.69°+0.93 2.8940.51
Color 7.22440.69 5.56°+0.96 4.17%+1.17 2.53%4+0.41
Texture 5.50%+0.50 4.14%+0.75 3.69%+0.34 2.22¢40.38
Overall 6.56"+0.51 4.97%+0.71 3.97%£0.55 2.36°£0.53

D Treatments: CTL=T. molitor 0%; T1=T. molitor 10%; T2=T. molitor 20%; T3=T. molitor 30%.
A€ Means with different scripts in the same parameter are different(p<0.05).

Fig. 10.
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Sensory evaluation of pork patty with 7Zenebrio molitor Linnaeus larvae powder as protein alternative.
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Table 1. Total phenolic contents of 7enebrio molitor larva
Treatment
TOD TFD TPD TRD
Total phenolic contents (g/1009) 4.43° 2.64° 2.25° 2.07°

AC Means with different superscript in the same row are different (p<0.05).

- MAElof me ZM{KE| Eto| shatst BMS Bt
2alge of 228 HelPot RelMoz =2 gist #48 =gict

Table 2. Results of DPPH radical scavenging activitiy, Iron chelating ability, and Reducing

power
Parameters Treatment" 0% 0.05% Concg.ri’i/roatlon 0.25% 0.5%
DPPH radical REF 0.00° 95.2%° 95.5% 95.5% 95.5%
scavenging TOD 0.00¢ 41.1% 44.6°° 68.5° 87.18%
TPD 0.00¢ 24.6% 44.7¢¢ 68.0° g87.38%

activity (%) TRD 0.00A 44 38 50, 1B¢ 7858 88.3ABa
REF 0.00° 99.6%a 99.6%2 99.8%a 99.742

Iron chelating TOD 0.00¢ 24.85% 55.7%P 83.7% g87.38%
ability (%) TPD 0.00° 20.1% 54.4"° 91.5%% 96.3%
TRD 0.00¢ 23.28¢ 58.65° 95.5% 94.4Ba

REF 0.02¢ 0.89%¢ 0.99”° 1.4742 1.47%2

Reducing power TOD 0.02¢ 0.028bc 0.028b¢ 0.028® 0.02%
(0.D) TPD 0.02¢ 0.02F¢ 0.038° 0.03Fa 0.03"a

TRD 0.02° 0.025¢ 0.03%¢ 0.02B° 0.03fa

1) Treatment: As shown in Table 4.
@¢ Means with same letter into same column are not different (p<0.05).
AC Means with same letter into same column are not different (p<0.05).

- MxElol wE ZWolel & H=Y stetE gE¥E 245N, ZE HM2lFolAM
welHel X0l & HOolX| UACH.

Table 3. Total phenolic contents of Protaetia Orientalis larva

Treatment
TOD TFD TPD TRD
Total phenolic contents (g/100g) 3.342 3.25° 3.07°2 3.30°2

A Means with same superscript in the same row are not different (p<0.05).
- MAelo wE ZMAHXE 2ol ditst M S HUtstR e, 0.5% s£E 1

= O o
HoR S M 228 XM FI7F RelHoz 2 tat 2dE 2ot
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Table 4. Results of DPPH radical scavenging activitiy, Iron chelating ability, and Reducing

power
Concentration
1)

Parameters Treatment 0% 01% 0.25% 0.5% 1%
DPPH radical REF 0.00P 96.0%2 96,142 96.1% 96.1%
. POD 0.00° 36.1% 75.2¢¢ 57.4%P 66.5%
scavenging PPD 0.00° 40.7% 74.4% 63.0% 68.2°C
activity (%) PRD 0.00° 37.38 76.7% 59, 55CP 73.58a
Iron REF 0.00° 99.8% 99.9% 99,5 99.9%
chelating POD 0.00¢ 44,15 89.58P 87.38a 93.97Ba
PPD 0.00° 50.45° 87.28¢ 82.8% 85.0%
ability (%) PRD 0.00° 53,15 86.7¢ 89,55 89.28Ca
Reducing REF 0.01%¢ 1.03% 1.17%%¢ 1.52%° 1.48%
bower POD 0.014° 0.02Bbc 0.02Bbc 0.038P 0.098a
PPD 0.01%¢ 0.028¢ 0.038b° 0.04%P 0.06¢
(0.D) PRD 0.01%¢ 0.028be 0.038be 0.048B° 0.115%

1) Treatment: As shown in Table 1.
¢ Means with same letter into same column are not different(p>0.05).
A€ Means with same letter into same column are not different(p>0.05).

1) 2MAXE #& HE 22 It xZImE] FEEL
— M| ==t gHH|

Table 1. The formulation of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative

Ingredients Treatments(%)"

CTL T1 T2 T3
Chicken thigh 38.05 37.55 36.55 35.55
Chicken breast 38.05 37.55 36.55 35.55
Pork fat 10 10 10 10
Water 4.9 4.9 4.9 4.9

T. Molitor L. powder - 1 3 5
Salt 38.05 37.55 36.55 35.55
STPP 38.05 37.55 36.55 35.55
Spices 10 10 10 10
Sugar 4.9 4.9 4.9 4.9

Cooking wine 1 1 1 1
Tapioca starch 0.6 0.6 0.6 0.6
Total 100.0 100.0 100.0 100.0

DTreatments: CTL=T. molitor0%; T1=T. molitor1%; T2=T. molitor 3%; T3= T. molitor 5%.
Ingredients: Salt, sodium chloride; STPP, sodium tripolyphosphate.

i

85 222 F@rteh sEle] BSEIF 2T ETLt TI0| 2E 2ol
Ol7} YA (p>0.05), ZMAHNE| §E BU HIsEo wet BE =2
oM RelXoz Zashs ZeS LIEHY2THp<0.05).
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Table 2. Sensory evaluation of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative

Attribute cTLY Tl T2 T3
Flavor 7.29%+1.54 7.40%£0.99 6.47°+1 41 5.93+41.44
Color 7.50%1.22 6.53"+1.30 5.93%41.39 5.27°1.94

Texture 7.07+1.33 7.20%1.15 6.40"+1.24 5.93+£1.58
Taste 7.43%1.34 7.27%£0.96 5.87"£1.30 5.87°+1.36
Overall 7.21°+£1.19 7.20°+0.86 5.93%+1.10 5.73%+1.22

D' Treatments: CTL= T molitor 0%; Tl= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

2 *® Means with different scripts in the same treatment are different (p<0.05).

- Ol=t=ty d& "ot
AotM =2 ZMAXNE 75 =22 HUtet AZImEe| detdE =M 23 &2, X
2f 2E2 el Zbel welAMel Apo[Th LtEFLEX] bATH(p>0.05). AL A2
T22°t T37F CTLZ} T1ECH ®elxoz Fob ZM HAE| &5 =2 & w2t &
WA SO0l welxez BUIEE =eld & UUCHp<0.05). 22| 3= EF
T27t ChE HM2[F& 2ot ®Relxez X2 42 EUcHp<0.05).

Table 3. Proximate composition(%) of patty with Tenebrio molitor Linnaeus larvae powder as protein
alternative

Parameters” Treatment
CTL T1 T2 T3
Moisture 66.1* £0.35 66.5% + 2.17 67.3% £0.54 65.1* £1.06
Fat 9.95% +0.37 10.9* +5.17 7.24* £0.49 9.92* +0.88
Protein 22.0* +0.49 21.7% +1.14 23.6% +0.24 23.1* £1.50
Ash 1.94" +0.16 2.01* £0.09 1.83% £0.07 1.91" +0.13

D Treatments: CTL=T. molitor0%; T1=T. molitorl%; T2=T. molitor 3%; T3= T. molitor 5%.
2 AD Means with different scripts in the same treatment are different (p<0.05).

pH: XM&7[|Zhol|l e ZMAXNE 75 =22 &7het xZIE[e| pH Z2t= Fig 1
of LIEHHRACE pHel &% XME7[Zto|l S7tetol|l wel gfol weldez HAsIict
(p<0.05). M&7|ztoll wel pH= 0L Aol A 6.590 MEE 17 Xtol| 4.867kX] 24
SHICH 3, 78 xE MLl ME7|2 sk AXME| HItEel S7tol w2t pH g0l

folxoz Zasiqct

7.00
6.50
6.00 —&—CTL
z ——TI
5.50 ——T2
——T3
5.00
4.50

Day 0 Day 3 Day 7 Day 10 Day 14 Day 17
Storage days

Fig. 1. pH value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 2. Lightness value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 3. Yellowness value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 4. Water Holding Capacity(WHC, %) of patty with 7enebrio molitor Linnaeus larvae powder as protein

alternative.
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Fig. 5. Cooking Loss(%) of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 6. Hardness value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 7. Deformation value of patty with Zenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 8. Adhesiveness value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 9. Resilience value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 10. Cohesiveness value of patty with Zenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 11. Springiness value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 12. Gumminess value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 13. Chewiness value of patty with Zenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 14. TBARS value of patty with Zenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 15. POV value of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 17. TPC Log CFU/g of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 18. VRB Log CFU/g of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Table 4. physico-chemical and functional properties, lipid and protein oxidation and microbial counts of patty

with Tenebrio molitor Linnaeus larvae powder as protein alternative

Parameter TRT"

Storage days

0 3 7 10 14 17
CTL 6.59*+0.01 6.57°%+0.01 6.53°%+0.01 6.44%+0.01 5.39°40.02 5.12"+0.01
Pl 6.57%+0.01 6.57*8+0.01 6.52°°+0.01 6.393+0.01 5.924440.01 4.92°°+0.01

pH

P2 6.55°+0.01 6.55°+0.01 6.51°°+0.01 6.24°¢+0.01 5.05%+0.01 4.86°°+0.01
P3 6.565°£0.01 6.60**+0.01 6.58°2+0.01 6.44%+0.01 5.62°%+0.01 4.96™+0.01
CTL  60.4°*+2.17 61.3°2£2.28 62.2"4+0.78 63.1"4+1.19 64.5"440.42 63.24+1.58
Pl 59.8%4£1.00 57.3*%£0.75 60.44£3.59 61.6**+0.25 60.3%P+0.67 62.9*£0.20
- P2 55.5%%10.72 56.88+0.80 55.6°®+£0.10 57.7°%£0.60 55.1%41.20 60.7"%+0.17
P3 53.28+1.51 54.3%€10.46 55.0°B+1.51 55.4%¢10.74 56.2%¢+1.65 57.7%°+0.45
CTL 10.9°4+0.77 11.2°%+1.79 11.9°4+0.42 13.1%4+0.94 13.2°4+0.68 11.74P£0.38
P1 11.5°440.32 10.84+£0.39 11.7°%£1 .46 13.8%441.48 11.9%48+0.43 12.5%4£0.98
b P2 10.6*5+0.66 11.5*+0.32 10.8*4+0.44 12.4*4+1.49 7.17°42.07 10.5%%+1.18
P3 9.6"5+0.58 10.5™410.14 10.8™4+1.04 12.0*4£1.27 7.98"5¢13.76 10.5"P£1.18
CTL  39.2%%+1.47 45.0"4+1.91 34.6"B+1.22 41.8%4+3 46 49.4*%+6.25 50.0°4+4.35
\ Pl 39.5*4£1.99 43.1%4B£3 22 38.4°4+0.58 40.8"ABx] 53 40.8"P£1.19 45243 34
oo P2 43.5"4579 40.6"4B+3 80 35.94814 67 39.0%4B+1 61 39.9*B+1.25 48.5*+3.06
P3 42.0°%4£2.29 38.0+3.02 32.0%+0.61 36.3+3.03 37.08+0.61 51.6*+1.41
CTL 81.2*£1.94 78.2*4B13 34 80.5%A+1.57 79.8*4+4.19 81.28+2.13 79.3%4811 34
WHC P1 76.9°%+1.24 73.8%8+1.81 77.7%4+1.82 79.0**+£1.10 79.3"B+0.69 76.8°3°£0.45
(%) P2 80.6"+2.59 80.5%+0.57 78.1441.76 80.8"4+0.28 79.28+0.09 74.1°+2.76
P3 82.4£].14 82.4%4+3 45 78.5%442.03 78.5%+1.21 84.4*A+1.47 83.1*4+2.60
CTL 207°8+6.91 305%+7.34 191°4+3.36 107°442.47 161%4+1.68 201°442.75
POV P1 189°B+6.22 148%4+12.5 134°+2.96 75.3°£2.62 65.2°°+1.67 92.9%°+3 .00
(meakg)  py 21184303 140"42.92 98.5%P+1 39 80.8C+1.19 67.8+1.48 119%8+2 78
P3 245+17.6 152°8+2.03 147%+3.09 84.4B+1 43 118B+1.84 105°+4.19
CTL  0.15%+0.005 0.12°¢+0.01 0.13*¢+0.01 0.13*°¢£0.01 0.11%%+£0.01 0.14™4£0.01
TBARS Pl 0.17°2+£0.01 0.17°%+0.01 0.19°+0.01 0.15+0.01 0.17°4+0.01 0.12%+0.01

(mg cB bA. aA, cB cA. dcC.
MDA/kg) P2 0.15%+0.01 0.19*40.01 0.21*+0.01 0.15°8+0.01 0.15°4+0.01 0.08%+0.01
P3 0.14%+0.01 0.20*+0.01 0.18°2+0.01 0.17°4+0.002 0.16°*+0.01 0.08°°+0.01
CTL  2.95%®+0.31 3.27%A+0.14 3.54°¢+0.08 4.59440.75 4.795+0.19 5.41%40.55
TPC P1 3.28%48+0.30 3.26™4+0.13 3.70"8¢+£0.14 4.44**+1.26 4.45*%1+0.41 5.29*4+0.14
cég;gg)) P2 323481013 2.72%1+0.37 3.89°4+0.07 5.35%A10.35 5.87*40.20 5.95*40.12
P3 3.48°440.10 2.658+0.17 3.87%¢481+0.08 5.68%4+0.26 6.03*4+0.10 5.75%+0.47
CTL  2.13°£0.23 2.525440.38 2.59%+0.27 3.18%4+0.77 4.80*+0.39 4.26*+0.25
VRB bl 200001 27774032 25702035 278068  3.80P:0.13  4.02%:0.21
CF({(J)/gg)) P2 232944055 2339031 28140016 3.570A:063  3.64"P0.17  4.16%:0.15
P3 2.16%40.28 2.42%4+0.10 2.91°°4+0.09 3.89%44+0.16 3.77*%+0.13 2.83%810.18

D' Treatments: CTL= T molitor 0%; Tl= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

2 **Means with different scripts in the same treatments are different (p<0.05).

3 ADMeans with different scripts in the same storage days are different (p<0.05).
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Table 5. TPA of patty with Tenebrio molitor Linnaeus larvae powder as protein alternative

Storage days

Parameter TRTI)

0 3 7 10 14 17
CTL  3244%°%259  2565°"+343  2694°°+266  2737°"+85 152686 1030°°+689

bD aC aB bC bA. cB
Hardnes Tl 2551°°£166  3247°°4308  3452:167 3208127  2547°%4312 1335%%+154
s T2 5432*%:154  3901°°+285  3949™:145  3754°°x124  1904P+326  2015°+210
T3 4713"P£193  5365°°+406 40954355 45974219 296194441  1600°+208
CTL  497°+0.01  4.98"+0.01  4.98'%°+0.01  4.98"%+0.01  4.98'+0.01  4.98"+0.01

aAB aA aB aB aA aA
Deforma T1  4.984P+0.01  4.98*4+0.01 4.97"£0.01 4.97°®+£0.01 4.97*4+0.01 4.98*4+0.01
tion T2 497°°°40.01  4.98"+0.01  4.99"+0.01  4.98*°+0.01  4.99"+0.01  4.98"*+0.01
T3 499440.01  4.98"%+0.01  4.99+0.01  4.99*%:0.01  4.97"+0.01  4.98°4+0.01
CTL  0.01™£0.01  0.01°*+0.01  0.02"£0.03 ~ 0.01°*+0.01 ~ 0.20°°+0.18 ~ 0.28*°+0.01

bA. bA. bA bA. bC aBC
Adhesiy Tl 0.01°%£0.01  0.01°+£0.01  0.01°+0.01  0.01°*40.01  0.01°+0.01 ~ 0.37°*“+0.09
eness T2  0.05°2+0.07  0.01*°+0.01  0.01°240.01  0.03°2+0.04  0.45*4+£0.07  0.57*4+0.17
T3  0.04°+0.01  0.02*°+0.01  0.03°*+0.06  0.00°*+£0.01  0.01°°+0.01 0.13%°+0.03
CTL  0.35°+0.0.1  0.36™*+0.01  0.38"+£0.01  0.36™*+0.01  0.18+0.01 0.19440.02

aA bA abA abA cA dA.
Resilien  T1 0.37*+0.01 0.34%+0.03  0.37°%+0.01  0.36+0.01  0.26°*+£0.01 0.17%+0.03
ce T2  0.28°40.02  0.34*+0.01 0.34*8+0.02 0.3328+0.01 0.13°¢+0.01 0.13°8+0.02
T3  0.33%8+0.0.1 0.29°8+0.01 0.34%8+£0.02 0.32°3£0.01 0.19°3£0.03  0.16**8+0.02
CTL  0.64*B+0.03  0.66*+0.01 0.66*4+0.0.1 0.65*4+0.01 0.43°8+0.01 0.44°4+0.02

aA aAB aA aB bA cAB
Cohesiv T1  0.66+0.01  0.65°£0.01  0.64"*+0.01 0.64%%+£0.01 0.52°240.01  0.40“P+0.03
eness T2  0.57°°40.01 0.63*+0.01 0.62°5+0.02  0.61*°+0.01 0.38°5+0.01 0.37°8+0.02
T3 0.62°2+0.01 0.60°°+£0.01 0.62°2+0.01 0.62°°+0.01 0.42°5£0.05  0.40°*P+0.03
CTL 4.01**B£0.07  4.1040.02  4.12*4+0.04  4.16*+0.16  2.87°%+0.01 2.93%810.13

aA aA aA aA aA bC
Springin T1  4.08%+0.02  4.12°£0.06  4.09*£0.05  4.06**£0.07  3.54*4+£0.06  2.55°°+0.21
©ss T2  3.93°840.10  4.14°40.09  4.05™*P+0.04  4.00*+0.05 2.51°°40.14  2.45°+0.09
T3  4.01°*%+0.06  4.08*+0.03 4.00"+0.05 4.03*+£0.06  2.96"°+0.06  2.53°°+0.16
CTL  2046°5+132 1697°¢£214 1774%°£159 1784°°+52.0 654°®+13.6 604°%+58 .4

bC aB aB aC cA dB
Gummin T1 ~ 1674°68.1  2099+178 2225122 2041%°+84.5  1319°%+170 537981852
€ss T2  3089*+141 2258814152 2423%2B1723  2268°2+69.8 720°+108 753%4420.5
T3 2917%+123 3203%+172 2506°4+£175 282544107 123494153 644°8+67.9
CTL  80.5%+4.42 68.3°°48.69  71.6™B+587  72.9%C+4.67  18.6°+0.51 17.6°42.38

bC aB aA aBC cA dA
Chewine T1 ~ 67.0°%2.46  84.6+728  89.5'+589  81.4°+456  45.8"+5.89 1429442 87
S8 T2 119°4+8 .41 98.0°5£7.78  96.4°+3.79  89.0°2+3.89 17.7°¢+2.00 18.1°4+0.17
T3 115%4+6.37 128%4+6.24 98.4°+6.45 112%445.54 35.3%+5.95 16.5%442.83

D' Treatments: CTL= T. molitor 0%; Tl= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

) **Means with different scripts in the same treatments are different (p<0.05).

) ADPMeans with different scripts in the same storage days are different (p<0.05).
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Table 6. The formulation of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative

Treatments(%)"

Ingredients CTL Pl D i
Chicken thigh 38.05 37.55 36.55 35.55
Chicken breast 38.05 37.55 36.55 35.55
Pork fat 10 10 10 10
Water 4.9 4.9 4.9 4.9
T. Molitor L. powder - 1 3 5
Salt 38.05 37.55 36.55 35.55
STPP 38.05 37.55 36.55 35.55
Spices 10 10 10 10
Sugar 4.9 4.9 4.9 4.9
Cooking wine 1 1 1 1
Tapioca starch 0.6 0.6 0.6 0.6
Total 100.0 100.0 100.0 100.0

Y Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.

? DIngredients: STPP=sodium tripolyphosphate.

- BHSZAE EEYOIRYR R5 2US HIIS wEle] BSHIL BT 0|S Mol
2E 2olA tx=Tet P10l ZE 2olA Rl xto|7h U CHp<0.05). &
<E Zo| wlet BE HBoIM RAMOE ULsE A

sto| 22X £5 BY WIS

Table 7. Sensory evaluation of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative

Attribute CcTLY Pl P2 P3
Flavor 6.75%1.22 5.75%£1.60 5.25%1.76 4.17°¢1.80
Color 7.00%£0.85 6.25"+1.54 4.83™+1.59 3.83%1.64
Texture 7.00+1.21 6.17%+1.40 5.67%+1.92 44254227
Taste 7.17°+1.03 6.17"+1.53 4.50"+1.93 3.58°42.31
Overall 7.00°+0.95 6.08"+1.56 4.58"+1.38 3.7541.71

Y Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.

? *4 Means with different scripts in the same treatment are different (p<0.05).
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Table 8. Proximate composition(%) of patty with Protaetia brevitarsis Seulensis larvae powder as protein

alternative
Treatment”
CTL P1 P2 P3

Parameters
Moisture (%) 67.8°+0.68 66.7+2.17 66.6"+0.49 66.4°+0.53

Fat (%) 7.83%+0.58 9.17°43.42 8.83%+0.88 8.89%+1.02
Protein (%) 22.440.28 22.5%41.25 22.1*40.10 22.7%40.45

Ash (%) 1.97°+0.38 1.63°+0.12 2.21°+0.03 2.06£0.04

D Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.

2 24 Means with different scripts in the same treatment are different (p<0.05).

pH: XZ7|Ztof w2 SM™Muo| 22X 75 2L2 MIIEH x|ZId{E|e] pH &Y &
o= Fig 190 '—}EPLHO*EP ME7|Zol Bt w2l 2E Mz2FIt Relde=z
Hastes S E¥2LHp<0.05) CTLEZHO| 17 Xtoll S75HA CHp<0.05). X2+
of 2™ Rolxoz P27l JHE W20 (p<0.05), CTLO| 7I& =2 Zt8 Ech

(p<0.05).
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Fig. 19. pH value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 20. Color value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 21. WHC value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 22 Cooking Loss value of patty with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 23. Hardness value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 24. Deformation value of patty with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 25. Adhesiveness value of patty with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 26. Resilience value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 27. Cohesiveness value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 28. Springness value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 29. Gumminess value of patty with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 30. Chewiness value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 31. Reducing power value of patty with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 32. TBARS value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 33. POV value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 34. VBN value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Table 9. Result of physico-chemical and functional properties, antioxidant activity, lipid and protein oxidation

of patty with  Protaetia  brevitarsis Seulensis  larvae powder as  protein  alternative
Storage days

Parameter TRT 0 3 ; 10 " 17
CTL  6.52**+0.01 6.31°4+0.01 6.47°2+0.01 6.14°8+£0.02 5.87%+0.01 6.23%44+0.01
Pl 6.50°%£0.01 6.31°4+0.01 6.44°5+0.01 6.22440.02 5.53£0.01 5.47+0.01
pit P2 6.50°%£0.01 6.31°4+0.01 6.45°5+0.01 5.86°+0.01 5.00°+0.01 4.98P+0.01
P3 6.48%°+£0.01 6.293+0.01 6.44°5+0.01 6.13%8+0.01 5.22°°4£0.01 5.07+0.01
CTL  65.6°%£0.45 65.1"+4.62 67.8*£1.46 65.74£0.08 64.3*+1.03 64.7°+1.94
Pl 60.2£0.50 62.0°P+0.11 63.4+1.25 62.5"P+1.10 62.1°8+£0.60 61.7°5+0.60
. P2 56.3°+1.01 57.7°¢+0.27 57.9°¢£0.92 59.7%+£0.94 59.2%¢11.04 58.4%+1.06
P3 54.2°+0.66 55.0P+1.05 56.0"+1.52 55.6"0+0.77 55.7%P+0.53 56.9%°£0.05
CTL  4.92*°+0.41 4.63**+£0.09 4.04°8+0.44 3.93°P+0.04 3.26%+0.23 3.09°%+0.30
Pl 5.53%40.26 5.08%4B+0 53 4.98°4+0.32 4.84°C+0.07 4.904+0.17 4.84%4+0.04
* P2 5.72%440.09 5.27°440.12 5.14%4+0.24 5.1381+0.07 5.01°440.10 4.94°440.11
P3 5.79*4£0.20 5.50*£0.13 5.47%£0.15 5.47%4£0.20 5.25*40.30 5.15°+0.32
CTL  12.5°+0.64 12.6"8+£0.29 12.7°5+0.45 13.5%4+0.15 16.1*4£0.55 16.3*4+1.23
Pl 13.2°8+0.32 12.8%4810.67 13.0°4B+0.17 14.2%440.92 14.78+0.15 15.1%4B+0.45
° P2 13.5°4B+0.17 13.6°4+0.06 13.6°4+0.61 13.8°4+0.18 14.1%¢+0.12 14.58+0.41
P3 14.1*4£0.15 12.2%+0.67 13.1°4B+0.27 13.54+0.24 13.7¢£0.32 14.0"5+0.14
CTL  44.0*+4.96 43.5*440.96 41.0*43.76 41.0*+4.25 41.4*43.53 41.8*443.71
, Pl 41.1°+1.84 36.38+1.10 39.2°441.76 33.2°440.04 422%442.15 44243 .54
k0 P2 33.6"%45.34 33.9°5+0.28 35.8%4B1) 44 33.1°%£1.75 3820483 27 42.8%4+7.92
P3 31.0°2+0.89 35.6"43.19 32.3%843 95 36.3°445.19 342843 47 43.9**+1.62
CTL  0.58%+0.03 0.48°+0.01 0.46%°£0.01 0.60°°£0.01 1.05*+0.02 0.72°°+0.01
RP Pl 0.64°°+0.06 0.59°C+0.01 0.58°C+0.01 0.57°°+0.01 0.76"°+0.01 0.80°+0.01
(0.D) P2 0.93%°+0.02 0.77°£0.01 0.83%°+0.01 0.80%%+0.01 0.935£0.02 0.87°%+0.01
P3 1.11*4+0.04 0.91°4£0.1 0.98*4+0.01 0.91°4+0.02 1.09*4+0.03 0.94°4+0.01
CTL  1.00°4%0.01 0.98%+0.11 1.02°9°£0.02 1.10°4+0.08 2.25"5+0.04 2.57*4+0.05
TBARS  pi 1.00%+0.01 0.81°+0.03 1.15%+0.02 1.04%+0.06 2.338+0.05 2.22%8+0.04
Mé%%kg) P2 1.00°*+0.01 1.10%4£0.05 1.29°%+0.07 0.81+0.06 2.42°°40.03 1.92°+0.05
P3 1.00°%£0.01 1.004+0.01 0.96°+0.07 0.8498£0.03 1.91°4+0.04 2.28*5+0.04
CTL  274.4*+2.62 201.2%+17.7 175.1447.77 186.8"A+1.66 111.1%4+2 31 145.2%445.73
POV Pl 1851%°+370  90.3"%1.70 67.7°°40.55 87.1°°+14.6 84.2°°+2.46 65.5°+9.80
(mea/kg)  py 11224800 12294950  78.4"C+138  87.3"2.14 529123 71.1%41.01
P3 112.8°°+3.34 96.7°°+£6.23 85.4%+2 40 64.59°£0.39 49.8°+4.95 70.1%+3.13
CTL  1.07°*®+0.08 0.98°+0.01 1.21%+0.08 2.01%+0.21 2.47°+0.08 2.85*+0.08
VBN Pl 1.03%°+0.16 0.98“+0.01 1.17%°+0.08 1.59°+0.16 2.05"%+0.08 2.43"%+0.08
(mg%) — pyp 2116 1.12940.01 1.358£0.08 17754008 247008  2.57*Px0.16
P3 1.35%+0.21 1.214+0.08 1.68°4+0.01 2.29°4+0.08 2.66"+0.14 2.61*48+£0.21
D Parameters: L=lightness; a=redness; b=yellowness; ~CL=Cooking loss; ~RP=Reducing power;

TBARS=Thiobarbituric acid reactive substances; POV,Peroxide value ;VBN=Volatile basic nitrogen;
) Treatments: CTL= P. brevitarsis 0%; P1= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.
» *Means with different scripts in the same treatment are different (p<0.05).

Y A-PMeans with different scripts in the same storage days are different (p<0.05).
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Table 10.

TPA value of patty with Protaetia brevitarsis Seulensis larvae powder as protein alternative

Storage days

Paf:f]e TRT
0 3 7 10 14 17

CTL 2372.2*84437  2534.94207.8  2665.1°4268.3  2481.0%+79.5  725.9°B+133.0  629.1°°+115.0
P1 2256.6°5+62.7  2723.8*44221.0 2745.3%+165.5 2736.3%4+348.2 1259442239  870.1%8x178.6

Hardne

ss - 2307.14B+136.  2735.0+41.3  2773.6“*+178.4  2589.9*A+253.  1334.04+196.2  1097.3%+79.0

5 4

3 2500.8*4+173.8  2780.3%A4235.1  3128.0+300.1 2591.5"+£117.0  1282.5*+56.1 1219.7°A+54.5
CTL 0.01°+0.01 0.01°+0.01 0.01*+0.01 0.013+0.01 0.06°+0.02 0.28*4+0.03
Pl 0.02°*4+£0.03 0.01"+0.01 0.01+0.01 0.01°2+0.01 0.06"+£0.06 0.05"¢+0.03

Adhesi

veness P 0.01°4+0.01 0.01°4+0.01 0.01°4+0.01 0.03°*+0.03 0.38%+0.10 0.16°%+0.06
P3 0.02°2+0.03 0.01°2+0.01 0.01°*+0.01 0.01°5+0.01 0.08%%+0.01 0.10°8¢+0.04
CTL 0.37*+0.05 0.37%+0.01 0.37*4+0.01 0.38°44+0.01 0.22°240.03 0.16°®+0.01
P1 0.31°8+0.02 0.32%81+0.01 0.35*4+0.01 0.35*48+0.02 0.24%+0.03 0.20%440.02

Resilie

nce P 0.30°5+0.01 0.31°%+0.03 0.34*4+0.01 0.32%8¢40.01 0.20°4+0.02 0.16%+0.01
P3 0.24%€+0.02 0.25%¢+0.01 0.25%+0.03 0.28%°+0.05 0.20*°4+0.03 0.18%8+0.01
CTL 0.64**+0.01 0.654+0.02 0.664+0.02 0.65+0.01 0.42°5+0.02 0.36°+0.02
P1 0.57°8+0.06 0.57°8+0.04 0.64*4B+0.01 0.63%4+0.02 0.52°4+0.03 0.43%40.03

Cohesi

veness 0.56°5+0.02 0.56°5+0.02 0.61°3+0.01 0.59%48+0.01 0.47°4B+0.04 0.39%8+0.03
P3 0.49%¢+0.03 0.49"¢+0.01 0.51%¢+0.04 0.53%5+0.07 0.45"48+0.04 0.43%+0.04
CTL 4.12*4+0.04 4.14*4+0.02 4.15*+0.04 4.09*4+0.06 2.48°¢+0.08 2.30°%+0.17
Pl 3.90"2+0.10 3.99°°810.05 4.09**+0.06 4.07*+0.05 3.11°4+0.06 2.46%+0.02

Springi

ness P2 3.59°C+0.12 3.62°¢+0.08 3.92%8+0.01 3.92%8+0.03 2.86°+0.03 2.5194840.15
P3 3.56%°+0.05 3.55%+0.06 3.76%°+0.06 3.858+0.02 2.78%®+0.12 2.72°440.10
CTL 1488.7°2£79.5  1581.9"2+80.2  1765.3**£150.4  1620.2"*+£56.5  306.3°®+£60.5 257.8C+88.2
P1 1240.1°°£107.0  1594.6*+£101.6  1739.9*£83.5  1738.5*+£234.0  644.0°+85.4 368.49¢459 7

Gumm

iness P 1158.1°B£65.7  1533.8°2+182  1686.7490.0  1507.8**+141.1  620.9%+91.7 428.5®%+56.5
3 1138.8B£61.2  1378.3"B£51.0  1589.7*490.5  1435.9""£125.6  568.7%+474 567.7%+80.6
CTL 6827442 31 66.8*+5.70 71.9%445.55 65.1*4B13.17 7.53"8141.49 6.24°°+£2.54
P1 47.6"%+£5.22 62.4*4+3.08 69.8*43.21 70.7*+8.92 19.7°443.09 8.96%5¢+1.50

Chewi

ness P2 43.1°842 81 54.7°6+0.77 71.0%+7.97 58.0°5+5.88 17.5%42.52 10.9948+2 33
P3 39.7°°£1.56 44.2°C+4 47 67.4%45.71 54.1°814.37 15.5%+1.89 14.1%+0.85

D o Means within a row with different letters are significantly different (p<0.05).

2 AD Means within a row with different letters are significantly different (p<0.05).
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Table 11. The formulation of chicken nugget with 7enebrio molitor Linnaeus larvae powder as protein

alternative
. Treatments(%)"
Ingredients CTL T T T
Chicken thigh 60 59 57 55
Chicken breast 20 20 20 20
Pork fat 5 5 5 5
Water 9.2 9.2 9.2 9.2
T. Molitor L. powder - 1 3 5
Salt 1 1 1 1
Sugar 1 1 1 1
STPP 0.3 0.3 0.3 0.3
ISP 0.3 0.3 0.3 0.3
Tapioca starch 0.5 0.5 0.5 0.5
Cooking wine 1 1 1 1
Spices 0.6 0.6 0.6 0.6
Black pepper powder 0.1 0.1 0.1 0.1
Bread powder 1 1 1 1
Total 100.0 100.0 100.0 100.0

DTreatments: CTL=T. molitor0%; T1=T. molitorl%; T2=T. molitor 3%; T3= T. molitor 5%.
IIngredients: Salt, sodium chloride; STPP, sodium tripolyphosphate; ISP, soy protein isolate powder.

BEWIL ZMNE 5 BUS MUK Lol BSEIF E HxTe 10| B
= s2olM Solxel xHo|7f NS (p<0.05), Bolel AL fETel Xzl Triel
SO &{Ql 0|7} LIEHIX| FRITH(p<0.05). EBH ZAH2| R 2ot Hyjpzof
el BESRoIAM ROMoR AAsts HES LIERYITHp<0.05).

Table 12. Sensory evaluation of chicken nugget with Zenebrio molitor Linnaeus larvae powder as protein altermative

Attribute CTL T1 T2 T3
Flavor 6.36%+1.12 6.36°+1.21 5.36'+1.63 5.18%+1.33
Color 7.82%£0.98 7.18%£0.98 6.09°+0.94 5.36°+1.03
Texture 6.45°+0.52 6.64°+1.03 6.00°+0.89 4.91°+1.30

Taste 7.18%1.25 7.00%£0.77 5.55°+1.29 5.55°+1.51
Juiciness 5.91%+1.38 5.82%+1.47 5.09%°+1.45 4.18%+1.66
Salinity 6.82°+0.75 6.36"+1.43 5.64°+0.81 5.45°+1.57
Overall 7.00%:0.63 6.45°+0.82 5.45°+0.93 5.09°+1.14

olat=ty M &It

ABME: =T MY M2TE SolM ROz JIY £2 FEEYS HY
CHp<0.05). ZMHXM2| RFEEL HIIF0| SItesE 20| Reldez Z4
251U CHp<0.05). == TIECH Reldoz U2 XYatzdE HEIAcHp<0.09)
ZMIXME| REEY HMIIFO| SItEEE XYool Rz Jitstkes FME
BXCHp<0.05). T3 M HMzl7E ToA FAH=z JIE =2 32eHS &
oo, T12 MA Hzl7E JoM Rz I IFe gts EAcHp<0.09)

hEo A s MA HMelTS BolM ROMOR JbE w2 zte Ele
of, T3= A H2lTES B0l JH 2 #S EUCHp<0.08). ZMHHE 35
2ot Ayizol Z7HESE CHE B0l RYNoR FIlEE FME EIUCHp<0.05).

Table 13. Proximate composition(%) of chicken nugget with Tenebrio molitor Linnaeus larvae powder as
protein alternative

Parameter Treatment”
CTL Tl T3 T3
Moisture (%) 69.8%+0.12 68.5%+0.20 67.9£0.23 65.5°+0.35
Fat (%) 4.75%+0.20 5.38"8+1.25 5.33%8+0.46 6.22"40.06
Ash (%) 2.64%£0.04 2.52¢40.02 2.70%+0.01 2.914+0.10
Protein (%) 22.7°4£0.08 23.6°+0.68 24.25+0.56 25.4%4+0.22

1))

Treatments: CTL=T. molitor0%; T1=T. molitor1%; T2=T. molitor 3%; T3= T. molitor 5%.

2 AD Means with different scripts in the same treatment are different (p<0.05).
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Fig. 35. pH value of chicken nugget with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 36. Lightness value of chicken nugget with Zenebrio molitor Linnaeus larvae powder as protein altermative.
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Fig. 37. Aw value of chicken nugget with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 38. Water Holding Capacity(WHC, %) of chicken nugget with Tenebrio molitor Linnaeus larvae powder

as protein alternative.

tddE: ZMAME #E 22 | =255 7tEdE 4ol =24 HE
out, A XMelFS2h 7tEaE2 FelHel Xo|E 2o|X| EUCE (p>0.05).

Table 14. Cooking Loss(%) of chicken nugget with Tenebrio molitor Linnaeus larvae powder as protein

o
d
oM
(@]

alternative
Treatment
Parameter
CTL Tl T3 T3
Cooking Loss (%) 14.34+2.83 16.3%+3.20 16.8%£1.77 18.5%+1.50

D' Treatments: CTL=T. molitor0%; T1=T. molitorl%; T2=T. molitor 3%; T3= T. molitor 5%.

2 AD Means with different scripts in the same treatment are different (p<0.05).
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Fig. 39. Shear force value of chicken nugget with 7enebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 40. TBARS value of chicken nugget with 7enebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 41. VBN value of chicken nugget with ZTenebrio molitor Linnaeus larvae powder as protein alternative.
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Table 15. Results of physico-chemical and functional properties, lipid and protein oxidation, and texture of
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chicken nuggets with Tenebrio molitor Linnaeus larve powder as protein alternative during cold storage under

4°C

Storage days

1) 2)
Parameter Treatment 0 7 14 1 28
CTL 6.82%5¢+0.01 6.78"5+0.01 6.77°5+£0.01 6.42%8+0.01 6.49°°10.02
- T1 6.86*+0.03 6.78°+0.01 6.78"4+0.01 6.39%+0.01 6.52°+0.01
P T2 6.80%+0.01 6.79°24£0.01 6.77°+0.01 6.43%440.01 6.5095¢10.01
T3 6.83*8+0.01 6.76°°+0.01 6.77°+0.01 6.37°°+0.01 6.518+0.01
CTL 74.0%4+0.18 72.2%40.92 68.7°442.27 67.6°4+£0.79 72.3%42 47
[ Tl 70.5%+£0.70  66.9*P£1.61  66.8°**+2.93  65.6"+£0.24  69.3"°+0.46
T2 67.4°°+0.19 64.0°°£0.97  63.5°%°+£0.83 62.7°°+1.32 65.2°°+0.34
T3 62.2°°+1.56 60.5°°+0.30 62.0°°+1.71 61.0°°£1.16 62.5°°+0.27
CTL 89.4°242.12 91.7*+1.14 88.4°%+0.43 90.0°%+0.95 89.6"%+0.46
WHC (%) T1 86.4"242.79 91.1*+0.57 91.4*4+0.20 92.0*+0.19 91.9*+0.27
T2 88.4"+1.16 92.7*4+0.84 90.6*°+0.82 91.1*4+0.73 90.6**+1.71
T3 86.5°+1.27 89.0°+1.25 90.9%4+0.95 91.3*4+0.33  90.9*8+1.07
CTL 0.10%440.01 0.28°4+0.01 0.37°4+£0.01 0.42%440.04 0.42*40.02
TBARS (mg T1 0.06°°+0.01 0.10°%£0.01 0.14*°+0.01 0.14*°+0.01 0.15%%£0.01
MDA/kg) T2 0.05%+0.01 0.08b°+0.01 0.08°“+£0.01 0.10°°+£0.01 0.09°¢+0.01
T3 0.07°+0.01 0.04°°+0.01 0.06°°+0.01 0.08*+0.01 0.07°°+0.01
CTL 201.1°°+4.55  346.3°°£10.8  382.3%B13.06  389.4°°43.24  379.8°B117.6
Shear force T1 242 .4%°+£4 91 372284554  403.7°B+39.0  398.4%+5.21 387.3"B+15.5
(2 T2 275584361 38434813  477.6*+21.1  439.1°546.05  407.2°“B+13.9
T3 290.59%44.82  417.7°44£5.57  504.2%+104  464.8%4£142  420.7°%+16.3
CTL 0.74°2+0.01 0.76**+0.01 0.69°“+0.01 0.74°5+0.01 0.76**+0.01
A Tl 0.685+£0.01 0.74°5+0.01 0.71°%+0.01 0.74*8+£0.01 0.75%8+0.01
T2 0.70®+0.01 0.75**+0.01 0.73%+0.01 0.76**+0.01 0.75**8+0.01
T3 0.73°4+0.01 0.73"5+0.01 0.72°°+0.01 0.76*+0.01 0.76™+0.01
CTL 0.98%°240.01 0.93%240.08 1.03%8+0.08 1.12*440.14 1.03%°44£0.08
VBN (mg%) T1 1.07°440.08 0.75°*+0.08 1.31*40.16 0.93>4+0.08 0.98"+0.14
T2 0.75*%+0.08 0.98*4+0.14 0.98%+0.01 0.98%4+0.01 1.03*4+0.08
T3 1.07*40.08 0.93"+0.16 0.98"°P+0.01 0.984+0.14 1.17*40.08

DParameter: L*=Lightness; WHC=Water Holding Capacity; TBARS=Thiobarbituric acid reactive substances;
Aw=Water activity; VBN=Volatile basic nitrogen.
ITreatments: CTL=T. molitor0%; T1=T. molitor1%; T2=T. molitor 3%; T3= T. molitor 5%.
"¢ Means with same letter into same row are not different(p>0.05).
AD Means with same letter into same row are not different(p>0.05).
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Table 16. The formulation of chicken nugget with Protaetia brevitarsis Seulensis as protein alternative

, Treatments(%)"
Ingredients
CTL T1 T2 T3
Chicken thigh 60 59 57 55
Chicken breast 20 20 20 20
Pork fat 5 5 5 5
Water 9.2 9.2 9.2 9.2
P. brevitarsis S. powder - 1 3 5
Salt 1 1
Sugar 1 1 1 1
STPP 0.3 0.3 0.3 0.3
ISP 0.3 0.3 0.3 0.3
Tapioca starch 0.5 0.5 0.5 0.5
Cooking wine 1 1 1 1
Spices 0.6 0.6 0.6 0.6
Black pepper powder 0.1 0.1 0.1 0.1
Bread powder 1 1 1 1
Total 100.0 100.0 100.0 100.0

DTreatments: CTL, control chicken nugget; P1, treatment chicken nugget with 1% of Protaetia brevitarsis
Seulensis larvae powder; P2, treatment chicken nugget with 3% of Protaetia brevitarsis Seulensis larvae
gowder; P3, treatment chicken nugget with 5% of Protaetia brevitarsis Seulensis larvae powder.

)Ingredients: Salt, sodium chloride; STPP, sodium tripolyphosphate; ISP, soy protein isolate powder.
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Table 17. Sensory evaluation of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative

Attribute CTLV P1 P2 P3
Flavor 6.36%+1.12 5.27%1.27 3.36°+0.92 2.45°+1.37
Color 7.82%+0.98 6.00°%+1.41 4.00°+1.48 2.829+0.98
Texture 6.45+0.52 6.00+1.18 4.73%+1.42 4.18°2.14
Taste 7.18%+1.25 5.55°+1.63 3.18°41.33 2.55°+0.93

Juiciness 5.91%+1.38 4.82°+1.33 4.00°+1.34 3.64°+2.11
Salinity 6.82°+0.75 5.27°+1.10 4.82°+1.08 4.36°+1.12
Overall 7.00°+0.63 5.36°+1.36 3.45°41.04 2.91°+0.94

Y Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.
? 2¢ Means with different scripts in the same treatment are different (p<0.05).

- olabeE Mk gt
ALY E: HFHYO|RPX| REELS HIbe |74 At
o 42 P37t RelNoR J1FY W BYyS mIon, xue
2o Hob Szl wel RMoR SIHHAUCH<0.05)
CTLZt P1ECH RNMOR ot BAFWOIRLA| 75 2
of RelMoz ZULES Holg & UNUCH<0.05). B
T kol KeolFel xHo|7h LIEHAR &Stek(p>0.05).

_47_

&0 w2t 32

stgre tzTet A2

=] =] A H
H48 B4 20 =&
= 1m O o =
sIEolZRA 75



Table 18. Proximate composition(%) of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as

protein alternative

Parameter Treatment”
CTL P1 P2 P3
Moisture (%) 69.8%£0.12 68.2%+0.25 68.3%+2.24 65.8°+0.71
Fat (%) 4.754£0.20 5.765+0.12 5.518+0.57 7.1240.11
Ash (%) 2.69%+0.06 2.64"40.04 2.495+0.01 2.415+0.04
Protein (%) 22.7%40.08 24.3%+1.60 24.8"+3.46 25.6%+2.58

D Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.

? A€ Means with different scripts in the same treatment are different (p<0.05).
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Fig. 42. pH value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 43. Color value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 44. Aw value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 45. WHC value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Table 19. Cooking loss(%) of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein
alternative
Parameter Treatment"
CTL P1 P2 P3
Cooking Loss (%) 14.35+2.83 17.3*%+2.40 15.9%%+2.14 19.7%42.29

Y Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P brevitarsis 5%.

? AB Means with different scripts in the same treatment are different (p<0.05).
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Fig. 46. SF value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Fig. 47. TBARS value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 48. VBN value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein

alternative.
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Fig. 49. TPC value of chicken nugget with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Table 20. Results of physico-chemical and functional properties, lipid and protein oxidation, texture and
microbial counts of chicken nuggets with Protaetia brevitarsis Seulensis larvae powder as protein

alternative during cold storage under 4C

Storage days

Parameter”  Treatment”

0 7 14 21 28
CTL 6.82%+0.01 6.78°°+0.01 6.77°%£0.01 6.429+0.01 6.49%+0.02
oH Pl 6.83210.01 6.81:?:0.01 6.77°:i0.01 6.33?:0.01 6.49:?:0.01
P2 6.844+0.01 6.82°2+0.01 6.77°4+0.01 6.45°5+0.01 6.5244+0.01
P3 6.81%+0.01 6.80°°+0.01 6.77°°+0.01 6.47°/+0.01 6.50%P+0.01
CTL 74.0°°+0.18 72.2°4+0.92 68.7°°+2.27 67.5°+0.94 71.8%4+0.42
L Pl 66.25+0.83 64.9°°8+0.35 63.3"8+1.55 64.3°5+0.75 66.35+0.96
P2 62.7°+0.17 59.5%+1.33 59.5%¢+0.42 58.8°°+1.40 61.3%“+0.51
P3 59.2?°+1.86 55.1°P+1.52 56.5"+1.79 55.5°P+0.97 57.0"°P+0.09
CTL 2.17°°+0.10 1.81°P+0.04 1.40°P+0.20 1.44°P+0.14 1.46°P+0.05
i P1 3.56°£0.13 2.91°10.13 2.87°°+0.50 2.77°°+0.03 2.80°+0.10
P2 5.23*+0.08 4.348+0.22 4.27°8+0.06 3.90%%+0.20 4.70°+0.17
P3 5.70**+0.17 5.03°440.15 4.84%440.13 4.75440.13 5.01°440.06
CTL 10.7%°+0.13 9.60°°+0.05 9.25%6+0.22 8.70°+0.23 9.67°°+0.55
. Pl 11.0°£0.09 10.2°°+0.21 9.40°%+0.17 9.7298+0.24 11.6*+0.10
P2 12.78+0.12 10.7°®£0.29 11.0*+0.31 10.1%+0.66 12.0°4B+0.21
P3 13.1*4£0.16 11.4°4+0.31 11.1°9%+0.23 10.9%4+0.19 12.4°410.10
CTL 0.74°24+0.01 0.76+0.01 0.69°5+0.01 0.76°2+0.01 0.74*+0.01
Pl 0.71°+0.02 0.74°2+0.01 0.72°4+0.01 0.77%+0.01 0.764+0.01

Aw C abB bA abB aAB
P2 0.68°“+0.02 0.748+0.01 0.73°2+0.01 0.74™P£0.01  0.75**P+0.01
P3 0.67°°+0.01 0.72°¢+0.01 0.73°*+0.01 0.77**+0.01 0.76**%£0.01
CTL 201.1%44.55  380.9*B+1.17  382.3+3.06  298.4°%+3.24  414.0°+0.88
Pl 251.29%413.0  410.6™4+1.95 42884520 449.9*°+25.39 398.3“B+]]1.86

SF (2) cA bA aA aA abAB
P2 237.6%444.30  388.8°2+5.10  425.0°+40.73  426.2**+0.29  402.1°B+7.07
P3 2164517  341.2+445  399.5%P+£10.9  430.1°°+12.6  381.7"Px16.4
CTL 0.10%+0.01 0.294+0.01 0.37°2+0.01 0.42*4+0.04 0.42°4£0.01
TBARS Pl 0.06%+0.01 0.08°2+0.01 0.175+0.01 0.14°¢+0.01 0.06%+0.01
MSX‘%kg) P2 0.14%AL0.14  0.14b%£001 014002  023®£001  0.12°£0.01
P3 0.10°+0.01 0.09°°+0.01 0.11°4+0.01 0.16%“+0.01 0.12°2+0.01
CTL 0.98"%£0.01 0.93°°+0.08 1.03"%+0.08 1.12°4+0.14 1.03%°£0.08
VBN Pl 1.03"°%£0.08  0.98°%¢x0.14  1.03*°+0.08  0.89"°+0.08 1.17°%+0.08
(mg%) P2 1.21%44£0.08  1.12°4B+0.01  1.17B+0.08  1.07°+0.08 1.26"3+0.01
P3 1.21°440.08 1.17°240.08 1.54*+0.14 1.17°440.08 1.59*440.08
CTL 2.00*°+0.01 2.16°+0.15 2.00*°+0.01 2.44*°£0.38 2.25%+0.43
TPC (log P1 4.51°°+0.11 4.63°+0.13 4.59*°+0.25 4.09°°+0.19 4.46"°+0.14
CFU/g) P2 5.02°8+0.01 5.25%40.13 4.95%£0.05 4.84°*40.15 5.15%4+0.08
P3 535%4+022  5.39"™4:0.14 5.78%+40.05 5.19°4+0.15 5.42%440.42

) Parameters: L=lightness; a=redness; b=yellowness; Aw=Water activity; SF=Shear force; TBARS=Thiobarbituric
acid reactive substances; VBN=Volatile basic nitrogen; TPC=Total plate count.

) Treatments: CTL= P. brevitarsis 0%; P1= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.
) *™Means with different scripts in the same treatment are different (p<0.05).

) A-PMeans with different scripts in the same storage days are different (p<0.05).
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Table 21. The formulation of karraage with Tenebrio molitor Linnaeus larvae powder as protein alternative

Treatments(%)"

Ingredients CTL ) 2 3

Chicken thigh 86.1 85.1 83.1 81.1

P. brevitarsis S. powder - 1 3 5
Sugar 0.8 0.8 0.8 0.8
Soy sauce 6.3 6.3 6.3 6.3
Cooking wine 5.6 5.6 5.6 5.6

Spices 1 1 1 1
Black pepper powder 0.2 0.2 0.2 0.2
Total 100.0 100.0 100.0 100.0

Y Treatments: CTL= T. molitor 0%; Tl= T. molitor 1%; T2= T molitor 3%; T3= T. molitor 5%.
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Table 22. Sensory evaluation of karraage with Tenebrio molitor Linnaeus larvae powder as protein alternative.

Attribute CTL" T1 T2 T3
Flavor 7.25%1.39 6.13"+1.81 4.75°+1.67 4.13*+1.89
Color 7.25+1.39 6.25"+1.49- 4.38"£2.67 4.25"+2.05
Texture 7.00°+1.69 6.63'+1.30 5.00"+1.41 4.00°+£2.07
Taste 7.38%41.51 6.38%+1.92 4.50+2.27 4.50%+2.20

Juiciness 6.63'+1.69 6.13"+0.99 5.00°+2.07 4.75+2.25
Salinity 6.88%+1.64 6.50°:1.93 5.13%+1.55 4.25%1.67
Overall 7.25%1.49 6.25°+£1.67 4.38%+1.92 4.13%2.17

Y Treatments: CTL= T. molitor 0%; Tl= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

? * Means with different scripts in the same treatment are different (p<0.05).
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Table 23. Proximate composition(%) of karraage with Tenebrio molitor Linnaeus larvae powder as protein

alternative.
Treatment
Parameter
CTL T1 T3 T3

Moisture (%) 64.1°40.48 64.6"£1.93 63.3%+0.35 63.7°+0.19

Fat (%) 5.58"+0.14 5.77"+0.09 5.73%+0.12 4.885+0.03

Ash (%) 2.01%40.07 2.23440.02 2.18%+0.04 2.48%+0.07
Protein (%) 28.65+0.32 28.8%£0.29 28.98140.24 29.0%+0.20

Y Treatments: CTL= T. molitor 0%; T1= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

? A€ Means with different scripts in the same treatment are different (p<0.05).
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Fig. 50. pH value of kamraage with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 51. Color value of karraage with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 52. Aw value of kamraage with Tenebrio molitor Linnaeus larvae powder as protein alternative.
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Fig. 53. WHC value of karraage with 7enebrio molitor Linnaeus larvae powder as protein alternative.

st x|ZI7I2totAle] THE AT ZIt= Table 240 LtERHQACE JtHZtEFe| 4
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Table 24. Cooking Loss of karraage with Tenebrio molitor Linnaeus larvae powder as protein alternative

Treatment
CTL T1 T3 T3
Cooking Loss (%) 21.2°+3.88 19.3%+8.30 23.0°+2.50 22.0"+0.60
Y Treatments: CTL= T. molitor 0%; Tl= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

2) A

Parameter

Means with different scripts in the same treatment are different (p<0.05).
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Fig. 54. Shear force value of karraage with Fig. 55. TBARS value of karraage with Tenebrio
Tenebrio molitor Linnaeus larvae powder as molitor Linnaeus larvae powder as protein
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Table 25. Results of physico-chemical and functional properties, lipid and protein oxidation, and microbial

counts of kamraage with Zenebrio molitor Linnaeus larvae powder as protein alternative

Storage days

Parameter TRT
0 7 14 21 28
CTL 6.65"+0.01 6.30%°+0.01 6.28°+0.01 6.37°°+0.01 6.49"°£0.01
T1 6.74"*+0.01 6.39°+0.01 6.33%°+0.01 6.39°+0.01 6.50"°+0.01
pH A bA bA bB bD
T2 6.692+0.24 6.59"2+0.01 6.44%2+0.01 6.46°+0.01 6.46°°+£0.01
T3 6.80%4+0.01 6.58°2+0.01 6.44°44£0.01 6.54*+0.01 6.5394+0.01
CTL 74.3%440.27 58.2°4+1.74 63.8°442.37 63.4°2+2.82 67.6%°+2.86
- Tl 70.45+0.51 55.8°441.79 59.9°8+2.00 54.5°+0.28 58.4°2+0.15
T2 66.6°°+£0.43 52.09%+0.25 56.9°°+£0.53 59.5%%12.18 57.8B10.25
T3 61.5°+0.55 50.0%+£2.91 55.8°C1+0.44 58.8%8+1.57 55.9"%10.65
CTL 2.17°°+0.10 5.20%°+0.17 3.77°+0.06 4.36°48+0.75 4.39°240.20
. T1 3.128+0.16 5.56*+0.14 4.50°+0.10 4.57°28+0.06 4.63°240.15
a
T2 3.38%8+0.30 6.07*4+0.03 4.82°4+0.03 5.05%40.05 4.67°4+0.06
T3 3.80%4+0.09 4.93*°+0.03 3.45P+0.09 4.21°8+0.08 4.03°®+0.13
CTL 11.7°44£0.28 13.59440.12 14.5°+0.10 15.5°440.05 16.6*4+0.24
. Tl 11.0%+0.17 13.0°240.20 13.5°8+0.16 12.2°40.51 14.0°%+0.04
T2 10.1°4£0.09 12.2°8+0.43 11.9°P+0.53 14.3%8+0.28 13.8°%+0.15
T3 9.75%°+0.09 11.5°€40.22 12.5%¢4+0.07 14.0°+0.19 12.5%40.01
CTL 0.74°8+£0.01 0.77*4+0.01 0.74°°4+0.01 0.74°4+0.01 0.764+0.01
Tl 0.72°¢+0.02 0.71°£0.01 0.72°8+0.01 0.73%2+0.01 0.75%3+0.01
Aw bAB B B ac B
T2 0.74°*8+0.02 0.73°+0.01 0.72%+0.01 0.71940.01 0.75%+0.01
T3 0.75°240.01 0.719+0.01 0.72°+0.01 0.719%+0.01 0.76*+0.01
CTL 88.8"°A1(.48 82.29A12 82 87.2°440.62 90.1%*4+0.11 91.5%440.88
Tl 84.8"211 .46 81.8°+0.78 83.4%BC12 47 88.5%8+1.05 89.2%8+0.51
WHC beB A bAB B B
T2 83.6°B+1.37 81.8442.10 85.5"4B1(0.97 88.2°10.19 89.0*+0.99
T3 81.3°+1.32 81.9°+0.60 81.0"+0.71 86.5+0.56 88.3*"+1.44
CTL 0.17%°+0.01 0.06°+0.01 0.28°+0.01 0.39°°£0.01 0.44*4£0.01
T1 0.07°°+0.01 0.13%4+0.01 0.19°%+0.01 0.35°°+0.01 0.37°°+0.01
TBARS dA B A B bC
T2 0.18%4+0.01 0.08b%+£0.01 0.28°*+0.01 0.42°5+0.01 0.39°°+0.01
T3 0.13%°+0.01 0.03°°+0.01 0.28°*+0.01 0.46*+0.01 0.42°%+0.01
CTL 1.63+0.08"" 1.59+0.08" 1.7740.21°* 1.54+0.14" 1.87+0.08""
T1 1.82+0.01** 1.82+0.14*" 1.73+0.08** 1.82+0.14* 1.77+0.08*
VBN bcA bA A dB aA
T2 1.77+0.08" 1.96+0.14° 1.73+0.08¢ 1.59+0.16 2.10+0.01
T3 1.87+0.08"* 1.96+0.14* 1.63+0.21°4 1.40+0.01% 2.10+0.01**
CTL  3.79%%%0.14  4.11°"+0.07  4.24"+0.10 4.29™"+0.15 4.45"+0.13
T1 3.70°+0.03 4.15"4+0.07 4.04°+0.10 4.27"+0.14 4.51°°+0.18
TPC AB B bAB bAB B
T2 3.94°4B1().03 4.01°%+£0.04 4.36°2810.04 4.35°4810.07 4.51°8+0.06
T3 4.05%+0.10 3.88°C+0.06 4.39°4+0.04 4.55°440.04 5.13*44+0.06
D" Parameters: L=lightness; a=redness; b=yellowness; Aw=Water activity; WHC=Water hoding capacity

TBARS=Thiobarbituric acid reactive substances; VBN=Volatile basic nitrogen; TPC=Total plate count.

2 Treatments: CTL= T. molitor 0%; T1= T. molitor 1%; T2= T. molitor 3%; T3= T. molitor 5%.

) *™Means with different scripts in the same treatment are different (p<0.05).

) A-PMeans with different scripts in the same storage days are different (p<0.05).
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Table 26. The formulation of karraage with Protaetia brevitarsis Seulensis as protein alternative
Ingredients Treatments(%)"
CTL P1 P2 P3
Chicken thigh 86.1 85.1 83.1 81.1
P. brevitarsis S. powder - 1 3 5
Sugar 0.8 0.8 0.8 0.8
Soy sauce 6.3 6.3 6.3 6.3
Cooking wine 5.6 5.6 5.6 5.6
Spices 1 1 1 1
Black pepper powder 0.2 0.2 0.2 0.2
Total 100.0 100.0 100.0 100.0

DTreatments: CTL, control karraage; P1, treatment karraage with 1% of Protaetia brevitarsis Seulensis larvae

powder; P2, treatment karraagewith 3% of Protaetia brevitarsis Seulensis larvae powder; P3, treatment

karraage with 5% of Protaetia brevitarsis Seulensis larvae powder.

A FA 7& =L2 HUtet Ji2tobA o] "I 23 =
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Table 27. Sensory evaluation of karraage with Protaetia brevitarsis Seulensis larvae powder as protein

alternative

Attribute CTLV Pl P2 P3
Flavor 7.25%1.39 4.88%°+2 .47 2.88°+1.73 3.00"£2.00
Color 7.25+1.39 5.75%+2.12 4.25%42.25 2.88°42.42

Texture 7.00°+1.69 5.50"+2.07 4.88%+1.46 4.00°+2.51
Taste 7.38%1.51 5.25%+2 .49 3.13%+1.73 2.88"£2.23

Juiciness 6.63'+1.69 5.38%+1.92 4.63+2.13 4.13'+2.36
Salinity 6.88%+1.64 5.38%42.20 4.254+1.49 3.75%1.75
Overall 7.25%1.49 5.00"+2.20 3.50°+2.00 2.88°+2.17

Y Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P brevitarsis 5%.

? *¢ Means with different scripts in the same treatment are different (p<0.05).

o|latst d&r Ut

LHEE: SHEO|ZFX] &5 =2E H7tet Jietotd2] LEEE =4 23 5
=2 4% P37 RoMez JtE &2 w2 HEMA20(p<0.05), CTLRt P2=
FoAMez JtE %2 g2 HHEMAUCHe<0.05). KXol HS CTL=R P27t ®olH
o2 Fen], P1t P37t RoMezr H2 42 LIEHACH<0.05). Bl=2| &4
< P22t P37t RelMez =2 ¢S LIEIACTHp<0.05). CH4AESl A =77+
woMezE I =2 WS LEAL2, P12t P3YL RelMeR JtE 2 U

LEEHH A TH p<0.05).
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Table 28. Proximate composition(%) of karaage with Protaetia brevitarsis Seulensis larvae powder as protein

alternative
Treatment
Parameter
CTL Pl P2 P3
Moisture (%) 64.1°+0.47 67.0°+0.44 64.7°+0.27 67.8°+0.16
Fat (%) 5.58%+0.12 4.02%+0.10 5.55%40.17 3.91%+0.19
Ash (%) 2.01%+0.07 2.208+0.11 2.51%40.06 2.4944+0.02
Protein (%) 28.3%+0.39 26.6°+£0.40 27.4%£0.18 26.2°4£0.55

D Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.
2 A€ Means with different scripts in the same treatment are different (p<0.05).

pH: XMZ&7|ztoll e SHEO[EFX 7E L2 H7tet 7i2totdl2] pH Z3=
Fig 580l LEILHACE =8Ol #& =% HI7t &0l w2t FelH2z =2 pHE

LIEH 21 204 (0<0.05

),
% Rolsoz Zitste

Fig. 58. pH value of karraage

Sotetoll weEt 14X 7kA] Aasidx|el 2 of

—=—CTL
——P1
——P2

——P3

14
Storage days

with Protaetia brevitarsis Seulensis larvae powder as protein alternative.

M ME7(ZH] e SO ERX| 75 LS HIIE Ji2lop|e] Mz Aq}
= Fig 590l LIEHRACH PWE= ME7(ZHo| SItetol| w2l 7LX7tX] dastie
Lt, O O|F Feldez FTitste de&E EUCHp<0.05). st FHo| E &2
M7t &0 w2t R R HEIL AASIUCHp<0.05). HMEo| A ME7|Zt
of Zotof wat welMez FItsien], mHo| &Y HII =& "2t 7o
Moz ZI15IACHp<0.05). BATol AT MAI|Ztol Zrlgtol w2} gelxoz
zolsigen], @Yol ®E BYU My £E0 mal felde=m Zslsch
(p<0.05). w2t EV|Ztel Zolet, 2ol REEY Il +Fo| w} @Es
dasiRon, MMzl HME= SIFSHIACHp<0.05).

% 20

75

70 s

5 65 —cm # = CTL
£ 60 ——P1 2 ——P1
3 53 ——F2 10 P

50 g ——P3

45 )

40 ’ 0 7 14 21 28

Storage days

4 Storage days
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Fig. 59. Color value of karraage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.

Fedr: MME7(o g SHE0IEFA 75 =22 HIIE Ji2tot 2
Togd T A= Fig 600 LIEHARACE X EH7|Z2Ho] Z7P.3:.*01I 2l 21 L X7HR| =
2T RelMo R 4SRN 28Ut ReH2E FIISIUCHp<0.05). E
ot TA M 7|2h sk th=70F XME[Foll Hlsl FelM2 2 & UTHp<0.05).

1.00
0.90
A
0.80 A A A A
: "W —==CIL,
2070 ) 8 —ePI
B
0.60 B B ——I2
——p3
0.50
0.40
0 7 14 21 28
Storage days

Fig. 60. Aw value of karraage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.

s 2

B4 NIY|Z| W2 FHY|BEX RF ELS Hil slgtopiel 24
AT Fig 6101 LIERAQICH MET|Zb0| Bokgol wel 7YARE RelMoz
A5 X2 p<0.05), 11 O]

7Y
= St dgs EXCh Lok 21LxHK| 2E X
2l Zkel FolXMeol Atol= UUKXITE 28UXto| P10| FOIMoE JtE IF2 s

H9EHp<0.05).

100

S
= 90 AB
2
g —=—CTL
Ey 80 ——P]
;_g
= ——P2
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<
B
60
0 il 14 21 28
Storage days

Fig. 61. WHC value of kamaage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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—

A 75 =22 HIet x1Z0 7i2totAl o rtdaE =4 &2
|22l xtol= AUCHp<0.05).

Table 29. Cooking loss(%) of karaage with Protaetia brevitarsis Seulensis larvae powder as protein alternative

Treatment
CTL P1 P2 P3
Cooking Loss (%) 21.2%43.88 18.4 A+0.88 17.5443.36 20.4%41.50

Parameter

D Treatments: CTL= P. brevitarsis 0%; Pl= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.

2 AB Means with different scripts in the same treatment are different (p<0.05).

M MEV(Zo e EHEO|EFA| 7E =S HIte Ji2totAlel HEt

5_||:| _E__| — 3 [ -
= Z1l= Fig 620 LIERAAUCE 2E XM FoM 7LRINX] FelMoez LSt e
LHp<0.05), O O|FE=2 Z7|5t= A& EFCE 142xtol= =72t X2 7ZHe)
Fel™Mel xto|7F elAchHp<0.05).
1000
800
3 60 —=CTL
< ——P1
g 400 —P2
s ——P3
200
0

0 7 14 21 28
Storage days

Fig. 62. SF value of karraage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.

- TBARS: XN &7|Ztol| mE SHEO|ZFA 75 =22 HItet 7i2totA|e] TBARS
Aot Fig 630 LEFHACE XMET|ZHo] SItetol| w2t 7R FoAHoE &

2SI X|2Hp<0.05), 1 O|F Z7t5t=
L

=Uen, =TIt ReMzE JHE U2 2 EXCHp<0.05).

0.80
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#0.60
&
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0 7 14 21 28
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Fig. 63. TBARS value of karraage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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— VBN: XMZ&7|ztof wE =

S| Z2RX| &5 Y2 H7Ie 7i2totAlel VBN ZIt=
Oo|7t—|o§ h:ol-oL_}

=
Fig 640 LIERHACHA14LRIRb 28U XIO|A = P22} P37}
(p<0.05), ct2 MZF 7|Ztsoholl= =72 Me|+ Z2te] Fel™Mel Xo|& LIEtLX|

2 UACHp<0.05).

[0

k2
L

?;;J —a—CTL
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53 ——P2
5 ——P3

Storage days

Fig. 64. VBN value of karraage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.

s =S HItet 7i2totAl 2] old
7teto| o2t 7eld2e= TPC Log
ol HIt &0l wet oMoz

S°F 2.00 Log CFU/g o|gte =z

D|ME 2AM: XZE7|Zhof wE sF™Eto|Z K|
2 ZIl= Fig 650 LIEtLHACH X ZE7|ZHo]
CFU/g &7t5t3CHp<0.05). =3t 20| 72
S 75t} cHp<0.05). VRBe| % ZE NI

LHEHEEE.

_>.i
0 Ho

G Ofh
AT

7.00
6.00
A A A
A
éo 5.00 A : _
& 400 |AB 5 —=CTL
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Fig. 65. TPC value of kamraage with Protaetia brevitarsis Seulensis larvae powder as protein alternative.
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Table 30. Results of physico-chemical and functional properties, lipid and protein oxidation, texture and

microbial counts of karaages with Protaetia brevitarsis Seulensis larvae powder as protein alternative during

cold storage under 4C

Storage days

Parameter”  Treatment”

0 7 14 21 28
CTL 6.65°+0.01 6.30%°+£0.01 6.28°°+0.01 6.37°P+0.01 6.49°°+0.01
- Pl 6.72°“+0.01 6.52°*+0.01 6.37°+0.01 6.428+0.01 6.54°°+0.01
P P2 6.76*+0.01 6.46°+0.01 6.37°+0.01 6.419+0.01 6.64°5+0.01
P3 6.83*+0.01 6.39°°+0.01 6.40%+0.01 6.48°4+0.01 6.59°2+0.01
CTL 73.9*4+0.92 55.5°+4.45 60.6°%+4.16  63.4™"+282  67.6"*+2.86
L Pl 66.25+2.43 55.6°4+1.75 54.848+2.42  56.8"B+1.74 60.6"°+2.83
P2 62.7°“+0.45 53444473 57.2%4P1448  54.5°Bx116  60.1°+£1.15
P3 59.2?°+2.00 54.2°+1.24 50.85+1.80 58.5"B12.66  55.3"%0.53
CTL 247°P+032  433*+£1.59  3.57"P:0.42  3.63"Px0.64  4.12°°:0.16
i P1 3.80°£0.10  4.25"%+£040 4.70™"+0.56  4.57"*£0.19  4.95°+0.18
P2 5.438+0.21 4.73*4£.0.68  4.788+0.98 4.89*4+0.57 5.27%%+0.15
P3 6.07°440.32  5.70™+.0.72  5.21°+0.55 5.23%440.42 6.50**+0.26
CTL 11.2°%+0.56 13.2°¢4+.0.88 13.8°242.37 15.2%4+0.80 16.6*4+0.24
. Pl 10.7°%+0.27 11.0"£.0.80  10.7°*P£1.66 13.1°%£0.69 14.1°%+£1 .43
P2 12.4*440.18 11.7*4+£.2.99 12.0**8+2.64 12.5"%+0.48 14.1°8+0.56
P3 12.9%4£0.79 12.2*4+.1.42 9.33"5+0.74 14.2*4B+1.74 14.2*%+£0.25
CTL 0.74°5+0.01 0.77*4+0.02 0.74°240.01 0.74°4+0.01 0.76+0.01
Pl 0.75°2+0.01 0.71°+0.01 0.71°+0.01 0.71°+0.01 0.77*4+0.01

Aw aA B ¢B B bB
P2 0.75*+0.01 0.70%%+0.01 0.728+0.01 0.70%%+£0.01 0.74°2+0.01
P3 0.75*+0.01 0.70+0.02 0.72°5+0.01 0.70°%£0.01 0.77°*+0.01
CTL 0.17%+0.01 0.06°°+0.01 0.28°“+0.01 0.39°°+0.01 0.44*“+0.01
TBARS P1 0.20%+0.01 0.08°°+0.01 0.30°3+0.01 0.46°°+0.01 0.57*4+0.01
MSX%kg) P2 01402001 0.17:001 0224001 049001  049**:0.01
P3 0.36°*+0.01 0.18%4+0.01 0.45°2+0.01 0.57**+0.01 0.57°*+0.01
CTL 1.63%°8+0.08 1.59%+0.08 1.77°°%£0.21 1.54"8+0.14 1.87*4£0.08
VBN P1 1.54°+0.01 1.73*%+0.16 1.73*4+0.08 1.49°+0.08 1.87*+0.08
(mg%) P2 2.05*4£0.08 1.77°%+0.16  1.87+0.08  1.63*A%+£0.16  1.87"+0.08
P3 2.05%2+0.08 2.15*440.16 1.63°4+0.08 1.82°440.14 1.96™4+0.14
CTL 684.7£16.0  551.0%£62.6  696.7°%+£56.9  732.0™"+6.33  780.7*+52.3
SF @) Pl 745.3*4432.9  603.9°*P£12.6  680.9"*+5.62  622.3+11.4  508.3%x22.2
P2 761.6"+35.0  634.2%46.75  736.8"+£28.0  566.0°°+39.8  700.0**P+133.1
P3 598.7°°+33.7  566.9°5+12.9  766.3**+83.3  598.8"%“+22.0 627.3°%°48.39
CTL 3.81°C£0.15 4.08°°£0.07  4.28":0.16  4.24™+0.10  4.33"°+0.10
TPC (log Pl 3.98"¢£0.05  4.10"°+£0.16  4.84*+032  4.31"°x0.41 4.21"0.10
CFU/g) P2 4.12°4B+0.19  4.52°P+0.21 497£0.16  4.68°*P+0.17  4.64°*+0.08
P3 4.31°440.08 5.01*4+0.13 4.65™%£0.57  4.85"4+0.13 4.36°%+0.23

) Parameters: L=lightness; a=redness; b=yellowness; Aw=Water activity; SF=Shear force; TBARS=Thiobarbituric
acid reactive substances; VBN=Volatile basic nitrogen; TPC=Total plate count.

) Treatments: CTL= P. brevitarsis 0%; P1= P. brevitarsis 1%; P2= P. brevitarsis 3%; P3= P. brevitarsis 5%.
) *™Means with different scripts in the same treatment are different (p<0.05).

) A-PMeans with different scripts in the same storage days are different (p<0.05).
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OH

S o1 77| B>—F o

« AME 1. 2HOo|(Protaetia Brevitarsis Larvae, PB)2t HXE[(Tenebrio Molitor
Larvae, TM)OIAM F&TH F=2M(W) & Y2M(S) A2 /n vifro digestion Zof|
protein digestibility2} antioxidant activity I 7}

1.1, FHolet ANElel $8Y ¥ HSY T 25 L YT YT HA
A BiEe HE 2Yolo ANals 70cH 24 SHst £8M U ABM T =3
of ofE=2ct ZHolet HAEel =84 A HEd A F&E2 T4 315104 Figure 10 Lt
EtElct.
8 o [ Homogenize edible insect with Centrifuge homogenate Homogenize the pellet with
ra,# ,I 50 mM sodium phosphate at 3,000rpm for 15min I 0.1 M NaCl and 50 mM sodium
& wg‘" buffer (pH 6.25) and obtain pellet phosphate buffer (pH 6.25)

v
# Supernatant = water-soluble protein

- ] m Centrifuge homogenate
Y5 Gioe at 3 00 18 Yol s the nelle . S
Centrifuge at 3,000rpm for 15min ‘ Hunml_.g Hl./L t l_l.. pellet I at 3,000rpm for 15min
and remove the supernatant with 0.1 M NaCl buffer (pH 6.25) .
and obtain pellet

-
# Pellet = salt-soluble protein

Figure 1. Protaetia brevitarsis(PB) &2 Tenebrio molitolTM) 3L =28E T2M 2 ¢

SN CHE E0| e DA,

FESH 84 2 HASYM e clA m& £X ZA3l= BCA protein assayE AEst
of EMsIen] O A= Table 10| LIEHHCH mHoOloA FET =34 ¥ ES4A CHHA
2 22t PB-W(&4) 2 PB-S(EEd)2 WYsIF2H HXEZM F&T =348 F HE
o CHEEAE 22 TM-W(E84A) ¥ TM-S(E84d)2t WYt Table 10| LiEp:t CHEHA
ST 5 ZoM =M cHHZE(PB-We2F TM-W)e| sZolAM= iz &2foll= Xto|7} |1
A2t (p>0.05), M cHHE(PB-S2t TM-S)ollM= TM-S7t PB-SECt F&& HHHAE &
7t =/UCHp<0.05). A XMo2 HEAM A0l =834 CHHAHECE CHHA &5 S5t =%
CHp<0.05) 2t ZBCHHE FZF Al =3 cHZAECE HZM CHHES FEZJF 255t
oy AXEle HEM A FELI 5t A2 AR EICL

Table 1. Protaetia brevitarsis(PB) ®&2} Tenebrio molitodlTM) F50lA F&E8t =24 (W)

2 ¢8A(S) N CHE 5T (mg/mL)

Protein concentration(mg/mL)

PB-W 8.98+6.11°
TM-W 15.8+4.95¢
PB-S 36.0+2.33°
TM-S 54.3+9.62°

*¢ Means with different superscripts in the same column are different (p<0.05)

Xzl M, =of ZHoO| L HAXE[MA FEe =34 X HESM cHEE ol SDS-PAGES| &
It= Figure 20l LIEHHQACE AR HM=E s Ao mE= BCA protein assay kitE O
235101 ZAMSIYCt CHEE2 18 yg2 &Moo=z 24 51¥ 1, stacking gelel SE= 4% =2

1A|Z

separation gel2 12% = 3t0f 150 VOl|A <k 308 =S¢t 2ESIUCH O 2 2F5o F



| Atchof| bio—polymer

=
o= 7hE Holl EEEO{UN CHIE WESO| AKX Fo{x| D B

b HoEUCH HEA CMINE JldE olsf THE WESo| fsiX|ALE Al2bEch 2|D
OFEIZERI 2 B AFEH| bio-polymer?t HA ST S5 AHM2|l HEA CHYF(TM-S)o| Sy
WL ZWo| BaHA CHYF(PB-S)T B MY BIIE £ BRI CHIE WEES B

Before cooking After cooking
A A

- ~ - ~

STD PB-WTM-W PB-S TM-S PB-W TM-W PB-S TM-S

— e — — H q — 4, ¥

250
150
100

75 —

50 -

37 -

25 W=
20 -

Figure 2. Protaetia brevitarsis(PB) +&2} Tenebrio molitolTM) 52 28EH FE3F +24M
W) % H2H(S) chE el SDS-PAGE &zt

1.2. zHlo|t AXz[e =8M % HAEM CHHA9l /1 virro digestion modeld|e] X &

= =
Zwolo HAElS £BY U HUEBN TN £529 5 CHE U2 20 mgSE EH

A2 MEE 80CoH Z=EE Xl g2E=odM JtEsiict 2|12 Lee, Lee, Chung &
Hur (2016)1) gfH= ._43 5101 jn vitro digestionS T SIFCH A3 1ML Figure 30l LIE}
e Ast MZ2 0+2TOHAM 12,000 X g =Hez 38 AAXEE|sH Fof Ast=EXx g

residue2} supernatants —E—EIGW Al M7EX| =70Co|l E25Ict residue= &8F SHA H
SDS-PAGE HEJlol| 0|25 20{, supernatant= protein digestibility, DPPH radical
scavenging, reducing power SXMof Al2E| AL}

Mouth (5min) Stomach (Zh)

Before digestion Saliva Gastric juice
[ Water and salt- J ’ - amylase (290 mg/L), ’ Pepsin (2.5 g/L),

soluble proteins mucin (25 mg/L) mucin (3 g/L),
pH 6.840.2 \_ pH15%002 )
Small intestine (2h)
Duodenal juice
: Bile juice
Pancreatin (9 g/L), Bile (30 g/L) Shaking incubation
lipase (1.5 g/L),

(150 rpm, 37°C in water bath)
pH 8.0+0.2 L pH 7.0£0.2 J

Figure 3. /n vitro digestion model2| ZAlE

1) Lee, S. J., Lee, S. Y., Chung, M. S., & Hur, S. J. (2016). Development of novel in vitro human digestion systems for
screening the bioavailability and digestibility of foods. Journal of Functional Foods, 22, 113-121.
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Protein digestibility2 Table 20 LIEFHACE CHEA A5l22 25 S/ C2IM=
Z 5l

_L_
0
10

T4, ?, &% &3 el XtolE EO[X| ATHp>0.05). oo et #E &
stoflM &4 chzol ¥4 o] B[W35to] &~3t50] FUACHp<0.05). SHAIZEH 2| &35t
olM= HEd ol +=34 LT 25150] FolM2Lt &% 2sllM 2SH2zE
T2 tHlEo| HEY AR CH 25480 FAUACHP<0.05). WEtA ZE CHEE HFH Al
HEY CHiEECE 34 chiZo| chiA =2 25182 Qo YH0|EE80| M 52 A2Z AtREICH

Table 2. Protaetia brevitarsis(PB) &3 Tenebrio molitodlTM) 5228 E F&3 =84
(W) & "2AM(S) et Elo| jn vitro protein digestibility

Protein digestibility (%)

Small intestine

Two-way ANOVA Oral digestion Gastric digestion digesti
1gestion
Insect PB 17.1£15.7° 40.7+8.11° 59.6+5.75%
type ™ 21.0+20.0° 41.244.59° 57.9+6.95"
Solubility A 35.2:|:7.03Z 39.2+7.05" 63.7:|:5.09Z
S 2.86+2.30 42.7+5.48° 53.8+1.13

*® Means with different superscripts in the same column are different (p<0.05).

23t cHAlof o2 ZHo| ¥ AHXZ|AM FESH =234 ¥ 234 CHEZES] SDS-PAGES]
It= Figure 40 LtEHAACE ME M=E @[of cHHECl Z== BCA protein assay kitE
0|25ty EX™sIYCt AR 18 ygs zEZHMozZ 2Ys5IQCE stacking gel?l sE= 4%
2 separation gel2 12% = 3t0 150 VOIlA <F 1

AlZE 308 =s¢oF 25t &EUF Y E
OfZlof wzfA CHEZE BiES0| A =AM z2 NEAR Bill=ls W2 gelsiict 259
St iMoo m2iM = A sE ™o 2t A3 oY So| 2siEo] MZ2 MM 5|
= NEX} R BHEJ] ClE A2 H it Table 29| CHHZAl Astg ZIE EiiM 25
of EFo| w= CHMAl Astgol Xlo|Hchs CHHZE ZslAdofl oSt oA Asto| Xtol7F
2 Zdoz AlREC}
(A)

150

100

7

&0

37

5
20

PB-W TM-W PB-S TM-S

Figure 4. Protaetia brevitarsis(PB) +&2} Tenebrio molitolTM) 5L 28EH FE3F +24M
W) & g2M(S) Al jn vifro digestionoll WE SDS-PAGE ZI}. lane 1, Protein
standard marker; lane 2, before digestion; lane 2, after oral digestion; lane 3, after
gastric digestion; lane 4, after small intestinal digestion. (A) water—soluble proteins
extracted from Protaetia Brevitarsis(PB); (B) water—soluble proteins extracted from
Tenebrio Molito{TM); (C) salt-soluble proteins extracted from Protaetia brevitarsis(PB);
(D) salt—soluble proteins extracted from Tenebrio molito{TM).
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L

ol

a3t EHAlof] whE ZHWol X AX oM FET 4 H FSH HEE 9

[ |

Fobst
7t= Table 30l LIEFHCE. DPPH radical scavenging activity2l reducing powerdlM 2%
ZasoMet 25 S/ A e Aol w2t Fel& el xto|7t LEHGEH(p<0.05). DPPH
radical scavenging activity2}t reducing powerdlM =& ZFol| w2t = AXMZ(TM)7F =
o[(PB)2t HlWstod & A3toM =2 &M S LEHCHp<0.05). tHEE ZafjAol| w2l =
T 25oM 28 cHEHE(S)Ect =84 chEfZE(w)ol o =2 M3 gdg2 =2t

(p<0.05).

0

0

ok
n ox

Table 3. Protaetia brevitarsis(PB) &3 Tenebrio molitodlTM) 5228 E F&T =84
(W) & 92AM(S) ctl Aol jn vifro digestion 2| DPPH radical scavenging activity(%) 1
2|12 reduding power &1}

DPPH radical scavenging activity (%) Reducing power (O.D)

. Small . Small
Two-way ANOVA  Oral Gastric intestine Oral Gastrio intestine

digestion digestion T digestion  digestion L
digestion digestion
Insect PB 12.0£8.46° 19.3+10.6° 30.0£19.1* 0.72+0.44" 0.57+0.24* 0.68+0.23"
type ™ 16.744.47° 28.3+14.2" 25.0+16.6" 0.91+0.91" 0.85+0.20° 0.90+0.33"
Solubilit W 19.741.69" 26.6+15.3" 34.0+12.8" 1.13+0.02* 0.78+0.28" 0.87+0.34"
Y S 9.03+5.82° 21.0+£10.5° 20.9+19.8" 0.50+£0.21° 0.64+0.23" 0.71+0.25"

*® Means with different superscripts in the same column are different (p<0.05).

= NS 2. ZHo|(Protaetia Brevitarsis Larvae, PB)t HXE|(Tenebrio Molitor

Larvae, TM)OIM F&ESH =34 U HEM ciEl ol =Mof| o2 M "I}
2.1. ZHolet AXzZe +=8M I HEM A =&

AE 29| ZHOIL} AXEloMel =84 3 HSAM CHHA FZ& g2 Ay 13t 35t
ZHolet HXezl HHHAE FZEE9 24 SAMZ "itsty| flstol 2 AEZS AAlSUCt XHel
T= A Zoffdol| w2t 2H2 mHol(PB), AXM2|(TM) J2| mHolet HXz| HEAES
112 =2get M2|7(TM+PB)o|ct & ZE E™E fIsHAl vialol A 5 g8 ™ Esto] a2
ol MEE goTCol ==& mh7ix] 2= otolAM Jtds5to] S oA SHHZSH = A
MR 4C HE oA st ct.

2.2. ZHolet AXzZe =234 & M A =Moo g =4 HIt

Figure 12t 2= ZHo[2t AXz|el =84 I FS8H CHHE =Moo wE HMH: Z0E
Ho{=cCl. Figure 10IlM =8N chlE MME ZIloM= 25 570 U2 ]RXE &2 £
A0 shear stress?7 WAt 22 HAMS 2ol BMHMTIF Hel gl LENRLLD, w2t Tt
d A2 gMsHX| Z5to] ME2 g8y CHMECE MEof| o|8stct
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Figure 1. Protaetia brevitarsis(PB) &2 Tenebrio molitolTM) 5228 E F&Es =24

o o
(W) ehize] Hz =8 2o},

Figure 22| =m#olet AHXele| F8M CHiAE =Moo Wz MMHE ZijdMe= =zHo|(PB)
CHefZIo| AHX2|(TM) CHHZ DL H| WSt =2 shear stressE ER2n{ ZHo|et HXzl =&
M| F(TM+PB)AAM = ZHO[(PB) HMelF2t FAtet shear stress& EUCH w2t mHO
HAelEch BMEE7F 22 A2 HIEofX|of AX 2| 284 CcHiZo zHo| HE4

i — Ao o —
A2 ZEstde W HYEIH Ve EE AE =elsifich

Shear stress (Pa)

0 200 400 600 800 1000 1200
Shear rate (1/s)

e PB e T™M TM+PB

Figure 2. Protaetia brevitarsis(PB) +&2t Tenebrio molitolTM) 52 28E FE3F g2M

() B el ME 53

Figure 32| m#o|2t HAz2[o] HE84d A =Mof| weE A

Ch o H84 ChE Mol M YT EF ZIolA

A

o =
2)) Mol ch2 HMelTet umsto JhE £2 M YEES 20 PB (Wol) Mol It we
M U E EcHp<0.05). TM+PB AMe|7t= TMZ PBe| &7tel B ZEE HEAUCHp<0.05).
SIRBH M Y=o Xt BE ff WY WIof Mamel chE M
x

S 2 "ol
ol3{en 25 EHES It Al HePyL & O[FOX|X| EgAZS AASIACL.
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Figure 3. Protaetia brevitarsis(PB) +&2t Tenebrio molitolTM) 52 28E FE3F g2M
(S) cHuf=lol M 2 =X AHI} 2° Means with different superscripts in the same colum
are different(p<0.05).

» Al 3. NaCl s&=(0.15, 0.30, 0.45 M)oll w2 ZHlo|(Protaetia Brevitarsis
Larvae, PB)2t HXE[(Tenebrio Molitor Larvae, TM)OIA F&8F YA cClEjRo] F
M EANM

3.1. Z2Holet Axzle| HESM A

i
it

My 3ol @Wolel AXzlolAe HEN SE £F wHe MY 13 SUsich FHolof
Ax2l S Fa2o B4 S42 ISP st B MES MABICH NaCl 5E8
0.15, 0.30, 0.45 MZ 3t0{ @#olet HXele HEY B SE8 30 mg/mLE =3
Gch B YT S A vialol SHE 5 g3 MFBHo A20IAFE 80T TE w7t
Al g2z olofAl Jigstol U clolA FLYZeh ¥ ME MKl 4C YHDOIM 2R

3.2. ZzHoloAo FESH HESM chEol EM EM
1 aCl

Figure 12| HMEZot MI|FE ZIolME= N Skol wetM =Zole| HEM Ao
=4 Sdol 2 ol 2E=X] et w2iM zmololM FESH HEd HHiAEE2
F

0.15~0.45 M2| NaCl sEolME MMt A o 32 Feko| ficty AtRECH

Il

60 STD 015 M 030 M 045

= = F
[ & -
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Figure 1. NaCl s==oll w2 Protaetia brevitarsis(PB) &S 25 E FESH M (S) THYA

o Mk 3 SDS-PAGE &4 &zt
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Table 12| 7t =& (Cooking vield)Z} A Z= (gel strength) EE8F NaCl sZoll L2IM 7
o|&Meol xto|7} ZHENE|X]  24YCHp>0.05). Uit ZEO|M FESH F2AM CHAe
0.15~0.45 Me| NaCl sEolM= 7tdg1 A Lo I3AH H&ko

£
ful
o
Rl
il
Ll
a

Table 1. NaCl =&ol|l W& Protaetia brevitarsis(PB) 5 =28E F&cF M (S) cHii A
o| Cooking yield2} gel strength Z =}

Cooking yield (%) Gel strength (gf)
0.15 M 97.4+2.14* 11.0+£5.04%
030 M 98.6+0.99° 10.3£2.82°
045 M 98.7+1.01° 11.0+£2.16%

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

3.3. AMZMAM F&EF M ctiEo =M EY
Figure 22| HAMEet M7|Ys ZIo|M= NaCl sZofl matM AXz(el HEA ChEZ |
=4 S4o 2 Xo|7} BEEX| LEUACH  mEtM AXMEZ[oA FES FSH HEHE2
0.15~0.45 M2| NaCl sEolME= MMt chA gi=ol| 32 Feko| gictl AFRECH
60 STD 015 M 0.30 M 0.45M
50 -4

40

30 ®

0 200 400 600 800 1000 1200

® 015M 030M e 045 M

Figure 2. NaCl =0l w2 7enebrio molitorlTM) RESL2HE FESH M (S) cHi A9
HMox 2 SDS-PAGE &3 &=,

Table 22| 7t¥d 82t & 2k NaCl szofl et FelXHel xto|7h 2Hat=|X| pfokct
(p> 0.05). wetM HXMZ[oAM FEeF HE3M A2 0.15~0.45 M2 NaCl sEolM= 7t

o +87 ¥ 2ol 3/ Hao

0
inl
|__|
>
kU O
t
o

Table 2. NaCl s=&oll W& Tenebrio molitoTM) RELERE F&
Cooking vyield2} gel strength Z =}

o

AR AM(S) CHEfEl Q|

o — 1=

Cooking vield (%) Gel strength (gf)
0.15 M 95.84+3.46° 32.0+14.7¢
030 M 96.6+2.78* 35.2+17.4%
045 M 98.0+2.05° 33.0+£15.9°

* Means with different superscripts in the same column are different (p<0.05)
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» ME 4. pHoll w2 ZHo|(Protaetia Brevitarsis Larvae, PB)2} HAE|(Tenebrio
Molitor Larvae, TM)OlM F=&8t g 8M iAol EM SA

1. 2¥olet 7Nzl HBM cHiF £5

A 32 zmHolet AXzoAel & =

Axiz| eE £529 24 S4

4.2. BHololA F&3 BN CHiTe 2N 54
Figure 19| HMZ ot XM7|QS ZoIME pH @elol maty 2¥olol HEN chyzol 2
M SMol 2 Aolzh EEEX rgtch e BHololA FEF Y8 chme pH

5.5~6.50IM = Ho el cHlA BH=of 37| kol glct gretEch

—

&0 6.5

50 . ® L ] 250
40 L] “ . 1 =0
° L)
® 100 | -
30 o ® ® — — p—
S
[ ]
°® 75 ---—
L ]
L]
20 ..
..
()
50 -
'\08: r= [ =
- W
0 Er .
— W —
0 200 400 600 800 1000 1200 5
— — —
® pH S5 pH 6.0 pH 6.5 \ o

Figure 1. pH $=Zoll WE Protaetia brevitarsis(PB) FE22HE F&535t H2AM(S) chafZlo|
Mz 2 SDS-PAGE &3 Z 1.

ln]

Table 12 71¥ =83 & 4T
(p> 0.05). w2t 2Holo|A ==
Toll 3 ¥so| glct ALREICH

Eot pH Helol w2t Fo|A el Xto|7F 2tE =X ZUATE
|

P A8 CHEES pH 55~6.50041E JtE 81 B ¢

o H

r

Table 1. pH =0l W& Protaetia brevitarsis(PB) S 2HE FZ&8F A M (S) izl o]

Cooking yield2} gel strength &2}

Cooking vield (%) Gel strength (gf)
pH 5.5 98.9+0.46° 14.0+£9.10°
pH 6.0 99.2+0.21° 10.8+4.96"
pH 6.5 99.1+0.26° 9.17+4.34°

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

4.3. ANElOlM £&8 HBM chzo 2M EA
Figure 29| MM T ol M7|dE AnloME pH Helol matd Hxale 984 chizlol 2
K| ergtch el AMEloN FE3 984 oA pH

M SMol 2 o7} mE=E

5.5~6.50 M= HAEZet CHEIA o 3 Fgo| gict At=ECh

— _—
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Figure 2. pH &0l wE Tenebrio molitolTM) RS E2HE F&58F Y 2A(S) CHuZ=lo|
T 2 SDS-PAGE £Xd &1}

0

Table 22| 7i¥ g3 & U

(p> 0.05). w2t AX™ZM =2
ol 3 F&o| glck ALRECH

£k pH HRlol walA RolEel x|t B skotct
F 84 chy

o}

r

A
rlo
©
T
o
(@)
)
=
(@)
2
x
rir
d
2
Ml
>
o
icl]
n=
oy

Table 2. pH F==Zoll w2 Tenebrio molitolTM) FELZHE FESH HEM(S) ciuiA ol
Cooking yield2} gel strength &2}

Cooking yield (%) Gel strength (gf)
pH 5.5 92.5+11.8% 29.1£15.2°
pH 6.0 99.1£0.58" 32.5+£16.4°
pH 6.5 99.5+0.32° 29.3+15.1°

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

= AH 5. ZHO|(Protaetia Brevitarsis Larvae, PB)2F HXE|(Tenebrio Molitor
Larvae, TM)Ol[A| F&5F HEM chiZ FZZHZAx FUS IS =5 2 FCHEE
°of 24 &M "It
5.1. @o] & AXNz|oM F&Es HEM chzlo] ZHA
Alg 5o ZHo|ef HXZloMe HEM CHiA F& 4 AlS =M
CHHZEI2 -70CoM SZet & SZAXY|E 0|85101 5 St SZHXE oIt SZ2A=X
1 p

5.2. £5 2AUMREHE & ¥ clott 5To| 25 HeA T SZAZ 2ug M)
3 ZA SCHu A F

Chin, Go and Xiong (2009)2)2| YHES 0|Zst0d =5 ZAM R A0 FE5YCEH

) —
el o| chi A ZE+& biuret methodE 0/&835H0] EHUL =B A &0 40

mg/mL7} E| == 0.45M NaClo| Z&H=l 0.05 M sodium phosphate buffer (pH 6.25)& 0|
501 =H5IQIct ZHo|t AKX 2ol 234 CHHA FHAx ELU2 I A SZJF =5
U FEHM AL 2T s 1%t 2%7t HEE =5 2w MItstdct o gt
H|= Table 10f LIERHRACH € RE S M =st7| f/5t01 vialol THHE =3tES 504 M
st AR20lAM 80TC7EX| ZHdstct 7tEo| ZSRE CHEA M2 AS otofA ZHHZISH =
Ae MK 4TC HEDOA Ea2SHR

2) Chin, K. B., Go, M. Y., & Xiong, Y. L. (2009). Konjac flour improved textural and water retention properties of
transglutaminase-mediated, heat-induced porcine myofibrillar protein gel: Effect of salt level and transglutaminase
incubation. Meat Science, 81(3), 565-572.
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= 2 Tenebrio molitolTM) S5 2HE F&TFt 944
oM R A K = o &

Table 1. Protaetia brevitarsis(PB) &
CHEA SHAx 2EUZ gRet =5

% MP ™ 1% ™ 2% PB 1% PB 2%
Myofibrillar protein 23.0 23.0 23.0 23.0 23.0
Buffer solution 27.0 27.0 27.0 27.0 27.0
insect proteins 0.00 0.05 0.10 0.02 0.04
freeze-dried powder
Total 50.0 50.05 50.10 50.02 50.04
5.3. CIgkst 52| 25 HEAM cHiA FZZx EUS HIISH 2 rehlEel EM SAM ot
Figure 1= Cidet 52 25 8N CHA ZHAX Z2US HIIE =5 2 7o
Ho| HHEE ZHet Zutolct m¥ol(PB)2t HAME|(TM) 84 thE SHHAZX 2HS &
tet =5 DAY FCtAo HMEQf H|Wsto] =45t 2 R A (MP) M2t HlmH
=2 85 =EQict 23 g4 tld SZAx 2US HItE QoM HMETL o2 AUa
St dgk2 2t

* MP T™M1% A TM2% X PB1% X PB1%

sssoooee®?

200 .
: i xxximi%%ﬁﬁx

150

Shear stress (Pa)

100

0 200 400 600 800 1000 1200
Shear rate (1/s)

Figure 1. Protaetia brevitarsis(PB) & % Tenebrio molitolTM) 52 =28E F&Es 9

M el SFAX 2US N8 £5 SUMRUMEe ML A

0

0 I ox

chay

Table 2= Ciet sk£2 25 &3 SAHUE BEUS HIISH =5 2 Fetet A
9|protein surface hydrophobicity@t SH group leveloll CHet ZIE Ho{FAct HXMZ[(TM)L
=ZHO|(PB) MIIZ Qst =5 M FCHEEE(MP)2l hydrophobicity2l SH group leveld| A=

FolAel x0T} ZHEE[X] EATHp>0.05).

Table 2. Protaetia brevitarsis(PB) &
CHEA SHAZxX U2 &/st =5

— =

= 2 Tenebrio molitolTM) S5 2HE F&TFt 944
=22 M setul Al o] Protein surface hydrophobicity2t SH
group level Z 1}

Hydrophobicity (ug) SH group level (umol/g protein)
MP 13.7+5.18* 97.5+£1.22°
™ 1% 11.7+£5.70* 96.3+1.52°
™ 2% 14.0+5.06° 88.3+11.7°
PB 1% 10.8+£3.99¢ 94.4+3.38*
PB 2% 13.3+5.69° 92.9+4.92¢

* Means with different superscripts in the same parameter are different (p<0.05).
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Figure 4. Protaetia brevitarsis(PB) & % Tenebrio molitolTM) 52 =28E F&Es 9
M CHEA SHAx B2 SRt E§ ZMFoielA ol M U (gf) 22 *® Means with

different superscripts in the same parameter are different(p<0.05).

Figure 5= Cietet skol 25 HE8YM tid SZAx L2 Ittt =5 Zdd 7
A Ho| FAMAIHD|A(LV-SEM)2 0| &8t 3xH A EM o|MFx=E 2EE Zzfolct
oot =5 Y REE(MP) XM2lFoF JbY ggstl =2et e E EH olMF=E o]
F0 AACEH 2FS| SFet 2AS0l 25 HEY HHE SZEAx o HIIF0| It
of w2t EH chA FxIF AZOX|D A T Afojo] 330 YME RS EE F

b B|W05to cHMA o|MT7=7F o A

Figure 5. Protaetia brevitarsis(PB) +& % Tenebrio molitorlTM) RE2RE FESH HE&

o ChA SZEAx EUS et =5 2ddRTE e EHo[HF= Z3 (A) MP x1000;
(B) MP x2000; (C) TM 1% x1000; (D) TM 1% x2000; (E) TM 2% x1000; (F) TM 2% x2000;
(G) PB 1% x1000; (H) PB 1% x2000; (I) PB 2% x1000; (J) PB 2% x2000.
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- M 6. FFYOIRRAIY} ZMAHN N FEE PBA DN SHAX 2
Hotet MAE =AX|e] ZEEEM EIt
6.1. MAE 2AIX[9] M= F=H| H M=
Table 1. EE 0| ZF X[t ZMAXE| M F&Eot H3Y B SHH= Z2E &Holet A
X &AAX9| M= v gty|
%
Ingredients cTL PB powder TM powder
0.5% 1.0% 2.0% 0.5% 1.0% 2.0%
Meat 70.0 70.0 70.0 70.0 70.0 70.0 70.0
Ice water 28.2 28.2 28.2 28.2 28.2 28.2 28.2
Salt 1.50 1.50 1.50 1.50 1.50 1.50 1.50
STPP 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Sodium erythorbate 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Sodium nitrite 0.015 0.015 0.015 0.015 0.015 0.015 0.015
PB powder 0.00 0.50 1.00 2.00 0.00 0.00 0.00
TM powder 0.00 0.00 0.00 0.00 0.50 1.00 2.00
Total 100.0 100.5 101.0 102.0 100.5 101.0 102.0
SIMEO| E X2 ZMAXE|OAM FE5 HEM CHAo IHAAX EUS ZE HHoe=
ZCHHA SHbS 5t SIFEO|ZERX|0AM FE5 S84 CHAo AT EU2 PB
J2|n ZMAXME|MAM FEet HEM Ao ZHAAX 2H2 TME YWHSIQICE ZChdE
S22 TM2 55.0% 2|1 PBE= 53.2%0|UCEH Table 12 PBR2} TM2 &It =5 AMX|gt
2AIX|e| M= uwfgtd|olct PBRF TM= 22 0.5, 1.0, 1.5%=Z 5t01 =5 XX|2t 2SA|X|of
Hot=[dct =8 =X 2| = -50C0 dS5t0] 2SR 0] AKX M= Al 4TCollA <F
12A12F sl &35t0{ AEo| ALSSICE Table 12 vigtd|of m2iM M (HMC-401, @FHAN
7|, Seoul, Korea)E 0| &5t0] MAE F =& ™S Sall 2AIX|2] Bt=g M =ZsIQUCt HH=2

_<:>_6

50mL conical tubed 40g% &Zlsto &AMEE|7|(VS-5500, vision Science Co., Ltd.,Daeje
on, Korea)ollAl 3,000 rom2Z 2& J;MEEZ[SIUCE 7P 2 75C=2 HFE F2F=(WB-2
2, Daihan Scientific Co., Ltd., Seoul, Korea)ollM 302 ZI&sIcCt 7tH0o| BLt SAX|=
A0 SEHZ A7 = MY MUK 4TColA =2 abstict

6.2. pHR} M E

Table 2. El&-E0| 22Xt ZMAHKZ|MA FE5 HE3M A ZZHAxX 22

ol pH 2

X g ALK

mo
!
J
o
Rl

CTL PB 0.5% PB 1.0% PB 20% TM 05% TM 1.0% TM 2.0%

oH Mean 6.37 6.35 6.36 6.38 6.31 6.33 6.34
SD 0.02 0.04 0.04 0.07 0.13 0.11 0.07

CE e Mean 70.1° 67.0° 66.7° 62.9° 67.0% 67.4° 65.0
SD 0.86 0.51 0.45 0.73 2.02 0.53 0.08

CIE 4+ Mean 8.08 8.84 8.11 9.02 9.63 9.85 11.1
SD 2.58 2.35 1.31 2.31 0.26 1.34 1.17

CIE b* Mean 7.53¢ 9.28¢ 11.8° 13.5° 7.86° 9.09¢ 10.4°
SD 0.05 0.12 0.59 0.07 0.07 0.13 0.19

>4 Means within the same row with different letters differ significantly(p<0.05).
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PBRt TME &E7tet MA[E &AX|e] pH & ME ZAIt= table 20 HEFHCE 2SA[X[2] pH
Zooll= pPB2t TM| H7toll e FolAHel xto|7f LA K| 2ApACHp>0.05). M= FF A
oM MMEolM= HMe|Fol wE 7oAl XHo|7F it 2Lt(p>0.05), oM PBLE TM2
Motz Qloll HET7F dastd=n HItEol Soteholl wetM HEJL st deS
(p<0.05). CTL=} H|WSlo] A== PB2t TM2| 7tz 2o &7Iste A& &elsidien X
7t gtEo| Sotetol wel A= &l S7t5HRCHp<0.05). PB2| HIt= TM MItECH 24
=& o &7HMZICHp<0.05). ol= PBZt TMECE =2 o Zlet M2 m7| 0|2t AtRE
Ct. TM 0.5%2] #7t= tHx=+el CTLZt H|msto] EHAMEo|lM 7oAl Xto by
(p>0.05). et TMIE PBE| HIt= &AIX|Iel HEE HAaAZ7|2 BMEE SIHAFIE A2

2 2o{zlc,

6.3. 7t 24y
Table 3. El™ 0| ZEX| 2t ZMAXZ| MM FES HEM THIA FHHA=x 2UE HIISH K
X9 AAIX|Q| Tt ZEnl B4 AT
% CTL PB 05% PB 1.0% PB20% TM 05% TM 1.0% TM 2.0%
Cooking ~ Mean 2.66 1.94 2.25 1.69 1.81 1.13 1.63
loss SD 0.75 0.09 0.71 0.27 0.62 0.27 0.00
Expressible Mean 28.9 27.5 29.1 30.8 29.3 29.3 35.1
moisture SD 496 2.23 143 1.46 0.79 1.75 0.64
Table 32 PBR2} TM 72| 2 MX|gh AAIX|o| J(EZ2knt H4d £ HIE Ho{E
Ct. TMZ} PBe| HIIE MX|gw =8 AAIX|e rigztatnt g2 S22 Hak2 o|x|X| 24U

CHp>0.05).

Table 4. BIEHO[ZFX| 2t ZMAXE M FES HEY HE SEAx 222 HIIEH A
o

% CTL PB 05% PB 1.0% PB20% TM 05% TM 1.0% TM 2.0%
Mean 79.9 79.3 79.0 78.5 789 79.5 79.2
Moisture
SD 0.21 1.07 0.27 1.04 0.69 0.39 0.26
Mean 2.02 2.16 2.05 2.10 247 2.11 242
Fat
SD 0.47 1.02 0.54 0.74 0.73 0.96 0.38
Mean 15.1 15.7 16.5 16.5 16.2 16.0 16.3
Protein
SD 0.38 0.05 0.30 0.18 047 0.13 0.72
Table 42 PBeF TM HIt&Fo| w2 XMX[E SAIX| o BN E (=&, XY, CHEE) =5 A
IE Ho{FEct TMZ} PBe HIt= MX[Y =5 DA[Xe LEME =Moo &S o|xX| &

AUCHp>0.05).
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6.5. ==zt

Table 5. EIFEO[ZFX| 2t ZMAKXZ M FEE HE3Y oA SHHA=T =2

g SAX 2| =X At

Hotet A

o

CTL PB 0.5% PB 1.0% PB 20% T™M 05% TM 1.0% TM 2.0%

Mean  3127° 2340° 1744¢ 1423¢ 2224 1638¢ 8054
Hardness
SD 57.3 495 325 96.9 298 163 100
o Mean 6.03? 5.74° 4.14° 2.90¢ 2.43°¢ 2.65°¢ 2.87¢
Springiness
SD 0.18 0.00 0.78 0.40 0.06 0.24 0.31
) Mean 25.7° 18.7° 16.2° 14.2° 17.8° 13.7° 5.97¢
Gumminess
SD 3.75 2.90 0.35 0.99 2.90 2.40 0.38
] Mean 178° 108° 56.3¢ 42.0¢ 84.6° 46.7¢ 17.2¢
Chewiness
SD 19.8 14.5 1.70 4.31 0.64 6.72 2.62
) Mean 0.83 0.85 0.79 0.84 0.79 0.80 0.72
Cohesiveness
SD 0.09 0.06 0.05 0.04 0.03 0.03 0.01

a4 Means within the same row with different letters differ significantly (p<0.05).

Table 52 PB2t TM HMItZkof w2 XX|gh SA[X|e] =2zt 5 AntE LERHCH pH, 7t
Pz, 28 (i Ut EM FolAel Xo|E HO|X| 2LUX|THp>0.05), Z=ZIZHof A
= PB2} TMe| #It2 =Z|Z0| A8F2 HQCHp<0.05). HardnessOlAl= CTLe =
Aol 7t& =*20] PBRF TME 1% o4t HMIISIE mf 7H& R ACHp<0.05). Springiness
oAM= CTLZ} PB 0.5%0IA 71 =20 TM HItF= FIMZo| aaglol Jta 22
springiness& E X CHp<0.05). GumminessollM= CTLECH ZE HM2|F7t ¥2 48 2t
(p<0.05). CohesivenessolM= X2|7of| = Fol&el xto|7} elyACHp>0.05). w2t PBR}
Me| EII7F MX|g AAX|el =AZE Mo E =elsir| 2o MX|Z 2AlX|of o|E
2.

MBS Al F2 HH2=E TMIt PBE E7ISIo{oF & A2 At ECH

6.6. MI|F=

PB PB PB ™ ™ ™
STD CTL 0.5% 1.0% 2.0% 05% 1.0% 2.0%

250 |
150
100

75

25

Figure 1. SlE 80| Z X2} ZMAXE oM FEE H3Y A SHH= 242 ®IIeH A
X e AAX|e 7|9 = 23}

Figure 12 PB2t TM H7tZol| w2 X X[ g
£ FIIet 2A[X|o|A CTLAM = ZHEr=|X] 8 =|
ol= H7tFol S7teoll w2t FE5HH 2= At a2l PBEC TM HME|[FollA o2 et

CHEE 20| o Bio| ZHEEACH

SAX|el MI|PS ZotE Eo{ECH PB2F TM
2 kD FZ0lA &= 2ACEH



« e 7. EFUO[ERA|LL ZMANE M FEB HEH tE SHAx 222
HMIleh 9518 AA|X|o ZREAM "I}
7.1. 518 2AX9 M= FH| Y M=

%
Ingredients cTL PB powder TM powder
0.5% 1.0% 2.0% 0.5% 1.0% 2.0%
Meat 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Back fat 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Ice water 18.2 18.2 18.2 18.2 18.2 18.2 18.2
Salt 1.50 1.50 1.50 1.50 1.50 1.50 1.50
STPP 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Sodium erythorbate 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Sodium nitrite 0.015 0.015 0.015 0.015 0.015 0.015 0.015
PB powder 0.00 0.50 1.00 2.00 0.00 0.00 0.00
TM powder 0.00 0.00 0.00 0.00 0.50 1.00 2.00
Total 100.0 100.5 101.0 102.0 100.5 101.0 102.0
Table 12 PB2t TM2 #HItet =5 wated 2AIX[el M= digd|olct. PB2t TM= 2+

0.5, 1.0, 1.5%2 3l =5 F=td AIX[of EHIt=Ach M= gH2 A 112 SLsict.

7.2. pHe} M
Table 2. EEEO|ZEX|2t ZMAKZ| A F&ET M A F
3t AR pH & ME AL

]

H
Az g

o
&

Hobet 8

CTL PB 0.5% PB 1.0% PB20% TM 05% TM 1.0% TM 2.0%

oH Mean 6.38 6.37 6.36 6.38 6.31 6.36 6.34
SD 0.09 0.09 0.07 0.09 0.14 0.09 0.08

CIE Lt Mean 70.7° 66.9° 64.1° 57.7¢ 70.3° 68.4% 67.1°
SD 1.21 0.78 2.03 3.38 0.88 0.81 1.34

CIE 4t Mean 8.81° 7.19%¢ 6.58< 5.64¢ 8.21% 8.73° 8.33%
SD 0.78 0.80 0.81 0.46 0.73 0.25 0.85

CIE b* Mean 7.06° 8.83" 9.59b¢ 11.2° 8.05« 9.02¢ 10.2%
SD 0.29 0.63 1.82 0.51 0.30 0.42 0.79

ad Means within the same row with different letters differ significantly (p<0.05).
PBRt TME &E7Iet 7atd &AIX|2] pH & ME ZIt= table 20 LIEHCH 73k SAIX]|
o pH ZxolM= AE 12| MX|Y 2AIX[eb ORRIX 2 PB2F TM2| E7tol|l e
o7t LAEX| EACHpP>0.05). M= 5H ZIoM = oM PBRF TMO| HItZ sl ¥
ToF HAastR e EotEol Soteol et HEJE Hastes 488 22UrHp<0.05). g
0 PBel MIEPF TM Ecoh HEel o 2 HaE JHMUCHp<0.05). HAMTo|ME PB2F TM2
Hot2 2siM Hastes 482 EUen PBol HIF TMECE MMEZE O ZAAIZict
(p<0.05). CTLZ} H|Wstod FMEE PBRE TME| HIIE ¢lsll E7tstes AS =elsidien H
7t ol Soteholl w2t A ETF e SIH6HACHp<0.05). PB2l HIts TM H
£E O 37HMZCHp<0.05). ol= PB7F TMECH 22 of Zigh Alg 7| mf=Z0|
Ch mp2tM Fatd SAXo TM2F PB2| HIt= SAIX|e| ot HMEE Z4Al

o
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7.3. JtddEn 2
Table 3. BIMHYO[ZFX|2t ZMAXE M FES HEY tE SEAx 2LS HIIEt &7
st AR 9 Jrd 4 253 23t
% CTL  PBO5% PB10% PB20% TM 05% TM 1.0% TM 2.0%
Cooking ~ Mean 158 146 1.54 2.04 1.15 142 177
loss SD 0.47 0.56 0.83 1.51 0.07 0.38 0.29
Expressible Mean 139 16.0 20.1 19.6 13.8 18.7 20.4
moisture  gp 1.07 2.38 6.74 6.89 174 4.44 6.25

PB2t TMS HE7IgH Fatd AR 7td g 243 A= table 30l HHEHYCH Fatd
= |

dek2 o|x[X] EAct (p>0.05).

=1
=

Table 4. SIF 0|2 EX[2t ZMAHXZ AN FEF HEAM A SHHx ELE #HII
o

B %
5te AAX| 2| dBEYE H3}
% CTL PB 05% PB 10% PB20% TM 05% TM 1.0% TM 2.0%
] Mean 64.2 62.6 63.3 66.5 62.4 63.1 62.0
Moisture
SD 2.64 1.67 2.43 4.29 2.06 1.82 2.97
Fat Mean 19.9 209 19.9 184 20.6 20.0 21.0
a
SD 2.00 1.60 2.31 3.21 2.17 1.16 2.33
) Mean 14.2 14.6 14.6 15.1 14.3 14.6 14.7
Protein
SD 1.48 1.63 1.75 1.04 0.27 0.60 0.55

PBet TM g&4 chld SZEAZX L2 HIIEE 7atd 2AX9| detdE Zot= table 4
of LtEtRCH R AKX

0| X|X] 24ACHp>0.05).

~—

o

=M

&

=
Table 5. EIEO|ZF X[t ZMAXE|OA F&3t 3 BHE SEH= =2 s
I

CTL PB 05% PB 1.0% PB20% TM 05% TM 1.0% TM 2.0%
Mean 32242 2323 204230¢ 1324b¢ 232820 1380°¢ 1095¢

Hardness
SD 144 1042 960 586 551 209 233
o Mean 5.887 4.23° 3.45P¢ 2.76¢ 4.19° 2.94b¢ 2.48°¢
Springiness
SD 0.89 1.18 0.74 0.71 0.14 0.18 0.26
, Mean 2422 17.0% 15.5% 10.6° 16.9%° 10.1¢ 8.78¢
Gumminess
SD 1.70 7.75 7.38 493 3.93 1.13 2.78
, Mean 139° 94.5P 60.3< 32.9% 71.25¢ 30.6° 23.5¢
Chewiness
SD 9.45 12.5 25.3 19.8 19.4 3.00 9.38
, Mean 0.71 0.66 0.64 0.62 0.74 0.72 0.68
Cohesiveness
SD 0.13 0.05 0.1 0.07 0.01 0.03 0.04

€ Means within the same row with different letters differ significantly (p<0.05).
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PB2I TM &M CHHA SHAX EUS HMItst matd SAX|e| by E Z1b= table 5
| LIERHCH Ratd AAIX|AM TM2F PBL| ®7H= hardness, springiness, gumminess 12|
1 chewiness? ZAE 7 2CHp<0.05). TML} PBe| A7tZo| ZIlsteE2 =RZE g
7k

[ RN

A5 4= 2 ':|'(p<0 05)

7.6. MI|ES

PB. PB PB TM TM TM
STD CIL 05% 1.0% 2.0% 0.5% 1.0% 2.0%

— — — i
e 2 2 2 1 1 I
- 1 o

\
|

2
Lh

Figure 1. EIEuto| 22X} ZAIA Mol &3 H8M CHIE SHHZX 2oe &yl 9
a8 AAIX|e| HI|HE aﬂr
Figure 12 PBSF TM H7tZol w2 9348 AAX|e| M7|HE HIE Rojzch A 19|
M|e ARl Selst Fatet 0lIXI2 PBF TME HIIE R SAIXIA CTLOIM
asix| gre eud 20| 75 kD ool BEsIgich ol Hokgol £7jsl nl2iy

TR HE=EASH PBECH TM M| oA o|2{eh chid Z2lo] o Bfo| zhaEr=|Act,

- AE 8. HFWOIRPAIS ZMAMEIN FEHF HEBN TN SAAX By

S|
TGaseS MIteh X X2 AAX| el EREEM "HIF 2 /n vitro digestion modelof| 2] M-&
. MR AAX o] M= F=H] /O M=
Table 1. M HO| 22X} ZMAXEAM FES M A ZHZHEX 22U TGases
HM7tst MX|gk AAX[e] M= df |
%
Ingredients Non-TGase TGase
CTL ™ PB CTL ™ PB
Meat 70.0 70.0 70.0 70.0 70.0 70.0
Ice water 282 282 282 282 282 282
Salt 1.50 1.50 1.50 1.50 1.50 1.50
STPP 0.30 0.30 0.30 0.30 0.30 0.30
Sodium erythorbate 0.05 0.05 0.05 0.05 0.05 0.05
Sodium nitrite 0.015 0.015 0.015 0.015 0.015 0.015
T™ powder 0.00 0.50 0.00 0.00 0.50 0.00
PB powder 0.00 0.00 0.50 0.00 0.00 0.50
TGase 0.00 0.00 0.00 1.00 1.00 1.00
Total 100.0 100.5 100.5 101.0 101.5 101.5
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Table 12 PB2t TMZ &It =5 MAL &AIX|e| M= sigtu|olct A8 18 Salf XA
4F SAIX[of PBRF TM| HIP7F MEel =2{Zto| XMstol| Pekg olX7| HEol 0.5%=Z PB2t
%

| o
1Jlelgg B olelst B Matg melw 4 e

T™Me| HItE2 MHSI TGase?t =& & = 4
X gtelstich MX[gh AKX M= g2 Ad 110t St

8.2. pHe} AT
Table 2. S YO|ZFX|2t HMAXNEIOA FEF HEH HYE SZH= LT TGaseE
HMotet MR &AX[2] pH R AME Z3}

L ™ PB T(Ciys-e ng/lse T(.'IjaBse

oH Mean 6.19 6.23 6.25 6.19 6.23 6.22
SD 0.02 0.07 0.07 0.04 0.07 0.08

CIE L Mean 70.6 69.4 67.5 69.6 68.9 68.1
SD 2.51 2.02 1.22 2.07 1.95 1.69

CIE ot Mean 8.87 8.82 7.81 8.84 8.81 7.40
SD 1.28 1.16 1.06 1.53 1.07 1.01

CEE bt Mean 7.46° 7.89% 8.30° 6.63¢ 7.47° 8.09%
SD 0.76 0.38 0.39 0.32 0.30 0.55

¢ Means within the same row with different letters differ significantly (p<0.05).

PB2t TM2} TGaseE Sgt M7tet MX|g &AIX[e] pH & ME ZA3= table 20 LtERRHCE
pH= TMI} PB2t TGasel| &7toll w2 Hst= UAUCHP>0.05). MEO|AM= HELl HA T
Me Fol™ol xto|7} 2EEX| 2ACHp>0.05). SHX|2F HMTolM= PB MIb7F M E oF
2L BN 7= dES EU20| TGase M| 7oA = TM2t PB ZF0AM TGase ©H= X 2|+
ot dHlwsto{ Mol FItJt 2HEE A CHp<0.05). otX[2F CTLT TM2} PBE TGasell =&t
Hotet Mel77F M EofA Jel&el Xto|7F fiA}CHp>0.05). w2k TMZE PBE TGase2t
g HIIstod AAIXIE M =SS M= CTLT ME FSHoM RAISH Mg Hole MX|E

AR E Mz 5 UAs W22 2ofzich

8.3. 7t & H4d
Table 3. EFulo|ZE X[t ZMAHKXZ|MA FE£T HBM chlE FHAx Z2UN TGases
HItst MR AKX JidzEnt 24 Zot
% CTL ™ PB nglsje Tg';/;e TGPaBse
Cooking Mean 3.95 2.59 373 2.05 2.52 245
loss SD 1.79 0.98 1.16 0.13 0.99 0.59
Expressible ~ Mean 34.3%® 39.5° 40.3° 26.9¢ 346 32.0
moisture SD 2.83 2.93 197 3.70 474 5.54

@€ Means within the same row with different letters differ significantly(p<0.05).

PB2t TM2t TGaseE =3 H7Ist MX|2 AKX J7iE4Ent B2 ZI= table 30i Lt
EtSiC M X|gh AAIX[olA TMZF PBRF TGase2l =% &HIt= }%%.F%toﬂ Yek2 o|x|X| 2t
CHp>0.05). 2ol = TGase F&7I+ Atololl= Xto[7} IR 2LHp>0.05), TGase A7}
Tt H|WMES mf TGase MItZ2 QoA FE[+E0| &dAsts dE¢¥S Hol E52o| STlE

2ol 5t CHp<0.05). sHX|2F Eh=F TGase Xzl77F 7HE ReE|FEF0| HotM E 20|
7+ = UCHp<0.05).

LS AA

AEg =
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Table 4. ™ YO|ZFX|2t ZMAXE|0A F&E3 HE3Y HE SZH= ELI TGaseE
P A

CTL ™ PB
% CTL ™ PB TGase TGase TGase
) Mean 81.8 81.5 80.8 81.5 814 814
Moisture
SD 0.79 1.37 1.62 0.82 0.77 1.21
Fat Mean 1.33 1.69 1.62 1.09 1.11 143
a
SD 0.40 0.46 0.62 045 0.46 0.34
) Mean 15.1 15.1 15.2 14.7 14.5 14.8
Protein
SD 0.70 1.07 0.12 0.51 0.63 0.46

PB2t TM2t TGaseE =g H7igt MXL £SAX| 9| ubdZ A= table 40 LHEHCH
T, A a2|n chd ot wE XMl E Xtol= 2EEX 2_ACHp>0.05). MA|E
DAIXe] YutMdE AL, E2 80.8~81.8%, A2 1.09~1.69% 12|11 CHEA2

—_

14.5~15.2%0]| Ut

8.5. ==zt

A
Table 5. EIXYO|ZF X} ZMAXE| M FET HEY Hld SZEHUE 2L TGaseE
|x

[ |
HIst MX|g AAX[2 =&ZF 21}
CTL ™ PB
CTL ™ PB TGase TGase TGase
Mean 2552° 1052¢ 1387¢ 54632 2016° 2494°
Hardness
SD 275 223 183 684 293 337
o Mean 6.49° 3.55° 3.30° 7.46° 7.08° 6.74°
Springiness
SD 0.68 0.45 0.49 0.45 0.83 0.82
_ Mean 22.5° 9.30° 144 65.2° 16.4° 18.6°
Gumminess
SD 5.42 3.09 2.34 17.8 3.32 2.52
, Mean 140P 28.5° 44 .3b¢ 509° 125b¢ 125b¢
Chewiness
SD 29.5 5.50 12.2 152 36.3 9.43
, Mean 0.89 0.94 0.92 1.01 0.84 0.78
Cohesiveness
SD 0.10 0.20 0.06 0.16 0.12 0.10

#¢ Means within the same row with different letters differ significantly(p<0.05).

PB2} TM2} TGaseE =gt H7iet M X2k SA[X[e] =&IZF ZIt= table 50 LIEHCH TM
o} PB ttEs HMIIFIF 7FEF 22 hardness, springiness, gumminess 12|11 chewiness& L}
EFHCHp<0.05). d2|2 TGase ©HF Mz|T7t 7+ =2 4SS LEHRICHp<0.05). 122

IZHE 2R CHp<0.05). w2tA PBL}
Z XSt TGaseol &HItZ gt MX|Y AA|X[e] =AZE £

=i
o
= 7

1o 2 AR EIC}

=

T™Me| M7tz ¢lsl A5t

—

-

IL s A~

zom EFS M AL %

39 B
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8.6. T7|

CTL ™ PB
STD CTL TGase TM TGase PB TGase
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Figure 2. EMHIO|ZEX|2} ZMAHKXZ[HM FESH 23N Bt A SHAX 22U TGaseE

=+o]
Hotet MR A

Figure 12 PB2} TMoll TGaseg SgF A7tst MX[E &AIX[e] MI|ES
H

[N
i)
mjn
HI
(@]
o
HA
o

TMZ} PB &7} 045 ol AMzelo] TGaseol XMz|Z QlsiAM HM7|¥s & Achf Hio|2Z2|H #HET}
SME HES gl & £ UY2n] ol= TGase| HIIZ olalf cheA-_chl A Jim AsHo| &
A=0{M LIEH o2 AR ECEH PBRF TMS| IOl 0.56%2 2 0|7 mfZo &
ZaolMe AE 13 201 ZHEE 75 kDol YA 23l0| MY SHH ZHEEX| = UL

8.7. tHHZA 4318

Al
Table 6. EI™HO|ZEX|2t HMAXZ| M FEE HEM chiE SHAX 2L TGaseE
Aobet Mx|gk AAX|Q A3} chAof wE A Aslg ZHo)
% CTL Tgys_e ng':/;e TGpsse
Gastric Mean 19.7 223 25.3 225
digestion SD 2.17 1.69 473 1.54
Small intestinal Mean 49.2 51.3 49.8 50.1
digestion SD 2.76 2.99 0.32 2.74

PB2t TM2} TGaseE =gt H7Iet MR SA[X|e] Al Y 25t ot &5 9 o5kef &%
3 H

S
A ASS Z

A3t Fo| Zkzto| CiuHE Z 3= table 60l LIERHCH PBRF TME th= X2|sh A X|gt
AKX =2 0] CTLECH 27| 2ol Al of &3 AEdMe MEstK| 2LygCH 22t
A7 Fo| chA AstgdMeE Me2lTE Atolo FeldMel xto|7b wAE X &L/UCHP>0.05)
TMIZt PB &7t &= TGase2l Mz|7F Al Lf &ste| cHdZE Astgos HE2 o|X(X| 2
= Zdoz AlRE=EIC)
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8.8. &%} chAol wE HMI|FS
Before digestion Gastric digestion Small intestinal digestion
i i i
CTL ™ PB CTL. TM PB CTL ™ PB
STD CTL TGase TGase TGase STD CTL TGase TGase TGase STD CTL TGase TGase TGase
[ i ey e
250 )
150 £ 130 - 130 (=
100 "
15 100 100 ===
- 75 75 |-
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Figure 2. El™ElO|ZR2X|2} ZMHX oA FESF §EM A ZHAxT EUD TGases
It M X9 AAX[9] &35} cHAOf w2 MI|Hs dnt

PB2t TM2} TGaseE =& A7ist X X|gt [Xle| Al W 23 M Es 25 oY F
? Asteb AFF A4St Fo| ZZte| MU|HE Zib= figure 20 LIERACE Table 62| EHEA! Asts
ZAuel ofFIVIX| 2 2t &% A5t 2o Me|TFE MI|Es CHHE EElo| Xtol= fIUCt PB
2 TM 2|1 TGasel| I7t7F CHHA Fsigxt siEo| F&S XX 2= A2 Atz EICE
8.9. 23} chA|ol wE FAIMKXIS0[AS St XA EH O|MF=

CTL CTL ™ PB
TGase TGase TGase
o
® 2
o 7]
g &
M <
=
22
£
g oo
(GRS
S 8
357
g 2 o

wn .55

Figure 3
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PB2t TM2} TGasee =& ®7tst MX|g 2SAIX|e] LV-SEMS Sst Al W &3 M £
= 25 Y F 9 A5et A% A3 29| XA EM o|MFx #E Aot figure 30i Lt
EtSHCH TGase H7IFolMeE #stn =2Ust ¥ =& pHErer = AAgct 2571 =
& o2tM FH FxE7F =&6HAD AZFend 310 &2 5350 dM8E AS =
g AUACE SHX|DF table 62| CHHA ASIE3} figure 22 M7|Hs Zotet i Sesl &

&=

AL

T

A2 M PBRt TM 2|1 TGase2l H7t7t 2=t Ibdol weE 3N ZEHM o|MF
gk O|x|X| 22 A2 Ho{Zict

8.10. &3} chAol| w2 DPPH radical scavenging®t Reducing powder
Table 7. &l 0| ZEX|2} ZMAHKX MM F&ET HEM CHIA ZZHZHAX LI TGases
H7tst MX|H AAX|el A8 ctAof wWE DPPH radical scavenging?t reducing powerd 2}

DPPH radical scavenging Reducing power
. Small . Small
Oral Gasric . . Oral Gasric . .
digestion digestion (ljr;’é%s;c;irgarll digestion digestion :jr;’éeesst;ir:)arll
Mean 27.5% 41.3% 62.5"2 0.05"2 0.05% 0.07%2
CTL
SD 104 9.91 2.92 0.01 0.01 0.02
Mean 37.1% 39.0% 60.3%2 0.05%2 0.04"2 0.08%2
CTL
TGase
SD 0.68 5.74 8.75 0.01 0.00 0.02
Mean 30.6" 45 gha 74.6" 0.054° 0.05"° 0.10%
™
TGase
SD 20.3 13.0 8.74 0.01 0.00 0.01
Mean 37.7%° 52.5A% 70.6" 0.05%° 0.05"° 0.09%
PB
TGase
SD 12.2 2.67 2.20 0.01 0.00 0.01

A Means within a column with the same letter are not significantly different(p>0.05).
&b Means within the same row with different letters differ significantly(p<0.05).

DPPH radical scavenging?| ZifoflM Z2E 23t CHAOA XM2|FE0] M2 FelXl XHo|E
HO|X| &£UCHP>0.05). PB2t TGaseE SEIIet MA| Y DAX|oM= &F CHAOM 72,
el EHAIECH =2 DPPH 2iC|Z &HsE EXCHp<0.05). sHX|gt ctE Me|F&E2 235t ¢
74|01| 2 Xxto|E EO|X| 2 /UCHpP>0.05).

st 2E 435 C

Aol M2|7+E Atololl Xto|E EOIX| ACHp>0.05). PB2t T™
of TGaseE H7tet MA|E SAIX[o] &% CHAOAM FZIt 2 2ztet vlWSIS I =2 &
HHE2 2o (p<0.05) =&5S HMESHH 235t CHAZE AESF ettet 530 oAl AE
grelstict
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» MY 9, 2IFMUO|ZEX|LL ZMAHXZ| A FET HEYH CHHE SHAX ELUN
TGaseE H7Iet Rt &AIX|e| EEEM HIF ¥ /n vitro digestion modelof| 2] M-

[ |
9.1. &8 AAX[9 M= =H| ¥ M=

Table 1. EXHYO|ZFX|} ZMAXE| M FET HEY Hld SZEHUE 2L TGaseE
Holet wEtd SAIXe| M= v gt
%
Non-TGase TGase
Ingredients
CTL ™ PB CTL ™ PB
Meat 60.0 60.0 60.0 60.0 60.0 60.0
Back fat 20.0 20.0 20.0 20.0 20.0 20.0
Ice water 18.2 18.2 18.2 18.2 18.2 18.2
Salt 1.50 1.50 1.50 1.50 1.50 1.50
STPP 0.30 0.30 0.30 0.30 0.30 0.30
Sodium erythorbate 0.05 0.05 0.05 0.05 0.05 0.05
Sodium nitrite 0.015 0.015 0.015 0.015 0.015 0.015
TM powder 0.00 0.50 0.00 0.00 0.50 0.00
PB powder 0.00 0.00 0.50 0.00 0.00 0.50
TGase 0.00 0.00 0.00 1.00 1.00 1.00
Total 100.0 100.5 100.5 101.0 101.5 101.5

Table 12 PB2t TMZ &IIEt =5 7ty &AIX|e| M= sigtu|olct AE 28 Sdll 7=t

& AIX[of PB2F TM2| E7H7F M=

TM2| HItE2 MES5H0] TGase2t F&F
H

= =
x| gtelstoict wete AKX M= g2 A" 10 SYsict

A

9.2. pHe} ME
Table 2. & gto|ZR2 X[t ZMAKXZ|OM F&c HEM tHE SHA=x LU TGases
Holst #EE AAIX[2] pH W Mz ZT}
Tl ™ PB Tgys_e T(TSQ/lse TGPaBse
oH Mean 6.02 6.09 6.07 6.03 6.03 6.05
SD 0.04 0.03 0.03 0.01 0.03 0.01
CIE Lt Mean 71.3° 70.3° 69.6° 70.2° 69.5° 68.2¢
SD 0.34 0.07 0.08 0.46 0.13 0.32
CIE o Mean 9.29 9.00 8.21 9.43 8.76 8.28
SD 1.00 0.33 0.69 0.53 0.56 0.26
CIE b Mean 7.39° 7.87° 8.10° 7.29° 7.99° 8.09°
SD 0.19 0.21 0.44 0.08 0.34 0.13

ad Means within the same row with different letters differ significantly(p<0.05).

PB2t TM2} TGaseE =& HItet watd 2AIX|e pH ¥ M HAIf+= table 20i HERICE
TMZ} PB2} TGase2l M7toll mE FaHa 2AX[2] pHe| ¥El= 1UCHP>0.05). MEoAM =
HMEoMe Fo&el xto|7 BEEX 2UCHp>0.05). kX2 H TGase Ao
whabM ofzb Z4stke dE8S 2320 PBRE TM HItoll uf2tME Z &g =2ct

3 olM= TGase2l Xz|2t Atztglo]l PB2t TM HIIZ 2lsiAM EHAMEIL EIt5t

Hu

FAH

tn

3
A
o
o
a
0
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o
Table 3. EI& 40|27 X2t 7””7'|X1E|01|A'I —.—%3._" 4 B SHZE LMY TGaseE

CTL ™ PB
% CTL ™ PB TGase TGase TGase
Cooking Mean 1.76 142 1.33 1.40 1.23 1.83
loss SD 0.39 0.40 0.16 0.09 042 0.47
Expressible ~ Mean 19.8% 23.1° 26.1° 13.2° 14.5° 14.4°
moisture SD 2.70 2.83 5.55 1.64 2.89 6.17
&b Means within the same row with different letters differ significantly (p<0.05).
PB2l TM2t TGaseE =& ™7tet 7ste AKX JtE 2 E42 Z1l= table 301 L}
EMACH F3H8 AlXIofAl TMZ PBOF TGaseo| =8 &7te stuzdTol Yas olxx| ekt

CHp>0.05). EF=HolME= TGase F&7IT Atolol& RelHel 7t el

TGase HItZ °._5H‘| w220 daste dEE 20 2o SaE Zd% §.°|0P°:'EP
a DSAIX[OAM TMZE PBRF 27 TGaseE AMel3H= ©f CTLRt CTL TGase X

2l el FAISH 2438 EYcHp>0.05). w2t TM2E PBOl TGase2l Xzl&= ?rﬂ?:ﬂ DAX]

of 2 BR53 gy MMl AWE olxls WO SHelEct

=2 —0
CTL ™ PB
% CTL ™ PB TGase TGase TGase
Moisture Mean 63.4 65.3 62.3 64.3 63.9 62.7
SD 1.22 2.27 1.83 3.90 1.53 3.05
Fat Mean 21.2 204 21.6 214 19.6 218
SD 0.58 042 0.86 1.50 1.11 2.90
Protein Mean 131 134 13.1 13.2 134 13.6
SD 0.46 0.41 0.48 0.21 0.87 0.14
PB2l TM2t TGaseE =& H7Ist ®atel AAIX|e| vt E ZIb= table 40 LIESHCE
= %

S8, AW 02D A B WE M2l ¥ xol
SAIRlel YBME HBIAN FES 62.3~65.3%, X
13.1~13.6%0]| U Ct.

= TEEX ZpACHp>0.05). 7=t
H bN|

H2 19.6~21.8% 2|11 CHEHAE

Table 5. EFuO| 22Xt ZMAHKXNE|MA FESH M clid ZHAx LI TGases
Host wets AKX =& 21}

CTL ™ PB
L ™ PB TGase TGase TGase
Hardness Mean 21755 1597¢ 1639° 3807° 2371° 2736°
SD 297 278 296 339 651 362
Springiness Mean 5.26° 3.17° 3.27° 6.37° 5.11° 5.70°
SD 0.11 0.64 0.79 0.50 0.85 0.86
Gumminess  Mean 14.8° 12.28° 11.9° 26.4° 20.6% 21.2%
SD 1.43 2.35 1.87 7.26 9.27 3.41
Chewiness Mean 743 39.6° 38.2¢ 173* 97.2° 116°
SD 5.03 13.33 7.67 55.0 234 329
Cohesiveness  Mean 0.67 0.79 0.73 0.75 0.83 0.76
SD 0.07 0.06 0.11 0.09 0.13 0.06

@€ Means within the same row with different letters differ significantly(p<0.05).
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M7t 7ale ASAIX|el E=AZE Z3b= table 501 LIERACEH TM
hardness, springiness, gumminess 121 chewiness& L}
LFEFH CHp<0.05). 2|1

CHp<0.05). r2iM

o 7
e 29
ALk Faty LA EH

—

=S5
= =

PB2} TM2t TGases
I PB th= HMIHIF IHE @2
EtcHp<0.05). J2|1 TGase = Xel+#7F 718 =
TMZ} PBO| TGaseE =8 &7tst¥2 mf CTLRf FAtst
PB2t TM2| HEIIE ¢Qlaf wdlstes =XZ XMStE TGasel HIt=2 At
2 STANZ + US W22 AMRECH
With TGase

A iz
4 =zxoz ZX
Without TGase

STD CIL TM PB CIL TM PB

9.6. ™7lg=

Rl
Jaiial
10

Figure 2.
Hotst 73t

Figure 12 PB2} TMOll TGaseE =3 ®
0| TGase2l Mz|=

T Lm e
1=
o

(e
o2ek

22 1R oy
o

} TGaseE

o

SH '.|
=13

TMZ} PB &7} 020
MHC HHE=(250 kD £2)2t 150 kD F22
A= 2dal

Chol| HIO|RZ2|H HHEYI HME ZHE

o] TM &= Xz|+2t TMZI TGase =
=St
2 23
CTL ™ PB
% PB TGase TGase TGase
Gastric Mean 22.1° 24.1% 24.8° 24.0% 26.2° 25.2°
digestion SD 148 0.98 0.86 0.71 2.20 0.47
489 50.7 514 50.8 526 499
133 6.19 4.29 8.94 1.05

~ Small
intestinal
digestion SD
@b Means within the same row with different letters differ significantly(p<0.05)
2 HIteh metd AKX AlEet i A5t ot

; — 1=

2| pPBet

<
o)
Q
5
>
(O]
\'
02
o
Ho

PB2} TM2} TGase

3t 2o 2fzto| ct
A X} ut
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tX[gk CTLE M2

Ol

TGase Xz|7 oM 7t =2 A 4235188 ERICHp<0.05). 5 ob LHH X
ME|FE BUSIHE 49 7oAHezE 2 X0|E EO|A 2£UCE (p>0.05). & o chHA
a3t Me M2lFE Atolol FeolAHel x|V WAEX EUTHP>0.05). A ot PB

=
It £= TGase2| HMz|7h Algdat W 2=to| A Astgol= 7205 &2 D|x|X]|

O Z AIREICE

50
:
>£

—
Ls =

9.8. &3 thAlo e MI|HFS

Before digestion Gastric digestion Small intestinal digestion
L A L
CIL T FB
CTL ™ PB CTL ™ PB
S GIL TCee B Lo I8 D0ee SID CTL TGase TM TGase PB TGase STD CTL TGase TM TGase PB TGase
. R i i - W U .

O| 22X} ZMAHKNB|A F&HS H
|x[el &3 ctAlof e HMI|ES 21

M.

Figure 2. &H

=13
=1,
Hyleh RaHy 24

PB2t TM2t TGaseE =& M7Iet 7ot SAIX|e] Azt of &3t M £= 45 1Y F
2 aztet &A% A5t 2o ZkzZto| MY|H S A= figure 20 LIEACE Table 6 o~
stE 2ot FAlSHA fI°F &% A5t o XM7Y MIIYs tHE 2=l 2
SR &gt T AAIX[OA PBRF TM 2|1 TGase2| H7b7F THMA E2sisnt oiEof

st O|x|X| = WO R AlZEIC)

Before
digestion

digestion

Gastric

Small
intestinal
digestion

22Xt ZMAXMEOAN FES HEM YA SHAE ZUD TGaseE

=Y
Holet wEkd &AXI2| LV-SEM &1t

Figure 3. &&uto
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PB2} TM2} TGaseE =g F7Ist Fatd AAIX|e] LV-SEME Est Algdat | A3 M &
2351 I & 9 &5t &% A5 3ol XA EH o|MFE=x= ZHEN Z3l= figure 30 L}
Ct. TGase F&7}FoM= CTLe M © Holst watdd AKX 2]

|msto] of =25t gt AS =el

L|

==

2 & £ A%en] o|= table 59 =&|Zt
Z3to|ct TGase H7ITFOM= TGases H7ISHK| &2 XMel72t H|15+0
FEMH FxE oEE = At et 27 25101 M= ofdol w2t 73t
SHX|D HEOAMen I 22 30| g@dE HS

F [m]

|2{et sietol of & HE=[QAC SHXIZH table 62 Thil
[e]

(R

to
-
F
fo
u

H
0z

B> ro o 0 Y EH M oqr
- H
10 B o
o

w2 g

gl

o o
mo @
o
Hdo
HIL o
a
F>
> 0A

o} figure 22
TGase2| 7171 23t
HoiZlct,

-

N

o

H Rl
2
|U
~
02
0%
o
Rall
Ral
62
ro

9.10. &3} ctAof| = DPPH radical scavenging®Zt Reducing powder

Table 7. & gto|ZR2 X[t ZMAKXZ|OM F&c HEH tHE IHAx LU TGaseE:
Holet 3l AAX[29] £35) cHAof wE DPPH radical scavenging2t reducing powerZ 2}
DPPH radical scavenging Reducing power
. Small . Small
d igoeg?cilo n d iggg?ign (ljr;‘éees:;ir:)arll d ig%?tilon d iggg;lign ar;‘éeesst; ir:)arI]
- Mean 60.24 67.2% 71.3% 0.09%° 0.09%° 0.49%8
SD 6.88 15.2 8.56 0.01 0.02 0.13
™ Mean 61.8% 67.7% 74.9% 0.08%° 0.08%° 0.70%
SD 19.2 6.65 458 0.01 0.01 0.12
op Mean 38.2%° 71.3% 76.2% 0.08%° 0.08%° 0.56"
SD 20.1 10.2 9.05 0.01 0.01 0.19
CTL Mean 57.0%° 67.2" 78.2% 0.09%° 0.074° 0.28%
TGas SD 439 8.95 9.06 0.00 0.00 0.09
™ Mean 57.8% 62.5"2 74.2% 0.08"° 0.09%° 0.58"
TGase SD 2.55 12.1 8.82 0.01 0.02 0.13
PB Mean 52.74 66.3"2 72.8% 0.08%° 0.08%° 0.28%
TGase SD 3.96 18.4 6.63 0.02 0.01 0.04

AB Means within the same column with different letters differ significantly(p<0.05).

&b Means within the same row with different letters differ significantly(p<0.05).

DPPH z2iC|Zt &M 52l ZaoMe ZE 231 SHAHOAM X278 Xtol= AUCHp>0.05).
235t CHA HollM= PB, CTL J2|1 TGase Mz|TF50| fIeF &% thAI7E 72 ChA oM 2t
=2 DPPH 2ifjZz &M 248 2Xchp<0.05). Ol HMelst M2|7(CTLE TM)E2 43t
CHAIE DPPH 2iC|Zd M2l Xtol7h eiACHp>0.05).

ol ZIoM = 723 # HAOME ZE HM2|F AtololM ®e|& el xto|7t UApCt
(p>0.05). &% CHAloM= CTL TGase2t PB TGasedlAl TM, PB 12| TM TGaseZcCt =
HE ERUCHp<0.05). &F CHAHO|AM PB= TGasell &7tol| w2 2H2lg] Xto|7t U
X|2Hp<0.05), CTLZF TM HMz|FEM= Fel&el xto|7t iUCHp>0.05). 23t thAlof ozt
Me 2E HMe|FolM 72t 2t &% 25) chAo|M 2t o] ZotX|= AE &elstct

A= T
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2R E| 2L &R Jltop

1%

5%

1%

&

=

HX 2|

Haol 5}

o
—=2 32711

1%

sEuo|ZRX Ba BS X7
3% 5% A

M7 Na| ate X & x5zt | OB | d®HYIEE
1% 4.8 4.5 4.8 4.3 4.6
3% 4.2 3.8 4.5 4.1 3.9
5% 3.3 3.1 3.9 3.8 3.5
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<$EtAF7[2>-FG&B

O Z2M4AXNE] 75 M2 24 "I}

E 1. Z2MAXNEe RI|ME EAM (mg/100 g)

Treatment Ca K Mg Fe Na Mn Cu n
chsub-] 206.02  3105.07  422.78 10.42 372.04 5.27 2.25 11.14
ohsuk-2  206.28  2964.03  403.78 10.2 365.73 5.31 1.97  10.82
74sh-1 187.57  2964.36  397.61 9.55 344.08 4.92 2.17  11.12
AL ) 195.28  3205.27  434.43 16.93 370.01 4.68 2.35  11.8
S 194.16  3142.15  426.9 10.06 376.9 4.96 2.08 10.39
S 181.69  2853.29  412.51 9.38 355.51 5.03 2.02 11.02
oka-1 173.09  2718.77  382.88 9.47 328.67 4.37 1.93  10.51
[ ) 174.28  2846.03  396.49 9.57 343.53 4.14 2.06  11.11

- AF7|Z2F SoF Hol= | =0 w2l FI|MHE eEfe| HStE seler = ALCh

xZ 2. ZMAHKXE e M ool EM (mg/100 g)

ATINO | g-1 | -2 | weu-l | geue2 | MS-1 | %2 | 9l | 9482

Asggfjﬁc 4,309.82 | 4,301.71 | 4,713.18 | 4,938.77 | 4,463.25 | 4,704.26 | 3,634.14 | 4,555.77

Threo | » 18714 | 2.169.52 | 2.371.48 | 2.489.68 | 2.263.15 | 2.385.19 | 1.830.36 | 1.849.11
nina | 2.187.14 | 2,169.52 | 2,371.48 | 2,489.68 | 2,263.15 | 2,385.19 | 1,830.36 | 1,849.

Serine | 3,319.77 | 3.261.84 | 3,611.66 | 3,576.40 | 3,519.58 | 3,629.94 | 2.721.76 | 2,749.65

Glutam | 7 390 48 | 7.381.67 | 8.591.78 | 8.580.13 | 7.853.79 | 8.076.84 | 6.167.23 | 6.230.43

iC aCId y . 9 . 9 . 9 . 9 . 3 . 3 . 3 .

Proline | 4,501.57 | 4,567.03 | 5,308.80 | 5,391.49 | 5,198.33 | 5,163.71 | 3,675.53 | 3,713.20

Glycine | 3,665.69 | 3,621.04 | 4,006.51 | 4,015.05 | 3,911.05 | 4,005.63 | 2,966.22 | 2,996.62

Alanine | 2,785.45 | 2,828.68 | 3,149.70 | 3,203.28 | 2.918.26 | 3,150.43 | 2,322.61 | 2,346.41

Cystine | 373.518 | 381.415 | 359.153 | 447.473 | 538.923 | 426.749 | 285.922 | 288.853

Valine | 3,311.46 | 2,924.14 | 3,638.23 | 3,258.68 | 3,075.70 | 3,302.29 | 2,747.74 | 2,775.90

Mrfitr{leio 903.923 | 715.888 | 985.445 | 902.234 | 889.653 | 829.65 | 859.407 | 868.214

Isoleuc | 9 395 09 | 2.333.75 | 2.693.40 | 2.584.69 | 2.372.86 | 2.538.01 | 2.036.47 | 2.057.34
- .386. .333. .693. 584, 372. 538, .036. .057.

Le‘écm 3,372.98 | 3,424.05 | 3,792.08 | 3,778.91 | 3,437.27 | 3,665.55 | 2,920.36 | 2,950.29

TyrfgSi 3,324.59 | 3,354.55 | 3,480.12 | 3,327.03 | 3,493.86 | 3,669.72 | 2,730.68 | 2,758.67

Phenyl | » 01765 | 2.161.07 | 2.252.22 | 2.281.09 | 2.111.38 | 2.211.06 | 1.709.09 | 1.726.60

alanine

Histidine | 5,128.35 | 5,366.39 | 6,042.33 | 6,465.77 | 5,796.52 | 6,235.59 | 4,325.95 | 4,370.28

Lysine | 3,126.85 | 3,276.35 | 3,640.46 | 3,733.50 | 3,298.24 | 3,507.17 | 2,682.02 | 2,709.51

Arginine | 2,918.29 | 3,160.44 | 3,489.67 | 3,504.69 | 3,209.63 | 3,494.48 | 2,800.48 | 2,829.18
Total | 54,953.62 | 55,229.52 | 62,126.21 | 62,478.87 | 58,351.45 | 60,996.26 | 46,415.97 | 47,776.02
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E 3. ZMAHKXNE[e ®2| ofo|=d M (mg/100 )

NE=

N -1 7Aer-2 | geuk-1 | dheeb-2 | d=2-] HE-2 o&-1 -2
Pgeol?iggo 13.867 | 206.538 | 169.765 | 179.575 | 186.253 | 171.518 | 175.68 180.74
Taurine | N. D. N. D. N. D N. D N. D N. D. N. D. N. D.
Phospho
ethanola | N. D. N. D. N. D N. D. N. D N. D. N. D. N. D.

mine

Urea N. D. N. D. N. D N. D. N. D N. D. N. D. N. D.
Asfggnc 24.912 26.909 22.606 26.131 49.547 61.258 36.564 43.01
Hydroxy
elmd IN. D [N.D. |N.D. N.D. [N.D. |N.D. |N. D. N. D.
Th;eeom 36.467 28.289 31.152 38.492 33.595 49,742 41.635 38.615
serine | 429.485 | 362.267 | 312.979 | 339.675 | 313.797 | 324.985 | 333.949 | 342.459
ASprf‘eragl 273.36 | 229.126 193.7 300.296 | 335.577 | 341.521 | 559.134 | 502.412
Glgtggﬂc 232.779 | 264.894 | 224.023 | 249.952 | 249.93 | 257.551 | 309.578 | 271.398
o-amino
adipic 48.359 57.612 61.328 91.057 52.03 73.778 62.149 69.048

acid
Proline | 1,831.80 | 1,716.65 | 1,511.79 | 1,843.45 | 1,575.87 | 1,514.37 | 1,737.02 | 1,595.79
Glycine | 1,048.35 | 622.261 | 569.734 | 612.181 | 553.339 | 561.328 | 588.817 | 591.509
Alanine | 574.902 | 413.919 | 368.237 | 394.863 | 431.129 | 418.74 | 354.544 | 364.347
Cltr;}“m 52.361 57.584 66.57 62.463 80.287 73.045 71.283 76.973
o-amino
butyric’ | N. D. | N. D. |N. D. N.D. [N.D. |N.D. |N. D. N. D.

acl

Valine | 219.815 | 208.283 | 185.627 | 218.47 212.48 | 209.821 | 192.597 | 202.151
Cystine 8.793 16.99 14.829 292.761 15.988 15.624 16.291 16.464
Metr}llelom 5.422 7.055 7.298 6.758 7.121 6.21 5.084 6.544
ISOlee“Cin 80.035 | 84.793 | 83934 | 88873 | 96.669 | 101.423 | 82.757 92.72
Leucine | 41.652 43.701 40.927 47.298 48.334 53.868 40.451 56.764
Tyrosine | 100.89 | 146.134 | 142.594 | 157.068 | 147.457 | 142.857 | 132.455 | 140.763
pgi?géal 12.513 18.16 17.864 | 16.406 | 18.076 | 19.621 | 14.316 | 18.002
B‘alg‘ni“ 94.126 71.365 65.072 57.797 46.885 37.039 61.98 48.644
B-aminoi
sobutyri N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
¢ acid
y-amino
-n-butyr | 26.603 23.065 18.562 15.329 28.912 21.588 21.515 292.748
ic acid
Histidine | 247.997 | 307.771 | 278534 | 292.225 | 292.707 | 274.911 | 284.538 | 289.692
1-methyl
histidine N. D. N. D. N. D. N. D. N. D. N. D. N. D. N. D.
3-methyl
pet IN. D, [N. D. |N.D. N.D. [N.D. [N.D. |N. D. N. D.
Carnosin |\ p |N.D. [N.D. | N.D. [N.D. |[N.D. [N.D. | N.D
Trg%mp 132.847 | 256.199 | 290.909 | 248.781 | 354.857 | 254.068 | 313.027 | 300.781
Ornitine | 13.302 13.072 12.649 12.977 18.536 15.972 19.249 16.831
Lysine | 120.053 | 144.558 | 141537 | 14855 | 148.719 | 142.208 | 138.759 | 149.854
Arginine | 290.833 | 417.618 | 368.848 387 368.77 | 359.399 | 365.584 | 378.723

Total | 5,961.52 | 5.744.81 | 5.201.07 | 5.858.43 | 5.666.87 | 5.495.44 | 595895 | 5.816.99
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T 4. ZMAXNEI] XYL =M M (%)

Sample
name
Fatty

acid

FH1 | ZF2 | wEv | gewz | =1 | d=2 | 9sl | 9442

Butyric
acid 0 0
(C4:0)

(@)
(@)
(@)
(@)
(@)
(@)

Caproic
acid 0 0 0 0 0 0 0 0
(C6:0)

Caprylic
acid 0 0 0 0 0 0 0 0
(C8:0)

Capric
acid 0 0 0 0 0 0 0 0
(C10:0)

Undecano
ic aicd 0 0 0 0 0 0 0 0
(C11:0)

Luric
acid 0 0 0.02 0.04 0 0 0.09 0.02
(C12:0)

Tridecan
oic acid 0 0 0 0 0.12 0.1 0.07 0.08
(C13:0)

Myristic
acid 1.63 1.68 1.6 1.6 1.5 1.53 1.49 1.38
(C14:0)

Pentadec

anoic
acid 1.44 1.23 1.95 2.11 2.31 2.61 2.59 2.41

(C15:0)

Palmitic
acid 18.23 17.48 17.89 17.6 16.64 16.85 16.37 16.18
(C16:0)

Heptadec

anoic
acid 12.42 11.74 13.43 14.8 16.6 16.78 19.41 18.6

(C17:0)

Stearic
acid 5.77 5.75 5.79 6.24 6.02 5.63 4.99 551
(C18:0)

Arachidic
acid 0.99 1.05 0.96 0.91 0.75 0.79 0.82 0.82
(C20:0)

Heneicos
anoic acid 0 0 0 0 0 0 0 0
(C21:0)

Behenic
acid 0.06 0.06 0.04 0.06 0 0 0.07 0.05
(C22:0)

Tricosano
ic acid 0.7 0.77 0.59 0.57 0.72 0.69 0.55 0.64
(C23:0)

Lignoceri
¢ acid 0 0.04 0 0 0 0 0 0.07
(C24:0)

Saturated 41.25 39.82 42.27 43.94 44.67 44.99 46.44 45.76

Myristolei
¢ acid 0.44 0.3 0.36 0.69 0.74 0.3 0.27 0.31
(C14:1)

cis-10-Pe

ntadecen

oic acid 0 0 0 0 0.07 0.12 0.1 0.18
(C15:1)

Palmitolei
c acid 9.08 9.44 9.43 8.92 7.76 8.18 8.06 8.08
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(Cl16:1)

cis-10-He
ptadecen
oic acid
(C17:1)

0.12

0.12

0.11

0.14

Elaidic
acid
(C18:1n9t)

0.1

0.29

0.28

0.3

0.34

0.28

0.3

0.29

Oleic acid
(C18:1n9c)

37.67

37.47

36.25

34.85

33.98

33.81

33.09

33.78

cis-11-Ei
cosenoic
acid
(C20:1)

0.41

0.46

0.5

0.35

0.47

0.51

0.34

0.35

Erucic
acid
(C22:1n9)

Nervonic
acid
(C24:1)

Monouns
aturated

47.69

47.97

46.81

45.12

43.49

43.32

42.26

43.13

Linolelaid
ic acid
(C18:2n6t)

0.21

0.42

0.26

0.1

0.13

0.17

Linoleic
acid
(C18:2n6¢)

8.5

8.94

8.68

8.54

8.82

8.66

7.81

7.93

cis-11,14
-Eicosadi

enoic acid
(C20:2)

0.27

0.27

0.27

0.28

0.28

0.26

0.26

0.29

cis-13,16
-Docosad
ienoic
acid
(C22:2)

y-Linolen
ic aicd
(C18:3n6)

0.15

0.12

0.11

0.1

0.12

0.09

0.11

0.08

Linolenic
aicd
(C18:3n3)

1.31

2.21

1.34

1.28

1.43

1.63

2.03

1.68

cis-8, 11,
14-Eicosa
trienoic
aicd
(C20:3n6)

0.03

0.03

cis-11,14,
17-Eicosa
tienoic
acid
(C20:3n3)

0.05

0.06

0.09

0.09

0.07

0.04

Arachido
nic acid
(C20:4n6)

cis-5,8,11
,14,17-Eic
osapentae
noic acid
(C20:5n3)

0.25

0.26

0.26

0.26

0.32

0.38

0.38

0.37

cis-4,7,10
,13,16,19-
Docosahe
Xaenoic
acid
(C22:6n3)

0.54

0.39

0.53

0.49

0.52

0.53

Polyunsat
urated

11.06

12.21

10.92

10.94

11.84

11.69

11.3
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H 5. dMAXNZ[o AUME =M B (%)
q48 AH (o =35lBE (o xX|d}F (o XClal &l (9 El~3I= (9
A2 T2 (%) T3 2 (%) TR (%) ZCHEE (%) EBREStE (%)
ZE-1 4.88 9.16 8.40 64.43 13.12
ZE-2 5.08 8.45 8.60 64.65 13.22
Cto EH-1 4.97 8.23 7.86 59.83 19.12
CtoEf-2 4.78 7.41 8.06 60.88 18.88
M E-1 5.19 8.20 7.76 67.38 11.47
ME-2 5.06 8.74 7.00 65.73 13.47
ot&—1 5.76 7.98 9.06 68.46 8.75
t&-2 4.99 7.47 8.42 69.45 9.67
O 2I™Yo| 252X 75 4= 24 g7t
E 6. H47|2t & Holdlol| uE EFUO|ZREX 7F FIIMHE =2 (mg/1009)
i
NE Ca K Mg Fe Na Mn Cu Zn
CtsHl 206+0.1 303+05 413+9.5 10+0.1  369+£3.2 5%0.0 2+0.1 11£0.2
Pl 191+3.9 3I&HBHAD5 4164184 13+3.7 3574130 5+0.1 2+0.1 11£0.3
=A} 188+6.2 XBHM4 420+t7.2 10+0.3 366+10.7 5%0.0 2+0.0 11x0.3
& 174+0.6 27824636 390+6.8 10+0.0 336+t7.4 4+0.1 2+0.1 11£0.3
H 7. 47|12t & Holdol mE SFUO|ZEX 7F JAME Y
‘AD-I_E_ H (o x35|H (o = H} (o X CEH Rl (o EIXSIE (o
N T (%) Z3|2 (%) ZX Y (%)  Z=CHE (%) EBHEEEEE (%)
ctodt 5.0+0.1 8.8+0.4 8.5x0.1 64.5x0.1 13.210.1
PAL=ls 4.9+0.1 7.8+0.4 8.0x0.1 60.4+0.5 19.010.1
= At 5.1+0.1 8.56+0.3 7.4%+0.4 66.6+0.8 12.5+1.0
otE 5.4+0.4 7.7£0.3 8.7+0.3 69.0£0.5 9.24+0.5
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