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Abstract

This study estimated the effect of drone pupa meal (DPM) added as replacement of sodium nitrite (SN) and vitamin
C (VC) on physico-chemical quality characteristics of emulsion-type sausages. Samples were prepared either with 150 ppm
SN+200 ppm VC (control); 75 ppm SN+100 ppm VC+6.015% DPM (T1); or 12.03% DPM (T2) and then stored at 4C
for 30 days. The pH value decreased (p<0.05) with increase in the levels of DPM. Moisture and protein content decreased
(»<0.05) but fat and ash content increased (p<0.05) with higher levels of DPM. T1 and T2 had higher (p<0.05) saturated
fatty acids content and lower (p<0.05) unsaturated and polyunsaturated fatty acids content compared to the control. Lower
(p<0.05) L* and a” values and higher (p<0.05) b" and h° values were exhibited in the T1 and T2 than in the control; and
C" value was the lowest (p<0.05) in T2. The TBARS content was the highest (p<0.05) in T2, especially, 2 times higher
(»<0.05) than in the control. T1 and T2 had harder (p<0.05) texture compared to the control. These findings suggest that
the DPM has no replacement effects against SN and VC in emulsion-type sausage, but it has negative effects on color,
lipid oxidation stability, and texture.
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2A A= ASAE T HEH EHSAEFLEN FA
Al(curing agents), FA RS &A 22 7|9 T & &
WA 22 Aol ol S8t 7HE B HI7MEE SAIE
otk £A1X1¢] GAIA| F oFAAFE B(sodium nitrite) & =
9 RS Fu)E st AHAteket @714 Al
EH(Clostridium botulinum)®] A AA|3l= a1+5 71X
31 Q] © 1 f(Sindelar 5 2007; Bergamaschi & Pizza 2011), 117]
of 23} E& 3% ohulgel Wgale 7], BAdo] U 9hg
s YEZ40M(N-nitrosoamine)& B/dE o Ath=
33t a3l= R 153 QJthPourazrang 5 2002; Zarringhalami
S 2009). 0|2 I3 A 28RS GAAE AL = A
B9k ofy e}, QAo Faigt WA AEFH7HES a5t
£ A7 o|th(Alahakoon  2015). ZZ7HA] oAU EF
A= A, AlFA], 358, U ERF(Beetroot), 292
AE=(Swiss chard), 2]13(Leek) 53 Zo] AAdHS SHH
TR b FEEY ZT&H F9 FAtEE o] Hojd 7
d FEE i AFE0] F2 Y=L Qlti(Tsoukalas &
2011; Sebranek 5 2012; Aquilani 5 2018; Sucu & Turp 2018).

AR AT}, A3 ATl wWE AlA At

EAZE A=A N 2E A&7 A A Fo| =} A
BEEH ALizo] BZAE 1 Qlti(van Huis 5 2013). A]8
o> T2 olvA ¢ Teld FFHY B9 of g, ofw|ieAt

[AE 24J0] S5k, miv|E T vERlS SRS o
312 1t Rumpold & Schliiter 2013). S UjolA= AEZ S
2 AL T okg 03 FLWE W E7|(Acrida lata D Oxyoa
sinuosa), ol(Bombyx mori) 2|0l ZHA8A X E)(Tenebrio moli-
tor) %, Ao ZEX|(Protaetia brevitarsis) 3%, A4
Zdol(dllomyrina dichotoma) -5 D H 52| (Gryllus
bimaculatus)7} 2014, 20153 9] SHAAl H71A} o LA 3]
SHAH A ZURE AW § 20180 dut AEU=E
2 AgE o] - o] 4= AUA = UcKGhosh - 2017;
MFDS 2018).

9 (Apis cerana B Apis mellifera)2 &, 234 2] (Royal
jelly), =, Z2E2]2(Propolis) 5 AZHANA F-8&3 4§ &
OFgANES AAbste W, 9] A9 FEAtES A
A gkot oA Ite] WAl go 2l o] §E o] 7] = H|
71H&stL e A olthKim 5 2018). 227 H(AREH
B 22 Syt oA o= AR E 79 o axrt

32 o

Jo & ofy

L ok gokAlo 2 gl g1 Qtk(Choi 5 2009). =i
= FEANE AEURE TSt 22 A5l 9
FA 7HNE Brbstgen, O 2, Hgl A, B, EE 55t

FERE 77 AR A= FF 803

Al st L, o]9) FEEY A, 8 SE 2A4FS
B93t7 Qtkm B 13 vF QtHChoi S 2009; Kim S 2016).
SHAIRE @7 ZHAA A 2] §57} 2ol (Kim S 2015; Min
S 2016; Cho 5 2017; Kim YM 2017; Lee = 2017; Kim &
Ryu 2018) 418 242 S48 97e wuE Qoid met
A B ATE AYATH Hid SEudsle) oy 5
A st f35 AR oA ofFAGEE # H[E
C A= H7igt 7] o] o|glshy F4 40
e G FHstA st
M= L gk

1. FHHHD| 22 ’M=

FHAY 7= A Y FEs7tlA BE 2 sk o]
231 ch A4, 4C YA (DS-95P, Dasol Scientific Co., Ltd.,
Hwaseong, Gyeonggi-do, Korea)ol|A] 24X]7F 59t 353},
Sl @7F AAE T 40T L 50Tl A 2447 A28+
o} AREL /1AL A& BEH7|(FM-700SS, Hanil Electric,
Seoul, Korea)Z H|A|3}A| Z-2 t}S Z-F-3ZZHFI-750D, Jiwoo
Eng, Hwaseong, Gyeonggi-do, Korea)dlo] A3 27k -70TC
deep freezer(DFU-740CUS, Operon Co., Ltd., Gimpo, Gyeonggi-
do, Korea)o]| E43}ch.

2. 7ElE AR M= & AEMA

A Aok A FAGS A AE7HEF o2
AATE PSS Tt o] &5tk 4, HohESolA
A, AA2Z], @AZ AASL, oF 3x3x3 em Z7|2 A
St & meat chopper(DCP-170F, Dachan Machinery Co., Ltd.,
Gimpo, Gyeonggi-do, Korea)& o]-4ko] Sickel &7t 4
25 mm QAR BHSHAT BAKS oI ES, Ve
C 8 4=wid)7] Rare] 17} 4520 ek Al A2} Control,
T1 ¥ T2)& Yo] Table 19| uign| &} o] 2AIX 2 A
zapgen, vkl o] A9, Jung S(015)2) wigH S okzt
+A3te] HL3Hh 2A A 5322 vacuum silent cutter
(VSM65, K+G Wetter GmbH, Breidenstein, Hesse, Germany)S
olgato] 1T AuolA B 108 ek BYste] Az F
vacuum stuffer(VF610, Handtmann Inc., IL, USA)E ©]-8-3}¢]
fibrous casing($6 cm, Viscofan, Tajonar, Navarra, Spain)of
AstArt SAE 732 TH7FE71(SMK House ITS-40E,
Daejeon, Korea)o]] @11 2507, RH 30%, 158), AZ(55
T, RH 1%, 20&), TAGG5C, RH 0%, 405 231702 4
A&t th& AR AR L% (Thermo recorder TR-71wf, T&D
Corp., Nagano, Matsumoto, Japan)7} 72°Cof] =2& wj7tx] 7}
H(78°C, RH 99%)3}3ith. & XA = 32+= 2 ©@7F
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Table 1. Formulas of experimental sausages

Ttems (%) Treatment"

Control T1 T2
Pork leg meat 82.00 76.00 70.00
Pork backfat 5.00 5.00 5.00
Ice 10.00 10.00 10.00
Drone pupa meal - 6.015 12.03

Sodium nitrite 0.01 0.005 -

Vitamin C 0.02 0.01 -
Refined salt 1.40 1.40 1.40
White sugar 1.10 1.10 1.10
Phosphates 0.20 0.20 0.20
Allspice 0.02 0.02 0.02
Black pepper powder 0.05 0.05 0.05
Garlic powder 0.10 0.10 0.10
Onion powder 0.10 0.10 0.10
Total 100.00 100.00 100.00

Y Control: sausage added with 100 ppm sodium nitrite and 200 ppm
vitamin C; T1: sausage added with 6.015% (w/w) drone pupa
meal, 50 ppm sodium nitrite and 100 ppm vitamin C; T2: sausage
added with 12.03% (w/w) drone pupa meal.

3. pH &3

Al&29] pHE homogenizer(PT-MR 2100, Kinematica AG,
Littau, Luzern, Switzerland)& o] 83}o] £F49} 1.9 H| &2
968xgof| Al 15 59 #+23t & pH meter(SevenEasy pH S20K,
Mettler-Toledo AG, Schwerzenbach, Zurich, Switzerland)Z &

e

4.
Sa¥id)7] Hare] uHYE IS AOACQ007) W
Al 2 ZAH) Zouiz 9 2318 sleke 7
ZF105C }\"?:]'7}@‘24_}_‘?3 ether &
N Cube, Elementar Analysensysteme GmbH, Hanau, Hesse,
Germany)} 550°C 3]3PHS o]-&-sto] SA3H%Th &AIX] 9
Al B EHEFL near-infrared spectrophotometer (FoodScan™
Lab Type, Foss Analytical A/S, Hillered, Hovedstaden, Denmark)
£ olg3to] ZBIUTE. AT ATE 24X FAR W
E(WE AEshsch

ZH, element analyzer(Rapid

5. X[dhdt
A 729 A2 Folch 5(1957)] el <3 &3t

ZN 24

2o - e - Hes = RE R
0.88%(w/v) KCl 6 mLE A7}k 3 2T, 1,865xg(Avanti J-E
Centrifuge, Beckman Coulter Inc., Palo Alto, CA, USA)9| A 10
2 5ot QRS BelE Azl AL 5
< sodium sulfate anhydrousE ¥-2 Whatman filter paper No.
12 T3 th3 38 CollA FF3tAth 55E A2 (200 uL)
2 David 5(2003)2] HHol 2J3) 0.5 N NaOH®} 14%(w/v)
boron trifluoride(in methanol)E & 7|5} methylstA|7] & =

24 5 mL9} n-hexane 2 mLE @31 2T, 1,865xgo]| A 557t
°J/§]—.—E] sttt o]& AN 1 mLE HP-Innowax column(30
m lengthx0.32 mm 1.d.x0.25 um film thickness, Agilent Tech-
nologies Inc., Santa Clara, CA, USA)o] A2+ GC(CP-3800,
Varian, Inc., Middelburg, Zeeland, Netherlands)E ©]-&3}o] &
A3t oju B4 AL injector 260°C, FID 280°C, carrier
gas(He) flow rate 1 mL/min, split ratio 1/200] %1 2. ™, oven tem-
perature®] 7%, 150 CoJlA 1& F<t FAIgE & 200C7HA] £
T 15TH g ddolo] 250CAHA] B 204 £ oS
250COA] 108 F9F A3k % AT AR A4
9] retention time-& standard(47015-U, PUFA No. 2 Animal
Source, Supelco, Bellefonte, Pennsylvania, USA)%} H] n5le] A
gt & AA AAE peak HA O gt ZH2ke] A HPAF peak
dH o] WEE(%Z A=A

6. Mz =3

A& FEL), ANE@E) 2 F=0)E
(CR-400, Konica Minolta Sensing Inc., Osaka, Kansai, Japan,
Japan)E ©]-&3ty SR OH, 4 Ao WY wEH
(L'=97.46, a™=0.08, b'=1.81; Light source: illuminant C; CR-
A43, Konica Minolta Sensing Inc., Japan)S.Z X A3}t
Chroma(C") € hue-angle(h®)-2 Z+Z} (a™+b%)*° ¢} cotan(b/a’)
2 AEshg

chroma meter

7. Xl%':“._*il% ?:."%'3t !

A dpAbElE 3 Sinnhuber & Yu(1977)2] 2-thiobarbituric
acid reactive substances(TBARS) o] whet AAHELE A&
0.5 g(Blank: $F= 0.5 mL)7} B-FHAESIA|(3%(w/w) butylated
hydroxyanisol-54%(w/w) propylene glycol-3%(w/w) butylated
hydroxytoluene-40%(w/w) Tween 20) 200 pL, 1%(w/v) thio-
barbituric acid-0.3%(w/v) NaOH 3 mLE vortex-mixingd} 1L,
2.5%(w/v) trichloroacetic acid-3.6 mM HCI 17 mLE A7}t
2 100 Co) A 308 E<F 71935tk A=l 5 mLe} chloro-
form 3 mLE Y41 528 tubeo] YT 20 C 3,000xgol| A 158
ot AAE Y3 & 532 nm(UV-1240, Shimazdu Corp., Kyoto,
Kansai, Japan)ol| A A5 9] T4 =5 A3t FE£FH o
R R blank—l TEEE o83t AR 1 kg mg
malondialdehyde(MDA)Z2 AF&3}th

J|)|I
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8. =Xz =3

A7 9] Z A ZH(Texture profile analysis)<= Bourne MC(1978)
o] HhH o] Z3lo] A3t Texture analyzer(Universal testing
machine 5543, Instron Corp., Norwood, MA, USA; Load cell:
500 N)S ©]-23}9] cylinderical probe(dl cm)E 1 mm/s &=
2 AR 20I(15 cm)®] 50% 274 LSt A% Azt
= 7 =(Hardness, kgf), 37 AJ(Cohesiveness), B3 AJ(Springi-
ness, mm), 74(Gumminess, kgf), %3] AJ(Chewiness, kgf>*mm)
o2 gz

3 P2 B glo]E o] FARAE SPSS(2016)
o|-&sto] AAstTh =Y 7] £Ee] H7bt
pH, Y¥HE 3 9 A4 240 mX|= G2 one-way
Analysis of Variance(ANOVA), = d|7] B29] 7} 2 A
717ko] Az, AAREHE o W 2317 vAl= 9
two-way ANOVAO] o8] 245ttt 2t HHE7H9] 79
Z}0]= Duncan's multiple range testo]] &3} 5% $Fo|l A HSE
stk

ok

ox rlo

2ot ¥ 0

1. pH 2! HIME Si2E

oFAANIER 9 H|EHl CO fiA|E H7KgE 7]
Ero] 3313 AR pH 2 IR g nX]= G
< Table 29} Zth pHE= T27F 5892 AA|A] A5 FollA
FoH o7 7P B A YEFG S H(p<0.05), T19] 7% 6.108
2 RE635ET foFor o pHE H Y TtHp<0.05).

o

Table 2. Effect of drone pupa meal added as replacement
of sodium nitrite and vitamin C on pH value and proximate
composition of emulsion-type sausage

Treatment”
Items
Control Tl T2

pH 6.35+0.01* 6.10+0.01° 5.89+0.01°
Moisture (%) 6548+0.51°  62.44+0.45°  57.71+0.22°
Crude fat (%) 4.17+0.10° 5.49+0.14° 8.7940.15°
Crude protein (%) 27.26+0.66" 253740.73°  21.95+0.62°
Crude ash (%) 1.90+0.15° 5.26+0.08° 6.03+0.01*

*¢ Means£S.D. in the same row with different superscripts differ

significantly (p<0.05).

Y Control: sausage added with 100 ppm sodium nitrite and 200 ppm
vitamin C; TI: sausage added with 6.015% (w/w) drone pupa
meal, 50 ppm sodium nitrite and 100 ppm vitamin C; T2: sausage
added with 12.03% (w/w) drone pupa meal.

FERE 77 AR A= FF 805

£ Auagel A SudEy] Bae Al ¥24% &
319 2414]9] pH7} 4T ol Y] B A
PHA96)7H FE H13] o]k A7 Sy &
o] F7be] e 4Ee] olatety Fo] it Tk By
G ohork, A HBATAN G2 Fo 2F B2
A7t Esfel dhef B vk QIck Kim YMQ017)9] 2316
w2, A BRL Al B7H0e v 4w pHrt
2EgS Byt ohek Wkl /184S pHrt o 4
Holou], o)t £ Aot gA Ak

QUPBE = 2B W 2okl FeKTable 2)2 T2 < Tl

=

oA oz WA Yebgthp<0.05). o]<} vt

T goH o2 B Uehethp<005). £ A3
P A e Bake] Rl S71A4E EEe R
| 9 232 3habo] 7HTH: Lee 5(2017)
ARSI ol2g Aubs H7E 4wy
HE FHEHSE 11.44%, AW 25.38%, &
57.36%, Z3]% 337%)0] 2A1X]9) ANPR T
S T3] dgol, 3], At 2318 G 71
32 Rk $uNdS 288 2aAR ), AEe
25 AZABL Ao T FRUY Bak ol
o, chape] At B8-S TR glom, s MY7]e) 4
© JFET e BT AW BFS AT YTHGhosh 5

2016, 2017).
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2. XAk =4

oFAGEEF B HEHI C| Az H7IeE HH7] &
o] {3 AR A4 240 BX]= P Table 3
3} 2t} B Ao A BAEH 147] XPAHE F Cl6:0(Palmitic
acid), C18:1n9(Oleic acid) ¥ C18:3n3(Linolenic acid) 3+
T27} 27 R}t §91F 02 =4 Yel o m(p<0.05), C16:0
(Palmitic acid) o] 7%, T1 JA| h2FHt}t EA5HA =
2 $£2& BEFTHp<0.05). ¥HHof| Cl16:1n7(Palmitoleic acid),
C18:0(Stearic acid), C18:1n7(trans-vaccenic acid), C18:2n6
(Linoleic acid), C18:3n6(y-linolenic acid), C20:1n9(Eicosenoic
acid), C20:4n6(Arachidonic acid), C22:4n6(Docosapentaenoic
acid) ¥ C22:6n3(Docosahexaenoic acid) 52 T13 T27}1 o
Z2FEG fFoHo2 A YEETHp<0.05). °]F5 Cl6:1n7
(Palmitoleic acid), C18:1n7(trans-vaccenic acid), C18:2n6(Linoleic
acid), C20:1n9(Eicosenoic acid) & C20:4n6(Arachidonic acid)2]
78, T27F T1of| H]8f oA om B2 ek HAthp<0.05).
3} x| HFAK(Saturated fatty acids, SFA) $=F2 Ti1x} T27}
42.40% W 4241%2 219 36.839%K Tt FoF o7 =4



806 ZFAE - Wolzt - ATt - 7)

A

Ll

 RETL PEERRE

A
8

Table 3. Effect of drone pupa meal added as replacement of sodium nitrite and vitamin C on fatty acid composition of

emulsion-type sausage

Ttems (%) Treatmentl)
Control Tl T2
C14:0 (Myristic acid) 1.82+0.06 1.74+0.04° 1.810.03°
C16:0 (Palmitic acid) 22.2242.49° 29.31+1.34° 29.47+1.19*
C16:1n7 (Palmitoleic acid) 1.91+0.07* 1.53+0.05° 1.48+0.04°
C18:0 (Stearic acid) 12.85+0.48" 11.35£0.20° 11.1240.52°
C18:1n9 (Oleic acid) 41.35+1.28° 40.76+0.96° 42.86+0.70°"
C18:1n7 (trans-vaccenic acid) 0.1940.01* 0.15£0.01° 0.1340.01°
C18:2n6 (Linoleic acid) 17.09::0.60° 13.01+0.32° 11.10+0.39°
C18:3n6 (y-Linolenic acid) 0.10£0.02° 0.06+0.01° 0.06+0.01°
C18:3n3 (Linolenic acid) 0.58+0.02° 0.61+0.02° 0.67+0.01°
C20:1n9 (Eicosenoic acid) 0.7940.03* 0.67+0.01° 0.6140.01°
C20:4n6 (Arachidonic acid) 0.8940.05" 0.67+0.01° 0.5740.01°
C20:5n3 (Eicosapentaenoic acid) 0.0240.00 0.01+0.00 0.0140.00
(22:4n6 (Docosapentaenoic acid) 0.17+0.02° 0.12+0.01° 0.10+0.01°
(C22:6n3 (Docosahexaenoic acid) 0.024+0.01* 0.01+0.00° 0.01+0.00°
SFA? 36.89+1.98° 42.40£1.27° 42 41+1.06
UFAY 63.11+1.98" 57.60+£1.27° 57.59£1.06°
MUFA® 44.24+1.35% 43.11+1.02° 45.07+0.73°
PUFA® 18.87+0.67* 14.49+0.33° 12.52+0.41°

*¢ Means+S.D. in the same row with different superscripts differ significantly (p<0.05).

Y Control
50 ppm sodium nitrite and 100 ppm vitamin C; T2 :

? Saturated fatty acids.

% Unsaturated fatty acids.

9 Monounsaturated fatty acids.

% Polyunsaturated fatty acids.

UERGE 2 (p<0.05), %Ei]—xl HXHUnsaturated fatty acids)
ekl T1x T27F 57.60% 9 57.59%2 thZF2) 63.11%
Hoh fojFoz 2 "}E}Li{‘:}(p<0-05)- S7HE EZ A A
(Monounsaturated fatty acids) 2 T27F 74 &2 A2
Fon, thrEE 38X K Polyunsaturated fatty acids) $FF
—4 4 T2 <Tl < 27 ¢« foj¥oz WA Yebgoh
(p<0.05). et & AFolA EE7] 2Ee Hrb= #
3ty 2A1X]9] Cl16:05 BIET AR Hs A SHA
F7HZ Y, Cl8:2n6 H|RSH H7HE23kA 4 S
AASHA HaAFHT 2 ARAao)A 7] B
A7l et [3H8 AR ZIRAE ol S7tska
7R ESA AL ko] gt ol fERYY] B
9] RHRAF ZA4(C14:0 2.00%, C16:0 35.69%, C16:1n7 0.38%,
C18:0 12.48%, C18:1n9 47.55%, C18:2n6 0.64%, C18:3n3 0.88%,
C20:1n9 0.10%, C20:5n3 0.02%, C22:6n3 0.26%, Z3}A]HFAF

: sausage added with 100 ppm sodium nitrite and 200 ppm vitamin C; T1
sausage added with 12.03% (w/w) drone pupa meal.

: sausage added with 6.015% (w/w) drone pupa meal,

50.17%, E3E3FR|HFAF 49.83%, T©7HEE SR HFAF 48.02%, TF
ARESARA 1.81%)0] FFE 1]H7] o]t Ghosh
00162 4 E)7] AZEL] AUt 24 ESA AL
51.0%(C12:0 0.4%, C14:0 2.9%, C16:0 35.1%, C18:0 12.6%),
EIZ SR YAE 49.0%, D7HEZ SR AE 49.0%(C16:1n7 0.6%,
C18:1n9 47.6%, C20:1n9 0.8%)2 A= o] il X 15}
2 gl A1 $18 RSk EE, Kim 5(2018)2
AT AE S HlE)7] AZEe] S A FHET.62%)0]
SR SHA AL FHA238%) R T EA Ut B A8 Askel
SAR AT Bl

3. Az

oPAAUES 9 HIEHI Co| A= H7Ist 4EddH7] &
o] {31g 2R A AR F MZo| nl|= FIF Table
49} 2ok WL, M E@R) L chroma(C)s RE A%
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Table 4. Effect of drone pupa meal added as replacement of sodium nitrite and vitamin C on color of emulsion-type

sausage at 4°C for 30 days

Storage time Treatment”
Items

(d Control Tl T2
0 69.14+0.28° 55.53+0.30° 49.64+0.25®
Lightness (L") 15 68.28+0.46" 55.89+0.14° 50.2240.33°8
30 68.84+0.57° 55.86+0.28° 50.37+0.31°
0 10.12+0.07° 6.600.19° 4.35+0.08°
Redness (a") 15 10.2540.13° 6.66+0.02° 4.17£0.01°A8
30 10.46+0.26" 6.700.15° 4.03+0.03®
0 7.99+0.063 11.42+0.10°8 11.59+0.10°
Yellowness (b") 15 8.70+0.04° 11.66+0.12°* 11.7240.08%®
30 8.58+0.02°A 11.80+0.02°* 12.09+0.12*
0 12.89+0.04%8 13.19+0.11°® 12.38+0.12®
Chroma (C") 15 13.45+0.12*4 13.43+0.09* 12.44+0.08"8
30 13.530.19* 13.57+0.06* 12.7540.11°*
0 38.28+0.38® 59.960.69° 69.400.22*
hue-angle (h°) 15 40.33£0.28 60.27+0.33° 70.39£0.10°°
30 39.35+0.76° 60.400.58° 71.57+0.25*

*¢ Means£S.D. in the same row with different superscripts differ significantly (p<0.05).

AC MeanstS.D. in the same column with different superscripts differ significantly (p<0.05).

D Control: sausage added with 100 ppm sodium nitrite and 200 ppm vitamin C; T1: sausage added with 6.015% (w/w) drone pupa meal,
50 ppm sodium nitrite and 100 ppm vitamin C; T2: sausage added with 12.03% (w/w) drone pupa meal.
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Table 5. Effect of drone pupa meal added as replacement
of sodium nitrite and vitamin C on 2-thiobarbituric acid
reactive substances (TBARS) content of emulsion-type sau-
sage at 4°C for 30 days

Storage Treatment”
Item K
time (d)  Control Tl ™
TBARS 0 0.2740.02°C  0.67+0.03%  1.23+0.06*
(mg MDA?/ 15 0.47+0.07%  0.83£0.04*®  1.29+0.03"®
kg sausage) 5 (5340034 0874010  1.3540.06*

*¢ Means£S.D. in the same row with different superscripts differ

significantly (p<0.05).
A€ Means£S.D. in the same column with different superscripts

differ significantly (p<0.05).

Y Control: sausage added with 100 ppm sodium nitrite and 200 ppm
vitamin C; T1: sausage added with 6.015% (w/w) drone pupa
meal, 50 ppm sodium nitrite and 100 ppm vitamin C; T2: sausage
added with 12.03% (w/w) drone pupa meal.

2 MDA: malondialdehyde.

o] Aksto]| ol A4 #HikehA]d(Lipid hydroperoxides)©] -
FEH 2N THE] A HGomes 5 2003). & A& o] 4] malon-
dialdehyde 3=F2 T13} T27F AAF 0U A HE] JRILECH &
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Table 6. Effect of drone pupa meal added as replacement of sodium nitrite and vitamin C on textural parameters of
emulsion-type sausage at 4°C for 30 days

Treatment”

Items Storage time (d)

Control T1 T2
0 0.47+0.028 0.45+0.028 0.49+0.02%
Hardness (kgf) 15 0.58+0.03%* 0.60+0.01°* 0.67+0.04**
30 0.60+0.02°* 0.63+0.02°* 0.69+0.03*
0 0.86+0.21°" 1.76£0.05° 1.730.05°
Cohesiveness 15 1.29+0.32048 1.70+0.05% 1.7740.02°
30 1.58+0.01° 1.71£0.07° 1.74+0.02°
0 11.7241.59 10.77+0.338 10.49+0.57°
Springiness (mm) 15 13.10+0.35 13.32+40.60" 13.11+0.27%
30 12.95+0.42 13.45+0.78* 13.54+0.12%
0 0.39+0.08"" 0.78+0.01*® 0.860.04°
Gumminess (kgf) 15 0.76£0.17°* 1.03+0.04** 1.18+0.08*
30 0.94+0.04°* 1.07+0.04°* 1.21£0.06*
0 4.65+1.51%8 8.43+0.218 9.02+0.89*
Chewiness (kgfxmm) 15 9.92+42.14% 13.68+0.64* 15.49+1.39*
30 12.21£0.97°4 14.39+0.58" 16.39+0.77*

*¢ Means£S.D. in the same row with different superscripts differ significantly (p<0.05).

AB MeanstS.D. in the same column with different superscripts differ significantly (p<0.05).

D Control: sausage added with 100 ppm sodium nitrite and 200 ppm vitamin C; T1: sausage added with 6.015% (w/w) drone pupa meal,
50 ppm sodium nitrite and 100 ppm vitamin C; T2: sausage added with 12.03% (w/w) drone pupa meal.
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