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Effect of the Addition of Various Levels of Pig Head Meat as a Substitute for Rear Leg Meat on
the Physico-chemical Quality Characteristics of Non-emulsified, Smoked,
and Cooked Sausage during Refrigerated Storage
Sun Moon Kang*, Yunseok Kim, Kuk-Hwan Seol, Pil-Nam Seong, Soohyun Cho, Jin-Hyoung Kim

National Institute of Animal Science, Rural Development Administration, Korea

Abstract

This study investigated the effect of the addition of various levels of pig head meat (HM) as a substitute for rear leg meat
(RLM) on the physico-chemical quality characteristics of non-emulsified, smoked, and cooked sausage during refrigerated
storage. Sausages were prepared in four variations according to the proportion (0%, 10%, 20%, or 30%) of HM added and
maintained at 4°C. Quality measurements were taken for 28 days. The sausages added with the addition of 20% and 30%
HM had significantly (p<0.05) higher moisture and lower protein content compared to those without the addition of HM.
The pH value during the storage period was higher (p<0.05) in the sausages to which the HM had been added than in those
without HM. The sausages with 30% HM showed the lowest (p<0.05) L and b" values and the highest (p<0.05) a” value
during the storage period. The 2-thiobarbituric acid reactive substances (TBARS) content, hardness, cohesiveness,
springiness, gumminess, and chewiness of the sausages showed no significant variations with the addition of various levels
of HM. These data suggest that RLM could be substituted with 30% HM because it does not negatively affect the quality of
the non-emulsified sausage. However, a further study on sausages made with 100% HM instead of RLM may be needed
to improve its utilization.
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LA = e AlFem A o sl RS 7AAL )l

S s AR E RS gARe] ZAF A3 (Korea Agro-Fisheries

AR (sausage)= A5 2 skl &g, ofEAA, & Food Trade Corp. 2020)° W=, 2018 =] £A1A]
A, opiaFEHANIL e GRS} $5, vis T I Fol Ak 9 Akl 77} 14,8208 2 53459 o=
AEe}t Eatar Aol e T8 & T e TASH] & =S} g8t 2.6, 5.8%% S7HiTE. FFol= =)
A 71 e WA WES SRR, AASst vzt AR T At duf e Q1 ze] 1917Hs),
A= FHe] g FFP0E 973 AFo|th(Kang et al. w3ko] Sk HMRARS] 8438 502 Q8 Al S71e
2018; MFDS 2020). BrEAAXE A2k 5322l AA]A] Aoz AnteEc) 3k 2018300 AR F 59 AS7E=E
= A HA A T ARE AU o] HEAlEHE of dEFOZ AMSH 282 66336922 A% tiH]
ehds] Srsket 73t AR S @] As B ES 13.2%2 Z7}F3ith(Korea Agro-Fisheries & Food Trade Corp.
T Blfs AAA R EREY B dES3 A 2020). ol =HAA7], Ha7] B Ha7|7F 2H2E 322,496,
2 Ode S 3 910 As JAES o8 ¢ e 268,825t B 72,0482 AL 7MY =2 WSS A
Uk ofuzg}, ofe] TS A8 o] AR AL S MRt ofe}, AWx tiH] S7HEE 20.8%= 7F
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715 el A, AAxF, dAS AASAL, s
715 2 Azt o2 A3 U3 meat chopper (MS-128,
Hankook Fujee Industries Co., Ltd., Suwon, Gyeonggi-do,
Korea)?] 5mm plate® #3301 #4182 sicke|
710l thet MBaz]e] el 5=<2(0, 10, 20, 30%)° =t 4
N AYTFER URE <Table 1>¢] wigh]ol] wa} AAIXS
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H, ¢4 F olA~m= HARS E317](RM-40, Mainca Co.,
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F 5 GAgE & oA D= 123 YA 3
T 9a 1587 Eetdth e fEe ﬁo%—ﬁﬂ(vmo,
Handtmann Inc., IL, USA)E ©]|-&3l] fibrous casing (¢p6
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<Table 1> Formulas of experimental sausages

Head meat level (%)

Items (%)

0 10 20 30

Pig rear leg meat 80.00 70.00 60.00 50.00
Pig head meat 0.00 10.00 20.00 30.00
Ice water 15.87 15.87 15.87 15.87
Salt 1.40 1.40 1.40 1.40
Sugar 1.30 1.30 1.30 1.30
Sodium nitrite 0.01 0.01 0.01 0.01
Phosphates 0.20 0.20 0.20 0.20
Ascorbic acid 0.02 0.02 0.02 0.02
Black pepper powder 0.20 0.20 0.20 0.20
Coriander powder 0.20 0.20 0.20 0.20
Nutmeg powder 0.10 0.10 0.10 0.10
Mustard powder 0.10 0.10 0.10 0.10
Ginger powder 0.20 0.20 0.20 0.20
Garlic powder 0.20 0.20 0.20 0.20
Onion powder 0.20 0.20 0.20 0.20

Total 100.00  100.00  100.00  100.00

digital thermo recorder (TR-71wf, T&D Corp., Nagano,
Matsumoto, Japan)E |83 =7gsI3it}. 71Ex2)7F 9= 4
2AAE 32 B B7F F4% 2571 10°C ©J3kE ¥
oA wi7pR] Wzbstar, 21E32743s $ 4°C (DS-95P Flesh
Cold Storage, Dasol Scientific Co. Ltd., Hwaseong, Gyeonggi-

do, Korea)ol| 2827+ A4 elHA] EAEANS B39
2. dHbYE SEF =H
SR, A, whd g 3R ke 2z oM ER)

(FoodScan™ Lab Type, Foss Analytical A/S, Hillerod,
Hovedstaden, Denmark)E ©]&3] Z435l3tt HF ZAde=
A& 100 gF go 2 =39t

3. pHEH

pHE Seyfert et al. (2007)0] A|AEF Wol] wa} AA]s}
Ak AR 10gd 575 90mLS 27% 72 7](PT-MR
2100, Kinematica AG, Littau, Luzern, Switzerland)Z 968xgl|
A 137 &9 v pH 574 7](SevenEasy pH S20K,
Mettler-Toledo AG, Schwerzenbach, Zurich, Switzerland)ell
sls) 233tk

4. TBARS gzf =3

TBARS (2-thiobarbituric acid reactive substances) 3
©] 42 Sinnhuber & Yu (1977)9] WS o]-83t] AA|
Tt 0.5 g9l A& (blank= S /S 0.5mL ©]-8)E screw-
capped pyrex tube (25 mL -&3F) ¢t @, E3gt atalsiA|
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(propylene glycol:Tween 20:BHA:BHT=54:40:3:3) 200
mg, 3mLe] TBA (1%)-0.3% NaOH (0.3%) ¥ 17 mL9]
trichloacetic acid (2.5%)-HCl (36 mM)S &7}t th 100°C
water bathol|A] 3087} 7FE3ISITE Tubedll 35243} chloroform
S Zt7F sml¥ 2& U2 3,000xg (Avanti J-E Centrifuge,
Beckman Coulter, Inc., Fullerton, CA, USA)Z 15% &<t
AR AT °]F 532 nm (ProteomeLab DU-800 UV/
Visible spectrophotometer, Beckman Coulter, Inc., Fullerton,
CA, USAYIA 5de 335 S0, HF 43
+ mg malondialdehyde (MDA)/kgS 2 ERNATE

5. Tied Az A

Chroma meter (CR-400, Konica Minolta Sensing, Inc.,
Osaka, Kansai, Japan, Japan)Z A& THHe] M (L*), A
E(a¥), FAE(b*)E #4310k Chroma meters A 2
Aol calibrate plate (light source: illuminant C; L*=95.01,
a*=—-0.71, b*=3.69; CR-A43, Konica Minolta Sensing,

Inc., Japan)E ©]&3] HAY3IAT)

6. 5 Ojo|2==H! a2 £H

% vlo] L FZE R (myoglobin) &9 &% Sammel et
al. (2002)¢] MW e ol8-lo] AASAT. AR 4¢3} 2°C
Wele] =/ 20mLS 2% 2 7]|(T25 Digital Ultra-
Turrax, lka Werke GmbH & Co., Staufen, Baden-
Wiirttemberg, Germany)Z 1,296xgollA] 127+ &3},
2°C, 30,000xg (Avanti JXN-26 Centrifuge, Beckman
Coulter, Inc., Fullerton, CA, USA)°IA 30%7F 9141823k
< filter paper No. 1 (Whatman International Ltd.,
Maidstone, Kent, England)©-Z 35S o33}t o] %
THA] syringe filter (045 um)E F3 o3}l UV-vis
spectrophotometer (UV-1280, Shimazdu Corp., Kyoto,
Kansai, Japan)Z 542 nmollA] 455 A3 A5 2
= wlo| 9 ZF@ul o] B2 (Drabkin 1978; 16,110) 2 E&
B (Bowen 1949; 7.6 mM™' cm™), A 72| 3AujE o]

83l mg/gS = UERAUTH
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Z 2 ZH(texture profile analysis)®] %2 Bourne (1978)
o] Wl we} AAEATH AEE 7ER 2.5 emx A= 2.5
emxE0] 15emZ AP, A7 1cem? cylinderical
probe’} ZE Universal testing machine (Model No.
5543, Instron Corp., Norwood, MA, USA; Load -cell:
500 N)o.2 A 59 HAFYS 1 mm/secd] 2 50% T
7HA] 23] kel HF A3 7= (hardness), 54
(cohesiveness), B+ A (springiness), 7 /d (gumminess), % &)
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o] FAHp<0.05). A TF ThA skeke w175 20,
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<Table 2> Effect of addition level of pig head meat as a substitute for rear leg meat on the proximate composition of non-emulsified, smoked,

and cooked sausage

Head meat level (%)

TItems SEM"
0 20 30
Moisture (/100 g) 72.72° 73.01% 73.40° 73412 0.07
Fat (g/100 g) 422 420 424 0.03
Protein (g/100 g) 19.92° 19.66 19.29 19.23° 0.11
Ash (/100 g) 3.13 3.11 3.12 0.02

“bMeans in the same rows with different superscripts differ significantly (p<0.05).

DStandard error of the means.
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<Table 3> Effect of addition level of pig head meat as a substitute for rear leg meat on the pH value of non-emulsified, smoked and cooked

sausage for 28 days at 4°C

T Storage time Head meat level (%) _—
(day) 0 10 20 30
pH 0 6.20<¢ 6.25% 6.26° 6.280 0.03
7 6.25% 6.29" 6.29 6.33% 0.03
14 6.23¢ABC 6.265¢ 6.26° 6.32:8 0.04
21 6.22°8¢ 6.27°48¢ 627 6.29%P 0.03
28 6.24°A8 6.20PAB 6.29 6.29°5¢ 0.03
SEMV 0.02 0.02 0.02 0.02
Significance?
Head meat level Hokok
Storage time ok
Head meat levelxStorage time NS

““Means in the same rows with different superscripts differ significantly (p<0.05).
APMeans in the same columns with different superscripts differ significantly (p<0.05).

DStandard error of the means.
INS: not significant; ***p<0.001.

Szo] Z7VRSE AR 4

7)) thA|

7¥staL @l Fhge g olfe 2AA ]
S 2 o]83 W337](mean+SE: 75.85+0.19 g/100 g)
o] S ko] Sitke]aL7](74.10+£0.26 g/100 g)H.t} A3}
Al =RX(p<0.05), A FEF(HB 7] 18.89+0.03 g/
100, T 27]: 22.49£0.35 g/100 gy k7] wj&Eo|t}

(p<0.05).

2. pH

A stk azr]e] A 24 wE|arr)e] H7p gl v
T3 A 718 AR 9] WA S pHAl vRE 9%
2 <Table 3>3} 2t} #BA1719] H7F 72 B A7k
Hlf3k AAA1e] pHell @A FEE PIX= 0=
ERE O L (p<0.001), HEaL719] H7F 23 A7k )
TAELS jle AR UETHp>0.05). MEar]e] H7t
ol & ¥H3kE 2A1A9] pH AfolE HH, wEla7]e]
A7 o] SIS wet fejHoR Flsle] RE A%
717F B HEIIE 30%E H718E AAIR| 9] pHYT 0,
10%= H7HeE AR R {202 =2 £X5 UER)
ROH (p<0.05), 10, 20%= H7FeF 2A17]9] pHZF 0%= 3
7¥eE AR fFolH 02 e 3he B FUTHp<0.05).
A7 7] i B3k 2A1A]C] pH HskE BH, HA]
HE 7S 0, 10, 30%= 7 2A1A] pH7E A% 7Y
Aol] F-o]H o2 F71e1d (p<0.05) 0]F-2] #4717k 5 A
2 0UET =& FAE B E APAHNA A #E
1719] A7 ol Sl weEt vlfslE &A1) pHYE
S7He olfre A&AIXY YESoZ o]gd HEaY]
(5.83£0.04)2] pH7} S2]AL71(5.66+0.04) 2.} FAeHA =

oA

-

%71 W] th(p<0.05). S AW A FHEL YEFOZ H
A kg ar] gialel] HBEAZ1E 0%el4 20%7F4] 7
< o, #A7F ol Sl wet siE]e] pHYF frelAos
Z7}18tR= Choi et al. (2016b)2] B39} FAe A3t}
3. TBARS &zt

2] Sitke]ar]e] giAEA wEar]e] #Arr ol M
frold T 7FE AR WA F TBARS Eagel w1
2= G2 <Table 4>9} 7}, AR7|7H HIH31E 24
el TBARS &l fej&og JFs vxe 302

%O (p<0.001), HRIL7|S] H7F e wE folFQl
W WBlar|e ke 2 A7 dsaee §l
ATHP>0.05). AF717kel] w2 v]§-3813 2A1A]2] TBARS
S AvE 1A #2529 TBARS &3
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<Table 4> Effect of addition level of pig head meat as a substitute for rear leg meat on the TBARS content of non-emulsified, smoked, and

cooked sausage for 28 days at 4°C

T Storage time Head meat level (%) _—
(day) 0 10 20 30
TBARS? 0 0.27¢ 0.29° 0.29° 0.29¢ 0.01
(mg MDA?Y 7 0.28¢ 0.30° 0.30° 0.30° 0.01
/kg) 14 0.328 0.33€ 0.35¢ 0.368 0.02
21 0374 0.38" 0.38" 0.3948 0.02
28 0.39* 0.424 0.434 0.434 0.03
SEM" 0.05 0.05 0.05 0.06
Significance?
Head meat level NS
Storage time ok
Head meat levelxStorage time NS

A-DMeans in the same columns with different superscripts differ significantly (p<0.05).

DStandard error of the means.
22-thiobarbituric acid reactive substances.
YMalondialdehyde.

HNS: not significant; ***p<0.001.

W= G2 <Table 5>¢} 2t} H37]9] H7} 75 4
A7k vf51 AR S] WELY), A %) 2
A (b*)el] fFolHoz JaFe rx= ZAoE Yepgon
(p<0.001), MBla2719] A7} F23 AG717re] e aeS
AATHP>0.05). 2AIA 2] HEE BE AF77F 59 w3l
a1719] A7} o] STl whet 30%>20%>10%>0% &
02 F& FAE HERIALH(p<0.05), ENNRE)
TS0l A 7Rl FolH oz F7Fskd (p<0.05) A7 0
YHT} 2 FAE Btk s MBS 30%= 3
7heE AR 7 BE AR B9t 7P =3k (p<0.05),
10, 20% 7} 2AA7}F 0% A7} 2AAHT folFoa =
o ZHe B FUTHp<0.05). g+ A7) 7k WE H)-5-3}
2AA Y] AAEE B RE 2AR] ATEA A%
AA ol fFo]H oz 7H4sled (p<0.05) A7 0L KT v 4=
g Btk == MBS 30%= H7FeE A7

S 1

=
=

= ot v
X

A= F7H o= HRA|7L 8
T % (46.64+0.23, 55.08+0.91) 2 A
(8.53£0.58, 10.860.18)9} =2 Z A %=(14.28+0.44, 10.56+
0.30)5 7H7] w20l th(p<0.05). M aL7]e} Slvke] 7|7t
o] A7Zko] xto]7F YRt o]f= ZEAQ1 91 ME A
(2.96+0.19 mg/g)e] % wlo] LF =W (myoglobin) &&Fo] S
2] 3271(0.95+0.04 mg/g) B ot A A =%7] wEelth
(p<0.05). Flo] e FZNE 7|9 AZ4S Yehfls A T
80-90%= =A|oPH, YRk o E wlo]oF=EN] o] &
TE 718 HEE fastal AN EE FTkste] Azo] ¢t

AL a1 o

o

Mo 7 nHATtH(Boccard et al. 1979). =3+ 2 AFA3=
Adelz7)e AR WIS 0%lA 20%71R] 7St
of 731 2AIAE AXAS W, F7F 7ol SIS
AR HE, AT W STy BE 7t Choi
et al. (2016a)2] B9} A FALEA T

5. ==&zt

HA] Stk arr]e] AZA wE|arr)e] Hrt o] H]
3k T 71E xR o] WA T 2470 vXe o
SRS <Table 6>} 7t} #77|7ko] 74 % (hardness)ot €
’d(springiness)°ll oA 02 FEFE vX = AS=E e
O} (p<0.05, p<0.001), W79 H7F = 2 #4717k}
o] 528 FolA FFS PIAA FE o= YR
THp>0.05). -5/ (cohesiveness), 7/d (gumminess), 314
(chewiness)®] 735~ MBlar7]e] H7}F <2, A7 & o]&
o] A5 zgo] og YIS A dE Ao Yeyt
(p>0.05). A717HE ¥If8lE AR A 9 BEds
ARRH, A WELE 30%E F7EE 2AIRGA A
2 7dR0l FrelH oz FUke 202 YR O U (p<0.05),
AG717E7 e Tl Maks 1o)X ot ©EAe] 7
T HElAZE 0, 10%= H7FE AR A Z42F A 7Y
2 14970 27l s Ho] FJATHp<0.05). Choi et
al. (2016a)y2 =j#] Sitke]ar]el gk W3l r)e] i) 4=
o] 20%7FA S ¥l wet §318 A9 A=, A4 2
3ol asi oy, gy 9 P2 ol Aol
£ Ho|x] egitky Bysin) B A
Feb g Ax, 34, B, A4 2 A8 BF HEl
2719] 7t ol W dAE 2j0)5 YA 2o

& A—"T,
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<Table 5> Effect of addition level of pig head meat as a substitute for rear leg meat on the internal surface color of non-emulsified, smoked, and
cooked sausage for 28 days at 4°C

s Storage time Head meat level (%) —
(day) 0 10 20 30
L* 0 61.07° 60.20™ 5848 57314 1.56
(Lightness) 7 62.12% 60.86** 58.82AB 58.174BC 1.83
14 62.19* 61.51° 59.39°4 57.84% 1.35
21 62.44% 61.27° 59.67° 58.75% 1.52
28 61.94 61.18"8 59.75%¢ 58.779A8 1.68
SEM" 0.58 0.57 0.62 0.68
Significance?
Head meat level HHE
Storage time HHk
Head meat levelxStorage time NS
a* 0 9.02¢* 9.44° 9.97" 10.53* 0.63
(Redness) 7 8.5948 9.23B¢ 9.75%¢ 10.13%8C 0.56
14 8.60% 8.928¢ 9.39 9.988¢ 0.49
21 8.44% 8.69°C 9.42°8¢ 9.67°¢ 0.54
28 8.46% 8.91¢A8 9.15%8 9.71*8 0.63
SEM" 0.23 0.32 0.34 0.37
Significance”
Head meat level ok
Storage time HE
Head meat levelxStorage time NS
b* 0 8.94* 8.98° 8.83WAB 8.69% 0.17
(Yellowness) 7 8.74° 8.65% 8.86** 8478 0.29
14 8.85% 8.75% 8.89°* 8.37'8 0.22
21 8.63° 8.59° 8.54%8¢ 8.32% 0.16
28 8.62° 8.71° 8.32¢ 8358 0.16
SEM" 0.19 0.19 0.27 0.17
Significance?
Head meat level Hkk
Storage time ok
Head meat levelxStorage time NS
**Means in the same rows with different superscripts differ significantly (p<0.05).
ACMeans in the same columns with different superscripts differ significantly (p<0.05).
DStandard error of the means.
INS: not significant; ***p<0.001.
A7} FFo] Z7Kgel Wk £AHOR AP RS )T IV, Qo g A=
o] B 1w, Choi et al. (20162)2] 318 XA &} GALSH &
4 HistE HQl 2o & AlsEh g Agdre] 7318 B e dJiA soEar]e] dAlEN mslar]e] ot
ARl HEG7)e] 7t el et # PR Y ol 3t T 7M. AR e WA T olstery
23 =4 Aol HEPiE olfe= @id £471E ol&st FAEA mixle e A AAsiTh FAAE
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<Table 6> Effect of addition level of pig head meat as a substitute for rear leg meat on the textural parameters of non-emulsified, smoked, and
cooked sausage for 28 days at 4°C

Storage time Head meat level (%)

1)
ltems (day) 0 10 20 30 SEM
Hardness 0 1.52 1.45 1.75 1.24° 0.32
(kg 7 1.63 1.79 1.77 1.944 0.26
14 1.53 1.56 1.72 1.67° 0.20
21 1.56 1.42 1.81 1.738 0.23
28 1.78 1.78 1.63 1.88%8 0.14
SEM" 0.22 0.23 0.22 0.33
Significance?
Head meat level NS
Storage time *
Head meat levelxStorage time NS
Cohesiveness 0 1.40 1.54 1.62 1.17 0.31
7 1.53 1.40 1.63 1.20 0.17
14 1.66 1.41 1.42 1.39 0.15
21 1.66 1.47 1.36 1.30 0.22
28 1.40 1.50 1.48 1.42 0.11
SEMV 0.20 0.18 0.20 0.16
Significance?
Head meat level NS
Storage time NS
Head meat levelxStorage time NS
Springiness 0 9.29* 8.77* 8.38 8.69 0.44
(mm) 7 8.14° 8.45" 7.96 8.55 0.57
14 837" 7.58" 7.33 7.71 0.50
21 7.948 7.528 7.48 745 0.46
28 7.78" 8.32* 8.24 8.09 0.49
SEM" 0.67 0.59 0.58 0.69
Significance?
Head meat level NS
Storage time ok
Head meat levelxStorage time NS
Gumminess 0 2.15 234 291 1.48 0.89
(kgf) 7 2.46 247 242 2.33 0.23
14 2.56 2.19 244 2.40 0.38
21 2.62 2.09 2.45 2.27 0.42
28 2.54 2.68 243 2.69 0.32
SEM" 0.52 0.43 0.51 0.52
Significance?
Head meat level NS
Storage time NS
Head meat levelxStorage time NS
Chewiness 0 20.00 21.07 24.53 13.03 7.49
(kgfxmm) 7 20.26 20.93 19.34 20.14 2.64
14 21.46 16.51 18.06 18.59 3.58
21 20.67 15.86 18.39 16.78 3.40
28 19.78 22.50 19.79 21.76 2.54
SEM" 4.14 4.40 4.67 413
Significance”
Head meat level NS
Storage time NS
Head meat level xStorage time NS

ABMeans in the same columns with different superscripts differ significantly (p<0.05).
"Standard error of the means.
INS: not significant; *p<0.05; ***p<0.001.
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