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Abstract

The aim of this work was to analyze the effects of salt and NaNO, on weight loss, proximate compositions, chemical
parameters and texture characteristics of dry-cured ham processed using Korean methods. Four different treatments were
considered: The HS group of 3 hams (11.30 kg) was salted with 9.2 g/kg salt (w/w) (high salt batch), the HS+NaNQ, group
of 3 hams (10.65 kg) was salted same as HS group and added 100 ppm NaNQ,. The LS group of 3 hams (11.42 kg) was
salted with 6.2 g/kg salt (w/w) (Low salt batch), the LS+NaNO, group of 3 hams (10.62 kg) was salted same as LS group
and added 100 ppm NaNO,. The highest weight losses took place at the drying stage (27.46, 28.25, 26.99, and 28.42%).
However, there were no significant differences in the weight losses between treatments (p>0.05). The moisture content was
significantly affected with addition of NaNO, (p<0.05), the LS hams had significantly higher moisture content than
HS+NaNO, and LS+NaNO, (p<0.05). The level of salt and NaNO, did not affect the fat, protein and ash contents. The hard-
ness and chewiness in biceps femoris muscle from LS hams were significantly lower than in the muscles from HS+NaNO,
hams (p<0.05). The NaNO, did not affect the texture characteristics of dry-cured hams. The processing conditions signifi-
cantly affected the chemical parameters of biceps femoris muscle (p<0.05). The water activity in biceps femoris muscle
from LS hams was significantly higher than in muscles from HS and HS+NaNO, hams (p<0.05). The salt content in biceps
Jfemoris muscles from LS+NaNO, hams was significantly lower than in the muscles from HS and HS+NaNO, hams
(p<0.05). The NaNO, treatment did not affect the NaNO, content in biceps femoris muscles (p>0.05). The processing con-
ditions did not significantly affect the lightness (L), redness (a), and h° of biceps femoris muscles (p>0.05). The yellowness
(b) and chroma in biceps femoris muscle from HS+NaNO, hams were significantly higher than in the muscles from HS and

LS hams.

Key words : salt content, NaNO,, dry-cured ham, weight loss, Korean environment

=

[

M

SEvehe A9 B kMR HE 9 uldE
A7t FEiah, 20039 SnS1E g3 ZA oshd
MERY9] AL AAEES 30-40% HEo) SN} 2B
A AEEE 78 9399 ol2x o, udE F99)
A, Joe P 7R ¢, Aagel 71 vbs

*Corresponding author : Pil Nam Seong, National Institute of
Animal Science, Suwon 441-706, Korea. Tel: 82-31-290-1699,
Fax: 82-31-290-1697, E-mail: spn2002@rda.go.kr

493

7R S
AEE 2eHIAE0]

A7) S FHE FE o]8s Axske AY
P AFFAFLEA, AAHCE 3R, 2}
elggloh, B3Es), AFBE=) Tol & LA



494 SIREAIZSIS|X| K287 |45 (2008)

o}, Sl o3t Aae] A T AviE
7} A9 gk o] 2 812 (jamonye 2000 9t R &
Ao 2.2 iz], HYYG, AAF F7), Az o]

&3] Theo] e jlon, ZtEAe]stA] Wi HAE A

o, iz Stels FAZ o] &t ®
welA] AEHQ) G AFPHS E Ea} 1\]/\4 040] z
oA AAAE o] 838l Axdh W o|thJames er al,
1979).

ALY AZe THWRE 238 FFAYIL, FHA7)
= 34 aglx Gl 25 xRAolge F 7HA
2 A 7125 Fa At} ol AAEY 542 F
B8 awys AAAA BE ST A s
EAo] WE =2 Z3l=d THSemra et al., 2005).
AFE AT B8-S dAshs Edon, 493 AY
Al 7 5k WA Okf’— T R dFE o &
FTHEFe HE AFS Asshe 2R 270 #8517
A8l AgHoT AT gt AN AFTge] £
502X 27 BAE 2 7HA 2ol opHUL
Az £3 ofE FAWIES F AT Andres er al,
2005). mEtA AGH Az A Hohy dES WHEe
»3%e AASh, AL Qo) 23AYFo] B
G v 5 gk Ag sk Ao 53 vﬁ_O}
THAndres et al., 2005).

A2 (nitrate) T oFALAA (nitrite)2] FAAEA] ARE-
£ Haldane(1901)) 93l HuEglon o)5e] 49 &3}
09389 AFA F9 dor, F53 FHFA(Cho
and Bratzler, 1970) 2 & #||(Greenberg, 1972)2419] &
g s Aoz nusln o] Wi thie) 491
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ok 2 AvREY] A% digh 2 BHeF A}
B Aol g whdo] Slo] AR Algkshe FAlll T
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= AeeFat obdatd A 5l g3 Aty T
ZH, pH, AFY gubgE, siety 54 9 234 54
o o3t JFS nAeAE ZAKILAL A8,
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z319eh X Al 1R SAHY D@4
rhe AFEEl AR A PEAeE wEb o

Astaet. &7 FEETFE PN ARl oE
442 7E Weglon, HS HeltE 228 e 74

o] FA
LS A+

9] 9.2% Hz], HS+NaNO, A& L£F&
9] 92% A8kl oFEArEE 100 ppm A2,

E 42738 Atk A9 62% 8], LS+NaNO, 8T
E A7 2o FAY 62% XEsha olR4tEE 100
ppm AZEATE GAE L5 14°C, AhEE 75-85%%]
WAAoA 27047t AAIEATE AlAE 2F 6A]el £
92§ Oed oby oAl 2EAIHE mR|a, T A
23 Bol| 3A1ZE BT Hojx] #oF ks Jol g

o] & Esla, 15X T Az 2 ARG ARQ
9 179-59 169) 2 A58 179-108 169) /i€
2 AAEL 28 9 AR F 254 FE vske
935 3X]-44) Alold] A8} o, Fig. 13} Fig. 29) &
o2 AZXHA

ZZA 0|518H8 =M TA}

AzxAA 7 3134 TS S 485, g4 = 1
Z F, 54 3 Sve FAE S5 2z 9@Ad 3
282 A5l st Tkt Azt ¢Ed JAoe
E olaletd BEAS BAs] 8l daste] tE LY
Z(m. biceps femoris)yS v:\:‘/] steo] Aol FABA. &
2, g, A g 32 AOAC(2000) el 28l &
2310k, FEEYEE 25°C 20X FEEHESAY]

(Novasina AW SPRINT TH 300 instrument, Pfiffikon,
Switzerland)2 AFE-3l} ZAVEIH O, pHE &HA Al
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Fig. 1. Temperature during drying and aging.

100
90 A
80 -
70 . * . .
60 * .

50 fo o *

Humidity (%)

40 .
30
20
10

0

0 5 10 15 20 25 30 35
Time (wk)

Fig. 2. Relative humidity during drying and aging.
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AlE 3 gS S/ 27 mL ) T2 7](DE/X520D, CAT,
Germany)E 14,000 rpmol| A 13-7F 723} pH meter
(SENTRON ARGUS-X, Netherland)& 2439}, 9%
wet matter)= %A (Takemura, TM-30D, Japan)S A}&-3}
of £431%9en, VBN &4 FRMA(1975)9] S
ARgEHRTt. obEAe FEe AOAC(ZOOO) el sl
AL, Z2Ee] 242 ARE B8t 50g8 AT
& AA st %iﬁ]UﬂEi(Model 1261, Parr Instrument
Co., USA)E #4at4tt. 7|A4 S454L vgF4
L(Biceps femorisys F2}0 2 Adsled AkHo|A Chroma
meter(CR 300, Minolta Co, Japam)= WIE(L), AN %
(2), FAE(b)E CIE Zt0.2 245151, A% (Chroma)y=
(@2+bH2, A ()= arctg[b/ax(360°/2x3. 12 AlAFeFS]

on, BFHE Y=90.8, x=0.3144, y=0.32102] WA}
AT 247 2Re dERRae 244 W
of ZZto 2 |38} Instron Universal Testing Machine
(Model 4465, Instron Co., USA)C.E 33] &43}gom,

HAZAL sample height 2.54 cm, puncture diameter
12,73 mm(0.5 inch), load cell 50kg, cross head speed
100 mm/min, AYA2]E HEE]9] 80%RA0H, 44
Ak Malcolm(1978)9] S AMS-8F3Th.

SHXE]
A& ATR= SAS program(SAS, 1996)2 o]-&ate] #4k
4 9 Duncan®] TF33E A8t AgFzte] freo

A (p<0.05y& ARFAT

AL

d3 % 1d

AL AR AYYS AL & 2L
2 24 A%, 2FNY 2% oHIVY W AR
@A, 2 ur S5 T A FRgLE

X
o]0 J5re 1) ] 2] ol AFAT FF 6.2% o)
dqMT AgAe FEo] FHA QS nAA ge
ROZ UrE‘r‘z%EHp>0-05)(Table D). Y F T
&8 3.87-4.86% TEO19TL, AZIFANE 26.99-28.42%,
54780 AE 10.24-11.83%2 xhﬂ FHaEL 3476-
36.81% FFolAnt. A=A %ﬁ:% AZ717H2
2 179-5¢ 16%) B 7 ”LOl HAEg o, theol
ST, X7 T Andres 52005y o]H|E]
< AEY 2470l B AN ABE £F AsrErd
O 60 g/kg, 30gkg F 7HA FEoE thEA P o)
FAHA T FA T AZHAANA 60 gkg A2t FA
ZFeko] ] Wtk H31Eto, 11 o]f+= ARt ¢
& o] o B3] Wiielela Baste] 2 g9

Ao} o 438 nasiged oleg ol e
a3AY 529 Aol BEA A 2ok,

Table 1. The effects of salt and NaNO, on weight loss of dry-cured ham

Weight loss Hs" HS+NaNO,” Ls® LS+NaNO,"
End of curing, % 4.40+0.30* 4.86+0.65 3.87£0.42 4.38+0.80
End of drying, % 27.4610.65 28.252.16 26.99+0.32 28.42£2.76
End of aging, % 10.39+0.62 10.24£1.10 10.64+0.42 11.83+1.50
Total weight loss, % 34.99+0.69 35.55+2.70 34.76+0.59 36.81+3.49
*All values are mean+SE.
PHS : high salt [9.2 g/kg salt (w/w)].
PHS+NaNO, : high salt [9.2 g/kg salt (w/w)] + NaNO, (100 ppm).
MLS : low salt [6.2 g/kg salt (w/w)].
MLS+NaNOQ, : low salt [6.2 g/kg salt (w/w)] + NaNO, (100 ppm).
Table 2. The effects of salt and NaNQO, on proximate composition of dry-cured ham
Composition HSV HS+NaNO,” Ls¥ LS+NaNO,¥
Moisture, % 50.29+1.15%® 48.09£1.16° 53.10£1.03 48.12+2.08°
Fat, % 6.15£0.55 7.45+0.90 6.05£0.51 8.45+0.79
Protein, % 32.7120.85 33.30+2.12 32.92+1.07 35.05+£2.26
Ash, % 1.13£0.11 1.05+0.11 1.08+0.04 1.39+0.13

® Values with different superscripts in the same row differ significantly (p<0.05).

*All values are mean+SE.
DHS : high salt [9.2 g/kg salt (w/w)].

YHS+NaNO, : high salt 9.2 g/kg salt (w/w)] + NaNO, (100 ppm).
2 - g gikg 2

ILS : low salt [6.2 g/kg salt (w/w)].
4>LS+NaN02 : low salt [6.2 g/kg salt (w/w)] + NaNO, (100 ppm).
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AAgAAN M Az 73] AT 2 A5 A
g T3 oA H7F fFU PiAe 93 AN
A, AGHZHLS)7 oHEAES A3 ngdA T
(HS+NaNO,)9} o}d414-S A2jst A9 ]2]7(LS+NaNO,)
B} FE§HEFo] E3%THp<0.05)(Table 2). A3, T
A g, 37 e Ay £ obEdE Al
ABFS W] 2HTH(ps0.05). Andres S(2005)% 4159 £
At &3t oIt T1EF HETFLNZ (m. biceps femoris)
oA 1 HET60 gkg)d] TEgHEo]l A9 AHT(G0
gke)®] FEIIFHEL fojF o2 Fgitha Husigln). of
A At A vy AEY SR 5 e
o HXe Yol tsiA 71E Haud AEe glov £
A A3 A5AE 62% FEdAe FETES A4
7l=dl ¢S vR= AoZ vET

AFF ] 227 AgAE] FEY obikge] HAE
QS ZAFSE A7}, Z X (hardness)?t %Al (chewiness)
& AGTHLSPIA FolA ez 7HE Etth(p<0.05)(Table 3).
€l A (springiness), -3 4 (cohesiveness), 73/ (gumminess)
1M ATzt f2A80 Abolzt viehdA] edshe}. wEgt
P AHele A9dlY] 240 9 AR =
A02 FAEATHp>0.05). AL AEH F2E 37
k=t Qo] 83 EACE Serra 52005y AR 5

2

O

-

= ol A9Y TR
FEGAE D 583 Aol gl

Z2H EAHEL 2
™, 243 A E(hardness)= FREEAE R FEETH
H XA Lo AAAASE 71X, 2244 (cohesiveness)

W
)
2

7} & A (springiness)S TR B AFA Gl B
BAZE kT Ryt 22 A4AE = SR
3 227 A= Abole] o] JBIAE Bt o
(Monin et al., 1995; Virgili et al., 1995; Monin et al.,
1997), Tabilo $(1999)% IR & A|Z3+ AGHe| 5
A2 AZ3 AFPRT} FEo] 29k, HIg 2y
AT FFA SR 29 43R A9y A
= o gttha Husiig B AYelMx el
8oz & APFLS) HEFHUZ %= (hardness)
9} A8 A (chewiness)o] frejF oz vk ANE Yepd
TH(p<0.05).

AR A A Az AAWY ey A gAY
FE3 ofdatd #H7F A7t viXE QEe AN E
3, ALY EFLEIYTY YA S(water activity)=
2FAY FF0] BE5F FoHoR e FES Ve
WA (p<0.05), pHE AF3E] 53 ofdridd o
&S W] QITHp>0.05)(Table 4). Z19Y F=s L84

o) 420 B84E foHoR B AL Ushige

O

Table 3. The effects of salt and NaNQ, on texture parameters of dry-cured ham

Item HSV HS+NaNO,” LSY LS+NaNO,”
Hardness (kg) 12.09+0.89* 13.26+0.68* 9.32+0.58° 11.88+0.88*
Springiness (mm) 25.97£1.23 25.16x1.44 26.90£0.72 25.12x1.07
Cohesiveness 0.40+0.02 0.41+0.01 0.40+0.01 0.43+0.03
Gumminess (kg) 4.91£0.61 5.44+0.26 3.75+0.13 5.110.70
Chewiness (kg*mm) 126.08+10.58% 136.22+5.34% 100.79+0.70° 127.12+12.90%
% Values with different superscripts in the same row differ significantly (p<0.05).
*MeanzSE.
DHS : high salt [9.2 g/kg salt (w/w)].
2’HS+NaN02 : high salt [9.2 g/kg salt (w/w)] + NaNO, (100 ppm).
IS : low salt [6.2 g/kg salt (w/w)].
4’LS+NaN02 : low salt [6.2 g/kg salt (w/w)] + NaNO, (100 ppm).
Table 4. The effects of salt and NaNO, on chemical characteristics of dry-cured ham
Item HS" HS+NaNO,? LsY LS+NaNO,
Water activity (%) 86.03+ 1.03™ 85.42+ 0.61° 88.78+ 0.35° 88.12+ 0.57*
pH 546+ 0.04° 5.58+ 0.02* 556+ 0.05% 567+ 0.04°
Salt content (% wet matter) 6.85+ 0.42° 7.81+ 0.23* 593+ 0.22% 5.60x 0.22¢
VBN (mg%) 32.19+ 0.62° 32,53+ 2.71° 3530 0.32® 39.22+ 1.57°
NaNO, (ppm) 2.35+ 0.31° 2.33x 0.28% 128+ 0.11° 1.71+ 0.09%®
Calorie (cal/g) 2,646.67+87.94 2,877.00£50.96 2,654.33x101.75 2,966.33+136.07

*¢ Values with different superscripts in the same row differ significantly (p<0.05).

*All values are mean+SE.

DHS : high salt [9.2 g/kg salt (w/w)].

2)HS+NaN02 : high salt [9.2 g/kg salt (w/w)] + NaNO, (100 ppm).
LS : low salt [6.2 g/kg salt (w/w)].

YLS+NaNO, : low salt [6.2 g/kg salt (w/w)] + NaNO, (100 ppm).
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AFAE F2 ofdAd A fFol g wA I
THp>0.05). 1YW AxFPY BHL
Frek gt agx FRAY] S5 dxEAES AXH F
RYALE Z2AHA #E A7), A3 B3
EAo] HFEEE FA5k=d Atk & AFAY £F
& AAFHAT GA) F FAoNA AE el st FEEA
H ®o] HAAA Ao WA FARES ST
Buso] 9o (Andres et al., 2005), ¥ Aoz il
A7t FEFF ¢ SRS o ¥ ARE g
Wt dukEo g o}Aatge) Hrke AHE AAAZ]
thT B1E o)A ¢k (Romans and Ziegler, 1974) £ A
Yo} A3} 100ppm P A2l FVIL AT
APl Aol 2ol B vXA] GE AR Ve
ok 8 opAAkd 100 ppm XY Al 1071 BEe] A
Z717F & AG93el gelsle 7 o Tk 1.28-
235 ppmOE W ¥ Aoz 2AE

LAY FE ofdigo] AATA N Az A
ol 7AA S Ve e ZARE A 3
E(L)9} AAE (@), A=h)yE LgAE FEH oYY
of] F3kS WkA] aIgko W (p>0.05), I (b)9} X% (chroma)
E OE AgTE 1ot 393 ofdE S AVt AT
ol FojFo . EUTHp<0.05)(Table 5). YRFE L2 of
Aol e Aa ALz =] 117] & negEH vt
23le] AAS4S AHAT = FEFS 7R A
deA ok B AY Aaede AFAHE 5ol 1Y
J A olANY Hele SHE AWEA dar, FAE
Z7M e Aoz Ueigth s AgAeE £ ©
2 {4 ol wAF & e oledh Avks o
ot AGY AR Al FAFES TH60 gke), AE 30
ghg)o. & 223 A3, tEFgHIH HREFI(n,
semimembranosus)AN A 2FA g FFd & ojuldl &4
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AABAN A G AZ A AF H5EH opEAt
A AHY Ft Aoke] FEFa, AT dubgdlE, 38
A B4 2 23 BAd ofug gL nA=AE £
A7) 95 HSETEE] kg 9.2 g &7 *12]), HS+NaNo,
FAthe] kg? 9.2 g AF+100 ppm oFAAA AE), LS
the k@ 6.2 g &F Ag), LS+NaNO,(StHe] kgd 6.2
g AF+100 ppm o}EAHA A)) T 40 ATl Ao
RE B st AR AFAE FET opddE
WL 5 A4 SPas] TS A FhoH
(p>0.05), AR F FFhe AZVRE A B
o] WAEATH27.46%, 28.25%, 26.99%, 28.42%). AHAgE
Aol AzxE AP LIRS BA 2, AEA
2 LS} oFdArAS A’ SLAX T (HS+NaNO,yet
obdard S Aeldt G T(LS+NaNO,) Bt TR
o] Eoktt. Xuietel, Gl 3, 3B ke AuAd
) ofda Al FEe A T B = (hardness)
9} R84 (Chewinessy AGAZTFLS)NA 7F R23ke
o, obalibd HelE AR 2zl TS vAA &
E Aog ZAEATE AEAFLS) AEH vhE T2
2o FEEEEE PAYTHS) ofAMAS AP
TFHETF(HS+NaNO,) HT} E3ko ], AxE ofdty
& 23 AYTFLS+NaNO,y7F LHAF-HS)9} o}
At AP e TAXEFH(HS+NaNO,) B} sttt op

A

09 BEFS bR AehiRol 9L 24 Wk
4 JELS ANE@), AR0)E 2348 $E of
A

AAkdol] gEE W) edokom, A% (b)Sh A% (chroma)
= olddds Melg LAAETHS+NaNOyolA #&
FE VFERASIT

Table 5. The effects of salt and NaNO, on color parameters of dry-cured ham

Ttem HS" HS+NaNO,” LS¥ LS+NaNO,"

L 48.13+0.83 44.99+0.80 46.15+0.60 45.06+1.61

Color a 12.53+0.44 13.91+0.51 12.72+0.83 13.28+0.69
6.34+0.30° 7.88+0.33* 6.13+0.61° 7.41£0.06®
Chroma 14.05£0.27° 16.02+0.41* 14.19+0.47° 15.2240.62%

h° 26.93+1.80 29.76£1.63 25.89+3.78 29.27x1.20

b Values with different superscripts in the same row differ significantly (p<0.05).

*Mean+SE.

UHS : high salt [9.2 g/kg salt (w/w)].

2’HS+Na\N02 - high salt [9.2 g/kg salt (w/w)] + NaNO, (100 ppm).
ILS : low salt [6.2 g/kg salt (w/w)].

YLS+NaNO, : low salt [6.2 g/kg salt (w/w)] + NaNO, (100 ppm).



498 SIDEAMAIZSISIX| K28 M43 (2008)
228 effects of dehairing technique. Meat Sci. 47. 29-47.
9. Monin, G, Virgili, R., Cornet, M., Gandemer, G., and Grasso,
1. AOAC (2000) Official Methods of Analysis. 17th ed, Asso- F. (1995) Composition chimique et charactéristiques phy-

ciation of Official Analytical Chemists, Washington, DC,
chapter 39. pp. 1-8.

. Andres, A. 1, Ventanas, S., Ventanas, J., and Cava, R. (2005)

Physicochemical changes throughout the ripening of dry
cured hams with different salt content and processing condi-
tions. Eur. Food Res. Technol. 221, 30-35.

. Cho, L. C. and Bratzler, L. J. (1970) Effect of sodium nitrite

on flavor of cured pork. J. Food Sci. 35, 668-670.

. Greenberg, R. A. (1972) Nitrite in the control of Clostridium

botulinum. Proc. Meat Ind. Res. Conf. p. 25.

. Haldane, J. (1901) The red colour of salted meat. J. Hygiene

1, 115-118.

. James, D. K., Langlois, B. E., Solomon, M. B., and Fox, J. D.

(1979) Quality of boneless dry-cured ham produced with or
without nitrate, netting or potassium sorbate. J. Food Sci. 44,
914-915.

. Malcolm, C. B. (1978) Texture profile analysis. Food Tech-

nol. 32, 62-67.

. Monin, G,, Marinova, P., Talmant, A., Martin, J. F., Cornet,

M., and Lanore, D. (1997) Chemical and structural changes
in dry-cured hams (Bayonne hams) during processing and

10.

11.

12.

13.

14.

15.

siques de 6 types de jambons d'Europe latine. 3rd Int. Sym-
posium on Mediterranean Pigs. Benevento.

Romans, J. R. and Ziegler, P. T. (1974) The meat we eat.
Interstate printers and publishers, Inc., Danville, IL.

SAS (1996) SAS/STAT Software for PC. SAS Institute Inc.,
Cary, NC, USA.

Serra, X., Ruiz-Ramirez, J., Arnau, J., and Gou, P. (2005)
Texture parameters of dry-cured ham m. biceps femoris sam-
ples dried at different levels as a function of water activity
and water content. Meat Sci. 69, 249-254.

Tabilo, G., Flores, M., Fiszman, S. M., and Toldra, F. (1999)
Postmortem meat quality and sex affect textural properties
and protein breakdown of dry-cured ham. Meat Sci. 51. 255-
260.

Virgili, R., Parolari, G, Schivazappa, C., Soresi Bordini, C.,
and Borri, M. (1995) Sensory and texture quality of dry-
cured ham as affected by endogenous cathepsin B activity
and muscle composttion. J. Food Sci. 58, 724-726.
EIHIA. 1975, ABROBERTEE WE. BRI 18,
105-111.

(2008. 7. 28 E4=/2008. 10. 9 £%/2008. 10. 10 Xf{EH)



