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Abstract

The study analyzed the effects of salt concentration [high salt (HS) and low salt (LS)] and sodium nitrite (NaNO,), which
are typically utilized in Korean processing facilities, on fatty acid composition, free amino acids, microbial counts and sen-
sory characteristics of processed dry-cured ham. Four different treatments were considered: three hams (11.30 kg) salted
with 92 g/kg salt (w/w) (HS), three hams (10.65 kg) treated with HS and 100 ppm NaNO, (HS+NaNQO,), three hams (11.42
kg) salted with 62 g/kg salt (w/w) (LS), and three hams (10.62 kg) treated with LS and 100 ppm NaNO, (LS+NaNO,). Fatty
acid composition analysis revealed significantly (p<0.05) higher saturated fatty acid and lower (p<0.05) unsaturated fatty
acid in the HS+NaNO, group compared with the other groups. Glutamate, alanine and lysine free amino acids were higher
than the other free amino acids. The processing conditions did not significantly affect the free amino acids of biceps femoris
muscles, except for the proline content (p>0.05). In sensory evaluation, the fermentation aroma of the LS group was higher
than that of the HS group. The aerobic counts consistently ranged from from 2.3x10% to 1.11x10* CFU/g. Escherichia coli
including strain O157:H7, Staphylococcus aureus, and Salmonella spp. were not detected.

Key words: salt, NaNO,, dry-cured ham, fatty acid, free amino acid
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Table 1. The effects of salt content and NaNO, on fatty acid composition (%) of dry-cured ham

Item HS" HS+NaNO,” LSY LS+NaNO,"
C14:0 1.20+0.05% 1.04+0.04° 1.24+0.08° 1.1140.02%
C16:0 20.96+0.89% 23.20£1.08* 20.29+0.64° 20.58+0.55%
C16:1n7 3.4340.76 2.34+0.46 2.36+0.25 2.3140.25
C18:0 13.61+0.34 13.77+0.87 12.79+0.60 13.45+0.23
C18:1n9 46.28+1.19 46.114+0.70 46.89+0.31 46.21+1.83
C18:1n7 0.2240.01 0.18+0.02 0.17+0.09 0.23+0.01
C18:2n6 11.18+0.51% 10.4340.05° 12.624+0.38% 13.08+1.32°
C18:3n3 0.39+0.03 0.44+0.06 0.51+0.05 0.58+0.18
C20:4n6 1.14+0.05 1.02+0.18 1.29+0.25 0.95+0.37
SFAY 35.77+0.62° 38.00+0.61° 34.31x0.11° 35.14+0.78°
USFA® 64.23+0.62° 62.00+0.61" 65.69+0.11° 64.86+0.78"
MUSFA” 50.93+0.64 49.60+0.25 50.54+0.18 49.5342.14
PUSFA® 13.30+0.53 12.40+0.40 15.15+0.21 15.3342.18
n3 0.39+0.03 0.44+0.06 0.51%0.05 0.58+0.18
né 12.91+0.52 11.96+0.34 14.64+0.18 14.7542.00

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

DHS, high salt [92 g/kg salt (w/w)].

DHS+NaNO,, high salt [92 g/kg salt (w/w)] + NaNO, (100 ppm).
ILS, low salt [62 g/kg salt (w/w)].

YLS+NaNO,, low salt [62 g/kg salt (w/w)] + NaNO, (100 ppm).

9SFA, saturated fatty acids; ®UFA, unsaturated fatty acid; "MUFA, monounsaturated fatty acid; ®PUFA, polyunsaturated fatty acid.

P All values are mean=SE.
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al., 1994) & MAZSZ FH3 AARENA 824701
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100 g) 5°] =& o2 EASFAT). Careri 5(1993)%
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acid(348.5 mg/100 g, 11.1%), arginine(288.0 mg/100 g, 9.2%),
leucine(268.4 mg/100 g, 8.5%), alanine(255.9 mg/100 g,
8.2%), valine(198.5 mg/100 g, 6.3%) <°|ATkL K18}
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Table 2. The effects of salt content and NaNO, on free amino acids (mg/100 g¢ ham) of dry-cured ham processed under Korean

environment

Item HSY HS+NaNoO,? LS LS+NaNO,"
Aspartic acid 175.20+ 62.739 107.55+25.00 164.48+ 5.86 163.82+18.15
Glutamic acid 427.11+161.80 228.26+36.20 346.68+16.22 348.63+25.92
Serine 180.58+ 59.24 122.28+16.46 160.12+16.04 159.12+21.02
Histidine 159.18+ 46.14 102.22+15.01 137.69+15.82 144.74+ 8.29
Glycine 173.95+ 52.66 116.55+14.40 157.78+12.19 175.10+13.16
Threonine 170.98+ 38.09 126.24+16.75 174.14+16.38 173.13+20.74
Arginine 268.83+ 89.59 173.36+27.52 207.29+50.39 192.21+17.76
Alanine 579.47+219.32 356.03+33.69 475.00+ 4.93 506.17+26.52
Tyrosine 132.80+ 22.09 99.35+ 2.52 120.61+15.26 127.58+ 5.50
Valine 278.96+ 55.73 224.62+21.21 292.49+22.40 311.26+26.84
Methionine 152.27+ 22.87 117.41£13.50 155.03+17.82 167.07+13.57
Phenylalanine 206.80+ 23.30 178.70+19.29 229.69+22.53 247.35+19.47
Isoleucine 200.97+ 29.18 161.54+17.57 219.07+23.50 227.08+16.28
Leucine 373.03+ 52.10 293.87+28.03 381.61+46.49 397.79+20.75
Lysine 685.06+271.64 377.88+59.89 533.93+25.95 538.01+41.30
Proline 246.52+ 33.77% 218.99+17.54° 263.31+14.42% 303.08+19.59°

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

DHS, high salt [92 g/kg salt (w/w)].

DHS+NaNO,, high salt [92 g/kg salt (w/w)] + NaNO, (100 ppm).
ILS, low salt [62 g/kg salt (w/w)].

YLS+NaNO,, low salt [62 g/kg salt (w/w)] + NaNO, (100 ppm).
SAll values are mean+SE.

o] Tl 100 g T 1913.4 mgl &2 7 shafo] =3kom,
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2+e] W3lE =43 23, alanine, serine, leucine, glycine,
glutamic acid7} Zo] Z7}8ttal skt u:}a]-/\ﬂ azh
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HFAFS biceps femorls o] RsAY SHAs 4
gro] HAshs AoR Hge A7AEe] Bilst3ith Amau
et al., 1998; Garcia-Garrido et al., 1999; Garcia-Rey et
al., 2004; Sarraga et al., 1989). ¥ A3 2850 AT
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1992), 344 313+ WA (Garcia er al., 1991) S©] ATt
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Table 3. The effects of salt content and NaNO, on sensory properties of dry-cured ham processed under Korean environment

Item HS" HS+NaNO,? LSY LS+NaNO,"
Redness 6.47+0.49” 6.54+0.58 5.56+0.52 7.04+0.47
Fermentation aroma 5.88+0.57° 6.42+0.33% 7.51£0.41* 6.59+0.46™
Hardness 4.36+0.88 5.15+0.85 4.34+0.23 4.93+0.32
Juiciness 5.23+0.49 5.00+0.35 5.47+0.27 5.38+0.50
Saltiness 7.88+0.49 7.53+£0.32 7.08+0.05 7.31+0.47
Flavor intensity 6.78+0.20 6.95+0.46 6.94+0.39 7.15+£0.22

& byalues with different superscripts in the same row differ significantly (p<0.05).

DHS, high salt [92 g/kg salt (w/w)].

DYHS+NaNO,, high salt [92 g/kg salt (w/w)] + NaNO, (100 ppm).
ILS, low salt [62 g/kg salt (w/w)].

YLS+NaNO,, low salt [62 g/kg salt (w/w)] + NaNO, (100 ppm).
dAll values are mean+SE.

%, pH SR W 540 TR 3
o, A|F2] 7S (firmness), X = (dryness), EV|F =
(flavor intensity)= #|Z7]|7to] Aojd4=E SrtEtial 1B
13}t Kuo9}l Ockerman(1983)2 327} WHIRE S
gt S AxF T obEAE A2 f-(sodium
nitrate 750 ppm+sodium nitrite 180 ppm)7} T2 EA
o FlAlE FEFS A A, AFAE AT A%, F
v, #ul, AA| 7|55 A o i ATt
o)l FEFE PIXA| Fkrhar Bkt spARE A
ol M= opbaatd 22 (sodium nitrite 100 ppm)7} A&
Aol &= FoAQ1 FFS HIAA L=t ol g A=
AREEE oAl AElgEo] 100 ppmoE ¢ S3L7]
w72l Aoz A7

o=+

Table 4= -F-Eluiet AASEANA Ag 2502 o
kg, 62 g/kegys Eldtal, opbdArd Azl ol wet A
Z9 ADY NEFZLHZ(biceps femoris)2] TIWE FA
Adtolth. FHFE 23x10%-1.11x10* FF0I1, A5 A
T 2 ol AP Al frelAd S wEA] ok

211](19>0.05), E. coli, S. aureus, E. coli O157, Salmonella
spp.= AZEHA Ut A A7 =EH AE
2 AzxHe A9 FH AA=gGA v nAdE
Eol AR ols T Y= P9 AFN 14, L)
WA, FrEA £ FEFS A v 545 A4
st AIZR] FAIE do7|7E Fhrt. Z7IZke] 1x7)
7F &< 7P Wol s e vAES 2 A, catalase-
positive 73] ™(Langlois et al., 1974; Rodriguez et al.,
1994), Rodriguez 5 (1994)2 o] o] GA| & AX]7|7t
o] Fu= Al ouzlet 3 EHNAE 10° CFU/g
Fo 7 EAstaL, A% ISlAME 10* CFU/g =2

ZAQsI9 T Hastgt) 3 o] 759 reductase,
catalases, lipaseol] 2]l sHe] A|FAo] A=, A7}
WA, Fe@PA 7HEAE ZETI BiElt
(Liicke, 1986). Monfort?} Arnau(2002) SA] 2=#|Q1 AL
slo AX717F F FFo)et Micrococcaceae?t WA EM,
T HAE BT Frlo dodtkal Bttt shA| v
Marine 5(1992)2 545 A= Staphylococcus aureus
wP AQWe] FAGN WAR, 2] AT
coagulase-negative staphylococci’} enterotoxins AAF <=
A= AR RH3}cH(Bautista ef al., 1988; Jaulhac er

Table 4. The effects of salt content and NaNO, on microbial counts of dry-cured ham

HSY HS+NaNO,? LSY LS+NaNoO,"
Item >
CFU/g

Aerobic count plates 1.11x10%*9 2.3x10% 5.13x10° 3.93x10?
E. coli ND? ND ND ND
Staphylococcus aureus ND ND ND ND
E. coli 0157 ND ND ND ND
Salmonella spp. ND ND ND ND

DHS, high salt [92 g/kg salt (w/w)].

PHS+NaNO,, high salt [92 g/kg salt (w/w)] + NaNO, (100 ppm).
ILS, low salt [62 g/kg salt (w/w)].

YLS+NaNO,, low salt [62 g/kg salt (w/w)] + NaNO, (100 ppm).
ND, Not detected.

9All values are mean+SE.
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al., 1992; Valle er al., 1990). wjahx] A3 AN A A=
He A5HA Age) Aol tigt AR A
AL AAZ o g W E nES0] ALY FA
Tgo] HE v, AZFQ EAZ HAZ £ e )

54 sk el
o ok
S =

AAAZF AN G A Al AF A 5 ofHAt
A A FF7F AR 24, FrElohgt, vdES B
T2 EA oug I PR AE AR 8
HSETH] kg B 92 g &5 A2]), HS+NaNO,(Rth] kg
F 92 g AF+100 ppm oFAME X)), LS(ETHE] kg B
62 g 228 2], LS+NaNOL(ATH] kg & 62 g 27+100
ppm P& A2]) T 41 ATl =R sve] 3744
< X3l AR A 24304 SFAE HS+NaNO,
AT oE Mol g fojFoRE & HlES
UERNAAL, USFA= HS+NaNO, A 2]7olA & A2+
o Bls fFolFer wre BlES YEATHp<0.05).
gopuiedt EAAF, SEubet Sl Alxzd AEY
9] 79 glutamate(228.26-427.11 mg/100 g), alanine(356.03-
579.47 mg/100 g), lysine (377.88-685.06 mg/100 g) 5°]
E& S UERISLe ™, prolines A3 BE frElo}
H=AES A Al obdiked Ay el {9
2Rl JEFs WA ¥v AoF ZANEHATHp>0.05). T
H7} A3, HS A2l Bt LS ATl fojaos
EFH7} & Ao=E RANEYOH(p<0.05), ETFTE
2.3x10%-1.11x10* G===0|R1al, E. coli Staphylococcus
aureus, E. coli 0157, Salmonella spp.= 7AZHA| &I

I

I
o
rat

i

1. Anderson, R. E. (1980) Lipase production, lipolysis, and for-
mation of volatile compounds by P. fluorenscens in fat con-
taining media. J. Food Sci. 45, 1694-1701.

2. Andrés, A. 1, Cava, R., Mayoral, A. 1, Tejeda, J. F., Moreuende,
D., and Ruiz, J. (2001) Oxidative stability and fatty acid
composition of pig muscles as affected by rearing system,
crossbreeding and metabolic type of muscle fibre. Meat Sci.
59, 39-47.

3. Andrés, A. 1., Ruiz, J., Mayoral, A. 1., Tejeda, J. F., and Cava,
R. (2000) Influence of rearing conditions and crossbreeding
on muscle colour in Iberian pigs. Food Sci. Technol. Int. 6,
315-321.

4. 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.

5. Arnau, J., Guerrero, L., and Sarraga, C. (1998) The effect of
green ham pH and NaCl concentration on cathepsin activities

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

and sensory characteristics of dry-cured ham. J. Sci. Food
Agric. 77, 387-392.

. Aristoy, M. C. and Toldra, F. (1991) Deproteinization tech-

niques for HPLC amino acid analysis in fresh muscle and
dry-cured ham. J. Agric. Food Chem. 39, 1792-1795.

. Aristoy, M. C. and Toldr4, F. (1995) In food flavors: Genera-

tion, analysis and process influence. Ed. G. Charalambous.
Elsevier Science. Amsterdam. pp. 1323.

. Bautista, L., Gaya, P., Medina, M., and Nufiez, M. (1988) A

qualitative study of enterotoxin production by sheep milk
staphylococci. Appl. Environ. Microbiol. 54, 566-569.

. Buscailhon, S., Monin, G., Cornet, M., and Bousset, J. (1994)

Time related changes in nitrogen fractions and free amino
acids of lean tissue of French dry-cured ham. Meat Sci. 37,
449-456.

Cameron, N. D. and Enser, M. B. (1991) Fatty acid
composition of lipid in longissimus dorsi muscle of
Duroc and British Landrace pigs and its relationship
with eating quality. Meat Sci. 29, 295-307.

Careri, M., Mangia, A., Barbieri, G., Bolzoni, L., Virgili, R.,
and Parolari, G. (1993) Sensory property relationship to
chemical data of Italian type dry-cured ham. J. Food Sci. 58,
968-972.

Cilla, I., Martinez, L., Beltran, J. A., and Roncalés, P. (2006)
Dry-cured ham quality and acceptability as affected by the
preservation system used for retail sale. Meat Sci. 73, 581-
589.

Cordoba, J. J., Antequera, T., Ventanas, J., Lopez-Bote, C.,
Garcia, C., and Asensio, M. A. (1994) Hydrolysis and loss of
extractibility of proteins during ripening of Iberian Ham.
Meat Sci. 37,217-227.

Flores, M., Aristoy, M. C., and Toldra, F. (1998) Feedback
inhibition of porcine muscle alanyl and arginyl aminopepti-
dases in cured meat products. J. Agri. Food Chem. 46, 4982-
4986.

Folch, J., Lees, M., and Sloane-Stanley, G. H. (1957) A sim-
ple method for the isolation and purification of total lipid
from animal tissue. J. Biol. Chem. 26, 497-507.

Garcia, C., Berdagué, J. J., Antequera, T., Lopez-Bote, C.,
Cordoba, J. J., and Ventanas, J. (1991) Volatile components
of dry cured Iberian ham. Food Chem. 41, 23-32.
Garcia-Garrido, J., Quiles-Zafra, R., Tapiador, J., and Luque
de Castro, M. (1999) Sensory and analytical properties of
Spanish dry-cured ham of normal and defective texture.
Food Chem. 67,423-427.

Garcia-Rey, R., Garcia-Garrido, J., Quiles-Zafra, R., Tapia-
dor, J., and Luque de Castro, M. (2004) Relationship between
pH before salting and dry-cured ham quality. Meat Sci. 67,
625-632.

Halvarson, H. (1973) Formation of lactic acid, volatile fatty
acids and neutral, volatile monocarbonyl compounds in
Swedish fermented sausage. J. Food Sci. 38, 310-312.
Jaulhac, B., Bes, M., Bornstein, N., Piémont, Y., Brun, Y.,
and Fleurette, J. (1992) Synthetic DNA probes for detection
of genes for enterotoxins A, B, C, D, E, and for TSST-1 in
staphylococcal strains. J. Appl. Bacteriol. 72, 386-392.



442

Korean J. Food Sci. Ani. Resour., Vol. 30, No. 3 (2010)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jin, S. K., Kim, I. S., Song, Y. M., Kang, S. N., Je, Y. J., Oh,
H. S., and Min, C. S. (2008) The effect of dietary ionized
water and premixed mineral on fatty acid and amino acid
composition in finishing pigs. Korean J. Food Sci. Ani.
Resour. 28, 529-534.

Kuo, J. C. and Ockerman, H. W. (1983) Effects of nitrate and
storage time on the residual nitrite, oxidative rancidity (TBA
value), total aerobic plate counts and sensory properties of
tumbled boneless dry-cured hams. Tanghai J. 24, 653-659.
Langlois, B. E. and Kemp, J. D. (1974) Microflora of fresh
and dry-cured hams as affected by fresh ham storage. J.
Anim. Sci. 38, 525-531.

Liicke, F. K. (1986) Microbiological processes in the manu-
facture of dry sausage and raw hams. Fleischwirtsch 66,
1505-1509.

Marin, M. E., de la Rosa, M. C., and Cornejo, I. (1992)
Enterotoxigenicity of Staphylococcus strains isolated from
Spanish dry-cured hams. Appl. Environ. Microbiol. 58, 1067-
1069.

McCain, G. R., Blumer, T. N., Craig, H. B., and Steel, R. G.
(1968) Free amino acids in ham muscle during successive
aging periods and their relation to flavor. J. Food Sci. 33,
142-146.

Monfort, J. M. and Arnau, A. J. (2002) The technology of the
elaboration of cured ham. Institution of Research and Tech-
nology of Agricultural Food Products. Meat Technology
Center. Spain. pp. 1.

Monin, G., Marinova, P., Talmant, A., Martin, J. F., Cornet,
M., and Lanore, D. (1997) Chemical and structural changes
in dry-cured hams (Bayones hams) during processing and
effects of the dehairing technique. Meat Sci. 47, 29-47.
Morrison, W. R. and Smith, L. M. (1964) Preparation of fatty
acid methyl esters and dimethylacetals from lipids with
boron trifluoride-methanol. J. Lipid Res. 5, 600-608.
Nishimura, T., Rhue, M. R., Okitani, A., and Kato, H. (1988)
Components contribution to the improvement of meat taste
during storage. Agr. Biol. Chem. 52, 2323-2330.

Rodriguez, M., Nuiiez, F., Cérdoba, J. J., Sanabria, C., Ber-
mudez, E., and Asensio, M. A. (1994) Characterization of
Staphylococcus spp. and Micrococcus spp. isolated from Ibe-
rian ham throughout the ripening process. Int. J. Food
Microbiol. 24, 329-335.

Ruiz, J., Ventanas, J., Cava, R., Timén, M. L., and Garcia, C.,
(1998) Sensory characteristics of Iberian ham: influence of
processing time and slice location, Food Res. Int. 31, 53-58.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sarraga, C., Gil, M., Arnau, J., and Monfort, J. M. (1989)
Effect of curing salt and phosphate on the activity of porcine
muscle proteases. Meat Sci. 25, 241-249.

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

Seong, P.N., Kim, J. H., Cho, S. H., Lee, C. H., Kang, D. W,
Hah, K. H., Lim, D. G, Park, B. Y., Kim, D. H., Lee, J. M.
and Ahn C. N. (2008) The effects of salt and NaNO, on
physic-chemical characteristics of dry-cured ham. Korean J.
Food Sci. Ani. Resour. 28, 493-498.

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.

Solange Buscailhon, Berdagué, J. L., Bousset, J., Monique
Cornet, Gandemer, G., Touraille, C., and Monin, G. (1994)
Relations between compositional traits and sensory qualities
of french dry-cured ham. Meat Sci. 37, 229-243.

Spanier, A. M. and Miller, J. A. (1993) Role of proteins and
peptides in meat flavor. In Food Flavor and Safety. Spanier,
A. M., Okai, H. and Tamura, M. Eds. ACS Symposium
Series No. 528. Am. Chem. Soc. Washington, D.C., Chapt. 6,
pp. 78-97.

Toldra, F., Aristoy, M. C., Part, C., Crerverd, C., Rico, E.,
Motilva, M. J., and Flores, J. (1992) Muscle and adipose tis-
sue aminopeptidase activities in raw and dry-cured ham. J.
Food Sci. 57, 816-818, 833.

Toldra, F. and Flores, M. (1998) The role of muscle proteases
and lipases in flavor development during the processing of
dry-cured ham. Crit. Reviews Food Sci. Nutri. 38, 331-352.
Valle, J., Gomez-Lucia, S. E., Piriz, J. G.,, Orden, J. A., and
Vadillo, S. (1990) Enterotoxin production by staphylococci
isolated from health goats. Appl. Environ. Microbiol. 56,
1323-1326.

Ventanas, J., Cordoba, J. J., Antequera, T., Garcia, C., Lopez-
Bote, C., and Asensio, A. (1992) Hydrolysis and millard
reactions during ripening of Iberian ham. J. Food Sci. 57,
813-815.

BIFR, ZFRME, HIE (1993) AMSINITHEAE. TEENED
HRAE HEE 1 (). BRI SORK UL, pp. 1-28.
Y, ARE, 279, f9E, RIs, HEE, AEs,
S, HEE, S, olFE (2004) AF A EAGE
TENEH FA4kAT 4. pp. 86-133.

(Received 2010.2.17/Revised 2010.4.12/Accepted 2010.4.21)



