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Effect of Tumbling Time on Quality Characteristics of Ham

From Retail Cuts of Hind Leg

P. N. Seong, J. H. Kim, S. H. Cho, K. H. Hah, B. Y. Park, D. H. Kim, J. M. Lee and J. N. Ahn
National Institute of Animal Science

ABSTRACT

The effect of tumbling time (0, 1, and 2hr) on quality characteristics of cured-smoked pork retail cuts
(Bolgi, Seolgit, Boseop, Dogani, Satae) of hind leg was investigated. Quality analyses indicated the retail
cuts of pork hind leg are variable except for proximate composition. The Satae ham had the lowest
(P<0.05) lightness (L) and highest redness (a). The Bolgi and Seolgit ham had higher hardness than the
other hams. Tumbling time (0, 1, and 2hr) had no significant (P>0.05) effect on proximate composition, pH,
color, texture properties, and sensory properties of ham. However tumbling decreased cooking loss for
Satae ham tumbled for 2 hr (P<0.05). Tumbling time was required for more than 2hr to improve quality
and obtain maximum yield of retail cut hams. Further study is necessary to improve quality and obtain

maximum vyield of pork retail cuts of hind leg.

(Key words : Quality characteristics, Tumbling, Pork, Ham, Retail cuts, Hind leg)
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Fig. 1. Retail cuts of hind leg.

—830—



Seong et al. ; Effects of Tumbling Time on Cured-smoked Pork Hams

Table 1. Pickle ingredients for formulation
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Ingredients % in Pickle
Water 89.76
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Sugar 3.3
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Ascobic acid(Vit. C) 0.28
Sodium nitrite 0.06
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Table 2. Effect of tumbling time on proximate composition of ham from retail cuts of hind leg

Tumbling time (hr)

Items Retail cuts**
0 1 2
Moisture (%) D 70.41+1.48* 70.29+2.07 70.03+2.11
BS 67.99+1.63 67.5021.00 69.21+1.00
B 68.22+1.93 68.38+1.79 67.83+1.40
ST 68.92+1.79 69.05+1.66 68.68+1.78
S 68.59+1.74 67.43+1.40 68.99+1.19
LD(control) 68.70+2.09 70.32+1.06 69.49+1.77
Crude Fat (%) D 6.36+1.31 6.33+1.68 5.70+1.62
BS 7.4741.20 8.39+0.96 7.19+1.16
B 7.12+1.09 7.81+1.31 8.17+1.39
ST 7.18+1.35 6.76+1.25 7.02+1.56
S 7.01+1.28 8.24+1.01 6.81+1.06
LD(control) 5.77+1.29 5.64+0.79 6.22+1.47
Crude Protein (%) D 20.7620.60 19.91+0.52 20.24+0.84
BS 21.03+0.49 20.92+0.90 20.62+0.66
B 20.45+0.26 21.31+0.94 21.14+0.78
ST 21.19+0.72 20.58+0.76 20.71+0.49
S 21.54+0.88 21.03+0.48 20.37+0.77
LD(control) 21.69+0.92 20.59+0.77 20.73+0.68
Crude Ash (%) D 1.06+0.09 1.10+0.05 1.07+0.04"®
BS 1.02+0.07 1.04+0.05 1.05+0.05"°
B 1.00+0.08 1.05+0.05 1.00+0.04°
ST 0.99+0.06 0.98+0.04 0.99+0.03°
S 0.93+0.05 1.02+0.06 1.01+0.05°
LD(control) 1.07+0.05 1.11+0.06 1.18+0.04%

® Means with different superscripts in the same column differ significantly (P<0.05).
* All values are meanststandard error.
** D = Dogani, BS = Boseop, B = Bolgi, ST = Satae, S = Seolgit, LD = Longissimus dorsi.
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Table 3. pH change as affected by tumbling time of ham from retail cuts of hind leg

Items Retail cuts**

Tumbling time (hr)

0 1 2
Pre-cured D 5.89+0.08* 6.000.10" 5.82+0.08
BS 5.70£0.07 5.75+0.05° 5.760.07
B 5.89+0.13 5.88+0.05"® 5.88+0.07
ST 5.94+0.11 6.04+0.10" 5.90+0.07
S 5.82+0.07 5.77+0.05° 5.82+0.06
LD(control) 5.68+0.07 5.75+0.03% 5.68+0.04
Post-cured D 5.95+0.08 5.92+0.10 6.00+0.10
BS 5.84+0.12 5.86+0.05 5.85+0.08
B 5.92+0.16 5.93+0.05 5.96+0.09
ST 5.97+0.10 5.98+0.06 5.97+0.09
S 5.89+0.12 5.91+0.07 5.91+0.08
LD(control) 5.75+0.09 5.82+0.06 5.83+0.07
Cooked D 6.05+0.03"® 6.18+0.06" 6.23+0.12"
BS 6.08+0.06"2 6.05+0.07"® 6.00£0.06"8
B 6.15+0.09" 6.07+0.08"® 6.07+0.07"®
ST 6.13+0.04" 6.12+0.04"® 6.12+0.07°8
S 6.04+0.06"® 6.05+0.05"® 6.05+0.09"®
LD(control) 5.90+0.03% 5.98+0.06° 5.95+0.06°

A8 Means with different superscripts in the same column differ significantly (P<0.05).

* All values are meanszstandard error.

** D = Dogani, BS = Boseop, B = Bolgi, ST = Satae, S = Seolgit, LD = Longissimus dorsi.
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Table 4. Effect of tumbling time on cooking loss and salt content of ham from retail cuts of

hind leg
. Tumbling time (hr)
Items Retail cuts**
0 1 2
Cooking loss (%) D 21.08+1.65*™ 29.42+1.44% 23.39+1.28™°
BS 30.00+1.86™ 27.99+1.35"® 18.27+1.49"
B 17.7445.16° 23.32+1.70%¢ 19.05+0.99"°
ST 20.76+1.00"® 25.80+1.52%8¢ 23.78+1.38""
S 19.82+1.07° 21.04+1.42° 23.33+1.53"°
LD(control) 24.20+1.06™® 26.75+1.87°° 23.03+2.19™°
Salt content D 1.29+0.03*® 1.34+0.10"® 1.31+0.10"°
(% wet matter) BS 1.24+0.04° 1.19+0.08° 1.30+0.07*°
B 1.27+0.09"® 1.25+0.07° 1.20+0.06°
ST 1.19+0.06° 1.21+0.06° 1.23+0.09"®
S 1.28+0.08"° 1.16+0.07° 1.25+0.09"®
LD(control) 1.47+0.07" 1.51+0.11% 1.48+0.07"
* Means with different superscripts in the same row differ significantly (P<0.05).
A€ Means with different superscripts in the same column differ significantly (P<0.05).
* All values are meanststandard error.
**D = Dogani, BS = Boseop, B = Bolgi, ST = Satae, S = Seolgit, LD = Longissimus dorsi.
Table 5 Effect of tumbling time on color of ham from retail cuts of hind leg
. Tumbling time (hr)
Items Retail cuts**
0 1 2
Hunter L D 59.57+1.53*C 61.06+1.38" 60.06+1.61°
BS 63.76+1.13° 61.41+1.34° 63.10+1.95°
B 63.10+1.14% 64.98+1.39° 63.74+1.13°
ST 55.04+1.45° 55.86+1.63¢ 53.60+1.33°
S 62.95+0.37°° 61.48+1.22° 61.64+1.89°
LD(control) 69.25+1.28" 71.94+1.27% 69.96+0.92*
Hunter a D 12.79+0.46" 12.03+0.43"° 12.03+0.80°
BS 10.760.42° 11.26+0.24° 10.71+0.59°
B 11.44+0.46° 10.46+0.72° 11.07+0.50°
ST 13.55+0.51* 13.05+0.69" 14.28+0.40"
S 10.95+0.38° 11.61+0.33*® 11.47+0.72°
LD(control) 8.07+0.48° 7.25+0.65° 7.98+0.40°
Hunter b ) 6.19+0.24" 6.14+0.17" 6.15+0.18
BS 5.96+0.18"° 6.13+0.11% 6.02+0.23
B 6.20+0.12" 5.96+0.26"° 6.21+0.10
ST 6.27+0.24" 6.11+0.34" 6.300.25
S 5.73+0.20*° 6.09+0.24" 6.04+0.25
LD(control) 5.41+0.10° 5.17+0.40° 5.50+0.42

A€ Means with different superscripts in the same column differ significantly (P<0.05).

* All values are meanszstandard error.

** D = Dogani, BS = Boseop, B = Bolgi, ST = Satae, S = Seolgit, LD = Longissimus dorsi.
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Table 6 Effect of tumbling time on texture properties of ham from retail cuts of hind leg

Tumbling time (hr)

Items Retail cuts**
0 1 2

Hardness (kg) D 5.80+0.42* 6.11+0.79"° 6.39+0.97
BS 5.27+0.27 5.47+0.68"° 6.260.87

B 6.34+0.56 6.91+0.55" 6.78+1.02

ST 5.04+0.70 4.99+0.47° 5.59+0.79

S 6.57+0.78 7.00+0.48" 7.63+0.94

LD(control) 6.25+0.79 5.60+0.33"° 5.62:+0.53

Springiness (mm) D 14.03+2.02 14.87+1.96 15.18+2.60
BS 15.53+1.75 15.72+1.96 15.98+1.71

B 14.00+2.51 15.02+3.18 14.88+2.10

ST 13.96+3.65 13.81+2.18 15.44+3.82

S 15.23+1.49 16.37+0.91 14.57+2.90

LD(control) 15.60+0.68 16.56+1.53 14.83+3.12

Cohesiveness D 0.47+0.04 0.48+0.03 0.43+0.05
BS 0.53+0.01 0.51+0.05 0.48+0.06

B 0.47+0.05 0.50+0.06 0.48+0.06

ST 0.44+0.07 0.48+0.05 0.48+0.08

S 0.50+0.05 0.55+0.05 0.42+0.07

LD(control) 0.48+0.03 0.41+0.05 0.50+0.05

Gumminess (kg) D 2.74+0.35 2.96+0.40™° 2.74+0.44
BS 2.74+0.14 2.73+0.37A° 3.05+0.62

B 3.05+0.51 3.44+0.43A° 3.24+0.49

ST 2.37+0.61 2.39+0.31° 2.760.56

S 3.32+0.68 3.84+0.56" 3.36+0.71

LD(control) 3.00+0.38 2.31+0.28° 2.80+0.34

Chewiness (kg*mm) D 39.79+15.56 45.09+17.55™® 42.56+18.62
BS 43.34+8.37 44.37+17.10"° 50.30+26.79

B 45.44+21.45 54.41+21.28"8 49.99+19.06

ST 37.23+26.63 34.15+14.31° 46.38+27.94

S 52.55+28.20 64.09+24.53" 52.63+29.01

LD(control) 46.35+11.72 39.25+13.41°® 43.13+15.68

A8 Means with different superscripts in the same column differ significantly (P<0.05).

* All values are meanszstandard error

** D = Dogani, BS = Boseop, B = Bolgi, ST = Satae, S = Seolgit, LD = Longissimus dorsi.
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Table 7 Effect of tumbling time on sensory properties of ham from retail cuts of hind leg

Tumbling time (hr)

*kk H Kk
Items Retail cuts 0 1 >
Color D 13.92+0.25*"° 14.14+0.39 13.88+0.35
BS 12.98+0.64° 13.62+0.46 14.45+0.29
B 12.98+0.60° 13.83+0.72 14.31+0.56
ST 13.47+0.57"® 14.12+0.52 14.39+0.49
S 14.23+0.64"® 14.62+0.37 14.49+0.32
LD(control) 14.73+0.29" 14.99+0.25 14.60+0.30
Flavor D 14.40+0.50° 15.06+0.24"® 14.89+0.27
BS 15.01+0.27"® 14.58+0.19° 15.15+0.31
B 15.01+0.63"® 15.05+0.20A° 15.52+0.41
ST 14.60+0.39° 14.30+0.30° 14.63+0.26
S 15.21+0.13"® 15.46+0.31" 15.1240.13
LD(control) 16.05+0.43* 15.74+0.35" 15.40+0.25
Taste D 14.31+0.42 15.00+0.31 15.25+0.30
BS 14.91+0.22 15.02+0.30 15.40+0.29
B 13.99+0.66 15.16+0.30 15.21+0.66
ST 14.52+0.52 14.58+0.45 14.96+0.33
S 15.18+0.43 15.31+0.26 15.08+0.53
LD(control) 15.08+0.22 14.82+0.32 14.94+0.46
Texture D 14.52+0.35"® 14.99+0.39 15.45+0.42
BS 15.35+0.20" 15.23+0.60 15.18+0.33
B 13.94+0.76° 15.21+0.30 15.31+0.80
ST 14.93+0.33"® 14.90+0.51 15.48+0.46
S 15.03+0.29"® 15.41+0.35 15.18+0.85
LD(control) 14.93+0.30"° 14.81+0.32 14.25+0.75

A8 Means with different superscripts in the same column differ significantly (P<0.05).

* All values are meanszstandard error.

** D = Dogani, BS = Boseop, B = Bolgi, ST = Satae, S = Seolgit, LD = Longissimus dorsi.

*** (1 = like extremely; 20 = dislike extremely)

—836



Seong et al. ;

HE" Ate] =HA Sivky] AR 9=
AzxE 3o #s4 B4 vA= ¥ =
AbeE Azl 24137 9] ©lE5E Aee deF
el glo] ojujg Wl o)A eFgton
(P>0.05), A& F-91 Afol= AT o]
HEY As sk &2 ATl B2A
L7|go] A nlsf fojHow v ghs

UERQItHTable 7). FnE HE" AEES 3

A ke AT} 17 Aol SAT A

Aol Ee AP wglon, Pl e A

T e rtaded ofF zol= T
A

STt 2432 HEW AE s B2 A
A

gelA Bl 7P Eohom, E7]Flo]
7 =kt "HER Al 9d) #eHed &
24 Wslel s ohkst AdE H_ﬂé}ﬂ AE
o, Dzudie®} Okubanjo(1999)= $34i17]9] 3
BRI IR I PARERS DS Rt ﬁ{é}_‘i 28 rpmo.=2
HEY AEE 3 23, "HEQ ArRE =
He W AFe] Fi FdE AT A7 F

7kstel Fle] vsAd A=t 27}0}"30“1
FA gk gERl o @A <ol
2 HHPogA ZArel ddxrt
Karakeit Hullberg -5-(2005)-
Aol SEE AN S HEY
Aot v ol 57}ﬂ
TLdE=7F Y= vk, ke
thal Baskoivh 9859 Aert
FEFe MAA XA
Motycka®} Betchel(1983)& o“’%iﬂr d
HE" A fF57F A bRk
A, v, AATIZEC o4
AN 2 APt AR 23S B

ek

4m
2 ofit ofy mH

Enz_ik

A 12 o 32 ofN L o 2
o & o N R &
£
ol
o
12

o oy
[o 011‘ [—[‘I

=2 2 1o
N

i

J
N
)

T

,d
r° FH
1o
o{L

s
AR N -2

V. 2 %

A4 Seke BelE Fase 4wy
o) Ry Azel me B FAL wws
o N2ARE ANSFIA HEIE 0

= =
@ F AG Azdte] 2R FAdol

hul

Effects of Tumbling Time on Cured-smoked Pork Hams

AR A, Acke] 28 5 29 Wl o
%, AEA WROE gRT SAReRg
skskom(P<0.05), 531, AtEIRSIR Az
WErk 7Y skt AAEs FarE 3
a] iﬁﬁal—ango] EA]%HH]:]_ :501— ‘11, A]_EH
z‘sugq ] /11457]. 7].7(]— =0 AskS
(P<0.05). -9 A HEY 1A A
TolM A=, HA, WA ApelE E"E‘
o Ao gojer
A%t ge %z
AFA ] A HEH PrﬂF/HLOM E”FJr =3
7185e] Sl gl wlal <
LER L THP<O. 05) Xl fﬂv}ﬂ LE—Q 570
F-9 FAAtolE NS AlST 7o) B
= A X}Ol% B A
A ALS gHE Y Azl w2 x}o)
i S, pH, AEA,
slol ztol7t HEhA] go ﬂi ]
A= HiE FAPE AT 2
Y Age F24 WskE B 5 gle
vebeer ey A

]_Oﬂ 7]- ] oJ

EuS

>

4
o L ool

o of
mlm
o
>
N
N

o, rlo

T

E e

N}
>
F_Tlr

ox, Mo mot |

)

NN
8,
N
N
03#
to 2
N
N
l‘z 09,1
P
o

, 5
&
@
a
i
>
i
B
lo i opor O RUOlo WUl dr 2 ox 2 R

g mo L oyo
Fﬁ_ﬂo‘ﬂﬂrlr
o

M o oo ¢ ® fo [o o

Jr =
2
Wy e B
qn m Az jo

%—@5—@94 Ay
PEEE]
9% 71golor @ Ao
2/13F oljel FEYo.
7 olgl7] wiel AR Hel
Aol Bag Ao Bawlch

O

r

O:

9,
=
&)
N
)
i<}
fo
P,L
u)
K

i)
)
. lo,
o,
o e
HU ftl o
rr
>
o o,
w4 o
o -
2, ol
ftlo o
~a ¥
o fin)
e N

o

1. AOAC. 2000. Official Methods of Analysis(17th
Ed.) Association of Official Analytical Chemists.
Washington, D. C., U.S.A., chapter 39. pp. 1-8.

2. Bouton, P. e., Harris, P. V. and Shorthose, W. R.
1972. The effect of ultimate pH on ovine muscle
water holding capacity. J. Food Sci. 37:351-355.

3. Chow, H. M., Ockerman, H. W., Cahill, V. R.

—837—



10.

11.

12.

. Dransfield, E. 1977.

Seong et al. ; Effects of Tumbling Time on Cured-smoked Pork Hams

and Parrett, N. A. 1986. Evaluation of cured,
canned pork shoulder tissue produced by electrical
stimulation hot processing and tumbling. J. Food
Sci. 51:288-291.

Intramuscular  composition
and texture of beef muscles. J. Sci. Food Agric.

28:833-842.

. Dzudie, T. and Okubanjo, A. 1999. Effects of

rigor state and tumbling time on quality of goat
hams. J. Food Eng. 42:103-107.

. Gillet, T. A, Cassidy, R. D. and Simon. 1981.

Effect of continuous massaging on bind yield and
colour of hams. J. Food Sci. 46:1681-1683.

. Harris, P. V. and Shorthose, W. R. 1988. Meat

texture. In R. Lawrie (Ed.), Developments in meat
science (pp. 245-290).
Elsevier Applied Science.

London and New York:

. Hullberg, A., Johansson, L. and Lundstrom, K.

2005. Effect of tumbling and RN genotype on
sensory perception of cured-smoked pork
Meat Sci. 69:721-732.

loin.

. Karlson, A., Enfalt, a. Ch., Essen-Gustavson, B.,

Lundstrém, K., Rydhamer, L. and Stern, S. 1993.
Muscle histochemical and biochemical properties
in relation to meat quality during selection for
increased lean tissue growth rate in pigs. J. Anim
Sci. 71:930-938.

Krause, R. J. 1976. Influence of tumbling and
sodium tripolyphosphate on quality, yield and cure
distribution in hams. M.S. thesis. The Ohio State
University, Columbus, Ohio.

Motycka, R. R. and Bechtel, P. J. 1983. Influence
of pre-rigor processing, mechanical tenderization,
tumbling method and processing time on the
quality and vyield of ham. J. Food Sci. 48:
1532-1536.

Payne, C. A., Hunt, M. C., Warren, K. E., Hayden,
J. M., Williams, J. E. and Hedrick, H. B. 1992.
Histochemical properties of four bovine muscles
as influenced by compensatory gain and growth
impetus. In Proceedings of the 38th International
Congress of Meat Science and Technology. (pp.

13.
14.

15.

16.

17.

18.

19.

20.

21

22.

121-124) Clermont-Ferrand, France.
SAS. 1996. SAS Institute, Cary, NC, USA.

Savell, J. W., Smith, G. C. and Carpenter, Z. L.
1977. Blade tenderization of four three weight-
grade groups of beef. J. Food Sci. 42:866-870.
Shackelford, S. D., Reagan, J. O., Mann, T. F.,
Lyon, C. E. and Miller, M. F. 1989. Effect of
blade tenderization, vacuum massage time and salt
level on chemical, textural and sensory charact-
eristics of precooked chuck roast. J. Food Sci.
54:843-845.

Shackelford, S. D., Wheeler, T. L. and Kooh-
maraie, M. 1995. Relationship between shear force
and trained sensory panel tenderness ratings of 10
major muscles from Bos indicus and Bos taurus
cattle. J. Anim Sci. 73:3333-3340.

Siegel, D. G., Theno, D. M., Schmidt, G. R. and
Norton, H. W. 1978. Meat massaging: the effect
of salt, phosphate and massaging on cooking loss,
binding exudate

strength  and composition in

sectioned and formed ham. J. Food Sci. 43:
331-333.

van Laack, R. J. M., Smulders, F. J. M. and van
Roon, P. S. 1989.
pre-rigor pork: Hot vs cold processing of cooked
shoulders and hams. J. Food Sci. 54:307-310.
Varnam. A. H. and Sutherland, J. P. 1995. Meat
Chapman & Hall.
London, Glasgow, Weinheim, New York, Tokyo,
Melbourne, Madras. UK. pp. 179-184.

Weiss, J. M. 1973. Ham tumbling and massaging.
Western Meat Industry. 14. 23-28.

Whiting, R. C. 1988. Ingredients and processing

Functional properties of

and meat products. Inc.,

factors that control muscle protein functionality.
Food Tech. 42:104-114, 210.

Wiklund, E., Malmfors, G. and Lundstrom, K.
1998. The effects of exercise on muscle fibre
composition and oxidative capacity in eight bovine
Swedish J. Agric Res. 28:

skeletal muscles.

111-116.

(A5 AF 2007, 4. 3./ AP AR} 2007, 12. 11)

—838—



