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SUMMARY: E f f e c t s  o f  tu m b lin g speed (15 o r  25 rpm) and cu m u la tive  
r e v o lu t io n s  o f  th e  tum bler (3000, 6000 o r  9000) on th e  p rod u c tion  
o f  low  sodium re s tru c tu re d  ham w ere in v e s t ig a t e d .  P rodu cts  
p rocessed  a t  25 rpm and 3,000 r e v o lu t io n s  w ere s i g n i f i c a n t l y  
h a rd er, gummier, and ch ew ie r  than o th e r  trea tm en ts .H ow ever , th e se  
V a r ia b le s  had no s i g n i f i c a n t  e f f e c t  on sh rin k age  and w a te r  h o ld in g  
c a p a c ity .  The hams p rocessed  a t  25 rpm w ere s i g n i f i c a n t l y  d a rk er 
and c h e w ie r ; whereas th ose  p rocessed  a t  3,000 o r  9,000 r e v o lu t io n s  
Were th e  most ten d e r  as p e r c e iv e d  by th e  t a s t e  p a n e l is t s .  O v e r a l l ,  
a l l  th e  p ro c e s s in g  sch edu les  r e s u lte d  in  a c c e p ta b le  p rod u cts  as 
judged by th e  sen so ry  p a n e l.

INTRODUCTION: Adequate tu m b lin g i s  an im p ortan t fa c t o r  in  
R e s tru c tu r in g  p rod u c ts . I t  a f f e c t s  th e  t e x tu r e  as w e l l  as th e  
appearance o f  p rod u c t. Too l i t t l e  tu m b ling/m ix ing r e s u l t s  in  a 
p rodu ct th a t  i s  crum bly w ith , a s o f t  t e x tu r e .  On th e  o th e r  hand, to o  
touch m ix in g , o r  o v e r - e x t r a c t io n  o f  m y o f ib r i l l a r  p r o t e in s ,  r e s u lt s  
in  a ru bbery  p rodu ct w ith  a tough  s k in . Adequate m ix in g  i s  
d i f f i c u l t  t o  a c h ie v e , in  p a r t  due t o  th e  d i f f e r e n c e s  in  p r o te in  
e x t r a c t a b i l i t y  from  m uscle t o  m uscle, and in  p a r t  because o f  th e  
la ck  o f  u n d erstan d in g  o f  th e  b in d in g  mechanism. Thus, th e  o b je c t iv e  
o f  t h is  stu dy was t o  in v e s t ig a t e  th e  e f f e c t s  o f  tu m b lin g  speeds,and 
cu m u la tive  r e v o lu t io n s  o f  th e  tu m b ler on th e  q u a l i t i e s  o f  low  
sodium re s tru c tu re d  ham.

Materials AND METHODS: A 2 x 3 x 2 f a c t o r i a l  random ized b lo c k  
d es ign  in v o lv in g  two r e p l ic a t io n s  was used t o  stu dy th e  e f f e c t s  o f  
tum bling speed (SPEED = 15 and 25 rpm) and cu m u la tive  r e v o lu t io n s  
(REV = 3000, 6000, and 9000 r e v o lu t io n s )  on a (2% NaCl) 
R es tru c tu red  ham.

Tum bling sch edu le  composed o f  3 s ta g e s : f i r s t  tu m b lin g , 
R e s t in g , and second tu m b lin g . T a b le  1 showed th e  tu m b lin g  c y c le  and 
tim e used in  v a r io u s  trea tm e n ts . The second tu m blin g tim e  and th e  
o v e r a l l  tu m b lin g  tim e  w ere h e ld  co n s ta n t, f o r  a l l  th e  trea tm e n ts , 
a t 1 .5  h and 12 h, r e s p e c t iv e ly .

F resh  b o n e le s s  pork  m uscles w ere ground through  a k idn ey  
P la t e ,  and pork  f a t  was ground through  a 3.2 cm p la t e .  The ground 
Pork was m ixed in  a p a d d le - ty p e  m ixer f o r  15 min tb  ensure raw 
M a te r ia l h om ogene ity . The lea n  pork  com p os ition  was 72.7% m o is tu re , 
22.6% p r o t e in ,  5.1% f a t ,  and 1.1% ash. Pork  f a t  con ta in ed  80.9% 
f a t ,  15.6% m o is tu re , 4.4% p r o t e in ,  and 0.1% ash. The meat and f a t  
Were packaged in  p o ly e th y le n e  bags and fr o z e n  (-20°C ) f o r  up t o  4 
Weeks. The meat was thawed f o r  2 days a t  2°C and th e  f a t  was taken  
cu t and regrou nd , w h ile  s t i l l  p a r t i a l l y  fr o z e n , once through  a 5 mm 
P la t e  t o  o b ta in  sm all f a t  p a r t i c l e s .  Each trea tm en t was fo rm u la ted  
to  c o n ta in  10% f a t  (2 .2  kg lea n
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Table 1. - Tumbling cycle and time required in different treatments
Tumbling time (min) ------ -

FirstTreatment Cycle Rest Second
Cycle TotalTumbling time in 12 h rpm REV

1 110 520 90 200 15 3000
2 310 320 90 400 15 6000
3 510 120 90 600 15 9000
4 30 600 90 120 25 3000
5 150 480 90 240 25 6000
6 270 360 90 360 25 9000

REV= cumulative revolutions of the tumbler
pork and 153.2 g fat). The curing solution (15%) was based on the 
meat block mass and contained 2% NaCl, 0.33% sugar, 0.25% sodium 
tripolyphosphate, 0.15% black pepper, 0.04% nutmeg, 0.012% sodium nitrite, and 0.055% sodium erythorbate.

All the raw materials were placed in a Table Top Tumbler under 
vacuum (68 kPa abs.) and tumbled intermittently at 2°C. The tumbled 
meat was stuffed into two 76 mm diameter Teepak fibrous, coated 
with plastic, casings using a hand operated stuffer. The stuffed 
hams were cooked in a steam jacket maintained at 75 ± 2°C until an 
internal temperature of 70 ± l°C was reached. After cooking, harô  
were cooled in an iced water bath for 30 min and then stored in a cooler (2 C) for 10-12 h prior to further analysis.
Shrinkage (SH) After cooling, the cooked ham rolls were sliced in 
half to allow the draining of retained juice for 45 min. Shrinkage was calculated by:
[ 1 - (mass after cooking / mass before cooking) ] x 100
Color ("L", »a», and "b") A Spectroguard color system was used t°  
measure the color of four freshly cut surfaces from each cooked 
ham. The Hunter Color Lab. scale parameters of "L" (surface 
reflectance, degree of whiteness), "a” (intensity of the red 
color), and "b" (intensity of the yellow color) were determined.
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^atar Holding Capacity (WHC) The c e n t r i fu g a l  method o f  Bouton et
_*1. (1971) was used t o  d eterm in e  WHC. S ix  r e p l i c a t io n s  p e r

treatm ent w ere used f o r  each o f  th e  cooked p rod u c ts .

tex tu re  P r o f i l e  A n a ly s is  (TPA) The In s tro n  U n iv e rs a l T e s t in g  
Machine (m odel 4204) was used t o  d eterm in e  th e  t e x tu r e  p r o f i l e s  o f  
the sam ples w ith  1 kN load  c e l l  (Bourne, 1978) . Samples (20 mm in  

) ¡Uameter and 15 mm in  h e ig h t ) w ere com pressed tw ic e  t o  75% o f  t h e i r  
heigh t. C ross head and ch a r t  speeds w ere 20 mm/min and 100 mm/min, 

) R e s p e c t iv e ly . The fo l lo w in g  param eters  w ere c a lc u la te d :  hardness 
(HARD, N/cnr) , co h es iv en ess  (COH, r a t i o ) , e l a s t i c i t y  (ELAST, cm ),

) JUmminess (GUM, N/cm2) , and chew iness (CHEW, N/cm) . E igh t 
R e p lic a t io n s  w ere used. Samples w ere e v a lu a te d  12 h a f t e r  cook in g .

)
Earner Bratzier Shear (WBS) A s in g le  b la d e  WBS was used t o  measure 

> the maximum fo r c e  (g )  r e q u ir e d  t o  sh ear th e  cooked sam ples (V o is e y  
^Ud Larmond, 1974) u s in g  th e  same d im ension  as used f o r  th e  TPA 

1 Rest.

?ensory Evaluation The t a s t e  pan e l was composed o f  13 s e m i- tra in e d  
Judges. S ensory e v a lu a t io n s  w ere c a r r ie d  ou t by g rad u a te  s tu d en ts  

iß Qf  th e  Food S c ie n c e  Departm ent, who had broad e x p e r ie n c e  in  sen sory  
® ^Valuation  o f  fo o d  p rod u cts  and w ere a ls o  t r a in e d  t o  e v a lu a te  th e  
111 R estructu red  ham p rod u ct. The e v a lu a t io n  to o k  p la c e  in  a room 

Q u ipped  w ith  in d iv id u a l booths under a d a y l ig h t  atm osphere. W ater 
*  J|us a v a i la b le  f o r  th e  in d iv id u a l ju d ges  t o  r in s e  t h e i r  mouth. Round 
'  hum sam ples (4 mm th ic k )  w ere p la c ed  on a w h ite  paper p la t e  and 
u Coded w ith  a random ized th r e e  d i g i t  number. Each ju d ge  e va lu a ted  
3 the c o lo r  in t e n s i t y  (1 = v e r y  p a le ,  15 = v e r y  d a r k ) , ten d ern ess  (1 
n * tou gh , 15 = t e n d e r ) , ju ic in e s s  (1 = d ry , 15 = j u i c y ) , chew iness 
s ( l  = chewy, 15 = n o t ch ew y ), o f f - f l a v o r  (1 = pronounce o f f - f l a v o r ,  
3 15 = no o f f - f l a v o r ) , and o v e r a l l  a c c e p t a b i l i t y  (1 = d i s l i k e ,  15 = 

H k e ) o f  th e  p rod u c t. The b a l l o t  used c o n s is te d  o f  15 cm lon g  
h o r izo n ta l l in e s  (S ton e  e t  a l . ,  1974 ). Each p a n e l is t s  marked th e  

n sc a le  betw een  th e s e  two en d p o in ts . R e s u lts  w ere o b ta in ed  by 
e Measuring th e  d is ta n c e  from  th e  l e f t  s id e  o f  th e  s c a le  t o  th e  

Judge's r a t in g  in  cm.
S t a t i s t i c a l  a n a ly ses  w ere conducted u s in g  th e  S A S - 3 ta t is t ic a l  

h h a lys is  System (SAS, 1985) on an IBM 3081D m ainfram e com puter, 
j? A n a lys is  o f  v a r ia n c e  (ANOVA) was used t o  t e s t  th e  e f f e c t s  o f  6 
s trea tm en ts , tu m b lin g  speed (SPEED) and cu m u la tive  r e v o lu t io n s  

(HEV) . I f  ANOVA showed a s i g n i f i c a n t  d i f f e r e n c e ,  means w ere 
Separated by u s in g  Duncan's t e s t .

jJfiSULTS AND DISCUSSION
‘‘toximate Composition: The ANOVA and Duncan's t e s t s  in d ic a te d  no 
E ffe c t  o f  any v a r ia b le  on p rox im a te  com p os ition  -  m o is tu re , ash, 
h to te in  and f a t  c o n te n ts .

Shrinkage (SH) and Water Holding Capacity: The ANOVA and Duncan's 
te s ts  showed th a t  speed , REV, and speed x REV in t e r a c t io n  had no
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p a r ^ e ^ r s T î ? ; ?  ï î î î t ï ï î S ' *  * *  * « * « 1  —  sensory

Treatment 'L' 'a' Hardness,N/cm2
Gumminess,N/cm2

Chewiness,N/cm
SensorvColour Tenderness Offfla'

1f 59ab 11.lab 4 7ab 11.6abc 6.2bc 6.7bc 6.9cd 8.1
2 69ab 9.7b 4 lc 10.3bc 5. lc 5.6d 7.9abc 9.L3 60ab 12.1a 39c 9.2c. 4.8c 6.3cd 7.5bcd 9. -4 58b 10.6ab 52a 14.3a 8.8a 7.6ab 8.2ab 9.C
5 60ab 10. lb 49a 13.lab 7.7ab 8.0a 6.6d 9.0
6 62a 9.6b 43bc 9.8c 5.5c 5.3d 8.7a 10.3

-3.5

4 a!3

it

i u e m . j . c a x  l e t t e r s  i n  
d i f f e r e n t  a t  5% l e v e l .

' L 1= r e f l e c t a n c e , a n d  ' a ' = r e d n e s s .

ntfttf S-

B$x'we?e fifiicient ti ^  w h c :.°v® ™ 11, 15 rpm and 3,000 R
restructured6^nT° V® « “ optimum shrinkage and WHC in theincreased correla^°ns suggested that as shrinka^
find?n«=dA^ h°ldlng caPacity decreased, which confirmed ^Hidings of Re^t et al. (1978) for massaged and nonmassaged meat*
Hunter Color Parameters s Treatment means comparison 
indicated that the treatments significantly E ffected

(Table 2\ surfac
6reflectance (L ) only in treatments 4 (25 rpm "and 3000 r f v  ̂ and 6 i l l5?" ?nd 6000 REV). Treatment 3 had theTighest redness'

t>r
Ch
te
ÏU

We
t>r
fl

ana ° uuu REV)- Treatment 3 had the highest redness ( ' a ' ) '
sDeedr1i^mentt 2'-+.k and 6 had lower values. This suggested that l°tf

(^5. rpm) Wlth 9000 REV res^lted in more red color intensi^ compared to other treatments.

Warner Bratzler shear (WBS) and Texture Profile Analysis iTPA)

no? , Z ^ ShOWrl that„ Speed' REV' and speed Ionnot sicrnificantlv aff;«sr,+- urc mi.#, »hoit» ____. . .not Speed' REV' and sPeed x REV interaction di<> iCOH? ntiY affect WBS* The ANOVA Showed that cohesivene^ ioeed p L  °ilY Parameter that was not significantly affected M  opeed, REV, and speed X REV int-.erapHnn mv,~ ----- i;______ l t iyc--noart Dm; j was not s ig n it ic an t ly  affecteu
a ffected  hArdnfc;,!13®6? in te raction * The speed s i g n i f i c a n t
s ia n if ic a J t lv  Y/ gUmminess' and chewiness. The
no9sian?f?iant^ *lardness' gumminess and chewiness. There
no s ig n ific an t  e f fe c t  o f speed x REV interaction  on anv o f the TpA 
parameters. The Duncan's te s t  P r»h i« >' “ o ,S  i f “

8e
in

th
Se

in
fl
We
We

treatment A h • Duncan's test (Table 3) showed that 25 rp* 
iid  Si ^ h d significantly hlgher hardness, e lastic ity  gummine5?
the uSeWi2e^  l th° ! e ° f  15 rpin treatment. This indicated th»* the use of higher speed (25

si
th

ïtie
in
(T
io
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Table 3.- Duncan's test results for textural and sensory parameters w.r.t. speed

HardnessN/cm* 1 2
Elasticitycm GumminessN/cm2 * *

ChewinessN/cm ColourSensoryChewiness

__^l5 42.6b 0.52b 10.4b 5.4b 6.2b 6.7b
3t> 47.8a 0.58a 12.4a 7.3a 7.0a 7.6a
lafc
jat 6ans with identical letters in the same columns are not significantly different 

* 5% level.
lafc

Mpm) c o n tr ib u te d  t o  th e  firm n ess  (h ig h e r  hardness) and e l a s t i c i t y
1 ° f  th e  p rod u c t. T h is  would be exp ec ted  s in c e  v ig o ro u s  tu m b lin g  a t  
a 25 rpm caused an in c re a s e  in  c e l l  d is ru p t io n  and e x t r a c t io n  o f  more
^ M y o f i b r i l l a r  p r o t e in s .  Upon h e a t in g , th e s e  m y o f ib r i l l a r  p r o te in s  

.Are c o a gu la te d  and c o n tr ib u te d  to  a r i g i d  and f irm  cooked p rodu ct 
n U s tru c tu re . Gumminess and chew iness a re  d i r e c t l y  r e la t e d  t o  hardness 

And e l a s t i c i t y ,  t h e r e fo r e  th e s e  w ere a ls o  s i g n i f i c a n t l y  a f f e c t e d  by 
tum bling speed .

A l l  REV l e v e l s  s i g n i f i c a n t l y  a f f e c t e d  hardness (T a b le  4) . Hams
EV Processed  a t  9,000 REV had s i g n i f i c a n t l y  lo w e r  gumminess and 

chew iness than th o se  p rocessed  a t  3,000 and 6,000 REV. These 
Mesui t s  su gges ted  th a t  as REV in c rea se d  above 6 ,000 ; hardness,

ti£ iumminess and chew iness d ec rea sed . The c o r r e la t io n s  in d ic a te d  th a t  
t* ^ toducts w ith  h ig h e r  t e x tu r e  p r o f i l e  param eters  (e x c e p t  e l a s t i c i t y )  

^ere ra te d  h ig h e r  in  c o lo r  in t e n s i t y  by th e  p a n e l. Furtherm ore, 
l) lAtoducts h av in g  lo w e r  co h es iv en ess  and gumminess w ere g o t  h ig h e r  

f la v o r  s c o re s  by th e  p a n e l.
6

1/ Sensory E v a lu a t io n : The ANOVA showed th a t  speed , REV, speed x REV
jtf In te r a c t io n  d id  n o t s i g n i f i c a n t l y  a f f e c t  o f f - f l a v o r  and o v e r a l l  

A c c e p ta b i l i t y .  Furtherm ore, th e  Duncan's t e s t  dem onstrated  th a t  a l l  
the 6 trea tm en ts  w ere e q u a lly  a c c e p ta b le  by th e  s e m i- tra in e d  
sen sory  p a n e l is t s .  The Pearson  c o r r e la t io n  in d ic a te d  th a t  o v e r a l l  
Acceptance was s i g n i f i c a n t l y  c o r r e la t e d  w ith  sen so ry  c o lo r  

d in te n s it y  ( r  = - 0 .6 0 ) ,  sen so ry  ten d ern ess  ( r  = 0 .6 4 ),  and o f f -  
'5 f la v o r  ( r  = o .82 )  . These c o r r e la t io n s  su ggested  th a t  p rod u cts  which 
V ^ere p a le r  in  c o lo r ,  h ig h e r  in  ten d e rn ess , and w ith  low  o f f - f l a v o r  
y ^ere most p r e fe r r e d  by th e  p a n e l is t s .

The ANOVA showed th a t  speed , REV, and speed x REV in t e r a c t io n  
£ s ig ni f i cant l y  a f f e c t e d  c o lo r .  The Duncan's t e s t  (T a b le  3) showed 
A that ham tum bled a t  25 rpm had s i g n i f i c a n t l y  d a rk er  c o lo r  than th a t  
$ Mt 15 rpm. The d a rk e r  c o lo r  a t  25 rpm was p rob a b ly  due t o  more 
$ M echanical a g i t a t io n  which a c c e le r a te d  th e  d is t r ib u t io n  o f  cure 

in g re d ie n ts  u n ifo rm ly  th rou ghou t th e  p rod u ct. The Duncan's t e s t  
(T ab le  4) showed th a t  ham p rocessed  a t  9,000 REV had s i g n i f i c a n t l y  
Mower c o lo r  in t e n s i t y  than th ose  a t  3000 and 6000 REV.



Table 4.- Duncan's test results for textural and cumulative revolutions sensory parameters

Sensorv _^
RevolutionsNumber HardnessN/ca2 GumminessN/cm2 ChewinessN/cm2 Colour Tender^3

3000 49.4a 13.0a 7.5a 7.2a 7.6at>
6000 45.2b 11.7a 6.4a 6.8a 7.2b
9000 41.0c 9.5b 5.2b 5.8b 8.13

means with the 
different at 5% identical letters in the level. same columns are not significant

In  a d d it io n ,  th e  Duncan's t e s t  (T a b le  2) in d ic a te d  th a t  
trea tm en t 5 (25 rpm and 6,000 REV) had th e  h ig h e s t  c o lo r  in te n s ity -  
T h is  su gges ted  th a t  t o t a l  tu m b lin g r e v o lu t io n s  above 6,000 RE  ̂
d ec reased  c o lo r  in t e n s i t y .

Tum bling speed d id  n ot s i g n i f i c a n t l y  a f f e c t  ten d e rn ess . The 
Duncan s t e s t  shewed th a t  th e  ten d ern ess  a t  both  tu m b lin g  speeds 
( and 25 rpm) w ere n o t s i g n i f i c a n t l y  d i f f e r e n t .  The tenderness 
was s i g n i f i c a n t l y  a f f e c t e d  by REV and speed x REV in te ra c t io n -  
la b le  4 showed th a t  th e re  was a s i g n i f i c a n t  d i f f e r e n c e  i n 
ten d ern ess  f o r  p rod u cts  p rocessed  a t  6,000 and 9,000 REV. Ha»5 
P£°5 ;fss f\d .at- , 9 ' 000 REV w ere th e  most te n d e r . The Duncan's te s t  
(T a b le  2\ in d lc a te d  th a t  trea tm en t 6 (25 rpm and 9,000 REV) was the 
most te n d e r  in  com parison t o  some o th e r  trea tm e n ts .

Speed s i g n i f i c a n t l y  a f f e c t e d  sen so ry  ch ew in ess . I t  d id  not 
,c o r r e la t e  w ith  TPA~chew iness. T h is  cou ld  be due to 

th e  d i f f e r e n t  in t e r p r e t a t io n  o f  chew iness by in stru m en t and sensor'/ 
e v a lu a t io n . The Duncan's t e s t  showed th a t  th e  two tu m b lin g  speed* 
(15 and 25 rpm) w ere n o t s i g n i f i c a n t l y  d i f f e r e n t  in  ju ic in e s s -

P r ° du cts  tum bled a t  25 rpm w ere s i g n i f i c a n t l y  le s s  che^/ 
than th a t  a t  15 rpm.

Conclusions: R es tru c tu red  hams p rocessed  a t  25 rpm and 3000 to ta l  
r e v o lu t io n s  o f  th e  tum bler were s i g n i f i c a n t l y  h a rd e r , gummier and 
ch ew ie r . The hams p rocessed  a t  25 rpm w ere s i g n i f i c a n t l y  d a rk er and 
ch ew ie r  and hams p rocessed  a t  9000 r e v o lu t io n s  w ere th e  leash 
gummier and ch ew ie r .
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