
INDUSTRIAL HOT BONING OF BEEF CARCASSES IN CUBA
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SUMMARY: The hot boning of beef on industrial scale is studied; T 
Results show that in the present conditions the alternative °* 
large commercial cuts packed in plastic trays (i), with any of tw® - 
polyethylene coated cuban papers can be introduced in industri*1 
practice. Under these conditions energy consumption in chilling cs*1 
be cut down by 38% and refrigerated space by 50%, as compared tjj 
the traditional boning system. Total weight losses average aroufl®
2% for the proposed operation. In our conditions strict hygiene hâ  to be applied.

INTRODUCTION: Nowadays hot boning, packaging and refrigerati0̂ 
of beef is an item of special interest from scientific and 
commercial point of view. Reductions in meat evaporative loss®̂  
and savings in refrigeration capacity and energy are the mai*} 
advantages of this procedure (Ferguson, R. 1982). Hygiene aDd i 
temperature of the process must be specially controlled iC
In Cuba the refrigeration of beef carcass is carried out rath®!' t 
slowly in most industrial slaughterhouses. These traditiona* I 
systems only can guarantee temperatures of 2 - 4 ®C; relativ*
humidity of 85 - 90 % and 0.3 - 0.5 m/s of air speed. Under the^ i 
conditions the carcasses reach 10 - 12 °C in the thickest part 5 
18 20 hr during chilling process. Total weight losses are aro^n i3% including boning operation.

i
In this work different alternatives considered feasible witho*̂  1 
large investments were tried for hot boning on industrial sca^ ; 
under conditions similar to those existing in Cuban cattl* I slaughterhouses.

i
MATERIALS AND METHODS: The procedure was developed in t*? »stages: laboratory and pilot plant experiments (1) and industri** 

experiment (2). In the first stage the effect of different films 
microbiological and organoleptic quality of hot boned beef *** evaluated.

. 1The main characteristics of the 5 films employed in the fi^ 1 experiments are presented in table 1.
The half of L. dorsi muscle from a hot boned side of carcass 
obtained 45 min after slaughter and then cut in five pieces of ° ' g 
kg each. Immediately each piece was covered with one type of ^  films described.
Hot boning was carried out with strict hygiene. The attachment 0 
films to the meat was made by hands in order to avoid air betw^^ 
both surfaces. Samples were put in a chilling room at 0 - 2
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during 48 hr. The other half of L. dorsi was kept in the side and 
refrigerated at 0 - 2 °C during 24 hr. After that the side was boned 
*nd L. dorsi muscle was hanged in a stainless steel gambrel and 
stored 24 hours in refrigeration, then a piece of 0.5 kg was cut 
*nd used as control in the organoleptic test.
Table 1 Characteristics of packaging films

Films
Weight
g/m

Thickness
micron

Water vapor 
permeabil. 
(g/m/day)

Ripping 
resist. 
mili-Newt

A 92.0 110.0 3.75 744.0
B 87.0 98.0 3.6 654.4
C 52.0 60.0 1.60 1100.0
D 22.0 25.0 0.97 1200.0
E 35.0 30.0 52.4 84.0

A: white cuban paper with a polyethylene layer (20 g/m each side)
B: Beige cuban paper with a polyethylene layer (41 g/m each side) 
C; Low density polyethylene (60 microns)
&: Co-extruded and bioriented polypropylene 

Cellophane
For sensory analysis (color, odor and aspect) the samples were 
Served in trays to be evaluated by nine experienced judges. The 
results were processed by Tukey test.
Samples for microbiological analysis were taken by swabbing 
technique (Kitchell et al 1973) before packaging, 24 and 48 hr 
^fter refrigeration. Plate counts were made of mesophilic aerobes 
(plate count agar, 35 ± 1 C, 48 h).
According to the results the white cuban paper was selected to be 
Used in following experiments.
In order to know the behavior of hot boned meat in different 
storage ways, a Pilot Plant experiment was developed.
Hot boned beef (45 min after slaughter) was chilled in three 
different fashionsi large commercial cuts (according to cuban 
standards) packed in plastic trays (600 X 400 X 522 mm) with 
Exposed surface covered with the selected film (i); fuller butchered 
fetail cuts in small plastic trays each of them completely wrapped 
With perforated film (ii). The small trays were also put in plastic 
^tays (the same size of the experiment i); large commercial cuts 
Ranged on stainless steel gambrel without any cover (iii) and a 
control (conventional chilled boned beef). In all cases chilling 
Was carried out in air at 2 - 4 C and 85 - 90 % RH. The cooling 
rate for each treatment was recorded.
For hot boning the weight of carcass, meat after boning and
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chilled meat (after 24 hr) was measureded. For cool boning the 
weight of carcass (after 24 hrs) and chilled meat (after 36 hrs) was measured.
Microbiological analysis wer'e made. Samples were taken by swabbing 
on carcass surfaces, boned meats and chilled meats (after 24 hi refrigeration). For small trays shelf life of them was obtained- 
Sensory and microbiological analysis were made daily. A group of 8 

10 experienced judges made the acceptance rejection test for off
odor detection. For this purpose, the meats were overturned op other trays.
The same microbiological analysis were applied. Shelf lives were 
obtained using the maximum likelihood techniques for incomplete 
failure data developed by Weibull distribution law (Nelson 1982)'
In no case was vacuum packed applied.
In the second stage 
industrial facilities. Pilot Plant results were scaled- up in

Hot boning of carcasses (45 min after slaughter) was made as commo11 
m  a selected slaughterhouse and it was the control of th« 
experiment; the meats were hanged on stainless steel gambrels. The 
test sampies were hot boned (45 min after slaughter), put ip 
plastic trays (600 x 400 x 255 mm) and covered with cellophane. Th® 
height of meat in trays was 130 mm. Hygienic rules duri^ slaughter and boning were strictly applied.
The meats from gambrels and plastic trays were conducted to the 
cold-storage plant (at 3 Km distance) in non refrigerate^ 
transport. The trays were placed in pallets (4 columns of 5 
in each pallet). The gambrels were put in the same chamber. tray5

cooling rate 
Air velocity wa5

Measurements of temperature to the chamber and 
meats were made (Comark electronic thermometer), measured (Wallac electronic Anemometer).
The weight of carcasses and meats before and after 24 V  refrigeration was controlled.
Microbiological analysis of the process were carried out.
A comparison in energy consumption and refrigerated between the
of%nnnin9 methods considering a theoretical slaughterhouses pla»* of 200 carcass working capacity was made.

RESULTS AND DISCUSSION: Results of Tukey test applied to coloi
a f f pr.esentVed in table 2- Polypropylene film (D) light!* affected the meat surface color. It could be because of his low®5
non?er\ permeablllty- No Significant differences in color amon$ control and other materials were observed.
Satisfactory results in odor and general appearance for all the
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s4mples were ob ta in ed  and th e re  was not in d ic a t io n  o f  any 
^ 9 n i f i c a n t  d i f f e r e n c e  between each sample and the c o n t r o l .

^ b le  3 rep res en ts  the  e f f e c t  o f  the f i lm s  on m ic ro b ia l  counts. I t  
c*n be n o t ic e d  th a t  meats covered  w ith  p o lyp rop y len e  f i lm s  
R esen ted  h igh er  counts than these  covered  w ith  ce l lop h an e  and 
cUban paper. The lower oxygen p e rm e a b i l i t y  o f  p o lyp rop y len e  and 
po lyethylene produces a s e l e c t i v e  e f f e c t  on p resen t m ic r o f lo r a  
p ^ c to b a c i l l i  sp. cou ld  grow and s p o i la g e  m.o. can be in h ib i t e d  
B a y lo r  e t  a l ,  1972).

^ b l e  2 Tukey t e s t  f o r  c o lo r  e v a lu a t io n  o f  samples covered  w ith  
d i f f e r e n t  f i lm s .

Treatments The sum 
difference

Significant 
1 evel

Level of 
difference

Control- A 4 < 8.64 n.s. no
Control- B 1 < 8.64 n. s. no
Control- C 2 < 8.64 n.s. no
Control- D 14 > 8.64 * slight
Control- E 4 < 8.64 n.s. no

A - B 3 < 8.64 n.s. no
A - C 6 < 8.64 n.s. no
A - D 0 < 8.64 n.s. no
A - E 18 > 8.64 * 1 ight
B - C 3 < 8.64 n .s . no
B - D 3 < 8.64 n.s. no
B - E 15 > 8.64 * 1 ight
C - D 6 < 8.64 n.s. no
C - E 12 > 8.64 * 1 ight
D - E 18 > 8.64 * no

^ b l e  3 T o ta l  m e sop h i l ic  counts o f  meat s u r fa c e  covered  w ith  f i v e  
d i f f e r e n t  f i lm s  lo g ^  c . f . u . g  .

Sample I n i t i a l  count a f t e r  24 h a f t e r  48 h

A 3.38 3.43 3.00
B 3.38 3.26 3.58
C 3.38 3.69 6.90
D 3.38 3.70 5.90
E 3.38 3.49 3.58

^eig h t  lo s s e s  o f  meats b e lon g in g  to  the second experim ent ( f i r s t  
5tage ) a re  showed in  t a b le  4. As expec ted  coa ted  meats had a lower 
'“'s igh t lo s s  than non-coated  ones. Taking in t o  account the 3 
J^asured param eters j o in t e d  (w e igh t  lo s s ,  trimmings and y i e l d s )  the 
£sst trea tm ent i s  the  c o ld  s to ra g e  o f  meats in  la r g e  t r a y s ,  
^ though  in  gen era l hot boning and packaging procedure in v o lv e  a 
^9 h er  p e rcen tage  o f f a t  and meat trimmings (T a y lo r ,  1981).

éfk
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Table 4 Weight losses of meats (Pilot Plant experiment).
Control Large trays Gambrels Small trays S.E

Carcasses 7 7 7 4Chilling losses % 0.91c 0.19b 2.26d 0.00a 0.24Total evaporative losses % 2.69a 1.8 b 2.50a 1.5b 0.25
Meat and fat 
trimmings % 5.98c 7.69b 7.25b 16.20a 0.44
Yields % 65.40a 66.40a 65.20a 58.40b 0.54
mean values with different letter significant difference P<0.01
Figure 1 shows the cooling rate of the 4 treatments. It can be 
observed that all treatments reached 10 °C before the control. Thus 
suggesting the advantageous effects of hot boning on energy consumption.
Table 5 shows microbiological results of the experiment’ 
Microbiological quality of carcass is acceptable for both, the col̂  
and the hot boned types. After 24 hr for meat in gambrels an̂  
plastic trays, comparable results were obtained. This suggests that 
changes in boning procedures when strict hygiene practices ai® 
applied do not diminish bacteriological quality of meat.

In table 6 can be seen that behavior of the two boning procedure 
employing small trays was similar; taking into account tt® 
application of strict hygienic rules for the hot boning procesé 
as suggested by Valladares et. at. (1985) for similar conditions-

The resulting shelf lives were in both cases similar when haza^ plot were applied.

1 0 6 8



Scale parameters ( ) Weibull distribution law.
Control Value 1 ower limit upper limit
scale 5.5584 4.7000 6.5735

S.D. = 0.1592 days
*D = Bai 0.113 D{10, 0.05) = °*251

Sample
scale 5.5649 4.6592 6.6467

S.D. = 0.1908 days
*D = naai 0.125 D(ll, 0.05) = 0,232

* D„ai = Maximum difference from Kolmogorov Smirnov test, 
j = Limit difference of Kolmogorov distribution

Table 5 Total mesophilic counts of meats (Pilot Plant 
experiment) Log^ c.f.u.g1

Initial count After 24 h
Carcasses 3.38 —

Hot boned meat 4.15 —
before packaging 
Hot boned meat 4.41 5.65
in gambrels 
Hot boned meat 
in plastic trays

4.34 5.45

Note: For carcasses, 7 samples were analyzed (3 points each).
Table 6 Total mesophilic counts of hot and cold boned beef in

small trays (without any vacuum packaging). Log1(j c.f.u.g1

Sample
Total mesophilic counts

1 2 3 4 5
hot-boned beef 
cold-boned beef

4.59
4.45

5.58
5.66

5.79
6.46

6.67
6.95

7.75
7.99

The main results of the industrial experiments are shown in table
7.
Studies on weight losses showed a large difference between hot 
boned beef in plastic trays and gambrels. The value achieved by 
Plastic trays procedure is perfectly comparable with the weight 
loss obtained in modern refrigeration systems.
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Tab le  7 R esu lts  o f  in d u s t r ia l  exper im ent.

Hot boned b e e f  in  
p l a s t i c  t ra y s

Hot boned b ee f  
in  gambrels

Number o f  animals 25
T o ta l  ca rcasses  w eigh t 3826.7

(k g )
T o ta l  hot-boned b ee f 2348.6 1375w e igh t (k g )
T o ta l  hot-boned b e e f 2319.0 1264 5
w eigh t a f t e r  r e f r i g e r a t i o n

(k g )
W eight lo s s  (k g ) 29.6 n o  s
W eight lo s s  (%) 1.3

J l.  J L \ J  9 ■sJ 

8.0

Tab le  8 C oo lin g  r a te  o f  the meat (°C) .

Hot boned b e e f  in  
p l a s t i c  t ra y s

Hot boned b ee f  
in  gambrels

Average  i n i t i a l  temp. 
Average  f i n a l  temp.

Minimum a i r  temp. 
Maximum a i r  temp.
A i r  v e l o c i t y  (m/s)

36.7
12.7

37.4
6.2

5.1
11.3
0.0
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i  n o t ic e d  in  t a b le  8 th a t  c o o l in g  r a te  o f  the meat was ve^ 

on ly  a<=h ie ved  12 C as a ve rage . However the meat hanged if 
gambrels reached around 7,5 ®C. I t  i s  e x p la in ed  by the b eh av io r  °l 
the c o o l in g  param eters which were not as s u i t a b le  as expec ted .

Tab ie  9 rep res en ts  m ic r o b io lo g ic a l  r e s u l t s  to  in d u s t r ia l  s c a le .  
the beg inn in g  the m ic ro b ia l  counts o f  the meat were comparable wi^ 
the r e s u l t s  ob ta in ed  m  the p i l o t  t e s t  ( f i r s t  s ta ge  o f  t h is  wor^ 
where good hyg iene  p r a c t ic e s  were a p p l ie d .  However h igh e r  count5
M mh0tf  boned meats ^  P l a s t i c  t ra y s  i l l u s t r a t e  how d i f f e r e n c e s  if 
t im e, tem perature and hum idity during c o o l in g  may lead  to  d i f fe r *?11 
end r e s u l t s  (Ingram  e t  a t ,  1976).

C on s id er in g  a s laugh terhouse  
boning system cou ld  produce 
space requ irem ent and 38 % in  
the t r a d i t i o n a l  system.

o f  200 b ee f  ca rcasses  c a p a c ity  
a red u c t ion  o f  50 % in  refrigeratef 
energy consumption in  comparison v/î

CONCLUSIONS: The in t r o d u c t io n  o f  hot boned b e e f  in  the p r e s e t  
c o n d it io n s  o f  cuban s lau gh terh ou ses , i s  f e a s ib l e  i f  s p e c i f1! 
h y g ie n ic  cau tion s  during c u t t in g  and p ro ce ss in g  are  taken , as weJ 
as to  guarantee b e t t e r  r e f r i g e r a t i o n  c o n d it io n s .

£I
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So th e . system s tu d ied ,  i t  was es t im ated  th a t  a red u c t ion  o f  approx 
% in  r e f r i g e r a t e d  space requ irem ent i s  p o s s ib le .  The energy 

e<3uirements might be reduced by approx. 38 %,
ih
^ble 9 M ic r o b io lo g ic a l  r e s u l t s  to  in d u s t r ia l  s c a le  

l o g 19 c . f  . u . g ." .

v—

samp1e Initial count After (24 hr)
Not carcasses 3.67Not boned meat 4.56Moats in plastic trays 5.72 6.93Meats in gambrels 5.41 5.73
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