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SUMMARY:
This

ls Paper describes a new novel noninvasive system to measure the fat contnt in cartons of boneless meat. The system using the 

lrr|ultaneous transmission of neutrons and gammaa rays provides an accurate, rapid assessment of the fat co9ntent that is not influenced 

^  the meat temperature, the piece size or carton geometry.

PRODUCTION:

Much

The
of New Zealand’s beef and a proportion of its sheepmeats are sold frozen in standard 27.2 kg cartons for manufacturing purposes.

|  etore, it is not surprising that the product is sold on a specified fat content. At present there is no completely satisfactory on-line

me'hod for assessing the composition of cartoned meat. Typically, fat content is assessed visually and adjusted by the packers in the boning

°ms- The chemical lean (CL) is assessed by coring a statistically selected number of cartons (Baxter 1971). The cores are then analyzed

y a vanety of methods, ranging from solvent extraction to microwave drying. (Chrystall 1990).

NorjcJecfructive methods are desirable but are not commonly available. Pulsed ultrasound and NMR (nuclear magnetic resonance) have been 

Rested, but neither has been developed into commercial instruments. There are commercial systems available that have been classed
as 0n-line

can

and

has

instruments. For example, the MQ25 (a derivation from the EMME system), manufactured by Dickey John Corporation, Illinois, 

assess the content of cartons of meat as they pass along a conveyor belt. Unfortunately, the results are highly temperature dependent 

are also dependent on the size of meat pieces within the carton with accuracy increased as the size of pieces decrease. The iinstrument

the

recently been evaluated by Eustace et al. 1989. Another instrument that is considered to be capable of assessing the composition on- 

‘he Glafascan. (Glafascan Ltd, Cambridge) (Anon. 1981). This device uses video imaging of the product on a conveyor to assess 

Proportions of fat and lean, to determine the composition. As with the MQ25 the accuracy increases as the size of the pieces 

ases The thickness of the sample on the conveyor also affects the accuracy, since the instrument only sees the surface.

new approach assessing the meat volume and using the established density difference between lean and fat has been described

v>sual

decrea

' recent

b* D;
\ eY (1991) and tested by Davey and Lovatt (1991). The prototype instrument appears to show promise being unaffected by

tern
Peratu:

•he
re over the range tested (8.7 C to 15.7°C ) but shows sensitivity to piece size, being more accurate with larger pieces..

method d iscu ssed  in this

fat
c°ntent i

paper uses a completely different principle, which results in an instrument that can accurately measure the

t0 lar,
‘n cartons. The results are unaffected by temperature in the range tested -18‘C to +20'C. and by piece size in the carton. mince

*
8e pieces. 

M t ,  H ° D  : T he

Carton
new method depends on the simultaneous transmission of neutrons and gamma rays (NEUGAT technique) through a

of
meat- T he method is insensitive to the distribution of fat throughout the product and to the thickness of the meat.
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Equipment : T he p ro to ty p e  in stru m en t co n sis ts  o f  three  p rincipal e lem en ts, as show n in F igu re  1. T he first e lem en t is the top  tank, in 

w hich  the  rad ia tio n  source  can  be m o v ed  ve rtica lly  in a  cen tra l tube. T he tank is filled  w ith  w ater to sh ie ld  the o p e ra to r from  the radiation |  

sou rce  252C f (C a lifo rn iu m  252). T he second  e lem en t o f  the  system  is an o th er large  tank h ousing  the rad ia tion  d e tecto rs. T h is tank  is also 

filled  w ith w ater, both as a  rad ia tio n  sh ie ld  and as a m eans o f  con tro lling  the  tem p era tu re  o f  the  d e tecto rs. T h e  d a ta  from  the detectors j 

are  p ro cessed  by an  o n -lin e  co m p u te r system . T he th ird  e lem en t is a  co n v ey o r system  that m oves the carto n s o f  m ea t un d er the source 

and o v e r  the d e te c to r a rray .T h e  re la tive  p osition  o f  the source, m eat carto n s and the d e tec to rs  is show n in F igu re  2.

Theory: W hen a neu tron  o r  g am m a b eam  is passed  th rough  a carton  o f  m ea t the  rad ia tio n  is reduced  acco rd ing  to  th e  expression  

I =  I0 ex p  [- p fM f - p mM m)] ( 1 )

w here  pf and  p m are co n stan ts  and  M f an d  M m are  the m asses p e r un it a rea  o f  fa t and lean  tissue respec tive ly .

I is th e  am o u n t o f  rad ia tio n  p assin g  th rough  the m eat and I0 the  inciden t rad ia tion .

T he fa t  frac tion  is g iven  by  w =

and th e  p roduct d en sity  by p  =

M.
Mf+M

J  m

M. + M_I____«
Thickness

(2)

(3)

T he ap p ro ach  has been  used  to  m easu re  w a te r  in a  v a rie ty  o f  m ate ria ls (B artle  et al. 1990). In co n trast w ith  those  m ate ria ls  the fa t and lean

tissu es bo th  hav e  h igh  h y drogen  concen tra tio n s . T h e  neu tro n  m ass a tten u atio n  c o effic ien t is  h ig h est fo r fat ev en  though  lean  m eat is 

w ater.

75$

RESULTS : In the first in stan ce , b locks o f  b e e f  lean and fa t w ith c o m p o s itio n s  from  1 to  70%  ch em ica l fa t by w eigh t, as d e te rm in e  

by the  so x h le tt m ethod  (A O A C  1984) w ere  used  to ca lib ra te  the appara tus. T h ese  b locks w ere m ade so  that n ine  fitted  in to  a standard 

27 .2  kg  m eat carton  in th ree  layers. S u b seq u en tly , w hole  cartons o f  m eat have  been used.

T h e  ca lib ra tio n  o f  the in stru m en t w ith the m ea t b lo ck s is show n in F igu re  3. T he (p) co effic ien ts  ob ta in ed  fro m  a least squares fit were

,u (neutron coefficient for meat ) = 1.17 x 10 2 m 2k g '!

= 3.47 x 10r3 m 2kg

unf (neu tron  co effic ie n t fo r  fa t) =  1.51 x 10 ' 2 m 2kg _1

t y  ( y  c o effic ien t fo r fa t) =  3.97 x I0 "3 m 2kg _l (y coeffic ien t fo r m eat)

A sim ila r  calib ra tio n  test w ith  m utton  b lo ck s y ie ld ed  very sim ila r co effic ien ts . T h e  th ickness o f  the m ea t ca rto n s  is about optim al f

fat ^m easu rem en ts  using  n eu tro n s in term s o f  m in im iz in g  the e rro r in a  g iven tim e. T h e  p resen t ap p ara tu s can  m easu re  the percentage 

a box  to  abou t 1.5% (SD ) in 1 m inute .

T he d o se  d e liv e red  to  each  carto n  w as ty p ica lly  O .O lm G. T h is level is 5 x 104 tim es low ere  than  th a t accep ted  by m ost countries
as

n eg lig ib le  in in d u stry  (50 0 m G ), and 109 lo w e r than  d o ses used to  ste rilize  fo o d  by irrad ia tion  and is accep ted  as not de tectab le
and safc

3 (
by  W H O . C a lcu la tio n s sh o w  that im m ed ia te ly  a f te r  m easu rem en t the activ ity  in the m eat due to neu tron  c ap tu re  on  23N a is 5 x 10 stTia 

than  th e  40K activ ity  n a tu ra lly  p re sen t in m ea t. T h e  sod ium  activ ity  has a  h a lf- life  o f  15 h an d  d isap p ea rs  in a  few  days.

lief
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leld trials invo lv ing  several hundred  c a n o n s  o f  boneless m an ufactu ring  m eat w ith a range o f  specified  fa t leve ls w ere u n d en ak en  in a  large 

at p rocessing  p lan t. In one test 36 c an o n s  o f  nom inal fat co n ten ts o f  15 and 20%  w ere analyzed  in pa irs using  N E U G A T  on  the 

ole boxes and B abcock  chem ica l test (K o n iecko , 1979) on core  sam ples. A nalysis on each  pa ir took  2 m inu tes in the N E U G A T  and 

•ñutes by the ch em ica l m ethod . T h e  av erage  fat value  d iffered  by on ly  0 .2%  and the standard  dev ia tio n  w as 2 .2%  over the 36  cartons. 

nP*e ta r to n s  have ^ e n  m easu red  im m ed ia te ly  a fte r pack ing , and again  a fte r hav ing  been frozen o r  m in ced  and frozen. T he resu lts  o f  

e m easurem ents m ad e  a t the d iffe ren t p roduct tem p era tu res  and in the d ifferen t fo rm s did not vary s ign ifican tly .

P e le m e n ts  m ade since  the p ro to type  tria ls p ro m ises to  allow  m easu rem en t tim es in the o rder o f  5 -1 0  seconds pe r carton  w ithou t loss 

f  accuracy. T he p ro to ty p e  d ev elo p m en t is being  ex ten d ed  to co m m erc ia l m anufactu re  by A W A  (N Z ) Ltd.

I nclusions:
T k

e benefits o f  the N E U G A T  system  o v e r o th er m eth o d s are: 

Speed:

Meat frarti

T he m easu rem en t tim e w ill be in the o rd e r o f  10 seconds pe r carton , 

fa c t io n  tested: T he p ro to ty p e  assessed  the in fluence  o f  50%  o f  the m eat in the carton . A h igher fraction  co u ld  be m easu red  by a

g eo m e try  ch an g e  and use o f  m ore  than  one  source.

E v asiv en ess: T he m easu rem en ts  are n o n destructive  and the con ten ts o f  the box are not d istu rbed .

hNihility;

Aecuracy:

M easu rem en t cou ld  take  p lace  o n -lin e  in the boning  room  or any w h ere  requ ired .

M easu rem en t system  is in sensitive  to  box geom etry , p roduct form  and  tem pera tu re. R esu lts  are accu rate  to  1.5%.
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Figure 1. Prototype fat measuring machine Figure 2. Relative positions of source
meat carton and detectors
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Figure 3.Fat values by Neugat and Soxhle'- ^
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