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Introduction
There is  a requirement fo r rap id , non-destructive , non-contact physical 
methods fo r determining the composition o f meat and meat products fo r use in 
research or q u a lity  control labo rato ries and fo r in d u s tr ia l process control by 
continuous in - lin e  monitoring.
Several papers report that measurements on near in fra red  surface re flectan ce  
may be used to estim ate the composition c h a ra c te r is t ic s  o f em u ls if ied , 
homogenised or ground meats, s p e c ia lly  prepared in the laboratory (Ben-gera and 
N o rris , 1968; Kruggel e t a l . ,  1981; Martens e t a l . ,  1981; Lanza, 1983). The 
instruments employed in the above reports (Neotec Scanning Spectrocomputer and 
the Technicon In fraA lyzer ) require  the sample in a specia l chamber and are 
thus unsuitable fo r continuous in - lin e  monitoring.
The S ilso e  Moisture Meter (Beaconsfie ld  Instrument Company, Beaconsfield ) was 
recen tly  developed to provide a robust, non-contact method fo r measuring the 
moisture content o f cut or chopped m aterial passing on a conveyor c lose to a 
measuring head.
The purpose of th is  work was to assess the p recision o f in fra red  re flectan ce  
measurements fo r determining the composition o f commercially prepared minced 
beef without fu rth e r homogenisation with a view to assessing the potentia l of 
the S ilso e  Moisture Meter fo r in - lin e  monitoring of the fa t  and moisture 
contents o f minced beef.

D escription of instrument
The S ilso e  Meter i s  designed to measure in te n s it ie s  a t four p re-specified  
wavelengths (670, 940, 1300 and 1450 nm) re fle c te d  from m ateria ls passing on a 
conveyor below a sensing head and to d isp lay  a q uantity :

P = A+B (C.S1450 ♦ D .S I300 + E.S670)/S940 
S1450, S I300, S940 and S670 are the in te n s it ie s  of the re flec te d  s ig n a ls  a t each 
wavelength and A, B , C, D and E are pre-selected ca lib ra t io n  constants. The 
value of P , and ind iv idual in te n s ity  and reference va lu es , are a v a ila b le  as an 
RS232 output from the device .

M ateria ls and methods
T h ir ty  nine samples o f minced beef, ranging from 2 .5  to 5 kg each; were 
purchased from 10 fam ily  butcher shops in  the Avon area over a one-month period; 
each shop was v is ite d  at le a s t  three times on d if fe re n t  days. Three subsamples 
of mince were packed into g lass p etri dishes 11 cm diameter and 1.5 cm deep, 
and th e ir  surfaces pressed f l a t .  They were covered immediately and only exposed 
fo r measurement on a tu rntab le  ro tating  a t 1 rpm with the a x is  o f the sensing 
head angled at 30° to the normal to the su rface . The separation o f the sample 
surface and fro n t face o f the sensing head was se t a t 2 cm. Readings were 
averaged over 1 minute in  a c ir c le  approximately 3 .5  cm diam eter. A 'w hite ' 
surface was measured under the same experimental conditions and fu rth e r 
subsamples were removed from each batch o f mince and analysed fo r moisture and 
extractab le  fa t  by freeze  drying followed by vacuum d ry ing , and Fo ss- le t 
an a lys is  re sp e ct iv e ly .

The N in te n s it ie s  S-jw a t wavelength w (w = 670, 940, 1300, 1450 nm) were 
averaged to give the four mean in te n s it ie s  and the ra t io  o f the in te n s it ie s  
a t two wavelengths j  and k averaged to give R jk as fo llo w s:

1 = 1 i - 1

At each wavelength w, the in te n s ity  S* (here the mean o f the three sub-samples) 
was normalised to the corresponding in te n s ity  o f the 'w h ite ' surface to g ive the 
four apparent re flectan ce  measurements used in the a n a ly s is . Means of the 
apparent re flectan ces and re flectan ce  ra t io s , averaged over three sub-samples, 
were examined fo r co rre la tio n s  with the X fa t  and % moisture in  the samples.

Results
A basic d escrip tion  o f the data i s  presented in Table 1. The apparent 
re flectan ce  o f the mince surfaces was highest a t 670 nm, lowest a t 1450 nm and 
re flectan ce  at 940 nm was higher than a t 1300 nm (Table 1 , Figure 1 ). There was 
an appreciable un certa in ty in  the in te n s ity  measurements even fo r the standard 
'w h ite ' surface averaged over 1 minute (sd o f 6 to 7 fo r in te n s ity  readings 
ranging from 245 to 301, Table 1 ) . Standard deviations of the in te n s it ie s  
re flec te d  from the surfaces of minced beef showed higher percentage uncerta in
t ie s ,  even a ft e r  a llow ing fo r the e ffe c t  of sample (Table 1 ) .
At a l l  wavelengths, there were p o s it ive  co rre la tio n s  between apparent 
re flectan ces and fa t  proportions and negative co rre la tio n s  between apparent 
re flectan ces and moisture contents (Table 2 , Figure 1 ) .
Since the geometry remained constant between samples, the ind iv idua l in te n s it ie s  
(S670, S940, S I300 and S1450) a lso  yielded co rre la tio n s  with % e xtractab le  fa t  
and % moisture of very s im ila r  magnitude to the corresponding co rre la tio n  
c o e ff ic ie n ts  quoted in Table 2 (maximum d iffe rence  in corresponding r  was 0 .0 1 ) .

The c o rre la tio n  c o e ff ic ie n ts  fo r X extractab le  fa t  and X moisture versus the 
ra t io  Rik were found to d if fe r  by no more than 0.06 from corresponding 
co rre la tio n s  with R^j* The ra t io s  S1450/S940, S1300/S940 and S670/S940 yielded 
markedly d if fe re n t  co rre la tio n s  with chemical an a lys is  data (Table 2 ) . Of the 
th ree , S1450/S940 was the best p red ictor and S670/S940 the worst. However, 
S1450/S670 gave the highest co rre la tio n  o f a l l  the ra t io s  and no ra t io  gave as 
good a co rre la tio n  as the apparent re flectan ce  a t 1450 nm (Table 2 , Figure 2 ) . 
The constituents of the commercially prepared minces were outside our control so 
that some samples may have contained add itional ingredients and Figure 2 records 
the negative c o rre la tio n  between extractab le  fa t  and moisture in  the 
experimental samples.
The residual standard deviation (rsd ) of the pred iction o f Z moisture (2 .6 7 * ) , 
based on the apparent re flectan ce  a t 1450 nm, was s ig n if ic a n t ly  reduced in a 
m u ltip le  regression with the re flectan ce  a t 1300 nm which gave an rsd o f 2.55 
(Table 3 ) . In clus ion  o f the re flectan ce  at 940 nm did not s ig n if ic a n t ly  improve 
the p rec is io n  o f a regression based on the re flectan ce  a t 1450 nm and 1300 nm. 
M ultiple regression did not s ig n if ic a n t ly  improve the p rec is io n  of pred ictions 
o f % e xtractab le  fa t  based on the re flectan ce  a t 1450 nm alone (rsd  = 2 .98 Z ).

A m ultip le  c o rre la tio n  o f X extractab le  fa t  with the in te n s ity  ra t io s  S1450/
S940 and S670/S940 (rsd  - 3.30%) was o f comparable p red ic tive  value to the

Figure 1 The apparent re flectan ce  o f minced beef a t 4 wavelengths (6 tr*  
940 nm, 1300 nm and 1450 nm) superimposed on re flectan ce  spe 
o f lean beef reported elsewhere 

Curves a , b and c taken from MacDougall (1977) are of beef M.
(a ) vacuum packed
(b ) exposed to 1000 lux fo r 1 hour
(c )  exposed to 1000 lux fo r 7 days
(d ) beef (Lanza , 1983)

The apparent re flectan ce  o f minced beef a t wavelengths o f 670, 940, 
1450 nm is  shown at 6 compositions.

,300 Jl"1

Symbol X moisture X e xtractab le  fa t

□ 53.1 30.5

o 55.5 25.4

A 69.2 10.4

■ 66.8 15.5

• 63 .9 19.6

A 53.2 34.8

^Apparent re flectan ce  of minced beef adjusted to zero l ip id  content. 
E rro r bars ind icate  ± standard e rro r .
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i-jjiear co rre la tio n  between NIR S ilso e  Meter readings and t he 
Sllgpnca l composition o f 39 samples o f minced beef

% water % extractab le  fa t

7— — r rsd r rsd
^Parent

re flectance a t 670 -.65 3.72 .69 4.55M 940 -.71 3.42 .78 3.95
* 1300 -.76 3.19 .84 3.41

'density
1450 -.84 2.67 .88 2.98

r« io  670/940 .41 4.44 -.50 5.43
» " 1300/940 -.55 4.07 .63 4.85M 1450/940 -.7 5 3.23 .75 4.12

1300/670 -.66 3.66 .76 4.06
“ 1450/670 -.82 2.81 .85 3.34

1450/1300 -.76 3.18 .69 4.54

* COrre la tio n  c o e ff ic ie n t 

residual standard deviation

■ j
" "  -p ll ip le  co rre la tio n s  between NIR S ilso e  Meter data and the 

-Dggncal composition o f minced beiT

reflectance at 1450 i

r eflectance at 1300 i 

ratio 1450/940

670/940
2.87

rsd ;
P i t ip i é  c o rre la tio n  c o e ff ic ie n t 

residual standard deviation

3.30

lin e a r  co rre la tio n  with the ra t io  S1450/S670 (rsd  = 3.34%) but le s s  p recise  
than p red ictions based on the apparent re flectan ce  a t 1450 nm, recorded above.

D iscussion

The p rec is io ns o f the co rre la tio n s  recorded in th is  experiment fo r commercial 
minced beef o f a wide range of comminution and inhomogeneity are worse than 
p recisions quoted fo r s p e c ia lly  prepared e m u ls if ied , homogenised, or ground 
samples (Martens e t a l . ,  1981; Kruggel et a l . ,  1981 and Lanza, 1983). For 
example very p recise  co rre la tio n s  have been reported by Lanza (19 83 ), who, using 
a Neotec model 6350 Scanning Spectrocomputer, se lected  re flectan ce  values a t 
four wavelengths in the range 1100 to 2500 nm to p red ict the % fa t  and 1 water 
in  em ulsified  samples of pork and beef. Lanza quotes rsd ranging from .2  to 
.3% fo r fa t  and from .5  to .6% fo r  moisture whereas corresponding values fo r 
th is  work are 3.0% and 2.6% re sp e ctive ly  (see Tables 2 and 3 ) .  Lanza a lso  used 
a mathematical transform ation o f the spectra to obtain second d e r iva tive s  with 
respect to wavelength since th is  was thought to reduce va ria t io n s  due to 
p a rt ic le  s iz e , sample temperature and sample compaction and to break the in te r
co rre la tio n s  between re flectan ce  data a t d if fe re n t wavelengths. Furthermore 
Lanza used a computer an a lys is  of the spectra to determine the four best 
wavelengths fo r pred iction and the wavelengths fo r moisture p red iction d iffe re d  
from those fo r fa tn ess . Our wavelengths, not chosen s p e c if ic a l ly  fo r meat, were 
predetermined by the manufacturers fo r use on a range of moist m ate ria ls  and 
excluded 1920 nm where a minimum in the re flectan ce  spectra o f pork and beef is  
reported.

Our re su lts  are  more comparable with those of Kruggel et a l . (19 81 ), who, using 
a Technicon In fra  Analyser to measure sp e c ia lly  prepared ground lamb, found that 
the rsd o f the m ultip le  co rre la tio n s  with re flectan ces a t s ix  wavelengths ranged 
from 2.4 to 2.6% fo r fa t  and 1.9 to 2.0% fo r  water. Corresponding p rec is io ns 
fo r h is  'pooled' data were 3.0% and 4.6%.
Of the four wavelengths stud ied , 1450 nm contributed the most to fatness and 
water p red ic tio n s . Th is corresponds to a maximum in the absorption spectrum of 
lean meat a ttrib u ted  to 0-H v ib ra tio n s  o f water (Ben-gera and N o rris , 1968) and 
a minimum in the re flec tan ce  spectrum (Lanza , 1983). At th is  wavelength the 
surface of minced beef has an apparent re flectan ce  in the region o f 2% (F igure  
1) and a high s e n s it iv i t y  and re p e a ta b ility  is  required to allow  d iscrim inatio n  
between samples showing small d iffe rences  in re flectan ce  at low le v e ls . The 
in t r in s ic  un certa in ty of the instrum ental readings probably contributed 
appreciably to the sca tte r o f the data about the regression lin e s  (the 
re p e a ta b ility  of the in te n s ity  measurements of a uniform surface was about ± 1 
u n it ±2%, Table 1 ) . Separate con tribu tions to the sca tte r were caused by the 
in t r in s ic  uncerta in ty of the chemical a n a ly s is  data (Table 1) and by sub
sampling va ria t io n s  in  the re flec tan ce  data due to sample inhomogeneity and 
other in t r in s ic  e rro rs  p ecu lia r to the meat su rfa ce , such as surface roughness 
and instrum ent-surface d istance v a r ia t io n s .

The re su lts  o f th is  experiment ind ica te  that continuous measurement o f near 
in fra red  re flectan ce  of a product passing c lose to a sensing head has potential 
fo r in - lin e  composition a n a ly s is  of meat in  in d u str ia l process co n tro l.
However the standard S ilso e  Moisture Meter that was tested in th is  experiment 
would only be su itab le  fo r rough composition assessments and before the fu l l  
potentia l of the method could be re a lised  i t  would be necessary to optim ise 
instrum ental fa c to rs  such as to increase the s e n s it iv i t y  and re p e a ta b ility  of 
the measurements on surfaces with a low re flec tan ce .
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