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Modelling of multiple-effect falling-film evaporators

SA N D R O  A N G E L E T T I and M A U R O  M O RESI

Summary
The classic m athematical m odel o f m ulti-effect evaporators operating in 
forward flow was com bined with an accurate estim ation of the overall heat 
transfer coefficient (H TC) in falling-film evaporators. For this correlation  
developed by Narayanamurthy & Sarma (1977) has been used. It was possible 
also to estim ate the order o f m agnitude o f the fouling factor (Rd). Finally, the 
design o f an orange-juice double-effect falling-film evaporator (D E F F E ) 
system was carried out according to two different strategies.

Introduction
Falling-film evaporators (FFE) have recently found wide application in the 
food industry, as they can handle heat sensitive materials (e .g . fruit and 
vegetable juices, m ilk, skim milk and w hey, beet and cane sugar juices, coffee  
and tea extracts, e tc .,)  because o f their particular characteristics, such as 
residence times no longer than a few seconds; high values of the heat transfer 
coefficients even at low  boiling temperatures; minimum loss o f the available 
temperature difference (hydrostatic head, friction and acceleration effects are 
negligible when the liquid level in the bottom  o f the evaporator and vapoui 
velocity in the cores o f the tubes are kept low).

Flowever, FFEs are generally unsuitable for salting, scaling, and fouling  
liquors, as boiling, occurring in the tubes, may facilitate fouling, thus making 
heat transfer more difficult. Similarly, feeds with viscosity greater than 
200 mPas cannot be handled, as such viscous solutions do not spread over the 
tubes.

The perform ance o f FFEs can be easily described as follows: feed enters the 
top distributor and flows down the tube walls as a thin film by gravity. The heat 
flux issued from the wall m akes a portion of the falling film evaporate, thus 
producing a liquid-vapour flow which enhances the overall heat transfer 
coefficient. T hen, the liquid-vapour mixture is separated by using a type of

Authors’ address: Istituto di Chimica Applicata e Industrial, Faculty of Engineering, 
University of Rome, Via Eudossiana 18, 00184 Roma, Italy.
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cyclone, thus keeping liquid entrainments low even when foam ing liquors are 
processed. A t low ratios between input flow  rate and heat transfer surface 
partial drying of the tubes may occur, thus reducing the heat transfer 
effectiveness. This is usually avoided by recirculating a portion of the liquid.

The m odelling o f m ultiple-effect evaporation has been recognized as a valu
able tool in process design as well as in the analysis of existing plants. Recently, 
many rigorous m athem atical m odels were proposed to optimize the evapora
tion process in general (H olland, 1975; Stewart & Beveridge, 1977) or in the 
sugar industry (R adovic et al., 1979).

In this study a m odelling o f m ultiple-effect, falling-film evaporators 
operating in forward flow was undertaken by combining the classic 
mathematical m odel o f m ultiple-effect evaporators, which is based on a 
constant value of the overall heat transfer coefficient in each effect, with a 
reliable estim ation o f such a coefficient in falling-film evaporators. To achieve 
such a goal, the reliability o f the available correlations for the prediction o f the 
heat transfer coefficient in turbulent falling films was tested by analysing the 
performance of a few industrial system s, com m only encountered in the citrus 
industry. Finally, two different strategies (such as equal or different heat 
transfer surfaces) were com pared to optim ize the process under study, as far as 
the minimum value o f the overall heat transfer surface o f the system , or primary 
steam and cooling water requirem ents, is concerned.

Heat transfer rate in falling-films

Vapour evolution from a thin liquid film flowing downward on a vertical 
surface can take place by bubble forming at the heating wall or by direct 
evaporation at the liquid-vapour interface. In particular, the latter mechanism  
prevails when the total tem perature difference is less than 10°C (Narayanamur- 
thy & Sarma, 1977). H ow ever, the heat transfer rate in falling films was found 
to show a large variation according to the type o f flow within the film (laminar, 
wavy laminar, transitional, and fully turbulent regim es), as shown by 
O osthuizen & Cheung (1977).

For this reason, a sim ple m odel as the N usselt m odel (1916), based on direct 
evaporation at the free surface and on steady-state laminar flow only, is unable 
to give a thorough reconstruction o f the experim ental asymptotic dim ensionless 
values of the film heat transfer coefficient (H +) within a wide range of the 
Reynolds number (R e). In fact, according to the N usselt m odel, H + should  
decrease as Re increases:
H + — l . l  R e - 1/3 (1)

On the contrary, this trend was experim entally confirmed only for Re less 
than a critical value ranging from 1600 to 3200, and better correlated by means 
of the following empirical expression by Chung & Seban (1971):
H +=0.606 R e “0 22 (2)

A  com plete description o f the phenom enon under study might be carried out 
by describing the hydrodynamic and thermal behaviour of the film by means of
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Table 1. Available equations for the prediction of the heat transfer rates in turbulent falling films
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No. Equation Flow  characteristics Ref.

1

2

3

4

5

6 

7

77+ = 0.01 (R e P )1'3

7/+= 0.02 R e1/3 (sin 0)°-2

77+= 8 .7 x l0 - 3 Re°-4 Pr°-34

77+= 6.92 x IQ“ 3 R e0-345 P r0-4

7/+ = 8 .54x 10-4 Re0'05

7/+ = 3 .8 x  IQ-3 Re0-4 Pr0-65

77+= 0.89 81/3/15+ [tan-1 (2.73 v 'P r) 
- t a n - 1 (0.455 VPr)]/0.091 V P r
+ In (8/30)/(0.36 Pr)}

Turbulent motion down the McAdams e t  a l. 

inner walls o f pipes (1940)
Turbulent motion down flat Garwin & K e lly  

plates with different angles (1955)
(8 )  of inclination

Turbulent motion outside W ilke (1962)
of a metal rod heated 
internally by hot water

Turbulent motion down the Ahmed & Kaparthi 
inside surface of tubes (1963)

Turbulent motion of water Herbert & Stern 
only down the inner walls (1968) 
o f pipes

Turbulent flow down the Chun & Seban 
surface of an electrical (1971)
heated vertical tube

Theoretical expression Narayamamurthy &
applicable for P r>  1 and Sarma (1977)
S> 30

with
In 8 = 0.786+0.103 In Re + 0.041 (In Re)2*

* This regression was derived from the results of Dukler & Bergelin (1952), Belkin e t  a l . (1959); 
and Narayanamurthy & Sarma (1977).

com bined laminar and turbulent m echanism s, although suitable expressions for 
eddy diffusivity o f m om entum  and heat are not yet available (D ukler, 1959; 
Seban & Faghri, 1976; Brum field & T heofanous, 1976; Narayanamurthy & 
Sarma, 1977).

From the chem ical engineering point o f view a rational design o f FFEs might 
even be carried out by using a sim ple, but reliable correlation o f H + under 
turbulent flow conditions, since the w ave structure of the turbulent film  
involves a reduction o f the average film thickness, thus increasing H + and 
reducing the heat transfer surface.

Table 1 reviews the main equations reported in the literature for heat transfer 
rates in turbulent falling films. The reliability of the only equations which take 
into account the effect o f the Prandtl number (Pr) and refer to turbulent flow  
down tubes and pipes are exam ined below.

Mathematical model

M odelling o f m ultiple-effect falling-film  evaporators (M EFFE) operating in 
forward flow  was carried out by taking into account the following:

1 for all practical purposes the solute is quite non-volatile at the prevailing 
conditions, thus allowing a com plete vaporization o f the solvent without 
removal o f the solute;
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2 the useful temperature difference effective upon the heat transfer surface is 
reduced by the effect of boiling point rise only; and

3 incondensable gases (such as, air leakage and air released from the feed  
liquors) do not affect the overall pressure and the effectiveness of heat 
transfer in the system , whereas their amount has to be estim ated in order to 
design the vacuum equipm ent (e .g . ejector or vacuum pump, barometric or 
surface condensers, extraction pump or barometric leg), as shown further 
below.

With reference to the typical schem e shown in Fig. 1, the system can be 
described by im posing the overall and solute material balances, and the heat
balance across each generic effect y:

S, , - V W  (3)

(4)

Sj_1/ij_1 + Vj_1(/ /j_1- / Ij_ l) ( l - p j) = Kji i j+5j/ij (5)

where all the symbols are reported in the Nom enclature section (page 561).
The performance of each falling-film evaporator is also described by the 

following heat transfer equation:

Vj-! ( //j_1-A*_1) ( l - p j) = í/DjAj(7j_1- í j) (6)

where T ^ x is the condensation temperature of the steam , which com es from the 
( /— 1 )th effect and condenses in the shell o f the yth evaporator:

Tj-i=ti- 1- A  Tb j_x 7= 2 , 3 , .  . . ,n (7)

and T0 is the condensation temperature of live steam.
Provided that the equilibrium conditions are achieved in each effect, the

temperature o f the boiling liquor and solvent vaporized are equal ( f j ) . Owing to 
the rise in boiling point (A Tb]) of the liquor, the vapour leaving the yth effect is 
superheated, while the overall pressure (P}) in the separator y is equal to the 
vapour pressure of the solvent:

p i = P s ( T j )  (8 )

where ps is a known function o f the system under study. In the case o f food  
materials the solvent is usually water and its vapour pressure-tem perature  
relationship is readly available.

W hen the liquor recirculates through the evaporator, the weight flow rate 
(Fj), com position (yq), and temperature (fj) of the solution entering the y'th 
evaporator can be easily determ ined by solving the following overall- and 
solute-m aterial and heat balances:

F ^ S ^ + E ^ (9)

F Jy j = 5 j - iX j_ :  +  F J5jXj ( 10)

F]h] 1/zj_ , +  Ej5j/ij (ID
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where £) is the recirculation ratio. W hen single pass FFEs are considered, Zsj is 
equal to zero.

Procedure o f calculation

The previous system o f non-linear equations describing M EFFEs leads to a 
determ inate solution provided that the number of degrees of freedom  (d .f.) 
pertaining to this problem is obviously zero. With reference to Figure 1, the 
independent variables are the following:

while their overall number is

7Vv= 13  n+6

A s the number o f independent equations (7Ve)— see equations 3 - 1 1 — is 

Ne= 9 n

the degrees o f freedom  of the system becom e  

d .î.= N v- N e=A n+6

For practical purposes the following parameters are usually specified to make 
the problem determinate: w eight flow rate (S0), com position (x0), and 
temperature (t0) o f the feed liquor; solute com position of the final product (xn); 
operating conditions (T0, P0, P n); and thermal losses, overall heat transfer 
coefficients, and recirculation ratios (fy, t /Dj, and £) for /= 1 ,  2, . . . , n).

H ow ever, at this stage the problem is still indeterm inate with (n—1) degrees 
of freedom  and a determ inate solution can be obtained as follows:
1 Identical heat transfer surfaces in all the evaporators:

A j= A = c o n st ; '= 1 ,2 ,.  . . ,n  (12)

This assumption gives the advantage of designing a single evaporator 
whatever the number o f effects, thus reducing the engineering, construc
tion, and installation costs o f the evaporation unit.

2 D ifferent heat transfer surfaces in all the evaporators:

This working hypothesis has to be coupled with som e other condition, being 
a problem  o f optim ization as indicated by H olland (1975). For instance, the 
required (n — 1) values o f A j might be assigned by minimizing the overall 
costs o f the evaporation unit or assuming identical temperature differences 
in all the evaporators:

and

A p  £7]3j, |3j, E p  F p  y -p  fj y 1, 2, . . . , aj

2lj=M j+i 7 = 1 ,2 , .  . . ,n (13)

Tj _ J—fj =  A T= c o n s t j = l , 2 , . . . , n (14)
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With forward flow condition (14) a p rio ri involves that the more 
concentrated and viscous the solution, the greater the heat transfer surface 
becom es.

A ll the m entioned assumptions will be further analysed and com pared with 
several industrial applications.

O nce given the m entioned process and design parameters, the number of 
effects (n), and som e geom etrical parameters (size— da, dh L — and closeness—  
PT— of tubes and their type o f p itch ), the design procedure of M EFFEs may be 
summarized as follows:

1 Calculate the first trial values o f solvent flow rate vaporized in each effect:

V =
S 0(1 -  X0/xn) 

n
7 = 1 , 2 , . . . , « (15)

2 Evaluate the liquor flow rate (5)) in each stage by using equation 3.
3 Estim ate the solute weight fraction (xj) in each stage by using equation 4.
4 Calculate the condensation tem perature of the solvent vaporized in the nth 

effect from equation 8:

Pn=Ps (Tn) (16)

5 A ssum e a tentative set o f ij values for all the « effects.
6 Calculate the boiling point rise (A 7 bj) o f liquor in each stage. This 

parameter is in general a function of temperature (tj) and solute 
concentration (xj):

ATbj = /(ij,X j) (17)

U nfortunately, this function is available only for a limited number of 
liquors, for instance, orange (M oresi & Spinosi, 1980) and lem on juices 
(Varshney & Barhate, 1978).

7 Calculate the specific enthalpy of each stream in each effect:

8
9

hj Cp(j 

h*=cwlTj

11 ■ i“\\ +  C WV l  1

(18)

(19)

(20)
where T] can be evaluated by using equation 7, while the reference 
tem perature for enthalpy calculation is 0°C.
Calculate the live steam flow rate (K0) from equation 5 with /'= 1. 
Evaluate the condensation tem peratures (7 ) , 7 2, . . . , Tn^ f)  o f the 
solvent vaporized in all the effects, except the last one estim ated at step 4, 
by solving the follow ing system  o f ( n - 1 )  linear equations (obtained by 
substituting equation 7 into equation 6 and dividing by U^^Af):

y j_ 1( / / j_ 1- / i f _ 1) ( i - p j ) / ( u DjA J) = r j_ 1- r j- A r bj (2 1 )

If the heat transfer surfaces are equal (A j= A = co n st), A  can be evaluated  
by summing up both sides o f equation 21 for j  ranging from 1 to n, thus

 ̂ «'a
i t  iti o t; ij  f : 111 jj  • j n  t; i m  f i :  l 'i  r n  i
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yielding:

I j r j - 1 ( t f j - 1 - A j ,- l ) ( l - 0 j ) / £/Dj
(2 2 )

Z j A 7»bj

If all the heat transfer surfaces are different (A ^ A -] + x), ( « - 1 )  values o f A j 
are to be prefixed in a certain way, while the remaining one (for instance, 
A j) can be calculated by applying the same procedure used to derive 
equation 22:

Vo(H0 -  h0) ( l  @i )/Ud i
A i = ---------------* --------------- „-------------------------------------------------------- (23)

T0 - T n -  X j A rbj -  X i V j_ i (1 - f t ) / ( t / Dj^ j)
1 2

In both cases the condensation temperatures (7)) can be easily 
determ ined by solving equation 21 for j=  1, 2, . . . , (n —1).
If the tem perature differences in all the evaporators are equal 
(A T =  const), A T  can be calculated by substituting equation 7 into the 
design condition (14) and adding up the two sides of equation 14 fo r /=  1, 2,  
------- ,n :

T o - T n -  X j A 7bj

AT = -------------n '---------- (24)

while each condensation temperature (7)) can be determ ined by solving in 
sequence equation 14:

r j= r j_ 1- A r bj- A r  y = i , 2 ............ ( « - i )  (25)
Each heat transfer surface (Aj) can finally be estim ated by using equation  
21 .

10 Calculate the boiling temperature (ij) of the liquor in each effect fromi 
equation 7.

11 Estim ate the specific enthalpies o f all the liquid and vapour streams by 
using equations 18—20 for j=  1, 2, . . . , (n—1).

12 D eterm ine the algebric solution (V0, Vu . . . ,V n,S u . . . , 5 n_j) of the 2n 
linear equation— (3) and (5)— system:

AH0 -H , 0 . 0 0 - h i 0 . 0 Vo —h0S0
0 AH 1 - h 2 . 0 0 hi - h i . 0 v t 0

0 0 0 ■ A ^ n_ ! - t f n - l 0 0 hji—i Vn hnSn
0 1 0 . 0 0 1 0 . 0 Si So
0 0 1 . 0 0 - 1 1 . 0 S2 0

0 0 0 . 0 1 0 0 . - 1 Sn— 1 - A n
(2 6 )
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where

Affj = ( t f j - / ! ; ) ( l - 0 j+1) / = 0, 1 , — 1) (27)

by using the m ethod of Gaussian elim ination (Lapidus, 1962).
13 Estim ate a new set of solute weight fractions (x ' j)  by using equation 4 for 

;= 1 ,  2, . . . , (n— 1).
14 Check if the difference betw een the old (xf) and new (jc'j) sets o f solute 

weight fractions in each effect is less than a prescribed tolerance (e):

7 =  1 , 2 , .  . . , (n —1) (28)

If the above difference is greater than e, the calculation procedure is 
repeated from step 6 by using the m ethod of direct substitution m odified to. 
speed the convergence as follows:

Xj =  (X j+0 .5  x 'j ) /1 .5  7= 1, 2 , . . . , (n — 1)

If condition 28 is satisfied for 7= 1 , 2, . . . , (n — 1), the iterative process is 
said to have converged and the calculation procedure can continue.

15 Calculate the following parameters (Fj, vj, 7zj, and fj) of each solution  
entering each evaporator (see Fig. 1) by using equations 9 - 1 1  and 
equation 18, respectively, for 7 = 1 , 2
A s soon as the liquid stream F, is forced through the film-forming device of 
the yth evaporator, flashing may occur provided that l] is greater than the 
equilibrium boiling temperature (fBj) at the prevailing pressure P} in the 
same evaporator (for the sake o f simplicity the pressure drop through each  
heat exchanger was assumed to be negligible). O f course, for /j<rBj no 
flashing occurs and the calculation procedure continues from step 17.

16 Estim ate the inlet temperature (f'j) of the liquid stream after flashing 
according to the following iterative process. A  first estim ate o f t 'j =  fj is 
made to calculate the com position:

y\
Cv Gw fj hj

Aw Gw
Fj (29)

and the boiling-point rise £s.T'b]= f( t ' p y ' f) o f the flashed liquor, then a new  
estim ate of t 'j is calculated by summing up the m entioned boiling point rise 
to the saturation temperature of solvent at and resubstituted into 
equation 29, thus repeating the process until the difference between two 
subsequent estim ations o f i f  is smaller than 0.5°C.

17 Evaluate the design heat transfer coefficient (f7Dj) by com bining the clean  
heat transfer coefficient (f7Cj) and the fouling factor (Rd]) to take into 
account the additional resistance to heat transfer due to adhesion of 
suspended matter or incrustating com ponents present in the thin juice 
inside and outside the tube:

1/ Foj Fdj F l/f7Cj (30)
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where Uc -} is the clean overall heat transfer coefficient referred to the 
tem perature difference (T )^  — ij) in each evaporator. This coefficient can 
be evaluated by using equations A .f6 , A .22 and A .2 4 - A .27, as shown in 
greater detail in the Appendix.

18 Check if the difference betw een the old (U Dj) and the new ( t / 'Dj) values o f 
the design heat transfer coefficient in each evaporator is less than a 
prefixed tolerance (s ')

| f / ' D j — CDj|^ e ' 7 = 1 , 2 , .  . . ,n  (31)

If the above difference is greater than e', the process is repeated starting 
from step 9, by using the m ethod of direct substitution; otherwise, the 
design o f the M EFFE system  may be retained satisfactorily and the cooling  
water required at the barometric condenser is evaluated in the following  
manner:

19 Estim ate the amount of non-condensables of the process (G ) by taking into 
account the air leakage occurring at piping connections (flanges, valves, 
etc .) , stuffing b oxes, m echanical equipm ent seals, etc ., and the air released  
from the inlet liquor, which is assumed to be saturated at the input 
temperature (t0). By using the average air leakage per each type of fitting, 
extracted from Ludwig (1964), the former may be quoted as 1.1 x  l(T3kg: 
air leakage/sec/each effect (heat exchanger and liquid-vapour separator),' 
w hile the latter can be assumed to be 1.9 x  10-5 kg air/kg liquor (Ludwig, 
1964, thus obtaining

G = l . l x l C T 3 n  +  1 . 9 x l 0 ” 5 S 0 ( 3 2 )

20 Fix the tem perature o f the exit gaseous stream from the barometric 
condenser 3°C greater than the inlet cooling water temperature (iwi):

7n + l =  i wi +  3 (33)

while set the outlet cooling water temperature (iwf) as that of steam  
corresponding to vacuum less 3°C:

iw f= ^ n -3  (34)

21 Calculate the cooling water consum ption (W) by writing the heat balance 
across the barometric condenser:

(^n -  En+i )(.Hn -h*i ) + (GcG + Vn+lCwv)(T n -  Tn+1)
W '■-----------------------------------------------------------------------------------------------------------

h f -  h j

where

y  = AÇ .  Ps(Tn+1) G
~ Ma Pn — ps (Tn+1 )

(35)

(3 6 )

and M w and M a are the molecular weight o f water and air.
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Results and Discussion
Analysis o f industrial evaporator plants

The perform ance o f a few  industrial double-effect falling-film evaporators 
for citrus juice concentration manufactured by Officine M etalm eccaniche 
Santoro (O M S) SpA  (M essina, Italy) was simulated by means of the 
m athematical m odel previously described using only the most reliable heat 
transfer correlations shown in Table 1.

Table 2. Input data required for the analysis of two industrial citrus-juice 
double-effect falling-film evaporator plants. (Courtesy of Officine Metal
meccaniche Santoro SpA, Messina, Italy.)

Water removal capacity (kg f r 1)

Input data 1000 2000 Unit

(1) Feed flow rate (So) 1200 2400 kg h“ 1
(2) Feed temperature (to) 18 18 °C

10 10 °Brix(3) Feed concentration ( x o )  < ^ 8 8 °Brix
60 60 °Brix(4) Output concentration ( x z )  < ^ 40 40 °Brix

(5) Live steam temperature (T o ) 95 95 °C
(6) Live steam pressure ( P o) 83.8 83.8 kPa
(7) Second effect pressure (P i ) 6 6 kPa

F ir s t  e f f e c t

(8) Thermal loss ( f f ) 0.03 0.03 —
(9) Recirculation ratio (£ )) 0 0 —

(10) Design H T C  (t/m ) c c W m -2 “C - 1
(11) Heat transfer surface (T i) 38 65 nr2
S e c o n d  e f f e c t

(12) Thermal loss (jS2) 0.03 0.03
(13) Recirculation ratio (£ 2 ) 0 0 —
(14) Design H T C  (t/D2) C c W I T T 2 °C -!
(15) Heat transfer surface ( T 2) 71 95 m2

a, orange juice;
b, lemon juice;
c, calculable using equations 30, A 16, A24-27 and the heat transfer 

correlations shown in Table 1.

T he input data required for this analysis are given in Table 2 and refer to two 
different plant sizes (i.e . 1000 and 2000 kg of water removal per hour). A m ong  
them , the values o f the thermal losses (1, and |32, being not given by OMS SpA , 
were estim ated as 3% of total heat load.

In particular, the concentration o f each lot of citrus juice entering the first 
stage and leaving the second one was determ ined by means of a standard 
refractometer at 25°C, while the operating temperatures and pressures in both
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Table 3. Regression equations of the physical properties of citrus juices

Physical property Regression Unit Ref.

Boiling-point rise a A7),= 3.2.v —2.42.V-+ 14.v3 K 1
b A7\, = 11.22 „V K 2

Viscosity a !■<■ =  « T \ A mPa s i
a = exp (34.67 — 20.24 .V + I62.v2) (m P a s ) .K  7 i
ß =  -  6.11 + 3.96.V— 26.8.V2 — i

Density a p =  0.9944 + 0.307 ,v + 0.282 ,v2 g cm 3 i
Specific heat a C p = 4.186—2.679.V J (g K ) 1 i
Thermal conductivity c A =0.213+ 1.316 X 10 3 T k —0.339.V W (m K.) 1 3

a, Orange juice; b, lemon juice; c, aqueous sucrose solutions; 1, Moresi & Spinosi (1980); 
2, Varshney & Barbate (1978); and 3, Honig (1953).

Table 4. Analysis of an industrial orange-juice double-effect falling-film evaporator (water 
removal capacity of 1000 kg lr  ') manufactured by OM S SpA (Messina, Italy) using different 
heat transfer correlations (A , McAdams, Drew & Bays (1940); B, Wilke (1962); C , Ahmed & 
Kaparthi (1963); D, Chun & Seban (1971); E , Narayanamurthy & Sarnia (1977)). Comparison 
between the calculated and recorded output data. (Input data are given in Table 2).

Output data A B C D E
OM S
SPA Unit

Live steam
consumption ( Vo)

644 645 645 634 629 600-650 kg h "1

Cooling water 
consumption ( W )

F ir s t  e f f e c t

24.5 24.5 24.5 24.4 24.3 23-27 m3 h-'

Liquor concentra
tion at outlet (.vi )

17.09 17.08 17.08 17.13 17.18 16-18 Brix

Pressure (P i) 34.61 36.6 36.1 26.5 20.4 15-18 kPa
Temperature (/1 ) 73.1 74.4 74.1 67.0 61.1 55-58 C
Boiling-point rise 

( A r bi)
0.55 0.55 0.55 0.55 0.55 — C

Clean heat transfer 1 
coefficient ( U c \)

S e c o n d  e f f e c t

544 1900 1308 1235 2763 W (m2 ' C ) 1

Liquor concentra
tion at outlet (.vs)

60 60 60 60 60 60 1 Brix

Pressure (P-i) 6 6 6 6 6 6 kPa
Temperature (to ) 40.4 40.4 40.4 40.4 40.4 40 C
Boiling-point rise 

( S T t,o )

4.1 4.1 4.1 4.1 4.1 — C

Clean heat transfer 
coefficient ( U c z)

171 162 158 254 655 — W (m 2 " C r 1

Fouling factor (R p ) 0.0015 0.0015 0.0013 0.0019 0.0030 — m2 C  W 1



stages were measured by using standard therm ocouples and vacuum gauges, 
respectively.

The physical properties o f orange and lem on juices necessary for this study 
(e .g . boiling-point rise, A Th; viscosity, p; density, q; specific heat, cp; and 
thermal conductivity, k), were expressed as shown in Table 3. In particular, k, 
being unknown for both juices, was assumed to be equal to that o f aqueous 
sucrose solutions: the k  values extracted from H onig (1953) and referred to 
different tem peratures (0 -8 0 °C ) and sugar contents (0 -6 0 °B r ix ) were 
correlated by means of the m ethod o f least squares (m ean s .e .< 1 .5 % ) (see  
Table 3). A s far as lem on juices are concerned, the ATh regression was derived  
by sm oothing the results of Varshney & Barhate (1978), while their physical 
properties, being unknown, were supposed to be similar to those o f orange 
juices for the sake of simplicity.

In the case o f a double-effect evaporator (n = 2) the degrees of freedom  are 
14, while the number o f the input variables shown in Table 2 is 15, thus allowing 
the calculation o f an unknown parameter of this problem. Provided that 
identical fouling factors might be expected in all the evaporators, a generic

Table 5. Analysis of an industrial orange-juice double-effect falling-film evaporator (water 
removal capacity of 2000 kg h >) manufactured by OMS SpA (Messina, Italy) using the heat 
transfer correlations as in Table 4: comparison between the calculated and recorded output 
data. (Input data are given in Table 2.)
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Output data A B C D E
OMS
SpA Unit

Live steam 
consumption (Ko)

1303 1305 1306 1283 1268 1200-1300 kg f r 1

Cooling water 
consumption ( W )  

F ir s t  e f f e c t

48.9 49.0 49.0 48.7 48.5 46-54 m3 h 1

Liquor concentration 
at outlet (-vi)

17.04 17.03 17.03 17.10 17.15 16-18 LBrix

Pressure (P i) 40.9 46.8 46.9 32.2 24.6 18-20 kPa
Temperature ( t \ ) 79.3 80.3 80.4 71.4 65.3 58-60 C
Boiling-point rise 

(A 7Y,i)
0.54 0.54 0.54 0.55 0.55 — C

Clean heat transfer 
coefficient (U c i)

S e c o n d  e f f e c t

1752 2159 1491 1352 2862 W (m2 C )  1

Liquor concentration 
at outler (.va)

60 60 60 60 60 60 Brix

Pressure (Pa) 6 6 6 6 6 6 kPa
Temperature (fa) 40.4 40.4 40.4 40.4 40.4 40 C

Boiling-point rise 
(APi,a)

4.1 4.1 4.1 4.1 4.1 — ° C

Clean heat transfer 
coefficient (Lea)

192 187 179 293 657 W  (m 2 °C)~-i)

Fouling factor (Pd) 0.0007 0.0008 0.0005 0.0012 0.0022 —- m2 °C  W -[
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expression o f Rd can be derived by substituting equation 30 into equation 21 and 
summing up both sides o f equation 21 for /'= 1, 2

T0- T n -  A Tbj -  £ j  Vj_ l AHj _ 1/(Aj Ucj)

Rd = ------------------------------------------------------------------- (37)

t i V l - t U f i - i / A j
l

In Tables 4 and 5 the values of the process variables in each effect, primary 
steam and cooling water requirem ents, and fouling factor calculated by using 
different heat transfer correlations are compared to those recorded in the two 
industrial plants previously m entioned. These comparisons made it possible to 
underline that the heat transfer correlation developed by Narayanamurthy & 
Sarma (1977) allowed a better reconstruction o f the operating variables (e .g . 
solute fraction, liquor temperature and working pressure) in the first effect of 
both plants. The simulation o f other two lem on-juice double-effect falling-film  
evaporators based on the input data of Table 2 allowed a further confirm ation  
of the goodness o f the correlation m entioned above (see Table 6).

The calculated values o f Rd (see Tables 4 - 6 )  were found to be much greater

Table 6. Analysis of two industrial lemon-juice double-effect falling-film evaporators manufac
tured by OMS SpA (Messina, Italy) using the heat transfer correlation developed by Narayana
murthy & Sarma (1977): comparison between the calculated and recorded output data. (Input 
data are given in Table 2.)

Water removal capacity (kg h_1)

(000 2000

Output data Calc.
OMS
SpA Calc.

OMS
SpA Unit

Live steam consumptions ( Co) 605 6 0 0 - 6 5 0 1219 1200-1300 k g h 1
Cooling water consumption ( W ) 23.4 23-27 46.7 46-54 m3 f r l

(temperature range: 18-34"C) 
F ir s t  e f f e c t

Liquor concentration (.vi) 13.3 13-15 13.3 13-15 Brix
Pressure (P \ ) 18.2 12-15 21.1 12-15 kPa
Temperature (/ i) 59.7 50-55 62.9 50-55 CC
BPR (A /m) 1.5 — 1.5 — C
Clean heat transfer coefficient ( U a ) 2888 — 2958 — W i r r 2 ° C  1
S e c o n d  e f f e c t

Liquor concentration (x-z) 40 40 40 40 Brix
Pressure (P z ) 6.0 6.0 6.0 6.0 kPa
Temperature ( t z ) 40.8 40 40.8 40 °C
BPR  (A/‘i)2) 4.5 — 4.5 — C
Clean heat transfer coefficient ( U 0 2 ) 1320 — 1332 — W m 2 °C-t
Fouling factor (R a ) 0.0033 — 0.0025 — m2 cCW ->
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than those com m only used for a variety of processes in the chem ical industry: 
i.e . / ? d = ( 0 . 1 5 — 1 . 5 ) x l 0 “ 3 m 2 °C W _1. This parameter, in fact, is intended to 
protect any heat exchanger from delivering less than the required process heat 
load for a period o f about a year to a year and a half before carrying out a 
cleaning operation. On the contrary, in the food industry periodic daily or 
weekly cleanings are set up to hold the change in the heat transfer due to scale 
formation within fixed limits. For instance, in a m ultiple-effect sugar 
evaporator the scale form ed in 2 Vi days involved a reduction of the overall heat 
transfer coefficient from 1 2 0 0  to 7 3 0  W (m2oC )_1 (Kerr, 1 9 5 0 ) ,  which is 
equivalent to ,Rd = 0 . 5 x l C r 3 m 2 °C W _1. Similar results may be extracted from  
the figures collected  by H onig ( 1 9 6 3 ) .

In our specific case, it is undeniable that the Rd values derived from the 
performance o f the evaporators concerned, being twice or three times greater 
than those usually encountered in the chemical industry services, unduly swamp 
the clean overall heat-transfer coefficient and heat transfer effectiveness of 
FFEs. In fact, as personally com m unicated by the manufacturer, the larger 
units were less overdesigned than the smaller ones (the Rd values reported in 
Table 5 were about two-thirds of those shown in Table 4) in order to fit the 
typical outputs o f the citrus industry in the south of Italy. Therefore, such values 
of Rd appear to apply to small-size evaporators only, especially when high levels 
of flexibility and reliability in treating different kind o f citrus juices are 
expected.

Design o f a new evaporator plant

A s pointed out in the Section ‘Procedure of Calculation’, the design o f a 
m ultiple-effect evaporator can be carried out by assuming identical or unequal 
heat transfer surfaces in all the effects. H ow ever, the latter case may be solved  
by simply im posing identical temperature differences in all the effects, or, in a 
more com plex manner, minimizing the overall costs of the evaporation unit.

Table 7 reports the results for the design o f an orange-juice double-effect 
falling-film evaporator system  according to the strategies previously m entioned  
and to the input data shown in Table 2, by varying the values o f Rd as shown in 
the previous section.

A s expected , primary steam and cooling water requirements (see Tables 5 
and 7) do not depend upon design strategies at a constant number o f effects. 
In fact, the differences between the responses of the m odel, which are less than 
2% and therefore fall within the precision range o f this study, do not show any 
significant advantage o f the design based on equal temperature difference over 
that based on equal area. On the other hand, as far as the overall heat transfer 
surface is concerned, the design of D E FFE s based on identical heat transfer 
surfaces seem s to be more expedient, especially if the engineering, 
construction, and installation costs are taken into account. M oreover, it is 
worthwhile pointing out that the estim ated steam and cooling water 
requirements are in good agreem ent with those claimed by the manufacturer 
(see Tables 5 and 7).
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Table 7. Design of an orange-juice double-effect falling-film evaporator (water removal capacity 
of 2000 kg f r 1) on the basis of identical heat transfer surfaces (A  = const) and identical tempera
ture differences (A T =  const) in all the effects, using the correlation of Narayanamurthy & Sarma 
(1977), the input data shown in Table 2, and different levels of the fouling factor (R a )

S a n d r o  A n g e le t t i  a n d  M a u r o  M o r e s i

Output data

R a  x 104 (m 

0.9 4.3

2 C W 

12.9

')

21.5 Unit

Live steam consumption ( Vo) a 1308 1297 1285 1280 kg f r  1
b 1274 1274 1274 1274

Cooling water consumption ( H7) a 49.0 48.8 48.7 48.7 m3 h 1
(temperature range: 21.3-33.3"C) b 48.6 48.6 48.6 48.6

F ir s t  e f fe c t

Liquor concentration Lvi) a 17.0 17.1 17.1 17.1 °Brix
b 17.1 17.1 17.1 17.1

Pressure (P i) a 48.9 40.7 33.4 30.6 kPa
b 27.7 27.7 27.7 27.7

Temperature (n ) a 81.4 76.9 72.2 70.2 °C

b 68.0 68.0 68.0 68.0
BPR  ( A7hi ) a 0.55 0.55 0.55 0.55 C

b 0.55 0.55 0.55 0.55
Design heat transfer coefficient ( U u i ) a 2461 1323 619 403 W  (m 2r C ) 1

b 2129 1259 611 402
Heat transfer surface ( A i) a 23.9 33.1 55.7 78.1 m2

b 13.5 22.8 47.0 71.5
S e c o n d  e f f e c t
Liquor concentration U'2 ) a

b 60.0 ‘ Brix

Pressure ( P i ) a
b 6.0 kPa

Temperature ( 12 ) a
b 40.4 C

BPR  (A7b2) a
b 4.07 C

Design heat transfer a 633 519 357 273 W (m2 °C) 1
coefficient ( U u ; ) b 628 516 357 273

Heat transfer surface ( A s ) a 23.9 33.1 55.7 78.1 m2
b 37.0 45.0 65.1 85.1

Overall heat transfer surface a 47.8 66.2 111.4 156.2 m2
b 50.5 67.8 112.1 156.6

a, A  =  constant;
b, A T =  constant.

Since Rd exerts a significant influence upon the overall heat transfer surface 
and, consequently, upon the investm ent costs of the evaporation unit under 
study, one o f the designer’s main tasks should be to consider very carefully how  
dirty an evaporator should be allowed to becom e between two subsequent 
cleaning operations.
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Conclusions
In this study, a m athem atical m odel o f m ultiple-effect falling-film evaporators 
was developed  by com bining the general structure of classic m ultiple-effect 
evaporator m odels with an accurate estim ation o f the overall heat transfer 
coefficient (H TC) in each effect based on the assumption that the local clean  
H TC varied linearly with the tem perature of the liquid stream and 
exponentially with the solute fraction in the pre-heating and evaporating  
sections o f the FFE , respectively. In this way, by using the correlation of 
Narayanamurthy & Sarma (1977) to predict the clean H TC in falling films, it 
was possible to obtain a fairly good sim ulation o f the operating variables o f  
several industrial orange and lem on juice double-effect falling-film evaporator 
plants.

Finally, two different design strategies based respectively on equal 
tem perature difference and equal area in each effect were tested at different 
levels of the fouling factor (Rd). K eeping in mind that no heat transfer 
equipm ent with a heat transfer surface larger than that required to fulfil pro
cess requirem ents can wrongly operate unless partial drying o f the tubes in 
falling-film evaporators occurs (see for instance Table 7), the design o f F F E ’s 
for clarified citrus juice a p rio ri scheduled to be daily or w eekly cleaned is likely 
to be based on Rd values ranging from 0 .4 x l0 -3  to 1 .3 x l0 -3  m 2 °C W -1 , 
whereas that o f highly flexible, small-size evaporation units will probably be 
carried out on the basis o f the Rd values shown in Tables 4 - 6 .  G enerally  
speaking, it would how ever appear to be wiser to advise and design for more 
frequent cleaning than to overdesign the equipm ent. In fact, the larger the 
equipm ent, the greater the investm ent and operating costs of the evaporation  
unit becom e, especially when higher recirculation ratios have to be m aintained  
to allow an adequate wetting of the larger-than-necessary heat transfer surface.

A  later paper will deal with the effect o f the design parameters and number of 
effects on the overall operating costs o f M EFFE systems at different water 
removal capacities.
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Appendix
Calculation o f the overall heat transfer coefficient in falling-film  evaporators

The estim ation o f the overall heat transfer coefficient (H TC) in falling-film  
evaporators (FFE s) is not an easy task, even when a reliable correlation o f the 
local HTC is available.

Since the inlet tem perature f  o f the liquid phase F} at the top of the ;th  
evaporator may or may not coincide with the equilibrium boiling temperature

37
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( ? B j )  at the prevailing pressure Fj in the same evaporator (for the sake o f  
simplicity the pressure drop through the heat exchanger was assumed to be 
negligible), two different situations may arise.

For fj>?Bp Fj is adiabatically flashed, thus varying its concentration and 
temperature from Vj to y 'j and from fj to t 'y respectively (see step 16 in the 
section ‘Procedure o f Calculation’).

For fj< iBj, the heat flux issued from the wall will make the falling film preheat 
up to the bubble point before producing a liquid-vapour flow.

In the latter situation the energy balance referred to the differential volum e 
of FFE and heat flow across the tube wall yield the following:

dw [(H(T)-h*(T)]=Fi dh=Us (T - t )  cL4r dQ jph (A l)

where A , is the outside heat transfer surface of FFE, U-y is the local clean HTC  
referred to the external surface of FFE, that is:

1 1 do 1
------------+ ------  In (d0/di) + ----
hTi(di/d0) 2 km hroi

(A2)

where km is the thermal conductivity o f the tube material, hToj is the condensing  
film H TC on the steam side referred to the tube outside diam eter (dQ) and 
evaluated in accordance with the N usselt’s theory (Kern, 1950), hT] is the 
falling-film HTC calculable as shown in Table 1, and dt is the inside diam eter o f  
the tubes.

A s the falling film is heated from i i to tB], the viscosity of liquid phase exhibits 
a large variation, thus affecting hTy

By integrating equation A l ,  the heat transfer surface (A jph) required to 
pre-heat the liquor up to tBj can be derived:

’jph F;
, pBj (8/z/3Qx=y . dr

j
while the corresponding heat flow ( Q j p h ) is

(A3)

2 j Ph=Fj [h(tB¡) - h j ] (A 4)

with

B̂j—iBw(Fj) + A T b(yj) (A 5 )

where iBw(Fj) is the boiling point of pure water at Pr and ATh(yj) is the 
boiling point rise corresponding to a solute concentration y-y 

A s soon as the tem perature of liquor is equal to, or greater than, iBj, a 
different heat transfer mechanism has to be taken into account.

With reference to Figure A l  the solute material and heat balances across the 
differential volum e, and total heat flow across the tube wall can be written as 
follows:

x  d s = x  d x (A 6 )



F a llin g - fi lm  e v a p o r a to r s 557

w  c  S V

Figure A l .  Model for heat transfer description in falling-film evaporators.

dw [H (T ) -h * (T ) \
' dh 
s — 

91
+ v

dH-

d t _
dt + [H ( t ) — h(t, jc)] ds

= Uï {Tl _ 1 - t ) à A i = àQfr (A7)

while the overall- and solute-m aterial balances from A }=A-]ph to a generic 
A j> A jph involve:

F ^ s + v  (A 8)
and
Fiyi=sx (A 9)

A s the falling-film evaporates, the solute fraction (x) in the liquor increases, 
thus greatly affecting the physical properties o f the liquid phase and therefore 
the inside HTC (hT¡).

Since the falling-film generally exerts the controlling resistance to heat 
transfer and the thermal resistance o f the tube wall is practically negligible with 
respect to that of either inside or outside films, C/j appears to be a com plex  
function o f the solute fraction— that is, U fx )— the boiling temperature of 
liquor being dependent on solute concentration only— see for instance equation  
(A 5).

By com bining equations A 6 —A 9 and integrating m odified equation A 7  
betw een the inlet and outlet solute fractions o f liquor in the yth effect, it was 
possible to evaluate the heat transfer area required to concentrate the liquor 
between the limits given above, that is:

+ ( / / - / 2 ) j
dx

x2Uj (x)(T j _ l -  t)
(A10)

with

t= t  Bw(^j) +  A 7 b(r) ( A l l )



558 S a n d r o  A n g e le t t i  a n d  M a u r o  M o r e s i

The associate heat flow is

Gjev =  ̂ j | | / / ;  /i (rHi -> :) 1 -  Vi -Vj ( //j — // ) ) (A 12)

In general, the overall heat transfer surface (Aj) of the yth evaporator can be 
determ ined by simply summing up equations A 3 and A10, while the clean  
overall HTC in FF E (/7Ci) can be conventionally related to the difference 
betw een the tem peratures of condensing steam (7"j_1) and boiling liquor at the 
exit o f each FFE(fj):

<2jph +  Gjev

A j(T j-i ~  ?j)
(A13)

By substituting equations A 3 - A 4 ,  A10 and A 12 into equation A 13, the 
reciprocal of f /C] yields the following:

1 (7 j_ ! — íj) ( f Í0j 3A/3í di

Ecj ” (//j //j ) Vj/'-Vj (//j /i¡) IJ7. Uj (7 j_ i  -  f)

r xi [M /d t + (jf/Vj — l)(d i//d r)] x (d A T bldx) + (H ~ h ) \
+ 7 ¡ ------------------ ------------------------------------------------------ dx (A14)

Jj  x 2 í/j (x )(7 ’j_ 1 - í Bw - A r b) j

The application of equation A 14 appears to be troublesom e, especially if it is 
inserted into an iterative routine, such as that described in the section  
‘Procedure o f Calculation’. T herefore, the following series of simplifying 
hypotheses will be assumed and then checked to make its application easier:

1 Boiling point of liquor approxim ately coincides with that of pure water, 
boiling-point, rise of fruit and vegetable juices being usually smaller than 
5°C and therefore negligible with respect to iBw, that is 

AT 5 < i Bw
In these circum stances, it is possible to extrapolate that even the derivative 
of A Th with respect to x is practically equal to zero:

9A Tb
------  « 0

9x
(A15)

2 Specific enthalphy o f liquor and vapour phases is constant over the entire 
length o f FFE, the pressure in each effect being constant.

By substituting the above assumptions into equation A 14, the following is 
derived:

1
—  = a + 7  (A16)

CCj

with

(Tj-i - tj)(dh/dt)K=y. r f0j dr

(//j -  hi) -  Vj/Xj ( / / j  -  hi) Jf. Cj ( r ) ( 7 j _ 1 -  t)
(A17)
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and

7 =
J'j

- Pj/Xj Jy.

dx

x2 Uj (x)
(A18)

where the first term (a ) on the right-hand side o f equation A 16 refers to the 
eventual pre-heating section o f FFE, which is om itted if f, is equal to, or greater 
than, fBj; w hile the second one (y) refers to the evaporating section o f FFE.

A s far as the eventual pre-heating section o f FFE is concerned, it appears to 
be reasonable to assume the following expression for the local variation o f U f t ) :

U ft)= a 0+b0t (A 19)

being the solute fraction constant and equal to throughout this section.
Over the evaporating section o f FFE two different approximated expressions 

of U fx )  will be firstly assumed and then tested below:

U](x )= a l + b l x

and

t/'j(x )= fl2ex p ( — ¿>2*)

(A 20)

(A 21)

where a{ and b{ are empirical constants.
By substituting equation A 19 into equation A 17, it is possible to derive the. 

following analytical expression o f a:

(dh/dt)x=y. (7 j_ i  
a = J

i j X ' B j  -  i  j )  In [ t / j  ( r Bj) ( 2 j _ 1 -  tf)!U) ( 7 j ) / ( 7 j _ 1 -  r Bj)]

(//j - h i ) -  y jx i  (Hi -  hi) t/j. ( iBj) (7j _! -  f j) -  t/j (fj) (7j _! -  f Bj)

(A22)

By respectively substituting equations A 20 and A21 into equation A 18, two 
different analytical expressions o f y can be obtained:

= ______________ P i ________________________ * j  ~  T'j

7Lm ( ^  -  hi)/(Hi -  h0  -y-Jx; ' x j t / j O j )  - ^ j t / j i x j )

t/JO j) - i / j (xj) Xjt/jOj) X j- y f
. ----------------------- . In----------- + ---------
LxjEjOj) -JjEjCxj) T’j Fj(Xj) xjjj J

and

7exp
(tfj

____________
^ )/( //j  -  hf) - y f x j

—  [F /(^2Xj) - E i ( 6 2jj)]
a 2

1 1

(A23)

(A 24)
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Table A l .  Comparison between rigorous and approximated values of U c j in falling-film evapora
tors at different operating conditions

Ucj (ICirr2 "C-1)

U c j=  U  cj =
l/(a + y Lin) l/(a-t-ye.xp)

y¡
( - )

x¡

( - )
fi
(°C )

7 j- i
(°C )

P i
(kPa)

Fi
(kg h-

n  t
-1) ( - )

Rigorous
calculation

Value Error
(% )

Value Error
(To)

0.10 0.17 18.0 95.0 16.5 1200 67 2582 2679 -3 .8 2673 -3 .5
0.10 0.17 18.0 95.0 19.0 2400 114 2647 2745 -3 .7 2739 -3 .5
0.17 0.60 36.9 60.5 6.0 1200 124 845 1036 -2 2 .5 680 19.5
0.17 0.60 36.9 64.7 6.0 2400 166 844 1043 -2 3 .6 685 18.9
0.10 0.30 18.0 95.0 16.5 1200 67 2189 2263 -3 .4 2210 -0 .9
0.10 0.40 18.0 95.0 16.5 1200 67 1990 2060 -3 .5 1926 3.2
0.10 0.50 18.0 95.0 16.5 1200 67 1803 1900 - 5 .4 1636 9.3
0.17 0.30 36.9 60.5 6.0 1200 124 1522 1562 -2 .7 1529 -0 .5
0.17 0.40 36.9 64.7 6.0 2400 166 1294 1343 -3 .8 1236 -4 .5
0.17 0.50 36.9 60.5 6.0 1200 124 1061 1155 -8 .8 934 12.0
0.30 0.40 37.4 60.5 6.0 1200 124 931 964 -3 .5 939 -0 .8
0.30 0.50 37.4 64.7 6.0 2400 166 715 778 -8 .8 687 3.9
0.30 0.60 37.4 60.5 6.0 1200 124 511 627 -2 2 .6 458 10.5
0.40 0.50 38.1 64.7 6.0 2400 166 519 546 - 5 .2 524 -0 .9
0.40 0.60 38.1 60.5 6.0 1200 124 353 405 -1 4 .5 338 4.3
0.50 0.60 39.1 64.7 6.0 2400 166 245 261 — 6.6 247 -0 .8
Overall percentage error (% ) 11.5 9.0

with

lnll/jG'jW jCxj)]
b2-

xi - y  j
(A25)

«2 = [£/j(yj)] vfrj-yp/ttfjOcj)] yj/(xi - yP (A26)

and

Ei(u) = i  -  df = 0.5772157 + ¿ k —  + ln \U \ 
J _ oo $ x k k !

(A27)

W ith reference to concentrated orange-juice production, Narayanamurthy 
& Sarma’s heat transfer correlation and several operating conditions, equation  
A 14, equations A 16, A 22, A 23, and A 16, À 22, A 2 4 -A 2 7 , allowed the 
rigorous, linear- and exponential-approxim ated values of UC] to be calculated  
in order to check the validity o f the previous simplifying assumptions. Table A l  
shows the main results o f several simulation runs. The smaller the ratio of 
evaporation (jq/yj), the smaller the deviation betw een rigorous and approxi
mated values o f UC] will be.



N evertheless, equation A21 not only yielded a better reconstruction o f UCl 
than equation A 20 whatever the ratio of evaporation exam ined, but also 
exhibited a maximum deviation in good agreem ent with the m ean s.e . o f a large 
number o f heat transfer correlations. For the sake o f simplicity it would  
therefore appear that the best thing one can do is design and analyse 
m ultiple-effect falling-film evaporators by replacing equation A 14 with the set 
of equations A 16, A 22, and A 2 4 —A27.
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Nomenclature
A
^ph
A ev

b{
c

^wl ?

df;
d{
d0
E
Ei(u)
f(x , 0  
F
g
G
h
h ’

h 
h *
h-p 
h'YQ

H
H +
k

L
M a, Mw 
nt 
n
K
Nv

heat transfer surface, m2; 
heat transfer surface for pre-heating, m2; 
heat transfer surface for evaporation, m2; 
empirical constants;
local weight flow rate o f condensate, k g s ' 1;

specific heat o f non-condensable gases, solution , and liquid and
vapour water, J (g 0C )_1;
degree of freedom , dim ensionless;
tube inside diam eter, m;
tube outside diam eter, m;
recirculation ratio, dim ensionless;
exponential integral function defined by equation A27;
generic function o f x and i;
flow rate o f the solution entering each effect, k g s ' 1;
acceleration due to gravity, m s ' 2;
flow  rate o f non-condensable gases, k g s“ 1;
specific enthalpy o f liquid phase from each effect, J k g ' 1;
specific enthalpy o f liquid at the top of each evaporator after
flashing, J k g '1;
specific enthalpy o f liquor entering each effect, Jkg“ 1; 
specific enthalpy o f condensed steam or cooling water, J k g ' 1; 
falling-film heat transfer coefficient, W (m 2oC ) ' 1; 
condensing film heat transfer coefficient referred to d0, 
W (m 2oC )“ 1;
specific enthalpy o f vapour phase, Jk g “ 1; 
dim ensionless heat transfer coefficient (= /zT(p2/p2/g )1/3/k); 
therm al conductivity of liquor, W (m °C )“ 1; 
thermal conductivity o f tube material, W (m ° C )'1; 
tube length, m;
m olecular weight o f air and water, g m o l“ 1; 
num ber o f tubes in each evaporator, dim ensionless; 
number o f effects, dim ensionless; 
number o f independent equations, dim ensionless; 
number o f independent variables, dim ensionless;



p s vapour pressure of solvent, kPa;
P overall pressure in each effect, kPa;
PT closeness o f tubes, m;
Pr Prandtl number ( = c p p/k), dim ensionless;
<2Ph heat flow for pre-heating, W;
Qev heat flow for evaporation, W;
Rd com bined inside and outside fouling factor, m2oC W - 1 ;
R e R eynolds number (= 4 I7 p ), dim ensionless;
s local weight flow  o f evaporating liquor, k g s-1 ;
5 flow  rate o f the liquid phase leaving each effect, k g s-1 ;
t temperature o f the vapour and liquid phases leaving each effect,

°C;
t temperature o f the liquid phase entering each effect, °C;
t' temperature of the liquid phase at the top of each evaporator after

flashing, °C;
tB boiling tem perature of liquor, °C;
iBw boiling tem perature o f pure water, °C;
tp temperature o f tube wall, °C;
iw temperature o f cooling water, °C;
T  condensation temperature o f the vapour phase, °C;
f/j, U 'j local clean heat transfer coefficient, W (m 2oC )- 1 ;
Uc clean overall heat transfer coefficient, W (m 2oC )- 1 ;
£/d design overall heat transfer coefficient, W (m 2oC )- 1 ;
u limit o f integration for equation A 27, dim ensionless;
v local weight flow of water evaporated, k g s-1 ;
V  flow rate o f vapour leaving each effect, k g s- 1 ;
w local weight flow of condensing steam , k g s- 1 ;
W flow rate of cooling water, k g s- 1 ;
x mass fraction of solute in each S stream, dim ensionless or °Brix;
y mass fraction o f solute in the solution entering each effect,

d im ensionless or °Brix;
y ' mass fraction o f the solute at the top of each evaporator after

flashing, dim ensionless;

Greek symbols
a parameter defined by equation A 17, m2oC W -1 ;
(3 thermal loss o f each evaporator, dim ensionless; 
y parameter defined by equation A 18, m2oC W - 1 ;
T weight flow rate per unit width (=S/n d{nt), kg (m s)-1 ;
6 dim ensionless film thickness;
A H  parameter defined by equation 27, Jk g- 1 ;
A T  temperature difference in each effect, °C;
A Tb boiling-point rise (B P R ), °C;
e, e' prefixed tolerances for the convergence procedure, dim ensionless;
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0 angle o f inclination o f tube, degree;
A,w latent heat o f vaporization o f water at 0°C, J k g ~ ’ ; 
p liquor viscosity, mPas;
Q liquor density, g cm ~ 3.

Subscripts
b refers to the bottom  section of jach evaporator; 
f refers to cooling water leaving the barometric condenser;
1 refers to cooling water entering the barometric condenser;
j refers to a generic effect;
o refers to feed  liquor and live steam at the inlet of the plant; 
t refers to the top section o f each evaporator;
K expressed in degree Kelvin.
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Consumer reaction to processed Suntan apples

A . A . W ILLIA M S*, G. M. A R N O L D  a n d  M. W A R R IN G T O N

Sum m ary
A  pilot consum er survey showed apple rings prepared from Suntan apples to be 
liked, particularly with respect to appearance and taste. P eople, on the w hole, 
preferred a whiter product; texture was acceptable, although respondents 
would have preferred it to be firmer. A ge appeared to be the major 
demographic factor influencing response. the colour of the product being more 
favourable to the 45 and over age group, with the 16—24 age group preferring a 
less sw eet product.

Introduction
Over recent years the apple processing industry has been reluctant to accept 
apples for processing which do not produce a similar product to Bram ley’s 
Seedling. Laboratory tests (W illiam s, Warrington & A rnold, 1982; W illiams, 
Arnold & W arrington, 1982, 1983), however, indicate that cultivars such as 
Suntan (C ox’s Orange Pippin x  Court Pender Plat) and East M ailing A3022  
(C ox’s Orange P ippinx Northern Spy) produce an equally acceptable if not 
superior product to Bramley. These cultivars retain their structure better than 
Bram ley’s Seedling. Thus, both are much more suitable than Bramley for 
making products requiring a more rigid structure, such as apple rings or slices. 
The flesh o f both cultivars, how ever, is much more yellow in colour than that 
of Bram ley’s Seedling. Consum er reaction to such products and to the more 
intense yellow  colour was surveyed at the British Growers L ook A head  
agricultural show during 1980.

M aterials and methods
Material

A pples o f the cultivar Suntan (25 kg) were obtained in February from  
controlled atm ospheric storage (1 .2 —2 .C % o x y g en < l%  C 0 2 and 3 —5°C) from

A uthors '  address: Long A shton  Research Station, University of Bristol, Long A shton, Bristol 
BS18 9AF, U .K .

* To whom correspondence should be sent.
0022-1163/83/1000-0565 $02.00 ©  1983 Blackwell Scientific Publications
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Luddington Experim ental Station and processed immediately on arrival at 
Long A shton.

Preparation o f apple rings

A pple rings were prepared as previously described (W illiams et al., 1983) 
using a blanching tim e of 2 min and a steeping solution of 30% sucrose and 
2.5%  malic acid. Sam ples were then frozen and kept at -  18°C until transferred 
to the site o f the agricultural show, where they were held in a conventional 
refrigerator (7°C) until 15 min before being presented to the consumers.

Assessment

Visitors to the show were approached at random and asked to sit at tasting 
booths illuminated by normal fluorescent strip lighting. They were presented  
with a whole apple ring and asked to com plete a questionnaire in which they 
were instructed to give their opinion on the product’s appearance, colour 
(questions 1 - 5 ) ,  taste (questions 6 - 8 )  and texture (questions 9 —11) by ticking 
appropriate response categories. The actual questions posed and categories in 
which responses could be given can be seen in Table 2. Respondents were also 
asked a number of questions on their eating habits (questions 19—20, see Table 
1) and the use to which they would put the product (questions 12-16, see 
Table 3), together with som e general questions for use in making demographic 
classifications (questions 2 1 -2 7 ,  see Table 1). A lthough the Suntan rings were 
presented in a monadic situation, to get som e indication of how they would fare 
against Bram ley’s Seedling, the normal U .K . culinary apple, participants were 
asked to com m ent on the acceptability of the rings in comparison with this latter 
cultivar (Table 3, question 17). To enable any effect of ordering of possible 
reply categories on the responses to be evaluated, alternatively distributed 
questionnaires had the reply categories for questions 1 —17 in reverse order (for 
exam ple, from ‘D isliked’ to ‘Liked very m uch’ alternating with categories 
running from ‘Liked very m uch’ to ‘D isliked’).

Analysis o f data

R esponse patterns for each question, both for the data as a whole and for the 
various sub-groups defined by questions 1 8 -2 7 , were tabulated. D ifferences in 
patterns of response within a set of sub-groups were tested for by means o f yf 
contingency table analysis.

Results and discussion
Population

Two hundred and twenty two people were interviewed. Respondents were 
coded into the eleven areas of residence listed in Table 1 according to their
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Table 1. Distribution of response to  general questionnaire

People 
ticking a 
particular 
category
----------------  National
No. % figs %

People 
ticking a 
particular 
category
----------------  National
No. % figs %

19* Frequency o f
of eating apples 
as fresh fruit 
More than once 169 79

a week
Twice a month 32 15
Less frequently 14 7 —

20 Frequency of 
eating apples in 
a  cooked dessert 
More than once 62 29

a  week
Twice a month 103 48
Less frequently 48 23 —

21 Age group 
16-24 65 30 19
25-34 42 20 16
35-44 48 22 15
45-54 35 16 16
55-64 16 7 17
65 + 8 4 17

22 Sex
Male 157 73 49
Female 58 27 51

23 Marital status 
Married 128 60
Single 83 39 —

Other 4 2 —

24 Community
City 42 20

} 79Town 53 25
Village 120 56 20

25 Area o f  residence
South West 15 7 1
South East 28 13

|=39Home Counties 27 13
East Anglia 30 14 J
Midlands 29 13 24
North West 26 12 > 3 5
N orth  East 40 19
Scotland 5 2
Wales 3 1 —

Ireland 8 4 —

Non-specific 4 2 —

(U.K., G.B., 
England) 

Social class 
A 1 15 8 3
B 11 72 39 16
C l IIIN 66 35 —

C2111M 5 3 25
D 1V /+V 4 2 25

V Unclassified 25 13 12
non earners 

. Occupation 
associated with 
horticulture 
Yes 57 29
Partial 31 16 —

No 51 26 —

Unclassifiable 59 30 —

Number of wages 
coming into 
household 
More than one 93 45

wage
Not more than 115 55

one wage

* Numbers refer to question N os in Assessment Sheet.

answer to question 25. The occupation o f the ch ief wage earner given in 
question 26 was used to classify respondents into the Registrar Generals six 
social classes, and also into groups defined by degree o f association with the 
horticultural industry.
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W here possible, figures from national statistics (A non, 1971) are given  
alongside the demographic data in Table 1. Compared to these statistics, the 
sample exam ined was biased towards m ales, the younger age range, the higher 
social classes and county rather than town dwellers. The data were, however, 
exam ined as they stood, and interactive effects reported where they were 
found.

Effect o f questionnaire design on response

Examination of the responses of the two sub-groups obtained by presentation 
of the two types of questionnaire indicated very little effect o f order on response

Table 2. Distribution of response to sensory questions

People 
ticking a 
particular 
category

No. %

People 
ticking a 
particular 
category

No. %

1* Appearance 7 Acidity
Liked very much 16 7 Nothing like sharp enough 7 3
Liked 114 51 Not quite sharp enough 33 15
Fair 59 27 About the right sharpness 156 71
Just acceptable 24 11 Too sharp 22 10
Disliked 9 4 Much too sharp 3 1

2 Colour 8 Sweetness
Liked very much 24 11 Nothing like sweet enough 3 1
Liked 78 35 Not quite sweet enough 29 13
Fair 68 31 About the right sweetness 118 55
Just acceptable 36 16 Too sweet 59 27
Disliked 15 7 Much too sweet 6 3

3 Preferred whiter 9 Texture
Yes 141 64 Liked very much 19 9
No 79 36 Liked 61 27

4 Preferred more yellow Fair 64 29
Yes 20 10 Just acceptable 41 18
No 190 90 Disliked 37 17

5 Shape 10 Firmness
Very attractive 15 7 Nothing like firm enough 26 12
Attractive 102 46 Not firm enough 112 50
Neutral 96 43 About the right firmness 81 36
Unattractive 9 4 Too firm 2 1

6 Taste Much too firm 1 —

Liked very much 52 24 11 Preferred structure
Liked 99 45 Completely destroyed as
Fair 28 13 in stewed product
Just acceptable 27 12 No 200 91
Disliked 13 6 Yes 19 9

* N u m b ers  refer to  q u estion  N os in A ssessm ent Sheet.



except for questions 6 and 7 (taste and acidity). People marked nearer the top of 
the scale irrespective o f the direction of the scale (P < 0 .0 1 ).
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Overall responses to sensory aspects o f product

Table 2 lists the overall responses to the appearance, flavour and textural 
aspects o f the apple rings. In com m on with all category scales with a centre 
point there exists the possibility that respondents could have marked the centre 
of the scale as an easy option without seriously considering their replies. 
N evertheless, the returns indicated that the appearance and shape o f the rings 
were generaly well received although the colour was liked less with the majority 
of the respondents indicating a preference for a whiter product. W hen assessing 
taste, about 70% of the sample population also scored in the top two categories 
(‘L iked’ or ‘Liked very m uch’), replies as a whole indicating that the product 
had the right degree o f acidity and sw eetness, although there was som e 
indication that a slightly less sw eet product may have proved more acceptable. 
The response to  the texture of the rings although indicating it to be acceptable 
was less favourable, a firmer product generally being preferred.

Uses to which the product may be put

Table 3 lists the responses in respect o f the uses to which the apple rings 
could be put. A bout two-thirds of the respondents would be prepared to use 
the rings in a variety o f products.

W hen asked to give an opinion on the use o f the apple rings for culinary 
purposes in general in com parison with Bram ley’s Seedling, 43% show ed no

Table 3. Distribution o f  responses as to what use apple rings could be put

People People
ticking a ticking a
particular particular
category category

No. % No. %

12* As a  dessert as it stands 15 In fritters
No 67 31 No 68 35
Yes 136 67 Yes 124 65

16 Use as a  garnish for meals
13 In fruit salads No 76 35

N o 74 36 Yes 143 65
Yes 129 64 17 Preferred for culinary use

to Bramley’s Seedling
14 In fruit pies N o  preference 95 43

No 64 32 No 93 42
Yes 138 68 Yes 33 15

* N u m b ers  refer to  q u estio n  N o s in A ssessm ent Sheet.
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preference whereas 42% still showed a preference for Bram ley’s Seedling and 
only 15% preferred Suntan. Information from comparisons relying on the 
m emory and experience of the person being asked to make the com parison, 
must be viewed cautiously. A lthough it is such a blind comparison that must 
generally be made when a consum er purchases apples or apple products, 
p eop le’s m em ories may be distorted and unreliable. The fact that in this case 
they have also just been presented with one partner in the comparison in the 
form of apple rings may also influence the response.

Interaction between demographic data and response

U sing the responses to questions 19-27, various sub-groups of the respon
dents were identified. By means o f the x2 contingency table analysis, it was 
found that the majority of the responses on the sensory characteristics of the 
apple rings were independent of demographic information. Those for which 
significant effects were found are discussed below . With seventeen two-way  
tables being considered for each o f the factors, the probability o f getting a sig
nificant result (jP<  0 .05) by chance cannot be overlooked so such results should  
be treated with caution.

Q uestions 19 and 20 sub-divided respondents with respect to their frequency 
of eating fresh and cooked  apples respectively. Those eating fresh apples most 
frequently preferred a more white and less sweet product than less frequent 
fresh apple eaters (P < 0 .0 5 ). H ow ever, frequent eaters of cooked apples 
appeared to be more satisfied with the colour of the apple rings than the less 
frequent eaters of cooked  apples (P < 0 .0 5 ).

The age division was the factor to show the most effect on response patterns. 
A s the numbers of respondents in the upper age groups were lim ited, the 
sub-divisions were reduced to four, i.e . 16—24, 25 -34 , 35—44 and >45. The 45 
and older group responded more favourably to the appearance of the product 
than the youngest age group (PcO.OOl), and also to the yellow colour, with the 
rating getting progressively less favourable with decreasing age (PcO.OOl). The 
youngest age group (16-24) preferred a less sweet product than the older 
groups (PcO.Ol) and were also less inclined to be prepared to use the rings in a 
dessert (PcO.05). W hen comparing the Suntan rings with their recollection o f 
Bram ley’s Seedling, the youngest age group showed less indication of any 
preference. The older groups, possibly because of greater familiarity with 
Bram ley’s Seedling, had a more definite preference for this latter cultivar 
(PcO.05). A s m entioned previously, the results o f this question must be treated  
with caution.

Som e evidence could also be found that men were more favourably disposed  
towards the appearance of the slices than the wom en (PcO.05). Similarly, 
married respondents were also more favourably disposed to both the 
appearance (PcO.Ol) and colour (PcO.OOl) of the slices than single 
respondents. A  greater proportion of the former were also prepared to use the
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rings in a dessert (P < 0 .0 5 ) and they were more likely to state a distinct 
preference for Bram ley’s Seedling for culinary purposes (P < 0 .0 1 ).

Conclusions
The results indicate that apple rings prepared from Suntan apples usually 
received a favourable response from the 222 people interviewed, in particular 
with regard to appearance and taste. For many people, however, the texture 
could have been firmer. R esponses were also, in general, independent of social 
class, area and type of environm ent in which people lived. The main 
demographic factor influencing the results was age, with the 45 and over age 
group being more in favour o f the yellow  colour and appearance o f the product 
than younger people.

The data also indicates that scores were independent of sex and that older 
poeple seem ed to prefer sw eeter products than the 16—24 age group, both these 
results tying in with the general conclusions for wine and fruit juice reported in 
the literature (A m erine, Pangborn & R oessler, 1965).

H ow far responses to all questions were influenced by the presentation  
procedure and how the acceptance o f the rings compared with that o f other 
products cannot be estim ated without similar test data on other products of 
known acceptance. In this context, direct com parison tests with the product of 
known acceptance as carried out when comparing fresh Suntan apples with 
C ox’s Orange Pippin apples (W illiam s & Langron, 1983) would have provided  
more reliable data.

D esp ite the reservations, the results o f question 17 seem  to indicate that the 
majority o f p eop le , particularly amongst the older married have a preference 
for culinary purposes for at least their image o f Bram ley’s Seedling. W hether 
this bias can truly be attributed to sensory properties or is a result o f the 
m onadic presentation needs to be checked by direct comparison experim ents. It 
is also difficult to understand why respondents in this test indicated that they  
would prefer a firmer product yet still indicate preference for Bram ley’s 
Seedling, an apple which readily breaks down on cooking. Possibly other 
factors such as flavour, which has been shown to differ between the two 
varieties (W illiam s et al., 1983), may be involved and carry more weight in 
making an overall judgem ent. The fact, however, that people liked the 
appearance of Suntan rings and were prepared to use them in products such as 
desserts, fruit salads and fritters, for which the Bram ley’s Seedling apple is not 
particularly suitable, may enable this new cultivar to fill a useful slot in the 
apple market.

E v a lu a t io n  o f  p r o c e s s e d  S u n ta n  a p p le s
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Influence of nitrite addition and gas permeability of packaging 
film on the microflora in a sliced vacuum-packed whole meat 
product under refrigerated storage

H .-J. S. N IE L SE N

Sum m ary

Three batches o f cured, sm oked and cooked pork loins were prepared without 
nitrite and with 100 or 200 ppm nitrite. The product was sliced, vacuum packed  
and stored at 2°C, 5°C and 10°C. Part of the product was packed in a 
conventional film, a polyam ide/polyethylene film, and part o f it in two films 
with lower gas perm eabilities. Nitrite inhibited the growth o f Brocothrix 
thermosphacta and Enterobacteriaceae at all temperatures. This resulted in a 
lower growth rate and/or lower maximum counts. Reducing the gas 
perm eability of the film in the absence of nitrite did not influence the growth of
B. thermosphacta. A n  effect of increasing anaerobic conditions was, however, 
seen in conjunction with 100 ppm added nitrite at both 5°C and 10°C. The 
Gram -positive cocci were not affected by the addition of nitrite but were soon 
overgrown by the com peting flora. The insensitivity of the lactic-acid bacteria 
to nitrite and m icroaerophilic conditions resulted in these bacteria constituting  
a larger proportion o f the total flora in batches with nitrite and/or packaging 
films with reduced oxygen perm eabilities.

Introduction

Studies o f nitrite addition to vacuum-packed m inced-m eat products have 
shown different results with respect to its influence on the microflora. An  
exam ination of surface counts o f vacuum -packed frankfurters stored at 4.5°C  
showed no effect o f up to 156 ppm added nitrite (Simon et al., 1973), while 
Hallerbach & Potter (1981) observed a difference in counts of aerobically 
stored frankfurters with or without 140 ppm added nitrite. The difference 
am ounted to one log unit after 1 w eek ’s storage at 7 —9°C. A  som ewhat 
improved keeping quality o f nitrite-containing frankfurters com pared to 
frankfurters made without nitrite was observed at 20°C by Bayne & M ichener

Correspondence: H ans-Jesper S. Nielsen, Food Technology Laboratory, Building 221 The 
Technical University of D en m ark ,  D K  2800 Lyngby, D enm ark.
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(1975). W hile no effect o f nitrite addition was observed during storage o f sliced  
vacuum -packed, dry-cured ham (K em p et al., 1975), lower microbial counts 
were obtained during storage o f Braunschweiger sausages produced with 
156 ppm nitrite com pared with sausages made without nitrite (Chyr, W alker & 
Sebranek, 1980). Similarly studies with nitrite addition to sliced vacuum- 
packed bacon have shown inhibition or no effect of added nitrite. W ood & 
Evans (1973) observed an effect o f nitrite addition down to 20 ppm in bacon, 
and H ansen & Riem ann (1962) found decreased lactobacilli counts and 
increased counts of micrococci by increasing the nitrite addition from 10 to 
50 ppm. Shaw (1974) found no effect on total counts by increasing the nitrite 
content in vacuum -packed sliced bacon from 34 ppm to 150 ppm, while 
increasing the nitrite oncentration from 17 ppm to 144 ppm inhibited both total 
counts as well as lactic-acid bacteria. Increasing the nitrite addition to 
vacuum-packed bacon from 20 ppm to 120 ppm (6 and 35 ppm respectively in 
finished bacon) had negligible influence on total counts in a study by W ierbicki 
& H eiligm an (1980).

In a previous study o f vacuum -packed sliced Bologna-type sausage, the 
addition o f nitrite was shown to have a profound influence on the growth o f B. 
thermosphacta and Enterobacteriaceae, an effect which was greater with 
increasing nitrite levels and/or decreasing temperature (N ielsen, 1982a). The 
present study was undertaken to provide information on the effect of nitrite 
addition to a vacuum -packed whole meat product under normal storage 
conditions. In addition, the importance of oxygen permeability of the 
packaging film was studied.

M aterials and methods
Pork loin production

Three batches were produced each consisting of three pork loins. The 
m uscles were multi-stitch pum ped with a pickle containing sodium chloride, 
polyphosphate, sucrose and with or without nitrite. The nitrite addition  
resulted in a concentration of 100 or 200 ppm nitrite in the pork loins. The pork  
loins were massaged for 20 min, then stored overnight under refrigeration. 
A fter a further massaging for 10 min, the muscles were stuffed in casings and 
sm oked and cooked to a centre temperature o f 75°C in a cabinet. The product 
was stored overnight at 4°C, sliced and vacuum packed in one of three films: (1) 
R ilotene, a polyam ide/polyethylene laminate with an oxygen perm eability of 
52 ml/m2/24 hr/1 atm at 75% r.h. and 25°C; (2) M ylothene S, consisting of a 
polyvinylidene chloride lacquered polyester film laminated to polyethylene  
with an oxygen perm eability o f 10 ml/m2/24 hr/1 atm at 0% r.h. and 22°C; and
(3) Lam -o-foil, consisting of a laminate of polyester/alum inium  foil/ 
polyethylene, the oxygen perm eability o f this film being extrem ely low. Only a 
minor part o f the pork loins were packed in M ylothene S and Lam -o-foil and 
therefore this part of the experim ent ended before the studies with R ilotene.



A ll films were supplied by O tto N ielsen A /S , Denm ark. Packs with 0, 100 or 
200 ppm added nitrite were stored at 2°C ±1°C , 50C ±1°C  and 10°C±1°C.

Sample preparation, bacteriological analyses, identification and chem ical 
analyses were perform ed as previously described (N ielsen, 1982a).
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Organoleptic analyses

Sensory analyses were done on the same packs as the m icrobiological analy
ses. Trained panellists were used in assessing odour and freshness. An 11-point 
hedonic scale was used ( - 5 ,  bad, 0, neither good nor bad and + 5 , ideal). 
B etw een five and seven panellists participated in the nine sessions. D ifferences 
in colours betw een batches with and without nitrite were masked by serving the 
sam ples under red light. The results were analysed using linear regression, and 
95% confidence intervals are given for the parameters in the regression  
equation (H elw ig & Council, 1979).

Results

The results o f the chem ical analyses are shown in Table 1 and the initial 
microbial level in Table 2. Growth curves for Brocothrix thermosphacta, the 
lactic-acid bacteria and Enterobacteriaceae are also shown (Figs 1 - 5 ) ,  and the 
com position o f the total flora is shown in Tables 3 and 4. The curves for total 
counts are similar in shape to those o f B. thermosphacta and are therefore not 
shown.

Table 1. Results o f  the chemical analyses o f  the whole meat product

Nitrite addition Salt W ater Nitrite
(ppm) ( % w/w) ( % w/w) Salt/water (ppm) pH

0 3.6 73.0 4.9 0 6 .0
100 3.5 71.8 4.9 59.8 6.1
200 3.8 74.4 5.1 134.1 6.1

Table 2. Initial numbers of microorganisms in the 
product

Nitrite added (ppm)
Micro-organism
</g) 0 100 2 0 0

Aerobic plate count 21* 39 34
Lactic-acid bacteria 27 10 16
B. thermosphacta 9 19 14
Gram-negative bacteria <25 <25 < 5
Yeast <25 <25 < 5

Colony forming units/g.
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Figure 1. G rowth  of B. thermosphacta  and lactic-acid bacteria at 2°C. o ,  0 ppm 
nitri te; A ,  100 ppm ; □ ,  200 ppm. O p en  symbols: B. thermosphacta, closed symbols: 
lactic-acid bacteria.

Figure 2. Growth of B. thermosphacta  and lactic-acid bacteria at 5°C. o ,  0 ppm 
nitrite; A ,  100 ppm; □ ,  200 ppm. O pen  symbols: B. thermosphacta, closed symbols: 
lactic-acid bacteria.
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Figure 3. G rowth  of B . t h e r m o s p h a c t a  and lactic-acid bacteria at 5°C. o ,  0 ppm 
nitri te, Mylothene S; V ,  100 ppm , M ylothene S; 100 ppm, Lam-o-foil. O pen 
symbols: B . t h e r m o s p h a c ta ,  closed symbols: lactic-acid bacteria.

Figure 4. G rowth  of B .  t h e r m o s p h a c ta ,  lactic-acid bacteria and E n te r o b a c te r ia c e a e  at 
10°C. o, 0 ppm nitri te; A , 100 ppm; □ ,  200 ppm. O pen  symbols: B . th e r m o s p h a c ta ,  

closed symbols: lactic-acid bacteria. X, 0 ppm nitrite E n te r o b a c te r ia c e a e .
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Storage time (days)

Figure 5. G rowth  of B. thermosphacta  and lactic-acid bacteria at 10°C. o ,  0 ppm 
nitrite, Mylothene S; V ,  100 ppm , Mylothene S; <̂ >, 100 ppm Lam-o-foil. O pen 
symbols: B. thermosphacta, closed symbols: lactic-acid bacteria.

W hile the addition of 100 ppm nitrite did not influence the lag phase o f the 
total aerobic bacteria (on Plate Counts Agar (P C A )) at 2°C, this being only a 
few days as in the batches produced without nitrite, 200 ppm of added nitrite 
extended the lag phase to about 3 w eeks. Counts o f approx. 106/g were obtained  
after approx. 2 .5 , 4 and 5.5 weeks storage in the product with 0, 100 and 
200 ppm nitrite respectively. B. thermosphacta more or less constituted the 
total flora on PC A  and was therefore influenced by the addition of nitrite as the 
aerobic plate count (A P C ) (Fig. 1). The influence of nitrite on the lactic-acid 
bacteria was small, counts of approx. 107/g being reached in all batches, without 
nitrite after 2.5 weeks and with nitrite after 3.5 weeks. The numbers stayed  
between 107/g and 108/g during the rest of the storage period. N o growth of 
Enterobacteriaceae was seen at 2°C, but the numbers o f Moraxella/Moraxella- 
like bacteria increased to 103 —104/g after 4 —6 w eek s’ storage, irrespective of 
nitrite addition. The pH  value o f the product in the vacuum packs did not 
change during storage at 2°C.

In spite o f their numbers at the beginning of the storage period the 
Micrococcaceae were very rapidly overgrown by B. thermosphacta and the 
lactic-acid bacteria (Table 3). On the other hand the proportion of B. 
thermosphacta was less in batches with nitrite than in the product without added 
nitrite at any time during storage. The lactic-acid bacteria becam e the 
dom inating group irrespective of nitrite addition.
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T a b le  3. Composition o f  microbial flora in vacuum-packed sliced, cured and cooked pork loin 
during storage

Nitrite added (ppm)

0 100 200

c Days A* B C D E F A B C D E F A B C D E F

2 0 37 15 44 4 17 46 25 12 30 26 31 13
4 74 26 96 4 41 4 54

11 83 17 38 62 99
18 63 37 98 2 100
25 41 59 33 67 100
32 50 50 10 90 100
39 41 59 1 99 1 99
46 19 81 2 98 100

5 4 9 56 32 1 94 3 3 100
11 68 32 2 98 2 98
18 45 56 16 84 2 98
25 93 7 4 96 100
32 18 82 2 85 13 100
39 13 87 6 94 1 99
46 28 72 100 3 97

10 4 62 38 72 28 4 1 96
7 9 91 12 88 9 90 1

11 8 92 3 97 99 1
14 3 97 3 97 99 1
18 4 96 1 99 100
25 5 95 I 99 100
32 3 97 5 95 100
39 4 96 1 99 100
46 100 100

* (% ): A, M icrococcaceae; B, B. thermosphacta; C, lactic-acid bacteria; D, atypical Vibrio, 
E, M oraxeltajM oraxella  like bacteria; F, 'other micro-organisms’. The isolates A, D, E and F 
were obtained from PCA, B from Streptomycin-Thallous Acetate-Actidione Agar, C  from A PT 
when possible for the competing flora, otherwise from the selective NAP.

Apart from a longer lag period (approx. 1 w eek) the increase in A PC  at 5°C 
was very much the same with addition of fOO ppm nitrite as in the product 
produced without nitrite, while the addition of 200 ppm resulted in a reduced 
growth rate throughout the storage period. Counts of approx. 106/g were 
reached in approx. 2, 2.5 and 5.2 w eeks in the product produced with 0, 100 and 
200 ppm nitrite respectively. B. thermosphacta again constituted the major part 
of the aerobic plate count on PC A  (Fig. 2). The lactic-acid bacteria on the other 
hand were only affected to a limited extent as in the products stored at 2°C. In 
all batches, counts of about 107/g were obtained (Fig. 2) The Enterobacteriaceae 
did not grow at all at 5°C while the Moraxella!Moraxella-like bacteria increased  
in numbers in the batches without nitrite only, to 103 — 104/g within 2 weeks.
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Table 4. Composition of microbial flora in sliced, cured and cooked pork loin vacuum packed 
in Mylothene S or Lam-o-foil film

° c Days

Mylothene S 
(0  ppm nitrite added)

Mylothene S
(1 0 0  ppm nitrite added)

Lam-o-foil
(1 0 0  ppm nitrite added)

A* B C D A B C D A B C D

5 0 37 15 44 17 46 25 12 30 26 31 13
11 41 58 1 3 97 1 99
18 29 71 100 3 97
25 57 43 25 75 100
39 9 91 100 100

A* (% ): A, Micrococcaceae; B, B. thermosphacta; C, lactic-acid bacteria; D, ‘other bacteria’.

The lactic-acid bacteria eventually dom inated in all batches at 5°C (Table 3), 
and at an earlier stage in products produced with nitrite. Lactic-acid bacteria 
becam e the total flora in the product with 200 ppm nitrite after only 4 days, this 
was not the case until after approx. 3.5 weeks in the absence o f nitrite.

D ecreasing the gas perm eability o f the packaging film, i.e . using M ylothene S 
versus R ilotene, had no effect on the A PC  in product without nitrite, while 
addition of 100 ppm nitrite partially inhibited growth in M ylothene S compared  
with R ilotene. The even less perm eable film Lam -o-foil further inhibited  
growth. In fact using Lam -o-foil and 100 ppm nitrite resulted in the same 
bacterial increase as in the packages of R ilotene with the addition of 200 ppm  
nitrite. The same situation holds for B. thermosphacta (Fig. 3). In contrast to 
this the lactic-acid bacteria were not affected by any com bination of gas 
perm eability and nitrite addition (Fig. 3).

Increasing the nitrite addition and/or decreasing the film perm eability 
resulted in B. thermosphacta constituting a minor and the lactic-acid bacteria a 
major proportion of the total flora (Tables 3 and 4).

Only small differences in pH  values betw een packages were recorded during 
storage, from pH 5 .8 —6.0.

A dding nitrite resulted in a slightly lower growth rate and a lower maximum  
total plate count at 10°C. The maximum counts in the product without nitrite 
were approx. 107/g, with 100 ppm nitrite 106/g and with 200 ppm 105/g. 
measuring the total counts by A ll Purpose Medium with Tween (A P T ), 
however, resulted in almost the same growth curves irrespective of nitrite 
addition (curves not shown). This is of course caused by the inclusion o f the 
lactic-acid bacteria in the count and these bacteria were not affected by the 
addition of nitrite. On nitrite actidione polymyxin agar (N A P ) (Davidson & 
Cronin, 1973) the lactic-acid bacteria counts were up to 107-  108/g after 2 weeks 
(Fig. 4). Addition o f 100 ppm nitrite had only a minor affect on B. 
thermosphacta at 10°C, with maximum counts approx. 0 .5 - 1 .0  log10 unit lower 
than in the product without nitrite. Addition of 200 ppm nitrite caused a 
considerable inhibition of B. thermosphacta at 10°C, after 3 weeks the counts
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were still less than 104/g rising to 105/g after 6 w eeks (Fig. 4). A ddition o f nitrite 
com pletely inhibited growth o f Enterobacteriaceae, while the numbers reached  
105/g after about 3 w eek s’ storage in product without nitrite (Fig. 4). The 
numbers o f MoraxellalMoraxella-like bacteria increased to approx. 103/g after 2 
weeks whether nitrite was present or absent, but no further propagation was 
observed after that tim e. Som e growth o f atypical Vibrio spp. was seen in all 
products. T hese bacteria were counted on PC A  in which the sodium chloride 
(4% w/v) makes conditions for growth satisfactory. The Vibrio spp. could be 
counted on crystal violet kanamycin agar (Gardner, 1973) but this m edium is 
not sufficiently selective to exclude the growth of Enterobacteriaceae. In all 
batches the atypical Vibrio  spp. reached 105/g regardless o f nitrite addition. 
A fter a couple o f w eeks, how ever, there bacteria could not be isolated in the 
batches with nitrite even on the selective m edium , while they were observed  
during the w hole 6 w eek s’ storage period in the product made without nitrite. 
The yeasts increased in numbers irrespective o f nitrite addition to approx. 
103- 1 0 4/g within 2 - 3  w eeks.

T he lactic-acid bacteria eventually dom inated in all products at 10°C. This 
happened after only a few  days in the batches with 200 ppm nitrite and after 
approx. 1 w eek in the two other batches (Table 3). The dom ination o f the 
lactic-acid bacteria was more evident using A PT  than by counting them  on the 
selective m edium N A P . The former media often gives counts of approx. 1 lo g 10 
unit higher than the latter. The differences were caused by chain-forming cocci, 
m ostly Leuconostoc mesenteroides or Leuc. dextranicum. Only a few o f these  
bacteria isolated from A P T  grew on N A P .

The counts on P C A  were very strongly depressed by the addition of 100 ppm  
nitrite when using M ylothene S as packaging film (Fig. 5). A fter 2 w eeks, the 
numbers were below  104/g, while the batches packed in R ilotene reached 106/g 
within a w eek. Further reducing the oxygen perm eability by using Lam -o-foil 
did not enhance the nitrite inhibition. The lactic-acid bacteria were not affected  
by the packaging film (Fig. 5). N o growth of Enterobacteriaceae or other 
G ram -negative bacteria was seen in the packages with lower oxygen  
perm eabilities.

The lactic-acid bacteria very soon dom inated in the batches packed in 
M ylothene S, and at an arlier stage than in the series where R ilotene was used as 
the packaging material. Com plete dom inance was seen after 7 and 11 — 14 days’ 
storage in batches prepared with 100 ppm and without nitrite respectively (data 
not shown).

N itr i te  in h ib it io n  a n d  g a s  p e r m e a b i l i ty

Organoleptic results

Linear regression o f the results from the organoleptic assessm ents of odour 
(not shown) and freshness (Table 5) showed a linear decrease of these 
parameters with tim e and a trend to a faster deterioration in batches produced  
without nitrite. A  disadvantage of the organoleptic analyses was the difference 
betw een the red colour of the nitrite-containing batches and the grey colour of
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Table 5. Regression analyses o f  organoleptic assessment o f  freshness at 2 C, 5 C 
and KTC for Rilotene packages

Temperature

Added nitrite (ppm)

0 100 200

2°C a* - 0 .0 7  ±0.02 - 0 .0 5  ±0.01 - 0 .0 5  ±0.01
b 1.39 ±0.63 1.34 ±0 .46 1.47 ±0.28
R(n)t - 0 . 9 5 Î - 0 . 9 5 f - 0 . 9 8 Î

5 C a — 0.08 ± 0.01 - 0 .0 5  ±0.02 - 0 . 0 5  ±0.01
b 1.62 ±0.43 1.23 ±0 .59 1.51 ±0.55
R(n) ± 0 .9 8 i 1 O VO - 0 . 9 3 Î

I0°C a — 0.10 ± 0.05 - 0 .0 8  ± 0 .0 2 - 0 . 0 7  ±0.01
b 0 .84±  1.12 1.46 ±1.12 1.30 ±0.47
R(n) - 0 . 9 2 Î - 0 . 9 4 Î - 0 . 9 7 Î

* Parameters in the equation, 'freshness = a d a y s + b ’, 95%  confidence intervals
are shown.

f  R =  correlation coefficient, n =  number of sessions (n =  7 for the series at I0 ‘ C 
without nitrite; for all other series, n =  9). 

i  Significant at 0.1 % level.

the product without nitrite; it could not be elim inated com pletely by using red 
light at the evaluation sessions.

D iscussion
The influence o f nitrite addition on the growth of B. thermosphacta resembled  
the results obtained in the study of Bologna-type sausage (N ielsen, 1982a). A t 
all temperatures the nitrite exerted an inhibitory effect which increased with 
increasing nitrite concentration. Contrary to the results obtained with the 
m inced-m eat product (N ielsen , 1982a), B. thermosphacta grew at 2°C with 
200 ppm nitrite, but the numbers did not exceed 104/g. Addition of nitrite 
resulted in an increased lag phase and/or lower growth rates for B. 
thermosphacta, which therefore constituted lower proportions of the total flora 
in these batches. Using a packaging film with a lower oxygen perm eability in 
comparison with R ilotene had no effect in the meat produced without nitrite. 
The com bination of a lower perm eability and nitrite addition, however, exerted  
a larger inhibition of B. thermosphacta at both 5°C and 10°C than nitrite alone. 
These results are in agreem ent with experim ents on the influence of nitrite 
addition on B. thermosphacta under aerobic and anaerobic conditions in A PT  
broth (N ielsen, 1982b) and with studies on total counts o f vacuum- and 
non-vacuum -packed sliced bacon with 120 or 170 ppm added nitrite (Herring, 
1973).

The Gram -positive cocci were hardly affected by nitrite addition had 
therefore made up a larger proportion of the total flora in batches with added  
nitrite; they were, how ever, quickly overgrown by other bacteria in all



5 8 3

products. It may be pointed out that no sodium ascorbate was added to the 
product in this experim ent and that addition causes a faster depletion o f nitrite 
(Bern, H echelm ann & Ram m ing, 1973) so that no effect of nitrite was observed  
(Sim on et al., 1973). H ow ever, in other studies where sodium ascorbate was 
added, an effect o f  nitrite has been noted (Hallerbach & Potter, 1981).

A ddition o f nitrite had only limited influence on the developm ent o f the 
lactic-acid bacteria and the same maximum counts were obtained whether 
nitrite was added or not. Increasing the temperature resulted in an earlier 
dom inance o f the lactic-acid bacteria and so did an increased nitrite addition. 
D ecreasing the gas perm eability of the film resulted in the lactic-acid bacteria 
constituting a larger proportion o f the total flora although the effect was small. 
This might result in a better organoleptic quality o f the product (Q vist & 
M ukherji, 1979) although this was not exam ined in the present study.

The effect o f  nitrite addition on Enterobacteriaceae may be surprising. 
Leistner, H echelm ann & U chida (1973a, b) did not find any influence of 
5 0 -1 0 0  ppm added nitrite in ‘Brühwurst’ on the growth o f a mixture of 
Enterobacter- Klebsiella at 5°C or 8°C, but Roberts, Britto &  Schroff (1979) did 
observe an inhibition by 100 and 200 ppm nitrite compared with 50 ppm in 
broth cultures. M oreover the salt/water ratio is o f importance for the growth of 
the Enterobacteriaceae (H echelm an, Bern & A lberts, 1974, N ielsen , 1982b) and 
the salt concentration in the present study was higher than in that of Leistner et 
al. (1973a, b). T hese bacteria made up mostly of S. liquefaciens and E. 
aerogenes, may be present in large numbers in vacuum-packed cured meat 
(N ielsen, 1982b) and not only during the later stages as quoted by Hechelm ann  
et al. (1974b). They proliferate at a rate comparable with B. thermosphacta and 
may have just as much influence on the organoleptic quality o f the product. A n  
inhibition o f these bacteria in som e batches in the present study may be a 
com bination o f several factors, salt, nitrite, m icroaerophilic conditions and 
may be lactate concentration in com bination with low initial counts. A  lactate 
concentration o f approx. 5 —7 mg/g meat during storage is not uncom m on  
(N ielsen , 1982b); with the present water content this corresponds to a 
concentration o f approx. 7 6 —106 mM in the water phase. Grau (1981) found  
growth o f S. liquefaciens (the bacteria found in the present study) at 150 mM  
lactate at pH 6.1 under anaerobic conditions in broth culture. In that study 
there was, how ever a higher initial count (102- 1 0 3/m l), a temperature o f 25°C 
and no com petition by other bacteria. In the present study, with lower initial 
counts and lower temperature as well as com petition by other bacteria, the 
lactate might still be a factor of som e importance.

A s far as could be seen from countable plates the atypical Vibrio spp. and the 
Moraxella/Moraxella-like bacteria were unaffected by the nitrite addition. The 
atypical Vibrio  (non-m otile and sensitive towards penicillin) are quite often  
present in vacuum -packed cured meat products in high numbers (Gardner, 
1980, Gardner & Patton, 1971, N ielsen , 1982b). Gardner (1980) found these 
bacteria in packs with sulphide spoilage and more than half o f the isolates 
produced H 2S. Contrary to this, nearly all of the isolates in the present study

N itr ite  in h ib it io n  a n d  g a s p e r m e a b i l i ty
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and in those of Nielsen (1982b) were sulphide negative, and had probably only 
limited influence on the organoleptic quality. Observation of Moraxella/ 
Moraxella-like bacteria in vacuum -packed meat are few , but they proliferated  
in vacuum-packed fresh lamb during storage (Patterson & Gibbs, 1978, Shaw, 
Harding & Taylor, 1980), in high pH m eat (beef) (Patterson & Gibbs, 1977) 
and in som e o f the experim ents by Shaw & Harding (1978). That these bacteria 
were not found in packages of M ylothene S possibly reflects the lower gas 
perm eability of this film in com parison with R ilotene.

T he growth of yeasts was not influenced by the addition of nitrite, but highly 
affected by storage tem perature. These organisms were only very seldom  
discovered at 2°C and 5°C but proliferated at 10°C unaffected by the nitrite 
concentration. This is in agreem ent with results by Hansen & Riem ann (1962) 
with vacuum -packed bacon.

D ifferences in pH  value were generally negligible between batches with and 
without nitrite and packed in R ilotene or M ylothene S. A  lower pH value in a 
high barrier film in com parison with a normal barrier film has been observed  
(A m undson et a i,  1982). This results in a faster depletion of the added nitrite 
and might therefore enhance the growth of nitrite-sensitive bacteria.

In summary the study showed that the addition o f nitrite to a vacuum-packed  
w hole meat product exerted a profound effect on som e important spoilage 
organisms, notably B. thermosphacta and the Enterobacteriaceae. The 
inhibition of these bacteria was reflected in a slower deterioration of the 
product in nitrite-containing products. In com bination with low  storage 
temperatures and/or use of packaging films with low oxygen perm eabilities, 
nitrite is a significant additive in controlling the spoilage of vacuum-packed  
cured meat.
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Prediction of moisture gain and loss for packaged pasta 
subjected to a sine wave temperature/humidity environment

G U ST A V O  C A R D O SO  and T. P. L A B U Z A

Sum m ary
The loss or gain o f moisture through a package depends on the sorption 
isotherm o f the food material, the conditions of temperature and relative 
humidity at which it is stored, and the water vapour perm eability o f the 
packaging material. The water vapour perm eability (W VP) characteristics of 
paperboard, polypropylene, and polyethylene used for pasta were determ ined  
at 30 to 45°C and from 11 to 85% r.h. Both temperature and relative humidity 
affected the water vapour perm eability of all the three films. Paperboard  
showed a greater W VP at 30°C com pared to 45°C due to a higher moisture 
content which swells the matrix. Thus, it did not follow the typical Arrhenius 
relationship of a higher perm eability at higher temperature. Polyethylene and 
polypropylene, on the other hand, showed a higher W VP as the temperature 
was increased. A  second degree polynom ial was fitted to predict the W VP of 
paperboard as a function o f the ambient conditions. It was found that the 
creases and end openings on a typical paperboard box increase the overall 
transmission rate by two times over that o f paperboard alone, therefore 
reducing the shelf life to half under adverse conditions.

A  dynamic m athematical m odel to predict mixture transfer for pasta 
packages under controlled unsteady state conditions of temperature and r.h. 
was developed and tested; good predictions were obtained.

Introduction
Current dietary trends suggest an increase of com plex carbohydrate intake with 
a consequent decrease in the consum ption of refined sugars and foods from the 
meat and egg group o f the basic four. These suggested changes could lead to low
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intakes of essential nutrients such as the B vitamins if the replacing foods do not 
supply them in adequate am ounts, either because the foods are naturally low in 
the specific nutrients or have significantly lost these nutrients during storage 
and distribution.

In this nutritional context and in a hungry and econom ics-conscious world, 
pasta would appear to present an ideal solution to several problems because of 
its unique com bination o f low price, palatability, versatility, ease of 
preparation, nutritive value (especially when enriched), and long shelf life 
(A ntognelly , 1980). But pasta with a low water activity must be protected by 
packaging in such a way that it does not gain moisture. A n increase in water 
activity increases the rate o f loss of nutrients with the additional possibility of 
reaching an unsafe water activity which could permit the growth of 
microorganisms. Pasta also must be protected from moisture loss since below  
an aw of 0.4 it becom es fragile. In addition, the package could becom e illegal to 
sell if the net weight is lower than the one declared on the label.

A  food product can either lose or gain moisture through the package 
depending on its water activity, the condition of temperature and %r.h. at 
which it is stored, and the perm eability o f the film used. Oswin (1945a, b, 1946) 
developed solutions for prediction of moisture transfer in a packaged product 
under steady state conditions o f constant external temperature and humidity. 
H eiss (1958) discussed the relationship between the moisture sorption  
properties o f foods, the film perm eability with respect to water vapour, and the 
shelf life of the product and developed a solution for constant temperature and 
humidity based on Fick’s law of diffusion. Work on this area was further carried 
out at the M assachusetts Institute of Technology (Karel, Proctor & W isem an, 
1959; Karel & Labuza, 1969; Karel, 1967). Karel and his co-workers m odified  
H eiss’ mathematical m odels introducing com puter solutions (M izrahi, Labuza 
& Karel, 1970) and simpler mathematical m odels (Labuza, Mizrahi & Karel,
1972). Other studies have generated similar solutions for predictions of 
moisture transfer during storage o f both foods and drugs (Veillard et al. , 1979; 
Lockhart, 1980; Peppas & Khanna, 1980). A ll o f these works have basically 
used the same concepts originally introduced by Oswin (1945a, b, 1946), Heiss 
(1958) and Karel, Proctor & W iseman (1959), utilizing studies done at constant 
humidity and tem perature. N o studies with food have been published on 
moisture transfer under unsteady state conditions simulating a real world 
situation where both temperature and humidity continuously vary. Work of this 
type was carried out for moisture gain/loss in packaged drugs by Nakabayashi, 
Shim am oto & Mina (1980). R easonable agreem ent was found between  
predicted and actual values.

Assum ing a linear isotherm for the enclosed food , Mizrahi, Labusa & Karel 
(1970) have shown that the gain or loss o f moisture under constant 
environm ental conditions is given by:

me—mt k A p0 
me- m  ~ x Ws b (1)
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where:
me=  moisture content o f the food at equilibrium with the environm ent from the 

linear isotherm  (dry basis); 
m ^ in itia l moisture content; 
m -  m oisture at time 6;
b= slope of the m oisture sorption assuming it is linear— (m = b(aw) + /)  where I  is 

the intercept and b is the slope;
A:/jv =  film water vapour perm eability (W VP) in g H 20 /d a y  m2 mm of Hg;
A = area;
p 0=vapour pressure o f pure water at temperature T  o f the environment; and 
0= tim e.

This equation assumes that klx and b do not change with the environm ental 
conditions which for paperboard and pasta is not true. For exam ple, Labuza & 
Contreras (1981) show ed that the W VP of plastic films varied with temperature 
and humidity.

The objective o f this study was to develop  and test a dynamic m odel for 
prediction o f the gain or loss o f moisture in pasta packaged in typical packaging 
materials under conditions o f variable temperature and relative humidity, 
simulating those that might be found under actual storage and distribution 
systems.

M aterials
Packaging materials

Folding cartons supplied by the Cream ette Co. (M inneapolis, M innesota) 
were used: these packages are currently manufactured by Champion  
International Corp. (St Paul, M innesota). The cartons are made o f 1.2 mm  
thick clay-coated newsback paperboard with dim ensions of 
1 8 .5 x 1 0 .0 0 x 3 .6  cm. B oxes were stored at room  temperature and 50% r.h. 
(average) before being tested. For sealing the ends of the boxes, a borated  
dextrin type glue (A JA X  7344-1) was used: this glue is manufactured by A JA X  
A dhesive and Chem ical C o ., Inc. (Chicago, Illinois). The flexible films chosen  
for this study were a 2 mil. low density polyethylene and a 1.6 mil. laminated  
polypropylene. T hese films were also obtained from the Cream ette Co. 
(M inneapolis, M innesota).

Methods
1. Permeability at constant temperature and r.h.

(a) Paperboard. The gravimetric m ethod of H eiss (1958) as m odified by 
Davis et al. (1960) was used to determ ine the W VP of com plete packages. 
Paperboard boxes were filled with a known amount of pre-dried desiccant to 
maintain the package area to weight of solids ratio as in actual consumer pasta 
packages (3570 g o f solids/m 2). The ends of the boxes were glued in the manner
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in which pasta manufacturers seal them (i.e . open spaces at the upper and 
bottom  seals: the open spaces at the end seals were covered with a stretched 
piece o f pantyhose nylon in order to prevent physical loss of desiccant without 
building a barrier for m oisture exchange.

Twing Albert cups (Philadelphia, Pa) were used to determ ine the 
permeability of paperboard. This permitted the separate determination of the 
W VP of the com plete package and that of the material itself. Thus, it was 
possible to evaluate the effect of the creases and the poor end seals on the 
moisture transfer rate.

Paperboard is a hygroscopic material and either absorbs or gives off 
moisture. This can introduce error, depending on the humidity used, when 
moisture transmission rates are measured (Martin, 1962). Thus, in order to 
prevent errors in weight change, all the paperboard packages with one end 
opened, before being tested for perm eability, were preconditioned using 
TAPPI standard T402 OS-70. It should be noted that the TAPPI (Technical 
A ssociation of Pulp and Paper Industry) official test m ethod for water vapour 
transmission rate (W V T R ) determ inations of sheet materials at normal and 
high temperature and humidity (T448 SU-71, 1941; T464 OS-79, 1973) state 
that no preconditioning of the materials is necessary. Open boxes and 
specim ens o f the appropriate dim ensions to be used in the Twing Albert cups 
were first placed in a sealed chamber at 11% r.h. (saturated LiCb) at room  
temperature for 48 hr. The sam ples were then conditioned to each r.h. at which 
the perm eability value was to be obtained. The time of exposure was 
determ ined for each humidity condition by weighing the specim ens several 
times ( ~ 2  hr periods) until no differences greater than 0.01 g were found

Figure 1. Preconditioning times at various % relative humidities for paperboard 
prior to permeability testing.
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between subsequent weighings. The results are shown in Fig. 1. Basically, after 
24 hr the boxes reached equilibrium at all relative hum idities. It should be 
noted that a significant error would have occurred in the determ ination o f the 
k/x value if preconditioning had not been done.

O nce the sam ples had reached equilibrium, the boxes were filled with 
desiccant, sealed , the initial weight was recorded and they were transferred to 
the different tem peratures and relative hum idities (30, 37 and 45°C and 11% to 
84% r.h .). Subsequent weighings o f these packages were done every 2 —4 hr in 
order to obtain the perm eability data during the period of weight gain while 
keeping the weight gain o f the desiccant within a 10% limit. The test was 
repeated three tim es. In addition, sheets of pre-equilibrated film were tested in 
the Twing A lbert cups (D avis et al., 1960).

(b) Flexible film s . For each film , bags (9 x 9  cm) were filled with desiccant. 
The bags were sealed , w eighed, and then stored in the same controlled r.h. 
chambers as for the paperboard. The weight versus time was recorded for 
triplicate samples of each film.

(c) Permeability calculations. W eight versus time were plotted for each o f the 
packaging materials tested. By linear regression, the slope o f the line was

Figure 2. Temperature and %r.h. fluctuation during the sine wave storage period for 
pasta packages.
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determ ined, and, from this k/x is:

k  slope (2)
x =

where:
Pout= outside vapour pressure: and 
P in= 0 = v a p o u r pressure inside the package.

2. Isotherm determination

Isotherm s were determ ined for pasta (25 and 45°C) and paperboard (30, 37 
and 45°C) at each r.h. used above for the klx determinations. The pasta was 
prepared on a laboratory extruder and dried in a laboratory drier. It was ground 
(for 30 sec in a M icro-M ill manufactured by Technilab Instruments (Pesuan- 
nock, NJ) before testing. A fter 40 days the moisture content at each condition  
was determ ined by the Karl Fischer m ethod

3. Evaluation o f moisture gain or loss under conditions o f variable temperature 
and r.h.

Triplicate samples o f pasta packaged in the different packaging materials 
were stored in a walk-in environm ental temperature and hum idity-controlled  
chamber. The dry bulb temperature was cycled from 25 to 45°C by a sine wave 
schem e within a 48 hr period. The w et bulb temperature was kept constant at 
30°C, thus the relative humidity cycled betw een 30 and 60% r.h. Samples were 
weighed periodically and actual moisture gain or loss was com pared to the 
predicted gain or loss using a com puter iterative technique. Figure 2 shows the 
actual storage condition to which the packages were subjected.

Actual gain or loss in w eight was com pared to the predicted values 
throughout the time o f storage. To do this, equation 1, the kinetic data o f W VP

Figure 3. Flow diagram of computer iterative calculation for net weight variation 
where: T= temperature at interval of time j  (K); f=temperature at interval of time j  
(C); r.h.2j=outside relative humidity, given for each time interval /; r.h.j = (axl00) 
of the product at any time; p0=vapour pressure at temperature T, given for each time 
interval; m=initial moisture content of product at time interval; (the initial value is 
given); ¿=slope of the linear isotherm (given); 7=intercept of the linear isotherm 
(function of T, given); 0S=shelf life time or time after which the net weight of the 
product wants to be calculated (days); W=net weight of the product at any time (g); 
A = total surface area of the package (m2); D=number of days, from 1 to end of shelf 
life; W=weight of solids in the product (g);te=W V P of the packaging materials (g 
of water/day m2 mmHg); (k/x)0=constant for each film; £ A=activation energy for 
each film (kcal/kmol); E0=extrapolated activation energy at 0% outside relative 
humidity; (3=slope of E versus %r.h. plot; R =gas constant (1.987 cal/mol K); 
me=moisture of the product in equilibrium with the outside environment (g H20/g of 
solids); and m =moisture of the product at any time (g H20/g of solids).
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of the packaging materials at different conditions of temperature and r.h ., and 
the isotherm as a function of T and %r.h. were used.

This calculation was carried out as follows:
(a) The external conditions (T, % r.h.) at which the packages had been held 

were controlled and recorded at all times during the storage period (Fig. 
2) .

(b) The change in moisture after a certain time of storage was calculated by 
dividing the total time into 1 hr intervals.

(c) For initial tim e, the % r.h., T, and m, are known.
(d) For that segm ent o f tim e, the vapour pressure, p (), o f pure water was 

calculated by using the following equation:

In p o= 2 0 .7 7 9 0 5 -5 2 5 0 .31/T =m m H g (3)

where:
T =absolute tem perature (°K).

Equation 3 was obtained by multiple regression using tabulated data of 
vapour pressure o f water versus temperature in the range of 25—45°C. A  
correlation coefficient of 1 was found.

(e) An mc was obtained from the isotherm for the external temperature and 
%r.h. at that time. If mc is less than m{, the loss equation was used; if it was 
greater than m ¡, the gain equation was used to calculate m.

(f) This procedure was then repeated using the new m as the new initial m,.

This calculation was made more simple and accurate by the use of a com puter 
iterative technique. A  flow diagram to calculate the net weight of the product 
after any period o f time when held at known fluctuating temperature and r.h. 
conditions is presented in Fig. 3. A  program to perform these calculations was 
written in the BA SIC  language and the outputs were compared with the 
experim ental result. The program is available from the authors.

Results and discussion
Water vapour permeability as a function o f temperature and r.h. in paperboard

Table 1 shows the average klx values obtained for the com plete paperboard  
packages. Table 2 shows those obtained for flat sheets of paperboard specim ens 
by the Twing A lbert cup m ethod. O ne of the advantages of using the actual 
package to determine its perm eability value is that this represents not only the 
klx  value o f the material but also a com posite value including the folding and 
sealing effects which in the case of paperboard packages are important. These 
tables show the large differences found between the W VP for paperboard  
specim ens as measured by the cup m ethod and the com plete commercial 
package o f the same material at similar conditions. On the average, the creases 
and end openings more than doubled (2.2) the permeability of the box. 
A lthough the effect o f creases on the W VP of different materials (especially  
wax-coated paperboard) has been evaluated (M inifie, 1970) and tests for this
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Table I. WVP of paperboard boxes (k/x (g HaO/day m 2 mm Hg))

595

T ( X )

% Relative humidity (r.h. )

11 32 52 67 75 85

30 7.58 7.87 11.03 12.28 16.04 16.90
37 10.78 11.01 11.56 10.53 14.82 15.98
45 11.59 10.57 10.00 12.24 12.11 12.39

Table 2. WVP of  paperboard specimens (Thwing Albert cup 
method) (k/x (g HsO/day m 2 mmHg))

% Relative humidity (r.h.)

T ( C) 11 32 51 67 75 84

30 4.95 4.71 5.60 6.47 7.03 6.64
37 3.72 4.52 4.11 6.12 7.51 6.44
45 4.94 3.98 5.13 5.10 5.44 5.48

purpose have been developed  (British Standard Packaging C ode, TAPPI 
O ffice Test M ethods T533-PM -76, 1976; T512 OM -81, 1981), no reference has 
been found in the literature which addresses the effects of both the creases and 
openings left at the ends of the packages. Because of the number and types of 
creases, it is im possible to separately evaluate the crease effect from the 
end-opening effect for a whole box. T hese results show that the use of a liner 
with lower perm eability (e .g . as in cereal breakfast packages) would  
significantly improve the shelf life o f pasta in paperboard boxes.

The effect o f temperature and r.h. on paperboard WVP

In order to analyse the behaviour of the material as a function of 
tem perature, the log W VP versus the reciprocal of the absolute temperature 
was plotted at constant r.h. A n exam ple is shown in Fig. 4. The perm eability  
values obtained indicate that paperboard behaves differently than most plastic 
films, in that it does not follow  the typical Arrhenius plot with a negative slope. 
A t hum idities above 50% , paperboard shows a higher permeability value at the 
lower temperature tested (30°C) than at the higher temperature. For the whole 
box over the range of 11 — 85% r.h. the k/x is more than doubled at 30°C, 
increased by 50% at 37°C while increased by 10% at 45°C.

T hese observations suggest that the water sorption characteristics of 
paperboard play an important role in the W VP properties of the material. The 
moisture sorption isotherm of paperboard (Fig. 5) shows that at relative 
humidities of 30% and higher the material holds less moisture at lower than at
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Figure 4. WVP for paperboard as a function of temperature and relative humidity 
measured for the whole box and by the cup method.

higher tem peratures. Corte (1958) and Field (1973) showed that the mean pore 
size in paperboard increases over the range of 0 —10% moisture content. A n  
increased mean pore size should result in a higher diffusion rate through the 
pores since diffusion is in part proportional to the square o f the pore radius 
when laminar flow is occurring. Theoretically, permeability is dependent both 
on the diffusivity (which increases with increasing temperature and increased  
pore size) as well as the solubility or concentration of the perm eant in the film  
(Paine, 1962). Solubility o f the vapour decreases with increasing temperature. 
Thus, an increased tem perature causes both an increase and decrease in W VP. 
The magnitude o f the pore size change, however, is greater and thus results in 
the non-Arrhenius-type behaviour o f Fig. 4.

W hen the typical W VTR (g/day m2) value is considered for the whole box 
(Fig. 6), it can be seen that the values increase as temperature and r.h. increase. 
A  typical exponential type o f relationship can be observed. H ow ever, when k/x 
values are used, the water vapour perm eation through the material is corrected  
for the vapour pressure differential. A t the higher temperature and relative 
hum idities, paperboard has the higher vapour pressure differential which 
lowers the klx  value. Since W VTR values are not corrected for the vapour 
pressure differential, they cannot be used for shelf life studies under unsteady 
state external conditions (M izrahi, Labuza & Karel, 1970). In order to solve for 
moisture gain/loss under variable conditions, the results for the whole box were 
fitted to a second degree polynom ial using M U LT R E G  (W eisberg, 1979).
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Figure 5. Water sorption isotherm as a function of temperature for clay-coated 
newsback paperboard.

%  RH
Figure 6. WVTR of paperboard as a function of temperature and relative humidity.
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E q u a t io n  4 w as  fo u n d :

/c /x = 2 4 7 0 .173 —15.89532 T + 9 9 . 91809 % r .h .
+ 0 .0 2 5 6 0 5 9 x 1 0 -*  r 2+ 0 . 8456451 x 1 ( T 3 % r . h . 2

- 1 5 4 4 6 .1 7  % r . h . / T - O . 1616512 % r .h .  * T  (4)

w ith  0.87 
w h e re :
k / x = w a t e r  v a p o u r  p e rm e a b i l i ty  (g o f  w a te r /d a y  m 2 m m  o f  H g );  
r = a b s o l u t e  t e m p e r a tu r e  (K ) ;  an d  
% r .h .  =  o u ts id e  p e r c e n t  re la t iv e  hum id ity .

T h e  W V P  o b ta in e d  fo r  p o ly e th y le n e  a n d  p o ly p ro p y le n e  a re  p re s e n te d  in 
T a b le s  3 a n d  4. F ig u re  7 show s th e  typ ical A r r h e n iu s  re la t io n sh ip  fo r  
p o ly p ro p y le n e .  T h e s e  re su lts  co n f irm  a s im ila r  b e h a v io u r  fo u n d  by seve ra l  
w o rk e rs  (D o ty ,  A ik e n  &  M a r k ,  1946; H a u s t e r  &  M c L a re n ,  1948; K u m in s ,  
R o l le  &  R o tm a n ,  1957; K a re l ,  P ro c to r  & W is e m a n ,  1959; L a b u z a  &  C o n t r e r a s ,
1981). T h e  a c t iv a t io n  e n e rg y  o f  p e r m e a t io n  ( E A ) in c re a se d  as th e  r .h .  
d e c re a s e d  as s h o w n  in F ig . 8  ( ^ = 0 . 9 5 ) .  H i l to n  (1957) su g g es ted  th a t  th e  log  o f  
W V T R  fo r  p las t ic  films v e rsu s  r .h .  re su lts  in  a s t ra ig h t  line fo r  va lu es  o f  r .h .  o v e r  
3 0 % .  K a re l ,  P ro c to r  &  W is e m a n  (1959) c o n f irm e d  th is  re la t io n sh ip  to  b e  t ru e  
fo r  p o ly e th y le n e  b u t  th is  b e h a v io u r  w as  n o t  fo u n d  fo r  o th e r  films te s te d .  L a b u z a  
& C o n t r e r a s  (1981) fo u n d  a l in e a r  re la t io n sh ip  w h e n  E A v e rsu s  ( aw—% r.h . /1 0 0 )  
was p lo t te d  on  l in e a r  p a p e r ;  h o w e v e r ,  an  em p ir ica l  r e la t io n  b e tw e e n  ac t iv a t io n

Table 3. WVP for polyethylene at different temperatures and
relative humidities (k/x (g t+O/day m2 mmHg)

T (°C)

% Relative humidity (r.h.)

11 32 53 67 75 83

30 0.187 0.196 0.201 0.221 0.228 0.231
37 0.143 0.239 0.232 0.195 0.228 0.222
45 0.336 0.347 0.262 0.263 0.247 0.252

Table 4. WVP for polypropylene at different temperatures and 
relative humidities (k/x (g Ht>0/day m2 mmHg)x 10')

T(°C)

% Relative humidity (r.h.)

11 32 53 67 75 83

30 0.473 0.476 0.445 0.471 0.516 0.709
37 0.517 0.522 0.495 0.540 0.505 0.517
45 0.893 0.825 0.664 0.645 0.631 0.532
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l / T  x I C T 3 ( ° K ~ ‘ )

Figure 7. WVP of polypropylene as a function of temperature and %r.h. plotted as 
an Arrhenius function.

% R H / I O O
Figure 8. Activation energy for water vapour permeation through plastic films as a 
function of %r.h.



e n e rg y  a n d  th e  o u ts id e  r .h .  fo r  p o ly e th y le n e  a n d  p o ly p ro p y le n e  b e t t e r  fit th e  
d a ta  w h e re :

£ A= (£ o )  +  P ( % r .h . ) / 1 0 0  (5)
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w h e re :
£ A= a c t iv a t io n  e n e rg y  o f  p e r m e a t io n  (ca l /m o l) ;
( £ 0) = e x t r a p o l a t e d  a c t iv a t io n  e n e rg y  o f  p e r m e a t io n  w h e n  o u ts id e  % r .h .  is z e ro  

(ca l /m o l) ;
|3 = s lo p e  w h e n  E A is p lo t te d  ve rsu s  o u ts id e  % r .h . /1 0 0 ;  a n d  
% r .h .  =  o u ts id e  re la t iv e  h u m id ity .

T h e  o v era l l  k l x  is thus:

£ /x = ( /c /x )0 e x p —[(E o) +  (3 (% r.h ./100 )]A R r (6 )

w h e re :
(k /x )0= p e r m e a b i l i ty  p r e -e x p o n e n t ia l  c o n s ta n t  (d if fe re n t  fo r  each  e x te rn a l

r .h . ) ;
7 ?= u n iv e rsa l  gas c o n s ta n t  (1 .987  ca l/m ol K );  a n d  
T =  t e m p e r a tu r e .  (A ll  th e  o th e r  te rm s  as p rev io u s ly  d e f in e d .)

T h e  va lues  fo u n d  f ro m  th e  e x p e r im e n ta l  d a ta  fo r  (3 w e re  - 9 . 5 4 7  fo r  
p o ly e th y le n e  a n d  - 9 . 8 0 2  fo r  p o ly p ro p y le n e .  T h e  (k / x ) Q va lu es  e x t r a p o la te d  
f ro m  th e  e x p e r im e n ta l  d a ta  a re  p r e s e n te d  in T a b le  5. In  o rd e r  to  c o r re la te  th e se  
va lues  w ith  % r .h . ,  leas t  sq u a re s  c o m p u ta t io n  w as p e r fo rm e d  o n  th e  d a ta ,  
e q u a t io n  7 fo r  p o ly e th y le n e  a n d  8  fo r  p o ly p ro p y le n e  w e re  o b ta in e d  w ith  
c o r re la t io n  co e ff ic ien ts  o f  0 .99  a n d  0 .96  re spec tive ly .

(£ /x )0=  1 2 .259—1 . 5 4 7 x 1 0 - '  % r .h .  (7)

( k /x ) 0=  1 3 .1 9 1 -  1 . 6 0 5 x 1 0 - '  % r .h .  (8 )

By using  e q u a t io n s  6 , 7 a n d  8 , it is poss ib le  to  ca lcu la te  th e  k lx  o f  th e  flexible 
films a t  a n y  c o m b in a t io n  o f  t e m p e r a tu r e  a n d  r .h .  T h e s e  e q u a t io n s  w e re  u sed  in 
th e  d y n a m ic  m o d e l  to  p re d ic t  m o is tu re  t r a n s fe r  in p a s ta  p a c k ag es .  T h e  
e q u a t io n s  w e re  in c lu d e d  in th e  i te ra t iv e  c o m p u te r  ca lcu la t ion .

Table 5. Extrapolated (k/x)o constant for plastic films

% r.h. Polyethylene Polypropylene

11 10.788 10.609
32 — 8.663
53 4.003 5.393
17 2.144 3.612
75 0.229 1.333
83 -0.114 -  1.504
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Figure 9. Water sorption isotherm of egg noodles at two temperatures.

T h e  w a te r  s o r p t io n  is o th e r m  f o r  p a s ta

F ig u re  9 show s th e  m o is tu re  so rp t io n  i s o th e rm  fo r  p a s ta  a t  25°C a n d  45°C. 
T h e  v a lu es  a re  p r e s e n te d  in T a b le  6 . F ro m  Fig. 9 it can  b e  o b s e rv e d  th a t  a 
c o n s id e ra b le  shift o cc u rs  in th e  i s o th e rm  at th e  h ig h e r  te m p e r a tu r e .  In  a c lo sed  
e n v i ro n m e n t  su ch  as a p a c k a g e  o f  a fo o d ,  w h e n  th e  t e m p e r a tu r e  is ra ise d  th e  
a m o u n t  o f  w a te r  will be  re la t iv e ly  c o n s ta n t  b u t  th e  w a te r  ac tiv ity  will be  
co n s id e ra b ly  h ig h er .

Table 6. Moisture sorption isotherm data for 
pasta, (m (g HaO/lOO g solids)

aw 25°C 45 °C

o.n 3.9 1.7
0.32 9.5 5.2
0.44 10.7 6.6
0.56 12.0 7.6
0.65 13.6 8.9
0.75 15.9 11.2
0.83 21.5 12.8



602 Gustavo Cardoso and T. P. Labitza

It co u ld  be  sa id  th a t  by using  th e  i so th e rm  o b ta in e d  at 25°C for m o is tu re  gain 
ca lc u la t io n s ,  a sa fe ty  fa c to r  has  b e e n  in t ro d u c e d  as the  w a te r  activ ity  inside th e  
p a c k a g e  will be c o n s id e re d  lo w er  th a n  it ac tua lly  is; th u s ,  an  o v e rp re d ic t io n  o f  
m o is tu re  gain  will o ccu r .  H o w e v e r ,  th e  o p p o s i te  effec t will be  t ru e  fo r  m o is tu re  
loss. T h u s ,  it w as im p o r t a n t  in th is  s tudy  to  c o n s id e r  th is  ef fec t  fo r  th e  
ca lc u la t io n s  o f  m o is tu re  gain /loss  u n d e r  th e  f lu c tu a tin g  co n d i t io n s  of  
t e m p e r a tu r e  a n d  r . h . ,  as th e  low  o u ts id e  re la t iv e  h u m id i t ie s  a re  a s so c ia te d  w ith  
th e  h ig h e r  t e m p e r a tu r e s  (Fig. 3). In  o r d e r  to  ca lcu la te  th e  m o is tu re  gain /loss ,  
b o th  th e  s lope  (b )  a n d  th e  m c va lu e  a re  n e e d e d  fro m  th e  i so th e rm .

T h e  s lope  fo r  p a s ta  in th is  s tu d y  w as fo u n d  to  b e  th e  sam e  (¿>=0.141) fo r  th e  
25 a n d  45°C iso th e rm s  w h ich  a re  th e  t e m p e r a tu r e  limits in this s tudy . T o  ge t  m c 
in a d d i t io n  to  th e  s lope  (/?), th e  in te rc e p t  /  is n e e d e d .  A  l in ea r  re la t io n sh ip  was 
fo u n d  fo r  th e  in te rc e p t  as a fu n c tio n  o f  te m p e r a tu re :

7 = 9 .8 4 - 0 .2 1  T  (9 )

w h ere :
7 = in te r c e p t  o f  th e  l in e a r  i so th e rm  =  g H 2O /100 g solids; an d  
r = t e m p e r a t u r e  o f  th e  o u ts id e  e n v i ro n m e n t  (°C).

Figure 10. Actual versus predicted values for net weight of change of pasta packaged 
in 2.0 mil. low density polyethylene bags held in a sine wave condition.



W
ei

gh
t 

( g
 )

Moisture changes in packages 603

M o is tu r e  tr a n s fe r  u n d e r  v a r ia b le  te m p e r a tu r e  a n d  r .h . c o n d it io n s

A  c o m p u te r  p ro g r a m  w r i t te n  in  th e  B A S I C  la n g u a g e  w as  u s e d  to  p e r fo rm  
i te ra t iv e  c a lc u la t io n s  o f  m o is tu re  ga in  o r  loss in p a s ta  u n d e r  th e  u n s te a d y  s ta te  
co n d i t io n s  o f  t e m p e r a t u r e  a n d  r .h .  as p re v io u s ly  d esc r ib ed .  T im e  in te rv a ls  o f  
1 h r  w e re  u s e d  o v e r  a 34 day  s to ra g e  p e r io d  us ing  th e  tw o  flex ib le  films w ith  th e  
sa m e  size b ag  as b e f o re ,  c o n ta in in g  b e tw e e n  25 a n d  30 g o f  p a s ta .  T h e  flow  
d ia g ra m  fo r  th is  p ro g r a m  is p r e s e n te d  in Fig. 3.

25-2

24-8

S"D-
O -

o o

1 ___________ I____________I____________ 1------------------1____________I____________ I-------------------1_____
2 6 10 14 18 22 26 30

9  (days)
Figure 11. Actual versus predicted values for net weight change of pasta packaged in 
1.6 mil. laminated polypropylene bags held in a sine wave condition.

F ig u re s  10 a n d  11 p re s e n t  a c o m p a r i so n  b e tw e e n  th e  ac tu a l  a n d  p re d ic te d  
va lues .  T h e r e  w as  n o  s ign if ican t  d i f fe ren c e  ( P = 0 .0 1 )  u s ing  S tu d e n t 's  t te s t  fo r  
all cases  sug g es t in g  th a t  th e  m a th e m a t ic a l  m o d e l  u sed  in this s tu d y  p re d ic ts  well 
th e  n e t  w e ig h t  v a r ia t io n  in p a s ta  p a c k a g e d  in flex ib le  film s, a n d  th e  p ro g r a m  
c o u ld  b e  a p p l ie d  to  m o s t  d e h y d r a te d  p ro d u c ts  w h e n e v e r  th e  v a r ia b le  s to ra g e  
c o n d i t io n s  a re  k n o w n .  T h is  in fo rm a t io n  m ay  b e  u sed  to  d e te r m in e  th e  e n d  of 
she lf  life fo r  th e  p r o d u c t  if th e  ra te  o f  any  re a c t io n  lead in g  to  u n a c c e p ta b i l i ty  is 
k n o w n  as a fu n c t io n  o f  w a te r  ac tiv ity  a n d  t e m p e r a tu r e .  I t  sh o u ld  b e  n o te d  th a t  
only  th e  ca lc u la te d  v a lu e  a t  th e  e n d  o f  e a ch  48 h r  p e r io d  was u sed  in th e  p lo t  an d  
m e a s u r e d  va lu es  w e re  t a k e n  a t  th e  m id d le  o r  th e  e n d  o f  a full cycle. S ince  th e  
d r iv ing  fo rce  fo r  loss w as g re a te r  ( la rg e r  À P  d i f fe re n c e ) ,  th is  re su lts  in a n e t  
overa l l  loss a l th o u g h  if th e  p lo t  w e re  e x p a n d e d  to  show  a 24 h r  p e r io d  th e  d a ta

40
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w o u ld  fo llow  an  i r r e g u la r  s ine  w a v e  p a t t e r n  w ith  a n e t  d ec re a se .  I t  c an  b e  n o te d  
th a t  th e  ac tua l  d a ta  d o  sh o w  a rise  a n d  fall w h e n  24 h r  in te rva ls  a re  u sed .

A  sim ila r  s to ra g e  s tu d y  w as  d o n e  w ith  w h o le  p a p e r b o a r d  b oxes .  T h e  re su lts  
w e re  n o t  as g o o d ,  as s h o w n  in Fig. 12, w ith  th e  ac tu a l  n e t  w e ig h t  lagging  b e h in d  
th e  p re d ic te d  w e ig h t  a n d  v a ry in g  in a sine w av e  o v e r  a p e r io d  o f  6  days .  Th is  
sam e  p a t t e r n  w as  fo l lo w ed  fo r  th e  w h o le  34 days. In  Fig. 12 th e  g ra p h  is
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Figure 12. Actual versus predicted values for net weight change of pasta packaged in 
paperboard boxes held in a sine wave condition.

e x p a n d e d  to  sh o w  th e  ac tu a l  r ise  a n d  fall in th e  48 h r  p e r io d  w h ich  is c o n f irm e d  
by  th e  ac tu a l  d a ta .  In  a d d i t io n ,  th e  p e a k s  o f  e a c h  w av e  d e c re a se  as th e  d riv ing  
fo rce  d e c re a se s  fo r  m o is tu re  ga in .  T h e  d if fe ren c e  in p re d ic te d  v e rsu s  ac tu a l  
va lues  is p ro b a b ly  d u e  to  t h e  fac t  th a t  e q u a t io n  1 a s su m es  n o  in te rn a l  re s is tan ce  
to  m o is tu r e  t r a n s p o r t ,  t h a t  is, all th e  re s is tan c e  is in th e  film  a n d  m o is tu re  
e q u i l ib ra te s  w ith  th e  fo o d  in s tan t ly .  In  th e  sh o r t  cycle u se d ,  h o w e v e r ,  th e  
d iffu s ion  o f  m o is tu re  in to  th e  p a s ta  m u s t  b e  l im it ing  to  s o m e  d e g re e  so th e  
th e o re t ic a l  m o d e l  is n o t  t ru e .  In  a d d i t io n ,  th e  p a p e r b o a r d  m ay  n o t  b e  qu ick ly  
re s p o n d in g  to  th e  v a ry in g  t e m p e r a t u r e  a n d  r .h .  co n d i t io n s  a n d ,  th u s ,  th e  .k/x  
v a lu e  u s e d  a t  e a c h  in s ta n t  o f  t im e  in th e  p ro g r a m  m ay  n o t  b e  c o r rec t .  A  lo n g e r  
t e rm  s tu d y  w ith  a s lo w er  cycling o f  T  a n d  r .h .  is n e e d e d .

T h is  p a r t  o f  th e  s tu d y  d e m o n s t r a t e d  th a t  th e  p r inc ip les  a n d  a ssu m p t io n s  
in v o lv ed  in th e  d e r iv a t io n  o f  th e  m a th e m a t ic a l  m o d e l  a re  so m e w h a t  valid ,  a n d  
th a t  g o o d  s im u la t io n s  o f  n e t  w e ig h t  v a r ia t io n s  in p a c k a g e d  d e h y d r a te d  p ro d u c ts  
can  b e  m a d e  by  u s ing  a c o m p u te r  i te ra t iv e  t e c h n iq u e .
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Muscle fibre orientation and its effect on measurements of 
tenderness of bovine longissimus dorsi muscle

A . C. M U R R A Y ,  L. E .  J E R E M I A H  an d  A . H .  M A R T I N

Summary
T h e  m u sc le  f ib re  o r ie n ta t io n  w ith in  a p a r t ic u la r  c o o k e d  b e e f  s te a k  w as fo u n d  
to  v a ry  c o n s id e ra b ly  a n d  to  be m a rk e d ly  a f fec ted  by v ac u u m  p ac k ag in g ,  
f reez in g  a n d /o r  co o k in g .  S h e a r  fo rce  va lues ,  in itia l-b ite  te n d e rn e s s  (p a n e l)  
a n d  co o k in g  loss w e re  h ighly  d e p e n d e n t  o n ,  an d  overa ll  t e n d e rn e s s  (p a n e l )  
w as on ly  slightly  d e p e n d e n t  o n  m usc le  fib re  o r ie n ta t io n s .  T h e s e  m e a s u re s  w e re  
a f fec te d  by f ib re  o r ie n ta t io n  to  a  g r e a te r  e x te n t  in to u g h  th a n  in t e n d e r  m ea t .  
A t  each  o f  th r e e  fixed m usc le  f ib re  o r ie n ta t io n ,  c o r re la t io n s  b e tw e e n  
te n d e r n e s s  m e a s u re s  w e re  s ign ifican t ( P < 0 .0 5 ) ,  th e ir  m a g n i tu d e  d e p e n d in g  
o n  th e  f ib re  o r ie n ta t io n .  A t  a f ixed  f ib re  angle  c o r re la t io n s  of  te n d e rn e s s  
m e a s u re s  w ith  c o o k in g  losses w e re  no t  s ignificant. H o w e v e r ,  o n  a w ith in -  
an im al  bas is ,  c o o k in g  loss was re la te d  to  s h e a r  value  a n d  to  in itia l-b ite  
te n d e r n e s s  a p p a re n t ly  th ro u g h  an effec t o f  f ib re  o r ie n ta t io n .  Th is  effec t m ay  
c o n s t i tu te  a m a jo r  so u rc e  o f  v a r ia t io n  in the  m e a s u r e m e n t  o f  te n d e rn e s s  an d  
co o k in g  loss.

Introduction
M e a t  co re s  fo r  th e  d e te r m in a t io n  o f  W a r n e r - B r a t z l e r  s h e a r  fo rce  va lu es  a re  
usua lly  o b ta in e d  f ro m  c o o k e d  s teak s  in o n e  o f  tw o  m e th o d s — by co r ing  
p a ra l le l  to  th e  lo n g i tu d in a l  axis o f  th e  m usc le  f ib res  o r  by co r ing  p e rp e n d ic u la r  
to  th e  su rfa ce  o f  th e  s te a k  ( A M S A ,  1978). F ran c is  e t al. (1981) co n c lu d e d ,  
c o n t ra ry  to  th e  e a r l ie r  f ind ings  o f  H o s te t le r  & R itc h ey  (1964), th a t  fo r  th e  
long issim us dors i  (L D )  m u sc le ,  th e  tw o  m e th o d s  resu lt  in iden tica l  s h e a r  
v a lues .  T h is  m ay  in d ica te  th a t  th e  m uscle  f ib re  o r ie n ta t io n  n e e d  n o t  be 
ca re fu lly  c o n s id e re d  a n d  c o n t ro l le d  w h e n  ca rry ing  o u t  s h e a r  force d e t e r m in a 
t ions ,  b u t  such  is n o t  th e  case .  T h e  first m e th o d  ab o v e  resu lts  in sh ea r in g  
m usc le  f ib res  a t  90° to  th e i r  long i tu d in a l  axis. W ith  the  seco n d  m e th o d  th e  
ang le  a t  w hich  th e  m usc le  f ib res  a re  s h e a re d  d e p e n d s  u p o n  th e i r  o r ie n ta t io n  in
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th e  s te a k  a f te r  c o o k in g  a n d  th is  has  b e e n  show n  to  d ram a tica l ly  affec t s h e a r  
fo rce  v a lu es  (M u r r a y  & M a r t in ,  1980).

T h e  p re s e n t  s tu d y  w as  in i t ia ted  to  a sc e r ta in  th e  e x te n t  to  w hich  th e  
o r ie n ta t io n  o f  th e  m usc le  f ib res  a t  th e  t im e  sh ea r in g  o r  b it ing  in fluences: ( 1 ) 
th e  o b je c t iv e  a n d  su b jec t iv e  e s t im a t io n s  o f  te n d e rn e s s  o f  the  L D  m usc le  an d  
(2 ) th e  re la t io n sh ip s  w h ich  ex is t  a m o n g  s h e a r  fo rce  va lues ,  sen so ry  m e a s u re s  
o f  t e n d e r n e s s  a n d  c o o k in g  loss.

Materials and methods
T h r e e  s tee r s ,  f ro m  e a ch  o f  th r e e  b re e d  co m p o s i te s  (100%  S im m e n ta l ,  7 5 %  
S im m e n ta l  a n d  7 5 %  L im o u s in )  w e re  ass igned  to  e a c h  o f  th re e  an im a l  g ro u p s  
a n d  w e re  s la u g h te re d  a t  a p p ro x im a te ly  15 m o n th s  o f  age an d  430 kg 
l ive-w eigh t.  T h e  long issim us dors i  (L D )  m usc le ,  f ro m  th e  fifth th o rac ic  to  th e  
six th  lu m b a r  v e r te b r a ,  w as  r e m o v e d  f ro m  th e  righ t  s ide o f  carcasses  w h ich  h a d  
b e e n  ag e d  fo r  6  days .  E a c h  m usc le  w as th e n  d iv ided  in to  th r e e  p o r t io n s  
a p p r o x im a te ly  e q u a l  in len g th  w hich  w e re  d es ig n a te d  loca tions  1 to  3, 1 
in d ica t in g  th e  a n te r io r  a n d  3 th e  p o s te r io r  e n d  of th e  m uscle .  In  o rd e r  to  
re p l ic a te  m u sc le  f ib re  ang les  eq u a lly  ac ross  all lo ca t io n s ,  s teaks  w ere  cu t  f ro m  
loca tions  1, 2 a n d  3 a t  th r e e  ang les  (0°, c o n v e n t io n a l ,  90°) w ith  re sp ec t  to  th e  
lo n g i tu d in a l  axis o f  th e  m u sc le  f ib re s  in a m a n n e r  in d ica ted  in T a b le  1. T h e  
‘c o n v e n t io n a l ’ an g le  w as  th a t  o b ta in e d  by cu t t in g  a s te a k  p e r p e n d ic u la r  to  th e  
lo n g i tu d in a l  axis o f  th e  m usc le .  F o u r  3 cm  s teak s  w e re  cu t  a t  e a ch  loca tion .  
A f te r  t r im m in g  o f  fa t  th e  s te a k s  w e re  v a c u u m  p a c k a g e d ,  f ro z e n  a n d  s to re d  a t  
- 3 0 ° C  fo r  u p  to  2 m o n th s .

S te ak s  w e re  th a w e d  a t  1°C a n d  c o o k e d  a t  177°C to  an  in te rna l  t e m p e r a tu re  
o f  75°C in a c o n v e c t io n  o v en .  C o o k in g  losses w e re  d e te r m in e d  by  w e igh ing  
s te a k s  b e fo re  a n d  a f te r  co o k in g .  T h e  s teak s  w e re  th e n  s to re d  o v e rn ig h t  in 
p lastic  bags a t  1°C.

T w o  s te a k s  f ro m  e a ch  lo ca t io n  w e re  u sed  fo r  sh e a r  fo rce  an d  p an e l  
a s se ssm e n t  by  n o rm a l  p ro c e d u re s .  Six 2 cm co res  w e re  re m o v e d  fro m  each  
s te a k  w ith  an  E b e r b a c h  co rk  b o r in g  dev ice  by  co r in g  p e rp e n d ic u la r  to  the  
s te a k  su rface .  T h r e e  w e re  a ss igned  at r a n d o m  fo r  s h e a r  fo rce  d e te rm in a t io n ;  
th e  re m a in in g  th r e e  w e re  u se d  fo r  p an e l  t e n d e rn e s s  ev a lu a t io n .  C o re s  w e re  
s h e a re d  o r  b i t te n  ( in i t ia l-b i te  te n d e rn e s s )  p e rp e n d ic u la r  to  th e i r  long i tu d in a l
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Table I. The angles at which steaks were cut with respect to the orienta
tion of the muscle fibres within muscle location and animal group

Muscle
location

Animal group

1 2 3

1 0° Conventional 90°
2 Conventional

ooOA 0°
3 90° 0° Conventional
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axis w ith  n o  a t t e m p t  to  c o n tro l  th e  ang le  o f  ro ta t io n  a b o u t  th is  axis. S h e a r  
va lu es  o b ta in e d  by  th is  a p p r o a c h  a re  r e fe r r e d  to  su b se q u e n t ly  as ‘n o r m a l ’.

T h e  r e m a in in g  tw o  s te a k s  w e re  u sed  to  te s t  th e  effec t o f  th e  d e g re e  o f  
ro ta t io n  o f  th e  c o re s  a t  t im e  o f  p r e s e n ta t io n  to  th e  m ech a n ica l  s h e a r  dev ice .  
F o u r  lines  w e re  d ra w n  o n  th e  su rface  o f  e a ch  s te a k ,  tw o  a p p ro x im a te ly  
p a ra l le l  a n d  tw o  a p p r o x im a te ly  p e r p e n d ic u la r  to  th e  lo n g i tu d in a l  axis o f  th e  
s te a k  (F ig . 1). T h e  lines  w e re  a l te rn a te ly  p a ra l le l  an d  p e r p e n d ic u la r  w ith  no  
a t t e m p t  b e in g  m a d e  to  d is t ingu ish  b e tw e e n  th e  m ed ia l  an d  la te ra l  e n d s  o f  th e  
s te a k .  F o u r  c o re s  w e re  re m o v e d  as a b o v e  such  th a t  th e  lines r e m a in e d  o n  th e  
e n d  o f  e a c h  c o re .  T h e y  w e re  th e n  s h e a re d  p e rp e n d ic u la r  to  th e i r  lo n g i tu d in a l  
axis a f te r  ro ta t io n  o f  th e  c o re s  so as to  s h e a r  p e rp e n d ic u la r  to  th e  lines. T h is  
r e s u l te d  in s h e a r  fo rce  v a lu es  e i th e r  ‘p a ra l le l ’ o r  ‘p e r p e n d ic u la r ’ to  th e  
lo n g i tu d in a l  axis o f  th e  s teak .

Figure 1. Diagrammatic representation of a steak to show how lines drawn on its 
surface were used to orient cores for shearing (arrows) either parallel or 
perpendicular to its longitudinal axis.

A ll  t e n d e r n e s s  e s t im a te s  w e re  m a d e  a p p ro x im a te ly  20 m in  a f te r  r e m o v in g  
th e  co re s  f ro m  re f r ig e ra t io n  t e m p e r a tu r e s  acco rd in g  to  A M S A  gu id e l in es  
( A M S A ,  1978). A  s ix -m e m b e r  t r a in e d  p an e l  w as u t i l ized  to  ev a lu a te  
in i t ia l-b ite  t e n d e r n e s s  ( th e  p e rc e iv e d  fo rce  re q u ir e d  to  b i te  th ro u g h  a co re  
w ith  th e  inc iso rs)  a n d  o v era l l  t e n d e r n e s s  o n  scales o f  1 - 9  ( l = e x t r e m e l y  
to u g h ,  9 = e x t r e m e l y  t e n d e r ) .  S h e a r  fo rce  va lues  w e re  o b ta in e d  us in g  an  
O t t a w a  T e x tu re  M e a s u r in g  S y s tem  f i t ted  w ith  a W a r n e r —B ra tz le r  h e a d  
( L ’H i ro n d e l l e  &  M a r t in ,  1975).

T o ta l  co l lag e n  a n d  %  sa l t -so lu b le  co l lag en  (H ill ,  1966) w e re  d e te r m in e d  by 
th e  m e th o d  o f  W o e s s n e r  (1961) u s in g  m e a t  sam p les  f ro m  five lo ca t io n s  a lo n g  
th e  L D  m u sc le  o f  th e  r igh t  s ide o f  th e  carcass.  In t ra m u s c u la r  fa t  c o n c e n t ra t io n  
o f  th e  L D  m u sc le  b e tw e e n  th e  th i r t e e n th  rib  a n d  th e  sixth lu m b a r  v e r te b r a  o f  
th e  left  s ide o f  e a c h  ca rcass  w as d e te r m in e d  on  a dry  w e ig h t  basis  u s ing  a 
S o x tec  (T e c t a to r  C o .)  fa t e x t ra c t io n  a p p a ra tu s .

T h e  ‘in i t ia l ’ ang le  o f  th e  m usc le  f ib res  w ith  re sp e c t  to  th e  s te a k  su rfa ce  was 
e s t im a te d  visually  w h ile  cu t t in g  th e  raw  s teak s .  T h e  ‘f in a l’ f ib re  ang le  was 
d e te r m in e d  a f te r  co r in g  a n d  d issec tion  o f  c o o k e d  s teak s  an d  in vo lved  fo u r  o r  
five m e a s u r e m e n ts  p e r  s te a k  w ith  a p ro t ra c to r .
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Results and discussion
‘M u sc le  f ib re  a n g le ’ is u sed  su b se q u e n t ly  to  re fe r  to  the  ang le  b e tw e e n  th e  
lo n g i tu d in a l  axis o f  th e  m usc le  f ib res  a n d  th e  s te a k  su rface ,  o r ,  since co res  
w e re  r e m o v e d  a t  90° to  th e  s te a k  su rfa ce ,  to  th e  ang le  b e tw e e n  th e  
lo n g i tu d in a l  axis o f  th e  m usc le  f ib res  a n d  the  p la n e  at  w hich  the  sh e a r  b la d e  o r  
th e  te e th  o f  th e  p a n e lis t  p e n e t r a t e d  th e  core .

Table 2. Simple means and standard errors of final fibre angle, tenderness measures and cooking 
loss at the three initial fibre angles

Initial fibre angle

0°
Mean s.e.

Conventional 
Mean s.e.

90°
Mean s.e.

Final fibre angle (degrees) 5.4a 0.5 35.3b 1.0 51.8c i.i
Shear force value (kg) 

normal 4.4a 0.1 6.6b 0.3 7.1b 0.3
perpendicular 4.8a 0.1 6.9b 0.3 7.2b 0.3
parallel 4.2a 0.1 6.5b 0.3 6.8b 0.3
perpendicular-parallel 0.6a 0.1 0.4b 0.2 0.4b 0.1

Initial-bite tenderness 7.3a 0.2 5.1b 0.3 4.8b 0.3
Overall tenderness 6.1a 0.3 5.5a 0.3 5.6a 0.3
Cooking loss (%) 16.6a 0.3 18.6b 0.4 18.9b 0.3

a, b: means within the same row with different letters differ significantly (P <0.05).

O n e  so u rc e  o f  v a r ia t io n  n o t  c o n s id e re d  in th e  initial design  o f  th is  s tudy  w as 
th e  in f lu en c e (s )  o f  v a c u u m  p ac k ag in g ,  f reez ing  a n d /o r  co o k in g  on  th e  m usc le  
f ib re  ang le .  A l th o u g h  s teak s  w e re  ca re fu lly  cu t  so as to  a p p ro x im a te  0°, 
c o n v e n t io n a l  a n d  90° an g les  initially , a f te r  co o k in g  th e se  angles  h a d  c h a n g e d  
co n s id e rab ly .  T a b le  2 show s b o th  ‘in i t ia l ’ (a ss ig n ed  w h e n  s teak s  w e re  cu t)  a n d  
‘f in a l’ (a s se ssed  o n  c o o k e d  s teak s )  f ib re  angles .  A t  initial f ib re  ang les  o f  
90°, f inal f ib re  ang les  w e re  fo u n d  to  b e  c o n s id e rab ly  sm alle r  th a n  e x p e c ted .  
F ro m  th e  d a ta  o f  E i s e n h u t  e t al. (1965) o n e  can  ca lcu la te  th a t  th e  f ib re  angle  in 
a s te a k  cu t  co n v e n t io n a l ly  f ro m  th e  L D  m usc le  o f  a ver tica lly  s u s p e n d e d  side 
w o u ld  v a ry  f ro m  65° (s e v e n th  r ib )  to  29° ( th ird  lu m b a r  v e r te b ra ) .  T h e  final 
f ib re  ang le  fo r  c o n v e n t io n a l ly  cu t  s teak s  (35°, T a b le  2) was fo u n d  in this s tudy  
to b e  on  th e  low  e n d  o f  th is  ran g e .  T h e  fo rces  ap p l ied  d u r in g  the  
v a c u u m -p a c k a g in g  te c h n iq u e  w e re  p ro b a b ly  re sp o n s ib le  fo r  this d isc rep an cy .

T h e  e ffe c t  o f  f i b r e  a n g le

S im ple  m e a n s  a n d  s t a n d a r d  e r ro r s  fo r  sh e a r  fo rce  va lues  ( th re e  m e th o d s  o f  
p r e s e n t in g  th e  c o re  to  th e  s h e a r  d ev ice ) ,  in i t ia l-b ite  t e n d e rn e s s ,  o v e ra l l  
t e n d e r n e s s  a n d  c o o k in g  loss a re  p r e s e n te d  by initial f ib re  ang le  in tab le  2. S h e a r  
fo rce  v a lu es  (all m e th o d s )  w e re  h ig h e r ,  a n d  in i t ia l-b ite  te n d e rn e s s  lo w er ,  a t
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h ig h e r  m u sc le  f ib re  ang les .  A n  in c re ase  o f  46.4° ( 5 1 . 8 - 5 . 4 )  in f ib re  angle  
re s u l te d  in  an  in c re a se  in s h e a r  v a lu e  (n o rm a l  m e th o d )  of  2 .7  kg a n d  a d e c re a se  
in in i t ia l-b ite  te n d e r n e s s  o f  2 .5 p a n e l  un its  as well as an  in c re ase  in co o k in g  loss 
o f  2 .2 % .  A l th o u g h  in a p re l im in a ry  s tu d y  (M u rra y  & M a r t in ,  1980), th e  final 
f ib re  ang les  w e re  n o t  d e te r m in e d ,  th e  d if fe ren c e  b e tw e e n  th e  s h e a r  fo rce  a t 
in itia l ang les  o f  0° a n d  90° w as s im ila r  to  th a t  r e p o r t e d  ab o v e .  O v e ra l l  
te n d e rn e s s ,  h o w e v e r ,  a p p e a r e d  to  be  u n a f fe c te d  by f ib re  ang le .  T h e  l in ea r  
re g re ss io n  o f  s h e a r  fo rce  v a lu e ,  in i t ia l-b ite  t e n d e rn e s s ,  o vera l l  t e n d e r n e s s  a n d  
co o k in g  loss o n  f ina l f ib re  ang le  y ie ld ed  s lopes  o f  0 .058 (s .e .  = 0 .0 0 4 ) ,  - 0 . 0 5 7  
(s .e .  = 0 .0 0 6 ) ,  0 .013  ( s . e . = 0 .0 0 5 )  a n d 0 .0 5 1  ( s . e . = 0 .0 0 7 )  k g /d eg re e ,  re sp e c t iv e 
ly. A ll  fo u r  w e re  sign if ican tly  ( T < 0 .0 5 )  d i f fe ren t  f ro m  ze ro ,  a l th o u g h  ov era l l  
t e n d e r n e s s  w as  on ly  slightly  a f fec te d  by f ib re  ang le .  It  is su g g es ted  th a t  this 
sm all  e f fec t  o f  f ib re  ang le  o n  ov era l l  t e n d e r n e s s  m ay  have  re su l te d  th ro u g h  an 
ef fec t  o f  f ib re  an g le  o n  c o o k in g  loss o r  b e c a u se  th e  sh ap e  o f  th e  co re  c a u se d  
p an e lis ts  to  ch ew  p e r p e n d ic u la r  to  its lo n g i tu d in a l  axis r a th e r  th a n  in r a n d o m  
d ire c t io n s  as w o u ld  h a v e  b e e n  th e  case  if th e  sam p le  h ad  b e e n  p re s e n te d  as a 
cu b e .  In c lu s io n  o f  a q u a d ra t ic  t e rm  in a d d i t io n  to  th e  l in ea r  te rm  c a u se d  f u r th e r  
s ign if ican t ( P < 0 . 0 5 )  d e c re a s e s  in th e  e r r o r  m e a n  sq u a re s  fo r  s h e a r  va lue  
(n o rm a l  m e th o d )  a n d  fo r  in i t ia l-b ite  te n d e rn e s s  on ly , b u t  in c re a se s  in 
w i th in -an im a l  R 2 v a lu es  ( f ro m  78 to  8 3 %  a n d  f ro m  60 to  6 3 % ,  re sp ec t iv e ly )  
w e re  sm all.

In s p e c t io n  o f  th e  u n a n a ly s e d  d a ta  in d ica ted  th a t  th e  re la t io n sh ip  o f  s h e a r  
fo rce  v a lu e  a n d  in i t ia l-b ite  te n d e rn e s s  w ith  f ib re  angle  v a r ied  w ith  th e  in h e re n t  
te n d e rn e s s .  S ince  o vera l l  te n d e rn e s s  was a f fec te d  very  little by f ib re  an g le ,  its 
a v e ra g e  v a lu es  fo r  th e  th r e e  in itia l f ib re  ang les  w e re  a rb it ra r i ly  d iv id ed  in to  
th r e e  te n d e r n e s s  ca te g o r ie s :  (1) to u g h e s t  (scores  3 . 5 - 5 . 0 ,  n  =  8 ); (2) 
in te rm e d ia te  (sc o re s  > 5 . 0 - 6 . 5 ,  « =  12); (3) te n d e re s t  (scores  > 6 . 5 - 8 . 0 ,  
n = 7 ) .  A l th o u g h  th is  c a te g o r iz a t io n  was n o t  in c lu d ed  in th e  o r ig ina l  des ign ,  
b r e e d s  a n d  a n im a l  g ro u p s  w e re  re a s o n a b ly  eq u a lly  r e p re s e n te d  in all th re e  
c a te g o r ie s .  O v e ra l l  t e n d e r n e s s ,  in itia l-b ite  te n d e rn e s s ,  s h e a r  fo rce  va lu e  a n d  
c o o k in g  loss a re  p lo t te d  v e rsu s  final f ib re  angle  for  each  o f  th e  th re e  
te n d e r n e s s  c a te g o r ie s  in Fig. 2. T h e  p lo ts  ind ica te  th a t  s h e a r  va lue  a n d  
in i t ia l -b i te  te n d e r n e s s  o f  th e  t e n d e r e s t  c a te g o ry  w ere  less a f fec ted  by f ib re  
ang le  th a n  w e re  th e  o th e r  tw o  c a te g o r ie s ,  an d  th a t  d if fe ren ces  in th e se  
te n d e r n e s s  m e a s u r e s  w e re  m o re  p r o n o u n c e d  at h ig h e r  f ib re  angles.

T h e  th r e e  te n d e r n e s s  c a te g o r ie s ,  w hich  r e p re s e n t  d if fe rences  am o n g  
a n im a ls ,  fail to  s e g re g a te  co o k in g  losses in to  d is t inc t  g ro u p s .  C o o k in g  loss was 
e x p e c te d  to  b e  r e la te d  to  th e  fa t  c o n te n t .  A l th o u g h  the  fa t c o n te n t  (d ry -w e ig h t  
basis) o f  th e  leas t  t e n d e r  ca te g o ry ,  11 .5%  (s .e .  = 0 .9 ) ,  was less th a n  th a t  fo r  th e  
i n te rm e d ia te  a n d  m o s t  t e n d e r  c a te g o r ie s ,  1 6 .6 %  (s .e .  =  1.1) a n d  17 .9%  
(s .e .  =  1.7), re sp ec t iv e ly ,  co o k in g  losses w e re  s im ilar  fo r  all ca teg o r ie s .  T h is  
in d ica tes  th a t  th e  b e tw e e n -a n im a l  v a r ia t io n  in co o k in g  loss w as n o t  re la te d  to  
te n d e rn e s s  v a r ia t io n  o r  to  v a r ia t io n  in fa t c o n ten t .

T h e  co l lag e n  c o n te n t  o f  th e  L D  m usc le  of  th e  an im als  in this s tu d y  ra n g e d  
f ro m  0.38  to  0 .7 5 %  ( m e a n = 0 .5 2 % ,  s . e . = 0 .0 3 5 )  on  a w e t-w e ig h t  basis an d



612 A. C. Murray, L. E. Jeremiah and A. H. Martin

0 20 40 60
Final fibre angle (degrees)

Figure 2. The effect of final fibre angle on panel overall tenderness (A), panel 
initial-bite tenderness (B), shear force value (C) and cooking loss (D) for each of 
three tenderness categories (1, toughest, 2, intermediate, and 3, tenderest). 
(Standard errors are indicated.)

e q u a l le d  0 .5 1 %  ( s . e . = 0 .0 2 2 ) ,  0 .5 2 %  ( s . e . = 0 .0 2 8 )  a n d  0 .5 4 %  (s .e .  = 0 .0 3 5 )  for  
ca te g o r ie s  1, 2 a n d  3, re sp ec t iv e ly .  T h e  %  so lubili ty  o f  th e  co llagen  o f  this 
m usc le  r a n g e d  f ro m  12.4 to  22.5 (m e a n  =  16.2, s . e . = 0 .4 1 )  an d  eq u a l le d  15.8 
( s . e . = 0 .6 5 ) ,  16.7 ( s . e . = 0 .6 8 )  a n d  15.9 ( s . e . = 0 .7 9 )  fo r  ca teg o r ie s  1, 2 a n d  3, 
re spec tive ly .  T h e s e  d a ta  sugges t  th a t  n e i th e r  to ta l  n o r  p e rc e n ta g e  so lub le  
co l lag en  w as  re la te d  to  an y  te n d e rn e s s  m e a su re  o r  to  th e  f ib re  angle  t im es  
t e n d e r n e s s  c a te g o ry  in te ra c t io n  fo r  s h e a r  fo rce  value  o r  fo r  in itia l-b ite  
te n d e rn e s s .

O rie n ta tio n  o f  th e  c o re  in  th e  s h e a r  d e v ic e

O f te n  s te a k s  a re  cu t  f ro m  th e  L D  m uscle  p e rp e n d ic u la r  to  th e  lo n g i tu d in a l  
axis o f  th e  m usc le .  C o re s  fo r  sh e a r  d e te r m in a t io n  a re  th e n  r e m o v e d  by co r in g  
p e r p e n d ic u la r  to  th e  s te a k  su rfa ce  a n d  a re  a l igned  in th e  s h e a r  dev ice  so  as to  
s h e a r  p e r p e n d ic u la r  to  th e  lo n g i tu d in a l  axis o f  th e  co re  (H e d r ic k  e t a l., 1968). 
R o ta t io n  o f  th e  c o re  a b o u t  its lo n g i tu d in a l  axis is ra n d o m .  In o r d e r  to  d e t e r m in e
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th e  e x te n t  to  w h ich  th e  d e g re e  o f  ro ta t io n  o f  th e  co re  in f lu en c ed  s h e a r  v a lues ,  
c o re s  w e re  s h e a re d  ‘p a r a l l e l ’ a n d  ‘p e r p e n d ic u la r ’ to  th e  lo n g i tu d in a l  axis o f  th e  
s te a k  as d e s c r ib e d  a b o v e  a n d  in Fig. 1. T h e se  d irec t io n s  w e re  ch o se n  a rb it ra r i ly  
so as to  h a v e  a r e p ro d u c ib le  f r a m e  o f  r e fe re n c e .  ‘P e rp e n d ic u la r ’ a n d  ‘p a r a l le l ’ 
s h e a r  va lu es  t e n d e d  to  be  h ig h e r  a n d  lo w er ,  re sp ec t iv e ly ,  th a n  th o se  o b ta in e d  
by  th e  ‘n o r m a l ’ m e th o d ,  an d  th e  d i f fe ren c e  ( 0 .4 —0.6  kg) b e tw e e n  ‘p e r p e n d ic u 
l a r ’ a n d  ‘p a r a l le l ’ s h e a r  va lu es  w as s ign if ican tly  ( P < 0 .0 5 )  g r e a te r  th a n  z e ro  at  
th e  t h r e e  in itia l f ib re  ang les  s tu d ie d  (T a b le  2).

A t  th e  final f ib re  ang le  o f  0°, th e  f ib res  w e re  o rg a n iz ed  at an  ang le  o f  
a p p r o x im a te ly  0° w ith  re sp e c t  to  th e  s te a k  su rface . In  this case th e  f ib res  w e re  
o r i e n te d  a t  a p p r o x im a te ly  r igh t  ang les  to  the  lo n g itud ina l  axis o f  th e  s teak .  
S h e a r in g  o f  a co re  ‘p e r p e n d ic u la r ’ w ith  re sp ec t  to  th e  lo n g itud ina l  axis o f  th e  
s te a k  c a u se d  th e  s h e a r  b lad e  to  a p p ro a c h  th e  co re  so as to  first h it  th e  e n d s  o f  
th e  f ib res .  S h e a r in g  o f  a c o re  ‘p a r a l l e l ’ w ith  re sp e c t  to  th e  lo n g i tu d in a l  axis o f  
th e  s te a k  c a u se d  th e  s h e a r  b la d e  to  first hit th e  leng th  o f  th e  fib res .  In  b o th  
cases  th e  sh e a r in g  is on  th e  sam e  p la n e  a n d  at th e  sam e  fib re  ang le .  T h e  d a ta  
in  T a b le  2 in d ica te  th a t  fo r  th is  e x a m p le  0 .6  kg m o re  sh e a r  fo rce  was re q u ir e d  
to  s h e a r  in to  a co re  h i t t in g  first th e  e n d s  o f  th e  f ib res  th en  to  s h e a r  in to  a co re  
h i t t in g  f irst th e  len g th  o f  th e  fib res .  L ittle  can  be co n c lu d e d  co n c e rn in g  the  
o th e r  in itia l  f ib re  ang les  ( c o n v e n t io n a l  a n d  90°) since th e  exac t  o r ie n ta t io n  o f  
th e  m u sc le  f ib re s  w ith  re sp ec t  to  th e  long i tu d in a l  axis o f  th e  s te a k  w as n o t  
e v a lu a te d .  A t  p r e s e n t  an  e x p la n a t io n  fo r  th is  p h e n o m e n o n  is n o t  a p p a re n t .  It 
is p o ss ib le  th a t  th e  fo rce  o f  th e  s h e a r  b la d e  h i t t ing  th e  en d s  o f  th e  f ib res  c a u sed  
th e m  to  ch a n g e  f ib re  ang le .  T h u s  in s te a d  o f  pass ing  b e tw e e n  th e  f ib res  th e  
b la d e  m a y  h a v e  b r o k e n  a p o r t io n  o f  th e  fibres. If  this effec t was p u re ly  d u e  to  
m usc le  f ib re  o r i e n ta t io n ,  th e n  o n e  m igh t  e x p e c t  it to  be  a b se n t  a t  a final f ib re  
ang le  o f  90°. In  an y  case ,  such  an  effec t will u n d o u b te d ly  a d d  to  th e  a m o u n t .o f  
v a r ia t io n  w ith in  d a ta  f ro m  a g iven  s teak .  H o w e v e r ,  by using  a r a n d o m  d e g re e  
o f  r o ta t io n  o f  th e  co res  in th e  s h e a r  dev ice  (n o rm a l  m e th o d )  n o  bias sh o u ld  be  
in t ro d u c e d  in to  th e  e x p e r im e n ta l  re su lt .

V a r ia tio n  w ith in  a n d  b e tw e e n  a n im a ls

A n  ana lysis  o f  v a r ia n c e  w as  c o m p le te d  (T a b le  3) to  d e te r m in e  th e  re la t iv e  
c o n t r ib u t io n s  o f  an im a ls ,  s teak s  a n d  c o re s  to  th e  to ta l  v a r ia t io n .  S ince  final f ib re  
ang le  w as  r e c o rd e d  on ly  as th e  m e a n  a n d  ra n g e  o f  4 o r  5 p r o t r a c to r  re ad in g s  p e r  
s te a k ,  th e  w i th in -s te a k  v a r ia n ce  c o u ld  n o t  b e  ca lc u la ted .  H o w e v e r  th e  av e ra g e  
ra n g es  ( tw e n ty - se v e n  an im a ls  a t  e a ch  initial ang le )  o f  9.6°, 14.2° a n d  24.1° for  
in itia l ang les  o f  0°, c o n v e n t io n a l  a n d  90°, re sp ec t iv e ly ,  in d ic a te d  th a t  w ith in  
e a ch  s te a k  th e  f ina l ang le  v a r ie d  co n s id e rab ly .  T h e  e x te n t  o f  th is  v a r ia t io n  
in c re a se d  w ith  in c re a s in g  f ib re  an g le ,  as d id  th a t  o f  sh e a r  va lue  m e a s u r e d  by 
e a ch  o f  th e  t h r e e  m e th o d s .  W ith in -s te a k  v a r ia t io n  is u n d o u b te d ly  d u e  to  a 
c o m b in a t io n  o f  th e  h e te r o g e n e i ty  in th e  d is t r ib u t io n  o f  in t ra m u s c u la r  fa t,  
co n n e c t iv e  t is su e ,  m u sc le  f ib re s ,  e tc . in a d d i t io n  to  v a r ia t io n  in f ib re  ang le .  T h e  
v a r ia t io n  b e tw e e n  s teak s  w ith in  an im a l  in c re a se d  w ith  inc reas in g  f ib re  ang le  fo r



614

Table 3. Analysis of variance of final fibre angle, shear force value and cooking loss at each of 
three initial fibre angles.

Source of variation

A. C. Murray, L. E. Jeremiah and A. H. Martin

Core within

Variable
Initial 
fibre angle

Animal 
D F\ MS a F a

Steak within 
animal
DFs MSs Fs

steak within 
animal 
DF( MSc

Final fibre angle 0 26 28 1.8 27 16 — — —

Conventional 26 48 1.4 27 34 — — —

Shear force value
90" 26 66 1.2 27 55 — — —

Normal 0 26 4.6 4.9* 27 0.9 1.5 108 0.6
Conventional 26 11.8 6.7* 27 1.8 1.1 108 1.7
90 26 13.6 5.9* 27 2.3 1.4 108 1.7

Perpendicular 0 26 2.1 3.3* 27 0.6 1.2 54 0.5
Conventional 26 9.2 5.8* 27 1.6 1.0 54 1.6
90 26 8.3 4.6* 27 1.8 1.1 54 1.6

Parallel 0 26 2.6 5.3* 27 0.5 0.8 54 0.6
Conventional 26 7.6 7.0* 27 l.l 1.1 54 1.0
90 26 7.1 4.6* 27 1.5 1.6 54 1.5

Cooking loss 0 26 9.7 3.3* 81 2.9 — — —
Conventional 26 18.2 5.4* 81 3.3 — — —
90" 26 12.0 3.0* 81 4.0 — — —

a ,  s, <■: subscripts denote animal, steak within animal and core within steak within animal, 
respectively.

DF: degrees of freedom. MS: mean square. Fs= MSs/MSo, FA= MSa/MSs.
* F ratios are significant (P<0.05).

all v a r iab les  e x a m in e d  a n d  fo r  sh e a r  va lue  w as, as e x p e c te d ,  no t  la rg e r  th a n  the  
v a r ia t io n  w ith in  s teak s .  T h e  b e tw e e n -a n im a l  v a r ia t io n  was g re a te r  th a n  th a t  
b e tw e e n  s teak s  fo r  s h e a r  va lue  a n d  fo r  c o o k in g  loss on ly  a n d  it in c re a sed  with 
in creas ing  f ib re  ang le .  T h e  m a g n i tu d e  o f  the  F-sta tis tic  u sed  to  m a k e  th is  tes t  
su g g es ted  th a t  th e  an im a l  d if fe ren c es  in s h e a r  va lue  a n d  co o k in g  loss w ere  
d e te r m in e d  w ith  s im ila r  sensitiv it ies  a t th e  th re e  initial f ib re  angles .  F ina l  f ib re  
angle  w as n o t  s ign if ican tly  a f fec te d  by an im al .  T h is  suggests  th a t  w ith in  initial 
f ib re  an g le ,  a l th o u g h  th e  final f ib re  ang le  m ay  affec t w ith in -an im al  v a r ia t io n ,  it 
is l ikely to  c o n t r ib u te  on ly  m arg in a lly  to  th e  b e tw e e n -a n im a l  v a r ia t io n  in th ese  
m easu res .

C o rre la tio n s  a m o n g  te n d e rn e s s  m e a su re s , c o o k in g  lo ss  a n d  m u s c le  c o m p o n e n ts

C o rre la t io n s  invo lv ing  t e n d e r n e s s  m e a s u re s  a n d  co o k in g  loss a t  e ach  o f  th e  
th re e  initial f ib re  ang les  a re  p r e s e n te d  in T a b le  4. S h e a r  va lu e  w as nega tiv e ly  
c o r re la te d  w ith  e a ch  o f  th e  p an e l  e s t im a te s  a n d  th e  c o r re la t io n  coe ff ic ien ts  
in c re a sed  s ign if ican tly  in m a g n i tu d e  as th e  initial f ib re  angle  in c reased .  F o r  the
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Table 4. Correlations involving tenderness measures and cooking loss at three initial fibre angles

Initial fibre 
angle

Final fibre 
angle

Shear force 
value

Initial-bite
tenderness

Overall
tenderness

Shear force value 0 0.35
Conventional -0 .19
90 0.04
Pooled' 0.88*

Initial-bite tenderness 0 -0 .34 -0 .56
Conventional 0.02 -0.59*
90 0.07 -0.76*
Pooled-' -0.77* -0.86*

Overall tenderness 0° -0.28 -0.71* 0.76*
Conventional 0.19 -0.81* 0.82*
90 -0.07 -0.89* 0.91*
Pooled' -0.33* -0.50* 0.70*

Cooking loss 0“ -0 .12 0.22 -0.21 -0 .24
Conventional -0.11 0.19 -0 .26 -0.25
90 0.17 0.21 -0.07 -0 .19
Pooled' 0.68* 0.71* -0.61* -0.33*

A: pooled over angles and within animal (P<0.05).
* Correction coefficient differs significantly (P < 0.05) from zero.

th r e e  in itia l f ib re  ang les  s h e a r  va lu es  w e re  m o re  s trong ly  c o r r e la te d  with  overa l l  
t e n d e r n e s s  th a n  w ith  in i t ia l-b ite  te n d e rn e s s .  Since b o th  s h e a r  va lu e  an d  
in i t ia l-b ite  te n d e r n e s s  w o u ld  be  e x p e c te d  to  e s t im a te  the  fo rce  re q u i r e d  to  cut 
th ro u g h  a c o re  o f  m e a t ,  th ey  w e re  e x p e c te d  to  yield th e  h ighes t  c o r re la t io n  
co e ff ic ien t .  T h is  f in d in g  is n o t  as y e t  u n d e r s to o d .  C o o k in g  loss w as u n re la te d  to  
any  te n d e r n e s s  m e a s u r e  a t each  o f  th e  th r e e  initial f ib re  angles .  T h is  sam e  
co n c lu s io n  w as e v id e n t  f ro m  Fig. 2 w h e re  s eg reg a t io n  o f  ca rcasses  in to  
t e n d e r n e s s  ca te g o r ie s  fa iled  to  s e g re g a te  c o o k in g  loss in to  ca teg o r ie s .  A l th o u g h  
c o o k in g  loss v a r ie d  c o n s id e ra b ly  a m o n g  an im als  (T a b le  3), th is  v a r ia t io n  
a p p e a r e d  to  be  u n re la te d  to  te n d e rn e s s .  W h e re  the  p o o le d  w ith in -an im al  
(ang le s  p o o le d  a n d  th e  v a r ia t io n  d u e  to  an im al  re m o v e d )  c o r re la t io n  co e ff ic ien t  
w as g re a te r  th a n  th a t  a t th e  ind iv idua l  initial f ib re  ang les ,  th e  c o r re la t io n s  
(c o o k in g  loss v e rsu s  e i th e r  s h e a r  va lu e  o r  in i t ia l-b ite  te n d e rn e s s )  a ro se  
p r im ar i ly  f ro m  a f ib re  ang le  effec t.  If th e  co n v e rse  w e re  t ru e ,  th e n  the  
c o r re la t io n  (o v e ra l l  t e n d e r n e s s  v e rsu s  s h e a r  v a lu e )  was d u e  p r im ar i ly  to  an 
an im a l  e f fec t.  In  c e r ta in  s i tu a t io n  c o r re la t io n s  (in i t ia l-b i te  t e n d e r n e s s  v e rsu s  
e i th e r  s h e a r  va lu e  o r  o v era l l  t e n d e rn e s s )  w e re  d u e  to  a c o m b in a t io n  o f  ang le  a n d  
an im a l  effec ts .

In t r a m u s c u la r  fa t w as s ign if ican tly  ( T < 0 .0 5 )  re la te d  to  s h e a r  va lue  
(r = 0 . 4 6 - 0 . 5 8 )  a n d  to  o vera l l  t e n d e r n e s s  ( r = 0 . 4 0 - 0 . 5 3 )  at all th re e  initial f ib re  
ang les  a n d  to  in i t ia l-b ite  te n d e r n e s s  ( r = 0 .4 9 )  a t an  initial f ib re  ang le  o f  90° b u t  
n o t  to  co o k in g  loss ( r = 0 - 0 . 3 5 ) .  C e r ta in  o b jec t iv e  m e a su re s  o f  t e n d e r n e s s ,  such 
as In s t ro n  c o m p re s s io n  a n d  a d h e s io n  (B o u to n  e t a i ,  1975), sense  a v a r ia t io n  in
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th e  fo rces  h o ld in g  m usc le  f ib res  in re g is te r  a n d  a re  usually  c o r r e la te d  w ith  
c o n n e c t iv e  t issue  p ro p e r t ie s .  T h e  m a g n i tu d e  o f  th e  s h e a r  ( p e a k  fo rce )  va lues  
o b ta in e d  by  sh e a r in g  m e a t  w h ich  h a d  b e e n  c o o k e d  to  75°C at 90° to  th e  d irec t io n  
o f  th e  m usc le  f ib re s ,  w o u ld  p ro b a b ly  re f lec t  th e  to u g h n e ss  o f  th e  m u sc le  f ib res  
(M o l le r ,  1 9 8 0 - 8 1 ) .  O n e  m ig h t  th e n  e x p e c t  c o n n e c t iv e  tissue p ro p e r t ie s  to  b e  
re la te d  to  th e  s h e a r  fo rce  a t  a f ib re  ang le  a p p ro a c h in g  0° (N o t t in g h a m ,  1956). 
S uch  w as n o t  th e  case .  T o ta l  co llagen  c o n te n t  a n d  p e r c e n t  so lub ili ty  w e re  n o t  
s ign ifican tly  c o r r e la te d  w ith  an y  t e n d e r n e s s  m e a s u re  ( r = 0 . 1 3 - 0 .2 2 ) .

A. C. Murray, L. E. Jeremiah and A. H. Martin

Conclusions
W ith in  th e  ra n g e  o f  m u sc le  f ib re  ang les  u sed  in th is  s tu d y ,  th e  ang le  of  
o r ie n ta t io n  o f  th e  f ib res  w ith  re sp e c t  to  the  s te a k  su rface  h a d  a su b s tan t ia l  
e f fec t  o n  m e a s u r e s  o f  s h e a r  fo rce  va lu e  (0 .058 k g /d eg re e )  a n d  in itia l-b ite  
te n d e rn e s s  ( - 0 . 0 5 7  p an e l  u n i ts /d e g re e )  a n d  a m u ch  lesser  ef fec t  o n  overa l l  
t e n d e r n e s s  ( - 0 . 0 1 3  p a n e l  u n i ts /d e g re e ) .  S h e a r  fo rce  values  a n d  in itia l-b ite  
t e n d e r n e s s  w e re  less a f fec ted  by f ib re  ang le  in t e n d e r  th an  in to u g h  m e a t .  A  
n u m b e r  o f  fa c to rs  a f fec te d  th e  m usc le  f ib re  o r ie n ta t io n  at  th e  t im e  o f  sh ea r in g  
o r  b it ing . T h e s e  in c lu d e :  th e  m usc le  f ib re  ang le  in th e  raw  s teak ;  th e  effec ts  o f  
v a c u u m  p a c k a g in g ,  f r eez in g  a n d /o r  co o k in g ;  th e  angle  a t w hich  th e  c o re  w as 
r e m o v e d  f ro m  th e  s te a k ;  a n d  th e  v a r ia t io n  in f ib re  angle  in h e re n t  in th e  s teak .  
T h e  ang le  o f  ro ta t io n  o f  th e  m e a t  sam p le  a t  t im e  o f  sh ea r in g  also  c o n t r ib u te d  
to  v a r ia t io n  in s h e a r  v a lu es  b u t  th is  effec t a n d  th a t  d u e  to  v a r ia t io n  in f ib re  
ang le  w ith in  s te a k  a re  usua lly  o v e rc o m e  by inc reas in g  th e  n u m b e r  o f  m e a t  
sam p le s  s h e a re d  o r  b i t te n  (D ra n s f ie ld  & M a c F ie ,  1980). If  co res  are  o b ta in e d  
by  co r in g  p e r p e n d ic u la r  to  th e  s te a k  su rface  (H e d r ic k  e t a l., 1968), in c reas in g  
th e  n u m b e r  o f  c o res  will n o t  o v e rc o m e  th e  e r r o r  in c u r re d  by cu tt ing  th e  s teak s  
a t  an  in co n s is te n t  f ib re  ang le .  T h is  e r r o r  will b e  m an ife s t  as an  effec t d u e  to  
d i f fe ren c e  b e tw e e n  an im a ls  a n d  m ay  ser ious ly  b ias  sta tis tica l analysis . Th is  
m a y  te n d  on ly  to  in c re a se  th e  e r r o r  m e a n  sq u a re  a n d  th u s  d ec re a se  th e  
p re c is io n  o f  th e  e x p e r im e n t .  H o w e v e r ,  very  o f te n  a d ja c e n t  s teak s  a re  u sed  fo r  
th e  m e a s u r e m e n t  o f  v a r ia b le s  to  be  c o r re la te d .  A d ja c e n t  s teak s  u sua lly  hav e  
very  s im ila r  f ib re  an g les ,  ye t  th e  av e ra g e  f ib re  angle  m ay  vary  co n s id e rab ly  
f ro m  an im a l  to  an im a l .  In  th is  case if th e  tw o  v a r iab les  to  be c o r re la te d  (e .g .  
s h e a r  v a lu e  a n d  in i t ia l-b ite  te n d e rn e s s )  a re  b o th  a f fec ted  by f ib re  ang le ,  
sp u r io u s ly  h igh  c o r re la t io n  coe ffic ien ts  m ay  resu lt .  I f  on ly  o n e  va r iab le  is 
a f fec te d  by  f ib re  an g le ,  th e  c o r re la t io n  coe ff ic ien t  m ay  be  in a p p ro p r ia te ly  low.

P a n e l  e v a lu a t io n  o f  o vera l l  t e n d e rn e s s  has  th e  ad v a n ta g e  th a t  it is re la t iv e ly  
in sens i t ive  to  v a r ia t io n  in m u sc le  f ib re  ang le .  S h e a r  fo rce  v a lu es ,  a l th o u g h  
d ra m a t ic a l ly  a f fec te d  by  f ib re  ang le ,  a re  a d e q u a te  e s t im a to rs  o f  th e  o v era l l  
p a n e l  t e n d e r n e s s  o f  th e  L D  m usc le  if th e  m usc le  f ib re  o r ie n ta t io n  is 
c o n tro l le d .
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Development of an improved soya protein-lipid film

E .  C . C H U A H * ,  A .  Z .  I D R U S * ,  C. L. L IM  an d  C. C. S E O W t

Summary
S o y a  p ro te in - l ip id  film , an  o r ie n ta l  fo o d  m a te r ia l ,  as t rad i t io n a l ly  p r e p a r e d  is 
l im ited  in m e th io n in e  a n d  has  in fe r io r  physical p ro p e r t ie s .  A  s im p le  
m o d if ic a t io n  to  th e  t ra d i t io n a l  m e th o d  o f  p r e p a ra t io n ,  invo lv ing  ad d i t io n  o f  
D L - m e th io n in e  a n d  g lycero l to  soya m ilk  b e fo re  film fo rm a t io n ,  y ie ld ed  a 
p ro d u c t  w h ich  was n u t r i t io n a l ly  im p ro v e d  a n d  o b v ia te d  th e  n e e d  to  re c o n s t i tu te  
it.

Introduction
S o y a  p ro te in - l ip id  film (S P L F )  a n d  m e a t  an a lo g u e s  m a d e  th e re f ro m  a re  
t ra d i t io n a l  o r ie n ta l  fo o d s .  In th e  typ ical b a tc h  m a n u fa c tu r in g  p ro c ess ,  th e  film 
w h ich  fo rm s  o n  th e  su rface  o f  h e a te d  soya b e a n  m ilk  is l ifted m an u a l ly  w ith  
th e  a id  o f  a  s l e n d e r  stick  a n d  h u n g  u p  to  a ir-d ry . W u  & B a te s  (1972a , b , 1973,
1975) h av e  c o n t r ib u te d  s ign if ican tly  to  k n o w le d g e  c o n c e rn in g  th e  m e c h a n is m  
a n d  o p t im iz a t io n  o f  th e  film fo r m a t io n  p h e n o m e n o n .

O rg a n o le p t ic a l ly ,  S P L F  i tself  is r a th e r  b lan d .  It is n o rm a lly  u sed  as an  
in g re d ie n t  in m a n y  fo o d  d ishes ,  as a w ra p p in g  film for o th e r  m a te r ia ls  such  as 
m e a t ,  a n d  as a s ta r t in g  m a te r ia l  fo r  th e  fa b r ica t io n  o f  a w ide  ra n g e  o f  o r ie n ta l  
s im u la te d  m e a t  p ro d u c ts  o r  m e a t  a n a lo g u e s  w ith  im p ro v e d  te x tu re  a n d  f lav o u r  
(W u  & B a te s ,  1975). D e h y d r a t e d  S P L F  has  to  be  re c o n s t i tu te d  in to  a p l iab le  
p ro d u c t  fo r  th e s e  p u rp o se s .  T h e  p o o r  re c o n s t i tu t io n  p ro p e r t ie s  a n d  the  
suscep tib i l i ty  to  b r e a k a g e  o f  th e  d r ie d  p ro d u c t  as a re su lt  o f  its b r i t t le n ess  a re  
a re a s  w h ich  n e e d  to  be  im p ro v e d  u p o n .  B es ides  th e se  d isad v a n ta g e s ,  S P L F  is 
a lso  n u t r i t io n a l ly  l im ited  in th e  s u lp h u r -c o n ta in in g  a m in o  ac ids, as is g en e ra l ly  
t ru e  o f  fo o d s  d e r iv e d  f ro m  soya  b e a n  (B a te s  &  W u , 1975). T h e  p re s e n t  s tu d y  
w as  th u s  a im e d  a t  e l im in a t in g  th e se  d isad v a n ta g e s  by d ev e lo p in g ,  th ro u g h
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in c o rp o ra t io n  o f  D L - m e th io n in e  an d  g lycero l,  a n u tr i t io n a l ly  im p ro v e d ,  
in te rm e d ia te  m o is tu re  S P L F  w h ich  is r e a d y  to  e a t  w ith o u t  the  n e e d  for  
r e h y d ra t io n ,  p l iab le  e n o u g h  fo r  im m e d ia te  u se  as a w ra p p in g  film o r  for  
fa b r ica t io n  in to  im ita t io n  m e a t  p ro d u c ts ,  a n d  re a so n a b ly  she lf-s tab le  u n d e r  
a m b ie n t  c o n d i t io n s .

Materials and methods
P re p a ra tio n  o f  S P L F

D e h u l le d  soya  b e a n s  o f  th e  D a r ie n  v a r ie ty  w e re  s o a k e d  in w a te r  a t  65°C for 
1 h r ,  d ra in e d ,  a n d  g ro u n d  in a s to n e  mill w ith  t e n  t im es  th e i r  w e ig h t  o f  w a te r .  
T h e  soya  m ilk  w as  s e p a r a t e d  in a b a s k e t  c e n tr i fu g e  a n d  its so lu b le  solids 
c o n te n t  w as  a d ju s te d  w ith  w a te r  to  4° B rix  using  a r e f ra c to m e te r .  T h e  m ilk  f illed 
to  a d e p th  o f  a b o u t  7 cm  in a sha llow  sta in less-s tee l  c o n ta in e r  
( 4 5 L x 3 0 W x l 0 H  cm ) f i t ted  t igh tly  o v e r  a s te a m  b a th ,  w as h e a te d  to  a n d  
m a in ta in e d  a t  a t e m p e r a t u r e  o f  a b o u t  85°C. F ilm s fo rm e d  on  th e  m ilk  su rface  
w e re  p ick ed  u p  a t  2 0  m in  in te rva ls  un ti l  th e  m ilk  b e c a m e  to o  viscous to  sus ta in  
fu r th e r  film fo rm a t io n .  S ev en  s h e e ts  co u ld  be  o b ta in e d  p e r  b a tc h  o f  m ilk ,  e a ch  
s h e e t  w e ig h in g  an  a v e ra g e  o f  a b o u t  14 g a f te r  a ir -d ry ing  to  a b o u t  5 %  m o is tu re  
(o n  d ry  basis) .  T h e  d r ie d  films f ro m  e a ch  b a tc h  w e re  g ro u n d  using a la b o ra to ry  
h a m m e rm il l  a n d  th o ro u g h ly  m ixed .  A ll chem ica l  ana lyses  a n d  e x p e r im e n ts  
w e re  ca r r ie d  o u t  u s in g  th e  g ro u n d  sam ples .

M e th io n in e  fo r t i f ic a t io n  w as ac h ie v ed  by d issolving th e  D L -a m in o  ac id  in 
th e  soya  m ilk  b e fo re  th e  film fo rm a tio n  p rocess .  V a r io u s  levels  o f  D L -  
m e th io n in e  w e re  a d d e d  to  th e  m ilk ,  a n d  th e  e x te n t  o f  its in c o rp o ra t io n  in to  
th e  film s w as d e te r m in e d .  A n  in te rm e d ia te  m o is tu re  p ro d u c t  was p ro d u c e d  by 
p re p a r in g  films f ro m  soya  m ilk  c o n ta in in g  a d d e d  g lycerol a t  a level o f  40 g/1.

C h e m ic a l  a n a ly s is

M o is tu re  c o n te n t  w as d e t e r m in e d  g rav im e tr ica l ly  by d ry ing  g ro u n d  sam p les  
o f  S P L F  a t  105°C fo r  6  hr.  N i t ro g e n  c o n te n t  w as  d e te r m in e d  using  th e  
s em i-m ic ro  K je ld a h l  m e th o d  ( A O A C ,  1975). T h e  a m in o  ac id  p ro f i le  o f  
u n fo r t i f ie d ,  n o n -g ly c e ra te d  S P L F  w as  d e te r m in e d  on  d e f a t te d  sam p les  a f te r  
ac id  hydro lys is  w ith  6  M  HC1 us ing  a T e c h n ic o n  N C -2 P  a m in o  ac id  an a ly se r .  
M e th io n in e  w as  a n a ly se d  s e p a ra te ly  using  th e  n o n -c h ro m a to g ra p h ic  chem ica l  
m e th o d  o f  C o n c o n  (1975) w h ich  invo lves  p re l im in a ry  ex t ra c t io n  o f  p ro te in  f ro m  
g ro u n d  m a te r ia l  w ith  0.075 M  N a O H ,  a lk a l in e  hydro lys is  o f  th e  e x t ra c t  w ith
2 .5  M  N a O F I ,  s im u l ta n e o u s  re m o v a l  o r  su p p re ss io n  o f  in te r fe re n c e s  by 
h is t id ine  a n d  t r y p to p h a n  us ing  H C H O - H C O O H  m ix tu re ,  an d  d e te r m in a t io n  o f  
th e  a b s o r b a n c e  a t  510 n m  a f te r  c o lo u r  d e v e lo p m e n t  w ith  so d iu m  p e n ta c y a n o -  
n i t ro f e r r a te  (a lso  k n o w n  as s o d iu m  n i t ro p ru s s id e ) .  G ly ce ro l  c o n te n t  w as  
d e te r m in e d  us ing  th e  p e r io d a te  o x id a t io n  m e th o d  ( A O A C ,  1975). In  th e  
d e te r m in a t io n  o f  p e ro x id e  v a lu e  (P V ) ,  lipids w e re  first e x t ra c te d  f ro m  finely  
g ro u n d  sam p le s  u s ing  a 3 :1  (v/v) c h lo ro f o rm -m e th a n o l  m ix tu re .  T h e  A O C S
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(1973) official method Cd 8—53 was then used to determine PV which was 
expressed as milliequivalents of peroxide/kg extracted fat. The method used for 
determination of thiobarbituric acid (TB A) value was essentially that described 
by Tarladgis e t al. (1960). The TBA value was expressed as mg malonaldehyde/ 
kg sample.

D e te r m in a tio n  o f  p r o te in  e f f ic ie n c y  ra tio  ( P E R )

The PER was determined following AOAC (1975) procedures, except that 
five individually caged, male, weanling Sprague-Dawley rats were used for each 
dietary treatment instead of ten. Diets containing about 10% protein (Ax 6.25) 
were prepared and fed to six groups of five rats each for 28 days. Feed and water 
were supplied a d  l ib i tu m .  Several dietary treatments were compared using 
casein as the reference protein. Significant differences at the 5% probability 
level between PER treatment means were determined using Duncan’s multiple 
range test.

W a te r  s o r p t io n  s tu d ie s

Adsorption and desorption isotherms of finely ground SPLF, glycerated or 
non-glycerated, were obtained by equilibrating samples (previously dehy
drated over phosphorus pentoxide or humidified over water) over different 
saturated salt solutions of known relative humidities (Rockland, 1960) in 
vacuum desiccators at 30°C. Moisture contents were determined after an 
equilibration period of 48 hr.

S ta b ili ty  s tu d ie s

The stability to lipid oxidation (which appeared to be the main chemical 
deteriorative reaction limiting shelf life) of methionine-fortified, glycerated 
SPLF at 30°C was determined as a function of water activity (aw) by following 
changes in PV and TBA value with time. Samples at different aw were prepared 
by equilibration over various saturated salt solutions in vacuum desiccators.

Samples from each hydration level were then apportioned into airtight 
screw-capped bottles and stored in the dark at 30°C. Duplicate samples at 
each aw level were withdrawn at suitable intervals of time and analysed for PV 
and TBA value.

Results and discussion
N u tr i t io n a l  im p r o v e m e n t  o f  S P L F

Soya protein-lipid film is a high-protein food with a protein content (Ax 6.25) 
of about 60% on a moisture-free basis. However, as shown in Table 1 which 
compares the amino acid composition of SPLF with the WHO/FAO (1973)
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Table 1. Amino acid composition of SPLF

Amino acid 
(g/16 g N) SPLF

WHO/FAO (1973) 
reference pattern

Isoleucine 4.6 4.0
Leucine 8.1 7.0
Lysine 7.7 5.5
Methionine 1.2 —
Methionine + cystine 2.0 3.5
Phenylalanine + tyrosine 9.3 6.0
Threonine 4.4 4.0
Tryptophan — 1.0
Valine 4.8 5.0
Alanine 4.7 —
Arginine 8.5 —
Aspartic acid 12.0 —
Glutamic acid 20.4 —
Glycine 4.1 —
Histidine 2.9 —
Proline 4.9 —

Serine 5.4 —

re fe re n c e  p a t t e r n ,  th e  p ro d u c t  su ffe rs  f ro m  a def ic iency  in th e  su lp h u r-  
c o n ta in in g  a m in o  acids. B a te s  &  W u  (1975) h av e  d e m o n s t r a te d  th a t  th e  
n u t r i t io n a l  v a lu e  o f  S P L F  c o u ld  b e  im p ro v e d  by d irec t  fo r tif ic a t ion  w ith  
m e th io n in e .  I t  w as  fe lt ,  h o w e v e r ,  th a t  such  a s tep ,  if left to  th e  c o n s u m e r  
(p a r t ic u la r ly  th e  p o o r  o r  th r i f ty  h o u se w ife ) ,  w o u ld  n o t  alw ays p r o d u c e  th e  
d e s i re d  re su lt .  T h e  p r e s e n t  s tu d y  w as th u s  d i re c te d  to w a rd s  f ind ing  a 
c o n v e n ie n t  w ay  fo r  m a n u fa c tu re r s  to  ef fec t  m e th io n in e  fo r tif ic a t ion  o f  S P L F  by 
a d d in g  th e  a m in o  ac id  to  th e  m ilk  b e f o re  film fo rm a tio n .

F o r  th e  re la t io n s h ip  b e tw e e n  th e  d e g re e  o f  in c o rp o ra t io n  o f  m e th io n in e  in to  
S P L F  a n d  th e  level o f  its ad d i t io n  to  th e  m ilk ,  films o b ta in e d  fo r  e a ch  level o f  
a d d i t io n  w e re  c o m b in e d  a n d  th e  av e ra g e  m e th io n in e  c o n te n t  was d e te rm in e d .  
T h e  in c o rp o r a t io n  o f  m e th io n in e  in to  S P L F  a p p e a re d  to  in c rease  p r o p 
o r t io n a te ly  w ith  th e  level o f  a d d i t io n  o f  the  n u t r ie n t  to  th e  m ilk ,  as sh o w n  in 
Fig. 1. A n a ly s is  o f  to ta l  m e th io n in e  in ind iv idua l  films sh o w ed ,  h o w e v e r ,  th a t  
in c o rp o ra t io n  o f  th e  a m in o  ac id  w as  n o n -u n ifo rm  f ro m  film to  film p ro d u c e d  
f ro m  an y  p a r t ic u la r  b a tc h  o f  m ilk .  T h e  d a ta  f ro m  a typical e x a m p le  (T a b le  2) 
show  in c re ase s  in  m e th io n in e  c o n te n t  w ith  each  film fo rm e d .  D if fe ren c es  in 
m e th io n in e - in c o rp o r a t io n  effic iency  f ro m  film to  film cou ld  be d u e  to  th e  
ch a n g in g  so lu b le  solids a n d  m e th io n in e  c o n c e n tra t io n s  in the  m ilk  as the  film 
fo rm a t io n  p ro c e s s  p ro g re s se d .

T h e  re su lts  o f  an im a l  fe e d in g  tria ls  a re  su m m a r iz e d  in T a b le  3. S ta tis tica l 
ana lys is  o f  th e  d a ta  o b ta in e d  show s th a t  u n fo r t i f ie d ,  n o n -g ly ce ra ted  S P L F  
( T r e a tm e n t  I I )  h a d  a sign ifican tly  lo w er  P E R  va lu e  th a n  case in  a n d  th e  
m e th io n in e - fo r t i f ie d  sam p le s  a t  th e  5 %  level o f  p rob ab il i ty .  H o w e v e r ,  n o
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Level of addition of DL-methionine 
to soya milk (g l ' 1 )

Figure 1. Relationship between the level of addition of DL-methionine to soya milk 
and the average methionine content of the resulting SPLF.

s ign if ican t  d i f fe ren c es  (E < 0 .0 5 )  w e re  fo u n d  to  exist b e tw e e n  case in  a n d  e a ch  
o f  th e  m e th io n in e - fo r t i f ie d  sam p le s ,  as well as b e tw e e n  any  tw o  o f  th e  fo r tif ied  
sam p les .  A n  a d d i t io n  o f  m e th io n in e  a t  a level o f  5 g/1 to  th e  soya m ilk  w as thus  
m o re  th a n  a d e q u a te  to  e n su re  suffic ien t in c o rp o ra t io n  o f  m e th io n in e  to  ra ise  
th e  P E R  o f  th e  films b e y o n d  th a t  o f  th e  case in  re fe re n ce .  T h e  p re s e n c e  o f  
g lycero l w hich  w as in t ro d u c e d  in to  th e  films to  p ro d u c e  an  in te rm e d ia te  
m o is tu re  p r o d u c t  d id  n o t  a p p e a r  to  h av e  any  s ignificant effec t o n  P E R .

In te r m e d ia te  m o is tu r e  S P L F

A n  in te rm e d ia te  m o is tu re  p r o d u c t  was d e v e lo p e d  in an  a t t e m p t  to  im p ro v e  
o n  th e  physica l  p ro p e r t ie s  o f  S P L F .  A d d i t io n  o f  g lycerol a t  a c o n c e n t r a t io n  o f  
40 g/1 a n d  m e th io n in e  a t  a level o f  10 g/1 to  soya m ilk  y ie ld ed  sa t is fac to ry  
in te rm e d ia te  m o is tu re  film s w ith  a v e ra g e  g lycero l an d  m e th io n in e  c o n te n ts  o f

Table 2. Methionine contents of films from milk 
containing added methionine at a level of 5 g/1

Film number Methionine content (g/16 g N)

1 3.1
2 4.6
3 5.2
4 5.6
5 7.5
6 11.9
7 20.2



624 E. C. Chuah et al.

Table 3. PER values of unfortified and methionine-fortified SPLF (means of five replications)

Dietary
treatment

Weight 
gain (g)

Protein 
intake (g)

PER

Experimental Adjusted*

I Casein (reference) 91.9 26.1 3.6 2.5a
II SPLF: unfortified, non-glycerated 49.5 20.6 2.3 1.7b

III SPLF: methionine-fortified (5 g/l)f 
glycerated (40 g/l) 89.2 21.2 4.2 3.0a

IV SPLF: methionine-fortified (10 g/l) 
glycerated (40 g/l) 94.3 24.5 3.9 2.7a

V SPLF: methionine-fortified (10 g/l) 
non-glycerated 100.4 24.8 4.1 2.9a

VI SPLF: methionine-fortified (15 g/l) 
glycerated (40 g/l) 84.1 20.3 4.3 3.0a

* Adjusted PER means followed by the same letter are not significantly different at the 5% 
probability level.

f  Figures within parentheses indicate the levels of addition of DL-methionine and glycerol to 
the milk used to produce SPLF. Films obtained from each batch of milk were combined.

14.4 g/100 g o f  d ry  so lids  a n d  12.1 g/16 g N  re spec tive ly .  A d d i t io n  o f  g lycero l 
to  th e  m ilk  a t  levels  ex c e e d in g  50 g/1 is n o t  r e c o m m e n d e d  as th e  re su lt in g  h igh  
viscosity  o f  th e  m ilk  w as  fo u n d  to  r e ta r d  th e  ra te  o f  film fo rm a tio n .  A  
n o n -g ly c e ra te d  p ro d u c t ,  fo r t i f ied  to  th e  sa m e  level w ith  m e th io n in e ,  w as also 
p r e p a r e d  as a c o n tro l .

T h e  w a te r  s o rp t io n  i so th e rm s  o f  n o n -g ly c e ra te d  a n d  g ly ce ra ted  S P L F  are  
s h o w n  in F ig u re s  2 a n d  3 re spec tive ly .  T h e  fo rm e r  sys tem  w as o b se rv e d  to  
ex h ib i t  m o d e r a t e  m o is tu re  s o rp t io n  hyste res is  w hich  was fairly even ly

Figure 2. Water sorption isotherms of non-glycerated SPLF at 30°C.
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Figure 3. Water sorption isotherm of glycerated SPLF at 30°C.

d is t r ib u te d  o v e r  p rac t ica l ly  th e  en t i re  ra n g e  o f  re la t iv e  v a p o u r  p re s su re s .  Such  
a p a t t e r n  m ay  b e  d e s ig n a te d  as T y p e -C  hysteres is  acco rd in g  to  th e  
c lass if ica tion  o f  E v e r e t t  (1967) an d  is typical o f  a d s o rp t io n  o f  w a te r  on  
p ro te in s  o r  in h ig h -p ro te in  fo o d s  (W olf ,  W a lk e r  & K apsa lis ,  1972). H y s te re s is  
is k n o w n  to  af fec t  m a n y  d e te r io ra t iv e  re a c t io n s  in  fo o d s ,  d e s o rp t io n  sam p le s  
g en e ra l ly  b e in g  fo u n d  to  b e  less s tab le  th a n  th e  co r re sp o n d in g  a d s o rp t io n  
sam p les  a t  an y  p a r t ic u la r  aw (L a b u z a  e t a l., 1972; W o lf  e t a l .} 1972; L a b u z a  & 
C h o u ,  1974; A c o t t  & L a b u z a ,  1975; K ap sa l is ,  1981). T h e  in c o rp o r a t io n  o f

Figure 4. Changes in PV of intermediate moisture SPLF at different water activities 
(□  0.67, •  0.75, o 0.86, A 0.92) during storage at 30°C.
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Time ( days )

Figure 5. Changes in TBA value of intermediate moisture SPLF at different water 
activities (□  0.67, •  0.75, o 0.86, A 0.92) during storage at 30°C.

g lycero l  in to  S P L F  n o t  on ly  c o n fe r re d  a g re a te r  w a te r -b in d in g  capac ity ,  
p a r t ic u la r ly  o v e r  th e  in te rm e d ia te  an d  high a w ra n g es ,  b u t  a p p a re n t ly  also 
e l im in a te d  th e  hy s te re s is  p h e n o m e n o n .  T h e  possib ility  o f  hys te res is  a ffec ting  
th e  s to ra g e  s tab il i ty  o f  in te rm e d ia te  m o is tu re  S P L F ,  th e re fo re ,  d o es  n o t  ar ise .  
T h e  m o is tu re  c o n te n t  o f  th e  p ro d u c t  o v e r  th e  ra n g e  o f  aw b e tw e e n  0.65 a n d
0.85  w as  h igh  e n o u g h  to  c o n fe r  th e  d es ire d  t e x tu re  a n d  flexibility to  th e  films.

C h a n g e s  in P V  a n d  T B A  va lu e  o f  in te rm e d ia te  m o is tu re  S P L F  a t  d i f fe re n t  uw 
levels  d u r in g  s to ra g e  a t  30°C a re  g iven  in F ig u res  4 a n d  5 re spec tive ly .  T h e  
a sc en d in g  s lo p es  o f  th e  cu rv es  a re  ind ica t ive  o f  th e  re la t iv e  ra te s  o f  lipid 
a u to x id a t io n .  W h e re  b o th  o x id a t io n  p a r a m e te r s  a re  c o n c e rn e d ,  it  w as o b s e rv e d  
th a t  th e  ra te s  o f  p e r o x id e  a n d  m a lo n a ld e h y d e  p ro d u c t io n  in c re a sed  as a w w as 
ra ise d  f ro m  0 .67  to  0 .92 . In a d d i t io n ,  th e  in d u c t io n  p e r io d  for  fo rm a tio n  o f  the  
se c o n d a ry  o x id a t io n  p r o d u c t  w as  fo u n d  to  d e c re a se  w ith  an  increase  in a w (Fig. 
4). T h u s ,  w a te r  a p p e a r e d  to  ac t as a ‘p r o - o x id a n t ’ as aw was in c re a se e d  f ro m  
0 .67  to  0 .92 . T h e s e  re su lts  a re  co n s is ten t  w ith  th o se  o b ta in e d  by  o th e r  w o rk e rs  
in th e ir  s tu d ies  o n  th e  in f lu en c e  o f  a d s o r b e d  w a te r  on  lipid a u to x id a t io n  in 
in te rm e d ia te  m o is tu re  fo o d s  a n d  m o d e l  sys tem s. A n  in c re ased  ra te  o f  lipid 
a u to x id a t io n  in th e  i n te r m e d ia te  a w reg io n  has  b e e n  p o s tu la te d  to  be  d u e  to  
in c re a se d  so lu b i l iza t io n  a n d  m ob il i ty  o f  t rac e  m e ta l  ca ta lys ts  as th e  a q u e o u s  
p h a se  b e c o m e s  less v iscous , a n d  to  th e  e x p o s u re  o f  new  ca ta ly s t  sites as th e  
sys tem  swells ( H e id e lb a u g h  & K a re l ,  1970; L a b u z a  e t a l., 1971, 1972).

R a n c id i ty  ( ju d g e d  su b jec t iv e ly )  in an y  p a r t ic u la r  sam p le  w as d e te c ta b le  a t  a 
P V  of circa . 18 m E q . /k g  o f  l ip id  a n d  a T B A  v a lu e  o f  circa . 4 .3  m g 
m a lo n a ld e h y d e /k g  o f  sam p le .  A  ra n c id  o d o u r  w as d e te c te d  in th e  sam p le  a t 
0 .92  aw a f te r  o n ly  a b o u t  20 d a y s ’ s to ra g e .  R an c id i ty  w as,  h o w e v e r ,  n o t  d e te c te d  
in th e  sam p le  a t 0 .67  a w ev e n  a f te r  a s to rag e  p e r io d  o f  80 days. O t h e r  a ids to  
e x te n s io n  o f  sh e lf  life such  as low  t e m p e r a tu r e  s to ra g e ,  gas o r  v a c u u m



p a c k ag in g ,  a n d  th e  a d d i t io n  o f  su i tab le  an t io x id a n ts  a n d  an t irayco tic s  m ay  b e  
e m p lo y e d  in c o n ju n c t io n  w ith  th e  c o n tro l  o f  aw a n d  m o is tu re  c o n te n t .

Conclusions
A  m e th io n in e - fo r t i f ie d ,  in te rm e d ia te  m o is tu re  S P L F  can be  p r e p a r e d  by 
a d d in g  th e  n e c e s sa ry  n u t r i e n t  a n d  h u m e c ta n t  to  soya  b e a n  m ilk  b e fo re  film 
fo rm a tio n .  Such  a te c h n iq u e  c o u ld  c o n c e iv ab ly  b e  e x te n d e d  to  o th e r  su i tab le  
n u t r ie n ts  ( fo r  e x a m p le ,  v i tam in s  a n d  m in era ls )  an d  fo o d  add it ives .  A n  
in te rm e d ia te  m o is tu re  p ro d u c t  w ith  an  a w o f  a b o u t  0 .7  w o u ld  be  re a s o n a b ly  
sh e lf  s ta b le  a t  30°C a n d  flexible  e n o u g h  to  fac ilita te  s u b s e q u e n t  film 
p r e p a r a t io n  o r  f a b r ic a t io n  o p e r a t io n s  w i th o u t  th e  n e e d  fo r  re c o n s t i tu t io n .
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IL A study of the extraction process

P I E R  G I O R G I O  P I F F E R I  a n d  A N G E L O  V A C C A R I

Summary
T h e  e x t ra c t io n  p ro c ess  o f  re d  p ig m e n ts  f ro m  th e  husks  o f  a cu lt iva r  o f  
su n f lo w e r  h as  b e e n  s tu d ie d .  I t  has  b e e n  sh o w n  th a t  a frac t io n  c o n ta in in g  
c irca  8 0 %  o f  th e  s ta r t in g  p ig m e n ts  co u ld  be  o b ta in e d  by g r ind ing .  B es t  
ex t ra c t io n s  w e re  o b ta in e d  w ith  d is til led  w a te r -o rg a n ic  so lven t  m ix tu re s  of 
in te rm e d ia te  p o la r i ty  va lues .  T h e  e x t ra c t io n  yields a re  s t rong ly  in f lu e n c e d  by 
th e  p H  a n d  th e  so lv e n t /p o w d e r  r a t io  a n d  re a c h  the  m a x im u m  a f te r  a b o u t  2 hr.

T h e  e x p e r im e n ta l  d a ta  sh o w e d  th a t  th e  g re a te r  p a r t  o f  th e  p ig m en ts ,  read ily  
p ré c ip i ta b le  by  ac id if ica t ion  to  p H  2.0 ,  a re  b o n d e d  to  a m a c ro m o le c u le ,  
p ro b a b ly  o f  p ro te in  n a tu re ,  as c o n f irm e d  by  e lec tro p h o re s is .

Introduction
O n e  o f  th e  p ro b le m s  fac ing  th e  fo o d  in d u s try  to d ay  is th e  re p la c e m e n t  o f  th e  
n a tu ra l  c o lo u r in g  o f  fo o d s tu ffs  d e s t ro y e d  d u r in g  p rocess ing .  O n  th e  o th e r  
h a n d ,  in th e  las t  few  y ea rs  th e re  has  b e e n  a g ra d u a l  a b a n d o n m e n t  o f  the  
sy n th e t ic  r e d  c o lo ra n ts  ( B o tn ra ,  1974; I ta l ian  M in is try  o f  H e a l th ,  1976), 
b e c a u s e  o f  th e i r  p o te n t ia l  toxicity .

In t e r e s t  in n ew  so u rc es  o f  n a tu ra l  p ig m e n ts  like th e  a n th o c y a n in s  is 
th e r e f o r e  ju s t i f ie d ,  e spec ia l ly  if th e  possib ili ty  exists  o f  o b ta in in g  la rge  
q u a n t i t ie s  a t  low  p ro d u c t io n  cost.

In  a p re v io u s  p a p e r  we r e p o r t e d  fo r  th e  first t im e  th e  p re s e n c e  of  
a n th o c y a n in s  in th e  a c h e n e s  o f  so m e  v ar ie t ie s  o f  su n f lo w er ,  giving a 
p re l im in a ry  id en t i f ica t io n  (V a cca r i ,  P ifferi  & Z a c c h e r in i ,  1981). T h is  so u rc e  is 
e x p e c te d  to  b e c o m e  v e ry  in te re s t in g  if n ew  p ig m en t- r ich  cu lt ivars  are  
i n t ro d u c e d  in fa rm in g ,  ta k in g  in to  a c c o u n t  th e  in creas ing  t r e n d  o f  d eh u l l in g  
a c h e n e s  b o th  to  e x t ra c t  th e  oil w ith  so lven t  a n d  to  o b ta in  a p ro te in a c e o u s  m eal  
o f  in te re s t  as a p o te n t i a l  so u rc e  o f  p ro te in  fo r  h u m a n  c o n s u m p t io n  (L u sas ,
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1978; L a n z a n i  & P e t r in i ,  1979; N e u m u n z ,  1980; F e tz e r  &  H o s te t t l e r ,  1980; 
Sosulski & Z a d e rn o w s k i ,  1980; Sosu lsk i ,  1981; T ra n c h in o  e t a i ,  1981).

T h is  p a p e r  d ea ls  w ith  th e  d e v e lo p m e n t  of  th e  ex tra c t io n  m e th o d :  we 
a n a ly se d  in p a r t ic u la r  th e  in fluence  o f  som e p a r a m e te r s ,  as n a tu re  o f  th e  
so lv en t ,  p re s e n c e  o f  w a te r ,  p o la r i ty  a n d  ac id ity  o f  the  m ix tu res .  F o r  so m e  
so lv en ts  w e also  e x a m in e d  th e  effec t on  the  e x t ra c t io n  yield o f  th e  t im e ,  pFI, 
t e m p e r a tu r e  a n d  so lv e n t /p o w d e r  ra tio .

L as t ly ,  we h av e  r e p o r te d  so m e  in fo rm a t io n  on  th e  n a tu re  o f  the  
m a c ro m o le c u le  to  w h ich  th e  g re a te r  p a r t  o f  th e  p ig m en ts  a re  b o n d e d .

P. G. Pifferi and A. Vaccari

Materials and methods
M a te r ia ls

L a b o r a to ry  g ra d e  re a g e n ts  w e re  u sed  in all p h ases .  F o r  sim plic ity  all 
successive o p e r a t io n s  w e re  c a r r ie d  o u t  on  o n e  c u lt iva r  o f  su n f lo w er  w e iso la ted  
in th e  co u rse  o f  o u r  re sea rc h .

M e th o d s

T h e  h u sk s  w e re  g ro u n d  by a J a n k e -K u n k e l  e lec tric-m ill  m o d .  A -1 0  a t  2 0 000  
rev /m in  a n d  c ru s h e d  in  th r e e  f rac t io n s  ( > 0 .5 6 ,  0 . 5 6 < d > 0 .2 5 ,  a n d  < 0 .2 5  m m ).

F o r  th e  p re l im in a ry  s tu d y  o f  th e  so lven ts  100 m g o f  th e  last f rac t ion  w ere  
t r e a te d  in 100 ml a m b e r  glass cen tr i fu g e  tu b es  w ith  screw  caps with 40 ml o f  
so lven t .  T h e  tu b e s  w e re  p lace d  in a D u b n o f f  w a te r  b a th  th e rm o s ta t ica l ly  
m a in ta in e d  at 2 5 ± 1 ° C  u n d e r  ag i ta t ion .  A t  d if fe ren t  t im es  a f te r  a c e n tr i fu g a 
t io n  o f  15 m in  at 5000 rev /m in  (3000 g) we to o k  a 0.5 ml sam p le  o f  th e  
s u p e r n a ta n t  a n d  a d d e d  2 .0  ml o f  0.1 N  HC1, re g is te r ing  the  a b so rb a n c e  in th e  
3 9 0 —590 n m  ra n g e ,  w ith  a P e rk in  E lm e r  m od . 402 s p e c t r o p h o to m e te r  a n d  
using  an  e (m e a n -m o la r  ex t in c t io n  coe ffic ien t)  o f  28000  in th e  ca lcu la t ions  
(N ik e tic -A lek s ic  &  H ra d z in a ,  1972). W h e re  n ecessa ry ,  th e  sam p le  w as first 
d i lu te d  w ith  0.1 N  HC1.

T o  s tu d y  th e  in f lu en ce  o f  th e  s o lv e n t /p o w d e r  ra t io  (S/P ra t io ) ,  we p ro c e e d e d  
as p re v io u s ly  d e s c r ib e d  using  la rg e r  a m o u n ts  o f  p o w d e r .  T o  d e te rm in e  th e  
to ta l  a m o u n t  o f  th e  e x t ra c te d  su b s tan ce s ,  2 0  ml o f  th e  s u p e rn a ta n ts  a f te r  
c e n tr i fu g a t io n  o f  th e  e x t ra c ts  o b ta in e d  a f te r  4 hr  w e re  p laced  in a glass capsu le  
a n d  m a in ta in e d  a t  4 0 ± 1 ° C  until  c o n s ta n t  w eight.

T h e  in flu en ce  o f  th e  pFI o f  th e  so lu t io n  was d e te r m in e d  using: (a) HC1 a n d  
N a O F I ;  (b )  0.1 M  b u f fe r  so lu t io n s  p r e p a re d  acco rd ing  to  G o m o r i  (1955), i .e . 
HC1— KC1, c itric  ac id— so d iu m  c i t ra te ,  so d iu m  p h o s p h a te  m o n o b as ic -so d iu m  
p h o s p h a te  d ibas ic ;  (c) m e th a n o l— b u ffe r  so lu t io n  m ix tu res  ( 6 : 4  v/v).

T h e  a m o u n ts  o f  p ro te in  w e re  d e te r m in e d  w ith  a 0 .0 6 %  (w/v) so lu t io n  o f  
C o o m a ss ie  B r i l l ian t  B lu e  G -250  in 3 %  (w/v) p e rch lo r ic  ac id ,  using  egg 
a lb u m in  to  p r e p a r e  th e  s t a n d a r d  so lu tions  (S e d m a rk  & G ro ssb e rg ,  1977). T h e



K je ld a h l  m e th o d  w as u sed  to  d e te rm in e  th e  n i t ro g en  c o n te n ts  (H o rw i tz ,  
1960a).

T h e  s u p e r n a t a n t  o b ta in e d  by  c e n tr i fu g a t io n  at 5000 rev /m in  (3000 g) for  
15 m in  o f  th e  w a te r  e x t ra c t  (4 h r ,  S /P  ra t io  10 m l/g) w as ac id if ied  to  p H  2.0, 
k e p t  a t  4°C fo r  24 h r  a n d  c e n tr i fu g ed  aga in . T h e  re s id u e  was an a ly sed  by 
e le c t ro p h o re s i s  o n  p o ly a c ry la m id e  gel acco rd in g  to  D av is  (1964) a t  p H  8.9, 
u s ing  C o o m a s s ie  B r i l l ian t  B lu e  fo r  s ta in ing  th e  p ro te in s  a n d  th e  0.01 N HC1 
fo r  th e  an th o c y a n in s .

Results and discussion
In  T a b le  1 w e h av e  r e p o r t e d  s o m e  fe a tu re s  o f  o u r  cu ltivar  ( A )  a n d ,  fo r  th e  
sak e  o f  c o m p a r i s o n ,  th o se  o f  a cu lt ivar  c o m m o n ly  fo u n d  th ro u g h o u t  th e  w orld  
(B ): it m ay  be  n o te d  th a t  th e  re su lts  a re  very  sim ilar.

B y  g r in d in g  th e  h u sk s ,  it is poss ib le  to  in c rease  the  ex tra c t io n  ra te  10-fold: 
th is  m a y  b e  d u e  to  d i f fe re n t  fac to rs  as, fo r  e x a m p le ,  a c leavage of  th e  w ax  an d  
lipid rich layers  o f  th e  husk  (C a n c a lo n ,  1971), with a g re a te r  accessib ility  o f  
th e  a n th o c y a n in s  to  th e  so lven t .

F ro m  T a b le  2, it can  be  o b s e rv e d  th a t  it is poss ib le  to  o b ta in  a frac t io n  equa l  
to  4 0 %  o f  th e  s ta r t in g  p o w d e r  c o n ta in in g  8 0 %  of th e  p ig m en ts :  th is  fac t  is very  
im p o r ta n t  f ro m  th e  indus tr ia l  p o in t  o f  view  o n  a c co u n t  o f  th e  poss ib le  
re d u c t io n  o f  th e  e x t ra c t io n  costs.

F u r th e r m o r e ,  it sh o u ld  be  b o rn e  in m ind  th a t  th e  p ig m e n t  c o n te n t  o f  this 
f r ac t io n  is g r e a te r  th a n  th a t  o f  th e  rose lle  ( H y b is c u s  s a b d a r i ffa  (E sse le n  & 
S a m m y ,  1975)) a n d  is a p p ro x im a te ly  th e  sam e  as th e  c o m m erc ia l  I ta l ian  solid  
o e n o c y a n in  (P iffe ri ,  u n p u b l i s h e d ) .

Table 1. Characteristic data of the examined sunflower cultivar (A) and of another cultivar 
commonly found throughout the world (B)
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Oil Anthocyanins

Sunflower Moisture Seeds Husks Kernel Whole seed Husks Whole seed
cultivar °// o V/ o / o °// o °// o °// o °// o

A 6.50 52.80 47.20 50.80 25.55 2.59 1.41
B 4.15 63.70 36.30 56.20 35.80 2.86 1.04

Table 2. Pigment distribution in the sunflower powder

Powder fraction Weight 
mm %

Anthocyanin distribution
°// o

Anthocyanin content (for the dry husks)
°// o

>0.59 9 + 2 2.25 0.014
0.59 <d >0.25 48 ±2 17.80 1.128
<0.25 40 + 2 79.85 5.080
Losses 3 ± 2 — —
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N a tu r e  o f  th e  s o lv e n t

A  g lan ce  a t  T a b le  3 show s th a t  fo rm ic  ac id  is th e  o rg a n ic  ac id  w ith  th e  h ig h es t 
e x tra c tio n  c a p ac ity  an d  ra te  d u e  to  its h igh  p o la rity . T h e  p re se n c e  o f  - S H  an d  
- O H  p o la r  g ro u p s  e x p la in s  th e  h ig h e r  e x tra c tin g  p o w e r o f  th io g ly co lic  ac id  an d  
lac tic  ac id  o v e r  a c e tic  ac id  a n d  p ro p io n ic  ac id  re sp ec tiv e ly . A s fo r  a lco h o ls , 
e x tra c tio n  a p p e a rs  to  b e  in flu e n c e d  by th e  c o n c o m ita n t e ffec t o f  th e  in c re a se  in 
v iscosity  a n d  th e  d e c re a se  in th e  d ie le c tr ic  c o n s ta n t. T h e  la t te r  a lso  a p p e a rs  to  
b e  a d o m in a n t fa c to r  in e x tra c tio n  w ith  bi- a n d  tr iv a le n t a lcoho ls .

A s re g a rd s  a q u e o u s  ac id  so lu tio n s , th e  e x tra c tio n  y ie ld  in c re a se s  as ac id  
s tre n g th  a n d  an io n  s te ric  h in d ra n c e  d e c re a se . W ith  o rg a n ic  ac id s , h o w e v e r , it is 
a lso  n ec essa ry  to  ta k e  in to  ac c o u n t th e  ch a n g es  in th e  su rfa ce  te n s io n  o f  th e  
so lu tio n s . In c re a s in g  th e  p o la r  g ro u p  n u m b e r  m o d ifies  th e  e x tra c tio n  y ield  
u n p re d ic ta b ly  (se e , fo r  e x a m p le , th e  o x y ac id s).

F in a lly , d is tilled  w a te r  g ives h ig h e r  e x tra c tio n  y ie ld s th a n  th e  ac id  so lu tio n s  
a n d  th is  can  b e  a t t r ib u te d  to  th e  ac tio n  o f  n a tiv e  en zy m es a n d /o r  to  th e  fac t th a t  
th e  g re a te r  p a r t  o f  th e  p ig m e n ts  a re  b o n d e d  to  a m o lecu le  th a t  is n o t very  
so lu b le  in ac id  so lu tio n . In fa c t, th e  free  an th o c y a n in s  h av e  th e  h ig h es t 
so lu b ility  as flavy lium  sa lts  a t low  p H  b o th  in a q u e o u s  an d  a lco h o l so lu tio n

Table 3. Relative extraction values and extraction half times for anhydrous and aqueous 
solvents (S/P ratio 400 ml/g)

Anhydrous solvents
r 50% 
(min)

Relative
extraction
value* Aqueous solvents

15 0%
(min)

Relative
extraction
value*

Formic acid <5 1 0 0 .0 Distilled H2O 9 52.0
Acetic acid 45 25.4 0.01 M Inorganic acid
Propionic acid 50 19.0 HCI 8 21.5
Thioglycolic acid <5 58.0 H2SO3 60 28.8
Lactic acid 2 0 0 1 0 0 .0 H2SO4 18 12.8

I I 3PO4 12 18.9
0.01 N HCI in 0.01 M Organic acid
Methanol 10 100.0 (a) formic 30 8.9
Ethanol 30 78.5 acetic 27 40.3
Proponal 50 36.0 propionic 30 26.4
Butanol 150 16.3 pivalic 18 36.0

(b) oxalic 30 12.4
Ethylene glycol 30 100.0 malonic 12 8.6
Propylene glycol 90 50.5 succinic 18 30.5
Diethylene glycol 65 68.4 glutaric 12 10.7
Glycerol 28 78.8 (c) glycolic 12 23.6

lactic 18 9.4
glyceric 30 29.2

(d) malic 10 18.1
tartaric 13 13.7
citric 16 11.0

* Referred to formic acid extraction value
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W a t e r  c o n t e n t  ( v / v  %)

Figure 1. Extractions with organic solvent-H20  mixtures, 0.01 N in HC1 for the 
solvents of Fig. la  and b (S/P ratio 1600 ml/g, extraction time 4 h r); □ , 0.01 N HC1, 
o , distilled water.

(D e ib n e r  &  B o u rz e ix , 1966; A u b e r t  &  P o u x , 1969; S ak e lla r ia d e s  &  L u h , 
1974; M a lg a rin i &  P e r i ,  1978).

F ig u re  1 show s th e  e x tra c tio n  tre n d s  w ith  o rg a n ic  so lv en t— H 20  m ix tu re s  
(0 .01 N  in HC1 fo r  th e  so lv en ts  o f  F ig . l a  a n d  lb ) .  I t  is p o ss ib le  to  n o te  th a t  fo r  
e a ch  m ix tu re  th e re  is an  e x tra c tio n  m ax im u m  c o rre sp o n d in g  to  a q u a n ti ty  o f  
w a te r  as g re a t  as th e  p o la r ity  o f  th e  p u re  o rg a n ic  so lv en t is low . P u re  lactic  
ac id  h as  a h ig h e r  e x tra c tio n  p o w e r th a n  its a q u e o u s  so lu tio n s  (F ig . lc ) .  T h is 
can  b e  e x p la in e d  b y  its  h ig h  p o la rity .

T h e  in flu e n c e  o f  th e  w a te r  p e rc e n ta g e  o n  th e  e x tra c tio n  ca p ac ity  is g re a te r  
fo r  m e th a n o l a n d  e th y le n e  g lycol th a n  fo r  th e  o th e r  so lv en ts . N o te  th a t ,  
c o n s id e r in g  th e  h ig h  S /P  ra tio , th e  so lu b ility  o f  fre e  an th o c y a n in s  sh o u ld  n o t 
d iffe r  v e ry  m u ch  w ith  v a ry in g  m ix tu re  co m p o s itio n  from  th e  v a lu e  in 0 .01 N  
HC1; so th e se  d a ta  a lso  su g g est th a t  th e  g re a te r  p a r t  o f  th e  p ig m e n ts  a re  
b o n d e d .

E x tr a c t io n  t im e

F ro m  F ig u re  2 , it c a n  b e  o b se rv e d  th a t ,  w ith  d is tilled  w a te r  a n d  0 .01 N  HC1, 
th e  m ax im u m  e x tra c tio n  y ie ld  is re a c h e d  a f te r  c irca  1 h r. T h e  a lco h o ls , o n  th e  
o th e r  h a n d , n e e d  a lo n g e r  t im e , in v e rse ly  p ro p o r tio n a l  to  th e  p o la r ity  o f  th e  
a lco h o l.

T h e  e ffec t o f  th e  ac id ity  (c o m p a re  d is tilled  w a te r  an d  0.01 N  HC1) a n d  th e  
so m e w h a t low  y ie ld s  w ith  th e  a lco h o ls  a g re e  w ith  th e  th e o ry  th a t  th e  g re a te r  
p a r t  o f  th e  su n flo w e r p ig m e n ts  h a s  a h igh  m o lecu la r  w e ig h t (D e ib n e r  &
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Figure 2. Extraction yields as a function of time (S/P ratio 10); A ,  distilled water,
■ , 0.01 N H C l, • ,  0.01 N H C l— C H jO H , 0 , 0.01 N H C l— C 2H 5O H.

B o u rz e ix , 1966; A u b e r t  & P o u x , 1969; S a k e lla r ia d e s  & L u h , 1974; M alg arin i 
& P é ri ,  1978), w ith  th e  a n th o c y a n in s  b o n d e d  to  a m ac ro m o le cu le  o f  an  ac id ic  
n a tu re .

S /P  ra tio

E x tra c tio n  y ie ld s  v a ry  c o n s id e ra b ly  as a fu n c tio n  o f  th is  ra tio , on  ac c o u n t o f 
th e  b u ffe r  a c tio n  e x e r te d  by  th e  p o w d e r  (F ig . 3a): n o te  in  p a r tic u la r  th e  
d e c re a se  in  th e  y ie ld  fo r  th e  0 .01  N  H C1, w h ich  can  b e  a t tr ib u te d  to  th e  m a rk e d
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Figure 3. Extraction yields (a) and purity ratios (b) as a function of the S/P ratios 
(extraction time 4 hr). A ,  Distilled water, ■, 0.01 N HC1, • ,  0.01 N HC1— 
C H 3O H . o , 0.01 N HC1— C 2 H 5 O H .
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e ffec t o f  th e  ac id ity  o f  th e  so lv e n t. D is tilled  w a te r  g ives th e  b e s t y ie ld s  u p  to  
ra tio s  s£35 a n d  it is th e  so lv e n t w h ich  m o st ra p id ly  re a c h e s  an  a sy m p to tic  tre n d . 
T h e  a lco h o l tre n d s  a re  p ra c tic a lly  l in e a r  u p  to  ra tio  65 a n d  th is  co n firm s th a t  th e  
g re a te r  p a r t  o f  th e  p ig m e n ts  is so lu b le  in  th e se  so lv en ts  to  a lim ited  e x te n t 
s tric tly  c o r re la te d  to  th e  p o la r ity  o f  th e  so lv en ts .

M o re o v e r ,  th e  a lco h o ls  h av e  th e  h ig h es t v a lu es  o f  th e  ra tio  o f  p ig m e n t 
q u a n ti ty  to  to ta l  su b s ta n c e s  e x tra c te d  (p u rity  ra tio ) . T h e se  v a lu es  a re  
in flu e n c e d  little  by  th e  n a tu re  o f  th e  a lco h o l a n d  th e  S/P ra tio  (F ig . 3 b ). V ice 
v e rsa , w ith  th e  a q u e o u s  so lv en ts , th e  p u rity  ra tio  d ec rea se s  ra p id ly  o n  ac c o u n t 
o f  th e  so lu b iliz a tio n  o f  o th e r  su b s ta n c e s . T h e  0.01 N  HC1 h as th e  lo w est 
v a lu e s , c a u se d  by  th e  d ep re ss iv e  e ffec t o f  th e  ac id ity  o n  th e  e x tra c tio n  o f  th e  
p ig m en ts .

p H  a n d  te m p e r a tu r e

W ith  th e  a q u e o u s  sy s tem s s tu d ie d , e x tra c tio n  is lo w est a t  a b o u t p H  2 .0  an d  
in c re a se s  a lm o s t lin e a r ly  as th e  p H  in c re a se s  up  to  a p p ro x im a te ly  p H  8 .0 , a f te r  
w h ich  d e g ra d a tio n  p h e n o m e n a  se t in (F ig . 4).

In  F ig u re  5, w e h a v e  r e p o r te d  th e  d a ta  fo r  th e  m e th a n o l-0 .1  M  b u ffe r  
so lu tio n  m ix tu re s  a t  d if fe re n t p H . A  s im ila r t re n d  m ay  be  n o te d  in  th e  
e x tra c tio n  y ie ld s  o f  p ro te in  a n d  an th o c y a n in s . A f te r  ac id if ica tio n  u n til p H  2 .0  
a n d  c e n tr ifu g a tio n , th e  a m o u n t o f  th e  p ig m en ts  in th e  so lu tio n  w as p ra c tica lly  
th e  sa m e , in d e p e n d e n t  o f  th e  s ta r tin g  p H  v a lu e , an d  la rg e r  in  a q u e o u s  
so lu tio n .

T h e se  re su lts  su g g est th a t  th e  a n th o c y a n in s  a re  b o n d e d  to  a m a c ro m o le c u le  
in w h ich  ac id ic  g ro u p s  a re  p re v a le n t , w ith  an  iso e lec tr ic  p H  v a lu e  o f  a ro u n d  
2 .0 . T h is  m a c ro m o le c u le  is p ro b a b ly  a p ro te in ,  p ro la m in e - lik e , ta k in g  in to  
a c c o u n t th e  la rg e r  so lu b ility  in  a lc o h o l-w a te r  so lu tio n  (W all, 1964; G h e y a su d -  
d in , C a te r  &  M a tt i l ,  1970): th is  a s su m p tio n  is in  g o o d  a g re e m e n t w ith  th e  d a ta  
re p o r te d  in  T a b le  4.

0 2 4 6 8 10
pH

Figure 4. Extraction yields as a function of pH (extraction time 1 hr, S/P ratio 
400 ml/g). ▲ , HC1 or N aO H solutions, ■, buffer solutions.
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Figure 5. Extraction yields ▲ and protein contents ■ as a function of pH for the 
methanol-buffer solution mixtures (60:40 v/v) (S/P ratio 10 ml/g, extraction time 
1 hr). •  extraction yields after acidification until pH 2.0, 24 hr at 4°C, and 
centrifugation for 15 min at 5000 rev/min (3000 g).

A s re g a rd s  te m p e r a tu re ,  th e  e x tra c tio n  y ie ld s in c re a se  up  to  a b o u t 40°C  an d  
th e n  d ro p  on  a c c o u n t o f  th e  s e ttin g  in o f  d e g ra d a tio n  p h e n o m e n a ; th e  e ffe c t, 
h o w e v e r , is q u a n tita tiv e ly  d iffe re n t fo r  each  so lv en t (e .g . o f  th e  a lco h o ls , it is 
g re a te r  fo r  e th a n o l th a n  fo r  m e th a n o l) .

S e r ia l e x tra c tio n s

F ig u re  6  show s th e  to ta l  y ie ld s  fo r  se ria l e x tra c tio n s , w ith  d is tilled  w a te r , o f 
th e  w h o le  o f  th e  p ig m e n ts  a n d  o f  th e  fra c tio n  re m a in in g  in so lu tio n  a f te r  
ac id if ic a tio n  to  pF l 2 .0  fo r  24 h r  a t 4°C . It can  b e  n o te d  th a t th e  m ax im u m  y ie ld  
is re a c h e d  q u ick ly , a t th e  th ird  e x tra c tio n , a n d  th a t  th e  free  a n th o c y a n in s  
r e p re s e n t  a b o u t 2 0 %  o f th e  p ig m e n ts  p re se n t.

Table 4. Nitrogen and protein contents in the sunflower powder and extracts (S/P ratio 
10 ml/g). Solvent: (A ) distilled water, (B ) methanol-buffer solution mixture at pH 8.0

Extract

Powder Before acidification After acidification until pH 2.0

N %  
0.716

Protein % 
4.560*

N g /1

0.188
0 . 2 0 0

Protein g/1 
1 . 2 0 0  

1.300

N g /1

0.017
0.098

Protein g/1 
0.106 (A ) 
0.650 (B )

* Calculated according to Horwitz (1960b).
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Figure 6 . Extraction yields for serial extractions with distilled water (S/P ratio 
10 ml/g, extraction time 4 hr). • ,  before, and ■, after acidification until pH 2.0, 
24 hr at 4°C, and centrifugation for 15 min at 5000 rev/min (3000 g).

Electrophoresis

W h e n  s u b je c te d  to  e le c tro p h o re s is , th e  p ig m en ts  e x tra c te d  in  d is tilled  w a te r  
a n d  p re c ip ita te d  by  ac id if ic a tio n  to  p H  2 .0  c o n firm e d  th a t  th e  a n th o c y a n in s  in 
th e m  a re  b o n d e d  to  a n eg a tiv e ly  c h a rg e d  m o lecu le  a t p H  8 .9 . T h e  re a c tio n  w ith  
th e  spec ific  s ta in in g  g ives re a s o n  to  b e liev e  th a t  th is  m o lecu le  is a p ro te in .

Conclusions
T h e  h u sk s  o f  so m e  cu ltiv a rs  o f  su n flo w e r a re  a g o o d  low -cost so u rc e  o f  
a n th o c y a n in s . It h as  b e e n  sh o w n  h o w  it is po ssib le  to  re d u c e  d ra s tica lly  by 
m e ch a n ica l m e a n s  th e  q u a n tity  o f  m a te r ia l to  b e  e x tra c te d , w ith  g o o d  p ig m en t 
y ie ld s.

T h e  m o s t im p o r ta n t  e x tra c tio n  p a ra m e te rs  a re  th e  p o la rity  an d  th e  ac id ity  
o f  th e  so lv e n t. T h e  re su lts  re la tiv e  to  e th a n o l a n d  d is tilled  w a te r  a p p e a r  to  be 
o f  p a r tic u la r  in te re s t  in v iew  o f  th e  p o ss ib le  a p p lica tio n  in th e  fo o d  in d u stry : 
w ith  S /P  ra tio s  u p  to  35, d is tilled  w a te r  g ives e x tre m e ly  in te re s tin g  e x tra c tio n  
y ields a n d  p u rity  ra tio s , o ffe rin g  a lso  th e  possib ility  o f  in c reas in g  th e  y ie ld s by 
m e a n s  o f  2 —3 se r ia l e x tra c tio n s .

T h e  g re a te r  p a r t  o f  th e  a n th o c y a n in s , re ad ily  p ré c ip ita b le  by ac id if ic a tio n  to  
p H  2 .0 , a re  b o n d e d  to  a m a c ro m o le c u le  w h ich , as th e  re su lts  o f  th e  
e le c tro p h o re s is  a n d  re a c tio n s  w ith  spec ific  s ta in in g s su g g est, is a p ro la m in e 
like p ro te in ,  ta k in g  in to  a c c o u n t a lso  th e  so lu b ility  tre n d  in h y d ro a lc o h o lic  
m ix tu re s .
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Palatability of meat from electrically stimulated carcasses of 
yearling and older entire-male and female sheep

A . H . K IR T O N * , R . J . W I N G E R f ,  J . L . D O B B IE *  an d  
D . M . D U G A N Z IC H *

Sum m ary
P a s tu re - fe d  m a le  a n d  fe m a le  sh e e p  ra n g in g  in age fro m  y ea rlin g  to  m o re  th a n  
4 y e a rs  o ld  w e re  s la u g h te re d  a t v a r io u s  tim es  th ro u g h o u t th e  y ea r. C a rc asse s  
w e re  e le c tr ic a lly  s tim u la te d  a n d  fro zen .

F la v o u r  a n d  o d o u r  o f  th e  c o o k e d  m e a t w e re  e v a lu a te d  w ith  th re e  d iffe re n t 
ta s te - te s tin g  p ro c e d u re s :  an  a n a ly tica l la b o ra to ry  ta s te  p a n e l, an  in -h o u se  
c o n su m e r  ta s te  p a n e l a n d  a m ass c o n su m e r ta s te  p an e l. T e n d e rn e s s  w as 
asse sse d  w ith  b o th  a te n d e r o m e te r  an d  th e  in -h o u se  c o n su m e r ta s te  p a n e l.

N o n e  o f  th e  p a n e ls  fo u n d  an y  d iffe ren c es  b e tw e e n  th e  m e a t fro m  y ea rlin g  
ra m s  o r  ew es. T h e  la b o ra to ry  p a n e l d e te c te d  fo re ig n  flav o u rs  m o re  co m m o n ly  
in th e  m e a t  f ro m  o ld e r  ra m s  th a n  o ld e r  ew es. T h e se  fo re ig n  flav o u rs  w e re  n o t 
c o n s id e re d  o b je c tio n a b le  by th e  o th e r  tw o  ta s te  p a n e ls ; in fa c t, m e a t fro m  th e  
o ld e r  ra m s  w as o f te n  p re fe r r e d  to  th e  m e a t fro m  th e  o ld e r  ew es. T h e re  w e re  
n o  d iffe re n c e s  in  o b je c tiv e  te n d e rn e s s  am o n g  sh e e p  fro m  an y  ag e  g ro u p . T a s te  
p a n e l re su lts ,  h o w e v e r , sh o w ed  m e a t fro m  th e  o ld e r  sh e e p  to  b e  less te n d e r  
th a n  th a t  fro m  th e  y ea rlin g  sh e e p , b u t  fo u n d  no  se x -re la te d  d iffe ren c es  in 
te n d e rn e s s  b e tw e e n  th e  m u tto n  o f  s im ila r-ag e d  an im als .

Introduction
T h e  sc ien tific  e v id e n c e  fo r  th e  ex is te n c e  o f  se x -re la te d  o d o u rs  o r  flav o u rs  in 
m e a t fro m  m a le  s h e e p  (ram s) is in co n c lu s iv e . S ev era l re se a rc h e rs  h av e  fo u n d  
no  u n p le a s a n t  flav o u rs  o r  o d o u rs  in  th e  c o o k e d  m e a t fro m  ra m s o ld e r  th a n  15 
m o n th s  (R h o d e s ,  1969; K ir to n  &  P a te rs o n , 1972; W e n h a m  e t a l ,  1973; A n o n , 
1973; A lv i , (1980), a lth o u g h  su ch  m e a t h as  b e e n  re p o r te d  as less te n d e r  th a n  
ew e m u tto n  w h e n  n o t  c o n d itio n e d . H o w e v e r , C h a rle t  (1969) su g g es ted  th a t  
m e a t  fro m  ra m s o ld e r  th a n  1 y e a r  h as  a s tro n g  ‘w o o l’ flav o u r w hich  m an y  
c o n su m e rs  d is lik e  a n d  C ro u se  e t al. (1978) r e p o r te d  in fe r io r  a ro m a  sco res  
fro m  th e  h e a te d  fa t o f  ram  lam b s c o m p a re d  to  th a t  o f  ew es. M u ch  o f  th e

Authors’ addresses: *Ruakura Animal Research Station, Private Bag, Ham ilton, New 
Zealand, and tM eat Industry Research Institute of New Zealand, P .O . Box 617, Hamilton, New 
Zealand.
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ta s te -p a n e l re se a rc h  to  d a te  h as  b e e n  b a se d  o n  an a ly tica l la b o ra to ry  p an e ls  
c o n s is tin g  o f  o n ly  a few  p a n e l m e m b e rs .

T h e  N ew  Z e a la n d  M e a t in d u s try  re g a rd s  th e  m e a t o f  ra m s  o v e r 1 y e a r  o ld  as 
b e in g  su ffic ien tly  in fe r io r  to  th a t  o f  s im ila r-ag ed  w e th e rs  an d  ew es th a t  
s la u g h te rh o u se s  p ay  o n ly  1 0 - 3 0 %  o f th e  p rice  p e r  k ilo g ram  fo r ra m  ca rca sse s  
c o m p a re d  w ith  w h a t th e y  o ffe r  fo r  all o th e r  c lasses o f  sh e e p m e a t. C arcass  
c u t-o u t  in fo rm a tio n  fro m  p re v io u s  tria ls  (F o u r ie , K irto n  & Ju ry , 1970; K ir to n  
& P a te rs o n , 1972) sh o w ed  a h ig h e r p ro p o r tio n  o f  m u scu la r tissu e  in  ra m  
ca rca sse s  a n d  o n ly  sm all d iffe re n c e s  in th e  d is tr ib u tio n  o f  cu ts  b e tw e e n  ew e 
a n d  ra m  ca rca sse s . T h e  h ig h e r p ro p o r tio n  o f  m u sc u la r  tissue  in  ra m  ca rca sse s  
a n d  th e  sm all d iffe re n c e s  in c u t-o u t c o m p a re d  to  ew es ap p lied  in  o ld e r  an im a ls  
as w ell as y o u n g e r  o n e s . T h u s , th e re  is little  ju s tif ic a tio n  fo r  p re ju d ic e  ag a in s t 
ra m  an im a ls  b a se d  u p o n  ca rca ss  ch a ra c te ris tic s . H o w e v e r , p e ltin g  o ld e r  ram  
ca rca sse s  is m o re  d ifficu lt b e c a u se  a g re a te r  fo rce  is re q u ire d  to  s e p a ra te  th e  
p e lt  a n d  u n d e r ly in g  fell lay ers  o f  th e  sk in  (R o b e r ts ,  p e rso n a l c o m m u n ic a tio n ).

T h e  lo w e r p ric e  fo r  ra m  m e a t is u su a lly  ju s tif ie d  on  th e  g ro u n d s  o f  th e  
in fe r io r  sh a p e  o f  th e  ra m  ca rca ss  a n d  th e  b e liev e d  in fe r io r  p a la ta b ility  o f  th e  
m e a t. R a m  m e a t is b e lie v e d  to  b e  m o st s tro n g ly  f lav o u red  d u rin g  th e  m a tin g  
sea so n .

T h e  p re s e n t  e x p e r im e n ts  c o m p a re d  th e  p a la ta b ility  o f m e a t fro m  ra m s an d  
ew es 1 y e a r  a n d  o ld e r  by  u sin g  a v a r ie ty  o f  ta s te - te s t  p ro c e d u re s  an d  re la tiv e ly  
la rg e  n u m b e rs  o f  p a n e lis ts . T h e  an im als  w e re  s la u g h te re d  a t v a r io u s  tim es  
th ro u g h o u t th e  y ea r. B e c a u se  so m e  ca rcass  c la ss ifica tio n  system s s e p a ra te  
y ea rlin g  sh e e p  ca rca sse s  (h o g g e t)  fro m  o ld e r  sh e e p  ca rcasses  (m u tto n )  (e .g . 
K irto n  & C o lo m e r-R o c h e r ,  1978), th is  age s e p a ra tio n  w as u sed  fo r  th e  
ca rca sse s  in th is  e x p e r im e n t, a n d  an im als  w e re  c lassed  as y ea rlin g  a n d  ‘o ld ’.

M ateria ls  and m ethods

A n im a ls

In  tr ia l  1, te n  e a c h  o f  y e a rlin g  ra m s , y ea rlin g  ew es a n d  ra m s o v e r 2 y ea rs  o ld , 
a n d  n in e  ew es o v e r  2 y ea rs  o ld , all o f  th e  R o m n e y  b re e d , w e re  se lec ted  fro m  a 
re se a rc h  fa rm  a n d  t r a n s p o r te d  to  th e  re se a rc h -s ta tio n  a b a tto ir  fo r  s la u g h te r  on  
f l  F e b ru a ry  1981. (T h e  sh e e p  m a tin g  sea so n  in N ew  Z e a la n d  n o rm a lly  s ta rts  
in M a rc h /A p r il .)

F o r  tr ia l 2 , n in e  R o m n e y  ra m s o v e r 2 y ea rs  o ld  w e re  re m o v e d  fro m  th e  ew e 
flo ck  w h e re  th e y  h a d  b e e n  m a tin g  a n d  to g e th e r  w ith  ten  s im ila r-ag ed  R o m n e y  
ew es fro m  th e  sam e  re s e a rc h  fa rm  w e re  s la u g h te re d  in th e  e x p e rim e n ta l 
a b a tto ir  o n  24 M a rc h  1981. T e n  R o m n e y  y ea rlin g  ram s s tra ig h t fro m  th e  
m a tin g  p a d d o c k  to g e th e r  w ith  te n  R o m n e y  y ea rlin g  ew es w ere  sim ilarly  
s e le c te d  a n d  s la u g h te re d  on  8  M ay  1981.

In  tr ia l  3 , te n  ra m s  (n in e  R o m n e y s  a n d  o n e  P e re n d a le x R o m n e y )  a n d  te n  
R o m n e y  ew es , all 4 y ea rs  o ld  o r  m o re , w e re  se lec ted  fro m  re se a rc h  fa rm s  
d if fe re n t  fro m  th e s e  in tria ls  1 a n d  2  an d  w e re  tra n s p o r te d  to  th e  re se a rc h
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a b a tto ir  fo r  s la u g h te r  on  8  Ju ly  1981. T h is b a tch  o f  ram s w as th e re fo re  
p ro c e s se d  so m e  tim e  a f te r  th e  e n d  o f  th e  m a tin g  sea so n .

F o r  tr ia l 4 , te n  ra m s (n in e  R o m n e y s  an d  o n e  B o rd e r  L e ic e s te rx  R o m n e y ) 
an d  te n  R o m n e y  ew es o v e r  2 y e a rs  o ld  w e re  se le c te d  fro m  th e  sam e re se a rc h  
fa rm  as th e  f irs t tw o  tr ia ls  a n d  s la u g h te re d  o n  23 D e c e m b e r  1981. E le v e n  each  
y ea rlin g  R o m n e y  ra m s  a n d  ew es w e re  se le c te d  from  th e  sam e re se a rc h  fa rm  
fo r  s la u g h te r  o n  22 J a n u a ry  1982.

P a la ta b ili ty  o f  ra m  m e a t

S la u g h te r  a n d  c a rc a s s -p ro c e s s in g  p r o c e d u r e s

A n im a ls  w e re  s la u g h te re d  a n d  d re sse d  using  s ta n d a rd  p ro c e d u re s . Im 
m e d ia te ly  a f te r  d re ss in g , all c a rca sse s  w e re  e lec trica lly  s tim u la te d  as d e sc rib e d  
by  H a g y a rd , H a n d  &  G ilb e r t  (1980) a n d  h e ld  in  a c o o le r  a t  5°C fo r a t  le a s t  24 h r 
in  tria ls  1 - 3  a n d  a t 3°C in tria l 4 b e fo re  b e in g  e i th e r  fro zen  o r  se c tio n e d . 
C a rc asse s  w e re  h a lv e d  d o w n  th e  b a c k b o n e . T h e  h in d  legs, each  c o n ta in in g  o n e  
lu m b a r  v e r te b ra ,  w e re  cu t fro m  th e  ca rca sse s . A n  a p p ro x im a te ly  30 cm  s tr ip  o f 
th e  lo in  c o n ta in in g  th e  M . lo n g is s im u s  d o r s i  w as cu t fro m  th e  left s ide  o f  each  
ca rca ss . T h is  lo in  w as p a c k a g e d  in a p o ly th e n e  b a g  an d  s to re d  fro zen  ( —35°C ) 
u n til r e q u ire d  fo r la b o ra to ry  ta s te  p a n e l a n d  te n d e ro m e te r  an a ly se s . S h o u ld e r  
ro a s ts  w e re  re m o v e d  fro m  e ig h t o f  th e  ra m s  a n d  e ig h t o f  th e  ew es s la u g h te re d  
on  24 M arch  198 f.

I n - h o u s e  c o n s u m e r  p a n e l

L eg  ro a s ts  fro m  all an im a ls  w e re  d is tr ib u te d  to  fam ilies  e x p e rie n c e d  in 
p a r tic ip a tin g  in a c o n su m e r- ty p e  ta s te  p a n e l. F am ilie s  w e re  u n a w a re  o f  th e  
id e n tity  o f  th e ir  ro a s ts  o th e r  th a n  th a t  th ey  w e re  sh e e p m e a t. D e p e n d in g  on  
th e  size o f  th e  leg  a n d  th e  size o f  th e  p a r tic ip a tin g  fam ily  rece iv in g  ea ch  ro a s t,  
it w as p o ss ib le  to  g e t o n e  o r  tw o  ro a s ts  p e r  leg , an d  w ith  tw o  legs av a ila b le  p e r  
a n im a l th is  a llo w ed  th e  d is tr ib u tio n  o f  tw o  to  fo u r  ro a s ts  p e r  an im al. In  e a ch  
tr ia l ,  e a c h  p a r tic ip a tin g  fam ily  re ce iv ed  a ram /ew e  p a ir  o f  ro a s ts  in  ra n d o m  
o rd e r  o v e r  a 2  w e ek  p e r io d  fro m  e i th e r  th e  y ea rlin g  o r  o ld e r-sh e e p  ag e  g ro u p  
w ith  th e  sam e  fam ilie s  rece iv in g  th e  sam e a g e -g ro u p  sh e e p m e a t in e a ch  tria l. 
F am ilie s  w e re  a sk e d  to  ro a s t th e  m e a t in an  o v en  p re h e a te d  to  163°C fo r 
5 5 —65 m in /k g  m e a t o r  u n til th e  m e a t w as c o n s id e re d  c o o k e d  (n o t all 
h o u s e h o ld  o v e n  c o n tro ls  a re  a c c u ra te ) . E a c h  p an e l p a r tic ip a n t w as a sk e d  to  
ta s te  a slice o f  c o o k e d  m e a t b e fo re  th e  ad d itio n  o f  sa lt, g ravy  o r  sau ces  
n o rm a lly  a d d e d  to  a m ea l a n d  to  re c o rd  o p in io n s , w ith o u t d iscu ss io n , o n  a 
s ta n d a rd  ta s te  p a n e l fo rm  b ase d  on  th e  n in e -p o in t h e d o n ic  sca le  o f  P e ry a m  & 
P ilg rim  (1957). T h e y  w e re  a sk e d  to  ju d g e  flav o u r (lik e  e x tre m e ly  to  d is lik e  
e x tre m e ly ) , te n d e rn e s s  (e x tre m e ly  te n d e r  to  e x tre m e ly  to u g h ) , ju ic in ess  
(e x tre m e ly  ju icy  to  e x tre m e ly  d ry ) an d  to  give th e ir  o v e ra ll o p in io n  o f  th e  
m e a t ( lik e  e x tre m e ly  to  d islike  e x tre m e ly ) . T h e  co m m en ts  w e re  th e n  
c o n v e r te d  to  n u m e ric a l sco res  su ch  th a t  th e  h ig h e r th e  sco re  th e  b e t te r  th e
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m e a t w as l ik e d , w ith  five re p re s e n tin g  th e  m id -p o in t (n e ith e r  like  n o r  d is lik e , 
e tc .)  o f  th e  sca le .

F ro m  o n e  to  th re e  p e o p le  ta s te d  th e  m e a t fro m  each  fam ily ’s ro a s t. F am ily  
sco re s  w e re  a v e ra g e d  to  g ive a ro a s t sco re  an d  th e n  th e  sco res  fro m  all th e  
ro a s ts  fro m  ea ch  an im al w e re  av e ra g e d  to  give th e  sco re  fo r  each  an im al.

S co re s  fo r  e a c h  c h a ra c te r is tic  in each  tria l w e re  te s te d  by ana ly sis  o f 
v a r ia n c e .

M a ss  c o n s u m e r  p a n e l

A n y  f la v o u r /o d o u r  p ro b le m  w ith  th e  c o o k e d  m e a t fro m  o ld e r  ra m s w o u ld  b e  
m o s t lik e ly  to  sh o w  u p  in m e a t fro m  th e  g ro u p  s la u g h te re d  ju s t  o u t o f  th e  
m a tin g  p a d d o c k  in tria l 2. F ro z e n  sh o u ld e r  ro a s ts  fro m  e ig h t ra m s  an d  e ig h t 
ew es fro m  tria l 2  w e re  th a w e d  an d  th e n  ro a s te d  in a co n v e c tio n  o v en  at 
1 6 3 ± 5 °C  u n til th e  c e n tre  o f  th e  ro a s t re a c h e d  80°C. R o a s ts  w e re  c o o le d  at 
ro o m  te m p e ra tu re  fo r  1 - 2  h r  b e fo re  b e in g  w ra p p e d  in a lu m in iu m  foil an d  
s to re d  a t 4°C  u n til u sed .

M e a t fro m  e a ch  ro a s t  w as c h o p p e d  in to  p iece s  a p p ro x im a te ly  2 x 2 x l . 5  cm  
w ith  p ieces  c o n ta in in g  m o re  th a n  30%  e s tim a te d  v isual fa t b e in g  d isc a rd e d . 
T h e  p a n e l m e th o d  u se d  w as b ase d  o n  th a t  d e sc rib e d  by M o o re , Ju ry  &  B ass 
(1978). T h e  sam p le s  w e re  se rv ed  a t ro o m  te m p e ra tu re .

E a c h  ra m  w as p a ire d  w ith  ev e ry  ew e g iv ing  s ix ty -fo u r p a irs  p e r  re p lic a te , 
a n d  each  p a ir in g  w as re p lic a te d  fo u r te e n  tim es . T h e  o rd e r  o f  se rv in g  o f  each  
p a ire d  ram  a n d  ew e sam p le  w ith in  each  se rie s  o f  re p lic a te s  w as ra n d o m ly  
a ss ig n ed  in  th e  firs t re p lic a te . In  each  su cc eed in g  re p lic a te  th e  o rd e r  o f  se rv in g  
th e  ra m  o r  ew e m e a t w as re v e rse d . S am p les  m ak in g  u p  each  p a ir  w e re  co d e d  
A  a n d  B . P a r tic ip a tin g  ta s te rs  w e re  a sk e d  to  ig n o re  all a ttr ib u te s  o f  th e  m e a t 
e x c e p t f la v o u r a n d  to  in d ic a te  th e ir  f la v o u r  p re fe re n c e  fo r  sam p le  A  o r  B o r 
w h e th e r  th e y  h a d  n o  p re fe re n c e  b e tw e e n  th e  sam p les . T h e  tria l in v o lv ed  896 
ta s te rs .

T h e  p e rc e n ta g e  o f  ta s te rs  p re fe r r in g  th e  ram  sam p le  w as an a ly se d  by  fittin g  
lo g -lin e a r m o d e ls  (B a k e r  &  N e ld e r , 1978), te s tin g  fo r o rd e r  o f  p re s e n ta t io n  
a n d  ra m  a n d  ew e ca rca ss  e ffec ts  p lu s  th e ir  in te ra c tio n s . T a s te rs  ex p ress in g  n o  
p re fe re n c e  w e re  o m itte d  fro m  th is  ana lysis .

L a b o r a to r y  ta s te  p a n e l

L o in s  fro m  all an im a ls  w e re  th a w e d  fo r 1 h r  in  a w a te r  b a th  a t 4 0 ± 2 °C . T h e
M . lo n g issim u s d o rs i a n d  its co v e rin g  fa t  w e re  ex c ised . M in ced  lean  m u sc le , 
c o n ta in in g  2 5 %  w /w  a d d e d  fa t tissu e  w as p re p a re d  an d  c o o k e d  ac co rd in g  to  th e  
m e th o d s  d e sc r ib e d  by  W in g e r  &  P o p e  (1981). A n  an a ly tica l p a n e l o f  fif te e n  to  
tw en ty  m e m b e rs , t ra in e d  to  d e te c t  ra n c id  flav o u rs  in lam b , w as ask e d  to  d e te c t 
an y  n o n -sh e e p y , n o n -m e a ty  fo re ig n  flav o u rs  p re s e n t  in th e  sam p les . P an e lis ts  
w e re  th e n  to  ra te  th e  in te n s ity  o f  th e se  fo re ig n  flav o u rs  o n  a n in e -p o in t sca le , 
w h e re  1 in d ic a te d  n o  n o tic e a b le  fo re ig n  f la v o u r a n d  9 in d ic a te d  an  e x tre m e  
in ten s ity .
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A ll p a n e lis ts  re c e iv e d  fo u r  sam p les  p e r  ta s tin g  sessio n , in c lu d in g  o n e  sam p le  
fro m  ea ch  o f  th e  a n im a l t re a tm e n ts  u n d e r  in v es tig a tio n . T as tin g  o rd e r  w as 
ra n d o m iz e d  a m o n g  p an e lis ts .

R e su lts  f ro m  all p a n e lis ts  w e re  p o o le d  an d  th e  m ean s  s ta tis tica lly  an a ly se d  
u sin g  an a ly sis  o f  v a r ia n c e .

O b je c tiv e  a s s e s s m e n t  o f  te n d e rn e s s

B e fo re  th e  lo in  w as th a w e d  fo r  th e  la b o ra to ry  ta s te  p a n e l, a 2 .5  cm  c h o p  w as 
c u t fro m  th e  h in d -le g  e n d . T h is  c h o p  w as c o o k e d  from  th e  fro zen  s ta te  in  a 
w a te r  b a th  a t  8 0 ± 1 ° C  fo r 60 m in , th e n  c o o le d  in  an  ice b a th . A  sam p le  w ith  a 
c ro ss-sec tio n a l a re a  o f  1 .0 cm 2 w as cu t fro m  th e  M . lo n g is s im u s  d o r s i .  T h is  
sam p le  w as sh e a re d  ac ro ss  th e  m u sc le  fib re s  u sin g  a te n d e ro m e te r  d e sc rib e d  by 
M a c fa r la n e  &  M a re r  (1966).

S ta tis tic a l c o m p a r is o n  o f  s c o re s  f r o m  d i f fe r e n t  p a n e ls

T h e  m e a n  sco re s  f ro m  th e  th re e  p a n e ls  w e re  ra n k e d  w ith in  e a ch  m e a su re d  
a t t r ib u te .  S p e a rm a n ’s ra n k  c o r re la tio n  co e ffic ien ts  w e re  ca lc u la te d  fo r  each  
a t t r ib u te  in c o m p a r iso n  to  th e  m ass c o n su m e r p an e l p re fe re n c e  sco res  
(M o ro n e y , 1951).

Results and discussion

I n - h o u s e  c o n s u m e r  ta s te  p a n e l

T h e  p a n e l re su lts  in  T a b le  1 a re  b a se d  o n  766 ta s te r  o b se rv a tio n s  fo r  each  
p a la ta b ili ty  a t t r ib u te .  T h e  o u ts ta n d in g  fe a tu re  o f  th e se  re su lts  is th e  ab se n c e  o f  
an y  sex  e ffec ts  o n  th e  f la v o u r , te n d e rn e s s ,  ju ic iness  o r  o v e ra ll a c c e p ta b ility  o f  
th e  m e a t. T h e re  w as no  su g g es tio n  o f  an y  u n d e s ira b le  flav o u r o r  o d o u r  
a sso c ia te d  w ith  th e  ra m  m e a t p ro d u c e d  a t d iffe re n t tim es  o f  th e  y e a r ;  n o t ev en  
in  tr ia l  2  w h e n  th e  ra m s  w e re  s la u g h te re d  s tra ig h t fro m  th e  m a tin g  p a d d o c k . 
A lth o u g h  th e  p a n e l q u e s tio n n a ire s  h a d  a sp ace  th a t  a llo w ed  fo r c o m m e n ts  on  
u n p le a s a n t c o o k in g  o d o u rs , th e  v ery  few  c o m m e n ts  re ce iv ed  w e re  eq u a lly  
d is tr ib u te d  b e tw e e n  sexes.

T e n d e ro m e te r  s h e a r  fo rce  v a lu es  in d ic a te d  n o  sex effec ts  on  th e  te n d e rn e s s  
o f  th t M .  lo n g is s im u s  d o rs i.  M ea n  sh e a r  fo rce  va lu es  in tria l 1 w e re  lo w er th a n  
in tria l 4 , p ro b a b ly  b e c a u se  in tr ia l 4 a m o re  e ffic ien t an d  c o ld e r  ch ille r  w as 
u sed  to  h o ld  th e  ca rca sse s  im m e d ia te ly  p o s t-s la u g h te r . S h e a r fo rce  v a lu es  
d iffe re d  m u ch  m o re  th a n  p a n e l sco res  b e tw e e n  th e se  tw o  tria ls . P o ss ib le  
re a so n s  in c lu d e  th e  fa c t th a t  th e  m uscle  te s te d  by te n d e ro m e te r  is k n o w n  to  be 
su sce p tib le  to  co ld  sh o ck  w h ile  m an y  leg m uscles  a re  less su sc e p tib le . In 
a d d itio n , th e  leg  m u sc les  a re  n o rm a lly  s liced  th in ly  ac ro ss  th e  g ra in  b e fo re  
b e in g  ta s te d  w h e re a s  th e  te n d e ro m e te r  sam p les  w e re  th ic k e r  w ith  th e  
te n d e ro m e te r  s h e a r in g  ac ro ss  th e  m uscle  fib re  axis.
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Table 1. In-house consumer panel scores and objective shear force values for sheep meat from 
groups of animals slaughtered at different times of the year. (The higher the score the higher the 
palatability)

Palatability factors

Yearling Old* Differences

Ram Ewe Ram Ewe Sex
R-E

Age
Y-O

s.e.

Trial 1
No. animals 10 10 10 9
Tenderness 7.1 7.1 5.9 5.7 0.04 1.33 § 0.31
Flavour 7.2 7.1 6.8 6.8 0.05 0.33 0.27
Juiciness 6.5 6.4 6.0 5.9 0.09 0.50f 0.26
Overall acceptability 7.5 7.4 6.5 6.6 -0.08 0.92§ 0.28
Shear force values 12.8 21.9 20.7 15.4 0.8 2.0 2.1

Trial 2
No. animals 10 10 9 10
Tenderness 6.4 6.4 5.4 5.9 -0.21 0.16% 0.35
Flavour 7.1 6.5 5.8 6.2 0.15 0.80f 0.35
Juiciness 6.7 6.4 5.3 5.8 0.09 1.01 § 0.25
Overall acceptability 7.1 6.7 5.7 6.1 0.05 0.96§ 0.34

Trial 3
No. animals 10 10
Tenderness 6.0 5.7 0.26 0.66
Flavour 6.8 6.5 0.28 0.64
Juiciness 6.3 5.9 0.39 0.49
Overall acceptability 6.7 6.4 0.25 0.52

Trial 4
No. animals 11 11 10 10
Tenderness 6.8 6.9 6.5 5.8 0.26 0.67J 0.32
Flavour 7.2 7.1 7.1 6.5 0.351 0.34f 0.20
Juiciness 6.1 6.4 6.3 6.0 0.01 0.12 0.23
Overall acceptability 7.1 7.2 6.9 6.2 0.22 0.58J 0.25
Shear-force values 35.9 34.0 33.8 41.4 -2.6 -3.4 1.84

* Two or more years old; 
t  P <  0.10;
% P c 0.05;
S P < 0.01.

T h e  o n e  e ffec t th a t  e m e rg e d  from  th e  in -h o u se  c o n su m e r tria ls  is th a t  th e  
ro a s ts  fro m  th e  y ea rlin g  an im a ls  w e re  m o re  ac c e p ta b le  th a n  th o se  from  th e  
o ld e r  sh e e p , m a in ly  b e c a u se  th e  m e a t fro m  th e  y o u n g e r an im als  w as ju d g ed  to  
b e  m o re  te n d e r .  H o w e v e r , th e  re su lts  a lso  sug g est th a t th e  flav o u r o f  th e  m e a t 
fro m  th e  y ea rlin g  an im a ls  w as p re fe r re d .

M a s s  c o n s u m e r  p a n e l

N o n e  o f  th e  ro a s ts  h a d  u n d e s ira b le  c o o k in g  o d o u rs .
T h e  n u m b e r  o f  p re fe re n c e s  e x p re sse d  fo r m e a t from  th e  v a rio u s  ra m s an d  

ew es is sh o w n  in T a b le  2. T h e  10%  o f  ta s te rs  w ho  ex p re ssed  no  p re fe re n c e
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Table 2. Flavour preferences of mass consumer panel members for meat from old rams or ewes

Ram
No.

Ram
pref.*

Ewe
pref.

No.
pref.

Ewe
No.

Ewe
pref.f

Ram
pref.

No.
pref.

Total
pairings

1 54 45 13 9 41 64 7 1 1 2

2 69 35 8 1 0 43 59 1 0 1 1 2

3 61 37 14 11 50 55 7 1 1 2

4 52 49 11 1 2 45 50 17 1 1 2

5 31 69 1 2 13 40 61 11 1 1 2

6 50 49 13 14 44 59 9 1 1 2

7 69 33 1 0 15 51 49 1 2 1 1 2

8 63 38 11 16 41 52 19 1 1 2

Total 449 355 92 355 449 92 896

* This half of the table gives the number of tasters preferring the listed ram in comparison 
with all eight ewes this ram was paired with over the fourteen replicates.

t  This half of the table gives the number of tasters preferring the listed ewe in comparison 
with all eight rams this ewe was paired with over the fourteen replicates.

b e tw e e n  th e  tw o  sam p le s  ta s te d  w e re  o m m itte d  from  th e  analysis. L o g -lin ea r 
m o d e l an a ly sis  sh o w e d  s ig n ifican t p re s e n ta t io n  o rd e r  an d  ram  ca rcass  e ffec ts , 
b u t n o n e  d u e  to  ew e ca rca sse s  o r  an y  in te ra c tio n . A v e rag in g  o v e r o rd e r  o f 
p re s e n ta t io n , th e  p re fe re n c e s  e x p re sse d  fo r  th e  m e a t fro m  th e  e ig h t ram  
ca rca sse s  ta s te d  w e re  6 8 , 6 6 , 62, 62 , 55 , 51 , 51 an d  3 1 % . T h e  p re fe re n c e  
e x p re sse d  fo r  ea ch  o f  th e  firs t fo u r  ra m s  w as s ign ifican tly  h ig h e r th a n  th e  50%  
v a lu e  e x p e c te d  if, o n  a v e ra g e , th e  ta s te rs  h ad  n o  rea l p re fe re n c e  b e tw e e n  th e  
ram s a n d  th e  ew es. T h e  v a lu e  fo r  th e  last ram  w as s ign ifican tly  less th a n  th e  
50 %  v a lu e . T h is  o n e  d is lik ed  ram  (3 1 %  p re fe re n c e s )  re p re s e n te d  a re la tiv e ly  
fa t- f re e  a n im a l th a t  w o u ld  n o t n o rm a lly  h ave  b ee n  c o n s id e re d  fo r ta b le  m ea t. 
T h e  re su lts  in d ic a te  th a t  ram  m u tto n  has n o  flav o u r p ro b le m s c o m p a re d  to  
ew e m u tto n .

L a b o r a to r y  ta s te  p a n e l

T h e  m e a n  p a n e l sco res  fo r  fo re ig n  flav o u r in ten s itie s  a re  g iven  in T a b le  3. 
T h e  d a ta  fro m  th e  firs t tr ia l c a n n o t be  c o m p a re d  w ith  th o se  in th e  re m a in in g  
th re e  tr ia ls , b e c a u se  th e  sco rin g  p ro c e d u re s  w e re  co n s id e ra b ly  d iffe re n t. T h e  
firs t tr ia l a t te m p te d  to  e v a lu a te  sh ee p y  an d  m ea ty  flav o u rs  as w ell as o ff 
flav o u rs . T h is  p ro v e d  to o  co m p lex  fo r  th e  p an e lis ts  to  sco re  sa tis fac to rily . A f te r  
th e  firs t tr ia l, th e  in te n s itie s  o f  th e  sh e e p  an d  m e a t flav o u rs  w e re  n o t sco red : 
o n ly  th e  fo re ig n  flav o u rs  w e re  s c o re d . Y o u n g  an im als  h ad  no  d e te c ta b le  fo re ig n  
flav o u rs  ir re sp e c tiv e  o f  an im al sex .

T h e  m in ced  m e a t fro m  o ld  ra m s in tria ls  2 —4 usually  ex h ib ite d  a fo re ig n  
f la v o u r  th e  p a n e lis ts  co n s is te n tly  d e sc rib e d  as ‘m u sk y , h ay lik e , m o u sey , 
m u s ty , s ta le ’. N o t all o ld -ra m  m e a t e x h ib ite d  th is  flav o u r: fo u r te e n  o f  th e  
tw e n ty -n in e  an im a ls  ta s te d  w ere  c o n s id e re d  to  have  n o  s ign ifican t fo re ig n  
flav o u rs . T h e  d is tr ib u tio n  o f  fo re ig n  flav o u r in ten s itie s  fo r  o ld  ram s a n d  ew es
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Table 3. Mean foreign flavour scores of trained laboratory panellists for rams and 
ewes of varying ages __________________________________________________

Tria l no.

Yearling
ram
(mean ± s.e.)

Yearling
ewe
(mean ± s.e.)

O ld f
ram
(mean ± s.e.)

O ld f
ewe
(mean ± s.e.)

1 * 2.0± 0.3 1.4 ± 0 . 2 1.4 ±0.1 1 . 6  ± 0 . 1

2 2.3 ±0.2 2.3 ±0.4 3.4 ±0.3 2.4 ±0.2
3 — — 3.1 ±0.3 1 . 8  ± 0 . 1

4 2 . 8  ± 0 . 1 2.3 ±0.1 3.4 ±0.2 3.0±0.2
Overall 2.5 ±0.1«- 2.3 ±0.2a 3.3 ± 0.1h 2 .4± 0.1a

* The score format for this trial was different from the remaining three trials. Data 
from this trial cannot be compared directly with the other data and is not included 
in ‘overall’ means.

f  Two years old or more.
a' b Means with different superscripts are significantly different at 95% level of 

confidence, as measured by Newman-Keuls sequential range test (Steel & Torrie,
1960).

is sh o w n  in F ig u re  1; h ig h e r  in te n s itie s  b e in g  m o re  co m m o n ly  fo u n d  in  th e  ra m  
m e a t.

M in ced  m e a t f ro m  th e  o ld  ew es w as also  v a r ia b le  in its ta s te  (F ig . 1). T h e  
m e a t  f ro m  six o f  th e  th ir ty  o ld  ew es ta s te d  c o n ta in e d  sign ifican t in te n s itie s  o f

Figure 1. Numbers of old rams and old ewes in trials 2 - 4  with foreign-flavour 
scores in the different intensity ranges.
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fo re ig n  f la v o u rs , w h ich  w e re  d e sc r ib e d  in an  id en tica l m a n n e r  to  th e  f la v o u r 
fo u n d  in ra m s . T h e  re m a in in g  sam p le s  w e re  c o n s id e re d  to  h av e  no  sign ifican t 
fo re ig n  f lav o u r .

P a la ta b ili ty  o f  ra m  m e a t

P a n e l c o m p a r is o n

A  c o m p a r iso n  o f  th e  re su lts  f ro m  th e  th re e  p a n e ls  is g iven  in  T a b le  4 fo r  th e  
o ld e r  an im a ls  in  tr ia l 2. T h e se  w e re  th e  o n ly  an im als  w h o se  m e a t w as c o m m o n  
to  th e  th re e  p a n e ls . T h e  th re e  p a n e ls  o n ly  h a d  th e  flav o u r a sse ssm e n t in 
c o m m o n . A m e r in e , P a n g b o rn  & R o e ss le r  (1965), h o w e v e r, h av e  sh o w n  th a t  
c o n su m e rs  sco rin g  fo r  o n e  p a la ta b ility  a t tr ib u te  can  b e  in flu en c ed  by  th e ir  
sco re  fo r  a  d if fe re n t  a t t r ib u te .  T h e re fo re ,  th e  te n d e rn e s s  an d  o v era ll 
a c c e p ta b ility  sco re s  f ro m  th e  in -h o u se  c o n su m e r p a n e l h av e  b e e n  in c lu d e d . It 
a p p e a rs  th a t  th e  te n d e rn e s s  o f  th e  sam p les  sco red  fo r  flav o u r by co n su m e rs  in 
th e  m ass p a n e l m ay  h av e  in flu e n c e d  th e ir  f la v o u r a sse ssm e n t; th is p ro b le m  
w o u ld  n o t ap p ly  to  th e  la b o ra to ry  p a n e l w h e re  m in ced  sam p les  w e re  ta s te d .

F o r  th e  ra m s , th e  m ass c o n su m e r p a n e l ra n k in g s  fo r  p re fe re n c e  a n d  th e  
in -h o u se  c o n s u m e r  p a n e l ra n k in g s  fo r  a c c e p tab ility  w e re  sig n ifican tly  c o r re 
la te d  (P < 0 .0 0 1 ) .  T h e re  w as n o  s ig n ifican t c o rre la tio n  fo r  th e  ew es. T h e

Table 4. A  comparison between the scores from the different panels for the meat from older 
rams and ewes in trial 2

Mass In-house consumer panel scores * Laboratory
panel panel foreign

Animal preference Overall flavour
No. (% ) acceptance Tenderness Flavour intensity!

Rams
7 6 8 6.5 7.0 5.5 3.0
2 6 6 6 . 2 5.5 6 . 0 4.3
3 62 6 . 8 5.2 7.3 3.2
8 62 6.3 5.5 6 . 8 4.6
1 55 5.9 6.4 5.3 4.7
4 51 5.3 4.8 5.2 1.7
6 51 5.8 6.3 6 . 0 2.4
5 31 1 . 8 2 . 0 3.0 3.7

Ewes
15 51 7.3 7.8 7.2 1 . 6

11 48 7.3 6 . 0 6 . 8 2 . 1

1 2 47 5.5 4.2 6 . 8 3.4
16 44 6.7 5.7 5.7 2 . 8

14 43 5.0 5.8 5.0 1.9
1 0 42 5.4 4.5 6.5 1.7
13 40 3.8 4.5 3.0 3.5
9 39 6 . 8 7.0 6 . 8 2 . 1

* Nine-point hedonic scale (1 =w orst; 9 = best); 
f  Nine-point structured scale (1 = no foreign flavour; 9 = extreme).
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re m a in in g  c o r re la t io n s  b e tw e e n  th e  m ass c o n su m e r p a n e l ra n k in g s  fo r  
p re fe re n c e  an d  th e  o th e r  in -h o u se  (f la v o u r, te n d e rn e s s )  an d  la b o ra to ry  
(f la v o u r)  p a n e l sco re s  w e re  n o t s ig n ifican t fo r  e i th e r  th e  ew es o r  ra m s. T h u s , 
fa c to rs  o th e r  th a n  f la v o u r  m ay  h av e  in flu en c ed  th e  m ass p an e l p re fe re n c e  
sco re . B o th  c o n su m e r  p a n e ls  a g re e d  th a t th e  flav o u r o f ram  N o . 5 w as very  
p o o r . G iv e n  th a t  th e  ro a s te d  m e a t fo r  th e  in -h o u se  c o n su m e r p a n e l w as ta s te d  
h o t ,  m e a t fo r  th e  m ass c o n su m e r p an e l w as se rv ed  co ld  an d  th a t fo r  th e  
la b o ra to ry  p a n e l w as a w a rm , b o iled  m ince  sam p le , th e  lack  o f  a c o m m o n  
ra n k in g  fo r  f la v o u r in p a r tic u la r  is n o t su rp ris in g . T h is  ap p lie s  p a r tic u la r ly  to  
th e  ew es w h e re  th e  f la v o u r p re fe re n c e s  w e re  re la tiv e ly  u n ifo rm  w ith  n o n e  
d iffe rin g  s ig n ifican tly  fro m  50 %  p re fe re n c e  level in th e  m ass c o n su m e r p a n e l. 
A m e r in e ,  P a n g b o rn  &  R o e ss le r  (1965) h a v e  o b se rv e d  th a t  la b o ra to ry  p an e ls  
o f te n  d e te c t f la v o u r d iffe re n c e s  th a t  a p p e a r  n o t to  in flu en ce  th e  p re fe re n c e s  o f  
c o n su m e r p a n e ls .

O v e r a ll  a s s e s s m e n t

N o n e  o f th e  p a n e ls  d e te c te d  an y  p a la ta b ility  d iffe ren c es  b e tw e e n  th e  m e a t 
fro m  th e  y ea rlin g  ra m s  an d  ew es. T h e  in -h o u se  c o n su m e r a n d  m ass c o n su m e r 
ta s te  p a n e ls  d e te c te d  n o  fo re ig n  flav o u rs  a sso c ia te d  w ith  th e  m e a t fro m  o ld e r  
ra m s . T h e  la b o ra to ry  ta s te  p a n e l, h o w e v e r, fo u n d  a h ig h e r in c id en c e  o f  
fo re ig n  flav o u rs  in  th is  m e a t ,  w h ich  m ay  h av e  to  b e  c o n s id e re d  if ram  m u tto n  
is in te n d e d  fo r  c o n su m e rs  n o t ac cu s to m ed  to  e a tin g  sh ee p  m ea t. I t sh o u ld  be  
n o te d  th a t  in th e  c o u rse  o f  a n o rm a l m ea l, m e a t m ay  h av e  sa lt, sp ices , sau ces  
o r  g rav ie s  a d d e d  a n d  will be  m ix ed  w ith  o th e r  fo o d  item s. H e n c e , an y  f la v o u r 
fe a tu re s  o f  o ld -ra m  m e a t w o u ld  be  m u ch  less co n sp icu o u s  th a n  in th e se  tria ls .

T h e  m e a t fro m  p a s tu re - fe d  y ea rlin g  ra m s is c lea rly  su itab le  as a ta b le  m e a t. 
T h  ese  re su lts  in d ic a te  th a t  th e  ca rca sse s  o f  o ld e r  ram s sh o u ld  b e  as su ita b le  as 
th o se  fro m  o ld e r  ew es fo r m a n u fa c tu r in g  p u rp o se s  an d  th ey  can  be as 
sa tis fa c to ry  a so u rc e  o f  ta b le  m e a t as o ld e r  ew es in m a rk e ts  w h e re  th e  la t te r  
a re  n o rm a lly  e a te n . W e n h a m  e t a l (1973) h av e  e s ta b lish e d  th a t  th e  m e a t from  
c o n d itio n e d  a n d  ag e d  o ld e r  ew es an d  ram s is sa tis fac to ry  fo r ro a s tin g .
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Measurement of fat and sucrose in dry cake mixes by near 
infrared reflectance spectroscopy

B . G . O S B O R N E , T . F E A R N  a n d  P. G . R A N D A L L *

Sum m ary
A  fe as ib ility  s tu d y  w as c a rr ie d  o u t  to  assess th e  p o te n tia l  o f  n e a r  in f ra re d  (N IR )  
re f le c ta n c e  sp e c tro sc o p y  fo r  th e  m e a s u re m e n t o f  fa t  a n d  su c ro se  in  d ry  ca k e  
m ixes. T h e  c a lib ra tio n  o f  th e  N IR  in s tru m e n t w as c a rr ie d  o u t  in  a re se a rc h  
la b o ra to ry  a n d  th e n  a sse sse d  u n d e r  q u a lity  c o n tro l c o n d itio n s  in  th e  fa c to ry  
la b o ra to ry . I t  w as p o ss ib le  to  m e a s u re  fa t w ith  an  accu racy  ( ± 2 a )  o f  ± 3 .4 %  fo r 
p ro d u c ts  w ith  a fa t  c o n te n t  o f  8 —2 5 %  c o m p a re d  w ith  ± 0 .7 6 %  fo r  th e  p re c is io n  
o f  th e  S o x h le t p ro c e d u re .  In  th e  case  o f  su c ro se  th e  accu racy  w as ± 5 .4 %  fo r 
p ro d u c ts  w ith  a  su c ro se  c o n te n t  o f  10—40 %  c o m p a re d  w ith  ± 2 .0 %  fo r  a h igh  
p re s su re  liq u id  c h ro m a to g ra p h y  (h p lc ) m e th o d . I t  m u s t b e  c o n c lu d e d , 
th e re fo re ,  th a t  w h ile  N IR  o ffe rs  a q u ic k e r , s im p le r  m e th o d  o f  q u a lity  c o n tro l,  
th is  is a t th e  e x p e n se  o f  accu racy .

Introduction
N e a r  in f ra re d  (N IR )  re f le c ta n c e  sp e c tro sc o p y  h as  b e e n  u sed  to  m e a su re  th e  
fa t c o n te n t  o f  o ilse e d s  (M ille r , 1979), m e a t (B e n -G e ra  &  N o rr is , 1968) a n d  
p a s ta  (K a ffk a , N o rr is  & R o sca -K iss , 1982) a n d  G ia n g iac o m o  e ta l .  (1981) h av e  
d e m o n s tra te d  th e  m e a s u re m e n t o f  su c ro se  in  m ix tu re s  o f  p u re  su g ars . N e a r  
in f ra re d  is q u ite  w id e ly  u se d  in  q u a lity  c o n tro l in  th e  fo o d  in d u s try  p a r tic u la r ly  
fo r  c e re a ls  a n d  c e re a l p ro d u c ts  su ch  as f lo u r (O s b o rn e , D o u g la s  & F e a rn ,
1982) a n d  th e re fo re  it is a log ical d e v e lo p m e n t to  e x te n t its u se  to  c e ra l-b a se d  
p ro c e s se d  fo o d  p ro d u c ts .

A  s tu d y  w as u n d e r ta k e n  to  assess th e  p o te n tia l  o f  N IR  fo r th e  c o n tro l o f  
m a jo r  in g re d ie n t  lev e ls  (o th e r  th a n  f lo u r)  in  d ry  cak e  m ixes. T h e  e x p e r im e n t 
w as b a se d  o n  c a lib ra tio n s  fo r  re a l p ro d u c ts  n o t m o d e l system s a n d  v a lid a tio n  
o f  th e s e  c a lib ra tio n s  c a rr ie d  o u t in  an  a c tu a l fa c to ry  q u a lity -c o n tro l e n v iro n 
m e n t.

Authors’ addresses: Flour Milling and Baking Research Association, Chorleywood, 
Hertfordshire W D3 5SH , U .K . ,  and *R H M  Foods Ltd , Daybrook, Nottingham NG5 6 A G , 
U .K .
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M a t e r ia l s  a n d  m e t h o d s

S a m p le s

A  to ta l  o f  231 sam p le s  w e re  u sed  fo r  c a lib ra tio n  an d  p re d ic tio n  (T a b le  1). F a t 
w as d e te rm in e d  in  d u p lic a te  o n  211 sam p le s  by  th e  S o x h le t m e th o d  (4 h r  u sing  
p e tro le u m  sp ir it 4 0 —60°C  b o ilin g  ra n g e )  a n d  su c ro se  in d u p lic a te  on  108 
sam p les  by  h p lc  (u s in g  re fra c tiv e  in d ex  d e te c to r ;  a q u e o u s  e x tra c tio n  a n d  
a c e to n itr ile  so lu b iliz a tio n  o f  th e  su c ro se ) .

Table 1. Calibration and prediction samples for N IR  measurement of fat and sucrose in cake 
mixes

Product

Fat Sucrose

Range
(% )

Calibration
(»)

Prediction
(«)

Range
(% )

Calibration
(«)

Prediction
(«)

Bread 2.8-3.4 2 0 14
Scone 8 - 1 1 2 0 13-16 2 0

Sponge 12-17 48 57 27-41 48 19
Shortbread 15-20 2 0

Shortcrust 22-26 24 28
Total 3-26 1 1 2 99 13-41 8 8 19

N e a r  in fr a r e d  r e fle c ta n c e  m e a s u r e m e n t

T h e  in s tru m e n t u se d  w as an  In f ra A z e r  400R  (T e c h n ic o n  In s tru m e n t C o . L td , 
B a s in g s to k e , H a n ts ,  U .K .)  f i t te d  w ith  th e  fo llow ing  f ilte rs , 1445, 1460, 1680, 
1 7 3 4 ,1 9 4 0 ,2 0 8 2 ,2 1 0 0 ,2 1 3 9 ,2 1 8 0 ,2 2 8 0 , 2 2 3 0 ,2 3 1 0  n m . S am p les  w e re  s c a n n e d  
w ith o u t p re p a ra tio n  usin g  th e  p ro c e d u re  a lre a d y  d e sc r ib e d  (O s b o rn e , D o u g la s  
&  F e a rn , 1982). F o r  th e  c a lib ra tio n  sam p les  o n ly  o n e  scan  p e r sam p le  w as ta k e n  
b u t fo r  th e  p re d ic tio n  sa m p le s  ea ch  w as s c a n n e d  by  th re e  d iffe re n t o p e ra to rs  
a n d  in  th re e  o r ie n ta tio n s  (by  ro ta t in g  th e  sam p le  cu p  by  1 2 0 ° b e tw e e n  successive 
re a d in g s)  m a k in g  n in e  o b se rv a tio n s  p e r  sam p le .

Figure I .  The N IR  spectra of fat, flour and sucrose.
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S ta tis tic a l a n a ly s is

C a lib ra tio n s  fo r  fa t a n d  su c ro se  w e re  o b ta in e d  by  m u ltip le  l in e a r  re g re ss io n  
o f  S o x h le t a n d  h p lc  v a lu es  re sp ec tiv e ly  o n  all 12 log  re f le c ta n c e  v a lu es  th e n  
se a rc h in g  fo r  m in im a l a d e q u a te  su b se ts  (O s b o rn e , D o u g la s  &  F e a rn , 1982). 
T h e  c a lib ra tio n s  w e re  te s te d  by  c o m p a r in g  p re d ic te d  N IR  v a lu es  w ith  th e  
a p p ro p r ia te  re fe re n c e  v a lu es  o n  fu r th e r  sam p les  an d  co m p u tin g  th e  s ta n d a rd  
d e v ia tio n s  o f  d iffe re n c e s . O p e ra to r  a n d  o r ie n ta tio n  e ffec ts  w e re  e x a m in e d  a n d  
th e  re p lic a tio n  o f  N IR  p re d ic tio n  re su lts  w e re  asse ssed  by  ana ly sis  o f  v a r ia n c e .

Results and discussion
T h e  m a jo r  c o m p o n e n ts  o f  ca k e  m ix es (F ig . 1) h av e  su ffic ien tly  c h a ra c te r is tic  
N IR  s p e c tra  to  e n a b le  th e ir  m e a s u re m e n t in  ad m ix tu re  to  be  a  v iab le  
p ro p o s itio n . T h e  m a jo r  sp e c tra l c h a ra c te ris tic s  o f  fa t a re  d u e  to  th e  lo n g  ch a in  
fa tty  ac id  m o ie ty  w h ich  g ives rise  to  a p re p o n d e ra n c e  o f  C H 2 a b so rp tio n  
b a n d s : 1200 n m  (C H 2 sir. sec o n d  o v e r to n e ) ,  1734 n m  (C H 2 str. firs t o v e r to n e , 
a sy m .) , 1765 n m  (C H 2 str. firs t o v e r to n e , sy m .) , 2310 a n d  2345 n m  (C H 2 

str. 1CH 2 b e n d  c o m b in a tio n s ) . T h e  m ain  b a n d s  in su c ro se , a p a r t  fro m  th o se  
a ris in g  fro m  C - H  v ib ra tio n s , a re  d u e  to  O  —H  o v e r to n e s  a n d  co m b in a tio n s : 
1445, 1500 a n d  1580 n m  (firs t o v e r to n e  o f O - H  str. in v a r io u s  s tag es  of 
h y d ro g e n  b o n d in g ) ,  2082 n m  ( O - H  s f r . /O —H  b e n d  c o m b in a tio n ) . T h e  
c a lib ra tio n  e q u a tio n  fo r  fa t in v o lv ed  log  re fle c ta n c e  d a ta  a t 1734, 1445, 1680, 
2230 nm  w hile  th a t  fo r  su c ro se  in v o lv ed  2100, 2310, 1940, 1734, 1445 nm . 
(T h e  u se  o f  2100 a n d  2082 n m  gave rise  to  e q u iv a le n t re su lts ; th e re fo re ,  since 
th e  2100 n m  f ilte r  is s ta n d a rd  on  th e  40 0 R  in s tru m e n t an d  2082 n m  is n o t ,  
2 1 0 0  n m  w as u se d .)

T h e  c a lib ra tio n  fo r  fa t (F ig . 2) w as g o o d  w ith in , as w ell as b e tw e e n , 
p ro d u c ts , e x c e p t th a t  th e  v a r ia b ility  in  th e  b re a d  m ixes is to o  sm all to  ju d g e  fo r

Figure 2. Calibration for fat in dry cake mixes by N IR .
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Figure 3. Prediction of fat in dry cake mixes by N IR ; the 45° line includes the bias 
correction.

th e m . T h e  p o o le d  s ta n d a rd  d e v ia tio n  o f  re p lic a te s  (p rec is io n ) fo r  all 211 
d u p lic a te s  b y  th e  S o x h le t m e th o d  w as 0 .3 8 % , th u s  th e  accu racy  o f  N IR  in  th is  
case  is a p p ro x im a te ly  tw ice  th e  p re c is io n  o f  th e  re fe re n c e  m e th o d . F o r  
p re d ic tio n  e x p e r im e n ts  to  assess th e  c a lib ra tio n , th e  c o n s ta n ts  h a d  to  b e  
t ra n s fe r re d  to  a s e c o n d  in s tru m e n t in  a d if fe re n t lo ca tio n  a n d  th u s  an  
a d ju s tm e n t to  th e  b ias  (F 0) h a d  to  b e  m a d e  a n d  th e  re su lts  p re s e n te d  a re  
c o r re c te d  fo r  th is  b ia s . T h e  s ta n d a rd  d e v ia tio n  o f  d iffe ren c es  b e tw e e n  th e  N IR  
a n d  S o x h le t re su lts  w as 1 .7 %  (F ig . 3) a n d  th is  fig u re  is ra th e r  w o rse  th a n  th e  
c a lib ra tio n  s ta n d a rd  d e v ia tio n  a n d  also  w o rse  th a n  p re d ic tio n  s ta n d a rd  
d e v ia tio n s  o b ta in e d  w ith  b iscu its  a n d  b iscu it d o u g h s  (O sb o rn e  e t a l., 1983). 
T h is  c a n n o t b e  a c c o u n te d  fo r  by  th e  p re c is io n  o f  th e  re fe re n c e  m e th o d  o r  th e  
p re c is io n  o f  N IR  (s .d . o f  re p lic a te s  0 .2 9 % ) o r  b e c a u se  th e  p re d ic tio n

Figure 4. Calibration for sucrose in dry cake mixes by N IR .
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e x p e r im e n ts  w e re  c a rr ie d  o u t  w ith  o p e r a to r  a n d  o r ie n ta tio n  v a r ia tio n s . T h e  
o n ly  e x p la n a tio n s  fo r  th e  p o o r  p re d ic tio n  p e r fo rm a n c e  a re  th a t  th e  n a tu re  o f  
th e  fa t  h a d  c h a n g e d  fro m  th e  c a lib ra tio n  p ro d u c ts  o r  th e  c a lib ra tio n  e q u a tio n  
is u n sa tis fa c to ry . In  th e  ca se  o f  m e a s u re m e n t o f  fa t in  b iscu its  b y  N IR  th e  
c a lib ra tio n  in v o lv ed  o n ly  tw o  w a v e len g th s  1734 a n d  1550 n m  (O s b o rn e  e t  a l.,
1983) b u t  1550 n m  w as n o t  av a ila b le  to  th e  in s tru m e n t u sed  in  th e  p re s e n t  
s tu d y .

T h e  c a lib ra t io n  fo r  su c ro se  is sh o w n  in F ig u re  4 b u t fro m  th e  d u p lic a te s  o f  
th e  h p lc  m e th o d  it  is a p p a re n t  th a t  th e  s ta n d a rd  d e v ia tio n  o f  a  sing le  
d e te rm in a tio n  is p ro p o r tio n a l  to  th e  m e a n , th e  av e ra g e  ac ross th e  ra n g e  b e in g  
1 .0 4 % . T h e re fo re  it  is p o ss ib le  to  a c h ie v e  a b e t te r  c a lib ra tio n  fo r  th e  sam p les  
w ith  th e  lo w e r su c ro se  c o n te n t  (sc o n e  a n d  s h o r tb re a d  m ixes) by  tre a t in g  th e m  
s e p a ra te ly  w h e n  a re s id u a l s ta n d a rd  d e v ia tio n  o f  0 .8 9 %  w as ac h ie v ed ; th e re  
w as, h o w e v e r , n o  im p ro v e m e n t to  th e  sp o n g e  m ixes by  tre a t in g  th e m  
s e p a ra te ly . T h e  c o m b in e d  c a lib ra tio n  is still q u ite  sa tis fac to ry  w h e n  c o m p a re d  
w ith  o th e r  re su lts  (G ia n g ia c o m o  e t a l., 1981; O sb o rn e  e t a l., 1983) a n d  w ith  
th e  h p lc  m e th o d . T h e  p re d ic tio n  o f  su c ro se  (F ig . 5) is as g o o d  as m ig h t b e  
e x p e c te d  s in ce  o n ly  n in e te e n  sam p le s  w e re  a v a ila b le  ( th e  re s id u a l s .d . a n d  s .d . 
o f  d iffe re n c e s  a re  n o t  s ig n ifican tly  d if fe re n t a t  th e  5 %  lev e l) . H o w e v e r , th e  
ra n g e  o f  th e  p re d ic t io n  sam p le s  ( 3 4 - 4 3 % )  w as m u ch  n a r ro w e r  th a n  th a t  o f  
th e  c a lib ra tio n  sa m p le s  ( 1 0 - 4 0 % )  s ince  o n ly  sp o n g e  m ixes w e re  av a ila b le  a n d  
in  th a t  c o n te x t  2 .7 %  is su ch  a v e ry  la rg e  s ta n d a rd  d e v ia tio n  c o m p a re d  w ith  th e  
ra n g e , th a t  it is d o u b tfu l if su c ro se  is re a lly  b e in g  m e a su re d . T h e  p re c is io n  o f  
N IR  su c ro se  d e te rm in a tio n  w as 1 .2 % — a b o u t th e  sam e  as th a t  o f  th e  h p lc  
m e th o d .

T h e  N IR  re a d in g s  w e re  ta k e n  a t d if fe re n t o r ie n ta tio n s  to  ch eck  fo r  e ffec ts  
■due to  la ck  o f  h o m o g e n e ity  p a r tic u la r ly  w ith  re g a rd  to  su c ro se  w h ich  is p re s e n t  
in  a g ra n u la te d  fo rm . In  fa c t, th e re  w as n o  o r ie n ta tio n  e ffec t e x c e p t fo r  
p o ss ib ly  c h o c o la te  sp o n g e  fo r  su c ro se  a n d  w h ite  b re a d  fo r  fa t b u t  th e

Figure 5. Prediction of sucrose in dry cake mixes by N IR ; the 45° line includes the 
bias correction.
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d iffe re n c e s  a lth o u g h  s ta tis tic a lly  s ig n ifican t w e re  v ery  sm all. S im ilarly , in  th e  
case  o f  o p e r a to r  e ffec ts , s ta tis tic a lly  s ig n ifican t d iffe ren c es  w e re  o b se rv a b le  
b u t  th e s e  w e re  v e ry  sm all e x c e p t in  tw o  cases  b o th  invo lv ing  ch o c o la te  sp o n g e . 
T h e  fig u re s  g iv en  fo r  re p lic a tio n  o f  N IR  h a v e  b e e n  a d ju s te d  to  c o m p e n sa te  fo r  
th e  s ig n ifican t o p e r a to r  a n d  o r ie n ta to r  b ia se s  a lth o u g h  th e  u n c o r re c te d  fig u res  
w e re  v ir tu a lly  th e  sa m e . I t  is c le a r  th a t  re p lic a tio n  o f  N IR  is a t le a s t as g o o d  as 
th a t  o f  th e  h p lc  a n d  S o x h le t m e th o d s  e v e n  w h e n  o p e ra to r  a n d  o r ie n ta tio n  
e ffec ts  a re  ta k e n  in to  ac co u n t.

Conclusions
N e a r  in f ra re d  is e q u a l in  te rm s  o f  p re c is io n  o f  fa t  an d  su c ro se  d e te rm in a tio n  in 
c a k e  m ix es to  S o x h le t a n d  h p lc  m e th o d s , re sp ec tiv e ly . H o w e v e r , b e c a u se  N IR  
is a p re d ic tiv e  te c h n iq u e  re ly in g  o n  an  em p irica l c a lib ra tio n  e q u a tio n  it is 
n e c e ssa ry  to  c o n s id e r  th e  accu ra cy  as w ell as th e  p re c is io n  w h e n  c o m p a re d  
w ith  th e  m e th o d s  ag a in s t w h ich  N IR  w as c a lib ra te d . In  n e ith e r  case  is th e  
accu ra cy  sa tis fa c to ry , b u t  it m u s t be  b o rn e  in  m in d  th a t  th is  a sse ssm e n t w as 
n o t c a r r ie d  o u t  u s in g  m o d e l sam p les  in  a re se a rc h  e n v iro n m e n t b u t in  th e  re a l 
w o rld  o f  a fa c to ry  q u a lity -c o n tro l d e p a r tm e n t.
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Advances in Biotechnology.
Vol. 1. Scien tific  and Engineering Principles. E d . by  M . M o o -Y o u n g ,
C . W . R o b in so n  a n d  C . V e z in a . P p . x x v iii+ 7 8 0 .
Vol. 2. Fuels, Chem icals, Foods and Waste Treatm ent. E d . by  M .
M o o -Y o u n g  a n d  C . W . R o b in so n . P p . x x iii+ 7 1 9 .
Vol. 3. Ferm entation Products. E d . by  C . V e z in a  a n d  K . S ingh . P p . 
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Vol. 4. Current Developm ents in Yeast Research. E d . by G . G .
S te w a r t a n d  I. R u sse ll. P p . x iv + 6 8 2 .
O x fo rd : P e rg a m o n  P re s s , 198E  IS B N  0 08 025365 2. £175 .00 .

‘B io te c h n o lo g y  is a m u ltid isc ip lin a ry  f ie ld .’ So b eg in s  th e  P re fa c e  to  th e se  big  
a n d  e x p e n s iv e  v o lu m e s  a n d  a g lan ce  th ro u g h  th e  c o n te n ts  list is su ffic ien t to  
m a k e  th e  p o in t.  T h e re  is so m e th in g  th e re  fo r  e v e ry o n e  w ith  an  in te re s t  in  th e  
a r e a ,  b u t  it is flu n g  to g e th e r  in  such  a h o tc h -p o tc h  o f  m a te r ia l,  s ty le , q u a lity  a n d  
fo cu s th a t  it is d ifficu lt to  v isu a lize  h o w  th e  v o lu m es w ill b e  u sed .

T o  b e  fa ir  to  th e  e d ito rs  a n d  p u b lish e rs , it is n o t easy  to  see  h o w  a se rie s  o f 
p a p e rs  p re s e n te d  a t th e  S ix th  In te rn a t io n a l  F e rm e n ta tio n  S y m p o siu m  (V o ls . 
1 - 3 )  a n d  th e  F if th  In te rn a t io n a l  S y m p o siu m  o n  Y e as ts  (V o l. 4) in  L o n d o n , 
O n ta r io  in 1980 c o u ld  b e  o th e rw ise . T h e  g re a t m e rit o f  th is  m e e tin g  see m s to  
h av e  b e e n  th a t  it b ro u g h t to g e th e r  a w id e  v a r ie ty  o f  e x p e rts  in  w h a t o n e  m igh t 
n o w  call ‘c lassica l b io te c h n o lo g y ’ a t a tim e  w h e n  ‘n ew  b io te c h n o lo g y ’ w as 
b ec o m in g  a h o u s e h o ld  w o rd . In  V o lu m e  1, fo r  e x a m p le , th e  n u m b e r  o f  p a p e rs  
in  th e  t re n d y  a re a s  o f  m ic ro b ia l g en e tic s  (4 ) , p la n t an d  an im al cell c u ltu re  (6 ) 
a n d  im m o b ilized  en z y m e s  o r  cells (9) a re  sw am p e d  by  th o se  o n  m ic ro b ia l 
c u ltu re  (1 3 ), h y d ro c a rb o n  o x id a tio n  (6 ) , c o n tin u o u s  c u ltu re  (18 ), fe rm e n ta t io n  
te c h n o lo g y  (3 7 ) , an d  b io re a c to rs  (18). P a p e rs  in V o lu m e  2 d e a l w ith  
lig n o ce llu lo se  d e g ra d a tio n  (8 ) , e th a n o l (19) a n d  o th e r  ch em ica ls  (7 ) , b io g as  
(10 ), S C P  (1 6 ), fe rm e n te d  fo o d s  (16) an d  w aste  tre a tm e n t  (16) an d  V o lu m e  3 
c o n c e n tra te s  o n  a n tib io tic s  (3 4 ), fo o d  ad d itiv e s  (9 ), m y co to x in s  (5 ), 
b io p o ly m e rs  ( 8 ) a n d  m ic ro b ia l en zy m es a n d  b io c o n v e rs io n s  (31). H e re  ag a in  
th e  b u lk  o f  th e  p a p e rs  re p re s e n t  c o m fo r ta b le  co n v e n tio n a l a p p ro a c h e s  b u t th e  
d isce rn in g  r e a d e r  w ill e x tra c t a few  p a p e rs  th a t  h av e  p o te n tia lly  re v o lu tio n a ry  
im p ac t.

V o lu m e  4 is d if fe re n t  a n d  c o u ld  b e  p u rc h a se d  by m an y  se p a ra te ly  fro m  th e  
o th e r  th re e  v o lu m es  s ince  it p re s e n ts  a c o m p re h e n s iv e  su rv ey  o f  b o th  th e  
sc ien ce  an d  th e  a p p lic a tio n s  o f  y eas ts . It d o e s , o f  c o u rse , p re d a te  th e  big
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e x p lo s io n  in  y e a s t g en e tic s  o f  th e  last th re e  y e a rs , b u t  th e  b o o k  will b e  
in v a lu a b le  to  b o th  a c a d e m ic  a n d  in d u s tr ia l  sc ien tis ts  as a su m m ary  o f  th e  
g ro u n d  fro m  w h ich  th is  e x p lo s io n  w as la u n c h e d .

W h o  th e n  will b u y  a n d  w h o  will re a d  th e se  v o lu m es?  F ew  sc ien tific  lib ra rie s  
w ill b e  a b le  to  re s is t p re s su re  to  s to ck  it, if o n ly  fo r  th e  five to  te n  p a p e rs  
re le v a n t  to  th e  in te re s ts  o f  th e ir  p a r tic u la r  staff. F o r  s tu d e n ts  th e  b o o k s  w ill be  
h a rd  g rin d , b e c a u se  few  p a p e rs  m a k e  m u ch  co n cess io n  to  th e  nov ice  in  th e ir  
fie ld  a n d  th e  la y o u t a n d  ru d im e n ta ry  in d ex  seem  d e s ig n ed  to  f ru s tra te  th e  
s e a rc h e r  a f te r  t ru th .  B u t ta c k le  it th e y  w ill, b e c a u se  e m b e d d e d  in  th e se  
fo rb id d in g  a n d  ra th e r  u n a ttra c t iv e  p ag e s  a re  fac ts  an d  in te rp re ta t io n  th a t  th e y  
will f in d  n o w h e re  e lse . F o r tu n a te ly  th e  b o o k s  a re  w ell b o u n d  a n d  th e  p a p e r  is 
ro b u s t ,  b e c a u se  th e  p ag e s  a re  c e r ta in  to  b e  w e ll- th u m b ed .

O n e  w a rn in g  to  th e  p o te n tia l  r e a d e r  is n ec essa ry . T h e  title  ‘A d v a n c e s  
in  . . . ’ h a s  co m e  to  su g g est a sty le  an d  fo rm a t o f  sc ien tific  rev iew  th a t  m o s t o f  
us h a v e  g ro w n  to  v a lu e  a n d  d e p e n d  u p o n . It is u n fo r tu n a te  th a t  such  a t itle  has 
b e e n  s to le n  fo r  th e s e  h e te ro g e n e o u s  co llec tio n s  o f  p a p e rs . A  tru e  ‘A d v a n c e s  
in  B io te c h n o lo g y ’ se rie s  o f  rev iew s in  d e p th  o f  to p ics  d e a lt  w ith  in th e se  
v o lu m e s  is n e e d e d ; th e se  fo u r  b o o k s  a re  m ere ly  so u rc e  m a te r ia l fo r  w h a t m u st 
y e t co m e .

B r ia n  S . H a r tle y

Fermented Foods. (Vol. 7, Econom ic Microbiology). E d . by A . H .
R o se .
L o n d o n : A c a d e m ic  P re ss , 1982. P p . x iii+ 3 3 7 . IS B N  0 12 596557 5. £29 .20 ; 
U S $60 .00 .

T h is  is th e  se v e n th  b o o k  o f  a se rie s  in te n d e d  to  in tro d u c e  th e  r e a d e r  to  th e  
e c o n o m ic  im p ac ts  o f  m ic ro b io lo g y . F e rm e n te d  fo o d s  is a re le v a n t su b je c t in 
su ch  a c o n te x t s ince  th ey  a re  p a r t  o f  th e  c u ltu ra l b a c k g ro u n d  o f m a n k in d . 
T h e re  is an  in c re a se d  c o n c e rn  to w a rd s  th e  u su a lly  e n e rg y -e ffic ien t m e th o d s  o f  
fe rm e n ta t io n  to  re d u c e  th e  e n o rm o u s  fo o d  losses an d  to  in c re a se  sh e lf life to  
co m m erc ia lly  c o m p a tib le  p e r io d s  in  th e  d ev e lo p in g  c o u n tr ie s  as w ell as in th e  
m o re  d e v e lo p e d  w o rld . B e a r in g  th is  in m in d  th e  e d ito r  a im ed  to  in tro d u c e  th e  
r e a d e r  to  th e  fu n d a m e n ta ls  o f  th e  ‘m ic ro b io lo g y  in v o lv ed  in  th e  p ro d u c tio n  o f 
th e  m a jo r  fe rm e n te d  fo o d s  th a t  a re  to d a y  m a n u fa c tu re d  w o rld -w id e ’. 
A lc o h o lic  b e v e ra g e s  w e re  d e sc rib e d  in V o lu m e  1 o f  th e  series.

T h e  in tro d u c to ry  c h a p te r  see m s to  th e  re v ie w er a g o o d  an d  v ery  co nc ise  
ex e rc ise  o n  w h a t w e k n o w  a n d  w h a t w e d o n ’t k n o w  a b o u t th e  m ic ro b ia l 
ac tiv ity  a n d  th e  c o n tro l o f  fo o d  fe rm e n ta t io n  p ro c esse s . ‘T h e  m ic ro b io lo g y  
b e h in d  m an y  o f  th e m , h o w e v e r , is re m a rk a b ly  p o o rly  u n d e rs to o d , d e sp ite  
th e ir  a n c ie n t o r ig in s .’ T h is  c h a p te r  is fo llo w ed  by a n o th e r  w ith  so m e  
in te re s tin g  b u t  b ro a d  c o n s id e ra tio n s  a b o u t a w id e  ra n g e  o f  fe rm e n te d  fo o d s 
fo u n d  m ain ly  in  th e  O rie n ta l  c u ltu re . S oy sau ce  a n d  m iso  a re  d e sc rib e d  in  a 
s e p a ra te  c h a p te r .  I t  is an  in te re s tin g  a n d  re a d a b le  in tro d u c tio n  to  p ro c ess in g
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te c h n o lo g y  a n d  m ic ro b io lo g y  w ith  v a lu a b le  s ta tis tica l d a ta  o f  w o rld  p ro d u c tio n  
a n d  t r a d e  (1 9 7 6 -7 8 ) o f  b o th  p ro d u c ts . T h e  a u th o rs  o f  th e  c h a p te rs  o n  
b re a d m a k in g  a n d  ch e e se s  su cc eed  in p ro v id in g  a g o o d  ac c o u n t o f  th e  
fu n d a m e n ta ls  o f  m ic ro b ia l ac tiv ity  an d  its re le v a n c e  to  p ro c ess in g  o f  such  
p ro d u c ts . F e rm e n te d  m ilks  a re  d e a lt  w ith  b rie fly  in  a s e p a ra te  c h a p te r . T h e  
c h a p te r  o n  fe rm e n te d  v e g e ta b le s  is an  e n te r ta in in g  in tro d u c tio n  fo r  th e  s tu d e n t  
a n d  fo r  th o s e  in  th e  fo o d  in d u s try  a n d  in v o lv ed  w ith  R  &  D  o n  th e  n e e d s  fo r  
re s e a rc h  a n d  o n  th e  e n o rm o u s  p o ss ib ilitie s  o f  a p p lica tio n s  o f  m o d e rn  
k n o w le d g e  o f  m ic ro b ia l p h y sio lo g y . T w o  s e p a ra te  c h a p te rs  d e a l w ith  co ffee  
a n d  co c o a . W h e th e r  co ffee  sh o u ld  b e  c o n s id e re d  a fo o d  fe rm e n ta t io n  is an  
o p e n  q u e s tio n . S c ien tific  in v es tig a tio n  on  co co a  is e n c o u ra g e d  to  ‘b rin g  a b o u t 
a n  im p ro v e m e n t o f  th e  raw  m a te r ia l  in  th o se  p a r ts  o f  th e  w o rld  w h e re  it is n o t 
o f  p re m iu m  q u a li ty ’. T h e  la s t c h a p te r  co v e rs  p ro cess in g  a n d  ec o n o m ic a l 
a sp e c ts  o f  y e a s t e x tra c ts .

T h e  b o o k  see m s to  h av e  few  e r ro rs  (e .g . p . 207 ‘V e sc o v a ’ sh o u ld  be  
‘V e sc o v o ’; o n  p . 239 ‘fa c u la tiv e ’ sh o u ld  b e  ‘fa c u lta tiv e ’; o n  p. 274 
‘P IC A R D O , C . (1934). A n q u iv o s  In s t i tu to  B io lo g ica  V e g e ta b le s . 2 , 6 7 ’ 
sh o u ld  b e  ‘P IC A D O , C . (1934). A rc h iv o s  d o  In s ti tu to  de  B io lo g ia  V e g e ta l. 1, 
6 7 ’.

T h e  s tu d e n t  a n d  th o se  sc ien tis ts , te c h n o lo g is ts , ec o n o m is ts  a n d  o th e r  
p ro fe ss io n a ls  c o n c e rn e d  w ith  fo o d  see k in g  fo r  b asic  k n o w led g e  o n  fo o d  
fe rm e n ta t io n  w ill f in d  th is  b o o k  a u sefu l to o l. T h e  su b jec ts  a re  w ell in d e x e d  
a n d  c o v e re d  by  re c e n t  a n d  h e lp fu l re fe re n c e s  (w ith  em p h asis  o n  l i te ra tu re  
p u b lish e d  fro m  1976 to  1982) th a t  a re  p re s e n te d  in  an  a lp h a b e tic a l o rd e r  a t th e  
e n d  o f  ea ch  c h a p te r  th u s  m ak in g  it easy  to  u se  by  th e  r e a d e r  in te re s te d  in 
fu r th e r  k n o w le d g e .

J . F. P . M a r tin s

Nutrition and Killer D iseases: The Effects of Dietary Factors on 
Fatal Chronic D iseases. E d . by  J o h n  R o se .
P a rk  R id g e , N ew  Je rse y : N o y es P u b lic a tio n s , 1982. P p . x v ii+ 1 8 5 . IS B N  0 
8155 0902 2. U .S .$25.00.

T h is  in te re s t in g  v o lu m e , w ith  its s tirr in g  an d  p ro v o c a tiv e  t itle , rev iew s th e  
e v id e n c e  fo r  th e  a sso c ia tio n s  b e tw e e n  n u tr it io n  an d  th e  c h ro n ic  d isea se s  w hich  
can  le a d  to  p re m a tu re  d e a th .  S ev era l o f  th e  fo u r te e n  c h a p te rs  a re  b a se d  o n  th e  
p ro c e e d in g s  o f  a N a tio n a l C o n fe re n c e  o n  ‘K ille r D ise a se s ’ w h ich  w as h e ld  a t 
th e  R o y a l S o c ie ty  o f  M ed ic in e  in L o n d o n  in  1980 u n d e r  th e  aeg is o f  th e  
In s t i tu tio n  o f  E n v iro n m e n ta l  S ciences. A d d itio n a l m a te r ia l,  in c lu d in g  c h a p 
te rs  o n  an  an a ly sis  o f  th e  e ffec ts  o f  h eav y  m e ta ls  an d  v itam in  d e fic ien c ies  on  
th e  in c id en c e  o f  b ir th  d e fec ts  a n d  d isease s  o f  m id d le -ag e , a n d  th e  ro le  o f  
m y co to x in s  in  c e r ta in  id io p a th ic  d iso rd e rs  a n d  tu m o u rs  in an im als  a n d  m an , 
ro u n d s  o ff  th e  te x t to  p ro v id e  a u se fu l c o n tr ib u tio n  to  th e  su b s ta n tia l l i te ra tu re  
o n  fo o d s  a n d  th e ir  e ffec t o n  h e a lth .
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In  a c h a p te r  o n  th e  ‘d isea se s  o f  a f f lu e n c e ’, D e n is  P. B u rk e tt  d iscusses b rie fly  
so m e  o f th e  d isea se s  w h ich  a re  re la te d  to  a d efic ien cy  o f  d ie ta ry  fib re . R ic h a rd  
W . D . T u rn e r  rev iew s th e  d ie ta ry  fa c to rs  a sso c ia ted  w ith  c o ro n a ry  h e a r t  
d isease  a n d  H u g h  M . S in c la ir c o n tr ib u te s  an  ex c e llen t an d  e n jo y a b le  c h a p te r  
o n  th e  ro le  o f  e s se n tia l fa tty  ac ids an d  c h ro n ic  d e g e n e ra tiv e  d iseases . D e re k  
B ry ce -S m ith  su m m a riz e s  th e  ro le  o f  h eav y  m e ta ls  in d e g e n e ra tiv e  d isea se , 
w ith  p a r tic u la r  re fe re n c e  to  c a d m iu m  an d  lead . D e n n is  S h a p c o tt d iscusses th e  
n e e d  fo r  re s e a rc h  in to  th e  m e ta b o lism  o f  tra c e  e le m e n ts , p a r tic u la r ly  in  
re la t io n  to  th e ir  a sso c ia tio n  w ith  ca rd io v a sc u la r  d isea se , an d  pays p a r tic u la r  
a t te n t io n  to  th e  e ffec ts  o f  d e fic ien c ies  o f  d ie ta ry  ch ro m iu m  an d  c o p p e r . 
R ic h a rd  J a r r e t t ,  in a th o ro u g h ly  re a d a b le  c h a p te r  on  d ia b e te s  m e llitu s , 
e x p lo re s  th e  re la tio n  b e tw e e n  th e  d e g re e  o f  ad ip o sity  a n d  th e  p re v a le n c e  o f  
th e  d isea se  b o th  w ith in  a n d  b e tw e e n  p o p u la tio n s .

S ev e ra l a u th o rs  fee l h o n o u r  b o u n d  to  m a k e  spec ific  re c o m m e n d a tio n s  fo r 
v a r io u s  d ie ta ry  c h a n g es  w h ich  m ay  p ro d u c e  a b en e fic ia l e ffec t. S o m e go as fa r  
as to  su g g est p ra c tica l s te p s  to  ch o o se  th e  ‘r ig h t’ fo o d s , an d  a t  tim es th e re  is 
th e  te n d e n c y  to  b lu r  th e  d is tin c tio n  b e tw e e n  ev id en c e  an d  o p in io n . H o w e v e r , 
A rn o ld  B e n d e r  re s to re s  th e  b a la n c e  o f  th e  b o o k , an d  p o in ts  o u t fo rc ib ly  th a t  
d ie t  is o n ly  o n e  o f  th e  m an y  fa c to rs  th a t  is in v o lv ed  in th e  ae tio lo g y  o f  th e  
d e g e n e ra tiv e  d isea se s— a lb e it o n e  th a t  can  b e  ch a n g ed . A lth o u g h  th e re  is 
co n v in c in g  ev id e n c e  p re s e n te d  th ro u g h o u t th e  b o o k  th a t  n u tr i t io n  d o es  p lay  
an  im p o r ta n t  ro le  in  d ise a se , P ro fe sso r  B e n d e r  re m in d s  th e  sc ien tis ts  th a t  th e  
m e d ia  te n d  to  se n sa tio n a liz e  v irtu a lly  ev e ry  fo rm  o f  n u tr i t io n  ad v ice , a n d  th a t  
c a re  sh o u ld  b e  ta k e n  to  av o id  an y  fu r th e r  re d u c tio n  in  th e  c red ib ility  o f  p u b lic  
h e a lth  d ie ta ry  g o a ls , e sp ec ia lly  w h e n  d ea lin g  w ith  h igh ly  co n tro v e rs ia l issues.

T h e  ti tle  o f  th e  b o o k  d o e s  little  to  a llay  m y fe a rs  th a t  th e  to p ic  o f  n u tr i t io n  
a n d  h e a lth  w ill c o n tin u e  to  be  ex p lo ite d . N e v e rth e le ss , th e  c h a p te rs  a re  all 
w ell w r it te n  a n d  in fo rm a tiv e  a n d  th e  b o o k  sh o u ld  a p p e a l to  n u tr itio n is ts  an d  
h e a lth  p ro fe ss io n a ls .

D a v id  P . R ic h a r d s o n

Food Scien ce : A  Chem ical Approach, 4 th  ed . By B rian  A . F o x  a n d
A lla n  G . C a m e ro n .
L o n d o n : H o d d e r  &  S to u g h to n , 1982. P p . x ii+ 3 7 0 . IS B N  0 340 27863 3. £4 .95  
(p a p e rb a c k ) .

T h e  fo u r th  e d itio n  o f  th is  p o p u la r  te x t co n ta in s  sev e ra l m a jo r  ch an g es  w ith  
re sp e c t to  e a r l ie r  e d itio n s . In  p a r tic u la r  th o se  top ics  re la te d  to  d ie t an d  h e a lth  
h av e  re c e iv e d  m o re  a t te n tio n .

T h e  firs t th re e  c h a p te rs  give a b r ie f  ac co u n t o f  th e  n a tu re  o f  fo o d  system s 
an d  a co n c ise  d e sc r ip tio n  o f  d ig es tio n  an d  a b so rp tio n . T h e  fo u r th  c h a p te r , 
so m e  tw en ty -s ix  p a g e s , co v e rs  v ery  b asic  ch e m is try  a n d  it is p e rh a p s  d e b a ta b le  
w h e th e r  th is  m a te r ia l  is, in fa c t, n ec essa ry  fo r  th e  in te n d e d  re a d e rsh ip . T h e  
n e x t sev e n  c h a p te rs  a re  d e v o te d  to  th e  m a jo r  fo o d  c o m p o n e n ts  w ith , p e rh a p s
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su rp ris in g ly , a lco h o ls  a n d  ac ids p ro v id in g  th e  su b je c t m a tte r  fo r  th e  f irs t o f 
th e se . T h is  is fo llo w ed  by a d e sc rip tio n  o f  o ils , fa ts  an d  co llo id s an d  co n ta in s  
so m e  v ery  in te re s t in g  illu s tra tiv e  m a te r ia l,  such  as m a rg a rin e  m a n u fa c tu re  an d  
th e  p ro d u c tio n  o f  d a iry  p ro d u c ts . C a rb o h y d ra te s  a re  d iscu ssed  in tw o  c h a p te rs  
w ith  th e  d iv is io n  in to  su g ars  a n d  p o ly sa c c h a rid e s ; h e re  aga in  ex ten s iv e  use  is 
m a d e  o f  i l lu s tra tiv e  e x a m p le s , in c lu d in g  f lo u r m illing  an d  b re a d  b ak in g . T h e  
v ita l im p o r ta n c e  o f  a m in o  ac ids a n d  p ro te in s  is e m p h as iz ed  in c h a p te r  9 w ith  a 
d e sc r ip tio n  o f  p ro te in  s tru c tu re  an d  p ro p e r tie s . C h a p te r  10 is c o n c e rn e d  w ith  
th e  d e te rm in a tio n  o f  in o rg an ic  c o m p o n e n ts , n am ely  w a te r  an d  ‘m in era l 
e le m e n ts ’, th e  la t te r  b e in g  d e f in e d  as th o se  e le m e n ts  th a t a re  le ft a f te r  th e  
b o d y  is c re m a te d !  C h a p te r  11 co v e rs  th e  to p ic  o f  v itam in s w ith  d e sc rip tio n s  o f 
th e ir  p h y sio lo g ica l fu n c tio n s  a n d  th e ir  m o re  im p o r ta n t fo o d  so u rces .

T h e  fin a l th re e  c h a p te rs  o f  th e  b o o k , w hich  a re  a lso  th e  c h a p te rs  m ost 
e x p a n d e d  fro m  p re v io u s  e d itio n s , d ea l w ith  p rac tica l ap p lica tio n s  o f  th e  
p re c e d in g  m a te r ia l.  T h e se  in c lu d e  e ffec ts  o f  co o k in g , fo o d  sp o ilag e  an d  th e  
c o n tro v e rs ia l  to p ic  o f  ch em ica ls  in fo o d . T h is  m a te r ia l b rings h o m e  th e  
re le v a n c e  o f  fo o d  sc ien ce  a n d  e m p h as iz e s  its im p o rta n c e  to  all o f  us w h o  e a t.

In  c o n c lu s io n  th is  is an  ex c e llen t b o o k  as an  in tro d u c tio n  to  fo o d  ch e m is try  
w ith  a w id e  ra n g e  o f  a p p lic a tio n s  to  in te re s t  an d  m o tiv a te  th e  re a d e r . It will be  
e m in e n tly  s u ita b le  fo r  th o se  s tu d e n ts  s tu d y in g  fo o d  sc ience  fo r  u se  as a first 
te x t ,  o r  in d e e d  fo r  th o se  s tu d e n ts  w ith  on ly  a p e r ip h e ra l in te re s t  in th e  su b je c t 
as , fo r  e x a m p le , s tu d e n ts  o f  m ed ic in e , n u rs in g  o r  h o m e  eco n o m ics.

R . M a c ra e

Copper in Biology and M edicine Series. B y C . A . O w en .
Vol. 1. Copper D efic iency and Toxic ity . P p . x v + 1 8 9 . IS B N  0 8155 0868 
9 , £23 .00 .
Vol. 2. W ilson's Disease. P p . xx +  215. IS B N  0 8155 0879 4 , £23 .50 .
Vol. 3. B iochem ical Aspects o f Copper. Pp. x v ii+ 2 0 5 . IS B N  0 8155 
0891 3.
V ol. 4. Physio logical Aspects o f Copper. Pp. x v i+ 2 8 6 . IS B N  0 8155 
0904 9.
V ol. 5. B iological Aspects o f Copper. P p . x v i+ 1 5 6 . IS B N  0 8155 0918 
9.
N ew  Je rse y : N o y es  P u b lic a tio n s , 1 9 8 1 -8 2 .

T h e se  five v o lu m es by th e  sam e  a u th o r  co v e r a la rg e  p a r t o f  th e  l i te ra tu re  on  
c o p p e r  in b io lo g y  a n d  m ed ic in e  u p  to  1980, w ith  th e  em p h asis  o n  an im als  an d  
m an . T h e re  a re  o v e r  10000 re fe re n c e s , all fu lly  d o c u m e n te d , w ith  th e  title s  o f 
th e  p a p e rs  a n d  ev en  th e  h o m e to w n s o f  th e  a u th o rs . T h is  m u lti-v o lu m e  
m o n o g ra p h  is th e re fo re  a m in e  o f  in fo rm a tio n  an d  it is p a r tic u la rly  u sefu l in 
th e  a re a s  in w hich  th e  a u th o r  has h ad  long  e x p e rie n c e , n am ely  th e  d is tr ib u tio n  
an d  m e ta b o lism  o f c o p p e r  in an im al tissues .
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V o lu m e  1 s ta r ts  w ith  a s h o r t  p re fac e  an d  a n o te  a b o u t th e  a u th o r  w h o  is a 
p ro fe s so r  o f  m ed ic in e  in M in n e so ta , th e n  it p lu n g es  s tra ig h t in to  a c q u ire d  an d  
in h e r i te d  c o p p e r  d e f ic ien c ie s  in an im als  a n d  m an . T h is is fo llo w ed  by c h a p te rs  
o n  c o p p e r  to x ic ity  a n d  th e ra p e u tic  ap p lica tio n s . B a c te ria  an d  p la n ts  a re  a lso  
m e n tio n e d  b u t o n ly  te n  p ag e s  o u t o f  178 a re  d e v o te d  to  th e se  to p ics . V o lu m e  2 
d ea ls  exc lu siv e ly  w ith  W ilso n ’s d isease  in all its a sp e c ts . M uch  re m a in s  to  b e  
le a rn t  a b o u t th e  a e tio lo g y  o f  th is  ra re  h e re d ita ry  co n d itio n  a n d  th e se  p ro b le m s  
a re  d iscu ssed  in C h a p te r  2. V o lu m e  3 co n ta in s  a d e ta ile d  su rvey  o f  th e  
c o p p e r-c o n ta in in g  p ro te in s ,  o f  w h ich  so m e  th ir ty  a re  now  k n o w n . P ro b a b ly  
th e  b e s t k n o w n  o f  th e se  is th e  b lu e  p la sm a  p ro te in ,  c a e ru lo p la sm in , w hich  is 
a c c o rd e d  a c h a p te r  to  itse lf. T h e  title  o f  V o lu m e  4 is r a th e r  m is lead in g  since 
s ix te e n  o f  its s e v e n te e n  c h a p te rs  a re  d e v o te d  to  a su rv ey  o f  th e  c o p p e r  
c o n c e n tra t io n s  in th e  b o d y  flu ids an d  tissu es  an d  on ly  o n e  c h a p te r  is d e v o te d  
to  p h y sio lo g y  p ro p e r ,  n a m e ly  a b s o rp tio n , ex c re tio n  an d  b a lan c e . T h e  last 
v o lu m e  o p e n s  w ith  a s h o r t  c h a p te r  o n  th e  o c c u rre n c e  o f  c o p p e r  in  w a te r , so il, 
p la n ts  a n d  fo o d . T h is  is fo llo w ed  by  a c h a p te r  on  an a ly tica l m e th o d s  w h ich , 
su rp ris in g ly , d o e s  n o t in c lu d e  th e  use o f  th e  ra d io iso to p e s  o f  c o p p e r , a 
te c h n iq u e  in  w h ich  th e  a u th o r  h as  ex ten s iv e  e x p e rie n c e . O th e r  im p o r ta n t 
to p ic s , in c lu d in g  q u a lity  c o n tro l,  re fe re n c e  m a te r ia ls  an d  th e  p re p a ra tio n  o f  
b io lo g ica l sam p le s  a re  a lso  n o t m e n tio n e d . T h e  last c h a p te r  in  th is  v o lu m e  is 
d e v o te d  to  th e  in te r re la tio n s h ip s  b e tw e e n  c o p p e r  an d  o th e r  e le m e n ts , 
p a r tic u la r ly  c a d m iu m , iro n  an d  zinc.

T h e se  v o lu m e s , th e re fo re ,  w ill be  usefu l to  an y o n e  in te re s te d  in th e  
b io c h e m is try , p h y sio lo g y  o r  p a th o lo g y  o f  c o p p e r  in an im als  o r  m an  b u t th ey  
will p ro b a b ly  be  less h e lp fu l to  th o se  in te re s te d  in  p la n t ph y sio lo g y , n u tr i t io n  
o r  fo o d  te c h n o lo g y .

It is p e rh a p s  in e v ita b le  th a t  a w o rk  o f  th is  m ag n itu d e  by a sing le  a u th o r  will 
c o n ta in  o th e r  d e fe c ts  b e s id es  th a t  o f  co v e ra g e , an d  o n e  o f  th e se  is th e  
a r ra n g e m e n t o f  th e  m a te r ia l. A n  in tro d u c to ry  c h a p te r  s ta tin g  th e  a u th o r ’s 
a im s a n d  th e  p lan  o f  th e  w h o le  w o rk  is c lea rly  n e e d e d  in an  e n te rp r is e  o f  th is 
size . H is to r ic a l a sp e c ts  d e se rv e  m o re  space  th a n  th ey  rece iv e  in th e  p re se n t 
b r ie f  p re fa c e . A  d iscu ssio n  o f  so m e  o f th e  ch em ica l p ro p e r tie s  o f  c o p p e r  w o u ld  
a lso  h a v e  b e e n  a p p ro p r ia te ,  p a r tic u la r ly  th e  ro le  o f  c o p p e r  in re d o x  re a c tio n s  
an d  th e  e a se  w ith  w h ich  it fo rm s  co m p lex es  w ith  o rg a n ic  m o lecu les , p ro p e r t ie s  
w h ich  d e te rm in e d  th e  re la tiv e ly  la te  e n try  o f  c o p p e r  in b io log ica l ev o lu tio n . 
R e g a rd in g  th e  a r ra n g e m e n t o f  th e  w o rk  as a w h o le , it w ou ld  h av e  b e e n  b e t te r  
to  s ta r t  w ith  th e  to p ics  c o v e re d  in V o lu m e  5 a n d  to  e n d  w ith  th o se  c o v e re d  in 
V o lu m e  1, r a th e r  th a n  th e  re v e rse .

A n o th e r  d e fe c t is th e  c o m p le te  lack  o f  illu s tra tio n s  in any  o f  th e  v o lu m es so 
th a t  th e  te x t re a d s  m o re  like  a ca ta lo g u e  th a n  a rev iew . A lso , th e  r e a d e r  
re ce iv es  little  g u id a n c e  as to  th e  m o re  im p o r ta n t  p a p e rs  a m o n g  th e  m an y  th a t  
a re  c ited . M o re  su m m a rie s  an d  critica l co n c lu s io n s  w o u ld  also  h av e  b ee n  
w e lco m e . A b b re v ia t io n s  a re  n o t alw ays d e f in e d . F o r  ex a m p le  th e  s ta te m e n t 
o n  p. 233 in  V o lu m e  4 th a t  ‘th e re  is an  E S R  p e a k  in th e  d r ie d  b lo o d ’ co u ld  b e  
m is in te rp re te d  by a m ed ica lly  o r ie n te d  re a d e r . I t  is a su rp rise  a lso  to  find  th a t
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n o n e  o f  th e  v o lu m e s  is n u m b e re d , a lth o u g h  th e  a u th o r  re fe rs  to  ‘vol I V ’ o n  p. 
29 in  V o lu m e  5 a n d  to  ‘vol V ’ o n  p . 105 in  V o lu m e  4.

T h e re  is a g o o d  in d e x  a t th e  e n d  o f  ea ch  v o lu m e  b u t n o  g e n e ra l in d ex ; th is  is 
u n fo r tu n a te  since  so m e  to p ic s  a re  d e a lt  w ith  in  m o re  th a n  o n e  v o lu m e . T h e  
a u th o r ’s s ty le  is g e n e ra lly  co n c ise , fa c tu a l a n d  c o rre c t b u t  th e re  a re  o ccas io n a l 
lap se s . I t  is n o t  e n o u g h , fo r  e x a m p le , to  s ta te  th a t  ‘a p ig ’s to n g u e  co n ta in s
2 .1  fxg C u /g  w e t w e ig h t’ o r  ‘c o p p e r  in  th e  r a t ’s to n g u e  is 1.3 /xg /g  w e t w e ig h t 
(V o l. 4 , p . 4 ); ra n g e s  sh o u ld  b e  g iv en , o r  w e re  th e se  sing le  m e a su re m e n ts?

D e s p ite  th e s e  s tr ic tu re s , th is  is an  im p o r ta n t  w o rk  o f  re fe re n c e  fo r  all w h o  
a re  in te re s te d  in  th e  tra c e  e le m e n ts . T h e re  a re  few  ty p o g ra p h ic a l e r ro rs  an d  
th e  w o rk  sh o u ld  b e  on  th e  sh e lv es  o f  m o s t u n iv e rs ity  an d  tech n ic a l lib ra rie s . 
H o w e v e r , th e  c o s t o f  th e  c o m p le te  se rie s  is w ell o v e r £100, w h ich  w ill d e te r  
m o s t p r iv a te  p u rc h a se rs .

A .  H o d g k in s o n

Principles and Practice of D isinfection, Preservation and Ster
ilization. E d . by  A . D . R u sse ll, W . B . H u g o  a n d  G . A . J . A y liffe .
O x fo rd : B lack w e ll S c ien tific  P u b lic a tio n s , 1982. P p . x + 6 5 3 . IS B N  0 632 00547 
5. £32 .00 .

D rs  R u sse ll a n d  H u g o  a n d  P ro fe sso r  A y liffe , w ith  tw en ty -e ig h t o th e r  
c o n tr ib u to rs ,  h a v e  p ro d u c e d  a u se fu l b o o k  d ea lin g  w ith  a v ery  p ra c tic a l a sp e c t 
o f  m ic ro b io lo g y  th a t  h as  a p p lic a tio n  in  m an y  fie lds.

T h e re  a re  th re e  p a r ts . P a r t  1, D is in fe c tio n , d ea ls  w ith : h is to ry ; ty p e s  o f 
d is in fe c ta n ts ; fa c to rs  a ffec tin g  efficacy ; e v a lu a tio n ; m o d es  o f  a c tio n ; ty p e s  o f  
re s is ta n c e ; g o o d  m a n u fa c tu r in g  p ra c tic e ; a p p lic a tio n  in  h o sp ita ls . P a r t  2 , 
P re s e rv a tio n , d e a ls  w ith : p re se rv a tiv e s  a n d  th e ir  m o d e  o f  a c tio n ; p re s e rv a tio n  
o f  p h a rm a c e u tic a ls  a n d  co sm e tic s , cu ttin g  o il em u ls io n s , fue ls  a n d  lu b ric a n ts , 
p a p e r  a n d  p u lp , te x tile  a n d  le a th e r ,  p a in t ,  b u ild in g  m a te r ia ls  a n d  w o o d . P a r t  3, 
S te r il iz a tio n , d ea ls  w ith : s te r il iz a tio n  by  h e a t  a n d  ap p lica tio n s  in  m e d ic in e  a n d  
in d u s try ; io n iz in g  a n d  u ltra v io le t  i r ra d ia t io n ;  s te r iliz a tio n  by  gases an d  
f i l tra tio n ; c o n tro l a n d  m o n ito r in g  o f  s te r il iz a tio n , p ro c esses .

T h e  b o o k  is g e n e ra lly  w ell p re s e n te d  w ith  c le a r , la rg e  (a lm o s t to o  la rg e ) 
ty p e fa c e , w ith  c le a r  d ia g ra m s  a n d  w ith  v e ry  few  ty p o g rap h ic a l e r ro rs  (e .g . 
e q u a tio n  3 .6 , p . 120). T h e re  a re  few  p h o to g ra p h s  an d  so m e  o f  th e m  a re  o f  a 
lo w e r s ta n d a rd  th a n  th e  b o o k  d e se rv e s . T h e  size an d  p re su m a b ly  co s t o f  th e  
b o o k  co u ld  w ith  a d v a n ta g e  h a v e  b e e n  re d u c e d  by  h av in g  o n e  list o f  
re fe re n c e s ,  r a th e r  th a n  s e p a ra te  o f te n  re p e titiv e  lists a t each  c h a p te r  o r  p a r t  o f  
c h a p te r ,  a n d  by  re d u c in g  th e  sp ac e  b e tw e e n  su b sec tio n s  o f  th e  te x t (e .g . p . 
184, 185, 247 ). T h e  in d ex  is c o m p re h e n s iv e . F o r  a b o o k  o f  th is  so r t , like ly  to  
b e  u se d  f r e q u e n tly  fo r  re fe re n c e  in  th e  la b o ra to ry , th e  b in d in g  m ig h t h av e  
b e e n  g iven  a  p la s tic  co a tin g .

R e a d in g  th is  b o o k  re v e a le d  o r  e m p h a s iz e d  to  m e m an y  in te re s tin g  p o in ts . 
T h e  d ifficu lty  o f  d is in fe c ta n t e v a lu a tio n  lead s  to  d iffe re n t c o u n tr ie s  a n d  
d if fe re n t in d u s tr ie s  u s in g  d if fe re n t te s ts  a n d  s ta n d a rd s , a s i tu a tio n  cau sin g
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d ifficu ltie s  fo r  b o th  th e  p ro d u c e r  an d  th e  u ser. T h e  a p p a re n t  ab se n ce  o f  
s ta tis tic a l c o n s id e ra tio n s  is su rp ris in g  b u t p e rh a p s  th e  co m p lica tio n  is n o t a t 
th is  s tag e  th o u g h t a p p ro p r ia te  in v iew  o f  th e  low  level o f  sensitiv ity  o b ta in e d . 
P rac tic a l te s ts  to  s im u la te  re a l-life  s i tu a tio n s  fo r  e v a lu a tio n  o f  d is in fec ta n ts  a re  
sa id  to  h a v e  a p p e a re d  re c e n tly — I h ad  th o u g h  th a t  th e  H o y  & C legg  (1953) can  
te s t  w as an  e x a m p le  o f  such  a te s t. C h a p te r  8  o n  p ro b le m s o f d is in fec tio n  in 
h o sp ita ls  is o f  c o n s id e ra b le  in te re s t  to  th e  fo o d  in d u s try  in in d ica tin g  w h a t 
e r ro rs  in d esig n  a n d  use  can  in c re a se  c o n ta m in a tio n . A p p a re n tly  th e  m ain  
cau se  o f  d is in fe c ta n t fa ilu re  is in a c c u ra te  d ilu tio n  by  u n tra in e d  staff. A lso  it 
seem s th a t  th e  u n in itia te d  will sp e n d  to o  m u ch  e f fo rt o n  d is in fec tin g  f lo o rs , 
w alls a n d  ce ilings w h ich  a re  ra re ly  heav ily  c o n ta m in a te d  w hile  n eg lec tin g  th e  
in sid es  o f  tu b in g  a n d  m ed ica l e q u ip m e n t, w h e re  c o n ta m in a tio n  can  ra p id ly  
in c re a se  a n d  do  m ax im u m  d a m a g e . T h e  im p o rta n c e  o f  p re se rv a tio n  o f  item s 
fro m  m ic ro b ia l a tta c k  is e m p h a s iz e d  in  ex c e llen t sec tio n s  o n  fo o d , o ils , w o o d , 
e tc .

T h e  E d ito rs  h av e  b ro u g h t to g e th e r  a w ide  ra n g e  o f  in te re s tin g  to p ic s  an d  
h av e  a llo w ed  in d iv id u a l s ty les to  e n r ic h  th e  b o o k . H o w e v e r , I w o u ld  h av e  
a p p re c ia te d  m o re  e d ito r ia l  c o n tro l o v e r c e rta in  a sp e c ts . T h e  title  o f  th e  b o o k  
in c lu d es  ‘P rin c ip le s ’ a n d  so I e x p e c te d  to  fin d  c h a p te rs  o r  sec tio n s  c lea rly  
d e lim ite d  to  d ea l w ith  th o se  p rin c ip le s  o f  w id e  re le v a n c e  to  th e  su b je c ts  o f  th e  
b o o k . F o r  e x a m p le , I h a d  in m in d  c o n s id e ra tio n  o f  e x p o n e n tia l d e a th  a n d  its 
im p lica tio n s , p a r tic u la r ly  p r o b a b i l i ty  o f  s te rility . (In  th is  c o n te x t I w as 
d is a p p o in te d  to  re a d , in  th e  p re fa c e , th a t  s te r iliz a tio n  is an  ‘in fin ite ly  m o re  
sec u re  p ro c e s s ’ th a n  d is in fe c tio n  a n d , on  p . 115, th e  u n s u p p o r te d  s ta te m e n t th a t  
‘it is o b v io u sly  e a s ie r  fo r  an  an tim ic ro b ia l a g e n t to  be  e ffec tiv e  w h en  th e re  a re  
few  m ic ro o rg a n ism s  a g a in s t w h ich  it h as  to  a c t’.) I a lso  e x p e c te d  a u n ified  
tre a tm e n t  o f  th e  p ro p e r t ie s  o f  th e  b a c te r ia l  e n d o s p o re  in th e  c o n te x t o f  k illing  
by v a rio u s  m e th o d s . C e rta in ly  th e se  su b je c ts  w e re  d e a lt w ith  in  th e  b o o k — b u t 
in  v a r io u s  p la c e s , in  sp ec ific  c o n te x ts . A s ‘p re s e rv a t io n ’ c o n s titu te d  a q u a r te r  o f 
th e  b o o k , I e x p e c te d , b u t  co u ld  n o t fin d , a d e f in itio n  o f  ‘p re s e rv a t io n ’ o r  
g u id an ce  o n  th e  p rin c ip le s  o f  th e  su b je c t. In  fac t th e re  seem s to  be  d is a g re e m e n t 
a b o u t w h e th e r  a p re se rv a tiv e  sh o u ld  kill m ic ro b e s  o r  m ere ly  s to p  th e m  g row ing .

T h e re  a re  so m e  m in o r  a sp e c ts  o n  w hich  I d iffe r  w ith  e d ito r ia l  ju d g e m e n t. I 
give so m e  e x a m p le s  ta k e n  a t ra n d o m . I fo u n d  it d isa p p o in tin g  in th e  c h a p te r  on  
g o o d  m a n u fa c tu r in g  p ra c tic e  th a t  d e ta ils  w e re  g iven  o n  p ac k in g  o f  o v en s  b u t 
n o t on  h e a tin g  t im e ; th a t  a u to c la v e  te m p e ra tu re  b u t n o t tim e  w as g iv en , n o r  
asp ec ts  o f  tim e  a n d  v o lu m e  c o n s id e ra tio n s ; th a t  P s e u d o m o n a s  a e ru g in o sa  w as 
c o n s id e re d  n o t to  b e  p a th o g e n ic ; th a t  th e re  w as m in im al c o n s id e ra tio n  o f 
p y ro g e n s ; a n d  th a t  th e re  w as n o  m e n tio n  o f  th e  s ta n d a rd  U .K . m a n u a l o n  th e  
b ac te rio lo g ic a l e x a m in a tio n  o f  w a te r  su p p lies .

I d id  n o t lik e  th e  u se  o f  ‘G —v e s’, ‘G + v e s ’ an d  ‘s lim ic id e ’ (can  you  kill a 
s lim e ? ) in so m e  p a r ts  o f  th e  b o o k , n o r  d iffe re n t u n its  u sed  fo r so lu b ilitie s , 
ev en  on  th e  sam e  p a g e , e .g . p . 27. O n  p ag e  207 an d  e lse w h e re  th e  te rm  
b a c te r ia l ‘s p o re ’ is u sed  as sy n o n y m o u s w ith  ‘e n d o s p o re ’. W hile  I a c k n o w 
led g e  th a t  e n d o s p o re s  a re  th e  m ost im p o r ta n t ty p es  o f  b a c te ria l sp o re s  fro m
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the point o f view  o f resistance to heat and certain chem icals, I think that the 
occurrence o f other types of spores should have been acknowledged. I cannot 
see how a virustatic agent could be assessed (Table 4 .1 ), and was not helped  
by the statem ent on p. 154 that virucidal tests are still at the experim ental 
stage.

Authors and editors seem ed to me to have in mind readers with an 
extrem ely uneven know ledge o f m icrobiology, expected not to know what 
ribosom es do (p. 170), but to know what plasmids are (p. 199), and to 
understand a m athematical explanation of a crucially important concept, the 
chem iosm otic theory. In this last context I imagine that a reference to an 
introductory treatm ent o f the subject (e .g . in Lynch, J.M . & P oole, N .J.
(1979) M icrobial Ecology A Conceptual Approach, B lackwell Scientific 
Publications, O xford), would have been appreciated. Alternatively a simple 
statem ent might have been made such as: Healthy bacteria maintain a lower 
concentration o f hydrogen ions inside the cell than outside. Hydrogen ions 
‘pressing’ to get back inside can be used to generate A T P, to cause flagella to 
rotate, and to allow transport o f other substances against a concentration  
gradient.

The book will be an extrem ely useful reference work for many people in 
higher education, industry and m edicine. I am confident its popularity will 
lead to a second edition, when the opportunity may be taken to increase its 
utility by attention to the minor points I have m entioned.

R. W. A. Park
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