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Evaluating the Lethality of Heat Processes 
Using a Method Employing Hicks' Table 

I. J. Piing • 
Department of Food Science, Michigan State University, East Lansing, Michigan 

SUMMARY 
A method of calculating the lethal

ity of heat processes is described and 
illustrated. This method can be used 
for z-values from 10 to 80°F; it al
lows the technologist to calculate di
rectly the lethality of the heating and 
the cooling portion of the process. 

METHOD 
Hicks (1958) prepared a set of ta

bles, where the term that we shall call 
H, which is a function of g and z, is 
tabulated; the term H in these tables 
is related to f., u., c, f., and U. in the 
equation: 

100 u. 1 
H= = 

f. c 

100 u. 
f. 

• Present address: College of Medical 
Science, School of Public Health, Univer
sity of Minnesota, Minneapolis, Minn. 

The function H is quite similar to 
the function f./U of Ball (1928). (We 
shall use the symbol B for Ball's func
tion, B = fh/U). The significant dif
ference between the function B and the 
function H is that B relates U, the le
thal effect of both the heating and cool
ing portions of the thermal process, 
with f., whereas H relates u., the le
thal effect of the heating portion of 
the curve, with f-, and through the 
use o£ c relates U,, the lethal effect of 
the cool, with f, (c = UJU.). The 
potential use of Hicks table was recog
nized soon after it appeared in 1958; 
however, to bring the Hicks table ( Ta. 
ble 1) into practical usc it was neces
sary to develop the tables of c (Tables 
2 and 3 ). The c tables were developed 
using the data in the cooling tables of 
the new calculation method in Ball ef 

al. (1957) . The variable c, in its most 

usable form, relates H, £. and U, in 
the equation. 

cHf. 
u. = - - -

100 
This method of process evaluation, 

which is applicable for z values of 10 
through 80 and for simple through 
very complex heating and cooling 
curves, is, in reality, a s implification 
of the new formula method of Ball et 
al. (1957) . The method described here, 
using H icks tables, was designed to 
solve less complicated problems than 
the new formula. method of Ball ef al. 
(1957) . 

In using the Hicks-tables method, 
the heating and cooling p ortions of the 
process are treated separately; in the 
ease of the simple heating curve, the 
value of Hicks function is obtained di
rectly f rom Table 1. When g is less 
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Table 1. Table of va lues of Hicks (1958) function "H" where H 
l OOUb 

(from Fooll Re8e11rch 23, 396-400, 1958.) pages 
f, 

g 10 15 1 8 20 25 30 4.0 60 80 

0.10 139.7 157.0 164.8 169.8 178.9 186.8 199.2 21 6. 7 229.1 
0 .15 122.6 D9.7 147.5 151.9 161.5 169.3 .181.7 199.2 211.6 
0.20 110.6 127.5 135 .2 199.7 149.2 157.0 169.3 186.8 199.2 
0.25 101.4 11!!.2 125.8 130.8 199.7 147.5 159.7 177.1 189 .5 
0.3 93 .95 ll0 .6 118.2 122.6 132.0 139.7 151.9 169.3 18.1.7 
0.4 82.41 !18.74 106.22 110.58 119.88 127.5 139.7 157.0 169.3 
0 .5 73.67 ri9.69 97 .07 101.38 110.58 118 .2 130.3 147.5 159.7 
0.6 66 .69 82.41 89 .69 93.95 103.06 110.6 122.6 139.7 151 .9 
0 .7 60.93 76.36 83 .53 87.73 96.7 5 104.21 116.1 133.2 145.4 
0.8 56.05 71.18 78.26 82 .41 9 1.34 08.74 110.6 127.5 139.7 
0 .9 1>1. 84 66.69 73 .67 77.77 8 6.61 9:1.95 105.7 122.6 134.7 
1.0 4 8.16 62 .74 69 .62 73.67 82.41 89.69 101.4 118.2 130.3 
1.2 42.01 56.0 5 62.74 66.69 75 .26 82.41 !13.95 110.58 122 .6 
1.4 37.05 50 .56 57 .07 60.98 69.32 76.35 8 7.73 104.21 116.1 
1 .6 32.94 45.95 52 .2 8 56.05 64.26 71.18 82 .41 lJ8.74 110.6 
1.8 29.48 42 .0 1 48 .16 51.84 69.89 66 .6~ 77.77 n.!l5 105.7 
2 .0 26.52 38.59 44,5 7 48.1& 56.05 62.74 73.67 89.69 101.38 
2.2 23 .9 7 35.59 41.41 44 .91 52.63 59.21 70.00 85.87 97.48 
2.4 2 1.74 32,94 38.59 42 .01 49 .58 56.05 66.69 R2.41 93.95 
2.6 19.79 30.57 36.07 39.40 46.82 53.18 63 .68 79.26 90 .71 
2 .8 18.06 28.44 33 .79 37.05 44.31 50.56 60.93 76.il6 87.73 
3 .0 16.52 26 .52 31.72 34,90 42.01 48.16 58.39 73.67 84.98 
3 .5 13.346 22 .45 27.30 30 .29 37.05 42.94 52.84 67.76 78.88 
4.0 10.986 19.19 23 .71 26.52 32.94 38.59 ·18.1 6 62.74 73 .67 
4.5 8.970 16.52 20.73 23 .38 29.48 34.90 44.16 58.39 69.15 
5.0 7.435 14.31 1 8.24 20.73 26.52 31.72 40.67 64.58 65 .1 5 
5.5 6.197 12.46 16.12 1 8.47 23.97 28.9!> 37.61 51.19 61.60 
6 .0 5.191 10.90 14.H 16.5 2 21.74 26.52 34.90 4 8.16 58.39 
6.5 4.365 9 .5 63 12.75 14.83 1 9.79 2~.37 32.47 45.43 5~ .49 

7 .0 3.684 1!.420 11.39 13 .86 1 8.06 22.45 30.29 42 .94 52 .84 
7 .5 3.119 7..135 10.203 12.04 16.1>2 20 .73 28.:!2 4 0.67 50.40 
8.0 2.648 6 .582 9.163 10.896 15.15 19.19 26.52 38.59 48 .16 
8.5 2.254 5.839 8.246 9 .877 13.91 17.79 24.88 :16.67 46.09 
9.0 1.922 5.191 7.435 8 .970 12.81 16.1>2 23.38 34.UO 4 4.16 
9.5 1.64.;1 4 .623 6.715 8 .160 11.80 15.36 22 .00 33.25 42.36 

10.0 1.407 4.124 6.075 7.435 10.90 14.31 20.73 31.72 40.67 
11.0 1.036 3.296 4.998 6 .197 9.320 12.460 18.47 28.95 37.61 
12.0 0.7678 2 .648 4.124 5.191 8.009 10.896 16.52 26.52 34 .90 
13.0 0 .571 5 2.137 3.420 4.365 6 .909 9.563 14.83 24.37 32 .47 
14.0 0 .4272 1. 731 2.847 3 .684 5.979 8.420 13.35 22.45 30.29 
15.0 0.3205 1.407 2.377 3.119 5.191 7.435 12.04 2 0.73 28 .32 
20.0 0.07948 0 .5185 1.0019 1.407 2.649 4.124 7.435 u.:n1 20.73 
30.0 0.005563 0.07948 0.1999 0.3205 0.767 8 1.407 3 .119 7.435 12.04 
40.0 0.000429 O.Ola32 0.0434 7 0.07948 0.2412 0.5185 1.407 4.124 7.435 

Table 2. 
u. 

Table of values of c (c = --l. 
u. 

z, CF 

10 15 20 80 40 60 80 than 0.1°F (log g is less than -1.0) 
(T1-T2) = 125"F the value of H for g = 0.1 oF is used 

g, "F but must be increased by a factor II. 
0.1 .0888 .0885 .0885 .0931 .0957 .1030 .1120 obtained from Fig. 1 (H = H•""·' + 
0.5 .1561 .1461 ,1410 .1421 .1424 .H90 .1593 H .) . 
1.0 .2180 .1944 .1833 .1795 .1769 .1822 . 1935 
4.0 .5598 .4169 .3577 .3239 .3059 .3049 . 3206 The lethal effect of the cool u . = 

10.0 1.5565 .8293 .6337 .5213 .4774 .4735 .5102 cU. ; values of c are tabulated in Ta-
30.0 10.7550 2 .5164 1.4 109 .9026 .8456 .9187 1.1148 

ble 2. When g is greater than 0.1 °F 
(T.-To) = 150"F the cooling lethality is found by deter-

p;, "F mining H as a function of g and z, 
0 .1 .0823 .0822 .0826 .0876 .0892 .0960 .1049 e as a function of g, (T, - T.) and z 
0 .5 .1452 .1:160 .13 13 .H20 .1321 ,JH87 .14!ll 
1.0 .2035 .1817 .1708 .1672 .1641 .1699 .1807 after which the value U, can be found 
4.0 .5277 .3882 .3339 .3006 .28·19 .2838 .2990 using the equation 

10.0 1.4001 .7759 .5912 .1843 .4449 .4277 .4752 
30 .0 10.0665 2 .352R 1.31 23 .8884 .7879 .8464 1.0·100 cHf. 

('l\-T2) "" 175"F 
U.= - --

g, OF 100 

0 .1 .0766 .0771 .0768 .0809 .0830 .0894 .0974 The lethality of heating plus cooling 
0 .5 .1343 .1271 .1223 .1235 .1226 .12 !~3 .1385 

IS found using the equation 
1 ,0 .1889 .1 689 .15!l2 .1561 .1519 .15x1 .16RO 
4 .0 .4956 .:162 7 .311 2 .2799 .2651 .2640 .271!4 ru • cHf. 10.0 1.2793 .7202 .5487 ..1507 .4150 .4127 • 4425 u = u. 30.0 8.9879 2.138~ 1.2235 ,SJ!l7 .'j;) 56 .1A~ 6 .9690 + u. = --- + 

100 100 
(T,-T, ) = 200°F 

g, "F It is assumed that there is no differ-
0 .1 .0715 .0 713 .0715 .0754 .077~ .0~:3 5 .0908 Pnl'e in the lethal effect of the cool 
0.5 .1264 .1182 .1H2 .1151 .11 48 .1 205 .12il9 when g = 0.1 OF and when g = 0°F; 
1,0 .1767 .1676 .1481 .1449 .1425 .147 7 .1561 

tll('refore, for all values of g equal to 4.0 .4579 .3371 .2!<98 . 2591 . 2475 .24RO .25ft5 
10.0 1.2153 .6717 .5104 .4172 .R852 .38 48 .4122 or less than O.l °F, the value of the 
30.0 H.U879 2.0131 1 .1445 .7605 .683 3 .7:116 .~ 021 

function cH/ 100 for 0.1°F the g = 
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cH 
Table 3. Values of -- for g = 0.1"F for use in calculating the cooling curve lethality 

100 
cH 

when g is less than 0.1°F; lethality of the cool u. = - f •. 
100 

eH 

100 

2, °F (Tt-T:) = 125'F (Tt-To) = 150']' (Tt-T•) = 175"F (T,.-T,) ~ 200 ' F 

10 0.124 
15 0.189 
20 0 .160 
80 0.174 
40 0.191 
60 0.228 
80 0.257 

Fig. 1. Values of H. vs log g. In ta
bla 1 H is tabulated for Jog g values 
down to -1.0 (g = O.l"F) , when log g 
is less than -1.0 (g is less than O.l.F) 
H must be corrected (H = Ha=o.t +H.) . 

"' 0 
...J 

,._ __ Un.---1--Uc----
(t. , g.) 

Tunt, t 

Time,t 

Fig. 2. Diagram of heating curves and 
symbols (A) simple Heating curve, (B) 
complex heating curve. 

0.115 0 .107 0.100 
0.129 0.121 0.112 
0 .140 0.130 0.121 
0 .162 0 .151 0 .141 
0 .178 0.165 0.154 
0.208 0.194 0.181 
0 .240 0 .223 0.208 

particular z and (T, - T.) is used. 
Values of cH/100 for g equal to or 
less than 0.1 °F as a function of z and 
( T, - T,) are tabulated in Table 3. 

In general, heat processing condi
tions may be thought of as either hav
ing simple heating curves with f .. = f., 
simple heating curves with f, not equal 
to f., or complex heating curves con
sisting of f,, f,, and f. . The procedure 
using Hicks tables may be used equally 
well to analyze data from all three 
process situations. Symbols for use 
with a simple heating curve are dia
grammed in Fig. 2A and for a complex 
heating curve in Fig. 2B. 

The Hicks-table method of analysis 
of heat processes where the heating 
curve is complex is carried out by di
viding the process into sections analyz
ing each section separately and sum
ming up the parts to complete the solu
tion. Th.e process is divided at the time 
point when the semi-logarithmic heat
ing curve changes slope. The sub
scripts used in the equations below cor
respond to those used in Fig. 2. The 
significance of the subscripts is to re
late the value of g used in arriving at 
H and the value of f used with H to 
urrive at the U •. In general, when the 
term U is used, without subscript, it 
implies that it is the total lethal effect 
of both heating and cooling for the 
entire process. The subscripts refer to 
the sections of the process and may 
be either heating or cooling according 
to the respective subscripts as shown 
below; 

U U, + U. +U. 

u. = u •••• - u., •• 

Evaluation of thermal process using 
Hicks tables when heating curve is a 
single straightline: 

1 . .Assemble data, values a.re needed 
for T,, T., T., f,, j, z, t. (or ts, 

tcuT) . If f. is not given we will 
assume that f. = f.; j, must be 
known or assumed to be 1.41. 

2. Calculate log g using the equation 
log g = -t,; f. + log j (T, -
T.) . 

3. Using the data in Table 1 deter
mine H for the particular value 
of log g and z. 

4. Using Table 2 determine the value 
c as a function of log g, z, and 
(T,- T,) . 

5. Calculate U using the equation 

u. = Hfk 

100 

cHf. u, = ---
100 

u f.H cHf. 
= --- + 100 100 

6. Calculate F , .. using the equation 
T,-250 

z 
F,..,. = U 10 

Example: Simple heating, g is greater 
than 0.1°F (log g greater than - 1.0) . 

1. Data : 
T, = 245°F 
T. = 160°F 
T, = 65° 
t.. = 80.0 min 
£. = 48.0 min 

j = 1.5 
z = 18°F 
f.= f. 
j , = 1.41 

2. logg = -t./f. + logj (T,- T.) 
= -80/48 + log 1.5 

(245-160) = 0.441. 
3. From Table 1, H = 35. 
4. From Table 2, c = 0.27. 

35 X 48 

100 
+ 

0.27 X 35 X 48 
~----- = 21.3. 

100 

6. F""' = (U X lethality ratio 
245"F, z = 18) = 21.3 X 0.527 
= 11.2 min. 

Example : Simple heating, g is less 
than 0.1 °F (log g less than -1.0) . 

1. Data: 
T, = 250"F 
T. = 140°F 
T. = 75°F 
(T,- T2 ) = 175°F 
tb = 35min 
fh = 8 min 
j = 1.2 
z = 35°F 
f.= 12 min 
j, assume 1.41 
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2. log g = -t./f. +log j (T,- To) 
log g = -35/8 +log 1.2 (110) = 

-4.375 + 2.121 = 
- 2.254 

g = 0.00557°F 

3. g is less than 0.1 °F 
H = Hr-o.••• + H. 

therefore 

from Table 1, H,,,, = 193.4 
from Fig. 1, Hz = 125 
H = 193.4 + 125 = 318.4 

4. From Table 3 cH / 100 = 0.158. 

Hf. cHf. 
5. F = U = -- + = 

100 100 

318.4 X 8 - --- + 0.158 X 
100 

12 = 27.4 min 

Evaluation of thermal process for 
complex heating curve using H icks 
tables. The evaluation of heating 
processes where the heating curve con
sists of more than one straight line is 
carried out on a straight forward di
vide and conquer basis. The steps re
quired to arrive at the solution of a 
complex heating curve with two slopes 
are outlined below. From this general 
solution, heating curves with more than 
two slopes may be solved by simply 
extending the procedure: 

1. Assembling the data. Values a.re 
needed for T,, T., T., f,, ft f., j, 
t,, t., z and it must be known or 
assun1ed that j . = 1.41. 

2. Develop values for g,, gk. In 
some cases they may be deter
mined graphically; in other cases 
they may be calculated: 
log g, = -t,/f1 +log j (T,- T.) 

-(t. - t,) 
log g. = . + log g, 

f, 
3. Determine H,, Hs from Table 1. 
4. Determine c for g., z and (T, -

T.) from Table 2. 
5. Calculate U using the relation

ships: 

U = U, + U. + U. 

f, 
u- H -1

- ''100 

f. f. 
U - H --H -= 2 

- •• 100 ., 100 

f. 
(H •• - H ,,) 100 

en •• f. 
U. =---

100 

6. Calculate F . using the equation: 
T,-250 

z 
F.,.= U 10 

Example: Complex heating curve (two
!Jlope type) 

1. Data : 
T, = 245°F 
T. = 140°F 
T. = 65°F 
z = 18°F 
j = 1.73 
f, = 12.1 min 
t, = 20.1 min 
f.= 46.4min 
t. = 40min 
f.= 23.7min 
assume j. is 1.41 

2. Calculation of g, and g. 
log g, = -t,jf, +log j (T, -T.) 
log g, = -1.661 + 2.259 = 0.598 

-{t.- t,) 
log g. = + log g, 

£. 
log g .. = -0.428 + 0.598 = 0.170 

3. Determine H from Table 1 
H,, = 24~ 
H,. = 55.0 

4. From Table 2, c = 0.196. 
5. Calculate U where U = U, + 

u. + u. 
24.1 X 12.1 

U, = = 2.92 min. 
100 

46.4 u. = (55.0 - 24.1) - = 
100 

14.34min. 

0~96 X 55.0 X 23.7 
Uc = 100 = 

2.55min. 

u = 2.92 + 14.34 + 2.55 = 
19.81 min. 

245-250 
6. F:O = 19.81 · 10 --

1
-
8
-- = 

10.44min. 

ADVANTAGES OF THE METHOD 

1. This method makes it possible for 
the food technologist or nlicro
hiologist to calculate the lethality 
of he&t processes for z-values 
from 10 to 80°F. 

2. It makes possible the use of the 
data in the tables of Ball et al. 
(1957) with their improved aecu
l'acy for solving both simple and 
romplex heat processing problems. 

3. It allows the technologist to di
rectly calculate the lethality of the 
heating and cooling portion of 
the process. 

NOMENCLATURE 

B, symbol for Ball (1923) function, 
f 

B=-
U 

c, ratio of heating lethality to cooling 
u. 

lethality, e = --
u~ 

F; the equivalent time of a beat process 
at temperature T for a temperature 
coefficient value z 

f, the temperature response parameter, 
the time for the straight line asymp· 
tote of the semilogaritbmie heating 
or cooling curve to traverse one log 
cycle, f. for heating, f . for cooling, 
f,, f., fo . • . respective temperature 
response parameters for complex 
beating curves. 

g, degrees F below medium tempera· 
g = (T, -T) 

H, symbol for Hicks (1958) function 
100 u. 100 u. 

H=---=---
f . c f, 

j, the lag factor of the beating curve, 
j = (T, - T.)/(T, - To) 

L, symbol for the lethal rate (min at 
T- 250 

z 
250 F / min at T ) = 10 

t, symbol for time, t, heating time 
measured from steam on to steam 
oft' 8A8Uming retort or heating bath 
instantly reaehes beating medium 
temperature (T,) , ~or is the time 
for the retort or bath to reaeh T,, ta 
is the canning industry proceas time 
measured from the time the retort 
or bath reaches t emperature to 
steam oft' (ta + 0.42 ~UT = t.), t.., 
t. times at which the slope of the 
heating curve changes. 

U, the equivalent time at beating me
dium temperature : U = FT nnd is 

1 

the sum of the heating and eooling 
lethality U = u, + U., u. for 
heating only, u. for cooling only, 
u,, U., Uo are lethality values used 
in analysis of complex heating 
curves. 

z, a measure of the effect of tempera· 
ture on the heat destruction rate of 
a microorganisms (a type of tem
perature coeffident) . Numerically z 
is the •F for the thennal destruction 
en rve to traverse one log eycle (the 
"F for the thermal destruction rate 
to change by a factor of 10). 
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