
Archived Content 

Information identified as archived is 
provided for reference, research or 
recordkeeping purposes. It is not subject to 
the Government of Canada Web Standards 
and has not been altered or updated since it 
was archived. Please contact us to request 
a format other than those available. 

Contenu archive 

L'information dont il est indiqué qu'elle est 
archivée est fournie à des fins de référence, de 
recherche ou de tenue de documents. Elle 
n'est pas assujettie aux normes Web du 
gouvernement du Canada et elle n'a pas été 
modifiée ou mise à jour depuis son archivage. 
Pour obtenir cette information dans un autre 
format, veuillez communiquer avec nous. 

401 1  Agricuituna and 	Agricufture et 
MI  Agri-Food Canada Agrooknentaira Canada 

ARCHIVED - Archiving Content ARCHIVÉE - Contenu archivé 

This document is archival in nature and is 
intended for those who wish to consult 
archival documents made available from the 
collection of Agriculture and Agri-Food 
Canada. 

Some of these documents are available in 
only one official language. Translation, to be 
provided by Agriculture and Agri-Food 
Canada, is available upon request. 

Le présent document a une valeur 
archivistique et fait partie des documents 
d'archives rendus disponibles par 
Agriculture et Agroalimentaire Canada à 
ceux qui souhaitent consulter ces 
documents issus de sa collection. 

Certains de ces documents ne sont 
disponibles que dans une langue officielle. 
Agriculture et Agroalimentaire Canada 
fournira une traduction sur demande. 

Canade 



REPORT NUMBER: 

Agriculture 
Canada 1* 

516  

MICROWAVE 
TEMPERING 
OF BUTTER 

ARCH 
631.604 
C212 
no. 516 
1975 



Contents 

1.0 Introduction 

2.0 Equipment Sizing 

3.0 Possible Operating Problems 

4.0 Equipment Costs 

5.0 Summary 

6.0 Acknowledgement 

7.0 References 

Figure 1. Mean specific heat of butter vs temperature 
(From Watson, E.L.) 

GaicuL-ruezi---„\  
. 	 4.43e. 

Agriculture and Agri-Food Canada! 
<-) 	Agriculture et Agroalimentaire Canada 	L. 

Canadian Agriculture Library 
. Bibliothèque Canadienne de l'agriculture • 

'74 Ottawa, Ontan'o MA005 

ee«on, 	âge CAtiAlmate 

Page 

1 

1 

2 

4 

5 

5 

6 

7 

Contribution No. 516 from Engineering Research Service, Research Branch, 
Agriculture Canada, Ottawa, Ontario, KlA 006. 



Microwave Tempering of Butter 

An Estimate of Equipment Size and Suggestions for Operating Techniques 

G.E. Timbers, 
Engineering Research Service, 

Research Branch, 
Agriculture Canada, 

Ottawa, Ontario, KlA 006. 

1.0  Introduction  

The application of microwave equipment to the tempering of butter 

coming out of frozen storage has potential commercial applications. The 

frozen butter must be tempered, or raised in temperature, to a condition 

where it can be worked and printed. The time involved in the tempering 

operation is long, with up to 3 days required if still air warming is used. 

The tempering time is particularly long because high temperature differentials 

must be avoided to prevent surface melting and quality degradation. Microwave 

ovens have found application in the tempering of frozen meat blocks which is 

a similar operation except that temperatures are not raised above  the  freezing 

point. Somé points regarding the capacity of the equipment and operating 

techniques have been considered here to provide design information. 

2.0 Equipment Sizing  

The energy inputs required for the tempering of frozen butter 

include: the specific heat of the fat, specific heat of the water, latent 

heats of phase change for'melting the water, water-salt eutectic and crystal 

form changes in the fat. While it is possible to calcUlate the energy require-

ments from the individual components, it is also possible to estimate from 

the "mean specific heat" curve as proposed by Staph (3) and developed by 

Watson (3). This "mean specific heat" includes both the latent and specific 

heat values for the butter over the temperature range of interest (Fig.' 1). 

Required energy may be calculated by graphical integration of the area under 

the "mean specific heat" curve over the temperature range from storage tempera-

ture to the final tempered value. 

D.B. Emmons, 
Food Research Institute, 

Research Branch, 
Agriculture Canada, 

Ottawa, Ontario, KlA 006. 



Thisoughput of butter 	3-4000 lb/hr 

- Initial Teffiperature .  
-„ 
Final TemPerature 

(1360-1815 Kg/hr) 

(-28.89°C) 

(10oc)  

-20
o
F 

50°F 

For a typical 	application the required conditions were: 

Graphical  intégration of the area under the curve from '-.29 to +10 °C 
- 

yields an.a.Èéa of 1494'units. Fiom the scale values 120 units is equivalent 

'' 	• 	. 	-' to 1000 J Kà' C 1  x 10C or 10,000 J/Kg, Thus, the energy to raise butter 

frôm -28.9 °C'td 10°C is: 

1494 x 10,00 0' = 124500 J/Kg 
120 . 

or (1.24 x 10 5  J/Kg)'(i815 Kg/hr) = 2.36 x 10 8  J/Iii for the required maximum 

thrOUghput. This is équivalent to 65.6 Kw of installed.  Power in the micro- 

wave systed. 

Van Koueneit (2) suggésts adding a 10 to 20% allowance for micrô- 

Wave power losses in ihé waveàuidê, tunnel walls, etc. This would suggest 
. 	— 

the necessity for a 75 Kw system to meet the 4000 lb/hr throughput. 

3.0 Possiblé'OPerationâl Pioblèms  
. 	 . 	 • 

The use  of Microwave for tempering of butter will present more 

probleMS than are encôiihtered in the tempering of Meat products. Ther&  are  two 

reasons f6r this; firStly, in the meat tempering systems the temperature is not 

raised bove the fiséêiing point, and secondly, the composition is radically 
- 

different with the Meat comprising 50 to 70% water, depending on the cut and 

amount bf fat, whereaS the butter cdntains in the order of 16% water. Because of the high 
- 	. 

'dielectric loss faCt6i 'fbr Waier, a great deal of the microwave enérgy is 

absorbed by this component of the product, with less absorbed by the fat. 
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The problems are further compounded by the fact that water has a higher 

dielectric loss than ice, so thawed material will absorb more energy than the 

unthawed, and any free water will also preferentially heat. Because of this 

situation where the dielectric loss factor of the butter mass is increasing 

with temperature, special precautions would be required to avoid uneven 

heating and melting in pockets or zones of the mass. 

A technique used by LMI (Les Micro-Ondes Industrielles) of France in 

o 
their new micro-wave "defreezing" tunnel is to recirculate air at  -30C  around 

the product during the microwave exposure. This keeps the surface cold and 

prevents surface melting. Any surface melting could be a real problem, as 

pointed out earlier, there is preferential energy absorption in the melted 

areas. Also by keeping the product frozen on the surface and adding the cor-

rect total amount of microwave energy, a short period for equilibration after 

leaving the tunnel would complete the tempering process. With butter this 

procedure would help, but problems would still exist if localized melting or 

development of "hot spots" caused quality degradation. Localized pockets of 

melting are certain to occur within the butter blocks. 

A second approach is to cycle the microwave power on and off with 

time between each power cycle to allow normal conduction to equilibrate the 

temperature distribution. One major drawback to this technique would be the 

decrease in microwave tunnel throughput in proportion to the "off" cycle time. 

This would result in greater equipment requirements. A similar effect could 

be attained by using a more complicated conveyor system in whiCh, rather than 

cycling the power -on and off, the product would take several passes through 

the tunnel with adequate time between each pass for temperature equilibration. 
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Such a System.wotild allow-the thrOughput to be mainteinéd and yet provide for 

a.cycle&energy input into the product. 

; A third pôssibility is to use the three 25 Kw modules in indiVidual. 

tunnels or:cavitiesrather than-having all three in the same unit as.is  done 

with the meat. Conveyor  sections  between the three caVities would then-pro-

vide the pauses ih-enèrgy input  required to allow temperature equilibration. 

Thiswould have a major disadvantage in increased equipment cost. 

4.0' EqUipment Costs  

Râytheon Corp Of Waltham, Mass., which is a major supplier of micro-

wave equipment, has estimated the cost for tempering:meat in a 50'Kw'tunnel at 

4000 lbsIhr to be 0.20t/lb (1). This company estimates the cost of a tempering 

installatiowat about $60 ) 000 per 25 Kw of installedpower with-an operating 

cost of -  about $3thrper 25 Kw of power. A first estimate on the costs for a, 

75 KW butter'temperihg sYstem would.be . $180,000 -  in capitaLexpenses with, an- 

opetating cost of' $9per hr. This operating cost includes the cOst forreplace-

ment power tubes -. A rough estimate of cost for tempering is 0.2254/lb operating 

cost pillan equipment cost of 0.14t/lb using an 8 yr write-off period and 

asSuiming tWo'shifts' at 4000 lbs/hr (1.6 x 10 7 lb/yr),. 	 • 

Estimated - at tempeÈing butter for only ,seven hours daily on a 250 work 

day yeer 	 lb/yrI and-amortizing the equipment over a 5 yr tether than 

8, yr period'thé'coSts: rise considerably. While the operating costs remain the 

same. at  0.225 	 the amortization costs rise drastically from 0.14 cents/lb 

to 0.51 cents/lb. This doubles the estimated Cost to 0.735 cents/lb. 

• 	A micrbwave system woUld require far less space than tempering rooms 

for an 6quivelent throughpUt and could posibly be competative with construction 

costs for.a new conventional tempering system. 
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5.0  Summary  

The theoretical energy requirement for tempering 4000 lb/hr of but-

ter from -20 °F to 50°F is 65.6 Kw. With a margin allowed for absorption of 

power by the tunnel, waveguides etc., an installed capacity of 75 Kw, would 

be required. 

Because of the problems of preferential absorption of the energy by 

the water and the increase in energy absorption with temperature, special 

techniques would be required to cycle the energy input into the product with 

time left between energy pulses to allow for temperature equilibration. This 

could be done by using three 25 Kw units in series or by setting up to have 

the butter blocks make several passes through the cavity. Cycling of the 

power on and off would not appear to be a practical solution as the microwave 

power tubes would not be used to capacity. 

Circulation of cold air through the cavity as done by LMI would 

help by preventing .any localized surface melting. 

A first estimate on the cost of the system would be about 0.365e/lb 

assuming a throughput of 4000 lb/hr working two shifts and writing the equipment 

off over 8 yrs. Alternatively, writing the equipment off over 5 yrs and only 

operating one shift would result in an estimated cost of 0.735 cents/lb. 

As butter tempering systems have not been previously used, it would 

be necessary to undertake some reasonably extensive trials with an equipment 

manufacturer to ascertain if the problems of localized melting could be overcome 

in an economic manner. 

6.0 Acknowledgement  

The authors would like to thank Mr. W. Wyslouzil of the Radio and 

Electrical Engineering Div., National Research Council of Canada for his 

assistance. 



6 - 

7.0 References  

1. Slater, L.E. 1974. Hormel creates self-renewing plant. Food Engineering, 

December, 55 - 59. 

2. Van Koughnett, A.L. Fundamentals of microwave heating. Radio and Electrical 

Engineering  Division,  N.R.C.,  Ottawa,  KlA  0R8. 

3. Watson, E.L. 1974. Thermal properties of butter. Paper No. 74-501 . . 

Pres. Can. Soc. Agr. Eng., Laval Univ., Ste Foy, Quebec. August. 



P. 
QQ 

z o 
■-e c113 
cr 
rt >Z1 
r+ 
CD 

e r• 

et 

OD 113 
c) 

1.-A. 
• 
-11 
• 1--• 

P. 

17c1 

r+ •-•• 

r+ 

o

(à) 
'71 

5 CJI 
CD 

D3 VI 
r+ P. 

CD 

tri  CD 

rt • 

1.--+ 

•0 

• 

1-1 

rt. 

	

... 	 __, 	 i 	 : 	Ila  	r 

	

• r 1 	r 	r 	r 	, 	, 	--i 	,--- r- 	, 

	

i 	I 	1 	L 	! 
	1 	I 	--■±: 	 i 

.. 	 IIII 	 lall 	 I 	 rr 	;H ' 	- 

	

... 	
r 	 MIR

•
ilri 	 - Milill 	Ill MI 	MUM 	i 	r r 	; . 	r 	 BM 	r ------ 	 rii _ 	III 	 III 	UM 	 Ill 	r 	 1. 	 In 

 lei 	 lira 	111 . 	-1 -17-----  - i 	- 	1 1 	Mill 	; 	1 	; ; 1--1  

	

... 	' 	• 	 4% 	•• 	. • • ER 	UR 	• 
'
LI 	., 	J 	; 	 ; 	1 	i 

	

.... 	 . 	i 	 : 	HI. 

	

, 	i 	

. 	

I 	 • 	f--H 	 Ii4 	!  ... 	 - -- 	 --1 - - - 
, 	 le 	 __I 	1111 	• 	■ _ 411 L___,1 	1 	.11 , 	, 
r 	 1 	1 	 -1 	j_ 	I___1 	

" - 	--• 	• 	
- 	 i 	■ !, 	1 	. 	■ 	r 	 SI  - -I--r-1- 	1 	11 	I. t4  - 	—I 	I 	

r 1 • 	, - I I,  . 	e_ 	. 	, 

	

. 	
1- 	1 	;  

	

! 	 . 	. 	. 

	

. 	 • 	 _ 	! 	1 	•I 	_i_ _ 	.t 	j_r_,_. 	 '  	-4  	 i -, 

	

-'---i--  f--1- 	-- -1-  .--'-- 	 . 	-  	• . 	, 	. 	, 1 	 : 	
,•

--t - 	 i 	, . 	 il 	 1 	•  - 	 1 	 ,,---i 1 Agt, 	-■re 	 al . 	1 	
, ,_ 

J___I__I____ 	 I 	1 . 	 . 	 Crean te41.10■1111 	I   BB 	F41111B 	H  1 	1 t   1 	1  . 	, 	 401111 	e".21.' 	:, 	 1  - 

	

' 	 1 	'1 	-F-4-H 	--i-LL 	-4- b -i-L 	■ 	, 	. 	' 	1 

	

! 	. 1_ 	; 

	

MI 	_f_ 	 LA ge.A0"Aitrait. 	T---Ï 	 : 	- 	 ; ; 	• 	; 	1 	; 1 	; , 	-i ; ....y 

	

- --...„.  • 	 glpriglierkeellerik . 	 r , 	 , 	, 
_, 	, 	:___,_, 	., 	

, 	, 	, 	,_,„ 	,_ 	 „ 	, 

	

sit.- ir -4:4  se 	.   4 .  ,  , 	 . . 
_ 	,.. 	, 	, 	 -  

	

 sill- 	-}-1------t--- 	- -  

i n  

	

- • • 	. • 	3.11-hAteàdiLie-eapmed.rutediteelielik -; 	1  

	

 	mr:4,~ftegirejempwr.e.41..../.45..-1,41 	, 	 --,- f FerarAirtlielereenr4.74i1,4 . 	, 
_, 	, 	,..., 	, 

_ 	 ._.._ 	 i o -,. 	, A >4 I>>4 0 ee,.4 I rA *Al> diti , , , à p ib 	red 	 . 
w 	. 	 0, & .- -- , à ,-- -g  - 	.-.-._ .4,111àle, 	 _ 

	

CL-- 	 ' l'ILL74FA■emihm,teitherrivAiriewle. 	 .. 0 	 2' ' '4F.441F440,--4-4,Tiregtte4ire .. 

	

.z - 	 .4*,41,44, 4,44.4111e#41.1 	 . 

	

- 	_ _ < • 	 4> -.- ni 	 :__ , w 	 . i  0 t4 it  pee  . d 	. 
- 	-4•11.41■11mim,.. 	berdi■ --Ààb,.----ààhI 	 -  

- 2 0 	---- -10— 	 1 0 	20 . • 	. . • 	0' 

	

40 i 	 I  _ 	r 	1 	 • 1 	 I 	 • 



ID 
CAUBCA OTTAWA K1A 005 

I 	III 	IIIII 	II 	II 
3 9073 00237371 2 


