
United states Department of the Interior, J. A. Krug , Secre tar y 
Fish and Wildlife Service, Albert M. Day, Direc t or 

Fishery Leaflet 203 

Was~ington 25, D. C. Reis sued J une 1948 

QUICK-FREEZING TECHNIQUE 

Mr. H. 'V. Dunsford, Associate Member, presented the f ollowing 
paper at a meeting of the Ins titute of Refriger ation (Em ire 
House.; st. Martin's-le-Grand, London, E . C. 1 ) held at the. 
Institution of Mec hanical Engineers, on December 12th , 1945. 

The process herein descri bed as "Quick Freezing" i s based upon the co­
ordinated results of lnany investigations by sc i entif i c r esearch .. var kel's . The 
resultant technique, when applied to t he pr es ervation of f ood , can ma ke a us eful 
contribution to t he wel l being of t he people . 

The purpose of quick freezing i s t o pr eserve t he qua l i t y , t exture, taste , 
appearance and heal th-givi ng pr operties of f oods a t t hei r pr i w£ . 

Meat, fish, poultry , vege tabl es and f r ui t can be "r ocessed and pr eser ved 
in such excellent condi t ion t ha t even after pr olonged col d s t or age they ar e , when 
cooked, indistinguishable f r om fresh pr oduct s . 

The t echnique cover s :-

1. Quality control, i ncl uding sel ec tion and pr e- t r eatment of pr oducts . 
2. Packa ging, 
3. Quick freezing . 
4. Refrigerate~ transport. 
5. Cold s t or age . 
6. Distribution t o conswner s . 

In gener al t er ms, freezing -- quick or ot her wi se - - will not i mpr ove a 
pr oduct, but t he cla im is made t ha t by quick freezing , the f r eshness and fl av'our 
are "impris oned." 

It) t her ef or e , f ollows that th~ llupor t anc e of thi s f irst st ep in the 
t echnique cannot be over-s t r es sed . 

Chert.ical and 'me chani ca l aids have been suggested and pr ovided to check f or 
quality but t he f ood indus t r y i s conf r ont ed wi t h a grea ter spr ead in t he qualit y 
of the r aw material than pr obabl y any other existing indust r y . 

No t e : This art i cl e appE:ar ed i n Eodar n Ref r i eer ation) December 20 , 1945 , 
page s 283- 284. 
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Th e SUC CJSS of tJ e qUi k f r eez in , ~ndustry , howevor , mus t b 8 bas ed on d .finitp 
hi , h s t andards of quali t.:,' , and it "Ji ll bo to th") 11ltinatp bpnpfi of all v'Jnc ern d 
within tte indust.ry - - produc'3r , pro ,es,01' 3.nd conSl Tl.f' r alike - - to see ta t s uch 
st.a!"J.dards arr> established Clnd recognized . 

The processin of oard en peas o c-::upies a ma,~or pl<">c'3 ir1 thp indus t ry ' s 
production pro gramme , a nd the quaJ_i y control sed is typical of he at pntion 
g i ven to detail that i s bo t h ne~essa ry anr: justi.i:'i8 . 

Th i ~ control shoul d ePlbrac e considAra ion al soil ~'Jn i ions , varipty of 
seed used, J:J.aturity of' crop and ha rv 9s tiYl l! conditions , hy _, ienic !:"18chanicE'l tandling 
durinG; shelling , grad i ng and blanching, visual inspection and pactagL g . Thr ou h ­
out these sub- processe speed of opr:rati':-J:-l and maxir,1Un, coo l in efficiFncy com­
bined with a very hift s t anda r d of olant sanit~tion , sl~ul~ be in i ·ed upon . 

Unlik~ t he cunn r , who sterilizes hiu product a tho end of his process , t he 
fros t ed - ""'ood pro ducer is up againRt t.h' fac tt a quick fr '31" zir: is i n ,Anp.ral 
a preserving agent of plant tissu~ ratLrr han ottorr ·s~ ; i is q i 9 poss ibl p 

that bacterial l ife may be h0ld viablo unrtor refri_-rR~io:-l for c'nturi~ 

The cl'ite rion of satisf3.ct·J:'~T .=quiprlf""t , ::')r L' p r oc ..... ssino of :'r . e foods , 
is th· ' pase wit !1 whicb it can be clnane_, snd -.i,j'.8:::'GVpr possible it should be 
SE' 11'- cl eaning . 

Standa r ds for bacte rial counts I)f qJ.:' K- frlnen jlrojucts lta e b 2~n rocorded -­
such standar ds are extremely n8c~s~ary f~r st3ff ~uid ' nc) . 

It natur a lly follo'Ns th3 t tr. .. ir:.:-. -·· r to,"; ,: t:> (!t e ri:l':' ,ount of 9-

gr eat e r th " n :c t.' ssi ty ".:'or sh0r ''':-l it: t>':: :c::'od bptw2. n defros in 
C'_~nvcr sely , t he lower tb ~ :)ri .' inal b::t':::t ,'r ial count , tL -: lon:.er th : 
of th '" pr oduc t.. 

product, he 
and :;onsumption. 
useful life 

Ow i n to the ra p id rat!' at ';;!.icL bact:' rin multi~") ly - - '-1L 8 1' r . ~asonably · 

favourab1 8 co~di tions tt nu.'7lter s double:. in bile! ty ninutr>s - - a1dition 1 pre ­
cautions bey'Jnd l<:oep in ~ th;: plRnt i:~ 2. h." bl:1:,: s :!ita:ry st t e a r e usua lly found 
nec essary . 

Since a low t 8mp,'r:o. ture inhi b:!.. ts b':lct.t, r i:-~l rrowth it i s :1at'J.rally sound 
pr actice to keep the )roduct trlo'!; . tn spt:;ric , bu. nove frE'83in , . er~perature s 
wbere pOSSib l e , and to shO:' t "'Il tLe tir'lc to thc-' :'-. inimurn b i-' t ween ha:::,vestino a nd 
c0111pl ·:; tioIl of quick freezing . 

Autolys i s r epr e s ents ac tua l self- dige st i on by enz~nes ; it is t he r e for e 
e ss ential to i nacti -vats t he enzyme s durinF:·: proc essL g . Blanchin or sub- zer o 
sto r a e i s usu3.1ly empl oyed for t h is . 

Prope r pac<:agi ng is v it3.l . 

The qua lity of t he p :;:oocessed p roduct ca n be adve r sely· a ff ected -- bo t h during 
the a ctua l quic k f r eezing i nd subsequpnt co l d storage -- by ox i datio n and 
des i ccation . 

1. Oxidation is th e comb i ni:lg of oxygen wi t h t he nat ura l fa t s a nd o ils . 
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2 . De8i~cation is t le o r ad11 1 e aporation of !TIoi ur fro, 1,-: prod'let · 
t his action i s f r equently ca l led " f eezer - b n." 

~ff icien t packa i n~ will help 0 effec ivel offs t 
of oyidation and desiccation, ' oth Q' in ,uick freezi 
gugrd in t he product a a inst contact with air . 

h"l d r in'"' .. al ef:ec 
coli s o r , by 

The system and t he t ype of appara t us , combined wi 1 t he temperatures uQed 
. durin t he .actual quick f r eez ing , inflU!:mc e the select ion of pac a ,in f'rial. 

J~t infrequently cost also inf luences t e selec ion, particularly in 10N 

pri ced cOIDrH:odities like quic.- - f ozen herrin~s . 

Prima r y packaging material s that Viill PEl-S8 morp han 1 ra, of mois ure 
vapour per s quare metr e of sur fac o per 24 hours at a temperat r e of 700 F . and a 
humi d ity diff er enti~ of 50 per c e nt , a r e not suita l e for 00 F . sora e of one 
y ear' s dur at i on . 

Secondary pa cki ng sho'~ d be ~va t er ri;pellant 0'1 i t8 o. tr;r surf3cs , a nd havE' 
good t her ma l insulation valu.'3 . COl:-.mercial nec )s8 i ty d·'m3.nds l".E. it b=- r.=asom.bly 
robust , li ht in w8ight and cheap '~nou{'h to be non- rr·t.urnable . 

The design o f the cO~1tainoI' should giv(; the naximum holding capaci y onsis ­
ent wi t il ri gid ity in handlinf; and stacldn " , and hav p th l" !'linimmr. "xt ernal surface' 
ar ea , the r e by r educ ing heat infil t,~a tion . 

I n a c tua l practic ~ a r ,; ctan ,ular COl' Tll '3, ted cnrdboard con ainrJr "; i th 
"water- g l azed" s r face , Vv'it ll one or !""·:orc.~ i!1npr iiI: -1" s , has b(l~""'~ f o und 3. i~fector:l . 

Openings i n the conta:n€l' must bi ' overl<\ppi ne , a:ld i. '-:' C.aps S<' Ul'(> 0 

minimize ~s (C02 ) or a i r l eakage . 

It i s not the' .purpos8 of t hi s pap"}r to discu ss tt~ 1'813 i c . - ri :3 of hI" 
many r:1 thods and t ypes of apparatus used in 0 bt:l.ini n nd in e'1denvouri:1 to 
obta in quick f r eezino . 

It is enerally acce~ted that speed in rpd~cin h~ ter. 'r3.y· n of a pro~~ct 
prior to old stora 8 is very desirable . Th~re appra rs to b p e va e R~. ta c~, 

by th e int t? rAsted part i E'S , t ha t t:p u l-' of .hf' t ..:>m " jU' ck fr ::JZ<'." lju<>..lifit:>s 
t n is desirable sta" e of affairs . S1..:rel:.' h'" p"! mi J cd u f' of )-;-,. r r ;"l' " quick 
f r ozen" shoul be qualified by d ~fini e p:~rformanc 'J in th" r3. ,'" of fror;z: , . 

arious ell- oste· ~' r~sea r h work~r 
be used to qualify t he use of t he er~r. by 

h:t ~ p lis: c 
he i r,1 us 1', • 

~ ' . 
13 ... 1'11 on 

Some r esearch ',vo r keTs .: ppc~. r 0 fa our th '" J~rc .J ) tL·' t:r.l· 

pass thro gh a " z,onp. of jC3.xiI'lw, ?o r r.1'1 iJr:" (31 0 ~' . 50 ?) as 3-

ot hers propose th t i bs sf in.d · ~ 9czing ~~ict hrou b 
of the product at o. r c en lE r s per ~in e , or as prna 
be n 5 a e ;1a t s i ze f e r es an cr s a ... sl.o' _d p-ot '3.r e 
70 '1, iron . 

• ,J. t co 1 

" .' 
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It i s well worth mentioni ng here t hat since cryst~ls grow as a result of 
var i ations of t emperature , there is no ;?oint in produc ing a small crystal i f 
subsequent co ld sto r age conditions cause damaging growth . 

Further, it is not always appreciated , even by some members of the indus try, 
that the cells of f l esh pr oducts a r e elastic , but plant cells a r e not; it is 
ther efore ver y advisable t ha t vege t ab l es be cooked while s t ill frozen , but with 
flesh produc ts s l ow thawi ng at low r efri gera t or t err.peratures i ves t he ne cessary 
t i me for t he wat e r in t he intercellular spaces t o be r eabsor bed and t he stability 
of t he cOffi91ex colloidal syst em to be r es t or ed . 

May I di gr ess a l ittle furthe r and add t ha t thA cooking peri od of qUick-frozen 
foods in all cases is shorte r than t hat r equired for unfrozen foods ; othe r wise , 
the cooking process es are simila r . 

Usually areas of product i on a r e r errlo t e from main centr:es of popul at i on , and 
the necRss ity ar i s e s for r efr j.gerated t ranspo r t . I n some r pspects this pr-ablem 
in ~ngland is s i mpl ifi ed by t he s ize of th~ country , but th R prpvious lack of 
w')ed for a h i ghly eff i cient syst em of r 8fri g·~rat ed tr3.nsport has checked develop­
ment . 

'\fa r demands have encouraged developrl.mt , and pr ototyp P.s have o""en assembl ed 
her s which may even t ual l y prov id <:; r:;ff ici ent t ansport fo r t h o distribution of 
quick- froze n products . 

Both in south Africa and Canada , th '3 railway compa ni es have successfully 
op erat ed overhead t ank cars pr i or to tl, c wa r . 

During the l a st decad e; tl-:." fo llowi ng types have been bui lt for us e on t he 
American r a ilways :-

Overhead bunker or roof tany type . 
Wir e basket type , utiliz i ng dr y iC8 as a r efri g;r a nt . 
Mechanically operated compressor unit type ; t h ::: se ar e only suitabl e 

under spscial conditions . 

After a very us eful li f~ t~~ e end bunl(8r typ e of truck , us i ng salt and ice as 
r efrigerant , is b e ing replaced by th·~ r oof te.pJ.;: t ype fo r th9 transpo rt of quick­
froz en goods . 

Mobil e r efrigeration , like stationa r y , a l so meet s hea t lo ads ; i f heat l eaks 
in , trucks and l orr y doo rs and other openings must bo wel l fittinKand s "3 a l e.d in 
one ','Jay or another against a ir or gas mo vement . Pre- coo l ing of insulated trucks 
is very advisabl e . 

Naturally, Sides , ceiling and floors mus t be wel l insulat ed, and wall 
battens and flo or racks prov i ded . 

For r oad t r anspor t th0 Sfu~e erreral pri nc i ples apply -- light er and more 
effici ent i n.sulating mater i a l s , such as f ib9r glass , which i s hea t r esistant, 
odourl ess and pr oof aga i ns t diSintegration , mo i s tur e , spontaneous combustion, 
vapour and vermi n , have been i ntroduced . Dry ic e or solid carbon dioxid e is in { 
ve r y gen-3ra l use , but for l ong hauls an automatic comp r essor, sometiI1l8s run from "­
the l orry ' s engine or f rom a s e~arat e uni t , ~nables 00 ~ . t emperatures to be 
maintained within the i ns ul a t ed ~ throughout thE'! run . 
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For d is tribut i on fron', entral cold stores t o retai l out lets 'iNhere journeys 
are sort , suppler.lentary r efriger ation is not usually provided . A v~rapper of 
fibrous ma terial , '.v i t h p r efer ably a wate r p r oof oute r layer , and speedy handling , 
are tb o best provision a_alnst undesirable alterations in tempe r ature . 

For the journey fronl r etai l outlet -- usually a low temperatur e stor age 
cabine t opera ing at 00 F. -- to the consumer' s home , several thicknesses of 
newspaper have been found satisf actory ; wr appin and r e turning to t hA cabinet 
pr'or to t he journey he l p . 

I,:any of the stores rr>centl,' built g d mana "ed by corr,merc ial undArtak i ngs 
bave inc r p rgted r ovision ~or ha nd ing quick- frozen produce and operat ing 

\I" :p Gratur s to - 100 F ., an i n some cas e s eve:J. below t ha t . These i mp roved 
handli l n(' hod s a r e as impor ant a s he ~ffici ent refrige ratio!2 equ i pmr:m t . 
Apart fro e pro ision of a suitable t emp erature , t hF' first step in t he success-
ful storage of quic k- froz e n foods was found t o b ~: correct stacking to p r eve nt 
" bo spots ." 

standard ilin " rul,"s D2.V € b ·~r- cO:'tp iled and s boul d be !r.ado a co nd i tion of 
E'v ::. r cold store contrac t . T:lc~ ruJ.J's pI' ; scrib~ t lw.t s t a cki ng S1101 1 s t a rt six 
. n ch e s fron t h8 walls and ex end toward h - cr.ntr e of t he room . Floor dunnage 
of 2 x 4 - inch ti ,_be l' mus b,~ ec arld laid 'Nherever pcs~.iblA at ri ght ang l es to 

h9 run of t he ov('- r h"'ad coLs . ...., u!1nagc i s g lso us ed 1. i Uli . each pile of cou-
ain 1's an b e t wE'J n ad. j oini n=.> ste.cl..::s . 2100 1' r"'c:(s and dunnage mus t .. ~xt "md beyond 

t s .ippin CO rl ainers t o pre €!1t t _10r!l fr')::i b8 inr: crushed down ove r t he (mds , 
h er eby r educin t he air space avai labl e fo r fr ~p ci rculation . 

stact~s should !:oot b e.: pi ed 1· i gt,,:,. !-:3. . wi ' ;, in e i . ht,-"'n inch8s of c e iling 
COils , or w ith i ~ five fnet of door openings . 

The s acciri of t ocr: of an i n itial te~.'9'?ra \.U' e above 0
0 

F . i!1 th ·:- saH1C 
chamber is not good practi.:! e . 

·e ~ly processed produc s sl10uld ent .r h ·:? c-old stor r a t or sl i r:;h tly b -=.: l ow 
thp. t erape rat 1' 0 at '.II l ich hey a r e to b ,"' stored . I f the proc essor has done a 
good job of work, then t h i s TIoan s ad ded r e fri g8ration and !1ot teat loa d to the 
cold stor e . 

mhe last -- but by no mea:J.s t he l ~a s t -- of the r ns onsibiliti es o f the 
ind stTY . 

~ffici 8 nt distribut ion n0c essitates co ns id~rab l e capita l ex p 0 nditur e in 
low t emperature sto r a",e ca binets, insul 3.ted , a ::ld i:1 s one cases , refrig"Jrat ed 
vehicles, and strict superv ision and att e ntI o n to detqil supported by the 
inte lli g ent co - op8r at i on of the d istri utin staffs . 

To g e t th e bs st r e sul ts it will no do ubt also b e nec Assary t o acquaint 
t e housewife 'Ni t h thp. h elp tlw qu ick- fr cczin :> i!1dustr :v can be t o her in prepa ring 
the daily menus. 
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