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Freezing of fruits and vegetables: an agri-business alternative for rural and semi-rural areas
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Introduction to freezing
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Cﬂrrent status of frozen food industry in U.S. and other countries "

. ¢ aF o 0l Wt &t *-"’fge(.tal’l"i n! m,!_%ste«.&h#'.'ﬁ
iﬂqlgs é Ins.ate 8 ‘iea £C 4 4 Stgaun™ @ ntis: WEos 'n‘si iﬂi 2 g
W10 F e WO ngVey 2 nida £F WFns J,/,asa ©F Cng € e g NE) 1

"V'."i- : an‘,‘ yosm‘meﬂt’! "Vnt'.a‘a’ £ MV $75 u*mnant .-
2 E‘ ),_‘, )Q,I_li-nei N Ty ,1_1 $ &€ "OL $273“¢',),n,n2001! N U,'a' eia(‘
a= ke Wl antR if CAFFL 2009) nE, W8 a., N
#r hf[} lgiﬁ X" :Qnar ;! i 11.1 Jl'f"“!nt'snsin 1¥ u , ‘b"nt%ﬁ 2000
QS8 F ;,fn Fz,z, o In®/ @ tqm ~ 2000). Ta“ £ 1e_Lf&n, t &sz.n &% 4En
#d ,ni y.vntC Ap K2 002~ @ an 2001.

Advantages of freezing technﬂfgy in developing countries
Wn’jic P nt‘ o ’ll" t i;"!_?[ate t‘{ ,ntc 8ty ;![artaae &* 'jtsana
‘pgeia“ For T g % 2058 o N el ufal 4! N4

T g - 01.






4 Freezing of fruits and vegetables: an agri-business alternative for rural and semi-rural areas

‘%e’£ent ya ﬁeenthe ﬁ ea“ ‘ntHC ’11 M! ﬁl’l{!ﬂ” ,!_?l’lal’li tilei& ‘ne‘n

fa ,;1 va?act," e ,te ‘66 t;.n~nt,,|1s_dnt_'y_a,,ng;,“,é
tht Jlgf’"Vh,!lnant', @"V',ﬁz, agn S 1y Gy SV i o



Chapter 1: Introduction to freezing 5

_ﬁwﬁ (,ani.ﬁ 'S ei tne‘a ) ﬁtyg eaiyﬂ,eat W )gfﬂ},!,&‘a‘qﬁ‘ﬁ’eqnthe
ﬁ e i e o wdg® & Af‘l'a‘ﬁ Won, 2 ting# w2 g an

nearaniat # »fn:ﬁ:;? 8- ﬁetan_g,ta, 2,2 W ha’*!hng&a_f j,at Al
fm'!]ef’sjeﬂ‘geﬁ i t!’i'!fynﬂ t,!qeﬂt’ 3!131;1 { f hf’tn' A -Tlt' }’w. N
4 }’i,ll }’i,qgim sﬂaﬂ‘g LW § (S ATy ly Y e g
<1 €2 g ie ,%nif W*4En _‘,Jg, sana‘a & @ 4}/.

Market share of frozen fruits and vegetables ;
}’iay‘n ’1’1)"i n k¥ Xg "Zen' u*tsaﬂa‘p et’l £ ng’l%tntutea »frg Zlna ;T‘;,Yla ot

& )‘)‘i gl *4;1 él“ng ) ¥ e )Zen# ‘!!’a 4 Cts (At y, 1993) t'gia"
_,,.iqlnt ,l% ’# ee?ang é’J‘e ,l?i atis (Eas 'g'g ,biata .
“e et g /.'. A nw,g.ar,nnz.‘atv,nsa G i~ ¥ao 186 L4ty

,11;1 a"e‘p" nt.‘an ,q*actang "1"""1’ WEr ‘n'sisﬁ'g' TR *
*fi \i;t’snt Mg ' *', s'aﬁ \»l] ty ‘e t;gandl,,nt sw}{‘%

,éva n.a’ s :‘.g at.'.n o
£ AT ay £ e o e £ 192

?ef )f.‘{l‘egeaﬁ’e{n& y ,l_l,‘ﬁeyg“’?#te t?e ae‘pﬁew’ll nt g nti-,‘ t:l;‘as
P R ,ngani o5 Caanng a0 1€ 1940, Oryast®. 126 [ EW entg cce . an
o e enzy,gtltc iega“at a0, &i! z.fn ‘ﬁgew‘ o @ana (I g etzwan"i
ANty fa am’a,,,?a’r ,».ay § 4o, vi¥§ar® rat € hn\."‘e g Na~
¢ "9[]“" '!n . 1. }Qz‘e[’ }!'Q s’ o %C ,C C )gnstit‘teaw y%[“a nt ’Qqht )‘n
N.',f'.# ',aniz,',icate .ng,ec & ,Q,n A‘stil,Dan ﬁ,‘i:mn ,
Fafe©, €2 %n}/ Iiary N:L -ﬁ'nquway‘Neien‘w,tf »ﬁ‘ﬂﬁv K,a

7! ia"wg'gﬂ L 14 !gZen‘egeia £ anter ,I,Pganq,ar@§ Al 2001.“‘5’\:

'él a <8ty j’l t;!y . T ‘gfﬂ?; “‘t,’ n# h?n\ﬁge s T
"1‘1%" Ceangts%"f weantte gaxlennf '5 ‘n gt & 17
2 gt 1905 (TP’ and €=, 197). Zeﬁ].n 2% et g & d
-vlese‘t CUNE T d u*ts % H el @% 3 1' ’! n# ‘t‘b a"‘[‘ng & fasi.n.

A“,t.z.m» t ‘.fnlf ,.tscan © tan, t © 8 ﬁet tatC 4 nghe

acce Ci‘lv,t aREd ‘,t A # € Zﬁﬂg ‘at ‘,n %{‘ fa‘-u”nq "u‘lﬂl‘e‘i

E e 85 T ot ¥ ! ,a w§Carl gy e P

Zé‘;‘t s;se(‘,‘ s N L8 )’ £ Ce‘at,r),n £ 4 yE Cez.ng a L 52l ry
W W 1 gt ,Mant e\t a0 Jlt“nis

Future trends in freezing technology



b,

Ty fn'"" ,nil“ 2 ¥ ce b
‘W,t; tﬁe t ] t;‘,a!ae‘ﬁ,, y‘ Al éz‘ n Ceﬁe [1i & m(agy Q! thlg
 da ten LSV gy ﬁe ttec B ‘tﬂng""’i“’ way.a
t& n)()FyT Fuly Cg‘l't fsfﬂ’)‘i‘w’ll)ll ilaate».nan @g t; CC7*ng
t@‘ﬂwaa’fact Gw ‘;:;n‘,’ " t’y& ﬁww ’ ““"#a’
N R A TN
’t@ \Z‘ng *‘1 "!a«s‘\ SPOW | t%#act'. C W€ ng‘uv t‘é‘c ’ng‘ae’ai‘ﬁ o1
Pociey Enk s ek 11077 e gy

b]

ey el ag gcneatei t1'e neeif“si

Y
CP'Q."a‘t el g"";‘ ani iﬁ Ca g a
@r Ct )
a‘&,ﬁ"‘(it £ ! ﬁgnt#%ﬁc )’i‘t‘s an*ﬁ‘g sa"e WS atqung.
v eez,y 4‘{” “""l'in;“ e )’nt’n“ we ok «M@"’# b Tﬂrv
t ['gf hn ’!]L:‘ Inai ,‘t,hnq i‘ng W Nt K I’c?' t‘ﬁ
1{;’ ﬁ'ez,n-i"nu RN fsﬂett st } 1{1t‘§ Jgnfsa*a;th!](l;"ﬁ
3 ‘ ‘
oA Ea itea%;fet WL gt Sy IS ity g e f"n'rﬂg
"oy nt ;
& Y ; ‘) t Jj‘ﬁ.ﬂﬂ Z‘ng t@,{n»(ag)(‘,n ntyfa “Aa‘ﬁ ﬁ tr}?‘ CC
¢ A ( fal’ha’ Aani’v\[ga & 4‘ “ Wk’ )(t
a



z,ia ya n «ft ea.,,ngi s 5l £ ﬁgz,.x, ‘area“yev.tsa e,/ e Cw -9'[]‘"‘“‘1* q‘;'e
iﬂa \.,ﬂ\iq iC_‘S ©nt 4n t & Yy &F 's‘na &€ ’sst‘s e‘p,,‘
.‘Eua"“t‘ S D J! t%‘ m,esaﬂi _'7;3‘ e I,lry"p ’llnt Can' "/‘
yff;\‘.,, A0 NV t@ m(?,g,*a i -"[’1 f,gat‘ng ..Mn’}’u t/.J. fa t', tf.’tf
.nreﬁ 1 ANY &F ',i:n# wd _','. ,qg, C nty ,nfﬁVa 'n‘ﬁn. nt
T »,;,i\,,avv 3¢ ANC F o Bls A 4 tadd nt ,t‘ﬁ‘a»
s '.fn'f.'.ﬂ“"r Wt 1€ 2 HC i 8 o ‘!Vﬁ & 10 Gl 1Ty (D4
B 1977).

1.2 General recommendations on the freezing process

Flee Zng ‘M, ’}' e ;fthz.& £ 0d -J . Vlf.J.n as.‘ KN e‘pa’ana‘qienhg o

tl? ’!’P & Ctnteen £ h',‘_.“ ’.ity;‘lna ea : 1 4, Begaﬂﬂnﬂ;g‘wnt‘ t7° G o
£l a0l agCat



Was Wi~ iei“‘y N5 ¢ 1'3 taa Vil $8t€ 15 tina o #raV,, ?-(’Ca‘sei“' y
“ny 415 Izt Y
1€ 18 ne e zng Qli iyt gan n 1928avg: 1 4N, O g §Jetey
;nﬁc t} lee £/ "‘ ya & AnJ(]g ’ll Cﬁ‘e B‘& e}ﬁ Aty CV,( '[,‘J‘n‘nL
S u%l*ﬁle Z!ﬂg Jgemaniﬁa wiy A, nt 1‘e us ‘l “a e él{'sﬂf’c"h’e ﬁ""}’
‘lv,t ‘@g & m_ﬁt@, ee; ea 'é 4 cce s eem’%
A&f‘lan W’t! CWJ t m@ S$¥ ‘e }’«. ’11-3' ?geip ;), < <
Cq ! ,fn @ cC ’I;f;’he’t J’s tb, wgi 2 # CRng 1, [HFV T«"*’s
N ALy € a2 ag eata na nt " arﬁ €SasLs eez, gL dand
’l’g . ’ll e gec ’ll’ll g "1[‘!6 Py
Vet £ Rt Jlsﬂ..? A & Cung £10F §F 90 GV En



Chapter 1: Introduction to freezing 9

t€ A;ar S eea Az 1€ /C z,na.n“z(, ng,,pwf‘s I‘Ca S i« SN ,:ntl'e
s 7% ntlflva.tC wvet nOO_CD ‘g T8 PC o 75C 4 Cnfaten
] s'!'u UL %iﬁ ea ,‘Iea[l hfmte‘lc 1[ -‘I'g nﬂa ‘ v@t TN WY1 g ee 7§Dg

teJT',at %, ”‘e te,lﬂat CaMA,A L ﬁ'e of §6C 'a"a-ﬁ%‘;'s%
»,J]J]»rry ga&eia 1€ i@+ eez.ng ,lr,,at e eaee Ca’ﬁ.,atn:hns

Fg, ' 1. A schematic illustration of overall freezing process.

) [ ;;_-. i) 'D Iil
Q) ; :—".- (::- - £y €3 0 Q0
0 .. 09 & 2 v o o

F )

.nriteat o 1«!attcan a9 221 tj'e @ # €€ Zqng € Ar‘,at e g‘Ce?ia,mwﬁsa a
m‘e tql & TCq Aol C €t ([CVy, 1979). \ W
eaeﬁce‘/:ar-fth. gfﬂ.».ife Ang an&ie Cn‘ a,nt tu.i ‘\: £
n a’itytt‘?' hf[} )‘n‘ %}/V I—‘we‘i gag £t/ Ct‘,QC”Cnt %1;1
_wﬁ ﬁeA,Iﬂ ”*Ceznﬂg.y ,“_g,a,;fhi
Intc i“: ahm’ln&é‘fe & —aiglaig “ + "3
f!s‘ eeZ\ Jpe aifgtht‘ w i?,n.t,hn,h i d eezing g g,\ ag\a"y

t .,ﬂ. ,av,"kwnanﬁg, “Zani 3' “ - Ql\/ate an's ;“& Ko t‘ﬁ'y

ms\

fg

i

gaﬂﬂ.[@"-‘t t‘]C 'g lee Z‘ng ag ’tI‘C1‘e {‘“i \‘“Alﬁ‘: tca t)‘tl ’uCC A[g 'E C”uﬂtﬂ"‘
fa_ 822 g t:CegdC ! yfarit a5/ ‘ ‘






Chapter 1: Introduction to freezing 11

e _',,.znw;'eﬁe e ee gt vy i€/ a eenC ).n‘ﬁ 8 1, 8¢ a2 ena‘lvllen e
e Cedr, 'ageteJT,%at © (Plguna ¥ Ly~ 1993),
. p‘feegr%‘ ’l?a[‘ﬁ} Ce;ng atea ’_Ll!’.‘ @t _g,a J]i Qniesgn.’[gf CCZT
ate &% ZnoW 1

i
s}’s ’!‘P ’!"ytt s WFn ;,‘ Lo try;:”@te
s‘e E%ng\ 2 atedacC a-‘:ngf'. ate s#c F'u .,iara*r,%at vl
alet; ,,],te Cnt,a -ﬁra te‘,nt ’1 ’9'11-?' g geﬁntty

sl ang sys Ay2 na ll‘-v"!]nt ( “J,narﬂ L n‘a’ 1993)

Freezing time ,‘C \e
Agaan# ee?ang 0w Wi & L .J ViR g2 Lt SCang Ky,
& <l ﬁ et el Cttr €ht € ~€ [ Cht €t
" a(, ’Ll a {‘\CW a'lr'!a # ‘9"'1'45‘[#'@ ’l-rjfa ‘11 “?C
cente Kt e eat a‘t,‘t WV Jqn T 7

; S
Ct ‘»‘"ijc‘s iu ':eng‘ Z‘Dg :ess’ f:'e t:‘e g|e a.@ ﬂﬁenas
) € et ‘ca-Cepel g t ct eac ga‘pm‘m,‘

! 1. W Fnts lle -J
1€ (e‘ht‘f’-g “,en“'e ts a‘ﬁag 4;ictte Cat Cal‘eerh'eeace&t;!a t;!ag
e~ F g f i o ar#act o .ﬁ Lng € a2 nif.mr

te‘wgf’at.f‘eﬂc& ey “a- W b anw & Far e el awmea Ay €ng
2 $ 6Nt ttang _‘;fg‘e“,&ln& 1€ Jﬂ,jat‘r -
. I oCt,] gg ] . £

QYR ﬁnc,,.)a ;& 4
[ . C‘

Inte @ty —Ingyf, - ‘ 4 :
<N eﬁ‘tvnt/, DY t 1.“, t# 'wEna s e Z.ngﬁ ,_',,11 nt (Pef!'“.',nani Ly o2 ~;

1993). % 1+ ,11_';,13 na ®

In.tail’a nif mrfe ,11.33%" .

e r t g vgeatang ei‘,‘
C,‘aeng n€nta-
’%,C ,‘niCtV,tygda t

PO SR S R R ¢

Y

G5 aTian &% ee7~ﬂg i,!l '\[’)Qﬁ‘ y ,!?\ii'i, ¢ 'g,l.r@ \’sﬂth_‘ 5}’5 Ap
i€ 1) *CCZ-ng P s s y daline ! Aoy w2
“"lr'*‘ 2 éﬂeﬁ eil-“een e €€ 7 g , DL € ntq e_;ict
~F ),i?ncan"e ega 8 ee@? e . Pang’ (R 2 tan QE_, 1),‘,6, A ATy
it;! Ja ,qtcf ecfnﬂg : etn,aw ,Lgf,.),ns,n"g”,‘eint Cat- ’ﬁ‘tn n

4\ 'nrry..f* * ’ulh annnganaw% ,qt ant# Ang s Jl $i30 tin & 1
"‘ W2 fxan (B 1Y ﬂe A dwan £ “ang# - a?nwﬂ Y atf ee?-?

eat e (; et cag ,_,rtei, ee7~ngt e c*yec ,‘ﬂ,},t

l'e“‘ af«n n‘e# 1 Jlgﬁai*! bgclon o® 0 LUE A e ¢ ﬁ‘ & :
% y’i -



12 Freezing of fruits and vegetables: an agri-business alternative for rural and semi-rural areas

Ta‘ £ 4. Coefficients P and R of Equation 1

Geome r P R Dimen ion
Vv -
Infinite slab 1/2 1/8 thickness e
Infinite cylinder 1/4 1/16 radius r
Sphere 1/6 1/24 radius r
apnd J‘C ?eqﬁ,e'e’e,. &<
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Fg, € 4. Freezing preservation dynamics curve.
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Fgg ' g . Cross-sectional view of a fluidized bed freezer.
(Courtesy of Frigoscandia Equipment Ltd., UK)
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Fgy ' 13 . Pressure application in a plate freezer.
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Fgg ¢ 19. Flow diagram of freezing process of vegetable-based product.
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Fgy e 20. Zanussi ZCF146 chest freezer with internal volume of 414 It.
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Tz‘ £ 7. Comparison of freezing times for small fruits and vegetables
(Johnston ef al. 1994)
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Ta‘ £ 9. Estimation of asset cost for frozen vegetables
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