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I 

er t i 

one of those ancient 1 to hum 

civilization. ords o i use o be d 4 00 

yo ck when i t 

p riod (Kon. 1972) • 

as de and eaten in b lical 

yriad s e s carried out 

since then. h ve established t s 

semisolid, del ctosed. d form o f milk with 

a c ein and para-cas matrix gLus..,;e other 

milk consti ents s cialJ.y. f 

e consumption h y 

dl.!ti p t a ec de. en se ro ct! 

s d i ncr R fran 7. 731 , 808 tric 

ton in 1969-71 ~ 10. 483,713 me J.C t.ans in 1978 

• 

( , 197 ) • I:n · n1 ed ta ction 

"~~~d a rem abl e incre~se f 0 . 68 l:dlli kg in 

th y 1960 ~o 1. 2 hilli n k in 1973 lson. 1975) . 

k wls , in ry ~ring r1od# c e 

rodUction al.mo to 20. 000 ~ s . !ability 

of ch e induatxy 1.n t countri is 

fur'ther · :t from th in r t 

cons pt.ion of ch · e . In th ni to 1 

co tion dily ro s . 1 k to 

9 . 9 kg ing 0£ ov ( lson# 19 1) . 
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Ch . se is r B f 0 hig 

nutritive v lu virtue of it ri j.n d 

lity r ell 

It 1 l so acclaim d to 

ribof in. cal.cl 

p t.ion of ounce of ch 

c lorie. 12 .. 7 p cent of 

vit 

of c alcJ. mn r quj.remEEts. 

( o inson. 1977). 

be so·l ly asc:ri d 

durin cu~sett!ng. 

sigrU.fic.antly .. ~".&..&.fy 

such cul~ d d 

irable • Ho 

iocltleliii.1. c al ch es such 

vi .... Ql.JI~- D nz 

ich,. b l•n.r•- ··A 

ranina11ce in r .... ~·u. .. 

o£ most of th ! ,,...,,. .......... 

a el.a.&1l.oi6G 

cul1:Ur s du.ri 

t~11 .... ti.on o 

... 
i 

• 1981.). 

0 

s oth 

an i al so 

ho · rtl • 

SE! ril fills 3. 

• 7. 

2 

• 

id 

r 

c 

o;f 

1 nts . 

vi 

«mt 0 

t of 

t 

t 

ot 

n 

tri ts 

l ture s further 

l actc.s i n 

p c.du g 

o antibiotics. 

s 

y 

l 

1 c: 

1k 

crof l or 

cane into 

v 

ti on 

1 ct.ic 
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in achievJ.n.g an e.xc::eJ.lent public be th record. 

1lhe r ence of natur . i nhibitory subs~­

arisi.ng from l actic acid ferm otaU , suppress 

the prolifer tion of pa enic f"l3 C'"'T' 

safety f ctor is gre ater in ripened ""'" -=w::. 

of low moi · re. l ack of air. in diate products 

of rip ening and hiqh salt ncentrati n y . 

1966). 

Fr the scientific: point of vie 

'f'lie'E~e· makJ.ng can be e t.egorls into f l lo ng 

st.eps Viz.. (i) coa~ Uon of milk by renne~ (ii) 

(ilJ.) curing wi r 

eo.atroll d ratur and humidity eon tions. 

Conventionally ripeninq of ch e 

usually takes t 3 to· 12 mo ths. ihile such 

longevity y be a valuabl.e attribut of chee~;e 

when it is uaed in its n tur form. the cost of 

storing unt.Ll it. acquires an accep 1 f l avour and 

CGllA tenc:y. d sub :tantially to the capital. cost 

of ch pl ta aa ·l as to its rum ing 

coat. rding to an es te. the stor cost. 

conU.il:Ntes abo-ut a.44 p r t ox tot 

cos~ of ch • proCblction ( d r 1979). 

'l'bi underacorea n d to cut 'the 

c::oet ~ . .. 80 t it c 



0 

riJ.~•"44 •'~ at l~~~~.,.. tieau~~~a 

lk ~. 

f 

• 

4 

.t. 

inv 

• 

• 



s 

ranqe from s.1s - s. 30 r1 toffersen •• 1967 ) . --
s a f o to b oncmic 1 

by p s 8 r frig r tion . o the r. 

to control CV< r-rl. ening . 

ra ti n of pro ins, f ts 

11 as ynthesis o c r 

e it 

r 

s 

OU • 

e place duri ripening o_ rof undly 

alter th nutrition 1 c s ties o s 

mentioned earl! r . c ·ntrolled accel a tio of ri !IJ ...... ,_ .. 

of ch d<ar che e aclop d in thi i nv ti on 

on s v al £actors such moisture l e vel. 

and salt cone tr ti which mai~edly diff 

thos re • 
factors 14 undoubtdly influ ce the 

cour e of start (%' C! 1 turi d in turn. -

f 

l 

i.nfl u e nutrit.:lo 1 v u of th roduct. 

vi of the ul f ence in ods for 

l:>y two dif t procedurei_, 1 can s hi ly 

to un s d th nutrition l v lue of 

wsin.g this pro ca • 
rtudy ore. to 

t.be pxoxim s 1 

ri 

by Wti or 1 proc 

ob to ind 

e 

In 

y 

• 
in 
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in vi of r - g 

c 1 ri ing . 1 

con - in Jte p roc 

er £0 • 
on f 

• 
ob n p t i n r o r t . 
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During ancient period • ch -- e 

primarily consJ. ed s a m 

in a af e and 

(ii) 

(iJ..l) 

lU.tCM:llerll1C 

t.ri ti . value of 

manner . 

lk 

is. ill 

t 

cneese. 



aecom.p 

f <:tor 

( ) 

ct.eria 

8 

r J.peniJ!1 of ch e 

in 

1m arts irabl e f 

. odlct. Ho:~, .... v tio 

"""t:"-- ri . . f alr l y l . i od for 1 ts p r -o 

cul tv.r . 
In rly ~ • funcU of l etic: ad.d 

ly to p.-o .. ce l a c ai.d 

of the Cheese (Evans t al •• 19141 - -
~1y, 19 32 

tha t 

th duc·tian of 1 e tie acid i s not the only function 

@f a start 

di 

ll ll 

19 , 

sco;c. 19541 

. t - •• 

t.ributin to 

ar ct 1 tic f 19321 

~Jead. 

1 471 llnsk and 

't s!·· 196-0J ry. 1961 d 

967) . 

( a) -''E-~--..!!l~. rt--.;;tc~·· -g=f--.::;.:..::;.:.::. 

1 · f 

-·l t ur 

.. ....,. _ _._o. 197 ) • (1 

1 1 tly 
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QC 1 ted. l ac:tic str ptoc 

culture Use'"" 6 • 
t al . (1976), oth :r # to --

~ind out y influ c 0 =:r 

and pti ,.. t.i v1 ties on th fl ction. 

th c trary, Lowd t al . ( 1974) r rt -
bittomese in cheese as the ta of st er - ture 

w in r 

e 

s "bil1 y o incro i cti ty 

of l actic acid 

by Uu y activ in 

y 

mu t (~a proteolytic tivity u t 

hi r th ti' t of s) si c y 

by 5 jlerc· t 

or of 

bett~ \ot"l.lc~~i ty . 

T"l'll'llRl'IP'lsk cheellte can taining ti 

rip d mc;re 

at e fl :::t'U'rw~ . ..-

ya Cnilanyan 

Dull -y . Al.· ( 91 ) u 

coc J.act.11 c2 which cU. 

ekly an c::cn 1 

d in 45 d ys 

1970). 

1 inc1:e .(~ &J>l:l~lumia~e 

ase 
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(o) t for st 

v iou t n e 

9! v n to for c.n.;c:e 

r nin ~ of ch se. 

( ) Heat shoclt 

SUbl ethal h t tr :tm nt a t S9°c 

6t0 c stanti , ly h 

l actic acid 

starter cul es or the-....'""''"' 

l actobacilli hl l e onl y redu-~·•"'!I 

activity by 10-30 re t 

8tra1n me hilic 

st.r tococci d 

th r p l~ · c 

e r a1.. 

i ere· d in s edish Houshold c .......... ,,,.. .... 

l sis 

heat 

s hocked cells e val t to 4-5 

start.er ul. ti n ( -e r son nd j .os•· · ... -.., 197 5) • 

(ii) Sol vent tre ted cells 

_ ....... rk te (1979) po 

of start cells 

r e tdin 

sJ. n 

p ro 

thi 

olytic zym s . 

rk, i t i 

ti of s 

r fur 

ch 

ctivi.ti s to 10 t.1m . 

J.s . It CQDU 

lysi an 

d 

G by usin 

d .rodu~ 

WAAnan solv 

tart r noc:ul, 

t tre 

c 

11 

• 
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(iii) Hydrol yse d .,,..., ... ~-,,..-rial cells 

Al (1966) r r r te o 

ri. i P.~ roxim t ly 1 . s times . g r 

.~:perimen l ch • e u~ing hy l ys d b teria l 

eel s due to 

and bioch 

cro ~ol ic 

dUration of 

ri. ning for ch ~ manuf ctur · th yd.roJ.ysed 

b&.c terial starter may therefore.,, be r 

15-20 · ys wi thou. t af f ti e ity o f 

ro et. 

(d) Use S!f modified start r 

len and 0 l~s (1 33-34) ow 

t1 e · £feet 0£ a vigorous start i n i nduci 

t 

to tha t 0£ ak start r. It 'f concluded tha t 

th .. e£f t. of i tur o£ s .art 

9.re ter ro olysis than act.io . of th e s . 

se 

s 

i th a cultur . of ~ •. l a ctis c10 or a 

this eul tobacJ.llus c a :.i, 

the slurri 

(~f.lri s 

of ri a.lag 

6 on'tha 

stored t 30° for - 9 

i tof ersen. 1970) . 

:y 
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ch star r tconGistii g o f 0 p~rc t Stre 

re t 

eo d!U f · r c: . cur (32° - 35° ) • 

disint.egrat f r ozo b c 11 

c centr te >. i ru - ll fr _ 

( E) or cell debri ( ) t 

l normal. i to a , chedd n -
rl g i nv tig by vi de 

Fol~y (1979) . i r e tion of e suppl t 

b y inco r ting i n tl curd r 

i.n ilk. SU.,:. _ l n dth or 

• er .. i \,. 

l p s cid s c 

incr i • 
(S ) Us 

e-tudi a h ve 

ce.lera . o f ch 

1972 ) 

0 

i 

in 5 i:o 50 s oun 

Xi ctl.y ro rti unt of 

tin . t o the lk. 

ltd (197 ) 

£rem • 

0 0 
t 13 - lS. • I t 
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as o s rv d th f 30 y , tl c in 

30.5. ch is tic 

flt:NOUr of a l 

cid t rn s d~f r t f 

Gouda c s • 

th t 

the a tion of sin t a t of 1. 20 

llvian In£antino (1975) o s erv t 

ch e ted 

si f icmtly by pr a a lution o taini 

d :no ine 3 • -s • cyclic a t concentra on 

of 0.2 - 200 d curd partic l s 

b fore filling the curd J.nto ch e h p s . 

vol tile ci s. solubl · pr o-----

f laW) r d to in 

yo riDer:aed ched ch e by a ng v i s 

canbinat.ions of proteolytic and 11 lytic caru ci 1 

yma prep atiOlltl th lt to curd f o pres in 

( osik 1ski an I akJ.. 1975). 

1- t al. (1979) -- stu d effect 

0 ·ic 1.1 th ri d fl. vour 

lo J.n • ch •• an fo to 

ler te th devel t of lavour, cula rly 

1ld'len c laee SU d. In • 
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r ers th t 

a o f d) 

of sto e. h v • f l. def 

ount 

0£ enz e improv 11 o f 

littl or no £1 vour d f ects . 

schk et • ( 1980). - - t 

cairvnerci l y v 1 l e 

B-gal.acto f the yeast uvveranyce 

1 ct.t.s) t o ch e e milk r d i n ng of 

ohe • 
i oua fun a l mol d rot a e • 

oaikoweki. 19791 t al.. 1 79t - -
d t n. 19 11 La 1982 ) . 

(C) Pra-tr t of ch milk 

--• (1973) 

to 60 ya. 

( 976) 

1k 

1 ·r tion 

of i 

t by 

f i lacto 

ch.e:e!1e. c 
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mama£ t:u. 4 ch aft 3 - 4 ntha 

6 - 8 months old cheetae. 

(1977) th h ol s d 1 cto 

eh che ~ m by procc in l ving 

a prehydrolyna of 1 tos with l ac th 

e ·trol ch chees by di ti l • 

incr J.n proteoly r l din a 

r id textu t in t h hydr l ys 1 tose 

in ripQll ..... ldill.!.il cha s m from a milk 

hydrolys w1 1 tase. on ( 1977) h ve descri 

ceeler ett lt"'nc!IO c s b s on 

lacto ,lysis ( t 1 t 60~) 

fnm ccbraDvces l act.ia. 

Labuac:bagne and ~~.:.- udt (197 ) 

th t 

r te of 0 . 3 g/lt m.ilk t 30°c l f t f or 30 min 

Del:Or'i th • 
d.pen.lng of ch • 

chke Dulley tb £ 

of d.1t1ons th ty 

o f found t 30°c r 1 br 

df cUVi th ,oe for l hr. 
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Hefi _ al• ( 1979) r rt d th t e -"'""~ 

cJ.reul to ch e e milk 

1,1 ·lysia and pr lysia i r i 1 o f . 

• 
cul tur· of l!• pum!lu;s 

r te th rip~~~·~ 

B.cereus d t cc l -- ------
• 

Yaqdoub S.!: .!!.• (19 0 ) r . rted t:h t th 

addition o£ cel-1-fr fil fr old 

milk culture of llus c.irul s <-~u... ' 2 4) 

to ch e milJc prior y 

rJ. _ning, 

addition of 

of en-.~l\.e 

in coun of to . 

n 

~ < 1950) reccimmencled 

C'g;Willc.1111. 

1 • 

o:f tas um 

e 

.._~,11111!1" Dy PA1!:Ar· . S (1960) (1 62) 

8 w t:b d U o mai~uuatB4t to milk 
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had st.imul tory ef ct on (Leuc . 

and enh nc cl.tric d f • 

Hofi - .!!.· (1973) s did th ef-ect of 

on of tr ce el. ent on th rip 0 

s using two mix o f tr c 

ch • 1, 

i d ) an .x--2 ( • cu. d I) . 

uch . d tions accel r 

furth r?r h stened · 

lipolysis d pro 

ubs 

ly is 

. tl • 

they s · ed the e£f ct of va ious dilutions 0£ 

x-1 and -U.x-2 ad ed to milk 

1 .. s 1.500, 1;:5000 lalOOOO . I 

liSOO dilution decreas th 

li l ysis a nd protein ~,~ad tion 

che 

lslOOOO ratio c elerat 

xture , s sup rior to t.'1 con rol. 

- di 4: r nt 

se 

r ltant 

1~5000 

that 

and e 

s 

ound to be more e£~J. · Uxi-1 .in this 

us. , e r tr :c eJ.~i:!IDElltS 

t acti Vi ter or inhibitors 0£ 8 

<-> Use ·of ,n.tHcJ.y sxstemt 

Th 1 o in rd 

to influenc:e th ri 1 le 



1S 

(1923) rv c ri o f 

c n .1 tur 

igh. Van lyke d rt (1903) d mor 

p r ot l is 't h i m i stur Vi i n c 

th a t 1 ~ 1 -V n e b si of such 

o serv ticm , i to sen (1967) d 

ed ch s by r si g e moi t11 

to 60 

stren 
12 

3- mon'th 

ri 1!9' • 

io 

t 1 

30 "-• d 

ng conv tional 

Singh isto f (19 .... 9) 11 the 

teuriz m1lk. 

40 p rc:::ent curd s li • i . 1 

tur of rt oni 

f ull fl~ r 4 t.o 6 

(100 

m;. ~b f ly 1 

alurri s without it. 

Zn th 

(1 .. 70) . 

u ed. 

e • 

oc s to - s 

ch oontil 

l and 1 . 3 

ct 1 • 
sto e 

) fl vour 

11 r 

a atof 
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Shanl ey nd SUth l (19 7 5) r eported 

slurri es th 40 p r t tc 1 l ids th 3. 2 

percent t • mild ch d , ch l 0 

hen s l urry 

llul l y (1 75) u d slurrl curd t:o c l te 

c:he se r i en1 • no lly 

curd w s bl end d th 5 cent 

incorporated into c h e se by a in it to th curd 

l>efore c:hedaaria • 

(F) captulation of 

esi es the use of rl en.t_ 

additives. att'.eaipts h ~ 

n t.b sol u ans o 

b mious. though 1 t res 1 t in cons.i~~ 

lo~ of en~ i.n e • La 1 t al . (1975) --
1 s of 60 

ecc:mc1m1.c y unfeasible. 

(1 75) s 

t a c 

1 l t ctice. 

d 
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nzym_ micro ncap sul.c tion ~ovi anoth 

s !bl ceel tin che rip-ning . 

qee t • (1979) -- th c psul tion 

in mil f t of a c 1 fr 

s tes n<l 

r r for di c tyl p due ti on. 

f oun to b -e a grea t ti .ti 1 iJ:> ace l ting e 

che se r i p roe s • 
Other s / approac es 

l.imovald.i ( 954) er e d y .. i h 

the ei;-~c l proee in ch e 

so t product can 0 ma.nu -ctur of 

Pasteurized milk i s co 9 ~ t e t 36° C 

l 1 min. y a ~ tion of 1 o f 

rter culture (2-4~·) • the us 4~ ........ tity of r t , 

t 48° for tho o qulum eut 

5o-6C n. 4 -ter inin- 0-f f , th cur i s 

H fa.lls to s . 1 - s. 3. 

It i • th n. t 20 c for 15 - 20 ys . 

Von (1 7 ) il 

in 

c 

ek.tn il ~- ,(197 ) de - 1 d t d 

for eccl ti the ri 
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In th1a proc:esa. cheese waa ripened at 10-12°c 

for 35-40 days and then. t 20-2s0 c during the 

subsequent 20 days which stimula t ed the growth 0 £ 

~J.onic: acid bacteria. 

X•ladkova and Prodanald. (1976) 9 s ted 

uae of l:utte.ndlk for accelerating the ripening in 

Duu:h tJP• hard che e. Clee•• made with 30 percent 

butter milk a , to ekim milk. had higher 

of aolubl.e nitroqen than ccnt.rol ~ ae and waa 

ready for processed cheeae in 30 days. Addition of 

1a2 mixture of N-i1F04 + N~ 'O 4 and 80Climi c1 t.rate 

in che ... 9J:ain•• especially cheddar curd. acceler a ted 

ripeni og and eli lllinated the use of emulsJ.fyi.D9 aal ta 

iD _.sequ.n proce~ng. 

Bioc:h91cal sh!n9• 
The ripening of cbeeae is a complex pbenaneoon. 

The p p.ical eta and concentration 0£ the origJ.nal 

llilk c:onsUtuenu a.a they exiat in cheese. the 

aDZJIDe ay tau ilm>lved. O:aoth intra and extracelJ,ular) 

al0ft9WJ.th ad U • such aa 80dl\UD chloride and the 

physical eav.t.romn.at in which cheese i placed. all 

iaf1-uence tb ripen.t.Dg procea•• The prali>l . of 

elucid&Ung cbeng .. occuring dUring ri i• 

further camplJ.cat.ed because •' lk couti b.lent.a are 

chaDg Jsr eDSJIB Uc acticm ancl J:ry o~er chemic::al 

reac:ti••• 



w tor 

ter 1 s ary in ch 

of biolo ical t s o ~ 

it gr. ra 

porti s r · 

\ooeins 

1952) . i 

cal inn tur · . 

ns 

• 
1n 

u 

r1 

1 
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for e ti vi 

• part 0 

rip • con 1 

t ed th the 

(V Sl yke an c , 

- sic or 

t ns und r o pro· 1 is - tin in ~'-t-

tid ' rthor rocacrP<:>si ti on 

ne 

i d 

tl aindi i 1 no ci •• 
the roteol.y is re 

insol · l con titu ts 

to so1ubl.J ·o.rms. In 

of proteolysis w 

s i 3 • th 

tig t 

.as a 4', "' _."" .... e of ri ~·~~~ • v. l yke 

ex'11::elilSl.V y 

(1903) 

fo . d t ,(!urin e year rJ.~.L&..n perio · 

solubl ni en comp r1.si 

2 • • p • 3l'l'lt'lCmi ni 1:ro 

tot 1 111 cr:r.t. "UM'I. 

0 f 

. peri._ 

f yf 

180 

1 · 

at 60 

r t. 

s.4 pe%'C t 0£ th 

• 
th 
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and p s i d milk chee1se •. t 

n at 60 • 40 of 

0 £r th t r f CUD in th fully 

rJ. d • 
J, · r...eno·r (1954) n1 

an o£ ch t di t 

interv dur1 ri en 

scl hle nit.reg tide in r 1 th t 

s p p tone s • 

t th 19th to 

25 ft r month . 

(197 ) ound tin all th 

v i ti -c e.!n r 

y th co ' a t! 

u ! • r of 

ti 0 

rl ly C.heD t 

c in in ye r 

Lee (1974) s c s 

rl_.. ni th t ter 8 1 

by • 01. 4 . 73. . 2 • • 
2 . 34 y 2n~ 7 • 3 

d 90tb yo • 
0 

c 

ly 
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fl ~our. 

do aot coot.ribu te dir ct.l y to typical ch.-..._..,_ 

f wur. oaikowaky (1951) f ......... _... 16 md.no ac:ida 

1.n ch che e. · ied to a certain 

ext.Qt with the afJ• of th cheeae, y t for aged 

cheeae the c oe tr :tion of tile major -Uno ci 

differed :bet re varJ.oua l.ou of cheese. 

a r ult of the ction 

o£ terial dec:arboxylas cm amino acida such as 

hiatidine. tryptophaa and tyrosine. It was abs rved 

dlat their pr amc:e in ch se varieties r ponaible 

t:o cause ...,. to~ e£fecta in individual• · o wer 

unabl to metabolise these .Un • Doeglaa et al. --
(1967) reporte4 the pruence of 85 mg hLatam:lne in 

Gouda <:b•••• variety. Sen {1967) report the 

preaence· o.f 1-2 tlll;J/9 o1 tynmi .. in cbedda.r • 

. KJCella. Bour••ult d Blue Stilton c:he • i · i ll r 

(1974) port tb preaence o.f 11.0 mg/ 

1809 of hia · iD 3 1 • of cheese ._oui: f 156 
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Tryptamia 

1n CJ14Metar che • 
F -

r 11 ly is f o ti of f r 

1 varleti. of 

ripeneG In acme ti s . ll l ysis pl 

lysi ia 1 

vtoualy. cbe ar cru~1e m•l2CJIS f r skim 

Tuchl • 1965). 

and 

Peterson en Johnson (1949) r orte . t in 

both raw an teurized milk chees 

30 d p 0£ rt.~-.-.-~9. caperlc. qlJ.c: 

aci.d 

at lightly lo 

le n-butyric a i d 

l evels than tho o f 

at 428 ~·· Uc cid 1 

%0xlma · 1y one h f 

·ch ·e at 420 ya. 

emi.n9 ckey (1947) m 

~ · ill th f ;t cons 

f _t. ng of 

f ir t 

cap 

presE~nt 

o f 

t of th 

0£ 
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The SaJ)OlllJ. ......... -......tion m.mme.r also tJencieo. to inc s • 

e on the othe r .&g,AI,.~ 

n th 

vol tile 

of solubl 

iod n9 th t 

c • 
d th 

in olubl acid ded to deer as • 

ence of hydrolysis of chee!!;e 

lubl 

centag of 

Vin furth r 

f a 

. e total fre f tty as sul ting 

lipolysis h been to incr se. al o 

erratically. in. th contr ch e . fat 

Ci y ine with thanol. kno r sent 

in ch . to fcmn ters or they y 

oxidJ.z to . ton s . Such reactions y 

(Jens ~ .!!•• 1·975) • 

ffa9m• 
During riJ.1a.1"4AJI~ of 

c:urd 1 

~ ......... ting in 

0 f f tty d 

cm!:ies•e• r .icm l acicosle 

Ille;~' !Oil ;y 

of 

ly 

th 

ac.l 

d all (1965) r rt 1 :tic 

raJll(Jl.DQ ~-- 1 . 1 to 2 . 0 ~1~-t 

· d U aVJi.rata• CQ'lceDV -y· o1 1. 7 PA...,.~t in 

c:omrnarci ftl)etaeci th 

no rel tionahip DeiC.HID· th 1'¥'111~ ... "'t.. 

the · 9 and th quali t.y of • 



27 

Singh (19 ) reported th t initial l ctic 

curd lurries (0 . 56 

tG o. 7 . w ri dependent UpOn th acidity t 

mil ling . 

tritional val of ch 

er capita conswnption o s 

re rt to incrc from s . 1 kg in 1955 to 9 . 9 kg 

in 1978 (Olson. 1981) . 

importanc of ch se in 

canparison with oth 

tabl (M. • ":?• '"•• 1959)1 

ood i tity rote in Calcium Vit. 
(g) (mg) (I . U. ) 

Cheese 2 oz 14. 2 460 738 

lk 7 oz 6. 3 238 224 

Ego 1 ( o.) 1. 0 34 568 

Fish( hite) 6 oz 21. 0 42 0 

t 3 oz 14. 4 9 42 

I't is evident th ch se ia h1 ly ef f c ti ve 

in providin c n nutrients. 

o. 2a 

0 . 35 

0 . 22 

0 . 24 

0 . 21 

prodUc I't was evi 

r·eQlllJ.1nm.ent of ot.eln. 

• 
lcium, tamin 

fulfil 

ribof l vin 

mo uf Uvaly 

3 oa o~ 

2 os) 1 

th 7 oz milk. 1 

rea.onable -•-ing of chlmeJ!MI 

d 

h f 
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hia dai.ly re rement for calci · • n e ly a third 

0£ vJ. tam.in an about a sixth of those £ r r o i n 

an4 rtbof lavin. The importa ce of che e in 

cliet depends on i ts c:onUibution ta\! ards di y 

con tituente of milk are r tain_d in 

( ilaon et al •• 1965) . --
e curd 

Prot in centent in dif f er t var1eti of 

eD ~ rted to exhibit ran e 

f'rom 11. s percent in camemi~'t and 36 p o tin 

Parntes • ch ese s 

found to be 25 percent ( onymus. 197 3) • - o iko R~ .... 

(1966 ) re_ rted 8 rcent protein in cream t and 

25 perc t in ched ar che s • d r t variations 

a.t.ngle type of ehe 

t £.rom 16. S cent 

( . ,VIJltlNf• 1973 ) to 20. 9 

in di .se ppear to a.ei::>eDd on th e f ctors, 

the qu it¥ of r w m teri us · in resp ct of 

COBtent and th m ~· r content in ch es • 

s te an 

content 

re ar onl.y liml ~ tions on 

• 
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In 1933. dl 

o proteins in eh d r . ru :re, Umbueg r d 

e s identic a. t of milk 

r i • !cal v to be 

d in ruyer chee e d sllg tly decrea d 

J.n th c of r . rts o f e ' Univer ity 

of ding • (1941) further c .firm t g til:>ility 

a biological valu of pr teins r in s 

thos pr sent. in mi ch c heesie h 

tc ell (19 ) the contrary, 

aximwn biol ical 

cent as comp 

lue of ru re 

to 90 cent 

for milk o ins . 

cent 

nd pro in e'ffid.ency ra o 3. 3 for se. 

em:y d (19'6) por biol i.c 

o 76 di stil>J.li of th or of t. 

Whan chedd e se as f d at 8 rcent 1 tc 

r a. 

St D 

val d n 

ical 

u ll tion for ditt1~t0t 

.(196 ) port t ol 

• 0 CrMtM•e r 6 • to 77 . 2 and 

to 75-. 7 n.:'!'<1~1n· 

bJ.· 1 ical val d.d 
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c osition. Furth , the degr 

f t di 11:.ien did not influ.em;::e 

v · ue. 

Pozn ski and Siudak (1971) o gerv n t 

p rotein ut111zatio to vary e 53 t.o 64 ·r e t 

a'CllY.hard and mol d. ri v etie of for hard. 

ch ese d :we:::m 60 - 7 6 rcant for E repal 

an mold r1Pet1ea e . It may further be d 

that net oteJ.n u " lization value were l o r than 

tho ·e for skim milk .der. dige ti ility 

coeff icJ.ent, the r e beti- iieE!ll 90 - 95 re t. 

ob e rved in different V< i e ti 

the i ges tibilJ.ty of ch se 

• It s se 

n ith 

at 

ced 

by techn logy nor by th 

dir ti.on 0£ technology. 

o f ri or 

biolo ical ue 8 l . 72 r 

(19S2) r e rt th 

di ti.bill ty 

cc ffici t 87. 9 1 p re t, 

p cent. 'l'he praximi 1:y of biol _ic 

in - ri s sbldi clearly suggested 

uniformity J.n c · n to f t r t.io in 

ten.al. di.ff t.echnol a 

various k1n 

lue <>£ milk .,.Y'Y.,.'P-ains. 

• .u. 

t n ar 

tarting· 

60 . 33 

during 

d not influ-enee 

ly 'th k>iologic 

hi her val.u re rted by ~lflllL..L ( 1982) • bnw.•'UID • 
c o f o-.""'-



experimenu.l f <:tor 

as well as the ~tmat 

o · 

ch 

of 

r ported fo·r m11k . It 

th t. though Ch ~ S 

• e ch 
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Q 0 th 

ti.on Of pro in 

d 

l.J. ty cannot. thu • olely a -

£feet 0£ f ent:at1on treatment dllri g ri~~~ 

(Paz .ans1d. Siud • 1971) . 

Fat -
F-a't eont t in th che 

on thek!Dd 0£ milk ·~ .. .._ 

and Cbebotar • 197.2) • I 

eon · ~ J.n d · , b i t 

~ :itis cha 

22 ~ in 

28 in ss. 

p 

1. s 
gi on 

s 

kin th aoft. • 
0 rel ·on 

ch u ei 

is 0 

ft 

rl tiOl 

m 

t in • 
30 -

• (1 . 7 ) r 

e se. 

t e 

_i p £ t con 

b d r 

32 

t . 



f oun to b 

other ri 

for iv 

in t! 

ly 

t 

tiv 

e • Cl 

rj. y 

r 

• 

y high 

SJ.mil 

£o 

fr 

r c nt.en 

r e 

100g of 

te 

st ~ e l acto 

,., 
~ vary ne·c_~'f!en 

t al . ( 97 . • - -

1 

t in e 

is ~l 

n :r 

c e '£ ch 

70 of milk . borua 

32 

t t 

ti s in th 

1 1 0 

tr tio 

tionlly 

i . 

7 

( 1 7 

1 mi i lo in 

·CtOS 

0 . 01 t • 
(1966) . 

( 2 ) • 

u 

19 "" ) . 

t 1 l i! 

u 

• er s 

t 

• 



id. 14 2946 )191 biotin~ o.84-s. 7 Jl91 folic: c id 

6.4 - 12.0 "' ( 2' 

0.01 - o .9s ya.. 196 ) J 

Grov • 196ii 1 v1 -.-n 12• 1. - • 2.6 P. 

19651 aic an anic. 1961) v 

r lOOq of various var1 t1 of c:b~~. 

J..nt. -vari di :f .ren • variati within 

ct o f 

1• 0.012 - o.ss 
folic cid. S - 17 ,ig artman Dry • 1965) 

6• 0.043 - 0.129 <~ .. a.a..,,.-- d f • 1 5) 

(K • 1972) 100 of ched 

a 1 11 on th 

1• 0£ duration o rip . • 

The eon ts of certain vi---...~ to 

(1 5) 

12 content 

initial iod of d. Di 

folic cid h 

in th fir t of rl g 

-· .. ~dl for n 6 4 by 

t 

of ri B6 

urt:ber uat.1 

r1 0 d. 1:o 

. 1n ch ch • 

in th 

l 

, 
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9 vit B2• r • (19 5) 

r rted D O ch i th i ng of ch 

c e . Oth i:s-noted t ch c e i niti 1 

er S B i n 2 t n ad to g incr 

so th t l u en o f si .. I n l 

e gining I in. e 1 •• 19_5) . --- I n 

0 ru !ri ch e. ri f l avin \ s 

o e d to str y .·. . r vi "' y au in t • - 1 r t 

th. f llo. \ -1c the v l s"" bi ize 

(R l oJ.n d c us t . 1953) • I 

th .... con vi n i c r sed sli h tly fran 

third tc month ( e tar til a . 1953) . 

in o note in 

(De :GD e t al •• 19 S) . 



- I . 



Thi study con cte to 

nu r on a l qn lity of accel d 

chee s d c n 9 ng ri ng 

. - cheese by th s proc ess • 

Coll cti• of sampl 

1ve b tch Of ch e r em 

convention ly rip d ch d c 1 t 

ripene d ch d ch e fr; th ivis i n 

0 ry chnology 0 I ti tu • 

The ar curd by t dard 

procedUr ( vis. 1976}. :rn the c a ted 

ri ed c:h d e se, a£t mill! ( t o.s t 

l ctic cid) d lti # curd s left in .... 

c:h .t g t: for 1 tion of l 

cl • 
curd in 

th on rt o .f s. 2 re 

J. ti d ground in a v iz • 
· lu rt 

n1um c 

i:o· enaur PltOP to 

.. l))lln £or cauc:w.ysia .• 
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For th :u£acture of r oe s rf1.ch 

procedUr outlin by Kos 0 ski (196 ) 

oll - • t er ut th y o f storaqe t 

J0°c. Che curd slurry Pr oc S !l g 

was e by blendin of slurry with no ly 9 month 

ol d ri cned cheddar che • s c itrate (2 . ') 

d an emulsifier. In c se of accel a t d 

rioeried proce s s c -e e , 75 c t of ri. ed 

1th 25 per c t 9 months old 

ched ar ch se on to solid In c 

of conventionally rinened roc:e s c se 60 rcent 

of youn chee w th 0 r cent of old 

chc (9 on ar ) . 

n of Proxim princip l s 

The f . llo in constitu ts n ely, p o in, 

1 cto e , t . mi ture tot l wer 

fri ch 

Detexmin tion of pro ein 

ro 'tein content in 1 de 

by u ing conv tional microkj 1 d 

distill tion proc in (19 0) . 

Ch e (1 9) s s th 10 ml of 

c. 2 4 with e aid of neh of d1 ti 

mix 2 
, o4 .SH2o 2 in tio 

of 40 a B a 1). e di tad s 1 ly 
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dilu Cl. iv l li ot diluted Qi t 

tak llation 0. li r t d 

by 5 ml a (SO%) coll t d in 25 0 

boric cid (3%) . 1 - rth by 

titr ti g a.inst o.o l 2 p s o lixed 

indic tor (0 . 3 CJ y l red - o . l g methy l b lue 

di s lved in 100 ethyl alcohol) . 

De sh 

o 1 cont t o 

ac ordi tc procedure d cribed in I I bul.l tin 

(1967 ) . 

About 3 q of sampl s accura t y ei ed in 

a silic Cl:'UC le and h 

fl ' • foll ed bys s 

furn a t sso0 c £or thr • 

De on of m 

istur COD ccordin to 

me od SC: in . ) . 

l (3 ) 

ten 1 j.n ct fl umin1 

wdfo y t J.n tcd d 

t 100°C + 1°c - . till t ob ned. 

De t 

Ft ted oll 

d ,in Briti (1969) . 
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Thr 9 of ch se s le c S taken in 

du l ie te in ch e e cup ins · r i n c eesc 

b · yr t.er. 0 this s cL 10 ml G r cl 

(Sp. gr. 1 . -o) • 1 rr.1 amyl alco 1 d "1 ter to dju t 

the volume. aving mi butyr er 

8 centrifuged for 5 minute d e f a t 1 v 

~ s r ecor " d on the tyrome r c • The 

f t _re t g e s cal cul at u ... ing t fol l o··ri 

formula: 

g x 3 

Det of l acto e 

Lacto cor to the m d 

of cton (1977) . 

'1llO CJ O · che s s l e .,, S usp ended in 10 ml 

of O. S M a • xin thoro g ·ly. th 1 

adj us to 10 0 ml with wat r . Furth r , 10 ml of 

· so sol ution (10 ) 4 e suspension 

was ma to 20 ml. The rotein precipitate 

f il 

lie · , 1 ml of il tr t 

1 ml ef S perc t 

!St tubes. th1a s.o ml 0 £ c eentr 2 o, 
a r i y ed. w t t 100° in 

a f o.r 10 minu s . On co lin to r 

t , the col oured ~o d, r d 

s 
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t 490 run in a l e t t summ son photo l ectric 

co lor im t r . Lactos c t lcul · t e by 

g r m s - det d curve, r ap - e d in 

the r of o - 10 ug l t s e m_. o' ydrc. /1 • 

e proc · r f r t h e estim tio o of p s p orus 

s us d s de cri - by / - ocov a ic 69) . 

ch E:- am l e (1 ) . a s ..; e 5 

triacid mi tur (. c nc .~ - d .... 1 3 ' 4 4 

i n r tio o f 9 • 3 l ). e s t w suita ly • • 

lu d i ~ r to ve ' e f'n l c centr ti 

o f 10 ug/ml o f s rus. -11 ots of dilut d 

pl e a c~ntai g 1 u g - 10 phos horus e r e 

e i n . . ff r vol e ID-

to .o ml wi gl dw ter. ml of 

col o . r g t ( m ..:so l vi ng 3. 5 g so 

moly -t • 200 i l ph 50 ml o~ 

c nc. H2 o, in a tot 0 5 ) =-s dded 

to 11 the s . ,.... h in t e boil in 

ter th for 0 mi u s , sity f b lue 

colour 0 0.-:J omoly c r d d 

in l t ._ tric col or t at 64 nm. 

C l cium s to 

scri by vi (l 2) . 



e 
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0 
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• 
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~ 
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O I i 3 4. I I 1 I I IO 
PHOSPHORUS ~ONC.(119 > 
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one g sample was digested with 15 ml of triacid 

rnixtur d di est as su1 tably luted th 

i ter. o 2.s ml o di est. o.s ml of aumonJ.um 

oxlate (4 ) added th drop of methyl r • 

Th solution s de alkalin by ad J.n (20°1) • 

till a pale yellow colour was attain • · . l ( ) r s 

a ed till th colour further ang d to pink. e 

preci t te fo ,(I as al l owed to settle a t r 

tem r a e for 4 hours and centri fug d at 1400 rpn 

for 10 min. and saved. It ~as dissolv d in o. s ml 

of 1 HCl and quantitatively t en for titr tion 

a£ter mixing with one ml of o.os 
tetra c: rtic acid and 1 ml of 

ethyl di ne 

4c1 (pH 10> 

against 0.015 m gnesium acet t e usi t drops o f 

richrcne ack T indicator (O. 5 g eri and 

ale ol) ·nW"l''lYU'l ne hydroch.lorid in 100 

till th colour changed frcm blu to viol t. 

Esti,ma Uoa of vi 

Vitamin A 

Vitamin was · st ted ccording to meth d 

deseri d ~ CUT · d Price ( 1926) • 

Tan g che samp l s saponified w1 th 50 ml 

of thanol and 7 ml KoH (50 for minutes. 

ext.r _ct d with 50 ml of dieth 1 

th • aqueou.a l a was ·tecily ct 

t.1m e with 50 ml all Ota of di thyl 

ther. 1'he ethereal cts coll led 

and w.cu~Mld wl. t:h until f i. 
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sJ.n through anhydrou.o a • e 

th eal layer 

r sidu. w s di chlorofo.DB. 

! quota o e extract contain.1ng 20 - 100 ug 

ox vi t n er and vol m to 1 ml 

!it:h chloroform. ad q 4 tura ted SbC1 3 
solution in chloroform. th in ~.u;j01 ty 0£ colour 

ro c in Kl t swnmc~r~on p otoel 

ctrie colorim r t 620 nm. 

Ril>ofl vin COD · t in. ch S wa determin 

microbi logically · ing Lactcbacillu 7 469) 

the te descrob d 

by 

30 ml 

toc1 vi 

d Strong (1939) . 

it with !O ml 

l~ t A~lAr(~,_. 

a deft cording 

(1959) . 

in ratio of 1:3) . 

d £ t s urther hydroly ed th 

s ml of 2.s odium ace te y 

t 15 lbs prea8\1E'1 for 15 min. On cooling, 

s adjusted to 4 . S d lys 

· · of filtr s further to .a. 
• 

It. , - ~y dilu t th contant of ril>ofl :vin 
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w a 0.1 ug p ml d us d for 72 hrs 

of incuba tion. 

titrimetrically with 0.1 

blue (0.04 ) as in c tor. 

Folic acid 

Folic cid s det.ermin microbiologically using 

Streptococcus f-aec: c 8043) as the test organism 

as de cril>ed by Freed (1966 ). 

Preparation of sample : 

Two g che se ampl w s def tted according to 

ose Gottlieb m thod (1959) as descr d earli • 
Th vi n s 11 ra zym tic ly by the 

act.1on of pepsin follo by the action of trypsin. 

D f t ed ampl su ended in 10 ml, of 0.1 

Cl and the H as dj ted to 2. To this. 30 mg 

'Sin (113000. SD 's Lab 

an th system s incub t 

ter incubation. 50 mg 

adjusted ~o 7 .2 and 30 ml 

anica.l industry) 

t 37°c for 2 hr • 

added and pH 

was ad • Thia 

added 

further incub t d at 37°c for 2 hours th 32 mg trypsin 

(2000 units/g. erc1'). 1b pH of s 

to 4.6. £11..--... -­

djust d to 6.8 

d th of filtrate 

m to VO 

cc1>1.u:entration of 2 ug folic acid per 

in the say. 

le adju ted 

fin ly 

to get th 

, and us 
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gr th r sponse · ur d ti tr trically 

th 0 . 1 aOH u iog r omo ymol blu as i n c a tor. 

Determination of f re-0 

ee f a t ... cid con t w de ne d 

according to m thod o f Rao et • ( 1972). --
f t from ch s m l tr d by 

ojo i r ' s m thod. Fi ve g of into 

a s l urry with di till e d w t e r . It w di - s t ed 1 th 

5 of cone. HCl for 5 minute a t 60° • e ts 

wer tr sf r~ d to ~j~ i cr tube, d extr- ct a 

r ti s th a mixtur of ethyl le o l (95- ) , 

n thyl e r "Cl:2:2) . 

ct it_. still • a t r e it 

acid d 1ed in an oven t 100°c. 

r i e olv in 5 ml o f thanol d 

d a in t so um hy ox1 e (0 . 02 ) using 

p enol phth ein 8 in cator. 

re fat Cid was r cl ic ci 

de lcul t by f o 1 VxN x . a 
is th titre (ml) d 1 alit of 

lk 11 olution. 

t.ion 

t. p t e in utilizati ue for dif er t 

c:h s ti on 8 Dni d accordin to the 

cedUr c d by 11 r (19SS) . 
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ty four youn f e 1no r a s 

b 50-55 ob .1 d fran the us 

0th Inti u d in t.'11 study. . .im 

w r e i . t 

r ts in ch. The vera e · i h of in ch 

group s2.s 9. y r hous 

anodiz 4 d a lurnini c a . e specti grou s o 

im s . i entic ght. er gi v e r 

pr t n-fr e _ tes p rot in g 

10 percent pro in for 10 days. 

th is given in · l I. f e 

a d lib i tum an h d fre access to - ------- • t th 

end o f experim t io s acrificed . 

Incisions wer made in the .sk 11 . thor cic r ion d 

t he care s s w dri d i th oven t 1os0 c. till a 

constant wei tt s attain • 
powder d to uniform f iaenes • 

n g of po der d care ss 

e st.im tJJ n of nitrogen as descri 

ody ni~ -
of t t grou 

ied carcass s 

for th 

arli r. 

u - 100 
itrog intak 

petermJ.n t1on of biological value 

81clog1c: val e determi.n d ccording to th 



TAl!LE - I 

Ccmpoaition 0£ t protein and protein 
free dl t per kg. 

Ingredients 

rodllct 

sucrose 

at (o.11) 

Cellulose 

VJ. tam1D mix* 

t. mix*• 

·t;.arch 

~ l erated 
ripened 
processed 
cheese 

199.2* 

10.0 

-
10.0 

10.0 

40.0 

670.8 

Conventional 
ripened 
proc sed 
cheese 

191.9 

10.0 

-
10.0 

10.0 

40. 

678.7 

* · Ze-1'.ri -1 
prepuatlon of di t. 

·sein 
diet 

133.33 

10.0 

ao.o 
10.0 

10.a 

40. 0 

656. 7 

rotein 
free 
di t x 

-
10.0 

ao.o 
10.0 

l .o 
40.0 

730.0 

x Colapoai Uon given .by g and Jacobaen.(19764 

... 
CGmpoai Uon as in IVJ.11!'~ (1 ). 



Sixteen fem l · 

40-45 g 11er o t ai 

of th Ins ti • 

d.no r 

46 

e i '11 be e 

1 1 J\nim 

clivid r y 

in two roups of eight r s e ch d hou e in vi du 

Ln m tal>olic c g s de l uminiwn. 

a:vori 9 eigh t o f a.nim in e ch g roup 45 g . 

nim s war m nt e d on a pro in fr c t for 
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TABLE 4. Felic acid content in conventional ly 
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Fig . 2 . Effect of . ripening period on the fr'· 
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Fig .4. Effec t of ripening period ' ' ·. 'itamin A conten t 
in ace lerated ripened cheddar l i. - e. 
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Hartman d ry ( 1965) o recorded 1129 I .u. 
vi tamin A/l OOg in another t udy , the con - ts 

were 1310 I •• vitamin / lOOg (inon s . 1973). 

roxim :..tc com .... i tier. of 

Ch - ~ r ch~ese i r ely con _um~d in i ts origin l 

0 an is oft n roces ed by m ng rip€n d che ·s e 

i th youn · che e md fu rth r givin cli f f r t 

Th fu th e r ext r: ed to see the nu tr i ti-~-

v ue of ro ssed che e th .::_c ial r e f enc to 

r t"' in a li t • s i ne su 

i nfonnation w s consi er ed to be qui te , po tan ~ . 

t~ o t ine on the pro t e compositi - o f 

proc ss ch f r c n nti()nally rip --·n-d 

(.L e C) and acc e l e r a te rip ( D) e e , 

ar given in ' le 7. It was se hat there "" s 
slight bu i gni ic t di f f r ence i n ition 

of t\'10 t es 0 ch ese (Tabl es 1~'\ , 1 7) . u s 

for rinci l s · r e observe t be 4i •her 

i n th of c.;: c."l ese t han e c ..... s • s 

coul d i th g c tent of 

J.; • on ma asi s , 

the · f i n content in he ~· ty 

of ro • in9 it on-

s1 nifi t . v r , slig tly, ut si t 



... 1 . Proximat e composition of conventional ly ripened (Type C) and 
accel e r at ed r i pened (Type D) p r oc essed cheese. 

reduct Batch Mois t ure Dry matter Pr otein Fat Lactose 'l.'o t al 
ash 

-----

I 40 . 22 59.77 26 . 60 2s.o a. Jo 2. 56 44. 92 49 . 51 

II 39. 95 60 . 05 27.Sl 2e. o 0 . 29 3. 12 4s .a1 46 . 63 

Type c III ·41.6G sa. 34 25. 90 20 . 0 0 . 32 3. 00 44 . 39 ''· IV 42 . 30 57. 30 26. Gl 21.0 0 . 26 2~ so 45. t l 46 . 7 

v 41 . 33 59. 67 2G.oe 29 . 0 0 . 30 2. 40 44 . 46 49 . 43 

an 41 . 09 se. 90 26.se 2s. 2 0 . 29 2.11 45 . 12 47. 87 
+ s .E. + 0 . 44 !. o. ss + 0 . 29 .±. 0 . 31 +0 . 01 +0 . 13 + o. Js + O. !i 3 - - - - - - -

I so. 22 49. 78 22 . 33 23. 0 0 . 37 J . 26 44. 86 46 . 21 

II 53. 78 46. 02 21. 4J 20 . 0 0 ., 40 3 G00 46 . 56 43. 

III 54 . 00 46. 00 20 . 54 21 . 0 o. Js 2. 90 44 . 65 45 . 

I V s1 . ss 48 . 45 21 . 61 2 2 . 0 o. Je 3. 40 44 . 60 45 . 40 

v 53 . 77 46 . 23 20 . 54 21 . 0 0 . 40 3. 10 44. 43 45 . 

-
an ~ 2 . 0() 47 . 29 21. 29 2 1 . 1 0 . 38 3. 13 45 . 03 45 . 15 

!, S eE e :t o . 76 + 0. 11 + 0 . 34 + o. s1 +0 . 0 1 .:J.:.0 . 09 - ~ o. 39 + o . 43 - - - - - -
•'-"• 2. 99 3.oo 1. 496 1 . 4 2 0 . 0 4 3 n • .:. • 1 . 99 1 . 9 2 

* r, ._,. ,,. oa e~ .A •e "'/ 10Clg , CXCl?pt s t ated, Ot.h Or\./iSC e 

.j.J . - ~r~ ticol di~foronc 

N.s. - Non aia ni f i c nnt 
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T BL 8. ..,.,,'lca'T"Ohorus contents o f 
. tionally ri ed ( C) and 

d d ( D) proc e s ed 

Prodlc:t Batch • Cal cium Phos o.rus 
mg/1009 mg/l OOg 

I 770 344 

II 770 356 

Type c lt:I 770 350 

rv 65S 375 

v 539 350 

an 701 355 
+ S. E. + 46.3 + s .36 - -

I 54-2 375 

I I 799 394 

Typ D III 770 350 

IV 683 381 

v 770 419 
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+ .E. + ,7.05 + 11.36 - --

C. D. • 214.20 29 .31 t 1 ' l ~l 

• • • 152 • 2 .o 1t 5 l l 
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-
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.varag 
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