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ABSTHACT 

Extracts of milk cosgula·l;il'lg cnzJrrnes were ohte.ined, 
ac1.ult bovir.te frotn the abomasurn£� of pasi;ure fed. er-:�:t;-tle and 
lmnb rennet fron1 the abD'�'asu:·.,s of partially r·ilk fed. 
lan;bs r.�lau.e;hterecl between three ond six months of <-l:<j8, 
Both r·enncts wc�re. r in the pres�:mce of sod:i.•J_;·" cl.1J Gr-1 rlE: t 

moE:t stable et ·i �°C or low��j:• at pH 4. 7 for arlul t bovin.e 
and p�I 4. 1 for 1a·�b. Heat treat•,:fmt in n soc.iu'·'1 
chlori(1e solu:t;j on ( 200 ,.-;1?'/�l) at f58°C for SO ·YJ ill:..tt es 

destroyed les::; than 35�� of the activi-ty of et=:tch rennet. 
Under the sa··ne co.r:tditions calf rennet v1as completely 
inactivated. 

1'he cheese:nakint� properties of adiJ.lt bovine a.nd lano 
rcnn8ts were compared with calf rennet, Adult bovi�o 8nd 
calf rennE:Jts responded. similarly t;o cheJtgcR of pH hcl\:<�veJ' 
lamb ronnat appeared J.E.'ss act:Lve tl12..1� CB.lf X'E!nnet F1.t 

milk I'J;)f 3. cu.rd ·[,t:::o s i on :net1·�od. The opt:i.n,u:11 tEon(p<'::(;-�:ti'J.I"c' 
for m:i.lk coaenJating activity was 40°C f0r ad1�li; bov-ine 
and ca.J.:f renne-Gs but only 30°C for lam.b ren.net wb e;.'} 

measured in Cf'toeinate solution. 'l'hc cu:<:>d tension of milk 
coagulated v.-i th the three rennets incl�aat;ecl wi·iih i:;ir-:.e but 

bo·t;h adult bovine and lGJi1b rcn.nets appeared 1;1ore 
sensitive to 1v;ilk (;aJ.ciu.:r. levels than calf rennet.  Whole 
casein, a(.�-, !3- and k-casei.ns wl3re hydrolyBec1 in a 

'" 

similar r,anner by the three rennets. Adult bovine rem"le-G 
was the ·roost proJlieolytic on whole and �- case:\.ns whi le 

calf rennet hydrolysed o.8- and k-caseins more rapidly 

then t!1e other ronnets. 

Two pepsins, of similar mnino acid compositions, 

were isolated, one from CJ.rlul t bovine reimet and one from 
lamb rer:.net which also contained a rennin. All three 
enzymes were purified so that lamb rennin and. pepsin each 

produced only a single band. on polyacrylamide gel 



electro:phorests but the adult bovine p<:!psin prort'.l_ce:l two 
bai:H1.s and appeared to be het;eroceneous. 

Cheese made w:i.·t;h ar1n1t bovine, la�,b or ;:_1, 50/50 
t•liYt:nre of ca1f -adult bovine rt;nnt!t s wE::ro cornpe.rerJ wi t::l 
cheese rnac1e w_i_l;h ceJ.f renne·t anr]_ :fGu.rv1 to be si.�d.Jar �-n 
mmndact'l).ri.nt:; charac:teristics, fl8.V01.1X a1H�. bod;�,r <:�:J.ter 
- : ·'rl·r'•"P -::. � r� ,� i x "'o·n.t�l"' c.�i-o,...,, N""" ···-'- 17 "r 13°"' \.! ...... ... C..\. J. .I . t. �_..., ___ •. , - · ·· ·=--- :.) .J I D� t:.>"-' (.1,t_, I "-' \_ • •  

�E-!J elec-�T·opho-retoc:;"r·�:)·'·1s of ti1ese c:heese -::J.fte1 0'.:(� t.;o 
twelve !'>C>Dths fO:tor::tt;e aol; i)°C :3hOi':8d thc':lG GrH� nilk 
c.o::1_�,__1_ls.nt 'r·w.0 no effect Ofl. the e:a::;;ein rlecrgr1a-t ior!. 
;_Yeoii.ucts pJ.�o"\uce·:l in the cheese F:1thon�1l t}Je rate l)f 

Perci1J.oric ?..ci·� �''as :fouri•�. to be a ,soo-:� prot;c:i.n 
prer_·i _pit a.r1t for- Cf\..lJ:' 1.c hi;1,g ca�ei 11-rc r' :•.e f; r<��;J.::t im1s c:.r�r.J. v·;as 

uti J.iz.e c� in 8 ·etho �:;_ v.,r>i eh v:8:� r:;eve loper] for ac�:R;;ri'•� 
ilk C08{,1.ll8l;j;1(j E'ct·i.vit;{. Rer . .r•f;t Vi2.s nc-:_,·:c��,,� to so·hu·· 

coscinate l:Oltrl:i'l.O'l. 2nr) Oi'.t� -. iln.ri>3 le.ter the reE�c:ticu. 
q_\J.enc:her1. with per-chlorie e.cid. The qu�:;tit�r of pe:;,Ytic:.es 
h�n:Lr�)lysed fro·' the cHsein \'rus •r:e<:1.surec1. at 217 ll'' �tcJ/i. '1!(-l.S 

directly pl'or;ortion8.1 �o rennet c-tcti vi.ty over' a 1i "11i t 8(1 
ran.::;e of act i vit�{. 

A method for rel'llovine; mtwoprot eins, the major 
irnpuri t;sr in rennet, was develope d and a corn'•8rcial scale 
plant· com�issioned. A diethylaminoethyl cellulose based 
resin, equilibrated w ith a citrate buffer, retained the 
rennet enz�r·�1es v1hile the !11UCoproteins pe.ssed throue;h 

uninhibited.. The enz�rnes were eluted with the sa.,e 

buffer 111arle 1 • 0 H with so dill:·.., chloTid.e. The eluen-tj VJ8.S 

more B.ct i ve than the orieinal rennet, was Cr>Jstal clear 

in appearance a.nrl re"'ained so durine tv.,relve ... ,onths 
storaee when no!""·ally Y··ucoproteins would have 
precipitated out of solution to for� a cloud in the 
ren;.1et. 
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CHAPrER I ' 

INTRODUCTION 

One of the first steps in the manufacture of most 

varieties of cheese is the use of milk coagulating 

enzymes to precipitate casein and so form a gel. Until 

the last decade virtually all cheese was made with 

rennet extracted from the abomasum of yotmg calves. 

However in the early 1960's the slaughter of young 

calves declined due to smaller dairy herds throughout 

the world and the increase in the nurnber of calves being 

raised for beef production. For example in the United 

States of America the nu,.,ber of calves slaughtered 

dropped from 12.5 �illion in 1956 to 6. 9 �illion in 1963 

and further to 4. 1 �illion in 1970 (USDA reports) . In 
New Zealand the null'lber of calves slaughtered was more 

stable but dropped frorn 1.24 l'l'lillion in 1964 to 0.95 
million in 1973 (N.Z. Dairy Board Annual Reports, 196 5 
& 1974). During this same era world cheese productjion 

was estimated to have increased from 3.  8 to 4. 2 milliO!l 

tons from 1966 to 1 97 0 .  Thus the increase in rennet 

requirements from 1 .5 9  to 1 . 78 million gallons per year 

was approximately a 10% increase for the five year 

inteFval (Coward, 1972). 

The decrease in the number of calf abomasums at the 

same time as cheese production was increasing led to an 

unavoidable shortage of calf rennet but other enzymes 

capable of coagulating milk have been forthcoming to 

fill the gap. Most, if not all, proteases are capable 

of coagulating milk under suitable conditions but they 

may break down caseins in the cheese curd too rapidly 

and too extensively. An alternative milk coagulating 

enz�e must be si�ilar to calf rennet in having high 

milk coagulating and low proteolytic activities ( Fox, 

1 959, b). 



A lare;e number of micro-ore;an:Lsms and plants have 
'been proposed as source s of milk coagLllating enzymes 

( Sardinas, 1 97 2 ) o  The most sucessful of these have been 

enzymes from two md".l.ds !:!\�.� pusillus Lindt ( Tsugo et a:L, 
1 964) and Hucor miehei (Aunstrup, 196.c3), uoth of whie;h 

are in commercial use in many countries . HO\'·.rever 

microbial rennets are usually more proteolytic than 

animal rennets (Hansen, 1 970) and hence a greater 

12 

interest has been shown in milk coagulating enzymes from 

animal sources. Porcine pepsin has been used extensively 

as a milk coaeulating enzyme (Haragoudakis, Young & Stein, 

1 96 1 ;  Melachouris & Tuckey, 1 964) both alone and in 

mixtures with calf rennet (Green, 1 97 2 ) . However porcine 

pepsin will not readily coagulate milk above pH 6 . 68 
( Ernstrom, 1 96 1 ;  Fox, 1 969  b ) and is not as act ive at pH 
values close to 6.6 as calf rennet or bovine pepsin ( Fox, 

1 969, b). Bovine pepsin from older calves or adult cattle 
has been used with calf rennet but it was not until 1 969 
that Fox (19b9 , b) reported a...."l investie;ation of bovine 

pepsin as such. Ovine pepsin, <:I.n extract of m:i.lk 

coagu.latine enzymes from the abomasums of older lambs, has 

not been used for cheesemaking but its suitability as a 

rennet substitute was reported recently (O'Lea.r;�r & Fox, 

1 97 3 ). 

In New Zealand there are approximately 23 million 

four to twelve month old lambs and 1.3 million cattle over 
three months of age slaughtered annually (N.Z. Heat 

Producers Board 52  Annual Report, 1 974) . Thus there are a 

large number of abomasums from these two species available 

for the extraction of milk coagulating enzymes and the New 

Zealand Co-operative Rennet Co. Ltd., Eltham, New Zeal8.nd, 

has established comrnercial methods to extract milk 

coagulating enzymes from the abomasums of bo�h lambs and 

cattle. 



This thesis reports an investigation of the 
properties of the enzymes from lamb and adult bovine 

extracts and their use for cheesemaking. A 
commercial method for the purification of milk 
coagulating enzyr1es from a crude extract is also 
described . 

• 
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CHAP'I'ER II 

REimET ASSAYS 

The coa.cru1ati.on of milk 

The addition of one part of rennet t o  5,000 t o  

10,000 parts of "'�ilk will cau s e  the milk to eel in 10 to 

20 �inutes at pH I). 6 8 ... '1d 3 0°C. The process has t hre e 

defined kinetic stages, which Tuszynski (1971) has 
called enzymatic, floc culation and gelification. The 

first two stages are interdependent ( Folt man, 1959) and 

calciwn ions are necessary for the last two stRges. The 

gel, which is form e d  by rennin modified casein, t raps 

mo s t  of t h e  milk consti t v.ents and becomes firmer with 

t ime until it is cut t o  expose a large surface area for 

moisture expulsio n. This is the basis for the 
manufacture of most varieties of cheese. 

Th� ..nrimary phase. The primary phase of rennin 

action on casein is the releas e o f  highly ac i dic peptide s, 

includine; glycope ptides , from k-casein (Alais, 19515; 
Arrnst r ong et al., 1967; Wake , 1959) by hydrolysis of a 

phenylalanine-:-nethionine bond ( (.Tolles , Alais & Jolles, 

1968). This de s t ro y s  t he �icelle stabili sing properties 

of the k-cas ein (Wake, 1959). The coagul ation of :ni lk is 

largely det e r·,ine d  by this pri-mary phase of rennin ac tion 

and hence by the a"l'lount of k-casein sus c e ptible t o  attack 

by renni:n. (Wheelock & Penney, 1972). The action on 

purified k-casein liberat es a re s t ric t e d  number of 

p e ptides solub l e  in tri chlo roac e ti c  acid (Armstrcng e t  

al. 1 1967) but under normal milk coagulating conditions 

such conpounds are not split from other milk protein 

fractions by rennin (Wake, 1959). Modification in 

le-casein of any one of' the following amino acids, 

histidine ( Hill & r.,aing, 1965), lysine ( Hill & Craker, 



1968) and arginine (Hill, 1970) inhibit s coaeula-t;ion of 

rennin treated casein. These -'tihree amino ac:i.ds are 
conside1·ed to form pari; of a positively char zed region 

of k-casein -that is important in the coagulation of 

casein (Hill, 1970). 

The flocculation of whole milk by rennin j_s first 

observed about the time the quantity of soluble 

g1ycopep·ti.d.es reaches a maximum (Castle & V/heelock, 1972) 

and the flocculation time is inversely proportional to 

both the total amount of glycopep-tides released and the 

initial velocity of their release from that milk 

15 

(\Vheelock & Penney. 1972). The total amount of 
e;lycopeptides released from any one milk is constant but 

the initial veJocity of their release is proportional to 

rennin concentration at low levels of rennin (Castle & 
WheeJock, 1972). The variation in flocculation times fol' 
rlifferent milks is probably clue to the above f::tctors which 
affect the rate of the primary rennin act ion on k-casein 

althone;h the s i z e and structure of the micel l e s ma�r also 
be involved (Wheelock & Penney, 1972). Primary rennin 

ac·t.ion on milk releases pept;ides which contain sialic 
acid more slov1ly than peptides without sialic ac:i.d 

(m.1eeJ.ock & Knight, 1969) and there is an increase in the 

ratio of N-ace·tylneuraminic acid to D-galactose in the 

elycopeptides as the reaction proceeds (3inkinson & 
Wheelock, 1970). This evidence sue;gests that the 

stnJ_cture of the k-casein carbohydrate moiety may also 

be a factor in determining the rate at which the 

glycopeptides are released by rennin (Sinkinson & 
Wlleelock, 1970) possibly b;y affec·l;ine the affinity of the 

enzyme for the substrata (Vlheelock & Penney , 1972). 

Factors affecting milk coagulation. The floccv.lation 

time of renne ted milk has been found to be closely rel at e ti 

to pH (VIhite & Davies, 1958; 1kDowel1, Pearce & Creamer, 

1969) and it appears that weak rela·t ionships between the 
concentrations of milk constituenJGs and flocculation time 



1 6  

can be a-tt ribut e d t o  the e ffe c: t  o f  pH on the c onc eni; ra
t i ons of the s e c onst i tuent s (White  & Davi e s s 1 9 58 ) . The 

i oni c s t rength of a s o lut i on affe ct s t h e  rat e of rennin 

act i on which reach e s  a max imum at an. i on i c  strengt;h 

e quivalent to 0 . 025-i-1 s o d.iurr: chlori d e  for a wi de range of 

salt s (Kat o  et a l . , 1 972 ) . H oweve r  the most necessary 
i on for rennin c o agu lat i on of m i lk ha s :prove d t o  be 

c al c i um . I t  has be e n  found ne c e ssary for th e f o rfll a·t ion 
o f  casein ,.,., i c e l le s ( Zi t t l e , 1 97 0 ;  Lin et Fl J. . , 1 97 2 )  wh i ch 
bind avai labl e  calc iu--:1 unt i l  t h e y  are e ssent ial lJ' i s o 

e l e c tric ( Z i t t le , 1 97 0 ) . Henc e t h e  addit ion of calc iun 
t o  m i lk ac c e l erat e s the s e c ondary pha s e  o f  "' i lk c oagula

t i on ( Gre en , 1 97 2 ) ,  increases the proport i on o f c a s e in i n  

th e m icelles ( Green , 1 97 2 ; Lin e t  al . , 1 97 2 )  and the 

amount of c a l c ium bound by the ch aree d groups on the 

casein ( Gre e n ,  1 97 2 ) .  

N i lk t re at rn ent pri or t o  rennin ac·fi ion also aff e c ·t; s 

c o agulat i on . :B,or example , 

( i ) ult ra-high t emperature t re atm ent of 
mi lk c aus e s  part ial inhibi t i on of 

renni n  ac t i o n  probably due to the 

format i on o f  a � -lactoglobulin-k
cas e in c omplex ( H ind l e & V/h e e lock , 

1 970 ) . 

( i i )  h o lding m i lk be fore rennin t reatm ent 

o r  lowering the m i lk pH reduc e s t h e  

ge l f i r111ne s s  in rennin t re at e d  l11 i llc 

although t h e  flocculat ion t i''' e i s  
not affe c t e d  ( Tus zyn ski � Burnett & 

S c ot t-Blai r , 1 9S 8 ) . 

The ro l e  o f  e l e ct ro st a t i c  forc e s , I t  has be en 

sugge s t e d  that adding c alc iu'n t o  r.' i lk r e duc e s  the 

neeat ive charge on the cas e in m i c e lle s , and consequent ly 

the repuls ive f o rc e s  betwe en the m i c e l le s ,  thus promo t ing 

m i c e lle agre gat ion aft e r  rennin -tire atm ent ( Green , 1 972 ) . 
A s im i l ar re duct i on of e l e c t ro s t at i c  forc e s  by s al t s h as 
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been sh own to give f i rmer eels o f  le- c a s e in thrm are 

obtained in salt free s o lut i o ns ( Z i t t l e • 1 970 ) . It has 

be e n  sho wn th at the ro l e  of c e. l c iu.r1 during c as e i n 

c o agulat i on by rennin i s  not the forr· m t ion o f  bri dge s 

b e t we e n  t h e  �-:1 i c c l l e s  ( Gre e n ,  1 972 ) and that the e f f e c t  

o f  vnae;n e s itpn chlori de o n  renne t ing t ir�� e i s  s i ·-:1 i lar t o  

that o f  c a l c iu� i ons ( Pearc e & Crea� er ,  1 974 ) . Both of 

t h e s e  fac t s  support the i d e a  o f  c at i ons re duc ing 

e le ctro s t at i c  forc e s  bet we en m i c e l le s . 

Oth e r  o bs e rvat i on s  o f  mi lk beh avi our and c oagu.l a

t i on have a l s o  b e e n  explain e d  in t e rm s  o f  e le c t ro s·t;at i c  

forc e s  be·t;ween m i c e lle s .  Even though rennin hydro ly s e s  

k-c as e in at a reas onabl e rat e at low t emperature s the 

m i lk d o e s  n o t  c oagulat e unt i l  warm ed ( r-rcKenzie , 1 97 1 ) .  
Du.ring the c o o li ng o f  the m i lk it app e ars that bo ·t;h � 

and k- c as e ins are re l e as e d  i n t o  s o lut i on a s  the i r  c <?.lc ium 

c omplex e s .  

m i c e l l e s .  

Th i s  increas e s  th e negat ive charge on th e 

There fore re pu l s ive forc e s  be t we e n  both nat ive 

and renn in t re at e d  m i c e l l e s  are h i gh e r  at l o we r 

t emperatur e s  and are suff i c i ent t o  prevent aggre gat i on of 

rennin t re at e d  � i c e l l e s . An i ncrease in � i lk t e� p e rature 

r e duc e s  th e negat ive charge on th e 1n i c e l l e s , and hence 

the r e pu l s i ve forc e s  between th em , and r enn i n  t re at e d  

'l'l i c e l l e s  wi l l  aggre gat e ( Gre e n  & Crut chfi e ld ,  1 97 1 ) .  

A .., o d e l .  Th e P1 echani sl'1 o f  m i lk c oagul at i on c an 

perhaps be be st explained by the use of a m o d e l  o f  a 

c as e i n  m i c e l l e  ( Garn i e r  & Ri bacl e au Durnas , 1 97 0 )  wh i ch 

explains m o s t  o f  the propert i e s  of m i c e l le s . Th e mode l 

c ompri s e s  an ave rage re p e at i ng uni t o f  one k- , two a. s

and t wo � - c as e i n  subun i t s  as s embl ed in a p o rou s  thr e e  

dim e n s i onal po lyme r  i n  whi ch t rimers of k-c a s e in o c cupy 

the nodes and c op o lym e rs o f  a. - and � - c a s e ins t h e  s 
branch e s  o f  the network . All as s o c i at i ons b e t w e e n  the 

su buni t s  are through non-covalent bonds and it i s  

sugge st e d  that c al c ium o r  c alc ium pho s phat e has an 

affinity for the subunit s such tha t; they c an arrange th em 



spat ially t o  pro� o t e  the e arly st age s o f  � i c e l l e  

f o rmat i on ( Garn i e r  & R i  bade a.u Dum a s , 1 970) . 

H 3  

Evidenc e support ine th i s m o de l  has c c � e  from several 
wo rkers and inc lude s the re port s that c as e i n  m i c e l l e s  

appear t o  b e  o f  uni fo rm c ompo s i t i on throughout f o r  both 

k-cas e in ( Gre e n & C rut chf i e ld , 1 969 ) and the thre e maj o r 

c as e ins ( A sh o o r e t  al . ,  1 972 ) . H i c e l l e s  were found t o  b e  

porous enough t o  al low rennin s i z e d  m o l e cuJ_ e s  t o  penet rat e 

readi ly ( R i bad e au Dumas & Garni er , 1 970 ) and a m i c e l l e 

framework of a. - cas e in in wh i ch 30 t o  5 0/� o f  thG � - c as e in 
s 

has a structural ro le has be en re po1 ... t e d  ( Fox & Gu:i.ney , 
1 973 ) . H oweve r other report s sugge s t  that the m o d e l  do e s  

nut f i t  al l dat a . For instanc e a m i c e l le fram ework o f  

m ai nly a 8
- c as e in has be en re p o rt e d  ( Lin et al . , 1 97 2 )  and 

th e non-avai labi l i t y  o f  the a s - c as e in and part o f  the 
� -cas e i n for rennin hydro lys i s  does not suppo r t the i d e a  

o f  a C 0:'1 1 pl e t e ly po rous m i c e l l e  ( Fox & Gui ney , 1 973 ) .  

Howev e r  th e  M i c e l le � o de l explains and aBre e s  with 

rnuch o f  the re port e d  knowle dge of 111 i lk c oa(';l...tlat i on . R e nnin 

ac t i on t ransfor, s  al l the k-c a s e i n  t o  pa.ra-k-c a s e i n  w:i. t:'l. in 
th e  m i c e l le by s pi t t ing off ac i d i c  p e pt i de s ( Garni e r & 
R i  bacle au Dunas , 1 97 0 ) . I t  has be en propo s e d  that the 

c o al e s c enc e o f  the m i c e l le s is then due to e ith e r  a 
c o lli s i on o f  t wo t ri m e r s  o f  para-k-c a.s e in on the ext e ri o r 

surfac e s  o f  the m i c e ll e s ( Garnier & R i  bao_e au Dumas , 1 970 ) 

o r  that the at t ract ive forc e s  betwe e n  the m i c e l l e s  are 

gre at e r  than the repul s ive forc e s  because of a lower charge 

on rennin t re at e d  mi c e ll e s  than on nat ive micelles ( Green & 
Crut chf i e l d ,  1 97 1 ) or a c ombinat i on o f  both ( Gre en , 1 972 ) . 

Aft e r  c o agulat i on a c l o s e  pac ke d n e t wo rk o f  copo lyJTl ers o f  
the c as e ins i s  f o rm e d  ( ge l i f i c at i on )  e i the r  by m echani cal 

di s rupt i ons o f  m i c e l l e  s t ructure bri nging t rimers o f  para

le-c as e in int o c ont act and po s si bl e l inkae;e ( Garn i e r & 
R i  bad e au. Du.m as , .  1 97 0 )  o r  e l e c t r o s t at i c  i nt e rac t i ons b e t w e e n  

m i c e l l e s  cau s e  bonding betwe e n  the re l at iv e ly ac i d i c  as 

and � -c as e ins and th e re lat ive ly- bas i c  para-k-cas e in 
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( G re en , 1 97 2 ;  Talbo t  & V/augh , 1 970)  or a c o111bi nat i on of 
both ( Gre en , 1 972 ) . T h e  s t rength of the net wo rk dep ends 

upon the m.i'11 ber of l i nkage s be t w e en subuni ts wh i ch 
be c o· ne  ··� o re t i gh t ly packed vvi th e ach n e i'J bond expel ling 

th e int e rnal aqu e ous s o lut i o n ( wh ey ) i . e .  syn e re s i s  
oc curs ( Garnier & H i  baG. e au Dun as , 1 970 ) . Ac i d  l)l'O duc t i on 

i n  ch e e s e  curd ai d s  syn e re s i s , pro bably by a furthe r 

re duc t ion o f  replusive forc es be tween subuni t s .  Thus 
rennin c au s e s  th e c oagu lat i on of the c a s e i n  in rr1 i lk and 

a i d e d  by a c id production and usually h eat , both of whi ch 

re duc e repul s i ve forc e s  be t we e n mi ce l l e s ,  forc e whey 
from the ch e e s e  curd . Henc e th e bas i s  of ch e e s e 

manufacture . 

Renne t assays 

R e nnet i s  m anufac ture d , sold and u s e d  on an ac t ivity 

bas i s  and the refore a re l i abl e as say method i s  m o s t  
n e c e s s ary . There have been s eve re.l as say s propo s e d  b1.rt 
n o st do n o t  re lat e as say c ondit i ons t o  th ose used in 
che e s emaking . 

C o:1'1p8.Ti s o n  of c o8p;u lat i on t ir1 e s . The m o s t  wi d e ly 
report e d  a s s ay for "ll i lk c oagu l at i ng e nzy,.,1 e s  u s e s  a 

c al c iu·, enr i ch e d  r e c o ns t i tut e d  skim m i lk as subst rat e and 

i s  bas e d  o n  th e c o  " pari son of c oagulat i on t in: e s  for 

s o lut i ons o f  unknovm wi th s o lut i ons o f  known enz� e 

act ivity ( Be rri dge , 1 9 5 5 ;  Ern s t rom , 1 958 ) .  A simi l ar 

a s s ay us ing k-cas e i n  as subst rat e has be en d e s c ri be d 

( Doui l lard & R i badeau Dum a s , 1 970 ) .  Both o f  the s e  

meth o ds r e ly upon operat or j udgem ent of the s ame end

point for s everal s ampl e s  c o agulat ing over a p e r i o d  o f  

s ome m i nut e s .  A ma j or d i s advant age i s  the n e e d  t o  

maint ain a r e ference renne t o f  c onstant act ivi ty and the 

ne e d  of a spe c i al ly adapt e d  wat e r  bath . In add i t i on the 

as say is accurate only if the c oagulat ion t im e s  are 

s im i lar t o  that o f  th e r e f erenc e rennet and a s  ment i o n e d  

the as s ay c ondi t i ons are n o t  the same a s  found in che e s e -



making, for whi ch the rennet i s  produce d .  Thi s  

c ompli cat e s  the c ompari son o f  different enzym e s  

unne c e ssarily . 
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Ee�u�a� end-noint s e  Several methods with r e c orded -

end-po int s whi ch e limina-t e operat or end-point j udgement 

e rrors have been prop o s e d a  However one method require s 
over-rtight incubat i on ( Lawrence & Sanderson , 1 969 ) whi l e  

others require synthet i c  subst rat e pre parat i on (Hill , 

1 96 9 ;  Raymond et al . , 1 973 ; Polzhofe r �  1 97 2 ) .  The s e  

methods are all very t ime c onsuming. Another method 
( Everson & Winde r ,  1 968 ) me asur e s  the increase in the 

ve l o c i t y  of sound wave s pas sing through a milk-reruwt 

mixture when c oagulat i on occurs but thi s method re ql)_ires 

e laborat e equipment . Metho ds that me asure the j ncrease 

in s o luble case in aft er enzyme acij i on (Kat o e t  al . ,  1 97 2 ; 

Gavin & Ni ck ,  1 97 1 ; Zit t le , 1 96 5 )  are not as sen.s it ive as 
a mi lk c oagulat i on as s ay (Berridge , 1 955 ; Ernstrom , 1 958 ) , 
ru1d those that follow rennet act ion by monit oring the 
t urbidity produce d  in k-casein solut i ons do not appe t.U' t o  

be suit able as an as say for rennet act ivity ( Lawrenc e & 
Creame r ,  1 96 9 ) . Other methods meas1.'.re rennet act ivi t y  

from the hydro lys i s  of the � -chain of insulin ( Fi sh , 

1 957 ) and haemoglobin (Herriot t , 1 9 55 ) but these methods 
re ly upon the general prot e o lyt ic act ivity of rennet and 
not it s spe c ificity f or the phenylalanine-methionine 

b ond of k-casein.  

�oposed assal• It can be c onclude d that there 
exist s a nee d  for a rapid simple as say whi ch use s 

c ondi t i ons simi lar t o  those employe d in che e s emaking and 

whi ch h as a measure d end-point . The basi s  of the method 

de scribed in this the sis i s  that the rennin c o agulat i on 

t ime of bovine milk j_ s inverse ly proport i onal t o  the 

amount of pept ide s  re leased and t o  the init i al ve loc ity 

o f  the release of pept i des from cas e in ( Whe e lock & 

Penney , 1 972 ) . The c oncent rat i on of the pept i de s  

released i s  measure d by their absorpt i on at 2 1 7  nm and 
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it has be en shown that a linear re lat i onship e x i s t s 

bet ween tho incre ase :i.n abs orban.ce at 2 1 7  nm and the 

inc re as e  in nit rogen s o luble in 0. 73·-M t richloroacet ic 

acid ( Cast le & Whe e l o ck , 1 972 ) .  However t ri chloroac e t i c  
ac i d  absorbs �t rongly at 2 1 7  nm and there fore a dire ct 

e st imat e of p�pt ide c oncentrat i on c an n ot be macle when 

t ri chloroac e t i c  a c i d  i s  use d to halt rennin-cas e in 

react i ons . T o  overc ome thi s problem perchlori c acid has 

been use d as a prot e in pre c i pit ant for enzyme incubat i on 

m i xt ure s ( Dawson et al . ,  1 96 9 )  as it absorbs only 

s l ight ly at 2 1 7  nm .  Under New Zealand condit i ons rennet 
i s  uned at pH 6 . 4  t o  6 . 7  and at 3 0  t o  33°C t o  produce a 

firm c oagulum in 30 t o  40 minut es  ( G i ll e s ,  1 97 2 ) .  

In the proposed assay sodium caseinat e  i s  us e d  as 

t h e  subst rat e .  Aft e r  enzyme act i on the c ase inat e i s  
pre c ipit at e d with perchlori c a c i d  and the pept i d e s  
e st imat ed by measuring t h e  supe rnat ant absorbanc e a't; 
2 1 7  nm . 
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HE'rHODS ___ ,_ 

R ennGt source 

The thre e rennet s used i n  t h i s  st;v.tly were supplied 

by the New· Z e aland C o�op Renne t Co . Lt d .  f (Eltharn 9 New 

Zeala nd ) o The rennet s we re ex � ract e d  from the abomasums 

of calve s ,  olcler c at t le or lambs and Wf; re calle d calf 

rennei; t adult bovine renne t and lc:;.mb re nnet respe c l; ive ly . 

Calf rennet was from the aboma,surns of animals slaught ere d 

bet we en 4 and 1 0  days of aee w11ose diet would. have been 

pre dominant ly milk . Adult bovine rt3nnet was from the 
abomasums of p as·ture fed cat ·t;le slaught ere d at an age 

usually in exc e s s  of one year . Lamb rennet was from ·t;ho 
abomasum s of l embs s 1 aught e re d  at thre e ·t o six moni;hs of 
age and the i r  di et would have st ill include d  s ome milk . 

In all case s the abomasums •.vere fro zen as soon as 

pos sible aft e r  remove,l from the animal . R enn.et was 

ext rc:.c t e d  from the abomasums and pre par e <i ai; the New 
Z e a l a..nd Co-op R ermet Co . Lt d .  by the i r  usual metho d s . 

The ren.net s suppl ied for thi s study cont aine d 1 9 0 g,/1 of 
s odium chl or i de , 7 .  5 g/1 of sodium benz oa·� e and 

approximat e ly 1 00 rennin unit s per ml (RU/ml ) of rennet 

act ivity . Sodium chlori de and s o dium benz oat e were 

remove d from e ach rennet by dialysis against wat er at 

4°C .  The re sult ant solut ions we re fre e ze dri e d  and the 

rennet powder st ore d at 4°C unt i l  require d ..  Rennet 

powders were re c onst i t uted in e ither s odium chlori de 

or buffer solut i ons t o  the required act ivity levcl o 

Pre c i 1) i t ant s for case in-rennet react i on mixture s .......... - -

Pre12arat i on of s o d ium c as e inat e .  Skim milk at room 
t empe rature was a c i di f i e d  t o pH 4 . 5 5 ± 0. 05 in 4 0  ·i; o 5 0  

minut e s  by adding H-h;ydrochl o r i c  a c i d  beneath the surface 

of the agit at e d  skim millc (HcKenz ie , 1 97 1 ) .  Cas e in was 
se parate d b;-,r c ent rifuging at 1 5 00 rprn for 1 0  minutes an.d 

A renni n uni t ,  a s  used in thi s di scu s s i on ,  may be 

def ined as t ha t  quan t i ty of mi l k  coagu l a t i ng enzyme 

a c t i vi t y  required to produce a firm coagulum in 

1 00 ml of n ormal cheese mi l k  at pH 6 . 5 5 and 3 2 °c in 

30 minut e s . 
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was wash e d  t wi c e  vvi th vJater be fore acetic  ac id ext rcft :i o n  

at pH 4 .  0 to remove m i lk pro t e as e s  (i·1ct 'iee1d:n 1  H i pp & 
Grove s ,  1 959 ) .  Th e c a s e i.n was wa sh e d  twi c e  more wi th 
wat e r  a.t room t eYJJ})8l�at uri3 ttnd. th en d i s s o lved by addin� 
t-1-s odium hy drox i d E:  t o  rai se the pH to 6 . 5 5 .  The s o lut ion 

wD..s left ove rnight at 4 °C ancl t h e  pH read.just e d ,  if 
ne c e s s ary �  befo:ce fre e z e  drying . 

Pre u g.rat i on o f  snbst:r�. Sochur1 c as e i nat e was 

d i s s o lv e d  in a bu.ffer ( pH G .  5 5 ) containine 0. 024-H 
poi; a s s iu;n d ihydroe;en orthophosphat e a.n d 0 .  009-H d i so diu'·

hydrogen orth opho sphat e ( Long , 1 9(i 1 ) ,  to  give a fin::d 
eonc ent rat i o n  o f  GO  ;"le/m l .  The subst; rat e was held at 4 °C 
for 4 t o  20 hours before use . 

Preparat i on o f  renn et solutions . Rennet s  were 

d.i lut ec\. in the sa·· : e  pho sphat e buffer used for su bs t rat e 

preparat i on s o  that when equ a l  v o lurr. e s  o f  cas e ir�.at e and 
rennet s o lut ions v1ere Jllixed there was 1 ,  2 5  rem1in unit s  

pe r grarn ( R U/g ) o f  cas e in for c alf r enne t ancl 2 . 4 RU/� o f  
casein for adult bovine and lamb rennet s .  Th e s e  leve l s  

we re three t im e s  great e r  thEm used in che e s err. aking . 

Eff e c t  of ·ore c i Di t�. Equal volum es of each 
rennet ancl subst rat e were m i x e d  and th e react i on a l 10\'te d  
t o  pro c e ed at 3 2°C . Aft er  react i on t imes of 0 ,  1 1  5 ,  1 0 , 
30  and 6 0  minut e s  aliquots  of each reac·i; ion m ixture ( 1 m l ) 
were added t o  0 . 36-H p e rch l o r i c  acid , 0 . 1 5-M 

trichloroacetic  ac i d  or 0 . 88-H tri chloroacetic  acid ( 5  m l ) . 

Air was rem ove d fro"l'l the pre c ipi t at e d  cas e in by apply ing a 

vacuuP1 for 1 0 111 inu.t es  and the :m. ixtu.re then c entrifue;e d at 
2GOO rp':' for 1 0  minut e s . Absorbanc e of t h e  perchlori c 
aci d  supernatant was ,., easured at 2 1 7  nm whi l e the 

trichloroacetic  ac i d supernat ant s were dialysed. against 

wat e r  for 1 4  days at 3°C ( Cast le & Wh e e lo c k ,  1 97 2 )  before 
absorbance at 2 1 7  n"1'1 was . . · e asured .  Absorbanc e value s wer e  

corrected  f o r  change s in vo hFl e during dialysis . 
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C as e i nat e subst ra·� e at pH fS .  55  was prepare d ,  a s  
d e s c r i b e rl above y and h e l d  at 4 ° C  for 4 t o 20 hours 

be fore u s e , R e nne t s o lut i ons of sui t a.bl e act ivity were 

pre po.r e d  in th e pH 6 .  55 pho s phai:; e  buffe r ( d.e scri be d 

above ) fro;n s o lut i ons o f  renne t ( Hevv Z e al c=md. C o-op 
R enne t  C o . Lt d . ) ,  as s aye d by a ';l i lk c oaeulat i on m eth o d  

si r·1 i le.r t o  that o f  Ernst rom ( 1 9 58 ) rvi th a sub::.1 t rat e pH 

of 6 . 3 5 .  

A l i quot o of subst rat e ( 0 . 5 ml ) were pipe t t e d int o 

c ent r i fuge t11be s whi ch were plac e ll  in a 32°C wat e r  bath 

f o r  2 0  m inut e s . The renne t s o lut i ons •ne re e qu i l i brat e d  

t o  32°C and aliquot s ( 0 . 5 m l ) add e d  t o  t h e  subs t rat e 

and mix e d .  Aft er one minut e 0 .  3!1--H perchloric ac i d  
( 5 ml ) was adde d t o  the reac t ant s c:md m ix e d. .  \Vh i l e  th e 

renne t and the subst rat e were react ing a blank was 

prepared for each rennet s o lv.t i on by mix i ng substrata 

( 0 . 5 m l )  with O . Yi-H p e rch l o r i c ac i d  ( 5  " 1 )  be fore 
addine the rer'..ne t s o lut i on ( 0 .  5 m l ) . Th e supe rnat ant s 
were prepared as de s c ri be d  above an d th e ir absorbanc e 
read at 2 1 7  nr1 against t he c o rre sponding bl ank . R enne t  
activity W9.s then read_ frovn a s t ar�dard curve whi ch was 

prepare d  f o r  each bat ch of s o diul'll c a s e inat e . 
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Pre � :i.  '�'-'i t nn t s  fc' :r c as e i n -renn e t  r'e8.c t i on 111 i x ture s 

Th e reac "t; i on produ c t s  fro 1!1. c a s e i n  h:,rdro lys e d  by 
ad"L,J t bovin 0 t calf an rl l ar"Yl b  rermet s were s o lubl e in the 
d i ffe rent l)re c i p i  t ant s in s i m i lar quant i t i e s  ( Fi Q.P.'e 1 ) . 

E ach rennet re l e a s e d  pro duc t s s o luble in 0 . 73-H 
t ri ch lo ro r:w e t i c ac i d. i n  t h e  first 10 ·· ! inut e s  of' the 

r�e.c·t; i on 8 n d  produ c t s s o lu ble in 0 .  1 2-H t ri ch lorocw e t i c 

a c i d  �nd 0 . 30�J perch l o ri c  ac i d  were a l s o  re lease d 

ra1')i O.ly duri ng th i s  p e ri o d. but th en ;'l ore s l o w l;y unt i l  
aft e r  30 ''1 inut e s t h e re was li t t le chanee i n  abs o rba.nce 

at 2 1 7 n·'1 , 

Each renne t  produc e d  more produc t s  s o luble i n  

0 . 30-H p erch l ori c a c i d  than in 0 , 1 2-H t r i ch l oroac e t i c  

a c i d  at al l s t ae;e s o f  t h e  re ac t i on s but the rat i o  of 
pro duct s  s o lubl e in th e s e t wo pre c i pit ant s wc.s reason ably 

c o n s t an.t for e a ch renne t . ThE! ave rage rat i o o f  

sup ernat ant abs o rbanc e , be�we en 5 and G O  minut e s , at 
2 1 7  nm in 0 ,  30-H :p e rch lol'i c ac i d  t o  that in 0 . 1 2-H 

tri ch l o ro ac e t i c  aci d  we re 1. 4 5  ( r8.nt:;e 1 . 38 t o  1 . 52 )  for 
adu.lt bovine renn et , 1 .  24 ( 1 .  1 2  t o  1 .  36 ) for calf rennet 

ancl 1 . 49 ( 1 . 39 t o  1 . 58 )  f o r  lamb r ennet , Th e s e  rat i o s  

vari e d  s l i e;ht ly b e t w e e n  renne·� s ind i c at ing that the 

pept i d e s  re leas e d from c as e in by e ach rennet di ffere d .  

H owever i t  appeare d that f o r  e ach rennet all th e produc t s  

s o lubl e i n  0 . 1 2-H t ri ch l o roac e t i c  ac i d  we re also s o luble 

in 0. 3 0-H perch lori c ac i d  and that r.1 0 s t  of the product s  

found i n  both s o lut i ons would be fro ·-:1 the prililary 

reac t i on of rennet enz:,r"'l e s  on k-c as e in ( 'flake , 1 959 ) . 

As s aY, 

The re lat i onsh i p  between absorbanc e at 21 7 ru� ( A21 7) 
and rennin tmi t s  p e r  ml (RU/m l )  we re c om pare d for e a.ch 

renne t and the dat a ,  pre s ent ed in Figure 2 ,  was obt aine d 



Figure 1 .  The comparis on of 0 . 30-M perchloric acid ( 0 ) , 

0 . 1 2-M C• ) and 0 . 73-M ( 6 )  t richloroacet ic acid as 

prec ipit ant s  for casein-rennet react ion mixture s 

using adult bovine ( A ) , calf ( B )  and lamb ( C )  rennet s . 
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on t wo days with each point be i ng the ave rage of 

dupli c at e d e t e rm i nat i ons , For e ach renn e 1; the rE� was a 

l i n e ar r e l B.t i o n sh i p  betwe en 0 .  01  anrl 0 .  09 RU/n l ,  :Be low 
0 . 0 1  RU/ml th e re w H s  evidence o f  rennet i nh i bit i o n ,  

p o s s i bly 1ue t o  prot e i n  � enaturat i o n  at i n t e rfac e s  o f  
d i lut e pro t e i n  solut iorcs ( Dol)_llinrr:1 & R i bade au Dv.rn a e ,  

) , ? 1 7  � ' J- • .I.. t t •  • t  1 97 0  , T11 e  A - · va.1.ue o o v a l ne r't av z e ro re 11ne ac· · l  V l  · y  
c aul� o n ly be due t o  a mo re c o mpl e t e c a s e inat e 
pre c i pit s t i o n  wh en perch lori c a c i rl we.s ar) .-:;_ed t o  6 0  me/ml 

c as e ina.t e  in t h e  bl8 n.k than wh e n  pe rch l o r i c  ac i d  ·.v a s  

arl c1e c1.  to 30 rnz/ml c a s e i nat e in th e as s fl�' .  Above 0. 09 
RU/ml the curve f l at t e n e d.  out as subst rat e be c am e  the 
l i mit i ng fac t o r  i n  the re�ct ion.  

A regre s s i on e quat i on an d st andard devi at i on f o r  
cl.at a betwe e n  0 .  0 1  and 0 ,  09 RU/m l  was c alc ulat e d  f o r  e ach 

rennet and are pre s ent e d  in T able I .  

T able I .  A r e gre s s i o n  e quat i o n  and s t c.mcle.rd devi ::=tt i on 

for the C 0':1pari s o n  of A2 1 7 and RU/m l  between 0 .  0 1  and. 
0 . 09 RU/ml f o r  adult bovine , c alf and larn b rennet s .  

R enne t  R e gre s s i on e quat ion Sij an cl ard deviat i o n  

A rl.ult bovi ne RU/rn l  = 0 . 4 (i 7 A2 1 7  0 . 0 1 5 0 . 00 1 8 
Calf RU/rn l = 0 . 4 1 Fi  A2 1 7  - 0 . 0 1 6 0 . 00 1 !J 
Lamb RU/m l = 0 . 3 6 3  A2 1 7  - 0 . 0 1 2 0 . 0037 

The a c curacy o f  the as s aJrs vari e d.  with th e e n z ym e  

act ivity and w a s  mo s t  ac curat e wh en the incre a s e  i n  .A 2 1 7  

was gre at e s t but st i l l on the lin e ar part o f  t h e  curve . 
At 0 . 08 RU/m l  ac curacy was .± 2 . 37;, for adult bovine rermet ,  

.± 1 • 9% for c alf re nnet and .± 4. 6fo fo r lam b rennet . 

( A c curacy was expre s s e d  as o ne st andard devi at i on divi d e d  . . . 
by renne t act ivi t y ) . The h i gh st andard deviat i o n  f o r  lamb 



Fj. gure 2 .  The comparison of A2 1 7 and RU/ml for 
adult bovine (A) , calf (B) and lamb ( C )  rennet s .  
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rennet ;�1 a;y have 'been due t o  the rennet u s e d  as i t  had 
. . • 2 1 7  a h�gh rat � o of J\. per un it of rennet ac t ivi l:i y  and 

c o n s e quent ly A2 1 7  re adings were h i�1e r ,  and h e nc e l e s s  

ac curat e ,  f o r  t h e  sa'11 e rennet act ivity than the oth e r  

t wo rennet s . 

?.9 

Th e s l ope s o f  the linear part o f  t h e  cu rve o f  t h e  

c ompari s o n  o f  A2 1 7 and RU/m l f o r  e ach renne·t; we re o f  the 

same o rd e r .  The s l ope d i ff e renc e s  may have been due t o  

th e diffe rent rat e s  o f  r e l e c:ts e  o f  pept i d e s  at pH 6 . 55 
c ompar e d  with the m i lk c oat;�J.lat i on act ivi ty at :pH 6 . 3 5 
o f  e ach rennet . The r e l e as e  o f  pept i d e s  mc�asure d. the 

rat e o f  the pri1nary rennet ac t i on on caseinate  8.nd was 
not affe c·t e d  b;',r c ondit i ons that may have i nf lue n c e tl th e 

s e c ondary ph a s e  o f  r1 i lk c one;ulat i on .  It was also 
:p o s s i b l e  that th e pept i d e  pro duct s fron the c a s e inat e 

vari e d  wi th e ach renne t and h eu c e  th e i r  s o lubi l ity i n  

0.  3o-N perch l oric ac i d  wou l d  al s o  have vari e d .  

The rel a t i onship for each rennet be tween renne t 

a c t ivi t y  and absorbance a t  2 1 7 nm , a s  shown i n  

F i gure 2 ,  i s  a ctual l y  a curve bu t ha s been 

con s i dered to be a s trai ght l ine , over a l imi t ed 

ran ge of renne t act ivi ty, in the above d i scu s si on . 
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JllSCUSSION 

The c ompari s on o f  0 . 30-H perchloric ac i d  with 
0 . 1 2-l\'1 and 0 . 73-H t ri chlo roac et ic ac i d as pre c i pi t ant s 

for case in-rennet react i ons has shovvn that pe rchlori c 

ac i d quenc h e s the react i o n s  s im i larly t o  0 . 1 2-M 
t ri ch l o roac e t ic ac i d . Thus p e rch lo r i c  ac i d  c an be us e d  

a s  a pre c i pi t ant t o  m e asure t h e  rat e o f  hydro lys i s o f  

t h e  l abi l e  ph enylalanine -m e th i onine bond o f  k-c as e in . 
Th e rat i o  o f  re act i o n pro duct s s o J.uble in 0 . 3 0-H 

p e rch l o ri c  ac i d  t o  th o s e s o luble in 0 .  1 2-H 
t r i ch l o ro a c e t i c  ac i d i s  gre at e r  th an 1 . 0 and t he re fo re 
a large r absorbanc e reading i s  obt aine d wh en p e rchlo ri c 

ac i d  i s  us e d  as th e pre c ipi t ar:tt for case in-rennet 

re act i ons . The large r abso rbance value give s a s t e e pe r  

curve against tir·" e  and h enc e a J:l o r e  ac curat e e s t i ·nat e 

o f  th e st age o f  t h e  re act i o n . It appears that per

ch lori c a c i d  i s  a m o st suit able pre c i pitant f o r  c a s e in

r ennet r e a,c t i on s  and allo we d th e d eve l opmen-t; of the 

assay r neth o d  d e s  c r i  bed above . 

The as s a�r e s t im at e d  reruw t  act ivity by m easuring 

th e quant i t y  of p e pt i d e s  re l e as e d in one minut e from 

s o dium c as e inat e under c ont ro l l e d  c on di t i ons and has 

s eve ral advant age s over oth e r  m ethods of as say ing rennet 

act i vity . In part i cular t h e  m e thod ut i l i s e s a me asure d 

e nd-po in t wh i ch i s  more re l iabl e than th e o bs e rve d end

po int o f  s everal other methods ( Be rri dge , 1 9 5 5 ; 
Ernst rorn , 1 95 8 ;  Dou l l i ard & R i badeau Duma.s , 1 970 ) and 

c an m easure r ennet act ivit y  one fo rt i eth that n o rmally 

r.1 e asure d by a Tl1 i lk c oagulat i on as say at least as 

ac curat e ly . No re fe renc e r e nn e t  i s  require d as one 

bat ch of subs t rat a is c ali brat e d  against anoth e r  bat ch 

and as rennet act ivity i s  m e asured direct ly i t  i s  not 

c o� p l i c at e d  by th e s e c on dary phase o f  � i lk c oagulat i on . 
C ondit i ons for the as s ay are s irn i l ar t o  tho s e  f otmd i n  

c om"' ercial u s e  of . rennet and th is i s  o f  value whe n  

c omparing different enzyrn e s  for che e s e�1aking propert i e s .  
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H easurer:1 ent o f  renne t ac t ivity i s  o bt aine d over a ranc;e 

of ac t iv i t i e s  wh i ch are wide enm .. leh t o  allow a r e lia.bl e 
e st imat e o f  ac t iv i t y  from s erial d i lut i ons o f  a rennet 

of unknown act ivi ty . Th e as s ay c an be perf o rm e d  i n  

large num bers qui t e  rap i d ly a.nd require s n o  s p e c i al 

e quipm ent . 

A l l  rennet a s s ay s  repo rt e d in th i s  th e s i s  vvere 

c onduct e d  wi th th e above � e th o d  un l e s s  oth e rw i s e  
m ent i one d , 



CHAPrER I I I  

ENZYHE PUR I:FICA'r i ON 

En ?.;,r' e sou:rc e.s. .  7 ·Tost pro t e oly t i c en zyl"' e s  c an. c oagu

lat e  m i lk u n d e r  suit abl e c ondit ions and there fore m i lk 

c o e{,rt:tlat int:; enzy,e s  have be en obt aine d fron1 virtua l l;y 

ever�r c las s of living o reani s ., ( Ernstront , 1 96 5 ) .  As the 

t :r'ao_i t i onal 111 i lk c o agLJ.lat i n g  enzy:rt e ,  rennin , is ext rac t e d  

from the abon1asu·.., s o f  you_ng J"l i lk-f e d  calve s  ( Plac e k ,  

Bavi s o t t o  & Jadd , 1 96 0 ;  C larke , 1 9 G 9 ; Calvy ,  1 97 2 )  the 

stomachs o f  other animals have been wi dely inve st i eat ed 

as a source of m i lk c oagu.lat i ng enzymes . The c omrn e rc ial l;yr 

more feas i b1 e  s ource s inve s t i eat e d  inc lude cattle 
( No rthrup , 1 93 3 ; Chow & Kas s e l l , 1 96 8 ; I<'ox , 1 9 6 9 , b ;  

Gre e n ,  1 97 2 ) ,  ki ds (Yama'Tio t o  & Tak8llaGhi 1 1 9 53 ) ,  ch i ckens 

( Bohak , 1 9G 9 ; Green , 1 97 2 ) ,  svvine (Rajo.:;aplan, T-1o ore & 

St e i n ,  1 96 G ) and lar.1bs ( Alai s , 1 96 3 ; Oruntae va & S e itov ,  

1 97 1 ; O ' Le ary & Fox , 1 973 ) .  The enzyme ::l ext ract e d  from 
c alve s , kids and young lambs are predominant ly rennir1s  

whi l e  the e n zym e s  ext rac te d frOP1 c at t le 1 ch i ckens , swine 

�:md o l der l arn bs are pre don; inant ly peps in s o r  a ntore even 

rt"J ixt ure o f  both rennins an d pe ps ins depend ing upon the age 

of th e ani �al at slausht er and the nature of it s d i e t  

pri or t o  slauc;ht er (Hens che l , H i l l  & Port e r ,  1 96 1  ) . 

Ext ract i on nro c e dure s . Extract ion o f  both reru1in and 

pe ps i n  i s  fro• :  e ither dri e d  o r  fro z en st on1 ach t i s sue vvi th 

aque ous s o lut i ons , of a var iet ;-/ of salt s ,.  at pH value s 

above 4 . 7  (Ya�a�oto & Takahaski , 1 9 53 ; Plac ek , Bavi s o t t o  & 
Jad d ,  1 96 0 ;  Alai s ,  1 96 3 ;  C larke , 1 969 ; Calvy , 1 97 2 )  o r  

with weak s o lut ions o f  ac i ds at pH value s  down t o  2 . 7  

(Raj o gaplan , M o o re & S t e in , 1 96 6 ; Garnot et al . , 1 974 ) .  

R ennins and pepsins are both secret e d  as inac t ive zymogens 
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and. 1"1Us t be act ivat e d b;y· the hydro lys is  o f  a pept i de from 

th 0 pre curf.; o r  m o le cu le t o  o bt a in the max inum mill\: 

CO I3.[�ulatine o.ct ivity . The refore the enzy m e s  ex t rat]"!J e d  at 

high pH in salt solut i ons are ad just e d t o  pH 4 . 7  t o  5 . 0  
fo�c 1 to  5 clays unti l  the m i l k  c o ae;u.lat ine; act ivity of 

th e extrac ·IJ re ache s a max imum ( Plac e k ,  Ba.vi s o t t o & Sad d ,  

1 9 6 0 ; Clark e , 1 969 ) .  H oweve r enz�rme s e x t ract e d  a·!i low pH 

are ful l�r a c t ivat El cl d 1J ring ext rac t i on . l-i i lk coa51J.lat ine; 

enz;yr1e s prepared by e ither of the s e  pro c e dure s are 

market e d  u sually as a c rude aClueous ext ract or a dri e d  
11owder of rennins and pe ps in s stabilised  by a salt , 
usually s o dium chl o ri d e ,  and a pre s e rvat ive such as 

so clium ben?. o e,t e ( C l a.rke , 1 9 ::i 9 ) ,  propylene glyc o l  t �J o diw"'1 

propionat e o r  a � ix t ur e  of the se  ( Plac ek , Bavi sot t o  & 
Jaclcl , ! 9 IS O ) . 

Pre£_iJ?it<:!;_t ion ·i�ec_l].nio.u.e s .  Th e ext l�ac t i on o f  ·n i lk 
c oat,.'l.l.lctt int:; enzY''1 8 S  fro t'"l ani'· :al u i; oDachs has alwa;y s be en 

c o· , p l i c at e d  by the si r·1ult aneous extract i on o f  muc o

prot e ins fro�n th e  mucous lining of the s t om ach s ( l)J .aC: ek , 
Bavisotto & Jadd , 1 95 0 ;  Clarke , 1 9:1 3 )  c au s ing an increas e 
in the vi s c o s i t y  of aqueous s o lu:t; i ons which l e ads t o  a 
l ov-1er recovery of enzym e s  ( Clarke , 1 968 ) and , as they 

prec ipi t at: e  s lowly fi'Om s olut i on in fini sh e d  reru1e ·t , a 

turbi d appe aranc e t o  the produc t . Th e ir remo val from 

rennet s o lut i ons has be en ach i eve d by the add i t i on o f  

potassium alum fo l lowe d by phosphate o r  hydro x i de t o  f o rm 

a c omplex ,  c ont aining the muc oprot e ins , v;h i ch pre c:Lpi t o.t es 

out o f  s olut ion ( Van der Be rg & Van d e r  Sche e r , 1 93 7 ; 
B e rr:L dge , 1 94 5 ;  Erns t rom , 1 9 58 ) . A s imi lar m etho d  f o r  

t reat ing undri e d  c alf abomasum s  pri o r  t o  rennet 

extrac t i on pro duc e s a l e s s  vi s c ous ext ract but do e s not 

overc ome all probl e� s re lat e d  t o  e ffi c i ent mucoprot e in 

rer1 0val ( C larke , 1 9fi8 ) .  The crude 11ilk c oae;ulat i ne; 

enz;rn e s  have b e e n  puri fi e d by pre c ipit at i on ,  o ft en aft e r 

the re>"'"1ova.l o f  ·�u c o prot e i ns by alu'"n t re atn ent , with 

vari ous co"• pounds inc ludine; ·-·� agn e s ium sulphat e ( Northrup , 

1 933 ) , ace t one ( Northrup , 1 933 ; Bohak , 1 969 ) , am · • oniw11. 



sulpha·i:i e ( Ghow & Kassell , 1 96 8 ) 9 alcohol (Haj ogaplan , 

Moore & Stein, 1 96 6 ) ,  arHl s o d ium ch loride (Hankinson , 

1 943 ; E rnst rom , 1 958 ; Bundy e t  al q 1 964 ; C ast l e  & 
vVhe e lock , 1 971 ) � 
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.Qo1u.mJ1 ehromat ogr�_St: . !�ore re c ent ly c o lumn 

chromat ography has be en used t o  purify mi lk c oae;u.J.at :Lng 

enzyme s .  The ini·b ial puri fic at i or1 i s  oft en with i on. 
exchange chromat ography - usually on a diethylaminoethyl 

c e l lu l o s e  re s in whi ch re t ains the enz�rme s o The column 

can be washe d ,  i f  ne c e s sary , before e lut ion usually with 

a sodium chlori de gradient in the equilibrat i on buffHr 

(Bundy e t  al . , 1 964 ;  Chow & Kasse l l ,  1 96 8 ; Bohak , 1 96 9 ;  
Asat o ,  1 97 2 ) . By using i on excha..."lge chromat oe;raphy a 

c oncent rat i on of enzyme act ivit y i s  often pos sible and 
furthe r concent rat ion by ult raf i lt rat i on has a l s o  been 
used ( Chow & Kas s e l l , 1 968 ) pri or t o  gel chromat ograp}·ty 
usually in d i lut e buffers bet ween pH 5 . 6  and 7 . 0  
d e pending upon whe ther the z;ymogens or act ive enz;y-me s 

were beine; purifie d  ( Bu.ndy et al . ,  1 964 ;  Ch ow & Kc:.s s e l l  � 

1 968 ; Bohak , 1 96 9 ;  Cast le & Whe e l o ck ,  1 97 1 ) .  Gel 

chromat ography aft er i on e x change chromat ography allows 

the separat i on s by s i ze , of molecule s of simi lar i on 

exchange e lut i on charact erist ic s . Purific at i on. by 

these two methods of column chromat ography produce s  

e lectropho:r.et icc:t.lly pure milk coaeulat ing enzymes 

( Asat o ,  1 972 ) .  
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NE'flHO DS 

C e l lulo s e  i o n  exch ane;e re sins have been us e d.  t o  
puri f�r se ve ral ,., i lk c oaQJ.le.t i. ng 8i.t.Zyv:1 e s  ( B-v.ndy e t  al . , 
1 9 !) 4 ; Chow & K asse ll , 1 9� 8 ;  Bo1wJ<:, 1 96 9 ;  Asat o .  1 972 ) 
and the � e th o d  d e s c r i b e d  below i s  bas e d  in part on wo rk 

report e d  in th e s e  pape rs . 

Whatma:n DE 52  c e l lul o s e ( W .  & R .  Bal�-:yn , 
Mai d s t one , En gland ) was prepar e d  ac c o rdine; t o  the 

manufacturers ins t ruc t i ons and packed int o a 30 x L 5 cm 
c o lumn . The c e l lulo s e  was e qu i l i bra·b e d  wi th ::1. st art ing 
buffer c ons i st ing of c i·t ric ac i <1  ( 0 .  005-!-1 ) arlju.s-'Ged t o  
pH 5 . 6 with aq_ue ous amr:tonia cllld c ontai nin G 5 rnl/1 o f  
chl oroform a s  a pre s e rvat ive . Rennet e nzyme :powders 

( 20 m.:/ml ) were d i s s o lved i n  the sarne buffer and 
cenJGrifuged t o  remove any suspande cl mat e r i al fror:-1 th e 
s o lut i on .  Betwee n 20 and 5 0  ml of rennet so lut ion \·�as 

appl i e d  t o  the column at any one t im e  and i.;}H� e lut i on o f  

pro t e in r;1at erial fron the c o lur,n was achieved by a 

l in e ar gradi e nt o f  s o d iu"'l chl o r ide in the start ing 
buffer ,  The e;rad i ent was �>1ade fro,.,, 350 ''" 1 of st art in.e; 
buffer and 350 ' '� 1  of l i·n i t bt:.ffer 711 ade 0 .  7-H with soU.ium 
chlori de . The absorbance of e luent fract i o n s  ( 1 2  �n J. ) 
was 1,.,e asured at 280 nro against the st art ing bu.ffe r and 
the s o diu� chlori de gradient was det ern ined  by � e asurin8 

the c onduct ivity of a one t o  twenty-five di lut i on , in 
wat er,  of  several fract i ons fro� e ach run . 

Ge l chro.,.,ator;re.ph;y 

Gel chromat ography was used to purify and analyse 
rennet enzyme s by the metho d ,  descri be d  be l o vt ,  bas e d  on 

Fischer ( 1 97 1 ) .  · · 



S e ph adex G- 1 00 r;e l ( Phar-n i c i a  Fine Ch e·n i c als , 

Upp s a l a ,  Sweden)  was prepared ac c o rd ine t o  the 

;nanufacturerB i n s t ruc·� i o ns and. pctc ked i nt o a 90 x 1 .  5 cm 

c o lumn . The ee l was e qu i li brat e d  'Nith a buffer 
c on s i s t i ne; of d i s o diun hydro e;e n  o rthoph o s phat e ( 0 .  004-l·-r ) 
and po t as s i\u;'! dihydrogen o rthop�1 o sphat e ( 0 .  00 3-H ) at 

pH 5 . 6  c ont ain ing 5. m l/1 o f  ch l o rofo rm as a pre s e rvat ive , 

Enz�lrn e s o l ut i ons , aft er i on ex charJ.�e cl1 romat o e;raphy , 
were ad just e d  t o  the e qui l i  bre"t i on buff e r  c on c ent rat i on 

by th e addi t i on o f  c on c ent rat e d  buffe r .  Frorn 1 t o  3 ml 

of enz�1111 e s o lut i o n . c ont aini ne; u.p to 20 mg of prot e i n ,  

\vas appl i e d  t o  th e . t op o f  t h e  c o hmm at one t im e  v i a  a 
three -way valve and e lut i on o f  the prot e in from th e 

c o lumn was by· gravity indu c e d  buffer flow at 20 t o  3 0  

ml/h .  The abs o rbanc e o f  e luen-t fract i ons ( 3 . 5 JT11 ) was 

m easu.re d at 280 n, ae;ain s t  th e buffe r ,  

En�?.1F· ·  e nu.ri fi c :-1:t. i on - --

R e nnet powders were di s s o lv e d  in a c i t ri c  ac i d  

( 0 .  005--�li ) bu f f e r ,  c ent rifuge d t o ren, ove an�r S1J.spend e c1  
m. at e ri al , a.nd a.l)pli e c1. t o  the i o n  ex change c o lu:11n , 

Prot e i n  p e aks , det e rr-: in e cl fro·:·, abso rbanc e m e E�sure�� � erl"i:; s 

o f  e l.l)_ent frac t i on s  a t  280 n·n , were a s s aJr e d. f o r  ;n i lk 

c oae;u1at ine; act ivi t y . A c t ive frac"!:; i ons were poo l e d ,  

c oncent rat e d  by ult raf i lt rat i on an c.l.. appl i e d  t o  the ee l 

chrorr:at o gra}!hy c o lumn .  Act ive frac t i ons of prot e in 

p e aks were again p o o l e d  and appl i e d  t o  th e i o n  exchange 

c o hunn f o r  t h e  s e c ond t im e . 

Onc e aeain act ive frac t i ons c ont ain ing pro t e ins 

were p o o l e d ,  c onc ent rat e d  by ult rafi lt rat i o n  and appl i e d  

t o  the ge l chromat o graphy c o lumn fo r the s e c ond t i m e . 

Act ive fract i ons were po o l e d  and c onc ent rat e d  by 
ultraf i lt rat i on f o r  further s tudy . 
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EJ. ectrophorer.; i s o f  p1.1. r i :fi e rl e n 7. v� , e s  

E l e ct roph o re s i s  was usE: ri  t o  det e r":l ine t h e  purity 
and h o·:1o gene it y  of each enzy;·� e i s o lat e d  fro>r1 aciul t 
bovine an�_1 larnb renn e t  s .  Th l� rn ethod of navi s ( 1 9t14 ) as 
modified  by C r e am e r  ( 1 970 )  for ftlkaline ( pH 8 , G )  
po ly�crylam i d e  ee l e le c t ropho re s i s  on r o d  ge ls was use d .  

A s o lut ion o f  e ach purifie d  enzy�e was ad j us t e d  t o  

c ont ain ap:p:roxi:�lP.t e ly 3 mg/m l ,  made 9-H with urea and 
0 0 ..,  ,. , . � 1 ,.., t tl  ] ' , . t ( AI 00 t' J...., )  f • .5 -1' 1 Wl G .l r.:-m erc ap o e  1ano _ . I1...L J. q_uo s , o 
each enzym e  s o lu. t i on we re app l i e d  t o  the ee ls and 
e le ct rophore s e d  for 6 0  t o  90  m i mxt e s .  G e l s  were s t aine d 

overnight with a_r"� i do black and d e s t a i n e d.  elect rop'rte ret i

cal l�r be fore bei 1 t:,  ph ot o gra ph e d .  

c o lu " n  0 .  9 1  r"1ie e t  e r  ancl 2 .  44  · ·  hich w a s  aib �pt e d.  Hs an 

ion exchange c o lu n for C O""Me r c i al renn et pur if i c at i o n .  

Wove n st aj_ n l e s s  st e e l  c loth e s  were support e d  o n  fre: · e s  

at th e t op :.:-l.n d bo t t o  · : o f  the c o lu�·'n t o  ret a i n  the l'e s in 
ano. bo th e n r3. s  were c lo s e d  with lid s  bo lt e d  i.i o  t h e  colu�m . 

Liquid c o t1n ect i ons were plac e d  in both l i ds t o  enable up 
o r  ctown flow whi ch was prov i de d  by a c e nt ri fugal pur:1 p , 

Th e column was ch are;ed wj_th 1 00 kg ( dry w e i ght ) o f  
Grant ex A 1 re s in (T asm_an Vac c ine Laboratory Lt d . , Upper 

Hut t , New Zealand ) ,  which has diethylaminoe thyl ( DEAE ) 
groups as the act ive s i t e s  on a c ro s s-l inke d hydroph i li c  

m at rix de rived from regene rat e d  cellulose . Th e re s in was 

prepared 8.S suege st e d  by the Manufact urer before 

equi librat ion with a st art ing buffer c ont aining c it ri c  

a c i d  ( 0 .  005-1·1 ) ,  s o diu'TI chlo ri de ( 0 . 1 -M )  and adjust e d  t o  

pH 5 .  5 with aqueous a·'1�· onia . The c o luynn was ope rat e d  at 
7°C t o  cont ro l � i c robial growth . 
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Ope ra t i nr� c o n c h  t i o ns .  An aq\.J_ e ous s o lut i on o f  c alf 

rem1et was pre par e d  at t h e  New Z e a l an d  C o - o p  Rennet C o . 
r�t o. . by th e i r  usual �·· e·tho d s  and ad. j u s t e c1  t o  the st art inc; 

buff e r  c o n c e n t rat i o n  b;',r addi t i ons o f  dr;y che,, i c als an d. 
a'�' o n i a  or hy dro ch l o r i c  acid  s o lut i ons . T h i s  rennet was 

appl i e d  t o  t h e  c o lur1 n  at 680 t o  1 000 1/h and a b[-;�.t ch 

c ont ai ne d 4 ,  500 t o  9 )  000 1 .  1\ rn i n i nm;-:, c o n t ac t  t i ,·• e 

be-� ween rennet and r e s i n  of 2 0  m im.:tt e s  was require d ;  

c o rre s pond ing t o  a flow rat e o f  1 440 1/h , but th i s  flow 

c ould not be ach i eve d with i n  the :11 ax imum w o rkabl e 

pre s sure drop acro s s  th e r e s i n  be d .  Aft e r all the 

rerm e t  had b e e n  appl i e d  to th e c o lumn it was f o l lowe d by 

approximat e lJr 1 500 1 o:f st art ing buffer t o  wash the 

re s in .  Pro t e ins were e lut e d  from the c o lumn with 
st art ing buffer m8.d.e 1 .  0-i-·! with s o dium ch loride and 
e lut i o n  vv�1.s moni t ored by measu.ring e luent abs o rbanc e at 

280 nm ae;ainst the s t art ing bu ffe r .  

R ep;en e_rat i on .  The r e s i n  '.-vas ree;enerat e d  b;y back

wash ine with 9 00 1 o f  0 .  5-H s o d itF" h;jr drox ide , during 

v i e;o rous agi t at i on , f o l l owed by wat e r  unt i l  the e luent 
pH was b e l o w  9 .  0 .  Th e re s i n  v:as repacke o_ and 
e q1.J. i li brat e el  with down flow of st art ing buffe r .  
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RESULTS 

R e nnet enzyme s puri f i c at i on 

I on exch g.n.a-e chrornat O r!:l'<:·rohv . Tyni cal chr-omat; opra ms ----- Ll - �- - -
of adult bovine and l c:an b  renne t s shown in l�'ie;t�re .3 have 
s i mi1ar- pat t e :cns . At the vo i d  vo hune of the . c o h.unn the 

f i rst pe ak i s  l arge , c ont ains n o  m i lk c o a5u l at i ne 

act ivi t y  and appe are d t o  c on s i s t  o f  muc op:ro·t; e ins . As th e 

s o c1itun chl or:i. dt� c oncent rat i on in the e luent i s  int:� r e a s e d  

minor pro t e in peaks appear but none of -�h e s e  c ont ain. 
enzyme act ivit y . The adult bovine rennet chromat oeraph 

( F'i r,"u .. re 3 A )  shows t h c:1.t a large p e ak i s  e lut e d  at a 

c o n c1ue t ivi t y  o :f 1 80 millis iemens ( mS ) and t h i s  pe ak 
c ont ains all the re c ove re d enzyrne act i vi t y .  The lamlJ 

renne t chrornat oeraph ( F i e;v.re 3 B )  di ffe rs f rom ·th e  a dult 
bov ine in t hat t wo main peaks are e lut e d  at c onduct ivi t i e s  

o f  1 00 and 1 9 5 m S  re spe c t ively . Both peaks show milk 

c o at_,"'lllat ing act ivity and were c a1 l e d  lamb 1 and l amb 2 
re spe ct ive ly in order of e lut i on . Th e l amb 1 peak c ont ain s 
22;� of the r e c ove re d e n zym e ac ·lj i vity wh i le the othe r 78;0 

is in the l am b  2 pe ak .  

I<'or both adult bovine and lamb renne t the  fract i ons 

inc1i c at e d  by t h e  bars in Figv.re 3 we re po ole d and 

c onc ent rat e d  'oy ult raf ilt rat i on for further puri f i cat i on .  

The r e c o ve ry o f  enzyme act ivi t y for both rennet s was neve r 

le s s  than 95;; o f  the act ivity applie d t o  the c o lumn and 

s o lut i ons of both rennet s  puri f i e d  by ion exchange 
chromat ography we re qui t e clear as c ompare d with the 
turbi d appe arance o f  both the init ial and re c on st i tut e d 

renne t s .  

Gel chromat ogral?.hy. The absorbance of e luent 
frac·� ions was measure d at 280 nm against the buffer and 
prote in peaks assayed for milk c oagulat ing enzyme activity . 
Chromatographs of the adult bovine , 18�h 1 8nd lamb 2 



Figure 3 . Elut ion patterns of adult bovine ( A )  and 
lamb ( B ) rennet s  from i on exchange chromat ography 

on DEAE cellul ose . 
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Figure 4 .  E lut i on pat t e rns of adult bovine ( A ) , 

lamb 1 ( B ) and l amb 2 ( C )  enzyme s from ge l 

chromat ography on Sepha dex G- 1 00 ge l . 
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enz�r� e s  a re ::.�hovn1 i n  P i e;ure t. Em c1  oach has a dist i nc t 

p8.t t e rn .  T'h e  adult bovine chro · ., fl t ve;raph ( F i gLl..re 4 A )  
sh ows t wo pe a k s , th e fj_ rst c o nt ain � a l l  t h e  m i lk 

c o agu la;t; i n g  e:1,ct ivi t �r vihi l e  th e sec ond peak i s  o f  lower 

rn o l e cu l ar Vi·e i e;ht i nrtc t ive m at e rial . 1'h e  la11 b  1 

chro:-rt at ogrnph ( Fie;u.re 4 B)  sh ows a s:nall peak at the 
e lut i o n  vo :J u n1e  o f  the c o lum n  a n d  i s  probably muc opro t e in 
ma t e ri a l  c arri e d  ovo r from t h e  ion exch ange c o lumn and 
th en the re is a very smal l pe ak of inact i ve m at; e ri a.l at 
fract i on 24 . A large peak at frac t i o n 29 c ont a i ns a l l  

t h e  m i lk C O ::lGtllat ing e n zyme ac t ivity wh i l e  t h e  l) l'.! ak at 

fra c t i on 44 c ont ains inac t ive lower m o l e cular w e i e;h t  

mat e ri al . Th e lam b ?. chrom a t o e;raph ( Fizu_re 4 C )  sh ows a 

smal l p e ak at th e e lut i o n  vo lum e o f  t; he c o lurnn f o l l o we d  

by t wo m o re small p e aks before a l art;e p e ak a t  frac t i on 
3 1  that cont Edn s  a l l  th e 1n i l k  c oagn J ::.t ine enzy·n e a c t i v i ty . 

Two o t h e r  sy1 a,l l pe8.ks of i n act i ve l',a li e rial vvere e 1ut.; e d  a-� 
fra c -t i o ns 3 9  and 44 . A c o:---1 pari s o n  o f  the t;hre e chl'O ..., at o
e;ra�l s  sh ows th at �ost o f  the e lut e d  m at erial for the 
arlu.lt bov i n e  and lam b 2 en zyrn e s  are ac t i ve vvh i 1 e  the 
la·�� b 1 enzy o. e is l"'lUCh l e s s  pure at th i s  c-;t a e;e .  For e =:1. ch 
e n zy-,· e the frac t i ons i nd i c at e d  b;>' th e bars in :b,i g-L1.re 4 
were po o l e d  and ret ained for furt h e r  puri fi c e,t i on .  

Fina l nur i  f i e  at i OQ. A s e c ond ion exchange chro:nat o

graphy step in the puTifi c at ion of e ach enzym e followed 
by c onc ent rat i on of poo l e d  act ive fract i ons wi-t;h 
u l t raf i ltration and a se cond ge l chromatogre.phy s t e p  gave 

enzyme so lut i ons wh i ch produced only one peak by e ach o f  

t h e se te chni que s .  Each enzyme at this s t age was 

considered to be pure and was store d at 4°C in the 

pre s e n c e  of 5 ml/1 of ch loroform , as a pre s ervative , for 

further study . 
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Each o f  the thre e enzymes i s o lat e d from adult bovine 

o r  lamb rerme -t s was t reat ed with 2-rn e r c apt o e thano l before 
e l e c t ro ph o re s i s  o n  alkaline po lyacrylam i de ge ls 
c ont ai ning ure a .  A pho t o graph o f  the ge l s , pre sent e d  i.n · 

Figure 5 ,  sh ows ad·ult bovine , Jam b  1 and l amb 2 e nzyrr.e s  

all p o s s e s s  a n e gat ive charge a·ti pH 8 .  6 and th a t  lam b  1 

and l am b  2 en z.ym e s  each pro duc e d  a s ingl e band 

derr w n s t rat ing purity anrl hOt?1 0 ge n e i  1i y .  Th e adult bovi. :ne 
en zym e produ c e d  t wo bands ( one ve r�r w ino r )  ad j acent t o  

e ach o ther , de� onst rat i ng e ith er t h e  enzyme was n o t  pure 

or it was h e t e ro ge n e ou s . Het e roeenei·t y  has be e n  

repor t e d for b o v i n e  p e p s i n s  ( I·ane & Kassel 1 ,  1 97 1  ) ·,vh i ch 
d i ff e r e d  onJ.y in the nu"1 ber of ph o spha-t e gro·nps o n  the 
s a�e prot e in � o l e cule . Work repor t e d  lat e r  i n  th i s  

the s i s c onf i rn1 s that t h e  adu lt bovine en zy·�" e i s  a pe p s i n . 
It was t h e re fore c on s i d e re d  th at the s e c o n d  and � o re 

m obi l e  band o f  t h e  adu lt bovine e nzY'ne s o lut i on was a 

s in, i l ar e n zyrn e wi th a great er nuYr1 be r o f  l)h o s phat e groups 

rath e r  t h an an i rn puri t �r .  

C o rrpn e rc i 8.l ren.r1 e t  Duri f i c a t i o n  

Appl i c s t i on of rennet to  t ;he c o lumn . C alf rennet 

was prepar e d  for ch romat o craphy and at thi s s t age a 

typi c al ba·t ch contained 4676 1 of rennet s o lut i on at 1 5 . 1  

rennin uni t s p e r  ml (RU/m l ) . The rennet was applied t o  

the ion exchane;e column init ial ly at 1 000 1/h but th i s  

was s l o we d  gradual ly to 700 1/h s o  as not t o  e x c e e d  a 

pressure drop of 2 . 7  m of water across the resin bed . 

The rennet so lut ion was d isplaced from the c olumn by 

washing wi t h  1 590 1 of start ing buffer and all l i qu i d  that 

had pas s e d  out of the c o lum n at this stage was bulked and 

the rennet ac t ivity found t o  be les s t han 0 . 09 RU/M l ,  

This liquid had - the t urbi d appearance of the ori ginal 

rennet solut ion and had a s i � i lar absorbance at 280 nm , 

aft er correct ion for t he di lut ion by wash ing , i nd i c at ing 



Fi gure 5 .  Ele ctrophoret ic patterns of adult 

bovine ( 1 ) , lamb 1 ( 2 ) and lamb 2 ( 3 )  

purified enzyme solut i ons . 
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that rnu c o prot e i ns had :pa.s s e d  t h roue;h the c o lumn 
uno bst n:tct e d .  rrhe abs en c e  of rennet ac�j i v i t y  

d e m onst rg,t e rl  that al l th e  re m1et was a'thwrbe d on t o  t h e  

i o n  ex change re sin . 

4 5 

R e nn e t  E.}.rt 5. on .  Remwt was e lut e d  from the e: o h.JJnn 
wi th 3 6 00 l o f  s t ar t in .s;  buffe r  made 1 -H wi th sodiwn 

ch l o ri de . The e lu t i on pRt t a rn was moni t ore d fro m th e 
t im e  t h e  e J  .. u t. i on buffer was app l i e d.  t o  t;b e c o lumn by 
rn e a[n).ring the e luent abs o rban c e  at 200 nm anc1. t h e  flo·.v 

ra-t e ave rage d 8 ? 0  1/h during e lut i on .  

The pat t e rn o f  e l ut i on of renne t from t h e  i o n  

exchan ce c o hv-,n ( Fie;ure 6 )  ind i c a·tj e s  th at f o r  the fi l,f�t 
1 .  4 hourf3 th <� s t ar t i ne; bttff e r ,  c on t a i ning s o ·.., e "'UC O 

prot e i n s , vvas c1 i s p J.A.c e d  fro)n t h e  c o lU'11ll by the e lut i o n  
bu ffe r .  At 1 .  5 h ours t h e  abso rbanc e a t  2 8 0  D"l beg;::�_n t o  
i n c r e as e  indi c a t i ng that renn.et was pre s e nt i n  t h e  e 1u.ent . 

1l1he e lu e nt was c o l l e c t l':! ti  fer 4 h ours at wh i ch t i m e  t h e  
e luent ac t iv i t y  h ad dro ppe d t o  le s s  tb an 1 .  0 RTJj:�,L In 
all 3 200 1 o f  e luent were c o l l e c t e d  rvh i ch contained 2 2 . 0 

RU/r; l l  e;i ving an increase in c o n c e n.t r-at i on o f  1 .  4 5  t; i tile s  
·the o :r·i gina1 a c  � i vi t :{ .  The e lue nt was fur·t; h e r  c o nc.: en

t rat e d  imiYl e di a t r. ly bJ ult raf i l·t rat i on and s f; s.bi l i s e d  by 

ad just ment t o  1 90 e/1 o f  s o dium ch loride and 7. 5 e/1 o f  

so dium ben z O [-'t.t e .  At th i s  s t age t h e re were 231 1 o f  renn e t  

a t  298 RU/m l  wh i c h  was 97. 5% o f  t h e  rennet act ivi ty that 

was appl i e d  t o  the i on exchange c o lv.Jrln .  

Puri f i e d  renne t . The rennet o bt aine d aft e r  

purifi c at i on by i on ex change chromat o e;ra.phy was s park l ine 

c l ear an d has remaine d so for 1 2  mont h s  s i n c e  preparat i on .  

Th e degre e o f  pur i f i c at i on obtained by c om m e rc i al i on 

ex chane;e chror12,t o graphy was de:n onst rat e d ,  as shown i n  

Figure 7 ,  b�r th e l aborat o�J i on ex change chromat o graphy 

on v'Jhat m an DE 5 2  c e l lu lo s e  o f  t raclit i onal ( Fi gure 7 A ) 
and pur i f i e d  ( Fi gv.re 7 B) rennet s .  Th e m i lk c oagulat i ng 

act i v i t y  was e lut e d  i n  both c a s e s  a .. t c onduc t i vi t i e s  o f  1 1 5 



Fi b�re 6 e  The e lut i on pat t e rn of calf rennet from 

a c omme r c i al DEAE i on ex change c o lu�� .  
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and 2 1 5 m S  Hnd were rennin and p e p s i n  respe ct ive ly 

( O ' Le ary & Fox , 1 974 ) . The � ai n  d i fference b e t w e e n  the 
t wo chro"l a t o craph s was the s i z e  of t h e  f i rst; p e ak 'Nh i ch 
i n  both c a s e s  was e lut e d  at the v o i d  vo lu0 e o f  the 
c o lu: � n  a rld c o·n_t a i n e d  the rTI)_c o prot r:: i n s . In th e 

t racli t i onal re nnet th i f:: first pe n.k \'iHS :1 1UCh l8.rge r than 

the rennin pe ak but i n  the lJl.lY i :li e rl  re nne f; t h e  renni n  
p e ak was s e ve ral t im e s  laree r than th e f i r s t  peak .  Thus 
re l a t ive t o  the s i z e  of t h e  rennin peak th e puri f i e d  
rennet c ont a i n e d  much l e s s  o th e r  mat e r i al th 11.n �l1 e 
t radi t i onal renne t . The rennet puri f i e d  by i on ex change 

chrory1at o grar1h�r has be e n  at l e as t  a s  s t c.l..ble as th e 
t radi t i onal produ c t  in that renne t ac t i v i t y  l o s s  has 

('\ 
been l e s s  than 1 �  p e r  m onth for 1 2  months at 4 - C .  



Figure 7 e  Elut i on patterns of t radit ional ( A )  

and purified  ( B ) calf rennet s  from ion exchange 

chromat ography on DEAE cellulose . 
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DISCUSS T O N  

Th e s e parat i on of re1met en:0;yrn1 e s  from rnucoprot c ins 
by c e l lul o s e  ion ex ch anr;a chromat oeraphy o pene d the •.r,·ay 
t o  furth e r  puri f i c a.t :i. on of the enzy111 e s .  At pH 5 .  (-i ili 
apr1 e ars that the m u c o pro t e i n s were unch a rge d as they are 

not ret aine d on � i th e r  ani onic  o r  c at i on i c  c e l lulo s e  i o n  
exchanee re s i n s .  O n  c q fi o n i c  \'ihc:::d;nJo.n D:8 5 2  c e l lu l o s e  th e 
i l llJ.c opro t e i n s  rc:'l � s e d  th rough t 'rJ e e o  lu_:r,n un i nh i bi t e d  \·;h i l e 

t h e  · 1 i lk c oa c,v. l at i ng en z�rr� e s  anrl s o '�1 e o t h e r  i nac t i ve 
prot e i n nat e r i ::t l are :ret aine d .  A l :i.near s o diur1 ch l o r i d e  

e:ra d i e n t  app l i e d  t o  t h e  c o lum n e J.ut e s  t� e en zym e s  

d i st i n c t ly and i n  e;o o d  ;,rj. e ld .  

One m i lk coagulat ing enz;,nne was i s o l c:1t e cl  fro1;-j o.d.ult 
rennet and t wo from la� b renne t . Th e thre e enzym e s  we re 

pu r i f i e d  t o  the s t age wh ere the�' we re c on s i d. e re d t o  be 

pu re and th e J an1 b enzym G s  hom o geneous but the adul·(; 
bovine enzyme het erogene ous . In both c rude renn e t s  th e 
act ive cnz;,rm e s  c ont ri but e only a small par t o f  the t o ii al 
s o lut i on abs orbanc e at 280 nm . the ma j or c ont ri bnt o:c 
be ing th e mu c orrot e ins . 

An ex t ract o f  rerme t  fror: calf abomasu:r1 s a1we.y s 

c ont ains muc opro t e ins whi ch increas e the vi s c o s i t y  o f  the 

renne t ext ra c t  and eive a turb i d  appe aran c e  t o  the 

pro duc t . T radi t ional m et ho d s  for the rem o val o f  muc o

pro t e i ns fro� s o lut i on s are ineffi c i ent and u sually 
re sult in act ivi ty l o s s e s  o f  1 0� or m o re� Th e dram at i c  

i '11pro v em e nt i n  the appe aranc e o f  a dult; bovine and la· � b  
r e nnet s aft e r  an init ial i on exch :.:1n e;e st e p  indi c at e d  that 

a s i�, i lar ii'' prove ·11 ent �� i eht be po s s i ble for c alf rennet . 

Laborat ory t rials pro ve d  suc c e s s ful and th e avai labi lity 

o f  " Grant ex" r e s ins at a competit ive pri c e  opened t h e  ·aay 
t o  t e st the fe a s i bi li ty o f  a c omMerc i al s cheme . Pi l ot 

plant and then c om m e rc i al scale produ ct i on were 

c omlrJi s s i oned and the lat t e r i s  report e d  abov e . 
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Th e m e th o d f o r  t h e  pur i f i c at i on o f  c a l f  re n n e t was 

dev e l o pe d  ut i li s ing th e lack of ch arge on ·�uc oprot e ins 
at pH 5 .  5 ,  ··1nc o prot e i ns have ahvay s be en -th e  n a j o r  
c o nt a - i nant o f  rennet s o lut i o n s  and no e ff i c i ent � e th o d  
for th e ir re· · o ve..l h a s  pJ·evi ous ly be en report e d .  Th e 
m e. i n  proble "' S e nc m.mt e r e d  in the de ve l o pr .1 o nt o f  th i s  
t e chni11ue were t h e  n1 ain t enan c e o f  go o d.  flow rat e s  through 
th e re s i n bed wi th a low pre s sure drop a c ro s s  the be d and 
t h e  e ffi c i ent c l e aning o f  the re :::--; i n  bet we e n  bat ch e s o f  
renne t; .  Bo th pro bl e : n s  were c l o s e ly relat e d  and w e r e  

event ual ly s o lve d by pro vi ding a m e chani c al s t irre r i n  
the c o lumn t o ensure vigorous ae;i t at i on during the 

backwash ing s t age o f  the regenerat i o n  cyc l e . rrh i s  
ensure d that; Hl l re s i n  b e ads were s e parat ,:: cl A.nd h enc e th e 

t ot al surfac e area o f  the re s in was avai labl e f o r  th e 

removal o f  any f o r e i e;n n1at e r i al an rl subsequen ·t 
r e generat i on with hydroxide and buffer ions , S j.nce t h e  
dat a report e d  i n  t h i s the s i s  was o bt aine d and t h e  above 
c l e an i ne pro c e dure dev e l o p e d it has be e n  po s s i bl e  t o  

o p e rat e th e i on. ex change c o lu·:m at ·th e  :nax i iv.-um flow t::'e, t; 8  
( 1 440  1/h ) with a pre s sure drop o f  &. pproxi·�at: e ly one 
� et e r  o f  wat e r  acro s s  th e  re s i n  be d ,  I n  all other 

aspe ct s the O lJe rat i on is st i l l th e sa�� e as repo r·t; e d. ,  

I t  W8-S c o n s i de re d.  that th e deve lop'·� e nt o f  a ;'' e th o rl 
for t h e  re�oval o f  � o st o f  the �uc opro t e ins fr�n reru1e t  

s o lut i on s  wh i l e st i l l  re t ai n ing al:: 1 o s t  a l l  the rennet 

ac t ivity c oul d be o f  c o r:·n ercial s i en i f i c a.nc e  to the 

anim al rennet indu.st ry ,  Th e wi de scale u s e  o f  m i lk 
c o agulat ine enzyme s  from •" i c robi al s ourc e s has int ro duc e d  

t o  t h e  che e s em8.ke r rennet pro duct s that are more 

c ons i st ent i n  appe aranc e than tho s e  usually o bt aine d from 

aniri'\al s ourc e s . Th e m e t h o d  d e s  c ri bed h e re wi l l  al low the 

- product i on o f  animal rennet having an appe aran c e  at l e as t  

as eo o d  and as c ons i st ent as mi cro bial renn e t  pro duc t s .  



CHAPrER IV 

ENZYME PROPERTIES 

REVIEW OF LITERATURE 

�nzyme pro12e rt i e s  

�� sourc e s .  The t rad it ional rennet u s e d  in the 

manufacture of chee se is calf rennet and any proposed 

al·t ernat ive rennet has invariably been compared with 

calf rennet for various enzymat ic propert i e s  and the 
quality of che e s e  manufactured using it . Adult 'bovine 
rennet ( al s o  called bovine pe p s in )  has been u s e d  t o  

manufacture chee s e  ( Fox & WaJ_ley , 1 97 1 , a ;  G-reen, 1 972 )  

and the propert i e s  of this ronnet have been inves·tiga.ted 
by s everal worke rs . Rennet from the abomasum o f  lambs 
slaught ere d at one t o · two days of age has als o  be en used 
t o  manufacture che e s e  ( Alai s , Buthi e l  & Bo s c , 1 96 2 ;  

O runt aeva & Se it ov , 1 97 1 ) but there have been no report s 

of an ext ract from older lambs being used for chee s e  

manufacture . However s ome pro pert i e s  of such an extract 

from the abomasums of lambs slaughtered at s ix t o  ·twelve 
months of age ( c alled "ovine pepsin" ) were report e d  

( O ' Leary & Fox , 1 973 ) aft er work for this the s is had 

commenc e d c  

Che esemaking propert i e s .  Rennet enzyme ext ract s 

from calves , cat t le , young lambs and older lambs 

have be en report ed and it has been shown that the se four 

rennet s have many similarit i e s  in che e semaking propert ie s .  

For example bovine pepsin and calf rennet are both le s s  

prot eolyt ic than ovine pepsin using a case inat e subst rat e 

but all three enzymes produce d  similar breakdown product s 

from o. 8- and � - caseins (0  ' Leary & Fox , 1 973 ) .  The 

prot e olyt ic act ivity of lamb rennet is similar at pH 

value s of 6 . 45 and 6 . 8  (Alais , Buthi e l  & Bosc , 1 962 )  

while the rat io of prot eolyt ic act ivity t o  milk 



coagulating act ivity is similar for bovine pepsin and 

calf rennet ( Fox , 1 96 9 ,  b;  Green, 1 972 ) .  The effect 
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of t emperature on milk coagulat ing activity ( Fox , 1 96 9 , b ) , 

the chemical react ion causing milk coagulat ion ( Green, 

1 972 ) and the rate of de structi on of milk coagu.lati.ng 

act ivity at pH 9 . 0  (Richardson & Chandhari t 1 970 ) are 

all report ed t o  be similar for calf ren11et and bovine 

pepsin. Cheeses made wi·th bovine pepsin a.ncl calf 

rennet have s imilar electrophoret ic patterns ( Fox : 

1 96 9 ,  b ;  Fox & Walley , 1 971 , a ;  0 9 Lea17 & Fox , 1 973 ) 

and cont ain s imilar quantit ies of non-prot ein nitrogen 

( Fox & Walley , 1 97 1 , a ) . The major  dj_fference between 
calf rennet and any of the other reru1et sources  in ·this 
discus sion is  the great er pH dependence of lamb rennet 

(Alais , Buthie l  & Bosc , 1 96 2 )  and ovine pepsin ( O ' Leal� 
& Fox , 1 973 ) on the coagula-t ion of milk .  In all other 

respect s report e d  it appe ars that the three alt er11at ive 
rennet ext racts  are capable of making sat isfac t o ry 
cheese . 

Biochem!,<;;al propert:J..e�. There have been few 

report s of the biochemical properties  of adult bovine 

and lamb rennet s .  Meitner & Kassell , ( 1 971 ) isolat e d  

several bovine pepsinogens which afte r  acid act ivation 

produce discret e  pepsine that differ only in their 

organic phosphate content . All of the pepsine have 

similar prote olyt ic act ivity ( Lang & Kassell , 1 97 1 ) 

and the pepsins with a high phosphate cont ent are 

convert ed by an acid phosphatase int o pepsine of a low 

phosphat e content (Meitner & Kassell , 1 97 1 ) .  Rennin 

from the abomasum of lambs slaughtered at one t o  two days 

of age has been isolated and report ed to  contain at least 

three c omponent s ( Oruntaeva & Seitov, 1 97 1 ) which differ 

in amino acid composit ion and milk coagulat ing act ivit y .  

The molecular weight of bovine pepsinogen was estimated 
to be 3 8 , 900 by _amino acid analysis and 37 , 500 by 

ultracentrifugation ( Chow & Kassell , 1 968 ) ,  that of 

porcine pepsin 34 , 520 by amino acid analysis (Moravek & 
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Kostka , 1 974 ) , and that o f  c alf rennin 31 , 000 ( Ili e et 

al . , 1 966 ) .. The s.mino ac i d  analys i s  o f  porc ine peps in 

(Moravek & Kostka, 1 974 ) , bovine peps inogen ( Chow & 
Kassell , 1 968 ) , lamb renrLins A & B ( Oruntaeva & Se it o v ,  

1 97 1 ) and c alf prorennin ( Ilie e t  al o , 1 966 ) are 

pre s ent e d  in Tabl e II and show that e ach of the s e  

enzym e s  c ont ains large numbers o f  ac idic re s i due s and 

re lat ive ly small numbers of bas ic amino ac i d  re s idue s � 

Henc e  the i r  general clas A i f i cat ion as acidi c prot e as e s . 

Table II . The amino ac i d  c ompo sit i on of bovine 

pepsinogen , lamb rennins A & B and calf prorennin ,. 

Amino 

acid 

Aspart i c  

Threo nine 

Serine 

Glut amic 

Pro line 

Glyc ine 

Alanine 

ac i d  

ac i d  

Half-cyst ine 

Valine 

Methi onine 

I s ol euc ine 

Leucine 

Tyro s ine 

Phenylalanine 

Hist i dine 

Lysine 

Arginine 

T rypt ophan 

Total 

Bovine 

pepsino gen 

( re sidue s ) 

40 

27 

50 

32 

1 5  

35  

1 6 

6 

25 

4 

3 2  

2 5  

1 8  

1 5  

2 

8 

6 

6 
. .  
36 2 

Lamb 

A 

(% )  

1 1 . 29 

5 o 1 3  

1 1 . 66 

1 1 . 66 

5 . 83 

5 . 9 5 

3 . 77 

5 . 5 1  

Trac e 

5 . 62 

9 . 20 

7 . 27 

6 . 53 

1 . 1 5  

4 . 64 

3 . 28 

rennin s Calf Porc ine 

B prorennin pepsin 

(� )  ( residues ) ( residues ) 

1 0 . 99 33  42  

4 . 32  21  26 

8 . 85 3 1  44 

1 2 . 74 36 26 

5 . 07 1 4  1 5  

5 . 96 2 9  3 5  

3 . 92 1 5  1 6  

6 

6 . 42 23 22  

Trac e  7 4 

6 . 02 1 9  25 

9 . 29 26 26 

8 . 6 2  1 8  1 6  

7 . 67 1 4  1 4  

1 .  28 5 1 

4 . 28 1 3  1 

3 . 08 5 - 2 

5 
309 326 



Apart from the amino acid compositions end the 

heterogeneity reported for both adult bovine pepsin 

and lamb rennin there is no data available t o  compare 

other biochemical properties of thes e  enzymes .  

Hydro lysjs .!)f c as.£,in fr_?cti.9J� 

The caseins , which are the prot eins precipitated 

from m i lk at about pH 4. 6 ,  may be  s eparat e d  into three 

main fract i ons , c alled a s- ,  � - and k-caseins f as vvell 

as several minor fractions . Each of the three main 

cas e in fract i ons has been found t o  be het e ro geneous and 

genet i c  variations of each specific casein have been 

isolated  making a large number of di s crete prot eins in 

what is commonly refe rre d to as cas ein . In thi s  
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dis cus si on , unle s s  otherwise ment ionedg  cas ein :fract i ons 
refer t o  the heterogeneous groups of a - ,  0 - and k-c as e j.ns . s 

�naration of casein fr,a_gtiQ.n..§.. The separat ion of' 

the ·i;hree main casein fracti ons from whole ac i d  cas e in 

is accomplished by ion exchange chromatography on DEAE 

cellulose equilibrated with a buffer containing urea 

and 2-mercapt oethanol to dissociat e  the casein molecules 

(Thompsont  1 966 ) .  The casein fract ions are eluted 

from the column with a linear 0 . 0  t o  0.3 M-sodium 

chloride gradient , in the equilibrating buffer.  The 

order of elution is minor caseins , k-casein ,  � ·-casein 

and a. -casein.  This method (Thompson, 1 966 ) gives good s 
s eparations in good yield of a. 8- and 0 -caseins but 

k-casein is more readily obtained from a gel chromat

ography method of Yaguchi , Davies & Kim, ( 1 968 ) ,  They 

used Sephadex G- 1 50 gel equilibrat ed with a buffer 

containing urea but no 2-mercaptoethanol so that the 

k-case in was not dissociated and was eluted at the void 

volume of the column. The k-c asein was distinctly 

s eparated from the second large peak of a. s- and � -case ins 

in good  yield and purity (Yaguchi , Davie s  & Kim , 1 968 ) .  



Factors _afiecting case in hxdrolysi�· The 

susc ept ibility of cas e ins to hydro lysis , by proteo lytic 

enzymes such as rennin t is very much influenc ed by the 

stat e  o f  aggre gat i on of the caseins .. In milk , where 
the caseins are largely in the micellar form ,  o. -s 
and � -case ins are almo st inac ce s s ible to prot eo lysi s 

even though it has been shown that rennin i s  probably 

able t o  penetrat e t o  the int erior of the mi.eelles 

(Ri tl(Jdeau Dumas & Gami er 1 1 970 ) . However the removal 
of collo idal phosphat e i'rom milk,  by pH adjustment 

followed by dj.alysis against some of the original 

milk , dis rupt s the micelles and renders the c omponent s 

ac ce s sible t o  prot eolysi s ( Fox , 1 970 ) . In this form 

the relat ive suc ept ibilit ies of a s- and p -cas eins 

t o  rennin prot eolysis are affect ed by t empe rature 
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with f3 -cas e in be ing more suc ept ible at low t emperatures 
and cx.8 -cas ein more suc ept ibl e  at higher t empera-t;ure s 
( Fox , 1 96 9 , a ) . The pH of the syst em also r-d'fect s the 
prot eolysis pro duct s from rennin-cas e in react ions v:hich 

are c ons i dered t o  be bet t e r  evaluat e d  by change s  in 
elect rophoret ic patt e rns than change s  in non-prot e in 

nit rogen ( Fox , 1 969 ,  a ) . The purity of the rennin us e d  

in thi s type o f  react i on doe s  not appear t o  affect tlle 

product s formed  ( Fish , 1 957 ; Fox , 1 96 9 ,  a )  sugge st ing 

that pure enzyme s are not ne c e ssary t o  evaluat e the ir 

prot eo lyt ic act ivity on caseins . 

Hydro lysis of case�n fractions . The hydrolysis of 

individual cas e in fract ions in solution has been reported 

for o. 8-casein ( Ledford, Chen & Nath , 1 968 ; Fox & 
Walley , 1 971 , b )  � -casein ( Cerbulis , Custer & Zittle , 

1 960 ; Ledford, Chen & Nath , 1 968 ; El Negoumy , 1 970 ) 

and k-casein ( Jolles,  Alais & Jolles ,  1 968 ; Lawrence 

& Creamer ,  1 969 ) . Of the four a 8-caseins only 

a 1 -casein is hydrolysed by rennin (El Negoumy , 1 970 ) ' s 
and only the B genetic variant of the a8 1 -casein 

( Creamer & Richardson, 1 974 ) . The o. s 1 -casein B is 



hydrolysed by rennin at the phenylanine 23 - phenyl

alanine 24 bond to form two peptides (Hill , Lahav & 

Givol,  1 974 ) .  The N-terminal peptide i s  basic while 

the C-t erminal peptide , call e d  Cl 8 1 -I by Fox & Gui.ney 

( 1 973 ) ,  contains residues 2 .4- t o  1 99 (Hill , Lahav & 
Givol,  1 974 ) or residues 2 ·) t o  1 99 of a. s 1 -casein B 

or a mixture of both ( Creamer & Richardson, 1 974 ) .  

The prot eolysis of � -casein B by reru1in shows that three 

bonds are apprec i ably mo:r.e sensitive than any others . 
The rat e of hydrolysis is decreased by both increased 

ionic strength and calcium ion concentration a.t constant 

ionic strength ( Creamer, Mills & Richa.rds , 1 97 1 ) .  

Rennin act ion on k-casein hydrolyses a phenylalru1ine

methionine bond ( Jolles , Alais & Jolles , 1 968 ) releasing 

a series of discret e macropept ides ( Armstrong e·t; al . ,  

1 967 ) which contains all the s i alic acid of k-casein 

( Be eby , 1 96.3 ) .  The composit ion of ·the carbohydrat e 

moiety of these glycopeptides affects their rat e of 
release ( Sinldnson & Wheelock, 1 970)  and hence the 

aggregation of para-k-casein which is icl1ibit ed  by 

the presence of any of the three maj or case in fractions 

in the absence of calciu� ( Lawrence & Creamer ,  1 969 ) �  

Hyd���ysis of casein fractions in ch��c The 

prot eolysis patterns of casein fract ions in cheese  differ 

in some respect s from those found in solut ion although the 

relative rates  of hydrolysis of a. s 1 -and P -caseins are 

affect ed mainly by the water activity of the system 

( Creamer, 1 97 1 ) .  Although � -casein is  readily hydrolysed 

in solution the addition of 5� sodium chloride inhibits 

hydrolysis ( Fox & Walley, 1 97 1 , b )  which can not be 

det ect e d  in cheese unless the cheese has high moisture 

and low sodium chloride levels (Phelan, Guiney & Fox , 

1 973 ) .  However a s-casein is almost complet e ly 

hydrolysed in cheese and solutions where there is  

5 t o  1�  % sodi� chloride in the liquid phase 

( Fox & Walley , 1 97 1 , b ) . 



The information reported above indicates  that 

rennin has a specific and rec o gnisable act ion on 

casein fractions both in solution and in cheese . 

The re fore any alternative enzyme us ed to  coagulate 

milk for cheese manufacture should ideally have the 
same proteolyt ic specificity as calf rennet mtder 

similar condit ions . 
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ME.'THODS 

Eff e c t  of ;pH on �net st abi lity 

The effect of pH on the st ability of adult bovine � 

calf and lamb renne t s was studi e d  by a meth o d  s imi lar t o  
that use d by Hi cke lsen & Ernst rom ( 1 967 ) for c alf rennin .. 

B._nffers . The buffers t of i onic st reng-th o .  05 ( Long , 

1 96 1 ) ,  used t o  maint ain the require d pH in each rennet 
s olut i on were ; 
( i )  pH 1 .  4 t o  1 ,  9 pot assium chloride-hydrochlori c ac i d .  
( i i )  pH 2 . 1 t o  3 . 4  glycine-hydrochloric ac i d . 

( iii ) �{ 4 , 0  t o  6 . 0  sodium ace t at e-ac e t i c  ac i d .  

( iv )  pH 6 c 4  t o  7 e 1 disodium hydrogen phosphat e-potass ium 

dihydroe;en phoslJhat e .  

Bu:ffe r s  11 of ioni c st rength 1 .  o ,  we re pre pare d. by addin� 

s odium chl oride t o  the above . 

'Heth od . A solut i on of e ach rem1et was pre pare d by 
mixing suffi cient ren..'1e t powder with wat er t o  ach i eve an 

act; ivity of approximat ely 1 4 0 RU/ml o One part of rennet 

solut i on was then adde d t o  six part s of each buffe r  
s o lut i on t o  give sample s  cont aining approximat e ly 2 0  RU/ml 
a·t an i onic st rene;th of 0 .  04 or 0 .  86 .. One set of sample s 
was incubat e d  at t emperature s of 3 ,  1 0 , 20 and 3 0°C for 96 
hours whi l e  a c ont rol for each set was held at 3°C at the 
pH at whi ch each rennet was m o st st able ( adul·t bovine , 
4 . 7 , c alf 5 . 4  and lamb 4 . 1 ) . Af ;:; e r  incubat i on the re s i dual 
milk c oagulat ing act ivity of e ach s ample was det ermine d ,  
c ompared with the corre sponding cont ro l  and any l o s s  
report e d  a s  a pe rcent age o f  the act ivity o f  the c ont rol . 

Effe ct of h e at on renne-� stability 

The e ffe ct - of heat treatment on the milk c o agulat ing 
act ivity of adult bovine , calf and lamb renne t s  was 
det e rmine d wit h  two s o lut ions of e ach rennet prepare d by 
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d i s s o lving rennet powder in either 17 mg/ml o r  200 mg/ml 

sodium chlori de and ad j ust e d  t o  the most st able pH for 

e ach rennet ( adult bovine 4 . 7 ,  calf 5 . 4  and lamb 4 . 1 ) . 
Aliquot s ( 2  .. 5 ml ) of each rennet were di s pens e d  int o 

1 5  ml s c rew-t o p bot t le s  and sealed.  A s e t  of five 

bot t l e s  for e ach rennet were plac ed in a h e at e d wat e r  

bath wh i ch was st i rred bri skly t o ensure a w�iform 

t emperature throughout the bath . The t ime re quire d for 

the bo tt le cont em-t s to re ach the wat er bath t empe rature 

was pre det e rmine d  and 40% of this t ime was include d in 

the heat ing period for e ach bot t le e Aft e r  he at ing 

peri o ds of 5 ,  1 0 9 20,  30  and 60 min.ut e s  o ne bo·� t le from 
e ach set was remove d from th e wat er bath and inunediat ely 

surrounded by ice wat er t o  c o ol the c ont ent s as rapidly 

as po s s i bl e . The milk c oagulat ing a.et ivity was det ermin�d 

for each sample , and c ompare d with a c on·i:i rol samplo , from 
each s et , whi ch had remaine d at ro om t emperat ure during 

the heat t re at ment . An"jr l o s s  of act iv·it;y was expr� s o e cl 
as a percent age o f  the c ont ro l . 

The re lat ive milk coagulat ing act iYity o f  adult 

bovine , c alf and lrunb renne t s at various pH leve ls in 

the re gi on found in che e s emaking ( pH 6 . 1 t o  7 . 0 ) was 

det ermine d in s o lut i ons of s o dium c as e inat e ( 60 mg/ml ) , 

i n  pho sphat e buffers of 0 . 05 i oni c st rength ( Long , 1 96 1 ) ,  
which had be en st ore d at 4°C overni ght before us e .  

St o ck s o lut ions o f  e ach rennet were di lut e d with pho sphat e 

buffe rs o f  the same pH as e ach case inat e s o lut ion and 

the ir milk coagulat ing act ivity det ermined. The pH o f  

e ach reac t ion mixture was measured at room t emperature 

aft e r  large r volum e s  ( 2  ml ) of each react ant had been 

mixe d  and held at 32°C for one minut e .  The act ivity of 

the rennet at vari ous pH value s was expre sse d as a 

percent age of the act ivity of that rennet at pH 6 . 55  
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E:(;t:ect o:( te.mperature on rennet actiillx 

The variat ion of reru1et act ivit y  with t emperature 

o v e r  a wi de range and inc luding tho s e  t emperature s  like ly 

t o . be us e d  in che e s emaking was det ermine d for adult bovine , 

calf and lamb rennet s by measuring the m ilk c oagulat ing 

act ivit y of e ach r ennet with the ass ay metho d ,  de s cribe d 

e arl i e r ,  at t emperat ure s of 25 . 3 0 ,  3 5 ,  40,  4 5  and 50°C . 
The same cas e inat e subst rat a , at pH 6 o 55 s  and one st o ck 

so lut i on of e ach rennet was us e d  for all the measu.rement s 

in e ach experiment . Rennet s of s imilar milk coagulat ing 

act ivity at 32°C were us e d  t o  ensure any c ompari s ons 

between rennet s were m1bias e d .  St o ck s o lut i ons of e ach 

rennet were di lut e d  vdth pho s phat e buffer at pH 6 5  5 5  

and t empere d t o  the re act ion t e mpe rature for 5 mi nut e s  
inst ead o f  t h e  usual 1 0  t o 1 5  minut e s � Thi s  t ime was 

suffi c i ent for the dilut e renne t t o  re ach t.b.e react i on 
t emperature but was kept t o  a minimum t o  re duc e the 
po s s i bility o f  enzyme denaturat i on at the higher 

t empe rat ure s o  The act ivity of each rennet a·� various 
t empe ratur e s  was expre s s e d  as a percent age of the 
act ivity of that rennet at 30°C .  

Pu.rc.t..t.em1on m egsurern ents 

The effect o f  s everal fact ors on curd t ension were 

measure d ,  for adult bovine , c alf and lamb rennet s ,  by the 

metho d of Hehir ( 1 968 ) as modi f i e d  by Elli s ( 1 972 ) .  The 

incubat ion peri o d  was rec orde d as the t ime int e rval 

between the addit i on of rennet t o  the milk and the 

plac ement of ths we i ght on the curd surface . All mi lks 

were pre pare d from one bat ch of low h e at skim milk powder 

( 1 00 mg/rnl ) with addi t ions of dl� calc ium chloride , 

M-hy drochlori c ac i d  o r  M- s o dium hydroxi de t o  ach i eve the 

de s ir e d  calc ium c onc e ntrat ion and pH . Where ne c e s s ary 

wat e r  was adde d t o  t h e  milk t o  ensure the milk solids . . 
c onc ent rat ion was the same for e ach s e t  of milks . The 

mi lks were held at room t emperature for at least t wo hours 



aft er re c onst itut i on before use and e a ch rennet was 

dilut e d  with wa t e r  j ust before ad(b:li i on t o  i;he milk . 

The thre e rennet s were us e d  in the same act ivity rat i o s  

a s  found nece ssary for che e se manufacture ( adult bovine 

and lamb renne·!; s  1 � 9 t ime s h i gher act ivity than c alf 

reru1et ) .  The incubat i on t emperature v1as 32°C for all 

measurement s and the pH was det e rminG d in the c o aeulv.m 
aft er the curd t en s i on had be en me asure d .  The calc ium 

c ont ent of the milk was measured by an ethy l e n e d i amine 
-t;e ·t ra a c e t ic acid t it rat i on method ( Voge l ,  1 96 1 ) .  

Effe ct of l; im� on curd t en s i on . ·rhe e ffe ct of' __ ... __ . ..  

t ime on the curd t ensi on of milk c oaevJ.at e cl  by e ach 
rennet; was det e r-mine d in m :i. l. k  c ont aininG 3 5 . 5  m!!f 
c al c ium a..t 3 2°C c:tnd pH 6 .. 6 . Each renn.et was incubat e d  
with tho milk for 25 , 32 ,  39 , 46 , 5 3  an d  6o m i:nu l; e s .,  

}�f�Cs>:.E& ... t of nH on curd t en s i on . The e ffe ct of lJH ���--�����- � 

on the cu.rd t en s i on of m i lk i cont ainine 4 3 nM cal c ium , 

c o agu.lat e cl with each rennet was de t e rmine d Rt 3 2°C af·t er· 
30 minut es incubat ion at vari ous pH valu.e s bet ween. 
6 • 1 6 and 6 • 8 3 • 

life ct of calcium c oncent rat i on on cv.rd t ensi on . 
'.rhe effect of c al c ium c onc ent rat i on on the curd t en s i on 
of milk c o agu.lat e d wi·th each rennet was det ermined at 

pH 6 . 5 6  aft er incuba·t ion at 3 2°C for 30 minut es in milk 

c ont aining 33 , 36 , 3 9 ,  4 2  and 4 5  mH calcium . 

Prot e o lys i s  o f  wh o l e  cas e in 

The prot e olyt i c act ivity of adult bovine , calf 

and lamb rennet s on whole casein was det ermine d by 

me asuring the inc reas e in s oluble nit rogen with increase d  

re act i on t ime . Sodium c ase inat e ( 60 mg/ml ) was dissolve d  

in a s odium acet.at e-acet i c  ac id buffe r ,  i onic strength 

0. 05 ( Longf 1 96 1 ) ,  t o  achieve a solut i on at pH 5 . 55 .  
The case inat e solut ion was held at 4°C overnight before 



aliquot s ( 8 rnl ) were t empered t o  3 2°C for 20 minut e s .  

Heanwhile each rennet , at the s ame act ivity rat i o s  as 

found ne cessary for cheesemaking, was di lut e d in the 

saine buffer and t empered t o  32°C before an aliquot ( 2  ml ) 
was mix e d  with an aliquot of case inat e solut ion and 

incubat e d  for 240 minut es . Aft er react ion t ime s of 1 ,  

1 5 , 30 , 6o ,  1 20 ,  1 80 and 24 0 minute s  an aliquot ( 1  rnl ) 

o f  each react ion mixture was withdrawn and added t o  

0 . 1 5-M trichloroacet ic acid ( 5  ml ) .  Srunple s  were 

placed under vacuum for 1 0  minut e s , t o  remove air 

from the pre cipi t at ed cas e in�  and c ent rifuge d at 

2600 rpm for t en minut es be fore the absorbru1c e o f  the 

supernatant s from each set was measured at 280 nm 

against the s�tple of each set prepared aft er a one 

minut e react ion t ime . A blank of caseinat e s o lut i on 

( 8  ml ) mixed with buffer ( 2  ml ) was incubat e d  and 
s ampled at the above react i on t imes t o  measure any 
changes in the substrat a with t ime at 3 2°C e  

Whole cas ein was separat e d  int o the three main 

fract ions , a s- '  � - and k-cas eins , t o  evaluat e the 

hydrolysis of each cas e in fract ion by adult bovine , 

c alf and lamb rennet s .  Whole acid cas e in was prepared 

from reconst itut ed skim milk by the metho d described 

earlier for sodiwn cas e inat e preparat ion. However inst ead 

of adding sodium hydroxide to dissolve the casein it was 

cent rifuge d and the cas e in pellet stored frozen unt il 

required .  

Isolation of 0 - and G-case ins .  The i s o lat ion 5 
of c. 6- and � -case ins was by the ion exchange 

chromat ography method of Thompson ( 1 966 ) except that 

the buffer cont ained 4 . 5  M urea ( Gamier, Ribadeau 

Dumas & Mocquot , 1 96 4 ) . Prior t o  applicat ion t o  the 

chromat ography c o lumn the cas e in was dissolved in buffer 



and centrifuge d t o  remove any insoluble mat erial . 
VJb.atm�Yl DE 5 2  cellulose ( W .  & R .  Balst on , Haidst one , 
England ) was prepared according t o  the manufacturers 
inst ruct ions and packe <l into a colu.Jim. ( 30 by 1 .  5 cm ) .  
Flow rat e s  ( 20 t o  30 ml/h ) were maintained by a 
three-channel peri s t alt ic pump ( Pharma.cia Fine Chemice:,.ls , 
Uppsala, Sweden ) which also produced the o .  0 t o  o. }- H  
s o dium chloride gradient for column e lut ion o The 

abs orbanc e of the eluent fract ions ( 1 0  ml ) was measured 

against the buffer at 280 nm .  The s o dium chl oride 
gradient was det ermined by measurin.g the conduct ivit ies 
of a one to fift e en dilut ion in wat er of several 
fract ions from each run .  

�1�)1-QA t-csze�nc The is olat ion of  k-cas e in 
was by the method of Yaguchi ,  Davies and Kim ( 1 968 ) from 
whole acid casein on a c olumn of Sephadex G-1 50 ( 90 by 

1 . 5 cm ) .  Flow rat e s  ( 1 5  t; o 20 ml/h ) were maint aine d by 
gravity and the absorbance of eluent fract ions ( 3  ml ) 
measured against the buffer at 280 nm .  

Aft er isolat ion each cas e in fract ion was dialyse d  
against 0 . 005 M -sodium chloride before concentrat ion by 

ult rafilt rat i on and further dialysis t o  remove all the 
buffer component s (Yaguchi , Davies & Kim , 1 96 8 ) .  The 
indiYidual fract ions were st ored fro z en unt il require d .  

Hydrolysis of gasein fractiona 

Each of the three main casein fract ions , a s- • 13 -
and k-case ins , were incubate d  with adult bovine , calf and 
lamb rennet s and the hydrolysi s  pro duct s det ermine d by 
polyacrylamide gel e le ct rophoresis . The reat ion between 
each rennet and the as- or P -cas e in at 32°C and pH 6 .  5 
was followed by the te chnique of Creamer , Hills & Richards , 
( 1 97 1 ) .  React ion t imes of 1 ,  4 ,  1 5 , 3 0 ,  6o,  1 20 and 240 
minut es were used and the quenched reaction mixtures 
e le ct rophoresed on alkaline polyacrylamide gels . 



The react ion between k-casein and each rennet was 

followed as above for react ion t imes of O p  1 5 , 30 and 

6o minute s  at 3 2°C and pH 6. 5 .  Quenched react ion 

mixtures were e le ct rophores e d  on ac id polyacrylru�ide 

gels by the method of Pet erson & Kopflel"' ( ·1 966 )  except 

that the st ock buffer was 5% a.c et ic acid and amido 

black was us e d  t o  stain the ge1s . Both alkaline and 

acid gels were dest aine (l e l e ct rophore·t; ically and fh"lot o

graphed.  

The molecular weight (MW ) of each purified enzyme 

was e st imat e d  by the gel chromat ography method of Fischer 
( 1 97 1 ) .  Sephadex G- 1 00 gel ,  pre pared according to i;he 

manufacturers instruct ions P was e quilibrat e d  'Nith a pH 
5 .  6 phosphate buffer ( des cri be d e arlier ) and packe c3. int o 
a column ( 90 by 1 . 5 crn ) o  St andard prot e ins ( Sigma 
Chemical Co . , St . Louis , U . S . A . ) , use d  to calibrate the 

column were bovine serum albumin (MW 67 , 000 ) , ovalbumin 

(HW 45 , 000 ) ,  myoglobim (HW 1 7 , 800 ) and cyt o chrome C 
(MW 1 2 , 400 ) ( Andrews , 1 970 ) . Sample s  were dissolved in 

the equilibrat ion buffer and applied t o  the column e ither 

in pairs ( standard prot e ins ) or s ingly ( pu:rified enzymes ) c 
Flow rat e s  ( 1 0 t o  20 ml/h ) were maintained by gravity and 

each fract ion of eluent ( 2 .  5 ml ) was weighed to de·t; ermine 

the cumulat ive volume aft er correcting for the buf'fer 

density.  The absorbance of  each e luent fract ion was 

measured at 230 nm against the buffer and a graph of 

absorbance with cumulat ive eluent volume plotted  to  

determine the elut ion volume of each prot ein. The elution 

volume and the logarithim of the molecular weight of each 

standard prot e in was used t o  calculat e a regression 

equation for the column. This regression equat ion was 

then used  t o  determine the mole cular wei@tt of each 

purified enzyme _from it s elution volume . 



Amino acid anaJ.;xs:i,e, 

The amino ac i d  analysis of each purified enzyme 

was carried out on aliquots of a solution of ea ch 

enzyme hydrolyse d  with 6_M hydrochloric acid  at 1 1 0°C 

for 2 4 ,  48 and 7 2  hours . Trypt ophan was measured 

spectrophot ometrically by the metho d  of Beaven & 
Holiday ( 1 952 ) while the amino acid compo s it ion of  

each hydrolysat e was det ermined with a Locart e 

Mark IV runino acid analyser. The data obt ained wa.s 

treat ed similarly t o  a method de s cribe d by R i chardson , 

Creamer & Mun.ford ( 1 973 ) ..  The number of residues o f  
each amino acid present i n  each enzyme was calculat e d  

us ing the molecular weight s det ermine d by gel 

chromat ography data.  

, 
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�:(feet of pli...Qn rennet. stabili.:t.y 

The loss of milk coagulat ing act ivit y of adult 

bovine , calf and la."l1b rennet s at i oni c st rengths of' 

0 . 04 and 0. 86 between pH 1 . 4 and 7 . 1 are pre s ent e d in 
:F1igure 8 .  For each renne'G the stability at 3 and 1 0°C 

was similar so  that only 3°C data i s  presented.  

At an i oni c st rength o f  0 .  04 e ach rermet has a 

region of maximum stabilit y ,  adult bovine pH 4 � 3  t o  

5 . 5 ,  calf 5 . 0  t o  6 . 5  and lamb 3 . 8  t o  4 . 6 which i s  the 

s ame for all t emperatures betwe en 3 and 30°C .  The lo s s 

of act ivity at any pH ,  for each rennet , i s  t emperature 

de pendent and in all cases great er ac·t; ivity losses 

occur a s  t emperature increases . 

Due t o  the pre s ence of so dium chloride in each 
buffer � at 30°C adult bovine and lamb are both more 

st able at an i onic strength of o. 86 than at 0. 04 ionic 

strength. The s ame applies t o  calf rennet above pH 

4 . 8  but below pH 4 . 8 calf reru1et i s  le s s  st able at the 
higher ionic strength support ing the findings of 

Micke lsen & Ernst rom ( 1 967 )  that calf rennin is less 

st able at pH value s below 5 . 0  in the presence of 

chloride ions . 

Effect of heat on renuet stability_ 

The effect of heat on the st ability of each rennet 

was measure d at a different t emperature for each s odium 

chlori de c onc ent rat ion, 68°C for 200 mg/ml and 64°C for 

1 7  mg/ml , so  that the three rennet s could be compared 

under the same c ondit ions . Re sult s , pres ent e d in Figure 

9 ,  show that e ach rennet is more readily inact ivat e d  in 

17 mg/ml than 200 mg/ml sodium chloride s o lut ion .  



Both adult bovine and lamb rennet s are more st able t o  

heat than calf rennet but this may be due t o  the 

rennets used having a hieher concentrat ion o f  

mucoprot e ins and other non-act ive solids per ttnit of 

enzyme act ivity in. the adult bovine and lamb rennet s . 

Varjatio.n,o of rermet.pctiv;ity,with l.1U 

.The variat i on of rennet act ivity bet wt Hm pH 6 . 17 
and 6 . 96 was det ermine d for adult bovine , calf and lamb 

rennet s and the re sult s are pre sented  in Figure 1 0 . 

In cheesemaking rennet s are require d t o  c oagulat e milk 

between pH 6 . 4  and 6 . 7  ( Gillies , 1 972 ) and for the 

lower part of this range adult bovine and lamb rennet s 

act ed  s imilarly t o  calf rennet . However at pH 6 o 7  
adult bovine and lamb rennet s are both, les s  act ive 

than calf' rennet sugge st ing that when the milk pH 
incre as e d  more a�ult bovine and much more lamb re11ne·t 

would be require d t o  c oagulat e milk in the s ame t ime 

as calf rennet .. Thi s  data demonstrat es that ea(!h of 

the three rennets is act ive above pH 6 e 9  unlike porcine 

pepsin which showed no act ivity above pH 6 . 81 ( Green, 

1 972 ) .  

liffe.�t of t emperatlJ.re on renn.et act.iy_i:U 

The rennet act ivity of adult bovine , calf and 

lamb rennet s was det ermined at pH 6 . 5 5 betwe en 25  and 

50°C and result s ,  pre s ent e d  in Figure 1 1 ,  show that 

for each rennet there is an opt imum t emperature . 

For adult bovine and calf rennet this is 40°C and for 

lamb rennet 30°C . 



Figure 8 . The effect of pH on the stability of 

ad.ult bovine ( A ) , calf ( B ) and lamb ( C ) rennet s  

at ioni c st rengths of 0 . 04 ( 3 , ( o ) , 2 0 11  ( e ) 

and 30,  ( t:. ) °C ) and 0 . 86 ( 30,  ( • ) 0c ) • 
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Fi g1).1·e 9 .,  'rhe e ffe c t  of heat on the st ability of 

adult; bovine ( o ) , calf ( • ) and lamb ( t:. ) rennet s 

in 200 mg/ml (A )  and 1 7  mg/ml ( B ) sodium chloride 

solu.t i'on.s . 
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Fi gure 1 0 . The variat i ons of milk c oagulat ing 

act ivity with pH for adult bovine ( o ) , c alf ( • )  
and la."T,b ( 6 ) rennet s .  
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Fi gure 1 1 .  The e f f e c t  of t emperature on the m i lk 

c oagulat ing act ivity of adult bovine ( o ) , 

c alf ( � ) an d  lamb ( 6 ) renne t s e  
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The t emperature range use d  in chee semaking t o  coagu.lat e 
m i lk i s  30 t o  3 5°C and in this range adult bovine and 
calf renne"t s behave s imilarly in that they be c ome more 
act ive as t emperature incre as e s  in contrast t o  the lamb 

rennet whi ch be c om e s  le s s  act ive . The different re spons e 
in act ivity t o  t emperature incre as e s  bet we en adul t bovine 
and c alf re:nnet s  woul d not be not i ceable in che e s emaking 

but the diffe re n c e  betwe en lamb and calf renne t s  woul d 

indi c at e  that the sett ing t e mpe rature mieht nee d  t o  be 
limi t e d  if -t;he minimum quant ity of l a.i11b rennet was t o  
be us e d . 

Effe ct of t ime on curd t ens i on 

The curd t ension of m i lk coagulat e d  by adult bovine , 

calf and lamb ren:ne t s  we-ts me asure d aft er incubat i on t ime s 

of 25 t o  6 0  m i nut e s  and the re sult s ,  pre s ent e d  in. Figure 1 2 , 
we re the average of dupli c at e  de t e rminat i on s . 

The thre e renne t s  showe d a s im i lar re sponse in that 

the curd t en s i on incre as e d  with incubat i on t ime bet we en 25 
and 60 minut e s  although the increase was small aft er 46 

minut e s . The re f ore a che e s emake r c ould ext end the set t ing 
t ime t o  achieve the de s ire d coagulwn firmne s s  when us ing 

adult bovine o r  l amb rennet in the same manne r  as with c alf 
rennet although ext ending the sett ing t ime beyond 46 minut e s  

c ould not 1)e expe cte d  t o  pro duce a s i gnificant ly firme r  

c oagulum . 

Effe ct of pH on curd t ensi on 

The curd t ensi on of milk c oagulat e d  with adult bovine , 
c al f  and lamb rennet s  was measure d aft e r  incubat i on at pH 
value s betwe e n  6 . 1 6 and 6 . 83 and the re sult s ,  pre sent e d  in 

Figure 1 3 ,  were the ave rage of duplicat e  det e rm inat ions . 

�he three �ennet s  show s imilar t rends in that they 
all produce a f irmer coagulum at l ower pH leve l s  than at 
higher �� leve l s . Rennet s are re qui re d  t o  c oagulat e milk 
bet ween pH 6 . 4  and 6 . 7 ( Gill e s ,  1 972 ) and wi·thin this 



Fi. gure 1 2 . The effe c t  of t ime on the curd t ens i on 

of milk c oagulat e d  by adult bovine ( o ) , c alf ( • ) 
and lamb ( � ) renne t s .  
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Figure 1 3 .  The effe c -t of pH on the curd t ensi on 

of milk c o agulat e d  by adult bovine ( o ) , 

c alf ( e ) and 1amb ( 6 ) rennet s .  
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range calf rennet i s  the most sensit ive t o  pH change . 

Therefore adult bovine and lamb rennet s would be expe ct e d  

t o  produce slight ly firmer coagulu.ms at hie;her pH leve l s , 

relat ive t o  calf rennet , if all had be en standardised in 
act ivity a·ti pH 6 . 5 5 ,  A che e s emake r would. be able t o  use 

adult bovine or lamb renne t s  in a s imilar maru1.er to calf 

rennet when ever milk pH was higher than usual . 

Effect of cal c ium c oncent 1·at i on on curd t ens i on .  

The curd tension o f  milk , cont aining 33 . 0  t o  4 5 . 5  mM 
calcium , c oagulat e d  with adult bovine , calf and lamb rennet s 

was me asure d 2 .• nd the result s ,  pre sent e d  in Figure 1 4 ,  were 

the avc�rage of dupli c at e  determinat ion s .  

The three rennet s showe d a similar re sponse in that 
curd t en s i on increases with calcium concent rat i ono  H ow�:ver 
at l owe r calcium leve ls adult bovine and lamb rennet s are 

s imilar in their re sponse and are both c ons i d era'bl.Jr mor·e 
sensit ive ·t o calcium than calf rennet . From a ch e e s e,rtnkers 

p oint of vi ew the thre e re nnet s r e s p ond similarly t o  -Ghe 
addit i on of calc ium ·ti o milk and bo-th the adult bovine and 
Jamb rem1.et s  could be use d  in the s ame manner as calf reru1et . 

The c alc ium c onc ent rat i on of milk has l i-ttle effect on the 

f irst st age of milk coagulat ion and the similarit ies in the 
above dat a sugge st that the second st age of milk c oagulat i on 

i s  similar for adult bovine , calf a.11d lamb rennet s .  

Prot e o lys i s  of wh o le c ase in 

The change in soluble nit rogen with t ime was measured 

for adult bovine , calf and lamb rennet s incubat e d  with a 

s olut i on of whole casein .  Each of the three renne t s  produce d  

an increase in soluble nitrogen ( as measure d by absorbance at 

280 nrn )  with t ime and there was a straight l ine relat i onship 

bet ween these two parameters from 1 5  to 240 minut e s ,  as 

shown in Figure 1 5 . There was no change in absorbance with 

t ime for the blank , indicat ing that all the changes in samples  

was due to  enzyme act ion .  The slope of  the lines ( Fi gure 1 5 )  

shows that under these condit ions adult bovine rennet i s  

1 . 58 t ime s arid lamb rennet 1 . 1 2  t imes more prote o lyt ic on 

whole casein than c alf rennet . 



Figure 1 4 .  The effe ct o f  c al c ium c onc ent rat i on 

on t he curd t en� i on of m i lk c oagulat e d  by adult 

bovine ( o ) , c alf ( • ) and lamb ( 6 ) rennet s .  
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F i gure 1 5 . The prot e o ly s i s  of whole c ase i n  by adult 

bovine ( o ) , calf ( ) and lamb ( !!. ) rennet s .  
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Casein fract ionat ion 

!solation of o. s- and f? -caseins. A typical ion 
exchange chromat ograph , present ed in Figure 1 6 , shows 

that whole acid casein is separat ed int o two main 
peaks which ,  in order of elut ion, are f3 -casein and · 
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a
8
-casein ( Thompson, 1 966 ) .  The fract ions , containing 

a - or f3 -case ins , indicated by the bars in Figure 1 6 , s 0 were pooled and held at 4 C with 5 g/1 of chloroform as 

a pre servat ive until a sufficient quant ity was accumulat e d .  

Isolatinn of k-casein . A typical gel 
chromat ograph , presented  in Figure 1 7 ,  shows that whole 
acid c asein is  separat ed int o two peaks . The first peak,  
eluted  at the void volume of the column , contains k-cas e in 

while the second peak consist s  mainly of a 
8

- and f3 -caseins 
(Yaguchi , Davies  & Kim, 1 968 ) .  The fract ions containing 
k-casein, indicated  by the bars in Figure 1 7 ,  were pooled 
and held at 4°C with 5 g/1 of chloroform as a preservat ive 
unt i l  a sufficient quant ity was accumulat ed.  

The accumulat ed quant it ies of  each casein fract ion 
were dialysed against 0 . 005� sodium chloride , 
concent rat e d  by ultrafilt rat ion and further dialysed 

unt il free of buffers . Solut ions were st ored frozen 

unt il required and the purity of each fract ion is 
demonst rat ed  in the following sect ion .  

Hydrolysis of casein fractions 

�-casein. Electrophoret ograms of the hydrolysis 
product s of as-casein produced by adult bovine , calf and 
lamb rennet s are shown in Figure 1 8 . Each rennet rapidly 
convert ed  a 8-casein t o  the pept ide a s 1 -r ( Fox & Guiney , 

1 973 ) which was further hydrolysed t o  two pept ides of 
great er mobilit y .  It eau be seen that under the condit ions 
used  the rat e of hydrolysis of a s-casein is faste st by 
calf rennet , then lamb rennet while adult bovine rennet is 
the slowe st . However although the rate s  varied each of the 



Figure 1 6 .  Eltrt i on pat t e rn of whole ac i d  cas e in 

from i on ex change chromat ography on DEAE 

c e llul o s e . 
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Fi gul'e 1 7 . Elut i on pat t erns of whole ac i d  c as e in 

from ge l chromat ography on Sephadex G- 1 00 ge l .  
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Fi gure 1 8 . Alkal ine polyac ry lami de ge l 

e l e ct roph oret ograms of a -cas e in hydrolyse d  s 
for o ,  1 ,  4 , 1 5 , 30, 6 o ,  1 20 and 240 minut e s  

at pH 6 . 5  by a.dult bovine ( A ) ,  c alf ( B ) 

and lamb ( C )  rennet s .  



A 

B 

c 

-
f"· > 

I • 
I I . 

8 1 

. ... 

- cxs- CA S E I N  
- cx5 1 -CA S E I N 

-- �  

- . ._. 

� 
...-"'L 

··!:_..., t 

........ --- __;... -

� -
··�--· ... 

\ 

� -
'-.. 

_, ....., . ..._ � �-C 
f �� . ., {- ..... > ' 

0 4 30 1 20  
1 1 5  6 0  240 

+ 



t hree rennet s hydrolysed a -c as e in ,  in solut ion at 
6 

pH 6 . 5 , in the same manner .  

13 -casein. Ele ct rophoret ograrns of the hydro lys i s  

product s o f  f) -casein pro duce d  by adult bovine , c alf 

and lamb rennet s  are shown in Figure 1 9 . It was fomLd 

that each rennet rapidly c onve 1� e d  !3 -case in t o the 

pept ide call e d  � -I by Greamer t Mills & Richards ( 1 97 1 ) 

( this was c onfirmed on slab ele c t rophoresis gels ) . 

The (3-I pept i de was further hydroly s e d  to two more 

mobil e pept i des called 13 -II and � -III , in order of 

increasing mo bi lity , r e s pe c t ively , by t he same workers . 

Under the condit ions us ed the rat e of hydrolysis of 

(3 -casein was fast e st for adult bovine rennet , then 

82 

lamb rennet and calf rennet was the s lowest o H owever 

although adult bovine and lamb rennet s hydr o ly s e  13-c as e in t  

in s o lut i on at 6 . 5 ,  fas t er than c alf rennet they d o  so 

in the s ame manne r  and int o the s ame pro duct s . 

k-casein. Ele ctrophoret ograms of the hydro lys i s  

product s of k-case ins pro duce d by adult bovine , c alf 
and lamb rennet s are shown in Figure 2 0 .  Each rennet 

hydro ly s e d  most of the k-caseins t o  para-k-c ase ins 

which were more mobile on acid polyacrylamide ge l 

e le ct ro�1ore s i s  ( Bingham , 1 975 ) .  In each cas e  there 

was one pre dominant para-k-cas e in produced and only 

a trac e of a le s s  mobile band in the same regi on of the 

gel .  Calf re1Lnet hydrolysed k-case in most rapidly and 

almost complet e ly in 1 5 minut e s . Adult bovine and lamb 

rennet s hydro lys e d  k-casein at approximat e ly the s ame 

rat e which was c onsiderably slower than calf rennet . 

The hydro lys i s  was not as c omplet e and a c ons iderable 

proport ion of k-c asein remained unhydrolysed aft er 

6o minut es react i on t ime . However adult bovine and 

lamb renne t s  hydrolysed k-case ins , in solut ion at pH 

6 . 5 , i�t o  para-�-caseins in a s imilar manner t o  but 

at a s lower rat e and less complet ely than calf rennet . 



Figure 1 9 . Alkaline polyac�Jlam i de gel 

e l e ct rophoret ograms of � -cas e in hydroly s e d  for 

0 ,  1 ,  4 ,  1 5 , 30,  6 o ,  1 20 and 240 minut e s  at 

pH 6 . 5  by adult bovine ( A ) , c alf ( B ) and 

lamb ( C ) reru·,e t  s .  
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Figure 2 0 e  Acid polyacrylamide gel electrophoret ogr�ns 

of k-c as e in hydrolyse d  for o, 1 5 , 30 and 6o minut e s  by 

adult 1)ovine ( A ) , calf ( B ) and lamb ( C )  rennet s .  
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Molec�ar wei@1t_j.eterminaiions 

The molecular weight of each purified enzyme from 

adult bovine and lamb rennet s was det ermined by comparing 

their e lut i on volumes from a Sephadex G-1 00 gel 

chromat ography column with the elut ion volumes of four 

standard prot eins of known molecular weight s .  The 

elut ion volume ( Ve ) of each standard prot e in was 

det ermined three or four t imes and this data with the 

logarithim of the molecular weight ( log MW ) of each 

standard prot ein was use d  t o  calculat e a regression 

equat i on which is ; 

Log MW = 6 . 776 - 0 . 0243 Ve 
+ with a st andard deviat ion o f _ 0 . 034 . 

The elut i on volume O.ata and regression line are 

shovn1 in Figure 2 1 . The molecular weight of each 

enzyme was est imat e d  by subst itut ing the average value 

of three elut ion volume det erminat ions in the above 
regression equat ion and this data is present e d  in 

Table III . 

Table III . Molecular weight est imat ions for adult bovine , 

lamb 1 and lamb 2 enzymes from gel chromat ography 

measurement s .  

Enzyme Elut i on Standard Molecular Standard 

volume deviat ion wei ght deviat ion 

( ml )  

Adult 

bovine 94 . 0  o . oo 3 1 , 030 2 , 340 

Lamb 1 95 . 0  0 . 7 1  29 , 340 2 , 429 

Lamb 2 93 . 2  0 . 28 3 2 , 450 2 , 547 

The e st imat e d  molecular weight s of the three enzymes 

were adult bovine 3 1 , 03 0 ,  lamb 1 2 9 , 340 and lamb 2 3 2 , 450.  



Figure 2 1 . The c ompar i s on bet we e n  the logarithim 

of the mole cular we i ght s and the e lut i on vo lume s 

from a S e phadex G-1 00 ge l c o lumn for bovine s e rum 
albu.mi n  ( o ) , ovalbumin ( • ) , myoglobin ( fl ) 
and cyt o chrome C ( A ) . 
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These values were all of the same order and were s imilar 
t o  values reported for calf rennin 3 1 , 000 ( Ilia et alo , 

1 966 ) and porcine pepsin 34 , 520 (Moravek & Kostka , 1 974 ) .  

Porcine pepsinogen, bovine pepsinogen and calf prorennin 

have report e d  molecular weight s of 38 , 944 (Raj ogopla.Yl, 

Moore & Ste in,  1 966 ) ,  3 8 , 943 ( Chow & Kas sell , 1 96 8 )  and 

36 , 200 ( Ilie et alo , 1 966 ) respect ively . Therefore if 

the adult bovine , lC� ... m b 1 and lamb 2 enzymes are of  the 

rennin or pepsin type it appears that a pept ide of 

mole cular we ight 4 , 000 t o  9 , 000 is split from each 

zymogen upon the act ivat ion of these  enzymes .  

Amino acid  9.2!1l,J?OSit i on 

The amino acid c omposit ion of the adult bovine , 

lamb 1 and lamb 2 enzymes was det ermine d on a Locart e 

Ms,rk IV amino acid analyser or spectrophot ometrically 

for t rypt ophan. The hydrochloric acid hydrolysat es  
of each enzyme were analysed in  triplicat e  and. the 

amino acid c omposit ions , in residues per molecule , 

calculat ed from the molar rat ios . For methionine , 

threonine and serine only 24 hour hydrolysis dat a vvas 

use d  although the latter  two were increased by 5� and 

1 0� respect ive ly t o  compensat e for destruct ion e  

Valine , isoleucine and leucine were calculat e d  from 

72 hour hydrolysis data while the other amino acids 

were calculat e d  from the average of all nine analyses  

(Creamer & Richardson, 1 974 ) .  The amino acid c omposit ion 

of the enzymes ,  t o  the nearest whole number of residues 

per molecule , was calculated using the molecular weight s 

det ermined by gel chromat ography and is shown in Table IV. 

A molecular weight was calculat ed for each enzyme from 

the amino acid c ompo s it ion and is als o  present e d  in 

Table IV. 
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Table I V .  Amino a c i d  c ompo s it ion of adult bovine , lamb 1 

and lamb 2 enzyme s �  

Amino a.cid Adult bovine 

Aspart i c  ac i d  

Thre onine 

S erine 

G lut ami c  ac i d  

Pro line 

G lyc ine 

A lanine 

Half cys·t ine 

Valine 

Methi onine 

I s o leucine 

Leuc ine 

Tyro s ine 

Phenylalanine 

H i st i dine 

Lys ine 

Arginine 

T rypt ophan 

Number o f  re s i due s 

M o l e cular weight s 

( a ) Chromat ography 

( b ) Calculat e d  

31  

2 1  

37 

26 

1 1  
28  

1 1 
7 

2 1  
2 

2 5  

1 9  

1 5  

1 3  

1 

0 

2 

1 2  

282  

3 1 , 030 

3 0, 8 23 

Lmnb 1 

23 
1 7  

24 
24 
1 0  
24 
1 1  
1 1  

2 3  

5 

1 4  

1 9  

1 5  
1 3  

4 
7 

4 

1 3  

29 , 340 

29 , 345 

Lamb 2 

34 
22  
38 

27 

1 3  
2 9  

1 3  
8 

2 2  

3 

26 

2 1  
1 6 

1 4  

1 

0 

2 

9 

298 

32 , 450 

3 2 , 303 

The amino acid c ompo s it i on o f  the adult bovine and 

lamb 2 enzyme s were very s imilar . Th ey differe d by no 

more than one re s idue for 1 2  amino a c ids and by no more 

than thre e re s i dues for any amino ac i ds .  When the amino 

a c i d  c ompo s it ion . of the s e  two enzymes was compare d with 

that of bovine p e psinogen ( Chow & Kas s e ll , 1 968 ) there 



were many s imi larit ies allowing for the removal of a 

pept ide upon act ivat ion of the peps ino gen t o  pe ps in . 
The amino a c i d  analys i s  of porc ine p e p s in (Mo aravek & 
Kostka ,  1 974 ) als o  had similarit ies t o  that of adult 

bovine and the lamb 2 enzymes .  For instance they all 

c ontained large numbers of acidic residues and small 

numbers of basie re s i due s , 68 and 4 re s pe ct ive ly in 

porcine pe ps in , 57 and 3 in adult bovine and 6 1  and 3 

in lamb 2 enzyme s .  These  s imilarit ies  suggest tha·t 

the adult bovine and lamb 2 enzymes were peps ins and 

were probably the bovine peps in ( Fox p 1 969 ,  b ) and 

the ovine pepsin (O ' Leary & Fox , 1 973 ) report e d  

previous ly . 

When the amino acid c ompo s it ion of the lamb 1 

enzyme was c ompare d with that of c alf rennin ( I li e  
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et al . ,  1 966 ) and that of lamb renn:Lns A & B (Oruntaeva 
& S e it ov , 1 97 1 ) it was found that there was a general 

similarity be·�ween the amino acid c ompo s it i ons of all 

four enzymes .  This became part icularly apparent when 

the dat a report e d  by the above workers was ad just e d  

for t rypt ophan ,  cyst ine and methionine residues s ome 

or all of which they did not report . The basic amino 

acids in the lamb 1 enzyme t ot al e d  1 5  which was 

consi derably more than f o und in e ither adul·t bovine or 

lamb 2 enzymes and was s imilar to the number found in 

calf rennin ,  1 7 ,  lamb rennins A & B, 22 and 2 1  

respect ively. The similarit ies t o  the data report e d  for 

calf and lamb rennins plus the relat ively large numbers 

of bas i c  residues ,  compared to peps ins , suggest e d  that 

the lamb 1 enzyme is a rennin. 
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DISCUSSION 

Soditun chloride is us ed in rennet manufacture t o  

dissolve the enzymes ,  stabilise s o lut ions against bacterial 

act ion and act as carrier in rennet powders c- It is 

cheaper than most other cownercially available salt s ,  is 

easy to use and therefore the stability of a rennet in 

the presence of sodium chloride is of importance in 

designing manufacturing and handling procedures for 

rennet s .  

The adult bovine , calf and lamb rennet s used  in this 

study each has a region of maximum pH stability whi ch is 
enhanced by the addit ion of sodium chloride . The st ability 
of each rennet is affect ed  by t empe rature and all a:re m o st 
st able at 1 0°C o r  below. Therefore in the c ommercial 

processing of adul·t; bovine , calf or lamb rennet s s odil:un 

chloride solut ions between pH 4 . 3  t o  5 . 5  for adult 
bovine rennet , pH 5 . 0 t o  6 � 5  for calf rennet and pH 

3 . 8 t o  4 � 6  for lamb rennet at t emperatures of 1 0°C or 

less should be used  t o  achieve maximum retent ion of 

act ivity.  

Solut ions of adult bovine , c alf or lamb rennet s 

cont aining 200 mg/ml of s odium chloride are all more 

resistant t o  heat denaturat ion than solut ions containing 

1 7  mg/ml of sodium chloride . However i·t seems unlikely 

that heat treatment could be used  as a means of con

trolling bacteria in rennet product ion as all three 

rennets are part ially inact ivate d  by heat treatment s  

less than that required for milk past eurisat ion.  

The adul·t bovine , calf and lamb rennets all retain 

s ome act ivity after a heat t reatment of 68°C for 30 

minut es in 200 mg/ml sodium chloride solut ion and curds 

and whey which have a higher concentrat ion of organic 

matter than rennet solut ions would help prot ect such 

labile substances from heat denaturat ion. 
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The most s evere heat treatment used in cheese manufacture 

is 52°C for a maximum of 200 minutes for Swi s s  type s of 

chee s e  and therefore adult bovine � c alf an d  lamb rennet s 

should not be great ly affe ct ed by such heat treatment 

probably remaining act ive in che e s e  manufacture d with 

them . 

Lamb renne -� appears t o  have a lower relat ive 

act ivity at pH values above pH 6 . 5 5 than e ither calf or 

adult bovine rermet s  when act ivity is measure d in c as e in 

solut i on . If this is confirmed then it woul d be n e c e s s ary 

t o  us e more la.mb rennet than calf er adult bovine renne·l; s  

when the pH o f  milk was above 6 e 55 .  Thi s  s it uat i on 

o ccurs t owards the end of a New Zealand dairying se as on 

as the s o lids in the m i lk increas e or during unusual 

c limat i c  c ondit ions . However when the act ivit i e s o f  

the rennet s arc c ompared by c urd t ens ion measurement s 

lamb re1met appears t o  be le s s  sens i·ii ive to pH change 

than e ither adult bovine or c alf rennet . The dispari-t;y 

between the s e two metho ds of act ivity measurement could 

be due t o  the differences in the subst rat e u.s e d  for each 
measuremen-t or the solut ion us e d  t o  dilut e  the rennet s .  

The m i lk us e d  for curd t ens i o n  measurement s had a solids 

c ont ent of 1 00 mg/ml while the cas einat e solut ion us e d  

for the act ivity assay cont ained 3 0  mg/ml . Thi s  

difference would not be expected t o  cause all o f  the 

disparity found between the t wo methods of act ivity 

measurement . 

Wat er was used t o  dilut e the rennet for curd 

t ens ion measurement s while a phosphat e  buffer at pH 6 . 55 
was use d  t o  dilut e  the rennet s for act ivity measurement s 

in cas ein s o lut ion . Lamb rennet at pH 6 . 55 and 30
°

C in 

a buffer of 0. 04 i onic strength lost 80� of it s act ivity 

in g6 hours . 
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It would there fore s e em that s ome of t h e  disparity found 

betwe en the t wo act ivit y me asurement s may be due t o  the 

ins t ability of lamb rennet under the c ondi t i ons of the 

assay .  Thi s may al s o  have be en part of the reas on for 

the o bs ervat ion that lamb :r.ennet has a lower opti :!�Um 

t emperature than e ither adtut bovine or calf re1met s �  

At pH 6 . 55 and 30°C in a buffe r  of 0 .. 04 i onic st rength 

adult bovine rennet lost 30% of it s ac-l; ivi ty in g6 hours 

whi l e  calf rennet l o st only 8� of i·t s act ivity under 

similar condit i ons . Lamb rennet was quit e heat st able 

at it s most st able pH of 4 . 1 but the pH used in the 

ac·t ivity as s ay in case in solut ions , 6 . 55 ,  was we ll 

remove d from it s st able region . The m o st st able pHs 

of adult bovine , ( 4 . 7 )  and calf rennet ( 5 . 4 )  are much 

c l o s e r  t o  pH 6 .  5 5  and so they shoul (l be more st abl e  

at pH 6 o 5 5 .  Lcunb rennet may �tihere fore appear l e s s  

act ive at higher t emperature s a s  a gre at e r propor·(; ion 

of i t  is denat ure d before it can hydrolyse k-c as e in 

in s o lut ion. 

A che e s emaker us e s  his j udgement of c o agulum 

fi rmne ss t o  de c i de when a vat should be cut and o btains 

a firmer c oagulurn by ; 

( i )  lowering the pH of the milk by all owing th e st art e r  

bact eria t o  develop acid o r  by adding more start e r .  

( i i )  adding calcium ions t o  the mi lk . 

( ii i ) ext ending the s et t ing t ime . 

( iv )  us ing more rennet . ( this increas e s  cost s and i s  not 

generally pract i c e d �  

The adult bovine and lamb renne t s us e d  i n  this study 

r e spond t o  t re at ment s s imulat ing each of the above in 

a manner s imilar t o  the calf rennet c ont rols . Therefore 

a che e semaker can use adult bovine and lamb rennet s in 

the same way as c alf rennet t o  obt ain the de s ir e d  

c o agulum . 
.( 
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A satisfact ory calf rennet subst itut e  must have a 
high milk c oaeulat ing t o  prot e olyt i c act ivity rat io  
( Fox , 1 96 9 ,  b ) and ideally should als o hydrolyse the 
individual casein fr·act i ons in th e s B..me manner as calf 
rennet . The adult bovine and lamb rennet s use d  in this 
study are bo·t;h slight ly more prot e o lyt i c on whole 
cas e in in solut ion than calf rennet for the act ivit ies  
used  in chee s emaking. However ne ither o f  the se two 
rennet s is as prot e o lyt ic as porcine pepsin ( Fox , 1 969 , b ) 

which has been us e d  c omme rc ial ly for che e s emaking . The 
hydrolys is product s  from the three main casein fract ions 

in solut i on produced by adult bovine and lamb rennet s  
are s im i lar t o  those produc e d  by calf rennet . The rat e s  
of hydro lys i s  o f  a - and k-cHse ins � in s o l  ut ion,  are 

s 
fas t e r  for calf rennet than either adult bovine or l amb 
rennet s .  However 13 -c asein , in solut ion,  is  hy drolyse o. 

more rapi dly by adult bovine ancl lamb rennet s than by 

calf renne·t; . The re f ore i t  appe a1�s tha·t; the adult bovine 

and lamb rennet s  are suit able alt e rnat ive s t o  c alf 

rennet from a c onside ration of the ir prot e o lyt i c  act i ons 

on whole case in and the thre e main c as e in fract i ons . The 
s lowe r rat e and less complete hydr o lys i s  of k-c ase in , in 
solut ion, part ially explains the ne ce s sity of usine; more 

act ive solut ions of adult bovine a.11d lamb rennet s in 
che e se manufacture . 

The amino acid c omposit ion of the enzyme s 
i solat e d  from adult bovine and lamb rennet s indicat e s  

that the adult bovine rennet cont ained  only one 

enzyme with milk coagu.lat ing act ivity and that it was 
a pepsin . Some bovine pepsin is pre sent in m o s ·t calf  

rennets depending l argely on the age of  the calve s at 
slaughter and the ir diet prior t o  slaughte r .  There 

was no rennin present in the adult bovine rennet but 

this i s  as expecte d  as the rennet was extracte d  from 

the abomasums of - cat t le slaue;ht ere d  at over one year 

of age , and their diet would not have include d milk 

since they were calve s .  Lamb rennet c ontained two 



enzyme s with milk c o agulat ing act ivity ,  one pepsin and 

one rennin . It i s  o f  int erest t o  find 227� of the milk 

c o agulat ing act ivity o f  the lamb rennet in the form of 

a rennin enzyme as the rennet was o bt aine d from the 

abomasums of lambs s l aught ere d a·t three t o  s ix months 

of age who s e  di e t  would s t i l l  h�1ve inc lude d  milk � 

Renne·� o bt aine d from calve s o f  a s imilar age and diet 
will als o have rennin pre s ent but pro bably no t in 
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such a laree pro port i on .  No at t empt was made to 
s e parat e any of t h e s e  enzyme s int o poss ibl e  c omponent s .  



· CHEESE MMIDF ACTURE 

The main type of cheese  manufactured in N ew Zealand 
is cheddar whi ch accou..11t s  for approximately 80% of the 

1 00 , 000 t ons manufactured annually . Milk used  for chee s e  

manufacture i s  from pre dominant ly Jersey cows which 

produce milk with a higher fat cont ent (nat ional average 
4 .  7;'"' ) than milk used for chee s e  manufacture in other 

countrie s .  A survey o f  the manufact ure o f  cheddar che e s e  
i n  New Zealand was prepare d by Robert son ( 1 97 0 )  ru1 d  

unl e s s  otherwis e  quot ed the following d i s cus s i on is 
based  on that report . 

The milk used  for cheese  manufacture in N ew Zealand 

must be pas·!J eurized at 70°C for at least 1 5  seconds and 

may be st��dardised by the removal of fat t o  produce a 

cheese cont aining 52  t o  55% fat in the wat er free 

subst ance ( Dolby , 1 97 1  ) .  The milk is  standardised 

either by divert ing some of the milk through a separat or 

for the t ime necessary to remove a calculated  quant ity 

of fat during the filling of each vat ( Dolby , 1 97 1 ) or 

by divert ing a port ion of the pasteurized milk through a 

separator cont inuously t o  remove the required quant ity 

of fat ( Gill �s , 1 97 1 ) .  In both c ases the skim milk 

from the separat or is returned t o  the milk before it 

reaches the cheese vat . 

Virtually all the cheddar cheese  manufactured in 

New Zealand is made using s ingle strain start ers of 
St rept ococcus cremoris and Strept ococcus lact is . 



The st art ers are maint aine d , usually in laborat ori e s  

c lose t o  each fact ory , in skim milk and mother cultures 

prepare d for dai ly inno culat ions int o wat e r  seale d bulk 

st art er vessels . Different strains o f  bact eriophage 

unrelated  st ar·t ers are use d.  in rot at ions of three or 

more fills of milk and st rict hygiene is pract ice d t o  

reduc e the pos sibility o f  bact eri ophage build up and 

subs equent att ack on st art ers causing slow ac i d  
deve lopment and poor quality chees e .  

The flavour of che ddar chee s e  i s  largely dependen·c 

on the start ers use d and a post ulat e d. theory ( Lowrie & 
Lawrence � 1 972 ) sugge st s that both the s t art; e r  and 

rennet prot eases cause a breakdown of cas e in t o  pcpt i des s 

s ome of which are bitt er. Some st art ers always pro duce 
bitt er che e s e  with calf rennet but not; with a prot ease 

of fun.gal origin ( Lawrenc e 9 Creame�c ,  Gill es & :t-1art ley 1 

1 972 ) suggest ing that each st art er Bt rain should be 
us e d  wi·th each rennet type t o  det e rmine c ombinat i ons 

that produce good flavoured che ese � The bit t erne ss 

oft en ass o c i t e d with cheddar cheese made with sin gl e 

st rain start ers is affe ct e d  by the st art er populat ion 

reached during chee semaking and can be cont ro ll e d  by 

the cooking t empera·t;ure us ed for each st rain ( Lowrie , 

Lawrence & Pearc e , 1 972 ) or by the addit ion of bact er-· 

iophage t o  the che ese milk ( Lowrie , Lawrence & PeberO.y , 

1 974 ) .  Iviart ley & Lawrence ( 1 972 ) suggest ed that t o  

make goo d  flavoured cheddar che e s e  a start e r  must have 

the following charact erist i c s ; 

( i )  poor survival in chee s e  matured at 1 3°0 .  

( ii )  a low rat e o f  c e ll division a·!; the c o oking t emperature . 

( iii ) low prot e o lyt i c  act ivit y .  

( iv )  h i gh  a c i d  phosphat as e act ivity . 

A typical manufacturing s cheme for che ddar che e s e  

i s  de scribe d and· commence s  when the start er ( 1 . 5  t o  

2 . 5%) i s  inj e ct e d  int o the past euri z e d  milk, whi ch has 

been cooled t o  3 1  t o  3 2°0 ,  during vat filling . 
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When a vat is full rennet is added and st irred in·t o the 

milke Aft er se·tt ing for 30 to 40 minut e s the coagulum 
is cu·b int o 1 cm cubes and st irring c ommence d .  A few 

minut e s  lat e r  heat ing begins , slowly at first , and then 

more rapidly to achieve a t emperat ure of 37 t o  40°C in 

not less than 30 minut e s . Approx imat e ly two hours 

lat er agi t at i on st o ps t the curd allowe r:1 t o  s et tle and 
the whey drained oft � Me chanical agit at ion i s  us e d  t o  

kee p the curd part :tcles fre e and t o  assist whey drainage . 

By the t ime the curd is dry the a.c i di t�r of the fresh whey 

running from the curd is 0 . 1 8  t o  Oo 2(}� lact i c acid. The 

curd fuse s  int o  blocks and is che ddare d  unt i l  an ac i dity 

of 0 ., 5 5  t o  0 � 6 5 % lact ic acid  i s  obtained,  usually about 

two hours aft er running off the wheye The che dd.are d 

curd is milled into fingers before salt addit ion followed 

by mixing to ensure uniform salt distribut ion 2...nd \Yhey 

drainage . The curd is then hooped and pre s s e d  overni ght 

t o  form 1 8  kg blocks of cheese . Next day the cheese  

are wrappe d ,  to maint ain moisture and prevent mold 

c ont aminat i o n  et c . , place d. in a cart on and st ore d at 
1 3°C for 1 4  days o 6heese from each va·t is then 

grade d by the Hinistry of Agriculture and Fi sherie s and 
transfered to a st ore at 6°c unt il required for shipment 

t o  a mm ... ket . 

Calf rennet is the only coagulant use d  for cheese  

manufacture in New Zealand although t rials have been 
carried out with a number o f  other rennets (Robert s on & 

Gill es , 1 96 9 ;  C larke , 1 974 ) .  In their t rials Robert son 

& Gill e s  ( 1 969 )  compared Meito fungal rennet with calf 

rennet and found that provided calcium was added to the 

milk to achieve a similar c oagulum to calf rennet the 

cheese  manufacturing proce dures were the same for both . 

This  was true for a variety of coagulant s ,  of microbial 

and animal origin , although Clarke ( 1 974 ) achieved s imilar 

ccagulums t o  calf rennet by adjust ing the quant ity of 

coagulant added t o  the milk. 
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Cheddar cheese  was manufactured from past eurized 
( 7 2°C for 1 5  s e c onds ) com�erc ial whole milk , in the New 
Zealand Dairy Research Inst itut e ' s  Pro cessing Hall , by 

a small sc ale ( 320 1 )  simulat ion o f  the convent ional 

commerc ial metho ds (Robert son , 1 970 ) .  The qu.ant ity o f  

adult bovine , calf , lamb or mixture ( 50/50 calf-adult 

bovine rennet s )  rennet s was the s ame ( 1 8  ml/1 00 1 )  for 
each vat although the act ivity of each coagulant had 
been adjust e d  t o  achieve the same curd t ens ion a s  calf 
rennet under s imilar condit ions . Cheese was manufactured 

four t imes during the 1 973/74 dairying seas on on con
secut ive days with a different pair of start ers (ML8 , 
.AH 1 ; P2 , AM2 ) on each of the two days ., Cheese was 
made on two occasions with all four rem1et s  and on 
two o c casi ons without the mixture rennet . All of the 
vat s were set a,t 32°C and cooked t o  37 . 8°C in 30  

minut es . The coagulum was cut with 1 cm  knives and 

the t it rat eable acidit ies at running, drying, milling 

and salt ing as well as the number o f  dry st irs and salt 

addit ion were all kept constant , as far as possible , 
between vat s on any one day . Two 1 8  kg rindless cheese 
were made from each vat and st ored at 1 3°C for two weeks 

aft er manufacture . One cheese  from each vat remained a·li 
1 3°C while the other was stored at 6°c and both were kept 

for up t o  1 2  months . All chees e were analys e d  at 1 4  days 
for salt , moisture and fat while the pH was measured the 
day aft er manufacture . 

Qheese flavour and body assesment 

Cheddar cheese , manufactured with each rennet was 
evaluat ed organolept ically 3 and 6 months , aft er the 
dat e of manufacture , for flavour, body and various 



fault s ( s e e  Appendix I ) .  A team of  four to  e ight 
experi enc e d  graders , drawn from a pane l o f  nine , was 
us e d  for each evaluat ion whi ch was as described by 
Lowrie , Lawrence & Pe berdy ( 1 974 ) .  All the cheese  

made on the s ame day was present e d  t o  the graders at 
any one o-.raluat i o n  s e s s i on and the individual vat s 

were i a ent if i e d  by random numbers . A control  che ese  
wh i ch had a go o d  flavour was included in each grading 

session as a reference .  Cheese flavour was scored on 

a f i ve po int s cale with one repre8ent ing poor and f ive 

very go o d flavour . 

Cheddar che e s e  was manufactured wi-th e ach rennet 
8.-lJ.d st ore d for up t o  t w e lve months at 6°c .  The 

de gradat i on of the casein component s of the che ese 
was fo l l owed from e l e c t i'ophoret ograms o f  each che e s e  
sampled  at one , three , s ix , nine and twelve months 

aft er manufacture . Samples of each cheese were 

st ore d fro zen unt i l  all were available for alkal ine 
po lyacrylamide ge l elect rophore sis  whi ch was by 

the method of Creamer ( 1 970 ) ., 
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RESULT S 

Che ese manv.fa�ture 

On e ach o c cas i on that che e s e  was me.nufact u.r-t1 d  the 

analy s e s  showed the che e s e  t o  be typical of New Ze aland 

che ddar and t hat di fferenc e s  be-tween the che e s e  from 

e ach vat were smal l .  A typi cal clay was the four vat s of 

che ese manufacture d on 2 4 . 1 .  74 us ing 27� of a 1 : 2  mixture 

of P2 and AM2 st art e rs . A c i dit i e s  were O o 1 5% lact ic  

a c i d  at s ett ing , 0 . 095% at cutt ingp 0 . 1 25% at ruru�ing , 

0 . 1 4  t o  0 � 1 45� at drying ,  0 . 4 9  t o  0 . 52% at milling and 

o. 68 t o  0 . 7 1 %  at salt ing . T o t al make t ime from rennet ing 

t o  salt ing was uniform at 5 h ours 20 minut e s . Che e s e  

pH at one day was 5 . 08 t o 5 . 1 0  and at 1 4  days moist ure 
was 33 � 0  t o  3 3 . 8%P salt 1 . 52 t o  1 . 6 2%, moisture in the 

non-fatty subst ance 5 3 . 2  to 54 5 51� an.d salt in the 

mo i sture 4 .  54 t o  4 .  9 1 7� .  The s e  analy s e s  sl1ow that the 
che e s e s  made with e ach renne t were of s imi lar c ompo s it i on 

1 4  days aft e r  manufact ure and d emonst rat e d  that any 

differenc e s  between the che e s e s  in other charact erist i c s  

were not due t o  differenc e s  i n  c ompo s it ion . 

C,he ese... :t:la,yo�r and body- asaesment 

The frequency o f  the flavour s core s o f  che e s e  made 

with adult bovine , lamb or mixture rennet s  be ing higher 

o r  lower than the s c ore for the c orre s ponding che e s e made 

with c al f  rennet was re corde d and is shown in T able V. 

Apprai sal of T able V sugge st s t hat che e s e  made with 

adult bovine , lamb or mixture rennet s was pre fe rre d 

approximat e ly as o ft en as che e s e  made with c al f  renne t . 

There fore the se dat a were t e st e d  against the null 

hypothe s e s  (Ho ) that the che e s e  made with calf rennet was 

preferre d in half of the c omparisons , ie Ho ( Pc = 0 . 5 )  

Pc = the probabi lit y that che e s e  manufacture d with 

calf rennet was prefe rre d to the alt ernat ive . 
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T able V .  The frequency of the difference between flavour 

s cores of che e s e  made with adult bovine ( B) , lamb ( L )  or 
mixt ure (H ) rennet s compared with the c o rresponding 

che e s e  made with calf ( C )  re1met .. 

Dat e of Age at Number of _....E.J.slygnr .s, e QTe.s 
manufacture evaluat i on c ompari s ons C>B B>C C>L Ir>C C>M N> C 

( months ) 

20. 9 . 73 3 1 0  1 1 0 1 
6 1 2  5 2 0 2 

2 1 . 9 . 73 3 1 4  5 1 5 2 
6 8 0 3 1 2 

3 . 1 2 . 73 3 1 0  1 2 0 3 
6 1 0  1 2 0 3 

4. 1 2 . 73 3 1 0  3 1 3 1 
· 6 8 1 2 0 2 

23 . 1 . 74 3 1 3 0 1 0 0 2 1 
6 1 0  1 0 2 1 1 1 

24. 1 . 74 3 1 4  3 2 2 1 2 0 
6 1 0  3 1 4 1 5 2 

1 1 . 3 . 74 3 1 3 2 3 1 4 ') L. 4 
6 1 0  4 2 1 1 4 1 

1 2 . 3 . 74 3 1 5 5 0 7 0 0 0 
6 1 0  3 2 2 2 1 1 

T ot als 1 77 38 2 5 28  26 

95 1 7  1 0  

The dat a ,  Table V ,  shows that in the maj ority of the 

comparisons there was no difference in the flavour scores 

between the two cheese considered and half of this  number 

was added to the frequency of calf rennet cheese  having a 

higher flavour s core than the cheese made with the alt er

nat ive . rennet � ( American Society for Test ing and Mat erials , 
1 968 ) . As the number of comparisons was large data was 

considere d to  be from a normal distribut ion and was t e st e d  

against H o  ( Pc = 0. 5 )  by the formula ; 



4 = 

( p  p )  - 1/2n 

V'fuere .4 = normal vari able for n � 30 
n = numbe r of o bservat i ons 
1\ 

o bs erve d propor·t ion p = 

p = nul l  hypot he s e s  o f  probabi lity 

q = 1 - p 

(Moore , Sh i rley & Edwards ,  1 972 ) .  
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T able VI . No rmal variable value D t e s·t i.ng the hypoth e s e s  

that che e s e  made with c alf rennet was preferr e d  in half 
of the c ompari s ons with che e s e  made with adult bovine p 

lamb o r  mix1� ure renne t s .  

R ennet 

Adult 

bovine 

Lamb 

Mixture 

Number 
of c om- Unc or

paris ons re ct e d  

1 77 
1 77 

9 5 

3 8  

2 8  

1 7  

-----·----------------

Normal 

Cor- variable 

rect e d  

95  
8 9 . 5 

5 1  

0. 89  

0 . 08 

o . 6 3  

S i gnifi 

c anc e 

NSC 

NS 

NS 

a = che e s e  made with calf rennet 

b = che e s e  made with rennet shown in the 

l e ft hand co lumn . 

c = not s i gnif i cant at the 5% leve l .  

From T able VI i t  c an be s e en t hat in all c as e s  

there was n o  s ignificant differenc e between t h e  nul l  

hypoth e s e s  and t h e  obs erve d da·t a and hence t h e  nul l  

hypothe s e s  can be a c c e pt e d .  Therefore there was no 

s ignificant differenc e in the flavour of the che e se 

made with c alf rennet c ompare d indivi dually with the 

che e se made with adult bovine , lamb or mixt ure renne t s .  
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Che e s e s  were als o  examine d for the flavour 

charact eris·t i c s  of bit t erne s s , astringe ncy , fruit ine s s , 

sharpne G s  and oth e r  flavours . Scores f'or the s e  

charact e r i s t i c s  were allot e d  t o  each che e s e  at e ach 

grading and the average s c ore for che e s e  made w ith adult 

bovine , calf , lamb or m ixture renne t s  were calculat e d  

and are shown i n  T abl e VII . 

----------�--------------------------------&------·----------------

Table VI I .  '.rhe ave rage s core s o f  flavour charact e l'ist i c s  

for che e s e  made with adult bovine , calf 9 lamb or mixture 

rennet s .  

Charact erist ic Re1met -----------�------

Bit t e rne s s  

Ast ringenc�r 

Fruit ine s s  

Sharpne ss 

Other flavours 

Adult 
bovine 

1 o 40 
1 .  54 
1 .  50  
1 . 2 3 
1 .  g6 

C alf Lamb N ix t ure 

( avE;:rage s core ) 
__ ............_.__..� 

1 .  42  1 . 39 1 . 42 
1 .  42 1 .  54 1 . 29 
1 . 6 3 1 .  50  1 .  59 
1 .. 24 1 .  26 1 e 2 1  

1 .,  66  1 e 97 2 . 1 5  

Dat a shown in T able VII indic at e s that the flavour 

charact eri st i c s  c ons idered were , on average , virtually 

abs ent from all the chee s e  ( a s c ore o f  2 ind i c at e s that 

the flavour was po s s ibly pre s ent ) . "Other flavours " were 

poss i bly pres ent in che e s e  made from adult bovine , lamb 

or mixture rennet s  but there was no agreement betwee n  

graders a s  t o  any one " o·t;h e r  flavour" for the che e s e  made 

with any one rennet . 

The bo dy of e ach che e s e  was s c ored by e ach grader 

us ing a number to indicat e the type o f  che e s e  bo dy as 

shovm be low ; 
1 . st ich7 ,  past y ,  glut inous , weak .  
2 .  smoot h . 

3 . pleasant . 

4 .  grainy , lumpy e 

5 .  dry , sandy p furry . 
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The fre quency that each bo dy s c ore was allot e d  t o  che e s e  

made with each rennet were t ot alled and the perc entage o f  

judgement s allot e d  t o  e ach s core for each rennet 

c al culat e d .  Thi s  dat a is shown in T able VII I . 

Table VII L  The perc entage of judgemen·t s allot e d  t o  each 

bo dy s c ore of che e s e  manufact ure d with adult bovine , calf , 

lamb o r  rnixture rennet s .  

Body s core ----------------��Mt _____________________ _ 

Adult bovine 

1 o . o 
2 1 5 . 9 
3 7 1 . 6  

4 1 2 . 5 
5 o . o 

C alf Lamb Hixture 

(% )  

1 • 1 

1 5 . 3  
76 . 2  

7 . 4  

O r O  

o . o 
1 2 . 5  
77 . 3  

1 0  .. 2 

O r O 

o . o 
28 � 7  

57 .. 5 

1 3 ., 8  
o . o 

-

Bo dy s c ore s of 2 o r  3 acc om1t e d  for at least 86% o f  

t h e  j udgement s o f  t h e  che e s e  made with each rennet indi c a

t ing that the che e se bo dy was usually smooth or · pleasan·t e 

Differenc e s  in the proport i on of body s cores other than 

2 or 3 were small an in no c as e  was there agreement 

between the ma j ority o f  graders that any one che e s e  was 

other than smo oth or pleasant . 

Casein degradat ion in cheese 

The degradat i on of the casein in the che e s e  manufac

t ure d with adult bovine , calf , lamb or mixture r enne t s  was 

det e rmine d from e le c t ro phoret ograms o f  che e s e  at one , 

thre e , six , nine and t w e lve mont h s  aft er manufacture . 

The o ldest che e s e  (manufactur e d  20. 9 . 73 )  made with e ach 

rennet was sampl � d  aft e r  s ix ,  nine and twe lve months 

s t o rage at 6°c while the younge st che e s e  (manufac t ur e d  

1 2 . 3 . 74 )  was s ampl e d  aft er one , thre e and s ix months 
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st orage at 6°c ., All sampl e s  from the two cheese made 

with each rennet were e l e ct rophore s e d  on alkaline 

polyac!Jrlami de gels . The phot ographs of the se ge ls , 

shown in Figure 2 2 , demonst rat e that the four rennet s  

pro duc e  chee s e  with indist inguishable e le c t rophore t i c  

pat t e rns . Th ere were the same number of bands from 

each chee s e  alth ough the int ens ity of some vari e d  

slight ly . The �-casein was largely 1.rrJ:tydro ly s e d  as 

was found in che ddar chee s e  made with calf rennet 

( Creamer , 1 970 ) 5 The ex s -cas ein was hydro lys ed almo st 

c omplet e ly t o  several bru1ds of pept i des . At least 

four bands were apparent in the area between the 

origin and the � -cas e in with another two bands 

betwe en the � -cas e in and the a s -cas e ins . One 

further band , more mobile than a s-casein,  and 
probably the a 8 1 -r pept i de ( Fox & Guiney , 1 973 ) � 
was pre s er1t but in turn was hydro lys e d  as the che e s e  
aged .  Th e casein de gradat i on in these che e s e  

appeared s imilar t o  that already report e d. for 

che ddar types ( Creamer ,  1 970 )  and was indist ingui
shable between the various rennet s us e d  t o  manufacture 

the che.e s e . 



Fi��re 22 . Alkaline polyacrylamide gel 

e l e c·t rophoret ograms of che e s e , aft e r  one , 

three , six , nine and twelve months st orage 

at 6 °c 11 manufac·bured with adult bovine ( A ) , 

calf ( B ) , l amb ( C ) and a 50/50 mixture of 

calf -adult bovine ( D ) ren...n.et s .  
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.DISQUSSION 

Che d dar che e s e  was manufacttu·ed with adult bovine , 

lamb and mixt ure rennet s  and c ompare d at all s t ages with 

ch e e s e  made at the s ame t ime from the same m i lk under 

the s ame condit ions with calf rennet . The act ivity of 

the milk c o agulat ing enzyme s  was ad j ust e d  in e ach alt

ernat ive c o agulant to ensure a s imi lar c oagulum in the 

same se-�t ing t ime as that pro du c e d  by calf rennet . 

Th is was ach i eve d _ and from a che e s e  manufacturing po int 
o f  vi ew the re was no differenc e in the manufact ure of 

an;y- vat o f  che e s e  re gardless o f  the c oagulant e 

Cut t ing of the c o agu lum pro duc e d  varying remarks from 

the che e s emaker such as , curd fractur e d  more e as i ly , 

not as smooth or grainy appearanc e but there was no 

c ons i st ant remark at t ribut e d  t o  any one coagula.nt .. 

Calf renr.�.e t  re c e iv e d  as many such c omment s as any o f  

t h e  alt ernat ive rennet s .  

Ac i d  product i on was not affe c t e d  in any way by 

t h e  c o agulant u s e d  and t h e  acidities at each s t age 

throughou.t the manufacture on any one day were as 
eve n  as c ould be expe ct e d bet we en three or f our vat s 

of che e s e . Thi s  was c onfi rm e d  as the pH of one day 

o l d  che e s e  was als o very even betwee n  vat s manufact ur e d  

on the se�e day . There was no apparent diff erenc e in 

the appearance o f  the curd in the vat and the rat e of 

moistur e  expuls ion from the curd as i t  was not found 

ne c e s sary t o  make variat i ons in manufacture betwe en 

vat s .  The we i ght o f  curd from each vat was measur e d  

each day , t o  c alculat e salt requirement s ,  and the 

w e i ght s  were invariably within 500 g of e a ch other 

sugge st i ng that there were no differenc e s  i n  y i e l d ,  

although much larger t rials would be ne c e s sary t o  

o bt ai n  re l iable informat i on on yield. The chee s e s  

remove d from the ·hoops the day aft er manufa cture 

were i dent ical and there were no differ ence s  det e ct e d  

i n  such things as gas format ion at any st age during 
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twelve months st orage . A che e s ema.ker c ould not det e ct 
any differenc e in the manufact urt; of che e s e  us ing adult 
bovine , lamb or mixture re1me·t s ins-t ead of calf' rennet o 

C"'D.eese manufactured with ·!ihese three alt ernat ive 

c oagulant s was c ompare d for flavour and body charact er

ist i c s  with che e s e  made with c alf rennet aft er thre e and 
s ix months st orage at bo·th 6 and. 1 3°C .  The re was no 
overall pr·eferen c e  for che e se made with calf rennet 

compare d.  with che e s e  made wi·th any of' the alt ernat ive 
c oagulant s or vice versa . C lo ser examinat ion of ·th i s  

dat a sh ovve d that there was n o  real prefe renc e for 

chee s e  m<::�.cJ.e with any c oagulant for different pai rs o f  

st art ers o r  at thre e months a s  c omix:u·ed t o  s ix mon·tihs 

storage or st orage a·� 6 0 c  c ompare d to 1 3°C a.nd therefore 
the ove rall picture was t rue for the s e  other variabl e s  
als o . 

A compari s on between che e s e  made us ing the 

alt ernat i ve rem'let s and calf rennet for flavour 

charac t e r i s t i c s  showe d that in most cas e s  there was 
no differenc e . For s ome characterist i c s  the average 
s c ore for calf rennet was s l i ght ly higher than ·!;he 

alt ernat ive s  and for s ome other charac·li erist i c s  
slight l;y lowe r .  The only po s s i ble differenc e s  were 
in " other flavours " but graders were not in agreement 

in the type o f  " other flavour" . 

The bo dy s c o r e s  all ot e d  each che ese aft er three 
and s ix months st orage showe d a very s imilar pat t e rn ,  
part icularly between che e s e  made with adult bovine , 
calf and lamb renne t s .  However chee s e  was made with 
mixture rennet on only two o c cas ions , both in the 
s e c ond half o f  the dairying s eason , and a t rue comparis on 
with bo dy scores would be achi eve d only if chee s e s  made 
on the same days · were c ompare d .  Even so the only 
differenc e between the mixture rennet and the other three 
was the proport ion of che e s e  bodi e s  c alle d smo oth rather 
than pleasant . 



1 09 

The de gradat i on o f  cas e in in che e se made with adult 

bovine , calf , lamb or mbcbure rennet s was evaluat e d  from 
alkaline po lyacrylami de e l e ct rophoret ograms of che e s e 

aft er vari ous l engt;hs o f  st orage at 6°c . The e le ct ro

phoret ograms showe d that all ren ... "let s pro duc e d  the same 

number of bands of cas e in de gradat i on pro duct s in 

che e s e  as was expect e d  from informa·!i ion o bt aine d on 

the hydrolys i s  of indivi dual cas e in fract i ons i n  

s o lut i on .  T h e  int ens ity of s ome o f  the bands varie d  

bet ween c oagulant s but ae;ain thi s  was expe ct e d  as the 

rat e o f  hydrolysis of th e c as e in fract ions in s o lut ion 

var i e d  sli&lt ly as di d the prot e o lyt i c  act ivity of each 

rennet on wh o le cas e in o  However each c oagulant pro duc e d  

che e s e  with e l e ct rophoret o grams typic al o f  che ddar 

che e s e . 



CHAPTER V I  

CONCLUSIONS 

The study of any en zyme syst em requir�� s  a re l i able 

m e t h o d  t o  as say the enzym e act iv ity , and a survey of the 

methods avai lable t o  as s ay m ilk c o agulat i ng enz�{!11 f..l S 
indi c at e d  the ne e d  for a be t t e r meth o d .  With this i n  

m ind pe rchl oric a c i d  was c ompare d with t ri chJ oroac e t i c  

ac i d  a s  a pre c i pi t ant for case in-rennet reac·� :L on 
m i xt ure s and f ound t o  be ver;:I s j.m i lar in all re spe ct s .  

Theref orG pe rchl. ori c ac i d  wa s able ·� o be use d  t o  quench 
case in-renn.e t re act i ons so that a d ire c t spect roph ot o
metri c me asurement of th e  s o luble product s released 
c ould b e  o bt a in c d e  Th i s  was the bas i s  o f  an a s s ay 
deve l ope d t o  m e asure m i lk c o agulat ing enzyme act ivi·t; y . 
The m e thod had rnan;y advant age s ove r m o st re po:t:' � e d  
meth o d s .  A paper da scri bine; t h i s  assay wa,s publ i she d 

( C l arke & R i chard s , 1 973 ) . 

The l arge number o f  c at t le and lambs killed in 
N e w  Ze aland e ach year i s  an obvi ous source of raw 

mat e rial f o r  rennet extract ions . Hence ext ract s of 

milk c o agulat ing enzyme s were pre pare d from the abomasums 

of t;he s e two spe c i e s  by small scale simulat i on of 
c omme rc ial m et h o ds used t o  ext ract calf rennet . The 
propert i e s  of the se t wo c oagulant s ,  as t hey relat e  t o  
the ext ract i on and handling in rennet manufacture , were 
found t o  be similar in s ome re spe ct s  t o  calf re��et .  

All three rennet s  were most st able in s odium chlori de 
solut i ons , within spe cific pH l imit s for each c oae;ulant , 
at t emperat ure s beloVI 1 0° C .  However both adult bovine 
and lamb rennet s were more re s i st ant t o  heat denaturat i on 
than c alf rennet but heat t re at ment is not re c ommende d 

during pro c e s sing. 

Che e se manufacturing propert i e s  o f  adult bovine 
and lamb rennet s  were simi lar :i.n m o st respe ct s t o  tho s e  
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propert ie s  o f  calf re1met . r.rhe act :i.vi·�y of lamb rennet 

appeare d t o  be lower than. that of either adult bovine 

o r  calf rennet s at hi gh pH and t emperat ure s above 30°C 
when measured in c as e in s o lut i ons but was of s imilar 
act ivity t o  the other two renne·t; s at ld.t:/.1 p!1 in milk. 

Both adult: bovine and lamb rennet s appeare d ·t o coagu

lat e  m i lk in a simi lar maJ�':ler 'G o  eal:f rennet; although 
both coagulant s appeare d more s e ns i t ive than ca,lf 
rennet t o  the cal c ium c onc ent rat ion of the m i lk o  Le s s 

adult bovine or lamb rennet would be re q_uire c.l i f  the 

calc ium c onc ent rat i on. o f  the m i lk v-:as maint ained abo ve 

a leve l o f  approx imat e ly 38 mH calc iu_m . 

The prot e o lys i s  pro duct s of both adult bovine and 
lamb rennet s were simi lar t o  tho s e  o f  calf renne·� both 
in s o lut i ons of c a s ein fract i ons and che e s e  manufa.ct"t;.re d 
with e ach rennet . The rat e o f  pro·t e o ly s i s  va,r·:i. e d  
s light; 1Jr i n  both rne di·a but; t h e  di ffe renc e i n  the 
ch e e s e  bo dy was not det e ct abl e aft er 6 months st orage 

at 6 or 1 3° C .  

Milk c oagula·!i ing enzyme s were r e adi ly i s o lat e d  
from the c rude ext ract s o f  both adul � bovine and lamb 

rennet s .  There was a pepsin pre s ent in each ext ract 

and the lamb rennet cont ained a rennin as well . The 

i.on exchange chromat o graphy meth o d us e d  t o  remove t h e  

mucoprot e ins from the s e  rennet s sugge s t e d  that a 

s imi lar method woul d also apply t o  calf rennet . 

Suc c e s s ful t rials l e d  t o  the deve l o pment and operat i on 

o f  a c ommercial s c ale plant t o  r emove mucop�ot e ins 

from crude s o lut i ons of calf rennet . Thi s deve l o pment 

has s o lve d a proble m  that has c onc erne d rennet 

manufacturers f or many years . The first report of a 

c omme rc ial method for t h e  removal o f  muco prot e ins from 

rennet s o lut i ons ·was pub l i sh e d  in 1 937 by van der Be rg 

and van der S ch e e r ,  but it d i d  not remove all the 

lpUC o prot e ins .  
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Che e se manufacture was not affe ct e d  in any wr:.1.;;r by 

·the use of adult bovine o r  lamb re nnet s  ins·t; e ad of calf 

renne t .  The che e se produ c e d  by the s e  thre e renne t B  was 

not s i e;n i f i c ant ly different in e it;her body or f l avour 

aft e r  st orae;a at 6 or 1 3°C for 6 months . 

Both adult bovine and lamb re:r..net prove d t o  be 

aC C G .Pt able alt e rnat ive s ·(j o c alf renne t for the 

manufactu.re of che ddar che e se . The s ourc e  o f  raw 

me,t e ri al of th e �: e t wo alt e rnat ive c c ae;ulant s appe ars 

more c e rt ain in the future than the sourc e of c alf 

renn e ·t o H oweve r the ac c e pt ance of' adult bovine and 

lamb rennet s  by chee s e manufacture rs wil l de pend upon 

fuTth e r  suc c e s sful che e s e manufact uring t x·ial s on a 
c om)n e rc i al s c al e . L e gi s lat i on in e ach c oun·t ry wi l l  

al s o  ne e d  t o  be c onsi de re d  by any che e s e  me.J.1uf::w·!; urer 

wi shing t o  change the rennet used t o  manufactux·e ch e e s e . 
The supply of c alf renne t and other c oagula.n'G s  wi l l  
als o  aff e c t  any de c i s i on t o  change renno t s  a s  of c our s e  

w i l l  t h e  c o st of e ach renne t . I t  vms a})parent from 

the smal l s c al e  ext rac t i on of both :::1.d.ult bovine and 
lamb renne t s  tha·t a l are;e r q u an t ity of abomasurn t is sue 

was re quire d. t o  o bt ain s im i l ar a c.. t i v ity of m i lk 

c oagul at i.ng enzyme s than for calf renne·t; . There fore 

the c o st of abomasums from cat t l e  or la.mbs may reflo c·t; 

only the ir value for ot h e r use s , such as pet f o o d ,  

rather than t h e i r  value a s  an enzyme s ource . There i s  

a chal l enge t o  deve l op ru1 ext ract i on method that will 

enable the sal e of the abomasum t i s sue aft e r  enzyme 

e xt ract i on t o  re duce the raw ma·t e r i al c o st s .  
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Ple as e ox amine ·t;he che e s e  in t erms of the foll owing 

f l avour charact; c ri st i c s . The s e  w i l l  be bit t erne s s , 

ast ringency , fruit ine s s  and sharpne s s . Other flavours 
that might o c cur are ran c i d  ( fat breakdown) �  s our , 

sulph i de , but t e r ,  s alt t malt and must y .  The che:; s e  

will als o  be given s c o r e s  f o r  t ext ure and n che e s i.ne s s "  

o r  ch e ddar flavour . 

Not e 

The flavours wi l l  be s c ored 1 -5 as fo l l ows : 

1 tha·(; part i cular flavour abs ent 
2 flavour pos s ibly present , perhaps large ly 

maske d by othel" flavours 
3 definit e ly present 

4 qui Jli e strongly pre sent , pr.edomin8,nt flavov.r 
5 st rongly flavoure d 

Ast ringency and bit t e rne ss usually o c cur as a.ft or
t ast e s .  

Bo dy ·� o be s c ore d as follows : 

1 st icky ,  pasty ,  glut enous , weak 

2 smooth 

3 - pleas ant 

4 grainy , lumpy 

5 dry , sandy ,  furry 

Che e s ine ss t o  be ass e s s e d  in the range 1 -5 .  

Ne gle ct the e ffect of de fect flavours , if pos s ibl e . 

From New Z ealand Dairy R e s e arch Inst itut e .  
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