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'Abst~act 

'The .~1uc{ywa~· conducted to investigate the activity and storage stability of crude pepsin extractfor use ~ rennet 
. substitute in cheese processing. The conditio,!s.tested were; regions of the abom~a, fresh versus dry abomasa; 
drying methods; maceration temPeratures (3re, 24~2ff>C Or 1 ~5"C).' 1,1U1Ceration pH 1-6 for 6 days; activation pH 
(PH 1-4) 'and clarification by centrifugation or use. of chemic{1Jsc The shelf lifo of the extract wru' evaluated under 
storage temperatures ranging from .deep freezing at ~2(fc;, refrigeration temperatures (<: 1 if C) and roqm 
temPerature.' Res'ultsshowed that,fondic region of .the til?om~a had 7Q.8%.pepsin while the pyloric region had 

'Im(v,27'fQ pepsin. Milk;clotting activitY.....i¥Gj) wru' 19,78 co1d i800 pepsin unit5 per ml (PUlmOfor sun a;1C1 
shade-dried abomam respectiyejy .Concentrations of5, 10, 15, 20, 25%' Natl gaVe 1845, 2189, b96.-1021, 462 

. ,. f'I ,t?_ " • .", 

.\1C4 respective(y, Maceration at pH 3 for 3 days at 37 ~C gave the highest enzymatic activity (5536 PC'!tr1I). 
, ( 'I?,arif}g of the exa:.act by cen.trifugatiolJ at 3000 g/b min gave lin extract with 902.3 PC'lml. Clarification by use of 
di-sodium phosphate (Na2HSO,J gaVe extract of 1679.1 PWml. The enzYme activity afthe' extract stored under 

. deep .freeze.r temperaturewa5' .5iinificantly higher (p< D. 05) than ambient and' refrigeration temperatures. 
'-However, thei~jlere significantly IcMer(p< 0. 001) than the activity of the extract before storage. Therefore, the b.e,~·t 
pepsin 'extraction conditions were found to be: the i.i:5e offundic region of sun dried abomam, macerated at 3rC in 

: ~n'e'xtrClCtion soiutio;'-containlng 5~1(JJ/O salt at pH 3 for 3 days and clarified after activation at pH2 for 20 !!lin 
jollo)lied by centrifUgation of sediment at3000g115 min or by use of anhydrous disodium phosphate. The clarified 
extrac;t could retain it5 activity for 16 weeks when stored at - 2ifC in Single U5e portiom·. 

(;() i., .. . . . ' " 
cKe~wor?s.: ~ilk ,clotti?~ ac'ti.vit)':, ~epsin, rerniet, abomasa, cheese. 

'. Introduction· '. . . rennet (Davide et 01.1982). Proteolytic enzymes 
.: . " ....' '.' "of microbial origin have been investigated. Tp.e lfalf rennet hastraditionally_l?eenthe ma,in.en-~. j:microbial enzyme have not, however beconIe 

U, zyme extract used in cheese making world- generally accepted as they often lead to '.', 
\vige:'With the increased demand for meat, h~w-' undesirable effect in many types of cheeses . 

. eV9r. ~alves' are .now allowed to reach ma.tllflty, . ~ The lise of porcirie pepsin from pig is ,used in 
theret5y decreaslOg the supply of calf abomasa.' some couniriesbut in countries like Tanzania,'is 
Consequently, calf rennet has become. less readIly: limited due to religious considerations. The sub­
avJlableand more expensive: This has stimulated' stitution of rennin with bo:vine pepsin can-fairly 
the!search foraltemative milk coagulants' or ren-. easily be carried out using abomasa from older 
nctlsubstitutes. . . . ' , c' . 'cattle slaughtered in local abattoirs. Their avail-

'In tlie search for a solution to this problem,. ex- . ability and their relatively cheap price provide 
periments hav~ b~~n conducted worldwide in or- ~he ~best opportUnity of being used as raw mate­
der to Und.<!D,acC<!ptpble_ substitute fO,r,commercial rial for bovjnepeps!n extraction. Their advan-

. Tanzania J,Agric.Sc.(2001)VoI. 4 ~ol, 29-36 
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30 R.Ryoba et aL 

tage is the ease of preparation with a simple for- cut into small pieces (0.5-1 cm wide). Dupli­

mulation o(table.sa1t~d.~:etic:aci~ in.,w~t:~ ~d .' cate samples 000 g were mixed with 100 mI ~x­

its applicability lit th~.vi11age level. Hagyar.d, . t¥on ~6luti,o~!~cerated a~room tempe.ra~ 

(1972); Davide-e'ttfl. (l982);'Rand and Emstrom, (·25-28°C) for 3 days. The crude extract was acti­

(1972) and Surrender & Dutta, (1980) have re- vated with 0.1 N HClfor 60 min and clarified by 

ported some of the extraction and storagecondi-adding:l:gNll2HPO~JhQ for 20 ml e.xtract to pH 

tions which affect the activity and yield of the 5.4. 

crude extract which must be taken or avoided dur- , :..comparisonof,pepsi~ act~vity ffom dried 

ing the extraction processes. Earlier work at our and fresh abomasa was done by using seven 

laboratory by Wigenge, (1989) investigated the fundic regiohsofthe abomasa which were slit 

.suitable method of extracting crude. pep~in en- into two equal portions. One part (12 7g) was 

zyme from cattle abomasa. Mugeni (1990) ana- dried under direct sunshine to conscintweighT of 

lysed the perfonnance of the crude pepsin from 30g. The amount of water lost was added to re­

cattle abomasa using modified method by Herrian constitute the enzyme extract. Thirty ~gramsOf 

· et al. (1983). Their results showed that, fresh the sundried abomasa was cut into small cubes 

'~pmasa gave !higher ~.Dzymatic adivit)r when ex- ',' (0.5 cirt),mi'xedwith 97-ml water lo~t'during 

,'iraded unrlefroomte'mperature, Ly.atu)l (1991), ~'diYingplus 381 rillextracticih'sblutioh With'O,46 

· analysecrth¢ 6ptimisatipnof activiry'and storage (~g'soditim b'ei\Zoaie. The other 127 :g oHresh 

.stability·or-crude pepsin extraction fr6¢ cattle .- ftiddi6abomas3:\yiis' ciii into 'pie'ces, grohnd ih"a 
,YL,.' \ - . ~ . _. • • , ' . -. • . ',> \.-;,.~ • ...".. 

abqmasa. The results showed thalthe highest en- . warring blender, 'mixed with 381 mI"extraction 

'zXlwiti~;'activity can, be obtained u~illg 5 to' 1,0%",.(s~jution,W~s:'0::6'g.~()~iumbenzoaie.·.Al~,t~e 

NaCl\ when. the extraction process. is earned out at -' jjqItioris were macerated for the same period of 3 

,P?Y~siOI~gi.ca1.t~mp~~~~e .. b·u.e·~<?:t1t~ P,facti~al~' ::d~y.s: ~~t}v~ie~/~i~.rifie.:~.:~~d' t~e, ~c:.~. '~~ie,:r-
" diffIcultIes. of handlmg fresh 'abomasa on a daily . mIned... . . , '. . 

.•• - -~. ,-, '-.,' ' •••• ' • ~, .~~ '_. ~ >' ,., •... ~ ••• -.:,). ., .... , .. ~\ ••• " 'J 

basis" it was. cOTI$idered clesirabl~. t? ,~e~j{lves-) ~:::. Effe.~t·of drying ,~~Jhodsoffu~dis regi~d,~o 

· tigatethe effect-of th~ method of 9ryi,ng of 9.attle .the.M"G~, :w, tis d~~e by: usi~g th~ee' fre'~~h 

- abomasa' and other relevailt extraction parameters abomasa whiCh,were each divided dorsally into 

OIillie niilk clotting activity of pepsin extract f~m·., furee P.arts and:eaCi),' P.art.~ll;sd*d tocoqsiaitt 

::apoinasa of adult cattle. \ . . . weight'under.dii:e.c~ sllm;hil}~:C.2~-i8oq, .~n)4e 

, oven with'forced air circulatiop.(3QQC):C:lP.4 'Wl-

Materials and Methods dershade. Each Part,'was cut into small'pieces, 

duplicate samples of 10 g were Jnixed with 100 

Fresh adult cattle abomasawere ~collected from '. extraction solution, mac'ernte<t,\ich"lite'Ci,' d~­

a local town abattoir, opened and their content fied and MCA determined, Extracts were also 

emptied, thoroughly washed with running water determined for dry matter as d~~cribed~by: Egan 

and 'the fatty tissue was trimined off .. The 'extrac- et al. (1981) and enumeration of total plate count 

: tion solution was prepared'~ccotdingto·the ··:(SPCrwas·done<as described by IDF~standard 

method described by aagyaid; (1912) .. , .....~ . ::·'100B;1991'.1 :;';::'.);';::.' .; t.·.. ~,.,,:,' J 

.,,::- TheMCA of the enzyme extract·was. deter- . ,";;. Deteriilination-ofthe'optimUlll'salt concen:( 

: min~d ,by the' Roll ttib~:methbd' according to IDF~:,tratibh.f()i"pei>siii extr4ctionwas done~byusi~g 

· 'Stirndard 157: 1992.l!.ow heat-dried;skim~mi1kf" dried:i>Ieces~offu~dic abomasa. Duplicate sam-

· powder-was obtained from~Tanzania Dairies "ples'(10g) weremixe~with.lOO mlextraction 

. Limited: Comparison. of pepsin cO'ncentration in'solution o'f vary ing sal~~oncentrations of: r 5,10, 

':tlie fundic and' pyloric.regions of abo'masa was- 15,-20 and 25'% NaCl: the samples were macer-

· done by using·seven abomasa which were cut dor- ated for 3 d3ys, activat~ clarified and MCAde-

Sally and'sundried (temperature,25-28°C)'to,con--·"·terilliiied. . '.... . ". I. ... " 
stant weights which was attainediinfour·days.The 'p ~ 'Detemiination of dptimum extraction tem-

· abomasa fundic aiidpyloric regions were easily perature on MeA: Duplicate'samples'ofdried 

distinguished by the presence of muscular tissues pieces of fundic abomasa weighing 109 were 

in the fundic and their absence in'the py loric re- mixed with 100 ml extraction solution and mac­

gions. After separating these parts, each part was erated at 37°C, room temperature of 24 -28°C 
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Storage stability .. ofpepsin 31 

and incubator· tempenitureof28-30 °CSor 3 days. and freezer' . temperature (d8 to -20° C). MCA 
; The extracts were activated, ·clarified and :MCA ',- was determined before and afterA weeks of stor-
: was determined:· . "t. age. . " " ,)7" ~ ,.... . ,~,;":..h:· 
; 'DeterminationoftheoptimuineXtractiontiine i;"~;:~- '.'_ .,:. .< .• ' .•. <;" .. ',':;, ." ~ 
on MCN Duplicate samples oOOg of dried The effect of interaction of diffe~e.9.tex-, 
pieces offundic regions of the abomasa were' traction conditi,o~s;" " ~ ,~, .. ', 0 ... ,.' 

, mixed with 100 ml of extraction solution with pH :c' Ten gm of suq dried pieces .ofabomasawe{e 
ranging fromJ t06:,The samples were macerated put into 108 flasks of 250 mI andJOO ~Lofex­
for 6" days at room temperature, activated for 1 traction solution with pH 1,_4; 3, ,4,5 and,6 to 
hour;'clatified and'MCA was determined at inter- which NaCI concentration levels of 0".10, 20 % 
vals'of 1',' 2,~3~ 4;.5~ 6:days: ' '_ were added. Duplicate sarriple of each pHand.its 
" /,Deteilriii'tation Of,the optimum activation pH three NaCllevels were macerated at three tem­
'and time'on MGA,One hundred grams 'of dried perature regimes of 0-5 OC, 24 - 28 oC and 37 
pieces ofaboiruisa:were mixed with I litre of ex- oC for six days. At day 1, 3 and 6 crude extract 

: traction' s6hiHOiJ..-The' mixiilre was macerated at of 20 ml was drawn from each flask, filtered, 
room temperature for 3 days. Portions, of 100 ml, centrifuged and MCA was determined, Design 
of the extract were activated to the pH of 1, 2, 3, used was: 6 pH x 3 NaCI x 3 temperature x 3 
and 4 respectively ilsing 0.1 N HCI. When ~e ac- r.c. days' (6 x J x 3 x 3 factorial design). 
iivatioIipfI was attained, 1 mlof the. solution was'· '.:'.' J. I' ' :," 

"dfawh: oiit· at I Omin iritervals and~usedto 'deter- The statistical model: 
~liiiiie the MCA.,This was continued' until the Y,)klm = 11 + p, + S) + Tk + Dl + (PS),) + (PT),k 
MC.A-remairid'coris~ntaIid.thetiIhe'taken:toclot ,"i+(ST):))k'+EJki=':",,'- ",'.,' " 
the milk was recorded as the optiomm.for activa- ;; . " ':' Yi;~';; ~. nith measurenieni from the Fth day: 
"tion.I.·.'~ ,-:'~': ~::::{' .. ~ .. ,"';,,';, j', ,,'" • -.-' 'ofthe~thtempe!'iturejthsaltconceritfation 
_ 'The 'effect of cl3rific~tion methods oil MGA: : :" '~' ,and i th pH;:':' . .., ":-\:: : '1..'-; /1' > -

. ).fter'macenition and filtering, 'the: crude extract· : " 11 .;;;. generni 'me~ :coilliiib~ to a:iim~a:sure 
!still contained much fine tissiles making itturbid ','~:merits.: ,.' ~" \ C" . .'" • 

. andf6duced the shelf life of the extract, Clarifica-· . p;' = ~ffect of the i th pH h!v~l;' . 
ti?n~~~re!ore ~as neee,ssary., ,.. .. i;\ Sj'';ef'fect ofjth salt conCen.t~tion; 
'(i).teQtrif~gatioo: MeA- ofth~ crude extract was' '" ~Tk;;" effect o(i ih~temperature; , 

. determined anCl then duplicate 'samples of 5 . DI = effect of I th·day of maceration; " 
ml of crude extract were centrifuged at 1000 g ., ' (PS};j = interaction between the i th pH and j 

"for 10, 20 and 30min. This procedure was re-",': ~::th saltconcentration; . 
peated for centrifugal 'speeds of 2000, 3000 ," ',:~<-,(PT)i~ = interaction between the i th pH and 
and 4000g. The MCA of the clear solutions ,'~_" the k th.temperature; 
were then determined. ' (ST)jk = interaction between the j th salt' 

.. ! .'.. . . .... ," . '. concentration and the k th temperature ., 
(ll)!hF ~mauung po~on after step lof the I~C- . Eijklm ,= random error peculiar to each ob 

ef1ted ~d,~ltered <;:rude.extract was clanfied.-.. , servation ,.-, .. , 
b~ addIng·' solId forms of 
,/' ... . . 

;:iazHP?49Na.~HP02H20, ~a2HC03. or NaOH "Results and discussion 
In duplIcate, These chemIcals were added to ..., ' .: ' 
the extractsgradilally, stirred withinagnetic . _ , _ ,Resl,ll!s sho'Y,ed th~t pepsin concentratio~ in 
stirrer until pH rose to 5.4 whereby the extract the fundic and pyloric regions of the abo~asa 

',started to flocculate, The extract -was left to were significantly different (p>O.OO I) containing 
':"s~ttle~nd the MCA ofthe supernatant was de- 1.08mg/mI and 0.46mg/ml or 72 and 27% pepsin 

, : t.~~ined: respectively (Tabid). This showed that pepsin 
'. ".;',',' , , concentration in fundic region was about 2-3: 

,':im~ctofdiffererit storage,temperatures on times higher than in the pyloric region. The total, 
M<:;:A:'Duplicate samples of clarified pepsin ex-· pepsin concentration was within t,lie:r;lnge re­
tra,ctswere stored'at three temperature regime: ported by Andren et al. (1981) who repoit~ 1-2 
roomtemperatuie (25 l 28°C),refrigeration (0~50C mg/ml. Andren, (1992) reported that the 
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32' RRyoba et 01. 

.differericesofthe bovine pepsin in the two regions 

was obvious due to the anatomical/histological 

differences existing in the abomasum, Therefore 

only the fundic region should be used for pepsin 
extractio it .-: . ., c.." ". .~ ~:J ,.;,~ ,~ " 

Table 1: Protein concentratin (mg/ml) and percentage of 

'pef:psin in the fundic and pyloric r:egion 'of the 

abo~sa(N=14) 

. ,illiount pepsin 

Fundic 

Pyloric 

Protein (mglml)' %pepsin.; Pr~T 

Lsmeans (±se) 

, , L08 ± 0,058 72.2 . 0,001'" 

0,46 ± O,05b . 27,4 

}.;ey: 1- Number of observations'" Highly significantly dif-

ferent . 

Means within column followed by similar superscript letters do 

not differ significantly (P c'O,(5) a~cording to Duncan multiple 

range test (DMRT) 

, Table 3 shows that MCA washigherin sun 

dried fundic extract than in the. shade imd o\;en 

dried, The results agree wUh findings by 

Hagyard (1972) who reported thacsuI).-sbine or 

sun ray§ reduce the~iscous or.!Ducus riature,of 

the abomasa tissue,and-the ratio of the vari.ous 

. zymogens.present in the pro-rennin and 

pepsinogen: so that during the enzymeextracli9n 

process,there is all (ncr,ease.in yielcJ and,'a f(!­

',Voured.conversioQ .of prorennill pr pepsinogen, 

The effect of direCt sU9 drying, on, the ;lb()ma,sa 

also~explains:why t,he,dry lJI.att,er percentage in 

the sundried abomas,a,e,xtl}lc,t\yasJower, th?n. ~x,­
tfactJtom 'ab,o masa dried,'u_nd,ertpe s)~;lde 

(Table3), ,This could',be pecauseJ1!e. un-mQ.dj,fied 

mucus decomposed during long drying of the 

abomasa and were included in the extracts dur­

ing pepsin extraction. hence increasing the dry 

matter, TI;le microbial quality showed no,5.lgnifj­

.cant difference (P>O,05) between the t~o drying 

methods, However, the calculated mean values 

Results on the effect of extracting pepsin from of 2,3 x to I cfulml of extract from sundried 
, '; 

drieslversus freshabomasa (Table 2) showed that abpmasa was lower tPan t~t for shade drted'e.~-

extracts from dried fundic region gave higher tract (2,7 x l04 cfulml) implying better micr9l2.i~1 
~ . - ~ -. -' " -' ~"". .. , . 
MCA (3296 PUlml) than from the fresh material .' quality o( cfUge extracJ obtained py sun drying, 

(2326 PU/ml), This results agie~ with that re-. The study agrees with the report by H~gyarQ, 

ported by Hewedy 'eta/,' (1992 )."They obtained (1972) who' indicated thatsundryiQg pr~serv~s 

higherMCA in milled, dried or sliced dne,d tissue ' .. the enzyme thrQugh fast .drying ami pos~ibly ti!e 

than in fresh mInced calftissue an9 reported that germicidal effect of dtrect sUNays."bIL~CCOI}~t 

drying modifiesthe mucus nature 'of the abomasa ,of this slight adv~ntige" ~undrying may therefQre 

which then resulted in high MCA,ofthe 'extracts.. be employed in drying Or cattle abomaS~io; b'o-

,Also Hagyard, (1972) showed' that dried veils in- vine pepsin' extraction, '" ' '" , ". 

creased the yield of MCA by 11 % over that ob- " ' . 

tained from fresh veil materials, in this study Table 3: 'Effect of drying abomasa ~nder sunlight~nd 

MCA of 29.4% higher was obtainedi~ dried co~- unde the shade on'MeA; dry,matter and' bacterial count 
(N=6) ',' ' 

pared to fresh extracts from the fundic region of 
the abomasa, ' .' ... . 

. --' . ~ . '-

Table 2: Milk clotting activitY (PU/ml). from extract- . 

ing fresh versus sun dried abomasa (N=14) 

State aboma~a 

. Fresh 

Protein(~g/ml) Lsm~'ans Pr >T 

(± se) 

'3296 ± 11 8 0'.001'" : 

2326 ±llb 

Dry i n g, Param~?ter~ ,~e}er- '" .. 
~methods - mmed; .. " ;,c:, ,' ..... 

" '. I, 
'P e ps 'i n '%'~ry - SPC(cfuiml), ,. 

(PU/ml)· -'JDJI1ter ... , ,., , 
/ 

I '.' 

'Direct'Sun 1987±19" 15:thI9',z.3xI0"±19'" ri009"" 

:(25,30·C) " '., I" ,. 
S. had e 1800'14b 17,30±14b 2.1xlO"±14b 0/J01'" 

~~~) /± \' . 

~o.~) e n, I~0~±3~' ~~D. ' ND 
, 
I 

'0,033" 

"Key: 1'~ Number of observations "'Highly significantly ,Key: ND - N,* done N-Number of observations 

; different ',;' •• Significantly (~>9:01) "~Highlysignificatlydifferent 

'Means w:ithi~ ~ ~oiumn fo~I'9wed by.simH;u- :supers'£ript letters .(P::::O.OO) .;' .' ,. -. ~':'. '!;":r~: . " 

.,ao riot differ significantly(P>O,05)ac~ordii1g toDMRT. . Means within a column followedbv similar sup.:rcript.kt-. 

"" ; .. - .:i:': ,- ... . . . . ____ ~ ,,' '/ . '_' ~,. ,w • ", ' • 

• :.;. ,; .. ' ' ',;!,; : .-:.;:,~, ... <:,' '. ~ers ~ono~dil!~!:~igriific~tly:(P:-.o/J~) a.cc;:or1i~g.to ,I.)~,:!RT. 
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Figure 1 shows a positive relationship be­
tween salt concentration and MCA of the extract 
'up to'lO % salt and negative'effect on-MCA when 
conc'entration is more than 10% salt These find­
ings are in agreement with those ofRarid,and 
Ernstron, (1972); Whitaker, (1972); O'Leary and 
Fox, (19'75); Vesitera and Ts'yrenova, (1985) and 
Lyatuu, (1991) who reported that yield andMCA 
increased by increasing salt concentration be­
tween 5-10 % salt. Whitaker, (1972) reported that 
low and high salt concentration would normally 
reduce the ability of the extraction solution to 
de-sorb the enzyme from its attachments. More­
over, Anis et at. (1~~3),reported that the direct re­
lationship between ~salt concentratioQ.anq MeA 
was due to the phenomena and theory of partial 
salting'out of the enzyineas well as the cation ex­
change taking place between added salt and cal­
cium ions of milk which result in extended clot­
tiilg time, 

2500 

2000 

~ 1500 
a., " " 

~ ,1000 
::!ii" " 

500 

, I 

" ' 0 +---~-.,--->------'--+ 
10 15 20 25 

'" SAL T CONCENTRA TICH, 

__ DAY2 

--l8--- DAY3 

--DAY4 

Figure l:-Effect of NaCIconcentration and extrac· 
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atures used in these studies normally required 
available electricity and maintenance of incuba­

~ tor temperatures for pepsin maceration. Under 
Tanzanian.co'nditions, 'however, extraction. at 

. .25-30°Cjs most appropriate because'it is the 
temperature found·inmost parts of the country, 

; Small s·cale.cheese.processors Will' not need to 
u'se incubators'but'would'take,advantage of the 

. prevailidghigh:ambient temperatures throughout 
the yeartoexlfact bovirie pepsin.'In 'colleges, 
universities and processing plants where incuba­
tors are available, 37°C is recommended for ex­
traction. 

Figure 2 show that optimum extraction time 
and pH was obtained when the dried abomasa 
was macerated at pH 3 for 3 days, This result 
disagrees with findings by Hewedy et at. (1992) 
who reported that MCA of calves and adult cat-

,6000 

5000 

4000 

" u 3000 '.. -
2000 

'DDO 

pH' pH2 pH> .... 

pH 

, -+-, 
-ill- 2 

-0-3 .... , .... ~. 
-+-'- • ---. 

Key 1,2,3,4,5,6. Ext,raction pe.;iod (!!llYS) of the 

fundic abomasa) 

Figure 2: Effect of extraction time and pH on MCA 

of crude extracts from the sun dried fundic abomasa 

tion time on MCA (PU/ml) ofthe sun dried fundic " 

abomasa 

I,:, . , ",' 
R~sults ofthe determination of optimum ex-

, '1 ,-" .. 
traction temperature show that the extraction tem-

I - ' " 
peraturesof 37°C, 28- 32°C and 0 - 5°C lead to 

4 . . 

significant differences in MCA (P<O,05) of 2727, 
1888 j~d;332 PU/rrit' respectively. Herria~ et al. 
(19831> noted that 37°C which is the temperature in 
the stbmach of the cow, is in favour of crude 'pep-

I " ' " ' 

sin aetivationbecause the conversion' of inactive 
pepsi~ogeri to active Pepsin 'IS taking place under 
normal physiological conditions, Other optimum 
temperatures forpeps'in extraction have been re-

, ,'I ' 
ported to be 37-42°C by Nelson; (1975); 28- 32°C 
by Davideet al.'o.9'82>';"Peralta et at. (1986)'and 
40-42°C by'mirrian et M(1983f ~e high temper-. . .-.~ . ,. " . 

tie aO<?masa had a gradual increase in activity up 
to 8 days then decreased on the lOth day. The dif­
ferences in findings between t~e present study 

. and those of Hewedy et at. (1992) could be due 
,.'to .v;lfiafioris'int~mperatures, pH, salt ~ontent 

and then of pepsinogen into pepsin. .. 
" ,Results (Figure 3) show that,conversiqn of 

,. pepsinogen to pepsin inc:reased' as pH decreased 
'with,highest MCA at pH L but the eOzymeob­

-'tairi,edat this pH was not,stable. This was in 
, agreement with the findings of Rajagopalan, et 
al. (1966) who indicated that itwas due to the 
formation of active species when aCtjvation"pH 

'.was low. Similar results wer¢:reported P~' 
Harbo,e et ai, (1974) who foundoutthat wne.n 

, (, . ~ I . . - , 
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34 R.Ryob~ et aL 

·pepsinogen is activated at pH. 2 for a minimum 
Hme ·of.20.mi-n·f.ull conversion,to pepsin is 
achieved.Fo1tma~n,,.(L993) reported the 
:non-covalentJintermediates between, prosegment 
ofpeptidesiand:pepsin.and isolated complexes of 
Leu Ip,Leu44p/pepsin.and,Leu Ip-Leu 16p/ pepsin 
formation .during 10ngJime activation of pepsin. 
:rbi~ agrees with th~, present study. :in which MCA 
increased afteractivationatdifferent,pH us~,:but 
P.r:osegmevt peptides were not isolated. 

' .. ~ . 

'. 4500 

4000 

~ 3500 

t; 3000 

-.':. '~'2500 
t: 2000 
o 
G 1500 

~ 1000 
IE 

500 

. . 

"~' 

----.-!-pH1 

-- _pH2 

,--~----+---+----., -<r-pH3 

10 20 30 40 50 .60. ~pH4 

TIME IN MIN. 

Key: pH l,i,3,4 activation pH levels of crud~;p~psin ex­

tracts 

Figu~ 3: Effect of activation time and pH 0 MeA of the 

crude pepsin extracts of the fundic abomasa (macerated 

for 3 d~ys at pH 3)' . 

Results on the effect of clarification methods 
(Table 4) show that centrifugation speeds on the 
crude extracts was not significantly different 
(P>0:05). Despite the lack of significant differ­
ence, in mean separation, there were slight differ­
ences where 3000 g for 15 min,gave the high~st 

.. ~ - . , ..•• . . 1. 

MeA whiJe 1000 g for 15 min gay.e, t~e'lo\\:est 
MCA. Also'the're 'were'no significaiIt" ' .: 
d£fle~~nce~ b~t~een centrifugatio~ a'~d'other 
physical separatio~ of a.borrUisal.tiss!I~ W>.Q.9?) 
(Table 4), although a cenirifugatlon'"'spe'-edof3000 
g for 15 min and gravitati'onalsepa'raticinofchem­
iCaily activatedtis~ue gave'higher MCA than oth­
irs: Filt~rin:g gaVe clearer extr~c'ts th'an. other 
methods'buia lot of time was used to filter·tiie ex­
tcia~. Na;HP02Ji20lilld NruHP04'were ritore'~f­
fici~nt in"separating the abomasal tissu~ from the 
~iizYht~:t~ii otherchemicals (Ta~l~ 4),]~~h~.r­
more, 'ofi:he -other chemicals used in'this study, 
NaOH iscorrosi~e and requires ~ore care irihan­
cliing imd Na2C03gi~es a'lot ciffoain:due; i6:c02 

production during clarification. Therefore the 
use of NruHP02.H20 and Na2HP04 for clarifica-

· ,tion.are recommended for· small scale cheese 
,producers. 

Table 4: Effect of crude extnlctclarification,methods on, 

'. MeA .. ·. ".', ",' ., , 

rreatmen~: .. N'.· Time Chemicals,' N' Milk 

..!: , ',. ~-". 
('Pin) ,clotting 

time (min) 

No treatment, . 2.0 .. 2"fX!.' NO.treatment .12 6,00' 
Gravitati·~p.ar " 

N32HPO •. H, sedimentatidn 20 1.13 12 2.98' 
Ce~tifugatioii '20' i:io -

N32HPO. 12 3:10' r:. 

Filtration 20 1.25 -NaOH' 12" 4:30b 

'.' , ' , N32CO, -, .12 3.45b 

, Means 'within a co'lumtl followed by similar siJperScript let­
ters do not differ significantly (P>0,05)according to DMRT, 

Centrifugation Speed on MCA 

G/15 min 

MCAPU/ml 

N 1000 2000 3000 4000 
" ) 

8 860",13' 889±9' 902±IOO
' 899,,5' 

" ' , 
" Key: N~Number of observations ,. 

Means of PU/ml within a row'followed by simil3! super, 

script letters 'do not·d.if.Ter significantly according to DMR.!-

Effect of different storage temperature re-
- r~"' 

gimes (Table 5) Sh9w th~t tll~~_was no signifi-
cant difference (l»O.05rbehveen MCA of ex­
tracts stored at ambient temperature and those at 
refrigeration temperature.' MeA oftheextract 
stored in the deep freezer,arid·the freshly pre­
pared extract differed significantly (P<O.OO 1) 

,,from t~e other two tre~t~e!!~s .. MC,~<?~~h,e ex-
, tracts stored at deep .free;?!ng temperature ,gave / 

,the. highest en0'matic activ1tY,as,compareQ to' 
" ~those.k~pt un#i ainbierico'r refrigeration tem~ 

\ .... . ,j '- -::. \- .- .. .: ~. _. , 

peratures" Sini.il!lf .findings we.rer~ported.~y 
· K~sel1 pn~M~jt~~i;(I(n?)~~hO recCOmfl:J.ende~ 

that pepsinogen solutions be stored at.-200C. 
, ".' i ,:)'/"" . , ,I. . ./ ... " • " ; 
.,'They rep9rte(Lthat.enzym~s arevery~ensi,tive.to 
, incidental 'activation bv icid.denaturation~a:nd 

"'" "", , ' , . ,., , : : .. I·'~ . ;., ': ... , , ,.-' .' 
.' bacterial contamination .which could.lower. the 
•• __ .•• , .... - ••. ,._ •• -.~): .•• ; oj •• ~. I~ . .!· .~' 

activity of extracts storedJaLroom temperatures 
- .as seen in thi~st~dy .. ~'~~e~~r,:they ,sugge,sted 
, that crude extracts must be' stored in portlons· that 

• ~ • • ... • " •. •.• ~' t ',."':' ". , 1_ , _4 \ I ._~ ..,.' • 

,canbeused at once to avoidre-thawingand 
.. reconi:amination by -~lc~ob~s, ':' ". . . . /. 
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Table 5: Effect on MeA of different storage temperature 

reliimes of the clarified extracts for weeks (N=6) 
~ I" ~ • \. \ 

Storage temperature Pepsin un'itiAl1l Standard error 
I ", ; ", '-, (LSMeans)," , " ' 

Initial 
Room 
Fridge 
Freezei-·,l, 

562 ' 
1O~9 b' ' 

l(i30 b' 

13767' 

• :-~ , -: r) 1:.::..i., 

~ .'. i 

I.", 97 
'97 

, "97' 
97, 

" ',) 

1 .. 
K.:y:N-Number of observations 

Me~s of Plj;~i'~ithin ~ ~ol~~n follo,'f~d by ~i.milar super-
.• - ."_ \ " ".1 ...... .' 

script. letters do not dilf~r, signifi.::.antly acc?rding ,to, Duncan's 

multipll? range test , 

Conclusions and recommendations 
From this study it can be concluded that the 

extraction conditions which led to optimum MCA 
of bovine pepsin preparations from adult cattle 
abomasa were:- the use of the fundic region of the 
abomasa, extracting pepsin from sun dried fundic 

, . ) 

region of the abomasa, maceration of the dried 
abomasa at pH 3 for 3 days, use of 10% NaCI in 
the extraction solution, extraction temperature of 
37 0 C for 3 days using an incubator or room tem­
perature (25 -30 oq, activating the crude extract 
at pH 2 for 30 min a1nd clearing the crude extract 
by addition of Na2HP04.H20 and centrifugation 
at 3000g for 15min or gravitational sedimentation. 
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