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Abstract 

The chee<;e making qUality of pepsin extrO{Jted from aditit ~ttl~ abomasa using dilute HC/ (HP) and commercial 
vinegar (VP) was assessed using three typ:s of cheeses '1ametYAlpine, 1ilister and Pa<;tdjilata(pasta), The level of 
each extrqct wa<; substituted with commerdal calf rennet (CR) at 0, 25, 50, 75, 1 ()(P/6: Renneting time (RT) for 
cheese milk oufterfat(%BFJ 'anp ioial nitrogen (%TN/I~,5ses in whey were as!~essed-C~el'JliCal cdmpOsitionand 
microbial ~a/ity ~f ~?ese:sainplesobtained atd;fferent storage time intervals ~d their senspr)l qiiality at maturity 
were deti1J1l~ned ,R,T'and TNjo.~~~~in Aipi;,eq!!el{ses i~creiised with incre,a.sjng levels of pepsin from 41m,':' and 
0.49% in 25% pepSi~ to ~8 nii~, dn'd 0.55% in' j 0£P/6 pep.~{;;, (liP) 're,spective~ Chemk:ai comjJOsitioJr of all che,ese 
types with 'dijforent level<; ofHP'ai1d'VP were .5ifizi.ficaiutYdtirerent (p<,OJ)'andwere'riotrelated to the'level<; of 
pepsin, ThepH in Pa5ca andAlpi':'e and % TN in Til<;ter chees'e were not Significantly dijforent for the dijforent level., 
of HP andvp' Microoial coun~s' in ~A!pine cheeses wen. not significantly dijforent(p>o.05), Coliform and 
yeast/mould ~Ounts in TIl<iter and Pasta chee<;es were not Significantly dijforent while the Standard,Plate Counts 
(',)PC) in TIi'iter,and P~a Cheeses were Significantly dijforent, Sensory quality was' not sig~ificantly dijforent for 
smell and taste, 'H~ever, bitterne<;s in Pasta' and appear;n,ce (n Alpine and Pqsta were Significantly dijforent 
(P<o.05) ,between enzyme combinations.' Bitterness and taste in Alpine and bitternes.<; i~ Tilister cheeses were 
significf!Jlt diffirent (p<', 00l)'~~tw,eer'/~els ~[H,f~andvp' Overall quality as'se~~~efJ~ 9i all cheeses did not s!Jow 
significam dijforen,(:es:(p> 005) ~etwelfn level~.of pepsin and types of extractiQn me4.iafor pepsin, HCI andvi~egar 
extracted pepsin Wa,'i an apprqpriate f'!!n~!!t substitute for the small scale 'chees'e processQrs: ' ' 

Keywords: 'pepsin; ren~et, cheese ' -,,',., 
~.' . ~" . ..... :: ".,.' ~ .. 
I, " ' , 

CheeSe'making and milk powder'maiitifactur- ," Njpmbe,' Mbeya: Iringa, Arusha ,abdXilimanj~ro 
~' ing are'some of the iriost effi~i~nt'\vays used, process some' fresh oiilk into, cheese to, enhance 

in wany counfries'to 'preserVe' milk, In ~heese tlieir income (Kurwijila, 1990), A major prob
making, 10-:- i2 L,of fresh milk ,!re'used to pro~ ,lem facing cheese making entetprises in differ
du~'e one kg of cheese' which-can b'e'Slo-red up to ,ent regions of Tan~ania is lack of locally pro
on~i year and is easy to tTavsporrt():other'paits of duc,ed rennet, a co~gt,llant ve9,essary to,pT.0d\Jce 
the 'country, Chees~ processing'b3.s been~su'ccess- " ,any type of ripeni~g ~heese, Mosi producers 
fully introdticea in Kagenf(De\Yolf,':1990); Hai rely on donations from abroad which is not a 
district (the Losaa Women Group) (Ulitky. i 989) very sustainable way ,of <le~elopirig a d~iryin-
and at Mulala villflge (Arumeru) (Kurwijila, dustry" A' good e~ample was that facing the 
1990), Some comm~rcial dairy fanners in Tanga, Losaa Women Group in Hai district who were 

*Col'n!Sponding author Tanzania J.Agric.Sc.(2001)Vol. 4 No2, 55-64 
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56 RZ.Ryoba et al. 

stranded for lack of rennent after the termination Studies on extraction of bovine pepsin from 
ofF AO ·supp6i1'at.th~ end of.l9?~9, (Kurwijila,: : adult cattle abomasa,as.a.rennet substitute for 
1990). The small size of the cheese production in- ~mali s~ale' cheese p~~q~~ssors in Tanzania ~,as 
dustry in Tanzania makes the importation of even successfully been done <it'Sokoine'Uriiversity-of 
small quantities of rennet commercially difficult Agriculture, using dilute HCl (HP) and Vinegar 
to justify and is rather uneconomical. (VP) (Ryoba, 1999). However, no studies have 

Calf rennet is us ually preferred by cheese been done on the use of pepsin extracted using 
manufacturers to other milk coagulants because 'of " HCl'and vfuegar for;tneese m3king. The·aini.bf 
its high chy~o~in c?Nell~.which results in more this study was to investigate the suitability of 
speCific millrc'6agiil~iingactivity (Aiidreh"and- Hel'and vinegar extracted· pepsin; for Alpine, 
Reedtz, 1990).Renn~t is usually ~xtracted from . Tilisiter and Paster cheeses manufacture wh~n 
the 41h stdhii2h 6r'the 'young calf-of' ie!;'s'thari~ 4' ,l \isecf <ilonel or mixed with'commercial' rennet at 
weeks-old;- However,--there,is a· wide shortage,of ._differenUe\Cels. Cheese,cJ).afil~t~risti£.s were 
calf rennet due to increases in cheese production compared to determine the best enzyme combi-
and a decrease in the number of veal calves nation for each type of cheese. 
slaughtered (Barbano and Rasmussen, 1992). 

Male .. caJves .. are.J)ighly,"y~I~~d ~y f3!m.-~rs ~Il)::r~~~'.:.:,. M~te.ri~1$,,~4.~eJhwls. ,:, '. '."\ .;<' ': 

zania and·hence.ito.would·notbe,.practIcal to,de,- .,. ',' , '. ,., _. . 
........ ,-, •. '.' •• ~)"". ,.- ..... -:.~.', • .1 ..... •..• ; ~'''''''''';''~!\:::''' \ J, •• ',',.' .• '1' c~;.\t.l!~).{.~.:'·:f'·'.i~\~\~' ",';-:\~·~i.r 

pepci on,c<!)~~.s .fo,~ <r~~~osin.\~!~e s,hort~,~e~~'''''~~~~JI~ls"" ..'" '".~ ,,:"L~ .. , ' ., 'f ,~',.- _,,-0;, " 
,calves ,~'1~.111',17d~~e.I~Pr4 cou~t':les:~s leQ.~9.,u~f:. i ";~., P:eP~f<lti,g~ .qt~ift;~re!l~;~rn?~~!i?~s~ ?f.~p
Qfrennet subs~,tutes su~h~;~crobJalprote,I~~<~" . sinl)'eQnet"fo~,cllee,s,~waklng~eps~!l, was ex
porcine pepsin:l>ovine pepsin and rec,ently,g~l!e,!i.~·,'~'.tractedb'y us'ing~eithe{r-HC\I' (Iiplorvjh~'gar 
cally reco.mbi~ed microbi~ll rennet (Famlakalios;' " (yP'f~~~q~~i'~g !~\I!h~:~;e.~~~'~~~:esyl,~~\I~by 
1995; DaJnowlec et al. 1997) but they are more ... Ryoba (l999). ,Hr and, yP ex~r~c!s.aswell as 
proteolytic than calf rennet. Rennet substitutes calf remlet (CR) were' anal)'sed fo'(their milk 
from molecular cloned chymosin, and extraction clotting activities ace'ording to Internatl'9nal 
of pepsin from older cattle are the main ap- Dairy Federation (IDF) Standard 110 '(1987). 
proaches being adopted in order to overcome the Extracts HP and VP were then mixec!-w'ith <:R at 
shortage of calf rennet (Visser, 1993). Production different ratios and amounts of enzymes were 
of microbial coagulants requires a very high tech- measured according to their pepsin units (PU) 
nical know how and requires sophisticated equip- (Table 1). The 100 CR was used as the' 're'rinet 
ment and initial costs are extremely high (Webb.et ., control. The coding given in the first column of 
al. 1974). Porcine pepsin from pig ca~notbe ac~' 'Table l,waSUsed,tfu'oughi:mt.thet'extto repn<sent 
cepted in some parts of Tanzania due to religious,··;;ilie-,enzyni.e'combination'andcheese,\ ,'. : . ,,'.'; 
considerations es~ecially the Seventh A~ven~ists AlpiIl~, a~~ I,>asla .chees~,'Yas ,m~d.~ .as de
Church and MuslIms. The only alternatIve IS to- scribed:bYFAO~RbDt·t·(l990): Duplicate 
use boyine pepsi~ which has ~een ,use<;[ s~R~ess- cheeses of 2 kg each were made from each com- / 
f~llyin ~t~e! i>~rts ,of'Davide et al. 19.~2)/ Chr!', bi~d~Wfbi'?, d,ay's:"s1!ice 'Alpine and Tilisite( 
'Hansen :s· La~oratory 'I?roduc¢ ~ 'mil~ f?~g~lanf::: .man!ie: f6'r~;i2daYs':whild'pa'sta;matUre fo'r14-21 
'C?~taiiririgo 50% bovine peI>si~:3?% POfc~il~'pep~·;'~~.:~y~::t~~~~.interest)n1 mattir:i~:~~~ .~~ ~~n
~1O.~d ?O ~ Cl:!lf~~7~und~r tlle ~raqe name B-P .. tered on 42 and 14' days for.AlplOefTJllslter and 
'tJ1:}~~;:.~~~i? 'l~~ola~~q In~,~ i:9.~6f .~~ovin~~, ::P~tf ~~~~~tiy~JY~ 's~p~e's~w~re t~en !~iii,AI-
peps}n)s.e~tr:acte<! froIIl't.h!!,Wo~J~ (qre~n;, 1972; ~ . 'pine ~arid Tilisiter after 12" 2'1' ,42 and 56 'days 
'aq4~Fa}~~ ~~?~,~a.' I~_ T~~~: ~d~~!:cattl~ ~,-,~' ,I \y ~~~;fb\ ~P~'st~~~~rfi~ie~ l~~re' taken ai'teF 2;; 14 
,s~au~te~;.~II'y' ,I"; thous.aI1~S~!~~, ~u}d provld~, .,~·;,~d i.!!.<;tays. 
readily and abuhdant'supply of pepsiil. ,', '. '... ' •. ,,-,, 

- ;, ~ _ -. c .,. ... .",. ." , ... 
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Cheeses from adult cattle abomasa 57 
.' <-. r ~ 

Kjeldahl method according to AOAC (1975) and 
Table 1: Perce~l:~g~s and amounts ofnnnet arid Eganet al. (1981)""inethodrespectively:. :J\com
pepsin e~~r~ct c~mbinationas f~r'cheese making' ,' .• - plete randomlsed designwas'used in the analysis 

. .' ..' , . . of obtained cheese data.· " ," " 
Level of EnzymeT % HP or o/oCR 
HP or VP ype VP 

100CR CR 0 100 

25HP HP 25 75 

50HP HP 50 50 

75HP HP' '75 ~ 25 

100HP ; HP 100 0 

Aniount' 'Amounts 
sHP!VP CR(g) 
(ml) 

0.0 1.2 
16. 0,9 

32. 0,6 

48 0,3 
,64;' 0.0 

Table 2:Scores for ranking the characteristics of cheeses. 

c 
Characteristics Rank InterPretation' 

,- - .. , .. 
Appearance/taste/smell Poor 

2 Good 
3 \fery'Good 

" 

25VP' VP , 25 75 6 0.9 
Bitterness Very bitter;' , ') 

50VP VP 50 50 13 0,6 - .. , ---~- 2 Slight bitter 
75VP VP 75 

100VP VP 100" 
25: 19 (, 0.3, 

';' J :'\~ ~ . : " ( r 3 No bitter 
.·00 ,25 0,0 

, 
.;'V'" - • . "Source: Ryoha (1999)' 

Key: RC=rennect control; ,Hp'=;pepsin ~xtracted using dilut~. " 
HeI; VP=pepsirie~eduslng\~ineg;u.~·-·.r L·" ~ - " 

Source: 'Ryoba (1999(1", ' , ,~ '., ;", " I,: ,Cherilical composition, microbial quality was 
These enzyme combination s w~re used to coagulate 40 !-- of perfor,med on the SAS/1992 (proc. GLM) pack-
milk. ". .' ,age, ASA Institute INC., Cary, NC, USA. The 

" " ,' .. "" .,', • • 1., enzvme combinatio-ns and age df cheese we~e> 
\ : .. ~. I:. j" ~J.""l.J J', the -'main effects" ·S~~nso·rv-evhlimtiori·was('a:na~.J~~ 

Methods 
The pH, moisture, fat, salt and acid contents in ' 

cheese were detennined as described by Egan et 
al. (1981). Total nitrogen was detennined by the 
Kjeldahl rrleihodaccOrding to' AOACstandard 
(1975). '. ~, .... ' .. '1, •• ':,' , ' 

" Water soluble nitrogen (WSN) was analy"sed: ' 
acco'rd'fng to 'the: me'tho'ddescribed by Ling 
(1963).' the results o(rN; B'F,isalt and'O/OW:SN ' 
were presented 6~ diy:in~tter b~is: RiPening in
dex as a measure of ripehirig:or proteolysis was 
calcutiteif by'divlding ~aie~jsoiuble nitt6gerl by 
total nitrogen (r:N)aiid fnen;miiltlplying6y:"O(r:l~' 

Total bactenal cotihi' ~atdeterriifue(f as 'de)~ 
.' • • --~.;.~ ~ ".' '. ."'-', ." "..;..... - "'-.jo. 

scnbed by IDFStaqd:ir<ilOOB"(1991);counts'of· 
colifonn bacteria\\;asidetiririlned by mF-Stan~' ' 
dard 7~A(19'8?) ~~dy~~si andmoriid accotdiiig. 

• ~ t -". , -of ' . ~ ...... , > ... ~ _. l'" _ _ .... '.. ... 

to IDF'Standard. 94B (1990). -Sensory evaluatIOn· 
of cheese was dqne hY,15-20 ~~mi-trained'panel-:
lists df i5-50'years c:ildofwhich 5-10:were 
women.TheY'were-~ked t~ rarik the coded sam-', 
pIes for intensity' o(tast~,: smell and appearance . 
(Table 2) ... ,'.' :.,~, ' ,,'- ,I '; '" ..... 

Renneting ihhe,TN'arid' % BF'Were'deter-' 
mined for~Alpinfand pilSfu cheeses oriIY .. RT\Vas"i 
time taken fiomwii~n rennei:-wa;; 'put into cheese" 
milk until cheese 1p.ilk'hecainc firm ehough: fo'i'~ 
cutting. Totallliirog(!O and BF losses 'in whey:o't 
Alpine and Pasta chee~,eswere'determin~d'bY:' 

lysed by' o'~e:w'a)?~ilalysi~ ot~anarice'ior'co~-' 
paring the means using Bonferroni test. " .J; 

. Qve~i cl).ee.s~q~Hty,~~~e~~me~t ior chen;l~ 
cal composition,' micr,obial quality !Ind sensory 
evaluation for the cheeses, were done bv com
paring' av~rage g;~des_of ~h~es~,~h~ract~ristics 
with their r"spective contrOls:, Chee.seg~ade~ 
that fell within th~ acceptable range of the ,con
trols were arbitrary assigned 2 points while QIose 
that fell out of the range were assigned i poi,nt; 
The points were added and analysed statistically 
by:Bonifferoni test to give differences between 
pepsin levels suitable for,e,ach type of che~se.,::-

i :, .. (" • ( 

Ke"sults 'and Discussion 
',Ri;!Orieting,ti~es.(lh)' of Alpine cheese o:iilk 

were w,ithin the.ayceptilble range of 40 "'60·nH,ii!. 
ut~~ .ex,cep'( fof Pasta' cheese milk. 'R~ntieting 
time~, ~ere high~r'iri cIl~eses with high' pepsin 
levels alt~ough thl': RT was not directly reiated to 
leyel,of pepsin. Similar findings by Andren and 
Reedtz. (l990,),iridicated that chymosin had 
shprte'tgelliu"g ti~es than pepsin. TN 'lo'ssi'n 
wh¢y of 0.49'10 O.66o/~·fromCheese 'made'with 
difrereQi pepstn 'levels rhi'bie 3) \vas; ~itIllii :the 
lev~lrep6J:ted by Bank 'etal:;'(1993).' The TN 
lois in Alpinewhey/w~~ ditectly ~~laied to the 
levi{of p~psin showing ~ha.t pepsin was more 
proteoiytiC than'the vP c6mbi~iio~. .' 
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58 R.Z.Ryoba et uf. 

Higherlosses of TN in -Pasta whey agrees 
with results of Hill (1989).· Buttetfat losses in 
whey for Alpine 100VP, Alpine 25HP, Pasta 
100VP, 25VP were quite high (Table 3). 

al.( 1992). Under practical conditions, establishment 
of correct fat.conte~t i,n cheese and borer samples 
cause specific problems due' to the 
inhomogenousity of cheese. 

Table 3: Renneting times of cheese milk (min), total nitrogen (%) and butterfat (%) in whey for the production of 
" . 

alpine, and pasta. 

, 
Name of 

Cheeses 

Vari- , 

able 

RennetJ pepsin combinations SED .:P 
Value 

''\' 

100eR 100HP .25HP. 50HP 75HP '-OOVP 25VP 50VP 75VP 

Alpine RT 40 b 58"' 41b> , ,43b 45b 55" 43b 4Sb 60" *. 
Pasta RT 45 45 46. " 50 45 45 44 45 50 NS 
Alpine TN 0.52 b 0.55b 0.49b 0.50b 0.52b '0.66" -0.55bt 0.62"0.64" '0:00 " * 
Pasta TN . 04g b o 56c o 59c o 59c o 48b 092" o 69c • b 54c 066c o oi ** " 

Key: RT = Renneting time, BF=butterfat, TN= 

Total nitrogen: NS- no significant difference; 

"Significant difference; ""highly significant difference 

Barbano et al. (1992) reported that the use of 
bovine p~psin was conducive to more BF 
loses in whey than other coagulants 

Results of chemical composition of Al
pine, Tilisiter and Pasta cheeses shown in Ta
ble 4, 5, 6, varied and were significantly dif
ferent but were not directly related to the lev- . 
els'of pepsin except BF content. in Alpine.' . 
High pH differences observed 'in so'me' 
cheeses, esp'ecially those with high levels of:'"" 
pepsin, may have been partly due to the'longer, 
coagulation time of mi'lk'(Medina e't:al:, ~ 
1992 )and high microbial metaboities a.s> re
ported by Walstra e! af, (1993),; Thetrend,pf" 
moisture decreasing in most ,cheese with rip
ening time agreedwith repor,ts by Fox dal. 
(1995) and Walstra et al. (1993). Report by, 
Holsinger et al. (1995') .showed that th~J-

• • . ~ \'. .' ,I .'! '., 

amount of moisture retained in cheese is iJiflu~ 
enced by the extent and combiqation of steps :, 
used in cheese making as w~ll as the method 
of moishue determinatiori;' In Alpin~, TiFsiter . 
and Pasta, the.BF content incontro'lcheeses 
was on the higher"sid~ while it was on the 
·lower side in 'cheeses ,,:ithhighlevels Of pep
sin. These result5:showed that the level'of 
pepsin h3(t:~omeiJifl~eri~~ on BF content and' 
are in agre'emeni withti~dings by'Bilrl;<l:no .~r' . 

... ).1.: 

r.; : ...:j:_, :".11) ", '01 .J. ~ " ~-. : :":'- .. . ' 

/ ".:'\'; 

Within the row, means followed by the same superscript d<;> 

not differ signifacanlty at P >0,05 according to DMRT 

\. \ ~ 

Although most cheeses had low salt content flt: 
the beginning, this increased with ripening time he.-. 
cause of the diffusion of salt across the' curd 
(Steffen et al.1993). The salt content of cheese was 
not'directly related to the level of.enzyme.The, 
amo'tint of nitrogen in all.cheeses w~s. not influ-: 
encedby: the.level of. pepsin. Hardy ," 

·1 987,),showed that-TN An most cases w.asinflu-' 
enc~d by,'moisture.changesduri~gthese ripening .. 
The'W'SNvaluesvaried 'with levels of pepsin but 
the~e was .. no apparent dirrct, relationship with the/ 
level pepsin in this study. Similar conclusions w6e 
,. .\ 

drawn by McSweeney et al. (I 993), who pointed out 
that prote910ysis~~asured by WSN might not be 
sufficiently diSCriminating Its an.index of quality. " 

, D~,t~l on mi~rob.iaLquklity of c,hesses:is also, 
shown in .Tab~e' 4, 5 and 6.\ The qumber of micro-. 
bial counts w~re not.significantly different in , 

Alpine as well as icantly different and we,e not 
relatc;!dtothe level of pepsin. In this study stiic(hy
gie~~c conditions were closely' observed tei avoid 
contaminaiion of the-cheese, However, Z6itolaand 
Smilh( 1.993) 'stated that {n~spite of the hygieni~ 

- - - ... \ - -1, - ',' 1 

standards, contamination of milk and curd with un-
dc~irablc<?rgariis~ c;ann~t befqlJy 'pn:ve~te~; 
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Cheeses from adult cattle a~olnasa 59 

Table 4: Least square means of chemical and microbiological composition of Alpine cheeses at 42 of maturity ",' 

Variable 
-; ~ :; , 

R~nn~iJpepsin eniymecom bination .. 

lOllCR '. lOOHP 25HP' 50HP '," 75HP "'100VP '.' .25VP " 50VP :. 75VP' SED 

pH 
Acid 

Me 
BF 
Salt 

T~ 

WS, 

RI 
SPC'. 

Coli' 
YM' 

5.35' 5,58b"': 5.31' 5,32' 

3.50' 2,00" 3.65' 3.20' 

.-
5,22' 
i:85b 

41.6' 40, I' 32.4b 33.9b . 38.3' 
- ''': ',I· 

,54.8', 53.4~\r ,46.2b _,49,2' " ?9·2' 
, 4,54d 4.00b " 2.88b ... , 2.72' '7.13' 
,6.87" ;:' 6.49,"'" 6.42"" 7:15b ',~5~98' 

.. , b"" b - . • J 

0.81' \(Jr., 0,67 .C .9.64 ,'.- 0,71' ",1.17' 
~;': 11.8' I:, 10,3b .10.0' 9i9' . i9.56b 

,,~,. 0,9 ~0. 2.3' t.~.l,3 ?.,2 " l,,5 
0' ~ I' .' I 0·, c' ~O 

0.4 1.2 2 4 1.8 

<;5:'25' 

'~;55' 
40.1' 

""5t8' 
A.42d 

't6'.56' 

'0:,85' 
13,0' 

1.1 

o 
0,5 

.~:-. ?;20' 

3,35' 
3'3,1' 

, ''43.1' 

3"03b 

-l6.26' 

'!(i98' 
"15.1' 

2.3 
··0' 

1.7 

5.36' '~5.50b 
2.65b "2.05' 

37.9' '43.6' 
, ... 54.8B ,.., 60,3' 

2.83b ,,~ i.28' 

6.43' ':. 7.86b 

0,97' 
, 

0.79' 
12.3' 12.3' 
4.0 1.4 
00 

0.8 

. 0.001 

0.001 
0.03 

- 0.28 
0,04 
0.001 

'.'0.11 
1.7 
0.004 
0.01 
0.1 

~
Value 

,. . 
••• 

. y * 

NS 
" ',S 

NS 

Key: BF~b'utt~rflkr MC,:,'moi'sture, TN'=totai' nitrogen, WSN',.;. W~tersolub'e nitrogen; RI=fi'pening' index; ': 

DRMT=Duncan's Multiple Range Test, SPC=standard pla:te'bount, Coli=colifor'm c6unt,':vM~yeast and 
mould count; NS:Not significantly. di fference *.significant. differenc~ ** highlY signficant difference 

.- . ~ ... ~. ,. . l .. _ l.i' , ',....,. , :. ' ..... ; 'L~. . 

Within the row, means followed by the same superscript do not differ significantly atP>(),()S according to 

DMRT 

- ~-..... _..... ..,' ~-=--".~.'. -.~ ._._.: __ ~:.:: 'c......--.' •• "."'" .-.• ': .,,"' •. ;t • 

Table,S: Least square means of chemical and microbiological composition of Tilisiter cheeses-if 4 aays~ 
. ~-.- - - -- - -" . -- -- -- - . 

ofma~rity 

Variable 

lOllCR lOllHP 25HP 

'. 
pH 51.51' 5.34b 5.02' 
Acid ,3:65b 3,75b 2,65' 

MC 32!.7' JO,I' '28.3' 
BF 50, I' ·A8. 7' .52.3' 
Salt .0':74b· 1'.71 ' ~+.58' 

TN ,8,03' 6.82b 9.07' 
t 

' ., 
0.98b WSN 0.9'0" 0,53' 

I 
,·1:1",. "14' RI 

1 
6' 

SPC' 'i5~ 8b ' 6b 

Coli' '0 ' '(): 0 
YM' ! 58' 2b I b I 

I 
I, , 

- ' " .' . (. '" . "," .' .,. 
, Rennet/pepsin enzyme'combination- -::...~ ---'-__ , __ ~ __ :........'i'..V' 

50HP 75HP lOOVP 25VP 50VP ,75VP SED' P 

5,0' 5,03' 5.63'· 5.51' 
4.95" 3,85b 4.75' 4.2qb 

26' 27.4' . 29.3' 38.3b 

48' 51.6' 43.lb 52.6' 
3,16' 2.06' 4.09l 2.'43' 
8.32' 8,06' 8.04' 7.83' 
0.93b 1.33b 1.44' i:07' 
11' 17b 17b , 26'. 
4b 2b . 1', " l~r' 
0 0 0' 0,,_ 
Ob Ob Ib Ib 

5.12' 5,16' 
3.05' 3,60b 

27.8' 32.8' 
46.4' 46,5' 
1.94' 1:79' 
8.06' 6~96; 
0.96b '1:68' 
102' '24' 

. lOb dl' 
2 ,4, 
2b I b 

Value 

O'(JI •• 

0.01 •• 

J 0.18 
0,16 

, 0,02" ••. ' 
'r O:Oi.;'·~'c. 
,: 0.03;"'1 •• 

c', 0.35,,_' , •• 

::,0,(@3:" 
0.002 ,NS' 
0.002 C 0'_ , 

.+- ... 

Key: BF;"'butterflat, MC=n:lOisture, TN=total nitrogen, WSN= Water s'olube nitrogen, RI~ripening.index,::, • 

DRMT=Duncan's M!Jltiple Range Test, SP(>standard pl,ate'!X>unt Ooli=coliform count, YM=yeast and, , 
mould count; NS-Not significantly difference *significant difference ** highly signficant ditTerence' ... 

Within the ro\V, means followed. by the same superscript do not differ significantly at PA),OS according to 
DMRT 
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Table 6: Least square means .of chemical and micr.obi.ol.ogical c.ompositi.on .of Pasta cheeses at 14 days .of 
maturity 

Variables Rennet/pepsin enzyme combinati.ons 

lOOCR lOOUP 25UP 50UP 75UP lOOVP 25VP 50VP 75VP SED P 
Value 

pH 
Acid 
MC 
BF 
Salt 
TN 
WSN 
Rl 
SPC' 
Coli' 
YM' 

S.W 
2.8S' 
44.1b 

44.2' 
2.S9' 
6.61b 

0.6Sb 

8.2' 
9.1' 

<0 
,.2.2 

. S.43b ' ·;·S.16' 

2.6' 2.20b 
46.4b 4Sb 

38.2b 4S.S' 
S.87" ~.18b 
6.S1b 7.40' 

.9·64b 

9.8b 

22.7" 

" 0 
6.8 

: O,S8b 
': 

,.7.8' 
.9.0' 
o 
18.1 

. S: 11' • S.44b ,S.46b 

-
3.00' l.60b - i.6S' 
49.19' ·43.7b "44.3b 

48.1' 43.S' 32.8b 

1.47' 1.51' ,4:8Sb 

·7.07' 
0.71' 
lOb 
18.9b 

o 
13.6 

7.23' 7.0S' 
0.S7b 0.S9b 

7.8' .. 8.3' 
4:S' . 9.0' 
o 0 
11.3 11.3 

S.09' 
2.30b 

42.3b 

43.8' 
3.98' 
.7.07' 
O.S7" 
8.0' 
22.9b 

o 
11.3 

S.I2a S.08!l, .01 
2.6Sa 3.0Sa .01 

'43.7b "4S.3b .02 
4S.2a 4S.7a .79 
2.31c ··2.93c '. ,08 •• 

7,4Sa 
0.60b 
7.9a 
13.6b 

.0 
11.4 

,7.40a 
.60b 
KIa 

. 4.Sa, 

o 
4:S 

.11 

.02 

.27 

.001 

.01 "; r J NS 

.01 NS 

, , 

Key: BF=bunerflat, MC=moisture, TN=total nitrogen, WSN= Water solu~ nitrogen, RI;;'ripening index, DRMT=Duncan's 

Multiple Range Test, SPC=standard plate count, Coli=coliform count, Y¥=ye~t and mould count; NS:Not.si~ifip~t1y 

different ·significantly different •• highly signficant differen~e . , , ,.'. . - '" . I" 

Within the row, ~eans followed by the same superscript 'do' not differ sigDlficantly at P>O.OS a'Ccording to' DMin" ,. , 
'.,' 

I _-f' 

Ta~l~ 7: )\'Ie~n. squ~res .of sen~ry evaluati.onsc.ores .of Alpine, TiIisiter and Pasta cheeses 
. '.~ (' 

P 
Sensory T est~ N lOOCR lOOUP 25HP 50UP 75UP lOOVP 25VP 50VP 75VP SED Value 

Ta~te 

Smell 

Alpine 17 
Tilisiter 19 
Pasta IS 

Alpine 17 
Tilisiter 19 
Pa~ta IS 

Appearance Alpine 17 
Tilisiter 19 
Pa~ta IS 

Binerness Alpine 17 
Tilisiter 19 
Pasta IS 

1.9 
2.0 
1.9 

1.9S 
1.9 
1.7 

1.9' 
1.6 
1.4' 

I.S' 
1.2' 
I.S' 

2.1 
2.1 
2.1 

2.0 
2.0 
1.8 

1.7" 
2.1 
2.1b 

IS 
1.4-
1.7" 

2.S 
2.3 
2.1 

2.1 
1.6 
2.1 

2.2 
2.0 
2.2b 

2.7b 

1.2' 
2.0-

2.S 
2.1 
2.0 

1.9 
1.7 
1.9 

2.4b 

1.9 
2.3b 

2.4 
2.1 
1.9 

2.1 
2.0 
1.9 

1.8' 
2.2 
2.1b 

2.2' 2.Sb 

1.8b 1.8b 

1.7'" 1.5" 

1.8 
1.9 
1.7 

1.8 
1.9 
1.9 

1.8' 
2.2 
1.7' 

1.4' 
l.4b 

I.S' 

2.1 
1.8 
1.5 

1.9 
2.0 
1.7 

1.8 
2.0 
1.9 

1.8 
1.6 
1.9 

2.3b 2.1b 

1.9 2:0 
I.S' 1.9' 

1.7" 1.8' 
1.1' 1.4' 
1.1b Il.7" 

2.7, 0.14 
1.8 0.16 
1.7 0.18 

2.1 '0.17 
1.8 0.14 
1.9 O.IS 

2.3b 0)8 
2.1 ; 0.17 
,1.7' '0.17 

2.Sb 

I.S' 
LS' 

0.14 
0.13 
O.IS 

NS=not significantly different, ·significant differenc~ ,;. '. ,;. ," , i. , 
Within the row;~ean~ followed by the smile supefscnpfdd'not differ signific~tly at P>O.OSlaccbrding to DMRT 

" I .-

NS,-'" -

NS 
NS 

NS }> 
NS 
NS 

NS .. 
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~ ~ I, I •• '11'" ,-. i \' # l ' },'._ ., )t I '~.' ).",.'. 

Enzyme lOOCR" lOOUP' ," 25HP . : SoUP 75UP " lOOVP ." 25VP , 5OVP' 75VP SED Value 

Alpine ,~ 2,;73~O}~j. ,2:i7±0~.l!i . '2.47±O.21 .'2.~310.23 2.67±O.lt i}~·~O.y?:·.'~:27±O:2;1· ii7~oji ·2.47±0.24 0,2 NS 

Ti1iJ;i,ter ,,2.47±0.23, '2:73±p.15 ·,2.27±0.22. L·2.66±0.18;2.63±0.12 2.53rO.19 2.47±0.21 2.66±O.16 2,20±0.24, 0,19 NS 

Pasta'· l2.ilO;0.141'2:53±0.21 '2.60±0.19 '2.53±o'19 2.73±0+2' 2,7j'~0.h :2.4rO.19 2.871"0,10' 2,87+0.10 o,i,s 'NS 
":1',",;'... "_'! • r \ , 

< .': :Overall'cheese qUality aSSessment (Table 8) 
ColiforinS are·killed\;ery' fast duriiig milk'pasteur- ~ showed that cheeses produced with different lev
izaiion tirit !he'y"-easily re::contaminate milk and, eis of pepsin we're' not s{gnificantlv different. 
cheese during ch,eeseiruikirig i>~cess and storage. . Vah de'Berg-and de 'KOhmg (1990) ~ported t:ruit 
Zottola and Smith' (199~)'ln9ica:te.(i.that y~asts a.nd ' . s'ci~etimes minor\rariations' in composition 
moulds could 'come fro in' brine' sO'ihtion~' manure .: 80uld 'occur hetween' 'iriclividuaf chees~s :in the 
and bedding hta'ie'riais' .. ;;. '.:.:: [ ~ f •• ':.' (' J ; ~~~ ,~~~~. ey(!,n.~ ~~F. t\\:o ch~ses ,are being a,s-

Resu~ts?n ~eIlJiory quaJ.~ty~<>.f:clle;~sles)~.Ta~le "sess'ed as a pair: . Such Ciifferences were maiillv 
7 shows thafthe mearl scores of'cheeses 'were not ;~'#te~~Q~~light.ciiffeie~~e~ i~:i~i~nSity. of the acid 
inn-u,~~~.~'~r;~ri:#~g~#ipati~~.;~Ae,!lon sig- ." taste of itie' cheese' wmch"has' norehition to the 
nilicant differences in taste i\~c!- sml(~of different,: ,~!ID;m~.~s_~cJ-,.- '. t, .; .. : :",.';"::;:";'" ':,'., 'ec 
cheeses was in !lg~eI!l~!lt ~.it~ the findings ,of .van 
de Bergand de K9~ng (1990), They reported that 
sometimes minor variations in. compos'i~ion "AmId 
even occur between individual cheeses in the 
same batch even where two cheeses are being as
sessed as:a pair:. Such differences were mainly 
due to slight'differences in· intensity of the aCid 
taste of the cheese· whiCh· has n6 'relation to the 
rennet useCi: Andren arid'Reedtz (1990) showed 
that using different'raftos'ofchymosinlpepsin for 
cheese making was riot a'pro61~m' .. 'Ij:ig~bacteti-al, 
yeast aDd niould coflliiS:whlch'are' u'ndesirable'~r
ganisrQsin 'cheeses; 'coUld have -co'~taminated 
Pasta 2"5VP which scoreCi relatively lower in ap-
" •• 4 '. "" '. , ," ,: 

peaninee. The' varying bitt~mess CQuid hcive been 
caused by many filctors~iIi 'ch'eese' (Fox et al. 

',I ~ .•• ~~. ,', ._'\ ~ .,,~ " 

1995): :A report by Visser, (1993}.show~d that the 
amount otrenriet added jn!c6eese'l~ directly re
lated to !>i tteme~~ in c~ese" 'T.~is- could, be true 
for Alpine cheese with 100HP and 100VP which ...-
contained mostly pepsin a proteolytic enzyme that 

caused bitterness in'cheese: The difficulty in 
identifying the bitter substailces found· in cheeses 
have been rep<5rtedby many' researchers' (Walstra 
et al. 1993; Martely and Crow, 1993; Fox et al. 
1995; Steele,r995)~'Norattempt,was·done' f to 
identify the biiter~suBs~esinct:hls",study: l 

.. , .... 
:- . ~ i\. t,' ~. \ ~ , " 

Conclusion 
.' It.~as concluded trujt all:,the. e~me,cbmbi'.. 
nations,including'lOO% bovAne Pepsin were suit
able. for m,aking an,types of che,ese studied. 
Howe~er, (Qr th~ ,best cheese performance, 75HP 
fo~ A'lpine: S'OHP:and 50VP 'for Tilisiter and 

. -50VP' aDd'·7.5W' enz..'me combinations could be 
_. ..,"...,., _ , • • ••• J .' J 

iu.~e~ in makipg.the.~~ ·che~~es. T.his .m~a.I).S that 
'. '5Q-7:5% pepsJn .could ~,e"bI.epded_wi~ltcalf ren
-,net: : Therefore; dilute HC 1 and vinegar were ap
propriate local materials which can be ,used by 

-- smalL scale cheese'processors in Tanzimia to ex-
tiactpepsin -... : .... ~" c, :. !--. , ':: 

. . . "._","'- '; '. ! •. ~ , 
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