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Effect of the lactoperoxidase system on the activity of mesophilic
cheese starter cultures in goat milk
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The effect of goa s milk lactoperokidase {LP ) sydem on the acuvity of commercially avaibible mesophilee chese s1arer eulnenes
was inves tgated. The growth and acd production of the iarner culienes were measired a1 2h imtervak for $hoin goans” malk kep a1
A, Maoat of the siarier cullires examimed were found 1o be denditive 1o the LI sy tenm, bul vaned mo thesr susceplibality 1o
mchibdtion. The sctviy of the mied si@ner culioes CHM L, CHR22, CHM Y, DOC240 and Flom Dandca MNormal was stongly
mchabated by The LI*Sysiem. However, The moxed s @rier el e LL S0 showed rese amee o the LI sysiem. The smgle s tam culinre
Lactovoccay facily subsp. lrady BCDO 05 was inhibied by the LP sysiem. However, the cullures Lactococor bty subsp.
e tvlaciy MO 170 and Lesronostor aresenferoioky subsp. ey ATOC 33313 were insenstive 1o the LI ayatem. The resuhs
of Thi study indicate the need Tor rouline screening of starer culiures for redgiance w the LI sygiem belone using them oo

Chesien king From goals” milk preserved by the LIy tem.
205 Ekevier Lid. All Aghls neserved.

Neyrowde Mesophilic cheese sianier cubiures; {Goat milk; Lacioperax dase sysiem

1. Init roadaec tion

The wse of starers in chosse manulact ure is as old as
chessemaking, Lactic acid stariers are mainly prepared
culiures of mesophilic and'or thermophilic lactic acid
bacicrin intended to be wsed in the manwlfacture of
chesse, cultured butier, femenied milks or fermented
milk products that are wsed 10 initiate desirable changes
{IDF, 19 ]1a).

The primary Munction of starter culiumes in choesse-
making is to lerment the lactess af the milk to lactic
acid, which aids in separation of curd From whey during
chosse manufact ure, modifies testure of cheeses and
cnhanoss preservation (IDF, 198600, Stariers also have
ot her important functions in chosse manwlfacture such as
flavour and aroma development and comtrolled proteo-
lysis of chesse curd during the ripening process. Some
starter culiures also comtnbuie to the formation of gas,
which & desirahle in some varieties of chesse (1DF,
| 9l
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Differem factors can imhibit the activity of starier
cultures such as  bacileriophages, the presesmee of
agglutining in mw milk, the lactoperoxidase (LP)
system, lysoeyme, lactofemin, antibiotics, bacieriocing
and chemical sanitizers (Lewis, 1987, Frank & Hassan,
| ).

The LP system & the most significant micnobial
inhibitor in mw milk (Frank & Hassan, 1998), LP is
an enzymee that is maturally preseni in raw milk and
together with  thiocyanate and hydrogen  peroxide
comstituies the LP sysiem. LP is woally presemt i
sufficient amount  in milk: however, the kwvel af
thiocyanaie is maore variable in milk and depends on
the feeding of the animal (FAQ, 1999, The thind
component, hydrogen peroxide, is not normally detocbed
im raw milk {(Proit & Kamao, 19%94; FAO, 199, The
cnzyme LP catalyzes the oxidation of thiocyanaie by
hydrogen peroxide and  generates  hypothiocyaniie
{OS8CN 7)) don, which has proven amibacienal activity
{Reiter, 19835).

The LPF system has been recommended for preserva-
tion of raw milk inareas whem it is not possible 1o wse
meeclamical relrigemiion For techmical and \or economic
reasons (TDF, 1988, FAG, 1999, Due 1o the growing
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imberest in the wse of the LP system For preservation of
raw milk, there is a possibility that LP-activated milk
could be wed for cheese manufacture. However, one af
the comcerns regarding the wse of the LP sysiem for
manufactore of rmented dairy prodecis, such as
chese, is s imhibitory effact on starter culiures. Earlier
reparts {Sarkar & Misra, 1992) indicated that activation
af the LP system resulied in a reduced rate of acid
production in ementsd milk, which may lead 1o an
abnormal product or extend the production time
signifscantly. Therefore i is necessary 1o identily starter
culiures, which are msistant to the mhibitory effect of
the LP system.

Ceoats are impaortant milk prodscers in several parts
af the tropics and significantly contribute o0 human
nutrition in many developing countries {Devendra,
1999, Milk production from goats in Sowth Africa has
increased over the last two decades {Donkin, 1998 and
the majonty of goats’ milk produecers in South Africa
are small-scale Farmers and they process the milk into
variows types of chesse, The potential of the LP system
for preservation of raw goats’ milk kas besn mporied
{Haddadin, Ihrahim, & Rohinson, 19940,

Activation of the LP system in cows’ milk was Found
1o inhibit the activity of thermophilic lactic starter
culiures {de Yaldez, Bibi, & Bachmann, 1948; Basaga &
[k, 19945, The activity of ndividual starier culiures
varies to a considerable extent with the type of milk wed
{Dutta, K uila, RBangamathan, & Lasminamyana, 19710
Boysstad and Abrabamsen { 1983) Found variations in the
higchemical performance of two mixed strain starers,
Christian Hansen @1 {CHO 1y and Flora Danica Mormeal,
grown in goals’ and cows’ milk, They attribuied 1his
dilferemcs 1o 1he variation in the composition of goats'
and cows’ milk and sugeested the wse of dilferent
starters for fermemied dairy products made From goats'
milk. Similarly, the acidifying and protealytic activities
af a given strmin of lactic starter cult ure were Found 1o he
dilferent in cows' and goats” milk (Lodi, Brasca,
Carcano, & Sangalli, 19963 Thus, it can be expeocied
that the effzct of goats’ milk LP system on chosss starier
culiures may be diffzremt from that of cows” milk. The
abjoctive of this experiment was therelore 10 stedy the
clifisct of the LP system on the activity of commercial
meophilic cheese staner culivres and 1o screen for LP-
resistant cultures which could be used for chezsemaking
from goats’ milk preserved by activation of the LP
AySLCTIL.

X Materiak aml methads

24 Kiemver culfwres

The culiures wsed in this stedy were CHN11, CHMN22,
OC246, CHM19, Flora Danica Mormal {FIXN), LL

S0C, Fee toceecnis faet iy subsp. aigce tfaecils NCDD 176,
Leve towore cais Sty subsp, facidy MO 605 and Laeco-
Hoshor e seiteradades subsp. cremorly ATOC 33313, The
first five were mixed strain cull ures which were abtained
frome the supplier {Chr. Hamsen, Denmark) in a frecss-
dried form. All thess fve culivres were composad of L
fectls subsp. fecils, Lactecocsier bieils subsp, cramarts, L
fiecitls subsp, ailace tplactly and L. mesenieraddes subsp.
cremioris. The mixed strain culture LL 50C was obtained
from Anchor Biotechnologics (Johammesburg, South
Adrica) in a fresre-dried fom and it was composed of
L factly subsp. faetty and  Loefococos factily subsp,
arentaris. The single strain cultumes L. dec iy subsp, fecils
and L. factly subsp, afeced plactls were obtained [rom
Irems Animal Mutrition and Animal Prodwects Institute,
al the Agrnculiural Rescarch Council {Irene, South
Adrica). L mesenieroifes subsp, cramiarls was oblained
fromy the Sowuth Afrcan Institute of Medical Research.
The culiurss were activated by growing i 0% {w)'v)
sterile reconstituted skim milk powder at 22°C for 16h
hefome wse.

22 Bowwee of willk sawmples

Saanen goat milk samples were obtained from the
Oderstepoort Teaching Animal Unit of the Faculiy of
Weterinary Science, University of Pretaria. The goats
wiare fed on a commercial ration composed of 23.8%,
wiw yellow maize meal, 1984% w'w malt dust, 4.9%6%
wiw sunflower il cake, T.93% wiw yeast, 29 T6% wiw
cragrostis, 11 9% wiw molasses, (053% w'w mono
calciumy phosphate, §.5% wiw salt, 05% wiw limestions
povwder, 0.3% wi'w premix, and (02 wiw Romensin,
The milk samples were chilled and delivered 1o the
labomtory For analysis within Th of milking, The
average composition of the milk samples was: 3.1%
wiw fat, 3.1% wiw protein and 11A% w/'w to1al solids,
The milk samples had a thiocyanaie conlent ranging
from 127 to 46Tmgl " with an average value of
2WmgL " The thiocyamate coment of each
milk sample was determined and then the LP sysiem
was activated by addition of sodivm thiocyanate {ses
Section 2.4

23 Treawment of the sl sammple

One peroznt {viv) of each staner collure was
inpculated into 400mL of Sannen goats’ milk that had
been pasteurized at 63°C for 30min in a thermostati-
cally conmtrolled water bath, The initial concentration of
the cultumes in the milk was determined immediately
alter addition of the staner culiumes. The inocuolabed
milk was then divided into two egual portions: one was
wed for the activation of the LP system whereas the
other was wsed as unireated conirol. Boih the treated



E. el er ol T fmiernatowd Dalry Sessrmad 15 (INT] 955-9590 [ L%

and comirol milk samples were incubated at 36°C
for #h.

2 Graw il awd activlf p fests af the starier culisres

The inhibitory effect of the LP system on the starter
culiures was measured by determining the number of
colony forming units {cfumL ") and lactic acid produc-
tiom at 2 hintervals over the 8 b incubation peried. Prior
1o activation of the LP sysiem, the thiocyanate contem
af each milk sample was determined and then the LP
system was activated by addition of sodium 1o yanate
{Saamchem, Midrand, South Africa) a5 a source of
thiocyanate to a final concentration of 14mgL ", as
recommended by the Imiermational Dairy Federation
(IDF, 1988). Afier 1 min thorough mixing, 30mg L'
sodium percarbonmate (Sigma Aldrich Clemical Ca.,
Johanmeshurg, Sowth Afnca) was added as a sourcs of
hydrogen peroxide (I, 19%88), Lactic acid prod sction
wias determined by tiration with (.1 % NaOH and
cxpresaod as percent (ww) lactic acid {Bmdley et al,
1993). For viable counts, suitable dilutions, made in
quarter strength Ringer's solution, were plated in
duplicate by the pour plaie method wing MBS agar
fde Man, Rogosa, & Sharpe, 1960 Plates were
incubated at 30°C for 48k, In the case of the cultun
LL 500C, only the activity test {(titratable acidity) was
conducted, and in the case of the cullure L. wwsonter-
afdk s subsp. cramtarts, only the growih of the culi ure was
measured.

L5 Determunetdon of chenieal compositlon

Thiscyamate conceniration in raw milk was deier-
mined spectrophotometrically as described by 1DF
(1988 In all, 4mL of raw milk was mixed with 2 mL
af 0% (w vitnchloroacetic acid solution, The mixiom
was blended well and then allowed to stand for 30 min.
It was then filered through Whatman Mo, 40 fher
paper. The clear filrate {1.5mL) was then mixed with
[.3mL of ferric nitmte reagem and the absorbames
measured at 460 nm. The thiocyanale concenirations
were calculated Mrom a standard curve. The fat coment
af the milk samples was determined by the Gerber
method as described by Bradky et oal. (1993) The
protein content of the milk samples was determined
alter measuring the total nitrogen coment of the milk by
the Drumas method (TDF, 206000 using a Leco FP-528
Protein/™Mimogen Analyser {Leco Corporation, Michi-
gan, USA) and muliplying the total nitrogen by the
factor 638, The toial solids content of the milk samples
wis determined alter measuring the water content of
the milk samples wsng  the fomed drafi owven
meethod {Bradley et al, 1993) and subiracting the values
Fromy 1080

2 Sratistical anlvsis af e adeia

The differences in the growth and activity of the
starter culiures in ihe treated and comrol milk samples
at each incubation perod were analyzed by the
Wilcoxon Mann Whitney test of the Statistical Analysis
System (SAS, 1999 The mean, maximum and mini-
meumn valwes were cak ulated and the significance of thess
dilferences was calculated at the 5% significanocs kewel.

3. Hesulis amd discussion
A0 Mixed sirain starier culiwres

Fig. | imndicates the growth and acid produection of
variows mixed starter cultues in LP-activated Saanen
goats milk. The growth {log,cfumL " of most af the
meixed starter cultures in LP-activated milk samples was
less than their growth in the untreated control milk
samples, throughout the incubation penod. However,
signifacant differenoss (p < 0U05) in growt h were abserved
between LP-activaied and control milk samples For the
culiures CHM22 {Fig. 1h) and DOC2404(Fig. 1c) only, at
Ghoand #h of incubation.

Similady, the lactic acid production of the mixed
starter culiures used in this experiment was ako affected
by activation af the LP system. A significam difference
(=005 in the level of acid production between LP-
activated and contral milk samples was observed For the
cultures CHM1I {Fig. la), CHM22 {Fig. 1b), DOC24G0
{Fig 1), CHM1% {Fig. 1d) and FIDM (Fig. le)at 6 and
#h of incubation, However, the kvel of acid prod wction
in LP-activated and control milk samples througho ut
the incubation period was not significam ly dilferent for
the starer cultue LL 50C {Fig. 1.

For all culiures no significam  increase in acid
production was observed in the comrol milk samples
until 4 h of mcubation, Scoit (1986) eponed that the
increase in titratable acidity by a starier culi ure in cows’
milk at 30°C iz expocted to reach an average value of
.453% {ww) alter 4 h ol incubation alhowgh it depends
an the type of starter culture wed, However, the activity
aof individual starer culiures varies 10 a comsiderable
cxtemt with the type of milk wsed (Dutia et al, 1971,
Carcoba, Delgado, & Rodnguee:, 20000, an effect which
meay be associated with the dilference inthe composition
af milk from different species. Freshly drawn cows’ milk
has baciericsiatic property which lasis for 1-2 b (FAQ,
199, The delay in acid production in the comrol milk
samples obsernved in this study suggesis that goats’ milk
might bave a strong bacteriostatic properiy which lasis
lomger after milking.

The dilferencs inacid prodwction and growth in LP-
activated milk samples between the culiures CHMI,
CHM22, DOC24G, CHRNI1S, and FIDM ai 8h ol
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Fig. 1. Stonier cell growdh (%, B} and ood produciion (&, = ) ofmixed strain mesophilic cheese sonier ouliunes CHMEL (o), CHMEE (h), DOC240
b, CHM E9 0 ), FIXM Gep and LL 300 iy in LPactvased goads” mdk (%, &) and comrol mdk (@, =} during £hoof tncubation ad 3000 %, growih
in LMacinaied midk; B, growih in camrol mik; &, acd produciion in LPacivoed midks and =, acd producton in comiral mik (e = 5 fr ihe
siarier culiures CHRIL CHMEE, DOCHO0 and FOM; & = 4 for dhe sionier oubiunes CHN D9 and LL 560,

incubation is indicated in Table 1. For all, apart from
ane culturne, the level of acid production was Lower in the
LP-activated milk than in the comirol However, the
decrease in acid production in LP-activated milk at #h
amaong the cullures was different {Table 13 The level of
acid prodection by the LL 53O culiure i the LP-
activated milk at & b was higher than that of the coniral
{Table 13 Thi indicates that the staner culiures
cxamined in this experiment showed varying degroes of
senativity o the LPsystem. This is in agreement with an
carlier report by Guirguis and Hickey {19871, They
reparicd that themophilic starier stmins were Tound io
he senmitive to the LP system inhibition in cows’ milk,

but varied in their swoeplibility to inhibition by the
SysLCTL.

In mixed sirain chesse staners, inhibition, insensitiv-
ity or stimulation of activity by the LP sysiem depends
on the ratio of semsitive, insensitive and stimulated
strains or variams within a starter (1DF, 199103, The
cxperiment on simgle strain cullures showed varying
degres of sensitivity to the LP system among the singles
strain cultures wsed, The cultums L. ety subsp,
divewed plve iy (Fig. 2b) and L mesentersddes subsp.
cramords (Fig, 2c) were insensitive 1o the LP sysiem
whereas the culiure L faetis subsp. dee iy (Fig. 2a) was
inhibited by the LP system. Thus, the difference in



E. el er ol T fmiernatowd Dalry Sessrmad 15 (INT] 955-9590

Tahle &

PAT

[ fference in he level of acid producton and growih between mixed and sngle strain mesophdc cheese stanrier cublures in loto peroxicase aciivaded

Saanen goais’ milk ad £h of mmouhaiion ot 307

Stanier oubiure A producton (%6 wi ol acid) Garawih Log,, duml ")
%% neduciian”™ %% Incrense” %5 meduciian %% Encrense

CHML1 P w7 1.7

CHN. S A

DO 20" 429 44

CHM 19 4 4.0

Fos" 112 1%

LL So* 97 nd!

L ko g kS
L aloeerplaeris s L&
feme WIes eRTerekie 5 nd il

“Tercem recduciion ar increase in acid producton was caloulited as follows: 000 » (acd produciion in ihe comnal mik a1 £h =acid prodwtonin

the betoperonidoce millk ot k) acid produsteen in dhe comral milk a1 £h

"dean of fiv: eyperimenis.
“Mean of four experments.
9 = nai dederenined .
“Mean of ihree experimemns.

senstivity of the various mixed starber culiures exam-
imad in this stedy to the LP system might lave besn
attributed to the differences in the proportions of the
varinws straing between the mised culiums wed. The
halamce of species and/or straims withina mised cultum
may alter and meduce the capacity of the culture 1o
producs ackd {Scott, 1986). The strains can be slow or
fast acid prodecers; hence, a shilt in the proportion of
the different stmins can affact the activily of the
cuhi ures,

The resistance of some starer culiures 1o the LP
ayslem could be associated with the presence of a
“mversal factor’ as reported by Oram and Reiter  1966)
and Reiter (19853, This “reversal factor is an eneyme,
MADH:OSCM oxidored wciase, that catalyzes the redue-
tigm of the nhibiior OSCN", by MADH, 1o the ineri
thiocyanate, The starer sirainsg in the LL 50O culium
might be maturally resistam 1o the inhibitory efect of
the LP sysiem and may possess mechanisms that
counteract the oxidation prodect prodwced by the LP
AySLCTIL.

The inhibitory effoct of the LP system on the acid
production by mixed starter culiures was greater 1han
that on growth, as measumd by colony count. This
might have been atiributed w0 the dilferonce in
composition of 1he single stmin starier cultures wsed in
the mixed culiuwres. The single stmin coliore L
sieserteroddes subsp. cremiordy (Fig, 22) was found 1o
be imscnsitive 10 the LP systemy; however, i produoces
imsulfcient acid in milk. In comtmst L. dwweils subsp,
Jevetis which & the major lactic acid prodwcsr among ths
lactic starer culiures wed for chesmemaking {(Scoit,
198 6) was sensitive o the LPsysiem (Fig. 2a). Thus, il a
muixed starter culiure has a high proporion of the
resistant culture L mesentoroddes subsp cremordy and

lonw proporions of the sensitive species L dee iy subsp.
fiecids, it can be expected that the acid prodsction by the
meixed culiure will be inhibited more than ther growth
by the LP system.

32 Single straik starier culfines

Acid production by L facily subsp. facids (Fig. 2a) in
LP-activated milk was significantly {g< (005 lower than
that in the comirol milk at & and #h of incubation.
However, no significam differences in growih wers
observed between LP-activated and comrol milk sam-
ples for L fee s subsp, faeddy throughowt Uhe inc ubation
period. This finding is consistent with that mepored
previowsly by Makada, Dosako, Hirano, Oooka, and
Makajima (19%). They lound that the LPF sysicm
suppressed the rate of acid prodwection by, bul not the
rate o growth of, yoghurnt coliures {Lecroboecifs
deffraeeck il subsp, dgardeas and Sirepiococcns salivar-
dw subsp, thennopfulfes). The greater inhihition of acid
production than growth of L fectdy subsp. decily by the
LP system might be attnbwed io inhibition of key
metabolic enzymes by the LF system that ame responsible
for the production of lactic acid by the starier culiure, h
has been reporied that the hypothiocyanite ion pro-
duced during activation of the LP system causes
inhibition of specific glycolytic eneymes such s aldo-
lase, hexokimase and ghyceralde hydes-3-phosphate dehy-
drogenase (Condon, 1987,

Both the growith of, and acid production by, the single

strain culture L facidy subsp. dfaceiplaeciiy (Fig, 2h) in
LP-activated milk and in comirol milk did not differ

significantly {p = 005 throughowt the #h incubation
period. The growth of L. mesenterowdes subsp. cramons
{Fig 2c) was not affected by the LP sysiem. An atbempi
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Fiz. X Starter cell growth (%, B} and acd production (&, =} of
single sirain mesophil: cheeoe sturier culiures L Jecris subsp. ke o,
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Eh of newbation o 300 @ growh in L Raciaded il @, growi b
n oomiral mdk; . acid producton in LPacoated milk and =, acd
praduciion in coniral ik (e = 2L

wis made 10 measure the activity of L mesenteroddes
subsp. cremowds; however, it did not prodwece any
measurable acidity in the milk samples during the #h
incuhation period. This trend is consstent with that of
Frank and Hassan (199%8) who meporied ihat L

siesenteroddes docs nol produvce sulficient acidity in milk
to coagulate it.

The difference in acid prodwection betwesn the single
strain starier cultures L factly subsp factls and L. fecils
subsp. digceipdieily at fh oin LP-activated milk is
indicated in Table 1. The perccntage mduction in acid
production by both cultures in LP-activated milk was
lower than the valwes for mixed starter cultures
{Tahle 13, In conirast 1o the tremd for mixed starter
culiures, the growth af the single strain starter cultures
L dveils subsp. facils, L dee s subsp, digce fpdaciiy and L
siesenterakfes subsp cremords, in LP-activated milk at
#h af imcubation was higher than that in the comirol
milk {Tabk 1.

Although the singk strain starer culiures exhibited
less senstivity 1o the LP system compared 1o mixed
strain ¢ ultures, differencss in sensitivity 1o the LP sysiem
wiare obsenaed among 1he single strain starier culiures.
The wariation in sensitivity betwesn the single strain
culiures t0 the LP system may be associated with
differences in their genctic makeup. Roginski, Broome,
Hungerford, and Hickey {1984 reparied that inhihition
af starter cultums by the LP system is strain dependent.
They showed that the growih of, and acid prodsction
by, Levefowoeais Sacily subsp, cremorls Cl owere stimu-
lated by the LP system in cows' milk whersas the growth
ol Leactococens feeils subsp, cramorly BRS and L. fecils
subsp. feeils O 1 were inhibited by the LP systom.

4. Conclusions

Most of the starter cultures examined were found 1o
be semsitive to the LP system but vared in their
simoeplibility to inhibition by the system. Activation of
the LP system resulied in greater inhibition of acid
production than growth of the starer cullures. OF the
meixed starer cultures evaluated in this study, only one
culiure (LL 50C) was found to be isensitive to the LP
system and thus could be wed for checsemaking from
goats’ milk preserved by the LP system. The resulis of
this study indicate the need For routine issting of starter
cultures For their sensitivity 1o the LP system befomr
using them for chessemaking From goats’ milk preserved
by the LP system.
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