The Effect of Activation of Lactoperoxidase System (LPS) on the
Qualrty and ShellLlfe of In—pouch Pasteurised Milk
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Abstract

A study was conducted to invést gate the quality of | pasi teunsed milk made from Lactoperoxidase system
(LPS). acttvated milk. Milk LPS was actzvated by addttzon of amounts of thiocvanate (SCN) and
hvdrogen peroxide. (H> Oz) as recommended by the Codex A/tmentartus Afier LPS activation, the milk
was heldat ambient temperature (26-27°C) for 0 '3.6.9, and 12 h before in-plastic pouch pasteurtsatzon
was done at 800 C ﬂ)r [ min. followed by cooling to 1 0°C:. This milk was then stored under refrigerator
(5°C). Atr—condztzonedroom (14°C). charcoal coolercabmet (19-20°C) and underambzenttemperature
(26-27°C). The shelfls ife and quality of the pasteurtzed milk was monitored and assessed on the basis of
Towal Plate e ourit (TPC), Coltﬁ)rm Count (CC), pH and Clot on Boiling (COB) tests. The LPSactivation
holdmg ttme beﬁ)re pasteurization that gave the, hzgherr shelf life was 3 h followed by.6 h. Post LPS
treatment time above 6 h at ambient temperature (26- 27°C) produced milk of more than 40.000 cfii
immediately after pasteurisation. résulting into. relanve/y shorter subsequenr she/f life under all test
storage conditions. Under al] storage conditions rhroughout the expertment LPS treated pasteumed
milk performed szgmﬁcant/v (P=0.001). better than the contml It was therefore concluded ‘that LPS
treatment was effective in enhancmg the shelf hfe of pasteurtsed mzlk tf only the rhilk was parteumed
within 6 h of treatment-before storage. o
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to achle\ e sustalnar)le local dam development it
s therefore 1mpel {five: that all’ effons committed

Introduction SRy

n dcvelopmg countries; rural based small-scale ,

dairy producers do not ha\e secured mllk mar-
keting outlets due to the absence ‘of the govern-
ment marketing 1nfrastructures The 51tuat10n be-
comes worse.during the ramv season when roads

become impassable and whén coollng svstems .
break down owing to electr1c1tv fa1lures These‘

crrcumstances together with hlgh milk
prices. These constraints result into two situations
in the dairy industry: the presence of surplus milk
in the remote rural areas and 4 deﬁcrt of the prod- :
uct in the urban centers w heré consumers "have to
payv high price for milk (Kurwmla l987) In order

*Corresponding author

to 1ncreasmg milk product1on are' accompamed’
w1th souiid marketmg strateg1e5' AT
There isa need for an appropnate technolog\

Wthh could'i 1ncrease aw milk shelf life at 4inbi-
“ént temperature (Kurwulla 1990) Among the
che1n1ca1 methods of milk presen ation. act1-
vated LPSis advocated as appropnate for adop-
t1on in developmg countnes ( Claesson 1999ab)-
YW thh has’ cbeen approx ed by Code\
Allmentarlus comm1ss1on and the Joint
FAO/WHO E)\pert Comm1ttee on Food Addi-
 tives' (JECFA) ‘Thig! method is‘particularly useful
" for temporarv preservat1on of ‘milk in sitnations
“where refngerauon 1s'1mpract1ca1 and/or uneco-
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nomical (FAO. 1999). The activation of LPS has a

i t for
bacteriostatic effect on raw milk that may Larsa Lo
up 26 hours depending on the storage t;r:p Tature

 Ni /.. 1999). This
1988. Nicholette er ai. ‘ .
t(ailt)e}:r.l.ds raw milk shelf life. enabling the milk to

over longer distances without re-
?rj glggfi%onr.li?loreover LPS activated mlik proi
duces pasteurised milk of better bacteriologica
and storage quality. due to enhapced thermal de-
struction of milk spoilage bacteria (Kmau et a{.,
1990. 1991). The shelf life of pasteur1§ed milk is
usually limited by heat resistam bactena. that sur-
vive pasteurisation and contaminants during pack-

aging. Plastic-Pouch pasteurisation eliminates the

risks of re-contaminants and thus produces a prod-
uct with a longer shelf life (Dugdill. 1999). The
purpose of this study was to investigate the com-
bined effect of activated LPS and in- pouch pas-
teurisation on the quality and shelf life of fresh
milk. ' -

[

Materials and hiethods

Milk samples (20 litres were collected from
the Sokoine University of Agriculture, Magadu
dairy research farm, during';moming milking. The
samples were divided into two sub-samples of 10
litres each. One sub-sample' was subjected to LPS
activation and the other was kept as the control
sub sample. A ;

Activation of lactoperoxidase system

.The activation of LPS in the milk was
achieved through _a@qipjgg of Sodium thiocynate
(NaSCN) and Sodium percarbgnate NaCOs x3/2
H20: (Alfa Laval Agn®. Sweden) to give an ini-
tial concentration of about.15ppm SCN- and
8.5ppm of H202 respectively, In order to achieve
the"arbove éoncentrat&dh,}M in'g.pf' NaSCN was
added per litre of milk. The milk was then thor-
oughly mixed to ensure even distribution of SCN.
This was fpl]owf;(fbj;,ad‘di,tion of 30 mg of
Na:COs x3/2 H20z per litre.of milk. The milk was
I,hgaxi stirred for ziboug;B gni;nJ to ensure :éémplete
dissolution of the Sodium percarbonate and an
even distribution; of H202. The milk was then
stored.at room temperature (RT).(26-270C) in a
dark. well-ventilated room. T '

Pasteurisation

Duplicate milk samples of ' litre each were
packed in opaque plastic sachets and sealed on an

N

electric sealer (Pronto® Audion Electron, Hol-
land). The plastic sachets were pasteurised in a
thermostatically controlied water bath at 80 °C
for 1 min followed by cooling to 10°C in ice wa-

‘ter bath. One sachet was used to monitor.the

temperature rise using a mercury bulb thermom-
eter. The post LPS holding time to pasteurisation
was 0. 3.6. 9 and 12 hours at ambient tempera-
ture. After pasteurization. the test milk samples
were stored at RT (27°C). charcoal cooler (19
°C). air-conditioned\ room (14 °C) or under re-
frigeration (5 °C). - C

Milk shelf life
The milk shelf life ‘quality was assessed after

Oh,6h 12 handevery 24 h thereafter. Milk '
without LPS treatment acted. as a control and

was subjected to similar pasteuﬁséﬁon intervals.

Milk quality was monitored through assessing

the titrable acidity (TA). clot-on-boiling (COR).

PH. alcohol test. coliform count. and total plate

count (TPC). S

Clot on boiling (COB)

This was done using a small amount of -milk’
aseptically drawn from the test samples. Thé
milk drawn was boiled under.flame in a
tg:st-iube. Milk failing the test was taken to have
reached an advanced stage of souring (pH. 5.8)

(TZS120. 1981: DTT'and FAD. 1997),

Titratable acidity S
- . Nine ml of milk drawn aseptically from the
samples was titraied agagrlrSt\'O:"lN NaOH solu-
tion. using 3-4 drops’'of,"1% alcoliol
phenolphthalein i,_r‘ldicatorfvtf())f,'nvl(’)'rij’td‘r‘l,éc":ti‘c acid
development. Th¢ milk sample together with the
indicator in'thi¢’ conical flask was titrated against
NaOH urider. Continuous' mixing until a faint

.pink colour ‘appeared ‘(R‘i‘chardson_ 1985; IDF.
o ; o

1990). ~

e ,;_ﬂ

S v
+ Milk pH

The shelf life of the test milk from different
storage cdnditiqijs was monitored by observing
the change in pH, by ‘use of a.pH meter (Hanna

“instruments®. HI '8519,J). This was'doné in the

laboratory daily (every 24 h) until spoilage was
confirmed byv. COB tést.



Alcohol test

Initially 2 ml of milk was mixed with
equal volume of 68% alcohol in a graduated
test tube. The absence of flocculation after ad-
dition of another 2 ml of alcohol (i.e. double
the volume of milk) was taken to indicate that
the milk had acceptable low developed acidity
(TZS120. 1981). Good quality milk formed no
coagulation, clotting or precipitation.

Coliform count

Milk serial dilutions (10", 10, and 10™) in
peptone water were transferred into sterile
plates, followed by addition of 10 ml of Violet
Red Bile agar (VRB) at 45° C, which was
thoroughly mixed by tilting and rotating each
dish. After solidification (5-10.min), an over-
lay of about 3-4 ml of VRB was made to cover
thé surface of the already solidified medium.
The plates were inverted and incubated at 32°
C for 48 hours. Identification of the coliforms
was made from the positive plates with dis-
tinct dark red colonies. The total number of
coliforms was determined by- mu]tlplvmg the
average number of colonies by an appropnate

The effect of activation of lactoperoxidase system 3

dilution factor (TZS119, 1981: Richardson. 1985).

Total plate counts (TPC)

Total plate count were done according to stan-
dard procedure (TZS120. 1981: Richardson 1985.)
using standard plate count Agar (DIFCO Labora-
tories. USA).

Data analysis

The data was analysed using SAS computer soft-
ware (1990). Both descriptive statistics and general
linear model was used to analyse the data. The sta-
tistical model used to analyse the data was: -

Yij = p +TitHi+Sk+Skteiji
Where as: Yukl = Observation from]% sample of milk
under i treatment at k™ storage tem
perature pasteurised after j* time.
p = General mean
Ti= The effect of i LPS treatment
H= The effect if j time taken to pasteurisation
S &= The effect of k™ storage temperature

eiix =Random error/residual effect specific to

each observation

Table 1: The effect of I‘JPS activation at indicated holding time at room temperature (26° - 27°C)
before and after pasteunsatlon on the test mllk initial total plate count (TPC x 10")

Treatment :. Before After Pasteuriseq Mllk
! Pasteuris- ~*_Pasteurisation Upper limit (TBS)
ation o : : _
R 1,900 467 L40,
LP, 800" P = 433 .. Lo R (.
LPs 80()“ 12.33%. ! 40
; LPs 8333.33¢ 2733 - - 40
LPs 22666.67- . - ... . _ 90 ST o — ' 40
LP.. 54666.67. . 290¢ 10 -

Means within the same column with same superscript.are not significantly different (P>0.053)

Key'

!

'LP,: Milk pasteurized immediatelv after LPS activation'™ *

LP?
LP™:

Milk Pasteurized 3 hours after LPS activation
Milk pasteurize 6 hour after LPS acm ation

LP*:
LP":
RY:

Milk pasteurize 9 hours LPS activation )
Milk pasteurized 12-hours after LPS activation- "
Raw milk pasteurized immediately without LPS activation- :-
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Results

Initial raw milk quality |
The bacteriological and chemical chamctgrls-
tics of the milk used was of good.quallty with a
TPC value of 800.000 cfu/ml coliform count of
1900 cfu/ml and pH 6.7 (TBS. 1996). The TPC
and pH values of the milk. before anq aftgr pas-
teurisation are shown in Table 1 and in Figure 1 .
and 2. Table 1 shows the bacteriological quality of
the control sample (R0) and the LPS activated
samples stored for different lengths of time at am- ‘
bient temperature before and after pasteurisation.
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§=4 | .
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;'cﬁr,f’ml:i_/\ﬂcr pasteurisation)’

. 3 . .
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-
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"~ —o— Before pasteurisation. . i
--e-- After pgmteurisah’o‘ﬁ B |
—o—TBS pasteurised milk uppcr hmll )
Figure 1: The effect of LPS activation at indicated holding't'i,m-e (h) —b;).i';)r"e.;’z_ah';ld'uftelr'i)a:stt;urisé;ti(;n ;)n
the test milk initial total plate count. . N e T
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Figure 2: The effect of LPS activation at indicated holding time before and’after pasteurisation the test
milk pH



6 J.J. Mwaikambo ef al.

There was no significant (P>0.05) difference
in the initial TPC between the untreated raw milk
(Ro) and the LPS activated milk held forup to 3 h
at RT (i.e. LPo and LP:). However. the TPC val-
ues of the LPS treated raw milk held for 6 h'and
above became significantly (P<0.001) higher than
those of the control sample (Ro).

After pasteurisation. samples LPo. LP>. and LPs
showed no significant (P>0.05) difference in the
initial TPC with the control (Ro). However.
(LP-treated milk pasteurised after 9 h (LPs) and 12
h (LPn2) had significantly higher (P<0.001) TPC
values than the control and the LPs. LP: and LPs
samples. It is noteworthy that after 6 h holding pe-
riod following LP-treatment at RT, the LPs treated
pasteurised milk sample retained a pH value of
6.6. oo

The quality of 24 h-old LPS activated pas-
teurised milk held at different tempera-
tures

TPC values of pasteurised milk stored under
different storage conditions for 24 h are presented
in Table 2. As expected. refrigerated storage gave
milk with the lowest total plate count under each

treatment. while the highest TPC was always re-
corded under the RT storage. Total plate count
ranged from 46.0x10° which was the lowest, reg-
istered by treatment LPs under re'fi'igerétion to
25.0x10° (cfu/ml). which was the highest TPC
obtained from LP12 under RT storage. Refrigera-
tion provided the best storage environment by

recording significantly (P<0.001) low-TPC val-

ues under each treatment. Next to refrigeration
was the air-conditioned room. which was signifi-
cantly (P<0.001) better in TPC than the charcoa'l
cooler box: From the results, LPS effect.could
not be manifested easily on the quality of pas-
teurised milk under RT storage.

Within storage condition. results show that a
significantly (P<0.001) higher TPC value was
always registered under treatment LP:: followed
by treatment LPs. Next were treatments Ro and
LPo with no significant (P>0.05) difference be-
tween them but with significantly (P<0.001)
higher TPC than treatment LPs. The lowest TPC
value was registered under LPs. Further evidence
on the superiority of the LP3 treatment can be
visualised in Fig. 3 to 6 depicting pH values.

Table 2: Total plate count (TPC) of LPS activated in -pouch pasteurised (80°C/min) milk after 24 h expost;'l:e

under various storage conditions (x 10 cfu/ml)

Storage conditions

Charcoal cooler box

" Treatment Air conditioned room Refrigerat or . Room temp™ ~
(18 -20°C) (14-15°C) (5-8°C) (26-27°C)
LPo 11.0 - 90 6.5 +90° 0.078 - 90 16.4 - 90
_ " LPs _ 86 = 90° 4.1 -90° 0.046 - 90° 160 - 901
LPs 98 i 90° 52 900 0.062 - 90° 17.0 - 90¢
. Lp 150 = 90° 12.9 - 9¢° 0.210 . 90° 200 - 90¢
LPs: <182 5 90° 14.872 90P 0.350 = 907 25.0 - 90¢
Ro 13.8 = 90° 63 ;90 0.08 - 90° | 182 - 90°

N K " C: :‘ ' e
Means within the same column (for the same storage condition) and row

oA

the same superscript are not significantly diiferent (P0.05),

Key

'LPo:Milk pasteurized immediatelv after LPS activation
LP3:Milk pasteurized 3 hours after LPS activation
LPs:Milk pasteurized 6 hours after.LPS activation
LPo:Milk pasteurized 9 hours after LPS activation )
LP12: Milk pasteurized 12 hours after LPS activation

Re: Raw milk pasteurized immediately without LPS activation

(LPS treatment) means with
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6.00 T T r. —T T =
0 10 20 30 40 50 \ 60

‘Hours \ ;-

-~

—e— LPO: Mik pasteurised immediately after LPS activation

—o— LP3: Milk pasteurised 3 hours after LPS activation T ,
—— PX: Tanzania Bureau of Standard (TBS) pH limit fof ‘pasteurised milk
—x— LP6: Milk pasteurlsed 6 hours aﬂer LPS actlvatlon -

--=- LP9: Milk pasteurlsed 9 hours aﬂer LPS ac'uvatlon

—o— LP12: Milk pasteurlsed 12 hours after LPS activation

------ RO: (Control) Raw . mﬂk pasteunsed 1mmed1ately without LPS activation

Figure 3: The effect of activated LPS on the pH of mplastlc pouch pasteurlsed
(80°C/1minute)milk stored at room temperature (26°- 27°C)
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6.10 i 4 ilu‘” .l .“l' 1 |
0 10 20 . 30 40 50 60
Hours

—o— LPO:Milk pasteurised mmedaately after LPS actlvatlon

—o— PX: Tanzania Bureau of Standards (TBS) pH Ilmtt for pasteunsed m
~ —=—LP3: Milk pasteurised 3 h after LPS activation|’

- - LP6: Milk pasteunsed 6 h after LPS actnvatnon\

—*— LP9: Milk pasteurised 9 h after'LPS activatiofy"

—6== 1 P12: Milk- paSteurised 12 h after LPS activation

—— RO (Control) Raw milk pasteunsed |mmedtately wuthout LPS actlvatsc
: AL

Figure 4: The effect of activated LPS on the pH of inplastic pouch pasteurmed
(80°C/min.) milk stored in a Charceal cooler cabinet (19° - 20°C) .
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~ «e- - LPO:Mik pasteurised immediately after LPS activation
—— PX: Tanzania Bureau of Standards (TBS), pH Imit for pasteurised milk
--0-- LP3: Milk pasteurised 3 h after LPS activation
—=—LP6: Milk pasteurised 6 h after LPS activation
——LP9: Milk pasteunsed 9h after LPS actlvanon
-———LP]Z Milk pastcunsed 12h aﬁer LPS actxvahon
’ -—-4—RO (Control) Raw mik’ pasteunsed lmrmdmciy without LPS achvatwn

o [

6]0 ~ T T = N ”'l
0 20 40

Hours A

‘

Figure 5: The effect of activated’ LPS on the pH of pasteunsed (80“C/1mm) m:lk stored -in an ‘
air conditioned room (14° - 15°C) - 9 - - SR

SIVLITENN

6.8 1

- 67 4

0. 96 .-192 7.z 288 R 480 .
0 CHouss o -
--o-- LPO:Milk pasteunsed 1mmed|atcly aﬁer LPS activation Lo
—t— PX: Tanzania Bureau of Standards (TBS), pH,l Ilmn for pasteurised 1 mﬂk
- =% - LP3: Milk pasteunsed 3 hafter LPS activation - .
—— LP6: Milk pasteurised 6 h afler LPS activation ' . T
—o— LP9: Milk pasteurised 9 h after LPS ‘activation o ‘ o -
"=~ LP12- Milk pasteurised 12 h after LPS activation, J ) LT
—— RO. (Control) Raw milk pa.steunsed m1med1ately wnhout LPS dcuvanon o

A
N 20

'. - » * .
4 M . [P

Figure 6: The effect of activated LPS on the pH of. m-pouch pasteur-sed (80°C/mm) milk stored
under refrigeration (5'C -8°C)
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Discussion - -+
. .

Milk shelf life - f
According to the TBS standards, freshly pas-

teurized milk should have a TPC of less than'

40.000 cfuw/ml and pPH 6. 6. Under trop1ca1 condi-
tions the shelf lifé of pasteunsed milk is expected
to be 24 h. at RT or seven days under refrigeration.
From the Tanzanian consumers’ point of view,
pasteurized fresh milk should have a sweet taste
and be able to withstand re-heating in the kitchen.
This implies that the milk should have pH
above 6.4 or acidity of <0.22% lactic acid
(O’Connor, 1995). On the basis of these criteria,
'under RT storage, after 24 h. only LPxsamples
were still of acceptable quality. While under char-
coal cooler cabinet (19-20C) LPs and LPs were
still of acceptable quality-after 24 h, Under- air
conditioned environment (14-15°C). Ro LPo. LPs
and LPs were still of acceptable quality at 24 h
while LPs and LP:2 were not. Under refrigeration
storage (5-7C), the longest shelf life (400 h~ 16.5°
days (d)) were obtained with the milk under LP:.
treatment followed by LPs (370 h = 14.4 d), LPo
(320 h~ 13.3d) and the control sample (Ro) (280
h= 11.6d). These results show that LPS activation

enhances the shelf life of pasteurized milk espe "., 1n_-ppuch pasteurization (w_lth or without LP acti-

cially under refrigeration storage $ince normally”
pasteurised milk shelf life is less than 24 h at RT
and is given a “sale by date” of 7 d under refriger- .

ation. The prolonged shelf life of LP treated pas-

teurised milk is explained by the fact that certain
bacteria become weakened.by the effect of LP
treatment making them more susceptible to heat
treatment (Kamau er al.; 1990, 1991) This phe-
nomenon is less evident under RT storage of pas-
teurised milk where the little time gain of several
» hours in shelf life of the milk is not of commercial
significance. The effect of near optimum tempera-
ture conditions for growth of most milk spoilage
bacteria including thermoduric spore forming bac-

teria that survive pasteurisation. far outweigh thé
beneficial effect of the LP treatment on the ther '

mal destruction of the microorganisms.
Throughout the studied storage conditions.
milk treated with LPS and held for 0-6 h beforé
pasteurization performed significantly better than -
the untreated pasteurised milk. LPS treated milk

held for 9:12,h was generally. of poorer quality;

than the control. This shows that the time limit of
LPS holding time before pasteurization is between

-3 hand 6 hbecause its influence on shelf lif¢ of
pasteurised milk diminishes tremendously after
LPS lag time of 6 h if not pasteurised. It'is Tec-
ommended. therefore. that in the troplcs the
“proper LPS post-activation resident time before
processing should be 3 - 6 h but.should notl reach
9 h at RT because the bactenostattc/bactenc1dal
effect of activated LPS declines- tremendouslt
after 6 h. T /

The btggest ltmttatlon in preservann of pas-
teurised- milk- dunng marketmg is the 1nadequacw
of cold chain. As expected, refrigeration storage
maintained the longest shelf life of all othef stor-
age conditions. It was the objective of this work
to show that a combination of LP treatment 'in
poich pasteurisation and lowering of tempera-
ture by simpler means (such as use of charcoal
cooler cabinet or keeping milk. under a low am-.
* bient temperature env1ronments such as might
be encountéred in hlghland areas simulated by
an air- conditioned environment) can extend the
shelf life of milk to permit the marketing of pas-
teurized milk over several days without refriger-
ation. However. the results obtained show that
Storage temperatures above 10 °C are not suffi-
c1ent]v‘low “to prevent multiplication of the
thermodurlc bacteria, which had survived

vation). However. it is noteworthy that pasteur-
-ization of LP treated milk. when done within 6 h
follow1ng the LP treatment doubles the Keeping
qua]m of the pasteurised milk under refrigera-
tion storage (+5 °C).

It would appear that LPS has the greatest im-
pact on psychrotrophic bacteria and certain heat
resistant spore forming bacteria:.which normally
are the cause of spon]age of pasteurised Il‘lllk un-

r der refrigeration storage [t'has'been shotn that
“the LPS treatment has bactericidal effect against
gram-negative and bacteriostatic effect against
gram- posnne bacter1a (B_]OICk eral..1978:.
Claesson 1995 Korhonen 1999) Since most
psvchrotrophtc bacteria are easﬂv destroyed un-
;

. der standard pasteur17atton and usually regain
entn mto pasteurtled milk during packaging,
thev are not expected to contnbute considerably
10 the spoﬂage of refngerated .in-pouch pasteur-
ized milk.

It is 1mportant to mention here that the pas-
teunsatlon temperature (80°C/ lmm ) used in this
study. completely destrovs ‘the lactoperoxrdase



enzyme in the milk which is a pre-requisite for
pasteunsed milk quality test. It is now a-require-
ment by European union that pasteurized milk
should show a positive activity under peroxidase
test to monitor and limit over-processing
(Nicholette et al., 2001, Barrett, 1998). However
Standard pasteurization temperatures (63 °C for 30
min or 72 °C for 15 s) do not destroy the
lactoperoxidase enzyme in milk desplt? shelf 1'1)fe
extension of such pasteurized m1lk (Barrett
1998). From this fac,t it would be of practlcal in-
terest to test whether or not in-pouch pasteiris-

ation temperatures lower than 80°C for LPS acti-,

vated milk would result in a product of any better

keeping quality than has been obtained in the pres-

ent study.

Conclusion

Results obtained support and demonstrate the
‘'suitability of the activated LPS on pasteurized
milk keeping quality by recording substanual hy-
gienic quality and shelf life improvement on the
treated milk stored under refrigeration. No physi-
cal, chemical or organoleptic abnormalities oc-
curred on LP treated milk. LP-treated milk
stored/transported under high temperatures 26-27
€ should be pasteurized within 6 h of LP treat-
ment and stored under refrigeration for the best re-
sults on shelf life improvement.
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