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The Influence of Heat Treatment on
Antimicrobial Proteins in Milk
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Abstract—the obligatory step during immunoglobulin and Immunoglobulins Igs), together with lactoferrin,
lysozyme  concentration process is thermal treatment. Thgctoperoxidase and lysozyme form important antimicrobial
combination of temperature and time used in processing can affg tem of bovine lacteal secretions. Bovine colostrum, which

the structure of the proteins and involve unfolding and aggregatia “a rich source of las. also confers passive immunity to the
Theaim of the present study was to evaluate the heat stability of total gs, P y

Igs, the particular immunoglobulin classes and lysozyme in mill€wborn during ~development of its own immune
Milk samples were obtained from conventional dairy herd in Latvigystem [9]. Igs with specific antibody activities can be
Raw milk samples were pasteurized in different regimes: 63 °C ¥icreased in lacteal secretions through targeted
min, 72 °C 15-20 s, 78 °C 15-20 s, 85 °C 15-20 s, 95 °C 15-20 s. Thgperimmunization protocols, using vaccines containing

concentrations of Igs (IgA, 19G, IgM) and lysozyme were determinggha tivated pathogenic microbial material against which the
by turbodimetric method. During research was established, that

activity of antimicrobial proteins decreases differently. Les S activities are dgswe{dO], [111’ [9] . . .
concentration reduce was established in a case of lysozyme. The concentration of the various bovine Igs in serum and in

lacteal secretions varies according to the breed, age, health
Keywords—immunoglobulins, lysozyme, milk, pasteurization ~ Status, and stage of lactation of the animal [12], [13], [14].
Many milk processing protocols include heat treatment of
l. INTRODUCTION the colostrum, milk or whey. Therefore it is necessary to know
effect of pasteurization on different immunoglobulin classes

LTHOUGH proteins including lysozyme, lactoferrin, ) - . . -
and lysozyme. In literature there is contradictory information

lactoperoxidaseand immunoglobulingepresent only a bout th tability of antimicrobial protei
minor fraction of milk proteins, they play an important role afoout tnermostability of antimicrobial proteins.

first line defence due to their direct and indirect antimicrobiq%ﬁ%cr?;g:gguligge{;e ?Qgrmgg %?Igl?ii?))os[;erzegimrpeesrlz;l':jres
tivity [1], [2], [3 df ther i tant physiological and . ) .
ﬁZ;\I/tlhyp[rc]m[ot]in[g 1‘ue:1nctio(r)1rs(i4]er PO PRYSIOogiesl an of 75 °C can reduce detectable isolated bovine IgG by 40% in

ggnin, and by 100% at 95 °C for 15 s [15]. The explanation of

Increasing antibiotic resistance among pathogens givt. ‘ tional ch in the 10G lecul b
emphasis to develop new supplements to prevent disease Bz conformationa’ changes In tne 1gt> molecu’e causes by
eat exposure [16]. Antigen-binding activity of bovine IgG

nutritional intervention. Modulation of the gastrointestina ) I
flora has turned out to be an integral part of health promoti("ﬁluSO is reduced after heat treatment [17], [1B]. This is

[5]. It is suggested that colostral Igs and lysozyme Wouﬁlonsistent with studies suggesting that the antigen-binding

provide as one of the considerable prospects for consum“?gion of the immunoglobulin molecule is more thermolabile
health promotion in the future [5], [6] ﬁ1an the other regions of the molecule [18], [19]. Detectable

The immunoglobulinsor antibodies, found in colostrum orl9G in colostrum or colostral whey also are reduced by heat

milk are the same as those found in the blood or muco rqatmelnt, htowfvetr at ah slower rate tha? for I|so|atgd I9G.
secretions. They are a family of proteins with a range erma’ protectants such as sugars or glycerol can increase

protective bioactivities. Immunoglobulins are divided intothe stability of isolated IgG to heat treatment [20], [21].

several classes, the major immunoglobulin classes yAlthough comparing different immunoglobulin classes,

mammary secretions are 1gG, IgA and IgM [7]. IgM is th ainer (1997) detected, that IgG is the most thermostable and

class that appears initially when an organism is exposed to thil s the Igast ther{po.staté)lle |[19]. that is found i id
antigen for the first time (primary infection). IgM has a lov ysozymes an antimicrobial €énzyme that Is found in a wide

specificity and hence a lower potency in defeating tr.vanety of organisms including birds, mammals, plants,

infection. IgA is the major immunoglobulin class found ir:(nsecgs,t a3nd t?i?f:te“a ,[22]..|k1'he7980nte_?t. of Iys:ozkae 'S
mucosal secretions and prevents mucosal infections rom® to s mgTin cows milk to mgtin mares mi

agglutination of microbes, whereas IgG is the prima|[23]' Thg enzyme 1s gften used for lysing of p_eptldoglycan
immunoglobulin class found in bovine colostrum and miliPresent in the bacterial cell walls. Gram-positive cells are

Several subclasses of IgG exist, with IgG1 and IgG2 being lquite susceptible to this hydrolysis as their cell walls have a
major immunoglobulins in serurr'l [8] high proportion of peptidoglycan. Gram-negative bacteria are

less susceptible due to the presence of an outer membrane and
a lower proportion of peptidoglycan [6].

Lysozyme protects against bacterial infection by breaking
down the carbohydrates in bacterial cell walls, killing them
[24], [6]- Hence, lysozyme is a part of the innate immune
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the bactericidal properties of lactoferrin, anotfemmmon
protein as immunoglobulins [25].

Lysozyme also has fungicidal properties, protectin
mucosal areas from invasion by pathogenic yeasfuiogi.
Lysozyme has been shown to inhibit viral replicatiand
infection such HIV [26].

In addition, the concentration of soluble lysozymemilk
varies considerably from one species to anothematidn the
same species depending on various factors sudhedsréed,
stage of lactation, parturition, nutrition, uddeealth and
season of the year [27], [28].

Lysozyme is termostable, 75%

concentration of the analyzed sample, that canuamtified
by comparison from a calibrator of know Igs concatidn.
g Determination of lysozyme activity is based on ligic
activity on the cell wall ofMicrococcus lysodeikticusby
measuring the loss of intensity of light in theediion of
propagation of the incident beam, with reference standard
solution.

The factors as cow’s breed and age were not taken i
consideration in this research.

Descriptitive statistics were carried out to detieenthe
differences of IgA, IgG, IgM and lysozyme concetita in

of lysozyme activitifferent milk samples by Microsoft Windows for SPS

mantains after milk heat treatment 75 °C 15 min osoftware packages.

80 °C 15 s [23].

The concentration of immunoglobulins and lysozymse i
significantly higher in colostrum comparing with Ikni[29],
[30]. This increased pool of antimicrobial components lban
enriched further through concentration techniqlesding to
production of products containing high immunoglobuind
lysozyme concentration. Such preparation may fiedeficial
application as in human healthcare and wellbeing
preventing infection and controlling microorganisgrew and
diseases, as in a new functional food developmn&ht
Through such processing, immunoglobulins and lyswzare
exposed to a number of conditions that may altersthucture
and function of the proteins. Some of methods ufd
concentration or isolation of immunoglobulins ayddzyme
include steps that involve exposing the proteihdat acid or
pressurewhich may affect the conformation of the protein
and ultimately the immunological activity of it. dapendent
on method, which is used for concentration immuabglin
and lysozyme, thermal treatment, is obligatory stépe
combination of temperature and time used in pracgssan
affect the structure of the proteins and involvdolding and
aggregation [31]. Therefore tt@m of the present study was

I1l. RESULTS ANDDISCUSSION

The mean concentration of totehmunoglobulinsin raw
milk was 0.73 g/l (see Table 1), it was accordimghte data in
literature — 0.15-0.80 g/l [33] and it was lowermgmaring
with previous research done in Latvia [34], [35]heT
proportion of immunoglobulins classes were follogiingG

b¥6.7 %, 1gA 15.2 % and IgM 8.1 %. Mehra (2006) meead,

that the proportion of 1gG in milk is ranged betwe)—90 %;
in current study the same results were obtainempd?tion of
IgA was higher and IgM was lower, the same reswise
established during previous research [34], the qitam of
IgA was higher (12.9 %), but IgM lower (11.8 %). Ném
(1981) explains the differences of proportion witbws’
breeds [36].

» The mean concentration of lysozyme in milk was callgd
too. The mean concentration of lysozyme in raw milk
was 0.60 mg/l. It ranged from 0.40 to 0.67 mg/lading to
the literature data is from 0 to 2 mg/l [24].

TABLE |
THE EFFECT OFTHERMAL TREATMENT ONQUANTITY OF IMMUNOGLOBULINS
AND LYSOZYME IN MILK

to evaluate the heat stability of total Igs, thertipalar
immunoglobulin classes and lysozyme in milk.

Il. MATERIALS AND METHODS

A total 50 bulk milk samples were analyzed. Milkrgades
were collecting according to standard method LVS IB®
707:2011 “Milk and milk products. Guidance on saimgl.

. Quantity

Milk samples Immunoglobulins, g/l Lysozyme, mg/|
Raw milk 0.730 + 0.036 0.600 +0.030
63 °C, 30 min 0.640 + 0.030 0.590 +0.028
72°C,15-20 s 0.630 + 0.030 0.580 +0.026
78°C,15-20 s 0.610 + 0.029 0.550 +0.025
85°C, 15-20 s 0.590 + 0.025 0.520 +0.022
90 °C, 15-20 s 0.490 + 0.024 0.510 +0.020

Milk samples were obtained from conventional ddigrd
in Latvia. Individual milk samples were taken frdrs healthy
cows, pooled together, that was immediately cotded-8 °C
and transported to the laboratory, arriving atragerature not

The stability of the immunoglobulins and lysozymenilk
is influenced by many factors. One of them is thrm
treatment. The results obtained in current resegieén in

exceeding 8 °C. At the same time milk samples werk2ble 1.

pasteurized in different regimes: 63 °C 30 min,€215-20 s,
78 °C 15-20 s, 85 °C 15-20 s, 95 °C 15-20 s.

The concentrations of Igs (IgA, 1gG, IgM) and lygome
were determined by turbodimetric method [32], usin
pH-meter “Jenway 3520” and spectrophotometer “Jgnw.
6705 UV/VIS” (UK).

The principle of the immunoglobulin detection mathds
following: anti-human Ig antibodies mixed with sdeg
containing Igs form insoluble complexes. These dengs
cause an absorbance change, dependent upon the
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The concentration ofysozymeduring thermal treatment
was reduced from 0.60 g/l to 0.51 g/l, it was daseal for
15.0 %.

The decrease of mean concentrationimmunoglobulins
as determined already using pasteurization regitm@3 °C
30 min. Quantity of immunoglobulins was reduced for

12.3 £ 3 %. Similar, but not the same results, war@ined
during another research. Elfstrand, Lindmark-Mansso
Paulsson, Nyberg, Akesson (2002) had done reseaitth
q(élgstrum, which was treated at 60 °C, 30 min dkelise no

2 1SN1:0000000091950263



Open Science Index, Nutrition and Food Engineering Vol:6, No:4, 2012 publications.waset.org/10915.pdf

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering
Vol:6, No:4, 2012

effect on the concentration of the Igs was obse[8&H These concentrations of IgM was low, but it still was aoding to
experiments show that Igs in colostrum and colostiwhey the literature data 0.00-1.00 g/l [14], [33] andgad from
were more resistant to heat treatment than in toles 0.035 g/l to 0.065 g/l. During thermal treatmere tjuantity of
concentrate. Therefore there is hypothesis, mikmmnents, IgM had decreased and ranged from 0.059 + 0.00® 1032
like fat, casein, salts and lactose may protect the0.001 g/l.

immunoglobulins during heat treatment. During research was determined, that antimicrgtmateins

Increasing temperature up to 72 °C with holding etimdecrease differently. Less concentration reduce was
15-20 s had similar influence on quantity of immglodulins, established in a case of lysozyme, its activityrdased for
it was decreased for 13.7 + 3 %. 16% during the thermal treatment at 90 °C 15-20 s.

Other authors have similar results, indicating tdating The percentages losses of activity of immunoglabuli
high  temperature/short time (HTST) pasteurisationlasses and lysozyme during pasteurization are how
at 72 °C 15 s only 10 + 30 % of the Ig activityast, whereas in Figure 1.
ultrahigh temperature (UHT) treatment (138 °C 4ls3troys

the majority of the specific immune activity of k{l37], [38]. 110
In a similar study, Mainer, Dominguez, Randrup, $ez, 100
and Calvo (1999) also demonstrate the insignifieHfect of 90
pasteurization at 72 °C 15 s on Igs activity [39]. L
After extension increase of temperature, activity o =~
immunoglobulins continued to decrease: pasteudnadt 78 €0
°C 15-20 s reduced for 16.4 =+ 4.0 %, at 85 °C 15s2m0id 90 50
°C 1520 s, respectively for 19.2 £ 4.0 % and 32.6.0 %. * raw milk ‘63°C, 30 min 72°C, 15-20s 78C, 15-20 s 85C, 15-20; 90C, 15-20;
The most significant influence (p < 0.05) on quigntdf thermal reatment

immunoglobulins in milk had pasteurization at 90I8-20 s.
Previous mentioned research data shows that each

immunoglobulin class changes differently during rthal

treatment: 1IgG1 unfolded at 79.4 °C, 1gG2 at 7&€7ahd IgM

at 80.3 °C [40]. Authors also found that the uniioddof the

individual Igs was irreversible and almost indepamidof pH  The decrease d/A activity was established in the research:
[41]. In the current research the concentrationdifferent i yas decreased for 5.5 + 1.0 % during milk paszetion at

BlgG mIgA mIgM mlysozyme

Fig. 1 The percentage of immunoglobulins and lysezyosses in
milk during thermal treatment

immunoglobulin classes was determined too (seeeTabl 63 °C 30 min, for 6.4+1% and 17.3 + 4 %, at 72 &40 s
and 78 °C 15-20 s correspondingly.
TABLE Il Significant d £ 1aA activit < 005
THE EFFECT OFTHERMAL TREATMENT ON QUANTITY ON QUANTITY OF Igm_ Ican .ecrease O' g acuvi y (p . ) was
DIFFERENTIMMUNOGLOBULIN CLASSES INMILK determined during pasteurization at 85 °C 15-20¢ %0 °C
Milk sample: Quantity, g/l 15-20 s, accordingly it was decreased for 20.9Gt%. and
IgA IgG IgM 36.4 + 6.0 %.
Raw milk 0.110+0.006 0.556+0.026 0.059+0.002 o o . .
63 °C, 30 min 0.104+0.005 0.485+0.021 0.051+0.002 The (_jecrease dgG activity at 63 °C 30 min was hlgher
72°C,15-20 s 0.103+0.005 0.479+0.020 0.049+0.0@@Mparing to IgA, it decreased for 12.8 + 3.0%. Hatvity
;g g }2’385 8-82%8-882 g-igﬁg-ggg 8-3‘3‘2$8-8@ﬁ IgG continued to decrease for 13.8 + 3.0% aftelk
,15-20 s .087+0. .461+0. .039+0. o ° _ °
90°C, 15-20 s 0.070+0.004 0.390+0.020 0_032J_r0.001%2<alsteur|zat|on at 72 °C 15-20 s and for 16.0 4.8t 78 °C

15-20 s. As in a case of IgA, significant decreakactivity

The mean concentration ¢§G in raw milk samples was OOf I9G (p < 0.05) was determined at 85 °C 15-20ia at 90
0.56 + 0.026 g/l, the wide range of IgG concentratin raw © 1920 s, respectively, it was decreased for #7410 %
milk was not determined; it varied from 0.52 to®gl. In all and 29.9 £ 5.0 %, but reduction was not so high @as in a
analyzed milk samples the concentrations of immigmgin  ca@Se Of IgA.

was according to the literature data 0.00-0.761, [33].  Mainer et al (1997) had different research results,
The quantity of IgG decreased from 0.556 + 0.026tg/ high-temperature short-time pasteurization (726€C15 s) led
0.390 + 0.020 g/l during thermal treatment. to 25-40 % loss of IgG concentration and a sinréatluction

The mean concentration ¢§A in raw milk samples was in antigen-binding activities. In curr_ent researanly
0.11#0.006 g/l in all analyzed milk samples, bute th29-9 * 5.0 % of mean IgG concentration had dectease
concentration of IgA was according to the literatutata 0— 90 C 15-20s. ) )

0.13 g/l [14], [33]. The concentration of IgA inwamilk It is not possible to determine accurate percentage
samples ranged between 0.097 to 0.130 g/l. Thetityiai |n_1munoglobuI|n losses during pasteunzatlon_; it geah in
IgA decreased during thermal treatment from 0.110.g06 different samples and was not the same in all aealy
g/l to 0.070 + 0.004 gll. samples. It means, that there are others factsrghamical

The mean concentration &M in raw milk samples was COmMposition, pH and others [24], effecting concaimon of

0.06+0.002 g/l, in all analyzed mik samples thdmmunoglobulin during thermal treatment. Detectalgé in
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