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ABSTRACT

In this review we provided evidence that mastitis is associated with increase in the
concentration of NO- -derived metabolites, nitrite and nitrate, under commercial farming
and experimental conditions. NO- constantly cycle in milk through it auto oxidation to
nitrite, conversion of nitrite to the potent free radical NOz¢, interaction of NO2+ with thyles
radicals formed by NO- to form S-nitrosothiols and disintegration of NO« from S-
nitrosothiols complete the cycle. Formation of NO2+ have an important role in the
glandular innate defend system because it has bactericidal effects towards major
pathogens that inflect the mammary gland. However increase formation of NO2+ that
occurs during mastitis and extended storage for more than 3 days, even when kept in
cold-dark conditions, induce nitrossative stress on milk organic components.
Nitrossative stress in milk is reflected by mark increase in the concentration of 3-
nitrotyrosine, carbonyl and lipid peroxides. Thus, it is possible that the current criteria for
accepting milk by dairy plants oversight important information on milk safety for
consumption by humans. Relevant conclusions to improve safety of milk for human
consumption were derived. And the particular importance in applying such

recommendations for milk designated for making infant formulas was outlined.
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INTRODUCTION

Milk produced by farm animals, in particular by goats and cows play fundamental role in

the nutrition of hundred millions peoples over the world (Silanikove et al., 2010).

Nowadays, in 20 to 40% of the animals in a given cow, goat or sheep farm around the

world, a bacterial infection will be found in one of their mammary glands (Halasa et al.,

2007; Silanikove et al., 2010). Bacterial infection in cows, goats and sheep is associated

with subclinical or clinical mastitis (Leitner et al; 2004a,b,c, 2006, 2007, 2008a). Mastitis

presents the most debilitating factors in the dairy industry and a lot of research is

associated with understanding the interaction between bacterial infection and immune

response and milk quality (Halasa et al., 2007; Leitner et al.,2006, 2011, 2012;

Silanikove et al., 2010). However, to the best of our knowledge, the impact of changes

in milk composition that occur during mastitis or milk storage in the dairy farm storage

tank on its safety properties for human consumption has not been considered so far as

long as the milk delivered by dairy farms meet the present standards for accepting milk

by dairies in western countries. High-quality raw milk constituents are needed for

producing milk with long shelf-life and good-quality dairy products such as yogurt and



cheese (Auldist and Hubble, 1998; Barbano et al., 2006; Merin et al., 2008; O’Brien et

al., 2001). Nowadays, dairy plants grade milk upon reception according to its hygienic

quality. In most countries, these standards comprise limits on maximal transporting

temperature, maximal bacterial count, absence of antibiotic residues and somatic cell

count ((McLaughlin, 2006; PMO, 2007). However, as elaborated below, these standards

cannot inform if unfavorable changes caused by oxidative stress affect milk composition

and that recording the oxidative modified changes in milk is important from the point of

view of food safety.

Relatively modern findings have shown that nitric oxide (NO-) is produced by mammary

epithelial cells and milk somatic cells (Bouchard et al., 1999; Boulanger et al., 2001;

Table 1). Increase NO- release is reflected by the presence of nitrite + nitrate (NOx) in

milk and their concentration increases during mammary gland inflammation (Table 1).

As elaborated below, it is proposed that measuring of nitrite concentration and catalase

activity in milk is critical to understanding the effects of NO+ on milk composition during



mastitis and milk storage and the impact of these changes on milk safety. Therefore, it

is hope that this critical review would contribute to make researchers and food safety

policy makers more aware to the importance of measuring routinely nitrite and catlase in

milk.

NITRIC OXIDE METABOLISIM AND CHEMISTRY IN RELATION TO DAIRY SCIENCE

A concise picture of relevant nitric oxide reactions

The chemistry of NO- in biological systems is broad and complex. Many effects of NO-

do not involve NOe, but rather are mediated by reactive nitrogen oxide species (RNOS)

formed from the reaction of NO+ with oxygen, superoxide or hydrogen peroxide (Wink et

al., 1996). RNOS formed from NO-« can mediate either nitrosative or oxidative stress. It

was shown that in milk, the extracellular effects of free radicals are basically nitrosative

as a consequence of lack of superoxide production in the extracellular compartment of

milk (see detailed discussion below). Due to the extremely short physiological half-life of

NOe-, alternative strategies for the detection of reaction of NO- by assaying its

biochemical products have been developed (Bryan and Grisham, 2007). The



quantification of RNOS in biological samples provides valuable information with regard

to in vivo NOe<production, bioavailability, and metabolism (Wink and Mitchell, 1988; Wink

et al., 1996). The established paradigm of NO+ biochemistry from assembly by nitric

oxide synthases to formation of nitrite to eventual oxidation of nitrite (NO2-) to nitrate

(NO3-) may only represent part of NO-'s effects in vivo in systemic fluids (Wink and

Mitchell, 1988; Wink et al., 1996) and milk (Silanikove et al., 2005, 2006, 2007, 2009,

2012; Titov et al., 2010). The interaction of NO» and RNOS with protein thiols,

secondary amines, and metals to form S-nitrosothiols (RSNOs), N-nitrosamines

(RNNOs) were found as important physiological determinant that affect milk

antibacterial competence (Silanikove et al., 2005) and milk quality (Silanikove et al.,

2006, 2007, 2012).

Nitrite is a central homeostatic molecule in NO« biology in systemic fluids (Bryan, 2006)

and milk (Silanikove et al., 2005, 2006, 2009, 2012). NOx in blood have been widely

used as an index of endothelial nitric oxide synthase activity and as routine indirect

measures of NO - levels (Bryant, 2006). However, it is clear that nitrite level in systemic



fluids (Bryan, 2005; Bryan and Grisham, 2007) and milk (Silanikove et al., 2005, 2009,

2012) represents much more direct index of NO-« formation than nitrate. Thus, there is

much emphasizing on the therapeutic application of nitrite, especially in cardiovascular

diseases, using nitrite as marker as well as an active agent (Bryan, 1996; Thomas, et

al., 2008). Recent studies in bovine milk highlighted its importance for the evaluation of

the nitrosative stress induced during milk storage (Silanikove et al., 2009) and mastitis

(Silanikove et al., 2012; Titov et al., 2010).

Five basic distinct concentration levels of NO- activity inside cells have been proposed:

cGMP-mediated processes ([NO+] < 1-30 nM), Akt phosphorylation ([NO¢] = 30-100

nM), stabilization of HIF-1a ([NO<] = 100-300 nM), phosphorylation of p53 ([NO-] > 400

nM), and nitrosative stress (1 uM and above) (Thomas et al., 2008). Milk nitrite varies

over the same range and it concentration can even increases to the range of tenth yM

(Silanikove et al., 2009; 2012; Table 1). Whereas, there is no information regarding the

biological significance of variations of NO«/nitrite in milk in the sub- uM range, it was



found that nitrite concentration in the range of 1 yM and above are associated with

nitrosative stress (Silanikove et al., 2005, 2009, 2012; Titov et al., 2010).

Nitric oxide concentration in the systemic extracellular fluid is unrelated fo its levels in

milk

Nitric oxide is a gaseous radical that originally found to be released by endothelial cells

(Ignarro et al., 1987; Palmer et al., 1987). The original concept was that the small

quantities of NO« generated in a pulsative fashion by constitutive nitric oxide synthases

has powerful vasodilator activity required for normal homeostatic function of the

vasculature ((Ignarro et al., 1987; Palmer et al., 1987). Explosion of research on NO«

metabolism revealed that it has many more biological functions. Especially relevant to

the subject of this review were finding that NO, nitric ¢, NO+ derivatives and reactive

oxygen intermediates are toxic molecules of the immune system, which contribute to the

control of microbial pathogens and tumors (Bogdan et al., 2000). For functioning in this

line, NO- is produced in high amounts of by inducible nitric oxide synthases by various

leukocytes of the innate immune system (Leone et al., 1991). Because NO-« has



extremely short physiological half-life (~1s) (Hetrick and Schoenfisch, 2009), its effects

on extracellular components is limited while being produced within the cell of

leukocytes. However, nitrate and nitrite, are abundant food components and the major

source of exposure of nitrite and nitrate comes from the consumption of nitrate-enriched

vegetables (IARC, 2010). Nitrite and nitrates in the digestive tract and blood are

precursors for nitric oxide in an NO3- —» NO2>—> NO- axis (Lidder and Webb,

2013). Whereas high intake of nitrate and particularly nitrite may induce toxicity and

formation of various types of cancer, particularly in infants (IARC, 2010), there is much

evidence that there consumption within regulatory limits have positive effects,

particularly, on the cardiovascular function (McKnight and Duncan, 1999; Milkowski et

al., 2010).

There are convincing evidence that NO« and its metabolites in the blood system and

systemic fluids in human (Wennmalm et al., 1993) and goats (Nielsen et al., 2001) are

completely separated from the mammary gland lumen. Under normal non-inflammatory

conditions, the mammary gland lumen is effectively separated from the systemic fluids
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in cows (Shamay et al., 2003), goats and sheep (Shamay et al., 2002; Leitner et al,

2004a,b) by the tight junctions between the epithelial cells composing the alveoli. Under

mammary inflammatory situations, the concentration of milk nitrite and nitrate exceeds

their levels in the systemic fluids, indicating that they are produced locally (Silanikove et

al., 2005; 2012). Thus, it can safely assume that consumption of nitrate and nitrite

through food, or increased secretion of NO- into the blood under inflammatory response

in the systemic fluids does not affect chemical of NO<-depended changes in milk.

Nitric oxide metabolism in milk and its effects on milk oxidative stability

Recent studies have shown that enzymes linked to the metabolism of NO-affect the milk

composition of inflamed mammary glands (Silanikove et al., 2005, 2006, 2007, 2009,

2012; Titov et al., 2010). Xanthine oxidase (XO), lactoperoxidase (LPO) and their

respective substrates xanthine/hypoxanthine and NO+ are components of milk in

different mammalian species (Silanikove et al., 2006) and functions as component of

the mammary innate immune system by interactively inducing an effective bactericidal

environment towards major mammary gland pathogens: H202 and NO- are being
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constantly surged from the surrounding epithelial cells and milk leukocytes (Figure 1).

NO- start cycling in milk through its auto-oxidation to nitrite making it the best indirect

estimate of NOe<formation.

These autooxidation reactions of NO+can be described as follow (Ignarro et al., 1993):

NO++ O2 —* OONO

OONO + NO* —> 2NO2 + O2NNO2 (N204)

N2O4 + HOO — NO» + NO3 + 2H*

Accordingly, both nitrite (NO2") and nitrate (NO3") can be theoretically performed from

NO- gas in the presence of oxygen and water. However, classical study in NOe

chemistry has shown that in biological aqueous solution, NO- did not yield significant

quantities of nitrate (Ignarro et al., 1993); this finding is now considered as fundamental

knowledge in NO+ chemistry (Bryant, 2006).

Despite the fact that nitrite is the first product of NO+ autoxidation, in milk, as in blood,

the NO--derived species accumulate mainly in the form of nitrate (Silanikove et al.,
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2005, 2009, 2012), which is much less active than nitrite (Ellis et al., 1998). In blood,

residual amounts of NO- react with water to form nitrite, which, in the presence of heme

groups in proteins such as myoglobin or hemoglobin, rapidly oxidizes to nitrate and the

corresponding met-heme protein (Sharma et al., 1987). However, milk does not contain

hemoglobin or myoglobin; therefore, it is obvious that the equivalent mechanism in milk

is different (silanikove et al., 2005, 2009).

Catalases are enzymes that are ubiquitously found in all kinds of living organisms and

are best known for catalyzing the decomposition of hydrogen peroxide to water and

oxygen. However, catalase contains porphyrin heme (iron) groups in its center and can

thus oxidize various acceptors, including nitrite, by functioning as peroxidase according

to classical 3-step reactions of peroxidases, according to the following reactions:

Catalase-compound | + NO>» —»  Catalse-Compound Il + NO3-
Catalse-Compound Il + NO — Catalase + NOgz

Catalase + H202 — Catalase-compound | + H20
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It has been shown that the conversion of nitrite into nitrate by catalase is the main

function of milk catalase and that it serves as a basic mechanism for the prevention of

excessive nitrosative stress in milk (Silanikove et al., 2005, 2009; 2012). The increase in

nitrate from few uM in high-quality milk to impressive levels at the low hundred of pM

levels and even to the low mM levels in one report (Table 1) highlight the essential

importance of catalase in maintaining the oxidative stability of milk under various

inflammatory and storage conditions.

It is known that challenge with endotoxin (lipopolysacharide) and inflammatory

mediators (cytokines) burst the secretion of NO+ and xanthine/hypoxanthive) into milk

by mammary gland cells (Boulanger et al., 2001; Silanikove et al., 2005, 2007). In

addition to the use of hydrogen peroxide by catalase, it was shown that such burst is

reflected by accumulation of NO--derived metabolites that in turn impaired the oxidative

stability of proteins and lipids in bovine milk. The main bactericidal effect of NO« in milk

may be related to the conversion of nitrite into NO2+ in a hydrogen peroxide-dependent

manner by LPO, according to the following reactions:
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LPO + H20O2 — LPO-Compound | + H20

LPO-Compound | + NO2- — LPO-Compound Il + NO2*

LPO-Compound Il + NO; —  LPO + NO_*

This proposition was further supported by the increased LPO activity and large increase

in the content of the RNNOs, nitrotyrozine (3-Nitro-L-Tyrosine; 3-Nitrotyrosine; herby

abbreviated as Ntyr) in whey proteins under inflammatory response (Silanikove et al.,

2005, 2012). Ntyr cannot be produced directly by NOe, but it can be formed by

interaction with NO2* (Johnston and DeMaster, 2003; Sala et al., 2004).

The above-described results are also consistent with the proposition that increased

NO2+ production is also responsible for the accumulation of carbonyls and oxidized fat in

milk (Silanikove et al., 2005 and 2009, 2012, Figure 1), as also found in other tissues

and cells (Jung et al., 2007). The formation of NO2+ has important function in the innate

immune system of the mammary gland due to its bactericidal activity toward major

pathogens that are involved in the etiology of mastitis, S. Aureus (a gram positive

bacteria) and E. coli (a gram negative bacteria) (Silanikove et al., 2005).
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From the above discussion, it appears that hydrogen peroxide has two functions in milk:

i. in the catalase-depended oxidation of nitrite to nitrate and ii. in the LPO-depended

conversion of nitrite into the potent free radical NOz+. Hydrogen peroxide is form in milk

from the activity of xanthine oxidase (Silanikove et al., 2005, 2007, 2009, 2012). The

distribution of xanthine oxidoreductase (XOR) and its two forms, xanthine oxidase (XO)

and xanthine dehydrogenase (XD) in milk fractions have shown that it associated with

milk phospholipid membranes (Silanikove and Shapiro, 2007). XOR was found to be

distributed among an intra-membranous pool in which it takes the form of a mixture of

XO and XD, with a clear predominance of XD, and a free pool of XO, of which ~50% is

found in the outer surface of milk phospholipids membrane, and the remaining in

solution. Thus, both the membrane-bound form of XO and the XO in solution are free to

reacts with its precursors, xanthine and hypoxanthine (Silanikove and Shapiro, 2007).

The conversion of xanthine + hypoxanthine into uric acid is stoichiometrically linked to

superoxide and H20> formation (Fridovic, 1970):

Hypoxanthine + H20 + O ——  Xanthine + 2H*+ 20°
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Hypoxanthine + H.0 + O, —  Xanthine + 2H*+ H20:
Xanthine + H20 + O2  ——  Uric Acid + 2H*+ 202+

Xanthine + H,0 + O, —» Uric Acid + 2H*+ H20:2

Whether superoxide or hydrogen peroxide would be coupled to xanthine + hypoxanthine

oxidation at the molybdenum active site of XO depends on the number of electrons

produced during the reaction, which depends on the reaction conditions. Fridovic (1970)

has originally shown that under physiological conditions, ~80% H202 and ~20% Og2*—

are produced, whereas the production of 100% O2+- requires an environment of 100%

O2 at pH 10, which is quite unphysiological. In accordance, it was shown that

superoxide is not produced by milk XO (Silanikove et al., 2005) and is scarcely

produced by XO attached to the apical surface of bovine aortic endothelial cells (Kelley

et al., 2010), whereas hydrogen peroxide is the main product of XO oxidation under

both conditions. The lack of evidence for O2¢— production in milk is consistent with the

fact that milk is much more hypoxic in comparison with blood. As the production of

peroxynitrite (ONOO-) requires the formation of O+ and NO- in close proximity, the lack


http://journals.cambridge.org/action/displayFulltext?type=6&fid=8646189&jid=ANM&volumeId=6&issueId=09&aid=8646188&bodyId=&membershipNumber=&societyETOCSession=&fulltextType=RA&fileId=S1751731112000201#ref6
http://journals.cambridge.org/action/displayFulltext?type=6&fid=8646189&jid=ANM&volumeId=6&issueId=09&aid=8646188&bodyId=&membershipNumber=&societyETOCSession=&fulltextType=RA&fileId=S1751731112000201#ref37
http://journals.cambridge.org/action/displayFulltext?type=6&fid=8646189&jid=ANM&volumeId=6&issueId=09&aid=8646188&bodyId=&membershipNumber=&societyETOCSession=&fulltextType=RA&fileId=S1751731112000201#ref14

17

of O2¢ formation in milk also explains why milk is protected from the formation of ONOO-

, the most powerful oxidant molecule in biological fluid (Godber et al., 2000). This

molecule is highly instable and split very fast to the powerful radicals, NO2¢ and the

hydroxyl radical (*OH-), or form the «CO3" radical by interacting with dissolved CO:

(Wink et al., 2008). Thus, milk is effectively protected against the formation of the most

devastating oxidant in biological fluids.

In systemic fluid, XO is considered frequently as a source for the formation of harmful

radicals, such as peroxynitrite and superoxide. The situation in milk is quite

complicated. On the one hand, it provides H20O> for the conversion of NO- into NOge,

which is essential for the glandular defense, but impairs milk composition. On the other,

it provides H2O2 for the conversion of nitrite into nitrate by catalase, which is essential

for the resolution of inflammatory response and in maintaining milk quality during its

storage in the udder and under commercial farming conditions (Silanikove et al., 2009).
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Additional anti-oxidant system in milk is based on the formation of s-nitrosothiols instead

of the more reactive Ntyr, as describe as follow:

RSH + NOge —> RSe + NOo-
RS + NOs — RSNO

The association between thyl radicals (RS¢) and NO- yields s-nitrosothiols (RSNO).

RSNOs are typically relatively unstable molecules, which results in a slow dissociation

of NO- from the s-nitrosothiols (Silanikove et al., 2005). Thus, formation of RSNO in milk

proteins is the main reason for the constant cycling and accumulation of NO-+-derived

species in milk (Silanikove et al., 2005, 2009; Figure 1). As the rate of NO2* formation is

second order with regard to NO--nitrite-mediated oxidation, nitrosation reactions are

limited by the availability of nitrite, which in milk is mainly derived as a product of NO«

auto-oxidation. Thus, by maintaining a constant NO--cycle, the ability to respond rapidly

to a bacterial infection is preserved as rather small increase in NO+ surge will exceed

the capacity of RSNO formation and nitrite oxidation by catalase to restrain the

formation of NOge.
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Nitrosative stress can be defined as a condition in which the production of highly

reactive nitrogen containing chemicals, such as NO2e, exceeds the ability of biologically

regulated systems, such as milk, to prevent oxidative changes in proteins and other

organic substances in that system. It has been shown recently that large increase in the

contents of Nytr, carbonyl and oxidized fat can be formed in milk under acute mastitis

(Silanikove et al., 2012) and prolong storage of milk (Silanikove et al., 2009). From

these results, it may concluded that NO2+ formation, which is associated with nitrite

concentration that exceed 1 uM, reflect nitrosative stress. Thus, a key question that

arise is: to which extent nitrosative stress occur under typical dairy farms situation and

whether bulk milk (i.e., milk from the dairy farm tank, or dairy silos), or milk reaching the

market may contained proteins and other organic molecules that were modified by

nitrosative stress?

AN OVERVIEW ON THE CONCENTRATION OF NITRITE, NITRATE, OR NOx IN THE

MILK OF DAIRY RUMINANTS
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A summary of available data from publications in the scientific literature in regards to

nitrite, nitrate, or NOx concentrations in milk of dairy ruminants is summarized in Table

1. These data include information obtained on milk sampled from farm animals, from

milk sampled under experimental situations where mastitis was induced experimentally

and from bulk milk, either from a dairy farm level, or from marketed (pasteurized) milk.

Most of the data reported in Table 1 was obtained by using colorimetric assay, applying

the Griess reagent. The lower limit of detection of this method is around 1 yM (Bintoro

et al., 1996; Silanikove et al., 2009) whereas nitrite level in bacterial free milk is the low

nM range (Silanikove et al, 2012). Most of the analysis on the single animal’s level was

reported as NOx without an effort to distinguish between nitrite and nitrate

concentrations. Griess reaction detects nitrite, therefore, for the determination of nitrite

by the Griess reaction, the tests should have been carried out without the presence of

the enzyme nitrate reductase in the Griess reagent. Thus, most data on NOx in Table 1

actually reflect nitrate concentration in the samples. Carrying out colorimetric reaction in

milk is quite problematic because of the scattering effect of lipid droplets and casein
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micelle colloids, which require quite extensive pre-treatments to solve the problem

(Silanikove and Shapiro, 2012). However, in only in few publications an effort was to

approach this problem by taking into account recovery and calibration with reference

method (e.g., Bintoro et al., 1996). It may be concluded that the Griess reaction is

suitable to detect abnormal (> 1 yuM) concentrations of nitrite in milk if done and

calibrated properly. However, if the aim is to the study the potential biological roles of

nitrite in the sub-uM range, or to avoid the time consuming and potential inaccuracies’

associated with the pre-treatments for colorimetric reaction, fluorometric assay such as

that carried by the DAN reagent can provide detection level at the low nM range without

the need to pre-treat the samples (Silanikove et al., 2005, 2012).

The data in Table 1 strongly confirm the notion that NO+ secretion into milk is

accelerated during sub-clinical and clinical forms of mastitis and that the increase in

NO- release into milk is associated with increase in the concentrations of nitrate and

nitrite. The large variability in the reported results might be associated with analytical

problem discussed above. In addition, it is known that the there is a specific interaction
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between the type of bacteria infecting the mammary gland and the host immune system

(Leitner et al., 2006). The data of Merin et al (2008) and Silanikove et al (2007) provide

examples that subclinical mastitis associated with infection with S. dysgalactiae and E.

coliis particularly devastating in terms of its effect on milk quality and being reflected by

higher nitrate concentration in comparison with infection with S. aureus, which is

considered as a highly pathogenic bacteria, but its effect on milk composition is milder.

The results of Komie et al (2004) represent an example where acute clinical mastitis

raised milk nitrate concentration to very high levels. It seems that much more is left to

be learned with regard to the interaction between bacterial infection of the mammary

gland and the immune response in relation to NO+ metabolism in the mammary gland

lumen and development of nitrosative stress in milk.

Nitrite and nitrate levels in bulk milk available in the market were reported for milk

produced in Brazil, Indonesia, Poland (two studies) and Slovenia. Except for the milk in

Slovenia, the data on nitrite concentration from the other countries showed that its

concentration was well above the detection limit by the Griess reagent. Thus, this
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information should be considered as reliable. The data available from Slovenia was

available to us only from the abstract and provided information on the average level;

thus, most likely maximum levels exceeded that (1 uM) value; i.e., they were clearly into

range that can be considered nitrosative. In fact, the reported values for marketed on

the concentration of nitrite in milk were in the same range and even exceeded

considerably in one case the value obtained in acute clinical mastitis in single animals

(Silanikove et al, 2012), which seems strange at first view. However, the results of

Silanikove et al (2009) have shown that storing of raw milk for 3 to 4 days, which is

common situation in many farming conditions in many countries, resulted in

accumulation of nitrite concentration from the low nM range for up to 5 uM. The

following explanation was provided: i. The NO-+-cycle described in Figure 1 will continue

to function as long as the relevant enzyme, mainly xanthine oxidase and

lactoperoxidase, are active (i.e., the milk is not pasteurized) ii. However, at some stage

metabolites that used as a source for hydrogen peroxide will exhaust, which will result in

accumulation of NO--autooxidation product, nitrite, in milk. In Silanikove et al (2009)
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study, high quality milk from non-infected glands was used, hence, nitrite levels

accumulated to 5 uM from initial levels at the low sub- uM range. It is well known that

milk is particularly sensitive to oxidation and serious problem for the dairy industry is the

lipid oxidation of milk fats, which gives rise to lipocatabolic odor (Lindmark-Mansson and

Akesson, 2000) and may results in wasting large amounts of milk (Pal and Mulay,

1985). The phenomena of increase oxidatively modified molecules upon exposure to

fluorescent light due to formation of singlet oxygen is well established (Scheidegger et

al., 2010). However, in this review we provided evidence that formation of oxidatively

modified products in milk, could also result from the formation of NO2* during mastitis

and thus, it is more likely an explanation to formation of lipocatabolic odor in tons of bulk

milk. This conclusion is based mainly on research carried mainly in one laboratory, but it

is substantiated by some publications: The study of Marenjak et al (2009) showed that

low quality milk (i.e., with high in somatic cell count) contain more Lpx than high quality

milk and in the study of Mannello et al (2009) it was found that nipple aspirate fluid

collected from breast cancer women contains increased protein carbonyl concentration,
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which suggested that oxidative stress in the mammary gland was involved in the

etiology of the disease. The study of Bhat et al (1980) sustains our finding (Silanikove et

al, 2009) that the content of Lpx and carbonyls may increase during milk storage.

Similarly, Fonseca et al (2013) have shown that storing goat milk for more than 3 days

resulted with higher formation of lipid-modified-components and with lower quality of the

whole milk powder made from that milk. Thus, it is possible that if the initial levels of

nitrite in milk immediately after milking are much higher than in Silanikove et al (2009), it

could end up at the level reported in Table 1 after few days of storage.

According to the data from Brazil (Seraphim et al., 1998), bulk milk from farm level

contained more nitrite and nitrate than marketed milk. However, this cannot be taken as

evidence that pasteurization reduced the content of nitrite and nitrate in milk. It could

have been simply a result of dilution with better quality milk on the dairy silo level. A

poorer scenario for the disappearance of nitrite/nitrate level in raw milk during the period

elapsed between transportation from farm to dairies plants, storage in dairy silo and

pasteurizations is the potential formation of highly carcinogenic and difficult to detect
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alkyl proteins (Druckrey, 1973; Bouchikhi et al., 1999). It could be a result of combined

activity of a-hydroxylase activity, which may origin from bacterial contamination and

indigenous oxidizing enzymes, such as xanthine oxidase and lactoperoxidase,

according to scheme originally proposed by Druckrey (1973) and suggested to be of

relevance to dairy products treated with nitrite (Bouchikhi et al., 1999).

INTEGRATIVE DISCUSSION

Milk and milk-derived dairy products, such as cheese and yogurt, along with grains,

meats, vegetables and fruits are categorized as nutrient-dense foods, i.e., foods that

deliver many nutrients and are relevant to health throughout the life cycle (Drewnowski

and Fulgoni, 2008; Silanikove et al., 2010). Because of its special characteristic, such

as high Ca-content in soluble form and the general resembles to protein and fat

composition in human milk, ruminants milk, particularly bovine milk are used as the

major source of nutrients for manufacturing infant (< 1 year old babies) and follow-up ( >

1 year old babies) formulas. Formulas for babies need to be prepared according to the

Codex Alimentarius , which is a collection of internationally recognized standards, codes
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of practice, guidelines and other recommendations relating to foods, food production

and food safety by the Food and Agriculture Organization of the United Nations (FAO)

and the World Health Organization (WHO). However, upon browsing the Codex

Alimentarius, no relevant information regarding the issues reviewed here could be found

in regard to milk as well as for infant and follow-up formulas.

Thus, the critical question that arise from the discussion and information reviewed

above is it to which extend it is relevant to food safety, or in other words, does the

current food safety regulation are insufficient in regards to marketed milk, particularly

when it comes to milk that indented to be used for babies food?

Compared with other foods, milk is extremely compound matrix. Though its structure

appears to be continual and homogeneous, milk is composed of at least five physically

and functionally discrete phases (Silanikove, 2008; Silanikove et al., 2006). About 70

enzymes, which are unevenly and specifically associated with one or more of the milk

physical fractions, were identified so far in milk. Milk enzymes have an important

biological role and so far have been found to be involved in the control of milk secretion,
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developmental stage (involution), the gland innate immune, both by producing

bactericidal free radicals and preventing by oxidative damage to its essential nutrients.

These milk enzyme cascades function at all time during the 6 to 12 hours milk is stored

in the mammary gland and during the 2 to 6 days it might be stored before being

pasteurized in dairy plants.

In this review we unveiled the mechanism by which increased purge of NO- from

surrounding epithelial cells and milk leukocytes during bacterial infection is used to form

an effective bacteriostatic environment in milk and presented evidence that an increase

in the concentration of NO+-derived metabolites (nitrate and nitrite) in milk is a universal

response in different experimental and farming situations. The biochemical responses

that occurs in the mammary gland in response to bacterial infection dictate to large

extend milk quality for processing into cheese and yogurts and as discussed may

negatively affect it marketing quality in terms of safety for human consumption.

As mentioned above, there is no specific recommendation in the Codex Alimentarius

regarding permissible levels nitrite and nitrate in milk. However, The joint FAO/WHO
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Expert Committee on Food Additives (WHO, 2003a,b) confirmed the previous

acceptable daily intake of 0-3.7 mg/kg body weight per day for nitrate ion and average

daily intake of 0-0.06 mg/kg body weight per day for nitrite ion. These levels were also

endorsed in the more recent IRAC (2010) monograph. However, it was noted that these

average daily intake do not apply to infants under the age of 3 months. Bottle-fed infants

under 3 months of age are most susceptible to methaemoglobinaemia following

exposure to nitrate and/or nitrite in the drinking-water (WHO, 2003a). Taking into

consideration the knowledge available at that time, and considering the data reported in

Table 1, the lack of relation to nitrite/nitrate ion levels in milk seems reasonable. Except

for the upper limit of nitrate levels sheep and goat milk found in a single study, even

drinking a cup of milk (240 ml) composed from mastitic milk will not bring nitrite/nitrate

levels to the upper level of permissible intake. However, research carried in the last few

years have shown that inflammatory reactions in the mammary gland, mastitis and

extended storage are associated with induction of nirosative stress that modified the

oxidative stability of milk organic components and is reflected by formation of Ntyr, Lpx



30

and carbonyls. A nitrite level of around 1 yM (~ 50 ppm) was identified as the critical

level that signal formation of nitrossative stress in milk. The data in table 1 show that in

4 different countries around the globe, the concentration of nitrite in marketed milk

exceeds considerably this upper critical level and thus it may contain oxidatively

modified molecules. In this review, t was proposed that these relatively high

concentrations of nitrite resulted as consequence of using milk that is initially of low

quality. According to present regulation in Western countries, low quality milk from cows

having mastitis can still enter into the food chain: Typically, nowadays, the somatic cell

content (SCC) in the bulk milk tank (BMT) in most European Union countries is around

250 000/ml, whereas the upper permitted level is 600 000/ml (EEC Council Directive

94/71/EC, 1994). Mastitis usually infects a single gland and typically has SCC of 1 x

106/ml and above (Rainard and Riollet, 2006). Thus, according to the current SCC-

based hygienic criterion, such milk in small quantities but with high SCC may perhaps

enter the BMT, and the milk will still meet the above-described criteria. The amount of

low-quality milk that can enter the BMT without violating these criteria is inversely
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related to the SCC level. Analysis of the quality of bulk milk in 11 tanks of Israeli dairy

farms has shown large variability in milk quality for curdling that was not related to

somatic cell count (SCC) (Leitner et al., 2008). It was suggested that this variability was

related to mixing milk from post-clinical infection when the milk appears normal and

from sub-clinically infected udders with the general milk. However, mixing of milk from

infected udders with milk from non-infected ones could not be detected by measures

such as determination of SCC, proteose peptone content and % of casein, which

worked well at the individual cow level as predictors of udder inflammation (Leitner et

al., 2008). Indeed, the results of recent studies (Silanikove et al., 2007; Leitner et al.,

2008b, 2012; Forsback et al., 2009, 2010) indicate that it is important for the dairy

industry to develop analytical tools that will allow to prevent combining low-quality milk,

such as milk rich in somatic cells and nitrite, with high-quality milk in order to ensure

optimal yield and quality of curd from milk designated for cheese production.

Furthermore, we also showed that even high-quality milk with nitrite level at the low nM

range will deteriorate if stored for a period of 3 to 4 days (Silanikove et al., 2009).
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As discussed and explained in detail, high levels of oxidized substances such as Ntyr,

Lpx and carbonyls in milk under inflammatory conditions, or extended storage are

associated with a high level of nitrite in that milk. Ntyr, Lpx and carbonyls are

considered as causative agents and hallmarks of cancer, atherosclerosis and other

inflammatory diseases (Ohshima et al., 2003). Foods are considered as a major source

for intake of such compound and high exposure to them increase the probability of

development of cancer (Eichholzer and Gutzwiller, 1998; Knekt et al., 1999). However,

as far as we aware there are no known regulation for higher permissible intake of any

kind of oxidatively modified molecules. According to Tricker (1997), total human

exogenous exposure to N-nitrosamines is estimated to be 1.10 pmol/day; the major

exposure sources are the diet (0.79 pymol/day). In Silanikove et al (2009, 2012) studies

Ntyr was determined only in whey protein to avoid interference from casein to the color

reaction in the ELISA method used to quantify them. However, there is no reason to

assume that casein is resistant to Ntyr formation. Indeed, Chiappetta et al (2009)

demonstrated that Ntyr forming-sites are distributed among all milk proteins, including
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casein and major and minor whey proteins. Based on the data in Silanikove et al (2009),

consumption of a cup (240 ml) of low quality milk may be associated with intake of 2.5

pmol/day of Ntyr [240ml x 30 g/l (protein concentration) x 350nM/g (Ntyr concentration

on protein)], which is 3.6 time higher than the average exposure to N-nitrosamines from

diet. According to the information in table 1, commercial milk can contain much higher

nitrite concentration than in Silanikove et al (2009), and therefore the exposure might be

even higher. If this estimation is a real situation, obviously, the penetration of such milk

to the daily human diet is undesirable.

In a recent the study, the content of oxidatively modified lipid in the form of 4-

hydroxynonenal and 4-hydroxyhexenal was found to be considerable higher in milk

formula than human milk (Michalski et al., 2008), which may suggest that low quality

milk may be used for making babies formulas. All and all, there is dearth of information

regarding the significance of the presence of oxidatively modified substance in foods

(Michalski et al., 2008; Silanikove et al., 2009).
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Due to their lower body mass and higher surface-to-mass ratio than those of adults,

infants are particularly sensitive to the presence of free radical products and their pre-

cursors in the food chain that contribute to the total reactive oxidative load that infants

have to deal with, and they are considered to be factors in the etiology of common

infants’ and preterm infants’ pathogenesis, such as necrotizing enterocolitis,

bronchopulmonary dysplasia and type | diabetes (see Silanikove et al for

references).Epidemiological studies haves shown that bovine milk is a safe food that

contributes positively to preventing obesity and metabolic syndromes, in addition to

being an almost irreplaceable source of dietary calcium, particularly for adolescents

and postmenopausal women (see, Silanikove et al., 2009). Nevertheless, there also is

epidemiological evidence that consumption of cow’s milk during the first year of life

predisposed infants to type | diabetes, although the basis for that remained elusive

(Gerstein, 1994; Akerblom et al., 2002). Currently, the National Health and Medical

Research Council of Australia (NHMRC, 2003), and the American Academy of

Pediatrics (Committee on nutrition, 1992) recommend that cow’s milk should not be
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used by infants aged less than 12 months, other than in small amounts in food. The

information summarized in this review, which show that bovine milk contains free

radicals, their precursors, and oxidative modified products, such as Ntyr, on the one

hand, and the concept that type | diabetes is possibly due to the selective death of (3-

cells as a result of a nonspecific inflammatory attack by diabetogenic RNOS formed

from NO- reactions (Kroncke et al., 1995) on the other hand, provide potential

explanation for the link between consumption of cow’s milk by infants under the age of

12 months and their susceptibility to develop type | diabetes.

In this review, we identified catalase as the most important factor in milk that maintain it

oxidative stability. In humans, catalase gene polymorphism is a familiar problem,

associated with a range of stress-related oxidative diseases such as atherosclerosis,

diabetes, dyslipidemia, and neurodegenerative disease (Mates et al., 1999). We could

not find equivalent information regarding potential polymorphism of catalase in bovines

and increasing the knowledge in this respect appears to be important.
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CONCLUSIONS

Based on the reviewed information, it can be argued that the lack of evaluation of nitrite

or formation of oxidative modified products under routine farm practical situation put out

of sight the occurrence of nitrosative stress on milk organic components, hence, its

safety for human consumption. As can seen from the limited available existing

information, nitrate levels in milk cannot be use as predictive of nitrite levels, hence

potential activity of NO2+ and formation oxidatively modified molecules. A requirement

for measuring of most oxidatively modified products in milk on routine basis, would

expose the dairy plants to quite significant burden. On the other hand, analysis of nitrite

level by fluorometric methods is fast and accurate. Thus, we would like to suggest that

there is an urgent need to develop meticulous safety criteria standards that would limit

the contents of radical precursors and radical-preformed oxidized substances in dairy

products intended for human consumption and in particular for their use in milk

designated to produce infants’ formulas. Such criteria should be practical and knowingly
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applied by the food industry. Analysis of nitrite and its calibration against formation of

oxidative modified products may provide a practical solution for that need.

Currently, no information regarding catalase polymorphism in bovines appears to be

available. Thus, in light of its essential contribution to maintenance of milk-quality and

safety maintenance, it seems to be important to gain further knowledge on this aspect.

Figure Legend

Figure 1. Scenario of NOe- cycling and the formation of NO2+ oxidation products in
bovine milk. See Silanikove et al (2005, 2009) and text for details and justification of the

basic NO--cycle.

REFRENCES

Akerblom, HK., Vaarala, O., Hyoty, H., llonen, J., Knip, M., 2002. Environmental factors in the etiology of
type 1 diabetes. Am. J. Med. Genet. 115, 18-29.

Atakisi, O., Oral, H., Atakisi, E., Merhan, O., Pancarci, S. M., Ozcan, A. Marasli, S., Polat, B. Colak, A.,
Kaya, S., 2010. Subclinical mastitis causes alterations in nitric oxide, total oxidant and antioxidant
capacity in cow milk. Res. Vet. Sci. 89,10-13.

Auldist, M.J., Hubble, 1.B., 1998. Effects of mastitis on raw milk and dairy products. Aust. J.

Dairy Technol. 53, 28-36.

Baranova, M., Burdova, O.,Mal’a, P., Zezula, 1., (1998. Levels of residual nitrates and nitrites in milk in
1996. Bull. Vet. Inst Pulawy 42, 177-180.

Barbano, D.M., Ma, Y., Santos M.V., 2006. Influence of raw milk quality on fluid milk shelf life. J. Dairy
Sci. 89, :E15-E19.



38

Bastan, A., Cengiz, M., Cengiz, S., Sel, T., Polat, B., Colak, A., Akan, M., Darbaz, 1., 2013. Nitric oxide
concentrations in mammary quarters during heifer mastitis. Anim.7, 499-504.

Bhat, G.S., Murthy, M.K.R., Rao, M.B., 1980. Autooxidation of milk fat 1. Development of peroxides and
carbonyl compounds during storage of cow and buffalo milk fats. Milchwissenschaft-Milk Sci.
Intern. 35, 284-286.

Bintoro, V.P., CantinEsnault, D., Alary, J. (1996). A survey of nitrate contents in Indonesian milk by
enzymic analysis. Food Additiv. Contamin. 13, 77-87.

Blum, J. W., Dosogne, H., Hoeben, D., Vangroenweghe,F., Hammon, H. M., Bruckmaier,R.M., Burvenich,
C., 2000. Tumor necrosis factor-a and nitrite/nitrate responses during acute mastitis induced by

Escherichia coli infection and endotoxin in dairy cows. Domestic Anim. Endocrinol.19, 223-235.

Bogdan, C., Rollinghoff, M., Diefenbach, A., 2000.Reactive oxygen and reactive nitrogen intermediates in

innate and specific immunity. Curr. Opinion Immunol. 12, 64-76.

Borawska, M.; Markiewicz, R..; Omieljaniuk, N.; Witkowska, A., 1996. Nitrate and nitrite content of milk

and dairy products marketed in Bialystok. Bromatologia Chem. Toksykologiczna 29,139-142.

Bouchard, L., Blais, S., Desrosiers, C., Zhao, X., Lacasse, P. (1999). Nitric oxide production during

endotoxin-induced mastitis in the cow. J. Dairy Sci. 82, 2574-2581.

Bouchikhi, B., Mavelle, T.,Debry, G., 1999. Effect of the addition of nitrate to milk on the formation of
volatile N nitrosamines and apparent total N-nitroso compounds. Europ. Food Res. Technol. 209,

88-92.

Boulanger, V., Bouchard, L., Zhao, X., Lacasse, P., 2001. Induction of nitric oxide production by bovine

mammary epithelial cells and blood leukocytes. J. Dairy Sci. 84, 1430-1437.

Bryan, N. S., 2006. Nitrite in nitric oxide biology: Cause or consequence? A systems-based review. Free

Radical Biol. Med. 41, 691-701.

Bryan, N. S., Grisham, M. B., 2007. Methods to detect nitric oxide and its metabolites in biological
samples. Free Radical i Biol. Med. 43, 645-657.

Chiappetta, G., Corbo, C., Palmese, A., Galli, F., Piroddi, M., Marino, G., Amoresano, A., 2009.

Quantitative identification of protein nitration sites. Proteomics 9, 1524-1537.

Committee on Nutrition., 1992. The use of whole cow’s milk in infancy. Pediatrics 89,1105- 1109.


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=BIOSIS&SID=Z2LiF1o81FKO6aCAOmn&field=AU&value=Witkowska,%20Anna&ut=BIOSIS:PREV199799408565&pos=4
http://www.sciencedirect.com/science/article/pii/S0891584907002936
http://www.sciencedirect.com/science/article/pii/S0891584907002936

39

Drewnowski, A., Fulgoni, V.111., 2008. Nutrient profiling of foods: creating a nutrient-rich food index. Nutr.
Rev. 66, 23-29.

Druckrey, H., 1973. Specific carcinogenic and teratogenic effects of indirect alkylating methyl and ethyl
compounds, and their dependency on stages of ontogenic developments. Xenobiotica 3, 271-
303.

Eichholzer, M., Gutzwiller, F.,1998. Dietary nitrates, nitrites, and N-nitroso compounds and cancer risk: a

review of the epidemiologic evidence. Nutr. Rev. 56, 95-105.

Ellis, G., Adatia, |., Yazdanpanah, M., Makela, S., 1998. Nitrite and nitrate analyses: a clinical
biochemistry perspective Clini. Biochem. 31, 195- 220.

Fonseca, C.R., Bordin, K., Fernandes, A.M., Rodrigues, C.E.C., Corassin, C.H., Cruz, A.G., Oliveira,
C.A.F., (2013). Storage of refrigerated raw goat milk affecting the quality of whole milk powder.
J.Dairy Sci. 96, in press (DOI: http://dx.doi.org/10.3168/jds.2012-6120)

Forsback, L., Lindmark-Mansson, H., Andren, A., Akerstedt, M., 2009. Udder quarter milk composition at

different levels of somatic cell count in cow composite milk. Anim. 3, 710-717.

Forsback, L., Lindmark-Mansson, H., Andren, A., Svennersten-Sjaunja, K., 2010. Evaluation of quality

changes in udder quarter milk from cows with low-to-moderate somatic cell counts. Anim. 4, 617-
626.

Fridovic, 1.( 1970). Quantitative aspects of production of superoxide anion radical by milk xanthine

oxidase. Journal of Biological Chemistry 245(16):4053-4057.

Gerstein, H,C. (1994). Cows milk exposure and type-| diabetes-melilitus — A critical overview of the

clinical literature. Diabetes care 17(1):13-19.

Godber, B.L.J., Doel, J.J., Durgan, J., Eisenthal, R., Harrison, R. (2000). A new route to peroxynitrite: a
role for xanthine oxidoreductase. FEBS Letters 475(2): 93-96.

Halasa, T., Huijps, K., Osteras, O., Hogeveen, H. (2007). Economic effects of bovine mastitis and mastitis

management: A review. Veferinary Quarterly 29(1):18-31.

Hetrick, E. M., Schoenfisch, M. H. (2009). Analytical chemistry of nitric oxide. Annual Review of Analytical
Chemistry 2(Book Series):409-433.


http://dx/
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=2&SID=R2pIEnFAc@AHDP1ppOi&page=1&doc=9&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=2&SID=R2pIEnFAc@AHDP1ppOi&page=1&doc=9&cacheurlFromRightClick=no

40

IARC., 2010. Ingested nitrate and nitrite, and cyanobacterial peptide toxins. Volume 92 of IARC
Monographs on the Evaluation of Carcinogenic Risks to Humans (World Health Organization,

International Agency for Research in Cancer).

Ignarro, L.J., Byrns, R.E., Buga, G.M., Wood, K.S., 1987. Endothelium-derived relaxing factor from
pulmonary artery and vein possesses pharmacologic and chemical properties identical to those of

nitric oxide radical. Circul. Res. 61, 866-879.

Ignarro, L.J., Fuuto, J.M., Griscavage, J.M., Rogers, N.E., 1993. Oxidation of nitric—oxide in aqueous-
solution to nitrite but not nitrate — comparison with enzymatically formed nitric-oxide from L-

arginine. Proc. National Acad. Sci., USA 90, 8103-8107.

Johnston, B.D., DeMaster, E.G., 2003. Suppression of nitric oxide oxidation to nitrite by curcumin is due
to the sequestration of the reaction intermediate nitrogen dioxide, not nitric oxide. Nitric Oxide-

Biol. Chemi. 8, 231-234.

Jung, T., Bader, N., Grune, T., 2007. Oxidized proteins: Intracellular distribution and recognition by the

proteasome. Archiv. Biochem.Biophys. 462, 231-237.

Kelley, E.E., Khoo,N.K.H., Hundley, N.J., Malik, U.Z., Freeman, B.A., Tarpey, M.M., 2010. Hydrogen

peroxide is the major oxidant product of xanthine oxidase. Free Radical Biol. Med.48, 493-498.

Knekt, P., Jarvinen, R., Dich, J., Hakulinen, T., 1999. Risk of colorectal and other gastro-intestinal
cancers after exposure fo nitrate, nitrife and N-nifroso compounds: a follow-up study. Intern.
cancer J. 80, 852-856.

Komine, K., Kuroishi, T., Komine, Y., Watanabe, K., Kobayashi, A., Yamaguchi, T.,Kamata, S., Kumagai,
K., 2004. Induction of nitric oxide production mediated by tumor necrosis factor alpha on
staphylococcal enterotoxin C-stimulated bovine mammary gland cells. Clinical and Diagnostic
Laboratory Immunol.11, 203-210

Kroncke, K.D., Feshel, K., Sommer, A., Rodriguez, M.L., Kolbbachfen, V., 1995.Nitric-oxide generation
during cellular metabolization of the diabetogenic N-methyl-N-nitroso-urea-streptozotozin
contributes to islet-cell DNA damage. Biol.Chem. Hoppe-Seyler 376, 179-185.



41

Leone, A.M., Palmer, R.M.J., Knowles, R.G., Francis, P.L., Ashton, D.S., Moncada, S., 1991. Constitutive
and inducible nitric oxide synthases incorporate molecular-oxygen into both nitric oxide and

citrulin. J.Biol. Chem. 266, 23790-23795

Leitner, G., Chaffer, M., Shamay, A., Shapiro, F., Merin, U., Ezra, E., Saran, A., Silanikove, N., 2004a.

Changes in milk composition as affected by subclinical mastitis in sheep. J. Dairy Sci. 87, 46-52.

Leitner, G.,Merin, U.,Silanikove, N., 2004b. Changes in milk composition as affected by subclinical

mastitis in goats. J. Dairy Sci. 87, 1719-1726.

Leitner, G., Merin, U., Silanikove, N., Ezra, E., Chaffer, M., Gollop, N.,Winkler, M.,. Glickman, A.,Saran,
A., 2004c. Effect of subclinical intramammary infection on somatic cell counts, NAGase activity

and gross composition of goats’ milk. J Dairy Res. 71, 311-315.

Leitner, G., Krifucks, O., Merin, U., Lavi, U., Silanikove, N., 2006. Interactions between bacteria type,

proteolysis of casein and chemical properties of bovine milk. Intern. Dairy J.16, 648-654.

Leitner, G., Merin, U., Lavi, U., Egber, A., Silanikove, N., (2007). Aetiology of intramammary infection and
its effect on milk composition in goat flocks. J.Dairy Res.74, 186-193.

Leitner, G., Silanikove, N., Merin, U., 2008a. Estimate of milk and curd yield loss of sheep and goats with

intrammamary infection and its relation to somatic cell count. Small Ruminant Res.74, 221-225.

Leitner, G., Silanikove, N., Jacobi, S., Weisblit, L., Bernstein, S.,Merin, U., 2008b. The influence of
storage on the farm and in dairy silos on milk quality for cheese production. Intern. Dairy J. 18,

109-113.

Leitner, G., Merin, U., Silanikove, N., 2011. Effects of glandular bacterial infection and stage of lactation
on milk clotting parameters: Comparison among cows, goats and sheep. Intern. Dairy J. 21, 279-

285.

Leitner, G., Merin, U., Krifucks, O., Blum, S., Silanikove, N., 2012. Effects of intra-mammary bacterial
infection with coagulase negative staphylococci and stage of lactation on shedding of epithelial
cells and infiltration of leukocytes into milk: Comparison among cows, goats and sheep. Vet.

Immunol. Immunopathol.147, 202-210.


http://www.scopus.com/authid/detail.url?authorId=7003685677&amp;eid=2-s2.0-3142605619
javascript:visitAuthor(%22Gabriel_Leitner%22)
javascript:visitAuthor(%22Uzi_Merin%20O_Krifucks%22)
javascript:visitAuthor(%22S_Blum%22)
javascript:visitAuthor(%22Nissim_Silanikove%22)

42

Lidder, S., Webb, A., 2013. Vascular effects of dietary nitrate (as found in green leafy vegetables and

beetroot) via the nitrate-nitrite-nitric oxide pathway. Br. J. Clinic.Pharmacol. 75, 1365-2125.

Licata, P., Naccari, F., Di Bella, G., Lo Turco, V., Martorana, V., Mo Dugo, G., 2013. Inorganic anions in
goat and ovine milk from Calabria (ltaly) by suppressed ion chromatograph.: Food additives &

contaminants. Part A, Chem., Anal. Control, Exposure & Risk Assessment 30, 458-465.

Lindmark-Mansson, H., Akesson, B., 2000. Antioxidative factors in milk. Br. J. Nutr. 84, S103-S110.

Mannello, F., Tonti, G., Medda, V., 2009. Protein oxidation in breast microenvironment: Nipple aspirate
fluid collected from breast cancer women contains increased protein carbonyl concentration.

Cell.Oncol. 31, 383-392.

Marenjak, T., Poljicak,M.N., Pirsljin, J., Ljubic, B.B., Tur, S.M., 2009. Oxidative stability and quality of raw

Saanen and Alpine goats milk. Archiv fur Tierzucht — Arch. Anim.Breeding 52, 637-646.

Mates, J.M., Perez-Gomez, C., De Castro, I.N., 1999. Antioxidant enzymes and human diseases. Clinic.

Biochem. 32, 595-603.

McLaughlin, F. ,2006.. A brief comparison of United States and European Union standards for fluid dairy
production. Retrieved May 5, 2007, from http://www.iflr.msu.edu/uploads/files/109/Student%20
Papers/A_Brief_Comparison_of_United_States_and_European_Union_Standards_for_Fluid_Dairy

_Products.pd

McKnight, G., Duncan, C.W., Leifert, C., Golden, M.H., 1999. Dietary nitrate in man: friend or foe? Br. J.
Nutr. 81, 349-358.

Merin, U.,Fleminger, G.,Komanovsky, J., Silanikove, N.,Bernstein, S.,Leitner, G., 2008. Subclinical udder
infection with Streptococcus dysgalactiae impairs milk coagulation properties: The emerging role

of proteose peptones. Dairy Sci. Technol. 88, 407-419.

Michalski, M.-C., Calzada, C., Makino, A., Michaud, S.,Guichardant, M., 2008. Oxidation products of
polyunsaturated fatty acids in infant formulas compared to human milk — A preliminary study.

Molecular Nutr. Res. 52, 1478-1485.


http://www/

43

Milkowski, A., Garg, H.K., Coughlin, J.R., Bryan, N.S., 2010. Nutritional epidemiology in the context of

nitric oxide biology: A risk-benefit evaluation for dietary nitrite and nitrate. Nitric Oxide — Biol.
Chem. 22, 110-119.

NHMRC., 2003. Clinical Practice Guidelines for the Management of Overweight and Obesity in Children

and Adolescents; National Health and Medical Research Council: Canberra, Australia, 2003.

Nielsen, M. O., Hojlund, S., Berggren, P., Jakobsen, K., 2001. Mammary and whole-body nitric oxide (NO)
release in lactating goats. Livest.Prod.Sci.e 70, 181.

O’Brien B., Meaney W.J., McDonagh D., Kelly A.L., 2001. Influence of somatic cell count and storage

interval on composition and processing characteristics of milk from cows in late lactation.
Austral. J. Dairy Technol.y 56, 213-218

Ohshima, H.,Tatemichi, M .,Sawa, T., 2003. Chemical basis of inflammation-induced carcinogenesis.
Archiv.Biochem. Biophys. 417, 3-11.

Osman, K.M., E-Enbaawy, M., Ezzeldin, N.A., Hussein, H. M.G., 2010. Nitric oxide and lysozyme

production as an impact to Clostridium perfringens mastitis. Comp.Immunol. Microbiol. Infect.
Diseases 33, 505-511.
Pal, D., Mulay, C. A., 1985. Development of 43lavor43d 43lavor in toned milk. Indian J Dairy Sci. 38, 314-
320.

Palmer, R.M.J., Ferrige, A.G., Moncada, S., 1987. Nitric-oxide release accounts for the biological-activity
of endothelium-derived relaxing factor. Nature 327, 524-526.

PMO., 2007. Grade “A” pasteurized milk ordinance. US Department of Health and Human Services,
Public Health Service, Food and Drug Administration, Washington, DC, USA.

Radzyminska, M., Smoczynski, S. S., Kopeé, M., 2008. Persistent organochlorine pesticide, lead,

cadmium, nitrate (V) and nitrate (Ill) in Polish milk and dairy products. Polish J.Environ.Sci. 17,
95-100.

Rainard, P., Riollet, C., 2006. Innate immunity of the bovine mammary gland. Vet.Res. 37, 369-400.

Sala, A,, Nicolis,S., Roncone, R., Casella, L., Monzan, E., 2004. Peroxidase catalyzed nitration of

tryptophan derivatives. Mechanism, products and comparison with chemical nitrating agents.
Europ. J. Biochem. 271, 2841-2852.

Scheidegger, D., Pecora, R. P., Radici, P.M., Kivatinitz, S.C., 2010. Protein oxidative changes in whole and
35, 49-52.


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=Q1diLgbhmHmnj1dibE9&field=AU&value=Bryan,%20NS&ut=3874663&pos=%7B2%7D
javascript:__doLinkPostBack('','ss%7E%7EAR%20%22Kope%C4%87%2C%20M%2E%22%7C%7Csl%7E%7Erl','');
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=T2NGG3mCjnhFiHlnaEO&page=1&doc=5&cacheurlFromRightClick=no
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=X2PmM1JC4gHB388Ma6O&field=AU&value=Kivatinitz,%20SC&ut=12195253&pos=%7B2%7D&cacheurlFromRightClick=no

44

Shamay, A., Shapiro, F., Mabjeesh, S.J., Silanikove, N., 2002. Casein-derived phosphopeptides disrupt
tight junction integrity, and precipitously skim milk after ultraviolet or fluorescent light
exposure. J.Dairy Sci. 93, 5101-5109.

Seraphim, K. R., Bastos De Siqueira, M. E. P., Galego, G., de Fernicola, N. A., 1988. Nitrates and nitrites in
crude and pasteurized milk commercialized in the Alfena’s City, Minas Gerais, Brazil. Alimentaria

Shamay, A., Shapiro, F., Mabjeesh, S.J., Silanikove, N., 2002. Casein-derived phosphopeptides disrupt
tight junction integrity, and precipitously dry up milk secretion in goats. Life Sci. 70, 2707-2719.

Shamay, A., Shapiro, F., Leitner, G., Silanikove, N., 2003. Infusions of casein hydrolyzates into the
mammary gland disrupt tight junction integrity and induce involution in cows. J Dairy Sci. 86,
1250-1258.

Sharma, V.S., Traylor, T.G., Gardiner, R., Mizukami, H., 1987. Reaction of nitric oxide with heme proteins
and model compounds. Biochem.26, 3837-3843.

Silanikove, N., 2008. Milk lipoprotein membranes and their imperative enzymes. Adv. Exper. Med. Biol.
606, 143-161.

Silanikove, N., Shapiro, F., 2012. Combined assays for lactose and galactose by Enzymatic Reactions.
Pages 397-406, In: Dietary Sugars: Chemistry, Analysis Function and Effects (Chapter 23) Edited
by: Victor R Preedy. UK: The Royal Society of Chemistry (RSC).

Silanikove, N., Shapiro, F., Shamay, A., Leitner, G., 2005. Role of xanthine oxidase, lactoperoxidase, and
NO in the innate immune system of mammary secretion during active involution in dairy cows:
manipulation with casein hydrolysates. Free Radical Biol. Med. 38, 1139-1151.

Silanikove, N., Merin, U., Leitner, G., 2006. Physiological role of indigenous milk enzymes: an overview
of an evolving picture. Intern. Dairy J. 16, 533-545.

Silanikove, N., Shapiro, F., Leitner, G., 2007. Posttranslational ruling of xanthine oxidase activity in
bovine milk by its substrates. Biochem. Biophys. Res. Communi.363, 561-565.

Silanikove, N., Shapiro, F., Silanikove, N., Merin, U., Leitner, G., 2009. Hydrogen peroxide-dependent
conversion of nitrite to nitrate as a crucial feature of bovine milk catalase. J.Agric. Food Chemi.
57, 8018-8025.

Silanikove, N., Leitner, G., Merin, U., Prosser, G. C., 2010. Recent advances in exploiting goat’s milk:
Quality, safety and production aspects. Small Ruminant Res. 89, 110-124.

Silanikove,, N., Rauch-Cohen, A., Shapiro, F., Arieli, A., Merin, U., Leitner, G., 2012. Lipopolysaccharide
challenge of the mammary gland in cows induces nitrosative stress that impairs milk oxidative
stability. Anim. 6, 1451-1459.

Thomas, D. D., Ridnour, L. A,, Isenberg, L. A., Flores-Santana, W.,Switzer, C. H.,, Donzell, S., Hussain, P.,
Vecoli. C.,Paolocci, N., Ambs, S., Colton, C. A., Harris, C. C., Roberts, D. D., Wink, D. A., 2008. The


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=WOS&SID=R2LiOMk2HMlC6G43bck&field=AU&value=GARDINER,%20R
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=GytHyfAAAAAJ&pagesize=100&citation_for_view=GytHyfAAAAAJ:M3ejUd6NZC8C
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=GytHyfAAAAAJ&pagesize=100&citation_for_view=GytHyfAAAAAJ:M3ejUd6NZC8C
http://www.sciencedirect.com/science/article/pii/S0891584908001755

45

chemical biology of nitric oxide: Implications in cellular signaling. Free Radical Biol. Med. 45, 18-
31.

Titov, V. Yu., Kosenko,O. V., Fisinin, V.I.,Klimov, N. T., 2010. Content of nitric oxide metabolites in cow
milk in health and mastitis. Russian J.Agric.Sci. 36, 288-290.

Tricker, A.R., 1997. N-nitroso compounds and man: sources of exposure, endogenous formation and
occurrence in body fluids. Europ. J. Canc. Prev. 6, 226-268.

Wennmalm, A., Benthin, G., Edlund, A., Jungersten, L., Kielerjensen, N., Lundins, S., Westfelt, U.N.,
Petersson, A.S., Waagstein, F., 1993. Metabolism and excretion of nitric oxide in Humans: an
experimental and clinical study. Circul. Res. 73, 1121-1127.

WHO 2003a. Safety Evaluation of Food Additives. Nitrate. (WHO Food Additives Series
No. 50; JECFA Monograph No 1058.) Geneva.

WHO 2003b. Safety Evaluation of Food Additives. Nitrite and Nitrate Intake Assessment.
(WHO Food Additives Series No. 50; JECFA Monograph No 1059), Geneva.

Wink, D.A., Mitchell, J. B., 1988. Chemical biology of nitric oxide: insights into regulatory, cytotoxic, and
cytoprotective mechanisms of nitric oxide. Free Radical i Biol. Med. 25, 434-456.

Wink, D. A., Grisham, M. ., Mitchell, J.B., Ford, P.C., 1996. Direct and indirect effects of nitric oxide in
chemical reactions relevant to biology. In Book series: Nitric Oxide, part A Sources and Detection
of NO; NO Synththase. Methods Enzymol.268, 12-31.



