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Abstract

Milk and other dairy foods are excellent naturairses of riboflavin (vitamin B. Exposure of milk to light as one
of the most serious dangers of riboflavin degrasatican take place at several stages from milkinghe
consumers, initiating the sensibilization of rilaefh, and resulting in the oxidation of milk, lossef nutritional
value, and strong off-flavours that can make thielio&d milk unacceptable to consumers. The stghiift milk
components is dependent of a delicate balance bptthe anti- and pro-oxidative factors. Carotenaigsknown
as one of the strongest natural antioxidants. Tile dd this study was to compare the influence ofvdeed
carotenoids on the milk riboflavin stability agdinmhoto-oxidative degradation. Milk was obtainednfr three
experimental and one control cow groups. Experialegrbup’s feed was supplied with carotenoid sagircarrots,
red palm oil and red palm oil concentrate. Milk pdes were collected after 6 week long feed suppi¢atien and
exposed to direct sunlight for 1.5 and 3 hours. bsses of riboflavin measured by the fluorometniethod was
significantly lower (p<0.05) in all experimentalogips milk when cow diet was enriched with carotdadrom
carrots, red palm oil, and red palm oil carotermdcentrate, compared to the control group (resmhgt 10.03,
10.82, 11.13, and 21.22% after 1.5 h storage, &r@b6%, 18.95%, 18.64%, and 23.48% after 3 h stprégstrong
positive correlation between milk yellow colourensity and its riboflavin stability was also obsstv
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Introduction

Milk and other dairy foods are excellent naturalrses of vitamin B(riboflavin), and other
water-soluble vitamins: B(thiamine), B (pyridoxine), B, (cianocobalamin), niacin (nicotinic
acid), and pantothenic acid. Light is one of thestrs@rious dangers of riboflavin degradation
that is extremely sensitive to wavelengths of 4B0-5m (Eitenmiller et al., 2008, Dairy
Science and Technology Handbook, 1993). Exposumil&fto light can take place at several
stages from milking to the consumers and initintedensibilization of riboflavin, and result in
the oxidation of milk. The oxidation processes eatle deterioration of nutritional quality of
dairy products, and give rise to strong off-flasgumaking them unacceptable to consumers
(Havemose et al., 2004). The water-soluble vitantiaflavin present in milk acts as a potent
photosensitizer (the ability of riboflavin to geats singlet oxygen in milk in its capacity as a
photosensitizer has been confirmed earlier) andbeas implicated in the photooxidation of
milk fat (MacGibbon and Taylor, 2006). Light-actiegd riboflavin is an agent in the
development of sunlight flavor in milk via methioei oxidation to methional. Other amino
acids, besides methionine, may be affected by theepce of light and riboflavin. It also
catalyzes the photodegradation of ascorbic acidryDBcience and Technology Handbook,
1993, MacGibbon and Taylor, 2006). The extent &flaf’our development is a function of the
wavelength involved, and the intensity and duratdrexposure. Light has been shown to
penetrate milk to an appreciable depth (MacGibhwh Baylor, 2006). The high sensitivity of
flavins to light degradation is a significant factmfluencing food packaging. The light
induced loss of riboflavin in fluid milk packagea iglass containers and subjected to
sunlight was one of the first nutrient losses ind@roducts documented by scientific study
(Eitenmiller et. al. 2008). However, glass and otlransparent material bottles or other
packages are often used as packing of milk ang gadducts still nowadays, perhaps due to
preference of consumers. The stability of milk comgnts are dependent of a delicate balance
between the anti- and pro-oxidative processes |k imiluenced by different factors. One of
these factors is the presence of antioxidants. t@awas and vitamin E act as fat-soluble
antioxidants in, for example, the milk fat globabembrane which is regarded as a major site of
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auto-oxidation3-carotene (BC) is also particularly involved inyegation of photo-oxidation,
as it absorbs light in a concentration-dependentineathat would otherwise be absorbed by
riboflavin, thereby inducing quality changes (Noeieet al., 2006). Factors influencing the
potential for oxidized flavor development can benipalated by changing the cow’s diet.
Numerous studies have shown that antioxidants,oespherols and carotenoids, can be
transferred from the feed to milk, and thereby iower the oxidative stability of milk
(Havemose et al., 2004). However the potentialeafdf carotenoids, as defence mechanism
against photo-oxidative degradation of milk compugsesuch as riboflavin, as well as against
following oxidation of milk lipids, that was mented earlier, is not as clearly shown by
previous investigations. Furthermore — carotencaditent in the cow feed often is not
sufficiently estimated, especially in winter andisg months when cow feed is poorer in it.
Amongst the richest sources of carotenoids crutte pd (0.05 to 0.2%) (Stotyhvo, 2007) and
carrots (0.006 to 0.055%) (Kotecha et al., 1998) @nsidered, containing mainty and
B-carotenes. The aim of this study was to comparéntffuence of supplementation of cow feed
by different carotenoid sources on the milk ribaifha stability against photo-oxidative
degradation and colour.

Materials and Methods

Experimental desigrzor this experiment 20 cows were selected in a eational type dairy
farm “Strautini”, and divided into 4 groups — control group (Gijd 3 experimental groups
(G2, G3, and G4) by 5 cows in each. The stage afitian (' — 3% month), cow breed
(Holstein, Latvian Brown and crossed) and lactatmmber (i.e. 1-5) were as similar as
possible in all groups. The basic feed was equalligroups, i.e. silage was fed to ad libitum
and rapeseed animal feed — 2 kg per cow per dawelits2 diet additionally 7 kg carrots per
cow per day were included. In the G3 diet additiignad palm oil NVRSO — 100 g per cow
per day was included. In the G4 diet additionadlgl palm oil carotenoid concentrate 5 g per
cow per day was included. Groups 1, 2, and 4 &seived rapeseed oil 100 g per cow per day,
mixed in dry forage.

Milk sample collection and storagkdividual cow milk samples were obtained in dayof2
feed supplementation from afternoon milking. Ecarabunts of each group’s cow’s milk were
pooled together getting 1 pooled sample of eachgoup. Pooled samples were immediately
cooled to the temperature of 4-8 °C, and transpddethe laboratory next morning. A total
4 pooled milk samples were divided into smallersaubples and stored at 4°® temperature
until analyses of raw milk colour. Other subsamptesanalysis of milk riboflavin were stored
in direct sunlight for 1.5, and 3 h at room temp@eor in dark at 4-8C temperature for 3h,
and sub sequentially frozen at temperature of*>€L8ntil analysis not longer than 1 month.
Total carotenes in feedere determined in accordance WitdCT 13496.17-95 method, by
measuring the concentration on the photometer FEKASby the wave length 450 nm. The
extraction of total lipids from feed famnalyses ofa- and /- caroteneconcentration was
performed by the method of Hara and Radin, 1978c@uatration otx- andf- carotene in feed
was determined by HPLC using the technique congistf a Waters Alliance 2695 HPLC
with photodiode array detector, monitoring betw@80 and 600 nm, using a 150 x 4.6 mm,
RP C18 column and Empower Pro software. The flae/was 2 ml mittand the mobile phase
consisted of acetonitrile, methanol-acetate ammmon&® nM, dichloromethane and water
(70:15:10:5). Concentration of carotenoids was wated by using external standards. The
above mentioned feed and milk analyses were caoigdin the Scientific Laboratory of
Biochemistry and Microbiology of the Research bus#i of Biotechnology and Veterinary
Medicine ‘Sigra’ of the LLU.

Milk riboflavin contentwas determined based on a method described by Heeecet al., 2004.
Milk samples (5 ml) were mixed with 0.5 ml of @ sodium acetate (Poliskie Odczynniki
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Chemiczne) and 1.5 ml of B acetic acid (Chemipur, Poland). The samples wknels
agitated for 5 min. before centrifugation at 1509 for 10 min. The supernatant was filtered
through a filter (Filtra acido hidrohlorico extrac®0) and the fluorescence was read using a
TD-700 Fluorometer (Turner Designs, Sunnyvale, Cémpission 520 nm. All analytical
procedures were conducted using glassware wrappaltiminum foil to avoid light exposure
resulting in additional riboflavin degradation dwgisample preparation.

Milk colour analysis The colour of milk samples was measured using arCet — PCM
colour meter, USA (CIE 1976 L*a*b* colour model),hieh has been calibrated with a
standard. The milk riboflavin and colour analysesenvcarried out in the Research Laboratory
of Food Packing Materials and in the Scientific tuatory of Microbiology of the Faculty of
Food Technology of the LLU.

Milk fat contentwas determined by automated infrared analysisguslilcoscan equipment
(method ISO 9622-1999) in the laboratory of Milkality Control of the Sigulda CMAS.

All analytical reagents used in analysis were odlgical or higher purity. Samples were
analyzed at least in duplicate. The results weleulzded, analyzed, and graphs were made
using MS Office program Excel.

Results and Discussion

Milk riboflavin content and stability in relatiom tcow feeding.

The content of total carotenes in cow group’s G2, G3 and G4 feed was measured, and it
was 225, 1325, 275, and 320 mg per cow per dgyectsely.
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Figure 1. Decrease of riboflavin content in milk duing storage in direct sunlight

The riboflavin content in raw milk was from 0.58 8.80 mg I* what is belowthe quantities
showed in literature: 0.8—1.2 mgk@Poroxun, 2006), 1.0-2.8ng kg* (TopGarosa, 2004); the
average riboflavin content of fluid whole milk acdmg to Miller et al., 2007, is about
1.8 mg kg, but in the study of Zagorska, 2007, the averéugflavin content in Latvia raw
milk, obtained in conventional agriculture was 2630 mg . Such of our experiment can be
explained by the very high sensitivity of riboflauo different implications of mechanical, light
and other influence from milking and sample coltectto laboratory analysis. Comparing the
riboflavin content in all group milk, the significdy lowest (p<0.05) riboflavin content was in
G3 milk (0.567 mg1). The riboflavin content in other group’s raw milkfore storage in direct
sunlight was rather similar (0.77-0.80 md).|During the storage in direct sunlight the
degradation occurred in all groups milk (Fig. 1).

Already after 1.5 h storage in direct sunlight, flbeses of riboflavin were considerable
(10.03-21.22%), and, moreover, by approximately 108her in G1 milk than in the three
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experimental group’s milk (Table 1). The lossesilmbflavin measured 3h after milk storage in
direct sunlight continued to increase, and in Glkrstill were the most expressed — by
approximately 5-8% higher, as compared to G2, G8,&4. So, it can be assumed that feed
supplementation with carotenoids helps to prevdm@ photo-oxidative degradation of
riboflavin. The most pronounced positive effect vadiserved when feed carotenoid content
was the highest, and cow feed was supplementedrbyte 7 kg per cow per day.
Table 1
The influence of milk storage in direct sunlight tothe riboflavin degradation.

Losses of riboflavin, %, from the initial amount
Groups Storage time 1.5 h Storage time 3.0 h
G1 (control) 21.22 23.48
G2 10.03 15.66
G3 10.82 18.95
G4 11.13 18.64

Milk riboflavin stability in relation to milk colau

According to Noziere, Graulet et al., 2006, carotds are responsible for the yellow coloration
of cattle milks derived from breeds or diet regimémat have a high carotenoid concentration.
The yellow colour intensity (the b* component valukat represents the entire carotenoid
pigment amount in milk was significantly lowest @1 milk among all groups (6.40.188).
The b*components of all the three experimental gsamilk were significantly higher (p<0.05)
and rather close, respectively, #8295 for G2, 8.160.057 for G3, and 8.4D.095 for G4.
This can be explained by the significantly higharotenoid concentration in all the three
experimental cow groups feed. The correlation betwgellow colour intensity and losses of
milk riboflavin was calculated, results showed igufe 2. Correlation was stronger (r=- 0.93)
after the first 1.5 h of storage in the sunlighid alecreased later — after 3 h of storage in
sunlight (r=- 0.74).
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Figure 2. Correlation between losses of milk ribo#lvin and
the intensity of its yellow colour

The fat content was measured, and it was 3.81, 8.02, and 4.58 % in G1, G2, G3, and G4
milk, respectively. Recalculating the colour intigng all groups to average 4.08% fat content,
the correlation between yellow colour intensity dosses of milk riboflavin was smaller, but
also rather tight: R=-0.83 and -0.69 after 1.5 ld &h storage in sunlight, respectively.
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However, it should be necessary to collect mora ttatppreciate the feed and milk carotenoid
influence on milk riboflavin stability

Conclusions

1.

Milk riboflavin photo-oxidative stability stronglydepends on cow’s diet, i.e. — its
carotenoid content. The degradation of vitaminrBdirect sunlight was significantly lower
(P<0.05) in all the three experimental cow groupik mhen cow diet was enriched with
carotenoids from carrots, red palm oil, and reanpail carotenoid concentrate, compared
to the control group (respectively, 10.03, 10.8213, and 21.22% after 1.5 h storage, and
15.66%, 18.95%, 18.64%, and 23.48% after 3 h stjrag

2. A strong positive correlation between milk yellowlaur intensity and its riboflavin
stability was observed. The correlation betweerk rodlour intensity and losses of milk
riboflavin after 1.5 h and 3 h storage in direchlght was r=- 0.93, and - 0.74,
respectively.

Acknowledgements

The authors gratefully acknowledge the partial ritial support provided by the European
Social Fund through the project 1.1.2.1.2. “Supportdoctoral studies in LLU” (agreement
2009/0180/1DP/1.1.2.1.2/09/IPIA/ VIAA/017).

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

Dairy Science and Technology Handbo(#993) Vol. 1: Principles and Properties. Hui, .. (ed.), VCH
Publishers, 400 p.

Eitenmiller, R.R., Lin Ye, W.O., Landen, Jr. (2008)amin analysis for the health and food sciené®ed.,
CRC Press, pp. 325-334.

Hara, A., Radin, N.S. (1978). Lipid extraction isfsties with a low-toxicity solvenfnalytical Biochemistry,
90, pp. 420-426.

Hawemose, M. S., Weisbjerg, M.R., Bredie, W.L.Rel$én, J.H. (2004) Influence of feeding differgmies
of roughage on the oxidative stability of milkternational Dairy Journal14, pp. 563-570.

ISO 9622-1999, Whole milk - Determination of milkfgrotein and lactose content -- Guidance on the
operation of mid-infrared instruments.

Kotecha, P.M., Desai, B.B., Madhavi, D.L. 1998.Garin: Handbook of Vegetable Science and Technology.
D.K., Salunke and S.S., Kadam (eds.). Marcel Deki¥r, pp.119-139.

MacGibbon, A.K.H., Taylor, M.V (2006) Compositioméh structure of Bovine Milk Lipids. InAdvanced
Dairy ChemistryVol 2. Lipids. Fox, P.F. and Mc. Sweeney, P.Létl{). 8 ed., Springer, pp. 28-30.

Miller, G.D., Jarvis, J.K, McBean, L.D. (200Aandbook of dairy foods and nutritioB® ed., National Dairy
Council, CRC Press, p. 11.

O’Connor, T.P., O'Brien, N.M. (2006) Lipid Oxidatio In: Advanced Dairy Chemistry/ol. 2. Lipids Fox
P.F. and Mc. Sweeney P.L.H. (eds%ed., Springer, pp. 557-585.

Ogtis, U. (2005)Dzvnieku edinaSana komplel& skatjuma, LLU, Jelgava, 302 Ipp. (Animal nutrition in
complex view) (In Latvian).

Stotyhvo, A. (2007) Lipids and food quality. I@hemical and Functional Properties of Food Compasien
Sikorski Z.E. (ed.)CRC Press, pp. 177-274.

Zagorska, J. (2007Biologiskaji lauksaimnietha iegita piena kvaligtes izertélums. Promocijas darba
kopsavilkums inzenierzithu doktora ziatniskz grada iegiSanai Rirtikas zinitne. LLU, Jelgava, 48 Ipp.
(The evaluation of organic milk quality. Summary dictoral thesis for acquiring the Doctor's degode
Engineering Sciences in sector of Food Sciendes).atvian and English).

I'OCT 13496.17-95.Kopma. Memoowr onpedenenus rapomuna. (Feedstuffs. Carotene determination
methods). (In Russian)

Top6atoBa, K.K. (2004). Xumus u ¢usuka mosoka. (Yuebnuk mis By3os). CII6: TUOP/, 288 ctp. (Milk
chemistry and physics) (In Russian).

Poroxus, B. B. (2006).broxumust Monoka i MonouHbix npoxykros. CI16: THOP/I, 320ctp. (Biochemistry
of milk and dairy products) (In Russian).

54



	Unigunde Antone, Vita Sterna, Jelena Zagorska. POTENTIAL TO INCREASE THE STABILITY OF MILK RIBOFLAVIN AGAINST PHOTO-OXIDATIVE DEGRADATION
	Abstract
	Key words
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	Acknowledgements
	References

