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The first sea buckthorn plantations were established in Russia, where 60
varieties were selected from among approx. 150 varieties growing in the wild
(Table 1) (Lipowski et al. 2012). The area under commodity plantations in
Poland is small. Most often, sea buckthorn shrubs are planted for aesthetic
purposes, on allotments in the form of hedges, and in parks. For this purpose,
a biotype commonly referred to as ‘Nadbaltycki’ (or ‘““‘Baltic”’) is used. As
a result of cultivation research carried out at the Research Institute of
Horticulture in Skierniewice, the variety ‘Jozef” was selected, which requires it
to be promoted and introduced to cultivation. Currently, on commodity
plantations of sea-buckthorn, German varieties and those registered in Be-
larus and Russia are cultivated. These varieties include: ‘Podarok Sadu’,
‘Avgustinka’, ‘Botanicheskaya’, ‘Nivelena’, ‘Trofimovskay’, and ‘Plamien-
naya’.

‘Podarok Sadu’ (Photo 2) is a mid-late variety with slightly ellipsoidal
fruits that are orange to orange-red in colour. The fruits ripen at the turn of
August and September. The content of vitamin C is 85-166 mg/100 g, sugars
2.6-4,97%, organic acids 1.75-3.6%, and fats 4.6-4,91%. The shrubs have
umbrella-like crowns, and reach a height of up to 3 m. It is a frost-resistant
variety, yielding a crop of 15-24 kg from a shrub (SZALKIEWICZ and ZADERNOW-
SKI 2006, SKALLJ 2007, LIPOWSKI et al. 2012, P1rAT 2014).

Photo. 2. Podarok sadu
Source: A. BIENIEK

‘Avgustinka’ (Photo 3) is a variety with spherical, slightly ellipsoidal,
orange fruits. The of vitamin C falls within the range of 95-174 mg-100 g, the
content of sugars is 1.1-4.5%, organic acids 1.5-4.3%, and fats 2.7-4.8%). The
crop obtained from one shrub is within a range of 12.5-20.5 kg (SKAL1J 2007,
LIPOWSKI et al. 2012).
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Photo. 3. Avgustinka
Source: SkaLly (2007)

‘Botaniczeskaya’ (Photo 4) is a variety characterised by small, spherical
fruits that are dark-yellow in colour. The content of vitamin C is 120-140
mg-1007! g fruits, sugars 3.1-5,67%, acids 1,60-3.1%, and fats 3,67-5.6%. Up to
2.5 kg of fruit may be harvested from one shrub (SKALIJ 2007, LIPOWSKI et al.
2012, P1rAT 2014).

Photo. 4. Botaniczeskaya

Source: A. BIENIEK
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‘Nivelena’ (Photo 5) is a mid-early variety. The harvest date is 15-20
August. Fruits are yellow-and-orange in colour. The content of vitamin C is
approx. 81 mg/100 g fruit, and the content of fats is 3%. This variety yields
excellent crops. Up to 35 kg of fruits may be harvested from one shrub
(SZALKIEWICZ and ZADERNOWSKI 2006, SKALIJ 2007).

Photo. 5. Nivelena
Source: SzZALKIEWICZ and ZADERNOWSKI (2006)

‘Trofimovskaya’ is a mid-late variety. The fruit harvest date is at the turn
of August and September. It is frost-resistant. Fruits are oval and oblong,
orange in colour. The content of vitamin C is 91,78-183 mg-100" g, sugars
3.1-5,00%, fats 3,99-4.8%. A crop harvested from one shrub is, depending on
the year, from 1.79 to 10.43 kg (SZALKIEWICZ and ZADERNOWSKI 2006, SKALIJ
2007, P1rAT 2014).

‘Plamiennaya’ is a mid-early variety. Fruit is harvested on 15-20 August.
Fruits are oval-shaped, red-and-orange in colour. A crop harvested from one
shrub is, on average, 19 kg, up to a maximum of 29 kg from one plant
(SZALKIEWICZ and ZADERNOWSKI 2006).

Under the climatic and soil conditions of the city of Olsztyn (north-eastern
Poland), in experiments carried out at the Department of Horticulture at the
University of Warmia and Mazury in Olsztyn, the Ukrainian varieties
‘Podarok Sadu’, ‘Botanicheskaya’, ‘Trofimovskaya’ and ‘Otradnaya’ were
cultivated and assessed. Results for the crop productivity and the quality of
fruit were compared to those for the ‘Nadbaltycki’ biotype, and presented in
the following publi BIENIEK et al. 2001, BIENIEK et al. 2007, KAWECKI et al.
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2001, KAWECKI et al. 2004ab, KAWECKI et al. 2010, SZAEKIEWICZ et al. 2007,
PIrAT et al. 2012.

Due to the scientific recognition of the therapeutic properties of sea
buckthorn fruit, in many European and Asian countries as well as in Canada,
commodity sea buckthorn orchards have been established for several dozen
years. Currently, sea buckthorn is cultivated on an industrial scale in Russia,
Germany, China, Finland, and Estonia. It is estimated that the area of natural
occurrence of sea buckthorn shrubs in Russia, China and Mongolia is approx.
810,000 ha. Commodity plantings in that region have an area of 300,000 to
500,000 ha, while the area under plantation in Finland is approx. 200 ha
(SZALKIEWICZ and ZADERNOWSKI 2006, KAUPPINEN 2013). According to
SZALKIEWICZ and ZADERNOWSKI (2006), small plantings have also been estab-
lished in Poland, particularly in the Suwalki Region, and near Lomza.

Conclusion

The implementation of innovative solutions in agriculture through the
introduction of new, novel crops may contribute to the stabilisation and
increase in small farm income from agriculture. It should be remembered that
sea buckthorn fruit, despite being rich in nutrients, are rarely consumed raw
but are primarily a component of many processed multi-fruit products, or
a raw material in the manufacture of medicinal products. Therefore, the
establishment of the national plantation area must be closely correlated with
the needs of the domestic market and export capacity for fruits or processed
products. At the same time, sea buckthorn crops may contribute to fulfilling
the demand for raw and primary processed products by specific sectors of the
food, pharmaceutical, and cosmetics industries.

Translated by KAROLINA ZADROZNIAK
Accepted for print 2.10.2015

References

BarooL F., AisHA K., MapiHA S., Asap Hussar S., SyEp D.A., Zarar S.S., DarakHSHAN J.H. 2011.
Evaluation of antidepressant-like effects of aqueous extract of sea buckthorn (Hippophae rhamno-
ides L. ssp.turkestanica) fruits in experimental models of depression. Pak. J. Bot., 43(3):
1595-1599.

BieNiEK A., KAWECKI Z., P1oTROWICZ-CIESLAK A.I, SzALKIEWICZ M.(2001. Sugars and organic acids of the
fruit of sea buckthorn (Hippophae rhamnoides L.). Scientific Works of the Lithuanian Institute of
Horticulture and Lithuanian University of Agriculture, Babtai (Litwa). Sodininkysteé ir Darzinin-
kyste. Horticulture and Vegetable Growing, 20(3): 272-278.

BieniEk A., Kawecki Z., Szarkiewicz M. 2007. Plonowanie kilku odmian rokitnika zwyczajnego
(Hippophae rhamnoides L.) w warunkach Warmii. Roczniki Akademii Rolniczej w Poznaniu
CCCLXXXIII (41), seria ,,Ogrodnictwo”: 275-278.



430 Beata Pitat et al.

DELABAYS N., StacaNIN 1. 1995. Domestication and selection of new plant species of interest to the
cosmetics industry. Revue Suisse de Viticulture, -d’Arboriculture-et-d’Horticulture 27:143-147.

Dziennik Ustaw z 2013 r. poz. 627, z p6zn. Zm. Ustawa z dnia 16 kwietnia 2004 r. O ochronie
przyrody.

GiesBowicz E., Worek T. 2008. Rokitnik zwyczajny jako przykiad uprawy innowacyjnej perspektywy
rozwoju, produkcji, przetworstwa i rynku konsument a w Polsce. w: Innowacje i innowacyjnosc¢
w sektorze agrobiznesu, Tom II, SGGW, WNE UW, 67-78.

HAaRRIsoN J.E., BEVERIDGE T. 2002. Fruit structure of Hippophae rhamnoides cv. Indian Summer (sea
buckthorn). Canadian Journal of Botany, 80(4), 399-409.

KAUPPINEN S. 2013. Sea buckthorn variety trials in Finland. Summaries of presentations. The 6th
Conferens of the International sea buckthorn association. Potsdam 2013, 26-28.

Kawecki Z, Losko R., PiLAREK B.2007. Malo znane rosliny sadownicze. Wydawnictwo: UWM Olsztyn.
KAWECKI Z., BIENIEK A., ProTrowICZ-CIESLAK A.I., SzarkiEwicz M. 200). Rokitnik (Hippophae rhamno-
ides L.) w ksztattowaniu i ochronie srodowiska. Zesz. Probl. Post. Nauk Rol., 478: 463-499.
KAWECKI Z., SzALKIEWICZ M., BIENIEK A. 2004a. The common sea buckhorn — a valuable fruit. Journal of

Fruit and Ornamental Plant Research (12): 183-194.

KaAwECKI Z., SzarkiEwicz M., BIENIEK A. 2004b. Yielding and the quality of berries of the sea buckthorn
(Hippophae rhamnoides L.) in the conditions of Warmia and Mazury. Scientific works of the
Lithuanian Institute of Horticulture and Lithuanian University of Agriculture. Sodininkysté ir
Darzininkysté. Horticulture and Vegetable Growing, 23(3): 20-25.

KAwECKI Z., BIENIEK A., Szatkiewicz M. 2010. Plonowanie i cechy biometryczne owocéw rokitnika
zwyczajnego Hippophaé rhamnoides L., Acta Scientiarum Polonorum Administratio Locorum,
9(3): 45-53.

L1, T.S.C., BEveriDGE T.H.J. (with contributions by B.D. OomaH, W.R. SCHROEDER and E. SmaLL) 2003.
Sea Buckthorn (Hippophaé rhamnoides L. ): Production and Utilization. NRC Research Press,
Ottawa, Ontario. 133-138.

Lirowski J., MarszarEK K., SKAPSKA S., JAsINSKA U. 2012. Charakterystyka owocow wybranych odmian
rokitnika pospolitego (Hippophae rhamnoides L.) uprawianych w Polsce. Przem. Ferm. Owoc.-
Warz. 56(7/8): 18-22

Lu R. 1992. Sea Buckthorn: A multipurpose plant species for fragile mountains.Int. Centre for
Integrated Mountain Development, Katmandu, Nepal. 62-66.

Piear B., ZapERNOWSKI R., BIENIEK A. 2012. Charakterystyka chemiczna réznych odmian rokitnika.
Bromatologia i Chemia Toksykologiczna, 45: 897-901.

Prar B. 2014. Owoce rokitnika (Hippophae rhamnoides L.) jako Zrodio substancji biologicznie
aktywnych. Praca doktorska. Olsztyn.

Pruta S. 2014. Rokitnik-gatunek uprawiany w swiecie i przysztosciowo w Polsce. Materialy
z X Miedzynarodowej Konferencji Sadowniczej pt. Aktualnosci w produkcji owocéw jagodowych
i pestkowych. Kragnik 31.01-1.02.2014 r.

Rousseau H. 2002. Développement des techniques de reproduction végétative et essais de cultivars
d’argousiers. Rapport projet 0121. Institut de Recherche et Développement en Agroenvironne-
ment (IRDA), 35.

SzaLkiEwICZ M., ZADERNOWSKI R. 2006. Rokitnik: Mozliwosci produkcji i wykorzystania owocéw. Haslo
Ogrodnicze, 2: 60-63.

SzaLkiEwICZ M., BIENIEK A., KAWECKI Z. 2007. Sea buckthorn (Hippophae rhamnoides L.) germplasm in
south Warmia, Poland. Scientific works of the Lithuanian Institute of Horticulture and
Lithuanian University of Agriculture. Sodininkysté ir Darzininkysteé. 26(3): 74-80.

SHALKEVICH M.S., RADKEVICH D., BIENIEK A. 2009. Seabucthorn (Hippophae rhamnoides L.) breeding in
Belarus. Zesz. Probl. Post. Nauk. Roln., 536: 185-190.a

ScHrOEDER W.R., Yao Y. 1995. Sea buckthorn: a promising multipurpose crop for Saskatchewan.
Praire Farm Rehabilitation Administration, Agriculture and Agri-Food Canada. 10 .

SkaL 1.P. 2007. Obliepicha. Wydawnictwo: Izdatelistwo Niola-Press

XuUM, s.SUN, Cui J. 2001. The medicinal research on seabuckthorn. Proc. Int. Workshop Seabuckthorn.
New Delhi, India. Feb. 18-21, 2001.



POLISH JOURNAL OF NATURAL SCIENCES
Abbrev.: Pol. J. Natur. Sc., Vol 30(4): 431-438, Y. 2015

EFFECT OF SELECTED STARTER CULTURES ON
CONTENTS OF cis9trans11 C18:2 (CLA) AND TRANS
C18:1 AND C18:2 ISOMERS IN FERMENTED
MILK DRINKS

Beata Paszczyk', Waldemar Brandt?, Joanna Luczyniska®

! Chair of Commodity Science and Food Analysis
2 Department of Dairy Science and Quality Management
University of Warmia and Mazury in Olsztyn, Poland

Key words: fermented dairy drinks, yoghurt, starter cultures, cis9transll C18:2 (CLA), trans
isomers.

Abstract

This study was aimed at evaluating the effect of selected starter cultures on the content of
cis9transll C18:2 acid and contents of trans isomers of C18:1 and C18:2 acids in fermented milk
drinks. Analyses were carried out for normalized milk used to produce fermented milk drinks and for
fermented drinks produced from this milk with three different yoghurt starter (Ceska-star Y508,
YC-X11 and ABT-1).

The study demonstrated that the type of starter culture applied affected the content of
cis9transll C18:2 acid (CLA) as well as contents of ¢rans isomers of C18:1 and C18:2 acids in the
fermented dairy drinks.

In all analyzed fermented dairy drinks produced with various starter cultures, analyses showed
slightly lower contents of conjugated linoleic acid that in normalized milk used as a raw material for
their production.
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Abstrakt

Przedmiotem badan byla ocena wplywu wybranych kultur starterowych na zawarto$é kwasu
cis9transll C18:2 oraz na zawarto$¢ izomeréw trans kwasu C18:1 i C18:2 w mlecznych napojach
fermentowanych. Analizie poddano mleko normalizowane przygotowane do produkcji mlecznych
napojow fermentowanych oraz wyprodukowane z niego produkty fermentowane. Objete badaniem
mleczne napoje fermentowane zostaly wyprodukowane przy uzyciu trzech réznych starterowych
kultur jogurtowych (Ceska-star Y508, YC-X11 oraz ABT-1).

Przeprowadzone badania wykazaly, ze rodzaj zastosowanej kultury starterowej wplywa na
zawarto$¢ kwasu cis9trans11 C18:2 (CLA) oraz na zawarto§é izomerdow trans kwasu C18:1 i kwasu
C18:2 w wyprodukowanych jogurtach.

We wszystkich objetych badaniem napojach fermentowanych wyprodukowanych z udzialem
réznych kultur starterowych stwierdzono nieco nizsze zawarto§ci sprzezonego kwasu linolowego niz
w mleku normalizowanym stanowigcym surowiec do ich produkcji.

Introduction

Conjugated dienes of milk fat (CLA) constitute a group of positional and
geometric isomers of linoleic acid (C18:2), in which two double bonds are
separated with only one single bond. In fat of the ruminants, the main
representative of this group of isomers is cis9¢trans11 C18:2 acid which in milk
fat constitutes from 75 to over 90% of total isomers of C18:2 acids with
conjugated bonds (CHIN et al. 1992, LIN et al. 1998, PRECHT and MOLKENTIN
2000). The cis9transll C18:2 acid displays a variety of health-promoting
properties, including: antioxidative, anticarcinogenic and antimutagenic ones
(MOLKENTIN 1999, PARIZA 1991, PARODI 1994, 1997, 1999, PRZYBOJEWSKA and
RAFALSKI 2003).

An important source of CLA in man’s diet is milk and dairy products
(butter, cheeses and fermented products). The content of this acid in milk
depends, most of all, on the feeding regime and rearing method as well as on
the breed, age and lactation period of an animal. Its average content in milk fat
ranges from 3 to 6 mg/g fat (CHIN et al. 1992, LIN et al. 1995, JIANG et al. 1997).
CLA content in dairy products may, however, differ from its content in milk, as
in dairy products it may be influenced by parameters of technological processes
conducted, additives applied, or capability of some lactic fermentation bacteria
to synthesize CLA under appropriate conditions of the fermentation process
(strain dose and duration of its action, conditions of incubation and composi-
tion of milk) (JIANG et al. 1998, KiM and L1u 2002, LIN 2003, SIEBER et al. 2004,
CIOEKOWSKA et al. 2012). According to a study by Kim and Liu (2002), nine out
of eleven analyzed strains of lactic fermentation bacteria were capable of
synthesizing CLA, with Lactococcus lactis 10-1 strain found to be the most
effective. In turn, a research by JIANG et al. (1998) shows that among seven
Lactobacillus strains, two Streptococcus strains and six Propionibacterium
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strains cultured in vitro, only Propionibacterium freudenreichii was capable to
transform free linoleic acid to cis9transll and trans9cisl1l C18:2 isomers.
DoMAGALA et al. (2009) determined the effect of seven different starter
cultures on the level of conjugated linoleic acid in fermented cream and
demonstrated that only the addition of a yoghurt culture ABY-2 caused an
increase in CLA content in the finished product.

The aim of this study was to evaluate the effect of selected starter cultures
on the content of conjugated linoleic acid (cis9¢rans11 C18:2) and contents of
trans isomers of C18:1 and C18:2 acids in fermented milk drinks.

Material and Methods

Analyses were conducted for normalized milk prepared to produce fer-
mented dairy drinks and for freshly-produced drinks. Three production series
were run with three starter cultures: Ceska-star Y508 — containing Lactobacil-
lus delbrueckii subsp. bulgaricus and Streptococcus thermophiles bacteria,
produced by CSK Food Enrichment, Poland; YC-X11 - containing Lactobacil-
lus delbrueckii subsp. bulgaricus and Streptococcus thermophiles bacteria,
produced by Chr. Hansen; and ABT-1 - containing Streptococcus thermophilus,
Lactobacillus acidophilus and Bifidobacterium bifidum bacteria, produced by
Chr. Hansen.

Fermented drinks were produced with the thermostat method, according to
the following technological scheme: after collection, raw milk was cooled to
a temp. of 6°C and stored for 4 h, next after heating to 45°C it was subjected to
centrifugation and degasing (80 kPa; 60°C), and to HTST pasteurization
(72°C/15 s), and finally it was cooled to a temp. of 6°C. Afterwards, milk was
normalized to fat content of ca. 2% (addition of skim milk). The normalized
milk was subjected to two-stage homogenization (18/5 MPa, temp. 65°C) and
long-term VHT pasteurization (90°C/5 min). After cooling to 45°C, it was
divided into three portions (about 10 liters each one) and inoculated with three
different starter cultures. The fermented dairy drinks produced in this way
were poured into unitary packages (250 mL cups) and thermostated at 43.5°C
for ca. 3.5h, to pH 4,65.

Three samples were collected from each production series for analyses. All
determinations were carried out in two parallel replications.
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Methods

Fat content in produced fermented milk drinks was determined with the
Roese-Gottlieb’s method (PN-75/A-86130).

To determine CLA and ¢rans C18:1 and C18:2 isomers, fat of normalized
milk and fermented milk drinks was isolated with the Folch’s method [Chris-
tie, 1973].

Methyl esters of fatty acids were prepared acc. to the IDF method, using
a methanol solution of KOH [IDF Standard 182: 1999].

Determinations of fatty acid composition and contents of CLA and trans
isomers of unsaturated fatty acids were carried out with gas chromatography
(GC) method using an HP 6890 chromatograph with a flame-ionization
detector. Chromatographic separation of fatty acid methyl esters was carried
out on a capillary column (100 m x 0.25 mm i.d., film thickness 0.20 pm) with
CP Sil 88 phase. Separation conditions were as follows: column temp.: 60°C (1
min) — 180°C, At = 5°C/min; detector temp.: 250°C; injector temp.: 225°C;
carrier gas: helium, flow rate: 1.5 mL/min, injector: split 50:1.

For identification of positional ¢rans isomers of C18:1, used the standards
of methyl esters of those isomers (¢rans 6, Supelco and ¢rans 9 and trans 11,
Sigma-Aldrich) and literature data. The ¢rans isomers of C18:2 acid (cis,trans
and trans,cis) were identified with the use of a mixture of standards of C18:2
isomers (Supelco), cis9, trans1ll CLA - with a mixture of CLA methyl esters
(Sigma-Aldrich).

Quantitative computations of cis9transll C18:2 acid and ¢trans isomers of
C18:1 and C18:2 acids were made against the introduced standard (methyl
ester of C21:0 acid). Statistical calculations were conducted with STATISTICA
10 software.

Results and Discussion

All analyzed fermented milk drinks were characterized 2 + 0.1% fat
content.

Results obtained for contents of cis9trans1l C18:2 acid (CLA) and ¢rans
isomers of C18:1 and C18:2 acids in normalized milk and fermented milk
drinks produced using different starter cultures are presented in Table 1. The
exemplary chromatogram separation of CLA and ¢rans isomers C18:1 and
C18:2 acids of fermented milk drink produced with YC-X11 starter is presented
in Figure 1.

The content of cis9transl1l C18:2 acid in normalized milk prepared for the
production of fermented dairy drinks reached 3.75 mg/g fat. LINA et al. (1995)
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Fig. 1. Separation of CLA and trans isomers of C18:1 and C18:2 fatty acids of fermented milk drink
produced with YC-X11 starter

reported that CLA content in full-fat milk was at 4.49 mg/g fat. In milk with 2%
fat content, the level of this acid was at 4.14 mg/g fat. Based on investigations
of other authors, KOWALSKA and CICHOSZ (2013) state that CLA content in
full-fat milk may range from 3.4 to 6.8 mg/g fat. In milk with fat content of 2%,
the CLA content accounts for 4.1 mg/g fat, whereas in condensed milk it may
range from 6.3 to 7.0 mg/g fat. The fermented milk drinks produced with
various starter cultures were characterized by a slightly lower content of this
acid than milk (Table 1.). The content of cis9¢rans11 C18:2 acid in the analyzed
fermented drinks reached: 3.68 mg/g fat in drinks produced with YC-X11
starter, 3.62 mg/g fat in drinks produced with ABT -1 starter, and 3.61 mg/g fat
in drinks produced with Ceska-star Y508 starter culture.
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Table 1
Content of CLA and C18:1 and C18:2 trans isomers in milk and fermented milk drinks able
(mg/g fat)
Normalized milk Type of starter culture
) prepared for
Trans isomers production | Ceska-star Y508 YCX11 ABT-1
x £s /SD % +s/SD % +s/SD % +s/SD

c’sgtr‘z’éil;)cwﬂ 3.75% + 0,04 3.61¢ + 0.08 3.68 + 0.06 3.62¢ +0.16
t6 - t9 C18:1 2.80 £ 0.04 2.83 £0.19 2.74 £ 0.08 2.71 £ 0.12
t10+¢11 C18:1 9.16 + 0.01 8.77 £ 0.07 8.99 + 0.13 8.72 £+ 0.34
t12 C18:1 1.83 + 0.19 1.95 + 0.12 1.95 £ 0.04 1.87 + 0.08

t16 C18:1 2.60 £ 0.03 2.35 £ 0.45 2.46 £ 0.09 254 +£0.14

> trans C18:1 16.39* + 0.16 15.90* + 0.76 16.14* + 0.27 15.85* + 0.57
c9 t13 C18:2 1.59 £ 0.24 1.40 £ 0.11 1.41 £ 0.08 151 £0.31
t9 c12 C18:2 2.41 + 0.06 2.12 + 0.08 2.19 + 0.26 2.02 + 0.20
t11 c15 C18:2 0.77 £ 0.07 0.62 + 0.03 0.60 + 0.03 0.70 £ 0.13

Y trans C18:2 4.77* + 0.11 4.14° £ 0.11 4.20%* + 0.31 4.22%% + 0.49

@b _ values in the rows denoted by the same letter are not significantly different (p > 0.05).

Lower concentrations of CLA in yoghurts compared to milk they were made
of were also reported by SANTOS JUNIOR et al. (2012). These authors conducted
their study in Brazil in the summer period and demonstrated that CLA content
reached 6.22 mg/g fat in pasteurized milk and 5.41 mg/g fat in yoghurts.
Differences in cis9trans11 C18:2 acid content in Italian fermented milk drinks
produced with the use of various starter cultures were reported by PRANDINI
et al. (2007). In products analyzed by these authors, the mean content of CLA
ranged from 4.42 mg/g fat in probiotic yoghurts to 6.15 mg/g fat in fermented
milk produced from milk of cows grazed on a mountain pasture. A research by
DoMagatA et al. (2009) indicated that CLA content in fermented cream
depended on the type of starter culture applied in the fermentation process.
The CLA content in the samples analyzed by these authors ranged from 3.33
mg/g fat in fermented cream produced with YC-180+Propionibacterium
starter to 4.03 mg/g fat in the product made with ABY-2 starter culture.
Yoghurts analyzed by Lin et al., (1995) contained CLA at 3.82 mg/g fat, and
buttermilk — at 4.66 mg/g fat. Based on investigations of other authors,
KowALSKA and CicHOSZ (2013) state the CLA content may range from 3.8 to
8.8 mg/g fat in yoghurts, from 5.4 to 6.7 mg/g fat in buttermilk, and from 4.6 to
7.5 mg/g fat in sour cream.

The total content of trans isomers of C18:1 acid in normalized milk
prepared for production reached 16.39 mg/g fat. The production process and
starter cultures applied caused a decrease in the content of these isomers. The
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lowest decrease (to the value of 16.14 mg/g fat) was reported in drinks
produced with YC-X11 starter culture. In the fermented drinks produced with
Ceska-star Y508 and ABT'-1 starter cultures, the levels of C18:1 #rans isomers
were at 15.90 mg/g fat and 15.85 mg/g fat, respectively.

In both milk and fermented milk drinks, among ¢rans isomers of C18:1 acid
the highest contents were noted for ¢trans 10 + ¢rans 11 isomers of C18:1. The
contribution of the total sum of these isomers in the total fatty acid composi-
tion of normalized milk reached 9.16 mg/g fat. In the fermented dairy drinks,
the total contents of these isomers were slightly lower (Table 1).

The content of trans isomers of C18:2 acid in normalized milk reached 4.77
mg/g fat. A significantly lower (4.14 mg/g fat) total content of these isomers
was determined in fermented milk drinks produced with Ceska-star Y508
starter. Lower than in milk contents of C18:2 trans isomers acid were also
noted in the other analyzed fermented drinks, however they were not statisti-
cally significant.

Conclusions

The study demonstrated that the type of the applied starter culture
affected the content of cis9trans11 C18:2 acid (CLA) and contents of trans
isomers of C18:1 and C18:2 acids in fermented products.

In all analyzed fermented dairy drinks produced with various starter
cultures, analyses showed slightly lower contents of conjugated linoleic acid
that in normalized milk used as a raw material for their production.

Translated by Joanna MoLca
Accepted for print 12.10.2015
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Abstrakt

Celem pracy byla ocena wplywu temperatury przechowywania na przebieg procesé6w oksydacyj-
nych i trwalo$¢ orzechéw arachidowych. Zapakowane prézniowo w laminat poliamid/polietylen
orzechy arachidowe, pochodzace z Argentyny i Brazylii, przechowywano przez 6 miesiecy bez dostepu
Swiatla w warunkach praktycznego sktadowania (20 + 1°C) oraz przyspieszonego starzenia (28 + 1°C).
Jako limity krytyczne wyr6znikéw stabilnosci oksydacyjnej badanych orzechéow przyjeto zawartosé
nadtlenké6w na poziomie 20 meq Oy/kg wyekstrahowanego tluszczu i zawarto§é heksanalu na
poziomie 3 mg/kg orzechéw. Na podstawie rownania Arrheniusa wyznaczono parametry kinetyczne
procesow utleniania. Mimo, iz temperaturowa zalezno§¢ proceséw oksydacyjnych nie byla jednakowa
w przypadku probek z Argentyny i Brazylii, w obu rodzajach wykazano wiekszg zalezno§é od
temperatury zmian pierwotnych niz wtérnych. Kontrolowanie i przestrzeganie zalozonej tempera-
tury podczas przechowywania orzech6w ma ogromne znaczenie dla wartosci odzywczej i be-
zpieczenstwa produktu. Wykazano, ze niekontrolowany wzrost temperatury przyktadowo z 20°C do
25°C skraca trwalo§é orzechéw o 20-30%.

Introduction

Oxidative processes of lipid fraction during processing and storage contrib-
ute food quality. They may change nutritional value of food because of impact
on essential fatty acids, proteins and vitamins (Chun et al. 2005, HES and
KORCzAK 2007). Some of the arising products of oxidation such as free radicals
or oxysterols have been described to have negative or even toxic health effect
(GUILLEN and GOICOECHEA 2008). Degradation of the unstable primary oxida-
tion products, hydroperoxides, leads to the formation of a variety of volatile
compounds, such as aldehydes, ketones, hydrocarbons, alcohols, acid com-
pounds and furans. Formed secondary products with low threshold values are
responsible for the off-flavors development (MIN and Borr 2002, OLMEDO
2012).

Several internal and external factors may have an impact on storage
stability of peanuts. The works on influence of storage conditions on oxidative
stability of different nuts proved that the most important factor influencing
shelf-life was temperature which had the accelerating effect on the deteriora-
tive processes (VANHANEN and SAVAGE 2006, MEXIS et al. 2009, WAMBURA et al.
2012, WILKIN et al. 2014).

The effect of temperature on the rate of reaction can be described by the
Arrhenius equation (SCHMIDL and LABUZA 2000):

k = k,exp (-E, /RT) 1
where:

k - the rate constant,
k. — the pre-exponential constant,
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E, — the activation energy (kJ/mole),
R - the gas constant (8,315 J/mol-K),
T - the absolute temperature (K).

The activation energy can be used as the measure of temperature depend-
ence of processes — the higher the E,, the faster the reaction as temperature
increases.The increase of temperature has various impacts on different kinds
of changes in food. The chemical reactions are usually highly temperature
dependent (MAN 2011).

Another method of expressing the temperature dependence of reaction is
the @;p (temperature quotient) approach. ;o can be defined as the reaction
rate at one temperature compared to that at a temperature 10°C lower
(ScHMIDL and LABUZA 2000):

Qw = k(T+ 10)/kT (2)

where:
Q@10 — the temperature quotient,
T - the absolute temperature (K).

The relationship of @;0 and Ea can be described by the means of the
following equation:

In (@) = 10E,/RT(T+10) 3)

where:

Q10 — the temperature quotient,

E, - the activation energy (kJ/mole),
R - the gas constant (8,315 J/mol-K),
T - the absolute temperature (K).

The most important mechanism of lipid oxidation is chemical process of
autoxidation. It is influenced by temperature (KERRIHARD et al. 2015). Inappro-
priate storage conditions, such as temperature abuse, would increase the rate
of oxidation in peanuts. Taking into consideration high temperature depend-
ence of oxidative processes, it is important to recognize the way the changes of
storage temperature influence peanuts’ shelf-life. The aim of this study was to
evaluate the influence of storage temperature on oxidative processes and
shelf-life of peanuts.
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Materials and Methods
Materials

Shelled roasted peanuts of two different origins sample A — from Argentina,
and sample B - from Brazil, were supplied by a local importer. The samples
were vacuum packed in plastic laminate PA (polyamide) / PE (polyethylene).
The total fat was 52,7% (sample A) and 53,1% (sample B) and the moisture
content 1,9% (A) and 1,4% (B), as determined using AOAC Official Methods
(948.22, 925.40).

The samples were stored in closed 100 g packages up to 6 months in
practical (20°C * 1°C) and accelerated (28°C + 1°C) storage dark conditions.
After and at the end of each month the samples were withdrawn to perform the
analysis of hydroperoxides and after every two months for hexanal measure-
ments. The experiment was repeated twice.

Lipid extraction

Lipids were extracted from peanuts according to the method described by
FOLCHET et al. (1957) with modifications. About 10 g milled peanuts were
homogenized twice with 50 ml chloroform/methanol mixture (2:1 vol/vol). The
obtained mixture was filtered and combined into a separatory funnel. The
extract was then diluted with distilled water and the lower phase was collected
and passed through anhydrous sodium sulfate. Solvent was removed in
a rotary vacuum evaporator (BiichiLabortechnik, Flawil, Switzerland). The
extracted lipids were used forhydroperoxides evaluation.

Peroxide value
PV (peroxide value) in extracted lipids was determined by iodometric
method according to Polish Standard (PN-EN ISO 3960:2009) and expressed
in meq Oq/kg of extracted oil.
Hexanal analysis
Hexanal measurements in peanuts were performed with the use of the

SHS-GC (static headspace gas chromatography). The analyses were carried on
the Varian 3800 gas chromatograph (Varian Inc., Lake Forest, CA, USA)
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equipped with an autosampler Tekmar 7000 (Tekmar-Dohrmann, Cincinnati,
USA).

Sample preparation

A standard stock solution containing hexanal in the concentration around
2 mg/ml of freshly refined rapeseed oil (Z.T. Kruszwica S.A., Kruszwica,
Poland) was used to prepare subsequent solutions. The hexanal has not been
detected in rapeseed oil as measured by SHS-GC. Then, a standard addition
method was applied: 4 g + 0.2 g of peanuts were placed in glass vials (22 mL)
and 0.5 mL of rapeseed oil without any standard (zero sample) or 0.5 mL of
rapeseed oil containing increasing concentration of hexanal was added (KOLB
and ETTRE 2006). Vials were closed with the use of septum and left in darkness
overnight to equilibrate.

Static headspace conditions

Samples were agitated for 30 min at 50°C to reach equilibrium. The
headspace conditions were as follows: vial pressurization 34.5 kPa, pressurize
time 0.5 min, sample equilibration 0.1 min, loop fill 0.6 min, loop equilibration,
0.1 min, injection 0.1 min, loop temperature 110°C, transfer line temperature
120°C, vial needle flow 55 mL/min. The gas phase (the headspace) was
introduced into the carrier gas stream- helium (Linde, Krakéw, Poland) and
carried into the column.

Gas chromatography

A gas chromatograph Varian 3800 was equipped with a flame ionization
detector and a capillary column CP Sil 8CB (30 m x 0.53 mm x 1.5 um; Varian
Inc., Lake Forest, CA, USA). The initial column temperature was 40°C (2 min),
then it was raised to 100°C (8°C/min) and to 200°C (20°C/min), then held 5,5
min (SAMOTYJA and MARECKA 2010). Hexanal was determined by comparison
of retention time with that of a known hexanal standard.

Chemicals

Hexanal (98% GC) was from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany). Other chemicals were of reagent quality grade and were provided
by POCh (Gliwice, Poland).



444 Urszula Samotyja, Maria Matecka

Estimation of shelf-life

The kinetic parameters were calculated for measured primary and second-
ary oxidative processes. The loss of food quality can be represented by the
kinetic equation:

dC/dt= kC" (4)
where:
C - the quality factor measured,
t - time,
k - the rate constant,

n - the reaction order.

The rate constant kof each temperature was determined separately for
hydroperoxides and hexanalby plotting In C versus time. Then, the rate
constant — temperature dependence was established on the basis ofconverted
Arrhenius equation:

Ink=Ink,-(E./RT) (5)

Subsequently, the activation energy was determined (Gallagher et al.
2011). The temperature quotient @;9 was calculated from the Eq. (3) (MAN
2011).

The shelf-life of peanuts was estimated by plotting the linear relation
between the log of end-point and the tested temperatures. The results were
presented as the shelf-life linearcurves directly showing the end-point of
oxidative stability versus temperature (°C).

Statistical analysis

All analyses were done in duplicate and the results were expressed as
average values. The data were fitted to the mathematical models and the
regression analyses were carried out. The calculations were performed using
Statistica 8.0 software (StatSoft, Inc., Tulsa, USA).
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Results and Discussion
Oxidative stability

The course of oxidative changes in peanuts is presented in Figure 1. The
lower stability of lipid fraction, the higher is the extent of primary and
secondary oxidative processes as measured by PV and hexanal concentration
(respectively).
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Fig. 1. The extent of primary and secondary oxidative changes in peanuts during 6-months storage at
20°C and 28°C. A - sample A, B — sample B
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The amount of hydroperoxides increased from starting point to the end of
experiment. PV increased from the initial level of 7.1 meq Oy/kg to 15.2 meq
Oy/kg (sample A) and from 6.5 meq Oy/kg to 17.4 meq Os/kg (sample B) in the
two first months of storage at 20°C. After this period there wasa sudden change
in PV observed. During the third month of the test at 20°C PV of peanuts
reached the level of 26.6 meq Oy/kg (A) and 35.4 meq Oy/kg (B). Storage at
elevated temperature resulted in higher degree of primary oxidation products
formation. The analyses showed rapid increase of PV during second month of
storage at 28°C to the values 36.7 meq Oy/kg (A) and 35.3 meq Oy/kg(B).

Initial concentrations of hexanal were 1.1 ppm (sample A) and 0.8 ppm
(sample B). Hexanal concentration increased slowly till the end of fourth
month of storage, and then rapidly increased to 4.3 ppm (A) and 6.8 ppm (B) at
ambient conditions and to 8.9 ppm (A) and 14.0 ppm (B) at 28°C as measured
at the end of storage.

Shelf-life considerations

The shelf-life limiting value (end-point) of PV was established on the level
of 20 meq Oz/kg. There is no standard critical limit of hydroperoxides in
peanuts and in literature different values are assumed, but usually they are
within the range of 20-30 meq Oy/kg (EVRANUZ 1993). Taking into consider-
ation the course of oxidative processes, the established critical limit corre-
sponds to the propagation phase excerpt of the PV curves.

Rapid decomposition of primary products, yielding sharp increase of hexa-
nal was observed after fourth month of samples storage and corresponded to
the avera gealdehyde contents of about 3 ppm - this value was used as the
critical limit during further considerations in this study. For comparison,
MEXIS et al.(2009) who studied the effects of storage conditions on the quality
of walnuts, proposed limit for PV close to 10 meq Oy/kg of walnut oil with
respective values for hexanal 1-2 ppm. ROBARDS et al.(1988) correlated hexanal
concentration with flavor score of corn chips and found out that samples
unacceptable according to the hedonic scale corresponded to concentration of
hexanal exceeding 5 ppm. Nepote et al. (2006) found out that the end point of
consumer acceptance of rancid flavor in peanuts corresponded values over 80
meq Oy/kg, what was much beyond the accepted limit of hydroperoxides. The
difficulty for arbitrary assignation of a limiting value of a given quality
criterion in shelf-life studies is a result of complexity of deteriorative changes
in food. The kind, amount and the rate of secondary oxidation products
formation depend on the rate of their precursors’ decomposition which in turn
depend on food composition and mechanism of deterioration.
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From adjustments of experimental data to different kinetic models the first
order reaction model was selected to describe the oxidative changes in peanuts
during storage. The kinetic parameters (the rate constant £ and the activation
energy E,) are presented in Table 1.

Table 1
Rate constant (k) for hydroperoxides and hexanal formation, the activation energy (E,) and
temperature quotients @;

Rate Coefficient | Activation
Criterion of Temperature| constant of energy Tempe?ature
shelf-life Sample 0 k determination| E, quotient
(1/month) (R?) (kJ/mol) Qo
20 0'415’ * 0.991
A 0.023 63.0 2.4
28 0.821 + 0.969
Hydroperoxides 0.148
formation 20 0.553 0.991
B 0.037 39.1 1.7
0.846 +
28 0.963 0.912
20 0232; 0.940
A 0.0 36.2 1.6
28 0.345 + 0.949
Hexanal 0.057
formation 20 0.364 0.977
B 0.040 176 s
0.441 + : '
28 0.087 0.928

Explanation to Table 1: *& + confidence intervalat 95%

Increasing rate constant with rising temperatures confirms temperature
dependence of measured processes. Regardless of the sample origin, there was
higher temperature dependence for PV than hexanal observed. It means that
increase in temperature would result in higher degree ofhydroperoxidesforma-
tion than hexanal. On the contrary, a reduction in temperature would have
greater impact on inhibition of hydroperoxides formation.

@0 values for reactions in peanuts A and B were found to be different.
These values were also differentiated in relation to primary and secondaryoxi-
dation products formation. Increase of temperature of 10°C would cause
increase of hydroperoxides formation 2,4 — fold in peanuts A and 1,7 - fold in
sample B, whereas hexanal would be formed 1,6 and 1,3 times faster (in
peanuts A and B, respectively).

Higher values of E, and @; for peanuts A mean that with increase of
temperature their shelf-life would be reduced more than that of B samples.
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Similarly, the temperature decrease would prolong shelf-life of peanuts A more
than peanuts B.

On the basis of storage trials the shelf-life can be estimated at any
temperature range in which the mechanism of reactions does not change. The
influence of temperature on the predicted time to reach PV = 20 meq Oy/kg
and 3 ppm of hexanal is presented in Figure 2. This period is exponentially
reduced with increasing temperature and indicates quality deterioration re-
sulting reduction of shelf-life.
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Fig. 2. Predicted shelf-life of peanuts as a function of temperature. A — sample A, B — sample B

Presented shelf-life curves show that oxidative stability of peanuts accord-
ing to storage temperature does not change exactly in the same way and
depends on the origin of the product. Moreover, during chain of distribution
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and storage, some additional factors (such as temperature fluctuations
through time) can influence the shelf-life and therefore they also should be
taken into consideration.

Conclusions

The storage temperature influences oxidative processes in peanuts and
thus decrease their shelf-life. Uncontrolled increase of temperature from e.g.
20°C to 25°C would reduce shelf-life of peanuts by 20-30% which entails not
only economic consequences but is also important because of nutritional value
and food safety issues. It can be assumed that the retailers are not always
aware of this fact, the peanuts are often stored in unsuitable conditions and,
finally, lose their quality before they reach the consumer.

The temperature dependent oxidative processes in peanuts do not change
in the same way. Different activation energies mean that increase of tempera-
ture would have different impact on samples which have the same state of
oxidation after production (packaging). @;, values available in literature
should be used only for approximation or experiment design purposes as there
is no universal value for a certain kind of food.
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Abstract

Dermanyssus gallinae (poultry red mite) is a temporary parasitic mite which feeds on the blood
of many species of domestic, wild and exotic birds. It can also attack mammals and humans. It is
widely dispersed throughout the world and is a major problem in poultry production, mainly for
laying hens. Under the suitable conditions of farms, the parasite population grows quickly and
becomes difficult to control. Invasion of D. gallinae in chickens causes chronic stress, anxiety,
irritability, increased cannibalism and mortality (6-8%), and a decrease in laying performance
(approx. 15-20%). The possibility of the transmission of many pathogens can affect the spread of
epidemiological risks in poultry. D. gallinae has exhibited resistance to adverse environmental
conditions and eradication formulas. It is estimated that losses caused by the invasion of D. gallinae
and eradication costs in the EU amount to about EUR 130 million annually. To combat D. gallinae,
synthetic acaricides, products containing natural or synthetic silica, and the Thermo-kill method are
commonly applied. Due to some limitations, alternative methods are still being sought, e.g. substan-
ces of natural origin (thuringiensin, spinosad, garlic extract and neem tree, geraniol, eugenol and
citral) and vaccinations (subolesin and protein Bm86), as well as the biological control of natural
enemies, or the introduction of a condensed light cycle. It seems that today the best results can be
achieved by the application of the principles of IPM (Integrated Pest Management). One of the
actions which should be jointly implemented by specialists from various fields is the construction of
sheds to hinder the settlement of the parasite and to facilitate its liquidation.
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Abstrakt

Dermanyssus gallinae (poultry red mite) to okresowe pasozytnicze roztocze, ktére odzywia sie
krwig wielu gatunkéw ptakéw domowych, dzikich oraz egzotycznych. Moze atakowaé ssaki oraz
ludzi. Jest szeroko rozpowszechniony na §wiecie i stanowi powazny problem w chowie i hodowli
drobiu, gtéwnie kur niosek. W warunkach ferm populacja pasozyta szybko narasta i jest trudna do
zwalczenia. Inwazja D. gallinae u kury powoduje stan stresu chronicznego, niepokdj, rozdraznienie,
wzrost kanibalizmu i liczby upadkéw (6-8%) oraz spadek nie$nosci (ok. 15-20%). Ze wzgledu na
mozliwo$¢ transmisji wielu czynnikéw chorobotwoérczych moze wplywaé na szerzenie si¢ zagrozen
epidemiologicznych wéréd drobiu. Wykazano oporno$é D. gallinae na niekorzystne warunki §rodo-
wiska oraz preparaty do jego zwalczania. Straty wywolane inwazja D. gallinae oraz koszty zwalczania
w UE szacowane sg na ok. 130 mln euro rocznie. Do zwalczania D. gallinae powszechnie stosowane sa
syntetyczne akarycydy, preparaty zawierajace naturalng lub syntetyczng krzemionke oraz metoda
Thermo-Kill. Ze wzgledu na pewne ograniczenia ciagle poszukuje sie metod alternatywnych jak:
substancje pochodzenia naturalnego (thuringiensyna, spinosad, ekstrakt z czosnku oraz drzewa
neem, geraniol, eugenol i citral), a takze szczepienia ochronne (subolesina i biatko Bm86), jak rowniez
kontrole biologiczna z wykorzystaniem naturalnych wrogbéw, czy wprowadzanie skréconego cyklu
swietlnego. Wydaje sie, ze najlepsze rezultaty mozna osiggnaé stosujagc zasady IPM (Integrated Pest
Management). Jednym z dzialah powinno by¢ wspdlne opracowanie przez specjalistow z wielu
dziedzin konstrukeji kurnikéw w celu utrudnienia zasiedlenia ich przez pasozyta i ulatwienie jego
likwidacji.

Introduction

Dermanyssus gallinae (De Geer, 1778) (D. gallinae), Poultry Red Mite
(PRM), is a parasitic mite belonging to the class: Arachnoidea, row: Acarina,
suborder: Mesostigmata, family: Gamasidae, type: Dermanyssus. Dermanys-
sus gallinae feeds primarily on the blood of chickens, but also on many other
species of domestic birds, as well as approx. 30 species of wild birds and exotic
birds (CHMIELEWSKI 1982, CENCEK et al. 2000, 2002, ROMANIUK and OWCZAR-
ZAK-PODZIEMSKA 2002, Roy and CHAUVE 2007, SMITH et al. 2014). In the
absence of specific hosts, it also attacks mammals, mostly rodents, dogs, cats
and farm animals, especially horses (MIGNON and LOSSON 2008). There are
also numerous reports of an invasion of mites in humans, primarily in poultry
farms workers, in whom the mite can induce severe itching, allergies, dermati-
tis and lesions of the skin (AUGER et al. 1979, ARENDS 1997, ROSEN 2002,
AKDEMIR et al. 2009, HAAG-WACKERNAGEL and BIRCHER 2010).

Dermanyssus gallinae is widely distributed in the world, and occurs in the
areas north to 60° latitude, where it poses a significant threat to poultry
production and hen health (HOGLUND et al. 1995, WOJCIK et al. 2000, CENCEK
2003, GUY et al. 2004, FIDDES et al. 2005, SPARAGANO et al. 2009, 2014). The D.
gallinae population grows very quickly, especially under conditions of factory
farms, and is difficult to control due to the specific behaviour and favourable
environmental conditions and facilities of farm, such as the large number of
hiding places, high density of birds in the limited space, and permanent high
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temperature and humidity (CHAUVE 1998, SOKO:t and ROMANIUK 2007,
SPARAGANO et al. 2009). Mite invasion is difficult to control due to the
colonisation sites, which are poorly accessible, resistance to adverse environ-
mental conditions, and used preparations (CHAUVE 1998).

Dermanyssus gallinae occurs in all types of farming system, independently
of the destination and size of the flock (SPARAGANO et al. 2009). The mite
population in laying hen factory farms reaches a higher level than in flocks of
broilers due to the longer production cycle, which usually takes 80-90 weeks
(RoY et al. 2010). The battery cage system promotes D. gallinae invasion due to
it being a more favourable habitat for mites and a greater challenge for
decontamination between flocks. It is the system which currently predomi-
nates in the poultry industry (HARRINGTON et al. 2011). For example, annual
production of poultry in this system in Denmark, France and Italy is about
56%, 76.5%, and 96.4%, respectively (SPARAGANO et al. 2009). Damage caused
by the mites, and associated costs of control only in the EU amount to about
130 million euros per year (SPARAGANO et al. 2009, 2014). In poultry flocks in
the USA and in some countries in South America and Asia the following
ectoparasites of poultry are found more common: Ornitonyssus sylviarum
(Canestriniand Fanzago 1877), Mesostigmata: Dermanyssoidea: Macronys-
sidae, known as Northern fowl mite (AXTELL, ARENDS 1990, MULLENS et al.
2001). Dermanyssus gallinae density in battery cage system can be up to
approx. 50 000 parasites per bird, and in severe cases even approx. 500 000 per
bird. The most massive invasions have been observed during warm and humid
months (KILPINEN et al. 2005, OTHMAN et al. 2012).

The scale of the problem of D. gallinae is very serious, which is proved by the
fact that in November 2014 an international research consortium was formed to
combat PRM. The project, called COREMI (Improving current understanding
and research for sustainable control of the poultry red mite Dermanyssus
gallinae), brings together scientists from over 17 European countries
(http://www.cost.eu/COST_Actions/fa/Actions/FA1404 February 2015).

Characteristics, biology and behaviour
of Dermanyssus gallinae

The adult D. gallinae is from 0.7 to 1 mm long and from 0.4 to 0.5 mm wide.
The body is pear-shaped, dorsoventrally flattened, and covered with transpar-
ent, greyish chitinous armour. After sucking blood it is red, and when the blood
is digested it turns brown and the intestines are clearly visible. It has four pairs
of legs, ending with two claws, and oral apparatus of the piercing and sucking
type, ending with long stiletto chelicerae, which puncture the skin of the host
(SIKES and CHAMBERLAIN 1954).
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Dermanyssus gallinae is a periodic ectoparasite which spends on the host
usually from 0.5 to 1.5 h only during sucking blood. It feeds every 2-4 days,
mainly at night, when birds are less active (WOOD 1917, NAKAMAE et al. 1997,
CHAUVE 1998, ROMANIUK and SOKOL 2007). Dermanyssus gallinae locates its
host using a combination of several stimuli: temperature, chemical signals,
vibration, and carbon dioxide (ZEMAN 1988, KILPINEN and MULLENS 2004,
KILPINEN 2005). Led by the smell of pheromones secreted by other individuals,
an engorged individual mite goes back to the hideout, where all the parasites
aggregate together (ENTREKIN and OLIVIER et al. 1982, KOENRAADT and DICKE
2010). Dermanyssus gallinae prefers inaccessible places, shielded from light,
mainly cracks and crevices in the construction of poultry houses, where it
proliferates. Its development cycle consists of 5 stages: egg, larva, protonymph,
deutonymph and adults (male or female). Protonymph, deutonymph and
mature females must feed on blood. Males feed on the blood occasionally. Adult
mites mate after the last moult, and the females lay eggs within 3 days after
sucking blood. The number of eggs laid depends on the environmental
conditions and reaches up to eight clutches. (WooD 1917, Moss 1978). The egg
is oval, smooth, pearl white coloured, and it is 400x270u. After approx. 1.5-2
days it hatches into a larva, which after approx. 12 h undergoes moulting and
turns into a protonymph. The protonymph, within 24 h after sucking blood,
moults again and turns into a deutonymph. It moults and becomes mature
after approx. 2 days after the last feeding. The larva is of a white-grey colour
and has 3 pairs of legs, while the nymph and imago has 4 pairs of legs (W0OOD
1917).

The length of the D. gallinae lifecycle depends on the availability of the
host, the ambient temperature and relative humidity. It usually takes about
2 weeks. Under favourable conditions, such as 20-25°C and high relative
humidity (> 70%), this may be shortened to approx. 7-10 days. As a result, the
population may double in one week (MAURER and BAUMGARTNER 1992,
HoGLUND 1995). In less favourable environmental conditions its lifecycle may
be extended, and in the absence of the host it does not take place. Dermanyssus
gallinae is very resistant to adverse environmental conditions, e.g. in anticipa-
tion for the host. While waiting for the host it can survive 8-9 months at temp.
5°C, and at 25°C — approx. 6 weeks. Temperature below -20°C and above 45°C is
fatal. The female lays eggs in temperatures from 5 to 45°C. At 5°C the time
required for the larvae to hatch exceeds 50 days if the egg maintains the proper
humidity, and they can hatch into larvae under appropriate conditions.
Relative humidity (RH) is also important for the development of D. gallinae,
e.g. at a temp. of 20°C and 23% RH it can survive for only 6 weeks, and at 11%
RH larvae hatch is inhibited due to the drying of the eggs (MAURER and
BAUMGARTNER 1992, NORDENFORS et al. 1999).
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Analysis of the COI mitochondrial gene (cytochrome oxidase subunitl) and
the 16S rRNA gene showed genetic variation between closely related species of
the genus Dermanyssus and geographically distant populations of the species
D. gallinae. The nuclear gene ITS was also submitted to the analysis. COI
proved to be the best marker in phyleogeographic studies, as it allowed the
differentiation of genetically low taxonomic levels. Differences within the I'TS
gene were not significant. The genetic diversity of the population of the species
D. gallinae may be a consequence of the development of resistance to pesticides
used in individual countries or geographical regions (ROY et al. 2009, MARANGI
et al. 2009). It is believed that due to genetic variation D. gallinae can exhibit
certain plasticity in relation to the host (but still remaining associated primar-
ily with birds, and in particular laying hens) and shows tolerance to changing
environmental conditions and adaptation to selecting factors (CHAUVE 1998,
RoY et al. 2009, SPARAGANO et al. 2014).

Dermanyssus gallinae invasion impact on hens

Dermanyssus gallinae is the most serious ectoparasite affecting laying
hens. Upon puncturing the skin of the host, it introduces a toxic saliva that can
cause itching and irritation. Under heavy invasion, the welfare of the laying
hens significantly decreases, which is reflected in the birds being restless and
irritable. Consequently, they develop characteristic behaviour called self-
grooming, or the ability to clean the skin and feathers, and increase the
frequency of feather pecking (CHAUVE 1998, KILPINEN et al. 2005). An in-
creased prevalence of cannibalism and mortality is also observed. It is es-
timated that the mortality ratio ranges from 6 to 8% (CENCEK 2003, KILPINEN
et al. 2005). There has been a case of a tenfold increase in death rates following
severe infestation (COSOROABA 2001).

Intense infestation of D. gallinae on hens gives rise to chronic stress
condition which activates the hypothalamic-pituitary-adrenal axis. As a result,
hormones which suppress the hypothalamic-pituitary-gonadal axis responsible
for egg laying are secreted. This results in reduced egg laying. PILARCZYK et al.
(2004) reported an approx. 15-20% reduction in egg laying. In addition,
depending on the severity of stress, especially in young chickens, infestation
can cause small, tangible physiological and pathological changes that lower
overall health status and immunity. In infested chickens reduction in the level
of corticosterone, 3- and y- globulin (KOWALSKI and SOKOL 2006, 2009) is
reported. Heavy infestations may adversely affect the development of the
immune response against pathogens in chickens, reduce post-vaccination
antibody titre, or inhibit the production of antibodies (KOWALSKI and SOKOL
2009, KAOUD 2010, SPARAGANO et al. 2014). An increase in the consumption of
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food and water, with simultaneous loss of weight have been observed (CHAUVE
1998, MUL et al. 2009).

Dermanyssus gallinae attacks the hen once every 2—4 days, and feeds on
approx. 0.2 mg of blood, which, with an estimated 25 000-50 000 mites per
bird, leads to a loss of approx. 4 g of blood per day, i.e. approx. 3% of the total
hen blood volume (VAN EMOUS 2005). Dermanyssus gallinae can thus contrib-
ute to the development of anaemia and, in extreme cases, to severe anaemia
(KIRKWOOD 1967, COSOROABA 2001, WOJCIK et al. 2000, KILPINEN et al. 2005).
In other studies, the haematological blood indices of infected chickens were not
significantly different from hens free from invasion, and did not prove the
mites to be the main factor causing anaemia (KOWALSKI and SOKOL 2006).

Dermanyssus gallinae as a vector of pathogenic agents

Dermanyssus gallinae may contribute to increased epidemiological risks
due to the probable transmission of many pathogens (VALIENTE-MORO et al.
2005, 2009, DE LuNA et al. 2008, SPARAGANO et al. 2009).

In 1944, Smith was the first to isolate the Dermanyssus gallinae St. Louis
encephalitis virus (SLEV- Flaviviridae). From that moment investigations into
the possibility of the transmission of various pathogens commenced. It has
been shown that the mite is a reservoir and vector of pathogenic bacteria for
chickens and other animals and humans: Salmonella gallinarum, Listeria
monocytogenes, Erysipelothrix rhusiopathiae, Chlamydia spp., Escherichia
coli, Staphylococcus spp., Streptomyces spp., as well as a virus: Avian para-
myxovirus typel (Newcastle disease). It was experimentally demonstrated that
the mite can transmit other bacteria: Pasteurella multocida, Coxiella burnetii,
Spirochetes, Salmonella enteritidis, and viruses: Fowl poxvirus smallpox,
Eastern equine encephalitis virus - EEEV, Western equine encephalitis virus
— WEEV, Venezuelan Equine Encephalitis Virus, Russian spring virus, and
summer tick-borne encephalitis. (DE LUNA et al. 2008, VALIENTE-MORO et al.
2009, SPARAGANO et al. 2009).

Methods and agents proposed to control
and combat invasion of D. gallinae

The basis for the control of D. gallinae is to follow the rules of hygiene in
the poultry house, and prevention of the introduction of the parasite from the
outside. Poultry houses should be carefully disinfected after each production
cycle. Structural elements of the poultry house should be washed with warm
water with the addition of oil-penetrating agents and egg-lethal additives.
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Newly introduced flocks of hens and means of transport should be free of
mites. Wild birds and rodents can be potential carriers of D. gallinae, especially
in barn, free-range or another traditional breeding system (VAN EMoOUS 2005).
It is also important to regularly monitor D. gallinae populations. Different
systems of traps placed on the structural elements of the poultry house can be
used for this purpose (NORDENFORS and CHIRICO 2001, ZENNER et al. 2009).
The structure of the population can be determined based on the number of
individual developmental forms of the parasite (SOKOt 2006). These proceed-
ings make the following deacarization easier.

Synthetic acaricides are commonly used in cases of D. gallinae infestation.
Thirty-five acaricidal compounds were tested and proved effective in cases of
D. gallinae, and they included: organochlorines, organophosphates, pyrethrin,
pyrethroids, carbamates, amitraz, and endectocides (CHAUVE 1998). They are
effective, but their use is limited due to food safety, because their residues or
metabolites may accumulate in the meat and eggs of hens (MUL et al. 2009).
Most of these products are dedicated for empty poultry houses, but a few of
them, which have received marketing authorisation, can be applied directly to
the birds. It is important to abide by the grace period because incompliance
poses a threat to the life and health of hens, as well as the consumers of the
eggs and meat (MARANGI et al. 2012). In addition, long-term use of these
agents, associated with the application of high concentrations, leads to the
resistance of D. gallinae to these agents (CHAUVE 1998, NORDENFORS et al.
2001, CENCEK et al. 2011, ZDYBEL al. 2011). Products containing foxim
(foxim-based) were authorised for marketing in 2010. A case of the develop-
ment of resistance of D. gallinae to this substance was reported a year later
(ZDYBEL et al. 2011). Effective acaricides should penetrate into the gaps, stay
active on the exposed surfaces, act selectively on the parasite, and should
induce resistance (CHAUVE 1998).

Other agents which are used as often as acaricides are products comprising
natural or synthetic silica (silicon dioxide, SiOz), which fall into the category of
physical methods. Their acaricidal activity is based on the absorption proper-
ties of silica particles that adhere to the body shells of D. gallinae and absorb
lipids from the exoskeleton. This leads to drying out, and results in the death of
the parasite. The effectiveness of these measures depends on the quality of the
applied chemicals and the relative humidity (RH). It has been shown that a high
level of RH reduces the efficacy of the silica products. In poultry houses where
RH is high the efficacy of these products can be reduced (MAURER and PERLER
2006, KILPINEN and STEENBERG 2009, ZDYBEL et al. 2011).

The thermal method of parasite elimination is also a physical method. This
method consists in applying high temperatures in an empty hen house for
several days. On the first day the temperature in the house rises gradually to at
least 45°C due to the use of a heating device, and it is maintained at this level
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constantly for another two days. Then it slowly decreases (VAN EMOUS 2005).
This method is also very efficient, and eliminates most of the D. gallinae eggs,
but does not allow for limitation of the invasion during the cycle. In addition,
excessive heat can destroy the shed’s structure and equipment.

The above-described methods of elimination and controlling the D. gallinae
invasion are among the most efficient, but due to their limitations, researchers
are still seeking better, more effective, cheaper and less toxic methods.

Alternatives to synthetic acaricides are substances of natural origin
(HARRINGTON et al. 2011, SPARAGANO et al. 2014). SPARAGANO et al. (2014)
describes these as new acaricides, which include biopesticides and plant-
derived products. Biopesticide formulations are based on the natural proper-
ties of bacteria and their components. The insecticidal properties of thurin-
giensin from Bacillus thuringiensis bacteria have long been known and
successfully used in agriculture to control pests of agricultural crops (VAN DER
GEEST et al. 2000). The toxicity of these bacteria was confirmed with respect to
ticks and O. sylviarum (MCKEEN 1988, HASSANAIN et al. 1997). Bacterial
exotoxin was also shown to be toxic for vertebrates, and therefore it cannot be
used against D. gallinae (SPARAGANO et al. 2014). In 2010, another natural
acaricide based on spinosad, which is produced as a result of fermentation
carried out by bacteria Saccharopolyspra spinosa, was approved for use. The
brand name of the product is Elector (HoLT 2005, GEORGE et al. 2010).
Spinosad has also been used in agriculture for the control of many species of
pest insects. In contrast to thuringiensin, it has shown a low toxicity to
mammals and birds, as well as for insects which play a positive role in the
ecosystem (ANASTAS et al. 1999, HARINGTON et al. 2011).

Among the plant-derived substances garlic extract has been shown to be
very effective. It is the basis of garlic preparations such as Barrier and
Breck-a-Sol (BIRRENKOTT et al. 2000, FAGHIHZADEH et al. 2014). There is also
a product based on an extract of the neem tree, which is available under the
brand name MiteStop, and it has shown higher efficiency than foxim (LUNDH
and CHIRICO 2005, ABDEL-GHAFFAR et al. 2009). Strong acaricidal properties
have also been shown by geraniol, eugenol and citral (SPARAGANO et al. 2013).

Attempts to develop a vaccine have failed. A marginal protective effect was
obtained by immunizing chickens with a vaccine based on the somatic antigens
of mites and other arthropods — a recombinant protein called subolesin
(Subolesin SUB) or the Bm86 protein. Ingestion of blood with the antibodies by
mites was expected to hinder the development of the mites. D. gallinae
mortality was 23% after immunization with Bm86, and 35% after subolesin
immunization. However, at present no D. gallinae vaccines have been
authorised for marketing (HARRINGTON et al. 2009).

Biological control of D. gallinae involves the use of their natural enemies,
such as predatory mites and entomopathogenic fungi (SPARAGANO et al. 2014).
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Predatory mites occur naturally in the nests of wild birds, and can also
spontaneously colonize hen houses. This method of control relies on the
introduction of selected species of mites into the environment infested by
D. gallinae A few mite species, such as Androlaelaps casalis, Stratiolaelaps
scimitus, Hypoaspis aculeifer, Hypoaspis miles (LESNA et al. 2009, 2012, ALI et
al. 2012), have shown the potential to destroy D. gallinae. This method has
been commercially applied but research is still needed to confirm its efficacy in
the field, consequences of its long-term use, and the limiting impact of high
temperature and alternative preys on its efficacy (SPARAGANO et al. 2014).

Fungi such as Beauveria bassiana, Metarhizium anisopliae, Paecilomyces
album and Trichoderma fumosoroseus also show a detrimental impact on
Dermanyssus gallinae. Satisfactory results have been obtained after inocula-
tion with a high dose of conidia under laboratory conditions, but experiments
under semifield conditions have revealed unsatisfactory results (STEENBERG et
al. 2006, TAVASSOLI et al. 2011, STEENBERG and KILPINEN 2015).

One of the methods to control D. gallinae infestation consists in intramus-
cular or intraperitoneal administration of ivermectin and moxidectin to birds.
This method has been referred to as a systemic application, i.e. through the
host body and the ingested blood. The effective dose was too toxic in birds. In
addition, the operating time was too short. Control of mite infestation based on
this method would be risky and unprofitable due to the necessity to apply
a high dose of the active substance, time consumption, and repeated applica-
tions. (ZEMAN 1987, PoPIOL and OLIVER 1989).

High potential has been seen in the introduction of short-cycle intermittent
light/dark periods in poultry houses. This method could reduce Dermanyssus
gallinae invasion, probably by disrupting its normal nocturnal feeding cycle.
The law, however, prohibits shortening the period of darkness below 8 hours,
which in practice prevents the introduction of this type of control (STAFFORD et
al 2006).

One idea is to develop the IPM (integrated pest management) system,
incorporating the whole variety of the above D. gallinae elimination methods,
which are described as using a combination of the methods and bringing
tangible benefits (AXTELL 1999, CHATTERTON 2000).

In 2013, in accordance with an EU Council Directive (EU 1999.74/EC) on
the welfare of laying hens, conventional cages were withdrawn from use and
are now replaced by enriched cages incorporating more complex environments.
It should be mentioned that enriched cages for laying hens entered under the
supervision of the EU to poultry production farms have definitely improved
the welfare of the birds; however, it appears to contribute to quite a significant
growth of D. gallinae populations due to the extensive system of cracks and
crevices which allow mite populations to grow more rapidly. One of the actions
which should be jointly undertaken is the development of a cage design which
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will allow the elimination of hiding places while facilitating washing the
surface. The same applies to air ventilation systems. To summarize, the
construction of poultry houses must be carefully thought out and designed by
specialists from various fields.

Translated by WERONIKA SzySZKIEWICZ, MALGORZATA DEMBINSKA
Accepted for print 20.11.2015
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