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Abstract

The terpene content of milk and cream made from milk obtained from cows fed indoor, and
early or late grazing in alpine rangeland farms in Norway were analysed for three consecutive
years. The main terpenes identified and semi-quantified were the monoterpenes B-pinene, a-
pinene, a-thujene, camphene, sabinene, 6-3-carene, D-limonene, y-terpinene, camphor, -
citronellene, and the sesquiterpene pB-caryophyllene. The average total terpene content
increased five times during the alpine rangeland feeding period. The terpenes a-thujene,
sabinene, y-terpinene and B-citronellene were only detected in milk and cultured cream from
the alpine rangeland feeding period and not in samples from the in-door feeding period. These
four terpenes could be used as indicators to show that milk and cultured cream descend from
the alpine rangeland feeding period. The terpenes did not influence the sensorial quality of the

milk or the cultured cream.
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1. Introduction

Terpenes are lipophilic aliphatic volatile compounds with the general chemical formula
(CsHeg), particularly present in herb-like plants and synthesized and stored in plant vegetative
organs (Croteau, 1987). More than 20,000 individual terpenes have been described (Connolly
& Hill, 1991). The terpenes are important for the plant resistance to predations and infection

(Croteau, 1987).

Terpenes constitute main components of essential oils, normally with certain aromatic
properties designated as for instance “fresh”, “herbaceous”, “resin”, “lemon”, “coniferous”,
“green/grassy”, “mint/chlorophyll” and “thyme/oregano” (Burt, 2004; Mariaca et al., 1997;
Tornambé et al., 2008; Urbach, 1990). The content of terpenes in the forage will vary
according to its plant composition (Fernandez-Garcia, Serrano, & Nufiez, 2002; Galina,
Osnaya, Cuchillo, & Haenlein, 2007). Terpene content also varies depending on the stages of
maturity of the plant and changes with change in environmental condition (Bugaud et al.,
2000; Cornu et al., 2001; Mariaca et el., 1997; Tornambe et al., 2006). Chion et al. (2010)
concluded that the milk produced on pasture obtained higher contents of terpenes than the
milk from winter diets based on hay. The terpene molecules from plants in general appears in
the rumen within 24h of grazing and then in raw milk used in the preparation of dairy
products (Lejonklev et al., 2013). Terpenes have the potential to be used as markers to
differentiate if the milk or cheese originate from from the herds fed on any grazing system or
fed in-door (Cornu et al., 2001; Favaro, Magno, Boaretto, Bailoni & Mantovani, 2005;
Viallon et et., 1999; Viallon et al., 2000). Morand-Fehr, Fedele, Berger, Le Du, & Spinnler

(2007) claimed however that it is not easy to use terpenes as proof of different kinds of diets

for sheep and goats.
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Reports indicate that terpenes may also be formed by microorganisms in the milk or in the
milk products and that terpenes may be changed as a result of microbial activity (Agrawal &

Joseph, 2000; Fernandez-Garcia et al., 2002; Martin, Berger, Le Du, & Spinnler, 2001).

The objectives of this work was to compare the presence of terpenes in cow’s milk from
seven different farms produced at alpine rangeland in Norway with the presence of terpenes in
milk from the in-door feeding period for the same farms. Furthermore, this study reports for
the first time the presence and amounts of terpenes in cultured cream made from the milk
collected from alpine rangeland farms. This study also evaluated if the content of terpenes in
milk and cultured cream from alpine rangeland feeding period could be used to distinguish
this milk and cultured cream from samples collected and produced during the in-door feeding

period.

2. Materials and methods
2.1. Design of the investigation

Milk was sampled from seven farms situated in the area of Valdres, an alpine region situated
in the central, southern part of Norway during three subsequent years (2007-2009). The
selection of farmers to attend the investigation was done on the basis of several criteria,
among these was that they should not practise concentrated calving. The average number of

cows in the seven herds investigated was 14.4.

The summer farms are situated relatively close to each other at an altitude of approximately
900 m a.s.l., in the northern boreal vegetation zone. In this part of Norway this means close to
the tree line. The bedrock in the area is phyllite, a schist-rich bedrock with a high weathering

capacity giving soils of intermediate or good nutritional quality known to give species rich
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ranges. Sickel, Bilger, & Ohlson (2012) has investigated the wild grazing plant species in the

same area in July and August 20009.

During the winter, the in-door feeding period, a standard feeding regime with conserved green
fodder and concentrate was practiced at all farms included in the investigation. During
summer-farming in the mountain the herds were grazing wild alpine plants during the day
between morning milking and evening milking. After evening milking six of the herds were
grazing in enclosure fields surrounding the summer farms. In one of the summer-farm (farm
no. 3 in the results chapter) the herd was grazing wild alpine plants in the outlaying fields also

during the night.

2.2 Milk sampling

During the in-door feeding period milk was sampled from each of the seven farms at calendar
day no. 67 and 84 in year 1 and day no. 87 in year 3 of the investigation period. The first
sampling during the summer-farming period in the alpine rangeland took place approximately
one week after the start of summer-farming, in order to avoid any carry over effect from the
feeding regime practiced until then. One sampling day (calendar day no. 191 in year 1, day
no. 197 in year 2 and day no. 197 in year 3) in the early summer-farming period was
practiced. In the late summer-farming period sampling took place four times (calendar days

no. 220 and 248 in year 1, day no. 232 in year 2 and day no. 232 in year 3).

At each farm the milk was collected during three days before the milk sampling day and kept
in a cooling tank (< 4 °C) at the farm until it was collected and transported under refrigerated
conditions to the central laboratory of the Norwegian dairy company TINE for sensorial

grading and other quality analysis according to the internal control procedure of TINE. One



106  milk sample from each farm at each sampling day was stored in plastic bottles at -80 °C until

107  the chemical analysis performed at Nofima.

108  Milk for the production of cultured cream was collected from all seven farms and mixed in
109  the same compartment on the milk tank lorry, and transported the day of collection to the pilot
110  plant for food production at the Department of Chemistry, Biotechnology and Food Science,

111 Norwegian University of Life Sciences.
112
113 2.3. Production of cultured cream

114  Cultured cream was made twice from milk produced during the in-door feeding period and
115 three times during the alpine rangeland feeding period for one year (2007). The production
116  dates during the alpine rangeland feeding period were in the beginning of July, in the

117 beginning of August and in the beginning of September. Cream from each day of milk

118  delivery was divided into four batches of cream. Each batch was used for production of

119 cultured cream, as four parallel productions.

120  The milk was separated in a Westfalia separator, type MS050-01-076 (Westfalia Separator
121 AG, D 4740 Oelde, Germany) at approximately 60 °C. The cream was pasteurised at 74-75
122 °Cinaplate heat exchanger (Alfa Laval, type M6-MFMC, Alfa Laval, Lund, Sweden) and
123 cooled to < 4 °C. For each production day four batches of 4 L cream (38 % fat) were

124 homogenized at 60 °C and 30 bar in a Rannie Homogenizer (type 16.50) (APV, Oslo,

125  Norway). The homogenized cream was further heated to 90 °C for 5 minutes, cooled to the
126 incubation temperature 20 °C before inoculation with 50 mL of a bulk starter of lactic acid
127 bacteria (mesophilic mixed strains starter CHN-19 from Chr. Hansen, Hgrsholm, Denmark).
128  After thorough mixing of the inoculums in the cream the cream was distributed into

129  disinfected plastic cups (200 mL) with lids. The cups were incubated at 20 °C in a
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temperature regulated water bath until pH 4.5-4.6 (approximately 18 hours after inoculation)
and transferred to refrigerator room (2-4 °C) for storage. The cultured cream was analysed for
the content of various terpenes and for sensorial quality 2-3 days after end of incubation
(fresh product) and after approximately 3 weeks, which is the commercial shelf life of this
type of products in Norway (stored product). Samples for analyses of terpenes were stored in

plastic cups at -80 °C in darkness.

2.4. Analyses of terpenes

Frozen milk samples (bottles containing approximately 300 mL) were thawed at 4 °C in
darkness overnight, resulting in a creamy upper layer. Samples of the lipid enriched layer was
weighed into ultracentrifuge tubes and centrifuged at 28700 rpm (100.000 x g max, Ti 50.2
rotor) in a Beckman L-80 ultracentrifuge (Beckman Coulter Inc., Palo Alto, CA, USA) for 2 h
at 26 °C. The milk lipid phase (yellow layer) was transferred by a Pasteur pipette to a 2 mL
tube and re-centrifuged at 13000 rpm (16000 x g) in a Hereaus Biofuge Fresco (DJB Labcare
Ltd., Buckinghamshire, England) to remove the last trace of water/protein phase
contaminants. The lipid sample was stored in filled screw capped tubes at -80 °C until GC-

MS analysis.

Milk and cultured cream fat samples were thawed to ambient temperature, and 0.400 g was
weighed into 50 mL glass tubes with 7 mL Milli-Q water. Internal standard, 1 uL of a 40
ug/mL ethyl heptanoate (> 99 %, Sigma-Aldrich Chemie GmbH, Steinheim, Germany)
solution in methanol was added to each sample. The tubes were placed in a thermostat
regulated water bath with a temperature of 70 °C. The volatiles from each milk fat sample
were extracted by purging with ultrapure nitrogen gas, 100 mL min, through a modified

Drechsel head connected to a stainless steel tube packed with an adsorbent resin Tenax GR
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(mesh size 60/80, Alltech Associates Inc. Deerfield, IL, USA). Adsorbed water was removed
by nitrogen flushing (50 mL min™) for 5 min in the opposite direction of sampling at room
temperature. Three replicates were analysed of each sample. Trapped compounds were
desorbed at 250 °C for 5 min in a Markes Thermal Desorber (Markes, Liantrisant, UK) and
transferred to an Agilent 6890 GC System (Agilent Technologies, Inc. Wilmington, DE,
USA) with an Agilent 5973 Mass Selective Detector (electron impact ionization mode;
ionization energy, 70 eV). The volatiles were separated on a DB-WAXetr column (0.25 mm
i.d., 0.5-um film thickness, 30 m, J&W Scientific), the carrier gas was 99.9999 % helium and
the gas flow was 1.5 mL/min. The temperature program was as following: 30 °C for 10 min,
increasing by 1°C min™ to 40 °C, by 3 °C min™ to 70 °C, and by 6.5 °C min™ to 230 °C, with
a hold time of 5 min. Integration of peaks and identification of compounds were performed by
using HP Chemstation software (G1701CA version C.00.00, Agilent Technologies), the
Wiley 130K Mass Spectral Database (HP 61030A MS Chemstation, John Wiley and Sons
Inc., Agilent Technologies), and NIST98 Mass Spectral Library (version 1.6d, US Secretary
of Commerce, Gaithersburg, MD) and NIST/EPA/NHI Mass Spectral Library (NIST05) with
NIST Mass Spectral Search Program for Microsoft Windows (version 2.0d, US Secretary of
Commerce). Blanks and standard samples was run before, during, and after the sample series.
The relative concentrations of individual terpenes were calculated based on the internal

standard ethyl heptanoate and expressed as ng per g fat.

2.5. Sensorial evaluations

The sensorial quality of each milk sample was evaluated by three accredited milk graders in
the TINE dairy company, according to a hedonic scale from 1 to 5, with 5 as best score
(quality scoring). Grading with 3 or lower should be followed by a comment according to the

nomenclature given by International Dairy Federation (1987, 1997).
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The cultured cream was evaluated by 11 assessors. The overall quality of the samples was
graded by quality scoring as mentioned above. Descriptive sensory analyses was used for the
evaluation of the flavour attributes “aromatic”, “oxidized”, “rancid” and “off flavour”. A scale
from 1 to 7 with increasing intensity of the attribute was used. The experimental cultured
cream was compared with a commercial sample of cultured cream with the same fat content
from TINE dairy company, bought in a nearby retail shop the day before each evaluation. The

expiring day for the commercial samples were always about 14 days later. If the attribute was

graded similar in strength to the commercial sample the sample obtained the score 4.

2.6. Statistical analyses

The following model y;, = #+«; + 4, + ¢, has been used for the statistical analyses presented

in Tables 1-3. Here, u is the overall mean content of a terpene, ¢; is the effect of year i and 4
is the effect of farm j. The measured content of a terpene in sample k with a feeding regime,
year i and farm j is y;; and ejj is the error term related to this measurement. A Bonferroni test
with a 5 % level of significance has been used to find differences between farms. The same
model has also been used to compare the amount of various terpenes in the milk and in the

cultured cream, but there 4, is the effect of day j, 5 different days. The effect of milk is ¢,

and the effect of cultured cream is «, . It has been tested by the F-test if there are differences
between the mean terpene content in milk and cultured cream. In Table 4 the model
Y = #+a; +e; has been fitted. Here ¢ is the effect of feeding period i (i = 1 = in-door, i =
2 = early alpine rangeland and i = 3 = late alpine rangeland. It has been tested by the

Bonferroni method at a 5% level of significance if cultured cream that is produced in different

feeding periods has different mean terpene content.
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3. Results and discussion
3.1. Terpenes in milk

The sum of terpenes in milk sampled from the in-door feeding period, early alpine rangeland
feeding period and late alpine rangeland feeding period from the seven different Norwegian
mountain farms in three years, is shown in Figure 1. The amounts of the individual terpenes

from the same three feeding periods are shown in Tables 1-3, respectively.

The terpene profile of milk from the in-door and alpine rangeland feeding periods, showed the
presence of several terpenes, and the main terpenes identified and semi-quantified were the
monoterpenes B-pinene (CioHas), a-pinene (C1oH16) a-thujene (C1oH1e), camphene (CioHis),
sabinene (CyoH16), 8-3-carene (CigH16), limonene (C1oHsg), y-terpinene (CioH16), camphor
(C10H160), B-citronellene (syn:3,7-dimethyl-1,6-octadiene or dihydromyrcene) (Cy1oH1s), and
the sesquiterpene B-caryophyllene (CisH24). Four of the 11 terpenes were detected only in the
alpine rangeland milk, that is, sabinene, y-terpinene, 3-caryophyllene, and -citronellene,
indicating that the alpine pasture contributed to the presence of these compounds. The various
terpenes identified are known compounds reported in earlier studies of milk and milk
products (Abilleira et al., 2010; Di Cagno et al., 2007; Fernandez, Astier, Rock, Coulon, &

Berdagué, 2003; Panseri et al., 2008).

The average of the mean terpene content from the in-door feeding period in the milk from the
seven farms was 269 ng g™ milk fat. The average content of total terpenes in the milk in this
period varied between 52.6 and 177 ng g™ milk fat in milk samples from six of the seven
farms, while one of the farms (farm 3) delivered milk with a higher total content of terpenes,
1206 ng g* milk fat (Table 1). However, results on terpenes were available from only one in-

door sampling day (day 67 in year 1) for this farm. The lowest value for terpenes observed in

10
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any milk sample from this feeding period was 11.8 ng g™ milk fat. Since the amount of a-
pinene dominated the total amount of terpenes in the samples, the differences in the total
amount of terpenes were highly influenced by the amount of a-pinene present in the samples.
Significantly higher amounts of four of the seven measured terpenes were present in the milk
sample from farm 3 compared to the milk samples from the six other farms. No significant
differences in the content of the individual terpenes in any of the milk samples from the six
other farms were observed. Three of the seven terpenes (a-pinene, B-pinene and 8-3-carene)
were detected in milk samples from all seven farms collected during the in-door feeding
period. D-Limonene was detected in milk from six of the seven farms, while three of the
terpenes, camphor, camphene and a-thujene, were detected in milk from five, four and two of

the seven farms, respectively (Table 1).

The results presented in Tables 1-3 revealed that the average content of terpenes increased
three times from the in-door feeding period (269 ng g™) to the early alpine rangeland feeding
period when the average total content of terpenes in the milk from all the seven farms was
815 ng g™* milk fat. The average terpene content increased further during the alpine rangeland
feeding period, and was five times the level of the in-door period in the late alpine rangeland

feeding period, with an average value of 1311 ng g milk fat.

In the early alpine rangeland feeding period the average of the mean terpene content in the
milk ranged from 444 to 1413 ng g™* milk fat in the samples from the seven farms (Table 2).
In addition to the terpenes registered in milk from the in-door feeding period, four more
terpenes were detected in milk from the early alpine rangeland feeding period, namely;
sabinene, y-terpinene, -citronellene, and p-cariophyllene. Camphor was observed in
relatively minor amounts in samples from only two farms. Table 2 shows the differences in
the content of some terpenes among milk samples from various farms. Farm 3 delivered milk

with significantly higher amount of a-pinene, a-thujene and camphene than farm 1, while

11
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farm 4 had milk with significantly higher amount of B-cariophyllene than farm 1. For the
other terpenes analysed, no significant differences among milk samples from the seven farms
from the early alpine rangeland feeding period were obtained. Again it is obvious that the
significant differences in total amount of terpenes between the samples from the seven farms

are dominated by the differences obtained for the content of a-pinene.

The average of the mean terpene content in the milk from the late alpine rangeland feeding
period ranged from 820 to 2303 ng g™* milk fat in the samples from the seven farms (Table 3).
Also in milk from this feeding period the dominating terpene was a-pinene, which therefore
also influenced the statistical differences in the total amount of terpenes between milk
samples from the various farms. The same terpenes were detected in milk samples collected
from the late alpine rangeland feeding period as in the samples from early alpine rangeland
feeding period. In the late alpine rangeland feeding period camphor was observed in minor
amounts only in samples from farms 4, 6 and 7, while this terpene was observed only in milk
from farms 2 and 5 in milk samples from the early alpine rangeland feeding period. Farm 3
produced milk with significantly higher content of a-pinene and camphene than farms 1, 5
and 6. The milk collected from farm 6 had however lower content of camphene than the milk
collected from farm 7. The milk samples from farm 3 had significantly higher amount of a-
thujene than the milk delivered from farm 6. A comparison of the values in Tables 2 and 3
and in Figure 1 shows a very significant increase in the amount of the various terpenes from

the in-door feeding period to the late alpine rangeland feeding period.

Differences in the amount of terpenes among milk samples from various farms and a
significant increase in the amount of the various terpenes from early alpine rangeland feeding
period to the late alpine rangeland feeding period is of particular interest. This indicates that
the herds from different farms had access to different plant material when grazing in the

alpine rangeland and that the availability or use of plant species high in terpenes was higher at
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the end of the season than in the beginning of the alpine rangeland feeding season. The
particularly high amount of terpenes in the milk from farm 3 may be, at least partly, attributed
to the fact that this herd was grazing wild alpine rangeland also during the night, contrary to
the herd of the six other farms which had grazed, during the nights, in enclosure fields
surrounding the summer farms. Several research groups have shown that diversified pasture
forage including dicotyledons is rich in terpenes and that the content of terpenes will vary
according to the maturity stage of the plants and environmental conditions. It has also been
concluded that the presence of various terpenes in the milk can be expected to be directly
linked to the terpenes available in the plants. The transfer of the terpenes from the fodder to
the milk is also known to be very fast and may therefore influence the content of terpenes in
the milk less than 24 hours after intake (Bugaud et al., 2000; Cornu et al., 2001; Lejonklev et

al., 2013; Mariaca et al., 1997; Morand-Fehr et al., 2007; Tornambe et al., 2006).

3.2 Terpenes in cultured cream
Results from the analysis of various terpenes in the cultured cream manufactured from cream
from the in-door feeding period, the early alpine rangeland feeding period and the late alpine

rangeland feeding period are presented in Table 4.

Only three of the terpenes; a-pinene, 6-3-carene and D-limonene, could be found in
recordable amounts in the cultured cream from the in-door feeding period. The content of a-
pinene was significantly lower in cultured cream made from milk from the in-door feeding
period than from the alpine rangeland feeding period. Opposite results were obtained for D-
limonene which appeared in significantly higher amounts in cultured creams made from milk
produced during the in-door feeding period than in products made from milk produced during

the two alpine rangeland feeding periods. B-Cariophyllene could not be detected in products

13
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from the early alpine rangeland period, while all 10 terpenes analysed were present in cultured
cream made from milk collected in the late part of the alpine rangeland feeding period.
Camphor, present in the milk samples, was not present in any of the cultured cream samples.
The content of a-pinene, a-thujene, B-pinene, sabinene, 6-3-carene, y-terpinene, camphene
and B-citronellene, were significantly higher in cultured cream made from milk produced in
the late part of the alpine rangeland feeding period than in products from the early part of the

alpine rangeland feeding period.

No statistical differences between the amount of terpenes between fresh cultured creams and
stored cultured creams were observed. Therefore the results from both fresh and stored
cultured cream samples are included in the averages given in Table 4. Expected differences in
the total amount of terpenes were observed between cultured cream samples from all three

feeding periods.

The fact that a-thujene, sabinene, y-terpinene and f-citronellene were only detected in milk
and cultured cream from the alpine rangeland feeding periods, leads to the possibility that
these four terpenes could be used as indicators in order to prove that both milk and cultured
cream containing these terpenes actually descend from the alpine rangeland feeding period. It
might also be possible to use the total amount of terpenes as an indication of the feeding
regime used for the milk production. Possible differentiation of the geographical origin of
dairy products based on the presence of certain terpenes in both cows, ewes and goats milk
cheese has been postulated by others (Chion et al., 2010; Cornu et al., 2001, Favaro et al.,
2005; Fernandez et al., 2003; Viallon et al., 1999, 2000). Mohrand-Fehr et al. (2007) conclude
however that it is not easy to use terpenes as a proof of the use of various diets for sheep and

goats.

A comparison of the amount (ng g™* fat) of various terpenes in the milk and in the cultured
cream was done. For four of the terpenes analysed (a-pinene, a-thujene, sabinene and 6-3-

14
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carene) the content was significantly higher in the cultured cream samples than in the milk
with the ratios of 1.485, 1.208, 1.425 and 1.364, respectively. No reports seem to be published
about the terpenes in cultured cream, and no clear explanation of such increase in the amount
of these four terpenes can be given. Some reports indicate however that terpenes may be
formed by microorganism in the milk or in milk based products (Fernandez-Garcia et al.,
2002; Larsen (1998); Martin et al. (2001). None of these reports has however been studying
possible production of terpenes by the mesophilic lactic acid bacteria used in the fermentation
of cultured cream. It would therefore be of a certain interest to investigate if these varieties of
lactic acid bacteria, or if lactic bacteria in general, are able to produce terpenes during their
growth in milk or dairy products. To our knowledge such information is not available at

present.

3.3. Sensorial evaluation of milk and fresh and stored cultured cream

The results from sensorial evaluation of all milk samples collected from the seven farmers
during three years at various collecting days during the in-door feeding period and the two
alpine rangeland feeding periods are presented in Table 5. The milk collected was in general
of very high sensorial quality. Only a few samples had an off-flavour which could be
characterised by the milk graders. Of the 67 milk samples only 4 obtained scores of 3 or
lower. In these cases the graders characterised the samples as either “oxidized” or

“bitter/sharp”, comments not clearly related to the presence of terpenes.

The results from the sensorial evaluation of various product properties of the cultured cream;
overall quality, aroma, oxidized and off-flavour for both fresh and stored cultured cream
products are shown in Table 6. As described in section 2.5. “Sensorial evaluation”, the
various quality attributes graded were compared to the same attributes in a commercial
sample of cultured cream. If an attribute was graded with similar score as the commercial
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sample, the attribute of the experimental sample obtained the score 4 on a scale from 1-7. This
implies that if a sample obtained higher score than 4 for an evaluated attribute, the
experimental sample had a stronger taste of the relevant attribute, or a better overall quality.
The cultured cream manufactured from milk produced on day 67 (early in-door feeding
period) had significantly better overall quality than the cultured cream that was manufactured
from milk produced on day 191 and 248 (out-door feeding period). Storage of the cultured
cream for three weeks at 4°C gave however the products a significantly less pronounced
aroma and a somewhat stronger oxidized flavour. The storage of the samples gave no

statistical significant increase in the intensity of rancid flavour or off-flavour.

A correlation matrix of sensory scores of the milk quality versus the content of the individual
terpenes revealed that in no cases had the content of the analysed terpenes a significant
influence on the score given for the milk quality. A similar calculation of the possible
correlation of the sensory scores of the various product properties evaluated in cultured
cream, and the amount of the individual terpenes analysed in these products gave the same
result as for the milk. It can therefore be concluded that even the highest amounts of
individual terpenes observed did not reach the threshold value for these terpenes either in milk
or in cultured cream, in spite the fact that a number of the terpenes are known to be associated
with specific flavours like for instance “green/grassy”, “mint/chlorophyll”, “thyme/oregano”
and citrus-like” flavour in dairy products (Fedele et al., 2005; Nogueira et al., 2005;
Tornambé et al., 2008; Urbach, 1990). However, the threshold values for the various terpenes
identified seem to be unknown in milk and cultured cream. Since the amount of the individual
terpenes was semi-quantified as ng per g fat, the amount of the terpenes in cultured cream was
in fact almost 10 times higher than in the milk, based on the fact that the fat content in the

milk will be approximately 4 % and the fat content in the cultured cream was adjusted to
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38%. It is therefore of interest to observe that even these concentrations of various terpenes

in cultured cream could be identified as neither positive nor negative by the graders. The lack
of correlation between flavour and odour of dairy products and the amount of various terpenes
in milk or dairy products is however in agreement with the findings of Coulon et al. (2004),

Nogueira et al. (2005) and Viallon et al. (1999).

4. Conclusions

This study reports for the first time, terpene content in Norwegian milk sampled during alpine
rangeland feeding period. Average from seven farmers in a three year period showed a 3 fold
increase in the total terpene content during the early alpine rangeland feeding period and a 5
fold increase in the late alpine rangeland feeding period, compared to the in-door feeding
period. The sensorial score of the milk collected was in general very high, indicating that the
level of terpenes did not influence the milk quality negatively. The content of terpenes in
cultured cream manufactured from the milk followed the same tendency as the milk, with
increasing terpene content during the alpine rangeland feeding period. However, D-Limonene
content was highest in the in-door feeding period, and D-limonene content was similar and
ten-fold lower in the cultured cream from early and late alpine rangeland feeding periods.
Fresh cultured creams and three weeks stored cultured creams had the same amount of
terpenes. Some of the terpenes could be used as indicators for alpine rangeland milk and

cultured cream from this region of Norway.

Acknowledgements
This work was financed by the Norwegian Research Council (Project no. 207819/099) and

the Norwegian dairy company TINE BA. Financial support from the Foundation for Research

17



402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

Levy on Agricultural products in Norway is also gratefully acknowledged. The authors thank
Mona Ringstad and Elin-Merete Nicolaisen (Nofima) for technical assistance. We also
acknowledge the seven milk producers from the Valdres region in Norway for supplying the

milk.

References

Abilleira, E., de Renobales, M., Najer, A. I., Virto, M., de Corba, J. C. R., Pérez-
Elortondo, F. J., Albisu, M., & Barron, L. J. R. (2010). An accurate quantitative method
for the analysis of terpenes in milk fat by headspace solid-phase microextraction coupled

to gas chromatography-mass spectrometry. Food Chemistry, 120, 1162-1169.

Agrawal, R., & Joseph, R. (2000). Bioconversion of alpha pinene to verbenone by resting

cells of Aspergillus niger. Applied Microbiology and Biotechnology, 53, 335-337.

Bugaud, C., Bornard, A., Hauwuy, A., Martin, B., Salmon, J. C., Tessier, L., & Buchin, S.
(2000). Relation entre la composition botanique de vegetation de montagne et leur

composition en composes volatils. Fourrages, 162, 141-155.

Burt, S. (2004). Essential oils: Their antibacterial properties and potential application in

food — A review. International Journal of Food Microbiology, 94, 223-253.

Chion, A. R., Tabacco, E., Giaccone, D., Peiretti, P. G., Battelli, G., & Borreani, G.
(2010). Variation of fatty acids and terpene profiles in mountain milk and “Toma
piemontese” cheese as affected by diet composition in different seasons. Food Chemistry,

121, 393-399.

Connolly, J. D., & Hill, R. A. (1991). Dictionary of terpenoids. London: Chapman & Hall.

18



426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

Cornu, A., Carnat, A. P., Martin, B., Coulon, J. B., Lamaison, J. L., & Berdaqué, J. L.
(2001). Solid phase microextraction of volatile components from natural grassland plants.

Journal of Agricultural and Food Chemistry, 49, 203-209.

Coulon, J. B., Delacroix-Buchet, A., Martin, B., & Pirisi, A. (2004). Relation between
ruminants management and sensory characteristics of cheeses: A review. Lait, 84, 221-

241.

Croteau, R. (1987). Biosynthesis and catabolism of monoterpenoids. Chemical Reviews,

87, 929-954.

Di Cagno, R., Buchin, S., de Candia, s., De Angelis, M., Fox, P. F., & Gobbetti, M.
(2007). Characterization of Italian Cheeses Ripened Under Nonconventional Conditions.

Journal of Dairy Science, 90, 2689-2704.

Favaro, G., Magno, F., Boaretto, A., Bailoni, L., & Mantovani, R. (2005). Traceability of
Asiago Mountain Cheese: A Rapid, Low-Cost Analytical Procedure for its Identification

Based on Solid-Phase Microextraction. Journal of Dairy Science, 88, 3426-3434.

Fedele, V., Claps, S., Rubino, R., Sepe, L., & Cifuni, G. F. (2004). Variation in terpene
content and profile in milk in relation to the dominant plants in the diet of grazing goats.

South African Journal of Animal Science, 34 (Supplement 1), 145-147.

Fernandez, C., Astier, C., Rock, E., Coulon, J.-B., & Berdagué, J.-L. (2003).
Characterization of milk by analysis of its terpene fractions. International Journal of Food

Science and Technology, 30, 445-451.

Fernandez-Garcia. E., Serrano, C., Nufiez, M. (2002). Volatile fraction and sensory
characteristics of Manchego cheese. 2. Seasonal variation. Journal of Dairy Research, 69,

595-604.

19



449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

Galina, M. A., Osnaya, F., Cuchillo, & Haenlein, G. F. W. (2007). Cheese quality from
milk of grazing or indoor fed Zebu cows and Alpine crossbred goats. Small Ruminant

Research, 71, 264-272.

International Dairy Federation (1987). Sensory evaluation of dairy products. IDF Standard

99A. International Dairy Federation, Brussels, Belgium.

International Dairy Federation (1997). Sensory evaluation of dairy products by scoring.

IDF Standard 99C. International Dairy Federation, Brussels, Belgium

Larsen, T. C. (1998). Volatile Flavour Production by Penicillium caseifulvum.

International Dairy Journal, 8, 883-887.

Lejonklev, J., Lakke, M. M., Larssen, M. K., Mortensen, G., Petersen, M. A., &
Weisbjerg, M. R. (2013). Transfer of terpenes from essential oils into cow milk. Journal

of Dairy Science, 96, 4235-4241.

Mariaca, R. G., Berger, T. F. H., Gauch, R., Imhof, M. I, Jeangros, B., & Bosset, J. O.
(1997). Occurence of volatile mono- and sesquiterpenoids in highland and lowland plant
species as possible precursors for flavour compounds in milk and dairy products. Journal

of Agricultural and Food Chemistry, 45, 4423-4434.

Martin, N., Berger, C., Le Du, C., & Spinnler, H. E. (2001). Aroma Compound
Production in Cheese Curd by Coculturing with Selected Yeast and Bacteria. Journal of

Dairy Science, 84, 2125-2135.

Morand-Fehr, P., Fedele, V., Decandia, M., & Le Frileux, Y. (2007). Influence of farming
and feeding systems on composition and quality of goat and sheep milk. Small Ruminant

Research, 68, 20-34.

Nogueira, M. C. L., Lubachevsky, G., & Rankin, S. A. (2005). A study of the volatile

composition of Minas cheese. LWT — Food Science and Technology, 38, 555-563.

20



473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

Panseri, S., Giani, I., Mentasti, T., Bellagamba, F., Caprino, F., & Moretti, V. M. (2008).
Determination of flavour compounds in a mountain cheese by headspace sorptive
extraction-thermal desorption-capillary gas chromatography-mass spectrometry. LTW —

Food Science and Technology, 41, 185-192.

Tornambé, G., Cornu, A., Pradel, P., Kondjoyan, N., Carnat, A. P., Petit, M., & Martin, B.
(2006). Changes in Terpene Content in Milk from Pasture-Fed Cows. Journal of Dairy

Science, 89, 2309-2319.

Sickel, H., Bilger, W., & Ohlson, M. (2012). High Levels of a-Tocopherol in Norwegian

Alpine Grazing Plants. Journal of Agricultural and Food Chemistry, 60, 7573-7580.

Urbach, G. (1990). Effect of Feed on Flavor in Dairy Foods. Journal of Dairy Science, 73,

3639-3650.

Viallon, C., Martin, B., Verdier-Metz, Pradel, P., Garel, J.-P., Coulon, J.-B., & Berdagué,
J.-L. (2000). Transfer of monoterpenes and sesquiterpenes from forages into milk fat.

Lait, 80, 635-641.

Viallon, C., Verdier-Metz, I., Denoyzer, P., Pradel, P., Coulon, J.-B., & Berdagué, J.-L.
(1999). Desorbed terpenes and sesquiterpenes from forages and cheeses. Journal of Dairy

Research, 66, 319-326

21



Figure captions

Figure 1. Total amount of analysed terpenes in milk samples from in-door feeding (black
column), early alpine rangeland feeding (grey column) and late alpine rangeland feeding
(white column) from seven different farms in three years. The amounts of terpenes are given

as ng g™ fat. Error bars are shown as standard error of mean.



*Table 1-6

TABLES

Table 1

Terpene content in milk (ng g™ fat) sampled from in-door feeding period (day no. 67, 84 and 87) from seven different farms for two years.

Farm
Compound 1 2 3 4 5 6 7
a-Pinene 65.5° (60.4°)B° 53.8(46.8)B 786 (-A 18 (13.8)B 11.8(6.38)B  19.2(9.98)B  52.5(40.4)B
8-3-Carene 27.1 (26.4)B 28.4(14.2)B 193 (-)A 28.3(494)B 16.5(8.64)B 598(5.98)B 24.1(21.4)B
B-Pinene 17.3(8.98)B 109 (5.47) B 715(-)A 6.22 (4.05)B  12.0 (6)B 0.04 (0.04)B  11.0(11.0)B
D-Limonene 41.3 (24.1) 69.2 (47.8) 79.2 (-) 45.8 (26.4) 32.2(16.2) 21.4 (13) n.d®
Camphor 6.5 (6.52) 6.3 (4.40) 18.2 (-) 6.35 (4.35) n.d 6.02 (5.17) n.d
Camphene 11.0 (5.58) 8.02 (8.02) 18.9 (-) n.d 2.76 (2.76) n.d n.d
a-Thujene n.d n.d 39.1(-H)A 8.67(8.67)B  n.d n.d n.d
Total 169 (100)B 177 (111)B 1206 (-)A 113 (26.0)B 75.3(30.8)B  52.6(30.1)B  87.6(72.8)B
Footnotes:

2The amounts of terpenes are given as ng g™ milk fat based on the internal standard ethyl heptanoate, and the reported values are the means of three sampling

days (calendar day 64 and 87 in year 1 and day 84 in year 3).
® Standard error of mean.
¢ Different letters indicate significant differences (P < 0.05), calculated by Bonferroni test.
9 Farmer 3 had only one sampling from the in-door feeding period (day 67 in year 1).

°n.d, not detected.



Table 2

Terpene content in milk (ng g™ fat) sampled from early alpine rangeland feeding period (day no. 191, 197 and 198) from seven different farms
for three successive years.

Farm
Compound 1 2 3 4 5 6 7
a-Pinene 281°%(42.4")B° 702 (49.5 AB  953(205)A 361 (112)AB 364 (56.6)AB 367 (14.3)AB 704 (226)AB
a-Thujene 17.9 (6.90)B 35.1(14.4)AB 722 (31.3)A 24.0 (11.5)AB 314 (13.6)AB  30.2 (13.3)AB 51.9(24.2)AB
Camphene 2.37 (1.57)B 8.86 (1.56)AB  27.0 (6.75)A 21.3(7.58)AB  6.15(1.51)AB 9.73(3.93)AB 10.8 (5.11)AB
B-Pinene 16.3 (2.46) 38.0 (6.20) 41.4 (10.4) 30.7 (12.0) 17.3 (4.38) 18.6 (3.88) 34.4 (11.8)
Sabinene 20.0 (4.66) 43.3 (19.7) 86.4 (39.4) 26.3 (9.13) 32.1(12.4) 22.9 (7.99) 69.6 (30.2)
5-3-Carene 38.8 (21.4) 28.3 (3.90) 49.4 (20.8) 21.7 (10.9) 19.7 (9.53) 22.7 (11.1) 41.4 (8.86)
D-Limonene 30.4 (7.36) 49.5 (19.0) 82.2 (17.7) 53.7 (16.3) 52 (22.9) 27.4 (13.9) 34.4 (0.97)
y-Terpinene 4.36 (2.25) 8.76 (2.54) 29.0 (6.53) 5.37 (2.68) 9.80 (1.19) 12.9 (8.80) 16.7 (5.51)
B-Citronellene  16.7 (8.83) 51.5 (0.36) 45.4 (22.9) 10.8 (10.8) 18.1 (9.40) 11.6 (6.49) 45.1 (22.9)
B-Cariophyllene 16.9 (7.70)B 26.4 (6.48)AB  26.5(1.81)AB  73.7 (25.9)A 45.1 (11.5)AB  59.8 (12.4)AB  37.0 (2.01)AB
Camphor n.d* 2.82 (2.82) n.d n.d 1.04 (1.04) n.d n.d
Total 444 (55.4)B 995 (33.8)AB 1413 (315)A 628 (117)AB 596 (81.7) AB 583 (20.0)AB 1045 (313)AB
Footnotes:

®The amounts of terpenes are given as ng g™ milk fat based on the internal standard ethyl heptanoate, and the reported values are the means of three sampling
days (calendar day 191 in year 1, day 197 in year 2 and day 197 in year 3).
® Standard error of mean.
¢ Different letters indicate significant differences (P < 0.05), calculated by Bonferroni test.

9 n.d, not detected



Table 3

Terpene content in milk (ng g™ fat) sampled late alpine rangeland feeding period (day no. 220, 231, 233 and 248) from seven different farms for
three successive years.

Farm
Compound 1 2 3 4 5 6 7
a-Pinene 533*(103°)B°® 1020 (94.5)AB 1579 (246)A 927 (129)AB 473 (138)B 537 (155)B 979 (356)AB
a-Thujene 50.0 (20.8)AB  75.2 (27.2)AB 139.8 (44.5)A  86.1(26.7)AB 53.6 (23.6)AB  41.6 (20.9)B 88.0 (34.5)AB
Camphene 7.28 (4.22)BC  17.2 (5.59)ABC 29.6 (4.69)A 16.0 (3.01)ABC 9.15(5.43)BC  5.13(3.96)C 21.0 (7.27)AB
B-Pinene 23.3 (6.20)B 52.8 (8.22)AB 70.0 (14.8)A 44.0 (6.37)AB 20.2 (7.56)B 25.4 (8.51)B 49.8 (18.6)AB
Sabinene 66.0 (29.7) 101 (41.8) 177 (49.0) 126 (45.1) 56.9 (24.6) 62.4 (37.8) 133 (55.5)
5-3-Carene 30.2 (12.6) 38.1(12.8) 64.5 (8.37) 31.9 (10.9) 36.2 (10.4) 29.8 (5.53) 42.9 (16.7)
D-Limonene 55.5 (24.5) 74.1 (26.2) 80.0 (15.9) 48.8 (18.6) 32.3(12.6) 27.7 (6.58) 32.3(11.6)
y-Terpinene 16.6 (3.04)AB 33.4 (1.64)AB 46.0 (5.25)A 24.5 (7.25)AB 12.6 (2.93)AB  9.36 (4.71)B 18.5 (11.6)AB
B-Citronellene  33.3 (19.0) 64.8 (2.04) 81.5 (13.5) 47.1 (20.0) 41.4 (22.1) 17.1(17.1) 55.0 (20.8)
B-Cariophyllene 30.1 (3.68) 40.5 (25.6) 35.3 (7.96) 71.6 (7.45) 84.5(10.1) 65.2 (14.1) 28.1(9.91)
Camphor n.d* n.d n.d 0.39 (0.39) n.d 0.63 (0.63) 0.76 (0.76)
Total 846 (205)B 1517 (161)AB 2303 (355)A 1424 (195)AB 820 (230)B 821 (257)B 1448 (537)AB
Footnotes:

2The amounts of terpenes are given as ng g™ milk fat based on the internal standard ethyl heptanoate, and the reported values are the means of four sampling
days (calendar days 220 and 248 in year 1, day 232 in year 2 and day 232 in year 3).
®Standard error of mean.
¢ Different letters indicate significant differences (P < 0.05), calculated by Bonferroni test.

9n.d, not detected



Table 4

The amount of terpenes (ng g™ fat) in cultured cream manufactured from milk produced during in-door feeding period, early alpine rangeland
feeding period and late alpine rangeland feeding period, and the significant effects of feeding period on the amount of terpenes in cultured cream
from the various feeding periods.

Feeding period

Compound
In-door Early alpine rangeland Late alpine rangeland
a-Pinene 61.8% (2.57")C° 671 (19.7)B 1411 (50.2)A
a-Thujene ndC 47.9 (2.38)B 94.9 (2.98)A
Camphene ndC 14.0 (0.69)B 23.8 (1.79)A
B-Pinene ndC 42.8 (1.94)B 73.1 (3.61)A
Sabinene ndC 89.2 (5.61)B 196 (10.3)A
6-3-Carene 12.0 (4.10)C 30.4 (3.26)B 61.7 (4.07)A
D-Limonene 300 (44.1)A 42.1 (6.02)B 44.4 (2.42)B
y-Terpinene n.dB 7.40 (4.28)B 36.3 (2.49)A
B-Citronellene ndC 49.2 (3.62)B 69.6 (3.33)A
B-Cariophyllene n.d n.d 29.4 (18.7)
Total 374 (40.2)C 994 (22.7)B 2040 (68.3)A
Footnotes:

2The amounts of terpenes are given as ng g™ milk fat based on the internal standard ethyl heptanoate.
®Standard error of mean.

¢ Different letters indicate significant differences (P < 0.05), calculated by Bonferroni test.
9 n.d, not detected.



Table 5

Sensorial scores for milk from seven different farms. Milk collected at various days during the in-door feeding period (day 67, 87 and 84) and
during alpine rangeland feeding period (day 191, 197, 198, 220, 231, 233 and 248) for three successive years. Superscripts give information of
given comments by the graders.

Year Day of collection Farms
(day number in the year) 1 2 3 4 5 6 7

1 67 5 5 5 4 5 5 5
1 87 4 5 - 4 5 5 5
1 191 5 5 5 4 5 5 5
1 220 5 5 5 5 5 5 5
1 248 5 - 5 5 - 4y 3
2 198 5 5 5 5 5 5 5
2 233 5 5 5 4 5 5 2%
3 84 32 4N 5 5 5 5
3 197 5 5 5 5 5 5 5
3 231 5 5 5 3 5 5 5

Y Fodder

2 Oxidized

% Bitter/sharp



Table 6
Sensorial score for various properties of fresh and stored (3 weeks) cultured cream made from milk collected at various days during the in-door
feeding period (day 67 and 87) and during alpine rangeland feeding period (day 191, 220 and 248).

Day of milk collection

(day number in the year) Overall quality Aroma Oxidized Rancid Off-flavour
Fresh Stored Fresh Stored Fresh Stored Fresh Stored Fresh Stored

67 440 4.38 5.00 5.00 3.17 354 3,50 3.83 3.33 250

87 433 4.18 513 4.27 340 4.18 4,07 4.09 2.60 4.27

191 406 3.85 4,04 3.95 3.80 3.70 4,00 3.95 428 4.20

220 430 3.75 523 4.13 4,07 4.13 410 4.19 390 3.75

248 3.83 4.00 4,29 4.05 404 4.25 3.96 4.05 429 4.00

Total mean 418 4.03 4.74A 4.28B 3.70B 3.96A 3.93 4.02 3.68 3.74
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*Highlights (for review)

Highlights

* Terpene content in milk sampled during alpine rangeland feeding period in Norway is
reported
« The terpene content in milk increased five times during the alpine rangeland feeding period

* The terpenes did not influence the sensorial quality of the milk or the cultured cream





