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The objective of the present study was to evaluate the impact of powdered Saponaria officinalis
(SO) root on fatty acid (FA) proportion in the rumen fluid and milk of dairy cows. The SO is a
good source of triterpenoid saponins and it can be considered as a promising, natural additive for
modulating FA proportion in ruminant’s milk. Three rumen cannulated Polish Holstein cows were
assigned to a 3 x 3 Latin square design. The cows received the following treatments: basal diet
(Control), basal diet supplemented with either 440 g/day/animal (SO1) or 660 g/day/animal (SO2) of
S. officinalis root. In the rumen fluid of cows fed SO2, trans-11 C18:1, cis-9, cis-12 C18:2 and total
n-6 FA were significantly elevated, while concentration of cis-9, frans-11 C18:2 decreased. The SO2
diet significantly increased the milk yield and milk fat content. As far as the milk is concerned, the
proportion of five FAs increased in response to SO treatment (frans-11 and cis-9 C18:1, cis-9, cis-12
C18:2 and its conjugated isomers cis-9, trans-11 and trans-10, cis-12). The results demonstrated that
powdered SO root may effectively modulate milk FA proportion in dairy cows.
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It is well documented that the proportion of unsaturated fatty acids (UFA) in
ruminant products can be increased by dietary supplementation with plant bioactive
compounds and/or oils rich in linoleic and linolenic acid [Jozwik et al. 2016]. Oils
affect microorganisms in terms of synthesis of the conjugated linoleic acid (CLA)
precursors whereas plant secondary metabolites can alter the activity of rumen
microorganisms and UFA biohydrogenation (BH) [Szczechowiak et al. 2016, Zymon
et al. 2014]. Generally, dietary supplementation with biologically active compounds
of plant origin reduces formation of the saturated fatty acids (SFA) and elevates UFA
concentration (mainly CLA) in the rumen and in ruminant products (milk and beef)
[Jozwik et al. 2010] and Strzatkowska et al. [2009]. Thus, the potential advantage
of such products for human health is enhanced [Koba and Yanagita 2013]. Among
many bioactive compounds of plant origin, saponins seem to be an appropriate choice
[Szczechowiak et al. 2013]. Saponaria officinalis (SO) is a source of triterpenoid rich
saponins [Cieslak et al. 2014]. The hitherto published reports on the saponin impact
on rumen fatty acid (FA) proportion is scarce and mostly concern in vitro conditions.
Conclusions based on in vitro derived data should be however treated with caution,
and in vivo research is indispensable [Benchaar and Chouinard 2009]. To date, limited
information on possible effect of saponins on the FA metabolism in ruminants has
been published [Brogna et al. 2011].

Hence, the objective of the present study was to investigate the impact of two
dosages of powdered SO roots as the source of saponins, on milk yield and milk
composition, as well as on the FA proportion in the rumen fluid and milk of Polish
Holstein Friesian cows.

Material and methods
Experimental design, dairy cows, and treatments

The experiment was conducted on three lactating Polish Holstein Friesian cows
fitted with a rumen cannulas. The animals used in the study were in their 2™ lactation,
and began the experiment on 120" day of lactation. The cows were assigned to a 3 x
3 Latin square design and randomly assigned to one of the three dietary treatments, at
the 1% cycle. Each of the three experimental cycles lasted 26 days, including a 23-day
adaptation period (adapting the animals and their rumen microflora to the experimental
diets), and a 3-day sample collection period. The control diet was balanced and
formulated according to the INRA standards to contain 1595 units of truly digestible
protein in the small intestine and 16.0 units for milk yield [INRA 1993]. The diets
were prepared daily. The control diet consisted of a total mixed ration (TMR) based
on corn silages (7.4 kg dry matter; DM), ensiled brewer’s grains (1.2 kg DM), ensiled
beet pulp (0.4 kg DM), meadow hay (1.3 kg DM), rapeseed meal (1.6 kg DM), and a
commercial concentrate (6.1 kg DM; 19% of crude protein). The experimental diets
were based on the control diet supplemented with either 440 g/d (SO1) or 660 g/d
(S02) of powdered SO root. The SO dosages were defined based on the results of
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previous in vitro [Szczechowiak et al. 2013, Cieslak et al. 2014] and in vivo studies
[Szkudelska et al. 2016]. We have previously shown that supplementing ruminant
diets with SO can modulate in vitro rumen fermentation and does not negatively
influence the blood parameters in dairy cows [Szkudelska ef al. 2016]. The cows were
fed twice a day (05:00 and 17:00) in individual box feeders with free access to water
and mineral saltlick. During the first 8 days of the adaptation period, the cows were
fed ad libitum and powdered SO root was introduced gradually to avoid negative
impact on DM intake. From day 9 onwards, the feed was restricted to 95% of the
average daily voluntary DM intake basing on individual data recorded from day 3 to
day 8 of the adaptation period, to avoid confounding effects of DM intake. Cows were
milked daily at 05:00 and 17:00 and the milk yield was recorded.

Sampling and chemical analysis

Representative samples of the TMR and powdered SO root were collected on
each day during sample collection period. The samples were stored at -20°C until
analysis. Samples of the TMR and powdered SO root were analysed according to
the AOAC [2007] for DM (method no. 934.01) and ash (method no. 942.05). Crude
protein was determined using a Kjel-Foss Automatic 16210 analyser (method no.
976.05). Crude fat was determined using the Soxtec System HT analyser (method no.
973.18). Neutral detergent fiber (aNDF; estimated with amylase and sodium sulphite
and expressed without residual ash), were determined by the method of Van Soest et

Table 1. Chemical composition and fatty acid proportions (g/100 g of total fatty acids) of
the total mixed ration (TMR) and Saponaria officinalis powdered root (SO)

Item TMR SO
Basic components (g kg™ of DM)
Organic Matter 894 917
Ash 86 83
Crude Protein 171 104
Crude Fat 43 5
Neutral-detergent fiber 425 206
Fatty acid proportions (g/100 g of total fatty acids)

C12:0 0.53 not detected
C14:0 0.82 not detected
C16:0 22.20 28.81
C18:0 3.76 4.29
cis-9 C18:1 18.50 1491
cis-9, cis-12 C18:2 42.87 28.90
cis-9, cis-12, cis-15 C18:3 7.15 3.51
SFA 28.41 3347
UFA 71.59 66.53
MUFA 21.35 32.40
PUFA 50.24 34.13
n-6 43.10 29.62
n-3 7.15 4.52
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al. [1991]. Organic matter was calculated as the difference between DM and the ash
contents. The chemical composition and FA proportion of TMR and powdered SO are
presented in Table 1.

The concentrations of bioactive compounds in powdered SO root were analysed
according to the protocol described by Cieslak et al. [2014]. The identified bioactive
compound fractions were: polysaccharides (310 g/kg DM), saponins (91 g/kg DM),
and polyphenols (17 g’/kg DM).

During the sampling period, the rumen content (500 ml) was taken from the
front ventral, middle ventral and cranial dorsal sac of the rumen through the cannula,
directly before the morning feeding, and then 3 and 6 hours after the morning feeding.
Immediately after withdrawal, the rumen content was strained through four-layer
cheesecloth to separate the rumen fluid. Milk samples taken in the morning and
evening were analysed separately. The basic milk constituents were analysed directly
after milking (Milko-Scan 255 A/S N, Foss Electric, Hillerod, Denmark). Samples
for FA detection were stored at -20°C, prior to analyses. The milk energy value was
calculated using the equation proposed by Tyrrell and Reid [1965]. Desaturase indices
(DI) were estimated according to Garnsworthy ef al. [2010]. The atherogenicity index
was calculated according to Chilliard et al. [2003] whereas the thrombogenic index
was calculated as described in Ulbricht and Southgate [1991].

The FA proportion in the TMR, powdered root, rumen fluid, and milk samples
was analysed based on the method of Szczechowiak ef al. [2016]. Gas chromatograph
(Varian Star CP 3800) fitted with flame ionisation detector and a 100-m fused silica
capillary column (i.d. 0.25) coated with 0.2 um of CP-Sil 88 (CHROMPACK, Varian)
was used.

Statistical analysis

The statistical analysis of rumen FA proportion was done based on the mean FA
values of the rumen fluid collected from each cow at the 3 sampling time points (before
feeding, 3, and 6 h after feeding). The statistical analysis of FA proportion in milk as
well as its composition was conducted on mean values of pooled samples from the
morning and evening milking. All data were analysed using the general linear model
(GLM) for Latin square design according to the following linear model:

Yy =HT D H T +ey,

where:

Viw ™~ ijkl™ observation of fatty acids proportion, p is the overall mean;
¢, — random effect of i cow;
D,— fixed effect of j™ diet supplementation (Control, SO1 and SO2);
T, — fixed effect of k" experimental cycle;

€~ residual connected with ijkl™ observation.

All pairwise multiple-comparisons were run using the Tukey’s test.
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Results and discussion

Effect of Saponaria officinalis root on milk yield and composition

In the present study, the use of SO increased milk yield (P<0.05 for SO2; Tab. 2).
Furthermore, the SO1 and SO2 diets increased yield of milk composition (protein,
lactose, energy) and energy yield (P<0.05). The effect on milk yield and composition
was expected since SO root is rich in polysaccharides (about 31% of DM) that in turn
increase the energy supply. A similar result was published by Knowlton ez al. [1998],
who reported an increase in milk yield after providing easily accessible energy (starch).
High-calculated energy intake causes a decrease in the number of mobilised adipose
tissues during lactation. Other authors observed quadratic effects of dietary sugar on
milk yield [Broderick and Radloff 2004]. In order to increase milk yield, the optimal
sugar concentration was approximately 5% of the DM basis. The concentration of
dietary polysaccharides in our study was low (0.7% and 1.1% in DM basis of the
SO1 and SO2 diets, respectively) and it indicates that polysaccharides are not alone
in stimulating milk yield and milk composition. Szczechowiak et al. [2013] described
a positive impact of dietary supplementation with SO on volatile fatty acids (VFA)
concentration. VFA elevation improved organic matter digestibility, and finally the
utilization of dietary feed ingredients. In the current study we also observed increase
of the total VFA concentration (115, 120, 122 mmol/L in Control, SO1 and SO2,
respectively) therefore higher milk yield could be expected. It can be suggested that
SO addition may improve the energy balance.

Table 2. Effect of two dosages of Saponaria officinalis root on the
milk yield and composition

Item Control SO1 SO2
Milk yield (kg) 25.90 26.70 27.50°
Fat (%) 3.71° 3.87% 3.94°
Crude protein (%) 2.92° 3.09" 3.11°
Lactose (%) 427° 452" 456
Total Solids (%) 10.90° 11.48" 11.61°
SNF (%) 7.20° 7.62° 7.67°
Energy (Mcal Kg™) 0.64° 0.68" 0.68"
Energy yield (Mcal) 16.6° 18.0° 18.8*
Fat (g/day) 965° 1032 1081°
Crude protein (g/day) 758° 826" 854"
Lactose (g/day) 1110° 1209° 1251°

Within a row means of different superscripts differ at P<0.05.
SO1 — 440 g of Saponaria officinalis root supplementation; SO2 —
660 g of Saponaria officinalis root supplementation.

Effect of Saponaria officinalis root on rumen fatty acid proportion

Biohydrogenation is a defense mechanism against polyunsaturated fatty acids
(PUFA) toxicity towards the rumen bacteria. Dietary PUFAs are intensively isomerized
by bacterial enzymes and the CLA production is stimulated. The CLA is next reduced to
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trans-11 C18:1 acid (VA) and finally to stearic acid C18:0 (SA) [Shingfield ez al. 2013].
The isomerization process is spontaneous and that of reduction is energy requiring
[Harfoot and Hazlewood 1997]. Thus, factors controlling energy availability for the
reductases cause accumulation of the BH intermediates [Miri et al. 2013]. In the present
study we observed significant increase of VA and a tendency to reduce the SA (Tab. 3). It
can be suggested that, due to their antimicrobial properties, saponins reduce the available
energy by affecting the activity or growth of microbial population and by slowing the
final step of BH [Miri et al. 2013]. Despite a general acceptation of saponins’ action
modifying the ruminal ecosystem by inhibiting the population of rumen ciliate protozoa
[Brogna et al. 2011, Cieslak et al. 2014], some publications report negative effects
of saponins on cellulolytic bacteria [Wang el al. 2000]. Those findings can explain
the decrease in proportion of cis-9, trans-11 C18:2 in the rumen fluid depending on
activity and number of cellulolytic bacteria. However, the mechanism of the saponins’
action remains unclear and further in vivo investigations are required to identify factors
limiting the interaction between saponins and the rumen bacteria.

Table 3. Effect of two dosages of Saponaria officinalis root on the rumen
fatty acid proportions (g/100 g of total fatty acids)

Item Control SO1 SO2
Saturated
C6:0 0.68 0.73 0.78
C8:0 0.16* 0.11° 0.11°
C10:0 0.60 0.57 0.50
C12:0 0.44 0.48 0.43
C14:0 1.24 1.18 1.30
C16:0 21.61° 19.60° 18.87°
C18:0 46.62 44.90 4533
Monounsaturated
cis-9 Cl4:1 0.55 0.45° 0.42°
cis-9 C16:1 0.22° 0.16° 0.14°
trans-10 C18:1 3.28° 2.74° 2.46°
trans-11 C18:1 2.12° 2.46° 237
cis-9 C18:1 5.60 5.29 5.37
Polyunsaturated
cis-9, cis-12 C18:2 4.76 5.03° 5.89"
cis-9, trans-11 C18:2 0.77* 0.56° 0.57°
trans-10, cis-12 C18:2 0.14 0.13 0.14
cis-9, cis-12, cis-15 C18:3 0.62 0.76 0.66
Long FA 72.91° 75.11° 76.04*
Medium FA 25.71° 23.51° 22.70°
SFA 72.33 7351 71.23
UFA 27.67 26.49 28.77
MUFA 19.31 18.40 19.67
PUFA 8.36 8.09 9.10
n-6 5.69° 6.08" 7.11°
n-3 2.61 235 2.46
n-6/n-3 0.68° 0.74° 0.77°

Within a row means of different superscripts differ at P<0.05;
SO1 — 440 g of Saponaria officinalis root supplementation; SO2 — 660 g of
Saponaria officinalis root supplementation.
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Effect of Saponaria officinalis root on milk fatty acid proportion

Due to a growing interest in production of milk enriched with UFA, including CLA,
the possibility to modulate the BH in the rumen and de novo FA synthesis has been a
target for research. In the present study the milk FA proportion was favourably changed
(Tab. 4). The FAs incorporated into milk come from two sources: the peripheral
circulation and FA synthesis in the mammary secretory cells [Niwinska 2010]. The
de novo FA synthesis accounts for all C4:0 to C12:0, majority of the C14:0 [ca. 95%],
and about 50% of C16:0 secreted in milk, whereas all C18:0 carbon and longer chain
FAs are thought to be derived from circulating plasma lipids [Shingfield ef al. 2013].
Either diet [Szczechowiak et al. 2016] or endogenous synthesis from VA [Niwinska
2010] are the main factors that influence the FA proportions of cis-9, trans-11 C18:2.
In the present study, supplementation with the SO root resulted in an increase (P<0.05)
in the total monounsaturated fatty acids (MUFA) and PUFA and consequently, total

Table 4. Effect of two dosages of Saponaria officinalis root on the milk
fatty acid proportions (g/100 g of total fatty acids)

Item Control SO1 SO2
Saturated
C6:0 0.97° 0.87° 0.76°
C8:0 1.00* 0.96° 0.73°
C10:0 2.67 2.64° 1.90°
C12:0 3.55° 3.46° 2.61°
Cl14:0 12.01* 10.32° 10.50°
C16:0 36.80° 32.32° 31.82°
C18:0 12.22° 11.51° 13.31°
Monounsaturated
cis-9 Cl14:1 0.47 0.46 0.46
cis-9 C16:1 1.20° 1.17° 1.32°
trans-10 C18:1 0.53 0.69 0.76
trans-11 C18:1 0.32° 0.42° 0.48"
cis-9 C18:1 17.82° 22.45° 22.62°
Polyunsaturated
cis-9, cis-12 C18:2 2.16° 2.94° 2.86"
cis-9, trans-11 C18:2 0.53¢ 0.73° 0.88"
trans-10, cis-12 C18:2 0.07° 0.11* 0.09°
cis-9, cis-12, cis-15 C18:3 0.23° 0.31° 0.32°
Long FA 39.92° 46.23" 48.21°
Medium FA 55.50° 49.41° 48.42°
SFA 71.48° 64.54° 64.00°
UFA 28.52° 35.46° 36.00°
MUFA 25.00° 30.87° 31.32°
PUFA 3.52° 4.59* 4.68
n-6 2.55° 3.43° 3.34°
n-3 0.71° 0.82° 0.85°
n-6/n-3 0.72° 0.74° 0.70°

Within a row means of different superscripts differ at P<0.05.
SO1 — 440 g of Saponaria officinalis root supplementation; SO2 — 660
g of Saponaria officinalis root supplementation.
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UFA, including majority of C18:1 isomers, cis-9, cis-12 C18:2 and cis-9, cis-12,
cis-15 C18:3 FA, as well as CLA; cis-9, trans-11 C18:2 and trans-10, cis-12 C18:2.
The observed increase in CLA and UFA in the milk fat may be associated with the
protozoa population. The protozoa contain greater than bacteria proportion of UFA
including CLA [Mao et al. 2012]. The presence of protozoa in the rumen may improve
the contribution of UFA and CLA for small intestine absorption by ruminants. On
the other hand proportion of cis-9, trans-11 C18:2 and cis-9 C18:1 in the milk fat is
highly dependent on endogenous FA synthesis in the mammary gland by stearoyl-CoA
desaturase (SCD; also referred to as A’-desaturase) [Garnsworthy et al. 2010]. The
SCD expression in sheep muscles was reduced in response to addition of tea saponins
[Mao et al. 2012]. In our study we defined the SCD activity indirectly by calculating
the DI [Garnsworthy ez al. 2010]. Since the SO supplementation increased the DI, and

16
DI . it can be suggested that SO saponins positively influenced SCD activity and led

to icrllgcrease in the cis-9 C16:1 and cis-9 C18:1 FA in the milk fat (Tab. 5). Moreover, the
DI, and DI , were the only DlIs affected by saponins thus we cannot exclude a higher
affinity of the SCD enzyme for FAs with a longer carbon chain (e.g. 16 and 18 carbon
atoms) than those with a shorter carbon chain [Brogna et al. 2011]. In our study, lack of
changes in DI, was accompanied by an increase in cis-9, trans-11 C18:2 and trans-11
C18:1. Such phenomenon may result from elevated proportion of the two FAs in milk

which in turn may mask the variation in SCD activity.

Table S. Effect of two dosages of Saponaria officinalis root on
desaturation (DI), thrombogenic and atherogenicity indexes
of the produced milk

Item Control SO1 SO2
Dlcis 0.038 0.044 0.042
Dlci6 0.031° 0.035° 0.040°
Dlcis 0.592° 0.661° 0.633°
Dlra 0.538 0.519 0.565
Thrombogenic index 3.87° 2.80° 2.80°
Atherogenicity index 3.17° 2.22° 2.14°

Within a row means of different superscripts differ at P<0.05.
SO1 — 440 g of Saponaria officinalis root supplementation; SO2 — 660
g of Saponaria officinalis root supplementation.

Although we noticed an impact of SO saponins on FA proportion in milk, some
earlier studies did not report such effects [Brogna et al. 2011, Mao et al. 2012]. These
discrepancies, however, may suggest that ability of plant secondary metabolites to
modify the lipid metabolism and enzyme activity most probably results from multiple
interactions of the diet and bioactive compound (type and dose rate). As far as the
rumen FAs are concerned, more precise investigation of mechanisms regulating
interaction of saponin and the proportion of milk FA are required.

In the present study the total SFA proportion was reduced whereas that of UFA,
MUFA and PUFA increased (Tab. 4). Such situation may be related to the reduction of
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the thrombogenic and atherogenic indexes in response to SO treatment (Tab. 5). Milk
and dairy products are main sources of two SFAs — C12:0 and C14:0 in the human diet
[Givens et al. 2006]. These FAs are associated with increased risk of cardiovascular
disease. Reduction of thrombogenic and atherogenic indexes means that the nutritional
and health quality of the produced milk increases. Unlike in the present study, only
minor changes in SFA were observed after diet supplementation with saponin extract
from Yucca schidigera [Benchaar and Chouinard 2009]. Thus, the source of saponins
(steroidal vs triterpenoid) may be also important to their activity in a host animal. The
health-promoting properties of milk produced by cows fed powdered SO root result
from the increased proportion of cis-9, cis-12, cis-15 C18:3. This FA shows ability
to desaturate and elongate to n-3 PUFA (e.g. C22:6 n-3; C22:5 n-3) in human tissues
[Molendi-Coste et al. 2011]. Despite a low potential of cis-9, cis-12, cis-15 C18:3 for
metabolic conversion to n-3 PUFA [Givens 2010], it exerts several, health promoting
activities in humans and is considered dietary essential [Molendi-Coste et al. 2011].

Supplementation of dairy cow diets with two dosages of SO powdered root (440
g/day and 660 g/day) influenced rumen FA proportion and improved the milk FA
proportion without negative effect on milk yield and composition. Both SO dosages
seem to effectively modulate milk FA proportion in dairy cows by altering the SCD
activity in the mammary gland. Changes in the milk fat FAs, particularly in case of
the higher SO dosage (660 g/day) were not proportional to the dosage applied due to
a lack of unfavorable changes in other parameters, including milk basic composition.
Therefore, we recommend the SO dosage of 440 g/day as dietary supplement for dairy
COWS.
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