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Abstract

This study was conducted to determine the effects of spraying oregano essential oil (OEO) onto sugar
beet pulp silage (SBPS) on silage quality and aerobic stability after opening. A factorial experiment with three
replicates of three treatments and four time periods was conducted using laboratory-type plastic silos. The
treatments were an untreated control, silage sprayed with 10 ml/75 cm? OEO, and silage sprayed with 20
ml/75 cm? OEO. The silages were sampled at 0, 72, 120, and 168 hours after spraying. Temperature, L*, a*,
and b* colour values, pH, water-soluble carbohydrates, crude nutrient contents, Fleig score, metabolizable
energy (ME) value, lactic acid bacteria (LAB), total live bacteria (TLB), yeast, and mould formation were
assessed. Spraying OEO onto SBPS did not affect L*, a*, and b* values, pH, water-soluble carbohydrates,
and Fleig score values, but decreased temperature. Spraying OEO onto the silage increased organic matter,
ether extract, acid detergent fibre, neutral detergent fibre and acid detergent lignin contents without affecting
crude protein, crude fibre, nitrogen free extract, and ME contents. Irrespective of treatment, crude protein,
ether extract, acid detergent fibre, acid detergent lignin, nitrogen free extract, Fleig score, and ME contents
of silages increased with time after spraying. The OEO spraying reduced LAB, TLB, and yeast contents in
silages. In conclusion, OEO spraying onto opened SBPS reduced LAB, TLB, and yeast formation and
stopped mould growth up to 72 hours without affecting their nutritional properties, suggesting that OEO could
be used to ensure the stability of SBPS.
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Introduction

Sugar beet pulp (SBP), which is one of the sugar industry’s by-products, has been widely used in
ruminant rations because it is rich in pectin, contains highly digestible fibre in its structure, and is
inexpensive. Moreover, it has certain advantages over cereal grains since it is not expensive and does not
cause metabolic disorders such as acidosis in ruminant animals (Aldemir et al., 2019). Sugar beet pulp
contains 10.00 - 15.00% crude protein (CP), 20.00 - 25.00% crude fibre (CF), 0.60% ether extract (EE), and
2.51 - 4.40% ash on dry matter basis (Zheng et al., 2011; Zheng et al., 2013; Naderi et al., 2016; Gerlach et
al.,, 2017; Sargin & Denek, 2017; Aldemir et al., 2019). It also contains 2.67 Mcallkg DM metabolizable
energy and 1.61 Mcal/lkg DM net energy lactation (Ulger et al., 2018). Sugar beet pulp is a good silage
material for ruminant nutrition and is used mainly as silage in countries where is farmed. However, nutritional
loses happen during storage and feeding. After it is opened, SBP silage (SBPS) may cause nutrient losses
of 40 - 60% according to time (Konca et al., 2005; Hellwing et al., 2017; Borreani et al., 2018; Ferrero et al.,
2019). One of the most important issues in silage production is aerobic stability. When silage is opened or
served to the animals, atmospheric oxygen enters the silo, causing undesirable microorganisms to
proliferate, and silage quality to deteriorate (Kung, 2001; Filya, 2004; Kog et al., 2010; Cayiroglu et al., 2016;
Kizilsimsek et al., 2016; Borreani et al., 2018; Kung Jr et al., 2018; Ozelcam & Dasikan, 2017; Silva et al.,
2018). These deteriorated silages must not be offered to the animals. If consumed, the moulds may produce
lethal mycotoxins and, consequently, pass from animal products to human beings to cause several illnesses
(Kog et al., 2010; Kizilsimsek et al., 2016; Kaya, 2017; Ferrero et al., 2019).
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Various chemically and biologically derived additives such as essential oils can be used to improve
silage quality and suppress the proliferation of microorganisms that cause deterioration from the beginning of
the fermentation (Kung, 2001; Filya et al., 2004; Kog et al., 2010; Chaves et al., 2012; Soycan Oneng et al.,
2015; Cayiroglu et al., 2016; Soycan Oneng et al., 2017; Muck et al., 2018; Mutavhatsindi et al., 2018; Silva
et al., 2018). Essential oils have microbial contamination-retarding and deterioration-reducing effects against
a wide range of microorganisms (Chaves et al., 2012; Ozelgam & Dasikan, 2017; Turan & Oneng Soycan,
2018). Although these products have been used widely in animal nutrition because of these effects, their
usage in silage fermentation and stability has been fairly new (Chaves et al., 2012; Soycan Oneng et al.,
2015; Soycan Onenc et al., 2017).

Many anti-microbial essential oils prevent the proliferation bacteria in silage, of which oregano
essential oil (OEQ) is one. It contains 59.03% carvacrol and 12.04% thymol (Soycan Oneng et al., 2017).
Carvacrol has flavouring and appetizing traits, and it also destroys pathogenic microorganisms (Kung, 2001;
Cayiroglu et al., 2016; Ozelgam & Dasikan, 2017).

Ozelgcam and Dasikan (2017) did a study to determine the effects on aerobic stability, pH and visual
mould of the addition of carvacrol to maize silage. They found that it did not affect the DM and pH values, but
decreased the amount of CO,, improved aerobic stability, and reduced visual mildew. Soycan Oneng et al.
(2017) reported that the organic acid in peas showed a high level of antimicrobial activity in silages, inhibiting
the growth of yeast and mould, and improving the aerobic stability of cinnamon essential oil addition. In
earlier studies, OEO and other essential oils were used at the beginning of the fermentation. However, there
has been no study on the inclusion of the OEQ after opening silage. This study has questioned whether
aerobic stability can be improved via suppressing undesirable microorganisms by spraying OEO after SBPS
has been opened. Therefore, the aim of this study was to determine the effects with time on aerobic stability,
change of nutritional composition and microorganism populations with spraying OEO onto SBPS.

Materials and Methods

Sugar beet pulp that was used as silage material in this study was obtained from Kirsehir Sugar
Factory. The OEO was purchased from a private company (BIOMESTICS Bioagrotechnology Research and
Development Activities Company, Adana, Turkey). The chemically active compounds of the OEO (Table 1),
which was extracted from Origanum minutiflorum, are based on analysis conducted by BIOMESTICS. The
effective compound of oregano oil in Table 1 is carvacrol, the antimicrobial effects of which are well known
(Kung, 2001; Ozelgam & Dasikan, 2017; Soycan Oneng et al., 2017).

The study had a 3 x 4 factorial experimental design with three replicates. The treatments were an
untreated control (C), silage sprayed with 10 ml/75 cm® OEO (T10), and silage sprayed with 20 ml/75 cm?
OEO (T20). The OEO was sprayed on the surface of the opened silage.

Experimental SBP materials were obtained from Kirsehir Sugar Factory in Turkey in 25 kg vacuum-
sealed plastic bags. They were brought to Kirsehir Ahi Evran University, Faculty of Agriculture, Feed
Biotechnology Laboratory for chemical and microbiological analyses. The SBP was filled into 36 x 2 kg
laboratory-type plastic silo jars. The jars were closed and kept under laboratory conditions to ferment for 60
days, after which time the silo jars were opened. Samples were taken from the top five cm from the silage
surface for chemical and microbiological analyses. Then, the treatments were applied by spraying OEO into
the mouths of the jars to cover the surface area (75 cm? area). The OEO spray was not applied to the control
material. The jars were subsequently kept at ambient temperature (21 + 2 °C) without closing until the time of
sampling. Aerobic stability monitoring was performed at 72 (3rd day), 120 (5th day), and 168 hours (7th day)
in each silage. Lactic acid bacteria (LAB), total live bacteria (TLB), and yeast and mould contents were
determined together with temperature, pH, water soluble carbohydrates (WSC), and L*, a*, and b* values in
silage samples.

The silage surface colour of the samples was determined with a Konica Minolta CR 410 portable
Chroma-meter. These data were recorded on the following scales: (L*) brightness (0: black, 100: white), (a*)
from red to green (+a*: red; -a*: green), and (b*) from yellow to blue (+b*: yellow, -b*: blue). Four
measurements were taken from each sample and the colour values were averaged.

The pH value was determined with Testo 206 pH meter. The WSC value (Brix degree 0 - 25 °)
measured with a refractometer. Organic matter (OM), dry matter (DM), CP, ether extract (EE), nitrogen free
extract (NFE), ash contents (AOAC, 1998), acid detergent fibre (ADF), neutral detergent fibre (NDF), acid
detergent lignin (ADL) and CF contents (Van Soest et al., 1991) of silages were determined. The Fleig score
(FS), which contained the DM and pH values of the silages was estimated from this formula, which was
proposed by Kili¢ (1986).

FS =220 + (2 x DM% - 15) — 40 x pH



Cayiroglu et al., 2020. S. Afr. J. Anim. Sci. vol. 50 11

Table 1 Active compounds of oregano oil used in the experiment

Compound %
a-Pinene 0.17
6-3-Carene 0.56
Camphene 0.13
Sabinene 0.05
B-Myrcene 0.40
a-Phellandrene 0.07
a-Humulene 0.54
p-Cymene 10.78
B-Phellandrene 0.10
1.8-Cineol 0.11
y-Terpinen 1.35
a-Terpinolene 0.04
Linalool 0.72
Trans-Sabinene hydrate 0.30
Carvacrol 84.13
Trans-Caryophellandrene 0.27
Aromadendrene 0.03
a-Bisabolene 0.25
Total 100.00

The metabolizable energy (ME) of silage was calculated by using the ME formula that was developed
for the Turkish Standards Institute (TSE) TSE 9610 for ruminant animals (TSE, 1991):

ME = 3260 + 0.455(CP) - 4.037(CF) + 3.517(EE)

where, the units of measure for ME, CP, CF, and EE are g/kg OM.

Ten grams of silage contents per sample was weighed out, dissolved in 90 mL of distilled water, and
vortexed for 5 min. Each silage homogenate was diluted exactly tenfold (10 w/v) from 10" to 10’. Diluted
samples (0.1 mL) were inoculated into selective agar for further bacterial enumeration. Plate count agar
(MERCK, Darmstadt, Germany, 105463) was used to enumerate TLB at 30 °C for a 3-day incubation period.
MRS agar (MERCK, Darmstadt, Germany, 110660) was used to enumerate LAB at 37 °C for a 3-day
incubation period, and malt extract agar (MERCK, Darmstadt, Germany, 105398) was used to enumerate
yeast and moulds at 30 °C for a 3-day incubation period. Bacterial colonies were counted by determining the
average number of live bacteria per gram silage content. LAB, yeast and mould counts of the samples were
converted into logarithmic colony forming units (cfu g™).

Data were subjected to analysis of variance using the general linear model's procedure of SPSS
(version 17.00, SPSS Inc., Chicago, lllinois, USA). Means were compared between experimental silages by
Duncan’s Multiple Range Test.

Results and Discussion

In the current study, the temperature in silages was between 24.77 and 25.14 °C at the first opening
time (Table 2). It was decreased by both treatment and time (P <0,000), that is, to 21.97 °C at 168 hours in
T10 silage. The treatment and time interaction effect was not important (Table 2). Temperatures of silages
decreased throughout time and treatment (P <0.001). Effects of the treatment by time interaction were not
important.

The OEO spraying did not affect the L*, a* and b* values of the silages (P >0.05), but these values
decreased with time (P <0.000). Similarly, Toruk et al. (2010) reported that microbial and enzyme
supplementation on the silage surface affected colour stability six days after opening packaged silages. In
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terms of L* and b* values, the treatment and time interaction tended to be important (P =0.058). L*, a* and b*
values decreased throughout time, and treatment and time interaction effect was important (P <0.001). While
the lowest L* value in the silage was obtained at 168 hours (36.39) in T20 silage, the highest L* value was
obtained at 0 hours (51.73) in T10 silage (Table 2). The increase in L*, a*, and b* values in the early control
group may have resulted from sample error because in the OEO-supplemented groups decreases in L*, a*,
and b* values were linear.

Microbiota populations of the silages are given in Table 3. Spraying OEO onto the silages dramatically
decreased LAB, TLB, and yeast count after opening silage at 72 hours, but the mould count was not
changed. Thus, OEO showed a strong initial antimicrobial effect on the LAB, TLB, and yeast in silage. Since
the volatile components in OEO with time evaporated into the atmosphere, its effective compounds were
diluted in the silage liquid with time and its suppressive effect on the bacteria slowed down. Therefore, LAB
was completely inhibited by OEO and recovered at 72 hours after application. Spraying OEO after opening
the silage stopped yeast growth completely in the first few days, but it started to develop again in later
periods. OEO spray tended to decrease the number of moulds compared with control but without statistical
significance. The decrease in yeast and mould numbers in the treatment groups may be because the active
components in OEO may suppress aerobic bacteria, yeast and mould growth.

The pH of the silages was not affected by the treatment (Table 4). However, time had an important
effect (P <0.001) with all of the silages increasing in pH with the passage of time since opening reflecting a
progressive decrease in acidity. In this study, the pH value of silages increased from 3.55 to 4.41. A pH
between 3.5 and 5.0 is necessary for good fermentation (Kung Jr et al., 2018). Here, the OEO spray did not
affect pH. Similarly, Chaves et al. (2012) did not find any effects of cinnamon leaf, partridgeberry and sweet
orange essential oil treatments on the pH of barley silage. Ozelcam and Dasikan (2017) did not find any
effect of adding carvacrol to corn silage on its pH either. This might be owing to the absence of
carbohydrates in OEO.

Water-soluble carbohydrate (WSC) contents of silages ranged from 11.0 to 12.5 g/kg (Table 4). The
WSC content was similar across all treatments and time points (P >0.05). WSC and other nitrogen-free
nutrients in the silage material may provide a nutritional substrate for the microorganisms in the silage
(Celebi, 2010) and by suppressing these communities the carbohydrate fractions were maintained.

Oregano essential oil treatment increased the OM content of silages (P <0.05) (Table 4). While the
highest OM value (94.85%) was obtained at 168 hours in T10 silage, the lowest value (94.36%) was
obtained at 72 hours in control silage.

Oregano essential oil treatment did not affect the CP content of silages, whereas CP increased
significantly over time. Although the time-dependent changes in the CP content of control and T20 silages
were not significant, the CP content of the T10 silage increased linearly from 5.54% on first opening to
6.09% at 168 hours after opening. Oregano essential oil treatment increased EE contents in silages
compared with C silage (P <0.001). The effect of time and OEO on silages was important in the EE content
(Table 4). The significant increases in the EE contents by treated silages may be due to the obvious
consequence of having provided extra oil to these silages.

Oregano essential oil treatment did not change CF contents. However, ADF, NDF, and ADL contents
were affected by treatments (Table 4). Application of OEO at 20 ml per 75 cm? of opened silage surface
increased ADF content and decreased NDF content after 168 hours. These results suggested that OEO
spray or supplementation did not affect the digestible fibre content of silages in T10, but OEO spray
increased the ADF and decreased the NDF content of silages in T20. This could be attributed to the
breakdown of plant cell walls in the silage material by OEO (Celebi, 2010). It might be that high dosages of
OEO decrease the digestibility of silage. However, digestion trials were not conducted in the present study.
The digestibility of silages that are sprayed with high dosages of essential oils should be investigated.

The ash contents of the silages were decreased by treatment (P <0.05), but this did not continue with
time (P >0.05) (Table 3). The content of NFE in silages was not affected by treatments, whereas there were
linear decreases in NFE content with time in the T20 group (P <0.05) (Table 4).

Fleig scores of experimental silages are given in Table 3. According to Table 3, OEO spray and OEO
spray and time interaction effect was not important. Time was an important effect on Fleig score of silages.
Fleig scores for silages that are between 80 and 100 are considered very good; 61 to 80 are good; 41 to 60
are medium; 21 to 40 are low quality; between 0 and 20 are considered reflective of poor-quality silage (Kilig,
1986). Spraying OEO affected Fleig scores with time (P <0.000). While the highest Fleig score (99.98) was
obtained at 72 hours in T20 silage, the lowest Fleig score (63.36) was obtained at 168 hours in T10 silage.
These scores in T10 and T20 silages exceeded those of C. Thus, the OEO spray may have contributed to
the preservation of the silages.
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Table 2 Effects of treatment and time on pH, temperature, and colour values of the control and silages treated with oregano essential oil
Treatments (T)
P-values
Time (H) Control T10 T20 SEM
0 72 120 168 0 72 120 168 0 72 120 168 T H T*H

Temperature, °C 25.14% 2427 23.83% 2217° 24.77° 24.13° 23.70° 21.97" 24.80° 24.11° 2367 22.00% 0179 0.000 0.000 0.456
L* 4857 38.20° 45.46° 36.81° 51.73% 43.60° 4351 36.74° 50.22® 5057* 40.88*° 36.39° 1.014 0.149 0.000 0.002
a* 426%™ 340" 459 343 456® 3.91%¢ 441*  3.05° 453%  424% 373" 355 (0105 0.963 0.000 0.058
b* 15.15® 9,73 11.92% 9.31° 16.40° 11.06%  11.94 906" 15.40® 13.73" 10.79*" 955 0441 0.145 0.000 0.006

*TWithin rows, means with a common superscript are not significantly different at P <0.05
L*: brightness (0: black, 100: white); a*: from red to green (+a*: red; -a*: green); b*: from yellow to blue (+b*: yellow, -b*: blue)
T10: silage sprayed with 10 ml oregano essential oil per 75 cm? opened silage surface; T20: silage sprayed with 20 ml oregano essential oil per 75 cm? opened silage

surface

Table 3 Effects of treatment and time on microorganism populations of the control and oregano essential oil treated sugar beet pulp silages reported as

log,o cfu/g DM

Treatments (T)

P-values
Time (H) Control T10 T20 SEM
0 72 120 168 0 72 120 168 0 72 120 168 T H T*H
LAB 7.08%° 774 7.96% 897* 7.10% ¢° 1.04¢ 5.33" 6.97% 0o¢ 1.57%  3.14° 0.420 0.001 0.001 0.001
TLB 6.75%%  736%° 7.70® 85 441 365° 4159 573%¢ 518°%0 424  403°  6.36°“ 0330 0.001 0.140 0.970
Yeast 5.46%° 483 688" 802° 3.05¢ 087 0° 595® 496" 0° 207" 490 0380 0001 0.001 0.020
Mould 1.93 1.20 2.62 411 147 158  1.91 1.26 0.90 1.46 2.24 2.85 0.320 0530 0.420 0.880

&€ Within rows, means with a common superscript are not significantly different at P <0.05
T10: silage sprayed with 10 ml oregano essential oil per 75 cm? opened silage surface; T20: silage sprayed with 20 ml oregano essential oil per 75 cm? opened silage
surface; LAB: lactic acid bacteria, TLB: total live bacteria.
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Table 4 Effects of treatment and time on nutritional value of the control and oregano essential oil treated sugar beet pulp silages

Treatments (T)

P Values
Time (H) C T10 T20 SEM
0 72 120 168 0 72 120 168 0 72 120 168 T H  T*H

pH 3.70%°  368%  3.91% 4.4° 3.54° 3.66°  4.14™ 4.41° 3.63° 355°  4.06™ 4.27% 0.056 050 0.00 0.19
WSC (°Brix) 11.67 11.33 11.33 11.17 11.67 11.67 11.33 1150  12.00 11.00 11.83 1250 0.100 0.14 0.32 0.18
OM, g /100 g DM 94.65"°  94.36° 9453 9466 94.79" 94.80* 94.79%  94.85% 094.65®  94.83° 94.70® 94.79" 0.040 004 0.78 0.77
CP, g /100 g DM 554° 585" 568" 581%° 558° 569"  6.01%° 6.09° 556° 574" 568 5847 0037 012 0.00 0.22
EE, g /100 g DM 4.34° 419° 4589 469 4.39" 433" 503 557* 457 426° 534% 5.70° 0.096 0.00 0.00 0.11
CF, g /100 g DM 23.86 2405  22.86 23.74 2367 23.75 2347 23.66 2264 2368  24.42 23.38 0.134 093 071 0.5

ADF, g /100 g DM 26.94%  26.41° 3051® 27.85° 26.91° 26.84% 2041 27.89% 27.99 28.61"° 29.32*°  31.74* 0.321 0.01 0.00 0.08
NDF, g /100 g DM 65.25° 61.16° 62.85° 64.32° 5868 58.11° 64.87° 6251 61.11* 58.05" 6252*  5898° 0556 002 0.15 0.15

ADL, g /100 g DM 3.07% 2.36" 7.65° 411" 324 308 594 422" 535" 493" 490" 6.68®° 0.319 0.05 0.00 0.03
Ash, g /100 g DM 5.35% 564 547" 534* 521 520 521% 5.15°  5.35% 517°  5.30% 5.21% 0.040 004 0.78 0.77
NFE, g/100 gDM  60.90™ 60.26™¢ 61.42% 60.43" 61.15*° 61.03"° 60.29°¢ 59.52°° 61.88"° 61.15%° 59.2° 59.89"¢ 0.180 0.77 0.02 0.09
Fleig score® 90.81%* 92.35% 85.13"  63.52° 98.33° 9463* 77.28°  63.36° 9579 99.98° 79.39°  69.22° 2313 039 0.00 0.30
ME, Mcal/kg DM 2.43" 2.42°  2.48%  245%° 2447 244 248" 2497  249% 244" 244%™ 250% 6431 0.18 0.02 0.18

&€ Wwithin rows, means with a common superscript are not significantly different at P <0.05

T10: silage sprayed with 10 ml oregano essential oil per 75 cm? opened silage surface; T20: silage sprayed with 20 ml oregano essential oil per 75 cm? opened silage
surface; WSC: water-soluble carbohydrate; DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NFE: nitrogen free extract; CF: crude fibre; ADF: acid
detergent fibre; NDF: neutral detergent fibre; ADL: acid detergent lignin; ME: metabolizable energy

! Fleig scores between 80 and 100 are considered indicative of very good quality silage; 61 to 80 are good; 41 to 60 are medium; 21 to 40 are low quality; between 0 and 20
are considered indicative of poor-quality silage
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Spraying OEO onto silages did not affect the calculated ME content of the silages. However, the
predicted ME contents of all silages increased significantly with time (Table 4).

Conclusions

Treatment of BPS with OEO protected the quality of these silages for up to 168 hours, probably as a
result of suppressing microbial activity. Spraying 10 ml OEO on the 75 cm?’ surface area after opening
SBPSs decreased LAB, TLB, yeast and mould growth in silages up to 120 hours without affecting the
nutrient contents. Thus, OEO may be used on farms as a treatment for BPS silage, if its cost is balanced
against the losses incurred in silages because of mould and spoilage. Further studies can be conducted to
eliminate its side effects on desirable microbiota.
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