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ABSTRACT

Objective: This study has been conducted in order to determine the effect of cumin
essential oil on the fermentation quality, aerobic stability, in vitro metabolic energy
contents and relative feed value of vetch-oat silages.

Material and Methods: Vetch and oat were harvested in May and were wilted for
approximately 3 hours. Cumin essential oil was added to silages at CMN2:200
mg/kg, CMN3:300 mg/kg and CMN5:500 mg/kg levels, while no addition was made
to the control (CON) group. Vetch-oat mixture was placed in plastic bags, and these
bags were vacuumed and were stored at 8+2 °C, at laboratory conditions. In the
following 70 days after the ensilage, three packages from each group were opened,
and silages were analysed in terms of physical, chemical and microbiological
analysis. Aerobic stability test was conducted for five days to silages, which were
opened at the end of the ensilage period. Moreover, enzyme soluble organic matter
(ESOM) amount, metabolic energy (ME) contents, and relative feed value (RFV)
were determined.

Results: The addition of essential oil prevented crude protein (CP) degradation,
and found out to be higher in experimental groups in comparison to the control
group (CMN2: %10.04, CMN3: %10.25, CMN5: % 10.25) (P<0.05). The ammonia
nitrogen levels (NHs-N) have also decreased depending upon the increase in the
amount of the added essential oil (P<0.05). It was also found out that neutral
detergent fiber (NDF), acid detergent fiber (ADF) and cellulose contents were low in
CMN3 and CMNS5 groups (P<0.05). It was also determined that with the addition of
essential oil, the amount of lactic acid bacteria (LAB) increased (P<0.05), and the
amount of yeast and mould decreased both at anaerobic and aerobic periods.

Conclusion: Cumin essential oil increased the fermentation qualities of vetch-oat
silages. Moreover, it affected the relative feed value positively.

0z
Amag: Bu arastirma kimyon ugucu yagdinin, fig-yulaf silajlarinin fermantasyon

kalitesi, aerobik stabilitesi, in vitro metabolik enerji icerikleri ve nispi yem degeri
Uzerine etkilerini belirlemek amaci ile diizenlenmisgtir.

Materyal ve Yontem: Fig- yulaf, mayis ayinda cigceklenme baslangicinda hasad
edilmis ve yaklagik 3 saat sureyle soldurulmustur. Kimyon ugucu yag: silajlara
Km2:200 mg/kg, Km3:300 mg/kg ve Km5:500 mg/kg dizeyinde katilmigtir. Kontrol
(Kont) grubuna hicbir katki maddesi ilavesi yapilmamistir. Fig-yulaf, plastik
torbalarda  silolanmigtir.  Paketler laboratuvar kosullarinda 8+2 °C'de
depolanmiglardir. Silolamadan sonraki 70. glinde her bir gruptan 3 paket acilarak
silajlarda fiziksel, kimyasal ve mikrobiyolojik analizler yapilmistir. Silolama
doneminin sonunda agilan silajlara 5 gun sire ile aerobik stabilite testi
uygulanmistir. Ayrica, enzimde ¢Ozlinen organik madde miktari, metabolik enerji
icerikleri ve nispi yem degeri belirlenmigtir.

Arastirma Bulgulari: Ugucu yag ilavesi ham proteinin (HP) parcalanmasini
onlemis, kontrole goére (Kont:% 9.73) muamele gruplarinda (Km2:%10.04,
Km3:%10.25, Km5: %10.25) yuksek oldugu bulunmustur (P<0.05). Amonyak azotu
dizeyleri de (NHs-N) ugucu yagin ilave edilen miktarindaki artisa bagh olarak
dismustir (P<0.05). Fig-yulaf silajlarinin notr deterjanda ¢6ziinmeyen lif (NDF), asit
deterjanda ¢6ziinmeyen lif (ADF) ve seliloz igeriklerinin, Km3 ve Km5 duzeylerinde
distk oldugu bulunmustur (P<0.05). Lactic acid bakterileri (LAB) sayilari ugucu
yag ilavesiyle artmis (P<0.05), maya ve kuf sayilari ise hem anaerobik hem de
aerobik dénemde dismustir.

Sonug: Kimyon ugucu yagi fig-yulaf silajlarinin fermantasyon 6zelliklerini artirmistir.
Ayrica nispi yem degerini olumlu yonde etkilemistir.
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INTRODUCTION

Vetch (Vicia sp.), which is an annual plant, is almost everywhere in our country planted both in
summer and winter, and is used in animal nutrition as grain, green or hay, and as silage and straw.
Especially in recent years, vetch is planted together with crops such as barley and oat, and is used for
grazing, as green plant or hay, or as silage (Ergul, 2002). Oat is an annual, cold climate plant, which is
used for both human and animal nutrition. More than 75% of the oat planted fields consist of Avena
sativa. Therefore, oat is usually known as Avena sativa (Butt et al., 2008).0at is therefore known to be
quite suitable for intercropping with forage legumes. The widest area of usage of oat is animal nutrition.
However, it is also used in human nutrition, pharmaceutical, and cosmetic industries. Oat grains are also
known to be a very good source of feed for all farm animals as well as for buffalo, sheep, and horses
(Schipper et al. 1991). Recently, research has also been conducted for the use of oat in poultry nutrition
(Macleod et al. 2008; Kheravii et al. 2018).Today the use and areas of usage of oat in human nutrition are
also increasing. The nutritional value of oat is dependent primarily on its oil content. While the oil content
of wheat, barley, and rye, is 1.5-2%, the oil content of oat is 4.58% (Schipper et al., 1991).

Oat straw and oat silage are the most common feeds in ruminant nutrition (Mahouachi et al. 2003).
It was reported that the active ingredient called scopoletin, which is found in oat straw has antibacterial,
antiseptic, bronchial relieving and cancer preventing effects (Saragoglu, 2003). The crude protein content
of oat silage is between 8% and 10%. This level is too low to provide optimal microbial growth in the
rumen and adequate digestible protein from the small intestine. In a study conducted by Mahouachi et al.
(2003), it was revealed that the yield performance usually decreased when oat and other silages were
used alone in ruminant nutrition. Therefore, it is preferred to use these through intercropping with
legumes such as vetch in animal nutrition.

In a study conducted, it was concluded that in order to have high yield and high quality in grass
production, the vetch-wheat intercropping should necessarily be done in autumn, and that the vetch-
wheat intercropping would be more appropriate for the leaf / stem ratio, which is the determinant of grass
quality, and that for a better grass production, the intercropped crops should be harvested during the milk
stage of wheat. In addition, it was also reported in another study that due to its high leaf / stem ratio and
crude protein yield, the vetch-wheat intercropping should be done at the rate of 70-30%, whereas it would
be more suitable to intercrop vetch-wheat at the rate of 80-20% for high crude cellulose and ash ratio
(Tas, 2010). Moreover, high quality silages can also be obtained through additives (Ergll, 2002).

Anatolian people have used plants for the treatment since paleolithic age. Today, it is used for
medical purposes at least 500 plants in Turkey (Sancaktaroglu and Bayram, 2011). Cuminum cyminum
L. (cumin), the homeland of which is Egypt, is grown in countries having a coast on the Mediterranean
Sea, and in the Middle Anatolian region of Turkey. Cumin being one of the most important exportation
goods, the production amount of cumin changes by years; while the recent amount of production in recent
years has been reported as 19,175 tons (TUIK, 2018). Cumin fruits include 2.5-6% essential oil, 10-23%
fixed oil, 15-25% protein, tannin, flavonoid, resin and glue (Ceylan et al. 2003).

In a study conducted by Turan and Soycan-Oneng (2018), the addition of 300 mg/kg of cumin
essential oil into alfalfa silage stimulated the enzyme activities which break the cell wall down, thus
causing the cell wall to break down. It also promoted LAB growing, and increased the number and
enhanced its efficiency. Correspondingly, it was also found out that the transformation of sugar into lactic
acid (LA) increased, the high level of LA in the environment inhibited the protein degrading enzymes by
decreasing the pH, and also decreased the degradation of proteins into ammonia. Moreover, it was also
determined that it increased the enzyme soluble organic matter, and concordantly provided the increase
of ME content. Similarly, the relative feed value, as well as the dry matter intake has also increased.

This study has been planned in order to determine the effect of cumin essential oil on the
fermentation quality, aerobic stability, in vitro metabolic energy contents, and relative feed value of vetch-
oat silage.
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MATERIAL and METHODS
Material

The study material consisted of vetch-oat, which was sown at 75-25% ratio, and cumin (Cuminum
cyminum L.) essential oil. The essential oil, which had been obtained through water steam distillation,
was provided from an export firm. The chemical analysis results of cumin essential oil (Tablel) are given
below.

Table 1. The chemical composition of cumin essential oil, %
Cizelge 1. Kimyon ugucu yaginin kimyasal bilesimi, %

Compouns Value
Cuminaldehyde 44.47
Carvacrol 12.12
Para Cymen 8.82
Safranal 6.57
Gamma Terpinen 5.64
Beta-pinen 4.93
(-) Alpha Cedren 4.48
Others 9.86
Unknown 3.11
Total 100

Method

Vetch and oat were cut in May at the beginning of the blooming period for vetch, and at the
beginning of milk stage for oat. Cumin essential oil was added after cutting the plants at 1.5-2.0 cm sized-
pieces at the silage machine. The study was conducted with 4 groups including one control group (CON)
without the addition of cumin essential oil, and with groups of 200 mg/kg (CMN2), 300 mg/kg (CMN3) and
500 mg/kg (CMN5) cumin essential oil addition. Approximately 2 kg of sample was put into plastic bags,
and were vacuumed. The plastic bags were then wrapped with stretch film for about 10-12 times, and
finally were strapped with packaging tape. For every group, 3 packages were prepared, which were in
total 12 packages, and were stored at a closed storage (1814 °C) for 70 days for fermentation. At the day
of opening the packages (70th day), silages were scored by three observers in terms of colour, smell, and
structure. Flieg score of the silages were calculated after the determination of their dry matter and pH
values (Kili¢, 1986). The pH values of silages were determined via a digital pH meter, and the Buffer
capacity (Bc) through the statements of Playne and McDonald (1966), LA was determined through
spectrophotometric method according to Barker and Summerson, (1941).

The NHs-N and water-soluble carbohydrate (WSC) contents were found out according to the
methods given by Anonymous (1986), and the aerobic stability test was carried out according to the
method developed by Ashbell et al. (1991). Microbiological (LAB, yeast, mould) analysis were carried out
according to the methods developed by Seale et al. (1990), whereas total mesophilic aerobic bacteria
(TMAB) count was done according to the method given in Anonymous (2014). The TMAB, LAB,
enterobacter, yeast and mould counts were transformed into logarithm coliform unit (cfu/g).

The contents of crude nutrients, some of which are CP, ether extract (EE), crude ash (CA), and
crude fiber (CF) were determined through Weende analysis method (Bulgurlu and Ergul, 1978).
Nitrogene-free extract (NFE) was determined through differential method. The cell wall components of
feeds, NDF, ADF, and acid detergent insoluble lignin (ADL) contents were determined according to the
method of Van Soest et al. (1991). In addition, hemicellulose and cellulose were found out through
calculating method (Close and Menke 1986).
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The solubility levels of organic matters (OM) in silages were determined through cellulose method
(De Boever et al. 1986, Naumann and Bassler 1993). The enzyme soluble organic matter (ESOM)
amounts were calculated according to the equation given below:

ESOM, % =DM - CA - G.

Chemical components of the essential oils were detected via gas chromatography-mass
spectrophotometer (GC / MS, HP 6890 GC / 5973 MSD) at the Ege University Center R&D and
Pharmacokinetic Applications-Environmental & Food Analysis Laboratories-Food Control Laboratory
(Bornova, Izmir, Turkey) according to the United State Pharmacopeia National Formularty.

Metabolizable energy and relative forage value estimating

The in vitro metabolic energies (ME) of silages were calculated according to the below given
equations by using the crude nutrients and cell walls, which were obtained through chemical analysis
(Anonymous, 1991).

MEcnc kecallkg OM= 3260 + (0.455 x CP* + 3.517 x EE*) — 4.037 x CF* (Anonymous, 1991), (*in
OM g/kg).

MEnpe, kcallkg DM= 3381.9-19.98 x NDF* (Kirchgessner et al. 1977).
MEapr, MJ/kg DM= 14.70-0.150 x ADF* (Kirchgessner and Kellner, 1981).
MEap., kcallkg DM= 2764.4-102.73 x ADL* (Kirchgessner et al. 1977).
* NDF, ADF and ADL in %, ME contents were translated into kilocalories.

MEgsom, MJ/kg DM=0.54+0.001987 CP*+0.01537 ESOM*+0.000706 EE* x EE*-0.00001262
ESOM* x CA*-0.00003517 ESOM* x CP* (Jeroch et al. 1999).

*(CP, EE, CA g/kg; ESOM in g/kg DM).

The equations developed by Van Dyke and Anderson (2000), which are given below, were used for
the determination of relative feed value. In the first phase, digestible dry matter (%DDM) was calculated
by the use of ADF content of the feed.

DDM, % of DM = 88.9 — (0.779 x % ADF), DMI (as a % body weight) = 120 / % NDF

RFV = %, DDM x % DMI x 0.775.

The data, which were obtained at the end of the research, were evaluated through variance
analysis at SPSS v.18 (SPSS, 2009) packaged software. Duncan test was used in the comparison of
group average (Efe, 2000).

RESULTS

It was determined that the colour of the vetch-oat silages at the day of unwrapping them was light
yellow-green. It was also observed that the there was a strong sour smell at the CON group, while the
other three groups had a nice and mild acidic smell; and it was also determined that the structure of the
stems and leaves were not deteriorated (Table 2), and that the quality category was satisfactory. It was
also found out that the best result according to Flieg score evaluations was at CMN3 group (CON: 82.77,
CMN2: 84.05, CMN3: 88.48, CMN5: 86.87).

220



The effect of cumin essential oil on the fermentation quality, aerobic stability, and in vitro digestibility of vetch-oat silages

Table 2. The effects of cumin essential oil on silage qualities

Cizelge 2. Kimyon ugucu yaginin silaj kalitesine etkisi

Treatments Smell Structure Colours DLG point Quality Flieg Point Quality

CON 8.0 4.0 1.0 13 Moderate 82.77 Excellent
CMN2 12.0 4.0 2.0 18 Excellent 84.05 Excellent
CMN3 12.0 4.0 2.0 18 Excellent 88.48 Excellent
CMN5 12.0 4.0 2.0 18 Excellent 86.87 Excellent

The crude nutrient contents of vetch-oat silages are given in Table 3. The OM amount in all groups
was found out to be close to the control group. CA amount was determined to be slightly lower in CMN2
and CMN3 than in the CON group. This difference, in terms of OM, results from the ash content being
high. When crude protein content was compared to the CON group, it was found out that it increased, and
that this increase was statistically significant (P<0.05) (CON: % 9.73, CMN 2: % 10.04, CMN 3: % 10.25,
CMN: % 10.25).

Ether extract values of vetch-oat silages of CON, CMN2, CMN3 and CMN5 were found out to be
1.94, 2.23, 2.45 ve 2.68 respectively (P<0.05). Crude cellulose amount in the CON group, CMN2, CMN3
and CMN5 groups was found out to be 41.51%, 38.93%, 37.65%, and 39.89% respectively, and it was
determined that the difference among the groups was significant (P<0.05). The NFE contents in CMNS3,
in comparison to the CON group and the other two experimental groups was found out to increase
significantly (P<0.05). It was also determined CA content in CON: 13.42, CMN2: 13.20%, CMNS3:
13.32%, CMN5: 13.52%. The CA value of CMN5 being high may be caused by the contamination of the
sample with stone or soil. The NDF contents of vetch-oat silages were determined to be 64.25%,
64.88%, 63.39 % and 63.72% for the CON group, CMN2, CMN3 and CMN5 respectively. The cumin
essential oil decreased the NDF, ADF, and cellulose contents of vetch-oat silage compared to CON at
CMN3 and CMNS5 levels (P<0.05). For the ADL level; however, the level of use of cumin had no effect
(P>0.05).

The chemical analysis results of vetch-oat silages are given in Table 4. While the DM content of
silages was determined as the highest in CMN3 with 30.41%, the lowest was found out to be in CMN2
group (P<0.05). The addition of cumin essential oil did not affect pH level (P>0.05), yet decreased the
WSC level (P<0.05). This effect became more evident with the increase of the essential oil (pH: CON:
4.46, CMN2: 4.43, CMN3: 4.43, CMN5: 4.43, WSC: CON: 14.08 g/kg CMN2: 9.09, CMN3: 11.85 g/kg
KM, CMN5: 11.20 g/kg KM).

The NH3-N concentration of silages were affected by the use of cumin essential oil CMN2 (54.24
g/kg TN), CMN3 (48.58 g/kg TN) and CMN5 (48.46 g/kg TN), and decreased significantly (P<0.05) in
comparison to the CON group (56.54 g/kg TN).

In the study conducted, the WL of CON, CMN2, CMN3 and CMN5 groups were found out to be
1.14%, 1.09%, 0.94% and 1.08% respectively (P>0.05).

On the day of opening the silages (Table 5), enterobacteria count was determined as 0.85 log10
cfu/g, while it was found out to be 0.06 log10 cfu/g in CMN2, CMN3 and CMN5 (P<0.05). LAB count
revealed a significant increase in comparison to the CON group. This increase was determined as the
highest in CMN2 group with 6.30 log10 cfu/g (P<0.05). When compared to the CON group, yeast and
mould counts decreased in CMN2, CMN3 and CMN5 (P<0.05). The results of aerobic stability test
applied to the silages for 5 days are given in Table 6.
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Table 3. Chemical composition of fresh vetch-oat and silages ensiled for 70" days (DM %)

Cizelge 3. Fig-yulaf ve 70. gln silajlarin kimyasal bilesimi, % KM’de

Treatments oM cP EE CF NFE CA NDF ADF ADL  Hemicellulose _ Cellulose
FM 87.97 9.61 2.12 42.21 34.03 12.03 60.76 40.45 6.02 2031 34.43

CON 86.58+0.00" 9.73+0.01° 1.94+0.06° 415140.06* 33.40+0.10° 13.42+0.09® 64.25:0.09" 43.16+0.18" 6.66£0.20 21.09+0.26° 36.50+0.13"
CMN2 86.80£0.07° 10.04£0.10° 2.23:0.09° 38.93:0.07° 35.50:0.15° 13.20:0.07° 64.88£0.05° 40.73:0.19° 6.69:0.02 24.15:0.21°  34.05+0.20°
CMN3 86.68+0.11° 10.25:0.08° 2.45:0.11%° 37,65:0.07" 36.33x0.10° 13.32+0.11® 63.30:0.02° 40.99:0.09° 6.610.05 22.40£0.11°  34.39:0.14°
CMN5 86.48£0.02° 10.25:0.11° 2.68+0.03° 39.89+0.20° 33.65:0.19° 13.52+0.02° 63.72+0.03° 41.65:0.19° 6.64+0.17 22.07:0.21°  35.010.23"
P 0.088 0.007 0.001 0.001 0.001 0.088 0.001 0.001 0.978 0.001 0.001

FM: Fresh material, CON: Control, CMN2: Cumin essential oil 200 mg/kg,CMN3: Cumin essential oil 300 mg/kg. CMN5: Cumin essential oil 500 mg/kg. OM: Organic matter, CP:
Crude protein, EE: Ether extract, CF: Crude fiber, NFE: Nitrogen-free extract, CA: Crude ash, NDF: Neutral detergent fiber, ADF:Acid detergent fiber, ADL:Acid detergent lignin.

¢ Means with different letters in the same column are statistically significant (P<0.05).

Table 4. Fermentation quality of vetch-oat silage ensiled for 70" days

Cizelge 4. Fig-Yulaf ve 70.glin silajlarinin fermantasyon kalitesi

Grup DM (%) pH WSC (g/kg DM) LA (g/kg DM) NHs-N (g/kg TN) WL (%)
FM 31.24 6.2 40.73 -

CON 28.22+0.08° 4.46x0.07 14.08+0.34° 33.58+0.13° 56.54+0.08° 1.14+0.17
CMN2 28.19+0.08° 4.43+0.03 9.09+0.44° 40.39+0.21% 54.24+0.03" 1.09+0.13
CMN3 30.41+0.12° 4.43+0.03 11.85+0.19° 38.75+0.02° 48.58+0.08° 0.94+0.01
CMN5 29.60+0.09° 4.43+0.03 11.20+0.23" 34.43+0.32° 48.46+0.03° 1.08+0.02
P 0.001 0.931 0.001 0.001 0.001 0.624

FM: Fresh material, CON: Control, CMN2: Cumin essential oil 200 mg/kg, CMN3: Cumin essential oil 300 mg/kg. CMN5:

N:Ammonia nitrogen, WL: Weight loss, DM: Dry matter, WSC: Water-soluble carbohydrates.

abc:

Means with different letters in the same column are statistically significant (P<0.05).

Cumin essential oil 500 mg/kg, LA: Lactic acid, NHs-
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Table 5. Effects of cumin essential oil on microbiology of vetch-oat silages, log;o cfu/g

Cizelge 5. Kimyon ugucu yaginin fig-yulaf silajlarinin mikrobiyolojisine etkisi, logio cfu/g

Treatments TMAB Lactobacilli Enterobacter Yeast Mould

FM 6.35 211 0.89 2.26 1.80

CON 5.35+0.01° 3.46+0.03" 0.85+0.05° 1.87+0.05 1.87+0.05
CMN2 6.97+0.06° 6.30+0.01° 0.06+0.01" 0.51+0.11° 0.35+0.15"
CMN3 6.14+0.02" 5.30+0.01" 0.06+0.01" 0.30+0.01° 0.120.01°
CMN5 6.11+0.01" 5.15+0.03° 0.06+0.01" 0.30+0.01° 0.120.01°
P <0.001 <0.001 <0.001 <0.001 <0.001

FM: Fresh material, CON: Control, CMN2: Cumin essential oil 200 mg/kg, CMN3: Cumin essential oil 300 mg/kg. CMN5: Cumin

essential oil 500 mg/kg: TMAB: Total mesophilic aerobic bacteria, LAB: Lactic acid bacteria. + SEM, standart error of means,

Means with different letters in the same column are statistically significant (P<0.05).

Table 6. Effects of cumin essential oil on aerobic exposure of vetch-oat silages

Cizelge 6. Kimyon ugucu yaginin fig-yulaf silajlarinin aerobik stabilite test sonuglari

abc:

Treatments DM, % pH TMAB logso cfu/g Yeast, log;o cfu/g Mould, logs cfu/g
CON 27.24+0.09° 8.07+0.07° 7.97+0.06° 4.76+0.02° 4.28+0.02*
CMN2 29.02+0.07° 7.5+0.06° 6.35+0.03° 3.30+0.03° 3.60+0.10°
CMN3 28.49+0.31% 7.5+0.06° 6.81+0.17° 3.9440.02° 3.24+0.06°
CMN5 28.21+0.27° 7.87+0.03" 7.11+0.01° 4.21%0.2° 3.3440.05°

P 0.002 0.001 0.001 0.001 0.001

CON: Control, CMN2: Cumin essential oil 200 mg/kg, CMN3: Cumin essential oil 300 mg/kg. CMN5: Cumin essential oil 500 mg/kg:

TMAB: Total mesophilic aerobic bacteriat SEM, standart error of means,

abc:

Means with different letters in the same column are

statistically significant (P<0.05).

The addition of cumin essential oil to vetch-oat silages decreased the yeast and mould formation
significantly on the 5 day in comparison to the CON group (P<0.05). While the lowest yeast count was
determined as 3.30 log;o cfu/g in CMN2, the lowest mould count was determined as 3.24 log,, cfu/g in
CMNS3. In this period, it was found out that there was no change in the dry matter, and that pH values
increased between 3.07 and 3.67 in all groups. The yeast and mould counts at the aerobic period were
suppressed with the addition of cumin essential oil in comparison to the CON group (P<0.05).

While the addition of cumin essential oil at low levels did not affect ESOM (Table 7), it had a
decreasing effect when added at high levels (P<0.05). When ME contents of silages were analysed, it
was found out that CMN3 level, which was calculated via different regression equations, revealed an
increasing effect on ME contents (P<0.05).

Table 7. ESOM (% DM) and ME contents of vetch-oat silages, kcal’kg DM
Cizelge 7. Fig-yulaf silajlarinin ECOM ve ME igerikleri, kcallkg KM

Treatments ESOM MEcgesom MEcnc MEnpr MEape MEapL
CONT 37.27+0.43 1152+8.96" 1259+6.45" 2098+1.70° 1966+6.47° 2080+20.17
CMN2 37.68+0.13 117749.54% 1382+3.83" 2085+1.00" 2053+6.72* 2078+1.64
CMN3 37.88+0.01° 1193+7.76° 1439+8.55 2115+0.38% 2043+3.30% 2086+5.53
CMN5 36.04+0.10° 1166+3.20° 1350+9.54° 2108+0.66" 2020+6.85" 2082+17.30
P 0.002 0.032 0.001 0.001 0.001 0.978

CON: Control, CMN2: Cumin essential oil 200 mg/kg, CMN3: Cumin essential oil 300 mg/kg. CMN5: Cumin essential oil 500 mg/kg.
ESOM: Enzyme soluble organic matter, + SEM, standart error of means, ¢ Means with different letters in the same column are
statistically significant (P<0.05). * ME contents were translated into kilocalories.
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The beginning material of vetch-oat and the DDM, DMC and RFV of the vetch-oat silages are given in
Table 8. It was found out that the addition of cumin essential oil improved the DDM and RFV of the silages.

Table 8. Dry matter digestibility, dry matter intake and relative feed value of vetch-oat silages.

Cizelge 8. Fig-yulaf silajlarinin sindirilebilir kuru madde, kuru madde tiiketimi ve nispi yem degerleri

Treatments DDM,% DMI,% RFV

FM 57.05 1.97 86.89
CON 55.28+0.14° 1.87+0.002° 80.02+0.12°
CMN2 57.17+0.15° 1.85+0.001° 81.94+0.19"
CMN3 56.97+0.07° 1.89+0.001% 83.58+0.08°
CMN5 56.46+0.15" 1.88+0.001" 82.40+0.20°
P <0.001 <0.001 <0.001

FM: Fresh material, CON: Control, CMN2: Cumin essential oil 200 mg/kg, CMN3: Cumin essential oil 300 mg/kg. CMN5: Cumin
essential oil 500 mg/kg.DDM: Digestible dry matter, DMI: Dry matter intake, RFV: Relative feed value, + SEM, standart error of
means, **“ Means with different letters in the same column are statistically significant (P<0.05).

DISCUSSION

The cumin essential oil addition into vetch-oat silages enabled the quality to be at very high level.
Konca et al. (2005) stated in their study that the flieg score of corn silages varied between 29 and 97;
whereas it was 57 in vetch-oat silages. In the study conducted by Turan and Soycan-Oneng (2018), it
was revealed that the addition of cumin essential oil at 300 mg/kg and 500 mg/kg levels to alfalfa
increased the flieg score. In this study it was found out that the flieg score was higher than the ones in
the results of Konca et al. (2005), and similar to the results of the study of Turan and Soycan-Oneng
(2018) on alfalfa silages. The addition of cumin essential oil to the vetch-oat silages affected positively
the flieg score.

In a study, carried out by Chaves et al. (2012), it was stated that the addition of cinnamon leaf
extract to barley silage led to an increase in CP amount. In this study, it was found out that the addition of
cumin essential oil prevented the degradation of protein, and that CP level was determined to be high
similar to the studies conducted by Chaves et al. (2012) and Turan and Soycan-Oneng¢ (2018). The
decrease in the ammonia nitrogen level through the addition of cumin essential oil also supports the
results of CP.

The ADF and ADL, which are components of the cell walls of the feeds are expected to be as little
as possible in the ration due to their digestion level being very slow as well as low (Van Soest 1994).
Kung et al. (1991) stated that the antibiotic addition into alfalfa silages led to a slight decrease in the ADF
amount. Soycan-Onenc et al. (2015, 2017) stated in their studies that oregano, cinnamon, and
oregano+cinnamon essential oil addition to field peas, which were silage for 60 and 120 days, had an
increasing effect on NDF and ADF contents. Chaves et al. (2012); however, stated that the use of ethanol
extract of cinnamon leaves at low levels decreased the NDF and ADF levels, yet had an increasing effect
when used at high levels. It was found out in this study that the addition of cumin essential oil to vetch-oat
silages decreased the CF, cellulose and ADF, while it did not affect ADL, and that the increasing effect on
hemicellulose at CMN2 level was compatible with the results of Soycan-Oneng et al. (2015, 2017) and
Chaves et al. (2012).

The DM amount in CMN3 group was determined to be higher than the amounts in the CON group
and the other two experimental groups, this difference was also reflected in the loss of dry matter, and the
DM in CMNS3 group decreased compared to CON. However, the addition of cumin essential oil was not
effective on the decrease in WL (P>0.05). Konca et al. (2005) stated that the DM amount in vetch-oat
silages from Bayindir-izmir region was 23.89%. In this study it was found out that the DM amount of
vetch-oat silages was higher that the results found by Konca et al. (2005). Since the silage materials are
protected by LA, it is essential that there is sufficient LAB in the silaging environment and also WSC in
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order to enable the production of LA to prevent the decay of the silage. If there is sufficient WSC in the
LAB environment, the necessary lactic acid for the fermentation can be produced (Filya, 2000).

In this study, it was determined that the LAB counts of vetch-oat silages depending of the addition
of cumin essential oil increased significantly (P<0.05) in comparison to the CON group. Concordantly,
there was a decrease in WSC, and an increase in LA amount. The LAB count being low in the control
group limited the transformation of WSC into LA. On the other hand, the high level of LAB in CMN2 group
increased the transformation of WSC into LA. Therefore, the highest LA was found in CMN2 group. In this
research it was concluded that the addition of 200 mg/kg of cumin essential oil into vetch-oat silage
revealed a promoting effect on LAB progress, and that it improved the silage fermentation.

The cumin essential oil used in this study decreased the NH3-N concentration of the vetch-oat
silages at the end of the ensilaging period similar to the results of the studies conducted by Soycan-
Oneng et al. (2015) and Turan and Soycan-Onen¢ (2018). Cumin essential oil includes 44.47%
cinnamaldehyde, and is one of phenylpropanoids, which have an antimicrobial effect. Therefore, cumin
essential oil decreased the NHs;-N concentration in silages, and was effective in the prevention of
proteolysis.

The progress of Enterobacteria, Clostridia, Listeria, and mould in bunkers, and their metabolic
activities create a great danger for the hygienic structure of the silages (Filya, 2000). It was found out that,
on the day of the silages being unwrapped, the Enterobacteria, yeast, and mould counts in the CON
group was close to the counts at the beginning material, whereas with the addition of cumin essential oil
into the experimental groups, there was a decrease in the growing of these microorganisms. When TMAB
counts were analysed, it was found out that LAB count was low in the beginning material, and the
undesired microorganism count was high, whereas in ensilage the TMAB count was similar, yet in cumin
groups the majority of TMAB consisted of LAB.

In this study, the increase of LAB counts, and the decrease in Enterobacteria, yeast, and mould,
which are considered to be detrimental for silages, in groups with cumin essential oil addition, could be
explained by the selective antimicrobial activity of essential oils. The addition of cumin essential oil into
vetch-oat silages decreased the yeast counts; however, did not have any preventive effect on their
growing. Since it was impossible to have any exposure to air during fermentation, it was believed that the
yeast count of the silage may be the ones in the fresh material (FM: 2.26 log,o cfu/g). Turan and Soycan-
Oneng (2018) stated that the cumin essential oil addition led to an increase in the LAB counts, and a
decrease in Enterobacteria, yeast, and mould counts similarly to the results in this study.

Antibiotic addition into silages is not able to prevent the aerobic degradation completely in silages.
It was stated that the most effective antibiotics against silage microorganisms at pH4 and pH5 was
primaricin. In the treatment with antibiotics, it was found out that the total microorganism, LAB, and yeast
counts were affected significantly, while mould was affected quite slightly (Kurtoglu 2011). Essential oil
treatment, which was shown as an alternative to antibiotics, revealed a similar effect (Soycan-Oneng et
al. 2015, 2017; Turan and Soycan-Oneng 2018; Soycan-Oneng and Korkmaz-Turgud 2019). The addition
of 200 and 300 mg/kg of cumin essential oil into vetch-oat silages improved the aerobic stability.
However, the WSC in the environment formed a source for the growing of yeast and mould.

Therefore, cumin essential oil could not suppress the development of yeast and mould sufficiently,
yet the yeast counts were found out to be below the hygienic value. The count of yeasts exceeding 5 log
cfu / g (naturally) in silage is considered as an indicator that the silage is disrupted (Wilkinson and Davies,
2013). The yeast count in experimental groups being below the critical level (5 log cfu/g) on the 5 day of
both the aerobic and anaerobic period can be explained in that cumin prevents the disrupted of the
hygienic structure of the silage; yet is not able to prevent the increase in pH level. Moreover, it was also
stated in a study that bacteria such as yeast and mould lead to aerobic degradation, and that the bacteria
contribute the aerobic degradation through the use of lactic and acetic acid (Woolford and Cook, 1978).
The pH increase and the TMAB count in the anaerobic period being high in the CON group as well as in
CMNS5; can be explained with the fact that bacteria used the LA to increase the pH level.
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In a study carried out by Soycan-Onceng et al. (2015), it was stated that origanum and cinnamon
essential oils did not affect ESOM contents of the field peas in a 60-day-storage, yet, increased them
numerically in 120 days (Soycan-Oneng et al. 2017). In this study it was determined that cumin essential
oil at high level (500 mg/kg) decreased the ESOM amount, and that 300 mg/kg addition of the essential
oil affected the energy content (MEgsom) Of the silage positively.

In the study conducted, RFV was found out to be below 100 in all groups, and increased as a
little with the use of the additive. This increase resulted from the decrease of cell wall components
(NDF and ADF). In studies conducted by Van Soest (1994) and Yavuz (2005), it was stated that the
increase in NDF and ADF levels in feeds decelerated digestion, led to the animals feeling full, and that
this resulted in the limitation of feed consumption. In this study, the addition of 300 and 500 mg of
cumin essential oil into vetch-oat silages decreased NDF and ADF. Therfore, the DMI and RFV in
CMN3 and CMN5 groups have improved.

CONCLUSION

In this study, it was concluded that the addition of cumin essential oil had a positive effect on the
chemical and microbiological qualities of the vetch-oat silages. Particularly the addition of 200 mg/kg of
cumin essential oil provided the cell wall to break down through the stimulation of the enzyme activities.
Concordantly, the increase in the water soluble carbohydrate amount and LAB counts inhibited the
enzymes, which degrade proteins, by decreasing the pH level, thus decreased the degradation of
proteins to ammonia. It also improved the aerobic stability.

ACKNOWLEDGEMENTS

This study was taken form MSc Thesis. We thank Research Assistant Dr. Firdevs Korkmaz Turgud
for microbial analysis.

REFERENCES

Anonymous, 1986. The analysis of agricultural material. Reference book, London, pp. 427-428.

Anonymous, 1991. Animal feeds-determination of metabolizable energy (chemical method). Turkish Standards
Institute (TSE). Publ. No. 9610, pp.1-3.

Anonymous, 2014. Microbiology-food and animal feeds-horizontal method for the enumeration of microorganisms.
Colony count at 30 °C by the spreading plate technique. TS EN 1SO 4833.

Ashbell G, Weinberg ZG, Azrieli A, Henand Y, Horev B. A. 1991. A Simple system study the aerobic deterioration of
silages. Canadian Agricultural Engineering 33:391-393.

Bulgurlu S, Ergiil M. 1978. Yemlerin fiziksel kimyasal ve biyolojik analiz metotlari. E.U. basimevi, Yayin No. 127, izmir.

Butt MS, Tahir-Nadeem M, Khan MK, Shabir R, Butt MS. 2008. Oat: Unique among the cereals. European Journal of
Nutrition 47:68-79

Barker SB, Summerson WH. 1941.The colorimetric determination of lactic acid in biological material. Journal of
Biological Chemistry 138:535-554.

Ceylan E, Ozbek H, Alaoglu Z. 2003. Cuminum cyminum (Kimyon) meyvesi ugucu yaginin median lethal doz diizeyi
ve saglikli ve diyabetli farelerde hipoglisemik etkisinin arastiriimasi. Van Tip Dergisi 10 (2): 29-35.

Chaves AV, Baah J, Wang Y, McAllister TA, Benchaar C. 2012. Effects of cinnamon leaf, oregano and sweet orange
essential oils on fermentation and aerobic stability of barley silage. Journal of Science Food Agriculture
92:906-915.

Close W, Menke KH.1986. Selected topics in animal nutrition university. p.170+85 Hohenheim.

226



The effect of cumin essential oil on the fermentation quality, aerobic stability, and in vitro digestibility of vetch-oat silages

De Boever JL, Cottyn BG, Buysse FX, Wainman FV, Vanacker J M.1986. The use of an enzymatic technique to
predict digestibility, metabolizable and net energy of compound feedstuffs for ruminants. Animal Feed
Science Technology14:203-214.

Efe E, Bek Y, Sahin M. 2000. SPSS'te ¢dzimleri ile istatistik yontemler Il. Kahramanmaras Sitclii imam
Universitesi, Yayin No:73, Ders Kitabi Yayin No:9.

Ergll M. 2002. Yemler bilgisi. Ege Universitesi Ziraat Fakultesi Yayin no:487.

Filya I. 2000. New developments in silage quality improvement. International Animal Nutrition Congress, 4-6
September Isparta p.243-250.

Jeroch H, Drochner W, Simon O. 1999. Nutrition on farm livestock. Verlag Eugen Ulmer Stuttgart, 525 p.

Kheravii SK, Swick RA, Choct M, Wu S-B.2018. Effect of oat hulls as a free choice feeding on broiler performance,
short chain fatty acids and microflora under a mild necrotic enteritis challenge. Animal nutrition 4:65-72.

Kilig A.1986. Silo Yemi. Bilgehan Basimevi Bornova izmir. 68-72.

Kirchgessner M, Kellner RJ. 1981. Estimation of the energetic feed value of green and forage feed through the
cellulas method. Landwirtschschaftliche Forschung 34:276-281.

Kirchgessner M, Kellner RJ, Roth FX, Ranfft K. 1977. For estimating the feed value using crude fiber and the cell
wall fractions of the detergent analysis. Landwirtschaftliche Forschung 30:245-250.

Konca Y, Algicek A, Yaylak E. 2005. Sut sigirciligi igletmelerinde yapilan silo yemlerinde silaj kalitesinin
saptanmasi. Hayvansal Uretim 46(2): 6-13.

Kung LJr, Tung RS, Maciorowski K. 1991. Effect of microbial inoculant (Ecosyl-TM) and/ or a glcopeptide antibiotic
on fermantation and aerobic stability of wilted alfalfa silage. Animal Feed Science Technology 35:37-48.

Kurtoglu V. 2011. Silage and silage additives. Aybil Press. Konya-Turkey p.356.

Macleod MG, Valentine J, Cowan A, Wade YA, Mcneill L, Bernard K. 2008. Naked oats: metabolisable energy yield
from a range of varieties in broilers, cockerels and turkeys. British Poultry Science 49 (3): 368-377.

Mahouachi M, Haddad L, Kayouli C, Théwis A, Beckers Y. 2003. Effects of the nature of nitrogen supplementation on
voluntary intake, rumen parameters and ruminal degradation of dry matter in sheep fed oat silage-based diets.
Small Ruminant Research 48:181-187.

Naumann C, Bassler R. 1993. Method book. B Ill. The chemical analysis of feeds. VDLUFA-Verlag, Darmstadt.

Playne MJ, McDonald P. 1966. The buffering constituent of herbage and silage. Journal of Science Food
Agriculturel17:264-268.

Sancaktaroglu S, Bayram E. 2011. Farkh kokenli istanbul kekigi (Origanum vulgare subsp. hirtum L.)
populasyonlarinda verim ve kalite 6zelliklerinin belirlenmesi lizerine arastirmalar. Ege Universitesi Ziraat
Fakultesi Dergisi 48 (3): 265-276.

Saracoglu IA. 2003. Bitkilerdeki saglik mucizesi. 2. Baski, Istanbul.

Schipper H, Frey KJ, Hammond EG. 1991. Changes in fatty acid composition associated with recurrent selection for
groat-oil content in oat. Euphytica 56: 81-88.

Seale DR, Pahlow G, Spoelstra SF, Lindgren S, Dellaglio F, Lowe JF. 1990. Methods for the microbiological analysis
of silage. Proceeding of the Eurobac Conference Uppsala p.147.

Soycan-Oneng S, Fisun K, Coskuntuna L, Ozdilven ML, Gimis T. 2015. The effect of oregano and cinnamon
essential oils on fermentation quality and aerobic stability of field pea silages. Asian-Australas J Animal
Science 28(9):1281-87.

Soycan-Oneng S, Coskuntuna L, Ko¢ F, Ozdiiven ML, Giimiis T. 2017. Effects of essential oils of oregano and
cinnamon on fermentation quality and in vitro metabolic energy of field pea silages. Animal Production
58(2):39-44.

Soycan-Oneng S, Korkmaz-Turgud F. 2019. Effect of oregano, cumin and cinnamon essential oils on fermentation
quality in alfalfa silages. Ege Universitesi Ziraat Fakiltesi Dergisi 56(3):367-373.

SPSS. 2009. PASW Statistics for Windows, Version 18.0. Chicago, SPSS Inc.

227


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554868/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554868/

Akinci & Soycan Oneng

Tas N. 2010. Sulu sartlarda yazlik ve guzlik ekilen fig+bugdday karisimlarinda en uygun karisim orani ve bigim
zamaninin belirlenmesi Il. ot kalitesi. Anadolu J AARI 20(2):59-69.

TUIK 2018. Tirkiye istatistik kurumu.http://www.tuik.gov.tr (erisim:06-Aralik 2018).

Turan A, Soycan Oneng S. 2018. Effect of cumin essential oil usage on fermentation quality, aerobic stability and in
vitro digestibility of alfalfa silage. Asian Australas. Asian-Australas J Animal Science 31(8):1252-1258.

Van Dyke NJ, Anderson PM. 2000. Interpreting a forage analysis. Alabama Cooperative Extension. Circular ANR-890.

Van Soest PJ, Robertson JB, Lewis BA. 1991. Method for dietary fiber, neutral detergent fiber and nostarch
polysaccharides in relation to animal nutrition. Journal of Dairy Scienc 74:3583-3597.

Van Soest PJ. 1994. Nutritional ecology of the ruminant (2nd Ed.).p. 528. Cornell University Press. p.528. Ithaca, N. Y.

Wilkinson J M, Davies D R. 2013. The aerobic stability of silage:Key findings and recent developments. Grass and
Forage Science.68:1-19.

Woolford M K, Cook J E. 1978. A note on the effects on the aerobic deterioration of maize silage of the
manipulation of the microflora by means of antibiotics. Animal Feed Science and Technology 3:89-94.

Yavuz M. 2005. Bazi ruminant yemlerinin nispi yem degeri ve in vitro sindirim degerlerinin belirlenmesi.
Gaziosmanpasa Universitesi Ziraat Fakultesi Dergisi 22 (1): 97-101.

228


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4554868/

