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Abstract: This study aimed to determine milk production and efficiency of 

feed utilization of a mixed mineral-enriched essential oils supplementation 

of lactating dairy cows. Forty-eight Holstein-Friesian cows with a 

3.45±0.58 body condition score and 187.08±21.53 days in milk were 

randomly allocated to two dietary treatments for 46 days. Treatments 

consisted of no supplementation (CON) or supplementation (AGB) of 

0.5% of Agromix Booster® in the Total Mix Ration (TMR). All cows 

were given the same TMR twice a day (the only difference was the 

presence or absence of Agromix Booster®). Daily monitoring of milk 

production, composition, and dry matter intake of cows was calculated 

and feed efficiency was determined. Compared with CON, cows fed AGB 

showed an increase in milk yield (P<0.05). However, no significant 

effects were detected on milk fat content and yield, protein content and 

yield, lactose content and yield, solid non-fat content, and total solids 

content (P>0.05). Furthermore, AGB supplementation increased solids 

non-fat and total solids yield (P<0.05). Dry matter intake and feed 

efficiency were not affected for dairy cows receiving AGB 

supplementation (P>0.05). The supplementation of mixed mineral-

enriched essential oils (Agromix Booster®) at 0.5% of feed ration could 

improve milk yield but did not affect milk component content and feed 

efficiency of Holstein-Friesian dairy cows. 
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Introduction  

The local milk from Indonesia is not equivalent to the 

milk consumption demand. In 2020, Indonesia could only 

ful fill the 22.74% milk consumption criterion (BPS, 

2021). Most cattle production comes from smallholder 

farms whose less attention to the feed ful fills the 

requirements of animals (Lestari et al., 2015). In contrast, 

dietary nutrition is essential in cattle development programs 

and the optimum manifestation of a dairy cow's genetic 

potential for milk production depends on appropriate 

nutritional availability (Bhanderi et al., 2016). In addition, 

animals require high-quality feed and sufficient amounts of 

vital minerals, and certain beneficial additives. 

Micronutrients, most notably mineral elements, are 

necessary for animal systems' proper metabolic and 

physiological functions. Minerals are widely known for 

their regulatory functions in growth, production, and 

reproduction (Anam et al., 2021; Suttle, 2010). The use of 

mineral mixture in animal diets has also been shown to 

help in improving growth rates, feed efficiency, 

production of milk, reproduction performance, body 

immunities, minimizing the incidence of certain 

metabolic diseases, and reducing calving interval 

(Mohanta and Garg, 2014). For instance, Singh et al. 

(2016) found that dairy cows' providing a particular 

mineral combination improved milk production, 

especially during mid-lactation. Moreover, Madke et al. 

(2018) showed that lactating buffaloes fed mineral 

mixture have a greater the total milk production for           

90 days and the dietary addition of mineral combination 

including Ca, P, Na, Cu, and Zn was effective in 
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improving rumen parameters to sheep (Singh, 2015). 

Furthermore, dairy cows with macro and micro mineral 

deficits produced milk at a suboptimal level; but milk 

production levels increased after mineral supplementation 

(Sharma et al., 2002; 2003). Several mineral components 

also cannot be synthesized by organisms which different 

from the other nutrients. Minerals serve as fundamental 

elements of tissues and organs in the body, such as regulating 

the electrolyte systems and promoting enzyme and hormone 

systems in the body. The mineral elements’ also most evident 

purpose is to provide the body’s structural support (skeleton) 

(Sharma et al., 2002).  

Moreover, among the various types of additives that 

have been extensively researched, essential oils are the most 

popular, owing to their remarkable effectiveness. The use of 

feed additives to manipulate rumen fermentation has been 

investigated extensively (Giannenas et al., 2011). Essential 

oils, as feed additives, have been shown to affect several 

rumen processes (Calsamiglia et al., 2007), including 

preventing amino acid deamination and reducing rumen 

methane generation (Greathead, 2003). As reported by 

Blanch et al. (2016), lactating dairy cows had milk 

production improvement when essential oils were 

supplemented on feed. The increase in energy-corrected milk 

and feed efficiency may be partly explained by changes in 

rumen fermentation when essential oils are supplemented 
(Elcoso et al., 2019). 

Although many kinds of research have been 

performed to evaluate the effectiveness of single additives 

or particular mixes, there was a finite study when the 

mixed mineral containing macro and micro minerals are 

blended with essential oils. According to the above, it 

might be worthwhile to explore the inclusion of mixed 

mineral enhanced essential oils. Therefore, we 

hypothesized that feeding mixed mineral-enriched 

essential oils might positively affect dairy cows' milk 

production and feed efficiency. Accordingly, the 

objective of this study was to assess the impact of mixed 

mineral-enriched essential oils on lactation dairy cows' 

milk production and feed efficiency. 

Materials and Methods  

Location of Study 

The experiment took place on a dairy farm, PT. Great 

Giant Livestock. The research area was located in 

Lampung Province of Indonesia on latitude -4.82958°N 

and longitude 105.26359°E. 

Experimental Design and Procedure 

Forty-eight lactating Holstein-Friesian cows with the 

Body Condition Score (BCS) of 3.45±0.58 and 

187.08±21.53 Days In Milk (DIM) were used in this 

research. All animals were randomly assigned to two 

dietary treatments: An un-supplemented control group 

(CON; 24 cows) or a group that was supplemented with 

0.5% top-up of Agromix Booster® (AGB; 24 cows) in 

Total Mix Ratio (TMR) for a total of 46 days. The Agromix 

Booster® consisted of mixed mineral calcium 243.4 g/kg, 

iron 12.5 g/kg, magnesium 1.8 g/kg, sodium 24.3 g/kg, 

phosphor 3.2 g/kg, manganese 1.2 g/kg, zinc 439.0 mg/kg, 

potassium 277.9 mg/kg, copper 179.4 mg/kg, sulphur 

130.4 mg/kg, copper 5.4 mg/kg, selenium 131 µg/kg and 

blend essential oils (synthesized from eucalyptus, orange, 

lavender, soybeans, walnuts, sesame seeds and olives). 
 
Table 1: Diet ingredients and chemical composition of the total 

mixed ration for dairy cows 

Items Value 

Ingredients, % of dry matter 

Maize stover silage 38.00 

Alfalfa hay 13.00 
Soya full fat 4.50 
Soya bean meal 7.00 
Wheat bran 7.00 
Distiller's dried grains with solubles 13.00 
Corn 11.00 
Molasses 4.00 
Vitamin-mineral premix 2.50 
Chemical composition, % of dry matter 
Dry matter  51.67 
Organic matter  90.15 
Crude protein 19.51 
Crude fiber 15.31 
Ether extract 4.77 
Nitrogen-free extract 50.56 

 
Table 2: Feed intake, milk production, milk component, and 

feed efficiency as affected by treatments 

 Treatment1 

 ---------------------------------- 

Items CON AGB P-value2 

BCS 3.44±10.33 3.46±00.82 0.903 

DIM 185.17±19.63 189.00±23.54 0.543 

DMI (kg/d) 20.12±10.32 20.18±10.41 0.843 

Milk    

Yield (kg/d) 23.74±10.35a 24.46±10.54b 0.019 

FCM (kg/d) 20.07±10.16 20.50±10.32 0.098 

Milk component content 

Fat (%) 2.95±00.53 2.95±00.56 1.000 

Protein (%) 3.28±00.75 3.26±00.58 0.733 

Lactose (%) 5.10±00.16 4.80±00.25 0.154 

Solid non-fat (%) 9.45±00.28 9.32±00.10 0.628 

Total solid (%) 12.40±00.28 12.27±00.06 0.476 

Milk component yield 

Fat (kg/d) 0.70±00.04 0.71±00.05 0.291 

Protein (kg/d) 0.78±00.05 0.79±00.05 0.357 

Lactose (kg/d) 1.19±00.08 1.18±00.07 0.654 

Solid non-fat (kg/d) 2.21±00.14a 2.28±00.14b 0.018 

Total solid (kg/d) 2.92±00.18a 3.00±00.19b 0.039 

Feed efficiency 

kg milk/kg DMI 1.18±00.10 1.22±00.10 0.129 

kg FCM/kg DMI 1.00±00.09 1.02±00.09 0.219 
1CON = no supplementation, AGB = cows received 0.5% Agromix 

Booster® on diet 
2Different letters (a-b) indicates significant difference (p<0.05) 

between two groups 
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Fig. 1: Milk yield production of both two dietary treatments 

 

Furthermore, each group of lactating dairy cows was 
kept in the free-stall barn. Animals were given the TMR 
as the basal diet and the component and nutrient values 
were shown in Table 1. Feed offered and refused was 
recorded daily, with refusals being maintained at 5% of 
the fresh intake to ensure ad libitum access to feed. 

Measurements and Laboratory Analysis  

Animals and housing facilities were examined twice 

daily, in the morning and afternoon, to assess general 

health, guarantee consistent feed and water availability 

and ensure appropriate temperature and ventilation. 

During the study period, the humidity and temperature 

scores were 87.7±3.81 and 27.01±0.99, respectively. The 

TMR was given to the cows twice daily and samples of 

TMR were obtained every three weeks and composited 

for subsequent analysis of nutrient content. The Dry 

Matter (DM) and Organic Matter (OM) content were 

determined by the gravimetric analysis (method 930.15, 

method 942.05) (AOAC, 2005), and the Crude Protein 

(CP) content was determined using Kjeldahl-nitrogen 

analysis (method 945.16) (AOAC, 2005), the Crude Fiber 

(CF) content was determined by using sequential acid and 

alkali extractions (method 978.10) (AOAC, 2005), the 

Ether Extract (EE) content was determined using Soxhlet 

extraction (method, 945.16) (AOAC, 2005) and  

Nitrogen-Free Extract (NFE) content was examined 

according to the equation reported by AOAC (2005). Feed 

consumption was determined by assessing the daily 

discrepancies between the quantity of feed given and the 

feed remaining every day during the study period. 

Consumption of Dry Matter Intake (DMI) was recorded.  

All cows of each treatment were milked twice daily 

(morning and afternoon), using an automatic milk 

counter, and were totaled every day. The milk fat, protein, 

Solid Non-Fat (SNF), Total Solids (TS), and lactose as the 

milk qualities were measured using Lactoscan. The value 

of 4% Fat-Corrected Milk (FCM) was determined in 

accordance by NRC (2001), as follows: 4% FCM,            

kg/d = (0.4  milk yield) + (15  milk fat yield). The Feed 

Efficiency (FE) of milk yield was calculated as FE = milk 

yield (kg)/DMI (kg); FE of FCM yield was determined as 

FE = FCM (kg)/DMI (kg) (NRC, 2001). 

Statistical Analysis 

Collected data were analyzed by an Independent 

sample T-test using SPSS version 20 (SPSS Inc., Chicago, 

IL, USA), which mean differences were considered 

significant at P<0.05.  

Results 

As shown in Table 2, the DMI was not affected by AGB 

supplementation but the milk yield was significantly 

increased by AGB feeding. Furthermore, AGB 

supplementation also tended to increase the FCM (P = 0.098) 

(Table 2). In the AGB and CON groups, the milk fat 

content and yield, milk protein content and yield, milk 

lactose content and yield, milk SNF content and milk TS 

content were similar among the two groups. However, the 

milk SNF and milk TS yield were significantly increased in 

the AGB group (Table 2). The feed efficiencies, including 

milk yield/DMI and FCM/DM, were not affected for 

lactating dairy cows supplemented by AGB (Table 2). 

Moreover, the graphic of milk yield production during the 

study period was shown in Fig. 1.  

Discussion 

Dry Matter Intake 

In this study, lactating dairy cows have supplemented 

a commercial mixed mineral-enriched essential oils 

(Agromix Booster®). Numerous macro-micro minerals 

and essential oils (spices and herbs) have been utilized to 

enhance animal growth and production (Braun et al., 

2019; del Valle et al., 2015; Elcoso et al., 2019; 

Roshanzamir et al., 2020; Suksombat et al., 2017). In 

response to this feed additive, AGB supplementation did 
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not affect DMI (Table 2). This finding was similar to 

Prayitno et al. (2016); the combination of mineral and 

garlic extract supplementation did not affect DMI in dairy 
cows. Sahoo et al. (2017) showed that the feed intake 

through concentrate and roughage was not influenced by 

mineral mixture supplementation, but there was an 

improvement in crude protein and extract ether 

digestibility. Another response; blend essential oils used 

on lactating dairy cows for 20 trial period showed no 

significant difference in DMI, but increased milk yield 

and FCM (Braun et al., 2019). Dairy cows supplemented 

by blend essential oils using commercial product Agolin 

Ruminat® also did not affect DMI (Elcoso et al., 2019). 

Moreover, lactating cows fed alfalfa combined with corn 

silage as a basal diet and added Crina Ruminants® 

supplementation showed no significant difference in DMI 

(Benchaar et al., 2007). However, several reports have 

explained that blend essential oils supplementation 

increased DMI, as a result by Kung et al. (2008) that blend 

essential oils supplementation significantly increased the 

DMI of dairy cows. The addition of blended essential oils 

(cinnamaldehyde-eugenol additive) consistently 

increased DMI on primiparous and multiparous cows in 

mid-lactation Wall et al. (2014). However, it is unknown 

how these chemicals impacts feed intake; nonetheless, 

some of these compounds may change palatability, thus 

affecting DMI. As need be, several variables may 

prompt varieties in the impact of essential oils on DMI, 

for example, essential oil provenance and proportions, 

variation of feed, and rumen microbial diversity 

(Geraci et al., 2012). 

Milk Production 

Supplementation of AGB significantly increased the 

milk yield but there was a tendency to increase FCM in the 

AGB group (P = 0.098) (Table 2). The current research 

results matched those of previous studies; Sahoo et al. (2017) 

showed that mineral mixture supplementation on lactating 

dairy cows was higher than 9.5% in milk yield and 11.8% 

in FCM compared to the control treatment. According to 

Roshanzamir et al. (2020), the addition of copper, 

manganese, and zinc to lactating dairy cows increased 

milk production substantially. Supplementing zinc, 

manganese and copper also improved the milk yield of 

lactating dairy cows (36.8 kg/d) compared to the control 

diet (35.7 kg/d) (Kellogg and Johnson, 2003). According 

to Somkuwar et al. (2011), milk production dropped by 

0.38 liters after an observation period when dairy cows 

were not given minerals, but animals received inorganic 

and organic minerals and milk yield increased by 0.2 and 

0.64 liters, respectively. The role of trace minerals in the 

formation of protein structures, enzymes, and hormones 

may cause increased milk production (Suttle, 2010).  

Additionally, lactating cows fed a diet containing 

essential oils produced substantially more milk and higher 

FCM (Braun et al., 2019). Cows given a blend of essential 

oils supplemented meals produced much more milk 

compare to the un-supplemented cows (Kung et al., 2008; 

Tassoul and Shaver, 2009). Milk yield production from 

supplemented dairy cows with commercial blend essential 

oils (500 mg/kg DM) also increased (Ferreira de Jesus et al., 

2016). The increased milk production with blended essential 

oils addition correlated with the fermentation process in the 

rumen (Calsamiglia et al., 2007; Harmini et al., 2020). In 

ruminal fermentation, blended essential oils promote the 

lowering ratio of acetate and propionate, resulting in 

reduced methane energy production (Calsamiglia et al., 

2007; Juniper et al., 2006). Additionally, blended 

essential oils were also attributed to endocrine stimulation 

(Tager and Krause, 2011), which improved the nutrients 

transferred to the mammary gland and glucocorticoids 

from the body (Serbester et al., 2012). 

Milk Component Content and Yield 

AGB supplementation did not affect the milk contents, 

including milk fat, protein, lactose, SNF, and TS. Moreover, 

there were no significant differences also in fat, protein, and 

lactose yield, but SNF and TS yield were significantly 

increased in the AGB group (Table 2). Singh et al. (2016) 

showed that there were non-significant differences in the 

percentages of milk fat, protein, lactose, and SNF after the 

mineral mixture was added to lactating dairy cows and 

buffaloes for 30 days. Harmini et al. (2020) examined the 

several diets containing various minerals; and reported no 

changes in protein, fat, lactose, and SNF, but there were 

significant differences in milk mineral content (Fe and Mg). 

Sahoo et al. (2017) also added that mineral mixture 

supplementation did not affect the milk protein and SNF 

percentage of cows. Moreover, Se supplementation on 

feed did not influence milk components, including fat, 

protein, and lactose (Juniper et al., 2006). Blend essential 

oils supplementation also showed no differences in milk 

content (Flores et al., 2013; Serbester et al., 2012; Tager and 

Krause, 2011). We considered that the milk content was 

greatly affected by feed consumption, primarily forage as 

a fiber source (Prayitno et al., 2016). In this study, the 

SNF and TS yields were increased in the AGB group. 

Prayitno et al. (2016) also showed that the 

supplementation of minerals and garlic extract 

increased the SNF yield, even though SNF percentages 

in milk were similar among the treatment. It might be 

caused that yields for SNF and TS positively correlated 

to milk products. However, in this research, the milk 

content met the standard requirement of the Indonesian 

national standard (NSAI, 2011). 

Feed Efficiency 

According to Table 2, the feed efficiencies, including 

milk yield/DMI and FCM/DMI were not affected for 

dairy cows receiving AGB supplementation. However, 
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results regarding the effects of feed additives on feed 

efficiency are inconsistent in the literature. Joch et al. 

(2019) reported that supplementing blend essential oils on 

long-period treatment did not affect feed efficiency and 

tended to decline over time. Elcoso et al. (2019) showed 

that feed efficiency evolved differently over time, with 

cows fed Agolin Ruminat® becoming more efficient 

after the fourth week of the study, reaching significant 

differences after 6 and 8 weeks. Kung et al. (2008) 

discovered a significant increase in milk yield and 

DMI, but feed efficiency (FCM/DMI) was similar 

among the two treatments. On the other hand, some 

studies using other various essential oils or plant 

extracts have shown increases in feed efficiency. 

According to Tassoul and Shaver (2009), feed 

efficiency (milk yield/DMI) was higher for essential 

oils than control on average and was higher during 

lactation on weeks 8 to 14. In a study by Braun et al. 

(2019), feed efficiency (FCM/DMI) significantly 

increased with blend essential oils supplementation. 
Al-Suwaiegh et al. (2020) showed that supplementing 

blend essential oils, 25 g/day to the diet of early 

lactation cows, increased feed efficiency compared 

with the control group, 1.31 vs. 1.24 milk yield/DMI, 

respectively. The differences in feed efficiency 

responses may be related to the lactation stage, the kind 

and combination of plant extracts, or the dosages used. 

Conclusion 

The supplementation of mixed mineral-enriched 

essential oils (Agromix Booster®) at 0.5% of feed ration 

could improve milk yield but did not affect milk component 

content and feed efficiency of Holstein-Friesian dairy cows. 
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