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INTRODUCTION

Urea Molasses Multinutrient Block (UMMB), a solid 
feed supplement consumed by dairy cows through 

licking, is typically made of urea, molasses, rice bran, and 

cement. UMMB contains high levels of non-protein ni-
trogen and simple carbohydrates efficiently utilized by ru-
men bacteria. This leads to increased digestibility of crude 
fiber from forage feed and enhanced livestock productivity 
(Sansoucy and Hassoun, 2007). However, excessive urea 
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consumption can cause numerous issues, such as bloating 
and acidosis due to imbalanced rumen bacterial growth 
conditions (Millen et al., 2016). 

Molasses is a readily digestible energy source for rumen 
bacteria. Along with cement, it acts as an adhesive to form 
a sturdy structure, preventing easy destruction when con-
sumed by dairy cows (Omoniyi et al., 2013). Nonetheless, 
molasses is often in short supply due to its extensive use in 
various industries, such as food preservation, bakery product 
manufacturing, alcohol manufacturing, and the production 
of lactic acid, fertilizer, culture media, ethanol, and biohy-
drogen, causing its use in feedstuff to compete with human 
needs ( Jamir et al., 2021; Kassa et al., 2024). Furthermore, 
Broderick and Radloff (2004) found that the addition of 
>6% liquid molasses to dairy cattle feed can reduce milk 
yield, lactose yield, and FCM/DMI. This is in line with the 
finding of another study by Torres et al. (2021) that adding 
molasses to animal feed of more than 60g/kg DMI nega-
tively impacts milk yield, lactose yield, and milk protein. 

The long-term use of cement as a raw material for ani-
mal feeds, particularly UMMB, has also become a serious 
cause for concern as it contains heavy metals (Cd, Co, Cr, 
Ni, Pb, Hg, and Cu) which can pose various health risks 
to animals. The limit of heavy metals that enter the body 
of livestock such as Cd is 5µg/day, Cr is 250µg/day, Ni is 
250µg/day, Pb is 10µg/day, Hg is 15µg/day, Cu is 2500µg/
day. Excessive accumulation of heavy metals in the body of 
livestock can cause poisoning and even death (Omoniyi et 
al., 2013; Akpambang et al., 2022; Govind and Madhuri, 
2014). According to Raikwar et al. (2008), heavy metals can 
enter and accumulate in the animal body through animal 
feeds, causing toxicity in livestock. Monteverde et al. (2022) 
added that heavy metals in the livestock’s body will accu-
mulate in the blood circulation and ultimately cause the 
presence of heavy metals in the generated milk products. 
For these reasons, finding healthier alternatives to molasses 
and cement is crucial for producing UMMB.

This study aims to examine the impacts of using cocoa 
pulp and tapioca meal as fillers and adhesives in UMMB 
production on the performance, milk production, and milk 
quality of Holstein Friesian cows. Cocoa pulp, the mem-
brane that encases the cocoa bean, is rich in carbohydrates 
(mainly sugars such as sucrose, glucose, and fructose) and 
also contains protein, vitamins, and minerals (Afokawa et 
al., 2013; Guehi et al., 2010; Lefeber et al., 2011). Despite 
its uncommon use as an ingredient of animal feed, prior 
studies have shown that cocoa pulp has the potential to be 
a substitute for molasses in UMMB production. Utamy et 
al. (2021) found that using cocoa pulp as an energy source 
in feed can enhance the performance of Bali cattle. Mean-
while, Ako et al. (2019) demonstrated that incorporating 
cocoa pulp into complete feed formulations can improve 

the performance of goats. Furthermore, the high starch 
content of tapioca meal makes it a natural and safe adhesive 
in the production of UMMB. When heated, the starch un-
dergoes gelatinization, giving tapioca meal adhesive prop-
erties (Nas et al., 2014). Both cocoa pulp and tapioca meal 
contain nonstructural carbohydrates which can be a source 
of energy for dairy cattle. In the rumen, nonstructural car-
bohydrates are broken down and fermented by microbes, 
producing volatile fatty acids (VFA) which are subsequent-
ly absorbed from the rumen and other digestive organs to 
be used as energy sources and precursors for the formation 
of milk and lactose for dairy cattle (Navikov and Beitz, 
2007). Nonstructural carbohydrates that can stimulate mi-
crobial activity are also contained in molasses (Broderick 
and Radloff, 2004). 

MATERIALS AND METHODS

Research Site
This study was conducted at a dairy farm in Talaga Hamlet, 
Juppandang Village, Enrekang, South Sulawesi, Indonesia. 
The daily mean temperature and humidity ranged from 
26.45°C ± 6.01°C and 74.33% ± 6.01% (in the morning) to 
29.53°C ± 8.92°C and 58.08% ± 8.92% (in the afternoon). 
Milk samples were analyzed at the Public Health Labora-
tory of Makassar, South Sulawesi, Indonesia.

Dairy Cows and Feeding
This study has received approval from the Hasanuddin 
University Research Ethics Committee under approval 
number 470/UN4.6.4.5.3L/PP36/2023. Experiments were 
conducted on 15 Holstein Friesian dairy cows in their ear-
ly–middle lactation stages, weighing approximately 500 kg, 
and aged 4–5 years. The dairy cows were housed in a group-
tied stall and fed three times a day at 06:30, 12:30, and 
15:30 with a diet consisting of 30 kg/head/day of elephant 
grass (Pennisetum purpureum) and 12 kg/head/day of con-
centrate made from a mixture of rice bran and tofu dregs. 
Both types of animal feed are generally given to livestock in 
the research location. Water was provided ad libitum.

Experimental Design and Treatments
This experiment employed a complete randomized design 
(CRD) with three treatments and five replications. Fif-
teen early-middle lactation dairy cows were grouped into 
3 treatment groups, each consisting of 5 cows, i.e., 1 cow in 
the early lactation stage and 4 cows in the middle lactation 
stage. The three treatments are: 1) without supplementation 
of UMMB (T0 as a Control), supplementation with 500g 
of regular UMMB (T1), and supplementation with 500g 
of UMMB made of cocoa pulp and tapioca meal (T2).

T1 and T2 UMMBs were made by combining feedstuffs 
with a hand mixer (Krisbow KW0901595, Indonesia) 
until evenly mixed, molding them into a cylinder shape 
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with a diameter of 15 cm and a thickness of 5.5 cm using 
a UMMB molding tool, and drying them using a dehy-
drator (Getra ST-02, Indonesia) for 15 hours at 70°C. All 
treatments, except for T2 molasses and tapioca meal, were 
heated to 70°C before being mixed with other feedstuffs.
Feedstuff composition and UMMB chemical composition 
are presented in Tables 1 and 2.

Table 1: Composition of the UMMB.
No. Feed Stuff Amount (%DM)

T1 T2
Adhesive
1. Cement 10 5
2 Tapioca meal - 5
Filler
1. Urea 5 5
2. Molasses/cocoa pulp 30 15
3 Cocoa pulp - 15
4. Coconut cake meal 15 15
5. Rice bran 35.5 35.5
6. Commercial mineral 1 1
7. Salt 2 2
8. Limestone 1 1
9. Commercial vitamin 0.5 0.5
Total 100 100

Table 2: Chemical composition of the UMMB.
UMMB Chemical Composition

Dry 
Matter 
(%)*

Ash 
(%)*

Crude 
Protein 
(%)*

Crude 
Fat 
(%)*

Crude 
Fiber 
(%)*

Ca 
(%)*

Gross En-
ergy (kcal/
kg )**

T1 95.51 22.29 28.19 1.21 17.61 3.57 3302.46
T2 93.86 21.93 32.39 0.67 19.82 3.50 3261.85

Source: *Livestock product quality testing laboratory, 
Department of Animal Husbandry and Animal Health of 
South Sulawesi; **Cikole Lembang feed/feed ingredients 
quality and safety testing laboratory.

Sampling and Parameter Measurements
The amount of feed given and the remaining feed were re-
corded daily and converted into dry matter (DM). Dairy 
cows were milked daily, and the yield was recorded at each 
milking time (06:00 and 15:00). Feed conversion efficiency 
(FCE) is the amount of milk yield when dairy cows con-
sume the same quantity of feed, measured using the follow-
ing formula (Arndt et al., 2015):

 

Milk samples were collected at the end of the experiment. 
The Kjeldahl method modified by Barbano et al. (1991) 

and the gravimetric method according to AOAC (1990) 
were employed to analyze milk protein and milk fat, re-
spectively. Meanwhile, total solids (TS) and solids-not-fat 
(SNF) were determined using measurements adopted by 
Draaiyer et al. (2009). TS can be estimated from the cor-
rected lactometer reading (CLR) and the fat content of the 
milk using the following formula:

TS = (0.25×LR) + (1.22×fat %) + 0.72

Once the TS data is obtained, SNF can be estimated using 
the formula below:

SNF=TS-fat %

A pH meter (Hanna, Indonesia) was used to measure the 
pH value of the milk immediately after milking, while the 
specific gravity (SG) of the milk was determined using the 
method described by Davide (1977). Milk samples with-
in the temperature range of 50°F–70°F were mixed and 
poured into a high glass cylinder. Subsequently, the lactom-
eter was slowly lowered into milk, and the scale reading 
(LR) was observed when it became stationary. Milk tem-
perature was recorded using a thermometer. The LR was 
corrected (CLR) accordingly by any deviations from the 
standard temperature of 60°F: 0.1 was added for each de-
gree above 60°F or subtracted for each degree below 60°F. 
The following formula was used to determine the SG:

 

Viscosity was measured utilizing an Ostwald viscometer 
with the formula used by Rizqiati et al. (2021) as follows:

Statistical Analysis
The ANOVA test was performed in SPSS version 16.0 
(IBM, USA) to statistically analyze the obtained data. Fur-
ther analysis was made using the Duncan test at p < 0.05 if 
there were any differences between the treatments.

RESULTS AND DISCUSSION

Feed Intake and Milk Yield
The parameters used in this study are feed intake and milk 
yield, which show the production performance of dairy 
cows as feed consumption can affect milk production, and 
FCE, which indicates the efficiency of feeding (Arndt et al., 
2015). Data on feed intake, milk yield, and FCE of Holstein 
Friesian dairy cows fed with UMMB supplementation can 
be seen in Table 3.
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The results of this study found that both treatments with 
UMMB supplementation significantly affected (p < 0.05) 
forage DMI and total DMI. The highest values of forage 
DMI and total DMI were recorded in T1, at 5.82 ± 0.47 
and 10.74 ± 0.45 kg/day, respectively. Conversely, the ef-
fect of the treatments on concentrate DMI, milk yield, and 
FCE was not significant (p>0.05). Nevertheless, the values 
of concentrate DMI in T1 and T2 were higher (4.92 ± 0.83 
and 4.92 ± 0.84, respectively) than that in T0 (4.09 ± 1.72). 
The highest milk yield values were achieved in T2 and T1 
(6.37 ± 2.02 and 6.32 ± 2.14 kg/day, respectively), whereas 
that in T0 was comparatively lower (5.46 ± 1.37 kg/day). 
The highest feed conversion efficiency (FCE) value was 
observed in T2, at 0.70 ± 0.25 kg of milk per kg of DMI.

While the total DMI value in T2 was lower than that in 
T1, the milk yield was higher, as presented in Table 3. Ac-
cording to previous studies by Figueroa et al. (2020) and 
Oyiyenka et al. (2019), this is likely attributed to the ener-
gy contribution of cocoa pulp and tapioca meal, both no-
tably rich in carbohydrates (68.3%–67.9% and 83%–85%, 
respectively), compared to molasses which only contains 
48-53% carbohydrate (Mordenti et al., 2021). Allen (2014) 
also suggested that the energy dairy cows require to produce 
milk influences their feed consumption. Similarly, Leduc et 
al. (2021) underscored the importance of adequate energy 
intake for dairy cows to achieve high milk yields. Therefore, 
incorporating 50% cocoa pulp instead of molasses in the 
production of UMMB can elevate the energy content that 
dairy cows consume, leading to an increase in DMI and 
milk yield without compromising the milk quality. 

The rumen carbohydrate digestion pattern greatly influ-
ences dairy cows’ ability to produce more milk. When in-
gested, complex carbohydrates such as cellulose and hemi-
cellulose are broken down in the rumen to produce acetic 
acid which is then absorbed into the rumen wall and used 
for fat synthesis in the mammary gland, resulting in in-
creased milk production. Similiarly, when dairy cows con-
sume simple carbohydrates such as sugars and starches (in 
this case, from cocoa pulp and tapioca meal), degradation 
in the rumen causes the production of propionic acid. This 
acid is absorbed from the rumen wall to the liver, forming 
glucose used for lactose synthesis in the mammary gland 
(Linn, 1988; Weimer, 2022; Sun et al., 2022). Lactose is a 
precursor for milk production, and increased glucose in the 
mammary gland also improves amino acid maintenance, 
potentially resulting in higher milk production and protein 
content (Sammad, 2020).

According to Duressa and Bersissa (2016), UMMB sup-
plementations (T1 and T2) can result in a higher total 
DMI value compared to T0 (without UMMB supple-
mentation). UMMB is ingested through licking and can 
enhance feed digestibility in the rumen. When cows lick 

UMMB, the produced saliva acts as a buffer to stabilize the 
rumen pH, thus optimizing the feed degradation process. 
This aligns with the statement of Mordenti et al. (2021) 
that the primary role of UMMB is to buffer and stimulate 
rumen bacteria, thereby aiding in stabilizing rumen pH 
and improving feed digestibility in the rumen.

Table 3: Dry matter intake and performance of dairy cows 
supplemented with UMMB.
Parameters Treatments p

T0 T1 T2
DMI (kg/day)
Forage 4.54 ± 0.22a 5.82 ± 0.47b 5.66 ± 0.95b 0.01
Concentrate 4.09 ± 1.72 4.92 ± 0.83 4.92 ± 0.84 0.48
Total 8.63 ± 1.58a 10.74 ± 0.45b 10.58 ± 0.83b 0.01
Milk Yield 
(kg/day)

5.46 ± 1.37 6.32 ± 2.14 6.37 ± 2.02 0.54

FCE (kg milk/
kg DMI)

0.69 ± 0.21 0.66 ± 0.26 0.70 ± 0.25 0.96

Description: abDifferent superscripts on same rows 
indicate significant difference between group (p< 0.05); 
T0: without UMMB (control); T1: Supplementation 
500gr of UMMB; T2: Supplementation 500gr of UMMB 
with cocoa pulp and tapioca meal.

The results of another study by Jayawickrama et al. (2013) 
showed that UMMB supplementation using 40% molas-
ses acted as an energy source for lactating dairy cows fed 
with good quality feed, while the additional provision of 
rice straw feed at night had no effect (p>0.05) on their 
production performance. However, milk production and 
milk fat content increased by 0.32 liters/head/day and by 
0.21%, respectively, compared to dairy cows not treated 
with UMMB.

Suharyono et al (2014) investigated the uses of UMMB 
with the addition of anthelmintic in the form of albenda-
zole (UMMB-MB-A) at a dose of 5g/80kg and UMMB 
with the addition of herbal agent in the form of Curcu-
ma aeruginosa (UMMB-MB-C) at a dose of 21g/500gr, 
with the amount of UMMB given being 500 gr/head/day. 
UMMB-MB-A supplementation showed an average in-
crease in milk production of 1.3 l/head compared to the 
control (0.70 l/head), while UMMB-MB-C supplemen-
tation showed an average increase in milk production of 
14.20 l/head compared to the control (13.60 l/head).

Although UMMB supplementation did not have a signif-
icant effect (p > 0.05) on FCE, the FCE value in T2 was 
notably higher, as indicated in Table 3. FCE denotes the 
milk produced from each DM intake, and a higher FCE 
value signifies greater milk yield when dairy cows consume 
the same amount of feed (Arndt et al., 2015). Consequent-
ly, replacing 50% of molasses and cement with cocoa pulp 
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and tapioca meal as filler and adhesive materials in UMMB 
production can enhance feed digestibility in dairy cows, ul-
timately resulting in increased DMI and milk yield.

Milk Quality
The findings indicated that T2 had the highest milk pro-
tein content at 2.71 ± 0.15 %, while T0 had the lowest at 
2.63 ± 0.10 %. Additionally, T1 and T2 had significantly 
different (p<0.05) milk fat contents, measuring 2.90 ± 0.09 
% and 2.94 ± 0.07 % respectively, compared to that of T0 
(2.61 ± 0.19 %). The total solids (TS) values for T0, T1, 
and T2 showed no significant differences, at 11.11 ± 0.15 
%, 11.13 ± 0.35%, and 11.14 11.14 ± 0.18 %, respectively. 
Similarly, the solids-not-fat (SNF) values for T0, T1, and 
T2 also demonstrated no significant differences, at 8.49 ± 
0.08 %, 8.46 ± 0.37 %, and 8.46 ± 0.14 %, respectively.

All treatments appeared to have comparable pH values, 
with the highest to lowest pH values recorded in T2, T1, 
and T0, namely 6.78 ± 0.07, 6.74 ± 0.24, and 6.41 ± 0.51, 
respectively. There were no differences in milk SG value 
between the treatments, measuring 1.029 ± 0.001 g/cm3. 
The milk viscosity values in T1 and T2 were 1.16 ± 0.08 
cP and 1.11 ± 0.11 cP, respectively, and these values were 
significantly different (P < 0.05) from that in T0, which 
was 1.00 ± 0.11 cP.

Table 4: Milk quality of dairy cows supplemented with 
UMMB.
Parameters Treatments p

T0 T1 T2
Protein (%) 2.63 ± 0.10 2.66 ± 0.15 2.71 ± 0.15 0.71
Fat (%) 2.61 ± 0.19a 2.90 ± 0.09b 2.94 ± 0.07b 0.003
Total Solid (%) 11.11 ± 0.15 11.13 ± 0.35 11.14 ± 0.18 0.16
Solid non Fat 
(%)

8.49 ± 0.08 8.46 ± 0.37 8.46 ± 0.14 0.96

pH 6.41 ± 0.51 6.74 ± 0.24 6.78 ± 0.07 0.19
Specific Gravi-
ty (g/cm3)

1.029 ± 
0.001

1.029 ± 
0.001

1.029 ± 
0.001

0.83

Viscosity (cP) 1.00 ± 0.11 1.16 ± 0.08 1.11 ± 0.11 0.07
Description: abDifferent superscripts on same rows 
indicate significant difference between group (p< 0.05); 
T0: without UMMB (control); T1: Supplementation 
500gr of UMMB; T2: Supplementation 500gr of UMMB 
with cocoa pulp and tapioca meal.

The milk protein and fat content were higher in T2 than in 
T1 and T0. This is attributed to the presence of cocoa pulp 
and tapioca meal in the UMMB used in T2, which con-
tain high levels of sugars and carbohydrates. These sugars 
and carbohydrates act as precursors for lactose formation 
during milk synthesis. This finding supports the statement 
of Nichols et al. (2019) that carbohydrates and proteins are 

necessary for lactose synthesis, ultimately leading to an in-
crease in fat and protein synthesis in the udder gland.

Data from Table 4 indicates a difference in milk viscos-
ity between T0 and T1, which can be linked to the high 
energy content of UMMB derived from molasses, cocoa 
pulp, and tapioca meal, all of which serve as precursors for 
fat formation in milk. Furthermore, UMMB contains urea 
which can enhance the activity of rumen bacteria and also 
serves as a source of microbial protein for dairy cows. This 
finding is consistent with the study by Genzebu and Tes-
fay (2015) which suggested that urea is utilized by rumen 
bacteria for growth and eventually absorbed into the small 
intestine, where the bacteria cell walls are used in the pro-
cess of synthesizing milk in the udder glands. The viscosity 
value of milk becomes an indicator of the amount of fric-
tion between protein and fat particles in milk. Accordingly, 
higher amounts of protein and fat result in higher viscosity 
(Khalifa and Ghanimah, 2013). 

This study discovers that the average pH value of Holstein 
Friesian dairy cow milk falls within the normal range of 
6.3–6.8. This aligns with the findings of a study by Rah-
madiati et al. (2023) which reported an average pH value 
of 6.4. This is within the normal threshold for fresh cow 
milk according to the National Standardization Agency of 
Indonesia (BSN, 2011). Notably, UMMB supplementation 
does not impact the pH value of the produced milk. A pH 
value above 6.8 may indicate mastitis in Holstein Friesian 
dairy cows, while a pH value below 6.2 suggests acidic milk 
conditions due to bacterial growth (Gemechu et al., 2015; 
Pramesthi et al., 2015).

Furthermore, the SG value in the study is also within the 
normal threshold for fresh cow milk, specifically 1.027, ac-
cording to BSN (2011). SG value reflects the ratio between 
solids and liquids in milk, with higher solids resulting in a 
higher SG value (Gemechu et al., 2015).

CONCLUSIONS AND 
RECOMMENDATIONS

While having no effect on milk yield, supplementation us-
ing UMMB made by substituting 50% of the molasses fill-
er and cement adhesive with cocoa pulp and tapioca meal 
may increase milk fat content. The utilization of cocoa pulp 
as an additional animal feed ingredient is expected to re-
duce the environmental impact of cocoa processing indus-
try waste. However, further studies on the use of UMMB 
with the substitution of molasses filler and cement adhesive 
with cocoa pulp and tapioca meal over a longer period and 
on a larger scale are highly recommended to determine the 
effects of UMMB feeding on the long-term health of dairy 
cows.
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