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Abstract. Urea Molasses Multi-Nutrient Block (UMMB) is a feed 
supplement for dairy cows, comprising fillers and adhesives. Cement is the 
most commonly used adhesive in UMMB; however, it consists of inorganic 
materials that may lead to the precipitation of heavy metals in dairy products, 
such as milk. In contrast, tapioca meal exhibits similar adhesive properties 
and is considered a viable substitute for cement in UMMB. This research 
aimed to evaluate the impact of substituting cement with tapioca meal as an 
adhesive in UMMB on heavy metal residues, specifically lead (Pb), 
cadmium (Cd), and mercury (Hg), in cow's milk. A total of 20 lactating 
Holstein Friesian dairy cows were organized into five dietary treatments 
according to a completely randomized design, with four cows serving as 
replicates for each treatment. The dietary treatments included UMMB with 
100% cement adhesive (T0); a mixture of 75% cement and 25% tapioca meal 
(T1); 50% cement and 50% tapioca meal (T2); 25% cement and 75% tapioca 
meal (T3); and 100% tapioca meal (T4). The milk’s Pb, Cd, and Hg 
concentrations were subsequently measured. Results indicated that the 
treatment had a significant effect (P<0.05) on Pb levels, while no significant 
effects (P>0.05) were observed for Cd and Hg. The concentrations of Pb and 
Cd in the milk across all treatments ranged from 0.009 to 0.01 ppm and 0.10 
to 0.11 ppm, respectively. Notably, Hg residues were not detected in the 
milk samples. Consequently, it can be concluded that tapioca meal is an 
effective alternative to cement as an adhesive in UMMB. Furthermore, 
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UMMB supplemented with tapioca meal is superior due to its organic 
composition.  

1 Introduction 
 Milk production and its composition are influenced by various factors, particularly the 
nutrients cows consume. Nutrients are chemical substances in feedstuffs that can be 
mobilized and utilized for basal maintenance, production, and reproduction [1]. The urea 
molasses multi-nutrient block (UMMB) represents a cost-effective technology that enhances 
ruminant productivity and holds significant potential for improving livestock nutrition in 
Indonesia. In several countries, UMMB has been utilized as a feed supplement for beef cattle, 
dairy cows, and small ruminants. Utamy et al. [2] reported that UMMB feed supplements can 
boost postpartum Bali cattle’s daily gain and overall performance. Typically, UMMB is 
produced from a combination of molasses, urea, and either cement or lime as an adhesive, 
along with bran and various protein-rich by-products, salt, and water, all mixed and processed 
into a solid, compact block [3]. Our previous study also examined the use of UMMB [2]. 
 UMMB comprises fillers and adhesives, with cement being a commonly used adhesive 
material. However, cement dust contains heavy metals such as chromium, nickel, cobalt, 
lead, and mercury, which can be detrimental to the environment, particularly soil, and 
adversely affect vegetation, human health, animal health, and the ecosystem [4]. While small 
amounts of heavy metals are essential for maintaining good health, excessive exposure can 
lead to toxicity and serious health risks. Heavy metal toxicity may result in decreased energy 
levels and adversely affect the functioning of critical organs, including the brain, lungs, 
kidneys, liver, and blood composition. Prolonged exposure can lead to progressive physical, 
muscular, and neurological degenerative conditions that may resemble diseases such as 
multiple sclerosis, Parkinson's disease, Alzheimer's disease, and muscular dystrophy. In some 
cases, repeated long-term exposure to certain metals and their compounds has been linked to 
cancer risk [5]. 
 Cement contains heavy metals that can be detrimental to human health; therefore, 
substituting cement with safer adhesive alternatives is essential. Tapioca meal presents a 
viable substitute for cement, as it exhibits similar adhesive properties [6]. This study aimed 
to investigate the impact of substituting cement with tapioca meal as an adhesive in Urea-
Molasses Multi-Nutrient Blocks (UMMB) on the levels of heavy metal residues—
specifically lead (Pb), cadmium (Cd) and mercury (Hg)—in cow's milk.  

2 Materials and methods 
2.1 Study Site and Materials 
 
 The study was located with precision in Lebang Village, situated in the Cendana Sub-
district of Enrekang Regency, from January to February 2023. We thoroughly analyzed heavy 
metal residues in milk samples at the Chemical Feed Laboratory in the Faculty of Animal 
Science at Hasanuddin University, Makassar. The UMMB feed supplement is expertly 
formulated and includes rice bran, urea, coconut cake meal, essential minerals, tapioca meal, 
cement (serving as an adhesive), vitamins, and salt. 
 
2.2 Research Implementation 

 All feed ingredients were measured according to the specified formulations and 
thoroughly mixed using a hand mixer. The mixtures were then formed into rounds and 

 

 

pressed with suitable equipment. Additionally, the UMMB was placed in a dehydrator at 
70°C for approximately 15 hours before being fed to lactating Holstein Friesian dairy cows. 
The study was conducted for 60 days with a 7-day feed adaptation period. Dairy cows were 
kept in group cages side by side, with the size of each cage being 5 m × 2 m. The process of 
providing forages was fed twice a day, at 08.00 AM and 04.00 PM. Tofu dregs were fed once 
at 07.00 PM. The rate of feed given was 3% (dry matter basis) of the dairy cow’s body weight. 
The UMMB was placed on the side of the feed and fed as much as 500 g/head/day. 
 A total of 20 lactating Holstein Friesian cows were divided into 5 dietary groups in a 
completely randomized design. Each treatment had 4 cows as replicates. The dietary 
treatments consisting of UMMB are presented below: 
 
T0 = UMMB with 100% of cement adhesive 
T1 = UMMB with 75% of cement and 25% of tapioca meal T2 = UMMB with 50% of cement 
and 50% of tapioca meal T3 = UMMB with 25% of cement and 75% of tapioca meal T4 = 
UMMB with 100% of tapioca meal adhesive 
 
2.3 Parameters Study 

 The parameters observed in this study included heavy metal residues in milk, specifically 
Pb, Hg, and Cd, which were analyzed using the atomic absorption spectrophotometry (AAS) 
method. 
 
2.4 Data analysis 

 Data obtained in the present study were subjected to analysis of variance to determine 
the effect of diets containing different levels of cement on heavy metal residues in cow’s 
milk, and the differences between the means were determined by the least significant 
difference at p<0.05.  

3 Results and discussion 
The results of heavy metal residues in dairy cow milk are presented in Table 1. 
 
Table 1. Heavy metal residues in Holstein Friesian dairy cow milk. 
 
Parameters Treatments (ppm) Significance 

T0 T1 T2 T3 T4 
Pb 0,11±0,000a 0,11±0,000a 0,11±0,000a 0,105±0,004b 0,105±0,004b P=0,014 
Hg x x x x x ns 
Cd 0,010±0,000 0,009±0,000 0,009±0,000 0,009±0,000 0,009±0,000 ns 
Pb= Lead; Hg= Mercury, and Cd= Cadmium; x= not exist; ns= non-significant; abMeans with different 
superscripts in a row differ significantly (p<0.05). 
 
 The provision of UMMB resulting from the substitution of cement with tapioca starch as 
an adhesive material had a significant effect (P<0.05) on Pb levels in Friesian Holstein dairy 
milk but no significant effect (P>0.05) on Hg and Cd levels. Pb levels in Friesian Holstein 
dairy milk decreased as cement substitution with tapioca starch decreased. So, it is suspected 
that the residual Pb metal found in milk is produced from the cement adhesive material used 
in the manufacture of UMMB in this study. The high level of Pb in all treatments is suspected 
that Pb is not only found in cement as an adhesive material but also possibly comes from Pb-
contaminated feed crops. Grasslands close to the highway are very easily contaminated with 
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Pb. Pb is widely produced from motor vehicle fumes and corroded road dividers [7]. Dust 
from motor vehicles can accumulate on the surface of plant leaves or other parts of the plant 
[8]. Cement dust contains heavy metals such as chromium, nickel, cobalt, lead, and mercury, 
which harm biotic environments such as soil and impact vegetation, human health, animal 
health, and ecosystems [9]. 
 The highest Pb levels in Friesian Holstein dairy milk were in the P0, P1, and P2 
treatments at 0.11 ppm and the lowest were in the P3 and P4 treatments at 0.105 ppm. Pb 
levels in all treatments exceeded the maximum limit that is safe for consumption. The 
maximum limit of lead in milk is 0.02 ppm according to Codex Alimentarius, EU, and Iranian 
National Standards [10]. Consuming Pb-contaminated cow's milk is very harmful to the 
body. Pb can affect the neurological system and the most severe is encephalopathy, which is 
a response to very high doses of Pb that causes irritability, headaches, loss of focus, memory 
loss, mental dullness, and hallucinations [11]. 
 No residual levels of mercury (Hg) were detected in Friesian Holstein dairy milk, as 
indicated in Table 2. The low Hg levels in UMMB are believed to prevent its absorption into 
the resulting milk products. Additionally, the absence of Hg residues in dairy products can 
be attributed to the intricacies of the cow's digestive system. The digestion process of UMMB 
does not lead to significant Hg levels reaching the milk synthesis process. The digestive 
system of dairy cows involves several stages, starting from the mouth, esophagus, rumen, 
reticulum, omasum, abomasum, small intestine, and large intestine [12]. Nutrient absorption 
occurs in the small intestine, where the absorbed nutrients are transported by the blood to 
various parts of the body. Milk fat, lactose, and protein are synthesized in the cell from 
precursors that are absorbed from the blood and released into the milk through apocrine, 
merocrine, or holocrine secretion. Milk's water, minerals, and vitamin components primarily 
enter the alveolus lumen through diffusion, although some may be bound to other compounds 
[13]. 
 In this research, it was found that Friesian Holstein dairy milk meets the standard as it 
does not contain any Hg residues, which can cause serious neurological diseases. Heavy 
metals such as mercury can lead to decreased IQ, memory, autism, and abnormalities of the 
eyes and tongue. The contamination of heavy metals Pb and Cd usually originates from the 
environment, including water, grass, feed additives, drugs, and farm equipment. Cd 
contamination can occur through pastures, crops, contaminated soil, and feed containing 
chemical elements. It's important to note that heavy metals can be present in dairy products 
and by-products at varying levels due to factors such as raw milk contamination, processing 
methods, utensils, packaging materials, and water supply for feed crops. 
 Cd levels decreased with decreasing cement levels in the manufacture of UMMB. The 
highest Cd level in Friesian Holstein dairy milk is in the P0 treatment, which is 0.010 ppm, 
and the lowest is in the P1, P2, P3, and P4 treatments, which is 0.009 ppm, which is still 
within safe limits for consumption (<0.01 ppm) [15-16]. Consuming milk contaminated with 
Cd exceeds the standard that has been set can cause serious health problems. According to 
the World Health Organization (WHO), consuming Cd beyond the standard has a great 
potential to cause neurodegenerative disorders, ESRD, breast cancer, prostate cancer, bone 
demineralization, and diabetes [17]. 
 The levels of cadmium (Cd) diminished as the cement content in the production of 
UMMB was decreased. The highest concentration of Cd detected in Friesian Holstein dairy 
milk occurred in the P0 treatment, with a measurement of 0.010 ppm, while the lowest 
concentrations were found in treatments P1, P2, P3, and P4, all at 0.009 ppm. These levels 
are still within the safe consumption threshold of less than 0.01 ppm. However, consumption 
of milk with Cd levels exceeding these limits can lead to serious health concerns. The World 
Health Organization (WHO) has indicated that high levels of Cd intake may be associated 

 

 

with neurodegenerative disorders, end-stage renal disease (ESRD), breast cancer, prostate 
cancer, bone demineralization, and diabetes [17].  

4 Conclusion 
 The concentrations of mercury (Hg) and cadmium (Cd) in milk did not show significant 
changes due to the different dietary treatments. However, the lead (Pb) concentration in milk 
was notably lower in the T3 and T4 treatments than in the T0, T1, and T2 treatments. This 
suggests tapioca meal can effectively replace cement as an adhesive in UMMB. Additionally, 
UMMB supplements containing tapioca meal are preferable due to their organic nature and 
ability to decrease lead levels in cow milk. Consuming milk with heavy metal levels 
exceeding the recommended limit is important to note that it can lead to serious health issues.  
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