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Abstract. Tanuwiria UH, Mushawwir A. 2020. Hematological and antioxidants responses of dairy cows fed with a combination of feed 
and duckweed (Lemna minor) as a mixture for improving performance. Biodiversitas 21: 4741-4746. A total of twenty-five, 5-7th-
lactation-old or 7-8thyears-old dairy cows were used in the current study to study the effect of feed duckweed (Lemna minor) on the 
hematological status and parameters related antioxidant in the dairy cow. Each group of treatment involved 5 replicates with a dairy cow 
each (5 dairy cows per group). All of the group was provided ration following F0 = Uncultivated grass (UG) 60% and supplemented 
concentrated (C) 40%; F1 = UG 50%+fresh  duckweed 10%+C 40%; F2 = UG 60%+fresh  duckweed 3%+C 37%; F3 = UG 50%+fresh  

duckweed 10%+dried  duckweed  3%+C 37%; F4 = UG 45%+fresh  duckweed 15%+dried  duckweed  2%+C 38%. Blood samples were 
collected from each dairy cow monthly beginning at the first month of this experiment, from the tail vein (vena coccygeal), using a 
sterilized syringe and vacuum tube containing K3EDTA. Hematological parameters were analyzed by a hematology analyzer. The blood 
samples collected were also centrifuged to separate the plasma. The plasma was used to determine of concentration of parameters 
related to antioxidant by an automatic biochemical analyzer, using a commercial kit. All procedure of the analysis was following based 
on the Biolabo kit (Franch) and Randox kit (UK). Based on in this current study showed that increased hematological condition and 
antioxidants profile in dairy cow supplemented duckweed . Supplemented duckweed  can be improved physiological condition 
(hematologic and antioxidants) in the dairy cow. 
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INTRODUCTION 

Dairy cows need an ideal housing environment, to be 

able to produce optimally. Dairy farming systems in West 

Java and generally in Indonesia, have not shown a good 

maintenance system. This condition causes high NH3 levels 

in the housing, pathogenic microbes infection, low milk 

production. NH3 levels of the cage also cause responses to 

olfactory receptors. On the other hand, the use of alternative 

feeds needs to be encouraged to reduce feed costs, and at 

the same time improve the performance of dairy cattle. 
Application of natural matter as feed mixes has been 

reported in animals. The potential use of duckweed (Lemna 

minor) feed ingredients is supported by the high protein 

content which ranges from 22.40%, crude fiber 10.16% 

(Sasmaz et al. 2015), and its metabolic energy reaches 

2342 kcal.kg-1 dry matter, amino acids especially lysine 

reached 6.9 g in 100 g, methionine 1.4%, and histidine 

2.7% (Tanuwiria et al. 2011), and rich in minerals and 

vitamin A (Saygideger et al. 2015), also amino acid 

microminerals (Sazmaz et al. 2015). 

The productivity of duckweed is high, ie every two 
days biomass is produced once as initial biomass, if 

regulated effectively it can produce 10-30 tons of dry 

matter.ha-1.year-1 with a content of 43% crude protein 

(Sasmaz et al. 2015; Lai et al. 2016). The results of the 

study by Ippolito et al (2014) showed that the productivity 
of duckweed biomass was about 176.38 g/m2 in wet 

conditions or 6.24 g.m2 in dry conditions, whereas the 

results of studies in the Cikajang Garut area, the 

productivity of duckweed around 234.37 g.m2 in a wet state 

(Tanuwiria et al. 2011). Based on the high protein content, 

duckweed has potential as a feed ingredient. The duckweed 

biomass can be used as a food source of protein reserves 

for livestock. Each species of Lemna sp. has a variety of 

nutritional and anti-nutritional contents and is largely 

determined by the growth in vitro (Pearce et al. 2013; 

Geburt et al. 2015). 
The blood (extracellular fluid) functions as the transport 

carbon dioxide, oxygen, carrier of nutrient, metabolic 

waste, and the pathway of humoral transmission. So the 

blood (hematological and biochemical parameters) would 

consider the physiological state of the animal body. 

Therefore, the current experiment was to evaluate potential 

Many reports have shown that duckweed  found a 

significant effect in animals; species such as laying hen, 

broiler, ruminant. However, only limited published and 

information is available about dietary duckweed  for the 

dairy cow as we know. Therefore, the current experiment 

was to evaluate the supplementation of duckweed as a 
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ration to hematology of dairy cows and its potential as an 

antioxidant. 

MATERIALS AND METHODS 

Study area 

The research was located in Cikajang, Garut District, 

West Java, Indonesia. This area has a very strategic 

potential. Several supporting reasons, namely the farmers 

in Cikajang have been raising dairy cattle for a long time, 

with a population of 1755. Besides that, the dairy farms in 

this area have been managed with good management under 
the dairy farmer cooperation.   

Experimental design 

Animal samples and treatment  

The protocol of this experiment and the animal samples 

were approved and handled in accordance with good 

animal practice, also the authors have declared that this 

study no competing interest exists. A total of twenty-five, 

5-7th-lactation-old dairy cows were used in the current 

study. The cow samples were obtained from a local 

breeding farm company. The dairy cow was individually 

ear-banded. The samples were placed onto individual 
housing, measuring 140x230 cm in an environmentally 

controlled house for six months.
 

The housing temperature was exposed neutral 

temperature zone for a dairy cow, i.e. 18-250C during the 

experimental period, and the relative humidity was 

maintained between 65 and 85%. Fed and water were 

presented for ad libitum consumption. The animal samples 

were randomly allocated to 5 treatment groups (a group as 

the control (without duckweed) and the other group as a 

treatment group of duckweed). 

Each group of treatment involved 5 replicates with a 
dairy cow each (5 dairy cows per group). All of the group 

was provided ration following: (i) F0 = Control group, 

Uncultivated grass (UG) 60% and supplemented 

concentrated (C) 40%, (ii) F1 = UG 50%+fresh  duckweed 

10%+C 40%, (iii) F2 = UG 60%+fresh  duckweed 3%+C 

37%, (iv) F3 = UG 50%+fresh  duckweed 10%+dried 

duckweed  3%+C 37%, (v) F4 = UG 45%+fresh  duckweed 

15%+dried duckweed  2%+C 38%. 

Uncultivated grasses were used in this study consist of 

Paspalum conjugatum and Cynodon dactylon, while the 

concentrate composition used consists of tofu dregs, rice 

bran, soybean dregs. 
 

Sample collection and analysis 

Blood samples were collected from each dairy cow 

monthly in beginning in the first month of this experiment, 

for six months. The blood samples were sucked from the 

tail vein (vena coccygeal), using a sterilized syringe and 

vacuum tube containing K3EDTA. Hematological parameters 

were analyzed by a Mindray Auto Hematology Analyzer, 

BC-5300. The EDTA tubes containing blood samples were 

placed under a suction needle, then 100 µL blood samples 

were automatically filled with a hematology analyzer. 
The blood sample collected was also centrifuged to 

separate the plasma. The plasma was used to determine of 

concentration of parameters related to antioxidant by an 

automatic biochemical analyzer from Biolabo with a model 

of Kenza 240TX , using a commercial kit. All procedure of 

the analysis was following based on the Biolabo kit 

(Franch) and Randox kit (UK).  

Data analysis 

The data were statistically analyzed by one-way 

analysis of variance (ANOVA) using the completely 

randomized design procedure, with software of SAS 
Version 8.216 for a completely randomized design. Blood 

parameters and antioxidant levels were subjected to 

analysis of variance. The difference between the means of 

all treatments was separated by Duncan’s multiple range 

tests (SAS Institute 2001) at a 95% significant level or α = 

5%. Each mean level of hematology and antioxidants, 

followed by the standard deviation (±SD).  

RESULTS AND DISCUSSION 

Hematological responses 

The effects of duckweed supplementation with different 

levels on the hematologic profile of dairy cows are shown 
in Table 1. Diet supplemented with duckweed, individually 

or combination of concentrate with duckweed had 

significant effect (P<0.05) on all of the hematological 

parameters. Based on the results of the present study (Table 

1), overall, it showed that the addition of duckweed in the 

dairy cattle rations can improve the hematological 

condition of dairy cows. The improvement in hematologic 

levels with duckweed administration can be explained as 

the impact of duckweed bioactive content increases the rate 

of erythropoiesis and prevents damage to blood cells, and 

also decreases the risk of oxidative stress. 
The effects of duckweed supplementation with different 

levels on the hematologic condition of the dairy cow are 

shown in Table 1. Diet supplemented with duckweed, 

individually (only fresh duckweed) or combination of fresh 

with dried of duckweed had a significant effect, such as 

RBC value in the dairy group of F4 ration was higher 

(5.24, P<0.05) than dairy group of F1 ration was 4.78, and 

similar results showed on all of the hematological 

parameters. The results of the current study showed that a 

combination of duckweed can be improving blood values. 

Some studies have reported and suggested that natural 

substances significantly increased hematological values. 
This is in accordance with Odore et al. (2011) who reported 

that natural extract increased the differential leukocytes 

count. The use of natural substances on hematological 

status also have reported by Siskos et al. (2017), which 

showed a significant effect on the blood profile.                                                                                                                                                                                                                                                                                                                                                 

The result in this study also presented that 

concentration of Hb, PCV, RBC, and WBC were increased 

significantly with dietary of combination fresh duckweed 

and dried duckweed (F3 and F4). These results indicated 

that the interaction of chemical compounds in duckweed 

with the molecule in cells increased effect on the 
erythropoiesis by specific signaling factors. Mushawwir et 
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al. (2010) and Slimen et al. (2016) suggested that all blood 

cells form from a single type of stem cell, through a 

process called hematopoiesis. The specific signaling is one 

main factor to support this process in the hematopoietic 

organs. Cheng et al. (2014) reported specific signaling 

factors were involved in triggering the production of 

different types of blood cells. Erythropoietin is a hormone 

released from the kidney and triggers the differentiation of 

stem cells into erythrocytes. Although, previous study 

demonstrated the heterogeneous results in the effect natural 
extract on hematological profile, the simultaneous effect 

with duckweed in this experiment leads to a growth blood 

cell formation of the dairy cow.  

Previous studies have been widely reported on the 

mechanism and role of natural extracts on the formation of 

blood cells and the immune system in ruminants. Collier et 

al. (2012) and Allen et al. (2015) reported that giving 

phenol from duckweed extract was able to increase the 

activity of enzymes that catalyze blood formation and 

improve the L / N ratio, thereby reducing the risk of stress 

in ruminant. The other report showed that the phenol can 
reduce free radical activities in commercial poultry 

(Anderson et al. 2013; Adriani et al. 2015; Kamil et al. 

2020; Adriani and Mushawwir 2020), and increasing for 

antioxidant activities in pet animal (McManaman et al. 

2017; Mushawwir et al. 2018). The other investigators have 

shown an increase in oxygen flow in the blood as a result 

of the addition of duckweed in rabbit rations (Roland et al. 

2016). The results of this previous study, reinforce the fact 

that duckweed contributes to Hb resistance in red blood cells. 

Antioxidants status 

The effects of duckweed supplementation with different 

levels of antioxidants profiles of dairy cows are shown in 

Table 2. Diet supplemented with duckweed, individually or 

combination of concentrate with duckweed had a 

significant effect (P<0.05) on all of the antioxidant 

parameters. 

The potential of duckweed as an ingredient that 

contains antioxidant activity, has been reported by several 

researchers. According to Cheng et al. (2014), the 
relationship between total phenol and antioxidant activity 

was that the lower the IC50 value, the higher the total 

phenol content, so that the antioxidant activity is directly 

proportional to the total phenol, the higher the phenol 

content in an the higher the activity as an antioxidant. The 

ethanol extract of 70% duckweed leaves has a high total 

phenol content because of the potential of phenolic 

compounds as antioxidants due to the presence of hydroxyl 

groups in phenol compounds. The high concentration of 

phenolic compounds causes the formation of phenolic ions 

to increase (Damaziak et al. 2017). The n-hexane and ethyl 
acetate extracts have a low total phenol content. According 

to research conducted by Soisuwan and Chauychuwong 

(2013), this difference in value is influenced by the level of 

the polarity of the solvent used in the metabolite 

compounds found in the sample. If the content of phenolic 

compounds in the sample is high, the antioxidant activity 

will be high. It is suspected that with an increase in total 

phenol, antioxidant activity is higher and greater than low 

phenol levels. 

 
Table 1. The effect of duckweed levels on the hematological parameters in dairy cow 
 

Ration 
RBC Hb PCV WBC L N N/L 

Ratio 

ESR 

(x103.mm-3) (g%)  (%) (x103.mm-3) (x102.mm-3) (x102.mm-3) (mL.h-1) 

F0 4.78±0,15a 9.5±0.41a 3.87±0.132a 66.21±0.32a 5.28±0.16a 21.045±0.58a 3.98±0,11a 5.13±0.33a 
F1 4.12±0,11b 12.5±0.31b 37.38±0.16b 92.26±0.13b 5,78±0.24a 18.37±0.32b 3.21±0.13a 3.82±0.53b 

F2 5.14±0,13b 12.4±0.45b 35.63±0.14b 93.89±0.14c 6.67±0.28b 18,27±0.21b 2.73±0.28b 3.74±0.34b 
F3 5.12±0,08b 12.3±0.54b 38.47±0.13b 92.13±0.03b 6.79±0.18b 18,52±0.31b 2.72±0.31b 3.81±0.72b 
F4 5.24±0,04c 12.8±0.55b 37.46±0.22b 93.13±0.32c 7.67±0.17b 18.56±0.17b 2.43±0.16bc 3.83±0.34b 

Note: RBC: Red blood cells; Hb: Hemoglobin; PCV: packed cell volume; WBC: White blood cells; L: Lymphocytes; N: Neutrophil 
ESR: erythrocyte sedimentation rate. a,b,c Means in each column with different superscripts are significantly different (p<0.05), Value are 
given in Means±SD 

 

 

Table 2. The effect of duckweed levels on some parameters related antioxidant of blood plasma in dairy cow 
 

Parameters 
Ration 

F0 F1 F2 F3 F4 

Glutathione peroxidase, nmol.mg-1 4.52±0.47a 5.67±3.72b 7.48±4.72b 8.73±4.25b 8.76±1.47b 
Glutathione reductase, nmol.mg -1 2.62±0.03a 6.65±5.07b 8.73±4.01b 9.53±3.06c 9.53±2.24c 

Superoxide dismutase, nmol.mg -1 2.01±0.26a 3.93±1.05b 3.84±1.92c 3.93±1.02b 3.91±1.11b 

Soluble transferrin receptor, mg.dl-1  0.95±0.01a 1.74±1.58b 0.69±1.74a 2.83±0.28c 2.73±1.75c 

Total iron binding capacity, mg.dl-1 2.36±0.23a 2.62±3.56a 3.04±3.52b 2.39±4.19b 2.17±3.58b 
Transferrin (mg.dl-1), 1.22±0.11a 2.79±0.71b 2.97±0.27b 3.98±0.53c 4.49±0.43d 

Ferritin, nmol.mg -1 0.93±0.03a 0.53±0.02b 0.51±0.01b 0.38±0.02c 0.39±0.01c 

Ceruloplasmin, mg.dl-1 1.32±0.16a 1.35±0.35b 1.46±0.18b 1.26 ±0.15b 1.35±0.28b 
Albumin, mg.dl-1 1.78±1.13a 2.31±1.24a 3.06±0.14b 3.14±1.17b 3.07±0.13b 

Bilirubin total, mg.dl-1 1.21±0.02a 1.23±0.05a 1.13±0.11a 2.15±0.08b 2.24±0.02b 

Bilirubin direct, mg.dl-1 2.43±0.12a 3.54±1.08a 4.19±1.09a 5.29±0.10b 5.31±0.11b 

Uric acid, mg.dl-1 8.52±1,64a 8.69±0,23 7.85±0,24b 7.72±0.32b 7.60±0.74b 
Total antioxidant status, nmol.mg -1 9.96±0.42a 11.35±0.01b 11.36±0.01b 11.32±0.02b 13.31±0.02c 

Note: a,b,c Means in each column with different superscripts are significantly different (p<0.05), Value are given in Means±SD 
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Duckweed is often used as a traditional medicine 

because it has a variety of benefits such as: anticancer, 

antidiabetic (Korivi et al. 2012), antifungal (Vizzotto et al. 

2015), antimicrobial (Pickler et al. 2013; Tian et al. 2015), 

anti-inflammatory and analgesic (Xu et al. 2015; Moreno et 

al. 2015; Kusmayadi et al. 2018), antioxidant (Mushawwir 

et al. 2010, 2011; Hecker and McGarvey 2011; Fabris et al. 

2017), and sedative activity from the nervous system (Azis 

et al. 2012; De Castro et al. 2013; Pouyssegur and Mechta-

Grigoriou 2016). These activities can be produced because 

of the role of chemical compounds contained therein such 
as alkaloids, phenols, flavonoids (He et al. 2009) and the 

other report showed some chemicals such as tannins, 

anthocyanins, glycosides, bufadienolides, saponins, 

coumarin, sitosterol, quinine, and lectins (O’Brien et al. 

2010; Rhoads et al. 2013; Shehab-El-Deen et al. 2014). 

Several other researchers report, this plant is rich in 

phenolic compounds, especially quercetin as the major 

flavonoid of this species. 

The biological effects of duckweed on blood synthesis 

appear to be influenced by their glycoside content. 

Anonymously (48484) shows the role of glycosides in 
increasing the rate of erythropoiesis. Increased lymphocyte 

production and decreased neutrophil production in this 

study (Table 1) by administering F2-F2 ration, confirmed 

that duckweed was able to increase the growth of B and T 

lymphocyte cells (Holt et al. 2010). The growth and 

performance of these two cells is the role of duckweed 

which has the ability to prevent inflammation by flavonoids 

and tannins. 

Based on the results of this study it can be stated that 

duckweed can play a role in avoiding radical compounds 

thereby reducing the impact of lipid peroxidation by radical 

compounds. This decrease in lipid peroxidation is shown 
by the increased ability of Iron blood cells to transport 

oxygen, as well as an increase in transferrin receptors and 

transferrin levels in blood plasma. The results of previous 

studies show the same indications with the results of this 

study. Mushawwir et al. (2018) have shown the effect of 

some natural extracts to an increase in oxygen consumption 

as an effect of increasing levels of transferrin in poultry. 

Zahner et al. (2014) also reported improvements in 

metabolic rate and the other investigator showed an 

increase level of antioxidants in small ruminants, and in 

beef cattle (Mushawwir et al. 2010,2011; Roland et al. 
2016), and dairy cows and rats (Arya et al. 2014; Monteiro 

et al. 2016; Nguyen et al. 2016). The results of research by 

Hidayat et al. (2011) showed that feeding natural extracts 

increased the digestibility and absorption of nutrients in the 

rumen. Phenols contained in natural ingredients seem to be 

able to stimulate specific protein synthesis in the liver cells 

(Gray et al. 2015; Adriani and Mushawwir 2020; Kamil et 

al. 2020). 

Based on the results of this investigation, combining 

duckweed with concentrated resulted in supplemented 

levels that significantly enhanced the hematological and 

antioxidants profile, therefore, we conclude that duckweed 
(fresh or dried) can be used to improve performance in 

dairy cow. 
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