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Graphical Abstract

Summary
Nutrient removal, in particular nitrogen and phosphorus, from wastewater is a growing regulatory need, and 
the use of microalgae may create a unique amalgamation between dairy wastewater treatment and livestock 
feed production. The current study evaluated the taste preference of specific amounts of algae produced from 
dairy wastewater on preference of heifer calves. An integrated facility can utilize and recycle nutrients from 
dairy farm wastewater, as well as carbon dioxide emissions on-site, to simultaneously produce “green” energy, 
clean water, food, and livestock feed.

Highlights
•	 Microalgae has been used as a nutrition source by humans for thousands of years 
•	 We evaluated taste preference of Chlorella sp. fed to dairy calves
•	 Microalgae may be added to calf starter without any adverse effects
•	 Calves prefer calf starter without microalgae
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Abstract: The objective of this study was to evaluate the taste preference of calves fed Chlorella sp. microalgae produced from dairy 
lagoon wastewater. Six Holstein dairy heifer calves that were 12 to 14 wk of age (107 ± 3.8 kg of body weight) were fed 0 (control), 
30, or 60 g of Chlorella sp. daily, and all calves were fed all treatments in a sequential elimination study. For the 7-d experiment, d 1 to 
2 were for diet adaptation and d 3 to 4 were for data collection. During the final 3 d, the primary consumed treatment was removed to 
determine the second preferred treatment. Calves were ranked for total intake from the consumption of all treatments. The microalgae 
product used in this study was isolated from dairy wastewater lagoon, and microalgae biomass was produced using outdoor hanging bag 
bioreactors with Chlorella sp. to recycle the wastewater. The biomass was sterilized and kept frozen at −4°C until fed to calves. Calves 
were housed individually in hutches with outdoor access under solar panels, with free-choice water. Calves consumed more dry matter 
from control calf starter (3.4 kg/d) than from the starter with 30 g (2.42 kg/d) or 60 g (1.56 kg/d) of microalgae during the first 2-d period. 
During the second 2-d period (d 3 and 4), dry matter intake was reduced for the 60 g/d microalgae starter compared with the control and 
30 g/d microalgae starters. Five of 6 calves in this study always ranked the control treatment first when given a choice and ranked the 
30 g of microalgae starter second choice. Results indicated that microalgae may be added to calf starter; however, calves preferred calf 
starter without microalgae.

Microalgae has been used as a nutrition source by humans for 
thousands of years. However, large-scale production of algae 

has increased over the last few decades (Görs et al., 2010). For 
animal feeding, microalgae can provide protein, vitamins, miner-
als, carbohydrate, and fatty acids, which is a difficult combination 
to find in the same organism (Kotrbáček et al., 2015; Makkar et 
al., 2016; Madeira et al., 2017). Algae may provide an alternative 
feedstuff for the ruminant dairy calf market.

In this study, we used Chlorella sp. to recycle nutrients from a 
dairy wastewater lagoon at the University of Minnesota West Cen-
tral Research and Outreach Center (WCROC; Morris, MN) and to 
produce high-quality microalgae biomass to evaluate taste prefer-
ence in dairy calves. This was a comprehensive nutrient cycling 
study, in which treated dairy wastewater was recycled back to the 
environment without harmful effects and provided nutrients from 
microalgae for feeding supplementation of cattle.

Previous taste preference studies have evaluated alternative 
types of microalgae and macroalgae (Kuzmaite et al., 2009; Er-
ickson et al., 2012; Heins and Chester-Jones, 2015; Jeon et al., 
2016; Schimek et al., 2016). However, an integrated system to 
produce microalgae isolated from a dairy wastewater lagoon and 
to evaluate the microalgae as a livestock feed has not been studied. 
The hypothesis of this study was that feeding Chlorella sp. in calf 
starter to dairy calves would not affect feed intake and taste prefer-
ence compared with control calf starter. Therefore, our objective 
was to produce a microalgae feed supplement and evaluate the 
taste preference of microalgae added to calf starter in a sequential 
elimination study.

Chlorella sp. were isolated from the dairy wastewater lagoon at 
the University of Minnesota West Central Research and Outreach 

Center. The microalgae biomass was produced using a hanging 
bag photobioreactor (Koller, 2015) to recycle the dairy wastewater 
from the dairy lagoon. The bioreactor was constructed with treated 
wood (1.73 m high × 2.06 m long × 1.22 m wide) with 3 flexible 
metal bars (5 mm in diameter and 1.34 m high) that were 0.3 m 
apart to support the shape of the hanging bags. Plastic tubes (15 
mm in diameter and 1.33 m high × 0.52 m long) were used to 
supply oxygen and carbon dioxide to the bags when needed. Each 
plastic tube had 12 holes (0.5 mm in diameter) for aeration.

The Chlorella sp. were harvested weekly from the photobioreac-
tors and autoclaved and sterilized at 121°C for 30 min to prevent 
any bacteria from being fed to calves. After sterilization, the bio-
mass was frozen at −20°C until the start of the feeding study.

The microalgae were analyzed for the mycotoxins aflatoxin, 
vomitoxin, fumonisin, ochratoxin, T-2 toxin, and zearalenone, as 
well as the heavy metals arsenic, mercury, cadmium, lead, and 
antimony at Midwest Laboratories (Omaha, NE) to determine 
safety before the beginning of the experiment. Mycotoxins were 
analyzed using method 2008.02 (AOAC International, 2016) and 
heavy metals were analyzed following EPA 6010 (US EPA, 2014) 
and EPA 7471 (Campisano et al., 2017) methods. Detected con-
centrations were as follows: aflatoxin <1.0 µg/kg, vomitoxin <0.1 
mg/kg, fumonisin <0.1 mg/kg, ochratoxin <1.0 µg/kg, T-2 toxin 
<0.1 mg/kg, zearalenone <50 mg/kg, arsenic 10.4 mg/kg, mercury 
<0.1 mg/kg, cadmium <0.5 mg/kg, lead <5.0 mg/kg, and antimony 
<10 mg/kg. All levels of mycotoxin and heavy metals were below 
the maximum concentrations recommended for livestock. Nutrient 
analysis of Chlorella sp. and calf starter was conducted by Rock 
River Laboratory Inc. (Watertown, WI). Calf starters were ana-
lyzed using AOAC International (2016) methods for CP (method 
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990.03), ether extract (method 920.39), starch (method 996.11), 
NDF (method 2002.04), ADF (method 973.18), and ash (method 
942.05); mineral composition was determined by wet chemistry 
and inductively coupled plasma (method 2015.01).

All animal care and management for the study was approved 
by the University of Minnesota Institutional Animal Care and Use 
Committee (Animal Subjects Code #1709–35098A). Six Holstein 
weaned heifer calves that ranged in age from 12 to 14 wk (106.71 
± 3.81 kg of BW) of age were enrolled to test the preference for 
control starter or starters containing 30 or 60 g/d of Chlorella 
sp. The Chlorella sp. was added to the texturized calf starter and 
mixed by hand. The experiment was conducted during the same 
time period for all 6 calves. Calves were individually housed in 
hutches (CalfTel, Germantown, WI; 2.12 m × 1.14 m × 1.22 m) 
with outdoor access (17.98 m2) under solar photovoltaic panels for 
shade (3 m above the ground) with free-choice water. Calves were 
bedded with pinewood shavings.

Every morning for 7 d, feed and orts were weighed and record-
ed. Five buckets in total (28 cm in diameter and 21 cm high) were 
placed outside the hutches within the pen. Three buckets contain-
ing the calf starter were placed in the pen, and two empty buckets 
were used on the edge to nullify border effects. The treatments 
in each bucket were randomized each day during the experiment. 
All 3 treatments were offered for 7 d, with the first 2 d for diet 
adaptation (period 1) and d 3 and 4 for data collection (period 2). 
After d 4, the treatment with the overall greatest consumption was 
removed and replaced with an empty bucket. The last 3 d were 

used to determine the second preference. Nutrient composition for 
the microalgae and calf starter are given in Table 1.

For statistical analysis of DMI, the fixed effects were calf starter 
treatment, and calf was a random effect. The MIXED procedure 
(SAS Institute, 2016) was used to obtain solutions and conduct 
the ANOVA. Individual calf was the experimental unit. All treat-
ment results are reported as least squares means, with significance 
declared at P < 0.05. Kendall’s coefficient of concordance was 
calculated to rank the consumption of the treatments from most to 
least preferred (Nombekela et al., 1994) using JMP 14.3 software 
(SAS Institute Inc., Cary, NC).

The total mean DMI for d 1 and 2, d 3 and 4, and for the 7-d 
period of the study by treatment group are given in Table 2. During 
the 2-d adaptation period, calves consumed more (P < 0.05) of the 
control starter, followed by the starter with 30 g of algae and that 
with 60 g of algae. Mean DMI did not differ (P > 0.05) for treat-
ment groups on d 3 and 4 of the study or for the total 7-d duration. 
During the first period of the study, calves averaged 1.23 ± 0.24 kg 
of DM/d. Calves had mean DMI of 1.32 ± 0.15 kg for the second 
period and 1.26 ± 0.16 kg for the third period. The mean DMI for 
each period indicated that DMI was not affected by removal of 
the most preferred calf starter. Daily DMI were typical for heifer 
calves from 12 to 14 wk of age (Kienitz et al., 2017).

For preference of algae calf starters, the control starter ranked 
first on 6 calf days, followed by the starter with 30 g of algae 
(ranked first on 4 d) and that with 60 g of algae (ranked first on 2 
d). Calves ranked the control starter as first preference followed by 
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Table 1. Nutrient composition (% of DM unless otherwise noted) of Chlorella sp. and calf starters offered to calves

Nutrient Chlorella sp.

Calf starter

Control 30 g/d of algae 60 g/d of algae

CP 49.2 18.6 18.9 20.5
Fat 2.3 6.9 6.4 6.9
Starch 38.5 47.1 43.4 40.5
NDF 32.8 12.5 14.6 12.9
ADF 11.6 7.7 5.5 5.2
Ash 9.9 7.6 6.6 8.5
Calcium 1.2 0.9 0.9 1.2
Phosphorus 1.7 0.5 0.6 0.6
Potassium 1.1 0.8 0.8 0.9
Magnesium 0.5 0.2 0.2 0.2
TDN 71.6 — — —
Digestible energy, Mcal/kg 3.1 — — —
ME, Mcal/kg 2.7 — — —
Sodium 0.5 — — —
Iron, mg/kg 5,020 — — —
Zinc, mg/kg 46 — — —

Table 2. Mean total DMI (kg) consumed for each calf starter treatment in each feeding period

Variable

Treatment

Control

 

30 g/d of algae

 

60 g/d of algae

Mean SE Mean SE Mean SE

Day 1 and 2 3.4a 0.34 2.4ab 0.34 1.6b 0.34
Day 3 and 4 2.9 0.31 2.9 0.31 2.2 0.31
Day 1 to 7 10.6 1.2 8.1 1.2 7.9 1.2

a,bMeans within a row without common superscripts are different at P < 0.05.
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the starter with 30 g of algae. Kendall’s coefficient of concordance 
was 0.12 for the control, indicating that the calves preferred the 
control starter over that with 60 g of algae.

The overall ranking of treatments is shown in Table 3. The 
control starter was preferred based on DMI across the 7-d study 
period. Five of 6 calves in this study always ranked the control 
treatment first when given a choice and ranked the starter with 30 
g of microalgae second. However, there was no significant differ-
ence in rank across the total 7 d of the study for the control, 30 g/d 
algae, and 60 g/d algae calf starters for taste preference of calves.

The purpose of this study was to determine whether microalgae 
grown from dairy wastewater on farm could be used to supplement 
calf starter. In the current study, calves preferred calf starter that 
did not include microalgae that was high in protein, starch, and 
ash. Erickson et al. (2012) and Heins and Chester-Jones (2015) 
reported that calves mainly preferred calf starter without the addi-
tion of kelp, and calves preferred control calf starter. Kelp was not 
desirable in those studies because of its palatability when calves 
consumed greater amounts of calf starter with greater amounts of 
kelp. Possibly, the microalgae in the current study had a similar 
effect to kelp, and calves reduced their intake of calf starter with 60 
g of algae because of reduced palatability. Calves prefer a sweet, 
molasses flavor in calf starter (Nombekela et al., 1994), and the ad-
dition of microalgae may have resulted in an off-flavor and smell 
that reduced intake of this calf starter with microalgae. Chapman 
et al. (2016) reported that calves preferred control calf starter com-
pared with calf starter with addition of cinnamaldehyde; the DMI 
of calves may have been affected by diet interactions with cin-
namaldehyde essential oil, and the rumen microbiome may adapt 
differently to alternative feed supplements.

The microalgae cellulosic cell wall is rigid and difficult to digest, 
which may explain in part why substituting part or all of cattle diets 
with microalgae may be difficult (Kotrbáček et al., 2015). Digest-
ibility improved with a mixture of Chlorella sp. and Scenedesmus 
sp. added to the diet of milk-fed calves at 10% of BW compared 
with sesame seed oil (Chowdhury et al., 1995). Furthermore, the 
higher ash content of calf starter with added Chlorella sp. may 
have affected palatability and reduced intake of calf starter with the 
microalgae. Recently, Altomonte et al. (2018) reported that micro-
algae supplementation in the diets of cattle reduced DMI and milk 
and fat production. Reduced intake of calf starter with microalgae 
may be caused by decreased fiber digestibility; also, fermentation 

of fatty acids in the microalgae may have toxic effects on rumen 
bacteria and microflora.

Calves were receptive to the taste of Chlorella sp. added to calf 
starter, and 1 of the 6 calves preferred the starter with 60 g of algae 
compared with the other starters. Calves tended to consume greater 
amounts of control calf starter than calf starter with Chlorella sp. 
It is possible that calves fed Chlorella sp. in the calf starter did 
not consume more because they disliked the taste of Chlorella 
sp. in the rations. Therefore, feeding Chlorella sp. in calf starter 
to dairy calves may not be justified. Future research is needed to 
identify effects of long-term supplementation of Chlorella sp. in 
dairy cattle diets.
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