Journal of the Hellenic Veterinary Medical Society

Vol 73, No 2 (2022)

Effects of spirulina (Arthrospira platensis) as feed
additive of steers consuming high energy diets:
growth performance and nutrient digestion

Alejandro Plascencia, lvan Guadalupe Martinez-
Alvarez, Martin Montano, Alfredo Estrada-Angulo, Jesus

JOURNAL OF THE HELLENIG David Urias-Estrada, Beatriz Isabel Castro-Pérez,
VETERINARY MEDICAL SOCIELY: Richard Avery Zinn

MEPIOAIKO THE EAAHNIKHE doi: 10.12681/jhvms.26069
KTHNIATPIKHE ETAIPEIAZ S

Copyright © 2022, Alejandro Plascencia, Ivan Guadalupe Martinez-
Alvarez, Martin Montano, Alfredo Estrada-Angulo, Jesus David Urias-
Estrada, Beatriz Isabel Castro-Pérez, Richard Avery Zinn

o
Quarterly Edition /& 3,6 Tommiia Exdoon
Volume 73,No2 [+ Tooc 73, No2
APRIL - JUNE 2022 3 ATIPIIOS - I0YNIOF 2022
|/

924

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0.

To cite this article:

Plascencia, A., Martinez-Alvarez, |. G., Montano, M., Estrada-Angulo, A., Urias-Estrada, J. D., Castro-Pérez, B. I., &
Zinn, R. A. (2022). Effects of spirulina (Arthrospira platensis) as feed additive of steers consuming high energy diets:
growth performance and nutrient digestion. Journal of the Hellenic Veterinary Medical Society, 73(2), 4015-4022.
https://doi.org/10.12681/jhvms.26069

https://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at: 16/08/2025 15:25:10



Research article

JHELLENIC VET MED SOC 2022, 73 (2): 4015-4022
IIEKE 2022, 73 (2): 4015-4022

Epevvnytixo aplpo

Effects of spirulina (Arthrospira platensis) as feed additive of steers consuming
high energy diets: growth performance, carcass characteristics, morbidity, and
nutrient digestion
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ABSTRACT: Two trials were performed in order to evaluate the effects of spirulina platensis (SP) supplemented (0,
0.5, and 1.0% of diet DM) in high-energy diet on nutrient digestion and growth-performance of feedlot cattle. The dose
of each treatment was top dressed and mixed directly with the basal diet at time of feeding. In Trial 1, six cannulated
Holstein steers (28142 kg) were used in a replicated 3x3 Latin square experiment. Supplemental SP did not affect rumi-
nal and total tract nutrient digestion. Ruminal microbial efficiency (quadratic component, P=0.06), nitrogen efficiency
(linear component, P=0.10) and ruminal pH (linear, P=0.06) tended to decrease with SP supplementation, without
further effects on ruminal VFA or estimated methane production. In Trial 2, 108 medium-frame crossbred steers (182+1
kg) were used in a 211-d study to evaluate growth performance. SP dietary supplementation did not affect feed intake,
but linearly tended (P=0.09) to decrease weight gain, gain efficiency, and estimated dietary net energy. Supplemental
SP also tended (P=0.08) to linearly increase steer morbidity. Effects of SP supplementation on carcass traits were not
significant, but longissimus muscle area tended to linearly decrease (P=0.06).1t is concluded that low level (<1%) of
Spirulina platensis supplementation (powder form) has minimal effects on characteristic of digestion and may nega-
tively impact on growth performance, feed efficiency, and morbidity of feedlot cattle fed a high energy finishing diet.
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INTRODUCTION

pirulina platensis (SP, Arthrospira spp.) is a blue-

green microalgae that has been defined as a func-
tional food with nutritional qualities (FAO/WHO,
1991).As a foodstuft, it has been generally regarded as
a good source of protein, vitamins, minerals, and fatty
acids (Moor et al. 2016), and has a long history of use
as a food for humans around the world. In livestock,
SP has been used incorporated as a protein supple-
ment at levels of 3 to 20% into the diets for ruminants
and non-ruminant (Holman and Madau-Aduli, 2013).
SinceSP contains bioactive compounds including es-
sential oils, phycocyanin, sterols, and sulphate poly-
saccharides, it may act as a nutraceutical, possessing
anti-inflammatory, antiviral, antimicrobial, and anti-
oxidant properties (Ramadan et al., 2008; Karkos et
al., 2011).Low levels of SP supplementation (i.e. in-
clusion levels of <1%) have been used commercial-
ly in fish and poultry production systems to enhance
health and growth performance (Amer, 2016; Bonos
et al., 2016; Naiel ef al., 2021).Scarce data are avail-
able about the effects of SP as a feed additive in grow-
ing-finishing feedlot cattle. SP may have beneficial
effects on ruminal fermentation, digestion, growth
performance, and dietary energy utilization due its
nutraceutical properties. Accordingly, the objective
of the present study was to evaluate the effects of SP
supplementation (0, 0.5, and 1.0% of diet DM) on
characteristics of ruminal and total tract digestion and
growth performance of steers that were fed a high-en-
ergy finishing diet.

MATERIAL AND METHODS

All procedures involving animal care and manage-
ment were in accordance with and approved by the
University of California, Davis, Animal Use and Care
Committee.

Digestion trial (Trial 1)

Six Holstein steer calves (28142.3kg) with “T”
type tygon cannulas in the rumen and proximal du-
odenum (Zinn and Plascencia,1993) were used in a
replicated 3x3 Latin square experiment to examine
the effects of Spirulina platensis dietary supplemen-
tation on site and extent of nutrient digestion and ru-
minal fermentation of steers fed high energy diets.
Animals were housed in individual pens (3.9 m?) in
an indoor facility, with a concrete floor covered by
a neoprene carpet, automatic waterers and individual
feed bunks. All steers were received ad libitum access
to the corn-basal diet (Table 1) for 14 days before the

initiation of the trial. Upon initiation of the study, to
avoid feed refusals during experimental period, intake
of the basal diet of each steer was restricted to 90%
of average ad libitum intake during the 14-d prelim-
inary period (equivalent to 2.1% of average initial
LW).Chromic oxide was used (3.0 g/kg of diet DM)
as an indigestible marker to estimate nutrient flow and
digestion. Chromic oxide was premixed with minor
ingredients (urea and mineral supplements) before
incorporation into complete mixed diets. Treatments
consisted of a daily supplement (as feed basis) of 0,
32 or 64 g of Spirulina platensis (equivalent to sup-
plementation level of 0, 0.5, and 1.0% of the basal
diet, DM basis). The specie of Spirulina used was Ar-
throspira platensis (Earthrise Nutritionals, Calipatria,
CA, USA) which was supplemented in a dry powder
form (93.8% DM). Its chemical composition is shown
in Table 2. Spirulina was top-dressed on the basal diet
at time of feeding. Diets were fed in equal proportions
at 0800 and 2000 h daily. Experimental periods con-
sisted of 14 days, with 10 days for dietary treatment
adjustment and 4 days for collection (Trial lasted 42
days). During the collection period, duodenal and fae-
cal samples were taken from all steers, twice daily as
follows: d 1, 0750 and 1350 h; d 2, 0900 and 1500 h;
d 3, 1050 and 1650 h; and d 4, 1200 and 1800 h. Indi-
vidual samples consisted of approximately 500 mL of
duodenal chyme and 200 g (wet basis) of faccal mate-
rial. Samples from each steer and within each collec-
tion period were composited for analysis. During the
final day of each collection period, ruminal samples
were obtained from each steer at 4 h after feeding via
the ruminal cannula. Ruminal pH was determined on
fresh samples. Samples were then strained through
four layers of cheese cloth. For VFA analysis, 2 mL of
freshly prepared 25% (w/vol) meta-phosphoric acid
was added to 8 mL of strained ruminal fluid, centri-
fuged (17,000 x g for 10 min) and supernatant fluid
stored at -20°C. Upon completion of the trial, ruminal
fluid was obtained from all steers and composited for
isolation of ruminal bacteria via differential centrif-
ugation (Bergen et al., 1968). The microbial isolate
served as the purine:N reference for the estimation of
microbial N contribution to chyme entering the small
intestine (Zinn and Owens, 1986).

Dried (55°C) and ground (1 mm sieve) feed, duo-
denal and faecal samples were subject to the follow-
ing analysis: dry matter (oven drying at 105°C until
no further weight loss; method 930.15; AOAC,2000);
ash (method 942.05; AOAC, 2000), Kjeldahl N
(method 984.13; AOAC,2000); ADF (method 973.18;
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AOAC, 2000); ammonia-N (method 941.04; AOAC,
2000); chromic oxide (Hill and Anderson, 1958) and
starch (Zinn,1990).Purines were determined on du-
odenal samples (Zinn and Owens, 1986), and VFA
concentrations of ruminal fluid were assessed by gas
chromatography (Zinn, 1988).

Total DM flow to duodenum and faecal DM ex-
cretion was estimated as follows: DM flow to the
small intestine or faecal excretion, g/day = g Cr,O,
intake/Cr, O, concentration of duodenal or faecal DM.
Organic matter (OM) content of feed duodenal and
faecal samples were estimated as DM concentration
minus ash content.Microbial organic matter (MOM)
and microbial nitrogen (MN) leaving the abomasum
was calculated using purines as a microbial marker
(Zinn and Owen, 1986). Organic matter fermented in
the rumen (OMF) is considered equal to the OM in-
take minus the difference between the amount of total
OM reaching the duodenum and the MOM reaching
the duodenum. Feed N escape to the small intestine
is considered equal to the total N leaving the aboma-
sum minus ammonia-N and MN and, thus, includes
any endogenous contributions. Ruminal microbial ef-
ficiency was estimated as duodenal MN, g-kg! OM
fermented in the rumen, and protein efficiency rep-
resent the duodenal nonammonia-N, g-g! N intake.
Methane production was calculated based on the
theoretical fermentation balance for observed molar
distribution of VFA and OM fermented in the rumen
(Wolin, 1960).

Treatment effects on characteristics of digestion
were analyzed as a replicated 3 x 3 Latin square de-
sign using the MIXED procedure according to SAS
(2004). The fixed effect consisted of treatment, and
random effects consisted of steer and period. The sta-
tistical model for the trial was as follows:

Y, =u+S,+P +T +E, where'Y,is the response
variable, p is the common experimental effect, S, is
the steer effect, P, is the period effect, T, is the treat-
ment effect and E is the residual error. Least means
squares and standard deviation are reported, and con-
trasts were considered significantly when the P value
was < 0.05, and tendencies are considered when the
P-value was > 0.05 and < 0.10.

Growth performance, health, and carcass charac-
teristics (Trial 2)

One hundred and eight medium-frame crossbred
steers (182+1.3 kg initial shrunk weight) were used

Table 1. Composition of basal diet used in experiments 1 and 2°

Ingredient % of DM basis
Steam-flaked corn 40.00
Steam-flaked barley 35.00
Alfalfa hay 6.00
Sudan grass hay 6.00
Tallow 3.00
Cane molasses 6.50
Urea 0.90
Chromium oxide 0.50
Limestone 1.70
Trace mineral salt ® 0.40
Nutrient composition, (DM basis) ©

Crude protein (%) 12.58
Starch (%) 44.75
ADF (%) 8.27
Calculated net energy (Mcal/kg) ¢

Maintenance 2.11
Gain 1.46

* Chromic oxide (0.3%) was added as digesta marker in Exp 1.

® Trace mineral salt contained: CoSO,, .068%; CuSO,, 1.04%;
FeSO,, 3.57%; Zn0O, 1.24%; MnSO,, 1.07%, KI 0.052%; and
NaCl, 92.96%.

¢Dietary chemical composition was determined by analyzing
subsamples collected and composited throughout the experiment.
Accuracy was ensured by adequate replication with acceptance
of mean values that were within 5% of each other.

4 Based on tabular net energy (NE) values for individual feed

ingredients (NRC, 2000).

Table 2. Characteristics of chemical composition of Spirulina
platensis® used in experiments 1 and 2°

Item

Dry matter 93.75
Composition, DM basis%

Ash 8.5
Lipids 5.5
Carbohydrates 20.0
Crude protein 65.0
Amino acids 62.0
Calcium 1.0
Phosphorus 0.8
Trace minerals, mg/kg

Chromium 2.5
Copper 12.0
Iron 1,500
Manganese 50.0
Selenium 1.0
Zinc 30.0
Pigments, %

Phycocyanin 15.0
Chlorophyll 1.1
Carotenoids 0.4

2 Product presentation as powder and provided by Earthrise
Farms, Calipatria, CA, USA.

® Spirulina (SP) was supplemented daily at dose equivalent to 0,
0.5, and 1.0% SP/of offered basal diet DM and mixed directly
with the basal diet at time of feeding.
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in a 211-d trial to evaluate treatment effects on health
and feedlot growth-performance. Upon arrival, steers
were vaccinated against bovine rhinotracheitis-para-
influenza (Cattle Master Gold FP 5 L5, Zoetis, New
York, NY), clostridials (Ultrabac-7, Zoetis, New
York, NY), treated against internal and external par-
asites (Dectomax Injectable, Zoetis, New York, NY),
subcutaneously injected with 1,500 IU vitamin E (as
d-alpha-tocopherol) 500,000 IU vitamin A (as ret-
inyl-palmitate) and 50,000 IU vitamin D3 (Vital E-A
+ D3, Stuart Products, Bedford, TX), and 2.4 g oxy-
tetracycline (LA-200, Zoetis, New York, NY), brand-
ed, and ear-tagged, blocked by weight (6 blocks) and
assigned within blocks to 18 pens (6 steers/pen). Pens
were 50 m? with 26.7 m? of shade, and equipped with
automatic waterers and fence-line feed bunks (4.3 m
in length). Upon initiation of experiment, and then
subsequently at 56-d intervals, steers were implanted
with Synovex-S (Zoetis, Charles City, IA). Diet com-
position, source of SP were as in Trial 1 (Tables 1-2).
Treatments consisted of a daily supplement (as feed
basis) of 0, 36 or 72 g of Spirulina platensis (equiv-
alent to supplementation level of 0, 0.5, and 1.0% of
offered basal diet DM). The basal diet was prepared at
weekly intervals and stored in plywood boxes located
in front of each pen. Steers were allowed ad libitum
access to dietary treatments. Fresh feed was provid-
ed twice daily (0600 and 1400 h). Spirulina were
hand-weighed using a precision balance (Ohaus, mod
AS612, Pine Brook, NJ, USA), and were premixed
for 5 min with minor ingredients (urea, limestone and
trace mineral salt) before incorporation into complete
mixed diets. The final product was mixed with the
rest of ingredients in a 1 m? capacity horizontal mix-
er (Davis, H.C. Davis Sons, manufacturers, Bonner
Spring, KS, USA). To avoid contamination, the mixer
was thoroughly cleaned between each treatment. To
ensure the consumption of the planned dose, the total
daily dose of SP of each treatment was provided in
the morning feeding. Thus, the feed provided to all
steers in afternoon was the basal diet without SP sup-
plementation.

For calculation of growth performance, initial live
weight (LW) is the off-truck arrival weight. Final
live weight was reduced 4% to adjust for digestive
tract fill. Average daily gain (ADG) was computed by
subtracting the initial weight from the final adjusted
weight and dividing the result by the number of days
on feed. Gain to feed ratio (gain efficiency) was deter-
mined by dividing ADG by the daily dry matter intake
(DMI).Health variables (morbidity, sick days, mortal-

ity, and liver abscess) were determined as described
by Schunicht et al. (2003).

Hot carcass weights (HCW) were obtained at time
of slaughter. After carcasses chilled for 48 h, the fol-
lowing traits were obtained: longissimus area (LM,
cm?) by direct grid reading of the LM at the 12th rib;
subcutaneous fat (cm) over the LM at the 12th rib tak-
en at a location 3/4 the lateral length from the chine
bone end (adjusted by eye for unusual fat distribu-
tion); kidney-pelvic-heart fat (KPH) as a percentage
of HCW; marbling score (USDA 1997; using 3.0 as
minimum slight, 4.0 as minimum small, 5.0 as mini-
mum modest, 6.0 as minimum moderate, etc.), and es-
timated retail yield of boneless, closely trimmed retail
cuts from the round, loin, rib and chuck (% of HCW;
Murphey et al., 1960) = 52.56 - 1.95 x subcutaneous
fat- 1.06 x KPH + 0.106 x LM area - 0.018 x HCW.

Treatment effects of on growth performance, esti-
mated dietary NE, and carcassmeasures were analyzed
as a randomized complete block design using pen
means as the experimental unit, according to the fol-
lowing statistical model: Yij= p + B, + T+ Eij, where
u is the common experimental effect, B, 1s block, T, is
treatment, and Eij is residual error. Treatments effects
were tested by means of orthogonal polynomials SAS
(2004).Contrasts were considered significant when
the P-value was <0.05, and tendencies were identified
when the P-value was > 0.05 and<0.10.

RESULTS AND DISCUSSION

The chemical composition of Spirulina platensis
used was provided by the Earthrise Farms, Calipatria,
CA, USA. Composition of SP is shown in Table 2.
The CP, fiber and lipid composition of the SP used in
our experiment are within previously reported ranges
(Babadzhanov et al., 2004; Becker et al., 2007). Like-
wise, concentrations of bioactives compounds are
consistent with that reported by Moor ef al. (2016).
However, due to diverse growth media and produc-
tion methods composition of microalgae Arthrospira
may widely vary (Stokes, 2015).

Digestion trial (Trial 1)

The influence of SP supplementation on charac-
teristics of ruminal and total tract digestion (Trial
1) are shown in Table 3. There were no feed refus-
als during experiment. Intake of Spirulina was 0.11
and 0.23 g SP/kg LW for the 0.5 and 1.0% levels of
supplementation, respectively. Supplemental SP did
not affect (P> 0.10) ruminal or total tract digestion of
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Table 3. Influence of Spirulina platensissupplementation level on site and extent of digestion of cannulated Holstein steers (Exp. 1)

SP supplementation, % diet DM basis®

Contrast P-value

Item 0 0.5 1.0 SEM Linear Quadratic
Intake, g/d

Basal diet (DM) 5,968 5,968 5,968

Spirulina platensis (DM) 0 30 60

Total dry matter intake 5,968 5,998 6,028 6.01 <0.01 0.77
Organic matter 5,652 5,685 5,713 5.31 <0.01 0.79
Acid detergent fiber 494 493 494 0.52 0.80 0.70
Starch 2,671 2,672 2,675 2.44 0.28 0.60
Nitrogen 120.2 123.2 126.1 0.13 <0.01 0.61
Flow to duodenum, g/d

Organic matter 2,899 2,706 2,816 69 0.42 0.11
Acid detergent fiber 410 413 421 30 0.79 0.94
Starch 300 269 301 20 0.97 0.25
Total N 145 139 141 4.1 0.45 0.44
N-NH, 5.05 4.76 4.83 0.15 0.34 0.39
Non-ammonia N 140 134 136 4.1 0.48 0.46
Microbial N 82.1 80.5 82.7 2.86 0.89 0.60
Dietary N 57.9 53.5 57.7 4.86 0.50 0.74
Ruminal digestion, %

Organic matter 63.23 66.62 65.18 1.36 0.48 0.18
Acid detergent fiber 17.00 16.22 14.77 6.46 0.66 0.86
Starch 88.76 89.93 88.74 0.81 0.89 0.21
Dietary N 51.83 56.57 57.73 3.83 0.40 0.87
Microbial Efficiency ° 22.97 21.25 22.20 0.53 0.46 0.06
Protein efficiency ° 1.11 1.09 1.08 0.02 0.10 0.46
Postruminal digestion %

Organic matter 66.12 64.03 66.51 1.85 0.51 0.79
Acid detergent fiber 26.34 25.18 30.64 4.50 0.49 0.50
Starch 96.16 94.80 95.81 0.43 0.80 0.16
Nitrogen 80.10 79.16 78.56 0.62 0.12 0.82
Faecal excretion, g/d

Dry matter 1,158 1,147 1,113 22.8 0.20 0.69
Organic matter 982 972 943 25.7 0.31 0.76
Acid detergent fiber 302 309 292 11.8 0.57 0.44
Starch 11.5 14.0 12.6 1.2 0.52 0.21
Nitrogen 28.9 29.1 29.8 0.65 0.32 0.75
Total tract digestion, %

Dry matter 80.56 80.87 81.53 0.35 0.15 0.70
Organic matter 82.62 82.90 83.49 0.43 0.31 0.80
Acid detergent fiber 38.86 37.23 40.89 2.35 0.71 0.51
Starch 99.56 99.47 99.52 0.18 0.27 0.50
Nitrogen 75.95 76.37 76.37 0.50 0.83 0.62

2 Spirulina platensis (DM = 94.4%) was including astop dressed at time of feeding. SP was provided by Earthrise Farms, Calipatria,

CA, USA.

®Microbial efficiency estimated as duodenal MN, g kg' OM truly fermented in the rumen.

°N efficiency estimated as duodenal non-ammonia-N, g g N intake.

OM, starch, ADF, and N. Based on incubation studies
(Wild et al., 2018), estimates of ruminally degradable
protein and intestinal digestibility of SP average 50
and 73%, respectively. However, estimates of ruminal
degradation of microalgae crude protein have been
variable, ranging within41 and 100% (Panjaitanet al.,
2015; Tayyabet al., 2016). These differences may be
due in part to differences in microalgae species (Wild

et al., 2018).Lack of an effect of SP supplementation
on apparent ruminal and total tract N digestion in our
trial is largely a reflection of the low dietary inclusion
levels.

Ruminal microbial efficiency (duodenal MN, g /kg
of OM truly fermented in the rumen) and nitrogen ef-
ficiency (duodenal non-ammonia-N, g/g of N intake)
tended (P<0.10) to decrease with SP supplementation.
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Table 4. Influence of Spirulina platensis supplementation on ruminal pH, VFA molar proportions and estimated methane production®

SP supplementation, % diet DM basis®

Contrast P-value

Item 0 0.5 1.0 SEM Linear Quadratic
pH 5.61 5.40 5.37 0.07 0.06 0.33
Total VFA, Mmol/L 113 129 129 6.21 0.11 0.34
Ruminal VFA, mol/100 mol
Acetate 48.11 47.08 49.85 1.64 0.47 0.37

Propionate 40.55 42.66 37.07 2.01 0.26 0.16

Butyrate 11.34 10.26 13.08 1.20 0.34 0.22
Acetate:propionate ratio 1.19 1.10 1.34 0.13 0.26 0.25

Estimated methane © 0.35 0.33 0.39 0.025 0.32 0.17

* Average of the samples taken at 4 and 8-h post-feeding.

®Spirulina platensis (DM = 94.4%) was including astop dressed at time of feeding. SP was provided by Earthrise Farms, Calipatria,

CA, USA.

‘Methane, mol/mol of glucose equivalent fermented (Wolin, 1960).

Effects of SP on microbial efficiency are inconsistent.
In some instances SP inclusion have been no effects on
microbial efficiency when compared in forage-based
diets, but when compared in concentrate-based diets
SP inclusion decreased microbial efficiency (Lodge-
Iveyet al.,, 2014).In the other hand, Painjatan et al.
(2014) observed that in steers fed poor quality for-
age (low in N), consumption of SP (290 g/steer/d) in-
creased ruminal microbial protein production. How-
ever, this effect may have been due to increased (33
g) daily N intake with SP supplementation, rather
than a nutraceutical activity originated from SP. The
basis for these inconsistencies are uncertain, but may
be associated, among others, with potential inhibitory
effects of SP on some ruminal bacteria (Finamore et
al., 2015).

Spirulina supplementation tended (P=0.06) to de-
crease ruminal pH (Table 4). Panjaitan et al. (2015)
likewise observed a lowering of ruminal pH with
SP supplementation (0.50 to 6 g /kg LW) of a for-
age-based diet. Similarly, Lamminen et al. (2019)
registered lower ruminal pH in dairy cows fed with
a diet contained a 57:43 forage:concentrate ratio sup-
plemented with 2.6% of SP. The basis for this is not
certain. In both experiments (Panjaitan et al., 2015;
Lamminen et al. 2019), the total VFA numerically
increased (3.8 and 6.7%) in SP diets. In this experi-
ment supplemental SP numerically increased 12.4%
total ruminal VFA, then, this effect on VFA by SP
supplementation could affect ruminal pH decreasing
it. Increased ruminal propionate and decreased meth-
ane production have been observed in vitro when sub-
strates were supplemented with Chlorella, a high-oil
microalgae (Wild et al., 2019).

Growth performance, health, and carcass charac-
teristics (Trial 2)

Daily SP consumption averaged 0, 0.11 and 0.22 g
SP/ kg LW (consistent with that in Experiment 1).The
influence of SP supplementation on parameters asso-
ciated with growth performance and health are shown
in Table 5. Spirulina supplementation did not affect
dry matter intake. However, SP tended (linear effect
P=0.09) to decrease daily weight gain and gain effi-
ciency. At high levels of supplementation (i.e.> 5%
of diet) supplemental SP enhanced ADG and/or feed
intake (Stokes, 2015; Norman et al., 2018). These re-
sponses at high levels of supplementation of SP are
possible associated with changes in diet composition
(increased dietary concentration of protein and fat;
Moor et al., 2016). Bezerra et al. (2010) observed
that inclusion of SP in milk replacer (intake of SP
equivalent to 0.55 g SP/kg LW) did not affect lamb
growth performance during the first 60 days of life.
El-Sabagh et al. (2014) observed that supplementa-
tion (powder form) of finishing lambs with 0.10 g SP/
kg LW enhanced 35-d ADG, DMI and gain efficien-
cy. In feedlot cattle, supplementation with low lev-
els (0.02% of DM intake) of a high-oil algae biomass
(liquid form) enhanced 90-d dry matter intake, and
daily weight gain of finishing feedlot steers (Gutierrez
et al., 2016).The divergence in responses to supple-
mental SPmay be due delivery method (dry vs liquid
form) and chemical composition of Spirulina (lipid
concentration and bioactive compounds) (Capelli and
Cysewski, 2010; Holman and Madal-Aduli, 2013).

In contrast with the expectation that supplemental
SP might stimulate immunity (Capelli and Cysews-
ki, 2010), supplemental SP tended to increase (linear
component, P<0.08) morbidity, without effect on mor-
tality. The low dosage level (<1% of diet DM) may not
have been high enough to produce an effective protec-
tive effect (Zotte et al., 2013). However, the reasons
why supplemental SP tended to increase morbidity in
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Table 5. Influence of Spirulina platensison health and growth-performance of feedlot cattle feeding during 211 days (Trial 2)

SP supplementation, % diet DM basis Contrast P value

Item 0 0.5 1.0 SEM L Q
Shrunk body weight, kg?

Initial 181.4 183.4 182.8

28-d 219.4 219.8 220.8 2.77 0.74 0.93
Final 493.5 486.8 476.8 7.08 0.13 0.85
Daily gain, kg

28-d 1.360 1.300 1.358 0.096 0.98 0.63
28-211-d 1.497 1.459 1.399 0.031 0.05 0.77
1-211 -d 1.479 1.438 1.393 0.033 0.09 0.97
Dry matter intake, kg/d

28-d 3.94 4.03 4.00 0.216 0.82 0.83
28-211-d 7.28 7.20 7.25 0.181 0.89 0.80
1-211 -d 6.84 6.78 6.81 0.168 0.91 0.84
Gain to feed, kg/kg

28-d 0.343 0.322 0.338 0.009 0.71 0.12
28-211-d 0.206 0.203 0.193 0.004 0.07 0.49
1-211 -d 0.217 0.213 0.205 0.004 0.06 0.66
Health, %

Morbidity 27.76 38.89 49.99 8.04 0.08 0.99
Sick days 3.9 4.0 4.0 1.0 0.88 0.96
Mortality 0 5.55 8.33 4.24 0.20 0.80
Liver abscess 2.77 0 2.77 2.37 0.99 0.36

“Initial and final full body weights were shrunk 4% to account for digestive tract fill.

Table 6. Influence of Spirulina platensis supplementation level on carcass characteristics (Trial 2)

SP supplementation, % diet DM basis

Contrast P value

Item 0 0.5 1.0 SEM L Q
Hot carcass weight, kg 320.8 316.5 309.9 4.606 0.13 0.84
Dressing percentage 65.37 64.92 64.71 0.335 0.20 0.77
Longissimus muscle area, cm? 86.85 85.21 81.25 1.799 0.06 0.61
Fat thickness 1.25 1.45 1.18 0.131 0.68 0.18
Kidney-pelvic-heart fat, % 1.80 1.83 1.91 0.165 0.66 0.89
Marbling score 3.60 3.71 3.63 0.112 0.86 0.51
Retail Yield® 53.90 53.79 53.44 0.191 0.12 0.61
Yield grade 1.32 1.37 1.52 0.082 0.12 0.61

* Estimated retail yield of boneless, closely trimmed retail cuts from the round, loin, rib and chuck (% of HCW; Murphey et al., 1960)
=52.56 - 1.95 x subcutaneous fat - 1.06 x KPH + 0.106 x LM area - 0.018 x HCW.

this experiment are far away to be clear. The main
causes of morbidity observed during the experimental
period were associated with respiratory and gastroin-
testinal disorders. The present knowledge of animal
response to dietary Spirulina supplementation is rel-
atively scanty and largely unknown. Furthermore, to
our knowledge, data about morbidity in cattle that
have been received SP are not available in scientif-
ic literature. Due to the nature of the experiment and
level of SP used more research is needed about of the
effects of supplemental SP on the frequency and pro-
portion of diseases on feedlot. Anyway, morbidity is
often inversely associated with growth performance
of feedlot cattle (Irsiket al., 2006; Erickson et al.,
2011), consistent with the apparent negative effect of
SP supplementation on daily weight gain observed in

the present study.

The influence of SP supplementation on carcass
characteristics (Trial 2) are shown in Table 6. Longis-
simus muscle area tended to decrease (linear effect,
P=0.06) with increasing SP. Erickson et al. (2011) re-
ported a negative association between morbidity and
LM area. However, in the present study this treatment
effect may have been partially due to SP effects on
final carcass weight (Owens and Gardner, 2000).

CONCLUSION

It is concluded that low-level (<1%) Spirulina
platensis supplementation (powder form) has min-
imal effects on characteristic of digestion and may
negatively impact on growth performance, feed effi-
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ciency, and morbidity of feedlot cattle fed a high en-
ergy finishing diet.
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