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• Milk fat content was decreased in the high 
inclusion levels (MFD). 

• Schizochytrium spp. improved FA profile of milk 
and dairy products through the enhancement of 
PUFA. 

• The inclusion of 30g and 40g clearly affected the 
oxidative status of the organism and milk. 

• Now, the project aims to combine 
Schizochytrium spp with other 
microalgae rich in antioxidant 
compounds in order to balance the 
oxidative stress and further validate the 
outcomes.

Oxidative 
stress



Objective

The aim of this study was to validate previous 
outcomes and further explore the effect of 
Schizochytrium spp. in combination with other 
autotrophic microalgae rich in EPA and 
antioxidant compounds on ewes immune-
oxidative status, milk and yogurt quality, rumen 
microbiome, and methane emissions. 



Experimental design 
• Thirty-two 3-4-year-old crossbreed Lacaune dairy ewes at early 

lactation (50 ± 10 days in milk) were grouped into four homogenous 
groups (n = 8 ewes/group) based on their fat-corrected milk yield 
(FCM6%), age, and body weight (BW; 65 ± 5.0 kg).

• The animals were grouped fed.

• Forage (F) was provided with the concentrate (C) in two equal 
portions after milking. 

• The daily intake for each ewe was 2 kg alfalfa hay and 2 kg 
concentrate, throughout the experimental period (F:C=50:50).

• Diets were isocaloric and isonitrogenous (substitution of plant fat 
and soya oil by microalgae). 



Experimental design 

Milk (M): chemical composition, fatty acid profile, total antioxidant content and antioxidant enzymes 
activities.
Blood (B): total antioxidant content and antioxidant enzymes activities.
Immune (I): Blood for monocytes and neutrophils isolation.
Rumen (R): Rumen digesta collection for DNA extraction.

CON: basal diet-no microalgae (control)CON: basal diet-no microalgae (control)
SC30: +30g SC30: +30g SchizochytriumSchizochytrium sp./kg con sp./kg con./day./day
MB30: +21g MB30: +21g SchizochytriumSchizochytrium sp. + 9g phototropic microalgae/kg con sp. + 9g phototropic microalgae/kg con./day ./day 
MB40: +28g MB40: +28g SchizochytriumSchizochytrium sp. + 12g phototropic microalgae /kg con sp. + 12g phototropic microalgae /kg con./day./day
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Comparison of microalgae 
antioxidant potential
 

Autotrophic microalgae Schizochytrium 
spp.

FRAP 2.90 ± 0.115 0.51 ± 0.016

DPPH 7.28 ± 0.489 0.65 ± 0.022

ABTS-Radical Scavenging (TEAC) 11.34 ± 0.762 0.84 ± 0.024

Total phenols (Folin-Ciocalteu assay) 2.64 ± 0.085 1.16 ± 0.102

Total flavonoids 5.23 ± 0.206 0.05 ± 0.003
Total carotenoids 0.44 ± 0.049 0.05 ± 0.001

Chlorophyl a 0.65 ± 0.059 nd

x10 TACx10 TAC

A GC-MS analysis showed that the two A GC-MS analysis showed that the two 
microalgae had a different metabolomic profile microalgae had a different metabolomic profile 

with 80/106 metabolites significantly differed. with 80/106 metabolites significantly differed. 



Comparison of microalgae 
chemical composition
 % Autotrophic microalgae Schizochytrium 

spp
Dry Matter 91.5 98.0
Crude Protein 40.0 16.7
Ether extract 25.5 55.6
NDF - -
ADF - -
Ash 10.0 8.8
C14:0 4.5 5.9
C16:0 18.3 13.1
C18:0 0.2 0.3
C18:1 n-9 c 4.7 0

C18:2 n-6 - 0
C18:3 n-3 - 0.1
C20:5 n-3 EPA 34.5 -
C22:5 n-6 DPA - 6.8
C22:6 n-3 DHA - 21.8



Statistical analysis
• The statistical experimental analysis was performed using the SPSS 

statistical software (v 26.0 IBM Corp., Armonk, NY, USA) and the 
experimental data are demonstrated as mean ± standard error of 
means (SEM). 

• The effect of the dietary treatment among the four groups was 
evaluated using a general linear model (GLM) for repeated measures 
analysis of variance (ANOVA). The dietary treatments (CON, SC20, 
MB30 and MB40) were defined as the fixed factor while the sampling 
time (T) as the repeated measure. The interaction between dietary 
treatment and sampling time (D × T) was also evaluated.

• Measurement at day zero (0) were considered as covariance aiming 
to balance any fluctuation amongst the dietary groups.

• For all the statistical tests, significance level was set at 0.05.

0.05



Ewes 
immune-
oxidative 
status



Blood plasma oxidative status

1. MDA: Malondialdehyde (μΜ MDA)
2. PC: Protein carbonyls (nmol/ml)
3. CAT: Catalase (Units/ml)
4. FRAP: Ferric Reducing Ability of Plasma (μΜ Ascorbic acid)
5. ABTS: 2,2′-azino-di (3-ethylbenzthiazoline-6-sulfonic acid (% inhibition)
6. SOD: Superoxide dismutase (Units/ml)
7. GSH-Px: Glutathione peroxidase (Units/ml)
8. GST: Glutathione transferase(Units/ml)
9. GR: Glutathione reductase (Units/ml)

  Dietary treatments (D) Effects
CON SC30 MB30 MB40 SEM D T D*T

FRAP (μΜ) 0.67 0.69 0.71 0.76 0.045 0.550 <0.00
1

0.308

ABTS (%) 38.61 39.02 37.90 37.75 0.701 0.539 <0.00
1

0.486

SOD (U/ml) 8.12 8.28 7.83 9.09 0.548 0.502 0.074 0.021

GPx (U/ml) 0.37 0.38 0.39 0.36 0.022 0.772 <0.00
1

0.004

CAT (U/ml) 60.08a 74.68a
b

76.16ab 114.00
b

13.405 0.066 0.100 0.051

GST (U/ml) 0.049ab 0.047a 0.059bc 0.064c 0.004 0.036 0.010 0.138

GR (U/ml) 0.023 0.024 0.025 0.025 0.002 0.723 <0.00
1

0.138

PC (nmol/ml) 4.41a 4.49a 4.03b 4.19ab 0.103 0.015 <0.00
1

<0.00
1

MDA (μΜ) 0.79 0.84 0.80 0.86 0.038 0.599 0.020 0.401

MB30 optimum 
inclusion for 
blood oxidative 
status

Higher CAT in blood of MB40

Higher GST in blood of MB

Lower PC in blood of MB30
No changes in MDA



Severe pro-inflammatory action

COX 5-LOX

PGE2 5-HETE 
5-HPETE 

3-PGs
3-Resolvins

Protectins
5-Resolvins

Lower pro-inflammatory action and in 
some cases anti-inflammatory

PUFA and immune 
regulation

ω6 ARA

ω6 DPA
ω3 EPA
ω3 DHA



Immune 
response in 
Monocytes and 
Neutrophils

CON
MB30

MB40
SC30



Monocytes
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Neutrophils
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Milk and 
yogurt 
quality 
traits



Milk yield and chemical composition
  Dietary treatments (D) Effects
  CON SC30 MB30 MB40 1SEM D T D*T

Milk yield (g) 2284 2202 2138 2275 135.78 0.859 <0.001 0.991
2FCM 6% (g) 2470 2198 2107 2270 124.72 0.285 <0.001 0.979

3ECM (g) 2198 2017 1920 2056 110.39 0.394 <0.001 0.991
Fat content (%) 6.77 6.07 5.89 6.11 0.230 0.083 0.002 0.174

Fat yield (g) 151.7 131.7 125.9 136.7 7.46 0.157 <0.001 0.958
Protein content (%) 6.27 6.32 6.14 5.96 0.150 0.399 0.002 0.169

Protein yield (g) 139.9 137.1 129.8 136.1 6.59 0.741 0.007 0.997
Lactose (%) 4.54 4.62 4.55 4.59 0.053 0.700 <0.001 0.883

Total solids (%) 18.20 17.58 17.07 17.25 0.330 0.149 0.005 0.133
Total solids no-fat (%) 11.63 11.71 11.47 11.40 0.154 0.417 0.010 0.243



Milk Grouped-FA
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Milk EPA, 
DPA, DHA
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Yogurt FA

Based on EFSA-Article 13(1) our 
experimental yogurt can legally claim 

the above health benefits:

CON SC30 MB30 MB40
0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

EPA DPA DHA

DPA

EPA

DHA
50-48-43 mg 

DHA

• DHA contributes to maintenance of 
normal brain function (Commission Regulation 
(EU) 432/2012 of 16/05/2012)

• DHA contributes to the maintenance of 
normal vision (Commission Regulation (EU) 
432/2012 of 16/05/2012)

• EPA and DHA contribute to the normal 
function of the heart (Commission Regulation 
(EU) 432/2012 of 16/05/2012)

• DHA intake contributes to the normal 
visual development of infants up to 12 
months of age (Commission Regulation (EU) No 
440/2011 of 06/05/2011)



Milk oxidative stability

1. MDA: Malondialdehyde (μΜ MDA)
2. PC: Protein carbonyls (nmol/ml)
3. CAT: Catalase (Units/ml)
4. FRAP: Ferric Reducing Ability of Plasma (μΜ Ascorbic acid)
5. ABTS: 2,2′-azino-di (3-ethylbenzthiazoline-6-sulfonic acid (% inhibition)
6. SOD: Superoxide dismutase (Units/ml)
7. GSH-Px: Glutathione peroxidase (Units/ml)

  Dietary treatments (D) Effects
CON SC30 MB30 MB40 SEM D T D*T

FRAP (μΜ) 3.66 2.19 3.20 2.00 0.598 0.172 0.001 0.669
ABTS (%) 33.61a 29.93b 27.95b 27.64b 1.116 0.003 <0.001 <0.001

SOD (U/ml) 102.63 94.28 100.07 92.54 8.54 0.783 0.370 0.104
GPx (U/ml) 0.595a 0.386b 0.357b 0.381b 0.060 0.043 0.295 0.770
CAT (U/ml) 5.17 4.76 4.79 4.52 0.690 0.920 0.853 0.532

PC (nmol/ml) 2.90ab 3.14ab 2.83a 3.22b 0.112 0.052 0.001 0.058

MDA (μΜ) 0.54ab 0.59c 0.52a 0.57bc 0.015 0.016 <0.001 <0.001

MB30 optimum 
inclusion for milk 
oxidative stability

Lower TAC in milk

Lower GPx in milk

Lower PC in milk of MB30

Lower MDA in milk of MB30



Yogurt oxidative stability

1. MDA: Malondialdehyde (μΜ MDA)
2. FRAP: Ferric Reducing Ability of Plasma (μΜ Ascorbic acid)
3. ABTS: 2,2′-azino-di (3-ethylbenzthiazoline-6-sulfonic acid (% inhibition)

  Dietary treatments (D)
CON SC30 MB30 MB40 P-value

            5 days sampling time

FRAP (μΜ) 2.84a 1.48b 2.87a 1.56b 0.001
ABTS (%) 29.05 27.88 25.71 29.72 0.329
MDA (μΜ) 1.85 2.11 1.99 2.03 0.769

              10 days sampling time

FRAP (μΜ) 2.21a 0.96b 2.34a 0.99b 0.001
ABTS (%) 29.16 26.90 26.11 27,91 0.142
MDA (μΜ) 1.99a 2.59b 2.08a 2.59b 0.042

             16 days sampling time

FRAP (μΜ) 2.44a 1.36b 2.54a 1.01b 0.001
ABTS (%) 28.39 29.72 29.24 29.35 0.948
MDA (μΜ) 1.92 2.36 2.40 2.52 0.596 MB30 optimum 

inclusion for 
yoghurt oxidative 
stability

CON

MB30
MB40

SC30



Yogurt organoleptic panel

“106 
participants 
were 
involved” 

Tested parameters:
• Appearance-color
• Taste
• Acidity
• Aroma 
• Cohesiveness
• Structure-Texture
• Overall acceptability

 



Yogurt organoleptic panel: Acidity
 

CON

SC30

MB30

MB40 0

15

30

45

60

75

Acidity High Medium Low

P-value < 0.001

MB30 and 
MB40 yogurts 
had lower 
acidity. Higher 
acceptability 
by younger 
consumers.

Qualitative 
statistics:
pearson chi-square 
(p-value)



Yogurt organoleptic panel: Taste

CON SC30 MB30 MB40
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Taste

Bitter Metallic Tenderness No typical

No significant 
alterations for 
metallic taste 
or tenderness 
due to PUFA



Yogurt organoleptic panel: Cohesiveness

CON

SC30

MB30

MB40 0

15

30

45

60

75

90

Cohesiveness Excessive Normal Weak

P-value < 0.001

Microalgae 
improve 
yogurt 
cohesivene
ss



Yogurt organoleptic panel: Overall 
acceptability

1,0 2,0 3,0 4,0 5,0

CON

SC30

MB30

MB40

3.80

3.80

4.00

3.80

OVERALL ACCEPTABILITY MB30 yogurt 
had higher 
acceptability 
by participants.



Rumen 
microbiome



Novaseq 6000 analysis Simultaneous 
sequencing of 
V3-V4 and V6-V8 
regions of 16s to 
explore the 
changes in both 
Bacteriome and  
Archaeome.

Bacteria, 
Archaea, Fungi, 
Protozoa, 
Eukaryotes, 
Phages, etc. 

Whole 
Genome 
Sequencing



Bacteriome Analysis (Family LV)

58 most 
abundant 
families

CON

MB30

MB40

SC30

Families 
contribute most 
to the 
discrimination:
Gastranaerophilales
Lachnospiraceae 

Coprostanoligenes 
group

RF39 



Bacteriome Analysis (Species 
LV)

60 most 
abundant 
species

CON

MB30

MB40

SC30

Species contribute 
most to the 
discrimination:

Eubacterium 
coprostanoligenes

Ruminococcus flavefaciens 
Prevotellaceae 
UCG-001

Butyrivibrio 
hungatei 
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Fibrolytic 
species 
were 
slightly 
increased in 
MB30

Proteolytic 
species were  
decreased in 
algae-fed 
ewes
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Is 
methanogens 
abundance the 
answer for 
changes in 
methane 
emissions? 

Archaeome analysis

CON SC30 MB30 MB40
0

0,1

0,2

0,3

0,4

Methanobrevibacter 
ruminantium (%)

Increase of Methanobrevibacter 
ruminantium has been associated 
with low CH4-emitting animals 
(Danielsson et al., 2017)
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MB30 optimum inclusion for 
methane mitigation

MB40

MB30
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CON

MB30

MB40

SC30

Uncultured 
Methanobacteriales

Methanobrevibacter 
boviskoreani

Methanosphaera cuniculi

Methanogenic 
Archaeon

Archaea contribute 
most to the 
discrimination:

Or is their 
composition 
rather than 
their absolute 
abundance? 



Conclusions
• The combination of 21 g of Schizochytrium spp. and 9g 

of autotrophic microalgae was a successful 
supplementation strategy to produce a yogurt product 
fortified with beneficial CLA, DPA, EPA and DHA fatty 
acid while also preserving milk chemical composition 
and yogurt oxidative stability and organoleptic traits.

• This yogurt product may have a lower Carbon Footprint 
• Ewes immune-oxidative status was improved in the 

case of microalgae blend inclusion.
• The microalgae combination and their levels 

paradoxically drove rumen microbiome niche expansion. 
• Archaeome structure was firmer correlated with 

methane emissions rather than the abundance of 
prevailing methanogenic species. 



Thank ewe!



Concentrates composition (g/Kg)

  CON SC20 SC30 SC40
Maize grain 472 477 467 462
Sunflower meal 80 80 80 80
Wheat middlings 70 70 70 70
Barley grain 100 100 100 100
Soyabean meal 185 185 185 185
Vitamin and mineral premix 25 25 25 25
Limestone 14 14 14 14
Sodium bicarbonate 3 3 3 3
Mycotoxin binder 1 1 1 1
Soyabean oil 5 - - -
Yeast product 25 25 25 25
Palm oil 20 - - -
Schizochytrium spp. - 20 30 40



Milk yield and chemical composition

1. Fat corrected milk in 6%
2. Energy-corrected milk yield
3. Total solid
4. Solid not fat
 

t<0.1,    ⁎ P<0.05,    ⁎⁎ P<0.01,    ⁎⁎⁎ P<0.001, 
NS = no significance

a ab bc c

a ab b ab

MFD??



Blood plasma oxidative status
Diet (D) Time (T) Effect

CON SC20 SC30 SC40 SEM 10 20 30 40 50 SEM D T D*T
1MDA 0.71A 0.85B 0.86B 0.84B 0.037 0.83 0.78 0.83 0.82 0.81 0.031 * NS NS

2PC 3.09A 3.45B 3.62BC 3.84C 0.123 3.62a 3.36b 3.37ab 3.28b 3.87c 0.090 ** ** NS
3FRAP 0.72 0.71 0.68 0.71 0.040 0.74ab 0.71ab 0.67ab 0.66a 0.74b 0.033 NS t NS
4ABTS 48.94A 49.11A 49.28A 51.38B 0.428 46.96a 49.04b 50.62c 51.20c 50.56c 0.353 ** *** ***

5CAT 42.92A 38.26A 66.88B 50.34AB 7.602 38.68a 39.18a 52.17b 60.29b 57.69b 4.775 t ** NS
6SOD 13.48 13.74 12.49 12.05 0.579 14.08a 13.12a 11.53b 12.88a 13.10a 0.488 NS * **

7GSH-Px 0.18 0.19 0.16 0.19 0.009 0.19a 0.17ab 0.16b 0.18a 0.19a 0.007 NS *** ***
8GST 0.06A 0.06AB 0.09C 0.08BC 0.007 0.06a 0.06a 0.08b 0.08b 0.08b 0.005 * ** NS
9GR 0.03A 0.04B 0.03AB 0.03AB 0.002 0.03ab 0.04c 0.04c 0.03a 0.03b 0.001 t *** NS

1. MDA: Malondialdehyde (μΜ MDA)
2. PC: Protein carbonyls (nmol/ml)
3. CAT: Catalase (Units/ml)
4. FRAP: Ferric Reducing Ability of Plasma (μΜ Ascorbic acid)
5. ABTS: 2,2′-azino-di (3-ethylbenzthiazoline-6-sulfonic acid (% inhibition)

6. SOD: Superoxide dismutase (Units/ml)
7. GSH-Px: Glutathione peroxidase (Units/ml)
8. GST: Glutathione transferase(Units/ml)
9. GR: Glutathione reductase (Units/ml)

t<0.1,    
⁎ P<0.05,    
⁎⁎ P<0.01,    
⁎⁎⁎ P<0.001, 
NS = no significance

a
b      b      b

a      a      
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a a
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ab
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ab ab

a ab
bc
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Milk oxidative status
Diet (D) Time (T) Effect

CON SC20 SC30 SC40 SEM 10 20 30 40 50 SEM D T D*T
1MDA 0.41A 0.51B

C 0.48AB 0.58C 0.027 0.48ab 0.51a 0.49ab 0.53a 0.45b 0.021 ** * NS

2PC 3.65A 3.24AB 2.99B 3.39AB 0.139 3.07ac 4.07b 3.33a 3.28ac 2.84c 0.152 * ** NS

3FRAP 3.71 3.34 2.97 3.10 0.236 4.71a 3.84b 3.34b 2.23c 2.27c 0.192 NS *** NS

4ABTS 42.61 44.58 40.86 44.15 1.933 53.96
a

47.58
b

43.16
b 32.17c 38.36

d 1.844 NS *** NS

5CAT 3.83 3.88 4.13 4.38 0.415 4.02 3.89 3.84 4.15 4.36 0.274 NS NS *

6SOD 20.25 20.53 20.54 22.04 1.835 18.27
a

16.86
a

20.15
a

24.54
b

24.37
b 1.367 NS ** *

7GSH-Px 0.57 0.44 0.48 0.47 0.068 0.34a 0.42b 0.60c 0.72c 0.39ab 0.041 NS *** NS

1. MDA: Malondialdehyde (μΜ MDA)
2. PC: Protein carbonyls (nmol/ml)
3. CAT: Catalase (Units/ml)
4. FRAP: Ferric Reducing Ability of Plasma (μΜ Ascorbic acid)
5. ABTS: 2,2′-azino-di (3-ethylbenzthiazoline-6-sulfonic acid (% inhibition)
6. SOD: Superoxide dismutase (Units/ml)
7. GSH-Px: Glutathione peroxidase (Units/ml)

⁎ P<0.05,    ⁎⁎ P<0.01,    ⁎⁎⁎ P<0.001, 
NS = no significance

a
bc ab

c

a ab
b

ab


