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Hermetia illucens oil in dairy cow diet: 
effects on fatty acids of rumen digesta

Hermetia illucens for a Green Agriculture
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INTRODUCTION

We moved to in vivo trials!!



AIM OF THE STUDY

Insect oil

Hermetia illucens Oil

Vegetable oil

Hydrogenated Palm Fat

Evaluate the effects of replacing hydrogenated palm fat with 
Hermetia illucens oil on ruminal biohydrogenation



MATERIALS & METHODS
Experimental Design

 26 Valdostana Red Pied cows
 Housed indoors in tie-stall conditions
 2 dietary treatments (CTRL and HIO); 70:30 F:C ratio
 CTRL: mixed hay ad libitum + 5.4 kg/head × day 

concentrate with palm fat
 HIO: mixed hay ad libitum + 5.4 kg/head × day 

concentrate with HIO

ITALY

Farm geolocalization

Feed analyses

 DM, ash, CP, EE, ADFom, ADL(AOAC methods, 2000; 2003)
 aNDFom (Mertens, 2002)
 Fatty acids (Alves et al., 2008)

Ingredients (g/100g as fed) Concentrate

Corn 30.10

Dehulled sunflower 36% CP 16.80

Wheat bran 16.20

Wheat middlings 10.80

Barley 8.00

Soybean meal 44% CP 5.90

Palm fat / HI oil 3.00

Pitted carobs 3.00

Calcium carbonate 2.05

Cane molasses 1.40

Sodium chloride 1.00

Dolomite 1.00

Sodium bicarbonate 0.50

Vit mix 0.25

Total 100

Main nutrients
Concentrates

CTRL HIO
DM (g/100g) 86.58 85.92
Ash 8.23 8.22
CP 19.93 20.03
EE 5.17 5.15
NSCa 38.34 40.73
aNDFom 28.39 25.93
ADFom 12.12 10.79
ADL 2.79 2.58
NEL (Mcal/kg DM) 1.83 1.82



   Statistical Analysis

 MIXED procedure model with SAS v. 9.4 (SAS Inst. Inc, Cary, NC) 
 Fixed effect Diet
 Covariate Collected measures at day 0

MATERIALS & METHODS

Instituto de Ganadería de Montaña 
(León, Spain)

Preparation of ruminal FA samples

Gas-chromatography analyses

Toral et al. (2010)
Shingfield et al. (2003)
de la Fuente et al. (2015)

Samples collection



RESULTS & DISCUSSION

Fatty acids
Dietary Treatment

SEM P
CTRL HIO

C12:0 8.11 16.57 0.666 <.001

C14:0 5.46 6.52 0.092 <.001

C16:0 94.46 79.51 1.222 <.001

C18:0 41.40 27.45 1.085 <.001

C18:1 c9 37.02 41.02 0.377 <.001

C18:2 n-6 94.36 100.34 0.779 <.001

C18:3 n-6 0.29 0.26 0.006 <.001

C18:3 n-3 39.56 39.31 0.770 0.667

CLA c9t11 n.d. 0.37 - -

∑ SFA1 150.33 130.84 1.580 <.001

∑ MUFA2 44.05 48.95 0.484 <.001

∑ PUFA3 134.70 140.51 1.477 0.006

1Other: C20:0. 
2Others: C16:1 t3 + C16:1 c9 + C16:1 c11 + C18:1 c11 + C20:1 c9.
3Other: C20:2 n-6.

Intake of fatty acids (g/head × day) from the experimental diets

CTRL, concentrate containing Hydrogenated Palm Fat; HIO, concentrate containing Hermetia illucens Oil; n.d., not detected.



RESULTS & DISCUSSION

Primary dietary SFA (g/100g FA) of rumen digesta of dairy cows fed concentrates 
containing hydrogenated palm fat (CTRL) or Hermetia illucens oil (HIO)

P < 0.001

SEM = 0.089

P < 0.001

SEM = 0.165 SEM = 0.279

P < 0.001

Dietary saturated fatty acids are NOT subjected to modifications inside the rumen



RESULTS & DISCUSSION

Individual FA (g/100g FA) of rumen digesta of dairy cows fed concentrates 
containing hydrogenated palm fat (CTRL) or Hermetia illucens oil (HIO)

P > 0.05

SEM = 0.796

P > 0.05

SEM = 0.337

P > 0.05

SEM = 0.215

P > 0.05

SEM = 0.068



RESULTS & DISCUSSION

Vaccenic and rumenic acids (g/100g FA) of rumen digesta of dairy cows fed concentrates 
containing hydrogenated palm fat (HPF) or Hermetia illucens oil (HIO)

P = 0.066

SEM = 0.197 SEM = 0.005

P = 0.071

CLA precursor Most abundant CLA found in nature

Found in ruminant-derived food products



RESULTS & DISCUSSION

Groups of FA (g/100g FA) of rumen digesta of dairy cows fed concentrates 
containing hydrogenated palm fat (HPF) or Hermetia illucens oil (HIO)

SEM = 0.622

P > 0.05 P > 0.05

SEM = 0.410

P > 0.05

SEM = 0.225



Groups of FA (g/100g FA) of rumen digesta of dairy cows fed concentrates 
containing hydrogenated palm fat (HPF) or Hermetia illucens oil (HIO)

RESULTS & DISCUSSION

P = 0.001

SEM = 0.202

P < 0.01

SEM = 0.070

OBCFA are synthesized by rumen bacteria 

OBCFA possess health-promoting effects comparable to those of CLAs



CONCLUSIONS & FURTHER INVESTIGATIONS

Oil crops:
• High greenhouse gas emissions
• Deforestation
• Biodiversity loss
• Abusive labor conditions

Sustainability

Insect oil:
• Valuable substitute with no detrimental effects on ruminal 

biohydrogenation

Animal performance

• Hermetia illucens oil increase vaccenic and rumenic acids 
concentration in ruminal digesta  higher formation of CLAs in mammary 
gland and milk

Effects on human health

Beyer et al. (2020)
Russell (2020)

Toral et al. (2024)



CONCLUSIONS & FURTHER INVESTIGATIONS

Rumen microbiota

Feces microbiota Bovine genome 
stability

Sensory analysis

Feed efficiency

VFA & gas production

Milk quality

Blood oxidative status

Protozoa population

Nutrient digestibility
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