
Not so micro: Vitamins 
and Mycotoxins Impact 

on Production

Sara Hough, D.V.M.
Swine Technical Expert, dsm-firmenich

Lan Zheng, Ph.D.
Swine Technical Expert, dsm-firmenich



Vitamins
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Vitamins are essential

• Do we feed NRC levels?
• Why do they need to be supplemented?

Vitamins and Minerals-
Micro-nutrients with macro-responsibilities
100% necessary for metabolic functions!



Functions of Vitamins & Deficiency Symptoms
Vitamin Basic function(s) Deficiency disorders/diseases

Vitamin A Retinal pigments, epithelial cell differentiation, gene transcription
blindness, xerophthalmia, keratomalacia, 
impaired growth

Vitamin D
Intestinal Ca absorption, bone Ca mobilization, renal Ca resorption, regulation of 
PTH secretion, possible function in muscle

Rickets, Osteomalacia

Vitamin E antioxidant protector for membranes nerve, muscle degeneration

Vitamin K Clotting factors and their Ca-binding proteins impaired blood clotting

Vitamin B1 coenzyme for various energy metabolism enzymes
Beriberi, polyneuritis, Wernicke-Korsakoff 
syndrome

Vitamin B2
coenzyme for numerous flavoproteins that catalyze redox reactions in fatty acid 
synthesis/degradation, TCA cycle

dermatitis

Vitamin B6 coenzyme for amino acid metabolism symptoms vary by species

Vitamin B12
coenzyme for conversion of methylmalonyl-CoA to succinyl-CoA, methyl group 
transfer from 5-CH3-FH4 to homocysteine in methionine synthesis

megaloblastic anemia, impaired growth

Pantothenic Acid
co-substrate for activation/transfer of acyl groups to form esters, amides, citrate, 
triglycerides, etc.

symptoms vary by species

Niacin co-substrate for many dehydrogenases, e.g. TCA cycle respiratory chain Pellagra

Folic Acid coenzyme for transfer of single-carbon units megaloblastic anemia
Biotin coenzyme for carboxylations dermatitis, cracked hooves

Choline
component of acetylcholine and the membrane structural component 
phosphatidylcholine

Perosis (deformity of leg bones in young birds), 
fatty liver

Vitamin C co-substrate for hydroxylations in collagen synthesis, steroid metabolism Scurvy







Stability

Considerations:
• Choline Chloride
• Inorganic Trace Minerals
• Processing
• Storage





Total Vitamin Intake

Av
er

ag
e 

An
im

al
 R

es
po

ns
e

Deficient Sub-optimum 

Optimum Special Applications

NRC

• Below NRC levels
• Animals at risk of 

developing clinical 
deficiency signs 
and disorders

• Above NRC levels
• Preventing 

clinical deficiency 
signs and 
disorders

• Inadequate to 
enable optimum 
health and 
productivity

• Offsetting factors 
influencing vitamin 
requirement

• Permitting optimum 
health, productivity 
and food quality and 
nutritional value

• Above optimum 
levels

• Optimizing certain 
attributes such as 
immunity, meat 
quality, bone health, 
etc.

Optimum Vitamin Nutrition (OVN®) 



Optimum Vitamin Nutrition® (OVN) Guidelines

https://www.dsm.com/anh/products-and-services/tools/ovn.html#swine

https://dsm-animal-nutrition-health.scaura.com/s/ba6b13d4 

OVN website:

Swine OVN brochure:

https://www.dsm.com/anh/products-and-services/tools/ovn.html#swine
https://dsm-animal-nutrition-health.scaura.com/s/ba6b13d4


Optimum Vitamin Nutrition® vs Genetic Supplier 
Recommendations

Nutrient
NRC, 2012 PIC DNA OVN

Min Max
4,000 

Gestation
2,000 

Lactaction
Vitamin D3, IU/kg 800 1,800 2,000 1,985 1,650 1,500 – 2,000
Vitamin E, IU/kg 44 80 150 66 88 100 – 150
Vitamin K, mg/kg 0.5 2 4.5 4.4 4.4 4.5 – 5.0

Topigs

10,000

Gilts/Sows

Vitamin A, IU/kg 9,920 10,000 – 
15,00012,000 8,950
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				Nutrient		Gilts/Sows

						NRC, 2012		Topigs				PIC		DNA		OVN

								Min		Max

				Vitamin A, IU/kg		4,000 Gestation		10,000		12,000		9,920		8,950		10,000 – 15,000

						2,000 Lactaction

				Vitamin D3, IU/kg		800		1,800		2,000		1,985		1,650		1,500 – 2,000

				Vitamin E, IU/kg		44		80		150		66		88		100 – 150

				Vitamin K, mg/kg		0.5		2		4.5		4.4		4.4		4.5 – 5.0
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Vitamin levels of gestation and lactation sow feed

T1: US Industry vitamin levels

T2: Reduced vitamin levels: A, D, E and K at NRC 
requirements for gestation and water-soluble at 
approximately half the inclusion rate of the industry

Vitamin levels of nursery diets fed  to weaned pigs for 40 days

T1: US Industry vitamin levels
T2: Reduced vitamin levels: A, D, E 
and K at NRC requirements

Vitamin fortification of the sows’ diets
Hinson et al. (2022, JSHAP)
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Nursery pig performance (0-40 days after weaning)

Reduced Vitamin supplementation in sows (gestation and lactation) and nursery pigs resulted in significantly lower 
nursery pig performance

P<0.001 P=0.002

Vitamin fortification of the sows’ diets
Hinson et al. (2022, JSHAP)



110 Source: Hinson et al., 2022 T1: US industry vitamin levels
T2: Reduced vitamin levels:

The use of a higher vitamin levels provided a ROI of >6:1 when compared to a reduced vitamin 
supplementation in sow and nursery feed

ROI VITAMIN LEVEL / PIGLET WEIGHT Sow Feed 
pig price, $/kg BW: 1.52 Reduced Vit Industry Vit
D 0 Body Weight, kg 6.33 6.43

D 40 Body Weight, kg 21.86 22.20
G:F 0.69 0.70

Per Pig
Total gain, kg 15.53 15.77

Value of gain, $ 23.60 23.97
Net value (deducting vitamin cost), $ 23.46 23.78

"ROI" of Industry Vitamins vs. reduced levels >6:1 

CONCLUSION
Reducing vitamin levels with the aim of saving feed costs may jeopardize animal performance, 

potentially increasing meat production cost and ultimately reduce farmers´ profit

Vitamin fortification of the sows’ diets
Estimated ROI based on Hinson et al. (2022, JSHAP)



Commercial Experiment – Winter 2020-2021
“Effects of varying strategies of dietary micronutrient supplementation additive on nursery pig 
performance and serum vitamin levels”*

- A total of 1,056 pigs (average initial BW = 14.3 lb) were initially used in a growth study with 
the experimental treatments below, 22 pigs per pen and 12 replicate pens per treatment. 
Serial blood samples from 2 pigs/pen – d 1, 21, and 42.

*System experiencing severe PRRSv symptoms and effects on health and performance.

First week (P1) only



Commercial Experiment – Winter 2020-2021
Results – Nursery Growth Performance

Control E, Se A, HyD, E, C SEM P ≤
Economics, $

Revenue/pen 477.12 460.80 530.76 26.98 0.152
Feed (+ water) cost/pen 137.91 138.69 148.62 4.04 0.042
Feed cost/lb of gain 0.48 0.50 0.37 0.054 0.222
MOFC/PEN at the end 339.21 322.11 382.14 23.20 0.183
MOFC/PIG at the end 20.90 20.93 22.00 0.62 0.392

Control E, Se A, HyD, E, C SEM P ≤
Overall, D 0 to 42

ADG, lb 0.53 0.53 0.59 0.025 0.139
ADFI, lb 0.82 0.84 0.88 0.028 0.414
F/G 1.56ab 1.60a 1.50ab 0.029 0.007
Final BW, lb 41.1 41.9 42.6 0.82 0.373
Recorded Injections, % 61.4 62.5 54.2 5.05 0.184
Removals (Dead+Cull), % 27.4 30.5 21.4 ≤3.02 0.056
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Vitamins and Immunity

7.8 11.2 40.4



Effects of Dietary Vitamin D Levels on PRRSv Disease Outcomes 
in Nursery Pigs – preliminary data

Keen et al., (2024) Unpublished- Dr. Rahe Lab



Vitamin Diagnostics





Age Vit E ppm Vit A ppm
Fetus 1.2-3.0 0.1-0.2

Neonate 1.5-2.5 0.4-0.5
Nursing 1.5-2.5 0.4-0.5

Grow/Finish 2.0-2.5 0.4-0.5

Adult 2.0-3.0 0.25-0.4
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		Age		Vit E ppm		Vit A ppm

		Fetus		1.2-3.0		0.1-0.2

		Neonate 		1.5-2.5		0.4-0.5

		Nursing 		1.5-2.5		0.4-0.5

		Grow/Finish		2.0-2.5		0.4-0.5

		Adult		2.0-3.0		0.25-0.4
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Assessing Vitamin D Status - One of the Essentials in Metabolic Bone 
Disease Diagnosis

Serum vitamin D reference ranges considered “normal”

Age of animal 25-OH-D3 ng/ml
Neonate 5-15

10 days 8-23

3-4 weeks old 25-30

Finishing pigs 30-35

Mature 35-70

Parturition 35-100

“This is more of general guide”

Darin Madson
(ISU-VDL) 

Data from
2016 - 2020 Serum 25-OH-D3 (ng/ml)
Age Mean Median June Outdoor - Mean
Nursery 15.3 7.4 58.6
Grower 14.6 12.4 61.1
Finishing 31.5 26.6 86.0
Mature/Sow 40.23 33.5 57.2

(Arnold et al., 2015)

Survey of Data from the ISU-VDL
Hough, S., 2021. American Assoc. of Swine Vet. Annual Meeting 



dsm-firmenich recommendation range for growing pigs & sows

25-OH-D3 level 
(ng/ml)

Status

>60

Optimum level that could trigger positive effects on:
- immune competence 
- muscle growth (daily weight gain)
- gilts selection rate, farrowing time, milk secretion, piglet livability and performance

30-60 Adequate level for Ca and P metabolism and bone health

21-29

Insufficient level for:
- Ca and P metabolism and bone health-> pigs at risk for bone disorders (e.g., lameness)
- reduced selection rate in gilts - prolonged farrowing time and milk release in sows. 
- immune competence and muscle growth 

<20
Deficient level for:
- Ca and P metabolism - higher probability of bone disorders e.g., rickets, osteomalacia, osteochondrosis 
- immune competence and muscle growth

Vitamin D status in swine: what should you be aiming for?

Literature references:
Pig performance and muscle growth
Hines et al., 2013; Starkey et al., 2014; Zhou et al., 2016; Thayer et al., 2019; Upadhaya et al., 2022
Piglets livability and performance
Weber et al., 2014; Zhou et al., 2016; Planchenault et al., 2018; Zhang et al., 2019; Zhao et al., 2022

Immune response
Konowalchuk et al., 2013; Meuter et al., 2016; Yang et al., 2018; Yang et al., 2019; Zhang et al., 2019; Zhang et al., 2022

Bone and skeletal health
O’Doherty et al., 2010; Sugiyama et al., 2013; Weber et al., 2014; Cogo et al., 2016; Zhou et al., 2017; Zhang et al., 2019; Zhang et al., 2022
Sows' performance 
Lauridsen et al., 2010; Coffey et al., 2012; Meuter et al., 2016; Planchenault et al., 2018; Zhou et al., 2017;
Wang et al., 2020; Zhang and Piao, 2021





Conclusions 

• Vitamins are essential and higher levels are needed for 
optimum performance and immunity

• Reference ranges for various metabolites are from 30 years 
ago, consider diagnostics within context

• Reach out to dsm-firmenich for 25OHD3 testing and 
resources



Mycotoxins

Lan Zheng, PhD



Economic loss

• Economic impact of 
dampness and mold-related 
infections in U.S.:

• $22.4 billion1

oAllergic rhinitis
oAcute bronchitis
oAsthma morbidity
oAsthma mortality

• Economic impact of mycotoxins 
in U.S.:

• >$1.5 billion2

oCrop costs
oMitigation costs
oLivestock costs

•  PRRS: $664 million3

1Mudarri et al., 2016; 2CAST, 2003; 3Holtkamp et al 2011



Common sources of mycotoxins

Image source bizjournals.com, 2014

Oil: Corn, Soy…

ZEN, Afla → Fat soluble

FUM and DON → Water and fat soluble 

DDGS, Corn GlutenCorn

DON, ZEN, Ergot, Ochratoxin A

DON, ZEN

Soybean

Wheat Midds, Small Grains

Afla, DON, ZEN, FUM

Aflatoxin (Afla); Deoxynivalenol (DON); Zearalenone (ZEN); Fumonisins (FUM)



Occurrence trend: 2019-2023 corn crop
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Effects of major mycotoxins
Zearalenone Ergot alkaloids

• Neurotoxicity
• Reproductive 

disorders
• Necrosis
• Immune 

modulation

DON & T2/HT-2

• Vomiting
• Diarrhea
• Reduced feed intake
• Poor immunity
• Tail and ear necrosis 
• Ulcers
• Reproduction 

(reduced litter size / 
fertility / abortions)

• False estrus
• Poor reproduction
• Reduced fertility
• Reduced litter size
• Enlarged uterus, 

small ovaries, cysts 
in ovary

• Rectal or uterus 
prolapse

• Spray legs

Fumonisins

• Pulmonary edema
• Diarrhea
• Reduced feed intake
• Ulcers
• Poor performance
• Poor immunity 
• Heart failure
• Folate deficiency
• Udder edema
• ↑Serum Sa:So* ratios

*sphinganine:sphingosine 



Combined mycotoxin challenges

Andrestta et al, 2016

• Feed intake: Single (14%)

   Combined (42%)

• Weight gain: Single (17%)

   Combined (45%)

85 published papers, 1,012 treatments and 13,196 animals

The average dietary concentration of mycotoxins were 
0.485 ppm for aflatoxins (maximum of 4 ppm), 3.63 
ppm for deoxynivalenol (maximum of 72 ppm), 1.14 ppm 
for zearalenone (maximum of 9 ppm), and 23.2 ppm for 
fumonisins (maximum of 120 ppm). 



Modified mycotoxins

• Masked trichothecenes
• 82% samples positive for Don-3-glucoside1

• Masked fumonisins
• 60% for risk assessment2

•  10 ppm → 16 ppm

• Masked zearaleone
• 100% for risk assessment2

• 100 ppb → 200 ppb

1Berthiller et al., 2013; 2EFSA, 2014



Impact on nutritional value of grains

• Discounted protein, amino acids, and vitamins:
• Mold spore count of 1-5 million cfu/g can have discounted 

nutrient value by 5-10%1.

•  
Corn type Metabolizable energy 

(kcal/kg)
Crude protein 

(%)
Crude fat

(%)

Normal 3,410 8.9 4.0

Moldy 3,252 8.3 1.5

Tindall (1983)

1 https://extension.umn.edu/



Impact on nutrient digestibility

Mycotoxins 
(ppm) Phase DM Energy Fat CP Reference

AFB1  (0.28) 38 kg, 102 d ↓ 2.1% ↓ 2.5% ↓ 4.7% No 
change Pu et al., 2020

DON (5) 10 kg, 5 d ↓ 7.6% ↓ 9.5% - - ↓ 15.7% Mwaniki et al., 2019

DON (4.6) 6 kg, 14 d ↓ 3.4% ↓ 4.8% ↓ 25.6% - - Van Le Thanh et al., 2015

FUM (15) 13 kg, 21 d - - ↓ 1.2% No 
change - - Zeebone et al., 2020



Gastrointestinal tract: First target

Maresca, 2013

• Enterohepatic circulation may 
increase the exposure all 
along the GIT. DON and FUM 
are slowly absorbed in the 
lower GIT. 

• Neurotoxic effect: 25% to 30% 
of the plasmatic DON is found 
in the cerebrospinal fluid 

• Oxidative stress



Impact on physical barrier function
• Chronic exposure

• Absorption rate of DON: 
chronic (89%) > acute (54%)1

• Paracellular diffusion may 
massively increase and 
become predominant.

Transcellular
transport

Paracellular
transport

↓ Tight junctions
↓ Integrity of intestinal barrier

1 Goyarts et al., 2006



Impact on physical barrier function

Li et al., 2022

Sphingolipids: cell membranes, nervous 
tissue, brain, skin, liver, and kidney.  

Riley and Merrill, 2019

• Fumonisins disrupt intestinal barrier
• Inhibits ceramide synthase by 

epithelial cells.

• Promote cytokine production
• Upregulate expression of TNF-α



Impact on physical barrier function
• Fumonisins disrupt intestinal barrier

• Inhibits ceramide synthase by 
epithelial cells.

• Promote cytokine production
• Upregulate expression of TNF-α

Sphingolipids: cell membranes, nervous 
tissue, brain, skin, liver, and kidney.  

Li et al., 2022



Increase susceptibility to diseases

Control

Feeding 6.5 ppm FUM for 7 days significantly
increased intestinal colonization by E. coli.

Oswald et al., 2013

E. coli colonization

Fumonisin (FB1)

Vandenbroucke et al., 2011

900 ppb DON with or without Salmonella Typhimurium
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Porcine intestinal ileal 
loop model

↑Salmonella invasion in and translocation
↑Inflammatory response in the gut



Digestive E. coli challenge 

~36 days

Pastorelli et al., 2012

Respiratory diseases

13% lower;
Did not recover

Mycotoxicoses
* 

~30 
days

~30 
days

*single, 2 or 3 mycotoxins (aflatoxin, deoxynivalenol, fumonisin and/or 
zearalenone)

Impact on feed intake



Nutrient utilization
• ↑Intestinal permeability
• ↓ Intestinal absorption of Ca and P
• ↓ Vitamin D status
• ↓ Bone recovery following Ca and P 

depletion
• Adding vitamins E and C and 25-OH-D3 

reduced inflammation and improved 
antioxidant status after the LPS 
immune stimulation.

Sauvé et al., 2023; Sauvé et al., 2023; Sauvé et al., 2024



• No clinical signs were shown in sows

• 30% pre-weaning mortality 

• Splay legs, swollen and reddened vulva in 
newborn piglets

Transfer from sows to piglets

14
3

2-day-old piglet 
with swollen vulva 

Hennig-Pauka et al., 2018

Mycotoxin levels in the feed:
• Gestation: 72.6 ppb ZEN and metabolites
• Lactation: 51.9 ppb ZEN and metabolites

• Mycotoxin levels in sow feed:
• 484 vs. 257 ppb of DON in Clinical vs. 

Control 
• DON in sow plasma were significantly different
• Swine inflammation & necrosis syndrome

Neonatal tail necrosis 
in a 1-day-old pigletAcceptable level ≠ Safe level

Van Limbergen et al., 2017



Mitigation strategies: biotransformation

ZEN          ZOM-1Trichothecenes              Detoxified form

Fumonisin B1 Detoxified form 

Schatzmayr, et. al, Mycotoxin 
Research, 2003

Molnar, et al; Syst. Appl. 
Microbiology, 2004

Politis, et al; British Poultry 
Science, 2005

Schatzmayr, et al; Molecular 
Nutrition and Food Research, 
2006

Vekiru et al, Applied and 
Environmental Microbiology, 
2011

De-epoxidase
Esterase

Fumonisin 
esterase



Mitigation strategies
• 1. Adsorption a synergistic blend 

of minerals

• 2. Biotransformation with unique 
enzymatic degradation

• 3. Bioprotection for immunity 
support and liver and gut health

 

Biotransformation

Adsorption

Adsorption
efficacy



Mitigation strategies

146

Blood was collected at the end of wk 6 for SA:SO measurement
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Biofix Plus with FUMzyme ameliorated 93% of the increased 
sphinganine and 95% of SA:SO caused by fumonisins.

Paczosa, 2023



Conclusions 

Mycotoxins:

• Affect intestinal integrity

• Impair immunity → prolonged recovery

• Decrease nutrient utilization (i.e., vitamin D status)

Microbial and enzymatic technologies are innovative 

strategies to detoxify non-adsorbable mycotoxins.


