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Suboptimal diet has been identified as a major risk factor for 
the global burden of disease.[1] Unhealthy diets can lead to 
malnutrition that encompasses undernutrition, micronutrient 
deficiencies, overweight, and obesity. While there is adequate 
food production in the United States, many key nutrients are 
consumed at amounts far below the dietary reference intakes. 
These nutrients have been labeled as “nutrients of public health 
concern” in the 2020-2025 Dietary Guidelines for Americans 
and include dietary fiber, vitamin D, calcium, iron, and potas-
sium.[2] Other nutrients such as magnesium, folate, vitamin B12, 
iodine, choline, and DHA are nutrients of public health concern 
for certain age, sex, and life stages such as pregnancy and lac-
tation.[2] Individual food choices and dietary intake recommen-
dations are not enough to overcome these gaps in nutritional 
intake placing many Americans at risk for chronic diseases that 
have been associated with nutrient deficiencies.

Over the decades, traditional methods have been used to 
address specific nutrient deficiencies including vitamin and 
mineral supplementation and food fortification. While sup-
plements are helpful, targeting individual nutrients can be 
expensive and requires motivation. Individuals at higher risk 
of nutrient deficiency often have fewer financial and nutritional 
information resources, and are less likely to consume supple-
ments.[3] Fortification is another approach that adds nutrients 
to a food during processing to increase its nutritional value. 
A well-known example is the fortification of cereal products 
with folic acid which has greatly reduced the incidence of neu-
ral tube defects in the United States.[4] Fortification approaches, 
however, are unlikely to be applied to all nutrients of public 
health concern. More recently, an increased focus has been 
placed on the need to alter nutrient consumption patterns 
using sustainable biofortification approaches. Biofortification 
involves enhancing the nutritional content or bioavailability of 
nutrients in food through fertilizers or environmental factors, 

conventional breeding, or genetic engineering. Increasing appli-
cation of this approach has been centered on improving the 
nutritional content or composition of animal products. Animal 
diets have been modified to enhance the composition of meat 
or animal products (eg, eggs) by adding components to the 
diet such as grass, plant oils, fish oils, marine algae, oilseeds 
fat supplements, amino acids, and protein.[5] These approaches 
significantly impact the nutritional content of the food. For 
example, grass-fed beef has higher vitamin E content, and 
feeding microalgae to laying hens or broilers will increase the 
DHA content of the resulting eggs or meat.[6,7] Likewise, eggs 
and chicken are also enriched with the phytochemical astaxan-
thin through feeding laying hens and broiler chickens astaxan-
thin-rich microalgae.[8,9]

Nutritional enhancement of commonly ingested foods may be 
an economic and sustainable approach to alleviate nutrient defi-
ciencies in the general population, but more studies are required 
to fully evaluate the bioavailability and possible health benefits 
to humans ingesting these bioenhanced animal products. As an 
example, 25-hydroxyvitamin D (25[OH]D), the precursor for the 
active vitamin D metabolite, has been added to the poultry diet to 
improve bone health and egg production,[10] but until recently lit-
tle attention had been given to the 25(OH)D content of common 
animal foods,[11] and only recently, have studies begun evaluat-
ing the relative bioavailability of these vitamin D- and 25(OH)
D-enhanced animal products.[12] Bioavailability of nutrients 
within foods may differ according to the food matrix, the total 
amount of nutrient ingested and the composition of the meal 
consumed along with the fortified food. Fat soluble vitamins are 
more easily absorbed in lipids, while minerals are known to be 
well absorbed in acidic environments. When evaluating results 
on nutrient absorption and utilization attention must also be 
given to the nutritional status of the study participant as nutrient 
bioavailability is typically regulated in response to nutritional 
status. Comparing data across studies is often challenging due to 
differences in study design, meal composition, study population 
characteristics, amount of the nutrient ingested, and differences 
in the timing of sample collections. More data are needed on 
approaches that can be successfully utilized to identify optimal 
amounts of bioenhanced nutrients in food and to identify ways 
to integrate these foods into the food supply to target those that 
will benefit most from these products.

Biofortification of the food system has many potential ben-
efits, but caution is also required. Enriching the nutritional 
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content of commonly ingested foods may lead to excessive 
intakes, particularly for certain segments of the population 
with habitually high intakes, or for those with genetic back-
grounds that may increase risk of adverse outcomes associ-
ated with excess nutrient accumulation. Increased attention 
has been focused on genetic variation in human populations 
and how this contributes to differential nutrient utilization 
and risk of common chronic diseases. For example, individu-
als with darker skin tones are at increased risk of low vitamin 
D status yet risk of low bone mass is significantly lower in 
Black persons compared to White persons.[13] Biofortification 
of the food system needs to account the genetic, cultural, and 
social factors that impact dietary intake and utilization of 
nutrients to optimize nutrient status while preventing adverse 
effects that may be associated with extremes of nutrient 
status.

As the nutritional content of meat and meat products is manip-
ulated, attention is needed on the impact of these manipulations 
on animal health, product quality, economic considerations, 
product shelf-life, palatability and on the sensory qualities of the 
food.[5,14] Higher vitamin E content, for instance, may help pre-
vent oxidation of fatty acids. Lipid oxidation decreases palat-
ability and can lead to discoloration of meat which is detrimental 
to consumer sales. Reaching a beneficial level of biofortification 
requires multidisciplinary approaches that integrate precision 
livestock farming (using automated methods to enhance the 
health, welfare, production, and environmental impact of live-
stock farming) and livestock phenomics (systematic acquisition 
of high-dimensional phenotypic data). In addition, the possible 
environmental impact of producing bioenhanced foods must 
be further analyzed for this to be a means of sustainable food 
production.

Micronutrient deficiencies remain common in the United States. 
Intake of a healthy, balanced diet is a priority and bioenhanced 
foods may provide a means of achieving this goal particularly 
for nutrients of public health concern. More work is needed 
to personalize nutritional intakes in relation to life stage and 
biologic factors and to identify systems that can produce and 
deliver these foods. As food systems are transformed to pro-
mote human health and our knowledge on precision nutrition 
increases, nutrient biofortification strategies can be optimized 
to maximize health while preventing chronic diseases associated 
with suboptimal diets.
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