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A Sustainable Superfood

Peanuts have everything going for 
them. Packed with nutrients and 
protein, they are convenient, relatively 
inexpensive, delicious and sustainable. 
As well as being an energy-dense crop, 
requiring less land to produce the same 
amount of food than most common 
crops, peanuts have numerous other 
environmental benefits.

For instance, they require far less 
irrigation than tree nuts, as their roots 
can penetrate deep into the soil. As 

a nitrogen-fixing plant, peanut crops 
also replenish the soil with essential 
nitrogen, and need little or no fertiliser 
to grow. With the global population 
expected to reach nine billion by 2050, 
there is a real need for sustainable, 
nutrient-rich foods. Thus, peanuts are 
key to ensuring global food security into 
the future, and much research has been 
dedicated to making them even more 
nutritious, long-lasting, sustainable and 
delicious.

INVESTIGATING 
FUNCTIONAL PROPERTIES 
TO PRODUCE EVEN  
BETTER PEANUTS

Peanuts are a nutritious and sustainable food staple in many regions 
across the globe, as well as being enjoyed for their rich flavour. As 
such, the peanut industry is continually striving to improve peanut 
crops and the methods used to produce our favourite peanut-
based foods. Dr Lisa Dean and her team at USDA-ARS have been 
investigating the flavours, nutritional compositions and physical 
properties of peanuts, with the aim of helping peanut growers and 
food manufacturers enhance the quality of the peanuts produced in 
the USA. 

The Source of Peanut Flavours

In the USA alone, approximately five 
billion pounds of peanuts are already 
produced annually, with these peanuts 
being particularly prized for their 
delicious roasted flavour.

The flavour differences between peanut 
varieties are attributed to their unique 
composition of ‘metabolites’, which 
are compounds produced through 
normal cellular activities. Many of these 
metabolites are familiar to consumers 
because of their health benefits. For 
example, the healthy fats, amino 
acids, vitamins and minerals present 
in peanuts also contribute to other 
properties important to farmers and 
food manufacturers, such as disease 
resistance and shelf life.

The properties of peanuts are 
continually being improved through 
selective breeding. These improvements 
often rely on altering the metabolite 
profile, and thus also impact the 
flavour of the peanuts. Since flavour 
is the predominant factor affecting 
consumer acceptance, understanding 
of the relationship between metabolites 
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and flavour is a priority for food 
manufacturers.

Dr Lisa Dean and her colleagues at 
the United States Department of 
Agriculture’s Agricultural Research 
Service (USDA-ARS) have been 
investigating the metabolite profiles of 
popular peanut varieties produced in 
the US, and how these relate to flavour 
and other attributes. Their USDA-ARS 
unit represents the only public research 
program investigating peanut quality 
from a food science perspective. 
Through their research, Dr Dean and her 
team aim to assist in the development 
of peanut cultivars and processing 
methods that enhance the final flavour 
and preserve the marketability of US 
peanuts.

Metabolite Composition

Much like fine wines, each peanut 
variety possesses a unique flavour 
profile. Peanut varieties can be 
categorised into four main market-
types: runner, Spanish, Virginia, and 
Valencia. The metabolite profile of each 
peanut strain determines the attributes 
important to food manufacturers and 

consumers. As such, the market-type 
selected depends largely on their 
intended usage. In the USA, runner and 
Virginia peanuts together account for 
95% of the total peanut production, with 
runner peanuts particularly favoured for 
peanut butters and the larger Virginia 
peanuts often selected for processing 
into roasted and salted snacks.

In the first study of its kind, Dr Dean and 
her team investigated the metabolites 
found in raw runner and Virginia 
peanuts with the aim of identifying 
new avenues to improve the flavour, 
texture, roastability and storage life of 
these market-types. Using advanced 
analysis techniques, they identified 
365 individual metabolites within the 
peanuts, with 52 of these differing 
significantly between the two market-
types. 

Their findings illuminate the source of 
some of the differences in the properties 
of the market-types. For example, a 
group of four vitamin E compounds, 
called ‘tocopherols’, showed the 
greatest differences between the 
market-types. As these metabolites are 
produced in the plant as a response 

to certain stressors, this suggests that 
different market-types have differing 
stress responses. 

Many of the metabolic activities within 
peanuts, as with other plants, involve 
more than one type of compound. 
Thus, the selective breeding of new 
peanut varieties with a change in 
the abundance of one metabolite 
may also exhibit changes in the 
abundance of others. Breeding peanut 
strains with increased levels of ‘oleic 
acid’ – a healthy fatty acid – helps to 
improve their shelf life and flavour. 
However, because the production 
of oleic acid uses some of the same 
cellular processes as the production 
of tocopherols, a change in one may 
impact the levels of the other.

The Importance of Oleic Acid

In addition to oleic acid, peanuts also 
contain the fatty acids ‘linoleic acid’ 
and ‘palmitic acid’, with the former 
two being of particular interest to food 
manufacturers. Oleic acid helps to slow 
the natural degradation process in the 
peanuts, and thus helps to prevent 
‘flavour fade’ (the loss of roasted 
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peanut flavour) and the development of stale flavours similar 
to cardboard or paint. Confectioners favour these ‘high-
oleic’ peanuts because they greatly extend the shelf life of 
manufactured food products. Additionally, oleic acid is a major 
component in olive oil and consequently, peanuts containing 
higher levels of this fatty acid share similar health benefits with 
this popular oil.

As the production of these fatty acids in peanuts rely on 
shared cellular pathways, an increase in oleic acid depends 
on a decrease in the relative proportion of linoleic acid. Thus, 
peanut farmers and food manufacturers often use the ratio of 
these two metabolites to describe peanut varieties. With the 
development of high-oleic peanut strains, industry standards 
for many food products now require an oleic to linoleic acid 
ratio (O/L) of 9.0 or more, with some reaching ratios as high 
as 40. In comparison, traditional varieties have O/L ratios 
around 1.5–2. While improved peanut strains generally surpass 
the expected ratio, there is still a prevalence of peanuts with 
normal levels of oleic acid contaminating batches that should 
only contain high-oleic peanuts. 

Dr Dean and her team investigated how these fatty acids 
develop across the growth period of runner and Virginia 
peanuts, for both normal and high-oleic varieties. They suggest 
that although some contamination is due to physical mixing of 
peanuts during processing, the growth pattern of the peanut 
plants themselves is largely to blame for the contamination. 
By sampling peanuts throughout their growth, Dr Dean 
demonstrated that the levels of oleic acid increased in high-
oleic peanuts as they developed, with early samples having O/L 
ratios of around 4 – far below the industry standard. However, 
from the middle of the growth period onwards, most of the 
high-oleic peanuts had exceeded O/L ratios of 9. 

Peanuts exhibit ‘indeterminate flowering’, meaning that flowers 
do not develop and mature at the same rate on the plant. As 
such, Dr Dean suggests that the presence of peanuts with low 
O/L ratios in high-oleic peanut batches is due to individual 
peanuts developing later in the season and being harvested 
before they have reached maturity. Implementing strategies 
to avoid including immature peanuts in batches may offer a 
solution to reducing contamination levels.

In addition, Dr Dean and her team have been investigating the 
shelf life and physical properties of peanut oils possessing a 
range of O/L ratios. Using both advanced analytical tools and 

descriptive sensory testing, they demonstrated that flavour 
fade and the development of stale flavours are slowed with 
increasing levels of oleic acid. Using these measures, they 
determined that peanut oils with the highest O/L ratio of 33.8 
had a shelf life seven times higher than oils with the lowest O/L 
ratio of 1.3. 

Identifying the rate of degradation in peanuts with differing 
O/L ratios is particularly important to food manufacturers, who 
use this information to select appropriate peanut varieties and 
determine the recommended shelf life of their products.

Optimising Roasting 

In addition to the market-type playing an integral role in peanut 
flavour, the methods used to process them also contribute to 
the final flavour achieved. Most of the peanuts produced in the 
US are roasted before consumption, so a better understanding 
of how temperature and roasting time affect peanut flavour 
profiles is important for food manufacturers to optimise their 
production methods. 

Dr Dean and her team investigated roasting parameters using a 
specialised oven that mimics the properties of the commercial-
scale ovens used by food manufacturers. The amount of 
roasting is generally measured by a visual inspection of the 
colour of roasted peanuts: light, medium or dark. However, 
the required level of roasting can be achieved at a range of 
temperatures, with an increase in roasting time compensating 
for a lower roasting temperature and vice versa. 

Of the five temperatures tested, medium-coloured peanuts 
roasted at a temperature of 177 degrees Celsius for 15 minutes 
developed the best flavour profile for jumbo sized runner 
peanuts. However, Dr Dean and her team also demonstrated 
that roasting parameters can be optimised based on other 
desirable characteristics. For example, they demonstrated that 
dark roasted peanuts had higher levels of vitamin E than light 
or medium roasted peanuts, but a decreased spreadability 
when used in peanut butters and pastes. 

Towards Improved Peanut Varieties

By contributing to the understanding of how metabolites 
impact the overall flavour and properties of peanuts, Dr Dean 
and her team are aiding in the development of new peanut 
strains, as well as aiding food manufacturers in selecting the 
most suitable variety and processing methods. However, their 
pioneering work is only the beginning. 

‘These studies represent initial attempts to obtain 
compositional information about peanuts that was previously 
unreported,’ concludes Dr Dean. ‘As these studies are the 
start of using a powerful technique to fully characterise the 
metabolite profiles of raw and roasted peanuts, the research 
needs to continue.’
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