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Abstract
The study assesses Bennett's Law, which posits that higher incomes lead to reduced consumption of starchy 
staples in favor of more diverse, nutrient-dense diets, and its relevance across various global regions. Using 
regression models, the research examines the relation between GDP per capita and the share of starchy 
staple foods in caloric intake across continents. The findings indicate significant regional variations  
in adherence to Bennett's Law. For instance, while South America aligns with Bennett's predictions, Europe 
deviates, showing increased starchy staple consumption with rising incomes, potentially due to cultural 
and eco-conscious dietary trends. Africa and parts of Asia display limited dietary diversification, often due 
to structural barriers and economic constraints. Contrarily, Oceania and North America exhibit a mixed 
relationship, influenced by income inequality and health trends. These results suggest that Bennett's Law's 
applicability is region-specific and influenced by socioeconomic, cultural, and policy factors, underscoring 
the complexity of dietary transitions and cautioning against one-size-fits-all assumptions about the impacts 
of economic development on food consumption.
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Introduction
As conceptualized by Merrill Bennett in 1941, 
Bennett's Law highlights a fundamental shift 
in dietary patterns as household incomes rise. 
Specifically, it states that the share of calories 
derived from starchy staples - such as grains, 
roots, and tubers - decreases with increasing 
income. At the same time, the consumption  
of more nutrient-dense and diverse foods, including 
meats, dairy, fruits, and vegetables, rises (Bennett, 
1941). Bennett's is an extension of Engel's Law, 
which asserts that the share of total income spent 
on food declines as income grows, with Bennett's 
Law focusing specifically on the composition  
of food expenditure (Grigg, 1996; Manannalage  
et al., 2023). A dietary transition imposed  
by Bennett's Law is part of the broader "nutrition 
transition" seen as economies develop, where 
populations move away from cheap, energy-
dense foods towards higher-quality, diverse diets 
(Drewnowski and Popkin, 1997).

Over the past few decades, major macroeconomic 
trends such as globalization, urbanization,  

and rising incomes have significantly changed 
what people eat, especially in developing 
countries. These changes are central to verifying 
whether Bennett's Law still holds in a globalized  
and increasingly interconnected world. A striking 
trend, mainly since the 1960s, is the growing 
convergence of global food consumption patterns, 
a phenomenon primarily driven by globalization 
(Bajan and Sowa, 2019). As economies develop 
and become more integrated into the global 
market, diets in wealthier regions tend to influence 
those in developing areas, resulting in what many 
researchers refer to as the "Westernization" of diets 
(Pingan, 2007). This shift toward processed foods, 
high sugar intake, and animal products is most 
noticeable in urban areas, where access to various 
food products has become the norm (Rae, 1998). 
Such urbanization processes and income growth  
support Bennett's Law as diets transition  
from traditional to more diverse compositions 
(Huang and Bouis, 2001).

Nonetheless, the verification of Bennett's Law is 
complicated by regional disparities. For instance, 
while food consumption patterns in many Asian 
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and Latin American countries have indeed moved 
toward a more Westernized model, African 
countries present an outlier (Bajan et al., 2021).  
In Africa, the dietary shift has not been  
as pronounced, and in some cases, it has even 
diverged from global trends. The food consumption 
structure in Africa remains heavily dependent  
on staple cereals, even as incomes rise (Bajan  
and Sowa, 2019). This divergence calls  
into question the extent to which Bennett's 
Law applies universally, especially in regions 
where economic growth does not translate  
into the widespread availability of higher-quality 
food products. Moreover, rising environmental  
and health concerns have led to a countertrend 
in some high-income countries, with a growing 
preference for plant-based and environmentally 
sustainable diets (Janssen et al., 2016). This 
shift, driven by consumer preferences and policy  
interventions, could lead to a reversal  
of the trend predicted by Bennett's Law, as wealthier 
populations reduce their intake of animal products 
and processed foods in favor of diets more aligned 
with environmental sustainability goals.

The main goal of this article is to empirically test 
whether Bennett's Law still holds, given the changes 
in the population's food consumption patterns  
over the past half-century. To achieve this, 
we analyze Bennett's Law on a global scale  
by examining the relationship between GDP  
per capita, as a proxy for income (wealth),  
and the share of starchy staples in total caloric 
intake across different continents. We employ  
a panel regression model and perform a time-series 
regression analysis for each continent, offering 
a comprehensive, region-specific perspective  
on how economic development influences dietary 
composition. The novelty of this study lies  
in its global scope, using the newest data  
on food consumption patterns, revealing how  
the wealth-diet dynamic may differ across regions,  
and providing insights into the socioeconomic 
drivers of dietary shifts worldwide.

Literature review

Empirical evidence from various regions affirms 
Bennett's Law. However, some findings through 
the years are mixed. Studies show that Bennett's 
Law holds true in many contexts; however, 
several factors can moderate its effects, leading 
to variations in the rate of dietary transition.  
For instance, Manannalage et al. (2023) discussed 
that calorie deprivation may slow the dietary 
shift from starchy staples to nutrient-dense foods. 
Households with unsatiated calorie needs prioritize 

inexpensive, calorie-rich staples, delaying  
the transition to a more diverse diet. Geographic 
and infrastructural barriers also play a role  
in moderating Bennett's Law. For instance, 
households in rural areas with limited access  
to markets may be slower to adopt more diverse 
diets, even as their incomes rise (Ansah et al., 
2020).

 In some regions, cultural preferences for certain 
foods, particularly starchy staples, persist even  
as incomes grow. For example, Filippini  
and Srinivasan (2019) noted that in India, where 
vegetarianism is prevalent, rising incomes do not 
necessarily lead to a shift toward animal-based 
proteins. Instead, dietary diversification occurs 
within the bounds of cultural norms, especially 
for members of religious groups. Such findings 
are further supported by Gouel and Guimbard 
(2019), who found that food consumption patterns 
in culturally conservative societies are less elastic 
and less influenced by income, leading to a slower 
transition away from starchy staples.

Another factor contributing to the slow transition 
of food consumption patterns is government 
intervention. For instance, Pingali (2007)  
and Timmer et al. (1984)  highlight how 
government policies in countries like India  
and China have maintained low prices for rice  
and wheat, distorting the natural food demand 
pattern expected under Bennett's Law.  
As a result, even wealthier households may continue 
to consume a high proportion of starchy staples 
because they are economically attractive relative 
to other food options (Reardon and Timmer, 2014).

While Bennett's Law traditionally emphasizes 
a shift toward animal-based proteins and other 
nutrient-dense foods as incomes rise, modern 
food technology is introducing new, affordable 
alternatives to these products, potentially altering 
the expected dietary transition. For instance, 
Drewnowski (2024) examined the rising availability 
of plant-based proteins and processed foods, which 
are becoming more affordable and accessible, even 
in low- and middle-income countries (LMICs). 
Another factor influencing food consumption 
patterns in LMICs is the lack of nutrition education. 
Choudhury et al. (2019) demonstrated that many 
households do not diversify their diets despite rising 
incomes due to limited food literacy and knowledge 
about the benefits of more expensive food groups 
like meat, fruits, and vegetables.

Historical dietary shifts in 19th-century Europe  
and North America mirror Bennett's Law.  
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As incomes rose, populations moved away  
from cheap staples like potatoes toward more 
diverse, high-quality foods such as meat and dairy 
(Fuglie, 2004). Grigg (1996) also proves that 
caloric intake from starchy staples remains high  
in poorer countries but declines as incomes 
grow. This trend has been observed consistently  
in developing regions like Africa and Asia, where 
staples dominate diets but are gradually replaced 
by more nutrient-dense foods. Drewnowski  
and Popkin (1997) documented how rising 
incomes in Africa have led to a gradual reduction  
in the consumption of traditional starchy staples, 
like maize and cassava, with increased spending  
on processed foods, oils, and animal products.

Further evidence is provided by Ansah et al. (2020), 
who found that in Ghana, dietary patterns shift away 
from starchy staples towards more diverse food 
groups, including fish, meat, and dairy. This pattern 
is consistent across urban and rural settings, though 
urban households tend to spend a higher share  
of their budget on non-starchy foods. The study 
also confirms that female-headed households  
in Ghana allocate more of their food budget 
to diverse, nutrient-rich foods than their male 
counterparts.

Choudhury et al. (2019) extended the analysis  
of Bennett's Law to infant diets, showing 
that wealthier households tend to introduce 
more diverse and nutrient-dense foods to their  
children earlier than poorer households.  
In the aforementioned studies in Sri Lanka, 
Manannalage et al. (2023) found that once calorie 
demands are satisfied, households reduce their 
consumption of staples and increase spending  
on non-starchy foods, thus affirming Bennett's 
Law. Also, Drewnowski (2024) argues that despite 
the growing presence of alternative plant-based 
proteins, the aspirational demand for animal 
proteins remains strong, particularly in developing 
regions where rising incomes continue to drive 
demand for high-quality animal-sourced proteins.

Material and methods
Data and its limitations 

All the data used in this article come  
from the open-source data of the Food  
and Agriculture Organization of the United 
Nations (FAO). We used data from the FAO 
food balance sheets to determine the proportion  
of starchy staples in the average diet (FAO, 2024). 
It's important to note that while FAO data reflect  
the food supply available on the market, we refer to it  

as 'consumption' throughout this paper  
for simplicity. However, this term doesn't account 
for food losses at the household level. Despite this 
limitation, FAO data remain a dependable source 
for understanding consumption trends, as confirmed 
by studies that have successfully used food balance 
sheets to analyze dietary patterns (Unar-Mungala  
et al., 2019; Bajan et al., 2021).

We used GDP per capita in constant prices  
as a proxy for the income (wealth) of households 
in the region. It offers an average income figure but 
has limitations in the consumption patterns analysis. 
The main concern is that GDP per capita may 
not accurately represent food access differences  
and income disparities within a population. 
However, a comparison of starchy staple 
consumption and GDP per capita gives reliable 
macro trend approximation, which is confirmed 
by previous studies. The most famous example  
of such study was probably done by Grigg (1996), 
who plotted Gross National Product per capita 
against starchy staple ratios in a long-run analysis 
of several regions in the world.    

Estimation strategy

Our calculation strategy was to first regress GDP 
per capita with a share of starchy staples based  
on panel data for six continents and then to regress 
it for each continent separately. The first step was  
to ensure the robustness of the models through 
a series of statistical tests, and after that,  
the regressions were run.

We employed the Fisher-type panel unit root 
test to assess the stationarity of GDP per capita  
in the panel data, which aggregates individual 
augmented Dickey-Fuller (ADF) test results across 
panels (Maddala and Wu, 1999). The ADF equation 
is specified as follows:

 	 (1)

where: yit represents GDP per capita for panel i  
at time t, Δyit is the first difference to address  
potential non-stationarity, αi is a panel-specific 
intercept, ρ tests for a unit root (with ρ = 0 indicating 
non-stationarity),  includes lagged 
terms to control for autocorrelation, and ϵit is  
the error term.

The null hypothesis H0: ρ = 0 (all panels contain  
a unit root) was tested against 

H1: ρ < 0 (stationarity in at least some panels). This 
step confirmed whether differencing was required 
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to ensure reliable estimation results (Levin et al., 
2002).

We next examined serial correlation in the residuals 
using the Wooldridge test for autocorrelation 
(Wooldridge, 2002). The test assumes a first-order 
autoregressive process in the error terms:

 	 (2)

where: ϵit is the residual for panel i at time t, ρ is  
the coefficient that indicates first-order 
autocorrelation, and uit is a white-noise error term.

The null hypothesis H0: ρ = 0 (no autocorrelation) 
was tested against H1: ρ ≠ 0 (presence  
of autocorrelation). Clustering or alternative 
adjustments are warranted if serial correlation is 
present to obtain accurate standard errors.

To determine the appropriate panel model, we 
performed a Hausman test (Hausman, 1978), 
comparing the fixed-effects (FE) and random-
effects (RE) specifications. The Hausman test 
statistic is calculated as follows:

 
	 (3)
where: bRE and bFE are the coefficient vectors  
for the RE and FE models, respectively.  
A significant H value indicates a correlation 
between the random effects and regressors, 
validating the use of an FE model.

To verify the presence of homoskedasticity 
across groups in our panel model, we employed  
the Modified Wald test for groupwise 
heteroskedasticity. The test statistic  
for the Modified Wald test for fixed effects is 
calculated as (Wooldridge, 2010):

 	 (4)

where: ei is the vector of residuals for group i, σ is 
the hypothesized common variance across groups 
under the null hypothesis of homoskedasticity, Ti is 
the number of periods for group i, and N is the total 
number of groups.

To verify the presence of homoskedasticity 
(constant error variance across groups)  
with the alternative hypothesis that 
heteroskedasticity is present (error variances differ 
across groups).

We tried to keep the same approach  
as the panel model in the time series models (model  

for each continent). Similarly, we first employed  
a stationarity check using the Dickey-Fuller test,  
as in equation 1, and adjusted it for time series data. 
To verify the absence of autocorrelation in the time 
series, we conducted the Durbin-Watson (DW) 
test for first-order autocorrelation in the residuals 
from a regression model, as follows (Durbin  
and Watson, 1971):

 	 (5)

where: ϵt represents the residuals. 

A DW statistic close to 2 suggests no first-order 
autocorrelation, while values significantly different 
from 2 indicate potential positive or negative 
autocorrelation (Durbin and Watson, 1951).

To detect potential heteroskedasticity in our 
time series models, we used the Breusch-Pagan 
/ Cook-Weisberg test. The Breusch-Pagan test 
statistic is derived from the regression residuals  
and calculated as follows:

 	 (6)

where: n is the sample size,    represents  
the squared residuals from the initial regression 
model, and σ2 is the assumed constant variance 
under the null hypothesis.

The Breusch-Pagan test evaluates the null 
hypothesis that the error variance is homoskedastic 
against the alternative hypothesis that the variance 
changes with the independent variables.

Detecting autocorrelation or heteroskedasticity 
would suggest a need for additional adjustments 
in the error structure to ensure reliable inference. 
Therefore, we use robust standard errors  
with the Newey-West procedure in such cases. 
The estimator corrects for both heteroskedasticity 
and autocorrelation, providing consistent standard 
errors when serial correlation exists in time 
series data. The Newey-West estimator modifies  
the Ordinary least squares (OLS) variance-
covariance matrix by incorporating weighted 
autocovariances up to a specified lag q (lag(1) 
in our case). The formula for the Newey-West 
covariance matrix is (Newey and West, 1987):

 	 (7)
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where: 

 is the traditional OLS 
covariance matrix,

 is the lag-k 
autocovariance of the residuals, T is the total 
number of observations, ϵt  is the residual at time t, 
Xt  is the vector of regressors at time t.

Model specification

Based on statistical tests conducted for the panel 
data, we established strong evidence of unit root 
for GDP per capita and share of starchy staples 
(Table 1). Therefore, we applied the first difference 
to our variables and reran the Fisher-type unit-root 
test. The results for differentiated data showed 
stationarity, assuming a significance level of 0.05 
(Table 1).

Then, we employed the rest of the statistical tests 
as described in the estimation strategy, interpreting 
it at the 5% significance level. We found that  
in our data, there is no autocorrelation based  
on the high p-value of the Wooldridge test  
(Table 2.). The heteroskedasticity is present, based 
on the low p-value of the Wald test (Table 2.),  
and the fixed effects model is more appropriate, 
based on the low p-value for the Hausman test 
(Table 2.).

To address potential heteroskedasticity, we applied 
robust clustered standard errors. The FE model is 

specified as:

ΔShare of starchy staplesit = α1+ β . ΔGDP  
   per capitait + ϵit 	 (8)

where: Δ represents the differentiation of variable, 
αi represents time-invariant fixed effects, β is  
the estimated coefficient for GDP per capita,  
and ϵit is the error term. 

In the case of time series data, we established  
a high probability of unit root for GDP per capita 
and share of starchy staples, except for Oceania  
in the latter case (Table 3). Therefore, we applied 
the first difference to our variables and reran  
the ADF test. After the differentiation, there is no 
evidence of unit root in the data.

Durbin-Watson's test for autocorrelation showed 
no autocorrelation issues in Africa, Europe, Asia, 
and North America. We based our interpretation 
on a well-established view that d-statistic 
between 1.5 and 2.5 is proof of the absence  
of strong autocorrelation (Green, 2018). Thus, 
autocorrelation is detected in the case of Oceania 
and South America. Moreover, in the case of South 
America, we detected heteroskedasticity based  
on the low p-value of the Breusch-Pagan test 
(Table 3). Therefore, to adjust for autocorrelation 
or/and heteroskedasticity, we used robust standard 
errors with the Newey-West procedure in the case 
of Oceania and South America.

Variable Statistical 
Measure

Statistic

Inverse  
chi-squared (P)

Inverse normal 
(Z)

Inverse logit 
t(L*)

Modified inv.  
chi-squared (Pm)

GDP_per_capita
value 1.5300 2.6610 2.5911 -2.1372

p-value 0.9999 0.9961 0.9926 0.9837

d_GDP_per_capita
value 115.0726 -8.4480 -13.1062 21.0396

p-value 0.0000 0.0000 0.0000 0.0000

Share_of_Starchy_Staples
value 12.3925 0.8365 0.7484 0.0801

p-value 0.4147 0.7986 0.7703 0.4681

d_Share_of_Sta rchy_
Staples

value 144.6216 -10.4335 -16.5276 27.0713

p-value 0.0000 0.0000 0.0000 0.0000

Source: own computation in the STATA 15, based on FAO data
Table 1: Results of the Fisher-type unit-root test for panel data.

Test Statistic value p-value

Wooldridge test for autocorrelation F 0.1080 0.7555

Hausman FE/RE model Chi-squared 9.4100 0.0022

Modified Wald test Chi-squared 28.7300 0.0001

Source: own computation in the STATA 15, based on FAO data
Table 2: Statistical tests for panel data.
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Region Africa Europe Asia Oceania South 
America

North 
America

ADF test  
GDP_per_Capita 0.9486 0.7416 1.0000 0.9670 0.6091 0.9116

ADF test 
d_GDP_per_Capita 0.0000 0.0000 0.0017 0.0000 0.0000 0.0000

ADF test  
Share_of_Starchy_Staples 0.5905 0.6128 0.9804 0.0123 0.7385 0.7398

ADF test  
d_Share_of_Starchy_Staples 0.0000 0.0000 0.0000 - 0.0000 0.0000

Durbin-Watson d-statistic 1.8163 1.7149 2.3056 0.7136 2.5098 1.8148

Breusch-Pagan / Cook-Weisberg 0.6630 0.6197 0.7387 0.7022 0.0289 0.9233

Source: own computation in the STATA 15, based on FAO data
Table 3: P-values of statistical tests for time series data.

Results and discussion
The African continent has the lowest GDP  
per capita, with a maximum of around 2 thousand 
USD. Over the years, a distinct upward trend  
in GDP per capita is observed across Asia, 
Europe, Oceania, and North America. North 
America reached the highest GDP per capita 
in 2021, exceeding 46 thousand USD, which is 
more than twenty times that of Africa (Figure 1). 
A clear opposite trend between GDP per capita  
and the share of starchy foods in the diet could 
be observed in Asia and South America during 
the study period. To some extent, Europe is also 
characterized by such relations. However, it was 
primarily significant in the 1970s and 1980s. After 
the collapse of the Soviet Union, the relation 
between GDP per capita and starchy staples 
consumption in newly shaped Europe is unclear. 
The highest proportion of starch in total caloric 
intake is found in less economically developed 
regions, such as Africa, where starch accounts  
for more than 60% of the diet, and Asia, where  
the share of starchy staples in the diet was even 
higher for an extended period. 

Oceania serves as a contrasting example,  
with the lowest proportion of starch-rich foods 
in the diet; here, the share of starchy foods 
consistently remained below 30% during the study 
period, reaching a minimum value of 26%. North 
America is the second continent with the lowest 
proportion of starch-rich foods in the overall 
diet, with values ranging between 27% and 31%, 
alongside the highest GDP per capita among all 
continents. In both cases, there is no evident trend 
in the percentage of starchy staple consumption,  
as it fluctuates. 

The panel regression analysis indicates that  
the change in GDP per capita is not significantly 
associated with changes in the share of starchy 

staples, as shown by a non-significant coefficient 
(0.0000675, p = 0.354) (Table 4). The model's 
within-group R2 is 0.0099, suggesting that 
changes in GDP per capita within continents 
explain a minimal variation in the dependent 
variable. The constant is significant (-0.1461,  
p < 0.001), reflecting a baseline decline  
in d_Share_of_Starchy_Staples across groups, 
though this result does not imply a causal effect 
given the independent variable's non-significance.

An OLS regression was conducted to analyze  
the relationship between the GDP per capita 
change and the share of starchy staples in Africa.  
Table 4 shows that the coefficient  
for d_GDP_per_Capita is -0.0009683 (p = 0.509), 
indicating no statistically significant relationship 
(Table 4). The model's R2 is 0.0089, suggesting  
that less than 1% of the variation  
in d_Share_of_Starchy_Staples is explained  
by changes in GDP per capita. The constant term is 
also not significant.

In Asia, the coefficient for d_GDP_per_Capita is 
-0.0005761 (p = 0.399), indicating no statistically 
significant association (Table 4). The model's R2 is 
0.0145, suggesting that only 1.45% of the variation 
in d_Share_of_Starchy_Staples is explained  
by changes in GDP per capita. However,  
the constant term is significant (p = 0.002), 
indicating a baseline trend in the dependent 
variable.

For North America, the coefficient  
for d_GDP_per_Capita is -0.0001105 (p = 0.133), 
suggesting no statistically significant relationship 
(Table 4). The model's R2 is 0.0455, indicating 
that approximately 4.55% of the variation  
in d_Share_of_Starchy_Staples is explained  
by changes in GDP per capita. The constant term is 
also not significant.
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Source: Own elaboration based on FAOstat data.
Figure 1: Relationship between GDP per Capita and Share of Starchy Staples in Caloric 

Intake Across Continents.

Variable Panel Africa Asia North 
America Europe Oceania South America

d_GDP_per_Capita 0.000067 
(0.000066)

-0.00097 
(0.001456)

-0.000576 
(0.0006777)

-0.0001105 
(0.0000723)

0.0001333*** 
(0.0000313)

0.0000945 
(0.0003424)

-0.0008728*** 
(0.0002805)

Constant -0.1461*** 
(0.0152)

-0.03964 
(0.061262)

-0.326816*** 
(0.0987807)

0.0476612 
(0.0604273)

-0.2141*** 
(0.0477)

27.5257*** 
(0.1830)

-0.0965* 
 (0.0540)

Nr. of Observations 306 51 51 51 51 51 51

F-Statistic 1.04 0.44 0.72 2.34 18.09 0.08 9.68

Prob > F 0.3543 0.5092 0.3994 0.1327 0.0001 0.7837 0.0031

R-squared 0.0148 0.0089 0.0145 0.0455 0.2696

Note:*** p < 0.01, ** p < 0.05, * p < 0.1 (standard errors in parentheses)  
Source: own computation in the STATA 15, based on FAO data

Table 4: Results of regression models for Starchy Staples Share and GDP per Capita.

For Europe, the coefficient for d_GDP_per_Capita 
is 0.0001333 (p = 0.000), indicating a statistically 
significant positive relationship (Table 4). This 
suggests that increases in GDP per capita are 
associated with increases in the share of starchy 
staples in Europe, contrary to Bennett's Law.  
The model's R2 is 0.2696, meaning that about 27% 
of the variation in d_Share_of_Starchy_Staples  
is explained by changes in GDP per capita.  
The constant is also significant and negative, 
indicating a baseline downward trend in the share 
of starchy staples, independent of GDP growth. 
Together, these results imply that while GDP 
growth may positively impact the share of starchy  
staples, a broader downward trend remains  
in place.

A regression with Newey-West standard errors 
was conducted to assess the relationship between 
GDP per capita growth (d_GDP_per_Capita)  
and the share of starchy staples (Share_of_Starchy_
Staples) in Oceania, accounting for potential 
autocorrelation with a lag of 1. The coefficient 
for d_GDP_per_Capita is 0.0000945 (p = 0.784), 

indicating no statistically significant relationship 
(Table 4). The constant term is significant  
(p < 0.001), with a coefficient of 27.5257, 
suggesting an average level of starchy staples share 
that remains consistent over time.

The same type of regression was conducted  
for South America. However, Share_of_Starchy_
Staples was differentiated. The coefficient  
for d_GDP_per_Capita is -0.0008728 (p = 0.003), 
indicating a statistically significant negative 
relationship (Table 4). 

This suggests that increases in GDP per capita 
are associated with a decrease in the share  
of starchy staples, confirming that Bennett's Law 
holds in South America. The constant term is not 
significant at the 5% significance level. However, 
it is significant at a 10% significance level  
(p = 0.080), indicating a slight downward trend  
in starchy staples shares.

Confirming Bennett's Law in South America aligns 
with established theories on dietary transitions  
in developing regions. Economic growth in South 
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America has spurred increased access to various 
foods, leading to diversified diets less reliant  
on starchy staples (Pingali, 2007). Urbanization 
has further contributed to this shift; as people move 
to urban areas, they gain exposure to diverse food 
markets, with greater availability of non-staple 
foods like fruits, vegetables, and animal products, 
encouraging dietary shifts as incomes rise (Rae, 
1998). Additionally, in several South American 
countries, dietary policies and food subsidies have 
made it economically feasible for households  
to opt for more nutrient-dense foods, accelerating 
the departure from starchy staples (Huang  
and Bouis, 2001).

Another significant factor is the aspiration  
for Western dietary patterns, which are common 
in many developing regions experiencing income 
growth and globalization. Studies indicate that 
as urban middle-class populations grow, so does 
the influence of Western diets high in protein-
rich animal products, processed foods, and fresh 
produce (Azzam, 2021). This Western influence 
reinforces Bennett's Law in South America  
by shifting consumer preferences away  
from starchy staples as symbols of lower 
socioeconomic status toward diversified diets that 
signal upward mobility (Gouel and Guimbard, 
2019).

Contrary to expectations, Europe presents increased 
starchy staple consumption with rising incomes,  
a phenomenon that runs counter to Bennett's Law. 
This deviation may stem from several unique 
socio-cultural and economic factors. Notably, 
contemporary dietary trends in Europe - such  
as vegetarianism, veganism, and plant-based 
diets - are partly influenced by environmental  
and ethical concerns, driving an increasing demand 
for plant-based foods, including whole grains 
and other starchy staples, often as substitutes 
for animal-based products (Jansen et al., 2016). 
This eco-conscious dietary shift aligns with broader 
trends in high-income societies where a reduction 
in meat consumption has coincided with a renewed 
focus on grain-based and other starchy staple foods 
(Meixner et al., 2024).

Additionally, the European market has seen 
significant growth in low-cost, processed starchy 
foods that appeal to health-conscious and budget-
conscious consumers (Monteiro et al., 2013; 
Vandevijvere et al., 2019). Unlike in developing 
regions, where increased income typically 
shifts preferences away from staples, European 
consumers may prioritize sustainable, affordable, 
and versatile options, often opting for plant-based 

diets emphasizing starchy staples as primary 
energy sources.

Lastly, cultural preferences and established 
dietary patterns play a role. Europe's historical 
reliance on staples such as bread, pasta,  
and potatoes remains culturally ingrained, even 
among wealthier populations. Unlike in South 
America, where income growth shifts dietary 
preferences toward more Westernized patterns, 
Europe's entrenched culinary traditions persist, 
contributing to continued high consumption  
of starchy staples, albeit in varied forms adapted  
to modern dietary sensibilities (Dokova et al., 
2022).

In examining Asia, Africa, North America,  
and Oceania, we observe that Bennett's Law does 
not exhibit significant applicability in these regions, 
as the expected relationship between rising income 
levels and reduced starchy staple consumption does 
not manifest consistently. We explore potential 
explanations, grounded in socioeconomic, cultural, 
and policy-related contexts, for why Bennett's Law 
may not hold firmly in these continents.

In the case of Asia, despite rapid economic growth 
and urbanization, it displays unique dietary 
dynamics that may inhibit the effects of Bennett's 
Law. In particular, cultural factors, including  
the high prevalence of vegetarianism, especially  
in South Asia, contribute to sustained high levels  
of starchy staple consumption (Lipoeto et al., 2015). 
Studies indicate that in Asian countries, dietary 
shifts towards animal proteins and other nutrient-
dense foods are moderated by cultural preferences, 
which strongly rely on cereals, legumes, and rice 
as primary dietary components even as incomes 
rise (Chang et al., 2018). Economic policies  
and market conditions also play a role. Many 
Asian governments have historically supported  
the production and subsidization of staple grains 
like rice and wheat, making these foods more 
affordable relative to other options reinforcing 
their position as dietary mainstays (Mughal  
and Fontan Sers, 2020). Such policies create  
a price-sensitive market where, despite income 
growth, consumers continue to prioritize these low-
cost staples over higher-priced animal products  
or imported foods. Starchy staples' affordability  
and cultural integration make them resilient 
against the dietary shifts predicted by Bennett's 
Law (Pingali, 2007).

In Africa, structural economic and market 
barriers moderate the application of Bennett's 
Law. Although certain regions experience rising 
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incomes, persistent poverty in rural areas restricts 
many households from achieving the income 
levels required to diversify diets substantially. 
Consequently, most of the population remains 
heavily dependent on starchy staples such as maize, 
cassava, and sorghum, which are both locally 
available and affordable (Zhou and Staatz, 2016). 
Studies suggest that households in resource-limited 
settings prioritize meeting caloric needs with cost 
-effective staples, delaying or even negating  
the transition to nutrient-dense foods (Ansah et al., 
2020). Additionally, limited access to diverse food 
markets, especially in rural areas, hampers dietary 
diversification (Douyon et al., 2022). Infrastructure 
deficiencies, such as poor transportation networks, 
limit access to various food products, keeping 
starchy staples the primary option. Unlike  
in more urbanized continents, Africa's 
infrastructural constraints restrict the influence 
of Bennett's Law, as even rising income fails 
to facilitate access to non-staple foods in many 
regions (Sibhatu et al., 2015; Fraval et al., 2019).

North America demonstrates a complex relationship 
between income and food consumption patterns, 
resulting in weak evidence for Bennett's Law. This 
complexity stems mainly from a bifurcated food 
market influenced by socioeconomic inequality 
(Otero et al., 2015). On one hand, wealthier 
segments of the population have shifted towards 
nutrient-dense, diverse diets in line with Bennett's 
predictions. On the other hand, lower-income 
households remain dependent on affordable, 
calorie-rich foods, which often include starchy 
staples but also highly processed options (Ricciuto 
and Tarasuk, 2007). As a result, dietary polarization 
undermines a consistent trend across income 
groups, complicating the broad applicability  
of Bennett's Law in this region.

Furthermore, there has been a rise in health-
conscious diets favoring whole grains, increasing 
the demand for staple grains even among affluent 
consumers (Mancino and Kuchler, 2012). This 
dietary shift, driven by concerns about health, 
sustainability, and dietary fiber intake, aligns  
with rising interest in plant-based diets, leading  
to a maintained or even increased intake of starchy 
foods. Therefore, North America's mixed dietary 
landscape, influenced by economic disparity 
and health trends, creates an environment where 
Bennett's Law only partially applies, as both high- 
and low-income groups exhibit different staple 
consumption patterns (Liu et al., 2020).

Oceania includes both high-income countries, such 
as Australia and New Zealand, and smaller Pacific 

island nations with varying economic statuses. This 
economic diversity limits the general applicability 
of Bennett's Law because dietary shifts tied  
to income growth may manifest differently across 
these diverse settings. Smaller island nations often 
face geographic and infrastructural constraints 
that restrict access to imported or nutrient-diverse 
foods and lead to continued reliance on locally 
available starchy staples. Additionally, the high 
cost of importing fresh produce and animal-based 
proteins to island nations sustains the preference 
for affordable, energy-dense starchy foods (Thow 
et al., 2011). However, Australia has the most 
considerable influence on trends in the entire 
region. The historical emphasis on staple crops, 
particularly wheat, underlines Australia's cultural 
reliance on grains, a result of both British influence 
and longstanding agricultural practices (Argent, 
2002). Wheat remains central to Australian farming 
due to its established role in local diets and export 
markets. This cultural and economic connection 
to grains persists, even as income rises, aligning 
with the arguments that productivism - focused 
on staple output - does not necessarily encourage 
dietary diversification (Lawrence et al., 2013). 
Deregulation and a competitive export market lead 
to heavy reliance on cost-efficient staple crops, 
limiting policy incentives for diversified food 
production that could otherwise shift consumption 
patterns away from staples as incomes rise (Dibden 
and Cocklin, 2005).

Conclusion
Our analysis supports Bennett's Law to varying 
degrees across different continents, confirming 
that economic development often correlates  
with dietary diversification away from starchy 
staples. In line with Bennett's prediction, continents 
with higher GDP per capita, such as North 
America and Oceania, display significantly lower 
consumption of starchy foods compared to less  
economically developed continents. In Africa  
and parts of Asia, however, starchy staples continue 
to dominate diets, reflecting persistent structural 
and economic limitations that restrict access  
to diverse food options even as incomes rise.

In South America, the study finds a clear 
inverse relationship between GDP per capita  
and the proportion of calories from starchy staples, 
suggesting that economic growth encourages 
dietary shifts toward higher-quality, nutrient-
dense foods. This aligns well with Bennett's Law 
and may be influenced by urbanization, market 
accessibility, and changing consumer preferences 
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toward Western dietary patterns. Europe presents 
an unexpected deviation from Bennett's Law, 
where an increase in starchy food consumption 
accompanies rising income. This phenomenon 
may reflect unique cultural factors, such as the rise 
in health and environmental consciousness, which 
promote plant-based diets that include a substantial 
share of grains and other starches.

Overall, the findings emphasize the importance  
of region-specific factors - including cultural dietary 
preferences, infrastructure, policy interventions, 
and socioeconomic conditions - that influence  
the applicability of Bennett's Law in different 
contexts. While economic growth broadly supports 

dietary diversification, as Bennett's Law suggests, 
local variables often modify this relationship, 
leading to distinct regional dietary trends.  
The study thus reinforces that while Bennett's Law 
provides a valuable framework for understanding 
global dietary transitions, its applicability must 
be viewed within individual regions' complex 
socioeconomic and cultural landscapes. Future 
research should investigate these factors further, 
particularly in areas where economic development 
alone does not predict dietary shifts, to enhance 
our understanding of food security and nutrition 
transitions in a rapidly globalizing world.
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