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Abstract:

Root crops are global staples, and their impact on human health and nutrition is fundamentally shaped
by their carbohydrate content. This review presents a comparative analysis of 15 major tropical and
temperate root crops, exploring their carbohydrate composition, glycaemic index (GI), and culinary
use. As global staples, their nutritional and physiological effects are directly linked to their
carbohydrate profiles. After examining variations in starch and sugar content, the influence of
processing methods on GI values, and the resulting implications for their culinary uses and health
benefits. Our findings reveal that tropical roots, such as cassava and yams, are characterized by high
starch content and a corresponding high GI. Similarly, temperate crops like potatoes also have a high
but variable GI, largely dependent on preparation methods. In contrast, other crops, such as sweet
potatoes and jicama, possess higher simple sugar and dietary fibre content, respectively, contributing
to their lower GI values and diverse culinary applications. Rhizomes like ginger and turmeric are not
significant energy sources; their low carbohydrate content makes them valuable as flavour agents and
for their ability to modulate GI in other foods. This study concludes that a root crop's botanical origin
and geographic location are key determinants of its carbohydrate composition, which in turn dictates
its GI and its essential role in human health and diet.
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1. Introduction

Root crops, a broad and diverse group encompassing true roots, tubers, bulbs, and rhizomes, are
fundamental to global food security, serving as a primary source of energy for a large portion of the
world's population (1). Their physiological function is to store substantial amounts of carbohydrates,
primarily as starch, making them critical components of dietary patterns worldwide. However, the
nutritional and physiological effects of these carbohydrates are not uniform. Their impact on human
health, particularly on blood glucose levels, can vary significantly depending on the specific crop and
the methods used to prepare it for consumption (2-4). The glycaemic index (GI) is a globally
recognized metric that quantifies how quickly a carbohydrate-containing food elevates blood glucose
levels after ingestion (4). Foods are classified as having a high, medium, or low GI. High-GI foods
are those that are rapidly digested and absorbed, leading to a quick and pronounced spike in blood
sugar. Conversely, low-GI foods are digested and absorbed more slowly, resulting in a gradual and
more sustained rise in blood glucose (5, 6) This distinction is of paramount importance in the context
of public health, as understanding the GI of staple foods is crucial for developing healthy dietary
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patterns, especially for managing chronic conditions such as type 2 diabetes and metabolic syndrome
(7, 8). The variability of GI values within the same food group, such as root crops, presents both a
challenge and an opportunity for nutritional guidance.

Comparative Analysis of Root Crops
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This review aims to provide a comprehensive comparative analysis of the carbohydrate composition,
glycaemic index, and culinary applications of a diverse selection of 15 major root crops. This group
includes a representative sample of vital crops from both tropical and temperate regions. By
synthesizing data from existing scientific literature, this review seeks to highlight the fundamental
differences between these crops, exploring how their botanical origins and culinary processing
techniques influence their nutritional properties and, consequently, their roles in global diets.

2. Literature Review

The primary carbohydrate in the majority of root crops is starch; a complex polysaccharide composed
of glucose units. The unique physicochemical properties of this starch, along with the presence of
other carbohydrates like simple sugars and various forms of dietary fibre, are responsible for the
distinct nutritional profiles of each crop.

2.1 Carbohydrate Composition and Nutritional Profiles

The primary carbohydrate in most root crops is starch; a complex polysaccharide made of glucose
units. The unique physicochemical properties of this starch, alongside the presence of other
carbohydrates like simple sugars and dietary fiber, are responsible for the distinct nutritional profiles
of each crop.

2.1.1 Tropical Root Crops: These crops are primarily cultivated in tropical climates and often serve
as high-energy staples (Graph 1).

e Cassava (Manihot esculenta): As a quintessential tropical root, cassava is renowned for its
remarkably high starch content and its role as a staple for hundreds of millions of people in Africa,
Asia, and Latin America (4). Its carbohydrate profile is almost entirely starch. However, its
consumption requires careful processing to remove naturally occurring cyanogenic compounds, a
procedure that also alters its carbohydrate structure and subsequent GI (9).
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e Yam (Dioscorea spp.): A starchy tuber botanically distinct from the sweet potato, yam is a key
staple in many tropical diets, particularly in West Africa. Its carbohydrate content varies significantly
by species (10); some varieties have high-starch profiles ideal for creating doughs and pastes, while
others are used in a wider variety of cooked dishes (11, 12).

e Sweet Potato (Ipomoea batatas): This globally significant tuberous root is distinguished by its
higher simple sugar content, which contributes to its naturally sweet flavour (13, 14). This higher
sugar content, coupled with a notable fibre content, often results in a lower GI compared to the
starchier yams and cassava, making it a valuable food for glycemic management (15).

e Taro (Colocasia esculenta): A staple in parts of Asia and the Pacific Islands, taro is a corm (an
underground stem). It is characterized by very high starch content and unique textural properties (16).
The mucilage in taro contributes to its thick, paste-like consistency when cooked and provides
valuable health benefits (17). Its carbohydrate profile makes it a key caloric staple in its native
regions.

e Jicama (Pachyrhizus erosus): This tuberous root, native to Mexico, is a unique case study. It is
known for its crisp, watery texture and sweet taste. However, its carbohydrate profile is a stark
contrast to starch-heavy roots; it is primarily composed of inulin, a non-digestible fibre that functions
as a prebiotic (18, 19). This composition makes it a low-calorie and very low-GI food, valued for its
fibre content rather than its energy density (20, 21).

o Water Chestnut (Eleocharis dulcis): An aquatic corm, the water chestnut is prized for its ability
to retain a crisp texture even after cooking, a property valued in various Asian cuisines. Research has
explored its use in developing low-GI food products, demonstrating its potential for a range of dietary
applications (22-29).

o Ginger (Zingiber officinale) and Turmeric (Curcuma longa): These are rhizomes, or horizontal
underground stems. While they contain carbohydrates, they are not consumed as caloric staples.
Instead, they are prized for their potent flavours and a rich array of bioactive compounds. Ginger is
significant for its ability to modulate the GI of other foods (25-29), while turmeric is valued for its
high carbohydrate content, the presence of curcumin, and its significant anti-inflammatory and other
health benefits (30-34).

Graph 1: Comparative Carbohydrate Profile of Major Tropical Root Crops
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2.1.2 Temperate Root Crops: These crops are cultivated in temperate climates and include many
global staples (Graph 2).

o Potato (Solanum tuberosum): The potato is a classic temperate staple and a major source of starch
globally (35, 36). The type of starch and its gelatinization during cooking are key determinants of its
GI (2, 35). The GI of potatoes can vary widely depending on the variety and cooking method, making
it a complex but ideal subject for analyzing the impact of processing on glycaemic response (2, 3, 5,
37, 38).
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e Carrot (Daucus carota): As a taproot, the carrot has a naturally sweeter profile due to a mix of
starch and simple sugars. Its Gl is also affected by thermal processing, with cooking often increasing
the GI (39-42).

e Parsnip (Pastinaca sativa): Another taproot, the parsnip possesses a distinct sweet and earthy
flavour and is a versatile ingredient in many cooked dishes (43). It is often used like carrots and
potatoes. Studies have explored its textural properties for use in food products for the elderly and its
potential anti-diabetic effects (44, 45).

e Turnip (Brassica rapa subsp.rapa): A taproot with a slightly peppery and bitter flavour, the
turnip's carbohydrate profile, which includes a mix of starch and fibre, is a good point of comparison
with other root crops. It is a lower-calorie and lower-carbohydrate alternative to potatoes and other
starchy roots (46-49).

e Wild Onion (A4/lium spp.): A bulbous root with a pungent flavour, the wild onion has a very low
carbohydrate count compared to most other foods on this list. It is an example of a "root food" used
for flavour and its purported health benefits rather than as a primary source of calories. Its
phytochemicals have been a subject of investigation for their medicinal properties (50-55).

e Burdock Root (4rctium lappa): A long taproot used extensively in Japanese and traditional
European cuisine; burdock is known for its high fibre content and unique flavour. Research has
focused on its anti-diabetic properties and its high inulin content, highlighting its potential health
benefits beyond its nutritional value (8, 56, 57).

e Jerusalem Artichoke (Helianthus tuberosus): A notable example from the temperate climate, this
tuber's primary carbohydrate is inulin, not starch (58, 59). This makes it a very low-GI food that does
not cause blood sugar spikes, distinguishing it from almost all other starchy roots and making it a
functional food for glycaemic management (1, 58-60).

Graph 2: Carbohydrate Profile of Major Temperate Root Crops
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2.2 Glycaemic Index and Health Implications

The glycaemic index (GI) of root crops is a dynamic measure, highly influenced by a range of factors
including the crop's variety, its maturity at harvest, and, most critically, the processing and cooking
methods employed (2, 11, 13, 16).

2.2.1 Impact of Processing on Glycaemic Index

The GI of root crops is significantly altered by the physical and chemical changes that occur during
cooking, such as starch gelatinization and retrogradation (3). When starch granules are heated in
water, they swell and rupture, making the starch more accessible to enzymatic digestion. This process
increases the rate of glucose release and consequently raises the GI.
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A prime example is the potato. The GI of baked or mashed potatoes is typically higher than that of
boiled potatoes. Furthermore, cooling boiled potatoes can lower their GI through the formation of
resistant starch (2, 5). Similarly, the GI of cassava-based foods is highly dependent on preparation
techniques; fermented or pounded products show different glycemic responses compared to simple
flours (4, 10). Frying can also affect GI, as observed in studies on yam chips (61).

2.2.2 High vs. Low GI Root Crops

Certain root crops are inherently higher in GI. Potatoes, for example, are often cited for their relatively
high GI, which can be a concern for individuals with diabetes or those at risk of metabolic syndrome
(5, 37). In contrast, some varieties of sweet potatoes and yams generally have a lower GI, which is
beneficial for blood glucose control and can promote satiety (6, 11, 13-15).

The very low GI of Jerusalem artichoke is attributed to its high inulin content, making it a functional
food for glycaemic management (58). Similarly, the inclusion of high-fibre roots like jicama and
burdock root can lower the overall GI of a meal (20, 63). Even spices like ginger and turmeric have
demonstrated an anti-hyperglycemic effect, capable of lowering the GI of carbohydrate-rich meals
when consumed alongside them (25, 62).

3. Methodology

This research employs a systematic review and data synthesis approach to perform a comparative
analysis of 15 root crops from tropical and temperate regions. The selection of these crops, which
includes tubers (e.g., potato, sweet potato), true roots (e.g., carrot, burdock root), and rhizomes (e.g.,
ginger, turmeric), was chosen to ensure a balanced representation of diverse carbohydrate profiles
and culinary applications. This methodology moves beyond a simple literature review by structuring
the analysis around specific, quantifiable parameters. Each selected paper was critically examined to
extract data points relevant to three primary pillars: Carbohydrate Composition, Glycaemic Index
(GI), and Culinary Applications.

3.1 Data Extraction and Analysis

3.1.1. Carbohydrate Composition: Data were extracted from studies that performed proximate
analysis. This involved collecting quantitative information on total carbohydrate content, the
proportion of starch versus simple sugars (e.g., sucrose, fructose), and dietary fibre content. Emphasis
was placed on studies providing a breakdown of carbohydrate fractions, allowing for a more nuanced
comparison between tropical starch-heavy roots and temperate sugar- or fibre-rich roots. For unique
crops like Jerusalem artichoke and jicama, the focus was on identifying the content of inulin, a key
non-digestible carbohydrate (18, 58).

3.1.2. Glycemic Index (GI): We collected both in vitro (laboratory-based) and in vivo (human
subject-based) GI values (3, 11, 13). A crucial part of this data collection was noting the specific
processing methods (e.g., boiling, baking, frying, mashing, or fermentation) used in each study, as
these factors are known to significantly alter GI values (2-4). A range of GI values was compiled for
each root crop to reflect this variability. A qualitative analysis of how cooking methods affected GI
was central to the research, enabling a direct comparison, for example, between the GI of a baked
potato and a boiled potato (2, 5).

3.1.3 Culinary Applications: This analysis was conducted through a qualitative review of the
provided literature. The focus was on how the unique carbohydrate composition and GI of each root
crop dictate its use in traditional and modern cuisines. For instance, high starch content makes a root
suitable for mashing or thickening sauces (e.g., cassava in fufu), whereas high sugar content lends
itself to sweet dishes (e.g., sweet potato pie). Low-carbohydrate, high-flavour roots like wild onion
were categorized by their use as aromatic agents rather than as primary calorie sources (50, 51).
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3.2 Data Visualisation
Table 1 provides a visual summary of the key findings, outlining the differences and similarities
among the selected root crops. Figure 1 is designed to conceptually illustrate the relationship between
a root crop's botanical origin, its carbohydrate profile, its GI, and its ultimate role in the human diet.
This figure visually represents the study's main conclusion: a root's inherent carbohydrate nature is
the driving factor behind its GI and culinary use.

Table 1: Comparative Data of Selected Root Crops

Root Crop Climate Carbohydrate GI (Typical Range) Culinary Application Notes
Origin Profile (Primary
Carb)
Cassava Tropical High Starch High (60-80) Staple for doughs (fufu); must be
detoxified.
Yam Tropical High Starch Medium-High (40-60) | Staple for boiling, roasting, and frying.
Sweet Potato Tropical/T | Starch & Sugar Low-Medium (44-94) | Versatile; used in savory dishes and
emperate desserts.
Taro Tropical High Starch Low-Medium (50-70) | Thickening agent for soups and stews.
Jicama Tropical Inulin (Fiber) Very Low Eaten raw in salads for its crisp texture.
Water Tropical High Starch Medium (50-60) Adds crunch to stir-fries; versatile.
Chestnut
Ginger Tropical Starch & Fiber Very Low (<15) Spice, flavoring agent; used for health
benefits.
Turmeric Tropical Starch & Fiber Very Low (<15) Spice, natural colorant; used for anti-
inflammatory effects.
Potato Temperate | High Starch High (50-95) Staple for frying, mashing, and baking; GI
is highly variable.
Carrot Temperate | Simple Sugars & | Low-Medium (35-50) | Eaten raw or cooked; sweet flavor for
Starch soups.
Parsnip Temperate | Starch & Sugar Medium (50-65) Roasting enhances sweetness; used in
stews.
Turnip Temperate | Starch & Fiber Low-Medium (30-40) | Used in savory dishes; less common
staple.
Wild Onion Temperate | Low Carb, Fiber | Very Low (<15) Flavoring agent in savory dishes; not a
caloric staple.
Burdock Root | Temperate | Inulin & Fiber Very Low (<15) Used in stews and soups; high fiber
content.
Jerusalem Temperate | Inulin (Fiber) Very Low (<15) Used as a low-GI alternative to potatoes.
Artichoke

Figure 1: Conceptual Relationship of Root Crop Origin, Carbohydrates, and GI
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4. Results and Discussion
Comparative analysis reveals a clear distinction in the carbohydrate composition of tropical and
temperate root crops, which directly influences their glycemic response and culinary applications.

4.1 Carbohydrate Composition: A Comparative View

As shown in our data, tropical and temperate root crops exhibit distinct carbohydrate profiles. Staple
crops like cassava, yams, and potatoes are primarily composed of starch with minimal simple sugars
(10, 12, 35). This high starch content is the primary factor contributing to their role as global energy
sources. In contrast, other crops, such as sweet potato and carrot, have a more balanced profile of
both starch and sugars. This blend of carbohydrates gives them a naturally sweeter flavour profile and
different glycaemic properties (Figure 2).

A third category includes roots characterized by very low starch content. Jicama and Jerusalem
artichoke are notable for being composed primarily of inulin, a non-digestible fibre (18, 58).
Similarly, rhizomes like ginger and turmeric have a high fibre-to-starch ratio (28-30). This
compositional difference is critical to understanding their health benefits and culinary roles.

Figure 2: Glycaemic Index GI of Potato and Sweet Potato Based on Cooking Method
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4.2 The Role of Processing on Glycaemic Index

The analysis confirms that food processing is a major determinant of a root crop's GI (2, 4). The
physical and chemical changes to starch during cooking—such as gelatinization and retrogradation—
significantly affect the rate of glucose release. For example, the GI of potatoes increases significantly
when they are baked or mashed compared to when they are simply boiled and cooled (2, 5). Similarly,
the GI of cassava varies widely depending on whether it is prepared as a paste, like fufu, or a flour (4,
10).

In contrast, the GI of low-carbohydrate, high-fibre roots like wild onion and burdock root remains
low and is largely unaffected by cooking due to their minimal digestible carbohydrate content (63).
The GI of jicama is also consistently low because its primary carbohydrate, inulin, is non-digestible
(20).

4.3 Culinary Applications and Health Implications

The carbohydrate profile and GI of these root crops directly dictate their culinary functions. High-
starch staples like cassava, yams, and potatoes provide bulk and energy, forming the foundation of
many traditional dishes worldwide (4, 11, 36). However, the high GI of some of these, especially
when processed into flours or starches, poses health implications for populations at risk of diabetes.
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In contrast, the versatility of sweet potatoes and carrots due to their sweetness allows them to be used
in both savoury and sweet recipes. The low GI of Jerusalem artichoke makes it a promising functional
food for developing products to help manage blood sugar (58). Lastly, the low-carbohydrate and high-
bioactive compound content of ginger and turmeric place them in a role beyond basic nutrition, as
they are used to add flavour and offer health benefits to meals (25, 32).

5. Conclusion

This comparative analysis demonstrates that the carbohydrate composition of root crops is highly
variable and directly influenced by their botanical type and climate. This variability has a profound
impact on their glycaemic index (GI) and, consequently, their role in human nutrition and health.
Tropical roots, such as cassava and yams, are predominantly high-starch staples with a high GI. In
contrast, temperate roots exhibit a wider range of carbohydrate profiles, including fibre-rich, low-GI
examples like the Jerusalem artichoke. A key finding is that the influence of processing and cooking
methods is a universal and critical factor that must be considered when evaluating the GI of any of
these foods. Based on these findings, several areas for future research are warranted:

1. Exploration of Lesser-Studied Species: Further research should focus on a broader range of
lesser-known root crops, particularly their wild and undomesticated forms, to fully characterize their
carbohydrate profiles and nutritional potential.

2. Investigating Bioactive Compounds: Beyond GI, a deeper investigation into the specific health
benefits of non-traditional root foods, such as wild onion and burdock root, is needed to understand
the full scope of their medicinal properties.

3. Functional Food Product Development: The development of novel food products that
strategically combine high-GI roots with low-GI ingredients is a promising area for innovation. For
example, creating a composite flour from potato and Jerusalem artichoke could yield a product with
a lower overall glycaemic load, offering a healthier staple for managing blood sugar levels.
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