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Abstract
Tiger nut (Cyperus esculentus), commonly referred to as chufa, is a “nut-like”
tuber, native to tropical and Mediterranean regions. It is often consumed in
the form of a beverage (horchata de chufa). Health benefits of tiger nut have
been attributed to presence of phytochemicals and their antioxidant potential.
Tiger nut is often processed in order to enhance sensory characteristics. The
objective of study was to determine effects of processing on antioxidant content, potential and inhibition of metabolizing enzyme activities of tiger nuts.
Total phenolic content (TPC), total flavonoid content (TFC), free radical scavenging activity by 1,1-diphenyl-2-picryhydrazyl (DPPH), trolox equivalent
antioxidant capacity (TEAC), ferric reducing antioxidant power (FRAP) and
inhibition of lipase and α-amylase were evaluated in raw tiger nuts extracted
with water (TRWA) and methanol (TRWM) and roasted (110˚C - 115˚C for
10 mins) tiger nuts extracted with water (TRA) and methanol (TRM). Highest
phenolic content was observed in TRWA (1186.68 GAE/100g) and TRWM had
lowest (43.77 GAE/100g). TRWA also exhibited highest ferric reducing ability
with a FRAP value of 169.83 mm Fe2+/100g). TRWM had a higher flavonoid
content (220.68 CAE/100g) compared to all other extracts. At a concentration
of 0.02 mg/ml, all extracts reached at least 50% inhibition of DPPH, while
highest scavenging activity was observed in TRM (58%). Highest TEAC was
observed in TRM with 55.66% of ABTS radical scavenged. TRA had a significantly higher ability to inhibit α-amylase and lipase compared to other extracts. Results suggest that processing had an effect on the antioxidant potential of tiger nut, and this tuber may benefit consumers by improving their antioxidant status.
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1. Introduction
Oxidative stress is a main influencer of a number of chronic disease pathologies,
including cancer, diabetes and obesity [1] [2] [3]. Antioxidants help to lessen the
effects of oxidative stress, by neutralizing free radicals [4]. Natural antioxidants
are receiving an enormous amount of attention from nutritionists, food manufacturers, medical experts and consumers due to their health benefits.
Research suggests fruits and vegetables have various beneficial effects on
health, which may be attributed to phytochemicals present [5]. One such group
of vegetables includes starchy tuber crops. Starchy tubers are a prominent source
of carbohydrates, worldwide, second to cereals [6]. Tubers have shown to be a
source of various macro- and micronutrients that are crucial to the body, including, protein, calcium, and vitamin C [7]. One tuber that is increasing in
popularity is the tiger nut.
Tiger nut (Cyperus esculentus), also commonly referred to as chufa, is a “nut
like” tuber native to tropical and Mediterranean regions. Though tiger nut is often consumed as a beverage (horchata de chufa) and is utilized in animal feed
[8], it is still considered an underutilized crop. Tiger nut has purported health
benefits when consumed. Research has shown that the consumption of tiger nut
may prevent heart disease, as well as exhibit antithrombotic and colon cancer
reducing abilities [9] [10]. These beneficial properties may be linked to the
presence of potassium, phosphorous, ascorbic acid, α-tocopherol and other antioxidative phytochemicals [11].
Due to the high amounts of carbohydrates and lipids, the western diet has
been associated with the promotion of diseases of civilization, including obesity
and diabetes [12]. Lipase and α-amylase are enzymes that aid in the metabolism
of fats (lipase) and carbohydrates (α-amylase). Pancreatic lipase, composed of
449 amino acids, is a crucial enzyme for the absorption of dietary triglycerides
[13]. α-amylase (pancreas) is an enzyme that plays a key role in carbohydrate
digestion. The inhibition of these key metabolizing enzymes could result in retardation of lipid and carbohydrate absorption; possibly reducing the risk of
chronic diseases [14] [15]. Though limited research has been conducted on tiger
nut’s effect on obesity and diabetes, some studies do suggest the effects of other
tubers on the aforementioned health conditions. A study conducted by Mahadita
and others shows that purple sweet potato extract may improve glycemic control
in type II diabetes patients [16]. The possible anti-obesity effects of another tuber, Kedrostis africana, were suggested in research conducted by Unuofin and
others via the inhibition of the fat metabolizing enzyme, lipase [17].
Research suggests that processing or thermal treatment of plant substances
could increase, decrease or exert no change on antioxidant capacity [18] [19].
The effect of processing on tiger nut was explored in the current study, as tiger
nut is not commonly consumed raw, due to unfavorable sensory traits. Roasting of tiger nut decreased levels of anti-nutritive compounds in a previous
study [9].
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To date, there has been some research conducted on the phytochemical content and potential health benefits of tiger nut, but there has been limited research
considering the effects of processing on antioxidative and metabolizing enzyme
activities. The incorporation of natural antioxidants and functional carbohydrates into the diet is increasing. Because of this, there is a possible niche in the
market for underutilized tuber crops. Though there are some products containing starchy tuber crops on the market, there is still a need to incorporate products from different plant sources and investigate their antioxidant properties.
The objective of the current study was to determine effects of processing on antioxidant content, potential and inhibition of metabolizing enzyme activities of
raw and roasted tiger nuts.

2. Materials and Methods
All chemicals were obtained from Sigma Chemical Company, St. Louis, Mo. and
Fisher Scientific Company, Waltham, Mass. Tiger nut tubers were obtained from
Organic Gemini, Brooklyn, NY.

2.1. Determination of Phytochemicals in Tiger Nut Tubers
Sample preparation and extraction of phenolics: Extraction of tiger nut tubers
was performed using established methods. Tiger nut tubers were extracted raw
(unprocessed control) and roasted (processed). Roasted tubers were exposed to
heat (110˚C - 115˚C) for 10 mins. Both raw and roasted tubers were ground to a
powder using a Robot Coupe Blixer 4 V (Ridgeland, MS). Five grams of tuber
powder was added to 50 mL of methanol (80%), or water (25˚C). The mixtures
were stirred for 2 hr on an orbital shaker then centrifuged at 3000 × g for 20
mins. The supernatant was collected, filtered, and evaporated to dryness. The
extraction was reconstituted with respective solvent and stored at −80˚C until
further analysis. Tiger nut extracts were identified as follows: TRWA (tiger nut
raw extracted with water); TRWM (tiger nut raw extracted with 80% methanol);
TRA (tiger nut roasted extracted with water); TRM (tiger nut roasted extracted
with 80% methanol).
Determination of Total Phenolic and Total Flavonoid Contents in Tiger Nut
Extracts. Total phenolics in tuber extracts were determined by the Folin-Ciocalteau method and reported as gallic acid equivalents (GAE) as described by
[20]. Total flavonoids in tiger nut tuber extracts were determined by a colorimetric methods described by [20] and reported as catech in equivalents (CAE).

2.2. Antioxidant Potential of Tiger Nut
Antioxidant activities including, ferric reducing antioxidant power (FRAP), 1,1
diphenyl 2-picrahydrazyl (DPPH) radical scavenging ability, and trolox equivalent antioxidant capacity (TEAC).
FRAP of tiger nut extracts was determined by the methods described by
[21].
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1134

Food and Nutrition Sciences

S. Willis et al.

DPPH radical scavenging ability of tuber extracts was determined following
methods described [20].
Trolox equivalent antioxidant capacity (TEAC) of tiger nut extracts was performed following methods by [22] using the 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical.

2.3. Determination of Lipid and Carbohydrate Metabolizing
Enzyme Inhibition
Inhibition of lipase and α-amylase by tiger nut extract was determined by methods described by [23] and [24], respectively.

2.4. Statistical Analysis
Results are presented as means ± SEM using SAS system version 9.3 ANOVA
was used to determine any significant differences among the treatment groups.
Significance was determined at p ≤ 0.05. The means were separated using Tukey’s Studentized Range Test.

3. Results and Discussion
There are a number of products on the market currently that incorporate tubers,
yet tiger nut (tuber) is an underutilized crop that may have functional properties. The effects of processing on antioxidant content, potential and metabolizing
enzyme activities of tiger nut tuber extracted with water and methanol was determined. Figure 1 shows the total phenolic content of raw and roasted tiger nut
tuber extracted with methanol and water. Overall, tiger nut (raw and roasted)
extracted with water had a significantly (p ≤ 0.05) higher content compared to
TRWM and TRM. Water was able to extract more phenolic compounds from
tubers compared to organic solvent; suggesting the presence of more water-soluble
phytochemicals in the substance. Roasted significantly (p ≤ 0.05) increased phenolic yield in methanolic extracts.
Figure 2(a) shows the total flavonoid content of TRWA, TRWM, TRA and
TRM. Roasting, followed by aqueous extraction, significantly (p ≤ 0.05) decreased
flavonoid content yield compared to other extracts. DPPH results are displayed in
Figure 2(b). DPPH is a stable free radical that is deep purple in color. This assay
measures the ability of biological samples to reduce 1,1-diphenyl-2-picryl hydrazyl radical to 1,1-diphenyl-2-picryl hydrazine [25], therefore a reduction in
purple color indicates a reduction in free radicals. Though all extracts showed at
least 50% (extract concentration 0.02 mg/ml) percent inhibition, neither processing nor solvent extraction had an effect on the tiger nut tuber’s ability to
scavenging the DPPH free radical.
Figure 3 displays the ferric reducing antioxidant power of raw and roasted
tiger nut extracts. The ability of the tuber to reduce ferric to ferrous iron is displayed here, but neither processing nor solvent extraction had an effect on the
reducing ability.
DOI: 10.4236/fns.2019.109082
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Figure 1. Total phenolic content of tiger nut extracts. Bars (n = 3) expressed as means ±
SEM. Means within treatments without a common letter(abc) differ significantly at p ≤
0.05. Abbreviations: GAE—gallic acid equivalents, TRWA—tiger nut raw extracted with
water, TRWM—tiger nut raw extracted with 80% methanol, TRA—Tiger nut roasted extracted with water, TRM—tiger nut roasted extracted with 80% methanol.

(a)

(b)

Figure 2. Total flavonoid content and dpph radical scavenging of tiger nut extracts. Bars
(n = 3) expressed as means ± SEM. Means within treatments without a common letter(abc)
differ significantly at p ≤ 0.05. Abbreviations: CAE—catech in equivalents, DPPH—
1,1-diphenyl, 2-picrahydrazyl , TRWA—tiger nut raw extracted with water, TRWM—
tiger nut raw extracted with 80% methanol, TRA—Tiger nut roasted extracted with water,
TRM—tiger nut roasted extracted with 80% methanol.

TEAC of tiger nut extracts, reported as trolox equivalents (TE)/g of sample, is
displayed in Figure 4. Trolox is a water-soluble analog of vitamin E; this assay
compares the ability of the tiger nut extracts to scavenge the ABTS radical
(ABTS+ to ABTS−) [22] to that of vitamin E. There were no significant (p ≤
0.05) differences in TEAC among TRWA, TRWM, TRA and TRM.
DOI: 10.4236/fns.2019.109082
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Figure 3. Ferric Reducing antioxidant power of tiger nut extracts. Bars (n = 3) expressed
as means ± SEM. Means within treatments without a common letter(abc) differ significantly at p ≤ 0.05. Abbreviations: FE2+—Ferrous sulphate, TRWA—tiger nut raw extracted
with water, TRWM—tiger nut raw extracted with 80% methanol, TRA—Tiger nut roasted
extracted with water, TRM—tiger nut roasted extracted with 80% methanol.

Figure 4. Trolox Equivalent Antioxidant Capacity of Tiger Nut Extracts. Bars (n = 3) expressed as means ± SEM. Means within treatments without a common letter(abc) differ
significantly at p ≤ 0.05. Abbreviations: TE—trolox equivalents, TRWA—tiger nut raw
extracted with water, TRWM—tiger nut raw extracted with 80% methanol, TRA—Tiger
nut roasted extracted with water, TRM—tiger nut roasted extracted with 80% methanol.

Table 1 and Table 2 show carbohydrate and lipid metabolizing enzyme inhibition by tiger nut extracts. The Western diet is of growing concern to researchers, as it contains a high amount of carbohydrates and fats; which contribute
heavily to the pathogenesis of obesity and diabetes. Lipase and α-amylase are
enzymes that aid in the metabolism of fats (lipase) and carbohydrates (α-amylase).
Inhibition of the aforementioned enzymes could lead to the prevention of diabetes and obesity. In aqueous extracts, processing had no effect on the inhibition of α-amylase activity. Processing of tiger nut samples significantly (p ≤ 0.05)
increased the α-amylase inhibitory potential of tiger nut tubers compared to raw
in methanolic extracts. Processing significantly (p ≤ 0.05) increased lipase inhibitory potential in both aqueous and methanolic extracts, while aqueous extracts
for both raw and roasted tubers inhibited significantly (p ≤ 0.05) more lipase,
compared to their methanolic counterparts.
DOI: 10.4236/fns.2019.109082
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Table 1. α-amylase inhibition by tiger nut extracts.
Tiger Nut Extracts

Percent α-Amylase Inhibition

TRWA

75.79 ± 0.74a

TRWM

10.33 ± 0.18c

TRA

80.88 ± 0.40a

TRM

23.6 ± 5.04b

Table 2. Lipase inhibition by tiger nut extracts.
Tiger Nut Extracts

Percent Lipase Inhibition

TRWA

74.61 ± 2.33b

TRWM

7.44 ± 0.63d

TRA

89.6 ± 1.36a

TRM

50.12 ± 2.63c

Bars (n = 3) expressed as means ± SEM. Means within treatments without a common letter(abc) differ significantly at p ≤ 0.05. Abbreviations: TRWA—tiger nut raw extracted with water, TRWM—tiger nut raw extracted with 80% methanol, TRA—Tiger nut roasted extracted with water, TRM—tiger nut roasted extracted with 80% methanol. Columns (n = 3) expressed as means ± SEM. Means within treatments without
a common letter(abc) differ significantly at p ≤ 0.05.

4. Discussion
TPC, TFC, DPPH, FRAP and TEAC were evaluated in various extractions oftiger nut tuber. Raw and roasted tubers were extracted with 80% methanol and water. In the present study, processing had an effect on phytochemical content and
enzyme inhibition. The present results could relate to results by Chukwuma and
others who showed processing effects on the phytochemical composition of tiger
nut. The authors found that roasting decreased the concentrations of several
phytochemicals in tiger nut tuber, including alkaloids, saponins and tannins [9].
In the present study, aqueous extracts of tiger nut had significantly higher
TPC and TFC compared to methanolic. In a comparison by Sanchez-Zapata and
others, tiger nut tubers contained a higher percent moisture compared to botanical nuts [8] [26]. This may account for the increased water-soluble phenolics
and flavonoids in tiger nut tubers and might also account the increased α-amylase
and lipase inhibitory potential of aqueous extracts in the present study.
When comparing TPC of tiger nut, results from the present study agree with
findings from Bilikis and Olanrewaju, where roasted tiger nut extracted with
methanol had a significantly higher TPC compared to its dry (air-dried) and raw
counterparts [27]. On the contrary, results from the present study showed that
neither processing nor extraction solvent had an effect on DPPH radical scavenging ability of tiger nuts; but findings from Bilikis and Olanrewaju found that
roasted tiger nut scavenged the radical more effectively than raw or dry tubers
[27].
Researchers, Badejo and others, evaluated the effect of processing (germinatDOI: 10.4236/fns.2019.109082
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ing, roasting) on the ABTS radical scavenging ability of tiger nuts. Similar to
TEAC results in the present study, processing had no effect on the ABTS scavenging ability of tiger nuts in the study by [28].
A study by Chukwuma and others suggests tiger nut’s ability to lower blood
glucose levels. In the study, various levels of aqueous tiger nut extract were administered to rats; results from the study showed an indirectly proportional relationship between levels of tiger nut extract administered and blood glucose levels [9]. Results from the present study support other studies showing the anti-diabetic effect of tiger nut as tiger nut tubers extracted with water inhibited
the α-amylase enzyme more effectively than their methanolic counterparts.
A study conducted by Adekanmi and others determined that tiger nuts subjected to various processing methods still contained some level of tannins, most
of which are water-soluble [29]. Tannins have been suggested to have an effect
(inhibit) on various digestive enzymes, including lipase [30]. This aligns with
results from the present study, which suggests that raw and roasted tiger nuts
extracted with water had a significantly higher lipase and α-amylase inhibition,
compared to methanol extracts.

5. Conclusions
Though there are a number of products containing tubers on the market, very
few utilize tiger nut tubers as an ingredient. The results of the study suggest that
tiger nut extracts may benefit consumers by improving their antioxidant status
and inhibiting carbohydrate and lipid metabolizing enzymes, possibly leading to
the prevention of chronic disease.
Though the present study compares aqueous and methanolic extractions of
tiger nut, ethanolic extracts were not taken into account. In further studies, the
antioxidant capacity of tiger nut could be further explored by determining oxygen radical absorbance capacity (ORAC) and nitic oxide radical scavenging
(NORS). Based on results from α-amylase and lipase inhibition, in-vitro studies
using a cell culture model could also be conducted to further determine the possible anti-diabetic and anti-obesity effects of tiger nut extracts.
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