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Abstract

While one out of every two adults in the U.S. is affected by a chronic
disease, oxidation has been linked to a number of these diseases,
including cancer and obesity. Poppy (Papaver somniferum) is a flow-
ering plant that produces poppy seeds, which are of importance to
the food, animal and cosmetic industries. Produced predominantly
for its oil and use in baked goods, research suggests the presence of
antioxidative phytochemicals in poppy seeds. Objective of study was
to determine effects of processing on antioxidant content, potential
and inhibition of metabolizing enzyme activities by blue and white
poppy seeds. Total Phenolic Content (TPC), Total Flavonoid Content
(TFC), free radical scavenging activity by 1,1-diphenyl-2-picryhydra-
zyl (DPPH), Trolox Equivalent Antioxidant Capacity (TEAC), Ferric
Reducing Antioxidant Power (FRAP) and inhibition of lipase, a-am-
ylase and a-glucosidase were evaluated in blue and white poppy
seeds (raw (BR and WR), toasted (BT and WT) (150-178°C), defat-
ted (BD and WD) extracted with water (W) and 80% ethanol (E). TPC
ranged from 22.38 (WDE) -78.37mg (BTE) GAE/100g. At a concen-
tration of 0.02mg/ml, the highest DPPH scavenging activity was
observed on BTE (86.28%). BDE and WDE inhibited a-glucosidase
activity significantly more than other extracts. Results from present
study suggest antioxidant potential of poppy seed ‘cake’ (by-product
of defatting).
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Introduction

One out of every two adults in the U.S. is affected by a chronic
disease, with oxidative stress being a main main influencer of a
number of chronic disease pathologies, including cancer, diabetes
and obesity [1-3]. 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. Often consumed as snacks, nuts and seeds contain a myriad
of health-benefitting (vitamins, minerals, alkaloids, phenolic acids)
phytochemicals [5-7]. One such seed, increasing in popularity is the

poppy seed.

Poppy (Papaver somniferum) is a flowering plant that produces
poppy seeds, which are of importance to the food, animal and cosmetic
industries. Produced predominately for its oil and use in baked goods,
research suggests the presence of antioxidative phytochemicals in

poppy seeds [8].

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. Lipase, o-glucosidase
and o-amylase are enzymes that aid in the metabolism of fats (lipase)
and carbohydrates (a-amylase). Pancreatic lipase, composed of
449 amino acids, is a crucial enzyme for the absorption of dietary
triglycerides [9]. a-glucosidase and o-amylase (pancreas) are
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enzymes that play key roles 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 [10,11]. Though limited research has been conducted on
poppy seed’s effect on obesity and diabetes, some studies do suggest
the effects of other seeds on the aforementioned health conditions. A
study conducted by Binita and others shows that cumimi seeds may
decrease the risk of type II diabetes [12]. The possible anti-obesity
effects of another seed, Phalaris canariensis, were suggested in
research conducted by Gutierrez and others via the inhibition of the
fat metabolizing enzyme, lipase [13].

Though seeds are consumed raw, they are commonly subjected
to processing (drying, toasting) to enhance sensory attributes. Some
studies suggest an increase in content of select phytochemicals upon
toasting of nuts and seeds [14-15]. As poppy seeds are commonly used
for their oils, defatting is the processing used to extract this product.
Containing approximately 5.2% crude fat [16], after defatting, the
remaining by-product, poppy seed cake, is often times discarded.
The defatted seed cake may still have some functional benefits, as
suggested by Yilmaz and Emir. According to these researchers, poppy
seed cake contains a number of macro and micronutrients and could
still be beneficial for human consumption [17].

Though research has been conducted on various poppy seeds and
the differences in their oil contents, there is limited information on
effects that processing may have on the antioxidant potential the blue
poppy seed and its white counterpart. The aim of the study was to
determine effects of processing on the antioxidant content, potential
and inhibition of metabolizing enzyme activities of blue and white

poppy seeds.
Materials and Methods

All chemicals were obtained from Sigma Chemical Company,
St. Louis, Mo. and Fisher Scientific Company, Waltham, Mass.
Poppy seeds were obtained from Belmar Spice Company, Turkey.
Determination of Phytochemicals in Poppy seeds.
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Sample preparation and extraction of phenolics: Extraction of
poppy seeds was performed using established methods. Poppy seeds
were extracted raw (unprocessed control), roasted (processed) and
defatted (processed). Roasted seeds were exposed to heat (150-
178°C) for 7 mins. All seeds were ground to a powder using a Robot
Coupe Blixer 4V (Ridgeland, MS). Five grams of seed powder was
added to 50mL of methanol (80%), or water (25°C). Defatting of
raw seeds was performed by mixing hexane and seed powder at a
4:1 ratio continuously for 90mins; after which the oil was decanted.
This process was repeated 2times; the resulting seed cake was
extracted with methanol or water. The mixtures were stirred for 2 hr
on an orbital shaker then centrifuged at 3000 xg 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. Table 1 shows poppy seed extracts and
their respective abbreviations.

WRW - White seed raw extracted w/
water

BRW - Blue seed raw extracted w/water

WTW - White seed toasted extracted

BTW - Blue seed toasted extracted w/water
w/water

‘WDW - White seed defatted extracted
w/water

BDW - Blue seed defatted extracted w/
water

WRE - White seed raw extracted w/80%
ethanol

BRE - Blue seed raw extracted w/80%
ethanol

WTE - White seed toasted extracted
w/80% ethanol

BTE - Blue seed toasted extracted w/80%
ethanol

WDE - White seed defatted extracted
w/80% ethanol

BDE - Blue seed defatted extracted w/80%
ethanol

Table 1: White and Blue Poppy Seed Extract Abbreviations.

Determination of Total Phenolic and Total Flavonoid Contents
in Poppy Seed Extracts. Total phenolics in seed extracts were
determined by the Folin-Ciocalteau method and reported as Gallic
Acid Equivalents (GAE) as described by [18]. Total flavonoids in
poppy seed extracts were determined by a colorimetric methods
described by [18] and reported as catechin equivalents (CAE).

Antioxidant Potential of Poppy Seed

Antioxidant activities including, Ferric Reducing Antioxidant
Power (FRAP), 1,1 diphenyl 2-picrahydrazyl (DPPH) radical
scavenging ability, trolox equivalent antioxidant capacity (TEAC) of
seed extracts were determined.

FRAP of poppy seed extracts was determined by the methods
described by [19]. DPPH radical scavenging ability of seed
extracts was determined following methods described [19]. Trolox
Equivalent Antioxidant Capacity (TEAC) of poppy seed extracts
was performed following methods by [20] using the 2,2’-azino-
bis  (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical.
Determination of Lipid and Carbohydrate Metabolizing Enzyme
Inhibition. Inhibition of lipase, a-glucosidase, a-amylase by poppy
seed extract was determine by methods described by [21] and [22],
respectively.

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.

Results and Discussion

Nuts are seeds are oftentimes consumed as snacks and as
ingredients in a number food products, post processing. Whole blue
poppy seeds are commonly used in the food industry as garnish for
bagels, muffins and other baked goods. Oil extracted from poppy
seeds is oftentimes used, but the remaining seed cake is most always
discarded. The effects of processing on antioxidant content, potential
and metabolizing enzyme activities of blue and white poppy seeds
extracted with water and ethanol was determined. Figure 1 shows
the Total Phenolic Content (TPC) of raw, roasted and defatted
poppy seeds extracted with water and ethanol. Overall, white poppy
seeds (raw and defatted) extracted with water and blue poppy seeds
(toasted) extracted with ethanol had significantly (p < 0.05) higher
TPC compared to other poppy seed extracts. Toasting significantly
(p < 0.05) decreased phenolic yield of blue and white poppy seeds
extracted with water. TPC of defatted blue and white poppy seeds was
comparable to phenolic content of some of the whole seed extracts.

Figure 1: Total Phenolic Content of Poppy Seeds.

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, BRW - blue poppy seed raw extracted
with water, WTW - white poppy seed toasted extracted with water, BTW - blue
poppy seed toasted extracted with water, WDW- white poppy seed defatted extracted
with water, BDW - blue poppy seed defatted extracted with water, WRE - white pop-
py seed raw extracted with 80% ethanol, BRE - blue poppy seed raw extracted with
80% ethanol, WTE - white poppy toasted extracted with 80% ethanol, BTE - blue
poppy seed toasted extracted with 80% ethanol, WDE-white poppy seed defatted ex-
tracted with 80% ethanol, BDE - blue poppy seed defatted extracted with 80% ethanol

Figure 2 shows the total flavonoid content (TFC) raw and processed
poppy seeds, extracted with water or ethanol. As similarly observed in
total phenolic content results, toasted blue poppy seeds extracted with
ethanol (BTE) yielded significantly (p < 0.05) higher TFC compared
to other extracts. With few exceptions, blue poppy seed extracted
yielded higher flavonoids compared to white. As seen in TPC results,
blue and white poppy seed cake extracts yielded similar flavonoid
content to whole seed extracts.

Table 2 displays the ferric reducing antioxidant power and trolox
equivalent antioxidant capacity of poppy seeds. The ability of the
seeds to reduce ferric to ferrous iron is display in the second column
of this table, but neither processing nor solvent extraction had an
effect on the reducing ability. The third column of table 2 displays the
ability of the seeds to scavenge the ABTS free radical, compared to the
scavenging ability of vitamin E analog, trolox. Extraction of defatted
blue poppy seed with ethanol significantly (p < 0.05) increased the
scavenging ability of the seed, compared to the other extracts.

DPPH results are displayed in Figure 3. DPPH is a stable free
radical that is deep purple in color. This assay measures the ability of

Henry Publishing Groups
© Willis S, et al., 2021

20of 5

Volume: 4 | Issue: 3 | 100033
ISSN: 2565-5779



Citation: Willis S, Verghese M (2021) Antioixidant Potential and Enzyme Inhibition of White and Blue Poppy Seeds. ] Nutr Food Sci 4: 033.

biological samples to reduce 1,1-diphenyl-2-picryl hydrazyl radical to
1,1-diphenyl-2-picryl hydrazine [24], therefore a reduction in purple
color indicates a reduction in free radicals. Aligning with antioxidant
content results (TPC and TFC), BTE was able to scavenging the
DPPH radical more effectively than the other extracts. Overall,
ethanolic extracts of poppy seed had significantly (p < 0.05) higher
scavenging ability compared to their aqueous counterparts.

Figure 2: Total Flavonoid Content of Poppy Seeds.
Bars (n=3) expressed as means + SEM.

Means within treatments without a common letter (abc) differ significantly at p <
0.05.

Abbreviations: CE - catechin equivalents, BRW - blue poppy seed raw extracted with
water, WTW - white poppy seed toasted extracted with water, BTW - blue poppy
seed toasted extracted with water, WDW- white poppy seed defatted extracted with
water, BDW - blue poppy seed defatted extracted with water, WRE - white poppy
seed raw extracted with 80% ethanol, BRE - blue poppy seed raw extracted with 80%
ethanol, WTE - white poppy toasted extracted with 80% ethanol, BTE - blue poppy
seed toasted extracted with 80% ethanol, WDE - white poppy seed defatted extracted
with 80% ethanol, BDE - blue poppy seed defatted extracted with 80% ethanol

Poppy Seed Extracts FRAP (mgFe2+/100g) TEAC (mg TE/100g)
WRW 240.35° 53.88¢
BRW 250.01° 13.158"
WTW 176.61° 36.12¢
BTW 192.54° 8.49M
WDWwW 173.69° 4.32!
BDW 189.62° 89.61¢
‘WRE 271.11° 3.71
BRE 315.10° 95.49°
WTE 252.92° 16.598
BTE 356.85° 93.55%
WDE 186.03° 25.69°
BDE 245.29° 111.59°

Table 2: Antioxidant Capacity of Poppy Seeds.

Bars (n=3) expressed as means + SEM. Means within treatments without a common
letter @ differ significantly at p < 0.05.

Abbreviations: FRAP-ferric reducing antioxidant power, FE2+ - ferrous sulphate,
TEAC- Trolox Equivalent Antioxidant Capacity, TE - trolox equivalents, BRW - blue
poppy seed raw extracted with water, WTW - white poppy seed toasted extracted
with water, BTW - blue poppy seed toasted extracted with water, WDW- white poppy
seed defatted extracted with water, BDW - blue poppy seed defatted extracted with
water, WRE - white poppy seed raw extracted with 80% ethanol, BRE - blue poppy
seed raw extracted with 80% ethanol, WTE - white poppy toasted extracted with 80%
ethanol, BTE - blue poppy seed toasted extracted with 80% ethanol, WDE - white
poppy seed defatted extracted with 80% ethanol, BDE - blue poppy seed defatted
extracted with 80% ethanol.

Figure 3: DPPH Radical Scavenging Ability of Poppy Seeds.

Bars (n=3) expressed as means + SEM. Means within treatments without a common
letter (abc) differ significantly at p < 0.05.

Abbreviations: DPPH - 1,1 diphenyl 2-picrylhydrazyl, BRW - blue poppy seed raw
extracted with water, WTW - white poppy seed toasted extracted with water, BTW
- blue poppy seed toasted extracted with water, WDW- white poppy seed defatted
extracted with water, BDW - blue poppy seed defatted extracted with water, WRE
- white poppy seed raw extracted with 80% ethanol, BRE - blue poppy seed raw ex-
tracted with 80% ethanol, WTE - white poppy toasted extracted with 80% ethanol,
BTE - blue poppy seed toasted extracted with 80% ethanol, WDE - white poppy seed
defatted extracted with 80% ethanol, BDE - blue poppy seed defatted extracted with
80% ethanol

Table 3 shows carbohydrate and lipid metabolizing enzyme
inhibition by poppy seeds. The Western diet is of growing concern
to researchers, as it contain a high amount of carbohydrates and fats;
which contribute heavily to the pathogenesis of obesity and diabetes.
Lipase and a-amylase are enzymes that aid in the metabolism of fats
(lipase) and carbohydrates (a-amylase and a-glucosidase). Inhibition
of the aforementioned enzymes could lead to the prevention of chronic
diseases, such as diabetes and obesity. Heat treated blue poppy seeds
that were extracted with water inhibited the lipase enzyme more
effectively than other extracts (80.57% inhibition). Toasting of white
poppy seeds extracted with ethanol (WTE) significantly increased
the ability of the seed to inhibit the a-amylase enzyme (63.50%
inhibition) compared to other extracts. Defatting significantly (p <
0.05) increased the ability of poppy seeds to inhibit the a-glucosidase
enzyme.

Discussion

TPC, TFC, DPPH radical scavenging, FRAP, TEAC and enzyme
inhibition were all evaluated in various extractions of blue and white
poppy seed. In the present study, processing and extraction solvent
has an effect on phytochemical content and ability of poppy seeds to
inhibit enzymes associated with metabolism.

The present results could relate to results by Ghafoor and others,
which showed that processing of various poppy seeds had affected
quality and phytochemical composition. The authors found that
roasting decreased concentration of several phytochemicals in poppy
seed, including vanillic acid [23]. In the present study, heat treating
of poppy seeds decreased TPC and TFC with the exception of the
BTE group. Blue poppy seeds may contain a similar cyaniding-based
anthocyanin, responsible for the blue petals of the Himalayan poppy
[24].

In the present study, defatted seed extracts had comparable
antioxidant content and potential to their full-fat counterparts. The
findings here align with results from Brodowska and others, where the
antioxidant potential of defatted flaxseed extract was comparable (or
greater than in some cases) to full-fat flaxseed extract [25].
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