Effect of boiling times on polyphenol, flavonoid, tannin, vitamin C, and -
carotene contents of African asparagus (Laccosperma secundiflorum): their
contribution to overall antioxidant activity

ABSTRACT

The effect of boiling on the total polyphenols, flavonoids, tannins, vitamin C and (3-carotene
contents, and further on the antioxidant activity of the heart of rattan palm (African asparagus)
was studied quantitatively at different times. Vitamin C content, which was estimated initially
at 37.04 g/100 dry matter, decreased as the cooking time in water increased. Indeed, it is
noted 76.80, 78.57, and 84-08 % of loss respectively for the cooking times of 5, 10, and 15
min in the water. Also, these different heat treatments affected eaused-drastic-damage on the
- carotene content of African asparagus with losses ranging from 40 to 80%. Polyphenols
were also affected by cooking. The values obtained were 5104.80 mg EAG/100g for fresh
African asparagus {FRESH), 5284.09 mg EAG/100g for boiling for 5 min (CE5), 5233.31 mg
EAG/100g for boiling for 10 min (CE10), and 3536.44 mg EAG/100g for boiling for 15 min
(CE15). The tannin content for fresh asparagus on the other hand was 1954.84 mg/100g DM.
However, this rate decreased continuously with heating and was is estimated at 1699.93
mg/100g DM, 1429.977548 mg/100g DM, and 1035.42 mg/100g DM respectively for CES5,
CE10, and CE15 samples with losses of 13.04, 26.85 and 47.03% respectively. For
flavonoids, the losses were varied from are between 7.41 and 19.92%. Finally, boiling reduces
in-general the levels of the different parameters studied, but the antioxidant activity of African
asparagus increased at the end of the 15 min heat treatment. However, a cooking time of less
than or equal to 5 min in water can be advantageous for the consumer.
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INTRODUCTION

During this last decade, high consumption of fruits and vegetables associated with decreased
risk of diseases such as cardiovascular pathologies, obesity, diabetes, neurodegenerative
diseases, and cancer has been observed in numerous epidemiological studies (Lenoir, 2011).
This high consumption of fruits and vegetables is due to the richness of these foods in
antioxidants (ascorbic acid, tocopherols, carotenoids, and polyphenols) which are molecules
with preventive effects against these diseases because they participate in the neutralization of
free radicals. These free radicals are permanently generated by our body or formed in
response to environmental aggressions. Polyphenols are micronutrients that are particularly
abundant in cereals, fruits, and vegetables (Bravo, 1998). Their interest lies in their
antioxidant properties, especially their capacity to trap free radicals (Mehinagic et al., 2011).
These plants also have multiple properties, among others antioxidants because of antioxidants
compounds such as vitamins, carotenoids, phenolic compounds ...in their edible parts
(Minussi et al., 2003; Turkmen et al., 2005). Several plants, fruits, and vegetables are
consumed in Céte d'lvoire in lean periods (DaGiau., 2014), and most of them are cooked
before consumption, as—in—the—example—of for example the African asparagus. However,
eooking culinary practices induce significant changes #-their of chemical compositions,



which—influences the concentration and bioavailability of bioactive compounds in these
vegetables. Positive as well as negative effects have been reported based on differences in
processing conditions and morphological and nutritional characteristics of vegetable species
(Brou et al., 2018). Knowing how and why changes occur can help the consumer, the food
processor, and even the chef to limit waste and therefore improve the nutritional quality of
food. Fhe-ebjective-of this study aimed was to evaluate the effect of boiling water cooking on
total polyphenols, flavonoids, tannins, vitamin C and (-carotene content, and therefore on the
antioxidant activity of African asparagus.

I-MATERIALS AND METHODS
I.1-Sampling

African asparagus Laccosperma secundiflorum was harvested in the region of Agneby Tiassa,
more exactly in the area of Sikensi, 5°40'40" North latitude 4°34'33" South longitude. African
asparagus was transported in polypropylene plastic bags directly to the laboratory for analysis

(Fig.1).

Fig.1: African asparagus

A: African asparagus enveloped in leaf sheaths, B: African asparagus with leaf sheaths
removed

1.2-Methods
1.2.1- Heat treatment of samples

The boiling of African asparagus was done according to the method described by
Randrianatoandro (2010). 1.5 kg of African asparagus cut into 5 cm "sticks™ were immersed
in 1 L of boiled water in a stainless steel container for 5, 10, and 15 min. The cooking solution
was discarded and the boiled samples were cooled, drained at ambient temperature, and
subjected to the same treatment using used for raw samples.

The cooked African asparagus was oven-dried (Biobase, China, Shandong) at 45°C for 48 h.
They were then powdered with a Binatone-type blender (BLG-555, China, Hong Kong) and
sieved using a sieve with a mesh size of 500 um (AFNOR -NFX 11504). The obtained



resulting powders were stored in stomacher bags and kept at 4°C in a refrigerator (NASCO,
DF2-28, China) for further analysis. The fresh sample was used as a control.

1.2.2- Biochemical analysis of the samples
1.2.2.1- Determination of Vitamin C (Vit C) content

The vitamin C content was determined according to the method described by Pongracz
(1971), using 2,6-dichlorophenol indophenol. This method involves stabilizing vitamin C
with metaphosphoric acid/acetic acid and then oxidizing it with 2,6-dichlorophenol
indophenol (2,6-DCPIP) which is then reduced. The vitamin C content was obtained from this
mathematical relationship:

(Ve-Vo) x 20
Vitamin C (mg/100g) = — x 100
(Vs-Vo) x 10

Ve: volume of 2,6-dichlorophenol-indophenol poured for the sample ;

Vo: volume of 2,6-dichlorophenol-indophenol poured for the determination of
metaphosphoric acid

Vs: volume of 2,6-dichlorophenol-indophenol poured for the determination of the vitamin C
stock solution

1.2.2.2- Determination of B-carotene content

The concentration of B-carotene was determined according frem to the method described by
Tee et al. 1996. African asparagus samples (10g) were homogenized in ethanol (40 mL). The
mixture was introduced into a separatory funnel containing 50 mL of hexane. The hexane
phase was evaporated for 24 hours. Another 10 ml of hexane was added to this phase. After
the rest of 24 hours, the optical density (OD) was read using a spectrophotometer (MS-V5100
visible spectrophotometer, Germany) at 450 nm against a blank solution. The standard
solution was prepared with 10 mg of trans-p-carotene dissolved in pure hexane to obtain a
100 pg/mL solution.

1.2.2.3- Determination of total polyphenol content

The-methed-described-by-Singleton—et-al—(1999)using Folin-ciocalteu method was used to

determine the total phenols content (Singleton et al. 1999). To a test tubes were added 1 ml of
methanolic extract and 1 ml of Folin-ciocalteu reagent. The tube was left to stand for 3 min
and then 1 mL of sodium carbonate solution (20%, w/v) was added. The contents of the tube
were made up to 10 mL with distilled water. After 30 min in the dark, the absorbance was
read using a spectrophotometer (MS-V5100 visible spectrophotometer, Germany) at 725 nm
against a blank. A standard range was performed with a 1 mg/mL gallic acid solution.

1.2.2.4- Determination of total flavonoid content

Flavonoids were determined according to the method described by Meda et al. (2005). Into
test tubes were successively added, 0.5 mL of methanolic extract, 0.5 mL of distilled water,
0.5 mL of aluminum chloride (10%), and 0.5 mL of potassium acetate (1 M). The final
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volume was made up with of 2 mL of distilled water. The test tube was then incubated in the
dark for 30 minutes. The absorbance was measured at 415 nm using a spectrophotometer
(MS-V5100 visible spectrophotometer, Germany) against a control. A calibration curve was
made using a 0.1 mg/mL quercetin standard solution.

1.2.2.5- Determination of total tannin content

Determination of tannins was carried out according to the method described by Bainbridge et
al. (1996). Into test tube, 1 mL of the methanolic extract was homogenised with 5 mL of
vanillin reagent (0.1 mg/mL vanillin in 70% (v/v) sulphuric acid). The mixture was then
incubated in the dark for 20 minutes at room temperature. The absorbance was measured at
500 nm using a spectrophotometer (MS-V5100 visible spectrophotometer, Germany) against
a blank solution. A calibration range was performed using a 0.1 mg/mL tannic acid standard
solution.

1.2.2.6- Measurement of antioxidant activity by DPPH radical

The antioxidant activity of the extract was measured with the DPPH method described by
Choi et al. (2002). A solution of DPPH was freshly prepared (about 0.3 mM). The extract (2
mL) with varying concentrations (2-20 pg/mL) and DPPH solution (1 mL) were mixed
together in each test tube. The test tube was then incubated in the dark for 30 minutes at room
temperature. The decrease in absorbance was measured at 517 nm using a spectrophotometer
(MS-V5100 visible spectrophotometer, Germany). The percentage inhibition of radicals was
calculated using the following formula:

[DO, — (DO, — DO,)] x 100
Do,

AA (%) =

AA: antioxidant activity

DOc: absorbance of control tube (1 mL DPPH + 2 mL methanol)

DOe: absorbance of test tube (2 mL methanol extract + 1 mL DPPH)

DOb: absorbance of blank tube (1 mL methanol + 2 mL methanolic extract)
1.2.3- Statistical analysis of the results

The statistical analysis was applied to the data obtained during the biochemical evaluations.
All tests relating to the different analyses were carried out in triplicate and the numerical
values obtained were expressed as the arithmetic mean affected by the standard deviation. The
one-factor ANOVA variance analysis was performed on all the results obtained to determine
the existence of significant differences between the averages calculated according to the
DUNCAN test using the STATISTICA software version 7.1. The graphs were built using
Excel software.

1. RESULTS AND DISCUSSION
11.1-Results

11.1.1-Vitamin C and p-carotene



Ascorbic acid and fB-carotene contents are shown in Figures 2A and 2B. A decrease in the
contents of these two parameters was #s observed with increasing cooking time. As for
vitamin C, the losses in content oscillate between 76.80 and 84.66%. As for -carotene, they

are |t was varied from between 40 and 80%. Aseorbic-acid-and f3-carotene-contents-are-shown

84-00%. As—fe%ﬁ-earetene—theyarebetwee#%-and%e%—(Repeated paragraph !)
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Fig.2 : Vitamin C (A) and p-carotene (B) content of raw and water-cooked African
asparagus (EC) at different times (5,10 and 15 min)

ECS5 : cooking 5 min in water ; EC10 : cooking 10 min in water ; EC15 : cooking 15 min in water.
11.1.2-Phytochemical composition of boiled African asparagus

The obtained results for the nutrient parameters (which one of polyphenol ?) were are
5104.80, 5284.09, 5233.31, and 3536.44 mg EAG/100gMS respectively for the FRESH, CE5,
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CE10, and CE15 samples (Figure 3A). No significant difference (p > 0.05) was s noted
between the means of the three cooked samples. However, these averages were are found to
be statistically different from those of fresh African asparagus. Furthermore, a slight increase
in polyphenol content of 2:51%-and-1#% (please redo the calculation 3.51 and 2.51% for CE5
and CE10, respectively) was observed for CE5 and CEL0, respectively. Then, a 30.72%
(please redo the calculation, the real percentage was 44.34%, and confirm all percentages
given in the whole manuscript, OK I) drop in the averages was recorded at the 15th minute of
cooking. Despite this sudden decrease, polyphenol content (3536.44 mg EAG/100gMS)
remains high in the samples cooked for 15 min (compared to what ?).

The tannin contents of African asparagus during cooking in water were 1954.84, 1699.93, and
1429.98 mgAT/100gMS for the FRESH, CE5, CE10, and CE15 samples respectively (Figure
3B). In contrast to the polyphenols, cooking in water generally leads to a decrease in the
tannin content of the samples with losses of 13.04, 26.85, and 47.03%, respectively for CES5,
CE10, and CE15. The analysis of variance shows overall a significant difference (p <0.05)
between the cooked samples.

Flavonoid contents ranged from 49.43 mgEg/100gMS (FRESH) to 39.58 mg
quercetin/100gMS (CE15) during cooking. At 5 min, 10 min, and 15 min of cooking in water,
losses of 7.41 %, 12.15 %, and 19.92 %, respectively were observed. Also, a significant
difference (p <0.05) was s observed between fresh and cooked samples (Figure 3C).
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Fig.3 : Total polyphenol (A), flavonoid (B), and tannin (C) contents of fresh and boiled
African and-beiled asparagus.

ECS5: cooking 5 min in water ; EC10: cooking 10 min in water ; EC15: cooking 15 min in water.

11.1.3 Antioxidant activity of water-cooked African asparagus

The percentages of free radical scavenging activity are shown in the figure below. The
antiradical activity increases with the concentration of the sample. On the other hand, the
activity of cooked samples was is lower than that of fresh samples. Antioxidant activity
values vary between 59.81% and 91.16%. They are equivalent to 91.16+0.23%, 84.7+0.5%,
82.59+1.89%, 81.37+0.32% for raw African asparagus and CE5, CE10, CE15 samples,
respectively (Figure 4). In contrast to fresh asparagus, a variation in the antioxidant capacity
of the boiled samples was observed (Figure 4).
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Fig.4 : DPPH free radical scavenging of fresh and water-cooked African asparagus
extracts (EC) at different times (5,10 and 15 min).

ECS5: cooking 5 min in water ; EC10: cooking 10 min in water ; EC15: cooking 15 min in water ; vit C: vitamin C

An increase in the percentage of DPPH radical inhibition was s observed with the increase of

the concentrations of the extracts at-inereasing-concentrations-of-the-extracts-of the-different

samples of fresh African asparagus, cooked in water, and vitamin C used as standard.

Vitamin C and asparagus extracts show good percentages—of DPPH radical scavenging
activity #rhibitien. The IC50 values of the raw extracts Raw, CE5, CE10, and CE15 samples
were are 10.07 pg/mL, 12.07 pg/mL, 15.2 pg/mL and 10.33 pg/mL, respectively. These
different concentrations were are—ueh higher than that of vitamin C (2.53pg/mL). The
different extracts, as well as vitamin C, have significantly different IC50 values at the 5%
threshold. The extract of the Raw sample has the highest radical scavenging activity followed
by CE5 and CE15 samples (it's the opposite, isn't it? Followed by CE15 and CE5 samples.
Since when the value of IC50 is low, therefore the anti-free radical activity will be considered
important). On the other hand, under the same conditions, CE10 sample shows the lowest
inhibitory activity (Table).

Table : IC50 values of the different samples tested

Treatments IC50 (mg/mL)
RAW 10.07

CES 12.07

CE 10 15.20

CE 15 10.33

Vit C 2.53

CES5 : cooking 5 min in water ; CE10 : cooking 10 min in water ; CE15 : cooking 15 min in

water.

11.2-Discussion



The results analysis of the heat treatment shows the effect of cooking in water on the
nutritional composition of African asparagus. The different cooking times to which the
African asparagus studied are subjected significantly influence their nutritional parameters
studied. Boiling significantly reduces the vitamin C content. —faet; This method of
processing caused more than 20-70% loss, with the greatest loss (70%) occurring in samples
cooked for 15 minutes. Earlier studies, including those cited by Yadav and Sehgal (1995,
1997), have shown that boiling results in huge losses of vitamin C in spinach and fenugreek in
the range of 36-83%. The level of B-carotene also decreases during heat treatment and losses
vary between 76 and 84%. Tessier (2012), attributes these losses to the sensitivity of [-
carotene to oxygen and oxidation catalysts (lipoxygenase enzyme) or occasioned by the
leaching of nutrients from the vegetables during blanching or boiling. Raw and cooked
African asparagus contains over 900 pg of p-carotene per 100g of flour, which is more than
the recommended daily intake for adults (George, 1999; Akanya, 2004). [B-carotene
deficiency remains a public health problem affecting 19 million pregnant women in Africa
(WHO, 2009) where the estimated requirement for this vitamin is 800 pg/day (WHO, 2011).
Consumption of African asparagus would therefore be beneficial for this segment of the
population. The susceptibility of African asparagus to browning depends on the relative
concentration of the different groups of phenolic compounds. Boiling resulted in losses of up
to 9.94% (total polyphenols), 19.92% (flavonoids), and 47.03% (tannins) after 15 min of
cooking.

The decrease in flavonoid and tannin content is attributed to the leaching of phenolic
compounds during heat treatment (Wong et al., 2006). The analysis of nutritional properties
reveals that fresh African asparagus was is—wery rich in tannins with a content equal to
(2091.66 mgAT/100gMS). However, this content decreases with increasing cooking time.
Similar results were observed in comparison with the study with-the-work carried out by
Zhang and Hamauzu (2004) and Brou et al. (2018) who showed a loss of tannic acid after
different cooking processes due not only to the degradation of tannins, but also to the
formation of insoluble complexes. Tannins are involved in tissue regeneration. They
contribute to stopping hemorrhages and help fight infections (Khanbaba and Ree, 2001),
particularly in pre-and post-natal care, as is the case in southern Cote d'lvoire. Regular
consumption of African asparagus in households could thus prevent a—umberof several
diseases such as gastrointestinal disorders, high blood pressure, and malaria (Sereme et al.,
2008). Total polyphenol contents, on the other hand, undergo a slight increase at 5 min of
cooking in water. Kao et al., (2014), in their work on Thai basil and potato leaves, observed
a more or less significant increase in total polyphenol content during the first five (5) minutes
of boiling. Turkmen et al., (2005) reported that cooking for a short time (5 min) increased
the polyphenol content of some green vegetables such as green beans, spinach, and pepper.
Indeed, studies have shown that the increase in polyphenol content is due to the degradation
of complex phenolic compounds present in vegetables into simple polyphenols but also, the
decomposition of dietary fiber-bound polyphenols into free phenolic compounds under the
effect of heat (Stewart et al., 2000). These simple or free phenolic compounds would have
subsequently migrated into the cooking water due to prolonged exposure to heat, resulting in
a reduction in total polyphenol content. Increased antioxidant activity is closely related to
vitamin C and total phenolic compounds. Indeed, Montoro et al., (2006b) have shown that
the antioxidant activity of plant extracts is strongly correlated to #s—their polyphenol
composition. Moreover, studies carried out on the antioxidant activity of plant extracts
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(Nigella sativa L.) have shown the capacity of these extracts to trap radical species and
reactive oxygen forms of phenolic compounds (Talbi et al., 2015). Furthermore, the
antioxidant activity of phenolic compounds would ensure better preservation of food products
by preventing the oxidation of lipids. Thus, the high content of total polyphenols found in
both fresh and cooked African asparagus would be useful for children, who are subject to
allergies caused by anti-nutritional substances. They could also be involved in the prevention
of cardiovascular disease and cancer in adults (Talbi et al., 2015).

CONCLUSION

This study found that African asparagus is a true source of antioxidants. Boiling increases
total polyphenol levels when the cooking time is short but decreases them when the cooking
time is long. Also, tannins, flavonoids, vitamin C and B-carotene contents all decreased with
increasing cooking time. Finally, it is noted that cooking in water decreases the contents of
the different parameters studied, but the antioxidant activity of African asparagus increased at
the end of the 15 min heat treatment. However, a short cooking time of less than or equal to 5
min can be beneficial for the consumer, who is also recommended to consume the water used
for cooking.
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