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Abstract Buckwheat hulls, generally discarded as waste,

have been known to possess various flavonoids and high

antioxidant activities. The objective of this study was to

determine effect of extracting solvents [water, ethanol

(20%, 50%, 80%, and 100%), methanol, and acetone] on

total phenolic content, flavonoid content and composition,

and antioxidant activities of common and tartary buck-

wheat hull extracts. Antioxidative effect of common and

tartary buckwheat hull extracts on lipids in mayonnaise

was also investigated. Vitexin, isovitexin, isoorientin, ori-

entin, rutin, isoquercetin, and quercetin were identified in

the common buckwheat hull extracts, while rutin, querce-

tin, isoorientin, and isoquercetin were in the tartary buck-

wheat hull extracts. The methanol and 80% ethanol

extracts had more flavonoids than the others, while the

aqueous ethanol extracts from both of the hulls had more

total phenolics and antioxidant activities. Oxidative sta-

bility of lipids in mayonnaises added with common and

tartary buckwheat hull extracts (0.02 and 0.08%, w/w)

prepared by 50% ethanol were higher than that in the

mayonnaise with butylated hydroxytoluene (0.02%) and

control. Oxidative stability was not significantly different

between the mayonnaises added with the two buckwheat

hull extracts.
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Introduction

Buckwheat, a pseudocereal which belongs to Polygo-

naceae, is consumed worldwide. Common (Fagopyrum

esculentum) and tartary buckwheat (F. tataricum) are the

most commonly cultivated species around the world

(Zhang et al. 2012). Buckwheat has been known to have a

large amount of phenolic compounds, especially flavonoids

including rutin (quercetin-3-rutinoside). Flavonoids have

received considerable attention because of their beneficial

effects on health such as antioxidant, antitumor, antihy-

pertensive, and anti-inflammatory activities (Kumar and

Pandey 2013). Buckwheat whole grains are generally

dehulled to produce groats which are used for human

consumption either in groats themselves or flour. During

dehulling process, a substantial quantity of hulls is dis-

carded as waste (Lee et al. 2016).

Previous studies have reported that buckwheat hulls

contain high levels of phenolics and flavonoids and their

levels are even higher than dehulled buckwheat groats

(Dziadek et al. 2016; Holasova et al. 2002; Lu et al. 2013;

Sedej et al. 2012). Moreover, buckwheat hulls have higher

antioxidant activity than buckwheat groats, regardless of

cultivars (Dziadek et al. 2016). Although buckwheat hulls

are rich in flavonoids, studies on buckwheat hulls are still

limited.

Solvent extraction has been widely used to extract fla-

vonoids from plants (Liu and Yao 2007). The most com-

monly used solvents for extracting flavonoids from plant

foods are water, aqueous ethanol, methanol, and acetone

(Liu and Yao 2007). Content and composition of flavo-

noids in the extracts generally depend on the type of sol-

vent, and thus their biological activity may vary. However,

there have been no published data investigating influence

of solvent on content and composition of flavonoids in
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buckwheat hull extracts as well as their antioxidant

activities.

Lipid oxidation in mayonnaise that leads to a reduction

in shelf life with undesirable off-flavors is a major concern

in the food industry (Gorji et al. 2016). In order to retard

lipid oxidation in mayonnaise, synthetic antioxidants, such

as butylated hydroxytoluene (BHT), butylated hydrox-

yanisole (BHA), and ethylenediaminetetraacetic acid

(EDTA) have been commonly used (Gorji et al. 2016).

However, consumers have negative impression on a

chemical product (Gorji et al. 2016). Therefore, there has

been a growing interest in natural antioxidants from plant

materials rich in phenolic compounds. Application of nat-

ural antioxidants to mayonnaise such as rapeseed cake

extract (Kim and Lee 2017), purple corn extract (Li et al.

2014), grape seed extract (Altunkaya et al. 2013), and

black glutinous rice extract (Tananuwong and Tewaruth

2010) has been studied. Although buckwheat hulls, which

are known to contain high levels of phenolic compounds,

including flavonoids, are expected to have antioxidative

effect on lipids in mayonnaise, it has not yet been studied.

Thus, the objective of this study was to determine the

effect of various extracting solvents (water, ethanol (20%,

50%, 80%, and 100%), methanol, and acetone) on total

phenolic content, flavonoid content and composition, and

antioxidant activities of common and tartary buckwheat

hull extracts. Antioxidative effect of common and tartary

buckwheat hull extracts on lipids in mayonnaise was also

investigated.

Materials and methods

Materials and chemicals

Common and tartary buckwheat hulls collected from

Bongpyeong, Korea in September 2017 were obtained

from Bongpyeong Agricultural Cooperative (Bongpyeong,

Korea). The buckwheat hulls were dried in a freeze dryer

(FD8512, IlShinBioBase Co., Yangju, Korea) for 2 days

and stored at - 20 �C until analyzed.

Soybean oil, egg yolk, vinegar, salt, and sugar were

purchased from local markets in Seoul, Korea. Ethanol,

methanol, acetone, sodium bicarbonate anhydrous, formic

acid, acetic acid, chloroform, potassium iodide, isooctane,

and 1-butanol were purchased from Samchun Pure

Chemicals (Pyeongtaek, Korea). Folin–Ciocalteu reagent,

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid) diammonium salt

(ABTS), potassium persulfate, gallic acid, rutin, iso-

quercetin, quercetin, butylated hydroxytoluene (BHT), p-

anisidine, and 2-thiobarbituric acid were purchased from

Sigma-Aldrich Co. (St. Louis, MO, USA). Isoorientin,

orientin, isovitexin, and vitexin were purchased from Chem

Faces (Wuhan, China). Acetonitrile was purchased from JT

Baker (Phillipsburg, NJ, USA). Starch was purchased from

Wako Pure Chemical Co. (Osaka, Japan). Sodium thio-

sulfate was purchased from Junsei Chemical Co. (Tokyo,

Japan). All chemicals were of analytical reagent grade.

Extraction of buckwheat hulls

Dried buckwheat hulls were pulverized using a blender

(Hanil Co., Bucheon, Korea) to get 18 mesh (1 mm) size

powder. The ground buckwheat hull powder (10 g) was

refluxed with 400 mL water, ethanol (20%, 50%, 80%, and

100%), methanol, or acetone for 2 h in a water bath

(Daihan Scientific Co., Seoul, Korea). The extract was

filtered through a Whatman No. 4 filter paper (Whatman

International Ltd., Maidstone, England) and the filtrate was

concentrated using a rotary evaporator (A-10005, Eyela

Co., Tokyo, Japan) at 50 �C. The concentrated extract was

freeze-dried and then stored at - 20 �C until further

analysis. Yield of the buckwheat hull extract was calcu-

lated as follows:

Yield %ð Þ ¼ W1=W0ð Þ � 100;

where W0 is weight of buckwheat hull (g, dry basis) and

W1 is weight of freeze-dried extract (g).

Dried buckwheat hull extract was reconstituted in the

corresponding solvent for the following assays.

Determination of total phenolic content (TPC)

TPC of the extract was determined by the method of Sin-

gleton et al. (1999) with a slight modification. The buck-

wheat hull extract (40 lL) was mixed with 3.16 mL water

and 200 lL Folin–Ciocalteu reagent. After 3 min, the

mixture was reacted with 600 lL 20% (w/v) sodium

bicarbonate solution and incubated for 30 min at 40 �C.
Absorbance was measured at 765 nm using a microplate

reader (Spectramax 190, Molecular Devices, CA, USA).

TPC was expressed as gallic acid equivalent (GAE).

HPLC–ESI–MS and HPLC–UV analyses

of flavonoids in buckwheat hull extracts

Flavonoids were identified by HPLC–MS using an Ulti-

mate 3000 RS HPLC system coupled with an LTQ XL

(Thermo Fisher Scientific, Waltham, MA, USA). The

buckwheat hull extract (2 mg/mL) was filtered with a

0.2 lm nylon syringe filter. Electrospray ionization (ESI)

negative ion mode ([M–H]-) was applied. A U-VDSpher

PUR C18-E column (100 9 2 mm, 1.8 lm, VDS Optilab,

Berilin, Germany) was used for separation. Mobile phases

were 0.1% formic acid in water (A) and 0.1% formic acid
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in acetonitrile (B). Flow rate was 0.3 mL/min. Injection

volume was 5 lL with a gradient as follows: 0–1 min, 5%

B; 1–15 min, 5–25% B; 15–21 min, 25–60% B;

21–22 min, 60–100% B; 22–23 min, 100% B; 23–24 min,

100–5% B; and 24–30 min, 5% B. Data were acquired in

scan mode using an m/z range of 100 to 1000. Mass

parameters were set as follows: capillary temperature,

300 �C; source voltage, 2.7 kV; sheath gas flow, 42; and

software, Xcalibur 4.0 (Thermo Fisher Scientific, Waltham,

MA, USA).

Quantification of flavonoids in the extracts was carried

out using reversed-phase HPLC (Ultimate 3000; Thermo

Scientific Dionex, Waltham, MA, USA) equipped with an

XBridge C18 column (4.6 9 250 mm, 5 lm, Waters,

USA). Mobile phases were 0.1% formic acid in water

(A) and 0.1% formic acid in acetonitrile (B). Flow rate was

0.8 mL/min. Injection volume was 20 lL with a gradient as

follows: 0–7 min, 1–5% B; 7–45 min, 5–50% B;

45–52 min, 50–95% B; 52–56 min, 95–1% B; and

56–70 min, 1% B. Column oven temperature was 50 �C.
Detection wavelength was set at 350 nm. Five-level cali-

bration curve was generated by analyzing known concen-

trations (0.25–50 lg/mL) of each standard.

Antioxidant activities of buckwheat hull extracts

DPPH free radical scavenging activity was measured

according to a modified method from Brand-Williams et al.

(1995). 125 lL of the extract (50 lg/mL) was mixed with

125 lL 0.2 mM DPPH dissolved in methanol. After

30 min at room temperature in the dark, absorbance was

measured at 517 nm. ABTS free radical scavenging

activity was determined by the method of Re et al. (1999).

To make ABTS solution, 7 mM ABTS solution and

2.45 mM potassium persulfate solution were mixed at a

ratio of 1:1 and kept overnight at room temperature. ABTS

solution was diluted with water to an absorbance of less

than 0.70 at 734 nm before use. Ten microliter of the

extract (500 lg/mL) was mixed with 1 mL of the diluted

ABTS solution. Absorbance was measured at 734 nm.

DPPH or ABTS free radical scavenging activity (%) was

calculated as follows:

DPPH or ABTS free radical scavenging activity %ð Þ
¼ 1�sample absorbance/control absorbanceð Þ � 100:

Preparation and storage of mayonnaise

Mayonnaise was prepared with soybean oil (75%, w/w),

egg yolk (9%), vinegar (6.5%), salt (1.5%), sugar (2%), and

water (6%). Based on the TPC and antioxidant activities of

the crude extracts, 50% ethanol extract was chosen to be

applied in mayonnaise. Common or tartary buckwheat hull

extract was added to the mayonnaise at 0.02 or 0.08%.

Control sample was prepared without buckwheat hull

extracts or BHT. A positive control was prepared adding

BHT at 0.02%.

Mayonnaise was prepared as follows: all the ingredients

except oil were mixed using a hand blender (Wiz Co.,

Daegu, Korea) for 20 s. The oil was slowly added to the

mixture blending for 2 min. Mayonnaise (30 g) in a 50 mL

cylindrical polystyrene tube with a screw cap was stored at

35 �C for 31 days. The samples were prepared in triplicate

(3 batches per treatment) and each sample was used only

once for the measurement.

Lipid extraction from mayonnaise

Lipid was extracted by method of Lagunes-galvez et al.

(2002) with a slight modification. Mayonnaise was frozen

at - 74 �C for 24 h and thawed for 2 h at room tempera-

ture to break the emulsion. The thawed mayonnaise was

centrifuged (2236R, Gyrozen Co., Daejeon, Korea) at

18,0009g at 15 �C for 10 min. The separated lipid phase

was used directly for further study on oxidative stability of

lipids in mayonnaise.

Oxidative stability of lipids in mayonnaise

Progression of lipid oxidation in mayonnaise was moni-

tored by determining peroxide value (PV), 2-thiobarbituric

acid (TBA) value, and p-anisidine value (p-AV) (AOCS

official method Cd 8–53, Cd 19–90, and Cd 18–90 (AOCS

2009), respectively). Total oxidation (Totox) value was

calculated by 2PV ? p-AV (Sherwin 1978).

Statistical analysis

Data were expressed as means ± standard deviations.

Independent t test and one-way analysis of variance

(ANOVA) with Duncan’s multiple range test (p\ 0.05)

were performed with SPSS 23.0 (SPSS Inc., Chicago, IL,

USA).

Results and discussion

Extraction yields of buckwheat hulls

Extraction yields of the common and tartary buckwheat

hulls ranged from 0.6% to 5.8% (w/w, dry basis) and from

0.4% to 4.4%, respectively (Table 1). Water extracted the

most from both of common and tartary buckwheat hulls,

while acetone did the least.
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TPC in buckwheat hull extracts

TPC in the common and tartary buckwheat hull extracts

were affected by the solvents as shown in Fig. 1. The

highest TPC was observed in the 20% ethanol extracts

(613 mg GAE/g and 555 mg GAE/g in the common and

tartary buckwheat hull extracts, respectively) followed by

the 50% ethanol (516 mg GAE/g and 540 mg GAE/g in the

common and tartary buckwheat hull extracts, respectively)

and 80% ethanol extracts (404 mg GAE/g and 492 mg

GAE/g in the common and tartary buckwheat hull extracts,

respectively). Yilmaz and Toledo (2006) reported that an

organic solvent containing water was better than the sol-

vent alone when extracting phenolic compounds from

muscadine seeds. Lapornik et al. (2005) also demonstrated

that more phenolic compounds are extracted by 70%

ethanol and 70% methanol than by water. Water in the

solvent may increase polarity and swell plant materials by

allowing the solvent to easily penetrate the solid matrix

(Singh et al. 2017), consequently an aqueous ethanol

mixture having phenolic compounds be more

extractable than an individual solvent.

Identification of flavonoids in buckwheat hull

extracts

HPLC–ESI–MS and HPLC–UV were used to identify

major flavonoids present in the common and tartary

buckwheat hull extracts. Flavonoids were identified

matching the peaks observed by mass spectra and retention

times with their corresponding standards. Isoorientin, ori-

entin, rutin, isovitexin, vitexin, isoquercetin, and quercetin

were identified in the common buckwheat hull extracts,

while isoorientin, rutin, isoquercetin, and quercetin were in

the tartary buckwheat hull extracts (Fig. 2). Peak 1 and 2

produced m/z 447 of [M–H]- on MS and were identified as

isoorientin and orientin, respectively. Peak 3 was deter-

mined as rutin at m/z 609 [M–H]-. Peak 4 and 5 were as

isovitexin and vitexin, respectively, at m/z 431 [M–H]-.

Peak 6 with m/z 463 [M–H]- was determined as iso-

quercetin. Peak 7 with m/z 301 [M–H]- was identified as

quercetin. Lee et al. (2016) identified eight major flavo-

noids in common and tartary buckwheat hulls, including

rutin, quercetin, vitexin, isovitexin, orientin, isoorientin,

catechin, and epicatechin gallate. However, catechin and

epicatechin gallate were not detected in the present study,

but isoquercetin was.

Table 1 Extraction yields of buckwheat hulls

Solvent Yield (%, w/w)

Common Tartary

Water 5.82 ± 0.44a 4.39 ± 2.48a

20% Ethanol 4.11 ± 0.36b 3.38 ± 0.07a

50% Ethanol* 4.20 ± 0.22b 3.40 ± 0.07a

80% Ethanol 2.75 ± 0.11c 2.73 ± 0.03ab

Ethanol* 2.01 ± 0.22d 1.04 ± 0.06bc

Methanol* 2.44 ± 0.30cd 1.47 ± 0.10bc

Acetone 0.59 ± 0.23e 0.41 ± 0.02c

Values are means ± standard deviations (n = 3)

*Significant difference between common and tartary buckwheat hull

extracts (p\ 0.05; independent t-test)
a,b,c,d,eDifferent superscripts indicate significant differences within the

same columns (p\ 0.05; one-way ANOVA and Duncan’s multiple

range test)
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Fig. 1 Total phenolic content in buckwheat hull extracts prepared by

various solvents. GAE, gallic acid equivalent. Values are means ± s-

tandard deviations (n = 3). a,b,c,d,eDifferent letters indicate significant

differences within the same buckwheat hull extracts (p\ 0.05; one-

way ANOVA and Duncan’s multiple range test). *Significant

difference between common and tartary buckwheat hull extracts

(p\ 0.05; independent t-test)
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Composition of flavonoids in buckwheat hull

extracts

Individual flavonoids in the common and tartary buck-

wheat hull extracts were quantified using their corre-

sponding standards. As shown in Table 2, the common

buckwheat hull extracts contained more diverse flavonoids

than the tartary buckwheat hull extracts. Major flavonoids

in the common buckwheat hull extracts were vitexin and

isovitexin. Rutin has been known to be the representative

flavonoid in buckwheat. In this study, however, vitexin and

isovitexin were detected in larger amounts in the common

buckwheat hull extracts than rutin. Lee et al. (2016)

reported that rutin is the major flavonoid in both common

and tartary buckwheat hulls. However, Zhang et al. (2017),

who identified the major flavonoids in eight cultivars,

reported that vitexin and isovitexin are the most abundant

flavonoids in the six cultivars of common buckwheat hulls.

Vitexin and isovitexin, the major flavonoids in the common

buckwheat hull extracts, have been considered to have

antioxidant (Kim et al. 2005), anti-inflammatory (Borghi

et al. 2013), and anti-tumor (Choi et al. 2006) activities.

Vitexin, isovitexin, and rutin were highly extracted when

using methanol (12.2 mg/g, 7.36 mg/g, and 5.37 mg/g,

respectively).

Isoorientin and orientin have been reported to exist only

in buckwheat hulls, but not in groats (Lee et al. 2016). In

this study, both of isoorientin and orientin were detected in

common buckwheat hull extracts with the highest in the

50% ethanol extract (1.35 mg/g and 2.57 mg/g, respec-

tively). Vrinda and Devi (2001) reported that orientin

provides protection against DNA and bone marrow dam-

age. In addition, ABTS radical scavenging activity of ori-

entin was found to be much higher than those of rutin,

quercetin, vitexin, isovitexin, and catechin (Lee et al.

2016). Yuan et al. (2012) reported that isoorientin pos-

sesses therapeutic and chemopreventive effects against

liver cancer.

It has been reported that buckwheat hull contains vari-

ous flavonoids, while buckwheat groat only contains rutin

and isovitexin (Krahl et al. 2008). In this study, various

functional flavonoids were detected in the common buck-

wheat hull extracts, suggesting that the hulls could be a

source with various physiological functions.

Unlike in the common buckwheat hull extracts, only

isoorientin, rutin, isoquercetin, and quercetin were detected

in the tartary buckwheat hull extracts (Table 2). In the

tartary buckwheat hull extracts, rutin was the major fla-

vonoid in agreement with the results of Guo et al. (2012)

and Lee et al. (2016). Rutin content in the tartary buck-

wheat hull extracts (7.80–68.5 mg/g) was at least 10 times

higher than that in the common buckwheat hull extracts

(0.42–5.37 mg/g). Bhinder et al. (2019) reported that rutin

was the major flavonoid present largely in the free form

and more tolerant to thermal treatment than isovitexin,

vitexin, and orientin.

Quercetin, the second largest flavonoid in the tartary

buckwheat hull extracts, was more detected in the

Fig. 2 HPLC chromatograms analyzing flavonoids in (a) common and (b) tartary buckwheat hull extracts (k = 350 nm). The peaks represent 1,

isoorientin; 2, orientin; 3, rutin; 4, isovitexin; 5, vitexin; 6, isoquercetin; and 7, quercetin
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methanol and ethanol extracts (28.2 mg/g and 27.9 mg/g,

respectively), whereas it was least detected in the water

extract (0.83 mg/g). This result is similar to the findings of

Vasantha Rupasinghe et al. (2011), who observed that

quercetin was not detected in water extract, but only in

methanol and acetone extracts. As with the results of rutin,

quercetin was much more in the tartary buckwheat hull

extracts than in the common buckwheat hull extracts

except for the water extract.

Isoquercetin, a glycosylated flavonoid derived from

quercetin, was detected in both of the common and tartary

buckwheat hull extracts. Unlike quercetin, isoquercetin

was detected in large amounts in the 50% ethanol extracts

(1.88 mg/g and 3.76 mg/g for the common and tartary

buckwheat hull extracts, respectively). Zhang et al. (2011)

reported that isoquercetin has a regulative role in blood

glucose level and lipids.

Isoorientin in tartary buckwheat hulls was extracted only

when using water or aqueous ethanol. Among the solvents

used, 50% ethanol was the most effective in extracting

isoorientin from both of common and tartary buckwheat

hulls.

Among the solvents used in this study, methanol

extracted the most amount of flavonoids (29.3 mg/g and

97.5 mg/g in the common and tartary buckwheat hull

extracts, respectively) followed by 80% ethanol (24.8 mg/g

and 91.1 mg/g in the common and tartary buckwheat hull

extracts, respectively) and 50% ethanol (22.9 mg/g and

79.7 mg/g in the common and tartary buckwheat hull

extracts, respectively). Acetone was the poorest solvent for

extracting flavonoids (2.5 mg/g and 21.0 mg/g in the

common and tartary buckwheat hull extracts, respectively).

The extraction solvents affect flavonoid content and

composition of buckwheat hull extracts. In this study

common and tartary buckwheat hulls contained flavonoids

more soluble in methanol and 80% ethanol than in the other

solvents. The differences in the flavonoid content and

composition of the extracts by various solvents could be

attributed to their polarities. However, even though

methanol and acetone are similar in polarity, acetone

extracted less flavonoids than methanol. It could be

Table 2 Composition of major flavonoids in buckwheat hull extracts

Solvent Content (mg/g dry extract) Total

Isoorientin Orientin Rutin Isovitexin Vitexin Isoquercetin Quercetin

Common

Water 0.41 ± 0.22c 1.55 ± 0.36c 1.23 ± 0.30b 1.35 ± 0.49d 6.70 ± 2.40bc 1.38 ± 0.55ab 0.21 ± 0.05e 12.8 ± 4.4c

20%

Ethanol

0.90 ± 0.11b 2.21 ± 0.04b 0.89 ± 0.09bc 4.13 ± 0.23c 5.44 ± 0.22c 1.28 ± 0.17ab 0.56 ± 0.23d 15.4 ± 0.9c

50%

Ethanol

1.35 ± 0.15a 2.57 ± 0.17a 1.30 ± 0.13b 5.97 ± 0.72b 8.25 ± 0.69b 1.88 ± 0.19a 1.54 ± 0.17b 22.9 ± 2.0b

80%

Ethanol

0.82 ± 0.13b 1.69 ± 0.05c 5.04 ± 0.30a 6.45 ± 0.35b 6.89 ± 0.47bc 1.25 ± 0.40b 2.70 ± 0.16a 24.8 ± 1.2ab

Ethanol 0.22 ± 0.06d 0.63 ± 0.03e 4.73 ± 0.86a 3.41 ± 0.66c 5.25 ± 2.06c 0.89 ± 0.36c 1.21 ± 0.25c 16.3 ± 4.1c

Methanol 0.50 ± 0.12c 1.16 ± 0.02d 5.37 ± 0.39a 7.36 ± 0.49a 12.2 ± 1.06a 1.37 ± 0.25ab 1.29 ± 0.19bc 29.3 ± 2.0a

Acetone ND 0.33 ± 0.02f 0.42 ± 0.08c 0.37 ± 0.03e 0.87 ± 0.09d 0.27 ± 0.02d 0.26 ± 0.03de 2.5 ± 0.1d

Tartary

Water 0.44 ± 0.05b ND 43.1 ± 0.14c ND ND 2.14 ± 0.26b 0.83 ± 0.05d 46.5 ± 0.5d

20%

Ethanol

0.51 ± 0.07b ND 53.4 ± 0.75b ND ND 3.16 ± 0.05a 3.02 ± 0.32d 60.1 ± 0.5c

50%

Ethanol

0.96 ± 0.20a ND 60.0 ± 3.29ab ND ND 3.76 ± 0.33a 15.0 ± 1.03c 79.7 ± 4.4b

80%

Ethanol

0.32 ± 0.15b ND 68.5 ± 9.45a ND ND 1.98 ± 0.60b 20.3 ± 2.23b 91.1 ± 11.0ab

Ethanol ND ND 36.9 ± 9.10c ND ND 1.96 ± 0.77b 27.9 ± 3.05a 66.8 ± 11.5c

Methanol ND ND 66.0 ± 5.33a ND ND 3.36 ± 0.83a 28.2 ± 2.07a 97.5 ± 6.9a

Acetone ND ND 7.80 ± 2.19d ND ND 1.51 ± 0.16b 11.7 ± 2.84c 21.0 ± 5.1e

Values are means ± standard deviations (n = 3)

ND, not detected
a,b,c,d,e,fDifferent superscripts indicate significant differences within the same columns and the same buckwheat hull extracts (p\ 0.05; one-way

ANOVA and Duncan’s multiple range test)
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attributed to the fact that acetone is an aprotic solvent,

which is not a hydrogen bond donor. Galanakis et al.

(2013) also mentioned that phenolic compounds including

flavonoids prefer polar protic solvent (methanol or ethanol)

to polar aprotic solvent (acetone). Thus, extraction of fla-

vonoids from buckwheat hull extracts might be affected by

polarity of solvents as well as their intermolecular

interactions.

Antioxidant activities of buckwheat hull extracts

Extracting solvents also affected antioxidant activities of

the buckwheat hull extracts (Table 3). Both DPPH and

ABTS radical scavenging activities were higher in the

aqueous ethanol extracts. The common and tartary buck-

wheat hull extracts prepared by 20% and 50% ethanol

exhibited significantly (p\ 0.05) higher DPPH and ABTS

radical scavenging activities than by the other solvents.

Meanwhile, the acetone extracts showed significantly

(p\ 0.05) lower DPPH and ABTS radical scavenging

activities. In this study, the extracts with more TPC showed

higher antioxidant activities. Holasova et al. (2002)

reported that there were statistically significant relation-

ships between total phenolics and antioxidant activity.

However, sum of the major flavonoids determined in this

study was significantly (p\ 0.05) higher in the methanol

and 80% ethanol extracts than in the 20% and 50% ethanol

extracts. A similar result was also reported by Vuong et al.

(2013), who observed flavonoids were more extracted with

organic solvents than water, while polyphenol yield and

antioxidant properties were significantly higher in water

extract. The results suggest that other phenolic compounds,

which were not identified in this study, may also contribute

to antioxidant activity.

Oxidative stability of lipids in mayonnaise

Based on the results, the 50% ethanol extract possessing

high TPC and various flavonoids as well as high antioxi-

dant activities was selected to be used for the study on the

oxidative stability of lipids in mayonnaise. Oxidative sta-

bility of lipids in mayonnaise was determined under an

accelerated oxidation condition at 35 �C during storage for

31 days. PV of lipids in the mayonnaise added with the

buckwheat hull extracts were considerably lower than

those of the control and BHT-added mayonnaise during

storage (Fig. 3). PV of lipids in the mayonnaises were

initially 0.5–0.6 meq/kg and gradually increased. However,

the control mayonnaise reached the highest PV (98.3 meq/

kg) by the 26th day and decreased to 84.1 meq/kg on the

31st day. This could be due to degradation of peroxides

into secondary oxidative products (Gorji et al. 2016; Kim

and Lee 2017). Although PV of the mayonnaise added with

BHT was lower than that of the control, those added with

the buckwheat hull extracts were even lower, suggesting

that the buckwheat hull extracts might retard oxidation in

early stages. Yi et al. (2017) reported that rutin and quer-

cetin have ability to increase oxidative stability of lipids in

an O/W emulsion, suggesting that well known major fla-

vonoids in buckwheat hulls such as rutin and quercetin may

contribute to retardation of lipid oxidation in mayonnaise.

TBA values of all the mayonnaise samples continuously

increased during storage (Fig. 3), implying that primary

products are continuously decomposed into secondary

products. As with the result of PV, TBA values of lipids in

the mayonnaises added with the buckwheat hull extracts

were lower than those of the control and BHT-added

mayonnaise. By the 31st day, the control showed the

highest TBA value (0.1 mg-1), while the mayonnaise

added with the tartary buckwheat hull extracts (0.08%)

showed the lowest TBA value (0.047 mg-1).

Table 3 Antioxidant activities

of buckwheat hull extracts
Solvent DPPH radical scavenging activity (%) ABTS radical scavenging activity (%)

Common Tartary Common Tartary

Water 67.7 ± 2.81b 72.1 ± 5.12b 75.9 ± 5.4b 77.6 ± 1.88c

20% ethanol 86.5 ± 2.88a 81.8 ± 2.73a 95.4 ± 0.6a 90.3 ± 2.06a

50% ethanol 85.8 ± 1.55a 82.0 ± 2.14a 95.4 ± 0.9a 85.9 ± 1.99b

80% ethanol 71.3 ± 0.99b 72.2 ± 4.31b 92.2 ± 1.0a 83.8 ± 3.04b

Ethanol 39.9 ± 2.95d 38.7 ± 3.29d 74.0 ± 3.1b 65.1 ± 0.69d

Methanol 57.1 ± 5.98c 50.3 ± 4.34c 74.1 ± 2.7b 67.1 ± 1.62d

Acetone 23.4 ± 2.01e 8.92 ± 1.88e 21.0 ± 4.1c 32.6 ± 2.65e

Values are means ± standard deviations (n = 3)
a,b,c,d,eDifferent superscripts indicate significant differences within the same columns (p\ 0.05; one-way

ANOVA and Duncan’s multiple range test)
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p-AV of lipids in all the mayonnaises gradually

increased with storage time (Fig. 3). p-AV of the control

increased rapidly after the 26th day, when the highest PV

was observed. This result could be due to generation of

secondary oxidation products resulting from degradation of

peroxides (Kim and Lee 2017) as mentioned earlier.

However, the mayonnaises added with BHT and buck-

wheat hull extracts showed lower p-AV than the control

between the 11th and 31st days during the storage,

implying that BHT and buckwheat hull extracts delayed the

development of secondary oxidation products. The lowest

p-AV (9.14) was observed in the mayonnaise added with

the tartary buckwheat hull extract at 0.08% as with the

result of TBA on the 31st day. The highest p-AV (17.0)

was observed in the control on the 31st day. However,

there was no significant difference in p-AV among the

mayonnaises added with BHT and buckwheat hull extracts.

Moreover, the added levels of buckwheat hull extracts did

not significantly affect p-AV.

Totox values of all the samples increased during storage

except for the control, which started to decrease on the 26th

day as with the result of PV (Fig. 3). Totox value of the

mayonnaise added with BHT was much higher than those

of mayonnaises added with the buckwheat hull extracts,

indicating that the addition of 0.02 or 0.08% common or

tartary buckwheat hull extract in mayonnaise could more

effectively retard lipid oxidation than that of BHT. Li et al.

(2014) reported that purple corn husk extract-added may-

onnaise demonstrated lower PV, p-AV, Totox value than

BHT-added mayonnaise.

Since both of the common and tartary buckwheat hull

extracts prepared by 50% ethanol retarded the lipid oxi-

dation in mayonnaise compared with BHT, they might be

considered to be an effective antioxidant to the lipids in

mayonnaise.

Conclusions

Types of extracting solvents considerably affected yield,

TPC, and flavonoid content and composition as well as

antioxidant activities of common and tartary buckwheat

hull extracts. The methanol and 80% ethanol extracts had

greater quantities of flavonoids, while the 20% and 50%

ethanol extracts had more TPC and higher antioxidant

activities. Regardless of the type of solvent, vitexin was the

most abundant in common buckwheat hull extracts, while

rutin was in tartary buckwheat hull extracts. Addition of

common or tartary buckwheat hull extract efficiently

increased oxidative stability of lipids in mayonnaise when

PV, TBA, p-AV, and Totox value were determined.

Moreover, in comparison with BHT, buckwheat hull

extracts more effectively delayed lipid oxidation in may-

onnaise. Therefore, the common and tartary buckwheat

hull extracts using 50% ethanol could be applied in food

matrix, because they are rich in phenolic compounds with

various flavonoids and high in antioxidant activities as

well. Further studies are suggested to be carried out in the

future, since buckwheat hull extract may influence sensory

attributes, colors, or physical properties of mayonnaise,

when it is added to mayonnaise.
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Pisulewska E, Witkowicz R, Francik R (2016) Basic chemical

composition and bioactive compounds content in selected

cultivars of buckwheat whole seeds, dehulled seeds and hulls.

J Cereal Sci 69:1–8

Galanakis CM, Goulas V, Tsakona S, Manganaris GA, Gekas V

(2013) A knowledge base for the recovery of natural phenols

with different solvents. Int J Food Prop 16:382–396

Gorji SG, Smyth HE, Sharma M, Fitzgerald M (2016) Lipid oxidation

in mayonnaise and the role of natural antioxidants: a review.

Trends Food Sci Technol 56:88–102

Guo XD, Wu CS, Ma YJ, Parry J, Xu YY, Liu H, Wang M (2012)

Comparison of milling fractions of tartary buckwheat for their

phenolics and antioxidant properties. Food Res Int 49:53–59

Holasova M, Fiedlerova V, Smrcinova H, Orsak M, Lachman J,

Vavreinova S (2002) Buckwheat—the source of antioxidant

activity in functional foods. Food Res Int 35:207–211

Kim YS, Lee JH (2017) Effects of hydrolyzed rapeseed cake extract

on the quality characteristics of mayonnaise dressing. J Food Sci

82:2847–2856

Kim JH, Lee BC, Kim JH, Sim GS, Lee DH, Lee KE, Yun YP, Pyo

HB (2005) The isolation and antioxidative effects of vitexin

from Acer palmatum. Arch Pharm Res 28:195

Krahl M, Back W, Zarnkow M, Kreisz S (2008) Determination of

optimised malting conditions for the enrichment of rutin, vitexin

and orientin in common buckwheat (Fagopyrum esculentum

Moench). J Inst Brew 114:294–299

Kumar S, Pandey AK (2013) Chemistry and biological activities of

flavonoids: an overview. Sci World J 2013:1–16

Lagunes-Galvez L, Cuvelier ME, Ordonnaud C, Berset C (2002)

Oxidative stability of some mayonnaise formulations during

storage and daylight irradiation. J Food Lipids 9:211–224
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