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ABSTRACT

Aim: The aim of the study was to screen the markesetasf common beans popularly grown
in Zambia for their polyphenolic phytochemical ples.

Methodology: Three market classes of common bean (red, greyladoand brown) were
investigated for their polyphenolic phytochemicabfles using the High Performance Liquid
Chromatography-Photo Diode Array-Electrospray latian-Mass Spectrometry (HPLC-PDA-
ESI-MS).

Results: Various phenolic compounds were identified in Zagnbian market classes of common
beans. Quinic acid, a syringic acid derivativeulieracid derivatives, medioresingd;coumaric
acid, catechin, gallic acid and ferulic acid wederitified in all the market classes investigated.

However, the isomers of ferulic acid derivatives@ived were 4 in red, 3 in brown and 1 in grey



mottled beans. Epicatechin was only identifiedha ted and grey mottled beans. A compound
with the molecular ion at m/z 567, tentatively itiBed as a flavonone derivative was only
observed in red beans. Catechin glucoside wasideahtified in grey mottled and brown beans.
Compounds tentatively identified as kaempferol ghide and carnosol were only observed in
brown beans and not in the other market classes.

Conclusion: The study has shown that the market classes ofmmmbeans investigated contain
various polyphenolic compounds that may be useduharaceuticals. The study assumes that
the diversity in the phenolic phytochemical profie an excellent opportunity for genetic
improvement in the nutraceutical attributes of th&®mmon bean market classes by crop

breeders.
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1. INTRODUCTION

Common beansPhaseoulus vulgaris L.) occupy an important position in human nutritiord an
have great potential to deal with health problessoaiated with non-communicable diseases if
appropriately positioned in the diet. It is also Bmportant income generating crop for
smallholder farmers in Sub-Saharan Africa and otHleveloping countries in the world.
Common beans are a staple food crop for many regabrthe world where they are eaten in
large quantities on daily basis as a rich sourcprofein, resistant starch, and dietary fibre [1].
They provide an economical source of proteins, @aflg among the low income group who
cannot afford the more expensive meat proteinsuiregbased foods are also one of the best

non-meat sources of iron, providing 23 — 30% ofydacommended levels [2].

Common beans also contain phytonutrients that elieved to play protective functions in the
body. Consumption of common bean has been assboidth reduced risk of some diseases
such as coronary heart disease and cancer [3]pAysological effects of common bean may be
due to the presence of abundant phytochemicalsidmg polyphenols, which possess both
anticarcinogenic and antioxidant properties [3]siBagualitative screening for common beans
has shown that alkaloids, anthraquinone, catedafiitan flavonoids, tannins, glucosides,

polyphenols, saponins, steroids and terpenoidprasent [4]. Phytochemical screening showed



the presence of some bioactive components suchlkatoids, anthocyanin, carbohydrate,
catechin, fibers, flavonoids, phasine, phytic addercetin, saponins, steroids, tannins and
terpenoids and trypsin inhibitor [4]. Analysis u$iRIPLC-MS, identified compounds such as
anthocyanins, flavanol monomers, and heterogen#iauanol oligomers up to hexamers [4].
The presence of catechin, delphinidin, cyanidingd @henolic acids such as gallic, vanillic,
caffeic, coumaric and ferrulic in the seed coatamhmon beans have been reported [5]. Phenolic
compounds such as antocyanins, quercetin glycosathels protoanthocyanidins (condensed
tannins), were isolated and identified in dark kadhey beans [6]. Kaempferol and quercetin

have been reported as the main flavonoids in diffemarket classes of Mexican beans [7].

This study was undertaken to screen the markesestasf common beans commonly grown in
Zambia for their phenolic phytochemical profiles ings High Performance Liquid

Chromatography-Photo Diode Array-Electrospray latian-Mass Spectrometry (HPLC-PDA-
ESIMS). Published reports on the phenolic phytodbalm of market classes of Zambian
common beans are limited. Germplasm screeningdds tof interest is an important first step to
genetic improvement and it is imperative to evaulaically available germplasm to have a

baseline of information on the nutritional trai§ [

2. MATERIALS AND METHODS

2.1.Sample collection
Three market classes of common beans (red, greyleshaind brown) commonly grown in
Zambia were obtained directly from the farmers irdragely after harvest. A description of their
characteristics is shown in Table 1. In order tkkendne samples representative, an attempt was
made to collect the seeds of each market class t®rfarmers in each growing area with not

less than 0.5 kg per farmer.



Table 1. Market classes of common beans investigdte

Local
Market class | variety name | *Descriptive characteristics

* Non-climber

e 78-80 days to maturity

« Potential yield: 1500
kg/ha

Red beans Lundaz

* Non-climber
e 78-80 days to maturity
« Potential yield: 1500

Brown beans | Chambeshi

kg/ha
* Climber
Grey mottled . » 80-100 days to maturit
Kabulangeti
beans « Potential yield: 1000
kg/ha

*Information about the general attributes such aysdto maturation, growth pattern and

potential yields was obtained through informal mitews with the local people.

2.2.Preparation of the extracts
Raw dry common beans were ground into powder of#ime consistency using a coffee grinder
(Braun, Mexico). The 70% methanol extracts wereaioled using Ultrasound-Assisted



Extraction (UAE) from the seed flour [9]. Approxitety 15 g of seed powder in 150 ml of 70%

methanol was sonicated for 30 minutes dC26sing the Eumax UD500SH 40 kHz ultrasonic
bath. After extraction, the mixture was centrifuggd speed of 10,000 rpm for 15 minute using
Beckman Coulter JE centrifuge. The resulting sugamt was first concentrated to 30 ml by

evaporation under reduced pressure in a rotaryoeaty (Buchi R-210 model, Switzerland) to

remove methanol. The extract was then frozen at@3and freeze dried to obtain a powdered
methanolic extract using the Telstar LyoQuest 1#&®&4e dryer. The freeze dried extracts were
stored at -2C until further analysis

2.3. HPLC -DAD-ESI-MS Instrumentation and chromatographic conditions

The freeze dried 70% methanolic extract powder amhmon beans were analysed using a
Waters ZMD 4000 system that was equipped with &ev8£2690 HPLC, Waters 996 photodiode
array, ZMD mass spectrophotometer, 717 Plus autoiesyrand a quaternary pump (Waters
Corp, Milford, MA, USA). Separations were carriegt on a 300 x 3.9 mm, 4 um reversed phase
Nova-Pak C18 (Waters) column that was maintained®€. The photodiode array detector
(PDA) was linked directly to a sprayer needle whames were generated by electrospray
ionisation (ESI) in a negative mode. The mobile gghaA consisted of 5% (v/v)
acetonitrile/water, containing 0.1% (v/v) formicidh@and mobile phase B consisted of 100%
acetonitrile containing 0.1% (v/v) formic acid. Teample was injected at a volume of 25 pl.
The elution profile consisted of a stepwise lingeadient from 0% to 28% solvent B for 22
minutes with a flow rate of 0.3 ml/min. The PDA éetor was set to a scanning range of 200 to
700 nm and the UV-Vis absorption spectra were gaxbronline during the HPLC analysis.
Phenolic acids and flavonols were detected at 280360 nm, respectively. Continuous mass
spectra data were recorded on a full scan negatinrgation mode for a mass range of m/z 85 to
1000. The capillary voltage was set at 2.5 kV,dbee at 20 V and the extractor at 5 V. Nitrogen
gas was used for nebulising and drying at diffefeagmentation voltages. Data acquisition was
controlled using MassLynx 4.1 (Micromass, WaterspGoBeverly, MA, USA). The gradient
solvent system used for the analysis of phenoliopmunds is summarised in Table 2.



Table 2. Gradient solvent system for analysis of gnolic compounds by HPLC -PDA —ESI-
MS

Composition of the mobile phase (%)

*Mobile phase *Mobile phase

Time (minutes) (A) (B)
1 100 0

22 72 28

22.50 60 40

23 0 100

24.50 0 100
25 100 0
26 100 0

* Mobile phase A consisted of 5% (v/v) acetonitater, containing 0.1% (v/v) formic; mobile

phase B consisted of 100% acetonitrile containid§d(v/v) formic acid.

2.4. Preparation of the samples for HPLC -DAD-ESI-MS andysis

Preparation of the test solution for HPLC-DAD-ESBMvas done according to the Gulgin
procedure with slight modifications [10]. One huedirmg of the freeze dried 70% methanolic
extract was dissolved in 5 ml of ethanol-water $80v/v). One hundred pl of the prepared
extract was transferred into a 5 ml volumetricklasd diluted to the volume with ethanol-water
(50:50). From the final solution, an aliquot of b was transferred into a capped autosampler
vial and 25 pl of the sample was injected intoL.C-DAD-ESI-MS system. Identification of
phenolic compounds was accomplished using UV speaid ESI-MS spectral data and by
comparison with published data reported in thediiwe. Authentic standards were also used
where available by comparing their chromatogramih whose of the samples. The available
standards were-ferrulic acid, gallic acid, salicylic acidp-coumaric acid, epicatechin and

catechin.



3. RESULTS AND DISCUSSIONS

3.1. Phenolic compounds identified by HPLC-PDA-ESMS in red beans
Thirteen phenolic compounds were identified by HFRIDA-ESI-MS in red beans. The results
of the identified compounds are presented in Takleand the numbered peaks in the
chromatogram (Figure 1). A compound with a negétiebarged [M — H]ion at m/z 191 (peak
1), with a fragment ion at m/z 127 was identifiedcainic acid. Peak 2 was identified as gallic
acid with [M — H] at m/z 169 that fragmented to yield a MS/MS spauotat m/z 125, an
indicator of trihydroxy phenol moiety [11]. Furtmeore, co-chromatography of the authentic
standard verified the identification of this peakgallic acid.

Peaks 3, 6, 7 and 8 were identified as isomersrafi€ acid derivatives. These compounds were
eluted at different retention times but showed lsimidepronated molecules [M —Hjt m/z 385
that fragmented to yield MS/MS spectra with iorisn@z 193, indicative of ferulic acid
fragment. Four isomers of ferulic acid derivativesve been reported previously in common
beans [12].

Peak 4 showed a deprotonated molecule [M =dtljm/z 259 and its MS/MS fragmentation

yielded fragment ions at m/z (241, 223, 197), iatity the presence of a syringic acid fragment
(a phenolic acid with a depronated molecule at 197, and with a molecular weight of 198).

The fragmentation pattern is characterised by s lof two water moieties (18 amu, each
subsequently) and a hydrocarbon moiety (26 amujctwbrobably could be the acetylene

(C2H,). This compound was tentatively identified as angyc acid derivative.

Peaks 5 and 9 were isomers that eluted at 6.088dl minutes, respectively. These two
compounds showed similar deprotonated molecules ff at m/z 289 that fragmented to yield
MS/MS spectra with ions at 245. Co-chromatograpitis authentic standards verified peak 5 as
catechin and peak 9 as epicatechin. Peak 10 revaahegatively charged [M — Hpn at m/z
387 with MS/MS fragmentation at m/z 207. The commbwas identified as medioresinol, a



phenolic lignin. A compound in lamiaceae with senifragmentation pattern that was tentatively

identified previously as medioresinol [13]

Peaks 11 and 12 revealed negatively charged ionsHMat m/z 163 and 193, and HPLC
retention times at 8.92 and 11.1 minutes, respagtivCo-chromatography with authentic
standards verified the identification of peak 1lpaumaric acid and peak 12 @aferulic acid.

These compounds have been reported previouslynmmom beans [12]

Peak 13 showed a deprotonated molecule [M -d#]at m/z 567 and its MS/MS fragmentation
yielded a fragment ion at m/z 341 with absorptioaxima at 217 and 287 nm, suggesting the
presence of a flavanone skeleton [14]. The fragatemt observed for this depronated molecule

has been previously described in the literatureafffavanone derivative [15].



Table 3. HPLC-PDA-ESI-MS -based identification of phenolican red beans

_ _ [M-H]- [M-H]- fragments o
Peak t(min) Molecular weight Tentative identification
(m/z) (m/z)

1 1.36 192 191 127 Quinic acid
2 1.99 170 169 125 Galllic acid
3 4.95 386 385 193 Ferulic acid derivatives
4 5.57 260 259 241,233,197 Syringic acid derivative
5 6.08 290 289 245 Catechin
6 6.45 386 385 193 Ferulic acid derivates
7 7.42 386 385 193 Ferulic acid derivatives
8 8.04 386 385 193 Ferulic acid derivatives
9 8.12 290 289 245 Epicatechin
10 8.62 388 387 207 Medioresinol
11 8.92 164 163 119 p-coumaric acid
12 11.1 194 193 149, 134 t-ferulic acid
13 19.38 568 567 342, 341, 330 Flavanone derivative
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Figure 1. HPLC-PDA-ESI-MS chromatogram of 70% nethanol extract of red beans.



3.2.Phenolic compounds identified by HPLC-PDA-ESI-Ns in grey mottled beans

The chromatogram of methanolic extract of grey fadtbeans is presented in Figure 2. Eleven
phenolic compounds were identified and are summaria Table 4. The following phenolic
compounds that were identified in the red bean®waéso found in the grey mottled one: quinic
acid (peak 1), gallic acid (peak 2)syingic acid derivative (peak 43atechin (peak 5), ferulic acid
derivatives (peak 6), epicatechin (peak 7), medgiomd (peak 8)p- coumaric acid (peak 9) and
t-ferulic acid (peak 10). For the peaks in the bedskrefer to the chromatogram (Figure 2). Only
one ferulic acid derivative was reported in greyttted beans compared to the four that were

detected in red beans.

Peak 11 with the retention time of 12.37 minutes wientified as salicylic acid based on the co-
chromatography with the authentic standard. Pesthko8ved a deprotonated molecule [M = H]
ion with m/z at 451 that fragmented to yield a frasmt ion at m/z 289 indicating the presence of
catechin residual and a loss of a hexose moiet® @®u). This compound was tentatively

identified as catechin glucoside and has been teg@reviously in pinto beans [16]

A flavone derivative with [M — H]on at m/z 567 that was observed in red beans was n
detected in grey mottled beans. Similarly, categhilcoside observed in grey mottled beans was

not detected in red beans.



Table 4. HPLC-PDA-ESI-MS -based identi¢ation of phenolics in grey mottled beans

[M-H]- [M-H]- fragments
Peak r(min) Molecular weight Tentative identification
(m/z) (m/z)
1 1.36 192 191 127 Quinic acid
2 1.98 170 169 125 Gallic acid
3 4.50 452 451 289 Catechin glucoside
4 5.57 260 259 241,233,197 Syringic acid derivative
5 6.08 290 289 245 Catechin
6 7.42 386 385 193 Ferulic acid derivates
7 8.12 290 289 245 Epicatechin
8 8.62 388 387 207 Medioresinol
9 8.92 164 163 119 p-coumaric acid
10 111 194 193 149, 134 t-ferulic acid
11 12.37 138 137 Salicylic acid
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Figure 2. HPLC-PDA-ESI-MS chromatogram of 70% methanol extract of grey mottled beans.



3.3. Phenolic compounds identified by HPLC-PDA-ESMS in brown beans

Phenolic compounds identified by HPLC-PDA-ESI-MS brown beans are presented in
Table 5 and the numbered peaks in the chromato@ffagare 3). Quinic acid, gallic acid,
syringic acid derivativecatechin, ferulic acid derivatives, medioresimstoumaric acid ant
ferulic acid detected in both the red and the gmmttled beans were also observed in the
brown beans. Three isomers of ferulic acid denrtiwere observed as opposed to one
detected in grey mottled and four in red beansc&ipchin, observed in both the red and grey
mottled, was not detected in the brown beans. Heweaatechin glucoside and salicylic acid
which were absent in the red beans but presehtigrey mottled were detected in the brown

beans. A flavanone derivative observed in red beassnot detected in brown beans.

Peak 14 revealed a negatively charged ion [M —atifn/z 447 with MS/MS fragment ion at
m/z 285 indicating the presence of kaempferol fragimand a loss of hexose moiety (162
amu). Based on the similar fragmentation patteponted previously [17], this compound
was identified as kaempferol glucoside. The presasfckaempferol glucoside in common

beans has been reported previously [12].

Peak 15 had [M — H]- ion at m/z 329 with MS/MS fma@ntation yielding a major fragment
ion at m/z 285, indicating the loss of carbon di@xi{44 amu). The fragmentation pattern
observed for this ion after MS/MS experiment hasnbpreviously described in literature for
carnosol [13]. Carnosol, a phenolic antioxidant bagn reported previously in rosemary
extracts [18, 13]. To the authors’ knowledge, thithe first time carnosol has been reported

to be present in common beans.

Kaempferol glucoside and carnosol detected inrfasket class were not observed in the red

and grey mottled beans.



Table 5. HPLC-PDA-ESI-MS -based identificatin of phenolics in brown beans

[M-H]- [M-H]- fragments
Peak t(min) Molecular weight Tentative identification
(m/z) (m/z)
1 1.36 192 191 127 Quinic acid
2 1.98 170 169 125 Gallic acid
4.50 452 451 289 Catechin glucoside
4 5.57 260 259 241,233,197 Syringic acid derivative
5 6.08 290 289 245 Catechin
6 6.43 386 385 193 Ferulic acid derivates
7 7.42 386 385 193 Ferulic acid derivates
8 8.10 386 385 193 Ferulic acid derivates
9 8.62 388 387 207 Medioresinol
10 8.92 164 163 119 p-coumaric acid
11 9.79 388 387 207 Medioresinol
12 111 194 193 149, 134 t-ferulic acid
13 12.37 138 137 Salicylic acid
14 13.13 148 447 287 Kaempferol glucoside
15 23.55 330 329 285 Carnosol
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Figure 3 HPLC-PDA-ESI-MS chromatogram of 70% méehanol extract of brown beans.
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The use of HPLC-PDA-ESI-MS led to the identificatiof various phenolic compounds in the
Zambian market classes of common beans. Quinic acgringic acid derivativeferulic acid

derivatives, medioresinoph-coumaric acid, catechin, gallic acid and ferulkedawere identified

in all the market classes investigated. Howevex,isbmers of ferulic acid derivatives observed
were 4 in red, 3 in brown and 1 in grey mottledrizedpicatechin was only identified in the red
and grey mottled beans. A compound with the mobedoin at m/z 567, tentatively identified as
a flavonone derivative was only observed in rechbe€atechin glucoside was only identified in
grey mottled and brown beans. Compounds tentatinkgtified as kaempferol glucoside and

carnosol were only observed in brown beans andhrtbe other market classes.

Though some phenolic compounds were common irhallmarket classes of common beans,
there was variation in the types of other phenatimpounds identified. It is possible to discover
variation in almost every conceivable trait, inéghglagronomical and nutritional qualities. And
if a trait cannot be found in the crop itself, &ncoften be found in a wild relative of the crop; a
plant that has similar species that have not baemdd or used in agriculture, but exist in the
wild [19]. Diversity in the phenolic phytochemicalofile offers great opportunities for the

improvement of common beans by plant breeders.

4. CONCLUSION
The study has shown that the market classes of commeans investigated contain various
polyphenolic compounds that may useful as nutracautargets. Some identified phenolic
compounds are common in all the market classesvdtiiers are variety associated. The study
assumes that the diversity in the phenolic phytotbal profile is an excellent opportunity for
genetic improvement in the nutraceutical attribwtethese common bean market classes by crop

breeders.

COMPETING INTERESTS

We declared that no competing interests exist.



REFERENCES

1. Geil, PB, Anderson JW. Nutrition and health implicas of dry beans: a review.
American Journal of Clinical Nutrition. 1994:13.

2. Pachico D. The demand for bean technology. In GarHgEd.). Trends in CIAT
commodities. Cali, Colombia: Centro Internation&4dAgricultura Tropical (CIAT),
1993.

3. Ocho-Anin Atchibri AL, Broul KD, Kouakou TH, KouaaliYJ, Gnakri D. Evaluation of
bioactive components in seeds of Phaseolus vuldari$abaceae) cultivated in Cote
d’Ivoire. Journal of Applied Biosciences. 2010; 3928 — 1934.

4. Madhujith T, Amarowicz R, Shahidi Phenolic antioxidants in beans and their effects
on inhibition of radical-induced DNA damage. Joumfahe American Oil Chemists’
Society. 2004; 81: 691-696.

5. Beninger CW, Hosfield GLAntioxidant activity of extracts, condensed tanfractions,
and pure flavonoids from Phaseolus vulgaris L. sesat color genotypes. Journal of
Agricultural and Food Chemistry. 2003; 5B79-788 3.

6. Gabriela Espinosa-Alonso L, Anatoly L, Jack M, Waith-Maria E, Valverde, Paredes-
Lopez O. Polyphenols in Wild and Weedy Mexican Common Be#&isseolus vulgaris
L.). Journal of Agricultural and Food Chemistry0B) 54: 4436-4444

7. Miller H E, Rigelhof F, Marquart L, Prakash A, KantM. Antioxidant content of whole
grain breakfast cereals, fruits and vegetablesrndbuof the American College of
Nutrition. 2000; 19(3): 312S-319S.

8. Blair MW, Astudillo C, Beebe SE, Roa I, Kimani Phi@va R. Biofortification breeding
of common beandpaseolus vulgarisL.). Biozoom.2009; 1:25 8.

9. Dobias, P, Pavlikova, P, Adam M, Eisner AnBea B, Ventura K. Comparison of
pressurised fluid and ultrasonic extraction methodsanalysis of plant antioxidants and
their antioxidant capacity. Central European Joush&hemistry. 2010; 8: 87-95.

10.Gulcin E, Bursal HM, Sehitoglu M, Bilsel, Géren AQolyphenol contents and
antioxidant activity of lyophilized aqueous extraaft propolis from Erzurum, Turkey.
Food and Chemical Toxicology. 2010; 48:2227-2238.



11.Mammela, P, Savolainen H, Lindroos L, Kangas Jtidiamen, T. Analysis of Oak
tannins by Liquid Chromatography — Electrosprayidation Mass Spectrometry. Journal
of Chromatography A. 2000; 891:75-83.

12.Lin LZ, James M. Harnly, Matcial S. Pastor-CorralBgvanand L. The Polyphenolic
profiles of common bean®lfaseolusvulgarisL.). Food Chemistry. 2008; 107:399-
410.

13.Hassain M, Dilip K, Brunton N, Martin-Diana A, BgrRyan C. Characterization of
Phenolic Composition in Lamiaceae Spices by LC-EMSIMS. Journal of Agricultural
and Food Chemistry. 2010; 58 (19):10576-10581.

14.Portet B, Fabre N, Rozenberg , Habib-Jiwan JL, N4o@Q| Quetin- Leclercq J. Analysis
of minor flavonoids in Piper hostmannianum var. rildeense using liquid
chromatography coupled with atmospheric pressurematal ionization mass
spectrometry. Journal of Chromatography A. 2008,0125-54.

15.Gouveia S, Castilho PQCharacterisation of phenolic acid derivatives alaydnoids
from different morphological parts dfielichrysum obconicum by a RP-HPLC-DAD—-
ESI-MS' methodFood Chemistry. 2011; 129:333-344.

16.Estrella I, Aguilera Y, Benitez V, Rosa M, Estebbfartin-Cabrejas. Bioactive phenolic
compounds and functional properties of dehydratednb flours. Food Research
International. 2011; 44:774—780.

17. Kajdzanoska M, Gjamovski V, Stefova M. HPLC-DALZEMSn Identification of
Phenolic compounds in cultivated Strawberries fidacedonia. Macedonian Journal of
Chemistry and Chemical Engineering. 2010; 29 (8)}-194.

18.Herrero M, Plaza M, Cifuentes A, lbafiez E. Greencpsses for the extraction of
bioactives from Rosemary: Chemical and function&aracterization via ultra-
performance liquid chromatography-tandem mass speetry and in-vitro assays.
Journal of Chromatography A. 2010; 1217:2512-2520.

19. Bioversity International. Crop Wild Relatives - Gkl Portal. Via dei Tre Denari 472/a
00057 Maccarese (Fiumicino) Rome Italy. 2005.



