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ABSTRACT

Protein from Apios americana (termed Apios) seeds, aneglected North American legume, was extracted using ultrafil -
tration and protein micellar mass methodologies. The goal was to enhance the utilization of A. americana seedsasa
food ingredient infood systems. The protein content increased from 23.4% (seed flour) to 74.1% (seed isolate). Amino
acid composition of the extract was determined using ion-exchange column chromatography. The amino acid levels
increased and the most abundant amino acids in the protein isol ate were glutamic and aspartic acids. Leucine wasthe
most predominant essential amino acid. Other essential amino acids present in higher amounts were phenylalanine,

valine, threonine and lysine in descending order of abundance.

INTRODUCTION

American groundnut (Apiosamericana Medikus)
isabean- and tuber-bearing legumewhichisnativeto
eastern NorthAmericawhereit rangesfrom Canadato
southern Floridd™. Itsswest, starchy tuberswereonce
much esteemed by NativeAmericang? and werere-
ported to beasignificant factor in thesurviva of the
pilgrimsthrough their first few wintersin New En-
gland*. Another bean- and tuber-bearing pul se, Afri-
canyam bean (AY B), isanimportant staple of popula-
tionsinAfrica. AY B isapredominant legumeinthe
dietsof Southeastern Nigerians. The protein content of
AY B variesfrom 21-29%/® with its methionine and
lysine levels equal to or better than those of soy-
beang*'%. Thepotential of American groundnut for do-
mestication asafood crop hasbeen discussed®. Stud-
iesreported acrude protein content of 16.5% for the
tuberg*®14 and 25.6% for the seedd*®. Thetotal and
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freeamino acid contents of American groundnut seeds
and tuberswere investigated. Results of the study!*®
showed that aspartic and glutamic acidswerethe pre-
dominant amino acidsin both seedsand tubers. The
objectivesof thisstudy wereto: @) isolatetheprotein
from groundnut seedsfor useasafood ingredient; b)
determinetheamino acid composition of theisolate; ¢)
improveon theutilization of Apiosseeds. Theextrac-
tion procedure used was based on the protein micellar
mass (PMM) process developed by Murray et al.[".
Thismethod hasbeen shown to preserveprotein native
structuré!, asthe general methodol ogy of acid solubi-
lization or akali precipitation of protein wasnot used.

MATERIALSAND METHODS

Sour ceof material and samplepreparation
Apios seedswereobtai ned from popul ationsgrown


mailto:ojiugou@yahoo.com

MMAIJ, 7(2) 2011

at LouisanaAgricultura Experiment Stationfarm. Ap-
proximately 5009 seedswere used for analyses. Seeds
weregroundinahammer mill (48mesh screen), mixed
thoroughly inaball mill and stored for further andysis.
Lipid extraction of sampleswascarried out using the
methodologies previously described®4. Defatted
sampleswerestored frozen for further analysis.

Protein separ ation

The Apios protein was extracted from the defatted
meal usingthe PMM process”. Sampleswere mixed
for 1hr at room temperaturein aseriesof buffersrang-
ing from pH 5.5to0 6.5 with either 0.1M NaCl/0.1M
NaH_PO, or 0.01M NaCl/0.01M NaH_,PO,. The pH
va ueswereadjusted with phosphoric acid. These con-
ditions were selected to cover both pH and ionic
strength rangesthat would largely accomplishthere-
mova of theantinutritiona factorswithout inflicting any
undue damageto the protein. After mixingfor 1hr, the
samplewas centrifuged (Sorvall Centrifuge, Norwalk,
CT) at 10,000rpm for 30min to removethe seed and
hull debris. Thesupernatant, containing the solubilized
protein, wasfiltered through a pre-moistened cheese
clothtoremoveany remaining debris.

The supernatant was processed by ultrafiltration
using standard i nstrument procedures (Membrex Inc.,
Fairfield, NJ). Theextract was concentrated through a
20,000 molecul ar weight cut-off Membrex UltraFlic™
membranesinaBenchmark® Gx vortex flow filtration
system (Membrex Inc., Fairfield NJ) under apressure
of 20-30psi. Other operation conditionsweretempera
ture 25°C and flow rate 200 ml/min. Theretentate was
recycled through the moduleand permeatewasdrawn
asclarified protein extract. Thesolubilized proteiniso-
latewasdiluted to 15 timesitsvolumewith distilled
water and left overnight (approximately 16 hr) in cold
storage (4°C). During this time, insoluble protein mi-
celles settle at the bottom of thedilutionvessel. The
protein was collected by centrifugation of themicellar
suspension at 10,000rpm for 30min. Theextracted pro-
tein wasfrozen and freeze-dried.

Protein and amino acidsdeter mination

Anaysisof isolatefor percent protein was carried
out asdescribed in the Kjeldahl methodology outlined
intheAOAC Officid Methodsof Anadysig? inacon-
ventiona microKjeldahl digtillation apparatus. Total and
freeamino acidsweredetermined with anion-exchange
column chromatography using standard i nstrument pro-
cedures (Beckman Instrumentsinc., PaloAlto, CA).
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For total amino acids, samples were hydrolyzed in
vacuum-sealed tubesat 110°C for 24 hr prior to anay-
sis. Sample sizeswere 0.07g and 5.0g for total and
freeamino acids, respectively. All anadysesweredone
induplicates. For each replicate, twoinjectionswere
made onto the column with theresultsaveraged. The
analyzer (automated Beckman 116 AminoAcidAna
lyzer) wasstandardized with amino acidsfrom Beckman
Instrumentsinc. (PaloAlto, CA).

RESULTSAND DISCUSSION

Protein level

The procedure used to separate proteinfromwhole
Apios seeds was based on the process devel oped by
Murray et al.l. The protein content of Apios seeds
isolate was higher when compared to that of the seed
flour. An earlier study!*® reported aprotein content of
23.4% (N x 5.7) for the seed flour while this study
reportsaprotein content of 74.1% (N x 5.7) for Apios
seedisolate. Anincreaseinamino acid levelswasa so
observedintheisolate. Theincreasein proteinand amino
acid content may be due to the isolation procedures
used. Theprotein extract was separated from other food
components using the PMM and ultrafiltration pro-
cesses, thereby presenting the protein and amino acids
inaconcentrated form. PMM method has been shown
to preservethenative sate of the protein extract™ while
providingamediumfor optimal remova of phyticacid
and phenolic compounds®.

Aminoacid composition

Levelsof total and freeamino acidsinthe sample
areshownin TABLE 1. Glutamic acid was the most
abundant aminoacid intheseedisolate. Thisconfirmed
earlier report!*™ which indicated that glutamic acid pre-
dominated in seeds of American groundnut. The next
most prominent amino acid was aspartic acid. Other
amino acids present in substantial anountswereleu-
cine, higtidine, prolineand daninein descending order
of abundance. The most predominant essential amino
acidwasleucine. Other essential amino acids present
in higher amountswere phenyldanine, vaine, threonine
and lysinein descending order of abundance. Although
theamino acid profile of Apiosisolatewassimilar to
that of the seed flour reported by Wilson et al.[*¥, the
amino acid levelswerehigher intheisolatethan inthe
whol e seed flour. Freeamino acidsin American ground-
nut seed proteinisol atewere much lower than proteina:

——, @ Cromolecules

Au Tudian Journal



92 American groundnut (Apios americana) protein isolate: Amino acid profile

Shore Commumnlicgtion ==

ceous amino acids. The sum of thefreeamino acids
represented approximately 2% of total aminoacids. In
Apiosproteinisolate, freeamino acid levelsfollowed
thisdescending order of abundance: glutamic acid =
aspartic acid > arginine> leucine>threonine> serine.
TABLE 1: Total and freeamino acid composition of Apios

americana seed protein isolate (g amino acid/100g protein)?.
Aminoacid notationsareshown.

. One-letter
1”;'3: O;?T:E%Fr symbol Total Free
help
Essential
Cysteine C Cysteine 2.65+0.04 0.04+0.08
Isoleucine | Isoleucine 9.85+0.02 0.08+0.07
Leucine L Leucine 21.84+0.0 0.62+0.04
Lysine K before L 9.95+0.01 0.11+0.07
Methionine M Methionine 0.99+0.06 ND
Phenyldanine F Fenylaanine 14.46+0.01 0.03+0.04
Threonine T Threonine 11.56+0.02 0.43+0.08
Tryptophan w tWo rings 2.06+£0.08 0.02+0.09
Tyrosine* Y tYrosine 6.86+0.04 0.03+0.09
Valine \% Valine 14.18+0.02 0.06+0.02
Nonessential
Alanine A Alanine 15.00+0.01 0.21+0.07
Arginine R aRginine 7.18+0.02 0.95+0.08
Aspartic Acid D asparDic acid 31.84+0.01 1.20+0.03
Glutamic E gluEtamicacid 48.38+0.02 1.29+0.01
Acid
Glycine G Glycine 14.22+0.03 0.06+0.05
Histidine H Histidine 18.88+0.01 0.20+0.02
Proline P Proline 16.10+0.02 0.28+0.06
Serine S Serine 12.80+0.01 0.40+0.07

3Mean + c.v.; ND = Not detected; *Essential only in certain cases

CONCLUSION

Findingsof thisinvestigation revealed that process-
ing methodol ogiessuch asultrafiltration and protein mi-
cellar massincreased the protein content and amino
acidlevelsin Apiosbeansproteinisolate. Thisstudy
may open new field of application for theAmerican
groundnut. A future study that comparestheaminoacid
composition and functionality of Apiosbeansprotein
isolateto those of soy proteinisolateswill providein-
sightsonitsvalueand application asaproteiningredi-
ent infoodsof mixed components.
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