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ABSTRACT

In this study, the effect of glasswort added to soy milk prepared for yo-
gurt-making was eval uated based on the viable cell numbers of lactic acid
bacterium in yogurt-fermenting culture, and nutritional ingredients and
physiological active compounds in the finished soy yogurt. Contents of
crude protein and crude fat were not influenced, but dietary fiber content
was proportionally increased by the addition of glasswort to the finished
soy yogurt. Viable cell numbers of lactic acid bacterium were alittle in-
creased by the glasswort addition. Minerals, including Na, Mg, K, Ca, Fe,
Zn, and Al in the finished soy yogurt were significantly increased in
proportion to the balance of glasswort powder. Citric and malic acid con-
tent were not influenced but lactic acid wasincreased in proportion to the
glasswort content in the finished soy yogurt. Polyphenol and total phe-
nolic compounds contents in the finished soy yogurt were proportional
to glasswort content; meanwhile, the DPPH-scavenging and ferric ion
reduction activity of soy yogurt was proportional to contents of polyphe-
nol and total phenolic compounds. The yogurt composed of soy fruit
(bean) and glasswort body (leaf and stem) may be areference for develop-
ment of plant origin drinking yogurt.
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INTRODUCTION

Yogurt has been traditionally made with various
mammalian’s milks by using fermentation metabolism
of various lactic acid bacteriaand isknown to be a
good food for healthi*2. Yogurt containsprotein, cal-
cium, riboflavin, vitamin B6 and vitamin B12, which
originated from milk or are produced by lactic acid
bacteria®. Lactose of mammaians’ milk is converted

to glucoseand gd actose, and partidly fermented tolac-
tic acid by bacteria metabolism, which may be proper
food for somebody who islactose-intolerant™. How-
ever, itisnot suitablefor vegans, or ovo-vegetarians.
Contentsof protein and lactose contained in mam-
maians’ milk support well the growth of lactic acid bac-
teria Lacticacid bacteriaferment lactoseto lactic acid
for generation of freeenergy and hydrolyzemilk protein
to obtain amino acidsrequired for biosynthesis. Lactic
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acid and some amino acids produced by fermentation
metabolism areingredientsof fermentation milk (yogurt)
and lactic acid bacteriagrowninyogurt are effective at
preventing antibiotic-associated diarrhea, in part by ag-
gregatingwith gastrointestind pathogens®S.

Soy milk containsrelatively higher proteinthanmam-
malians’ milk but lacks lactose or sugar for growth of
lactic acid bacteria. Soy milk supplemented with lac-
tose or glucose satisfiesthe requirement for lactic acid
fermentation andisconverted to edibleyogurt likedairy
yogurt by lactic acid fermentation. Soy yogurt contains
dietary fiber but doesnot contain cholesterol; however,
dairy yogurt doesnot contain dietary fiber but contains
cholesterol based on themilk composition(”8,

The soy bean plant isone of the most extensively
cultivated crops around the world, whose fruit (soy
bean) ismainly composed of protein andlipid, and con-
tainsfunctionally useful compoundsfor human hedlth,
isoflavones, vitamin E, sgponin, and anthocyanini®4,
Soy bean hasbeen employed asamain materid to make
various soy sauces. kanjang, doenjang, and gochujang
inAsid?3, Glasswort isaha ophytethat doesnot dif-
fer markedly from edible vegetablesand isquiteremi-
niscent of the seaweed varietiesknown asbrown sea-
weed and tangl€*4*¥, The pharmacol ogica, physiologi-
ca, and antioxidative effectsof glasswort arereported
to beuseful for cosmeticsand foodg®7, Especialy,
glasswort added to nuruk and mejuisreportedto in-
creasenutritional quality of vinegar and ganjang (Ko-
rean soy sauce)t819,

Inthisstudy, fine powder of glasswort was added
to soy milk prepared from fresh soy bean. Thesoy milk
or soy milk with glasswort power was fermented by
usingalactic acid bacteriumin order to eval uate nutri-
tiona variation of soy yogurt supplemented with glass-
wort. Thenutritiona ingredients of soy yogurt were
andyzed and compared based on contentsof nutritiond
and functional compounds. Thisstudy may present a
new recipefor preparing nutritionally and functionaly
improved soy yogurt for human hedlth.

MATERIALSAND METHODS

Prepar ation of soy milk
Five hundred g of soybean soaked in 5L of tap

water at room temperaturefor 24 hr wasfiltered and
washed with a strainer. Five L of fresh water was
added to the macerated soybean and then ground
with an electronic lab blender. Thetriturated soy-
bean slurry wasfiltered with 270 mesh sieve. The
filtrate was used as soybean milk for yogurt fermen-
tation by properly diluted.

Desalting and grinding of glasswort

Dried glasswort purchased from Buan Hamcho
(Buan, Cheonranam-do, Korea) was soaked for 15
mininrunningtap water for washingand desdting. The
desalted glasswort was subsequently dried under sun-
light for 48 h and ground using aceramic bal | mill (SW-
BM117, 11.5L volume, SW Engineering, Seoul, Ko-
rea). The ground glasswort powder was sieved with
325-mesh of gainlesssieve. Thefine powder of glass-
wort was added to thefreshly prepared soy milk at the
ratio of 1, 2, and 3% (W/v).

Pasteurization and inoculation of soy milk

Freshly prepared soy milk containing 2% (w/v)
glucose and glasswort powder was heated at 90°C
for 45 min to minimize thermochemical reaction be-
tween ingredients of soy milk and glasswort. Thepas-
teurized soy milk was cooled down to 38°C and then
inoculated with freshly cultivated lactic acid bacterium.
2% (v/v) of Lactobacillus casei, which was previ-
oudly cultivated in soy milk containing 2% glucose at
36°C for 24 hr, was inoculated into the prepared
soymilk.

General analysis

Soy yogurt was|yophilized to readily analysis of
crude protein, crudefat, and dietary fiber. Analytical
valueswere determined based on theweight ratio of
lyophilized yogurt to homogenized fresh yogurt. Crude
protein was determined by a manually operated
Kjeldahl system based on thetota nitrogen content and
dry weight!®l, Crude fat was determined based on
weigh of extracted oil from thelyophilized yogurt by
Soxhlet extraction apparatus. Dietary fiber content was
determined using adietary fiber assay kit (Sigma, St.
Louis, MO, USA) after enzymatic removal of starches
and proteing?!. Lipid contained inthe dietary fiber was
removed by ether extraction.
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Deter mination of organicacid

Soy yogurt wasthoroughly mixed with 0.1 volume
of 1N-phosphoric acid and centrifuged at 10,000 xg
and 4°C for 40 min. Thefiltrated supernatant wasdi-
rectly injected into injector of high performanceliquid
chromatography (Gold apparatus, Beckman, Coulter,
Brea, CA, USA) equipped with aShodex Rspak KC-
811 ion exclusion column (ShowaDenko, Tokyo, Ja-
pan) and a model RI-101 refractive index detector
(Showa Denko). The organic acids were cal culated
based on the peak area obtained with standard materi-
dsanddilutionratio.

Deter mination of minerals

Samplesfor minera analysiswere prepared from
lyophilized yogurt. Mineral content was anayzed us-
ing inductively coupled plasma(ICP) optic emission
spectrometry (SPECTRO Analytical Instruments,
Kleve, Germany). The extract prepared for mineral
analysiswasdirectly injected into the ICP injector
under specificwavelengthsfor Mg (279.079 nm), Na
(589.592 nm), K (766.491 nm), Ca (396.847 nm),
Mn (257.610 nm), Zn (213.856 nm), Al (167.080
nm), Cu (324.745 nm), and Fe (238.204 nm). The
mineral concentrationswere cal culated based on the
absorbance obtained with standard materials
(AccuTrace Reference Standard; AccuStandard, New
Haven, CT, USA) and dilution ratiof??.

Determination of antioxidative compounds and
activity

Samples were prepared by same method em-
ployed for organic acid analysis. The properly diluted
Supernatant was used to andlyzetheantioxidative com-
pounds (polyphenol and total phenolic compounds)
and activity. Polyphenol content was assessed using
the Prussian blue spectrophotometric method1.
Content of total phenolic compounds were deter-
mined viathe Folin-Ciocalteu colorimetric method.
DPPH radical scavenging activity of doenjang was
determined using amodified version of amethod de-
veloped previously'®!. Ferricion reduction activity
of doenjang wasdetermined by ferrousion-ferrozine
complex reaction. The supernatant (3.8 mL) was
mixed with 50 pL of 10 mM FeCl,.4H,0 and incu-
bated for 30 min at room temperature. Then, 150 pL
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of 5 mM Ferrozine was added to the mixture and
shaken gently. After 10 min, the amount of Fe** was
monitored by measuring the formation of ferrousion-
ferrozine complex at 562 nm. The concentrations of
antioxidative compoundsand activity weredetermined
based on absorbance obtained with standard materi-
adsandthedilutionratio.

RESULTS

Protein, lipid and dietary fiber in soy yogurt

Crude protein and fat were not i nfluenced by addi-
tion of glasswort powder but dietary fiber wasincreased
in proportionto glasswort contentsasshownin TABLE
1. Itisreasonabl e based on the contentsof protein (less
than 2% w/w), lipid (lessthan 0.5% w/w), and non-
hydrolyzed compounds (morethan 50%) by protease
and a pha-amylasein glasswort powder.

TABLE 1: General character of soybean yogurt supplemented
with glasswort

Composition (%, w/w)

Nutrients Soymilk  Soymilk + Soymilk + Soymilk +
1% GP 2% GP 3% GP

Crudeprotein  4.81+04 4.82:04 4.82:05 4.81:0.3
Crude fat 28501 285:0.1 2.86:02 2.86+0.1
Dietary fiber ~ 0.11+0.02 0.61:0.02 1.13t0.05 1.66:0.04

I nfluence of glasswort on bacterial growth

Content of glasswort powder added to soy yogurt
was maximaly 3% (w/w), which may beenoughtoin-
fluence on bacterial growth based on the contents of
Mg, Mn, and Fe. Practically, growth of L. casel wasa
littleincreased by addition of glasswort powder to soy
milk preparedfor cultivation of lacticacid bacterium as
showninTABLE 2.

Mineralsin soy yogurt

Glasswort containsNa, K, Mn, Mg, Ca, Fe, Zn,
Al and Cu, at levelssignificantly higher than in soy-
beanl*42, Accordingly, theminerals contained inthe
soy yogurt may be proportional to the mineral bal-
ance of glasswort because mineralscontainedin glass-
wort becomeingredients of soy yogurt. A variety of
minerals analyzed for soy yogurt wereincreased in
proportion to content of glasswort powder in soy yo-
gurt asshowninTABLE 3.
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TABLE 2: Viablecdl numbers(CFU) of lacticacid bacteria
grown in soymilk or soymilk with glasswort powder (GP),
which was deter mined based on the mean valuesobtained
fromtripletess.

M edium Compositions

Inpubation m i i
time(hr)  soymilk S%//omIGPJr S%)mle P+ S%)mle;

12 6.1x10°  6.3x10° 4.8x10° 5.3x10°

24 43x108  7.0x10° 6.1x10° 4.6x10°

36 5.6x10°  8.6x10° 9.5x10° 7.8x10°

48 6.2x10°  6.8x10’ 8.4x10’ 8.2x10’

TABLE 3: Mineral contentsin fer mented soy yogurt or soy
yogurt with glasswort powder (GP) that werecultivated for
48 hr.

Mineral M edium Compositions (ND, not detected)
(rowy_omix 0" 00T ey
Na 58.46+3.4 593.1+14.4 1,064.9+33.8 1,445.5+42.6
Mg 186.9+6.7 240.9+9.5 2824+12.8 334.1+13.6
K 1,159+48.2 1,180+35.9 1,232+44.1 1,250+42.5
Ca 171.5+6.6 198.4+5.8  219.5+8.2 260.7+7.4
Fe 5.49+0.18 9.39+0.43 14.25+0.47 16.90+0.63
Mn ND 0.23+0.01  0.48+0.01 0.71+0.01
Zn ND 1.25+0.02  1.73+0.03 2.06+0.02
Al ND 455:0.2  11.26+0.8  16.29+1.6

Organicacidsin soy yogurt

The organic acids contained in soy yogurt may be
generated from sugars contained in soy milk by fer-
mentation metabolism of lactic acid bacteriumor intrin-
sically contained in soy bean or glasswort. Content of
lactic acid insoy yogurt wasincreased in proportionto
percentage balance of glasswort asshownin TABLE
4. Greetly lower concentration of citricand malicacid
than lactic acid was detected in soy yogurt but succinic
and acetic acidswere not detected.

Antioxidativecompound and activity in soy yogurt

Soybean conta nsvariousantioxidativecompounds
including polyphenals, total phenolic compounds, tan-
nin, and proanthocyanidin?”. Phenolic compoundsare
ubiquitouschemica sfoundin most plantsbut those con-
tentsaredifferent depending on part (leaf, stem, or root)
of plant and plant species?. According to the anal yti-
cal datafor glasswort, total phenolic contents and
polyphenol were higher than those in soybean,
Polyphenol and total phenolic compoundswerein-
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TABLE 4: Organicacid contentsin fer mented soy yogurt or
soy yogurt with glasswort powder (GP) that wer ecultivated
for 48 hr.

Org_anic M edium Compositions (ND, not detected)

I - T S
Citric acid 245+21.3 211+8.3 289+7.2 201+4.9
Malic acid 460+18.4 403+21.5 485+23.1 463+16.6
Lacticacid  9,756+333.6 10,979+425.4 11,270+389.2 11,791+369.7
Succinic acid ND ND ND ND
Acetic acid ND ND ND ND

TABLE5: Antioxidativecompoundsin fer mented soy yogurt
or soy yogurt with glasswort powder (GP) that wereculti-
vated for 48 hr.

M edium Compositions

Antioxidant Soymilk + Soymilk + Soymilk
(mg/L) . milk + Soymilk + Soymilk +
Soymilk “10. 'GP 206 GP 3% GP
Polyphenol 24303 2.68:0.1 2.89:02 291+0.2
Total phenolic 5y 15,01 0.247:0.01 0.262:0.01 0.289:0.01
compounds

Fe* reduction 4599+1.2 46.46+2.3 47.65+1.6 49.36+1.8

E;Sﬁf"a"eng'”g 2747:21 4599:19 5849:38 62.88:4.6

creased in proportion to percentage balance of glass-
wort powder. Activity of soy yogurt for ferricion re-
duction and DPPH-scavenging was proportional to
polyphenol and tota phenolic compound asshownin
TABLEDS.

DISCUSSION

Soy yogurtisalesscommon fermentation food than
dairy one, which may bearesult of tradition or histori-
cal culture of theyogurt. Dairy milk can be naturally
fermented by lactic acid bacteriaoriginated fromintes-
tineor mammary gland of mammaliansbecausedairy
milk containsnutritiond ingredientsinduding proteinand
sugar (lactose) required for growth of lactic acid bac-
teria. Soy bean containsrelatively higher protein, min-
erds, and vitaminsthan dairy milk but doesn’t contain
proper sugar for growth of lactic acid bacterid™. Dairy
milk produced by mammalsisanatura food obtained
without artificial processbut soy milk isaprocessed
food obtained by artificial operations. Itisthereason
why soy yogurt isan uncommon fermentation food.
Practically, soybean has been used for preparation of
various soy sauces and paste by processes of cooking,
fermenting, and salted ripening because the cooked and

s LBioTechnology

An Tudian Yourual



170

FULL PAPER o

Effect of glasswort on nutrients of soybean yoghurt

BTAIJ, 6(6) 2012

hydrous soy beanis proper for growth of bacteriabe-
longingto Bacillusgenusor fungi belongingto Aspergil-
lusgenug®*. Soy yogurt isgreetly different fromthe
soy sauce based onthekindsof microbia catalyst, fer-
mentation metabolites, and preparation process. Sdtis
required for soy sauice after fermentation but sugar (glu-
coseor lactose) isrequired for soy yogurt beforefer-
mentation.

Theflavor of soy milk hasto bedifferent fromdairy
milk, aprimary causefor soy yogurt to bedifferent from
dairy yogurt. Nevertheless, soy milk isoftenused asa
substituted beveragefor dairy milk invariouscountries.
Peoplewho drink soy milk may adapt to the taste and
flavor of soy milk by frequent drinking or those who
arecuriousabout unfamiliar food may try soy yogurt.
Accordingly, soy yogurt produced by sugar-added | ac-
tic acid fermentation of soy milk may be accepted by
peoplewnho drink soy milk or who have adapted to soy
flavor. Thosewho can’t digest lactose and have milk
allergy may prefer to drink soy yogurt as asubstitute
for dairy yogurt.

The chemical ingredients of glasswort powder
added to the soy milk may be completely extracted to
benutritional ingredients of soy yogurt during pasteur-
ization and fermentati on. Fine powder of glasswort may
be completely mixed with aggregated soy proteinin-
duced by extracellular polysaccharide and acidity of
lactic acid which wasincreased in proportion of glass-
wort content®2, Mn, Fe, and Mg may activatelactic
acid fermentation because the mineral sfunction asco-
factors absolutely required for activity of superoxide
dismutase and specific enzymes catalyzing glycolysis
pathway or TCA cycle®%,

Theviscosity of soy yogurt induced by acidity may
be effectiveto mask thefedingirritation caused by fine
particleof glasswort powder and may beincreasedin
proportion to glasswort content. Theweakness of soy
yogurt supplemented with glasswort powder may be
compensated by thereinforcement of dietary fibersmin-
eral and antioxidativeeffect. Theincrease of minerd,
antioxidativefiber and anti oxidative compoundin soy
yogurt may enhancethe nutritional and physiological
function but may not improveflavor. Thenature of yo-
gurtisdetermined by base materid sthat aremammdli-
ans’ milk or soy milk but the appetizing flavor of yogurt
is controlled by additives such as fruits, aromas, or
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sweeteners. Accordingly, thenutritiond function of soy
yogurt isimproved by addition of glasswort and the
flavor controlled by additives. From the nutritiona
standpoint, minera, polyphenol and tota phenolic com-
pound contained in soy yogurt may bemore hel pful for
hedlth than dairy yogurt.

CONCLUSION

Glasswort may be useful asasupplement for soy
yogurt when evaluated on thebasi sof bacteria growth,
organic acid production, mineral contents, and
antioxidative compounds. Especialy, DPPH scaveng-
ing activity and ferricion reduction activity of soy yo-
gurtisastrong point in comparison with dairy yogurt.
Soy milk isgood but soy yogurt supplemented with
glasswort ispreferablefor peoplewho don’t want to
havefood of animal origin. Theenvironmenta condi-
tion of soy milk for growth of lactic acid bacteriais
improved by glasswort addition. Accordingly, glasswort
ishel pful for fermentation bacteria, nutritiond improve-
ment, and functiona compound increased in soy yo-
gurt. Thisresearch may beabasicreferencefor devel-
opment of thesoy yogurt supplemented with functiona
plantsthat areuseful for human hedth.

ACKNOWLEDGEMENT

Thisresearch was supported by the Technology
Development Program for Agriculture and Forestry,
Ministry of Agriculture and Forestry, Republic of Ko-
rea (109147-03-2-HD120).

REFERENCES
[1]
[2]
[3]
[4]
[5]

S.E.Gilliland; FEMS Microbiol.Lett., 87, 175
(1990).

H.Kaplan; R.Hutkins; Appl .Environ.Microbial ., 66,
2682 (2000).

L.P.Coyle; ‘The world encyclopedia of food’, Fact
On FileInc., New York, (1982).

J.C.Kolars, M.D.Levitt, M.Aouji, D.A.Savaiano;
New Engl.J.Med., 310, 1 (1984).

R.S.Beniwal, V.C.Arena, L.Thomas, S.Narla,
T.F.Imperiale, R.A.Chaudhry, U.A.Ahmad,;
Digest.Dis. Sci., 48, 2077 (2003).

Hn Tudian Jounual



BTAIJ, 6(6) 2012

Doo Hyun Park and Bo Ra Kim 171

————, FyurrL PAPER

[6] M.C.Coallado, I.Surono, J.Meriluoto, S.Salminen;
J.Food Sci., 72, M89 (2007).

[7] Soy yogurt nutrition values, http://www.soya.be/
nutritiona -val ues-of-soy-yogurt.php; (2012).

[8] Milk; http://en.wikipedia.org/wiki/Milk, (2012).

[9] M.Miyazawa, K.Sakano, S.Nakamura, H.K osaka;
J.Agric.Food Chem., 47, 1346 (1999).

[10] A.Cardador-Martinez, E.Castano-Tostado,
GLoarca-Pina; Food Addit.Contam., 19, 62 (2002).

[11] Y.Jing, S.Waxman; Anticancer Res., 15, 1147
(1995).

[12] K.Y.Park, K.0.Jung; Fermented soybean products
as functional foods: Functional properties of
doenjang (fermented soybean), in J.Shi, C.T.Ho,
F.Shahidi, (Eds); ‘Asian functional foods’, Boca
Raton, CRC Press, USA, 555-596 (2005).

[13] M.S.Jeon, K.H.Sohn, S.H.Chae, H.K.Park,
H.J.Jeon; J.Kor.Soc.Food Sci.Nuitr., 31, 32 (2002).

[14] J.GMin, D.S.Lee, T.JKim, JH.Park, T.Y.Cho,
D.l.Park; J.Food Sci.Nutr., 7, 105 (2002).

[15] K.Shimizu; Jap.J.Tropic.Agri., 44, 61 (2000).

[16] S.K.Han, S.M.Kim, B.S.Pyo; Kor.J.Food
Sci.Ani.Resour., 23, 46 (2003).

[17] T.J.Lee, Y.S.Jeong, B.J.An; Kor.J.Herbal., 17, 51
(2002).

[18] H.N.Seo, B.Y.Jeon, A.Yun, D.H.Park;
J.Microbiol.Biotechnal., 20, 3122 (2010).

[19] B.Y.Jeon, D.H.Park; Food Sci.Biotechnal., 20, 976
(2011).

[20] A.E.Greenberg, L.S.Clesceri, A.D.Eaton; ‘Standard
methods for the examination of water and waste-
water’, 18th Edition, American Public Health As-
sociation, NW, (1992).

[21] L.Prosky, N.GAsp, T.F.Schweizer, JW.DeVries,
|.Furda; J.Assoc.Offic.Anal.Chem., 71, 1017
(1988).

[22] X.Wang, A.Lasztity, M.Viczian, Y.Israel,
R.M.Barne; J. Anal.Atom.Spectr., 4, 727 (1989).

[23] M.L.Price, L.GButler; JAgric.Food Chem., 25,
1268 (1977).

[24] GK.Jayaprakasha, R.P.Singh, K.K.Sakariah; Food
Chem., 73, 285 (2001).

[25] D.O.Kim, K.W.Lee, H.J.Lee,
J.Agric.Food Chem., 50, 3713 (2002).

[26] USDA National nutrient databasefor standard ref-
erence, release 24, http://www.ars.usda.gov/Ser-
vices/docs.htm?docid=8964, (2012).

[27] D.Maenci¢, M.Popovi¢, J.Miladinovi¢; Molecules,
12, 576 (2007).

[28] N.Batasundram, K.Sundram, S.Samman; Food
Chem., 99, 191 (2006).

[29] B.Y.Jeon, D.H.Park; Food Sci.Biotechnal ., 20, 979
(2011).

[30] S.S.Ham, K.K.Chai., C.B.Chi, B.G.Lee, D.S.Joo,
D.S.Kee; Food Sci.Biotechnal., 13, 537 (2004).

[31] K.M.Cho, W.T.Seo; Food Sci.Biotechnal., 16, 320

C.Y.Leeg;

(2007).

[32] B.Adlim, D.Onal, Y.Beyatli; J.Food Protec., 70, 223
(2007).

[33] F.S.Archibald, I.Fridovich; J.Bacteriol., 146, 928
(1981).

[34] Y.M.Zhang, T.Y.Wong, L.Y.Chen, C.S.Lin, JK.Liu;
Appl.Environ.Microbial., 66, 105 (2000).

[35] R.C.Bard, |I.C.Gunsalus; J.Bacteriol., 59, 387
(1950).

s BioTechnology

An Tudian Yourual


http://www.soya.be/
http://en.wikipedia.org/wiki/Milk,
http://www.ars.usda.gov/Ser-

