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Abstract

Backgromnd: Soybears and their dedvatives are a majorcomipon ent of Indnnesia's domaestic food landscape and have beencansurmed
in several Erms. Tensge was arginaly intended 1o ks aaten as plant-hased promein seums b ecent yaars, Theis haus Been some e
Inrovation: o make Temge moed coriumalnle as it has a high raritenasd veloe and artesidant contant. Objecthva: This snedy aims o
deewelop o yoqur that s partially substitubed with tempe o and to anelyee by socepdabdlity; nutritional comtent and snbosdant
eagpesily, Hatncialy end Blathoels: Tomps grgliel s ool sstlaagging anss s of g Oens (2.5 5,25 a0l 1008), Erad 1smapn
weas made using a doubie- pasteunsasan method and dried ta forrn four. Tempe yoqurt was analyzed foeacceptabilitg and nutrent snd
anfinvidant canfanfe Beeslber aqum with 158 adde 3 rempe Baur Bad sks Eigheck b8, prodein, sarkabydmbs and Havennid fombsnls,
vehils woguit sath 75% aadsd temps flour was the mast acoeptaile scconding to hedonic seshs, Comcluslen: Tomge yoguim shows
pateriial & & furcticnal food, especially far cansumens with metebelic diseases.
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INTRODUCTION

Sogbeans and ther derl valkas e 3 majer companen of
Iredamesia’s domestic foad landscape, Indonesias high soy
consumption rmakes itore of the Brgest soy markets in Asta,
Inddaresians consumes sovbean prodkicts in several fanms: Up
to 5B as Tempe, 40% as tofy and 10% m other fams
ifermentad sop paste, soy dadoe, 10" Tempe & made of
whola soybeans fermented with fung, such as Shmapos
olgosporis, Minons e, Plopus sfolnifer Swmogos
chiarmedrsponys and Rizeous anfizus. The Indonesian
Mationmel Standards Authority (SR defines tempe a5 &
saybean product that is fermented with Ao sp and
formed into compact solid blocks and is genemally white with
a shight greyish tmtand adistinct tempe aroma’,

Sovbeantempeis anmdcnasian fermented specalty and
an ican of lsvan ewmine. [0 alia rich in sclive nutritionsl
Imgredionts. The soybean fermentation process causes
changes i tashe, anema, Texmre, runitional content and
digestibility . The prircipal advantages of soybean lie in its

riticnal composition, casly digested protein content and
%1 lewels of aming ackds. Tempe also has kwer
concentrations ol anti-nulritional components, such as
antitrypsin and phytic acid, than go raw soybeans. Tha main
disadvantage of fresh tempe is ity relatively short chelf life,
Cnemetbad commenly used toextend its shelflde is grinding
ininaa flour’,

Tempe is maditorally saten with rice butin recent years
thare have bBeen some new Innovators swuch s tempe
bumgers, ternge sabads and variou s thind-generation products’,
Terrpe burgers and  salacds are generally  regarded as
secand-gensation dervatives, In hese groducts, the shape,
texture snd Easke of 1he tempe compaonent are no langer
apparent &5 the processing blends the tempe with ather
imgedients. Third-generation  tempe  derivatiees  ane
charactariped by the elort o extra, Bolate and purity the
bipactive ingredents in Termpe', They take the fom of useful
hisactive compourds, such &5 anticidants, that cam be ieed
o prederye foods, prevent cincer and redice blood ghscase
lewals. This study aims to explore tempe woguert'’s bechnical
chamcteristics and evabuate it for use as a probiot ic prodoct
and funciEnal Food with feealth Benefits

MATERIALS AND METHODS

The producten of tempe as the maln ingredient of
Tegqum & based on the tempe  fermentation method
cleseribesd by Binitani?, This methad imealves pesteurization
with twa heating stages One before and one after steeping.

The= first heating stage nuns at 100°C for 30 min while the
second s gt G0-70°C for 1520 min. This pasteurization
klits pathogenic bacteria, reduces the concentration of
anti-nutrients and prevens protein denaturation®,

The twoestape coaking process generally begins with
sarting the sopbeans, followed by the first heating step 1o
saften and remove the seed coat. The de-bulled beans ae
then washed and steeped before the second heat step
[Pasteurzation and leating: fermentation is then startedwith
a Mhuzopu sTeain,

The pasteurication step makes use of s double par, whese
a srnall plastic pan B inserted intoa irger metal cortamers thar
has Bpen flled with waber This second heating step (impioves
protein quality oy reducing the concentration of trvpsn
irfiibitees ard  increasing the amount of Witamin 812,
mairgaining the sempe’s freshness forah B

The next stage & making the temps yogart, which we
prepare with several different amounts of tempe fous
[Takde 11, Fresh termpe i dried, grewand nboe faur and mised
with fresh milk. The micture s strained thrcusgh cheesesloth
and then warmed bo 434550 whils sugar & added to s
concentratan of 5.5%. The milk mixture iz heated o B5-00°C
and kept at that tempesature for 30 min under constant
siming. Alter 30 min, the mikiure iy cooksd o 45°C ard
Irculated wih a yagquat stamer culture. The culune s made
ol Larfadeciiur aooneiius and Lacrobacifiss case Ina
G050 milk midune, indubated Tor £-6 b and chibed fae 12 b b
stop the fermentation process, The eesulting temipe yegur
s e ped by semi-trared panelists price to initiel srganoleptic
Lesting.

The feermulation for the termpe yogurt was defined n
the Microhiology Laboratory of the femarang Naticnal
Unheersity and the Food Processing Labomtory at the
Muhammadiyah Unlversity In Semarang. Proximate anakysis
and Aavaraled content measurements wiene pefommed i the
Fead and Munrition Labaratary &t Gadiah Mada University
Drgardepggests (of appearance, taste, arama, texture and
calon were perforned in the Clinical Pathology Labomtony an
the Unfwersity of Ciponegomn in Semarzng using a 9 point
heebande scale witth sceres ranging from 049 1fram “dishike
extrermely” o Tike 1 The results of these tests wess
aratyzed using SPSS and preakies of less than 005 wese
cansiderad statlstically sgnificant.

Enbe 1= Possibie corposiiions of (empe wogun

Gioggie  Towind 1 LT R | s i B SimTows [
i o T 2
Tl rL] uara )
e ) 50 %
s T4 ars 1
Td 190 300 ]
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RESULTS AND DISCUSSIOMN

Aavw sowbeans hawe @ rildly bitter taste but the steeping,
wiashing andnzgrratic rmodfications during the fermentaton
process reduce the beeny fevor. Tempe i 8 femented
spphean pmduct culiured with  &vzopus sp0 This
PRlCRa0Tganism can grow at low concentrations §3-3%) aran
aptimum lemperature of 1395 The fementalion process
decreases the concentrabion of anfisnutrients, such as phytic
acld deactivates the lipowygenasa ancyme and increases
mudriert bisavailability, Prytc acid is recuced 1o ore-third of
I oviginal concentration in rave soybesns urder the ternpe

entatonpracess with the bacters Shisoous aliposionas.

empe is A taditional fcod  produced  through  the
fermentation  of sobeans with Shzase moulds af the
species Ahropus alfosponss A oske and £ Sodaidfer
{inownas tempe moulds), Soybeans fermented by the moakd
fropus olgospays  experence @ change In protein
struscture, wiile @hrooes onaae can produce amylase and
fhiromes  stolonier can  produce se. Soybeans
fermented with Mbmoous algespancs are bound Into a salid
Cinke by e el rovce liuny’,

The rman benelfts of soybean Fermentation  ere
ImproveEments in oeganakepiic gualities and mutrtional vakae
and a reduced need for preseratives, Thie steegeng. Bodling,
cooking  and  femrmentation  of sovbean: in tempe
productlon grestly decreaws phytic ackd amd antdrepsin
coneentrations. Reducirg phitic acid & very important for
imcreasing the boavallability of minerak. Fermentation can
reduce plytic acd concenteation fa a low enaugh level that
calciurn, zire and iron become sgrificantly more availabie?.

One common ssue with fresh tempe is its shor shalf
it grincling ternpee inta flour is ane aggacac b for extending
iesshell lile', Fresh termpe Pes avery high weater content 155-
G536 thal suppors aliving arcd growing micrabial comimmmty;
thus, meducing this water Sonl2nt is & majes miee, One
kilogram of fresh tempe @n b expedted to wield
appioxinately TG of tempe flour.

Cnly 100 g of pempe csn provide 37% o e
recormmended daily intake of protein, This study's anakyss of
tampe flaur suggests an even higher protein content of
41.08% (Table 3| TEggraniety ol aming acids in t=mpe & akao
quite complete. its mest abundant amino acids are glutamic
acld aspanic acd and leucine. The fermentation process ako
decreases The level of fal satuialion; Clws, Termpes comndains &
o amaund of golyunsaturared Tacy acids (PUFAL)

Temps contalns J30 mg of cmega-3 fatty adds and
3390 my of omega:0 By acids per 100 g, Tempe is also a
plantsource of vitamim B12 {oyanocobalaming, wikch is mose
cormmanky fourk in amim products. Cther vilamiee
found o tempeinclude BE, B, niacn, folic acid and
fat-sodublevitamins ivitzerins A, 0, E KD Vitamin B12 levekoan
I reass te 33-fold during fermentation: rbofavia
ircreases & to 47 fokd; pyridomine increases 4 bo Td-fold;
nlacin increases 3 b0 S-fold: fole acid Increases 4 o S-fold,
and pantethenic acid Incesaces pwo-fold, The witaming
produced during tempe ermentation anenal by-praducts ol
the mould but ather of contaminating bactena, such o
Kbl preeernonire and Cirrobactier e,

Thie fesmentation agent in temgse IS a fungus that reaks
chawnn The Sy prateins Nt amino acids, making Them easer
to digess!, This alters the cverall profen content in tempe
and espechally Fmpacts the absorption process, Tempe hasa
higher nutritoral vakue and can be consumed as an
affordable pratein sowee’. This inoreased digestibility leads
boa qualitataely better mitrtional valer than that of
unprocessed sovbeans, The activing of proneclytic enzwnes
ireriasems the water sohubiity of the proteins',

Table ¥ shows the nutribionsl composition of tempe
figur, HRaw soybeans cantzin appodmetedy 5E-44%
protein''. By comparison, the proteln content of the Empe
floner used imthis pesesrch is 4108% Fermentation durirg
lempe prepacalion incressed the amount of individual fres
amirg acick beteeen 1 and 85 times aboye the ledels in raw
sipbearts ™, Oither utrizkenal camponents showe o sigrificam
chanipeas,

Table 3 shows the results of a nutritinnal analyss on
temps yoqurt. The tempe yogur formulatians with the
highest far, protein, carbolkydrate and flavanold contents
arz, respectively;. T4, T1, T4 and T4 According to these
resulis, the Td formudation 5 most recommended  Toe
consamption, although ceganokepiic tests with semi-traned
panelists show that most of the panellsts preferad "tegur”
with a compodition of 7.5% ternge flour and 57 5% cow's
milk T3

Do Amaral famos er &7 developed a new functicnal
lermented beverage from peanut and soy wing mised
cultures, imchuding |, acidaebils and sho hiat it can be
careumied by all s, Shor™ daossed that soybean yoguin
made fram oow's and camesl's milk has arboxidant ackivity.
Thits study alsorevealed that bempeyogui shows promise as
an anticwidam-ich beverage,

Taivks 2: hnaryss of W Y N ST
Snple B A el Bl COnEnL ) i coael (% Fachsn CoalET = Flasondil g
Toerna o Mhawie BA A TR il e ey
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Fogut Isvirsed asa highly rutrilous dainy food product
i T fus B Carahpd rate conte it and high kevels of proein,
vitamin B-complex, phosphons, magnesum and patassium,
Yoquet's lactic ackd bactedal cubres can abe imarove
dligestive conditions, including gut micreflce growth, bosed
rransit time and inmene response in the alimentary wact ™,

Tahle 4 shows an increase in lactic arid hactesia in all
groups of tempe y'n-gl.u‘l.i'l.ah-u ibied that the Lasfoduclios
are cheardy stimiciated by the addition of tempe flour to the
yogurl The growth of mould-a detrimental microorgenism
in yogurt-is inhiblted By the sddibon of tempe low via this
ireduction of lactc achd bactena The veast and fungil in these
tempe yogurt products wers By-products ol the termpe
fermentation  process: yeast wis defected in the ternge
yiagurt  becaugs it grows  wedl in the yodqu’s acidic
eryironment

Lacfobesilor & krown o modiy gut flora and alfect
mietalclic enzymeas, such as bile hydredase, azeraductace and
[rolucuonidaze. Previows siudy also shows that femmented
milk comtaning Lacfadacius can reduce chodestenal kevels
i Frge e and lhver'™ ',

Phytoestrogens ane found in varices fruits, beans and
wegelalides, Theie ane three broad classes of phytoestrogens,
namehy, Isoftmones. lignans and coumestans, soflasones ae

flavorcid compounds cormmonty found in besns, especially
w!,ll:ans Phytoestrogens are structurally similirtocestradnl,

witha ron-stercidal stnicture and a phenslic ring that enables
a'adlng o cestrogen recepiors (ERs)as well as the ability to
aCt 25 either @ dgonist o an anlagonist oestregen ™,
Flavanoids are loactive phenols commonly Tound in
frults, wegetabdes and pars of plants and have a major rmode as
anri:rr.idarﬂ.s".Fﬂrn:ﬂrﬂiu-nirur&m:.nr!imidmu:liuiry.:.rkd
thus the furdzional valie of the foodsouf in guestion A study

by MicCue and Shetty™ shosws that fermentation causes a
Lransicematkan of Qhoosides acoormpanied by an increass n
ghrcosicase and glucuranidase activity alang with the ielease
of potential antioxkidarts thiough favonoid ransiorsstion.
Table 4 showes that the T4 group has the highest flavennid
cantent among the termpe vopurt iormulations tested.

These ressules shonw that fermeniation has inreased the
bisawailabifity ol itoflavonss during the digestion process.
The. high bicavailability  comes from  the  actieiny of
mhml;aniSﬂE.wliLhdagrademIrmhwhlu.'lmmmnds-
Irdo drmgiler fanms that sresasien bodngest and absorky Durieg
fermentatian, Is".'mes change from ghyoosices inbo
aghycores, while proteing are Broken wp irdo peptides ard
aminaackds. This change increases theant-diabetc acthity of
the femented oy peeduc™, Bollavones s @ Navenoid
component. can influsncecelularinsulinsecetioncapachy
Irguln secretion in DM type | patients has been shown o
imprenve uncher glsoose contral?’,

There are twe main foms of isofsones in soybeans
Pelegherosices known a5 genistein and daidzen. These
olyeirsidas are ealogically inactve lsodlavone glycosides ae
hiycreedysed by Pghrosidase erig @n the intestinad wall
iri0 bioactive aglyoone forms (genisiein and daldzeinl. The
aghycone forms can be absorbed gy the intestines, which
imprave their biokogical acthny, Daldzein can be rapldy
metabolized into equol and O-demethyangalessin, while
genttein 5 metabolised nto peethyl phencl, Genlstein,
deidzein, equal ard O-demethyangolensin are the primary
tsaflavones found i hisman and animal blood and urine’’.
Heahiby acult  bumans can sbsork  Bollavones quicldy
and efﬁ-:luti'ﬁ. The effective half-fves of daldesin ard
genmtiein-0.3 and 7.1 b, respectively indicats that kolfidvanes
and thek metabalites are rapldly excreted™,

2
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P‘ql'g.-unnll: flavonokds displey strong  anticeddant 2
acthity™, Genisiein and daldeein can indrease phasama Irswlin
leveds in test anemnals with wpe | dne‘l::.. I:p!’l.uuun::. e i.
active flavoncids thal can inoesse anbiosldant acivity by
imcreasing the leved of cellular antioxident ermymes, such as
superexide dismutase (S00), catdase and glutathione &
pernaicaset’

Thi flavenctd and lacte aoid bacteria contant in This

tempe poqurt gives it potential 25 3 functional facd product. 5
Flavomaids, especlally tempt isoflavones, have anticsidant
acthiny thal can help protectagainst fres radicals 2nd prevent i

chiracal complications  fom melabols diseases, such as
diabetes mellious, dyslipidemia and metabisthc symdroome ™=,
A high-isoflavene diet s also  possibly  bencfical for
accelerating the apoptests of cances cells™. The lactic acid
hacteria intempa  waguet can provide ralief from dianhoea 7
and ather digestive bract diseaiss ™. '

This study shows that tempe can ba used 1o oreate a
rudriticus ard healthy beserage. Tempe yogual is suitable g
far consumption rot only by healthy people bt also by
thse whohayve metabolic diseases, such as dyslipidemia and
cliabetes as it containg olfavanss, fibre, proteinand lactic acid
bacteria that could helpdecrease blood sugar, cholesieral and
triglycerite level This siudy has many lirmdlations that could i,
be improved by further resparch, especially regarding the
zafety and ded dosages for cerfain health
conditians,

140.

COMCLUSION

Temge yogurt, containing mamy beneficiadand notntious

components, has a good chance of gettng a posive 11

reception frorm the puilic, 0 shoss pofentad 84 3 functionad
food that coudd be used 2 panof 3 person’s daily intsks or as
a dietany intervention for free radical-related dseases.
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