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FORMATION OF QUALITY
OF MILK ANALOGUE
FROM GREEK FENUGREEK SEEDS

The impact of heat treatment on the chemical composition of fenugreek seeds
is analyzed. Tests of its amino acid composition and the content of mono- and disac-
charides show that the Maillard reaction does not result in essential changes in the taste
and aromatic properties of the raw material. It is found that heat treatment changes the
fatty acid composition of the seeds, with reducing the quantity of linoleic acid which
enzymatic oxidation forms the compound I-octen-3-ol that may cause the mushroom-
specific smell of the seeds.

Keywords: plant-based milk analogues, fatty acid composition, drink, quality,
amino acid composition taste, smell, consumer, Maillard reaction.

Momyska IO., Kowenvuuk A. @opmuposanue Kavecmea ananoza MoaoKka u3
CEMAH NAXNCUMHUKA 2peyecK020. [Ipoananuzuposano eausiHue mepmuieckol 0opabomxu
HA XUMUYECKULl COCMA8 CeMSAH NANCUMHUKA epedecko2o. Hcciedosanusimu amMuHOKUC-
JIOMHO20 COCMABA CeMSH NANCUMHUKA 2PEeUecKo20 U COCMABA MOHO- U OUCAXAPUOO8 YCMa-
HOGJIEHO, Ymo npomekanue peakyuu Maisapa cyuecmeenHo He eusiem HA U3MEHEHUe 6KY-
COBLIX U APOMAMUHECKUX CEOUCME CbIPbsi. YCMAHOBIEHO, YMO HOCAEe MEPMUYECKOU
00pabomKu NPoOUCXo0Um UMEHEHUE IHCUPHOKUCTOMHO20 COCMABA CEMSIH, 8 YACMHOCU
VMEHbUEHUE TUHONCE0U KUCIOMbL, 6 Pe3yibmame (HepMeHMamueHo20 OKUCIeHUSL KOMOPOU
obpazyemcsi coedunenue I-okmen-3-o1, umo, 6eposimuo, u 00ycio8IU8aem Gopmupo-
samue 2PUOHO20 3aNaxa CeMsiH.

Knwouegvle cnoga: aHaaorm MONOKa pacTUTENBHOTO NMPOUCXOXKACHUS, JKUPHO-
KUCJIOTHBII COCTaB, HAIIMTOK, IOTPEOUTENILCKUE CBOMCTBA, KUPHbIE KUCIIOTHI, BKYC, 3allax,
notpeburens, peakuus Maiisipa.
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Background. The consumer choice of food products is subject to
many factors of which critical ones are taste and flavor. But these indicators
are largely dependent on type and quality of the raw material used in making
a food product, and its treatment methods. It is especially important in the
production of plant-based milk analogues from a certain type of vegetable
raw material, which organoleptic properties may limit the consumption of
a finished product.

Thus, drinks made of soya have a specific smell of beans, resulting
from the activity of the lipoxeginase enzyme. In the soya beans, aldehydes and
ketones are formed, such as hexanal, hexane, ethyl vinyl ketone, which give
the products made of soya beans specific herbaceous smacks and smells [1].
The almond bitterness is caused by the content of amygdalin glycoside. Also,
there are some plants containing groups of substances such as saponines and
tanines, which cause a bitter astringent aftertaste and a specific smack [2].
Today there exist many methods designed to suppress or weaken the feeling
of unpleasant taste or smell in food products. Their choice is conditional on a
substance that causes bitterness, herbaceous smell, etc.

It should be noted that the demand for plant-based milk analogues
tends to grow, which raises the need in searching for new types of raw
materials. Considering chemical composition, easiness of cultivation methods,
availability of a home-grown raw material and affordable price, plant-based
milk analogues can be effectively produced using fenugreek seeds that also
contain a number of substances giving it a specific taste and smell. We
believe that of all the factors with impact on the finished product quality,
an important one is investigating the impact of heat treatment on change
in the chemical composition of fenugreek and, eventually, its taste and smell.

Analysis of recent research and publications. The impact of fatty
acid compositions of products on the formation of their consumer properties
of lipids is highlighted in Grimble R. [3]. The impact of fatty acid com-
position of lipids on the formation of consumer properties of products
is highlighted in Grimble R. [3]. Investigations of the amino acid and fatty
acid composition of fenugreek seeds are shown in Al-Jasass F. M., Moneim
A.E. S., Beyzi E., Rahman M. M., Feyzi S. et al. [4-10]. But mechanisms
behind the impact of selected factors (heat treatment in particular) on the
amino acid and fatty acid composition of fenugreek seeds and the resulting
impact on organoleptic indicators of fenugreek seeds have been out of the
research focus.

The aim of work is to test the impact of heat treatment on the che-
mical composition of fenugreek seeds.

Materials and methods. The research subject is fenugreek seeds of
domestic origin, harvested in the year of 2019. The varietal purity is 99 %.

The mass share of mono- and disaccharides of fenugreek seeds
is determined by the method of highly effective liquid chromatography, the
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mass share of the amino acid composition is determined by liquid-column
ion exchange chromatography [11] using the automatic analyzer of amino
acids AAA 400 manufactured by "Ingos — Laboratory Instruments" (Czech
Republic), and the fatty acid composition was determined by the method of
gas chromatography, on the chromatograph HRGC 5300 (Italy) [12].

The computations were conducted for the dry substance of the pro-
duct, i. e. with account for the evaporated liquid.

Results. Fenugreek seeds contain large quantities of terpenoids that
cause its slightly bitter taste. Although terpenoids have some useful pro-
perties, their content complicates technologically the consumption of seeds
either as constituents of food products or separately. There are various
methods to reduce a bitter taste of a vegetable raw material, but most of
them are intended to remove the substances that cause a product’s smack.
However, many of these substances, terpenoids in particular, have biolo-
gical effects important for the human body. They stimulate the appetite and
the function of gastrointestinal tract, and have anti-microbe effects [13].
Therefore, as their total exclusion may have negative consequences for the
chemical composition of finished products, other ways for suppressing
bitter tastes should be sought for. According to literary sources, most often
the bitterness in beans, soya in particular, is suppressed by use of high
temperatures [ 14—17]. As mentioned above, it was decided to subject fenu-
greek seeds to heat treatment (15 minutes long frying at the temperature
of 180°C) with constant stirring. Five minutes later, a persistent mushroom
flavor was felt, which increased before by the time of ending heat treat-
ment. Also, the bitter taste was found to be enhanced, whereas for other
beans its reduction was observed. Considering the analysis of the chemical
composition of the seeds, i. e. large quantities of proteins and carbohyd-
rates, it was assumed that heat treatment of the product could probably
result in the formation of melanoidins as chemical reaction products.
However, as the color was nearly unchanged, it can be assumed that the
quantity of produced melanoidins was insignificant, i. e. they could not
have an essential impact on the seeds taste. To obtain reliable evidence for
the conditions of the Maillard reaction, we tested the amino acid
composition of fenugreek seeds (Table 1) and the fractional composition of
carbohydrates before and after frying.

18 amino acids were identified in the seeds, with the largest shares
of glutamic acid, aspartic acid, arginine, leucine and lysine. The above given
data show that the frying of fenugreek seeds resulted in a slight decrease
of amino acid concentration (the loss of arginine made 12.1 %; lysine —
11.9 %), which allows us to suggest the reaction of melanoidins formation.
The slightly increased quantity of ammonia (from 0.23 to 0.24 g/100 g
of product) also confirms the occurrence of such reaction.
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The amino acid composition of fenugreek seeds
before and after heat treatment

Concentration, g/100 g of product
Amino acid before | after
heat treatment

Aspartic acid 3.19 2.84
Threonine 0.93 0.84
Serin 1.26 1.18
Glutamic acid 4.65 4.02
Proline 1.18 1.03
Glycine 1.28 1.20
Alanine 1.13 1.03
Cystine 0.19 0.14
Valine 0.95 0.83
Methionine 0.19 0.12
Isoleucine 1.30 1.13
Leucine 1.87 1.75
Tyrosine 0.93 0.74
Phenylalanine 1.19 1.01
Histidine 0.74 0.65
Lysine 1.93 1.70
Arginine 2.90 2.55
Tryptophan 0.39 0.27

We believe that the enhanced bitter taste of the seeds after heat
treatment can be attributed to the changing amino acid composition of fe-
nugreek seeds. It is known that arginine has the explicitly bitter taste,
whereas amino acids methionine, histidine and lysine contribute in the
formation of bitter aftertaste in food products [18]. The reduced quantity
of amino acids after heat treatment may indicate that the products of their
decay were peptides having bitter taste. There are many bitter peptides
containing N-terminal cyclized glutamic acid. Also, it is known that aspar-
tic acid and proline have sweet aftertaste and, in combination with glu-
tamine acid, cause a pleasant taste of food products [19]. It should be noted
that the overall quantity of these amino acids essentially reduced in time
of frying, in contrast to the amino acids with a bitter aftertaste.

Results of testing mono- and disaccharides for the mass share are
given in Table 2.

Table 2

The carbohydrate composition of fenugreek seeds
before and after heat treatment

Concentration, g/100 g of product

Carbohydrate before | after
heat treatment
Sucrose 0.021 0.016
Glucose 0.049 0.045
Galactose 0.038 0.035

It was found that fenugreek seeds contained sucrose, glucose, and ga-
lactose involved in the Maillard reaction, with an insignificant reduction in
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their quantity after heat treatment. However, as these sugars have weak acti-
vity, it can be assumed that the Maillard reaction cannot cause essential
change in the taste and flavor properties of the raw material. An insignificant
change in the fenugreek seeds color can be attributed to the content of galac-
tose in it, which is a hexose with highest ability to form brown pigments.

It is worth to be assumed that change in the product flavor and taste is cau-
sed, by far and large, by the fatty acid composition of the seeds and its change
in time of heating. The produced chromatograms are presented in Figure 1.
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a) Before heat treatment b) After heat treatment
Figure 1. The fatty acid composition of fenugreek seeds before and after heat treatment

The above given data demonstrate changes of the peaks No 6, 11, 13,

16 upwards, and changes of peaks No 12, 14, 17 downwards. The fatty acid
composition of fenugreek seeds is shown in Table 3.

Table 3

The fatty acid composition of fenugreek seeds before and after heat treatment

Concentration, g/100g of product
Fatty acid before | after
heat treatment

Lauric 0.070 0.065
Lauroleic 0.017 —
Myristine 0.491 0.752
Myristolein 0.068 0.154
Pentadecane 0.113 0.117
Nerve 0.035 0.067
Palmitic 9.823 11.368
Palmitoleic 0.602 0.207
Margarine 0.487 0.498
Heptadecene 0.262 0.384
Stearin 4215 4.078
Elaidin 17.651 17.790
Oleic 0.354 0.467
Linolelaidine 43.343 41.517
Linoleic 1.579 0.830
Arachinic 1.255 0.851
v-linolenic 18.643 19.951
o-linolenic 0.073 —
Geneukosan 0.064 —
Behenic 0.469 0.410
Digomo-y-linolenic 0.092 —
Arachidonic 0.293 0.494
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The results of testing show that fenugreek seeds contain 22 fatty acids,
which are mostly saturated fatty acids. It should be noted, however, that their
quantity is insignificantly higher than the one of mono- and polyunsaturated
fatty acids. Monounsaturated fatty acids include lauroleic, myristolein, nerve
(omega-9), palmitoleic, heptadecene, elaidin (omega-9), oleic (omega-9)
acids. They largest share of them is with elaidin acid (17.7 % of the total
mass of all the fatty acids). Polyunsaturated fatty acids include linolelaidine,
linoleic, y-linolenic, a-linolenic, digomo-y-linolenic and arachidonic acids,
with the prevalence of linolelaidine (43.3 %) and y-linolenic (18.6 %) acids.
Of the saturated acids, the following ones were found: lauric, myristine,
pentadecane, palmitic, margarine, stearin, arachinic, geneukosan, behenic,
with larger shares of palmitic (9.8 %) and stearin (4.2 %) acids. In overall,
the content of polyunsaturated fatty acids is nearly twice higher in fenugreek
seeds than the content of monounsaturated and saturated ones.

Heat treatment results in the increased content of the following acids:
myristine, myristolein, pentadecane, nerve, palmitic, margarine, heptadecene,
elaidin, oleic, y-linolenic and arachidonic acid. A relatively higher quantitative
increase was found only for palmitic (from 9.8 to 11.4 %) and y-linolenic
(from 18.6 to 20.0 %) acid. Yet, some of the fatty acids could not be identified
after heating, namely: lauroleic, a-linolenic, geneukosan and digomo-y-lino-
lenic acid. Most part of them is monounsaturated, thus confirming that heat
treatment of the seeds prior to making products thereof is not advisable.

It is known that heat treatment leads to the formation of free fatty
acids and secondary products of oxidation, which may cause the increasing
content of some fatty acids. It should be assumed that the increased content
of palmitic acid may result from the interaction of synthetase (palmityl syn-
thetase) contained in higher fatty acids with glucose; the quantity of y-linol-
enic acid changed due to the interaction of linoleic and a-linolenic acids [19].
As regards the changed taste and aromatic properties of fenugreek seeds
(the occurrence of the mushroom flavor and the enhanced better taste), this
may be caused by the enzyme oxidation processes provoked by tempe-
rature. It is known that most part of the fatty acids have no specific taste or
smell, but their oxidation can result in the formation of aromatic substances
that have effects for organoleptic properties of a finished product or raw
material. According to data from literary sources, the mushroom smell is cau-
sed by the organic compound 1-octen-3-ol formed in the process of oxide-
tion decay of linoleic acid under the impact of hydroperoxide lipases [20].

Conclusion. Fenugreek seeds contain the substances giving it bitter
taste. Technical means often used to reduce the bitterness in beans did not
demonstrate the expected results, as the bitterness became even more persis-
tent. It was found, however, that the temperature effect made seeds change
their smell that became mushroom-specific.

It is revealed that the reaction of melanoid formation could not have
essential effects for the taste and flavor of the seeds.

The assumption that the changed the amino acid composition after
heat treatment of the seeds has effects for their organoleptic properties could
be confirmed. 22 fatty acids were identified, with the prevalence of elaidin,
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linolelaidine, y-linolenic, palmitic and stearin acids. The quantity of poly-
unsaturated fatty acids exceeds the content of monounsaturated and satu-
rated one by 1.7 times. Heat treatment changed the fatty acid composition
by increasing the quantities of palmitic and y-linolenic acids. The reduced
quantity of linoleic acid resulted from its oxidation processes due to the
effect of hydroperoxide lipases and the formation of the compound 1-octen-
3-ol that might cause the mushroom-specific smell of the product.

Further research is expected to focus on finding ways to produce
milk analogues from fenugreek seeds without its heat treatment (frying) and
other methods for suppressing specific smell and taste.
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IHocTanoBka nmpodsjemu. Ha BuOip criokuBadviB BIUIMBA€E 0arato YHMHHHKIB, OJ-

HUMH 3 BUPIMIATEHUAX € CMAK Ta apoOMaT Xap4doBHUX MPOIYKTiB. Lli MOKa3HUKH, CBOEIO Uep-
rolo, MEPEeBAXHO 3ajieXaTb BiJg BUAY 1 SIKOCTI CHPOBHHM Ta CIOCOOIB il OOpOOKH.
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Oco0nHBO I1e aKTyaabHO JJI1 BUPOOHMIITBA aHAJIOTIB MOJIOKA POCIMHHOTO TOXOKECHHS
3 MIEBHOTO BHUJY POCIMHHOI CHPOBHMHH, OPTaHOJETITUYHI BIACTUBOCTI SIKOT MOXKYTh 0OMe-
JKATA BXXKUBAaHHS TOTOBOTO MPOAYKTY. HWHI JDOMUTBHMM JUIsi BHPOOHWIITBA AaHAJIOTIB
MOJIOKA POCIWHHOTO TOXOJDKCHHS € BHKOPHCTAHHS HACIHHSA MaXXKUTHUKA TPEIBKOTrO.
Came ToOMy aKTyaJbHUM € JTOCIIKEHHS BIUTUBY TEPMIUHOI OOPOOKH Ha 3MiHHM XiMI9HOTO
CKJIaJly HACIHHS Ma)XUTHUKA IPEIHKOTO Ta (OPMYBAHHS HOTO cMaKy i 3amaxy.

Mema pobomu — MOCIITUTH BILUTUB TEPMiYyHOI OOpOOKH Ha XIMIYHHMIA CKIIaj Ha-
CIHHS TOKUTHUKA TPEIBKOTO.

Marepiaau Ta Metoau. [IpeaMeT TOCTIKCHHS — HACIHHS NANCUMHUKA 2pelb-
K020 BITYM3HAHOTO OX0MkeHHs Bpoxkaro 2019 p. CoproBa unctota cTaHOBUTH 99 %.

MacoBy 4acTKy MOHO- Ta JHMCaxapuAiB HACIHHSA MaXKUTHHKA TPEIBKOTO BU3HA-
YEHO METOJIOM BHCOKOE(EKTHBHOI piAMHHOI XpoMarorpadii, aMiHOKHCIOTHOTO CKJIamy —
PIIUHHO-KOJIOHKOBOIO HOHOOOMIHHOIO XpoMartorpadiero i3 BUKOPUCTAHHSIM aBTOMAaTHY-
HOTO aHaji3aTopa aMmiHOKUCIOT AAA 400 BupoOHmuTBa Gipmu "Ingos — Laboratory
Instruments” (Yexis), )KHPHOKUCIIOTHHIA CKJIaJ — METOZOM ra3oBoi xpomaTtorpadii Ha
xpomarorpadi HRGC 5300 (Itamnis).

Po3paxyHKku TpOBOAMIM Ha CyXy pPEUYOBHHY TPOAYKTY, TOOTO 3 ypaxyBaHHIM
BUTIAPOBYBAHHS BOJIOTH.

PesysabTaTu pociaigxkeHHs. BuszHaueHo, 10 BIUTUB TeMIIEpPaTypu OOYMOBIIOE
NIEBHI 3MiHM 3aMaxy HaCiHHsA, 30KpeMa MPOAYKT HaOyBae BUPAKEHOTO TPHOHOTO BiATIHKY.

BcranoBieHo, 10 MpOTiKaHHS Peakilii MEJIAaHOIIMHOYTBOPEHHSI HE MOTJIO CYTTEBO
BIUTMHYTH Ha CMakK 1 apoMaT HaCiHHS.

Y HaciHHI i1eHTH(}IKOBaHO 22 KUPHI KUCIIOTH, 3 IKHX IIEPEBAKAIOTH CJIaiIMHOBA,
JHOJENAITNHOBA, TAMMAa-JIIHOJICHOBA, MaJbMITHHOBA Ta CTEApUHOBA. 3MIHU B YKHPHO-
KHCJIOTHOMY CKJIaJIi MTiCJIsl TEIUIOBOi 00pOOKH AEMOHCTPYIOTH 301IbIICHHS MajdbMiTHHOBOI
Ta TaMMa-JIIHOJICHOBOI KHCJIOT. BimOyiiocs 3MEHIIEHHS JIIHOJIEBOI KHUCIIOTH, IO TOB’S-
3aHO 3 MPOIlecaMy ii OKUCHEHHS TiJ| JI€I0 TiIPONEPOKCHIHMX JIiNa3 Ta YTBOPEHHSI CIOYKU
1-okten-3-o1.

BucnoBku. JlocaiDKeHHIMH aMiHOKHCIIOTHOTO CKJIAay HACIHHA TMa)XUTHUKA
TPEIbKOTO Ta CKIIaAy MOHO- Ta JTUCaXapHIiB BU3HAYUCHO, IO MPOTIKAaHHA peakiii Maiispa
CYTTEBO HE BIUIMBA€E Ha 3MiHM CMaKOBHX 1 apOMATUYHHX BJIACTUBOCTEH CHPOBHHH.

[IpurymeHns, Mo 3MiHH Y JKAPHOKHCIOTHOMY CKJIal MICISA TEPMIYHOI 0O0pOOKH
HACIHHS BIUIMBAIOTh HAa HOrO OPraHOJICIITHYHI IMOKA3HUKH, IATBEPHKEHO. [neHTrdikoBaHo
22 xupHi KucnoTe. KinbKicTh MONMIHEHACHYCHUX JKHUPHHUX KUCIIOT TMEPEBaXKa€ BMICT MOHO-
HEHACHYEHUX 1 HacmdyeHuX y 1.7 pa3a. 3MCHIICHHS JIHOJICBOI KHUCIOTH TIOB’s13aHE 3 TIPOIIe-
caM¥ 11 OKUCHEHHS ITiJ] €10 TiPOTICPOKCHIHIX JIIa3 Ta YTBOPSHHS CITOMYKH 1-OKTeH-3-071.

Knwouoesi cnosa: aHasoru MojoKa pOCIMHHOTO MOXOKEHHS, >KUPHOKUCIOTHUMI
CKJIQJI, Hamii, SKiCTh, aMiHOKUCJIOTHHH CKJIaJI, CMaK, 3amax, CII0KHUBay, peakilis Matisipa.



