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Abstract: The traditional approach to assessing the quality of nutrient bases involves a determination of ami-
no nitrogen and acidity. The disadvantage of this approach consists in a lack of information, i.e. an inability to
detect antibiotics, growth inhibitors and other undesirable compounds. In this regard, more modern and in-
formative methods are required to control the technological process of preparing the nutritional basis and
therefore the quality of the products obtained. The aim of this work was to study the physicochemical proper-
ties of nutrient bases made from sea and river fish and squid using new approaches (NMR spectroscopy). The
following raw materials were used: herring (1), roach (2), pollock (3), squid (4). The raw materials were subjected
to enzymatic hydrolysis by the pancreas (according to Hottinger). The qualitative composition of the organic
component of hydrolysates (1-4) was determined by H, 13C and >N NMR spectroscopy. All of the TH NMR
spectra had the same appearance, typical of mixtures of amino acids or amino acid sequences. In the high-field
part (0.9-2.5 ppm), a set of multiplets was observed, characteristic of aliphatic fragments of molecules. Since
most of the signals in the H NMR spectra partially overlap, a quantitative assessment of the composition of the
organic component appears impossible. All four samples can be confirmed as being qualitatively similar without
isolating the dominant compound. Analysis of 2D NMR spectra revealed the presence of the following free ami-
no acids in mixtures of samples (1-4): alanine, valine, threonine, arginine, lysine, leucine, methionine, phenylal-
anine and glycine. The use of NMR spectroscopy demonstrated that any discrepancies in the component com-
position of hydrolysates (1-4) were insignificant, allowing manufacturers of nutrient media to choose the most
affordable raw materials. The obtained data appear to be applicable for controlling the technological process of
preparing the nutrient bases and determining the quality of the resulting products during storage.
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Pe3srome: TpaduyuoHHbIM MOOX000M K OUEHKe Kadyecmea numamersibHbIX OCHO8 Sefiiemcs orpedesieHue
aMuHHO20 a3oma, KucriomHocmu. Hedocmamkom 0aHHO20 nodxoda Serisiemcs e20 HeUHGhoOpMamueHOCMb —
HecrnocobHocmb 8bisisUMb aHmMuUbuomuku, uHeubumopsl pocma u dpyaue HexenamesbHble coeduHeHus. B
amou cesa3u cywecmayem HeobxoOuMOCmb UCM0b308aHUs boriee COBPEMEHHbIX U UHGOpMamueHbIX Me-
modoe 07515 KOHMPOJIsi MEeXHO02UYECKO20 rpoyecca Mpu2omoessieHusi numamesibHbIX OCHO8, a credoesa-
mernbHO, U Kadyecmea ronydaemol npodykyuu. Lenbto daHHoU pabombi 5675710Ck uccriedogaHue hu3uKko-
XUMUYeCKUX ceolicme rnumamersibHbIX OCHO8, U320MO8IIeHHbIX U3 MOPCKOU, peyHou pblbbl U Kanbmapa, uc-
rnonb3ysi Hoeble nodxodk! (SIMP-cnekmpockonusi). bbio ucnonb3oe8aHo credyruwee coipbe: cenbob (1), co-
poea (2), muHmadl (3), kanbmap (4). Cbipbe nodsepzanu chepmeHmamugHoMy 2udposiu3y ¢ MOMOWbo Mod-
enydoyHou xernesbl (no XommuHaepy). Onpedensanu Ka4yecmeeHHbIl cocmag op2aHU4eckol cocmaesisito-
wel eudponusamos (1-4) ¢ nomowbto memoda SIMP 1H, 13C u 15N. Cnekmpbi SIMP *H umenu oduHakosbil
8u0d, munuy4HbIl 05151 cMecel aMUHOKUCIIOM UM aMUHOKUCIIOMHbIX riocriedoeamerisHocmel. B cunbHOMosb-
Hou yacmu (0,9-2,5 m.0.) Habnodarnca Habop Myrnbmuriemos, xapakmepHbili Onsd anugamuvyeckux gpaa-
mMeHmoe morekyn. Tak kak bosbwuHCmeo cueHanos 8 criekmpax AMP *H yacmu4Ho nepekpbigaemcsi, Konu-
4YeCmeeHHYI0 OUEHKY cocmasa opaaHU4YecKol KOMIMOHEeHMb! cdennampe Hesb3s. MoxHo cyOumb 0 kayecmeeH-
HO CX0XeMm cocmase ecex 4Yembipex obpa3yos 6e3 ebidesnieHUss OOMUHUPYOULe20 COeOUHeHUSs. AHanus
2M cnekmpos SIMP noseosnun ycmaHosume nipucymemeue 8 cmecsix obpasyos (1—4) ceob600HbIX aMUHOKUC-
Jlom: anaHuH, 8asluH, MPeOHUH, apaUuHUH, JIU3UH, NelUuH, MEMUOHUH, (heHunanaHuH, anuyuH. lNpumeHeHue
SAMP-cnekmpockonuu nokasasno He3HavyumesibHble PacxoXO0eHUs 8 KOMIOHEeHMHOM cocmage 2udposiu3a-
moe (1—4), ymo daem 803MOXHOCMb U320MOo8UMESAM numamesibHbix cped 8bibupame Haubosee docmyri-
Hoe cbipbe. [NonyyeHHbie daHHble Mo2ym bbimb UCM01b308aHb! 055 KOHMPOSIS MEXHOI02UYECKo20 npouecca
rpu2omoessieHUs1 numamersibHbIX OCHO8 U orpedesieHus ka4ecmea Mnosy4eHHoU npodyKyuu 8 rpouecce ee
XpaHeHUs.

Knroyeenlie crioea: numamersibHasi OcCHo8a, numamersbHas cpeda, SIMP-cnekmpockonusi, pbl6HbIt 2udporiu-
3am, audponuszam XommuHaepa
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INTRODUCTION nutrient bases for microbiological media, other pro-

Nutrient media are an integral component of
microbiological research. Their quality and proper-
ties determine the accuracy and informativity of
bacteriological analysis [1, 2].

To ensure satisfactory growth properties in the
finished nutrient medium, the quality of all compo-
nents included in its composition, in particular, com-
ponents of complex and indefinite composition,
such as nutrient bases, must be controlled [3].

The most common raw materials used as nu-
trient bases in the production of microbiological me-
dia are of animal origin [4]. In the manufacture of

tein sources are applicable as meat substitutes [5, 6].
To date, meat bases, where possible, have been
replaced with fish and casein, as well as their pro-
cessed products. Other raw materials in the pro-
duction of nutrient bases include fish industry
waste, yeast autolysates, blood clots, chicken em-
bryos, as well as plant materials, such as chlorella
algae, peas, soybeans, tung tree fruits, milk whey,
etc. [7-10].

The selection of one or another raw material
in the production of nutrient bases is determined
by the specifics of their application, as well as the

DPU3NKO-XUMHNYECKAA BUONOInA / PHYSICOCHEMICAL BIOLOGY = 431



Ostyak A.S., Ushakov I.A., Khaptanova N.M., et al. Comparative analysis of...
Ocmsk A.C., Ywakoe U.A., XanmaHoea H.M. u Op. CpaeHuUmenbHbIl aHanus...

cost of the raw material itself. In most cases, nutri-
ent bases made from meat hydrolysates can be
replaced with fish meal hydrolysates (FMH) without
changing the growth properties of the medium [11].
Many manufacturers of domestic dry culture media
have taken this path.

In the manufacture of nutrient bases, quality
control is carried out at all stages of production.
The quality of the finished product is also as-
sessed. The traditional approaches to assessing
the quality of the nutrient base include physico-
chemical studies, such as determination of amine
nitrogen and acidity. The main disadvantage of this
approach lies in incomplete information or, in other
words, the inability to detect antibiotics, growth
inhibitors and other undesirable compounds. Dur-
ing quality control monitoring, deficiencies in nutri-
ent media prepared using such nutrient bases can
appear.

As a consequence of the foregoing, it be-
comes necessary to introduce additional methods
and criteria for assessing the quality of nutrient
bases. This will allow the detection of deviations
from the standard during nutrient base production.
Consequently, the parameters of hydrolysis can be
corrected or the product series can be rejected.

NMR-spectroscopy manifests itself as one
of the promising methods for investigating the
nutrient bases [12]. The method is widely used
in chemistry: by studying the peaks of the NMR
spectra, the structure of many compounds can
be determined [13, 14]. The method is applicable
to uniquely identifying known and new com-
pounds [15]. In the future, the method could be
used for qualitative and quantitative determination
of the composition of nutrient bases, for the de-
tection of foreign substances, as well as for quali-
ty assessment.

The aim of this work is to study the compo-
nent composition of nutrient bases made from sea
and river fish, as well as squid, using new ap-
proaches, namely, NMR spectroscopy.

MATERIALS AND METHODS

The following raw materials were used in the
work: herring, roach, pollock and squid. Without
cleaning the entrails or removing scales, the fish
and squid were cut into large pieces (including
head), weighed and washed with running water.
The chopped material was placed in an enam-
elled or stainless-steel container and distilled wa-
ter added at a ratio of 1.5 | per 1 kg of raw mate-
rial. The raw material was then brought to a boil
and cooked for 20-30 minutes. Cooked raw ma-
terial was removed and crushed together with any
bones and the broth was cooled to 50(%5) °C.

3.5 kg of cooked and crushed raw material
together with 71 of broth was deposited in 20l bot-
tles. Using a 40% sodium hydroxide solution, the
pH was adjusted to a value of 8.0-8.2. Minced
pancreas (1%) and chloroform (1-1.5%) were

added to each bottle. After mixing the contents,
the bottles were closed with rubber stoppers and
placed in an incubator at a temperature of 45(+2) °C
for 10 days. The contents were mixed every
30 minutes on the first day and 3-5 times a day
on the following days. During the first two days,
the pH was adjusted to 7.8—8.0 using a 40% so-
dium hydroxide solution. Amine nitrogen was
measured and recorded daily, and the concentra-
tion increased to 0.4—0.5 %. After the end of the
increase in the concentration of amine nitrogen,
the hydrolysate was filtered. With the addition
of chloroform (1.5-2.0 %), the finished hydrolysate
was capable of storage in a cool place for
6 months.

The qualitative composition of the organic
component of hydrolysates was determined using
the 'H, ¥3C and >N NMR spectroscopy. Native
concentrated samples and samples diluted 10 ti-
mes were studied as follows:

IH NMR spectroscopy. For diluted samples,
IH NMR spectra were recorded. The observed
intense H20 solvent signal was suppressed using
standard techniques [16]. A general view of the
spectra is shown in Figs. 1 and 2.

13C NMR spectroscopy. For concentrated sam-
ples (1-4), the 13C NMR spectra were recorded
under the same conditions, allowing their compari-
son. For the purpose of ensuring the quantitative
integrated signal intensity, a pulse sequence was
applied yielding no signal amplification due to the
Overhauser effect [17].

2D NMR spectroscopy. In order to determine
the amino acid composition, two-dimensional (2D)
correlation NMR experiments were carried out
using standard pulse methods for assigning sig-
nals: COSY and TOCSY - for establishing spin
coupling in proton spectra, H-13C HMBC and
IH-13C HSQC - for assigning signals in the
B3C NMR spectra. 'H-5N HMBC 2D experiments
made it possible to determine the position of the
resonances of free NH2 groups (from -350 to
-335 ppm), which agrees with published data [18].

2D NMR spectra were recorded by DPX400
Bruker pulse spectrometer (*H — 400.1 MHz; 13C —
100.6 MHz; N - 40.5 MHz, respectively). 1D
NMR spectra were recorded by DPX250 Bruker
pulse spectrometer (*H - 250.1 MHz; 13C -
62.9 MHz). Samples with a volume of 0.6 cm?
were transferred into 5 mm NMR tubes from the
provided solutions without the use of deuterated
solvents.

The conditions for recording the 2C NMR
spectra were selected taking an additional compari-
son of the integrated signal intensities into account:
the signal accumulation time comprised 2 s, the
relaxation delay was 10 s and the pulse power and
duration corresponded to a 90-degree pulse. In order
to increase the integration accuracy, 6000 scans
were performed; the recording time for one spec-
trum was 14 hours.
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Fig.1. *H NMR spectra of diluted samples 1-4 (from top to bottom) in the mode of suppressing the H.O
signal (broadened signal in the region of 4.8 ppm is composed by the signal of residual protons H20)

Puc. 1. Cnekmpsbi SIMP 'H pa36aesieHHbix 06pa3yoe 1-4 (ceepxy eHU3) e pexume rnodaesieHUsI cugHa-
na H>0 (ywupeHHbIl cugHan e obnacmu 4,8 M.0. — cuzHan ocmamoy4Hbix npomoHoe H>0)

Fig.2. Fragments of the 'H NMR spectra (high-field part) of diluted samples 1-4

Puc. 2. ®pazmenmsi cnekmpoe SIMP 'H (cunbHonosibHasi Yacmb) pa36aesnieHHbix o6pa3yoe 1-4
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RESULTS AND DISCUSSION

The 'H NMR spectra had the same appear-
ance, typical of mixtures of amino acids or amino
acid sequences. In the high-field part (0.9-2.5 ppm),
a set of multiplets was observed, characteristic of
aliphatic fragments of molecules. Here, sets of dou-
blets characteristic of isopropyl fragments, as well
as complex multiplets of methylene groups, were
clearly revealed. In the region of 2.7-3.5 ppm, sin-
glets are presented, characteristic of OMe and NMe
resonances; the ratio of their integrated intensities
varies from sample to sample. In the spectral range
of 3.5-4.5 ppm, sets of overlapping multiplets char-
acteristic of methine protons at NHz are apparent. In
the region of 4.5-6.7 ppm, resonant signals of sig-
nificant intensity are not detected. In the part of the
spectrum corresponding to the positions of aromatic
resonances, i.e. 6.7-7.6 ppm, in all cases, similar
sets of multiplets are observed.

Since most of the signals in the 'H NMR
spectra partially overlap, a quantitative assess-
ment of the composition of the organic component
appears impossible. The qualitatively similar com-
position of all four samples can be accounted
without isolating the dominant compound.

13C NMR spectra of concentrated samples are
shown in Figs.3and 4. The signals of the same type of
carbon atoms have integrated intensities comparable
with the content of the component mixture present.

The main sets of signals in the spectra are pre-
sented in the range of 10-80 ppm. Here, 50-60 res-
onances of significant intensity are observed demon-
strating the complex nature of the mixture composi-
tion. The specified spectral range includes resonanc-
es of aliphatic amino acid fragments. Based on the
literature and the spectral base of organic com-
pounds of the National Institute of Advanced Indus-
trial Science and Technology (AIST) (www.aist.go.jp;
www.acdlabs.com), the areas responsible for CHNH:

and CH2CHNH: resonances and other structural
fragments of amino acids can be determined [19].
Due to the strong dependence of the resonance po-
sition of the carbon atom (chemical shift (CS)) on the
acidity of the solution [20], an unambiguous de-
termination of specific amino acids according to CS
13C NMR appears to be impossible.

In the spectral region of 125 ppm, for all four
samples, identical sets of signals characteristic of
a para-substituted phenyl ring are observed.

In the range of 175-185 ppm, the 13C NMR
spectrum presents carboxyl group signal sets
(10-12 signals of different intensities), indicating the
presence of COOH quaternary carbon atoms be-
longing to several amino acids in the mixtures. The
determination of CH, CH2CHs and quaternary car-
bon atom signals was carried out using the method
of 3C J-modulation.

Analysis of 2D NMR spectra revealed the pres-
ence of the following free amino acids in mixtures of
samples (1-4): alanine, valine, threonine, arginine,
lysine, leucine, methionine, phenylalanine and gly-
cine. The form (D, L) of these representatives accord-
ing to the available data appears to be impossible to
establish. The total proportion of acids such as histi-
dine, tyrosine and tryptophan does not exceed 5%.

According to the NMR spectra of 'H and 3C,
the differences in the amino acid composition of
mixtures (1-4) were determined to be insignificant.
Glycerin is presented as impurities in sample 1 (her-
ring) (73.1 and 63.5 ppm signals in the 13C NMR
spectrum) and, in samples (2) and (3), the content
of the component is conservative with CS (60 and
157 ppm 13C) and CS 3.3 ppm in H NMR. Based
on the data of 2D spectra, this component is as-
signed to N,N-dimethylcarbamide.

The main results were obtained using equip-
ment from the Baikal Analytical Centre for Collec-
tive Use of the SB RAS.
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Fig.3. *C NMR spectra of concentrated samples 1-4 (from top to bottom)

Puc. 3. Cnekmpbi SIMP '*C koHyeHmpupoeaHHbix o6pasyoe 1-4
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Puc. 4. Cnexmp SIMP °C o6pa3uya 1 (eeepxy — anugpamudeckasi obnacme,
8HU3Y — pe30HaHCbl KapOOKCUbHbIX 2pyni)

CONCLUSIONS

The use of NMR spectroscopy demonstrated
that any discrepancies in the component compo-
sition of hydrolysates prepared from different
raw materials (herring, roach, pollock and squid)
were insignificant, allowing manufacturers of

nutrient media to choose the most affordable raw
materials.

The obtained data appear to be applicable
for controlling the technological process of pre-
paring the nutrient bases and determining the
quality of the resulting products during storage.
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