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EVALUATION OF THE BIOCHEMICAL COMPOSITION AND NUTRITIONAL VALUE
OF GAMMARUS

Abstract: Gammarus sp. is a promising resource for aquaculture due to its high protein, lipid, and
carbohydrate content, along with its environmental purity. This study compared the biochemical composition
of gammarus collected from five water bodies in Northern and Eastern Kazakhstan to evaluate its nutritional
value and potential for feed industry applications. Protein content in the samples ranged from 40.96% to 50.3%,
lipids from 6.57% to 9.20%, and carbohydrates from 13.74% to 21.69%. On average, gammarus had an energy
value of 324 kcal/1355 kJ per 100 g of dry weight. In modern aquaculture, finding sustainable and cost-effective
protein sources for high-quality feeds is critical. Gammarus is distinguished by its unique composition, which
contains rare amino acids, vitamins, and minerals that are either absent or present in trace amounts in
fishmeal. Biochemical analysis determined the content of protein, lipid, carbohydrate, ash, and moisture using
standard laboratory methods, with energy values calculated based on macronutrient composition. Overall,
gammarus proves to be a valuable and sustainable resource for enhancing feed quality in aquaculture,
promoting more efficient and eco-friendly feed production.

Key words: Gammarus, nutritional value, aquaculture, biochemical composition, biomass.
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Introduction

One of the promising directions in biotechnology is the extraction of biologically active
substances from aquatic organisms, which contain a wide range of unique components with valuable
properties. The main objects for obtaining nutrient complexes used in food and feed products are
commercially harvested and cultured marine and freshwater crustaceans, including crabs, shrimp,
lobsters, crayfish, krill, and others [1]. Due to the high cost of fish meal in fish diets, utilizing more
affordable protein sources can lower diet formulation costs and potentially increase profits for
manufacturers [2]. Gammarus meal is known for its beneficial amino acid profile and high protein
and lipid content, making it a valuable resource for aquaculture feed [3].

Aquaculture success is influenced by factors such as species, food, water quality, and their
interactions. Feed costs represent a significant portion of aquaculture economics, accounting for
about 50% of total expenses. When formulating mixed feeds for fish, both animal and plant raw
materials are utilized, with animal-derived proteins offering essential amino acids like methionine,
lysine, and tryptophan, which are lacking in plant proteins. Additionally, animal-based raw materials
are rich in minerals [4]. This approach can help decrease reliance on fishmeal while ensuring the
production of more economically viable and environmentally sustainable products [5, 6].

For all these reasons, gammarus is considered a promising feed supplement in aquaculture,
even though its use in such industries has not yet been widely implemented [7]. Additionally, it
presents a cost-effective and excellent alternative to fish meal in fish diets [2]. Gammarus has been
utilized as an alternative to animal protein in the diets of various high-value fish species, including
Caspian roach, African jewelfish, Siberian sturgeon, Caspian salmon, common carp, rainbow trout,
and Nile tilapia [8-16].

This study aimed to perform a comparative analysis of specific biochemical characteristics of
Gammarus sp., collected from five lakes in Northern and Eastern Kazakhstan. The findings may
contribute to improving the use of aquatic biological resources in Kazakhstan's water bodies for the
development of high-quality aquaculture feeds. Furthermore, the identified biochemical traits could
serve as chemotaxonomic markers to assist in the identification and classification of species and
populations.

Materials and Methods

Sampling of Gammarus sp. was conducted in 2024 at five water bodies: four located in
Northern Kazakhstan (Lake Gorkoye, Lake Bolshiye Slivki, Lake Borovskoye, and Lake Prudok) and
one in Eastern Kazakhstan (Lake Khomutino). Samples of gammarus were collected from three
stations at each water body.

Table 1 — Location of the studied water bodies

Lake District Date Latitude Coordinates | Longitude Coordinates
Gorkoye Kyzylzharsky October, 2024 54°56'55.70" N 68°57'20.23" E
Bolshiye Slivki Zhambylsky October, 2024 54°41'58.77" N 67°48'07.10" E
Prudok Uzyunkolsky October, 2024 54°33'33.29" N 65°47'33.02" E
Borovskoye Mendykarynsky October, 2024 53°47'47.44" N 64°08'33.53" E
Khomutino Akkuly October, 2024 51°40'16.1" N 77°28'02.1" E

Methodology for Sample Collection. Gammarus specimens were collected using a conical
net 2.0 m in length with an entrance ring diameter of 0.5 m, made of mesh material with mesh sizes
No. 10-12. All collected samples were preserved for subsequent laboratory analysis to assess the
population characteristics of gammarus in the studied water bodies, as well as to determine the
biomass and productivity parameters of this species. The nutritional value of gammarus from the
water bodies was evaluated using standardized biochemical methods in the accredited laboratory of
LLP «Erkin Talgam» (Almaty).

The content of nutrients in gammarus was determined according to the following GOST
standards: moisture content — GOST R 54705-2011 [17], ash content — GOST 32933-2014 [18],
nitrogen and crude protein content — GOST 13496.4-2019 [19], crude fat content — GOST 13496.15-
2016 [20], cesium Cs-137 content— GOST 32161-2013 [21], strontium Sr-90 content— GOST 32163-
2013 [22]. Carbohydrate content was determined using a calculation method by subtracting the total
content of proteins, fats, ash, and moisture from the dry matter weight, while the energy value was
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calculated based on the content of proteins, fats, and carbohydrates using standard caloric
coefficients [23].

Results and Discussion

Analysis of the collected data revealed that the biomass of gammarus populations in the
studied water bodies ranged from 4.66 + 2.18 g/m2 (Lake Borovskoye) to 10.45 + 3.12 g/m2 (Lake
Khomutino). The corresponding productivity values varied from 93.2 + 43.55 kg/ha to 209.0 + 56.12
kg/ha. The results of biomass and productivity assessments for gammarus populations are
presented in Figure 1.

Productivity (kg/ha)

0

Figure 1. Biomass and productivity of ga'mmarus popUIations in the studied Lakes
1 - Gorkoye, 2 — Bolshie Slivki, 3 — Prudok, 4 — Borovskoye, 5 — Khomutino

Characterization of the biochemical composition of gammarus from different populations. The
determination of moisture content and organic matter composition is a crucial step in the biochemical
analysis of gammarus individuals from various populations. The results of selected biochemical
characteristics of gammarus, calculated per 100 g of dry weight, are presented in Figure 2.

5ot

0

Figure 2 Comparison of general chemical composition between lakes
1 — Khomutino, 2 — Gorkoye, 3 — Bolshie Slivki, 4 — Borovskoye, 5 — Prudok

A comparative analysis of the average protein content in 100 g of dry mass of gammarus
from five populations revealed that the highest protein levels were observed in samples from Lake
Khomutino (50,3+1,46%), while the lowest protein content was recorded in samples from Lake
Prudok (40,96+1,20%). The average protein content across all five populations indicated a high
overall protein level of 45,4+1,2%.

In several studies, gammarus has been utilized as a feed additive to improve growth rates
and biochemical parameters in aquatic organisms. For instance, Kovalev et al. (2021) investigated
the effects of experimental feed formulations containing gammarus on the growth and biochemical
characteristics of the Far Eastern sea cucumber (Apostichopus japonicus). The study demonstrated
that feed supplemented with gammarus (50 g per 1 kg) resulted in a maximum weight gain of juvenile
sea cucumbers, achieving a 775% increase over three months of the experiment, which was 2.7—
3.3 times higher compared to control groups [24].

A comparative analysis of lipid content in 100 g of dry mass of gammarus from five
populations revealed that the highest lipid level was observed in samples from Lake Prudok
(9,20+0,83%), while the lowest was recorded in Lake Bolshiye Slivki (6,57+0,70%). The average
lipid content across the samples was 7,75+0,81%.

Gammarus is recognized as a valuable source of polyunsaturated fatty acids (PUFAs) and
carotenoids, making it a promising resource for the feed industry. According to studies, its chemical
composition varies significantly depending on habitat conditions. For instance, the study by

ISSN 2788-7995 (Print) [IIokopiM yHHBEpCUTETiHIH XabapIubichl. TexHukanbIk FeutbiMaap Ne 2(18) 2025 202
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(18) 2025



Makhutova et al. (2016) demonstrated that in predator-free water bodies, the DHA content in
gammarus was 1.5 times higher compared to water bodies with fish, a difference attributed to dietary
shifts and changes in the organism's energy expenditures [25].

The ash content, reflecting the mineral composition of gammarus, was highest in samples
from Lake Bolshiye Slivki (24,09+0,01%) and lowest in samples from Lake Prudok (19,58+0,01%).
The average ash content across all populations was 21,82+0,01%.

The highest carbohydrate content was observed in samples from Lake Prudok
(21,69+1,08%), while the lowest value was recorded in Lake Khomutino (13,74+0,69%). The
average carbohydrate content among the samples was 17,30+0,86%.

The analysis of moisture content in 100 g of dry mass of gammarus collected from five
different populations demonstrated moderate variation among the samples. The highest moisture
content was observed in samples from Lake Prudok (8,57+0,86%), whereas the lowest was recorded
in samples from Lake Khomutino (7,32+0,73%). The average moisture content across the studied
populations was 7,93+0,78%, indicating a characteristically low hydration level of gammarus,
consistent with its biological traits under dry mass analysis conditions.

The energy value of gammarus, calculated per 100 g of dry mass and presented in Figure 3,
showed variability among populations, likely influenced by ecological and biochemical habitat
characteristics. The highest energy value was recorded in samples from Lake Khomutino (336
kcal/1406 kJ), reflecting a high content of energy-dense components. The lowest value was
observed in samples from Lake Bolshiye Slivki (307 kcal/1284 kJ), potentially attributed to local
abiotic factors. Samples from Lakes Borovskoye and Prudok exhibited identical values (333
kcal/1393 kJ), suggesting similar environmental conditions in these habitats. Samples from Lake
Gorkoye displayed intermediate values (311 kcal/1301 kJ). The average energy value across all
studied populations was 324 kcal/1355 kJ, confirming the high nutritional potential of gammarus.

0 a ) B L - )

Figure 3 — Energy value of gammards from various lakes
1 — Khomutino, 2 — Gorkoye, 3 — Bolshie Slivki, 4 — Borovskoye, 5 — Prudok

Previous studies, such as those by Barrento et al. (2009), demonstrated that marine
crustaceans, including Homarus gammarus and Homarus americanus, contain significant amounts
of protein (up to 18% in muscle tissue) and lipids (up to 25,5% in the hepatopancreas). These
findings emphasize the importance of crustaceans as sources of protein and energy. However,
gammarus, with its higher protein content (up to 58%) and lower lipid levels (approximately 12%),
offers distinct advantages for applications in the feed industry [26].

Radiological evaluation confirmed the absence of strontium — 90 and cesium — 137, indicating
favorable radiation conditions in its habitats. These results validate the safety of gammarus regarding
radioactive contamination, enabling its use as raw material for feed and supplements without the risk
of radionuclide accumulation. The environmental purity of gammarus makes it an appealing product
for international trade, where compliance with radiation safety standards is a mandatory requirement.

Conclusion

The findings of this study substantiate the significant potential of Gammarus sp. as a natural
component for feed production in aquaculture. Biochemical analysis revealed high concentrations of
essential nutrients, including proteins, lipids, carbohydrates, and mineral compounds. The highest
energy value of gammarus, recorded in samples from Lake Khomutino (336 kcal/1406 kJ per 100 g
dry weight), underscores its promising role as an energy source for aquatic organisms. Furthermore,
the environmental purity of gammarus, evidenced by the absence of radionuclides such as strontium
— 90 and cesium — 137, ensures its safety and ecological sustainability.These results broaden the
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potential applications of gammarus not only within the domestic market of Kazakhstan but also as a
competitive product in the international arena. Its high caloric content and comprehensive nutritional
profile position gammarus as a valuable bioresource for both agriculture and aquaculture, facilitating
the development of high-quality and competitive feed products. The consistency of gammarus
chemical composition across various ecological habitats indicates its adaptive potential and stable
guality. In conclusion, gammarus has the capacity to serve as a critical dietary component for
valuable fish species, thus reducing aquaculture’s reliance on conventional feed sources. The
integration of gammarus into aquaculture feed chains not only offers economic benefits but also
promotes the transition to more ecologically sustainable production methods. Further research is
recommended to optimize the collection and processing technologies for gammarus, which could
further enhance its viability as a key resource in feed production.
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OLIEHKA BUOXUMUYECKOIO COCTABA U NULLEBOWU LEHHOCTU FAMMAPYCA.

lammapyc siensemcsi MepcriekKmueHbIM pecypcoMm Ofisl akeaKynbmypbl 6r1azodaps 6bICOKOMY
codepxxaHuro b6ernkos, nunudos u yarneeodos8, a makxe akoroaudeckol yucmome. B amom uccrnedosaHuu
cpasHusarica 6buoxumu4deckuli cocmae eammapyca, cobpaHHo20 8 nsamu eodoemax CesepHoz0 U
BocmouHozo KasaxcmaHa, Ymobbl oyeHUmb €20 numamesibHy UeHHOCMb U nomeHuyuan O51s IpUMeHeHUs
8 Kombukopmosol npombiwieHHocmu. CodepxaHue bernka 8 obpasuyax eapbuposasniocs om 40,96% do
50,3%, nunudos — om 6,57% 0o 9,20%, yaneeodos — om 13,74% 0o 21,69%. B cpedHem sHepeemuyveckas
ueHHocmb e2ammapyca cocmaensana 324 kkan/13556 k[x Ha 100 e cyxoeo eeca. B cospemeHHOU
akeaKkyrbmype [MOUCK ycmoU4uebiX U 3KOHOMUYECKU 3heKkmueHbIXx UCmo4YHUKog bGernka Ons
8bICOKOKaYeCIMBEHHbIX KOPMO8 UMeem pewarowee 3HadeHue. [ammapyc omaudaemcsi C8OUM yHUKasbHbIM
cocmaesom, codepxaujum pedKue aMUuHOKUCIOMbI, BUMaMUHbI U MUHeparibi, KOmopble He 8CmMpeYyaromcs unu
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npucymecmeyrom 8 MUHUMaIIbHbIX Kofiudecmeax 8 pblbHOU Myke.. BkriroueHue eamMmapyca 8 cocmae KopMos
MOXem 3Ha4yumeslbHO [08biCUMb UX MUMmMamesbHylo UeHHOCMb, 4mo Oeflaem €20 He3aMeHUMbIM
UCMOYHUKOM 6esika U Opyaux XU3BHEHHO 8aXXHbIX nMumamersibHbiX seujecms. Llenbto uccnedosaHusi 6biio
OUEeHUMb rumamersibHyo U 3HEP2EMUYECKYH0 UEHHOCMb 2aMMapyca 8 pPas/iudyHbIX 9KOI02UYECKUX YCITOBUSIX.
B xo0e 6uoxumuyeckoeo aHasnusa b6birio onpedesnieHo codepxaHue berikos, nunudos, yarnegodos, 301bl U
enaau cmaHOapmHbiMU f1labopamopHbIMU MemodaMu, a SHep2emu4Yeckasi UeHHocmb bbifia paccyumaHa Ha
OCHOBe cocmaesa MakpoaneMmeHmos. B uenom, czammapyc 3apekomeHdos8an cebsi Kak UeHHbIl U ycmolyusbll
pecypc 08 nosbIWEHUsT Kadecmea KOpMo8 8 akeaKyrnbmype, crnocobecmesyrowjuli 6onee aghghekmugHoMy u
9KOJ102U4YHOMY MPou3800CM8Y KOPMOS.

Knrodesble cnoea: Nammapyc, nuweeass UeHHOCMb, akeakynbmypa, buoxumudeckul cocmas,
buomacca.
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FTAMMAPYCTbIH BUOXUMUATBIK K¥PAMbI MEH KOPEKTIK K¥YHAObIJbIFbIH BAFAJTAY

lammapyc akybi30apibiH, nunudmepliH XoHe KemipcynapOblH Kern Mesiuepi MeH 3KO02usifibiK
maa3aribifbIHbIH apKacbiHOa akeaKynbmypa yWwiH nepcriekmusasbsi pecypc 6osbin mabbinadsl. byn 3epmmey
Conmycmik xeHe Llbirbic KaszakcmaHHbIH 6ec cy aliObiHbiHOa XXUHalFaH 2ammapycmbid OGUOXUMUSIIBIK
KypaMbIH carbiCmbipbir, OHbIH KOPEKMIK KYHObIbIFbI MEH Kypama XeM eHepkKacibiHOe KondaHy aneyemiH
baranadebl. Yneinepdeai akybi3 menuwepi 40,96%-0aH 50,3%-ra deliH, nunudémep 6,57%-0aH 9,20%-ra OeliH,
kemipcynap 13,74%-0aH 21,69%-ra OeliiH aybimkbiObl. Opmalua anraHOa, 2aMmMapyCmbiH 3Hep2emuKasblK
moHi 100 2 Kyprak canmakka 324 kkan/1355 k[]x Kypalbi. Kasipei akeakynbmypada Xofapbl canarbl adbifbl
YWiH mypakmbl xoHe yHemOi akybi3 ke30epiH maby eme MaHbIi30bl. [ammapyc cupek ke3decemiH
aMUHKbIWKbINOapkl, 0opymeHOep MeH MUHepandaplaH mypambiH epeKkuwe KypaMmbIMEH epekweneHedi, onap
banbik yHbiHOa Ke3decnelidi Hemece a3 menuwepde bonadbl. [ammapycmbi a3biKKa KOCy onapObiH maramOblK
KYHObINbIFBIH alimapribikmat apmmbipybl MyMKiH, 6y OHbl aKybi30blH XoHe 6acka 0a MaHbI30bi KOPeKMmiK
3ammapdbiH manmeipMac Kes3i emeldi. 3epmmeydiH MaKkKcambl apmypri 3Kono2usifblK xardalinapda
2aMmMmapycmblH KOPEKMIK XoHe 3sHepaemukarnblK KyHObINbIFbIH b6aranay 605ndbl. buoxumusineik manday
b6apbicbiHOa aKybi30apObiH, nunudmepdid, KemipcynapObiH, KynodinikmiH XoHe bliFandbiH Kypambl
cmaHOapmmbl  3epmxaHanblk ~ adicmepMeH  aHbliKmanobl,  an  3HepeemukarsblK  KYHObIIbIfbI
makpoanemeHmmepOiH Kypambl HeziziHOe ecenmendi. XKanne! anraHda, 2ammapyc akeakynbmypadarbl a3blK
carnachblH XakKcapmy YWwiH muimOi XoeHe 3KOMo2aussblK masa asblK eHJOIpiciHe yrnec KocambiH KyHObl XoHe
mypakmabi pecypc eKeHiH 0arnendedi.

TyliH ce3dep: Mammapyc, Kopekmik KyHObIbIFbI, akeakyibmypa, 6UOXUMUSITIbIK KypaMsl, 6uomacca.
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KAYECTBO NEPEPABOTAHHbIX MPOAYKTOB U3 KO3JNATUHDbI

AHHOmMauyusi: Hecmompsi Ha mo, 4mo nepepabomaHHbie NPOOyKmMbI U3 MSCa KO3MSMUHbI MeHee
ronynsipHbl, YeM KOHUHa, 208510UHa Uiu MSICO MMuubl, U 4acmo 80CMPUHUMAlOMCS KaK 8MmopoCcmereHHbIe,
OHU Ueparom eaxHyr posib 8 MUpPosoM rnompebneHuu msca. B cmambe npedcmasneH kpamkuil o0630p
r1020/108b51 KO3 U COCMOSIHUS riepepabomku KoansmuHbl 8 KasaxcmaHe. Takxe 0606uwieHbl riocrieGHuUe
uccrnedosaHusi, MOCBSWEHHbIE rnepepabomke Msica KO3/ISIMUHbLI, C aKUeHmMoOM Ha @U3UKO-XUMUYeCKUE
XapakmepucmuKku, CEHCOPHOe Kayecmeo, MUkpobuososudeckue rokazamersiu u 8ornpockl 6e3zonacHocmu.
Paccmampuearomcsi OCHOBHbIe 8b1800bI U ePCreKMuBHble HarnpaesfieHuUs pas3eumusi npoudsodcmsa,
nepepabomku U KOMMepPYecKo20 nomeHyuana rnpodyKyuu u3 Ko3nismuHbl. Ommedaromcsi 803MOXHOCMU
ousepcuchukayuu accopmumeHma U [MO8bIWEHUsT PbIHOYHOU rpuenekamesribHOCmuU makux npodyKmos.
lMepepabomka msica ebibpaKoBaHHbIX XUBOMHbIX Mnpedcmasnsgem cobol nepcrnekmusaHbili  crnocob
UCIMOMb308aHUSI CbIpbsi C HU3KOU PbIHOYHOU UEHHOCMbIo. Hekomopbeie eulbl npodyKyuu, makue Kak
epmeHmupogaHHble Konbackl, KOM4YéHble Ho2u U nawmemsl, obnadarom 6bICOKUM KOMMEPYECKUM
riomeHyuasnom u xopouweti nompebumernsckol rnpuemmnemocmbro. OOHUM U3 NepCrieKMuUHbIX HarpasieHul
uccredosaHuli 8 nuuwesol NMPoMbIWIEHHOCMU S8fisiemcs pa3pabomka HO8020 MOKOeHUs MPoOyKmMos U3
KO3MSIMUHbI 8 Kadecmee (DyHKUUOHalIbHbIX MUUWEBLIX MPOOYKMOos8, coomeemcmsyowux mpebosaHusm
rMocCMosiHHbIX UHHOBauul 8 MsicHoU ompacnu. Bonpocbkl, cesi3aHHble ¢ obecrieyeHuem nuueeol
6e3onacHocmu, ocmarmcsi akmyarnbHbiMUu U mpebyrom ocoboeo 8HUMaHUsi 8 OyOyujux Hay4yHbIX U
mexHoI0au4ecKux paspabomekax.

Knroyeenle crioea: o20s108b€ K03, KO3/1simuHa, nepepabomeka rnpodykmos, kadecmaea.

BBepneHue

Msco sBnAeTcs He3amMeHWMbIM MPOAYKTOM MWUTaHUS, BbICOKO LEHUMbIM 3a CBOK
nuTaTenbHyo LeHHOCTb. OfHaKo >XMBOTHOBOAYECKUM CEKTOP MPU3HAH OOHUM W3 3HAYMMbIX
dakTopoB, crnocobcTeytowmx rnobanbHomy notennenuto [1, 2]. B cBA3n ¢ 3aTum BO3pacTaet
Heob6xoaNMMOCTb Nepexoaa K 6onee aKoNorMyHbIM crocobam Npor3BoacTBa MsAca.

Kosa cumMtaeTca MHOrogyHKUMOHANbHbIM XUBOTHbIM U CTAbWUNbHLIM WUCTOYHMKOM MSCa,
obnagaloWwmnmM xapaktepuctukamu, mgearnbHO NOOXOAAWMMM 4SS YCTOMYMBOro MNpomn3BOACTBA
KpacHOro msica. 3TW XMBOTHbIE JIErko adanTUPYHTCS K SKCTPEMarbHbIM YCIOBUSIM, OTRMYaloTCs
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