
Komisja Nauk Towaroznawczych – Nauk o Jakości
przy Oddziale Polskiej Akademii Nauk w Poznaniu

INDEKS 
ISSN 1733-747X

      WYDAWCA:
      Uniwersytet Technologiczno-Humanistyczny im. K. Pułaskiego
      ul. Chrobrego 27, 26-600 Radom
      
      WSPÓŁPRACA WYDAWNICZA:
      Łukasiewicz – Instytut Technologii Eksploatacji
      ul. K. Pułaskiego 6/10, 26-600 Radom

Polskie Towarzystwo Towaroznawcze

TOWAROZNAWCZE

4
(6

5
)/2

0
2

0

 4  (65) 

  2020

PROBLEMY  JAKOSCI
POLISH JOURNAL OF COMMODITY SCIENCE

T
O

W
A

R
O

Z
N

A
W

C
Z

E
  P

R
O

B
L

E
M

Y
  JA

K
O

S
C

I

NAUKI  TECHNICZNE NAUKI  PRZYRODNICZE

NAUKI  EKONOMICZNE

TT
TOWAROZNAWSTWO



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 1 

 
Wydawca: 
 Uniwersytet Technologiczno-Humanistyczny im. K. Pułaskiego,  

ul. Chrobrego 27, 26-600 Radom 
 
Współpraca wydawnicza: 
 Łukasiewicz – Instytut Technologii Eksploatacji,  

ul. K. Pułaskiego 6/10, 26-600 Radom 
 

 1[62]  2020 
 4[65]  2020 



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 2 

Komitet Naukowy/Scientific Committee: 
Prof. Jerzy Żuchowski, Uniwersytet Technologiczno-Humanistyczny, Radom, Polska 
– Przewodniczący Komitetu Naukowego 
Prof. Girma Biresaw, United States Department of Agriculture, Peoria, Illinois, USA 
Prof. Tom Bramorski, University of Wisconsin, Whitewater, Wisconsin, USA 
Prof. Horst Brezinski, Technische Universität – Bergakademie, Freiberg, Niemcy 
Prof. Pasquale Giungato, University of Bari “Aldo Moro”, Bari, Włochy 
Prof. Marcel Mayor, University of Basel, Szwajcaria 
Prof. Mitsuharu Mitsui, University of Okayama, Okayama, Japonia 
Prof. Marian W. Sułek, Uniwersytet im. Kardynała Stefana Wyszyńskiego, Warszawa, Polska 
Prof. Sun Yongqiang, China Research Institute of Daily Chemical Industry, Taiyuan, Shanxi, Chiny 
Prof. Ryszard Zieliński, Uniwersytet Ekonomiczny, Poznań, Polska 

Redaktorzy Naczelni/Editors in Chief: 
Dr hab. inż. Tomasz Wasilewski, prof. UTH, Uniwersytet Technologiczno-Humanistyczny w Radomiu 
Prof. dr hab. inż. Ryszard Zieliński, Uniwersytet Ekonomiczny w Poznaniu 

Redaktorzy Tematyczni/Subject Editors: 
Towaroznawstwo kosmetyków i produktów chemii gospodarczej – dr hab. inż. Tomasz Wasilewski, 
prof. UTH 
Towaroznawstwo opakowań – prof. dr hab. Małgorzata Lisińska-Kuśnierz 
Towaroznawstwo przemysłowe – prof. dr hab. inż. Ryszard Zieliński 
Towaroznawstwo żywności – prof. dr hab. Maria Śmiechowska  
Zarządzanie jakością – prof. dr hab. inż. Jerzy Żuchowski 
Towaroznawstwo wyrobów tekstylnych i odzieżowych, bezpieczeństwo produktów nieżywnościowych – 
dr hab. inż. Renata Salerno-Kochan, prof. nadzw. UE 

Redaktor Statystyczny/Statistical Editor:  
Dr hab. Andrzej Sokołowski, prof. UEK 

Komitet Redakcyjny/Editorial Board: 
Dr hab. inż. Anita Bocho-Janiszewska, prof. UTH, Uniwersytet Technologiczno-Humanistyczny w Radomiu 
Prof. dr Pasquale Giungato, Uniwersytet im. Aldo Moro w Bari 
Dr inż. Emilia Klimaszewska, Uniwersytet Technologiczno-Humanistyczny w Radomiu 
Dr hab. Małgorzata Lotko, prof. Uniwersytet Technologiczno-Humanistyczny w Radomiu 
Dr hab. inż. Anna Małysa, prof. UTH, Uniwersytet Technologiczno-Humanistyczny w Radomiu 
Dr hab. inż. Małgorzata Zięba, prof. UTH, Uniwersytet Technologiczno-Humanistyczny w Radomiu 
Dr inż. Urszula Piotrowska, Uniwersytet Technologiczno-Humanistyczny w Radomiu 

Adres Komitetu Redakcyjnego 
Uniwersytet Technologiczno-Humanistyczny, ul. Chrobrego 27, 26-600 Radom,  
tel. (48) 361-75-39; e-mail: tpj@uthrad.pl, www.tpj.uniwersytetradom.pl 
Redakcja czasopisma „Towaroznawcze Problemy Jakości” informuje, że formą referencyjną czasopisma 
jest wersja drukowana. 
Publikacje można nadsyłać na adres Komitetu Redakcyjnego 
 

ISSN 1733-747X 
 

Wydawca: Uniwersytet Technologiczno-Humanistyczny im. K. Pułaskiego, ul. Chrobrego 27, 26-600 Radom 
 
 
 

Opracowanie wydawnicze: Joanna Iwanowska, Iwona Nitek 
  

Wydawnictwo  
ul. Malczewskiego 20A, 26-600 Radom, tel. centr. (48) 361-70-33, fax (48) 361-70-34 
e-mail: przypis@poczta.onet.pl http://www.uniwersytetradom.pl 

  

Łukasiewicz – Instytut Technologii Eksploatacji 
ul. K. Pułaskiego 6/10, 26-600 Radom, tel. centr. (48) 364-42-41, fax (48) 364-47-65 
e-mail: instytut@itee.radom.pl http://www.itee.radom.pl  

 



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 3 

 
 
 
 
Spis treści 
 
 
 
Przedmowa .........................................................................................................................   5 
 
Henryk Szymusiak: Neurozarządzanie jako naukowe podejście do współczesnego 
 zarządzania zasobami ludzkimi .........................................................................................  11 
 
Jakub Wienskowski: Internalizacja efektów zewnętrznych w europejskim systemie  
zarządzania chemikaliami ..................................................................................................  36 
 
Joanna Witczak: Jakość produktu w kontekście jego efektywności środowiskowej ...........  48 
 
Agnieszka Piotrowska-Kirschling, Joanna Brzeska: Zarządzanie środowiskiem  
na przykładzie zastosowania materiałów polisacharydowych w oczyszczaniu wody ........  60 
 
Agnieszka Palka: Potencjał lodów z mleka koziego na polskim rynku.  
Badania wstępne.................................................................................................................  76 
 
Maria Śmiechowska, Iwona Żeglarska: Zawartość komórek kamiennych w proszku  
kakaowym jako wskaźnik jego jakości. Badania wstępne ...................................................  83 
 
Ewelina Cichocka, Ryszard Zieliński: Aktywność przeciwrodnikowa ekstraktów  
korzenia łopianu .................................................................................................................  91 
 
Małgorzata Zięba, Emilia Klimaszewska, Marta Ogorzałek, Delia Seremak: Ocena 
 jakości szamponów do włosów zawierających związki powierzchniowo czynne  
pochodzenia cukrowego .....................................................................................................  105 
 
 
Informacje TPJ ...................................................................................................................   114  
  



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 4 

 
 
 
 
 
Contents 
 
 
Preface ...............................................................................................................................   9 
 
Henryk Szymusiak: Neuromanagement as a scientific approach to contemporary  
human resources management ...........................................................................................  11  
 
Jakub Wienskowski: Internalization of external effects in the European chemicals 
management system ............................................................................................................  36  
 
Joanna Witczak: Product quality in the context of its environmental efficiency ................  48  
 
Agnieszka Piotrowska-Kirschling, Joanna Brzeska: Environmental management  
through example of polysaccharide materials using in water treatment ............................  60 
 
Agnieszka Palka: The potential of ice cream made from goat milk in Polish market ........  76 
 
Maria Śmiechowska, Iwona Żeglarska: Stone cell content in cocoa powder  
as an indicator of its quality. Preliminary studies ..............................................................  83 
 
Ewelina Cichocka, Ryszard Zieliński: Antiradical activity of burdock roots extracts .......  91 
 
Małgorzata Zięba, Emilia Klimaszewska, Marta Ogorzałek, Delia Seremak: Quality 
assessment of hair shampoos containing sugar-derived surfactants ..................................  105  
 
Information .........................................................................................................................   114 
 
  



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 5 

 
 
P r z e d m o w a 

 
Zgodnie z przyjętym przez Kolegium Redakcyjne długoterminowym planem wy-

dawniczym w połowie października 2020 roku oddajemy do rąk Państwa – naszych czytelni-
ków – sześćdziesiąty piąty numer kwartalnika Towaroznawcze Problemy Jakości (Polish 
Journal of Commodity Science). Wszystkie artykuły są publikowane w angielskiej wersji 
językowej, przy czym każdy artykuł zawiera obszerne streszczenie zarówno w języku polskim 
jak i angielskim. Streszczenia wszystkich prac opublikowanych na łamach kwartalnika w oby-
dwu wersjach językowych dostępne są również na stronie internetowej naszego czasopisma 
pod następującym adresem: http://www.tpj.uniwersytetradom.pl. Ponadto informujemy, że 
obecnie na stronie internetowej dostępne są w formule open-access pełne wersje wszystkich 
artykułów, które zostały opublikowane na łamach naszego czasopisma do roku 2019 włącznie. 

Serię 8 artykułów obecnego wydania naszego czasopisma otwiera praca Szymusiaka doty-
cząca neurozarządzania. W tym zakresie ostatnio znaczne postępy poczyniła neuronika. Za-
stosowania neuronauki w innych dziedzinach niż medycyna wydaje się znajdować się na eta-
pie prenatalnym umożliwiając całkowitą rewizję rozumienia funkcjonowania człowieka  
i podejmowanych przez niego decyzji. Z punktu widzenia nauk społecznych, a zwłaszcza 
dyscypliny nauk o zarządzaniu i jakości ważne jest, aby sprawdzić, czy ten rodzaj wiedzy 
może być przydatny w rozwijaniu zarządzania i zrozumieniu reakcji ludzi. W artykule tym 
Autor traktuje neuronikę i związanie z nią współczesne neurozarządzanie jako nowe narzędzie 
do zarządzania zasobami ludzkimi. Ostatecznym celem tej nowej i szybko rozwijającej się 
dziedziny badań jest zrozumienie procesów behawioralnych i neuronalnych, za pomocą któ-
rych ludzie ustalają komunikację i przekładają te zachowania na optymalne wybory. Wybory 
te dotyczą także postrzegania przez konsumentów jakości wyrobów i usług oraz podejmowa-
nia przez nich decyzji zakupowych.  

Kolejne dwie prace dotyczą zagadnienia jakości środowiska. W pierwszej z nich Wien-
skowski omawia zagadnienie zarządzania chemikaliami i związaną z nim konieczność ochro-
ny jakości środowiska. Autor spogląda na ten problem z perspektywy instrumentów och-
ronnych, ograniczających skutki zewnętrzne powodowane przez substancje chemiczne zawar-
tych w spójnym pakiecie legislacyjnym znanym jako REACH. W pracy zwrócono uwagę, że 
wcześniej dostępne narzędzia nie obejmowały mechanizmu rynkowego, co oznaczało przenie-
sienie skutków obecności w środowisku toksycznych substancji chemicznych na stronę spo-
łeczną. Rozporządzenie REACH chroni nie tylko środowisko ale również zdrowie ludzkie 
poprzez zwrotny transfer kosztów prywatnych, czyli internalizację skutków zewnętrznych 
wywołanych przez przemysł. Zdając sobie sprawę z negatywnego wpływu niektórych chemi-
kaliów na środowisko i zdrowie ludzi, zdaniem Autora możliwe jest wykorzystanie elemen-
tów oceny cyklu życia (LCA) w europejskiej polityce wytwarzania i wprowadzania na rynek 
chemikaliów. 

 Jakość stanowi bardzo ważny atrybut produktu. Coraz powszechniej występujące proble-
my spowodowane wzrostem zanieczyszczenia środowiska sprawiają, że obecnie istnieje pilna 
potrzeba zwrócenia uwagi na te zagadnienia również w odniesieniu do jakości produktów.  
W kolejnej pracy Witczak dokonała przeglądu literatury przedmiotu z zakresu definiowania 
pojęcia jakości produktu przedstawiając zarówno zmiany w podejściu do samego zagadnienia, 
jak i jego ewolucję. Wskazano na potrzebę kompleksowego podejścia do definiowania pojęcia 
jakości produktów obejmującego również aspekty środowiskowe. Pokazano, że jakość jest po-
jęciem interdyscyplinarnym i wielowymiarowym, które ulega przemianom wynikającym  
z dynamicznego rozwoju cywilizacyjnego i związanym z nim zmianom społecznym.  
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Jeden z istotnych elementów procesu zarządzania jakością produktu jest ocena jego cyklu 
życia. Warunki, w jakich nowy produkt jest projektowany, produkowany, sprzedawany i pod-
dawany recyklingowi, zmieniają się z czasem. Dlatego też wszystkie etapy cyklu życia pro-
duktu powinny być zarządzane w sposób ciągły. W kolejnym artykule Piotrowska-Kirschling  
i Brzeska omawiają zastosowanie materiałów polisacharydowych do oczyszczania wody 
zgodnie z zasadami zrównoważonego zarządzania środowiskowego. Obecnie stosowane są 
różnorodne materiały polimerowe, które pod koniec życia mogą zanieczyścić środowisko. 
Autorki zwracają uwagę, że jednocześnie materiały te mogą  zostać wykorzystane do jego 
oczyszczania. W pracy wskazano, że różne tradycyjne układy polimerowe modyfikowane 
polisacharydami mogą przyczynić się do ochrony jakości środowiska wodnego poprzez wyko-
rzystanie ich w procesach oczyszczania wody. 

W kolejnej pracy Palki omawia zalety mleka koziego oraz wyniki badań własnych doty-
czących jakości lodów wytworzonych w skali laboratoryjnej z mleka koziego poddanego  
i niepoddanego hydrolizie laktozy. Przedstawiono wyniki badań własnych dotyczące oceny 
organoleptycznej i fizykochemicznej wytworzonych lodów z mleka koziego, które wykazały 
ich wysoką jakość. Na podstawie przeprowadzonych badań stwierdzono, że lody wytworzone 
z mleka koziego poddanego hydrolizie laktozy były słodsze, mniej twarde i bardziej podatne 
na topnienie. Wykazano także, że oba rodzajów lodów z mleka koziego miały podobną puszy-
stość. Autorka stwierdza, że lody wytworzone z mleka koziego mogą być ciekawą alternatywą 
dla lodów produkowanych z mleka krowiego. 

W ostatnich latach zanotowano spadek w produkcji ziarna kakaowego, co pociąga za sobą 
konieczność oceny jakości proszku kakaowego. W kolejnej pracy Śmiechowska i Żeglarska 
przedstawiają wyniki badań własnych dotyczące określenia zawartości łuski kakaowej (tzw. 
komórek kamiennych) w proszkach kakaowych znajdujących się na polskim rynku oraz pro-
szku kakaowego pobranego bezpośrednio z ładowni statku dostarczającego ten surowiec do 
portu w Gdyni. Na podstawie przeprowadzonych badań laboratoryjnych stwierdzono, że za-
wartość komórek kamiennych w badanych proszkach kakaowych była zróżnicowana i nie ko-
relowała z wynikami sedymentacji, na którą prawdopodobnie wpłynęły dodatkowe cechy 
produktu. Wstępne wyniki prezentowanych prac laboratoryjnych wskazują, że badania doty-
czące jakości proszku kakaowego powinny być kontynuowane, w określenia wpływu zawarto-
ści pozostałości łuski kakaowej na cechy sensoryczne produktów otrzymywanych z wykorzy-
staniem proszku kakaowego, a przede wszystkim czekolady. 

W kolejnej pracy Cichocka i Zieliński przedstawiają wyniki badań własnych dotyczących 
wpływu składu rozpuszczalnika stosowanego w procesie ekstrakcji suszonego korzenia łopia-
nu (Arctium lappa L) na aktywność przeciwrodnikową ekstraktów o potencjalnym zastosowa-
niu w wyrobach kosmetycznych. Praca stanowi przedstawia wyniki badań empirycznych do-
tyczących wpływu czasu trwania ekstrakcji suszonego korzenia łopianu w układach wodno-
alkoholowych oraz składu stosowanych ekstrahentów na wartości wyróżników jakościowych 
charakteryzujących aktywność przeciwrodnikową otrzymywanych ekstraktów. Stwierdzono, 
że w badanych układach zawierających wodne roztwory alkoholu etylowego mieszaniny za-
wierające około 48% etanolu okazały się bardziej efektywnymi ekstrahentami substancji 
czynnych o właściwościach przeciwrodnikowych niż pojedyncze rozpuszczalniki.  

W ostatniej pracy Zięba i współautorzy przedstawiają wyniki badań własnych dotyczących 
oceny wybranych wyróżników jakości płynnych szamponów do włosów zawierających niejo-
nowe surfaktanty zawierające ugrupowania cukrowe z grupy alkilopoliglukozydów. Badano 
zgodność jakości tych szamponów z wytycznymi Cosmetic Organic Standards (COSMOS).  
W przygotowanych do badań szamponów zastosowano różne proporcje lauryloglukozydu oraz 
alkiloglukozydu otrzymanego z alkoholi tłuszczonych wytworzonych na bazie oleju kokoso-
wego. Doświadczalnie określono takie wyróżniki jakości szamponów płynnych jak: lepkość 
dynamiczna, wskaźnik trwałości piany (WTP), zdolność emulgowania zabrudzeń tłuszczo-



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 7 

wych oraz ocena konsystencji (twardości i siły adhezji) szamponów. Na podstawie przepro-
wadzonych badań stwierdzono, że proporcje użytych surfaktantów cukrowych w istotny spo-
sób wpływają na badane wyróżniki jakości. Szampony wytworzone przy wyższym udziale 
lauryloglukozydu charakteryzują się najwyższymi wartościami lepkości dynamicznej. Jed-
nocześnie stwierdzono, że szampony wytworzone przy niższym udziale lauryloglukozydu 
wykazywały lepsze właściwości emulgujące. 

Sześćdziesiąty piąty numer naszego kwartalnika zamyka stała rubryka „Informacje TPJ”. 
Zamieszczono w niej informacje o towaroznawcach powołanych do pełnienia kierowniczych 
funkcji w polskich uczelniach w kadencji 2020–2024. 

  
 
 
 
Życzę Państwu przyjemnej lektury. 
 

 
 
 
Redaktor TPJ 
prof. dr hab. inż. Ryszard Zieliński
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P r e f a c e 
 

According to the long-term plan accepted by the Editorial Board, in the middle of October 
2020 we present to our readers the 65th issue of the Polish Journal of Commodity Science. All 
the papers are published in English and each paper contains a wide summary in Polish and 
English. The summaries in both language versions of all the works published one can find on 
our web page http://www.tpj.uniwersytetradom.pl. Moreover, at the web page an open-access 
to all the papers published up to 2019 is offered. 

The series of 8 articles in the current issue of our journal opens with Szymusiak's work on 
neuromanagement. The neuronics have made significant progress in this area recently. 
Applications of neuroscience in fields other than medicine seem to be at the prenatal stage, 
allowing for a complete revision of the understanding of human functioning and decisions 
made by him. From the perspective of the social sciences, and especially the discipline of 
management and quality sciences, it is important to see if this type of knowledge can be useful 
in developing management and understanding people's responses. In this article, the author 
treats neuronics and the modern neuromanagement related to it as a new tool for human 
resource management. The ultimate goal of this new and rapidly evolving field of research is 
to understand the behavioral and neural processes by which people establish communication 
and translate these behaviors into optimal choices. These choices also concern consumers' 
perception of the quality of products and services and their purchasing decisions. 

The next two works concern the issue of environmental quality. In the first one, 
Wienskowski discusses the issue of chemical management and the related need to protect the 
quality of the environment. The author looks at this problem from the perspective of protective 
instruments limiting the external effects caused by chemicals contained in a coherent 
legislative package known as REACH. The study noted that the previously available tools did 
not include the market mechanism, which meant the transfer of the effects of the presence of 
toxic chemicals in the environment to the social side. The REACH regulation protects not only 
the environment but also human health through the return transfer of private costs, i.e. the 
internalisation of external effects caused by the industry. Author claims that being aware of 
the negative impact of some chemicals on the environment and human health it is possible to 
use life cycle assessment (LCA) elements in the European policy of manufacturing and 
placing on the market of chemicals. 

Quality is a very important product attribute. The increasingly common problems caused 
by the  environmental pollution mean that there is an urgent need to pay attention to these 
issues also in relation to the quality of products. In the next work Witczak reviewed the 
literature on defining the concept of product quality, presenting both the changes in the 
approach to the issue itself and its evolution. The need of a comprehensive approach to 
defining the product quality, also including environmental aspects was emphasized. It has 
been shown that quality is an interdisciplinary and multidimensional concept that undergoes 
changes resulting from the dynamic civilization progress and related social changes. 

An essential element of the product quality management process is the assessment of its 
life cycle. The conditions under which a new product is designed, manufactured, sold and 
recycled change over time. Therefore, all stages of the product life cycle should be managed 
continuously. In the next paper, Piotrowska-Kirschling and Brzeska discuss the use of 
polysaccharide materials for water purification in accordance with the principles of sustainable 
environmental management. Currently a variety of polymeric materials that can pollute the 
environment at the end of their lives are used. The authors point out that these materials can 
also be used for environmental protection. The paper shows that various traditional polymer 
systems modified with polysaccharides can contribute to the protection of the quality of the 
aquatic environment by their application to water purification processes. 

http://www.tpj.uniwersytetradom.pl/
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In the consecutive paper Palka discusses the advantages of goat's milk and the results of 
the research on the quality of ice cream produced on a laboratory scale from goat milk 
subjected to and not subjected to lactose hydrolysis. The paper presents the results of  tests on 
the organoleptic and physicochemical evaluation of ice cream made from goat's milk which 
showed its high quality. On the basis of the conducted research it was found that the ice cream 
made from goat's milk subjected to lactose hydrolysis was sweeter, less hard and more prone 
to melting. It was also shown that both types of goat's milk ice cream had a similar fluffiness. 
The author states that ice cream made from goat's milk can be an interesting alternative to ice 
cream made from cow's milk. 

In recent years there has been a decline in the production of cocoa beans, which entails the 
need to assess the quality of cocoa powder. In the next paper, Śmiechowska and Żeglarska 
present the results of their research on the determination of the content of cocoa husks (the so-
called stone cells) in cocoa powders on the Polish market and cocoa powder collected directly 
from the hold of a ship delivering this raw material to the port of Gdynia. Based on the 
laboratory tests performed it was found that the content of stone cells in the tested cocoa 
powders was diversified and did not correlate with the results of sedimentation, which was 
probably affected by additional product characteristics. The preliminary results of the 
presented laboratory work indicate that the research on the quality of cocoa powder should be 
continued to determine the impact of the residual cocoa shell content on the sensory properties 
of products obtained with the use of cocoa powder, especially chocolate. 

In the next work Cichocka and Zieliński present the results of their research on the 
influence of the composition of the solvent used in the extraction process of dried burdock 
root (Arctium lappa L) on the antiradical activity of extracts potentially used in cosmetic 
products. The paper presents the results of empirical research on the effect of the duration of 
the extraction of dried burdock root in hydro-alcohol systems and the composition of the 
extractants used on the values of qualitative factors characterizing the antiradical activity of 
the obtained extracts. It was found that in the tested systems containing aqueous ethyl alcohol 
solutions, mixtures containing about 48% of ethanol turned out to be more effective 
antiradical extractants of active substances than single solvents. 

In the last paper Zięba et al. present the results of their research on the evaluation of selected 
quality parameters of liquid hair shampoos containing non-ionic surfactants containing sugar 
groups from the group of alkyl polyglucosides. The compliance of the quality of these shampoos 
with the Cosmetic Organic Standards (COSMOS) guidelines was tested. Different proportions of 
lauryl glucoside and alkyl glucoside obtained from fatty alcohols based on coconut oil were used 
in the shampoos prepared for the tests. The following characteristics of the quality of liquid 
shampoos were experimentally determined: dynamic viscosity, foam stability index (WTP), the 
ability to emulsify fatty soils and the assessment of consistency (hardness and adhesion strength) 
of the shampoos. On the basis of the conducted research, it was found that the proportions of the 
sugar surfactants used, significantly affected the tested quality parameters. Shampoos produced 
with a higher proportion of lauryl glucoside are characterized by the highest values of dynamic 
viscosity. Moreover, it was found that shampoos prepared with a lower proportion of lauryl 
glucoside showed better emulsifying properties. 

The sixty-fifth issue of our quarterly is closed by the column “TPJ Announcements”.  
It contains information about commodity experts appointed to managerial positions at Polish 
universities in the 2020–2024 term. 
 

I wish you a nice reading 
 

 PJCS Editor 
 Prof. dr hab. inż. Ryszard Zieliński 
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1. Introduction 
 

Nowadays neuroscience has become 
interdisciplinary with professionals that represent 
different disciplines cooperating to study a complex 
human organ – the brain. They strive to explain the 
processes underlying thinking, feelings, emotions, and 
decision-making. Neuroscience provide us with answers 
to classic questions asked in human resources 
management, in particular as regards people’s motives 
in making decisions and choice [1].  

The new-born research field of Management 
Neuroscience involves a new kind of scientist and the 
ultimate goal of this research domain is to open the 
“black-box” to understand the behavioral and neural 
processes through which humans set communication 
and translate these behaviors into optimal choices [2]. 

Richard  Bagozzi, one of the 
most influential and a world-class 
expert in management science, 
says the following about this new 
trend: “I see neuroscience as 
complementary to social and 
management sciences. (...) 
neuroscience offers possibilities 
for verifying classic theories of 
social sciences, may overthrow 
false theories and, generally, 
helps us gain a better 
understanding of how the brain 
works so that we can better 
explain, predict, and control 
human actions. Obviously, this 
knowledge may be used to (...) 
support the government, 
companies or other institutions in 
decision making since it is 
concerned with social, 
organizational, and welfare-
related matters” [3]. 
Neuroscience offers an ample 
range of techniques and 
paradigms to be applied to 
management research. The 
management field has much to 
gain by taking a multidisciplinary 
approach to its questions. 
Neuroimaging (such as functional 
Magnetic Resonance, fMRI) has 
received most attention. Many 
other techniques may be also 
useful to management 
researchers. Measurements of 
changes in brain electrical 
activity, such as 
electroencephalography (EEG) 
and electromyography (EMG), 
furnish better temporal resolution 
at the expense of poorer spatial 
resolution, in contrast to fMRI 
[4]. Newer techniques using near-
infrared technology (Near-
Infrared Spectroscopy, NIRS) 
show good temporal as well as 
spatial resolution in a dynamic 
field-related, in contrast to 
mentioned 
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fMRI, EEG and EMG. On the other hand, Transcranial Magnetic Stimulation (TMS) can 
better explain from a causal point of view the relationship between decisional processes and 
neural correlates. The recently opened a new field called Hyperscanning, enables the 
simultaneous EEG or NIRS recordings of several brains. In more detail, hyperscanning is a 
recent paradigm in neuroscience which consists in the simultaneous cerebral activity recording 
of two or more subjects involved in interactive tasks [5]. This approach allows to explore 
inter-personal brain mechanisms generated by social interactions. One of the best examples of 
possible applications of such technique was to show that the mutual adaptation of two 
interactive brains results in brain synchrony and cooperative tasks like communication 
processes. It means that only hyperscanning technique could be useful to highlight the neural 
synchronization of two interactive participants during joint activities like communication [2]. 
These mechanisms cannot be captured by conventional single-subject recordings [6]. 

In this study, we aim to examine this newly appeared area by analyzing current literature in 
order to take the picture of current situation and to analyze the possible effects to the 
management sciences. Literature review has been made, from some classical economic 
theories and models to the new, full of perspectives spectrum of neuroscience, brain 
functioning and, its infinite potential, that opened new horizons, uncovered resources and tools 
to face the realities of the modern business world. An example illustrating of using 
hyperscanning paradigm in the frame o neuromanagement research, the cooperation and 
competition as crucial social interactions which alter the brain mechanisms of the interacting 
subjects, is described. In the described results of many scientific studies, in relation to human 
brain functioning efficiency, attempts were made to find an answer to the question of whether 
it is better to cooperate or compete. 

2. The essence of Neuromanagement and trends in its development 
2.1. The separation of Neuromanagement from Neuroeconomics 

Global economic trends and the digital revolution have stimulated the organizational and 
entrepreneurial environment, transforming it into an extremely complex and increasingly 
competitive ecosystem. All organizations are facing challenges and trying to discover or 
maintain their competitive advantages, to improve organizational performance. Given the 
importance and impact of scientific progress and digitization, management had to be 
redefined, and its variables had to be analyzed from a different perspective. An 
interdisciplinary vision was needed to enable the research and explanation of the decision-
making processes and the development of strategic plans, which would lead to the 
performance of the organizations. 

Tversky and Kahneman [7] created Neuroeconomics as the first disciplinary field, whose 
objective was to better understand the decision-making processes of economic agents based on 
paradigms and knowledge of neuroscience and cognitive psychology. Daniel Kahneman is 
an Israeli psychologist and economist notable for his work on the psychology of judgment 
and decision-making, as well as behavioral economics, for which he was awarded the 
2002 Nobel Memorial Prize in Economic Sciences (shared with Vernon L. Smith). His 
empirical findings challenge the assumption of human rationality prevailing in modern 
economic theory (https://en.wikipedia.org/wiki/Daniel_Kahneman). 

The second Nobel Laureate Vernon L. Smith (Management, 2002) stated that “New brain 
imaging technologies have motivated neuromanagement studies of the internal order of the 
mind and its links with the spectrum of human decisions from decision making among fixed 
gambles to decision making mediated by market and other institutional rules. We are only at 
the beginning of the enterprise, but its promise suggests a fundamental change in how we 
think, observe and model decision in all its contexts.” [8]. 

https://en.wikipedia.org/wiki/Daniel_Kahneman
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This new approach, called Neuromanagement, being the challenge of the new millennium 
and opening the horizon of new possibilities, a new world to be explored and discovered. The 
association of the discipline with the term ‘neuro’ indicates that the discipline is not 
completely new, but the difference is in the approach and the tools used in its analysis, 
developed due to increase of effervescence in neuroscience research and progress of 
technology [9]. 

Generally, the vast arena of neuroscience and its applications, facilitated the transition, 
evolution from economics, management, leadership and marketing to neuroeconomics, 
neuromanagement, neuroleadership and neuromarketing which allows the access to a broad 
spectrum of knowledge, that confirms or denies hypothesis and assumptions, with various 
possibilities of application in organizational management. Due to the evolution of research in 
neuroscience, other new disciplines have developed in the latest years, such as neurofinance, 
neurocoaching, neurostrategy and neurocommunication. 

The broad spectrum of neuroscience is a major topic in recent years and a continuously 
challenge for many researchers. This science is analyzing the functioning of the nervous 
system as a whole. Neuroscience experts must think from the molecular level to the human 
behavioral level. Important progress in neuroscience, information and discoveries about the 
brain and neural processes, open important perspectives for the future. The brain has become 
the most important platform for the generation, development and implementation of new inter-
disciplinary management tools of organizations and opens new perspectives that are inside us, 
in the infinite potential of the brain, in the neural circuits that determine all our decisions. 

2.1.1. The Neuro concept and the Brain as the central element in neuroscience 
Given the volume of research conducted by scientists and researchers the ‘neuro’ concept, 

applied in the economic, management and business area, developed rapidly. The concept of 
neuroeconomics is now really definitively established as part of economics, being officially 
used in 2004 [10]. For instance, Zak [11] proposed the following definition: “Neuroeconomics 
is an emerging interdisciplinary field, which uses neuroimaging techniques to identify neural 
substrates associated with economic decisions”. In the very essence, the neuroeconomics has 
developed from the awareness that due to the dynamism of the technological development of 
the last years, we can analyze the brain and we can extract information and images, which 
generate important discoveries, insights regarding new perspectives on human behavior. And 
that can reform the existing opinion on the economy and economic interactions. That is why 
neuroeconomics represents the science of human behavior involved in economic decision 
making process, applying the insights, methodology and perspectives from neuroscience [10, 
12, 13]. 

The initial approach in the development of the ‘neuro’ concept, applied in the economic 
and management field had, as a starting point, the outline of the new perspective of man, in 
the context of the historical evolution of its development, which allows us to understand the 
current position we are in today and how the future evolution of economic thinking can be 
influenced in the future. From a wider perspective, research in neuroscience have influenced 
also the definition of human nature, the concept of man, the vision on the human being and 
their motivations. Historically, four distinct stages of human perception are identified: homo 
economicus (the economic man), homo sociologus (the social man), self-actualizing man (the 
man with self-actualisation needs) and complex man. A fifth developing phase is brain 
directed man. 
- The concept of homo economicus, was first used by critics of Mill's works on political 

economy, in which he mentioned that man is a being who wishes to possess fortune (Mill, 
1848, [9]). ‘The respect for own interest’ represents the moment that marked the 
development of the modern figure of homo economicus (Smith, 1904, [9]). Taylor's 
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theories were based on the hypothesis that man was interested only in economic advantage 
and could only be motivated by financial means (Taylor, 1911, [9]).  

- The movement of human relations, brought the employee into the foreground, being 
recognized as a social being and clearly the importance of interpersonal relations in the 
workplace was stated [14]. The man had become a social being that responds to social 
stimuli, and the employee was now a social machine.  

- The man with needs for self-actualization follows his own system of self-development, seeks 
to satisfy his higher needs and to become a better human being what was strongly 
determined by the well-known and respected Maslow’s Pyramid.  

- The term “complex man” can be attributed to the work of Schein [15], who analyzed 
previous perspectives about man. In His viewing, the complex man is constantly changing; 
he can learn and will change his behavior depending on the current situation and the 
environment, can change motivations in the short term depending on external 
circumstances. Kahneman and Tversky [16] in their work also referred to a more irrational 
and flexible model of human nature. 

- It can be noticed that the historical concept of man and his motives are reformed by 
science, and the brain directed man phase is being shaped. The brain became the subject of 
many research in a variety of contexts. And this rich and extensive research has generated 
ideas that offer a concrete understanding of human behaviors such as: the brain generates 
the human behavior, emotions are the drivers of human behavior, basic human needs are 
essential for employee satisfaction, behaviors create brain circuits, the human basic needs 
are at the core of the interaction of human behaviors and the environment. The results of 
the researches become at the present indispensable to organizations and management [17]. 
The brain is a complex system, with billions of neurons and brain cells, which are 

connected to each other in different regions and formations. The three brain theory (the Triune 
Model) has grouped different formations of the brain into regions that perform particular 
tasks: the reptilian brain, the limbic system and the neocortex [18]. According to the model, 
the three brains are relatively independent and interconnected, depending on their age and the 
importance of their functions for the survival of the human beings. 

The reptilian brain is the oldest structure of the brain, from the evolutionary perspective, 
that performs the basic and most important functions ensuring the immediate survival.  

The limbic system, also known as the paleomammalian cortex, is a set of brain structures 
located on both sides of the thalamus, immediately beneath the medial temporal lobe of 
the cerebrum primarily in the forebrain. This system is the emotional mechanism of human 
brain that processes a broad spectrum of emotions. The linkage between amygdala and 
neocortex represents the center of cooperation and struggles agreements between thought and 
feeling, head and heart [19]. All our complex behaviors, such as emotion, do not settle in one 
region of the brain, but in the conjunction of different areas [20].  

The neocortex represents evolutionary the most recent structure in the human brain and is 
responsible for the most complex and refined functions. This neural structure system is 
considered as the symbol of the rationality of our nervous system, which allowed the 
emergence of systematic, logical thinking, which exists independently of the emotions and 
behaviors programmed by human genetics. Neocortex is considered the crowning glory of 
brain evolution [18]. 

The most relevant insights for neuromanagement and neuroleadership are brain plasticity, 
the reward system and mirror neurons.  

Plasticity is the brain's ability to continuously develop, retrieve and reform its 
connections, functions and determines brain development and all learning processes, being the 
center of learning and memory [21].  
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The reward system and its activation in the brain, can stimulate mechanisms that can 
significantly improve the learning process, the formation of habits and positive, constructive 
emotions in the brain [22]. The reward system is a complex connection of brain regions, the 
system that generates positive feelings, through the dopamine system – the "happiness 
hormone" of the brain [23]. Reward and pleasure have a wide range of complex connections 
and associations in the whole brain [24].  

Mirror neurons, "neurons that shaped civilization", refer to the network of neurons in the 
brain that reflect others actions and show that we are interconnected at a level that was not 
believed earlier to be possible [25]. This neurons are instrumental in learning processes, and 
also in reading and recognizing emotions of other people and empathy to other people. 
Rizzolatti and Craighero [26] stated that we are connected to the world around us and live by 
the actions, emotions and intentions we perceive around us. Just mirror neurons help us 
connect with each other and facilitate inter-brain synchronization throughout social interaction 
[27]. 

The brain as a complex structure and the spectrum of variations in human behavior 
represents an endless ocean of subtle differences [17]. That is why this represents a real 
challenge if we are interested in finding clear answers about human behavior, in any context, 
but, specifically, in the context of professional activity and business management. However, it 
is important to recognize the basic human needs, from the point of view of neuroscience and 
how they influence subsequent motivational behaviors and interaction with the world around 
us. 

Basing on Epstein's cognitive-experimental theory [28], which presents the four basic 
needs, the core of human nature, Grawe [29] formulated a unified theory of basic needs of 
human beings and motivational schemes. This basic needs model occurs as of particular 
relevance in neuromanagement and neuroleadership. This is because in the management and 
leadership contexts we deal with people, their ability to be motivated, to perform and to get 
involved in professional activity. And if we can understand how the human mind works and 
the basis of human interactions, then we can understand where to apply the point of leverage. 
There are four basic human needs: attachment, guidance and control, respect and self-esteem, 
pleasure and avoidance of pain, that are closely linked and the satisfaction of one of them will 
influence the others [30]. 

2.1.2. The rise of Neuromanagement 
According to Drucker [31], management is considered a ‘liberal art’, because management 

means practice and application, and is also liberal, because management considers the 
fundamentals of knowledge, self-knowledge, wisdom and leadership. Progress in social 
neuroscience and neuromanagement, have generated new knowledge that can be used by 
organizational leaders to better coordinate the teams they work with, to communicate more 
efficiently. 

The concept of Neuromanagement was first conceptualized by Qingguo Ma, director of the 
Neuromanagement Laboratory of Zhejiang University in China in the paper “Cognitive 
Neuroscience, Neuroeconomics, and Neuromanagement” (32). He specialized in researching 
the micromechanics of management activities, in an interdisciplinary field that integrates 
management science, economics and cognitive neuroscience. Neuroeconomist Paul J. Zak 
used the term Neuromanagement in the paper “Neuroeconomics” to describe how 
neuroscience findings can be used to create organizational cultures that motivate employees, 
cultivate trust, positive experiences, and generate a high level of organizational performance 
[11]. From both papers, it results that neuromanagement can be regarded as scientific 
approach of management, which explores the managerial, economic and behavioral processes, 
from the perspective of the brain's activity and the way it reacts, and of the mental processes. 
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Moreover, Neuromanagement is a subdiscipline of Neuroscience and aims to explore the 
activities of the human brain and mental processes when people face management situations, 
using cognitive neuroscience, in conjunction with other scientific disciplines and technology, 
to analyze economic and managerial issues. Research itself in the field of neuromanagement 
concerns research areas such as decision-making neuroscience, which offers a new perspective 
and new insights into human decision-making and general social behaviors, and how they 
impact management and economic processes [9]. 

During the past twenty years, empirical studies of human choices in which uncertainty, 
inconsistency and incomplete information are present have produced a rich collection of 
findings which are beginning to be organized under broad generalizations. Since late 90s, 
interdisciplinary scientists have begun to combine social and natural scientific approaches to 
study of decision making into an emerging synthetic discipline called presently 
Neuromanagement. In 1998, less than 20 papers a year were published that included both 
‘brain’ and ‘decision-making’ as keywords. Since 2008, nearly 200 articles bearing those 
keywords have been published [8]. 

The first formal paper in Neuromanagement was published in 2001. The paper appeared in 
Journal “Neuron” and reflected collaboration between Breiter, Shizgal and Kahneman [33]. 
The paper employed psychological Prospect Theory of decision making developed by 
Kahneman and Tversky [16] and brain scanning experiment that demonstrated certain 
assumptions about the activation of the brain involved in the decision-making process. 

In 2003, Glimcher directed that reviewed history of neuroscience and argued that history 
was striking in its lack of normative models for higher cognitive function, He proposed that 
management could serve as source for normative theory [34]. Shortly thereafter Camerer, 
Loewenstein and Prelec published the paper “Neuromanagement: How neuroscience can 
inform management” (2005) [13], which served as a manifesto. The Authors argued that 
failure of traditional management to make accurate predictions reflected inattention to 
mechanism. Understanding how decisions are made, they proposed, would yield algorithmic 
alternatives to neoclassical theory with enhanced predictive power. Gul and Pesendorfer 
published the paper ‘The Case for Mindless Management’ [35]. First, they suggested that 
neurobiological measurements, per se, lay entirely outside the province of management. 
Second, they argued that while reductionist approaches that seek to link mechanistic insights 
to larger theoretical frameworks have been successful in natural sciences, these same 
reductionist approaches are unlikely to be able to relate natural scientific phenomena to social 
scientific theory. In essence, they argued that insights into biological mechanism are unlikely 
to have much impact on management theory. 

Several recent advances in neuroeconomics, however, may challenge this conclusion. 
Glimcher et al. (2007), for example, measured human brain activity while subjects made 
decisions between monetary gains of different sizes that would become available to them at 
different times [36]. They found that the brain activations observed under these conditions 
were incompatible with an algorithmic interpretation of an important theory of intertemporal 
decision in use by many economists. The Society for Neuroeconomics serves as a central 
focus for the emerging discipline. The society was founded in 2005 and hosts an annual 
meeting at which scholars from around the world present recent scientific findings. In 2009, 
the Society published, in collaboration with Academic Press, ‘Neuroeconomics: Decision-
Making and the Brain’ [37]. This edited volume serves both as a textbook for many graduate 
and upper level undergraduate courses in Neuroeconomics and as a Handbook of 
Neuroeconomics for researchers in the field. It summarizes current advances and controversies 
in the field and should serve as a starting point for anyone interested in learning more about 
this academic discipline. 
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As long as an organization works with people, we have to deal with emotions, and these 
emotions will influence the results of the company to a lesser or greater extent. By facilitating 
access to neuromanagement information and the practical application of discoveries, ideas, 
organizations can manage how these emotions affect the results and activity of organizations. 
With the support of the latest brain research and studies, people can understand the challenges 
and causes that affect their emotional state, attitude and mood, reactions to stress and change, 
and can learn techniques to effectively manage emotions and uncertainty, to perform at a 
higher level. 

Unlike traditional management methods that try to use reason and authority to control 
people's behaviors and results, through strict discipline and rules, neuromanagement acts 
through emotions, respect, involvement and motivation. Neuromanagement is designed to 
connect with the emotional brain of people, to create social connections, to build trust and to 
connect with the motivational factors of human beings. The principles of neuromanagement 
are designed to use internal motivations and reward systems to achieve superior performance, 
to make decisions and to solve problems more efficiently and to obtain positive emotions, for 
the benefit of organizations, employees and management. Neuromanagement is a science 
applied to real problems in organizations. 

Neuroscience is one of the areas of research that has experienced an accelerated 
development in contemporary science. Neuroleadership refers to the application of findings in 
the field of neuroscience, in the field of leadership [38]. The term neuroleadership was 
patented by David Rock, in 2006 [39], in the American publication Strategy + Business, 
through The Neuroscience of Leadership. 
 
2.2. Neuroleadeship as a subdiscipline Neuromanagement 
 

 Understanding human consciousness and linking it to the physical functioning of our 
social brain contributes to the understanding of human motivation and assists organizations in 
creating and sustaining higher levels of motivation and engagement. Most research into 
consciousness and behavior, according to Wilber [40], has anchors in the physical brain, 
which, according to Rock and Schwartz [41], is reshaping views of the field of organizational 
behavior. 

Work engagement constitutes an earlier term for describing employee engagement and 
these terms are often used interchangeably [42]. Engagement was defined as a state noted by 
the employment of the preferred self cognitively, affectively and physically when 
experiencing meaningfulness, safety and availability in work roles [43]. Given the cognitive, 
affective and physical link to engagement, there is, however, little integration of research on 
the brain and engagement [44]. According to Rock and Tang [45], research on engagement 
focuses, mostly on the degree to which engagement impacts organizational performance. The 
application of social cognitive neuroscience in the corporate environment marks a 
fundamental shift in the application of organizational knowledge about human beings [46], so 
much so that the application of neuroscience in the organization became a defined field in 
2008, called Neuroleadership [39, 47]. 

Neuroleadership is a relatively recent field of study, based on the scientific study of the 
brain and mental processes, with the aim of improving quality, developing leadership and 
targeting four leadership activities: how leaders make decisions and solve problems, how they 
manage their emotions, collaborating with others and facilitating change [39]. 
Neuroleadership focuses on organizational and employee-related aspects on how the brain and 
its underlying neuronal processes influence employees and their leaders [48, 49]. More 
detailedly, neuroleadership focuses on the application of neuroscience in leadership 
development, management training, education and change management consulting and how 
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the concept of neuroleadership can improve management practices, change management, 
innovation, creativity and employee involvement [50].  

Neuroleadership is based on neuroscience and considers how the concept and results of 
research can be applied in the broad field of management. The main areas they target are 
making decisions, trust, self-management, social interaction, collaboration, influence, strategy, 
organizational behavior. Because neuroleadership is essentially focused on bringing the hard 
science to the “soft” social field of leadership [51], it is worth to pay attention on how 
advances in the field of neuroscience added significantly to the understanding of leadership 
development. 

The manner in which the human brain can support leaders through synchronizing the 
science of cognition and behavior is now evident [51-52]. In most organizations, efficient 
decision-making processes are considered to have a rational foundation. Neuroleadership 
opens the perspective for change and the paradigm shift, exploring how emotions are involved 
in decision making. A neural basis is formed for social inferences about feelings, thoughts and 
intentions of others, allowing for understanding the impact of emotions on others and 
ourselves, and how that relates to our success and failure [52]. 

Neuroleadership’s organizing framework is based on four dimensions, namely, decision-
making and problem-solving, emotional regulation, collaboration and facilitating change [53]. 
Decision-making and problem-solving are focused primarily on social decision-making in the 
realm of leadership development [51]. Emotional regulation within the context of leadership 
development is important as it affects decision-making [51, 54]. Collaboration is critical 
within leadership as humans have a need to belong and tend to avoid social exclusion [49, 54]. 
Facilitating change is about changing habits, and changing habits is about changing neural 
pathways [55]. 

Effective navigation in an organization requires the cognitive, emotional and physical 
expression of employees. In order to respond to the current world of work, organizations are 
using new technologies, changing structures, redesigning work and improving work processes 
[56]. These changes have a significant impact on human resources and ways in which human 
resource functions should operate. According to Abbott [57], a key role of a human resource 
practitioner is that of Employee Champion or Employee Advocate. According to Ulrich and 
coworkers [58], human resource practitioners should be equal partners that bring knowledge 
of organizational behavior when implementing a business strategy, and should be partners to 
the business working to create value for employees, customers, shareholders, communities and 
management. In this role of strategic human resource management, human resource 
practitioners must provide the expertise to create a true marketplace differentiation through 
leveraging human resources [57].  

In a chaotic complex world with increasingly competitive markets, a volatile economic 
climate, globalization and demands for constant change, where competition is vicious and 
organizations are fighting for survival, the dependence on employees has become critical [59]. 
According to Bussin et al. [59], the uncertainty in the workplace results in an unstable 
employee-employer relationship, which affects the employee’s job performance and 
commitment towards the organization. The current trend to drive sustainable organizational 
success is that of employee engagement [59]. Therefore, the role of human resources is crucial 
in driving employee engagement and even more critical in providing inputs into various 
initiatives that impact engagement.  

Ringleb and Rock clarified the importance of understanding the role of neuroscience in a 
variety of leadership characteristics, for improving collaboration, managing emotions, 
influence, and facilitating change [53]. Neuroleadership goes beyond theory, in order to 
incorporate the fundamental principles based on how the brain works, which underlie the 
success or failure of any leadership style and its behavior, allowing for in-depth knowledge 



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 19 

and efficient implementation. Unlike many leadership theories, neuroleadership allows for a 
holistic approach, with an impact on employees, partners, but mainly on one's own.  

The neuroscience applied in management and leadership represents a relatively recently 
developed theme, but there is already an important number of approaches, with direct 
applicability at organizational and management level, relevant to leadership and business 
management.  

David Rock's SCARF model is based on the fact that, in general, the brain is focused on 
sustaining and increasing rewards and avoiding negative actions and experiences [60]. 
Focusing on reward and avoiding negative experiences develops different behaviors and 
motivations in the workplace. The model targets five such categories, as follows: status, 
certainty, autonomy, relatedness, fairness.  

The Herrmann Brain Dominance Instrument was built following research conducted in the 
1970s, especially the concept of lateralization of the brain [61]. The instrument places the 
participants in four categories: rational, experimental, safety-based and sentiment-based, 
defining four ways of thinking based on a regional representation of the brain: left, right, up 
and down. 

Huther's research, the architect of the Supportive Leadership model, addresses various 
organizational issues that are needed for a work environment that supports performance, and 
also what qualities a true leader should support for their people which develops the potential 
of its subordinates, instead of using authority and repression. Huther [62] offers a set of rules 
for designing a neurobiologically appropriate work environment that will facilitate the 
development of organizational performance, as follows: creating new challenges, knowledge 
network within the organization, develop a positive culture of error, create space for positive 
experiences.  

Elger [63] defines four basic systems at the brain level: the reward system, the emotional 
system, the memory system and the decision-making system. Elger developed seven basic 
principles of neuroleadership: the reward system, correctness and feedback, influence through 
information, each brain is unique, actions are generated by emotions, experience defines 
behavior, situational dynamics.  

Pillay [64] is one of the researchers in neuroscience, with an important contribution in 
neuromanagement and neuroleadership, related to self-control and fear control or how the 
brain works in certain situations. Pillay [65]  provides details related to brain functioning in 
professional life and addresses issues such as: positive and negative thinking, social 
intelligence and effective relationships, innovation and intuitive, formation of action oriented 
ideas, area formation of actions oriented towards change, training certain regions of the brain 
and mental processes.  

David Rock [66] in the paper “Your Brain at Work: the effective instructions for use”, 
points out that “Neuromanagement has nothing to do with reading minds or controlling them. 
It is a question of decoding human functioning and building companies taking these data into 
account”, it is the fact of applying the knowledge of neuroscience to company management. 
“By thinking from the brain, we introduce a completely new language to describe mental and 
relational experiences (...). Of course, we do not yet know everything about the brain, but we 
do know that learning and knowledge are damaged by high stress, for example, while 
creativity is also surprisingly reduced when there is low stress. We should therefore no longer 
follow biology, use interesting discoveries, and push back the boundaries of our knowledge. 
(…). About 3% of American companies are now in the process of radically changing their 
performance management systems and many are influenced by our research, which shows that 
existing systems reduce exchange, creativity and performance”.  

According to the American organization NeuroLeadership Institute, nearly 1,000 large 
American companies use Neuromanagement in their performance management systems. Rock 



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 20 

[66, 67] confirmed that in the United States, companies are inspired by the precepts of 
Neuromanagement, one of whose particularities is to totally reject the effectiveness of the 
threat on the employee to “reorganize personal interviews, focusing on the objective of being 
less in the threat and more in understanding to bring about changes in behavior”. Also adopted 
by European companies for several years, where training on this track is booming, by offering 
solutions adapted to the needs of the company's employees, to reconcile performance, 
adaptability and well-being at work [68].  

The digital era places us in a context characterized by the complexity of new globally 
scenarios and the progress made in the field of neuroscience is an extraordinary tool for 
thinking and designing new forms of management and leadership in this new context. 

To this end, knowledge, if not mastery, of new neuroscientific study techniques seems 
necessary, insofar as they provide and will provide new, richer and more solidly established 
perspectives; they make it possible to pre-test and validate good management practices. This 
contributes to the advancement of human resources management, while providing clear and 
clear answers to questions that have long been of concern to managers and human resources 
managers alike. 

3. Neuromanagement in action 
3.1. Some neuromanagement challenges 

Neuromanagement tools may be considered as very effective provided they are not used 
un-ethically. Organizational management through relations and emotions, especially human 
resources management, will become a norm and will be determining the development of such 
an organizational culture. 

In the context managing humans, knowledge on how the human brain works may aid in 
creating an organizational system (i.e., culture) that will positively affect increasing employee 
engagement (including motivation) with respect to performing duties as well as in building 
and developing interpersonal relationships in a company. 

Venturella et al. [69] hypothesize that the leader's function is to create a certain “social 
climate” in the group, and that, this climate, influences the mood of the group members 
including its performance. Much earlier, Finkelstein and Hambrick [70] stated that individuals 
with dominant left hemisphere are less effective manager than those with dominant right 
hemisphere, as the latter is responsible for imagination, creativity, emotional response, 
characteristics needed to become a good manager. The emotions and communication, are 
aspects of great importance in the study of management, so many researchers have focused 
their attention on this topic without forgetting the importance of communication related to 
leadership styles. Different researchers suggested that leader emotional displays may influence 
followers either by motivating them because they convey positivity, or because they are 
contagious and engender positive emotions in followers that guide their behavior [71]. 

It is also important to make decisions about how to use emotions to inspire others to 
express a higher level of emotional intelligence [72]. This implies that leaders with higher 
emotional intelligence can also empathize more effectively with the emotion of employees and 
express emotions more appropriately during interaction and establish a better bond [73, 74]. 
De Hoogh and Den Hartog [75] stated that a charismatic and transformational leadership is 
also associated with low level staff's stress; on the contrary the authoritarian leadership is 
associated with high levels of stress. Therefore we can consider the Management 
Neuroscience as the science of how the resources are allocated by individuals to control their 
behavior in social contexts, where the psychology and neuropsychology of individual behavior 
should underline and inform the management domain. 
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3.2. Neuromanagemental instruments and methods 
Understanding the dynamics of brain activity during social interaction is important for 

understanding our social nature and in turn for improving the life quality of people with social 
deficits. Development of neuroimaging technologies, especially fMRI, has enabled 
noninvasive measurement of brain activity and has dramatically deepened our understanding 
of the neural basis of cognitive processes contributing to social behavior, including emotion 
[76], theory of mind [77], moral judgment [78], trust [79], and agency [80]. These 
technologies also enable us to better understand the structural and functional differences in the 
brains of people who have deficits in social cognition [81]. 

The major instruments and methods of neuromanagement research are EEG method and 
autonomic measures and their application to leadership research [82]. EEG can be used to 
measure both tonic activity (for example, conditions of rest or baseline) and phasic activity (in 
response to an handling status). When compared with other neuroimaging methods, 
electroencephalogram is a suitable detection instrument and it turns out to have an excellent 
temporal resolution, since it measures the electrical activations with high accuracy [83]. Also 
psychophysiological autonomic measures (skin conductance, heart rate, blood pressure, and so 
on) were used taking into account the modulation in arousal. Arousal is considered a 
fundamental feature of behavior and it is defined as the neurophysiological basis underlying 
all the processes in the human organism, with specific role for emotional behavior. In 
particular, electrodermal activity (EDA) is considered a valid and sensitive indicator 
responding to the smallest variation in phasic arousal, that is the behavioral response to 
specific stimulus emotional valence [84]. 

However, two important limitations of the existing studies are evident. First, while by 
definition social interaction involves two or more individuals, most studies of social cognition 
have measured brain activity in only one person at a time [85]. Single-person studies are 
useful in that they can localize and characterize brain activations related to certain social 
paradigms, but they cannot directly assess the dynamic interaction of two (or more) brains. 
Second, while social interaction in real life occurs in a naturalistic environment (e.g. face-to-
face communication), most previous studies have employed highly artificial experimental 
settings in which participants are restricted from natural movement or direct communication 
with interacting partners. 

Some previous experiments have sought to overcome one or both of these limitations. For 
example, measuring two brains simultaneously, termed hyperscanning, using fMRI has been 
successfully developed [85] and employed in the study of neuroeconomics [86, 87]. However, 
fMRI is unable to offer a real-world environment for social interaction: participants have to lie 
in a motionless position; verbal communication is discouraged; and the scanner is noisy and 
often emotionally daunting. On top of these limitations is the heavy cost of maintenance of 
MRI instrumentation. Another technology, EEG, has also been employed in hyperscanning 
[88]. EEG-based hyperscanning has enabled the study of social interaction in a more 
naturalistic environment [89, 90], for example in poker playing [88] or guitar playing [91]. 
However, EEG carries with it its own limitations, chiefly the inability to precisely localize the 
origin of the neuroelectrical signal [92]. 

On the other hand, NIRS offers a cost-effective, easy-to-use, non-invasive cortical imaging 
technology capable of measuring brain activity in a more naturalistic environment than fMRI 
experiments [93]. NIRS is a relatively flexible technology and to date has been successfully 
applied in several domains [94], including physiological mechanisms of the BOLD response 
[95-98], non-invasive brain-computer interfaces [99-101], and brain activity in both active 
tasks and resting states [102-105]. Particularly, NIRS has been used in real-world situations 
[106] such as face-to-face communication [107], object manipulation [108], exercise [109], 
and driving [110, 111]. 
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While NIRS offers many opportunities for life-like experiments, its potential for 
hyperscanning has been demonstrated for the first time by Cui, Bryant and Reiss [112]. In this 
study, it was developed an easy-to-use, cost-effective hyperscanning method with a single 
NIRS device, and used to study social interaction in a natural environment in which two 
participants sit side-by-side and perform a cooperation game. It was for the first time 
demonstrated that the inter-brain coherence, a measure of the correlation between two signals 
of brain activity, increases during cooperation, but not during competition. So, The work of 
Cui et al.  [112] represents the first use of a single NIRS instrument for simultaneous 
measurements of brain activity in two-people. 

In a team-based learning (TBL) environement, cooperation and competition are crucial 
social interactions which alter the brain mechanisms of the interacting subjects. For instance, 
Sinha et al. [113] have reported synchronous neural activities between brains of the subjects as 
they play guitar together, reflecting interpersonal coordination. Significant involvement of 
orbitofrontal regions in terms of connectivity has been reported by [114] during cooperative 
and competitive interaction. It has been demonstrated by [115] that graph analysis of hyper-
brain networks can be used to predict non-cooperative interactions during decision-making 
phase of participants. These results encourage application of EEG or NIRS hyperscanning 
technique for evaluating peer interactions in a TBL setting which is a relatively unexplored 
field. 

Simultaneous EEG or NIRS recordings of several brains have recently really opened a new 
field. Hyperscanning is a recent paradigm in neuroscience which consists in the simultaneous 
recording of the cerebral activity of two or more subjects involved in interactive tasks [116]. 
This measure allows exploring interpersonal brain mechanisms generated by social 
interactions. Previous studies showed that the mutual adaptation of two interactive brains 
results in brain synchrony, and cooperative tasks are one of the best examples of possible 
applications of such technique. Accordingly, these mechanisms cannot be captured by 
conventional single-subject recordings [117]. Hyperscanning technique could be useful to 
highlight the neural synchronization of two interactive participants during joint activities like 
communication. 

3.3.  An example of neuromanagement research: Social interaction modalities, cooperation 
vs. competition. What happens in the human brain? 

When a cooperative or competitive interpersonal task is performed, it may induce different 
effects that are influenced by the “social” meaning of cooperation or competition and by self-
perception in that interpersonal context. The occurrence of a cognitive task performed together 
can be accompanied by a modification in our self-representations according to the outcomes. 
It means that the perception we built about ourselves is the result of a social analysis on our 
ranking within a specific situation in which we receive a feedback for our performance [118]. 
Firstly comparing my own and others’ performance on a specific interpersonal task may (or 
may not) enhance my rank perception in term of efficacy, taking into account the pre-existing 
condition. In second instance, the performance related to our cognitive efforts is able to 
influence self-perception and has an important role in creating a pertinent awareness of our 
own skills. This process is fundamental for the development of self-improvement in the future 
[119]. Finally, when we consider social hierarchy perception as a comparison between our 
performance and others’ skills, it has to be considered that also the behavioral outcomes could 
be strongly affected, both per se and jointly [118]. 

It is interesting to consider how does this process take place in different interpersonal 
situations such as cooperation and competition. Cooperative or competitive performance 
gained in an interpersonal task substantially implies a process of social comparison together 
with the explicit assessment of individual performances. Some findings demonstrated that 
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competition is able to improve individual performances and, contemporarily, to contribute to 
higher perceptions of the social ranking position based on the behavioral performance [120]. 
However it may implicate a lower sense of in-group partnership and it may make the 
perception of social membership weaker [121]. In contrast, studies that explored cooperative 
conditions showed that they are associated with a stronger perceived membership and self-
efficacy, a general wellbeing within the social context, and a reinforced perception of having a 
high position in the social hierarchy [122, 123].  It was also shown that the adoption of a 
cooperative approach can strengthen interpersonal connection but cooperative attitudes could 
be associated with worse performance than competitive ones [122]. 

It is relevant and urgent to distinguish the self-perception of our social efficacy and our 
position within a social ranking in different interpersonal conditions – namely in competitive 
or cooperative situations, which produce qualitatively distinct social and psychological 
dynamics. Nevertheless, no specific studies directly compared the influence of those two 
contexts (cooperation and competition) in respect to perceivable interpersonal feedbacks in 
spite of that cooperation and competition are two basic modes of interpersonal interaction 
[124]. It has been shown that both cooperative and competitive scenarios imply the adoption 
of others’ point of view, empathy, and the capacity to adjust our own behaviors according to 
that of others [125]. However, these subjective capacities are expressed even more during 
competition which involves the presence of divergent goals [126].  

Cooperation and competition also call on different social and cognitive processes. 
Specifically, it was suggested that empathic and mentalizing attitudes differ somehow between 
cooperation and competition. Gallagher and Frith [127] suggested that it is important to 
consider and handle both others’ mental state and reality. This mechanism relies on executive 
functions and, specifically, on executive inhibition, that is the deliberate suppression of a 
salient knowledge or response to achieve a personal aim which also comes from inside [128]. 
Depending on the interaction modalities (cooperation vs. competition), individuals may either 
facilitate or hinder others’ goal achievement. When considering competition, the rival’s 
behavior is much more unpredictable than the cooperative partner. In fact, in this last 
condition, there are planned and shared expectations about the partner’s behavior, since the 
goal is common [118]. 

The strong increase in the PFC activity (prefrontal cortex, PFC) – mainly the medial 
prefrontal cortex – observed during competition may in part mirror higher executive 
processing demands [126]. It was demonstrated that the processing load related to competitive 
social dynamics are associated with increased brain activation, as indicated by alpha EEG 
power, across all examined brain regions. As such, competition imposed higher cognitive 
load. In addition, even the increase in cortico-cortical communication and interconnections 
was consistent, likely mirroring heightened communication between all strategy planning 
regions (i.e., prefrontal areas) [118]. In contrast, other research demonstrated that one’s own 
actions are facilitated when actions of the others are more predictable [129]. This is the case in 
response to cooperation, but the opposite in response to competitive conditions. 

Recent research on the structure and function of neural circuits associated with social 
perception, social efficacy and social ranking offers preliminary evidence for an anterior 
neural circuit for those processes related to social cognition. It was observed that neural 
circuits linking limbic, PFC, and striatal structures may be involved in such circuits and 
related to social responses in their affective, cognitive and behavioral components [130]. Both 
dorsolateral (DLPFC) and ventrolateral (VLPFC) cortices have proven to be involved during 
ranking considerations [131]. The activity of these brain areas during social interactions that 
implicate perception of social performance are likely to be associated with higher-level top 
down processes over, for example, affective responses when considering social ranking. Such 
mechanisms are meant to manage appropriate behavioral responses when considering social 
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status. It was already suggested that these neural circuits could be recruited to trigger socio-
emotional responses and behavioral inhibition [132]. 

A main important role is related to motivational aspects and “rewarding” conditions 
activated by cooperation or competition. Specific brain areas are involved according to task 
type and rewarding condition. It was found that cooperation furnishes a social motivation and 
is related to right orbitofrontal activation [118]. Competition, instead, is less socially 
rewarding, but requires supplementary mentalizing resources. It is associated with higher 
activity in medial prefrontal areas. Moreover, recent research found that motivations and 
emotions can influence the perception of social position by creating a (more) positive versus 
negative predisposition in social relationships. Therefore, it was supposed that the way people 
evaluate their position in the social hierarchy partially relies upon some motivational and 
emotional components, such as the degree to which their actions are well balanced between 
“approach” attitudes in relation to rewards and absence of punishment, as well as “withdraw” 
from punishments and absence of reward [118]. 

Specifically, it was shown that high-BAS individuals (behavioral activation system, BAS; 
[133]) show more frequently a dominant attitude within social contexts. This fact is thought to 
positively influence the subject and his/her representations within the social hierarchy). On the 
contrary, high-BIS individuals (behavioral inhibition system, BIS) are often associated with 
submissive attitudes, with negative consequences on social representations [134]. Generally, 
the BAS is described as a motivational system which is triggered by rewarding signals and 
non-punishment, and responsible for approaching and active behavioral patterns. 

BAS is generally connected with feelings of dominance and high-BAS people are more 
sensitive to approach-related emotional contexts, with a favorable and dominant behavior 
toward the context [135]. A significant BAS effect was found in distinguishing social 
hierarchy and social performance [136]. As for the cortical correlates of BIS/BAS, they are 
deemed as mutually inhibitory and they are lateralized. It has been demonstrated that the left 
PFC is the cortical location of approach-related motivations and emotions, while the right PFC 
of withdrawal-related processes [137]. 

As for cortical correlates of cooperation/competition, it remains to be explored if and how 
the neural activity is differently modulated by competition- or cooperation-induced social 
evaluations when the cognitive outcome is experimentally manipulated. Available evidences 
indicate that during social exchange many brain areas are involved, but it is still to be explored 
which is the specific contribution of each of them to the agents’ different mind-sets when they 
compete or cooperate to achieve a shared goal [118]. 

Firstly, EEG activity may be considered as a good measure of brain responsiveness, and it 
has often been used to describe distinct responsiveness by the two hemispheres to different 
emotional and social conditions [138]. The hemispheric lateralization model of emotions 
furnished clear evidences about the significance of the left (more positive valenced stimuli) 
and right (more negative valences stimuli) hemisphere in correspondence with the alpha band 
modulation [139]. In addition, EEG modulation was used to demonstrate the lateralized PFC 
responsiveness related to BAS trait. It has been found that a decrease in alpha activity (higher 
cortical activation) over frontal areas in the left hemisphere typically emerges in response to 
approach attitude [140]. Indeed, a hemispheric lateralization was found based on brain 
oscillations and in concomitance with BIS/BAS distinction. In general, also low-frequency 
bands were ascribed to the emotional significance of the stimulus condition. Their modulation 
was revealed for emotional behavior and in concomitance with high BAS (more left activity) 
and low-BAS (more right activity). Some studies showed that theta activity is sensitive to 
emotional stimulation [141], and it was suggested that some specific neurons in the amygdala 
are related to theta activity during emotional arousal [142]. Few evidences exist on 
modulations of beta bands in association to the affective significance of a context [143]. What 
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about delta, instead, it has been hypothesized its functional role in signaling novelty within 
emotional contexts. It could be related to updating processes of affective stimuli in memory 
[144]. It seems to respond to attentional salience of the stimulus, more than to its emotional 
content per se. Focusing on competition, Babiloni et al. [145], in an ecologically valid task 
simulating a card game, found an increased activity in PFC and anterior cingulated cortex 
(ACC) for different frequency ranges for the player who leaded the game, in comparison to 
other players. 

Secondly, even if some works provided functional imaging data associated with social 
ranking, the temporal features of such processes still need to be addressed. The classical 
imaging (i.e., fMRI) measures do not seem to completely describe the real nature of the social 
inter-personal processes. Due to the sudden development of affective and interactive contexts, 
they require to be studied by imaging techniques that can also provide a sufficient resolution 
in both temporal and spatial domains and then allow recording event-related hemodynamic 
responses, such as NIRS [146]. Moreover, joint EEG/NIRS techniques permit a simultaneous 
investigation of electrocortical and hemodynamic features of brain activity during social 
exchange [147]. 

Competition versus cooperation may ingenerate different cortical response in PFC based 
on the underlying more or less rewarding social outcomes. In addition personality components 
(BAS) influence perceived hierarchical position – in terms of higher self-perceived abilities 
for higher BAS – and cognitive performance – namely, improved cognitive outcomes. In other 
words, the perceived effectiveness of behavior in term of performance during a competitive or 
cooperative task may be positively modulated by reward mechanisms and consequently these 
mechanisms may impact on the real cognitive outcomes (improved performance for higher 
BAS). That is, the improving performance effect should be prominent for high-BAS subjects 
as a consequence of perceived dominant position and rewarding context, which are clearly 
positively judged by high-BAS people. Such processes should result in a left lateralized 
prefrontal activation. Thus, the need to better explore the role of PFC and its different 
hemispheric contribution to self-perceived social ranking in combination with personality 
components is compelling [148]. Some differences are expected between 
cooperation/competition, with greater left PFC responsiveness for higher BAS in cooperation. 
Higher BAS subjects in cooperation may more directly beneficiate of this increased PFC 
activity, due to the increased effect of cooperation on the sense of rewarding by the efficacious 
joint-actions. Probably, an hemispheric “competition” between left and right structures would 
characterize social hierarchy behavior, with a greater approach attitude and dominance in 
cooperative condition being associated to a left lateralized pattern. Therefore, decreased alpha 
activity (i.e., increased brain responsiveness) and increased theta (more emotionally and 
motivationally related) EEG component and increased oxygenated hemoglobin (O2Hb as 
measured by fNIRS: functional near-infrared spectroscopy) should emerge for higher-BAS 
participants compared to higher-BIS participants in the frontal left brain area when they 
cooperate.  In addition, it is expected a general increased left more than right brain 
responsiveness in high-BAS when they cooperate [118].  

To summarize, the three compartments of social ranking perception, personality 
components and cognitive performance should have a common trend, since one can expect a 
correlated increased self-perception of social ranking and a better performance in relation to 
higher-BAS, with a subsequent higher activation over left frontal areas. 

The cortical impact of cooperation and competition and the main role of motivational 
components such as BAS trait, were studied by EEG and fNIRS activity in two different 
experiments [118]. The Authors stated that the contribution of PFC and specifically of left 
structures is crucial to support the cooperative and competitive joined-action. However, this 
effect is mainly related with the BAS construct, since the increased left PFC activation for 
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both EEG and fNIRS measures is directly related to the high-BAS trait. The BAS trait  
endorses the predisposition to influence self-perceived ranking, as well as actual behavioral 
performance, since high-BAS participants presented a self-attribution of higher ranking 
position and general improved cognitive outcomes. Moreover, cooperation proved to be the 
best condition to perform the task, as underlined by self-perception and cognitive results. The 
representation of higher-level in hierarchy related to improved cognitive performance is linked 
to a clear activity in the DLPFC more for high-BAS people when they operate in a cooperative 
context. 

According to Venturella et al. [118] in future neuromanagement research some limitations 
should be taken into account and overcame:  a) low ecological value of the tasks if compared 
with the real common situations where cooperation or competition are displayed;  b) variations 
in type of tasks which could not include only a cognitive performance, to eventually compare 
the present results with those of more “social” tasks; c)  providing a complete analysis of the 
inter-personal strategies used by cooperators/competitors by using a more specific 
hyperscanning methodology in order to consider the joined brain activities of the subjects and 
d) the specific cortical side effect and the left/right hemispheric lateralization should be better 
analyzed also independently from the BAS trait measure. 

4. Summary and conclusions 
Cognitive neurosciences have recently been applied to the management studies, alongside 

other disciplines, to investigate the physiological responses and cerebral indices when people 
are faced with typical problems of economics and management. Springing up as an innovative 
discipline, neuromanagement deals with the application of cognitive neuroscience models and 
methodological approaches to the management and its component and features, so as to 
encourage new research horizons. Therefore the Management Neuroscience can be considered 
as the science of how the resources are allocated by individuals to control their behavior in 
social contexts, where the psychology and neuropsychology of individual behavior should 
underline and inform the management domain. 

A well-known and investigated management construct is leadership and its features. Some 
theories have shown that the effectiveness of a leadership style may have biological basis. 
Individuals with dominant left hemisphere are less effective manager than those with 
dominant right hemisphere, as the latter is responsible for imagination, creativity, emotional 
response, characteristics needed to become a good manager. The emotion, as well as 
communication, is an aspect of great importance in the study of leadership, so many 
researchers have focused their attention on this topic.  Different researchers suggest that leader 
emotional displays may influence followers either by motivating them because they convey 
positivity, or because they are contagious and engender positive emotions in followers that 
guide their behavior. Leaders with higher emotional intelligence can also empathize more 
effectively with the emotion of employees and express emotions more appropriately during 
interaction and accordingly establish a better bond. 

Summarizing, being a sub-discipline of Neurosciences, Neuromanagement has a potential 
to flourish within management sciences by introducing empirical data to the literature. 
Looking at the general qualifications of researchers in management sciences, it can be seen 
that many researchers have had business administration background and to receive empirical 
data from neuromanagement experiment settings have quite far from their data collection 
traditions. Therefore, it can be assumed that in the future more multidisciplined management 
researcher can be placed under management schools. 
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Summary 

The article introduces in this newly appeared area by analyzing current literature in order 
to take the picture of current situation and to analyze the possible effects to the management 
sciences. Literature review has been made, from some classical economic theories and models 
to the new, full of perspectives spectrum of neuroscience, brain functioning and, its infinite 
potential, that opened new horizons, uncovered resources and tools to face the realities of the 
new business world.  

Among different techniques and methods used in neuroscience, especially hyperscanning 
is a recent paradigm which consists in the simultaneous recording of the cerebral activity of 
two or more subjects involved in interactive tasks. This method allows exploring interpersonal 
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brain mechanisms generated by the social interactions which neuromanagement is interested 
in. In many scientific studies, in reference to human brain functioning efficiency, attempts 
were made to find an answer to the question of whether it is better to cooperate or compete. 
Therefore, as an example illustrating of using hyperscanning paradigm in the frame o neuro-
management research, the cooperation and competition as crucial social interactions which 
alter the brain mechanisms of the interacting subjects, is described.  
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NEUROZARZĄDZANIE JAKO NEURONAUKOWE PODEJŚCIE 
DO WSPÓŁCZESNEGO ZARZĄDZANIA ZASOBAMI LUDZKIMI 

Streszczenie 
Artykuł wprowadza w ten nowo powstały obszar analizując aktualną literaturę w celu zo-

brazowania aktualnej sytuacji i analizy możliwych skutków dla nauk o zarządzaniu. Dokona-
no przeglądu literatury, od niektórych klasycznych teorii i modeli ekonomicznych po nowe, 
pełne perspektyw spektrum neuronauki, funkcjonowania mózgu i jego nieskończonego poten-
cjału, które otworzyły nowe horyzonty, odkryły zasoby i narzędzia pozwalające stawić czoła 
realiom nowego świata biznesu. 

Wśród różnych technik i metod stosowanych w badaniach neuronaukowych, szczególnie 
hiperskanowanie jest najnowszym paradygmatem, który polega na jednoczesnym rejestrowa-
niu aktywności mózgowej dwóch lub więcej podmiotów zaangażowanych w zadania interak-
tywne. Metoda ta pozwala na badanie międzyludzkich mechanizmów mózgowych generowa-
nych przez interakcje społeczne, którymi interesuje się neurozarządzanie. W wielu badaniach 
neuronaukowych odnoszących się do sprawności funkcjonowania mózgu człowieka podej-
mowano próby znalezienia odpowiedzi na pytanie, czy lepiej współpracować, czy konkuro-
wać. Dlatego też, jako przykład ilustrujący zastosowanie paradygmatu hiperskanowania  
w ramach badań nad neuorozarządzaniem, opisano współpracę i rywalizację jako kluczowe 
interakcje społeczne, które zmieniają mechanizmy mózgowe oddziałujących podmiotów. 
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1. Introduction 
 

The rapid economic and technological development 
witnessed all over the world is one of the reasons behind 
rising environmental pollution and, ultimately, a decline 
in the standards of human health protection. It is 
obvious that natural resources, plants, animals and 
ecosystems require protection. However, nature in its 
entirety cannot be reduced to the sum of its elements as 
the world keeps evolving into a new whole. Popularised 
by the botanist Jan Christian Smuts, this observation lay 
the groundwork for the idea of sustainable development 
and the environmental theory of synergy which consists 
in evaluating the enhanced effect. Today, the theory is 
associated with eco-toxicological studies into the often 

toxic interactions of chemical 
substances present in ecosystems 
[1]. 

In this context, there is a need 
to take measures to prevent the 
negative consequences of 
civilisation’s development and 
preserve species diversity. 
Naturally, such measures go 
beyond eco-toxicologists gaining 
knowledge about the organisation 
of ecosystems. The data they 
gather provide one of the 
foundations for further action 
aimed at implementing protection 
instruments to reduce external 
effects, i.e. the negative 
consequences of expansive 
economic development taking 
place at the cost of natural 
resources. 

The current security policy 
pursued by the European Union 
in the area of the environmental 
impact of chemicals initiated by 
European Commission document 
“White Paper – Strategy for a 
Future Chemicals Policy” [2] 
opened the way for a coherent 
legislative package focused on 
internalising the external effects 
caused by the production of 
chemicals on an industrial scale. 
Its main purpose is to reduce the 
negative impact of the chemical 
industry, relieve the burden on 
the environment in which the 
industry is operating and, 
consequently, improve the 
quality of social life. 

Environmental regulations are 
perceived by most businesses as 
an additional, unwelcome cost 
that, while socially beneficial, 
makes individual companies or 
sectors less competitive. M.E. 
Porter believes that, faced with 
harsh environmental provisions, 
companies will use simple 
reserves to implement 
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fundamental technological, organisational and product innovations to compensate for a rise in 
costs resulting from the new regulations [3]. These actions are intended to keep com-
petitiveness at a level that is either unchanged or higher due to targeted and early innovations. 
The Porter hypothesis as theoretical assumption derived from the induced innovation 
hypothesis [4] from the beginning remains quite debatable [5]. 

Studies carried out so far have shown that stricter environmental regulations stimulate 
innovations, confirming the “weak” version of Porter’s Hypothesis. However, the empirical 
evidence suggesting that more restrictive regulations improve business results is mixed. This 
means that the “strong” version of the hypothesis only works in some, rather restricted 
situations [6, 7]. Porter Hypothesis was used when developing REACH, the new EU 
regulation concerning chemicals [8]. It was assumed that companies who adopt the strategy of 
cost leadership and have a relatively small product portfolio will do better compared to those 
who, competing on product diversity, have more chemical substances covered by the 
regulations. 

2. Relationship between the economy and the environment in a globalized world 
Globalisation and growing internalisation keep changing the world at an ever faster pace, 

bringing about equally rapid consequences for the quality of human life on the shrinking 
planet. However, globalization must not be analysed by identifying its strong or weak points 
as these are self-evident: economic growth and a rise in prosperity are accompanied by a 
decline in the quality of life and the natural environment.  

Improving the quality of human life, and in particular helping people to overcome poverty, 
while commendable, leads to the global increase of the middle class population. Today, this 
tendency is the most prominent in Asia. The size of the middle class increased two-fold in the 
years 1990 – 2010, and according to conservative estimates of the US National Intelligence 
Council it will double again by 2030 to reach 2 billion people. In 2050 it will be 4,8 billion 
people [9]. Benefiting from their hard-earned prosperity, members of this new middle class 
will become the largest global consumer or have already become one judging from the current 
demand for energy, household goods, cars and travel. All of this comes with a significant 
carbon footprint. 

The main problem today is to predict and define the most serious threats that have emerged 
as a consequence of the diminishing importance of national borders and a rising awareness of 
the world as a shared place. Globalisation made the world more interdependent in terms of 
ethnicity, economics and capital. Work on the concepts of economy 4.0 and network 
capitalism continues at full steam, provoking monopolisation of all large production or capital 
activities. The advantage of economic factors over social, environmental and peace-keeping 
ones is confirmed by the fact that decisions made during the World Economic Forum in Davos 
are more often effective than the resolutions adopted during UN General Assemblies [10]. 
Both organisations work under conditions of globalisation and are driven by the premise that, 
since it is relatively easy for actions taken by individuals to impact the entire planet, global 
problems call for global solutions. 

The rapid growth of global population leads to consequences that are mainly related to 
increased industrial and agricultural production. This means that human impact on the 
environment is also more pronounced, making economic growth dependent on the condition 
of the environment and the level of environmental threat. Environment is defined here as a 
complex of natural conditions surrounding man regardless of whether these are related to 
nature, human transformations of geographical conditions or the artificial environment of 
urban space [11]. 

The definition of the environment that is best suited for the purposes of this article is one 
where it is understood as the totality of lithospheric, atmospheric, hydrospheric and biospheric 
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conditions that the human economy has to face in a given territory. This is not about a simple 
correlation whereby conducive or difficult environmental conditions either facilitate or impede 
the socio-economic development of different regions in the same country [12]. The point is 
that the higher the level of development and prosperity, the lower the dependence on 
environmental conditions and vice versa. On the one hand, this is caused by the fact that 
primitive quality of life and social production entails a stronger dependence on the environ-
ment (climate, soil or plants). On the other hand, total independence from the environment is 
impossible in humans [11]. This status quo will not be changed even in the case of a 
hypothetical colonization of another planet. Should it happen, humans will bring with them the 
same relationship with the environment as a necessary condition for human life and the 
development of societies. 

The impact of economic systems on the natural environment described by S. Kuznets in 
1955 [13] presents environmental quality as deriving from environmental pressure (Figure 1). 
The pressure is relatively weak in the first phase of development, increasing together with a 
rise in GDP per capita but only up to a certain point as in well-developed economic systems 
development is accompanied by a drop in the use of raw materials [14]. This intensity-of-use 
hypothesis was proved empirically in 1991-1993 [15, 16]. 

The final decoupling of income increase and environmental pressure may not be 
permanent as it is possible that the increase in pressure will again be coupled with rising 
income in the 4th phase. This is because income has an impact on technological innovation, 
production structure and environmental policy, and changes of these factors bear directly upon 
both environmental pressure and income [13]. Hence, in further discussions, the relationships 
in the Kuznets curve are explained by the conception of behavioural changes whereby the 
higher the standard and quality of living, the greater the weight that people attach to 
environmental aspects understood as luxury goods they can afford. 
 

 
 
Fig. 1.  Relationship between income (GDP) and environmental pressure [13] 
Rys. 1.  Związek pomiędzy dochodem (PKB) a presją środowiska [13] 
 

The more appropriate conception of institutional changes takes account of the significant 
political influence in the first phase characterised by subsidies and imperfect market 
mechanisms, including the lack of fees for external environmental effects. It is only in the 
second phase that subsidies are removed, ownership rights for natural resources are 
established and mechanism for internalisation of environmental external effects are introduced 
[16, 17]. As a consequence of technological and organisational changes following the 
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introduction of ISO 14001, EMAS, LCA, REACH, Responsible Care, Ecolabelling, or CLP 
the structure of the economy keeps evolving bringing about an increase in production together 
with a drop in environmental pressure in the third phase of Kuznest’s curve. This triggers the 
real transfer of costs from the social to the private domain. 

Importantly, the paradox of economic growth is that, for some societies, environmental 
damage is very profitable. A good example (but not the only one) is India where the industrial 
sector clearly benefits from environmental degradation while poor citizens suffer the cost by 
having the quality of their lives diminished [10]. It is only in the well-developed economies 
that one can see the sequence of individual stages from subsistence farming to more intensive 
agriculture to an economic system with a robust services sector. 

In conclusion, the view that environmental degradation may be short-lived and depend on 
the phase of development and the quality of life is not fully justified as the trend of deepening 
globalisation and rising global populations cast a totally different light on Kuznest’s curve. 
The curve is challenged on its universality given, for example, the exponential growth of CO2 
emissions [18], its validity when more countries are analysed at once, as well as its durable 
and optimal nature [13].  

2.  Effect internalisation and the operation of chemical companies under 
REACH regulation 
The problem of managing resources is economic. On the other hand, using environmental 

resources for economic purposes while incurring costs and reaping benefits is a case of 
environmental economics. In this approach the limited capital is the natural environment [19]. 

  

 
 

Fig. 2.  Internalisation of external costs following REACH implementation under the conditions of equalizing 
the net social benefit of chemical production with the producer's profit [based on 19] 

Rys. 2.  Internalizacja efektów zewnętrznych w wyniku wdrożenia REACH w warunkach zrównania korzyści spo-
łecznej netto produkcji chemicznej z zyskiem producenta [na podstawie 19] 

 
The consequences of production activity, including in the chemical sector, that impact, 

whether directly or indirectly, the environment and the people not involved in production are 
called external effects [20]. 

Although very occasionally external effects may bring the positive result of increasing 
prosperity, they are usually manifested as negative external costs of production. The aim of the 
tax contemplated by Arthur Pigou was to reduce the negative consequences that business 
activity (productive work) has for human health and the environment.  
External effects occur when there are insufficient impulses to create effective markets and 
means of production in an economy that is regulated by decentralised optimising procedures, 
as a result of which market balance falls short of Pareto optimum requirements [20, 21]. In a 
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situation like that production functions of chemical companies are influenced by variables that 
the companies do not control. It is only after a complete analysis of the costs and benefits for 
the society and ecosystems related to the production of a chemical substance that one can get a 
full picture and take appropriate action to internalise the identified costs. This is precisely the 
objective of REACH, i.e. regulation (EC) No 1907/2006 of the European Parliament and of 
the Council of 18 December 2006 providing for the use of chemicals through their 
registration, evaluation and, in some cases, authorisation and restriction of their trading [22]. 

The regulation of the European Parliament and of the Council on a safe use of chemicals 
through their registration, evaluation and, in some cases, authorising and restricting trade in 
and use of some substances makes producers and importers fully liable for the evaluation of a 
substance and managing the risk it poses for the natural environment, including human health. 
Under the new system, members of the public have much more access to information about 
the level of risk and the actions taken to mitigate it. Chemical safety is ensured through 
mandatory procedures imposed by the EU on producers and importers, including the 
requirement to develop and update chemical safety reports covering all applications of 
chemical substances before a substance can be registered with the European Chemicals 
Agency [22, 23]. 

Provisions of the REACH regulation apply to practically all chemicals, but many of them – 
such as plant protection products, biocides, medicinal products, cosmetics or food and feeding 
stuff additives – are regulated by other community provisions and are exempted from some or 
almost all provisions of REACH. Also, the registration requirement does not apply to 
substances which occur in nature if they are not dangerous or chemically modified . 

REACH distinguishes between several roles in the supply chain of substances on their 
own, in a mixture or contained in products related to the company’s business. The 
requirements to be met depend on the role a company plays in the supply chain. Companies 
may play different roles for different substances [24]. The REACH regulation has changed the 
system of controlling chemicals in the European Union. It has introduced a number of 
modifications with the aim of improving the management and control of trade in chemicals in 
the territory of the EU. Instead of the division into new and existing substances (EINECS list) 
there is now one common system covering all chemicals. Responsibility for carrying out risk 
assessment and testing of substances has been shifted from national authorities to the industry. 
Producers and importers have been obligated to register substances. Further users have also 
been included in the chemicals control system thanks to which the information about the risk 
posed by substances will be present in the entire supply chain [22, 23]. 
 

 
 
Fig. 3.  Using substitutes as a result of REACH requirements 
Rys. 3.  Stosowanie substytutów w wyniku wymagań REACH 
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This transfer of costs from the social to the private domain by means of the REACH 
regulation achieves the fundamental objective of protecting human health and the natural 
environment. A fall in profits resulting from restrictions imposed on the use of hazardous 
substances under REACH is offset by savings in the area of environment and human health. 
This would not be possible if external effects were internalised following the idea of R. Coase 
who believed that the environment-economy optimum can be achieved through voluntary 
negotiations or tenders between cost producers and the society bearing the costs [25].  

4. Role of Life Cycle Assessment in REACH  
The REACH regulation is focused on risk assessment and further decisions aimed at risk 

reduction. Since the European policy of producing and marketing chemicals assumes a degree 
of negative impact that chemicals have on the environment and human life, it can be supported 
with elements of life cycle assessment (LCA). As a method, the LCA is more comparative 
than the mere evaluation of chemical threats in REACH. When assessing the damage 
generated in the environment, the LCA estimates environmental burden in three areas: quality 
of the ecosystem, quality of human life and the use of resources [26, 27]. Therefore, it can 
potentially lead to more informed decisions about using alternative solutions when the 
assessment indicates that risk should be reduced [28]. LCA results may also support socio-
economic analyses. 

Data related to the application of and exposure to chemicals is required for risk analysis 
methods as well as the eco-balancing methods of the LCA. In both cases, it is possible to use a 
common inventory database [29]. This is why the LCA (or LCIA) can be used for the 
assessment of chemical risk under REACH. The LCA makes it possible to identify all 
important emissions, used means of production, impact on the environment and human health 
as well as the exploitation of natural resources for a given object within the boundaries 
adopted for the system [28]. 

Crucially, the level of environmental impact is estimated not only for the stages of design, 
production and usage of a chemical substance, but also for disposal and recycling. An equally 
important aspect of the LCA is that it does not limit the analysis to the conditions present in 
the economy of a single country. Because its approach is comprehensive, the LCA is a very 
valuable method for identifying and evaluating the emissions of harmful substances [30]. 

Based on a multifaceted computational model, eco-balancing is an iterative method which 
means that subsequent stages use results from other phases. According to ISO standards, LCA 
methodology comprises four phases: 

1. Goal and scope definition, 
2. Life Cycle Inventory Analysis – LCIA, 
3. Life Cycle Impact Assessment – LCiA, 
4. Life Cycle Interpretation. 
The approach identifies the product system defined by the ISO standard as a set of 

materially and energetically linked unit processes having one or more specific functions  
[31, 32]. It is then necessary to define product system borders understood as the meeting point 
between the product system, the environment and other product systems. The scope of 
analyses is a function of the selected time period, geographical area, technology, type of 
collected data and unit processes. Another identified element is the functional unit defined as 
the quantitative effect of the product system used as a reference unit [33].  

Apart from result analysis, the aim of life cycle analysis interpretation is to draw 
conclusions, explain limitations and provide recommendations that have an impact on human 
health, quality of the ecosystem, environmental burden and the use of natural resources. The 
advantages of life cycle analysis are its flexibility, interdisciplinarity, the wide range of 
applications, compatibility with other systems and numerical equivalence of results. Its 
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drawbacks include a certain degree of subjectivity in conducting research that is complex, 
time consuming and costly [34]. 

5. Environmental management instruments  
The principles of environmental protection developed under the current environmental 

policy of the EU need to be taken into account when implementing new political and legal 
instruments, such principles being primarily the principles of perpetrator, prevention and 
cooperation. EU Member states implementing the policy of a gradual reduction of the 
anthropogenic impact on the natural environment move the community economy towards a 
more durable and sustainable development while maintaining a steady improvement of the 
quality of life and prosperity achieved with less environmental resources. 

The implementation of classic principles of environmental economy shows clearly that 
socio-economic factors are so important that economic operators are unwilling to act in 
accordance with the theory of sustainable development and do it late [35]. 

Determined by economic, social or cultural factors, the behaviour of European consumers 
is often at odds with their relatively high environmental awareness. This is because products 
with a strong economic or utilitarian value often send false signals to influence the purchase 
decision, and thus externalise environmental costs. According to research, high environmental 
awareness and harming the environment are not mutually exclusive. The paradox stems from a 
rise in prosperity and the accompanying rise in the number of people who might be well-
educated (also in the area of environmental protection), have a well-paid job and segregate 
their waste, but their overall environmental balance is still very negative given the size of their 
flats and cars. Much the same goes for production companies who cede to economic factors in 
their search for high returns [36, 37]. 

In view of the potential benefits for the great majority of the society, environmental 
policies should regularly interfere in economic activity putting up barriers that would 
internalise the negative effects of production. The same applies to actions aimed at ensuring 
the right level of chemical safety. 

The validity of the above statement is confirmed by the results of the latest research, which 
says that the wealthiest 1% of the world’s population were responsible for the emission of 
more than twice as much carbon dioxide as the poorer half of the world from 1990 to 2015, 
according to new research. The report, compiled by Oxfam and the Stockholm Environment 
Institute, warning that rampant overconsumption and the rich world’s addiction to high-carbon 
transport are exhausting the world’s “carbon budget” [38]. 

The fundamental political and legal instruments used for environmental protection are 
prescriptions and proscriptions, i.e. hard instruments with a direct impact on market behaviour. 
For example, they set limits for harmful substances during their use and raise quality 
standards. When implemented, these instruments often require using alternative technologies 
and substitute raw materials that are not harmful for the natural environment and human 
health. The advantage of hard instruments is their high efficiency: they are very likely to 
respond swiftly to emerging problems and their common application means that they are 
accepted by a relatively large number of recipients. Their disadvantage is that it is difficult to 
estimate the economic cost at which they achieve the intended social objectives. It is also hard 
to stimulate new environment-friendly development processes that would be market-oriented 
[35]. 

Another group comprises indirect instruments that promote behavioural changes through 
soft measures such as labelling. These are based on information and education campaigns. It is 
important that the value of the motivating impulse should not be higher that the internalised 
costs of the promoted environmental or health-related solution. Indirect instruments are 
characterized by viability, a high level of process awareness, sensitisation and universal 
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acceptance counterweighed by low effectiveness and poor efficiency of declarations and 
voluntary commitments. This is why it is best to use them selectively and for a limited period 
[35, 39, 40]. 

The third group is made up of economic instruments of environment protection. These are 
used when the market fails to regulate collective and substantive goods, which requires that 
the state intervenes to change the framework conditions under which the market operates. A 
good case in point is the elimination of wrong raw material allocations and a focus on 
internalising social costs in the private domain. In general, solutions that are harmful for the 
environment or health become unprofitable from the economic point of view. The instruments 
are used in sustainable management and the greening of state financial systems aimed at 
internalising externalised environmental costs. They usually come in the form of green tax 
reforms or giving up many unjustified subsidies that are harmful to the environment. Another 
efficient and effective economic instrument is granting authorisations to use and sell 
environmental resources as well as customs tariffs levied to internalise environmental effects 
produced in other parts of the world [41].  

The instruments are highly efficient environmentally and economically effective. They 
adapt to new trends and phenomena better than administrative and legal measures. Their weak 
point, however, is the lack of consistency which impacts viability and acceptance.  

6. Discussion 
A rightly identified drawback of hard sustainable development instruments (administrative 

and legal) is that they respond to already existing threats, which means that trends are defined 
by available technical and technological resources to the detriment of developing new, 
breakthrough technologies in the long-term.  

It must be said clearly that the application of soft, indirect instruments raised many doubts 
regarding Kuznest’s environmental curve. The curve will work only for local emissions, but 
will not work for toxic substances and greenhouse gases on a global scale. This is why it is 
questionable whether it can be used as the basis for conclusions in the era of sustainable 
economy. 

The debatable aspect of economic instruments is their consistent application, e.g. in the 
case of attempts to green the tax system. Potentially highly efficient, taxes reveal a very 
important controlling function of the sustainable economy. For example, emission trading or 
environmental anti-dumping tariffs help prioritise the hierarchy of arguments. It is 
unacceptable that the protection of a single endangered species should be more important than 
protecting the entire atmosphere against pollution [39, 40].  

7. Conclusions 
The reflections presented above prove theoretically and empirically that, due to the social 

and economic factors, sustainable development is not possible without protective 
environmental barriers implemented through different economic instruments designed to 
protect the environment like the REACH regulation in the chemicals industry. 

The current scale of globalisation and a rise in population numbers exert pressure on the 
environment and lower the quality of life. There is no convincing evidence that the amount of 
pressure is eased by a rise in economic income. 

Moreover, in order to arrive at correct and, more importantly, exhaustive conclusions about 
the degree to which external environmental effects have been internalized, it is necessary to 
carry out a life cycle analysis in REACH. Quantified and interdisciplinary LCA results may 
shed light on other problems of the chemical sector in areas such as energy intensity or 
technological efficiency. They may also highlight advantages like an above-average reduction 
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of the negative impact on the environment and health. Thus, LCA provides better grounds for 
decisions about alternative solutions when risk assessment identifies the need to reduce envi-
ronmental risk. 
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Summary 
The coherent legislative package of regulation 1907/2006/EC (REACH) was introduced as 

a protection instrument reducing the external effects of chemical substances. The assumption 
behind the new system is to change the total proportion of chemical-related effects present in 
the private and public sectors. This article shows that previous tools did not include a market 
mechanism, which meant that such effects were automatically transferred to the society. The 
REACH regulation protects the natural environment and human health through transferring 
costs back to the private sector, i.e. internalising the external effects caused by the industry. 
Thus, it provides an efficient instrument of redressing the balance. In line with the Porter 
Hypothesis, as the private sector is subjected to more stringent environmental regulations, it 
develops new solutions and uses different resources, which offsets the increase in the costs of 
complying with harsher environmental policies. Unfortunately, the empirical verification of 
the hypothesis is still debatable. Even so, the integration of environmental, social and 
economic objectives lies at the core of the concept of sustainable economic development. 

REACH is focused on regulations related to risk assessment and further decisions aimed at 
risk reduction. Given the degree of negative impact chemicals have on the environment and 
human life, the European policies of chemical production and marketing may be supported by 
elements of life cycle assessment (LCA) As a method, the LCA is more comparative than the 
assessment of chemical threats in REACH. It estimates environmental impact in three areas: 
quality ecosystems, quality of human life and the use of resources. Therefore, it can 
potentially lead to more informed decisions about using alternative solutions when risk 
assessment indicates that risk should be reduced. LCA results may also support socio-
economic analyses. Data related to the application of and exposure to chemicals is required for 
risk analysis methods as well as the LCA. In both cases, it is possible to use a common 
inventory database [6]. This is why the LCA (or LCIA) can be used for the assessment of 
chemical risk under REACH. 
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INTERNALIZACJA EFEKTÓW ZEWNĘTRZNYCH 
W EUROPEJSKIM SYSTEMIE ZARZĄDZANIA CHEMIKALIAMI 

Streszczenie 
Konieczność uruchomienia instrumentów ochronnych, ograniczających skutki zewnętrzne 

powodowane przez substancje chemiczne, doprowadziła do wdrożenia spójnego pakietu legi-
slacyjnego rozporządzenia nr 1907/2006/WE (REACH). Założeniem nowego systemu jest 
zmiana stosunku całkowitych skutków powodowanych przez chemikalia między sferą pry-
watną i publiczną. W niniejszej pracy wykazano, że wcześniejsze narzędzia nie obejmowały 
mechanizmu rynkowego, co oznaczało automatyczne przejście na stronę społeczną. Dlatego 
REACH chroni środowisko i zdrowie ludzkie poprzez zwrotny transfer kosztów prywatnych, 
czyli internalizację skutków zewnętrznych wywołanych przez przemysł. Rozporządzenie 
REACH jest zatem skutecznym narzędziem przywracania równowagi. Poddanie strony pry-
watnej ostrzejszym regulacjom środowiskowym zgodnie z Hipotezą Portera doprowadza do 
wdrożenia nowych rozwiązań i użycia odmiennych zasobów, co rekompensuje wzrost kosz-
tów przestrzegania zaostrzonej polityki środowiskowej. Niestety weryfikacja empiryczna 
hipotezy wciąż jest dyskusyjna. Pomimo to integracja celów środowiskowych, społecznych  
i ekonomicznych jest podstawą koncepcji zrównoważonego rozwoju gospodarczego. 

REACH koncentruje się na kwestiach regulacji dotyczących oceny ryzyka i dalszych de-
cyzji ograniczających to ryzyko. Uznając stopień negatywnego wpływu chemikaliów na śro-
dowisko i zdrowie ludzi, możliwe jest wykorzystanie elementów oceny cyklu życia (LCA)  
w europejskiej polityce wytwarzania i wprowadzania na rynek chemikaliów. LCA jest metodą 
bardziej porównawczą niż ocena zagrożeń chemicznych w REACH. LCA przypisuje wpływ 
na środowisko w trzech obszarach: jakości ekosystemu, zdrowia ludzkiego i zużycia zasobów, 
zatem może potencjalnie poprawić podstawę decyzji o zastosowaniu alternatyw w przypad-
kach, w których ocena ryzyka wymaga zmniejszenia ryzyka. Wyniki LCA mogą również 
wspierać analizę społeczno-ekonomiczną. 

Dane dotyczące stosowania i narażenia na chemikalia są wymagane zarówno w ramach 
metod oceny ryzyka, jak i LCA. W obu przypadkach można wykorzystać wspólną bazę da-
nych inwentaryzacyjnych. Dlatego LCA (lub LCIA) można zastosować w ocenie ryzyka che-
mikaliów polityki REACH. 
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1. Introduction 
 

The word ‘quality’ has been known for ages. The 
term ‘poiotes’ (Greek for quality) was first used in 
ancient times (428-348 B.C.) by Plato. Since that time 
the range and the meaning of this word has clearly 
evolved, which was, among others, connected with 
treating it as an inseparable attribute of all products. The 
changes in defining and understanding ‘quality’ could 
be particularly clearly observed throughout the last 
century. Initially, it was identified in accordance with 
technical conditions (technical quality) [1, 33]. Then 
respectively, quality was analyzed within the context of 
utility, technological value and compliance with 
specification (functional quality) [2]. After that, the 
ability to meet user’s needs and expectations (marketing 
quality) started to be stressed [3, 20-22] as well as the 
degree to which a set of inherent characteristics of an 
object fulfils requirements (value quality) [4, 5, 32].  

Science dealing with examining and evaluating 
functional characteristics of goods and factors, 

phenomena and processes 
influencing quality and its proper 
shaping in pre-productive, 
productive and post-productive 
stages is known as commodity 
science [6]. Scientists and 
specialists in this field conduct 
numerous studies concerning 
different aspects of quality, 
whose subject are industrial and 
food products as well as services 
[7-22]. More and more often the 
studies concern also evaluation of 
environmental aspects connected 
with negative impact of a product 
[23-29]. The trend is connected 
with the increasing 
environmental pollution and, 
what follows, the necessity of 
monitoring and reducing negative 
impact on the environment in the 
whole life cycle.  

In 2013 the European 
Commission issued a statement 
to the European Parliament and 
the Council about building the 
single market for green products 
facilitating better information on 
the environmental performance 
of products [30]. The reason for 
taking such measures lies in 
differences in currently used 
methods of its evaluation and 
analysis. The differences result in 
varying results within the same 
products or organization as well 
as lack of the possibility of their 
comparison. The environmental 
approach based on product life 
cycle also implies 
implementation of rules of inte-
grated product policy [31]. The 
concept derives from seeking the 
possibility of reducing the 
environmental impact of the 
product within its whole life 
cycle, starting from raw material 
mining, throughout its processing 
and production, distribution, 
utilization together with the final 
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stage, when it becomes waste after being used [31]. Thus, the point of the integrated product 
policy is focusing on the stages of the product life cycle which provide the greatest 
possibilities of reducing the pressure imposed on the environment assuming that reduction on 
one level may not cause burden within another stage of the cycle. Thereby, care for 
environmental performance of a product is inseparably related to its quality. 

2. Research methodology 
The study reviews source literature concerned with defining the term of product quality. It 

also presents changes in the approach to the notion itself as well as its evolution. Issues 
concerning environmental performance of products have been described, too. On the basis of 
an overview of publications, one has indicated the need for a complex approach to defining 
the term of product quality involving also environmental aspects. It has been shown that 
quality is an interdisciplinary concept of many dimensions, which undergoes changes resulting 
from dynamic civilization development and related social changes.  

3. Quality – the essence of the term definition 
At present, there are many parallel definitions of quality referring to various aspects of this 

complex notion. The oldest and the first definition of quality was formed by Plato. According 
to him, the quality of certain things lay in the degree of their achieved perfection [33]. Another 
prominent Greek philosopher, Aristotle, understood quality as “the essence difference”, thanks 
to which defining things is possible [33-35]. Cicero, on the other hand, translated the notion of 
quality from Greek into Latin as the property of an object (Latin qualitas for quality) [33]. 
Thereby, within the philosophical concept, quality is understood transcendentally as issues 
going beyond sensual experience, intuitive pursuit, without a possibility of unambiguous 
defining. A similar attitude to quality can be found in sociology, where it is approached within 
the context of creating proper quality of life and work which raises the level of culture in the 
society [36]. However, within the technical approach, quality is understood as a given set of 
physical parameters of compliance with specification, model, norm, design, where the 
definition excludes the recipient [2, 33, 37]. As far as the technical quality is concerned, most 
frequently described characteristics are functionality (the degree and range of defined 
functions), practicality (easy use and maintenance), reliability (failure free), durability (time of 
holding functional characteristics) and safety of use. However, most frequently used and  
 
 
Table 1.  Differences in narrow (q) and wide (Q) interpretation of the concept of quality 
Tabela 1.  Różnice w wąskiej (q) i szerokiej (Q) interpretacji pojęcia jakości 
 
Element q approach Q approach 

Products Goods for sale All products meant for internal and external 
recipients 

Processes Processes directly relating to goods 
manufacturing and selling 

All basic, auxiliary, service and business 
processes 

Organization 
services Services connected with production processes All services 

Work stations Work stations in the basic process All jobs having three functions: recipient, 
author (added value), supplier 

Costs connected 
with quality  Cost of faulty products  All costs which would be absent if everything 

was perfect 
Sectors  
of economy Industry  Industry, services, administration 
 

Source: [37], p. 23. 
Źródło: [37], s. 23. 
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quoted definitions of quality are the definition according to European Quality Organization, 
the definition according to PN-ISO 8402:1996 and the definition according to PN-EN ISO 
9000:2001. In all these sources the notion is handled in two ways. Within the narrow approach 
it is addressed in the context of product quality (so called q), and within the wide one – as the 
quality of a system (that is Q) [37]. The differences in interpretation between the two 
approaches are shown in Table 1. They concern six elements which are products, processes, 
organization services, work stations, costs related to quality and adequate sectors of economy.  

A wider look at quality was presented by American Society for Quality. In this approach it 
is defined as a set of properties and characteristics of a product or service which decide about 
a possibility of meeting a claimed or potential need. The emphasis is put both on an external 
and an internal customer. The consequence of adopting such a perception for a company 
intending to create product quality should then be meeting certain requirements. 

4. Technical and functional product quality 
Product quality can be addressed within a purely technical approach. According to such an 

approach it is treated as a set of physical, chemical, biological and other characteristics. Its 
source are factual qualities of products. Analyzing product quality within its functionality is a 
wider look (Table 2). 
 
Table 2.  Technical and functional quality of products – definition overview 
Tabela 2.  Jakość techniczna i użytkowa produktów – przegląd definicji  
 

Type Author Definition 

Technical 
quality 

Dulski The only rational concept of quality is technical quality of a product and its 
production, taken from material properties of products. 

Oyrzanowski Quality as a set of physical, chemical, biological and other properties 
characterizing a given product and making it different from other products. 

Krencik 

Quality as a set of characteristics of each product, concerning the level of 
modernity, reliability, functional efficiency, durability, shape, colour, 
esthetics, taste, fashion etc. All the properties of a product may be analyzed 
from the point of product construction, technology, applied raw materials and 
finishings etc. 

Chwieduk Technical quality is defined with physicochemical properties and is a function 
of material properties of  a product. 

Functional 
quality 

Dubowikow Industrial product quality is understood as the whole set of properties 
describing its functionality according to its intended use. 

Prozorowicz The degree of service compliance in the post-productive stage of the product 
with the project requirements. 

A. Hamrol The degree of satisfaction which the user experiences in connection with 
owning and using the product. 

 

Source: based on [33] p. 10; [40] p. 25; [41] p. 28. 
Źródło: na podstawie [33] s. 10; [40] s. 25; [41] s. 28. 
 
 

Taking a recipient into account considerably influences the product perception. In this 
approach it is understood and addressed as a set of material functional properties enabling 
meeting defined and expected needs [3, 20-22, 33]. One considers physicochemical properties, 
material characteristics of the product and its functional value. Product quality understood in 
this way refers to both its technical properties and economic (market and marketing) ones as 
well. Only to a small degree does it take social aspects into consideration [33]. 
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5. Product quality within economic and marketing approach 
According to economic and marketing approach product quality means its ability to meet 

needs and expectations. What matters here is the connection between consumer’s preferences 
deriving from their needs, income and prices and an amount of information creating the 
product image in the consumer’s consciousness and subconsciousness [38]. Thus, adding a 
buyer to the technical and functional approach within the context of meeting user’s needs and 
expectations by the product enables us to define the quality in economic and marketing 
understanding [22, 34].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Defining quality from consumer’s point of view 
Source: [4], p. 16. 
Rys. 1.  Definiowanie jakości z punktu widzenia konsumenta 
Źródło: opracowanie własne na podstawie [4], s. 16.  

 
A common element in this approach is the level of consumer’s satisfaction. The economic 

approach in this context stresses their needs, income and prices, while the marketing one – the 
market aspect [19, 22, 34]. One should also stress that differences in the approach to product 
quality are seen very clearly depending on who the buyer is. The manufacturer and the 
consumer are two market subjects who have different aims. As such, they perceive quality in 
varied ways, which comes mainly from different expectations as to the product. Defining 
quality from the point of view of a consumer is presented in Figure 1. 

For a consumer it is essential to meet both functional and non-functional needs. Among the 
former ones the key roles are played by comfort and safety of use, reliability and economy. On 
the other hand, non-functional needs mean building an image and meeting aesthetic needs. 
Depending on the type of product we deal with advantage of functional or non-functional 
elements. However, one needs to stress that meeting any of the given needs is not possible 
when we deal with low quality. It is also characteristic that functional needs are inseparably 
connected with material echoes of the product such as raw material and materials used for 
production, correct work and easy use. Non-functional needs, however, are non-material as 

creating an image 

 meeting esthetic needs 

Product quality from the consumer’s point of view 

Functional needs 

Properties connected 
with use 

Non-functional needs  

Properties connected with 
disposability and environ-

mental influence 

relaibility 

repairability 

guarantee 

comfort of use 

functionality of use 

economy 

safety 



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 52 

they are connected with subjective feelings of a buyer or a user concerning a given product. 
They are particularly influenced by the reputation of the company offering the product, the 
supplier’s ethics and opinions of its users so far. In this context we should point out that 
product quality is not perceived through its material properties. Hence, one can say that it is of 
definitely non-material type and is connected with the image of a brand created by the 
manufacturer.  

On the other hand, product quality from the point of view of a manufacturer is defined 
through profitability and competitiveness (Figure 2). A product should hold exact attributes 
and characteristics which allow for shaping and measuring the profit with given quantitative 
parameters, share and size on the market. Moreover, it is also vital for the product to be 
competitive, which is affected by its properly shaped image and constant improvement, which 
results in technological leadership [1]. 

Therefore, when we analyze quality perception by a consumer and a manufacturer we can 
observe clear differences. Demand and supply needs of the market are not identical. What the 
producer sees in quality is the possibility of generating profit and competitive advantage 
achievement. For a producer it is also a way to further improvement and technological 
development. A consumer, in turn, looks at quality through meeting their functional needs 
(finding a reliable, functional and lasting product), reaching comfort (ergonomics and esthetic 
of the product) and the possibility of being distinguished and gaining prestige (product 
originality) [41].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Defining quality from producer’s point of view 
Source: [4], p. 16. 
Rys. 2.  Definiowanie jakości z punktu widzenia konsumenta  
Żródło: [4], s. 16. 
 

The approach to defining quality by stressing economic and functional product values both 
for the company and the buyer was suggested in the SixSigma approach. The philosophy 
implies constant perfecting of organization through monitoring and quality control so as to 
eliminate and prevent discrepancies in processes and products [43, 44]. The aim of actions 
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taken is reduction of costs of product manufacturing and supervision, which is achieved by 
identification of errors even before their potential appearance. In the Six Sigma concept 
quality represents a value for both a buyer and a supplier [45]. It is viewed through benefits 
coming from utility and availability of the product, but also as an economic category. Through 
manufacturing high quality products, a company expects to generate the highest possible 
profit. The buyer, on the other hand, expects to be provided with proper standards. Receiving a 
product of optimal quality which has an acceptable price influences its positive evaluation. 

6. Characteristics of product quality 
A good image of a product in the eyes of present and future consumer is affected by their 

perception of its quality characteristics. Source literature most often quotes a division into four 
categories. The categories include the mentioned before technical characteristics (geometric 
measures, surface condition, physicochemical properties depending on the intended use of the 
product, compliance with standards – the degree to which functional characteristics of the 
product are close to the target standard), functional characteristics (reliability, failure-free 
work, durability, functionality, comfort of use, easy service and maintenance, ergonomics, 
safety of use, easy repair, meeting needs and expectations of a buyer, exclusiveness 
understood as prestige of a buyer related to owning a product or its brand), esthetic 
characteristics (external look, shape proportions, colour, neatness of manufacturing, form of 
presentation) and, last but not least, economic characteristics (social cost of manufacturing the 
product, exploitation cost, cost of purchase) [39]. 

D.A. Gavin defined quality with the help of Wight dimensions of a product [22]. They are 
as follows: 
1)  performance referring to product's primary operating characteristics, 
2)  reliability which is the likelihood that a product will not fail within a specific time period 

and conditions,  
3)  practicality defined as acceptability of a product, its easy use and service, 
4)  conformance is the precision with which the product or service meets the specified 

standards, 
5)  durability which is the length of a product’s life defined as a possibility of use in a given 

period of time, 
6)  features – additional characteristics that enhance the appeal of the product or service to the 

user, 
7)  aesthetics reflecting subjective user’s opinions of a product based on the individual’s 

physicochemical experiences and how the product is present in the consumer’s awareness, 
8)  perceived quality which is related to the perception of the product brand, company and the 

reputation of its supplier. 
The importance of product quality to consumer can be confirmed by results of a survey 

commissioned by TÜV Rheinland Polska by Instytut Kantar Millward Brown in 2018 [46]. 
They prove the significance and the role of product quality as the most important purchase 
criterion. 71% of consumers say so, while 61% admit that price is also a factor. On the other 
hand, over 33% declare the material which the product is made of and the manufacturer’s 
brand influence the choice. The results of the survey in question indicate that a popular source 
of information while planning a product purchase are quality certificates, which the products 
are marked with. As many as 75% of Poles admit to checking them before buying, while 61% 
trust them. However, opinions vary considerably as far as the evaluation of brand influence on 
the product quality is concerned. 45% of the respondents do not see any dependence between 
them, and as many as 39% claim it is the other way round. Only 28% of the Polish population 
declare to buy brand products because of their guaranteed quality. However, 32% of 
consumers claim that products of less known manufacturers are comparable or even better that 
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the brand ones. The complexity and multidimensionality of the concept of quality is reflected 
in its perception and interpretation. Most of the consumers participating in the survey (70%) 
identify it mainly with durability, which is understood as being made of good material, proper 
assembling and life and health safety of potential users. Over a half view quality as utility in 
the context of comfort and ergonomics of product use or compliance with given norms or legal 
regulations (respectively 55% and 51%). On the other hand, 45% interpret product quality as 
its efficiency (reliability and fast work). The results prove Polish people to consider 
themselves to be conscious consumers who take quality into account when choosing a 
product. Within this area they mostly value safety, durability and utility. Such an evaluation 
can be regarded as coincident with the above mentioned definitions of product quality 
operating in the source literature. 

7. Relation of quality to environmental performance of a product 
Differences and problems with defining the notion of product quality come mainly from a 

wide variety of products which are offered on the market, and what follows, diverse 
characteristics and dimensions describing it. It causes subjective differences of perception. 
Food and industrial product quality is often evaluated from various angles, which mostly 
stems from their substance and properties. There are, however, common criteria which are 
considered in the evaluation, which is shown, among others, in the described above economic 
and marketing approaches. 

A vital and so far, frequently ignored issue referring to the question of product quality are 
aspects related to its impact on the environment. In this context, environmental performance is 
more and more frequently mentioned nowadays. This problem is defined by 2013/179/EU 
Commission Recommendation of 9 April 2013 on the use of common methods to measure and 
communicate the life cycle environmental performance of products and organizations [42]. 
According to it, the environmental performance is defined as quantified measurement taking 
all relevant life cycle stages of a product or organization into account, from a supply chain 
perspective. [42]. Thus, environmental performance is identified with potential environmental 
impact verified for the whole life cycle in numerous aspects. Thereby, it involves various 
environmental problems and its methodology is based on Life Cycle Assessment (LCA)  
[25, 47]. 

Product quality is inseparably connected with its environmental performance. A lot of its 
characteristics are directly or indirectly connected with the environmental impact. One should 
also pay attention to the fact that so far, the notion of quality has been referred not only to 
products but to the environment itself as well. The latter though does not hold product 
characteristics (is not made by a company) but it is treated as a sort of good which is 
influenced both by need and supply aspects of the market. We could then say that 
environmental quality and product quality are inseparable and their mutual influence is clearly 
visible. 

The significance of the issue of environmental performance is stressed by the effective 
legal regulations. In December 2015 the European Commission adopted an action plan for the 
Circular Economy [48]. According to it, the economy should be sustainable, low carbon, 
resource efficient and competitive It is to be encouraged by keeping the value of products, 
materials and resources as long as it is possible and reducing waste production to the 
minimum. Circular economy implementation influences improving product quality. Thanks to 
better design the product will be more durable, easier to repair, modernize or regenerate and at 
the recycling stage – possible to disassemble in order to recover valuable materials or its 
components. Sustainable resource economy concerns both manufacturers and consumers, 
whereas the responsibility of the former ones involves also the post-production stage. 
Currently, there are still works going on as to defining the range of manufacturers’ extended 
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responsibility concerning recycling waste generated by their products as well as full 
introduction of environmental policy [49].  

Bearing in mind the abovementioned considerations, a complex approach to product 
quality should also refer to its environmental performance. Taking life cycle categories into 
account enables us to go beyond the foregoing technical notion of quality [50]. Thus, one can 
discuss a sustainable product quality, which comprises three components – economic, social 
and environmental value (Figure 3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3.  Sustainable product quality 
Source: [50], p. 88. 
Rys. 3.  Jakość produktu zrównoważonego  
Source: [50], p. 88. 
 

The complex approach to the product quality ought to consider the whole life cycle of a 
product. It is only such a perspective that allows us to see the product quality as a whole and 
consider questions concerning its environmental performance [50]. 

8. Discussion and conclusion 
Increasing pro-quality requirements towards organizations and deteriorating environment 

condition imposes taking international measures concerning introduction of environmentally 
friendly policies. Rapid development reflected in wider and wider selection of goods on offer 
and growing competition make quality expectations change. Still an important aspect of its 
perception are product characteristics referring to compliance with technical requirements, 
utility or consumer’s expectations. However, one should look at product quality in an even 
more complex way than before. It is also connected with growing environmental awareness of 
consumers, which is reflected in taking more conscious and more ecological purchase 
decisions. High product quality is more and more often identified with its environmental 
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performance. A crucial aspect of perceiving products has become not only its economic 
dimension, but social and environmental ones as well. 

As it has been shown in the study, so far source literature has not considered questions 
concerning environmental aspects of quality. An approach that links both wide and narrow 
interpretations of the concept of quality may be sustainable product quality. In this context a 
very important aspect of perceiving a product is taking into account a component connected 
with its environmental performance. Such an approach, based on cycle of life categories, 
enables a complex product quality evaluation in all three dimensions. In addition, it helps to 
build not only a positive image of a product but of its manufacturer as well. It brings a great 
number of benefits representing a value both for the manufacturer and the consumer, which in 
turn might help in becoming more competitive and being more distinguished on the market. 
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Summary 
Quality is to be the very important attribute of the product. The concept has been a long-

term research subject across different scientific disciplines. The most commonly examined 
aspects of this complex issue are: philosophical, technical, manufacturing and production, 
sales and marketing, economic and law, sociological or psychological. However, there is a 
particular need to address the product quality issue in the context of more and more common 
environmental pollution problems.  

This paper is a review of the scientific literature in the field of product quality and 
describes evolution of the term, as well as addresses current action relating to the product 
environmental efficiency. So far, the product quality concept is not considered in a wider 
context of its environmental aspects. 
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JAKOŚĆ PRODUKTU W KONTEKŚCIE 
JEGO EFEKTYWNOŚCI ŚRODOWISKOWEJ 

Streszczenie 
 Jakość jest bardzo ważnym atrybutem produktu i jako taki od dawna stanowi przed-
miot rozważań naukowych oraz różnorakich badań. Jak dotąd pojęcie to analizowane było 
głównie z filozoficznego, technicznego, produkcyjnego, handlowego, marketingowego, eko-
nomicznego, prawnego, socjologicznego czy też psychologicznego punktu widzenia. Coraz 
powszechniej występujące problemy spowodowane wzrostem zanieczyszczenia środowiska 
sprawiają, że obecnie istnieje pilna potrzeba zwrócenia uwagi na te zagadnienia również  
w odniesieniu do jakości produktów.  

Niniejsze opracowanie stanowi zarówno przegląd literatury pokazujący ewolucję pojęcia 
jakości, jak również opisuje obecnie podejmowane działania dotyczące pomiaru efektywności 
środowiskowej produktów. Jak dotąd pojęcia jakości produktu nie rozpatrywano bowiem  
w kontekście aspektów środowiskowych z nim związanych.  
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1. Introduction 
Management is a process that leads to the 

accomplishment of certain things (purposes) efficiently 
and effectively together with and through other people 
[1]. Efficiency is defined as performing a task correctly, 
and refers to the relationship between inputs and results. 
At the same time, it is associated with the desire to mi-
nimize the resource costs. However, the effectiveness 
lies in bringing the task to completion, which makes it 
possible to achieve the intended purpose. Appropriate 
management of a production company has a direct 
impact on the creation of its result, i.e. the product. In 
accordance with the principles of good practice, 
environmental impact must also be minimized. 

Effective product management is closely related to 
sustainable development (SD) [2-3]. SD has three main 

purposes: economic efficiency, 
care for the environment and 
social balance. Economic 
efficiency takes into account 
social and environmental costs, 
while care for the environment 
concerns minimizing the negative 
impact on the environment and 
protecting natural non-renewable 
resources. Active action to 
improve the quality of human life 
and create new jobs can be a kind 
of social balance. 

In addition to developing an 
appropriate production method 
for a given product,  
a manufacturing company should 
responsibly select raw materials 
for production and determine 
how the final product will be 
removed after it has been used by 
the buyer. The demand for many 
products as well as the need to 
diversify them is constantly 
increasing, which may have a 
negative impact on the 
environment and society. This 
impact should be minimized and 
requires an assessment of the 
product's environmental impact 
throughout its life, e.g. by 
looking at the product in terms of 
its environmental life cycle 
(“from cradle to grave”). Life 
cycle assessment (LCA) for 
product is increasingly performed 
[4-6]. Properly conducted LCA 
analysis facilitates the 
identification of a product or 
process that has the least harmful 
impact on the environment. If it 
is not performed, the product 
would be harmful to the 
environment, what could be 
unnoticed. This activity focuses 
on management of product in the 
most effective way from the first 
idea for the product and it retires 
from the market. LCA is 
primarily based on three main 
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lifecycle stages: Beginning of Life, Middle of Life and End of Life [4-5]. LCA consists of 
several subphases: imagine, define, realize (Beginning of Life), use, support (Middle of Life), 
retire and dispose (End of Life). The product's LCA makes it possible to assess the impact of 
all its stages of life on the environment. Among the stages of life of the product (“from the 
cradle to the grave”) stand out [5, 7-9]:  
• mining and processing of raw materials, 
• product manufacturing (production process),  
• product distribution, 
• product transport,  
• use of the product,  
• product recycling, 
• utilization of the product (final disposal of the waste) [6, 10-11].  

Before a new product is launched, several factors affecting it should be taken into 
consideration: regulations (mainly: health, environment, safety); new technologies (e.g.: 
mechatronics, smart products, social technologies, mobile); market (primarily: demanding 
customers, customization) and competition (for instance: new competitors, low-cost competi-
tors) [5, 12]. 

The quality of the water environment, in terms of polymeric products, depends on several 
basic factors, such as: design of synthesis (stoichiometric amount of starting substrates and the 
purity of substrates) and conditions of the synthesis reaction (temperature, pressure, time, 
catalyst used), which lead to the receipt of relevant materials [7-8]. Based on the appropriate 
selection of these factors, a polymer material with the desired molecular weight and properties 
can be obtained [9]. The influence of such factors on the synthesis of a new product should 
always be considered, but, simultaneously, the process should be conducted with the lowest 
environmental impact. Therefore, it is highly relevant to use substrates that are harmless to the 
environment and to conduct the reaction in the most energy-efficient conditions. In addition, at 
the final stage of the life cycle, the polymers can also be used to improve the quality of the 
environment, e.g. by producing sorbents from the recycled materials for water purification 
[13]. 

The problem of access to clean water is becoming more serious. The UNESCO report [14] 
confirms that the society requires SD in providing potable and sanitary water. SD allows to 
meet current needs without harming future generations in an environmental, economic and 
equity context. There are many regions on the globe where water is contaminated with 
pesticides, fertilizers, organic (e.g. medicines) and inorganic (e.g. heavy metals), industrial 
(e.g. salts, minerals, solvents) and domestic waste (e.g. micro-leaks of oils). They are not 
always toxic, but they can change the color, taste and smell of the water. Water contamination 
by microorganisms is also hazardous. 

A separate group of pollutants are pollution associated with the operation of oil platforms 
in the oceans and the sea, and with river and sea transport. We do not mean random accidents, 
but normal work, e.g. ballast water discharge. In the transshipment ports, like in Gdynia and 
Gdańsk (Poland), there are often micro-leaks of oils from ships into the waters of the Gdańsk 
Bay. Once they are small, however, on an annual basis, the amount of chemical and petroleum 
pollution is an amount that may pose a threat to the flora and fauna of the Baltic Sea (Europe) 
[15]. Water management is important for the inhabitants of the waterfront. Appropriate 
management has an impact on the quality of the environment and the quality of people's lives. 
In this aspect, materials have an important role in the environment by applying them in water 
treatment. 

Common materials used for water treatment are polymers, zeolites, clays, activated carbon, 
chitosan, agricultural solid wastes, industrial by-products and silica beads [16]. However, 
materials for effective water treatment are in constant demand. Moreover, this material should 
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also be easily cleaned. Synthetic polymers have these two characteristics (effectiveness in 
water cleaning and easy self-cleaning), so they are very often used for water treatment [17]. 
They can be used in various forms, for example, as 3D printed materials [18]. From an 
environmental point of view, it would be more beneficial to use natural materials for water 
cleaning, but they have poorer mechanical properties. However, the investigation of using 
sorbents or membranes made from natural compounds is still being conducted [19]. Synthetic 
polymers modified with natural polymers are much more commonly investigated for water 
treatment processes than pure natural materials. This allows that the resulting material has 
properties of both polymers – sufficient mechanical strength and exceptional sorption 
properties. Furthermore, the properties of natural polymers which allow for their use in water 
treatment are enhanced by modification with nanoparticles and inorganic fillers. Especially 
important biopolymers for water treatment are polysaccharides. They are a very promising 
group of natural polymers which together with synthetic polymers, inorganic materials or 
nanomaterials can be formed into useful materials for water treatment application. 

Currently, water quality regulations and standards require careful treatment of water from 
different sources of pollution [20-23]. Water treatment consists of water purification and water 
conditioning [18]. Treatment processes restore water (sewage, wastewater) of such quality that 
it can be returned into the environment without compromising its quality. Nevertheless, the 
conditioning restores water values that allow its use and consumption.  

The main aim of treatment is to remove microorganisms, toxins and improve the 
appropriate taste values in water, when we want to get portable water or water for industrial 
using. Water treatment is conducted through [23, 24]:  
• physical processes,  
• chemical processes, 
• biological processes.  

97% of water on Earth is contained in oceans and seas. The technology of saltwater 
desalination is currently too expensive to be used. Other methods are often inefficient and also 
costly and narrowly specialized in treatment [25]. That is why new materials are being sought, 
which will increase the efficiency of the purification process, and, at the same time, will not 
additionally pollute the environment after the end of their life [16].  

The polysaccharide materials are known in the literature as filter membranes, adsorbents or 
coagulants [23, 26-27]. The use of these natural compounds is in line with the assumptions of 
green technology, which is part of sustainable activities in water resource management. Green 
technologies are constantly evolving to provide sustainable solutions to the problems the 
world is currently facing. 

This manuscript presents a literature review of polymeric, inorganic and nanomaterials 
modified polysaccharides such as cellulose, starch, chitin or chitosan materials for water 
treatment. The selected methods of their use for water treatment and the efficiency of these 
processes are also described in this paper to show the exact methods of use of these materials. 
This shows the relationship between the quality of materials (functional features) and their 
impact on the environment. 

2. Water pollution 
Water treatment involves removing mechanical impurities, unwanted chemicals, biological 

contaminants, suspensions and gases from water [23-24, 28-29]. Mechanical impurities are 
insoluble substances of varying sizes and degree of fragmentation. Chemical impurities are 
included in water as dissolved form in an amount greater than the transition to standards, while 
biological contaminants consist of bacteria, viruses or protozoa that threaten our health. The 
main assumption of water treatment is to produce water suitable for specific purposes. Most 
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water resources are purified and disinfected, for example, for human consumption (as potable 
water), but also as clean water for chemical, industrial, medical and pharmacological application.  

The choice of the appropriate water purification method depends mainly on the type of its 
pollution: suspended and colloidal impurities (affecting the turbidity and color of water), the 
presence of metal ions (e.g. chlorides, iron, manganese ions), dissolved gases in water (mainly 
carbon dioxide, hydrogen sulfide, methane), salt admixtures in water (which cause water 
hardness and salinity) and the presence of variety of microorganisms (e.g. bacteria and 
viruses) and parasites or zooplankton [24, 28]. 

Scientists and technologists are constantly modernizing water purification methods by 
means of [16, 23-24, 29-33]: 
• physical processes, especially through mechanical filtration and sedimentation;  
• chemical processes, such as filtration, coagulation, flocculation, adsorption, catalysis, 

distillation, deionization, electrochemical techniques, 
• biological processes, mainly disinfection using microorganisms and filtration. 

3. Methods of water treatment 
Filtration is the basic physical, chemical and biological process used in water treatment 

[24, 29, 33]. This method separates the solid phase from the liquid phase during the flow of 
water through the porous medium. The particles of the contaminants can be retained on the 
surface of the filter bed  or inside the filter bed in inter-grain pores [24, 32-35]. Physical 
filtration processes are straining of the suspensions contained in the water affecting the filter; 
sedimentation of suspensions above the filter bed and in the inter-pore pores; diffusion of the 
finest particles contained in the water that do not undergo the sedimentation process; the 
process of detachment of sediment particles deposited in the pores of the filter bed; attraction 
of the suspension particles by electrokinetic forces and adhesion forces of particles between 
the suspension and the surface of the grains. Chemical filtration processes occur in the filter 
bed, which is chemically active, e.g. by the ion exchange processes. The biological membrane 
significantly improves the properties of sorption of the filter bed [35]. The water affecting the 
filter bed is a source of microorganisms. The first part of microorganisms is retained on the 
surface of the filter bed in the sediment layer, but the second part of microorganisms is 
penetrated deeper into the deposit of the filter bed. The bacteria in the filter bed are used to 
clean the water by reducing organic compounds and ammonium nitrogen that are the 
necessary compounds for the vital functions of microorganisms.  

Filtration is a process during which contaminated water flows through the filter bed, while 
the membrane process is a process during which this water flows through a filtration 
membrane. The reverse osmosis (RO), microfiltration (MF), ultrafiltration (UF) and 
nanofiltration (NF) are known in the literature as several methods of membrane process [29]. 
The membrane is a filter bed, in which at least one of the components of the separated mixture 
can pass unhindered through the membrane, while other components are retained by it. These 
membranes can be made from inorganic or polymeric materials [34-35]. The inorganic 
membranes are mainly oxides, metals and ceramics, while the polymeric membranes are 
organic in nature [31]. Polymer membranes for filtration are more flexible, easier to handle 
and cheaper than inorganic membranes.  

Contaminants (mainly as dissolved organic compounds) can also be adsorbed on sorbents 
[23-24].  Adsorption involves  the binding of the removed impurities on the adsorbent surface 
via chemical, physical or ion exchange adsorption. Chemical adsorption is an irreversible 
process which causes chemical bonding between the adsorbent and the adsorbate, in 
comparison to physical adsorption which is a reversible process (occurs mainly as Van der 
Waals forces). In the ion exchange adsorption, there is a replacement between the adsorbate 
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ions and the ions occupying active sites. The adsorbents may be microporous (effective pore 
radius < 2 nm, active carbon, zeolite/molecular sieves), mesoporous (effective pore radius 2 – 
50 nm, silica gel) and microporous (effective pore radius > 50 nm, metal oxides).  

Coagulation/flocculation (CF) are the stages that precede filtration in the process of water 
purification [23, 29-30, 33]. CF is a two-stage process [23]. In the first stage (the coagulation 
stage) a coagulant, which contains colloids with a positive electric charge, is added to the 
water containing negatively charged colloidal particles (it is a chemical part of this process). 
Consequently, the micro-flocs are formed, and the electric charges of the colloidal particles are 
neutralized. Thereby, the phenomenon of mutual repulsion of the particle is eliminated 
(physico-chemical part of this process). The second stage is the flocculation stage. In this 
phase, the well-defined macro-flocs are formed by the slow agitation stage that involves the 
aggregation of the micro-flocs. The coagulation process allows to remove turbidity and 
inadequate color of contaminated water.  

The choice of coagulant is depending mainly on the pH of the polluted water [24]. For 
example, iron compounds are generally cheaper coagulants than aluminum coagulants, less 
sensitive to low temperatures and more effective in a wider pH range. The disadvantage of 
iron salts as coagulants is their ability to form colorful complex compounds with other colored 
compounds in dirty water.  

In general, coagulation allows to remove significant amounts of organic carbon, lowering 
the concentration of heavy metal ions; it removes bacteria and viruses adsorbed on colloids 
and phytoplankton from contaminated water.  

Water disinfection is the next method of water purification. The purpose of disinfection is 
to destroy live and spore forms of pathogenic organisms, e.g. fungi, bacteria, viruses and 
protect water against the secondary development of living microorganisms [23]. Disinfection 
is usually used at the end of the technology of water treatment due to the possibility of 
secondary water contamination.  

Antimicrobial polymers are capable of inhibiting the growth of these microorganisms. This 
process for bacterial cell consists of several steps [36]: 
• polymer is adsorbed onto the cell walls of an organism,  
• diffuses through the cell wall into the cell, 
• afterwards binds to the cytoplasmic membrane,  
• affects the membrane disintegration and rupture.  

Materials used in water purification processes are synthetic polymers, inorganic and 
organic materials, as well as their hybrids. Among all of these materials the polysaccharides 
are especially important, because of their natural origin. Chitosan is the most popular material 
used for this application. However, cellulose and starch are very interesting due to their wide 
availability and high efficiency. 

4. Selected polysaccharide materials for water treatment 
Poly- and oligosaccharides, such as natural polymers, e.g. starch, alginates, cellulose, 

chitin, and their derivatives, such as cyclodextrins and chitosan are known in the literature as 
biopolymers [37-41]. Due to the highest availability, the most popular polysaccharides are 
cellulose, starch, chitin and chitosan. 

Natural polymers are generally biodegradable under the influence of environmental factors,  
so the environment in which these polymers are used should be controlled to prevent their 
premature, unintended degradation [42]. However, if their use requires placing in a degradation 
environment, these polymers are modified, increasing their resistance to environmental factors. 
The resistance to degradation and mechanical properties of the biopolymers can be 
improved/modified by mixing them with synthetic polymers or other materials. This is the most 
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commonly used method to modify their properties because it is cheap and easy. However, this 
does not change the fact that the obtained materials are consistent with the principles of 
sustainable development, because after the end of their life cycle they are quickly degraded, 
unlike synthetic polymers. And the presence of natural polymers in the matrix of synthetic 
polymers facilitates their degradation as well as biodegradation. 

 
Table 1.  Selected polysaccharide materials used in water treatment 
Tabela 1.  Wybrane materiały polisacharydowe stosowane w oczyszczaniu wody 
 

Ingredient Compounds Application 
in water treatment Role Refe-

rences 

Cellulose 

CA Filtration – RO Membrane [44] 
CSMM Filtration – NF Membrane [45] 

SE-MWCNTs Filtration – RO Membrane [46] 
UiO-66@CA 

and UiO-66-NH2@CA 
Removal of metal 

ions Pb(II) and Cu(II) ions [48] 

Starch and 
cyclodextrin 

St-Mt/PANI Removal of metal 
ions Cr(VI) ions [49] 

Starch  
cross-linked with 
epichlorohydrin 

Adsorbent of organic 
compounds Phenol derivatives [50] 

CD@CMC Adsorbent of organic 
compounds Organic contaminants [51] 

CS-β-CD Adsorbent of dyes Methylene blue, methyl purple 
and basic fuchsin [52] 

Chitin and 
chitosan 

Chitin-HA Removal of metal 
ions Cr(III) ions [53] 

Shrimp chitosan 
cross-linked with 
glutaraldehyde  

or epichlorohydrin or p-
benzoquinone or 

s-methyltyramine  or 1,3-di-
chloroaceone 

Adsorbent of metal 
ions 

Pb(II), Cr(VI), Cu(II), Fe(II) 
and Zn(II) ions [54] 

MCC Adsorbent of metal 
ions 

Pb(II), Cu(II) 
and Ni(II) ions [55] 

Chi@Fe3O4 
and Chi@Fe3O4GO 

Adsorbent of metal 
ions Cr(VI) ions [56] 

GO-chitosan composite Adsorbent of metal 
ions Sr(II) ions [57] 

GC-MGO/SO3H Adsorbent  
of pharmaceuticals 

Ibuprofen  
and tetracycline [58] 

MHMS-MCNPs Removal of pesticides Diazinon, phosalone and 
chlorpyrifos [59] 

Chitosan salts Removal of turbidity Turbidity [60-61] 

Chitosan hydrochloride, 
chitosan acetate and chitosan 

lactate 

Antimicrobial 
properties 

towards bacterium 
and virus 

Escherichia coli 
Coliphage [62] 

Chitosan-LDH 

Antimicrobial activity 
towards gram-positive 

and gram-negative 
bacteria 

Lactobacillus sakei, 
Corynebacterium sp, 

Staphylococcus aureus and 
Escherichia coli 

[63] 

Biomaterial 
blends 

Chitosan/CA films Removal of dyes Acid orange and brilliant 
yellow [64] 

FChNF Adsorbent of metal 
ions Cu(II) ions [65] 

CS/NFC aerogel Removal of ions Pb(II) ions [66] 
 

Source:  own study based on [44-46, 48-66]. 
Źródło: opracowanie własne na podstawie literatury [44-46, 48-66]. 
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The discussed, selected polysaccharide materials, used in water treatment, are summarized 
in Table 1. The effect of using a given polysaccharide materials in water purification and their 
biodegradation after the end of the life cycle mean that the use of these materials has a double 
benefit in water management. 

Cellulose is the most popular polysaccharide in nature. It consists of linear, unsubstituted 
β(1-4)-linked glucan chains [39]. Cellulose is a substance that is insoluble in water and most 
organic solvents. This biopolymer is produced by plants and is biodegradable [37, 39]. 
Derivatives of cellulose, such as cellulose acetate (CA), are usually used for polymer 
modifications and are commercially available [43]. The CA is also a biodegradable, renewable 
and eco-friendly polymer [23]. The polymers which include CA are used for membrane 
obtaining [44-46]. Amongst others, desalination, which is a membrane filtration process [47], 
is most commonly used in water purification. CA materials perform a function of an active 
layer and porous support in the RO method.  

Choi’s group studied the performance of a nanofiltration membrane bioreactor using the 
cellulose acetate membranes [44]. These membranes were used in domestic wastewater 
treatment, by applying the RO method. Based on the results of each water-quality parameter 
degradation, qualitative deterioration of membranes was observed. The CA was hydrolyzed in 
wastewaters, which leaded to an increase in the pore size and porosity, with a simultaneous 
decrease in the surface charge and hydrophobicity of the CA membranes. As a consequence, 
membrane efficiency was decreased. It can therefore be concluded that CA material needs 
modification to reduce its degradability and to extend its life cycle. 

Membranes of the CA are also known to remove the charged pharmaceutical and personal 
care products (PPCPs) which come from wastewater [45]. Sabir et al. synthesized the surface 
engineered multi-walled carbon nanotubes (SE-MWCNTs) [45]. These SE-MWCNTs 
(different amounts of SE-MWCNTs in the range from 0.1 to 0.5 weight%) were dispersed in 
CA/polyethylene glycol polymer matrix (CA/PEG400 PM). The structural and thermal 
properties of the synthesized membranes were identified. Fourier transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM) and atomic force microscopy 
(AFM) confirmed that the SE-MWCNTs were tethered to CA/PEG400 PM membrane. The 
thermogravimetric analysis (TGA) results suggested the improvement of the thermal 
properties of the membrane after tethering of nanoparticles. These membranes were assessed 
for water purification to obtain the potable water using the RO method. The sample with 1000 
ppm NaCl in water with pH 7.4 was used for estimation of membrane effectiveness. The 
pressure varied in the range from 0.5 to 4.0 bar with feed flow rate 25 L/h. The membrane 
consisting of the largest amount of the SE-MWCNTs had an improved value of performance 
salt rejection. The capacity of salt rejection was around 99.8% which confirmed the beneficial 
nature of the modification. 

However, Narbaitz and his group developed modified CA nanofiltration membranes [46]. 
The charged surface of the modified macromolecules (CSMM) were incorporated into the CA 
membrane. The CSMM were synthesized by a one-step solution polymerization method using 
4,4’-methylene bis(phenyl isocyanate) and disodium salt of 3,6-dihydroxynaphthalene 2,7-
disulfonic acid. The CSMM obtained in the results were in fact a poly(4,4’-diphenylmethylene 
naphthalene 2,7-disulfonate-urethane). This process caused the increase in the surface charge 
of the CA membrane. A new membrane was applied to remove of trace levels of PPCPs from 
water treatment plants. The results showed that the modified CA membrane achieved the best 
ibuprofen removal, a good sulfamethazine removal and a slight carbamazepine removal. 
However, a commercial thin-film composite nanofiltration membrane had generally better 
removal properties than the modified CA membrane. These results were foreseeable because 
the commercial membrane had been optimized and developed a number of times. The new 
membrane of the CA requires further research.  
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Cellulose derivates have current application to remediate heavy metals from wastewaters 
[48]. Loaded metal-organic frameworks materials (MOFs, UiO-66 and UiO-66-NH2) on the 
flexible cellulose aerogels as metal-organic frameworks@CA composite are used for 
adsorption of Pb(II) and Cu(II) ions from water. The MOFs are a kind of porous materials 
which are formed by self-supporting metal ions or clusters and organic ligands. The 
equilibrium adsorption capacity of Pb(II) through the UiO-66@CA and the UiO-66-NH2@CA 
were amounted respectively 81.30 mg·g-1 and 89.40 mg·g-1, whereas the equilibrium 
adsorption capacity of Cu(II) were 5.62 mg·g-1 and 5.85 mg·g-1. The equilibrium adsorption 
capacity of the UiO-66-NH2@CA to Pb(II) and Cu(II)  were lager than that of the UiO-
66@CA particle, because the sum of these parameters for CA and UiO-66 was slightly less. 
The higher parameters were for adsorption of Pb(II) by the UiO-66-NH2@CA and were 
almost constant without a decrease in performance during five cycles. Excellent recycling and 
quite easy separation process could make these composites aerogels be better for 
decontamination of heavy metal ions than the currently used compounds in practical 
application. It can be stated that the used method of CA modification brought the expected 
results in water purification. The efficiency of the ion absorption process, the possibility of 
multiple regeneration of the composite and its potential biodegradability mean that this 
material meets the assumptions of sustainable management. 

Starch is a very popular polysaccharide in nature. It consists of linear, unsubstituted α(1-
4)-linked glucan chains [39]. Starch in structure has two types of molecules: the linear and 
helical amylose and the branched amylopectin. Most green plants produce this polysaccharide 
as energy storage. 

Nanocomposites which consisted of starch-montmorillonite/polyaniline (St-Mt/PANI) 
were synthesized by Olad’s group [49]. Polymerization of aniline on the surface of starch-
montmorillonite (St-Mt) material was a method to prepare this nanocomposite in the form of 
powder. The material was used to remove Cr(VI) ions from aqueous solution as a potential 
application in water treatment. The adsorption process by the St-Mt/PANI was characterized 
by maximum adsorption capacity equaled 208.33 mg·g-1 and was exothermic. This result also 
showed that this nanocomposite in water treatment was possible to use in three adsorption 
cycles of Cr(VI) ions removal performance drop. It could be said that the St-Mt/PANI was an 
effective, cheaper and more sustainable adsorbent for Cr(VI) ions from water than common 
ion exchange resins. This confirms the usefulness of this material for sustainable management 
in water purification. 

The cross-linked gels with starch derivatives were also used in wastewater treatment as 
adsorbents [50]. These gels were made from starch-enriched flour mixed with epichlorohydrin 
as a cross-linking agent. Delval’s group showed that these compounds have high adsorption 
capacities toward substituted phenol derivatives. The adsorption capacity grew in line: ortho-
chlorophenol < para-chlorophenol < meta-chlorophenol. The mechanism of this adsorption 
was characterized by hydrophobic interactions, the formation of hydrogen bonds and physical 
adsorption in the polymer network. 

Cyclodextrins (CD) are cyclic oligosaccharides which are synthesized by enzymatic 
reactions of starch with the amylase of Bacillus macerans [16]. In nature, there occur three 
types of the CD: α-CD, β-CD and γ-CD which have different 6, 7, 8 glucose units 
respectively, attached by α(1-4)-glycosidic bonds forming a ring. The CD are often used in 
water treatment [51-52]. 

The β-CD were used as adsorbent of organic contaminants at low concentrations in water 
(micropollutants). Alzate-Sanchez’s group developed porous polymers based on the β-CD, 
e.g. as powdered form and polymerized the β-CD polymer networks onto cellulose 
microcrystals (CMCs) to provide a core/shell structure (CD@CMC) [51]. Powdered form of 
β-CD was more difficult to use in practice. In anaerobic and aerobic biodegradation, the 
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CD@CMC was more resistant in comparison to the β-CD and unmodified CMC. The 
CD@CMC also showed better affinity to contaminants and sorption kinetics compared to 
activated carbons. The granular forms of the β-CD initiated the development of a high-
performance method of adsorption which was also economically beneficial, what is fully 
complied with the principles of sustainable environmental management. 

Zhang’s group synthesized adsorbent which consisted of the β-CA immobilized starch 
(CS-β-CD) [52]. The β-CD was incorporated onto starch in the presence of citric acid. Ester 
linkages were formed between the β-CA and starch. The CS-β-CD had looser structure, lower 
molecular weight and more irregular surface compared with natural starch. The CS-β-CD were 
used to adsorb three dyes: methylene blue, methyl purple and basic fuchsin. These results 
were improved in comparison with natural starch, diatomite and zeolite. In the presence of 
mixed dyestuff, the wastewater had an 88.75% discoloration ratio when using this polymer. It 
was better than for other adsorbents. The CS-β-CD would become a high-efficiency dyestuff 
adsorbent in wastewater treatment. 

Chitin is another natural polysaccharide the most ubiquitous on earth. Chitin has similar 
structure to cellulose and is composed of β(1→4)-linked 2-acetamido-2-deoxy-β-D-glucose 
(N-acetylglucosamine) [38, 41]. However, chitin has better mechanical strength than cellulose 
because in the chitin structure oxygen atoms are exchanged to nitrogen atoms in compared to 
cellulose and consequently so intermolecular hydrogen bonds are stronger. The sources of 
chitin are usually shells of shrimp, krill, crabs, crayfish and other crustaceans [42].  

A chitin-humanic acid (Chitin-HA) hybrid was used to absorb Cr(III) ions from tannery 
wastewater [53]. The results of the FTIR studies showed that two groups of chitins and 
humanic acid: -COO- carboxylate and N-acetyl group were involved in the adsorption of these 
ions. The concentration of Cr(III) ions in effluent of tannery (2.08∙10-3 mol·dm-3) was reduced 
in 100% by 1 g∙dm-3 of the Chitin-HA hybrid. 

Chitosan is the most versatile among polymers derived from natural sources [42]. 
Chemically, chitosan is a linear polysaccharide composed of glucosamine and N-acetyl 
glucosamine units linked by β(1-4)-glycosidic bonds [42]. This polymer is obtained by 
chemical or enzymatic deacetylation of chitin. During these processes, acetyl groups are 
removed from the acetylamino groups of chitins.  

Chitosan is used in a lot of methods of water treatment [54-65]. It can be used in soluble or 
insoluble forms and such various forms as, e.g. gels, beads, sponges, films and membranes. Its 
derivatives are used in coagulation and flocculation of clarity portable water, pools and 
wastewaters; mainly UF of water as adsorbent to recover precious metals or organic 
compounds [54-58], remove turbidity [59-60] and in antimicrobial interactions [62-63]. 

Chitin and chitosan derivatives were used for the removal of heavy metals in poultry 
wastewater by Antangana’s group [54]. Shrimp chitosan was modified via cross-linking with a 
series of cross-linking agent: glutaraldehyde, epichlorohydrin, p-benzoquinone, s-
methyltyramine and 1,3-dichloroacetone adsorbents. The highest efficiency of these processes 
(about 63–72%) was observed for the forms cross-linked by s-methyltyramine, glutaraldehyde 
and epichlorohydrin. These compounds were studied for the removal of heavy metal ions: 
Pb(II), Cr(VI), Cu(II), Fe(II) and Zn(II) in the meat wastewaters. Shrimp chitosan which 
cross-linked with 1,3-dichloroacetone had the best properties of metals ions removal.  

Peralta’s group synthesized magnetic chitosan composite (MCC) as an adsorbent [55]. 
They studied the removal of toxic Cu(II), Pb(II) and Ni(II) ions from water. The results 
showed that maximum uptakes of adsorption were growing in line Ni(II) (108.9 mg∙g-1) < 
Cu(II) (216,8 mg∙g-1) < Pb(II) ions (220.9 mg∙g-1). Cu(II) and Pb(II) ions were twice better 
removed than Ni(II). The extremely high removal capacity towards Cu(II) and Pb(II), easy 
separation from the aqueous media, recovering after washing step and reusing up to six cycles 
make this material very desirable in a sustainable management.  
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Subedi and et al. investigated adsorption of Cr(VI) ions by magnetics chitosan 
nanocomposites Chi@Fe3O4 and Chi@Fe3O4GO (GO = graphene oxide) [56]. The maximum 
adsorption capacity was founded to be 142.3 mg∙g-1 for Chi@Fe3O4 and 100.5 mg∙g-1 for 
Chi@Fe3O4GO. The results also showed that these adsorbents in water treatment were 
possible to use in four adsorption cycles of Cr(VI). 

El Rouby and others found that GO and modification of graphene oxide with chitosan 
composite (GO-chitosan) improved the removal of Sr(II) [57]. The results indicated that the 
maximum adsorption capacity was about 140.0 mg∙g-1 for GO and 179.6 mg∙g-1 for GO-
chitosan. They found also that pH = 6 and temperature at 40℃ were the best condition to 
remove Sr(II) ions from water. 

The next group of chemicals which contaminate water are pharmaceuticals. Given the 
nature of these pollutants and their potential impact on the health and life of animals and 
humans, these are particularly dangerous compounds. Their presence in the natural 
environment requires special procedures and technologies. A promising material for drug 
adsorption is the magnetic adsorbent genipin cross-linked chitosan/graphene oxide-SO3H 
composite (GC-MGO/SO3H). It appeared as a good adsorbent to adsorb ibuprofen and 
tetracycline from wastewater [58]. The GC-MGO/SO3H was efficient to remove these 
substances, because the maximum adsorption capacity of ibuprofen was about 113.3–138.2 
mg∙g-1 and tetracycline was about 473.3–556.3 mg∙g-1, depending on the temperature from 25 
to 40℃. 

Pesticides are another very dangerous chemical contamination of water. Magnetic chitosan 
nanoparticles modified with mixed hemimicelles of sodium dodecyl sulfate (MHMS-MCNPs) 
were proved to extract and stabilize pesticides (diazinon, phosalone and chlorpyrifos) from 
wastewaters [59]. Strong interactions between the mixed hemimicelles and target analytes 
(hydrophobic and electrostatic interactions) made these nanoparticles capable of high 
extraction efficiency and capacity. 

The ability of chitosan to remove turbidity of water, which is due to its bio multi nature is 
extremely important. Because of its positive charging and the presence of free amine groups, 
chitosan can influence molecules that have negative charges, such as mineral ions, and protein 
and fat molecules. Authors concluded that an increasing the concentration of chitosan in 
drinking water led to decrease turbidity [60]. However, sometimes it turns out that traditional 
methods are more effective in eliminating turbidity, such as in the purification of the 
Jeneberang River, where the use of the popular coagulant – poly(aluminium chloride) was 
more effective in purifying water than using chitosan (effectiveness was 94.6% contra 69.7%) 
[61].  

These days, the water environment is mainly polluted by microbial infection [23]. 
Consequently, scientists are constantly looking for new chemical substances to be used as 
water disinfectants. Lower toxicity and better antimicrobial properties are required for these 
chemicals, in comparison to traditionally used substances. Numerous polymers have these 
properties, but, in particular, polymeric materials modified with the chitosan are used for 
microorganism’s elimination [24]. Generally, it can be said that chitosan has important 
advantages for these purposes, e.g. it is a biodegradable, non-toxic in nature, antimicrobial and 
inexpensive material. 

Abebe’s group concluded that chitosan hydrochloride, chitosan acetate, and chitosan 
lactate enhanced significantly the removal of model bacterium (Escherichia coli) and model 
enteric virus (Coliphage) from water in the household ceramic filters [62]. In all the samples, 
appreciable microbial removals were observed. However, to fully assess the suitability of 
these materials for water purification in accordance with the principles of sustainable 
management, it is necessary to test pH dependence as well as check for non-model water. 
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The prepared composite of chitosan layered double hydroxide (Chitosan-LDH) exhibited 
strong antimicrobial activity against different gram-positive (Lactobacillus sakei, 
Corynebacterium sp, Staphylococcus aureus) and gram-negative bacteria (Escherichia coli) 
[63].  

An interesting group of materials for water treatment are blends of biomaterials [64-66]. 
Forming the blends from the natural polymers eliminates the risk of microplastics creation 
from materials with the synthetic polymers. Chitosan/CA films effectively adsorbed two 
known dyes and were recognized as a potential candidate for anionic dye water treatment: acid 
orange and brilliant yellow [64]. Hybrid filters of fungal (Agaricus bisporus) chitosan-glucan 
with cellulose microfibres from fibre sludge (FChNF) exhibited significantly increased Cu(II) 
ion adsorption in comparison to pure chitosan-glucan filters [65]. Chitosan/nanofibrillated 
cellulose aerogel (CS/NFC aerogel) with oriented microchannel structure in only 5 min 
achieved 85% of the equilibrium adsorption capacity for Pb(II) from water solution [66]. The 
maximum adsorption capacity for Pb(II) ions was 252.6 mg∙g-1

. 

5. Conclusions 
One of the enormous problems afflicting people all over the world is an inadequate access 

to clean and potable water. The solution to this problem requires through research on new 
methods of purifying water with lower cost and energy, and with a lower amount of used 
chemicals. A lot of polymers, inorganic and nanomaterials polysaccharides are used for water 
treatment. These materials are consistent with the principles of sustainable environmental 
management. The investigation on finding new, more effective systems is still being 
conducted. The materials modified with cellulose, starch, chitin, chitosan and their derivatives 
are very promising products for water treatment, due to their unique properties, mainly the 
degradability in the surrounding environment and relevant useful properties. As reported in the 
literature, very often the efficiency of water treatment processes using these materials was 
higher than that of traditional methods. The organic and inorganic chitosan materials are the 
most promising materials to receive potable water. For each stage of LCA for polysaccharide 
materials’ can have a lower environmental impact than synthetic polymers. However, as 
scientists admit this relationship requires careful LCA analysis for future useful materials 
before its commercialization. 
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Summary 
Life cycle assessment belongs to the product management. The conditions under which a 

new product is designed, produced, sold and recycled change over time. Therefore, these 
stages of the product lifecycle should be managed continuously. The material, which is made, 
influences the environment, but mainly the water environment.  

On a daily basis people use a wide variety of polymeric materials that, at the end of their 
life, can pollute the environment. At the same time, they can be used for its purifying as well. 
Traditionally, the synthetic polymers are used for water treatment. However currently, the 
scientists are looking for new, more effective, environmentally friendly and economically 
beneficial methods of purifying the water which surrounds us. It was considered that the 
traditional materials used for water cleaning could be modified by polysaccharides, e.g. by 
cellulose, starch, chitin or chitosan. These polysaccharides are originated from natural 
resources and they have specific, required properties, useful for water treatment. The above-
mentioned materials are increasingly used as substances in the water purification process in, 
e.g. desalination, filtration by membrane or as water disinfectants. These natural polymers 
exhibit non-toxic and compatible properties in relation to the natural environment; they are 
inexpensive. However, their mechanical properties are low. Thus, it is beneficial to use them 
as modifiers of synthetic polymers, inorganic or nanoparticle materials.  

Therefore, the polysaccharide materials influence an aquatic environment quality by the 
water resources purification. The application of polysaccharide materials for water treatment, 
in accordance with the principles of sustainable environmental management, is discussed in 
this review article. 
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ZARZĄDZANIE ŚRODOWISKIEM NA PRZYKŁADZIE ZASTOSOWANIA 
MATERIAŁÓW POLISACHARYDOWYCH 

W OCZYSZCZANIU WODY 

Streszczenie 
Ocena cyklu życia produktu jest jednym z elementów jego zarządzania. Warunki, w jakich 

nowy produkt jest projektowany, produkowany, sprzedawany i poddawany recyklingowi, 
zmieniają się z czasem. Dlatego te etapy cyklu życia produktu powinny być zarządzane  
w sposób ciągły.  

Na co dzień ludzie używają różnorodnych materiałów polimerowych, które pod koniec ży-
cia mogą zanieczyścić środowisko. Jednocześnie jednak materiały te można również wyko-
rzystać do jego oczyszczania. Tradycyjnie to syntetyczne polimery są jednym z materiałów 
używanych do oczyszczania wody. Obecnie naukowcy poszukują nowych, skuteczniejszych, 
bardziej ekologicznych i korzystniejszych ekonomicznie metod oczyszczania wody. Uznano, 
że tradycyjne materiały stosowane do oczyszczania wody modyfikować można polisachary-
dami, np. celulozą, skrobią, chityną lub chitozanem. Wymienione polisacharydy pochodzą  
z zasobów naturalnych i posiadają właściwości przydatne w procesach oczyszczania wody, 
m.in. podczas odsalania i filtracji przez membrany, a także w zastosowaniu jako środki do 
dezynfekcji wody. Te naturalne polimery są nietoksyczne, kompatybilne w stosunku do śro-
dowiska naturalnego i jednocześnie niedrogie. Jednak ich właściwości mechaniczne są dość 
niskie. Korzystne jest zatem stosowanie ich jako modyfikatorów polimerów syntetycznych, 
materiałów nieorganicznych lub nanocząsteczkowych. Zatem materiały polisacharydowe 
wpływają na jakość środowiska wodnego poprzez oczyszczanie wody.  

W niniejszym artykule przeglądowym omówiono zastosowanie materiałów poli-
sacharydowych do oczyszczania wody zgodnie z zasadami zrównoważonego zarządzania 
środowiskowego. 
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1. Introduction 
 

Goat's milk is mild, aromatic and easily digestible 
because it contains less lactose than cow's milk. 
However, it contains calcium, phosphorus, potassium, 
chlorine, magnesium and some trace elements, e.g. 
molybdenum, iodine, as well as vitamins A, B1, B2, PP, 
C and pantothenic acid. Goat milk and products have a 
unique composition of nutritional values. First of all, 
they are perceived as products with very high nutritional 
quality of proteins and a high content of medium-chain 
fatty acids, thanks to which they pass through the 
digestive system in a faster and easier way and have a 
good influence on the management of cholesterol levels. 
There is no tradition of consuming goat’s milk products 
in Poland, but it is growing, as well as the consumption 
of milk itself. Recently, a dynamic growth of the whole 
category of goat cheeses on the market can be observed, 
especially ripening and curd goat cheeses. Polish 

consumers are also interested in 
goat cheese with additives, such 
as herbs, vegetables or fruit. 
Goat's milk costs about PLN 3 
per 1L, depending on the season 
and raw material parameters, 
which is the main reason for the 
high prices of products made of 
this milk. Goat's milk is used to 
make UHT and powdered milk, 
natural and flavoured yoghurts, 
butter, goat cheese rolls with 
additives, cottage cheese, salad 
feta cheese, hard, processed, 
thermized cheese, fresh and brine 
goat cheese, kefir, salted whey , 
and even sweets such as goat's 
milk [3, 4, 6, 8, 9, 10, 12, 18]. 

The largest producers of 
goat's milk in Europe are France 
(450 million litres) and Spain 
(430 million litres). Large 
producers of goat's milk are also 
Greece – 300 million litres and 
the Netherlands – 225 million 
litres. Greek goat milk is mainly 
processed into feta cheese. In 
Belgium and Italy, goat's milk 
production remains stable and 
unchanged at 40 million litres per 
year. On the British market, the 
production level is around 25 
million litres, and on the German 
market – 15 million litres. The 
world's largest producers of 
goat's milk are: the USA (100 
million litres) and Canada 60 
million liters, further Mexico (50 
million liters). The total world 
production of goat's milk is 
estimated at 2025 million liters 
[5, 6, 10]. 

In recent years, an increasing 
interest in the production and 
processing of goat's milk has 
been noticed in Poland, due to the 
prevailing nutritional trends, 
increased availability of the raw 
material, as well as the 
perception of goat milk by 
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consumers as more nutritious. Goat milk, despite its chemical composition similar to cow's 
milk, is characterized by a higher content of saturated short-chain fatty acids, a greater degree 
of fat dispersion, and also greater digestibility. Due to its antibacterial and immunostimulatory 
properties, it should be included in the diet of people with a reduced immune response, i.e. 
children and seniors, especially convalescents. Products made of goat's milk have specific 
sensory properties (taste, aroma, smell), and are preferred by consumers with an exceptional 
sensory perception. Goat's milk and products made of this milk can be considered functional 
food, also alternative food. The vast majority of goat's milk is obtained from organic farms [2, 
5,11]. 

Goat's milk immediately after milking is characterized by a short shelf-life, therefore it 
undergoes technological treatment aimed at extending its shelf life while ensuring the health 
safety of the finished product. Such an effect is ensured by conventional thermal treatments 
(pasteurization or sterilization). Modern methods of recording are used more and more often, 
including ultrafiltration. The search for new methods of preservation is related to the fact that 
temperature techniques may reduce the nutritional and sensory value [14]. 

Goat milk is a successful carrier for probiotics in cheese, yogurt, fermented milk, milk 
beverage, ice-cream and other products, since these dairy products can facilitate probiotic 
viability and high surviving level during storage. Dairy goat products exhibit a high potential 
in heightening the functional properties of probiotics such as gastrointestinal tolerance and 
adhesion to intestinal epithelium. On the other hand, certain LAB strains cause concerns in the 
sensory profile of dairy products, as they are capable of producing volatile aromatic 
compounds that contribute to an elevated sensory profile, sometimes too “goaty” for the 
consumer [17]. Ice cream made from goat milk with the addition of fortification substrates 
was investigated by Chaves et al [4]. The substrates evaluated were chia mucilage and bean 
gum, which both impacted moisture and viscosity. Acu et al [1] added polydextrose (as a 
prebiotics) and Lactobacillus paracasei subsp. paracasei and Bifidobacterium longum + 
Bifidobacterium bifidum in a combined culture (as probiotic cultures) to goat ice cream and 
yielded very interesting results of extending the shelf life of the product. Relatedly, viability of 
Lactobacillus acidophilus and Bifidobacterium BB-12, [9] in goat ice cream was increased 
(increasing the value as a probiotic) by addition of carob extract and whey powder, with best 
results when the substances were included at 1%. 

The aim of this study was to determine the possibility of using goat's milk for ice cream 
production. Goat's milk ice cream can be an interesting alternative to cow's milk ice cream, 
and in addition, the freezing process extends the shelf life of the product without loss of 
nutritional value that occurs during, for example, sterilization of products. 

2. Experimental 
2.1. Materials 

The research material was organic raw goat's milk (the milk came from Polish white, 
refined goats, the so-called Carpathian goat, grazing area: Lubliniec). The milk was 
pasteurized, and half of the batch was also subjected to the lactose hydrolysis process using 
Maxilact LG5000 at 5°C.  

The ice cream was produced on a laboratory scale from goat’s milk subjected to (goat a/h) 
and not subjected (goat n/h) to lactose hydrolysis (2 products). Due to the fact that the purpose 
of the work was to produce ice cream based on goat's milk without the addition of other milk 
or animal fat, only goat's milk, sugar, inulin and locust bean gum were used for the 
production. The ingredients were mixed in a Thermomix TM5 for 4 minutes, heated to 40°C, 
then cooled to 4°C. The mixture was then frozen in the Unold Profi Plus 48880 for 45 minutes 
reaching -20°C. The ice cream was postponed to packaging in 1L boxes and stored at -25°C. 
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The research material was analyzed 7 days after production, the tests were carried out on 
samples brought to the temperature of -15°C. 

2.2. Methods 
The organoleptic evaluation of the examined ice creams was conducted by a 15-member 

evaluation team, consisting exclusively of people trained in sensory tests that met sensory 
requirements. The team evaluated taste, flavour, colour, structure and consistency and, shape 
and appearance in a 5 point scale. At the end every member of the team was asked about all-
over acceptance of tested ice cream. The estimation of selected features was made on a five 
point scale where the value of 1 corresponded to the smallest and the value of the 5 highest 
intensity of the test specimen. The results of the evaluation of organoleptic features were 
verified with the t-Student's test for independent samples, using the Statistica 13.3 package. 
The level of significance was a=0.05. The melting of ice cream was determined using the 
method developed by CLCh in Łódź (the method involves measuring the volume of ice cream 
leakage in 60 minutes at temperature of 20°C) [2], overrun by volume according to the method 
given in PN-A-86431:1999/Az1:2002 [15]. Hardness of ice cream was measured by 
Brookfield CT3 Texture Analyser using the cylindrical probe. The texture was analysed in 1L 
ice cream boxes, for each sample a total of five measurements. 

3. Results and discussion 
Organoleptic features of food product are the most important and firstly estimated by 

consumer. The colour, appearance, consistency of ice cream usually impact the most on 
decision of buying by consumer in ice cream parlor. Therefore it is most important in product 
quality evaluation. The results of organoleptic estimation are given in Table 1. 
 
Table 1.  Organoleptic estimation of ice cream 
Tabela 1.  Ocena organoleptyczna lodów 
 

 

Goat n/h* Goat a/h** 

t p 
Score [points] σ Score 

[points] σ 

taste 4.13 0.743 3.73 0.594 1.63 0.115 

flavour 4.07 0.704 3.80 0.414 1.26 0.216 

colour 4.67 0.488 4.47 0.516 1.09 0.285 

structure and consistency 4.20 0.414 3.80 0.414 2.65 0.013 

shape and appearance 4.47 0.516 4.00 0.535 2.43 0.022 

acceptance  
(0-do not accept/5-very much 
accept) 

4.27 0.594 3.73 0.594 2.46 0.020 

*   goat n/h – goat milk not hydrolyzed ice cream  
** goat a/h – goat milk after lactose hydrolysis ice cream 

 
The values of the test probability "p"> 0.05 indicate that there are no statistically 

significant differences between the two compared groups. This applies to: taste, flavour and 
colour. The values of p <0.05 allow to reject the null hypothesis in the case of: structure and 
consistency, shape and appearance, level of acceptance. These features were rated higher in 
n/h products. 

The colour of tested ice cream was creamy white, typical to goat’s milk. Lactose 
hydrolysis didn’t impact the rate. The assessments of taste and flavour were similar, but in all 
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the discriminants, ice cream made from milk that was not subjected to lactose hydrolysis 
received better scores. However, the lactose hydrolysis process in milk used for ice cream 
production had a significant impact on the assessment of structure and consistency, shape and 
appearance and overall acceptance of ice cream. Goat’s milk with lactose ice cream were 
scored better. 

The distinguishing features of the organoleptic evaluation, which differed significantly the 
products, have a direct relationship with melting, overrun and hardness of ice cream. 
Therefore those distinguishing features were estimated after organoleptic evaluation. The 
results of melting (in volume), overrun and hardness are given in Table 2.  
 
Table 2.  Melting, overrun and consistency of ice cream 
Tabela 2.  Topliwość, puszystość i konsystencja lodów 
 

Type of ice 
cream 

melting 
[%] 

overrun 
[%] 

Hardness 

peak load [g] work [mJ] final load [g] 

goat n/h* 30.33 119 3322 382.8 3267.0 

goat a/h** 47.33 117 790 82.6 673.7 
 
* goat n/h – goat milk not hydrolyzed ice cream  
** goat a/h – goat milk after lactose hydrolysis ice cream 

 
Ice cream made from milk subjected to lactose hydrolysis was sweeter, and the obtained 

results confirmed that the higher content of simple sugars had an impact on the resistance of 
ice cream to melting and its hardness. The ice cream made from this milk was softer and 
melted faster. Too sweet taste results from overuse of sweetener, especially nonnutritive types, 
and the product is likely to take on a candy-like taste. When ice cream is too sweet, other 
flavours tend to be subdued. Furthermore, too much nutritive sweetener is often associated 
with low freezing point and rapid melting [7]. Ice cream melting is important in two ways – 
melting in the mouth during consumption and meltdown related to storage at warm tempe-
ratures [7, 13]. 

The melting resistance of the tested “goat a/h” ice cream (47.33%) was comparable to the 
results of the melting of ice cream made from a chocolate-flavoured soy drink of 47.20% 
obtained by Palka [13]. Chocolate ice cream is always more likely to melt due to the addition 
of chocolate. Overrun of tested goat ice cream was similar to air content in premium ice cream 
estimated by Palka [12]. Overrun of premium ice cream (Haagen-Dazs) was at the level of 
115-119%.  

Hardness of the product at typical serving temperatures is an important consideration, 
especially for retail dipping operations. Hardness is affected by several factors: principally 
initial freezing point (sugar content), total solids, overrun and amount and type of stabilizer 
[7]. The analysis of the texture of the tested ice cream confirmed that the ice cream made from 
milk subjected to lactose hydrolysis was softer than the ice cream made from milk without 
lactose hydrolysis, and as a result had a lower resistance to melting. As this was a preliminary 
study, a differrent ice cream blend will be used in the next planned experiments as less sugar 
can be added to the lactose hydrolysed goat's milk blend to achieve the right organoleptic 
characteristics and texture of the ice cream. An important issue will also be the cost 
calculation and profitability of carrying out the lactose hydrolysis process in the milk used for 
further processing. The production of ice cream from goat's milk may be an additional 
direction of use of goat's milk, the popularity of which is growing in Poland. Thanks to low 
curing temperatures, it is also possible to obtain a product with a higher nutritional value than 
in the case of products preserved at high temperatures. Pyrzyńska [16] found significant 
differences in the fatty acid profile of raw, pasteurized and sterilized goat milk. As a result of 
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the fixation process, the content of caproic, capric and myristic acids decreased significantly 
depending on its duration and the temperature used. 

3. Conclusions 
Based on the conducted research, it can be concluded that there is a potential for the 

production of goat's milk ice cream in Poland. However, it seems necessary to conduct a 
survey on consumer preferences on this subject. In addition, the use of lactose hydrolysis in 
milk used to make ice cream may limit the addition of sucrose and other sugars. This, in turn, 
can result savings in production costs as well as in the increasing nutritional value of the 
products. Moreover, it may also be of interest in terms of reducing sucrose consumption, 
which is being pursued worldwide. The freezing process allows a significant extension of the 
shelf life of goat's milk products, and the use of appropriate additives and production 
technology may contribute to an increase in the consumption of goat's milk, which is 
important from the nutritional point of view. Therefore, it seems necessary to continue 
research on frozen products made of goat's milk. 
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Summary 
 The publication presents a short introduction to the market of goat milk products in 
Poland, the advantages of goat milk and the results of research on ice cream made from goat 
milk. The research was carried out in 2019, the milk came from Polish white improved goats, 
the so-called Carpathian goat, grazing area: Lubliniec. The ice cream was produced on a 
laboratory scale from goat's milk which was submitted to lactose hydrolysis and did not 
undergo lactose hydrolysis (2 products). Lactose hydrolysis was carried out using Maxilact 
LG5000 at 5°C according to producer’s recommendation.  

The results of the organoleptic evaluation tests (including the acceptance level) and the 
basic characteristics of ice cream, namely their melting resistance and overrun, as well as 
consistency measurements with the Brookfield CT3 texture analyser are presented. Both the 
organoleptic evaluation and the other test results showed the high quality of the ice cream. 
Lactose hydrolysed milk ice cream was sweeter, less hard and more susceptible to melting. 
The overrun of both types of ice cream was on a similar level. The research results indicated 
that goat's milk ice cream can be an interesting alternative to cow's milk ice cream. 
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POTENCJAŁ LODÓW Z MLEKA KOZIEGO NA POLSKIM RYNKU 
–  BADANIA WSTĘPNE 

Streszczenie 
W publikacji został przedstawiony krótki wstęp dotyczący rynku produktów z mleka ko-

ziego w Polsce, zalety mleka koziego oraz wyniki badań lodów wytworzonych z mleka kozie-
go. Badania przeprowadzono w 2019 roku, mleko pochodziło od kóz rasy białej polskiej 
uszlachetnionej tzw. kozioł karpacki, rejon wypasu: Lubliniec. Lody zostały wyprodukowane 
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na skalę laboratoryjną z mleka koziego poddanego i niepoddanego hydrolizie laktozy (2 pro-
dukty). Hydrolizę laktozy przeprowadzono przy użyciu preparatu Maxilact LG5000, w tempe-
raturze 5°C.  

Przedstawiono wyniki badań oceny organoleptycznej (w tym poziomu akceptacji) oraz 
podstawowych cech charakterystycznych dla lodów, mianowicie ich topliwość i puszystość,  
a także pomiar konsystencji teksturometrem Brookfield CT3. Zarówno ocena organoleptycz-
na, jak i pozostałe wyniki badań, wykazały wysoką jakość tych lodów. Lody z mleka podda-
nego hydrolizie laktozy były słodsze, charakteryzowały się również mniejszą twardością  
i większą podatnością na topnienie. Puszystość obu rodzajów lodów była na podobnym po-
ziomie. Wyniki badań wskazywały, iż lody z mleka koziego mogą być ciekawą alternatywą 
dla lodów z mleka krowiego. 
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1. Introduction 
The cocoa tree, Theobroma cacao L., is the best 

known species of greatest economic importance among 
the genus Theobroma. The most famous group of 
varieties of this plant is Criollo, which is considered the 
noblest variety of cocoa. Cocoa trees of this variety 
grow in Mexico, Central America and Venezuela. The 
most common variety is the Forastero group, which is 
grown in West Africa and Brazil. Another variety, 
Trinitario, is a hybrid of the two previous ones, bred in 
Trinidad, hence its name. In addition to these three main 
groups of varieties, there is a fourth one, Nacional, that 
is grown only in Ecuador and is considered one of the 
oldest cocoa varieties in the world. Nacional cocoa 
beans have a strong floral aroma and are very popular 
on the cocoa market (Badrie et al. 2015). 

The majority of problems connected with cocoa 
production stem from the fact that this fruit, like coffee, 
is produced in poor countries for consumers in rich 
countries and developing economies. The factors 
influencing the supply of cocoa beans include climatic, 

social, economic and political 
ones (Skarżyński 2015; Śmie-
chowska, Kłobukowski 2019). 
Other factors influencing cocoa 
production and its quality are soil 
conditions, agronomic 
treatments, protection against 
pests and fungal diseases. Proper 
growth and fruiting of 
Theobroma cacao L. also 
depends on the coexistence of 
other trees, because cocoa trees, 
despite being tropical plants, like 
shaded places (Badrie et al. 
2015). Due to the growing 
demand for cocoa beans, virgin 
(primary) forests are cut down for 
new cocoa plantings, which thus 
lose their shade and give less 
fruit and are more susceptible to 
diseases, which directly translates 
to the quality of cocoa beans 
(Barima et al. 2016). 

The decline in quality and 
quantity significantly increased 
the adulteration of cocoa beans 
and its products, such as cocoa 
liquor, cocoa powder and 
chocolate. The lack of authenticity 
of these products reduces the 
confidence of cocoa processing 
plants and consumers of chocolate 
products, and encourages the 
search for methods to detect 
adulteration. The simplest and 
easiest way to adulterate cocoa 
powder is the addition of ground 
cocoa fruit shells (often called 
pods) or inaccurate hulling of 
cocoa beans after roasting, which 
affects the organoleptic quality of 
cocoa powder and chocolate 
products. Identifying this 
falsification involves, inter alia, 
detecting the presence of stone 
cells in cocoa powder, which are 
contained in cocoa shells and 
husks. Therefore, a study was 
undertaken to determine the 
content of stone cells in cocoa 
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powder available on the Polish market and the powder that was collected for testing directly 
from the ship's hold in a seaport. The working hypothesis is that the higher the stone cell 
content, the faster cocoa powder sedimentation occurs. 

2. Characteristics of stone cells 
Stone cells, also known as sclereids, occur as compact formations in the stiff tissue known 

as sclerenchyma, but they can also exist as individual formations called idioblasts. Such 
idioblastic cells are found, for example, in unripe pear fruits. Stone cells are the building 
blocks of nut shells and some grains. They protect valuable fruit grains, which facilitates their 
survival in difficult periods until germination (Szweykowska & Szweykowski 2003). Stone 
cells are found in coconut shell and cocoa seed coat. Figure 1 shows the structure elements of 
the cocoa fruit Theobroma cacao L. 

The analysis of the structure of the cocoa fruit (pod) shows that in addition to the shell of 
the cocoa fruit (pod shell or husk), there exists also a husk covering the beans (bean shell or 
husk) embedded in a soft, spongy tissue called endocarp. 

Cocoa pod husk (CPH) is a major byproduct of the cocoa industry, accounting for 67–76% 
by mass of the cocoa fruit. This waste represents an important and renewable opportunity for 
the environment, as there are ten tonnes of wet CPH for every tonne of dry cocoa beans. Both 
pod and bean husk are waste products, presenting an increasing environmental problem. 
Recently, many studies have appeared in the literature about the possibility of using cocoa 
shells, e.g., as animal feed enrichment. Research has also been conducted on the use of cocoa 
shell biomass as a biofuel, although combustion causes a number of problems such as sludge 
in the  boilers. Research on the use of cocoa husks and husks for soil fertilization is also 
advancing due to the fact that they are rich in minerals. It is possible to use the shells to make 
soap, as is the case with coconut shells. Another proposal is the production of paper, as well as 
raw material for the chemical industry to isolate valuable compounds for the cosmetic industry 
(Campos-Vega et al. 2018). 
 

 
 
Fig. 1.  The cocoa fruit structures1and wastes2 
Rys. 1.  Budowa owocu kakaowca1 i odpady2  
Source: Campos-Vega et al., 2018/Źródło: Campos-Vega et al., 2018. 

 
Research of the use of husks to obtain fiber for enrichment of food products and functional 

food is very advanced and promising. Cocoa shell is a rich source of bioactive polyphenolic 
compounds such as catechin, quercetin, (–)-epicatechin, as well as gallic, coumaric and 
protocatechic acids (acids have been identified in dried pod husk) (Lu et al. 2018; Okiyama et 
al. 2017). Shells are also a rich source of pectins, which are widely used in the food and 
cosmetic industries (Priyangini et al. 2018). 
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Unfortunately, cocoa shells and husks are also used to adulterate cocoa products. This is 
done using the dried, roasted and ground cocoa husk (Figure 2). 

The method developed by AOAC (Association of Analytical Chemists) 970.23 “Stone Cell 
and Group Count of Cacao Products” is principally used to identify the addition of roasted and 
ground cocoa shells to cocoa powder. The adulteration of cocoa beans and products involves not 
only the addition of cocoa shells or husks. The addition of carob gum, ground roasted cereals and 
others was also detected in cocoa powder (Teye et al. 2020). However, new methods are 
currently being developed that can facilitate and accelerate the obtaining of analysis results. To 
determine the adulteration, including the geographical origin of cocoa beans, the use of 
radioactive isotopes and the DART technique (direct real-time analysis) are used in conjunction 
with TOF–MS (Diomande et al. 2015; Rýdlova et al. 2020; Teye et al. 2020).  
 

 
 
Fig. 2.  Fresh cocoa pod fruit (A and B) and dried CPH (C and D) from Indonesia. A: Fresh cocoa pod fruit in 

which epicarp (in dark brown) has been partially peeled. B: Transverse section of fresh cocoa pod 
fruit, with the illustration of the separate parts, including epicarp, mesocarp, sclerotic part and endo-
carp. C: Freeze-dried CPH. D: Milled freeze-dried CPH 

Rys. 2.  Świeże owoc w strąku kakaowca (A i B) oraz suszone CPH (C i D) z Indonezji. A: Świeży owoc strąka 
kakaowca, w którym epikarp (w kolorze ciemnobrązowym) został częściowo obrany. B: Przekrój poprzeczny 
świeżego owocu strąka kakaowca, z ilustracją oddzielnych części, w tym epikarpu, mezokarpu, części sklero-
tycznej i endokarpu. C: Liofilizowana CPH. D: Mielona liofilizowana CPH 

Source: Lu et al. (2018)/Źródło: Lu et al. (2018). 
 

Other techniques include near and mid-infrared spectroscopy and optical emission 
spectroscopy with inductively coupled plasma (Mandrile et al. 2019). Raman spectroscopy 
was also used to identify cocoa beans from Ecuador (Jentzsch et al. 2016). HPLCE SI mass 
spectrometry determination of triacylglycerols was used to distinguish between cocoa beans 
from Côte d’Ivoire, Tanzania, Ecuador, Brazil, Malaysia and Indonesia with different 
botanical origins (Sirbu et al. 2018). 

To determine the quality of cocoa and cocoa products, other markers are also assessed, 
such as lean cocoa solids content, cocoa butter moisture and composition, mineral profile, pH, 
color, etc. [Rýdlova et al. 2020]. 

3. Experimental 
3.1. Materials 

The subject of the research was cocoa powder, which was purchased on the market in the 
Tri-City, and cocoa powder brought to Poland by one of the producers of cocoa products 
collected directly from ship’s hold in a seaport. Cocoa powder samples were coded and then 
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analyzed for the presence of stone cells. Additionally, the rate of their sedimentation was 
determined. 

The first cocoa powder came from a producer who characterized its product as extra dark 
cocoa, these products were marked with the KD symbol, while the second cocoa powder 
purchased in a popular retail chain was the chain’s own brand and its products were marked 
with the KB symbol. Cocoa powder brought to Poland as part of target import has been 
marked with the symbol KG. 

3.2. Methods of research 
The determination of the content of stone cells in cocoa powder was performed in 

accordance with the methodology of AOAC 970.23 “Stone Cell and Group Count of Cacao 
Products”. The principle of the determination is based on the mineralization of a cocoa powder 
sample with a mixture of nitric and acetic acid (Belluci’s reagent), which results in the 
decomposition of organic substances apart from the stone cells, which cannot be digested at 
this acid concentration. After proper preparation, a drop of mineralizate should be placed in 
the field of view of a stroboscopic microscope and the stone cells should be counted. The 
result is given as a percentage of the husk content. 

The determination of the sedimentation of cocoa powder was carried out according to the 
Polish Norm PN/A-88031:1998 using the Imhoff tank. The principle of the determination is to 
measure the falling speed of the cocoa powder suspension in distilled water at a temperature of 
20 °C in a specified time. The falling rate is expressed by the volume of sediment formed at 
the bottom of the Imhoff tank in cm3 after 5 and 15 minutes. 

4. Results and disscusion 
The results of the percentage of stone cells in terms of the content of cocoa husks in cocoa 

powder are presented in Table 1. Each result is the average of three separate determinations. 
The presence of cocoa shells in products made from cocoa beans is undesirable as it adversely 
affects the process and the quality of the final product. Thus, the husk content of cocoa 
products is an important quality parameter.  

In this context, the European Cocoa and Chocolate Directive sets the level of shell, 
including germ, in cocoa nibs to 5% in relation to the content of fat-free cocoa powder (EEC, 
2000). Levels higher than this value should be considered a value-decreasing factor. The husk 
content of the tested cocoa powder samples complied with the EEC directive. The lowest husk 
content was found in cocoa powder delivered by sea on importer’s order, and the highest husk 
content was found in cocoa powder purchased in a retail chain. 

It is worth noting that producers of chocolate products and cocoa powder pay attention to 
the husk content in the raw material and prefer cocoa liquor and cocoa powder containing less 
than 5% husk. This applies in particular to the importers of raw materials for the production of 
chocolate and cocoa powder, because often in contracts it is one of the parameters on which 
the price of the raw material depends. 

Table 2 shows the sedimentation results of the tested cocoa powders. 
The sedimentation rate measured by the volume of the accumulated sediment was the 

highest for cocoa powder delivered on importer’s order. The least amount of sediment was 
found for cocoa powder samples purchased in a retail chain. We suppose that the 
sedimentation rate of the cocoa powder produced for the retail chain may have been 
influenced by the additives and the actual cocoa content. The research conducted, among 
others, by Kowalska et al. (2015) shows that the raw material composition of cocoa powder 
products, as well as the applied technological treatment significantly affect the physical 
properties of cocoa powders intended for beverages. 
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Table 3 shows the average content of cocoa husks and the average sedimentation value of 
the tested cocoa powders. 

 
Table 1.  Average husk content in the investigated cocoa powders 
Tabela 1.  Średnia zawartość łuski w badanych proszkach kakaowych 
 

Cocoa powder – sample code Mean husk content (%) 

Cocoa powder – code KG 0.215 

Cocoa powder – code KD 0.328 

Cocoa powder – code KB 2.814 
 

Source: own study. 
Źródło: badania własne. 
 
Table 2.  Average sedimentation value of the investigated cocoa powders 
Tabela 2.  Średnia wartość sedymentacji badanych proszków kakaowych 
 

Cocoa powder – sample code 
Sedimentation [cm3] 

After 5 min After 15 min 

Cocoa powder – code KD 0.90 1.95 

Cocoa powder – code KB 0.43 1.65 

Cocoa powder – code KB 0.04 0.30 
 

Source: own study. 
Źródło: badania własne. 
 
Table 3.  The content of cocoa shells and cocoa powder sedimentation rate 
Tabela 3.  Zawartość łuski kakaowej a szybkość sedymentacji proszków kakaowych 
 

Cocoa powder Husk content (%) Sedimentation [cm3] 

  After 5 min After 15 min 

code KG 0.215 0.90 1.95 

code KD 0.328 0.43 1.65 

code KB 2.814 0.04 0.30 
 

Source: own study. 
Źródło: badania własne. 

 
The data given in Table 3 show that the decrease in cocoa husks content in cocoa powders 

is accompanied by an increase in sedimentation rate. The hypothesis of a directly proportional 
dependence of the cocoa husk content on the sedimentation rate was rejected based on the 
research results. 

We suppose that the composition of cocoa powders available on the market is 
technologically designed so that the sedimentation in the solution occurs as slowly as possible. 
Rapid sedimentation causes the drink to delaminate, which may be unwanted by consumers. 
This is confirmed by the research of Holkar et al. (2019), who designed cocoa milk drinks 
using various additives and tested their effect on cocoa sedimentation. In their opinion, cocoa 
milk drinks should have a uniform appearance and must be free from sediment that consumers 
perceive as a foreign body. We suppose that sedimentation is influenced by other factors, such 
as the content of saccharides, lipids, the presence of certain ions and substances that affect the 
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viscosity of the resulting solutions. Kłobukowski and Śmiechowska (2016) pointed out that 
the fat content in cocoa powder affects the color and properties of cocoa drinks. 

5. Conclusions 
The conducted research showed that the tested cocoa powders contained a diversified 

amount of stone cells indicating the presence of cocoa husks in the powder. The largest 
amount of husk was contained in a cocoa powder produced under the chain’s own brand name 
of a retail chain and amounted to 2.814%, and the least amount – in powder imported by sea 
and collected for research directly from the cargo hold of the ship – 0.215%. The husk content 
in the investigated cocoa powders did not exceed the 5% limit defined in the requirements of 
the EU directive. Sedimentation of cocoa powders was inversely proportional to the cocoa 
shell content. Thus, the hypothesis of a directly proportional dependence of these parameters 
was rejected. We suppose that sedimentation is influenced by other factors, such as the content 
of saccharides, lipids, the presence of certain ions and substances that affect the viscosity of 
the resulting solutions. Further research should concern the grain size composition, 
gravimetric analysis of cocoa powders and sensory evaluation of cocoa beverages prepared 
from these powders as well as examining the influence of stone cells on selected 
physicochemical parameters and sensory features. 
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Summary 
The cocoa fruit, Theobroma cacao L., is one of the most valuable fruits in the world. After 

appropriate processing, the beans contained in the pericarp are used to produce cocoa powder 
and an extremely popular confectionery product, i.e., chocolate.  

Global demand for cocoa beans increases with the world’s population, as the number of 
gourmets of chocolate and cocoa drinks increases. In addition, cocoa is used not only for food 
production, but is also a valuable cosmetic and pharmaceutical raw material. Unfortunately, in 
recent years there has been a decline in cocoa bean production, and the diagnosis shows that it 
is due to climatic, political, social and environmental factors. 

The aim of the preliminary research was to determine the content of cocoa husks (stone 
cells) in cocoa powders on the Polish market and powder collected directly from the cargo 
hold of the ship, which was delivered to the seaport of Gdynia on importer’s request. Cocoa 
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samples were encoded and analyzed for the content of stone cells according to the 
methodology AOAC 970.23 “Stone Cell and Group Count of Cacao Products”. 

The content of stone cells in the tested cocoa powders was diversified and did not correlate 
with the sedimentation rate, which was probably influenced by additional product 
characteristics. Research on the quality of cocoa powder should be continued in order to more 
accurately determine the effect of the residual cocoa husk content on the sensory 
characteristics of products obtained with cocoa powder, especially chocolate. Such research 
will be presented in a follow-up paper. 
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ZAWARTOŚĆ KOMÓREK KAMIENNYCH W PROSZKU KAKAOWYM  
JAKO WSKAŹNIK JEGO JAKOŚCI. BADANIA WSTĘPNE 

Streszczenie 
Owoce kakowca Theobroma cacao L. należą do jednych z najcenniejszych owoców na 

świecie. Po odpowiednim procesie przetwarzania zawarte w owocni ziarna są wykorzystywa-
ne do produkcji kakao w proszku i cieszącego się niezwykłym powodzeniem produktu cukier-
niczego, czyli czekolady. 

Zapotrzebowanie na ziarno kakaowe na świecie wzrasta wraz z liczbą ludności na globie, 
gdyż rośnie liczba smakoszy czekolady i napojów kakaowych. Ponadto kakao jest wykorzy-
stywane nie tylko do produkcji żywności, ale stanowi cenny surowiec kosmetyczny i farma-
ceutyczny. Niestety w ostatnich latach zanotowano spadek w produkcji ziarna kakaowego, 
 a z diagnozy wynika, że złożyły się na to czynniki klimatyczne, polityczne, społeczne, a także 
środowiskowe. 

Celem wstępnych badań było określenie zawartości łuski kakaowej (komórek kamien-
nych) w proszkach kakaowych znajdujących się na polskim rynku oraz proszku pobranego 
bezpośrednio z ładowni statku, który dostarczono do morskiego portu w Gdyni na zlecenie 
importera. Próbki kakao zostały zakodowane i poddane analizie zawartości komórek kamien-
nych wg metodyki AOAC 970.23 „Liczba komórek kamiennych i ich grup w przetworach 
kakaowych”.  

Zawartość komórek kamiennych w badanych proszkach kakaowych była zróżnicowana 
 i nie korelowała z wynikami sedymentacji, na którą prawdopodobnie wpłynęły dodatkowe 
cechy produktu. Badania nad jakością proszku kakaowego powinny być kontynuowane, aby 
dokładniej określić wpływ zawartości pozostałości łuski kakaowej na cechy sensoryczne pro-
duktów otrzymywanych z wykorzystaniem proszku kakaowego, a przede wszystkim czekola-
dy. Badania takie zostaną przedstawione w kolejnym artykule.  
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1. Introduction 
 
Free radicals (sometimes the term “radicals” is used) 

exist probable everywhere in nature, in the air, our 
bodies, and the materials around us. They can exist as 
independent species in the form of atoms, groups of 
atoms or molecules. From a chemical point of view they 
belong to chemical species with an odd number of 
unpaired electrons.  

Free radicals live mostly for a relatively short time 
and they can be formed as a result of oxygen interaction 
with certain molecules. Although, in general, the life 
time of free radicals is usually very short they are 
responsible for aging related illnesses, and can 
contribute to heart attacks, stroke and cancers. A very 
high reactivity of free radicals is responsible for 
initiation of some chain reactions of free radicals with 
other molecules. Free radicals can initiate chain reaction 
outside body as well inside body of living organisms. 
Each organism has a defense system of antiradical 
species (known also as natural antioxidants) to prevent 
damage caused by free radicals. From chemical point of 

view the antiradical species are 
molecules that are able to 
neutralize the free radicals by 
donating a hydrogen atom or 
electron to produce a relatively 
more stable radical with very 
poor ability in propagation of the 
chain reaction leading to the 
interruption of autoxidation 
process. Some antioxidants are 
also supplied with a diet, 
especially in a form of natural 
polyphenolic compounds. Free 
radicals can also cause a 
deterioration of plastics, a fading 
of paint, a degradation of works 
of art. It should be noted, 
however, that the main danger 
due to the presence of free 
radicals comes from the damage 
they can do when free radical 
species react with important 
cellular components such as 
DNA, or the cell membrane 
(Aruoma 2001).  

In this work we deal with 
antiradical properties of burdock 
roots. Burdock (Arctium lappa 
L.) is a biennial plant being a 
member of Asteraceae family). It 
is native to Europe and Asia, but 
several species have been also 
widely introduced worldwide. 
Species of burdock (Arctium 
lappa L) are usually grown for 
hedging, game cover, and other 
utilitarian purposes. Plants of the 
genus Arctium have dark green 
leaves that can grow up to 70 cm 
(28 in) long. The prickly heads of 
these plants (burrs) are noted for 
easily catching on to animal fur 
and clothing. 

Plants of  burdock are 
generally large, coarse and ovate, 
with the lower ones being heart-
shaped. They are woolly 
underneath. The leafstalks are 
generally hollow. Arctium 
species generally flower from 
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July through to October. Burdock plant usually grows as a weed and it has usually large, 
heart-shaped leaves and bright pink-red to purple thistle-like flowers. Burdock flowers provide 
essential pollen and nectar for honeybees around August when clover is on the wane and 
before the goldenrod starts to bloom.  

The deep roots of the burdock plant are brownish-green or sometimes nearly black on the 
outside. In Japan the burdock plant is often called as gobo root and it is cultivated as a largely 
consumed vegetable, typically eaten fresh or cooked, and the young leaves can also be cooked 
like any other vegetable. Burdock root is a popular, healthy, and nourishing dietary food con-
sumed by the majority of people in Asia, especially China, Japan, Korea, Thailand, Vietnam, 
Indonesia and Philippines (Chan et al. 2011). It is also cultivated for medicinal or nutritional 
purposes in New Zealand, the United States, Canada and in various countries in Europe.  

The roots, seeds and leaves of burdock have been investigated in view of its popular uses 
in traditional Chinese medicine (Chan et al. 2011). For hundreds of years various parts of 
burdock (called “niubang” in Chinese or “gobo” in Japanese) have been also used thera-
peutically in Europe, North America, Hawaii and various part of Asia (mainly in India, Korea 
and Japan). It is known (Guna 2019) that the plant exhibits biological activity as anti-
inflammatory, antiallergic, antidiabetic, antineoplastic, antimutagenic, antiviral, urolytic, 
antitoxic, antileukemic, hepatoprotective, growth stimulating, mild laxative, mild diuretic, 
depurative, diaphoretic, antibacterial, antirheumatic, and antipyretic agent. It was reported that 
burdock root and its tea contain at least five powerful flavonoid-type antioxidants that are 
more powerful antioxidants than vitamin C (Light 2005). Recently both flavonoids and 
phenolics are frequently used also as active ingredients of cosmetics and pharmacological 
products. Burdock root has been also used for the medicinal purpose to cure various skin 
problems such as acne, eczema, and psoriasis as it possesses antiinflammatory and 
antibacterial properties. 

The roots of burdock, among other plants, are eaten by the larva of the ghost moth 
(Hepialus humuli). The plant is used as a food plant by other Lepidoptera including brown-
tail, Coleophora paripennella, Coleophora peribenanderi, the Gothic, lime-speck pug and 
scalloped hazel. In England, some birdwatchers have reported that birds have become 
entangled in the burrs leading to a slow death, as they are unable to free themselves. Burdock's 
clinging properties, in addition to thus providing an excellent mechanism for seed dispersal, 
led to the invention of the hook and loop fastener (Wikipeadia 2020).  

The root  of burdock itself is a good source of the carbohydrate inulin which can account 
for 27- 45% of the plant mass. It is known (Light 2005) that almost 75% of the root is made up 
of complex carbohydrates known as fructo-oligo-saccharides (FOS).  In general,  the intake of 
FOS significantly increases beneficial bifidobacteria within the gastrointestinal tract and 
eliminates bacterial pathogens. It was reported (Light 2005) that this ultimately stimulates the 
immune system and effectively suppresses abnormal cell growth. The high levels of FOS 
present in of burdock root and its water extract also help to keep blood sugar levels constant 
and also to reduce hyperglycemia.    

Burdock roots have also some therapeutic effects, such as, anti-inflammatory, hepato-
protective and free radical scavenging activities (Lin et al. 1996, Lin et al. 2002). Due to the 
presence of antiradical compounds in burdock roots, many attempts were made to obtain them 
using the method of cooking (Lee & Kim 2017; Park et al. 2016) and extraction with carbon 
dioxide under supercritical conditions (Rodriguez 2018). It was also reported (Schultze et al. 
1967, Rajasekharan et al. 2017) that burdock contains polyacetylenes that kill disease causing 
bacteria and fungi. This finding may partly explain burdock's traditional reputation for the 
treatment of ringworm and several common bacterial infections of the gut and urinary tract.  

Dried burdock root (known as Bardanae radix) is rich in minerals and fiber. A 100-gram 
serving of burdock root contains about 3 g of fiber, being about 12% of our daily 
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recommended intake.. Burdock root contains also various vitamins, especially riboflavin, 
niacin, folic acid, vitamin C and vitamin E.  

Among other biologically active compounds present in burdock roots one can find several 
groups of ingredients that owe their beneficial properties due to the substances they contain: 
• polyacetylene compounds exhibiting antibacterial and antifungal properties, 
• sesquiterpenes with antibacterial and anti-inflammatory properties, 
• inulin responsible for lowering the level of co called “bad” cholesterol (LDL fraction) and 

regulating blood sugar levels, 
• flavonoids exhibiting anti-inflammatory, antioxidant, antispasmodic and diuretic 

properties, 
• tannins with antibacterial, anti-inflammatory and, astringent activity, 
• mucous substances that show coating properties,  

Dried roots of burdock contain some compounds of a potential antiradical activity. Among 
them  one can find the following species: 
• polyphenols: caffeic acid (Pari & Prasath 2008), gallic acid (Park et al. 2007), chlorogenic 

acid (Bouayed et al. 2007, Jaiswal & Kuhnert 2011), and tannin (Bralley et al. 2008) 
• flavonoids: quercetin and luteolin (Light 2005), 
• catechines: epigallocatechin gallate (Park et al. 2007),  
• lignans: arctin (Matsumoto et al. 2006), arctigenin (Awale et al. 2006; Ke et al. 2019) and 

diarctigenin (Park et al. 2007), 
• sterols: taraxosterol (Light 2005) and sitosterol-β-D-glucopyranoside (Mizushina et al. 

2006). 
In folk medicine dried burdock roots are used as a diuretic, diaphoretic and a blood 

purifying agent. In some reported that dried burdock roots have been used in form of an 
ingredient in Essiac tea for the alternative treatment of some types of cancer (Zick et al. 2006). 
Oily macerates of dried burdock roots are component of some cosmetics, shampoos and hair 
care products.  

In traditional Chinese medicine burdock roots are mainly used as blood purifier, lymphatic 
system strengthener, natural diuretic, skin healer, defender against diabetes as well as combat 
cancer. In recent study (Ke et al. 2019) it is suggested that arctigenin present in burdock root 
served anticarcinogenic effects on retinoblastoma cells partly by negatively regulating JAG1, 
indicating that arctigenin may represent a novel potential therapeutic compound to treat 
patients with retinoblastoma. It was reported (Gurunanselage & Yap 2019) that Arctium lappa 
L. root extract induces cell death via mitochondrial-mediated caspase-dependent apoptosis in 
jurkat human leukemic T cells. Moreover, burdock root is known for its powerful anti-inflam-
matory abilities, and it can be in important part of an arthritis diet. Several groups of chemical 
species present in plant extracts such as flavonoids and polyphenols possess a unique ability to 
quench free radicals, thus they are of potential use as active ingredients of food supplements 
(Duh 1998).   

In literature one can find many reports on experimental data describing a potential 
application of plant extracts and the first priority is given to the antioxidant properties of 
polyphenols. It is known that many polyphenols can act as cofactors for almost all kinds of 
enzymes. Moreover, some polyphenols are also present in anti-cellulite, anti-couperosis anti-
aging and skin lightening products. The medicinal uses of burdock in treating chronic diseases 
such as cancers, diabetes and AIDS have been reported (Chan et al. 2011). It was also found 
than arctiin present in burdock root is able to lower the concentration of tumor necrosis factor-
alpha and interleukin-6 and promote collagen synthesis in human monocyte dendritic cells and 
dermal fibroblasts in vitro (Knott et al. 2008).  

In the in vitro experiments (Tousch et al. 2014) it was shown that dried burdock root 
extract (DBRE) is able to increase glucose uptake in cultured L6 myocytes and to decrease 
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glucagon-induced glucose output from rat isolated hepatocytes together with a reduction of 
hepatic glucose 6-phosphatase activity. It was also found that DBRE does not increase insulin 
secretion in the INS-1 pancreatic β-cell line. The same group of researchers discovered that in 
vivo studies DBRE improves glucose tolerance both after intraperitoneal and oral subchronic 
administration. In addition, some medicinal uses of burdock in treating chronic diseases 
like cancers, diabetes and AIDS have been reported in literature (Chan et al. 2011). 

In literature one can find also information on some another important forms of activity of 
polyphenols such as: antiseptic, strengthening capillaries, anti-inflammatory effect, protective 
against radiation, moistening, softening, soothing, styptic and many other. It is generally 
accepted that scientifically proven skin benefits of polyphenols as cosmetic ingredients refer 
mainly to prevention of lipid oxidation (Glinka et al. 2002; Kim et al. 1997; Schmid & Zulli 
2002; Hiipakka et al. 2002), stimulation of fibroblast proliferation (Kim et al. 1997), reduction 
of collagen breakdown (Schmid & Zulli 2002) or 5α-reductase (Hiipakka et al. 2002). There-
fore, some phenolic compounds are used as active ingredients of  a huge number of  cosmetic 
products. 

Over the last dozen or so years we have published several papers showing results of our 
measurements on the total content of phenolic compounds and flavonoids as well on the anti-
oxidant capacity of solutions of active single chemical species, infusions as well as extracts 
prepared using various plant materials (Kończal & Zieliński 2008; Malinowska, Zieliński & 
Szymusiak 2010; Zygmanowska & Zieliński 2011; Kluj & Zieliński 2012; Śledziński, 
Kwaśniewska & Zieliński 2013; Swat  & Zieliński 2013; Kończal & Zieliński 2014, Rejniak 
& Zieliński 2014, Zieliński 2020). We have found that for a given plant or product in each 
case the antiradical activity of plant extracts strongly depends mainly on the solvent 
composition used in the extraction or infusion processes and elongation of the extraction 
procedure.  

In the present work we study the variation of antiradical activity of extracts obtained from 
burdock roots. The main purpose of our experimental research described in this work is to find 
the optimum solvent composition, based on ethanol-water mixtures, applicable to extraction 
process of active compounds present in roots of burdock. We are looking for effective 
extractant enable for preparation of extract with high polyphenols content of potential use as a 
cosmetic ingredient, since it is known that burdock root has been also used for the medicinal 
purpose to cure various skin problems such as acne, eczema, and psoriasis as it possesses 
antiinflammatory and antibacterial properties (Cookist 2020). 

2. Experimental 
2.1. Materials 

Roots of burdock (Arctium lappa L.) were purchased from Flos company (Mokrsko, 
Poland). All chemicals used in this work were of analytical grade. The following chemicals: 
Folin-Ciocalteu’s phenol reagent (Merck), gallic acid (Sigma), caffeic acid (Sigma), sodium 
carbonate, (POCH S.A., Poland), 96% ethanol, KMnO4 (Chempur, Poland) were used as 
supplied without any purification before use.  

In all experiments we have used a redistilled water which was additionally purified by 
means of a further boiling with alkaline KMnO4 solution and finally fractionally distilled. In 
this work we have investigated antiradical properties of various burdock roots extracts. All 
samples were used as supplied without any purification before use. 

2.2 Methods 
We have performed the extraction process of air dried burdock roots for a period of 1, 5 

and 24 hours. In each experiment the 1 g sample of air dried burdock roots was placed in dark 
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bottle and stirred at room temperature for 5 minutes with 180 ml of the designed solvent and 
then the samples were kept without stirring in a dark room during all the period of maceration. 
After the designed period of time each sample was filtered through a paper filter under a 
slightly reduced pressure. The wet roots were washed with a small amount of the same solvent 
and filtered. The combined filtrate obtained in such a way was diluted to the final volume of 
200 ml and then it was analyzed. 

In our extraction experiments we have used five water – ethyl alcohol mixtures as solvents. 
The composition of the water – ethyl alcohol mixtures based on volume ratio of the solvents 
was as follows 0:1, 1:3, 1:1, 3:1 and 1:0. In order to characterize the burdock roots extracts 
obtained in such a way and to determine the antiradical activity of them we have carried out 
spectrophotometric determination of various parameters for freshly obtained extracts.  

The total content of the phenolic compounds present in the extracts was determined by 
means of a standard spectrophotometric method using Folin–Ciocalteu reagent following the 
procedure described by Singleton and Rossi (Singleton & Rossi 1965) with caffeic acid. 
Briefly, 0.1 ml of diluted solution of the extract sample obtained from air dried burdock roots 
or an appropriate amount of gallic acid was mixed with 6 ml of distilled water in 10 ml 
volumetric flask. Then, to the resulting mixture, 0.5 ml of Folin-Ciocalteu reagent was added 
and finally, the content of the flask was intensively mixed for 3 minutes. Next, 1.5 ml of 20% 
(w/v) Na2CO3 was added the mixture and volume was made up to 10 ml with double distilled 
water. The resulting mixture was allowed to stand for 2 hours in the dark at room temperature. 
After that time the absorbance of the sample was determined at 765 nm against the blank. The 
standard curve was prepared using up to 7 mg/L of caffeic acid in ethanol : water  (1:9, v/v). 
The total phenolic content was expressed in mg of caffeic acid equivalents (CAE) per gram of 
the air dried burdock roots. 

We have determined the content of flavonoids present in the burdock roots extracts spe-
ctrophotometrically by means of a method proposed by Karadeniz et al. (Karadeniz et al. 
2005) with (-)epicatechin as the reference compound (Re et al. 1999). In our procedure a 
sample of 1.0 ml of the extract, 5.0 ml of water was mixed with 0.3 ml of 5% aqueous solution 
of sodium nitrate(III). The resulting solution was stirred and left for 5 minutes. Then 2.0 ml of 
1 M aqueous solution of aluminium was added and the mixture was again stirred. After 
keeping the sample for 5 minutes 2 ml of 1M aqueous solution of NaOH was added, the 
resulting mixture was diluted with double distilled water to the final volume of 10 ml and the 
absorbance was measured at 510 nm against blank solution. The content of flavonoids 
determined in such a way was expressed in mg of (-)epicatechin equivalents (ECE) per gram 
of the air dried burdock roots. 

All spectrophotometric measurements described in this work were performed using 
Genesis II spectrophotometer (Milton Roy, USA) connected with the personal computer via 
RS232 interface. Statistical analysis of the numerical data presented in this work was 
performed using the statistical tools incorporated in the Microsoft Excel spreadsheet equipped 
with XNumbers macro developed by Volpi (Volpi 2007) and modified for Excel 2010 by 
Steve Beyers (Beyers 2012). Errors of numerical parameters of nonlinear equations used in 
this work were estimated by means of SolverAid macro as developed by De Lisi (De Lisi 
1999; De Lisi 2012). 

3. Results and discussion 
Figure 1 shows the absorption spectra of extracts obtained after 24 h of extraction process 

from burdock roots using aqueous solutions of ethanol at various volume ratios of the 
solvents.  
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Fig. 1.  Absorption spectra for various aqueous ethanolic extracts of burdock roots obtained after 24 h of 

extraction process. Volumetric concentration of ethanol: A – 0%; B – 24%; C – 48%; D – 72%;  
E – 96%  

Rys. 1.  Widma absorpcyjne różnych wodno-etanolowych ekstraktów korzeni łopianu otrzymanych po 24 godzinach 
procesu ekstrakcji. Stężenie objętościowe etanolu: A – 0%; B – 24%; C – 48%; D – 72%; E – 96%  

Source: own research/Źródło: badania własne. 
 

As can be seen in Figure 1 the shape of each spectra strongly depends on the solvent 
composition. Each spectrum recorded for the extracts from burdock roots exhibits a absorption 
band maximum located at ca. 324 nm. It is evident that ethanol itself exhibits the lowest 
extractive properties among extractant mixtures tested in this work. 

Figure 2 presents changes in the absorbance of several extracts obtained from burdock 
roots at 271 nm which are attributable for phenolic compounds. As can be observed in Figure 
2 the intensity of the band with maximum located at 271 nm strongly depends on the 
extractant composition. It was found that the bands with the highest intensities are recorded 
for extracts obtained using water without addition of ethyl alcohol. 

 

 
Fig. 2.  Effect of ethanol concentration on intensity of the maximum absorption band recorded at 271 nm for 

aqueous-ethanolic extracts of burdock roots after 1 h extraction process using mixtures of various 
composition 

Rys. 2.  Wpływ stężenia etanolu na intensywność pasma maksimum absorpcji przy 271 nm dla wodno-etanolowych 
ekstraktów korzenia łopianu otrzymane po 1 godzinie ekstrakcji przy użyciu mieszanin o różnym składzie  

Source: own research/Źródło: badania własne. 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

250 300 350 400 450 500 550 600

A
bs

or
ba

nc
e 

Wavelength [nm] 

D 

C 

E 

B 

A 

0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

0 24 48 72 96

Ab
so

rb
an

ce
 

Ethanol concentration [%] 



TOWAROZNAWCZE PROBLEMY JAKOŚCI 4(65)/2020 

 97 

Figure 3 presents changes in the absorbance of several extracts obtained from burdock 
roots at 324 nm which are also attributable for phenolic compounds. As can be observed in 
Figure 3 the intensity of the band with maximum located at 324 nm strongly depends on the 
extractant composition. It was found that the bands with the highest intensities are recorded 
for extracts obtained using water without addition of ethyl alcohol. 

 

 
Fig. 3.  Effect of ethanol concentration on intensity of the maximum absorption band recorded at 324 nm for 

aqueous-ethanolic extracts of burdock roots obtained after 1 h extraction process using mixtures of 
various composition 

Source: own research. 
Rys. 3.  Wpływ stężenia etanolu na intensywność pasma maksimum absorpcji przy 324 nm dla wodno-etanolowych 

ekstraktów korzenia łopianu otrzymane po 1 godzinie ekstrakcji przy użyciu mieszanin o różnym składzie  
Źródło: badania własne. 
 

Even a cursory analysis of extract spectra indicates that the content of the extracted 
substances in water extracts is much higher than in ethanol extracts. This result is qualitatively 
consistent with the observations published in the literature for the experimental data of 
burdock root extraction using water and methanol. Lee and Kim (2011) showed that the 
extraction capacity of phenolic compounds and flavonoids from burdock roots is many times 
greater for water than for methanol.  

Although ethanol was used instead of methanol in our research, our result obtained with 
various mixtures of water and ethanol as the extractant seems to be qualitatively consistent 
with the data published by Lee and Kim (2001). 

Figure 4 shows the results of our determinations on the changes in the total phenolic 
compounds content (expressed in mg of gallic acid used as standard compound (GAE)) in the 
extracts obtained from burdock roots during 24 hours extraction process. It can be observed in 
Figure 4 that each experimental curve has a nonlinear shape concave downward approaching 
gradually some equilibrium value. The total phenolic compounds content of the burdock roots 
extracts evaluated in such a way strongly depends on the duration of the extraction process. As 
can be seen in Figure 4 for a given extractant composition the total phenolics content in the 
obtained extracts rapidly increases during the first hour of the extraction process and slowly 
approaches to some approximately constant value after 24 hours of the process. 

It is seen in Figure 4 the plot of the total phenolics content in the extracts obtained from 
burdock roots strongly depends not only on the duration of the extraction process but also on 
the composition of the solvent used during the extraction process.  

As can be seen in Figure 4 the maximum total content of phenols in the extracts of air 
dried burdock roots can be obtained in the extractant containing ca. 48% of  ethanol. 
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Fig. 4.  Effect of extraction time on total phenolics concentration in the extracts obtained from burdock roots 
using aqueous solutions of ethanol. Concentration of ethanol: A – 0%; B – 24%; C – 48%; D – 72%;  
E – 96% 

Rys. 4.  Wpływ czasu ekstrakcji na całkowite stężenie fenoli w ekstraktach otrzymanych z powietrznie suchych 
korzeni łopianu przy użyciu wodnych roztworów etanolu. Stężenie etanolu: A – 0%; B – 24%; C – 48%;  
D – 72%; E – 96% 

Source: own research/Źródło: badania własne. 
 

Figure 5 shows the results of our determinations of the total phenolics content (expressed 
in mg of gallic acid used as standard compound (GAE)) in the extracts obtained from air dried 
burdock roots after 24 hour of extraction process using ethanol–water mixtures with variable 
ethanol content. It should be noted, however, that our results of the total phenolics content in 
the extracts obtained using a Polish type of air dried burdock roots are higher than the values 
published by Mikami-Konishite et al. (2013) for extract of Japanese type of burdock roots. 

 

 
Fig. 5.  Effect of ethanol concentration in extractant mixture on the total phenolics concentration (in mg of 

caffeic acid per 1 g of dried burdock roots) in extracts obtained after 24 hours of extraction process 
Rys. 5.  Wpływ stężenia etanolu w mieszaninie do ekstrakcji na całkowite stężenie związków fenolowych (w mg 

kwasu kawowego /1 g powietrznie suchego korzenia łopianu) w ekstraktach otrzymanych po 24 godzinach 
procesu ekstrakcji 

Source: own research/Źródło: badania własne. 
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Figure 6 is a representative example of flavonoids change in the extracts obtained from 
burdock roots during 24 hours of the extraction process performed using various ethanol-water 
mixtures. It shows a variation in the flavonoids content as a function of the extraction time 
performed using aqueous solutions of ethanol at different concentrations of ethanol. The 
content of flavonoids concentration shown in Figure 6 is given in mg of (-)epicatechin 
equivalent (ECE) per 1 g of air dried burdock roots used in extraction process.  

As can be seen  in Figure 6 that each experimental curve has a nonlinear shape concave 
downward approaching gradually some equilibrium value. The antiradical activity of the bur-
dock roots extracts evaluated in such a way strongly depends on the duration of the extraction 
process. It is seen in Figure 6 that the plot of the flavonoids content in the extracts obtained 
from burdock roots strongly depends also on the composition of the solvent used during the 
extraction process. 

As can be seen in Figure 6 for a given extractant composition the content of flavonoids in 
the obtained extracts rapidly increases during the first hour of the extraction process and 
slowly approaches to some approximately constant value after 24 hours of the process.  

 

 
Fig. 6.  Effect of extraction time on flavonoids concentration in extracts obtained from air dried burdock roots 

using aqueous solutions of ethanol. Concentration of ethanol: A – 0%; B – 24%; C – 48%; D – 72%; E 
– 96% 

Rys. 6.  Wpływ czasu ekstrakcji na stężenie flawonoidów w ekstraktach otrzymanych z powietrznie suchych korzeni 
łopianu  przy użyciu wodnych roztworów etanolu. Stężenie etanolu: A – 0%; B – 24%; C – 48%; D – 72%; E 
– 96% 

Source: own research/Źródło: badania własne. 
 

Figure 7 shows the results of our determinations of the flavonoids content (expressed in 
mg of (-)epicatechin used as standard compound) in the extracts obtained from air dried 
burdock roots after 24 hour of extraction process using ethanol–water mixtures with variable 
ethanol content.  

It is seen in Figure 7 the plot of flavonoids content in the extracts obtained using aqueous 
solutions of ethanol from air dried burdock roots strongly depends also on the composition of 
the solvent used during extraction process. It was found that the maximum total content of 
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flavonoids in the extracts of burdock roots can be obtained using the extractant containing ca. 
48% of  ethanol. 

 

 
Fig. 7.  Effect of ethanol concentration in the extractant mixture on flavonoids concentration (in mg of  

(-)epicatechin per 1 g of air dried burdock roots) in the extracts obtained after 24 hours of the extrac-
tion process  

Rys. 7.  Wpływ stężenia etanolu w mieszaninie do ekstrakcji na stężenie flawonoidów (w mg (-)epikatechiny/1 g 
powietrznie suchego korzenia łopianu) w ekstraktach otrzymanych po 24 godzinach procesu ekstrakcji 

Source: own research/Źródło: badania własne. 
 

4. Conclusions 
In this work we have experimentally found that extracts from the air dried roots of burdock 

contain a huge amount of phenols including flavonoids. We can state that burdock roots can 
be redarded as a valuable source of antiradical species, such as flavonoids and other 
polyphenols. Based on our experimental data one can conclude that the content of antiradical 
species in the extracts obtained using aqueous solutions of ethanol with ca. 48% ethanol 
concentration is always higher than that found in the extracts obtained using water or ethanol.  
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Summary 
In the present work we study the antiradical activity of extracts obtained from burdock 

roots. We are looking for effective extractant unable for preparation of extract with high 
polyphenols content of potential use as a cosmetic ingredient. The total content of the phenolic 
compounds present in the extracts was determined by means of standard spectrophotometric 
method using Folin–Ciocalteu reagent following the procedure described by Singleton and 
Rossi using gallic acid as the reference compound. We have determined the content of 
flavonoids by means of the method proposed by Karadeniz et al. with (-)epicatechin as the 
reference compound. 

We have experimentally found that the aqueous-ethanolic extracts obtained from burdock 
roots contain a significant amount of phenols including flavonoids. We can state that the 
burdock roots can be regarded as a valuable source of antiradical species, such as flavonoids 
and other polyphenols. Based on our experimental data it was concluded that the content of 
antiradical species in the extracts obtained using aqueous solutions of ethanol with 48% 
ethanol concentration is always higher than that found in the extracts obtained using only 
water or ethanol.  
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AKTYWNOŚĆ PRZECIWRODNIKOWA 
EKSTRAKTÓW Z KORZENIA ŁOPIANU 

Streszczenie 
W niniejszej pracy badano aktywność przeciwrodnikową ekstraktów korzeni łopianu. Po-

szukiwano skutecznego ekstrahentu, który jest w zdolny do otrzymania  ekstraktów o dużej 
zawartości związków polifenolowych o potencjalnym zastosowaniu jako składników kosme-

https://deepblue.lib.umich.edu/bitstream/2027.42/63199/1/acm.2006.12.971.pdf
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tycznych. Całkowitą zawartość związków fenolowych obecnych w ekstraktach oznaczono sto-
sując standardową metodą spektrofotometryczną z odczynnikiem Folina-Ciocalteu zgodnie  
z procedurą opisaną przez Singletona i Rossiego, wykorzystując kwas galusowy jako substan-
cję odniesienia. Zawartość flawonoidów w ekstraktach określano metodą zaproponowaną 
przez Karadeniza i wsp. z (-)epikatechiną jako substancją odniesienia.  

Doświadczalnie stwierdzono, że otrzymane wodno-etanolowe ekstrakty korzenia łopianu 
zawierają znaczną ilość fenoli, w tym flawonoidów. Można stwierdzić, że korzenie łopianu 
mogą stanowić cenne źródło składników przeciwrodnikowych, takich jak flawonoidy i inne 
polifenole. Na podstawie naszych badań wykazano, że zawartość związków prze-
ciwrodnikowych w ekstraktach korzenia łopianu otrzymanych przy użyciu wodnych roztwo-
rów zawierających 48% etanolu jest zawsze wyższa niż w ekstraktach otrzymanych przy uży-
ciu tylko wody lub etanolu. 
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1. Introduction  
Currently, there is a dynamic development of the 

market of “natural” cosmetics – gentle, safe for both 
humans and the environment. This is mainly due to 
constant changes in users' preferences. For several years 
now, a rapid increase in interest in pro-ecological 
products containing natural raw materials or of natural 
origin has been noticed on the market. The consumer is 
assured of the “naturalness” of the cosmetic by quality 
certificates issued by recognized certification bodies. In 
Europe, cosmetics are certified by COSMOS (Cosmetics 
Organic and Natural Standard). This is a certificate 
introduced by the following institutions: Soil Association 
(UK), Ecocert (France), Cosmebio (France), BDIH 
(Germany) and AIAB/ICEA (Italy) [1-3]. 

Hair shampoos are one of the most important groups 
of cosmetic products for hygiene. These products are 

used to remove residues from 
hair styling cosmetics, dandruff 
and pollutants from the 
environment, which gradually 
accumulate in the hair. Shampoos 
are available on the cosmetic 
market in various forms: liquids, 
creams, gels, powders, oils and 
aerosols, but most often in the 
form of a solution or gel [4-7]. 
The main raw material in this 
type of formulation is water, 
which accounts for about 40-80% 
of the whole recipe. Surface 
Active Compounds (SAC) are 
important components of this 
type of products.  Among them, 
the key role is played by anionic 
surfactants (fatty alcohol sulfate 
salts, alpha-olefin sulfonate salts, 
alkyl sulphosuccinate salts), 
amphoteric (e.g. betaines) and 
non-ionic (e.g. fatty acid alkanol-
amides). In addition, such 
formulas usually include also 
some rheology modifiers, pearl-
forming substances, conditioning 
ingredients, fragrances, presser-
vatives and dyeing agents [4-7].  

Among the ingredients of hair 
shampoos, surfactants of sugar 
origin deserve special attention. 
Unlike the commonly used 
anionic surfactants in shampoos 
for the cosmetics industry, they 
are environmentally friendly and 
have no side effects on living 
organisms. They are obtained, 
among others, from glucose 
obtained from the processing of 
corn or wheat and alcohols 
derived from palm or coconut oil. 
Their main advantage is full 
biocompatibility with the skin 
and the ability to reduce anionic 
surfactant irritation and good 
foaming properties [8-10]. The 
above mentioned aspects were 
the main focus of the work. 
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The aim of this work is to develop original, mildly acting surfactant hair shampoos of 
sugar origin and to verify, by empirical means, selected physiccochemical properties, which 
are determinants of their quality. It should be noted that the study attempts to develop the 
composition of shampoos for hair containing raw materials in accordance with COSMOS 
Standards. 

2. Experimental 
2.1. Materials  

2.1.1. Raw materials  
As ingredients of shampoos the following materials were used:  

• Lauryl Glucoside form BASF, Poland, 
• Ccoco Glucoside from BASF, Poland, 
• Cocamidopropyl Betaine from BASF, Poland, 
• Sodium Coco Sulfate from BASF, Poland, 
• Glycerin from Fagron, Poland, 
• Xanthan Gum from Livchem Logistics, Germany, 
• Sodium Benzoate and Potasium Sorbate from Pol Nil S.A., Poland, 
• Citric Acid from HSH Chemie, Poland. 

2.1.2. Formulations 
Formulas for hair shampoos have been developed using raw materials compliant with the 

COSMOS Standards. Hair shampoos contain mild, non-ionic surfactants of sugar origin: 
Lauryl Glucoside and Coco Glucoside, respectively in the following proportions (2.5:7.5; 
5.0:5.0; 7.5:2.5).  

The formulas also a commonly used amphoteric surfactant – Cocamidopropyl Betaine and 
a mild anionic surfactant – Sodium Coco Sulfate were used. In order to obtain a suitable form 
of the product, the formulation was enriched with a natural viscosity modifier – Xanthan Gum. 
Additionally, the formulas include a preservative (Sodium Benzoate and Potassium Sorbate) 
and a pH regulator (Citric Acid). The formulas for hair shampoos are shown in Table 1. 

 
Table 1.  The formulas of hair shampoos prototypes 
Tabela 1.  Formulacje prototypów szamponów do włosów 
 

INCI Concentration [%wt.] 

Lauryl Glucoside x 

Coco Glucoside y 

Cocamidopropyl Betaine 5.0 

Sodium Coco Sulfate 2.5 

Glycerin 2.0 

Xanthan Gum 0.5 
Sodium Benzoate and Potassium 

Sorbate 0.5 

Aqua  to 100 

Citric Acid to pH = 5.5 
where: 
SH-1 formula: x = 2.5, y = 7.5 
SH-2 formula: x = 5.0, y = 5.0 
SH-3 formula: x = 7.5, y = 2.5 
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In order to compare the physicochemical and functional properties of the developed hair 
shampoos, the commercial equivalent (TSH) was also selected for testing, whose composition 
is given below. 

Reference trade shampoo (TSH) contained: Aqua, Sodium Laureth Sulfate,  
Cocamidopropyl Betaine, Sodium Chloride, Prunus Armeniaca Kernel Oil, Hydrolyzed 
Keratin, Panthenol, Disodium Cocoamphodiacetate, Cocamide MEA, Citric Acid, 
Polyquaternium-10, Sodium Benzoate, PEG-7 Glyceryl Cocoate, PEG-40 Hydrogenated 
Castor Oil, Parfum, PEG- 120 Methyl Glucose Dioleate, Hexyl Cinnamal, Butylphenyl 
Methylpropional, Benzyl Salicylate, Linalool, Benzyl Alcohol, Limonene, Propylene Glycol, 
Phenoxyethanol, Potassium Sorbate, Cl 15985. 

2.2. Methods 

2.2.1. Dynamic viscosity 
The measurements of viscosity of the prototypes were performed using a Brookfield DV-I+ 

viscometer, under the rotational speed of 50 rpm. Each result given in this work is an 
arithmetic mean based on three independent measurements [4]. 

2.2.2. Texture analysis 
Hardness and adhesion force were also measured for the shampoos developed with the use 

of texture meter (Brookfield CT3 Texture Analyzer, spherical sampler TA43 made of nylon, 
immersion depth of the sampler 10 mm at a constant head travel speed of 0.1 mm/s). The 
exact measurement methodology is presented in the literature [11]. 

2.2.3. Ability to emulsify oily soils 
The study of emulsifiability of fatty soils of the produced facial cleansing gels was 

performed based on the methods described in the literature [12]. 

2.2.4. Foam stability index (FSI) 
The FSI of the preparations made with the use of the Ross-Miles method based on the PN-

ISO 696:1994 Standard. The tests were carried out with distilled water [4]. All the 
measurements were conducted at a temperature of 22oC.  

3. Results and discussion  
3.1. Dynamic viscosity  

From the consumer's point of view, hair shampoos should have an appropriate viscosity to 
allow for the dosing process as well as the dissolution of the preparation during use. It 
depends, among others, on the type and concentration of the applied surfactants and viscosity 
modifiers in the preparation. According to the literature [5, 13] some surfactants may form 
aggregates in aqueous solutions, which affects the viscosity of the finished product. Xanthan 
gum has been used to adjust the viscosity of the preparation to the requirements set by 
consumers in the formulation solutions proposed in this paper.  

Figure 1 shows the average dynamic viscosity values of hair shampoos with different types 
of surfactants of sugar origin. 

In general, it can be observed that the viscosity of manufactured shampoos depended 
significantly on the share of LG and CG in the recipe. The lowest dynamic viscosity value 
(η=8680 mPa·s) was recorded for a shampoo containing Lauryl Glucoside (LG) and Coco 
Glucoside (CG) in a ratio of 1:3. The cosmetic in which sugar derivatives were added in an 
equal proportion showed a dynamic viscosity that was up to 2 times higher (16550 mPa·s) 
than that of SH-1. In turn, the predominance of LG in the formula determined the increase in 
the measured amount to 18700 mPa·s (SH-3).    
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Fig. 1.  Average values of dynamic viscosity of hair shampoos with different types of sugar-based surfactants 
Rys. 1.  Średnie wartości lepkości dynamicznej szamponów do włosów z różnym rodzajem surfaktantów pochodze-

nia cukrowego 
 
Analyzing the discussed results it can be concluded that the closest values η to the value 

obtained for the market shampoo (TSH) η=13650 mPa·s were shown by shampoos: SH-2 and 
SH-3.   

3.2. Texture analysis  
Texture analysis makes it possible to assess and objectively compare a range of qualities 

which are typically evaluated using the senses, including hardness, stickiness, brittleness etc. 
[11]. Results of hardness and adhesive force for shampoos with different concentration of DC 
and CG are presented in Figure 2. 

From the results obtained it can be observed that the highest value of the shampoo 
hardness was obtained for the sample designated as SH-2 (6.9 g). Cosmetics containing sugar 
derivatives of LG I CG in a ratio of 1:3 and 3:1 had a hardness of 4.6 and 4.4 g respectively 
and these values were similar to those measured for trade shampoo (4.7 g). Unlike hardness 
measurements, the highest value of the measured value was observed for the adhesion force 
for the reduced percentage of Coco Glucoside in the formulation, while increasing the 
percentage of Lauryl Glucoside in the formulation. 

 

 
 
Fig. 2.  Average values of hardness and adhesion force of hair shampoos with different types of sugar-based 

surfactants 
Rys. 2.  Średnie wartości twardości i siły adhezji szamponów do włosów z różnym rodzajem surfaktantów pochodze-

nia cukrowego 
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3.3. Ability to emulsify oily soils  
Figure 3 shows the results of the determination of the ability to emulsify oily soils for the 

tested prototypes of hair shampoos. 
Mass ratio of sugar-based surfactants: Lauryl Glucoside (LG) and Coco Glucoside (CG) 

influenced the values of the ability to emulsify fat deposits by the hair shampoos tested.  The 
highest ability to emulsify oily soils (6 points) was characteristic of SH-1 shampoo, containing 
nonionic surfactants in ratio:  2.5 LG: 7.5 CG. The use of both surfactants in the same 
concentration (5 LG : 5 CG) resulted in a decrease of the tested parameter to 5 points. The 
predominance of SH-3 Lauryl Glucoside over Coco Glucoside led to a further decrease in the 
ability to emulsify fat deposits (to 4 points).  

Mass ratio of sugar-based surfactants: Lauryl Glucoside (LG) and Coco Glucoside (CG) 
influenced the values of the ability to emulsify fat deposits by the hair shampoos tested.  The 
highest ability to emulsify oily soils (6 points) was characteristic of SH-1 shampoo, containing 
nonionic surfactants in ratio:  2.5 LG: 7.5 CG. The use of both surfactants in the same 
concentration (5 LG : 5 CG) resulted in a decrease of the tested parameter to 5 points. The 
predominance of SH-3 Lauryl Glucoside over Coco Glucoside led to a further decrease in the 
ability to emulsify fat deposits (to 4 points).  

 

 
 

Fig. 3.  Ability to emulsify oily soils of hair shampoos containing different types of sugar-based surfactants 
Rys. 3.  Zdolność emulgowania zabrudzeń tłuszczowych szamponów do włosów zawierających różne rodzaje surfak-

tantów pochodzenia cukrowego 
 
Comparing the results obtained for the developed hair shampoos with the result (1 point) 

obtained for an exemplary commercial hair shampoo, it can be concluded that the proprietary 
hair shampoos have a much greater ability to emulsify oily soils. 

3.4. Foam stability index (FSI)  
Foaming properties are one of the most important utility features of hair shampoos. 

Although the ability to produce foam does not determine their washing properties, its volume 
and stability, in the opinion of users, especially in the case of washing preparations, is an 
important aspect [4, 6]. Figure 4 shows the average foam stability index (FSI) values of hair 
shampoos with Lauryl Glucoside and Coco Glucoside. 

Suggested mass ratio of sugar-based surfactants: Lauryl Glucoside (LG) and Coco 
Glucoside (CG) basically did not affect the foam persistence values obtained for the hair 
shampoos analysed. The FSI values oscillated between 88-92% for shampoo prototypes and 
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91% for the commercial shampoo analysed. Thus, it can be concluded that the FSI values were 
within the error limit comparable. 

 

 
 

Fig. 4.  Average values of FSI for hair shampoos containing different types of sugar-based surfactants 
Rys. 4.  Średnie wartości wskaźnika trwałości piany szamponów do włosów zawierających różne rodzaje surfaktan-

tów pochodzenia cukrowego 
 

4. Conclusions  
The study attempts to assess the quality of hair shampoos containing raw materials of 

sugar origin as mild surfactants. Lauryl Glucoside and Coco Glucoside were selected as raw 
materials of sugar origin and introduced into the formulas in different proportions. On the 
basis of the research carried out, it was found that: 
• the predominance of Coco Glucoside in the formulation determines the increase in 

dynamic viscosity value, even by 50%, 
• the maximum measurement for the sample hardness is obtained using LG and CG in equal 

proportions. The adhesion force is greatest for the prototype with the advantage of Lauryl 
Glucoside, 

• the most advantageous degree of emulsification of oily soil is achieved by using the 
advantage of Coco Glucoside in the formula of the developed shampoo, 

• FSI values do not depend on the proportion of sugar derivatives used in the work. 
To sum up, the sugar-based substances used can be successfully applied in hair shampoos 

whose composition is based on raw materials compliant with COSMOS guidelines. The 
results of the tests presented in this paper may serve as a basis for further research and 
attempts to modify the formulas in order to obtain the most beneficial properties, especially 
when it is necessary to develop a mild product with strictly defined parameters. 
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Summary 
The study attempts to evaluate selected quality characteristics of liquid hair shampoos 

according to Cosmetic Organic Standards (COSMOS) containing sugar-derived surfactants of 
sugar origin. For the purposes of this article, three formulas of stable cosmetics were 
developed, whose individual raw materials met the COSMOS requirements, established for 
cosmetic raw materials of natural origin. Individual formulas, with a constant percentage of 
the main components, differed in the mass ratio of sugar-derived surfactants used: Lauryl 
Glucoside (LG) and Coco Glucoside (CG) (1:3; 1:1; 3:1).  

The following physicochemical measurements, which can be considered as characteristics 
of liquid shampoo quality, were evaluated: dynamic viscosity, foam stability index (FSI), 
ability to emulsify fatty soils and evaluation of consistency (hardness and adhesion force). The 
results obtained were related to the values obtained for a reference shampoo.  

It was found that the mass ratios of used sugar-based surfactants significantly affect the 
studied quality characteristics. The application of Lauryl Glucoside (LG) and Coco Glucoside 
(CG) in a mass ratio of 3:1 allowed to obtain the highest values of dynamic viscosity, which 
correlated with the values measured for hardness and adhesion force of evaluated shampoos. 
In turn, the consequence of using these cosmetic raw materials in a mass ratio of 1:3 was a 
reason of a high ability to emulsify fatty soils, which can be translated into more effective 
washing abilities of shampoos. It is possible to formulate a generalisation that the change of 
LG and CG ratios used in the washing composition did not significantly affect FSI values, 
however, it is worth noting that all prepared shampoos met the requirements of the Polish 
Standard for measured parameter.  
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OCENA JAKOŚCI SZAMPONÓW DO WŁOSÓW ZAWIERAJĄCYCH ZWIĄZKI 
POWIERZCHNIOWO CZYNNE POCHODZENIA CUKROWEGO 

Streszczenie 
W pracy podjęto próbę oceny wybranych wyróżników jakości płynnych szamponów do 

włosów zgodnych z wytycznymi Cosmetic Organic Standards (COSMOS), zawierających 
związki powierzchniowo czynne pochodzenia cukrowego. Na potrzeby tego artykułu opraco-
wano i wytworzono trzy receptury stabilnych kosmetyków, których poszczególne surowce 
spełniały wymogi COSMOS, ustalone dla kosmetycznych surowców pochodzenia naturalne-
go. Poszczególne receptury, przy stałym udziale procentowym głównych składników, różniły 
się stosunkiem masowym zastosowanych związków powierzchniowo czynnych pochodzenia 
cukrowego: Lauryl Glucoside (LG) i Coco Glucoside (CG) (1:3; 1:1; 3:1).  

Przeprowadzono ocenę następujących pomiarów fizykochemicznych, które można rozpa-
trywać jako wyróżniki jakości szamponów płynnych: lepkość dynamiczna, wskaźnik trwałości 
piany (WTP), zdolność emulgowania zabrudzeń tłuszczowych oraz ocena konsystencji (twar-
dości i siły adhezji) szamponów. Uzyskane wyniki odnoszono do wartości uzyskanych dla 
szamponu referencyjnego.  

Stwierdzono, że proporcje użytych surfaktantów cukrowych w istotny sposób wpływają na 
badane wyróżniki jakości. Zastosowanie Lauryl Glucoside (LG) i Coco Glucoside (CG)  
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w stosunku masowym 3:1 pozwalało na otrzymanie najwyższych wartości lepkości dyna-
micznej, co korelowało z wartościami zmierzonymi dla twardości i siły adhezji ocenianych 
szamponów. Z kolei konsekwencją użycia wymienionych surowców kosmetycznych w sto-
sunku masowymi 1:3 było otrzymanie wysokiej zdolności emulgowania zabrudzeń, co może 
przełożyć się na efektywniejsze zdolności myjące szamponów. Można sformułować uogólnie-
nie, iż zmiana zastosowanych w kompozycji myjącej proporcji LG i CG nie wpływała istotnie 
na wartości WTP, jednakże, warto zaznaczyć, że wszystkie wytworzone szampony spełniały 
wymogi Polskiej Normy dla mierzonej wielkości.  
 
 
 
 
 

Prof. UTH dr hab. inż. Małgorzata ZIĘBA 
Kazimierz Pulaski University of Technology and Humanities 
in Radom 
Faculty of Chemical Engineering and Commodity Science 
Department of Commodity Science and Quality Sciences,  
26-600 Radom, Chrobrego 27, Poland 
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