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COMPLEMENTARY METHODS FOR RECOVERY AND VALORISATION OF PROTEINS FROM CHROME LEATHER WASTES

ABSTRACT. Current research highlights the possibility of extracting the protein component from chrome leather wastes from the leather industry, using different
techniques, and its valorisation in various agricultural and industrial applications. Experiments have shown that, depending on the method of separating proteins
from chromium compounds, the protein component is suitable for an application or another. Alkaline-enzymatic hydrolysis of chrome leather wastes offers the
possibility of obtaining a collagen hydrolysate which can be used as additive in the composition of foliar fertilizers, with the role of plant growth stimulation and
protection, while dechroming using a new chromium extraction process in acid environment, without its oxidation into hexavalent chromium, leads to obtaining
more concentrated hydrolysates, which, used in the composition of adhesives for the wood industry, lead to reduction of formaldehyde emissions.
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METODE COMPLEMENTARE DE RECUPERARE S| VALORIFICARE A PROTEINELOR DIN DESEURILE DE PIELE CROMATA

REZUMAT. Cercetdrile de fatd pun in evidentd posibilitatea extragerii componentei proteice din deseurile de piele cromata din industria de pielarie, prin diferite
tehnici si valorificarea acesteia in diverse aplicatii agricole si industriale. Experimentarile au evidentiat faptul ca, in functie de metoda de separare a proteinelor de
compusii cu crom, componenta proteicd este aptd pentru o aplicatie sau alta. Hidroliza alcalino-enzimaticd a deseurilor de piele cromata oferd posibilitatea
obtinerii unui hidrolizat de colagen ce poate fi folosit ca aditiv in compozitia fertilizantilor foliari, cu rol de stimulare si protectie a plantelor, in timp ce decromarea
printr-un nou procedeu de extragere a cromului in mediu acid, fara oxidarea acestuia la crom hexavalent, conduce la obtinerea unor hidrolizate mai concentrate
care, prin folosirea in compozitia adezivilor pentru industria lemnului, conduc la reducerea emisiilor de formaldehida.

CUVINTE CHEIE: colagen, fertilizanti, adezivi

DES METHODES COMPLEMENTAIRES POUR LA RECUPERATION ET LA VALORISATION DES PROTEINES DE DECHETS DE CUIR CHROME

RESUME. La recherche actuelle met en évidence la possibilité d'extraire le composant protéique des déchets de cuir chromé de I'industrie du cuir, en utilisant des
techniques différentes, et son valorisation dans diverses applications agricoles et industrielles. Les expériences ont montré que, selon le procédé de séparation de
protéines des composés de chrome, le composant protéique peut étre utilisé pour une application ou pour une autre. L'hydrolyse alcalino-enzymatique des déchets
de cuir chromé offre la possibilité d'obtenir un hydrolysat de collagéne qui peut étre utilisé comme additif dans la composition d'engrais foliaire, avec le role de
protection et de stimulation de la croissance des plantes, tandis que le nouveau procédé de dechromage basé sur |'extraction du chrome en milieu acide, sans son
oxydation en chrome hexavalent, conduit a I'obtention des hydrolysats plus concentrées, qui, utilisés dans la composition d'adhésifs pour l'industrie du bois,
conduisent a une réduction des émissions de formaldéhyde.

MOTS CLES: collagéne, engrais, adhésifs

INTRODUCTION

Chrome leather wastes resulting from natural
leather processing can be grouped into two different
categories: a) chromium-containing finished leather
wastes; b) chromium-tanned leather, wet blue.

The impact of the two types of chrome leather
wastes on the environment is significantly different.
While leather wastes in category a) do not have a
potentially toxic impact on the environment, knowing

INTRODUCERE

Deseurile de piele cromata rezultate din procesul
de prelucrare a pieilor naturale pot fi grupate in doua
categorii distincte: a) deseuri de piele finita, cu continut
de crom; b) deseuride piele tabacita cu crom, wet blue.

Impactul celor doua tipuri de deseuri de piele
cromata asupra mediului este in mod semnificativ
diferit. Tn timp ce deseurile de piele din categoria a) nu
au un impact cu potential toxic pentru mediu, fiind
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that wet and dry finishing operations, carried out under
best available techniques (BAT) conditions, contribute
to the prevention of hexavalent chromium formation
[1-4], leather wastes in category b) are likely to induce
negative effects on the environment and on human
health [5, 6], under currently practiced uncontrolled
storage conditions. For these reasons, research
presented in this paper focused on extracting proteins
from unfinished chrome leather.

Numerous studies of protein extraction from
leather have reported hydrolysis as the most effective
process for solubilization of collagenous proteins.
Unlike raw or limed hide wastes, whose dissolution
does not cause too many difficulties, in the case of
tanned wastes, there are difficulties related to their
detanning.

By combining the effect of chemical agents with
the effect of temperature and period of execution of
processes, different stages of collagen hydrolysis are
obtained, characterized by average molecular weight
of hydrolysates. The degree of polydispersity of
collagen hydrolysates is very high because the
polypeptide chain scission occurs in weak connection
areas. Neither the chemical nature of the bonds in the
collagen structure, nor their large number allow their
selective destruction, which makes the hydrolysis
process a statistical one.

If acid hydrolysis can lead to complete
solubilization of chrome leather waste and getting a
single hydrolytic fraction, which requires further
processing to separate chromium from protein,
alkaline and enzymatic hydrolyses result in a
heterogeneous system consisting of two distinct
hydrolytic fractions. One of the fractions is liquid and
contains protein, the other fraction is solid and mainly
contains chromium precipitate.

Using enzymatic hydrolysis for disaggregation of
chromium containing leather waste is an option that
stands out through the advantages offered by the use
of proteolytic enzymes and by the moderate reaction
conditions: temperature not too high, up to 70°C, pH
between 7 and 10, atmospheric pressure and a lower
salt contentin collagen hydrolysates [7].

During the hydrolysis process occur both the
breakage of bonds characteristic to proteins and the
formation of new bonds: electrovalent, coordinative,
covalent, etc., which will determine the level of internal

recunoscutfaptul ca operatiile de finisare umeda si uscata,
desfasurate in conditii de buna practica (BAT), contribuiela
prevenirea formarii cromului hexavalent [1-4], deseurile
de piele din categoria b) sunt susceptibile de a induce
efecte negative asupra mediului si sdnatatii umane [5, 6],
n conditiile de depozitare necontrolata practicate in mod
curent. Din aceste considerente, cercetadrile prezentate in
aceasta lucrare au fost axate pe extragerea proteinelor din
deseuride piele cromata, nefinisata.

Numeroase studii de extragere a proteinelor din
piele au consacrat hidroliza ca fiind procedeul cel mai
eficace pentru solubilizarea proteinelor colagenice.
Spre deosebire de deseurile de piei brute sau numai
cenusarite, a caror dizolvare nu ridica prea multe
dificultati, Tn cazul deseurilor tabacite, apar dificultati
legate de detanarea acestora.

Prin combinarea efectului agentilor chimici cu
efectul temperaturii si al duratei de desfasurare a
proceselor se obtin diferite stadii de hidroliza a
colagenului, caracterizate prin greutatea moleculara
medie a hidrolizatelor. Gradul de polidispersie a
hidrolizatelor de colagen este foarte mare, deoarece
scindarea lanturilor polipeptidice se produce in punctele
slabe de legatura. Nici natura chimica a legaturilor din
structura colagenului, nici numarul lor foarte mare nu
permit o distrugere selectiva a lor, ceea ce face ca
procesul de hidroliza sa aiba un caracter statistic.

Daca hidroliza acida poate conduce la
solubilizarea completa a deseurilor de piele cromata si
obtinerea unei singure fractii hidrolitice, care necesita
prelucrarea ulterioara pentru separarea cromului de
proteine, hidrolizele alcaline si cele enzimatice au ca
rezultat un sistem eterogen format din doua fractii
hidrolitice distincte. Una din fractii este lichida si
contine componenta proteica, cealalta fractie este
solida si contine preponderent precipitatul cu crom.

Abordarea hidrolizei enzimatice pentru
dezagregarea deseurilor de piele cu continut de crom
reprezinta o optiune ce se evidentiaza prin avantajele
pe care le ofera utilizarea enzimelor proteolitice,
respectiv conditiile moderate de reactie: temperatura
nu prea ridicatd, panala 70°C, pH intre 7 si 10, presiune
atmosferica, precum si un continut mai scazut de saruri
in hidrolizatele de colagen [7].

in timpul procesului de hidrolizd are loc atat
ruperea legaturilor caracteristice proteinelor, cat si
formarea de noi legdturi: electrovalente, coordinative,
covalente etc., care vor determina un nivel al energiei
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energy of the products that contain them, much lower
than that of reactants. In this case, various
combinations of temperature and duration, at the
same amount of hydrolysis agent concentration will not
provide an energy of reaction capable of destroying the
bonds formed at the oligopeptide level. Therefore,
increasing temperature and duration of hydrolysis over
a limit value will not cause significant increases in the
protein hydrolysate rate.

Methods of chrome leather waste treatment by
alkaline hydrolysis (U.S. Patent 4100154, U.S. Patent
4483829) or enzymatic hydrolysis (U.S. Patent
5094946) are known, employed for separation of
proteins in order to be used as animal feed
supplements, fertilizers or in cosmetic preparations [8-
10]. Solutions based on alkaline-enzymatic hydrolysis,
developed mainly to obtain collagen hydrolysates
suitable for agricultural fertilizers, were also searched
for [11, 12]. In recent years research in this direction
[13-16] indicates that hydrolysis must be addressed in a
complex way, in several stages, with different
mechanisms of development, initiated by different
chemical agents, which complement each other. The
fact that relatively dilute protein fractions can be
obtained through hydrolysis limits this protein recovery
method to a determinate number of applications.
However, hydrolysis offers the advantage of obtaining
hydrolysates containing amino acids, which
recommends them as protein additives for agricultural
fertilizers.

Other new methods of dechroming leather waste
without Cr** oxidation to Cr* [17] enable the formation
of collagen gels, with industrial applications, for
example, inthe production of adhesives for wood.

The most frequently used polycondensation
adhesives in the wood industry are the urea-
formaldehyde (UF) and phenol-formaldehyde (PF)
adhesives, produced in Europe in approximately 4.8
million tons/year UF and 1 million tons/year PF. The
release of harmful formaldehyde is an open problem;
therefore, bone glues are still used to reduce the
negative impact of generated formaldehyde to some
extent, but the quality of these glues is poor, due to
their low water resistance. The fact that this property
can be improved only with formalin or para-
formaldehyde, and possibly with additions of AI** or
Cr™, gets us into a vicious circle. Breaking this vicious
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interne a produselor care le contin, mult mai scazut
decat al reactantilor. In aceastd situatie, diversele
combinatii intre temperatura si durata, la aceeasi
valoare a concentratiei agentului de hidroliza, nu vor
furniza o energie de reactie capabila sa distruga
legaturile formate la nivelul oligopeptidelor. Prin
urmare, marirea temperaturii si a duratei de hidroliza
peste o valoare limitda nu va determina cresteri
semnificative ale randamentuluiin hidrolizate proteice.

Se cunosc procedee de tratare a deseurilor de
piele cromatd prin hidrolizd alcalina (US Patent
4100154, US Patent 4483829) sau hidrolizd enzimatica
(US Patent 5094946), pentru separarea proteinelor in
vederea folosirii lor ca suplimente nutritive in
alimentatia animalelor, ca fngrasaminte sau 1in
preparatele cosmetice [8-10]. De asemenea, s-au
cautat si solutii bazate pe hidrolize alcalino-enzimatice
elaborate in principal pentru obtinerea de hidrolizate
de colagen apte pentru realizarea de fertilizanti agricoli
[11, 12]. Din cercetarile ultimilor ani in aceasta directie
[13-16] reiese evident faptul ca hidroliza trebuie
abordata in mod complex, in mai multe trepte, cu
mecanisme diferite de desfasurare, initiate de agenti
chimici diferiti, care sa se completeze reciproc. Faptul
ca prin hidroliza se pot obtine fractii proteice relativ
diluate limiteaza folosirea acestei metode de
recuperare a proteinelor la un numar restrans de
aplicatii. Totusi, hidroliza ofera avantajul obtinerii unor
hidrolizate cu continut de aminoacizi, ceea ce le
recomanda ca aditivi proteici pentru fertilizanti agricoli.

Alte metode noi de decromare a deseurilor de piele
cromatd fard oxidarea Cr’ la Cr™ [17] permit obtinerea
unor geluri de colagen cu aplicatii industriale, de
exemplu, in productia de adezivi pentrulemn.

Cei mai utilizati adezivi policondensati in industria
lemnului sunt cei ureo-formaldehidici (UF) si fenol-
formaldehidici (PF), productia lor in Europa fiind de
aproximativ 4,8 milioane tone/an UF, respectiv 1 milion
tone/an PF. Eliberarea de formaldehidd daunatoare
este o problema deschisa, motiv pentru care se mai
folosesc inca cleiuri de oase care sa reduca intr-o
oarecare masura impactul negativ al formaldehidei
generate, insa calitatea acestor cleiuri este slaba,
datorita rezistentei scazute la apa. Faptul ca
imbunatatirea acestei proprietati se poate face doar cu
formol sau para-formaldehida si, eventual, cu adaosuri
de Al sau Cr*, ne arunca intr-un cerc vicios. Spargerea
acestui cerc vicios este posibila datorita faptului ca
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circle is possible, because the free liquid formaldehyde
that UP and FP adhesives contain can be related to
reactive amino groups that the proteins contain;
therefore collagen from leather waste could be a viable
solutionin modifying classical adhesives.

Using collagen to improve these shortcomings, in
addition to the positive influence on the environment,
may be an interesting option in economic terms as well.
In addition, collagen has adhesive properties. Basically,
the adhesive properties of proteins are supported by
the fact that protein molecules disperse in solution,
increasing the contact and adhesion area to other
surfaces. Using appropriate techniques for protein
modification could increase the dispersion tendency
and consequently increase the binding strength. Also,
protein dispersion might dislodge some of the deep
hydrophobic amino acids outward to increase water
resistance. The secondary structure of proteins
dispersed in solution may be responsible for increasing
the contact area and strength of adhesion to other
surfaces such as wood materials, with which it interacts
during the hardening process, achieving a strong
binding [18]. Cellulose and lignin, the basic wood
components, are able to chemically interact with
proteins. Wood is hygroscopic due to the hydrophilic
nature of cellulose, hemicellulose and lignin, the main
components of cell walls. All polymers contain hydroxyl
groups which bind moisture through hydrogen bridges.
It is shown that proteins are able to bind to different
forms of cellulose, crystalline and/or amorphous, as
wellasto the water-soluble derivatives [19].

This paper discusses aspects related to the
advanced extraction of the protein component from
chrome leather wastes resulting from the natural
leather processing industry and the possibilities of
valorisingitin agriculture and the wood industry.

EXPERIMENTAL

Experimental Techniques

In order to obtain collagen hydrolysate for
agricultural, experiments were done with hydrolyses of
chrome leather waste, at atmospheric pressure, under
alkaline conditions (using lime) at temperatures
between 70 and 98°C, with durations up to 6 hours,

formaldehida libera, in stare lichida, pe care o contin
adezivii UP si FP, poate fi legata de gruparile aminice
reactive pe care le contin proteinele, motiv pentru care,
colagenul din deseurile de piele ar putea fi o solutie
viabila in modificarea adezivilor clasici.

Folosirea colagenului pentru ameliorarea acestor
neajunsuri, pe langd influenta pozitiva asupra mediului,
poate fi interesants si din punct de vedere economic. in
plus, colagenul are proprietati adezive. Principial,
proprietatile de lipire ale proteinelor sunt sustinute de
faptul cd molecule de proteina dispersate se imprastie
in solutie, marind zona de contact si de aderenta pe alte
suprafete. Folosirea unor tehnici adecvate de modificare
a proteinelor ar putea creste tendinta de imprastiere si,
prin urmare, cresterea puterii de lipire. De asemenea,
imprastierea proteinelor ar putea disloca o parte din
aminoacizii hidrofobi din profunzime spre exterior
pentru a creste rezistenta la apa. Structura secundard a
proteinelor dispersate in solutie poate fi raspunzatoare
de cresterea zonei de contact si a fortei de adeziune pe
alte suprafete, cum ar fi materiale lemnoase, cu care
interactioneaza in timpul procesului de intarire,
realizand o lipire puternica [18]. Celuloza si lignina,
componentele de baza din lemn, sunt in masura sa
interactioneze chimic cu proteine. Lemnul este
higroscopic, datorita caracterului hidrofil al materialelor
celulozice, hemiceluloza si lignina, componentele
principale ale peretilor celulari. Toti polimerii contin
grupari hidroxil care leaga umiditate prin punti de
hidrogen. Este demonstrat faptul ca proteinele sunt
capabile sa se lege de diferite forme de celuloz3, cristaline
si/sauamorfe, precum side derivatisolubiliinapa[19].

Tn lucrarea de fatd se discutd aspecte legate de
extragerea performantd a componentei proteice din
deseurile de piele cromata rezultate din industria
prelucrarii pieilor naturale si posibilitatile de valorificare
ale acesteiainagricultura siindustrialemnului.

PARTEA EXPERIMENTALA

Tehnici experimentale

Pentru obtinerea hidrolizatului de colagen pentru
uz agricol, s-au experimentat hidrolize ale deseurilor de
piele cromata, la presiune atmosferica, in conditii
alcaline (cu oxid de calciu), la temperaturi cuprinse
intre 70 si 98°C, cu durate de pana la 6 ore, cuplate cu
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coupled with enzymatic hydrolysis at temperatures up
to 70°C, with Oropon ON, and Alcalase 2.5 L, for 2-4
hours. The collagen hydrolysate for adhesive
preparations was obtained by dechroming chrome
leather waste, in three extraction baths, followed by
hydrolysis with inorganic and organic acids, as well as
lyotropic agents [17]. Collagen hydrolysate thus
obtained, with a dry matter content of 45%, was used in
proportions of 3%, 5% and 8% as additions to UF resins -
Kronores CB 1100 from Kronochem Co.

Methods of Analysis

Chemical analysis techniques (gravimetry and
volummetry for determination of: dry matter, total
nitrogen, dermal substance and amino nitrogen) and
instrumental techniques (potentiometry for
determination of pH, AAS atomic absorption
spectrometry for determination of traces of chromium,
FT/IR ATR vibrational absorption spectrometry in film,
in order to highlight the structure-properties-
processing relationships in collagen hydrolysates, HPLC
liquid chromatography for determination of amino
acids) were used for characterization of collagen
hydrolysates.

Free formaldehyde in plywood samples used in
binding experiments was determined according to
standard method EN 120 (perforator method), and
formaldehyde emission from plywood was determined
using standard method EN 717-1 (chamber method).

RESULTS AND DISCUSSIONS

Characterization of Collagen Hydrolysates

As expected, laboratory analysis of collagen
hydrolysates from alkaline hydrolysis step showed that
temperature plays an important role in both the
amount of separated dermal substance, Figure 1, and
the value of the average molecular weight of collagen
hydrolysates, Figure 2.

Dermal substance content from collagen
hydrolysate is an important parameter in the hydrolysis
process, and Figure 1 highlights the fact that the highest
value, 90.98% in dry matter, was recorded as a result of
alkaline hydrolysis at the temperature of 80°C, for 6
hours.
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hidrolize enzimatice la temperaturi de pana la 70°C, cu
Oropon ON, si cu Alcalase 2,5 L, timp de 2-4 ore.
Hidrolizatul de colagen pentru preparate adezive s-a
obtinut prin decromarea deseurilor de piele cromata,
in trei bai de extractie, urmata de hidrolize cu acizi
anorganici, organici si agenti liotropici [17]. Hidrolizatul
de colagen obtinut in acest mod, cu un continut de
substanta uscata de 45%, s-a folosit in proportii de 3%,
5% si 8% ca adaos la rasini UF — Kronores CB 1100 de la
Kronochem Co.

Metode de analiza

Pentru caracterizarea hidrolizatelor de colagen s-
au folosit tehnici de analiza chimica (gravimetrie,
volumetrie, pentru determinarea continutului de:
substanta uscata, azot total, substanta dermica si azot
aminic) si instrumentald (potentiometrie, pentru
determinarea pH-ului, spectrometrie de absorbtie
atomica AAS, pentru determinarea urmelor de crom,
spectrometrie de absorbtie vibrationala FT/IR ATR in
film, pentru punerea in evidenta a relatiei structura-
proprietati-procesare in hidrolizatele de colagen,
cromatografie in lichid HPLC, pentru determinarea
continutului de aminoacizi).

Formaldehida libera din probele de placaj folosite
in experimentele de lipire a fost determinata conform
metodei standard EN 120 (metoda perforator), iar
emisia de formaldehida din placaj s-a determinat prin
metoda standard EN 717-1 (metoda de camera).

REZULTATE Sl DISCUTII

Caracterizarea hidrolizatelor de colagen

Asa cum era de asteptat, analizele de laborator ale
hidrolizatelor de colagen rezultate din etapa de
hidroliza alcalinad au aratat ca temperatura joaca un rol
foarte important, atdt in cantitatea de substanta
dermica separata, Figura 1, cat si in valoarea masei
moleculare medii a hidrolizatelor de colagen, Figura 2.

Continutul de substanta dermica din hidrolizatul
colagenic reprezinta un parametru important al
procesului de hidroliza, iar Figura 1 pune in evidenta
faptul ca valoarea cea mairidicatd, respectiv 90,98% in
substanta uscata, s-a inregistrat Tn urma hidrolizei
alcaline latemperatura de 80°C, timp de 6 ore.
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An equally important hydrolysis parameter is the
average molecular weight of hydrolysates, whose value
is found in a relation well defined by the ratio of total
nitrogen and amino nitrogen, which shows the degree
of conversion of total nitrogen into amino nitrogen and
which decreases as the degree of hydrolysis increases.

In Figure 2 we can see that as the reaction
temperature approaches the reflux temperature
(98°C), molecular weights of collagen hydrolysates
significantly decrease. However, a temperature so high,
for a period of several hours, can have negative effects
on the process efficiency, both in terms of energy
consumption and efficiency of dermal substance
separation from the chromium compounds, as it can be
seeninFigure 1.

Un parametru la fel de important al hidrolizei il
reprezinta masa molecularda medie a hidrolizatelor, a
carei valoare se gaseste intr-o relatie bine definita de
raportul dintre azotul total si azotul aminic, care releva
gradul de transformare a azotului total in azot aminic si
scade pe masura ce gradul de hidroliza creste.

n Figura 2 se poate observa c3, pe masurd ce
temperatura de reactie se apropie de temperatura de
reflux (98°C), masele moleculare ale hidrolizatelor de
colagen scad semnificativ. Cu toate acestea, o
temperatura atat de ridicata, pe o durata de cateva ore,
poate marca negativ eficienta procesului, atat sub
aspectul consumului energetic, cat si din punctul de
vedere al eficacitatii separarii substantei dermice de
compusii cu crom, asa cum se poate vedeain Figura 1.

Figure 1. The influence of temperature on the dermal substance of hydrolysates
Figura 1. Influenta temperaturii asupra continutului de substanta dermica din hidrolizate

Figure 2. Variation of average molecular weight of collagen hydrolysates in relation to temperature
Figura 2. Variatia masei moleculare medii a hidrolizatelor de colagen in raport cu temperatura

Leather and Footwear Journal 12 (2012) 2




COMPLEMENTARY METHODS FOR RECOVERY AND VALORISATION OF PROTEINS FROM CHROME LEATHER WASTES

For process optimization, the solution of
relaunching the hydrolytic process under milder
conditions, but providing an enrichment in amino
nitrogen of the hydrolysate, with an effect of reducing
the molecular weight of collagen hydrolysate below the
10000 Davalue, is the most favourable solution.

Enzymatic hydrolysis brings significant
improvements in terms of reducing molecular weights
and thus in terms of amino acid content of collagen
hydrolysates obtained by alkaline hydrolysis. These
aspects are highlighted in Figures 3 and 4.

In Figure 3 it can be noted how the enzymatic
hydrolysis helps polypeptide chains to split, leading to
increased amino nitrogen content and thus reducing
the average molecular weight.

Pentru optimizarea procesului, solutia relansarii
procesului hidrolitic in conditii mai blande, dar care sa
asigure o imbogatire a hidrolizatului in azot aminic, cu
efect asupra reducerii masei moleculare a hidrolizatului
de colagen, sub valoarea de 10 000 Da, este solutia cea
mai favorabila.

Hidroliza enzimatica aduce iTmbunatatiri
semnificative asupra reducerii maselor moleculare si
implicit asupra continutului de aminoacizi al
hidrolizatelor de colagen obtinute prin hidroliza
alcalind. Aceste aspecte sunt puse in evidenta in
Figurile 3 si 4.

Tn Figura 3 se poate urmari modul in care hidroliza
enzimatica ajuta la scindarea lanturilor polipeptidice,
determinand cresterea continutului de azot aminic si
implicit reducerea masei moleculare medii.

Figure 3. The influence of enzyme amount on the hydrolysis degree
Figura 3. Influenta cantitatii de enzima asupra gradului de hidroliza

An increase in enzyme concentration from 1 U/g
to 6 U/g, in relation to the initial total nitrogen content
(N,) from the collagen hydrolysate increases the rate of
polypeptide chains split and releases amino nitrogen
(NH,), which means the formation of protein units with
lower molecular weights, also confirmed by IR spectra
in Figure 4, which comparatively illustrate the spectral
changes that occur in a collagen hydrolysate obtained
from alkaline hydrolysis (N,/NH, initial = 13.22),
subsequently subjected to enzymatic hydrolysis to
reduce molecular weight.
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O crestere a concentratiei enzimeidelal1 U/gla 6
U/g, in raport cu continutul de azot total (N,) initial din
hidrolizatul colagenic creste rata de scindare a
lanturilor polipeptidice si punerea in libertate de azot
aminic (NH,), ceea ce inseamnd formarea de unitati
proteice cu mase moleculare mai mici, aspect
confirmat si de spectrele IR din Figura 4, unde sunt
ilustrate comparativ modificarile spectrale care apar
intr-un hidrolizat de colagen obtinut din hidroliza
alcalind (N,/NH, initial = 13,22), supus ulterior hidrolizei
enzimatice pentru reducerea masei moleculare.
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Figure 4. Spectral changes induced by enzymatic treatment
of collagen extracts obtained through alkaline hydrolysis of chrome leather
Figura 4. Modificarile spectrale induse de tratarea enzimatica
a extractelor colagenice obtinute prin hidroliza alcalina a pielii cromate

Although collagen hydrolysates were obtained
from chrome leather wastes, it was found that they can
be considered free of chromium, because atomic
adsorption spectrometry revealed that they have a
chromium content of 15 to 45 ppb (10°), situated
within the upper limit of 50 pug/I for drinkable water.

Amino acid content of alkaline hydrolysates,
compared to that of alkaline-enzymatic hydrolysates,
determined by HPLC chromatography, is presented in
Table 1.

Desi hidrolizatele de colagen s-au obtinut din
deseuri de piele cromata, s-a constatat ca acestea pot fi
considerate lipsite de crom, deoarece prin
spectrometrie de adsorbtie atomica s-a pus in evidenta
faptul ca acestea au un continut de crom de 15 pana la
45 ppb (10°), incadrandu-se in limita maxim&, de 50
ug/l, admisd pentru apa potabila.

Continutul de aminoacizi al hidrolizatelor alcaline,
comparativ cu cel al hidrolizatelor alcalino-enzimatice,
determinat prin cromatografie HPLC, este prezentat in
Tabelul 1.
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Table 1: Amino acid content of collagen hydrolysates
Tabelul 1: Continutul de aminoacizi al hidrolizatelor de colagen

Aspartic acid
Acid aspartic

10,10 32,91 19,88

Serine
Serind

193,29 99,95

Glycine
Glicind

26,49 17,53

Alanine

Alanind 13,63

Valine
Valing

= 53,56

Isoleucine
Izoleucind

49,14

Proline

Prolind 36,07

25,36 35,75

Applicationsin Agriculture

It should be noted that enzymatic hydrolysis has
an important contribution to enriching hydrolysates
with amino acids, including essential amino acids
(threonine, valine, phenylalanine, leucine, isoleucine).
The presence of essential amino acid in collagen
hydrolysates is important for applications in
agriculture, as they are precursors of many bioactive
substances which stimulate the metabolism of plants,
their growth and development. In the metabolic
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Aplicatii in agricultura

Este de remarcat faptul ca hidroliza enzimatica are
un aport important in Tmbogatirea hidrolizatelor cu
aminoacizi, inclusiv cu aminoacizi esentiali (treoning,
valind, fenilalanind, leucind, izoleucind). Prezenta
aminoacizilor esentiali in hidrolizatele de colagen este
un aspect important pentru aplicatiile in domeniul
agricol, acestia fiind precursorii multor substante
bioactive, stimulatoare ale metabolismului plantelor,
ale cresterii si dezvoltdrii acestora. In procesul
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process, amino acids are used by plants in the synthesis
of their protein. Free amino acids penetrate plant cells,
where they increase photosynthetic activity and
chlorophyll synthesis, and their role is manifested
especially under stress conditions.

The new concepts of obtaining and modelling
properties of growth regulators and bioferilizers enable
the induction of multiple biological effects to products
by rendering nutrition more efficient and stimulating
growth while eliminating fungi and other pathogens.
Control of amino acid content in collagen hydrolysates
by further hydrolysis enables the formulation of a wide
range of foliar fertilizers with distinct roles in any period
of vegetation, as well as the development of new
classes of fertilizers for different types of crops.

In order to prepare collagen hydrolysates for their
integration in various fertilizer formulas, they have been
processed so as to bring their pH in a very slightly acidic
range, because all hydrolysates obtained by alkaline and
alkaline-enzymatic hydrolysis have alkaline pH.

In order to reduce the pH, two variants were
developed, using hydrochloricacid and phosphoric acid
respectively. The FTIR-ATR vibrational adsorption
spectrometry, Figures 5 and 6, revealed that
hydrolysates are very little affected in terms of
structure by the pH reduction to the limit of 6.5 under
these conditions, for both collagen hydrolysates
obtained by alkaline-enzymatic hydrolysis, and
collagen hydrolysate obtained by alkaline hydrolysis.

metabolic al plantelor, aminoacizii sunt utilizati de
acestea in sinteza proteinelor proprii. Aminoacizii liberi
patrund in celulele plantelor, unde intensifica
activitatea fotosintetica si sinteza clorofilei, rolul lor
manifestandu-se in mod deosebit in conditii de stres.

Noile concepte de obtinere si modelare a
proprietatilor biostimulatorilor si bioferilizantilor ofera
posibilitatea de a induce produselor efecte biologice
multiple prin eficientizarea nutritiei cuplatda cu
stimularea cresterii si eliminarea fungilor si a altor
agenti patogeni. Controlul continutului de aminoacizi al
hidrolizatelor de colagen, prin hidrolize suplimentare,
asigura formularea unei game largi de sortimente de
fertilizanti foliari, cu roluri distincte in orice perioada de
vegetatie, precum si formularea unor noi clase de
fertilizanti pentru diverse tipuride culturi.

in vederea pregatirii hidrolizatelor de colagen
pentru integrarea lor in diverse formule de fertilizantji,
acestea au fost prelucrate pentru aducerea pH-ului
acestora intr-un domeniu foarte usor acid, deoarece
toate hidrolizatele obtinute prin hidroliza alcalina si
alcalino-enzimatica au pH-ulin domeniul alcalin.

Pentru reducerea pH-ului s-au realizat doua
variante, cu acid clorhidric si respectiv, cu acid fosforic.
Prin spectrometrie de adsorbtie vibrationala FTIR-ATR,
Figurile 5 si 6, s-a pus n evidenta faptul ca hidrolizatele
sunt foarte putin influentate din punct de vedere
structural de reducerea pH-uluiin aceste conditii, panala
limita de 6,5, atat pentru hidrolizate de colagen obtinute
prin hidroliza alcalino-enzimaticd, cat si pentru
hidrolizate de colagen obtinute prin hidroliza alcalina.

Figure 5. The influence of pH reduction on the structure
of collagen hydrolysate obtained under alkaline-enzymatic conditions
Figura 5. Influenta reducerii pH-ului asupra structurii
hidrolizatului de colagen obtinut in conditii alcalino-enzimatice
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Figure 6. The influence of pH reduction on the structure
of collagen hydrolysate obtained under alkaline conditions
Figura 6. Influenta reducerii pH-ului asupra structurii
hidrolizatului de colagen obtinut in conditii alcaline

In conclusion, relaunching the hydrolytic process
under enzymatic conditions, in collagen hydrolysates
obtained under alkaline or alkaline-enzymatic
conditions, and conditioning collagen hydrolysates
lead to protein additives intended for foliar fertilization
with superior features, due to a richer and more
diversified content of amino acids, including essential
amino acids, for plant nutrition and stimulation, whose
role is manifested especially under stress conditions
[20].

Applicationsin the Wood Industry

Adhesive compositions for the wood industry are
a viable alternative to applications of collagen
recovered from chrome leather wastes.

For these applications, specific parameters that
control both technical performances in the binding
process and ecological implications were studied.

It was found that the addition of concentrated
collagen hydrolysate, obtained from chrome leather
waste, in the composition of urea-formaldehyde resin
does not significantly affect the polymerisation time of
adhesive blends, ranging between 74-77 seconds,
compared to the standard sample for which it is 78
seconds.

Dynamic viscosity, however, recorded significant
changes in relation to the amount of collagen
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Tn concluzie, relansarea procesului hidrolitic in
conditii enzimatice, in hidrolizatele de colagen obtinute
in conditii alcaline sau alcalino-enzimatice si
conditionarea hidrolizatelor de colagen, conduce la
obtinerea unor aditivi proteici destinati fertilizarii
foliare, cu caracteristici superioare, datorita unui
continut mai bogat si mai diversificat in aminoacizi,
inclusiv aminoacizi esentiali, pentru nutritia si
stimularea plantelor, rolul lor manifestandu-se maiales
in conditii de stres [20].

Aplicatiiinindustria lemnului

O alternativa viabild pentru aplicatiile colagenului
recuperat din deseurile de piele cromata o reprezinta
compozitiile adezive pentru industria lemnului.

Pentru aceste aplicatii, au fost studiati parametrii
specifici care controleaza atat performantele tehnice in
procesul de lipire, cat siimplicatiile de ordin ecologic.

S-a constatat ca adaosul de hidrolizat de colagen
concentrat, obtinut din deseuri de piele cromata, in
compozitia rasinii ureo-formaldehidice nu afecteaza in
mod semnificativ timpul de polimerizare al
amestecurilor adezive, fiind cuprins in intervalul 74-77
secunde, fata de proba standard pentru care se
situeaza la nivelul de 78 secunde.

Vascozitatea dinamicd, insa, iTnregistreaza
modificari semnificative in raport cu cantitatea de
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hydrolysate in the composition and the time elapsed
from the mixture preparation, aspect illustrated in
Figure7.

hidrolizat de colagen din compozitie si timpul scurs de
la momentul prepararii amestecului, aspect ilustrat in
Figura7.

Figure 7. Dynamic viscosity of collagenous adhesive blends
Figura 7. Vascozitatea dinamica a amestecurilor adezive cu colagen

Apparently, the experiments show that the
addition of 8% collagen hydrolysate is the most
favourable solution, because in the range of 170-320
minutes, dynamic viscosity is at the same level as the
standard adhesive. However, in practical terms, for
acceptable deviations for this parameter, compared to
standard UF adhesive, in as wide a range of time, the
addition of collagen hydrolysate should not exceed a
value of 6%. The impact degree of the pH value,
illustrated in Figure 8, supports this aspect.

Aparent, din experimentari reiese faptul ca
adaosul de 8% hidrolizat de colagen este solutia cea mai
favorabila, deoarece pentruintervalul 170-320 minute,
vascozitatea dinamica se situeaza la acelasi nivel cu cea
a adezivului standard. Cu toate acestea, din punct de
vedere practic, pentru abateri acceptabile ale acestui
parametru, fata de adezivul UF standard, intr-un
interval de timp cat mai larg, adaosul de hidrolizat de
colagen nu ar trebui s3 depdseasca valoarea de 6%. In
sustinerea acestui aspect vine si gradul de afectare a
valorii pH-ului, ilustratin Figura 8.

Figure 8. pH change of adhesive blends
Figura 8. Modificarea pH-ului amestecurilor adezive
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An important parameter in practical terms is pH,
as a too acidic or too alkaline pH may degrade the
structure of elements the adhesive preparation comes
into contact with.

In terms of environmental implications, the most
important parameters in the binding process are free
formaldehyde content and formaldehyde emission.

Free formaldehyde content of plywood,
determined through the perforator method, is situated
in the range of 2.0-2.2 mg/100g dry material, for
samples bound with UF-collagen hydrolysate mixture
for the control sample, bound with standard UF
adhesive it is 5.2 mg/100g dry material; therefore
approximately 2.5 times lower.

The influence of collagen hydrolysate addition in
urea-formaldehyde adhesive on the formaldehyde
emission is shown in Figure 9 and can be quantified by a
reduction of emission by approximately 40%.

Un parametru important din punct de vedere
practic este pH-ul, deoarece un pH prea acid sau prea
alcalin poate degrada structura elementelor cu care
preparatul adeziv vine in contact.

Din punctul de vedere al implicatiilor ecologice,
cei mai importanti parametri in procesul de lipire sunt
continutul de formaldehida libera si emisia de
formaldehida.

Continutul de formaldehida libera din placaj,
determinat prin metoda perforator, este situat in
intervalul 2,0-2,2 mg/100g material uscat, pentru
probele lipite cu amestec UF-hidrolizat de colagen, iar
pentru proba martor, lipita cu adeziv standard UF este
5,2 mg/100g material uscat, deci de aproximativ 2,5 ori
mai mic.

Influenta adaosului de hidrolizat de colagen in
adezivul ureo-formaldehidic asupra emisiei de
formaldehida este prezentata in Figura 9 si poate fi
cuantificata printr-o reducere a emisiei cu aproximativ
40%.

Figure 9. Formaldehyde emission from plywood
Figura 9. Emisia de formaldehida din placaj

FTIR-ATR spectroscopy analysis of a standard UF
resin sample and of UF adhesive mixture with added
collagen hydrolysate revealed the possible formation
of C-OH bonds with free -NH, groups from aldehydes,
by the presence of a peak at 1544 cm™ and a decrease of
the peak at 1630 cm™ compared with that at 1544 cm”,
indicating a decrease in the amount of free -NH,
groups. The results are comparable with reports from
the literature [21-23], indicating that during the cross-
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Analiza prin spectroscopie FTIR-ATR a unei probe
standard de rasina UF si a unui amestec adeziv de UF cu
adaos de hidrolizat de colagen a pus in evidenta
formarea unor posibile legaturi C-OH cu grupari libere -
NH, din aldehide, prin prezenta varfului de la 1544 cm™ si
scaderea varfului de la 1630 cm™ in raport cu cel de la
1544 cm™, ceea ce indicd o scadere a cantitatii de grupdri
libere -NH2. Rezultatele sunt comparabile cu semnalarile
din literatura [21-23], indicand faptul ca in cursul
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linking and hardening process, chemical bonds are
created between polyamidoamine and resin. This is
confirmed by the peak at 1670 cm”, specific to valence
vibrations (C = O) and the decrease of intensity in the
peak at 1100 cm™ (C-O-) down to 1000 cm®. FT-IR
spectra confirm the chemical reactions between UF
resin and collagen hydrolysate. Based on spectra
evaluation, we can say that free -NH, groups from
proteins react with free formaldehyde, while unstable
oxy-methylene bonds decrease in the hardened
structure of UF resin and collagen hydrolysate mixture.

CONCLUSIONS

Chrome leather wastes are an economic source of
proteins with applicationsin agriculture and industry.

Collagen hydrolysates obtained by alkaline
hydrolysis and enriched in amino acids by
complementary enzymatic hydrolysis can be used as
additivesin the composition of foliar fertilizers.

Control of amino acid content in collagen
hydrolysates by further hydrolysis enables the
formulation of a wide range of foliar fertilizers, specific
to certain crops or periods of vegetation.

Dechroming chrome leather shavings, using an
innovative process, without oxidation of cr’ into Cr®,
allows obtaining concentrated hydrolysates, suitable
for preparations with adhesive properties.

Using mixtures of urea-formaldehyde adhesives
with collagen hydrolysate leads to reduction of
formaldehyde emissions from bound wood materials
by approximately 40%.
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reticuldrii si al procesului de intdrire se creeaza legaturi
chimice intre poli-amidoamine si rasina. Acest lucru este
confirmat de varful de la 1670 cm™, specific vibratiilor de
valenta (C = O) si scaderea intensitatii varfului de la 1100
cm™ (C-O-) pana la 1000 cm™. Spectrele FT-IR confirm3
reactiile chimice intre rasina UF si hidrolizatul de colagen.
Pe baza spectrelor de evaluare, putem afirma ca
grupdrile libere -NH, din proteine reactioneaza cu
formaldehida liberd, in timp ce legdturile oxi-metilen
instabile scad in structuraintarita aamestecului de rasina
UF cu hidrolizat de colagen.

CONCLUZII

Deseurile de piele cromata reprezinta o sursa
economicd de proteine cu aplicatii in agricultura si
industrie.

Hidrolizatele de colagen obtinute prin hidrolize
alcaline si Tmbogatite in aminoacizi prin hidroliza
enzimatica complementara pot fi folosite ca aditivi in
compozitia fertilizantilor foliari.

Controlul continutului de aminoacizi al
hidrolizatelor de colagen, prin hidrolize suplimentare,
asigura formularea unei game largi de sortimente de
fertilizanti foliari, specifici pentru anumite culturi sau
pentruanumite perioade de vegetatie.

Decromarea razaturii de piele cromata, printr-un
proces inovator, fird oxidarea Cr’* la Cr*, permite
obtinerea unor hidrolizate concentrate, apte pentru
preparate cu proprietdti adezive.

Folosirea amestecurilor de adezivi ureo-
formaldehidici cu hidrolizat de colagen conduce la
reducerea cu aproximativ 40% a emisiilor de formaldehida
din materialele lemnoaseimbinate prinlipire.
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