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EVALUATION OF THE POSSIBILITY OF USING APPLE POMACE FOR FERTILIZING
PURPOSES

Summary

This work presents the results of research on thgsipal and chemical properties of apple pomacebdratory tests
included the analysis of water content, sodiumag&itim, calcium and magnesium cations as well asgdforus, nitrogen
and carbon. Apple pomace was obtained from twotpléa and B) producing apple juices. Both plante &cated in

north-eastern Poland, Podlasie province. Plant &ngaged in fruit and vegetable processing, wHaetB in a fruit juice

pressing. Based on the obtained results, it waaddbat the physical and chemical properties oflaggmmace differ from
each other, and the quality of the raw materiakaps and variety of apples as well as habitat d@ts may influence it.
Examining the fertilizing properties, it was foutiat the ratio of carbon to nitrogen (C: N) can bery diverse (from 5 to

22). However, the analysis of selected parametedicates that apple pomace can be used for fertjizurposes,

primarily as a substrate for the production of carap
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OCENA MO ZLIWO SClI WYKORZYSTANIA WYTLOKOW JABLKOWYCH DO CELOW
NAWOZOWYCH

Streszczenie

W pracy przedstawiono wyniki batlatasciwasci fizyko-chemicznych wyttokéw jabtkowych. Baddakzoratoryjne obej-
mowaly analiz zawartgci wody, kationéw sodu, potasu, wapnia i magneaz dosforu, azotu i ggla. Wytloki z jabtek
otrzymano z dwoéch zaktadow (A i B) wytwageggh soki jabtkowe. Oba zaklady zlokalizowagevspdtnocno-wschodniej
Polsce, wojewddztwo podlaskim. Zaklad A zajmyj@igietwarzaniem owocéw i warzyw, podczas gdy zakladimuje %
ttoczeniem sokdw owocowych. Na podstawie uzyskamyetkow stwierdzonae wiaciwasci fizyczne i chemiczne wytto-
kow jabtkowych réniq sie od siebie, a wplyw na to ma jakécsurowca, rodzaj gatunek i odmiana jabtek oraz wédisie-
dliskowe. Badajc wtasciwasci nawozowe, stwierdzonge stosunek ygla do azotu (C: N) mie by bardzo zrénicowany
(od 5 do 22). Jednak analiza wybranych parametr&@kazujeze wytloki jabtkowe mima wykorzysta do celéw nawzo-

wych, przede wszystkim jako substrat do produkejigostu.

Stowa kluczowewyttoki jabtkowe, nawozy, przemyst rolno-speczy

1. Introduction

In the agri-food processing a relatively large bemof

product in the form of pomace, arising in the apple
processing process has a great potential for furtbe and
processing, due to its physico-chemical properttds.very

by-products are produced, which are mainly organiinteresting for nutritional reasons because it aimist

residues of plant and animal origin. They are ewall
over the country, in farms, gardening farms, livekt
farms, sugar factories, distilleries, dairies, arler plants
involved in the production and processing of foddhe
sugar, dairy, fruit and vegetable industry is chtadzed by
the largest annual amount of production residue8][2The
amount of waste produced from the processing df &mnd
vegetables is 10 to 35% of the weight of the ravienial
used, and the largest part of them is expressqubiimace.
They are an unstable material with a high waterterun
Especially in the case of apple pomace, in whickewean
be up to 73% [16, 25]. A good way to stabilize tham
drying, which allows the inhibition of microbial @wth and
reduction of the volume and weight of the matefi#)].
However, large food processing plants with appadpri
technological and financial resources can affordhsa
solution.

Poland is one of the largest producers of appte jand
concentrate in Europe. Modern production technel®gi
allow to obtain juice reaching even 80 to 90% [22je by-
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significant amounts of dietary fiber and polyphénol
compounds [14]. Dried and shredded pomace can be
directly used as an ingredient in various typesaifery and
confectionery products [12, 17, 22]. In additioonmace is
a rich source of many valuable ingredients, such
saccharides, proteins, minerals, pectins, lipideganic
acids, vitamins, aldehydes, alcohols and coloranodhatic
substances. Therefore, it should be treated as
intermediate for further processing [10, 25]. Désphe
wide range of use of apple pomace, a part of tlyis b
product is still treated as waste. It is related the
specificity of the industry, seasonality, produntio
dispersion and the overwhelming number of small and
medium fruit and vegetable plants [25].

Due to the widely discussed problem of waste
management and management of by-products, atterwtien
paid to the agri-food processing industry as a pérthe
Circular Economy assumptions. The use of wasteh@n t
world is moving towards the transformation of tlaegest
possible amounts into useful products, for exantimeugh

as

an

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



processes involving microorganisms. Currently, thain
research activities are carried out on ways to mmire
exposure of the environment not only by getting oid
waste, but that through its conversion
components [21].

One of the ways of developing apple pomace cansist
its allocation for agricultural purposes, both fggaand
fertilizing, as well as for the production of bicgahe data
obtained in the last decade have shown a highitiertif
waste from fruit processing, because it can be @sed
fertilizer for specific plant species [11, 15, 2Bpr fertiliz-
ing purposes, it can be used both as an additieengpost
and in dry or powdered form [2].Considering thagjaic
fertilization is one of the oldest and most valeablethods
of soil cultivation, already in the seventies comsigowere
marred with the addition of organic fertilizers.rdhgh 15
years fertilized apple orchard to give increasesldg of.
Research has been carried out on the effect ofegnagrc
for fertilization on yield and vine health. Coffptantations
in Mexico use compost from coffee pulp for reclaimi
wasteland [5].

2. The aim of the research

Organic fertilization plays a key role in improgirsoil
fertility and plant nutrition, which is why it isecessary to
use by-products from agri-food processing for fieitig
purposes. However, it requires constant researcthein
fertilizing properties. Therefore, in order to detée the
fertilizing properties of apple pomace, its seldgpysico-
chemical properties were examined. The results wene-
pared for two fruit and vegetable processing plémtated
in the Podlasie Voivodeship.

3. Research methodology

Apple pomace for laboratory tests was obtainednfro
two plants (A and B) producing apple juice locatedhe
vicinity of Biatystok, in the Podlasie voivodeshiplant A
deals with fruit and vegetable processing, whilanplB
deals with fruit juices. The obtained pomace wasixture
of seeds, pieces of flesh and peels.

The analyzed pomace was subject to laboratorg tes sz

and the following physicochemical parameters weee d

fined in it:

* moisture,

« cation: calcium (C#), magnesium (M%), sodium
(Na"), potassium (K),

» nitrogen (N) and phosphorus (P),

» carbon (C).
Table 1 presents the test methods used.

Table 1. Methodology of laboratory tests
Tab. 1. Metody badalaboratoryjnych

Parameter Method
Moisture drying and weighing method
Ca spectrophotometry
Mg spectrophotometry
Na spectrophotometry
K spectrophotometry
N Kjeldahl method
P spectrophotometry
C catalytic oxidation by combustion (TOCI-L

Source: own elaborationZrodio: opracowanie wtasne
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The tests were carried out on samples of obtapeed
mace with a five-fold repetition.

into usefuld. Results and discussion

Based on the results of the study, it was fourad the
particular value of selected physicochemical patarsen
fruit pomace from two different plants (A and B)fdred
from each other (Table 2). It could have been arited by
different kinds of species and varieties of applesd for
production, as well as various habitat conditiamstfie cul-
tivation of used apples.

Table 2. Selected physical and chemical propedifiegpple
pomace from two sources (A | B)

Tab. 2. Wybrane wigiwosci fizyko-chemiczne wyttokow
jabtkowych z dwockhrodet (A i B)

A B

Moisture 81,8 78,2
Na 0,0014 0,002

K 0,13 0,32
Ca 0,03 0,01
Mg [%] 0,02 0,05

P 0,09 0,06

C 10,8 6,0

N 0,5 1,2

Source: own elaborationZrodio: opracowanie wiasne

The moisture content of the analyzed pomace wgisehi
in the case of samples from plant A (Fig. 1). Hosvevalues
in both cases range from 70 to 90%, which are ginethe
literature [20, 25]. The high moisture of the amaty material
indicates microbiological instability but also indtes its
suitability for composting purposes. Humidity ofngoosted
material between 50% and 70% is the most suitaisleéhi
composting process and should be maintained thoatighe
duration of the activity of microorganisms [23].
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Source: own elaborationZrodio: opracowanie wtasne
Fig. 1.The dynamics of moisture (%) in apple pomace from
plants A and B

Rys. 1. Dynamika wilgotdoi (%) wytlokdéw jabtkowych z dwdch
zaktadow (A i B)
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The content of sodium cations (Jan apple pomace
from plant A and B was slightly different. The psgaim
content (K) in the pomace from plant B was more than
twice as high (Fig. 2). However, the concentratibrthese
ions in comparison to the literature data was Jevy [5,

7]. According to the commentary on Annex | to

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



Commission Regulation (EC) No 889/2008, the average In pomace from plant A, the average calcium canten

potassium content in apple pomace is from 0.40.80%,
whereas in grape marc the amount is from 1.800%046].
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Source: own elaborationZrédio: opracowanie wiasne

Fig. 2. The dynamics of: a) Na (%); b) K (%) content in ap-
ple pomace from plants A and B

Rys. 2. Dynamika zawasiw a) Na (%); b) K (%) wyttokdw
jabtkowych z dwéch zaktadéw (A i B)

A

B

was higher than from plant B, while magnesium veagek.
Literature data indicate that the content of Caapple
pomace may be from 0.1 to 0.2%. However, in thédyand
samples of calcium it was as much as 10 times kss.
cording to the research of other authors Mg contamgied
from 0.05-0.1% [4, 6, 7].

Magnesium (Mg), as an essential nutrient of plams
the main component in various life functions ofnt&a is
surprisingly often a neglected element in optimally
conducted plant production systems. However, ypley
role in many plant functions and has a huge impacthe
production of high quality crops. Magnesium deficig
becomes a big problem on soils that are fertiliaely with
N, P, K. Low calcium content may indicate a pooalgy
of raw materials (apples).

The content of phosphorus (P) in apple pomacenals
and can range from 0.06 to 0.1% [6]. In the samples
analyzed, the average P content is exactly inréimige (Fig.
4). Analyzing the content of phosphorus, it shoble
emphasized that in addition to nitrogen (N) andapsium
(K), it is an element of great importance for the
development of plants [4].
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Fig. 4. The dynamics of P (%) content in apple pomace
from plants A and B

The concentration of magnesium (Mg) and calcium)(C Rys. 4. Dynamika zawasiti P (%) wytlokoéw jabtkowych
in fruit marc samples varied (Fig. 3).
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The content of nitrogen (N) in fruit pomace is yer
variable. The average concentration can range fiaino
0.7% in apple pomace and from 1.8 to 3.5% in grape
pomace [6. In the analyzed samples, the averagegait
content was twice as high in pomace obtained freamtB
(Fig. 5). The maximum concentration of N was ov&%4.

In the case of assessment of fertilizing propsyttee
carbon content and the ratio of carbon to nitro¢@m),
which affects the decomposition of organic mattisr,
significant. The organic substance is degraded &y s
organisms that need nitrogen, carbon and otherentgrto
carry out this process. In the case of low nitrogentent,
the decomposition of organic matter proceeds sl¢uay.

The average carbon content in samples from plant A

Source: own elaborationZrédio: opracowanie wiasne Was 5.5 times higher than plant B (Fig. 6). Howevke
Fig. 3. The dynamics of Ca (%) and Mg (%) content in apJatio of carbon to nitrogen in apple pomace wad Zgtant

ple pomace from plants A and B

A) and 5:1 (plant B). In the case of soil, the Qo is

Rys_ 3. Dynamika zawado Ca (%) i Mg (%) Wyt}okéw Usua”y 12:1, while the most favorable C:N ratio thre

jabtkowych z dwoch zaktadow (A i B)
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case when this ratio is higher, microorganisms statake
up absorbing nitrogen from the soil, and then itnigt
enough for plants. However, when the ratio is lotem
20:1, the mineralization processes start to premdthe soil
[18]. Therefore, to compose fertilizer mixturesg thitrogen
and carbon content of the substrate should be taken
account, and by adding different components, the&reid
C: N ratio can be obtained.
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Fig. 5. The dynamics of N (%) content in apple poena
from plants A and B

Rys. 5. Dynamika zawasiti N (%) wyttokdéw jabtkowych z
dwoch zakltadow (A i B)
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Fig. 6. The dynamics of C (%) content in apple pomace[z]

from plants A and B
Rys. 6. Dynamika zawasiti C (%) wytlokéw jabtkowych
z dwdch zaktadow (A i B)

The subject of fertilizer properties of organicsteis
widely discussed in domestic and foreign literatutavas
observed that the C:N ratio depending on the satestr
used is very variable. Knowledge of physical andnoital
properties of materials intended for composting #meir
relationships are important at every stage of tiragosting
process [8]. Table 3 shows the selected raw mieioa
the production of organic fertilizer and compost.
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Tab. 3.The C:N ratio in selected raw materials and com-
posts

Tab. 3. Stosunekggla do azotu w wybranych surowcach
i kompostach

Raw materials/compost C:N Source
Slurry for the production of compost 12.0-25|0 [1]
Compost from sewage sludge 19.6-42.7 [3]
Mixture: sewage sludge, straw, bark,

; . 12.6 [7]
wood chips - before composting
Compost: sewage sludge, straw, bafk,

. 8.7 [7]
wood chips

Source: own elaborationZrodto: opracowanie wlasne
5. Summary

On the basis of the performed tests, the followéong-
clusions have been formulated:
1. The apple pomace is widely used in various indestri
Therefore, up to 90% of it are utilized. Howevehget
dispersal of fruit and vegetable processing and the
dominance of small and medium enterprises increase
share of undeveloped pomace. Therefore, it is itapoito
designate pomace for agricultural purposes (fodaied
fertilizer) and treat it as an intermediate for thier
processing.
2. Due to its physico-chemical properties, pomaceris a
appropriate fertilizer material. The production afmpost
from apple pomace with the addition of other sudies,
e.g. with a higher carbon content is the best swlut
3. Due to the fact that fruit marc is characterized by
seasonality and variable composition, dependingaiitat
and climate conditions, detailed research should be
conducted to identify factors affecting its physeemical
properties and to make better use of it.
4. The obtained results confirm that the fertilising
properties of apple pomace from two sources maferdif
significantly from each other.
5. It should be remembered that apple pomace mayche ri
in metal ions (Mg, Mn, Fe, etc.) and may be conteatdd
with plant protection products, which may limit itse for
further processing [9]. When using marc for agtiaall
purposes, it is necessary to precisely determiadetel of
contamination with heavy metals and pesticidesssoad to
lead to secondary environmental pollution. Themfonore
detailed and extended research should be carried ou
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