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Abstract

The use of plant by-products from the food industry in animal feeding is a way of reusing
resources with a high feeding potential. With the view of their potential use in poultry diets, 5 by-
products (rapeseeds meal, grape seeds meal, flax meal, buckthorn meal and pumpkin meal) were
characterized chemically and physically to determine their feeding value. The chemical
determinations revealed a variable content of protein, ranging between 11.91% (grape seeds meal)
and 34.88% (pumpkin meal). The rape seeds meal has 33.15% protein, with high concentrations of
limiting amino acids (1.85% lysine, 0.71% cystine and 0.71% methionine), compared to the grape
seeds meal (0.42% lysine) or the buckthorn meal (0.16% cystine; 0,17% methionine). The flax meal
has a high concentration of o linolenic acid (42.93 g/100 g total fatty acids), and the grape seeds
meal has a high antioxidant capacity (493.074 mMTrolox/g). The grape seeds meal has a high
concentration of Fe (362 mg/kg), while the rapeseed meal has a high concentration of manganese
(82.9 mg/kg), selenium (1.2 mg/kg) and zinc (95 mg/kg). The pumpkin meal has high concentrations
(mg/kg) of Co (0.78), Cu (19.2), Ni (447) and Mo (116). The gross energy level (MJ/kg) was 16.94
(rapeseeds meal); 18.07 (grape seeds meal); 18.94 (buckthorn meal); 19.31 (flax meal); 20.10
(pumpkin meal). These results show that the analysed by-products meet the feeding requirements to
be used as feed ingredients in layer diets.
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INTRODUCTION highly diverse products, with complex

In Romania the production of oils,
vegetable and animal fats increases year by
year, resulting in large and constant a mounts
of organic residues and by-products, whose
economic value is rather low. On the other
hand, feeding costs are the main cost factor
for animal farmers, with up to 80% of the
production costs for the poultry farmers.
Within this context, the proper use of low
input plant materials, such as the by-
products, is a solution for cost efficiency.
Among the oil extraction industry by-
products, meals are vegetable raw materials
that can be used in animal feeding. These are
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composition and rich in particular nutrients.
Rapeseeds meal, grape seeds meal, flax meal,
buckthorn meal and pumpkin meal, are just a
few examples. Thus, the rapeseeds meal is an
important protein source used in animal
feeding, with a balanced amino acids
composition [3]. Grape seeds meal has
antioxidant properties and high levels of
essential amino acids [9]. Used in layer
feeding, it can improve their performance
and lower egg cholesterol [12; 27]. Flax meal
is a rich source of omega-3 fatty acids and of
amino acids, fibre, lecithin, vitamins and
minerals [1; 2]. The ratio of Q6/Q3 fatty
acids is smaller than the unit in the flax meal
[8]. The buckthorn meal too, has over 200
bioactive components [16; 24]. This meal has
a high antioxidant capacity mare [11; 23]
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because it is rich in carotenoids, xanthophylls
and flavonoids [13]. Research reports show
that buckthorn is beneficial for poultry
performance [4; 12; 14]. Pumpkin meal has
high levels of p-carotene (precursor of
vitamin A) and antioxidant properties. The
pumpkin and pumpkin seeds contain
polysaccharides, essential amino acids,
carotenoids, minerals and fatty acids.

Purpose of the experiment: Starting from
the necessity to use low input forages in poultry
feeding, we aimed to determine the feeding
value of food industry by-products (meals) by
ascertaining their chemical composition.

MATERIAL AND METHOD

We analysed five types of meals (rapeseeds,
grape seeds, buckthorn, flax and pumpkin) in
terms of their chemical composition. All five
meals come from the same producer of edible
oils. Standardized methods complying with
Regulation (CE) 152/2009 and ISO standards
were used to determine the nutrient
concentration (dry matter, protein, amino acids,
fat, fibre, ash, phosphor, arsenic, cadmium,
chrome, copper, iron, manganese, nickel, lead,
selenium and zinc):

- The dry matter (DM) was determined
using the gravimetric method, whose working
principle involves the determination of sample
mass by drying at 103°C, according to We
used a Sartorius (Gottingen, Germany) scale
and BMT drying closet, ECOCELL Blueline
Comfort (Neuremberg, Germany);

- The crude protein (CP) was determined
using the Kjeldahl method, using a
semiautomatic KJELTEC auto 2300 system —
Tecator (Sweden);

- The amino acids were determined by
high performance liquid chromatography
(HPLC) after sample derivation with OPA
reagent OPA (ortho-phthalaldehyde) and
detection at 338 nm. We wused a
chromatographic HPLC  Surveyor Plus
system fitted with PDA detector, Hypersil
BDS C18 column with silicagel, dimensions
250 4.6 mm, particle size 5 pm, with inverse
phase, rotavapor R-205;

- Ether extractives (EE) were determined
by extraction in organic solvents using a
SOXTEC-2055 FOSS — Tecator;

- The crude fibre (CF) was determined
with the method with intermediary using a
FIBERTEC 2010 system — Tecator (Sweden)

- The ash (Ash) was determined by the
gravimetric method using a Caloris CL 1206
furnace;

-The phosphorus was determined by
spectrophotometry (reading at 420 nm) with
a molecular absorption spectrophotometer

ABLE JASCO Romania V 530;
- The arsenic, cadmium, total chrome,
copper, iron, manganese, nickel, lead,

selenium and zinc were determined by
inductively coupled plasma optical emission
spectrometry using a ICP-EOS Optima 5300
DV Perkin Elmer spectrometer

- Calcium was determined by atomic
absorption spectrometry using an atomic
absorption  spectrophotometer ~ Thermo
Electron tip SOLAAR M;

- The fatty acids were determined using the
chromatographic method [21], which involved
the transformation of the fatty acids from the
sample in methyl esters, followed by the
separation of the compounds in a
chromatographic column and their
identification by comparison with standard
chromatograms. The method complies with
Regulation (CE) 152/2009 and standard SR
CEN ISO/TS 17764 -2: 2008. We used a Perkin
Elmer-Clarus 500 chromatograph, fitted with a
system for injection into the capillary column,
with high polarity stationary phase (BPX70:
60m x 0.25mm inner diameters and 0.25pum
thick film); or high polarity cyanopril phases,
which have similar resolution for different
geometric isomers (THERMO TR-Fame: 120m
x 0.25mm ID x 0.25um film).

- The polyphenol content of the methanol
extracts has been determined according to the
method described by [18], modified. We used a
UV-VIS Thermo Scientific spectrophotometer.

- The determination of the antioxidant
capacity of the methanol extracts has been
done using the DPPH method. The
antioxidant capacity has been estimated by
calculating the difference between the control
and the sample, compared to a standard curve
which used Trolox (synthetic antioxidant
analogue to o-tocopherol), as standard
antioxidant. We used a UV-VIS Analytik
Jena Specord 250 Plus spectrophotometer
with thermostatic carousel.
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- The gross energy was determined by
calculation using the equations of [5].

RESULTS AND DISCUSSIONS

The basic chemical composition of the
meals (Table 1) shows that they all have an
average protein content ranging between 11.91
(grape seeds meal) and 34.88 (pumpkin meal).
The protein level of the rapeseeds meal is
33.15%, which ranks it second to the soybean
meal as source of protein for animal diets. On
the other hand, the high fibre level, 10.00 to
35.68%, is the limiting factor for the inclusion

of these meals in compound feeds for poultry.
The literature on rapeseeds meal gives values of
94% DM, 38% CP, 12.8% fibre (NRC; 1988).
For the grape seeds meal some researchers like
[20] reported 88.44% DM, 10.64% CP and
40.66% fibre and other researchers [22]
determined for the flax meal: 90.8% DM, 24%
CP and 10.5% fibre. These values reflect the
limiting factor for the compound feeds
formulation with these by-products, stability of
the chemical composition. The amount of
essential amino acids was determined as marker
of protein quality (Table 2).

Table 1 Basic chemical composition of the studied by-products

ltem Rapeseeds Grape seeds Buckthorn Flax meal Pumpkin
meal meal meal meal
DM real, % 89.60 89.16 88.97 89.25 87.67
GE, MJ/kg 16.94 18.07 18.94 19.31 20.10
CP, % 33.15 11.91 12.83 32.99 34.88
EE, % 1.04 5.96 12.19 9.42 12.38
Fibre, % 12.40 35.68 13.89 11.99 27.54
Ash, % 8.02 2.93 2.84 4.65 5.34
NFE, % 35.00 32.68 47.21 30.20 7.53
Ca, % 0.77 0.54 0.05 0.26 0.16
P, % 1.30 0.47 0.27 0.87 1.28
Table 2 Concentration of essential amino acids in the studied by-products
Rapeseeds Grape seeds Buckthorn Flax meal Pumpkin
Item meal meal meal meal
g/100 g dry matter
threonine 224 0.63 0.61 1.58 1.90
arginine 2.07 0.90 1.09 3.53 4.61
valine 2.45 0.64 0.61 1.87 1.85
phenylalanine 1.54 0.52 0.56 1.55 1.76
isoleucine 1.46 0.48 0.50 1.26 1.40
leucine 2.59 0.85 0.84 2.39 2.53
lysine 1.85 0.42 0.49 1.22 1.42
methionine 0.72 0.23 0.17 0.48 0.51

Of the eight essential amino acids
determined in the studied products, two are
limiting amino acids (lysine and methionine),
because they limit the use of the other ones.
It was noticed (Table 2) that the rapeseeds
meal has a significant level of lysine (1.85%)
and methionine (0.72%) compared to the
grape seeds meal, which had the lowest level
of lysine (0.42%), or with the buckthorn
meal, which had the lowest level of
methionine (0.17%). The amino acids profile
influence the quality of the dietary protein,
which reflects in egg quality, when layer s
are concerned. The total amount of albumen

depends on the balance of the dietary amino
acids. The deficit of lysine or threonine
affects egg yolk weight, while the deficit of
methionine influences albumen weight and
its feeding value (higher water/protein ratio).
The data shown in Table 2 are comparable
with the literature data for the rapeseeds meal
[10]; flax meal [8]; grape seeds meal [9; 20];
buckthorn meal [31] and pumpkin meal [17].
Table 3 shows that the flax meal has the
highest level of linolenic acid (Q3) and the
lowest ration of polyunsaturated fatty acids
(PUFA) Q6/Q3 (0.64). Researchers like [30]
who investigated the fatty acids content from
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two subspecies of buckthorn, found that they
have a high level of PUFA. They also noticed
that the palmitoleic acid is virtually missing
in the buckthorn seeds oil, but was found in

Table 3 Fatty acids profile of the studied by-products

amounts of 12.1-39.0% in the pulp/skin oil.
A high dietary level of Q3 PUFA enriches
the yolk in these amino acids which are
important for human health [7].

Rapeseeds Grape seeds  Buckthorn Flax Pumpkin
ltems meal meal meal meal meal
g/100 g dry matter
Lauric C12:0 0.32 0.08 - - -
Myristic C 14:0 0.50 0.16 0.32 0.10 0.15
Palmitic C 16:0 11.92 9.68 21.56 7. 70 11.06
Palmitoleic C 16:1 1.84 0.30 14.69 0.16 0.16
Heptadecanoic C17:0 1.36 - - 0.06 -
Stearic Cc18:0 2.73 3.56 1.80 3.07 4.18
Oleic cis C 18:1 41.06 21.04 30.70 18.54 31.72
Linoleic C18:2 35.03 62.39 24.26 26.64 50.61
Arachidic C 20:0 - - - 0.14 -
Linolenic C 18:3n6 - - - 0.18 -
Linolenic a C 18:3n3 4.42 1.33 4.84 42.93 0.32
Eicosadienoic C20(2n6) 0.58 0.16 0.17 0.17 0.29
Eicosatrienoic C20(3n6) 0.24 0.29 0.48 0.17 0.10
Eicosatrienoic C20(3n3) - - 0.20 - -
Arachidonic C20(4n6) - 0.40 0.49 0.14 0.34
Eicosapentaenoic  C20(5n3) - 0.14 - - 0.15
Docosatetraenoic  C22(4n6) - - - - 0.37
Other fatt acids - 0.47 0.48 - 0.49
Fatty acids profile
SFA 16.83 13.48 23.69 11.07 15.43
MUFA 42.90 21.34 45.39 18.71 31.89
UFA 83.17 86.05 75.83 88.93 84.08
PUFA, of which: 40.26 64.71 30.44 70.23 52.19
Q3 4.42 1.47 5.04 42.93 0.47
Q6 35.85 63.23 25.40 27.30 51.72
Q6/Q3 8.12 42.91 5.04 0.64 109.65
Table 4 Mineral content of the studied by-products
Item Rapeseeds meal Gra?ﬁ;?eds Burc;]kég?rn Flax meal Pumpkin meal
g/100 g dry matter
Iron 291 362 111 721 199
Manganese 82.9 40.6 15 401 47
Cobalt 0.21 - 0.05 0.29 0.78
Arsenic <0.13 - <0.13 0.63 <0.13
Cadmium <0.02 0.06 <0.02 0.18 0.13
Chrome <0.03 2.76 <0.03 <0.03 119
Copper 8.62 9.52 9.04 16 19.2
Lead 0.51 0.18 0.46 0.18 2.15
Nickel <0.03 17.9 2.18 <0.03 447
Selenium 1.2 <0.30 <0.30 <0.30 1.04
Molybdenum <0.03 - 0.38 <0.03 116
Zinc 95 41.5 17 52.1 75.8
Mercury <0.05 - <0.05 <0.05 <0.05
It can be noticed from Table 4 that the  Some researchers [28] identified

grape seeds meal is very rich in iron, while
the rapeseeds meal has a high level of
manganese, lead, selenium and zinc. The
rapeseeds meal has a high concentration of
calcium, iron, selenium and phosphorus.

concentrations of: 10.4 mg/ kg copper, 159.0
mg/ kg iron, 1.0 mg/ kg selenium and 71.4
mg/ kg zinc. Selenium availability is high in
the rapeseed meal [15]. Pumpkin meal has
the highest level of Pb (2.15 mg/kg). Some
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one [25] determined in the flax meal the
following levels of minerals: 6.01£0.23
mg/100 g iron; 4.43+0.18 mg/100g zinc;

following levels of minerals: 30.9 mg/kg
iron; 1.4 mg/kg zinc; 0.7 mg/kg copper an
1.1 mg/kg manganese. Others [6] determined

1.90£0.09 mg/100g copper; 236.40+7.26  the minerals content of the grape seeds meal
mg/100g calcium and 2.7340.10 mg/100g and reported 18.08+0.03 mg/100g iron;
manganese; Other researchers [29] analysed  0.817+0.550 mg/100g manganese; and
the buckthorn fruits and reported the  0.98+0.702 mg/100g zinc.
Table 5 Antioxidant capacity of the analysed by-products (average values)
ltem Polyphenols concentration Antioxidant capacity
(mg/g) (mMTrolox/g)
Rapeseeds meal 7.948 + 0.37 24571 +0.48
Grape seeds meal 90.415 + 8.53 493.074 + 49.26
Buckthorn meal 10.392 +1.29 56.784 + 3.59
Flax meal 3.328 £ 0.05 9.896 + 0.18
Pumpkin _meal 2.501£0.14 14.802 + 1.53
The data on the antioxidant capacity of the  nutrient utilisation and intestinal microflora,

analysed by-products (Table 5) show that the
grape seeds meal has the highest level of
polyphenols (90.415 mg/g) and the highest
antioxidant capacity (493.074 mMTrolox/g).
The polyphenols concentrations reported by
[26] for winery by-products are comparable
with the results for the flax seeds (5.09mg
equivalent gallic acid/g sample) and wheat
germs (3.49mg equivalent gallic acid/g sample).

CONCLUSIONS

e The analysed by-products meet the
feeding requirements for inclusion as dietary
ingredients because of their high level of
essential nutrients (protein, amino acids, fatty
acids and minerals) and to their high
antioxidant capacity.

e Two of the studied meals are particularly
rich sources of PUFA (rapeseeds and flax
meals), while two have antioxidant properties
(grape seeds and buckthorn meals).

e The use of the analysed by-products in
animal feeding can help changing the
mentality and perception about them, i.e. that
they are resources, not problems.
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