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Abstract. We evaluated the quality indices of fodder produced from chicory
(Cichorium intybus) and safflower (Carthamus tinctorius) grown in monoculture on the
experimental plots of the “Alexandru Ciubotaru” National Botanical Garden
(Institute), MSU, Chisindu, Republic of Moldova. The results revealed that the dry
matter of whole plants of studied species contained: 9.22-11.50% CP, 8.68-10.84%
minerals, 27.80-32.91% CF, 40.93-51.96% NFE, 5.02-15.80% soluble sugars, 6.61-
9.04 % starch, 9.40-11.80 g/kg Ca, 3.00 g/kg P; the nutritive energy value was 9.10-
9.83 MJ/kg ME and the net energy for lactation (NEI) — 5.04-5.63 MJ/kg. The prepared
silages had the following characteristics: pH=4.14-4.19, 25.0-35.7 g/kg lactic acid,
2.7-5.12 g/kg acetic acid. The dry matter of the silages contained 8.42-9.22% CP, 9.76-
8.425% minerals, 33.20-33.51% CF, 41.95-46.22% NFE, 2.09-4.09% soluble sugars,
7.19-10.00 % starch, 9.70-15.10 g/kg Ca, 2.50-2.80 g/kg P, with nutritive energy value
9.18-9.21 MJ/kg ME and net energy for lactation 5.09-5.14 MJ/kg. The green mass and
the silage prepared from Cichorium intybus and Carthamus tinctorius contain a lot of
nutrients are rich in essential nutrients, making them suitable alternatives for the
traditional livestock fodders.

Keywords: biochemical composition, forage value, green mass, hay, Cichorium intybus,
Carthamus tinctorius, silage.

industrial, medicinal, ornamental or
energy crops.

As part of ongoing activities to
conserve and sustainably utilize plant
genetic resources, new taxa from the
Asteraceae  family have been
identified and mobilized over the

INTRODUCTION

In the context of climate change,
diversifying the range of forage
crops used to provide livestock with

a stable and balanced diet plays a
crucial role in the restoration and
sustainable development of
agriculture, as well as in ensuring
food safety and security.

The Asteraceae family, the largest
group of flowering plants, comprises
approximately 27,773  species.
Several of these species play
important roles as food, forage,

years. These taxa originate both from
local flora and from other floristic
regions, and possess a wide range of
economic uses. Research has led to
the identification of valuable plant
forms suitable for the development
of new varieties. Notably, studies
have highlighted the biological
characteristics and forage potential
of species such as Cynara
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cardunculus, Echinacea purpurea,

Helianthus  annuus,  Helianthus
mollis, Helianthus strumosus,
Helianthus tuberosus, Inula
helenium,  Silphium  perfoliatum,

Silybum marianum etc. (TITEI et al.,
2013; TITEI & COSMAN, 2016;
TITEI, 2020, 2024; COSMAN et al.,
2023 GUTU et al., 2023). Cichorium
L. is a small genus of the Asteraceae
family, consists of six species, while
the two cultivated Cichorium intybus
and Cichorium endivia (BIRSA et
al., 2023). Chicory, Cichorium
intybus L. is native to Europe,
temperate Asia, northern Africa, and
has been naturalized in other regions.
It is perennial herbaceous plant
characterized by fusiform, twisted
roots, up to 1-1.5 cm thick and up to
1.5 m long. It has an erect, branched
stem with prominent grooves and is
covered in rough hairs, reddish
brown, wooded at base, containing
latex, 30-120 cm tall. The basal
leaves arranged in a rosette,
oblanceolate, petiolate 7-30 cm long,
1-12 cm wide, apex acute, margins
toothed to pinnatisect with toothed
lobes, pubescent to glabrous; the
lower stem leaves similar to the basal
ones; the upper leaves alternate,
sessile, smaller, cordate at the base,
covered with hairs. The ligulate
flowers are blue, found in flower
head inflorescences, which are
typically solitary or grouped by 2-3,
terminal or sometimes axillary. The
fruit is an achene, 2-3 mm long, with
a very short pappus. It blooms from
July to September. Cichorium
intybus has good tolerance to
drought and frost and low tolerance
against waterlogging and salt. It
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requires deep, well-drained fertile
soil with good nitrogen content.
Cichorium  intybus has  been
researched and cultivated in several
research centers as a food, fodder
and medicinal plant (MORARU et
al, 2012; CIOCARLAN, 2014;
DRAGOMIR et al., 2018; BIRSA et
al., 2023), also it is a good source of
protein feed and nectar for bees,
honey productivity 166.59 - 301.34
kg/ha. (ADAMCHUK et al. 2017).

The genus Carthamus L., Asteraceae
family comprises 48 accepted
species names, of which only
Carthamus tinctorius L., is cultivated
and the rest are wild and weedy in
habit. The areas of origin of
safflower, Carthamus tinctorius, are
Africa, the Middle-East and Asia. It
is an annual herbaceous plant with a
strong erect, glabrous, branched
stem, 30-150 cm in height. The
leaves are ovate- obovate, alternate,
the lower ones are sessile and
acuminate. The inflorescence is a
dense  capitulum of  flowers,
surrounded by an involucre of green
ovoid bracts. The florets are small,
tubular, sessile, composed on type 5.
The fruit is a smooth, shiny and
angular achene. This species is a
drought, heat, cold and salinity
tolerant crop, it is considered as a
climate-smart crop, adaptable to
more variable environmental
conditions and soils as compared
with other species in the Asteraceae
family. Safflower is a multipurpose
oil seed crop that can be used for the
production of cooking oil, as a food
crop, cut flowers, fodder crop for
both fresh and preserved animal
feed, industrial crop for dye
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production and as a medicinal crop
(DOBRIN & MARIN, 2015;
HEUZE &  TRAN,  2015;
IVANOVA, 2016; KOCAMAN et
al., 2016; EMONGORN &
OAGILE, 2017; PEIRETTI, 2017,
SEENO 2023; LOPEZ-JARA et al.
2025).

The main objective of this
study was to evaluate the quality
indices of fodder from two
Asteraceae species — Cichorium
intybus and Carthamus tinctorius —
cultivated under the conditions of the
Republic of Moldova.

MATERIALS AND METHODS

The study was conducted using a
local ecotype of chicory (Cichorium
intybus) and an introduced spineless
ecotype of safflower (Carthamus
tinctorius), both cultivated in
monoculture on an experimental plot
at the “Alexandru Ciubotaru”
National Botanical Garden (Institute)
of Moldova State University (MSU),
located in  Chisinau  (latitude
46°5825.7"N, longitude
28°52'57.8"E). Traditional crops,
specifically  the corn  hybrid
‘GW9003° (Zea mays) and the
sunflower hybrid ‘HS9729°
(Helianthus annuus), served as
controls. Plant samples of Cichorium
intybus, Carthamus tinctorius, and
Helianthus annuus were collected at
the flowering stage, while Zea mays
was harvested at the wax stage of
grain development. The harvested
biomass was chopped into 1.5-2.0
cm pieces using a laboratory forage
chopper. The dry matter content was
determined by drying samples to a

Titei V.

constant weight at 105°C. Silage was
prepared from the chopped green
mass by compressing it into well-
sealed glass containers, which were
stored at ambient temperatures (18-
20°C). After 45 days, the containers
were opened, and the sensorial and
fermentation characteristics of the
preserved forage were assessed
according to the standard SM 108*
accepted in the Republic of
Moldova.

Both green mass and fermented
fodder samples were dehydrated in a
forced-ventilation oven at 60°C.
Once dried, the biological material
was finely ground using a laboratory
ball mill. Fodder quality was
evaluated based on  several
parameters: crude protein (CP),
crude fiber (CF), crude fat (EE),
nitrogen-free extract (NFE), soluble
sugars (SS), starch, ash, calcium
(Ca), phosphorus (P), silage pH, and
concentrations of organic acids
(lactic (LA), acetic (AA), and butyric
(BA) in both free and fixed forms.
Energy values, namely: gross energy
(GE), metabolizable energy (ME),
and net energy for lactation (NEI),
were calculated following standard
methodological procedures:
GE=23.9xCP+39.8XxEE+20.1xCF+1
7.5XNFE;
ME=14.07+0.0206XEE-0.0147xCF-
-0.0114xCP+4.5%;
NEI=9.10+0.0098xEE-0.0109xCF-
0.0073xCP.

RESULTS AND DISCUSSION
At harvest, Cichorium intybus plants

averaged 120-126 cm in height,
while Carthamus tinctorius plants
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measured 97-105 cm. The fresh mass
productivity of the introduced
spineless safflower ecotype reached
3.74 kg/m?, corresponding to 1.10
kg/m? of dry matter. In comparison,
the local ecotype of chicory yielded
5.89 kg/m? of fresh mass, or 1.31
kg/m? of dry matter.

Several studies have reported
varying productivity levels for these
species. CAZZATO et al. (2011)
found that safflower dry matter
productivity ranged from 4.5 to 11.6
t/ha. ELGERSMA et al. (2014)
reported a herbage productivity of
9,960 kg/ha for chicory. UMAMI et
al. (2019) observed that Cichorium
intybus could achieve up to 28.12
t/ha/year of organic matter. NECIU
et al. (2017) indicated that under
different natural and technological
conditions, pure chicory cultures
yielded between 30-60 t/ha of green
mass or 7-15 t/ha of dry matter.
DRAGOMIR et al. (2018) noted a
dry matter yield of 6.59 t/ha for non-
fertilized chicory, increasing to 8.54
t/ha with fertilization. OCHOA-
ESPINOZA et al. (2022b) reported
that safflower dry matter
productivity varied from 4,461 to
10,816 kg/ha. JABARI et al. (2023)
recorded the highest forage yield
among the studied safflower
cultivars at 52,103 kg/ha of fresh
mass or 11,900 kg/ha of dry matter.
Similarly, KARGAR et al. (2024)
found that the ‘Golmehr’ cultivar of
safflower, harvested at the branching
stage, achieved vyields of 42,229
kg/ha fresh mass and 11,266 kg/ha
dry matter.

The nutrient composition and energy
value of the harvested fresh fodder
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from  Cichorium intybus and
Carthamus tinctorius are presented
in Table 1. Comparative analysis of
the whole-plant nutrient content
showed that the fresh forage of both
species had a higher crude protein
level than that of traditional forage
crops such as corn (Zea mays) and
sunflower  (Helianthus  annuus).
Chicory forage was notable for its
significantly  higher crude fat
content, while safflower fodder had a
lower crude fat concentration
compared to corn and sunflower. The
crude fiber content in safflower
fodder was within the optimal range,
while in chicory forage, it did not
differ significantly from that in
sunflower forage. Safflower fodder
had higher levels of nitrogen-free
extract and starch than sunflower,
but these values were lower than
those found in corn forage. Chicory
forage contained less soluble sugar
but more starch compared to both
sunflower and safflower. The ash
content in chicory fodder was similar
to that of sunflower but higher than
in safflower and corn. For both
Carthamus tinctorius and Cichorium
intybus, the calcium and phosphorus
content exceeded that found in corn
forage. However, as compared to
sunflower, both fodders had lower
calcium  content  but  higher
phosphorus levels. The gross energy
concentrations in safflower and
sunflower fresh fodder were similar,
but both were lower than those in
chicory and corn forage. Safflower
forage had higher metabolizable
energy (ME) and net energy for
lactation (NEI) than chicory and
sunflower, though still lower than in
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corn.  Various studies in the
specialized literature report differing
results regarding the nutrient content
of harvested green biomass from
Carthamus tinctorius (safflower) and
Cichorium intybus (chicory) plants.
According to LESHEM et al. (2000),
safflower herbage contained 10.0-
14.6% crude protein (CP) and 489—
656 g/kg dry matter digestibility
(DMD). STANFORD et al. (2001)
reported that Carthamus tinctorius
harvested at full bloom had a forage
composition of 9.7% CP, 1.6% ether
extract (EE), 32.1% neutral detergent
fiber (NDF), 23.1% acid detergent

Titei V.

fiber (ADF), and 636 g/kg effective
rumen degradability of dry matter.
BROWN & MOOT (2004) observed
that the palatable fraction of
Cichorium intybus forage contained
18% CP and 133 MJ/kg
metabolizable energy (ME), while
the unpalatable fraction had 8% CP
and 9.4 MJ/kg ME. WEINBERG et
al. (2007) reported safflower herbage
nutrient values of 12.2-22.1 g/kg
nitrogen, 287-364 g/kg ADF, 410-
478 g/kg NDF, 66-104 g/kg water-
soluble carbohydrates (WSC), and
521-693 g/kg DMD.

Table 1.

The nutrient composition and energy value of fresh forage biomass from Cichorium
intybus and Carthamus tinctorius as compared with traditional crops

Indices Cichorium | Carthamus | Helianthus | Zea mays
intybus tinctorius annuus
Crude protein, % dry matter 11.50 9.22 8.15 6.93
Crude fats, % dry matter 3.82 2.34 3.00 2.61
Crude cellulose, % dry matter 32.91 27.80 33.11 17.24
Nitrogen free extract, % dry matter 40.93 51.96 44.96 69.73
Soluble sugars, % dry matter 5.02 15.80 12.30 6.81
Starch, % dry matter 9.04 6.61 3.99 23.05
Ash, % dry matter 10.84 8.68 10.78 3.48
Calcium, g/kg dry matter 11.80 9.40 12.40 2.30
Phosphorus, g/kg dry matter 3.00 3.00 2.90 2.40
Gross energy, MJ/kg dry matter 18.04 17.82 17.67 18.37
Metabolizable energy, MJ/kg dry matter 9.10 9.83 8.89 11.29
Net energy for lactation, MJ/kg dry matter 5.04 5.63 4.98 6.93
Table 2.

The fermentation profile, chemical composition and energy value of silage from
Cichorium intybus and Carthamus tinctorius as compared with traditional crops

Indices Cichorium|Carthamus|Helianthus| Zea mays
intybus | tinctorius | annuus

pH index 4.19 4.14 4.39 3.73
Organic acids, g/kg dry matter 35.7 25.0 48.9 45.0
Free acetic acid, g/kg dry matter 1.0 0.6 4.2 3.6
Free butyric acid, g/kg dry matter 0 0 0.1 0

Free lactic acid, g/kg dry matter 2.3 6.0 10.8 16.7
Fixed acetic acid, g/kg dry matter 4.1 2.1 6.5 3.8
Fixed butyric acid, g/kg dry matter 0.1 0.1 0.8 0.2
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Fixed lactic acid, g/kg dry matter 28.2 16.2 26.5 20.7
Total acetic acid, g/lkg dry matter 5.1 2.7 10.7 7.4
Total butyric acid, g/kg dry matter 0.1 0.1 0.9 0.2
Total lactic acid, g/kg dry matter 30.5 22.2 37.3 37.4
Acetic acid, % of organic acids 14.29 10.80 21.88 16.44
Butyric acid, % of organic acids 0.30 0.45 1.84 0.44
Lactic acid, % of organic acids 85.41 88.75 76.28 83.12
Crude protein, % dry matter 10.92 8.42 7.67 6.83
Crude fats, % dry matter 4.17 3.06 2.54 3.50
Crude cellulose, % dry matter 33.20 33.51 36.42 16.47
Nitrogen free extract, % dry matter 41.95 46.22 42.64 69.69
Soluble sugars, % dry matter 2.09 4.09 0.43 0.79
Starch, % dry matter 10.00 7.19 0.66 24.82
Ash, % dry matter 9.76 8.80 10.73 3.52
Calcium, g/kg dry matter 15.10 9.70 10.60 2.30
Phosphorus, g/kg dry matter 2.50 2.80 2.10 2.50
Gross energy, MJ/kg dry matter 18.37 18.05 17.63 18.53
Metabolizable energy, MJ/kg dry matter | 9.18 9.21 8.37 11.59
Net energy for lactation, MJ/kg dry 5.09 5.14 4.82 7.14
matter

ARSLAN et al. (2008) found that
pure safflower herbage contained
7.3% CP, 27.6% crude fiber (CF),
35.8% ADF, 44.6% NDF, 17.2 g/kg
calcium (Ca), and 3.4 g/kg
phosphorus  (P). In  contrast,
mixtures of field pea and safflower
showed improved nutrient profiles:
12.2-16.4% CP, 22.9-25.7% CF,
30.8-33.4% ADF, 39.1-42.4% NDF,
12.6-15.4 g/kg Ca, and 3.2-3.3 g/kg
P. BAR-TAL et al. (2008) indicated
that the forage value of Carthamus
tinctorius varied depending on
nitrogen fertilization and irrigation
levels, with results ranging between
the following indices 13.1-20.5 g/kg
nitrogen, 4.8-8.8% ash, 30.9-43.9%
ADF,44.8-56.8% NDF, 4.70-8.98%
WSC, and 521-693 g/kg in vitro dry
matter digestibility (IVDMD).

CHAPMAN et al. (2008) reported
that during its establishment year,
chicory produced 1,350-1,924 kg/ha

of dry matter with a CP content of
14.4-16.6% and 59.2% NDS.
MASSOUD et al. (2009) found that
chicory leaves contained 14.70%
CP, 10.91% ash, 16.78% CF,
70.71% total carbohydrates, 7.80%
total soluble sugars, and 0.29% Ca.
PEIRETTI (2009) analyzed
safflower forage harvested at five
morphological  stages,  finding
nutrient and energy concentrations
ranging from 83-157 g/kg DM,
12.4-27.2% CP, 2.2-2.9% CF,
17.2-415% ADF, 31.3-49.1%
NDF, 10.7-17.1% ash, and 16.2—
17.8 MJ/kg gross energy. HAYES et
al. (2010) noted that whole chicory
plants harvested in early summer
contained 13.1% CP, 43.2% NDF,
24.8% ADF, 12.6% ash, 64.24%
DMD, and 9.07 MJ/kg ME. SUN et
al. (2011) reported that chicory
forage had 89 g/kg DM, 11.7% CP,
28.1% NDF, 21.3% ADF, 8.0%
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ADL, and 14.4% ash. Finally,
KHAN et al. (2013) found that
Cichorium intybus contained
13.51% CP, 49.50% NDF, 38.73%
ADF, 2.86% ash, and 0.62% Ca. For
comparison, Medicago polymorpha
showed higher values: 21.54% CP,
53.64% NDF, 42.83% ADF,
11.28% ash, and 1.02% Ca.
DANIELI et al. (2011) reported that
the nutritional characteristics of
spineless safflower grown under
Mediterranean climatic conditions
were as follows: 11-17% CP, 39.8-
43.9% CF, 33.1-35.4% aADF, 42.9-
45.9% aNDF, 7.4-11.7% ADL, and
12.4-13.2% ash. ASGHARZADEH
et al. (2013) found that Carthamus
tinctorius herbage, depending on the
amount and type of applied
fertilizers, contained 343-380 g/kg
dry matter, 9.5-13.8% CP, 37.2-
42.1% NDF, 32.7-35.7% ADF, 5.2-
54% WSC, 6.0-11.7% ash, 10-
12 g/kg Ca, 2.9-3.9 g/kg P, 57.1-
68.2% OMD, and 8.5-10.0 MJ/kg
ME. DANIELI et al. (2014)
confirmed similar findings for
spineless safflower under
Mediterranean conditions, reporting
values of: 11-17% CP, 39.8-43.9%
CF, 33.1-35.4% aADF, 42.9-45.9%
aNDF, 7.4-11.7% ADL, and 12.4-
13.2% ash. PILUZZA et al. (2014)
reported that the  chemical
composition of chicory leaves
included 162-200 g/kg CP, 290.6-
336.8 g/lkg ADF, 366-406.5 g/kg
NDF, 570.4-638.2 g/kg total
digestible nutrients, 621.6-662.6
g/kg digestible dry matter, a relative
feed value of 143.7-170.6, and
1.401-1.539 Mcallkg NEILRETA
SANCHEZ et al. (2014) found that
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Carthamus  tinctorius  herbage,
depending on row  spacing,
contained 17.1-19.5% CP, 43.7-
48.1% NDF, 33.3-35.7% ADF, and
1.37-1.43 Mcal/kg NEI. HEUZE &
TRAN (2015) reported that the
biochemical ~ composition  and
nutritive value of safflower dry
matter was: 15.0% CP, 11.3% ash,
14.0 g/kg Ca, 3.4 g/kg P, 65.1%
digestible organic matter, 17.5
MJ/kg GE, and 9.3 MJ/kg ME. Muir
et al. (2015) found that forage from
a second-year  chicory crop
contained 271 g/kg dry matter and
the following composition: 13.57%
ash, 6.1% CP, 48.8% NDF, 32.4%
ADF, with an estimated digestible
energy of 7.6 MJ/kg. KIRILOV et
al. (2016) reported that Cichorium
intybus contained 7.56% ash, 7.16%
CP, 35.26% CF, and 46.68% NFE,
whereas Medicago sativa had 8.14%
ash, 16.92% CP, 1.41% EE, 27.53%
CF, and 46.00% NFE. CAGRI &
KARA (2018) reported that the
forage value of safflower green
mass was: 8.10% CP, 6.51% DP,
39.05% aNDF, 31.99% aADF,
4.75% ADL, and 2040.83 kcal/kg
ME. DRAGOMIR et al. (2018)
found that the crude protein content
in chicory forage was 22.62% in the
non-fertilized variant and 25.06% in
the  nitrogen-fertilized  variant.
NIDERKORN et al. (2019) reported
that chicory forage contained 103
g/kg dry matter, 14.2% CP, 35.3%
NDF, 20.8% ADF, and 6.3% ADL.
SUN et al. (2020) noted that chicory
forage had 11.4% CP, 23.9% NDF,
18.8% ADF, 5.1% hemicellulose
(HC), 10.6% cellulose (Cel), and
19.6% ash. AMALYADI et al.
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(2022) stated that chicory forage
harvested at 45 days had the
following nutritional values
depending on treatment: 17.23-
19.41% CP, 12.12-13.43% CF,
76.11-77.53% DDM, and 70.36-
73.69% OMD. CALISKAN &
YUKSEL (2022) found that the
nutrient composition of safflower
forage dry matter was: 8.36—12.29%
CP, 31.30-47.92% NDF, and
27.61-38.59% ADF. OCHOA-
ESPINOZA et al. (2022a) found
that the forage value of spiny
safflower cultivars was as follows:
22.6-23.3% CP, 46.7-47.7% NDF,
38.1-38.9% ADF, 64-65% IVDMD,
and 5.36-5.48 MJ/kg NEIL In
contrast, the spineless safflower
cultivar “Selkino’ contained 24.7%
CP, 47.5% NDF, 39% ADF, 67.4%
IVDMD, and 5.73 MJ/kg NEI
LOPEZ-JARA et al. (2022) reported
that the forage value of Carthamus
tinctorius was 16.2-17.9% CP, 40.2-
46.3% NDF, 31.8-38.0% ADF, and
5.4-6.1 MJ/kg NEI, while Brassica
napus forage had, respectively,
17.1-19.9% CP, 36.8-45.7% NDF,
30.4-35.9% ADF, and 5.7-6.3
MJ/kg NEI. OCHOA-ESPINOZA et
al. (2022b) revealed that the forage
from Carthamus tinctorius cultivars
was characterized by 17.79-24.35%
CP, 49.46-50.91% NDF, 39.82-
43.34%  ADF, 53.58-58.58%
IVDMD, and 4.37-4.87 MJ/kg NEI.
STOYCHEVA & GEORGIEVA
(2022) reported that chicory green
mass contained 212.4 g/kg dry
matter, with 8.16% ash, 9.48% CP,
27.84% CF, and 51.27% NFE.
VERMA et al. (2022) found that the
chemical composition of first-cut
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chicory plants included 12.2-18.1%
CP, 34.6-46.4% NDF, and 21.2-
28.1% ADF. At the second cut,
chicory fodder had 13.7-22.0% CP,
30.1-44.9% NDF, and 23.2-30.1%
ADF. BASBAG & SAYAR (2023)
reported that the fodder harvested at
the blooming stage from Cichorium
intybus contained 20.55% CP,
30.19% NDF, 21.78% ADF, 1.46%
Ca, 0.30% P, 71.74% DMD, 11.43
MJ/kg ME, and a relative feed value
of 221.7. In comparison, the fodder
from  Sylibum marianum  had
18.59% CP, 30.38% NDF, 24.61%
ADF, 1.54% Ca, 0.34% P, 69.73%
DMD, 11.01 MJ/kg ME, and RFV =
219.3. MIKULOVA et al. (2023)
reported that  the nutrient
composition of dry matter from
chicory plants included 19.8% CP,
38.4% NDF, 28.2% ADF, and 7.4%
ash. SEENO (2023) found that the
nutritive value of harvested chicory
monoculture in spring was: 12.9-
16.3% CP, 32.3% aNDF, 23.7-
24.1% ADF, and 11.8-12.1% ash,
but in summer, the values were
10.4-11.3% CP, 35.4-37.0% aNDF,
26.7-27.9% ADF, and 12.4% ash,
respectively. JABARI et al. (2023)
observed that the crude protein
content in  safflower plants
harvested at the branching stage was
14.57%, while the maximum CP
content, 19.22%, was observed at
the flowering stage. KARGAR et al.
(2024) reported that safflower
forage harvested during the stem
elongation stage contained 11.6-
13.9% CP, 8.5-15.7% WSC, 28.6-
32.0% CF, 9.5-10.2% ash, 61.8-
66.9% DDM, 52.5-59.8% TDN, and
an RFV of 85.5-107.6, in contrast,
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the forage harvested at the
branching stage had 18.5-19.8% CP,
8.4-13.2% WSC, 31.5-35.5% CF,
10.1-10.6% ash, 65.9-71.5% DDM,
56.0-64.2% TDN, and an RFV of
86.1-129.0. Silage making is a
widely used and effective method of
forage preservation and serves as a
critical strategy for ensuring a
consistent,  high-quality  fodder
supply throughout the year. During
sensory evaluation, the ensiled mass
of Carthamus tinctorius and
Cichorium intybus was found to
contain dark green leaves and
yellow stems. The silage emitted a
specific but mild and pleasant smell.
Its texture remained consistent as
compared to the original green
mass, showing no signs of mold or
mucus formation. The results of the
silage quality indices for safflower
and chicory are presented in Table
2. Safflower silage had a dry matter
content of 282.5 g/kg, while chicory
silage contained 264.4 g/kg. The pH
value, a key indicator of
fermentation quality, ranged from
4.14 to 4.19 for both silages. These
values were higher than those
typically observed in corn silage but
within the optimal range when
compared with sunflower silage.
Total organic acid concentrations
ranged from 25.0 g/kg in safflower
silage to 35.7 g/kg in chicory silage
— both lower than those found in
corn and sunflower silages. Most
organic acids were present in bound
form. Acetic acid concentrations in
both safflower and chicory silages
were lower than in corn and
sunflower silages. Butyric acid was
detected only in trace amounts (0.1
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g/kg), significantly lower than in
sunflower silage. Lactic acid
constituted 85.4-88.7% of the total
organic acids in both silages,
indicating a favorable fermentation
process and good silage quality.
During ensiling, the biochemical
composition underwent noticeable
changes. The levels of crude
protein,  soluble sugars, and
phosphorus decreased, while crude
fat and calcium concentrations
increased. In safflower silage, crude
fiber content rose significantly,
while nitrogen-free extract declined.
The metabolizable energy (ME) and
net energy for lactation (NEI) in
safflower silage were lower than in
the original fresh mass. In contrast,
chicory silage showed no significant
difference in energy values as
compared to its initial green mass. It
is worth noting that chicory and
safflower silages were characterized
by higher contents of crude protein,
crude fat, soluble sugars, starch,
phosphorus, metabolizable energy
and net energy for lactation
compared to sunflower silage. When
compared with corn silage, both
chicory and safflower silages had
higher concentrations of crude
protein, crude fiber, soluble sugars,
ash, calcium, and phosphorus.
However, corn silage had the
highest overall energy values among
the four silage types. Several
literature sources describe the
quality indices of silage prepared
from Carthamus tinctorius and
Cichorium intybus plants. For
example, WEINBERG et al. (2002)
found that the silage made from
wilted Carthamus tinctorius plants
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contained 290-411 g/kg dry matter,
with a pH of 4.46, 19-20 g/kg lactic
acid, 4-6 g/kg acetic acid, 85-89
g/kg crude protein, 86-92 g/kg ash,
and 15-28 g/kg water-soluble
carbohydrates. Inoculated safflower
silages had improved fermentation
characteristics: pH 3.9-4.1, 42-47
g/kg lactic acid, 6-8 g/kg acetic
acid, and 12-20 g/kg WSC.
CORLETO et al. (2005) reported
that safflower silage produced from
plants harvested at 25% flowering
stage had a pH of 4.46, 18.7 g/kg
lactic acid, 4.7 g/kg acetic acid, and
376 g/kg dry matter. The nutritional
profile included 8.0% CP, 49.3%
NDF, 37.3% ADF, 5.9% ADL,
527% WSC, and 6.9% ash. In
contrast, the silage made from
plants inoculated with Lactobacillus
plantarum showed improved values:
pH 4.15, 29.2 g/kg lactic acid, 5.7
g/kg acetic acid, 399 g/kg dry
matter, 8.6% CP, 51.2% NDF,
37.6% ADF, 6.1% ADL, 4.97%
WSC, and 9.8% ash. WEINBERG
et al. (2007) noted that Carthamus
tinctorius silage produced under
different irrigation and nitrogen
fertilization regimes had a pH range
of 4.0-4.8, and contained 34-127
g/kg lactic acid, and 4-15 g/kg
acetic acid. ASGHARZADEH et al.
(2013) found that safflower silages
had pH values of 4.7-4.9, and
contained 90-130 g/kg lactic acid,
290-433 g/kg dry matter, 12.3-
14.8% CP, 45.3-49.0% NDF, 37.2-
42.1% ADF, 1.9-2.8% WSC, 9.0-
12.3% ash, 10-13 g/kg Ca, 3.0-
4.2 g/lkg P, 56.2-65.4% OMD, and
8.2-9.6 MJkg ME. HEUZE &
TRAN  (2015) reported that
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safflower silage contained 12.6%
CP, 31.4% CF, 8.9% ash, 70.2%
DOM, 17.5 MJ/kg gross energy, and
10.6 MJ/kg ME. PENA-ESPINOZA
et al. (2016) indicated that chicory
silage had 357 g/kg dry matter,
20.7% ash, 9.3% CP, 32.6% NDF,
62% OMD, and 6.5 MJkg ME.
SANCHEZ-DUARTE et al. (2018)
reported that Carthamus tinctorius
silage contained 372.6 g/kg dry
matter, 17.7% CP, 45.16% NDF,
491.5 g/kg TDN, and 1.11 Mcal/kg
NEI. STOYCHEVA et al. (2019)
observed that Cichorium intybus
silage had 195 g/kg dry matter and a
pH of 4.69, while chicory haylage
contained 521 g/kg dry matter and a
pH of 4.25. CAN et al. (2020) found
that chicory silage was
characterized by a pH of 4.19,
17.8 g/kg lactic acid, 1.43 g/kg
acetic acid, and 0.16 g/kg butyric
acid. The silage had 267.5 g/kg dry
matter, 11.21% ash, 1.13% Ca,
0.37% P, 15.35% CP, 33.11% NDF,
and 26.30% ADF. STOYCHEVA
&GEORGIEVA (2022) reported
that chicory silage contained 212.4
g/kg dry matter, with a pH of 4.04,
8.73% ash, 9.15% CP, 31.53% CF,
and 46.72% NFE. FORD et al.
(2024) stated that chicory silage had
8.7% CP, 51.7% NDF, 46.0% ADF,
1.06 Mcal/kg NEI, and a relative
feed value of 96. LOPEZ-JARA et
al. (2025) found that the silage
prepared from Carthamus tinctorius
had a pH of 4.97, 448.1 g/kg dry
matter, 17.88% CP, 37.10% NDF,
28.45% ADF, 10.11% ADL,
19.12% ash, 657.0 g/kg TDN, and
1.57 Mcal/kg NEL In comparison,
Avena sativa silage had a pH of
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4.75, 388.0 g/kg dry matter, 13.76% 4.26% ADL, 12.84% ash, 604.2
CP, 52.02% NDF, 32.20% ADF, g/kg TDN, and 1.38 Mcal/kg NE.
CONCLUSIONS essential nutrients, making them
The green mass forage and the suitable  alternatives for the
silage prepared from Cichorium traditional livestock fodders.

intybus and Carthamus tinctorius
are rich in crude protein and other
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