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Abstract

The ensiling characteristics of safflower (Carthamus

tinctorius) wilted to 290 and 411 g dry matter (DM)

kg)1 fresh material were studied in 1Æ5 l glass jars. The

experiment included a control and the application of

Lactobacillus plantarum at 3Æ3 · 105 colony-forming

units (cfu) per g of crop. After 60 days of ensiling, the

pH of safflower silages was 4Æ6 and 4Æ0 in the control

and inoculated silages respectively, with corresponding

values for lactic acid, the major fermentation product,

of 20 and 45 g kg)1 DM. The silages from the anaerobic

jars were stable upon aerobic exposure. It is concluded

the safflower silage has potential as an alternative

fodder in semiarid regions.
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Introduction

Safflower (Carthamus tinctorius) is usually grown as a

source of oil and pigments. It is drought- and salinity-

resistant (Zaman and Maiti, 1990; Welti et al., 1998)

and can be grown as a forage in semi-arid regions.

Recently, spineless cultivars of safflower have been

introduced which could be used as fodder (Leshem

et al., 2001). Leshem et al. (2001) reported dry-matter

(DM) yields of up to 22 t ha)1, and a high DM

digestibility for safflower hay fed to heifers. Vonghia

et al. (1992) also reported high daily DM intakes

(2009–2229 g) and high digestibility values of saf-

flower offered to rams: DM and organic-matter digest-

ibility were 0Æ847 and 0Æ913 respectively. Gross energy

content was around 18 MJ kg)1 DM.

Forage crops are usually harvested to obtain an

optimal compromise between yield and nutritional

value. They can be preserved either by hay-making

(field-drying) or by ensiling. Hay-making is restricted

to plant species which can dry quickly and uniformly,

even if the process may be interrupted by rain.

Ensiling is based on lactic acid fermentation of moist

crops under anaerobic conditions. It is possible to

ensile almost any plant material and the process is less

weather dependent than hay-making. As safflower

was only recently introduced as a fodder crop, there

are no available data on its ensiling characteristics. The

purpose of the present work was to study the ensiling

characteristics and subsequent aerobic stability of

safflower.

Materials and methods

Safflower cv. PI-251285 was grown at the Volcani

Center (latitude 32�N, longtitude 35�E). The safflower

was sown on 15 January 1999, and it was mown at

the full bloom stage of maturity on 1 May 1999, at

219 g DM kg)1 fresh material. The crop was wilted in

the field for 1 or 3 d. The wilted crops were chopped

to »2 cm (with a Wintersteiger� chopper, Ried, Aus-

tria) and ensiled in 1Æ5 l anaerobic glass jars (Weck�,

Wehr-Oflingen, Germany). The jars were equipped

with a lid which allowed only the exit of gas. Each jar

was filled with about 600–700 g (wet weight) of

chopped safflower without a headspace. The two

treatments were a control (no additive) and the

addition of Lactobacillus plantarum (LP), ATCC 8014

(American Type Culture Collection, Manassas, VA).

The microorganism was stored as a freeze-dried

culture. Before use it was suspended in sterilized

MRS broth (Difco, Detroit, MI, USA) at 30 �C. The

number of lactobacilli in the suspension was 108 ml)1.

The treatment was applied by spraying 25 ml of the

suspension over 7Æ5 kg of chopped safflower, spread

over a 1 · 2 m area and mixing thoroughly. Thus,

3Æ3 · 105 colony-forming units (cfu) per gram of

forage were applied. There were nine jars per treat-

ment and they were stored at ambient temperature

(25–27 �C). Three jars per treatment were sampled on

each of days 3 and 16 (14 for the 3 d wilted crop) and

on day 60 after ensiling for pH measurement. The final

silages (day 60) were subjected to full chemical

analysis. In addition, the final silages were subjected

to an aerobic stability test lasting 5 d, using the ‘bottle’

system described by Ashbell et al. (1991). In this

system, CO2 production, change in pH, numbers of

yeast and moulds, and visual appearance serve as

spoilage indicators.
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Analytical procedures

Dry-matter content was determined by oven-drying

for 48 h at 60 �C. Ash concentration was obtained

after 3 h at 550 �C. Crude protein (CP) concentration

was determined by the Kjeldahl method. Water-

soluble carbohydrates (WSC) concentration was deter-

mined by the phenol sulphuric acid method of Dubois

et al. (1956). Lactic acid was determined by the

spectrophotometric method of Barker and Summerson

(1941). Ethanol and volatile fatty acids were deter-

mined in aqueous extracts using a gas chromatograph

with a semi-capillary FFAP (Nitroterephthalic acid

modified polyethylene glycol) column (Hewlett Pack-

ard, Waldbronn, Germany), over a temperature range

of 45–230�C. Fermentation losses were evaluated

according to weight loss and expressed as gas loss

(g kg)1).

Microbiological evaluation included enumeration of

lactobacilli on pour-plate Rogosa agar (Oxoid CM627,

Oxoid, Basingstoke, UK), and of yeasts and moulds on

spread-plate malt extract agar (Difco) acidified with

lactic acid to pH 4Æ0. The plates were incubated for 3 d

at 30 �C. The microbiological analysis was performed on

single representative samples.

Statistical analysis included a two-way analysis of

variance (wilt · additive) which was applied to the

chemical results of the final silages (day 60) using

Statistical Analysis System (SAS, 1982).

Results

The mean (± s.d.) DM content, and ash and crude

protein concentrations of the safflower following wilt-

ing for 1 d were 290 ± 6Æ0 g DM kg)1 fresh material,

86 ± 1Æ0 g kg)1 DM and 85 ± 1Æ0 g kg)1 DM respect-

ively. The corresponding values for the 3-d-wilted

crop were 411 ± 12Æ0 g DM kg)1 fresh material, 92 ±

1Æ0 g kg)1 DM and 89 ± 1Æ0 g kg)1 DM. The changes in

pH during ensiling are given in Figure 1. The pH of the

silages wilted for 3 d decreased more slowly than for

the silages wilted for 1 d. The final pH of both control

silages was 4Æ6. The lactic acid bacteria (LAB) inoculant

resulted in a steeper pH decrease, to 3Æ9 and 4Æ1, for the

1- and 3-d-wilted silages respectively.

The chemical and microbiological properties of the

safflower and its silages on day 60 are summarized in

Table 1. There was no major difference in the fermen-

tation profile between the two wilting treatments; in

both cases the inoculant resulted in a lower pH and

higher lactic acid concentration (45 vs. 20 g kg)1 DM

respectively). No propionic or butyric acids were found

in any of the silage samples.

The results of the aerobic stability test of the labor-

atory silages are given in Table 2. All silages were stable

upon aerobic exposure with no CO2 production or

change in pH during 5 d exposure to air. In the aerobic

stability test, yeast counts in the drier silage (3 d of

wilting) were lower than in the 1-d-wilted silages. The

Figure 1 pH changes during ensiling of safflower. (d) C1, control at 290 g DM kg)1 fresh material; (s) LP1, Lactobacillus

plantarum at 290 g DM kg)1 fresh material; (m) C2, control at 411 g DM kg)1 fresh material; (j) LP2, Lactobacillus plantarum

at 411 g DM kg)1 fresh material.
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application of L. plantarum resulted in an increase in the

yeast population, as was found previously with whole-

crop cereal silages (Weinberg et al., 1993).

Discussion

The severe water shortage and frequent occurrence of

droughts in Israel necessitate research to find forage

crops which are drought-resistant. Studies on the use of

safflower as a forage crop were initiated in this context.

Experiments revealed satisfactory yields and quality of

safflower grown under conditions of limited water

supply (Leshem et al., 2001). Development of an

adequate preservation technology is an important

aspect of the introduction of a new forage crop.

Yields and quality of forage safflower depend on stage

of maturation at harvest. Leshem et al. (2000) studied

the effects of three sowing dates (November, December

and the beginning of February) on DM yield and quality

of safflower for forage which were harvested simulta-

neously at the end of April. DM yields were 22, 15 and

8 t ha)1, DM digestibilities were 0Æ489, 0Æ521 and 0Æ655

and CP concentrations were 100, 114 and 146 g kg)1

DM respectively. Thus, younger plants resulted in a

lower DM yield but a higher nutritional value. DM

digestibility and CP concentation of the leaves were

high (>0Æ700 and 230 g kg)1 DM respectively) and were

unaffected by the sowing date.

In the present study, safflower was preserved satis-

factorily by ensiling, and the fermentation was

enhanced by the addition of a suitable LAB inoculant.

The DM content of the silages studied in the present

work was sufficiently high to avoid secondary fermen-

tation by clostridia, as indicated by the lack of butyric

acid. The samples from the sealed laboratory silos were

stable upon aerobic exposure. However, in a separate

Table 1 Chemical and microbiological (log10 number of colony-forming units (CFU) g)1 DM) analysis of the 1- and 3-day

wilted safflower. Chemical results, except for pH, are in g kg)1 DM and gas loss in g kg)1.

Wilting

duration (W)

Pre ensiling treatment Silage

1 d 3 d 1 d 3 d Significance

Additive (A) None LP None LP W A WxA s.e.

pH 5Æ9 6Æ0 4Æ6 3Æ9 4Æ6 4Æ1 NS ** NS 0Æ13

WSC 71 57 15 12 28 20 * NS NS 4Æ42

Lactic acid 20 47 19 42 NS ** NS 4Æ31

Acetic acid 6 8 4 6 NS NS NS 1Æ20

Ethanol 8 6 6 5 NS * NS 0Æ05

Gas loss 10 4 6 4 NS NS NS 5Æ32

LAB <2Æ0 6Æ8 8Æ5 7Æ0 5Æ0

Yeasts <2Æ0 <2Æ0 6Æ6 <2Æ0 <2Æ0 <2Æ0

Moulds 2Æ2 <2Æ0 5Æ0 <2Æ0 <2Æ0 <2Æ0

LP, Lactobacillus plantarum; LAB, lactic acid bacteria; WSC, water-soluble carbohydrates.

NS, not significant (P > 0Æ05); *P < 0Æ05; **P < 0Æ01; s.e., standard error for the interactions (WxA).

Table 2 Results of the aerobic stability test of the safflower silage after 60 days of ensiling and following 5 days of exposure

to air. Yeast and moulds are in log10 number of colony-forming units (CFU) g)1 DM.

Wilting

duration (W)

Silage

1 d 3 d Significance

Additive (A) None LP None LP W A WxA s.e.

pH 4Æ7 3Æ9 4Æ6 4Æ0 NS ** NS 0Æ46

Yeasts 7Æ0 8Æ2 5Æ1 5Æ8

Moulds 7Æ3 6Æ7 5Æ6 5Æ3

LP, Lactobacillus plantarum.

NS, not significant (P > 0Æ05); ** P < 0Æ01; s.e., standard error for the interactions (WxA).
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experiment in which safflower (at 363 g DM kg)1 fresh

material) was ensiled in a concrete silo, the resultant

silage was unstable once exposed to air.

The results indicate that safflower for forage can be

preserved satisfactorily by ensiling. Further experiments

are in progress to evaluate the commercial ensiling of

safflower and its feeding value.
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