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EVALUATION OF RAW MATERIAL FOR MUSTARD
PRODUCTION IN MIDDLE-EAST POLAND CONDITIONS

Summary. Physical and chemical analyses were carried ontustard samples collected from
the field experiment in 1995-1997 in the middleteas Poland on weak loamy sand soil. The
experimental factors were two mustard cultivarsakilska’ and ‘Matopolska’. The following
features were determined: moisture — by methodrgihd, oil content — by means of Soxlet,
content of insoluble in 10% HCI ash — by means ofjfie acidic number of fat — by means of
titration, Lea number — by means of titration il geed after oil was partly removed. These fea-
tures of mustard flour quality (except acidic numbappeared to be right with PN-A-
-86964:2002. Most of features depended on cultivatakielska’ cultivar (white mustard) ap-
peared to be more stable, in respect of water ngneeidic number and Lea number, than
‘Matopolska’ (Indian mustard). Higher rainfalls dug study years led to high content of free
fatty acids and peroxides. Thus mustard seeds dhmutlried, or quickly directed for production
after harvesting to avoid decreasing of fat quality
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Introduction

A mustard is a condiment made from mustard seedterwsalt, sugar, vinegar and
without or with other taste-flavour additives petted by local law (PN-A-86964:
2002). The quality of a final product depends maimh the raw material quality, i.e.
mustard seeds as well as conditions the techna@bpriocess is performed in. The raw
material should be of a proper colour of matureedse gloss, natural flavour, proper
humidity and purity (PN-A-86962:1997). Glucosinadanontent in mustard seeds is
a very important determinant of their quality, hesmathey make the final product spicy.
Mustard consistency is determined by contents I&tigg substances in seeds. Seeds of
white, black and Indian mustard contain large an®uwi oil that remains after mill
cake extrusion, but it cannot be used in foodsndfistry due to high level of erucic
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acid. Research upon achievement of new mustardtyme® with decreased glucosi-
nolans and erucic acid contents is being perfortedould allow applying the plant as
spring oil and fodder crop used in animal farmiBgcause of the wide range of avail-
able mustard seeds on markets, there is a neednwot the raw material, semi-
products and final product. Thus, examinations haf fuality of de-oiled powdered
mustard seeds (‘Nakielska’ cv. — white, and ‘Malsga’ cv. — Indian mustard) were
undertaken in order to find out if they can ensafeigh quality of mustard produced in
accordance to norms and European standards.

Material and methods

Study was based on a field experiment conductedidialle-eastern Poland in 1995-
-1997 on slightly acidic soil with weak loamy sac@imposition. The soil was character-
ised by a very high content of available potassibigh — phosphorus, zinc, medium —
manganese, and low — magnesium and copper. Twardustltivars were experimen-
tal factors: ‘Nakielska’ cv. — white and ‘Matopobskcv. — Indian mustard. The experi-
ment was performed by means of randomised blockisrae replications. Mineral fer-
tilization at a constant level was applied: 80 kg38 kg P, 52 kg K per 1 ha. Seeds of
elite class were the seeding material. Mustard auétsvated in accordance to the latest
agrotechnical recommendations. Seeds were harvaftegdmaturation. Determinations
of raw material for mustard production were made/inegar and Mustard Works in
Parczew. Before production, 1-5 g samples of dedofeeds were taken for physical
and chemical determination. All analyses were edridut in three replications. The
following parameters were determined in de-oilecstawd seeds: humidity — by means of
drying method, fat content — Soxhlet's method,iasbluble in 10% HCt weight method,
fat acidic number- titrimetric method, Lea number of extracted fatitrimetric method
using sodium thiosulfate. Statistical data working was performed applying variance
analysis. Significance of variability sources wémeaked using Fisher-Snedecor’s test.
Difference significance was estimated with Tuketgst. Moreover, variability coeffi-
cients for every trait were calculated accordingfdomula: V = g/X - 100%, where:

s — standard deviatiorg — arithmetic mean. The weather conditions duringekgeeri-
ment varied, which is illustrated on Figure 1.

Results

Humidity of mustard seed samples was differentveious species (Table 1). Pow-
dered and de-oiled white mustard seeds (‘Nakielskd’ was characterized by signifi-
cantly higher humidity than those of Indian must@kiatopolska’ cv.). Study years did
not differentiate the water contents in mustarddsgdable 2). However, humidity of
both cultivars seed samples depended on theirioeatbwards weather conditions
during experiment (Fig. 2). White mustard cultiy@akielska’) was the least wet in
dry 1995, and the most humid in moderate 1996. Etdr year, seeds of Indian mus-
tard (‘Matopolska’) contained the lowest water @it and the highest in 1995. In-
stead, both cultivars did not differ from each ofteferring to water content in 1995.
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Fig. 1. Rainfalls and air temperature during mustaagetation period in the years 1995-
-1997 according to Institute for Meteorology andt@vavlanagement at Wiodawa

Rys. 1. Opady i temperatura powietrza w okresieetagji gorczycy w latach 1995-1997
wedtug stacji meteorologicznej Instytut Meteorologsospodarki Wodnej we Wtodawie

Table 1. Influence of cultivar on mustard flour tityalmean for years 1995-1997)
Tabela 1. Wptyw odmiany na jakbmaczki gorczycy §rednia z lat 1995-1997)

(9/kg) (9/kg) (9/kg)
‘Nakielska’ (white mustard) 96.8 0.17 145.8 5.08 1.28
‘Matopolska’ (Indian mustard 78.8 0.19 176.6 6.17 1.66
LSDy.05 4.4 n 8.1 0.28 0.07

n — not significant at < 0.05.

Ash content in mustard seeds did not significaddpend on cultivar traits, although
more susceptibility to accumulate ashable companeas observed for Indian (‘Mato-
polska’ cv.) than white mustard (‘Nakielska’ cvlaple 1). Study years significantly
differentiated the mineral components contentseieds. The highest ash amounts were
recorded in extremely dry 1995, the lowest in matierl996 (Table 2). Both tested
mustard cultivars reacted to weather conditionsinduexperiment in similar way.
‘Nakielska’ cv. accumulated the highest levels st @n 1995, the lowest in 1996. ‘Ma-
topolska’ cv. behaved the same manner. The ladjffetence relating to insoluble ash
content between tested cultivars was observed &b,1the smallest in extremely wet
1997 (Fig. 3).
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Table 2. Influence of year of cultivation on musdtéiour quality (mean for two cultivars)

Tabela 2. Wptyw roku uprawy na jad¢omaczki gorczycy §rednia z dwu odmian)

Content Content Content Acidic Lea
Year of water of ash of fat
number number
(9/kg) (9/kg) (9/kg)
1995 88.7 0.25 159.2 2.38 0.54
1996 87.0 0.11 163.2 8.87 241
1997 87.7 0.19 161.9 5.63 1.48
Mean 87.8 0.18 161.2 5.62 1.47
LSDo 05 n 0.01 12.1 0.42 0.11
n — not significant at < 0.05.
g
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Fig. 2. The influence of years and cultivars onrthestard flour humidity
Rys. 2. Wplyw lat i odmian na wilgot&é maczki gorczycy
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Fig. 3. The influence of years and cultivars onakk content of mustard flour
Rys. 3. Wplyw lat i odmian na zawastopopiotu w naczce gorczycy

content in tested powder made of mustard sdepgsnded on cultivar traits.
of ‘Matopolska’ cv. were characterised bygaificantly higher fat content than
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those of ‘Nakielska’ cv. (Table 1). The componemttent varied depending on weather
conditions during experiment. The poorest fat aadation was observed in dry 1995,
the richest in moderate 1996 (Table 2). Fat coritemustard seeds appeared to depend
on cultivar reaction towards weather conditionsstndy years. ‘Nakielska’ cv. was
distinguished by the lowest fat level in 1995, tighest in 1996. ‘Matopolska’ cv. was
characterized by the highest fat amount in dry 198& lowest in moderate 1996. The
lowest difference of fat content between cultivaras found in moderate 1996, the
highest in dry 1995 (Fig. 4).

EH ‘Nakielska'
‘Matopolska’
4 LSD

Fat content (%)

1995 1996 1997

Fig. 4. The influence of years and cultivars onfttecontent of mustard flour
Rys. 4. Wplyw lat i odmian na zawastattuszczu w mczce gorczycy

Average value of the fat acidic number was 5.62atdpolska’ cv. was character-
ised by higher acidic number than ‘Nakielska’ cValjle 1). However, study years
exerted the most important influence on that numiadne. The lowest acidic number
was observed in dry 1995, the highest in moder886;lin extremely wet 1997, the
value was at medium level (Table 2). Both cultiveracted in similar way to weather
conditions during the experiment. The highest &dia number was found in 1996, and
the lowest in dry 1995 for both cultivars. The difince of fat acidic number between
cultivars was the highest in 1996; other yeard, difference appeared to be statistically
insignificant (Fig. 5).

Peroxide content in powdered mustard seeds wasntiatd by cultivar traits. Lea
number was higher for ‘Matopolska’ cv. than in thase of ‘Nakielska’ cv. (Table 1).
Study years also significantly modified tested paater. Its highest value was observed
in moderate 1996, and the lowest in dry 1995 (T&blelested mustard seeds cultivars
reacted to weather conditions during the experimeat different manner (Fig. 6). The
largest difference of Lea number occurred in ma@et896; in dry 1995, the difference
between cultivars was insignificant.

Among the tested parameters, water content in sggpsared to be the most stable
(V = 4.13%), Lea number — the least (V = 53.59%gK[€ 3). ‘Nakielska’ cv. was more
stable relating to majority of tested traits, irdihg seed humidity, ash content, acidic
number and Lea number. Indian mustard cultivar {tyalska’) was characterised by
a higher stability of fat accumulation than ‘Nakie’ cv.
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Fig. 5. The influence of years and cultivars onahilic number in mustard flour
Rys. 5. Wplyw lat i odmian na licgtkwasows w maczce gorczycy
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Fig. 6. The influence of years and cultivars onltka number in mustard flour
Rys. 6. Wplyw lat i odmian na liced_ea w maczce gorczycy

Table 3. Mean arithmetic values of mustards feat@eand their variability coefficients (V)

Tabela

3Srednie arytmetyczne waiai cech gorczycq oraz wspotczynniki ich zmienda (V)

Content Content Content
of water of ash of fat

Cultivar (g/kg) (9/kg) (9/kg)
< v b v X Y X \Y% X \

Acidic Lea
number number

‘Nakielska’ (white mustard) 96. 096 0.7 6{1P45.8| 2.21| 5.08] 12.19 1.28 | 14.36
‘Mafopolska’ (Indian mustard) 78.8 1.7p 0.19 16/56/6.6| 1.18| 6.17| 20.36 1.66| 21.34

Mean 87.8/ 1.38 0.1§ 11.3461.2] 1.70| 5.62| 16.28 1.47| 17.84
LSDo.0s 441 - n - 8.1 - 0.28| - 0.077 -
n — not significant at < 0.05.



7

Sawicka B., Kotiuk E., 2008. Evaluation of raw material for mustard production in middle-east Poland conditions.
Nauka Przyr. Technol. 2, 1, #6.

Discussion

The cultivar properties differentiated most of thsted traits of mustard seeds. These
changes related to a higher fat content and asidian as compared to white mustard
seeds, but lower amount of water. However, whitestand (‘Nakielska’ cv.) was char-
acterised by lower level of fat acidic number anghlnumber than Indian mustard
(‘Matopolska’ cv.). Study results achieved byuRAwA et AL. (2001, 2003) also re-
vealed the differences of fat accumulation betwedtivars. ‘Nakielska’ cv. was dis-
tinguished by higher fat content than ‘Borowska. €@wn study showed that Indian
mustard (‘Matopolska’ cv.) was characterised byetdy fat stability in seeds than white
cultivar (‘Nakielska’). However, the former revedlbigher variability of traits in ques-
tion, which probably resulted from its higher systdality to unfavourable weather
conditions during vegetation period, namely drougWariability coefficients are
a measure of achieved results scatter, which makessible to compare various traits
to one another. In opinion ofdRONACKI and MELNICZUK (2004), the lower variability
coefficient, the more stable a given traie@ERCQ (1999, 2005) observed that white
mustard was characterised by lower fat and highetem content in relation to Indian
mustard, and oil produced from white mustard sesxgained more oleinic (C18:1)
and erucic (C22:1), but less linoleic (C18:2) attidn Indian mustard seeds. Own re-
search indicates that the study years significambdified the traits of mustard seed
powder such as: ash and fat contents as well aacfdic number and Lea number.
DECLERCQ (1999, 2005) confirmed the influence of weathenditions on chemical
composition of mustard seeds.oabs and DDwNEY (1980), RNEY and RKow
(1999) observed that cultivar properties were aersibly modified by environmental
conditions. MURAWA etAL. (2003) found that ‘Nakielska’ cv. accumulated et in
seeds in a wet year, and ‘Borowska’ cv. in a drgry@he percentage of fatty acids due
to thermal and humidity conditions was differentbioth mustard cultivars as well. In
their opinion, in wet years, ‘Borowska’ cv. was cheterised by a higher share of satu-
rated and ‘Nakielska’' cv. — monounsaturated fatigs

Studies of ©I etAL. (1993), HEMINGWAY (1995), BROWN et AL. (1999), BKIN et
AL. (1999), KausHIk and AGNIHOTRI (2000), indicate a significant influence of chemi-
cal composition of mustard seeds as a basic rawriabfor mustard production, on
final product quality. Proper thermal conditiong eaceeding 52°C should be ensured
during seed processing (drying, de-oiling) and mmasproduction, because overheating
causes the inactivation of myrosinase, which mékiespossible to form volatile bitter
oils (HEMINGWAY 1995, 3wICKA and KOTIUK 2007).

Conclusions

1. Seeds of both mustard cultivars differed withewand fat contents as well as acidic
and Lea number. Variability coefficients for mafpiof the tested parameters indicated that
white (‘Nakielska’ cv.) was more stable than Indraastard (‘Matopolska’ cv.).

2. Tested parameters of mustard seed quality wermcd¢ordance to PN-A-86964:
2002, except for acidic number.

3. Values of acidic and Lea numbers in seeds alsasdht content were the lowest
in a dry year, but they were within obligatory nerm
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4. During mustard vegetation, more free fatty aeidd peroxides were found in fat
in seasons with elevated rainfall sum than in dearg. Therefore, the raw material
achieved under such conditions should be driedderato protect against fat qualitative
traits worsening.
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OCENA SUROWCA DO PRODUKCJI MUSZTARDY
W WARUNKACH SRODKOWOWSCHODNIEJ POLSKI

Streszczenie Wyniki bada oparto na déwiadczeniu polowym przeprowadzonymswodkowo-
wschodniej Polsce w latach 1995-1997, na glebiktadgie piaskow stabo gliniastych lekkich.
Badaniami ohjto dwie odmiany gorczyc: ‘Nakielgk(gorczyca biata) i ‘MatopolsK (gorczyca
sarepska). W dwviadczeniu stosowano nawenie mineralne na statym poziomie: 80 kg azotu,
35 kg fosforu, 52 kg potasu na 1 ha. Materialermwisian byly nasiona w klasie elity. Gorczyce
uprawiano wedtug najnowszych zalécagrotechnicznych. Zbiér byt wykonywany po dojrzeni
nasion. Do oznachechemicznych pobrano probki odolejonych nasion fidl Badania wyko-
nano w trzech powtérzeniach. W odolejonych nasibrgarczycy oznaczano: wilgotfio— me-
toda suszenia, zawardé ttuszczu — metagdSoxleta, zawart@ popiotu nierozpuszczalnego w 10-
-procentowym HCF metod, wagows, liczbe kwasow ttuszczu— metodi miareczkow, liczbe
Lea wyekstrahowanego tluszczumetod, miareczkow z tiosiarczanem sodowym. Statystyczne
opracowanie wynikdw badavykonano za pomacanalizy wariancji. Istotrné zrédet zmienno-
$ci sprawdzono testem Fishera-Snedecora. Isiétn@nic oceniono testem Tukeya. Badane
parametry jakéci obu odmian gorczyc, poza licgkwasows, byly zgodne z PN-A-86964:2002.
Wihasciwosci odmianowe réonicowaly wikszas¢ badanych cech. Odmiana ‘Nakielska’ okazata
si¢ bardziej stabilna, pod waglem zawartéci wody, liczby kwasowej i liczby Lea, hibdmiana
‘Matopolska’. Zwigkszonym opadom towarzyszyt wzrostsito wolnych kwaséw ttuszczowych

i nadtlenkow w ttuszczu, tatesurowiec uzyskany w latach wilgotnych powiniert gk najszyb-
ciej dosuszony 4uz w jak najkrotszym czasie po zbiorze skierowanypdmdukcji, aby zapobiec
pogorszeniu cech jakciowych ttuszczu.

Stowa kluczowe:gorczyca biata, gorczyca sarepska, sktad chemjamhyiany
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