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Status and Prospects of Seed Quality Researches
in Rapeseed

Jung Il Lee*, Jin Ki Bang*, Byung Sun Kwon** and Kwang Hee Kang***

ABSTRACT

This study was conducted to investigate the status and prospects of seed quality researches in rapeseed.
Rapeseed quality was mainly related to oil and protein content, fatty acid composition and glucosinolate
content. Hence, breeding for improvement of rapeseed quality has been emphasized as follows: 1)
inheritance mode, 2) investioation of germplasm, 3) establishment of analysis technique, 4) establishment
of selection method, 5) idealization of cultural technique,

The oil quality is determined by its fatty acids. Fatty acids have been determined by gas
chromatography. To improve oil quality was emphasized for zero erucic acid, the highest possible linoleic
acid and the lowest possible linolenic acid content.

Rapeseed meal is not considered as top quality feed ingredient although it has higher protein content and
well-balanced amino acid composition. This is mainly because of the presence of considerable amounts of
glucosinolates, Thus the reduction of glucosinolate content in rapeseed meal is of great importance. In
breeding for meal quality. low glucosinolate lines(plants) were selected and analyzed by gas
chromatography and UV-spectrophotometer.

Current problems and future researches of rapeseed quality in Korea are 1) improvement of researcher’s
number and facilities, 2) depression of animal feeding trials, 3) unsatisfied relationship between research
and manufacturing and products field, 4) improvement of fertility for yellow and thin seed coat lines

crossed between mustard and rapeseed, 5) establishment of new rapid analysing system for rapeseed

quality .
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Table 1. Characters related with rapeseed quality

Oil content Vitamine

Glyceride Tocopherol

Fatty acid Lecithin

Protein content Peroxide value
Amino acid Saponification value
Glucosinolate Qdour and taste
Crude fiber Seed coat colour
Mineral Seed coat rate

Table 2. External factors related with rapeseed
quality

Irrigation

Herbicide

Growth regulator
Disease and insect injury
Way of havesting

Way of threshing

Maturity
Temperature
Rainfall
Sunshine hour
Planting date
Hill spacing

Fertilizer Drying
Soil fertility Transport
Soil type Storage
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Table 3. Factors related with edible oil quality in rapeseed

0Qil content
0 Glyceride composition
oFatty acid composition
o Vitamine

{Tocopherol)

o Establishment of analysis technigque

o Inheritance mode
o Investigation of germplasm
(Yellow and thin seed coat)

o Establishment of selection method
oldealization of cultural technique
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Table 4. Factors

O Protein content
O Amino acid

0 Glucosinolate

o Mineral

o Vitamine

o Fiber

0Seed coat rate
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Below 1910

olInvestigation of oil expression

related with meal

1911-1950

® Raise of oil content

quality in rapeseed

o Inheritance mode

oInvestigation of germplasm

o Establishment of analysis technique

o Establishment of selection method

o Study on feed mix and feeding method
oEvaluation of feed value

oldealization of cultural technique
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1951-Now

® Raise of oil content

rate
0O Toasting method
oEffect of organic fertilizer on
rapeseed meal

Fig. 1.

——

oEvaluation by iodine value
oOEvaluation by acid value
o Evaluation by saponification
value
O Refined method
(Deodorization, Discoloration)
e Effect of organic fertilizer

_—

O Solvent extraction

o Investigation of glyceride
composition

olmprovement of fatty acid

composition

0OQuarter cotyledon technique

o Peroxide value

® Refined technique

ORaise of protein content

oImprovement of amino acid

oImprovement of glucosinolate

content
oOEvaluation of feed value

Development of study on quality in rapeseed.
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Table 6. Major interested research field for quality
in rapeseed

. Number of reports
Quality characters P

Domestic Foreign Total
Qil content 8 26 34
Fatty acid 43 149 192
Protein content 1 15 16
Amino acid 1 5 6
Glucosinolate 9 118 129
Others 10 21 36
Total 74 334 408

G R EE A HR mEM HRLEE 9T BFE
8 (Glucosinolate) HEEMl A3 HRE 3~
£ 28 TRaA kol EE BRET &SR Sl
BE 7ol o2yl B AL HHEA ¥ W
RE R 644 e ule} o] EEWERMARS ®R
s 4o SRMES R AERS KAEEY BH
£ Fa o
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Z o Zx Mo B AEM SEERY BESY
o o FAMETE Bl BHA £ Harvey®t Dow-
ney?® 7t 0-~3%2 ol FABSE @] S
ot 15: 12 AEtsld JdRABIRLE AL HE
e S 28 REET o8 XEdAdn
BEstds 1 BRMEkE 1:4:6:4:12
Hr 118 FRET 9~10% 52 HEslychires
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Table 6. Reports number of domestic and foreign countries on rapeseed quality according to years

c Year .
t
ountry <60 '60-'69 *70-'79 '80-"85 '86-'87 Total
Domestic - 4 19 32 9 74
Foreign 18 65 96 104 51 334
Total 18 69 125 136 60 408
Investigated years : 1955-1987
Table 7. Studies on genetics and breeding of oil content and fatty acid composition in rapeseed
Major fields Number of 1reports
Domestic Foreign Total
Inheritance of oil content - 2 2
Inheritance of fatty acid composition 5 22 27
Improvement of fatty acid composition 12 41 53
Correlations oil and fatty acid 2 9 11
Genetic control of fatty acid biosynthesis 1 5 6
Others 14 31 45
Total 34 110 144
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Table 8. Segregation for erucic acid content (%)

in the seeds(bulk samples of F;) from selected plants of

F, generation from crosses, zero erucic acid Canadian rape variety xhigh erucic acid Japanese

rape varieties.

Observed frequency of individual x ? values for P values for fit
Cross plants with erucic acid percentage of fit to 1 4:6: tol:4:6:.4:1
0-4 5-16  17-28 2940 41- 4 1ratio ratio
0-erucic X Chisaya 4 16 18 8 3 2.890 0.500-0.750
Chisaya X 0-erucic 3 15 21 9 2 2.131 0.750-0.900
Total 7 31 39 17 5 4.434 0.250-0.500
0-erucic X Norin 16 1 11 17 20 1 7.697 0.100-0.250
Norin 16 X (-erucic 5 11 19 7 5 5.159 0.250-0.500
Total 6 22 36 27 6 0.525 0.990-0.995
0-erucic X Asahi 3 13 22 18 3 1.176 0.900-0.950
Asahi x 0-erucic 2 9 17 17 3 3.222 0.500-0.750
Total 5 22 39 35 6 3.904 0.500-0.750
0-erucic X Variety 8 40 57 46 7 2.380 0.750-0.900
Variety X 0-erucic 10 35 57 33 10 1.419 0.900-0.950
Total 18 75 114 79 17 0.379 0.995-
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Table 9. Studies on environmental conditions of

oil content and fatty acid composition in
rapeseed

Number of reports

Major fields

Domestic  Foreign Total

Maturity 4 7 11
Stage of develop- _

2 3 5

ment

Temperature 1 9 10
Planting date 2 7 9
Fertilizer 3 7 10
Way of havesting 1 3 4
Storage 1 3
Others 7 13 20
Total 21 52 73
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Table 10. Field of researches for glucosinolate content

in rapeseed meal

Number of reports

Major fields

Domestic  Foreign  Total
Inheritance 4 4 8
Amino acid - 5 B}
Feeding value 3 23 26
Biosynthesis 1 12 13
Enzymatic reaction - 9 9
Analysis method - 11 11
Environmental variation 2 15 17
Others 1 8 9
Total 11 87 98
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Table 11. Comparison of quality related with

characters in rapeseed

Characters Range
(%
Oil content 41.4-47.2
Crude protein
Oil-seed 23.0-25.2
Qil-free meal 39.3-47.0
Crude fiber 12.6-16.7
Vitamines tmg/kg)
Choline 7. 000-7, 500
Pantothenic acid 9.9-17.0
Thiamine 1.9-9.0
Riboflavin 3.0-4.0
Niacin 167-170
Tocopherol 433-800 (ppm)

Table 12, Comparison of fatty acid composition

in rapeseed

Fatty acid Range (%)
Palmitic acid 1.8-10.0
Stearic acid 0.1- 1.8
Oleic acid 7.8-78.0
Linoleic acid 9.3-35.5
Linolenic acid 1.5-25.0
Eicosenoic acid 0.0-20.0
Erucic acid 0.0-62.0
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Table 13. Comparison of glucosinolate content in

rapeseed

Glucosinolate Range (mg/g)
3-butenylisothiocyanate 0.03- 8.02
4-pentenylisothiocyanate 0.01- 1.25
5-vinyl-2-oxazolidinethione 0.34-11.51
Total 0.38-14.38
. Ithi 1—isoth—
.4 methylthiobutyl-iso trace-0.13
iocyanate
1-cyano-4-methylthiocbutane trace-0.21

ek
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Fig. 2. Biosynthesis of fatty acids in rapeseed.

Table 14. Comparison of amino acid composition in rapeseed

Amino acid Range(g/16gN) Amino acid Range(g/16gN)

Essential Non—essential

Arginine 5.5-5.8 Alanine 4.2- 4.4
Cystine 2.1-2.2 Aspartic acid 6.6- 7.0
Histidine 2.6-2.7 Glutamic acid 17.7-18.0
[soleucine 3.7-3.8 Glycine 4.8-5.0
Leucine 6.2-6.8 Proline 6.0~ 6.2
Lysine 5.6-6.2 Serine 4.2- 4.4
Methionine 1.7-1.9 Tyrosine 2.3- 2.4
Phenylalanine 3.7-3.9

Threonine 4.1-4.4

Tryptophan 1.1-1.2

Valine 4.6-4.9
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5-vinyl-2-oxazolidin ethione

Fig. 3. Enzymatic hydrolysis of glucosinolates.
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Table 15. Glucose test paper analysis and glu-
cosinolate content of commercial rape-

seed cultivars
) Tes-Tape rating Glucosinolate
Cultivars
Average” Range content?

Midas 7.3 6-8 17.9
Turret 7.0 53-8 16.8
Target 6.9 5-8 16.8
Zephyr 7.2 6-8 16.6
Tanka 3.5 1-7 15.8
Golden 6.9 6-8 15.8
Nugget 4.5 -6 11.5
Oro 6.2 37 10.9
Bronowski 1.2 1-2 1.2
Tower 1.4 12 0.9

Y Average of 10 determinations rated on the 0-9
rating scale, 0 representing no color change.
2,4,6 and 8 corresponding to the color
standards on the Tes~tape package.

2 Average of five determinations by the thiourea
method expressed as mg equivalents of
3-butenylisothiocyanate per gram of oil-free
meal,

o] HBRl AR FK 15042 Pl & ERVT
ok =k, ©e EHE AHMNY S8 1KE
Tes-tape 3202 EHEAH ok & BiR@E#R At
o 2RE EEMELS AL HMTHERHE
I &HE 4 + AE Aol

1. BERE FRER
REMW- &5H RETHR A8 HRE BHAN
Bz Haa v & 16 A9 ek @RS &E
KA REE | REEY HEHEE vRsld =25
5 SfEola B THAAN 8mEe= ) ¥x
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Fig. 4. Comparison between half cotyledon bands and quarter cotyledon bands of fatty acids under hours

after seeding in the paperchromatogram

Table 16. Comparison of variety improvement for
quality between domestic and foreign
coutries

No. of improved

Domestic varieties Country name

variety
Youngsanyuchae Canada 6
Nachanyuchae W. Germany 8’
Hallayuchae Sweden 3
Cheongpungyuchae Austrailia 1
Dangyo 19 France 1
Total 5 19

shictzl 6RfES FHslAck 53 slude BH
- EmEH AfEd] “Canola”zle BHHRELL £4
ME 2fE mRe 80%) o KEL #iEsln g
o},

B4 M=z BRE RS i SERHS
B FR1ToAel o] /ESEL 433~450%
ol BAKSEL 24% AAE Jelid R
MLl A REY AR 2R SEIF

Table 17. Improvement of rapeseed quality in Korea

83% Lk w2 KE ARBEVHERS FARE A
] aAase] AR sket wifbe] oA E HEM
49l Glucosinolate 7} BHEBHEFXEREQ] A g
% 3mgel ®4 kEFS 2 Yo EEH HHZ F
A_kdl ME7 gz sl

8. RABEEDo o8t Bl SEHR
R FEEFRRP “E&&S] 38U Eo oA R
gafIEEs) oS Eo MRS =lEme) SRS 10
% Pstolet ol AL AT TEK, 3 MK K
Bl & 2=k ohviel JAul A R WAE W=
2 ojohe P EAASE S Solt o] MEML
ol 28] etz gk zejuh, Aol (Eal el
el mEEHFO oA {EelEa REERS 2
RBREEZ S 6 2 54 Moz AR
t @t EHY BERKE $2 $ubd gt
gE® 5L ol o EAMI FHRAxeolE

Variety Rele- Oil Protein Fatty acids(9)? Glucosinolate img/g) ¥
ariety ased Yield content  content
year 18:1 18:2 18:3 22:1 Bl Pl OZT Total
kg/ha % %

Youngsan~

yuchae 1980 2, 889 43.9 24.5 66.0 17.1 9.2 0.0 0.06 0.03 0.0 0.42
Naehanyuchae 1980 2.752 43.3 23.9 58.7 22.7 11.8 0.0 0.28 0.17 0.58 1.03
Hallayuchae 1985 2,550 44.5 24.1 64.8 189 9.7 0.0 0.45 030 0.76 1.51
Mokpo-MS 1980 - 43.5 24.3 65.1 26.5 4.8 0.0 0.25 0.01 0.75 1.01
Cheongpung- _ _

yuchae (F,) 1983 4,120 45.0 24.2 63.9 19.2 11.3 0.0 0.20 0.55 0.50 1.25

" BI : 3-butenylisothiocyanate, PI : 4-pentenylisothiocyanate, OZT : 5-vinyl-2-oxazolidinethione.
#1811 Oleic acid 18 : 2 : Linoleic acid 18 : 3 ; Linolenic acid 22 : 1 ; Erucic acid
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Fig. 5. Distribution of improved and unimproved rapeseed cultivars in linolenic acid content.

Table 18, Fatty acid composition of low linolenic acid lines

M. Var. Lines

Fatty acid composition(9%)

Lnl.* Pal. Ste. Ole, Lin. Eic, Eru.
Naehan Na-MB-24 6.1 3.1 0.9 65.8 22.9 1.2 0
Na-MB-29 6.4 3.4 0.9 67.2 20.7 1.4 0
Yeongsan Ye-MB-14 1.5 2.9 1.2 72.9 21.5 0 0
Ye-MB-50 1.8 2.7 1.0 71.9 22.9 0 0
Mokpo 59 Mo-MB-17 2.0 3.1 1.0 59.2 28.6 6.1 0
Mo-MB-43 5.2 2.2 1.1 55.6 29.9 6.0 0

* Linolenic acid

7t AR RE S, TFEWE, AW 59 ol
ZoHR 30kr & Mgisled # 621 889 M. £H
<+ BR, BHRNE ) HBRSES AEAAL A
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BT Aol SRR 40 &8 s fEHHER A
€ B, RS sl vl 2y 544
s} o] MAHKAR WEA MKl RIE 7 %A
BB 13~ 14%7x a%F= 3od F¥ 103
%o EHZEE 297k M. 3@ £E4A @
2 AR SRS WAL KR K 18449 7
o] SuimhZEel A 5IRY RRBRE HEANA =
Edl@aRel 1L.5~20% gt aH=le] gz @
< Fftel BixsEI S el A Bk Ye-
MB-149 Ye-MB-50 %#< 2l alafo] F
B 15%, 1.8% 4l o = gowx TAfs
BHERQ) o o] A BR3) o 21 Mo] A3 FH=le] o
R gske REMFRS UM EBARE
94.4%, 948%E % EHFT SEEHS nd
Fad =t

5. B EHR B8 ARSE &8
wEe] AEERE KBS 42~ 45 BBE &
BEEo) 50%% ¥4 Xl A wEE 7S

< FEWYE s fepolrE KHBL Fol: A
o] w9 HEd vl weld, BERE Ham KE F
el g2 BN HEslgded 2 o=l E
A BEAZR X7 Hffelck mie R T
A EwmEe] v T uls] ) AT B/
KE #&ks agdd 50% HME amEd: 815
A g Zeol ek =3 BE pAREY Be
R 7 SHteE Bfld o] AL @K} Hof W
B J1E &&o] wgsA] Xslo HEees &
RE LB g 28d, BRE Eet Boagpus
£ KD BaEE R HEMIAN KoK
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old] KR8 SLWHHIFF= 123%2 4% BME F
F ERE ¢%3g oA HAsid g, FFe
TERARATER] ool mAIBR= of F2I@Ro] 57 %Y &
o] delA ool Sa wmEde THL 5 W
ol 79 HEREERFLLE BANE HRES
1982 £4-5] EESIgicl 7 &8 Fo AR
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Table 19. The characteristics of seed coat color and fatty acid composition of parental cultivars

. . Seed coat Seed coat Fatty acid(%)
Species Varieties
ratio (%) color Pal. Ste. Ole. Lin, Eic.  Eru.
Rapeseed Mokpo-79 16.2 Black 3.9 1.3 60.6 10.6 1.7 0.0
(B. napus) Mokpo-80 16.8 Black 3.6 63.7 9.8 1.0 0.0
Mokpo-81 16.3 Black 3.3 65.1 9.0 0.7 0.0
Mokop-82 16.4 Black 3.9 . 63.3 11.2 0.0 0.0
Mean 16.4 Black 3.7 1.0 63.2 10.2 0.9 0.0
Mustard seed Youngsanpo 12.3 Yellow 2.5 0.8 16.4 9.5 10.0 47.2
(B. juncea) Local

Aol R HEEES K207 Fo] B9 : B
B BBEEG HAVE HEtld FEEER L
280 SHRE Toll o8 ks Aoz 47As
o] el

B, o FABRER] 47T % = MEEB] K
e FFTe o FAMESE] A d= BaEE B
Folo FERKH F. AEHMANA WERHY #EHE
g B8 —&k EBiksld tAaBoiE 23R
ol XML | R WPRMERS ML KR K2
3 o] o FAMEEL 0~50%9 € @E=
Afmst L YJoies WEAE KEER @ & 610
@A+ 40 @7} KA FARoE FHSA 1/16
2 HEE, KB 2@ FHRETFI MASLE A
2 ZBEddch zea, FLEEITF & FA®R

WE AR AW 7998, A 805K, AK#H 81,
k582 BE NEF 4MAA4 mEHPeR o5
B el BHTs d4 HEG Raos BRSx
8 Rkt EBRE 4 A=k

10. CHFEQEFRO st FE % A

Sel el A WEEFE] el LK 20 Fo] =
e 5 MR RAHR FES AM 114EE B
o ol2r7x| Fild 3~4 42 FRAC o) =
g & SEYR SAF 594 ¥ 5 At o
o2 B A d¥ KT HRE BEA
7 A WMEHRE AN kiEhe KA I
A R Hugdeis S04 fi HREMAAE

Table 20. Segregation ratio of seed coat color in F, generation

Values for fit to
9:3:3'1

Cross Seed coat Obs. no. Theo no. Ratio
color of plants of plants X2 P tested
Youngsanpo Lo, xMokpo-79 Black 1520 1670
Yellow) (Black) Dark brown 630 555
Light brown 655 555 2.29  0.25-0.50 9:3:3:1
Yellow 160 185
Total 2965 2965
Y oungsanpo Lo.xMokpo-80 Black 1540 1610
(Yellow) (Black) Dark brown 565 535
Light brown 570 535 1.43  0.25-0.50 9132371
Yellow 185 180
Total 2860 2860
Youngsanpo Lo.xMokpo-81 Black 800 820
{Yellow) (Black) Dark brown 275 270
Light brown 290 270 0.44 0.90-0.95 9:3:3°1
Yellow 85 90
Total 1450 1450
Youngsanpo Lo. xMokpo-82 Black 1180 1370
(Yellow) (Black} Dark brown 550 455
Light brown 525 455 12.19 0.25-0.50 9:3:3:1
Yellow 180 155
Total 2435 2455
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Table 21.

Segregation ratio for erucic acid content(%) in the seeds with yellow seed coat of selected

plants of F. generation in crosses of zero-erucic acid rape x high erucic mustardseed

Observed frequency of
individual plants with

Values for fit to

No. of erucic acid percentage of 1-4:6:421
Cross plants
5.1- 201~ 30.1-  40.1- ,
050 20 300 40.0 500 P

Youngsanpo. Lo.xXMokpo-79 160 10 40 65 35 10 0.166 0.975-0.990
Youngsanpo. Lo.XMokpo-80 185 10 45 70 45 15 0.262 0.950-0.970
Youngsanpo. Lo. xMokpo-81 85 5 20 30 20 10 0.052 0.990-0.995
Youngsanpo. Lo.XxMokpo-82 180 15 40 75 40 10 0.664  0.750-0.900

Total 610 40 145 240 140 45 0.455 0.900-0.950
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