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Determination of lutein and its stereoisomer in yellow silk cocoons of silkworm

(Bombyx mori) by high-performance liquid chromatography

Miss Potchanee Kaewkumsan / Asst. Prof. Dr. Manote Sutheerawattananonda
School of Food Technology, Institute of Agricultural Technology

Suranaree University of Technology

Abstract

Lutein and its stereoisomer zeaxanthin have been identified as the only two
carotenoids deposited in the macular pigment of human retina. They play an important
role in preventing the pathogenesis of age-related macular degeneration (AMD) and
cataracts. By the extraction, separation and identification of carotenoid composition in
yellow silk cocoons using the Csp-reverse phase HPLC column, yellow silk cocoon
was found as high purity source of free lutein. Since, approximately 97% of total
carotenoids or 52 g per 100 g of cocoons on dry weight basis predominantly exist as
lutein and its isomers. Thermal treatment in the degumming process promoted the
partial isomerization and degradation of (all-E)-lutein and (all-E)-zeaxanthin. The
predominant (13-Z) and (9-Z2)-isomers were likely increased with increasing heating
temperature and time. However, lutein was partially removed into the degumming
solutions in a form of lutein-sericin complexes that contributed to the alteration of thermal
susceptibility of lutein. The results obtained in this study can be basically used for product
design and development of free lutein dietary supplement which provides the safety of

consumption.
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msiugangitazszeznaImMiaenn lvueniinanemanunasunszdulding
N13 isomerization tta¢ chain breaking degradation (Li and Han, 2008; Milanowska and
E4
Gruszecki, 2005; Socaciu, 2007) lumsaneiil wumsazauves (13-2) wag (13°-2)-lutein
I Jd [ [V { a {
ihle Tmwesnanluslnurasamdinmsasnn Inuiigunigll 85 uag 105°C luvaziny
. ¥y I a Aq ¥ A ' )
(9-Z)-isomers 5098901 tdaa Wi gurglnazszeza1nlde s luissnonsmsnizqu
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Tnseerd 19390 Iwa s unTzAUgInI N5 isomerization Ndwmsgudnaaveslnseding
. [ o . ! 1 . 4
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3 [ 1% { a I {
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m313# 1 Tentative identification uag relative abundance w04 (all-E) uaz (Z)-forms vo4 lutein 1nuluselvumassiriumsasnnn lnui

QUNNNUALTLHZ1IAINNC

Temp. Time Relative abundance (%) Tentative identified compound (%)b
(°C)  (min) Lutein Zeaxanthin Un-identified (all-E)* (13 0r13'(9or9' (all-E) (13 o0r13" (9or9  Ratio of
(13-2) (13'-2) (all-E) (9-2) (9'-2) (13-2) (all-2) cis  unknown -Z)" -Z)" -Z) -7) E/Z

85 30 1537 1188  75.43® 0747 - 043" 12.60° 495 315 88.03*  3.137  0.748 95.78? 3415 081® 96:4
60 1.74% 1.61¢ 78.04* 0.86" - 0.56" 12.34° 214" 2.69® 90.38°  3.92f (.86¢ 94.97% 412 0918 95:5

90 1.840 1.42¢" 78.64* 0.66° - 047" 12.44° 1.93¢ 2.60% 91.08°  3.73%®  0.66% 95.40°  3.91%  0.69¢ 95:5

120 2.50% 1,618 78.05° 0.66° - 0.60°  12.41° 2,100 2.07% 90.45®  471%  0.66° 9439 492  (.69¢ 94:6

105 15 2.67% 1578 77.69* 147" 0.65° 071" 10.52% 6,324 - 88.21° 495 2.13% 92,57 5207  2.23% 93:7
30 3.10% 2215 72,68 1.86° 0.94° 0.84" 11.64® 5320 1404 84.32°  6.15° 2.80 90.40° 6.59¢ 3.01¢ 90:10

60 3764 2.68%C 71519 2.47% 1.58%  1.09¢ 9.77° 6.37%4  1.09 81.28¢  7.53¢  4.05° 87.53¢ 8.11¢ 436° 88:12

90 5.10° 4.29°  69.34¢ 347 2.48¢ 1.56°  7.78° 7.06%¢ - 77.12° 1095  5.96¢ 82.02°  11.65°  6.34¢ 82:18

120 6.28% 2.82% 6577° 426° 3.65° 1.76%  9.40% 7.34% - 75.16°  10.86° 7.92° 80.01°  11.57°  8.43° 80:20

risnente): “ Relative abundance 04 (all-E), (13-2) uae (13°-2), uag (9-2) waz (9°-Z)-isomers maa@_ﬁuuaz%ucﬁuﬁu iWienendae C3-RP HPLC, ” adevazdiuia

o o a

a 3 1 . . . . = a J ' 1T Ao aa @ y o
nnfsmnagiiunaiuaiin, © Relative abundance 404 unidentified (Z)-isomers v04g#iv; AT 1zHANUIANA MBI NTITsd YN NaDANTZAUANUTOIU 95%
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@1319N 2 Tentative identification a2 relative abundance ¥4 (all-E) uaz (Z)-forms 494 lutein 1w lu degumming solution 31nM5a9NN1

'
= a

Tiuonialviumaesigumnginagszeznainie

Temp. Time Relative abundance (%) Tentative identified compound (%) ”
(°C)  (min) Lutein Zeaxanthin Un-identified (all-E)* (13 0r13' (9or9' (all-E) (13 o0r13'" (9or9"  Ratio of
(13-2) (13-2) (all-E) (9-2) (9'-2) (13-2) (all-E) cis  unknown -Z)! -Z)" -Z) -Z) E/Z
85 30 - - 100.00* - - - - - - 100.00° - - 100.00* - - 100:0
60 - - 100.00* - - - - - - 100.00° - - 100.00* - - 100:0
90 - - 100.00* - - - - - - 100.00* - - 100.00* - - 100:0
120 - - - - - - - - - - - - - - - -
105 15 263 1.63° 76.73° 254¢ 1.22¢ - 12.02%¢  121° 203" 88.74°  425° 3.76 91.72°  4.39° 3.89¢ 92:8
30 247 1.64° 75.63° 2.15¢ 1.18¢ 0.55° 12.15% 228" 1.94° 87.78°  4.66° 3.34¢ 91.66°  4.86° 3.48¢ 92:8
60 1.91¢  1.23° 76.02° 229¢ 1.06¢ 0.62°  12.47® 2.66% 1.75° 88.49°  3.76° 3.35¢ 92.57° 3.93°  3.50¢ 93:7
90 1.82¢  1.36° 76.83° 2.04¢ 0.76¢ 0.66° 13.85° 1.62°  1.05¢ 90.68°  3.85¢ 2.81¢ 93.16° 3.95° 2.88¢ 93:7
120 2.19¢  1.66° 75.67° 2.82¢ 1.35¢ 0.80% 13.19° 1.30°  1.02° 88.86°  4.65° 4.17¢ 90.97°  4.76°  4.27¢ 91:9

rianentie): ¢ Relative abundance vo4 (all-E), (13-2) waz (13°-2), uag (9-2) uag (9’-Z)-isomers mmgﬁuuazc‘fmmuﬁu iWieuende Cs-RP HPLC, ” mdesazdiuia

o w a

a A o a . . . . a ¢ ' ' o ad o 4 o
nimfsmagiunanuaiing, © Relative abundance ¥o4 unidentified (2)-isomers v04g#iu; InngnanuuanavesniisdnynananszauauFoly 95%
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Source Distribution of major carotenoids (mole%) “ Lutein composition !
2 S,
2 = ° © .5
£ § 8 g B £ £ mg/100g mg/100g  References
EE g & 2 © & §¢ fresh wt. dry wt.
— N — &) = 3 =% Z >
Animal products:
Yellow silk cocoons 97 84 - - 0 0 - 46.61 51.628 -
(Bombyx mori)
Egg york 89 54 4 0 0 0 8 3.766"Y-0.723 - ), (11)
Fruits/vegetables:
Kale, raw - - - - - - - 39550112310 - (1), 3), (10)
"Winterbor" kale - - - - - - - 15.10-6.90 71-112 (2)
Squash, pepper peel - - - - - - - 30.180 - 3)
Squash, pepper fresh - - - - - - - 0.870 - 3)
Spinach 47 47 19 4 0 16 14 11.940-3.740 133.79-34.9 (1), (3-6)
Leaf lettuce 15 15 36 0 16 0 33 2.635 - (1)
Broccoli 22 22 49 0 0 27 3 244501553 - (1), (10)
Summer squash 52 47 24 0 0 5 19 2.125 - )
Brussel sprouts 29 27 39 0 0 11 20 1.590 - )
Peas (green) 41 41 21 0 0 5 33 1.350 - )
Corn 86 60 5 0 0 0 9  0.8841-0.199 2.079 (1), (5-6)
Green beans 0 0 28 0 0 0 72  0.6401-0.453 - (1), (10)
Potato, fresh - - - - - - - 0.410-0.250 - 3)
Carrots, baby - - - - - - - 0.358 - (1)
Carrot 2 2 0 0 43 55 0 0.298 - (5)
Cabbage - - - - - - - 0.310 - (1)
Oranges 22 7 12 11 8 11 36 0.187 - 1)
Papaya - - .o 0.075-0.044 - (1), (10)
Peaches 13 5 8 0 10 50 20 0.04 - (10)
Winter squash - - - - - - - 0.038 - )
Mango 18 2 4 6 0 20 52 0.020 - (10)
Grapeftuit, red - - - - - - - 0.013 - (1)
Tomatoes 6 6 0 8 0 12 0  0.130-0.050 - (1), (5)
Flowers:
Marigold petals® - - - .o 161-611 - 7
Marigold petals - - - - - - - 16.77-569.90 - (8)
Marigold calyces - - - - - - - 0.38-18.60 - (8)

nave: ¢ ﬂﬁ’ayamﬂ Sommerburg et al. (1998). b Lutein diesters Tuaana1139991n71 (T. erecta). © Lutein

1ag lutein esters 9NABNAATON, Tagetes patula Wz T, erecta. %’ay,amiﬁﬂmmﬂ: (1), U.S. Department

of Agriculture (1998), cited in Alves-Rodrigures and Shao (2004); (2), Lefsrud et al. (2007); (3), Tsao and
Yang (2006); (4), Liu, Perera and Suresh (2007); (5), Konings and Roomans (1997); (6), Aman et al.
(2005); (7), Li et al. (2007); (8), Piccaglia, Marotti and Grandi (1998); (9), Handelman et al. (1999); (10),

Humphries and Khachik (2003); ttaz (11), Schlatterer and Breithaupt (2000).
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