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Abstract

HPLC quantifications of fresh and cooked (steamed/microwaved) spinach, one of the most frequently
consumed vegetables in foodservice operations, were carried out to determine carotenoids compositions. An
S-3 um C30 stationary phase for reversed—phase columns with diode-array detection was used to separate
and quantify geometric isomers of provitamin A carotenoids in the fresh and cooked spinach. The carotenoids
in fresh spinach were identified and quantified: Lutein (63.0%), B—-carotene isomers (all-trans 29.6%, 9-cis
3.2%, 13-cis 1.8%, a-carotene 0.4%, zeaxanthin 2.1%) and cryptoxanthin. Cryptoxanthin, detected in a trace
amount in HPLC, was not quantified in this study. Lutein was little affected by cooking methods and frozen
conditions. 9-cis and 13-cis—-B-carotene isomers were major types formed during cooking. Cooking
(steam/microwave) did not alter carotenoid profiles of the samples, but the amounts of carotenoids quantified
were greater than those in the fresh samples. Heat treatment such as steaming increased total carotenoids
contents, especially trans—B-carotene (p<0.05). The carotenoid contents of the frozen spinach increased even
after the microwaved treatment (p<0.05). These increases were likely to result from the increased extraction
efficiency and inactivation of enzymes capable of carotenoids degrading during the heat treatments.
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Table 1. HPLC system I conditions for carotenoids analysis in spinach

Requester Conditions
Series 510 pump (Perkin-Elemer, Norwalk, CT)
Waters 717 plus autosampler (Milipore, Milford, MA)
Instrument Waters 994 programmable photodiode array detector

Waters 840 digital 350 data station
HPLC column temperature controller
(model 7950; column heater/chiller, Jones Chromatography, Lakewood, CO)

C30 Carotenoid column Particle: $S-3 um

1 150x4.6 mm (YMC, Wilmington, NC)

(Reverse phase) Size

Detector 450 nm for carotenoids
Gradient flow rate 1.0 mL/min

HPLC column temp. 16°C

Injection volume 50 uL
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Fig. 1. HPLC chromatogram of spinach.

Lut: lutein, Zea: zeaxanthin, Cryp: cryptoxanthin, ISTD: internal
standard, 13cBC: 13-cis—B-carotene, AC: a-carotene, tBC: trans—
B-carotene, 9cBC: 9-cis-B-carotene.
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Table 2. Carotenoids and RE contents of spinach by cooking method

. Cooking

Carotenoids Fresh Fresh/Steam Fresh/Microwave
Non-Provitamin A

Lutein 153.141.3"*2 (63.0)? 162.1%7.5% (56.6) 161.8+9.07 (61.6)

Zeaxantin 51+0.2*(2.1) 1.7£0.2°(0.6) 39+0.2°(15)
Total 158.2+1.4% (65.1) 163.8+7.6" (57.2) 165.7+9.2* (63.0)
Provitamin A

trans—B-carotene 719+ 1.7° (29.6) 101.9+1.4% (35.6) 77.0+4.1° (29.3)

9-cis-B-carotene 77+01°(3.1) 13.6+0.2* (4.7) 14.0+0.3" (5.3)

13-cis-B-carotene 44+04° (1.8) 5.9+0.4%(2.1) 6.1+09%(2.3)

a-carotene 09+06°(0.4) 3.2+03%(L1) 0.76+0.1° (0.3)
Total 84.8+2.4°(34.9) 124.6+2.9% (43.5) 97.7+53% (37.2)
Total carotenoids (1g/g) 243.0-£3.8° (100%) 288.3+9.8% (100%) 263.4+14.5” (100%)
Total RE” (ng/g) 141+0.3° 20.5+0.4° 176+0.8

PMean+SD.

YMeans with different superscripts in a row are significantly different from each other at p<0.05 by Duncan’s multiple range test.

9Carotenoids contents (%).

YThe values of total retinol equivalents for provitamin A carotenoids: (ng of B-carotene / 6)+ (ug of other provitamin A carotenoids

/ 12).
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Fig. 2. Carotenoids contents of non—provitamin.A carote-
noids (lutein and zeaxanthin) in frozen/microwaved spinach.
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Fig. 3. Carotenoids contents of provitamin A carotenoids in
frozen/microwaved spinach.

TBC: trans—B-carotene, 9CBC: 9-cis—B-carotene, 13CBC: 9-cis-
B-carotene, AC: a-carotene.
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