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The addition of spinach (Spinacia oleracea) powder in flour dough as a natural antioxidant was
investigated, and oxidation of frying oil and the lipid in fried products during frying was also studied.
Flour dough with spinach powder was rolled into sheets of 0.1 cm thickness and then cut into squares
to be fried. Each frying was performed in 160 °C soybean oil for 1 min, repeated every 20 min for 20
h. Fried samples were analyzed immediately or after being stored at 60 °C for 12 days under dark.
The lipid content of fried dough was lower in samples with the addition of spinach powder. Spinach
in the dough decreased accumulation of the polar compounds in soybean oil during frying but had
little effect on the fried dough. It also reduced conjugated diene and aldehyde formation in the lipid
of fried dough during storage. Improvement in lipid oxidative stability, presumably due to pigments in
spinach, was more noticeable in the fried products during storage than in the frying oil.
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INTRODUCTION effective antioxidants in deep-fat-fried foods during frying and
storage T, 8). Interest in plant sources became high due to their

and processing practices. Oil is continuously exposed to air, physiological functions, and many food products with added

light, and moisture for extended periods of time at an elevated plant'materlals. ha\{e begn introduced to the market. .
temperature during frying. Under such conditions, the accelera-  SPinach, which is cultivated throughout the year, provides
tion of both thermal and oxidative decomposition reactions color as well as many nutrients and is not expensive. There is
occurs (—3), causing fat deterioration. Lipid oxidation in the & Wwide variety of foods with added spinach: bread, noodles,
fried food also takes place during storage after frying. This, in tofu, and cheese. Spinach contains about 5% lipids on a dry
turns, reduces the acceptability of the fried foot)s &nd highly basis, and the lipid consists of palmitic (15.04%), hexadecatri-
abused fat can result in adverse health effects such as colorenoic (7.69%), linoleic (11.84%), and linolenic (58.46%) acids
carcinogenesis5j, reproductive disorders, mutagenicity, and (9). Because of the presence of highly unsaturated fatty acids
growth depressiongj. and other components, such as 596 mg % chlorophyll and 42.8

Many efforts have been made to reduce or retard the Mg %p-carotene 10), the addition of spinach as an ingredient
undesirable lipid oxidation reactions, and use of antioxidants is to foods may affect food processing properties and the quality
proven to be useful. Several antioxidants are frequently usedof the final products. Chlorophyll present in green tea has been
presently: butylated hydroxyanisole (BHA), butylated hydroxy- reported to have an antioxidant activity during 8D storage
toluene (BHT),tert-butylhydroquinone (TBHQ), tocopherols, or 180 °C frying of the oil (11). Pheophytins produced by
and so on. Because of safety concerns, natural antioxidants arehlorophyll decomposition during heating2 13) have shown
preferred to synthetic compounds; therefore, alternative sourcesantioxidant activity in the oil stored in the dark4). Chlorophyll
of antioxidants have been sought for food applications. Rose- was also suggested to protg&tarotene, a good free radical
mary, defatted rice bran, and sage extracts were reported to bescavenger, from decomposition in the dried, oiled, and toasted

laver during storage at 6TC (15).

* Address correspondence to this author at Department of Food and ~ To extend the utilization of spinach to deep-fat-fried foods,
hon. I e, 253 Yonahndong, ek Incheen 102 1ok 1t i thus necessary to evaluate lipid oxidation oceuing both
inha.ac.kr. in frying oil and in fried foods. Therefore, this study was

llnha University. performed to investigate the effects of spinach powder added

ﬁgﬂ‘}'ygﬁguﬂ\{%fgy to flour dough on oxidation of frying oil and the lipid in fried

U Seoul National University. products during frying and storage.

Deep-fat frying is one of the most popular food preparation

10.1021/jf011618a CCC: $22.00 ~ © 2002 American Chemical Society
Published on Web 08/30/2002



Spinach as a Natural Antioxidant

Table 1. Compositions of Wheat Flour Dough Used for Deep Fat
Frying

weight of ingredients (g)
wheat flour spinach powder

100 0

95 5
15
25

spinach
content (%)

water

0 (control)
5 35
15
25
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Table 2. Moisture and Lipid Contents of Fried Dough

spinach content (%)

moisture content (%)

lipid content (%)

0
5
15
25

spinach powder
wheat flour

431+0.21
591051
7.39+0.38
6.24 +0.67

9.96 +£0.07
12.68 + 0.68

31.78 £0.04
32.79+£0.01
27.09+0.88
22.82+0.17

510+0.14
2.76 £0.90

MATERIALS AND METHODS 0.25

Samples and ChemicalsWheat flour and soybean oil (refined,
bleached, and deodorized) were provided by Daehan Flour Mills Co.,
Ltd. (Seoul, Korea) and Lotte Samkang Co. Ltd. (Seoul, Korea),
respectively. Fresh spinacBginacia olerace&ing) was purchased
at a local supermarket in Incheon, South Korea, on the day of harvest
and then trimmed, washed with distilled water, and drained. It was
freeze-dried at-54° C for 24 h, ground to 5 mesh, and stored-&4°
C in a freezer until further use.

Isooctane, 2-propanol, anisidine, 14%3Bfnethanol, and carotene
were obtained from Sigma Chemical Co. (St. Louis, MO). Silica gel
60 (70-230 mesh ASTM) for column chromatography was a product
of Merck Corp. (Darmstadt, Germany). Celite 545 was a product of
Shinyo Pure Chemical Co., Ltd. (Osaka, Japan). All other chemicals
were of reagent grade.

Sample Preparation. Wheat flour, spinach powder, and distilled
water were mixed in the ratios shown Trable 1in a dough mixer
(Kitchenaid, St. Joseph, MI). Spinach powder contents were 5%, 15%,
and 25% on the basis of dry ingredients, and the control was made
without any spinach powder. The dough was processed into sheets of
0.1 cm thickness by passing it between two rollers in a pasta maker
(Atlas and Pastabike, OMC, Marcoto, Italy). The sheets were cut into
squares (2 cnx 2 cm) and deep fried. Frying was done with 100 g of
square-shaped dough in an electric fryer hayddnL of soybean oil at
160 °C for 1 min. Frying was repeated every 20 min for 20 h. Fried
dough and oil samples were collected gvérh in glass bottles, and
the heated oil in the fryer was replenished simultaneously. The bottles
were tightly sealed after being flushed with nitrogen and placed in a Y 4 8 12
—24 °C freezer for analyses. All samples were prepared in duplicate. Heating time (h)

The samples used for the storage stability study were those fried in Figure 1. Effects of spinach powder added to flour dough on the free

the oil whose heating time was less than 2 h. Fried dough samplesf ; P . o :
. atty acid values of soybean oil during frying at 160 °C. (For zero heating
.0£0. 4 L gl | hen th | . f
(60.0+ 0.5 g) were put into 460 mL glass bottles, and then the bottles time, samples were taken from the oil heated to 160 °C and used to fry

were tightly sealed with Teflon-coated septa and aluminum caps. They -

were wrapped with aluminum foil to exclude light and stored at@0  one batch of dough for 1 min.)

in an incubator (Kukje, Seoul, Korea) for 12 days. Two bottles were

taken out every other day for the analyses. Hewlett-Packard, Wilmington, DE) was used. Wavelengths for deter-
Moisture and Lipid Contents of Fried Samples. The moisture mination of carotene and all xanthophylls were 436 and 474 nm,

contents of fried samples were determined by the method of Choe etrespectively.

al. (10) using a moisture balance (HA-300; Precisa Instruments AG,  Analysis of Lipid Oxidation of Fried Dough. Lipid in fried dough

CH-Dietikon, Switzerland). Lipid contents were measured gravimetri- Was extracted before the analyses, as described above. Oxidation of

cally after extraction by the Folch methotigj with chloroform and lipid in fried dough was evaluated by determining conjugated dienoic

methanol (2:1, v/v). acid (CDA) andp-anisidine values (PAVs) by the AOCS methdd);
Determination of Frying Oil Oxidation. The oxidation of soybean ~ The fatty acid composition was determined by gas chromatography

oil during repeated frying was evaluated by measuring the free fatty (GC) with a Younglin M60OL gas chromatograph (Younglin Co., Seoul,

acid value (FFAV) by the AOCS methodq) as well as by determining ~ Korea) equipped with a Supelcowax capillary column (30xn.53

the polar compounds content. Polar compounds were measuredMM, 1.04M thick; Supelco Inc., Bellefonte, PA) and a flame ionization

gravimetrica”y after the oil was passed through a g|ass column (2]_ detector after esterification with 14% BFmethanOI SOIUtiOnK). The

cm x 45 cm) packed with silica gel 60 according to the AOAC method temperatures of the oven, the injector, and the detector were 230, 280,

(18). and 28_0°C,_respectively. The nitrogen flow rate was 5 mL/min, and
Analysis of Carotenes in Frying Oil. Carotenes in frying oil during ~ the split ratio was 33:1.

frying were determined according to the AOAC methd8)( Frying Statistical Analysis. One-way analysis of variancd4) was used

oil dissolved in hexane was applied to a glass column (1.25<c&0 to analyze the data. pvalue of 0.05 or less was considered significant.

cm) which was packed with a mixture of silica gel 60 and Celite 545

(1:1, wiw). The elution solvents were mixtures of hexane and acetone RESULTS AND DISCUSSION

with volume ratios of 96:4, 90:10, and 80:20 for carotenes, monohy- . . . .

droxy xanthophylls, and dihydroxy xanthophylls, respectively. Other ~ Moisture and Lipid Contents of Fried Dough. The moisture

xanthophylls were eluted with a mixture of hexane, acetone, and and lipid contents of the dough fried in soybean oil with different

methanol (80:10:10, v/v/v). Each carotenoid separated was analyzedheating times are shown ifable 2. The moisture contents of

by visible spectroscopylg). A UV —vis spectrophotometer (HP 8453, the fried samples ranged from 4.31% to 7.39%, while the lipid
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Figure 2. Carotene contents in soybean oil during frying of flour dough
containing spinach powder at 160 °C for 20 h.

contents ranged from 22.82% to 32.79%. The moisture content

Lee et al.

Table 3. Changes in Contents of Polar Compounds of Soybean Oil
during Frying at 160 °C of Flour Dough with Various Levels of Added
Spinach Powder

polar compounds (%)?2

heating 0% spinach 5% spinach 15% spinach 25% spinach
time () powder added powderadded powderadded  powder added

0P 6.86 + 0.16* 338+0.01°  4.55+0.24¢ 5.56 + 0.528

4 7.46 £0.114 535+047¢ 587+0.08C 67406448
8 8.77£0.57A 8.60+0.34*  7.86+0.05* 8.70 £ 0.577
12 9.73+0.93* 951+0.714  8.74+0.024 10.86 + 1.31#

16 1091+0448 13.02+046* 11.58+0.588 13.99 £ 0.03*
20 16.15+0.64" 1478+2.09" 12.87 +0.67A 15.12 + 0.98%

a Different superscripts mean significant differences as analyzed by Duncan’s
multiple range test among samples within the same row at o = 0.05. ° For zero
heating time, samples were taken from the oil heated to 160 °C and used to fry
one batch of dough for 1 min.

flour (2.76%) due to oil absorption from the frying medium.
The higher the moisture content, the less lipid the fried dough
contained. The total lipid content of deep-fat-fried foods has
been reported to be influenced by the original fat and moisture
contents and by the type of breading or batter uej 21).
Fried dough containing spinach powder tended to have more
moisture and less lipid than the control, although spinach powder
contained more lipid and less moisture than wheat flour. This
might be due to higher hydrophilicity introduced by nitrate and
oxalate present in spinacR3). Spinach also contains hydro-
philic sulfolipid and phospholipids at about 3% and 22% of
total lipid (9), respectively.

Effects of Spinach Powder Added to Flour Dough on the

of fried dough was lower than that of spinach powder (9.96%) Oxidation of Soybean Oil during Frying. The effects of
or wheat flour itself (12.68%). On the other hand, fried dough spinach powder added to flour dough on the FFAV of soybean
contained more lipid than spinach powder (5.10%) or wheat oil during frying at 160°C for 20 h are shown irrigure 1.
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Figure 3. Effects of spinach powder added to flour dough on conjugated dienoic acid content and p-anisidine values of the fried dough in soybean oil
at 160 °C. (For zero heating time, samples were taken from the oil heated to 160 °C and used to fry one batch of dough for 1 min.)
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Figure 4. Effects of spinach powder added to flour dough on conjugated dienoic acid content and p-anisidine values of the fried dough during storage
at 60 °C for 12 days.

Table 4. Fatty Acid Compositions of the Fried Dough with Various Levels of Added Spinach Powder during Storage at 60 °C

spinach content storage time relative content (%)
(%) (days) C16:0 C18:0 C18:1 C18:2 C18:3 u/sa
0 0 11.32£0.22 5.05+0.33 23.79£0.48 53.01£0.77 6.67 £0.19 5.104
2 11.38 +0.46 4.95+0.25 24.25 +0.47 52.46 +0.42 6.55+0.08 5.107
4 11.66 +0.10 511+1.23 24.33 +0.47 54.19+1.63 4.67 +£0.60 4,981
6 11.60+0.23 5.45+0.09 24.80+0.12 52.25+0.18 5.89+0.27 4.863
8 11.81+0.21 525+0.13 24.64 +0.23 52.58 £ 0.44 572+0.13 4.863
10 12.22 +0.68 554+0.13 25.69+0.24 51.42+0.74 5.14 £ 0.40 4,638
12 14.82 +0.10 6.78+0.20 28.78+1.12 4490+ 0.41 4.21+£0.13 3.605
5 0 11.46 +0.24 5.46 £0.10 24.81 +0.05 52.76 £ 0.53 552 +0.35 4910
2 11.68 £0.27 5.36 £0.20 24,98 £0.17 52.71+0.32 5.27 £0.48 4.869
4 11.48 £0.07 521+0.20 24.60 £0.12 53.06 £ 0.29 5.66 £ 0.14 4.992
6 11.61+£0.13 5.03+0.21 24.60 £0.21 53.34 £0.26 5.47 £0.15 5.014
8 11.41+£0.20 5.02+0.14 24.97 £0.05 53.79+£0.14 481+0.11 5.086
10 11.47 +£0.25 494+0.12 2490+ 0.31 53.54 +£0.21 5.16 £ 0.45 5.097
12 11.97£0.16 5.24 £0.03 25.27 £0.03 52.21+0.11 5.31+0.03 4.810
15 0 11.54 +0.17 5.12 +0.08 24.34 +0.05 52.99 +0.18 6.01+0.25 5.002
2 11.45+0.09 5.14+0.14 24.72 +0.35 52.85+0.21 5.85+0.21 5.031
4 11.26 + 0.06 496 +0.11 24.18 + 0.04 53.70 £ 0.32 5.90 +0.25 5.166
6 11.43+0.18 4.81+0.08 24.31+0.40 53.98 £ 0.14 5.48 +0.46 5.160
8 11.39 +0.09 471+0.24 24.08 +0.24 52.29 + 0.68 5.54 +0.59 5.215
10 11.26 +0.10 4.82+0.15 24.09 + 0.06 53.92 +0.48 5.90 +0.35 5.217
12 11.48 +0.31 4,76 +0.31 24.13+0.10 53.87 £ 0.57 5.77 +0.66 5.161
25 0 11.49 +0.05 4,96 +0.09 24.15+0.08 53.50 +£0.38 5.90+0.43 5.080
2 11.45+0.13 5.10+0.10 24.26 +0.10 53.04 £0.10 6.16 +£0.04 5.044
4 11.53+0.10 4.89+0.05 24.15+0.17 53.65+0.28 579+0.31 5.091
6 11.37 £ 0.10 483+0.28 24.11+0.19 53.67+£0.73 6.02 £0.20 5.175
8 11.43+0.12 465+0.12 23.73+0.10 54.20 £0.15 599+0.13 5.219
10 11.55+0.21 468+0.33 23.73+0.46 53.84 £ 0.50 6.19+0.20 5.163
12 11.65+0.20 4.87+0.25 2431+ 0.25 53.69 £ 0.60 5.57+0.30 5.061

2 Ratio of unsaturated fatty acids to unsaturated fatty acids.

The FFAV of soybean oil increased progressively with the  Changes in polar compounds in soybean oil during frying
heating time of the frying oil. In addition, the FFAV of the oil are shown inTable 3. The contents of polar compounds
used to fry the dough containing spinach powder was signifi- increased with the heating time due to accumulation of polar
cantly higher than that of the oil used to fry the dough without compounds in the oil as a result of degradation of hydroper-
spinach powder. This might be due to hydrolysis of triacyl- oxides and/or dimerization or polymerization. This tendency was
glycerols by thermostable phospholipase or galactolipase presenglso reported by Cuesta et @4j. In most countries, the limit

in spinach powder23). of heat abuse is set at 25% polar compourg$. (Addition of
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spinach powder to the dough helped to reduce the accumulationLITERATURE CITED

of polar compounds in oil, especially in the early stage of frying.
Figure 2 shows the carotene content in the frying oil during

continuous frying of dough. As frying was repeated, the carotene
content in the oil increased. This indicates that carotene in the
dough containing spinach powder was dissolved into the frying

oil during frying. Also, the more spinach added to the dough,
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