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Antioxidative Property of Acyl Ascorbate in Cookies Containing Iron 
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Acyl ascorbates are ascorbic acid derivatives, which are possibly used as antioxidants in oil 

systems. The effect of stearoyl ascorbate at different amounts in model cookies containing iron, in 

terms of lipid autoxidation, was studied. A kinetic model describing the formation and degradation 

of lipid hydroperoxides (expressed as peroxide value) was developed to compare the antioxidant 

abilities. Results showed that addition of 25 mg of stearoyl ascorbate to 250 μL of soybean oil resulted 

in the longest induction time among the tested systems. Additionally, stearoyl ascorbate showed much 

higher antioxidant ability compared to palmitoyl and behenoyl ascorbates. 
Keywords: acyl ascorbate; cookies; iron; lipid oxidation; peroxide value 

1. Introduction 

Rancidity is a major factor contributing to the deterio-

ration of food containing fat and oil, because autoxidation 

of unsaturated fatty acids is a thermodynamically favor-

able reaction that proceeds at a considerable rate even at 

low temperatures. However, retardation of lipid oxidation 

can be achieved by several methods. Removal of oxygen, 

protection from light, and addition of antioxidants are 

among the several methods routinely applied in the food 

industries [1] to prolong the shelf-life of food products 

and prevent rancidity. 

Acyl ascorbates, which are esters of fatty acids with 

different chain lengths and ascorbic acid, have been 

found to be effective antioxidants for bulk, disperse, and 

microcapsule oil systems [2]. The acyl chain makes it 

possible to use ascorbic acid in oil systems. Currently, 

palmitoyl and stearoyl ascorbates are permitted for use 

as food additives. Aleman et al. [3] reported that palmi-

toyl ascorbate at 0.04% (w /w) effectively suppressed 

tocopherol loss and oxidation of chocolate cream used in 

sandwich-type cookies, while Zou and Akoh [4] found 

(Received 12 Mar. 2016: accepted 2 Jun. 2016) 
t Fax: 082-434 7890, E-mail: wysyk@hiro.kindaiac.jp 

that palmitoyl ascorbate at 0.005% (w /v) is the most 

effective antioxidant in infant formula emulsion as com-

pared to α一tocopherol,,8-carotene, ascorbic acid, and 

citric acid. 

The antioxidative properties of antioxidants in simple 

systems, such as bulk oil [5], emulsions containing a sin-

gle oil and single aqueous component [6], encapsulated 

oil with a single wall material [7], have been evaluated to 

gain basic information regarding antioxidative properties 

of acyl ascorbates. However, to determine the applicabil-

ity of antioxidants in food products, a more complex, con-

trolled food model should be tested. Therefore in this 

study, model cookies containing iron, a lipid autoxidation 

catalyst, were used to test the efficiency of long-chain 

acyl ascorbates for the retardation of lipid autoxidation, 

by kinetic analysis of the peroxide value. 

2. Materials and Methods 

2.1 Materials 

Stearoyl ascorbate, palmitoyl ascorbate, and soybean 

oil were purchased from Wako Pure Chemical Industries 

(Tokyo, Japan). Behenic acid was obtained from Kishida 

Chemicals (Osaka, Japan). Ascorbic acid was obtained 

from Nacalai Tesque (Kyoto, Japan). Palmitoyl sucrose 
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ester (P-1670) was purchased from Mitsubishi Kagaku, was fla抗edwith a roller, wrapped in plastic wrap, and 

(Tokyo, Japan). Immobilized lipase from Candida antarc- chilled in a refrigerator for 10 min. The refrigerated 

tica (ChirazymeRL-2 C2) was provided by Roche dough was cut into flat circles with a diameter of 1.5 cm 

(Mannheim, Germany). Commercial wheat flour and baked in an electric oven at 180℃ for 12 min. 

(Nisshin Flour Milling), unsalted, no vitamin E added 

butter (Megmilk Snow Brand), white sugar (Pearl Ace), 2.4 Measurement of the peroxide values of 

and table salt (Ajinomoto) were used for preparing the cookies 

model cookies. Other reagents used were of analytical The prepared cookies with different added amounts of 

grade. the test components, i.e. palmitoyl ascorbate (C16AsA), 

2.2 Preparation of behenoyl ascorbate 

Because behenoyl ascorbate is not commercially avail-

able, it was prepared by enzymatic reaction under the 

optimal conditions previously reported [8]. 15 mmol of 

ascorbic acid, 45 mmol of behenic acid, 1 g of 

ChirazymeR L-2 C2, and 300 mL of acetone were com-

bined in an amber glass bottle and briefly mixed in a 

shaking water bath (150 rpm) at 50℃ for 24 h to allow 

the reaction to proceed. 

Behenoyl ascorbate was purified by filtering the reac-

tion mixture through Advantec No. 1 filter pape工Thefil-

trate was concentrated in a vacuum evaporator at 50℃． 

The concentrated solution was combined with hexane, 

filtered, and then washed with hexane several times to 

remove all unreacted fatty acid. The obtained solid resi-

due was transferred to a 500 mL separating funnel and 

combined with 100 mL of 2-butanol and 50 mL of dis-

tilled water to partition the product into the 2-butanol 

phase and the unreacted ascorbic acid into water. The 

lower water phase was then discarded. The 2-butanol 

phase was repeatedly washed with water several times 

for the complete removal of ascorbic acid. Then, buta-

nol was removed by evaporating under vacuum at 50℃． 

The final product was further dried in a desiccator that 

was kept in the dark, together with phosphorus pentox-

ide, under vacuum for one day. The purity of the product 

was checked by HPLC, and the dried product was kept at 

4℃． 

2.3 Preparation of cookies containing iron 

Cookies containing iron were prepared as a model 

food for studying the antioxidative property of acyl ascor-

bates. Wheat flour (25 g), white sugar (12.5 g), melted 

butter (12.5 g), soybean oil (250 μL), and table salt 

(0.1875 g) were mixed well in a bowl. Distilled water (2.5 

mL), iron (II) chloride tetrahydrate (FeClz・4H20;25 

mg), and the specific amount of acyl ascorbate or ascor目

bic acid were mixed in a test tube and added to the bowl. 

The mixture was then formed into dough. The dough 

stearoyl ascorbate (ClSAsA), behenoyl ascorbate 

( C22AsA), ascorbic acid with palmitoyl sucrose ester 

(AsA+SEC16 at a ratio of 1:1 by weight), and palmitoyl 

sucrose ester (SEC16), were tested for their ability to 

retard lipid autoxidation. Each group of cookies was kept 

in a plastic box at a relative humidity of 44% adjusted by a 

saturated solution of potassium carbonate and controlled 

at 65℃by placing them in a hot-air incubator. A piece of 

cookie, which contained ca. 194 mg of lipid, was taken at 

appropriate time intervals, ground in a mortar and pes-

tle, and extracted for oil with chloroform/methanol (2:1 

v /v). The peroxide value (PV) of the extracted oil was 

spectrophotometrically measured according to the 

method proposed by L0vaas [9] and reported as meq/ 

kg-oil. Each measurement was done in duplicate, and 

the mean value was calculated. 

3. Results and Discussion 

3.1 Effect of amount of stearoyl ascorbate 

on the O玄idationof soybean oil in cookies 

containing iron 

Figure 1 shows changes in PV with time for the cook-

ies with 5, 25, and 100 mg of ClSAsA. SEC16 (25 mg) 

was used as a control because it contained the acyl chain 

but possesses no antioxidant activity. PV represents the 

amount of lipid hydroperoxides, which are the primary 

products of lipid oxidation and are widely used as an indi-

cator of the extent of lipid oxidation in food products at 

early stages. It is known that PV usually increases with 

time, after a certain period of time called induction 

period of lipid oxidation, but decreases at some point 

because hydroperoxides are unstable and further 

degrade to other products. [10] 

The quantitative kinetic model of autoxidation is very 

useful to analyze the effectiveness of each antioxidant on 

the retardation of lipid oxidation. Iibuchi [11] proposed a 

comprehensive model for the autoxidation of edible oil to 

describe the change in PV, but for the purpose of this 

study, a simple kinetic model for autoxidation was 
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The kinetic parameters, k and t0, were calculated by best 

fitting the experimental results of Solver in Microsof樋

Excel 2013. 

It can be seen from Fig. 1 and Table 1 that adding 5 mg 

of C18AsA had no effect on the retardation of lipid autox 

idation, because the PV rapidly increased after a very 

short induction time, almost similar to the case of adding 

SEC16. A small amount of C18AsA might be immediately 

depleted after reaction with free radicals, such as alkyl 

radicals formed from the autoxidation reaction. Upon the 

addition of 100 mg C18AsA, however, the induction time 

100 200 300 
Time [h] 

400 soo of lipid oxidation could be increased to 189 h, while the 

addition of 25 mg C18AsA resulted in the longest induc-

Fig. 1 Changes in peroxide values (PV) of soybean oil (250 μ 

L) with time for the cookies with （口） 5, (0) 25, and （ム）100 

mg of stearoyl ascorbate (ClSAsA). The change in the PV of 

linoleic acid for the cookie added with palmitoyl sucrose ester 

(SEC16) (T) was observed as a control. The solid curves 

were calculated using the estimated kinetic parameters. 

adopted: 

s~今PYー止と~other products (1) 

where S is the concentration of the lipid substrate, which 

produces peroxide through oxidation (meq/kg-oil), PV 

is the peroxide value (meq/kg-oil), and k1 and k2 are the 

assumed first-order kinetic reaction rate constants for 

the formation and degradation of hydroperoxides, 

respectively (h 1). Because lipid oxidation normally pro-

ceeds after an induction time (t0), we could estimate the 

value of PV at any time （の from

PV=PV0 at tく to (2) 

PV＝主二~re kz(t to) _e k,(t 句l1 + PV 0 att:?: to (3) 
1-k2/k1 L 」

where S0 and PV0 are the initial concentration of the lipid 

substrate and PV, respectively. From the initial estima-

tions, we found that S0 could be fixed at 42 meq/kg-oil. 

ti on period (>264 h). This phenomenon could be 

explained by the dual activities, i.e., the antioxidant and 

pro-oxidant activities, of the ascorbic acid moiety of 

C18AsA Ascorbic acid has strong reducing power and 

free radical scavenging effect; therefore, it acts as a good 

antioxidant. [12] However, at the same time, ascorbic 

acid can act as a pro-oxidant. The Fe2+ ions added to 

cookies accelerated the lipid autoxidation via several 

mechanisms such as producing reactive oxygen and 

degrading lipid hydroperoxides to lipid peroxyl radicals. 

[13] After the reaction, Fe3• is formed, which can be 

reduced to Fe2• by ascorbic acid (Fenton reaction). 

Therefore, at higher amounts of C18AsA, a greater num白

ber of molecules acted as pro-oxidants; therefore, the 

induction period was shortened. This result disagreed 

with the behavior of ascorbic acid in simpler systems; for 

example, Yen et al. [12] found that in deoxyribose assay, 

ascorbic acid at low concentrations acted as a pro-oxi-

dant by reducing Fe3+ to Fe2•, but at higher concentra-

tions, ascorbic acid acted as a scavenger of hydroxyl radi-

cals. We have previously reported that in linoleic acid 

oxidation without a metal catalyst, increasing the molar 

ratio of ascorbic acid or capryloyl ascorbate to linoleic 

acid from 0 to 0.1 could increase the stability of linoleic 

acid [5]. It should be noted that k1 and k2 in each system 

Table 1 Kinetic parameters estimated for the oxidation of soybean oil added with acyl ascorbate. * 1 

Additive 
SEC16*2 AsA叫＋SEC16 C16AsA叫 ClSAsA *5 
(25 mg) (25 mg each) (25 mg) (5 mg) 

Induction period t0 [h] 24 13 44 18.6 

Rate constant k1 [h-1] 5.41×10 l 7.48×10 3 4.35×10 3 6.05×10 3 

Rate constant k2 [h-1] 3.08×10-3 6.36×10-3 6.26×10 3 4.99×10 3 

本1The amount of soybean oil added to the cookie was 250 μL for each sample. 

2 SEC16: palmitoyl sucrose ester 叫 AsA:Ascorbic acid 

叫 C16AsA:Palmitoyl ascorbate 吋 ClSAsA:Stearoyl ascorbate 

*6 C22AsA: Behenoyl ascorbate 

ClSAsA ClSAsA C22AsA’6 
(25 mg) (100 mg) (25mg) 

>264 189 8.4 

4.68×10-3 1.02×10-1 

3.56×10-3 7.83×10 3 
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were not much different. tern has an influence on the antioxidant activity of each 

acyl ascorbate. In this study, for example, behenoyl 

3.2 Antioxidant ability of acyl ascorbates ascorbate, which has slightly higher hydrophobicity than 

with different acyl chain lengths palmitoyl and stearyl ascorbates, might interact with sat-

Acy! ascorbates with different acyl chain lengths urated lipids from butter instead of unsaturated lipids 

(C16AsA, C18AsA, and C22AsA; 25 mg each) were com- from soybean oil, which renders it unavailable for retard-

pared for their antioxidant activities (Fig. 2, Table 1.). ing autoxidation. 

Both SEC16 and AsA-SEC16 were used for control treat-

ments. The results showed that C18AsA was the best 4. Acknowledgement 

antioxidant in the tested food model. C16AsA could only 

extend the induction time (44 h) marginally, while 

C22AsA and AsA-SEC16 did not show any effect on 

retarding the oxidation. Compared with SEC16, which 

does not contain an ascorbic moiety, C16AsA, C22AsA, 

and AsA-SEC16 resulted in faster degradation of PY (k2). 

This might be caused by pro-oxidant activity of ascorbic 
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