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Ascorbic acid is highly sensitive vitamin to various modes of cooking processes. Ethiopian green collards (Brassica carinata),
locally called Ye’abesha Gomen, and cabbage (Brassica oleracea) are important green vegetables for ascorbic acid source in the
country. -e rate of ascorbic acid degradation in cabbage and Ethiopian green collard was studied employing two processing
methods: open-pan and pressure cooking which are highly customized in household cooking. Samples were cooked at 5, 10, 15, 20,
25, 30, and 35min under each processing method. Ascorbic acid concentration in each sample was determined by using a
spectrophotometer at 520 nm wavelength using the standard plot of pure ascorbic acid solution. -e initial concentration of
ascorbic acid in fresh cabbage and Ethiopian green collard were found to be 33.76± 0.58 and 38.14± 0.19mg/100 g, respectively.
Well-cooked and edible Ethiopian green collard was obtained at 10 minutes of cooking time by pressure cooking with ascorbic
acid retention of 31.8% from its initial contents. However, a cooking time of 25min was required by the open-pan cookingmethod
with 26.8% ascorbic acid retention. Edible cabbage was attained at 10 and 20 minutes of cooking time by pressure and open-pan
cooking methods maintaining 36.9 and 30.9% of ascorbic acid, respectively. -us, the pressure cooking method required short
cooking time for having well-cooked and edible green leafy vegetable with better ascorbic acid retention.-e outputs of this work
would be helpful to design and control practical thermal processing situations and to minimize the loss of ascorbic acid in green
leafy vegetables.

1. Introduction

Vegetables and fruits are rich sources of essential vitamins,
minerals, fibers, and disease-fighting phytochemicals which
the human body needs to maintain good health. Although
consumption of fresh unprocessed plant food is widely
advocated, evidence is emerging that bioavailability of many
protective compounds is enhanced when vegetables are
cooked [1].-e type of processing affects the extent to which
a vegetable food is a good source of a nutrient [2]. -e
processing needs to be designed and controlled to give the
product qualities identified and wanted by the consumers
[3].

Recent studies shown that selection of proper cooking
methods can enhance the availability of healthy nutrients.

Steaming, roasting, boiling, frying, sautéing, and microwave
and pressure cooking are found to be the most common
methods for cooking vegetables [4]. Moreover, the re-
searchers also considered in their work, factors related to the
preparation phase of common domestic processing, in-
cluding washing, peeling, cutting, chopping, and soaking [5].
Such information has been studied in detail for broccoli
[1, 6–14]. However, data on the effect of cooking on nu-
tritional properties of cabbage and Ethiopian green collard
are still incomplete. Understanding how and why nutrient
losses are therefore helpful for the consumer, chef, and food
processor to limit such losses and enhance the nutritional
quality of leafy vegetables.

Ethiopian green collard (Brassica carinata), locally
named Ye’abesha Gomen, and cabbage (Brassica oleracea)
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are important green leafy vegetables for ascorbic acid source
in Ethiopia particularly in the fasting season. Cooking trend
of the society can influence the nutrients to be retained after
thermal treatment of green leafy vegetables in which
ascorbic acid would be very vulnerable to loss. -e extent of
the loss of ascorbic acid depends upon variations in cooking
methods and periods. Open-pan cooking and pressure
cooking are the common household processing methods
practiced in the rural and urban residences of Ethiopia,
respectively. Cooking leafy vegetables at high temperature
destroys ascorbic acid since it easily leaches into the cooking
water being a water-soluble vitamin.-e extent of the loss of
ascorbic acid depends upon variations in cooking methods
and periods [15].

Limited works have been carried out on the degradation
of ascorbic acid in cabbage and Ethiopian green collard with
respect to open-pan and pressure cooking methods. Being
informed about these leafy vegetable cooking methods and
their impact on vitamin loss might make the consumer more
aware on how to optimize the nutrients obtained during a
meal. -us, the aim of this study was to examine the effect of
the two cookingmethods on the degradation of ascorbic acid
in these green leafy vegetables.

2. Materials and Methods

2.1. Chemicals and Reagents. Metaphosphoric acid (MPA),
L-ascorbic acid, glacial acetic acid, 2,6-dichlorophenol-in-
dophenol, sodium acetate, and xylene were purchased from
Micron Plc, Addis Ababa, Ethiopia. All the chemicals used
were of analytical reagent grade.

2.2. Materials. Well-known and abundantly consumed
Ethiopian green collard (Brassica carinata) and cabbage
(Brassica oleracea) were collected from Bahir Dar city local
market consulting Adet Agricultural Research Institute. All
samples of raw material were packed in polyethylene bags.
Samples were placed in an ice box and transported to Bahir
Dar University, Institute of Technology, School of chemical
and Food engineering Laboratories, for experimental work.

2.3. /ermal Processing Effect on Ascorbic Acid. For thermal
processes studies, normal open-pan cooking and pressure
cooking were selected as thermal processing methods. -e
ratios of sample to water were taken 1 : 2 and 1 : 4 (wt/vol) for
pressure and open-pan cooking method, respectively.
Cooking treatments were done at 5, 10, 15, 20, 25, 30, and
35min cooking times under each method. -e levels of
vegetable to water ratio was set by pre-experimental trials
and [16] working method. Cooking kettle for open-pan
cooking and pressure cooker are used for thermal treatment
device. Ten grams of samples were transferred into the
cooking kettle and pressure cooker containing 40mL dis-
tilled water. Samples were preheated at 96.7± 3°C and at-
mospheric pressure in open-pan cooking and 110°C and
40 kpa in pressure cooker. Samples were withdrawn peri-
odically and analyzed for ascorbic acid content.

2.4. Determination of Ascorbic Acid. Ascorbic acid was de-
termined following the method stated by [16]. Clearly,
standard indophenol’s solution was prepared by dissolving
0.08 g of 2,6-dichlorophenol-indophenol in water diluted to
100ml and filtered. -e heat-treated leafy vegetable sample,
along with the water, was ground to a paste with a minimum
amount of 3% metaphosphoric acid in a mortar and pestle.
-en, it was transferred into a 100ml volumetric flask with
the help of a funnel. -e mortar and pestle were rinsed
several times with small amounts of 3%metaphosphoric acid
and added back to the volumetric flask. -e volume was
made up to 100ml using 3% metaphosphoric acid, mixed
thoroughly and then filtered through a filter paper. -e
filtrate (2ml) was placed in a 50ml stoppered conical flask
followed by 2ml of acetate buffer (pH 4.0, prepared by
mixing 1 litre of 50% CH3COONa·3H2O with 1 litre of
glacial acetic acid), 3ml of Tillman’s dye (2,6-dichlor-
ophenol-indophenol), and 15ml of xylene. It was shaken
vigorously for 10 seconds, and the solvent was allowed to
separate. -e lower water layer was pipetted out, and the
colour of the xylene layer was measured at 520 nm using a
spectrophotometer. All the experiments were done in
triplicate.

2.5. Statistical Analysis. Statistical analysis of the results was
completed using JMPIN 5.1.0 statistical software and
Microsoft Office Excel 2007. Data were expressed as
means± standard error (SE) of triplicate experiments. Dif-
ferentiation between data sets was determined by the Stu-
dent’s t-test, and significant differences were considered
when means of compared sets differed at p< 0.05.

3. Results and Discussion

3.1. Standard Curve Plot. First, a calibration graph was
plotted preparing different known concentrations of pure
ascorbic acid solutions (5, 10, 15, 20, 30, 35, 40, and 45mg/
100ml) at room temperature and measuring absorbance at
520 nm wavelength.

-e calibration curve was used to determine unknown
concentrations of ascorbic acid of cabbage and Ethiopian
green collard for each treatment designed under the two
cooking methods (Figure 1).

3.2. Effect of Cooking Methods on Ascorbic Acid of Cabbage
and Ethiopian Green Collard. Concentrations of ascorbic
acid in fresh cabbage and Ethiopian green collard were
found to be 33.76± 0.58 and 38.14± 0.19mg/100 g, respec-
tively confirming that both vegetables are good sources of
vitamin C (ascorbic acid). -ese values were generally high
for all the raw vegetables when compared with their pro-
cessed counterparts.

Ascorbic acid contents of two green leafy vegetables as
affected by two processing methods are shown in Figures 2
and 3. Ascorbic acid content decreased in both vegetable
samples cooked by open-pan and pressure cookingmethods.
-e cooking treatments cause a momentous impact on the
ascorbic acid contents.
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As shown in Figures 2 and 3, the trend of the graph in-
dicates that ascorbic acid of cabbage and Ethiopian green
collard decrease with increase in cooking time for both cooking
methods. It also revealed that pressure cooking has a higher
degradation rate on ascorbic acid of both green leafy vegetables.

-e loss of ascorbic acid in green leafy vegetables is a
function of the cooking methods and times employed for
this study to them edible. Ethiopian green collard needed
10min cooking time to be edible by pressure cooking and
25min of open-pan cooking. -e corresponding ascorbic
acid loss becomes 68.2% in pressure cooking and a loss of
73.2% of ascorbic in open-pan cooking. More ascorbic acid
loss was occurred in open-pan cooking.

Cabbage needed 10 and 20minutes of cooking time to be
edible in pressure and open-pan cooking methods, re-
spectively. In pressure cooking, 63.1% ascorbic acid loss was
found (Table 1).-e loss was increased to 69.1% in open-pan
cooking of cabbage.

Significant differences (p< 0.05) in ascorbic acid content
were exhibited between treatments and cooking methods.
Ascorbic acid content of Ethiopian green collard was de-
creased significantly (p< 0.05) with cooking time in the
pressure cooking method.

In both leafy green vegetables, except 25 and 30min
cooking time of open-pan cooking (Table 2), ascorbic acid
content was significantly decreased (p< 0.05) from
5–35min treatment times.

Dramatic decreasing changes in the ascorbic acid con-
tents were observed after cooking vegetables. -e extent of
ascorbic acid content reduction of leafy vegetables varied
even though they were treated under the same cooking
method. -is is attributed to different vulnerabilities of
cabbage and Ethiopian green collard due to their initial
ascorbic acid content and enzymatic activities. Ethiopian
green collard is more susceptible to thermal processing due
to its lower activation energy [17].
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Figure 1: Calibration graph plot of pure ascorbic acid.
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Figure 2: Effect of cooking methods on ascorbic acid loss of
cabbage (error bars represent SE of the means).
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Figure 3: Effect of cooking methods on ascorbic acid loss of
Ethiopian green collard (error bars represent SE of the means).
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Cooking methods and their duration affected the
ascorbic acid content of both leafy vegetables, with an overall
more profound effect by pressure cooking at similar cooking
time. Longer cooking time enhanced the reduction of
ascorbic acid in cabbage and Ethiopian green collard. -e
result of [18] research study showed that the cooking time
had a higher influence on the ascorbic acid content of
broccoli.

Loss as a result of open-pan cooking is justified since
ascorbic acid is water-soluble and heat labile. -us, ascorbic
acid is easily leached into the boiling medium. Similar
observations were reported on ascorbic acid of broccoli [14]
and Brassica rapa [19].

Comparable results were reported by [20] where about
50% ascorbic acid retention was achieved in spinach cooked
for 7min. -is indicates that short cooking duration may
lead to a significantly higher retention of ascorbic acid.
Retention of only 4–8% ascorbic acid has been found in

spinach and amaranth leaves cooked for 30min in an open-
pan cooking [21]. -e results of this study deviate from what
[22] found for spinach, where the retention of ascorbic acid
following cooking for 12min was approximately 5%. -e
range of ascorbic acid retentions reported by different re-
searchers during cooking may be attributed to different
amounts of initial ascorbic acid in leafy green vegetables and
also to the conditions used during storage and cooking.
Shorter cooking times, less exposure of material to atmo-
spheric oxygen, not chopping leaves prior to cooking, and
lower water/vegetable ratios should all result in greater
retention of the vitamin during cooking [23].

Sixty percent loss of ascorbic acid is reported in average
in spinach through boiling and 58% through pressure-
cooking [24]. It was found that boiling for 6 minutes caused
64.45% decrease in broccoli, 70.74% in white cabbage, and
66.82% in cauliflower [25].

4. Conclusion

Cabbage and Ethiopian green collard are the potential
sources of health-promoting nutrients; ascorbic acid has
been lost due to uncontrolled cookingmethods.-e research
work aimed to examine ascorbic acid reduction trend in
cabbage and Ethiopian green collard employing two cooking
methods: open-pan and pressure cooking. -e loss of
ascorbic acid in Ethiopian green collard and cabbage is a
function of the cookingmethods and duration. As the results
exhibit, the ascorbic acid content of the green leafy vege-
tables decreased under all cooking times of the two cooking
methods employed, with greater losses occurring with
pressure cooking at similar cooking duration.

Cooking of cabbage and Ethiopian green collard is ex-
pected for better safe consumption, and the cooking time
required to make them edible is highly needed with mini-
mum loss of ascorbic acid.

Well-cooked and edible Ethiopian green collard was
obtained at 10 minutes of cooking time by the pressure
cooking method with 31.8% ascorbic acid retention from its
initial content. However, open-pan cooking needed longer
cooking time of 25 minutes with 26.8% retention of ascorbic
acid. Cabbage needed less cooking time (5 minutes of
cooking time advantage) than Ethiopian green collard in
open-pan cooking methods with 4.1% more ascorbic acid
retention. Cooking time of 10 and 20min were enough to
obtain well-cooked and edible cabbage with 36.9% and
30.9% ascorbic acid retention using pressure and open-pan
cooking, respectively.

Overall, the pressure cooking method provided higher
ascorbic acid retention of 36.9% in cabbage and 31.8% in
Ethiopian green collard to make them safe and edible. It also
required short cooking time for having well-cooked and
edible green leafy vegetable.

Data Availability

-e data used to support the findings of this study are
available from the corresponding author upon request.

Table 1: Retention (mg/100 g) and percent loss of ascorbic acid in
cabbage under each cooking method.

Cooking time
(min.)

Cooking method
Open-pan cooking∗ Pressure cooking∗

Retention Loss
(%) Retention Loss

(%)
5 18.52a± 0.42 45.1 14.38a± 0.48 57.4
10 14.24b± 0.72 57.8 12.47b± 0.32 63.1
15 13.00b± 0.72 61.5 11.6b± 0.23 65.6
20 10.43c± 0.54 69.1 8.24c± 0.11 75.6
25 8.52d± 0.67 74.8 6.21d± 0.37 81.6
30 7.21d± 0.21 78.6 4.89e± 0.14 85.5
35 5.14e± 0.19 84.8 2.17f± 0.29 93.6
Data are expressed as means± standard error (SE) of triplicate experiments.
Ascorbic acid contents in fresh cabbage and Ye’abesha Gomen were 33.76
and 38.14mg/100 g, respectively. Means in the column not connected by the
same letter are significantly different at p< 0.05. ∗-e effects of two cooking
methods are significantly different within the column at p< 0.05 for both
cabbage and Ethiopian green collard.

Table 2: Retention (mg/100 g) and percent loss of ascorbic acid in
Ethiopian green collard under each cooking method.

Cooking time
(min.)

Cooking method
Open-pan cooking∗ Pressure cooking∗

Retention Loss
(%) Retention Loss

(%)
5 22.54a± 0.33 40.9 15.61a± 0.47 59.1
10 17.16b± 0.45 55.0 12.19b± 0.70 68.0
15 14.64c± 0.15 70.9 11.35bc± 0.24 70.2
20 12.1d± 0.37 68.3 10.15c± 0.39 73.4
25 10.24e± 0.34 73.2 8.43d± 0.44 77.9
30 9.97e± 0.47 73.9 5.91e± 0.18 84.5
35 6.619f± 0.35 82.6 3.84f± 0.42 89.9
Data are expressed as means± standard error (SE) of triplicate experiments.
Ascorbic acid contents in fresh cabbage and Ye’abesha Gomen were 33.76
and 38.14mg/100 g, respectively. Means in the column not connected by the
same letter are significantly different at p< 0.05. ∗-e effects of two cooking
methods are significantly different within the column at p< 0.05 for both
cabbage and Ethiopian green collard.
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