
ORIGINAL RESEARCH
published: 17 July 2020

doi: 10.3389/fnut.2020.00095

Frontiers in Nutrition | www.frontiersin.org 1 July 2020 | Volume 7 | Article 95

Edited by:

Jinkai Zheng,

Institute of Food Science and

Technology (CAAS), China

Reviewed by:

Kin Weng Kong,

University of Malaya, Malaysia

Alam Zeb,

University of Malakand, Pakistan

*Correspondence:

Fitriyono Ayustaningwarno

ayustaningwarno@fk.undip.ac.id

Ruud Verkerk

ruud.verkerk@wur.nl

Specialty section:

This article was submitted to

Food Chemistry,

a section of the journal

Frontiers in Nutrition

Received: 19 March 2020

Accepted: 26 May 2020

Published: 17 July 2020

Citation:

Ayustaningwarno F, van Ginkel E,

Vitorino J, Dekker M, Fogliano V and

Verkerk R (2020) Nutritional and

Physicochemical Quality of

Vacuum-Fried Mango Chips Is

Affected by Ripening Stage, Frying

Temperature, and Time.

Front. Nutr. 7:95.

doi: 10.3389/fnut.2020.00095

Nutritional and Physicochemical
Quality of Vacuum-Fried Mango
Chips Is Affected by Ripening Stage,
Frying Temperature, and Time

Fitriyono Ayustaningwarno 1,2,3*, Elise van Ginkel 1, Joana Vitorino 1, Matthijs Dekker 1,

Vincenzo Fogliano 1 and Ruud Verkerk 1*

1 Food Quality and Design, Wageningen University & Research, Wageningen, Netherlands, 2Department of Nutrition Science,

Faculty of Medicine, Diponegoro University, Semarang, Indonesia, 3Center of Nutrition Research, Diponegoro University,

Semarang, Indonesia

For the production of healthier fruit snacks, vacuum frying is a promising alternative

for atmospheric frying, to reduce the oil content, while maintaining a high nutritional

quality. This paper evaluates the effect of ripening stages, frying temperature, and time

on the quality of vacuum-fried mango. Unripe mango was dehydrated faster than ripe

mango and had a higher hardness after frying at 110 and 120◦C. Fat content in fried ripe

mango was higher. Total ascorbic acid and β-carotene in both ripening stages were not

different, but after frying total ascorbic acid in unripemango remains higher. A novel image

analysis was applied to quantify the color distribution of fried mango. Color changes in

unripe mango were more susceptible to temperature and time. Considering all quality

parameters, vacuum frying of unripe mango at the optimal condition of 100◦C for 20min

is preferred for producing high-quality healthier fruit snacks.

Keywords: vacuum frying, mango, ripening, vitamin C, β-carotene, fat, color, texture

INTRODUCTION

Consumers have a strong desire for fried food products because of their unique flavor–texture
combination. However, the increased awareness of consumers toward the relationship between
food, nutrition, and health stimulates the food industry to use alternative processing methods
complying the demand for healthier snacks. In this paper, we study an alternative frying process
to meet these demands by reducing the oil uptake and maintaining a high nutritional value.

Technically deep-frying is heating and dehydrating foods with associated oil uptake by
immersing them in an edible fat at 165–190◦C (1). Compared to other cooking methods,
deep-frying generates products with a unique color, texture, and flavor.

Deep-frying dries the product, giving it a crust and making it crispy (2). However, excessive
oil absorption is an undesired side effect of the process that could be limited by various strategies
such as dripping and post-frying centrifugation (3). Additionally, a high frying temperature might
reduce the content of nutrients present in the raw material (4). In the framework of the increasing
demand for healthier snack choices, industries are developing low-fat alternatives. Techniques
such as drying, extrusion, and baking have not always been able to satisfactorily meet the sensory
characteristics of fried foods (5). Consumers do not want to compromise on organoleptic properties
in exchange for healthier products (6). Altogether, vacuum frying might be a promising technology
for healthier fried products.
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FIGURE 3 | Color distribution in terms of lightness L* (L) and green to red a* (R) changes during vacuum frying at different ripening stages of mango, fried at 90, 100,

110, and 120◦C. Lightness levels of mango were represented in three levels: 0 ≤ dark ≤ 60, 60 < medium-light ≤ 80, 80 < light ≤ 100. Meanwhile, red to green were

represented in three levels; green ≤ 0, 0 < medium-red ≤ 10, red > 10. Error bars are standard error N = 8.
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FIGURE 4 | Unripe (left) and ripe (right) mango slices vacuum fried at 90 (top) and 120◦C (bottom) for different times.

Color
The color of fried mango chips is often inhomogeneous with
strong local differences, e.g., the occurrence of brown spots in a
lighter background. This phenomenon is present in most fried
or baked foods. Therefore, measuring the overall color changes,
e.g., expressed as L∗a∗b∗ values, is not representative for the
visual appearance. In many cases, the food matrix and surface
are not homogenous and have different structures at micro- and
macroscopic scales (42). Image analysis of photographs taken
under standard lighting gives the opportunity to assess the local
differences in color values in a quantitative way. Instrumental
color distribution analysis has been done for food for a variety
of applications, including for microwaved pizza (43); however,
application of this method in vacuum-fried food and especially
as a time-series analysis is a novel approach. The effects of
vacuum frying and ripening stages on the color changes have
been assessed in terms of the percentage of surface area in levels
of lightness (L∗) and green to red (a∗) (Figures 3, 4).

The area in levels of lightness decreased gradually upon
increasing frying time and temperature. However, a faster trend
in lightness reduction was observed for the unripe mango chips,
which was most distinct at 110◦C and 120◦C. The reduction
in levels of the light area clearly led to an increase in levels of
medium-light and dark areas, also differentiating between the
two maturities. Similar results were found by Maity and Bawa
(44), which state that vacuum-fried jackfruit bulb at 90◦C for
25min could reduce lightness by 15% and, when extended for
another 5min, reduced to 32%.

Similarly, the areas for medium-red and red increased
progressively as the frying time and temperature increased, which

was also observed by Maity and Bawa (44), stating that vacuum-
fried jackfruit bulb at 90◦C for 10min increased the a∗ value
by 168% and by 303% when extended to 20min of frying.
Furthermore, when fried at 100◦C, the a∗ value was increased
to 367% after 20min, whereby a faster and stronger increase
in redness areas was observed for unripe compared with ripe
mango chips. At all temperatures, the green area decreased in
unripe mango, while a fluctuation was seen in ripe mango chips.
This trend was most pronounced at the highest temperatures.
Additionally, as water evaporated, the boiling point of the
moisture in the fruit will be increased and so will the fruit
temperature (41), which indirectly contributed to color changes.

It was clear that the combination of ripening stage, frying
time, and temperature has a substantial influence on the color
of the mango chips. Unripe mango fried for a longer time at a
higher temperature has a darker and redder surface compared
to ripe mango. So, unripe mango seems more susceptible to
the temperature–time treatments toward changes in lightness
and redness compared to ripe mango. Similar effects were also
found in apple, although they were measured as having an
average color value of the fried apple surface (28). The change
in color at 110 and 120◦C at different frying times is probably
due to the Maillard reaction and/or caramelization. The darker
areas (Figure 4), and sometimes spots, would then be caused by
locally higher amounts of reducing sugars, which could increase
the rate of both the Maillard reaction and caramelization (40).
Caramelization is likely to occur due to the high amount of sugars
(45), also confirmed by (46) in vacuum-fried jackfruit. However,
ripe mango has a significantly higher sugar content (Table 2), so
the darker color was expected to be dominating, but this is not the
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case; frying time and temperature and other mechanisms could
play more roles on the color change.

CONCLUSION

Moisture loss of unripe mango chips was faster than that
of ripe mango chips. There was no significant difference
between hardness of unripe and ripe mango after vacuum
frying at low temperatures (90–100◦C), but at higher
temperatures (110–120◦C), unripe mango had a higher
hardness value compared to ripe mango. Vacuum-fried ripe
mango had a higher fat content compared to unripe mango.
No differences between the ripening stages were found on the
degradation of ascorbic acid and β-carotene during frying.
Unripe mango is more susceptible to temperature and time
toward lightness and redness changes compared to ripe
mango. Considering all quality parameters, unripe mango
is preferred over ripe mango for vacuum-frying processing.
Furthermore, vacuum frying at 100◦C for 20min was sufficient
to decrease the moisture content and produce high-hardness
chips without adsorbing too much oil, maintain the color
without losing too much ascorbic acid, and preserve the
β-carotene content.
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