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Abstract. Vegetables can be extended their shelf life by processing them
into vegetable flour. Flour processing technology is inseparable from the
drying process which means removing water from a material until it reaches
a certain moisture content. This study aims to determine the effect of various
temperatures at various stages of drying on the characteristics of the material
to become mustard green flour. Drying it using a cabinet dryer at
temperatures of 45 °C, 55 °C, and 65 °C. Observations were made at 0 h of
drying (analysis of raw materials), 2 h, 4 h, and after turning into mustard
green flour. The results showed that the drying temperature had an effect on
the changes in the characteristics of the material during the drying process
until it turned into mustard green flour. During the drying process, there was
a decrease in moisture content, ash content, total chlorophyll, and physical
color of the mustard green flour. Drying temperature has an effect on
decreasing moisture content, ash content, total chlorophyll and physical
color of mustard green flour, while drying time affects total chlorophyll and
physical color of mustard green flour.
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1 Introduction

Mustard green (Brassica juncea (L.) Czern.) or mustard brown, vegetable mustard, Indian
mustard, Chinese mustard are a source of beneficial dietary fiber for the body. Fiber in food
functions like increasing the volume of fecal bulk, devreasing the time of intstinal transit,
control blood sugar levels, cardiovascular disease, obesity and cholesterol [1-3]. However,
almost all types of vegetables have a limited shelf life. Vegetables can be extended their shelf
life by processing them into vegetable flour. Vegetable flour processing can be done using
simple technology that can easily be done by the community. In the form of flour, besides
being easier in the distribution and trading process, vegetable flour is also a very flexible
intermediate product to be processed into various food products [4, 5]. Flour processing
technology cannot be separated from the drying process. Drying is a process of decreasing
the moisture content of the material until it reaches a certain water content so that it can slow
down the rate of product damage due to biological and chemical activities. The temperature
setting and the length of time for drying are carried out by taking into account the contact
between the dryer and the heating device (either hot air being flowed or other heating
devices). Because most food ingredients are heat sensitive, the temperature and drying time
used must be maximum, where the final moisture content of the dried material is achieved
with a short drying time [4, 6-10]. Therefore, a study was conducted to determine the
characteristics of mustard green flour at variations in temperature and drying time.

2 Materials and methods

Mustard green were obtained from Kejapanan, Gempol, Pasuruan, East Java, Indonesia. The
vegetables were sorted and washed before cutting with a sharp knife to remove leave stalks
and roots. The mustard green was cut into smaller sizes and blanched at 75 °C for 3 min. The
blanched cutted leaves then dried with cabinet dryer at temperatures of 45 °C, 55 °C, and
65 °C for respectively. Flour were obtain by milling dried leaves and passing it through 80
mesh sieve. Observations were made at 0 h of drying (analysis of raw materials), 2 h, 4 h,
and after turning into mustard green flour. Statistical analysis was performed using ANOVA
followed by Tukey's HSD (honestly significant difference) test [11, 12].

3 Result and discussion
3.1 Characteristics of mustard green during drying

3.1.1 Total chlorophyll of mustard green during drying

The results of the analysis of variety showed that there was no interaction between
temperature and drying time on the total chlorophyll parameter, but the drying temperature
had a significant effect on the total chlorophyll of mustard greens and the drying time had a
very significant effect on the total chlorophyll of mustard greens. The mean total of mustard
chlorophyll during the drying process is presented in Table 1.
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Table 1. Total chlorophyll due to the effect of temperature and drying duration.

Drying temperature (°C) Total chlorophyl (mg g1)
45 18.963
55 18510 b
65 16.329
HSD 5 % 2.235

Duration (h)
2 20.063 b
4 15804 a

HSD 5 % 1.482

Note: Numbers followed by the same alphabet shows insignificant differences based on the 5 % HSD.

Table 1 shows that the higher the drying temperature and the longer the drying time, the
lower the total chlorophyll. At the drying temperature of 65 °C, there was a significant
decrease with the drying temperature of 45 °C and 55 °C, while the total chlorophyll in the
drying time of 4 h was significantly different from the drying time of 2 h. A decrease in total
chlorophyll due to the influence of temperature and storage time has also been reported by
Manolopoulou and Varzakas [13] which states that there is an interaction between
temperature and storage time on chlorophyll degradation and changes in vegetable color. The
results of these studies concluded that broccoli stored at high temperature (10 °C to 20 °C)
showed wilting symptoms and chlorophyll degradation.

3.1.2 Mustard green color during drying

The results of the analysis of variance showed that there was no significant interaction
between temperature and drying time on the physical color parameters of the mustard greens,
but the drying temperature had a significant effect on the lightness and yellowness
parameters. The temperature and drying time had no significant effect on the greenness
parameter. The average physical color of the mustard greens during the drying process is
presented in Table 2.

Table 2 shows that the decrease in brightness of mustard greens at a temperature of 65 °C
was not significantly different from the treatment at 55 °C but was significantly different
from the treatment at 45 °C. The yellowness variables of mustard greens at a temperature of
55 °C was not significantly different from that of 65 °C but was significantly different from
the treatment at 45 °C. The difference in the brightness level of the flour is thought to be
influenced by the total chlorophyll content in the samples. This is consistent with the results
of observations of total chlorophyll which show a decrease with increasing drying
temperature. The redness parameter showed an insignificant difference in all treatments.
Negative values for the redness parameter indicate a greenish color.

Table 2. Leaves colour due to the effect of temperature and drying duration.

Drying temperature (°C) Lightness (L*) Greenness (a*) | Yellowness (b*)
45 54.958 b 16.382 20.670 b
55 52.112 ab 13.465 14.587 a
65 50.783 a 13.855 15.547 ab
HSD 5 % 3.103 ns 5.755
Duration (h)
2 53.033 14.717 18.087
4 52.202 14.418 15.782
HSD 5 % ns ns ns

based on the 5 %.

Note: Numbers followed by the same alphabets in the same sub-column shows insignificant differences
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3.2 Characteristics of mustard green flour

During the drying process, there is a decrease in water content accompanied by changes in
the texture of the surface of the material. Drying time can be accelerated by increasing the
drying temperature, but too high a temperature can cause serious damage to the product such
as color, aroma, nutrition, and dry product rehydration capacity [14, 9, 10]. This is in line
with research conducted by Yusufe et al. [15] on drying tomatoes. High temperature heating
(70 °C to 90 °C) with a heating time of 7 h and 8 h can reduce pH, total dissolved solids, total
acid and water activity (Aw) on tomato drying [15].

3.2.1 Water content of mustard green flour

Water contents of mustard green flour are presented in Table 3. The water content of the
mustard green flour at drying temperatures of 45 °C, 55 °C and 65 °C decreased by
83.940 %, 86.661 %, and 89.339 %, respectively. The higher the drying temperature, the
lower the water content of the mustard green flour. This is because higher temperatures cause
more water to be evaporated, so that the samples become drier and lighter [16, 17].

Table 3. Moisture of mustard green flour on various drying temperature.

Drying temperature (°C) Moisture (%)
45 13.890 + 0.581
55 11.537 £0.287
65 9.221 £ 0.670

3.2.2 Ash content of mustard green flour

The results of the ash content analysis are presented in Table 4. Ash content of mustard flour
at drying temperatures of 45 °C, 55 °C, and 65 °C decreased by 7.038 %, 10.779 %, and
13.877 %, respectively. The higher the drying temperature, the lower the ash content of the
mustard flour. This is due to the evaporation of several minerals at high temperatures [18].

Table 4. Ash content of mustard green flour on various drying temperatures.

Drying temperature (°C) Ash content (%)
45 11,518 £0.143
55 11.054 + 0.301
65 10.671 + 0.406

3.2.3 Total chlorophyll of mustard green flour

The results of the analysis of total chlorophyll of mustard green flour are presented in
Table 5. Total chlorophyll of mustard green flour at drying temperatures of 45 °C, 55 °C, and
65 °C decreased by 45.792 %, 51.772 %, and 56.081 %, respectively from the initial total
chlorophyll of. The higher the drying temperature, the lower the total chlorophyll of mustard
flour. This is due to the degradation of chlorophyll due to the influence of heat from the
drying temperature [19].

Table 5. Total chlorophyll of mustard green flour on various drying temperatures.

Drying temperature (°C)

Total chlorophyll (mg g

45

16.660 + 1.633

55

14.822 +0.782

65

13.497 £ 0.489
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3.2.4 Color of mustard green flour

The results of the physical color analysis of the mustard green flour are presented in Table 6.
The higher the drying temperature, the lower the brightness of the mustard green flour
produced. During the drying process chlorophyll degradation occurs due to the influence of
heat from the drying temperature to brownish pheophytin [20]. This causes the greenness
value to decrease, and the yellowness value shows a tendency to increase with increasing
drying temperature used.

Table 6. Colour (L a b) of mustard green flour on various drying temperatures.

Drying temperature (°C) Lightness Greenness Yellowness
45 52.163 + 2.532 13.370 £ 0.047 19.243 + 0.060
55 50.920 + 0.582 12.957 £0.247 15.840 + 0.282
65 50.177 £ 0.489 14.547 £ 0.936 21.843 £3.276

The further-research, with the aim of energy efficiency and minimization of environmental
pollution, should research drying with renewable energy or hybrid as heating [20-25]

4 Conclusion

Various drying temperatures effected total chlorophyll and colour of cutted leaves during
drying. The higher the temperature, the lower the total chlorophyll and lightness of cutted
leaves during drying. Drying temperatures also tent to effect the characteristics of leaves
flour. The higher the temperature, the lower the moisture, ash content, total chlorophyll, and
lightness of leaves flour. Drying duration from 2 h to 4 h decreased total chlorophyll and
lightness of cutted leaves during drying.

The authors would like to acknowledge Ministry of Education of Indonesia for funding this study under
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11.3.AU/14.00/C/V11/2021 for first year research.
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