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Abstract

The present study evaluated the storage stability and organoleptic quality of browntop millet
(Brachiaria ramosa) ribbons using different packaging techniques under ambient storage conditions for
150 days. The developed product was packed using multilayered nylon pouches (control), modified
atmosphere packaging (MAP), and modified atmosphere packaging combined with ultraviolet (MAP +
UV) treatment. Storage quality was assessed at 30 day intervals by determining moisture content, free
fatty acid (FFA) content, microbial load and sensory characteristics using a nine-point hedonic scale.
Moisture and FFA content increased progressively during storage in all treatments; however, the
increase was significantly lower in MAP + UV, followed by MAP, compared to the control. At 150
days, MAP + UV recorded the lowest moisture content (3.29%) and FFA content (1.51%), while the
control showed the highest values (3.65% and 2.40%, respectively). Total bacterial count remained
within permissible limits in all treatments, with the lowest microbial growth observed in MAP + UV.
No fungal growth or Escherichia coli contamination was detected throughout the storage period.
Sensory scores gradually declined during storage, but MAP + UV maintained the highest overall
acceptability index (66.45%) after 150 days. The findings demonstrate that combining modified
atmosphere packaging with UV treatment effectively preserves the physicochemical, microbiological
and sensory quality of browntop millet ribbons, extending their shelf life up to 150 days under ambient
conditions.

Keywords: Browntop millet ribbon, modified atmosphere packaging combined with ultraviolet,
moisture content, Free fatty acid, Bacterial count, organoleptic scores

Introduction

Millets were once given minimal importance, despite being recognized globally as a
remarkable grain (Hassan et al., 2021) Y. Belonging to the Poaceae family, they were
among the earliest crops to be cultivated and harvested (Gari, 2020) %, The 100 g serving of
browntop millet contained 7.32 g of moisture, 11.64 g of protein, 5.28 g of fat, 8.62 g of ash,
16.08 g of crude fiber and 362.64 kcal of energy. The study also reported that browntop
millet had the highest levels of ash, fat and crude fiber compared to other millets, such as
barnyard, foxtail, proso, kodo, little and finger millet (Hemamalini et al., 2020) [*2,
Additionally, millets were a significant source of iron, manganese, phosphorus, magnesium,
vitamin B and antioxidants. While they were generally a good source of essential amino
acids, with the exception of lysine and threonine, they were notably high in sulfur-containing
amino acids such as methionine and cysteine (Singh et al., 2012) 241,

Browntop millet demonstrates versatility, serving as a potential nutri-cereal for human
consumption, as well as fodder and game bird feed (Sheahan, 2014) %I, Grains of non-
shattering 4 varieties of browntop millet can be utilized to make unleavened bread or
porridge or cooked whole similar to rice. Traditionally, browntop millet is processed by
polishing and cooking to produce rice-like dishes such as gruel, anna and kheer.
Alternatively, it can be ground into flour for making flatbreads like roti and dosa.
Additionally, browntop millet holds cultural significance in certain rituals and traditional
ceremonies, which likely contributes to its continued cultivation in specific regions (Kimata
etal., 2000) 4,

Like other millets, browntop millet necessitates processing before consumption as it is
neither ready to eat nor cook.
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Traditional processing methods commonly employed
include milling for size reduction and dehulling, as well as
techniques such as puffing, germinating and fermentation
(Rao, 2018) 2,

Convenience food has become a widespread dietary trend in
both developed and developing countries. There are various
reasons for the popularity of convenience foods today. They
enable consumers to minimize the time and effort invested
in food-related tasks such as meal preparation, shopping,
cooking and post-meal cleanup (Brunner et al., 2010) [,
The previous concept of convenience foods was over
shadowed by the changing definition. Over time, consumers
are focusing on the healthy aspects of convenience foods.
This could be due to the increasing prevalence of several
lifestyle diseases like obesity, hypertension and other
illnesses linked to convenience food consumption. The
majority of the most recent innovations and advancements
in convenience food products are connected to healthy
options containing minimal salt, sugar, low calorie and other
therapeutic foods (Raj et al., 2021) [*9],

A variety of technologies had been developed to create and
promote ready-to-eat (RTE), ready-to-use (RTU), ready-to-
drink (RTD), ready-to-cook (RTC) and ready-to reconstitute
(RTR) mixes for both conventional and modern Indian
cuisine. The popularity of dry mixes for various traditional
Indian dishes had spread globally (Prasad et al., 2000) (€1,

In food production, UV light is employed to extend the shelf
life of food items and decrease the presence of pathogenic
microorganisms. UV treatment has been successfully used
to enhance the shelf life of fruit juices, beverages,
vegetables, fruits, meat, poultry and seafood products by
effectively eliminating pathogenic microorganisms and
reducing ripening intensity (Csapo et al., 2019) & UV
treatment is emerging as a promising method for
commercially treating the surfaces of fresh-cut fruits. Its
ability to sanitize and inhibit microbial growth without
compromising fruit quality has gained recent recognition.
UV light irradiation is increasingly viewed as a more
effective germicidal treatment compared to chlorine,
hydrogen peroxide or ozone. Advances in UV-light science
and technology have demonstrated its potential for
significantly extending the shelf life of fresh fruits and
vegetables. Low doses of short-wave UV-C light (190-280
nm wavelengths) have shown efficacy in controlling various
storage rots in fruits and vegetables. UV-C exposure induces
natural defences and triggers responses against fungi and
bacteria (Ribeiro et al., 2012) 29,
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Developed products are packaged using modified
atmospheric packaging and vacuum packaging techniques.
Modified atmospheric packaging works by decreasing
oxidative changes and minimizing biochemical and
microbiological activity, thereby extending the shelf life of
products. Vacuum packaging reduces oxygen levels within
sealed packages, 8 creating an anaerobic environment that
inhibits the growth of spoilage bacteria, particularly aerobic
types responsible for slime, off-odors and texture alterations
(Nunez et al., 1986) [1°1,

Hence, the current research was conducted with an objective
Storage study and Organoleptic Evaluation of Browntop
millet (Brachiaria ramosa) based Ribbons.

Materials and Methods

The present investigation was conducted at the Department
of Food Science and Nutrition, College of Community
Science, University of Agricultural Sciences Dharwad,
Karnataka. Dehusked browntop millet grains were procured
from Green Organics. The browntop millet based ribbons
composition was taken from standardized recipe of ICAR-
NAE project on “Nutrient composition, value addition and
commercialization of lesser exploited millets” at Food
Science and Nutrition, College of Community Science,
UAS, Dharwad.

The developed browntop millet based ribbons were
evaluated for storage efficacy by using different packing
methods like multi layered nylon pouches and MAP
(modified atmosphere packaging) packaging methods using
suitable packaging material. The developed browntop millet
based ribbons was packed until the product stays good in
quality.

Experiment 1-T;-Multi layered nylon pouches packing
(control)

T,-Modified atmosphere packing without UV

Ts-Modified atmosphere packing with UV

Storage parameters viz., moisture (AOAC, 2019) Bl free
fatty acids (%) (Azeman et al., 2015) I microbial load
(Diliello, 1982) I and organoleptic evaluation was done by
using Nine point Hedonic scale once in a month according
to standard procedures.

The statistical analysis of the data was conducted using IBM
SPSS software version 22 and MS Excel 2019. To test the
significance of the results, several statistical tests were
employed, including the one-way ANOVA test, t-test and
Duncan’s new multiple range test.

Results and Discussion

Table 1: Moisture content (%) of browntop millet ribbons during by different methods

Days of storage

Storage methods 0 30 80 90 120 150
Control 2.26 2.34 2.46 2.61 3.20° 3.65°
MAP 2.26 2.32 2.39 2.56 2.71° 3.38°

MAP + UV 2.26 2.30 2.34 2.45 2.54° 3.29°

F value 0.005 0.65 2.79 2.98 220.18 14.95
CD 0.08Ns 0.08Ns 0.12Ns 0.16NS 0.08** 0.16**

SEm 0.02 0.02 0.03 0.04 0.02 0.04

Note: Values are expressed as mean +* standard deviation of three replications. Values in a column with different superscripts are
significantly different (p < 0.01) and with the same superscripts are non-significant. CD: Critical difference, S.Em: Standard error of mean.

**significant at 1 percent level.
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Table 2: Free fatty acid content (%) of browntop millet ribbons during by different methods

Days of storage

Storage methods 0 30 50 90 120 150
Control 0.72 0.972 1.482 1.962 2.28% 2.402
MAP 0.72 0.81° 0.92° 1.15° 1.42° 1.86°

MAP + UV 0.72 0.79° 0.88° 0.95° 1.28° 1.51°
F value 0 19.82 715.16 992.47 255.49 997.24
CD 0.06Ns 0.08* 0.06* 0.06** 0.10** 0.06**

SEm 0.01 0.02 0.01 0.01 0.03 0.01

Note: Values are expressed as mean + standard deviation of three replications. Values in a column with different superscripts are
significantly different (p < 0.01) and with the same superscripts are non-significant. CD: Critical difference, S.Em: Standard error of mean.
**significant at 1 percent level.

Table 3: Total bacterial count (x10%cfu/g) in browntop millet ribbons during by different methods

Days of storage
Storage methods
g 0 30 60 90 120 150
Control 4.3 5.5 6.3 7.2 *
MAP - 2.8 3.6 49 5.6 6.5
MAP + UV - - 2.4 2.9 3.7 4.2
Note: Values are presented as mean * standard deviation of three replications.
*Study was discontinued Cfu-colonies forming units
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Fig 1: Organoleptic scores of browntop millet ribbons during storage
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Fig 2: Acceptability indices of browntop millet ribbons

Table 1 presents the moisture content of browntop millet
ribbons during storage under three different treatments like
Control, MAP (Modified Atmosphere Packaging) and MAP
+ UV. On 0" day, the moisture content was the same for all
treatments, recorded at 2.26 percent. Over the storage
period, the moisture content increased in all treatments. In
the control treatment, the moisture content rose steadily,
reaching 3.65 percent by 150" day. The MAP treatment
showed a gradual increase, with the moisture content
reaching 3.38 percent by 150" day. The MAP + UV
treatment exhibited a more moderate increase in moisture
content, reaching 3.29 percent by 150" day.

The results indicated that there were no significant
differences in moisture content across treatments at 0" day
to 120" day. However, on 150" day, significant differences
were observed. The control treatment had significantly
higher moisture content compared to both the MAP and
MAP + UV treatments. The MAP and MAP + UV
treatments were more effective in controlling moisture
content at later storage periods, with MAP + UV showing
slightly better moisture retention than the MAP treatment.
Table 2 shows the free fatty acid content of browntop millet
ribbons during storage under three different treatments like
Control, MAP (Modified Atmosphere Packaging) and MAP
+ UV. On 0™ day, the free fatty acid content was the same
across all treatments, recorded at 0.72 percent. Over the
storage period, the free fatty acid content increased in all
treatments, with the control treatment showing the highest
rise. By 150" day, the free fatty acid content in the control
treatment reached 2.40%, while the MAP treatment reached
1.86 percent and the MAP + UV treatment showed the
lowest increase, reaching 1.51 percent.

The results revealed significant differences in free fatty acid
content starting from 30" day onwards. On 30" day, the
control treatment exhibited significantly higher free fatty
acid content compared to MAP and MAP + UV treatments.
This trend continued throughout the storage period, with the
control treatment consistently showing the highest free fatty
acid content. These results, indicate that the MAP and MAP
+ UV treatments were more effective in reducing the
increase in free fatty acid content compared to the control

treatment, with MAP + UV showing the lowest increase in
free fatty acid levels over the storage period.

Table 3 presents the storage study of total bacterial count
(x10%cfu/g) in browntop millet ribbons, the results showed a
gradual increase in bacterial growth over time for the
control and modified atmosphere packaging (MAP)
treatments. For the control, bacterial counts increased from
undetectable levels at day 0 to 4.3 x 103 cfu/g at day 30,
reaching 7.2 x 10° cfu/g by day 120%™, at which point the
study was discontinued. In the MAP treatment, bacterial
counts also increased from undetectable levels at day 0™ day
to 2.8 x 103 cfu/g at day 30™, reaching 5.6 x 103 cfu/g by
day 120" and continuing to 6.5 x 103 cfu/g at day 150'". For
the MAP + UV treatment, bacterial counts were
undetectable at days 0™ and 30" but by day 60" counts were
recorded at 2.4 x 103 cfu/g, which increased to 4.2 x 103
cfu/g by day 150", There is no fungal growth was detected
throughout the entire storage period across all treatments.
The control, modified atmosphere packaging (MAP) and
MAP with UV treatments all showed undetectable levels of
fungal contamination from 0" day to 150™. The treatments
included the control, modified atmosphere packaging
(MAP) and a combination of MAP with ultraviolet (UV)
light. Throughout the entire storage period, from 0" day to
150" day E. coli was not detected in any of the treatments.
Figure 1 shows the organoleptic score of browntop millet
ribbons during storage period. Control, modified
atmospheric packing and modified atmospheric packing
with UV were drawn 30 days interval for 150 days and
analyzed for sensory qualities using nine-point hedonic
scale.

The initial appearance score in the control method of
packaging was 8.33, but it decreased to 6.33 after 150 days
of storage. In modified atmospheric packing, the initial
appearance score was also 8.33, which slightly decreased to
6.42, though this change was not significant. In modified
atmospheric packing with UV treatment, the initial
appearance score was 8.33 and it significantly decreased to
6.75 after 30 days of storage.

The initial colour score in the control method of packaging
was 8.50, but it decreased to 6.50 after 150 days of storage.
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In modified atmospheric packing, the initial colour score
was 8.50, which slightly decreased to 6.67, though this
change was not significant. In modified atmospheric
packing with UV treatment, the initial colour score was 8.33
and it significantly dropped to 6.75 after 150 days of
storage.

The initial texture score in the control method of packaging
was 8.56, but it decreased to 6.22 after 150 days of storage.
In modified atmospheric packing, the initial texture score
was also 8.56, which slightly decreased to 6.51, though this
change was not significant. In modified atmospheric
packing with UV treatment, the initial texture score was
8.56 and it significantly dropped to 6.68 after 150 days of
storage.

The initial flavour score in the control method of packaging
was 8.25, but it decreased to 6.28 after 150 days of storage.
In modified atmospheric packing, the initial flavor score
was also 8.25, which slightly decreased to 6.42, though this
change was not significant. In modified atmospheric
packing with UV treatment, the initial flavor score was 8.25,
and it significantly dropped to 6.67 after 150 days of
storage.

The initial taste score in the control method of packaging
was 8.45, but it decreased to 6.04 after 150 days of storage.
In modified atmospheric packing, the initial taste score was
also 8.45, which slightly decreased to 6.24, though this
change was not significant. In modified atmospheric
packing with UV treatment, the initial taste score was 8.45,
and it significantly dropped to 6.58 after 150 days of
storage.

The initial overall acceptability score in the control method
of packaging was 8.51, but it decreased to 6.00 after 150
days of storage. In modified atmospheric packing, the initial
score was also 8.51, which slightly decreased to 6.42,
though this change was not significant. In modified
atmospheric packing with UV treatment, the initial score
was 8.51, and it significantly dropped to 6.60 after 150 days
of storage.

Figure 2 shows the initial acceptability index (%) in the
control method of packaging was 86.28, but it decreased to
6.13 after 150 days of storage. In modified atmospheric
packing, the initial acceptability index was 86.28, which
slightly decreased to 63.25, though this change was not
significant. In modified atmospheric packing with UV
treatment, the initial acceptability index was 86.28, and it
significantly dropped to 66.45 after 150 days of storage.

Discussion

In the present study, the moisture content of browntop millet
ribbons was observed to increase with the duration of
storage. Initially, on 0" day, the moisture content was
2.26%. By the 30" day, a slight increase in moisture was
noted across all storage conditions, the results were 2.34%
in the control, 2.32% in modified atmosphere packaging
(MAP) and 2.30% in MAP with UV treatment (Table 1).
The highest moisture content was recorded on the 150™ day
in the control, where it reached 3.65%, where as in the MAP
with UV treatment, 3.29%, followed closely by the MAP
alone at 3.38%. The moisture content result showing the
highly significant difference from 120" days to 150" days of
storage period. The reduced moisture gain in the MAP
(100% nitrogen) and MAP with UV treatments was due to
nitrogen flushing, which replaced oxygen and water vapour
in the package, helping to limit moisture absorption. The
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increase in moisture content in the control was primarily
attributed to the hygroscopic nature of the product, the
ambient storage conditions (such as temperature and relative
humidity) and the type of packaging used (Palling, 1980)
18], These findings are consistent with those of Ajita and Jha
(2017) M, who reported that in fried snacks, the moisture
content increased from 2.5% to 3.8% in packages with
nitrogen flushing, while in packages without nitrogen
flushing, the moisture content increased from 2.5% to 5.5%.
The free fatty acid content in browntop millet ribbons
increased over the storage period. Initially, the free fatty
acid content was 0.72%, on the 150th day, a noticeable rise
in free fatty acid was observed, with the control (MDPE)
reaching 2.40%. In comparison, the increase in free fatty
acid was slower in MAP with 100% nitrogen, which
recorded 1.86% and in MAP with 100% nitrogen and UV
treatment, which showed the lowest free fatty acid content at
1.51% (Table 2). The present study browntop millet ribbons
free fatty acid shows the significant difference from 30™ day
to 60" day and highly significant from 90™ days to 150™
days of storage. In particular, MAP with UV treatment
resulted in the lowest free fatty acid increase, likely due to
the combination of nitrogen flushing and UV exposure,
which also helped inhibit microbial activity. In contrast, the
control samples showed a increase in free fatty acid,
indicating more rapid lipid oxidation and microbial growth.
These results were consistent with findings by Ajita and Jha
(2017) ™M, who reported that the free fatty acid content in
nitrogen-flushed packages of fried snacks ranged from
0.75% to 1.22%, while in non nitrogen-flushed packages,
the free fatty acid content increased from 0.75% to 1.78%.
The slower increase in free fatty acid in the nitrogen-flushed
packages was attributed to the inert nitrogen atmosphere,
which lowered oxygen concentration and reduced the rate of
lipid oxidation, thereby enhancing the stability of the snacks
(Paik et al., 1994) '],

Similarly, Singh et al. (2018) I observed an increase in
free fatty acid levels during storage of soy-fortified biscuits.
According to Chew and Nayam (2020) [l and Aw et al.
(2019) M1, products with free fatty acid levels under 2.0% are
considered safe for consumption. The study further
indicated that browntop millet ribbons stored in MDPE
(multi-layered nylon pouch) packaging exceeded the 2.0%
free fatty acid threshold by the 150™ day, whereas the MAP
and MAP with UV treatments successfully maintained free
fatty acid levels below the limit throughout the entire
storage period.

In the present study, no bacterial growth was observed
initially in browntop millet ribbons stored in the control,
MAP (100% nitrogen) and MAP (100% nitrogen with UV)
conditions. However, bacterial growth was observed over
the storage period, with the highest growth recorded in the
control samples, ranging from 4.3x103 to 7.21x103 colony-
forming units (CFU) on 30" day to 120" day. In
comparison, bacterial growth in the MAP with 100%
nitrogen was lower, ranging from 2.8x103 to 6.5x10% CFU
over Oth to 150™ days (Table 3). The lowest bacterial growth
was observed in the MAP with 100% nitrogen and UV
treatment, which ranged from 2.4x10° to 4.2x10® CFU
between 60" and 150" days. This difference in microbial
growth could be attributed to variations in the nutrient and
moisture content of the ribbons, which can influence
bacterial proliferation.
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Additionally, no fungal growth or E. coli contamination was
observed during the study. The observed increase in
bacterial growth remained within the acceptable limits set
by the Food Safety and Standards Authority of India
(FSSAI, 2010). The MDPE (multi-layered nylon pouch)
bags, which did not utilize modified atmosphere packaging,
supported greater microbial growth due to the presence of
oxygen inside the packaging. In contrast, the MAP samples,
both with and without UV treatment, showed a more
delayed growth of microorganisms throughout the storage
period. This was because the air and oxygen in the MAP
packaging were replaced with 100% nitrogen, which exerted
a bacteriostatic effect. This finding aligns with the results of
previous studies, which reported that nitrogen flushing
effectively delayed microbial growth and inhibited bacterial
proliferation (Akarca et al., 2015 ; Jha et al., 2015 [3;
Rodrigues et al., 2018 22),

Based on the sensory scores the browntop millet ribbons can
be stored successfully upto 150 days, the acceptability index
(%) score on 150th days for control was 60.13, modified
atmospheric pressure 63.25 and modified atmospheric
pressure with UV 66.45 (Fig 1 and 2). Hence, MAP
packaging and MAP packaging with UV treatments both are
suitable methods for storage of browntop millet ribbbons.
Even on 150" days the free fatty acid content and microbial
load were also within the permissible limit and the
acceptability index of browntop millet ribbons in MAP was
less compared to browntop millet ribbons in MAP with UV
which may be due to UV treatment, which results in good,
flavour and taste of the ribbons compared to MAP. Similar
results were reported by Ajita and Jha (2017) [N which stated
that popped pearl millet fried snack with nitrogen could be
stored up to 90 days of storage.

In the MAP packaging and MAP packaging with UV
treatments the increase in moisture content was highly
significant form 120 days to 150 days and free fatty acid
content was significant from 30 day to 60 days of storage
and highly significant from 90 days to 150days. Because of
this it is observed that bacterial count was slightly increased
within the safe limits. The sensory evaluation is also shows
acceptability index (%) more than 60.13 in control, 63.25 in
MAP and 66.45 in MAP with UV hence the browntop millet
ribbons can be stored up to 150 days and consumed safely.

Conclusion

The present study demonstrated that packaging methods
significantly influenced the storage stability and sensory
quality of browntop millet ribbons during 150 days of
storage. Although moisture content, free fatty acid content
and bacterial load increased progressively in all treatments,
the increases were considerably lower in Modified
Atmosphere Packaging (MAP) with UV treatment compared
to MAP alone and the control. The MAP with UV treatment
effectively minimized lipid oxidation, restricted microbial
growth and maintained better sensory attributes, resulting in
the highest acceptability index (66.45%) after 150 days. No
fungal growth or E. coli contamination was detected
throughout the storage period, confirming the
microbiological safety of the product. The control samples
exhibited comparatively higher deterioration in quality
parameters. Overall, the findings indicate that MAP
combined with UV treatment is the most effective
packaging technique for preserving the quality, safety and
consumer acceptability of browntop millet ribbons, there by
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extending their shelf life up to 150 days under ambient
storage conditions.
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