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Abstract

Allium tuncelianum is an important endemic food ingredient 
widely used in Tunceli cuisine, Turkey, because of its health benefits, 
and its less tangy unique flavor and aroma compared to cultured 
garlic. In the present study, modified atmosphere packaging (MAP) 
of Allium tuncelianum, and changes in its quality during 28 days of 
refrigerated storage were investigated. This study is the only study 
on minimal processing of Allium tuncelianum. Effect of the initial 
gas mixture during storage was investigated using two distinct 
initial gas mixtures A and B: 5 % O2, 5 % CO2, 90 % N2, and 3 % O2, 
8 % CO2, 89 moles N2 on molar basis, respectively. Samples were 
analyzed every seven days with respect to weight loss, dry matter, 
water activity, total phenolic content, pH, titratable acidity, ash 
content, color, degree of sprouting, and texture profile. Modified 
atmosphere packaging resulted in 3.7- 4.45 g.100 g-1 weight loss 
compared with 20.67 g.100 g-1 in the control group stored at room 
temperature and humidity. No sprouting was detected in the control 
group, whereas fractional sprouting was 0.875 for the MAP samples. 
Therefore, the key parameter related with MAP storage of Allium 
tuncelianum seems to be the moisture content of the packaging 
atmosphere. MAP with moisture adsorbant packages is a promising 
method for maintaining the freshness of Allium tuncelianum 
providing a marketing strategy for this endemic ingredient.
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Resumen

Allium tuncelianum es un importante ingrediente alimentario 
endémico ampliamente utilizado en la cocina de Tunceli, Turkey, 
debido a sus beneficios para la salud y a su sabor y aroma únicos, 
menos picantes, en comparación con el ajo cultivado. En el presente 
estudio, se investigaron el envasado en atmósfera modificada (MAP) 
de Allium tuncelianum y los cambios en su calidad durante 28 días de 
almacenamiento refrigerado. Este estudio es el único estudio sobre el 
procesamiento mínimo de Allium tuncelianum. El efecto de la mezcla 
de gases inicial durante el almacenamiento se investigó utilizando 
dos mezclas de gases iniciales distintas, A y B: 5 % O2, 5 % CO, 90 
%N2, y 3 % O2, 8 % CO2, 89 % N2, respectivamente. Las muestras 
se analizaron cada siete días con respecto a pérdida de peso, materia 
seca, actividad de agua, contenido fenólico total, pH, acidez titulable, 
contenido de cenizas, color, grado de brotación y perfil de textura. El 
envasado en atmósfera modificada dio como resultado una pérdida de 
peso de 3,7 a 4,45 g.100 g-1 en comparación con 20,67 g.100 g-1 en el 
grupo de control almacenado a temperatura y humedad ambiente. No 
se detectó ningún brote en el grupo de control, mientras que el brote 
fraccional fue de 0,875 para las muestras de MAP. Por lo tanto, el 
parámetro clave relacionado con el almacenamiento MAP de Allium 
tuncelianum parece ser el contenido de humedad de la atmósfera 
del envasado. MAP con paquetes de adsorbentes de humedad es un 
método prometedor para mantener la frescura de Allium tuncelianum 
y proporciona una estrategia de marketing para este ingrediente 
endémico.

Palabras clave: Allium sativum, envasado en atmósfera modificada, 
MAPA, verduras mínimamente procesadas.

Resumo

Allium tuncelianum é um importante ingrediente alimentar 
endêmico amplamente utilizado na culinária Tunceli, Turkey, por 
causa de seus benefícios à saúde e seu sabor e aroma únicos e menos 
picantes em comparação com o alho cultivado. No presente estudo 
foram investigadas embalagens em atmosfera modificada (MAP) 
de Allium tuncelianum e alterações na sua qualidade durante 28 
dias de armazenamento refrigerado. Este estudo é o único sobre 
processamento mínimo de Allium tuncelianum. O efeito da mistura 
inicial de gases durante o armazenamento foi investigado usando 
duas misturas iniciais distintas de gases A e B: 5 % O2, 5 % CO2, 90 
% N2 e 3 % O2, 8 % CO2, 89 % N2, respectivamente. As amostras 
foram analisadas a cada sete dias quanto à perda de peso, matéria 
seca, atividade de água, teor de fenólicos totais, pH, acidez titulável, 
teor de cinzas, cor, grau de brotação e perfil de textura. A embalagem 
em atmosfera modificada resultou em perda de peso de 3,7-4,45 
g.100 g-1, em comparação com 20,67 g.100 g-1 no grupo controle 
armazenado em temperatura e umidade ambiente. Nenhuma brotação 
foi detectada no grupo controle, enquanto a brotação fracionada foi 
de 0,875 para as amostras de MAP. Portanto, o parâmetro chave 
relacionado ao armazenamento MAP de Allium tuncelianum parece 
ser o teor de umidade da atmosfera da embalagem. O MAP com 
pacotes adsorventes de umidade é um método promissor para manter 
o frescor do Allium tuncelianum, fornecendo uma estratégia de 
marketing para este ingrediente endêmico.

Palavras-chave: Allium sativum, embalagens com atmosfera 
modificada, MAPA, vegetais minimamente processados.

Introduction 

Garlic (Allium sativum L.) is an ancient plant valued for both 
culinary and medicinal uses (Thakur et al., 2024; Ezeorba et al., 
2024). It contains over 200 phytochemicals, including 33 sulfur 
compounds, phenolics, bioactive proteins, and peptides (Martins 
et al., 2016; Ezeorba et al., 2024). Garlic is also characterized by 
phenolic compounds and the main group consists of phenolic acids 
(mainly as caffeic acids), followed by flavonoids (mainly as quercetin) 
(Pedisi ́c et al., 2018).

Garlic is rich in germanium, zinc, and vitamins A, B1, and C 
(El-Saadony et al., 2024). Its distinct aroma and bioactivity come 
from volatile thiosulfonates, mainly alliin, which converts to allicin 
when garlic is crushed. It has antibacterial, antithrombotic, anti-
arthritic, hypolipidemic, hypoglycemic, and anti-tumor properties 
(Mondal et al., 2022). Garlic is widely used in cooking, both as a key 
ingredient and flavoring (Çam and Çelik, 2024). Garlic is a relatively 
less perishable product than most fruits and vegetables because 
it quickly loses moisture through its skin at uncontrolled storage 
conditions. However, garlic cloves may dry out or sprout in a short 
time depending on seasonal variations in temperature and humidity 
of storage (Vázquez-Barrios et al., 2006). For commercial garlic the 
weight and moisture loss are key quality factors (Shagun et al., 2024). 
With a moisture content of 65 % (w.b), garlic is prone to enzymatic 
and microbial spoilage, leading to sprouting and rotting (EL-Mesery 
et al., 2022).

There are 500 known Allium species, with 170 in Turkey, 40 % 
of which are endemic. Allium tuncelianum, a wild, single-clove garlic 
endemic to Tunceli (39°06′23″N 9°32′50″E, 914–1850 m altitude), 
grows abundantly on the slopes of the Munzur Mountains. Allium 
tuncelianum is a sibling of commercial garlic (Allium sativum), 
with a similar phytochemical profile (Takim, 2020). It has a milder 
garlic aroma (Yumrutaş et al., 2009) making it suitable for fresh 
consumption as well as industrial use; thus, it has high potential as 
a culinary ingredient if cultivated (Takim, 2020; Hirschegger et al., 
2010). 

Fresh fruits and vegetables are the most suitable for minimal 
processing (Bansal et al., 2015). Respiration continues after harvest 
for fruits and vegetables, using available carbohydrates, proteins, 
fats, organic acids, and other organic compounds as substrates that 
produce water and carbon dioxide. Therefore, respiration results in 
weight loss due to the loss of metabolizable nutritive substances, 
causing loss of flavor, aroma, and color (Ishangulyyev et al., 2019). 
Modified atmosphere packaging (MAP) is becoming more and more 
popular for preserving freshness and extending the storage and 
shelf life of fresh fruits and vegetables (Ward, 2016). MAP aims to 
slow down respiration as well as the growth of aerobic microflora 
by replacing air with a suitable gas mixture consisting of oxygen, 
carbon dioxide, and nitrogen (Chaix et al., 2015; Sandhya, 2010). A 
lower oxygen content than air, together with carbon dioxide, slows 
down respiration. Carbon dioxide also has an antimicrobial effect by 
inhibiting the growth of mesophilic aerobic microflora (Sivertsvik 
et al., 2002). The growth of mesophilic aerobic microflora and 
enzymatic activity are further suppressed by refrigerated storage of 
the packages (Kargwal et al., 2020; Wani et al., 2015; González-
Buesa et al., 2009). In MAP, the composition of the initial gas 
mixture depends on the rate of respiration and gas permeability of 
the packaging material. The packaging material should be selected 
such that the rate of oxygen consumption owing to respiration is 
equal to the rate of oxygen diffusion through the packaging material. 
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Similarly, the rate of carbon dioxide production should be equal to 
the rate of diffusion through the packaging material (Rashvand et al., 
2024; Kargwal, 2020; Chen et al., 2019; Takim, 2020; Hirschegger et 
al., 2010). Typical MAP packaging materials include polypropylene 
(PP), polyester, polyvinyl chloride (PVC), nylon polyamide, (PA), 
polyethylene terephtalate (PET), oriented polypropylene (OPP), 
ethylene vinyl acetate (EVA), copolymerized ethylene vinyl alcohol 
(EVOH), and polystyrene (Davies, 1999; Phillips, 1996). Studies 
on cultivated garlic have shown that various packaging films like 
polyolefin, polyethylene (low/high-density), polyamide-polyethylene 
copolymers, and PVC are suitable for MAP storage (Singh et al., 
2019; Li et al., 2010). For commercial garlic, a wide range of gas 
mixtures ranging between 5 - 25 % CO2 and 0 – 5 % O2 have been 
used (Venu Madhav et al., 2016; Cantwell et al., 2003; Kang and 
Lee, 1999). These studies showed that color change was minimal, 
and sprouting and microbial deterioration could be suppressed during 
3 - 5 weeks of refrigerated MAP storage (Li et al., 2010; Dronachari 
et al., 2010; Cantwell et al., 2003; Kang and Lee, 1999).

The aim of this study was to investigate the effect of the initial 
composition of the gas mixture on the quality parameters of Allium 
tuncelianum during active MAP storage. The present study is the 
only study on minimal processing of Allium tuncelianum to increase 
the added value of this endemic product, and to develop a marketing 
strategy to support the economic livelihood of the local population 
through commercilization of this healthy culinary ingredient.

Materials and methods

Plant Material
Allium tuncelianum (figure 1), collected by local ovacık 

population in the Tunceli region, Turkey, from September to October 
2022, was used. Samples were classified by size (32 ± 2, 36 ± 2, 41 ± 
2, and 45 ± 2 mm) using a digital caliper and deskinned carefully to 
avoid damage. Plants with no tissue damage were selected from the 
bulk. Selected Allium tuncelianum samples were classified according 
to size as: 32 ± 2, 36 ± 2, 41 ± 2, and 45 ± 2 mm using a digital caliper 
(Asimeto, Hong Kong) since mass transfer induced drying is size 
dependent.  Classified garlic samples were peeled by using a suitable 
knife and the peeled samples were weighed (AND, FX-3000I, Tokyo, 
Japan) Weighed samples (50±2 g) were grouped into packaging sets 
and divided into three treatment groups. The gas compositions were 
selected in accordance with Venu Madhav et al. (2016) Groups A and 
B were subjected to gas mixtures of 5 % O2, 5 % CO2, 90 % N2, and 
3 % O2, 8 % CO2, 89 % N2, respectively, while the control group 
was kept at room temperature in uncontrolled storage conditions 
(23.0 ± 0.5°C, 45 ± 5% RH). Fresh samples were analyzed for dry 
matter, water activity, total phenolic content, pH, titratable acidity, 
ash content, color, sprouting degree, and texture profiles. Packaging 
was done in standard PET-PE copolymer containers sealed with PP 
films (Fig. 1d). Polypropylene used in sealing the packaged had an 
oxygen transfer ratio of cm3.m-2 day <4, and water vapor transfer ratio 
of (30 oC – 90 % RH) g.m-2.day-1 <15.

Application of MAP
Samples were packed using a stainless steel 304 laboratory size 

MAP equipment (Lipovak, KV-500, Sakarya, Turkey) with a volume of 
1046454 cm3, equipped with a vacuum pump (P.V.R., EM20, Italy) that 
can evacuate down to 2 mbars, and gas mixture regulating accesories. 
(figure 2).  MAP was initiated by evacuating the packages for 10 s. The 
initial gas mixture was then applied to the packaging medium, followed 
by heat sealing. Samples were stored at 4 °C after MAP.

a b

c d

Figure 1. Allium tuncelianum collected by local ovacık population 
in the Tunceli region, Turkey. a. Allium tuncelianum 
single cloves; b. Allium tuncelianum before packaging; c. 
Allium tuncelianum in flower; d. MAP package.

Figure 2. Modified atmosphere packaging (MAP) device.

Analysis of the Samples
Degree of sprouting 
The method proposed by Meral et al. (2024) was applied to garlic 

samples with modifications. The degree of sprouting was determined 
by counting the number of spoiled garlic cloves in the sample and 
calculated as follows. 

Weight loss
Weight loss was calculated based on the initial weight as:

where  is the initial sample weight (g) and  is the weight (g) on 
days 7, 14, 21, and 28.

(1)

 weight loss �g.100 g-1�= A1-A2
A1

× 100  1 (2)

Degree of sprouting =
Number of sprouted cloves

Total number of cloves
X 100 1 
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Dry matter
Dry matter content was determined using moisture determination 

equipment (Radwag-MA-110R, Poland) within ±1 mg sensitivity. 
Sample container was loaed with 1 g sample. Samples were dried to 
constant weight, and the result was reported as percentage dry matter 
according to method by Sharma and Prasad, (2001).

Water activity
Water activity measurement in garlic samples was done according 

to the method by Kar and Sutar (2023). The water activity of the 
sliced samples was determined using a water activity measurement 
equipment (Novasina Labmaster, Switzerland). Electric resistence 
range is in between 1 kΩ – 100 MΩ correponding to a water activity 
range of 0.03-1.00. Thin sliced samples enough to fill the 12 mL 
sample cell were weighed and loaded into the sample cell. The 
analysis was performed at 23 oC.

pH and titratable acidity
pH and titratable acidity measurement with garlic samples was 

done according to method Nielsen (2010). Garlic samples (5 g) were 
added to 25 mL distilled water and homogenized (IKA, T8 Ultra-
Turrax, Germany), and then the pH at 20 was measured using a pH 
meter (Thermo Scientific, Orion3Star, Singapore). Titratable acidity 
was measured by titrating the homogenized solution (10 mL) with 
0.1 N NaOH using phenol phytalein indicator (Nielsen, 2010). The 
titratable acidity was expresed how g citric acid.100 g-1.

Ash content
The ash content of the samples was determined according to the 

standart international AACC method (AACC. 2000) used by Sajid et 
al. (2014). The ash content was calculated as follows:

Texture profile analysis
For texture profile analysis of the cubic samples (10 × 10 × 10 

mm3) was performed using a texture analyzer (TA-XT PLUS, United 
Kingdom). Flesh hardness, elasticity, chewiness, and resilience were 
calculated. The method proposed by He et al. (2019) was used with 
minor modifications. The test were 10×10×10 mm3 cubic samples. 
P/36R probe was used during the tests with a test speed of 5 mm.s-1, 
test duration was 2 s, sample depth of 5 mm and the trigger force was 
5 g.

Color
The Hunter Lab values of the samples were measured using a 

colorimeter (Konica-Minolta CR-400, Japan). It expresses color as 
three values: L* for perceptual lightness and a* and b* for the four 
unique colors of human vision: red, green, blue and yellow.

Total phenolic content
Total phenolic content (TPC) was determined spectrophometrically 

(UV-1601, Shimadzu, Kyoto, Japan) according to the method 
proposed by Singleton et al. (1999), using Folin-Ciocalteu reagent 
(Benitez et al., 2018). Distilled water was used as the solvent. Gallic 
acid solutions were used to obtain the standard curve, and the phenolic 
content was reported in terms of gallic acid equivalents (mg) in a 100 
mg sample.

Statistical analysis and experimental design
Samples were prepared in paralel and quality tests were 

performed in triplicate depending on the number of samples for each 
group (n=5) and were analyzed statistically. The design with two 
factors was applied in study. For factor A (control, gas A and gas B), 
3 levels were established. For factor B (Day 0, 7, 14, 21 and 28), the 

levels established correspond to the five different time periods. The 
technique used for the interpretation of the test statistic is the analysis 
of the variance (ANOVA). The means of different treatments were 
compared using Duncan multiple comparison test (SPSS 26.0, New 
York, U.S.A). Variance analysis and Duncan Test applied to data at 
a significance level of 0.05 %. Mean values and standart errors are 
given all tables.

Results and discussion

The control sample exhibited the highest weight and dry matter 
loss (table 1). 

Loss of dry matter is due to the conversion of substrates into via 
respiration (Guo et al., 2019). Unexpectedly, significant weight loss 
(p<0.05) was observed on day 14 for the control samples. Control 
samples were expected to lose moisture quickly in the beginning 
bacause of a high vapor pressure driving force between the garlic 
surface and the environment, accompanied by a moisture gradient 
between the surface and inside of the garlic clove. The vapor pressure 
driving force is expected to decrease as the sample dries, thus causing 
a decrease in the rate of moisture loss. Therefore, the result on day 
14 was probably due to a major change in room conditions owing 
to a change in atmospheric conditions indicating that uncontrolled 
room conditions may result in unexpected quality losses. The control 
samples showed that the major mechanism of weight loss depends 
on moisture loss in the beginning of storage. Respiration, which 
causes the loss of dry matter, became dominant after the surface of 
the control samples dried after day 21 (table 1). Although moisture 
loss continued throughout 28 days of storage, the water activity of 
the control did not change significantly (p>0.05) during the 28 days’ 
period (table 1). 

Both of the initial gas mixtures used in MAP resulted in a decrease 
in weight loss due to retardation of respiration. In addition, moisture 
loss was much less than that of the control, depending mainly on 
the permeability of the polypropylene film. The weight loss and 
dry matter loss data for gas mixture B were significantly different 
(p<0.05) from those of the control and gas mixture A. Gas mixture 
B contained more carbon dioxide than gas mixture A (table 1), thus 
it retarded respiration better than gas mixture A, since both packages 
were separated from the environment by a polypropylene film that 
have the same permeability and selectivity against moisture, carbon 
dioxide, oxygen, and nitrogen. The water activity of the MAP samples 
increased significantly (p<0.05) during the 28 days of storage (table 1).

Moisture formed during respiration, accumulated in the packages 
due to low moisture permeability of the polypropylene film. The MAP 
atmosphere became a high relative humidity atmosphere during the 
storage period. As a result, the samples equilibrated with a high relative 
humidity packaging atmosphere, which prevented moisture loss from 
the packaged samples, and thus causing water activity of the samples 
to increase (He et al., 2019). Dry matter loss for the MAP samples is 
expected owing to sprouting. No sprouting was observed in the control 
samples, whereas 87.5 % of MAP treated samples sprouted (table 
1) at the end of 28 days of storage. Moderate relative humidity and 
temperature at room conditions did not promote sprouting whereas 
high relative humidity in MAP packages caused sprouting inspite of 
refrigerated storage. Therefore, it was concluded that active MAP with 
moisture sorption packages should be preferred for MAP preservation 
of Allium tuncelianum. None of the samples experienceda significant 
change in ash content (table 1), as expected, confirming that weight loss 
was due to the use of respiration substrates and moisture loss.

ash content �g.100 g-1�=
weight of ash (g)
Initial weight (g)

X 100 1 (3)



This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.

 Güven and Beğboğa. Rev. Fac. Agron. (LUZ). 2025, 42(3): e2542405-7 |

Table 1. Change in quality parameters in garlic samples during storage.

Day Weight loss (%) Dry matter content (%)

C A B C A B

0 None None None 46.4±0.7a,A 46.4±0.7a,A 46.4±0.7a,A

7 8.2 ± 2.4a,A 3.7±2.5a,A 1,7±0.9a,A,B 47.1±0.6b,B 41.9±0.7a,A 44.9±1.1b,A

14 15.2±4.5b,B 1.0±0.1a,A 2,3±0.3a,A,B 47.8±0.3a,B 43.8±0.7b,A,B 43.5±1.3b,A

21 16.6±9.7a,A 3.6±1.6a,A 3,7±1.2a,B 46.4±1.1a,A,B 44.8±0.7a,B,C 45.6±0.67a,A

28 20.6±12.3aA 3.7±0.4a,A 4,4±0.1a,B 42.3±1.1a,A 45.1±0.7b,B,C 46.0±0.1b,A

Day Water activity pH

C A B C A B

0 0.8a,A 0.8a,A 0.8a,A 7.1a,A 7.1a,A 7.1a,A

7 0.9a,A 0.9a,B 0.9a,B 6.9a,A 6.7a,A 6.7a,A

14 0.8a,A 0.9a,A 0.9a,A 6.9a,A 6.9a,B 6.9a,B,C

21 0.9a,A 0.9b,B 0.9c,B 6.9a,b,A,B 7.0b,B 6.8a,B

28 0.9a,A 0.9a,A,B 0.9a,A,B 7.0a,A,B 7.1a,B 7.0a,C,D

Day Titratable acidity (g citric acid.100 g-1) Ash content (g.100g-1)

C A B C A B

0 0.1a,A 0.1a,A 0.1a,A 1.2a,A 1.2a,A 1.2a,A

7 0.1a,A 0.0a,A 0.1a,A 1.1a, A 1.2a,A 1.2a, A

14 0.1a,A 0.1a,A 0.1a,A 1.1±0,2a,A 1.2a,A 1.2a, A

21 0.1a,A 0.1a,A 0.1a,A 1.0a,A 1.2a,A 1.3±0.1a,A

28 0.1a,A 0.1a,A 1.1a,A 1.0a,A 1.3b,A 1.4b,A

Day Total phenolic content (mg gallic acid.100 mg-1) Fractional Sprouting

C A B C A B

0 175.4±1.9a,A 175.4±1.9a,A 175.4±1.9a, A - - -

7 193.6±1.0c,B 134.4±5.9b,C 160.4±3.8a, A 0a,A 62.5±53.0a,A 25.0±35.3a,A

14 230.8±2.7b,C 128.5±7.7a,B 120.2±4.6a, A 0a,A 37.5±17.6a,A 25.0±35.3a,A

21 258.6±0.7c,D 121.0±4.1a,A 101.8±2.9b, A 0a,A 75.0±25.0a,A 62.5±37.5a,A

28 200.5±5.7b,B 163.5±3.4b,E 192.8±2.39a,B 0a,A 87.5±17.6a,A 87.5±17.6a,A

C: Control;  A: 5 % O2, 5 % CO2, 90 % N2 gas mixture; B: 3 % O2, 8 % CO2, 89 % N2 gas mixture Lowercase letters denote row-wise differences (p<0.05), uppercase letters denote column-wise 
differences (p<0.05).

None of the samples showed significant differences (p>0.05) in 
terms of pH (Table 1) or titratable acidity (Table 1), indicating no 
formation of organic acids due to enzymatic or microbiological 
activity. The TPC of the control and MAP samples increased 
significantly (p<0.05) during the storage period (Table 1). TPC 
is known to increase upon sprouting  and / or tendency to sprout 
(Martins et al., 2016; Takim, 2020).

All samples retained their texture properties, with gas mixture B 
showing the highest consistency (Table 2).

Its higher CO₂ content reduced weight loss and slowed respiration 
(Table 1), improving texture, as noted in previous studies (Liu et al., 
2021; Singh et al., 2019). 

Original color values (L*=80; a*=-1.9; b*=12) remained stable 
for 28 days under both room and MAP conditions. Thus, gas mixture 
B with MAP and moisture-absorbent pouches effectively preserves 
Allium tuncelianum freshness for up to 28 days.

Conclusions 

Allium tuncelianum is an important endemic plant source with 
economic importance to the local population, and important healthy 
properties characteristic of the Tunceli regional cuisine with a less 
tangy flavor that can extend its gastronomic utilization in a wider 
geography including fresh consumption in salads and fermented 
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Table 2. Results of texture profile analysis (TPA).

T.P* Day 0 Day 7 Day 14

H* C 5666.64±453.17a,A 4296.58±633.55a,A,B 5273.34±1034.23a,A,B

Gas A 5666.64±453.17a,A,A 5275.68±502.3a,A,B,C 6449.92±558.75a,C

Gas B 5666.64±453.17a,A 5889.55±1135.96a,A 4898.14±417.03a,A

E* C 0.74±0.01a,A 0.73±0.06 a,A 0.76±0.03 a,A

Gas A 0.74±0.01a,A 0.71±0.08 a,A 0.75±0.00 a,A

Gas B 0.74±0.01a,A,B 0.81±0.04 a,B 0.73±0.01 a,A

C* C 2543.01±274.86a,A 2003.51±198.92a,A 2680.97±430.90a,A

Gas A 2543.01±274.86a,A 2531.38±270.05 a,A 3107.60±295.63 a,A

Gas B 2543.01±274.86a,A 3147.58±613.94a,A 2321.74±189.98a,A

R* C 0.44±0.03a,A 0.52±0.03 a,A 0.53±0.01 a,A

Gas A 0.44±0.03a,A 0.57±0.05 a,B 0.49±0.01a,A,B

Gas B 0.44±0.03a,A 0.52±0.01 a,A,B 0.50±0.02 a,A,B

T.P* Day 21 Day 28

H* C 4695.79±428.17a,A,B 3566.73±183.88a,A

Gas A 4249.10±637.40a,A,B 3333.13±528.61a,A

Gas B 4162.26±478.05 a,A 5627.57±361.11b,A

E* C 0.75±0.01 a,A 0.71±0.03 a,A

Gas A 2.08±1.37 a,A 0.78±0.01b,A

Gas B 0.76±0.01 a,AB 0.77±0.05 b,AB

C* C 2485.14±315.58 a,A 1753.94±92.36 a,A

Gas A 3891.77±11657.48a,A 1815.00±248.75a,A

Gas B 2412.54±228.43 a,A 3130.31±232.76b,A

R* C 0.55±0.04 a,A 0.55±0.03 a,A

Gas A 0.55±0.03a,A,B 0.54±0.02a,A,B

Gas B 0.64±0.02 a,C 0.55±0.01 a,B,C

T.P*: Texture Profile, H: Hardness, E: Elasticity, C: Chewiness, R: Resilience C: Control;  A: 5 % O2, 5 % CO2, 90 % N2 gas mixture; B: 3 % O2, 8 % CO2, 89 % N2 gas mixture. Lowercase letters 
denote row-wise differences (p<0.05), uppercase letters denote column-wise differences (p<0.05).

products. Minimally processed storage of Allium tuncelianum upon 
active MAP with an initial gas composition of 3 % O2, 8 % CO2 
and 89 % N2 has the potential to add value to this endemic plant by 
presenting it to a wider geography. Water adsorbant pouches must be 
placed in the packages to prevent sprouting.
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