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Introduction

Fresh leafy vegetables contain vital macronutrients and micronutrients such as carbohydrates, fiber, minerals,
and vitamins that are essential for body health. People are now consuming less vegetables in their diet because
their preparation is time-consuming. These nutrients play a critical role in keeping physiological functions stable,
boosting immune responses, and preventing chronic diseases such as cardiovascular disorders or some kinds of
cancer. Therefore, the market for packaged ready to eat fresh leafy vegetables has grown worldwide. This has
created a new opportunity to bridge the gap between traditional and modern lifestyles, increase fresh product
consumption, expand convenience foods, and promote well-documented health benefits. Although many
vegetables are not available in high-quality packs, basil is a popular leafy vegetable in Iranian food preparation
and consumption. This vegetable has a key flavor that is used as a garnish, in salads, stews, or traditional dishes,
and gives cultural and culinary significance beyond its nutritional value. Basil (Ocimum basilicum) is one of the
most sensitive plants, with a very short shelf life and a unique aroma and flavor, which has made it an integral part
of Mediterranean cuisine, too. Its sensory profile is attributed to its essential oil composition, mainly containing
linalool, eugenol, and methyl chavicol, which are highly volatile and susceptible to degradation during postharvest
handling. It has a soft and thin texture that makes it more sensitive to mechanical damage and environmental
stresses. Therefore, even the smallest changes in the storage conditions can cause quick quality loss. Various
negative quality effects that are reported during the storage time of fresh basil leaves include weight loss,
chlorophyll degradation, leaf rot, browning, and loss of sensory properties, which lead to increased waste and
reduced shelf life of this leafy vegetable. Weight loss primarily results from respiration and causes wilting and
limpness, while chlorophyll breakdown increases yellow carotenoid pigments, giving leaves an undesired
appearance that is a sign of aging and reduced freshness. Many parameters have been studied to reduce the spoilage
rate of basil leaves, including changes in temperature, humidity, packaging materials and types; however, these
methods could not successfully manage the negative quality effects to optimize the shelf life of fresh, cleaned basil
leaves. For instance, using Ethylene producing inhibitors is a common way to maintain basil leaf quality; however,
the most important challenge in storing this vegetable is its high sensitivity to low temperatures, and the absence
of ethylene in the atmosphere makes the inhibitors useless. Also, using the inhibitors alone can cause moisture loss
and wilting of the vegetable. Applying controlled temperature and moisture could limit browning and sensory
degradation, but the loss of freshness and aroma remains a key unsolved challenge caused by essential metabolism
in the leaf's cells. Moreover, using ionized or salt-based coatings caused off-flavors and limited the edibility of
basil leaves. Inorganic coatings are effective moisture barriers in some cases, but often interact with the leaf surface
in ways that alter the natural flavor profile, leading to bitterness or metallic notes that are unacceptable to
consumers. Accordingly, it is not possible to scale up the production of packed clean basil leaves, and an essential
need has been sensed in this area. Therefore, investigating appropriate methods to maintain the quality
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characteristics of basil during storage is a determinant research. The first accessible, facilitated method is leaf
coating with controlled process parameters that decrease mechanical and physical damage to leaves on one hand
and increase the stability of fresh quality on the other hand. Therefore, protective, insensitive amino acids might
be a logical option to manage the chemical degradation processes. The amino acids are safe and low-cost, which
makes them a useful choice for industrial applications. They can be used both as a foliar spray and as a dip or spray
on the leaves. Amino acids not only coat the leaves but also inhibit some vital processes like oxidation, cellular
respiration, and ethylene production, which helps keep cell and membrane integrity. However, not all amino acids
are desired for this application and do not have the same result on a specific leafy vegetable. Therefore, the present
study aimed to investigate the appropriateness of cysteine as a coating formed by the dip method on the quality
parameters of basil leaves and the interaction effect of that with the application of modified atmosphere packaging
to increase the shelf life and freshness of the leaves. Cysteine was especially chosen in this study due to its thiol
group, which can confer strong antioxidant activity and has high potential to chelate metal ions that might be
catalyzed in oxidative reactions, making it a promising candidate for fresh basil leaf preservation and maintaining
its biochemical balance.

Materials and Methods
In this study, basil leaves with edible cysteine coating at three levels (0, 0.1, 0.5%), packaging type (normal air
packaging and passive modified atmosphere packaging) and storage time (0, 5, 12, 9 days) at 4°C, were prepared
and the concentrations of oxygen and carbon dioxide gases inside the package, pH, weight loss percentage, color
parameters (a*, b*, L*), browning rate and sensory properties were determined.

Results and Discussion
The findings showed that the use of passive modified atmosphere packaging had a significant effect on
reducing the amount of oxygen and carbon dioxide gases, along with reducing the respiration rate and increasing
the storage time of basil leaves. The samples with normal air packaging showed the highest weight loss (3.07%)
and the modified atmosphere packaging showed the lowest weight loss (1.88%). Increasing the concentration of
cysteine in basil resulted in a reduction in weight loss and inhibition of the browning reaction compared to control
(p<0.05). .

Conclusion
Using a concentration of 0.1% cysteine in the coating was able to maintain the sensory properties of basil
samples. Accordingly, the combined use of edible cysteine coating and modified atmosphere packaging has
provred to preserve the quality of packaged basil samples and increased the storage time by up to 12 days.
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Table 2- The interaction effect of storage time and packaging type on weight loss of fresh basil stored at refrigerated

temperature
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Fig. 1. The interaction effect of packaging type and storage time variables on changes in color parameters of fresh basil
samples stored at refrigerator temperature
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Fig. 2. The interaction effect of cysteine concentration variables and packaging type on changes in the browning rate of fresh
basil samples stored at refrigerated temperature
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Table 3- The interaction effect of cysteine concentration, packaging type and storage time variables on changes in browning
scores of fresh basil samples stored at refrigeraed temperature
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*The average number of the results of three repetitions and the comparison of the averages with the same letters have no significant
difference (P<0.05).
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Table 4- The interaction effect of cysteine concentration and packaging type variables on changes in sensory scores of fresh
basil samples stored at refrigerated temperature

o Falyly O il T R
Sensory parameter  Cystein concentration(%) Type of packaging  Standard error £ Mean
0 Air 3.79+£0.01
MAP 2.69+0.01
L 1.0 Air 448 £0.01
(Smell) ' MAP 3.00£0.01
05 Air 424 +0.01
' MAP 2.81+0.01
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' MAP 3.23+0.03
0 Air 3.73+0.01
o W i
i 34 +0.
(Taste) 01 MAP 3.03 +0.01
05 Air 4.05+0.01
' MAP 2.82+0.01
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Fig. 3. The interaction effect of cysteine concentration and storage time variables on changes in sensory scores of fresh basil
samples stored at refrigerator temperature



Yol e gl IS lo) 9 s Bl )5 ouliz Mol el | (iiydiun g (i 531 (o) 31 o3 ) K02 9 0 21> (559,95

oS Sluls (ials 4 Wl oyl cpl D9800 drogi ()l
Ol (S b g S &S (o) (i 0ol 0085 9 £5ogliS
4 o g 48,8 )|\8 eolatwl 350 d)l3 ol e 4 1y Slol 3 MSts
5 o30il Jpame (lyied Ay Slagim Bpas il

g4 o3l

Sl ool @ilio
C)J" st o (:»93)5 oKl ]4.»9; U:Lo.».vu 5 059y C):’.‘
ol 0dds o Coles DADFY ojladds &y gy

s | 03l 4S5l U5 g ol ) el gl

bas 0 Wl o Jedpe 0adpMol jhued] (gabding ol pod &
S GRS Gloj GRIBl g o (lend sz s S
yoanod] (gandiin g Cpitanw Olojen 35 L S5 b,
0 u.inLw Lﬁhbu“-‘;‘ﬁ sy MK 9 J)uf y&l) o.\wc)’t«o‘
3yt gllasl @l 5l ol aoesyy oS b 03l by, (6w
‘.{ A.w.:‘.nﬁ ).) s> ul#o}.ab 9 UM dlo# clmdjso.} U)? t.,&‘
d&wghwgduw‘)y}] PR d)-‘-??b Al E¥g905
Powb adale jlaolatwl a5 o Hlis gt wa )5 pbsl oass ui‘;)‘yj

Pl cyp 5 S daodls cupie tpala (659,95
Copde (o el 18I0 . Lol i i —ide ayges]

ol pg 9 o ol 1035 (B Gl g g gy eyl 03

i b aleg)d )5 i yigl) low) (e Cluogad (it
Oby 4 00D (A () (S W5 sladly o (L als &,
Sl g ey S 2 (61085 3 ol gllas (635 51 48
slagbs) plo 4 Cuns ohosd g o3l 05 Slogd (slacuml
odlitul ¢ 515 (i (glapld lodlitul (ygomen (sAldiuy (pg
oAbz Moo joues] (gabdiiy g Moy ofV clale i
oloj o8l g cudsS bas jglateds ojl ylouy (g sl Sl e

OB My &8 lin oyl im0

References

1.

A, R., Sheikhloie, H., & A.R, Y. (2016). The effect of modified atmosphere packaging and propolis on some
characteristics of spinach cultivar "Varamin 88" during storage. International Journal of Food Science &
Technology, 13, 2015. (In Persian)

Aharoni, N., Kenigsbuch, D., Chalupowicz, D., Faura-Mlinski, M., Aharon, Z., Maurer, D., & Lers, A. (2010).
Reducing chilling injury and decay in stored sweet basil. Israel Journal of Plant Sciences, 58(3-4), 167-181.

Ahmadi-Roshan, M., Berenji Ardestani, S., Ghotbi Kohan, K., Rafiee, R., Saeedi, F., Bathaie, M., & Zarrin, E.
(2022). Gamma radiation processing under modified atmosphere packaging effects on microbial quality and
antioxidant activity of fresh leafy vegetables during storage. Journal of Nuclear Research and Applications, 2(2),

Ali, A., Magbool, M., Ramachandran, S., & Alderson, P.G. (2010). Gum arabic as a novel edible coating for
enhancing shelf-life and improving postharvest quality of tomato (Solanum lycopersicum L.) fruit. Postharvest

Alirezalou, K., Tavakolian, R., & Jafarpour, P. (2018). The effect of postharvest application of chitosan coating
containing green tea extract on the quality characteristics and shelf life of Selva strawberry fruit.

Altunkaya, A., & Gokmen, V. (2008). Effect of various inhibitors on enzymatic browning, antioxidant activity and
sativa). Food Chemistry, 107(3), 1173-1179.

Anita Rami, louie, H.S., & Yousefi, A. (2016). The effect of modified atmosphere packaging (MAP) and propolis
on some characteristics of spinach cultivar “Varamin 88” during storage. Quarterly Journal of Food Science and

Ayhan, Z., Estiirk, O., & Tas, E. (2008). Effect of modified atmosphere packaging on the quality and shelf life of

Agriculture and Forestry, 32(1), 57-64.
Bakmohammadpour, M., Peyghambardoust, S.H., & Alirezalou, K. (2021). Processing basil with long shelf life

Berry, A.D., Sargent, S.A., & Huber, D.J. (2010). Effect of postharvest application of 1-MCP on basil shoot quality

2.
https://doi.org/10.1560/1JPS.58.3-4.167
3.
41-46. https://doi.org/10.24200/jon.2022.1019
4.
Biology and Technology, 58(1), 42—47. https://doi.org/10.1016/j.postharvbio.2010.05.005
5.
https://sid.ir/paper/363683/en
6.
total phenol content of fresh lettuce (Lactuca
https://doi.org/10.1016/j.foodchem.2007.09.046
7.
Technology, 13(61). (In Persian)
8.
minimally  processed carrots.  Turkish  Journal of
https://journals.tubitak.gov.tr/agriculture/vol32/iss1/7
9.
using a new disinfection method. (In Persian)
10.
during storage at chilling temperature. https://api.semanticscholar.org/CorpusiD:99934133
11.

Boonyakiat, D., & Boonprasom, P. (2009). Effect of vacuum cooling and packaging on physico-chemical properties
of'Red'holy  basil. Paper presented at the VI Symposium  877.
https://doi.org/10.17660/ActaHortic.2010.877.54

International  Postharvest


https://doi.org/10.1560/IJPS.58.3-4.167
https://doi.org/10.24200/jon.2022.1019
https://doi.org/10.1016/j.postharvbio.2010.05.005
https://sid.ir/paper/363683/en
https://doi.org/10.1016/j.foodchem.2007.09.046
https://journals.tubitak.gov.tr/agriculture/vol32/iss1/7
https://api.semanticscholar.org/CorpusID:99934133
https://doi.org/10.17660/ActaHortic.2010.877.54

VP8 LT o0 F o )lods TY wler |l (10 aluo g pole Gltidgfy 4 pis Fr Y

12.

13.

14,
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

Brody, A.L., Zhuang, H., & Han, J.H. (2010). Modified atmosphere packaging for fresh-cut fruits and vegetables:
John Wiley & Sons. https://doi.org/10.1002/9780470959145

Caleb, O.J., Mahajan, P.V., Al-Said, F.A.-J., & Opara, U.L. (2013). Modified atmosphere packaging technology of
fresh and fresh-cut produce and the microbial consequences—a review. Food and Bioprocess Technology, 6(2),
303-329. https://doi.org/10.1007/s11947-012-0932-4

Chen, X., Liu, H., Zhou, J., Zhang, X., Xu, L., & Ding, K. (2022). China Patent No.

Costa, L., Montano, Y.M., Carrion, C., Rolny, N., & Guiamet, J.J. (2013). Application of low intensity light pulses
to delay postharvest senescence of Ocimum basilicum leaves. Postharvest Biology and Technology, 86, 181-191.
https://doi.org/10.1016/j.postharvhio.2013.06.017

Danso-Boateng, E. (2013). Effect of drying methods on nutrient quality of basil (Ocimum viride) leaves cultivated
in Ghana. International Food Research Journal, 20(4).

Dhall, R. (2013). Advances in edible coatings for fresh fruits and vegetables: a review. Critical Reviews in Food
Science and Nutrition, 53(5), 435-450. https://doi.org/10.1080/10408398.2010.541568

Dogan, S., Turan, P., Dogan, M., Alkan, M., & Arslan, O. (2007). Inhibition kinetic of Ocimum basilicum L.
polyphenol oxidase. International Journal of Chemical Reactor Engineering, 5(1). https://doi.org/10.1007/S00217-
006-0383-0

Faraji, N.M., Farahnaki, A., Badii, F., & Hoseini, E. (2014). Study the of different treatments in control of browning
in estahban intermediate moisture fig (cv.Sabz). Food Science and Industry, 12(47). http://fsct. modares.ac.ir/article-
7-1559-en.htm

Forget, F.R., Goupy, P., & Nicolas, J. (1992). Cysteine as an inhibitor of enzymatic browning. 2. Kinetic studies.
Journal of Agricultural and Food Chemistry(40), 2108-2113. https://doi.org/10.1111/j.1365-2621.1983.th14937.x
Ghidelli, C., Mateos, M., Rojas-Argudo, C., & Pérez-Gago, M.B. (2014). Extending the shelf life of fresh-cut
eggplant with a soy protein—cysteine based edible coating and modified atmosphere packaging. Postharvest Biology
and Technology, 95, 81-87. https://doi.org/10.1016/j.postharvbio.2014.04.007

Hassan, F., Ali, E., Mostafa, N., & Mazrou, R. (2021). Shelf-life extension of sweet basil leaves by edible coating
with thyme volatile oil encapsulated chitosan nanoparticles. International Journal of Biological Macromolecules,
177, 517-525. https://doi.org/10.1016/j.ijbiomac.2021.02.159

Hassan, F., & Mahfouz, S. (2010). Effect of 1-methylcyclopropene (1-MCP) treatment on sweet basil leaf
senescence and ethylene production during shelf-life. Postharvest Biology and Technology, 55(1), 61-65.
https://doi.org/10.1016/j.postharvhio.2009.07.008

Hosseininezhad, B., Nader, M., Ramezanian, A., Niakousari, M., & Mazloomi, S.M. (2023). A combination of
modified atmosphere packaging and two chemical disinfectants: Effects on microbial, sensory, and
physicochemical properties of raw ready-to-eat leek. Food Science & Nutrition, 11(1), 148-156.
https://doi.org/10.1002/fsn3.3047

Imaizumi, T., Jitareerat, P., Laohakunjit, N., & Kaisangsri, N. (2021). Effect of microwave drying on drying
characteristics, volatile compounds and color of holy basil (Ocimum tenuiflorum L.). Agriculture and Natural
Resources, 55(1), 1-6. https://1i01.tci-thaijo.org/index.php/anres/article/view/249283

Kocira, A., Koztowicz, K., Panasiewicz, K., Staniak, M., Szpunar-Krok, E., & Hortynska, P. (2021).
Polysaccharides as edible films and coatings: Characteristics and influence on fruit and vegetable quality—A
Review. Agronomy, 11(5), 813. https://www.mdpi.com/2073-4395/11/5/813

Majidi, H., Minaei, S., Almassi, M., & Mostofi, Y. (2014). Tomato quality in controlled atmosphere storage,
modified atmosphere packaging and cold storage. Journal of Food Science and Technology, 51(9), 2155-2161.
https://doi.org/10.1007/s13197-012-0721-0

Manjunatha, M., & Anurag, R.K. (2014). Effect of modified atmosphere packaging and storage conditions on
quality  characteristics of cucumber. Journal Food Science Technology, 51(11), 3470-3475.
https://doi.org/10.1007/s13197-012-0840-7

Manolopoulou, H., Xanthopoulos, G., Douros, N., & Lambrinos, G. (2010). Modified atmosphere packaging
storage of green bell peppers: Quality criteria. Biosystems Engineering, 106(4), 535-543.
https://doi.org/10.1016/j.biosystemseng.2010.06.003

Mansouri, N. (2016). Studying the effect of different plant extracts and packaging type on microbial load and post-
harvest life of basil (Master Research-based). Ferdowsi University, Mashhad. (In Persian)

Misir, J. (2014). Aloe vera gel as a novel edible coating for fresh fruits: A review. American Journal of Food Science
and Technology. https://doi.org/10.12691/ajfst-2-3-3

Moansouri, N., Kazemi, F., Bahreini, M., & Aroiee, H. (2020). Effect of extracts and packaging on microbial quality
and antioxidant activity of basil. Journal of Food Microbiology, 6(4), 8-23. https://sid.ir/paper/250752/en

Moon, K.M., Kwon, E.-B., Lee, B., & Kim, C.Y. (2020). Recent trends in controlling the enzymatic browning of
fruit and vegetable products. Molecules, 25(12), 2754. https://doi.org/10.3390/molecules25122754


https://doi.org/10.1002/9780470959145
https://doi.org/10.1007/s11947-012-0932-4
https://doi.org/10.1016/j.postharvbio.2013.06.017
https://doi.org/10.1080/10408398.2010.541568
https://doi.org/10.1007/S00217-006-0383-0
https://doi.org/10.1007/S00217-006-0383-0
http://fsct.modares.ac.ir/article-7-1559-en.htm
http://fsct.modares.ac.ir/article-7-1559-en.htm
https://doi.org/10.1111/j.1365-2621.1983.tb14937.x
https://doi.org/10.1016/j.postharvbio.2014.04.007
https://doi.org/10.1016/j.ijbiomac.2021.02.159
https://doi.org/10.1016/j.postharvbio.2009.07.008
https://doi.org/10.1002/fsn3.3047
https://li01.tci-thaijo.org/index.php/anres/article/view/249283.
https://www.mdpi.com/2073-4395/11/5/813
https://doi.org/10.1007/s13197-012-0721-0
https://doi.org/10.1007/s13197-012-0840-7
https://doi.org/10.1016/j.biosystemseng.2010.06.003
https://doi.org/10.12691/ajfst-2-3-3
https://sid.ir/paper/250752/en
https://doi.org/10.3390/molecules25122754

for

o Slxs 5 (5510455 o) 9 CndS Bad> 50 00z Mol phuannd] (G dions § (ki $31 oy 2 )0 g 02> (539,590

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.
51.

52.

53.

Nicola, S., Tibaldi, G., & Pignata, G. (2018). Potentiality of mint leaves as a ready-to-use product: Postharvest
evaluation. Acta Horticulturae, 1209, 109-114. https://doi.org/10.17660/ActaHortic.2018.1209.16

Oliveira, M., Abadias, M., Usall, J., Torres, R., Teixido, N., & Vifias, I. (2015). Application of modified atmosphere
packaging as a safety approach to fresh-cut fruits and vegetables—A review. Trends in Food Science & Technology,
46(1), 13-26.https://doi.org/10.1016/j.tifs.2015.07.017

Parry, R. (2012). Principles and applications of modified atmosphere packaging of foods: Springer Science &
Business Media. ISBN: 9781461521372

Patifio, L.S., Castellanos, D.A., & Herrera, A.O. (2018). Influence of 1-MCP and modified atmosphere packaging
in the quality and preservation of fresh basil. Postharvest Biology and Technology, 136, 57-65.
https://doi.org/10.1016/j.postharvhio.2017.10.010

Pham, T.T., Nguyen, L.L.P., Dam, M.S., & Baranyai, L. (2023). Application of edible coating in extension of fruit
shelf life: Review. AgriEngineering, 5(1), 520-536. https://www.mdpi.com/2624-7402/5/1/34

Phippen, W.B., & Simon, J.E. (1998). Anthocyanins in basil (Ocimum basilicum L.). Journal of Agricultural and
Food Chemistry, 46(5), 1734-1738. https://doi.org/10.1021/jf970887r

Pulamte, L. (2008). Key issues in post harvest management of fruits and vegetables in India. India Science and
Technology: 2008: S&T for Rural India and Inclusive Growth.

Rocha, T., Marty-Audouin, C., & Lebert, A. (1993). Effect of drying temperature and blanching on the degradation
of chlorophyll a and b in mint (Mentha spicata Huds.) and basil (Ocimum basilicum): Analysis by high performance
liguid chromatography with photodiode array detection. Chromatographia, 36(1), 152-156.
https://doi.org/10.1007/BF02263853

Rohani, M., & Sedaghat, N. (2019). The effect of active modified atmosphere packaging and coating of lactate
calcium on the quality of vegetable Salad. https://dor.isc.ac/dor/20.1001.1.22286675.1398.10.40.4.4

Rouhani, M. (2018). The effect of activated modified atmosphere and calcium lactate coating on the quality of
mixed vegetable salad. (Master Research-base). Ferdowsi University, Mashhad. (In Persian)

Salemi, B., Sedaghat, N., Varidi, M.J., Mousavi, S.M., & Tabatabaei Yazdi, F. (2021). The combined impact of
calcium lactate with cysteine pretreatment and perforation-mediated modified atmosphere packaging on quality
preservation of fresh-cut ‘Romaine’lettuce. Journal of Food Science, 86(3), 715-723. https://doi.org/10.1111/1750-
3841.15619

Sessa, M., Ferrari, G., & Donsi, F. (2015). Novel edible coating containing essential oil nhanoemulsions to prolong
the shelf life of wvegetable products. Chemical Engineering Transactions, 43, 55-60.
https://doi.org/10.3303/CET1543010

Shiekh, R.A., Malik, M.A., Al-Thabaiti, S.A., & Shiekh, M.A. (2013). Chitosan as a novel edible coating for fresh
fruits. Food Science and Technology Research, 19(2), 139-155. https://doi.org/10.3136/fstr.19.139

Suh, B.-S., & Park, M.-H. (2010). Measurement of antioxidation substances in basil. Journal of the East Asian
Society of Dietary Life, 20(1), 54-59.

T.F.A. EI-Moghazy. (2021). Effect of packaging and cold storage on the quality of sweet basil Herb. Middle East
Journal of Applied Sciences, 11(03), 11. https://doi.org/10.36632/mejas/2021.11.3.50

Teodosio, A.E.M.M., Araljo, R.H.C.R., Santos, B.G.F.L., Linné, J.A., da Silva Medeiros, M.L., Onias, E.A, . . .
de Lima, J.F. (2021). Effects of edible coatings of Chlorella sp. containing pomegranate seed oil on quality of
Spondias tuberosa fruit during cold storage. Food Chemistry, 338, 127916.
https://doi.org/10.1016/j.foodchem.2020.127916

Towanabut, M.A. Extending the shelf life of thai sacred basil (Ocimum sanctum Linn.) in fresh and dried forms.
Uner Oztiirk, K., & Koyuncu, M.A. (2021). Effects of ozone and salicylic acid on post-harvest quality of parsley
during storage. Biological Agriculture & Horticulture, 37(3), 183-196.
https://doi.org/10.1080/01448765.2021.1937316

Xing, Y., Li, X, Xu, Q., Jiang, Y., Yun, J., & Li, W. (2010). Effects of chitosan-based coating and modified
atmosphere packaging (MAP) on browning and shelf life of fresh-cut lotus root (Nelumbo nucifera Gaerth).
Innovative Food Science & Emerging Technologies, 11(4), 684-689. https://doi.org/10.1016/j.ifset.2010.07.006
Yan, D., Liu, X., Chen, Z., Wang, Y., Zhang, M., Zhang, T., & Wang, J. (2023). A double-layered self-healing
coating system based on the synergistic strategy of cysteine and iron polyacrylate for corrosion protection. Chemical
Engineering Journal, 451, 138995. https://doi.org/10.1016/j.cej.2022.138995


https://doi.org/10.17660/ActaHortic.2018.1209.16
https://doi.org/10.1016/j.tifs.2015.07.017
https://doi.org/10.1016/j.postharvbio.2017.10.010
https://www.mdpi.com/2624-7402/5/1/34
https://doi.org/10.1021/jf970887r
https://doi.org/10.1007/BF02263853
https://dor.isc.ac/dor/20.1001.1.22286675.1398.10.40.4.4
https://doi.org/10.1111/1750-3841.15619
https://doi.org/10.1111/1750-3841.15619
https://doi.org/10.3303/CET1543010
https://doi.org/10.3136/fstr.19.139
https://doi.org/10.36632/mejas/2021.11.3.50
https://doi.org/10.1016/j.foodchem.2020.127916
https://doi.org/10.1080/01448765.2021.1937316
https://doi.org/10.1016/j.ifset.2010.07.006
https://doi.org/10.1016/j.cej.2022.138995

