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Abstract 
Indigenous fermented foods are important constituent of staple diet of the 
Naga tribes of India. In Nagaland, there are variety of fermented foods and 
beverages with traditional and cultural value. Agriculture being the main oc-
cupation, preservation technique of perishable crops has been passed down 
from generation to generation. Here we present the biochemical characteriza-
tion of some vegetable based fermented food products of Nagaland i.e., Hun-
grii (Brassica leaves), Rhujuk/Bastanga (Bamboo shoot) and Tsutuocie (Cu-
cumber). The comparative account of nutritive values like moisture content, 
pH, protein content, reducing sugars, crude fibre, total phenol content, fla-
vonoid content and antioxidant activity of fermented foods and its constitu-
ent raw materials was done. Results indicated high amounts of protein in 
Hungrii (34.07 g/100g). Most of the fermented foods had low moisture con-
tent rendering it to have longer shelf life. Rhujuk/Bastanga was found to have 
significantly higher levels of phenolic content (1.44 mg GAE/g and 2.44 mg 
GAE/g), thus having high antioxidant activity in comparison to the other 
fermented products. This present study thus puts some light on the prox-
imate composition as well as the antioxidant content of some major vegetable 
based fermented food products of Nagaland so as to popularize these prod-
ucts as nutritional support to the region for health improvement. 
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1. Introduction 

Traditional fermentation processes have been practiced since ancient time and it 
forms an integral part of the world diet. It is one of the oldest methods of food 
preservation and has benefits of providing nutrients, enhancing the flavour, 
aroma and increases the shelf life of the food product [1]. Although advances in 
food science and technology have given rise to a wide variety of new food tech-
nologies, fermentation has remained an important technology throughout the 
history of mankind [2]. The traditional processes and technologies involved in 
the production of fermented food products have been inherited from generation 
to generation. Traditional fermented foods are indigenous to a particular area 
and have been developed through age-old practices using locally available raw 
materials. In the Indian sub-continent, preparation of these fermented food prod-
ucts using local food crops and other biological resources is very common [3]. 
The North Eastern Region of India inhabited by a large number of indigenous 
tribes has developed their own fermentation techniques for transformation of 
different raw material of plant and animal origin [4].  

In Nagaland agriculture being the main occupation, preservation of perishable 
crops has been practiced since time immemorial. It not only contributes to the 
dietary intake but also improves safety, quality and availability of food and ge-
nerates income to the rural people. Sun-drying and fermentation are the two 
important traditional techniques undertaken for the processing of vegetables. 
Vegetable fermentation normally involves minor changes in both nutrients and 
other physiochemical properties of vegetables. Changes in vegetable nutrients 
include increasing free amino acids, improvement in protein digestibility and 
development of desirable flavor and colors [5]. Today, industrial vegetable fer-
mentation are carried out at a large scale however, it is still prepared at the 
household level in Nagaland. Present study aimed at documentation of different 
vegetable based fermented foods traditionally prepared by the ethnic tribes of 
Nagaland and to study the nutritional values of the fermented food products.  

2. Materials and Method 

Chemicals used: All the chemicals used in this study were of analytical grade 
and procured from Hi-Media (Hi-Media, India). 

Documentation and collection of the fermented products: The traditional 
process of preparation was documented by interviewing with the local people. The 
samples were collected and brought to the laboratory and stored at 4˚C till used. 

Sample preparation: For the assessment of nutritional value, all the samples 
were first oven dried at 60˚C and were grinded to a fine powder. The finely 
powdered samples were kept separately in an airtight container at 4˚C until the 
time of use. 

2.1. Biochemical Analysis 

Estimation of protein: Total soluble protein was estimated using the Fo-
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lin-Ciocalteau method [6] [7] and Bovine Serum Albumin (BSA) was used as 
standard. 

Estimation of reducing sugar: Reducing sugar was estimated using 3, 5-dini- 
trosalicylic acid (DNSA) reagent [8].  

Estimation of crude fibre: Crude fibre was determined following Maynard 
[9] with modification. One gram of dried samples was boiled with 200 ml of 
0.25N sulphuric acid (H2SO4) for 30 min. It was then filtered with No. 1 What-
man filter paper. The filtrate was then boiled with 200 ml of 0.313N NaOH solu-
tion for 30 min followed by filtration and washed subsequently with 25 ml of 
boiling 1.25% H2SO4 and thrice with 50 ml distilled water and 25 ml of alcohol. 
The residue was removed and transferred to pre-weighed ashing dish (W1g). The 
filtrate was then dried for 2 h at 130˚C ± 2˚C and then cooled. The ashing dish 
was cooled and weighed (W2g). It was ignited for 30 min at 600˚C. After cooling 
in desiccators it was again reweighed (W3g). The crude fibre content was deter-
mined using the formula: 

( ) ( ) ( )2 1 3 1Loss in weight on ignition
Crude fibre g 100g 100

Original weight of sample
W W W W− − −

= ×  

Moisture content: Moisture content was estimated by taking 5 g of sample in 
a pre-weighed dish plate and placed in the oven for ~16 h at 70˚C ± 1˚C till a 
constant weight was achieved. After drying, samples were weighed again and the 
moisture content was determined by using the formula: 

( ) Loss of weightMoisture content % 100
Weight of the sample

= ×  

Estimation of pH: Five gram of sample was blended with 10 ml of distilled 
water in a homogenizer and the pH of the slurry was determined directly using a 
digital pH meter (Systronics, pH system).  

Preparation of methanol extract: One gram of dried sample was ground and 
extracted in 10 ml of 80% (v/v) methanol by shaking for 24 h at room tempera-
ture. The extraction procedure was repeated until the extraction solvent became 
colorless. The extract was then filtered over with Whatman No. 4 filter paper. 
The filtered obtained was directly used for antioxidant analysis. 

Estimation of total phenolic content (TPC): Total phenol content was de-
termined following Folin-Ciocalteau method [10].  

Estimation of total flavonoid content (TFC): Total flavonoid content was 
determined following technique of Sahreen et al. [11] with slight modification. 
To 0.3 ml of extract, 3.4 ml of 30% methanol, 0.15 ml of 0.5M sodium nitrite and 
0.15 ml of 0.3M aluminum chloride were added. The mixture was then allowed 
to stand for 5 min and then added 1 ml of 1M NaOH. The absorbance was 
measured at 510 nm and standard curve was prepared using Quercetin and ex-
pressed as mg Quercetin equivalents (QE)/g of extract. 

2.2. Antioxidant Activity 

DPPH radical scavenging assay: Antioxidant scavenging activity of stable 2, 
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2-Diphenyl-1-picrylhydazyl (DPPH) free radical was determined following Ao-
shima et al. [12] with modification. To 100 µL of methanol extract, 2.9 ml of 
DPPH reagent (0.1 mM in methanol) was added followed by vigorous shaking 
and incubated in dark and room temperature for 30 min before reading the ab-
sorbance at 517 nm in spectrophotometer (Multiskan Go, Thermo Scientific). 
Standard curve was calculated using Trolox and inhibition percentage was cal-
culated using the formula: 

OD control OD sample% inhibition 100
OD control

−
= ×  

where, OD is the optical density. 
Statistical analysis: All the experiments were done in triplicate (n = 3) and 

expressed as mean ± standard deviation. 

3. Results and Discussion 

Proximate composition: The proximate composition of the fermented prod-
ucts in comparison with its raw material is given in Table 1. Moisture content of 
Hungrii (7%) was low due to post fermentation drying. However, Rhujuk/Bas- 
tanga (90%) and Tsutuocie (98%) had high moisture due to addition of water 
during its preparation [13]. Hungrii and Rhujuk/Bastanga had pH of 5.2 and 4.7, 
which may be due to acids produced by microorganisms during fermentation 
preventing the growth of contaminating microorganisms [14]. Tsutuocie was 
found to be alkaline in nature with a pH of 8.2, which may be due to release of 
ammonia and proteolysis [15]. 

Protein content: Protein content of Hungrii was 34.07 g/100g, which was 
found to increase as compared to its raw material Brassica leaves (23.34 g/100g) 
(Table 1). The protein content in other leaf based fermented product like gun-
druk, prepared from mustard, rayo-sag (local Brassica leaves) and cauliflower 
leaves was reported to be 37.4% respectively. Another product goyang, prepared 
from leaves of local Brassica species of Nepal was reported to contain 35.9% of 
protein [16]. However, protein content of Rhujuk/Bastanga and Tsutuocie were 
30.89 g/100g and 3.2 g/100g, respectively which decreased in comparison to 
bamboo shoot (33.09 g/100g) and cucumber (6.7 g/100g). The reduction in  
 
Table 1. Proximate compositions of the non-fermented and fermented products. 

Parameters 
Brassica 
leaves 

Hungrii 
Bamboo 

shoot 
Rhujuk/ 
Bastanga 

Cucumber Tsutuocie 

Moisture (%) 60 (0.04) 7.0 (0.03) 80.0 (0.1) 90.0 (0.03) 90.0 (0.04) 98.0 (0.04) 

pH 6.2 (0.05) 5.2 (0.01) 6.2 (0.03) 4.7 (0.07) 6.1 (0.09) 8.2 (0.006) 

Protein (g/100g) 23.34 (0.1) 34.07 (0.1) 
33.07 

(0.002) 
30.89 (0.1) 6.7 (0.04) 3.2 (0.04) 

Reducing sugars (%) 32.1 (0.004) 34.5 (0.04) 52.1 (0.05) 29.6 (0.03) 59.1 (0.007) 22.5 (0.06) 

Crude fibre (g/100g) 2.88 (0.03) 1.019 (0.06) 0.17 (0.04) 0.27 (0.009) 0.128 (0.04) 0.05 (0.04) 

Data represent mean of three replicates (±Standard deviation). 
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protein content may be due to the denaturation of protein during fermentation 
[17]. A similar result was reported in khorisa, a bamboo shoot based fermented 
product of Assam, where the protein content was lower than its raw material 
(3.78% to 2.40%) [18]. 

Reducing sugars: Reducing sugars like glucose plays a very important role 
during fermentation as the microorganisms utilize them to undergo fermenta-
tion [19]. The reducing sugars decreased considerably in Rhujuk/Bastanga (29.8%) 
as compared to its counterpart (52.1%), which may be due to the utilization of 
some of the sugars by fermenting organisms for growth and metabolic activities 
[20]. Singh et al. [11] reported a sharp consistent decrease in the level of reduc-
ing sugars in two varieties of Soibum, a fermented bamboo shoot product of 
Manipur, from 1.47 to 0.62 g/100g and 3.16 to 1.2 g/100g respectively. However, 
there was increase in the level of reducing sugars in Hungrii (34.5%) and Tsutu-
ocie (22.5%) as compared to its raw material (32.1% and 17.5%) which may be 
due to increase in the activity of native or microbial amylases which hydrolyses 
starch to sugars [21].  

Dietary fiber: Studies have indicated that components of plants such as die-
tary fibre have beneficial effects in lowering blood cholesterol levels aside from 
the decreased intake of saturated fat and cholesterol that occurs with high in-
takes of plant foods [22]. Crude fibre was low in Tsutuocie (0.05 g/100g) and 
Hungrii (1.019 g/100g) as compared to cucumber (0.128 g/100g) and Brassica 
leaves (2.88 g/100g), which may be due to enzymatic degradation of the fibrous 
material during fermentation [23]. There was however, increase in the level of 
crude fibre in Rhujuk/Bastanga (0.27 g/100g) in comparison to its raw material 
(10.5 g/100g and 0.17 g/100g). The crude fibre content in soibum, a fermented 
bamboo shoot product of Manipur as reported by Singh et al. [19] was in the 
range of 0.35 - 0.60 g/100g. Choudhury et al. [24] also reported the presence of 
crude fibre in processed bamboo shoots to be 1.8 g/100g. The variation in the 
levels of proximate composition of foods after fermentation may be influenced 
by various factors like the different varieties of raw material used or the influ-
ence of environmental factors and also on the conditions involved during its 
processing [25]. 

Total phenolic and flavonoid: Comparison of total phenolic and flavonoid 
content of the fermented products and its raw materials is given in Figure 1. The 
amount of total phenolic and flavonoid content of Rhujuk/Bastanga (2.44 mg 
GAE/g and 0.62 mg QE/g) was found to be higher than in the raw bamboo shoot 
(1.52 mg GAE/g and 0.36 mg QE/g). Sonar et al. [26] reported the presence of 
total phenolic and flavonoid content in fermented bamboo shoots of North East, 
India and the highest phenolic content was observed in eup (920 µg/g), whereas, 
the lowest phenolic content (718.03 µg/g) was observed in soidon. The highest 
total flavonoid content was observed in hirring (308.72 µg/g) and lowest in eup 
(568.54 µg/g). Fermentation have been reported to increase the phenolic and 
flavonoid content by inducing structural breakdown of the substrate cell wall  
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Figure 1. Total phenolic and flavonoid content of non-fermented 
and fermented products. (a) TPC and TFC of Hungrii in compari-
son with its raw material; (b) TPC and TFC of Rhujuk/Bastanga in 
comparison with its raw material; (c) TPC and TFC of Tsutuocie in 
comparison with its raw material. 

 
leading to release of bioactive in plant based functional foods [27]. However, 
Hungrii (1.66 mg GAE/g and 0.76 mg QE/g), had relatively low levels of phenol-
ics and flavonoid as compared to Brassica leaves (2.72 mg GAE/g and 1.08 mg 
QE/g). In, Tsutuocie (0.22 mg GAE/g) the total phenolic content was lower but 
the total flavonoid content (0.12 mg QE/g) increased from that of its raw materi-
al (0.4 mg GAE/g and 0.028 mg QE/g). 

It has been reported that fermentation as well as thermo mechanical processes 
such as extrusion cooking and alkaline hydrolysis, increases total free phenolic 
content and antioxidant activity [28]. Decrease in the level of bioactive com-
pounds may be due to strengthening of plant cell walls into lignans and lignins 
by polymerization [29]. Ng et al. [30] also reported that plant parts have an  
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Table 2. IC50 value of DPPH scavenging capacity of non-fermented and fermented 
products. 

Raw materials DPPH IC50 (mg/ml) Fermented product DPPH IC50 (mg/ml) 

Brassica leaves 1.09 Hungrii 1.22 

Bamboo shoot 1.87 Rhujuk/Bastanga 1.55 

Cucumber 2.01 Tsutuocie 3.65 

Trolox   0.204 

 
increase in total phenols after fermentation, and that the observed antioxidant 
activity may be due to the increase in the total phenolic compounds. 

Antioxidant activity: Antioxidants are substances which inhibits or delay 
oxidative processes which occur due to influence of atmospheric oxygen or reac-
tive oxygen species. During fermentation, bacterial enzyme transforms organic 
substances into simpler compounds such as peptides, amino acids and other ni-
trogenous compounds which not only contribute to the flavour and aroma of the 
fermented products but some exhibit antioxidant capacity [31].  

Free radical scavenging activity for DPPH radical was expressed as IC50 value 
(the concentration required to scavenge 50% of DPPH) (Table 2). The free rad-
ical scavenging activity of Rhujuk/Bastanga (1.55 mg/ml) was higher than in bam- 
boo shoot (1.87 mg/ml). However, the free radical scavenging activity of Hungrii 
(1.22 mg/ml) and Tsutuocie (3.65 mg/ml) were lower compared to Brassica 
leaves (1.09 mg/ml) and cucumber (2.01 mg/ml). Oh et al. [32] reported that 
during kimchi manufacturing process the antioxidant components contained in 
leaf mustard were degraded, similarly in the present study hungrii had lower an-
tioxidant activity than Brassica/mustard leaves. 

The results showed a significant correlation, where it was seen that higher the 
concentration of phenolic compounds, the more the scavenging activity. It may 
not only depend on the concentration of phenolic compounds but also on the 
kind of phenolic compounds which varies with the degree of hydroxylation and 
polymerization [33]. Microorganisms during fermentation are exposed to oxida-
tive stress making the cells evolve protective mechanisms involving enzymatic 
antioxidation, which may contribute to the antioxidative effect of fermentation 
[34]. 

4. Conclusion 

Fermented products are still prepared at household levels, increasing the risk of 
contamination affecting the quality of the food. In foods, it is necessary to know 
the nutritional composition to be labeled as a quality food product. Present 
study revealed that most of the vegetable fermented food products get nutrition-
ally value added compared to its raw materials. Thus, it can be concluded that 
fermentation helps in the improvement of the nutritional profile of these fer-
mented products, which can contribute to the dietary status of consumers, lead-
ing to improvement in product acceptability. There is a need to intensively study 
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and develop the traditional fermented products for better quality so as to benefit 
and improve the health as well as to commercialize these products at a larger 
scale. 

Acknowledgements 

The authors are thankful to Department of Biotechnology, Ministry of Science & 
Technology, Govt. of India, New Delhi, India for financial assistance through 
Institutional Biotech Hub vide order No. BT/22/NE/2011 to Prof. C. R. Deb. Fa-
cilities used from UGC-SAP (DRS-III) and DIST-FIST programmes are duly ac-
knowledged. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Tamang, J.P., Tamang, B., Schillinger, U., Franz, C. M.A.P., Gores, M. and Holzap-

fel, W.H. (2005) Identification of Predominant Lactic Acid Bacteria Isolated from 
Traditionally Fermented Vegetable Products of Eastern Himalayas. International 
Journal of Food Microbiology, 105, 347-356. 
https://doi.org/10.1016/j.ijfoodmicro.2005.04.024  

[2] Mortarjemi, Y. (2002) Impact of Small Fermentation Technology on Food Safety in 
Developing Countries. International Journal of Food Microbiology, 75, 213-229. 
https://doi.org/10.1016/S0168-1605(01)00709-7  

[3] Sekar, S. and Mariappan, S. (2007) Usage of Traditional Fermented Products by In-
dian Rural Folks and IPR. Indian Journal of Traditional Knowledge, 6, 111-120. 

[4] Das, A.J. and Deka, S.C. (2012) Fermented Foods and Beverages of the North-East 
India. International Food Research Journal, 19, 377-392. 

[5] Perricone, M., Arace, E., Calo, G. and Sinigaglia, M. (2017) Ethnic Fermented 
Foods. In: Speranza, B., Bevilacqua, A., Corbo, M.R. and Sinigaglia, M., Ed., Starter 
Cultures in Food Production, Wiley Blackwell, Hoboken, 384-406. 
https://doi.org/10.1002/9781118933794.ch19  

[6] Lowry, O.H., Nira, J., Rosebrough, A., Lewis, F. and Rose, J.R. (1951) Protein Mea-
surement with the Folin Phenol Reagent. Journal of Biological Chemistry, 93, 265- 
275. https://doi.org/10.1016/S0021-9258(19)52451-6  

[7] Slocombe, S.P., Ross, M., Thomas, N., McNeill, S. and Stanley, M. (2013) A Rapid 
and General Method for Measurement of Protein in Micro-Algal Biomass. Biore-
source Technology, 129, 51-57. https://doi.org/10.1016/j.biortech.2012.10.163  

[8] Miller, G.L. (1959) Use of Dinitrosalicylic Acid Reagent for Determination of Re-
ducing Sugar. Analytical Chemistry, 31, 426-428.  
https://doi.org/10.1021/ac60147a030  

[9] Maynard, A.J. (1970) Methods in Food Analysis. Academic Press, New York, Lon-
don, 176. 

[10] Singleton, V.L. and Rossi, J.A. (1965) Colorimetry of Total Phenolics with Phos-
phomolybdic-Phosphotungstic Acid Reagent. American Journal of Enology and Vi-
ticulture, 16, 144-158. 

[11] Sahreen, S., Khan, M. and Khan, R.A. (2010) Evaluation of Antioxidant Activities of 

https://doi.org/10.4236/nr.2021.122004
https://doi.org/10.1016/j.ijfoodmicro.2005.04.024
https://doi.org/10.1016/S0168-1605(01)00709-7
https://doi.org/10.1002/9781118933794.ch19
https://doi.org/10.1016/S0021-9258(19)52451-6
https://doi.org/10.1016/j.biortech.2012.10.163
https://doi.org/10.1021/ac60147a030


B. Jamir, C. R. Deb 
 

 

DOI: 10.4236/nr.2021.122004 42 Natural Resources 
 

Various Solvent Extracts of Carisa apaca Fruits. Food Chemistry, 122, 1205-1211. 
https://doi.org/10.1016/j.foodchem.2010.03.120  

[12] Aoshima, H., Tsunoue, H., Koda, H. and Kiso, Y. (2004) Ageing of Whiskey In-
creases 1,1-diphenyl-2-picrylhydrazyl Radical Scavenging Activity. Journal of Agri-
cultural and Food Chemistry, 52, 5240-5244. https://doi.org/10.1021/jf049817s  

[13] Tamang, J.P., Tamang, N., Thapa, S., Dewar, S., Tamang, B., Yonzan, H., Rai, A.K., 
Chettri, R., Chakrabarty, J. and Kharel, N. (2012) Microorganisms and Nutritional 
Value of Ethnic Fermented Foods and Alcoholic Beverages of North East India. In-
dian Journal of Traditional Knowledge, 11, 7-25. 

[14] Breidt, F., McFeeters, R.F., Perez-Diaz, I. and Lee, C. (2013) Fermented Vegetables. 
In: Doyle, M.P. and Buchanan, R.L., Eds., Food Microbiology: Fundamentals and 
Frontiers, 4th Edition, ASM Press, Washington DC, 841-855. 
https://doi.org/10.1128/9781555818463.ch33  

[15] Demarigny, Y. (2012) Fermented Food Products Made with Vegetable Materials 
from Tropical and Warm Countries: Microbial and Technological Considerations. 
International Journal of Food Science and Technology, 47, 2469-2476. 
https://doi.org/10.1111/j.1365-2621.2012.03087.x  

[16] Tamang, J.P. (2010) Fermented Vegetables. In: Tamang, J.P., Ed., Himalayan Fer-
mented Foods: Microbiology, Nutrition and Ethnic Values, CRC Press, Taylor & 
Francis, Boca Raton, 25-64. 

[17] Bajwa, H.R., Nirmala, C., Koul, A. and Bisht, M.S. (2016) Changes in Organoleptic, 
Physicochemical and Nutritional Qualities of Shoots of an Edible Bamboo Dendro-
calamus hamiltonii Nees and Arn. Ex Munro during Processing. Journal of Food 
Processing and Preservation, 40, 1309-1317.  
https://doi.org/10.1111/jfpp.12716  

[18] Chakrabarty, J., Sharma, G.D. and Tamang, J.P. (2014) Traditional Technology and 
Product Characterization of Some Lesser-Known Ethnic Fermented Foods and Be-
verages of North Cachar Hills District of Assam. Indian Journal of Traditional Know-
ledge, 13, 706-715. 

[19] Singh, H.D., Singh, S.N., Singh, N.R. and Singh, N.R. (2011) Biochemical Composi-
tion of Sobium—A Fermented Bamboo Shoot and Its Dynamics during Fermenta-
tion in Real Time Model. International Conference on Food Engineering and Bio-
technology, Bangkok, 7-9 May 2011, 198-202. 

[20] Nongdam, P. and Tikendra, L. (2014) The Nutritional Facts of Bamboo Shoots and 
Their Usage as Important Traditional Foods of Northeast India. International Scho-
larly Research Notices, 2014, Article ID: 679073.  
https://doi.org/10.1155/2014/679073  

[21] Senthilkumar, P.K., Uma, C. and Saranraj, P. (2012) Amylase Production by Bacil-
lus sp. Using Cassava as Substrate. International Journal of Pharmaceutical & Bio-
logical Archive, 3, 300-306. 

[22] Ekumankama, I.O. (2008) Nutrient Composition of Indigenous Vegetables (Ptero-
carpuss oyanxii, Pterocarpuss antalinoides and Gnetum africanum). Nigerian Jour-
nal of Nutritional Sciences, 29, 195-200. 

[23] Tufa, M.A., Urga, K., Weledesemayat, G.T. and Mitiku, B.G. (2016) Development 
and Nutritional Assessment of Complementary Foods from Fermented Cereals and 
Soybean. Journal of Food Science and Nutrition, 2, 1-14.  
http://dx.doi.org/10.24966/FSN-1076/100014  

[24] Choudhury, D., Sahu, J.K. and Sharma, G.D. (2011) Bamboo Shoot Based Fer-
mented Food Products: A Review. Journal of Scientific and Industrial Research, 70, 

https://doi.org/10.4236/nr.2021.122004
https://doi.org/10.1016/j.foodchem.2010.03.120
https://doi.org/10.1021/jf049817s
https://doi.org/10.1128/9781555818463.ch33
https://doi.org/10.1111/j.1365-2621.2012.03087.x
https://doi.org/10.1111/jfpp.12716
https://doi.org/10.1155/2014/679073
http://dx.doi.org/10.24966/FSN-1076/100014


B. Jamir, C. R. Deb 
 

 

DOI: 10.4236/nr.2021.122004 43 Natural Resources 
 

199-203. 

[25] Fernandes, R.P.P., Trindade, M.A., Tonin, F.G., Lima, C.G., Pugine, S.M.P., Mune-
kata, P.E.S., Lorenzo, J.M. and Melo, M.P. (2016) Evaluation of Antioxidant Capac-
ity of 13 Plant Extracts by Three Different Methods: Cluster Analyses Applied for 
Selection of the natural Extracts with Higher Antioxidant Capacity to Replace Syn-
thetic Antioxidant in Lamb Burgers. Journal of Food Science and Technology, 53, 
451-460. https://doi.org/10.1007/s13197-015-1994-x  

[26] Sonar, N.R., Vijayendra, S.V.N., Prakash, M., Saikia, M., Tamang, J.P. and Halami, 
P.M. (2015) Nutritional and Functional Profile of Traditional Fermented Bamboo 
Shoot Based Products from Arunachal Pradesh and Manipur States of India. Inter-
national Food Research Journal, 22, 788-797. 

[27] Ibrahim, N.A., Mustafa, S. and Ismail, A. (2014) Effect of Lactic Fermentation on 
the Antioxidant Capacity of Malaysian Herbal Teas. International Food Research 
Journal, 21, 1483-1488. 

[28] Acosta-Estrada, B.A., Gutierrez-Uribe, J.A. and Serna-Saldivar, S.O. (2014) Bound 
Phenolics in Foods, A Review. Food Chemistry, 152, 46-55.  
https://doi.org/10.1016/j.foodchem.2013.11.093  

[29] Wu, S., Su, Y. and Cheng, H. (2011) Antioxidant Properties of Lactobacillus-Fer- 
mented and Non-Fermented Graptopetalum paraguayense E. Walther at Different 
Stages of Maturity. Food Chemistry, 29, 804-809.  
https://doi.org/10.1016/j.foodchem.2011.05.025  

[30] Ng, C.C., Wang, C.Y., Wang, Y.P., Tzeng, W.S. and Shyu, Y.T. (2011) Lactic Acid 
Bacterial Fermentation on the Production of Functional Antioxidant Herbal Anoec-
tochilus formosanus Hayata. Journal of Biosciences and Bioengineering, 111, 289-293.  
https://doi.org/10.1016/j.jbiosc.2010.11.011  

[31] Joshi, S.R. and Biswas, K. (2015) Antioxidants in Fermented Foods. In: Tamang, 
J.P., Ed., Health Benefits of Fermented Foods and Beverages, CRC Press, London, 
New York, 553-561. https://doi.org/10.1201/b18279-20  

[32] Oh, S.K., Tsukamoto, C., Kim, K.W. and Choi, M.R. (2017) Investigation of Gluco-
sinolates, and the Antioxidant Activity of Dolsan Leaf Mustard Kimchi Extract Us-
ing HPLC and LC-PDA-MS/MS. Journal of Food Chemistry, 41, Article ID: ee12366.  
https://doi.org/10.1111/jfbc.12366  

[33] Yadav, B. S., Yadav, R., Yadav, R. B. and Garg, M. (2016) Antioxidant Activity of 
Various Extracts of Selected Gourd Vegetables. Journal of Food Science and Tech-
nology, 53, 1823-1833. https://doi.org/10.1007/s13197-015-1886-0  

[34] Hur, S.J., Lee, S.Y., Kim, Y., Choi, I. and Kim, G. (2014) Effect of Fermentation on 
the Antioxidant Activity in Plant-Based Foods. Food Chemistry, 160, 346-356. 
https://doi.org/10.1016/j.foodchem.2014.03.112 

 
 

https://doi.org/10.4236/nr.2021.122004
https://doi.org/10.1007/s13197-015-1994-x
https://doi.org/10.1016/j.foodchem.2013.11.093
https://doi.org/10.1016/j.foodchem.2011.05.025
https://doi.org/10.1016/j.jbiosc.2010.11.011
https://doi.org/10.1201/b18279-20
https://doi.org/10.1111/jfbc.12366
https://doi.org/10.1007/s13197-015-1886-0
https://doi.org/10.1016/j.foodchem.2014.03.112

	Biochemical Characterization of Three Vegetable Based Fermented Food Products (Hungrii, Rhujuk and Tsutuocie) of Nagaland, India
	Abstract
	Keywords
	1. Introduction
	2. Materials and Method
	2.1. Biochemical Analysis
	2.2. Antioxidant Activity

	3. Results and Discussion
	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

