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ABSTRACT 

 

Wasted flowers from religious places, as well as cultural celebrations, end up in landfills and 

waterways, where they pose a threat to wildlife and human health. Therefore, alternative 

processes have been devised to turn these wastes into valuable resources and build a circular 

economy in close loop system for environmental management and construction of zero waste 

approach. This research focuses on recovering and reusing valuable components from two flower 

waste: marigold (Tagates erecta) and rhododendron (Rhododendron arboreum). The primary 

goal of this study was to record several methods of drying food to increase its shelf life and 

various methods of extracting bioactive compounds for use in food. In addition to being used in a 

closed-loop system for waste water treatment, the wastes were also put to use in the manufacture 

of biochar by slow pyrolysis. The physicochemical properties of the floral wastes were evaluated 

before any applications were carried out. This included testing for moisture, ash, volatiles, 

CHNS, crude fibre, and mineral content. Both biomasses were found to have a volatile 

concentration of more than 85 wt.%, making them ideal candidates for biochar applications 

targeting the elimination of poisonous dyes and heavy metals.  The phosphorus content in 

marigolds (30386.5 µg/g) and rhododendrons (24752.65 µg/g) were found to be much greater 

than those of other minerals. Dried flower scraps were analyzed for their ability to retain TPC 

(Total phenolic content), TFC (Total flavonoid content), and antioxidant characteristics. Infrared 

drying at 250W preserved the most phytochemical and antioxidant qualities out of three drying 

methods (infrared drying, microwave drying, and hot air drying). Microwave drying at high 

temperatures of 600W for shorter durations reduces phytochemical concentrations and 

antioxidant qualities in floral biomass, in contrast to prolonged drying times at lower 

temperatures. The following results were found for the TPC, TFC, DPPH, and FRAP of infrared-

dried marigold flowers at 250 W: GAE/g = 57.51mg, QE/g = 68.96mg, IC50 = 35.52mg/ml, and 

Fe2+/g = 165.51mg/g. Once infrared dried at 250 W, rhododendron showed highest values of 

67.14 mg GAE/g, 240.24 mg QE/g, 25.95 IC50 g/ml, and 159.53 mg Fe2+/g for TPC, TFC, 

DPPH, and FRAP. 

The infrared dried floral petals were utilized for extraction of bioactives using microwave and 

ultrasound aid. Bioactive compounds and antioxidants are found in abundance in flower biomass. 
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Here are the conditions for microwave-assisted extraction that yielded the best results from spent 

marigold flowers: TPC: 119.51 mg/100g, TFC: 145.18 mg GAE/g, DPPH: 34.39 IC50 g/ml, and 

FRAP: 569.15 mg Fe2+/g; microwave power: 310W; yield recovery: 74.22%; TCC: 119.51 

mg/100g. The expected results for UAE under ideal conditions (amplitude: 30%; sonication 

time: 12 min; solvent volume: 150 ml) were 42.61 % for yield recovery, TPC: 139.83 mg 

GAE/g, TFC: 374.45 mg QE/g, DPPH: 45.51 IC50 g/ml, FRAP: 474.97 mg Fe2+/g, and TCC: 

100.21 mg/100g. Similarly, for rhododendron floral wastes extracted with ideal microwave aided 

conditions (microwave power: 300W; time: 7 min; solvent volume: 211.10 ml), the expected 

values for yield recovery, TPC, TFC, DPPH, FRAP, and TAC were as follows: Results: 86.45%, 

208.84 mg GAE/g, 826.11 mg QE/g, 29.38 IC50 g/ml, 586.94 mg Fe2+/g, and 230.73 mg/g. The 

expected values for the yield recovery, TPC, TFC, DPPH, FRAP, and TAC of UAE under ideal 

conditions (sonication time: 15 minutes; solvent volume: 150 ml; amplitude: 29.6%) are: 

70.84%, 193.00 mg GAE/g, 523.86 mg QE/g, 35.17 IC50 g/ml, 504.61 mg Fe2+/g, and 139.41 

mg/100g. When processing rhododendron and marigold, MAE drastically shortened treatment 

time compared to UAE, cutting it from 5 minutes to 8 minutes while still maintaining bioactive 

component preservation and improving extraction efficiency.  

An antioxidant-fortified product was developed by combining microwave-assisted marigold 

(ME) and rhododendron extract (RE) with three unique oils: sesame, peanut, and mustard. The 

peroxide value (PV), acid value (AV), and iodine value (IV) were measured to determine the 

efficacy of the flower extract in comparison to the synthetic antioxidant (BHT 200 ppm) when 

added to groundnut, sesame, and mustard oil at concentrations of 200, 400, 600, 800, and 1000 

ppm. Primary and secondary oxidation products were both significantly reduced at the maximum 

ME dose compared to the control. Extracts with concentrations of 600 ppm or above suppress 

lipid oxidation more effectively than BHT at 200 ppm. The shelf life of all three oils was 

increased by about 50-60 days as a result of this improvement, and at some concentrations, the 

oils could be stored for over 100 days. In light of these results, it seems reasonable to consider 

ME and RE as potential organic replacements for synthetic antioxidants. In order to get a bird's-

eye view of the sample variations and spot behavioural patterns, we used a modest number of 

principle components (PC) to decrease the initial variables. PC1 and PC2 components accounted 

for 96.84 % and 1.87 %, respectively, of the total variance in groundnut oil with ME. 69.53 and 
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32.89 percent of the variance in groundnut oil, 98.21 and 1.07 % in sesame oil, and 98.2 and 1.52 

% of the variance in mustard oil could be accounted for by ME.  

Slow pyrolysis at 400 °C, 500 °C, and 600 °C for 60 min was used to convert the depigmented 

biochar residue into a green bioadsorbent. After completion of the pyrolysis processes, the 

physicochemical analysis of the rhododendron residue derived biochar (RRB), marigold residue 

derived biochar (MRB) and marigold husk derived biochar (MHB) was investigated by 

proximate, ultimate and different instrumental analysis like XRD, SEM, FTIR and BET studies. 

Low volatile matter (from 13.54 to 20.5 %) and high fixed carbon (from 81.85 to 85.16 %) were 

observed in RRB, MRB, and MHB samples at a range of pyrolytic temperatures (from 400 to 

600 °C), demonstrating compliance with the requirements for biochar production. Biochar 

obtained at 600 °C had higher quality for further uses, as determined by studying the biochar 

yields and physicochemical evaluations. In addition, it was shown that the specific surface area 

of RRB is the largest (412.00 m2 g-1) compared to MRB (6.21 m2 g-1) and MHB (17.09 m2 g-1). 

All of the biochar samples were found to be significantly porous, with the creation of pores, 

cracks, and ridges on the structure, as determined by both the structural analysis and the 

morphological evaluation by SEM analysis. This study's findings lend credence to the idea that 

biochar, thanks to its high surface area (particularly RRB), porosity, and surface functional 

groups, can be used in wastewater treatment processes such, for example, the degradation of 

dyes and the accumulation of heavy metals. When compared to biochar made from marigolds, 

which was tested for its ability to remove Congo red (CR) and methylene blue (MB) dyes from 

aqueous solutions at a fixed initial concentration of 50 mg/L, rhododendron-derived biochar 

showed significantly higher removal percentages (91.60 % for CR and 88.30 % for MB). 

Modelling their adsorption behaviour and surface homogeneity with the Langmuir isotherm 

provided more confirmation. The primary idea is "waste to wealth and circular economy," which 

lays emphasis on closing the loop between the efficient avoidance, recycling, and utilization of 

floral waste for its potential use in the food business and the environmental remediation sector in 

India and around the world.  
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साराांश 

धार्मिक स्थल ों और साोंसृ्कर्िक उत्सव ों से आने वाले बबािद फूल, ज  र्क भूर्म में और जलमार्गों में जाकर 

वन्यजीव और मानव स्वास्थ्य के र्लए खिरा पैदा करिे हैं, इन सामर्िय ों क  मूल्यवान सोंसाधन ों में पररणामी 

बनाने और पयािवरण प्रबोंधन और शून्य कचरा दृर्िक ण के र्नमािण के र्लए एक सीधे लूप प्रणाली में बुनने के 

र्लए वैकल्पिक प्रर्ियाएों  बना दी र्गईों हैं। इस अनुसोंधान का मुख्य उदे्दश्य द  फूल अपर्शि: मेरीर्ग ल्ड 

(Tagates erecta) और र ड डेंडर न (Rhododendron arboreum) से मूल्यवान घटक ों क  पुनः  प्राप्त और 

पुनः  उपय र्ग करना है। इस अध्ययन का प्रमुख लक्ष्य था र्क खाद्य की आवर्ध बढाने के र्लए उसे सुखाने के 

कई िरीके और खाद्य में उपय र्ग के र्लए जैव-सर्िय यौर्र्गक ों क  र्नकालने के कई िरीके दजि र्कए जाएों । 

इन अपर्शि ों का उपय र्ग केवल एक सीधे लूप प्रणाली के र्लए केवल एक छाया िथा अलर्गत्रात्मक प्रर्िया 

में र्कया र्गया था। र्कसी भी आवेदन क  आरे्ग बढाने से पहले फूलीय अपर्शि ों की भौर्िक-रासायर्नक 

रु्गणधमों का मूल्याोंकन र्कया र्गया। इसमें नमी, खाद्य, वायलेटाइल्स, सीएचएनएस, िूड फाइबर, और 

खर्नज सामिी की जााँच शार्मल थी। द न ों बाय मासेस की वॉलेटाइल एकाििा 85 wt.% से अर्धक पाई र्गई, 

र्जससे इन्हें र्वषाक्त रोंर्ग ों और भारी धािुओों की र्नरस्तीकरण क  लर्िि करने के र्लए बाय चार के उपय र्ग 

के र्लए आदशि उम्मीदार बनािा है। मेरीर्ग ल््डस (30386.5 µg/g) और र ड डेंडर न्स (24752.65 µg/g) में 

फास्फ रस की धाराएों  अन्य खर्नज ों की धाराओों से कही ों अर्धक पाई र्गईों। सुखे हुए फूल ों के टुकड ों का 

अध्ययन TPC, TFC, और एों टीऑक्सीडेंट र्वशेषिाओों क  बनाए रखने की िमिा के र्लए र्कया र्गया। 

250W पर इन्फ्रारेड सुखाने से िीन सुखाने के िरीक ों (इन्फ्रारेड सुखाना, माइि वेव सुखाना, और हॉट एयर 

सुखाना) में सबसे अर्धक फाइट कैर्मकल और एों टीऑक्सीडेंट रु्गणरस बने रहिे हैं। 600W के उच्च 

िापमान ों पर माइि वेव सुखाने से फूल बाय मास में फाइट कैर्मकल कों सेंटर ेशन और एों टीऑक्सीडेंट रु्गणरस 

कम ह  जािे हैं, र्वपरीि िापमान ों पर लोंबे समय िक सुखाने के कारण। इन्फ्रारेड-सुखे हुए मेरीर्ग ल्ड फूल ों 

के र्लए 250 W पर र्नम्नर्लल्पखि पररणाम र्मले: TPC= 57.51 mg GAE/g, TFC = 68.96 mg QE/g, 

DPPH= 35.52 IC50 µg /ml, और FRAP= 165.51mg Fe2+/g। एक बार 250 W पर इन्फ्रारेड सुखाए जाने 

पर, र ड डेंडर न ने TPC, TFC, DPPH, और FRAP के र्लए 67.14 mg GAE/g, 240.24 mg QE/g, 25.95 

IC50 µg /ml, और 159.53 mg Fe2+/g के र्लए सवोच्च मूल्य प्रदर्शिि र्कए। 

इन्फ्रारेड सुखे हुए फूल ों के पेटल ों का उपय र्ग माइि वेव और अल्ट्र ासाउोंड सहारे से बाय एल्पिव्स की 

र्नकाल के र्लए र्कया र्गया। फूल बाय मास में बाय एल्पिव यौर्र्गक और एों टीऑक्सीडेंट्स बहुमूल्य मात्रा में 
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पाए जािे हैं। यहााँ वे शिें हैं र्जनसे खचे मेरीर्ग ल्ड फूल ों से सबसे अचे्छ पररणाम प्राप्त हुए थे: TPC: 119.51 

र्मलीिाम/100 िाम, TFC: 145.18 mg GAE/g, DPPH: 34.39 IC50 µg /ml, और FRAP: 569.15 mg 

Fe2+/g; माइि वेव शल्पक्त: 310W; यील्ड ररकवरी: 74.22%; TCC: 119.51 mg/100g। आदशि ल्पस्थर्िय ों के 

िहि यूएई के र्लए अपेर्िि पररणाम (एम्प्लीटू्यड: 30%; स र्नकेशन समय: 12 min; र र्गी आोंिर: 150 ml) 

42.61% यील्ड ररकवरी, TPC: 139.83 mg GAE/g, TFC: 374.45 mg QE/g, DPPH: 45.51 IC50 µg 

/ml, FRAP: 474.97 mg Fe2+/g, और TCC: 100.21 mg/100 g थे। उसी रूप में, र ड डेंडर न फूल 

अपर्शि ों क  आदशि माइि वेव सहाररि ल्पस्थर्िय ों के साथ र्नकाला र्गया (माइि वेव शल्पक्त: 300W; समय: 

7 min; र र्गी आोंिर: 211.10 ml), उदाहरण रूप से यील्ड ररकवरी, TPC, TFC, DPPH, FRAP, और 

TAC के र्लए अपेर्िि मूल्य थे: पररणाम: 86.45%, 208.84 mg GAE/g, 826.11 mg QE/g, 29.38 IC50 

µg /ml, 586.94 mg Fe2+/g, और 230.73 mg/g। आदशि ल्पस्थर्िय ों के िहि यूएई के र्लए अपेर्िि मूल्य 

(स र्नकेशन समय: 15 min; र र्गी आोंिर: 150 ml; एम्प्लीटू्यड: 29.6%) की यील्ड ररकवरी, TPC, TFC, 

DPPH, FRAP, और TAC के र्लए अपेर्िि मूल्य हैं: 70.84%, 193.00 mg GAE/g, 523.86 र्मलीिाम 

QE/g, 35.17 IC50 µg /ml, 504.61 mg Fe2+/g, और 139.41 mg/100 g। र ड डेंडर न और मेरीर्ग ल्ड क  

प्रसोंसृ्कि करिे समय, एमएई ने यूएई की िुलना में उपचार का समय डर ै ल्पिकली कम कर र्दया, र्जससे यह 

5 min से 8 min कम ह  र्गया, र्फर भी बाय एल्पिव कॉम्प नेंट की सोंरिण और र्नष्कषिण िमिा में सुधार 

की र्गई। 

एक एों टीऑक्सीडेंट-सशल्पक्तकृि उत्पाद क  बनाने के र्लए माइि वेव-सहाररि मेरीर्ग ल्ड (ME) और 

र ड डेंडर न एक्सटर ैि (RE) क  िीन अर्ििीय िेल ों - र्िल, मूाँर्गफली, और सरस ों के साथ र्मलाया र्गया। 

पेरॉक्साइड वैलू्य (PV), एर्सड वैलू्य (AV), और आय डीन वैलू्य (IV) क  मापन र्कया र्गया था िार्क फूल 

एक्सटर ैि की प्रभावकाररिा का िुलनात्मक मूल्याोंकन र्कया जा सके जब यह 200, 400, 600, 800, और 

1000 ppm की अर्धकिम र्विरण में मूाँर्गफली, र्िल, और सरस ों के िेल में ज डा र्गया। प्राथर्मक और 

सेकें डरी ऑक्सीडेशन उत्पाद द न ों ही र्नयोंर्त्रि िुलना में अर्धकिम एमई खासी मात्रा में थे। 600 ppm या 

इससे अर्धक की अर्धकिम मात्रा वाले एक्सटर ैि्स ने 200 ppm के BHT की िुलना में वसा ऑक्सीडेशन 

क  अर्धक प्रभावी रूप से दबाया। इस सुधार के पररणामस्वरूप, इस वृल्पि के कारण िीन िेल ों की शेल्फ 

लाइफ लर्गभर्ग 50-60 र्दन ों िक बढ र्गई, और कुछ मात्राओों में िेल ों क  100 र्दन से अर्धक के र्लए ि र 

र्कया जा सकिा था। इन पररणाम ों के प्रकार, यह सोंभावनात्मक है र्क एमई और आरई क  र्सोंथेर्टक 

एों टीऑक्सीडेंट्स के र्लए सोंभार्वि जैर्वक पररवििन के रूप में र्लया जा सकिा है। नमूना र्वर्वधिाओों और 
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व्यावहाररक पैटनि क  ल्पस्थर्ि करने के र्लए हमने प्रारों र्भक चरण ों क  कम करने के र्लए माध्यम सोंख्या 

(पीसी) का उपय र्ग र्कया। पीसी1 और पीसी2 घटक ों ने र्मलाकर कुल वेररएों स का 96.84% और 1.87% 

र्हस्सा र्कया, िमशः , मूाँर्गफली िेल में एमई के साथ। 69.53 और 32.89 प्रर्िशि वेररएों स मूाँर्गफली िेल में, 

98.21 और 1.07% र्िल िेल में, और 98.2 और 1.52% वेररएों स सरस ों िेल में एमई िारा र्ववररि र्कए जा 

सकिे थे। 

60 र्मनट के र्लए 400 °C, 500 °V, और 600 °C पर धीमी पायर र्लर्सस का उपय र्ग र्वकर्सि हररि 

बाय अब्जॉबेंट में डीर्पर्गमेंटेड बाय चार अवशेष क  बदलने के र्लए र्कया र्गया। पायर र्लर्सस प्रर्ियाओों 

के पूणि ह ने के बाद, र ड डेंडर न अवशेष से प्राप्त बाय चार (RRB), मेरीर्ग ल्ड अवशेष से प्राप्त बाय चार 

(MRB), और मेरीर्ग ल्ड हस्क से प्राप्त बाय चार (MHB) की भौर्िक-रासायर्नक र्वशे्लषण की र्गई, र्जसमें 

प्रॉक्सीमेट, अल्ट्ीमेट, और एक्सआरडी, एसईएम, एफटीआईआर, और बीईटी अध्ययन जैसे र्वर्भन्न 

उपकरण ों का अध्ययन शार्मल था। नू्यन वॉलेटाइल मैटर (13.54 से 20.5 % िक) और उच्च ल्पस्थर काबिन 

(81.85 से 85.16 % िक) का अध्ययन प्यार र्लर्टक िापमान की शृ्ोंर्गार में (400 से 600 °सेल्पल्सयस) RRB, 

MRB, और MHB सैंपल्स में देखा र्गया, ज  बाय चार उत्पाद के र्लए आवश्यकिाओों के साथ आत्मसमपिण 

क  दशाििा है। 600 °सेल्पल्सयस पर प्राप्त बाय चार ने उच्च रु्गणवत्ता की र्दखाई और बाय चार यील्ड और 

भौर्िक-रासायर्नक मूल्याोंकन का अध्ययन करके इसे आरे्ग के उपय र्ग ों के र्लए बेहिर माना र्गया। इसके 

अलावा, यह र्दखाया र्गया र्क RRB का र्वर्शि सिह िेत्र सबसे बडा है (412.00 m2 g-1), MRB (6.21 m2 

g-1) और MHB (17.09 m2 g-1) की िुलना में। सभी बाय चार सैंपल्स क  साइक ोंडल्पिव सार्बि र्कया र्गया 

र्क स्थार्नक र्वशे्लषण और एसईएम र्वशे्लषण िारा सोंरचना पर र्गड् ों, दरार ों, और ररज की रचना के साथ 

सहारा हैं। इस अध्ययन के अनुसार प्राप्त निीजे यह र्सि करिे हैं र्क बाय चार, उच्च सिह िेत्र (र्वशेषकर 

RRB), प र र्सटी, और सिह कायाित्मक समूह ों के कारण, वास्तर्वक प्रर्ियाओों में उपय र्ग र्कया जा 

सकिा है, जैसे र्क रोंर्ग ों का र्वघटन और भारी धािुओों का सोंचुरण। मेरीर्ग ल्ड से बनाए र्गए बाय चार की 

िुलना में, र्जसे उसकी िमिा का परीिण र्कया र्गया था र्क यह स्थार्पि कर सकिा है र्क कॉोंर्ग  रेड 

(सीआर) और मेर्थलीन बू्ल्य (एमबी) रोंर्ग ों क  जलीय समाधान ों से हटाने की िमिा के र्लए, र ड डेंडर न से 

प्राप्त बाय चार ने साइर्नर्फकें टली अर्धक हटाने के प्रर्िशि र्दखाए (सीआर के र्लए 91.60% और एमबी 

के र्लए 88.30%)। उनके अवश षण व्यवहार और लैंर्गमू्ययर आइस थमि के साथ सिह समृल्पि का मॉडर्लोंर्ग 

ने अर्धक पुर्ि प्रदान की। मुख्य र्वचार "कचरे क  सोंपर्त्त और चिीय अथिव्यवस्था" है, र्जसमें फूल के 



x 
 

अपर्शि का कुशल टालना, पुनः  प्रय र्ग, और उसे खाद्य व्यापार और भारि और दुर्नया भर में जैर्वक 

प्रदूषण सेिु में उपय र्ग के र्लए बोंद करने पर ज र र्दया जािा है। 

 

  



xi 
 

TABLE OF CONTENTS 

 

CONTENTS                                                                                          PAGE NOS. 
 
  
CERTIFICATE……………………………………………………………………………….i 
ACKNOWLEDGEMENTS………………………………………………………………….ii 
ABSTRACT…………………………………………………………………………………..iv 
TABLE OF CONTENTS………………………………………………………………….....xi 
LIST OF TABLES…………………………………………………………………………xviii 
LIST OF FIGURES…..…………………………………………………………………….xxii  
LIST OF SYMBOLS………………………………………………………………….…...xxix 
LIST OF ABBREVIATIONS……………………………………………………………...xxx 

 

CHAPTER-1: INTRODUCTION 

1.1. Overview…………………………………………………………………………………...1 
1.2. Challenges from improper floral waste disposal.…...……………………………………...2 
1.3. Potential value-added products from floral wastes...……………………………………....3 
1.4. Marigold (Tagetes erecta)..………………………………………………………………...5 
1.5. Rhododendron (Rhododendron arboreum).………………………………………………..5 
1.6. Processing of Floral wastes ………………………………………………………………..6 

1.6.1. Drying…….…………………………………………………………………………..6 
1.6.2. Extraction........……………………………………………………………………….7 

1.6.2.1.  Microwave-assisted extraction (MAE)…………………………………………7 
1.6.2.2.  Ultrasound-assisted extraction (UAE)………………………………………….8 

1.6.3. Fortification of natural antioxidants and pigments into edible oils…………………..9 
1.7. Biochar from floral residue………………………………………………………………....9 
1.8. Dye adsorption using floral biochar...……………………………………………………..10 
CHAPTER-2: LITERATURE REVIEW 

2.1. Floral waste management...………………………...……………………………………..11 
2.1.1. Natural pigments production…….………………………………………………….12 
2.1.2. Food and pharmaceuticals…………………………………………………………..13 
2.1.3. Incense sticks……………………………………………………………………….14 
2.1.4. Vermicompost production……………………………………………………….....15 
2.1.5. Biogas production…………………………………………………………………..16 
2.1.6. Bioethanol production………………………………………………………………17 
2.1.7. Environmental remediation…………………………………………………………17 

2.2. Marigold flower.…………………………………………………………………………..18 



xii 
 

2.2.1. Extraction of bioactive components from marigold………………………………..18 
2.3. Rhododendron flower…………………………………………………………………….26 

2.3.1. Processing of rhododendron flower………………………………………………...27 
2.4. Different drying techniques of edible flowers.……………………………………………32 

2.4.1. Conventional drying.………………………………………………………………..32 
2.4.2. Microwave drying..………………………………………………………………….32 
2.4.3. Freeze drying..………………………………………………………………………32 
2.4.4. Far-infrared drying..…………………………………………………………………33 
2.4.5. Influence of efficient drying methods on nutritional and quality of flowers..………33 

2.5. Different techniques for bioactive compounds extraction from flowers..…………………34 
2.5.1. Supercritical fluid extraction.……………………………………………………….34 
2.5.2. Ultrasound assisted extraction.……………………………………………………...35 
2.5.3. Microwave assisted extraction..……………………………………………………..35 
2.5.4. Pulsed electric field assisted extractio………………………………………………36 

2.6. Application of natural antioxidant in edible oil.…………………………………………..36 
2.7. Production of biochar..…………………………………………………………………….44 
2.8. Research gaps...……………………………………………………………………………48 
2.9. Research objectives..………………………………………………………………………50 
CHAPTER-3: MATERIALS AND METHODOLOGY 

3.1. Experimental Materials …………………………………………………………………..52 

3.1.1. Raw Materials..…..……………………………………………………………….....52 

3.1.2. Chemicals and Glasswares...…………………………………………………….......52 

3.2. Experimental methodology……………………………………………………………….52 

3.2.1. Physiochemical analysis of floral waste biomass (marigold and rhododendron)..….52 

3.2.1.1. Proximate analysis……………………………………………………………53 

3.2.1.2. Ultimate analysis……………………………………………………………..54 

3.2.1.3. Mineral analysis……………………………………………………………...54 

3.2.1.4. TGA Analysis………………………………………………………………..54 

3.2.1.5. FTIR Analysis….…………………………………………………………….54 

3.2.1.6. XRD Analysis.……………………………………………………………….55 

3.2.1.7. BET Analysis.….……………………………………………………………..55 

3.2.1.8. SEM analysis.…….…….…………………………………………………….55 

3.3. Drying conditions of floral biomass….……….………………………………………….55 

3.3.1. Convective hot-air Drying………………………………………………………….56 



xiii 
 

3.3.2. Microwave Drying………………………………………………………………….56 

3.3.3. Infrared Drying.…………………………………………………………………….56 

3.4. Extraction of bioactive compounds using different techniques…………………………56 

3.4.1. Experimental Design.………………………………………………………………58 

3.4.2. Experimental Procedure……………………………………………………………59 

3.4.2.1. Sample Preparation………………………………………………………….59 

3.4.2.2. Microwave treatment……………………………………………………….60 

3.4.2.3. Ultrasound treatment.……………………………………………………….63 

3.2.2.4. Centrifugation………………………………………………………………63 

3.2.2.5. Separation process………………………………………………………….63 

3.2.2.6. Storage of the extracts……………………………………………………...63 

3.4.3. Chemical analysis of Responses…...……………………………………………...63 

3.4.3.1. Extract Recovery (%)……………………………………………………….63 

3.4.3.2. Total Phenolic Content (TPC)………………………………………………64 

3.4.3.3. Total Flavonoid Content (TFC)..……………………………………………64 

3.4.3.4. DPPH Antioxidant Activity…………………………………………………64 

3.4.3.5. FRAP antioxidant activity…………………………………………………..65 

3.4.3.6. Total Carotenoid Content (TCC)….…………………………………………65 

3.4.3.7. Total Anthocyanin Content (TAC)….……………………………………….65 

3.5. Utilization of the floral extract (marigold and rhododendron)….……………………….66 

3.5.1. Preparation of oil and floral extract….……………………………………………..66 

3.5.2. Stability analysis of different blended oils….………………………………………67 

3.5.2.1. Acid value….……………….………………………………………………..67 

3.5.2.2. Peroxide value……..…………………………………………………………67 

3.5.2.3. Iodine value………………………………………………………………..…68 

3.5.2.4 Electro paramagnetic resonance (EPR) spectroscopy………………………...68 

3.6. Production of biochar using floral residue and Dye adsorption studies.…………….…..68 



xiv 
 

3.6.1. Preparation of biochar………..………………………………………………….….68 

3.6.1.1. Characterization of biochar….….………………………………………...70 

3.6.1.2. Batch Adsorption Experiments.….……………………………………….71 

3.6.1.3. Adsorption isotherms….….………………………………………………71 

3.7. Data Analysis...……………………………………………………………………….72 

3.8. Statistical analysis and optimization of variables...…………………………………..72 

3.9. Adequacy of the model……………………………………………………………….73 

3.10. Test for significance of the regression model……………………………………….73 

3.11. Numerical optimization of independent variables…………………………………..73 

3.12. Graphical analysis….………………………………………………………………..73 

3.13. Verification of optimal points…….…………………………………………………73 

CHAPTER-4: PHYSICOCHEMICAL CHARACTERIZATION, DRYING, 
STANDARDIZATION AND OPTIMIZATION OF PROCESS 
PARAMETERS FOR EXTRACTION OF BIOACTIVE COMPOUNDS 
FROM MARIGOLD FLORAL WASTE USING MAE AND UAE 

4.1. Introduction…...……………………………………………………………………..….….74 

4.2. Results and discussion…...…………………………………………………………..….….75 

4.2.1. Physicochemical analyses of the marigold flower waste…....………………………...75 

4.2.2. Impact of different drying techniques on the levels of bioactive compounds and 
antioxidant capacity in marigold floral waste………………………………..….....…77 

4.2.3. Extraction of pigment from marigold floral wastes through microwave assisted 
extraction (MAE)…………………………………………………………….…….…80 

4.2.4. Statistical analysis of response parameter through regression analysis…………..…....81 

4.2.4.1. Effect of independent parameter on the responses during MAE………..………81 

4.2.4.2. Optimization of parameters for marigold floral extract (MAE)………..……….88 

4.2.4.3. Graphical Analysis of bioactive compounds for marigold floral extract during 
MAE…………………………………………………………………………………..…89 

4.2.4.3.1. Extract recovery……………………………………………………….…89 

4.2.4.3.2. Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)……..92 

4.2.4.3.3. Antioxidant Activity DDPH and FRAP...……………………………...…96 



xv 
 

4.2.4.3.4. Total carotenoid content (TCC)………………………………………....100 

4.2.4.4. Verification of optimized results..…………………………………..….…..…..103 

4.2.5. Extraction of pigment from marigold floral wastes through ultrasound assisted 
extraction (UAE)...………………………………………………………………….103 

4.2.6. Statistical analysis of response parameter through regression analysis……………...104 

4.2.6.1. Effect of independent parameter on the responses during UAE……..……..…105 

4.2.6.2. Optimization of parameters for marigold floral extract (UAE)….……………111 

4.2.6.3. Graphical Analysis of bioactive compounds for marigold floral extract during 
UAE……………………………………………………….…….………………...……112 

4.2.6.3.1. Extract recovery…………………………………………………..….…112 

4.2.6.3.2. Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)…...115 

4.2.6.3.3. Antioxidant Activity DDPH and FRAP…………………….…………..120 

4.2.6.3.4. Total carotenoid content (TCC)………………………………………...124 

4.2.6.4. Verification of optimized results……………………………………….….…..127 

4.2.7. Comparison between MAE and UAE methods for marigold floral waste….…….….128 

4.3. β-carotene content (ppm) estimation by HPLC method……………..……………………129 

4.4. Conclusion..……………………………………………………………………………….130 

CHAPTER-5: PHYSICOCHEMICAL CHARACTERIZATION, DRYING, 
STANDARDIZATION AND OPTIMIZATION OF PROCESS 
PARAMETERS FOR EXTRACTION OF BIOACTIVE COMPOUNDS 
FROM RHODODENDRON FLORAL WASTE USING MAE AND UAE 

5.1. Introduction..…………………………………………………………………………….131 

5.2. Results and discussion..………………………………………………………………….132 

5.2.1. Physicochemical analyses of the rhododendron flower waste...…….……………..132 

5.2.2. The impact of drying on rhododendron floral waste bioactive compounds and 
antioxidant capacity ……………………….……..………………………………134 

5.2.3. Extraction of pigment from rhododendron floral wastes through microwave assisted 
extraction (MAE)…………………………….……………………………………137 

5.2.4. Statistical analysis of response parameter through regression analysis………..…...138 

5.2.4.1. Effect of independent parameter on the responses during MAE……….……138 

5.2.4.2. Optimization of parameters for rhododendron floral extract (MAE)…..…….145 



xvi 
 

5.2.4.3. Graphical Analysis of bioactive compounds for rhododendron floral extract 
during MAE.……………………………………..……………………………………146 

5.2.4.3.1. Extract recovery…………………..……………………………………146 

5.2.4.3.2. Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)..…149 

5.2.4.3.3. Antioxidant Activity DDPH and FRAP...………………………..……153 

5.2.4.3.4. Total anthocyanin content (TAC)…………………….………………..157 

5.2.4.4. Verification of optimized results..………..…………………………………..161 

5.2.5. Extraction of pigment from rhododendron floral wastes through ultrasound assisted 
extraction (UAE)...……………………………….…………………….………….161 

5.2.6. Statistical analysis of response parameter through regression analysis……...……..162 

5.2.6.1. Effect of independent parameter on the responses during UAE…………..…162 

5.2.6.2. Optimization of parameters for rhododendron floral extract (UAE)…...……169 

5.2.6.3. Graphical Analysis of bioactive compounds for rhododendron floral extract 
during UAE  …….……………………….……………………………………………170 

5.2.6.3.1. Extract recovery………………………………..………………………170 

5.2.6.3.2. Total Phenolic Content (TPC) and Total Flavonoid Content (TFC)..…173 

5.2.6.3.3. Antioxidant Activity DDPH and FRAP…………………………….…178 

5.2.6.3.4. Total anthocyanin content (TAC)………………………………….….182 

5.2.6.4. Verification of optimized results   …………………………………….……..184 

5.2.7. Comparison between MAE and UAE methods for rhododendron floral waste…….185 

5.3. Conclusion   …………………………………………………………………..………….186 

CHAPTER-6: FORTIFICATION OF EDIBLE OIL WITH MARIGOLD AND 
RHODODENDRON EXTRACT AS NATURAL FOOD COLOR AND 
ANTIOXIDANT AND STUDY ON STORAGE STABILITY ANALYSIS 

6.1. Introduction………………………………………………………………………………187 
6.2. Marigold extract (ME) blended edible oils………………………………………………187 

6.2.1. Peroxide value (PV)………………….……………………………………………..187 
6.2.2. Acid value (AV)…………………………………………………………………….193 
6.2.3. Iodine value (IV)……………………………………………………………….…...197 

6.3. Rhododendron extract (RE) blended edible oils………………………………………....201 
6.3.1. Peroxide value (PV)………………………………………………………………...202 
6.3.2. Acid value (AV)………..…………………………………………………………...206 
6.3.3. Iodine value (IV)…………………………………………………………………...210 



xvii 
 

6.4. Assessment of the antioxidant properties of edible oils (groundnut, sesame, and mustard) 
both before and after enrichment through EPR………………………………………………..214 
6.5. Evaluation of oxidative stability of oil during storage by principal component analysis 
(PCA)…………………………………………………………………………………..……..215 
6.6. Conclusion……………………………………………………………………………….218 
 
CHAPTER-7: UTILIZATION OF RESIDUAL BIOMASS FOR PRODUCTION OF 

BIOCHAR, ITS CHARACTERIZATION AND DYE ADSORPTION 
STUDIES OF METHYLENE BLUE AND CONGO RED 

7.1. Introduction………………………………………………………………………….….219 
7.2. Effect of pyrolytic temperature on biochar yield…………….…………………………220 
7.3. Thermogravimetric Analysis (TGA)……………………………………………………222 
7.4. Characterization of the biochar…………………………………………………………223 

7.4.1. Proximate analysis…………………………………………………………………223 
7.4.2. Elemental analysis…………………………………………………………………224 
7.4.3. SEM Analysis………………………………………………….…………………..226 
7.4.4. XRD Analysis……………………………………………………………………...230 
7.4.5. FTIR Analysis……………………………………………………………………...232 
7.4.6. BET Analysis………………………………………………………………………234 

7.5. Adsorption studies…………………………………………………………….…………236 
7.5.1. Effect of adsorbent dose on adsorption of methylene blue (MB) and congo red 

(CR)……………………………………………………………..…………………236 
7.5.2. Effect of initial dye concentration on adsorption of methylene blue (MB) and congo red 

(CR)……………………………………………………………………………….237 
7.6. Isotherm Studies…………………………………………………………………………243 
7.7. Mechanism of dye adsorption……………………………………………………………246 
7.8. Comparison dye removal via adsorption with other studies……………………………..246 
7.9. Conclusion……………………………………………………………………………….248 
 

CHAPTER-8: CONCLUSIONS AND FUTURE PERSPECTIVE 

8.1. Conclusions……………………………………………………………………………...249 

8.2. Future perspective and recommendations…………………………………………….....253 

REFERENCES………………….…………………………………………………………..255 

APPENDIX……………………………………………………………………..……………312 

LIST OF PUBLICATIONS…….………………………………………………………..…316 

CURRICULUM VITAE……….…………………………………………………………...318 



xviii 
 

 

LIST OF TABLES 

Tables Table Name Page No. 

Table 1.1: Status of floral waste generated from different religious places in 

India 

2 

Table 2.1: Extraction of marigold flower using different methods 20-25 

Table 2.2: Researches conducted on rhododendron flower 28-31 

Table 2.3: Extraction of bioactive compounds from floral wastes 37-38 

Table 2.4: Studies on antioxidant fortified edible oils 41-43 

Table 2.5: Studies on biochar produced from different types of organic wastes 45-47 

Table 3.1: Constant parameter of the experimental procedure 57 

Table 3.2: Independent parameters of Microwave-assisted extraction 57 

Table 3.3: Independent parameters of Ultrasound-assisted extraction 57 

Table 3.4: Dependent parameters for marigold and rhododendron extract 57 

Table 3.5: Experimental design matrix (BBD) for marigold and rhododendron 

flower extraction 

59 

Table 4.1: Summary of results obtained from the physicochemical analyses 74 

Table 4.2: Mineral composition of marigold using ICP-MS 76 

Table 4.3: Results of bioactive compounds of marigold powder dried using 

different methods 

78 

Table 4.4: Experimental run using BBD and response of dependent variables 

from marigold (MAE) 

79 

Table 4.5: Regression analysis for extract recovery, TPC, TFC from marigold 

during MAE 

84 

Table 4.6: Regression analysis for DPPH, FRAP, TAC from marigold during 

MAE 

85 

Table 4.7: Criteria for optimization and optimum values of MAE of marigold 

floral extract 

87 

Table 4.8: Predicted and experimental values of response parameters (Marigold) 

at optimized extraction condition (MAE) 

102 



xix 
 

Table 4.9: Experimental run using BBD and response of dependent variables 

from marigold (UAE) 

103 

Table 4.10: Regression analysis for extract recovery, TPC, TFC from marigold 

during UAE 

107 

Table 4.11: Regression analysis for DPPH, FRAP, TAC from marigold during 

UAE 

108 

Table 4.12: Criteria for optimization and optimum values of UAE of marigold 

floral extract 

111 

Table 4.13: Predicted and experimental values of response parameters (marigold) 

at optimized extraction condition (UAE) 

126 

Table 4.14: The comparison of optimum values of MAE with UAE for marigold 

floral waste 

128 

Table 5.1: Summary of results obtained from the physicochemical analyses 131 

Table 5.2: Mineral composition of rhododendron using ICP-MS 132 

Table 5.3: Results of bioactive compounds of rhododendron powder dried using 

different methods 

134 

Table 5.4: Experimental run using BBD and response of dependent variables 

from rhododendron (MAE) 

135 

Table 5.5: Regression analysis for extract recovery, TPC, TFC from 

rhododendron during MAE 

140 

Table 5.6: Regression analysis for DPPH, FRAP, TAC from rhododendron 

during MAE 

141 

Table 5.7: Criteria for optimization and optimum values of MAE of 

rhododendron floral extract 

144 

Table 5.8: Predicted and experimental values of response parameters 

(rhododendron) at optimized extraction condition (MAE) 

158 

Table 5.9: Experimental run using BBD and response of dependent variables 

from rhododendron (UAE) 

159 

Table 5.10: Regression analysis for extract recovery, TPC, TFC from 

rhododendron during UAE 

164 



xx 
 

Table 5.11: Regression analysis for DPPH, FRAP, TAC from rhododendron 

during UAE 

165 

Table 5.12: Criteria for optimization and optimum values of UAE of 

rhododendron floral extract 

167 

Table 5.13: Predicted and experimental values of response parameters 

(rhododendron) at optimized extraction condition (UAE) 

182 

Table 5.14: The comparison of optimum values of MAE with UAE for 

rhododendron floral waste 

184 

Table 6.1: Impact of marigold floral waste extract and BHT supplemented 

groundnut, sesame and mustard oil on PV (meq O2/kg) 

186 

Table 6.2: Impact of marigold floral waste extract and BHT supplemented 

groundnut, sesame and mustard oil on AV (mg KOH/g) 

192 

Table 6.3: Impact of marigold floral waste extract and BHT supplemented 

groundnut, sesame and mustard oil on IV (I2/100g) 

196 

Table 6.4: Impact of rhododendron floral waste extract and BHT supplemented 

groundnut, sesame and mustard oil on PV (meq O2/kg) 

200 

Table 6.5: Impact of rhododendron floral waste extract and BHT supplemented 

groundnut, sesame and mustard oil on AV (mg KOH/g) 

205 

Table 6.6: Impact of rhododendron floral waste extract and BHT supplemented 

groundnut, sesame and mustard oil on IV (I2/100g) 

208 

Table 7.1: Yields of different sugars and platform chemicals from subcritical 

water hydrolysis of Phargmites 

110 

Table 7.2: Sequential model sum of squares 112 

Table 7.3: Model summary statistics 112 

Table 7.1: Biochar yield of different biomass 217 

Table 7.2: Proximate analysis of biomass and biochar samples 220 

Table 7.3: Elemental analysis of biomass and biochar samples  221 

Table 7.4: BET characteristics and comparison with different biochar 231 

Table 7.5: Adsorption constants of Langmuir and Freundlich for CR and MB 

adsorption on Marigold residue-derived biochar 

239 



xxi 
 

Table 7.6: Adsorption constants of Langmuir and Freundlich for CR and MB 

adsorption on Rhododendron residue-derived biochar 

241 

Table 7.7: Comparative study for dye removal using various adsorbents 243 

 

 

 

 

 

 

  



xxii 
 

LIST OF FIGURES 

 

Figures Figure Name Page No. 

Figure 1.1: Potential opportunities for utilization of floral wastes 4 

Figure 1.2: Marigold (Tagetes erecta) flowers and its health benefits 5 

Figure 1.3: Rhododendron (Rhododendron arboreum) flowers and its health 

benefits 

6 

Figure 1.4: Schematic diagram of (a) microwave assisted extraction unit and (b) 

mechanism 

8 

Figure 1.5: Schematic diagram of (a) ultrasound assisted extraction unit and (b) 

mechanism 

8 

Figure 2.1: Methodology of floral waste management 11 

Figure 2.2: Overview of the objectives 49 

Figure 3.1: Methodology for physiochemical analysis and drying of marigold 

and rhododendron floral wastes 

53 

Figure 3.2: Methodology of Microwave-assisted extraction and ultrasound-

assisted extraction of marigold and rhododendron extracts 

61 

Figure 3.3: Application methodology of floral extracts (FE) (marigold and 

rhododendron) as an antioxidant into the edible oils 

66 

Figure 3.4: Methodology of preparation of biochar and dye adsorbent 

experiment 

69 

Figure 4.1: Experimental vs Predicted plot for (a) extract recovery, (b) TPC, (c) 

TFC, (d) DPPH, (e) FRAP, (f) TCC during MAE 

86 

Figure 4.2: 3D Surface of response representing the impact of process 

conditions on extract recovery (a) time = 7 min at an interaction 

between power and solvent volume; (b) solvent volume = 210 ml at 

an interaction between power and time; (c) power = 310 W at an 

interaction between time and solvent volume 

90 

Figure 4.3: 3D Surface of response representing the impact of process 

conditions on TPC (a) time = 7 min at an interaction between power 

93 



xxiii 
 

and solvent volume; (b) solvent volume = 210 ml at an interaction 

between power and time; (c) power = 310 W at an interaction 

between time and solvent volume 

Figure 4.4: 3D Surface of response representing the impact of process 

conditions on TFC (a) time = 7 min at an interaction between power 

and solvent volume; (b) solvent volume = 210 ml at an interaction 

between power and time; (c) power = 310 W at an interaction 

between time and solvent volume 

94 

Figure 4.5: 3D Surface of response representing the impact of process 

conditions on DPPH (a) time = 7 min at an interaction between 

power and solvent volume; (b) solvent volume = 210 ml at an 

interaction between power and time; (c) power = 310 W at an 

interaction between time and solvent volume 

97 

Figure 4.6: 3D Surface of response representing the impact of process 

conditions on FRAP (a) time = 7 min at an interaction between 

power and solvent volume; (b) solvent volume = 210 ml at an 

interaction between power and time; (c) power = 310 W at an 

interaction between time and solvent volume 

98 

Figure 4.7: 3D Surface of response representing the impact of process 

conditions on TCC (a) time = 7 min at an interaction between power 

and solvent volume; (b) solvent volume = 210 ml at an interaction 

between power and time; (c) power = 310 W at an interaction 

between time and solvent volume 

101 

Figure 4.7: Experimental vs Predicted plot for (a) extract recovery, (b) TPC, (c) 

TFC, (d) DPPH, (e) FRAP, (f) TCC during UAE 

109 

Figure 4.8: 3D Surface of response representing the impact of process 

conditions on extract recovery (a) time = 12 min at an interaction 

between solvent volume and amplitude; (b) solvent volume = 150 

ml at an interaction between time and amplitude; (c) amplitude = 

30% at an interaction between time and solvent volume 

113 

Figure 4.9: 3D Surface of response representing the impact of process 117 



xxiv 
 

conditions on TPC (a) time = 12 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 30% at an 

interaction between time and solvent volume 

Figure 4.10: 3D Surface of response representing the impact of process 

conditions on TFC (a) time = 12 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 30% at an 

interaction between time and solvent volume 

118 

Figure 4.11: 3D Surface of response representing the impact of process 

conditions on DPPH (a) time = 12 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 30% at an 

interaction between time and solvent volume 

121 

Figure 4.12: 3D Surface of response representing the impact of process 

conditions on FRAP (a) time = 12 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 30% at an 

interaction between time and solvent volume 

122 

Figure 4.13: 3D Surface of response representing the impact of process 

conditions on FRAP (a) time = 12 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 30% at an 

interaction between time and solvent volume 

125 

Figure 5.1: Experimental vs Predicted plot for (a) extract recovery, (b) TPC, (c) 

TFC, (d) DPPH, (e) FRAP, (f) TAC during MAE 

142 

Figure 5.2: 3D Surface of response representing the impact of process 

conditions on extract recovery (a) time = 7 min at an interaction 

between power and solvent volume; (b) solvent volume = 211.10 ml 

at an interaction between power and time; (c) power = 300 W at an 

interaction between time and solvent volume 

146 



xxv 
 

Figure 5.3: 3D Surface of response representing the impact of process 

conditions on TPC (a) time = 7 min at an interaction between power 

and solvent volume; (b) solvent volume = 211.10 ml at an 

interaction between power and time; (c) power = 300 W at an 

interaction between time and solvent volume 

149 

Figure 5.4: 3D Surface of response representing the impact of process 

conditions on TFC (a) time = 7 min at an interaction between power 

and solvent volume; (b) solvent volume = 211.10 ml at an 

interaction between power and time; (c) power = 300 W at an 

interaction between time and solvent volume 

150 

Figure 5.5: 3D Surface of response representing the impact of process 

conditions on DPPH (a) time = 7 min at an interaction between 

power and solvent volume; (b) solvent volume = 211.10 ml at an 

interaction between power and time; (c) power = 300 W at an 

interaction between time and solvent volume 

153 

Figure 5.6: 3D Surface of response representing the impact of process 

conditions on FRAP (a) time = 7 min at an interaction between 

power and solvent volume; (b) solvent volume = 211.10 ml at an 

interaction between power and time; (c) power = 300 W at an 

interaction between time and solvent volume 

154 

Figure 5.7: 3D Surface of response representing the impact of process 

conditions on TAC (a) time = 7 min at an interaction between power 

and solvent volume; (b) solvent volume = 211.10 ml at an 

interaction between power and time; (c) power = 300 W at an 

interaction between time and solvent volume 

157 

Figure 5.8: Experimental vs Predicted plot for (a) extract recovery, (b) TPC, (c) 

TFC, (d) DPPH, (e) FRAP, (f) TAC during UAE 

166 

Figure 5.9: 3D Surface of response representing the impact of process 

conditions on extract recovery (a) time = 15 min at an interaction 

between solvent volume and amplitude; (b) solvent volume = 150 

ml at an interaction between time and amplitude; (c) amplitude = 

170 



xxvi 
 

29.6% at an interaction between time and solvent volume 

Figure 5.10: 3D Surface of response representing the impact of process 

conditions on TPC (a) time = 15 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 29.6% at 

an interaction between time and solvent volume 

173 

Figure 5.11: 3D Surface of response representing the impact of process 

conditions on TFC (a) time = 15 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 29.6% at 

an interaction between time and solvent volume 

174 

Figure 5.12: 3D Surface of response representing the impact of process 

conditions on DPPH (a) time = 15 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 29.6% at 

an interaction between time and solvent volume 

178 

Figure 5.13: 3D Surface of response representing the impact of process 

conditions on FRAP (a) time = 15 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 29.6% at 

an interaction between time and solvent volume 

179 

Figure 5.14: 3D Surface of response representing the impact of process 

conditions on TAC (a) time = 15 min at an interaction between 

solvent volume and amplitude; (b) solvent volume = 150 ml at an 

interaction between time and amplitude; (c) amplitude = 29.6% at 

an interaction between time and solvent volume 

181 

Figure 6.1: Peroxide value of (a) Groundnut oil; (b) Sesame oil; (c) Mustard oil 

implemented with ME 

187 

Figure 6.2: Marigold extract (ME) blended with different edible oils: groundnut 

oil, sesame oil and mustard oil 

188 

Figure 6.3: Acid value of (a) Groundnut oil; (b) Sesame oil; (c) Mustard oil 194 



xxvii 
 

implemented with ME 

Figure 6.4: Iodine value of (a) Groundnut oil; (b) Sesame oil; (c) Mustard oil 

implemented with ME 

197 

Figure 6.5: Peroxide value of (a) Groundnut oil; (b) Sesame oil; (c) Mustard oil 

implemented with RE 

202 

Figure 6.6: Rhododendron extract (RE) blended with different edible oils: 

groundnut oil, sesame oil and mustard oil 

203 

Figure 6.7: Acid value of (a) Groundnut oil; (b) Sesame oil; (c) Mustard oil 

implemented with RE 

207 

Figure 6.8: Iodine value of (a) Groundnut oil; (b) Sesame oil; (c) Mustard oil 

implemented with RE 

211 

Figure 6.9: EPR spectra for DPPH (standard), edible oils (groundnut, sesame 

and mustard), and enriched edible oils 

218 

Figure 6.10: PCA biplot of groundnut, sesame and mustard oil with ME and RE 

stored in room temperature with concerning parameters: PV, AV 

and IV 

213 

Figure 7.1: Conversion of depigmented residual biomass into biochar 217 

Figure 7.2: TGA graphs of (a) marigold residue powder (b) rhododendron 

residue powder 

219 

Figure 7.3: SEM of (a) Raw Marigold floral residue; (b) Residue after pigment 

extraction; (c) Biochar at 400 °C; (d) Biochar at 500 °C; (e) Biochar 

at 600 °C 

223 

Figure 7.4: SEM (a) Raw Rhododendron floral residue; (b) Residue after 

extraction; (c) Biochar at 400 °C; (d) Biochar at 500 °C; (e) Biochar 

at 600 °C 

224 

Figure 7.5: SEM (a) Raw Marigold Husk Residue; (b) Biochar at 400 °C; (c) 

Biochar at 500 °C; (d) Biochar at 600 °C 

225 

Figure 7.6: XRD pattern of (a) Marigold residue and its biochar (b) Marigold 

husk and its biochar (c) Rhododendron residue and its biochar 

227 

Figure 7.7: FTIR spectra of (a) Marigold residue and its biochar (b) Marigold 229 



xxviii 
 

husk and its biochar (c) Rhododendron residue and its biochar 

Figure 7.8: Effect of adsorbent dose on percentage of MB and CR absorbed 

onto (a) rhododendron residue derived biochar and (b) marigold 

derived biochar 

233 

Figure 7.9: Effect of initial dye concentration on percentage of MB and CR 

absorbed onto (a) rhododendron residue derived biochar and (b) 

marigold derived biochar 

234 

Figure 7.10: Adsorption of MB and CR using varying dose of marigold biochar 235 

Figure 7.11: Adsorption of MB and CR using varying dose of Rhododendron 

biochar 

236 

Figure 7.12: Adsorption of varying MB and CR concentration using fixed dose 

of Marigold biochar 

237 

Figure 7.13: Adsorption of varying MB and CR concentration using fixed dose 

of Rhododendron biochar 

238 

Figure 7.14: Langmuir Adsorption isotherms for adsorption of MB (a) and CR 

(c); Freundlich adsorption isotherm for adsorption of MB (b) and 

CR (d) on Marigold residue derived biochar 

240 

Figure 7.15: Langmuir Adsorption isotherms for adsorption of MB (a) and CR 

(c); Freundlich adsorption isotherm for adsorption of MB (b) and 

CR (d) on Rhododendron residue derived biochar 

241 

 

 

 

 

 

 
 

 

 



xxix 
 

 

 

LIST OF SYMBOLS 

CV: co-efficient of variance 

m/z: mass to charge ratio 

MHz: mega hertz 

N: normal 

p-value: probability value 

R2: co-efficient of determination or 

regression 

meq: milli-equivalent 

ppm: Parts per million 

RRMS: root-mean-square roughness 

T: Temperature 

v/v: volume by volume 

w/v: weight by volume 

wt.%: Weight percentage 

 

 

 

 

  



xxx 
 

LIST OF ABBREVIATION 

ANOVA: Analysis of variance  

ASTM: American Society for Testing and 
Materials 

AV: Acid value 

BBD: Box Behnken design 

BET: Brunauer Emmett Teller 

BHA: Butylated hydroxyanisole  

BHT: Butylated hydroxy toluene 

CHNS: Carbon, Nitrogen, Oxygen, Sulphur 

CR: Congo red 

DPPH: 2,2-Diphenyl-1-picrylhydrazyl  

DTG: Differential thermogravimetric 
analysis 

EAE: Enzyme assisted extraction 

FE: Floral extract 

FFA: Free fatty acids 

FRAP: Ferric Reducing Antioxidant Power 

FTIR: Fourier-Transform Infrared 
Spectroscopy 

FW: Floral waste 

G: Groundnut oil 

GAE: Gallic acid equivalent 

GC-MS: Gas chromatography- Mass 
spectrophotometry 

GM: Groundnut oil in marigold extract 

GR: Groundnut oil in rhododendron extract 

HAD: Hot air drying 

HAE: Heat assisted extraction 

HPLC: High-Performance Liquid 
Chromatography 

IC50: Half-maximal inhibitory concentration 

ICP-MS: Inductively coupled plasma-mass 
spectrometer 

IV: Iodine value 

LCA: Life cycle assessment 

M: Mustard oil 

MAE: microwave assisted extraction 

MB: Methylene blue 

ME: marigold extract 

MEAATPE: Microwave-assisted aqueous 
two-phase extraction 

MHB: Marigold husk biochar 

MLS: Method of least square 

MRB: Marigold residue biochar 

MSW: Municipal Solid Waste 

MM: Mustard oil with marigold extract 

MR: Mustard oil with rhododendron extract 



xxxi 
 

NIR: Near Infrared 

PCA: Principal component analysis 

PEF: Pulsed-electric field 

PLE: Pressurized liquid extraction 

PV: Peroxide value 

QE: Quercetin equivalent  

RE: Rhododendron extract 

RRB: Rhododendron residue biochar 

S: Sesame oil 

SbCW: Subcritical water 

SCCO2: Supercritical CO2 

SEM: Scanning electron microscope 

SM: Sesame oil with marigold extract 

SR: Sesame oil with rhododendron extract 

TAC: Total anthocyanin content 

TBHQ: Tert-butyl hydroquinone 

TCC: Total carotenoid content  

TFC: Total flavonoid content 

TGA: Thermogravimetric analysis 

TPC: Total phenolic content 

TS: Total solid 

UAE: Ultrasound assisted extraction 

XRD: X-ray diffraction 

 

 




