
Evaluation of tomato processing by-products: a comparative study in a pilot scale set up
Anwesha Sarkar* and Purnima Kaul
Department of Protein Chemistry and Technology, CSIR- Central Food Technological Research Institute, India),
Mysore, 570 020, India 
*Corresponding author (current address):

Dr. Anwesha Sarkar

Department of Food Science and Technology

Nestlé Research Center, Vers-Chez-Les Blanc, CH-1000 Lausanne 26, Switzerland.

Tel.: +41 21 785 8352.

Fax: +41 21 785 8554.

E-mail: Anwesha.Sarkar@nestle.com (Dr. A. Sarkar)

E-mail: purnimakaul@yahoo.com (Dr. P. Kaul)

Abstract
This study aims at providing a comparative evaluation of tomato processing by-products, i.e. seeds and peel. A pilot scale process has been demonstrated for extraction and drying (both freeze and cabinet drying) of tomato seeds and peel. Various aspects of dried tomato seeds such as its protein content, amino acid profile, calculated protein efficiency ratio (PER), presence of antinutritional factors, polyphenol contents and antioxidant activities were evaluated. In this study, the total polyphenol content in the hydrophilic extract as well as antioxidant activities of tomato peel were found to be 66.5% and 38.2% higher, respectively than that of the tomato seed meal showing importance of the former from a functional point of view. Tomato seed protein isolate (92%) prepared from tomato seed meal had a calculated PER of 2.66. The protein isolate contained all essential amino acids (including lysine) meeting the minimum requirements of reference protein for preschool children of 1-2 years old (WHO/FAO/UNU, 2007). The tomato seed protein isolate showed negligible levels of phytate (3.48 (g/g) and trypsin inhibitory activity (2.655 TIU/mg). This study clearly highlights that tomato seed, a by-product of tomato processing industry is a rich source of high quality plant protein together with intrinsic polyphenols and antioxidant activities, although the functional properties being less dominant than the peel counterpart. Therefore, tomato seed meal with unique protein quality could be a regarded as a potential source of protein-rich adjunct in various food formulations. 
Practical applications

With the increased industrial demand of protein sources, there has been an upsurge of research efforts in recent years to extract dietary proteins from plant-based sources. By-products of oilseeds, fruits and vegetable processing industries can be sustainable low cost protein alternatives which are available at no additional cost and can find commercial valorization in food formulations. As an example, this study identified a pilot plant set up to produce tomato seed protein isolate and investigated protein quality, antinutritional factors as well as compared the polyphenol content and antioxidant activities in context of its counterpart by-product tomato peel. This knowledge will facilitate the use of tomato seed protein isolate as a low cost protein-rich adjunct with functional benefits in food formulation. Most importantly, this study highlights that high quality plant protein isolates can be recovered from agro-industrial by-products, thus adding commercial value to them, allowing their industrial exploitation.

Keywords: Tomato seed protein isolate; Amino acid score; Antinutritional factors; Calculated PER; By-product; Antioxidant activity. 
Introduction
Increased industrial demands for new sources of good quality protein at a competitive cost have generated great deal of research efforts using plant proteins. Plant proteins, especially those originating from oilseeds and agro-industrial by-products are in recent research attention. Interestingly, fruits and vegetable processing industries are known to produce significant amounts of solid wastes such as seeds which might be of commercial significance as sources of protein. Tomato (Lycopersicon esculentum L.) is grown throughout the world for its fruit with annual production of nearly 100 million tons Kalogeropoulos et al. 2012()
. The majority of tomatoes are processed into food products such as juices, ketchup, sauces, paste, puree and powder and simultaneously generate large quantities of solid by-products, mainly peel and seeds, usually raising environmental concerns. Utilization of these tomato processing by-products (seeds and skin), which is available at no additional cost can contribute to the generation of value added protein adjunct together with its implication in reducing solid waste and thus, contribute to generating environmental sustainability. 
Although tomato peel has been significantly studied as a source of lycopene and β-carotene 
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(Rozzi et al. 2002; Lavecchia and Zuorro 2010; Kalogeropoulos et al. 2012; Papaioannou and Karabelas 2012;)
, tomato seeds have attracted very limited attention until recently (Savadkoohi and Farahnaky 2012). Tomato seeds have been reported to contain approximately 24.5% of crude protein and are highest in glutamic acid and aspartic acid Persia et al. 2003()
. Unlike many other plant proteins, tomato seed has been also reported to have a high lysine content Brodowski and Geisman 1980()
. The net protein retention (NPR) of whole tomato seed meal, defatted tomato seed meal and tomato seed protein concentrate was studied as 2.65, 2.52 and 2.51, respectively as compared to 2.91 for casein Sogi et al. 2005()
. 
In this study, we demonstrated a pilot scale process to produce tomato seed protein isolate and systematically evaluate the overall protein quality of the tomato seed protein isolate including amino acid score, calculated PER and levels of antinutritional factors. In addition, we studied the polyphenol content and antioxidant activities of the tomato seeds in comparison to that present in the counterpart by-product tomato peel, in order to evaluate their potential for use as low cost protein-rich adjunct together with value-added functional benefits. Since fresh tomato by-products have high moisture content and are prone to microbial spoilage, tomato skins and seeds were dried and the influence of kind of drying (cabinet or freeze-drying) on lycopene availability from tomato peel has been also discussed. 
Finally, the objective of this work is to carry out a detailed investigation of tomato seed protein quality as well as a comparative evaluation of tomato seeds with peel in context of polyphenols and antioxidant activities, to proceed for commercial valorization of tomato seeds as functional additive in food formulations. 
EXPERIMENTAL

Materials and methods
Materials
Tomatoes were purchased from local horticultural farm at Mysore, India. 2,2-diphenyl-1-picrylhydrazyl (DPPH), benzoyl-DL-arginine-p-nitroanilide (BAPNA), trypsin and standard lycopene were purchased from Sigma Aldrich Chemicals Co. (St. Louis, MO, US). Analytical grade of Tris Buffer (Tris (hydroxymethyl aminomethane), chloroform, diethyl ether were purchased from M/s. Ranbaxy Fine Chemicals, New Delhi, India. Methanol (HPLC Grade), analytical grade of petroleum ether, ammonium acetate, ferric chloride, ferrous sulphate, ammonium molybdate, sodium chloride and calcium chloride were purchased from Merck India Pvt. Ltd., Mumbai, India. 1-Propanol (HPLC Grade) was obtained from M/s. Sisco Research Laboratories Pvt. Ltd., Mumbai, India. Commercial food grade hexane was purchased from M/s. S.D. Fine Chemicals Ltd., Mumbai, India. All other chemicals were of analytical grade. Triple distilled water was used as an aqueous solvent unless otherwise mentioned. All the chemical solutions were freshly prepared and used for analysis.
Preparation of tomato seeds and peel
Tomato juice was produced in pilot scale and the by-products were extracted as shown in Figure 1. After washing, 60 kgs of tomatoes were weighed into the Fruit Mill (M/s. B. Sen Barry & Co., New Delhi, India). The milled tomatoes containing the pulp, peel and the seeds were then loaded into the fruit pulper (M/s. Aluminium Plant and Vessels Co. Ltd., London, UK). Juice was collected for culinary purposes and the by-products, which contained the seeds and peel were collected separately for this study. The tomato seeds and peel was separated using sedimentation technique Sogi et al. 2000()
. Then, the peel was divided into two equal batches, respectively. One batch was dried using cabinet drier (M/s. Precision Products, Ahmedabadh, India) at 70 °C for 8 hrs and another batch was dried using freeze drier (M/s. Lyophilization System Inc., USA) at a temperature of –90 °C and 40 mPas pressure. For the peels, freeze-dried and cabinet dried peels are abbreviated as FD and CD peels, respectively in rest of the article. For the tomato seeds, both the CD and the FD seeds showed similar results and hence measurements for CD seeds are shown in the paper. 
After the respective drying, the yield of seeds and peel obtained was calculated. The FD and CD peel were separately powdered using grinder (M/s. Glen Mills Inc., New Jersey, USA). The ground FD peel was stored at 0 °C and CD peel and seeds were stored at 25 °C and then analysed.

Preparation of tomato seed meal

 The cabinet dried seeds (obtained in Section 2.2) were flaked using Flaker (M/s. CFTRI, Mysore, India) in the pilot plant and then defatted using solvent extraction in Batch type solvent extractor (M/s. CFTRI, Mysore, India) with food grade hexane. Three washings were given until the fat content was reduced below 1 wt% as checked by Soxhlet method AOAC 2000()
. Then, the flaked defatted seeds were dried under nitrogen to remove the solvent residues and subjected to size reduction (Quadramat Mill, M/s. Brabender Co., Germany) and sieving through 60-80 mesh sieve. The fine fractions were collected as tomato seed meal. The bran was separated. In addition, the semi-coarse fraction was again recycled so that it was further divided into coarse fraction (bran) and fine fraction (meal). Finally, the yield was calculated by taking the weights of the different fractions i.e. bran and meal.

Preparation of tomato seed protein isolate from tomato seed meal

Tomato seed meal was used for the preparation of tomato seed protein isolate using salt solution Liadakis et al. 1998()
. Briefly, tomato seed meal (40 g) was extracted for 1 hr with 400 mL of salt solution (1M NaCl) at 50 + 0.2 °C. Based on pH of maximum protein solubility, the pH of the suspension was kept constant at pH 8 by adding 0.1N NaOH. Then, the slurry was centrifuged at 8000 rpm at 25 °C for 30 min (Heraeus Sepatech Biofuge) and the supernatant was collected. The pH of the supernatant was adjusted to the isoelectric point (pH 4.0) using 0.1 N HCl. The protein precipitate was separated by centrifugation at 8000 rpm at 25 °C for 30 min and then it was neutralized and dialyzed using dialysis tubings of 6000-8000 molecular cut off (M/s. Thomas Scientific Co., Philadelphia USA) in refrigerated condition (4 °C). The solution was lyophilized (Virtis Lyophilizer) at a temperature of –84 °C at 40 mPas pressure to obtain tomato seed protein isolate.

Composition analysis
Moisture content of fresh, FD, CD tomato peel, tomato seed, tomato seed meal and tomato seed protein isolate was determined according to the oven method AACC 2000()
. Official methods were used for determination of fat and protein content in tomato seeds by Soxhlet method using petroleum ether (b.p. 60-80 °C) and Kjeldahl method (N × 6.25), respectively AOAC 2000()
. 
Estimation of lycopene in tomato peel 
The lycopene content of fresh, FD, CD tomato peel and tomato seed meal was estimated by the method given by Rozzi et al. (2002). The concentration of lycopene in each of the samples were quantified using HPLC (Shimadzu LC 6A system, Japan) equipped with photodiode array detector (M/s. Waters 1525). The C-18 column (M/s. Waters) used was 4.6 ( 150 mm allowing 5 (m particle size. A gradient separation at flow rate of 1 mL/min with mobile phase A at pH 4.8 i.e. methanol: ammonium acetate (0.2 M) (90:10 v/v) and mobile phase B at pH 4.8 i.e. methanol: 1-propanol: ammonium acetate (1.0 M) (78:20:2 v/v) were used. The mobile phase B was programmed from 0% to 100% from 0 min at 20 min and then decreased back to 0% at 28 minutes. The final mobile phase was maintained for 5 minutes before further injection. The concentration of lycopene in the sample was calculated by measuring the area of peak for the sample(A), concentration (C) of the standard (mg/ml), dilution factor(d), A std., is area of peak for the standard, weight of the sample(W), u is Dimensional conversion factor and using the following equation:
Concentration of lycopene in the sample (mg/kg) = As ( C ( d ( u

                 A std. ( W

Lycopene content of the tomato seed meal has not been discussed as the defatting step in the tomato seed meal preparation leached out the lipophillic lycopene residues present.
Structural analysis of tomato peel using scanning electron microscopy

The microstructure of the FD and CD tomato peels were examined by scanning electron microscopy (SEM) using a LEO 435 VP electron microscope (LEO Electron Microscopy Ltd, Cambridge, UK). Before loading the samples into the system, the peels were coated with gold using SEM coating system E-5000. The average coating time for each sample was about 2-3 min. Thickness of the coating was 200-300 nm. The coated samples were loaded on the SEM system and images were viewed under 100x magnification and 15 kV potential using 35 mm Ricoh camera.
Antioxidant activity in tomato peel and tomato seed meal

The antioxidant activity of FD and CD tomato peel and tomato seed meal was determined using 1,1 Diphenyl-2-Picryl Hydrazyl (DPPH) method by calculating the % of DPPH radical inhibition Blois 1958()
. Samples were dissolved in methanol and 0.5 ml of the sample was added to 1 ml 0.2 mM DPPH, and then mixed vigorously. After incubation for 30 min, the resulting solution was centrifuged at 8000 rpm for 10 min and the absorbance was measured at 517 nm using a UV-spectrophotometer. The solution without any sample containing only methanol was considered as the control. The % inhibition of free radical by different samples and by standard antioxidant was calculated by measuring absorbance of positive control (APC) and  absorbance of sample at 517 nm(AS) using the formula:  % Inhibition = APC – AS /  APC ( 100

Determination of total polyphenol content in tomato peel and seed meal
For estimation of total polyphenols, lipophillic (extracted by hexane) and hydrophilic (extracted by acetone:water:acetic acid of 70:29.5:0.5, v/v/v after removal of lipophillic fractions) extracts of both FD and CD tomato peel were previously separated using method reported in literatures 
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(Prior et al. 2003; Toor and Savage 2006)
. Since the tomato seed meal was previously defatted, only hydrophilic extract of tomato seed meal has been used for estimation of total phenolic compounds. The total phenolics content in both FD and CD tomato peel as well as tomato seed meal were determined spectrophotometrically at 760 nm using Folin-Ciocalteu reagent and results were expressed as tannic acid equivalents (TAE/g) Singleton and Rossi 1965()
. Each value is expressed as the mean and standard deviation of values obtained by triplicate measurements.
Amino acid analysis
The amino acid composition of tomato seed meal isolate was analysed by a method based on the reaction of free amino acids with phenylisothiocyanate to form stable phenylthiocarbamoyl derivatives, which were subsequently separated by HPLC (Shimadzu LC 6A system, Japan) equipped with UV-Visible detector Bidlingmeyer et al. 1987()
. An application specific PICO-TAG amino acid analysis column (15cm ( 3.9mm) was used and the temperature was maintained at 38 + 1 °C. Solvent systems used were as follows: an aqueous buffer, 0.14M sodium acetate containing 0.5ml/L triethyl amine and titrated to pH 6.40 with glacial acetic acid and 60% acetonitrile in H2O. The amino acid content (mg/g protein) was calculated as

Areaamino acid in sample  ( 312.5 ( Mol. wt. amino acid ( Dilution factor  
Areaamino acid in standard

Amino acid score and calculated PER evaluation 

The amino acid scores of tomato seed protein isolate were calculated by dividing the content of each amino acid by the reference (WHO/FAO/UNU 2007) amino acid pattern for preschool children (1-2 years old) as shown below Bhattacharya et al. 1994()
: 
AA score (%) = Essential amino acid content tomato seed protein ( 100

   Essential amino acid content reference protein (WHO/FAO/UNU, 2007)
The calculated Protein Efficiency ratio (PER) was obtained according to the following equations Alsmeyer et al. 1974()
:

PER = ( 0.684 + 0.456 (Leu) – 0.047 (Pro).

PER = ( 0.468 + 0.454 (Leu) – 0.105 (Tyr).

PER = – 1.816 + 0.435(Met) + 0.78(Leu) + 0.211(His) – 0.944(Tyr).

Amino acid content measured as mentioned in Section 2.10 was used as g/100g protein and mean calculated PER values was the average of the values from three sets of Alsmeyer’s equations. 

Antinutritional factors in tomato seed fractions 

Phytate content in tomato seed meal, bran and tomato seed protein isolate was determined by using combination of phytate-phosphorus measurement Thompson and Erdman 1982()
 and the phosphorus measurement Taussky et al. 1953()
 multiplied by a suitable factor. Estimation of trypsin inhibitory activity in tomato seed bran, meal and tomato seed protein isolate was done as trypsin inhibitor units (TIU/mg) based on the tryptic hydrolysis of a synthetic substrate, BAPNA Hamerstrand et al. 1981()
 and absorbance was measured at 410 nm using Shimadzu UV-Visible Spectrophotometer. All the experiments were carried out in triplicate and the variations in the values expressed as standard deviations.
Results and discussion

 Yield of tomato seed, peel and tomato seed protein isolate
Out of the by-products generated from pilot scale tomato processing, yield of peel and seeds were 26.2% and 73.8%, respectively. These values are very much within the range reported in literature Toor and Savage 2006()
. The average moisture content of FD tomato peel, CD tomato peel, tomato seed and tomato seed protein were in the range of 4.76 wt% and all the analysis in the article were calculated on dry matter basis. The fat content of the tomato seeds was 20.2 wt%. The tomato seeds were defatted to 0.56 wt% for tomato seed meal preparation.
In case of the dried tomato seeds, 11.2% of seed meal and 78.0 % of bran was generated. Table 1 shows the protein content of different fractions of tomato seed. The protein content of tomato seed meal is comparable to that of commercially available tomato seed samples as reported previously Persia et al., 2003()
. The protein isolate with 92.0 wt% protein content could be produced by salt extraction technique. The studied tomato seed meal had a slightly higher protein percentage as compared to the values reported Liadakis et al. 1998()
. The yield of tomato protein isolate was 27.3 wt% from the tomato seed meal. Based on original raw materials (tomato seeds) basis, the yield of protein isolate is nearly ~3 wt%.
It is important to note that ~19.0 wt% of protein was lost during the removal of bran. Also, there was ~11.0 wt% during the preparation of meal in the flaker and quadramat mill used, which could be improved by further process optimization. Nevertheless, process optimization of preparation of tomato seed meal is a separate study and is out of scope of this present paper. 
Lycopene in tomato peel
Figure 2A shows the lycopene content of fresh, FD peel and CD peel and the corresponding SEM micrographs (Figure 2B). About 90% of lycopene was extracted from the FD peel. This can be attributed to the porous structure generated during freeze drying (Figure 2Bb), which had close resemblance to fresh peel (Figure 2Ba). Thus, it enabled better extractability with the solvent Olorunda et al. 1990()
. On the other hand, the cabinet dried (CD) peel showed about 26% lower lycopene content than the FD peel. This was possibly due to the case hardening occurring during cabinet drying at 70 °C for 8 hrs. The cell and capsule sizes in the tomato peel vary under different conditions using different modes of drying. From Figure 2Bc, it is evident that the surface characteristics of FD and CD peel were not similar. In fresh tomato peel, the capsule sizes varied from 30-40 (m and in FD peel the size is nearly the same about 28-33 (m. However, in case of CD peel, tremendous cell shrinkage was observed and the size of the capsules reduced significantly by 20 times, thus restricting the oozing out of lycopene from the network of cells. The FD peel had spongier and porous surface characteristics similar to that of fresh peel as compared to cabinet dried, which has hard-case and firm surface characteristics. Availability of less lycopene by CD is a significant limiting factor and might not be commercially value adding. Despite the capability of freeze drying of providing a very high quality dehydrated product, it is well known that freeze drying is an expensive method Pan et al. 2008()
. The installation and running costs largely limits the wide use of freeze drying in food industry. However, considering the production of value added ingredient ‘lycopene’, FD might be the choice. Although, our study demonstrates some understanding on lycopene extractability as a function of drying conditions in pilot scale set up, it might be recognized that bioavailability of lycopene in the body in case of both freeze and cabinet drying is critically important and needs to be thoroughly investigated and is beyond the scope of this paper.
Antioxidant activity in tomato seed meal and peel
Antioxidant activity of tomato peel was studied in view of its available lycopene, carotenoids and polyphenol contents 
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(Martínez-Valverde et al. 2002; Kalogeropoulos et al. 2012)
. The antioxidant activity of tomato peel (both CD and FD) as well as tomato seed meal was studied in comparison by DPPH technique and expressed as % radical inhibition as shown in Table 2. The highest percentage radical inhibition on weight basis was shown by FD peel. As compared to FD peel, the CD peel showed 9% reduced antioxidant activity, due to the presence of less heat labile antioxidant compounds. The antioxidant activity of tomato seed meal was significant but lower than peel under the same drying conditions (21% radical inhibition). 
Total phenolic content in tomato seed meal and peel
The content of total phenolic compounds in tomato seed and skin is shown in Figure 3. Comparing the phenolic content in the extracts on equal weight basis, hydrophilic extracts of FD tomato peel showed the highest yield of phenolic compounds of 38.67 mg TAE/100g peel. It is in line with the recent study where hydrophilic polypnehols rich in flavanoids and hydroxycinnamic acids have been reported to be present in tomato processing by-products Kalogeropoulos et al. 2012()
. It is also interesting to note that the mode of drying had negligible effect on the yield of polyphenol contents as CD and FD tomato peel showed nearly similar polyphenol content. The lipophilic extracts of tomato peel contains relatively less polyphenol compounds, this could be due to the polar nature of phenolic compounds and thus, resulting in their poor extraction in lipophilic phase. The tomato seed meal could be regarded as a moderate source of hydrophilic phenolic compounds (20.1 mg TAE/100g meal), although its magnitude was 40% less than the peel counterpart. 
Total hydrophilic polyphenol content were correlated with the DPPH radical scavenging activities of tomato seed meal, FD and CD peel, respectively. A strong correlation (y = 0.8838x + 3.4803, R2 = 0.99) was obtained between hydrophilic polyphenol and antioxidant activity, indicating that polyphenolic compounds present in hydrophilic extracts have high contribution into the antioxidant activity of both peel and seeds.
Amino acid score and calculated protein efficiency ratio of tomato seed
The nutritional quality of protein largely depends on its amino acid composition. Amino acid score (Table 3) results suggested that tomato seed contains a very good quality protein having all the chemical amino acid score values for essential amino acids considerably higher, meeting the minimum requirements of WHO/FAO/UNU (2007) recommendations for reference protein pattern being prescribed for preschool children of 1-2 yrs. old. The proportions of hydrophobic amino acids (alanine, valine, leucine, isoleucine and phenylalanine) and hydrophilic amino acids (lysine, histidine, aspartic acid, glutamic acid and arginine) were 26.4% and 41.6%, respectively. The proportion of total essential amino acids in tomato seed protein was 39.5%. 
Other factors that might be used to determine the quality of protein includes protein efficiency ratio (PER) assay. The officially approved PER assay for protein quality utilizes the weight gain by the rats as a function of protein intake Morrison and Campbell 1960()
 and is not always suitable for the food industry as a quality control procedure, primarily because of the length of the assay (about 45-days), cost intensive aspects and ethical issues. Because of these limitations, calculated PER reported by Alsmeyer et al. (1974) was computed based on amino acid profile of tomato seed protein isolate. It was reasonable to assume that the relative quantities of the various amino acids could be used as reliable estimators of actual protein quality. This method was capable of providing a rapid estimate of the protein quality easily since the amino acid profile had already been estimated. Moreover, the ethical issues regarding animal protection were also safe guarded, as this method did not involve rat bioassays. The calculated Protein Efficiency ratio (PER) of the tomato seed protein isolate was found to be 2.66. Any protein having PER higher than 2.5 is considered to be of good quality Walzema et al. 2002()
. Since the tomato seed protein isolate has a calculated PER value of 2.66, it can be considered as a good quality protein. The calculated PER value in our study is in range with reported value of actual PER from tomato seed Persia et al. 2003()
 based on chicken feed utilization. However, our PER value was 1.3 times higher than the PER value based on rat assays Sogi et al. 2005()
 which might be due to the discrepancy between in vitro and in vivo studies and purity of the tomato protein isolate prepared. 
Antinutritional factors in tomato seed fractions
The quality of protein particularly from plant sources has limited physiological availability particularly due to the presence of certain protease inhibitors, tannins, phytates, trypsin inhibitor and toxic principles like saponins etc. These antinutritional factors, such as trypsin inhibitor makes the protein biologically less available or phytates bind with iron reducing their bioavailability Gilani et al. 2005()
. Table 4 shows the antinutritional factors (trypsin inhibitory activity and phytate) in different fractions of tomato seed. The tomato seed bran contained nearly twice the amount of of trypsin inhibitor activity as compared to that of the meal. During preparation of tomato seed protein isolate, in which the meal was extracted with salt solution at 50 °C, the trypsin inhibitory activity was further reduced sufficiently to 2.655 TIU/mg. Furthermore, thermal treatments, which are integral aspects of food processing unit operations, can completely remove trypsin inhibitory activities, as trypsin inhibitor is known to be heat sensitive.

Similarly, in case of phytates, it can be seen in Table 4 that tomato seed initially had high phytate content. However, removal of bran resulted in decrease in phytate content in the tomato seed by 83.0 % and 89.0% in meal and protein isolate respectively. 
Conclusions 

The escalating awareness for nutrition, health, quality and environmental consciousness of consumers are compelling the food industries to search for sources of good quality sustainable plant proteins. Tomato seeds and peel are by-products of tomato processing industry. Although, tomato peel is known to be high valued added raw material for lycopene, tomato seeds have attracted limited attention. It can be recognized from this study that tomato seeds are potential source of protein having all amino acids significantly higher than (WHO/FAO/UNU 2007) recommendations and a high calculated PER value of 2.66. Although, the seed protein isolate contains traces of phytate (3.48(g/g) and trypsin inhibitor activity (2.655 TIU/mg), these antinutritional factors can be removed and/or destroyed by subjecting to further processing conditions. This study also demonstrated that tomato seeds have significant levels of polyphenols content (20.11 mg TAE/100g meal) and antioxidant activities (21.0% inhibition/g). Comparing the tomato seed by-products, the peel is more promising from a functional point of view with high amounts of lycopene (18.86(g/g CD peel), polyphenol content (33.5 mg TAE/100g CD peel) and antioxidant activities (34.0% inhibition/ g). Nevertheless, underutilized tomato seeds, with good nutrient composition and high protein quality, can be a regarded as a promising source of sustainable protein adjunct for future food formulations. 
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Tables 1. Protein content of different tomato seed fractions

	Tomato Seed fractions
	Protein ( wt%)

	Dried tomato seeds
	28.66 + 1.65

	Bran
	19.30 + 2.25

	Meal

Protein Isolate
	39.88 + 1.67

91.66 + 0.67


Table 2. Antioxidant activity of tomato peel and seed meal
	Tomato processing byproduct fractions
	%Radical inhibition/g sample

	Freeze Dried   peel
	37.5 + 1.0

	Cabinet Dried peel
	34.0 + 0.8

	Tomato seed meal
	21.0 + 0.7


Tables 3. Amino acid score of tomato seed protein

	Amino acid
	Tomato seed protein

(mg/g protein)
	Reference protein

(mg/g protein)
(WHO/FAO/UNU 2007)
	Amino acid score (%)



	His
	25.01
	18
	138.94

	Iso
	49.30
	31
	159.03

	Leu
	77.90
	63
	123.65

	Lys
	59.63
	52
	114.67

	*SAA
	30.58
	25
	122.32

	**AAA
	87.32
	46
	189.83

	Thr
	36.49
	27
	135.15

	Trp
	12.36
	7
	176.57

	Val
	55.19
	41
	134.61


*SAA = Sulphur containing amino acids

**AAA = Aromatic amino acids

Tables 4. Phytate content (μg/g) and trypsin inhibitory activity (TIU/mg) of 

tomato seed bran, meal and protein isolate

	Tomato seed
fractions
	Phytate concentration

((g/g)
	Trypsin inhibitory activity
(TIU/mg)

	Bran


	26.16 + 1.12
	12. 5 + 1.39


	Meal


	5.29 + 0.37

	6.58 + 0.54


	Protein isolate
	3.48 + 0.26
	2.65 + 0.19


Captions for Figures

Fig. 1. Flow diagram for the extraction of tomato processing by-products in pilot scale.
Fig. 2A. Lycopene content (μg/g) in fresh, freeze dried (FD) and cabinet dried (CD) tomato peel.  B. SEM micrographs of (a) Fresh, (b) FD, and (c) CD tomato peel at 100 x magnification.

Fig. 3. Total polyphenol content (TAE/100 g) of FD, CD peel and tomato seed meal. HE and LE indicates hydrophilic and lipophillic extracts, respectively.
Figure 1.
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Figure 2.A.
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Figure 2.B.
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