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Abstract 4 

Bioactives can impact food function either by their dosage or by their forms of dispersion, 5 

though the latter remains mostly neglected. Here we report the incidental nanoparticles 6 

(iNPs) carrying hepatoprotective bioactives identified in freshwater clam (Corbicula 7 

fluminea Muller) soup, which is a folk remedy for liver conditions in East Asia. The soup 8 

was fractionated into two iNPs containing fractions with high yield (95.8%) in 35 min by 9 

gel chromatography. With hydrodynamic diameter (Dh) range from 40 nm to 149 nm, 10 

iNPs were mainly constituted by carbohydrates and proteins. Notably, the majority of 11 

bioactives, e.g. taurine (63.2%), ornithine (68.1%) and phytosterols (60.0%), was 12 

determined to be carried by the iNPs. It suggested a possible mechanism of elevated 13 

delivery and absorption of bioactives, explaining why the clam soup can work at the 14 

bioactive concentrations way lower than the individual compound. These iNPs have great 15 

potential to be developed into a functional food with most potent nutraceutical effects. 16 

 17 
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  19 



1. Introduction 20 

Shell fishes from the bivalve mollusc family are popular delicacy in many 21 

households and restaurants. Besides as a culinary delicacy, the freshwater clam 22 

(Corbicula fluminea Muller) has been used as a folk remedy for treating liver problems 23 

and hyperlipidemia, well proven by recent studies [1–4]. By cooking for 30 ~ 60 min, 24 

the condensed freshwater clam soup was obtained, of which several phytosterols are 25 

proposed as the key bioactive compound. The pharmacological studies indicate that 26 

phytosterols could reduce lipid and cholesterol absorption from the intestine, promote 27 

sterol excretion and thus ameliorate hyperlipidemia and hepatic lipids [5]. Besides the 28 

phytosterols, ornithine and taurine also contribute to the therapeutic effects of the soup 29 

[6].  30 

Huang S., et al. [7] suggested that both the hot-water extract of freshwater clam 31 

(FCW) and proteinase hydrolysates of freshwater clam meat residues (FCWR) are 32 

effective against hypercholesterolemia of tilapia fed by a high-cholesterol diet. 33 

Intriguingly, FCW exhibited the similar amelioration with FCWR while its phytosterol 34 

content is one fourteenth of FCWR. The mechanistic explanation for FCW’s potent 35 

bioactivity remains as a paradox.  36 

Our previous study [8] has elucidated that the freshwater clam soup is a complex 37 

dispersion system containing solutes, colloids and aggregates. The prominent presence of 38 

self-assembled incidental nanoparticles (iNPs) [9] in the soup, however, suggests a new 39 

promising possibility. Similarly, the incidental and bioactive nanoparticles have been 40 



identified in many other foods including bone soup [10,11], tea [12], milk [13],vinegar 41 

[14] and in some Chinese herbal medicinal soup [15,16]. The bioactives have been found 42 

to be carried by these iNPs, which might re-define the bioaccessibility, bioavailability and 43 

thus function or efficacy. For instance, it was reported that the self-assembled 44 

nanoparticles of licorice protein carrying aconitine reduce the toxicity compared to single 45 

aconitine [15]; the self-assembly of berberine and flavonoid glycosides, widely used as 46 

clinical antibacterial diarrhea exhibits stronger inhibition on bacteria population and 47 

biofilm [17]. Hence, the existing form and distribution of bioactives in foods can alter 48 

their functions. Yet, the distribution of bioactives in the freshwater clam soup remains 49 

unclear. To elucidate the physicochemical characteristics and biological activities of these 50 

iNPs, distinguishing them from other soluble components in food matrix, there is an urge 51 

to isolate the soup iNPs and analyze the bound bioactives. 52 

However, the isolation of the iNPs from the complex food matrix as found in the 53 

soup with good yield and, if possible, minimal damage, remain a major challenge [18]. 54 

For isolation of organic nanoparticles, dialysis, ultrafiltration or size exclusion 55 

chromatography (SEC) are commonly employed [12]. While these methods separate 56 

particles according to their size, the NPs may be more susceptible to the shear force during 57 

ultrafiltration, resulting in clumping or agglomeration of NPs [19]. More importantly, 58 

dialysis or ultrafiltration is insufficient to separate and identify the iNPs in subgroups. By 59 

contrast, SEC coupled with light scattering detector satisfactorily separated and 60 

characterized iNPs subgroups in real time and in situ, exerting minor influence on their 61 



granular properties and bioactivities, as were demonstrated in iNPs from porcine bone 62 

soup [10] and Chinese herbal medicines [16]. In this study, a single-step and high yield 63 

nanoparticle isolation approach using SEC coupled with dynamic light scattering (DLS) 64 

was established and validated for selectively separation of functional iNPs from 65 

freshwater clam soup. A quantitative analysis based on DLS was established to estimate 66 

the yield of food iNPs. Furthermore, the granular properties and bounding states of the 67 

bioactives in the soup were determined.  68 

 69 

2. Materials and methods 70 

2.1 Materials 71 

Freshwater clam (Corbicula fluminea Muller) was cultivated and collected from the 72 

LiChuan Aquaculture Farm, Hualien, Taiwan. The deionized water was obtained from 73 

Millipore Milli-Q water purification system (Millipore, Bedford, MA, USA). All the 74 

chemicals and solvents used were of AR grade and purchased from Sigma-Aldrich Co., 75 

Ltd. (Shanghai, China) and Sinopharm Chemical Reagent Co., Ltd, China. Sepharose CL-76 

4B column (60 kDa - 2×104 kDa) was purchased from Sinopharm Chemical Reagent Co., 77 

Ltd, China. 78 

2.2 Preparation of freshwater clam soup 79 

 The clams were cultivated in cool water for 6 h and washed before cooking for 60 80 

min with pure water (1:1, w/v). The soup was pooled together and centrifuged at 5,000 g 81 

for 10 min to remove the solid residues. The supernatant was collected and stored at -82 



20°C until analyzed.  83 

2.3 Isolation of freshwater clam soup iNPs by DLS coupled SEC 84 

 One milliliter soup was subjected to a pre-equilibrated (0.02 M phosphate buffer, 85 

pH 7.2) size-exclusive chromatographic column (Sepharose CL-4B, 1.0 cm×12 cm) 86 

equipped with a UPLC (Chromatography System, BIO-RAD, USA) system at flow rate 87 

0.5 mL/min, UV monitor at 280 nm, coupled with a dynamic light scattering (DLS) 88 

instrument (Zetasizer Nano-ZS, Malven instruments Ltd, UK) equipped with a flow-cell. 89 

The elutes were collected by an automatic fraction collector (NGC Fraction Collector, 90 

BIO-RAD, USA) according to the light scattering intensity and UV absorbance at 280 91 

nm. As shown in Fig 1, the fractions with strong light scattering or UV absorbance signals 92 

were collected and named as below: F1 (elution volume 6 to 12 mL), F2 (elution volume 93 

12 to 16 mL) and F3 (elution volume 16 to 26 mL). 94 

Peak resolution (R) for the selected nanoparticles was calculated according to C. 95 

Terriente, et al. [20]. Briefly, it was a function of retention time of the two peaks, tR1 and 96 

tR2, and the peak widths at half height, W11/2 and W21/2, of the analyte and another peak 97 

Eq. 98 

R 1.18 （
𝑡 𝑡

𝑊1 / 𝑊2 /
） 99 

To determine whether there is a linear relationship between the light scattering and 100 

mass of the NPs, the soup was diluted for 1, 4, 16, 64, and 256 times and measured for 101 

their scattering intensity. The mass yield of SEC-NPs (Y) were estimated according to the 102 

following equation:  103 



Y (%)= (LCi×Vi+ LCj×Vj)/LCa 104 

where LC is the light scattering of NPs and V is the volume of NPs fraction. Subscripts i 105 

and j refer to each NPs fraction while LCa is the initial light scattering of 1 mL of the soup. 106 

2.4 Colloid properties of SEC-NPs 107 

 The light scattering intensity, hydrodynamic diameter , polymer dispersity index 108 

(PDI), and ζ-potential of SEC-NPs were characterized by DLS with Zatasizer Nano-ZS 109 

(Malven instruments Ltd, UK). One milliliter of the supernatant, without dilution, was 110 

gently injected to the cuvette for measurement at 25 °C. Viscosity of 0.8872 and refractive 111 

index (RI) of 1.330 were used in the measurement and analysis. 112 

2.5 Major composition analysis 113 

 Protein content was determined by using Bicinchoninic acid (BCA) kit (Beyotime 114 

biotechnology, China), according to manufactory’s protocol ,and briefly,  prepare the 115 

required amount of BCA Working Reagent and BSA protein standards of different 116 

concentrations (0.025-0.5 mg/mL), respectively. Add 200 μL of the BCA Working 117 

Reagent and 20 μL sample or BSA protein standard to 96-well plate, followed by the 118 

incubation at 37 °C for 30 min. Then measure the absorbance of the solution at 562 nm. 119 

Triglyceride content was determined with GPO-PAP assay (Sigma- Aldrich, USA) , 120 

according to manufactory’s protocol ,and briefly,  set up the Master Reaction Mix 121 

(Triglyceride Assay Buffer, Triglyceride Probe and Triglyceride Enzyme Mix) and then 122 

add 50 μL Master Reaction Mix to each sample ,standard, and background control well 123 

containing the Triglyceride standard. For colorimetric assays, measure the absorbance at 124 



570 nm. 125 

Polysaccharides content was tested by using anthrone-sulfuric acid assay. Briefly, 126 

add 0.5 mL samples or glucose standard of different concentrations (0-80 μg/mL) to 5 mL 127 

of anthrone reagent (anthrone 0.75% (w/w) in analytical quality sulphuric acid 84% 128 

(w/v)). The samples were shaken with a Vortex mixer (Thermofisher, USA) to ensure 129 

complete uniformity of the dispersion and heated for exactly 10 min in a boiling-water 130 

bath. They were cooled in an ice-water bath and measured the absorbance at 590 nm. 131 

Mass of each fraction was determined with gravimetric analysis of the freeze-dried 132 

samples. 133 

2.6 Nanoparticle Morphology 134 

 TEM observation of iNPs from the soup were performed with JEOL JEM-1230 135 

(TEM, Japan). The iNPs dispersion was transferred to the 230 mesh copper grid and air-136 

dried, observed under the TEM at 80 kV. 137 

2.7 Amino acid analysis of iNPs hydrolysates  138 

The amino acid composition of F1, F2, F3 and soup was determined according to 139 

the method described by Yang et al. [21]with a slight modification. It was determined by 140 

applying high performance liquid chromatography (HPLC, Waters, Milford, MA) 141 

coupled with cation exchange column (Na+,4.6 mm ID×60 mm).The total amino acid 142 

compositions were determined after oven drying at 60 ºC for deacidify prior to hydrolysis 143 

at 110 ºC for 24 h with 6 M hydrochloric acid. External standards (Sigma, St. Louis, MO, 144 

USA) of 17 amino acids and non-protein amino i.e. taurine and ornithine were used for 145 



quantification.  146 

2.8 Bioactive compound analysis 147 

 F1, F2 and F3 were analyzed for phytosterol levels according to the method of K. 148 

Warner et al. [22], using HPLC equipped with an ELSD, (model ELSD II, Varex Corp., 149 

Rockville, MD) and a reverse-phase C18 column (Resolve, 3.9 mm×15 cm)(Waters 150 

Chromatographic Division, Milford, MA). The peaks of samples were identified by 151 

comparing with elution times of standards (brassicasterol, campesterol, stigmasterol, β-152 

sitosterol and ergosterol, Sigma, St. Louis, MO, USA). 153 

2.9 Statistical analysis 154 

 Data presented is the mean value and standard deviation obtained from three 155 

samples. Measurements were carried out in triplicates in determination of chemical 156 

compositions and granular properties. Significant differences were determined by t-test 157 

in Microsoft Office Excel. Significance was determined at p < 0.05. 158 

  159 

  160 



3. Result and discussions 161 

3.1 SEC separation of the soup nanoparticles  162 

Clam compositions gradually migrated into the aqueous phase during boiling and 163 

then self-assembled into nanoparticles with an average hydrodynamic diameter (Dh) of 164 

75 nm and ζ-potential of -5.0 mV. The SEC coupled with DLS successfully separated 165 

three fractions from the complex food matrix of soup. The iNPs and non-particle 166 

compositions of soup were separated into two well-defined peaks by SEC-DLS within 50 167 

min, of which the separation resolution was about 3.2, well above the standard resolution 168 

of 1.5 (a suitable value strongly recommended by AOAC International). As shown in Fig. 169 

1, the first peak exhibited strong light scattering signals with a wide peak width and 170 

ultraviolet light absorbance at 280 nm while the second peak exhibited very weak light 171 

scattering but strong UV 280 nm absorbance. The first peak, marked as the colloidal 172 

particles, was further separated into two fractions for further analysis, namely F1 and F2. 173 

Two subgroups of iNPs were obtained accordingly with average Dh of 70.9 nm and 45.9 174 

nm, respectively. The second peak, namely F3, was mainly consisted of small molecules 175 

with relatively strong ultraviolet absorbance, and minor proportion of iNPs. As shown in 176 

Tab.1, the light scattering of F1 fraction account for majority of the iNPs while the iNPs 177 

in F2 fraction was about one tenth of the F1 iNPs. The average hydrodynamic diameter 178 

of F1 iNPs was 25 nm larger than the F2 iNPs, with smaller PDI indicating a narrower 179 

size distribution. At pH 7.2, F3 fraction exhibited greater negative ζ-potential than F1 and 180 

F2 fractions, indicating that the iNPs in F3 fraction may interact with the SEC 181 



chromatographic gel with greater ionic bonds and thereafter cause the delayed retention 182 

time compared to iNPs in earlier fractions, with which almost the same particle size was 183 

shared. TEM revealed spherical NPs in F1, while some ellipses and near-spherical NPs 184 

in F2 and F3 fractions (Fig. 2A). The mixture of iNPs and small molecules in F3 fraction 185 

indicates the chromatographic column used in this study is not efficient enough for full 186 

separation of nano-aggregates and other individual molecules (Fig. 2B). The SEC 187 

resolution could be improved by enlarging the length/diameter ratio of the column or 188 

change of chromatographic resin with finer capacity of separating molecules from nano-189 

aggregates. 190 

  191 

3.2 Quantification and mass yield of the iNPs 192 

The light scattering is commonly used to quantify the number of nanoparticles [23] 193 

and was employed here for quantification of the nanoparticles in the soup and its fractions. 194 

The correlation of the mass (dry weight) and light scattering intensity of soup iNPs was 195 

determined with a serial of diluted soup samples. As shown in Fig 3, the mass 196 

concentration was linearly and positively correlated with the light scattering intensity of 197 

NPs with a R2 value of 0.9959. This result was rather satisfactory, taking into account that 198 

the other components in food matrix would have caused errors in the light scattering 199 

measurement and have damaged the accuracy of calculating particle number with light 200 

scattering intensity [18]. The light scattering-mass quantification equation offers an easy 201 

but relatively accurate quantification method for the iNPs. Accordingly, the recovery 202 



percentage of iNPs in F1 and F2 fractions was 95.83% determined by the light scattering 203 

intensity, indicating the almost full recovery of iNPs separated with SEC approach. The 204 

precise number of particles could be further confirmed using Nanoparticle Tracking 205 

Analysis (NTA) [24]. The subtotal dry weight recovery rate of F1and F2 was 51.9%, 206 

larger than that of F3 as shown in Tab. 1.  207 

In addition, the iNPs remained almost the same size after the dilution or separation, 208 

indicating the minor influence of SEC separation on the iNPs’ properties. The separation 209 

of soup iNPs can be scaled up by increasing the chromatographic column volume or 210 

elevating the sample concentration applied to the column.  211 

 212 

3.3 Composition analysis of iNPs 213 

As shown in Fig 4, the major chemical compositions (protein, carbohydrate and lipid) 214 

of the iNPs were identified. All the fractions and the dry matter of soup were mainly 215 

constituted by carbohydrates, proteins and lipids, while carbohydrates were the dominant 216 

composition and lipids the least. F1 exhibited the highest carbohydrate content among the 217 

fractions, while F3 are more dominant by protein and lipid. Given that carbohydrate and 218 

protein proportion of F1 and F2 (iNPs) exceeded 96%, the boiling water extraction 219 

process of clam soup produced a novel protein-polysaccharide hybrid nanostructure. A 220 

small amount of lipid most possibly bound to the hydrophobic domains of the hybrids. 221 

Several studies reported health-promoting polysaccharides in the soup, or say 222 

boiling water extracts, of freshwater clams. For instance, proteoglycan CFPS-2 [25] with 223 



an average molecular weight of 22 kDa exhibited strong antioxidant activities and 224 

inhibitory effects on proliferation of human gastric cancer cells. Apart from strong 225 

antioxidant capacity, CFPS-11(807.7 kDa)[26] remarkably inhibited α-amylase and α-226 

glucosidase. Although there is no complete dissection of the iNPs’ protein compositions, 227 

a dominant protein with molecules weight of 37 kDa was revealed by SDS-PAGE [8]. 228 

Since molluscs, including the freshwater clam, were generally rich in 229 

polysaccharides [27], proteins and lipids, it is expectable to find the supramolecular 230 

complexes or nanostructures in the boiling water extracts of many other molluscs. 231 

As shown in Tab. 2, seventeen kinds of amino acids were found in the soup and its 232 

fractions, while forty percent of which were essential amino acids. The amino acid 233 

compositions of the iNPs containing fractions were similar with those of the soup, in 234 

which glutamic acid contributed the highest proportion. Besides, a rather high amount of 235 

asparagine, arginine and serine were found in the iNPs. The total amino acids of F1 and 236 

F2 fractions was 2.6 mg/mL, determined by HPLC, significantly higher than their total 237 

protein content 1.8 mg/mL, determined by BCA assay, clearly indicating the existence of 238 

a significant amount of free amino acids. This is a rather unusual since the amino acids 239 

were small molecules and not supposed to be eluted together with particles in the gel 240 

filtration separation. The only logical explanation is these amino acids were bound to the 241 

iNPs in these two fractions. In contrary, the total amino acids of F3 fraction was 2.7 242 

mg/mL, which is less than its protein content (3.2 mg/mL). The abnormally high protein 243 

content of F3 fraction may be caused by its higher lipid contents or other reducing 244 



components. In fact, the presence of lipids might give excessively high absorbance with 245 

this assay [28]. 246 

More than 65% of the constituent amino acids of the iNPs fractions (F1 and F2) were 247 

flavor-related amino acids (e.g. glutamic acid, serine, arginine, glycine, alanine, leucine 248 

and lysine)[27], indicating a possible contribution of iNPs to the palatability of soup. It 249 

remains unclear whether the presence of iNPs would have affected the sensory profiles 250 

of these amino acids. 251 

Taurine and ornithine are two non-protein, not essential amino acids found in the 252 

clams, with many health promoting effects. Taurine is one of the predominant amino acids 253 

in muscle tissue, plays an important role in battling oxidative stress-induced inflammation 254 

[29]. As the major amino acid of oyster extracts, taurine attenuated non-alcoholic 255 

steatohepatitis (NASH) mouse [30]. Similarly, ornithine has long been claimed to be 256 

beneficial for liver [6], promote the secretion of the growth hormone and muscle building. 257 

Thus, taurine and ornithine are popularly used in dietary supplements [31,32]. 258 

Their contents in the soup and its separated fractions were determined, as shown in 259 

Fig 4. It was found that the proportions of taurine and ornithine in the first two fractions 260 

(F1 and F2) were 63.2% and 68.1%, respectively. For the same reason discussed earlier 261 

on the free amino acids, it elucidated that a significant amount of taurine and ornithine 262 

were bound to and carried by the iNPs. The existing status of taurine and ornithine in the 263 

third fraction (F3) remained undetermined as the co-existence of small molecules and the 264 

minor amount of iNPs. The soup iNPs could serve as carrier for hydrophilic payloads 265 



with small molecular weights, e.g. amino acids and their derivatives. 266 

Besides the hydrophilic amino acids, phytosterols were also reported to be active 267 

components of the clam soup [2]. Similar to taurine and ornithine, these hydrophobic 268 

compounds were found in all three SEC fractions of clam soup. As shown in Fig. 4, the 269 

total content of brassicasterol was the highest, followed by that of campesterol, 270 

stigmasterol, β-sitosterol and ergosterol. It was illuminated that 60% of phytosterols were 271 

found in the iNPs containing fractions (F1 and F2). Similar to free amino acids, the 272 

chromatographic behavior of these phytosterols elucidated the encapsulation of 273 

phytosterols in the iNPs. In contrast, the phytosterols in F3 fraction might form micelles 274 

or bind to co-existing amphiphilic compounds, therefore be at least part of the 275 

nanoparticles in this fraction.  276 

The lipid components of freshwater clam extracts, including phytosterols, had been 277 

demonstrated to have potent hypolipidemic effects in dyslipidaemia and atherosclerosis 278 

[5,33]. Recently we have reported the iNPs derived from the freshwater clam soup 279 

ameliorated non-alcoholic fatty liver in Meriones unguieulataus by both oral and gastric 280 

administrations [34]. Therefore, the taurine, ornithine and phytosterols carried by the 281 

iNPs might be contributing to their hepatoprotective and hypolipidemic effects. However, 282 

the retrieved bioactive contents from the soup were not in the same order of the clinically 283 

effective dosages of taurine [35], ornithine [36] and phytosterols [5], which are above 6 284 

g/day, 12 g/day and 9 g/day, separately. It remains unknown whether synergetic effects, 285 

elevated bioavailability or targeted delivery make the major contribution to the higher 286 



efficiency of the clam soup. It would be worthwhile to investigate whether the iNPs 287 

elevate the bioavailability, targeted delivery and release and subsequently enhance 288 

therapeutic effects of these small molecule bioactives, as have been widely reported in 289 

many nano-carriers for nutrients and drugs [37]. Nanoparticle encapsulation has been 290 

reported to elevate the bioavailability of phytosterols [38]. The mucosal enterocytes and 291 

macrophages on the surface of alimentary tract show preference to the uptake of 292 

exogenous particulate matter, including food micro-/nano-particles [11], polymerized 293 

liposomes [39] and self-assembled peptide NPs for drug oral delivery [40]. Intermediated 294 

by these cells, the bioactives carried by the clam soup iNPs can be absorbed and 295 

transported more efficiently. On the other hand, the digestible scaffolds of the clam soup 296 

iNPs, made of carbohydrates, proteins and lipids, could be gradually degraded in response 297 

to the digestive enzymes in different segments of alimentary tract and therefore allow the 298 

control-release of payload bioactives to occur. 299 

 300 

4. Conclusions 301 

In conclusion, the protein-polysaccharide iNPs were successfully isolated from the 302 

freshwater clam soup by one-step DLS coupled gel filtration with high yield and minimal 303 

damage. Bioactive compounds, i.e. taurine, ornithine and several phytosterols, were 304 

demonstrated to be carried by the iNPs, which might have a profound effect on their 305 

delivery, bioavailability and therapeutic effects. Moreover, it reveals the food derived 306 

iNPs can be promising nano-vehicles for bioactive payload, and developed into a new 307 

category of functional ingredients for applications in food and medicine.  308 
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Figure captions 443 

 444 

Figure 1. Isolation of the edible nanoparticles in freshwater clam soup with combination of 445 

size-exclusive chromatography (SEC) and dynamic light scattering (DLS). Freshwater clam 446 

soup were fractioned by a Sepharose CL-4B column (1.0 cm×12 cm) equilibrated with 0.02 M 447 

phosphate buffer (pH 7.2) and eluted at a flow rate of 0.5 mL/min with UV (absorbance at 280 448 

nm, solid line) and DLS detector (dash line). Inserted image: the hydrodynamic diameter of the 449 

colloidal nanoparticles determined by the Zetasizer Nano-ZS. 450 

Figure 2. (A)TEM micrographs of the soup and fractions obtained (magnification×15,000), (B) 451 

Hydrodynamic diameter distribution of the soup and fractions obtained. 452 

Figure 3. The relationship between concentration-light scattering of NPs in the soup. The soup 453 

was diluted for 1, 4, 16, 64, and 256 times with distilled water and their scattering intensity was 454 

then measured. 455 

Figure 4. Major compositions and bioactives of fractions obtained. (A) Carbohydrate, protein and 456 

lipid concentration in the soup and the fractions obtained, (B) and taurine and ornithine content 457 

of the fractions obtained by SEC. (C) Phytosterol (e.g. brassica sterol, campesterol, stigmasterol, 458 

β-sitosterol and ergosterol) content of the fractions obtained by SEC. 459 

Statistics:*p<0.05 vs. F1 and **p<0.01 vs. F1, or #p<0.05 vs. F1 and ##p<0.01 vs. F1, or 460 

$p<0.05 vs. F1 and $$p<0.01 vs. F1. 461 

 462 

 463 
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Tables 465 

Table 1: Colloidal properties of soup, and all fractions (F1, F2 and F3) isolated by SEC. 466 
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*p<0.05 vs. F1 and **p<0.01 vs. F1.  479 



Table 2: Total amino acids composition analysis of soup, and all fractions (F1, F2 and F3) 480 

isolated by SEC.   481 
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