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Besultsi(continued)

o bstack Waterials and Wethods (continued)

The effect of hydrolysis temperature (40 to 80°C), pH (4 to 8), time (1 to 9 h) and enzyme Hydrolysis of DTSM Table 1. Central composite rotatable Table 2. ANOVA of response surface
activity ([E]/[S] values of 1.73%, 3.47%, 5.20%, 8.67%, and 13.8%) on the concentration A sample of 2 g of DTSM was extracted with 20 mL of phosphate buffer, composed of 0.2 experimental design and results experimental results
of glutamic and aspartic acids in seed protein extracted from defatted tomato seed meal mol/L Na,HPO, and 0.1 mol/L citric acid at different hydrolysis conditions in a reciprocal N G e TGS T e wews Mo {ANOVAGIVICON | ANOVARIVICAY
(DTSM) was investigated and optimized using the Response Surface Methodology. The water bath shaker (Model R 76, New Brunswick Scientific, Edison, N. J., U.S.A.). At the S S Dbt wmes xa |1 s wew oe |1 e s oo
° b ° °1: b ° ° 4 3.20 4 70 X 232.26+14.02 62.89+5.27 1 1263.676 1.953967 0.18124 1 0.59535 0.00941 0.923929
optimum conditions to produce maximum concentration of amino acids were the end of hydrolysis the mixture was heated i boiling water for 20 min to inactivate the A S 3 : A0t MTAT e |1 e wem omew |1 oams oworis asetss
7 5.20 6 70 3 143.61£14.11 42.1143.26 X1¥X1 1 1714396 026509  0.613684 | 1 4241874  0.670434  0.424929
temperature - 40°C; pH - 3; time - 6 h; and enzyme activity - 0.1822 U/g. The protease. 5 Do i 0 ; I5Tos) 805600 xXa |1 awmas mseos oo |1 Tsa0sie 1o oo
. . . . . . ° ° ° ° 10 13.88 4 50 5 474.68+4.24 96.30+£24.79 X1*X3 1 499.4108 0.772217 0.392538 1 116.1006  1.834986 0.194361
corresponding concentrations of glutamic acid and aspartic acid were 727.6 ug/mL and Determination of total free amino acids b bs T ; SR1e10 7696283 XA |1 Mo omTine e |1 dsu1 o 00misd oTus
. . . . . . . . . . 13 13.88 6 50 3 204.2143.12 49.40+4.12 X2#X 1 129.4588  0.200177  0.660576 1 17.30616  0.273526  0.608143
149.9 pg/mL, respectively. The results showed that the protein extracted from DTSM is rich The hydrolysate sample was precipitated with 10% sulfosalicyclic acid for 2 h and then L P memm o omeasm e |1omem o oown |1 s o 0
. . . . . . . . . : . . 16 13.88 6 70 5 180.76+9.11 39.47+1.77 ' ' ' ' ' -
in amino acids and could be used as an ingredient in food products rich in umami flavors| ~  centrifuged at 11,000g for 15 min. The pH of supernatant was adjusted to 2.0, and passed T Lo mmem wamn 0| e o e |l DI e
for both vegetarians and non-vegetarians. through a microfiltration membrane (0.45 um). After precolumn derivatizing with phthalic N o : 0 X Hesiliia ssiioos XaX4 |1 1o 00291 DS L1000 00Ty Dsiss)
. . . . 21 954 5 40 4 218.932.10 43.13+1.53 (.)e 14 212907.1 23.51493 0.0001 14 6042.819  6.821969 0.000239
dicarboxaldehyde (OPA), the filtrate was subjected RP-HPLC to determine the free amino S o : medniie s Quinier |4 2moisas oo osmmw |4 wses o osol
Introduction aCId COIHpOSlthHS Trlpllcate eXperlmeIltS were performed i‘s’f Zizj Z 23 Z ii?gigé;g ‘6‘2:2‘9‘?22 g;zflsct) 6 2508635 6464989  0.001307 |6 1187503 3.128108  0.031795
Response Surface experimental design 26 954 > 60 4 270481652 >4.35+4.16 ZZofﬁt) 1(6) :3(9)2‘2‘7622 3.882896  0.055242 12 ;(1)4112724219 144143 0339159
. . . .. 27 9.54 5 60 4 238.08+7.49 45.12+1.89 ' ' ' ' ' '
About 3 to 5% (1n weight) of fresh tomato 1s generated as pomace containing about 60% of . . . . # o : @ : BTN 4292 (e |6 138454 o
0 L : . Based on the single factor tests, a series of experiments were conducted using the Response O : " : e " o .
seeds and 40% of peels from tomato processing industries. Tomato pomace 1s currently .. . . T ; 0 i 20:1552 5o ' '
. . . . . Surface Methodology (RSM) to optimize the hydrolysis conditions. The non-coded values of
used as livestock feed and soil amendment or otherwise disposed into landfill that causes . . . . .. .
. . . . four independent variables by Central Composite (Uniform Precision) Rotatable design are
environmental problem. Tomato seed contains lysine rich seed protein and has cholesterol- hown in Table 1 Y1)
lowering effect, which shows the potential application as protein supplement. Chemical ’ g1 | o~

extraction methods used for protein extraction have limitations as they may induce side-
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reactions, such as hydrolysis and extraction of non-protein components, and denaturation of . . . o . .

protein, which affect functional properties of protein. Enzymatic hydrolysis (EH) was used Figure 1(a) shows the particle size distribution of DTSM determined through sieve " Sy
in this study because of milder process condition, easier control of reaction and minimal analysis. Large proportion of DTSM were 1n the particle size range of 0.85 mm ~ 0.43 mm Al

secondary products formation which helps to improve functional properties of protein. followed by 0.43 mm ~ 0.25 mm size. Figure 1(b) shows the effect of particle size on the Y2)

protein extraction ratio of DTSM. The DTSM with particle size of less than 0.25 mm did
not have significant effect on the extraction ratio of protein. However, the extraction ratio
of protein significantly decreased with the increase in particle size when DTSM with
particle sizes of > 0.25 mm was hydrolysed. =1

Response surface methodology was used to optimize the EH conditions for maximizing
concentration of glutamic and aspartic amino acids in protein extracted from DTSM.
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, . o S o0 | | 50 10 Fig.3. Response surface of the optimization of protein hydrolysis from DTSM
1) To study the effect of .hydrolysm terpperature (T), pH, tnpe (1) apd enzyme activity [E]/ gu R b X1: Enzyme activity (%) , X2: pH, X3: Temperature (°C), X4: Time (h),
[S] on the concentration of glutamic and aspartic acids 1n protein extracted from 3 | | g B S wl - : Y1: Concentration of glutamic acid , Y2: Concentration of aspartic acid
DTSM- %’ j,:)) : : j,:)) Eg f60 b abg? 1’% ?% % 700 i Determined & 8 Calculated —#—Relative error 40 200 - [ Determined B8 Calculated =—#—Relative error 40
2) To optimize the hydrolysis conditions to maximize glutamic and aspartic amino acids in £ s ] 56 j s o % e E e e - . 0 .
protein by using Response Surface Methodology technique. - | % ol Ty ] 2 o ,.\/\/"\/J\f"vu\ ° g
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Preparation of DTSM Fig.1. (a) Parti.cle size distribution of DTSM and (b) Effect of particle size on protein | At OF LN - N 4;;: I r I .
Tomato pomace of hot break process (The Morning Star Company, Williams, CA) was extraction of DTSM Tss g omn 5119313 27 2 no Tl s o ommis LA nsy
: : 0 ' °C' i The effect of hydrolysis conditions ([E]/[S], pH, T and t) on the concentrations of glutamic ) , . . o
collected and. stored In freezir unt! useo. ! v}vlas the(tiwed s - and;hfe . dnﬁd gt°5(*) - an and aspartic am}i]no a}éids In protein (e[xtla[ct]edpfrom DTSl)\/I 1s shown 1n Figure 2 I;grom the Fig.4 Verification of fittingness of model for CGA and CAA
oven lo a mmsture cqntent of 3.0+ 0.2%. The seeds were separate rom.t © (P pOmate resultspof sinole factor ex erfments ([E]/[S] values between 5.20%~13 88go . H values of CGA: concentration of glutamic acid, CAA: concentration of aspartic acid.
samp@es USIIE anl a5p 1re.1tor system. 7(,) g seeds were ground to powder using a m11‘“ fqr 30's , s v 0 0 0. . e 2:0070, P Determined values are from Table 2, Calculated values are obtained using the fitting
and sieved 1n a Tyler Sieve Shaker with a 14 mesh sieve. The powder was defatted with the 4, 5 and 6; temperatures of 40°C, 50°C and 60°C; and time period of 3 h, 4 h and 5 h were

model.

hexane (10mL/g meal) for 4 h. The DTSM was packed in ziplock bags after removing selected for optimization using RSM technique.

residual hexane 2 b) 0 d)

Papain: Papain for enzymatic hydrolysis was obtained from Carica papaya with 1.937 U/
mg ( U refers to amount of protease needed to hydrolysis 1 umol casein in 1 min). .
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The results showed that the particle sizes of the DTSM were distributed in a wide range
(0.15 to 1.4 mm) with majority of particles in the range of 0.85 mm ~ 0.43 mm,

Single Factor Experiments . . . .
followed by 0.43 mm ~ 0.25 mm. The maximum protein extraction ratio of 85.64% was

- 0 0 0 0 0 g r
\I:lvflfielgtszele:)?nzgy?? ggglgltty_ 3[];];[3];:11?28 SW ;sri(?rtlsltZIftA), 3.47%, 5.20%, 8.67%, and 13.8%, i obtained when the DTSM with particle sizes of < 0.25 mm was hydrolyzed by papain

Effect of pH: pH values were at 4, 5, 6, 7, and 8, while keeping T - 50°C, t - 3 h and [E]/[S] L L | NN mh for 5 h. 'The re§1}lts of the response surche optlm%zatlon showed that the optnngl
- 520% as constant. At P (E15) 09 : hydrolysis condition for preparing the protein with highest concentration of glutamic

Effect of temperature (T): Temperatures were at 40°C, 50°C, 60°C, 70°C, and 80°C, while acid and aspartlco acid were enzyme activity of 0.1822 Ulg; b H ot 3; hydrolys1s
temperature of 40 C; and hydrolysis time of 6 h. The corresponding concentrations of

> O o [ e 40 ° °
keeping t .3h, pH .5.5 and [E]/[S] - 5.20% as constant.. | ) Fig.2. Effec‘t of hydrolysis condlt.lons a) enzym.e activity ([E]./ [S], l.)) pH,. C) t.empera.ture the glutamic acid and aspartic acid obtained were 727.6 pg/mL and 149.9 pg/mL,
Effect of time (t): times were at 1, 3,5, 7, and 9 h, while keeping T - 50°C , pH - 5.5 and (T) and d) time (t) on concentrations of glutamic and aspartic amino acids in protein :
. respectively.
[E]/[S] - 5.20% constant. extracted from DTSM
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