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Abstract

Tomato pomaces, the by-product from tomato processing, may be recycled as value-added products. The objectives
of this study are to characterize the physico-chemical properties of tomato pomaces and optimize the reaction con-
ditions to use pectinases for optimum hydrolysis. Tomato pomaces were obtained from fresh or steamed tomatoes,
and further processed to obtain water-alcohol insoluble pectins (WAIP). The yields of tomato pomaces obtained from
fresh and steamed tomatoes were 22.8% (w.b.) and 19.9% (w.b.), respectively. The total solid, crude fiber, and lyco-
pene contents of steamed tomato pomaces were 8.84% (d.b.), 33.9% (d.b.), and 188.2 pg/g (w.b.), respectively. The
yield of Tomato Pomace-WAIP from tomato pomace was determined as 42.8% (d.b.). Among the tested industrial
pectinases, Viscozyme L was determined as best enzyme based on the highest yield and anhydrogalacturonic acid
(AGA) content. The optimal reaction temperature, time, and concentration of Viscozyme L enzyme to treat Tomato
Pomace-WAIP (0.1%, w/v) were determined as 50°C, 2 h and 0.02% (v/v), respectively. The AGA and fructose
contents of hydrolyzed WAIP treated with Viscozyme L under the optimum condition were 17.26+0.74% (d.b.) and

18+5 mg/g (d.b.), respectively.
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™, BEvlE dtol= EvkE Fxo} A7F e of
7} ZFR3lt}h Rao (1991)E ERLE Hho
plzvlgro] TR Wak ol Aol fE
sof AHaL Hisglon s=AE F&
< Algsl =HaL AASEL A Koh et al. (2012)2
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Al(May, 1990), ofe]l==1g] B A= Az Fol A thAA]
o] 853 UTHAFAFFA T, 1993). Al Q1] <]
FH =" E A3, =9 71X (glucose intolerance)
T AEgdol WeAAL Qo] e tiide] =L
(Yamada, 1994). Nishina et al. (1991)2 7 F(gums)E
i:sl- /\41/\4 /xlo])\q 07]. Bﬂz—] = 7].01],\14 ia_“}\]_:ﬂi
=g Wt 5] okl Bask e, Cho et al
(2007)2} Patil et al. (2004)> ZAEAF A ZHE 23t &
4 2ol FHEHES B e 23 Aokl wis)
At Silaste et al. (2007) ERE F271 LDL-Z¥ 2H|
ES BaA7E A3E Lx3 2, Friedman et al.
(2000) ;(]Hl— x—]]zs]- /\10]01]}\1 e I o]/d_ﬂ_,] zsﬂ;g LH«]
AdA e gz 93 FUZEHE FA7F oF 20-30% Ha
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0 O]_Q_U]- ‘ﬁlEL/] §].61—Z—1 x{ﬂtﬂ—tﬂol Q—7§Z‘1]
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Al o] FoIX L ATHHur et al, 1989; Sohn et al, 2002).
HHollA] G485 T2 Az 483 AFEE Hur et al.
(1989)°] polygalacturonases ARg-3te] I F25 A3t
A, Jeong et al. (1999)°] pectinaseE ©]-83Fd 74 %E
A7 gk A, Sohn et al. (2002)°] pectinase® E3Fa]
2 7hgoll Aggt A 58 = T Uth 1 9 2AE A
ol wEalloll 83 AFZ+=, Cho (1996)7} hemicellulase
= ARgste] Abak AlEE S5l A8-9 AA, Choi et al.
(2000)01 cellulase, hemicaellulase, amyloglucosidase®} 2+
A EQL Econase®° AHE3te] AbE Hl” o] B
H]JJ_ ALsE A 7F 9
A, 2 Oq:vL"ﬂ/ﬂ‘“ EntE F2 AzgAola FAF
2 et BErtE 9hs AF Ao &83Eh] 98t
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2 d3ol| AR EvlE (Lycopersicon esculentum)= =
Yol A AulEe 4 2719 150-200 g 9 EntES]
om YL HHRIHaLAE Novozymes/\}(Bagsvaerd,
Denmark)2] A|EFS A3t 25 2|3 (lycopene)S
SigmarH(L9879, St. Louis, MO, USA)A g ARk e
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o] Jitet EFFEHOZ st AN &, +2

fo =
A

el AEE A FbsAl7E H ke &80 (koA E
W EHE=50:25:25, viWV)E FE3513L, FAak 28 3
33 T Al(Perkin Elmer UV/VIS Lambd35)E ©]-83}¢]
470 nmo|A] TS A5l 5 g FZue] 224
RN Slsiel AT, 3 188 He fosC 2
1% olgst] AxFFon AuAO, Wil
2oldf 5o YIRS AOAC (1990)9] 3 ’ﬁ.‘?j
Falol AL, RS p 2R FRAE AR
ARaA FA5E T o151 Watman
No4)Z 73t oj3}ol-S pH meter (model 420A, Orion,
USA)E AHgslel 24 a1t
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EvlE Y (tomato pomace)~ T3 gk BEntEE A
2 2z AAZ I F 100°C N:JOHH 587 Agsta,
Koh et al. (2010)¢] o w2} F 3 (pulper; AG-5500,
Angel Juicer Co., Pusan, Korea)Z *]E| 3l A& g3t
uS w2 3lrete] T4 7xste] AlxsHT). o]l 1.0
mm W4 wo] F2E F2)7](Cyclote 1093 Sample M111
Tecator AB, Hoganas, Sweden)Z 3313 40-80 W4
A2 3lste] WE HastHA 2 Ao A 82 AME-St
At

EnEg vlto 2 HE E-4FE B84 =8 (water-alcohol
insoluble pectins, WAIP)2] A2 AZ EvlE 82 50|
o] FHFFY &3t #47]1(D-500, Wiggen Hauser,
Berlin, Germany)® 137+ #43}5t &, A HE 2 o] 7}s}o]
dojzl THES 10uH91 o eh&oll HEA]7]aL 43 (water
bath)oll A 2027+ 221 § 1P ES 3]sk, de-S3 of
AESE Tl A vl 60°Ce] FF 2o R x
3}%] Tomato Pomace-WAIPE A Z3}5 T}

SaM2(0 ofst HEl FEI o3 CIERe| w2

A Z¥ Tomato Pomace-WAIPL.ZHE| 7F-23) 29
FZd+= A8 E Novozymesite] B-glucanase 8448 zh=
Viscozyme L (E47|9: Aspergillus aculeatus; 100 FGB/g;
1.21 g/mL)3}, polygalacturonase &g 2] Pectinex BE 3L (&
271 Aspergillus aculeatus R Aspergillus niger; 3000
PECTU/mL, 20,000 MOU/mL; 1.17 g/mL), Pectinex AFP
LA(E A7 Aspergillus aculeatus 2 Aspergillus niger;
4,500 PECTU/mL; 1.16 g/mL) % Citrozym Ultra L (&47]
A Aspergillus aculeatus 2 Aspergillus niger; 4,500 PECTU/
mL; 1.15g/mL)S 1% (viv) E42880 2 Az & A3
o AR&-SFAT.

WAIPOIA FEle] gaRe] &34 L Choi (1996)7}

AN G B o] WAIPE ZR40] ASAZ F A4
o WAL A7) Astel Al gole] WY, W
eE P WMSAS 27 delstel AU F,
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Tomato Pomace-WAIP= A G49 FHAH LA
150 ppm &= 12047+ EANES-S A7 § 4°Ce] 271004
15%7F 8,000 pme.2 A4 #E]ste] F5HE 3|7},
°]& 100°CellA 107+ 7FE A g
(viv) oHMIEE H7Tekal o Fete] A 3
< 3lFste] 60°CollA sHF EQF xSt 4 RS A
S ARSI

24 FEo 9% 84 thFF] 482 Tomato Pomace-
WAIPS| 7z 3o tist 84 o3/ 11z %9
MRS T FAFFATH

T2 "E| 4 ZeHEX gef =Y
Helo] FFAL Z 2 FEE 2 poly-galacturonic acid)
© =2 Tomato Pomace-WAIPS] &4 93 =84 tt

FHe el FadeEE K anhydrogalacturonic acid,
AGA) o= At Fde85E24 g3 =4
2 Blumenkrantz2} Asboe-Hansen (1973)7} &7l¢F m-
hyroxyldiphenyl® ol &3t AAettt &, ARl &4 0.5
mLE FH|Et] L350 AFRoA S5 ds &
o A £90.0125M sodium tetraborate in concentrated
sulfuric acid) 3 mLS F7}sle] 30%7F A E31A wHksla
100°CollA 537+ 7FAgh o] $of] A2zl A 57 W2t
AlATh o]F B £94(0.15% (w/v) m-hydroxydiphenyl in
0.5% (W/v) sodium hydroxide) 0.05 mLS 3 7}sle] 30%
7 AESHA WREAIZIAL 20 ol 520 nmollA] SE =S
ZHslo], 55 ZFEEM F5(1-100 mg/L)e] =43}
A 2] (y=64.743X+0.3353, R>=0.9989)°ll ] A3}te] A4ksl
ATt

Tomato Pomace-WAIPS] &4 S dlo] A& F84
HElo] 8§ AL THTE AHESte] Tomato Pomace-
WAIP €4S A 231%™, NovozymesAt2] Viscozyme
L, Pectinex BE 3L, Pectinex AFP L4 % Citrozym Ultra

S 7 1% (viv) E48890 =2 Az T 1 g9 Tomato
Pomace-WAIP &% 7]l 2t 0.5 mLY H71etlar, #H4
WS- == Viscozyme LS X &3}o] Pectinex BE 3L 2
Pectinex AFP 14¢] 739 50°Cel 4, Citrozyme Ultra L
o] A= 35°ColA 3AIZF F<F whE-S AAEt] S
A4 T Tomato Pomace-WAIPO| &4 2] S 3lo] AY
AE AGA &3 AL 1% (w/v) Tomato Pomace-WAIP
L 1% (viv)8] &4 &AE 747 2% (viv)E H7Fst
o] 3A17F Rt RESAIA de 784 HES ARE-ste] Al
2bakeiTh,

Tomato Pomace-WAIPS] & Axjg|ol| o3t =84 tdF
o] ZHEZ(fructose) SHS A B AR 723 5
FrE 71ste] I mgmLe] 402 RHE3 02 um A¥A]|
I (syringe filte)= 73 RS A EE ARSI CH, X
HEZ= 313Fe L EZ7T hexokinase (HK), phosphoglucose

=

a

A
!

isomerase (PGI)¢} glucose-6-phosphate dehydrogenase (G6P-
DH)°l|l 28 D-gluconate-6-phasphateZ Z13-%]| A1 NADP*
7F NADPHZ #¥ S 340 nmolA S43h= UVES
2 AAFEFA t(Steegmans et al., 2004).

SAX2|
zt NBEZF FoA A5 SAS BAAE] ZZI(SAS
Institute Inc., Cary, NC, USA)S o] &3lath 7z A5 &
Duncan®] GEHAAYG S HAst] F9420 Aol& p<
0.05 2o 2 ) 24313t}
oy g
EO0}E gt 2l Tomato Pomace-WAIP2| S5 A

A4 EnlEE M2 g GAZER] dA e slal 2
7VEshe A9t EntEES 100°CoA 527 28R &
= AAY GAZAE Efste] Thgahe 9ol dojxl
ErlE vko] 288 747t 22.8%9F 19.9% (wb)ZE LEFS:
th. Table 10 YR vio} ZFo], EvfE F20f EntE H}
o] 1P E] sHFS 7+ 7.15% (wb.)2} 8.84% (w.b)R
om, EntE vhe] gj=sl oheke 747+138.79F 188.2 pg/g
(Wbt o= & AFzlo] MaAFolr] Birgh Enf
B9 2"gxglo] o8] EvtE |zl ko] 88 ug/golA
113 pug/g (wb)o 2 5718 A#ete A X stATHKoh et
al,, 2010).

Rao (1991)= ETF}E seed cake?] YWHAES B3 4
I}, 2ok e 3120, FA MRS 2].5%,
e 20.8%= FA FAThaL B &
gk EntE whe xehulyl 2w ek

M4

2

Table 1. The solid and lycopene contents of whole tomato, juice

and pomace (w.b.)
Solid content (%) Lycopene content (g/g)
Part Fresh Steamed Fresh Steamed
tomatoes tomatoes Tomatoes Tomatoes
Whole Tomato 4.51 6.14 97.6 118.0
Tomato Juice 4.40 4.78 88.0 93.7
Tomato Pomace  7.15 8.84 138.7 188.2

Table 2. Nutritional content of tomato pomace and juice

(d.b)
Crude  Crude Crude Crude Tomato
Fiber ash protein  lipid Pomace-WAIP*
(%) (%) (%) (%) (%)
Pomace 33.9 4.7 14.6 1.9 42.75+0.75

Juice 16.6 5.6 214 1.5 -

“Tomato Pomace-WAIP means water-alcohol insoluble pectins from
tomato-pomace.
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Al EvtE vho] Aol {0 oS EvtgE FLof ¥
3l oF 2 FEoE EA o], ErtE uho] Aol do
2A9] SR 77} ok ek SR £
Aelste] @& EvtE vte] 584 FES T oEd=
e i%ﬂo}oi B84 FROE IgE =-dFS B84
=) &l (Water-Alcohol Insoluble Pectins)$!
WAIPS] &2 42.75% (d.b)Z YEFTE

EntE gt gl EnlE dho 2 HE A)Z3F Tomato Pomace-
WAIPE 1-10% (W/V)77]‘7<]94 ?‘sl-al:o] E]I:i /\_Q_OH.Q_ ;q]z
skl wel pHe Fig. 13 7o), BEvtE Hhe] A5+ pH
7F 4.00914 3.90% Fx=ol &t pHHS}7| vju| skt wt
™M, Tomato Pomace-WAIP2] 73-¢ Er}lE uvlof] wH]s] Aty
Zif’_i =S pHE H3oH, WAIP sX7t 5715l ulet
pH7} 4.89914 448 7HAashe S L}E}Lﬂr/} Tomato
Pomace-WAIP= &2 A17F Yol 83} S4uke-S 9o
A 5% (W) 7M1 AAH o= iF st e
7t FAEJUA R 2 o e M= A AR é]ﬁr
7 A EA oA 10% (whiv) oldelX< pHel 40l
E7Fs kol

Tomato Pomace-

_'_E/H -\_1-_4!

Tomato Pomace-WAIP2| 4 & X{2|0] }2
El =& 4! galacturonic acid &ZF
T84 HRle] Az A H3) AFo2HE A
2 aa FollA NovozymesAte] Viscozyme L, Pectinex
BE 3L, Pectinex AFP L4 ¥ Citrozym Ultra L7} A}8-5
Ao, 1% (w/v) Tomato Pomace-WAIP-&ol| Z} 1% (v/
v) S80S 0.5mL 4 Frkste] A ukg2molA] 34]
7 S Whgete] 4 84 HAEe] £8E Viscozyme
Lo A$E 4.5% (p<0.05), Pectinex AFP L42] 7A-$-&
3.5%, Pectinex AFP L4 % Citrozym Ultra Lo A%+
3.0% (db) FF0UthFig 2). WA, EAZH R 713
=& 88 YER Viscozyme Lo] TE GG LA EH

5.00

4.75 W =& =Tomato Pomace

-
Seo
-

4.50 5y === =Tomato Pomace-WAIP

4.25

*>. ..
4.00 R
3.75

pPH of Solution

3.50

3.25

3.00

0 2 4 6 8 10 12
Concentration of Solution(%)

Fig. 1. The pH profiles of diluted solutions containing tomato
pomace and tomato pomace-water-alcohol insoluble pectins
(Tomato Pomace-WAIP).

The A9t Ao =2 =it

Tomato Pomace-WAIPo| S4* & 3] AAHE an-
hydrogalacturonic acid (AGA)®] %2 Fig. 39 YEhd
Hle} 7+o] Viscozyme L] A 2] A] 8.80% (d.b.)Z 7}
=%o ™, Citrozym Ultra L2 A 23+ %2 AGA &
550% (db) BETF oF 16W) =& A3E Bk E3
Pectinex AFP L-4 *2]¢] ZA$+= 4.70%, Pectinex BE 3-L
A2le] A9¢E 3.80% (db)S B, Viscozyme Lol AGA
TS M E 7P A AR A A

Tomato Pomace-WAIPXZ| 42| BI2%x71 &[H

Tomato Pomace-WAIPA 2o 7} A3k A& =
daiZ A Viscozyme Lol diste] a4
WA B mA Tl thate] ZALSAT H A L%
LEE 30°C, 40°C 2 50°C ZANM 01% (W)

Tomato Pomace-WAIP &2l t3led 1% (v/v) Viscozyme
L 842895 0.5% (vv)Z H7Fste] 2A17F 5t wk-g-5}e]

5.00

a
b b
b
3.00
2.00
1.00
0.00 T T T

Viscozyme L.  Pectinex BE 3L Pectinex AFPL4 Citrozyme L

Soluble Pectin Yield (%)

Industrial Enzyme

Fig. 2. The relative yield of soluble pectin from Tomato
Pomace-WAIP treated with various industrial enzymes. Tomato
Pomace-WAIP means water-alcohol insoluble pectins from tomato
pomace. Data are presented as mean+SE and different letters above
the bar are statistically different by Duncan’s multiple range test at
p<0.05.

10.00 a
8.00
6.00 b
b

b
4.00
N I
0.00 . . :

Viscozyme L.  Pectinex BE 3JL. Pectinex AFP14 Citrozyme L

AGA (%)

Industrial Enzyme

Fig. 3. The relative yield of AGA from Tomato Pomace-WAIP
treated with various industrial enzymes. Tomato Pomace-WAIP
means water-alcohol insoluble pectins from tomato pomace. Data
are presented as mean+SE and different letters above the bar are
statistically different by Duncan’s multiple range test at p<0.05.
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b
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25
0.0 T
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Reactlon Temperature (°C)

AGA (%)

20.0
®)

175
15.0

12.5

a a a
a
10.0
b
75
5.0
2.5
0.0 T T T T
1 2 3 4

5

AGA (%)

Reaction Time (hr)

20.0

© a
17.5
15.0
12.5 b
. b
q
£ 100
<
3]
275
5.0
2.5
0.0 - -
05 1.0 2.0 4.0

Concentration of Enzyme (%o, v/v)

Fig 4. The relative yield of AGA from Tomato Pomace-WAIP
treated with Viscozyme L under the selective conditions such as
(A) reaction temperature, (B) reaction time, and (C) enzyme
concentration. Tomato Pomace-WAIP means water-alcohol
insoluble pectins from tomato pomace. Data are presented as
meantSE and different letters above the bar are statistically
different by Duncan’s multiple range test at p<0.05.

B2 AGA FFo = vhdet A3, Fig 4A)dA < 2ol
SAACRE 7P =2 AGA T3 1038% (db)E =<l
50°CZ #AEE A th(p<0.05). A= 50°C =14 Tomato
Pomace-WAIP &<l t3t Viscozyme L &4892 37}
stod 1-5A17F B9 vhgste] A2 AGA =2 Fig. 4(B)
oA} o] TAH LR Fog AHAE HolA = %ot
, 2A7E WESZ AN 7 =2 AGA S YER9], 2
AIZE S HA whgAIZte R ARt AL st
50°CoN A 2A17+¢] wrg Z 7oA 9] Tomato Pomace-WAIP

SHof| thste] Viscozyme L 48NS 0.5-4.0% (vv)E
HEE #H7tste 7Rt 942 AGA 32 Fig
4Ol A9k 2ol 1% (v/v) Viscozyme L EHE 2.0% (v/
WE A7AS o, EARoZ §23 173% (db)2l
AGA 322 E??\U]'(,IKO 05). wWehA], B Ao AFgH
AL HEl R 2420 Viscozyme Lo HA whez2AL

20% (V) &A% %— 7hted 50°ColA] 2A17F WH-E o=
AR AT e, HA w2 oA M2 ® Tomato
Pomace-WAIPS] ZHE= daFo oF 18mg/g (db)o=E

ZAFE T
o oF
el =

ErtE F20] 7tgA| 2o FAERE dAske B
nlE Bhg AEFAA R G8el7] 918 HH o2 ThEel A
A3k 28 HARlg s AAH 1 g4 AP 2U0E
getaat 2 AF+E A A EvES] 100°CHA 5
w7 28X = A &2 vzl Bld] EvlE vt
o] &7 g2 9] FFo] Frlste] EntE BF 7hao] A
ek dxE 2 APt BEvtE vke] EdIe B84
= El(Tomato Pomace-WAIP)2] &2 <F 42.8% (d.b.)<]
o] 111 Tomato Pomace-WAIPS] @A 2o W& 84
HEl &3 AGA &S FHE 84 FolA Viscozyme
LE Aggt 749 71 =o}, Viscozyme LS EFIE 8
Aabol] Aghet @47 XA ST Viscozyme L] Tomato
Pomace-WAIP (0.1%, w/v) A2+ $3 4 ez 45
AES A3, 9hg2% W vhGAIZR 7H2) 50°C9) 2417

olglon, HFE TAFLEE 0.02% (vv)E AEEHAL F
2 ai Wgx 7oA A4EE Tomato Pomace-WAIPS]
AGA % ZHE= g2 7+7} 17.26%2F 18 mg/g (d.b.)2]
< YERH AT

n‘.
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