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Effects of Post-Heat Treatment on the Flavor and Nutritional Components of
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We applied a post-heat treatment to the tomato puree production process after vacuum microwave con-
centration, and investigated its effect on the flavor and nutritional components of tomato puree. The highest levels of
glutamic acid and aspartic acid were confirmed in the tomato puree sample with post-heat treatment for 20 min.
Among all samples analyzed, the scores for the sensory evaluations of “umami” and “total satisfaction” were the
highest in the 20 min post-heated sample. Lycopene, a natural antioxidant in tomato puree, was isomerized from its
naturally occurring stable all-frans form to the cis form by post-heat treatment. No negative effects on the L-
ascorbic acid and DPPH radical scavenging activity were observed in the tomato puree at the post-heat treatment
step. The results of this study suggest that tomato puree subjected to heat treatment after concentration by vacuum
microwave treatment retains a good flavor and has a higher cis-lycopene content, which results in higher

absorptivity.
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fEIL I R FE (n=3). FH—IHH DR LN LTF
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D) FRIERMBGE L HEEN Lo/ e0h, T3
RN OTEN AT FRICHEZ RITLRELEZ S
N5, BIzE, K212V THERS LD THROM R Lk
T2&, ZORNEBRITECICHELHLLHICLRZ5.
Ltk HRSICHEG TR (AFHF—LEOT VTR

FEY) IZOWTHITEITV, FRE LD THROME IR
WZDOWTERIICFHN T 2 LENH 5.

BMBEERIC BT 77 Ve AR K4 IR, 7
ToVEEG AR, NBLEIZ X AEEEI o7z T
TSV, ) R RBER ST S VB AR T A 2
ElZXWL, X2 LA FROBMBEEICLYSMEN
5% WRIZEEY X, ST NVBREREY ST LRA
YL, ) REEESRBEESEE, TOBI 7 LETF N
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TRFEE DM  ANCIRE B TR 2GS E5 2L TH
% &L, e oREOWERE FF#E DY 4-7C/min 2518
YUthsreBELTws, K1 X0, ek oEHRE L
FAMPEEIZ, 0-10 min, 10-20 min, 20-30 min 1BV T, F1
ZN 353%+150C /min, 1.59+0.69C /min, 1.20+£0.53C
/min THo7zZ s, ) REBRSMEEZE L LIcX Y
LA T NoER O ER L, 77 S VERASEIN G 5 12
B Lot EZOND.

TN I VEE, MY MNIEEND T ZVERE O
BEIZE Y ) TS L SN A ARFETIX, 10 min
B L2 min OBMBILEIZ BT, 77 = VEEE 45
GULRETIVY I VEESEMLZZ 12X, 7y 3
VY T ZVEEOMEREATEZ Y S TR KL
LN EZONL. DXy, BIBVLEOZEAIZL D,
A OWFZEY THE L S NTWw/z VMW i b~ ¥ —
LOBEKROLED R TH L EEZ SNz

3. UaNCEEFE

Shietal® X, P~ MREZE2-LVIRIZELLZLDOE
B 2 & ) xR & BAL RIS SE 2 5 5%
90T A5 110C TS 5 &, MBJLIFELE A5 120 min
VNTIEZY) axyo b5 v ATH 5 3 AT AL E]
ENREL LD ERELTVL, TR, Vaxro
FRAL e Z 100 C BL_E T 120 min BL_E O IIEALEEL AT
el EICREL D EHE L TWA, Bingh o abRHE
1, 20 min fFEHE TIE 60-80CIE< £ T, 30 min fF@EET
38 80-90CHE < FTEALTHY (K1), Shietal Dt
ENITREN TV D ALRIS AR & < 7 B INERER (120
min) [ZIRFEL TRV ERs, Bk ->Ty A
B a_RUHPEML RS E Z 5NE. TNEHEDID
L7280, VAR ay L by ARN) 3R DI
WCEHMET L 72, BBV X B VMW iEfEaE o k5
YAFI) gy ) ary BT AR gy A
FEIIRT. M AR 3<% 30 min INEEENC

X 3 BMBWEBICHTSE VMWREM Y FE2—-LD RS>
ZBRY Ny, 2Y AR BEVTY AR x> DEE

Ny AR oy L) axy VAR axyoEE

(ng/g-DW) (ug/g-DW) (%)
Omin 760.08+22.80* 859.58+25.55% 11.60%+0.03*
10 min 723.80+£9.43* 821.51£10.09* 11.95+0.08°
20 min  726.00%£48.39% 825.89+53.53% 12.25+0.24°
30 min  714.484+38.27* 814.49+44 .48* 12.20+0.23°

fEIL I (R = (n=5). [F—IHHOR% 2 /N F W
12 Tukey-Kramer 12 X 25 E#ED Y (P<0.05).

BWOEAMENIZH 7. —FH, @) axyERrOAR
HICHEEEIROLN LWL OD, 45) axyEFEIIH
T 5 AR Y OESITVTNOBMBGEEEHI B W T
DARMBAFHE LDV FEICKRELS o7, D EORKELNS,
BIBMEIZE D) aRy D bF 2 AT Y BN R
PALDHEZ o728 # 2 5N 5. Bohmetal ® 1%, &A%Y
axyOPERLEEIE, b AR oy E RRTRAT
2% KEWT EEHE LTS, F72, Unlu et al® 13,
DA AR DQEEHN A% D N~ bV — AL, FOE
G5% DM b= AL HA, RAND ) TR BRI
WIS RERE L, V) axy DERANOIIERIL 5~ AR
FD LT AROFREHEHREL TD, T4bb, 30
min IEGLER L X ) ) oY QRMALASEAR, 2 AT o
NP2 &5, VMW i & S BVILEE 2 4 A
BbEbZlIick), PSR, 2 2ENA~OTIL
HOFNY AT ARy %L EG MY P a— Lok
P TE A, INEGEE 90TC-110C, HN#EER] 120 min
Kz BU 2 MBALBLE, ) TRy DY ABIA~O R Z
HATS DY Zehb, 4%, YA axyEgKks
5 BN L2 oW TR MG 2 B D 5

4. L-AsA & DPPH 5 HIViEEEN

FHRFO L-AsA BAFZX 518 T, FESY 1X, VMW
AR bV Mo — LIGEEREO N L, BRIES O
ICTFIAEV L-AsA QAP S D L E L Tw 5.
BIMBSLIL L 72 VMW i RUEHZ BV T L-AsA FRfFE
ICHERZLIRD NS, HINBIEOF b 5§
L-AsA STz, L-AsA 1d, BEFETICBW
THEDITEALS N T, B2 L) L-AsA OFRLRISIX
RSN T WY 25 BB L, RN S 7z
LT X YRR L, WEMEATEA L2 2 & TR LI
JEAIH S NAWTRELE 2 5N D, 0728, 30min
BULEI S BT, L-AsA 2 13FZ20 T FHEHTE 2
EHERENS.

FIMBEERNZ 3517 5 DPPH 5 ¥ 7 Vil o # %
X6 12Rd. MBGLEOF#IZ L 2 DPPH 7 V0 Vi
EEOMEICHERZIRD SN R -72. DPPH 7%
WAEETEMEDO M ORI G-3 2 HEAL W R IZ E ISR Y
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T/ = VEHTHLY KT/ = VIEBIZLETH D,
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5y ARANORMLI R o722 6N5. VAR O
N, T RN gy X S RAANOTRIEEATE
Enn, BRMBLEOE NI L S5 VMW i b~ b
Ca— LOEMEL SN D, —F, L-AsA BFE
DPPH T ¥ /1 VHZRIEHEICBWTIE, ZOMICEEZEE R
{, INHOEHIZOWT, HRIMBLEIZE ) BB
BOLNL o7z

PLEX Y, VMW & b~ b E o — LIZRINSULEL % &
T 222X, Solss, MR S, »of
USR5\ AR v N, L-AsA RPilzft
REDEE:, AR SN, ZNE D, BINBVLE LA
IVESER VMW b~ M2 — L O8ESHRE SN,
Lk, FHLNVIZBIT S VMW IZE A P E2—L D
BEFMT ORE T T, A — VT v I & B FEFEISE
RBE IR ORISR L D,

RWFFED—#1, JSPS FHfi% JTP17K08015 (FE#HiZE C)
BLUHEESMEDBIZ E YV EB L. 5sFRFERFHE
EFEHIZIZE, T VBRI OWTEELRT N A
A% \WIlinTe BFRRERAEE 74—V A
AFEWTe v 7 —HILERIZI21E, ERGR 2Rt L <
W7einwiz, ZZIRRL T, #EEr R

X (73

1) Sato, Y. (2010). Challenge to create a need for new types of
vegetables with the focus on cooking behavior-The case of
processing tomatoes. Journal of Food System Research, 16,
14-24 (EEEA®. PBATENCEH L72H s 4 THED
= XA B A RRE- BT b~ P ESF L LT
77— F¥ A7 AH0%E).

2) /NR B, EEEAERE (2000). [Z7yF o7 b bo
FEr &R, AR AR ILEA ST e S, #

3) Nakamura, T. Tagawa, A. Orikasa, T. and Iimoto, M.
(2005). Vacuum drying of cooking tomato. Journal of the
Japanese Society of Agricultural Machinery, 67 (6), 105-112
(PP, WSS, Prissds, Aot SEH b~ b
DEZERSE R

4) Orikasa, T, Koide, S, Sugawara, H.,, Yoshida, M., Kato, K.,
Matsushima, U., Okada, M., Watanabe, T., Ando, Y., Shiina,
T, and Tagawa, A. (2018). Applicability of vacuum-
microwave drying for tomato fruit based on evaluations of
energy cost, color, functional components and sensory
qualities. Journal of Food Processing and Preservation, 42,
e13625.

5)  Suzuki, T. (1980). From receiving to processing of tomato
distribution. Journal of the Japanese Society of Agricultural
Machinery, 41, 671-678 (HiAREH. b~ M OWZIT 5 50
LTET, REBMAEN.

6) Orikasa, T. Endo, R, Kato, K., Fujio, T. Yoshida, H.,
Kawamura, H., and Koide, S. (2017). Evaluation of a novel
concentration method for tomato puree by microwave.



122

H A E B4 TAE s

£ 68 %

37 202143 H

(22)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Journal of the Japanese Society for Food Science and
Technology (Nippon Shokuhin Kagaku Kogaku Kaishi), 64,
471-475 (Pravids, wmber, InfE—#, BRIAd, HH
2, NFESE, AR A 7 aiEr vl by
MY 2 — VIO, HARREMBHELYARRE).
SEHRTHRER (1994). %5 1 8~ A 7 ams ot - 5 -
i, TR~ A 7 QMBS SRR ] ROR, R S3T Ref,
BT - 54— TA, H&, pp.4-14.
Nakano, K., Kawano, T., Kida, T., Murata, S., Uchino, T., and
Inoue, S. (1996). Basic study on microwave drying of rough
rice. Journal of the Japanese Society of Agricultural
Machinery, 58 (6), 13-19 (FFEF#E-, iR I, = HBAE, A
M, WEEE), HEhE— Bo~A 7 migicgicBy
% IEHENORTSE, EERMEARE) .
Matsumoto, K. (2008). Development of evaluation methods
for quality, functionality and safety of foods. Journal of the
Japanese Society for Food Science and Technology (Nippon
Shokuhin Kagaku Kogaku Kaishi), 55, 438-443 (FAA 5.
B OME - BT - BAEMEEME OB %8, H
REMFH AT REE).
Horie, H. (2012). Production of guanylic acid by heating
vegetables. Journal of Cookery Science of Japan, 45, 346-351
RIS, BEOMBUCE %) 77 = I)VIEOARK, HAR
AR RRE) .
Shibasaki, K., Takahasi, N., Shitomi, H., Kosodo, K., and
Kazumi, H. (1963). Selection of tomato for juice and puree.
Journal of the Japanese Society for Food Science and
Technology (Nippon Shokuhin Kogyo Gakkaishi), 10, 39-43
(SR — M, wAGMF, & AelE ANEITRSE, UL RAR.
PP a—2ABLO MY P2 — L —8ERE HAR
i LEFREE) .
N (1994). [Bw L 252l 2 —A&ME R OIRE
—I, ¥EE, Wl
Yamada, K. (1959). Chemistry of tomato for processing.
Journal for the Utilization of Agricultural Products, 6,
190-206 (ILIHFF=. ILERH N~ b o b, REnT
ke axas) .
Tamaki, Y., Akuzawa, S, Sawayama, S, Iida, F. and
Yamaguchi, S. (2004). Structure of liking of tomatoes related
to desirable sensory characteristics in university students.
Japanese Journal of Sensory Evaluation, 8, 117-125 (EARA
T, BIAEZWDY, @I K, ST, IWOET. b b
WZHIFE SN2 ERESFMEICRI 3 5 REE O MBI, HARE
RERTPAfi =43 EE) .
Zhan, Y., Pan, Z., Venkitasamy, C., Ma, H., and Li, Y. (2015).
Umami taste amino acids produced by hydrolyzing ex-
tracted protein from tomato seed meal. LWT, 62, 1154-
1161.
Oruna-Concha, M-J., Methven, L., Blumenthal, H., Young, C.,
and Mottram, D.S. (2007). Differences in glutamic acid and 5’ -
ribonucleotide contents between flesh and pulp of tomatoes
and the relationship with umami taste. Journal of Agricul-
tural and Food Chemistry, 55, 5776-5780.
Furudate, A. and Meguro, T. (2001). Free amino acids in
potato tubers and their extraction by boiling water. Journal
of Home Economics of Japan, 52, 71-74 (GHEEWEE, HEH#
", VYA TOHEHET I S HBREETNOBEHBIZOWT,
HARRBrARE) .
Satoh, Y., Ozawa, K., Ishii, T., and Yui, S. (2004). Evaluation
of cooking suitability of processing tomato cultivars for
‘cooking tomato’. Horticultural Research (Japan), 3, 307-312
(EEEER, MR B, fIRF, miy & [7yF0 7
N N & U CORFNIET 72001 S oo i 245 # e 1

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)
33)

34)

35)

DOFFHM, BZEFRIZE) .

Inakuma, T. (2003). Meanings of vegetable intake —focus on
utility of carotenoid—. Vitamin, 77, 583-585 (fifgketd. ¥
FEMOE®R—ATT /4 FORHAEZHPLII— E©5 3
).

Gupta, P., Sreelakshmi, Y., and Sharma, R. (2015). A rapid
and sensitive method for determination of carotenoids in
plant tissues by high performance liquid chromatography.
Plant Methods, 11, Article number 5.

Ishida, B.K.,, Ma, J., and Chan, B. (2001). A simple, rapid
method for HPLC analysis of lycopene isomers. Phyto-
chemical Analysis, 12, 194-198.

Longo, C., Leo, L., and Leone, A. (2012). Carotenoids, fatty
acid composition and heat stability of supercritical carbon
dioxide-extracted-oleoresins. International Journal of Mo-
lecular Sciences, 13, 4233-4254.

Yamaguchi, T. (2012). Research of evaluation of antioxida-
tive property of vegetables in cooking. Journal of Cookery
Science of Japan, 45,88-95 (ILI1%T-. FAFLEFEICBIT 5
FHOPTERALEO M T 210198, HARFERA558).
i %z (2008). DPPH T ¥ 7 Vil 2ol e, [
FEAETEREA ~ = = 7OV S T4 © RMOKEEA MBS - &
BIEFE S T A5 — RS AR v 5 —
FAe 3 J g RS 22 B i, HARRERF S LSS, K,
pp. 71-78.

Lin, T.M., Durance, T.D., and Scaman, C.H. (1998). Char-
acterization of vacuum microwave, air and freeze dried
carrot slices. Food Research International, 31, 111-117.
Agtiero, M.V, Ansorena, M.R, Roura, S.I, and del Valle, CE.
(2008). Thermal inactivation of peroxidase during blanching
of butternut squash. LWT, 41, 401-407.

Zheng, H. and Lu, H. (2011). Effect of microwave pretreat-
ment on the kinetics of ascorbic acid degradation and
peroxidase inactivation in different parts of green aspar-
agus (Asparagus officinalis L.) during water blanching. Food
Chemustry, 128, 1087-1093.

Yamaguchi, K., Kuriya, N, Nakashima, N., Kitano, N., and
Matsuzoe, N. (2017). Influence of heating temperature on
tomato sugars, organic acids, and amino acids. Journal of the
Japanese Society of Taste Technology, 15, 21-28 (LU0,
ERET, PIEAE, JLEPE T, RRERE. S Mo, F
R, 7 3/ BRIZH 2 2 BRI DB, R A58 .
El-Miladi, S.S., Gould, W.A., and Clements, R.L. (1969). Heat
processing effect on starch, sugars, proteins, amino acids,
and organic acids of tomato juice. Food Technology, 23,
691-693.

PEYR 9 70, MEELR T (2000). HNTALERLC X & &S RGO
224L, [ LwiEafbs ), IR, HFr B, =LA,
Bt pp. 73-87.

Xu, Y. and Barringer, S. (2010). Comparison of volatile
release in tomatillo and different varieties of tomato during
chewing. Journal of Food Science, 75 (4), C352-C358.
BURBAT, HIKE (2008). ¥ A 4 7o 77 = )VigiZ B
T AR, EREER LR, 29, 87-91.
Endo, K. (1989). Boiling shiitake mushrooms. Science of
Cookery, 22,58-62 GEREGR. VA ¥ rx & D, NELEHS).
Shi, J., Maguer, M. L., Bryan, M., and Kakuda, Y. (2003).
Kinetics of lycopene degradation in tomato puree by heat
and light irradiation. Journal of Food Process Engineering,
25, 485-498.

Bohm, V., Puspitasari-Nienaber, N.L.,, Ferruzzi, M.G., and
Schwartz, S.J. (2002). Trolox equivalent antioxidant capacity
of different geometrical isomers of a-carotene, B-carotene,



(23)

e R -4l b= bEx—LOBRIMELE 123

36)

37)

33)

39)

lycopene, and zeaxanthin. Journal of Agricultural and Food
Chemustry, 50 (1), 221-226.

Unlu, N.Z., Bohn, T., Francis, D.M., Nagaraja, HN., Clinton, S.
K. and Schwartz, S.J. (2007). Lycopene from heat-induced
crs-isomer-rich tomato sauce is more bioavailable than from
all-trans-rich tomato sauce in human subjects. British
Journal of Nutrition, 98, 140-146.

R, e —ER, HIRREE, SFRIE, PR, &
EEFE, EUEN, EESE (2019). 3 &G oL,
[Dhy R wEmfbas] 42 R FHH Es, FuscE,
EpEE—ERHR, =JRHIAR, R, pp. 68-95.

BHAT (2011). $E8WE Y I v, [AMPE-AME & B
REME] 265 2 BUHlET, ATRERARL, HICHERIH, Wb
RN, HH, pp. 61-69.

Fujie, A., Kubota, M., Umemura, Y. and Oba, K. (2001).
Vitamin C content, DPPH radical-scavenging activity and
polyphenol content in fresh herbs. Journal of Cookery
Science of Japan, 34, 380-389 (EVTAE., AFLRHEAR, HEAS

40)

i)

1ii)

F, KA. #FifEN—T7o¥ s3I0 CH, DPPH Y
AOVIEHIETEB LR Y 7 2 — v, HAHBERES
55,

Murakami, M., Yamaguchi, T., Takamura, H., and Matoba,
T. (2004). Change in the radical-scavenging activity of
quercetin and epigallocatechin gallate during heat treat-
ment. Journal of Home Economics of Japan, 55, 213-217.

5| URL

https://www.affrc.maff.go.jp/docs/sentan_gijyutu/attach/
pdf/sentan_gijyutu-11.pdf (2020. 6. 3)

https://www. maff. go. jp/j/tokei/kouhyou/kokusai/index.
html (2020. 6. 3)

https://www.maff. go.jp/j/kokuji_tuti/kokuji/pdf/k0000993.
pdf (2020. 6. 3)

(41246 H 10 H3AF, 4124810 A 15 H2#)




