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Abstract

This study aimed to investigate the effects of pretreatments blanching, roasting, drying, and storage temperatures
25C, 4C and -10C) on their quality of lotus leaves. As a result, the lotus leaves retained a good appearance
when stored at 25°C for 5 days, 4°C for 30 days, and -10°C for 90 days, regardless of the pretreatment used.
At the same storage temperatures, pH, soluble solids, total acid content, polyphenols, and microorganisms were
significantly different among the pretreatments (p<0.05). Soluble solids, pH, and total acid contents were not
significantly different for the same pretreatments at different storage temperatures. However, the polyphenol, oxalic
acid, and tartaric acid contents of lotus leaves were significantly different after drying and blanching treatments.
In particular, it was shown that polyphenol content of the lotus leaf was affected by both pretreatment and storage
temperature. In conclusion, the lotus leaves appeared in good condition until 5 days at 25°C, 30 days at 4C, and
90 days at -10C, regardless of the pretreatment while influenced by storage temperature.
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7% Al g #FA ow 8Y ol 78 AS AHE-S]
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A
Days Roasted
5
Condition
10
Condition Browning Fungi, a fish smell of water Yellow fungi Good
B
Days Fresh Blanched Roasted
30
Condition Browning
60
Condition Browning, white fungi
C
Days Fresh Blanched Roasted
90
Condition

Fig. 1. Appearance of lotus leaves during storage (A, at 25C; B, at 4TC; C, -10C).
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(p<005). WA 02 Y72 7 Qele] Fto] tha W Ag7e) Qe Bxuel it A=y Hee g

Uehga e8] AXRATE 3 Al FAto] =A YER T2} FAS 7FA ™ phenolic hydroxyl”] 7} T 2 3}
o} Ao 784 nPE e A3 59 25T, A% 304 22 AR} Agste] bl gketk et 5o Al

4C 2 A7 90 -10TCAA A< H]5=gt s BHot TS e E o2 dERith4-26). BE A%
Table 1. Storage properties of lotus leaves with different pretreatments at 25C
Soluble solids . Polyphenol Bacteria Molds
Pre-treatments (Brix) pH Total acid (%,w/v) (mglke G AR ) (CFUJnL) (CFU/mL)
Fresh 0.37+0.15"? 5334009 0.03+0.01° 381.33+8.36" 1.03x10° ND?
Blanched 023+0.06° 571:0.17° 0.01:0.00° 206.73+3.75° 0x10° ND
Roasted 0.33+0,06° 5.46+0,09° 0.02:+0.00° 308.12+2.46° 0.88x10’ ND
Dried 0.77+0.06" 523+0.14° 0.0420.00° 587.03+12.98" 259.7x10° ND
"Each value is meanSD (n=3).
“Means in a column by different superscripts are significantly different at p<0.05 significance level by Duncan’s multiple range test.
YGAE, gallic acid equivalent.
4)ND, not detected.
Table 2. Storage properties of lotus leaves with different pretreatments at 4C
Pre-treatments Soluble solids H Total acid Polyphenol3 Bacteria Molds
(*Brix) P (%) (mg/kg GAE") (CFUJnL) (CFUJmL)
Fresh 027+0.06"” 531+001° 0.02+0.00" 375.14+2.28" 0.25x10° NDY
Blanched 0.17+0.06" 5.85+0.26" 0.01£0.00° 185.22+0.73° 36x10° ND
Roasted 033:0.12° 5.60+0.08" 0.02+0.00" 287.06£5.49° 4x10° 2.5x10°
Dried 0.800.10" 5.20£0,04° 0.04£0.01° 738.36+16.83° 370x10° 2.5x10°
YEach value is mean+SD (n=3).
"Means in a column by different superscripts are significantly different at p<0.05 significance level by Duncan’s multiple range test.
IGAE, gallic acid equivalent.
4)ND, means not detected.
Table 3. Storage properties of lotus leaves with different pretreatments at -10C
Soluble solids . Polypheno Bacteria Molds
Pre-treatments (°Brix) pH Total acid (%,w/v) (mgkg G AEY) (CFU/mL) (CFUJmL)
Fresh 037+0.06"” 5.34+0.08° 0.02+0.01° 386.80+100.56" 0.15%10° NDY
Blanched 0.2340.06° 5.790.03 0.01£0.00° 178.79£12.65° 0.04x10° ND
Roasted 0.37+0.06" 5.53£0.09° 0.02+0.00° 308.74426.92° 0.05x10° ND
Dried 0.77£0.06" 5.10+0.10° 0.04+0.00" 721.53491.66" 122¢10° 74x10°

YEach value is meantSD (n=3).

Means in a column by different superscripts are significantly different at p<0.05 significance level by Duncan’s multiple range test.
GAE, gallic acid equivalent.
)ND, not detected.
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A Aol ZEslE TS 5% 3 A2 (Table 1-Table 3),
Aol whe} F Zeld|s gifo] 18527384 mg/kg GAE
o2 Ueith 11 FAAME AZRAIZ A7 Al =4
vk o2 A Al FelA =4 vetgth §eel
W HX 7] s & A AT A9, Adun v
FR 2 Ytk "2 elE Fozy Ade] Zejuitst
BAE EYAA S A7) 98 Blo| A ok(23)
Q3] A BAolA EejulE o] AstE o=
e 31 Hx719] A$E Jeong 521(27) Aol A 9} 7o)
Hx715 gozn ZelvE EFo] Eof gal=o] AAE
o2 1 o] #AEAe Ao AtRdh

o, Felvs FEFS A= Al F3tel] Aol 7t
AeS Ho]Fth(Table 4). AA 2 7} A= glo]
A, "HIX71eF Az Helet dddo] Az et 2w
= ol FA QL Ael7t Ak HA 7] A2loA = 2
5T AR 2ol oA o2 £9531(206.73 mgkg
GAE), A% A2]3 A& A% 4ToA 738.36 mg/kg
GAECS. Z oA o= &kt

Table 4. Properties of pretreated lotus leaves at different storage
temperatures

Storage g1 solids Toil acid  Polypherol

Pre-treatments t?%[)l (Brix) pH wh)  (mgfke GAE")
25 037:0157 533009 003:001 381331836
Fresh 4 027:006 531001  003:000 375.14:28
40 037006 534:008 003001 386.80£100.56
25 023006 571£017 001000 206733757
Blanched 4 017:006  585:026  002:000 18522073
A0 023006 579:003 001000 1787941265
25 033006 546:009  003:000 308121246
Roasted 4 03012 5601008 003000  287.06549
10 037:006 553009 003:000 3087412692
25 0778006 523:0.14  007:000 587.03:12.98°
Dried 4 080:010  531x001  006:001 738361683
40 077:006 510:010 007000 721.53:91.66'
Significance F-value
Storage temp. (9) 0913 0761 0913 1750
Pretreatments (P) 1200007 46042 86783 240,198
SxP 0.600 0.846 0.565 3790

UEach value is mean+SD (n=3).

PMeans in a column by different superscripts are significantly different at p<0.05
significance level by Duncan’s multiple range test.

IGAE, gallic acid equivalent.

4)signiﬁcant at p<0.05.

RN BYEY

A Yol = F24Htartaric acid), T 4H(citric acid), AF2}

2Hmalic acid) 2 &8 Hsuccinic acid) 5°] /%o Utk
(10,28). Yang 5(4)°] AA7ollA F34, F-9H f7)ah &
= AT EH, 99 75 Widolyt o]y B malic acid,
succinic acid, acetic acid¥to] 7 Z5| %] 11 oxalic acid, citric
acid, tartaric acid, formic acid 52 FAZFHA] FUt) &
AFolM e A25C) A% 5L, WH@AT) A7 3084,
YWEC100)A % 90eA A F=d9] f7)ikE S
A3 R E ATl ¥ K(succinic acid)©] 7Y B
S 2bA] 819 tH142.5~908.3 mg/kg). 1 ThEoRE
oxalic acid(388.5~0.7 mg/kg), citric acid(239.5~53.5 mg/kg),
malic acid(85.4~27.5 mg/kg), tartaric acid(64.3~0 mg/kg) =
o] th(Table 5). o] A 2t 2= Az A2]gh S|4
863.5~908.3 mg/kg®] succinic acid S UEPAE=T o=
AAedA f71AF ke A A3 Ao Ziek@) H]
S A9z B 4 9

OME 2YEM

AR R 2 Ao St F80l5 AAE
g AK(Table 1-Table 3), ‘<25 TC)ollA 547 Hast A
zA9] QA= g Az ATl A Alao] Bt
th W4Tl 30L 7 Haet Aol Ax Aol A
Alst 2ol 7H4 woka Ao 7% o ATt vls)
AgHalo] A Ykt ol AU FE5E0 JHa
2 A B N A Ayl dYS Yol AAS e
o] 2717kl wpet Fate] HetE AT E AolA 2
Zol(15) Aol MAE Ass AAANE F dvke A=
T A=Y E AT e AA A &2 A LelA
TEIE UE el 243 oz F5T 4 gith
Z@C) B3 0L A e Ho2 Az Al Tol T3
7F bt WE(-10T) B 908A AL HFE F
M 1Z ATl A Aldidle] dxeA Btk =
o, WE(-100) . 90dA ol Az Aol FFol7t
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Table 5. Organic acid contents of pretreated lotus leaves at different storage temperatures

Storage temp.

Organic acids (mgfkg)

Pre-treatments (C)
Oxalic acid Citric acid Tartaric acid Malic acid Succinic acid
25 128.8+24.6” 1352+22.8 142485 40.4£12.8 22112205
et 4 11794333 107.4+2.6 105%5.6 29619 218.1£278
TES!
-10 107.846.0 14424442 2224192 454127 220.049.5
F-value 0563 1333 0.630 1.627 0.017
25 87.5¢12.8” 66.1+7.8 16.57.5" 287:2.1 1749+30.7
4 579439 63.6:4.0 13.126.3" 275432 156.1+26.4
Blanched b b
-10 583102 535428 00 278434 142.5+1.9
F-value 9.134 4750 7213 0.141 1457
25 150.5+263 104.120.4 13.0£55 405454 256.4+60.9
4 151.7+309 129.4+20.9 88+1.1 38.6+5.6 29324409
Roasted
-10 14734112 107.0+17.4 7602 36.8+4.9 305.6£2.6
F-value 0026 1485 2.361 0358 1.093
25 388.5:23.6" 182.0+35.2 36.6:16.9 69.1£16.5 863.5£50.9
Dried 4 385.4+26.4" 193.5+67.4 48.7426.6 754235 888.8+131.5
C
-10 0.7£0.3° 239.5+439 6434352 85.449.0 908.3+97.4
F-value 357759 1.079 0781 0670 0.155

"Each value is mean+SD (n=3).

=)

)
)
)

w

significant at p<0.05.

Isignificant at p<0.001.

Means in a column by different superscripts are significantly different at p<0.05 significance level by Duncan’s multiple range test.

7}%/?53 J_ol‘ﬁ:@’ , pH, &4t 3 &
Q1 zpo] & HolA| ettt ‘jrd', Ao ZFYuE &
f714+% oxalic acid, tartaric acid SRS © %] 7] 2}
AT A AFEZE fFoAQl Afo]l & HYT o]
Ads PR A & Ve, BE 4
oAl Zt 2= AelF3tl= 7oAl Aol & Bl
7t Al A 2o foAQl Atel & Hol#]|
o} 53], ZEjuls el 7ol A d A A
H} A2z 2A J3s ve Z o2 YERKTh
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o] A JaE wrol oA 59, WelA] 30Y,
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