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Quality characteristics of lotus root (Nelumbo nucifera G.) snacks
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Abstract

This work investigated the effects of various heating methods and conditions on the quality characteristics of lotus
root (Nelumbo nucifera G.) snack. The lotus root snacks were processed using the following heating methods: oven

heating (OV), microwave heating (MW), air frying (AF), and oil frying (FR). Twenty four samples were prepared
based on the various temperatures and time durations used for heating. Based on the results of color and hardness

analyses, OV (180T, 9 min), MW (850 W, 8 min), AF (120C, 10 min) and FR (180T, 70 sec) were selected as
appropriate conditions for producing the lotus root snacks. AF resulted in low carbohydrate content, crude fat content,
and neural detergent fiber content and the highest moisture content. There were no significant differences in hardness
among four methods. AF (120C, 10 min) showed significantly higher L’ values, total phenolics contents, and
2,2-dipheny-1-picrylhydrazyl, 2,2'-azino-bis(3-ethylbenzothiazoline- 6-sulphonic acid radical scavenging activity than
other methods. In addition, water absorption and water solubility indexes were the lowest in AF. Therefore, AF (120T,
10 min) was considered as an appropriate heating condition for the manufacturing of lotus root snacks.

Key words : lotus root, snack, heating method, air frying, water absorption index

N B Hol| W, M=Hog A A 20089 7|02
625 ha= 2001d°] 197 ha®l o] ®]sPH 3H] o4} F7}s}
A(Nelumbo nucifera Gy $/HA1E 5 A S| &3} Qom, 11 o|Fo A& SV FAE Bt BAEF

L HYINERA S22 ARold Aeky Wuold Al IA ASSI STk e Beol 9g 08T A%
oo, Besm@De 9 BEo] B dane 4F W Sh LWAE S0 Btk WAl HRET gl Sl

U242 AFEo] YrhKim 5, 2011a; Lee 5., 2006). o, IRZHA] Ao & sty ] {13t 7FE]1 A+ Akl
AJ9] Y FARE= 2008WL 7|20 & Aol 35%, Tt 7t B35t Aot webA A2 A|9E EAJf| wet A5
33%, 7E0] 15%S x}R|5t0], 22 ZHAAPIE L of|A] Ajufs} 7} 7Vt AGEANE, AE A 9 71 AR A 59 OF
T Q= Aog et} 20104 sHtsEAA 7o) vt gt 8= ggr|ofof gtk B3] ¢ o8 Fo7t tiRE A
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Q1 A vjFo] Hol, ALY 7R3AIE /Y 5SS
BA71LL, AR FOPHAE 28 5 e AeE
HA(Nelumbo nucifera Gy 8 thaA A4 A&
G#)9] Hthsixl =, Qlwel F= SolA Refsteitt
(Kim, 2006). A19] H5-2 HISEI AFHsEo] =T,
AR FEUEols BlsSel EEEI glom, 7P EWol A
HiE]T Sl A2 QlEolA fEfet RHEEOIthKim 5,
2002). A2 oARRE Ao & Qlsf &2 AlGO0 & ARET]
Rom, AQl, AR A RO R o]gElom, 27
UEtollA A A4S shAY, A 28, A, A, & 52
Qo] F2 ARgRIE B ARAZ] & A2 o] &EHAY,
A Z0] o]-§5E7]% FHHKim 5, 2014). ALY] FHZ
< ©=eekEo) 1, A ARt SRl o] AlEd Aae
FHS AFchal s oA sfisto] HH|9} BT
o=t 237} olom, AW S AEE FAE Wae A8
= Sk ERF Aol e Ed2 ks At 2|82t
&2 51, A5= JAISt A slid, ¥IE A=of a9t
ttal &EA QIth(Jungy} Shin, 1990).

AR ALS A7IRE 7SRl gt A o B A
7¥et #7019 4 E4(Lee 5, 2011), A7HF 7Rl o
£ dAdHo] F4 E4(Kangdt Yoon, 2008), A7
F71et A7) Be] 4 E4(Yoond} Choi, 2008), A1
TETE JA7RE AHAAle|A9] F4 E4(Kim 5, 2011),
AR A B 7R WuY £4 E4(Kim¥} Kang,
2012), A 252 F7IeE Aak(Kim¥t Kim, 2019), 52
24713t A ZH(Choi 5, 2019)0] Tt A
E0] it o5 FAET} ofd 7HEEA 7REAEe] A
H o, AFY & HleZ Aok et s AH
71t A= A8 Am E 2EH(Cho 5, 1984),
AL 25 (Cho, 2016; Kim &, 2011b)o]| st A7} Ut
7Fs AF oM = A(snack) FFE THHE AAPE X
St= T=A SEF Al719] 4] o]Q]ofl 7PEA Ha 4= =
A5 Uob, SAYT 22 A9 AAH, 7174 tet 2
2 AYHE EFokL 1] Ee &R 502 SAHE 4
FHE ¢ FFOIthKang 5, 2007). o] AR A
4= ARHoE AHAFT 4 lom, E19] uht L2 EA
A & Sltk. T3t 7H3AEe Blste], o ARl
AASHA S7HIE 4= e 7ReEolEal & & Qltk 1Eu
7R WL Sl A9 iRES SRE F2 ol
313l 93, TAR= AR} 1A ukE 0]&3 AlEo] iR
Q1 Agoltt. T3t AS A 7Rt Ao gk A B
= vHgE Aot AWE A|Rok= WAl 0 == Yt
o7 X, 72, F4 50l 3o, ol 7k 2UES &
I} 9k Fe5HA Hok 2 AqtollA 28 IAY 7R
S 8= QEVHY, nlo]AEH0]H, oo ejo]of, {ERFA|T

otk

b
[0 1

=1
S

o

7} 910, olge] BYe et et 029 A9 AU
ol w=t A9 0B, H7]|e8, 7RAQE, FuelE 5o
o), Fud ore 71 sleFel Fej, el Sol
2 5|Ej9} 71 Ho] A5lo] o] 1 o] A= 3}
L ez 7EEG. AAA s el vjolazgo|
HE tlo|a o] Sjelol 4  Sxsle} PHRlE Hhe
BA50] 2 Wl W o) WS ohEol 2 2
oz ARgShs 7HEEE] 7190 H(Yoon 5, 2015). Ol= £
27F mefehar, AR 3 emEe AaT 4 dthe Aol
ATH(Kim, 1997). ofo] ZLefojole] 7] = HF-e] e
E QRN FUT 3715 FAE ol 8dl EF2 e
i F25 ARSIl 24 FHE 129 37|18 15eR
EZAIA 2Eohe B olth(Khatir 5, 2013). F3, 5 7%
Al AFAGel 71 ol ARgEE HH F shuE 48
FAE AR stof AL2olA TAZE 71Eske 2EM O
=, A 3O vhappRt 2247, FE fA19] fEse
ot EE3F e Fof3tHChu®l Luo, 1994; Jeon 5,
2008; Soni} Kang, 2012).

TR & Atollies RE7HE, mlo]Z2golE, oo &
gtolo], FRAE] 471A9] A2 WAow ofF 2k 9 A
7F 270 whet ASAWS Aok, TA9] ARHgE 9 &
A B4 B71E AAlste] A2AY Azl gt FAE] |
e BAetaA shgit

A

A=

I

g

Az U AL HZ

£ Ago] ARgE A2 AT RbolA ALk A
< ot meF2 A ka1 Fom, BA7} oF 400 go|™
HHol| S0l 380 290 fl= AE7E dEgt A A
Holo] ARESIAT A AWES A x5h7| floto] WA HA
25 St AdE AL #HO 52 5= 57 AF
Ttk & URAQl Z-Z o851 | mm FAE YAt
Al st 3% sk A 1 Lojl Addt 27F 60714
587t AR5k, 2F-9] vigho] glis A4(20+£5T) $HEoA
AAAR & A 72U E717F AAE A A9 AR
ARSI} Aol AREPHE2 QEB7HH(O0V), Tto]l=2
Eo]EMW), ofjojeto]o|(AF), A (FR) HHH< A
otoict. o] A Bolo] ZF G2 HHEE ARt A
X 24 Ast9om, I 2 o3t At} OV e
2 180T 2} 190COA] 7, 8, 9 min B2t X7 E|9lon], MW
HFHO. 850 WOJlA 2, 4, 6, 8, 10, 12 min 59 A2 =]t
AFE 120C 2} 140ToJA4] 6, 8, 10 min, FR< 170C <} 180T
olA 60, 70, 80 sec &<t A2=|qItt. OVl Qg ALAY
9] Al AHkE AWAY QE(BLI50903, Geumbok Stoke,




346 A= AFAGRENEA Al28d A3Z (2021)

Seoul, Koreay3 018510} S} olghee SUgt Lre 4
ZJato] A1 o, MW= 7148 ZAHQIX|(MH-641MG,
LG, Seoul, Korea)Z 0]-&3}3t}. AF| 95t L AW of
o] Zg}o]oj(HD9230, Philips, Amsterdam, Netherlands)E ©]
&oto] AREQ oW, FRe WHlo| 485 ILE ¥ & 7}
oo, 210 et AE F A0 EH L5 o] TUE
Wy A ARE A8t

7] 7131 B SloflA]
Yot 24

A AT B ALANO] 7, ek, A, 2917 o
2F0. 7}7h A|ZLojokILo} %XM]H AR AE3H9] IRHA]

Z}
BHE wgslol gusigon, dasdel Db S48
ote] AL S ARt UHA] FE2 ETAER
fhS0] 24sigir. Bu A2t 77te] AEAug ]
(SNSG-1002SS, Hanil, Seoul, Korea)Z E4f$t F, 40 mesh
2 Ze] Ao} s AESA ARk 2.1 &
ol wet 105ToA A 718 dxHo] 510 dry oven
(KMC-1202D3, Vision Scientific Co., Daejeon, Korea)< ©]
galgiom, theol AL B ABH o

o

SR =
AL A A -
Az % gl H9g ol Bl
JerEAleh Aol A -
AFge) #A(e)

ZehREo 2 13,1 239] Kjeldahl HE Al&5lo], AAX}
SE47](Nitrogen Autoanalyzer, Kjetec2400, Foss Analytical
A/S, Hilleroed, Denmark)S E3f] E4%|Q)ch Eaf AFx]ofjA
Zuo] EA) stollA itk 7hole], Amo] AAE AR
502 J1GES3 §, 25 2 AR E ] A E
o] NaOHE 7}51al, NS NaOHZ 27g5to] F AA(%)
£ okl thao] Ao e dRks ARGt

ERMAH) - F D400 * AAS
ZAH} olEFe. AukAYH 2.1.5.1.1 X3}o]| W= Soxhlet

K

F24, 2AHe= Henneberg Stohmann 7H3hﬂ0ﬂ olsf EA
5llal, ZRIEL 2.1.42 23] wet 600T ] 3]5}teolA
A4 e EA5H E]'. Neutral detergent fiber®] AJ=F
2 AACC(American Association of Cereal Chemist)o] 2|5}
o] %Jﬂ o*t“ ¢l Van Soest?} Wine2] %4(1967)__% A
5 2 A7 35 WHEslo] UL ko Lt

il

ol
o)
R
_1\1 l‘

Holt BE A e
ERi A

FAE 7120= sl % B9I2 U

M =3

ALt ALAHO] M= FFE WATH*=97.79, a*=0.38,
b*=2.05)0% HA% Colorimeter(CR-400, Konica Minolta
Co., Osaka, Japan)E ARESIQITE ZF IA2] 2AEE A=
SF ATAYS o2 A™gt &, A A Y FEE
nsto] AW o BES 203] B S5 & Hidgke
o] 83 o, L*= lightness, a*= redness, b*= yellowness

£ ot

4 24

A0 A= AHRREEY] 7|55 & Y HAE 84
% dluo]t}. = Rheometer(Compac-10011, SunScientific
Co., Tokyo, Japan)E °]-8-5to] 751t ME =olet Y4
H= Z2F 1 mm9t 10 mmZ AA5FH oW, test type
hardness, strength® 2™, adaptor= 2|7 25 mm2] Yg &}
QS Ax|slo] =435}19Itk Table speed= 60 mm/minC 2
AR5t om, 103 ¥ S74% & HakZ o83t

2HSE7t

I HERE A9 24S AAs] sk, TsB
7= AAEIG T A Ao Iyl o Ao g &
g7} sle2 AP o, AP WSS F8S] ¥ 20-30T]
dug FE FEde sy 158 Hde Adste] 1
Y5}, A(color), 74 E(hardness), £25k(bitterness) T2
W BERE BE 4T Rolabd sigion, o
(appearance), HFSHcrispness), S(taste), S4 7|8
(overall acceptance)o]] i3t FE2 7|57t 2248 =2
AAZ HolnE rt 2 Peuyke ARdeky AEe
2o BloA 2F HA(HFHE: KNU-2021-000)E
BA| 'l QFdsHA Adstit
2 23

AL AWO] Zu|sA IHE2  Folin-Ciocalteu
(Benvenuti 5, 2004)2 -3-85}0] &4519th AlgE Bd=
Az &, EF Al 1 g& 70% ot 9 mL% 7Fsto] =
21} YFY7](DH.WUC.D22H, Daihan Scientific Co., Ltd.,
Wonju, Korea)of|4] 2087t 3&35F T Y41E2]7](1580MGR,
GYROZEN, Dagjeon, Korea)E ©]-85}2 9,000 rpmof|A4] 30
B3 QHEel F AEOIS Al YAvIeR s
AR5l gollof] 50% Folin-Ciocalteau reagent(Junsei Chemical
Co., Ltd., Tokyo, Japan) 0.5 mL%} &35}0] 1587 ®FX|5}

ol

=4y steta

I
Jj
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ATk T 10% Na,CO; 0.5 mLE 7}sto] 1A17F 52t vk
AlA UV-visible spectrophotometer(Evolution 201, Thermo
Fisher Scientific Inc, Madison, WI, USA)Z 760 nmoj|A] &
FE o190 m, tannic acidg EFEYZE o] FH=

4 SR 3FHmg TAE%)S YeRIch

o

3t 24 23

QA o] IS} TS ZHo1] sto] 1,I-diphenyl-
2-picrylhydrazyl(DPPH) 22 AA53} 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid(ABTS) 2}tz AA5H
= o-&35I3ith. DPPH 2tz 475 572 Blois?] WS
H-8-5104(1958), DPPHO|| Tt A2} 5-0)5- 2 & DPPH 2t
2 AASS olgsto] 2SN HEARE AR | g2
70% oJErE 9 mLE 7}5to] Z-8a} vy 7|(DH.WUC.D22H,
Daihan-Scientific Co., Ltd.)o|4] 2057t & & 9,000 rpm
oflA 3047 Y4l EEfRt AT HE SRTE AR AE Al
FgA0= Stk A= &AS Ffoto] SB= Ftol 1.00+
0.027} === ethanol= EASF & DPPH -&H-E- 7}5la] 10
ZF ZEslar, 1087 9|8t § UV-visible spectrophotometer
(Evolution 201, Thermo Fisher Scientific Inc.)& AR&5}0]
$25 nmolA] FHES 2ok DPPH 2frizt 2752
g Aoz vehgict

DPPH radical scavenging activity(%) =

blank absorbance - sample absorbance
blank absorbance

x 100

ABTS 22 275 2742 Re 5(1999)9] HPES Hg
Sto] 243519tk 7.4 mM ABTS -890]] 2.45 mM potassium
persulphate s % &, QhAof| 14417 &<F WAkt ot
2 734 ol T 100 ol HEE S T A2y
AS 75te] 1087F WHA]slal, UV-visible spectrophotometer
(Evolution 201, Thermo Fisher Scientific Inc.)Z 734 nmo]|
A FHES 24390 ABTS 2oiz 2752 TR 4
oz Y.

ABTS radical scavenging activity(%) =

blank absorbance - sample absorbance
blank absorbance

100

QA WL YT PTAYE] SEEEAwater
absorption index, WAI)2} $~E-8-3[| x| x(water solubility index,

WSDZES] 242 Anderson(1982)} Shin 5(2013)9] HH
= $-8&sto] S7goloirh iRt AAY 2 gofl R4 30
mLE 7lsto] 233t & H4E2]7](1580MGR, GYROZEN)
£ o]83}0] 9,000 rpmO 2 1087 YAEE] oFoich YHE
Y & 58 FFE 57100 &A dry oven (KMC-1202D3,
Vision Scientific Co.)o|4 105C & 7}g3lo] $5-S A|ASH
T F2 IFEFE olsto] WSIE S0t oH, A5
= AlAT A= FAE 45t WAIE 4513

A= He)

FEEPASWAD = — 2o T 100
o
AFEono] T1EHak
SE LA G(WSI) = i ﬁjﬂ;(‘jg) 5® 100
S22

g ke 33] o4 vk 2R FRAR Uehfglen
2 237 7F 94 Q1] Yolo], SAS 9.4(Statistical
Analysis System, SAS Institute, Cary, NC, USA)S ©|-&5

BARLA 9] Duncan’s multiple rage test(p<0.05) A% 2]
£ AAJskGinh
2 9 a3
uZo| BUSY

2 430 AMgE d=m A9 #EE4 BA Zae
Table 19 FA et %= AAISIAT ¥& AL 2
76.68%, ZAH 0.96%, ZHWA 7.77%, Z3E 4.57%, &
TOHE 10.02% & £-87d Aol AR 240%= e
o]A oA Bae $(2008)2 AL +ESIFS 76.57%,
Hwang 520142 23|23} 2ehild ek 747} 4.75%,
742%% HIlsto] 2 At Auel SARICE Ao Mx &
7 A}, g8 YehfE L 2 63.33, TS YeRfE a*
£ 030, FHEE Ui b 5352 YeRgon, Jrs
14.28 gZ/cm’o| k.

Jang Q0122 55T B4eo] HeIFt ATe] A F A
£ 2sieich A% 02Rjel Lx, vk A7t B AT A
oF S ARSI QAjeo] ol WALOR b oF 112 1}
Eht 2 e} Aolsialct

% HeA SRkE O 4 23 220.17 mg%E YE
Sk HE4 SRIES AlE0] RESO] S 23 AE
B O 25 7L Qlo] 20 thE AR 7s=
7HA=El(Chat Cho, 1999), o] #lis7d 3ljtEo] 2 A
FEHZE Ak o= dEA Qlvh PN &



348

ARG AsA ABS 2021

Table 1. Quality characteristics of lotus root
Moisture 76.68+0.42"
Crude fat 0.96+0.07
Proximate Crude protein 7.77£0.03
composition
(%) Crude ash 4.5740.11
Carbohydrate 10.02+0.46
Neutral detergent fiber 2.40+0.10
Lightness (L*) 63.33+£2.98
Color value Redness (a*) 0.30+0.29
Yellowness (b*) 5.35+0.58
Hardness (g/cm®) 14.28+43.15
Total phenolics (mg TAE%) 220.17+3.65
Antioxidant DPPH radical scavenging 76.71+0.36
activity (%) ABTS radical scavenging 76.74+0.85

YValues are Mean=SD (n=3).

=

ZQ 9O 3F

- 1032

ds), Agd A d9AA B 59

URE(F 2-3%)2 /A=)t
= 24E AgEo] YA E FHHE

4z0] Fofet But ofel, 7 24)0] P5uS, 5

WS FEARIG

(Halliwelli} Gutteridge, 1984). Hl&A 33HE-2 ol2st AW
9] oz} X 7of 2ol A EAE LA QItk(Shahidi

= 1992).

Ha ALo Filel &4 4 23, DPPH % ABTS 2t
Z 2AGE V2 76.61%, 76.74%= UElST:. DPPH ZHt
4 275 T AREHER] DPPHYL RS 5992
S O AL Bt uEBlol Befe] Aol sl 1}
Ehfi= A1 #o]H(Choi 5, 2003), ABTS Uz 2752
ABTS®} potassium persulfate@}2] HRSof o]sto] AJAHH
ABTS 2ftjzio] AT} 24t Hgste] ABTS 2fojze] 4
ol J80] PAZIE A o33 HPHRha S, 2014)0]ck
o] £ 74 L S} TEEA] 23] olgThe ol
o}, Kim 5{(2015) €] H 9] DPPH 2% 47 50]
80,7491 B slol, B ol Aol ST Lee 5
(2015) DPPH ZttjZ 2752 Ao] Z=epA|HTt 34 o]
X S5t Aoz Yegehy AFec

X
3

o] Aol Mot LS Basto] 2129 A 2]
9 2 AL Aol Mt At WA
240] JFE vAE Fa% a9l F otk Mol A
o] 4 A3k Table 20 FAIILOM, T QTS Fig. 19]
Uephgieh. A2 o] BAl] AxAI] 24E, &
ST} 94 L G FAShE, avglal bk ZTHSIe
&S YEMALE £35] OV 190C(9 min), MW 850 W(12
min), AF 140 (10 min), FR 180T (80 sec) 7= o2
He)750] ulsto] F25] Ao] o 59, ol 7t A
e 259} 71 AZke Hejsto] wis} 3ol WAL,

Table 2. Color value and hardness of lotus root snacks heated with different methods and conditions

Treatment" /ngrvr;g'r ESV)) Time L* a* b* Hardness (g/cm?)
7 min 54.69+3.612%) 1.00+2.10° 15.2244.75° 29.54+7.21°
180T 8 min 50.64+5.41° 32142.27° 17.95+3.73° 46.73+£19.70™
9 min 48.36+3.30° 4.28+0.92% 22.56+2.23" 53.59+30.11°
oV 7 min 53.40+3.26" 1.42+1.76° 15.65+3.43° 51.02+16.22°
190 8 min 47.31+4.44° 4.74+2.06° 21.2643.33° 44.68+21.80™
9 min 38.55+5.00° 10.46+1.42* 21.47+3.31° 64.28+26.62*
2 min 62.48+1.89" -0.99+0.11° 6.92+1.26 3.49+1.21¢
4 min 58.50+1.36° 1.14+0.83¢ 16.51+1.86° 11.88+4.28¢
6 min 52.31+6.41° 1.0241.13¢ 16.85+3.78° 64.94+8.13%
MW 850 W
8 min 51.94+6.48° 3.2742.29° 19.95+3 46 67.39+26.09°
10 min 51.10+4.75° 520+2.12° 22.3743.65° 50.61+16.76"
12 min 42 84+7.64° 8.25+1.80° 24.00+2.73* 97.92427.49°
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(continued)
Treatment" /Flggnv}e).r E\(;V)) Time L* a* b* Hardness (g/cm®)
6 min 69.02£5.22° -0.42+0.34¢ 7.51£1.61° 8.45+3.01°
120 8 min 62.45+2.53° -0.12+0.39¢ 8.71+0.77° 47.76£10.17°
10 min 54.70+4.11° 0.8440.62¢ 12.09+1.83¢ 56.90+16.64°
AF
6 min 59.19+3.22° -0.16+0.53¢ 10.23+1.65¢ 49.18+13.94
140T 8 min 55.80+8.44° 2.56+1.58" 13.40+2.66" 50.04+18.97°
10 min 45.35+5.79¢ 6.66£1.39° 16.54+2.93 108.90+34.11%
60 sec 49.3442.03" -0.33+0.22° 11.46+1.21¢ 13.29+5.35°
170T 70 sec 42.20+4.01% 1.43+0.70° 17.91£2.36° 47.49426.46"
80 sec 40.43+3.15° 6.89+1.28° 23.35+1.39* 65.51422.21°
FR
60 sec 42.9142.57° 2.2741.30° 18.33+2.71¢ 20.33+3.34%
180T 70 sec 42.02+2.76% 2.80+0.72¢ 21.45+2.35° 93.76+23.47*
80 sec 34.67+2.78" 10.18+1.20 23.06+2.18 67.89+7.44°

l)OV oven heating; MW, microwave heating; AF, air fryer heating; FR, oil frying heating.
DValues are MeantSD (n=3).

YMeans with different letters in the same column are significantly different by Duncan’s multiple range test (p<0.05).

%%@ SHBD
YL Y %@@

OV 180 T 7 min 0OV 180 T8 min

YL
3898

0OV 190 T© 8 min : OV 190 T 9 min

BSD M% %@%
9960 2292 YERD

AF 120 T 6 min AF 120 T 8 min AF 120 T 10 min

>o3® HBpe
TROD vhPF

FR 170 T 80 sec

AF 140 T 8 min AF 140 T 10 min FR 180 T 60 sec FR 180 T 70 sec FR 180 T 80 sec

Fig. 1. Photographs of lotus root snacks processed by various heat treatments and conditions.
OV, oven heating; MW, microwave heating; AF, air fryer heating; FR, oil frying heating.

xS dr Sdo] AAYH, ol 7t 2009).
L7t F25, 7IEAIRI0] AojEaE TR dES B3 7HE &7 =11 A

ol Wgelg] tholck lAs Qlste] F, ofel  Ahy, 2 BUL F7be R0R
‘ of

A SAth(Lee 5,

AIRYe] A5 B ghol &
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o= AFS UERS =T, Rty og AR ArEs 5
3} o] et diky oz fEsleo] HEhE 7
L7 32 Ao g deA Qtk(Njintang 5, 2006). 7FE=Z <l
slo] pESlgo] Zhasto] 22]9] st dofu, Awet
A7l mEt vt S715 Ao HQlth ¥hd, FR 180T
Aol AL, g Azl et vt J43] 71t
o7} ZHAelt). 99 Mg 5 o] Eo] Fsh &
LA 718 WHE=E 7]80] AR Eo7ke &9 @A

(Suderman 5, 1981)0] Yo rS Zog HQIh SEkAe
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Table 3. Sensory scores of lotus root snacks heated with different methods and conditions

Treatment" Temperature/ Time Color Hardness Bitterness ~ Appearance  Crispness Taste Overall
power acceptability
7 min 2.67+£1.84%%) 3.6742.35°  1.87£1.25°  420+£1.90°  1.33£0.49°  3.33£1.50°  2.27+1.33¢
180 8 min 3.87£1.46°  4.07+1.94°  220+1.52°  527+2.28° 2.73+1.28°  3.73+1.53%  3.53+1.88%
9 min 5.87£1.96°  4.60+£1.76®  247+125  7.73t144* 720+1.32°  6.73+1.79°  8.13+0.99"
oV
7 min 347+1.64°  4.53+£290° 220+1.57°  5.07+1.87° 1.87+0.92° 3.40+1.55°  3.80+1.97°
190 8 min 6.00+£1.31° 5204197 3.73+1.79°  4.13+1.77°  6.80+1.82° 4.87+226°  6.27+2.02°
9 min 6.87£2.85  6.13£2.07*°  633+1.95°  2.40+1.18°  6.47+2.29° 3.47+1.51°  4.00+£2.51°
2 min 1.67+0.98° 227+1.62° 253+2.00°  2.80+1.66°  1.33£0.62° 2.67£1.40°  2.13+1.19°
4 min 293+0.96°  3.67£1.99®  2.87+2.45°  3.60+1.45° 2.47+0.83° 3.80+1.15°  3.20+1.21%
6 min 4.40+1.30°  5.80+1.21*  3.00+1.89°  5.13+1.36° 6.73£1.49°  6.20+£1.61*  6.67+1.50%
MW 850
8 min 5.00£1.20°  5.67+1.76*°  2.93+1.58"  7.00£1.51* 7.60+0.91°  6.67+1.68*  7.27+1.03
10 min 6.07+1.16°  6.20+£1.86*  3.8042.24°  6.13+1.51® 7.60+1.24°  6.40+1.55°  6.40£1.72°
12 min 8.13£0.74*  6.93+2.09°  6.13+2.29°  3.80+1.90° 8.07+1.22°  3.67+2.09°  3.33+2.29"
6 min 2.13+£1.55  3.00£236°  3.6042.32°  4.07+1.91° 127+0.46° 2.33+0.98°  2.07+0.70°
120 8 min 3.00+1.25° 3.87+1.68%  247+1.19°  3.53+1.60° 3.47+1.77°  4.13+1.55%  427+1.71®
10 min  4.60+1.24° 433+1.68™  3.33+1.95°  5.8742.07° 4.40+1.50° 4.53+1.30™°  5.33+].88°
AF
6 min 4.87+0.92° 4.40+1.88°  3.60+2.26°  6.07+1.03°  3.27+1.39¢  3.53+1.25%  3.73+1.03°
140 8 min 6.67+1.11° 52741.10°  3.6742.19°  6.53+1.41°  5.73+1.03°  4.80+1.57 5.27+1.62°
10 min  6.9342.71° 6.074228"  5.73+2.15°  2.93+1.16°  7.73+0.88°  3.13x1.55%  3.40+2.38"
60 sec 2.40+1.35° 3.1342.17°  2.73+2.19°  3.8042.04°  1.93+1.10° 4.07+1.28°  2.87+1.30°
170 70 sec 5.07+£1.79°  52742.12°  247+1.68°  6.40+1.18"  6.67+1.40° 627+1.44°  6.60+1.40°
80 sec 5.53+2.00°  5.67+1.80°  2.73+1.71°  4.87+2.13% 7.47+0.92°  6.40+1.72°  6.33+2.13°
FR
60 sec 4.60£1.35°  52741.53*  2.60+1.68°  5.60+1.40" 547+1.64° 593+1.28  5.47+1.60°
180 70 sec 6.00£1.51®°  5.8742.00°  2.67+1.63°  6.80+1.26°  7.40+0.91°  6.40+1.06°  6.80+1.82°
80 sec 6.73+2.74" 5404259  5.67+1.63°  3.80+£1.78°  7.33£1.35"  4.53+1.68°  4.07+2.05°

Y0V, oven heating; MW, microwave heating; AF, air fryer heating; FR, oil frying heating.
DValues are Mean+SD (n=3).
Means with different letters in the same column are significantly different by Duncan’s multiple range test (p<0.05).
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Table 4. Proximate composition of lotus root snacks processed by different heating methods

Proximate composition Treatment”
(*0) ov MW AF FR

Moisture 3.0020.097 4.26+0.10° 5.60£0.49° 0.77+0.09¢
Crude protein 8.62+0.07° 4.61£0.09° 7.9020.15° 4.41+0.02°
Crude fat 0.97+0.02° 0.60£0.05° 0.65+0.04° 0.92+0.05°
Crude ash 6.35+0.26" 4.99+0.12° 4.93+0.24° 3.5240.22°
Carbohydrate 81.06+0.16° 85.54+0.23" 80.91:+0.53° 90.38+0.25"
Neutral detergent fiber 6.53+0.05° 7.18+0.37° 5.68+0.49¢ 10.17+0.05°

YOV, oven heating at 180T for 9 mins; MW, microwave heating at 850 W for 8 mins; AF, air frying at 120C for 10 mins; FR, oil frying at

180C for 70 sec.
DValues are Mean+SD (n=3).

Means with different letters in the same row are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 2. Water absorption index and water solubility index of lotus
root snacks processed by different heating methods.

OV, oven heating at 180T, for 9 mins; MW, microwave heating at
850 W, for 8 mins; AF, air frying at 120C, for 10 mins; FR, oil frying
at 180T, for 70 sec.

Means (n=3) with different letters are significantly different (p<0.05).
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Fig. 3. Total phenolics contents and antioxidant activitys of lotus
root snacks processed by different heating methods.

CONT, non-treatment; OV, oven heating at 180T, for 9 mins; MW,
microwave heating at 850 W, for 8 mins; AF, air frying at 120C, for
10 mins; FR, oil frying at 180T, for 70 sec.

Means (n=3) with different letters are significantly different (p<0.05).
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