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Research of QOil Uptake and Distribution of Fried Lotus Root

Slices Based on Confocal Laser Scanning Microscopy

Zhu Yaodi Zou Xiaobo Zhao Jiewen Shi Jiyong Guo Yaning
(School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract. Recent consumer trends towards healthier and low fat products have had a significant impact
on the snack industry. Vacuum and atmospheric frying of lotus root slices were compared, in terms of oil
uptake under same pretreatment conditions. The objective of this study was to examine the most important
quality parameters of vacuum frying and atmospheric frying lotus root slices in order to identify the
specific advantages of vacuum technology and to understand the relationship between key microstructural
changes and oil absorption. Confocal laser scanning microscopy is a new technology that can be used to
observe the microstructure of fried lotus root slices after vacuum frying and atmospheric frying. Vacuum
frying was shown to be a promising technique that can be used to reduce oil content. when using a driving
force of AT =60°C , vacuum frying slices absorbed less than 30% of the oil absorbed by atmospheric
frying ones. In addition, the results showed that after frying, the cellular structures were well conserved
in terms of shape and size. Oil was shown to be mainly located in the surface of the crust occupying. Oil
remained in the cut cells emptied during the washing or the frying operation or in the damaged cells
partially filled with starch. Cell detachment, because of starch swelling and dehydration, seemed to be
the preferential connection between cell layers. The positive effect of vacuum frying toward oil uptake

reduction could be the restriction of these connections. Overall, this study has an important significance
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for decreasing oil uptake in terms of microstructural changes. Besides, it provides reliable data and

effective study means for the future.
Key words: Lotus root slices
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Fig.1 Effect of frying methods on oil content under

different thermal driving forces

(a) AT =40C (b)) AT=50C (c¢) AT =60C

2.2 HMMERBRAEUEN
2.2.1 R A RE T OUL A R I AR A e B

Rl I 5 TR AR Ve B — Bt ra]
SRJE A CLSM WL %% i 2 125 A5 J5E A 23 A 19 155 O o
P 2 2 A A [ R A% BT ik el oy A 1 B
2a 2 BERE 0 A0, A0 5 N A R Y HE 5
TE—& , TEAM M R AL G A W] 2 i e by k. 14 2b
JE I KE LUG AR R 20, bk LS A0 TR Ok B
BT a8 AN TLIE AR, 55 A0 ol T 40 A e, £ 75
AR TS T (18] 2¢.2d) , 58 L A 3 22 4



210 & ol HLOM ¥ R 20154

i BE B8 7K S DR UE 200 A R R SR A, 2 Rk i T,
IKE TR I AN LUK Z 20 A T 22, Br A2 R . A
KRR A B9 Rl 5 g R ARGt Tk T Lk R e
Ji A A U 0, TR A R BE 5 K, DTG D/ 24 A R
T JBE DRI BELAS: 1 WS il o 00— P o0 A £ 1 K3 1 3R
TET RIS B FF) £ P o 8T 2 mT ISR L 400 BE
24, (A 20 M AT AR L It ST A AN

Y LA e
s ~

(@
Pl 2 R ) AR B ANk LS R B A HG il 23 A A 20

Fig.2  Cell size of fresh lotus root slices and fried B3 SRR AR BB LG A A T A UG
samples and oil distribution 240 M ot 23 A
(a) SEZEFRO4NM (b)) Jh4ELLS B 38 4 Fig.3 Confocal laser scanning microscopy observed oil
(e) FEWimhledn e  (d) seRJE By 4E 40 e distribution of fried lotus root slices tissue after
2.2.2  FLASHI R " vacuum and atmospheric frying
2.2 REANE BRI RE MR (a) L2 T K F 22 T3 434 SO0 )
TMKE IS TERE v 3R 5 77 A — A e oe , XA bt (b) TL2s W5 55— 2 40 o 43 A ]
A RO F) (P 32 AL RIS L I ) 368 I 3 2R A AR () 1 FE A P 3 T 2315 0L
KREFZW . 728 3 Hal LUE B aE DUS il 20 () Pl e o 565 — 2 2 Ml 73 i

i (E RS F R AN, B 3a 3b FORMYR I ZSIMESRAE T R A AR A ik 23 A A O (DR (L ar



% 6 1)

RBRI A - K 5 O R R 1 5 5 ROV 45 R Y S 211

O, KB AN o fEE 3a AT LUE A
WKELLS AUH 1/3 140 i 2% 1w gl 7 25, A > sk
PR FE e T, 18 3b R A R I KR RE A e
TS — 2 A0, e KE LA i I T2 o A 7 40 i (R
Bt , 5% FL R PR EY T A LS AR Tl R A X A, il
137K Ay ARSI K , BA RAF AL RCR 15
AR A I ORAT T 40 M 1 58 B 4

Bl 3¢ FIE 3d J& 5 eI FF B8 2 1 i i o)
i FE B 3 v, ple T K g TR A R A AN A R
IR, 4t M v f U o ORI ol 45 1 AS BT 2E AR 1 44
il FEFE R R 2/3 (1 DX 0P A 55, Lk 4
M Z 700 T ig . & 3d ] LB A AR AR T
PR S — 2 A, A TR RN — 6 40 R P 24 T T
FEM o B2, TR LG i o A R, BLAS ThAE Y
Fi P Lb B R T K0 P T R A B S0, O DR A T 4 i
e HE T

3 it

HTZE R M m] A, FEAS TR (A ] ik 1 e 1 2%
R AR A IR 22 5, — R MRS AE  k

R G R A TG AW kR T g A, B
K AR 2% B R i K 225 (0 I O 4 S R i
FESE I, X R IEAT — € AR ZE MR

4 ZERiIE

I FH 8 e 3R AR S T T LAV AT b 9 ) B A
FEFIH S KR I 8 R 4 B % 722 1 R0l 43 A 1 0, T
PAMBOUR 1= 35 B 33 79 A vl 0 5 =X 0 I T A 22
5o TRV FE AR ) G TAL B 254 R, HE AT = 60°C , iif
]y 10 min B}, 325 AR BE R R T 00 9 2R 8 20 T
29 30% . £ KEFE R SO0 S5 R 7 T R B, H R
KB FRIEA 2/3 1 DX SR T B a5, L P T e 4
L5 22 S0 T e o A AR T R AT LAR G b R AE
200 0 1% ¢ 1, TE PR A0 S ASCAE ) B A Ik B 0 A1, AL
T T R A o B 5T 2R B, 48 P I 07 346 1 e 1 T 4
TG ¥ B RN T 38 5 0 m T2 Al 47,
7 SRR T TR AR R T AR . R B TR AR
LR T — 20 IO 7 TS B 5 1 o o AR W 26, JF
DA T A Y R % RS T SR A
THVE A S AT b B A T A A5 B B T B o

& % x Wt

1 Sobukola O P, Dueik V, Munoz L, et al. Comparison of vacuum and atmospheric deep-fat frying of wheat starch and gluten based
snacks[ J]. Food Science and Biotechnology, 2013, 22(Supp. 1) : 177 - 182.
2 Pedreschi F, Moyano P. Oil uptake and texture development in fried potato slices [ J]. Journal of Food Engineering, 2005,

70(4) . 557 - 563.

3 X, BB MR, SF. RO T A AR R X B RO SS A AN BT B A [T ] ol TR, 2004,20(6) : 160 — 164.
Deng Yun, Wu Ying, Yang Mingduo, et al. Effects of polar components in frying oil on microstructure and texture of fried food
[J]. Transactions of the CSAE, 2004,20(6): 160 —164. (in Chinese)

4  Crosa M J, Skerl V, Cadenazzi M, et al. Changes produced in oils during vacuum and traditional frying of potato chips[J]. Food

Chemistry, 2014, 146(2) : 603 - 607.

5 gk BEAUIMIE S MR AR T] REREE A, 2009(2) : 34 -36.
Zhang Cuihua. Effective method of reduction oil absorption of food [J]. Journal of Grain Circulation Technology, 2009(2) : 34 —

36. (in Chinese)

6 Shyu S L, Hau L. B, Hwang L S. Effects of processing conditions on the quality of vacuum-fried carrot chips[J]. Journal of the

Science of Food and Agriculture, 2005, 85(11);: 1903 - 1908.

7 Bouchon P, Hollins P, Pearson M, et al. Oil distribution in fried potatoes monitored by infrared microspectroscopy[ J]. Journal of

Food Science, 2001, 66(7): 918 - 923.

8 A, ERW . BE. BOLIRERMBEEEMN L], EEHBERER, 1996,17(3): 79 -81.
9 IR BB BOGIL R R RO 0 M BOR TE R A R ROV S5 A SN TS S (T RRAMn L, 2009 (5) : 134 -

136.

10 3, FOF & IR AR, 45, HiAL Bk 3 il /R A SR MBS ()] B AR A2, 2007,28(6) : 138 —141.
Li Jie, Wang Qingzhang, Tan Zhenglin, et al. Study on effects of pretreatment on fried lotus root chips[ J]. Food Science, 2007,

28(6): 138 —141. (in Chinese)

11 Dueik V, Robert P, Bouchon P. Vacuum frying reduces oil uptake and improves the quality parameters of carrot crisps[ J]. Food

Chemistry, 2010, 119(3); 1143 - 1149.

12 Fan L P, Zhang M, Mujumdar A S. Vacuum frying of carrot chips [ J]. Drying Technology, 2005, 23(3) . 645 - 656.

13 Bouchon P, Aguilera ] M, Pyle D L. Structure oil-absorption relationships during deep-fat frying[ J]. Journal of Food Science,

2003, 68(9): 2711 -2716.

(THFE232X)



232 | 1 R A= 20154

14

15

20
21

22

23

Prajapati V D, Jani G K, Zala B S, et al. An insight into the emerging exopolysaccharide gellan gum as a novel polymer[ J].
Carbohydrate Polymers, 2013, 93(2) . 670 - 678.

Kang K S, Veeder G T, Cottrell I W. Some novel bacterial polysaccharides of recent development[ J]. Progress in Industrial
Microbiology, 1983, 18, 231 —253.

TR XNE VP, 55 S AERRYE A T BRI R [T ] ROl L4 4 ,2014,45(5) 1185 - 190.

Luo Denglin,Liu Juan,Xu Wei, et al. Gelatin properties of inulin in acidic solution[ J]. Transactions of the Chinese Society for
Agricultural Machinery, 2014 ,45(5) ;185 —190. (in Chinese)

de Jong S, Klok H J, van de Velde F. The mechanism behind microstructure formation in mixed whey protein-polysaccharide
cold-set gels[ J]. Food Hydrocolloids, 2009, 23(3) : 755 - 764.

Tang J, Tung M A, Zeng Y. Compression strength and deformation of gellan gels formed with mono-and divalent cations[ J].
Carbohydrate Polymers, 1996, 29(1) :11 - 16.

A, BN, 2R, & RUMR—7CRERE RO LAERITR ], &7, 1994(3) . 328 -333.

Wang Wei, Xu Deshi, Li Suqing, et al. Polyelectrolyte-rheological properties for concentratated solution of chitosan[J]. Acta
Polymerica Sinioa, 1994(3) . 328 —333. (in Chinese)

Morris E R, Nishinari K, Rinaudo M. Gelation of gellan-a review[ J]. Food Hydrocolloids, 2012, 28(2) :373 - 411.

Mao R, Tang J, Swanson B G. Water holding capacity and microstructure of gellan gels[ J]. Carbohydrate Polymers, 2001,
46(4) . 365 -371.

Huang Y, Tang J, Swanson B G, et al. Effect of calcium concentration on textural properties of high and low acyl mixed gellan
gels[ J]. Carbohydrate Polymers, 2003, 54(4) . 517 - 522.

Nono M, Nicolai T, Durand D. Gel formation of mixtures of k-carrageenan and sodium caseinate[ J]. Food Hydrocolloids, 2011,

25(4) . 750 - 757.

(L#EE 211 ;)

14

15

20

21

22

Aguilera J] M, Cadoche L, Lopez C, et al. Microstructural changes of potato cells and starch granules heated in oil[ J]. Food
Research International, 2001, 34(10) . 939 - 947.

LT, RS0 R ER . A KL ZMALT]. e Ahas, 2011,32(18) - 108 — 111.

Ji Hongfang, Zhang Lingwen, Yang Mingduo, et al. Optimization of quick-boiling process for lotus root slices[ J]. Food Science,
2011,32(18): 108 —=111. (in Chinese)

HODUAE AL A RUREE . ORI 2 R R X s il E B M B R (1], A8 Tl B, 2005(7) ¢ 147 - 149.
Lambert M A, Moss C W. Comparison of the effects of acid and base hydrolyses on hydroxy and cyclopropane fatty acids in
bacteria[ J]. Journal of Clinical Microbiology, 1983, 18(6) . 1370 - 1377.

Diaz G, Melis M, Batetta B, et al. Hydrophobic characterization of intracellular lipids in situ by Nile Red red/yellow emission
ratio[ J]. Micron, 2008, 39(7) . 819 - 824.

MOC, Bhs e, BE LA, 45, JB 2 AL e 10 1 0 00 0 T BE S A DR PN B A R DR SE (T ). BUE Y 4k, 2012,
39(1) . 125 -137.

Lin Yi, Zhong Tianhua, Luo Zhuhua, et al. Study on screening of oleaginous yeast and determination of intracellular lipid content
by nile red dyeing [ J]. Microbiology, 2012,39(1): 125 - 137. (in Chinese)

WG, AR ELAS MR BOR [T]. ELa8, 2007,44(1) : 35 -38.

Yan Xiaoqian, Zhu Wu. On the frying in vacuum[ J]. Vacuum, 2007 ,44(1): 35 —38. (in Chinese)

Mariscal M, Bouchon P. Comparison between atmospheric and vacuum frying of apple slices [ J]. Food Chemistry, 2008,
107(4): 1561 - 1569.

Achir N, Vitrac O, Trystram G. Direct observation of the surface structure of French fries by UV — VIS confocal laser scanning

microscopy[ J]. Food Research International, 2010, 43(1) . 307 - 314.


http://dx.doi.org/10.6041/j.issn.1000-1298.2014.05.029

