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Abstract: For investigation the application of protozoan Teirahymena thermophila on food safety
detection, two strains of protozoan 7. thermophila Cu428.2 and B2086.2 were used as substrate to
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study the biotoxicity of food preservative sodium benzoate (SB). Effect of SB on 7. thermophila was
assessed from changes in cell shape, movement style,population growth and superoxide dismutase
(SOD) activity after adding SB to the culture of 7. thermophila in Neff medium. Cell morphology
and movement of 7. thermophila were observed under inverted microscope at 6 h after adding 0%,
0.01%,0.05% ,0.1% ,0.25% ,0.5%SB to the culture. The results showed that in 0.01% and 0.05%
SB, both strains of 7. thermophila cells became shrunken and smaller, the speed of cell movement in
the media was significantly slower than the control group. While in 0.1% ~0.5% SB,cells
morphology turned round from oval,holes appeared in the cell membrane,rupture and death cells
were found. The higher the concentration of SB was,the greater damage of the cell membrane and
the more the apoptotic cells appeared. Population growth curve and 24 h SOD activity of the two
strains of 7. thermophila cultured in Neff medium were determined in 0.000 1% ,0.001% ,0.005% ,
0.01% ,0.05% SB compared to the control group. The results suggested with the increase of SB
concentration , population growth rate of 7.thermophila decreased and 0.05% SB even killed the
original seeded cells,however 0.000 1% SB promoted the population growth. While as the SB
concentration increased ,the activity of 7. thermophila SOD basically decreased,however,lower

concentration of SB could enhanced the activity of SOD in a certain period of time.

Keywords: Teirahymena thermophila,sodium benzoate, biotoxicity , SOD activity
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Fig. 1 Cell morphology of Tetrahymena thermophila Cu428.2 in different concentration of SB
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Fig. 2 Cell morphology of Tetrahymena thermophila B2086.2 in different concentration of SB
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——0.05%,
—=—0.01%,

in different concentration of SB

45;
40t
35t
30t
25t
20t
154
104
5F
0" X y D WD G
0 24 48 72 96 120 144 168 192 216 240
Al /h

——0.005%,
—%=0.000 1%,

G B DU I e 15 /(< 10* cfu/mL)

——0.001%,
——0.00%.

BRESHHNERRMT

——0.05%,
—2—0.01%,

B4 REHYREH B2086.2 #REARE
B A4 2
Fig. 4 Growth curve of Tetrahymena thermophila B2086.2

in different concentration of SB

23 FHERWYEDNME BB | LY ELE
(SOD) 49 81
I $1 DY i R, Cud28.2 FR Al B2086.2 Bk 45 I

S3E SB Hh SOD i J1 45 5 WKl 3-4 K% SB f‘ﬁg
S IN ,SOD ¥ J1 ¥ 2 Se G Inf5 BEAR, SRR
g B0 5 5 SOD 6 7 5 i 1) Wk BE AL A Jr 22 5
Cud28.2 Bk 15 B &5 19 5T & 40 08 0.005% , Tl
B2086.2 # ik £ v &5 1Y i & 4> 4l 0.001%
Cud28.2 #k114) SOD ¥ 71 e fmy A LL X BRZH £ 95.44%
B2086.2 ¥ 1) SOD ¥ J1 f% & 41 b X | £ 38%
Cud28.2 ¥k 0.01%F1 0.05% 5 % BE 21 G B & 22 5,
ifii B2086.2 ¥k 0.01%H1 0.05% 5 %} HE 20 SOD % 11 i
EREAR,

400
350F
300F
2501
2001

SODE /1/(Ulmg)

=)
3 3

(=)

0 00001 0.001 0005 00l 005
SBI 4350/ %

Pl b R [ 5 Bl W] 22 53 08 1 35 (P>0.05) , AN TR 5 B 3 7n 22 5+
.3 (P<0.05)
B3 AEAEREFHFTRBRMNTES 24 h
Cu428.2 #5 SOD & /1
Fig. 3 SOD activity of Tetrahymena thermophila Cu428.2
in different concentrations of sodium benzoate

Ja M fE

after incubation 24 h

250
__200f
£
= 150F
2
= 100}
2
l i
0770 00001 0001 0005 00l 005
SBJF 43850/ %
P&l o = RE A [R) 26 BH 25 5 OK 835 (P>0.05) , F RN A ) 6 oR 25
I % (P<0.05)
B4 AEARESHFRERNEF 24 h 5 M E = B2086.2
H1 SOD i& /1

Fig. 4 SOD activity of Tetrahymena thermophila B2086.2
in different concentrations of sodium benzoate

after incubation 24 h

St A S 2016 £ £ 35 5% 5




RESEARCH ARTICLE

PAN Houjun,et al: Application Tetrahymena thermophila for

Assessment Biotoxicity of Sodium Benzoate

-3 &

31 RABANERIFERPBRKEYSENTT
T

A TR 0 X T M £ 200 A P R O o 00
L7 JEE A FE A Sty | ELURIF 5 3 B OGS L Al sl 4 4 4
MIR B BAGVE A . B B EEAEN 54T T SB Y
BEHLAESY, A SB AT 5 /)N BRUE 6 200 it e £ fk
Wr ZLERIRS 1 WA R BRI AR LE B T SB X A AR
G40 A BH 2 19 35t 4% 5 P s Khasnavis 551A R SB
fiE b JE A B P B R AN A s 2o b ) £ S 4 AR
WY DJ-1 & (5= DJ-1 AR KRGEG R
TR A G AR ) 5 X R S SR AT 1 2% R R ik o) 2
MRy SRR 1R T 8 A el PE A SB
(A= )k, 45 SR B SB T 0 B50BE /&7, X g A Y
IR oy N < ES ] I NSNS = o ERA Y e e
0.1% J&=F 0t F i 45 2 5 b VR B i B AR
RIS 25 R LW ,0.1% SB XF g 44 DU i . Cud28.2 ¥
HARKAER, 512 80%1) B2086.2 Fk g $  fi
RO XIAR SR AT A 2R H R A % R R L)
AMEFBMEEM L h R/NBOERI R 8 o/ (ST
0.8%) o X SESIFIA I 7% 45 5 53 51| 3 W] - SB X 41
LS5 A= By e R B DU R AR, LR
B 25 B YA AR AE R B R) R 95 W 5%
ANFEEZ W, BA 0T ek,

T R 40T, SB X g $A U i e EL A mT LAY
BEMERON  TERIE WAUEE T, AT A UL B B
SB Tt o3 AR I I, E DU Iz B e b A
1B JEA KA oA Y ot 4 50RO 20 4
Pk, ABAEAIR BT & 2 200 SB b (SBJ  43 Bl
T 0.05% ) A LA US| 33X FF A HERR SB X}
M A DU 5 E AT A R MR UL 2 AN 30 (4 52 i), A R A B
T HEORS B ANER An H T S AR U A AN S R AT
GIAT o HH WA A SR S 0 AU 4 T SB X /I
SRR £ A TR A5 B B S5 A s i), R IR AE SB FE A
T I T RS R TR RS BB G, L % R A 4 i
I VT 24 Xof D 40 B 45 4 15 AN T 3 ) PR L A
AU B AT AR A8 T SB X g B S AT/
B IAA EL 40 6 ) 5, R FH 0 4T 43 S0 e R A sh
L A B, FEARBRTE , SB X g 4 st e 1)
V50 WA A5 52 56 1Y SB X /)N BRI B2 400 il A 4%
AHARL

VEF BRIV T SD Xof g FA 0 JiEE o i S 1k B Ak
fit (SOD) A5, SOD J& A= 4 1k P il HL 7 22 1 bt 4
FL I, BEVE PR A B &+ A 2 (0,), 0, B A dEH
KEVWEIRVER, BB 51 40 M 58 T~ F1 2% B 19 52
% ,S0D #IA KR T O, i E S — 2, el Lok
O, 564k ]y 5 PR B AR B9 HL0,, 16 FAb B A0 1 BT o
LIEAR R HO R Oy, P47 4t M 5 32 151 4751, i 22 417
WFFE AR K ZnO X g #4 DU i 2R 5 3 1, 0 SOD
TG TR, XA B 2 H B BV BREE T T
K%, SOD i 1 B AR S 40 K ZnO X g A 0 s okt 7= A
PR E R HFE SR BN LSBT B R
0.01% J 0.05%%1 , /& #4 Y JiEE dt B2086.2 £k SOD i
HAE—EMEIER, 3 Cu 428.2 ¥ SOD & 117t
AR, I SB X rg Y 5 L B2086.2
Pk SOD 1% J7 5% W B K AEAIR BT & 4 By SB AEH
T ,SOD {1 Fex BEZH &5, 434 Dt PR PR A A1 o o
S30) SB O IE FA DU R A LI R, R )
Wk T AN SOD G M. 24 SB ik B — i 1 T
5380, W) SOD V% PR AR . 5 28 X5 45 ¥Iph? X K 22
Ti| | 7 i S UOVGR 5502 TR X AR 2B AR A SR A
AR OURG ) = R A ot #9120 4L A R, SOD 1 P 4%
SR R AR B  A3 O T | B S AR R AR L

i LTk, A e B ECT  SB X g B U i
Y M B O T AT R AL, T 0.001%
JoTH 43 L SB KT g A DU REE e ) RO AR K B
S0, SB TR 43BN 0.01% B 0.05%2H %of g $4 iy fist
H B2086.2 tk SOD i J1A — & B fil/E H | 55 56 45
S5 AT AR /IS U A0 M o B AN A | R e A
BA — 0 nr etk 2R B SR g 400 i 1Al SB
A s = AT
32 MAMEAMERES SD £EMEHITEEER
R =

I R I B 35 4% S A, R AR R R 2 42
AR I st AL AR B AL T Al AS AL 20 B R
S P bR ARG B R, RS
11oh% RS IR T KRR SE .
Ry — R K R UL BB B R A sh ), S =
SR N NEZ0) = S 1 NIl U S o V= 7
WEFE A VE 20 R R AR | {58 FL 80 R 3 58 24 2
TP 5 400 38 2 M S 6 1 SELAEURE BRH S i g A
HEE SR b RLBIE 5 ) X AL FE S SR & AA S
W AL B AR AR Zn0 SF R R E

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.5 2016



EHEE E. BAER R KK T B A A

HRIEX

— A AT L T AL T2 R VTR K R S IR A
P20 g R DY AR DA R A A
& BB YRR AE Y, K15 RN &
WERZAMEM . ARUFTEEE R R, R A g #4000 s i
15 SD #PE M PEAL , AT N AH A IE 25 A8 Ak R R A K5
M SOD W AR fb 45 2 7 kAT, 52k A/ BRIk
Y0 R L AR B R TEAL A 25 S HLE AT e TR
VR Ry 2% TR fd

g AR PO R B AN R 32 B L1953 AR
Nanney ZF B RO 18 AR U JEE 1 19 58 0 70 R A7 4l 38
YerE T 7 A A AL AN [R] A2 TE A 1 g A I iR e
Y AT DAHEAT A PR B, ASBESE I Y Cud28.2
B2086.2 J& T Wi bk A ] 2 L 784 1) Bk, R FH P Bk
[7i] 32 fic 5 0 A DU S R HEA T AT, A R TR 2 T f#SB
YEFI 3 3 1, AR B 98 SB X g 4 S e A5
BEH I 52 R B2 AL T SR AL . SB TR 4341 0.1%1E
6 h J5, WIRERE DU B2 3 % AR T B R TR
AR ,0.05% SB G PR Ak W A U R st 1 5L A 4 o]

SEH

FERKAEH, A B2086.2 #k H B & ,SOD i 77 (1) 4%
e B PEAL SB X SOD 1 1 19 52 M, % 426 g 4 Dy i
11 B2086.2 # HE M U,

AT 5T 26 BA < 2R H IR X g A U el LA A
A M R BLAE AN 25 1 A8 Ak RN R R A
F1SOD (32 M, 55 3 W5 SR, FH B g o e, A
AT AAL i1 BE 43 AT (00 2 FR R ik 6T /N B 7B B 400 i ) e
A B K 052 ma ARl B R R NI 203 43 )
HEAT T 70N BRH 6 200 0 i 10 AR 20 400 i %) f A% R 6
A G o A 75 6 1 £ B 43 B SD X B A ) 4t i 1 5
M, A 25 0 50 B AT AE SB X /DN BRIk B 40 it 1 7%
A5 PR VR AR RL, T X G £ 4 1 1 T AT 200 A7 a0E —
HARGE R R (fh 272X CeHsCOONa ) /2 2K H iR 1Y)
ER R K, B S AN R A Y, A&
W52 E7n , BR T SOD 5% i il AR 41, i 4 3 Ak
P 8 S A A i N A A IR N S AR
SB X 5 A U fIEE s 35 S il 9 1 S A R ) AP R A —
AR BRI

[ 1] SABHEY, T, gedkll, 55, N H R 70 B 3088 0 B 28 W R B A= ) s M D). AR TRE 2% 4k, 2008 ,24(8) . 1428-1432.
HU Minggian, WANG Jiongkun,CAI Jiye,et al. Analysis of sodium benzoate biotoxicity by atomic force microscope [J].
Chinese Journal of Biotechnology,2008,24(8):1428-1432. (in Chinese)

[2] e N SR [E AR HE GB2760—2014. £ il 4 4 [E G AR Uk £ 5 8 I 5510 4l AR HE[S].

[3 7 RS, & A, 45, By 750 2R HH TR B 1) 25 3 % 3 B2 0 5 [, BRI B2 412 ,2010,38(30) - 16724- 16846.
WANG Siwen, GONG Jiang, GAO Ang,et al. Pharmaco-toxicological study of preservative:sodium benzoate [J]. Journal of

Anhui Agri Sci,2010,38(30):16724-16846.(in Chinese)

[47 B, o0 B 28 ER Ak X /0N B 5 40 A B 3028 A8 A FHAVT 9 (D], 3 MOl K 2424417, 2006,28 (4) : 466-468.

Lu Na,SHEN Minghao. Research on mutagenicity of sodium benzoate in born marrow cells [J]. Journal of Jilin Agricultural

University ,2006,28(4) :466-468. (in Chinese )

[5] £, E TS Gk sk o o0 4 PR A0 5 4 v B4 A n PR ], Jb st K243k CH AR R h) ,2002,38(2) : 159-163.
WANGYali, WANG Haifang. Interaction of bovine serum albumin with benzoate[J]. Universitatis Pekinensis:Acta Scientiarum

Naturalium,2002,38(2) :159-163.(in Chinese)

[ 6 ] Mccann D,Barrett A,Cooper A, et al. Food additives and hyperactice behaviour in 3-year-old and 8/9-year-old children in the
commuity : a randomized double-blinded, placebo-controlled trival[J]. Lancet,2007,370(9598) :1560-1567.

[ 71 Asai D J,Forney J D, editors. Tetrahymena thermophila, Methods in Cell Biology[M]. San Diego : Academic Press,2000:4,32.

[8]Wang ZF ,Qi X H,Zou M Q, et al. Cytotoxicity assessment of melamine using the ciliated protozoan Tetrahymena pyriformis[J].

Asian Journal of Ecotoxicolog,2009,4(1):35-39.

[9 170 lia L,La szl6 K,Effects of the aquatic contaminant human pharmaceuticals and their mixtures on the proliferation and

migratory responses of the bioindicator freshwater ciliate Tetrahymena[J]. Chemosphere,2012,89(5):592-601.

[10] ¥ 2L, X R M, 5. /S AR A= 3l 4 I o i) A= W vk 52 3 8 F 9 [T, BB R 2 5 4R 41,2006, 12(29) : 11-13.
HUANG Weihong,ZHAO Tianzhen,ZHAO Liuqing, et al. Biological toxicity of hexachlorobenzene to the protozoa Tetrahymena
thermophila BF5[J]. Environmental Science and Technology,2006,12(29):11-13. (in Chinese)

LHStHRAZIL 2016 FE B EE5H




RES EA RCH ART' CLE PAN Houjun,et al: Application Tetrahymena thermophila for
Assessment Biotoxicity of Sodium Benzoate

[11] B0 £ i b7 T8 350 2R H T 0 1) 2 e B e o B8y P 3 3 7). 33 B 24 4% 55, 2006, 20(5) :326-327.

Lu Na. Study on acute toxicity and Malformation test of sodium benzoate ,a kind of food preservative[J]. J Toxicol,2006,20(5) :
326-327.(in Chinese)

[12] B8, v B . 2 il B 700 4% PR R 10 35 FR B 1k Bk 7 JE MEAF 9 []. F 3~ 4455 ,2011,25(3) - 241-242.

Lu Na, SHEN Minghao. Study on accumulation toxicity and sperm toxicity of sodium benzoate ,a kind of food preservative [J]. J
Toxicol,2011,25(3):241-242. (in Chinese)

[13] BRRI, i %, s, 45 iy I 700 24 FY IR 0 ) 8098 AL A FHATF 980, 9 78 - A% - 58742, 2003, 15(3) :178-179.

CHEN Gang,GAO Jian,HAN Yan,et al. Study on mutagenicity of sodium benzoate in preservative [J]. Carcinogenesis,
Teratogenesis and Mutagenesis,2003,15(3):178-179.(in Chinese)

[14] Saurabh K, Kalipada P, Sodium Benzoate. A metabolite of cinnamon and a food additive , upregulates neuroprotective parkinson
disease protein DJ-1 in Astrocytes and Neurons[J]. J Neuroimmune Pharmacol,2012,7(2):424-435.

[15] XUfR , 2%k , Bl gt 4 P I A ek B TR A 28 P AR TR SE (0. 42 PN Bk R 257 41, 2011, 15(4) :45-48.

LIU Jun,LI Lin,ZHANG Xiaoyan. Research on the toxicity of sodium benzoate against paramecium[J]. Journal of Yangzhou
Polytechnic College,2011,15(4):45-48.(in Chinese)

[16] Farber J L. Mechisms of cell injury by activated oxygen.[J]. Environmental Health Perspectives, 1994,102(10):17-24.

[17] Wk2Z2 , BNt , MR 45, 56, 442K ZnO X g $ o B e i) 78 25 JE PR AR 5[0, A B R4 55,2009, 7(7) : 833-837.

YAO Ying, YANG Liuyan,CHEN Jun,et al. Ecological toxicity of Nano-ZnO on Tetrahymena thermophila [J]. Research of
Environmental Sciences,2009,22(7):833-837. (in Chinese)

(18] A XU, 2= 4 Bk , MRS , 45 Pb* X 7K 22 851 ) S 1 75 1 e S 1 0 I8 A I P By S e [0, v B R 2 3 41, 2012, 28(8) : 87-89.
ZHAO Shuanjing,LI Yangiu,LIU Yubin,et al. Effect of Pb* on Limnodilus claparedianu acute toxicity and superoxide
dismutase activity[J]. Chinese Agricultural Science Bulletin,2012,28(8):87-89. (in Chinese)

[19] E W1 502, F2 00, 45, R i 5 T4 16 X R A Aot A K 0 3 o B FC AR B AR ORE [T, b L BRI R 2 2012,32(4) £ 659-665.
WANG Zhaohui, XIE Jun,JIANG Shan,et al. Effects of commercial cypermethrin on the growth of Scenedesmus obliquus and
its physiochemical responses[J]. China Environmental Science,2012,32(4):659-665. (in Chinese)

[20] R 2 bn. = JF X i f 2] 21 SOD \POD Hl MDA % 1 ()52 W [J]. 34 B % i g ,2012,33(5) . 74-77.

WU Hongsong. Effects of melamine on activities of superoxide dismutase peroxidase and content of maleic dialdehyde in
Cyprinus carpio[J]. Progress in Veternary Medicine,2012,33(5) :74-77.(in Chinese)

[21] M2ET e B RS RO DU RS B 7E A58 5 B4 58 P i R R (D], AE 2% 245K ,2001,10(5) :31-33.

YE Hanging, YANG Xiangliang, XU Bihui. Application of Teirahymena pyriformis in environtoxicology[J]. Journal of Biology,
2001,18(5):31-33.(in Chinese)

[22] Eisen J A,Coyne R S, Wu M, et al. Macronuclear genome sequence of the ciliate Tetrahymena thermophila,a model eukaryote
[J]. PLoS Biology,2006,4(9) :1620-1642.

[23] 204 SRR sy DB /N B A <R T[], AR AR R, 2010,45(12) (15,

MIU Wei. Tetrahymena thermophila,a kind of protozoan, the little material is very useful[J]. Bulletin of Biology,2010,45(12):
1-5.(in Chinese)

[24] 2246, 3. DU E s AE RRE 1 A 1% FH A 5% 0 e [0, e RS BB 9, 2011,111(8) :126-127.

LI Wei, YANG Guiwen. Progress of application of Tetrahymena thermophile in scientific research[J]. University Science Research:
Science and Technology Information,2011,111(8):126-127.(in Chinese)

[25] 5K B2, G B, FL% . T T 22 10000 AN [R] DXCBE K Jot X O AR A M A B s i [, B 2=l 4 ,2010,16(1) :58-59,216.
ZHANG Yujun,WANG Qinglu,KONG Hao. Sexual reproduction influence on different section water of Tetrahymena
thermophile of Xiaofu-river in Zibo city[J]. Anhui Agri Sci Bull,2010,16(11):58-59,216.(in Chinese)

[26] EHIE2=, FhvN e, O BB A 8 3] 22 P B oK BT R 58 (7] PY ALY R “2 244 ( H AR R h) ,1997,33 (1) : 50-53.

MA Zhengxue,SUN Xiaoping. Water quality assessment of Lanzhou reaches of the Yellow River by means of Tetrahymena
shanghaiensis[J]. Journal of Northwest Normal University : Nature Science, 1997,33(1) :50-53.(in Chinese)

[27] Nanney D L,Caughey P A. Mating type determination in Tetrahymena pyriformis [J]. Proc Natl Acad Sci U S A,1953,39.
1057-1063.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.5 2016



