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Abstract: Euglena gracilis is a unicellular eukaryote between animal and plant cells, which is
widely distributed in nature. E. gracilis has both plant and animal characteristics, and can grow
photoautotrophically, heterotrophically and mixotrophically. E. gracilis also features on
abundant and various cellular composition. Recently, extensive researches on unique cellular
components of E. gracilis have revealed its application in the field of medicine, food, and
feedstuff, in terms of improving immunity, fighting inflammation, and lowering uric acid levels.
The application prospects of paramylon in biomedical area were also discovered. As food
ingredients, food additives, feedstuffs and cosmetic ingredients, E. gracilis has been certified
domestically and overseas. A series of products have been developed overseas, especially in
Japan. However, the research and development of E. gracilis are still in its infancy in China, and
there is huge space for development. At present, the research and potential application of
cultivation and product functions of E. gracilis have been rarely reviewed. This review
systematically examines both the domestic and abroad research of cultivation and production of
E. gracilis, as well as the biological activity of E. gracilis powder and paramylon. The existing
problems in the application, exploitation, and possible development direction of E. gracilis in
the future are prospected. This review might be useful for establishing and optimizing
large-scale and efficient heterotrophic technology, as well as developing related products of
E. gracilis with specific functions.

Keywords: Euglena gracilis; paramylon; cultivation; functions
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Figure 1 Physiological structure of Euglena gracilis?.



KELY F | ARAREEFRESYDENARSRE

WEEAER XA BRI WANERY R
F & RS, T ER AR o — K
B RIS 25 0L AR B o A S T2 2 DAL 4R
PR G4 SCEREF IR I8

LB EEAE AR A A iz, RIS ELAE
JFEIE L ALY EE AR R, ]
DITEE S (I PREE SR (AnfIk pH . Srdh . SrfE
BERATAE) T AAED B SR O E IR,
RERT DLE ot ARG A ML, A R E BR
B CO,, XOAT LA 28 15 8 35 10 7 XORE
BN AN, 0] LB A PR
mAWE . EAEY, G REnT LI T
Je AT, WA IR FE AR SR R
FARRE MR, TR A . 40
A1 AR B AR

AR BEAN N A F B N E SR, B
AR TYROLER . ZIER . AR ., i
SEEMPUAAL AN BT MR 4K C.
e R B, MEE . FOKEEM -2 TS
HERFf R A AT B B R oe R BRe A
HuwbFE NARBTRT 00E SR, SRR LR, 2 EaL
[ RIRIE BB FRAN TR o ANALUNDL, £ A s i
A ANMRE , T A BB R TR 25 5 s A
AW, MR L 93.1%!7,

25 L RTIR, F AR — R L B ME Y
flE, TEERZ . & el i AR RS LA
IR R RS L, A DXL AR e ) s
I B ALy D e R 5 UEA T SR SRR, L
BT 2 2404 i 1 T 2 A7 1) Tl R DL B R R ]

*1 ARREABFERARIVRK

RERY KBTI T

1 SFHERRHER

1.1 FXBFIER

TEAJCHIARAET , e antie T LU T B 5ot
SVERFT R Oy HEATRERAER], Jfid i i
PERR I COL™, ange 1 i, R4 fe
H B IR 7 A — 2 F5E 5 0 A . Kiyaya &0
TEET AR EEAT DK THRL 7 T, R 2T A RS S 7K
FRERG FRAEOG H SR ARG IR AR A TS o Chae
S UOTXh F AN AR S AE [ B TRT A N, TR RE R
FAAC LA B CA W SR a8 HEAT WS o 21 AR
I A IR IR H A S & Bk, Sk B3R
i, BIEFE SOCRAIE T, L AR 2RI
B EZ LAY, FiRERDEA
FEEESRMET AR T O 3.2 o/L, PR
2SR 23%, {H o-2E B B (a-tocopherol)
SHESTRFMEREER FMEELa R
Fr R R 2B S A RZ R B
t K AL & W55 DR 28 W JBUAE 32 Al RE AN B P
3, B LA BEA L, SRR 22
SRR IR OC 2, B g B vh AT Z2 AR i 4
WA 25 AR B 2208, 10 24 200 LRI U 25 T AR
Z T M A A s LU 2T ZRRR O A IR B R
AR AE MR Y BSR4, IR
BETRR] 23 AH EL AL AL, 2R FR 25 0 s oG HREL O TR ey
(ARG FR)EL A H e 80 IR, dil i 2
fiff BR B 220 LA B BB T (P S RE R IR
C14:0)51,

Table 1 Summary of photoautotrophic Euglena gracilis

Research objective Scale References
Optimization of culture conditions Laboratory scale [9]
Optimization of carbon fixation culture conditions Laboratory scale and pilot-scale [10]
Production of paramylon and a-tocopherol Laboratory scale [11]
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Table 2 Summary of photoheterotrophic Euglena gracilis

Research objective Scale References
Production of paramylon and a-tocopherol Laboratory scale [11]
Production of E. gracilis in wastewater Laboratory scale [15]
Production of paramylon Laboratory scale [16]
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Table 3 Summary of optimizing heterotrophic medium of Euglena gracilis

Temperature Results References

25°C Optimal carbon sources: glutamate and ethanol [17]

28 °C Optimal carbon sources: glucose and fructose [18]
Optimal nitrogen source: corn pulp

x4 APREFAEFAEAARIIRK

Table 4 Summary of heterotrophic cultivation strategy of Euglena gracilis

Reactor volume (L) Cultivation strategy Biomass (g/L) Paramylon content (%) References

30 Batch 15.0 75 [19]

30 Fed-batch 17.8 77 [20]

7 Repeated-batch 23.1 70 [20]

BB R 30%-70%, i AR IR A R
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Table 5 Summary of tandem cultivation of Euglena gracilis

Research objective

Scale

Production of B-carotene, vitamin C, and vitamin E

Production of a-tocopherol
Production of paramylon

Laboratory scale
Laboratory scale
Pilot-scale

Strategy References
Mixotrophic-photoautotrophic [28]
Heterotrophic-photoautotrophic [29]
Mixotrophic-heterotrophic [30]
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Figure 2 Molecular structure of paramylon"?.
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3.1.8 HFIEMERNEZR

1 PR B AR B 223 o 8 T B RS
5% MR W R AR S, BRI 2 W A 0 ] 2R
A AL FIAE 5 40 B PR 1 R R SRR, W8S TR )
RE . B /NERIEAR . B /INE ] ST 1 0 20 i 45
Bio 7ok, BEEZ M TIRFHIERE R R,
IEHBEE T B R R A R . AT R
(Eubacterium). Marvinbryantia J& . 4H/NT# &
(Microbacterium) ., #&¥K % J& (Coprococcus) . %
= b AT % J& (Robinsoniella) F1 2F 1 kT 1 /&
(Bacillus) i 5CRE " 1@ B T 5 1k B 208
T BR TE 22 W A JU0 02 M o 1 A Je Ty THI A EL
w1

&: 010-64807509

3.1.9 HBpEEM

W Z W B A — & WP E M . Chan
SR /N RS T8 PR S-180, 7E 24 h
S 4 /N U T S 1 pg/g BRME R P A
HEARARRER MR e 2 TH R, (HEX MR A — &
AN VE . Watanabe 28258 10 25 /) U & 4
BZWEOESE T HXE/IN BUGS I vh e i S S
¥ kI (abnormal crypt lesions, ACF) 520, i BH
TR 2N ELA T A5 e n Ak, RS
A B Z WX ACF Sl i AL o

3 4b, Ishiguro I 57 3 B £F 404 3 410
L P A P i U LA ) St A s PR3 e 1) =X
Rl Lewis il 40 i 55 A fia 40l A549
HH1299 AR A, 2T 2 AR K 7 P S B
0388 Ao A0 R 24 T A A ) 4 A ) A R
I/ A TR A i P 5 ke I e 32 R A
£, AT /) SR8 0 P10 2R
3.1.10 #HETTEM

BE SR L A INZT AR B 5 R 2 4 )
DL 4R M LR AT R B, RIS
RBE 2 B 35 i DY Dai
FEAE R LT 57 32 B IR 0 £ AN AR B 40 i
B SR IR A A A AR S A0 I T LR A R AR K Y
e SR IU
3.1 MEIEATTARERRESZER

Nakashima ZEUS il RIF 7% 2, ZikHE &
REEZE 12 JAEER 2 WOl 500, 1 000 =
3 000 mg ZF AR B I 21 T P9 -5 75 fRURR 171 fuf
JEINR, Lk B 3R RGN R R AT,
36 Il faj 2 £ FRE 5 A (36-Item  Short-Form Health
Survey, SF-36), & " RuOEEIR A& & (Profile of
Mood States 2nd Edition, POMS2)#:il , 47 5¢ #5511
PR (Visual Analog Scale, VAS)MER, MEIRARA
5L 2% G i AR Ui $5 2 (Pittsburgh Sleep Quality
Index, PSQI)IFAL, VLK Iy 5 M i Hh B Jo Ao
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W, SEALRFIAL, BRI RESS] T8

Kawano 7 IGARAFFTRMT, H#AEGEHE
W7 IR NS 4 JERE R LIRS 175 mg #f
WELNHRLT RN, T BT 57T . B A
W57 e O B 57 B A, LT d-ROMs
(serum derivatives of reactive oxygen metabolites)
{H . BAP (biological antioxidant potential)quZ?'Fﬂ
BAP/d-ROMs FEAHIRGN , HALMIRAEAASI, F
FREINREEAL, DL 7 B 1 LAY
i, SN, K05 B AR S7 1B Z2 %
3.0.12 {REEHHE

Nakashima ZEUSIG RIS RN, 42
EESE 30 d BERHEA 2 g LFANERER , il
TE TR ARSI LA AN A AN T TR AR R B, 2T
AR (T AF #R 86 2200 AT LUR O A2 26T R AY
A, JRIE RN TR A R AR HE RS
3.2 Bm

TP EA FEMEFRN, CHREEE
nh 2 B S PR R (Food and Drug Administration,
FDA)IIAUE(GRAS Notice No. 513); 8%
A PERHLAE 2020 AT AR BEA T g — T 2
£ 1§1(2020/1820), FFTE 2023 4F 5 A 293 EF /A
APl TA R B 38 22 1 O 0 B 2 A
(2015/2283); FEEZR DA EZRT 2013 4E4LHE
CPARBRBEAH B AL JFURH2013 4E55 10 ). Rl
LT AR B i U AR A T 5
3.3 ik

FREZGER 2021 A ARE SRS
WS b JFOREH 5 (2021 4F5 62 5). ik
NAE RN AR EA AR TE,
B~ R K0T B G5 HA REAE B IR E IR 1A 3 |
W] IR, X JZ R AR 78 20 B K )
WES K I B , (A5 R IR RESC T, UL B-
R A m R T DR AR 2 T LA
VE Pt ) 5 DR 50 Tt it b o BT
AR E A RREE BRI IR, XS d Skl

http://journals.im.ac.cn/cjben

B Z R VE A PR S P A Ak .
3.4 AR

TR S IR A T B AR s %
Ll 21 HISWATHE 17 d 53515 A e 20
w7l it 108 mg/kg IR 54 mg/kg HYGRIEL,
SR ARR S I v ) S R R R IS T
AN 29.01% I E] 17.28%, 3% 7] BE & F T4
PEZ M REAR T 8 25 W R IS 1 g 1 3 s P D S
6 57 B Tl B B4 (Claudin, ocludin 1 MUC2)/Y
PRI IE B o FRDRL S I BR 2 B iR
REATR 1% 11 248 R e P R 4 i 25 LA B ot 3 Pk 9
WRHEH F-a (tumor necrosis factor-a, TNF-a), 7
JREEAMEREE A% &, JF N T IL-18, IL-6 Al
Ji I8 IR AE IR - (TNFA) & [R] ) 3k 7K - o

B WOl AE AR AR P T A, A
T 2R AR = S (greenhouse gases, GHG)
HECE I 14.5%°1, 224 sh 92 A ki st
) H e HE RS T 1 A et A v ™ A ) R &
SR EFABREER AR DT IR & A, R AL R
A AN EE R S, o] LLE o R s 4 sh e B
2 T 3k AR A W 1 S T s 0 R e HE Y
5 R BT IE 45 SR A R AR S 10 SOk
VR Sy ARk AT DL 45 2 TR e HE ki AR 35%,
Aemiro 5P R 5T 45 L 3 W4T ANAR A 10
SRR A RRE AT DA R B AR R W Y B e HE ik
WAL 37%, KU AAREEAE N DR A AR
PEE B HEO B W J1 . ok, RERM R
TRLK LT AR B s A ClRDRL R E %) B9, %
W 21 A0 AR A R R SUISA T IVE  FH RiG5
3.5 AR

EF AN AR AE PRI DA R E T RE A B P R i
AL N RS BR ERE R R S IS R AR AR
LA LR Tl o N TOE | KBS A
FRHLAH S e G A S % T BT e 1), B B 1Y)
N E . B S A LA 5, I Ay 5
A5 A 1y 3 R TR AR L, SR A BR Y %
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TR R i R AR = o Rt
KV TLF AR Y TR A E R AT ) o Zhu 5
AT 9T R W 28 AL & W0l L3R = 21 A AR B 40
NIRRT i, A BT AR R o Ik eR
ANRRBEEA A A W RE IR AT A P& o

4 FHERESKTRESFENER
TH MR H R

PRBE 22 WA £ 200 AL 35 0 L PN o i S )
Yy, fEaih . feltdl . B 25 DL G AL AU A 4T
B I PRI 5%, IR e 4 v 21 SRR 5 4 L PN R
BEERE D IR AR B — DT ) o AR AL 2
P e D B 7 ey w T B (H 2421 40k
BN SEREAZIL D 2H ) e R A , 3K R
FBi T LAY FAZ R Wt AL & i /N (DNA- H 3
R E T LWEAL), 2F A ese ik R 20 9 84
W AT BRI AT 0 AL R L 1T (Base J), (75
DNA PRIk 7o, LR sEfess et
FRFPREAS I AT Z A0 AL mRNA AT 2 B
VELARIT P2, DRI A HE 2R 1 o 2 g A 7 3 (A
NP0 HOETA SCET AN AR A AR 2 B
WAL ST 4/ . Yoshida ZEP 1L S 4 25 %
I R B S lF(EgGSL1 Al EgGSL2)TELT 4l 4 i
GHRBRBEZHN L REP I EEEMN MG,
Nomura Z:P2F] ] CRISPR/Cas9 2 4i % 4T 44 i
N E O BB R EgGSL2 e 5l E 1T g
FERZAT TRA T 10 DR R e
5 HHEREMATFKXFENI
55 3 1%
510 MBEWAWERENERTIZRAS.
FEERAR

LFANAREE YOG A SRS IR AR R MR A
SR, BHRTEIKCA H ARSI At A
S B B A HE B RO A FR AR T R

&: 010-64807509

a o FRE PR DG TR B 7 M IR A AR Ak, ELANTT
Pkt A FRAETE TR 2 R, 2F ARk e S5 R s 55
AR S A SR S, (HH AT
4 BR{VZE [E Kemin Industries . 1 [E = g AR LR
JuEb AR RN A R F . B E Daesang DA K
PL {451 Solabia-Algatech Nutrition Jf & T £F 414
B FRHORAE P AR AR BE R A o, T e
AP A T R AR AR . S Ab,
BB T AN ER D, CiEN T2
B S RRBE )  R R, B & Ak
A R AR A R ROR
5.2 REZENARECRBEART A

H T2 iR e i RS2 B, DL SRR e 2 b
PRI RE, B2 T ) B is A
i, 2 T R AR e R LR U v A SE Y
TFIRE . M2 P O LR TR B — P I K,
R 2T EREAAIT R
53 AMBEINESRTIAEE

HHlT, T3 ELFABSEAS ™ s B e,
Kb, HF AL, T2 EwE.
HR 36 EFN H ASS Gk 2ot O 2T i Jm 47
HEREEDIRE B ST, PTLAAR A e T ae ™ i
—RE SRR g A 2

R, WKl 3 Fos, B4 . foE &
A 2T A RR e A 7 T R T A SRR 7 O
o —JrTH, T AR LA AR S AR SR
TR, #& HAR P R, [R5 XS £F
RO A S IR IR SR R
IR T, AR, R
o B R T AR AR AR P T AR A AR
BB AR PR, RS ML N RE TS . T —
JriE, BUHTRRBE SR T 2, NI LA ai Rk
BT o BT B E WAL LA . b, IR
ABEFE LT AR BE 5 R e 20 09 B R R Th fig
SiaLk AT AN T EE R
RETEE A . R RHE 5 .
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Figure 3 The development roadmap of Euglena gracilis and paramylon.
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