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Abstract
ring culture bioreactor, comparative studies on the method of making and optical microstructure of 16 fibers from the phloem, wood, bamboo

(Hunan Provincial Key Laboratory of Forest Products and Chemical Engineering,
In order to establish the method of screening and making the plant fiber needed in the culture bed mesh-velvet of the curtain-ancho-

and straw of 14 plants were made by using the four methods making fiber including lime, sulfate, alkaline sulfite-anthraquinone and enzyme
method and optical microscopic observation,etc. The results showed that the fiber yield was the highest by using lime method, but the time-
consuming was the longest, more than 14 times of that of the other three methods, and the non fiber material residues and undispersed bundle
fibers were relatively high in fibers products.The sulfate method was more suitable for Boehmeria nivea phloem, Bambusa emeiensis, B. textilis
Phyllostachys heterocycla bamboo and bagasse fiber production; the AS-AQ method was more suitable for Broussonetia kazinoki phloem and
wood , Boehmeria nivea, Populus alba and Pinus massoniana wood, Triarrhena sacchariflora, wheat, rice and corn straw fiber production; en-
zyme method was more suitable for the production of Arundo donax, Miscanthus floridulus straw and P.massoniana wood fibers.The length of fi-
ber cells was phloem > bamboo> straw > wood. Phloem fiber cells were not only longer, but also wall thicker and cell wider. The phloem fiber
cells of B. nivea was the longest, which was on plant species, followed by B. kazinoki, 48.4 mm and 13.2 mm, respectively. The fiber cell
width of B. nivea phloem was still the widest, 38.7 mm; fiber cell wall width was straw (7 species average 2.3 um) < wood (4 species average
3.9 um) < bamboo (3 species average 4.2 pm) < phloem (2 species average 5.8 um) ,that of B. nivea phloem and P. alba wood were wi-
dest, 8.5 um, respectively,which were on the species, followed by P. heterocycla fiber cells (5.1 um) , that of B. kazinoki wood and bagasse
fiber cells were narrower,4.3 wm, respectively, and the other fiber cells were between 1.1-3.1 pm. The diameter of the fiber cell lumen, B.
nivea phloem was biggest in 16 kinds fiber cells, 21.7 pm, followed by bagasse fiber cells (20.0 wm) ,that of T.sacchariflora straw was least,
6.7 wm, that of B. kazinoki phloem, B. textilis and P. heterocycla wood, A. donax and M. floridulus straw were between 15.4-17.9 um, and
that of other materials were smaller more than 13.7 pwm. The results provide a reference for the preparation method, micro size and structure of
the plant vascular bundle fibers needed for the mesh-velvet of curtain-anchoring culture bioreactor.
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Table 1 Tested material
] P LEZLES RA
Material type Number Plant species Collection place
¥ H¢ Phloem 1 JINFEFH Broussonetia kazinoki S. et Z. WA R E P B R FE AR X G Ik
2 4k Boehmeria nivea (L.) Gaudich. WA TR AT R R E A XS bk
141 Bamboo 3 2541 Bambusa emeiensis * viridiflavus’ WA TR FZ AT 1 RFRF AR X5 LAk
4 T AT Bambusa textilis Mcclure WA R B R R AR XU Lk
5 FAT Phyllostachys heterocycla ( Carr.) Mitford cv. Pubescens WA TR F AT Rk R AR X JE Lk
A*E Wood 6 145 Populus alba WA TR R E A XU bk
7 LN Pinus massoniana Lamb IR B KRR A B REERF AL X5 LR
8 /RS B. kazinoki S. et Z. R TR ST R R A R Lk
9 8k B. nivea (L.) Gaudich. W A TR AR T AR IR A KR AR
FEFF Stalk 10 3K Triarrhena sacchariflora (Maxim. ) Nakai WA TR AT 1 RFE R F A X5 LAk
11 FAT Arundo donax IR S R T 2 B R iR A PR XU LLbR
12 FTTE Miscanthus floridulus (Labill.) Warb. ex Schum. et L Laut. WA R E T B R FE AR X G LAk
13 HE Saccharum officinarum AT kg AT
14 /NZZ Triticum aestivum L. TR 44 % PE T (2018-05)
15 IKFG Oryza sativa WITEAE AN 7 (2018-03)
16 LK Zea mays Linn. sp R R ACGE X RoK YTt X
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Fig.1 Lime + mechanical method process
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Fig.2 Sulfate + mechanical method process
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Fig.4 Biological enzyme-chemical + mechanical method process
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Table 2 The fiber productivity of 4 kinds of materials from 14 plants obtained by four methods
ik ] : é?éﬁ)tﬁ Fiber productivity // % : :
Plant species Fiber type . FERIS BRIREEIL AS-AQ % %{i
Lime method Sulfate method AS-AQ method Enzymic method

JINKIR B. kazinoki 19 Jz £1- 4 57.44 29.03 33.21 28.47

PNz 71.90 71.47 37.07 68.13
MR B.nivea 1 iz £1- 4k 49.21 50.65 45.19 41.95

R EF4i 91.86 60.92 61.92 58.65
ZEN B.emeiensis KRR 89.90 55.76 53.25 51.43
AT B.textilis (R 70.13 63.54 51.80 55.61
EAT P.heterocycla LU AR 90.34 54.64 54.07 50.59
14 P.alba R EF4i 95.02 68.10 69.85 67.02
NN P.massoniana VN E R 85.58 63.98 57.26 79.36
#k T.sacchariflora FEFFEF 2t 79.75 52.72 58.78 53.21
FiAr A.donax FhFrer4e 64.33 42.36 44.80 45.01
HATTE M. floridulus TEAFLT 4t 71.54 50.50 53.42 53.60
HRE S.officinarum TEFFEF 4 48.81 45.63 25.13 37.66
INFE T.aestivum FEFFEr 4 75.09 52.27 60.53 46.32
KRG O.sativa FERFLT 2 47.23 42.17 46.54 37.32
EK Z.mays TEAFLT 4k 74.84 42.12 53.75 39.78

GR VAT SR B0 T R AT R AR R TR
SR B e £ 404 R 5 T 2T 4 T B
NI BB 1 TR SRR R KR E
RFFFAER I AS-AQ UKL, T4 £F 4t AR 1

,‘

B, AL AR B /D s /MR AR R T AS-AQ LA
Trkbs s VRS AT RS RE AT R IR A Bk LAS M
3 FPOT A, 225 AN K, BIBGE 5 5 T AN A R T B L
HeAto 7 ik 4y, - 4 AR B0 , B4

L/ MARE) B 21 4, 2. /N REFTET 4L, 3. 95 R ATEF4E 4. SRR EF 2 s a A0 K%, b R o BRRER I, d. AS-AQ ¥4
Note: 1.B.kazinoki phloem fiber,2.Stalk fiber of wheat,3.B.textilis fiber,4.B.nivea wood fiber;a.Lime method ,b.Enzymic method , c.Sulfate method ,d.AS-

AQ method

B 5 4 TSI RETH BN A 4R E b R (125%)
Fig.5 Comparisons of fiber quality prepared by four fiber preparation methods( 125x)
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T L AT A IR (B 5) |, B IO 75 B 1) 3
/T AR (3R 3) 3 A7 ik Hl U 5 43 51k 18118
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O (1] 6.7) , 1A A6k 24 TR [R] FIAR 99 b 285 ] LU 35 % B, 9 B2
LR AR B A MU ) B2 S TR SFEFE> KRB, /N AR

PR B 2T AE AN KB 503 13.2,48.4 mm SR ATAA S LR 4E
(1 6~ 10 £, JEREFFFIAM ST 420 M BE 1Y 10 43fie; 2

AR EFLE AR I, 2 0.7 mm s ZK SR FF £ 4k 40 5 A b4 &7
HEL MU , 2 0.8 mm , FCABFE AT 4 240 0 1< B2 42 S0 A A
YR BERY L G2, AP AR B L LB B i doe iy, /)
PRy 60221, M28R 1 251 1, Ay b 21 i 240 Jfa A0 7 A A AR )
THATEFHEARIIR 2, S 100 ~ 200, 4 1) REAS AL RS AT 2T 4
R T REAS KA, ATl N, AN B) 100, £F2E4h i
BETE AGAT (7 FHP-E0 2.3 m) <A (4 FfF4574 3.9 pm) <
Pk (3 FfF-322 4.2 wm) <) 52 (2 R4 5.8 pm) |, B &
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Table 3 Feeding volume and time required by different preparation methods

FkHE Feeding volumn FEIF

(LY IRES

ORI Basn A 5 st e Time-

ari S LT E ; hd onsumi
Preparing methods » ' ] s Preparation of periodic reagents and consuming
Dry weight of fiber raw materials /g the proportion of reagents to raw materials h
AR NMEREIRE 3.53, SURRIIEE 1.74; ZEATPTHE 8.32, 75 e AT PT4F 4.79, BT 4 ALES 11%  BRIR M 3% 192
Lime method RF 4.92; VIR ARHE 3.58, CHRARAS 4.26, /MARIARE 5.78, 2R
HF 4.58  BKAERT 7.50, PEATFERT 8.01, HT T RE AT 9.22, HkE#4.53, /)N
HAERT 3.62, KAEFEFF 5.59, L ARFEFF 2.18
TR IR B 4.19, S REFIEE 2.63 ZATPTRE 13.32, 75 AT T HE 12.86, 5 A A AL EN 26% , i Ak 2/ i b 4 31% , Bk Ak 18

Sulfate method

PPTH819.53; ERRE AL 9.5, CHEAMAHE 11.61,/MARIASTB.39, 28k I (2% ZKFI 4% JREE,1:30 Ll ) 4l

AKFE9.245 FK RS FF 1155, P ATRS AT 1181, T 2R AT 14.45, H R ORHRAR (R R BRIR 0 ik FR 401 A2 & B IR

713 /NEFERT 4.83  KFEFEFF 7.30, T AFEFF 2.14 #41)0.6%
AS-AQ AN 5.02, 2RI 2,225 ZATHTAS 10.34, F5 B ATATHE 8.61, 8 ZUAMLHN 14% , WAR R E: 25% , TR 0.1%, 18

AS-AQ method

PrArkE11.62; VR AKE 5.97, ThEEFAAHE 8.66, /IMARAAF6.38, 25k B4 (2% %K 4% IR K, 1:30 LWHIRA) ,

AHF 6.98, K FEAT 11.99, PAFFEAT 1013, TLAT - F5FT 14.54, H g FeHAR) 0.6%

4.90, /NETERT 4.50  /KFEREAT 7.58, T AKFEAT 2.74

it ANERTIRE 16.34, 2 REIIE 17.69; ZBAT 1T 21.43, 75 B AT AT 4413.80,
ST 16.20; LA ACKE 9.27, Dy AR AN 19.21, /N AKE 10 U/mL, = 3R B 72 44 40 o/L, ik AR 4

Enzymic method

Wil 1.5 /L, A A AL 17.5 o/L, B 1 14

17.68, ™ Fk K £ 15.99; 3k 19.43, F 45 4 22.70, 545 24.40, H i 55 /L

1018, /NZFEFT 9.01 /K FEFSFT 15.93, £ AKAHFT 9.83

LA OV S (18] 6.7) A7 224K MR FIHPIR S
DT 5230 B A B AR 5 T8 45, Al i 22 2o i
JEREAT AN ) A B 5 2 B B4

IINEERR ) B £ A AL (P 62 7a) KR 9.5~ 16.3 mm,
FRKEE N 13.2 mm, 55 16.4~23.3 pum, FEH) 5 R
21.9 i, FHKFH Y 60271 BEGH 3.1 2 B ELE
15.7 pm , BEJEE LG 0.20,, £ 2 20 i U0 T R , v i [
B JERESNEOG T o 20 M B8 4R, B B AT TR BE AN 45 73 BIOAR
FLIUERARINIEE

PR KT AEAR I (18] 6b 7h) KD 31.5~51.3 mm, -
WK E N 48.4 mm, 55 & f 31.8 ~46.3 pm, 55 N
38.7 pm FIGRBELE N 12511, BEFE 8.5 wm, 2 ffE B4R
217 pm BERE LGSR 0.39, £F 4k 248 M sk ) 1 305 75 s B
W 22T, v e (R B SR 18 | 1 9 L7 IR 4548 , fes R B
AR ARMI AR, M RE BN S AR ER RO, 20 i
HE=S 2N i 8

BT A AE AN (18] 6¢ . Tc) KEEN 2.7 ~4.0 mm, P2
KR 3.3 mm, Fa N 13.6~24.3 um, 58 H17.1 um,
SR TELE S 1941, BETE g 4.8 pm, P EHAZ R 7.5 pum,
BERELE R 0.64 1 44RO s 7 T K 59 , vh s vh 23
KI5, R ARGEH , Jes e AP W] 0 AN L) i B2 e
20 e et R, 2R D ¥ A, 40 L v L) A 34 A R
AT RIPARINEE o

ATV eI (P 6d 7d) KK 2.3~3.0 mm, -
WK E R 2.8 mm, 58 K 16.3 ~27.6 pm, F 1 % FF N
218 i, T KFHY 12671, BEGH 2.6 2B ELE
16.6 wm BEJEE LR 0.16, 21 4240 g A6 D) IH DL BUA0 i 45 %% 45
AR 2 A AT BT , v b as ST DT, Y RE LA S0
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Note : Phloem fiber:a.B.kazinoki ,b.B.nivea ; Bamboo fiber: c. B.emeiensts , d. B.textilis , e. P. heterocycla ; Wood fiber: f.P. alba, g. P. massoniana , h. B. kazinoki

stem,i.B.nivea stem;Stalk fibers of herbaceous plants (wild) :j.T.sacchariflora ,k.A.donax ,1.M.floridulus ; Stalk fibers of herbaceous plants(crop) :

m.Bagasse ,n.T.aestivum ,0.0.sativa ,p.Z.mays

B 6 EMTHMIEEME (1 20x38 125)
Fig.6 Plant fiber cell micrograph (20x125)
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Note : Phloem fiber:a.B.kazinoki ,b.B.nivea ; Bamboo fiber: c.B.emeiensis , d. B.textilis , e. P. heterocycla ; Wood fiber: f.P.alba , g. P. massoniana , h.B. kazinoki

stem,i.B.nivea stem;Stalk fibers of herbaceous plants (wild) :j.T.sacchariflora ,k.A.donax ,1.M.floridulus ;Stalk fibers of herbaceous plants(crop) :

m.Bagasse ,n.T.aestivum ,0.0.sativa , p.Z.mays

B 7 EMaEETIEEAERE (4 40x3E 125)
Fig.7 Plant fiber transverse section micrograph (40x125)
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