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PREFACE

The Centre of Advanced Studies in Mariculture established
at the Central Marine Flsherles Research Ia;titute has been
conducting Workshops in Research Methodologies on specialised
disciplines with a view to enhance the competence of the sclenti-
fie workers specialising in researches connected with mariculture.
The main emphasls in mariculture research has been directed
towards the development of economically viable culture techniques
for culturable species of fish and shellfish, with a view to
augmenting the fish and shellfish production of the country. In
order to develop low-cost technolegies the essential operational
inputs have to be rationally utilized.

+

It haz been well established that feedintg constitutes the
major cost of production, often exceeding 50 per cent of the
operating costs in intensive aquaculture o;;eratioru'. Two main
factors affecting the cost af feeding are cﬁmpoaition of the diet
and efficiency of feed conversion. In order to develop laast-
cost formula diets of high conversion afficiency, knowledge of
the nutritional requirements of the dilfferent specles during the
different phases of the life cycls and the nutritive value of the
complex- feed ingredients avalilable in the country to the candidate
species 13 a prerequisite.

The existing information on the nutritional reguirements
of cultivated species of fish and shellfish in India, is meagre
and recently research has been intensified tn this area. Lf
researches on this field could be cerpied ut using standardised
experimental procedures, the data obtafed on the nutrit?onal
reguirements of the different specics could e stored in & fish
atd ghellfish nutrition data bapk, fram where data could be
disseminated to tiie users such as feed mamafactulers, farmers,
extenslon workers and research workers as and when required,

Ik is also tiecessary that the data colliegted on the chenlcal
oconpositlon £ the feed ingredicnts and their aubcitive value
tor the species should be based un standard chemical methods
and exparimental provedures so that the data could be stoered in
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ragearch. test diets for fishes and prawns: feed fomulation _
methoda; experimental deaign, ete. Methods of praparation of
microparticulate dlets, phytoplankton and zppp.l.apkton oylture '
methods, ete, are also locluded to facilj.taﬁe larval matrition
studies, . Hany of tha methods given in the manpual have been
standardized for fish and shellfish nutrition studies in India
and abroad. . The users can also gain maxi.mum beneflt by auit.able
modificationa of other methods which are given as guidel.tnas.
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staff especlally Shrd s. Ahamed AlSL, pr. I{. Ala.qarsuauni,
Shri D.C,V. Easterson, Shri C.P, Goplnathan, Shri T. Jacob,
Shri M.S. Mathu, .Dr. R. Paul Raj, Dr. A.G. Fonniah and
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le. b. vedavyasa Rao who have rendered assistance during the
preparation of thi= manual. Thanks are also due to Shri Johnson,

Librarian and Shri Kambadkar, Technical Assistant, Central Marlne
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prioting this manual.
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Director, CMFRI,
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Ceantre of Advanced Studies in Mariculeupw
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CHAPTER 6

METHODS IN SUGAR ANALYSIS™

1L DETERMINATION OF TOTAL SUJARS IN MOLASSES

1.1 Apparcatus

{a} Elactric hesatsy, and
{b) Conical £lasks, 300 ml.

1.2 Reagents
(a) Pehling's solution (Soxhlaet modification):

(1) Dissolve 34.63% g of coppar sulphats sazo in
water and make up to 500 ml, Fileter, and

{i1) Dissolwe 173¢ of potassium sodium tartrate
4,0 and 809 sodium hydroxide in water, dllute
to 500 ml, stand for two days, and Ellter
through prepared asbestos.

(b) Invert sugar standards:

Prepare stock solution by adding 5 ml of
hydrochloric acid (ep.g 1.18) to 9.5¢ of sucrose
in solution and Ailute to about 100 mi. After
storing for two days at room temperature, dilute
to 1 litre, Prepare working sclutions {5 mg/ml}
by pipeteing 100 ml of the stock soluticn ipto &
200 ml volumetric flask, and neutralising with
20 percent sodiuwn hydroxide using phenolphthalein

as the indicator. Dilute to mark and mix.
(e) Hydrochloric acid {sp. g 1.18), ' T
(d) npdrochioric acid (0,58}, - ’
{e) sodium hydroxide (20%),
{€) Phenolphthalein indicator (1% solution in aloohol},
{g} Methylene blue indicator (14 aguecus solution}.
T Prépared Dy Aklc Kanazawa, Profeasor of Wutritlonal Chamistry,

Kagoshima Univarsity, Jepen and R. Paul Raj, Central Marine
Fisherias Research Institute, Cochin«18.
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1.3 procedure

Disgoelve Bg of liguld molasses and make up to 500 ml.
Carry out an acid hydrolysis on 100 ml of the flltrate by adding
5 ml of hydrochloric acid {sp. g 1.18) and allow to stand for
24 h. Neutralise with sodium hydroxide (20 pococent}) using
phenolphthalein as indicator, and then dilute to 200 nl.

1.3.1 sStandardisation of Soxhlet solution:

Pipette 10 ml of Soxhlet solutions (i)} and {ii) into
a conical £lask, mix, and add 30 ml of water. Add from a
Lurette a volume of working standard that is almost
sufficient to reduce the copper in the Soxhlet solution.
Bring to boiling amd continue boiling for two miputes,
Add four drops of methylene blue and rapidly complete
the titratjon, while atiil beolling, until a bright orange
colour 1s resumed. Repeat several times and detemine
the volupe of solution reguired to complately reduce 20 ml
of the Soxhlet solution.

1.3.2 Titration of sample:

First, carry out ap approximate titration: Pipette
10 ml of so}utions {i) and {il] into a £lask and add 10 ml
aliquot of the sample soiution, Add 40 ml of water and
bring to bell. If blue colour persists, titrate with a
standard workingy solution and calculate tha approximate
sugar content of the sample.

Te accurately determine the sugar content, pipette
10 ml of Soxhlet solution (i) and (i1) into a flask and
add an allguot of the sample solution. The volume of
sample used will depend on the sugar content of the
sauple (see Table 1).
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Table 1. Sample Volumes Used in soxhiet Titration
9

9 Bample in' Total spugar
al_!.quot as .I.nvert.. % _

;ml H,0 ‘ ml sample

. . . " S1 L8
» 15 Q.12 i UL 8258 - H

k1)) 20 Y '-‘51'-’ PR

25 25 0020 BB

20 30 0. 24 [RERTRT ‘l;zé‘ih‘

RO 4 T

Add water as {ndicated in the tahl.e, X, AD
During boiling, aad a quantity o Woiking ~
3 urette 20 that the titration is camy
mothy.lene blue and complet.o the tit

1.3 Ca.l.aﬁlat';il‘oi't'

ST EE

ca.lculate :he percanuqe mn‘ {al imrt) by ths W“

% sugar (a—u) X1x 100,& )

where F =« is the volume of standard nesded to reduce Qoo Lo-

of Soxhlet solution.

M > ia the voluwie ‘of standapd ,s':':_
.+ %0 complete-‘the Back titrat n.

1= is the welgnt of it;vert. .

' standa.tﬂ, and

R
1

- 1a the we.l.q.ht ot

-2 GAS-LIQUID CHM'!UGRAPHY A GI{.:) OF :3UGARS
L
The trlmethylsilyl der;uuvas (ms; of eharhoh’ffdratea o
were shown to be the most satisfactory £or.‘m ﬁor general Analy.,
tical studies in gas liquiq cl'ttunatom-aphy '!'he procodure
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given in this Chapter has been routinely used for the GLC of
Sugara at the University of Kagoshima,

2.1 Preparation of THMS derivatives

TMS reagents:

Anhydrous pyridine, 5.0 ml
{dried over KOH}

Hexamethyldisilane, 1.0 ml .
{Kodak Eastman) ;

Trimethylchlorosilane, 1.5 ml
{Kodak Bastman}

A mixtore of the above campounds, In the proportion given
is used for the trimethylsilylation reaction. The reagent should
not be more than slightly turbid at firgt: 1f it is wvery cloudy,
tne pyridine is not sufficiently dry. The reagent mixture should
be stable for at least 7 days at room temperature, provided
moisture is carefully excluded.

2.2 bProcedure

Weigh a kpown amount of sugar (about 10 mg) inte a
plastic-stoppered vial and add 1 ml of the above pyridinesilanes
wlxture. The mixture is shaken at intervals untdil the sugar
dissulves completely, Occasionaily, difficulty may arise from
the low solubility of the crystakline forms of particular sugars
such a5 sucrose and trenalose., Heating of the mixture at 70°C
Lwr 3-4 min. was found useful in dissolving these sugars without
intarféring with the trimethylsilylation process. After which
the mixture 15 allowed to stand for at least 25 min, at room
tenperature before injections are wade into the gas chromatograph.

2,2.1 Analysis of monosaccharides and disaccharides:

Standard Sugars: The standard sugars purchased from
Applicd 3cience Laboratories, State College Ponna, U,.S.A.
can r used.
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2,2.1.1 Jualitative analysis:

Gas liquid chromatography is carried ouc under the
conditions as shown in Table 2 using two types of
column packing. )

Table Z, Conditions used in gas liquid chioamatography ,

Inatrument Shimadzu gas éhmmatograph GC=4BP
Column Stainleaa- steel, 3 L.d. X 3 m long
Colwin temp. Programwn temp. 140 - 260°C, rate 4°C/min

Injection temp. 230°C

Detection temp., 290°C

Carrier gas Nitrogen 44 ml/min

Detector FID

Column packing 1.5% S3-30 or 1.5% ov-17 {Shimalite)

]

Table 3 and 4 show the retention times of standard
sugars. The examined refersnce sugars are well separated
each other by GLC on 1.%4 0v-17. The separation of
maltose and f£rehalose is not achieved by GLC on 1.5%

© 8E=30, however, thiis packing has the advantage that the
contaminant amine acid‘'do not intarfere in the analysis
of sugars. Same samples of sugars show more than one
peak owing to the presence of various forms.

2,2.1.,2 Quantitative analysis:

Sorbose 13 used as an internal standard for
quantitative analysis of sugars. For calibration with
an internal standard, injecetlons are carried cut with
varying amounts of a standard sclutien of sugar and the
sorbose. Since the relative presponses (peak areas) of
unit weight of sugars varies with the types of sugars,
a standard curve is made for each sugar (see Pig.).
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Table 3. PRelative Retention Times (RRT) of standard

sugar derivatives

( 8B~30, Programm Tem». 100 260°C, rate 4°C/min. )

Retention Time

Sugar {minutas) RRT
D=Ribose 13,00 0.699
" Pp=Fucose 13.40 0.720
O=-Xyloae 14.00 ©,753
D-Fructose 17.00 0.914
DwMannose 17.30 0.930
D-3Sorbose (I.5.) 17.90 £.962
of -D=Galactose 18.20 0.978

B =-D=5Glucose 18,60 1.00
ﬁ—D—Glucose 21.00 i.129
N-Acetyl-D-glucosamine 23.00 1.236
Sucrose 34.10 1.833
D-Haltose™ " 35.00 1.882
‘as.2 1.946
n=Trehalose 35.00 1.882

*+ Relative todl=p=Glucose (18,6 minutes)

*F Pyo anomers
!

1]
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Table 4. Relative Retention Times (RRT) Of standard

sugar derivatives

{ ov=17, PErogramm Temp. 140-+260°C, rate 4°C/min )

, Retention Time -

Sugar : (minutea) RRT
D=Ribose 10.58 . 0,645
D=Fucosea 13.07 Q.675
D-Xyloae 12.00 0.732
D= Fructosae 13.75 0.838
Deftannoss . 14,950 6.353
D-sorbose (I,5.) 15.40 09939.
w=-D-Galactose 15.60 0.951
&ub-Glusose 16.40 1.000
B-D-Glucose 18.05 1.200
H=AcetyleD-glucosamine 22,50 1.372
Sucross 31.40 1.914
Deialtose™™ 33.20 2.024
33,90 2,067

r~Trehalose 34,50 2.103

* Relative to¥'-"~=Glucose (16.4 minutes)

** Ty AnGmers.
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a-0-Glucose D-Ribose, D-Fucose
2Bl s p-Glucose ' 281 p-xylose, D-Galactose
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Fig. Relation between the amount of sugars injected and their

area on the chromatograms.

¥ « Amount of.sugar fnjected tn GLC

Area of 1internal standard {Sorbose) injected
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Haemolymph sugars:

Haemolymph samples are taken by bleeding frcm a cut
near the and of the uropod into a calibrated tuba., During
sampling the prawn is held softly with the fingars to
prevent its struggling. Haemolymph sample (2 ml) i»
deproteinized immeciiately with somogyl reagent (5 ml of 2%
ZnSO‘.'?HzO ard then S ml of 1.8% m(on)z.aazoy, diluted to
20 ml with water, and then qentrifuged at 3000 r.p.m. for
15 min. The supermatant is removed and the precipitate is
washed again with 20 ml of water. The canbined supernatant
is then concentrated to small volume, passed through ioo-
axchange column {MB-3 resin) and the effluent concentratad
to Aryoess with rotary evaporator. Trimethylsilyl reagent
is then added, and the sample is treated as described above.

Huscle sugerp:

Mascle is homogenized (18000 r.p.m. at 0°C) with 19
volumes of chloroform-methsnol (2:1, v/v) to extract lipids,
the lipids are then washed according to the method of
Folch et 3}, (1957). The fat-free residus thus obtained
is suspended in water overnight at 4°C, and then the sus-
pension is filtered. The filtrate is combined with the
aqueous washes of the lipid fraction and copcentrated to a
saller volume. The aquecus sample is passed through ion
exchange column {MB-3 Tesin) and the affluent is conventra-
ted to dryness. The dry sample is trimethylsilylated as
deseribed above,.
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