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_ . .....JL.J._ 

• 

STUDIES on the SUGARS of SORGHUM. 

Introduction. 

The manufacture of oorghum sirups is a 

widely spread industry but is not well developed at 

present. 'fhe experi ence of successful manufactuEers 

sholls that the making of sorghum sirups is profit­

able, and in view of the fact that the product is 

in great dema.nd it is a. highly deeiroble induetry 

to establish on a finn basis . 

The following research was instituted as an 

a1 d in furthering. the growth of the indus try in Minne­

sota and to ga.ther as much infonnation as possi ble 

in regard to the theoretical and practical aspects 

of the situation • 
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Scope of the Work. 

The scope of the work includes a qualitative 

investiga,tion of the kinds of suga,r found in sorghum 

juice. their distributi:m in the plant and in its 

cane. their development during the growth of the 

ca,ne, the amounts present in the sirups made from 

the jui ce, !;3,nd the effect of the sugars on the 

quality of the product. 

Literature. 

The literature on sorghum is quite ex-

tensive. but the actual number of references having 

a bearing on t~is investigation is small. The sor­

ghum plant is a member of the Andropogon genus of 

the grass family, the cultivated varieties having 

origina,ted from Andropogon halepensis. according to 

1 Ea 11. I t wi 11 be compared from ti~e to time wi th 

the sugar ca.ne. Saccha.rum offi cinaru!l1, to uhi ch it 

is closely rela,ted, and in some respects wi th corn. 

The juice of sorshum compares favorably with 

that of sugar cane, especially for sirup making. 2 

1 Bur. Pl. Ind. Bul. 175. p. 8 
2 Collier, Sorghum, p. 187, Cincinnati, Robt. Clarke & Co. 
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The great number of a.na1yses pub1i shed from widely 

different sources of both, show quite large varia­

tions , due to clima.te and other causes, but on the 

average the composition of the two are simi ar e The 

sorghum jui::}e has a lower purity coefficient , however . 

which makes it less favorable for sugar manufacture , 

but does not detract from its value as a source of 

sirup . The greater number of references given in the 

Experiment Station Record of a.na1yses are merely re­

ports of sugar content and as such the majority have 

no bearing upon this work and are not cited . Other 

references will be cited as foot notes under the 

various subdivisions of this paper. 

Methods of Procedure. 

Plots were p1:mted to sorghum about May 20th, 

of the following varieties. plots 3 a.nd 15, Early 

Amber, plots 7 and 16, Early Rose, plots 11 and 17 , 

South Dakota (a variety of Ea.rly Amber from South 

Dakota) . These were uaed for most of the experiments . 
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Others will be mentioned where it becomes necessary . 

The a,ctual experimental work began when the panicles 

were just a,ppearing, at which time the first samples 

were ta.ken. Work in the earlier stages of growth 

would have little significance for the purpose of this 

investigation as the ma.jor development of the sugars 

takes place after the pa.nicles appear and the percent 

sugar content of the growing plants would be fairly 

constant previous to this time. Samples were taken 

at the various stages mentioned below, distributed 

over the time up to matur~ty. 

The samples consisted of six to twelve (or 

rarely more) stalks in the same stage of growtb, which 

were cut off near the ground. weighed. stripped and 

topped and weighed again, run through a roller mill, 

the resulting juice weighed and a~alysed. 

The Brix reading was t3~en on the juice 

and double normal weight taken for analysis. Sucrose 

was detennined by the Clerget method and reducing 

sugar determined by reduction of Fehling solution 
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conte.ining a known quantity of copper in a graduated 

flask. After cooling, making up to volume and stand-

ing, an aliquot of the Aolution was made acid with 

a definite amount of concentrated sulphuric acid , l 

and the copper which remained unreduced determined 

by the Low volumetric method. The fructose and 

glucose content were calculated from the formula 

given by Wiley.2 

The sirups were collected from various 

points in the state (mostly in the southern half) 

and analysed in the same way except that lea.d 

acetate was used in clarification. This did not 

remove the color as well as the sUbacetate and 

frequently fuller's earth had to be resorted to in 

order to read the polarization of the juice . The 

reducing power of the inverted solution was also 

omitted . 

Kinds of Sugars Present . 

The presence of the three sugars , sucrose, 

glucose, and fructose was already known and in ~ 

1 A. " .Peters, Jour. Am . Chern . Soc . 34 (1912) p. 422 . 
2H . V. Wiley, Principles and Practice of Agricultural 

Analysis: Agricultural Products. Vol . 3 (1914) , p. 360 
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rega,rd to other suga.rs, tests were made which yielded 

negative results. Thus raffinose could not be de­

tected by the mucic acid te~t, nor maltose by the 

osazone reaction. 

If these are present at all, they are in 

too small amounts to be detected even in the sirup, 

where they would be the most concentrated. No mal­

tose is found in sugar cane by prinsen-Geerligs. l 

Browne and Blouin2 say that maltose and raffinose 

have been reported in sugar cane but that their 

presence required confirmation. 

Distribution of the Sugars. 

In the plant: 

The sugar of sorghulll is distributed through-

out the plant in varying amounts. according to the 

stage of growth. In general, the stalks will con-

t .in the most sugar. the leaves next, then the tops 

and finally, the roots--variations depending upon the 

ma.turi ty of the different parts. Actual ana.lyses 

1 N " Jahrbuch~r fur Iii ssenschaftli che Botanik, 31 (1898) 
No . 3~ p. 29l. 

2Louisiana Stat. Bul. 91, p. 9. 
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TABLE I. 

Percent Sugars--Dry Matter Basi s 

Description .,1 Parts I~ 

<"'mnple % Dry Su- ~'ruc- Glu- Juice 8uga.r per 
• o. Plot stage 1 atter crose tose co e To tal Extr. 1000 cane. 

3008 7 canes dry dough 10.9 46.1 14.1 16.6 76.8 39 32.6 

3009 ? suckers full 
9.1 24.6 21.0 36.5 82.2 36 27.3 bloor.l :'0 milk 

3010 8 main cane full 
12.9 54.3 14.9 18.0 87.? 35 39.9 bloo 

3092 8 soft--hard do~ 11 4 55.8 12.6 17.0 85.4 34 33.3 misc. 

3097 8 ma.in canes soft 
dou;h 14.5 64 .1 12.0 14.8 90.8 39. 51.5 

3')98 8 seconiar canes 14.3 56 .4 14.7 18.6 89.7 36. 46 .4 



In table I, analyses are shown of canes B.nd 

thei r suckers sepa.ra.tely. The di fference shows the 

great imm.a.turi ty of the suckers. The composi tion of 

suckered and uneuckered cane is reported in several 

analyses and shows a marked deCre£l.<J9 in sucrose and 

purity. and an increase in reducing sugar. The total 

sugar is higher, but the sugar extra.cted is less. l 

Removal of suckers during growth results in a slightly 

heavier cane, a.lthough the composition of the juice 

is not changed materially.2 According to Ha.rper. 

canes ,tithout suckers are the best3 and the growth 

of suckers should be prevented. Patrick4 claims a 

beneficent effect of suckering. Collier5 discusses 

this and says that suckers should not be included for 

Bugnr manufacture. It would ap pear, however, that 

they probably would ma.ke poor sirup, and even when mix­

ed with the main canes would decrease the quality of 

the sirups. In secondary canes (table I) there seems 

to be les8 sucrose and more reducing sugars, probably 

due to greater immaturity. The main canes are ta.ken to be 

1 Bur. Chern. Bul. 18, p. 63. 
2Bur. Chern. Bul. 37, p. 69. 
~finn. Bul. 21, p. 108. 
~Iowa stat. Bul. 5, p. 157. 
Collier, p. 133, loco cit. 
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Those ~hich grow up first and the secondary , the under­

ground off- shoots frmn these . There is not sufficien t 

difference in sugar content between them to be in any 

way significant. 

In the cane: 

The sugar content also varies in the various 

joints of the cane . No analyses were made of the nodes 

and internodes separately , but undoubtedly the nodes 

cont3.1n less sugar (more fi bre) than the internodes , 

which are more pithy . This is shown by Beesonl for 

sugar cClne . The sucrose is somewhat higher in the 

internodes and the reducing Rugars considerably higher . 

See Grap •.• 

lLouisiana Rt8.t,. Bul . 38 , 1341- 42. 
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among themselves. They a.re, mo reover, no t stri ctly 

comparable, not being calculated on the dry matter 

basi s. 

In practice, the uppermost joints contain 

the least sugar and juice. They might, apparently, 

well be dispensed with and cut off with the tops. 

In unifonn lengths of cS.ne, it would be adva.ntageous 

to do thi~ by suitable mechanical mea.ns for a large 

number at one opera.tion, thus savi~g both la.bor and 

time. Calculations of the actu8.1 eight of suga.r ex-

tra.cted from the different joints shoW, however, that 

tle amount of loss due to cutti~g off the whole joint 

ould be about five per cent of the tota.l sugar ex-

tracted from the ota.lk. This ould be too great a 

loss and shows that as much as pos8ible of the upper 

joint must be included to give the maximum yield of 

sirup. 

uch the same is true of sugar cune l . The 

sucrose here steadily increases from top to bottom 

and the lowermost joints, ith exception of one, (in 

lJahrbUcher, see previous reference. 
Louisiana Bul. 91, p. 29 

ee al~o refereLce given to the Louisiana P18nter. 

13 



some cases)contain the most sugar. The reducing sugar 

is highest at top and steadily decreases to the· bottom. 

In the first reference, Went reports similar re~ults 

and gives the physiology of sugar cane in detail. 

See Tables and Graph. 
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TABLE II. 

Averages of Analyses of Juice for 'all Plots at the 

tages 

Different stages of Growth. 

1913 • 

. - .. -~ 
; Sugars in % Dry Hatter 

% Dry :Su- educing Total;;';~ Juice 
atter:croAe Su ar 9ugar:Extr. 

Panicles Appear 1 5.36 4.3 70.9 75.2 34.4 

Pani cle9 Out 2 5 . 54 7 .0 

Blossoms Appear 3 6 .01 13.0 

::full Bloom 

ilk 

Dough 

Dry dough 

ature 

4 7 .26 19.8 

510.69 44.8 

6 10.89 45.9 

7 11.79 51.7 

8 12.25 55.9 

68.8 

64.1 

58.7 

40.0 

36.9 

33.1 

29.1 

75.8 

77.1 

78.5 

84.8 

82.8 

84.8 

85.0 

36.7 

37.7 

36.8 

37.1 

37.2 

37.0 

36.8 

Parts total 
sugar extr. 
per 1000 cane 

13. 9 

15.4 

17.5 

20.9 

33.5 

33.6 

37.0 

38.3 



Table III . 

vera e of Ana.lysc ::> Juic for all Plota ·t 

the Differcnt stage of ro .th . 

1 14. 

tot 1 

tagee 
r extr . 

000 cane 

ar 5. 8 29 . 3 41. 5 76.6 47 . 8 2 

Pan . Out 6.0 10 . 3 28 . 9 4 . 7 81.0 46 . 3 22 . 

10 . 7 28 . 8 3 . 2 . 7 4.7 25 . 9 

B 00. 7 32. 21.2 27 :; 8 . 0 43 . 2 30 • 

i l 9.7 7. 16 . 2 . 7 78 . 7 1.5 3 • 

Sof· dou • 3. 7 . 6 . 1 82 . 7 3 . 8 

10 . . 6 15 . 3 8 3 :; . 7 

a r 10 . 7 1 • 1 • 8 . . 2 . 3 



Development of the Sugars. 

The development of the sugars as the pla,nt 

grows and matures is shown in Graph II and accompany­

ing ta,ble s I I and II I. Thi!'l graph is plo t ted from 

the averages of sugar content of samples from six plots 

(three varieties) at the various stages of growth. The 

detailed analyses are shown in the appendix. It is 

seen that the sucrose steadily increases. Parallel, 

to this, the reducing sugars decrease to about half 

their original values, The sucrose and glucose content 

change the most rapidly during blossoming, while the 

percentage of fructose changes more unifonnly. Com­

pa,re t:his rii th the ta.ble for 1913, where a slightly 

later but simi la,r change take s pla,ce. On the 0 ther 

hand, the total sugar is quite constant with the great­

est variation in the first stage. 

The re ults by plots, ,s shovm in the deta,il­

ed tables in the appendix, tend to substantia,te these 

resul ts, <1.1 though here the va,riety and clima.tic devia­

tions are more apparent. 
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Considerable has been done on the develop­

ment of oagar in sorghum . 

Collierl has probably done the best ork 

up to the present time . His results are not strictly 

co pa.ra.ble to thofle reported here , but they ar J in 

agreement in general. He worked from t'\'l e !'1tan point 

of av ~ ilable sugar (sucro e) hil that of this in­

ve.tigation in rather the mn.ki!1g of si rups . 1 any 

table and graph a re presented 11ich how the com­

position about a eek earlier than the sta~e at ~hich 

the pan icle ~ir t ap ea r, to a time longer after 

m t ~ itr t n i u u 1 y reached in' inne ota on 

accoun of earlier frost . 

u ar (~ucrose an r dl i 

about his l7t tage , corre 

percent of otal 

u~ar) se med to be at 

ondin o a e • or so 

after 'ma is here called the mat~re at e J al tho h 

t .. e average maxim m a a" t· in ome hat earlier and 

retaine until,fro t. 

search reno. the numerD anal s r ported 

fro variou other Olrce 'leld 

lp . 185-- 225 , lac . ci~ . 
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on the development of the sugars , but a compari~on can 

hardly be drawn , a the analyses ere reported differ­

ently , and ere made for ifferent purpose. . Only a 

f ew in~t~nces d 11 be ci ted 0 r referred t o. e cS.n , 

incidentally. find series of an~lyseA sho dn d vel-

opment of the sugar co tent, but the results are not 

U .ifol'Ir. in differp-nt aeries. l 
<:I 

Other table ~ ' ield 

fairly "'atief .ctory result. Good t ble are found 

in oth r ulletins:3 , lthough even h ere , ce fi ure 

are no~ calculat d on a dry matter b is and .... ... , 

therefor I not com arabl to tho e of t· inve ti a-

tion. They 0 practically t e e :'eGult, ho ev r. 

.:ile claim t hat im. r~v nt loc aft r 

b co. h rd. ri ttl "h tr d 

of our re 1 tfi, even if 1 t r al e not n 

ma e, e could not u . te tiat ked im r~v ent . 

urthenno e length of on 1 inn ot h rdl 

permit of thi . Oth r t le in indic tin 

the trend of develo ment c b fo !.n o .. her bull -

tins of the Departm nt 0 ricultur 

lKy . st t . t. 18 2 , p . 14 . 
2 a ~ . stat • . n . R t . 8 t • 309; 10, p. :3 
:3Bur . C em . Bul. .. 0, . 122,123. 

Bur . Chern. ul. 18 , • 64. 
4B r . herl . B 1. 3 , p . 75 

B r . Ch . nul . 37 , . 66, 
Bur . hem . ul . 103, p . 11 
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cause which can (and probably does) have an enormous 

bearing in this regard. A larger, more powerful mill 

than the one uged would possibly have reversed the re-

sul t or decreased the difference considerably, a.s the 

maximum extraction was impossi ble. 

A practical application of this can be found in 

the fact t.tlat the later stages are about equally adapted 

on the average for the purpose of ma~ing sirup, so that if 

necessary to close the season quickly on account of danger 

from freezing the cane can be equall' .ell cut at an 

ea.rlier ata."'e and profi tably used. The lengthening of 

the sirup making season as a result of thi :e also dis-

tinctly advantageous. Of cour e, different varieties 

will not always follo. this relationship depending 

upon climate, etc., and can sometimes cause ali ht re­

duction in quality of juic _or sirup makin, if the 

cane is not sufficiently mature ~hen out. On the 

other hand, the statement i ma.de by :-e annl that 

sorghum shou d be cut ell in dou h nd b for ~eed 

become hard or _ature. Y thi a shoul be one i a 

1 Ark. tat. Eul. 22, p . 76 
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not mentioned. It ha.s been established t at the effect 

of climate is a very importnnt determiner of the com­

position of cereals, sugar beets, Ruger ca.ne, and also 

somewhDt for sorghum. In the li terc1.ture, one fre-

quently finds climate mentioned as the cause of a crop 

f a ilure of one kind or [mother (or alRO of good crops) 

but it is possible that in any case it iA the cause 

of sma.ller varia.tions , even from day to day . Certa.in 

STI1311 inconsi Rtenci es appear in the ta.olefl , whi ch, if 

t he particular climatic fsctorR that prevailed at the 

time of the a.na.lysis ere known could possi bly be 

explained . It is eta.tedl that parallel fluctua.tions 

(decreases in this case) in sucrose content and purity 

arp, proba,bly due to dilution of the juice, but that 

no connection could be found between this an the rain­

f a ll , admitting , however, tr.D,t humidity (Vlhich is D 

directly resulting condition) must have an effect. 

Similar fluctuations 2 were noted in passing 

from drought to rein , and from morning to evenin , 

under drouth conditions , the co,ne o.t evening hll,lug 

IDel . Bul . 27, p . 20 . 
" II 39 , p. 8 . 

2Bur . Chern. Bul . 34, p. 15 . 
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havine lost some moiGture due to evaporation. aria-

tions in composi tion from yes.r to ye8.r are a180 men­

tioned as being due to climate . l 

Collier2 ta~es up the subjept of clireate. 

He discu8se8 the seasons.1 differences but does not 

believe tha.t the composition of the juice is mster-

i a lly c anged in wet ~ea.ther. He gives c table ehow-

i ne decrea,oes in sugar con tent, a."Tloun t of jui ce, and 

~pecific gravity, with s relatively large gain of 

solids , not sugar, as a re ul t of a heavy rain a,fter 

drought. This would seem unexplainable and opposite 

to wha.t would be expected. In a wet year on the other 

hand , juiceR were obtained with lower su~ar content 

which would indic,te dilution, or unfavorable condi-

tione for photo~yntheein. 

Although no detailed account 
f\ t k~n of 

the weather in our experiments. certain decre se 

sep~ed to be expleinaQle by vet ether • 

. ention i al 0 made of climatic e.fect upon 

uger cane-- the leave vDry in composi tion 

lBur. Chern. Bul. 37, p. 20. 
2Collier, pp. 145-154, loco cit. 
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from night to morning due to translocation , and i n con­

sequence thereof the canes must vs.ry . The effect of 

seasonal differences is noted also . l 

Topping . 

Topping has been reported as beneficial in 

sorghum , suga.r cs,ne , B.nd corn cuI ture , in that it in-

creases the sugar content of the stalk . It is claimed 

that the materiC-ll which '[ould otherwise go into the 

seeds is put into the stalk as sugar . Accordingly , 

stalks ~ere topped and others ts.gged , which were in 

the same sta ge of growth a.t the time on pIotR 8 and 2 .- -

Orange Sorgho , 3 , :Ja.rly I\mber , and _II outh Dakota . 

The resul ts s.re ~hown in tDble VIII. The dry 

matt9r is increased in all case~. The percenta e of 

sucrose is increased . in all but one ca e, in iliich an 

incre (H~e in reducing sugars is equ8.11y abnonnal . but 

even here the percenta.ge of suga,r extracted i sli ght­

ly , a.lthough yroba.bly not significantly , increosed • 

The percentage of reducing ·ugars decreases p a rallel 

with the increase of sucrose . Too late to make any 

lLouisiana stat . Eul . 91 , p . 21 . or 
Louisiana Planter , 32 . p . 48 , and 34, p . 239 . 
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conclusive analyse s, indications were found that the 

sta,rch present in the juice Vola,s apparently increaEled 

in topped. canes over those Vii th tops . What a,ppeared 

to be starch under the microscope with the i odi ne test 

was observed . starch occurs in sorghum juice', but it 

is rare in the ripe internodes of the suga,r cane .'" 
, 

The percentage of juict in the cane is 

about equally divided in favor or cutting and not 

cutting the tops , although the percentage of sugar 

extracted '1ould fRvor it in all butp ne case . 

collier 3 states that topping hastene the 

maturity of the cane and, th8t later the untopped 

canes would become ma, ure and about equa,l in sugar 

content . This is apparently hat t8keR place accord-

ing to our tables , as the percenta e of su ~nr ex ract-

ed becomes nearly equa,l and qui te con tant in he mature 

Bta~e . The grefJtest variationfl occur in the previous 

st35es . oreover. earlier toppin ould a ren tly 

simply serve to bring the plant to earlier maturi t • 

and lIould have no advantage except in sho. t sea.ons , 

1 " 1 • • '. 1 e 
ent , p . 

3 0011i er, 

, Div . Chem . Bul . 
29? 1 0 c . ci t . 
pp . 138- 140, lac . 

24 
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but s.t 8.ny time would destroy the crop .of seed which 

is valuable. From the standpoint of sirup making the 

hieh percent of sucr08e would tend to cause the sirup 

to crystal l ize , vhich is usua.lly objected to . An in-

teresting fact may be observed that head smut , by pre-

venting the fonnation of seed, ca.uses t.he Berne ef fect 

as topp i ng . Other r eports on this subject yi eld con- _ 

flict i ng rp.sult"'. Tile re orts analy e~l hich show 

very li ht differp.nceo in fnvor of toppin. An yoes 

by Col ier alr p 8[J entioned are not conclurive , end 

experimentL in Iowa2 indicate no favorable effect . 

Hecke1 3 repor s that an inc=e .oe take. lace 

in sug r content in sorghum and in corn, 0 the maxi -

mum of thirteen per cent of ucro e . It is definit ly 

atated4 , ho ,eVPI , th t fructo e and 1 cooe ecr a~e 

while ucrose increa es on removal of e r d top , FO 

that p ossibly. elso in thi ca e. the total AU ar re-

1 i v n5 • mains the ame . Yields of sugar are a 0 The 

juice of corn com are q'ite favorably 1~h or hum , 

althou~h the yield are higher ith orgh 

lBur . Chem . Bul . 18 , . 68 . 
2Iowa stat . ul . 5 , p . 158 . 
3COffipt . Ren •• crd . ~c i (Pari) 155 (1912) , 

from abstra.ct in Che""l . 7.tg . 35 (1912) 10 . 
4Chem • Abst . 01. 7 , ~Pt • • p . 1739 . 
5C11ern . Abet . Vol. 6 , Pt . 2, p . 1861. 
6Collier , p . 443. 445 , loc o cit . 
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Blading for from ten to seventeen days before 

cutting is reported as increasing the percent of sucroee, 

purity, and weight of cane1 , but the truth of this would 

se em doubt.fu1 . 
Si rups. 

There are three general methods of mcmufe.cturing 

sorghum sirup, those carried on by fanners for themselves 

or others, in which simple boiling of the juice is carried 

on in a small and primitive manner ; those in which lime is 

used as cla,rifier wi th subs_equent simple boiling; and those 

in which lime, or other methods of clarification a.re used 

wi th rapid evaporation of the juice in a steam eva.porator, 

used in larger factories . The lime, or other clarifying 

agent, when used. precipi tB,tes various impuri ties, 

(which are allowed to settle out) and the method yields 

a sirup of better quality. Boiling of the raw or 

clarified juice removes further impurities Ylhich are 

skimmed from the surface during evaporation. The 

methods are as yet by no means standardi zed, B.nd· 

sirups 'of various qua,li ties are obtained. Sorghum 

Ine1. Stat. Bul . 44, p. 16. 
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sirup when properly made CS.n surely compete wi th cane 

sirup and is preferred above corn sirup or molasses of 

any kind. 

Accordinsly analyses were made upon a fairly 

large number of Airups for the purpose of this and 

other investiga.tions. 

See 'fable. 

, 



TABLE IV. 

Showing the Average Sugar Content of Sirups 

as Obtained by Different Methods of Defecation. 

:iV~~T Content in % Dry: 
. a ere . 

No . % Dry : Su- Fruc- Glu-
Samples 1 a tter: cro se tose cose 

3 Phospha.te 68 . 6 49.9 19.9 24.7 94.9 Best 

20 Lime used 75 . 4 54.9 17.2 21. 3 93.3 Next best. 

17 Ho lime 75.6 49.2 19.8 24.1 93.2 Poorest 

1 Bica.rbonate of 
Soda 70 . 0 50 . 5 19.6 26.2 96.3 

1 Heat only and 
crysta.l l i zed 
badly 82. 5 67.3 13.6 17.9 98 . 8 

11 Crystallized 78.3 57.3 15.8 19.1 92.2 



Examination of the table above ( see a.ppendix , 

also) shows in general littl e variation i n the average 

sugar content . The sucrose makes up about ha.lf the 

dry matter . the glucose being alv/ays a li ttle in excess 

of the fructose. both varying inversely 8S the sucrose , 

80 that it needs must be concluded then that qual ity 

is not grea.tly affected by the sugars . This state­

ment i s further s t rengthened by the fa.ct that the 

best and poorest l?irups have almost identical sugar 

content . 

According to the table , crystallization 

would seem to Qe caused by a high suga.r content . This 

i~ one of the contributing factors . but the absence of 

solids not Auga.r is probably the reDl cau e, coupled 

with the minimum reducing su ar content which is of 

lesser importance . 
That quality is dependent to a.large extent 

upon the non- sugar 501ids ould also be indic ted by 

the compari son of the effect of the method Q of defeca­

tion upon quality . The sirup made by the phosphate 

28 



method are found to be 6up'erior to the others. Thi A 

method removes much of the non- sugar soli d matter. 

In the methods where lime i A not used at all , the 

quality is relatively poor. Suffice it to say, how­

ever, that some si rups ma.de in thi s way are very good . 

This problem is complex a.nd possibly depends 8.lso on 

the chemi cal compo si ti on of the non- sugar soli ds, e,S 

well.as the amounts present. 

The method used in making the sirup has a 

slight effect on the sugar content in tha.t the acid 

methods tend to hydrolyze sucrose. The acid phosphate 

in the method using it and the natura.lly occurring 

acids in the lime-free method, invert some of the 

sucrose during the boiling of the juice. Where lime 

is used, the sucrOl,Oe rema.ins slightly higher . 

Boiling tends to caUse a dark color in the 

sirup whicb is one disadvantage of the phosphate method . 

These sirups, in spite of their good quality, are too 

da.rk. 

The best conditions for a .irup of Ii ~t 

29 



color, pleasing taste, cmd continued freedom from 

crysta.ls, F.'.re a short boiling period, the remova,l 

of the objecti ona.ble non- sugB.rs by the use of lime, 
~ 

etc.,,,keeping the suga.rs (sucrof:e expecially) in the 

correct concentration by .inversion if necessB,ry, to 

reta.rd crystallization. 

30 
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Summary and Conclusions . 

1. The purpose of this investigation is a study of 

the sugar content of the sorghum plant , in its 

relation and application to the sorghum sirup 

induAtry in ~innesota . 

2 . The principal sugars present in sorghum juice 

are sucrose , fructose , and glucose . The pre­

sence of maltose and raffino~e could not be 

detected. 

3. The stDlk of the pla.n t contains t h e bulk of the 

sugar whi ch is di stri buted in its joints a.s 

follows: the upper a.nd lower joints contain 

4 . 

the lea,st sugar ; the amounts of sucro se gradually 

increase and the reducing sugars decrease toward 

the middle of the cane . 

A loes of about five per cent of ~ugar extracted 

would occur if the upper node {ere cut off with 

31 



the tops , thuR necessitating the use of the whole 

ca.ne for maximum yield of sirup. 

5. The sugars develope during the growth of the plant 

as follows: sucrose steadily increases and the 

reducing sugars as steadily decrease up to maturity . 

The percentage of total sugar remains fairly con­

stant but the actual weight of sugar increa.ses. 

6 . The later stages of growth a.re nearly equally 

well sui ted fa r Ai rup ma,king. The cane could 

therefore be cut earlier and the sirup making 

season lengthened, thus saving overhend expenses . 

Thi s. a.t the same time, would decrease the po ssi bi 1-

ity of damage by frost. 

7 . Climatic factorR undoubtedly playa part in the 

development and gro~ th of sorghum, a.s E'll a.s of 

other plants. They possibly can explain the 

variRtions in composition from day to dny alsO. 

8. Removing the tops from sorghUM tends to 
dvance 

32 



the time of m3turi ty . but a,s the plant {ould 

later reach the same sugnr content wi th the tops 

left on, there ip little gained by this practice . 

Topping has no 8.dv;).TItaee unless the lengthening of 

the ~e~,son for sirup manufacture reflul ting from 

this proves of gr .a er value than the seed crop . 

9 . The quality of the sirup iR little affected , if 

at all , by ito sugar content , but rather by the 

non-su~ar Rolids present . _he methods used in 

me.king s1 rups 1 ve a all ':'nfluenc on the per-

centage of ucroe and red cin ga d e to 

hyd 01 i . 

33 
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TJL3LE V. 

AnalysE-s showing t'le distribution of the sugars in the ca e . 

- ------ ,---------
Sugars in I~ of dry rria"fter :%.J~i~P;;t;total 

," .c-Description 70 0.1. 
Dry - - - - -- - ---------- - ----- :extr . sugar per 

Su FruQ- Glu- Total from 1000 of 

Sa.mple 
~ o. 

iLa t tel' crose tose cose sUL-ar . cane 

------------ ------------------._----------------._. --- -
3013 2 
3 m~2 " 
~011 " 

1:i1k upper third 
" ...J.iddle " 
" lower " 

12 . 7 
14 . 9 
13 . 8 

59 . 4 
66 . 1 
58 . 0 

12 . 4 
9 . 3 

12.0 

13 . 7 
12 . 8 
16 . 4 

8b . 4 
88 . 2 
86 . 4 

302? 
3n21 
3020 
3019 

In differe::lt joints . (see graph) 
2 Early soft douoh 1st. 9.7 46 . 1 14 . 6 17 . 4 74 . 1 

018 
3017 
3016 
3015 
3014 

3073 
3074 
3075 
3076 
3077 
3078 
3079 
3080 
3081 
082 

2 

upper joints 2 :~.9 59 . 2 11 . 2 14 . 2 84 . 6 
3 13 . 0 63 . 3 10 . 8 12 . 7 80 . 9 
4 13 . 9 04 . 9 10 . 0 12 . 4 87 . 3 
5 14 . 2 64.5 10 . 0 13 . 0 87 . 5 
6 14 . 1 63.4 9 . 7 11 . 3 86 . 4 
7 13 . 2 61 . 9 10 . 3 14 . 8 87 . 0 

88 12 . 4 56 . 1 10 . 9 17 . 1 84 . 1 
bottom joints 9 12 . 2 52 . 9 10 . 9 18 . 0 81 .7 

milk upper joint :J.l . 3 314.9 . 4 13 . 3 10 . 3 78 . 0 
,2 13 . 4 61. 5 10 . 6 13 . 5 85 . 5 
3 14 . 1 65 . 7 .99.7 11. 6 87 . 0 
4 14 . 9 69 . 7 8 .7 I G.G 88 . 6 
5 15 . 6 70 . 5 7 . 9 10 .1 88 . 5 
6 15 . 8 69 . 2 8 . 2 10 . 6 88 . 0 
7 15 . 8 71 . 5 9 . 3 9 . 9 90 . 7 
8 15 . 1 66 . 7 8 . 9 12 . 5 90 . 1 
9 14 . 2 62 . 9 10 . 3 14 . 7 87 . 9 

bottom joint 10 14 . 0 58 . 5 11 . 3 15 . 7 85 . 5 

29 . 6 
28 . 2 
29 . 1 
32 . 8 
36 . 2 
38 . 4 
38 . 9 
32 . 1 
25 . 3 

cane 

21 . 2 
30 . 8 
32 . 8 
39 . 7 
44 . 9 
46 . 7 
44 . 5 
33 . 6 
25 . 2 



TABU. VI . 

Detailed Analyses of Canes Showing Sugar Content at 
Different Stages of Growth . 

SaTiip1e Plot % Sue;ar content in % of Dry Matter % Juice 
Ho . Dry -- -------------------------------- extracted 

Matter Sucrose Fructose Glucose Total from the 

- sue;ar cane . 

2923 3 6 . 3 11 . 7 
Pannicles ~earing 

~"l(. 3'7 . 3 76 . 6 49 . 9 
2924 7 5 . 4 ' 2 . 9 29 . 4 43 . 0 75 . 4 45 . 4 
2925 11 5 . 7 2 . 8 31 . 1 42 . 9 76 . 8 49 . 4 
2926 15 6 . 0 ?l 30.2 40 . 5 77 . 9 51 . 0 
2927 16 5 . 3 1 . 5 29 . 0 44 . 0 74 . 5 44 . 2 
2928 17 6 . 5 8 . 5 28 . 7 41.1 '7[3 . 3 47 . 1 

-76. 6 
. 

47-:a-Ave . 5 . 9 Q. 8 29 . 3 41 . 5 

Pannic1es Out. ----
2929 3 7 . 1 20 . 5 ?930 7 5.5 

26 . 8 32 . 6 79 . 8 48 . 4 
2931 11 4 . 9 26 . 4 43 . 6 74 . 9 46 . 0 
2932 15 

5 , 5 2 . 9 32 . 1 44 . 8 79 . 7 45 . 5 
2933 16 

1 . 2 17 . 5 27 . 1 35 . 1 79 . 6 49 . 7 4,4 4 . 4 33 . 9 57 . 2 95 . 4 43 . 2 29'4 17 6 . 2 I). 9 27 . 3 37 . 1 76 . 3 44 . 1 
Ave . 6 . 0 10 . 3 28 . 9 41 .7 81 . 0 46 . 3 

B1os<"oms Appe.arin . 
2966 ,3 8 . 7 ~2 . 1 ?3 . 1 ?8 . 0 88 . 2 ~7 . 7 
2967 7 6 . 7 12 . 1 27 ./5 43 . 6 83 . 3 44 . 4 
2968 11 6 . 7 11 . 1 30 . 5 41.4 83 . 0 43 . 3 
2969 15 7 . 6 14 . 9 31 . 4 37 . 7 e3 . 9 44 . 9 
2970 16 6 . 0 7 . 9 29 . 0 43 . 8 80 . 7 43 . 1 
2971 17 6 . 5 9 . 7 31.4 40 . 8 81 . 9 44 . 5 

Ave . rr:-O ·14 . 7 28-:8 39 . 2 _.- 82 . 7 -4"'4."7 



TABLE VI (Continued) 

Sa-.TplePlot% - ---Subar- corltent ill % of Dry l.Iatter~Tce 
ITo . Dry ----- --- ------------ ------ --- --- l!ixtracted 

29~6 
2977 
2978 
2979 
2980 
2981 

2983 
2984 
2985 
2986 
29b? 
2988 

2995 
2997 
2989 
2999 
2991 
2993 

Latter Sucrose Fructose Glucose Total from tne 
_.;;;"s"""Uw.ba __ r~. __ cane . 

Full Eloom 
3 9 . 5 41 . 4 
7 8 . 9 37 . 6 

11 8.2 29 . 0 

----
17.6 

- r 

1 '1 .2 
21 . 4 80 . 4 48 . 6 
23 . 4 78 . 1 3e .6 
30 .9 83 . 1 42 .4 

Ib 8 . 8 33 . 9 29 . 0 82 .5 48 .1 
16 8 . 3 29 . 1 29 . 7 80 . 8 3e . O 
17 8 . 2 24 . 1 

Ave8 .7- -----32".5 

23 .2 
21 . 06 
22 .Q 

• .25:~ 
21:.2 

____ 3~1~.~3 81~ •. =1 .. _ __ ~4~3 . 4 
27 .3-al.0 43 . 2 

hlk 

3 9 . 4 35 . 9 15.0 24 .7 75.6 
7 9 .9 40 . 4 J.5 . 5 23 . 6 79.5 38 . 6 

11 10 . 4 45 , 0 13 .3 20 .0 78 . 3 45 . 2 
J5 £l . l 31 . 2 20 . 2 27.7 79 . 1 46 . 3 
16 10 . 1 32 . 4 17 . 5 2.7.9 77 .7 36 . 0 
17 10 .4 40 .A 17 , 2 _?4.5 82 . 2 42 . 0 
~.7 ---

~ ve . 37 . 6 16 . 5 24 .7 78 .7 41.6 

Soft Dou 11 

3 , ~.3 40 .7 18 . 1 2?4 el . 2 38 . 7 
7 10 ,7 48 . 3 15 . 3 19 . 6 83 . 1 43 . 0 

11 10 . 7 03 . 4 13 . 5 17 . 1 84 . 0 44 . 3 
15 8 . 8 . 2 . 5 21.6 26 . 0 80 . 1 4;1. 8 
J6 9.6 37 . 0 2(' . 5 25 . 7 83 . 3 45 . 9 
17 10 . 4 45 , 9 16 . 7 21.8 84 . 4 45 . ~ 

- 9.9 43-.'0 -Y7:6-- 22r. l 82. -7- 43 . 8 Av . 



sample Plot 
No . 

TADLE VI (c ontinued) 

7r·-- · ... Si.:it;,ar- COl! tent in %01'- DF I.:a ttel ~.Tij,i~~---
Dry -- - -- - - - - - .. - --- - - -- - --- ----- - -- extI'ac ted 
=~atter Sucrose Fructose Glucose Total from the 

------.~----~~--------
su ~)~,r c a r~e 

Dry pou.E.h. 

3023 3 9 . 8 42 . 4 16 . 9 20 . 5 79 . 8 34 .7 
3008 7 10 . 9 46 . 1 14 . 1 16 . 6 76 . 8 39 . 1 
3006,i 11 12 . 0 54 . 2 12 . 5 16 . 3 83 . 0 37 . 4 
3028 15 9 . 7 39 . 0 19 . 0 24 . 1 82 . 1 40 . 4 
3004 16 11.1 45 . 4 16 . 6 21 . 3 83 . 3 43 . 6 
3005 17 11.9 52 .7 12 . 9 16 . 2 81.9 40 .3 

Ave. 10 .9 46:-6 15 .3 . 19 . 2 81: 1 39. 3 

Mature 

3165 3 10 .4 45 . 4 13 . 3 19 . 4 75 . 1 ~9 . 4 

3043 7 11 . 1 52 . 9 13 . 3 16 . 1 82 . 3 24 . 9 
3041 11 11.2 52 . 5 13 . 6 17 . 0 83 . 1 33 . 2 
3095 15 10 . 0 38 . 0 18 . 3 23 . 4 79 . 7 38 . 4 
3033 16 10 . 5 42 . 5 17 . 3 21.5 81. 4 ~4 . 6 

3034 17 12 . 2 5 h . 6 13 . 3 ' _4 85 . 2 28 . 5 
Ave 10 . 9 47 . 8 14 .9 J.B . 5 B1 . 1 ~13 . 2 



Sa (lp1e 
1.0 . 

Early 
29~3 
2929 
2~66 
2976 
2983 
::>995 
r 023 
3165 

TABLE VII . 

Analyses Showing the Development of suCar Content for 
Illdivlc1ua1 Plots . 

---r-- Sugar cO l .. terlt % of "Dry l . ..a ttei' %Juice 

StaGes Dry --------- - --- -- ---------- extracted 

:.:u t tel' Sucrose Fructose Glucose total fro .1 tL.e 

S'.A ~ar c:<. .. ne 

Amber-
1 6 . 3 11 . 7 27 .7 37 . 3 76 . 6 49 .9 

2 ra . l 20 .5 26 . 8 32 . 6 79 . 8 48 . 4 

3 8 . 7 32 . 1 23 . 1 28 . 0 83 . 2 47 .7 

4 9.5 41.4 17 . 6 21 . 4 80 . 4 48 . 6 

5 Q A 35 . 9 15 . 0 24 . 7 75 . 6 
~ .. 

6 9 . 3 4C . 7 18 . 1 22 . 4 81.2 38 . 7 

? 9.8 42 . 4 If; . 9 20 . 5 79 . 8 34 .7 

8 10 . 4 ~5 . 4 13 . 3 16 . 4 75 . 1 39 . 4 

Early Rose 
,5.4 2 .9 ?9 . 4 43 . 0 75 . 4 45.4 

29'"'4 1 , 
2930 2 5.5 4 . 9 26.4 43 . 6 74 . 9 46 . 0 

2967 3 ] 6 . 7 :i12 . 1 27.6 43 . 6 8 '1 4 . 4 . <..1 

2977 44 8 . 9 37 . 6 17 .2 23 . 4 7,:$ . 1 "8 .6 

2984 5 9 . 9 40 . 4 1b . 5 23 . 6 '79 . 5 . 6 

2997 6 10 . 7 48 . 3 15 . 3 19 . 6 83 . 1 4 .... . 0 

"008 7 10 . 9 46 . 1 14 . 1 16 . 6 ? ) . 8 39 . 1 

3043 8 11.1 52 . 9 1~ . 3 16 . 1 02 .3 ~ .9 

South Da-ota 

2923 1 .7 ?8 1.1 42 .9 76 . 8 ~9 . 4 

2931 2 5 . 5 2 . 9 .z2 . 1 44: . 8 79.7 45 . 5 

2968 3 6 . 7 11.1 'zO . 5 41.4 83 . 0 4' . 3 

2978 4 8 . 2 29.0 23 . 2 30. 8 .1 4' • { 

2985 5 10 . 4 4 . 0 13 . 3 ~ . • 0 78 . 3 I ,"' . ~ 

2989 G 10 . 7 ~~ \ 1 . 5 17 . 1 84 . 0 44.3 

3003 7 12 . 0 
54·. 12 . 5 16 . 3 83 .0 31.4 

3041 8 11.2 2 . 1 . 6 7 . 0 83 . 1 3 . 2 



TABLE VII. ( contir .. ued) 

SalLple . - St-a-;-es- ~}r--'- Su~ contentr % of Dyy {at:ter % Juice 
To . Dry ----------------------------- extracted 

Matter Sucrose Fructose Glucos e 1'otal fro ,1 the 
anita.:: cane . __ ......... -=e 

Early Amber 
2926 1 6 . 0 7 . 1 30.2 40 .5 77 .9 51 .0 
2932 2 7 . 2 1'7 . 5 27 .1 35 . 1 79.6 49. 7 
2969 3· 7 . 6 14 . 9 31. 4 37 . 7 83 .9 44 . 9 
2979 4 8 . 8 33.9 21. 6 27 .0 82 .5 48 .1 
2986 5 9 . 1 31 . 2 120.2 27.7 79.1 46 .3 
2999 6 8 .8 32 .5 2.1.6 26 . 0 80.1 44 . 8 
3028 7 9 . 7 29 . 0 19 . 0 24 . 1 82 .1 40 . 4 
3095 8 10 . 0 38 . 0 IB . 3 23 . 4 79 .7 38 . 4 

Early Rose 
2927 1 0.3 1 .5 ~9 . 0 440.0 74.5 404 . 2 
2933 2 4.4 4 . 4 33.9 57 . 2 95 . 4 43 .2 
2970 3 6 . 0 7 . 9 29 . 0 43 . 8 80 . 7 43 . 1 
2980 4 8.~ 29 . 1 22 .0 29 . 7 80 . B 38 .0 
2987 5 9 . 1 32 . 4 17 . 5 27 . 9 77 . 7 36 .0 
2991 6 11 . 1 37 . 0 20 . 5 25.7 .13 . 3 45 .9 
3004 7 10 .5 45 . 4 16 . 6 21.3 83 . 3 43 . 6 
3033 8 42 .5 17 . 3 21.5 81. 4 34 . 6 

South Dakota 
2928 1 6 . 5 8 . 5 ~8 . ? ~l . l 7£;. . 3 ~7 . 1 , 
2934 2 6 . 2 11 . 9 27 . 3 37.1 ~6 . 3 44 . 1 
2971 3 0 . 5 9 . 7 31.4 40 . 8 81.9 44 .5 
2981 4 3. 2 24 . 1 25 . 7 31.3 81.1 43 . 4 
2988 5 10 . 4 40 .5 17 . 2 24.5 82 . 2 42 . 0 
2993 6 10 . 4 45 .9 16 . 7 21.8 84 . 4 4 . 8 
3005 7 11 . 9 52 . 7 12 . 9 16 . 2 81.9 40 . 3 
3034 8 12 . 2 55.6 13 . 3 16 . 4 e5 . 2 28 . 5 'WI 



TABIJ:i.; VIII . 

~alyses showing changes in the sugar content resulting 
from topping the canes . Sugar ontent in % of dry n.atter % Juice Parts sugar 

----------- ----- --------- extre,cted per 1000 - --- - -
Sucrose Fructose Glucose Total from the co2.ne 

_P" ___ --- sugar cane . 

Sample Plot Description Stage of % 
no erowth when Dry 

topped :.:a tter _._-
71 . 71 4 . 4 5.' 81 . 8 32 . 1 47 . 3 

3172 8 hard dough tops cut full bloom 18 . 01 65 . 31 8 . 0 10 . 5 83 .9 35 . 7 44 . 7 
3171 II tI uncut II II 14 . 91 -6;4 - 3 . 6 4:8 2:T :3.6 2 . 6 -

difference --S:-1--

~56.9 13 . 3 16. 7 87 . 0 37 . 4 42 . 4 
302 5 3 soft dough tops cut early milk 13 . 0 47 . 4 16 7 20 . 3 84 . 4 35 . 33 . 2 
3024 II II uncut II " 11 . 2 ---g:"5 

---!- -::-S:-6 -2--:-6 2 . 4 --g;2 
- 3.4 

difference -1. 8 

3040 3 dry dough tops cut early milk 14 . 3 60 . 8 12 . 3 15 . 2 88 . 3 32 . 4 41 . 0 
3039 " It uncut " II 10 . 5 19 . 5 86 . 1 31 . 0 28 . 1 

--3 . 8 50 . 6 16.1 1 . 4 11 . 9 differe ice - - 3 . 8 - 4 . 3 2 . 2 10 . 2 

3170 3 mature tops cut early milk ,10.8 64 . 9 7. B 10 . 2 82 . 9 33. 6 43 . 8 
3169 II " 12 . 9 fI uncut 56 . 7 10,.1. 13 . 7 81 . 0 41. 6 43 . 3 

difference 2 . 9 8:-2 2 . 9 --=3.""5 - 1 . 9 ::a.o . 5 -
soft dou h 11 . 6 50.9 . 3 ,17 . 7 83 . 9 34 . 2 33 . 4 

3027 11 dry dough tops cut 14 . 5 84 . 2 33 . 8 32 . 5 
" " 11. 4 • 57 to 12 . 7 ---:9 3026 " II uncut 3.2 --:-:3 --;4 

difi'erence . 2 6 . 1 """2.6 

soft dough 12 . 8 62 . 8 9 . 7 12 . 3 8 4. 8 ,26 . 6 28 . 8 
3042 11 mature tops cut 52.5 13 . 6 17 . 0 83 . 1 33.2 31.0 

uncut " " 11 . 2 -1 . 7- - - 2 . 2 3041 " 10 . 3 IO:'3 - 4 . 7 - 6 . 6 
difference 1;6 

3166 2 with head smut 17 . 2 70 . 1 5. 8 7. 3 83 . 2 31 . 4 44 . 8 



I 

TABLE IX . 

Analyses of I n dividual sugars 

----- -----~------------ --------------------- - --------- -------- - -------- - -- -% Sugar content % of Dry latter 

No. Description Dry - ----- - -------- - -------------
bretter Sucrose Fr u c t os e Gluc ose To t~ 

1- ___ __ _ _ _ - ______________________ _ _________ - _____ _ __ _ _ --- - --- - ----- - - - ----- -

3314 
3315 
3316 
3317 
3318 

\ 3319 
3320 
3321 
3322 
3323 

\ 3324 
3325 
3326 
3327 
3328 
3329 
3330 
3331 
3332 
3333 
3334 
3335 
3336 
3337 
3338 
3339 
3340 
3341 
3342 
33 43 
3344 
3345 
3346 
33 47 
3348 
3349 
3350 
3351 
3352 
3352 
3353 
3354 

Phosphate 72 . 7 
Theoretical lime 72 . 5 
Lime to neutral slightly cryst . 77 . 2 
Lime nearly neutral after heating 64 . 7 
Factory method l i me c rys t. 76 . 8 
Theoretical lime very slight . A 75. 6 
Factory method lime cryst . 73 . 8 
Heat only 78 . 7 

" " 1912 cryst . 82 . 5 
No lime 

IT " 

» " 
" n 
" ff 

11 n 

tI " 
" 11 

" " 
IT 11 

cryst . 

crys t. 

Lime cryst . 
No lime 
LiLe neutral to litmus cryst . 
No lime slightly fermented 

" 11 (be st) moldy 
"n " 
" If evap . slowly 

Lime cryst . 
11 i n excess cryst . 

Bicarbonate soda 
Lime used cryst . 

11 11 " 

" If pan e vap . 
IT II 

Excess lime 
Slight exce~s lime 
Lime left acid 
Neutral to litmus 
Li me us ed 
Phosphate 

If 

Lime nearly neutral 
No lime 

73 . 1 
73 . 6 
72 . 1 
78 . 8 
76 . 3 
70 . 1 
81 . 0 
76 . 1 
78 . 1 
76 . 1 
78 . 7 
76 . 9 
80 . 0 
78 . 8 
71 . 7 
76 . 1 
75 . 3 
79 . 9 
80 . 3 
70 . 0 
79 . 4 
77 . 3 
77 . 2 
77 . 7 
68' . 8 
75 . 7 
69 . 9 
75 . 5 
75 . 8 
66 . 7 
66 . 5 
71 . 2 
73 . 0 

65 . 8 
66 . 9 
66 . 4 
68 . 5 
47 . 2 
57 . 6 
64 . 1 
47 . 3 
67 . 3 
48 . 8 
53 . 2 
55 . 6 
38 . 6 
52 . 6 
51 . 4 
47 . 9 
54 . 0 
55 . 8 
56 . 9 
64 . 4 
44 . 5 
55 . 7 
42 . 5 
64 . 5 
52 . 2 
34. 2 
54 . 8 
53 . 2 
50 . 5 
57 . 4 
52 . 9 
48 . 8 
45 .2 
59 . 4 
44 . 7 
54. 9 
40 . 9 
54 . 4 
41 . 1 
41 . 9 
40 . 5 
35 .7 

10 . 2 
9 . 7 

10 . 3 
10 . 3 
20 . 7 
17 . 2 
11 .0 
18 . 7 
13 . 6 
20 . 3 
1 7 . 3 
17 . 0 
23 . 2 
17 . 7 
19 .0 
19 . 8 
17 . 3 
16 . 7 
16 . 7 
13 . 2 
21 . 6 
16 . 2 
22 . 8 
14 . 2 
19 . 5 
28 . 5 
17 . 8 
19 . 3 
19 . 6 
1 5 . 2 
17 . 1 
20 . 4 
20 . 9 
15 . 4 
20 . 1 
18 . 7 
25 . 3 
18 . 0 
25 . 9 
25 . 7 
26 . 4 
27 . 3 

15 . 0 
1 4 .8 
14 . 9 
1 5 . 2 
24 . 9 
18 . 9 
12 . 9 
21 . 9 
17 . 9 
24 . 1 
21 . 4 
21 . 1 
30 . 6 
21 . 6 
26 . 3 
23 . 4 
22 . 3 
20 . 4 
19 . 7 
16 . 6 
27 . 6 
18 . 2 
27.4 
17 . 0 
25 . 1 
30 . 1 
22 . 6 
23 . 0 
26 . 2 
18 . 7 
21 . 0 
25 . 0 
27 . 3 
20 . 1 
26 . 9 
23 . 1 
29 . 2 
21 . 5 
29 . 7 
29 . 5 
30 . 3 
30 . 3 

91 .0 
91 . 4 
91 . 6 
94 . 0 
92 . 8 
93 .7 
88 . 0 
87 . 9 
98 . 8 
93 . 2 
91 . 9 
93 . 7 
92 . 4 
91 . 9 
96 . 7 
91 . 1 
93 . 6 
92 . 9 
93 . 3 
94 . 2 
93 . 7 
90.1 
92 . 7 
95 . 7 
96 . 8 
92 . 8 
95 . 2 
95 . 5 
96 . 3 
91 . 3 
91 . 0 
94 . 2 
93 . 4 
94 . 9 
91 . 7 
96 . 7 
95 . 4 
93 . 9 
96 . 7 
97 . 1 
97 . 2 
93 . 3 

I' 
, 
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