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UNI’i'ED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

"RESPIRATION OF SORGHUM GRAINS !

By D. A. CoLEMaN, Senior Marketing Specialist, B. B, RoTrGES, Assistent Mar-
keting Specialist, and H. 0. FerLows, dssistant Markeling Economist, Grain
Drvistan, Burenu of Agriculivrdl Econiomics
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RESPIRATION AND HEATING OF GRAIN

The preservstion in storage or in iransit of large quantities of
threshed grain involves certain difficulties. The earlier investigations
of Bailey (1, 2),' Bailey and Gurjar (3, 4), Duvel (7), Duvel and Duval
(8, 9), and Shanshan, Leighty, and Boermer (16), have shown that
corn, wheat, or rice must be fairly clean sid dry when stored; other-
wise injury will take place. This 1s particuhsrly true if excess moisture
ig present.

he sorghum grain is likewise one that offers some hazard from a
hendling and storsge standpoint. It is common for this grain to
become musty and sour and to heat while stored in large bulk, espe-

~cially if moisture and foreign material are present in considerable
quantities.

Ouly comparatively recently have data been presented which indi-
eate the ressons why grain and similar substances heat and spoil
in storage. It is now rather generally agreed by Plant physiclogists
that energy for many life processes and reactions is released in living
cells in an exothermic or heat-developing reaction or a succession of
reactions known collectively as respiration. -

This phenomenon of respiration tekes place either in the presence
of air or in the absence of air. In normal, or serobic respiration, the
oxygen of the atmosphere is conducted to the cells where respiration
gecurs and is there involved in an oxidation process in which hegt is
liberated and in which water and carbon dioxide are the character-
istic end products. When respiration takes place in the sbsence of

I ItaMe figures in porenthesls refer to ** Literaturs cited,” p. 15,
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atmosphertc oxygen it is kuown as anaevobic respiration. Under such
conditions it is thought that the oxygen of certain compounds within
the plant tissue is used as the source of oxygen. Carbon dioxide, as
before, is 2 prominent end product. Regerdless of the mechanics of
the respiration phenomenon, carbon dioxide and heat are generated
simultaneously, and o close relationship extsts hetween the quantity
of carbon dioxide formed and the heat energy liberated.

Since the grain itself is a poor conductor of heat, it follows that
the heat energy released through respiretion accumulates in the mass
of grain so that the incresse in temperature may In time become
marked.

PURPOSE OF THE INVESTIGATION?

Efforts to secure exact information regarding the importance of the
various fastors which influence the successful handling, storage, and
transit of the sorghum grains under commercial conditions were not
very successful because under commercial conditions it is practically
impessible sc to control the physical conditions of snvironment as to
be able to isolate and weigh the importance of each fastor separately.

Since it has been established that there is a close relation between
the respiratory setivity of grain (2, 8, 4) and its tendency to heat and
spoil, recourse. «2s had to & laboratory study of the respiration rate of
different commercial classes of the sorghum grains. The study
covered the influence of such factors as moisturs, temperature, cracked
kernels, end the general condition of the grain a} the time of storage,
upon the keeping qualities of these grains.

1t is recognized, of course, that such a laboratory determination
does not afford a simple mesns of computing the temperature which
the grain in question would attein under commerciai-storage condi-
tions because the sctusl change in temperature depends not only
upon the rate of respiration of the grain, but also upon sush factors
as the size and shape of the biz, the insulating effect of the material
of which the bin is composed, the temperature of the surrounding
atmosphere, and the original quality and condition of the grain itself.

But even though what will happen in farm or commercial storage
under & variety of conditions can not be predicted from laboratory
tests, the indications obtained from such & study are veluable, and,
as was pointed out by Beiley and Gurjar (3, 4}, they ara of the same
order as those found under actusal storage conditions.

METHODS USED FOR MEASURING THE RATE OF ERESPIRATION

In determining the rate of respiration, the method outlined by
Gurjar (10) and modified by Bailey (2, whereby the carben dioxide
evolved is absorbed in dilute barium hydroxide solution, was used.

Twenty-four-inch calcium chloride jars were used as respiration
chambers. These were fitted at the bottom constriciion with glass
wool. The quantity of grain used varied slightly with its moisture
content, 460 grams of that of lower moisture content being used, and
about 325 grams when the moisture exceedcd 15 per cent

The jars were sealed with parsffin of o high-melting point and
placed in & constant-temperature oven. Except in the experiment in

1 Thisg investigation was cerried out in cooperntinn with the Kanses spd Oklaboms Agricultural Experl-
mant Siations and i part of the general project devoled to the study of those fectors which snter into the
succassful storage of oereal gratns.
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which heat was the variable factor, the temperature of the oven was
mainteined at 37.8° C. (100° F.).

Approximately 95 hours was chosen as the period of exposure to
heat, Since it was not always possible to expose the samples exactly
96 hours, the length of time that the jors were in the oven was noted
and the results were calewlated uniformly to a 24-hour basis. In
reporting the resuits the quantity of carbon dioxide respired by 100
grams of dry matter in each 24 hours was computed. To compute
the calories of heat evolved, the factor found by Langworthy and
Milner (12) may be employed: 1 gram of respired carbon dioxide
equels 2.5 calories of heat.

SOURCE OF MATERIAL

Lots of nine of the more common commercial classes of sorghum
graing were obtained as material for study. DBulk lots of these
classes were thoroughly cleaned to remove cracked kernels, unsound
kernels, and foreign material. The classes chosen were darso,
feterita, freed sorgo, yvellow milo, brown kaolang, red kafir, white
kafir, shrock kafir, and shallu® The lots of all of these classes except
brown kaoliang and freed sorgo were grown at the United States
Department of Agriculture Dry Land Field Station at Woodward,
Okla., in 1926. The brown keoliang and the freed sorgo were grown
at the Fort Hays Branch Experiment Station at Hays, Kans., in the
same vear. 1ellow milo and white kafir represent the commercially
important classes of sorghum grain; the other classes are those which
are praduslly becoming commercially important.

As a matter of interest, chemical composition and physical char-
ncteristics of these nine classes are given in Table 1.

Tasie 1.—Chemical composition and physicel characleristica of the samples of nine
sorghums
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= The chemical mathods used in this investigation ara contained in the following publiention: AMERICAN
AIIOCTATION OF CEREAL (CEEMISTS. METACDS FOR TIE ANALTSIS OF CERFALS AND CEREAL PRODUCTS.
COMFILED BY THE COMMITIEE ON MITEODS OF ANALYSIS. 176 p. Lancaster, Pa. Lancaster Press, Ine.

# The names usad nre the desipnations of comunercial classes and not of serghum varieties, White kafir
%5 ahoigmmgrcisl class inzluding all kafir varieties with white kernels, Dawn kaflr vras the variety used
0 this study.
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TanLe 1.—Chémical composition and physical characleristics of the samp!z 4f nine -
sarghums.—Continued -

PHYBICAL CHARACTERISTICS
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HYGROSCOPIC MOISTURE IN SORGHUM GRAINS

The sorghum grains, like all other cereal grains, are hygroscopic.
They lose moisturs to the atmosphere, or gain moisture from if, until
the b gmsco%b moisture of the grain is in equilibrium with the
humidity of ¢,

There is & direct Telation between respiration and relative humidity
inasmuch as when the moisture content of plant tissues increases
thers is & corresponding incresase in the rate of respiration. Date.
relating to the moisture content of the sorghum grain when in equi-
librivzn with " atmospheres of . iferent relative humidities are also
important because they indicate whether a shrinkage or increase in
weight will take plece in grain if stored in & wet or dry environment.
Such data slso point out to those who wish to store webt or damp
grain what the possibilities are that such grain may be conditioned
naturally without recourse to artificial drying.

Data concerning the moisture content of sorghum grain when In
equilibrium with atmospheres of different relative humidities were
not found in $he literature. Experiments were undertaken fo secure
this information. The nine classes of sorghum grain named above
were used for this pu .

Approximately 20 grams of each of these classes were spread in
shallow aluminum boxes which were suspended in 10-inch desiccators
over aqueous solutions of sulphuric acid. Seven such desiceators
were used, and the vapor pressure of the sulphuic solutions were so
adjusted (a.ccordmg to Wilson’s (17) tables) that the resulting relative
humidities of the atmospheres in the desiccators at 25° to 28° C.
were 15, 30, 45, 50, 75, 90, and 100 per cent. The grain remained in
the desiccators for four weeks, or nntil no further change in weight
took place In 48 hours. At the end of this period the grain was
removed from the desiccators, and the percentage of tnoisture was
determined in & vacuum oven operated at 99° to 100° at a pressure
of 4 inches, drying the msaterial to a constant weight. This usually
took sbout 96 hours. The specific gravities of the sulpburic acid
solutions were determined as the grain was removed from the desic-
eators. The humdity dats reported, therefore, are on_the basis of
conditions prevailing at the close of the experiment. The moisture
data given are the percentages of moisture absorbed by the moisture-
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frees grain and will be found in Table. 2, as. well as represented
graphically in Figure 1. % - - : S -

From Table 2 it can be seen that the average petentage of hygro-
scopie moisture in the nine classes of sorghum grains studied ranged
from 6.65 per cent at 13.8 per cent relstive humidity (25° C.) to
28.04 per cent ab 100 per cent relative humidity. It is evident,
therefore, that the sorghum grains undergo considersble change in
moisture content when exposed to different humidities, providing
the conditions of exposure are such that the movement of water vapor
can take place, ' :
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F15. L.—H ygrescople molstore of sorghum grains (averags of nine classes) axposed to atmospheres
of diffprent relatig;s)imnﬁditias at 25 fo 28° C, ) =P

TapLe 2.—Hygroscopic moisture of nine classes of sorghum grain ezposed fo atmos-
pheres of different relative humidilies al 25° to 28° C.
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The hygroscopicity of the sorghum grain likewise is not grestly
different from that of other cereal gramms. The only outstanding
differences to be noted are found at atmospheres of relstive humidity
of 75 per cent and over. 'These comparative dats are given in Table 3.
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Tasre 3.—Hygroscopit moisiure of cerecl grains exposed o atmospheres of different
relative humidities at 26° io 28° C. :

Relafiva : Aversge hygroscopic molsturs of—
humidity .
of atmos-
phere at Buck- Sor-
2 e Barley Curmn ghum Cats Riea Rra Wheat,
28 0, wheat Eraio
FPereend | Percent ! Percent | Porcend ) Poeent | Percend | Per cent 7 Per cend | Per cenl
15 6,45 .17 7.0 .95 .03 727 .48 7.03
30 M G849 & 25 .42 8,76 662 8.58 .3
43 1116 1218 11.39 11,95 10. 60 12.00 11. 72 10.90
60 131 14. 52 4. 52 15.00 13. 4G 14.38 13. 94 13,81
76 16.88 17.01 16.7 18.25 16.05 16.86 17.41 17.30 1
] 8417 .63 2. 12 2402 22,05 2215 . 52 24.82
106 36,63 247 21.22 .08 3.7 30.85 33,51 n

RELATION BETWEEN MOISTURE CQETENT OF SORGHUM GRAINS
AND RESPIRATORY RATE

In the preceding section it was shown that sorghum grain is hygro-
scopic; that it absorbs or loses moisture, dependmg upon the
bumidity of the surrounding atmosphere. The influence of these
moisture changes on the respiratory activity of this grain will now
be discussed.

CARBON
TIOXIOE |
RESPIRED™ — e
HHAIGRALS s WAIFF wheat

==== Horf red zpang wheat A

25 — — Sofr winfor mhout
e Forigh rict
b Wﬂ Ll g
— Hitied rec

20

1" 12 13 e i5 3 1T
PER CENT QF MOISTURE,

FiG. 2.—Rata of rﬁyimtiou related tothe mofsturs confent of cereal grains.  Millipmms of carbon
dinxide respired per 100 grams of dry matter In each 24 hours

As early as 1894, Lund (I3) cbserved that an incresse in the
moisture content of seeds and tubers increased their rate of respira-
tion. This observation has been repeatedly confirmed. Kolkwitz
{11) reported that barley kernels which contain 10 to 11 per cent of
moisture respired very feebly, whereas when the kernels were mois-
tened the intensity of respiration increased tremendously. Qvem
(24) likewise has made similar observations.

Duvel (6), in studying the vitality of seeds, noted an increased
respiration with an increase in the moisture content of the seed.

Bailey (2), snd Bailey and Gurjar (3, 4), found that by increasing
the moisture content of whest, corn, and rice, the intensity of respira-
tion was greatly accelerated. A summary of their data is shown
graphically in Figure 2,
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Shanahan, Leighty, and Boerner (16), as well as Duvel and Duyal
(8, ), have given evidence to show an increased respiratory activity
-:;it.h. ;m incresse in the moisture coutent of corn in storage or in
TBRNsLL.

In the determination of the relation of moisture to respiration in
stored sorghum grain, clessés yellow milo, red kafir, white kafir,
shrock kahr, feterita, freed sorgo, kaoliang, and shallu were used.
Weighed portions of each class were brought to different moistire
contents by the addition of water. . To prevent incipient fermenta-
tion, these samples were placed in air-tight containers in an ice box.
They were given frequent agitation for four days to insure uniform
distribution of water throughout the kernels, s

The percentages of moisture obtained varied {rom approximately
10 to 16.5 per cent. These limits were chosen because it is within

CARBON

DIDXIGE
PESPIAEL®]
WMLIGRAMS

8 —— AVERAGE OF EIGHT VARIETIES

|

12 13 1y
PER CENT MOISTURE

® PER 24 HDURS FOR EACH 100 GRAMS OF DRY MATTER

F1a. 3.—A4 verage rate of respiration and meoisture content of eight classes of sorghum grain: . - -

Eight classes wera studied as tha ointh sample becamo infested with weavil L

this moisture range that the moistura content of most samples of
sorghum grain lies on arrival at market and because resprration
reaches a sufficiently high rate in that range to raise the temperature
of bulk grain o a point at which damage takes place. L
‘When the grain was ready to work, weighed quantities were placed
in the jars slready described, ard the jars were sealed with paraffin.
At the time of sealing, a representative sample was drawn for moisturs
determination. In all instances the jars were maintained at a tem-
perature of 37.8% C. (100° F.} for approximately 96 hours; the exact
time was noted as the respiration jars were removad from the con-
stant-temperature oven. : :
The quantity of carbon dioxide respired per 24 hours by each 100
grams of dry matter by each of these eight classes is given in Table 4,
and the mean average respiratory rate is shown graphically in

Figure 3. :
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TapLE 4.—Average rale of respiration af 3 classes of grain sorghums of given mois-

ture cortent
Mols- Carboen dioxide respired per 24 hours for each 100 grams of dry matter of—
ture
Sont | Yeuow} White 1 Kaol- Freed | Red 8hrock | Aver-
tent milo | kafir | isng Feterita SOTED kafly Shaliun kafir aga
Pereent| Mym. | Mpm. | My, | Mpm. | Mym. | Mym. | Mym, | Mpm. | Mym.
1t 0.53 067 .53 1.00 0.50 0.34 4,25 .45 [
12 .70 .30 .62 .10 ;! 48 .35 W52 H
i3 L0 | 112 .8 1,58 .1 .72 .58 .71 .00
14 1. 56 1.72 1.2 3.00 1.51 1.4D 87 1.31 158
15 3.27 352 22 5,80 3.¢8 3.11 1.80 3.17 3.35
16 7.58 838 4.8) 11.80 11.05 8. 59 5,30 £.60 824

The rates of respiration of the classes of sorghum grain studied
were much alike, except for feterita and shallu, The difference in
activity of feterita may be explained in three ways. Records show
that this sample of feterita was exposed to some weathering before
threshing; in fact, evidence of sprouting was present. Sprouted seed
has been shown by Bailey (2) and by Bailey and Gurjer (3, 4) to be
considerably more active then normal seed. The fact that feterita
is an early maturing variety and is soft and chalky in texture
may also contribute to its greater activity. Soft and starchy wheats
respire more rapidly than do hard vitreous wheats containing the
same percentage of moisture, and a similar relation may obtain with
feterita, as this variety is much less vitreous than are the other
varisties in the lot studted. It also has been suggested by Beiley (2}
in his discussion of date by Reed and Holland (75), that the respira-
tory activity of early-maturing varieties of grain may possibly be
greater than that of later-maturing varieties. Shallu, on the other
hand, is just the opposite in characteristics. It is a late-maturing
variety. In fact, it matures the latest of the eight studied. Shallu
likewise is vitreous. By the same reasoning used before (as to kernel
texture and lateness of maturity), the low respiration rate of shallu
may possibly be explained.

The acceieration of respiration with increasing moisture content

was calculated according to the formula gﬁ"—}?—gﬂ'—! In this for-
m—1

mula, K, represents the rate of respiration at a given percentage of
moisture (m), and K1 the rate when the sample contained I per
cent less moisture (m—1), The values thus obtained represent the
fractional increase in respiratory rate associated with umt Intervals
in moisture content.

These values, based on the average respiratcry rates for the eight
classes included in this part of the study, are shown in Table 5,
together with comparable data for corn, rice, and wheat.




RESPIRATION OF BORGHUM GRAINS

TABLE 5.—~-Accelerglion of rate of respiration of sorghum, corn, rice, and wheat with
inereasing. moisiure content

-

Acceleration of rate of Feapiration ¢ in prain with—

11t012 | 12to13 | 13to 14 | 14 to 15 | I5tol8 | 16 to 17
per cent | per cont | Der cend | per cent | per cant | per cont
molsture | foisture | meistore | rolsture | moisture | molstors

0.43 0.74
. 60 .75
50
16

13
50

5T
7

! Bae formuie p. 4, # Hantey, . H., and JUrzag, A, M, E&).
' Bamwey, Q. H. {£). § BAnEY, C. B, snd Guriae, A, M. (§).

It appoars that the relative acceleration in rate of respiration with
Increasing moisture content is fairly uniform. There iz no sharp
break in the curve; the acceleration Increases uniformly as the mois-
ture content increases.

This phenomenon differs from that found by Bailey (2) and Bailey
and Gurjar (3) with wheat or corn and for some distance is similar to
the curve shown by Bailey ard Gurjar (4} for the acceleration in
Tespiration rate for paddy rice.

The ressons for the marked acceleration in respiratory sctivity
such as results from comparatively small increases in the moisture
content of the kernel are still incompetely known.

Respiration can scarcely proceed unless the substances involved in
this reaction move, chiefly by diffusion, to the seat of respiration.
When the kernels are dry, very little diffusion can take place, as the
hygroscopic water in the kemel is held by the organic colloids within
the kernel in a state of high tension. It has been shown that by the
eddition of moisture to the kernel this pressure becomes lessened.
This being the case, diffusion of sugars, mineral salts, gases, ete., to
the seat of respiration must- be progressively enhanced by each
successive addition of water. This result manifests itself as increased
oxidation and increased heat in the bulk of grain.

INFLUENCE OF TEMPERATURE UPON THE RATE OF RESPIRATION

The carefully controlled laboratory experiments of Bailey (2)
and Beiley and Gurjar (3, 4), as well as the observations of Bailey
(1), Boerner (6), Duvel (7), Duvel and Duval (8, 9), upon com-
merclal lots of corn and wheat have all shown that as grain begins
to heat the rise in temperature per unit of time becomes greater as
the temperature of the bulk érain becomes higher.

According to Bailey and Gurjar (3) the most rapid change in
respiratory rate of stored wheat was between 35° and 55° C,

In connection with the other respiration studies with the sorghum
grains a comparison of the respiration rate of yellow milo, & common
commercial class of grain sorghum, was determined at two different
temperatures. As before, six portions of this grain were brought
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to different moisture contents in the manner before described. Im

. this study s$he moisture contents of the six portions varied irom

10.98 to 15.83 per cent. One set of samples was held at 37.8° C.

%‘nd ithe other set at 27.8°. The data from these tests are given in
able 6. '

TaBLE 6.—Respiration of yeliow milo al 27.8° and 87.8° (.

Carbon dlox/de ro- Carbon dioxlds re-

spired per 2t hours apired per 24 hours
Moia- or cacgelco FTAMS Ig‘r eacﬁe 100 gTAIS [ pove ot 27.8° O,

Rote st 37.8° C
o L] i _— e
contont ol dry Iiter 8 | Tote at 27.6° C. of dry matter at — | @ R TR O,

37.8° C. . .j3T3C.

Percent N Mym., |* Per eent
10. 83 0. 043 - 13.85
il.62 . W52 N 14,85
13. 83 . .85 . 1583

It cen be clearly seen that temperature has a decided influence
on the respiratory rate of yellow milo, as the rate at 27.8° C. was
just aboust half of that rate at 37.8°. This difference in respiratory
rate slso was fairly uniform throughout the range of percentages of
moisture used.

RESPIRATION OF HEAT-DAMAGED SORGHUM GRAINS

Two samples of heat-dameged sorghums (one of white kafir and
the other of white kafir and yellow mile mixed in about equal pro-
portions) were obtsined from box cers in Kansas City. In_the
sample of white kafir 17.7 per cent of the grains were discolored by
heat of fermentation, and in the other sample 25.2 per cent of the
graing were discolored by heat of fermentation.

Portions of each of these samples were brought to different per--
centages of moisture by the addition of water, and their rate of
respiration was sscerteined. The data relating to these samples are
iven in Tables 7 and 8; comparison of thess data with those shown
or normal sorghum grain indicates that heat-damaged sorghum
graivs respire at a considergbly higher rate than do normal sorghum
grains,

' TasLe 7.—Rate of respiraiion of heat-damaged sorghum grain

Bample of white kafir and vellaw
Bample of white kafir, 17.7 per ;
cenit of kernels heat domoged gﬁge‘.’;‘g&‘% G52 Ier cent of

Carbon dicxide respir- Carbon dioxide respir-
ed per 24 hours for ed per 24 hours for
cach {00 grams ol dry cach 100 prems of dry
matter matter
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TFasLe &—Respiretion of heat-damaged semples of sorghum graing as compared
with thatl of samples of sound sorghums

Carbon diexide resplred per 24 Bours for
each 100 grams of dry matter

Hest-damsged
white kafir 7
and yellow
milo mized

ELTHL

Heat-damaged
sorghumg

white kafir !

Agma. Afg
0
1
2.

8.
.

T17.7 per cent heat damaged. 125.2 por cent heat damaged.

RESPIRATION OF CRACEED SORGHUM GRAINS

It has been observed by others that the storage of grain which
contains a considerable quantity of cracked kernels or finely divided
material 1s more hazardous then is the storage of clean whole grain
under similar conditions. Thus, Bailey {2) found in his studies of the
respiration of shelled corn that “there Is evidently a greater hazard in
handling corn containing an sppreciable quantity of cracked corn
than in handling sound clean grain under similar conditions.”

Sorghum grains on the average contain more cracked grain than
do any other cereal grains marketed. As a rule the cracked grainto
be found in & carload of this cereal amounts to 6 to 8 per cent. Fre-
quently it is present to the extent of 35 or 40 per cent.

As & meens of determining the influence of cracked kernels upon the
keeping qualities of the sorghum grains, whole kernels of Freed
sorgo were broken and the cracked material was separsted so that
bulk lots were obtained, one of which would znd the other of which
would not pass through an #-inch sieve.

Moisture was added to small lots of these two sizes of cracked
kernels in the amounts before described. When the materisl was in
conditior to work, the two series of samples were held at 37.8° C.
for approximately 96 hours. The quantities of carbor dioxide
reSpire(f by these cracked kernels per unit of time and materizl at
even percentages of moisture are given in Table 9, with the rate of
respiration of sound and whole Freed sorgo for comparison.

TABLE 9.—Respiralion of whole and cracked Freed Sorgo grains

Carbon dioxitds respived in 24 hours for

Carbon dicxide respired in 24 hours for
ench 0 grams of dry matter each

100 grams of dry matter

Cracked

Cracked
materiai oot

Cracked

Bound
waterial

passing
through an %~
inch trisnpuiar
sieve

material passing

through an 3%~
ingh trian
sieve

material not Cragked

passing
through an 3%
lech trisngular
siave

material passing

through an -

inch trinnguiar
slave

Ay,
0.38
.48
BG

Mg,
0,37
.48
)
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It is evident from ‘these date that. tha rate of respitation of the
cracked kernels in both series is greater at the highest moisture
content than is the rate of respiration of the whole kernels. On the
other hand, there does not seem to be s very great difference in the
respiratory rate of those portions of cracked kermels which passed
through an #-inch triangular sieve and the activity of those which
did not pass through such a sieve. . If there is amy difference, the .

smaller portions were less active. ‘This mey be due to s smaller

proportion of germ material in the smaller pieces of kernels. The
aceelera.t.mn of the rate of resplraialon was determmed for material of
sach size tested and is shown in Table 10, . '

TA.‘BL‘EI 10.—Acceleration of rate of respiration of whole and cracked freed sorga
with increasing moisture content

Agceleration in rate of respiration fn grain with—
Charecter of materlal -

1tol2 } 12013 | 13to1d ' 14t0 15 | 13028 -
per cent [ per cent [ per cant | per ceni | per cant |

Nob pesicy thioiah o Foinah b e | 02| 0Hy ) 1o iR
Paming throughmﬂ-m T Iar slove Ta Tk "8 15 10.3

It would zoilow, therefore, that when varying quantities of cracked
material are present in whole kernels, the cracked sorghums would -
accelerate the respiration of the bulk grain under excessive-moisture
conditions,

RESPIRATION OF COMMERCIAL SAMPLES OF SORGHUM GRAINS

In connection with these studies, several samples of white kafir
were taken from farm granaries by Roy Bainer of the Kansas Agri-
cultural Experiment Station during the fall of 1926.

Amorg other tests the respiratory rate of esch of these samples -
was agcertained. The results are given in Table 11, As compared
with the results shown in Table 4, which were obtained on samples -
of sorghum grain moistened in the laboratory, there is a higher
respiratory rete in the naturslly damp sorghum grain, especially
at the higher moisture contents. Thus, another factor, thet of the
length of titne during which a lot of sorghum grains has been stored
in & moist condition, enters into consideration when the irnportance
of these factors which contribute to the safe storage of the sorghum
grains i being judged.

TasLe 11.—Respiration of white kafir collected from 10 farm granaries and incu-
bated at 37.8° €. (100° F.) for 96 hours

Carbon o : Carbon
dioxids dioxide
i . reaplred in resplred in
Lsboratory No, Moisture %grh:;';ﬁ Laboratory No. Molsttra Erhw"mhs
100 grams 100 grams
of dry of dry
matter matter
Per eent Mgm. AMom.
) 37 13.22 065 3.
B&S. R 47 3
BB 13. 30 58 8.
B2, i3. 67 85 ia

moisture | moisture | molsture | moisture | moletare: -
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LABORATORY STORAGE EXPERIMENTS

In the preceding pages it has been shown that, providing the sample
is sound, heat and moisture largely determine the rate of respiration
of the eight classes of sorghum grain included in this part of the
study. 1t was shown that at between 13 and 14 per cent of moisture
the respiratory rate of these varieties was high and that as the mois-
ture content was increased up to 16 per cent very large increases in
activity ook place. :

An experiment was planned to determine on a smali scele what the
physical condition of each of & number of classes would be if stored
under conditions similar in charscter to those obtaining in the respira-
tion studies. Accordingly, 1,500-gram portions of each of the nine
classes of sorghum grain and one commercial lot of yellow milo were
moistened as before described so that there were four lots of each
kind, contsining 14, 16, 18, and 20 per cent of moisture, respectively.
The exact moisture content of the samples will be found by consulting
Table 12. These 1,500-gram portions were placed in sealed contain-
ers t0 maintain the moisture content and to create anaerobic condi-
tions, and these confainers were held in an sir thermostat at & tem-
perature mnﬁng from 100° f0 102° F. (38° to 39° C.) for seven weeks.

Tests of the physical condition of the grain were made before it
was inserted in the thermostat, and each sample was sound in all
respects. At the end of the storage period the containers were opened
and the moisture content, test weight per bushel, odor, color, per-
centage of damaged kernels, and germination of the grain were
determined. These findings are shown in Table 12.

TanLe 12.—Physical characteristics of 10 lols of sorghum grains efter storage for
seven weeks at 100° lo 103° F, ’

Test
weight

per
bushel

3
&

Yellow mlio

e
F]

PR BRI R BRO RN RASRES R RE R AR RS

fqg.s per cent,
2 shades off____
2ehacdes off .| 1.7 peroemt.. ..
N 8l Mone_ ...
do.
do

White kaflr

o0 -
Vzrg Sour 3 sbedas off.___
Blightly sour M N
Sour

Brown keollang.___. T

._do_
isbads off___.
2ahaden off . __

N
I shade of ..
2sbades off,__} 3.2 percent__.

None
1shadeoff. ___
2shades nff.__
. %shadu off___

do

i shade off____
2 shades off .. _

.| Mormal._____ |
ool

BPEERERBLER
R 49 T~ R B SO O

e G G D0 e et O D06 B0 D e GO D

RO DDA @t ORI RIS 00O S e B

BHRABLREBNS R BRE SR

3 shad 1.3 per cent__ .
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Tapir 12.—Physical characleristica of 10 lols of sorghum grains afier storage for
seven weeks at 100° fo 102° F.~Continued

Test; : .

Mois- | weight Heat-damaged ..
ture | per kernels Germin:tion

bushel

Poundy
9.8 - None....._...| 31 per cont.
53, 5 - da.

57.2 - Skin burnt.._-

Vory sour___..__ .

¥ Snur o
Sour 1 ghads off.
2 shades off___

Bha¥e . .

Bhroek Rafr...o... -

Tk ok et et
EopBEmEg
B3 3 s =y

e S 0 0 D D D

Miiv {field) . - commmn| Slightly sour.

Sour

Bk o ol el el

B s
BRERsang

(=3 R =R =

2 shades of.__
3 shodes off___| 1.8 por cent____

z

It can be reedily seen from the results given in Table 12 that the
physical condition of the stored sorghwm grains became increasingly
bed as the moisture content of the grain increased, 28 would be ex-
pected. There was a progressive drop in test weight per bushel as
the moisture content increased. With a moisture content of slightly
gver 14 per cent, brown kaoliang and red kafir and white kafir and
field milo kad a slight odor. The other classes developed no odor
2t & moisture content of approximately 14 per cent. At 16 per cent
of moisture ard over all samples had an increasingly bad odor.

At & moisture content ranging between 15 and 16 per cent, white
kafir, red kafir, yellow milo, ard feterita were siightly off color.
‘When more moisture than this was present, the kernels of all classes
‘were ofl color.

Heat, damage did not oecur in any of the classes tested until a
moisture content of between 19 and 20 per cent was reached. The
vitelity of all classes, except yellow milo and shallu, was practically
destroyed when stored for seven wesks with a moisture content of
between 14 and 15 per cent and in a constant temperature of 100° to
102° ¥., as shown by poor germination at the end of this storage
period. Yellow milo stored with a moisture content of 14.6 per cent
had a germination of 59.5 per cent at the end of the seven weeks in
storage, and shallu with 13.7 per cent moisture had 31 per cent of
germmation at that time.

SUMMARY

Leboratory experiments were made under controlled conditions to
determine the relationship between the factors that enier into the
keeping qualiies of the grain sorghum,

These studies showed that the hygroscopic moisture of sorghum
gra.in when in equilibrinm, at 25° to 28° C., with stmospheres of

ifferent relative humidities, was similar to that of the other cereal
grains, the exception being that at relative humidities of 75 or
greater, the other cereal grains, such as corn, barley, buckwheat,
oats, wheat, and rye, contained more moisture than did the sorghum
ain,

The relationship between hygroscopic moisture and relative
humidity is so simalar in all the classes studied that no class difference
can be shown. The average hygroscopic moisture of the nine classes
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ol sorghum grains studied varied from 6.65 per cent at 13.8 per cent
telative humidity, to 28.04 per cent at 100 per cent relative humidity
{25° 10 28° C.).

There i a clear-cut relationship between the hygroscopie moisture
of the sorghum greins and their respiratory rate, as the moisture
content of whole sorghum grain largely determines the rate of respira-
tion when stored under umiform laboratory conditions.

Acceleration of the respiratory rate with an increase in the moisture
content is gradael, and there is no sharp break in the curve. If the
moisture content 1s between 13 and 14 per cent the scceleration is
rapid, and it increases in intensity as the moisture content incresases.
In this respect the respiratory activity of the sorghum grain is stmilar
in character to that of rice. On the other hand, it is distinetly
different from that of wheat, in which there is a sharp bresk in the
respiration curve at 14 per cent of moisture.

At high moisture contents cracked and broken sorghum kernels
respire more vigorously than do normal whole kernels. Accordingly
an increased msk is involved in storing and transporting sorghum
grains that contain appreciable quantities of broken kernels. Fur-
thermore, 25 whole sorghum grains seem to be no more hygroscopic
than are other cereal grains and inasmuch as whole sorghum grains do
not exhibit more respiratory activity than other cereal grains, it
would seem reasonable to attribute the chief responsibility for the
greater storage difficulfies of the sorghum grains, as compared with
other cereal grains, to the high percentage of cracked kernels usually
present in commercizl lots of sorghum grains.

The period of dampness, that is, the length of time that excess
moisture has been present in the grain, bears a direct relation to the
rete of heating, for naturally damp grain of the same moisture con-
tent respired somewhat more vigorously than did grain freshly
dampened in the laboratory.

By increasing the temperature from 27.8° C. to 37.8° C. the rate of
respiration of yellow milo was nearly doubled.

Heat-damaged sorghums likewise respire more vigorously than do
sound kernels. Grain which has been exposed to incipient heating
develops a condition which makes it unsafe for storage, as it seems to
go cut of condition more rapidly than does sound grain under the
same conditions.

Storage tests made under laberatory conditions bear out in a general
way the findings of the respiration studies; namely, that if the tem-
perature is sufficiently high (100° F. or more) sorghum grains that
contain over 14 per cent of moisture will go out of condition.
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