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LETTER OF TRANSMITTAL. 

Honoruwu, Hawar, March 15, 1906. 

Str: I have the honor to transmit and recommend for publication 
as Bulletin No. 13, of this station, the accompanying paper on The 
Composition of Some Hawaiian Feeding Stuffs, by Dr. Edmund C. 
Shorey, the station chemist. 

Very respectfully, JARED G. SMITH, 
Special Agent in Charge. 

Die. 3C. “PRUE, 

Director, Office of Experiment Stations, 
U. S. Department of Agriculture, Washington, D. C. 

Recommended for publication. 

A. CO. TRUE, 

Lyhirector. 

Publication authorized. 
JAMES WILSON, 

Secretary of Agriculture. 

(2) 



CORN NTS: 

Hawalian feeds compared with those produced elsewhere .---.-...--..---.-. 

Nutrients in dry matter of Hawaiian feeding stuffs.............--.-.-------- 

ROTA Onsen CCM er ALES Lh ss ee tk A ee eR Lee as ‘ 

Mineral-consiiuments ok Hawaiian feeding stuffs... ..-5-.-2..-.222-22.522.252 

Digit to tie eee Metta at SEE emo eke ae eR a a a) a a 





COMPOSITION OF SOME HAWAIIAN FEEDING STUFFS. 

INTRODUCTION. 

In animal life there is continual breaking down and consumption of 
the substances of the body. The mere performance of the body fune- 
tions, the act of living, results in the destruction of tissue. To 
supply new material in the place of substances so used is one of the 
chief functions of food. In addition, food furnishes the energy which 
enables the animal to carry on its life processes and to perform its nec- 
essary work, and in so doing maintains the heat of the body. When 

growth is to be made or milk secreted more food is required than for 
maintenance only. The scientific feeding of stock consists in supplying 
food in the right proportion to meet the requirements of the animal 
without waste of nutritive material. To so feed it is necessary, in the 
first place, to know the requirements of the animal and the relative 
nutritive value of different feeding stuffs. Feeding standards have 
been devised on the basis of experience and experiments, which within 
limits show kinds and amounts of nutritive material which the animal 
requires, and such standards are expressed in chemical terms. It is 
evident, therefore, that in a consideration of the kinds and amounts of 
feeding stuffs required to meet the demands of the standards a know]l- 
edge of their chemical composition is required. Thousands of analy- 
ses of feeding stuffs have been reported by investigators in the 
agricultural experiment stations and by others interested in the study 

of feeding problems, and a great deal of information is readily acces- 
sible regarding the composition of the forage crops, fresh and cured, 
and the grains, seeds, and other concentrated feeds used in Europe and 
America for feeding farm animals. 

Frequent requests for information regarding the composition of 
Hawaiian-grown feeding stuffs have come to this station, including not 
only the commonly cultivated plants, whose average composition is fairly 
well known, but also many materials of which no analyses have been 
available. With regard to the commonly cultivated plants of which 
analyses are available, the question arose as to how far the average 
analyses of plants grown elsewhere represent the composition of 
Hawaiian-growncrops. In other words, itis desirable to know whether 
our climate, soil, and methods of cultivation exercised any special effect 
upon the composition of the crop. 

(5) 
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To answer this question and also to supply data with regard to 
Hawaiian-feeding stuffs, concerning which few, if any, analytical data 

were available, a series of analyses was planned as part of the regular 
routine work of the station chemical laboratory. The first installment 
of analysesis reported in this bulletin. 

Unless otherwise stated the samples of the forage plants analyzed 
were taken when the plant was in the condition in which it is usually 
cut for fodder. In the case of wild plants the samples were usually 
taken in the flowering stage. The method of preparation of samples 

was to chopa weighed portion, usually 500 grams, expose this in a 
shallow tray until air dried, weigh again, recording the loss on air 
drying, grind, pass through a millimeter sieve, and store ina tight 
sample bottle. This treatment insured thorough mixing, and it is 
believed a fair sample resulted. Both proximate and ash constituents 
were determined. The methods used throughout were those adopted 
by the Association of Official Agricultural Chemists. ¢ 
For the ash ingredients potash, lime, and phosphoric acid, separate 

portions were used, that for potash being ignited with sAlphiieie acid, 
that for phosphoric acid with magnesium nitrate. 

In presenting the analytical data the materials have been grouped in 
most cases according to their botanical relationship, the tabular matter 
for each group being preceded by a description of the samples, data 
regarding their origin, etc. 

NONSACCHARINE AND SACCHARINE SORGHUMS. 

The nonsaccharine and saccharine sorghums analyzed included sor- 
ghum, sugar-cane tops, millet, and Kafir corn. In Hawaii sorghum is 
more usually grown than any other cultivated forage crop. It has the 
advantage that it grows well on a great variety of soils, and even with 
a moderate rainfall and little cultivation rattoons freely. Little atten- 

tion has been paid thus far to the varieties grown, except that for the 
most part they are those which furnish green foliage rather than a 
saccharine stalk. 

Of the five samples of sorghum analyzed, only one was a known 
variety, namely, No. 3 of the table below. This was designated 
‘* Madagascar” and was grown on the station grounds from imported 
seed. Sample No. 1 was also grown on the station grounds, No. 2 at 
Manoa Valley, No. 4 at Waialae, and sample No. 5 at Kapahula, all in 
the vicinity of Honolulu. 

Considered from the standpoint of the amount of fodder consumed 
in Honolulu, sugar-cane tops exceed many times all other green 
fodders combined. Cane tops and barley form the regular ration for 
stock on or in the vicinity of plantations. The sugar-cane top samples 
examined were all from Lahaina cane, grown on the station grounds. 
Sample bigs 1 was from cane 10 months old, 2 No. 2 and No. 3 

a@U.S8. Dept. es ene of Chemistry Bul. 46, ee 
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from cane 18 months old. In the case of sample No. 2 the top was cut 
low enough to include a portion of the stalk. 

Millet (Sorghum halepense) and Kafir corn are cultivated to some 

extent on dairy ranches in Hawaii, and two samples each of these 

crops were analyzed. Millet No. 1 was obtained from Ahuimanu and 
Millet No. 2 from Kamehameha schools. Both samples of Kafir corn 
were from Wahiawa. 

The composition of the various sorghums is shown in the following 
table: 

TABLE 1.—Composition of nonsaccharine and saccharine sorghuins. 

Proximate constituents. Ash constituents. 

- : (abe, | ’ 
Kind of feeding stuff. 2 Nitrogen- | Phos- 

Water pe Fat. | free cide | Ash. Potash.) Lime. | phoric 
| extract. —s) | _ acid. 

Sorghum: BET CL Sher Che | Per Ch. | vPernci. | Per ct.) Per. et..) Per et | Per ct. | Per ct 
SampleoNosD fos. 52.-) 78.12 1. 28 0. 36 | 12. 72 5. 75 CG, 0. 42 0.05 0.15 
Sample: NO. 2)... ~<-- 62. 56 1.98 38 | 22.05 | 10.15 2. €8 . 70 sth 19 
Sample No.3 -.-..-.-..- 79.10 Ail 10) BO.98 8. 23 2.16 | .51 05 15 
Sample No.4 ..--.-..... 74. 43 2.15 | 39 z (2 ORs Gon Mp 1 a by 1.75 | 41 05 12 
Sample No.5 .....-.-.- 81.50 78 -19 | 9.33 6. 60 1. 60 | .45 O5F | 14 

a ErAee 405s fee 75.14 | 1.39 .42| 12.84| 8.18| 2.03 | 50 | .07 15 
———— ———=———— | = 

Sugar-cane tops: | | 
sample No.l <2. 2.2. “12 1. 60 . 39 18. 09 7.20} 1.64] 59 Di | 11 
Santple Nos2°:-2.-.2.- 75. 98 1,78 . 46 12. 51 7.79 | 1.52 | 55 . 04 17 
Sample No.3 .--.-...- 76. 30 1723 45 13. 54 6. 98 1.50 | 62 .04 | aL) 

——— _——— ——— 

Average...... ee Mea aeatne oh ide) 7.81 | 1.55 perl OB een 
———— ee | —— === 

Millet: | | | | 
pample Not = ss21222.). 10. 08 2. 8t | 37 12. 05 7.45 i 65 | 1] 14 
sample No..2°... 22.222 80. 82 2.07 | 08 8. 44 6.79 1.80 3 04 13 

Averagse. 52s. ss | 78.18 2.44 ‘oon 10. 25 (a2 1.79 51 | .075 135 

Kafir corn: 
Sample No.1 25... .---2} , 79-69 1.65 | aL 10.86 | 6.66 97 .40 01 | 07 
Sanpie. NOs? 25.8 f ss. | 87.13 1.63 - 23: | 2. 60 7.05 1.36 44 04 02 

AVETARC 22 Go any | 83.41 1.64 . 20 | 6.73 685. |) 007 | . 42 . 025 . 045 

From the figures in the above table it will be seen that the nonsac- 
charine and saccharine sorghums analyzed, like all green forage crops, 
contained a fairly large but variable percentage of water, the average 
being not far from 75 per cent. The fodders therefore contain on the 

average only about 25 per cent of nutritive material, carbohydrates 
(nitrogen-free extract and crude fiber) being the principal constituents, 
Considerable range in the proportion of the several nutrients in differ- 
ent samples of the same feeding stuff is noted, theanalyses here reported 
corresponding in this respect to what has been noted by other observers 
elsewhere. 

WILD AND CULTIVATED GRASSES. 

Samples of thirteen varieties of wild and cultivated grasses were 
analyzed. Of thetwosamples of Guinea grass (Panicum jumentorum), 
which is raised to some extent on Hawaiian dairy ranches as a feed for 

milch cows, one sample, No. 1, came from Waialae, and the other, No. 

9, irom Ahuimanu. 
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Para grass (Panicum molle) is grown to some extent on nearly all 
dairy ranches near Honolulu. When the growth is slow, the grass is 
quite woody and not so readily eaten by stock as are more succulent 
fodders. All of the samples analyzed were grown on Oahu. No. 1 
came from the Kamehameha schools, No. 2 from Waialae, No. 3 from 
Abuimanu, and No. 4 from Nuuanu Valley. 

Both samples of water grass (Puspalum dilatatum) analyzed were 

from Kamehameha schools. This grass under irrigation yields six to 
eight cuttings per annum, each cutting averaging 8 tons of green fodder 
per acre. 

Paspalum orbiculare and barnyard grass (Panicum crus-galli), also 
cultivated grasses, were grown at the Kamehameha schools. The fol- 
lowing eight grasses, namely, manienie or Bermuda grass (Capriola 
| Cynodon\ dactylon), Hilo grass (Paspalum conjugatum), buffalo grass 
(Stenotaphrum secundatum), pilipiliuh ( Chrysopogon aciculatus), kakai- 
pua (Syntherisma sanguinalis), pili grass (Heteropogon contortus), yard 
grass (Eleusine indica), and Chloris edegans, were wild grasses found 
growing on the experiment station grounds. 

The following table shows the composition of the grasses analyzed: 

TABLE 2.—Composition of grasses. 

Proximate constituents. Ash constituents. 

: pile 2 =e | | . | 
Kind of feeding stuff. | \Nitrogen-) | Phos- 

| Water. | ee | Fat. | free | lol Ash. Potash. Lime. | phoric © 
al extract. zt acid. 

| j | 

Guinea grass (Panicum | | | 
jumentorum): | Per ct.| Per ct. | Per ct.| ~- Per ct. | Per | -Perd. | Perc. | Pa eae 

Sample No. 1: 22-2: - | 63.93; 1.88 0.19 | F142) 2 1 A at 0: 22-: 12 SAS 
Sample No: 2 .-...-..-- | 65.02} 2.03 43 | 17.39 | 11.68| 3.45 . 90 fee .15 

PEM OEHPe oot oe oe | 64.48 | 1.95 | 31 | 19.41 9.98 | 3.87 . 805 -195 | . 165 

Para grass (Panicum | 
molle): : 
Sample No.1 ......... | 79.72 | 2.00 14 8.18 | 7.89 | 2.07 41 06." Tsai 
Sample No. 2 --...-.--- ee Oe es 30; 12.56{ 10.00; 3.81 66 .08 |  .30 
Sample No. 3 .-......- ASL) 2.66 43 | SS6L 1 TLGS Qe 79 . 09 . 08 
Sample No. 4 -........ | 75.75 2.55 wo} 1132 6.85 |.» 3.23. |.2550 5 eee eee 

Awerting £2... us Loe | 74. 60 | 2. 28 29 | 10.92; 9.10 2.81 . 62 .08 | .18 

Water grass (Paspalum | | : 
dilatatum): | 
Sample No. 1 ........- HO Ar be) eRe co 3 . 6d | 10.97 | 7.32 2.47 . 60 12 | 1] 
pamiple Nor? 2..c.cep 921.474 3. - 63 | iH yi 11. 06 2.58 . 62 10 26 

J SPS ee | 73.62 | 2.96 64; 11.07 9.19} 2.52 61 11 | 185 
, | ——_e eee 

Paspalum orbiculare ...... | ovebea! aS | . 46 22.93 | 13.65 3.70 . 46 ESS . 10 
Barnyard grass (Panicum | 

og 2711 ee, eae aa | $4.97} 1.85 ae 5. 51 5. 80 1.54 . 26 02 21 
Manienie or Bermuda | 

grass (Capriola [Cyno- | 
don] dactyion) .........- 45.49 | 3.71 32 32.62 | 12.50 5. 36 67 14 49 

Hilo grass (Paspalum con- | 
et a!) ae 2 70. 07 1.41 81 16. 28 8. 96 2.47 52 0s | 26 

Buffalo grass (Stenotaph- | 
rum secundatum).......-| 63.09 1.44 38 | 22.73 9. 90 2.406 35 06 23 

Pilipiliuli (Chrysopogon | 
Co Te 41 Ty a or in 41.02} 3.09 36 36.04 16.26 3. 23 63 02 36 

Kukaipua (Syntherisma | : 
SOnGUINGNS) .-.. 25... 58. 96 4.50 .53 | 19.99 11.90 4.12 70 .06 | 30 

Pili grass (Heteropogon | ) 
Re ils |, 45. $20) 2 . 76 | 27.14 | 17.80 6.33 | .48 aa . 40 

dica 7 y 2 AEs eee 5: 23 
Chloris elegans ...........- 64.85 | 2.75 51 | 16.44 | 11.25) 2) | -08 | 33 

| | | 
a 

Yard grass (Eleusine in- | 

wel acd 
t 
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As a whole, the grasses analyzed contained a somewhat smaller pro- 
portion of water and somewhat larger proportions of nutritive mate- 
rial than the nonsaccharine and saccharine sorghums. As was the 
case with the sorghums, carbohydrates constituted the chicf nutritive 
material. 

LEGUMINOUS FORAGE CROPS. 

Leguminous forage crops are, generally speaking, of special value 
on account of their fairly high protein content, as compared with 
grasses, and several sorts of leguminous crops were analyzed which 

were considered of especial interest in the feed ins of animals in 
Hawaii. 

Where irrigation is practicable in the vicinity of Honolulu, alfalfa 
is being very successfully grown. When once a good stand is obtained, 
it is possible to make from twelve to fifteen cuttings a year, and while 

data as to the weight obtained per cutting per acre are not available, 
it is certain that the yield is high. Of the samples analyzed, No. 1 of 
the table was Turkestan alfalfa from Waialae, cut young; No. 2, ordi- 
nary alfalfa from Waialae; and No. 3, from Kapahula. 

The sample of the wild cowpea ( Vigna sandwichensis) was grown at 
Wahiawa; Spanish clover (Desmodium uncinatum) and Desmodium 
triflorum were grown on the station grounds. 

Table 3 shows the proximate and ash constituents of the leguminous 
forage crops analyzed: 

TABLE 3.—Composition of leguminous forage crops. 

Proximate constituents. Ash constituents. 

Kind of feeding stuff. Nitrogen- | | | Phos- 
Water. ae Fat. | free ex- Gand Ash. | Potash. | Lime. phoric 

; tract. | | | | acid. 
| | 

Alfalia: Per ct.| Per ct.| Per ct.| Per ct. | Per ct. | Per ct.| Per ct. | | Per ct. | Perel: 
Sample No. 1.-....-.-- 84.75 5.23 | ~ 0.35 | Soo fe eet fo 2218 Q.41 41> 0:17 0.19 
Sumnple: Noo 2226 2.5 68.13 aaa | 44 | 10.20 | 10.32 3. 60 | 84 | .45 . 30 
bample NeoSu. 2.222: 70.46 | 5.59 | 48 | 12.74 7.89 | .2.84 . 64 | 41 22 

AMETREE 5. eo oc | 74.45 | 6.04 | 42, | Se FON sas, cenOu | . 63 . 34 | . 23 

Wild cowpea ( Vigna sand- | | 
WICKONSES)- a 5— > 25 saa ltt 3.47 | 18 | 13.25 8. 61 1.38 | 46 | 14 | 09 

Riwaen ss 22 se S616; |, 2.65 | 12 5.40) 4.19| 1.50 | 35 21 | 09 
Spanish clover (Desmo- | | 
dium uncinatum)...-.---- 13:06. |-_ 2.20 19 | 14. 36 fool | 98 ba =a9 . 09 

Desmodium trifiorum...--.- Gp7225 12 5503.1, 1: 42 | TS OR TEE G5). 1 276 .40 | .10 .46 

The leguminous forage crops analyzed showed a variable but gener- 
ally high water content. They contain fairly high proportions of 
carbohydrates in proportion to their total nutritive material and on 
an average considerably more protein than the nonleguminous crops, 
the high protein content being a well-known characteristic of this 
class of plants. 

24541—No. 13—06——2 
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WEEDS USED AS FORAGE. 

A number of weeds are used as feeding stuffs in Hawaii, and those 
considered of most importance were analyzed. The pigweed or purs- 
lane (Portulaca oleracea) and pualele or sow thistle (Sonchus oleraceus) 
were from the station grounds. These plants are both common in 
cultivated fields and when plentiful are frequently gathered for fodder, 
the pigweed particularly for pigs and ducks. Of the two samples of 
honohono (Commelina nudifiora), which is also a commonly cultivated 

crop, particularly in wet places, No. 1 was from the station grounds 
and No. 2 from Kamehameha schools. The sample of ki (Bidens 
pilosa) analyzed was obtained from Manoa Valley. 
The following table summarizes the data regarding the weeds 
analyzed: 

TABLE 4.—Composition of some weeds used as forage. 

Proximate constituents. — Ash constituents. 

Kind of feeding stuff. | Nitrogen- Phos- 
Water.| Fro Fat. free Crude} ash. |Potash.| Lime. phoric 

tein. fiber. Bical 
extract. 

Pigweed or purslane (Por- | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
PULACO ,OlErACea . 2.2... 95. 20 1.04 0. 09 2.18 0. 53 0.96 | 0.28 0. 03 k 

Pualele or sow thistle 
(Sonchus oleraceus) ...-- 87.13 1.78 74 5, 85 2.57 1.98 .33 . 10 18 

Honohono (Commelina ars 
nudifiora): 
Sample Nowy...) 2 cee 86. 45 a7 . 49 7.78 2.64 1.47 .37 . 06 oad: 
Salm ple No. 2 225.222 92. 41 1.38 .15 2, 81 1.92 1.338 . 40 .05 . 09 

PARVICTAIC use) ci lenice 89. 43 We Pay | 32 5. 80 2.28 1.40 . 389 . 055 .10 

Ki (Bidens pilosa) .....-.- 67.92 | 2 15 | 45 |) 09, 597) gt 15) a ya Gs 70 ‘oT 

Most of the weeds analyzed were very succulent, that is, contained a 
very small proportion of nutritive material and a large proportion of 
water. The sample of ki (Azdens pilosa), however, differed from the 
others in this respect, the water content being fairly low and the pro- 
portion of nutritive material, especially nitrogen-free extract, being 
fairly high. 

MISCELLANEOUS GREEN FORAGE PLANTS. 

Cactus or prickly pear (Opuntia ficus-indica) fronds, kolu branches 
(Acacia farnesiana), and a number of waste products, including banana 

tops and butts, sweet-potato tops, and leaves of the ti plant ( Cordyline 
terminalis) were analyzed. Of the two samples of cactus or prickly 
pear, No. 1 consisted of young fronds and No. 2 of old fronds. The 
kolu is a shrub common in waste places in Kona pastures, usually near 
the sea. Cattle often eat the young branches, leaves, pods, and flowers 
when other fodder is scarce. The samples selected were gathered 
when in flower. 

The banana tops and butts analyzed were respectively the upper and 
lower half of large suckers gtown on the station grounds. The sweet- 
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potato tops were also from the station grounds; the taro tops from 
Pauoa Valley, and the ti leaves, which are considered excellent fodder 
for horses and cattle, were gathered near Honolulu. | 

The following table shows the composition of these various materials: 

TABLE 5.— Composition of miscellaneous green forage. 

| i 

Proximate constituents. | Ash constituents. 

] j | j [Se Seen TON Ge 

Kind of feeding stuff. ea Nitrogen-, Phos-. 
‘Water. | ae | Fat. | free ex- | ede | Ash. | Potash.) Lime. | phoric 
| : tract.’ | a4 acid. - 

ee SS Se 
| 

Prickly pear (Opuntia | 
Jicus-indica): | Ber ct. | Per ct: | Per ct. |. Per ct. | Per ct..| Per ct..| Perct..\ Per cl. | Per ct. 
Young fronds.......--| 94.63 | 0.44 | 0.07 | Fay 0.52 D2 Oa eS Ory 0. 06 
Oldirends 252565 253. | 94. 62 | 39 | 09 | 3.16 | a UA ew a . 26 . 26 . 07: 

AV Etare 205255 25--.- | 94.63 41 .08 | 3.19 .O7 1 | . 30 .215 . 065 

Kolu (Acacia farnesiana).| 60.00 | 6.87 . 83 | 23. 04 7.16 2.10 | ot eee. 74 
B2Ganes Ops... -. --\.--- = 5. | 84.29 2.08 | 36 | 6.62 | 4.91 1.74 | 43 .14 08" 
Baia PULLS: 32.255. 2-.. | 94.22 .of | 14 | 2..02 2:20) 1) 1.05.4 14 . 03 04 
CTIATRLONOS ee ee) rat a Sara | 84.56] 1.86 | 49 | BM Wl a SS: AN ae a 38 12 14 
Sweet-potato tops.....---.) 87.67 | . 2.93 | 36 | 6.08 te 169 [ok 27 32 13 09 
Tileaves (Cordylinetermi- | 
LSI, he 0 See Se eee mere ey Wty gt Br 6 2. 86 63 | 8.90 |. 6.38 | 1:87 69 a ia | 39 

2 | 

The prickly pear, banana tops, and other miscellaneous forage plants 
analyzed were in general found to contain small proportions of the 
different nutritive elements in addition to a large proportion of water. 

An exception is the kolu (Acacia farnesiana), which contained 23.04 
_ per cent nitrogen-free extract, 6.87 per cent protein, and only 60 per 

cent water. 

ROOTS. 

The only root crop analyzed was cassava. Sample No. 1 of the fol- 
lowing table was grown on the station grounds and sample No. 2 was 
obtained from Ahuimanu. The sample from the station grounds was 
long past maturity and very watery in composition, and may be fairly 
regarded as containing a minimum amount of starch. Cassava, 
extensively grown in all tropical countries, is very important both as 

a food and as a feeding stuff. k 
The following table shows the composition of the samples of cassava 

root analyzed: 

TABLE 6.—Composition of cassava roots used as forage. 

| Proximate constituents. Ash constituents, 

Kind of feeding stuff. | Nitrogen-| as | Phos- 
| Water. ne | Fat. | free ex- | ee | Ash. recall Lime. | phorie 

; haa 2S ag | | |} acid. 

| | | | : 
Cassava roots: mberia |Per Ct. \Per Ch. |. LPer Gee) Per Gh. | Penick. Per Gh Per Ch WAPer ct: 

Sample No. 1.......-- | 8469] 0.82) 1.27] 10:67) 1.41] 1.14] 0.36 | 0.07 | 0.02. 
Sample No. 2......... | 62.80 | .83 | 3.03 | 20.66 | 4.68 | 1.00 .47 04 | .19 

—_—- SSS SS 
ETA) sec iS (#3. 75. | On) tie igs. Leal 19507 1 3. OE | AL OF .415 | . 055 . 105 

| | | | 
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CONCENTRATED AND COMMERCIAL FOODS. 

A number of concentrated and commercial feeds used in Hawaii 

were analyzed. Some of them, like brewers’ grains and rice products, 
are the usual commercial articles: others, like the algeroba? or kiawe 
beans, are more typical of Hawaii. | 

The sample of brewers’ grains was obtained from a brewing firm in 
Honolulu. The wet grains contained about 75 per cent of water, but 
the sample analyzed was air dried. 

For a number of years a feeding stuff has been manufactured on 
the sugar plantations from the waste molasses and the dry, finer por- 
tions of bagasse. This material has usually been given the name of 
molasscuit, but more recently it has been on the Honolulu market under 
the name of ‘*‘sugar bran.”” As the composition of waste molasses differs 
quite widely and the capacity of the bagasse to absorb the molasses is 
also variable, there is every reason to suppose that molasscuit would 
not be at all uniform in composition. This supposition is borne out 

by the analyses of the three samples. Sample No. 1 was obtained 
from a plantation on Hawaii. Sample No. 2 was obtained from the 
same source and made from same materials, except that the bagasse 
was dried before the molasses was added to it. Sample No. 3, a 
sample of sugar bran, was obtained in the Honolulu market. 

The seed pods of Prosopis julifora are known locally as algeroba 
or kiawe beans, the term ‘‘bean” being applied to the pod and the 
seed together. This tree, which is very common in the neighborhood 
of Honolulu and in many other places at sea level, is rapidly spread- 
ing up the valleys and to the higher levels, and the ‘*beans” are 
assuming an Important place among local feeding stuffs. 

Owing to the fact that the seeds in the pods are extremely hardand 
are also protected by a seed coat, which can be detached only with 
difficulty, very few of the seeds are digested when the pods are fed 
whole or even coarsely chopped. In fact, it is to the germination of 
seeds which have passed through the digestive tract of animals whole 
and uninjured that the rapid spread of thetree is largely due. Asthe 
seeds contain much of the protein which appears on analysis of the 
whole pods, efforts have been made to grind the pods, so as to break 
the seeds and render them more digestible. Itis impossible to do this 
with ordinary grinding machinery, owing to the sugary and gummy 
nature of the pod. Several local dairymen have attempted to interest 
manufacturers of grinding machinery in this matter, and samples of 
mea] prepared by a mainland manufacturer appeared to be all that could 
be desired. In these samples the seeds were completely ground, but 

portions of the outer seed coat resistedgrinding. Assuming that when 

“This is not the true algarroba, and the spelling indicated is the usual Hawaiian 

one. 
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the beans are fed whole the protein in the seeds is wasted, any system 
of grinding which will render the seed protein available as food 
increases very materially the probable value of the bean. It will be 

seen by the analyses that the seeds contain a much larger percentage 
of protein than the remainder of the pods. 

The algeroba bean samples included two specimens of beans (beans 
and pods) Nos. 1 and 2: samples of meal made from beans a year old, 
from fresh beans, and from seed coats; selected pods with the seeds 

removed; the seeds from selected pods; and average pods with the 
seeds removed; and the seeds from them. 

The two samples of rice bran, Nos. 1 and 2, and the rice polish were 

purchased in the Honolulu market, as was also the sample of cocoanut 
meal. 

The following table shows the composition of the concentrated and 
chemical feeds enumerated: 

TABLE 7.—Composition of some concentrated feeds and commercial products. 

Proximate constituents. Ash constituents. 

Kind of feeding stuff. | Nitrogen- Phos- 
| Water. | Paes Fat. ‘| -free rude | Ash. Potash. Lime. | phoric 

| og | extract. el acid. 

paer Gl ker cl. Per Giz |, Per ct. | Per ct. | Per Gl.) Per-cf. | Per ct-\ Per 6k 
Hrewers Stains -.2.-2.- 9.05 | 18.06 | 2.76 | 46.08 | 20.34 Sock | O28 0. 25 1.185 
Molasscuit: 

Sample No. 1........- | 26.00} 4.20 Pa, BeBe LOO Walbe N es Seas ool aoe poe dees 
Sample No. 2.......-- | 15.66} 4.54 | 16 61.12 | 10.86 7.66 | 2.40 86 29 
Sample No. 3 (sugar | | | 

Parsee Ve ee 2 21.95 Phat 05 | 59. 57 6. 96 9.20 | 2.41 1.07 . 60 
ee 

ANETARE, (72s Doce | 21.20 3. 67 | 10 58. 80 8.27 7.96 | 2.405 - 965 | 445 

Algeroba or kiawe beans | | 
(Prosopis julifiora): 
Whole beans (seeds | | 
and pods)— | 

Sample No.1....-- 15. 61 9.37 .63 | 48.62 | 22.88 2. 89: |, 1.39) | 14 . 34 
Sample No. 2.....- 14.91 | 8.41 08 | 45.91 | 26.63 av Gbs | Pv se snc siete te ee | eee e 

Average ........ 15.26 | 8.89 be re Re Bay (Sl leet: os yee Pee oes 

Meal— 
Beans (seeds and | 
pods)iyearold. 11.36 9. 87 43 01.52 | 23.65 3.17 | 1.46 .o4 40 

Fresh beans (seeds | 
and pods) --.---. 12.30 7. 34 | 37 | o7.31 | 19.48 aay al hag RY 28 23 

Seed coats ........ 12.57! 5.00, S71. 47.96. 39:74.) 2.06 le 1230 97 27 
Selected pods, seeds | | 
EGRMOVEC =. as 5 18.15 | 6.52 | I | 58.33 | 20.20 2.68 | 1.53 20 21 

Seeds from selected | 
Pp Seeer 14.38 | 33.62 | 3.94 36. 78 6. 84 4.44 1.59 1.10 1.69 

Average pods, seeds | 
ECIRGYSE 1S. 52 2S 17.49 | 4.62 15 52.07 | 22.52 3.15} 1.205 30 15 

Seeds from average | | 
Peds Se es | 14.24} 30.18 | 4.50) 38. 90 7.78 4.40 1.56 1.00 172 

se —————EEE————E——————————— eee 

Rice bran: | | 
Siti ac te Se ae eee ont f. 6271" 11. OF 31.19 | 28.97 1246) OL 15 Zeit 
Sample No. 2......... je 10.68 1) 21033 |, 22.07 45. 57 | 10.33 | 10.07 | 99 08 3.20 

¥2J'4o) 7) 145 ee eS 10.09} 9.23) 11.54 38. 38 | 19.65 | 11.11 | 1.00 115 2. 695 

ee BAIah. 9S. s,s Se 1OSA9) | 42, St. |) 512.97 | 50.18 0.18 S56hi in Oe pele 4.90 
20. 97 7.52 | 41.62 12. 97 5. 74 | ZA  aUSe 11s, 12 64 

| j | | 
Cocoanut meal .......-... | 11.18 | 

The different samples of concentrated and commercial feeds, as is 
usual with this class of goods, showed a much lower water content 
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and much higher proportions of nutritive material than the succulent — 

feeds analyzed. The range in the water content and the correspond- 
ing range in the proportion of nutritive ingredients was also much 
smaller than in the case of the succulent feeds. Nitrogen-free extract 
was the principal nutritive material present in the samples analyzed, 
though some of the materials, particularly dried brewers’ grains, 
aloeroba bean seeds, and cocoanut meal, contained high percentages 
of protein. Especially noteworthy is the protein content of the 
algeroba bean seeds, which averaged over 30 per cent. 

HAWAIIAN FEEDS COMPARED WITH THOSE PRODUCED ELSE- 

WHERE. 

The agricultural experiment stations throughout the United States 

have analyzed a very large number of feeding stuffs, and from time to 
time this work has been summarized in station bulletins and in publi- 
cations of the Department of Agriculture.* A comparison of availa- 
able data indicates that as regards the nutrients which they contain 
Hawaiian feeding stuffs do not differ materially from similar materials 
produced elsewhere, the green forage crops being characterized by 
a high-water content and a comparatively low amount of nutritive 
material, and the concentrated feeds by much larger percentages of 
nutritive ingredients in proportion to their bulk. 

No detailed comparison of Hawaiian and other feeds is made here, as 
it seems best to postpone such a discussion until the data regarding 
the composition of Hawaiian feeds are much more abundant. The anal- 
yses reported are, however, sufficient to show the high feeding value 
of many native materials, and indicate that satisfactory rations for 
farm animals may be made up from the local feed supply. 

In discussing the value of any feed it should be remembered that 
digestibility must be taken into account as well as composition, since 
the animal lives upon the food assimilated rather than upon the food 
supplied. The digestibility of any feed may be best learned by means 
of digestion experiments in which records are kept of the amount and 
composition of the feed consumed and the amount and composition of 
the excretory products. It is hoped that such experiments may be 
carried on in connection with the study of Hawaiian feeding stutfs 
which the station has undertaken, but as yet it has seemed necessary 

to limit the feeding stuff investigation to studies of composition. 
There is no reason to suppose that the Hawaiian feeds would be inferior 
to other similar feeds in digestibility, and it seems fair to conclude that 
the proportion of digestible nutrients supplied by such feeding stuffs 
may be calculated on the basis of average factors whenever such cal- 

culations seem desirable.? 

“U.S. Dept. Agr., Office of Experiment Stations Bul. 11; Farmers’ Bul. 22. 

® A table of digestion coefficients will be found in U.S. Dept. Agr., Office of Exper- 

iment Stations Bul. 15. 
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It should be remembered, in considering the feeding value of any 
plant or feeding stuff, that palatability and wholesomeness must be 

considered as well as composition and digestibility. Some forage 
plants are unacceptable to stock on account of their physical condition, 

as is the case with the woody stalks of sorghum and Para grass, or on 
account of the presence of bitter or acrid flavoring principles. Woody 
materials, like those mentioned, may often be made more palatable 
by fine chopping. Then, too, grinding is often necessary in order 

that the feeding stuff may be assimilated, as was pointed out in the 
discussion of algeroba beans. 

Of Hawaiian feeding stuffs which are not relished by stock on 
account of acrid or other unpleasant or disagreeable constituents, 
Chloris elegans, one of the grasses analyzed, may be cited. As shown 
by analysis this compares favorably with other grasses, yet stock will 
not eat it, although it is very common in our pastures. Two legumes 
grown at the station for green manuring, namely Centrosema plumeri 
and Canavalia ensiformis, may also be mentioned in this connection. 
Centrosema plumeri has the following percentage composition: Water 
77.33, protein 4.76, fat 0.30, nitrogen-free extract 9.48, crude fiber 
5.77, and ash 2.41 per cent; and Canavalia ensiformis, water 77.29, 

protein 3.66, fat 0.37, nitrogen-free extract 10.44, crude fiber 6.10, and 

ash 2.14 per cent. Judged by composition alone, these materials 
would have a higher feeding value than cowpeas or Spanish clover, 
but they actually have little or no value as a fodder since they are so 
unpalatable to live stock. 

NUTRIENTS IN DRY MATTER OF HAWAIIAN FEEDING STUFFS. 

In the preceding discussion the feeding stuffs have been considered 
onthe fresh basis. In comparing the composition of different feeding 
stuffs calculated on this basis it is necessary, in order to avoid errone- 
‘ous conclusions, to consider the water content in its relation tc the 
other constituents present. For instance, the grasses manienie ((Ca- 
priola dactylon) and kukaipua (Syntherisma sanguinalis) contain 3.71 
and 4.50 per cent protein, respectively, while the legumes, cowpea 
and Spanish clover, contain but 2.63 and 2.20 per cent. When we 
remember, however, that these grasses contain but 45.49 and 58.96 
per cent water, respectively, while the legumes contain 86.16 and 75.06 
per cent, the apparent anomaly is explained, and it is seen that if the 
grasses and legumes were equally dry the latter would show the higher 
percentage of protein. It is, therefore, often desirable to compare 
different materials on the dry-matter basis, and such a comparison of 
the Hawaiian feeds analyzed is made in the table following. 
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TABLE 8.—Summary of analyses of Hawaiian feeding stuffs. 

[Dry-matter basis. ] 

Ash constituents. 

Nitrogen- Geade 
Kind of feeding stuff. Protein.| Fat. | free ex- Fher | Phos- 

| tract. * | Potash. | Lime. | phorie 
acid. 

i ’ 

NONSACCHARINE AND SAC- 

CHARINE SORGHUMS. 

Sorghum: Per cent. | Per cent. | Per cent. Per cent. Per cent. Per cent. | Per cent. . 
SampleiwNo: doe eee ee. os 2 5. 85 | 1. 64 | 58. 13 21.70 | 1.91 | 0. 22 0. 68. 
Gaiple Na. ae PAL 2 5. 28 | 1.01} 58.89 Ee 1.87 | .40 50 
Sample NO.me.foosee ese. 3.68 | 3.63 | - 42.96 | > 39.37 | 2.44 | 24 | 71 
Sample No. 4225-02222 8. 40 | 1.13 | 43.45 | 39. 81 | 1.60 | .19 . 46 
Saniple NOs Does. hee a. St 4.21 1.02 | 50.43 | 35. 67 | 2.43 sae} 76 

Averett see see! on Pe Ly as 7s 32.74 2.05 26 | 62 
Sugar-cane tops: 

Sample Nob e.3 65-2 eee 6. 30 Te 60. 34 24.01 1.46 | . 03 . 36 
‘umiple Nos? >. 22 7-2>-b2~ 7.41 | 1904 52. 07 32. 25 | 2.28 | 16 | . 70 
Sample No: 3. 32-22. 22-22 -5 5.18 | 1. 89 | 57.13 29.45 2.61 | 16 | . 67 

Aiyerare (oh 8 ot tee 6230) ea St 33.57 eee 12 | 58 
Millet: 

| 

Gamiple lo? 25.2 oka ee 11. 48 | 1.51 | 49, 24 30.44 | 2. 63 | 45 | 57 
Sample NOM? cc. 2 5 pene = | 10.78 | 42 | 3d. 00 35.40 1. 92 | 20 | 67 

Ray creee ed Ue eit |. 11.13 | .96 | 52.12 32. 92 297 32 | 62 
Kafir corn: 

Sample Nos 1eto- 2% tote 8.12 | 03. 47 32.79 | 1. 96 05 | 34 
Sample NOn2 >. a secon 12. 64 1.78 20. 20 54. 85 — 3.41 | dl | .15 

BOS Be ose 10.38 |  _1.30| 36.83 | 43.82 2, 68 | 18 | 24 

GRASSES. | | | | 

Guinea grass: / 
Sample NO: d [loess ence re 5.21 | .52} 59.38 22. 97 1.96 | 60 | 49 
Sample No. 2........-..--- | 5.88) 122] 49.81) 33.38) 2.50] 48 | 42 
METAR Es 2 32 Se op Se | 5.52 | . 87 54.59 | 28.17 2.23 | 54 45 

Para grass: | | 
SamplesNG@is 22 2) ho eke | 9.86 | 67 40. 33 38. 90 2.02 | 29 | 73 
Sample NO! oo 5. soe 6.68 | 1.05 43.94 | 35. 68 | 2.30 | . 28 | 1. 04 
SIGE INO es Ue) 2 ok 9.33 | 1.50 40.75 | 40.99 | 2.77 31 | yt 
Satie NO. oes 10.51 | 1,23 | 46. 67 28525" |. ot 4 ee eee Beek See 

A: 0 5.0 SE ss 2veesssesecaecs 910 | ATL | 42.92 | 35.96 | 286) 29 = 
Water grass (Paspalum dilata- | | 
tum): | | 
sample No.4 2-62... ae 11.63 | 2. 68 45. 27 30. 21 | 2.47 .49 45 
eaamplewNOr 2c... ee ce 10. 83 | 2.20 | 39.15 38. 76 | ya . 30 | 91 

Averige..!2- oe et 1193} 9.448 le 20 oh ee ee 42 68 
SSS] ; 

Paspalum orbicularé........-.--- 4.96 | 1.07 53. 48 | 31. 84 1.07 | -39 | 23 
Barnyard grass (Panicum crus- | 
AIS) oS we BS Oe 12: 32 2.19 | 36. 66 38.58 | 1.72 pe De 1.39 

Manienie or Bermuda grass | 
(Capriola [Cynodon] dacty- : : | 
{Ls (5 yaaa ee Sal em pes 6. 86 | . 58 | 59. 84 22.93 1.23 25 | . 89 

Hilo grass (Paspalum conjuga- ) 
tum) ...... 225 Rass Seat 4.71) 2.30] 54.901. 29934 > <2 ¥34 26 | 46 

Buffalo grass (Stenotaphrum | ! 
SPUN) ee. ee ee 4,12 | 1. 09 62. 33 pss" 1.00. ey a . 65 

Pilipiliuli ( Chrysopogon acicu- 
PTET Cp ag Se SEL Aras Ba RE 5. 02 | 61 61.15 27. 56 1.06 03 — 61 

Kukaipua (Syntherisma san- | 
WIRNGHS) ooh ok jae senc es e+ 10. 96 1. 28 | 48. 95 26. 55 1.61 14 | . 73 

Pili grass ( Heteropogon contor- | ' ) 
1) Va epee Ss, EA ae eee 4.84 | 1.38 | 49.79 | 32. 53 87 | 47 | 73 

Yard grass ( Eleusine indica)... 8.41 4.58| 41.25) 35.51 | 2.33 | 17 | 1.03 
(OTES CICGANG 2 oo one ee 7.82 1.45 43. 92 | 32.00 | 91 | . 22 | «SE 

} i 

LEGUMINOUS FORAGE CROPS. ' 
| ' 

Alfalfa: | 

Bape NO Aine ees Lee 34. 29 | 2.29 | 21. 64 | 27.46 | 2. 67 | fs cy 1,24 
Sampie.NG: 22205 Gar. 22. 93 1.35 | 32. 00 | 32. 38 2. 63 | 1.41 | . 94 
Sample No. 3 2-72: o2ce oe 18. 57 1.62 |- 48.12.) cSt 2.17 | 1.38 | 71 

MVETOPO. ike eee ee 25. 26 | 1.76 | SD 28. 85 | 2.49 1.30 96 

Wild cowpea (Vigna sand- 
MOPUCMEMSIO) To. eee 12.98 |. . 67 49, 28 32. 03 1.71 i | 33 
SCO 2 ES Sat rete o 18. 84 | 8d | 38. 86 30. 27 2.52 1.51 65 
Spanish clover (Desmodium | 
serena): . fo eee Sas 8. 82 | . 76 | Srey 24. 89 . 68 . 76 . 36 

Desmodium triflorum.........-- 14, 42 | 4.07 | 39.90 33. 40 1.14 2. 00 1.382 
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TABLE 8.—Summary of analyses of Hawaiian feeding stuffs—Continued. 

Kind of feeding stuff. 

WEEDS USED AS FORAGE. | 

Pigweed or purslane (Portu- 
laca oleracea) 

Pualele or sow thistle (Sonchus 
ECTOGEUAN 2 = bia eter pel diame 

Honohono (Commelina nudi- 
flora): 

Sample No. 1 
Sample No. 2 

Average 

Ki (Bidens pilosa) 

MISCELLANEOUS GREEN FOR- 

AGE, 

Prickly pear (Opuntia ficus-in- 
dica): 
Young fronds 
Old fronds 

PR VICTAPICL oa ais Lele uicia a 

Kolu (Acacia farnesiana) 
15/2130 621) GEE HA AO) @) ieee its ng a Lp 
Banana butts 
Ma ROMRO pss. eS Ue oe ert 
Sweet-potato tops.............- 
Ti leaves( Cordyline terminalis) . 

ROOTS USED AS FORAGE. 

Cassava roots: 
Sample No. 1 
Sample No. 2 

AVETAGE Vike aa oe os 

CONCENTRATED FEEDS AND 

COMMERCIAL PRODUCTS. 

Brewers’ grains. .....2-.0..-4-- 

Molasscuit: 
Sample No. 1 
Pam plerNOs Aiud os Ses, 
Sample No. 3 (sugar bran). 

NCES 3 La Se oe a 

Aigeroba or kiawe beans 
(Prosopis julifiora): 
Whole beans (beans and 
pods)— 
Sample No. 1 
Sample No. 2 eerer secre e 

Average 

Meal— 
Beans 1 year old 
Fresh beans 
NSIS 18 AE CER (che oe ge a 

Selected pods, seeds re- 
moved. 

Seeds from selected pods .. 
Average pods, seeds re- 
moved. 

Seeds from average pods .. 

Rice bran: 
Sample No. 1 
Sample No. 2 eee e eee eee ee ee 

BGG hs LEN ee oe | 

TE ey 10 S13) Oy plea ee ae 
Cocoanut meal 

Protein. 

Per cent. 
21.66 

13. 82 

Fat. 

Per cent. 
1. 87 

5. 82 

Nitrogen- 
free ex- 
tract. 

Per cent. 
45. 41 

Crude 
fiber. 

Per cent. 
11. 04 

12. 20 

Ash constituents. 

Phos- 
Potash. | Lime. phoric 

acid. 

Per cent. | Per cent. | Per cent. 
4.79 0. 62 1.04 

2. 5G 77 a On 

DWE . 44 Roll: 
5. 20 64 i al7/ 

3. 96 04 . 99 

Da Wit 2.18 65 

8.19 3. 16 ry alt 
4,83 4,83 1.30 

6Gyoll 3.99 1. 20 

1. 62 | 82 1.85 
Deo . 89 . 50 
2.42 Bl . 69 
2.46 Te . 90 
5. 59 . 90 3.16 
3. 39 Oo 1. 88 

235) . 45 se 
126 10 Ault 

1.80 a2 L7 

2.30 Do He 1. 26 

pai 2140 ih 7s S86 Dat DS 
3.08 il, Oa 15 

2.74 Nawal 152 

1. 60 .16 .38 

65) .38 . 45 
1. 56 31 26 
0) e310) nS 
1. 86 a4 125 

1. 85 | 1. 28 | 1.97 
ie Syl . 36 .18 

1.81 ee: 2.00 

ale dal .16 233 
n2 . 89 3 Y 

ealal wy 2. 95. 

1.76 .16 5. 47 
2.39 . 09 1. 85 
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FORMS OF NITROGEN. 

In reporting analyses of fodders and feeding stuffs, the term protein 
is used to include the total nitrogenous material present, the amount 
of protein being ordinarily obtained by multiplying the total nitrogen 
present by the factor 6.25. It is well known that the protein group 
includes a number of constituents beside the true proteids, prominent 
among the nonproteid bodies being the amid group. 

In connection with the analyses of Hawaiian feeds, the proteid and 
amid nitrogen as well as the total nitrogen were determined in many 

of the samples, the methods followed being those recommended by the 
Association of Official Agricultural Chemists.“ The data obtained are 
summarized in the following table, which shows the total proteid and 
amid nitrogen and the calculated ie protein, true protein, and the 
amids as asparagin. 

TABLE 9.—Mitrogenous constituents of Hawanan feeding stuffs. 

! 

AS . a huNeee Crude /True pro-| ae 
F . ota rotei mi protein tein Zs 

Kand'of feeding stufi. nitrogen.|nitrogen. nitrogen.) (total | (protein ie 
N x6.25).| NX6.25). ragin. 

NONSACCHARINE AND SACCHARINE | 
SORGHUMS. 

Sorghum: Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
SAlMnple NOs seue ee eeeeae 0. 206 0. 153 0.053 | 1. 28 0. 94 | 0. 24 
Sample wNGt2 ee et er oe ane .318 . 218 . 100 1. 98 1.36 | .47 
SHB DICINOsos 6 ce caas. cee ae . 124 . 105 .019 | rir . 65 | .09 
SapipleiNo.4. beh te ase Sees 345 . 223 122 2.15 | 1.39 =DE 
Sample iNOLb ee Sao che eae ke ee eco se . 126 . 100 . 026 ah - 62 | yi Be 

Sugar-cane tops: | 
Samples NOuL 2s Pee. ee ee 258 . 235 023 1.60 1.46 | 10 
SalnplewNOss. cco oa ee eee ones 287 . 200 087 Lite} 1,25 | 40 
SamMpCUNOno css. cede ee em nee eee e 198 . 156 042 1.23 | .97 19 

Millet: 
Seinple NOs sehen ee Beta ek 448 . 368 080 | 2.81 2. 29 37 
SanlplewNOyescice ce cee ea A eae 332 | 248 | . 084 | 2.07 1.54 39 

Kafir corn: 
SamplesNor laa. get os se a eee . 264 . 163 101 | 1.65 1.01 | 47 
Samp LesINOS2 an cee es so ge ts . 261 .178 . 083 | 1.63 1.10 | 39 

GRASSES. 
| 

Guinea grass (Panicum jumentorum): 
AI plS INOM eer es ase ease oo aces 301 . 218 083 1.88 | 1.36 39 

Sa PLeUNON2 saree ee ese close ene 326 anol 099 2.03 | 1,41 46 
Para grass (Panicum molle): 

Saniple Nod oH sees sae Se ees oe . 820 . 257 . 063 2. 00 | 1.60 .20 
Sepp REINO. ac ctaes Cle yn wies epee Ol . 306 . 241 . 065 1.91 1.50 .30 
SamiplesNogs sense ke eee oe 427 . 229 . 198 2. 66 1,42 . 93 

Water grass (Paspalum dilatatum): Sam- | 
Le ANO wile ee ey tebe on ATi Reese Ok . 452 . 889 . 067 2. 82 | 2. 40 31 

Barnyard grass (Panicum crus-galli) ..... Sy «229 . 068 1. 88 | 1.42 32 
Manienie or Bermuda grass (Capriola 

tCynodon| dactylon) t=. 22... 4-32 Seas . 596 423 | 178 3.71 | 2. 64 81 
Hilo grass (Paspalum conjugatum)....-. : - 226 LL 027 1.41 | 1.23 | 12 
Buffalo grass (Stenotaphrum secundatum) . eds ,a SIN . 040 1.44 | td .18 
Pilipiliuli (Chrysopogon aciculatus).-..--- - 496 320 | 176 3.09 | 2.00 | . 82 
Kukaipua (Syntherisma sanguinalis)-..... « @2l 539 | . 182 4.50 3. 36 . 89 
Pili grass (Heteropogon contortus)....---- . 425 . 309 . 066 2. 65 2.43 .3l 

LEGUMINOUS FORAGE CROPS. 

Alfalfa: 
SEP TeAN OLA pe coe oe eee eee . 838 . 560 . 278 5. 23 3.49 1.30 
Bam ple wo, Oo sat ee ee neeestis He eees—e 1.170 . 729 341 dred 4,55 1. 60 
SaminlewNOs3 222 ee asses eee . 896 . 652 244 5,59 4.07 1.14 

Wild cowpea ( Vigna sandwichensis) ...-. .007 . d04 . 203 3.47 2.20 . 95 
CISA OY 2: NR Oa Oye yrafl ARR Tog Re .421 272 . 149 2. 63 1.69 . 60 
Spanish clover (Desmodium uncinatum) . . . 302 . 298 . 054 2.20 1. 85 - 25 
DESMOOWN TTfOUUN 2b. 382. an one eS. bes sees . 806 . 795 O11 5. 03 4.96 05 

aU. 8. Dept. Agr., Bureau of Chemistry Bul. 46, revised. 
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TABLE 9.—.Nitrogenous constituents of Hawaiian feeding stuffs—Continued. 

a ¥ ai neers Crude (True pro- pee 
: otal | Protei mi protein tein : 

Kand: of teeding stuf. nitrogen. nitrogen.| nitrogen.| (total | (protein pre 
N X6.25).| N x6.25). ragin. 

WEEDS USED AS FORAGE. | 
: Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

Pigweed or purslane ( Portulaca oleracea) . 0.168 | 0.086 0. 082 1.04 D3 0. 38 
Pualeie or sow thistle (Sonchus oleraceus) . . 285 | . 210 .075 1.78 1.31 30 
Honohono (Commelina nudiflora): Sam- 
NBN: then te Rene ce Meer dlpsaic cic ois Suin'e, 0 a, SPAN . 182 . 039 1.38 11S .18 

LOW (SETA OUTTUN) Ee oe ete a ae . 346 . 270 . 076 2.15 | 1.68 3) 

MISCELLANEOUS GREEN FORAGE. | ms 

Prickly pear (Opuntia ficus-indica): | 
Woune fromas 5. soho) cesses. dos. 070 | . 060 010 44 Bt 04 
OlAMTOMNGS a. 28).)0 5502 So Ae. ele . 062 | . 047 .015 . 39 . 29 . 06 

Koln CACACiG fATNEMONG) 22.25. ..2s5255.5 1.100 | . 976 . 124 6. 87 6.09 . 58 
IESUTN AID AO PS et te ane ide: 6 Sipe a oie tle eis 333 | . 287 . 046 2.08 1.78 = FAL 
MEAN O PS see Ste ae 3 eh atl ate Sats aie . 299 . 246 . 053 1.86 1.53 . 25 
SMECCUDOtLALOMOPS. 20-2 22-5. an5-222-2-25' -470 | . 302 - 118 2.93 2.19 . 38 
Ti leaves (Cordyline terminalis) .....-.-..- . 459 - 404 . 045 2. 86 2.50 not 

ROOTS USED AS FORAGE. 

Cassava roots: ; 
SAAT MN Onslint woes ale ee cre Be oe | ~132 . 059 | . 073 82 | . 36 34 
Sain PlOO NOt oe ae ear ae et aoa oe Sane . 134 - 100 | . 034 . 83 | . 62 .16 

CONCENTRATED FEEDS AND COMMERCIAL | | 
PRODUCTS. | | 

Brewers’ eTains.....25.-.lss.20 coves. Pao |<) 9: 716. | 10 3075)|. ISLOG Ih 16: 9 35 
Molasscuit: | 

SamplewNo.2. sce. eee st gst GS A . 728 | 350 | . 378 4,54 2.18 1.78 
Sample No. 3 (sugar bran)........... . 364 | 056 | . 308 2227 34 1, 45 

Algeroba or kiawe beans (Prosopis juli- | | 
flora): Whole beans (beans and pods)— | | 
PAT LOONG Mle ssi eer ote Aneto 1.500 | 1.030 | . 470 9:37 | 6.43 | aval 

Rice bran: | | 
Sami plemNo wes). aoear eset oS SARs 1,140 | 812 | . 328 G2 5.07 | 1.54 
SAMIPIG INGOs Qe ess aonee bes eae s ve os 1. 820 | 1. 680 | . 140 11.33 10. 45 | . 66 

EPCS IMISINES seee Pee Tekh eee Oe ous 1. 980 1.620 | . 360 12. 31 10. 09 | 1. 69 
Coconmutmacals ps silos Ne es se 3. 360 3. 020 | . 840 20.97 | 18.87 | 1.60 

MINERAL CONSTITUENTS OF HAWAIIAN FEEDING STUFFS.4 

In addition to the ordinary nutrients, animals require a certain 
amount of inorganic material, particularly lime and phosphoric acid. 
The requirements of a milch cow are stated to be approximately 0.09 
pound phosphoric acid and 0.13 pound lime in addition to 0.24 pound 

potash per day.? It is usually taken for granted that these amounts 
will be supplied by any ordinary mixed ration and that animals will 
thus obtain all the ash constituents necessary. 

Hals¢ estimates that a milch cow producing 11 quarts of milk per 
day will require at least 0.15 pound lime and 0.1 pound phosphoric 
acid, and states that asa general rule concentrated feeds are low in 
lime and high in phosphoric acid, while the opposite holds true with 
coarse fodders. 

@For discussion of lime as an essential constituent of feeding stuffs, see Hawaii 

Sta. Press Bul. 15. 

bH. P. Armsby, Manual of Cattle Feeding (1890), p. 434. 

¢ Norsk Landmandsblad, 24 (1905), p. 567. 
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The analyses reported on preceding pages show that while Hawaiian 

feeding stuffs apparently contain normal amounts of other mineral con- 
stituents the lime content in many cases is low—so low, indeed, in some 
of the feeding stuffs that it would be impossible for an animal to eat 
enough green material to furnish even half of the required 0.13 pound. 
This is especially true with some of the samples of sorghum, Kafir corn, 
cane tops, and some of the meadow and pasture grasses. The follow- 
ing table, which summarizes some of the analytical data, will illustrate 
this point: 

aad TaBLE 10.—Proportion of lime in some Hawaiian feeding stuffs. 

| ,; Amount | Amount 
| of green of green 

Lime in | feed re- | Lime in | feed re- 
Kind of material. feeding | quired to Kind of material. feeding | quired to 

stufis. furnish stuffs. | furnish 
0.13 lb. 0.13 lb. 
lime. lime. 

Per cae Pounds. Per cent. | Pounds. 
Sorghum, sample No:4......- 0.05 260 || Cassava root, sample No.1... 0. 07 185 
Sugar-cane tops, sample No.1. .01 1,300 || Cassava root, sample No.2... . 04 325 
Sugar-cane tops, sample No. 2. . 04 | 325 || Barnyard grass (Panicum 
Para grass, sample No.1...--- . 06 216. CRUS- GONG) ae ce ee peor 02 650 
Para grass, sample No.2....-. ~O8>h 55 FAGZ EEN O BSS. ce S2 2 se ae eee . 08 162 
Para grass, sample No.3 -...-.-.. . 09 144: || Buffalo erass?.-o2cace- so eee . 06 216 4 
Kafir corn, sample No.1 -...--- .O1 1 S000 IBitipllily =o en. ee eee . 02 650 
Kafir corn, sample No.2.....- . 04 S20 il oUt sor 2 MES ee ee . 06 216 
Millet, sample No. 2........-.- . 04 325 || Yard grass ( Eleusine indica) .. 04 | 325 

A number of samples of grasses, both wild and cultivated, were 
found to contain lime in excess of these figures. Thus, one sample of 
sorghum contained 0.15 per cent; two samples of guinea grass, 0.22 and 
0.17 per cent, respectively; manienie or Bermuda grass, 0.14. per cent; 
Paspalum dilatatum (samples Nos. 1 and 2), 0.12 and 0.10 per cent, 
respectively; and pili grass, 0.26 per cent. While too few samples 
have been analyzed to warrant general statements as to average com- 
position, the available data seem sufficient to warrant the conclusion 
that forage plants of the grass family grown in Hawaii are generally 
low in lime, while in some of them the proportion of this constituent 

is extremely small. 
An ordinary ration is made up of concentrated feeds, as well as forage 

crops or other coarse fodders, and it might be assumed that these feeds 
would supply any deficiency of mineral matter as well as of protein. 
Too much reliance should not be placed on concentrated feeds, how- 
ever, as available data show that some of those analyzed at the station 
were low in lime. Thus a sample of bran analyzed was found to con- 
tain only 0.07 per cent, while two samples of rice bran (Nos. 1 and 2) 
contained 0.15 and 0.08 per cent, respectively. Over 200 pounds of 

_bran containing only 0.07 per cent lime would be required to supply 

the necessary 0.13 pound per day. The cocoanut meal analyzed con- 
tained only 0.08 per cent lime and the two samples of barley 0.05 and 
0.10 per cent, respectively. It is easily seen from these figures that 
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such concentrates in the amounts ordinarily fed can not make good 
any deficiency of lime in a sorghum or grass ration. On the other 
hand, some of the leguminous forage crops analyzed were found 
to be decidedly higher in lime than grasses and so to be especially 
valuable as one of the constituents of a ration. Thus, two samples of 
alfalfa (Nos. 2 and 3) contained, respectively, 0.45 and 0.41 per cent 
lime, Spanish clover (Desmodium uncinatuim) 0.19 per cent, and Des- 
modium triflorum 0.70 per cent. Two samples of ground algeroba 
beans (pods and seeds) contained, respectively, 0.28 and 0.34 per cent, 

and two samples of algeroba bean seeds 1 and 1.10 per cent, respec- 
tively. Many miscellaneous fodder materials furnishing higher per- 
centages of lime may be mentioned, such as dried brewers’ grains, with 
0.25 per cent of this constituent; linseed meal, with 0.40 per cent; and 

molasscuit, with 0.86 and 1.07 per cent, respectively, in two of the 

samples analyzed. 
This lack of lime in many of our grasses and forage plants may very 

possibly explain in large measure the failure to obtain the best results, 
a condition which sometimes follows the feeding of what was other- 
wise a properly balanced ration when judged by the chemical compo- 
sition only. 

The function of calcium in plant life is not very well understood. 

It is usually absent from young tissues and is found for the most 
part in the walls of adult cells, where it is present in organic combina- 
tion. It may also be present as a by-product in the form of crystals 
of oxalate of lime deposited in the cells. The higher plants can not 
develop normally without lime, and for this reason it is regarded as 
being necessary for plant life. 

As regards the function of lime in the animal, it forms an essential 
part in the bones, is present to a greater or less extent in the ash con- 
stituents of the organs and tissues, and is abundant in milk. More 

than 2 per cent of the live weight of a full grown, well-fed steer is 
lime. Cows’ milk contains more lime than does limewater, the amount 

present being generally in excess of 0.15 per cent, while limewater sat- 
urated at 80° F. contains about 0.09 per cent. Lime constitutes about 

20 per cent of the ash of milk, and generally more than 1.5 per cent 
of the total solids. 
A lack of lime in food will result in improper bone development 

in the growing animal. This impaired development of the bony skele- 
ton will, of course, react on the general growth of the animal, and the 
purpose for which the animal is fed, whether it be the production of 
beef, or milk, or of work, will not be attained. In extreme cases a 
diseased condition of the body may result. | 

Lime enters the animal body both in food and drink. All flowering 
_plantscontain some lime, as do almost if not all natural waters. Sur- 
face waters, however, in Hawail, except in coral formations, contain 
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but small amounts of lime or other mineral ingredients. Whether 
lime in the form of purely mineral salts, such as carbonate or sulphate — 
present in water, is as good a source of lime for the animal as the 
organic combination present in plants is not definitely known. 

In fodder plants and other feeding stuffs the variation in lime con- 
tent is quite wide, as noted above. There are three factors influencing 
this variation which should be considered in this connection: 

(1) Different species of plants growing under the same conditions 
have the power of taking up from the soil and incorporating in the 
plant tissues different amounts of inorganic substances. Asan example 
of this, sorghum and alfalfa growing side by side were found on analy- 
sis to contain mineral constituents as follows: Sorghum—potash, 0.41 
per cent; lime, 0.05 per cent, and phosphoric acid, 0.15 per cent; 
alfalfa—potash, 0.84 per cent; lime, 0.45 per cent, and phosphoric 
acid, 0.30 per cent. 

(2) Plants of the same species grown upon different soils may contain 
different amounts of ash ingredients. If an ash ingredient is present. 
in the soil in a soluble form in large excess over the needs of the plant 
the plant tissues will contain an excess of this ingredient. A marked 
example of this was noted in comparing sisal fiber from Sisal Planta- 
tion with a similar specimen from the experiment station. The total 
ash in each was approximately the same. In the case of the fiber from 
Sisal Plantation, where the soil is disintegrated coral, 40 per cent of the 

ash was lime, while in that from the experiment station, where the soil 
contains less than 1 per cent lime, the amount in the sisal ash was but 
7 per cent. 

(3) Different parts of the same plant contain different amounts of 
ash ingredients. In other words, the mineral matter taken from the 
soil becomes localized in the plant. Seeds are rich in phosphorus, 
leaves and straw in potash, and old mature cells richer in lime than 
growing parts. 

It may be said in general that a deficiency of lime in fodder may be 
met by growing a larger proportion of leguminous crops for green 
fodder; by feeding such concentrates as algeroba beans and waste 
molasses or products made from it; by supplying limewater or natural 

water containing more lime, and by the application of lime, or fertili- 
zers containing lime, to soils used for growing forage crops of the 

grass family. Possibly leached-wood ashes sprinkled over the fodder 
might also prove useful, as has been suggested by some writers. 

For range cattle the introduction of legumes on the ranges, or such 
grasses as may be found to take more lime from the soil, are the most 
obvious remedies. | 

Hals” suggests that a deficiency in lime may be remedied by adding 
suitable mineral matter to the ration, precipitated dibasic calctum 

¢ Loe. cit. 



23 

phosphate being considered superior for the purpose to bone meal, 
bone ash, or similar very indigestible materials. 

Cases are on record in Hawaii where cattle have become diseased 
‘from the lack of lime in grass fodder. When such conditions, indi- 

cated by emaciation, soft bones, etc., arise a veterinarian should be 
consulted. 

CONCLUSION. 

While the analyses reported in this bulletin are not considered sufti- 
ciently numerous to warrant any extended comparison of Hawaiian 
feeding stuffs with one another or with those of other regions, or to 
justify elaborate discussion of the best ways of utilizing the various 
feeding stuffs in Hawaiian practice, they do show that the Hawaiian 
feeder has at his command a quite large and varied assortment of feed- 
ing stuffs, many of which are of high nutritive value, and it is believed 

that the information given in the bulletin will aid the feeder in select- 
ing from the feeding stuffs available those which will give him the 
cheapest and most efficient rations for his stock. 
A fact of special significance brought out by the bulletin is that 

Hawaiian feeding stuffs, especially those of the grass family, are asa 
rule deficient in lime and that in order to get the best results in bone 
development, health, etc., of animals, these feeding stuffs should prob- 

ably be supplemented by others richer in lime, such as leguminous 
plants, algeroba beans, sugarhouse (molasses) wastes, or by the use 
of more lime either in the drinking water, mixed with the feeds used, 
or applied to the soils growing the forage crops. 

O 




