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SPURR, G. B., M. BARAc-NIETO, AND M. G. MAKsUD. Energy ex-
penditure cuuing sugarcane.J. Appl. Physiol. 39(6): 990-996. 1975. 
--Vol, VE, and heart rates (ft1) were measured in 61 Colombian 
sugarcane cutters while harvesting cane in the Am and it and 
in the laboratory during a Vo2 max test. Productivity and sweat 
rates were also measured in the field. The subjects had an esti
mated dietary intake of 2,970 kcal/day, which was lower than 
calculated daily energy expenditure. During the work measure-
ments the Vo 2 was 1.5 I/min, VE 48 I/min, and fl,135 beats/ 
min; there were no differences between AM and Pm values. The 
subjects sustained about 35% of Vo2 mar during the 8h workday, 
but worked at 57% of Vol m.. during the tests. Measured energy 
cost was 7.4 :h 1.5 kcal/min during work. The estimated sus-
tained energy cost was 5 kcal/min during the workday. Sweat 
rates were higher PM than AM (5 kg/8 h day). Grouping of the men 
according to productivity demonstrated that taller, heavier men 
were better producers and had lower calculated heart rates at 
Vol 1.5 I/rain. Efficiency of cane cutting was higher (9%)m. 


agricultural work; efficiency of work; energy balance; heart rate; 
heat; nutrition; O cost of work; productivity; prolonged work; 
sweat rate; work classification 

THE ENERGY COST of various activities, both in work and 
leisure, is of interest to physiologists, nutritionists, and phy-
sicians, to say nothing of the industrialists' concern with the 
human energy expenditure involved in the manufacture 
of their product (2, 12, 21). The effects of undernutrition 
on the work productivity of their populations is of particular 
interest to developing countries where the use of heavy 
manual labor is widespread and balanced against a pre-
carious food supply (4). 

We are presently studying the influence of nutritional 
repletion on the physical work capacity of chronically 
undernourished patients in Colombia, South America. To 
relate the laboratory findings to the economic impact of 
poor nutrition, we have investigated the relationship of 
work productivity to physical work capacity in sugarcane 
cutters, who make up a substantial fraction of the agricul-
tural work force in this regiun. Part of the study involved 
the determination of energy expenditure while cutting 
cane. The data obtained form the basis of the present paper. 

METHODS 


The measurements to be reported were obtained on sugar-

cane cutters in a region of Colombia where sugarcane is 

mo of the year. The men commenceharvested during 12 
work at about 6:30 Am and continue, with only brief breaks 

for water, until noon. After a hot meal eaten in the field, 
they return to work at about 1:00 PM and cut until quitting 
time at 3:30 or 4:00 PM. The pile of cane cut during the 
day is marked with the worker's identification number for 
later collection by separate gangs of loaders. It is then 

weighed and accurate records arc kept of the productivity, 
since the men are paid by the metric ton of cane cut. 

The 61 subjects were male employees (18-56 yr of age), 
of a large sugarcan ' growing and processing firm. To rule 
out chronic diseases, only subjects with low absenteeism 
were chosen. The experience of the men in cutting cane 
varied from 9 mo to 17 yr, with the majority reporting 2
6 yr. 

Measurements in thefield. Heart rate (f,1), oxygen consump
tion (Vo2), and ventilation (VE) were determined with 
subjects inthe sitting position after 10 rin of rest. During 

work, collection of data was made between the 5th and 

10th mi and, between the 20th and 25th mi. After the 
second collection period, the apparatus was removed and 
the subjects returned to their work. During each period of 
work testing, the cane cut was carefully collected and 
weighed on a Detecto Scale Balance. 

Heart rates were determined with a Parks Telemetry 
System. Vo 2 and VE were measured with a Kofranyi-
Michaelis (K-M) respirometer (Zentralwerkstatt Gfttingen) 
which was calibrated and used as described by Consolazio 
(7). Immediately following each measurement, 50 ml of 
mixed expired air were transferred from the collecting 
balloon to an oiled glass syringe for analysis later the same 
day at the base laboratory. During the collection periods 
the three-way respiratory valve (QuinTron Instruments) 
and mouthpiece were supported by a headpiece and con
nected to the respirometer by flexible tubing allowing free 
movements of the subject's arms and shoulders. 

Three subjects were measured each day in the field from 
7:00 to 10:00 AM. Consequently, the first man had not been 
working prior to the test, whereas the second and third 
had been working about I and 2 h, respectively, before 
undergoing the testing procedure. In 58 of 61 subjects, 
repeat measurements were made in the afternoon of the 
same day between 1:00 and 4:00 PM. 

Ambient air temperatures (Ta) were measured with an 
unshielded thermometer during each work period and 
averaged. Humidity was determined with a sling psychrom

eter. Sweat rates were measured in 20 of the i en by ob

taining body weights on a Horns Beam Scale accurate to 

25 g, while clad in shorts, before and immediately after 

the 25-min period of cutting. 
-4-
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;,-Oxygen debt determinations were made on five men, by 
collecting 5-min samples continuously for 30 min following
the termination of work. 

Analysis of gas samples. Oxygen and carbon dioxide con-
centrations were measured in duplicate by a gas chromato-
graph (model H-3, QuinTron Instruments). The instru-
ment was calibrated with standard gases, the concentrations 
of which were established with a Scholander apparatus (8).

Testing in the laboratory. Later in the same week in which 
the field studies were done, the men were transported to 
the base laboratory where scapular and triceps skinfold 
thicknesses were obtained with Lange skinfold calipers
(Cambridge Scientific Instruments, Inc.) and body weight 
(4-25 g) and height (-1 mm) measured. Body density was 
estimated by the formulas of Pascale et al. (20) and body
fat by the formula of Brozek et al. (6). In 33 subjects, a 
4- to 5-h postabsorptive venous blood sample was taken for 
serum albumin (19), total proteins (19), hematocrit, and 
hemoglobin (10) determinations. 

The subjects then underwent a maximum oxygen uptake
determination in which the speed of the treadmill was held 
constant at 3 or 3.5 iiph and the angle elevated 2.5 % 
every 2 min until the subject was exhausted. The tests were 
performed at a room temperature of approximately 2200 
and relative humidity of 30-40 %.Of the 60 subjects tested,
55 gave acceptable Vo 2 mx values (28).

Expired gas samples were taken in oiled glass syringes
from a mixing chamber in th" expiratory line and analyzed 
as described above. VE was measured by means of a Parkin-
son-Cowan dry gas meter (model CD4). Heart rates were 
recorded on a Grass Polygraph, using lead CV5. 

Dietary and activity questionnaires. In 27 of the men, dietary
information was obtained by a trained nutritionist utilizing
the 24-h recall technique. Activity levels were estimated in 
59 of 61 subjects by the procedure described by Saltin and 

Grimby (25). 


Statistics. Statistical comparisons were made on the basis 

of paired or unpaired Student t- and F ratio tests as ap-
propriate and, in any case, the null hypothesis was rejected
at the 5 %level. Except where otherwise indicated, the data 
are presented as means and standard deviations. 

RESULTS 

Nutritional status. Table I presents the results of the analy-
se. for serum albumin, total proteins, hematocrit, and hemo-
globin in 33 of the cutters. The estimated daily dietary in-
takes of 27 sugarcane cutters are presented in Table 2. 

Productivity. The productivity of each cutter was obtained 
from the company records. The values are daily averages
for July, August, and September of 1972 or 1973, when the 
subjects' energy expenditures were measured. Daily pro-

TABLE 1. Blood and serum values in 33 sugarcane
cutters 4-5 hpostabsorptively 

SMean * SD Range 
n Dslopes

Total proteins, g/100 ml 7.55 4L 0.28 7.00-8.20
Serum albumin, g/100 ml 4.21 . 0.27 3.70-4.70
Blood hemoglobin, g/100 ml 14.1 . 1.3 12.0-16.5 
Hematocrit, % 44.9 41 3.8 38.0-53.0 

TABLE 2. Estimated daily dietTy intake of 27 sugarcane cutters 

MM :h SD Range 
Protein 

g 73 : 11 50-3 
g/kg* 1.22 * 0.21 0.8+-i.61 
Total kcal, % 
Animal, %
Vegetable, %Fat 

10.2 A: 1.5 
36 .E8
64 -4-8 

6.9-14.1 
14-58
42-86 

F 45 1 12 25-75 
g/kg* 0.76 A: 0.22 0.44-1.36 
Total kcal, % 

Carbohydrate
g
g/kg* 

14.4 :k 4.3 

546 .: 1299.19 :h 2.19 

8.7-27.4 

313-948
5.36-11.16 

Total kcal, % 75.3 :b 5.5 59.8-83.2 
Calories 

kcal 2,970 + 564 1,855-4,676 
* Per kilogram body wt. 

ductivity varied from 2.12 to 5.22 tons/day (3.52 =- 0.72 
tons/day). The men were divided into three groups based 
on their productivity. Group I consisted of 13 top producers
cutting in excess of 4 tons/day (4.48 =b 0.37 tons/day).
Group II was composed of 28 men cutting 3-4 tons/day
(3.62 - 0.24 tons/day), while group III was made up of the 
17 lowest producers who cut 2-3 tons/day (2.63 4- 0.29 
tons/day). In some of the data to be presented, the results 
obtaired on three men who did not have reliable productiv
ity data were placed in group II, on the basis that the field 
boss judged them to be "average" producers. All data are 
based on the cutting of unburned cane. 

Anthropometric data. The physical characteristics of the 
subjects are presented in Table 3. There were no statistically
significant differences among groups in age, weight/height
ratios, or lean body mass/In of height. The men in group I 
were significantly taller (P < 0.01) than those in groups II 
and III, although the latter were not different from each 
other. The same tendency is seen in body weight and lean 
body mass expressed in kg (Table 3).

Ventilation, oxygen consumption, and heart rates. The results 
of the measurements of VE, Vo 2, and fit are presented in 
Table 4, together with the oxygen pulse and ventilation 
equivalent. There were no statistically significant differences 
among the groups and, with the exception of resting fH 
(P < 0.05), there were no differences between Am and Pu 
measurements. This was also the case when Vo 2 was ex
expressed in terms of body weight (ml/kg. rain-'). 

Utilizing the resting and the 5- and 20-min values for 
fn and Vo2 , a least-squares regression line was calculated 
for each subject Am and i'M. A heart rate at Vo2 = 1.5 I/min
(the approximate average level of work) was calculated 
using the equations obtained. The results of this analysis 
are presented in Fig. 1. The slopes of these lines were significantly less and the intercepts greater PM compared to
AM (left insert, Fig. 1) with the intercepts showing no dif
ferences among the three groups of subjects. However, the 

exhibited a progressive increase, both AM and PM, as
the average productivity decreased from group I to group III
(right insert, Fig. 1), giving rise to the group differences
in calculated heart rates (presented to the right of Fig. I).
There were no statistically significant differences between 

http:3.70-4.70
http:7.00-8.20
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AM and Pu values, but heart rates were significantly lower 
(P < 0.03) in the good cutters at this work level and became 
progressively higher as the group productivity decreased. 
The average estimated heart rates were 123 4-9, 133 + 7, 

TABLE 3. Physicalcharacteristicsof sugarcanecutters 

W/Ht, 
Age,yr Ht, Cm Wt, kg km. 

Group I (n = 
32 5 :168. 62.5 1 36:6 
8.2 6.5 6.9 3.5 


Group 11 (s = 

9 ff29.3 1,62. I 5 t 135.5 
6.4 : 5 , 5 2 

Group III (n
28.6 159.0f I 56.7t I 35.4 

13) 
110.2 

29) 
i 
.6i11 


17) 
11.2I 

'6.l 6.4 I 7.4 I 3.6I 2.1 

Total (n - 59) 
163 3 58.6 35.7 110.3 

6.7 6.7 6.5 3.1 1.6 

Body Fat Lean Body Mass 

%kg/m" 
-

kg kg/mn 

3.8 55.9 32.6 
0.91.65.9 2.8 

3 5 1 52:3 .0 
0.6 4.5 2.2 

4.0 50.3 31.4 
1.2I 5.7 2.6 

3.7 52.5 32.0 
0.9 5.4 2.4 

Values are means :L SD. 'Height in meters. t p 5 0.05 
compared to group L t P < 0.05 compared to group II. 

TABLE 4. Ptfysiological responses while cutting sugarcane 

SPURR, BARAC-NIETO, AND MAKSUD 

and 141 :- 20/min AM and 125 +z 11, 137 4- 16, and 
140 + 14 Pm for groups1i II, and ii', respectively. 

The oxygen debts for tie five men in whom they were 
measured were 1.09 + 0.34 liters AM and 0.70 :- 0.35 liters 
iu (P < 0.20). For the 25-min work periods these values 
amounted, on the average, to only 44 and 28 ml/min, re
spectively, or less than 3 % of the aerobic Vo2 determina
tions. 

Energy expenditure. The energy expenditure of 61 men 
cutting cane was calculated from the Voi (5.047 kcal/l). 

There were no significant differences among the four meas
urements AM and Pm, nor among the three groups of sub
jects. The four values for each man were then averaged.
The mean and standard deviation for all 61 men were 7.4 :A 
1.5 kcal/min (range 4.5-12.4 kcal/min). 

The weight of the cane collected during each measure
ment in the field was expressed as kilograms of cane cut 

per h (Fig. 2). Since there were no statistically significant 
differences among the three groups, the data were averaged 
and showed that the rate of cane cutting increased signifi
cantly from 686 4 181 kg/h AM to 762 4- 191 kg/h PM 
(P < 0.001). 

The energy expenditure (kcal) per kilogram of sugarcane 
cut was calculated from the Vo2 and the cane weight as an 

expression of efficiency and is presented in Fig. 3. The mean 
PM values were less in all three groups (P < 0.001 in group 

AM( - 4.6"c) 
cutting ne 

P , 30.2'c) 
cuttng Cane" 

Ret 3 min 20 min Rest Srin 20 min 

Cardiac frequency (in),beats/min 
n 59 57 48 56 52 40 
Mean 
:h SD 
Range 

72 
10 

55-97 

131 
16 

103-165 

135 
20 

101-172 

80 
10 

59-110 

133 
17 

96-172 

137 
20 

96-179 
Oxygen consumption (Vos), /min 

STPDt 
n 

Mean 
•+SD 
Range 

Oxygen consumption (Vos), ml/kg Mrn' 
2TPD 

n 

Mean 
4-SD 
Range 

Oxygen pulse (ol/fa), (mI/min)/beat
n 
Mean 
-SD 

Range 
Pulmonary ventilation (Va), /min 

TPSj 
n 

Mean 
*,L SD 

Range 


Ventilation equivalent (Vl/100 ml Vos) 
n 

Mean 

:t SD 

Range 


58 57 52 55 55 49 
0.25 1.50 1.46 0.25 1.51 1.44 
0.09 

0.15-0.61 
0.34 

0.85-2.74 
0.34 

0.85-2.52 
0.07 

0.11-0.46 
0,34 

0.93-2.68 
0.31 

0.94-2.42 

58 57 52 55 55 49 
4.3 25.8 25.2 4.2 25.8 24.9 
1.5 

2.7-12.0 
5.5 

17.0-48.1 
5.6 

13.8-44.2 
1.0 

1.9-8.1 
0.8 

18.2-40.5 
4.8 

16.9-39.1 

581 55 46 54 50 3 
3.53 11.45 10.70 3.11 11.27 10.59 
1.27 

1.85-8.73 
2.26 

8.11-17.70 
2.34 

7.08-19.21 
0.81 

1.50-5.81 
2.07 

7.75-16.42 
1,79 

6.98-14,54 

59 
11.12 
3.58 

58 
48.35 
9.70 

54 
48.66 
10.28 

57 
11.31 
2.36 

57 
48.42 
9.12 

50 
48.77 
10.02 

7.02-32.33 27.33-70.23 28.03-70.40 6.33-18.66 30.53-68.66 27.89-70.73 

58 57 51 54 54 48 
4.60 3.28 3.41 4.71 3.27 3.50 
0.84 0.39 0.45 1.04 0.35 0.43 

2.46-6.22 2.23-4.02 2.27-4.14 2.66-7.30 2.17-4.02 2.71-5.03 

rs - mean air temperature. * All values while cutting cane are significantly different from values at rest; P < 0.05. t 81g
nificantly different from comparable AM value; P < 0.001. S I Body temperature, ambientStandard temperature and pressure, dry.

i tatmai 1I .. 
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Fo. I. Slopes and intercepts of the regression of heart rate (fn) 
on Vos during sugarcane cutting in good, average, and poor producers
(groups I, II, and III, respectively). Predicted fil at Vos = 1.5 I/min
calculated from regression lines. 

MORNING 
M- AFTERNOON

1200- I 	- s.o. 
- P70.05 AM vs PM

O00 (P(O.001) (P(. 0-) 

801 	 -60-0-

800-

0 GROUP; I GROUP II GROUPMI TOTAL 
I. 2. Rate of cutting sugarcane m and Pm of good, average,. 

and poor producers (groups 1, 11, and 111, respectively). No statis-
tically significant differences exist among groups. 

11). Since there were no statistically significant differences 
among the groups, the data were averaged and demon-
strated a significant decrease in caloric expenditure per
kilogram of cane from 0.676 ::- 0. 159 kcal/kg AM to 0.616 -4
0.147 keal/kg pm (P < 0.001), an increase in efficiency of 
about 9 %. Using the daily productivity for each man and 
the average of his Am and pM values for efficiency (keal/kg
of cane cut), it was possible to estimate the 8-h daily caloricexpenditure while 	cutting sugarcane to be 2,254 averag
kcal/8 h. 

The percent Vo .,f which the men were utilizing during
the four measurement periods was calculated from the
Vo determined in the da thawee aeoa . measured in 

o 562 

the laboratory (2.63 =- 0.37 l/nmin, 45.2 ml/kg,rain-). The results 	for 55 cutters arcshown=I-on5.2the left in 

Fig. 4. The values were 57.4 A- 13.6 % and 56.3 4- 13.4 %during the 5- and 	20-rmin m asureents A and 57.7 
12.9 and 56.2 z- 11.2 during the same peiiods p . There 
were no significant differences between Af and p measure-
ments. rese values are considered higher than can b
sustained for an 8-h workday (1, 16). Furthermore, it can
be calculated from the rates of cane cutting (Fig. 2) that,
if the men had sustained these rates for 8 h, their daily 

M -MORNING
L AFTERNOON 

ENO
 
-S. D. 
',-PS0.05 A.M. vs P.M. 

(P<0.O01) (P¢O.01) 

08 

0.6

. 

0 GROUP I GROUP3E GROUP3ir AVERAGE 
ALL GROUPS
 

Sa.3. Efficiency expressed in terms of kcal/kg of caneand PM by good, 	 cut AMaverage, and poor producers (groups , 11, and Ill,respectively). No statistically significant differences exist among 

groups. 

OBSERVED % o MAX ESTIMATED SUSTAINED % o2 MAX 
WHILE CUTTING CANE DURING8 HRDAYN S5 N,55 

C-- 5 MIN80 -20 MIN 

- S.D. 
P-' 0.05 A.M. vs P.M. 

+ - P 0.05, 5'vs 20' 

0V 0	 4 

20- ; 

I10
 
MORNING AFTERNOON MORNING AFTERNOON40o. 4. Percent Vol observed in 55 sugarcane cutters in the 

field and estimated percent Vol m,z which can be sustained for 8 h,calculated from the energy cost/kg of cane cut (Fig. 3) and produc
tivity of each subject for the 5- and 20-rain measurement$ Am and 

. 

productivities would be much higher than they were. 
Knowing the average daily productivity and the Vto2 per
kilogram of cane cut, the oxygen cost of the daily productiv
ity of each worker can be calculated and expressedmated percent that would have to be as estisustained 
during an 8-h workday. These results arcpresented on the 
right in Fig. 4. Using theVo values observed during the 
the four measurement periods, the values obtained were
37.4 oe11.0% and 	36.4 5 10. 1 during the 5- and 20u% 

min determinations Am, respectively,and 32.3 	 and 34.5 =- 9.4%8.9 %during the same measurements Pm. These 

values are in agreement withHutton, and Horvath (16) forthose reported by Michael,laboratory subjects. The 
differences between Amuand P measurements were sta
tistically significant (P < 0.05), iprdicating a slightly de
kiram f ane cutstheeoxygenacostodayprogressed.
 

Sweat rates. The sweat rates for the 20 individuals in whom
 
they were measured during 25 ainof work averaged 0.80
 
- 0.34 kg/h (15.18 A 6.24 g/kg per h) Am and 1.26 4
 



994 

0.50 kg/h (22.25 +1 8.20 g,/kg per h) PM. The difference 
between AM and Pm values was statistically significant (P < 
0.01). T. averaged 24.6 4- 3.40C Am and 30.2 =1 2.9°C 
PM (P < 0.001). Relative humidity was 76 4- 14% AM and 
47 4-14% Pm (P < 0.001).

Since it was evident that the men worked at a higher 
rate during the measurement periods than they sustained 
all day, it follows that the sweat rates were higher. Utilizing 
the ratio of the estimated sustained percent Vo 2 in,,to 
measured percent Vo2,,, (35.2/56.9 = 0.62), utilized in 
cutting cane (Fig. 4) and the measured sweat losses, it was 
possible to calculate an estimated sustained rate of sweating 
during the AM and Pm work periods and from this to esti-
mate an 8-h sweat loss. The AM sweat rate, corrected in 
this manner, was 0.57 :1 0.22 kg/h (10.4 - 4.2 g/kg per h) 
and 0.77 =1 0.28 kg/h (13.8 :I 4.6 g/kg per h) PM. This 
amounted to about 5 kg/8-h workday in the 18 men for 
whom values were available, 

No measurements of water intake were made. However, 
body weights prior to beginning the field tests were available 
on 25 of the men. These averaged 56.86 4 5.82 kg AM and 
56.74 =h 5.79 Pm (P > 0.05). Therefore, water replacement 
was adequate. No observations were made on salt intake 
and there were no reported incidences of muscle cramps in 
our subjects during the period of study. The incidence of 
muscle cramps amounted to less than I % in the population 
of sugarcane cutters studied by Leithead et al. (15). 

Activity levels. Using an activity level classifying system 
(25), the men were categorized into one of 4 groups, based 
on their leisure-time activity; 40 were in group I (almost 
completely inactive), 18 in group II (some physical activity 
at least 4 h/wk), and one in Group III (regular activity), 
There was no relation between leisure-time activity and 
productivity, 

DISCUSSION 


Nutritional status and energy balance. The results of the blood 
analyses in 33 of the subjects showed that total proteins, 
serum albumin, hematocrit and hemoglobin values were 
comparable to those reported for the Colombian civilian 
population (14). None of the subjects were in the "deficient" 
range; 15 were in the "low" range for hemoglobin (12.0-
13.9 g/100 ml), and five were low for hematocrit (36-

41 %). All were in the "high" range for total proteins (14).
The relatively high protein intake (1.2 g/kg per day, Table 
2), as compared to that recommended (0.8 g/kg per day) 
for the United States population (13), may account for the 
latter. 

Viteri (29) reported anthropometric data on several 
groups of adult male Guatemalan subj-cts who were clas-
sified according to their socioeconomic status, nutritional 
background and intake, and by work activity. The value of 
32 0 ±h 2.4 kg/in for lean body mass measured in the cane 

tcrs (Table 3) is very close to those reported by Viteri 
kb2)for the subjects he considered as having a good nu-
t' !ional intake during his studies and higher than those he 
clic.sified as having only an adequate or poor intake (29). 
On mh', other hand, the body fat content of the cutters 
(h ,3) is significantly lower than the values for all of! 


Viteri.' (29) groups, except those having "poor" nutritional 
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intake. Our values were significantly higher than the latter. 
The differences in fat content may reflect differences in 
work activity levels, as well as nutritional differences (29). 
More active populations tend to have lower fat contents 
(22). 

The average total caloric intake of 2,970 kcal/day (Table 
3) may be a low estimate. If one assumes that each worker 
obtained 8 h of sleep at I kcal/h per kg and that 8 h were 
spent at a very low level of activity at approximately 1.5 
kcal/h per kg and using the mean body weight of 58.6 kg 
(Table 3), the estimated caloric expenditure for the non
working hours would be 1,172 kcal. The calculated energy 
cost of 8 h of work was 2,254 kcal for a total of 3,426 kcal/
24 h. Part of the discrepancy between daily caloric intake 
and expenditure may be explained by two unmeasured 
sources of calories. Company policy discourages consump
tion of sugarcane during work, although it is common to 
see workers chewing on cane in the field. Its consumption 
may not have been reported accurately to the nutritionist. 
Second, the workers bring plastic jugs of sugar water from 
home for consumption during working hours. Subsequent 
fillings are made from a water tank in the field, which does 
not contain sugar. The 3-kg weight of the K-M meter might
be suspected of contributing to the discrepancy between 
intake and output. Consolazio (7) quoted a report of an 
energy expenditure of 5.51 kcal/min without and 5.54 
kcal/min with the K-M meter while walking for 10 min at 
3.5 mph on a treadmill. This difference amounts to about 
15 kcal/8 h. 

The body weights of five subjects were measured 1 yr 
apart under the same laboratory conditions. In 1972, the 
mean weight was 62.87 4 5.27 kg; in 1973, it was 63.84 +l 
5.61 kg. The difference was not statistically significant. In 
general, it would seem that the subjects studied were in 
adequate nutritional condition and that their caloric intake 
approximated the energy expended in 24 h.

Productivity. The average productivity of 3.52 _+ 0.72 
tons/day of our Colombian cutters is comparable to that 
reported by Morrison and Blake (17) for 200 Rhodesian 
cane cutters (3 tons/day) and by Davies (11) for 78 cane 
cutters (3 tons/day) in Tanzania, East Africa, all of whom 
were cutting unburned cane. In the latter case, the author 
also divided his subjects into high, medium, and low pro
ducers with daily averages of 3.51, 3.04, and 2.60 tons/day, 
respectively. 

The physical characteristics of the subjects presented in 
Table 2 indicate that the lower producers weighed less and 
were shorter than the good cutters in group L A similar 
tendency is seen in the data reported by Davies (11).

Heart rates. The resting fl, of the subjects in all three 
groups were higher Pm than AM, probably as a result of 
previous work and the noon meal (27). The lower calculated 
fa in the high producers at a given work load (Fig. !)indi
cate that they are in better physical condition than the 
poorer producers (2). 

The lack of difference in f, during work AM and PM may 
be due to the average T. encountered. Nielson (18) has 
shown that, while body temperature was regulated to a 
highe level during work and was dependent on the work 
load, i,was independent of T. in the range 5-30*C. Oxygen 
pulse, an indicator of stroke volume (2), was no different 
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AM or PM (Table 4) while cutting cane, suggesting no dif-
ference in cardiac output. A lack of difference in cardiac 
output during work in comfortable and hot environments 
was found by Williams et al. (30). 

Energy expenditure and efficiency. When the average energy
expenditure of 7.4 kcal/min is expressed in terms of a 
standard 65-kg man (12), utilizing the mean body weight
of 58.6 kg (Table 3), one obtains a value of 8.2 keal/min 
per 65 kg for the energy expenditure. This is within the 
range of energy expenditures described as "heavy" by
Durnin and'Passmore (12). This value is higher than is 
sustained during the day (Fig. 4). Using the ratio of esti-
mated sustained percent Vo 2 ,,,x to observed percent 
Vo 2 ma it is possible to estimate that this value would be 
about 5.1 kcal/min per 65 kg, which would place it in the 
"moderate" category of industrial work presented by Dur-
nin and Passmore (12, 21). This is in very close agreement
with the value of 5 kcal/min suggested by Passmore and
Durnin (21) as the probable upper limit which can be 
sustained during an 8-h day in heavy industry. This raises a 
question about classification systems, based on relatively
short-term measurements which are influenced by subject
stimulation so familiar in the psychological literature (3).
For example, if the value of 7.4 kcal/inin obtained in the 
present study had been used to estimate daily caloric ex-
penditure in cutting sugarcane, we would have obtained 
about 3,570 kcal/8 h instead of 2,254 --562 kcal/8 h. 
Some other measure(s) of energy expenditure, like pro-
ductivity and energy expenditure/unit of product, is needed 
to improve accuracy of estimates. 

Morrison and Blake (17) reported a value of 1.42 =-0. 15 
l/min for V02 in 200 Rhodesian cane cutters while har-
vesting unburned cane at a rate of 9.0 ±-1.6 kg/min (540
kg/h). This amounts to 7.2 kcal/in , which is comparable 
to the energy expenditure fiund in the present study. These 
authors state that their Rhodesian cutters were also work-
ing at a higher rate than usual during the tests (17). How-
ever, when related to the rate of cutting, the efficiency of 

Wood Veterans Administration Center for their many conthe Rhodesians islower than that of the Colombians, It tributions.can be calculated that the former were expending 0.8 
kcal/kg of cane cut as compared to values of 0.676 and 
0.616 kcal/kg found in the latter. The Rhodesians utilized a 
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