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Tablel. Frequency distribution of standard plate count, psychrotrophic count, proteolytic count and
lipolytic count in raw cow bulk milks®

Counts <0.1 >0.1-1  >1-10 >10-50 >50-100 >100  Ave.(Min-Max)
(x10°CFU /ml) (x10* CFU /ml)
SPC - - 91.2 3.7 - 5.1 12.7(0.9->30)
PTC 5 40.0 46.7 1.7 - 6.6 19.1(0->30)
PLC 3.4 6.9 31.0 - - 58.6 3.3(0.8->30)
LPC - 86.7 - 3.3 - 10.0 5.4(0.1->30)

SPC: standard plate count. PLC: proteolytic count.

PTC: psychrotrophic count. LPC: lipolytic count.

(1) Milks were tested within 24 hr after sampling, n=120.
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Table 2. Variation of standard plate count and psychrotrophic count in raw cow bulk milks during cold
storage

Standard plate count (x10* CFU /ml) Days after sampling

0 1 2
Bulk milk stored in tank for 1 day 2245 3512 42+17
Bulk milk stored in tank for 2 day 34+9° 50+20° 130+25°
Bulk milk stored in tank for 3 day 38+10° 84+15° 260+143°

Psychrotropic count (x10* CFU /ml) Days after sampling

0 1 2
Bulk milk stored in tank for 1 day 55 (22.7) 13+12(37.1) 25+18(59.5)
Bulk milk stored in tank for 2 day 8+7(23.5) 20+15(40.0)% 80+23(61.5)°
Bulk milk stored in tank for 3 day 9+5(23.7)° 58+13(69.0)" 110+43(42.3)°

(1) Milks were stored at 3°C refrigerator, n=20.
' Values in the same row with differ superscript letters is significantly different (P <0.05).
In the parenthesis is the ratio of psychrotrophic count: standard plate count with the same storage days
expressed as percentage.

3 F Y gepr®

Table 3. Properties of raw cow bulk milk during cold storage

Tyrosine FFA Fat
Storage days pH (ng/mi) (MM) (%)
0 6.75+£0.05 27.7+12.1° 1.27+0.05° 3.49+0.05
2 6.75+0.07 27.5+11.5° 1.25+0.07° 3.4510.07
4 6.73£0.05 30.2+13.5° 1.37+0.05" 3.40£0.02
6 6.77+0.04 35.5+15.5" 1.31+0.08" 3.37+0.08
Storage days Protein Casein Lactose Total solids
(%) (%) (%) (%)
0 3.01+£0.05 2.54+0.05 4.82+0.03 12.20+0.05
2 2.99+0.06 2.55+0.05 4.77+0.06 11.91+0.04
4 2.98+0.05 2.50+0.05 4.81+0.04 11.89+0.05
6 2.96+0.07 2.50£0.07 4.78+0.05 11.81+0.07

@  Milks were stored at 3°C_refrigerator, n—20.

2P \/lues in the same column with different superscript letters are significantly different (P < 0.05).

I, fET ?“Fﬁ[h@?
(i) A

[t 5 (PR 15
[RIEE qquU}’?Jp%@\f irf lf@if[]f& qF[qvffng[nggﬁim BRI PN U0 40 F dm R R

E'i IR T o P S VT BB T ) SR R R

A0 AT 63N 30 ST 5N Bl (RIEpAEY -~ S 1T A

o T

B SERC T B 3CHE 10 [UA S bR (SR pu At 10° CRU /mIH B3 - 57l v
LA, Jr:m’%{gﬁgm VR (Janzen, 1972) > ¢ SRERE TR (yR %@f‘j‘fﬁy > White

’E'qu@’?& g‘?‘f -
(1993) §’Jt 7 IE[[ FHA IKwLIEI J—pr&‘ g T gé FF[#I;; E{J%{ IQFJ:,%%F‘,T F[

SRR VAR

P*J > B[R



TR AR 131

2 H IR o PR IS RO G R - I R (Punch et al,
1965 ; Tekinson and Rothwell 1974 ; Richer, 1979 ) » EJQfEJ[JF IEELE BT yprrT (3 P P
Fife! (Patel and Blankenagel, 1972) » = STk &1 H{F) (1 1 Pty [Siﬂf%@ﬁ@*%'ﬁ‘ﬁ,
(Punch et al., 1961 : Patel and Blankengel, 1972 ; Tolle et al., 1979) - Gilliset al. (1985) i~
ASTHIR AT PRk (SR pA > (R 40 QIR T L M R-RL T A A PR RS
BRgic o

Ho4. BEVCHB3C ~ 30 53) w5 B P PRI IS pE
Table 4. Microbial count, enzyme activity and milk flavor after 63°C, 30 min treatment

PTC (CFU/mI) <1000 >1000-10000  >10000-100000  >100000
PTC (CFU/mI) 0 0 0 0
SPC (CFU/mI) 0 0 20 110
PLC (CFU/ml)° 0 0 10 15
LTC (CFU/mI)° 0 0 3 2
Tyrosine (ug/ml) 25 30 37 50
FFA (mM/mI) 0.9 0.9 1.2 1.3
Flavor score® 8 7 5 5
PTC: psychrotrophic count. SPC: standard plate count.

PLC: proteolytic count. LTC: lipolytic count.

a I\/Ieans before heat treatment, sample No. were 5 for each category of PTC.
® Means after 63°C for 30 min treatment.
¢ Means after 63°C for 30 min treatment and store at 3°C for 10 days.
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Table 5. Milk properties before and after UHT processing®

Milks SPC (CFU/ml) PTC (CFU/ml) PLC (CFU/mI)
Raw milk 210000 140000 50000
Milk after UHT treatment 0 0 1
10 days after UHT treatment 5 10 7
. Tyrosine FFA
Milks LTC(CFU/mL) (na/ml) (MM)
Raw milk 70000 42.4 1.10
Milk after UHT treatment 0 34.0 (-19. 8) 0.89 (-109. 1)
10 days after UHT treatment 3 39.0 (+14.7)° 0.91 (+2.2)°
PTC: psychrotrophic count. SPC: standard plate count.
PLC: proteolytic count. LTC: lipolytic count.

aSample were stored at 3°C refrigerator, n=20.
®In the parenthesis is comparison of milk properties before and after processing expressed as percentage.

SE Rk

Pl 527 - 1980 » 57 ﬁ,ﬁ%ﬁﬂi—“ﬂﬁsl I bk o AR 3452 > K5 N606S - %Zwﬁ FIRARIER) o

é‘mﬁbr 0 1983 o f 57=ERT §4Iﬂ I Ay o pp. 211~215 -

BﬁiFleH 1983 o & FUijEs I 'E?;‘Mq [EpRIsEryEAE 27 ﬁ#,@ﬁ@f“‘;’/ﬁmﬁa ° T",?ﬁﬁﬁf Jr?f-’ﬁrﬁ @1 410 11
~20 -

R B I R TR R~ P LA P VIR - T 08 - 1960 - % FUpREER - o B
¥ 20: 13~21 -

Adams, D. M., J. T. Barach and M. L. Speck. 1975. Heat resistant proteases produced in milk by
psychrotrophic bacteria of dairy origin. J. Dairy Sci. 58 : 828~834.

Ahn, N. K., S. K. Kim, H. S. Kwak, J. N, Park and H. U. Kim. 1993. Study on thermoduric
protease-producing psychrotrophs in raw milk. Korean J. Dairy Sci. 15 : 188~194.

Bergey's Manual of Determinative Bacteriology. 1984. 9th ed. pp. 71, 75, 83, 93~94, 126, 131, 140, 151,
168, 559~560. Williams and Wilkins, USA.

Boor, K. J., D. P, Brown, S. C. Murphy, S. M. Kozlowski and K. Bandler. 1998. Microbiological and
chemical quality of raw milk in New York State. J. Dairy Sci. 81 : 1743~ 1748.

Gillis, W. T., M. F. Cartledge, I. R. Rodriguez and J. Suarez. 1985. Effect of raw milk quality on ultra-high
temperature processed milk. J. Dairy Sci. 68 : 2875~2879.

Gogov, 1., R. llieva and G. Slavchev. 1980. Psychrotrophic microorganisms in raw and pasteurized milk.
Vet. Med. Nauki. 17 : 100~106.

Guinot-Thomas, P., M. Al-Ammoury and F. Laurent. 1995. Effects of storage conditions on the
composition of raw milk. Inter. Dairy J. 5 : 211~223.

Hull, M. E. 1947. Studies on milk proteins. II. Colorimetric determination proteins in milk. J. Dairy Sci.
30 : 881~884.

Janzen, J. J. 1972. The effect of somatic cell concentration in the raw milk on the shelf-life of the



BET T 133

processed product. J. Milk and Food Technol. 35 : 112~114.

Janzen, J. M., J. R. Bishop and B. Bodine. 1982. Relationship of protease activity to shelf-life of skim and
whole milk. J. Dairy Sci. 65 : 2237 ~2240.

Jayarao, B. M. and L. Wang. 1999. A study on the prevalence of gram-negative bacteria in bulk tank milk.
J. Dairy Sci. 82: 2620~2624.

Marshall, R. T. 1992. Standard Methods for the Examination of Dairy Products. 16th ed. Am. Publ. Health
Assoc., Washington, DC. pp. 270~ 271.

Patel, G. B. and G. Blankenagel. 1972. Bacterial counts of raw milk and flavor of the milk after
pasteurization and storage. J. Milk Food Technol. 35 : 203~ 206.

Punch, J. D., J. C. Olson, Jr and E. L. Thomas. 1961. Preliminary observations on population levels of pure
cultures of psychrotrophic bacteria necessary to induce flavor or physical change in pasteurized milk.
J. Dairy Sci 44 : 1160~1161.

Punch, J. D., J. C. Olson, Jr and E. L. Thomas. 1965. Psychrotrophic bacteria. 11l. Population levels
associated with flavor or physical change in milk. J. Dairy Sci. 48 : 1179~ 1183.

Richer, R. 1979. The effect of psychrotrophic bacteria on cheese manufacture. Amer. Dairy Rev. 41 : 48,
50.

Sesano, M., H. Aoyama and Y. Arai. 1993. Standard plate count and psychrotrophic, mesophilic and
thermoduric bacterial counts in raw milk produced in Hokkaido. Japanese. J. Dairy Food Sci. 42 :
Al181~ A1809.

Shin, Y. K., H. S. Kwak and J. W. Kim. 1993. Identification of psychrotrophic bacteria in raw milk. Korean
J. Dairy Sci. 15 : 87~94.

Silveira, I. A., E. P. Carvalho, D. Teixeira and B. E. Barrios. 1999. Verification of the proteolytic and
lipolytic activities of the microbial flora isolated from raw, refrigerated, type B milk. 1I.
Psychrotrophic microorganisms. Rev. Latinoam Microbiol. 41(2) : 85~89.

Tekinson, O. C. and J. Rothwell. 1974. A study of the effect of storage at 5°C on the microbial flora of
heat-treated market cream. J. Sco. Dairy Technol. 27 : 57~62.

Tolle, A., G. Suhren, I. Otte and W. Heechen. 1979. Zur Bakteriologie und Sensorik der pasteurisierten
Trinkmilch. Milchwissenschaft 34 : 406~410.

Uraz, G. and S. Citak. 1998. The isolation of Pseudomonas and other Gram(-) psychrotrophic bacteria in
raw milks. J. Basic Microbiol. 38 : 129~ 134,

White, C. H. 1993. Rapid methods for estimation and prediction of shelf-life of milk and dairy production.
J. Dairy Sci. 76 : 3126~3132.

Yanoo, N., T. Morichi and H. Kembo. 1974. Growth of psychrotrophic bacteria in refrigerated raw milk.
Bulletin of National Institute of Animal Industry No. 28 : 41~45.



134 Taiwan Livestock Res.35(2) : 127~ 134, 2002

The Relationship between Psychrotrophic Bacteria in
Raw Cow Milk and Milk Quality"”

Sue-Jan Lee @ and Chin-Wen Lin ®

Received : Mar. 18, 2002 ; Accepted : May 23, 2002

Abstract

The purpose of this experiment was to understand the relationship between psychrotrophic bacteria in
raw cow milk and milk quality. Means of standard plate count (SPC), psychrotrophic count (PTC),
proteolytic count (PLC) and lipolytic count (LPC) for raw bulk milk were 12.7, 19.1, 3.3 and 5.5 (x10*
CFU /ml) respectively. 91.2 % of milk had SPC less than 10° and 5.1 % of milk had SPC more than 10°.
45% of PTC were less than 10* and 6.6% were more than 10°.10.3% of PLC and 86.7 % of LPC had less
than 10* CFU/mI. 58.7 % of PLC and 10.0 % of LPC had more than 10° CFU/ml. There was significant
correlation between SPC and PTC (r = 0.86, P <0.001). The SPC, PTC and the ratio of PTC/SPC of raw
milk increased slowly during the first 3 days, and increased significantly at 4th days (P <0.05) during 3°C
storage. The major milk constituents decreased a little (P>0.05). However, tyrosine and free fatty acid
(FFA) increased significantly at day 6 and 4 respectively while stored at 3°C. Thus, we recommended that
raw milk be used within 3 days during 3°C storage. Raw milk was grouped into four categories based on
PTC. The four categories were <10 10*10° 10°-10°and >10°(x10* CFU /ml) respectively. The PTC
all vanished after 63°C for 30 min treatment. However, the SPC, PLC, LTC, tyrosine and FFA survived.
And flavor score of low PTC (<10* CFU /ml) milk was better than higher PTC (>10* CFU /ml) milk
while stored at 3°C for 10 days. Gram-negative and Gram-positive rods were identified and occupied 80.2
and 19.8 % respectively in raw milk. Bacteria in the genus Pseudomonas was mostly encountered and
occupied 62% and Flavobacterium occupied 25% of Gram-negative rods. Proteolytic and lipolytic
psychrotrophs occupied 62.5 and 30.2 % respectively.

Key words: Raw cow milk, Pasteurized cow milk, Psychrotrophic bacteria, Milk quality.
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